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FO~WORD 
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l. Introduction 

1'his report summarizes activities performed under Contract No. DAMD17-86-C6011 from l December 

1985 through 28 February 1991. The purpose of this contract was to support the synthesis of a wide variety 

of compounds for evaluation in the U. S. Army Medical Research Institute of Infectious Diseases 

(USAMRITD) viral testing program. Compounds that were synthesized included: (1) known compounds that 

were needed in larger qua1,tities to allow further evaluation; and (2) new compounds whose structures were 

determined by rational processes. 

In the early stages of this project, our strategy was to select potential lead compounds from the 

USAMRIID list of active antiviral compounds or from the literature, and then to propose and synthesize 

analogs of these comp.:>unds. In tl,e later st.ages, our target compounds were selected by USAMRHD vi,, 

Major Ussery and Dr. Gabrielsen, using the screening data for submitted compounds as well as other 

compounds reported in the literature. We also submitted compounds from one other source, our compound 

archives. We selected .. number of previously synthesized compounds that had been shown to have 

bioactivit ies compatible with g0als of thi.:; project, and these were submitted for screening. 

By following this strategy, we were able to provide over 250 compounds st lected from a wide range of 

compound classes. Amon~ the compounds pursued during the course of this project are the following: 

substituted 1-benzyloxyadenosines, 9-substiiuted 1-benzyloxyadenines, N1-aminoadenosines, tet.raazadiphos­

phorines, guanidines, substituted triazoles, triazolotriazoles, triazolo thiadia.:oles, ~iazoloselenadiazoles, pyrazole 

carboxylates and carboxamides, adamantane derivatives, chloroquine derivatives, allopurinol acyclonucleosides, 

pyrazolopyrimidine nucleosides, ribavirin nucleotides and analogs, 6-alkylmercaptopurine ribosides, benzothia­

zin-2-one oximes, methanesulfonic acid derivdtives, 6-benzyl-1,3-dioxole derivatives, 9-phosphonylmethyloxyethyl­

substituted purines, as well a number of nucleosid~ of substituted purine and purine analogs (such as 

imidazo(l,2-b ]pyrazole-7-carbonitrile, 6-carboxamidopurine and the corresponding nucleosides, and 5-cbloro­

triazolopyrimidin -7-one ). 

D. Personnel 

The following personnel comprised tbe synthesis laboratory for this contract/project. Dr. John A Secrist 

III was the principal investigator. Dr. Cecil D. Kwong was the project coordinator (principal assistant). Dr. 

Kwong, Mr. Charles A Krauth, Ms. Angela G. Ford, Dr. Yajnanarayana H. R. Jois, Ms. Deborah A C.arter, 

Ms. Lisa K. Hanna, and Mr. George S. McC.aleb performed the syntheses. 

The time charges made by these as well as other SRI support personnel are listed below and are divided 

into various categories. 

m. Compounds Submitted 

The compounds that we sub.rutted during the contract years are shown in Tables 1-6. The compounds 

are prerented in approximate chronological order of submission, and our SRI numbers and the USAMRTID 

numbers are listecl for each compound along with the amounts submitted. In some cases, the same compound 

Southern Regartll lns1ilu1e 



Table 1 

. Compounds Submi•.ted from December 1, 1985 to November 30, 1986 

Compound USAMRIID 

AVS-00l985 

AVS-001986 

AVS-001987 

AVS- 001968 

AVS- 001989 

SoRI 
Number 

6767 

6768 

6769 

6770 

Amount 
Prepared 

2. 0 g 

2.0 g 

2. 0 g 

2. 0 g 

1. 7 g 

Soulhcm Reacarcb l.asutUlC 
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Table 1 (Continued) 

' 
Compound JSAMIUID 

~?,~o '/,.. H •2ttCI H,-0-@-~~~ C,~ 3 AVS-001'90 

H 

Hy~ fr:::\ 0 _J-\j~~CH 
3 L)-\Qr=~v~ 3 

H H 

AVS-002137 

AVS-002131 

AVS-002139 

AVS-0021'0 

SoRI 
Numbet' 

6771 

6701 

6719 

6790 

67'1 

3 

AfflOunt 
p,.ep•red 

1., 9 

::. 0 9 

2. 0 g 

2.0 9 

2. 0 9 



Table 1 {Continued) 

Compoun.~d;._ _____ _ USAMftllO 

2~ 1 Complex with 
sucdnlc: anhydride 

2: 1 Complax with 
:.ucdni111lde 

H 

NCCH» 
I Cl 

CH30 
II 
0 

H H 
o~..,N-N, ~o 

PhO,;P'N- N_....P,OPh 
H H 

002565 

002288 

002287 

002566 

002569 

SoRI 
N\Mlber 

H36 

6135 

H42 

6:.:!7 

Amount 
Pr!f>!Nd 

, . 98 9 

t. Oll 9 

0.74 9 

2. 0 g 

l. 7 g 

4 



Compound 

H H 
¾ ✓N- N....._ /4 S 

Phifp '-N-N/P(°OPh 

H H 

Table 1 ( Continued) 

SoRI No . 

68SQ 

68S5 

6856 

6862 

6871 

6861 

AVS No. 
Amount 

Submitted 

002739 0. 9 g 

002770 2. 0 g 

0027QO 1.S g 

002772 0.7S g 

00277Q o. 85 g 

002771 o. 8 g 

Southern Rcscarc:b J.nwtule 
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Table 1 ( Continued) 

ComfX>und SoRI No. AVS No. 

6881 002787 

6860 0027115 

6879 002701 

6842 0~2566 

6876 001176 

6884 002869 

Amount 
S ubmitted 

1 . OS g 

1 .89 g 

1. 6 9 

"· 0 g 

,. 2 g 

1.53 g 

Southern Rcxarc:b lmututc 
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TDble 2 

Compounds Submitteci from December 1 , 1986 to November 30, 1987 

Compound SoRI No. 

NH·HCto 4 @N02 

roN-0-CH 0 
2 

HO~O') 

HMH 
6885 

6886 

6887 

~ · HCI0 11 

\,....1!._)-0-CH ,@-cN 
HO~O✓ N' 

XH 
6888 

AVS No. 

002873 

002874 

002875 

002879 

Amount 
Submitted 

1. 9 g 

2.0 g 

2. 0 g 

2.D g 

Sow.bcn:i RCIQI'Cb Lnsonuc 

7 



Compound 

•-©-QCOOEt 
H 

NXNH2 Ph 

?r I 
EtOC~ f 

H H 

Tabl£ 2 (Continued) 

SoRI No. 

6819 

6891 

6890 

6053 

6'76 

AVS No. 

007B7b 

002878 

002877 

002B72 

C,02670 

Amount 
Submitted 

1.Sg 

1.1g 

1. 5 g 

0. 5 g 

0.5 9 

8 

Soulhcm Reaearcb UlllllUlt 



Compound 

Cr> ~ CH::0 
HO OH 

S:CH
2
CH

3 

(:q 
HO~ 

H H 

Table 2 (Continue-ti) 

SoRI No. AVS No. 

5261 002871 

915 002293 

1215 002700 

Amount 
Submitted 

0.5 g 

1.0g 

1. 0 g 

9 



10 

Table 2 (Continued) 

Compound SoRI No. AVS No. Amount Submitted 

oos 00299S ISO 1119 

JQ. 1. T", 
NHCNH~-CH3 

6192 00218S 1. 0 g 

CH3 

II }Q-0 
CNHBu 

HOS 00206 ll. S• g 

w· 007 00207 1 . S3 g 

NH -:(§)OOCM3 
-O-CH2 0 

•HCIO, 
,toe 002118 2. 0 g 

NH @ 
-0-CH2 Q 

not 002119 2. 0 g 

• HCIO, 

NH -ef;N 
-O-CH2 Q 

•HCIO , 
010 002190 2. 0 g 

I-IH OCH3 

-O-CH2~ 

HO~ 

2 .,,, 002811 2. 0 g 
•KCIO • 

M H\2 0021U ,. 1$ g 

NHPh 
I 

Sou1bern Rcsean:b l.mlltute 
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Table 2 (Contln.-cl) 

Compound ~:.- ~~ ~t Sublaltted 

NH 

-O-CH
2
@ 

6'15 00205 2. 0 g 
•HCIO, 

NH 

-O-CH
2
-@1 

"'" 002116 2. O 51 
·HCIO, 

M 69.5 002'1()8 l.S D I 
N(CH3J 2 

NH NO 

-O-CH2~ 

6927 oon 1 ,. • g 

•HCIO, 

NH ~ 
~-<>-<•, 0 ,, 

•o~ nu 002'12 l.Sg 

•HCIO, 

H H 

NH CFJ 

-0--oif~ ,, 
'929 002913 2. 0 g 

•Hc,c, 

Cl 

CH*OOEt 030 00211, o. 51 g 

H 
c1©Q;OOEt 031 002'15 1.2 SI 

Cl 

F@o:00Et 
032 00291' I . - SI 

Soutbem R~ tn.atulc 
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Table 2 (Continued) 

Ccfllpound SoRI No. _,vs No. Amount Submitted 

.. 
e,~:ooe, Ul3 00~•11 ; 1. ' g 

~ NHCH3 "" D0291ij 0.73 g 

,@6:oo" HO oous, 1. 1 g 

Br 

Ct~O<.·~t nu 002tsl , . • 9 

.. ~ ... ,,..s 002t5t 1.7g 

H2N,N 
II 

HH-t-NHNH • HCI 
I 2 '"' 002KD 1. S g 

HH
2 

M· II 
CH

2
CNHCH

3 

USS 002MI I , C g 

~ 
I 

HNH2 '"' 00021u I.S g 

NH
2 

-0-CH1-@-cH3 

us, 002',. l. s ~ 
•HCtO, 

S, >U Ibero RCICU'Cb lnstJ l:IIIC 



HO 

HO 

NH 

H 

• HCIO• 

F 

~ O-CH2~ 

-O-CH2CH;@ 

·HCIO• 

NH CH3 

-o-GH2@ 
HO 

•HCIO• 

w~ 
CH

2
Ph 

M-~ 
CH~El 

~ (Continued) 

SoRI No. 

Hl7 

"" 

,., 

"'° 

Ht1 

Ul2 

Hts 

13 

.. ... s No. Amount Sut.iltted 

003533 

OOJS~ 

003$35 ,. , 11 

OOJSU ,. '11 

003537 1. 2 9 

0035:U 0. ,2 51 

0035-H 2.0 g 

Soulbtnl R NC:al'Ch lns1.11Ult 



,:O.pound 

Br cH3-©!Q:OOEt 

©-0:00Et 

Br ©Q;OOEt 

MN-!'/ 

~~""2 

II J)' NHCNHNH2 

NH CH3 
~-tH~ 

HO · HCIO , 

NM CH3 

w-0-CH;@ 
CH Ph · HCIO, 

2 

NH 

wc•,c•, 
·HCIO• 

CH
2
Ph 

N-Jol 

IZ)-+. CH H2NH2 · 1tiCI 

I 
NH

2 

14 

SoRI No. AVS No. ~..:!'-J'll Sutaltted 

1.7 11 

'"I OUS41 l. I II 

'"' oonu l . 1 9 

1000 003550 I. SIi 

7002 001551 •· 0 II 

7081 001607 1.• 11 

7r,ff 001"1 1. 1 11 

7910 OOJ60t 1. 0 11 

71;17 001610 1. s II 



C-pound 

c-<J:$' 
I 
NH 2 

•'-N 

~ Ph,..::..., NHN02 

C l 

Cl~OOEt 

Cl 

~OOEt 

N0 2©-Q:-OOEt 

JG NH II 
~NHCNH2 

CH3 

J) s II 
Tat,INHCNH2 

CH3 

H 
· HCIO~ 

15 

Table 2 (Corm~ 

SoRI No. AVS No. AIIIOunt Sublllltted 

7011 003'11 1 . 5 g 

7019 eouu 1. s g 

7020 00:16 13 1. 5 g 

7021 o. 75 g 

7022 00)615 2. 0 9 

7023 003677 2. 0 g 

102, 003678 2. 0 g 

7017 00367t 2. 0 g 

7031 OOJHO 1.5 g 

Southern Rcaar:b lmtltute 



Compound SoP. I No. 

7055 
HO 

7056 
HO 

705~ 

7051 

7059 

70,0 

CH ;t•~OOEt 10,1 

Br 

c, ~....COOct 700 

2 \ ./i 
~ H 

A·o/s No. 

00]912 

003'15 

00)116 

003117 

ooua 

OO>tlf 

Amount 
Submitted 

2 9 

o. 9 t' 

0.8S g 

,. 6 9 

1. 16 g 

3. 0 9 

2 .0 9 

,. 'g 

16 



17 

Table 2 (Continued) 

~unt 
Caapound SoRI Ho. AVS No. SuDMlnad 

Cl 

0 2H~Et 
7063 00H20 ,.s g 

F 

-o-<:Hi@ 
HO 

7055 OOJMO 2. 0 g 
•HCIOa 

70H 00lM1 2. 0 g 

70'7 0OJ'42 , • 5 g 

70H onto ,. 2 g 

0OJ"4 I.lg 
HO 

Br 

CH3~00Et 707\ 0Uk5 I. S g 

0 HH 
II II 

CH
3
CHHHHCNHN0

2 
7D1l OOJ"6 l .H 9 

Southern Reaearcb Institute 



Table i! (Continued) 

CA\fflpound SoRI No. 

. -<JS 707q 

I 
NH2 

CH3 I 
Cl .©©H(CH1) 3-NH-CH,c,<3 

7096 

Ct@o:OOEl 

Cl Br 

Ct~OOEt 

@Ct Cl H 001:t 

-05' 
c~ 

NH2 

7091 

70S2 

7Qt3 

10,, 

• Har 70tS 

70K 

18 

Amount 
AVS No . Submlttad 

, . 39 9 

003980 S. 2' 9 

003996 l . 0 g 

003997 2. 0 g 

003':196 I.Sy 

003999 I.Sg 

00<1000 I.OS g 

00-001 I. lS g 

Soul.bc:ni Reacarcb WUlUle 
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Table 3 

Compounds Submitted from December 1, 1987 to November 30 , 1988 

CO• l!OUDd SllI Number A.VS Number 
!lDount 

Sub11i tted 

Br o 

7122 000161 ~.o, 

BO OB 

Br'('tt.·rN'J2 7123 000231 5 . 0 r 
~-tra 

BO 0011185 5.0 & 

BO OB 

BO 0 1215 002700 5 . 0 & 

BO OB 

~ w-o 7132 004121 0.5 r 

CB:J 

Sou1bcrn Research l:u111u1c 
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Table 3 ( Continued) 

Amount 
Comp01111d SRI Number .lVS NWllber Submitted 

NB •BCl0._ 

(JQ-ocu·~ 7133 004122 1.1 r 
I C1i:J 
CB:J 

NB ·BC104 CB:J 

(JQ-ocu·-@ 7134 00023 1.2' 

I 
Cl¼ 

NB ·BC104 

ro-OCB2-@-cso ?1~5 004124 2 . 0 • 
CB.,a 

@ 
NB 

<';L/p:B ?150 004204 0 . 7 & 

-OB 

OB 

~Q 
NB B.'RB 7151 004205 0.64 C 

BzC:, OBz 

Southc:m Research lnsUIUlt 
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T~ble 3 ( Continued) 

.lJDou.nt 
Co112ound SRI Number AVS NWDbet Submitted 

0 
II -OSC¾ 7152 004206 1.2' B3C 

I 
N'¾ 

°' 
7153 004207 1 . 15 & ~ 

NRNo2 

~•BBr 

<:0 11s, 0042vs 0 . 62 & 

0 
II 

NB:C~ er~ 7158 004213 o.e, 
~ 

I 
NBC~ 

II 
0 

-<X> B:1C 

I 7159 004214 1.2 ' NH 
I 
C=S 
I 
SB 

Q 71'8 004215 o.e, 

~ 
OB OB 



Table 3 ( Continued) 

co11pound SRI Number 

7UO 

7162 

'F 7US3 

B 

~Pi 
F~ w l:oCJL,,C¾ 7164 

I 

7188 

BO OB 

.A.VS NWDber 

0042g 

004217 

004218 

00421S 

004220 . 

004224 

22 

AIDOUlll 
Submit led 

1.6 ' 

1.3' 

1.9 ' 

1.1 ' 

1.0' 

Sou1hern Resan:ti lnstuul•: 
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Table 3 ( Continued) 

compound SRI NWDber AVS NWDber 
AlDOWlt 

Submitted 

7:n:5:~-<i 
...-'.:: CB:J 118P 004225 2.0 & 

B 

BO JB 

lill · BCI04 -(f};" 
I .J-oce,, 0 

...-'.:: C¾ 7170 004226 1.2 ' 
B 

BO OB 

NB ·BC1O4 

.J-oce,,~CB:, 
CB:! 7171 004227 o.e, 

B 0 

BO OB 

7172 004228 1.6 ' 

Southcm Research Jns1nu1c 



Table 3 ( Continued) 

Compound SRI NUJDber .ns Number 

7173 004229 

7174- 004230 

Amount 
Submitted 

2 . 0 C 

1.8 ' 

24 



Compound 

B~ 

BO OH 

Br 

H 0 

BO OH 

ro--0 
B~ HO 

' 
HO 

NHCH3 

BO OH 

Table 3 ( Continued) 

SRI Number .lVS Number 

7187 004533 

7188 004532 

718i 004531 

71i0 004530 

25 

Amount 
Submitted_ 

eso me 

«o ma 

100 ma 

soc ma 



Table 3 ( Continued) 

CompoWld SRI Number 

719 1 

HO OH 

71:"2 

7193 

0 
7194 

HO OH 

AVS Number 

00452~ 

.904589 

004587 

C04588 

26 

Amount 
Submitted 

900 mg 

1.6 ' 

1.s a 

0.7 I 

Southern Racarc:h l1'1$111u1~ 



Compound 

~OOEt 

Br 

@---Q-<ooEt 

s 
II 

E~N-C-S 

H 

0 

HO 

Table 2 ( Continued) 

SRI Number 

7205 

7206 

7207 

7208 

7214 

AVS Number 

004612 

004613 

OC,4618 

00481SI 

27 

Amount 
Submitted 

1.4 s 

1.5 I 

1.2 I 

O.S I 

2.0 I 

50\JlhCffi Rc:scareh lnslltlllt 
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Table 3 ( Contilmed) 

Amount 
Compound SRI Number >.VS Numt er Submitted 

NH•HC104 F 

-oCH2~ 

r 
H 0 

7215 004620 1.0 I 

:BO OH 

!fH·HCIC~ ~ 
~--OCH2 Q 

h F 
7216 004621 1.0 I 

H 0 

HO OH 

NH· HC104 F 

-OCH2-(fi"; 

r 
H 0 7217 004622 2.0 i 

HO OH 

7220 004623 450 m1 



0 
t 

HO-P 
I 

BO 

EtoH 

Compound 

o-c 
B 

Table 3 ( Conti.Duet., 

sm Number 

122, 

7186 

7226 

7227 

0046~4 

004721 

0 04 7 2 0 

29 

Amount 
Submitted 

696 me 

4 .7 5 I 

1.0 i 

0.9 i 

Southern Research ln.s111u1c 



Compound 

00 
NC:,/~I 
so'\---{ 

OH OH 

OB OH 

OH OH 

0 
II 

HN--~ 2ll/ 
OY;:/ + II 

~0-PO 

eeb 
NH OB bH 

4 

Table 3 (Continued) 

SRJ Number 

49Sl 

723B 

7251 

AVS Number 

004926 

004685 

004866 

0~4871 

30 

Amount 
Submitted 

0.4- g 

0.200 g 

0.247 g 

0 .210 & 

Southern Research l ru111u1c 



Table 3 ( Continued) 

Compound SRI Number 

7252 

OH OH 

7253 

OH OH 

7254 

2 

OH OH 

7255 

H 

OH OH 

AVS Number 

004872 

004873 

004874 

004875 

31 

Amount 
Submitted 

0 .800 g 

0.450 g 

0.450 i 

0 .500 g 

Southern Research lllllllUle 



Table 3 ( Continued) 

Compound SRI Nwr.~~ 

©-frCOOEt 7269 

COOEt 7270 

COOEt 7271 

Q 7272 

0 

-HC104 
NCH3 CB3 

-OCH2-@ 7274 

H 

OH OH 

AVS Number 

005047 

005031 

005032 

005033 

005034 

32 

Amount 
Submitted 

1.3 g 

1.4 g 

0 .7 .g 

1.5 g 

0 .275 g 

Snu1hC'ffl Raarch lnso,u1e 



Compound 

0 

OB OH 

CJis Cl .... OB,@ 
EtO .. .oc 

.• II 
0 

CH3 
I CH3 

CHO 

H2N 
0 

\ 

OH OH 

H ·HCl 

lable 3 ( Continued) 

§RI Number 

7275 

7276 

7277 

7278 

7288 

AVS Number 

005035 

0050S6 

005037 

005038 

005048 

33 

Amount 
Submitted 

0 .500 g 

0 .600 g 

0 .600 g 

2 .2 & 

4 .0 g 

Southern R eseareh IMIIIUIC 



Table 3 (Continued) 

Compound SoRI Number AVS Number 

7301 005067 

0 0 
e t t o-;-o•-;-

1i1J O OH 

005075 

e 
Lie 

005082 

7320 005083 

Amount 
Submitt ed 

2.05 & 

190 ma 

1.2' 

1.2 ' 

34 

Southern Rescm:h lns111u1c 



Table 3 ( Continued) 

Compound SoRl Number 

7321 005084 

7322 005085 

7323 005086 

7328 
H 

005223 

AmounL 
Submitted 

.1.2 g 

1.2 £ 

1.2 I 

5.0 I 

o.s a 

35 

Soulhcnl Raeardl I 11.ll itult 
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Table 4 

Compounds Submitted from December l, 1988 to November 30 , 1989 

Compound SoRI Number AVS Number 

7309 005475 

7370 005476 

7371 005477 

3 
7372 005478 

Amount 
Submitted 

1.2 i 

1.2 i 

1.2 I 

l.2 I 

Soutbcnl Racarcb w ll111.1e 



Table 4 (Continued) 

Compound SoRJ Number 

3 
7373 

r 

7387 
AC 

~BC104 ~-0-CB::F> 
H~0'1 

HHH 
13887 

AVS Number 

005479 

002875 

Amount 
Submitted 

1.2 i 

5.0 & 

50 ma 

37 

Soulhcm Racarch lnstllUlC 
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Table 4 ( Continued) 

AVS Azrouct 
Compound SRI Number Number Submitted 

~~ 6767 001986 100 mg 

-~~ 
6887 002875 100 mg 

~7"°' 7394 005576 700 mg 

oc:a, 

7393 005575 1.2 g 

7395 005577 1.2 g 

7396 005578 1.2 g 

7398 105 mg 

Sout.ba'll Rett.areh lnsunne 



Table 4 ( Continued) 

Compound SRI Number 

CCH:S010CH:~Oi:Oi:0S0:z~C 6362 

6363 

6440 

CH,50:zc:H:SO:zOCH:z~~°'½· 6441 
OSO:zCH, 

<:I) 7259 

.. ~ 

✓- 1214 

7426 

741:7 

AVS 
Number 

005586 

005584 

005583 

005585 

000223 

005603 

005604 

39 

AmJtmt 
Submitted 

1 g 

1 g 

1 g 

1 g 

2 g 

S00 mg 

2 g 

1.2 g 

Soutllem Resu.rcb lnnilult 
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Table 4 ( Continued) 

A VS . Am::Jum 
Compound SRI N°"rn~er Number Submined 

7428 005605 1.2 g 

~ 

.!§~ 
OM OIi 

7429 3 ' 

o:}-~ 7430 0.7 g 

B~ 

o• b• 

~ ~ I W10H), 

7496 005~96 1.9 g 

Southern Resean:h lnslllUI~ 



Table 4 ( Continued) 

Compound SRI Number 

Af fl TH• 6892 
NHCNH1-CH3 

CH3 

NH · HC104 7037 

-OCH2-@-<>cH3 

H 

H 

NH · HC104 

-OTH-@ 
CH3 

7008 

6927 

7168 

7494 

41 

AVS Am:lmt 
Number Submitted 

2885 3.3 g 

'3679 5.0 g 

z.o 

2911 2.0 g 

4224 2.0 g 

6108 90 mg 

Soulhem Research lnslllutr 



Table 4 ( Continued) 

Compound 

HO OH 

HO OH 

· HCI04 

- OCH2-@-<>CH3 

SRI Number 

7194 

1215 

7208 

7037 

AVS 
Number 

4588 

27CO 

4618 

3679 
(second 

batch) 

42 

Amoom 
Submitted 

2.0 g 

5.0 g 

2.0 g 

2.5 g 

Southern Research 1Nu1u1e 
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Table 5 

Compounds Submitted from December l, 1989 to November 3ij, 1990 

Compoppd SRI Number 

7086 

15Si 

R;(Q 1S53 

~-(OB)i 
g 

H,~ 

~-(OEt.)z 

7541 

H~ 

~-(OB)z 

7542 

f 

~ I 7S.."7 

R~ 
K H 

AVS 
Jiumbef 

3980 

67S3 

6754 

6468 

675'2 

Amount 
Submitted 

2..5 g 

2.SS mg 

710mg 

350 mg 

30mg 
2.5mg 

693 mg 

SoatllerD ~ hlll:Dtmc 
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Table 5 ( Continued) ---
AVS Amount 

Ccmpoppd SRINum~ Number Sµbmined 

HBAc: HCW 7152 4206 2.4 g , ' 

I 
HJ½ 

{rca,-0 7572 6781 1.1 g 

Q-ca,-6--ca•-0 7573 6782 1.0 g 
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Table 5 ( Continued) 

AVS Amount 

Compound SRI Number Number Submitted 

8()-ca,-() 7589 7120 2.3 g 

~ Cl 

H~ 

1597 100 mg 

H H 

An 
a) 

7151 4205 666 mg 

1586 2.2 g 

7587 6788 l .41 g 



Table 5 ( Continued) 

Compound SRI Number 

7597 

~. 
76f:? 

H -@ 
- O-C112 0 

6767 

AVS 
Number 

124 

1986 

Amount 
Submine.d 

2.0 g 

100 mg 

1.0 g 

46 
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Table 5 ( Continued) 

AVS Amount 
Compoppd SRI Numm Number Submitted 

·BClO,r@ 
-OCH Q 

HOH2 6887 2875 1.0 g 

6767 1986 1..0' 
H 

H,~ 85 7700 8354 497 mg 

~]-(0~ 

~ 7718 0015 1.9 g 

H~ 

7717 8355 100 mg 



Table 5 (Conti:aued) 

Cgmpop.pd SRI Number 

7699 

J:(Bz 

00 5944 

H~ 

~ 00-e~ 6251 

8~ 

J;fflz 

00 5970 

H~ 

AVS 
Number 

8353 

303 

48 

AmOUD! 
Submitted 

300 mg 

98 mg 

97 mg 

98mg 

20 mg 



Table 5 ( Continued) 

C:Ompound SRI Number 

4541 

45'.$2 

5160 

5174 

AVS 
Number 

AmOU!lt 
Submined 

20mg 

20 mg 

20mg 

20 mg 

49 



Table 5 ( Continued) 

Compound SRI Number 

6560 

AVS 
Number 

Amount 
Submined 

20 mg 

so 
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Table 6 

Compounds Submitted from December 1. 1990 to February 28. 1991 

Compound SRI Number 

ms 

H 
7779 

111'~-Glu 

~Hz 

7787 

-Wan 
7788 

7790 

Bzl 

AVS 
N!.:.mber 

Amount 
Submined 

300 mg 

300 mg 

200 mg 

200 mg 

46A mg 

Soutbeni Reaearch ln'1i1UI~ 
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appears in the tables more than once, since additional amounts of the promising compounds were required 

for more thorough testing. 

IV. Chemistry 

As previously mentioned, our efforts were directed toward a number of target compounds and compound 

classes. The following paragraphs provide a synopsis of oar activities for each year. 

Much of the first year was used in setting up and organizing the laboratory. Furthermore, our targeting 

of compoands was slowed by the delayed development and distribution of the USAMRllD list of antiviral 

compounds. Still, we were able to select and synthesiz.e a number of target compounds, basing our choices 

on our experience and on reported antiviral compounds in the literature. The compounds prepared in the 

first year included: substituted N1-benzyloxy adenosine/adenine compounds; N,N'-substituted 1,4-

phenyldicarboumide analogs; tetraazadiphosphorines; and ascorbic acid derivatives (as analogs of ~-1..rlhreo•L· 

glycero-3-hexulofuranosonic acid, 2-(5'-methyl-2-furanyl)•a-lactone]. We also began pursing the preparation 

of substituted imidazoles (as precursors to substituted 3-deazaguanines) ancl 6-substituted (and 6-substituted-8-

aza) purine nucleoside analogs. 

During the second year, we continued to pursue many of these compounds as well as other targets. A 

summary of all compounds submitted during this year inch.~~s: substituted N 1-benzyloxy adenosine/adenine 

compounds; selenadiazol~; triazolotriazole compounds; various related 6-substituted analogs in the purine 2mc! 

8-azapurine; 8-cbloro-and 8-methylthio-3-deazapurine; ethyl 5-(substituted phenyl)-2,4-dioxobutyrates as analogs 

of methyl 4-chloro-5-(2,4-dichlorophenyl)pyrazole-3-carboxylate [A VS-000332); adamantane derivatives; and 

allopurinol (or 4-by<1roxypyrazolo[3,4-d)pyrimidine) analogs. ln addition, we also synthesiz.ed these USAMRIID 

requested compounds: 4(5)-bromo-1(3H)-intidazole; and dcsethyl chloroquine; and we submitted five previo usly 

synthesized compounds from the SRJ compound archives including: ethyl 6-arnino-5-nitro4-[(2-phenyl-2-

oxoethyl)amJno]pyridin-2-ylcarbamate oxime; ethyl 5-amino-3-(3',4' -dimethoxypbenyl)-2H-pyrido(4,3-

b][l,4]oxazin-7-ylcarbamate; ethyl 5-amino-1.2-dihydro-3-((N-methylauilino)methyl]pyrido[3,4-b]pyrazine-7-

carbamate, bemiethanolate; 9-ribofuranosyl-2-metbylt.hiopurine; and 9-n'!;ofuranosyl-6-ethylthiopurine. 

Our targets for the third year included: substituted N1-benzyloxy adenosine/adeninc compounds (analogs 

of 2'-deoxyadenosine, 9-benzyladenine, 9-metbyladenine, 8-bromoadenosine, 9-~-o-arabinofuranosyladcnine, 

9-p-o-ribofuranosyl-6-metbylaminopurine, 2,6-diaminc-9- ~-D -noofuranosylpurine, and 7-deauadenosine); N1 
• 

aminoadenine and N 1-aminopurinenucleosides; other 5-(substituted phcnyl)pyrazole carboxylates and 

carboxamides; triaz.olotriazole nucleosides and uiazolothiadiazoles; allopurtnol acyclonucleosides; and 

dihydroquinolines and tetrabydroqulnolines. Amo ng the USAMRTID-specitied compounds were 3-bromo-l-tl,•D· 

ribofuranosyl pyrazolo(3,4-d]pyrimidin-4(5H)-one; 5-bromo-3-nl tro-1,2,4-triazole; adenosine-N 1-oxide; 6-

etbylmerca ptopurine riboside; tiaz.ofurin 5'-monopbosphate; 7-cyanoimidazo(l.2-b)pyrazole; ribavirin 5'• 

monopbosphate, rfbavtrin 5'-metbylphosphate, and rfbavirin 5' -diphosphate; and Formycin B. One other 

USAMRIID-requested activity was the further purification of a USAf..ffiITD-supplied saLiple of 4-acctyl-4-

phenylpiperidine. 

Soul 'icnl Rc:tearclJ Institute 
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Compc;unds synthesized during the fourth year included: more N1-benzyloxyadenosines; 6-benzyl-1,3-

dioxoles (as podophyllotoxin and Justicidin B analogs); 3-phenyl-1,4-benzothiazin-2-one oximes; metbanesulfonic 

acid derivatives; formycin B 2' ,3' ,5'-triacetate [AV~-0096); the free acid of ribavirin monophosphate; 1-

ribofuranosyl-7-cyanoimidaw[ 1,2-b )pyraz.ole; 6-allylrrercaptopurine riboside; 6-ethylntercaptopurine riboside 

l A VS-2700); 4-amino-1-P-D-ribofuranosyl-pyraz.olo[3,4-d)pyrimidine; 3-t-hutyl-l-adamantylt~iourea; Q-(2-phos­

pbonylmetboxyetbyl)adenine (PMEA); 5-(1,3-dihydroxy-2-propoxy)-4-hydroX) -1,2-pyraz.ole-3-carboxamide; N1-

aminoadenosine mesitylenesulfonate salt; and adenosine 5'-diethylthiocarbamate. 

During the fifth year, the compounds submitted for screening included: 4-(4'-ethylamino-l'-

methylbutylamino)-7-chlo roquinoline [A VS-3980]; ribavirin triphospbate; 9-(2-(phosphonylmethoxy)ethyl)· 

guanine (PMEG); 1-(2-(phosphonylm-. ·-ryethyl)-1,2,4-triaz.ole-3-<arboxamide; the diammonium salt of 1-

( (phosphonylmetboxy)ethyl)-1.2,4-trfawle-3-carboxam ide (A VS-6469); 1-[2-( dietbylphospbonylmethoxy)etbyl)-

1,2,4-triawle-3-carboxamide; 6-ethylsuUo nyl-9-P-D-ribofuranosylpurine; 3-acetamido-7-amino-6-methyl-7H-s­

triazolo(5, 1-t: )-s-triaw~e (A VS-4206); l,3-bis-(morpholinomelhyl)-tetrahydro-2(1H)pyrimidinone; 1-

morpholinnmethyl tet rahydro-2( 1H) pyri midineth.ione; 1-morphol i no methyl ~etrahydro-2(1H)-pyrimidinone; two 

batches of 5-c.hloro-J- P-n-ribofuranosyl-s-triawlo(l,5-a)pyrimidin-7-one (AVS-0124); 3-(2,3,5-tri-O-benzoyl-D­

ribofuranosyl)amino-5H-s-triawlo[5, l<]•s-triazole (AVS-4205); J-imino-2H-2-(2,3,5-tri-O-benzoyl-P-D­

nbofuranosyl)-s-triazolo[ 5, 1 < ]-s-triawle; 3-amino-1-(2,.3,5-tri-O-benwyl-P-D-r 1bofuranosyl)-s-triawlo [5, l < ]-s­

triawle; 6-amino-2,4-<iithiouracil; multiple batches of 1-(3-methyfbenzyloxy~Ji;nosine (A VS 1986), 1-(2-

melhylbenzyloxy)adenosine (A VS-2875); 6-carboxamidopurine riboside (A VS-0015); 4-thio-6-azauridine; the 

triacetate of 4-thio-6-azauridine; >-deaza.ldenosine; carbocyclic 3-deaz.aadeno!)ine; a.rabino-l-deazaadenosine; 

carbocyclic 8-azaadcmosine; carbocyclic 2' -deoxy-8-azaadenosine; carbocyclic 2' -deoxy-8-azainosine; carbocyclic 

2,6-dlamino-8-azapurime-2' -deoxyribofuranoside; carbocyclic 2'-deoxy-8-azaguanosine; carbocyclic 2'-deoxy-8-

aza-6-thioguanoslne; and carbocyclic 2-amino-6-methoxy-8-azapurine-2'-deoxyribofuranoslde. 

During the final three months comprising the contract extension period, we synthesized and submitted 

the following compounds for screening: 4-amino-5-glucosylamino-2-thio uracil; 4-amino-5-mannosyla.mino-2-

thiouracil; 2,4-dithio-6-azauridine; 2' .3' ,5'-tri-0-acetyl-2,4-dithio-6-auurtdlne; and 5'-0-[[[[2' .3' ,4' ,6'-tetra­

O-benzyl-11-D•(glucopyr.inosyl)o:ey]carbonyl]amino)sulfonyl)-2' .3'-isopropylidene-6-azauridine. 

The foUowing paragraphs provide descriptions of the procedures used to synthesize the compounds under 

this COiltract. 

Sut,stltuted N1-Benzyloxy Adenoslne/Adenlne Compounds 

Th~ compounds were pursued because they had bun previously prepared at SRI and had been found 

to ha~ some antiviral activity. The preparations for all of the 0-allcylated analogs o r adenosine N1-oxidc 

foUowed the same general procedure, and therefore, only summarized data will be presented for many or the 

analop. The precursor for these analogs was the parent compound adenosine N 1-oxide (la), which was 

prepared by oxidatio n of tdenosinc with m-chloroperoxybenzoic acid.1·3 as shown in Scheme L Compound 

La Wlli !tlkylated with the appropriately substituted benzyl and alley) bromides to give the corresponding 

alkylated N 1-oxyadenosincs, and the resulting adductS were. then immediately convcne<J to and isolated as their 

respective percbJoratc salts, as shown and listed in Figure 1. The submitted alkylated N 1-oxyadenosines are 
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Scheme I 

R',1111 

+ m-cPllA 00--0 MeOH 

! 
1 

R Jr 

1• H1;: B 

lb H~~ R 

!.c:- ~- li 

1d. CBs- R 

le Hx c:Bs-

1f H~ R 
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Figure l 

R1 ro~ BrCl!z--@ 1) Dlilc 

2) NB4Cl04 
HzO it 

2 

R 1? Position 

2a B~ -~-® 2 
3 
4 

- ~-& 2 
3 
4 

2c • ~ 
2d • -~-® 2 

3 

• 
,. ~-@ 2,4 3,4 

2.5 
2.,8 3,5 

2f .. -~~ 2,4 3,4 
2,5 3,5 

.. -cBt-@ 

--------
Soult : <'tl RCIC&1Cb lnatJ UIIC 
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Figure 1 ( Continued) 

B R1 PoJ1t1on 

B~B ~:g3 2.4 
3.5 

Cl 

-c:a.-@ 2 
21 .. 3 

NOz 2 
.. -c:Bz-@ 3 

4 

~ 
2 

H 3 
4 

21 .. ~~ 
2m .. 40c:Bz 

-c:Bz 

-cKs--@ 
2o .. -cBzCBa-@> 

B:? ~-@ 2 
2p 3 

4 
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Figure 1. { Continued) 

R Rt Position 

B~ 
1' 2 

-CI½,-@ 3 
4 

c;:Bs 2 

-CR2-@ -CI½.-@ 3 
4 

-CI½,-® 
?. 

,. 3 

"' .. -~CHs 

-CI½.-@ 2 

-Cits 3 

Southeni Rcaearch lmtilUIC: 
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indicated as 2a-o. (Pertinent data for these conpounds and the following alkylated NI-oxyadeuine analogs are 

also given in Tables 1 and 2.) 

We also synthesized NI-oxy- 2nd .V1-benzyloxy- analogs of 2'-deoxyadenosine, 9-benzyladenine,4.S 2nd 9 -

methylac\enine. As is also shown in ~hemes I and II, the NI-oxide precursors for these compounds were also 

made by treatment of the corresponding, 2' -deoxyadenosine, 9-benzyladenine, and 9-methyladenine with m­

chloroperoxybenwic acid1·3 to give their corresponding N1-oxides lb-d. (The syntheses for 9-benzyl- anJ 9-

methyladenine are given in Scheme ID.) These NI-oxides were then alkylated with the appropriately 

subst,tuted benzyl bromides as indicated and converted to their respective perchlorate salts lp-u, as shown in 

Figure l. Since, the procedures for making all of these compot1nds again were identical, we have supplied 

only summarized information and analytical data for these compounds in the experimental section. No 

detailed synthetic procedures have been provided for these compounds. 

rnher synthesized NI-oxide- and 1-benzyloxy- analogs include those of the following compounds: 9-~-D­

ribofuranosyl-6-methylaminopurine;arabinofuranosyladenine;8-bromoadenosine;2,6-diamino-9-~-D-ribofuranos­

ylpurine, and :-deazaadenosine. (Scheme IV shows the synthesis of 9-~-D-ribofu.-anosyl-6-methylar:::nopurine.) 

As shown in Schemes I, ll, and IV, the N1-oxides of these compounds, le-I, respectively were pre.pared by 

the oxidation of these nucleosides with m-cbloroperoxybenzoic acid. N1-oxides le and lg-b were then alkylated 

with the indicated benzyl bromides to give the 1-benzyloxyadenosine analogs lv-w, 2x, and 2y, respectively, as 

shown in Figure 2. 

N,N' -Substituted 114-Phenyldlcarboxamide analogs 

Compounds 4.9 had been previously prepared at SRI, and therefore, submittable quantities were already 

available in our compound archives. Before these compounds were submitted, they were purified and 

recharacteri:ed to ensure their integrities (Scheme V). 

Tetraa:r.adlphospborines 

The synthesis of these compounds was based on the activity that compound 10 had shown in the 

USAMRIID screen. Compound U wa.s synthesized by adding phenyl dicblorophosphate in acetonitrile to a 

solution of triethylamine and anhydrous hydrazine !fl acetonitrile, while analogous routes were used to 

synthesize other congeners. We made compounds 1~ and 177.S by following the route shown in Scheme VI. 

The main difficulry in preparing these compounds was the separation and purification of the desired pr0'.i;.1ct., 

from the mixtures obtained in the reaction sequences. Similar, b,•t more severe problems were encountered 

in our attempts to synthesize compound 16 by the analogous approach also shown in Scheme m. Since this 

meant that the isolation of compound 16 would probably be labor and time intensive, we decided to shift our 

efforts toward other potential targets. 

A~rorbi<' Acid Derlvathti (As Analogs or O·L:Utr«M,-glycero-J.hexulorufllnosonlc Add. 2°{5' 0Methyl-l-ruranyl). 

q-ladone) 

Compounds 18-10 were requested by Dr. Ussery and were synthesized by the route shown in Scheme vn.9 

..)imethoxymethylfuran (22) was first made from 2-methylfuran by treatment with bromine and potassium 

acctate,10 and then it was coupled with L-ascorbic acid to produce 18. Complexes 19 and lO were then formed 

by incubation or 18 with succinic anhydride and succtnimide, respectively.9 

Soulhcrn Raean:h lnslllUIC 
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Figure 2 
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Selenadlazoles, Trlazolotriazoles, Triozolothladiazoles1 Triazolotriazole Nucleosldes 

This series of triazolotriazoles, selenadiazoles, and thiadiazoles was synthesized on the basis of the activity 

of lead compound 23. We synthesized &cicnadiazoles 24a-c by following Scheme VIIl. We also obtained 

bicyclic compound11 25 from aminoselenadiazole12 (24a) by treating this compound with 2-chJoroacetopbenone. 

When we tried to make closely related compounds 24d, l4e, and 26 by following the procedures for 24a-c and 

25 we obtained extremely low yields of the desired products. Furthermore, when we varied reaction conditions 

(e.g. increases in either or both reaction time and temperature as well as modifications in the sequence of 

addition of reaction components), we were still unable to improve the yields. Because of these problems, w~ 

shifted ou· lnterests away to the following, more easily obtained analogs. 

We made the following triazolotriazole compounds by the approaches that are shown in Scheme IX. We 

first made N-nitroaminotriazole (27, R = H) in good yield by nitrating 3-amino-1,2,4-t.riazole.13 This 

compound was then reduced with activated zinc to give hydrazinotriazole (28, R = H),14 a compound that 

was too unstable to submit. However, we were able to use this oompound in the synthesis of triawlotriazole 

290, which as shown in Scheme IX was made by the treatment of 28 with cyanogen bromide.1s We ~lSO were 

able to use this general procedure to make analogs 29b,c by the routes shown in Schemes IX and X. The 

corresponding phenyl and methyl substitutr.d aminotriawles for these compounds were first synthesized, since 

they were not. commercially available. 

To prepare triazolotriazole 29b, aminoguanidine was benwylated in pyridine to give 30 and then cyclized 

at 220 °C16 to give aminotriazole 31. This compound was then nitrated to give nitroaminotriazole 27b.13 

Reduction of the nitroamino compound to the hydrazinotriawle 18b followed by cyclizat.ion with cyanogen 

bromide produced t·,iawlotriazole 29b.14•1s 

We synthesized triazolotriawle 29c by following a similar approar.h. Nitroguanidine was treated with 

hydra.line to give 33, which was acetylated to 34, and 1hen cyclize4 with aqueous sodium carbonate giving 

nitroaminotriawle 27c.17•18 Reduction with zinc/acetic acid followed by trca1.me:1t with cyanogen bromide gave 

the desired compound 29c.1S 

As shown in Scheme X, bicyclic compounds 37-39 and 41 were made from triaminoguanidine (35), which 

was easily obtained by the addition of hydrazine to aminoguanidine. Compound 37 was made via a two-step 

process: triaminoguanidine (35) was treated with acetic acid and heated so that the acetyltr:aminoguanidine 

cyclized to Lriazole 36.19 Compound 36 was then further cyciized to triazolotriazole 37 t:>y treatment with 

cyanogen bromide.1s Similarly, triazolotriazole 38 was also obtained from triazol"! 36 by treatment with carbon 

disulfide. Triazolotriawle 39 was made cJirectly from triaminoguanidine (JS) by treatment with two equivalents 

of cyanogen bromide. The last triazolo1riazole made by this approach was triazolotriazole 41. 

Triaminoguanidil1e was heated with formic acid giving triaz.cle 40, which was then further cycliz.ed by treatment 

v.ith carbl'>n disulfide to triarolotriazole 41. Other oompounds resulting from this series were the two 

Lriazolotriazole acetates (42 and 43) by treating 23 (the parent compound for this entire series) and previously 

subm.ll~ 3717 willl acetic anhydride. 

We alM; synthesized four new triazo\otriazole derivatives as well as tv.'O new ribosylated triazoles and two 

triazolothiadiazole compounds. As shown in Scheme XI, triazolotriazolc analog 44 was obtained by the 

Southern Rc:scarth ltutirut: 
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following two--step process: triaminoguanidine (35) was heated with acetic acid, and the resulting acetic acid 

adduct cycliz.ed to give triazole 36.19 Triazole 36 was then cyclized to triawlotriawle dithionide 44 via 

sequential treatment with carbon disulfide and methyl iodide. 

Scheme XII shows that the ribosylated triazolotriawles were made by treating t 1
·, • series parent compound 

(23)17 with stannic chloride and 2.3,5-tribenwylrlbofuranosyl-l-acetate.20 The major product from this reaction 

was adduct 45, which was deprotected with NaOMe and MeOH to give ribosylated triawlotriawle 46. One 

of the minor products, compound 47 W3S also isolated in sufficient quantity to allow deprotection to 

ribosylated triazolot.riaiole 48. However, closer inspection of the literature revealed that this compound had 

ber.n made under a previous r i.\MD contract ir. 1979. Therefore, we assumed that USAMRlID already had 

access to this compound, and it was not submitted to USAMRHD. Another of the minor products of the 

ribosylatlon reaction was compound 49. This compound was submitted in its benwylated form, because even 

the mildest of deprotection conditions also cle~wed the ribosyl linkage. 

As shown in Scheme XI1l, triazolothia~iawle 51 was made by following the same general sequence used 

to make the other tria1.olotriazoles. Aminothiadiazole was nitrated13•15 with fuming nitric acid to give 

niuoaminothiadiawle 51. This c0mpound was then reduced with zinc and acetic acid, and the resulting 

hyd,a7.iamhiadiarole was cycli1,ed with cyanogen hromide 10 tive tria1.0Jo1hiadia1.0le 52. Ni1roamino1hiadia1.ole 

51 was also used to male~ one other triazolothiadiazole. Reduction of 51 with zinc and 1acetic acid followed 

by treatment with carbon disulfide gave triazolothiadiazole 53. 

Sch~me XIV shows the route followed for synthesizing one final triazolotriazole derivariv~ 55. This 

oort1pound W"d.S obtaine.d by treating previously submiue.d triazolotriazole S4 with Gold's reagent ~1 

Various Related 6-C-Substltuted Analogs ln the Purim~ and 8-Ai..apurtne; 6-Carboxamldopurtne Rlbosld~ (AVS-

0015} 

As a result of our effo rts aimed al various 6-substiluted analogs in the purine and 8-azapurine series, we 

synthesii.ed purine-6-carboxylic acid (57a) and purine-6-thioc.arboxamide (57b). Scheme XV shows lhal these 

compounds were mP..dc by treali ,: -ommercially available 6-iodopurine wilh copper cyanide and then tre~ting 

resuiting 6-cyanopurine (56) with 2 N NaOH or HiS/ethanolic amino nia to give 57a,b, respectively.22 We had 

hoped to alter these compounds further by halogenatinb the 8-position. unfortunately, when we attempted 

a number of approaches to these alterations, all of these efforts res\\lted in complex product mixtures. 

Similarly, our attempts to synthesiu purine and 8-azapurine analogs such as 58-60 from either 2,6-

dichloropurine or 4,6-dichloro-5-nitropyrimidine failed to give p:omising results. 

Our approach to the synthesis of 6-carboxamidopurine riboside (63)22·2A is shown in Scheme XVI. 6-

Carboxamidopurinc 61 was made by carefully treating 6-cyanopurine (M ) with sodium hydroxide al'\d then, it 

was coupled with 1.2,3,S-tetra-O-acetylr;boturanose using Sna4 as catalyst, acoording to the procedure of 

Robins er aL 2A ·Ibe resulting nucleoside tria~tate 62 was then deprolected with MeOH/NaOMe to give the 

desired nudeoside '3. 

8-Chloro-anct 8-Methyltblo-3-deai.apurl~ 

We also attempted to synthesize 8-substituted 3-aeaz.aguanines 64 following lhe approach shown in 

1dieme XVIL 25.u In our pursuit ol 8-<:hlo ro-3-t.eazagu3nine (64a) we made and submiued precursor 65. 
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Unfonunately, we could not cyclize this intermediate by treatment with ammonia, even after employing a 

number or treatment conditions. Instead, we obtained low yields of uncyclized amide 66 from all or our 

reac'lion attc~mpts, suggestin~ that the chlorine was deactivating the sy-tem toward cyclliation. 

We also pursued the synthesis or methylthio-subslituted 64b by following the same general approach as 

followed for 64a. As shO\\'I\ in Scheme XVII, we again were able to synthesize our target precursor 74, but 

as with the chlorine-containiug analog, we were not able to cyclize to 64b, and the only recoverable product 

after the cycliz.ation attempt w,\S amide 75. 

Ethyl 5-(Substltuted Ph~nyl)-2,4-dloxobotyrates (As Analogs or Methyl 4-Chloro-5- (2,4-dichlorophenyl)pyrazole-

3-carboxylate (AVS-0003321) 

We also synthesized a number or substituted pyraroles such as 76 and 77 as analog.s or methyl 4-chloro-5-

[2,4-dichlorophenyl)pyrazole-3-carboxylate (AVS-000332), which USAMRJID bad shown to be effective against 

PIC, VEE, and JBE viruses. Following a procedure developed by Knorr et al 27 we maC:e ethyl 5-

methylpyrazole-3-carboxylate (76a) from ethyl 2,4-dioxovalerate ano hydrazine. Halogenation at the 4-positlon 

ll!:ing the standard procedure or bromine or chlorine in ac.etic acid, ,lS shown in Scheme XVID, gave 77a and 

77b. 

The synthesis of our other p;-razolc analog.s v.'!, h R -= \':I; ious substitcted phcnyls and pyridyls were 

essentially the same. Toe required eti1yl 5-sub£tiruted-phcnyl-2,4-dioxobutyrates were made by condensing the 

appropriately substituted ac.etophenones or ac,;cylpyridines wit.h diethyl oxalate.28 As with the synthesis or 

wrazole 76, these butyrates were treaced with hydrazin~ hydrate to produc.e the ~ esponding pyrazoles. 

These pyrazoles were then either si...,mittcd as is, or the pyrazole ring.s wert: hale wnated by treatment with 

either brorr,ine or c.hlorine in ac.eti.: acid. lntr.r~tlngly, we were un\ucc.e'isful in our attempt to make the 4-

chJoro produ .. ':lS of ethyl 5-(p-tolyl)pyrazol~3<.a!'boxylate 76i !?!l~ etJr~l 5-(p-methoxyphenyl)pyrazole-3-

carboxylate 76h. Similarly, we could not control eiiDer the chlorinatioh or b1:)mination of 5-(2,4-

dimethoxyphenyl)pyrazole-3-carboxylate (761). Chlorination of the activated phenyl rings \°If 76(, 76h, and 76l, 

and bromination of th.e phenyl ring or 761 were found to compete with tl1e cortesponding ~alogenations of 

tbe pyra.zoles under our reaction conditions, and as a result, we routinely obtained mixtures of y<>lychlorinated 

(or polybrominated) products. Since we were u:nabk to find a chromatograpttic system to ~pa.rate these 

compounds, and since we already ba(1 a laJge numbers or analogs, we decided that no additional effon should 

directed toward these specific compounds until we received screening data. 

We '?t'Cfe also ~nable to obtain one o ther target pyrazole, e•hyl 5-(p-b1omopbenyl)-4-d1Joropyrazole-3-

carboxylate. Our attemptS to obtain this compound oy chlorinating ethyl 5-(p-bromophc,1yl)-3-arboxyuue (76c) 

resulteJ in the unexpected form~tion or ethyl 5-(p<hJoropbenyl)-4-<:hJoropyrazole-3-carboxylate (77&), even after 

reaction times ai;. sbo~ ...s 1 b. 

In addition, we also made pyrazolecarbo.xamides 78a,b. As shown in Scheme XIX, tt,ese compounds were 

made by treating the corresponding ethyl pyrazolecaruoxylates v.ith l!!!'l!'lonium hydroxide. Thus far, wt. lJve 

limited production of l'°le pyrazolcc:arboxamides to ju.st th:se two. However, if these compounds show 

promising activity, we will expand thii. series by conver.ing other pyrazolecarboxylates to their corresponding 

carboumides .. 
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5-(l,3-Dlhyd roxy-2-propoxy)-4-hydroxy-112-pyrazole-3-carboxamide 

finally. we also submitted one other pyrazolecarboxamide, 5-((1,3-dihydroxy-2-propoxy)methyl)-4-hydroxy­

l,2-pyrazole-3-carboxamide (85). 4.Hydroxypyrazolecarboxamides such as 85 had been origi:ially pursued in 

another USAMRIID-sponsored project (DAMD17-86-C6003), but the antiviral activities of these compounds 

were not determined before the funding for the original project had been depleted. Since Dr. Gabrielsen bad 

also expressed an interest in compounds similar to these, we decided to support the .. -yntbesis of one more 

pyrazolecarboxamide with our project funds. As shown in Scheme XX, the synthesis of this compound started 

with metbylpyruvaite hydrazine 79, which had been prepared by reacting metbylpyruvate with ethyl 

hydrazinoacetate.29 Cycliution of adduct 79 with methanolic sodium methoxide gave 80,30 which w ·~ then 

acetylated with acetic anhyd1 ide/pyridine to give diacetylated &l. Bromination with NBS/carbon tetrachloride 

gave 5-bromomethyl compound 82. This intermediah: was thr.n reacted with 1,3-di-0-benzyl-2-propanol and 

sodium hydride to give a mixture of productS containing adduct 83. Without iso!ating adduct 83, the mixture 

was treated with rnethanolic ammonia, .-.nd this simultaneously ' .Jnverted the e.cter to the amjde while 

deacetylating the N1-blocked pyrazole. The resulting compound 84 was then catalytically hydrogenated with 

Pd(OH)z in ethanol to give pyrazolecarboxamide 85. 

Aclamantane Derh,;ath·es 

We also synthesized a number of adamantane-rontaining compound$ Since the methylamide of 1-

adamantanecarboxylic acid had been sh~n to be active in the USAMRTID S(.."lC'!n, our work was first directed 

tc,ward producing similar amides of 1-adamantanecarboxylic acid and 1-adamantaneacetic acid. As shown in 

Scheme XXI, we made the dimethyl- and n-butylamides (86a,b, respectively) and the anilide 86c of 1-

adamantanecarboxylic acid starting with commercially available 1-adamantanecarboxylic acid chJoride. We 

similarly made the rnelhyl, dimethyl and n-butyl amides and the anilide of 1-adam.antaneac.ztic acid 87a-d and 

the methylamide of 1-noradamantanecarboxylic acid 88 by fiISt generating the acid chJoride by standard 

preparative procedures and then adding the requisite amines. Unfortunately, we could submit only 86a-c, 87a, 

and 88, because w,~ we1e unable to purify the other amides to the necessary analyt!cal purity. 

Amide 86d 'N'3S another 1-adamr.ntanecarboxarnidc derivntive th&l we synthesized. Using a procedure 

similar to those proc.edures for amides 86a-c, we ma1e this compound by adding 2-aminothlazole to 

adamantane Wibonyl chloride. lnteresting.!y, when we t.ried to _,ake amide 86e by virtually the same 

procedure, we <iid not obtain the desired product, but instead rerovered mainly starting material. We also 

pursued alkylated 1-adamantamines such as monomethyl- and dimethyladamantylam1ne and 

trimctbyladamantylammonjum iodide (R9, 90}. After n\._merous 2:1 ~mpts with different reacuon conditions we 

still obtainett mixtures of au methylated forms. Therefore, we drQppcd thjs compound class and began 

pursuing the adamant.ane-oont.aining compounds shown in Scheme x:xn. 
One of these compounds was an adamantyl thiourea. because members of thjs compound cia.ss had ~n 

reported to have antiviral actMty against the 'PR8 strain of in0ocaza comparable to that or 1-amino-
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adamantane bydrochJoride.31 We made one analog of this class, l-adamantyl-3-t-butylthiourea (91), by :i.dding 

adamantamine to t-butyl isothiocyanatc. 

We also syntbesi.1.ed adamantyl thiosemicarbwde (92)32 by the addition of hydrazine to adamantyl 

isolhiocyanate, and we made hydrazone 93a and thiosemicarbaz.one 93~33 by the addition of aminoguanidine 

and thiosemicarbazide, resJlC',"tively, to adamantyl methyl icetone. Int-::restingly, we were not able to synthesiu 

the analogous semicarbazone 93c by following the same general prxedure. Another adamantane<ontaining 

compound class that we pursued wa:. analogs of com,.!hmd 94. Unfortunately, our efforts to synthesiu 

compounds from adamantyl methyl ketone were unsuccessful by either of our proposed routes. Route A was 

halted because we oould not get 3-aminotrlawle to add to the adamantyl methyl ketone. Route B was 

stopped beeaUS! we were unable to form a tosylate from 1-adamantyl-1-ethanol with any success. We found 

that ~osylation of tllis compound was very slow, and that any tosylate that formed rapidly eliminatea; as a 

result of this we "'btained only starting material and low yields of 1-vinyladaman-.ane. 

Allopurjnol (or 4-Hydroxypyrazolo[J,½(lpyrimldlne) Analogs; 4-Amlno-l-8-1>-rlbofut11nosyf-pyrazolo[3,4-

d)pyrimldine; and .J-Bromo-l-8-o-rlbofuranosylpyrazolo(3,4-o'lpyrimldln-4-(5H}-one 

We also pursued a target class based on allopurinol (4-hydroxypyraz.olo(3,4-d]pyrimidine), since the 

USAMRIID list of active antiviral compounds showed a number of active pyrazolopyrimidine compou11ds. 

Most of the related compounds were the usual ribosylated forms, and therefore, we felt that there was a neet1 

for analogs with altered sugar moieties such as the one shown in Scheme xxm. Therefore, we syntl:~iz.ed 

compound (100) by condensing brc,moallopuriuol with glycidol.34 A11?,ough this reacti\ln proceeded cleanly 

and gave a reasonable yield, we fou.id that it could no t be repeated 'Nith aUopurinol. Instead, we found that 

we routinely obtained complP..x mixtures of products alkylated at any or all of the possible sites. Furthermore, 

when we attempted :o attach the other altered sugar moieties to either bromoallopurinol or allopurinol with 

a n•:mber of different conditi-:>ns, we could not control the site of attachment. 

We wer~ able to obtain one other product from rhis particu '.·1r route. The previously m~ntioned 1-

(2' ,.3'-dihydroxypropyl)allopuriLJl (101) was obtained from 3-bromo-(2' ,.3 ' -dihydroxypropyl)allopurinol 19034 
by removal of the 3-bromo group via catalytic hydrogenation. 35 

We also pursued allopurinol analogs with nthcr function'.11 groups at the 4-position. From these cfforu, 

we developed two similar approaches to the synthesis of 4-amu ~ •-~-o-n'bofuranosylpyrazolo[3,4-d)pyrimidine 

('.05).35.36 Scheme XXIV shows the first approach in which allopurinol (98) was 3-orominated and then 

ribosylated with n'bofuran~-l-acctatc-2.3.S-tn"ben· .oatc to give protected nucleoside 1'>2. Thionyl chloride in 

DMF conversion of 102 to the 4-chloro anaJ.og J JJ was f::>llowed by treatment with mcthanolic ammonia to 

deprotcct the sugar and to displace the 4-chloro group, thus giving 3-bromonucleosidc 104. C8taJytic red union 

with palladium on carbon to rcr.iove the 3-bromo group then gave 4-amino-1-ribofuranosylpyraz.olo(3,4, 

d)pyrimidinc (105), but only in low yield. 

The second approach was developed to allow us ro reduoe our effort by one synthetic stt J). St.aning with 

4-aminopyrazo .. . l~• '. d)pyrimidinc (106), this approach offered an alternate route to common intermediate 104. 

As ls also shown in ScbaDe XXIV, UM was obtained by the bromination or 106 followed bv ribosylation and 

deprotectiou. Again, catalytic hydrogenolysis of 104 was l'gain required to give nucleosidc 105. 
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We also synthesized one final allopurinol compound, 3-bromo-l-~-o-ribofuranosylpyrazolo[3,~1PYTimidin-

4(5.H)-0ne (109)35.36 by the approach shown in Scheme XXV. We treated the previously discussed protecteJ 

nucleoside analog 102 with ammonia and methanol, thus deprotecting it to give compound 109. 

4 (5)-Bromo-lH (311)-lmldazole 

Toe synthesis for 4(5)-bromo-1(3H)-imidawle (' .'-1)37 is shown in Sch .. me XXVI. An aqueous solution 

of sodiu', sulfite and 2,4,5-tribromoimidawle (UO) were refluxe<l, cooled, and refrigerated before the final 

product was isolated by extraction with ether, filtering, and evaporation of the solvent 

Desethyl Chloroquine (4 •<4'-Ethylamlno-l '-methylbutylamlno)-7-chlorogulnollne [AVS-39801) 

We made desethyl chloroquine (115a),38.39 by the route outlined in Scheme XXVll, and during its 

synthesis, we developed a new, more efficient synthesis of the side ct1ain precursor, 4-aminopentanol (113) 

Instead of forming the o>i.me of 5-hydroxypentan-2-0ne and reducing it catalytically (with Raney nickel or 

palladium on carbon with pressure), we treated 5-hydroxypentan-2-one with NaBH3CN and ammonium acetate 

ir. ethanol, thus obtaining the amino alcohol in one step. This amino alcohol was t.hen reacted with 4,7-

dichloioquinoline at 145 °C under dry conditions to give 4-(4'-hydroxy-1'-methylbutylamino)-7-chloroquinoline 

(U4). This compound w:i.s then first cautiously treated \\ith 48% HBr followed by etbylaminc to give the 

desired desethyl chJoroquine (115a). 

We also attempted to prepare bisdesethylchJoroquine 115b but found it to be very unstable (Scheme 

XXVII). During our attempts to isolate our bisdesthylchJoroquine, we determined that our bisdesethylchJoro­

quine intramolecularly cycliz.ed to 4-(2'-methyl-l '-pyrolidyl)-7-cllJoroquinoline (116). Fonunately, a supply 

of this material was available at Walter Reed, and therefore, there was no need to continue pursuing this 

compound any further. 

N1-Amlnoadenlne and Four N1-Amlnonucleosldes 

We also synthesized N1-aminoadenine and four N1-aminonucleosides beca~ of the structural similarities 

of these compounds to the adenosine-N1-oxide analogs. As shown in Scheme XX\'TII, a metbanolic solution 

of 0 -mesitylenesulfonyl hydroxylamine was used to effect N1-amination of adenine and adenosine to form the 

corresponding N1-aminoadenine ll7 isnd N1-ammoadenosine 118. 40 Two separate samples of 1-aminoadenosine 

l18 were submittFA: one as the mesitylenesulfonate salt and one as the hydrochloride salt. To make N1-

aminonucleosides UO, lll, and 123, a sligh1 procedural modification was used. An aqueous solution or 

hydroxylamine-0-sulfonic acid41 was used to N1-aminate the corresponding nucleosides 119, Ul, and W . This 

gave the desired N1-arrinonucleosides in reasonable yields. 

We also wanted to benzylate these N1-arninonucleosides to obtain 1-benzylamino analogs similar to the 

1-benzyloxyadenosine scne::. \hat we had already been investigating. Unfonunately, we were never able to 

alkyLate either N1-amlnoadenine or N1-aminoadenosin~. Our attempts to make either 1-benzylaminoadenint. 

or 1-benzylamiooadenosine (125) with ben:zyl bromide or benzaldehyd.: using a number or variations c: 
reagents and reaction conditions \Vere all unsuccessful We also tried to develop an N-benzyta• ·d 

hydroxylamincsulfonic acid reagent to try to circumvent the allcylation problem, but this approach was also 

unsua:cssful since we were unable to make this reagent. 
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Olhydrogulno'Jines and Tetrahydrogoinollnes 

We also synthesized a number of dihydroquinolines and tetrahydroquinolines because of their structural 

analogy to the novel antibiotic virantmycin (126). Virantmycin bad been isolated from Strepromyces 

nirrosporeus42.43 and shown to have potent inbihitory activity against RNA and DNA viruses at very l<Jw 

concentrations. It was also fo1md to exhibit weak antifungal activity against Saccharomyces sake, Piricularia 

oryzae, Trichophyton interdigiJale, and Aspergillus niger. Since literature review showed little work with 

dibydroquinolines, we chose to pursue the development of analog.s of this oompound class. We specifically 

chose to simplify the side chains located at the 2-position, replacing the methoxymethyl and 2,3-dimethylpent-2-

enyl sidechains with two methyl groups. 

As shown in Scheme XXIX, the precursor for our analog series was dihydroquinoline 127. This 

compound was :;repared by refluxing ethyl 4-aminobenwate wi!.h acetone in toluene and iodine.44 

Dibydroquinoline 127 was then formylated with formic acetic anhydride45 to give derivative 128. 

Unfortunately, we found that we COl<ld neither bromir.ate nor epoxidize the 3- and 4-positions of either 

dihydroquinoline 127 or formylated dibydroquinolin~ 128. We attempted these brominations under a number 

of different ·eacuon conditions, and invariably, we were not able to halogenate the double bond. We similarly 

tritd a number of reagents and reaction conditions but also could not epoxidize the double bond. We found 

that m-chJoroperoxybenzoic acid added across the double bond of 128 to give adduct 130, but the resulting 

ester alcohol would not collapse to the corresponding epoxide 131. 

However, we were able to obtain two more derivatives of these compounds. The 3,4-double bond of 

dihydroquinoline U9 was reduced by catalytic :1ydrogenation with palladium on carbon to give 

tetrahydorq,linoline 132. Furthermore, dihydroquinoline acid 133 was prepared from dihydroquinoline 129 by 

treating 129 with sodium hydroxide. 

S-Bromo-3-nl tro-1,2,4-triazole 

5-Bromo-3-nitro-1,2,4-triazole (135)46 was synthesized by direct bromjnation of 3-nitro-1,2,4-triazole (134) 

with bromine and sodium hydroxide, as shown in Scheme XXX. 

Ethyl 6-Amlno S-nltro-4-1(2-phenyl-2-oxoethyl)amlno)o nidln-2-ylcarbamate oxtme; Ethyl S-Amlno-3-(3'14'-<II• 

methoxyphenyl) -'J.11-pyrido f 4,3-bJ £ 114) oxazin-7-ylcarbam 1te; Ethyl S-Amlno-1,2-dihydro-3-£ (N-methylanllino }· 

methyl) pyr:ldo £3,4-b 1 pyraz.lne-7-carbamat,, Hemlethanolate; 9-Rlbofuranosyl-2-methylthiopurine 

These compounds, shown in the f,:,ll('lwing figure (Flg,1re 3) had been previously prepared 'it SRL Since 

they had previously been shown tc have biological activity, they were submitted as potential leaj compounds. 

6-Ethylmercaptopurine Rlboslde (AVS-27001; 6-Allylmercaptopurine Rlboslde; 6-Ethylsulfonyl-9-6-o­

rlbofuranoulpurine 

These compounds wert pursuc1 since ribofuranosyl-6-e1hylthiopurine bad already been found 10 have 

activity against AD2, VV, JE, SF, and YF viruses. 6-Ethylmercaptopurine riboside tA VS-2700) (137a) and 

6-allylmercaptopurinc riboside (137b) were prepared as shown in Scheme XXXI. 6-Mercaptopurine riboside 

(136) was alkylated with either ethyl bromide or alJyi bromide in DMAC and potassium carbonate, respectively, 

to give these nucleoside analogs.47,48 
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We synthesized 6-ethylsulfonyl-9-P-D-ribofuranosylpurine (139) by the approach shown in Scheme XXXII. 

Oxidation of 6-ethylthiopuri.ne riboside (AVS-2700) (138) with m-chloroperoxybenwic acid in acetone49 gave 

the corresponding sulfonyl compound 139. 

We also synthesized 6-ethylsulfinylpurine riboside (140) by the almost identical route shown ir1 Scheme 

XXXIU. Tru.s analog and potential metabolite of 6-ethylthiopurine riboside (AVS-2700) (138) was also made 

by oxidizing 6-ethylthiopurine riboside with m-chloroperbenwic acid.49 Analytical data for the product showed 

that our product was contaminated with the previously discussed sulfonyl analog 139. Our early attempts to 

separate these produets chrorrHographically were not succ.essful, and therefore, Dr. Gabrielsen decided that 

further pun.uit of this compound was ~ot necessary unless activity was found with previously submitted sulfonyl 

ana1og 139. 

1-Rlbofuranosyl-7-cyanoimidaz.o {112-b] !ll!!.7nle 

1-Ribofuranosyi-7-cyanoimidazo[l,2-b)pyra1..ole (147)50.Sl was made by the procedure ~bown in Scheme 

XXXIV. 2-Hydrazinoacetatdehyde diethylacetal (142) was made prepared hydrazine and chloroacetaldehyde 

diethylacetal (141) and was then reacted with ethoxymethylenemalononitrile to give 5-a-nino-1.3-(2,2-

diethoxyethyl)-pyrazole-4-carbonitrile (143). Compound 143 was then cyclized to imidarolo[l,2-b)pyrazole-7-

ec: •bonitrile (144) by treatment with 1 N HCI, and pyrazolecarbonitrile 144 was then ribosylated with l-O­

acetyl-2.3,5-tribenzoyl-D-ribofuranose and HMDS, giving a product mixture containing both protected nucleoside 

145 and the isomeric nucleoside 146. Chromatographic {solation of compound 145 followeo by deprotection 

with methanolic ammonia gave the desired compound 14,. 

Tiuofurin 5' -Monophosphate (2- B-o-Rlbofuranosyl-5'-phosphate-1,3-thlawle 4-<:arboxamide) 

As shown in &1leme XXXV, tiazofurin 5'-phosphate (81)5Z was synthesized by treating tiazofurin with 

phosphorus oxychlori.de in pyridine. 

Rlbavlrin 5'-Monophosphate. Rihlivlrln 5'-Methylpbosphate, and Ribavirin 5' -Dlphosphate: the Free Acid 

of Rlbavirln Monophosphute 

As shown in Scl1emc XXXVI, ribavirin 5' -phosphate (151) was made by treating ribavirin (150) with 

ph0sphorJl chloride and trirnethylphosphate.53 Treatment of phospha :e 151 with MeOH, trietnyl2mine, and 

dicyclohexylcar~'<liimide gave ribavirin 5'-metl,ylphosphate (152). R1 ,;.virin 5' -phosphate (151) was also the 

precursor for ribavirin 5' -<ii phosphate (l->4). Phosphate (151) was first converted to its morpholidate 153. 

Subsequent treatment of the morpholidate with onhopltosphoric acid, pyridine, and tributylamine then gave 

the desired n"bavirin 5' -diphosphate (154). 

Our efforts to synthesize ribavirin 5'-tripbosphate (155) were complicated by the instability of 1be 

triphosphate compound durin~ purification. According to thin-layer chromatogr-.. ;itiic and mass spectrometric 

data, we were cleanly synthesizing tt>~ desired tri1-bosphate<. compound by treating IUl'lrpholidate 153 in dry 

DMF (instead of pyridine as used in the synth~ Qf the other ribavirin nucleoti<1:s) witti. ri)1orously purified 

bis-tri-n-butylammonium pyrophosp!:.c1te. The desired triphosphate compound was beinb obtained without 

contamination with di- and monophosphated nucleos1de. However, our procedure for synthesizing n"bavirin 

5'-triphosphate (15!' .-equired a large excess (5X) of the pyrophosphate, and as a result tne isolated product 

contained a significant amount of pyrophosphate in addition to lhe desired triphcsphate, 11nd unfortunate!/, 
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the chromatographic systems that had effectively separated the other ribavirin n:.icleotides from their 

corresponding reaction sidepro-.·ucts were oow totally ineffective at separating ribavirin 5' -triphosphate from 

the residual pyrophosphate. When we tried other approaches to remove or reduce the level of pyrophosphate 

from the product mixture, none of our reaction condition modifications or chromatographic procedures 

provided pure ribavirin 5'-triphosphate. Sirce it was unlikely that pyrophosphate would cause any harmful 

effects in antiviral screenings, we felt that this compound could be tested as is. We then consulted with Dr. 

Gabrielsen, and he agreed to accept the obtai.ned compound for screening, as obtained. 

Fonnycin B, r onnycin B 2'.3',5'-Triacetate [AVS-00961 

Formycin B (164) was synthesized by the procedure shown in Scheme XXXVII.54 .55 Ribofuranose 1-

acetate-2~'3,5-tribenzoate was converted to intermec.liate 160 by the following series of reactfons. Treatment 

of ribofuranose with HBr and Hg(CN)z gave 1-cyanosugar 156. Hydrolysis of 156 followed by treatment with 

thionyl chloride gave acid chloride 157. This i.ntermediate was then treated with ylide 159, giving cyanoester 

160. (Y1ide 159 was generated from r-butylacetyltriphenylphosphorane (158) with 10% sodium hydroxide in 

chloroform. Triphenylphospborane 158 was synrhesized from chloroacetic acid and isobutene by treatment with 

sulfuric acid in benzene followed by triphenyiphosphine.) Cycllz.ation of cyanoester 160 with ethyl diazoacetate 

f',3Ve pyraz.olediester 161, thus formir.g the ribosylated pyraz.ole ring of Fo rmycir B. Sequential treatment of 

this intermediate v•ith formic acid followed by 2,2,2-trichloroethanol, triethylamine, and diphenylphosphoryl 

azide gave carbamoyl ester 162. Treatn:r.nt with zinc/acetic acid, and formamidine acetate effected cyclization, 

fonning the necessary pyrimidine ring, thus giving 2' ,3',5'-tribenz.oylated Formycin B (163). Deproter.tion 

was accomplished by using sodium methoxide in methanol to give Formycin B (164). 

Formycin B 2',3',5' -triace~ate (165) was then synthesized by adding acetic anhydride and pyridine to 

Formycin B (164). 

4•Acetyl-~phenylplperidine 

Our activity with this 4-acetyl-4-phenylpiperidine was the chromatographic purification of a sample 

provided by USAMRHD. This oompound was first eluted through silica gel with CHC13-MeOH (95:5) to 

remove l-benzyl-4-acetyl-4-phenylpiperidine wbfoh was present as an impurity. When we later found that we 

oould not consistently crystallize the purified compound, we treated the compound with HCI gas so that it 

could be isolated as its hydrochloride salt 

6-Benz:yl-113-dloxoles {as Podophyllotoxln and Justlcldin B Analogs) 

We synthesized a number of 6-benzyl-1,3-benzodioxole derivatives as analogs of the biologically active 

natural produas, podopbyUotox:in (166) and Justicidin B (167). (Furthc.rmore, we were especially interested 

in this series sir.cc Justicidin B was one of the USAMRHD requested oompounds.) Our searc.1 of tbe 

li1erature yielded an antitumor activity study of benzodioxole derivauves against the in vivo i.p. P388 murine 

lymphocytic leukemia.56 This study compared the activities of these benzodioxo les with that of 

podophyllotoxin anc! showed that the most active of these benzodioxoles were as effective as podophytlotoxin 

against P388 murine lymphocytic leukemia, although its effectiveness require-0 higher dosage levels. Be.cause 

of this demonstrated biolvgical activity, we felt that these benzodioxole derivatives would be an excellent seres 

of compounds for antiviral screening. 
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~heme xx:xvm shows the benrodioxole derivatives that we submitted as well as the synu,~tic routes 

u.sed to make these compounds. Compounds l 72a-c were initially selected because they were among the most 

active antitumor agents in the previously mentioned study. Compounds 17l~b were also submitted since they 

were intercediates leading to the synthesis of compounds 172a-c. As shown in the scheme, compounds 17la,b 

were made by condensing sesamol (170) in aqueous acidic media with the appropriately substituted benzyl 

alcohol (169) (obtained by sodium borohydride reduction of the corresponding substituted acetophenone). The 

resulting phenolic 1,3-benzodioxoles 171a,b were then alkylated with either methyl iodide or ethyl iodide to 

gi"e t!:~ ~rresponding alkylated 6-benzyl-1,3-benz.odioxol~ 172-c.. We then synthesized 171ul by following 

the same general sequence of first synt.hesizing the appropriately substituted benzyl alcohols from the 

corresponding acetophenoo -; and then condensing sesamol with these benzyl alcoh-0ls. Derivatives 172d-g were 

then also synthesil.cd by iiJkylating with the appropriate alkyl bromides. 

One other group of compounds were obtained from our pursuit of these benzodioxole derivatives. As 

shown in Scheme XXXIX, compound 174 was obtained instead of the expected benzyldioxole 176 when we 

condensed sesamol (170) with 3,4-dimetboxybenzyl alcohol (173). Ether derivatives 175aa,2> were then obtained 

by alkylating with either melhyl iodide or ethyl iodide. 

3--P!ienvl-114-benzothiazin-2-one Oximes 

Our 3-phenyl-1,4-benzothiazin-2-one oximes were synthesized by the proceJure shown in ~eme XL. 

We initially attempted to reproduce the methods in the Uterature57•59 in which the appropriately substituted 

benzaldehydes were convened to the corresponding rutroacetophenones 178 via rutrostyrene intermediates 177. 

According to the literature, the rutroacetopbeno~ .vould then have been reacted with 2-aminothiophenol to 

give the desired benzothiazin-2-one oxime. 01:r effvns to prepare tbe rutroacetophenones were not successful, 

and therefore, we developed anothe.r approach to these compounds. The a_t>propriately subnituted «­

chloroacetophenones 180a-c were first treated with 11-butylnitrite and HCJ60•61 to give ch1oronitroso compounds 

181a--c. These intermediates were then reacted wilh 2-aminothiophenol to give lbe target phenyl­

benzotbiazinone oximes 179a--c. 

Methantsulronlc Acid Derivatives 

We submitted four methanesulfonic acid derivatives l84a,b and 189a,b62-65 which had been synthesized 

as analo~ of busulfan (182.), a compound that is biologicaliy active against Friend Leukemia virus.66 As 

shown in Scheme XU, compounds L84a,b were syntbesiz.ed by reacting either the corresponding 

chloromethanesulfonyl .:hloride (l83a) or (methylsulfonyl)methanesu.lfonyl chloride (183b) v,ith 1,4-butaJ:ediol 

and triethylamjne in ethyl acetate. Similarly, compounds l8S-a,b were syntbesizr.d by reacting 4-

ben..eyloxybutanol (186) (prepared by the metb-:>d of Pistor65) wilh methanesulfonyl chloride to give common 

intermediate 187. This interm.ediate was hydrogenated and debenzylated to give 4-metbylsulfonrloxybutanol 

(188). Compound 188 was t!ica, immediately reacted with either chlorometbanesalfonyl chloride or 

(melhylsulfonyl)methane::ulfonyl chloride to give 189a;b. 

9-0-PhO!\phonylmethoxyethyl)adenlne <PMF.A); 9-£2-{Phosphonylmethon}ethyUguanlne <PJ.f&) 

9-[2-(Pbosphonylmethoxy)ethyl)adenine or PMEA (196)67•68 was synthesized by the reaction sequence 

shown in Schemt- XLll. The key acyclosugar sidechain precursor 194 was synthesil.ed by foUowing a procedure 

Sr,41_1.benl RC9Clrdl wtitutc 
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obtained from J. Bronson of Bristol-Myers. As shown in the s:beme, dioxolane (190) was reacted with acetyl 

chloride and zinc chloride to give 2-(chloromethoxy)ethyl a,:etate (191). Treatment of 191 with 

triisopropylpbospbite gave 2-(diisopro ~ylphosphonylmethoxy)ethyl aec1ate (192). Hydrolysis of acetate 192 with 

HCI gave 2-(diiso:propylphosphonylmethoxy)ethanol (193) which ,vas then mesylated to give key intermediate 

194. Sodium hydri<1e catalyzed coupling of 194 with adenine gave 9-(2-(diisopropylphosphonyl­

met!toxy)ethyl)adenin.: (195), which ga\e PMEA 196 after hydrolysis with on.,motrimethylsilaae. 

Schemes XLill and XLIV show the synthetic methods that we pursued in our attempts to synthesize 9-(2-

(phosphonylmethoxy)etilyl)guanine or PMEG (199), an analog of recent'y submitted 9-(2-

(phosfhonylmetboxy)ethyl)adenine or PMEA (196). We bega!:I o!lr investigation of t.!ie synthesis of PMFG 

(199) by pursuing the three approaches show.> in Scheme :YT.-.Ill. The first mimicked •he procedu:e for 

syn._. ""Sizing PMEA (196).67,68 As before, sidechain precursor 194 was first synthesized from dioxolane (190). 

We firs!. tried the NaH-catalyzed coupling o{ 6-0-benzoylated guanine (197) with the sidechain prt-.cursor 194. 

We also tried the HMDS-catalyzed allcylation of guanine \200) with sidech.1in precursor 194, and we attempted 

the NaH-catalyzed coupling of 6-chloro-2-aminopurine (202) with the sidechain precursor 194. We were 

especially interested in this third approach, because intermuliate 203 could also be used directly in the 

synthesis of other USAMRIID-requested PMEA analogs 9-(2-(phospbonylmethoxy)ethyl)-2-aminopurine, 

F MEMAP (204) and 9-[2-(phosphonylmethoxy)ethyl)-2,6-diaminopurine, PMEDAP (205). Unfonunatel)', .:ll 

of these early attempts met with little success, and therefore we decided to try the slightly different s1dechain 

precursor 208 while also concurrently investigating milde.r reaction conditions. We had already S)'lli:~~i·~ 

modified sidechain precursor, diethylphospbonylmethoxyethy! tosylate 208, more as a result of serendipity tha1, 

rational strategy. As shown in Scheme XLIV, the procedure for preparing this precursor was almost identical 

10 tbt for preparing 194. In our earlier investigations into the synthesis of the sidechain precursor, we had 

synthesized a small amount of 206 by treating chloroacetate 191 with some tricthylphosphite that was already 

on band. We had not pursued the conversion of this intermediate to a useful sidecbain precursor, because 

the Uterature had suggested that the 9-[2-(diisopropylphosphonylmethoxyethyl)purine offered a slight advantage 

in later conversions of 2-amino-t--chloropurine moiety of intermediate 203. However, during al'J interim whLe 

we were waiting for more staning materials for synthesizing more ~94, we decided LO proceed with 206 and 

Lo investigate a different leaving group in place of the IJ\esyl group. Therefore, we hydro lyi.ed 206 with 

acetone-water (4:1) and concentrated HCl, and we treated the resulting diethylphosphonylmethoxyethanol (207) 

with tosyl chloride in methylene chloride and tricthylanune to get precursor 208. 

Using this new precursor 208 and 2-amino-6-chloropurine (202) under milder reaction conditions 

(potassium carbonate and anhydrous DMF at room temperature for 3 days under argon),69 we were able to 

prepare intermediate 209, the diethylester analog of 203. PMEG (199) was then o· ,tained from this 

intermediate after hydrolysis of the phosphonate ester with bromotrimethylsilane and h)·drolysis of the 6-cltloro 

group to the required 6-o,xo group. 

We were also able to conven intermediate 209 to PMEMAP (204) and PMEDAP (205) according to MS 

and 1H NMR data. Unfonunately, we were unable to purify these compol.lnds, and we dire.cted our efforts 

to other compo1Jnds, as requested by Dr. Gabrielsen. 
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l-(2-f'Phosphonylmethoxyethyl}-1,2,4-trlazole-3-carboxamide; the Diammoniun Salt or l-[(Phosphonylmeth­

oxy)e1MI:. l,2,4-triazole-3-carboxamide CA VS-6469); 1-(2-{D iethylphosphort ylmethoxy)ethyll-1,2,4-t rlazole-3-

carboxami~~ 

Our approaches to the synthesis of ribavirin analog 215 are given in the following schemes. Our efforts 

to synthesize this PMEA analog ased methyl 1,2,4-triazole-3-carboxylate (210) generously suppHed by Dr. 

Gabrielsen. We initially investigated the alkylation of methyl 1,2,4-triazole-3-carboxylate (210) with the 

acyclosugar precursor 194 with a number of reagents and reaction conditions (bis-p-nitrophenylphr ,;phate/130 
0c70, NaH/DMF/r.t to 100 °c34; potassium carbonate/acetone or methanol; sodium methoxide/methanol or 

TilF, etc.). Unfortunately, all of these early attempts were unsuccessful and consistently >.;elded hydrolyud 

sidechain precursor along with some recovered mett-,yl 1,2,4-triawle-3-carboxylate. We eventually developed 

the approach shown in Scheme XLV, which paralleled and was developed at the same time iis the previously 

disci1ssed PMEG work. This approa,..b used the combination of milder rc-.action conditions and lhe modified 

sidechain precursor, 2-diethylphosphonylmelhoxyethyl tosylate (206) instead of 2-diisopropyl­

phosphonylmethoxyethyl mesylate 194. We alkylated methyl 1,2,4-triazole-3-carboxylate with modilied sidechait. 

precursor 206 in anhydrous DMF with potassium carbonate a1 90 °C unc'er inert atmosphere32 and obtained 

key intermediate 211 in addition to isomeric 2U and the decarboxylated analog 213. 211 could not be easily 

isolated from 213, and therefore, the mixture containing 211 and 213 were both treated with concentrated 

ammonium hydroxide to give 214 and 213, wnich were easily separated by column chromatography. 214 was 

the.i deesterified with bromotrimethylsilane to desired target compound 215, according to anaiytical data. 

Unfo rtunately, the isolated compound was not anal)1ically pure, and there:fore. the recrystalliz.ation procedure 

(from a~tone/water) that had been effective for PMEA was ineffective ior this compound proba~ly due to 

the extreme water solubility of this compound. With multiple batches, we were inconsistently able to obtain 

a small yield tt>e the desired 215 ( < 10% yield). Funhermore, 1LC and MS analysis uf the supernatant 

revealed that a significant amount of 215 was remaining in the supernatant. Therefore, we investigated A 

n.imt;er of oth<..r purification methods until we determined that the treatment of 215 with. dilute ammoruum 

hydroxide followed by evaporation under vacuum gave a beuer yield of the desired compound as the 

diammonium sall 2l6. 

Adenoslne 5'-Dlethyllhlocarbamate 

We also investigated purire diethylthiocarbamates as possible lead compounds, because of the following 

reasons: several dithioc.arbamates are well-known fungicides.71•73 And, sodium die:hyl dithioc.arbamate (OTC 

or imuthiol) has been (o und to be an effective immune modulator in clinical trials; 7,; ir. th!:; study, AIDS and 

AilC patienb treated with sodium diethyl di<hioca:-~··mate were found to show more symptomatic improvement 

than untreated patients. A review fJf the literature showed that there have not been any detailed studies on 

dithiocarbamate-subnituted nucleosides, and therefore, we initiated the exploration of this potential area by 

preparing 5' -deoxythioadenosine. 5' -N,N-.1iethyllhioc.arbamate (218) . This tbioc.arbamate was made by refluxing 

commercially available S\. dium dir,thyldithkx:arbamate tribydrate and 2' ,3'-0-methylethylidene adenosine in 

DMF and then ueating the reaction mixture with 1 N tti50,. (Scheme XLVI). We also made 218 directly 

fro m commercially available 5'-tosyladenosine. By reacting 5' -tosyladenosinc with sodium 
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diethyldithiocarbamate under the same reaction conditions, we again obtained the desired 5'-N,N ­

diethylthiocarbamate-5'-deoxy-5'-thioadenosine (218) in good yield. 

113-Bls-(morphollnomethyl)-t_etrahydro-2(1H)pyrimidfnone; l-Morphollnomethyltetr-..1hydro-2llil}pyriml­

dinethlone; l-Morphollnomethyltetrahydro-2(1H}-pyrimldlnone 

These Mannich condensatiou products were synthesized by similar routes.7s As shown in Scheme XLVII. 

both 1-(morpholinomethyl)-tetrahydro-2(1H)-pyriroidinone (219) and l,3-bis-(morpholinomethyl)-tetrahydro-

2(1H)-pyriruidinone (220) were synthesized by the condensation of tetrahydro-2(1H)-pyrimidinone with 

morpholine in formalin solution. Although the literature preparation for these compounds reponed th~t u1e 

desired products could be isolated and sufficiently purified by recrystalliz.ations from ethyl acete.te, our efforts 

to duplicate this procedure immediatP.ly gave only the monomorpbolinomethyl product 219 with sufficien~ 

purity. However, we were able to isolate pure l,3-bis-(morpholinomethyl)-tetrahydro-2(1H)-pyrimidinone (220) 

after column chromatography (silica gel, CHa3-MeOH, 9:1, iodine) followed by recrystalliz.ation from eth}i 

acetate. 

Scheme XLVIIl shows that a similar route was used to synthesize l-morpholinomethyltetrahydro-2(1H)­

pyrimidinethione (221). Condensation of tetrahydro-2(1H)-pyrimidinc.:thione with morpboline and formalin 

solution gave 1he desired compound, wNcb was purified by numerous recrystalliz.ations from ethanol 

5-Chloro-3- B-o-rlboruranosyl-s-triawlo (115-a) pyrimldln-7-one (A VS-0124) 

We synthesized 5-chloro-3-P-D-ribofuranosyl-s-triaz.olo( 1,5-a )pyrimidin-i-one (226) by the approach shown 

in Scheme XLIX. Our synthesis staned with the condensation and cycliz.ation of diethylmalonate with l­

amino-1,2,4-triazole to give triaz.olopyrimidin-5,7-dione (222). This dione was converted to dichloro­

triazolopyrimidine (223) by treatment with phosphorus oxychloride, and 223 was then hydrolyzed by treatment 

with NaOH to intr:rmedfate 224.76 The coupling77 of 224 with 1,2,3,5-tetraacetylribofuranosc gave protected 

nucleoside 225, whirh was purified by flash chromatography (silica gel, 97:3 chloroform-methanol). Our 

difficulties in the synthesis of this compound oc.curred during the deprotectlon of 225. In our early attempts, 

we determined that we were not only deblocking the sugar moiety but also opening of the triaz.ole ring. 

Initially, we bad been pursu{ng _ this deblocking by treating 225 with ethanolic ammorua.78 "Thin-layer 

chromatography seemed to indicate that the reaction was I iving the usual mixture of completely and panially 

deacetylated products, and therefore, the mixture was funber treated with ethanolic ammonia until only one 

product was present lsol~ ~ and characterization of this product showed that it had the correct mass. 

However, the IR for th1~ compound exhibited twO bands at 2177 and 2245 cm·1 which were inconsistent for 

the target structure 226, and which instead corresponded to the presence of nitriles in the compound. Also, 

the proton NMR sh~wed only one aromatic proton, not the two differ<'nt pn,1ons expected for a 

triaz.olopyrimidine such as 226. These observations suggested that our oonditions were rigorcus enough to 

have opened the trlazole ring to give compound 227. We then reattempted the less rigorous debloclcing of 

225 with porcine esterase. and y •~ obtained the properly deblocked desired product 226. A comparison or this 

product with the compound mixture obtained from the exhaustive ethanolic ammonia attempts showed that 

the des.iled product had been forming in these earlier attempts, but that it had been mi~identified as a 

partially deblocked intermedia1e. Therefore, the ethat.olic ammonia procedure was an appropriate deblocking 
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met}l..>d, and it was used to prepare larger quantities of 226. In the repeat synthesis, we determined that the 

undesired ring opening began after the deblocking reaction bad proceeded for more than 16 h, and that reveral 

days were required for complete conversion of 226 to ring opened product 227, which was consistent with our 

earlier ot>M:rvations. Therefore, by stopping the reaction after 16 h, the desired nucleoside ~26 was obtained 

with only a trace of a partially deprotected product (by TLC, 12:1 chloroform-methanol). 

6-Amlno-2,4-dlthlouracll 

We synthcsiu.d 6-amino-l,4-dithiourctcil (229) 79 by the procedure shown in Scheme L Commercially 

available 4-amino-6-bydroxy-2-mercaptopyrimidine (228) was dried and the· treated with PiSs in pyridine to 

give the desired product. 

4-Thlo-,-azauridlne;. 2' .3' 15' • Tri.Q-acetyl-4-thlo-'-azauridlne 

We synthesiz.ed 4-thio-6-azauridine (232) by the procedure shown in Scheme Ll. 2',.3' ,5' -Tri-O-acetyl-4-

thio-6-azauridine (231) was first prepared by tr~t.ing 2' ,.3' ,5'-tri-0-acetyl-6-az.auridine (230) with P 2S5.
80 

The crude thio compound 231 was tben deblockt;d with Dowex 1 (OH· form) to yield 4-thio-6-az.auridine 

(232). 

4-Amino-S-glucosylamlno-2-thlouracll; 4-Amlno-S-mannosylamlno-2-thlouracll 

We synthesiz.ed 4-amino-5-glucosylamino-2-thiouracil (ll'4) by the route shown in Sehr 01e Lll. following 

a synthesis for 4-amino-5-N-gh:cosylaminouraci181
-8

3 in which a relatw compound was re~nedly obtained by 

simply beating 4,5-diaminouracil with glucose in methanol. When we substituted 4,5-diamino-2-thiouracil (233) 

for 4,5-diaminouracil, we obtained a very low }ield of what appeared to be product (identified primarily by 

mass spectrometric data). Therefore. to try to improve the yield, we investigated longer reaction times, and 

we al!.o tried additional solvent as well as different solvents, since we had observed that 4,5--diamino-2• 

thiouracil was not especially soluble in methanol. We eventually discovered that using DMSO as th~ reaction 

solvent resulted in our obtaining an improved yield of 2 product with the expected MS (FAB) of 321 (M + 

1). We then encountered another difficulty in our attempts to purify this product to analytical purity. Our 

attempts to monitor the reaction and to assess the purity of the reaction mixture by thin-layer chromatography 

bad consistently indicared additional components. Funher examination of this data led us to conclude that 

we were making the desired N-glucosaminouracil, but that this compound was somewhat unstable and subject 

to decomposition {:. the solvent systems of .)Ur win-layer chromatography studies. We eventually determined 

t.hat the reaction product could be recryiaallized from EtOH/hexanes to give an analytically pure product. 

Unfonunately, a preliminary 1H NMR spectrum of this product indicated that it was a mixture of any of the 

four possible isomers (135-238). When we notified Dr. Gabri.:ilsen and Dr. Blough of this situatior,, we also 

told them that it was unlikely that we could develop a better synthesis for this compound, and '.bey ay;:.!ed 

to acc.ept the product mixture that we bad obtained. 

Since the submission of this compound, a closer inspection of the 1H NMR data indicates that the 

probable structure of the obtained product is either P· or a-glucofuranosyl 237 or 238. Suen a glucofuranosyl 

configuration would form by the rearrangment of the imine resulting from the addition of tl:e 5-an,uno group 

to the open chain aldehyde of the sugar. The wignment of the glucofuranosyl structure was based on the 

following 1H NMR spectral assignments. A doulllet at 5.32 ppm was assigned to H-1 ', while peaks between 
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4.2 and 5.0 ppm were assign'-1 to the 6'·, 5'•, 3'·, and 2'-OH's. Decoupling experiments on the <-'·OH 

triple! (4.52 ppm) allowed the assignment of H-6'a and H-6'b to the signals at 3.34 and 3.66 ppm. The 

decoupling of the signal for H-1' allowed assignment of H-2' to the two-hydrogen multiple! between 3.00 

and 2.85 ppm. 1lle multiplet at 3.05-3.15 ppm w.sS assigned to H-5' since it is coupled to H-6'a and H-6'b 

and furthermore ii is coupled to the 2 hydrogen multiplet at 2.85 and 3.00 ppm. The signal for H-3', a 

doublet of doublets of doublets was coupled only tc- H-2' and H-4' at 2.85 and 3.00 ppm and to the 3'-OH 

at 4.29 ppm. Furthermore, the magnitude of the coupling constants of H-3' (12 , .3, = 13 , ,•' = 4.0 Hz) were 

small and were typical •,alu~ found for xylo- and glucofuranose sugar rings. (Olucopyranose sugars and 

nucleotides typically have 12,,3, and 13, ,4, of between 8-10 Hz.) Finally, the 11 , ,2 , of 3.~ Hz is typical of 

glucofuranoses in the f}-configuration, suggesting thal the obta~ned product may be 237. 

We also synthesized 4-amino-5-mannosylamino-2-thiouracil (239) by t 'le same route, as shown in Scheme 

LIil, and as would t e expected, we encountered the same difficulties. After recrystallization of the '- btained 

product, we obtained an analytically pure product or product mixture. Unfortun:nely, the 1H NMR spectrum 

of this product was more complex than that of the glucosylamino analog. Therefore, we can only state that 

its structure(s) may be any of 240-244. 

214-Dlthlo-6-azau· io:-=1e; 2 ' 13' 15'. Trl-O-acetyl-2,4-dlthio-6-azauridine 

We also synthesized 2,4-dithio-6-azauridil,e (246, R = H) after evaluating a number of thiation reactions, 

including ?2S5 and Lawessen's rez.gent.84-87 As shown in Scheme LIV, our synthesis required the conversion 

of 2-thio-6-azauridine 245 (R = H) to its 2' ,3' ,5'-triacetate 245 (R = Ac). Treatment of this lriacetate 

with P2S5 gave dithio 246 (R = Ac) which was then deprotected by treatment with Dowex 1 resin (OH" form) 

to give 246 (R = H). 

S' ·Q· ( I ( £2 ',3' ,4' 16
1 

• Tetra-O-benzyl•cz•D-{glucopyranosyl)oxy)carbonyllaminolsulfonyll-2' ,3'-lsopropylldene+ 

aumrldlnc 

Scheme LV shows the rou1e that we used to synthesize 5'-0-[[l[(2" ,3",4",6"-tetra-0-benzyl•«·D· 

glucopyranosyl)oxy]carbonyl]amino]sulfor:yl)-2' ,:>'-O-isoprc'pylidene-6-az.auridine (249) (X = 0), a compound 

that we targeted after we were unsuccessful in our attempts to synthesize 5' -0-[([[(2",3•,4•,6°-tetra-O-benzyl•«· 

o -glucopyranosyl)oxy]carbonyllamino )sulfonyl]-2' ,3' -O-isopropylidene-2-thio-6-az.auridine (249, X .,_ S) by the 

Ii terat ure synthesis for 5 '-0-([[[ (2",3" ,4" ,6"-tetra-0-benzyl-ci•D•glucopyranosyl)oxy]carbonyl]amino ]sulfonyl]-2' ,3 '• 

O-isopropylideneuridine. 88 We synthesized the required 2' ,3' -O-isopropylidene-6-azauridine (248) t ,y 

t:-eatment of 6-azauridine with copper sulfate, acetone, and sulfuric acid.89 Target compound 249 (X = 0 ) 

was then obtained by the coupling sequ~'lce of adding the 2' ,3',4' ,6'-tetra-0-ben,yl-a:-D-glucopyranosc (247) 

to chlorosulfonylisocyanate in methyicne chloride at -20 to -15 °C, followed by the addition c,f 2' ,3'-0-

isoproi,:,,lidene-6-azauridine (248) in a solution of acetonitrUe and pyridine. 

We also attempted to synthesize the original target 5'-0-[[[(ll",3".4",6••!e1ra-O-benzyl-a:-D~(glr · .,. 

pyranoS'; l)oxy]carbonyl]amino]sulfonyl]-2' ,3' -0-isopropylidene-2-thio-6-azauridine (249) (X c S) again by using 

a slightly altered procedure. Tue literature pmcedure suggested that the nucieoside should be added in a 

solution of ace:onllrile and pyridine. To mirurJ.ize the suspecte:d nucieophLicity of the 2-lhione, we tried 

reducing_ th~ amount o,· pyridine as wr.ll ·, adding the pyridine later and in smc1ll increments. TI..C indicated 
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that " 'C were obtaining a mixture of products similar to tllose obtained with the previous attempts with 2' ,3' -

O-isopropylidene-2-thio-6-az.auridine and the successful synthesis with 2' ,3' -0-isopropylidene-6-az.auridine. 

After chromatographic isolation of the reaction mixture components, we were again unable to detect the 

desired product by MS (expected MS (FAB) M + 1 = 946]. Instead, we bad again obtained the mixture of 

products containing t.be expected byproducts 250 and 251 (X c S), as well as 252 and a high molecular weight 

p1oduct with a MS (FAB) M + 1 of 1063 whose structure is assumed to br. 253. Therefore, we still feel that 

the 2-~hio group must be interfering with the coupling reaction or complicating the product isolatk.n process. 

~Deazaadenosine; Carbocycllc 3-Deazaadenosine; Anblno.3-dEaZUdenoslne; Carbocych -Aaadenoslne; 

Carboc;ydic l'-Oeoxy-8-azaadenoslne; Carbocycllc Z'-Deoxy-8-&v.1lnoslne; Carbocydlc 2,6-Dlamlno-8-azapurine-

2' -deoxyribofurenoslde; Carbocydlc 2 '•Dtug-8-azaguanoslne; Carbocycllc 2 '· Deoxy-8-aza-6-thloguanoslne; 

and Carbocycllc 2-Amino.6-methoxy-8-azapurine-2 '-deoryribofuranoside 

The following group of purine nucleoside analogs was also selected from the SRI compound archiw.:s. 

During the twentieth quarter, Dr. Gabrielsen expressed an interest in any SRI compounds which ha~ been 

shown to be S-adenosylh<...iocysteine hydrolase inhibitors, sinc:e compounds with similar activity bad been 

shown to be e._ffective against the Ebola virus. In accorr.ance to this request, we selected the following 

adenosine derivatives from our nucleoside analog archives: 3-deazaadenosine; arabino-3-deazaadenosine; and 

carbocycllc 3-deazaadenosine. The syntheses of these compounds are shown in Schemes LVI-LVIX. However, 

detailed synthetic procedures are not provided in the experimental section, because th' 1 information is avaHab!e 

in the indicated references. 

As shown in Scheme LVI, 3-deazaadenosine (257)9() was synthesized by the folJowing reaction sequence. 

The trimethylsilyl derivative of 4,6-dichloroimidaw [4,5-c]pyridine (254)91 was generated and theJ treated with 

1,2,3,S-tetra-O-acetyl-D-ribofuranose to give 255. The acetyl pro tecting groups and the 4-cbloro group were 

sim.iltancously removed by treatment with etbanolic ammonia. Then. the remaining 6-cblo ro group of 256 

was catafytically reduced to give 3-deaza.,denosine (257). 

Scheme LVII shows that arabino-3-deaz.aadenosine (261)92 was made similarly. 4,6-Dichloroimidazo[4,5-

c)pyridine (25-C) was reacted with 2,3,S-tri-O-ber.zyl-o-arabinofuranosyl cnloride (258) in 1,2-dicbloroethane and 

4 A moleaalar sieves. The resulting protected nuclcoside 259 was t.reated with ethanolic ammonia to aminate 

the 4-posiuon to give 260. Catalytic reduction then remove.u the benzyl groups while simultaneously removing 

the remaining 6-cbloro group to give '. - i.arget nucleoside UL 

The synthesis of carbocyclic 3-o•:.:..:..2<1enosine (276)93 required the synthesis of (~ )-4P-amino-2cz,3u­

d1bydroxy-1-cyclopentanemetbanol (270),94·95 as ~hown in Scheme LVID. Permanganate dihydroxylation of 

norbornadiene gave diol 262 which was then diacetylated to 263 by treatment with acetic anhydride. Diacetate 

W was then oxidized with sodium permanganate to diacetoxycydopentanedicarboxylic acid 264. This 

compound was convened to anhydride W with ethoxyacetylene and to diacetoxycarb-

1m'1)'1cyck>pentanccarboxyU.: acid (2") by treatment with ammonia under anhydrous conditions. Hofmann 

bypobromite reaction of 16' followed by esterication o f the carboxyl function, acetyla!iun or the P • .nino and 

hydroxyl groups to 268, reduction of the ester witb lithium borohydride, and hydrolysis of the resulting 269 

gave 4-amino-2,.3-dibyoroxy-1-cyclopentancmetbanol (270). T11en, as shown in Scbf 'le LVIX, 4-amino-2,3-

Soutbc:11 R-rdl Lm1iru1r 



119 

Scheme LVI 

(JO ~Ac 

(JO \,: 

Ac Cl Et.0H/NH3 
fl 

+ pTSA Ac~ 
1 <lO "C \,: 

CJ 
Ac H 

254 
Ac Ac 

2M 

& 50 psi 
Hz 

20% 
Cl Pd(OH)2 /C 

H~ 
NaOH HO 

H <.,H 

256 257 

Scbea,e LVII 

Cl om m R~~ C.1CH2CRrCl NR:, 
R I 4A 

R~ 
1,0 -C + 

sle•e• Cl 
R 6. H 

254 251 
259 

& 
J;fflz 

Cl 30% Pd/ C 

R~ 
Hr 

R • Benzyl-

<l6 p1l 

210 Hl 

Sou t.hcni RCfiQJ'd) lnatlt Ute 



120 

dihydroxy-1-cyclopentanemethanol (270) was reacted with 2,4-dichloro-3-nitropyridine (271) in ethanol with 

triethylarnine. The 3-nitro group of resulting adduct 272 was then reduced to the 3-arnino compound 273 with 

Raney njckel and cyclized by treatment with triethylorthoform?.i.e in DMAC with an acid catalyst to give 274. 

This intermediate was converted to the final product 276 by displacement of the 4-chloro with hydrazine 

followed by refluxing with Raney nickel. 

One o ther group of nucleoside analogs was also selected from our carbocyclic nucleoside arcruves. These 

compounds it. •Juded: carbocyclic 8-azaad:nosine; carbocyclic 2' -deoxy-8-azaadenosine; carbocyclic 2'-deoxy-8-

azainosine; carbocycliC' 2,6-diamino-8-azapurine-2' -deoxyribofuranoside; carboC';clic 2' -deoxy-8-azaguanosine; 

carbocyclic 2' -deoxy-8-aza-f>-trii~6uacosine; and carboc-yclic 2-amino-6-methoxy-8-azapurine-2'. 

deoxyribofurano5ide. (We , lso tried to ootai~ a sample of carbocyclic adenosine for submission in this same 

screen). All of these compounds were previously prepared for evaluation as potenti"l antitumor agents; they 

were requested by Dr. Gabrielsen as a result of the receutly r-,ported antiviral activity of other carbocyclic 

nucleoside analogs.9':·lOO Their syntheses are given in Schem~ LX-LXIIl. However, as with the previous 

group of nuc!eo~l(.e analogs, detailed synthetic procedures are not provided in the experirr.ental section sit,..e 

these procedure-, ,ue available in the indicated references. 

As shown in Scheme LX, carbocyclic. 8-azaadenosine (278)101 was synthesiud by reacting previously 

motioned ( ~ )-4 r,-amino-2u ,.~u-dihyd1 oxy-1-cydopentanemetbanol (270) 94,95 with 5-amino-4,6-dicbloropyrinudine 

followed by cyclii.alion with sodium n,trite and HCI and treatment with liquid ammonia at (,0 °C 

The synthesis of all of the remaihing nucleoside analogs of this group required ~he synthl!Sis of (± )-c.s-4-

amino-mms-2-hydroxycyclopentanemethanol (l8'7).10l As shown in Scheme LXI, a o-5-norbomef-2--0l acetate 

was oxidized witb sodium pennang4natc to dicarboxyUC'. acid 280 and then cyclized to anh:,dride 281 by 

treatment with acetic anhydride. Treatment of 281 with methanol gave a mixture oi mo nometbylesters 282, 

which werr then ueated with thlonyl chloride and ammoofa to further convert them to easil)' separa~lc 

carbamoylcyclopentanecarboxylates 283 and 284. Reduction of 283 with lithium borohydricle in tetrahydrofuran 

gave 285. Hofmann hypobromite conversion of 285 to the mcthylcarbamatc 286 was followed by hydr.olysis 

to ( ± )<is-4-amino-trans-2-hydroxycyclopentanemcthanol (287). 

Scheme LXD shows thal the synthetic ro ute to carbocyclic 2' -deoxy-8-aZAadenosine (290) and carboc.yclic 

2'-<leoxy-8-az.ainosinc (291)101 next required the synthesis of 288, from the reaction of 5-arnino-4,6-

dichloropyrimi<line (271) with 287. CJclii.ation of 288 by treatment with sodium nitrite and HO gave 6-

chloropurine nucleoside analog 289. This intermediate was then either treated with ammonia at 60 °C to give 

carbocyclic 2' -deoxy-8-ai.aadenosine (290), or it was refluxed with additional HCI to give carbocyclic 2' -deoxy-

8-azainosine (291). 

As shown in Scheme LXID, carbocyclic 2,6-diamino-8-ai.apurine-2'-deoxyribofuranosidc (297),103,104 

carbocyclic 2' -deoxy-8-az.aguanosine (298),103,104 carbocyclic 2'-deoxy-8-az.a-6-thioguanosinc (299) 102 and 

carbocyclic 2-amino-6-reethoxy-S-az.apurine-2' -deoxyribofuranosidc (300) 105 were au synthesized from 

in1ermediate 296. This intermediate was synthesized by first reacting 2-amino-4,6-dichloropyrimidine with (± )· 

cis-4-amlno-traru-2-hydro-xycyclo pentanemethanol (287).102 This compound was then converted to the 5-

aminopyrimjdine 295 by coupling "'ith 4-chlorobcnzenediaz.onium chloride follov.'Cd by reduction with zinc in 
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acetic acid. Cyclization with sodium nitrite in aqueous acetic acid then gave intermediate 296 which was easily 

converted to carbocyclic 2,6-diamino-8-azapurine-2' -deoxyribofuranoside (297) and carbocyclic 2'-deoxy..g.. 

azaguanosine (298) by treatment with ammonia at 60 •c or dilute aqueous base, respectively. Carbocyclic 2' • 

de.oxy-8-aza-6-U· ioguanosine (299) and carbocyclic 2-amino-6-ruethoxy-8--az.apurine-2' -dt:exyribofuranoside (300) 

·1i1ere similarly obtained by treatment of 196 with Hi5/NaOMe or N20Me, respectivei:1• 

Finally, we were not able to provide l-~-o-nl>ofuranosyl-6-amino-~.4-dithiouridine (~2), a compot.1nd that 

hld been requ~ted by Dr. Herben Bloagh via USAMRIID. Eariy attempts to synthesize 1-P-o-ribofuranosyl-

6-amino-2,4-ditbiouridine (302) included: (1) the direct ribosylatioo of previously submitted 6-amino-2,4-

ditliiouridine (229) with 1,2,3,5-0-ribofuranose tetraacetate, as shown in Scheme LXIV; (2) tlie cycliz.ation of 

303 by refluxing with sodium ethoxide in ethanol followed by u1e trealrllent of the resulting cyclonuc;,•oside 

304 with NH;fNH4a •ogive 2' ,3' -isopropylidine-6-aminouridine (305), as shown in 3cht:me LXV. Next, after 

bloclcir\g the 6-amino group as the corresponding acetamide, compound JO~ woulo tber he con.-ened to the 

2,5' -anhyrf.ro compound 306 by treatJnent with DEAD/tnphenyl phosphine or by 5'-0-tosylation foUowea by 

treatment with potassium+butoxic/e. Treatment with P2S5 and H2S would tLen be expP.cted l·J give th~ 

desired 1-P·D-ribofuranosyl-6-amino-2,4-dilhiouridine (302). Thus far, neither approach t.as bun suc-~sfol. 

Toe first approac •.:.c; unsuccessful due to the undesired paniciparion of the thiones, while the second 

opproach is ongoing. n1e 2' ,3' -isopropylidine-6-aminouridine was preparc,d as indicated. However, we have 

been unable to find a procedure that will selectively ac.etylate the 6-amino group. Other activity with this 

a:,proach !ncluded investigating potentially quicker alternate rcutl'.S to 6-aminouridine, since the conversion 

of cyclonucleoside 304 by treatment with NHyNH4CJ was very slow and the yield ~ low. 

Also, we we,e unable to obtain a sample of carbocycUc a>'.lenosine. Sinc.c the ti.&1e remaining in this 

contract was insufficient, we decided not to pursue the synthesis of this compouJJd by the prepa.ration in the 

literature. 
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Experimt-ntal Section 

All solvents ar.d materials were reagent grade and were either used as received or purifietl as r~uired. 
1H NMR and 1~C NMR spectra were run with ~ Nicolet NMC NT-300 NB spectrometer operating at 300.65 

MHi with tetramethylsilane as an internal reference. Chemical shifts (~) for multiplets w.;re measured from 

the appropriate centers. The mass spectral data were obtained from a Varian MAT 31 lA mass spectrometer 

in fast a:om bombardment (FAB) or electron-impact (EI) mode (direct probe temperature 20 °C), as indicated. 

lnfram1 data were obtained with a Nicolet 10-MX spectrometer. In most cases, only strong or medium peaks 

in the 1800-600 cm·1 range were reponed. UV absorption spectra were determined in the appropriate pH 

1 (0.1 N HCl), pH 7 buffer, and pH 13 (0.1 N NaOH) soluticns with either a Cary 17 spectrometer or e 

Perkin Elmer Model Lambda 9 UVMS/NIR spectrophotometer. Melting point data ~ obtained with a Mel­

Temp Capillary Melting Point apparatus, and all melting point.S were: uncorrected. Elemental analysis data 

were obtained with an in-house Perkin Elmer Model 240 Eleniental Analyur or from Atlantic Microlab of 

Atlanta, Qe(Jrgia. 

Adenosine-N1-oxide (1). In a 1-L round-bottomed flask protected with a calrium sulfate drying tube was 

placed 5.0 g (18.7 mmol) of adenosine and 500 mL of methanol. The mixture was stirred at room 

temperature and 4.85 g (22.5 mmol) of m-chloroperoxybenzoic acid (MCPBA, 80%) was added in 7-10 

ponions over 2 h. If thin-layer chromatography after 15-20 h of stirring indicates the presence of starting 

material, an additional 0.5 g (2.9 mmol) of MCPBA slllould be added and the reaction stirred an a~ditional 

4 h. If the 'TLC continues to show starting material, another port:on of MCPBA must be added and the 

stirring continued overnight After the TLC showed little or no staning material left, the reaction mixture 

was poured slowly into 2 L of ethyl acetate with good stirring. After having been stirred 2 h, the product 

was collected, washed with ethyl acetate, and dried in vacuo over phosphorus pcntoxide: yield 5.6 g. This 

material was generally adequate for preparative purposes. One recryst.alUzation from boiling ethanol usully 

provided analytically pure material See Table 1 for the amounts of reactants used. The ratio of reactants 

and solvents was maintained. 

Adenr,sin~-Nt-oxide (la). UV >-max 212 nm (E28,300), 257 ( 12,500), 265 (sh) at pH 1; 232 (41,900), 262 

(8,300), 295 (2,400) at pH 7; 231 (24,900), 267 (8,800), 275 (sh), 307 (4,700) at pH 13; 235 (41,400), 263 

(7,700), 304 (2,250) in EtOH; MS (FAB) m/t 284 (M + 1); lR (KBr) 1670, 1500, 1225, 1210, 1135 sh, 1125, 

1085, 1060, 640 cm.·1; 1H NMR (MeiSO-d6) 6 3.57, 3.69 (2 m, 2, l s,,,s,b = 12.0 Hz, CHi-5'), 3.96 (ap~arent 

q, 1, / 4,,s,b = 4.0 Hz. J4,,s, 1 = 4.1 Hz, H-4'), 4.16 (apparen1 q. 1, J3, ,4, = 3.7 Hz.. H-3' ), 4.5'5 (apparent 

q, I, J2, J' = 5.0 Hz., H-2'), 5.09 (apparent t, 1, OH-5'), 5.ZS (llpparP.nt d, l, OH-3'), 5.64 (apparent, d, 

! , OH-2'), 5.89 (d, 1, H-1 '), 8.55 (s, 1, H-2), 8.64 (s, 1, H-8); 13C NMR (Mez~O-dJ 6 61.40 (CS' ), 70.31 

(C3'), 73.92 (C2'), 84.83 (C-4'), 86.68 (Jc,H = 163.77 Hz., C l '), 99.46 (Jc.H = 179.21 Hz., C7), 102.28 

(CS), 124.59 (CJJ), 141.64 (C-2), 142.17 (C-4,), 148.29 (C-6). 

2' -Deoxyadenoslne-N1-oxide ( lb). UV .I.max 258 nm (12,520) at pH l ; 261 (8,490) at pH 7; 268 (8,600) 

at pH 13; MS (FAB) m/t 268 (M + 1); IR (KBr) 1680, 1499, 1380, 1233, 1213, 1091, 1075, 1070, 1025 cm·1; 

1H NMR (MezSO-d6) 6 2.32 (m, 1, 12,a.3, = 3.6 Hz, J1,,2,~ • 6.2 Hz., H-2'a), 2.70 (m, 1, J2't•.Z' -.: 5.9 Hz., 

J l'.2'b ., 7.2 Hz., ' 2•a.2•b = 13.3 Hz. H-2'b), 3.52, 3.60 (2 m, 2, ' s•a,.S'b = 11.8 Hz. CH2-5'), 3.87 (apparent 
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q, 1, 14 ,.5, 3 = J4 ,,s,b = 4.7 Hz, H-4'), 4.41 (apparent q, 1, J3,,4 , = 2.'/ Hz, J2 ,a;3' = 3.6 Hz, J2'b;3' = 5.9 

Hz, H-3'), 4.98 (apparent t, 1, ls, .s•-OH = 5.0 Hz, OH-5'), 5.38 (appa-rent d, 1, J 3,;3,.oH = 3.8 Hz, OH-3'), 

6.33 (t, 1, J1, ,2'a = 6.2 Hz, / 1 ,;i.,b = 7.2 Hz, H-1'), 8.51 (s, 1, H-2), 8.63 (s, l, H-8). 

9-Benzyladenine-N1-oxide (le). UV .).max 259 (13,00J) at pH 1; 262 (9,100), 233 (46,100) at pH 7; 308 

(4,400), 269 (8,700), 232 (26,300) at pH 13; MS (FAB) m/e 241 (M), 225 (M - O); IR (KBr) 1669 broad, 

1503, 1490, 1410, 1361, 1330, 1263, 1235, 1221, 1160, 1140, 713, 695 cm·1; 1H NMR (MeiS046) 6 3.40 (s, 

2, CHiAf), 7.33 (m, 5, Ar), 8.43 (s, 1, H-2), 8.63 (s, l , H-8); 13C NMR (M~S046) 6 46.29 (CH2Ar), 127.37 

(Ar-C2,6), 127.71 (Ar-C4), 128.57 (Ar-C3,5), 136.43 (Ar-C-1), 141.80 (C4), 143.09, 143.74 (C2,8), 148.02 

(C-6). 

9-Methyladen!ne-Nt-oxide ( ld). UV "max 259 nm (11,300) at pH 1; 262 (7,700) at pH 7; 268 (8,100) 

at pH 13; MS (FAB) ;;:_le 166 (M + I); IR (KBr) 1678, 1511, 1233, 1150, 1039, 692, 418 cm·1; 1H NMR 

(020) 6 3.84 (s, ~ ~ 3), 8.17 (s, l , H-2), 8.57 (s, 1, H-8); 13C NMR (MeiS046) 6 30.60 (CH3), 119.01 (C 

5), 144.57 (C-2), 145.01 (C4), 146.51 (C-t>), 149.03 (C-6). 

6-Methylamino-9-~-o-rlbofuranosylpurine-/:1-oxide (le).1 UV : .nax 215 nm (25,800), 262 nm (13,900) 

at pH 1; 235 (37,900), 270 (9,800) at pH 7; 235 (38,00J), 271 (9,500) at pH 13; MS (FAB) m /e 298 (M + 
I); lR (KBr) 1656, 1580, 1500, 1425, 1215, 1090 (broad), 1050, 1025 cm·1; 1H NMR (MeiS046) 6 3.45 

(apparent d, 3, NCJli), 3.54, 3.66 (2 m, 2, J 4, ,s ,8 = 4.0 Hz, 14,,s,b = 3.9 Hz, / 5, 8 ,s,b = 12.0 Hz, CHz-5'), 

3.93 (apparent q, 1, H-4'), 4.16 (apparent q, 1, .13,,4, = 3.8 Hz, H-3'), 4.51 (apparent q, l, J2,;3, = 5.0 Hz, 

H-2'), 5.07 (t, l , ' s•,s•.QH = 5.5 Hz, OH-5'), 5.24 (d, 1, 13,;3,.QH = 5.1 Hz, OH-3'), 5.59 (d, 1, lz,;i.•-OH 

= 5 9 Hz, OH-2'), 5.88 (d, 1, J1 , ,2• = 5.5 Hz, H-1 '), 8.39 (br d, 1, CH3'vH), 8.55 (s, 1, H-2), 8.62 (s, 1, H-

8); 13c NMR (MezS046) 6 29.84 (NCH3), 61.01 (C-5'), 70.00 (C-3'), 73.67 (C-2'), 85.33 (C4'), 87.27 

(Jc,H = 166.57 Hz, C-1 '), 118.29 (C-5), 141.66 (C2), 142.47 (C4,8), 147.52 (C-6). 

9-~·D-Arablnoruranosyladenlne-N1-oxide (lf). UV lmax 258 nm (12,600), 213 nm (28,300) at pH 1; 293 

(2,200), 261 (8,500), 232 (42,200) at pH 13; MS (FAB) m /e 284 (M + 1): IR (KBr) 1669, 1505, 1425, 1385, 

1216, 1135 (sh), 1130, 1115, 1083, 1040, 1035 cm·1; 1H NMR (MezS04~ 6 3.66 (m. 1, CHz-5'), 3.80 

(apparent q, 1, H-4 '), 4.12 (apparent q, 1, H-3'), 4.19 (apparent q, 1, H-2' ), 5.10 (t, 1, OH-5'), 5.17 (d, 

1, OH-3'), 5.59 (d, 1, OH-2'), 6.22 (d, 1, H-1'), 8.37 (s, 1, H-2), 8.63 (s, 1, H-8); 13c NMR (MeiS04J 

6 60.61 (C5'), 74.59 (C3'), 75.54 (C-2'), 83.55 (C-1'), 84.14 (C4'), 117.83 (C-5), 141.65 (C4), 142.87. 

142.95 (C8,2), 148.02 (C-6). 

8-Bromoadenoslne-Nt-oxide (lg). UV .).max 263 nm (15,300), 214 (27,700) at pH l ; 298 (?.,700), 265 

(10,500), and 237 (40,400) at pH 7; 315 (5,700), 278 (9,00J), and 236 (23,100) at pH 13; MS (FAB) m/e 362 

(M + 1); IR (KBr) 1678, 1466, 1295, 1275 (sh), 1270, 1142, 1100, 1075, 1070 (sh), 1057, 1051, 1025 cm·1; 

1H NMR (MezS046) & 3.49, 3.64 (2 m, 2, J5,a.5,b = 11.8 Hz, CH2-S'), 3.91 (apparent q, 1, 14 ,,s,1 = 5.7 

Hz. J4,,5,b ""' 4.9 Hz, H-4), 4.21 (apparent q, 1, J3,,4, a:: 3.4 Hz, H-3'), 4.83 (t, 1, J 5,a.5, .o~ = 6.5 Hz, ' s •b.S' · 

OH .., 5.4 Hz. OH-5'), 5.09 (q, 1, 12,;3, -= 5.3 Hz, H-2'), 5.26 (d, 1, J3 ,;3,-0H = 5.0 Hz. OH-3'), 5.49 (d, 

1, J2,,2,-0H = 6.0 Hz, OH-2'), 5.81 (d, 1, 11, ,2 , = 6.1 Hz, H-1'), 8.65 (s, 1, H-2). 
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2,6-Diamino-9-JJ-D-ribofuranosylpurine-N1-oxide (lh). UV lmax 213 nm (Z6,200), 253 (11, !00), 289 

(10,200) at pH 1; 211 (16,200), 233 (33,700), 260 (9,000), 292 (6,900) a t pH i; 233 (31,700), 262 (9,200), 28S 

(7,200) at pH 13; MS (FAB) m/e 299 (M + l ); IR (KBr) 1672, 1:-533, 1618, 1420, 1225, 11'.G.5, 1105, 1055, 1040 

cm·1; 
1
H NMR (Mf.iSO-d6) 6 3.56, 3.64 (2 m, 2, 14, .5,

8 
= 4.7. Hz, 14,,s,b = 4.1 Hz, J5 ,a.5, b = 12.0 Hz, H-

5 ' ), 3.89 (apparent q, 1, H-4'), 4.10 (apparent q, 1, J3, ,4 , ~.: 3.5 Hz, H -3'), 4.45 (appare[lt q, 1, J2, ;3, = 5.0 

Hz. H -2'), 5.02 (apparent t, 1, J5 ,,s,-0H = 5.5 Hz, OH ,5'), 5.15 (apparent d, 1, J3 ,;3,.oH = 4.8 Hi., OH-3'), 

5.43 (d, 1, J2,,z,.08 = 6.0 Hz, OH-2'), 5.75 (d, 1, J1,,2, = 5.9 Hz, H-1'), 7.23 (br s, :!, H-NHz), 8.15 (s, 1, 

H-8). 

7-Deaz.aadenoslne-N1-oxide (U). UV lmax 210 nm (21,900), 223 (22,900), 'l.72 (8,000) at pH 1; 234 

(33,900), 271 (5,500), 303 (3,400) at pH 7; 234 (30,800), 273 (5,900), 305 (3,800) at pH 13; MS (FAB) m/e 

283 (M + 1); IR (KBr) 1729, 1655, 1502, 1240, 1120, 1084, 1047, 1025, 1000, 800, 745, 64.') cm·1; 1H NMR 

(Me2SO-d6) & 3.52, 3.60 (2 m, 2, H-5 '), 3.8.3 (app<ar•.mt q, 1, H-4'), 4.07 (apparent d, 1, H-3'), 433 

(apparent q, 1, H-2'), 5.10 (apparent t, 1, OH-5'), 5.17 (apparent 1, 1, OH-3'), 5.43 (apparent d, 1, OH-

2'), 6.00 (d, 1, H-1 '), 6.68 (d, 1, H-7), 56 (d. 1, H-8), 8.05 (br s, 1, H-NHz), 8.45 (s, 1, H-2); 13c NMR 

(Mf.iSO-d6) 6 61.40 (C-5'), 70.31 (C3'), 73.92 (C-2'), 84.83 (~ '1, 86.68 (Jc,H = 163.77 Hz, C-1 '), 99.46 

(J c,H = 179.21 Hz, C 7), 102.28 (CS), 124.59 :;c,H = 192.49 Hz, C8), 141.64 (C-2), 142.17 (C-4), 148.29 

(Jc6H2 = 5.03 Hz, C6). 

General Procedure for Synthesis or 1-Benzyloxyadenoslnes 

1-(Substituted Be.nzyloxy)adenoslnes, Pen:hloric Acid Salt (2). In a 100-mL round-oono med flac:k 

equipped with a magnetic stirrer and a r.alciuru sulfate drying rube was placed 2.5 g (8.83 mmol) of 

adenosine-N1-oxide (la), 50 mL of molecular sieve (4A) dried N.N-d.imetbylacetamide (DMAc), and 26.5 mmol 

of the appropriate benzyl bromide was added to the well-stirred sus pension. The mixture was stirred for 2 

.h after complete solution was achieved. The reaction mixture was poured into 300-500 mL of anhydrous ether 

with slight swirling. After thi prodU'-1 stuck to tbe walls of the Uask the supernatant was dee-anted. The 

gummy residue was washed with 400 mL of ether, deca·nted, again covered wi1b 400 mL of erber, and ground 

to a powder. The powdt:, was allowed to settle, the ether was decanted, and tbe residue was dried in a stream 

of argon. The residue was dissolved in 25 mL of H20 and added with stirring to a warm solution of 5 g 

(42.6 mmol) of ammonium perchlorate dissolved in 25 mL of H20 The product crystallized upon scratcb.ing 

and chilling. One recrystall.il.ation from H20 and drying at either 56 or 78 °C for 16 h over phosphorus 

pentoxide usually }ieaded an analytical sample (see Table 2). See Table 2 fo r tbe amounts o f the reactants 

used. The ratios of tbe reactants were maintained. 

1-(3-M~thyl~nzyloxy)adenosine, Perdlloric Add Salt (la-3). UV lmax 258 nm (12,400) at pH 1; 258 

(12,400) at pH 7; 257 ( 12,550) at pH 13; MS (FAB) m /e 388 (M + l ); IR (KBr) 1690, 1224, 1088 (broad), 

673 crn·1; 
1
H NMR (M~O-d6) 6 2.35 (s, 3, CHy, 3.58, 3.69 (2 m, 2, J•, .s•a = 3.9 Hz. 14 , .5'b == 4.0 H2., 

ls ,b,5•• = 1:.0 Hz, CH2-5'), 4.01 (apparent q. 1, H-4'), -1.15 (apparent t, 1, J3, ,4, = 3.8 Hz, H-3'), 4.48 

(apparent t, 1, J2 , ;3• = 4.9 Hz, H-2'), 5.08 (br s, 1, OH-5'), 5.32 (m, 1, OH-3'), 5.36 (s, 2, OCH-iAf), 5.56 
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(br ~. I , OH-2'), 5.93 (d, 1, 11, ;z, = 5.4 Hz, H-1 '), 7.38 (m, 4, Ar-H}, 8.81 (s, 1, H-8), 8.95 (s, 1, H-2), 9.72, 
61 

10.40 (2 br s, 2, H-NHi). 

1-(4-Mt.tbylbenzyloxy)adenoslne, Perchloric Acid Salt (2a-4). UV .l.max 259 nm (12,900) at pH 1; 259 

(12,600) at pH 7; 258 (12,510) at pH 13; MS (FAB) m /e 388 (M + l); IR (KBr) 1679, 1505, 1425, 1220, llOO 

(broa'1), 855, 623 cm·1; 1H NMR (MeiSO-d6) 6 2.34 (s, 3, ArCH3) , 3.59, 3.67 (2 m, 2, 14 , .S'a = 3.8 Hz, 14 , .S'b 

= 4.0 Hz, 15, 8 ,5,b = 12.0 Hz, CH2-5'), 4.00 (apparent q, 1, H-4'), 4.16 (apparent t, 1, 13 , ,4 , = 3.9 Hz, 

H-3'), 4.49 (apparent t, 1, 12, ,3, = 4.8 Hz, H-2'), 5.09, 5.32, 5.59 (3 br s, 3, OH-5' .3' .2'), 5.37 (s, 2, 

OCH2Ar), 5.94 (d, l, 11, ,2, = 5.4 Hz, H-1 '), 7.26 (d, 2, Ar-H-3,5), 7.54 (d, 2, Ar-H-2,6), 8.81 (s, 1, R-8), 8.92 
61 

(s, 1, H-2). 9.73, 10 39 (2 br s, 2, H-NHi). 

1-(2-Methylbenzyloxy)adenoslne, Perchlorlc Acid Salt (la-2). UV .l.max 259 nm (13.420) at pH i; 259 

(13,260) at pH 7; 258 (13,210) at pH 13; MS (FAB) m/e 388 (M + l); IR (KBr) 1687, 1510, 1415, 1227, 1127, 

1083 (broad), 916, 880, 767, 690, 623 cm·1; 1H NMR (MeiSO-d6) 6 2.47 (s, 3, CH3), 3.57, 3.68 (2 m, 2, 14 , .s•a 

= 3.9 Hz, 14,,5,b = 4.0 Hz, 15, 8 ,s,b = 12.0 Hz, CH2-5'), 3.99 {appa:-ent q, 1, H-4'), 4.15 (apparent t, 1, 

13 , ,4 , = 3.,8 Hz, H-3'), 4.47 (br s, J, 12, ,3, = 4.9 Hz, H-2'), 5.08 (br s, 1, OH-5' ), 5.32 (br s, 1, OH-3 '), 

5.46 (s, 2, OCH2Ar), 5.60 (br s, l, OH-2'), 5.92 (d, 1, 11, ,2• = 5.4 Hz, H-1 '), 7.35 (m, 4, Ar-H), 8.61 (s, 1, 
61 

H-2), 8.83 (s, 1, H-8), 9.79, 10.48 (2 rr s, 2, H-NHi); 13c NMR (MeiSO-d6) 6 18.64 (CH3), 60.83 (C-5'), 

69.92 (C=3'), 74.46 (C2'), 79.56 (O::H2Ar), 85.83 (C-4'), 87.74 (Cl'), 119.84 (CS), 125.84 (Ar-C3), 

129.93 (Ar-C6), 130.45 (Ar-C-4), 131.34 (Ar-C2), 138.13 (Ar-C-1), 142.84 (C8), 144.40 (C-2), 145.17 (C-4), 

146.32 (C-6). 

1-(2-Metboxybenzyl)adenosine, Perchlorlc Acid Salt (2b-2). The crude product (4.2 g) was dissolved in 

about 350 mL hot EtOH, treated with silica gel and filtered through a layer of silica gel. The clt!<.r solution 

was slowly diluted with benzene until cloudy, chiJled overnight, and the pre..."ipitate was collected. This product 

still contained NH4 • • according to the 1H NMR spectrum. However, a second t:rop obtained from tbr filtrate 

which was washed with ether and dried at 56 °C over phosphorus pentoxide overnight was found to be free 

of NH4 +. UV .).max 259 run (12,800) at pH l ; 259 (12,600) at pH 7; 259 (13,000) at pH 13; MS (FAB) n:/e 

404 (M + 1); IR (KBr) 1684, 1605, 1505, 1500, 1250, 1225, 1100 (broad), 1025, 1015, 860, 624 cm·1; 1H NMR 

(},iezSO-d6' 6 3.65 (s, 3, OCH3), 3.57, 3."8 (2 m, 2, CH2-5'), 3.99 (apparent q, 1, H-4'), 4.15 (apparent q, 

1, H-3'), 4.47 (apparent q, 1, H-2'), 5.18 (apparent t, 1, OH-5'), 5.31 (apparent d, 1, OH-3'), 5.42 (s, 2, 

OCHzAr), 5.59 (apparent d, 1, OH-2'), 5.93 (d, 1, H-1 '), 7.02 (m, 2, Ar-H-4,5), 7.48 (m, 2, Ar-H-3,6), 8.65 
61 

(s, 1, H-2), 8.80 (5, 1, H -8), 9.54, 10.44 (2 br S, 2, H-NHi); 13c NMR (MeiSO-d6) 6 55.30 (0C'H3), 60.85 (C 

5'), 69.95 (C-3'), 74.44 (C2'), 76.67 (CHzAr), 85.38 (C-4'), 87.73 (lc,H c: 166.63 Hz, Cl'), 111.01 (Ar-C-

3), 119.16 (CS), 119.67 (Ar-Cl), 120.49 (AI-CS), 132.12 (Ar-C-4), 132.96 (Ar-C6), 142.89 (C-8), 144.59 (C 

2), 145.23 (C-4), 148.39 (C6), 158.15 (Ar-C2). 

1-(3-Metboxybenzyloxy)adenoslne, Perchlorlc Add Salt (lb-3). UV .l.max 260 nm (13,200) at pH l; 260 

(12,700) at pH 7; 258 (13,100) at pH 13; MS (FAB) m/e 404 (M + 1); IR (KBr) 1683, 1605, 1510, 1495, 1435, 

1270, 1100 (broad), 623 cm·1; 1H NMR (}.'1Ci5O-d6) 6 3.56, 3.68 (2 m, 2, CHi-5'), 3.78 (s, 3, OCHJJ, 3.98 

(apparent q , J, H-4'), ~.14 (apparent q , 1, H-3'), 4.47 (apparent q, 1, H -2'), 5.07 (apparent t, 1, OH-5'), 
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5.31 (apparent d, 1, OH-3'), 5.36 (s, 2, OCHzAr), 5.59 (appar : nt d, 1, OH-2'), 5.92 (d, 1, H-1 '), 7.03 (m, 

1, Ar-H-4), 7.19 (d, 1, Ar-H-6), 7.28 (apparent t, 1, Ar-H-2), 7.37 (t, 1, Ar-H-5), 8.76 (s, 1, H-8), 8.88 (s, 1, 
6) 

H-2), 9.95 (br s, 2, H-NHi); 13c NMR (MeiSO-d6) a 55.14 (OCH3), 60.90 (CS'), 69.99 (C3'), 74.44 (C 

2'), 81.24 (CHzAr), 85.86 (C-4'), 87.73 (lcl' ,Hl' = 167.6 Hz, Cl'), 115.47 (Ar-C4), 115.93 (Ar-C2), 119.67 

(Jc ,H = 11.8 Hz, C-5), 122.75 (Ar-C-6), 129.55 (Ar-CS), 133.48 (Ar-Cl), 142.46 (lr•-,H = 218.1 Hz, lr_ H 
S 8 cl 8 cl' l ' 

= 4.1 Hz, C8}, 144.77 (Jc H = 13.1 Hz, le .H = 5.3 Hz, l e H = 2.4 Hz, C-4), 144.84 (Jr_ H = 221.5 
4• 8 4 2 4, 1' -1; 2 

H!, C-2), 148.33 (Jc
6

,H
2 

= 5.3 Hz, C-6), 159.18 (Ar-C3). 

1-(4-Metboxybenzyloxy)adenoslnt-:- Perchloric Acid Salt (21>--4). UV '-max 258 nm (13,900) at pH l ; 259 

(12,100) at pH 7; 259 ( 11,400) at pH 13; MS (FAB) m/e 404 (M + 1); IR (KBr) 1684, 1610, 1516, 1252, 1229, 

J 180, 1100 (broad), 623 cm·1; 1H NMR (MeiSO-d6) 6 3.58, 3.70 (2 m, 2, CH2-5'), 3.79 (s, 3, OCHi), 3.99 

(apparent q, 1, H-4'), 4.16 (apparent q, 1, H-3'), 4.49 (apparent q, 1, H-2'), 5.09 (apparent t, 1, OH-5'), 

5.33 (apparent d, 1 OH-3'), 5.35 (s, 2, OCH2Ar}, 5.60 (d, 1, OH-2'), 5.93 (d, 1, H-1 '), 6.99 (d, 2, Ar-H-3,5), 
e 13 7.69 (d, 2, Ar-H -2,6), 8.80 (s, 1, H-8), 8.87 (s, 1, H -2), 10.02 (br s, 2, H-NHi); C NMR (MeiSO-d6) 6 55.14 

(OCH3), 60.85 (CS'), 69.94 (C3'), 74.41 (C2'), 81.35 (CH2Ar), 85.84 (C4'), 87.70 (JCi ,Hi , = 167.7 Hz, 

Cl '), 113.80 (Ar-C3,5), 119.33 ('es,Hs = 11.7 Hz, CS), 123.87 (Ar-Cl), 132.66 (Ar-C2S), 142.71 (' c.a.Hs 

= 218.1 Hz, lr_ H = 4.2 Hz, C8), 144.84 (Jc H = 2.6 Hz, le H = 5.3 Hz, l e .H = 13.2 Hz, C-4), 
cl' 11 4 1' 4, 2 4 8 

145.07 (JCz,Hz = 222.0 Hz, C2), 148.35 (C-6), 160.35 (Ar-C-4). 

1-(l•Phenylethyloxy)adenoslne, Perchloric Acid Salt (2c). UV >.max 259 run (12,400) .. ~ t'H 1; 259 

(12,500) at pH 7; 258 (12,900) at pH 13; MS <FAB) m/e ~ (M + l); IR (KBr) 1691, 1510. 1430. 1400, 1325. 

1225, 1100 (t iad), 875, 720, 705, 635. 624 cm·1; 1H NMR (MeiSO-d6) a 1.80 (d, 3, CH3), 355, 3.65 (2 m, 

2, CH2-5' ), 3.95 (apparent q, 1, H-4'), 4.12 (apparent t, 1, H-3'), 4.43 (apparent t, 1, H-2 '), 5.07, 5.31, 5.68 

(apparer1 s, 3, OH-5' .3' ,2' ), 5.71 (apparent q, 1, OCHAr), 5.90 (m, 1. H-1 '), 7.42, 7.59 (2 m, 5, Ar-H), 
$ 13 

8.77 (apparent t, 2, H-8,2), 9.53, 10.32 (2 br s, 2, H-NHi); C NMR (MeiSO-d6) 6 18.61 (CHCH3), li0.80 

(C .. ,), 69.88 (C3'), 74.39 (C2'), 85.83 (C-4'), 87.65 (Cl'), 88.liO (OCHAr), 118.97 (~5), 128.49, 128.54 

(Ar-C-2,3,5,6), 129.85 (Ar-C-4), 136.05 (Ar-C-1), 142.83 (C-8), 144.72 (C-2), 144.89 (C-4), 148.61 (C-6). 

l•(2-f1uorobenzyloxy,ldenoslne, Perchloric Acid Salt (.2d·2) . UV ).max 259 nm (13,400) at pH l ; 259 

(13,lCX!) at pH 7; 257 (12,500) c1t pH 13; MS (FAB) ml~ 392 (M + 1), IR (KBr) 1686, 1515, 1415, 1227, 1100 

(broad), 770, 622 cm·1; 1H NMR (Meiso-d6) 6 3.58, 3.69 (2 m, 2, CH2-5'), 3.99 (apparent q, H-4'), 4.15 

(apparent t, 1, H-3'), 4.48 (apparent s, 1, H-2'), 5.09, 5.33 (2 br s, 2, OH-5'3'), 5.52 (s, 2, OCHzAr), 5.liO 

(br s, 1, OH-2' ), 5.94 (d, 1, H -1 '), 7.30, 7.56, 7.69 (3 m, 4, Ar-H). 8.79 (s, 1, H -2), 8.82 (s, 1, H-8), 9.78, . " ) 
10.44 (2 br s, 2, H-NH21 C NMR (MeisO-d6) 6 li0.83 (C-5'), 69.92 (C3'), 7• .43 (C-2'), 74.95 (JCH

2
,F 

= 2.3 Hz, CHiAf), 85.84 (C-4'), 87.71 (Jc
1
, ,fi: , • 168.2 Hz, C-1'), 115.51 (J~,r = 20.9 Hz, Ar-C-3), 119.33 

(l c
5

_Hs • 12.3 Hz, C S), 119.35 (JCi.F = 14.3 Hz, Ar-C-1), 124.64 (/Cs,F = 14.3 Hz, Ar-CS), 132.52 (Je4.F 

= 8.4 Hz, Ar-C-4), 133.01 (Jc
6

~ .. 2. 7 Hz), 142.84 (JC-s,Hs = 218.5 Hz, ' C-s.Hl' a:: 4.0 Hz, C8), 144.64 (Jc4.H8 
= 12.9 Hz, l e H • 5.3 Hz. Jc H • 2.5 Hz, C-4), 148.36 (Jc H = 5.2 Hz, C-6), 161.04 (l r_F = 249.1 

4• 2 4• 11 6• 2 -l• 

Hz, Ar-C-2). 
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1-(3-Fluorobenzyloxy)adeo-:.slne, Perchloric Acid Salt (ld-3). UV Amax 259 run (13,700) at pH l; 259 

(13,700) at pH 7; 258 (13,100) at pd 13; MS (FA.B) m/e 392 (M + 1); IR (KBr) 1684, 1507, 1100 (broad), 

623 cm·1; 1H NMR (MezSO-d6) a 3.59, 3.69 (2 m, 2, CH2-5'), 4.00 (apparent q. 1, H-4'), 4.16 (apa>arent 

t, 1, H-3'), 4.49 (apparent t, 1, H-2'), 5.43 (s, 2, OCH2Ar), 5.97 (d, 1, H-1 ·), 7.34, 7.52, 7.63 (3 m, 4, Ar-H), 
$ 

8.83 (s, 1, H-8), 9.05 (s, 1, H-2), 9.78, 10.44 (2 br s, 2, H-NHz); 13c NMR (MezSO~1,) ~ 60.87 (CS'), 69.97 

(C3'), 74.50 (C2'), 80.67 (CHzAr), 85.90 (C-4'), 87.80 (lr. H = 168.3 Hz, Cl'), 116.56, 117.36 (le F 
-.,, 1 1 4· 

= 20.9 Hz, lCz,F = 21.8 Hz, Ar-C3,2), 119.37 (JCs,Hs = 12.3 Hz, CS), 126.70 (Ar-C6), 130.47 (lc
5

,F = 7.7 

Hz, Ar-CS), 134.60 (lc;.F = 7.5 Hz, Ar-Cl), 142.87 (leg.Hs = 218.2,JCg,Hl' = 4.5 Hz, C8), 144.80 (JCz,Hz 

= 222.7 Hz, C2), 145.22 (Jc H = 12.5 Hz, l e H = 5.9 Hz, l e H = 2.5 Hz, C-4), 148.32 (Jc H = 6.0 
4• 8 4• 2 4• l' 6• 2 

1-(4~Floorobenzyloxy)adenoslne, Plrchlori<' Acid Salt (2d-4). UV Amax 258 nm (12,500) at pH 1; 258 

(12,300) at pH 7; 257 (12,400) at pH 13; MS (FAI') m/e 392 (M + l ); 1R (KBr) 1690, 1511, 1226, 1110 

(broad), 874, 855, 623 cm·1; 1H NMR (MezSO-d6) ~ 3.59, 3.70 (2 m, 2, 14,.5,
8 

= 3.9 Hz, 14, .5,b = 4.0 Hz, 

15, 1 ,5,b = 12.0 Hz, CH2-5'), 4.00 (apparent q, 1, H-4'), 4.17 (apparent t, 1, 13,,4 , = 3.8 Hz, H-3'), 4.50 

(apparent t, 1, 12, 3, = 4.9 Hz, H-2' ), 5.09 (br s, 1, OH-5'), 5.32 (br s, 1, OH-3' ), 5.41 (s, 2, CH2Ar), 5 59 

(br d, 1, OH-2'), 5.95 (d, 1, 11 , ,2 , = 5.4 H1., H-1'), 7.31 (t, 2, JH,F = 8.8 Hz, Ar-H-3,5), 7.75 (m, 2, JH,F 
$ 

= 5.6 Hz, Ar-H-2,6), 8.82 (s, 1, H-8), 9.00 (s, 1, H-2), 9.75, 10.39 (2 br s, 2, H-NHz); 13C NMR (MezSO-d6) 

~ 60.85 (CS'), 69.95 (C3'), 74.45 (C2'), 80.77 (CHzAr), 85.86 (C-4'), 87.75 (lc.1 • = 1(,6.8 Hz, Cl '), 

115.35 (Ar-C3,5), 119.32 (lcs,Hs = 12.2 Hz, CS), 17.8.39 (-'c; ,F = 2.5 Hz, Ar-C-1), 133.31 (Jez+c
6
,F

1 
= 8.7 

Hz, Ar-Cl ), 142.83 (l eg.H = 218.4 Hz, J Cs.Hi, = 3.9 Hz. C8), 144 ~3 (Jez.Hi = 222.2 Hz., C-2), 145.20 

(lc
4
,H

8 
= 13.1 Hz. lc

4
.H

2 
= 5.4 Hz, lc

4
.H

1
, = 2.2 Hz., C-4), 148.32 (lc

6
.r1

2 
= 5.3 Hz, C6), 162.85 (Jc

4
.F = 

246.8 Hz, Ar-C-4). 

1·(2,4-DIDuorobenzyloxy)adenoslne, Perchloric Acid Salt (le-2,4). UV Amax 259 nm (13,500) at pH 1; 

259 (13,300) at pH 7; 257 (13,000) at pH 13; MS (FAB) m/e 410 (M + 1); 1R (KBr) 1690, 1620, 1508, 1100 

(broad), and 624 cm·1; 1H NMR (l\1ezSO-d6) 6 3.58, 3.70 (2 m, 2, 14, .5, 1 = 3.7 Hz, l4.5•b = 4.0 Hz., 15,1 ,5,b 

= 12.1 Hz, CH2-5'), 3.99 (appare.nt q, 1, H-4'), 4.16 (apparent s, 1, 13,,4, = 3.9 Hz, H-3'), 4.48 (apparent 

q, 1, l 1.,,3, =• 4.9 Hz, H-2'), 5.09. 5.33 (2 apparent s, 2, OH-5' ,3'), 5.47 (s, 2, OCH2Ar), 5.60 (apparect d, 

1, OH-2'), 5.94 (d, 1, / 1''2' = 5.3 Hz, H-1 ' ), 7.22, 7.39 (2 m, 2, Ar-H-3,5), 7.76 (q, 1, Ar-H-6), 8.81 (s, 2, 
e 

H-8,2), 9.79, 10.44 (2 br s, 2, H-NHz); 13C NMR (MezSO-d6) 6 60.86 (CS'), 69.95 (C-3'), 74.36 (OCHzAr), 

74.48 (C2'), 85.89 (C-4'), 87.73 (Cl'), 104.24 (Ar-C3), 111.85 (Ar-CS), 117.00 (Ar-Cl), 119.3S (CS), 

134.60 (Ar-C-6), 142.87 (C8), 144.55 (C2), 145.25 (C-4), 148.41 (C6), 161.55, 163.47 (Ar-C2,4). 

1-(2,5-Dlnuorobenzyloxy)ad~'l~slne, Perchloric Add Salt (le-2,5). UV Amax 260 nm (13,800) at pH l ; 

260 (13,800) at pH 7;258 (13,200) at pH 13; MS (FAB) m/r. 410 (M + 1); IR (KBr) 1691, 1510, 1500, 1435, 

1240, 1230, 1195, 1100 (broad), 975, 880, 735, 624 cm·1; 1H NMR (MezSO-d~ 6 3.59, 3.70 (2 m, 2, l4 , .S'• 

-= 3.9 Hz, J•'.S'b = 4.0 H1., l:;,8 ,5,b • 12.0 Hz., CH2-5'), 4.01 (apparent q, 1, H-4'), 4.17 {apparent q, 1, 

13, ,4, = 3.8 Hz, H-3'), 4.50 (apparent q, 1, J2,,3, • 4.9 Hz, H-2'), 5.11 {t, 1, l s,,s•-Oi l = 5.3 Hz. OH-5'), 

5.35 (d, 1, J3, ,3•-0H = 5.2 Hz, OH-3'), 5.49 (s. 2, OCH-zAr). 5.63 (d, 1, J2, ,2•-0H = 6.1 Hz., OH-2'), 5.96 

(d, 1, J1 , ,2, = 5.4 Hz, H-1 '), 7.40, 7.64 (2 m, 3, Ar-H), 8.83 (s, l , H-8), 8.89 t-s., 1, H-2); 13c NMR (Meise-
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d6) 6 60.85 (CS'), 69.95 (C3'), 74.24 (CH0r), 74.45 (C2'), 85.90 (C-4'), 87.71 (lc
1
,.H

1
, = 164.5 Hz, 

Cl'), 117.20 (lc;.Fs = 24.34 Hz, l c6,F2 = 8.54 Hz, Ar-C-6), 118.96 (JC:3.Fz = 27.44 Hz, JC:3,F5 = 3.02 Hz, 

Ar-C3), 119.39 (C-5), 121.20 (JCi,Fz = 17.39 Hz., !Ci.F's = 8.19 !iz, Ar-C-1), 142.87 (C-8), 144.55 (C2), 145.25 

(C-4), 148.36 (C-6), 15S 0 0 (Jr_ F -= 48.54 Hz, Ar-C2), 159.02 (Jc F = 45.74 Hz, Ar-CS). 
-1,• 2 S• S 

1-(2,6-Dlfloorobenzyloxy)adenoslm, Percbloric Add Salt (le-2,6). UV '-max259 nm (14,000) at pH 1; 2.59 

(13,900) at pH 7; 257 (13,400) at pH 13; MS (FAB) m/t! 410 (M + l ); IR (KBr) 1685, 1629, 1515, 1476, 1415, 

1405, 1245, 1230, 1100 (broad), 920, 910, 800, 675, 622 cm·1; 1H NMR (MezSO-d6) 6 3.58, 3.68 (2 m, 2, 

14,,5,, = 3.9 Hz, J¢',$'b = 4.0 Hz, 15,a,5,b • 12.1 Hz, CH2-5'), 3.99 (apparent q, 1, H-4'), 4.16 (apparent 

l, 1, 13, ,,., = 3.9 Hz, H-3'), 4.49 (apparent q, 1, J2, .3' = 4.9 Hz, H-2'), 5.10 (br s, 1, OH-5'), 5.33 (br s, 

1, OH-3'), 5.57 (s, 2, OCH2Ar), 5.62 (apparent d, 1, OH-2'), 5.94 (d, 1, H-1 '), 7.23 {t, 2, Ar-H-3,5), 7.63 
9 13 (m, 1, Ar-H-4), 8.83 (s, 1, H-8), 8.87 (s, 1, H-2), 9.83, 10.48 (2 br s, 2, H-NHz); C NMR (MCzSO-d6) 6 

60.84 (CS'), 68.78 (CH2Ar), 69.94 (C3'), 74.43 (C2'), 85.90 (C-4'), 87.68 (Jc,H • 167.91 Hz, Cl'), 

108.44 (JSF = 10.74 Hz, Ar-Cl), 111.88 (Jc.F = 24.95 Hz, Ar-C3,5), 119.29 (CS), 133.57 (Jc,F = 12.78 Hz, 

Ar-C-4), 142.95 (C-8), 144.43 (C-2), 145.24 (C6), 161.47 (JS,Fi = ~i.lS H.i, JS,Fz = 6.65 Hz, Ar-C2,6). 

1-(3,4-DiOuorobenzybxy)adenoslne, ?ercbloric Ad.d Salt (le-3,4). UV lmax 259 nm (13,000) at pH 1; 

259 (13,400) at pH 7; 258 (12,900) at pH 13; MS (FAB) m/e 410 (M + l); IR (KBr) 1687, 1522, 1440, 1294, 

1100 (broad), and 624 cnf1
; 

1H NMR (MezS0-dJ 6 3.59, 3.69 (Z m, 2, 14,,5,, c 3.9 Hz, J4,,5,b - 3.7 Hz, 

15, 1.,5,b = 12.1 Hz, CH2-S'), 4.VO (apparent q, 1, H-4'), 4.17 (apparent t, 1, J3, ,,., -= 3.9 Hz, H-3'), 4.50 

(br s, 1, 12,,3, = 4.9 Hz, H-2'), 5.10, 5.35, 5.60 (3 hrs, 3, OH-5',3',2'), 5.38 (s, 2, OCHzAr), 5.95 (d, 1, 

11 , ;i.• = 5.3 Hz, H-1 '), 7.55, 7.88 (2 m, 3, Ar-H-2,5,6). 8.82 (s, l , H-8), 9.03 (s, l , H-2), 9.76, 10.44 (2 br s, 
e 

2, H-NHz); 13C NMR (MezSO-d6) 6 60.88 (CS'), 69.98 (C3'), 74.45 (C2'), 80.12 (CHzAr), 85.91 (C-4'), 

87.75 (Cl '), 117 .. 53 (Ar-CS), 119.39 (l c5.Hs = 11.1 Hz, CS), 120.04 (Ar-C2), 128.16 (lc6,F4 = 6.8 Hz, lc6.F3 

= 3.3 Hz, Ar-C-6), 129.72 (JCi,F3 = 6.2 Hz, JS.F,. :: 3.8 Hz, Ar-Cl), 142.86 (JGi,Hs = 218.5 Hz, JGi.Hi , = 
3.8 Hz, C-8), 144.89 (Jez.Hz = 222.5 Hz, C2), 145.24 CJc,..Hg = 13.1 Hz, l c,..Hz = 5.2 Hz, lc,.,Hl' s 2.5 Hz, 

C-4), 148 . .32 (l c
6
,H

2 
= 5.2 Hz, C-6), 149.11, 150.24 (Ar-C3,4). 

1-(~,5-Dltlooroben.zyloxy)adeooslne, Percbloric Add Salt (le-3,5). UV lmax 259 nm (13,600) at pH l; 

259 (13,500) at pH 7; 257 (12,700) flt pH 13; MS (FAU) m/e 410 (M + l ); IR (KBr) 1697, 1686 (sh), 1630, 

1605, 1455, 1380, 1330, 1230, 1100 (broad), 870, 860 (~b), t~!i. 665, 624 cm·1; 1H NMR (MCzSO-dJ l 3.59, 

3.n (2 m, 2, 1,.,~ •• • 3.9 Hz, 1,.,,5,b • 4.0 Hz, 15,1 ,5,b s 12.0 Hz, CHi-5'), 4.01 {apparent q, 1, H-4'), 4.17 

(apparent d, 1, 13, ,,., • 3.8 Hz., H-3'), 4.50 (apparent q, J. J2, :3' = 4.9 Hz, H-2'), 5.10 (br s, l, OH-5'), 

5.34 ~apnarent d, 1, OH-3'), 5.40 (s, 2, OCH-zAr), 5.61 (apparent d, 1, lz ,,2•-0H = 6.1 Hz, OH-2'), 5.96 (d, 

1, J1,;i., s:. 5.4 Hz., H-1 '), 7.39 (m, l , Ar-H-4), 7.50 (m, 2, Ar-H-2,6), 8.83 (s, 1, H-8), 9.07 (s, 1, H-2), 9.78, 

• 10.47 (2 br s, 2, H -NH1); 13C NMR (MezSO-dJ 6 (i().87 (CS'), 69.98 (C3'), 74.45 (C2'), 79.85 (CHzAr), 

85.92 (C-4'), 137.?6 ,JC.H .. 166.97 Hz, Cl'), 105.05 (JC.F • 25.55 Hz, Ar-C-4), 113.73 (Jc,F • 25.33 Hz, 

Ar-C2,6), 119.41 (CS), 136.08 (lc;F • 9.93 Hz., Ar-Cl ), 142.86 (C-8), 144.84 (C2), 145.25 (C-4), 148.29 (C 

6), 162.07 (Jc.F • 233.31 Hz, Ar-C3.S). 
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1-(2,4-Dimethylbemyloxy)adenoslne, Perchloric Add Salt (2f-2,4). UV lmax 259 nm (13,300) at pH l ; 

259 (1~.-400) at pH 7; 258 (13,200) at pH 13; MS (FAB) m/e 402 (M + 1); IR (KBr) 1689, 1615, 1510, 1430, 

1220, 1100 (broad), 895, 645, 623 cm·1; 1H NMR (MeiSO-d~ 6 2.31, 2.42 (2 s, 6, Ar-CH)), 3.57, 3.67 (2 m, 

2, CH2-5'), 3.98 (apparent q, 1, H-4'), 4.15 (apparent t, 1, H-3'), 4.48 (apparent t, 1, H-2'), 5.()() (br s, 1, 

OH-5'), 5.33 (br s, 1, OH-3'), 5.40 (s, 2, OCH2Ar), 5.60 (br s, 1, OH-2'), 5.91 (d, 1, / 1, ;i.• = 5.35 Hz, H-

• 1'), 7.03, 7.15, 731 (m, 3, Ar-H), 8.52 (s, 1, H-2), 8.82 {s, 1, H-8), 9.76, 10.45 (2 br s, 2, H-NHz); 13C NMR 

(MeiSO-d6) 6 18.57 (Ar-CH3), 20.73 (Ar-CH3-4), 60.82 (CS'), 69.92 (C3'), 74.36 (C2'), 79.42 (Ar-C2}, 

85.St (C-4'), 87.54 (Cl'), 119.37 ('cs.Hg = 12.2 Hz, CS), 126.38 (Ar-CS), 127.44 (Ar-Cl), 131.16, 131.70 

(Ar-C3,6), 138.16, 139 . .St (Ar-C2,4), 142.81 (CS), 144.49 (C2), 145.16 (C-4), 148.31 (C6). 

1-(2~-Dlmethylbenzyioxy)adenoslne, Perchloric Acid Salt (2f-~. UV ).max 259 nm (13,100) at pH l ; 

259 (13,200) at pH 7; 258 (13,200) at pH 13; MS (FAB) m/e 402 (M + l ); IR (KBr) 1688, 1508, 1415, 1225, 

1100 (broad), 915, 900, 880, .,75, 825, 685, 655, 622 cm·1; 1H NMR (MeiSO-d~ 6 2.26, 2.39 (2 s, 6, Ar-CH3), 

3.58, 3.68 (2 m, 2, / 4 , ,5,1 = / 4 , ,5,b = 3.8 Hz, / 5, 1,5,b = 12.1 Hz, CH2-5'), 3.99 (apparent q, 1, H-4'), 4.15 

(apparent t , 1, / 3 , ,4, = 3.9 Hz, H-3'), 4.48 (apparent q, 1, / 21 ,3, = 4.9 Hz, H-2'), 5.()() (br s, l, OH-5' ), 

5.32 (br i., 1, OH-3'), 5.41 (s, 2, OCHiAf), 5.59 {apparent d, 1, OH-2'), 5.93 (d, 1, / 1 ,;i., = 5.37 Hz, H-1'), 

• . 13 7.18, 7.20, 7.30 (m, 3, Ar-H), 8.65 (s, 1, H-2), 8.82 (s, 1, H-8), 9.75, 10.45 (2 br s, 2, H-NHi), C NMR 

(MeiSO-d6) 6 18.15 (ArCH3-2), 20.28 (ArCH3-5), 60.84 (C5'), 69.93 (C3'), 74.43 (C2'), 79.66 {CHiAf), 

85.85 (C-4'), 87.75 (Cl '), 119.41 (le H = 12.3 Hz, CS), 130.22, 130.31, 130.38, 131.84, 134.82, 134.86 (Ar-
5· fl 

C), 142.86 (/Cs.Hs = 218.6 Hz, JCs.H1, = 3.9 Hz, C-8), 144.46 (JCz,Hz = 222.3 Hz, C2), 145.17 (Jc4,Hg ""' 

130.0 Hz, lc
4

.H
2 

• 5.5 Hz, l c
4
,H

1
, = 2.6 Hz, C-4), 148.30 (lc6'Hz s 5.2 Hz, C6). 

1-(3,4--Dlmethylbenzyloxy)adenosine, Percbloric Acid Salt (lf-3,4). UV lmax 259 run (13,300) at pH l ; 

259 (13,300) at pH 7; 258 (13,600) at pH 13; MS (FAB) m/e 402 (M + l); IR (KBr) 1691, 1510, 1100 

(broad), 624 cm·1; 1H NMR (MeiSO-d6) 6 2.25 (s, 6, Ar-CH3) 3.58, 3.69 (2 m, 2, 14,5,1 IC 14,s,b = 3.87 Hz, 

J5,a,5,b = 12.1 Hz, CH2-5'), 4.00 (apparent q, 1, H-4' ), 4.16 (apparent t, 1, 13, ,4, = 3.85 Hz, H-3'), 4.49 

(apparent q, 1, 12, ,3, .,. 4.88 Hz, H-2'), 5.()() (br s, 1, OH-5'), 5.33 (s, 2, OCRiAf), 5.60 (br d, 1, l z, ,2•-0H 

... 4.57 Hz, OH-2'), 5.94 (d, 1, 11, .2' = 5.4 Hz, H-1 '), 8.81 (s, 1, H-8), 8.91 (s, 1, H-2), 9.72, lOAl (2 br 

• s, 2, H-NHz); 13C NMR (MCi5O-d6) 6 19.17 (Ar-CH3) , 60.86 (CS'), 69.96 (C3'), 74.49 (C2'), 81.71 

(CHiAf), 85.87 (C-4 '), 87. 77 (Cl '), 119.30 (1 Cs.Hs ::: 11.6 Hz, CS), 128.24 (Ar-C6), 129.20 (Ar-C-1 ), 129.46 

(Ar-C-5), 131.84 (Ar-C2), 136.38, 138.08 (Ar-C3,4), 142.83 (l Cg.1-fs = 218.4 Hz, JCs.Hl' = 3.8 Hz, C-8), 

144.78 (1Ci.H2 = 222.0 Hz, C2), 145.19 (l c 4.Hg = 12.9 Hz, lc4,H2 = 5.2 Hz, l c 4.H1, = 2.1 Hz, C-4), 148.29 

(/ C6.H2 • 5.2 Hz. C6). 

1-(3,S•Dlmethylbenzy!oxy)adenoslne, Perchlortc Acid Salt (lf-3,5). UV ).max 259 nm (12,900) a l pH l ; 

259 (13,100) at pH 7; 258 (13,000) at pH 13; MS (FAB) m/e 402 (M + l ); IR (KBr) 1693, 1510, 1225, 1100 

(broad), 890, 853, 638, 623 cm·1; 1H NMR (M~O-d6) 6 2.30 (s, 6, Ar-CH3), 3.59, 3.69 (2 m, 2, / 4,J•• • 

3.8 Hz, '••J• b IC 3.9 Hz. ls,.,s•b • 12.0 Hz, CHz-~'), 4.00 (apparent q, 1, H-4'), 4.16 (apparent t, 1, 13, ,4,, 

• 3.8 Hz, H -3'), 4.49 (br s, 1, 12, ,3, a 4.9 Hz, H-2'), 5.()() (br s, 1, OH-5'), 5.32 (s, 2, OCHzAr), 5.60 (br 
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d, 1, OH-2'), 5.95 (d, 1, J1, 2 , = 5.38 Hz, H-1 '), 7.11, 7.28 (2 s, 3, Ar-H), 8.82 (s, 1, H-8), 8.96 (s, 1, H-2), •• 
9.72, 10.42 (2 br s, 2, H-NHz); 13C NMR (MezSO-d6) 6 20.69 (lv-CH3), 60.85 (CS'), 69.95 (C3'), 74.50 

(C2'), 81.83 (CH,zAr), 85.86 (C4'), 87.78 (Cl'), 119.32 (JCs,Hs = 11.3 Hz, C-5), lUl.32 (Ar-C2,6), 130.99 

(Ar-C4), 131.78 (Ar-C-1), 137.54 (Ar-C3,5), 142.84 (leg,Hg = 218.2 Hz, leg.H
1

, • 3.7 Hz, C-8), 144.82 

(lr_H2 • 222.2 Hz, C2), 145.19 (le M - = 13.0 Hz, le M- • 5.1 Hz, C4), 148.26 (le H • 5.3 Hz, C6). 
-'-' 4 .. 'lS 4•· -" 6, 2 

1-(2--TrlOuorometbytberzyloxy)adenoslne, Perchloric Add Salt (2-g). UV .>.max 258 nm (13,100) at pH 

1; 258 (12,900) at pH 7; 257 (12,700) at pH 13; MS (FAB) m/t 442 (M + 1); IR (KBr) 1682, 1317, 1177, 

1108 (broad), 778, 624 cm·1; 1H NMR (MezSO-dJ 6 3.58, 3.68 (2 m, 2, 14 ,,5,
1 

= 14,,5,b • 3.9 Hz, J5 ,a,5,b 

= 12.1 Hz, CH2-5'), 4.00 (apparent q, 1, H-4'), 4.17 (apparent t, 1, J3 , 4 , = 3.9 Hz, H-3'), 4.49 (apparent 
t 

t, 1, J2, ,3, = 4.9 _Hz, H-2'), 5.09 (br s, 1, OH-5'), 5.32 (br s, 1, OH-3'), 5.60 (br s, 1, OH-2'), 5.61 (s, 2, 

OCH2Ar), 5.94 (d, 1, J1,.z, = 5.3 Hz, H-1'), 7.80 (m, 4, Ar-H), 8.68 (s, 1, H-2), 8.83 (s, 1, H-8), 9.81, 10.47 

• (2 br s, 2, H- NHz); 13C NMR (MezSO-a6) 6 60.84 (CS'), 69.93 (C3'), 74.46 (C2'), 77.11 (CHzAr), 85.86 

(C-4'), 87.71 (lr•_ H = 168.0 Hz, Cl'), 119.65 (Jc H = 11.8 Hz, CS), 123.94 (J,..., = 273.8 Hz, CF3), •'' 1' S.• 8 ½'" 

126.29 (l cAt3;F = 5.4 Hz, Ar-C3), 127.39 (Jc~ = 30.5 Hz, Ar-C2), 130.05, 132. 77 (Ar-C4,5), 132.11 (Ar-

C6), 142.80 (C-8), 144.34 (C2), 148.43 (C6). 

1-(2,4-Bis(triOuoromethyl)benzyloxy)adenoslne, Perchloric Add Salt (2-h-2,4). UV .>.max 259 nm (13,240) 

at pH l ; 259 (12,710) at pH 7; 257 (12,090) at pH B ; MS (PAB) m/t 510 (M + l); IR (KBr) 1684, 1348, 

1304, 1281, 1123 (broad), 624 cm·1; 1H NMR {MCzSO-dJ 6 3.60, 3.69 (2 m, 2, 14 ,.5,
1 

• 3.8 Hz, 14 , .5,b = 

3.6 Hz, 15,1,5, b = 12.3 Hz, CH2-5'), 4.00 (apparent q, 1, H-4'), 4.!6 (apparent t, 1, 13, ,4, • 3.9 Hz, H-3'), 

4.50 (apparent t, 1, J2,;3, .. 5.0 Hz, H-2'), 5.09 (br s, 1, OH-5' ), 5.33 (br s, 1, OH-3'), 5.60 (br s, 1, OH-

2'), 5.71 (s, 2, OCH2Ar), 5.93 (apparent d, 1, H-1 '), 8.15 (m, 2, Ar-H-3,6), 8.27 (apparent d, 1, Ar-H-5), 8.84 

• (s, 1, H-8), 8.91 (s, 1, H-2), 9.84, 10.48 (2 br s, 2, H-NHz); 13c NMR (MezSO-d6) 6 60.94 (CS'), 70.04 

(C3'), 74.58 (C-2'), 76.36 (OCH2Ar), 85.99 (C4'), 87.81 (Cl '), 119.77 (CS), 123.08, 123.14, 123.21 (2 

CF3, Ar-C3), 128.04, 129.71, 130.03, 132.35 (Ar-C2,4,5,6), 135.91 (Ar-C-1), 142.86 (C8), 144.53 (C2), 145.31 

(C4), 148.53 (C6). 

1-(3,5-Bls(triOuoromethyl)benzyloxy)adenoslne, Perchlorlc Ad.d Salt (2-h-3,5). UV '-max 259 nm (12,600) 

at pH l ; 259 (12,280) at pH 7; 257 (12,100) at pH 13; MS (FAB) m/t 510 (M + 1); IR (KBr) 1684, 1366, 

1282, 1129 (broad), 684, and 624 cm·1; 1H NMR (MeiSO-dJ 6 3.61, 3.68 (2 m, 2, J, , .$'• ""' 3.8 Hz, J4 , .S'b 

= 3.9 Hz, 15,,J'b ""' 11.9 Hz, CH2-5'), 4.01 (apparent q, 1, H-4'), 4.18 (apparent t, 1, J3, ,4, = 3.8 Hz, 

H-3'), 4.52 (apparent t, 1, 12, .3' = 4.9 Hz, H-2'), 5.08 (br s, 1, OH-5'), 5.34 (br s, 1, OH-3'), 5.59 (br ~. 

1, OH-2'), 5.56 (s, 2, OCHzAr), 5.98 (apparent d, 1, J1, ;i,• ""' 5.-H Hz, H-1 '), 8.26 (s, 1, Ar-H-4), 8.52 (s, 

• 1, Ar-H-6), 8.84 (s., 1, H-8), 9.30 (s, 1, H-2), 9.84, 10.51 (2 br s, 2, H-NHz); 13c NMR (MCzSO-dJ 6 61.02 

(C-5'), 70.15 (C3'), 74.62 (C-2'), 79.74 (OCHzAr), 86.08 (C4'), 87.96 (C-1 '), 119.5.5 (CS), 123.21 

(Ar-C4), 123.23 (2 CF3), 130.35 (Ar-C3,5), 131.74 (Ar-C2,6), 135.37 (Ar-C-1), 143.04 (C-8), 145.14 (C2), 

145.41 (C4), 148.39 (C6). 

1-(2--ChJ~nzyloxy)adenosLne, Perchloric Acid Salt (2-1-2). UV >-max 260 nm (12,690) at pH 1; 259 

(12,550) at pH 7; 258 (12,510) at pH 13; MS (FAB) m/t 408 (M + l); IR (KBr) 1689, 1509, 1220, 1100 
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(broad), 931, 860, 774, 76~. 645, 640, 623 cm·1; 1H NMR (Ml 2SO-d,J 6 3.58, 3.68 (2 m, 2, 14 ,,5,
8 

= 3.9 Hz, 

14, .5'b = 3.9 Hz, 15, 8,5,b = 12.0 Hz, CHi-5'), 3.99 (apparent q, 1, H-4'), 4.16 (apparent t, 1, 13 , ,4, = 4.0 

Hz, H-3'), 4.49 {apparent t, 1, 12, ,3, = 4.6 Hz, H-2'), 5.09 (br s, 1, OH-5'), 5.31 (br s, 1, OH-3'), 5.54 

(s, 2, OCH2Ar), 5.60 (br s, 1, OH-2'), 5.93 (d, 1, 11, ,2, = 5.3 Hz, H-1'), 7.42-7.78 (m, 4, AI-H), 8.70 (s, 1, 

• H- ~), 8.83 (s, 1, H-8), 9.82, 10.48 (2 br s, 2, H-NHi); 13c NMR (MeiSO-d,J 6 60.82 (CS'), 69.91 (C3'), 

74.45 (C2'), 78.14 (OCH2Ar), 85.84 (C-4'), 87.71 (Cl'), 119.44 (C5), 127.42, 129.50, 131.70 (Ar-C3,4,5), 

129.99 (Ar-C2), 132.94 (Ar-C-6), 134.02 (Ar-Cl), 142.84 (C8), 144.33 (C2), 145.19 (C-4), 148.39 (C-6). 

1-(J.Chlorobenzyloxy)adenoslne, Perchloric Acid Salt (21-3). UV ).1112.X 259 nm (12,910) at pH l; 259 

(12,560) at pH 7; 258 (12,560) at pH 13; MS (FAB) m/e 408 (M + 1); IR (KBr) 1694, 1620, 1575, 1510, 1430, 

1415, 1380, 1220, 1075 (broad), 885, 785, 685, 622 cm·1; 1H NMR {MCzSC-d6) 6 3.59, 3.69 (2 l,J, 2, 14,_,s,
1 

= 3.9 Hz, 14,,s,b = 4.0 Hz, 15, 8 ,s,b = 12.0 Hz, CHz-5'), 4.00 (apparent q, 1, H-4'), 4.17 (apparent t, 1, 

13, ,4, = 3.9 Hz, H-3'), 4.50 (apparent t, 1, 12, .3' = 4.7 Hz, H-2'), 5.09 (br s, 1, OH-5'), 5.33 (br s, 1, OH-

3'), 5.40 (s, 2, OCH-iAJ), 5.60 (br s, 1, OH-2'), 5.96 (d, 1, 11, ,2 , = 5.4 Hz, H-1 '), 7.48-7.88 (m, 4, Ar-H), 

• 8.82 (s, 1, H-8), 9.10 (s, 1, H-2), 9.78, 10.44 (2 br s, 1, H-NHi); 13C NMR (MezSO-d6) 6 60.85 (CS'), 69.95 

(C3'), 74.46 (C2'), 80.63 (OCH-iAJ), 85.87 (C-4'), 87.78 (Cl'), 119.34 (CS), 129.23, 129.54, 130.41 

(Ar-C2,4,6), 130.24 (Ar-C-5), 133.00 (Ar-C3), 134.32 (Ar-Cl), 142.84 (C-8), 144.82 (C-2), 145.20 (C-4), 

148.26 (C-6). 

1-(l-Nltrobenzyloxy)adenoslne, Percbloric Acid Salt (2J-2). UV >.max 259 nm (18,170) at pH 1; 259 

(18,090) at pH 7; 257 (!6,890) at pH 13; MS (FAB) m/e 419 (M + l); IR (KBr) 1685, 1538, 1530, t510, 1347, 

1105 (broad), 624 cm·1; 1H NMR (MezSO-d6) 6 3.59, 3.68 (2 m, 2, 14,,5,1 = 3.7 Hz, 14,,s, b = 4.0 Hz, 15,a,5,b 

= 12.1 Hz, CH2-5'), 4.00 (apparent q, 1, H-4'), 4.16 (apparent t, 1, 13, ,•• = 3.9 Hz, H-3'), 4.49 (apparent 

t, 1, 12, .3, = 4.9 Hz, H-2'), 5.08 (br s, 1, OH-5'), 5.32 (br s, 1, OH-3' ), 5.60 (br s, 1, OH-2'), . 5.76 (s, 2, 

OCH-iAJ), 5.95 (d, 1, 11, ,2 , = 5.35 Hz, H-1 '), 7.75 (m, 1, Ar-H-4), 7.90 (m, 1, Ar-E-5), 7.99 (ar;;aren1 d, 1, 

• Ar-H-3), 8.22 (apparent d, 1, Ar-H-6), 8.83 (s, 1, H-8), 8.94 (s, 1, H-2), 9.80, 10.46 (br s, 2, H-NHi); 

13c NMR (MezSO-d6) 6 60.83 (CS'), 69.92 (C3'), 74.46 (C2'), 77.o'i (OCHzAr), 85.84 (C-4'), 87.77 

(Cl '), 119.54 (CS), 124.81 (Ar-C3), 128.32 (Ar-Cl), 130.29 (Ar·C-4), 131.11 (Ar-CS), 134.03 (Ar-C-6), 

142.79 (C-8), 144.45 (C2), 145.21 (C-4), 147.54 (Ar-C2), L48.36 (C~. 

1-(3-Nitrobenzyloxy)adenoslne, Percbloric Acid Snit (2J·3). UV >.max 259 nm (19,400) at pH 1; 259 

(19,100) at pH 7; 258 (17,560) at pH 13; MS (FAB) ml~ .._\19 (M + 1); IR (KBr) 1691, 1620, 1533, 15U, 1352. 

1225, 1090 (broad), 900,740,622 cm·1; 
1H NMR (MezSO-<.\) 6 3.60. 3.71 (2 m, 2, 14, ,5,. = 14,,s•b = 3.9 Hz, 

15,,,s,b = 12.0 Hz.. CHz-5'), 4.01 {apparent q, 1, H-4'), 4 . .::8 (apparent t, 1, 13, ,4, = 3.7 Hz, H-3'), 4.51 

(apparent t, l , J2, ,3, = 4.8 Hz, H-2'), 5.10 (br s, 1, OH-5'), 5.34 (br s, 1, OH-3'), 5.55 (s, 2, OCR-iAJ), 

5.60 (br s, 1, OH-2') , 5.97 (d, 1, ll';i.• • 5.4 Hz.. H-1'), 7.80 (t 1, Ar-H-5), 8.17 (d, 1, Ar-H~, 8.35 (m, 

• 1, Ar-H-4), 8.67 (s, 1, Ar-H-2), 8.83 (s, 1, H-8), 9.17 (s, 1, H-2), 10.15 (br s, 2, H-NHz); 13c NMR 

(MezSO-d6) 6 60.88 (CS'), 69.99 (C3'), 74.49 (C2'), 80.11 (OCR,y\T), 85.92 (C-4'), 87.79 (Cl'), 119.42 

(C-5), 124.40 (Ar-CS), 125.45 (Ar-C-4), U9.95 (Ar·C-2), 134.13 (Ar-C-6), 137.25 (Ar-Cl), 142.87 (C-8), 

144.95 (C-2), 145.24 (C-4), 147.64 (Ar-C3), 148.31 (C-6). 
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1-(4-Nltrobenzyloxy)adenosine, Pen:hJoric Acid Salt (lj-4). UV Amax 260 nm (22,270) at pH 1; 260 

(21,970) at pH 7; 265 (18,550) at pH 13 (slowly decreased); MS (FAB) m/e 419 (M + l ); IR (K.Br) 1686, 

1524, 1348, 1220, 1090 (broad), 854, 750, 622 cm·1; 1H NMR (MezSO-dJ a 3.57, 3.70 (2 m, 2, J4,,s,
8 

= 4.0 

Hz, / 4,,s,b = 3.9 Hz., J5, 8,s,b = 12.0 Hz., CH2-5'), 4.00 (apparent q, 1, H-4'), 4.16 (apparent q, 1, 13, ,4, = 
3.7 Hz, H-3'), 4.50 (apparent q, 1, J2,;3, = 4.9 Hz, H-2'), 5.09 (t, 1, l s,,s•.oH = 5.3 Hz, OH-5'), 5.34 (d, 

1,13,~ -OH= 5.2 Hz, OH-3'), 5.55 (s, 2, OCHzAr), 5.60 (d, l . / 2,,2•-0H = 6.1 Hz, OH-2'), 5.95 (d, l,J1,,2• 

= 5.4 Hz, H-1'), 7.97 (d, 2, Ar-H-2,6), 8.34 (d, 2, Ar-H-3,5), 8.83 (s, 1, H-8), 9.11 (s, 1, H-2), 10.15 (broad, 
$ 

2, H-NHz); 13c NMR (MezSO-d6) a 60.87 (C-5'), 69.97 (C3'), 74.53 (C2'), 80.03 (OCH2Ar), 85.89 (C-4'), 

87.84 (Cl '), 119.43 (C-5), 123.38 (Ar-C3,5), 131.38 (Ar-C2,6), 139.45 (Ar-C l ), 142.88 (C8), 144.76 (C-2), 

145.24 (C-4), 148.0j (Ar-C-4). 148.33 (C6). 

1-(2-Cyaoobenzyloxy)adenoslne, Percbloric Acid Salt (2k-2). UV Amax 260 nm (12,700) at pH 1; 259 

(12,560) at pH 7; 257 (12,160) at pH 13; MS (FAB) m/e 399 (M + 1); IR (K.Br) 2250, 1684, 1505, 1222, 1100 

(broad), 772, and 623 cm·1; 1H NMR (MezSO-d6) a 3.59, 3.68 (2 m, 2, J4,,s,
1 

= 3.8 Hz, J4,,s:b = 3.9 Hi, 

' s•a.S'b = 12.0 Hz, CH2-S'), 3.99 (apparent q, 1, H-4 '), 4.16 (apparent t , 1, J3, ,4, = 3.5 Hz, H-3'), 4.49 

(apparent t, 1, J2, ;3, = 4.8 Hz, H-2'), 5.09 (br s, 1, OH-5'), 5.33 (br s, 1, OH-3'), S.60 (br, 1, OH-2'), 5.60 

(s, 2, OCH2A:f), 5.94 (apparent d, 1, J1, ;v = S.3 Hz, H-1 '), 7.70 (t, 1, Ar-H, 4), 7.87, 7.90 (2 m, 2, Ar-H, 

• 3,5), 7.99 (d, 1, Ar-H-6), 8.81 (s, 1, H-2), 8.83 (s, l, H-8), !I.~-. 10.48 (2 br s, 2, H-NHz); •~::: ii MR 

(MezSO-d~ a 60,<q (CS'), 69.89 (C-3'), 74.44 (C-2'), 78.56 (OCH-ik), 85.83 (C-4'), 87.74 (Cl '), 112.53 

(Ar-C-2), 117.12 (C•N), 119.58 (CS), 130.50, 131.71, ll33.20, !33.38 (Ar-C-3,4,5,6), 135.16 (Ar-C l ), 142.81 

(C-8), 144.23 (C2), 145.16 (C-4), 148.38 (C-6). 

1-(3-Cyanobenzylcxy)adenoslne, Percbloric Acid Salt (lk-3). UV Amax 259 nm (13,500) at pH 1; 259 

(12,900} at pH 7; 257 (12,980) al pH lJ; MS (FAB) m/e 399 (M + l); IR (l(Br) 2230, 1694, 1510, 1235, 1215, 

1090 (broad), 892, 690,655, 640, and 623 cm·1; 1H NMR (MezSO-d6) 6 3.59, 3.69 (2 m, 2, / 4,.5, 1 • 3.8 Hz, 

14,_\,b = 3.8 Hz, J5, 1,s,b = 12.0 Hz, CH2-5'), 4.00 (apparent q, 1, H- 4'), 4.16 (apparent t, l , 13,,4, = 3.7 

Hz., H-3'), 4.50 (apparent t, 1, J2, ,3, = 4.7 Hz, H-2'), 5.12 (br s, 1, OH-5'), 5.34 (br s, 1, OH-3'), 5.45 

(s, 2, OCH-ik), S.60 (br s, 1, OH-2'), 5.96 (apparent d, 1, J1,;i, = 5.4 Hz, H-1'), 7.69 (t, l, Ar-H-5), 7.96, 
$ 

8.02 (2 m, 2, Ar-H-4,6), 8.25 (s, 1, Ar-H-2), 8.83 (s, 1, H-8t 9.13 (s, 1, H-2), 9.78, 10.45 (2 hrs, 2, H-NHz); 

13c NMR (MezSO-d6) a 60.87 (CS'), 69.97 (C3'), 1,1.so (C2'), 80.26 (OCH-ik), 85.90 (C-4'), 87.82 

(Cl '), 111.44 (Ar-C3), 118.31 (C• N), 119.41 (C-5), 129.64 (Ar-CS), 133.18 (Ar-C-4), 133.60 (Ar-C l ), 134.32 

(Ar-C2), 135.33 (Ar-C-6), 142.87 {C-8), 144.84 (C-2), 14S.25 (C-4), 148 28 (C6). 

1•(4-Cyanobenzyloxy)adenoslne, Perchloric Acid Salt (lk-4). UV J..max 259 nm (13,800) at pH 1; 259 

(13.620) at pH 7; 258 (sb) at pH 13; MS (FAB) ml~ ~99 (M + l ); IR (KEr) 2240, 1687, 1510, 1420, 138.5, 

1225, 1215, 1075 broad, 825, 621 cm·1; 1H NMR Cvf~O-d6) a 3.61, 3.73 (2 m, 2, 14,.5,1 = 3.9 Hz, 14,.5,b 

.. 5.6 Hz, J5,1.5,b = 12.0 Hz, CH2-5'), 4.02 (apparerut q, 1, H-4'), 4.19 (apparent q, 1, 13, ,4 , = 3.7 Hz, 

H-3'), 4.51 (apparent q, 1, 12,,3, = 4.8 Hz, H-2'), 5.1 1 ( t, 1, J5,,s, .oH = 5.3 Hz, OH-5'), 5.35 (apparent 

d. 1, J3,,3,-0H = S.2 Hz, OH-3'}, 5.51 (s, 2, OCHzAr), 5.62 (apparent d, 1, J2,,2,-0H = 6.1 Hz, OH-2'), 5.97 
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(apparenl d, 1, J1, ;i., = 5.4 Hz, H-1 '), 7.90 (d, 2, Ar-H-3,5), 7.99 (d, 2, Af-H-2,6), 8.83 (s, 1, H-8), 9.10 (s, 
e 

1, H-2), 10.15 (broad, 2, H-NHu; 13C NMR (MezSO-d6) & 60.SA (C-5'), 69.94 (C3'), 74.51 (C-2'), 80.44 

(OCH2Ar), 85.85 (C4'), 87.83 (Cl'), 112.16 (Ar-C4), 118.38 (C•N), 119.39 (C5), 131.03 (Ar-C2,6), 132.26 

(Ar-C3,5), 137.43 (Ar-C-1), 142.85 (C8), 144.71 (C2), 145.21 (C4), 148.29 (C-6). 

1-(2-Methoxy-5-nJtrobenzyloxy)adenosine, Perchloric Add Salt (21). UV >-max 259 nm (14,550) and 310 

(10,6W) al pH l ; 259 (14,510) and 310 (10,870) al pH 7; 311 (11,800) at pH 13; MS (FAB) m/e 449 (M + 

l ); IR (KBr) 1681, 1595, 1510, 1500, 1490, 1332, 1261, 1212, 1127, 1090 (broad), 1036, 900, 640, and 620 cm·1; 

1H NMR (MezSO-d6) & 3.59, 3.68 (2 m, 2, 14,.5,8 • 3.5 Hz, 14,.,5,b = 3.5 Hz, 15, 8 .,5,b = 12.0 P.z, CH2-5'), 

3.86 (s, 3, CH3OAr), 4.00 (apparent q, 1, H-4'), 4.16 (apparent t, 1, J3,,4 , = 4.0 Hz, H-3'), 4.49 (apparenl 

l , 1, 12, ,3, = 4.1 Hz, H-2'), 5.09 (apparent t, l , J5,.,5,.oH == 4.9 Hz, OH-5'), 5.33 (apparent d, 1, 13,,3,-0H 

= 5.0 Hz, OH-3' ), 5.50 (s, 2, OCHzAr), 5.59 (apparent d, 1, l z, ;i.• -OH = 6.0 Hz, OH-2'), 5.95 (d, 1, J1, ;i.• 

= 5.34 Hz, H-1 '), 7.31 (d, 1, Ar-H-3), 8.40 (apparent q, 1, Ar-H-4), 8.56 (d, 1, Ar-H-6), 8.84 (s, 2, H-2,8), 
e 

9.74, 10.35 (2 br s, 2, H-NHv; 13c NMR (MezSO-d6) & 56.78 (ArOCH3), 60.86 (CS'), 69.96 (C3'), 74.59 

(C-2'), 75.61 (OCHzAr), 85.89 (C4'), 87.89 (Cl '), 11 1.80 (Ar-C3), 119.35 (CS), 121.12 (Ar-Cl), 127.77, 

128.24 (Ar-C-6,4), 140.:H (Ar-C-5), 142.93 (C8), 144.52 (C-2), 145.25 (C-4), 148.39 (C-6), 163.21 (Ar-C2). 

1-(J.Metboxycarbonylbenzyloxy)adenoslne, Perchloric Acid Salt (2m). UV >-max 259 nm (12,670) at pH 

l ; 25~ (12,670) at pH 7; 257 (13,410) at pH 13; MS (FAB) m/e 432 (M + 1); IR (KBr) 1710, 1684, 143!,, 

1315, 1294, 1214, 1100 (broad), 895, 765, and 624 cm·1; 1H NMR (MezSO-d~ & 3.59, 3.69 (2 m, 2, 14,.,5,1 • 

3.7 Hz, 14,.,5 ,b = 3.9 Hz, ls•a,S•b = 12.1 Hz, CH2-5'), 3.89 (s, 3, ArCO2CHJ), 4.00 (apparent q, 1, H-4'), 

4.16 (apparenl t , 1, J3, ,4, = 3.7 Hz, H-3'), 4.50 (apparent t, 1, 12, ;3' = 4.8 Hz, H-2'), 5.10, 5.34, 5.61 (3 

br s, 3, OH-5' ,3' ,2'), 5.49 (s, 2, OCHzAr), 5.96 (d, 1, .11, ,2, .,. 5.4 Hz, H-1 '), 7.64 (t, 1, Ar-H-5), 7.99, 8.06 

• (d, 2, Ar-H-6,4), 8.33 (s, 1, Ar-H-2), 8.83 (s, 1, H-8), 9.03 (s, 1, H-2), 9.82, 10.44 (2 br s, 2, H-NHv; 

13c NMR (MezSO-d~ & 52.21 (ArCOzCHy, 60.88 (C-5'), 69.99 (C3'), 74.56 (C-2'), 81.02 (OCHzAr), 85.90 

(C4'), 87.87 (Cl '), 119.38 (CS), 128.94 (Ar-CS), 129.81 (Ar-C3), 130.32, 131.40, 135.49 (Ar-C-6,4,2), 

132. 78 (.\r-Cl), 142.87 (C-8), ~44.88 (C2), 145.23 (C4), 148.33 (C-6), 165.80 (ArCO2CHJ). 

1-Benzyloxyadenoslne, Percb!11:ic Add Salt (2n). UV >-max 259 nm (13,100) at pH l ; 259 (13~!00) at 

pH 7; 257 (13,100) at pH 13; MS (FAB) m/e 374 (M + 1); IR (KBr) 1686, 1515, 1415, 1230, 1100 (broad), 

755, 622 cm·1; 1H NMR {MCzSO-d6) & 3.58, 3.68 (2 m, 2, 14 ,,5,a = 3.9 Hz, l4,,5•b = 3.9 Hz, l ; ,a,5•b"" 12.1 

Hz, CH2-5'), 3.99 (apparent q, 1, H-4'), 4.15 (apparent q, 1, J3, ,4 , = 3.9 Hz, H-3'), 4.49 (apparent q. 1, 

12 ,;3, = 4.9 Hz, H-4'), 5.18 (apparent t, 1, 15,.,5,.oH-= 5.1 Hz, OH-5'), 5.33 (d, 1, 13,;3•-0H = 5.1 Hz, OH-

3'), 5.42 (s, 2, OCHzAr), 5.60 (d, l , .12, ;i.• -OH = 6.1 Hz, OH-2' ), 5.94 (d, 1, 11, .2• = 5.4 Hz, H-1 '), 7.48, 

7.t56 (2 m, 5, Ar-H), 8.82 (s, 1, H-8), 8.97 (s, 1, H-2); 13C NMR (MezSO-d6) & 60.84 (CS'), 69.93 (C3'), 

74.42 (C-2'), 81.63 (CHzAr), 85.l!S (C-4' ), 87.70 (Cl'), 119.28 (CS), 128.42 (Ar,C3,5), 129.73 (Ar-C-4), 

130.69 (Ar-C2,6), 131.97 (Ar-C-1), 142.81 (C-8), 144.78 (C2), 145.17 (C4), 148.29 (C-6). 

1-(l-Pbenylethyloxy)adenoslne, Percb.loric Acid Salt (lo). UV Amax 259 nm (12,100) at pH l ; 259 nm 

(13,000) at pH 7; 257 nm (12,700) al pH 13; MS (FAB) m/e 388 (M + 1); IR (KBr) 1691, 1505, 1225, 1100 

broad, 760, 705, 625 an·1; 1H NMR (Me.i5O-d6) & 3,23 (t, 2, OCH2CHi-At), 3.58, 3.68 (2 m. 2, 14,,s,1 = 3.8 
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Hz. '4•,5'b = 3.8 Hz, 's•a,S•b = 12.0 Hz, CH2-5'), 3.99 (apparent q, 1, H-4'), 4.15 (apparent q, 1, J3,,4, = 
3.7 Hz, H-3' ), 4.48 (apparent q, 1, J2 , .3, = 5.01 Hz, H-2'), 4.60 (t, 2, OCH2CHiAf), 'i.09 (apparent t, 1, 

OH-5'), 5.34 (apparent d, 1, J3, .3'-0H = 5.0 Hz, OH-3'), 5.60 (apparent d, 1, J2, ,2, -OH = 6.0 Hz, OH-2'), 

5.94 (d, 1, 11, ,2, = 5.3 Hz, H-1 '), 7.25, 7.36 (2 m, 5, Ar-H), F,.80 (s, 1, H-8), 9.05 (s, 1, H-2), 9.65, 10.39 (br 
e 

s, 2, H -NHi); 
13

C NMR (MeiSO-d6) 6 32.91 (OCH2CHiAf), 60.83 (C5'), 69.91 (C3'), 74.46 (C2'), 80.41 

(OCH2CH2Ar), 85.82 (C4'), 87.80 (Cl'), 119.37 (CS), 126.55 (Ar-C-4), 128.40 (Ar-C2,6), 128.78 (Ar-C-

3,.5), 136.08 (Ar-Cl), 142. 75 (C-8), 144.45 (C2), 145.21 (C-4), 148.21 (C6). 

2'-Deoxy-1-(l-met..nylbenzyloxy)adenoslne, Percbloric Acid Salt (lp-2). UV ).max 259 nm (13,400) at 

pH 1; 259 (13,100) at pH 7i 258 (13,100) !U pH 13; MS (FAB) m/e 372 (M + l); IR (KBr) 1684, 1505, 1220, 

1100 (broad), 765, 750, 635, 625 cm·1; 1H NMR (M~SO-.d6) 6 2.37, 2.64 (2 m, 2, CH
2
-2'), 2.47 (s, 3, 

CH3Ar), 3.52, 3.61 (2 m, 2, CHi-5'), 3.90 (apparent q, 1, H-4' ), 4.41 (m, 1, H-3'), 4.95 (br s, 1, OH-5'), 

5.39 (br s, 1, OH-3'), 5.46 (s, 2, OCH2Ar), 6.38 (t, 1, H-1 ' ), 7.24, 7.36, 7.45 (3 m, 4, At-H), 8.59 (s, 1, H-2), 
e 

8.78 (s, 1, H-8), 9.76, 10.44 (2 br s, 2, H-NHi); 13c NMR (MeiSO-d6) 6 18.64 (CH3), 39.84 (C2'), 61.20 

(CS'), 70.26 (C3'), 79.54 (OCH2.Ar), 83.99 (Cl '), 88.21 (C-4'), 119.43 (Jc
5
,H

8 
= 11.7 Hz, C-5), 125.85 

(Ar-C-5), 129.92 (Ar-C-4), 130.45, 130.50, 131.36 (.Ar-C-1.3,6), 138.12 (Ar-C-2), 142.90 (JCg,Hs • 218.3 Hz, 

'Cs.Hi, == 3.8 Hz, 08), 144.28 (JCi,H2 = 222.2 Hz, C2), 144.83 (Jc4,Hg = 13.0 Hz, 'c4.H2 = 5.4 Hz, ' c4.H1, 

= 2.5 Hz, C-4), 148.30 (Jc
6
.H

2 
= 5.4 Hz, C6). 

2'-Deoxy-1-(J..methylbenzyloxy)adenoslne, Pen:hloric Acid Salt (lp-3) . UV ).max UiO nm (13.300) at pH 

l; 259 (13,300) at pH 7; 258 (13,400) at. pH ~-· :\iS (FAB) m/e 372 (M + 1); ffi (KBr) 1691, 1507, 1425, 

1218, 1100 (broad), 933, 624 cm·1; 1H NMR (MCiSO-d6) 6 2.35 (s, 3, CH3Ar), 2.39, 2.65 (2 m, 2, CH2-2'), 

3.54, 3.61 (2 m, 2, CHi-5'), 3.92 (apparent q, 1, H-4'), 4.42 (:n, 1, H-3'), 4.97 (br s, 1, OH-5'), 5.37 (s, 

2, OCHiAf), 5.39 (m, 1, OH-3'), 6.38 (l, 1, H-1'), 7.28, 7.34, 7.43, 7 49 (m, 4, Ar-H-2,4,.5,6), 8.76 (s, 1, H-8), 
e 

8.93 (s, 1, H-2), 9.74, 10.37 (2 br s, 2, H-NHi); 13C NMR CMeisO-dJ 6 20.78 (CH3Ar), 39.84 (C2'), 61.20 

(CS'), 70.26 (C-3'), 8i..74 (OCHi.Af), 84.02 (Cl '), 88.20 (C-4'), 119.31 (CS), 127.72, 128.30, 130.30, 

131.23, 131.87, 137.71 (Ar-Cl,2,3,4,.5,6), 142.86 (C-8), 144.59 (C-4), 144.83 (C2), 148.24 (C-6). 

2'-D xy-1-(4-methylbenzytoxy)adenoslne, Perchloric Acid Salt (lp-4). U'.' ).mu 259 nm (13,300) at pH 

l ; 259 (13,300) at pH 7; 258 (13,300) at pH 13; MS (FAB) m/e 372 (M + l); IR (KBr) 1692, 1505, 1425, 

1380, 1220, HOO (broad), 931, 855, 815, 641, 623 cm·1; 1H NMR (M~SO-d6) 6 2.34 (s, 3, CH3.Ar), 2.39, 2.64 

(2 m, 2, CH2-2' ), 3.53, 3.61 (2 m, 2, CH2-5'), 3.91 (apparent q, 1, H-4'), 4.42 (br m, 1, H-3'), 4.97 (br s, 

1, OH-5'), 5.36 (s, 2, OCHiAf), 6.37 (L. 1, H-1 '), 7.26, 7.53 (2 d, 4, At-H), 8.76 (s, 1, H-8), 8.89 (s, l , H -2), 

• 9.70, 10.36 (2 br s, 2. H-NHi); 13c NMR (MCi5O-dJ 6 20.84 (CH:-,), 39.87 (C2'), 61.22 (C-5'), 70.28 (C 

3 '), 81.54 (OCHiAf), 84.00 (Cl'), 88.7.2 (C-4'), 119.27 (CS), 129.00 (Ar-C3,.5,l ), 130.83 (Ar-C2,6), 139.39 

(Ar-C-4), 142.86 (l eg.Hg == 218.6 Hz, l eg,Hl' • 3.7 Hz, C-8), 144.59 (JCi.H
2 

= 221.9 Hz, C-2), 144.84 (Jc
4

,H
8 

• 13. l Hz, l e H ., 5.4 Hz, ' c .H ..- 2.5 Hz, C-4), 148.28 (Jc .H ., 5.3 Hz, C6). •· 2 4 · 1' 6 2 
2' -Deoxy-1-(2-0uorobenzyloxy)adeooslne, Perchloric Add Salt (lq-2). UV ).max 259 run (13,700) at pH 

l ; 259 (13,600) at pH 7; and 258 (13,300) at pH t3; MS (FAB) m/e 376 (M + l); IR (KBr) 1680, 1645, 

1508, 1240, 1220, 1205, 1100 (broad), 990. 941, 930, 915, 875, 870, 7,55, 622 cm·1; 1H NMR (MeiSO-dJ 6 
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2.39, 2.65 (2 m, 2, CH2-2'), 3.53, 3.61 (2 m, 2, CHr5'), 3.91 (apparent q, 1, i-!-4'), 4.42 (apparent s, 1, H-

3'), 4.97 (br s, 1, OH-5'), 5.39 (apparent s, 1, OH-3'), 5.50 (s, 2, OCHzAI), 6.37 (!, 1, H-1 '), 7.30, 7.56, 
$ 13 

7.69 (3 m, 4, Al-H), 8.77 (2 apparent s, 2, H-8,2), 9.76 10.42 (2 br s, 2, H-NHz); C NMR (Mez5O-d6) & 

39.83 (C-2'), 61.18 (C-5'), 70.24 (C-3'), 74.90 (JCH
2
,F = 2.9 Hz, OCH2Ar), 83.96 (JCi'.Hl' = 169.8 Hz, 

C-1'), 88.20 (C-4'), 115.52 (JAre3F = 21.0 Hz, Ar-C-3), 119.32 (/Cs.Hg= 11.8 Hz, C-5), 119.39 (JArciF = 
13.8 Hz, Ar-C-1), 124.63 (J Are5F = 3.3 Hz, Ar-C-5), 132.50 (J ArCAF = 8.6 Hz, Ar-C-4), 133.02 (J ArC6F = 2.7 

Hz, Ar-C-6), 142.90 (leg.Hg = 218.5 Hz, leg,Hl' = 4.1 Hz, C-8), 144.33 (l ei.Hz = 222.3 Hz, C-2), 144.85 

(le H = 13.1 Hz, le H = 5.3 Hz, le H = 2.6 Hz, C-4), 148.32 (Jc H = 5.4 Hz, C-6), 161.05 (JAr F 
4• 8 •• 2 •• l' 6• 2 C2 

= 248.9 Hz, Ar-C-2). 

2' -Deoxy-1-(3-0uorobenzyloxy)adenoslne, Perchloric Acid Salt (lq-3). UV ). 259 n.m (13,700) at pH max 
l ; 259 (13,500) at pH 7; 258 (13,100) at prl 13; MS (FAB) m/e 376 (M + 1); IR (KBr) 1690, 1505, 1425, 

1260, 1225, 1100 (broad), 932, 624 cm·1; 1H NMR (MezSO-d6) & 2.39, 2.65 (2 m, 2, CH2-2'), 3.54, 3.61 (2 

m, 2, CHr5'), 3.91 (apparent q, 1, H-4'), 4.42 (m, 1, H-3'). 4.97 (m, 1, OH-5'), 5.41 (s, 2, OCHzAI), 5.41 

(m, 1, OH-3'), G.39 (t, 1, H-1 '), 7.32, 7.50, 7.62 (3 m, 4, Ar-H), 8.78 (s, 1, H-8;,, 9.03 (s, 1, H-2) 9.76, 10.40 
$ 

(2 br s, 2, H-NPi); 13c NMR (MezSO-d6) & 39.86 (C-2'), 61.20 (C-5'), 70.28 (C-3'), o0.63 (OCH2Ar), 84.03 

("-1 '), 88.22 (C-4'), 116.55 (J ArCAF = 20.9 Hz, Ar-C-4), 117.38 (J Are2F = 21.9 Hz, Ar-C-2), 119.34 (Jes.Ha' 

= 12.1 Hz, C-5), 126.72 (J ArC6F = 2.2 dz, Ar-C.6), 130.45 (J Ate5F = 8.2 Hz, Ar-C-5), 134.59 (J AreiF = 7.8 

Hz, Ar-C-1), 142.89 (l eg.Hg = 217.9 Hz, l eg.H
1

, = 3.7 Hz, C-8), 144.67 (J~.Hl = 222..3 Hz, C-2), 144.86 

(le u = 13.l Hz, l e u = 5.4 Hz, le H = 2.5 Hz, C-4), 148.25 (Jc , = 5.4 Hz, C6), 161.83 (J ~- F 
4" '8 .. ..-,2 •· 1' 6•· ·2 ·""C3 

• 243.8 Hz, Ar-C-3). 

2'-Deoxy-1-(4-0 uorot.enzyloxy)adenoslne, Petthlorlc Acid Salt (lq-4). UV ).max 259 nm (13,000) at pH 

1; 259 (12,900) at pH 7; 258 (12,900) at pH 13; MS (FAB) m/e 376 (M + l); IR (KBr) 1683, 1514, 1508, 

1385, 1229, 1218, 1100 (broad), 925, 622 c.m·1; 1H NMR (MezSO-d6) & 2.38, 2.65 (2 m, 2, CH2·2'), 3.53, 3.61 

(2 m, 2, CH2-5'), 3.91 (apparent 1, H-4'), 4.42 (m, 1, H-3'), 4.97 (br s, 1, OH-5'), 5.39 (s, 2, OCHzAr), 

6.38 (t, 1, H-1 '), 7.30 (m, 2, Ar-H-3,5), 7.74 (m, 2, Ar-H-2,6), 8.77 (s, 1, H-8), 8.98 (s, 1, H-2), 9.72, 10.39 
$ 

(2 br s, 1, H-NHi); 13c NMR (MezSO-d6l & 39.92 (C-2'), 61.24 (C-5'), 70.31 (C-3'), 80.81 (OCHzAr), 84.08 

(C-1'), 88.25 (C-4'), 115.36 (JAre3,csF = 21.5 Hz, Ar-C-3,5), 119.34 <'es,Hs = 11.8 Hz, CS), 128.41 ('Are1F 

= 3.0 Hz, Ar-C-1), 133.32 (J Are2F = 8.7 H1., Ar-C-2), 142.89 (leg.Hg = 28.2 Hz, leg.HI' -= 3.7 Hz, C-8), 

144.64 (lez.H2 = 222.l H..., ,..;.2), 144.69 ('c ... H2 = 5.3 Hz, ' e•.H~, = 2.5 Hz.. C-4), 148.31 (lc6.H2 = 5.2 Hz, 

C-6), 162.88 (J A.e•F = 146.8 Hz., Ar-C-4). 

9-Benzyl-1-(2-methylbenzyloxy)adenlne, Perch!oric Acid Salt (lr-2). UV >.max 262 nm (13,500) at pH 

1; 261 (13,400) at pH 7; 259 (13,600) &t pH 13; MS (FAB) m/e 346 (M + 1); IR (KBr) 1691, 1514, 1220, 

llOO (broad). 764, 725, 706, 623 cm·1; 1H WAR (MezSO-d6) & 2.45 (s, 3, CH3Ar), 5.45, 5.50 (2 s, 4, OCHzAI, 

• NCHzAI), 7.17-7.46 (m, 9, Ar-H), 8.57 (S. 1, H-2), 8.72 (11, i , I-1·8), 9.73, 10.40 (2 br s, 2, H-NHi); 13C NMR 

(MCzSO-d6) 6 18.63 (Ar-CH)), 41.Gl (NCHzAr), 79.40 (OCHzA!), 119.06 (C-5), 125.81 (OCHzAI-C-5), 127.62 

(NCH2Ar-C-2,6), 128.07 (NCHzAI-C-4), 128.67 (NCHiAf-C-3,5), 129.88 (OCHzAI-C-4), 130.42 (OCHzAI-C-3), 
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130.51 (OCHiA,i-C-1), 131.33 (OCH2Ar-C-6), 135.63 (NCHzAr-C-1), 138.11 (OCHzAr-C-2), 144.31 (JCz,H
2 

= 
222.0 Hz, C-2), 144.84 (leg.Hg = 217.2 Hz, C-8), 1:: 11 (C-4), 148.25 (Jc

6
,H

2 
= 5.1 Hz. C-6). 

9-Benzyl-1-(3-metbylbenzylo,.-y)adenlne, Perchloric Acid Salt (lr-3). UV .).max 261 nm (13,500) at pH 

1; 261 (13,300) at pH 7; 259 (13,600) at pH 13; MS (FAB) m!e '.,46 (M + l); IR (KBr) 1695, 1575, 1375, 

1100 broad, 795, 765, 729, 645, 640, 623 cm·1; 1H NMR (MezSO-d6) l> 2.33 (s, 3, CH3Ar), 5.37, 5.50 (s, 4, 
61 

CH2Ar), 7.35 (m, 9, Ar-H), 8.71, 8.89 (s, 2, H-8,2), 9.68, 10.34 (br s, 2, H-NHz). 

9-Benzyl-1-(4--methylbenzyloxy)adenine, Perchloric Acid Salt (lr-4). UV .).max 261 nm (12,900) at pH 

1; 261 (13,100) at pH7; 259 (13,600) at pH 13; MS (FAB) m /e 346 (M + 1); IR (KBr) 1689, 1620, 1514, 

1425, 1100 (broad), 725, 710, 622 cm·1; 1H NMR (MezSO-d,;) l> 2.33 (s, 3, CH3Ar), 5.35 (s, 2, OCHiAf), 5.49 
61 

(s, 2, NCHiAf), 7.22-7.52 (3 m, 9, Ar-H), 8.69 (s, 1, H-R), 8.85 (s, 1, H-2), 9.67, 10.34 (2 br s, 2, H-NHz); 

13C NMR (MezSO-d6) l> 20.84 (CH3), 47.01 (NCHiAf), 81.44 (OCH2Ar), 118.91 (Jc .H = 12.2 Hz., C-5), 
S 8 

iZ7.65 (NCH2Ar-C-2,6), 128.08 (NCH2Ar-C-4), 128.68 (NCHzAr-C-3), 128.98 (CCH2Ar-C-3,5), 129.02 

(OCHiAf-Cl), 130.83 (OCH2ft r-C-2), 135.64 (NCH2Ar-C-l), 139.36 (OCH2Ar-C-4), 144.64 (JCz,Hz = 221.9 

Hz., C-2), 144.81 ('Cg.Hg = 2H 5 Hz., C-8), 145.32 (Jc4,Hg = 12.9 Hz., !c4,H2 = 6.0 Hz, C-4), 148.24 (JC6.H1 

= 5.6 Hz., C-6). 

9-Benzyl-1-(2-0uorobenzyloicy)adenlne, Perchloric Acid Salt (ls-2). UV .). 261 nm (13,800) at pH l ; max 
261 (13,800) at pH 7; 259 (14,00J) at pH 13; MS (FAB', m /e 350 (M + 1); IR (KEr) 1684, 1620, 1580, 1514, 

1490, 1455, 1415, 1100 (broad), 754, 697. 623 cm·1; 1H NMR (MezSO-d6) l> 5.49 {s, 4, OCHiAf, NCHzAr), 
$ 

7.25-7.70 (m, 9, Ar-H), 8.70 (s, 1, H-8), 8.74 ,._, 1, H-2), 9.73, 10.39 (2 br s, 2, H-NHz); 13C NMR (MezSO-d6) 

l> 47.02 (NCHzAr), 74.84 (JCH
2
,F = 2.6 Hz., OCH2Ar), 115.48 (OCHzAr-C-3), 118.99 (JCs,Hs = 11.9 Hz., C-5), 

119.42 (J ArClF = 14.2 Hz., OCH2Ar-C-l), 124.62 (J ArcsF • 3.3 Hz., CH2Ar-C5), 127.62 (NCHiAf-C-2,6), 

128.09 (NCHzAr-C-4), 128.70 (NCHiAf-C3,5), 132.48 (J Are4F = 8.5 Hz., OCHzAr-C4), 133.02 (J Ara,F = 2.8 

Hz., OCH2Ar-C-6), 135.62 (NCHzAr-C-1), 144.32 (Jez.Hz = 222.0 Hz, C-2), 144.87 (leg.Hg = 2'!7.0 Hz., C8), 

145.36 (C-4), 148.29 (lc6,H2 = 5.4 Hz, C-6), 161.06 (J Are2F >= 248.9 Hz., OCHzAr-C2). 

9-Benzyl-1•(3-0uorobenzyloxy)ade.nlne, Perchloric Acid Salt (ls-3). UV .>.max 262 nm (13,700) at pH 1; 

261 (13,900) at pH 7, 259 (13,900) at pH 13; MS (FAB) m/e 350 (M + I); IR (KBr) 1692, 1672, 1510, 1456, 

1100 (broad), 713, 702, 623 cm·1; 1H NMR (MezSO-d6) l> 5.40 (s, 2, OCH2Ar), S.50 (s, 2, NCHiAf), 7.30-7.61 
61 

(3 m, 9, Ar-H), 8.72 (s, 1, H-8), 8.98 (s, 1, H-2), 9.71, 10.38 (2 br s, 21 H-NHz); 13C NMR (MezSO-d6) ~ 

47.05 (NCHiAf), 80.58 (OCHzAr), 116.53 (J Are4F = 20.9 Hz., OCHzAr-C-4), 117.37 (J Are2F = 21.7 Hz., 

OCHiAf-C2), 119.00 (Jc
5
,H

8 
= 12.0 Hz., C5), 126.71 (J ArC6F = 2.6 Hz., OCHiAf-C-6), 127.70 (NCHzAr-C· 

2,6), 128.10 (NCHzAr-C~4), 128.70 (NCHiAr-C3,5), 130.45 (J Are5F = 8.2 Hz, OCHiAf-C-5), 134.35 (.1 ArciF 

• 7.9 Hz., OCHiAr-Cl), 135.64 (NCHiAf-Cl), 144.67 (lez.H
2 

• 222.0 Hz., C-2), 144.84 (leg.Hg• 117.0 Hz., 

'CsAri • 4.1 Hz., C-8), 145.37 (Jc
4
.H

8 
= 13.3 Hz, lc

4
.H

2 
• 6.0 Hz. C-4), 148.23 (Jc.

6
.H

2 
• 5.2 H.->~ C-6), 161.85 

(! Aie3F • 244,l Hz., OCHiAf·C-3), 

9-Beruyl-1-(4-0uorobenzyloxy)adenlne, Pe.rchloric Acid Salt (ls-4). UV .).max 261 nm (13,00J) at pH l ; 

261 ( 13,00J) at pH 7; 259 (13,500) at pH 13; MS (FAB) m/t 350 (M + 1); TP (KBr) 1692, 1615, 1600, 1575, 

1513, 1495, 1425, 1355, 1228, 1162, 1100 (broad), 860, 845, 725, 710, 623 cm·1; 1H NMR (MezSO-d6) ti 5.39 
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(s, 2, OCH2Ar), 5.51 (s, 2, NCHzAr), 7.34, 7.73 (2 m, 9, Ar·H), 8.72 (s, 1, H-8), 8.95 (s, 1, n-2), 9.70, 10.36 
$ 

(2 br s, 2, H-NH;?); 13c NMR (M~ SO-46) 6 47.03 (NCHzAr), 80.68 (OCH2Ar), 115.34 (J Ar F = 21.7 Hz, 
C3,CS 

O CH2Ar-C-3,5), 118.95 (J cs,Hs = 10.8 Hz. CS), 127.67 (NCH/ -v-C2,6), 128.09 (NCH2Ar·C-4), 128.69 

(NCH2Ar-C-3,5), 128.46 (J ArciF = 2.9 Hz. OCHzAr-Cl), 133.30 (.'Are2,e4F = 8.7, OCH2Ar-C2,4), 135.62 

(NCHzAr-C-1), 144.70 (J~.H2 = 222.0 Hz. C 2), 144.81 (Jeg,Hs = 217.0 Hz. JCgAtc1 = 4.5 Hz, C8), 145.36 

(J c4,Hs = 1.8 Hz~ l c 4,H2 = 5.2 Hz, JC4Arci = 3.1 Hz. C-4), 162.84 (J Ate4F = 246.8 Hz, OCH2Ar-C-4). 

9-Benzyl-1-e.tboxyadenlne, PerchJoric Acid Salt (2t). UV .).max 261 nm (12,500) at pH l ; 260 (12,700) 

at pH 7; 258 (13.100) at pH 13; MS (FAB) m/e 270 (M + l ); IR (KBr) 1701, 1620, 1515, 1455, 1425, 1415, 

1225, 1100 broad, 1000, 735, 707, 650, 623 cm·1; 1H NMR (M~SO-46) 6 1.43 (t, 3, OCH2CH)), 4.42 (q, 2, 

OCH2CH3), 5.51 (s, 2, CH 2Ar), 7.38 (m, 5, Ar-H), 8.71 {s, 1, H-8), 9.11 (s, 1, H-2), 9.56, 10.28 (br s, 2, H­
e 
NHi). 

9-Methyl-1•(2-methylbenzyloxy)adenlne, Perchloric Add Salt (la.-2). UV >.max 261 nm (12,400) at pH 

l ; 261 (12,000) at pH 7; 259 (12,300) at pH 13; MS (FAB) m/e 270 (M + 1); IR (KBr) 1689, 1526, 1410, 

1100 (broad), 768, 749, 654, 622 cm·1, 1H NMR (M~SO-46) 6 2.-46 (s, 3, CH3Ar), 3.83 (s, 3, CH3-9), 5.45 
e 

(s, 2, OCH2Ar), 7.20-7.44 (3 m, 4, Ar-H), 8.49 (s, 1, H-2), 8.51 (s, 1, H-8), 9.71, 10.36 (2 br s, 2, H-NHi); 

13c NMR (M~ SO-46) 6 18.62 (Ar-CH3), 30.15 (N9-CH3), 79.39 (\'.:Hi), 118.67 (' cs,Hs = 12.5 Hz, C-5), 125.85 

(Ar-C-5\ 129.92 (Ar•C4), 130.45 (Ar-C-1,3), 131.38 (Ar-C-6), 138.15 (Ar-C2), 143.98 (J~,H
2 

= 221.9 Hz, 

C2), 145.57 (leg.Hg = 216.7 Hz, l cg,NCH3 = 3.4 Hz. C-8), 145.68 (C-4), 148.04 (l c b.H2 = 5.3 Hz. C-6). 

9-Methyl•l-(3-methylbenzyloxy)adenlne, Perchloric Acid Salt (lu-3). UV .). 261 nm (12.300) at pH 
max 

l ; 260 (12,700) at pH 7; 258 (12,&10) at pH 13; MS (FAB) m/e 270 (M + l ); IR (KBr) 1686, 1:525, 1410, 

1385, 1230, 1100 (broad), 7Y3, 692, 644, 623 cm·1; 1H NMR (M~O-46) 6 2.34 ~s, 3, CH3Ar), 3.83 (s, 3, CH3-

9), 5.37 (s, 2, OCH2Ar), 7.28· 7.42 (m, 3, Ar-H-4,5,6), 7.48 (s, 1, Ar-H-2), 8.50 (s, 1, H-8), 8.89 (s, 1, H-2), 
$ 13 , 

9.64, 10.29 (2 br s, 2, H -l'IHi); C NMR (Me.i,c;O-a6) 6 20.78 1ArCH)), 30.16 (CH1-9), 81.63 (CH2Ar), 118.55 

(' cs.Hs • 11.5 Hz, C S), 127.71, 128.30, 130.'.?9, 131.22, 131.88 (Ar·C), 137.71 (Ar-C3), 144.30 (JCi,H2 = 222.0 

Hz, C2), 145.54 (l eg.Hg = 216.6 Hz, , Cg,9-0-13 .. 3.4 Hz, C-8), 145.71 (C-4), 148.00 (l c6,Hz = 5.1 Hz. Cl,. 
6-Methylamlno-1-(3-methylbenzyloxy)-9-~-D-riboruranosylpurine, Pttthloric Acid Salt (lv-3). UV >.max 

263 nm (13,500) at pH 1; 263 (13,(i()()) at pH 7; 261 (12,(i()()) at pH 13; MS (FAB) m/e 402 (M + l); IR 

(KBr) 1662, 1595, 1509, 1425, 1350, 1220, 1100 (broad), 975, 870, 690, 665, 624 cm·1; 1H NMR (M~ SO-46) 

6 2.35 (s, 3, CH3Ar), 3.56 (s, 3, CH 3N), 3.56, 3.68 (2 m, 2, ' • '.S' • = 3.8 Hz, J4 ,,s•b = 4.0 Hz, ' s•a,s•b = 12.0 

Hz, CHi-5'), 3.99 {apparent q, 1, H-4'), 4.15 (ap;Jarent q, l , J3, ,4, = 3.9 Hz. H-3'), 4.48 (apparent q, 1, 

J,,,3, = 4.9 Hz, H -2'), 5.10 (apparent t. 1, OH-5'), 5.43 (apparent d, 1, J3,,3,..0H = 5.2 Hz, OH-3'), 5.47 

(s, 2, OCHiAf), 5.62 (d, 1, 12, ,z,..oH = 6.0 Hz, OH-2'), 5.96 (d, 1, J1 , 2 , = 5.3 Hz, H-1 '), 7.27-7.47 (m, 4, 

Ar-H), 8.83 (s, 1, H-~). 8.95 (s, 1, r .-2), 9.82 (br s, 1, CH3NH); 13c NMR (M~ SO-46) 6 20.76 (ArCH)), 31.32 

(NCH 3), 60.78 (C·S'), 69.89 (C-3'), 74,41 (C-2'), 81.83 (CHiAf), 85.86 (l c.H = 170.63 Hz, C l'), 119.15 

(C-5), 127 .68 (Ar-C-6), 128.33 (Ar-CS), 130.35 (Ar·C-4), 131.16 (Ar-C2), 131.78 {Ar-Cl ), 137.75 (Ar·C-3), 

142.21 (C-8). 145.05 (C2), 146.14 (C-4), 146.76 (C-6). 
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6-Methylamlno-l-(2•methylbenzyloxy)-9-P•D-rlboruranosylpurine, Perchlorlc Acid Sult (lv-2). UV '-max 

263 nm (12,900) at pH 1; 263 (13,200) at pH 7; 260 (11,700) at pH 13; MS (FAB) m/e 402 (M + 1); IR 

(K.Br) 1667, 1595, 1505, 1425, 1100 (broad), 1020, 985, 895, 620 cm·1; 1H NMR (MezSO-dJ 6 2.46 (s, 3, 

CH3Ar), 3.59 (s, 3, CH"JN), 3.59, 3.68 (2 m, 2, 14,,s•a = 3.8 Hz, 14,,s,b = 3.9 Hz, ls•a,.'-'b = 12.0 Hz, H-5' ), 

3.98 (apparent q, 1, H-4'), 4.14 (apparent q, 1, 13, ,4, = 4.4 Hz, H-3'), 4.47 (apparent q, 1, 12 , .3' = 5.1 Hz, 

H-2'), 5.10 (apparent t, 1, OH-~'), 5.33 {apparent d, 1, OH-3'), 5.46 (s, 2, OCH2Ar), 5.61 (apparent d, 1, 

12, ,2,.oH = 5.9 Hz, OH-2'), 5.94 (d, 1, 11, ,2, = 5.3 Hz, H-1'), 7.20-7.46 (3 m, 4, Ar-H), 8.62 (s, 1, H-2), 

8.85 (s, 1, H-8), 9.89 (br s, 1, CH3NH); 13C NMR (MezSO-d6) 6 18.61 (ArCH3), 31.37 (NCH3) , 60.75 (CS'), 

69.87 (C-3' ), 74.33 (C-2 '), 79.60 (CH2Ar), 85.84 (C-4'), 87.53 (lc; , ,H
1
, = 168.0 Hz, Cl '), 119.21 (CS), 

125.81 (Ar-C-5), 129.93 (Ar-C-4), 130.43 (Ar-Cl,3), 131.23 (Ar-C-6), 138.12 (Ar-C-2), 142.19 (CS), 144.74 

(C-2), 146.09 (C-4), 146.75 (C-6). 

6-Methylamino-1-(2,4-dlnuorobenzyloxy)-9-P-D-rlboruranosylpurine, Perchlorlc Acid Salt (2w). UV '-max 

263 nm (14,400) at pH 1; 263 (14,300) at pH 7; 260 (12,600) at pH l ?-; MS (FAB) m/e 424 (M + l); IR 

(KBr) 1671, 1595, 1510, 1505, 1100 (broad), 985, 860, 623 .m·1; 1H NMR (MezSO-dJ 6 3.56 (s, 3, CH3N), 

3.56, 3.66 (2 m, 2, 14,,s, 8 = 14,,s,b = 3.9 Hz, ls•a.S'b = 11.9 Hz, CH2-5' ), 3.99 {apparent q, 1, H-4' ), 4.15 

(apparent q, 1, 13, ,4, = 3.9 Hz, H-3'), 4.50 (apparent q. 1, 12 , .3, = 4.9 Hz, H-2'), 5.11 (apparent t, 1, 15,,s,. 

OH = 5.2 Hz, OH-5'), 5.84 (apparent d, l, 13, ,3•.oH = 5.2 Hz, OH-3'), 5.49 (s, 2, OCH2Ar), 5.62 (d, 1, 

12,;i, OH = 6.1 Hz. OH-2'), 5.96 (d. l, 11, ,2, = 5.3 Hz, H-1 ' ), 7.23, 7.42 (2 m, 2. Ar-H-3.5), 7.73 (m, l, Ar­

H-6), 8.85 (apparent d, 2, H-8.2), 9.90 (br s, 1, CH3NH); 13C NMR (MezSO-d6) 6 31.30 (NCH3), «J.77 (C 

5'), 69.88 (C3'), 74.39 (C2' ), 74.46 (OCHiAf), 85.87 (C-4'), 87.59 (lc,H = 167.83 Hz, Cl'), 104.33 (Jc,F 

= 21.17 Hz, Ar-C3), 111.88 (lc5,F4 = 21.47 Hz, lc5,F2 '"' S.10 Hz, Ar-C5), 116.03 (JC-i.F2 ~ 14.«J Hz, JC-i.F4 

= 3.48 Hz, Ar-Cl), 119.24 (C-5), 134.46 (lc,F • 10.36 Hz.Icy -= 4.38 Hz, Ar-C-6), 142.23 (CS), 144.84 (C 

2), 146.16 (C-4), 146.81 (C-6), l«J.82 (lc4,F4 "" 148.93 Hz, lc4,F2 .,. 12.25 Hz, Ar-C-4), 164.34 (JCi,F2 = 
147.20 fu, 1Ci;F

4 
= 12.50 Hz, Ar-C2). 

2,6-Dlamlno-1-(3-methylbenzyloxy)-9-p-o-rtboruranosylpurine, Percblortc Acid Salt (lx). UV '-max 256 

nm (10,900), 295 nm (9,200) at pH 1; 256 (11,200), 295 (9,300) at pH 7; 268 ( 16,CXXJ) at pH 13; MS (FAB) 

m/e 403 (M + 1); IR (KBr) 1696, 1644, 1634, 1594, 1420, 1100 (broad), 860, 624 cm·1; 1H NMR (MezSO-d6) 

6 2.30 (s, 3, CH3Al·), 3.55, 3.64 (2 m, 2, 14, ,s ,1 = 14,,5,b = 4.1 Hz, J5,1,5,b = 12.0 Hz. H-5' ). 3.91 (apparent 

q, 1, H-4'), 4.10 (apparent q, 1, 13,,4, -= 3.5 1----. H-J' ), 4.40 (apparent q, 1, J2,.3, = 4.9 Hz, H-2'), 5.13 

(apparent t. 1, OH-5' ), 5.18-5.28 (2 m, 2, OCH2Ar), 5.23 (app:irent d, 1, OH-3' ), 5.47 (apparent d, 1, OH-

2'), 5.71 (d, 1, J1,,2, = 5.8 Hz, H-1 '), 7.22-7.43 (m, 4, Ar-H), 8.19 (br s, 2, NH2-2), 8.35 (s, 1, H-8), 9.03, 

9.81 (2 br s, 2, NHi-6). 

8-Bromo~l-(3-melhylberu;yloxy)adenoslne, Perchlortc Acid Salt (2y) . UV '-max 265 nm (16,500) at pH 

1; 264 (15,800) at pH 7; 260 (13,700) at pH 13; MS (FAB) m/e 466 (M + l ); IR (KBr) 1685, 1475, 1410, 

1300, 1100 (broad), 985, 890, 880, 765, 623, 610 cm·1; 1H NMR (MezSO-d6) 6 2.35 (s, 3, CH3Ar), 3.51, 3.67 

(2 m, 2, 14,.5 ,1 = 5.6 Hz, / 4,.s,b = 5.4 Hz, l s ,,,5 ,b = 11.7 Hz, CH2-5'), 3.96 (appare.nt q. 1, H-4' ), 4.22 
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(apparent t, 1, 13, ,4, = 3.5 Hz., H-3'), 4.96 (t, 1, J2, ,3, = 5.3 Hz., H-2'), 5.36 (s, 2, OCR2Ar), 5.90 {d, 1, 
e 

111,2,1 -= 6.0 Hz., H-1'), 7.28-7.50 (m, 4, Ar-H), 9.01 (s, 1, H-2), 9.89, 10.57 (bis, 2, H-~ ); 13c NMR 

(MeiSO-46) 6 20.76 (CH3), 61.51 (C-5'), 70.10 (C3'), 71.31 (C2'), 81.85 (CHiAf), 86.30 (C-4'), 90.65 

(lc,H = 162. 78 Hz., Cl'), 120.22 (CS), 127.76 (Ar-C6), 128.28 (Ar-CS), 130.32 (Ar-C2), 130.71 (CS), 

131.29 (Ar-C-4), 131.77 (Ar-C-3), 137.67 (Ar-Cl ), 144.82 (C2), :46.02 (C-4), 147.36 (C6). 

p,p'•Dicyanoterephthalanilide or (N,N'-Bis(4..cyanophenyl)-1,4-pbenyldicarboxamlde) (4). Two grams of 

[2807-49-A•J (SRI-lW) (NSC D73449) were recrystallized from DMF, washed wit?t EtOH, and dried: (0685-

35-SD) 1.7 g; mp 320 °C cap; MS (FAB) m /e 367 (M + 1); JR (l<..B~) 2230, 1675, 1597, 1532, 1506, 1403, 

1321, 1261, 845 cm·1; 1H NMR (MezSO-46) 6 7.84 (d, 4, H-3' ,3" ,5' ,5"), 8.Cl (d, 4, H-2' ,211,61,611
), 

8.10 (s, 4, H-2,3,5,6), 10.78 (s, 2, NH). Anal. Qllc.d for Ci2H14N4O2 ·0.25H2O: C, 71.25; H, 3.94; N, 15.20. 

Found: C, 71.30; H, 3.97; N, 15.20. •This sample was originally synthesized by Dr. J. L. Greene, Jr. 

4 ',4' '-Bis [5-methyl-l,4,5,6-tetrahydaopyrlmldln-2•yl) •2,S•pyrldlnedlcarboxanlllde, Dihydrochloride or 

N ,N '•Bis-[ 4-(5-methyl-1,3,4,5-tetrabydropyrlmldln-2-yl)pbenyl)-2,5-pyridinedicarboxamide, Dlhydrochloride (5) . 

Compound 3377-l33A• (SRI-89W) (NSC D84442) (2.6 g) was dissolved in hot water, filleted, cooled, and 

diluted with acetonitrile. The product was collected by filtration, washed with acetonitrile, and dried at 78 °C 

over P2O5: yield 1.9 g; mp >320 °C; MS (FAB) m/e 510 (M + l); IR (KB-:) 1675, 1643, 1614, 1597, 1516, 

1465, 1415, 1390, 1328, 1310, 1284, 1260 cm·1; 1H NMR {MeiSO-dJ 6 1.05 (d, 6, CHy, 2.11 (br s, 2, 

pyrimidin-H-5,5'), 3.12 (apparent q, 4, pyrimldjn.H-4,4',6,6'), 3.56 (d d, 4, pyrimidin-H-4.4',66'), 7.84 

(apparent q, 4, Ar-H-2' ,6',3",5"), 8.10, 8.19 (d d, 4, Ar-H-3'.S',2",6"), 8.34 (d, 1, H-3), 8.68 (d d, 

1, pyridyl-H-4), 9.32 (d, 1, pyridyl-H-6), 10.06 (s, 2, pyrimjdin-H-3,3'), 11.19, 11.30 (2 s, 2, CONH). Anal 

Calc.d for ~ 33C12N7O2 ·0.~!SH2O: C, 58.01; H, 5.90; N, 16.63. Found: C, 58.02; H, 5.18; N, 16.61. •This 

sample was originally synthesized by Dr. J. L. Greene, Jr. 

N,N'-Bls[4-(4,5-dlhydro-4(or 5)-methyl-lB-imldazo.2-yt)phenyl)-l,4-cyclohexanedlcarboxamlde, dlhydro­

chloride (6). C.Umpound (NSC D88689) (SRI-116W) (NB 3519-73*) (2.8 g) was dissolved in 175 mL hot 

water, filtered, cooled, and diluted wiht 175 mL acetonilrile. The first crop of crystals was on!:; 1.05 g, so the 

volume acetonitrile was reduced under reduced pr~ure. About 500 mL of acetone 'NaS added and a second 

crop of 1.16 was obtained. The two crops were combined and recrystallized from 150 mL bot water. After 

crystallization was well established and the mixture had cooled, 400 mL of acetone was adGed. The product 

was coUer.ted and dried 20 h at 75 °Cover P2O5: yield 2.05 g; mp 280 ':; MS (FAB) m/e 487 (M + 1); rR 

(KBr) 1680, 1605, 1575, 1511, 1350, 1325, 1305, 1260, 1170 an·1; 1H NMR (020 ) 6 1.14 (d, 6, CH)), 1.31 

(br t, 4, H-2,3,5,6 axial), 1.77 (d, 4, H-2,3,5,6-equatorial), 2.22 (br s, 2, Ar-H-1,4-caxial), 3.37, 3.89 (q, t, 4, 

imidaroyl-H-5), 4.25 (s, 2, imida.z.oyl-H-1,4-axial), 7.48 (q, 8, Ar-H-2,2' ,3,3',5,5',6,6'). Anal C-alc.d for 

CisH360 2N6O2 • 1.75H2O : C. 56.90; H , 6.74; N, 14.22. Found: C, 56.92; H, 6.76; N, 14.21. •This sample 

was originally synthesized by Dr. J. L. Greene, Jr. 

N,N-Bls ( ' •(5-hydro.q-1,4,5,6-tetrahydro-pyri mldln-2-yl) phenyl) -1,4-cyclobexanedlcarboxamlde, dl-

bydrocblorldt- (7). Com,>0und (NSC D87183) (SRI-95W) [NB-368-93A•), 2.9 &, ·was dissolved in HiOO mL of 

bot water, filtered, w<>lcd, and acidified with 30-40 mL of 2 N HCL The product was collected, washed with 
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2 N HCl and acetone. It was dried af 78 °c for 16 h over phospt,o.us pentoxide: yield, 2.75 g; mp -260 °C; 

MS (FAB): m/e 519 (M + 1); IR {KBr) 1668, 1646, 1619, 1595, 1520, 1413, and 849 crn·1; 1H 1'."MR (MCiSO­

d6) 6 1.50 (apparent t, 4, H-2,3,5,6 axial), 1.96 (apparent d, 4, H-2,3,5,6 equatorial), 2.46 (br m, 2, H-1,4 axial), 

3.33, 3.52 (2 d, 8, pyrimidyl-H-4',4",6',6" axial, 4',4",6',6" equatorial), 4.22 (apparent d, 2, 

pyrimidyl-H-5' ,5"), 5.59 (d, 2, OH), 7.71, 7.85 (2 d, 8, H-2' ,2" ,3' ,3" .S' ,5",6',6"), 9.85 (s, 2, 

pyrimidyl-NH), IO.SO (s, 2, CONH). Anal Calcd for C:zsH36a 2N6O4 · ?HzO: C, 53.59; H . 6.42: N, 1339. 

Found: C, 53.46; H, 6.47; N, 13.22. 

•This sample was originally synthesized ty B. H. Smith, Jr. 

N,N'-Bis[4-(4~-dJhydro-4(or S)•methyl-lH-imidazol-2-yl)phenyl)•l~-pyraz.inedlcarboxaamlde, Dihydro­

chlorlde (8). Compound (NSC 0 93174) (SRI-125W) fNB-3693-55A•], 3.t- g, was dissolved in 75 mL bo t 

water, charcoaled, filtered, cooled, and acidified with 2 N HCl. The product was collectetl, washed with 2N 

HCI and acetone, and dried at 78 °C for 16 h over phosphorus pentoxide: yield, 3.2 g; mp -260 °C; MS 

(FAB): m/e 483 (M + 1); IR (KBr) 1692, 1613. 1570, 1515, 1326 cm·1; 111 NMR (M~O-d~ 6 1.39 (d, 6, 

CH3), 3.57 (apparent q. 2, imidazolyl-H-5' .5"), 4.13 (apparent t, 2, imidazolyl-H-5' ,5"), 4.46 (br s, 2, 

imidazolyl-H-4',4"), 6.07 (2 d, 8, Ar-H), 9.43 (s, 2, pyrazinyl-H-3,6), 10.65 (br s, 2, CON}!), 11.44 (s, 2, 

CONH). Anal Calcd for Cu;H28CJ2N8O2 · 2.25H2O: C, 52.39; H, 5.50; N, 18.80. Found: C, 52.39; H, 5.49; 

N, 18.81. 

•1rus sample was originally synthesized "·· B. H. f)mith, Jr. 

N,N'•l ,4-Butanediylbls [N-[4-(4,5-dlhydro-lH-lmlda;.t01•2-yl)phenyl)acetamlde, Dlbydrochlorlde (9). 

Compound (NSC 093181) (SRl-133W) (NB 3887-63B•], 4.1 g, was dissolved in 13 mL 2 N HCJ. The solution 

was slowly diluted alternately with acetone and water until a crystalline product formed from the mixture 

rather than an oil. A total volume of about 250 mL was used. The product was collected, washed with 

acetone, and dried 16 h at 78 °c in vacuo over phosphorus pentoxide: yield, 4.1 g; mp 191-195 °c, !>hrinks 

at 187 °C; MS (FAB): m/e 461 (M + 1); IR (KBr) 1664, 1613, 1513, 1394, 1368, 1284, 1185, and 681) cm·1; 

1H NMR (MezSO-dJ 6 1.34 (br s, 4, CH2-2,3), 1.83 (s, 6, CH)), 3.22-3.40 (br s, H2O), 3.65 (br s, 4, CH2-l ,4), 

4.01 (s, 8, imidarolyl-H-4',~' ,4" ,4" ,5' ,5',5" ,5"), 7.51 (apparent d, 4, H-2' ,2" ,6',6"), 8.22 (appar­

ent d, 4, H-3' ,3" ,5' .S"), 11.05 (br s, 2, NH). Anal Calcd for ~ H340 2N6O 2 · ?.H2O: C, 54.82; H, 

6.73; N, 14.76. Found: C, 54.6:'i· H, 6.78; N, 14.72. 

3,6-Dlphenoxyhexabydro-1.2,4,5,3,6-tetr.::..zadiphosphorine (12). In an oven-dried 2-L round-bottomed 3-

necked Oask equipped with an addition funnel, drying tube, mechanical stirrer, and a thermometer was placed 

900 mL of accton.itrile (dried over molecular sieves), 43 g (0.426 mol) of trie1hylamine, and 4.55 g (0.142 mol) 

of anhydrous hydrazine. The reaction solution was chilled to -20 °C and a solution of 30 g (0.142 mot) of 

phenyl dicbloropbosphate in 200 mL of acetonitrile (M. S. dried) was added dropwise over 3 b with good 

stirring. The temperature was maintained at -20 to - 15 °C during the addition. and for o n~half h mor e. 

The reaction was then stirred for 1 h at -10 °C. The reaction was then stirred in an ice bucket and ~cached 

10 "': over 8 h. The reactior. was stirred for 2 h at room temperature while the progress of the reaction was 

checked by thin-layer chro matography (TLC). The white precipitate v.,as collected by filtration, v.-ashed with 

acetonltrile, and dried: 21.4 g product and triethylamine hydrochloride. 
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The dried mixture was suspended in water, the lumps were ground, and the insoluble material was 

collected, washed with water, and dried: 4.1 g (17%); mp about 240 °C cap. The crude product was 

recrystallized fwm -350 mL bot methanol, filtered, allowed to coot slowly, chilled in the refrigerator, collected, 

and dried over phosphorus pentoxide, yield: 1.9 g (8%); mF 258-262 °C cap; IR (KBr) 1595, 1492, 1208, 1163, 

1154, 1005, 972, 774, 767, 745, 685, 463 cm·1; MS (electron-impa~ direct-probe temperature, 20 °C) m/e 340 

(M), 247 (M - 00); 1H NMR (MCiSO-d6) 6 7.19, 7.36 (2 m, 10, phenyl), 7.49, 7.59 (2 s, 4, NH); 31P NMR 

(MeiSO-d6) l7.6 ppm (referenced to external 85% H3P04). Anal Calcd for c;2H14N40 4P2: C, 42.36; H, 

4.15; N, 16.47. Found: C, 42.43; H, 4.18; N, 16.46. 

3,6-Dlphenoxyhexabydro-l,1,4,5~,6-tetraza ~lphosphorine 3,6-Dlsulfide6 (14). 1n an oven-dried 500 mL 

round-bottomed 3-necked flask equipped with an addition funnel, drying tube, mechanical stirrer, and a 

thermometer was placed 250 mL of ac.etonitrile (dried over molecular sieves), 4.7 g (46.6 mmol) of triethylam­

ine, and 0.50 g (15.5 mmol) of anhydrous hydrazil!e. The reaction ,~•as protected from atmospheric moisture 

with an argon atmosphere. The reaction solution was chilled to -W 0 c and a solution of 3.3 g (0.016 mol) 

of phenyl dichloridothiopt.osphate in 20 mL of ac.etonilrile (molecular sieve) was added dropwise over 3 b with 

good stirring. The temperature was maintained at -20 to -15 °C d uring the addition and for one--half h more. 

The reaction was then stirred for 1 h at -10 °c and at room temperature overnight After the reaction 

mixture was evaporate4, the gummy white solid was treated with -30 mL of ethyl acetate. The insoluble 

portion was removed by filtratfon and the filtrate evaporated to a glass, 3.0 g (56%). The glass was dissolved 

in -10 mL of warm methanol, filtered, cooled, and the filtrate slowly diluted with water. As crystallization 

occurrc.d more water was slowly added until a heavy precipitate had formed. The mixture was chilled and the 

product collected and dried: 2.2 g (H%); mp 174-177 °C cap cloudy melt, 184-186 °c clear melt.. 

The crude product was recrystallized Crom 15 mL methanol by adding 15 mL water. The product was 

collected, washed with water, and dried: 1.9 g (35%). The product was passed through a 50-g fiasb column 

of silica gel using 3:1 carbon tetrr._chloride-teuahydrofuran. After rwo recrystallizations from ethyl acetate­

hexane, an analytical sample was obta:ned, dried in vacuo over phospho rus pentoxide at 78 °C for 3 h: yield 

1.1 g (20%); mp 193-200 °C cap; MS (EI) m/e 372 (M+), 279 (372 - OPh); IR (KBr) 1590, 1488, 1196, ll(J(), 

932. 901, 768, 703, 694, 686 cm·1; 1H NMR (MeiSO-dJ 6 7.21, 7.37 (2 rn, 10, Ar-H); 7.76, 7.88 (2 d, 4, NH). 

Anal Calcd for c;2H14N40 2P2S2: C, 38.71; H, 3.79; N, 15.05. Found: C, 38.75; H, 3.89; N, 14.80. 

l,5-Dlmethyl-3,6-dlphenoxyhexahydro-l,1,4,5~,6-tetruadlphosphorine 3,6-Dlsulflde7
" (17). In an oven 

dried apparatus consisting of a I L three-necked round-bottomed 0ask equipped with two addition funnels, 

a magnetic stirring bar, a renux condenser, and a calcium sulfate drying tube was placed 12.2 g (0.121 mo!) 

or triethylamine and 300 mL of molecular sieve (4A) dried ether. Toe reaction was conducted in an argon 

atmosphere. The triethylarnine solution was heated to gentle reflux and solutfons of 13.5 g (55 mmol) of 

phenyl 2.2'-dimethylphosphorodihydrazidothioatc in 75 mL of dry ether a nd 12.5 g (55 mmol) of 

pbenyldichlo rothiophosphate In 75 mL of dry ether were added dro pwise. simultaneously, over 3 b with gcod 

stirring. The reaction mixture was refluxed an additional 2 h before ii was c.ooled a.-1 the precipitated 

triethylamfoe hydrochloride was removed by filtration. The filter cake was wash~ with e1:,er and the Ciltrate 

(and washings) was evaporated at reduced pressure. The crude product was treated with 3:1 carbon 
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tetrachloride-t~ rahydrofuran and passed through a flash column of 500 g of silica gel. The appropriate 

fractions, as indicated by TI.£, were combined and evaporated. 

Since TI£ indicated some product was no t dissolved and passed through the flash column, the residue 

was treated with 250 mL of ethyl acetate. The ethyl acetate solution was added to 50 g of silica gel and 

evaporated in vacuo. The silica gel was placed on top of a 200 g silica gel column and developed with 3:1 

carbon tetrachloride-tctrahydrofuran. The fractions conta:a.ing the product were combined, evaporated, and 

combined with the product fraction from the previous column by solution in toluene. The solution was 

filtered, cooled, and slowly diluted with hexane. Crystallization was induced by scratching. The product was 

collected, washed with hexane, and dried: yield 2.6 g (12%); mp 150.160 "C cap; MS (EI) m/e 400 (M+), 307 

(400 · OPh); IR (l<Br) 1585, 1488, 1196, 1160, 1020, 938, 929, 905, 787, 768, 760, 690, 674 cm·1; 1H NMR 

(Mei5O-d6) 6 2.99 (apparent q, 6, CH3 of 1,4-Mei II), 3.19 {apparent q, 6, CH3 of 2,4-MC-i I), 7.20 (m, 10, 

Ar), 7.40 (m, 10, Ar), 8.35 (d, 2, NH of 1,4-MC-i U), 8.42 (d, 2, NH of 2,4-MC-i I). Anal Calcxf for 

C14H18N4O2Pz52 ·0.0IOC,H8: C, 42.63; H, 4.70; N, 13.53. Found: C, 42.56; H, 4.63; N, 13.55. 

~-vThreo-vglyc:ero-3-hexulofuranosonlc Acid, 2-C-(5-Methyl-2-fur:· ,ri)-«-lactone (18). L-Ascorbic acid 

(24.2 g, 0.168 mol) was dissolved in 149.6 mL of distilled water that had been purged with nitrogen overnight. 

Fr~hly distilled 2-metbyl-2,5-dimethoxy-2,5-dihydrofuran (25.03 g, 0.17 mo!) was added dropwise with s tirring 

over a period of approximately 1.5 b. After the addition was complete, the yellow reaction mixture was left 

sti.:ring under nitrogen over tbe weekend. The yellow liquid was freez.e..dried overnight. The brownish-yellow 

crude product was purified by shaJcing its ethyl acetate solution wilh neutral decolorizing carbon until a 

colorless solution resulted. After removal of the charcoal by fiJcratJon, the solvent was evaporated to dryness 

to give 9.97 g of powdered, amorphous solid, IR (KBr) 3600-3050 (s, broad, OH), 1795 (s, lactone CO), 1615 

and 1550 (w, furan C•C) cm·1; 1H NMR (MezSO-d6) 6 6.86 (br s, 1, OH-2), 6.43 (s, 1, OH-3), 6.34 (d, 1, 

H-3'), 6.04 (d, 1, H-4'), 5.58 (br s, 1, OH-5), 4.57 (s, 1, H-4), 4.33 (br s, 1, H-5), 4.20 (d d, 1, H-6, J • 6 

Hz), 3.89 (d d, 1, 6 H , J = 3 Hz), 2.23 (s, 3, CH3-5'); 13C NMR (MezSO-d6) 177.90 (C-1), 151.48 (CS'), 

148.31 (C-2'), 108.97 (C-4'), 106.84 (CXl3), 106.33 (C3'), 87.47 (C-4), 77.49 (C2), 74.48 {C-6), 73.44 (CS), 

13.16 (CH3-5') ppm. Anal Cairo for Ci1H 12O7: C, 51.70; H, 4.80. Found: C, 50.65; H, 5.12. 

Sucdnlc Anhydride Complex or ~-1, lbreo-v&lycero-3-hexulofu:ranosonlc Acid. 2--C-(5-Metbyl-2-furanyl)•a• 

iadone ( l9). Crude 18 (4 g, 0.016 mol) was dissolved in approximately 15 mL ethyl acetate. Recrystalllred 

sucdnic anhydride (1.tiO g, 0.016 mol) was added and the mixture was stirred under nitrogen and heated to 

reflux for 16 h. The homogeneous reaction mixture was allowed to cool to room temperature with s tirring, 

the volume was redllOed and the liquid chilled to facilitate prc:cipiUttion. The mixture was allowed to return 

to room temperature whereupon the solid material was filtered and washed with cold ethyl acetate. The 

mother liquor was evaporated to dryness and the crystals were fi1tered and dried. The solid was recrystallized 

from cbJoroform-ethyti acetate to afford white needles (0.287 g); mp 131-134 •c. IR (KBr) 3700-3150 (broad, 

OH), 1789.11 (C•O), 1770.78 (anhydride); 1H NMR (acetone-d~ & 6.41 (d, 1, H-3'), 6.02 (d , 1, l-f-4 '), 4.76 

(s., 1, H--t), 4.54 (t. 1, H-5, J • 3 Hz), 4.26 (d d, 1, H-6, J • 6 Hz), 4.11 (d d, 1, H-6, J .., 3 Hz.), 3.07 (s, 

2, t .aa:ink anhydr.dc CHi,), 2.26 (s, 3, CH3-5')i 13c NMR (MezSO-dJ 172.93 (sucdnic anhydride), 172.99 

(Cl), 151.50 (CS '), 148.38 (C2'), 108.99 (C-4'), 106.90 (C3), 106.35 (C-3'), 87.51 (C-4), 77.54 (C2), 
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74.52 (C-6), 73.50 (C5), 28.68 (succinic anhydride CH:i), 13.202 (CH3-5'). Anal Calcd for CuH
28

C
17

: C, 

51.01; H, 4.72. Found: C, 50.61; H, 4.64. 

Sucdnlmlde Complex or ~-L-Tbreo-i,.glycero<J-bexulofuranosonic Ac.id, 2-C-(S-Methyl-2-furanyl)•«•hu.'fone 

(20). To a solution of crude 18 (3.00 g, 0.12 mo!) in approximately 10 ml ethyl acetate was added 2.4 g 

(0.024 mo!) succinimide and the mixture was stirred under nitrogen. Mer a fow minute:s, a white precipitate 

formed whkh redissolved upon heating. Solution was allowed to cool slowly to room temperature and the 

golden yellow liquid was refrigerated overnight. The crystals were filtered and washed with cold ethyl acetate 

and dried under a vacuum, and recrystalli.z.ed from ethyl acetate-chloroform. Cry.:;tals from refrigerated mother 

liquor fil tered, dried and recrystallized from ethyl acetate-chloroform to yield 0.745 g (11 %) of long, white 

needles; mp 126-138 °C; IR (KBr) 3700-3025 (s, broad, OH), 1792 (s, lactone 00); 1H NMR (acetone-d6' 6 

6.41 (d, 1, H-3'), 6.01 (d, 1, H-4'), 4.76 (s, 1, H-4), 4.53 (m, 1, H-5), 4.25 (d d, 1, H-6, J -= 6 Hz), 4.11 (d 

d, 1, H-6, J = 3 Hz), 2.68 (s, 3, succinimide CH:i), 2.25 (s, 3 H, CH3-5')13C NMR (MCiSO-d6) 179.21 

(succinimlde C=O), 172.93 (Cl), 515.52 (CS'), 148.37 (C2'), 109.91 (C-4'), 106.90 (C3), 106.90 (C3), 

106.36 (C-3'), 87.50 (C4), 77.54 (C-2), 74.54 (C-6), 73.50 (CS), 29.42 (suc:cinimide-CH:i), 13.19 (CH3-S'). 

Anal. C3Jcd for Cu;H280 17: C, 51.17; H, 4.93; N, 2.21. Found: C, 51.04; H, 5.02; N, 2.35. 

2-Amlno-5-methyl-L,J,t... . .;t:Jl'aadlaz.ole11 (24a). To a well stirred suspension of 5.5 g (39.9 mmol) of 

aminoselenosemicarbazide12 in 40 mL of acetic acid and pro1ected from atmospheric moisture hy an argon 

atmosphere and a calcium sulfate drying tube was added 9.1 g (59.8 mmol) o f phosphorus oxychloride over 

20 min. The reaction mixture wa!; stirred 1 b at room temperature and renuxed gently for 1 h. The reaction 

was 1ben cooled and evaporated Lo dryness. The residue was suspended in 100 mL of water, made acic!ic with 

IO mL of contentrated hydrochloric acid, and heated at renux for 2 h. The reaction mixture was chilled in 

an ice bath and made basic with sodium hydroxide (6 N). The precipitate w:-....:; ~!.!ected, washed with water 

and dried. The residue was dissolved in 180 ml bot ethanol filtered, and diluted with -250 mL of hexane. 

The prod11c1 was collected, washed with hexane and dried: yield 3.4 g (53%); mp 227-228 °C cap 11cc; MS 

(EI) m/e 163 (M+); IR (KBr) 1640, 1537, 1526, 1511, 1504, 1328, 1172 cm·1; 1H NMR (MC:l50-d~ 6 2.45 

(s, 3, CH3), 7.10 (s, 2, NH:i). Anal calcd for <;H5N3Se: C, 22.23; H, 3.11; N, 25.93. Found: C, 22.56; H. 
3.12; N, 26.00. 

2-Amlno-S-ethyl-l,3,4-selenadlaz.ole11 (24b). The 2-amino-5-ethyl-1,3,4-selenadiazole was prepared from 

2.4 g ( 17.4 mmol) of aminoselenosemicarbazide, 20 mL of proplonic acid, and 4.0 g (26.1 mmol) of 

phosphorus oxychloride by the procedure previously described for the 5-methyl derivative: yield 833 mg (27%); 

mp 201-202 •c cap, shiny platelets; MS (EI) m /e 177 (M+); IR (KBr) 1632, 1517, 150!, 1326, 1010 cm·1; 

1H NMR (MCi50-d6) 6 1.21 (t, 3, CH2CH3), 2.80 (q, 2, CH2CH)), 7.13 (s, 2, NHz). Anal c.alcd for 

C4H7N3Se: C, 27.28; H, 4.01; N, 23.86. Found: C, 27.-13; H, 4.12; N, 24.00. 

2-Amlno-5-pbenyl-l~,4-sdenacllazole11 (24c). The 2-amino-5-phenyl-1,3,4- selenadia.zole Vt'8S prepared from 

3.0 g (21.7 mmol) of the aminoselcnosemicarbazide, 2.65 g (21.7 mmol) o f benzoic acid, and 8.3 g (54.3 mmol) 

of phosphorus oxychloride by the procedure previously described for the 5-methyl derivative. The thick paste 

was mixed v.ith a mechanical stirrer. An analytical sample was obuilned by recrystallizjng the crude product 

from EtOH-H20 : yield 950 mg (40%); mp 241-242 °C cap dee; MS (El) mlt 225 (M+), 183 (225 • 
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N =C-NH
2

), 122 (225 • PhC=N), 103 (PhC=N); IR (KBr) 1630, 1507, 1473, 1255, 1040, 759, 692, 657 cm·1; 

1H NMR (MeiSO-d6) & 7.43 (m, 3, Ar-H-3'.4',5'), 7.55 (s, 2, NHz), 7 72 (apparent q, 2. Ar-H-2',6'). A11al 

Calcd for CgH7N3Se: C, 42.87; H, 3.15; N, 18.75. Found: C, 43.05; H, 3.28; N, 18.94. 

2-Methyl-6-phenyllmldaz.o[2,l.l,)-t,3,4-selenadiazole11 (25). The procedure of Lalezari and Shafree was 

used with only slight modification. A mixture of 1.8 g (11.1 mmol) of 2-amino-5-methyl-1,3,4-selenadiawle, 

1.7 g (11.1 mmol) of 2-chloroacetaphenone in 25 mL of 95% EtOH was refluxed gently. After 6 h reflux, 

TLC showed only a panial reaction. Triethylamine (1 mL, 7.2 mmol), was adcled and the reaction became 

Jess viscous. A second portion of Et3N (1 mL, 7.2 mmol), was added and a brown solution was obtained. 

Heating was discontinued after 24 h even though some starting material remained. The reaction was 

evaporated to a gummy-yellow solid. The residue was dissolved in 50 mL of hot EtOH, filtered, cooled, and 

scratched to inauce crystallization. The product was collected, washed with a little EtOH, and dried: yield 

1.1 g (38%); mp 153-156 °C. An analytical sample was obtained by recrystaJlization from 10-15 mL hot 

EtOH: yield 875 mg (30%); mp 154-156 °C cap; MS (EI) m/e 263 (M+), 222 (263 · CH3C=N), 195 (263 -

CH3C=N•N=CH); rR (KBr) 1605, 1545, 1535, 1460, 1437, 1168, 740, 690, 680 cnf1; 1H NMR (MeiSO-d6) 

& 2. 75 (s, 3, CHJ>, 7.26 (t, 1, Ar-H-4'); 7.39 (t, 2, Ar-H-3' ,5'), 7.80 (d, 2. Ar-H-2',6'), 8.05 (s, 1, CH-5). 

Anal Calcd for Ci1HgN3Se: C, 50.39; H, 3.46; N, 16.03. Found: C, 50.48; H, 3.60; N, 16.02. 

3-Nltroamino-t,2,4-triawle13 (27a). Fuming nitric acid (d 1.52, 35 mL) was added slowly over 15 min 

to 3-amlno-1,2,4-'triawle (8.5 g, po-wder) at O °C with vigorous stirring. The reaction mixture was stirred funher 

for 30 min at 10-20 °C and quenched by pouring it into ice-water. The solid was filtered and vacuum dried 

to afford pure product (10.1 g); mp 215-217 °C dee (lit. mp 215-217 °C}; MS (El) m/t 129 (M+). UV '-max 

(H2O) 206 (550)>, 283 (1300); IR (KBr) 3490, 3450 (sh), 32!,0 (NHi., NHNO2, NHJ, 3150-2750 (CH). 1580, 

1540 (C=N}, 1430, 1330, 1290, 1250, 1140, 1075, 1065, 1060, 1000, 965, 905 cm·1; 1H NMR (MezSO-d6) & 

14.4-13.8 (br s, 1, NH, 0 20 exchangeable), 8.5 (s, 1, CH), 3.7-3.1 (br s, 1, NHNO21 0 20 exchangeable). AML 

Calc.d for CiH5N5O 2 ·0.5H2O): C, 17.39; H, 2.92; N, 50.73. Found: <:. 17.66; H, 2.97; N, 51.17. 

3-Nltroamlno-5-phenyl-1,2,4•triuole (l7b). Fuming nitric acid (d = 1.52, 9.7 mL) was added slowly over 

15 min to 3-amino-5-pbenyl-1,2,4-triaz.ole (31) (4.45 g) at O 0 C. The reaction mixture was stirred further for 

30 min at 10-20 °C and quenched by pouring it into ice-water. The solid was fiJtered, dried, and crystallized 

from water (4.85 g); mp 183-185 'C dee; MS (Ef) m/e 205 (M+); IR (KBr) 3420, 3100, 2975 (br s , NH, 

NHNO2, C H), 1617 (C=N), 1601, 1583 (aromatic), 1553, 1514, 1486, 1425, 1305, 1229 cm·1; 1H NMR 

(MeiSO-dJ 6 14.6-14.2 (br s, 1, NH), 8.05-7.9 (m, 2. o-Ar-H), 7.6-7.55 (m, 3, m-p -Ar-H ), 7.7-7.2 (br s, 1, 

NHNO-i); 13C NMR (M~O-d6) 153.2 (C3), 148.4 (C5), 131.1 (C-4'), 129.1 (C3' .S'), 126.0 (C-2',6'), 

125.0 (Cl '). Anal. Gated for C.SH7N5O1 · 0.2H2O: C, 46.02; H, 3.57; N, 33.55. Found: C, 45.96; H, 3.58; 

N, 33.62. 

3-Methyl-5-nitroamlno-l,l,,4.triuole17•11 (27c). A solution o f 1-acctamfdo-l-nitroguanidine (18. 7 g) and 

sodium carbonat,e (13 g) in Wolter (180 mL) was heatec! fo r 25 min. J1 was then cooled, :-cidified with cone. 

Ha, and refrigerated ovemjght. The product was filtered, washed with cold water, and dried (22 g). A 

portion was recrystallized from water; mp 203-205 °c dee; MS (EI) 143 ~ i +); TR (KBr) 3450, 3205, 3075 

(NH), 2972, 2850 (CH), 1614 (C•N), 1572, 1496, 1445, 1380, 1370, 1338, 1300, 1248, 1100, 1090, 1025, 1010, 
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994 cm·1; 1H NMR (MeiSO-d6) 6 14.0-13.4 {NH), 3.6-3.1 (NH), 2.3 (s, 3 H, CH3); 13c NMR (MeiSO-d6) 

6 152.5 (C-5), 147.7 (C3), 11.0 (CH3). Anal Calcd for C:JH5N50 2 ·0.5H20: C, 23.68; H, 3.98; N, 46.05. 

Found: C, 23.77; H, 3.85; N, 46.11. 

3-Hydnu.ino-l.2,4-triaz.ole hydrochloride14 (28a). 3-Nitroamino-1,2,4-triarole (10 g) anl! activated zinc dust 

(20 g) were moistened with water and ground to a paste. The paste was s~pended in water (50 mL) ... 10 °c 

and treated with 50% aqueous acetic acid (100 mL) over 2 h, the temperature being maintained at 10-20 °C. 

The mixturr was stirred at 20 °C for an audHioual 4 h, heated to 60 °c for 1 h, and allowed to cool. The 

excess of zinc was filtered and the filtrate saturated with hydrogen sulfide (2 h). After removal of zinc sulfide 

the filtrate and washings were treated wi1ti 10 N hydrochloric acid. Evaporation of the solvent and boiled with 

cbJoroform (5-10 mL, 30 min). Desired product (5.23 g) separated upon addition o f absolute ethar,ol (25 mL). 

MS (EI) m/t 99 (M+); IR (KBr) 3340, 3300-2700 (N~, NHNH2 and CH), 1650 (broad, C= N), 1580, 1530, 

1360, 1300, 1275, 1215, 1130, 1060, 1030, 950 cm·1• (This compound was not stable to storage and was used 

as is for the next step.) 

3-Aml,.o-SH-s-trlazolo[S,1-c]•s-triazole (29a) . A solution of 3-hydrazino-s-triazole hydrochloride (4.4 g) 

and cyanogen bromide (3.43 g) in aqueous methanol (132 mL, 85%) was refluxed for 48 h. The solvent was 

removed by evaporallon, the solid residue was dissolved in water (12 mL), an,1 the solution was neutralized 

with sodium acetate, giving a solid precipitate. The product was crystallized from water (2.4 g); mp 160 °C 

dee (liL 15 260 °C); MS (EI) m/t 124 (M+); IR (KBr) 3340, 3190, 3150-2600 (broad, NH, NH2, and C-H), 

1660, 1630, 1600 (C= N), 1510, 1460, 1400, 1375, 1275, 1245, 1190, 1180, 1160, 1030, 980, 905 cm·1; 1H NMR 

(Mf!iSO-d6) 6 12.05 (s, 1, NH, 0 20 exchangeable) , 7.95 (s, 1, C H ), 6.5 (~. 2, NH2, D20 exchangeable). Anal 

Calcd for ½ H4N6: C, 29.03; H, 3.25; N, 67.72. Found: C, 28.92; H, 3.29; N, 67.96. 

3-Amlno-6-phenyl-5H•s-triaz.olo[5,l-c]•s•triazole, bydrobromldeLl-15 (29b). 3-Nitroamfoo-5-phenyl-1,2,4-

triawle (8.6i g) and activated zinc dust (10.77 g) were moistened with water and ground to a paste. The 

paste was suspended in water (27 mL) c> t 10 °C and treated with 50% aqueous acetic acid (54 mL) over 2 

h, while maintaining the temperature between 10-20 "C. The mixture was stirred at 20 °C for an additional 

4 h, heated to 60 °c for 1 h, and allowed to rool. The acess zinc was removed by filtration and the filtrate 

saturated with hydrogen sulfide for 2 h. After removal of zinc sulfide, the filtrate and washings were treated 

with 10 N HCI. The hydrazino compound obtained (4.1 g) was refluxed with cyanogen bromide (1.87 g) in 

85% aqueous methanol (72 mL) for 48 h. The solvent was removed by evaporation, and the solid residue 

was dissolved in water and neutralized with sodium acetate, giving a solid precipitate. The product was 

recrystaJliz.ed from water and treated with o ne equivalent of hydrobromJc acid, giving a pure product (1.45 g); 

mp 263-265 °C dee; MS (EI) m/t 200 (M +); IR (KBr) 3450-2400 (broad, NH, NH2, CH, HBr), 1698, 1672, 

1600, 1535, 1500, 1475, 1445, 1435, 1375, 1290 cm·1; 1H NMR (MezSO.a~ 6 12.0-9.0 (broad, NH, NH2 and 

H +), 8.2-8.C (m, 2, o-Ar-H), 7.75-7.60 (m, 3, p-,m-Ar-H); nc NMR (MeiSO-d~ 6 160.4 (C-6), 150.7 (C8), 

141.2 (C3), 131.7 (C..'), 129.1 (C3' ,5'), 126.6 (C2',6') and 126.4 (Cl '). Anal. C81cd for 

c;H8N6 · HBr. C, 38.45; H , 3.23; N, . ' 90. Found: 38.35; H. 357; N, 29.63%. 

3-AmJ.no-.6..methyl-SR-s-triaz.olo[S,l-c]•s•triaz.ole, Bydrobromlde1l-U (29<-). '.>-Methyl-5-nitroamino-l,2,4-

triawle (5.37 g) and activat~ zinc dust (9.6 g) were moistened with water and ground to a paste. The pasie 
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was suspended in water (24 mL) at 10 °C and treated with 50% aqueous acetic acid (48 mL) over 2 h, while 

maintaining the temperature between 10-20 °C. The mixture was stirred at 20 °C for an additional 4 h, 

heated to 60 °C for 1 h, and allowed to cool. The excess zinc Wc!li removed by filtration and the filtrate 

saturated with hydrogen sulfide (2 h). After removal of zinc sulfide. t.he filtrate and washings were treated 

with 10 N HCI. 3-Methyl-5-hydrazino-1,2,4-triazole hydrcx:hloride (4.7 g) was obtained by evaporation of the 

solvent. This compound was treated with cyanogen bromide (3.33 g) in 85% aqueous metha.~ol (128 mL) and 

was refluxed for 48 h. The solvent was removed by evaporation, and the solid rnsidue was dissolved in water 

and neutralized with sodium acetate, giving a solid precipitate. The product was crystalliz.ed from water (560 

mg) and treated with one equivalt;nt of hydrobrort.ic add, giving a pure product, 0.75 g; mp 256-261 °C dee; 

MS (El) m/e 138 (M+); IR (KBr) 3270, 3228, 3187 (NH, NHi), 3082 (CH), 1701, 1665, 1610, 1570, 1500, 

1430, 1390, 1363, 1346, 1165 cm·1; 1H NMR (MeiSO-dJ 6 13.3-12.0 (br s, 1, NH), 9.1-7.8 (br s, 2, NHz) and 

2.5 (s, 3, CH3); 
13C NMR (MeiSO-d6) 6 159.2 (C6), 148.9 (C-8), 140.8 (C3) and 12.8 (CH3) . Anal C~lcd 

for C4He;N6 • HBr: C, 21.93; H, 3.22; N, 38.37. Found: C, 22.16; H, 3.39; N, 38.39. 

Benzamldoguanidine (JO). Freshly distilled benzoyl c'.1.oride (30 mL) was added dropwise to a wt;ll stirred 

solution of aminoguarjdin~ hydrogen carbonate (30 g) in dry pyridine (250 mL) at O 0 C. The reaction mixture 

was further stirred at room temperature for 12 h, and the solvent removed under reduced pressure. The 

residue was treated with water (250 mL) and made strongly alkaline with 10 N sodium hydroxide. The solid 

wa,; filtered and dried (10.46 g), mp 18()..182 °C; MS (EI) m/e 178 (M+). 

3-AmJno-S-phenyl-l,2,4-triazole (31). Benzamidoi;uanidine (JO) (22.38 g) was heated in an oiJ bath at 

220 °C for 5 min. The residue was cryst.alliz.ed irom water, giving colorless silky needles (18 g); mp 183-

185 °C (dee); MS (El) m/e 160 (M+); IR (KBr) 3350 (NHi.), '.'>250-2800 (NH, CH), 1665, 1640 (C=N), 1610, 

1600, 1580 (aromatic), 1535, 1525, 1495, 1465, 1445, 1430, 1400 cm·1; 1H NMR (MCi5O-d6) 6 12.1-12.0 (s, 

1, l\'H), 7.9 (d, 2, o-Ar-H), 7.5-7.3 (m, 3, m-p-Ar-H), 6.2-5.9 (br s, 2, NHi); 13C NMR {Mt:-iSO-d6) 6 153.5 

(C-3), 150. l (CS), 130.7 (C-4'), 129.1 (C-3 °.S'), 126.2 (C-1'), 125.9 (C2',6'). Anal Calcd for c;H8N4: 

C. 59.98; H, 5.03; N, 34.98. Found: C, 60.07; H, 5.40; N, 35.02. 

Nltroamlnoguanldlne17
•11 (33). Into a two liter flask equipped with a stirrer, dropping funnel, and 

thermometer was placed 52 g (0.5 mol) of nitroguanidine and one liter of distilled water at 60-65 °C. To the 

well agitated slurry was added dropwise, 32 g (0.55 mot) of 87% hydrazine monohydrate in 500 mL of mter 

over one hour. Toe temperarure was maintained a t 55-60 °C for an additional IS min, and then It was cooled 

to below 45 °C anj neutralized with cone. HCI. The solution obtained from the reaction was refrigerated 

overnight, and the res11ltlng solid product was filtered and dried (26.9 g); mp 170-172 °C; MS (FAB) 120 (M 

+ 1); IR (KBr) 3432, 3400, 3322, 3220 (NH, NHi.), 1669, 1618, 1580, 1510, 1410, 1356, 1294, 1171 cm·1. 

Anal Calcd for CH5N5O 2: C, 10.08; H, 4.23; N, 58.82. Found: C. 10.17; H, 4.25; N, 58.73. 

l•Acetamldo-3-nJtroguanldlne17•11 (34). A solution of nJtroaminoguanidine (31 g), glacial acetic acid (78 

mL), and acetic anhydride (26 mL) was heated for 2 h at 85-90 °C. cooled, and dfluled with large excess of 

diethyl ether. The resulting precipitate was filtered and washed with ether. The yield of dried product was 

24.7 g. A ponion was recrystallized from water, mp 187-189 °C; MS (FAB) 162 (M + l); IR (KBr) 3387, 

3242 (broad). 3075, 302.5 (NH), 2925 (CH), 1702 (CO), 1635 (C•N), 1587, 1525, 1425, 1390, 1373, 1300 
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(broad), 1197, 1040 cm·1; 1H NMR (MezSO-d6) 6 9.95--8.1 (br s, 4, NH) and 1.9 (s, 3, CH~; 13C NMR 

(MezSO-d6) 6 169.5 (C=O), 161.0 (C=NH) and 20.7 (CH3). Anal ca1cd for C:JH7N50 3: C, 22.36; H, 4.38; 

N, 43.47. Found: C, 22.42; H, 4.42; N, 43.11. 

Triamlnoguanidine Hydrochloride (35). Aminoguanidine bicarbonate (34 g) was suspended in 2 N HO 

(63 mL), and cone. HCI was added with stirring until aci~ilication was complete. The mixture was filtered, 

and the filtrate was concentrated, giving a residue which was dissolved in 125 mL boiling ethanol and heated 

with 32 mL of hydrazine hydrate ior 4-5 h on a water bath. The reaction mixture was cooled, and the 

resulting precipitate was filte,red and washed with methanol. It was crystallized from 2% HO in ethanol (11.1 

g); mp 228-229 °C dee (Ut.17 231 °C dee); MS (EI) m /e 104 (M+); IR (KBr) 3400-2200 (NHNHi, NH2, HCl), 

2060, 1940, 1810, 1680 (C=N), 14&\ 1090 cm·1. Anal. Calcd for CH8N6 · HCI: C, 8.54; H, 6.45; N, 59.79. 

Found: C, 8.78; H, 6.42; N, 59.73. 

4-Amlno-3-bydrazlno-5-metbyl-s•trlazole dlhydrochloride19 (36). Triaminoguanidine hydrochloride (14.0 

g) was refluxed with acetic acid ,io mL) for 2.5 h. The solution was cooled, cone. HCI (70 mL) was added, 

and the mix-:ure was warmed on a water bath for 30 min. The reaction mixture was cooled and allowed to 

stand for ~veral hours at O 0 c, a· : then the solid was filtered and crystallized from water (16.41 g); mp 218-

220 °c·dec; MS (El) m/e 128 (M +); IR (KI:.r) 3400-2300 (broad, NH2, NHNH2, HO, CH), 1651, 1635, 1610 

(C=N): 1H NMR (M~O-d6) 6 9.5-6.0 (br s. NHz, NHNHz, H+). 2.5 (s. CH~: 13C NMR (020 . dioxane as 

internal reference) 6 153.6 (CS), 153.5 (C3), 9.4 (CH3). [Note: Compound 36 was found to decompose in 

dimethyl sulfoxide to 4-amino-5-methyl-1.2,4-uiazole). Anal caJcd for C:JH8N6 ·2HCI: C, 17.91; H, 5.01; N, 

41.80. Found: C, 17.80; H, 5.02; N, 41.32. 

3,7-Dlamlno-6-metbyl-7H-s-triazolo[5,l-c]•s-triazole15 (37). A solution of 36 (9.23 g) and cyanogen 

bromide (6.7 g) in aqueous methanol (235 mL, 85%) was refluxed for 48 b. The solvent was removed by 

evaporation, tt,e solid residue was dissolved in water, and the solution was neutralized with sodium acetate. 

A precipitate was obtained which was illter1.:d and crystallized from water (4.4 g); mp 260-265 °C dee; MS (EI) 

m/e 153 (M+); IR (KBr) 3301, 3195. 1W9 (N-NHz, CNH2, CH), 1644, 1631 (C=N), 1580, 1554, 1390, 1360 

cm·1; 1H NMR (DzO + DSS) 6 2.45 (s, CH~; llc NMR (M~O-d6) 6 159.849 (C6), 148.9 (C--8), 142.1 (C 

3), 10.6 (CH3). An.al caJcd for C4H7N7: C, 31.37; H, 4.61; N, 64.o-1. Found: C, 31.39; H, 4.69; N, 64.08. 

7-Amlno-6-metbyl-7 H •s-triazolo [5, 1-c J -.r-triuole-3-tblol L5 (38). A solution of 4-amino-3-hydrazino-5-methyl­

s-triawle dihydrochloride (6.2 g) and potassium hydroxide (5.4 g) in 70% aqueous ethanol (150 mL) was 

refluxed with carbon disulfide (25 mL) for 30 h. The solvent was removed and the residue was dissolved in 

·water (25 mL). The solution was acidified (pH 3) by a'1dition of cone. HQ. The pale yellow solid obtained 

was filtered and re.crystallized from water, 2..0 g; mp 203-205 °C dee; MS (EI) m /e 170 (M+); IR (KBr) 3425 

CH20), 3259, 3237, 3151, 3098, 301S, 2985, 2945, 2900, 2790, 1645, 1619, 1555, 1513, 1455, 1443, 1405, 1325. 

1289, 1255, 1185, 1014 cm·1; 1H NMR (M~O-d6l 6 13.S (s, 1, SH), 6.3-5.5 (bs, 2, HHz) and 2.4 (s, 3, CH~; 

13c NMR (M~O-d6) 6 159.4 (C-6), 154.8 (C3), 149.5 (C--8) and 10.5 (CH~. Anal Calcd for 

C4H6N6S · H2C: C, 25.52; H, 4.28; N, 44.66. Found: C, 25.59; H, 4.30; N, 44.70. 

J,6,7-Triamloo-7H-.r-triazolo[5,l<]•s•truz.olel.S (39). A solution of triaminogu.anidine hydrochloride (14.06 

1;, 0.1 mot) and cyanogen bromjde (21.2 g, 0.2 mol) in aqueous methanol (405 ml., 85%) was refluxed for 48 

Southcl r Racarch lmlilu\c 
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h. The solvent was removed by evaporation, and the resulting solid was taken up in water and neutrali7.ed 

with sodium acetate. The precipitate was filtered and crystalliz.ed from water (8.08 g), mp 285-✓~ °C dee; 

MS (El) m/e 154 (M+); IR (KBr) 3402, 3257, 3222, 3168, 3114 (N-NH2, C-NHz), 1691, 1679, 1647, 1615, 1518 

c,n·1; 13C NMR (MezSO-d6) 6 160.0 (C-6), 147.2 (C-8), 141.0 (C-3). Anal Calcd for ~~N8 · HBr: C, 

15.33; H, 3.00; N, 47.68. Found: C, 15.54; H, 3.05; N, 48.07. 

4-Amlno-3-hydrazino-s-triazole Dlhydrocbloride19 {40). Triaminoguanidine hydrochloride (21.74 g) was 

heated ac reflux with 85% formic acid (32 m.L) for 30 min. The solution was cooled, cone. HCl (120 mL) 

was added, and the mixture was warmed for 30 min. The reactio n mixture was cooled and allowed to stand 

overnight at O 0 c. The resulting solij was filtered and crystalliz.ed from water (29 g); mp 21S-217 °C; MS (El) 

m/e U4 (M+); IR (KBr) 3350 (NHz), 3300-20S0 (brood, NHNH2, 2 HCI, CH), 2000, 1645, 1600, 1525, 1510, 

1430, l-'15, 1210, 1060 cm·1; 13c NMR (80% H2O, 20% D2O, dioxane as internal reference) 6 153.3 (C-3) 

and 143 .. 5 (C-5). [Note: Compoun.1 40 was found to decompose in dimethyl sulfoxide to 4-amino-1,2,4-

U~a •..ole.] Anal Calcd for CiH6N6 · 2HQ: C, 12.84; H, 4.31; N, 44.94. Found: C, 12.95; H, 4.33; N, 44.76. 

7-Amino-7H-s-triazolo[S,l-c]-s-triazole-3-thlol15 {41). A sc!ution of 4-amino-3-hydrazino-s-triazole 

dihydroch.loride (5.5 g) and potassium hydroxide (5.4 g) in 70% aqueous ethanol (150 mL) was refluxed with 

carbon disulfide (25 mL) for 30 b. The solvent was removed and the residue was dissolved in water (25 mL). 

The solution was acidified (pH 3) by addition of cone. HCI. The pale yellow solid obtained was filte,ed and 

recrystaJJiz.ed from water, 1.7 g; mp 16S-166 °C dee; MS (EI) m/e 156 (M+); IR (KBr) 3240, 3220, 31S5, 3135, 

3112, 3010, 2940, 7911, 2860, 2810, 2750, 1636, 1607, 1493, 1430, 1387, 1330, 1275, 1240, 1215, 1155, 1075, 

1030, 997 cm·1; 1H NMR (M¥O-dJ & 13.6 (s, 1, SH), 8.7 (s, 1, CH), 6.3-6.1 (br s, 2, NHz); 13C NMR 

(MezSO-d6) 6 15S.5 (C-3), 151.0 (C-6), 148.9 (C-8). Anal. Calcd for ~H,N6S: C, ?.3.07; H, 2.58; N, 53.82. 

Found: C, 23.11; H , 2.69; N, S3.37. 

3, 7-Diacetamldo-7 H-s-triazolo [S,1-c) •s•triazole ( 42). 3,7-Diamino-7 H-s-triazolo[5, 1-c J-s-lriazolo (5.0 g) 

was stirred with acetic anhydride (150 mL) al room temperature Cor 3 da}"-. The solid obtained ·was filtered, 

washed with diethyl ether and dried (2.45 g). Funher purified by crystallizing from water, mp 220-224 °C; 

MS (EI) 223 (M); UV .lmax 238 (5800); IR (KBr) 3216, 3194 {NH), 3040, 2980 (CH), 1700, 1683 (C•O), 

1615, 1564, 1531, 1505, 1440, 1380, 1263, 1245, 1180 a,,~·1; 1H NMR (MeiSO-d6) 6 11.7-11.55 (s, 1, NH), 

10.7S-10.6 (s, 1, NH), 8.8 (s, 1, CH), 2.1 (s, 6, CH:J; 13C NMR (MCi~O-d6) 169.4 (CO), 169.3 (CO), 149.9 

(C-8, 3JcH == 4.0 Hz), 149.2 (C-6, 1JCH = 221.3 Hz), 13S.4 (C-3), /2.2 (CH:J, 20.1 (CH3) . Anal Calc.1 for 

C,~N7O2: C, 37.66; H , 4.J6; N, 43.94. Found: C, 37.71; H , 4.09; N, 43.88. 

3-Acetam1do-7-amlno-6-metbyl-7H-s-triuolo[S,l<)•s•triuole (43). 3,7-Diamino-6-methyl-7H-s-triazolo­

[S,l-c)-s-triazole (2.0 g) was !.tirrec! with acetic anhydride (JOO mL) at room tt!D'j)CTature for 3 days. The solid 

obtained was filtered, washed with diethyl ether and dried. Further purified by o;,stallizing from water (1.89 

g); mp 239-241 °C dee; MS (EI) 195 (M); IR (KBr) 3320, 3280 (NH2) '3102 (NH), 2965, 2925, '?850, 275v 

(CH ), 1708 (C•O), 1635, 1617, 1579, 15S8, 1425, 140S, 1373, 1270, 1250, 1215, 1035, 860, 775, 71S, 675, 65S 

cm·1; 1H NMR (M¥O-d~ & 10.SS-10.4 (br s, 1, NH), 6.0 (s, 2, NHz), 2.35 (s, 3, CCH:J, 2.05 (s, 3, COCH:J; 

13c NMR (M~O-d6) & i.69.4 (CO), 158.0 (C-6), 152.5 (C-8), :34.3 (C-3), 22.2 (COCH:J, 10.4 (CCH,). Anal 

Calcd for C6~ 70 : C, 36.91 ; H, 4.65; N, 50.24. Found: C, 36.93; H, 4.77; N. 50.08. 

Soutbcm Researc:ll lllftilutc 
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7-N-(6-Metbyl-3-methylthlo-7H-s-triazolo[5,l<)triazolyl)dithlocarbamate (44). A solution of 4-amino-3-

hydraz.ino-5-methyltriaw le dihydrochloride (12.4 g) and potassium hydroxide (10.8 g) in 70% aqueous ethanol 

(300 mL) wa-. refluxed with carbon disulfide (50 mL) for 38 b. The solvent was removed and the residue was 

dissolved in water (50 mL). Tne solution was acidified to pH 3 by addition of cone. HQ. The pale yellow 

solid obtained was filtered and recrystalliz.ed from water. This thiol (11.53 g) was refluxed in methanol (150 

mL) in !.he pre;ence of equimolar quantities of sodium hydroxide (2.~ g) and methyl iodide (4.7 mL) for 2 

b. ParJal eva,."l()ration of the solvent and dilution w.th water precipitated the desired product. Pure 

methylt.bio derivative was obtained by crystallizing twice from water, followed by silica gel column filtratinn 

(eluted with 10% methanol in chloroform) , 3.0 g, mp 186-189 °C; MS (EI) 260 (M); UV l.max 321 (U,600), 

228 (10,100) at pH 1; 320 (13,000), 228 (10,700) at pH 7; 320 (10,800) at pH 13; IR (KBr) 3219, 3102, 3015, 

2925 (NH, CS2H, CH), 1660, 1542, 1527 (thioureido band), 1480, 1306, 1254, 1169, 1045 (C5iH), 816 cm·1; 

1H NMR (MCi50-d6) 6 6.15-5.9 {llr s, NH, SH, H20), 2.65 (s, 3, SCH3), 2.4 (s, 3, CH3); 13C NMR (M½S0-

d(,) 188.8 (CS2H), 159.1 (C3, 3JCH = 5.5 Hz), 153.5 (C6, 2JCH = 7.3 Hz), 145.9 (C8), 15.2 (SCH3, ·.,CH= 

143.6 Hz), 9.95 (CH: ' CH = 130.4 Hz). Anal Calcd for C6H8N6S3 · 0.2H20 : C, 27.30; H, 3.21; N, 31.85; 

S, 36.44. Fo und: C, 27.16; H, 3.02; N, 31.78; S, 36.32. 

2,~,S-Trl-0-bemoyl-P-D-ribofuranosyltriazolotriazoles (45, 47, and 49). 3-Amino-5H-s-triazolo(5,J-c)-s­

triazol~13·14 (23. 6.97 g) was suspended in a solution of 1-0-acetyl-2.3.5-tri-O-benzoyl-D-ribofuranose (28.35 

g) in anhydrous acetonitrile (915 mL). Stannic chloride (14.7 mL) was added slowly at O °C under argon 

atmosphere. The reaction mixture was stirred at room temperature for 24 h. It was then concentrated to 

a small volume and saturated sodium bicarbonate was added until the vigorous evolution of carbon dioxide 

had c.eased. The mixture was evaporated under reduced pressure and the residual gum was extracted several 

times with bot chloroform. The combined ext~ctS were dried and concentrated. Thin-layer chromatographic 

analysis of this crude product (silica gel, chloroform-methanol, 9:1 v/v) showed four productS with Rf values 

of 0.45, 0.81, and 0.9 along with unchanged and decomposed sugar derivaHves (Rf 0.97). The mixture Wti 

applied to a column of silica gel and eluted with chloroform followed by 1 %, 2%, and 3% methanol in 

chloroform. The three )roductS were separated and funher purified by repeating the silia gel oolumn 

chromatography. A founh pr~uct was isolated from the chromatographic purification of the fraction 

containing compound !O, when the solvent systel':I was changed to cyclo hexane-et.byl acetate, 1:1. Slnlcturcs 

of these rompounds were assigned on the basis 01 spectral data as follows: 

J.lmlno-2R-2-(2,3~-tri-0-beruoyl-~-D-ribofuranosyl)-s-triazolo(S,1<)-.s•triazol~ (45). The above cited 

rompound with Rf 0.45, yield 9.46 g (30 %); mp 125-127 °C; MS (FAB) m/t 569 (M + 1); UV ,.__ 234 

(39,400), shoulder at 280 (3200) at pH l; 236 (33,000), snould.er at 276 (17,300) at pH 7; 225 (29.300), 276 

(8600) at pH 13; IR rKBr) 3500-2500 (broad NH, NH, CH), 1727 (C= O), 1666 (C-=N), 1615, Hi02 (aromatk:), 

1585, 1475, 1450, 1315, 1267, 1200, 1175, 1116, 1093, 1070, 1024 an·1; 1H NMR (CDOJ) 6 8.1-7..8 &l)d 7.6-7. l 

(m, 18, NH, NH, H-{;, and beruoyl), 6.35 (d, l , J1, ;J.• • 1.7 Hz, H-1 ' ), 6.25 (d d, 1, 12, ~• • 5.2 Hz., H-2'), 

6.19 (d d, I, J3 , ,4, -= 6.8 Hz, H-3'). 4.92-4.82 (m, 1, J4,.5,1 = 5.2 Hz, 14, ,5,b = 3.6 Hz, H-4'), Ul-4.77 (d, 

1, H-S'b) , 4.74-4.65 (d d, 1, J5 ,1 ,5, b -= 12.1 Hz, H-5'a); 13C NMR (CDCIJ) 6 166.3, 165.2, 165. l (C-0), 

160.3 (C6, •,~.H • 202.6 Hz), 160.1 (C-8, l c.a..H -= 4.4 H:-), 138.3 (C-3), 133.7, 133.4, 133.0, 129.7, l29.64, 
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129.6, 129.2, 128.6, 128.43, 128.4, 128.39 (aromatic carbons), 88.8 (Cl', 1/c.i• ,H = 167.8 Hz), 80.4 (C4'), 

75.3 (C2'), 71.7 (C3'), 63.9 (CS'). Anal Calcd for Cz982AN6O7 • H2O : C, 59.34; H, 4.47; N, 14.3~. 

Found: C, 59.12; H, 4.42; N, 14.50. 

3-Amlno-1-(2,3,5-tri-O-bemoyl-P-o-ribofuranosyl)-s• !rlazolo[5,l-c)•Nriazole (47). The above cited 

compound with Rf 0.9, yield 2.34 g (7.3 %); mp 86-87 °C; MS (FAB) m/e S69 (M + l); U V '-mar 239 

(30,500), shoulder at 280 (13,300) at pH 1; 240 (30,700), shoulder at 280 (13,300) at pH 7; 229 (27,700), 

shoulder at 275 (2200) at pH 13; IR (KBr) 3425, 333S (NHz), 317S, 306S (CH), 172'7 (C=O), 165S (C=N), 

1600, 1570 (aromatic), 1452, 1317, 1269, 117S, 1160, 1121, 1096, 1070, 1025, 709 cm·1; 1H NMR (CDC)) 6 

8.15-7.25 (m, \6, H-6 and benwyl), 6.31 (d, 1, Jl' ;J.' = 3.86 Hz. H-1'), 6.28 (d d, 1, lv;y = 5.32 Hz. H-2'), 

6.15 (d u, 1, 13 ,,,., = 5.31 Hz. H-3'), 4.88-4.5 (m, 3, H-4',5'); 13C NMR (CD03) 6 166.1, 165.2, 165.0 

(C=O), 158.3 (C-6, 1JcH = 207.4 Hz.), 156.0 (C8, 3/cH = 9.8 Hz), 140.9 (C 3), 133.6, 133.5, 133.0, 129.8, 

129.77, 129.6, 128.8, 128.7, 128.4, 128.37, 128.3 (aromatic), 88.5 (Cl'), 79.9 (C4'), 73.7 (C2'), 71.7 (C3'), 

63.8 (CS'); Anal. C.alcd for Cz982AN6O7 ·0.33H2O: C, 60.62; H, 4.33; N, 14.63. Found: C, 60.81; H, 4.36; 

N, 14.27. (The CHN data was obtained from a subsequent batch of compound 47 that was identical by 1LC, 

mp, and all other spectral data.) 

3-(2,3,5-Tri-O-beruoyl-p-o-ribofuranosyl)amlno-5R-s-triazolo[5,l-c)-s-triazole (49). The above cited 

compound with Rf 0.81. yield 7.5 g (23 %); mp i89-192 °C: MS (FAB) m/t S69 (M + l ); UV l.= 233 

( 19,500), s'1oulder at 278 (1350) at pH 1; 236 ( 18,800), shoulder at 280 (5400) a1 pH 7; 226 (14,000) at pH 

13; IR (KBr) 3200, 3070, 3010, 2975-2900 (NH and CH), 1734, 1725, 1716 (C-,O), 1630, 1587 (broad, 

aromatic), 1465, 1450, 1315, 1284, 1267, 1180, 1155, 1126, 1114, 1093 cm·1; 1H NMR (MCi5O-d6) 6 12.45-12.7 

(br s, 1, H-5), 8.67 (br d, 1, NH), 8.1-7.83, 7.8-7.3 (m, 16, H~ in-1 tienzoyl), 6.39-6.32 (m, H-1' of a-isomer), 

S.97-5.77 (m, 3, H-1 ',2' ,3'), 4.8-4.5 (m, 3, H-4' ,5' ); 13c NMR (MCi5O-dG) showed a mixture of cx,P­
isomers. Anal Calcd for ~H2AN6O7: C, 61.26; H, 4.26; N, 14.79. Found: C, 61.42; H, 4.56; N, 14.78. 

A Second Synthesis of Protected RJbofuranosyl Triuolotriuoles 45, 47, 49. 3-Amino-5H-s-triazolo(5,l<J· 

s-triazole (6.97 g) was i.uspended in a solution of 1-0-acetyl-2,3,5-tri-O-benz.oyl-D-nbofuranose (28.35 g) in 

anhydrous acetonitrile (915 mL). Stan.nic chloride (14.7 mL) was added slowly at 0 °C under argon 

atmosphere. The reaction mixture was stirred at room temperature for 24 h. It was then concentrated to 

a small volume and saturated sodium bicarbonate was added till the vigorous evolution of carbon dioxide had 

ceased. The mixture was evaporated under reduced pressure and the residual gum was c::xtracted several times 

with hot chloroform. The combined extracts were dried and concentrated. Thin-layer chromatographic analysis 

o f this crude product (silica gel, chloroform-methanol. 9:1 v/Y) showed three spots with Rf values of 0.45, 0.81, 

0.85, and 0.9 along with unchanged as well as decomposed sugar derivatives (Rf 0.97). The mixture was 

applied to a column of silica gel and eluted with chJoroform fo llowed by 1 %, 2%, and 3% methanol in 

chloroform. The above three products were scpu,ued and funher purified by repeating silica gel column 

;bro matc,graphy. Structures of these compounds were assigned on tl,e basis of spectral data as follows: 

3-lmlno-28-2-(l ',3 ',5 ' -tri-0-benzoyf)-P • D-ribofuraoosyl-s•triuolo [ S, 1 < J •s-trluole ( 45). Com pound with 

Rf 0.45 cited above, yield 9.46 g (30%); mp 125-127 •e; MS (FAB) 569 (M + l ); UV l.max 234 (39,400), 

shouldrr at 280 (3200) at pH 1; 236 (33,000). sho ulder at 276 (17,300) at pH 7; 225 (29,300), 276 (8()00) at 
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pH 13; IR (KBr) 3500-2500 (broad park, NH, NH, (, i), 1727 (C=O), 1666 (C=N), 1615, 1602 (aromatic), 

1585, 1475, 1450, 1315, 1267, 1200, 1175, 1116, 1093, 1070, 1024 cm-1; 1H NMR (MezSO-d6) 6 8.1-7.8 aitd 

7.6-7.1 (m, 18, NH, NH, C6"i'. and benzoyl protons), 6.35 (d, 1, <;,-H, ll';i• = 1.7 ffa), 6.25 , d <\ J, H-2', 

12,,3• = 5.2 Hz), 6.19 (d d, 1, H-"3', 13, ,4 , = 6.8 Hz), 4.92-4.82 (m, 1, H-4', 14 , ,s,a = 5.2 Hz, 14,,s , b = 3.6 

Hz), 4.82-4.77 (d, 1, H-S'b), 4.74-4.65 (d d, 1, H-S'a, 15, 8 ,s,b = 12.1 Hz); 13C NMR (CD03) 6 166.3, 165.2, 

165.1 (C=O), 160.3 (C6, 1Jc
6

H = 202.6 Hz), 160.1 (C8, l CgH = 4.4 Hz), 138.3 (C3), 133.7, 133.4, 133.0, 

129.7, 129.64, 129.6, 129.2, 128.6, 128.4, 128.43, 128.39 (aromatic carbons), 88.8 (C-1 ', 11Ci ,H c 167..8 Hz), 

80.4 (C-4'), ~5.3 (C2'). 71.7 (C3'), 63.9 (CS'). Anal C3lcd for ~ 2_.N6O7 • H2O: C. 59.34; H, 4.47; 

N 14.33. Found: C. 59.12; H, 4.42; N, 14.50. 

3-lmlno-lH-l-P-o-ribofuranosyl-s-triazolo[S,l-c)-.r•trlazole (46). The tribenroyl ribofuranoside 45 (8.6 g) 

was deprotected by stirring with sodium ml'.thoxide (0.85 g) in methanol (200 mL) under dry oonditions for 

3 n at room temperature. The pH of the solution was brought to 7 by the careful addition of 6 N Ha. 

Reaction mixture was concentrated under reduced pressure and charged on a silica gel oolumn. Methyl 

benwate was removed by eluting with chlorofonn. Elution with chloroform-methanol (4:1 ) yielded the pure 

product, 2.81 g (73%); mp l G0-162 °C dee; MS (FAB) 257 (M + l); UV '-m~ 248 (7200) at pH l; 264 

:~ OO) at pH 7; 277 (9100) at pH 13; IR (KBr) 3650-2600 (broad, OH, NH, CH), 1678, 1613 (C=N, C=NH), 

1480, 1445, 1415, 1350. 1208, 1120, 1045 cm-1; 1H NMR C-~ez50-d~ 6 8.5-8.0 (bi: s, 1. NH). 7.9 (s, 1, H-6), 

5.83 (d, 1, H-6), 5.83 (d, 1, H-1 ' ), 5.6-5.4, 5.25-5.1, 5.1-4.7 (br s, OH), 4.53 (d d, 1, H-2'), 4.2 (d d, 1, H-3'), 

3.92 (m, 1, H-4' ), 3.64-3.42 (m, 2, H-5'); 13c NMR (MezSO-d~ 6 160.1 (C-6), 159.9 (C8), 138.3 (C3), 89.8 

(Cl ', 11CH -= 164.8 H2.), 85.3 (C-4'), 73.2 (C2'), 70.6 (C3'), 62.1 (CS'). Anal. catcd for 

C-gH12N60 4 • 0.3CH30H · 0.2H20: C. 37.00; H, 5.09; N, 31.20. Found: C, 37.01; H, ~.99; N, 31.2A. 

3-Amlno-1-(l ',3',S'-tri-0-benzoyl)• P•D-ribofuranosyl-s-triaw~o[S,l-c)-s-trlazole (47). Compound with Rf 

0.9 cited above, yield 2.34 g (7.3%), mp 86-87 °C; MS (F~) 569 (M + l ); UV '-max 239 (30,500), sbouJder 

at 280 (13,300) at pH l ; 240 (30,700), shoulder at 280 (13,300) at pH 7; 229 (27,700), shoulder at 275 (2200) 

at pH 13; IR (KBr) 3425, 3335 (NHi), 3175, 3065 (CH), 1727 (C-=O), 1655 (C=N), i£,OO, 1S70 (aromatic), 

1452, 1317, 1269, 1175, 1160, 1121, 1096, 1070, 1025, 709 an·1; 1H NMR (CD03) 6 8.15-7.25 (m, 16, H-6 

and benzoyl protons), 6.31 (d, 1, H-1', 11,;i, = 3.86 H2.), 6.28 (d d, 1, H-2' , 12 , .3, ,.. 5.32 Hz), 6.15 (d d, 

1, H-3, 13 , ,ti ' = 5.31 Hz), 4.88-4.5 (m, 3, H-4' ,5' ); 13C NMR (CDCIJ) & 166.1, 165.2, 165.0 (C•, O), 158.3 

(C-6, 11CH = 207.4 Hz). 156.0 (C8, 31CH = 9.8 Hz), 140.9 (C3), 133.6, 133.5, 133.0, 129.8, J'J.9.TI, 129.7, 

129.6, 128.8, 128.7, 128.4, 128.37, 128.3 (aromat.ic), 88.5 (Cl ' ), 79.9 (C-4' ), 73.7 (t,.2'), 71.7 (C3'), 63.8 

(CS'). 

3-.\mlno-l-~•J>.rtboruranosyl-s-triazolo[S,1-c)-s-triuole (48). The tribenzoyl derivative 47 (2.0 g) was 

stirred with sodium methoxide (0.2 g) In methanol (100 m.L) under dry oonditions for S h at room 

temperature. The pH of the solution was brought to 7 by the careful addition of 6 N HO. Reaaion minure 

was oonccntrated under reduced pressure and charged on a silica gel oolumn. Methyl bcmoate was removed 

by eluting with chJororo rm. Elution 'With chloroform-methanol (4:1) yielded the pure product, Q.86 g (96%>; 

mp 141-143 °C (lit. 12 mp 144-14S 0 C); MS (FAB) 257 (M + l ); UV '-max 240 (6400) at pH l ; 240 (7CXX}) 

at pH 7; 242 (6800) at pH 13; IR (KBr) 3600-2600 (broad, OH, NHi, CH), 1657, 1626 (C=N). 1580, 1505, 
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!455, 1445, 1410, 1325, 1285, 1265, 1215, 1185, 114<J, 1105, 1052 crn·1; 1H NMR (MtzSO-dJ 6 8.02 (s, 1, H-

6), 6.85 (s, 2, NHi), 5.48 (d, 1, H-1'), 5.43 (<l, 1, OH-2'), 5.15 (d, 1, OH-3'), 4.82 (t, 1, OH-5'), 4.57 (m, 

1, H-2'), 4.09 (m, 1, H -:'), 3.85 (m, 1, H-4'), 3.58-3.33 (m, 2, H-5'); 13c NMR (MtzSO-d6) 6 157.8 (C-6, 

1JcH = 206.7 Hz), 155.2 (C-8, 3JCgH
6 

= 3.7 Hz, 3JCgHi• = 9.6 Hz), 141.2 (C-3), 90.5 (C-1'), 84.9 (C-4'), 

72.0 (C-2'), 70.3 (C-3'), 62.0 (C-5'). Anal C-alcd for CgH12N60 4: C, 37.50; H, 4.72; N, 32.81. Found: 

C, 37.24; H, 4.93; N, 32.47. 

3-(2' ,3' ,5'-Tri-O-benzoyl)-o-ribofuranosylamlno-5H-s-trlazolo[5,1-c}•s•triazole (49). Compound with Rf 

0.81 cited above, yield 7.5 g (23%); mp 189-192 °C; MS (FAB) 569 (M + 1); UV ).max 233 (19,500), shoulder 

~t 278 (1350) at pH 1; 236 (18,800), shoulder at 280 (5400) at pH 7; 226 (14,000) at pH 13; IR (KBr) 3200, 

30-,'0, 3010, 2975-2900 (NH and CH), 1734, 1725, 1716 (C=O), 1630, 1587 (broad, aromatic), 1465, 1450, 1315, 

1284, 1267, 1180, 1155, 1126, 1114, 1093 cm·1; 1H NMR (M~O-d6) 6 12.45-12. 7 (br 5, 1, H-5), 8.67 (b d, 

1, NH), 8.1-7.83, 7.8-7.3 (m, 16, H-6 and benwyl protons), 6.39-6.32 (m, H-1 ' of a-isomer), 5.97-5.77 (m, 3, 

H-1',2',3'), 4.8-4.5 (m, 3, H-4',5'); 13c NMR (M~O-dJ of the compound showed mixture of a,p-isomers. 

Anal C3lcd for Cz9H24Np7: C, 61.26; H, 4.26; N, 14.79. Found: C, 61.42; H, 4.56; N, 14.78. 

3-Amlno-l-(2,3,5-tri-O-benzoyl-11-0-ribofuranosyl)•s•triazolo[S,l-c] -s•triazole (47a). The above cited 

compound with Rf 0.85, yield 238 mg; mp 83-86 °C; MS (FAB) ml~ 569 (M + 1); IR (KBr) 3425, 3335 

(NHz). 3175. 3065 (CH). 1727 (C=O), 1653 (C=N). 1602. 1569 (aromatic), 1452, 1317, 1268, 1176, 1165, 1110, 

1069, 1025, 708 cm·1; 1H NMR (CDCly 6 8.07 (m, 2, o-Ar-H's), 7.84 (m, o-Ar-H's), 7.83 (s, H-6), 7.56-7.21 

(m, 9, m -, p-Ar-H's), 6.45 (d, 1, 11, ;i• = 5.5 Hz, H-1 '), 5.98 (t, 1, 12, ;3, = 6.5 Hz, H-2'), 5.37 (m, 1, H-4'), 

4.91 (br s, 2, NHz), 4.81 (d d, 1, J• ' .S'a :: 3.3 Hz, ls•a,5'b = 12.3 Hz, H-5'a), 4.65 (d <l, 1, J•'.S'b = 3.8 Hz, 

H-5'b); 13c NMR (CDCl3) ~ 166.1, 165.4 and 164.8 (C=O), 156.42 (C-6, 1JCH = 206. 7 Hz), 155.93 (C-8, 

3Jc-8,H-6c 9.9 Hz, 3JC-8,H·l' "' 3.5 Hz), 139.85 (C3), 133.41, 133.39, 133.29, 129.70, 129.67, 129.66, 129.38, 

128.89, 128.50, 128.37, 128.26 (aromatic), 87.24 (Cl', 1Jc.H • 168.0 Hz), 81.54 (C-4'), 71.39 (C2'), 70.97 

(C-3'), 63.85 (CS'). Anal C-alcd for ~ 24N60 7 ·0.2C6H 12: C, 61.96; H, 4.55; N, 14.36. Found: C, 61.73; 

H, 4.54; N, 14.17. 

2-Nltroamlno-1,3,4-thladiazole (51). Nitration or 3-amino-1,2,4-triazolc was foUowed. Fuming nitric acid 

(d L.52, 17.5 mL) was added slowly over 15 min to 2-amino-1.3,4-thiadiazole (J g) at O °C with vigorous 

stirring. The reaction mixture was stirred further foT 30 min at 10-20 °C and quenched by pourin3 it into ice 

water. The solid was filtered and recrystallized f.ro..n water to afford pure product (2.93 g); mp 168-170 °C 

dee; MS (El) 146 (M); IF. (KBr) 3120 (broad), 3080 (NH), 3025, 3000, 28(,() (CH), 1532, 1484, 1437, 1350, 

1280, 1268, 1234, 1218, 1100, 1005, 897 cm·1; 1H NMR (M~O-d~ 6 14.5-11.S (broad, NH), 9.1 (s. 1, CH); 

13c NMR (M~O-d6) 6 170.S (C-2, 3JCH s 2.5 Hz), 148.0 (CS, 1JCH s 218.6 Hz). An.al c.aJcd for 

CzH~•S02: C, 16.44; H, 1.38; N, 38.35. Found: C, 16.67; H, 1.60; N, 38.25. 

5-Amlno-s-triazolo[3,4-b]•l.3,4-thladluole, Bydrobromldc. (51). 2-Nitroamlno-1,3,4-thladiazole (12.24 g) 

and activated zinc dust (21.8 g) were moistened with water and ground to a paste. The paste was suspended 

in water (50 mL) at 10 °C and treated wilh 50% aqueous acetic acid (100 mL) over 2 h, while maintaining 

the temperature berwe.en 10-20 °C The mixture was stirred. at 20 °C for an additional 4 h, heated to 60 °C 
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for 1 h., and allowed to c:ool. The excet: zinc was removed by filtration and the filtrate saturated with 

hydrogen sulfide for 2 h. After removal of zinc sulfide, the filtrate and washings were treated with 10 N HCI. 

The hydrazino compound obtained [12.0 g, MS (El) 116 (M)) was refluxed with cyanogen bromide (11.0 g) 

in 85% aqueous methanol (425 mL) for 48 h. The solvent was removed by evaporation, and the solid residue 

was dissolved in water and neutraliu.d with sodium acetate, gi , ing a solid precipitate. The produ-.. was 

recrystallized from water and treated with one equivalent of hydrobromic acid, giving a pure product (1.23 g); 

mp 240-250 °C' dee; MS (EI) 141 (M); IR (KBr) 3400-2700 (NH2, CH, HBr), 1685, 1588, 1500, l~~S. 1325, 

1275, 1200, 1020, 970, 780 cm·1; 1H NMR (MeiSO46) 6 9.4 (s, 1, H-2), 9.2-8.8 (br s, NH2, H2C:.. tt+); 
13

C NMR (MCi5O46) 157.7 (C-2, 1
JCH = 223.6 Hz), 149.7 (C-8, 3J c H = 3.3 Hz), 144.7 (CS). Anal Calcd 

for <;H3N5S · HBr · 0.SH2O: C, 15.59; H, 2.18; N, 30.30. Found: C, 15.52; H , 1.90; N, 30.01. 

5-Thlo-.r-triazolo-[3,U) ·l,3,4-tMadlazole-6N-dlthlou..-uu.:j•!!~ Add (53). 2-Nitroamino-1,3,4-thiadiazole (22 

g, and activated zinc dust (32.8 g) were moistened with water and ground to a paste. The paste was 

suspended in water (82 mL) at 10 °c and treated with 50% aqueous acetic acid (164 mL) over 2 h, while 

maintaining the temperature between 10-20 °C. The mixture was stirred at 20 °C for an additional 4 h, heated 

to (,() 0 c for 1 h, and allowed to c:ool. The excess zinc was removed by filtratfon and l!le filtrate saturated 

with hydrogen sulfide for 2 h. After removal of zinc sulfide, the filtrate and washings were treated with 10 

N Ha to yield the hydrazino compound ps g. MS (El) 116 (M)J. This compound (12. 7 g) was refluxed \l,tth 

KOH (12.4 g), carbon disuJfide (50 mL) in 70% aqueous ethanol (300 mL), for 30 h. The solvent was 

removed and the residue was dissolved in water, acidified (pH 3) by addition of cone. Ha. The yellow solid 

obtained was filtered and recrystallized from water, charged on silica gel column chromatograph, eluted with 

chloroform-methanol (9:1). Pure product was obtained by the treatment with dilute Ha (200 mL. pH 2), 

filtered and dried (4.01 g); mp 121-123 °C; MS (El) 234 (M); UV 356 (5700), 282 ( 17,800), 244 (10,300); IR 

(KBr) 3650-3150 (broad, CSSH), 3050 (CH), 1640 (C=S), 1515, 1488, 1453, 1427, 1406, 1323, 1268, 1220, 

1080, 1040, 1010 cm·1; 1H NMR (MeiSO46) & 9.5 (s, 1, CH), 3.95-3.8 (br s, SH, H2O, H+); 13c NMR 

(MCi5O46) & 186.8 (CSSH), 163.1 (C-5), 156.7 (C8, 3JCH = 4.3 Hz), 152.0 (C-2, 1JCH = 214.2 Hz) ppm. 

Anal Calcd for C4H2N4S4 · 0.4H2O · 0.4HC1: C, 18.77; H, 1.26; N, 21.88; s, so.er,. Found: C, 18.84; H, 

1.27; N, 21.86; S, 50.00. 

3,6,7-Tri-[dlmethylaminomethyleneamlno]-7H•.r•trlazolo[5,1-c)•triazole (55). 3,6,7-Triaminotriawlotria­

zole (2.5 g) was suspended ic dry 1,4-dio-.<ane ( l (i() mL) under nitrogen atmosphere. Gold's reagent21 (6.43 

g, Aldrich) was added all at once and the reaction mixture was refluxed for 24 h. Cooled to room 

temperature, anhydrous sodium ace~te (1.6 g) and glacial acetic acid (3.3 mL) were added and was refluxed 

for 3 h. Solvent was remov~. in vacuo. The residue was taken up in chloroform and washed with aqueous 

sodium bicarbonate, drie<. over anhydrous magnesium sulfate and concentrated. Silica gel column 

chromatography (10% rr.etbanol in chloroform) followed by precipitation in chloroform-ether, yielded the pure 

product (2.1 &); mp 213-214 °C dee; MS (EI) 119 (M); UV '-max 283 (32,80LJ, 219 (19,200); IR (KBr) 2915, 

2875, 2810 (CH), 1630 ~=N), 1592 (C=N), 1527, 1489, 1458, 1431, 1393, 1350, 1285, 1260, 1230, 1200, 1109, 

1100 cm·1; 
1H NMR l~Ci5O4G) & 8.37 and 8.35 (s, 3, olefin protons), 3.13, 3.07, 2.99, 2.94 (s, 18, methyl 

protons; 13c NMR (MCi5O4,) & 158.4 (C6), 157.0, 155.9, 155.6 (N•CH), 149.5 (C-8), 147.7 (C3), 40.8, 40.5, 
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38.0, 34.7, 34.5 (methyl carbons). Anal C-alcd for C,.2H21N11 · 0.7H2O: C, 43.41; H, 6.80; N, 46.42. Found: 

C. 43.69; H, 6.57; N, 46.27. 

6-Purinecarboxylic Acid22 (57a). To 2.5 g (0.017 mo!) of 6-<:yanopurine was added 16.7 mL of 2 N 

sodium hydroxide, andl the mixture was refluxed for 1 h. The resulting clear solution was cooled and acidified 

to pH 2 with concentrated hydrochloric acid. The precipitate was filtered off, washed with water, and dried 

in vacuo to give a powdery yellow oolid (1.89 g); mp 193-194 °C; IR (KBr) 3400, 2800, 1721, 1481, 1433, 1392, 

1301, 1230, 1205, 1169, 928, 758 cm·1; 1H NMR (MezSO-d6) 6 13.42 (br s, 1, H-6), 9.ll (s, 1, H-2), 8.80 (s, 

1, H-8). Anal C-alcd for C6H4N4O2: C. 39.56; H, 3.32; N, 30.76. Found: C. 39.23; H, 3.33; N, 30.47. 

Purine+thiocarboxamlde22 (57b). Hydrogen sulfide W"4S passed through a solution of 1.75 g (0.012 mol) 

of 6-cyanopurine in approximately 40 mL ethanolic ,mmonfa (temperature kept at 0 0 C) for 4 h and was left 

stirring at room temperature overnight. The mixture was evaporated to dryness yielding 1.6 g of a powdery 

yeliow solid; mp 300 °C; IR (KBr) 3353, 3260, 3145, 3125, 3114, 3082, 3064, 3059, 1600, 1398 cm·1; 1H NMR 

(MezSO-d6) 6 12. 74 (br s, 1, NH), 10.35 (d, 1, NHz), 9.03 (s, 1, H-8), 8. 74 (s, 1, H-4); MS (EI) m/t 179 

(M+). Anal C-alcd for C6H5N5S: C, 40 21; H, 2.81; N, 39.08. Found: C, 40.01; H, 3.14; N, 38.95. 

6-Carboxamidopurlne (61).22·24 (The 6-carboxamidopurine was prepared by a modification of the 

referenced procedure by Hitchin~ and Mackay.) Into a 100-mL round-bottomed flask equipped with a 

magnetic stirring bar and conde,nser were placed 6-<:yanopurine (56, 4.6 g. 31.7 mmol) and EtOH (enough to 

allow good stirring). Then, 14.4 mL of 2.2 N NaOH was added, and the mixture wac; heated at :-eOux for 1 

b. Since thin-layer chromatographic (ILC) monitoring of an aliquot from this mixture showed the presence 

of starting material, another 0.5 mL of 2.2 N NaOH was added, the heating was continued, and a heavy 

precipitate quickly formed. (In repetitions of this work, we found that in some cases, no precipitation occurred. 

With these cases, we suggest that 0.5 mL portions of the NaOH solution should be added at 5 min. intervals 

until precipitation occurs.) Since a TLC of this product showed only a trace of starting material, the EtOH 

was removed at reduced pre..;sure, the residue was suspended in H2O, chilled, and aci~uied to pH 6-7 with 

dilute HCL. The product was collected by filtration, washed well with cold H2O, and dried in vaaw over 

phosphorus pentoxide; yield, 3.9 g (75%); IR (KBr) 1709, 1691, 1570, 1473, 1393, 607 cm·1; MS (FAB) mie 

164 (M + 1). This mr ·~rial was used in the subsequent coupling reaction without fun!ler purification. 

6-Carboxamldo-9-P-o-rlbofuranosylpurlne, l' ,3' ,5'-Tribenzoate (61).24 Into a 100-mL round-bottomed 

flask equipped with a reflux condenser, magnetic stirring bar, aud a drying tube was placed 6-

carboxamidopurine (61, 500 mg, 3.07 mmol), hexametbyl disilaz.ane (HMDS, 30 mL), and (NH4):zS(>
4 

(10 mg). 

The mixture was heated at gentle reflux in an argon atmospbert. for 18 il before excess HMDS was removed 

ill vacuo. The residue was dissolved in dry 1,1-dichlorocthane (30 mL), and l-0-acctyl-2.3.5-t.ri-0-benzO'/l·P·D­

n1>ofuranose (1.6 g, 3.07 mmol) and anhydrous SnC14 (1.1 g, 4.3 mmol) ~-ere add .. .d. The reaction mixture 

was protected from moisture, covered with an argon atmosphere, and stirred at room temperature for 24 b. 

The mixture was poured into a cold mixture of 5% aqueous NaHC03 and CHa3 (1:1) an.l stirred for 2 h. 

The resulting emulsion was further separated by removing any separated water and CHa3 portions and 

treating the remaining emulsion v.ith more CHCJ3 until the emulsion wa.; broken. The a-103 layer was 

washed with brine, dried with MgSO4, filtered, and evaporated. The crude product was chromatograpbcd with 
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a 200 g silica gel flash column (using 99:1 CHC13-MeOH as eluent), and the appropriate fractions were 

combined and evaporated; yield, 1.1 g; MS (FAB) m/e 608 (M + 1), 445 (sugar), 164 (B + 2 H). The 1LC 

showed a single spot when developed in 98:2 CHa3-MeOH. 

6-Carboxamldo-9-~•D-riboruranosylpurine (63).22·24 Into a 1-L round-bottomed flask was suspended 

2'.3'.5'-tribenzoyl-6-carboxamido-9-~-D-ribofuranosylpurine (62, 11 g, 18.1 mmol) in 600 mL absolute EtOH 

with good stirring. A solution of sodium methoxide in EtOH was added slowly over 45 min to adjust the 

mixture to pH 8-9 (monitored by pH paper). After 3 h. a lLC aliquot monitoring indicated complete 

deblocking had occurred, and the reaction was quenched by the addition of 1 mL of glacial acetic acid. The 

reaction mixture was evaporated, and the residue was suspended in ether, collected by filtration, washed with 

ether, and dried, giving a crude yield of 5.2 g. This crude product was purified by silica gel flash 

chromatography (<..luted with 2:1 CHa3-MeOH). Since the product still CtJntained an appreciable a.mount of 

sodium acetate, it was dissoi•,ed in 75 mL of water, treated with --0.5 m: . of mixed-bed resin (AG 501X8D) 

for 5 min, filtered, and the filtrate was freez.e-dried: yield 2.0 g; mp Jl0-1, °C cap; UV lmu 280 nm (7,960) 

at pH 1; 282 (7,870) at pH 7; 287 (10,750) at pH 13; IR (KBr) 1690, 1585, 1500, 1415, 1335, 1210, 1125, 

1085, 1060, 645 cm·1; MS (Fl'..B) m/e 296 (M + 1); 1H NMR (MezSO-d6) 6 3.59, 3.71 (2 m, 2, H-5'), 3.99 

(q, 1, H-4') , ~.20 (t, 1, H-3'), 4.61 (t, 1, H-2'), 5.20, 5.36, 5.65 (3 br s, 3, OH-5' ,3'.2'), 6.08 (d, 1, H -!'), 

8.05, 8.35 (2 br s, 2, CONH,i), 8.~ (s, 1, H-2), !.1.03 (s, 1, H-8). Anal catcd For <;1H 13N5O5 · • 

0.7H2O ·0.25NaOAc: C. 42.06; H, 4.73; N, 21.33. Found: C, 42.10; H, 4.60; N, 21.33. 

Methyl 2-Chloro--'-cyanomethyllmlduole-5-arboxytate (65). To a 11.1 g (0.056 mo!) of methyl 4-

carboxami:iomethyl-2-imidaz.olonG-5-carboxylate (70) was add~ 250 mL of phosphorus oxychloride. This 

mixture was refluxed for 3 h, cooled, and then evaporated ander reduced pressure until the reaction mixture 

was a viscous blackish-brown gum. Tbe reaction mixture was cooled in a dry-ice ac.etone bath while a mixture 

of ice and water was slowly added to the flask. The pH of the reaction mixture was then slowly adjusted to 

5 with 28% aqueous ammonia, and the dark liquid was extracted -..-lth ether (1 L). Drying over sodium sulfate 

followed by rotovapping gave a viscous, light-yellow solid which was recrystallized from beni.ene (5.5 g, 49.4%, 

mp 136.7 °C); IR (KBr) 1657 cm·1 (C•O), 2270 cm·1 (CN); 1H NY~~ (CD03) 6 10.8 (br s., 1, NH), 3.99 (s, 

2 H, CH2CN); 13c NMR (COO)) ppm 17.63, 52.53, 115.88, l Zl.38, 134.~. 137.57, 59.43. AnaL Calcd ro, 
~H60N3O2: C, 42.11; H, 3.00; N, 21.05. Found: C. 42.16; H, 3.06; N, 21..00. 

4-Cyanometbyl-2-dtlorolmldazole-S-carboumJde25,l6 (66). Methyl 4-cvanomethyl-2-chloroimirtuole-5-

carboxylate (7.0 g, 0.035 mo!) was slowly added to liquid ammonia in a cooled (-78 •q glass-lined stainless 

steel bomb. The bomb was sealed, allowed to warm slowly to room temperature, and then heated aL 110 °C 

for 21 days. The bomb was then cooled to room temperature, and the ammonia was slowly removed by 

evaporation at atmospheric pressure followed by vacuum. The resu11:ng brO"vn solid was then Soxblet-ctraacd 

with ether, giving 3.3 g of an insoluble light brown solid (found to be &Utrting material) and 7.1 g of a light 

yellow solid (from the ether extract), which was the desired product; mp 233-235 "C; MS (EI) 199 (M+), 201 

(M + 2); 1H NMR (MCi5O-dJ 6 13.56 (br s, 1, NH), 7.42 (br s, 2, NH,i), 4.28 (s., 3, CH2CN); IR (KBr) 

3393, 3207, 2267, 1669, 1600, 1500, 1425, 1408, 1379, 1250, 625 cm·1; 13C NMR (M~~6 + HO) & 162.2 
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((;=0), 129.9 (C2), 129.1 (C-4), 128.5 (C-5), 117.1 (CN), 14.7 (CHi). Anal C.alcd for C6H5CIN4O: C, 39.03; 

H. 2.73; N, 30.37. Found: C. 39.12; H, 2.92; N, 30.18. 

Methyl 4(5)-Cyanomethyl-2-methylthlolmldazole-5(4)-carboxylate25.l6 (72). Methyl 4(5)-carroximido­

methyl-2-methylthioimidazole-5(4)-carboxylate (6.4 g, 0.028 mo!) was added to 125 mL freshly distilled 

phosphorus oxychloride. The mixture was refluxed for 3 h before it was cooled to room temperature t\nd then 

evaporated to dryness, unde, vacuum. After most of the Poa
3 

bad been remove.d, the reaction flask was 

cooled in a dry ice/acetone bath at -78 °c. Water/ice (300 mL) was slowly added with swirling, and then the 

reaction mixture was allowed to wa."tll to room temperature. The pH was adjusted to 7-8 with slow addition 

of NH4OH, and then the mixture was extracted with ether ( -1 L), dried and evaporated. A dark blue solid 

was obtained (6.3 &~ which was cbromatographed (in 10:1 CHC13"MeOH, silica gel) to give 1.53 g of the 

desired product as a light yellow solid, mp 117-118 °C An additional 2.1 g of this material was later obtained 

from a semnd chromawgraphic effon with a 1:1 ethyl acetate-pet. ether solvent system. MS (EI) m/e 211 

(M+); 1H NMR (MCi5O-d6l ~ 4.22 (s, 2, CH2CN), 3.82 (s, CH3O-3), 2.60 (s, 3, SCH)); IR (KBr) 3255, 22li6, 

1712, 1593, 1488, 1439, 1431, 1357, 1308, 1251, 1098 cm·1; 13C NMR (MezSO-d6 + HCI) ~ 159.3 (C-=O), 

146.1 (C2). 135.1 (C-5), 121.6 (C-4), 116.8 (C=N), 51.8 (OCH3), 15.9 (CHi), 14.5 (SCH3). Anal. Calcd for 

Ca~ 3oi5: C, 45.50; H, 4.29; N, 19.89. Fo und: C, 45.50; H , 4.36; N, 19.li6. 

4-Cyanomethyl-2-methylthloimldazole-5(4)-carboxamJde25,26 (73). Melhyl 4-cyanomethyl-2-methyl-

thioimidazole-5(4)-carboxylate (3.4 g, 0.16 mo l) was slowly added to a cooled (-78 °C) glass-line.a stainless steel 

homb, filled with 50 mL liquid ammonia. The bomb was ::.apped, suled, and allowed to warm slow1ly to room 

temperature before it was heated to 110 °C After 21 days, the bomb was cooled to room temperature, the 

ammonia allowea to slowly evaporate, and the residual dark brown viscous product was kept under vacuum 

for -2 b. Colum:i chromatography with silica gel and a 10:1 CH0 3-MeOH solvent system gave a brown solid 

which was fecrystalli.z.ed from ethyl acetate to give the desired product as a lighter brown solid (1.59 g); mp 

146-147 °C; MS (El) 196 (M+); 1H NMR (MCi5O-d6l 6 17.76 (br s, 1, NH), 7.30 (br s, 2, NHi), 4.22 (s, 

2. CH2CN), 2.60 (s, 3, SCH)); IR (}(Bi) 3200, 1654, 1603, 1492, 1396, 2260 (CN) cm·1• Anal C.alcd for 

C,H8N4OS: C, 42.85; H, 4.11; N, 28.55. Found: C. 42.74; H, 4.33; N. 28.29. 

Et!lyl 5-Me.thylpyrazole-3-carbo:..')'late27 (76a). (Followmi the molar proponion.s of the referenc.e, but 

using hydrazine hydrate instead of hydrazine sulfate and NaOH.) Ethyl 2,4.(iioxovalerate (20 g. 0.127 mol) 

was added to 100 mL water. The solution was cooled in an ice-water bath while hydrazJne monohydrate (6.54 

g, 0.108 mol) was slowly added with stirrin6. After the hydrazine addition 'lll'aS complete, stirring was 

continued and the solution was allowed to come to room temperature. After about 45 min, a light yellow 

solid began precipitating. Stirring at room temperature was continued for another 3.25 h before the solid was 

filtered (14.9 g). The solid i;,as added to 40 mL ether, heated, and stirred. Insoluble solid was fil tered. The 

ether solution was concentrated to about 250 mL before pet ether was added until the solution became 

cloudy. Cooling overnight yielded the desired product. a white solid. Further concentration of the mother 

liquor solution followed by pet. ether addition yielded more of this solid (final yield 9.4 g, mp 63-64 •q; MS 

(EI) m/t 154 (M+ ); 1H NMR (d6-acetone) 6 6.53 (s, 1, vinyl-H), 4.28 (q, J = 7.5 Hz, 2, OCH2CHy. 2.30 (s, 

3, CH
3

), 1.30 (t, J • 1.15 Hz, 3, OCH
2
CH

3
); IR (KBr) 3224, 172:2, 1420, 1227, 1175, 1097, 1029, 995, 781 
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cm·1; 13C NMR (MCiSO-d6, mixture of tautomers) 6 162.3 (C=O), 143.3 (CS), 139.7 (C-3), 106.4 (C4), 60.0 

(OCH2CH3), 14.2 (OCH2CH3), 10.2. (Cl'). Anal Calcd for C,H10N2O2: C, 54.54; H, 6.53; N, 18.17. Found: 

C, 54.31; H, 6.88; N, 17.84. 

Ethyl 5-(p-Ji1uorophenyl)pynuole-:;-carboxylate (76b). Ethyl 4-(p-0uorophenyl)-2,4-dioxobutyrate (13 g, 

0.055 mol) was added to 50 mL water and hydrazine monobydrate (2. 7 g, 0.054 mol) was slowly added with 

stirring. After 30 min at room temperature, the solutlcm was heated to 50-60 °c for 3 h, and then kept at 

room temperature overnight. The solid was then filtered, dried, and added to 600 mL MeOH. The insoluble 

solid was removed, and the methanol sohttion was conc.entrated to 20% original volume. The resulting light 

yellow solid (4.2 g) was isolated by filtration and was found to be the desired product Another 6.1 g of the 

desired product was obtained by further concentration etc., of the methanoli~ soiution: yield 16.3 g; mp 

145-146 °C; MS (EI) m lt 234 (M+); 1H NMR (d6-ac.etone) 6 7 03-8.05 (m, 5, Ar-H's and pyrazole-H), 4.33 

(G, J = 1 Hz., 2, OCH2CH3), 2.82 (br s, 1, NH), 1.36 (t, J • 7 Hz., 3, OCH2CHJ); IR (KBr) 31351 1726, 1509, 

1276, 1246, 1190, 1166, 995, 841, 779 cm·1; 13c NMR (MCiSO l- CF3COOD) 163.7 (C-=O or C4' ), 160.4, 

160.5 (C•O or C4'), 146.5 (CS), 139.6 (C3), 127.4, 127.5 (\.. .:'), 127.3 (Cl'), 115.6, 115.9 (C3'), 105.2 

(C4), 60.5 (OCH2CH3). Anal Calcd for Ci2H 11N20 2: C. 61.53; H, 4.73; N, 11.96. Found: C, 61.51; H. 

5.05; N, 12.00. 

Ethyl 5-(p-Bromophenyl)pyrazole-3-carboxylate (76c). Ethyl 5-(p-bromopberiyl)-2,4-dioxybutyrate (10.2 g, 

0.034 mol) was mixed with 75 mL water. Hydrazine hydrate (1.65 g, 0.033 mol) was added slowly with stirring. 

The mixture was heated at 40-50 °C for 4 h and stirred at room temperature overnight. The resulting solid 

was vacuum filtered and added to -400 mL MeOH. All undissolved solids were removed by filtration, and 

the filtrate was reduced to -20% of tbe original volume. A small portion was isolated and dried, giving a 

solid with a broad melting point. This solid was recombined with the MeOH mothe.r liquor and the whole 

was evaporated to dryness and chromatograpbcd (sJlica gel, 9.5:1, CHOrMeOH), giving 6.3 g of a light orange 

solid. Some of the orange soUd (2.5 g) was then recrystallized from hot methanol giving 2.0 g of a li1,ht 

yellow solid; mp 128-129 °c; MS (El) m/t 294 (M+); 1H NMR (MCzSO-d6, mixture of tautomers) 6 14.1, 

13.98 (s, 1, -NH), 7.81, 7.64 (s, 4, Ar-H), 7.34, 7.U, (m, 3, pyrazole-H), 4.32 (m, 2, OCH2CHJ), 1.34 (t, J • 

9 Hz, 3, OCH2CH3); IR (KBr) 3294, 1696, 1444, 1303, 1277, 1028, 1012, 956, 829, 774 cm·1. 13c NMR 

(MezSO-d6 + CF3COOD) 6 160.3 (C•O), 146.4 (C3), 139.2 (CS), 131.8 (C2'), 129.9 (Cl'), 127.3 (C3'), 

12\.3 (C4'), 105.5 (C4), 60.5 (OCH2CHJ), 14.2 (OCH2CHJ). Anal Ca.led for Ci2H11 N2O2Br: C. 48.83: H, 

3.76; N, 9.49. Found: C, 48.86; H, 3.93; N, 9.37. 

Ethyl 5-(p-Chloropbenyl) pyruole.-S-..-arboxylate (76d). Ethyl 5-(p-chJorophenyl )-2,4-d ioxobu tyra te ( 13.9 

g, 0.055 mol) ~ mixed with water (75 mL). Hydrazine monohydrate (2. 7 g, 0.054 mol) was then slowly 

added with stirring. After overnight stirring at room temperature, the resulting yellowish solid was vacuum 

filtered. The solid material was added to bot ether and the whole was heated to -40 •c. The solution was 

cooled, the ether-insoluble material was filtered, and the ether solution was then evaporated to dryness giving 

4.2 g of a orange-<:olored solid. Since an NMR of the au.de product showed that starting material was still 

present, the solids were recombined and added to water (78 m.L) and bydrazJne hydrate ( -2.0 g). The 

reaction mixture was then heated at 40-50 •c for 4 h, cooled, and filtered giving a light o range solid. The 
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solid was added to hot MeOH (COO ml). MeOH-insoluble was filtered off and the MeOH was conc.entrated 

to -20% volume giving 8.5 g of a )Cllowish solid. Because this material had an unacceptably broad melting 

point (138-146 °C), it was filtered through silica gel with CHC13 giving light yellowish-brown flakes (6.9 g), 

mp 148-150 °C. A smaller fraction (2.5 g) was then cbromatographed (silica gel, CH03-MeOH, 9.5:1) giving 

1.6 g of an off-white solid which melted in two stages (128-130 °C partially and 146-148 °C). Re-melting the 

melted material occurred only at the higher 146-148 °c range. MS (EI) ml~ 250, 252 (M, M + 2); 1H NMR 

(M~O-d6) 6 14.06 (s, l, NH), 7.89 (m, 2, Ar-H), 7.51 (m, 2, Ar-H), 7.30 (s, 1, pyrazole-H), 4.34 (q, 2, 

OCH2CH3, 1.34 (t, 3, OCF·2CH3); IR (KBr) 3294, 1697, 1444, 1303, 1285, 1278, 1093, 1016, S56, 832 cm·1; 

13c NMR (MeiSO-d6 + CF3COOD) 6 160.3 (C=O), 146.4 (C-3), 139.3 (C-5), 132.8 (C-4'), 129.6 (C-1'), 

128.8 (C-3'), 127.0 (C-2'), 105.5 (C-4), 60.5 (OCHz), 14.2 (OCH1CHy, Anal C31cd tor <;2H 11 N20 2CI): 

C, 57.49; H, 4.42; N, 11.17. Fo:ind: C, 57.45; H, 4.71; N, 11.35. 

Ethyl S-Pheoylpynuole-3-carboxylate (76e). Ethyl 5-phenyl-2,4-dioxobutyrate (10.7 g, 0.049 mol) was 

mixed with 100 ml water. Hydrazine hydrate (2.45 g. 0.049 mol) was slowly added with stirring, and the 

mixture was stirred overnight at room temperature. The resulting yellow powdery precipitate was filtered, 

dried, dissolved in ether, extracted with water, dried, and evaporated to dryness giving 9.7 g crude product 

TLC in silica gel (9.5:1, CHClrMeOH) showed one main component. Recrystallization of 2.5 g crude product 

gave 2.0 g of a white solid; mp 129-130 °C; MS (El) m/e 216 (M+); 1H NMR (MeiSO-d6) 6 13.99 (s, 1, NH), 

7.87 (m. 2, Ar-H), 7.48 (m, 2, Ar-H), 7.39 (m, 1, Ar-H), 7.26 (s, 1, H-4), 4.32 (q, J "" 6.6 Hz, 2, OCH2CHJ), 

1.34 (t, J = 6.6 Hz, 3, OCH2CHJ); IR (KBr) 1725, 1419, 1277, 1240, 1192, 1138, 1023, 1000, 760 cm·1. 

13c NMR (MeiSO-d6 + 1 drop lFA) 6 160.9 (C=O), 146.9 (C-5), 140.2 (C-3), 130.5 (C-1 '), 129.0 (C3'), 

128.3 (C-4'), 125.4 (C-2'), 105.2 (C-4), 60.5 (OCH2CHJ). Anal C31CI.I for <;2H12N20 2: C, 66.65; H, 5.59; 

N, 12.96. Found: C, 66.57; H, 5.'/7; N, 13.14. 

Ethyl S-(p•Tolyl)pyrazole-3-carboxylate (76'). Ethyl 5-(p-tolyl)-2,4-dioxobutyrate (13.9 g, 0.059 mo·) was 

mixed with -100 mL water. Hydrazine hydrate (3.0 g, 0.059 mol) was slowly added with stirring, and then 

the mixture was stirred ovemlght at room temperature. The resulting light yellow powdery precipitate was 

filtered and dried, giving 10.4 g of crude product. TLC in silica gel (ether:petroleum ether, 2:2) showed onJy 

a slight amount of impurities presen1. The solid (2.2 g) was chromatographed with silica gel (ether:petroleum 

ether, 2:3) gMng 2.1 g of the desired prcduct as a while solid, mp 144-145 °C; MS (EI) m/e 230 (M+); 

1H NMR (MCi5O-d6) 6 13.91 (s, 1, NH), 7.76 (m, 2, Ar-H), 7.28 (m, 2. Ar-H), 7.20 (s, 1, H-4), 4.32 (q. J 

= 8.4 Hz., 2, OCH2CH3), 2.36 (s, 3, ArCH3) . 1.44 (t, J == 8.4 Hz, 3, OCH2CH)); IR (KBr) 3140, 1724, 1487, 

1413, 1272, 1242, 1131, 994,986,817, 783 cm·1. 13C NMR (M~O-d6 + 1 drop lFA) 6 160.9 (CcO)• 146.5 

(C-5). !40.5 (C-3), 137.7 (C-4'), 129.5 (C-3'), 127.4 (C-1'), 125.3 (C-2'), 104.7 (C-4), 60.4 (OCHz), 20.8 

(ArCH)), 14.2 (CH2CHJ). Anal caJcd for Ci5H14N20 2: C. 67.81; H. 6.13; N, 12.17. Found: C. 67.50; H, 

6. 14; N, 12.38. 

J:;thyl S-(p-Nltrophenyl)pynuole-l-carbo~'Ylate (76&). Ethyl 5-(p-niuophenyl)-2,4-dioxobutyrate (10.6 g_, 0.04 

mol) was mixed with 200 mL H20. Hydrazine hydrate (2 r, 0.04 mol) was slowly added with stirrint. and 

the mixture was stirred overnight at room temperature. The resulting yellow powdery solid was filtered and 

dried giving 7.2 g crude produc,, Chromatography (silica gel, ether-pe1. ether, 1:2) of 4 g yielded 2.6 g of pure 
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product; mp 210-212 °C; MS (El) m /t 261 (M+); 1H NMR (Me;iSO-d6) 6 14.35 (s, 1, NH), 8.31 (d, J = 8.4 

Hz. 2, Ar-H), 8.16 (d, J = 8.4 Hz. 2, Ar-H), 7.52 (s, 1, H-4), 4.34 (q, J = 1 Hz. 2, OCH2CH3), 1.35 (t, J 

= 7 Hz. 3, OCHzCH3); IR (KBr) 3180, 1735, 1722, 1(,()7, 1523, 1514, 1338, 1286, 1258, 1203, 1154, 854, 755 

cm·1; 13c NMR (MC;i5O-d6) 6 159.8 (C=O), 158.7 (C-4'), 146.8 (C-5), 138.3 (C-3), 137.7 (C-1'), 126.2 (C-

2'), 124.1 (C-3'), 107.0 (C-4), (,().9 (OCHiJ, 14.2 (OCH2CH)). Anal C8lcd for Ci2HuN3O4: C, 55.17; H, 

4.24; N, 16.09. Found: C. 54.99; H , 4.36; N, 16.36. 

Ethyl 5-(p-Melhoxypbenyl)pynuole-3-carboxylate (76b). Ethyl 4-(p-methoxyphenyl)-2,4-dioxobutyrate (10.0 

g, 0.04 mol) was mixed with 75 mL water. Hydrazine hy~rate (2 g, 0.04 mol) was slowly added, and the 

mixture was stirred overnight at room temperature. The resulting yellow solid W'clS filtered and washed v.ith 

water. Four grams of the crude product was chromatographed (silica gel, ether-peL ether, 2:3) giviug 3.1 g 

pure product as an off white solid; mp 142-143 °C; MS (EI) 246 (M+); 1H NMR (Me;iSO-d6, mixture of 

tautomers) 6 13.84 (s, l , NH), 7.77 (m, 2, Ar-H), 7.14 (s, 1, pyrazole-H), 7.02 (m, 2, Ar-H), 4.30 (m, 2, 

OCH2CH3), 3.80 (s, 3, OCH3), 1.32 (L. J = -7.8 Hz. 3, OCH2CH3); IR (KBr) 3284, 3196, 1705, 1452, 1443, 

1269, 1247, 1175, 1026, 956, 826 cm·1; 13c NMR (Me;iSO-d6 + CF3COOD) 6 161.4 (C•C}, 160.0 (C-4'), 

146.8 (C-5), 140.9 (C-3), 127.2 (C-2'), 123.3 (C-1 '), 114.7 (C-3'), 104.6 {C-4), (,().7 (CHz), 55.3 (OCH3), 14.4 

(CH2CH3). .Anal C8lcd for <;3H 14N2O3: C. 63.40; H. 5.73; N, 11.38. Fo und: C, 63.40; H, 5.91; N, 11.46. 

Ethyl 5-(2' ,4'-Dlmelhoxypbenyl)pynuole-3-carboxylate (761). Ethyl 4-(2 ' ,4 ' -dimethoxyphenyl)-2,4-

dioxobutyrate (16.3 g, 0.058 mol) was added to 300 mL H2O. Hydrazine hydrate (2.9 g, 0.058 mol) was added 

slowly with stirring, and the reaction mixture was s tirred overnight at room temperature. The resulting yellow 

solid was filtered and dried giving 15.8 g crude product. Three grams of the crude product was 

chromatographed (silica gel, ether-peL ether, 2:3) giving 2.3 g of a yellow granular solid; mp 102-103 °C; MS 

(EI) 276 (M+); 1H NMR (MezSO-d6, mixture of tautomers) 6 13.90, 13.41 (s, 1, NH), 7.85, 7.65 (m, 1, Ar-H), 

7.13, 7.02 (m, s. 1, Ar-H), 6.68, 6.62 (m, 1, Ar-H), 4.29 (m, 2, OCH2CH3), 3.90 (s, 3, OCH2CH3), 3.82 (s, 

3, -OCH3), 1.31 (t. 3, OCH2CH3); IR (KBr) 3346, 3138, 1712, 1615, 1587, 1302, 1258, 1250, 1209, 1146, 1029, 

997 cm·1; 13c NMR (MCi50-d6 + CH3COOD) 6 161.7 (C•O), J(,().9 (C-4'), 157.2 (C-2'), 141.8 (C-5), 141.4 

(C-3), 128.7 (C-5'), 110.9 (C-1'), 106.:: (f'.A), 105.6 (C-5'), 98.8 (C-3'), (,(),2 (OCH2CH3), 55.6 (OCH3), 

55.3 (OCH3), 14.3 (OCH2CH3). Af'aL C8lcd for <;4H 16N2O4: C. (,().86; H, 5.~; N, 10.14. Found: C. (,().77; 

H. 5.97; N, 10.05. 

Ethyl 5-(1·,, •·Dlchloropheny!Jpynuole-J-carboxylate (76j). Elhyl 4-(2' ,4 ' -dichlorophenyl)•2,4-

dioxobutyrate (28.9 g, 0.035 mol) was added to -100 mL H2O. Hydrazine hydrate (1.73 g, 0.035 mol} was 

slowly ad~ed with swirling, 2nd the reaction mixture was stirred overnight at room temperature. The resulting 

yellow solid (22.5 g) was filtered and dried. Although thlo layer chromatognpby showed ~ crude product 

was essentially pure, 4 g of the crude ·was chromatographed (silica gel, ether-peL ether, 2:3) giving 3.0 g of 

a light yellow so· -1; • ' P 127-128 •c, MS (EI) 284 (M•); 1H NMR (Me.zSO-d" mixture o f tautomers} 6 14.35, 

13.96 (s, 1, NH), 7.83, 7. 13, 7.54 (m, 3, Ar-H), 7.37, 7.10 (s, 1, pyrazole-H), -t34 (m, 2, OCH2CH:>), 1.33 (t, 

3, OCH2CH)), IR (KBr) 1728. 1474, 1263, 1240, 1205, 1139, 1026, l COO, 802, 776 cm·1; 13C NMR (MezSO-d6 

+ CF3COOD} t. 1(,().2 (C=O), 144.2 (CS) , 138.2 (C-3), 133.8 (C-4'), 132.2 (C-2'), 131.7 (C-6'), 129.9 (C 
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3'). 129.0 (C-1 ' ), 127.7 (C-5'), 109.0 (C4), 60.8 (OCHz), 14.3 (OCH2CH3). Anal. C-alcd for 

Ci2H10Cl2N2O2: C, 5055; H, 3.54; N, 9.82. Found: 50.47; H, 3.69; N, 9.71. 

E thyl 5-(2',4'-Dlnuoropbenyl)pynuole-3-carboxylate (76k). Ett.yl 4-(2' ,4'-difluorophenyl)-2,4-

dioxobutyrate (13.0 g, 0.051 mol) was mixed with water (15 mL). Hydrazine hydrate (2.54 g, 0.051 mol) was 

slowly added with stirring, and then the mixture was Etirred overnight at room temperature. The resulting 

light-yellow powdery precipita!e was filtered and dried, giving about 12 g of the crude product. The solid was 

chromatographed with silica g~l (ether-pet. ether, 2:3) yielding 9.8 g of the desired product as a white solid; 

mp 44-45 °C; W..S (EI) m/e 252 (M); 1H NMR (MezSO-d6) 6 14.14 (s, 1, NH), 7.98, 7.40, 7.25 (m, 3, Ar-H), 

7.09, d, J = -3.2 Hz, 1, pyrawle H), 4.34 (q, 2, OCH2CHJ), 1.33 (t, 3, OCH2CH3); IR (KBr) 3226, 3132, 

3007, 1723, 1489, 1276, 1!56, 1141, HOS, 9%, 980, 842, 780 cm·1; 13C NMR (MezSO-d6) 6 162.1 (d d, 

1Jc , F = 248.2 H z, 3/c , F = 1.23 Hz, C4'), 160.3 (C=O), 159.2 (d d, 11r_, F = 251.2 Hz, 31r_, F 
4 • 4 4 • 2 -" • 2 -1, • 4 

= 12.2 Hz, C-2' ), 141.3 (CS), 138.8 (C3), 129.5 (d d, 3/c , F = 4.8 Hz, C-6'), 115.6 (d d, 2lr_, F = 12.7 
o·2 - 1 • 2 

Hz, 4l c, F = 3.3 Hz, C l '), 112.2 (d d, 2l c , F = 21.5 Hz, "'Jc ,,F = 3.3 Hz, CS'), 107.7 (d, 4l c F ,, 
1· 4 S•4 S 2 4• 2 

C4), 104.8 (t, 2J ~,.F
2 

= 2/~'.F
4 

= 26.0 Hz, C3'), 60.7 (OCH2CH3), 14.2 (OCH2CH3). Anal. Calcd for 

<;2H 10F2N2O2: C, 57.15; H, 4.00; N, 11.11. Found: C, 56.92; H, 4.16; N, 10.98. 

Ethyl S-(l'-Pyridyl)pyrazole-3-carboxylate (761). Ethyl 4-(2-pyridyl)-2,4-dioxybutyrate (13.1 g, 0.059 mo!) 

was mixed with 200 mL HzO. Hydraz.in~ hydrate (2.96 g, 0.059 mo!) was slowly added with swirling, and the 

mixture was stirred overnight at room temperature. The resulting light brown solid was fiJtered, dried, fiJtered 

through silica gel with CHC13-MeOH (9.5:1) as solvent. Evaporation gave 9.0 g of a thick brown resin which 

solidified upon cooling. A 2.3 g portion of this solid was fu:ther washed with cold ether and filtered giving 

1.6 g of the desired product as an off-white granular solid; mp 103-104 °C; MS (EI) m/e 217 (M); 1H NMR 

(MezSO-d6) 6 14.19 (s, 1, NH), 8.64 (m, J, H -6'), 7.98 (m, 1, H-3'), 7.90 (m, 1, H-4'), 7.37 (br s, 2, H-5' 

and H-4), 4.32 (apparent q, 2, OCH2CHy, 1.33 (t, 3, OCH2CHJ); IR (KBr) : 151, 3102, 2981, 1743, 1408, 

1232, 1195, 1156, 1141, 1068, 1007, 766 cm·1; 13C NMR (MezSO-d6) 6 160.5 (C=O), 147.8 (C-6' ), 147.8 (C 

2'), 145.6 (CS), 140.0 (C3), 139.5 (C-4'), 123.9 (CS'), 121.0 (C6'), 145.6 (CS), ; «>.O (C3), 139.5 (C4'), 

123.9 (CS'), 121.0 (C3'), 107.1 (C-4), 60.8 (OCH2CHJ), 14.2 (OCH2CH1). Anal CaJcd <;1H 11N3O2: C, 

60.82; H, 5.10; N , 19.34. Found: C, 60.67; H, 5.24; N, 19.28. 

Ethyl .5-(3'-Pyridyl.)pyrazole-3-carboxylate (76m). Ethyl 4-(3'-pyridyl)-2,5-dioxybutyrale (12.3 g, 0.056 

mo!) was mixed with 150 mL H2O. Hydrazine hydrate (2.8 g, 0.056 mot) was slowly added with swirling, and 

the mixture was stin,-:.d overnight at room temperature. Four grams or the resulting light-yellow solid was 

recrystallized from EtOH giving 1.5 g yellow nee.dies (and a ~ ,nd crop, 1.4 g or a yellow solid); mp 162-

163 °C, MS (EI) m/t 217 (M); 1H NMR (MezSO-d6' mixture of tauto mers) 6 14.22, 14.11 (s, 1, H -2), 9.10, 

9.06 (2 s, l, H-2'), 8.56 (m, 1, H-6'), 7.50 (m, 1, H-5'), 7.46, 7.35 (2 s, 1, H-4), 4.35 (m, 2, OCH2CH3), 

1.34 {m, 3, OCH2CH3, IR (KBr) 3107, 1988, 1725, 1332, 1284, 1254, 1187, 1034, 959, 814 cm·1; 13c NMR 

(MezSO-d~ 6 159.5 (C=O), 144.7 (CS), 143.2 (C2'), 140.8 (C-6'), 138.9 (C4'), 137.6 (C3), 130.3 (C-3'), 

126.6 (CS'), 107.1 (C-4), 61.l (OCHzCHJ), 14.2 (OCH2CH3). Anal Calcd ror C11H11N3O2: C, (i().82; H, 

5.10; N, 19.34. Found: C, 60.70; H, 5.27; N, 19.48. 
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Ethyl S-(4'-Pyridyl)pyraiole-3-r.a.rboxylate (76n). Ethyl ~ (4' -pyridyl)-2,4-dioxybutyrate (11.9 g, (l.054 mol) 

was mixed with 150 mL H1O. Hydrazine hydrate (2.8 g, 0.0S6 mot) was slowly added with swirling, and the 

mixture was stirred overnight at room temperature. Two grams of the resulting light-yellow solid were 

chromatographed through smca gel with EtOAc-pet. ether (3:1) giving 1.4 g of a white granular solid; mp 211-

213 °C; MS (Ef) 217 (M); 1H NMR (MeiSO-d6) 6 14.34 (br s , 1, H-2), 8.14 (d, J = 6 Hz, 2, H-2'), 7.86 (m, 

2, H -3'), 7.52 (s, 1, H-4), 4.35 (q, 2, OCH2CH)), 1.34 (t, 3, CH3); lR (KBr) 1727, 1610, 1448, 1283, 1249, 

1207, 11S4, 100S, 957, 840 cm·1; 13c NMR (MeiSO-d6) ~ 159.0 (C=O), 147.5 (C-4'), 145.6 (CS), 142.7 (C 

2'), 137.5 (C-3), 122.I (C3'), 109.5 (C-4), 61.3 (OCHi), 14.2 (CH 3). Anal. Calcd for <;1H 11N3O2: C, 60.82; 

H, 5.10; N, 1:1.34. Found: C, 60.64; H, 5.43; N, 19.27. 

Ethyl 4-Bromo-S-methylpynuole-3-carboxylate (77a). 5.;,!ethyl pyrazole-3- carboxylic acid, ethyl ester (1.54 

g, 0.01 mol) was dissolved in 60 mL of glacial acetic acid. 'i~~ solution was cool~ in an ice water bath 

before bromine (1.6 g, 0.01 mol) was slowly added with stirring. Toe ~ lution was stirred at O 0c for 1 h. 

A white solid formed which partially dissolved while the reaction mixture was allowed to warm to room 

temperature. The solution was poured over 200 mL ice water. Sodium bicarbonate was slowtj, added to the 

solution until all of the acetic acid had been neutralized. The mixture was then extracted with 300 mL ether. 

The ether was dried and evaporated to a light yellow solid. Since the odor of HOAc persisted, even aftc:r 

24 h under vacuum, tbe solid material was again added to a NaHCO3 solution and extracted with ether. 

Drying and concentration gave a 1.4 g of t.he desired product as a light yellow solid; mp 80-81 °C; MS (El) 

m/e 232, 234 (M, M + 2); 1H NMR (MeiSO-d6) 6 11.2 (br s, 1, NH), 4.36 (q,J = 7 Hz, 2, OCH2CH3), 2.30 

(s, 3, CH3), 1.35 (t, J = 7 Hz, 3, OCH2CH3); IR (KBr) 318Cl, 3080, 2972, 2952, 2857, 1731, 14S1, 1267, 1175, 

1086 cm·1. 13c NMR (Meise + CF3COOD) ~ 160.1 (C=O), 141.8 (CS), 137.3 (C3), 95.0 (C-4), 60.3 

(OCH2CH3), 14.1 (OCH2CH)), 10.1 (Cl '). Anal. Cakd for C7~ 2O2Br: C. 36.07; H, 3.89; N, 12.04. 

Found: C, 36.15; li, 4.14; N, 12.08. 

Ethyl S-Methyl-4-.chloropynuole-J.carboxylate (77b). Ethyl 5-methylpyraz.ole-3-carboxylate (3.4 g, 0.022 

mol) was dissolved in glacial acetic acid (25 mL) at room temperature. Chlorine (scrubbed with cone. HzSO4) 

was bubbled tnrough tbe glacial acetic solution. After 1 h, a white solid precipitated. Stirring was continued 

until the solid had gone back into solution, and the whole was s tirred for a total of about 4 h. The reaction 

mixture was poured over -200 mL of ice and W3ter and neutralized with aqu,:.ous bicarbonate solution. The 

resulting off-white solid was filtered, dried, and recrystallized Crom ether. Chromatography with s ilica gel and 

CHCJ3 gave 0.8 g of pure compound as well as some slightly impure product ( -1.1 g); mp 95-96 •e; MS (El) 

m/e 188 (M+); 1H NMR (Me.zSO-d6, mixture of tautomers) 13.85, 13.58 (s, 1, NH), 4.29 (q, J -= 7.2 Hz, 12, 

OCH2CH3) , 2.23 (s, 3, CH)), 1.30 (t, J = 7 Hz, 3 H, OCH 2CH)). IR (KBr) 3092, 2981, 2961, 2932. 1.866, 

1733, 145~ 1266, 1176, 1107 cm·1; 13c NMR <MeisO-d6 + CF . ~". OD) ~ 160.0 (C=O), 140.1 (CS), 135.7 

(C-3), 109.6 (C-4), 60.4 (OCHi), 14.1 (OCH2CH3), 9.2 (Cll). 

Ethy1 S-(p-F1uorophenyl)-4-bromopyrazole-3-carboxylate (77c). Ethyl S-(p-fluorophenyl)pyraz.olc carboxyl­

ate (2.34 g, 0.1 mo l) ·was added to 60 mL glacial acetic acid. Bromine (1.6 g, 0.1 mol) was then acldcd., l.nd 

the reaction mixture was stirred fo r 4 h. The acetic acid was removed under vacuum before water was added. 

Aqueous sodium bicarbonate was added until the solution was neutral. Ether extraction, drying, and parual 
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solvent evaporation yielded two crops of solids (the first white and the second a light orange). Nt.ither of 

these were pure by MS, and therefore they were combined with the mother liquor and the whole 

chromatographed (siL..:a gel, CHC13-MeOH 9.5:1) giving 1.5 g or a white solid; mp 176-178 °C; MS (El) m/e 

312 (M+); 1H NMR (MezSO-d6) & 14.35 (s, 1, NH), 7.80 (m, 2, Ar-H), 7.36 (m, 2, Ar-H), 4.34 (q, J = 7 Hz., 

2, OCH2CH3), 1.34 (t,J = 7 14.z, 3, OCH2CH3l; IR (KBr) 2989, 1735, 1505, 1413, 1235, 1191 1164, 1048, 973 

c,a·1; 13C NMR data; (MezSO-d6 + CF3COOD) & 164.1, 160.8 (C4'), 159.5 (C=O), 144.7 (C3), 136.8 (C-5), 

130.1, 130.0 (C2'), 126.0 (Cl '), 115.8, 115.5 (C3'), 94.2 (C4), 60.9 (OCHzCH3), 14.2 (OCH2CH 3). Anal 

Calcd for Ci2H 10N2O2BrF: C, 46.03; H , 3.22; N, 8.97. Found: C. 46.39; H, 3.27; N, 9.03. 

Ethyl S·(p-Fluorophenyl)-4-chloropyra.zole-3-carboxylat.e (77d). Elhyl-5-(p-fluorophenyl)pyrazole carbox­

ylate (2.34 g, 0.1 mo!) was dissolved in 60 mL glacial acetic acid. Chlorine gas (scrubbed with cone. HzSO4) 

was bubbled through the reaction mixture for a total of 18 b before the reaction 11\ixture was poured over 

ice-water. The resulting yellow solid ( -2.9 g) was recrystalliud from bot ether, giving a light yelJow solid 

which was further washed with room temperature ether. A white solid was obtained (1.6 g); mp 176-178 °C; 

MS (EI) m/e 268 (M+) 1H NMR (MeiSO-d6, mixture of tautomers) .e 14.45 and 14.20 (s, 1, NH), 7.84, 7.38 

(m, 4, Ar-H), 4.36 (br ~. 2, OCH2CH3), 1.34 (m, 3, OCH2CHy; lR (KBr) 2991, 1736, 1505, 1416, 1236, 1192, 

1165, 1058, 974, 842 cm·1. 13C NMR (MezSO-d6 + CF~COOD) & 164.0, 160.8 (C4'), 159.3 (C-=O), 142.9 

(C= 3), 135.1 (C5), 129.6, 129.5 (C2'), 125.6 (Cl '), 116.0, 115.7 (C3'), 109.1 (C4), 60.9 (OCHzCH3), 14.2 

(OCH2CH3l. Anal Calco for Ci2H1oN2O20F: C. 53.73; H, 3.76; N, 10.44. Found: C. 53.60; H, 3.83; N, 

10.30. 

Ethyl 5-(p-Bromophenyl)-4-bromopyra.zole-3-carboxylate (77e). '.thy! 5-~bromophcnyl)pyrazole-3-

carboxylate (2.0 g, 0.0068 mo!) was dissolved in 25 mL glacial acetic acid. Bromine (1.62 g, 0.01 mot) was 

o.ided and the mixture was stirred for 20 h. The reaction was worked up by pouring over 40 mL ice and 

water. The rcsulling white solid was washed with aqueous sodium bicarbonate and recrystallized from EtOH, 

giving a total of 1.7 g of product; mp l f,7-189 °C; MS (EI) m/e 372 (M+); 1n NMR (MezSO-d6, mixture of 

tautomers) & 14.56, :..4.28 (s, 1, NH), 7.1;1, 7.21 (m, 4, Ar-H), 4.35 (m, 2, OCH2CH3), 1.33 (m, 3, OCH2CHy; 

JR (KBr) 3125, 2975, 1730, 1480, 1464, 1240, 1193, 1046, 1008, 968, 962, 841 cm·1. 
13c NMR (MezSO-d6 + 

CF3COOD) 159.3 (C=O), 144.7 (C~), 136.5 (CS), 131.6 (C2'), 129.6 (C3'), 128.8 (Cl '), 122..3 (C4'), 

92.4 (C-4), 60.9 (OCH2CHy, 14.1 (OCH2CH3l. Anal Calcd for Ci2H 10N2O2Br2: C. 38.53; H , 2.69; N, 7.49. 

Found: C. 38.90; H, 2.85; N, 7.44. 

Ethyl 5-(p-Chlorophenyl)-4-bromopyra.zole-3-carboxylat.e (77r). Ethyl 5-(p-chlorophenyl)pyrazole 

carboxylatc ( 1.9 g, 0.0076 mol) was di!solved i.n 25 mL glacial acetic acid. Bromine (1.3 g, 0.008 mol) was then 

added and the reaction mixture was stirred for 2 dDys. The mixture was then added to 400 mL ice and water 

and was neutralized with NaHC0
3 

(added slowly). Ether extraction, drying. and solvent evaporation followed 

by recrystallization from ether gave a white soUd (1.6 g); mp 195-197 °C; MS (EI) 268 (M+); 1H NMR 

(MezSO-d~ & 14.42 (s, l, NH), 7.30 (d, J • 8 Hi~ 2, Ar-H), 7.60 (d, J = 8 Hz., 2, Ar-H), 4.35 (q, J = 7 Hz, 

2, OCH2CHy, 1.35 (t, 3, OCH2CH3); IR (KBr) 2985, 29""2, 1735, 1492, 1237, 1192, 1095, 1048, 973,837 cm·1• 

13C NMR (MezSO-d6 + CF3COOD) 6 159.4 (C•O), 144.5 (C-3'), 136 (C-5'), 133.8 (C4'), 129.4 (C2'), 
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128.7 (C-3'), 128.5 (C-1'), 94.5 (C-4), 60.9 (OCHi), 14.1 (OCH2CH3). Anal Ollcd for Ci2H10N20 2BrCI: 

C, 43.73; H, 3.06; N, 8.50. Found: C, 43.88; H, 3.15; N, 8.60. 

Ethyl 5-(p-Chlorophenyl)-4-chloropyrauole-3-carboxylate (77g). Ethyl 5-(p-chlorophenyl)pyrawle-3-

carboxylate (2.1 g, 0.084 mol) was dissolved in glacial acetic acid ( •25 mL). Chlorine (scrubbed through cone. 

H2S04) was slowly bubbled through the HOAc solution with stirring for three days. The reaction mixture 

was poured over 400 mL ice-water, stirred, and neutralized with the slow addition of NaHC03. Ether 

extraction gave a erode product which was chromatographed (silica gel, ether-petroleum ether, 2:3) to give 1.5 

g of a white solid; mp 194-195 °C; MS (El) m/e 284 (M+); 1H NMR (MezSO-d6, tautomeric mixture) a 14.52, 

14.38 (s, 1, NH), 7.39, 7.30 (m, 2, Ar-H), 7.66, 7.58 (m, 2, Ar-H), 4.38 (m, 2, OCH2CHJ), 1.36 (m, 3, 

OCH2CH3); IR (KBr) 3175, 2987, 1736, 1486, 1413, 1239, 1193, 1096, 1058, 973, 964, 836 cm·1; 13c NMR 

(MezSO-dJ a 159.1 (C=O), 142.9 (CS), 134.9 (C3), 133.7 (C-4'), 128.9 (C2' ,3'), 128.2 (Cl ), 109.5 (C 

4), 60.9 (OCH2CH3), 14.2 (CH2CH3). Anal Qllcd for Ci2H1oN20 2a 2: C, 50.55; H, 3.54; N, ~-82. Found: 

C, 50.17; N, 3.64; N, 9.79. 

Ethyl S-Phenyl+bromopyraz.ole-3-carboxylate (77h). Ethyl 5-phenylpyrazole-3-carboxylate (2.0 g, 0.0093 

mol) was dissolved in glacial acetic acid (50 mL). Bromine (1.48 g, 0.0093 mol) was added, and the reaction 

mixture ~s i.Lirred for 40 h at room temperature. It was t.hen poured over 158 mL of ice a nd water. The 

resulling wllite gummy solid was filtered, washed with 500 mL aqueous NaHC03, and again filtered to dryness. 

The crude white solid was then chromatographed (silica gel, ether-petroleum ether, 2:3) and re:·· ·, tallized from 

f.ll,er giving 1.2 g white solid; mp 129-131 °C; MS (El) m/e 295 (M+); 1H NMR (Mez$0 -d6, mixture of 

tautomers) a 14.48, 14.25 (s, 1, NH), 7.76 (m, 2, Ar-H), 7.20 (m, 3, Ar-H), 4.34 (m, 2, OCHiCH3), 1.35 (t. 

J = 7 Hz, 3, OCH2CH3); IR (KBr) 2973, 2929, 1736, 1457, 1236, 1193, 1051, 972. 764. 688 cm·1; 13C NMR 

(MezSO-d6 + 1 dro p lFA) a 159.8 (C•O), 145.0 (C-5), 137.4 (C-3), 129.4 (C-1'), 128.9 (C-4'), 128.7 (C 

3'), 127.8 (C2'), 94.1 (C-4), 60.8 (OCHz), 14.2 (OCH2CHJ). Anal Ollcd for Ci2HuN20 2Br: C, 48.93; H, 

3.76; N, 9.49. Founa: C, 48.68; H , 3.97; N, 9.73. 

Ethyl 5-Phenyl-4-<:bloropynuole-3-arboxylate (771). Ethyl 5-phenylpyrazole-3-carboxylate (1.4 g, 0.0064 

mol) was dissolved in glacial aceti~ acid (50 mL). Chlorine (scrubbed with cone. Hi504) was bubbled through 

the solution, and the reaction mixture was stirred for 2 b at room temperature. It was then poured over -400 

mL ice-water, lhe solu tjon was neutrallzed with NaHC03' and the resulting light yellow flaky solid was filtered 

and dried. The soUd was then dissolved in ether and insoluble material was removed by fillralion. The ether 

solution was evaporated to dryness and the resulting gummy solid was chrom.atographed (silica gel, ether-pet. 

ether, 2:3) giving 0.8 g of a Ou!fy white solid; mp 115-116 "C; MS (ET) m/t 250 (M+); 1H NMR (MezSO-d6, 

mixture of tautomers) a 14.44, 14.20 (s, 1, NH), 7.80, 7.50 (m, 5, Ar-H), 4.35 (m, 2, OCH2CH3) , 1.33 (m, 3, 

OCH2CH3); ~ (KBr) .1250, 2985, 1723, 17()(), 1276, 1181, 1162, 1055, 843, 771, 691, 685 cm·1; 13c NMR 

(MezSO-d6 + 1 drop 'JrA) & 159.8 (C•O), 143.6 (C-5), 135.9 (C-3), 129.2 (C-1 '), 129.1 (C-4'), 129.0 (C-

3'), 127.5 (C-2'), 61.0 (C-4), 39.5 (OCHz), 14.2 (CH2CH J). AML Calcd for C.2H18N20 2CJ: C, 57.50; H, 

4.42; N, 11.17. Found: C, 57.45; H, 4.64; N, 11.44. 

Ethyl 5-(p-Nltrophtnyl) -4-bromopyraz.olt-3-alrboxylate (77k). Ethyl 5-(p-nitrophenyl)pyrazole-3-carbox­

ylate (2.1 g, 0.008 mol) was dissolved in glacial acetic acid (25 mL). Bromine (1.27 g, 0.007 mol) was added 
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to the solution, and the mixture was stirred overnight at room temperature. An aliquot of the reaction 

mixture was then poured over ice and water and the resulting solid was fillere1 and dried. An additional 

0.001 mol of bromine was added and the mixture was stirred over a second night. The reaction mixture was 

poured over ice and water ( -400 mL), and the resulting slurry was neutralized with sodium bicarbonate. The 

slurry was filtered giving a light brown solid which was added to another -300 mL H2O and refiltered giving 

a white solid (1.9 g); mp 173-174 °C; MS (EI) m/e 339 (M +); 1H NMR (MeiSO-d6) & 14.70 (s, 1, NH), 8.36 

(d, J = -9 Hz., 2, Ar-H), 8.10 (d, J = -9 Hz., 2, Ar-H), 4.36 (q, J = · 6 Hz., 2, OCH2CH3), 1.46 (t, J = -8.5 

Hz, 3, OCH::CH3); IR (KBr) 33.6, 3110, 1734, 1689, 1603, 1517, 1347, 1236, 1215, 1044, 958, 855 cm·1; 13c 
NMR (Me"2SO-d6) 6 159.4 (C=O), 147.9 (C-4'), 145.6 (C-5), 137.4 (Cl'), 136.1 (C3), 129.0 (C2'), 124.2 

(C-3'), 96.1 (C4' ), 61.7 (CHz), 14.3 (CH3). Anal Calc.d for C,,2H10N3O 4Br: C, 42.37; H, 2.96; N, 12.35. 

Found: C, 41.95; H, 3.06; N, 12.66. 

Ethyl 4-,,-Nltrophenyl)-4-chloropyrazole-3-carboxylate (771). Ethyl 5-(p-nitrophenyl)pyr.u..ole-3-carbox­

ylate (2.3 g, 0.0088 mol) was dissolved in glacial acetic acid. Chlorine gas, scrubbed through H2SO4• was 

bubbled through the median moo11re overnight. The mixture was then poured over ice, giving a light yellow 

solid. Sodium bicarbonate was slowly added until no more solid appeared to be precipitating from the 

solution. The solid was filtered, dried, ch·omatograpbed, \Silica ;c1, ether-pet. ether. 2:3), and ·recrystallized, 

giving 1.7 g of a pure white solid (as well as a secoild crystal fraction consisting of 0.2 g of a slightly impure 

product), mp 177-178 °C); MS (El) 295 (M+); 1H NMR (MeiSO-d6 + 1 drop CH3COOD) & 14.36 (s, 1, NH), 

8.36 (m, 2, Ar-H), 8.15 (m, 2, Ar-H), 4.40 (q , J = 7.5 Hz., 2, OCH2CH3), 1.36 (m, 3, OCH2CH3); IR (KBr) 

3355, 1751, 1698, 1517, 1389, 1348, 1296, 1262, 1225, 830 cm·1; 13C NMR (MCi5O-d6 + 1 drop CF3COOD) 

& 158.7 (C=O), 147.4 (C-4'), 143.2 (CS}, 136.3 (Cl '), 134.2 (C2'), 128.2 (C2'), 124.1 (C3'), 110.9 (C 

4), 61.3 (CHz), 14.2 (CH3). Anal Calc.d for C,,2H10ClN3O4: C, 48.75; H , 3.51; N, 14.21. Found: C, 48.90; 

H, 3.54; N, 14.09. 

Ethyl S-(p-Methoxyphenyl)4bromopyraz.ole-J..carboxylate (77m). Ethyl 5-(p-melhoxyphenyl)pyrazole-3-

carboxylate (2.0 g, 0.0087 mol) was dissolve( , 1 50 mL glacial acetic acid. Bromine (1.39 g, 0.0087 mol) was 

added and the whole stirred for 2 h. The reaction mixture was poured over ice water and neutralized with 

sodium bicarbonate. The resulting white solid was filtered and recrystallized from ethanol, giving fine white 

needlc.. (1.5 g); mp 148-149 °C; MS (EI) 324 (M• ); 1H NMR (MezSO-d~ & 14.16 (br s, 1, NH), 7.70 (m, 

2, Ar-H), 7.W (m, 2, Ar-H), 4.34 (q, J = -7.2 Hz, 2, OCH2CH3), 3.82 (s, 3, OCHy, 1.33 (t, J = -7.2 Hz, 

3, OCH2CHy; IR (KBr) 31W, 3067, 2971, 1720, 1611, 151 l, 1420, 1277, 1257, 1197, 1180, 1045, 843,828 cm·1; 

13c NMR (M~~O-d~ & 160.0 (C=O), 159.8 (C4'), i44.2 (CS), 137.7 (C3), 129.1 (C-2'), 121.2 (Cl '), 

114.l (<::::.3'), 93.3 (C4), 60.6 (OCH2CH3), 55.3 (OCH3) 14.1 (CH2CHy. Anal Calc.d for C13H13BrNzO3: 

C, 48.02; H, 4.03; N, 8.45. Found: C, 4').'76; H, 4.05; N, 8.63. 

Et11yl S-(l',4'-Dlcblorophenyl)-4•bromopyrazole-l-alrboxylate (77n). Ethyl 5-(2',4'.dichloropbenyl)-4-

t ,romoP'.muole-~boxyh,te (2.0 g, 0.007 mol) was ciissolved in glacial acetic aci1 (25 mL). Bromine (1.12 

g, 0.007 mot) was added to the solution, a-id the mixture was s tirred overnight at room temperaturr~ After 

work up (by pouring into ice water acid. and neutralizing with bicarbonate solution) the react~utJ mixture was 

found to still contain staning material. The solid was d issolved in glacial acetic acid again, more t,romine (-1 
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g) was added, and the mixture was stirred at room temperature for two days. The reaction mixture was 

poured over ice water, and the mixture nei- ffalized with sodium bicarbonate giving a gummy yellow solid which 

was isolated, dried, and filtered through -40 g silica gel with ether giving a white powder (1.6 g); mp 119-

120 °C; MS (El) 362 {M+); 1H NMR (MezSO-d6, mixture of tautomers) & 14.62, 14.35 (s, 1, NH), 7.84, 7.56 

(m, 3, Ar-H), 4.38 (s, 2, OCH2CH3, 1.36 (m, 3, OCH2CH3) ; IR (KBr) 3303, 1711, 1474, 1467, 1250, 1101, 

1041, 966, 829, 806 cm·1; 13c NMR (MeSO-d6) & 159.3 (C= O), 144.3 (CS), 135.8 (C-3) , 135.3 (C-4'), 134.5 

(C-2'), 133.7 (C-6'), 129.4 (C3') 128.0 (Cl'), 127.6 (C5' ), 97.4 (C-4), 61.0 (OCHi.), 14.2 (OCH2Cl.'J). 

Anal Calc.d for Ci2J¾BrC12N20 2: C, 39.59; H, 2.49; N, 7.70. Found: C, 39.57; H, 2.56; N, 7.69. 

Ethyl 5-(2 ',4 '-Dlchlorophenyl)-4--chloropynu.ole-3-carboxylQte (77o). Ethyl 5-(2' ,4 ' -dichloro-

phenyl)pyrazole-3-carboxylate (2.1 g, 0.008 mol) was dissolved in glacial acetic acid. Chlorine gas (scrubbed 

with cone. sulfuric acid) was bubbled thro ugh the solution for 4 h. The reaction mixture was poured over 

ice water, and the resulting solution was neutralized with bicarbonate and extract<.:d with ether. Drying and 

evaporation resulted i.n 2.4 g of a viscous, pale yellow oil which was chromatographed (silica gel. ether.pet 

ether, 2:3) to give 2.0 g of a colorless viscous oil. The oil was redissolved in ether, petrolel'.m ether was 

added, and after sitting ovemig_ht, a whjte solid precipitaced from the solution. The precipitate was isolated 

as a white granular solid ( 1.4 g); mp 127.8 °C; 1H NMR (MezSO-d6, mixture of tautomers) & 14.62, 14.36 (s, 

1, NH), 7.82-7.59 (br s, 3, Ar-H), 4.40 (m, 2, OCH2CH3) , 1.37 (t, 3, OCH2CH3).; IR (KBr) 3301, 1713, 1471, 

1252, 1101, 1077, 1046, 968, 831, 805 cm·1; 13C NMR (MezSO-d6 + CF3COOD) 6 159.1 (C=O), 142.5 (CS), 

135.4 (C-4'), 1>4.4 (C2' ), !34.1 (C3), 133.6 (C-6'), 129.4 (C3'), 127.6 (C5'), 127.3 (Cl' ), 111.8 (C-4), 

61.0 (OCH2CH3), 14.2 (OCH2CHJ). Anal Calcd fo r Ci2J¾03N20 2: C, 45.10; J, 2.84; N, 8.77. Fo und: C, 

45.07; H , 3.03; N, 8.79. 

Ethyl 5-(2 ',4 ' uDlfloorophenyl)-4-bromopyruole-3-carboxylate (77p). Ethyl 5-(2-d.ifluorophenyl)pyrazole-

3-carboxylate (2.4 g, 0.0095 mol) was dissolved in 30 mL glacial acetic acid. Bromine (1.71 g, 0.01 mol) was 

added and the mb:ture was stirred for 6 h. The reaction mixture was poured over ice water ( -400 mL) and 

neutralized with sodium carbonate. The resulting gummy yellow solid was filtered and dried Since mass 

spectrometric and 1LC analysis of this product showed the presence of starting material, the solid was 

redissvlved in glacial acetic acid, and about 1 g of broO'Jne was added. Overrught s tirring was followed by 

the mixtu.re again being poured over ice water ( -400 mL) and neutralized with sodium carbonate. The 

resulting white solid was isolated and chromat0graphed (silica gel, 2:3 ether-petroleum .:,..,1er), giving 1.3 g of 

a whlte granular solid; mp 87.8 °C: MS (EJ) m/e 295 (M) ; 1 H NMR (MezSO-d6, mixture o f tautomers) 6 

14.62, 14.38 (s, 1, NH), 7.62, 7.48, 7.28 (m, 3, C 3' ,5' ,6'-H), 4,35 (m, 2, OCH2t."HJ), 1.34 (t, 3, OCH 2CHJ); 

iR (KBr) 3245, 1732, 1444, 1266, 1147, 1123, 1051, 980, 955, 849 ao·1; 13c NMR (MezSO-rlJ & 163.4 (q, 

1/ c , ~ = 249.2 Hz. 3/ c,.,. = 11.8 fu, C-4'), 159.6 (C= O ), 160.0 (q, 1/ r_, F = 251.2 Hz. 3/ r_ i:4 = 12.3 
4 " 4 4 "2 -~ • 2 - r 

Hz, C-2'), 141.5 (CS), 136.4 (C3), 133.3 (J d, 3J c6,F4 "" 10.1 Hz. 3Jcs•F2 = 4.1 Hz, C-6' ), 114.4 (d d, 

2JCi •Fi = 15.2 Hz. 4J'1,F
4 

= 3.7 Hz. r .1 ' ), 112.1 (d d, 2J~•F
4 

= 21.7 Hz. 4J~,F4 = 3.7 Hz. C-5'), 

97.1 (C-4), 61.l (OCH2CHJ), 14.2 (OCH2CH3). Anal Calc.d for Ci2~rF2N20 2: C, 43.53; H, 2.75; N, 8.46. 

Found: C, 43.50; H, 2. 78; N, 8.45. 
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Ethyl 5-(2 ',4 '-DIO uorophenyl )-4-chloropyrazole-J..carboxylate (77 q). Ethyl 5-(2',4' -diOuorc-

phenyl)pyrazole-3-carboxylate (2.1 g, 0.0083 mo!) was dissolved in glacial acetic acid (30 mL). Chlorine 

(scrubbed with cone. H2SO4) was bubbled through the solution and the reacth n mixture was stirred for 6 h 

at room temperature. It was then poured over -400 mi. ice water, and the solution was neutralized with 

NaHCO3. The resulting gummy yellow solid was filtered, dried, and cbromatographed (silica gel, 2:3 ether­

petroleum ether), giving 1.3 g of a granular white solid. Further drying in vacuum resulted in a yield of 1.2 

g of the granular white powder; mp 102-103 °C; MS (El) mle 286 (M); 1H NMR (MezSO-d6, m!Xlure of 

tautomers) 6 14.60, 14.24 (s. 1, NH ), 7.45 (m, 3, H-3',5',6'), 4.36 (m, 2, OCH2CHy, 1.32 (m, 3, OCH2CH3), 

1.32 (m. 3, OCH2CH3); IR (KBr) 3251, 1729, 1444. 1270, 1245, 1148, 1058, 950, 957, 850 cm·1; 13c NMR 

(MezSO-d6) 6 163.3 (d d, 1J = 249.6 Hz., 3J = 11.6 Hz, C-4' ), 159.9(d d, 1J = 252.3 Hz., 3J = 12.7 Hz, C 

2'), 159.3 (C=O), 139.5 (C-5), 134.6 (C3), 132.9 (m, 3Jc , = 9.9 Hz, 3Jc , 2 = 4.2 Hz, C-6'), 11'.'>.6 
2 4 

6 ,.F4 2 
6

,F 4 
(d d, JCi,J'

2 
= 15.4 Hz, JCi,,F4 = 3.3 Hz, C l '), 112.2 (ad, JCs•J'• = 21.6 Hz, l es,;:

2 
= 3.6 Hz. C-

S'), 111.5 (C-4), 104.8 (t, 2J~,.F
2 

= 2J~, ,F
4 

= 26.0 Hz, C-3'), 61.1 (OCH2CH3), 14.2 (OCH2CH3)· Anal 

Galcd for Ci2~ClF2N2O2: C. 50.28; H. 3.16; N, 9.77. Found: C, 49.97; H, 3.29; N, 9.51. 

Ethyl 5-(2 '-Pyridyl)-4-bromopyrazole-3-alrboxylate (77r). E:hyl 5-(2' -pyridyl)pyrazole-3-carboxylate (2.1 

g. 0.0097 mo!) was d..,solved in glacial acetic acid (30 mL). b romine (1.55 g. 0.00'J7 mo!) was added, and the 

reaction mixture was stirred overnight at room temperature. It was then poured ov~r ice water (-400 mL) 

and neutralized with NaHC03. The resulting solid was filtered, dried, and filtered through silica gel with ethyl 

acetate. Solvent evaporation gave 2.5 g of a fluffy light-brown solid; mp 107-1~ °C; MS (El) m/e 295 (M); 

1H NMR (MezSO-d~ 6 14.51 (s, 1, NH), 8. 73 (m, 1, H-6'), 8.11 (br s, 1, H-3'), 7.99 (br s, 1, H-4'), 7.49 

(m, 1, H-5'), 4.33 (q, 3, 0CH2CH3), 1.34 (t, 3, OCHiCH3); IR (KBr) 3175, 2928, 1732, 1600, 1468, 1446, 

1265, 1246, 1192, 1047, 786 cm·1; ''jc NMR (MezSO-d6) 6 159.6 (C-=O), 148.2 (C-6'), 146.4 (C-2'), 142.2 

(C5), 139.6 (C-4 '), 139.1 (C-3), 124.7 (C-5'), 122. 7 (C-3'), 95.1 (C-4), vl.C (OCH2CH3). Anal Gak d for 

Ci1H1'1BrN3O2: C, 44.62; H, 3.40; N, 14.19. Found: C, 44.75; H, 3.63; N, 14.23. 

Ethyl 5-(2'-Pyridyl)-4-chloropyraz.ole-J..carboxylate (77s). Ethyl 5-(2'-pyridyl)pyrazole-3-carboxyla te (1.7 

g, 0.0078 mol) was dissolved in glacial acetic acid (30 mL). Chlorine (scrubbed with cone. HiSO, ) was 

bubbled through the reaction mixture with stirring for 1.5 h at room temperature. The reaction minur"" was 

pou1 ed over ice water ( -400 mL} and neutralized with NaHC03. The resulting solid was filtered, dried and 

chromatographed (silica gel, ether) giving 1.8 g of the desired product as a light-brown solid; mp 127-128 °c; 

MS (EI) m/e 251 (M); 1H NMR (MezSO-d6) 6 13.5 (br s, 1, NH), 8.73 (d, 1, H-6'), 8.05 (m, 2, H-2' ,3'), 

7.49 (m, 1, H-5'), 4.34 (q, 2, OCH2CH y, 1.34 (t, 3, OCH2CH )); IR (KBr) 3185, 1731, 1480, 1251, 1198, 1158, 

1068, 1052, 1002.. 787, 680 cm.·1; 13c NMR (MezSO-d6) 6 159.5 (C=O), 148.3 (C-6'), 146.0 (t:-2'), 140.4 (C-

5), 139.8 (C-4' ), 136.6 (C-3), 124.7 (C-5'), 122.3 (C-2'), 110.5 (C-4). 61.i (OCH2CHy, 14.2 (OCH2CH3). 

Anal Calcd fo r Ci1H100N3Oi: C, 52.50; H, 4.01; N, 16.70. found: C, 52.16; H, 4.17; N, 16.83. 

Ethyl 5-(3'-"Pyridyl)-4-bromopyraiole•J-carboxylate (77t). Ethyl 5-(3 '-pyridyl)pyraz.ole-3..carboxylate (2.1 

g, 0.0097 mo!) ·was d issolved in glacial acetic acid (30 mLJ Bromine (1.55 6, 0.0097 mmol) was added, ?.od 

the reaction mixture was stirred for 3 b at room temperature. It was then poured over ice water ( -~~ mL) 

ano neutralized 'wiu1 NaHCO3. The resulting solid was filtered, dried, and filtered through silica gel with 
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ether. solvent evaporation gave 1.5 g of a fluffy white solid (further elution gave an additional 0.7 g of a 

slightly impure light-brown solid); mp 162-163 °C; MS (EI) m/e 295 {M); 1H NMR (MezSO-d6, mixture of 

tautomers) 6 14.66, 14.46 (br s, 1, H-2), 89.88 {s, 1, H-2'), 8.68 (m, 1, H-6' ), 8.18 (2 s, 1, H-4' ), 7.68 (m, 

1, H-5'), 4.38 {appa1·~mt q , 2, OCH2CHy, 1.36 (t, 3, OCH2CH3); IR (KBr) 2792, 2730, 2678, 1339, 1561, 

1414, 1229, 959, 812, 705 cm·1 13C NMR {MezSO-d6) 6 158.4 (C=O), 144.6 (C2'), 143.1 (C-6', CS), 140.8 

(C-4'), 135.1 (C-3), 128.9 (C3'), 126.2 (C-5'), 95.9 (C4), 61.3 (OCH2CH)), 14.1 (OCH2CH3). Anal Calcd 

for Ci1H10BrN3O2: C, 44.62; H, 3.40; N, 14.19. Found: C, 44.71; H, 3.68; N, 14.03. 

Ethyl S-(3 '-Pyridyl)-4-chloropynuole-3-c:arbo,iylate (77u). Ethyl 5-(3' -pyridyl) pyrazole-3-carboxyla te ( 1.8 

g, 0.0083 mol) was dissolved in glacial acetic acid (30 mL). Chlorine (scrubbed with cone. H2SO4) WciJ 

bubbled through the reaction mixture with stirring for 2 b at room tempert :ure. The reaction mixture was 

poured over ice water (-400 mL) and neutralized with NaHCO3• The resulting solid was filtered, dried, and 

chromatograpbed (silica gel, ether) giving 1.2 g of the desired product as a light-brown granular solid; mp 180-

181 °C; MS (EI) m/e 251 (M); 1H NMR {MezSO-d6) 6 14.35 (br s, 1, NH), 9.2 (m, 1, H-2'), 6.7 (d, 1, H-

6'), 8.19 (2 t, 1, H-4'), 7.57 (2 d, 1, H-5'), 4.36 (q, 2, OCH2CHy , 1.35 (t, 3, OCH2CH)); IR (KBr) 1726, 

1717, 1385, 1230, 1219, 1205, 1196, 961, 811, 700 crn·1; 13C NMR (MezSO-d6) 6 158.3 (C=O), 144.7 (C2'), 

142.8 (C-6' ), 141.3 (CS), 140.0 (C4'), 133.4 (C3), 128.2 (C3'), 126.2 (CS'), 110.8 (C4), 81.3 

(OCH2CH3), 14.1 (OCH2CH3). Anal Calcd for Ci1H10C1N3O2: C, 52.50; H, 4.01 ; N, 16.70. Found: C, 

52.36; H, 4.08; N, 16.79. 

Ethyl S-(4'-Pylidyl)-4-bromopyrazole-3-c:arbo,iylate (77v). Ethyl 5-( 4 ' -pyridyl)pyrawle-3-carboxylate (2.0 

g, 0.0092 mol) was dissolved in glacial acetic acid (30 mL). Bromine (1.47 g, 0.0092 mol) was added, and the 

reaction mixture was stirred for 3 b at room temperature. It was then poured over ice water (-400 mL) and 

oeutraliu .d with NaHC03• The resulting solid was filtered, dried. and filtered through silica gel with ether. 

Solvent evaporation gave 1.8 g of a fluffy white solid; mp 192-194 °C; MS (El) m/e 295 (M); 1H NMR 

(MezSO-d6) 6 14.70 (s, 1, H-2), 8.72 (br d, J = 4 Hz, 2, H-2'), 7.83 (br d, J = 6 Hz, 2, H-3'), 4.37 (q, 2, 

OCHi), 1.36 (t, 3, OCH2CHJ); 1R (KBr) 1720, 1607, 1410, 1380, 1220, 1206, 1008, 958, 834, 776 cm·1; 

13c NMR {MezSO-d6) 6 158.1 (C•O), 144.6 (C2'), 144.3 (C4'), 143.2 (C S), 135.1 (C3), 123.1 (C3'), 

97. l (C4), 61.5 (OCHi), 14.1 (CH3). Anal C3lcd for Ci1H10BrN3O2 · 0.1H2O: C, 44.07; H, 3.50; N, 14.02. 

Found: C, 43.71; H, 3.62; N, 13.70. 

Ethyl S-(4'-Pyridyl)-4-chloropynuole-3-c:arboxylate (77w). Ethyl 5-(4' -pyridyl)pyrazole-3-carboxylate (2.0 

g, 0.0092 mol) was dis.solved in glacial acetic acid (30 mL). Chlorine (scrubtied with cone. H2SO4) was 

bubbled through the reaction mixture with stirring for 4 h at room temperature. The reaction mixture was 

poured over Ice water ( -400 mL) and neutralized with NaHCO3. The resulting dark-yellow solid was fi.Jtered 

through siLica gel with ether, and recrystallized from ether giving two crystal frartions (0.9 and 0.8 g). The 

first fraction was found to be sufficiently pure compound 77w as :. yellow granular solid; mp 180-182 °C; MS 

(El) m/t 251 (M); 1H NMR (MezSO-d& mixture or tautomers) 6 14.74•14.56 (br s, 1, H-2), 8. 72 (br s, 2, H-

1'), 7.86 (br s, 2, H-3'), 4.36 (m, 2, OCH2CH3), 1.34 (t, 3, OCH2CH3); IR (KBr) 1716, 1609, 1407, 1384, 

1237, 1218, 1200, l (l()C), 954, 833 cm·1; 13c NMR (MCi5O-d6) 6 157.8 (C=O), 145.5 (C-4'), 143.4 (C-2' ), 
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141.4 (CS), 133.4 (C-3), 123.0 (C3' ), 112.8 (C4), 61.6 (OCH2CH3), 14.1 (OCH2CH3). Anal Calc.d for 

C11:"10CIN3O2: C, 52.50; H, 4.01; N, 16.70. Fo und: C. 52.26; H, 4.08; N, 16.99. 

S-(2',4'-Dlm~thoxyphenyl)pyrazole-3-<'.arboxamide (78a). Ethyl 5-(2',4'-dimethoxypbenyl)pyraz.ole-3-

carboxylar.e (2.0 g, 0.0072 mot) was dissolved in cone. NH4OH (50 mL) and stirred at room temperature {or 

80 b. The reaction mixture was then pr.>u.red into -100 mL water and acidified to pH 5-6 with diluted H2SO4. 

The resulting solid was filtered, dried, and cbromatographed (silic.a gel, 1:9 MeOH-CH03) giving 1.8 g of an 

off-white granular solid; mp 174-175 °C; MS (EI) m/e 247 (M); 1H NMR (Me:zSO-d6, mixture of :~11tomers) 

6 13.38, 13.12 (s, 1, NH), 7.92, 7.80, 7.42, 7.20 (m, 2, NH:z), 7.12 (d, 1, H-6'), 6.92 (s, 1, H-4), 6.67 (s, 1, H-

3'), 6.65 (d, 1, H-5'), 3.89 (s, 3, OCH3), 3.81 (s, 3, OCHJ>; IR (KBr) 3229, 1680, 1639, 1612, 1602, 1594, 

1498, 1310, 1297, 1210 cm·1; 13c NMR (MezSO-d6) 6 163.5 (C ... O), 160.9 (C4'). 157.3 (C2'), 145.0 (C-3), 

142.1 (C-5), 128.8 (C-6'), 111.4 (Cl'), 105.7 (CS'), 104.7 (C4), 98.9 (C3'), 55.1 (OCHJ), 55.4 (OCHJ). 

Anal Calcd for <;2H 13N3O3: C. 58.29; H, 5.30; N, 17.00. Found: C, 58.56; H, 5.62; N, 16.96. 

5-(2 ',4 '-Dichlorophenyl)pynuole-3-carboxamlde (78b). Ethyl 5-(2' ,4 ' -dicblorophenyl)pyraz.ole-3-carbox­

ylate (2.1 g, 0.0074 mo t) was dissolved in SO mL cone. NH4OH and the solution was stirred at room 

temperature for two days. Since starting material still was detectable by mass spectrometric analysis, dioxane 

(20 mL) W?s added and the solution was heated to 40-50 °C for two more days. The reaction mixture was 

cooled and poured into -100 rnL water. The solution was acidified to pH 5-6 with diluted H:zSO4. The 

resulting off-white solid was filtered and dried, yielding 1.5 g of the desired product; mp 294-295 °C; MS (El) 

m/e 255, 257 (M, M + 2); 1H NMR (MezSO-d6) 6 13.69 (r,, 1, NH), 7.90 (s, 1, H-4), 7.80 (d, J c 8.2 Hz, 

1, H-6'), 7.74 (d, J = 2 Hz, 1, H-3'), 7.53 (d d, J • 2.2 Hz, J • 8.5 Hz, H-5'), 7.46 (s, 1, NH:z), 7.29 (s, 

1, NH:z); IR (KBr) 3390, 3280, 3218, 3179, 17Go, 1689, 1606, 1481, 1408, 815 cm·1; 13C NMR (MezSO-d6) 6 

161.1 (C•O), 144.2 (C-5), 141.2 (C-3), 133.1 (C4'), 131.7 (C2'), 131.4 (C-6'), 129.5 (C-1 '), 127.5 (CS'), 

106.2 (C-4 , . Anal Calcd for <;oH7N30 2O : C, 46.90; H, 2. 76; N, 16.42. Found: C, 47.04; H, 2.90; N, 16.04. 

Methyl 1-((2-ethoxy-l-oxoethyl)hydrazono]propanoate [AVS-19u9) (79). Sodium acetatr. (6.36 g, 77.6 

mmol) and methyl pyruvate (7.93 g. 77.6 mmol) were dissolved in a mixed solvent system consisting of MeOH 

(97 mL) and water (32 mL). Ethyl hydrazinoacetate monohydrochloride ( 12 g, 77.6 mmol) was added as a 

solid and the reaction mixture was stirred at room temperature for 48 h. Toe solvents were then evaporated 

to dryness and the residue was dissolved in chloro form and washed with water. The pH 5 'Nater layer was 

then adjusted to pH 7 with 1 N NaOH. 1be aqueous layer was then extracted twioe with chloroform. Toe 

chloroform layers were combined, dried with MgSO4, filtered, and evaporated. After drying in vacuo over 

P2O5, the resulting yellow oil aystalli1.cd giving a pale-yellow solid in from 80-100% yield. Crysta.llization 

from etber-peL ether (30-60 •q (5:1) provided 79 as a white crystalline solid; mp 65 °C; MS (El) m/t 202 

(M+); 1H NMR (Mc:zSO-d6) 6 1.22 (t., 3, COOCH2CH3). 1.87 (s, 4, CH3C•N), 3.64 (s, 3, COOCH3) , 4.05 

(d, 2, NHCH2COi), 4.11 (q, 2, COOCH2CHJ), 7.67 (t, 1, NH). Anal. CAlcd for <;HuN:zO.: C, 47.52; H, 6.98; 

N, 13.85. Found: C, 4730; H, 6.97; N, 13.90. 

J(S)-Carbomethoxy-4-bydroxy-S(J)-methylpyrazole (80).29 Sodium (3.1 g. 135 mmol) wit added to cold 

(5 •q MeOH (200 mL). After the sodium had reacted, crude methyl pyruvate h)'drazone (75') ft ,' 4 g, 51.4 

mmol) was added in one aliquot., and the solution w'3S heated at re0ux for 4 h. The solutio n was chilled in 
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an ice bath and then, concentrated HCI (11.2 mL) was added slowly over 10 min. (If necessary, more HCI or 

NaHC03 is added to adjust the pH to near neutral by pH paper.) Most of the MeOH was then evaporated, 

and the residue was dissolved in water. After readjusting the pH to near 7, the product was extracted " 

ethyl acetate (7 x 40 mL). The etnyl acetate layers were combined, dried with sodium sulf2te, filtered, " 

evaporated to dryness. The crude product (7.22 g, 90 % yield) was used in the next step without further 

purification. An analytical sample was obtained by t.-olumn chromatography on 400 mesh ti), ;a gel wit~• 

chloroform-methanol (9:1) as the eluant; mp 154-155 °C; MS (EI) m/e 156 (M+); 1H NMR (Me.iSO-dJ 6 2.10 

(s, 3, CH3), 3.77 (s, 3, COOCH3) , 835, 12. 75 (br s, 2, OH and NH). Anal Calcd fo r C6H80 3N2: C, 46.15; 

H, 5.16; N, 17.94. Found: C, 45.82; H, 5.36; N, 17.89. 

Methyl l-Acetyl-4-acetyloxy-J.methyl-lH-pyrazole .. 5-carboxylate (AVS-2956] (81). Crude 80 (5.78 g, 37 

mmol) was dissolved in acetic anhydride (50 mL) and pyridine (27 mL), and the mixture was then heated at 

90 °C for 3 h. After cooling, rche f :"ents were removed by vacuum, and the residue was dissolved in diethyl 

ether and washed with water (2 x 30 mL). The ett1er layer was dried with sodium sulfate, filtered, and 

evaporated to givr. an o ra nge-tinted residue. Trituration with cold ether, filtering, and dryinJ! gave 7.55 g of 

81 (two crops, 85 %) as fine white needles; mo 75-71 °C; MS (EI) m/e 240 (M+); 1H NMR (MeiSO-d6) 6 

2.33 (s, 3, COCH3), 2.4 (s, 3, COCH3), 2.68 (s, 3, CH3), 3.84 (s, 3, COOCH)); 13C NMR (Me;1S0-d6l 6 10.64 

(CH3-3), 20.03, 22.39 (OCOCH3 and NCOCH3), 52.10 (COOCH3), 134.38, 134.56, 136.61 (C-3, C-4, C-5), 

160.25 (COOCH3), 168.33, 171.38 (NCO, OCO). Anal. Calcd for Ci0H12N20 5: C, 50.02; H, 5.00; N, 11.67. 

Found: C, 49.73; H, 5.15; N, 11.~. 

MeU,yl l-Acetyl-4-acetyloxy-J.bromometbyl-lH•pyrazole-5.carbo:::.ylate [AVS 2996] (82). Compc 11nd 81 

(3.0 g, 12.5 mmol), benzoyl peroxide (250 mg, 1.03 mmol), N •bromosuccinimide (4.90 g, 27.5 mmol) and 

powsium carbonate (1.0 ;,. 7.23 mmol) were added to CCl4 (120 mL) and refluxed for 2 h. After chilling 

the mixture to 5-10 °C, tbe solution was filtered and evaporaled in vacuo. Trituration of the residue witn 

isopropanol crystallized the produCl which was filtered ar.d dried to give 3.28 g (82%) of 82 as a white solid; 

mp 94-96 °C; MS (FAB) m/t 319 (M + 1): 1H NMR (MeiSO-d6l a 238 (s, 3, OCOCH)), 2.73 (s, 3, 

NC0CH3) , 3.87 (s, 3, COOCH3) , 4.86 ts, 2, CH2Br); Anal Ca.led for Ci0H11BrN20 5: C, 37.64; H. 3.47; N, 

8.78. Fou_'Jd: C, 37.73; H, 3.63, N, 8.64. 

3 (5H(L,3-Dlbcnzyloxy-2-propoxy)methyl]-4-bydroxy-LH-pyrazole.5(3)-car'ooxamlde (84) via Methyl 3 (5)• 

[ (l,3-d!benzyloxy-2-propoxy)metbyl]-4-hydroxy-lH-pyrazole-5(3)-carboxylate {83). Oi-0-benzyiglycerol (17.07 

g, 62.66 mmol) in dry TriF (20 mL) was added dropwisc over 0.5 h at room temperature to a stirred 

suspension of <iO% NaH (2.51 g, f2.64 mmol) in dry rnF (60 mL). Approxim:\tely 1 b after the addition was 

complete, brom<'lmethylpyraz.ole 82 (4.5 g, 14.1 mmol) in dry rnF (20 mL) was added in one aliquot at room 

temperature under nitroren. .After stirring 15 min at room temperaturt . the temperature was raised to 60 

°C for 0.5 h. The reaction was immediately cooled in an ice bath, and acc:ic acid (3.76 g, 62.66 mmol) was 

added dropwise, resl,lting in the reaction mixture acquiring a deep red color. The solvents v:ere evaporated, 

and the residue was partilioned between water and ethyl accute. The resulting emulsion was treated with a 

small amount of acetic acid and extracted with ethyl acetate (4 x 100 mL). The ethyl acetate extracts were 

combined and evaporated to dryn~ to give a semisolid residue that was cbromatograpbed on silka gel (70-
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230 mesh) eluting first with chloroform to remove excess di-0-benzylglycerol and then with ethyl acct.ate to 

elute product 83 as part of a complex mixture. The combined product-containing fractions were evaporated 

to dryness giving 4.5 g or a residue which was added to cold saturated mct.banolic ammonia ( -25 mL) and 

transferred to a steel bomb. The mixture \l,185 heated at 95 °C for 5 b, cooled, and t.-vaporated to dryness. 

After being dissolved in a small amount or chloroform and filtering, the filtrate was cbromatographed on silica 

gel (230-400 mesh) with a CHC13-MeOH gradient (98-95%). An additional 1.+ g of di-0-benxylglycerol and 

a small amount of unreacted 83 were obt.ained by eluting with CHC13-MeOH (98:2). Switching the gradient 

to 95:5 resulted in the elution or product 84 as a clear oil which solidified on st.anding, 740 mg (35 % per 

step over two steps); MS (FAB) m/e 412 (M + l); 1H NMR {M~O..d6) 6 3.52 (m, 4, CH1CHCH~, 3.80 

(br s, 1, CHOCHi), 4.47 (s, 4, CH2Pb), 4.56 (s, 2, CHOCHi.), 7.31 (m, 10, Ar-H), 7.33-7.7 (m. 2, CONHi.), 

8.69, 9.38 (br s, 1, OH-4), 12.89, 12.96 (br, s, 1, NH, mixture or t.automers). 

3(5)-[(l,3-dlhydroxy-2-propoxy)wetby1J-4-hydroxy-1H-pyruole-5(3)-carboxamlde (85). Compound 84 (520 

mg, 1.26 mmol) and palladium hydroxide on carbon (100 mg) were added to 1:1 EtOH-cyclohexene and heated 

at reflux for 16 h. Beause the reaction war incomplete, additional catalyst (20 mg) was added arJd reflux was 

ronti::iued for 8 h. The reaction mixture was cooled, filtered through C.elite, and the filtrate was evaporated 

to dryness. Acetone was added and evaporated away severcll times to produce a white soUd wb1cb was filtered 

and dried to give 239 mg of the desired product (82% in twO crops); mp 134-136 °C; MS (FAB) m/e 232 (M 

+ 1); 1H NMR (MezSO..d6) 6 3.42 (m, 5, CH2CHCHi), 4.56 (s, 2, CH2OCH), 6.86 (br s, 1, CONHi.), 7.44 

(br s, 2, OH-4, CONHi.), 12.84 (br s, 1, NH). Anal Calcd for CgH 1:;N3O5: C. 41.56; H, 5.67; N, 18.17. 

Found: C. 41.10, H, 5.83; N, 18.29. 

N,N-Dlmethyl-1-adamantanecarbo:umJde (86a). 1-Adamant.anecarboxylic acid chloride (2.0 g, 0.01 mol) 

was added to a solution containing app,or-mately 20 mL benz.ene and 20 mL dimethylamine. The solution 

was heated in a bot water bath, with s tirring, for 2 ml.n. The solution was extracted with H2O (10 mL), 5% 

Ha ( 10 mL), 5% NaOH ( 10 " • ), and H2O (10 mL), respectively. The benzene was evaporated to dryness 

tn yield 1.5 g of white crystals; mp 164-167 °C; MS (EI) m /e ?IJ7 (M+); IR (KBr) 2971, 2944, 2902, 2848, 

1614, 1492, !451, 1379, 1343, 1161 an·1; 1H NMR (M~O..d6) 6 2.9'- (s, 6, NCH3), 1.96 (s, 3, H-3), 1.92 

(s, 6, H-2), 1.66 (s, 6, H-4); 13C NMP {MezSO-:16l 6 175.2 (CO), 40.8 (Cl), 38 .. 3 (C-4J, 38.0 (NCH)), 36. t 

(C2), 27.9 (C-3). Anal C&lcd for C13ri21NO ·0.2H2O : C, 74.03; H, 10.23; N, 6.64. Fo und: C, 74.18; H, 

10.01; N, 6.24. 

N,N-Butyl•l-adam•ntanecarbo:umlde (86b). 1-Adamant.anecarboxylic acid chloride (1.0 g, 0.005 mol) was 

added to a solution containing approximately 10 mL benzene ar,d 10 mL n-l,utylamine. The solutio n was 

heated in a hot wate, ~th, with swirUng, for 2 min. The solution was then enra.cted with H2O (5 mL), 5% 

Ha ( 10 mL), 5% NaOH (10 mL), and again \\'ith H2O (5 mL), respectiwly. The benzene was evapor3led 

to dryness to yield 0.54 g of white crystals; mp 85-87 •c; MS (El) m/e 235 {M+); IR ('.<Br) 3314, 29:7, 2916, 

2901, 2891 , 2871, 2849, 1632, 1557, 1283 ~111-1; 1H NMR (MezSO..d6} ~ 0.86 C, 3, CHj), 1.74 (m, 2, CH2CHJ) 

1.36 (re, 2, CHzCH2CHz), 1.(,4 (s, 6, H-4), 1.72 (d, 6, H -2), 1.96 (s, 3, H-3), 3.02 (m, 1, NHCHi). 7.28 (s, 1, 

NH); 13c NMR (MezSO-d6) 6 39.57 (Cl), 38.71 (C-4), 38.04 (NHCHz), 36.13 (C-2), 31.28 (CHzCH2CHz), 
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27.64 (C3), 19.43 (CH2CH3), 13.66 (CH3). Anal Oiled for C15H 25NO: C, 76.54; H, 10.70; N, 5.95. Found: 

C, 76.59; H, 10.73; ~. 5.94. 

1-Adamantanecarboxanllide (86c). 1-Adamantanecarboxylic acid chloride ( 1.5 g, 0.008 mol) was added 

to a solution that contained approximately 10 mL benzene and S mL aniline. The solution was heated in a 

hot water bath for two min with swirling. The solution was then extracted with H20 (5 mL), 5% HCI (10 

mL), 5% NaOH (10 mL), and again with H20 (5 mL), respectively. The benzene was evaporated to dryness 

to yield 1.3 g of white crystals. To insure the removal of any acid present, the solid was dissolved in ether, 

and reextracted with a saturated sodium bicarbonate solution. The ether er.tract was evaporated to dryness 

to yield 1.25 g white crystals; mp 190-192 °C; MS (EI) m/e 255 {M+); JR (KBr) 3285. 2915, 2899, 2848, 1652, 

1645, 1597, 1538, 1439, 1310, 757 cm·1; 1H NMR (MCzSO-d6) 6 1.70 (s, 6, H-4), 1.91 (d, 6, H-2), 2.02 (s, 3, 

H -3), 7.02 (t, 1, Ar-H-4), 7.28 (t, 1, Ar-H-3.S), 7.66 (d. 1, Ar-H-2,6), 9.09 (s, 1, NH); 13C NMR (MCzSO-d6) 

6 175.74 (C=O), 139.23 (NHC), 128.21 (Ar-C3.S), 1:U.93 (Ar-C-4), 120.08 (Ar-C2,6), 40.81 (Cl), 38.22 

(C,4,9), 35.95 (C218110), 27.62 (C3,5,7). Anal Calcd for Ci7H21NO: C, 79.96; H, 8.29; N, 5.49. Found: 

C, 79.84; H, 8.32; N, 5.44. 

N-(2-Tblazolo)-l-adamantylcarboxamide (86d). To 1-adaroantanecarboxylic acid chloride (1 g, 0.005 mo l) 

was add'~ 2-aminotbiazole (2 g, 0.02 mol) in approximately 30 mL benzene. The solution was warmed in a 

hot water bath for 2 min. The benzene solution was then extracted successively with H20 (5-10 mL), 5% HCJ 

(10 mL), 5% NaOH (10 mL), and again \\ith H20 (5-10 mL). The benzene was evaporated yielding a white 

solid which was recrystallii.ed from bot ethanol (0.62 g); mp 198-200 °C; MS (FAB) m/e 263 (M + 1); JR 

(KBr) 3246, 2915, 2906, 2850, 1650, 1542, 1313, 1278, 1268, and 1154 cm·1; 1H NMR (MezSO-dJ 6 11.69 (s, 

1, O=CNH), 7.48 (d, 1, J -= 3.8 ~ tbiazole H-4), 7.19 (d, 1, J • 3.8 Hz, thiazole H-5), 2.06 (s, 3, H-3), 

1.95 (s, 6, H-2), 1.70 (s, 6, H-4); 13c NMR (MezSO-d6) 6 176.78 (O=CNH), 158.5 (tbiamle C2), 137.3 

(tbiazole C-4), 113.1 (lhiazole C.5), 40.4 (Cl), 37.5 (C2), 35.7 (C-4), 27.5 (C3). Anal. Calcd for 

Ci4H 18N20 S: C, 64.()C); H, 6.91; N, 10.68. Found: C, 63.97; H, 7.11, N, 10.98. 

N-Methyl-1-adamantaneacetamlde (87a). Thionyl chloride (0.44 mL. 0,006 mol) was added to l g (0.005 

mol) of l-adamar1taneacetic acid and the mixture was b~ted gently, with stirring, for several hours. After 

bringing the mixture to room temperature, the aniline (5 mL. 0.05 mol) in approximately :o mL ether ~ 

added. The solutiott was again heated gently over a bot water bath, cooled t ('\ room temperature, and let stir 

over tile weekend. The mixture was extracted with H20 (10 mL), 5% HCI (10 mL), 5% NaOH (10 mL), and 

again with H20 (10 mL). The ether layer was then evaporated to dryness to yield 1.0 g of white crysws, mp 

113-116 °C; MS (El) nt/e 207 (M+); IR (KBr) 3272, 2926, 2901 , 2847, 1653, 1636. 1~2, 1451, 1409, 1339 cm·1; 

1H NMR (MezSO-dJ 6 7.57 (br s, 1, NH), 2.54 (d, 3, J • 6 Hz, CH)), 1.91 (br s, 3, H -3), 1.81 (s, 2, 

CH2C•O), 1.59 (m, 12, H-2,4); 13c NMR (MezSO-d6) 6 170.1 (C=O), 50.0 (CH2C=O), 42.l (C2), 36.5 (C 

4), 32.1 (Cl), 28.0 (C3), 25.3 (CH)). Anal. C.alcd for C13H21NO ·0.5H20 : C, 72.18; H, 10.25; N, 6.48. 

Found: C, 72.15; H. 9.95; N, 6.40. 

N-Metbyl-1-ooradamantanecarboxamlde (88). Thionyl chJoride (0.51 mL. 0.007 mot) was added to 

3-adamantanecarhoxylic acid (1.0 g) with i-t.irring. The mixture was heated gently for approximately 2-3 b. 

The mixture w..s let cool to roo1n tecperature, then about 0.5 mL mc-.thylamine in 10 mL ether was added 
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slowly with stirring. The mixture was left stirring overnight at room temperature. .A.dditional ether was added 

and the mixture was extracted with H 2O (10 mL), 5% HCI (10 mL), 5% NaO!-I (10 mL), and again with H2O 

(10 mL). Toe ether layer was then evaporated to dryness to yield 0.73 g of white crystals; mp 160-163 °C; 

MS (EI) m/e 179 (M +); IR (KBr) 3335, 2929, 2867, 2849, 1631, 1630, 1540, 1461, 1406, 1311, 1293 cm·1; 

1H NMR (MeiSO-d6) 6 7.42 (s, 1, NH), 2.59 (d, 2, J = 6 Hz, CH3), 2.50 (t, 1, J = 3 Hz, H -7), 2.22 (s, 2, 

H-3,5), 1.87 (d d, 3, J = 12 Hz, H-4), 1.68 (d d, 4, J = 6 Hz, H-6,9), 1.52 (d d, 4, J = 6 Hz, H-2,8); 

13C NMR (Mei5O-d6) 6 54.2 (Cl), 46.7 (C-6,9), 43.1 (C-2,8), 42.4 (C-7), 36.9 (CH3), 34.2 (C-4), 25.9 (C3,5). 

Anal. Calcd for <;1H 17NO: C, 73.70; H, 9.56; N, 7.82. Found: C, 73.65; H, 9.61; N, 7.73. 

1-Adamantyl, 3-t-Butylthiourea [AVS-2885] (91). 1-Adamantamine (JO g, 66 mmol) was dissolved in 150 

mL hexane. Insoluble material was filtered out and then r-butylisothiocyanate (8.4 ml., 66 mmol) was added. 

After stirring for 3 b, solvent was removed yielding 10.7 g in two batches of white solid. Submitted batch mp 

137-139 °C; 1H NMR (CDCI3) 6 5.8 (br s, 1, NH), 5.6 (br s, 1, NH), 2.15 (s, 9, CH, CHi), 1.7 {s, 4, CHi), 

1.45 {s, 9, C(CHJ)3); 13C NMR (CDCJ3) 6 179.5 (s, 1, C=S), 54.2, 53.2 (2 s, 2, CNH), 42.2 (s, 3, C-4), 36.2 

(s, 3, C2), 29.5 (s, 3, C3), 29.4 (s, 3, C(CHJ)3); IR (KBr) 3274, 2907, 1537, 1391, 1356, 1324, 1310, 1299, 

1201 cm·1• Anal calcd for <;5H26Ni5: C, 67.64; H, 9.84; N, 10.52. Found: C, 67.36; H , 9.99; N, 10.35. 

1-Ad.amantylthiosemlcarbazide (92). 1-Adamantylisolhiocysnate (11.3 g, 0.059 mol) and hydrazine (1.89 

mL. 0.059 mol) were combined in TIIF and the reactjon mixture heated at reflux for approximately 2 h. The 

white solid that precipitated out was filtered, washed with ether, and dried, yield 15.69 g; mp 199-200 °C; MS 

(EI) m/e 225 (M +); IR (KBr) 3287, 3197, 2913, 2893, 2855, 2848, 1530, 1361, 1236, and 805 cm·1: 1H NMR 

(Mei5O-d6) 6 8.~-6 (s, 1, - .. -r.,-NH-NH2 or NH2-C=S), 7.41 (s. 1, S=CNH-NH2 or NH-C=S), 4.50 (s, 2, S=C 

NH-NHi), 2.26 (d, 6, H-2), 2.01 (s. 3, H-3), 1.52 (s, 6, H-4); 13c NMR (MeiSO-d~ 6 179.0 {NH..C=S), 51.9 

(Cl), 41.3 (('...-4), 35.9 (C2), 29.0 (C3). Anal C-alc.d for <;1H1~ 3S: C, 58.63; H, 8.50; N, 18.65. Found: 

C, 58.95; H, 8.90; N, 18.76. 

l-[1-(1-Adamantyl)ethylldene)bydnwnecarboximldamlde Hydrochloride (93 •. To a mixture of 1-

adamantylmethyl ketone ( l.78 g, 10 mmol) and aminogu:midine bicarbonate (1.36 g, 10 mmol) in 10 mL of 

methanol was added 1 mL concentrated Ha. After heating at reflux for 1.25 h, the reaction mixture was 

reduced by approximately two-thirds and then refrigerated overnight, resulting in the formation of a white 

solid. The solid was filtered, washed with ether, and dried; .mp 210..212 °C; MS (EI) m /t 234 (M•); [R (KBr) 

3396, 3388, 3379, 3370, 3358, 2924, 2904, 1672, 1661, cm·1; 1H NMR (MCi5O-d6) 6 10.86 (s, 1, NH), 7.53 (br 

s, 4, NH2, tt+), 1.99 (s, 3, H-3), 1.85 (s, 3, N•CCHJ), 1.73 (d. 6, H-2), 1.67 (m, 6, H-4); 13C NMR (MeiSO­

d6) ~ 162. 7 (HN..C-NHi), 156.1 (N•C-CHJ), 39.9 (Cl), 38.'.' (C2), 36.1 (C-4), 27.6 (C3), 12.4 (N•CCHy. 

An.al Calc.d for <;3H23N4CI · 0.75H2O : C, 54.92; H, 8.68; N, 19.71. Found: C, 54.83; H , 8.57; N, 19.90. 

l-[1-(1-Adamantyl)etbylldene)hydruinecarbotbioamlde (93b). To a mixture of 1-adarnantylmethyt lcetonr 

(0.89 g. S mmol) and thiosemicarbazide (0.45 g. 5 mmol) in 6 mL methanol was added 0.25 mL concentrated 

Ha, a~d the reaction mixture heated at r: Oux for 1 h. The mixture was allowed to cool at room temperature 

and stand overnight. The white solid that separated was filterrd off, washed with ethanol, and dried, yielding 

0.92 g of crystals; mp 206-20'i 0 C; MS (EI) m/t 251 {M+); IR (KBr) 341J, 2917. 2899, 2845, 1591, 1492, 1449, 

14>..6, 1082, 527 cm·1; 1H NMR (MCi50-d~ 6 9.82 (S. 1, NHOC=S), 8.09 (s, 1. S=CNHi), 7.3C (s, 1, 
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S•CNH), 1.98 (s, 3, H-3), 1.84 (s, 3, N=CCH3) , 1.71 (d, 6, H-2), 1.67 (s, 6, H-4); 13C NMR (MezSO...11 ) 6 

178.7 (NHOC-NHz), 159.3 (NH=C-CH3), 39.9 {C-1), 38.7 (C-2), 36.1 (C-4), 27.6 (C-3), 12.4 (NH=C-CH3). 

Anal. Calcd for C13H21N3S: C, 62.21; H, 8.42; N, 16.72. Found: C, 62.12; H, 8.68; N, 17.01. 

3-Bromo.N-l-(2',3'-dihydroxypropyl)pyrazolo[3,4-d]pyrimldln-4(5H)-one34 (100). In a 250 mL round­

bottomed flask equipped \llith a magnetic stirrer and a calcium sulfate tube was placed a mixture of 3-

bromopyraz.olo(3,4-d)pyrimidine (S g, 25 mmol), glycidol (1.73 g, 23 mmol), a trace of anhydrous potassium 

carbonate, and DMF (100 mL). The mixture was stirred at 60 °c for 24 h. After cooling to room temp­

erature the undissolved ma1erial was filtered by suction and the solution was evaporated by reduced pressure. 

Th~ resulting orange syrup was recrystallized from ethanol and applied to a cation exchange rolumn with 50% 

MeOH and 50% H2O as the eluting solvents. The eluant was concentrated, recrystallized Crom ethanol, and 

dried to yield 600 mg (9%); mp ?.30-232 °C; MS (EI) m/e 289 (M + 1); 1H NMR (MezSO-d6' 6 3.48 (m, 2, 

H-4' .S'), 3.98 (m, 1, H-3' ), 4.46 (m, 2, H-1 '.2'), 4.75 (s, 1, OH), 4.95 {d, 1, OH) . 8.2 (d, 1, 1 = 29.77, 

H-7), 12.49 (s, 1, NH); IR 3292, 3287, 2884, 1690, 1609, 1541, 1392, 1074, 1032, 786 cnf1; 13C NMR (MezSO­

d6) 6 50.8 (C-1 '), 6q.8 (C-2'), 63.6 (C-3'), 104.3 (C-4), 120.2 (C-3), 148.7 (C-7), 153.1 (CS), 156.3 (C-8). 

Anal Calcd for CgH1oN4O3B;-: C, 33.20; H, 3.13; N, i9.38. Found: C, 33.08; H, 3.45; N, 18.90. 

l -(2,3-Dlhydroxypropyl)pyrazolo[3,4-d]pyrimldln-4(5H)-one (lOl). To a solution of 3-bromo-1-(2,3-

dihydroxypropyl)pyrazolo(3,4-d)pyrimidin-4.S-one (3.5 g, 12 mmol) in 50% aqueous ethanol (300 mL) was added 

Pd/C (5%) 600 mg, a.nd the mixture was hydrogenated at 48 psi at room temperature for 24 h. The reaction 

mixture was filtered through Celite pad and the filtrate was evaporated to dryness. Crystallization or the 

rec;idual solid from SO% aqueous methanol gave white crystals, yield 0.9 g (35.7%); mp 232-234 °C; MS (FAB) 

m/t 210 (M); 1H NMR (MezSO-d6) 6 3.40 (m, 2, H-3'), 4.00 (m, 1, H-2'), 4.26 (m, 2, H-1 ' ), 4.81 (br s, 

2, OH), 8.05 (s, 1, 1-1-3), 12.1 (s, 1, H-5); IR (KDr) 3270, 3262, 3250, 3085, 1700, 1651, 1595, 1580, 1535, 782 

crn·1; 13c NMR (MezSO-d6) 6 157.3 (C-4), 1522 (C-7a), 147.S (C6), 134.0 (C-3), 105.6 (C-3a), 70.1 (C-2'), 

63.7 (C-3'), 50.4 (C-1 '). Anal Ca.Jul for CgH8N40 3: C, 45.71; H, 4.79; N, 26.66. Fo unct: C, 45.72; H. 5.11; 

N, 26.29. 

3-Bromo.l-(2',3'.S' •tri-O-benzoyl•IS•iiboruranosyl)pyruolo[3,4-d)pyrimldin-4(5H)-one (102). 3-

Bromoallopurittol 99 (11 g, 51 mmol) and IS·D-ribofuranosc 1-acetate 2,3,5-tribenz.oate (30 g, SO mmol) were 

added to dry nitromethane (125 mL) and brought to reflux temperature. BF3 · Et2O (9.9 g, 8.8 ml.. 69.7 

mmol) was added. The suspension became clear within S Cli.n and refluxing oontinued for 2.5 h. The solvent 

was evaporated to yield a dark brown foam which was dissolved in ethyl acetate (800 mL) and washed with 

saturated NaHC03 (2 x 300 mL) and then water (2 x 300 mL) and dned over Naso.. The solvent .,..-as 

removed to yield a brown foam. The foam was applied to a silica gel col umn using ethylacetate and 

c.yclohcxane (2:1) as the eluting solvents. The unreacted sugar eluted first and was followed by the N-1 isome! 

(Rf 0.37). The N-1 isomer was recrysalliud from ethyl acetate and methanol (4:1) yield 4.7 g, 15%; mp 213-

;>t(; 0C; MS (FAB) m/t 658 (M + l ); 1H NMR (MeiSO-d6) 6 4.63 (m, 15,,,s,b = 12.S Hz, 2, H-5'), 4.91 

(m. 1•'.S'b • 3.3 Hz, 14, ,s,1 .., 3.8 Hz. 1, H-4'), 6.15 (t, 13,.•, • 6.50 Hz, 1, H-3'), 6.25 (q, 12',3', "" 5.35 

Hz, 1, H-2'), 6.68 (d, 11',1' = 3.0'J Hz, 1, H-1 '), 7.45-8.07 (Ar-H's), 8.2 lS, 1, H-7), 12.59 (~ 1, H-5). 
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3-Bromo-1-p-nboruranosylpyraz.o!o[3,t1-d] pyrimidin-4(SH)-one (102a). 3-Bromo-1-(2' .3 ',5' -tri-O-benzoyl­

~-D-ribofuranosyl)pyrazolo[3,4-d}pyrimidin-4(5H)-one (4.7 g, 7 mmol) was combined with methanolic ammonia 

(329 ml saturated at O 0C) and placed in a steel bomb. The solutio n heated al 90-100 °C for 4 h overnighL 

The solution was evaporated to a clear brown residual oil and washed with benzene to remove benzamide. 

Crystals were fo:-med from water and ethyl-acetate (4:1), yield 1.5 g (60.7%); mp 228-230 °C; MS (FAB) m/e 

346 (M + l); IR (KBr) 3399, 3392, 3377, 3373, 3370, 1697, 1599, 1533, \093, 1044 crn·1; lH NMR , MezSO­

d6) 6 3.44 (m, 14, ,5 , 8 = 60 Hz., 1, H-5', 3.55 (m, J4,,s,b = 4.7 Hz, 1, H-5', 3.90 (q, l, H-4'), 4.15 (q, J3',4' 

= 4.3 Hz, 1, H-4'), 4.52 (q, .'2',3' = 4.9 Hz, 1, H-2'), 4.75 (t, J5,.5• .oH = S.6 Hz, 1, OH-5'), 5.28 (d, 13,3 ,_ 

OH = 5.4 Hz, 1, OH-3'), 5.54 (d, 12, ,2.oH = 5.8 Hz, l, OH-2'), 6.02 (d, 11,.2 = 4.7 Hz, 1, H-1), f. 16 (s, 

1, H-6), 12.56 (s, 1, H-5); i:ic NMR (MezSO-dJ 6 149.7 (C-6), 156.1 (C4), 105.0 (C4a), 122.2 (C3), 1~3.7 

(C7a), 88.2 (C-1), 85.3 (C2'), 73.1 (C3'), 70.5 (C4'), 62.0 (C-5'). .Anal Calc.d for <;oH111'4O5Br: 

C,34.59; H , 3.19; N, 16.13. Found: C, 34.67, H, 3.43; N, 16.45. 

4-Amino-p-1>-riborura11osylpyraz.olo[3,4-d]pyrimldine (10S). The 10% Pd/C catalyst (200 mg) was added 

to a solurion of 4-amino-3-bromorioofuranosylpyrazolopyrimidine 104 (2.3 g, 6.4 mmol) and 50% aqueous 

ethanol (150 mL), and the mixture was hydrogenated at 40 psi at room temperature for 48 h. The reaction 

mixture was the filtered through a Celite i,ad, and the filtrate was evaporated to g.ive a residual solid (0.7 g, 

37.6%); mp 205-210 °C; MS (EI) m/e 267 (\i+); IR (KBr) 3424, 3258, ..,221, 3165, 3157, 3151, 1658, 1603, 

1573, 1041; 1H NMR (MezSO-dJ 6 3.44 (m, 1, H-5'), 3.56 (m, 1, H-5'), 3.92 (m, 1, H-4'), 4.22 (m, 1, H-

3') 4.62 (m, 1, H-2'), 4.88 (t, l , OH), 5.12 (d, 1, OH), 5.36 (d, l, OH), 6.08 (d, 1, H-1 '), 7.76 (br s, 2, 

NHi), 8.2 (d, 1, Ar-H); 13C NMR (MeiSO-d6) 6 133.2 (C-3), 100.4 (C4), 157.9 (C-5), 153.8 (C7), 155.9 (C 

9), 88.5 (Cl'), 73.l (C2'), 70.8 (C-~'), 85.0 (C4'), 62.3 (C~S). Anal Calc.d for CioH13N5O4 • H2O: C, 

42.10; H, 5.30; N, 24.53. Found: ~ 42.10; H, 5.42; N, 24.42. 

A second batch of 4-amino-p-o-ribofuranosy!pyrazolo[3,4-d)pyrimidine (105) was prepared by the reduction 

of 104 (2.2 g, 6.3 mmol) with Pd/BaSO4 (200 mg) in ethanol to give 0.7 g (41.6%). MS (EI) m/e 267 (M+); 

Anal Ca.led for <;0H 13N5O4 · 2H2O: ~ 39.60; H, 5.65; N, 23.05. Found: ~ 39.20; H, 5.40; N, 23.03. All 

other analytical data was essentially the same. 

4(5)-Bromo-1{3H)•lmlduole (l l1)31• Sodium sulfite 33 g (0.26 mol) in approximately 200 mL water and 

2,4,5-tribromoimidazole (8 g, 0.026 mol) were refluxed for 3.5 h, cooled, and refrigerated overnighL 

Completeness of reaction che~ked with TLC (silica gel in ethyl acetate, developed in iodine). The reaction 

mixture was :xtracted \\ith ,, .her (5 x 250 mL), dncd over S:)<lium sulfate, filtered, and evaporated to dryness, 

yielding 3 g of a pale yellow :;oUd; mp 118-119 °C; MS (EI) 3Q2 (M+); 1H NMR (M~O-d6) 6 12.44 (br s, 

1, H-1), 7.64 (s. 1, H-2), 7.25 (d, 1, J • 1.2 Hz, H-5); JR (KBr) 2817, 2811, 2590, 129",, 1189, 1069, 961, 821, 

155, 619 an·1; 13c NMR (MCiSO-d6) 6 135.7 (C2, 3/CH = 8.3 Hz, 1JCH = 210.6 Hz), 115.6 (CS, 3Jrn • 

3.0 Hz, 1J CH a: 196.3 Hz), 113.2 (C-4 = CBr), 3JCH = 9.4 Hz, 1JCH = 13.8 Hz). Anal Ca.led for 

C:lH3N2Br ·0.1H2O: ~ 24.22; H. 2.17; N, 18.83. Found: C, 24.06; H, 1.97; N, 18.64. 

4-Amlno-l-pentanol (113). The preparation of Oll!o-norbomylamine was followed..38.39 A solution of 3-

acctyl-1-propanol (51 m.L), ammonium acetate (385 g) and sodium cyanoborobydride (22 g) in absolute 

----- ----
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methanol (1.5 L) was stirred 48 h at 25 °C. Concentrated HCI was added until pH <2 and methanol was 

removed in vacuo. The residue was taken up in a minimum amount of water and extracted with ether (3 x 

150 mL). The aqueous solution was brought to pH > 10 with solid KOH, and extracted with chloroform (5 

x 100 mL). The combined extracts were dried (MgSO4) and evaporated in vacuo to give fairly pure product 

(47 g). The product was further purified ty distillation (:.,0 g); bp 124 °C/26 mm [lit.27 bp 117-119 °C/25 mm]; 

IR (neat + a drop chloroform) 3342, 3277, 3219 (NHz, OH), 2955, 2930, 2865 (CH), 1595, 1450, 1375, 1061 

cm·1; 1H NMR (MezSO-d6) 6 3.3-3.4 (t, 2, CH2OH), 3.0-2.6 (m, 4, CH, OH, NHz), 1.5-1.35, 1.35-1.2 (2 m, 

4, CH2CHz), 1.0-0.9 (d, 3, CH3); 13C NMR (MezSO-d6) 6 60.9 (Cl), 46.1 (C4), 36.1 (C3), 29.4 (C2} and 

23.7 (C-5). 

4-(4'-Hydroxy-l'-methylbutylamino)-7-chloroqulnoline (i14).38.39 A mixture of 4,7-dichloroquinoline 

(22.3 g) and 4-amino-l-pentanol (23.2 g) was cautiously heated to 145 ± 2 °C with stirring in a lL round 

bottom flask under dry conditions. The constant temperature and stirring was maintained for 4 h. The 

mixture was then cooled to below 100 °C, ice-water (200 mL) ' NaS added, and the reaction was stirred 

overnight The solid obtained was filtered, washed with water and dried, 32.5 g; MS (El) m/e 264 (M+). This 

compound was used in the next step without further ;;;,;r:Gcation. 

4-(4'-Hydroxy-l '•metbylbutyh,~lno)-'/-chloroq,;lnollne (li4). A mixture of 4,7-dichloroquinoline (10.3 

g, 0.05 mot) and 4-amin<'-l-pentano! (10.7 g, O.J mol) was cautiously heated to 145 °C under dry conditions 

while stirring in a 500 mL round bottom [1ask. The temperature and stin ing were '1laintained for 4 h. T. ~ 

mixture was cooled to below 100 •c before ice water (100 mL) was added. A r overnight stirring, the 

resulting white solid was filtered, washed with water, and dried to give 10.4 g of a white solid. MS (El) m/e 

264 (M+). The product was th.en used \\-ithout h1nher purification. 

4-(4'-Ethylamlno-l' -methylbutylamlno)-7-chlo~ulnol~1e (llSo).38.39 To 70 :-:1J. of 48% hydrobromic 

acid was cautiously added with cooling and stirring, 15 mL of concentrated sulfu.ric acio. carbinol 114 (32 g) 

was dissolved in the acid mixture and the resulting solution heated to boiliog .lS rapi{lly as possible in an 

Erlenmeyer flask. The mixture was simmered gentl) until the formation of turl\idity denoted the scp:::tion 

of a second phase (usually about 5-10 min. of heating -vas required). Heating w-.u :!!!;~ntinued at onc.e 

(longer heating appeared to destroy tbe ~roduct), the mixture was aUowe6 to cool to 50 °c, and 100 mL of 

water was added. The dense, vis..:ous lowe.r layer was taken up in chloroform. and the aqueo~ l1yer was 

extracted with chloroform several times. The chloroform extracts ,vere combined., dried (MgSO,), llnd 

transferred to the flask to be used for the final step. Solvent was removed undl!r reduced pressure with gentle 

wam,ing, and the resul,ing viscous Liquid was evenly d i.stritJted over the walls. Tne flask was then cooled 

in an ice-bath, and 200 mL of anhydrous ethylamine was added. The flask was sealed w11h a stoppe· wired 

on tighLly, and the mixture was cooled :md shaken until all of the salt dissolved. The solution vn.s then 

stirred ior 42 h at room temperature.. Excess ethylamine was removed by distillation and the residue was 

taken up in 300 mL of water containing 100 g of potassium carbonate. The aqueous layer was extracted 

several times with chloroform, and the organic layers were pooled and concentrated. The residual ~quid was 

taken up in an equ2I volume or alcohol, and water was added to incipient turbidity. Then, 6 N HCI was 

added until pH was bet\"C.Cn 8-8.2. The solution was further diluted with 600 mL of water and extracted 
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thoroughly with ether to remove the byproduct. The aqueous solution. upon treatment wi.h 30 g of potassium 

hydroxide yielded crude product, which was removed by extraction with chloroform. The solvent was removed 

and distilled to give the pure product, 8.2, g; bp 175-180 °C (0.03 mm) [Jit.7 bp 173-175 °C 0.05 mm]. The 

distillate slowly solidified to a pale yellow solid, mp 100-102 °C; MS (EI) m/e 291 (M+); lR (I<Br) 3274 

(broad, NH, NH), 2964 (CH), 2930, 2820, 1612, 1575, 1540 (aromatic), 1490, 1454, 1424, 1381, 1366, 1331, 

1280, 1255, 1205, 1150, 1130, 1080 cm·1; 1H NMR (MCi5O-d6) 6 8.45-8.35 (d, 2, H-2,5), 7.85-7.80 (d, 1, H-8), 

7.5-7.4 (d d, 1, H-6), 7.05-6.90 (d, 1, H-1), 6.50-6.45 (d, 1, H-3), 3.8-3.6 (m, 1, CH), 2.6-2.4 (m, 5, 

CHzNHCHz), l.8-L4 (m, 4, CH2CHz), 1.3-1.Z (d, 3, CHCH3), 1.05-l' 95 ( l, 3, CH2CH3); 13C NMR (MeiSO­

d6)" 151.6 (C-2), 149.3 (r...-4 or C-8a), 149.1 (C-4 or C-8a), 133.1 (C-7), 127.3 (C-6 or~). 124.1 (C-5), 123.5 

(C-6 or C-8), 117.3 (C-4a). 98.5 (C-3), 49.0 (C-4'), 47..5 (C-1 '), 43.4 (CH2CHy, 33.3 (C-2' or C-3'), 26.2 

(C-2' or C3') 19.6 (CHCH3), 1:5.0 (CH2CH3). Anal. Calcd for c;6H22N3Cl: C, 65.85; H, 7.60; N, 14.40. 

Found: C, 65.62; H, 7.69; N, 14.33. 

l-Amlno-6-lmlnopurine (117). A stirred suspension of adenine (1.35 g, 10.0 mmol) in ethanol (250 mL) 

was treated wi1h O-mesitylenesulfonylhydroxylamine (6.0 g, 28.0 mmol). After I h all of the suspended solid 

had dissolved, and stirring was continued for 0.5 h, and a white solid separated. The mixture was chilled in 

a dry-ice/isoprop~nol bath, and the solid was collected, washed with cold methanol, and dried in vacuo: yield, 

193 g (55%) (a second crop was obtained from the filtrate, and was crystalliz.ed to ~;vc another isomer (by 

MS and 11.,C)]. The product (1.93 g) was crystalliz.ed from methanol to give 1.25 g (which still cor.tained a 

trace of an impurity by lLC). Thili mesicylenesulfonate salt of 1-aminoadenine was dissolved !n a soh.tion 

of ace:onJtrile a.nd 1 N amm.:>nium hydroxide (4:2), and evaporated with 6 g of silica gel (230-400 mesh, 

Aldrich) and then was chromatagraphed on a flash r.olumn (rilica gen, and eluted with acetonJtrUe 1and 1 N 

ammonium hydroxide (4:1). Fractions containing the product were combined, evaporated, and dried in vacuo 

to give the free base of J-amino-6-imiDopurine (500 mg, 93% 1ecove11J; mp 205-207 °C dee; IR (KBr) (strong 

1680-1625), 1545, 1470, 1425, 1375, 1335, 1185, 1175, 1120, 975, 645, 555. UV '-max 207 (21,320), 257 

(10,500) at pH l ; 208 (19,400), 260 (9,700) at pH 7; 269 (12,700) at pH 13. 1H NMR (020) 6 8.04 (s, 1, 

H-3), 8.32 (s, 1, H-8). Anal Calcd for Cs~Nc, · 0.86H2O): C, 36.25; H, 4.70; N, 50.74. Found: C, 36.56; 

H, 4.42; N, 50.57. 

1-Amlnoadenoslnlu:m Mesltylene Sulfonate [AVS-"10) (118). Freshly prepared 0-

mesitylenesulfonylhydroxylamine (6 g) was added to a solution of adenosine (2.67 g) in methanol (200 mL). 

The solution was stirred at room temperature for 30 min and then immersed in a d.ry i~isopropanol bath. 

The precipitate (2.7 g) was collected and dried, mp 193-194 "C; MS ~AB) m/e 283 (M + l); UV '-max 258 

(12,740) at pH 1, 258 (12,790) at pH 7, 258 (13,460) at pH 13; IR (I<Br) 3282, 3149, 3650-2800 (broad, NH_,, 

~"H, OH, SO3H), 2930, 1692 (SC3H) l635, 1605 (aromatic), 1560, 1510, 1420, 1230, 1210. 1175, 1120, 1085, 

1065, 10!_5, 905, 860 cm·1; 1H NMR (M~O-d6) 6 10.15-10.05 and 9.25-9.15 (br s, 2, C•NH ll!ld McsOH), 

6.65-6.50 (br s, 2, NHz), 5.95 (d, 1, J = 5 Hz., H-1 '), 4.52 (t, 1, H-2'}, 4.18 (t, 1, H -3'), 4.0 (q, 1, H-4'), 

3.64 (2 q, 2, H-5'), 2.5 {s, 6, O-mesitylene-H's), 2.15 (s, 3, p -mcsitylene-H's); 13C NMR (MezSO-d6) 6 151.4 

(C-6), 148.9 (C-2, 1J,...,_. .. 218.8 Hz), 145.7 ,(;-4, 3Jc .H L · 13.15 Hz. 3Jc .H = 5.1 Hz), 142.5 (C-8.. 
~ 4, 8 4 1 2 

1Jr._ H • 217.8 Hz, 3Jr._ H • 4.05 Hz), 14:?.2 (C-SO3H), 136.3 (Ar-C 4), 135.7 (JI.T-C-2), 129.7 (Ar-C-3), 
,,. 81 ...,,. l' 

Soutllcm Research lastitutc 



181 

118.5 (CS), 87.7 (Cl', 1Jr_ H = 167.2 Hz), 85.8 (C-4'), 74.3 (C2'), 70.0 (C-3'), 60.9 (G-5'), 22.6 (o-
-i I t } ' 

CH3) , 20.2 (p-CH3) ; Anal. Calcd for ~~u;N6SO7: C, 46.84; H, 5.49; N, 17.27. Found: C, 46.93; H, 5.5J; N, 

17.46. 

l-Aminoadenosln~1 Hydrochloride (118, X = Cl). Freshly prepared o-mesitylenesulfonylhydroxylamine (6 

g, 0.028 mol) was added to a solution of adenosine (2.67 g, 0.01 mol) in methanol (200 mL). The solution 

was stirred at 25 °C for 1 h, and was then chilled in a dry-ice/isopropyl alcohol bath. The SQlid was collected 

and dried in vacu.'.>: yield 2.7 g (56%); mp 178-182 °C dee. This product (1.8 g. 0.0037 mo!) was passed 

through a Dowex l-X2 (Cr form) to get the chloride salt (1.15 g). The crude product was dissolved in a 

small amounr of water, stirred with activated carbon and filtered. The clear solution was diluted with ethanol 

until cloudy and then ether was added to aid crystallization. The mixture was stirred, and then chilled. The 

product was collected, washed with ether, and dried in vacuo: yield 777 mg (24%); mp 200-203 °C; MS (FAB) 

283 (M + 1); IR (KBr) 34CK1-3050 (broad., NH, NH2, OH's, HO), 1780, 1500, 1425, 1410, 1165, 1030, 1000, 

820, 730, 710, 700 cm·1; 1H NMR (MC-i,SO-a6) 6 3.58, 3.68 (2 m, 2, C:12-5'), 3.99 {apparent q, 1, H-4'), 4.17 

{ayparent q, I, H-3' ). 4.52 (q, 1, H-2'), 5.16 (t, 1 , OH-5'), 5.35 (d, 1, OH-3'), 5.68 (d, 1, H-1 '), 6.74 (s. 

6I 13 · 2. N"r12-1 ), 8.68 (s, 1, H-8), 8.78 (s, 1, H-2) , 9.39, 10.11 (2 br s, 2, H-Nf-12-6; C NMR (MeiSO-d6) 6 ~.~J 

(C-5'), 70.03 (C3'), 74.35 (C-2' ), 85.83 (C-4'), 87.66 (1Jr_ = 166.3 l-lz, Cl'), 118.48 (3Jc H = 11.9 
•''l' S• 8 

Hz, CS), ~42.60 (leg,H
1
, = 3.9 Hz, leg = 218.0 Hz, C8), 11 ;.82 (3Jc

4
.H8 = 131.1 Hz, 3Jc

4
,H2 = 5.3 Hz, 

l e H = 2.6 Hz, C-4), 148.82 (1lr_ H = 218.7 Hz, C2), 15:.39 c3Jc H = 5.5 Hz, C6). Anal. Calcd for 
4• l ' - ~• 2 6• 2 

~ 0H 15ClN~O4 · 0.5H2O: C, 36.64; H, 4.92; N, 25.65. Found: C, 36.83, 36.79; H, 5.27, 5.21; N, 25.68, 25.54. 

l-Amino-7-deamlnoslne (111). A solution of 7-deaz.ainosine (Ul1 (534 mg, 2.C mmol) in 1N sodium 

hy~roxide (6 mL) was treated with a soluuon of hydroxylamine-0-sulforuc acid (340 mg, 3.00 mmol) in w:iter 

(4 mL). The re:.ction solution was left in the refrigerator overnight. The solid that had formed was collected, 

and dried in vacu1J: yield, 383 mg. This product was crystallized from water, and dried in vacuo: yield, 323 

mg (57%); mp 220-222 °C dee; IR (KBr) 3430, 33\0, 1665, 1495, 1420, 1226, 1085, 1055, 1030, 740 cm·1. UV 

'-max 205 nm (20,730), 213 (20,710), 261 (6,610) at pH l ; 213 (20,630), 261 (6,580) at pH 7; 216 (17,750), 

262 (6,500) at pH 13; 1H NMR (MezSO-d~ o 3.55 (2 m, 2, 14,,5,. = 4.0 Hz, 14,,s,b 1= 11.9 Hz. CH2-5'), 

3.88 (q, 1, H-4' ), 4.07 (q, 1, J3,.4, = 4.2 Hz. H-3' ), 4.31 (q, 1, 12,.3' = 5.6 Hz, H-2' ), 5.0 (t, 1, l s•.s•-OH 

= 5.4 Hz, OH-5'), 5.13 (d. 1, J3, ,3, -0H = 4.9 Hz, OH-3'), 5.33 (d, 1, J2, ,2, -0H = 6.04 Hz, OH-2' ), 5.75 

(s, 2, NH2-l), 6.00 (s, 1, 11, :,., = 6.1 Hz, H -1'), 6.57 (d, 1, JC,.Hs :r: 3.6 Hz, H-7), 7.41 (d, 1, H-8), 8.23 (s, 

1. H-2). Anal Calcd for t;1H 14N4O : C. 46.81; H, 5.00; N, 19.85. Found: C. 46.53; H , 5.17; N, 19.89 

l••Amlnoeoanoslne (124). Guanosine h~. 11lc (5.7 g. 20 mmol) was disso\ved in 1N sodium hyJroxioe (W 

mL), and then w-'5 treated with a solution of hydroxylamine-0-snlfonic acid (3.4 g, 3/J mmol) in water (30 

mL). The solution was stirred at room temperature overnight. The solid that fa.med was chilled, collected, 

washed with water, acetone, and dried unde,· nitrogen: yield, 3.5 g (59%). This product was crystallized from 

dilute ammonium hydroxide followed by o ne cryst.alliz.alion from water. The product was dritd in vacuo 

(P2O5): yield, 2.5 g (39%); mp 240 °C; IR tt<I:-1) 3480, 3465, 3350, 3120, 1670, 1625, 1590, 1575, 1505, 1415, 

1100, 105~. 1035, 1020. UV >.m:ix 257 'IUD (11)'93), 217 (8,029) at pH l ; 208 (15,086), 257 (11,()()3) at pH 

Soulhem RCIC-an:b lmlitutc 



182 

7; 2~ (12,931), 274 (sh) at pH 13; 1H NMR (Me.zSO-d6) 6 3.56 (2 m, 2, CH2-5'), 3.77 (q, 1, H-4'). 4.09 

(t, 1, H-3' ), 4.92 (t, 1, H-2'), 5.70 (d, 1, H-1'), 7.10 (s, 2, NHi-1), 7.95 (s, 1, H-8). Anal (..alcd for 

C10H 14N6O5: C, 40.27; H, 4.73; N, 28.18. Found: C, 4050; H, 4.77; N, 28.42. 

Ethyl ~4-Trimethyldihydroquinoline.-6-carboxylate (127). A mixture of ethyl 4-aminobenroate (SO g, 

0.302 mol) and iodine (3 g, 0.012 mol) in acetor,e (20C, mL) and toluene (1000 mL) was rttlu:xed for 24 h 

wit.h stirring. The refluxing apparatus was then equipped wirh a distillation receiver to collect the acetone­

water distillate. The reaction mixture was then cooled and the distillation was replaced with dry acetone. 

Distillation was then resumed and this process was repeated until the reaction had gone to completion. The 

solution was then cooled to room temperature, and rhe mixtu~e was evaporated to yield a brown resid\ ,; which 

was dissolved in ethyl acetate (200 mL), washed wj1'- 10% NaOH (2 x 100 mL), water (2 x 100 mL), and 

dried over MgSO4• The ethyl acetate was evaporated to yield a dark solid which was washed with CHa3 and 

pet ether. Crystallization from CHCl3 and pet ether (1:2) yielded pale-green crystals. MS (FAB) 245 (M 

+ l); IR {KBr) 3346, 1684, 1660, 1598, 1368, 1289, 1270, 1258, 1219, 111 cm·1; UV lmax 255 nm at pH 1; 

233 nm at pH 7 and 13. 1H NMR (Me.zSO-d6) 6 1.25 (t, 9, CH2CH31 CH3), 4.20 (q, '.l, OCH2CHy, 5.34 (s, 

1, H-3), 6.42 (d, 1, Ar-H), 6.77 (s, 1, NH), 7.5 (d, :7., Ar-H); 13c NMR (Me.zSO-d6) 6 51.8 (C2), 31.6 (C2' 

+ C2"), 128.3 (C3), 115.5 (C4), 181.0 (C4'), 126.6 (C-4a), 124.5 (CS). 118.5 (C-6). 130.5 (C7), 111.2 

(C8), 148.2 (C8a}, 165.9 (C-6'), 59.5 (C-6"), 14.4 (C-6" '). Anal Call:d for CisH1~O2: C, 73.43; H, 

7.81; N, 6.07. Found: C, 72.95; H, 8.12; N, 6.07. 

Ethyl 1-N-Formyl-2,'.!.,4-lrimetbyldlbydroqulnoline-6-carboxylate (128). Formic acetic anhydride20 (18.05 

g) was added dropwise to ethyl 2,2,4-trimelhyldibydroquinoline-6 -:arboxylate (127) in a round-bottomed flask 

equjpped with a calcium sulfate d~~ng tube. The reaction stirred at room temperature for 24 h and the 

solution formed was evaporated to yield a residua1 green oil. The product was taken up into chloroform (100 

mL) and washed Y'lth NaHC03 (100 mL), water (100 mL) and dried over NaSO4• The solvent was filtcrf.d 

through SO g of silica gel and then concentrated by evaporation. Crystallization with chloroform-pet ether 

(1:2) gave a 26'Jf yield of the compound; mp 68-69 °C; MS (FAB) 273 (M + 1); IR (KDr) 1718, 1704, 1666, 

1602, 1340, 1290, 1261, 1421, 1109, 767 cm·1; UV '-max 252 nm at pH 1 and 7; 247 nm at pH 13; 13c NMR 

(MCi5O-d6) 6 1.40 ( t, 3, OCHzCH3), 1.54 (s, 6, qCH3)i), 2.10 (!., 3, CH3), 5.6 (s, 1, H-3), 6.42 (d, 1, Ar-H), 

7.92 (s, 2, Ar-H), 8.60 (s, 1, HCsO); 13c NMR (MCi5O-d6) 6 ~ .5 (C2}, 27.4 (C2' + C211), 134.4 (C3), 

126.2 (C4), 175.5 (C4'), 126.9 (C-4a), 128.S (C-5), 127.7 (CS), l:>,4.0 (C7), 121.8 (C8), 138.S (C8a), 165.3 

(C-6)), 60.6 (C-6"), 14.2 (C-6'"), 161.2 (Cl'). Ana' ~ led for C.,6H 1~O3: C, 70.30: H, 7.01; N, 5.12. 

Found: C. 69.83; H, 7.~ N, 4.83. 

~4-Trtmdhyl-~lbydroqulnollne-HVboxyllc Add (U.9). A 2SO-mL round-bottomed flask fitted with 

a renux condeMC:r ~,as used to rrJx ethyl 2,2,4-trimethyl-l,l-dihydroquinoline carboxylate (5 g, 20 mmol) in 

a 1 N NaOH (100 mL) aqueous sol11tlon. Ethanol (40 m.L) was added dropwise to help i'le compound to 

into solution. The reaction mt:'1J1c.: ,vas heated at reflux (105 °C) for 18 h. After cooling to room 

temperature the rcaajon mixture was dfiuted v.'ith an equal volume or water ( 150 mL) and poured with 

stirring into 50 mL o r HO. The mixture was filtered and the filtrate \\'oS evaporated down to yield 3 g of 

crude product Recrystallization from ethanol gave beige crystals (2 g); mp 226-228 ~e; MS (El) m/e 217; 
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1H NMR (MeiSO-d6} 6 1.24 (s, 6, C(CH3).i), 1.9 (s, 3, CH~. 5.32 (s, 1, H-vinyl), 6.42 (d, 1, Ar-H-8), 6.68 

(s, 1, NH), 7.5 (m, 2, Ar-H-7,5), 11.96 (br s, 1, OH); IR (KBr) 2967, 1653, 1597, 1437, 1339, 1293, 1276, 1256, 

1229, 1162 cm"1; 13c NMR r.,,ieiSO-d._ 6 18.l (I-Me), 31.5 (3-Me), 51.6 (C2), 128.J (C3), 118.3 (C4), 126.6 

(C-4a), 124.7 (C-5), 116.2 (C-6), 113.l (C 7), 111.0 (C-8), 147. "'I (C-&). Anal Calcd for C13n15NO2 · 0.5H2O : 

C. 69.00; H, 7.12; IN, 6.19. Found: C, 69.14; H, 7.11; N, 6.15. 

l-Fonnyl-2,2,4-trimethyl-> [ (3-dllorophenyl)carbonyloxy J-1,2.3,4-tetrahydro-4-hydroxyqulnollne-6-carboxylic 

Acid Ethyl Ester (130). In a 200-mL round-bottomed flask m-chloroperoxybenzoic acid (3.58 g, 20.8 mmol) 

was added tu a solution of l-N-formyl-2,2,4-trimethyl-l,2-dihydroquinoline carboxylate and CH2Cl2 (100 m~). 

The reaction mixture was allowed to reflux (50 °C) with stirring for 18 b. After allowing the reaction mixture 

to cool to room temperature, tb~ mixture was poured over cooled wnter (300 mL) and stirred for 30 min. 

The layers were separated and the o rganir. layer wdS washed with saturated NaHCO3 (2 x 100 mL), H2O (1 

x 100 mL), and dried over Nai5O4. Solvent was removed in vacuo. The residue was taken up ·in chloroform­

pet. ether (1:3) and precipitation followed yieldi11g pure product (1 g); mp 180-182 °C; MS (EI) m/~ 445 (M); 

1H NMR (MeiSO-d6) 6 1.32 (t, 3, OCH2CH3), 1.49 (s, 3, CH)), 1.55 (s, 3, CH3), 1.78 (br s, 3, CH3), 4.34 

(q. 2, OCH2CH3), 5.26 (s, J, H-3), 5.85 (s, l, OH), 7.5-7.7 (m, 5, Ar-H-3'), 7.92 (m, d d, 1, J1.s = 60.9 Hz, 

J1,5 = 2:4 Hz, H-7), 8.19 (d, 1, Ar-H-5), 8.74 (s, l, NCO-H); I!l (KBr) 1724, 1694, 1685, 1674, 1667, 1609, 

1336, l'.?.92, 1266, 744 cm·1; 13c NMR (Meiso-d6) o 59.3 (C2), 83.9-81.3 (C3), 69.7 (C4), 139.9 (C-4a), 128.4 

(C.5), 126.1 (C-6), 120.6 (C.8), 139.4 (C8a), 161.9 (C=O), 165.2 (C•O), 27.7-26.3, 23.5, 14.2 (CH3), 60.6 

(CH:z), 163.9 (C=O), 128.3, 130.6, 131.\ 133.1, 133.2 (aromatic). Anal C3lcd for CnH24ClNO6 · 0.3H2O : 

C, 61.21; H, 5.49; N, 3.10. Found: C, 61.38; H, 5.50; N, 3.07. 

Ethyl 2,2,.t-Trimethyl-1,2,.3,4-tetrahydroqulnollne-6-carboxyl&te (132). To a solution of ethyl 2,2,4-

trimethyl-l,2-dihydroquinoline-6-0lrboxylate (2 g) in 50% aqueous ethanol (250 mL) was added Pd/C (5%, 425 

mg). The mixture, w~ hydrc:enated at 25 psi for 72 b at room temperature. The reaction mixture was 

!iitered through a Celite pad which was then funher washed with bot ethanol Tb:. filtrates were combined 

and evapurated to dryness. The resulting crude aystalline solid was recrystallil.Cd from aqueous e~hanol (50%) 

to give off-white crystals. The compound was dnCC, in vacuo IJ\'Cr P2O5 (yield 1.6 g, 80%); mp 108-l()C) •e; 
MS (El) 247 (M); IR (KBr) 3366, 3351, 1689, 1600, 1517, 1364, 1291, 1261, 1250, 1202 cm·1; 1H NMR 

(MezSO-d6) 6 1.11 (s, 1, H-3), 1.21 (m, 12, CH3), 1.72 (d d, 1, H-3), 2.81 (m, 1, H-4), 4.20 (q, 2, OCH2CHy, 

6.44 (d, 1, H-8), 6.51 (s, 1, NH), 7.48 (d, 1, H-7), 7.65 (s, 1, H-5); 13c NMR <Meiso-d6) 6 165.9 (CO), 148.6 

(C8a), 128 4 (C7). 127.9 (C5), 122.6 (C4a), 115.1 (C-6), 112.3 (C-8), 59.2 (OCH2CHJ), 48.7 (Cl ), 43.3 (C 

3), 30.4 (CHy, 28.1 (CHy, 26.7 (C-4), 19.7 (Cl-i~, 14.4 (OCH2CHJ). Anal. C3lcd for c;5H21N1O2 · 0.IH2O: 

C, 72.3(}. H , 8.59; N, 5.63. Found: C, 72.37; H, e.83; N, 5.70. 

5-Bromo->nltro-1,2,4-triazole (135). A solution of 3-nitro-1,2,4-lriazole (5.7) g 0.05 mol), sodium 

h '<in de (2.0 g. 0.05 mot) and bromine (3.0 mL) in water (25 mL) was heated a l 80 •c until the bromination 

appeared 10 be complete as shown by TI..C (ethyl acetate developer). Because MS r~caled the presence of 

some st2.ning mareriAl, an additional 0.5 mL of bromin• was added to the reaC1ion sol~tion, and the sohnion 

was stirred at 80 °:: fo r 1 b, then stil'Ted at room tempe~!urc for two days. A small aliquot was worked up 

.md was found to still c.:>ntain staning material, so another l mL addition of bromine was ma~ and the 
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solution was again stirred at room temperature for two days. Work-up of another small aliquot still sh1Yved 

starting material, and therefo re, a final addition of 1 mL bromine along with 1 mL 50% NaOH was rn,tde. 

The final reaction solution was acidified to pH 2 with 1 N HCI and extracted (4 x 50 mL) with eU.yt aCJ;tate. 

The ethyl acetate solution was dried over anhydrous magnesium snlfate, filtered, and evaporatt>.d to dryness 

yielding .5.0 g of an orange solid. Recrysrallization from EtOAc-benzene gave 7 g of an off-white solid; mp 

146-149 °C; MS (EI); m/e 192 (M); 1H NMR (MezSO-d6) 6 13.68 (br s, 1, H2O + H + + NH); 13C NMR 

(MezSO-d6) 6 162.5 (CNOz), 131.0 (CBr). Anal Calcd for CzHN,:02Br: C, 13.02; H, 0.64; N, 28.64 Fot.nd: 

C, 13.05; H, 0.68; N, 28.12. 

6-Ethylthloparine RJboslde (137a). In a 250-mL round-boltnmed flask s:oppered with a calcium sulra1e 

dryiJli tube was mixed 11 8 (38.7 mmol) of 6-mercaptopurine riboside, 5.9 g (42.6 mmol) of freshly dried 

K2C03 and 150 mL of dry N,N--0imethylacetamide. To this wciJ stirred mixture was adaed 4.2 g (38.7 mmol) 

of ethylbromide. The addition was dropwise over 3-5 min. The ruction was run under a nitrogen 

atmosphere. After 1-lu h of stirring at room temperature, thin-layer chrom3tography {TLC) indicated much 

p roduo. but some starting 6-MPR. The reactior mixture was heated at 55-60 °C for 1 h, filtered hot through 

a Celite pad, the flask and residue were washed with several pn,tion5 of acetone, and the combined filtrate 

and washings was e..c1porated in vac-uo to a s·rrup <50 °C. 1 be syn·p was treated twice with 1501r1L ponions 

of EtOH and evaporated. The syrup w-..s then pumped at ma,.;mum vacuum for several hours. The residue 

was dissolved in 150 mL of hot acetone, filtered, concentrated to - 100 mL, cooled and scratched to induce 

crystallization. 11le while product wa:; coUected, washed with a IHtle aatone ad driej at 65 °C for lS h over 

phosphorus pentox:ide; yield, 6.3 g (51%); mp 100-107 °C cap; UV >..max 294 nm (17,600) 225 nm (10,3CC) 

at pH 1; 292 ( 19.300) 225 (10,800) at pH 7; 293 (19,400) 225 (10,7()('' at pH 13; MS (FAB) m/e 313 (M + 

1); IR (KBr) 1567, 1435, 1420, 1335, 121t, 1170, 1127, 1119, 1084, 1058, 944 cm·1; 1H NMR (Mez5O-d6) 6 

1.37 (t, 3, SCH2CHi), 3.36 (q, 'l, SCH2CHy, 3.:> i' 3.70 (2 m, 2, H -5'), 3.98 (apparent q, 1, H-4'), 4.18 

(apparent q, 1, H-3'), 4.61 (q, 1, H-2'), 5.13 {t, 1, OH-2'), 5.24 (d, 1, OH-3' ), 5.53 (d, 1, OH-5'), 6.00 

~J, 1, H-1 '), 8.71 (s, 1, H-8), 8.74 (s. 1, OH-2'). Anal Calcd for <;2H16N4O4S: C, 46.14, H. 5.16, N, 17.94. 

Fo und: C, 46.02; H. 5.18; N, 17.84. 

6-Ethyllhlopurint Rlboslde [AVS-1700) (137a). ln a 250-mL round-botto..ned flask stoppered with a 

calcium sulfate drying tube was mixeJ 6- mercaptopurine nl>oside (11 , . 38.7 mmol), freshly dried potassium 

carbonate (5.~ g, 42.6 mmol), and dry N,N-dimethylacetamide. To this well-stirred mixture was added 

ethylbromide (4.2 g, 38.7 mmol), dropwise over 3-5 min under nitrogc'l atmosphere. After 1.5 b at room 

temperdturc-, thin-layer chromatography indicated mostly product along wi:c. some staning 6-MPR. The reaction 

mixture was heated at 55-60 °C fo r 1 b and fiJtcred hot through a C.Clite pad. The flask an:1 residue were 

washe1 with several ponions o f acetone, and the combined filtrate and washings ~ re evapo::ated in vacuo to 

a syrup at <50 °c. The syrup was treated twice with 150 mL portions of EtOH and evaporated. TI1e syrup 

was then pumped at maximum vacuum fo r several hours. The residue was d.issolved in 150 mL of bot 

acetone, futered, concentrated to •100 mL, cooled, aod scratched to induce crystal lization. The white product 

was collected, washed w ,, . little ac.e,~ne, and dried at 65 °C for 18 h over phosphorus pentoxide; yield, 6.0 

g (50%); mp 100-107 °C ...ap; UV lmax 294 nm (17,600) 22$ nm (10,300) at pH l ; 292 ( 19,300). 225 ( 10,800) 
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at pH 7; 292 (19,400), 225 ( 10,700) at pH 13; MS (FAB) m/e 313 (M + l); rR (KBr) 1567, 1435, 1420, 1335, 

1211, 1170, 1127, 1119, 1084, 1058, 944 cnl"1; 1H NMR (MezSO-d6) 6 1.37 (t, 3, SCH2CH~), 3.36 (q, 2, 

SCHiCH3), 3.57, 3.70 (2 m, 2, CHi-5'), 3.98 (apparent q, 1, H-4'), 4.18 (apparent q, 1, H -3'), 4.61 (q, 1, 

H-2'), 5.13 (t, 1, OH-2'), 5.24 (d, 1, OH-3'), 5.53 (d, 1, OH-5'), 6.00 (d, 1, H-1 '), 8.71 (s, 1, H--8), 8.74 

(s, 1, H-2). Anal. Calcd for c;_2H16N4O4S: C, 46.14; H, 5.16; 1'1, 17.94. Fo~;.d: C, 45.90; h . 5.31; N, 17.80. 

6-Allylthiopurine riboside (l37bJ. Into a 100-ml r und-bottomed flask stoppered with a calcium dryin., 

tube was mixed 6-mercaptopurine riboside (1.9 g, 6.69 mmol), freshly dried potassium ca1oonate (1.02, 7.36 

mmol), and N,N-<1imethylacetamide (60 ml). Ally! bromide (0.81 g 6.85 mmol) was added dropwise to tbis 

well-stirred ir.1cture, and the reaction mixture was stirred for 2 h at room temperature. When TI.,C showed 

the reaction to be complete, it was evaporated in vacuo 31 less than 40 °C, and then eth.inol ns ml) was 

added and ev.-oorated twice. The resulting gummy material was dissolved in chioroform:methanol and passed 

through. a silica ~ ~I flash column with 19:1 chloroform-metha11ol as eluant. Appropriate fractions (1Lq were 

combined and evaporated. This material was again column chromatographed on 150 g sHica gel with 9:1 

CHCl3-MeOH as solvent. The proper fractions were combined and evaporated to give a glassy hygroscopic 

solid (75~ mg, 36%); UV imax 293 nm (18,900) a! pH 1; 292 (20,300) at pH 7; 292 (20,400) at pH 13; MS 

(FAB) m/e 325 (M + l ); IR (KBr) 1568, t334, 1207, 1120, 1080, 1051 cm·1; 1H NMR (MCzSO-<16) 6 3.58, 

3.70 (2 m, 2, CHz-5'), 3.98 (apparent q, 1, H-4'), 4.07 (d, 2, SCH2CH=CHz), 4.19 (apparent q, 1, H-3'), 

4.60 (apparent q, 1, H-2'), 5.l!J (m, 1, OH-5'), 5.14 (m, 2, CH=CUz), 5.21 (d, 1, OH-3'); 5.36 (m, 2, 

CH=CHz), 5.52 (d, 1, OH-2'), 6.00 (d, 1, H-1'), 6.00 (m, 1, SCrl2CH=CHz), 8.72, 8.75 (2 s, 2, H-2,8). 

Anal Calcd for c;_3H16N4O4S ·0.15EtOH ·0.05CHCl3: C, 47.19'. H, 5.07; N, 16.61. Found: C, 47.10; H, 

5.50; N, 16.52. 

6-Ethylsulfonyl-;•p•i>-rfbofuraoosylpurine (139). A stin<'1 solution of 6-ethylthiopurine riboside (1.57 g. 

5.03 mmol) in 200 mL of acetone was treated with m-chlorc peroxy.>enzoic acid (2. 71 g, 15.72 mmol). The 

reaction was surred at room temperature for 5 h. The solvent W-ciS removed under reduced pressure, an<i the 

residue was s tirred with ether (50 mL). 1be ether was decanted from the solid, and the ether washing >was 

repeated several times. This crude soii<l product ·.Yas purified on a silica geJ oolumn by eluting with 

chloroform:metha ,oJ (7:1, v/v). The combined product frat•ions were evaporated to give a glassy hygroscopic 

solid lha1 was dissolved in water and lylJphilized to give a hygroscopic solid that was dried in vacuo: yield 

770 mg (45%), mp -65 °C; UV '-max 279 nm ~c 8,800) at pH 1, 279 (8,800) a1 pH 7; 254 (12,160), 309 

(1 ,524) at pH 13; MS (FAB) m/e 345 (M + l J; IR (IG:3:-) 1590, !563, 1495, 1395, 1355, 1205, 1130, 1080, 

1045, 725 cm·1; 1H NMR (MezSO-d6) 6 1.40 ~l. 3, SCH2CHy, 3.62 (2 m, 2, CHz-5'), 3.76 (q, 2. SCH2CHy, 

4.01 (app. q , 1, H-4'), 4.22 (q, 1, H-3'), 4.62 (q, 1, H-2'), 5.10 (t, 1, OH-5'), 5.26 (d, 1, OH-3'), 5.60 (G, 

1, OH-2'), 6.11 (d, 1, H -1 '), 9. 14 (s, 1, H-8). Anal CaJcd for <;2H 16N_.O6S · 0.JSEtOH ·0.2H2O : C, 41.63; 

H, 4.91; N, 15.79. Found: C, 4L77; H, 5.27; N, 15.80. 

1-~•D-'"'lbofuranosyUmJduo[L.2-b)pyrazole-7-a&;t"-tltliJe (147). A sutpenslo n of 1-(2' ,3' .S' -tri-O-

benwyl-1)-D-ribofuranosyl )i m idazo(l ,2-b) pyraz.ole-7-a.rbonitrl le ( 145, 13 g, 0.023 m) in about 500 ml of 

me;banol!c ammonia (saturated at 0 0 C) was allowed to stand with occasional stirring i .. room temperature 

in a bomb fo r 3 days. The ammonia was then allowed to escape and the solution was evaporated to a yeliow 
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gum. The residue wa:; extracted with hot benzene (4 x 500 mL) to remove be117...amide. The residue was 

recrystallized from ethanol and the product was collected and dried at room temperature over phosphorus 

pentoxide, yield, 3,7 g; UV .lmax 2~3 nm (16,100) at pH l; 243 (15,800) at pH 7; 244 (15,700) at pH 13; MS 

(FAB) m/t 265 (M + l); IR (KBr) 1614, 1499, 1105, 1210, 1186, 1135, 1120, 1105, 1060, 1047, 1020, 870, 855, 

700 cm·1; 1H NMR (MeiSO-d6) 6 3.60 (m, 2, CH2-5'), 3.94 (apparent q. 1, H-4'), 4.06 (apparent q, 1, H-

3'), 4.35 (q, 1, H-2'), 5.03 (t. 1, OH-5'), 5.31 (d, 1, OH-3'), 5.59 (d, 1, OH-2'1, 5.65 (d, 1, H -1 '), 7.68 

(d, 1, H-2), 7.98 (d, 1, H-3), 8.15 (d, 1, H-6). Anal Calcd for Ci1H12N4O4: C, 50.00; H, 4.58; N, 21.20. 

Found: C. 50.24; H, 4.68; N, 20.90. 

2-P-1>-Rlbofuranosyl-5',phosphate-l,3-thiazole-4-carboxamide (149). Water (1.7 g, 94.5 mmol) was added 

carefully to a cold solution (0 °C of freshly distilled phosphoryl chloride (22.S g, 141.3 mmol) pyridine (13.5 

g. 172.1 mmol), and a~tonitrile (25.9 t 63(• mmol). Predri~.d tiaz.ofurin (9.0 g, 34.6 mmol) was added, and 

the mixture w-..s stirred at O °C for 4.5 h. The reaction mixture was poured into ict-water (350 mL), stirred, 

and the pH was adjusted to 2.0 with 2 N sodium hydroxide. The soh,tion was stirred for 1.5 h with 

preswellt:d, acid-washed carbon-Cetite mixture (1.5:1 ). The column was washed thoroughly with water until 

the eluate was sait-free. The column was eluted with a solution of ethanol-water-concentrated ammonium 

hydroxide (10:10:1), and 25 mL fractions were take:i. The fractions containing the nucleotide were combined 

and evapor;\ted to dryness in vacuum. This anhydrous soHd W'clS dissolved in water and passed through a 

column of Dowe< 50W-X8 (50-100 mesh, H+ for.n, 200 mL). Fractions containing the nucleotide were 

combined, concentrated undet reduced pressure, and lyophilized: yield 7.17 g (60%). Thi~ product was 

converted to the sodium salt by passing its water solution through Dowe, 50W-X8 resin (50-100 mesh, Na+ 

form, 200 mL). The fractions containing the nucle-otide were lyophilized to give the p~oduct which was 

contaminated with a small amount of sodium chloride. This impure product (6.45 g) was ,tissoi·.'ed in water 

a.nd passed through a column of Dowex 50W-X8 (50-100 mesh, H+ form, 200 ml ) to give product <ractions 

which were combined, concentrated, a nd lyophilized to give a solid. This product was taken up in etha1.iC! 

and precipitated by adding ether to give an oil that solidified after trituration in acetonitrile. The product 

was dried in vacuo: yield 4.85 g (41%); mp <80 "C; MS (FAB) 341 (M + 1); IR (Kl3r) 334~ (broad), 2975, 

2940, 1660 1580, 1210, 1030, 476; 1H NMR (MezSO-d6) 6 3.92 (m, 2, CH2-5'), 4.04 (m. 2, H~' ,3'), 4.11 

(t, 1, H -l'), 4.98 {d, 1, H-1 '), 7.57 (2 br s, 2, NH2-4), 8.23 (s, 1, H-5) Anal Calcd for 

c,H13N2O8PS · O.33CiH5OH · 0.45H2O: C, 31.91; H, 4.40; N, 7.71. Found: C, 31.91; H, 4.75; N, 8.06. 

l-P-1>-RJbofuranosyl-5'-pbospba~e-l,l,4-trlawle-3-carboxamide, Dlammonium Salt (151). A cold O °C 

stirred solution of phospitoryl chloride (3.3 mL, 32.6 mm.:>!) in 66 mL of trimethylphosphite was treated with 

n"bavirin (2.68 g 11 m.mol). This suspension was stirred at O °C for 6 .;. Most of ttJc solid dissolved after 

th~ first 2 h of stirring. The reaction M>lution was then kept in the refrigerator overnight. The solution was 

poured into 120 mL of water (0 °C), and the pH MS adjusted to 2 with 2 N sodium hydroxide. The solutic:i 

was extracted with two 150 mL portions of chloroform. This aqueous solution was applied to a plug column 

of activated carbon (acid-washed) and Celite (60 mIAO mL). The column was washed with water un~1J salt­

free. Tbe nucleotide was eluted with a solution of ~thanol-water-<:onc ammonium hydroxid~ (10:10:1 ). The 

solvent was removr,J under red1·:-ed pressure, and the residue was dis.solved in dilute ammonia Elh&11ol was 
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added to the solution and the precipitate was collected and dried in vacuo: yield, 1.97 g (38%). lR (KBr) 

3500-2800 (broad), 1680, 1475 (broad), 1295, 1065 (broad), 970 cm·1; UV '-max 206 (11,236) at pH 1; 207 

(1 1,236) at pH7. 1H NMR (MeiSO-d6) 6 3.70 (l, 2, CHr5'), 4.07 (d, 1, H-4'), 4.23 (t, 1, H-3'), 4.48 (t, 

1, H-2'), 5.77 (d, 1, H-1 '), 7.64 (s, 2, NHz-3), 7.96 (s, 1, NHi-3), 8.96 (s, 1, H-5). Anal Calcd for 

CgH13N4O8P · 0.25CaH50H · 2NH3 · 2H20: C, 25.16: H, 6.08; N, 20.71. Found: C, 25.14; H, 5.89; N, 

20.62. 

l-~•D-Ribofuranosyl-5'-0-methylpbosphak-1,2,4-triazole-3-carbo:ic.amide, Ammonium Salt (152). The 5'­

phosphate of ribavirin (3.11 g, 1.0 mmol) was dissolved in a solution of m:tnanol (400 mL) containing 

triethylamine (7.5 mL). Dicyclohexylc.arbodiimide (16.6 g, 82 mmol) was added, and this solution was kept 

al 37 °C overnight. The solution was first conc.entrated 10 about 150 mL under reduced pressure and then 

was diluted with water, stirred for 4 h, chilled, and filtered to remove the dicyclohexylurea. The filtrate was 

concentrated to an oil under reduced pressure and then dried in vaa.o. This residue was dissolved in water 

(50 mL), fillered, and the clear filtrate was passed through a rolumn of Dowex 50Wx2 resm (NH4 +, 200 mL). 

The product-conl8ining eluates were combined, and evaporated in vacuo. Toe semi-solid residue was stirred 

in ethanol (50 :nl..), and 1be white solid product was collected, and dried in vacuo: yield 2.18 g (55%). IR 

(KBr) 3600-2800 (bro.;;4), 1685, 1615, 1470, 1290, 121~, 1060, 820 cm·1; 1H NMR (MezSO-d6) 6 3.30 (d, J ., 

11 Hz, 3, CH30P), 3.78 (m. 2, CH2-S' ), 4.05 (q, 1, H-4'), 4.2 (t, i, H-3'), 4.41 (t, I, H-2'), S.83 (d, 1, H­

I'), 6.19 (d, 1, H-1 '), 7.39 (s, 4, NH4 + -5'), 7.65 (s, 2, NH2-3), 8.IJ5 (s, 2, NH2-3), 8.20 (s, 2, NH2-3), 8.92 

(s, 1, H-5), 8.94 (s, 1, H-S). Anal Calc.d for c;H18N50 8P · 0.75C:zH50H · 0.5H20: C, 31.62; H, 5.93; N, 

17.56. F.>und: C, 31.90; H, 6.21; N, 17.52. 

1-~-o~Riboruranosyl-5'-0-dlpbospbak-l,2,4•triuole-3-carboxamlde, Oillthium Salt (154). The lri• 

eti1ylammorjum salt of ribavirin S'-phosphoromo, J'boHdate dL'tydrate (800 t.~~. 1.5 mmol) was dried by two 

repetitions of dissolution in pyridine (15 ml..) and evaporation in vacuo. OrtbojlhOsphoric acid (85%) (0.3~ 

ml., 4.5 mrnot) was dissolved in pyridine (15 ml..) containing ui-n-bu,1 lamine {l 07 ml.., 4.5 mmol), and 

evaporated in vacuo. To.rce evaporations with pyridine (3 x 15 mL) rendered this ma:xture anhydrous. 

Both of t'-e above residues were dissolved in pyridine, combined, and the evaporation procedure was 

repeated rwo more !i.nes. The residue was dissolved in dry pyridine (20 ml..), and stirred for 3 days (until 

no morpbolidate remajned). The solvent was removed in vacu, and the residue was evaporated several time! 

with water. The pH of the ;;queous solution was adjusted to pH 6.5 with 0.5 M UOH, and the aqueous 

solution was wasiled several times with ether. The pH of the aqueous ptwe was adjusted to 12 with UOH 

(total volume, 45 mL),. This suspension was cb.illed at 0 °C for 0.5 b, and the li thium phosphate was removed 

by filtratio n, and washed wi th a small amount of O.OlN UOH. The pH of the aqueous soluti0n was adjusted 

to pH 8 with Dowcx 5ll (H+)-resi11, and applied to a column or Dowc:x 2-X8 (0' resin (2.5 x 15 cm). The 

column was washed with water and then eluted with increasing ooncentrations of lithium chloride in 0.003 N 

HCl: 0.0125 N, 0.CT25 N, 0.075 N, 0.1 N, 0.25 N, and 0.5 N for over 2 L Fractions containing the product 

were combined and evzporated in vacuo. The residue was treated with methanol, diluted with aceton~ 

centrifuged, and the liquid was decanted to remove the ua. Thls procedure w·.s repeated several times. The 

residue (250 mg) was dissolved in wate, ana freeze-dried to give the nucleosidc dipbospbate dilithium salt: 
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yield 230 mg (U:%). IR (KBr) 3600-31()() (broad), 1685, 1640, 1490, 1300, 1220, 1110 (broacl), 940 cm·1; 31p 

NMR (1.6 mL Her,es Buffer, pH 7.4; 0.4 mL D2O and 0.05 ml EDTA) i -5.% (2, 1 P, d, 3J
1
,
2 

= 22.1 Hz) 

and -9.97 (1, 1 P, d qt). Anal. Calcd for CgH12N4O11P2Li2 · 4.SH2O · 2LiCl: C, 16.51; H, 3.64; ?'', 9.63. 

Found: C, 16.51; H, 3.56; N, 9.61. 

1,2,4-Triazole-3-carboumlde, 1-~-o-RJboruranosyl-S'•triphospbate, DisocUum Salt, ..-Ith ~ • .. ier and 

Disodlum !>yropht.&phate (155). Ribavirin (671 mg, 2.53 mmol) was added to a cold (0 °C) stirred solution 

of phosphorus oxycbloride (0.76 ml, 8.19 mmol) in trimetbylphosphate (10 mL). The react!.on suspension was 

stirred at 0 °C for 2 h before complete dissolution occurred. This solution was treated wHb a .olution of bis­

tri-n-butyla,runoruum pyrophosphate (8.69 g, 15,86 mmol) and tribut;,lamioe (3.2 mL, 13.t,5 romol) in 15 mL 

of DMF. This reaction solution w. ~ stirred at O °C for 20 min, and was then poured into 350 mL of ic.e 

v.•,uer. The pH was adjusted to 8 witn triethylamine before the solution was lyophilii.ed, and lbe residue was 

washed with ether and dried. The solid was dissolved in water, ctpplied to an activated car!>on-Celite-sand 

column, and eluted with EtOH-H2O-concentrated NH4OH (10:10:J). The fractions containing the desired 

triphosphate were combined and freeze-dried. Thi'i solid was dissolved in water and passed through a column 

of Bio-Rad Ag 50W-X4 (50 mL), Na+ form (100-200 mesh). The fractions containing tile nucleotide were 

coUected and lyophilized: yield 308 mg; MS (FAB) m/e 483 (M + 1); IR (KBr) 3100-3600 (broad), 1690, 

1255, 1095, 985, 890 cm·1; 131> NMk. {1.6 mL Hepes Buffer, pH 7.4, containing 0.4 mL D2O ana 0.05 mL 

EDT.A, 150 mg/10 mL, with H3PO_. :.s extern..' reference): 6 21.2 (t), l0.3 (d t), 6.0 (d). Anal Calcd for 

CgH13N_.O14Na2P3 • H2O · Na2H2P2O7: C, 10.13; H. 1.81; N, 5.90. Found: C, 10.31; H, 1.94; N, 5.87. 

Formycln B. (Pyrazolo[•,3-d]-6fi-7-pyrimidone, 3-,S•I>-ribofuranosyl (164). Fnrmycin B was synlhesil.ed 

foUowing a 14 step reaction sequence by L KaJvoda)55; mp 248-251 °c cap; UV '-max 276 nm (7,700) at pH 

I; 278 (7,700) at pH 7; 292 (8,400) at pH l",; MS {FAB) m/e 269 (M + l ); IR ~r) 1700, 1668, 15~7, 1530, 

1122, 1115, 1076, 1014, 930, 900 cre·1; 
1H NMR (MezSO-d6) 6 3.48, 3.62 (2 m, 2, CH2S), 3.88 (q, 1, H-4'), 

4.60 (s, i, H-3'', 4.43 (apparent q, 1, H-2'), 4.90 (d, 1, ri-1 ' ) , 7.89 (s, 1, H-5), 123, 14.J6 (2 br s, 2, H·NH). 

2 '.3' ~'-0,Acctylrormycln B [3-(1,3,S. Tri-O-acetyl-~•I>-riboruranosyl)pyrazolo[4,3-d] pyrimldJn-7-one] 

(165). Formycin B (164) was suspended with stirring in 100 mL of dry pyridine and 100 ml of acetic 

anhydride. Toe react.ion mixture was protectet from moisture with ~~1 argL,u atmosphere. (No exothermic beat 

was detectable.) The reaction mh..1ure was chilled briefly in an ice balb, stored in the refrigerator, and shaken 

occasionally. Complete solutio n was achieved in I~ than 24 h. Sinc.e TI..C indicated the reaction was 

complete, lb.:; solvents were removed at reduce~ pressure. The resulting syrup was treated with 50 mL of 

ethanol and refluxecl for 15 min. Toe ethar.ol was evaporated, and additional portions of elban.ol were 

evaporated until a foam was obtained. The foam \\'35 dissolved in chloroform and washed with 2 x 50 mL 

ponions of 1 N HO, water, saturated NaHC03, and brine. Toe CH03 solntion was dHed, ."Utered, and 

evaporated to a foam. The foam was dissolved in 50 mL of bot water, filtered, and allowed to cool. Because 

oiling occurred, the mixture was wanned and the solution was decanted. The warm sol1;iion was cooled slowly, 

and the sides of the flv'< were scratched with a glass rod to induce crystalliution. The white ;,roduct was 

collected and dried over phosphorus pentoxide: yield, 5.3 g {36%); mp 171-172 °C cap; UV '-mu 274 nm 

(7,600), 217 (15,400) at pH l ; 277 (7.600), 217 (15,700) at pH 7; 291 (8,700), 229 (15,900) a1 pH 13; MS 
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(FAB) m/e 394 (M + 1); m (KBr) 1745, 1728, 1699, 1679, 1590, 1377, 1254, 1230, 1041, 924 cm·1: 1H NMR 

(MezSO-06) 6 2.00, 2.02, 2.09 (3 s, 9, COCH3), 4.10, 4.34 (2 m, 2, CHz-5'), 4.27 (apparent q, 1, H-4'), 5.21 

(d, 1, H-1 '), 5.48 (t, 1, H-3'), 5.78 (t, 1, H-2'), 7.92 (s, 1, H-2). Anal C31cd for <;6H18N4O8: C, 48.73; 

H. 4.60; N, 14.21. Found: C, 48.66; H, 4.74; N, 14.26. 

6-[l-(4-Etboxyphenyl)ethyl]•l,3-benzodloxol-S-ol (l 7la). 4-Ethoxyacetophenone (16.4 g, 0.1 mol) was 

dissolved in 50 mL ethanol. Sodium borchydride (1.9 g, 0.05 mol) was slowly added and the mixture was 

refluxed for 2 h. Water (10.2 mL) was added and the solution was cooled to give a precipitate which was 

collected by filtration. The remaining mother liquor was evaporated to an oil which also solidified to a white 

solid (17.6 g). Thi! combined solid products were refluxed for 5 h with sesamol (13.8, 0.1 mol), oxalic acid 

(1 g, 0.008 mol), acetic acid (30 mL), and water (2.5 mL). An excess of v.-ctter was added to cause the 

separation of an oil which was extracted with ether. Solvent removal under vacuum gave a brown solid which 

was recrystallized with cyclohexane. Cooling resulted in the formation of fine white needle-like crystals (1.8 

g, mp 845-855 °C) which were collected from the top of the precipitated mass. The rematning light-brown 

solid was recrystallized using hot benzene and ether. The resulting off-white needle-like crystals were collected 

by filtration (5.5 g); mp 84.5-85.5 °C; MS (El) m/e 286 (M); 1H NMR (MezSO-d6) 6 9.04 (s, 1, OH), 7.12 

(m, 2, Ar-H), 6.78 (m, 2, Ar-H), 6.58 (s, 1, Ar-H), 6.38 (s, l , Ar-H), 5.85, 5.83 (2 d, 2, OCH20), 4.34 (q, 1, 

CH2CH3), 3.96 (q, 2, OCH2CH3), 1.42 (d, 3, CH3), 1.30 (t, 3, OCH2CH3); IR (KBr) 3463, 1510, 1436, 1248, 

1230, 1199, 1179, 1040, 930, 853 cm·1; 13C NMR (MezSO-d6) 6 156.4, 148.4, 145.0, 140.0, 138.2, 128.1, 124.7, 

113.8, 106.8, 100.2 97.4, 62.8, 35.6, 20.8, 14.6 ppm. Anal. caloo for <;7H 180 4: C, 71.31; H, 6.34. Found: 

C, 71.14; H, 6.48. 

6-[1-(4-Metboxyphenyl)ethyl]•l,3-benwdloxol-S-ol (171b). 4-Methoxyacetophenone (15 g, 0.1 mol) was 

added to 50 mL of stirring e•hanol Sodium borotydride (1.9 g, 0.5 mol) was lhe.n slowly added and the 

mixture was stirred for 3 h. An excess of water was added to precipitate an oil which was isolated by 

extracting with ether. The resulting oil (21.8 g) was !efluxed with sesamol (13.8 g, 0.1 mol), oxalic acid (1 

g, 0.008 mol), acetic acid (30 mL) and water (2.5 ml.) for 5 b. An excess of water was again added to cause 

separation of an oil. Extracting with ether, drying with sodium sulfate, and solvent evaporation gave an oil 

which was crystallized using hexane-benzene-pet. ether, giving a brown solid (22. 7 g). The solid (4 g) was 

further purified by recrystallization with ether-hexane, giving brown needle-like crystals (2.3 g); mp 90-92 °C; 

MS (EI) m/t 272 (M); 1H NMR (MCiSO-d6) 6 9.04 (s, 1, OH), 7.13 (m, 2, Ar-H), 6.81 (m, 2, Ar-H), 6.61 

(s, 1, Ar-H), 6.41 (s, 1, Ar-H) , 5.84, 5.83 (s, d, 2, OCH2O), ,:35 (q, l, CHCHJ), 3.69 (s, 3, OCH)), 1.4~ (d, 

3, CH3); IR (K"r) 3471, 1510, 1437, 1248, 1231, 1200, 1178, 1039, 126, 854 cm·1; 13c NMR (MC-i5O-d6) 6 

157.1, 148.4, 144.9, 139.6, 138.3, 128.0, 124.6, 113.3, 106.8, 100.2, 97.3, 54.8, 35.5, 20.8 ppm. Anal Calcd for 

Ci,;H 16O4: C, 70.58; H , 5.92. Found: C, 70.45; H , 5.94. 

6-[l-(4-Metbylphenyi1dbyl)•l,3-benzodlox.ol-S-ol (171c). 4-Methylacetoph.:none (13.4 g, 0. 1 mot) was 

d~olved ir1 50 mL of ethanol. Sodium borohydride (1.9 g, 0.05 mol) was slowly added, and the mixture was 

stirred for 3 h. An excess of water was added to precipitate an oil which was isolated by extracting wi:h ether 

to rive 169b. The ether was removed by ·-acuum evaporation, and the resulting oil (13.5 g) was refluxed with 

sesamol (13.8 g, 0.1 mol), oxalic acid (1 g, 0.008 mo!), acetic acid (30 mL), and water (2.5 mL) for 5 h. An 
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exc.ess of water was again added to precipitate a solid. Extracting wi:.h ether, drying with sodium sulfate, and 

solvent evaporation gave an off-white solid (6.4 g); mp 116-118 °C; MS (EI) m/e 256 (M+); 1H NMR (MezSO­

d6) 6 9.05 (s, 1, OH), 7.12 (m, 2, Ar-H), 7.05 (m, l, Ar-H), 6.62 (s, 1, Ar-H), 6.41 (s, 1, Ar-H), 6.36, 6.34 

(2 d, 2, OCH20), 4.36 (q, 1, CHCH3), 2.24 (s, 3, CH3Ar), 1.44 (d, 3, CHCH3); IR (KBr) 3462, 1512, 1437, 

1L.i3, 1182, 1175, 1039, 925, 854, 823 cm·1; 13C NMR (MezSO-d6) 6 148.6, 145.0, 143.4, 139.6, 134.3, 128.5, 

127.1, 124.5, 106.9, 100.3, 97.4, 20.7, 20.5. Anal Caled for c;6H160 3: C, 74.98; H, 6.29. Found: C,74.99; 

H, 6.43. 

5-[1-(4-Fluorophenyl)ettiyl)-,,3-benz.odioxol-S-ol (171d). 4-F1uoroacetophenone (13.8 g, 0.1 mol) was 

dissolvt-d in 50 mL of ethanol. Sodium borohydride (1.9 g, 0.05 mo!) was slowly added and the mixture wa,; 

stirred overnight. An excess of water was added to precipitate an oil whicn was isolated by extracting with 

ether. The resulting oil was refluxed overnight with sesamol (13.8 g, 0.1 mo!), oxalic acid (1 g, 0.008 mol), 

acetic acid (30 mL), and water (2.5 m). An exc.es.s of water was added to precipitate a solid which was 

isolated by filtration. Toluene (200 mL) was ther. added and evaporated to remove residual acetic acid. The 

solid was then recrystallized with ether-petroleum ether to give the desired compound as a brown solid (1.4 ~); 

mp 109.5-lJ.l.0 °C; MS (El) m/e 260 (M +); 1H NMR (MezSO-d6) 6 9.09 (s, 1, OH), 7.25 (m, 2, Ar-H), 7.06 

(m, 2, Ar-~), 6.69 (s, 1, Ar-H), 6.41 (s, 1, Ar-H), 5.85 (d, 2, OCH20), 4.39 (q, l , CHCHi), 1.45 (d, 3, 

CHCH3); IR (KBr) 3436, 1508, 1434, 1218, 1169, 1143, 1037, 836, 816, 543 c.m·1; 13c NMR (MezSO-d6) 6 

162.0, 158.8 (1lc,F = 241.3 Hz), 148.7, 145.4, 142. 7, 142.6 (4Jc:F = 2.95 Hz), 139.9, 128.9, 128.8 (3Jc,F ==7.8 

Hz), 124.2, 114.6, 114.4 {21c,F = 20.9 Hz), 106.9, 100.4, 97.7, 36.1, 20.7. Anal. Calcd for <;_8Hup3: C, 76.03; 

H, 7.C'l:J. Found: C, 75.71; H, 7.18. 

5-Methmcy+[l-(4-methoxyphenyl)ethyl)-1,3-bemodioxo! (172a). 6-l 1-( 4-Methoxyphcn yi )ethyl }-1,3-

benzodioxol-5-ol (1.9 g, 0.007 mol} and methyl iodide (3.3 mL, 0.041 mol) was added to aceto11e (20 mL). 

Potassium carbonate (7 g, 0.05 mo!) was slowly added and the mixture was re0uxed for 24 h. TLe pctassium 

salts were removed by filtration and rinse thoroughly with ac.etone. Evaporation of solvent gave an oil Water 

was added and the oil was extracted with ether. Removal of ether by evaporation gave an oil, which was 

purified o n II silica gel column using ethyl ac.etate pet ether (1:15). The desired compound w.u, isolated as 

a yellow oil (1.2 g); MS 1EI) m/e 286 (M); 1H NMF. (MezSO-dJ 6 7.12 (m, 2, Ar-HJ, 6.82 (m, 2. Ar-H), 6.72 

(2 s, 2, Ar-H), 5.92, 5.89 {2 d, 2, OCH20 ), 4.37 (q, 1, CHCH3), 3.70 (s, 3, OCH3), 3.68 (s, 3, OCH)), 1.44 

(d, 3, CHCH3); IR (KBr) 1511, 1483, 1465, 1423, 1246, 1191, 1170, \038, 854,831 cm·1; 13C !'lMR (MezSO-d6) 

6 1.::7.2, 151.1, 145.6, l40.6, 138.1, 128.0, 127.0, 113.4, 107.0, 100.7, 95.'.!, 56.5, 54.8, 35.6, 20.9 ppm. Anal 

Calcd for <;7H80 4: C, 71.31; H , 6.33. Found: C. 70.9!; H, 6.27. 

5-Ethoxy+ [ 1-( 4-f-thoxyphenyl)ethyl)-l,3-benzodioxol (172b). 6-[l-( 4-Ethoxyphenyl)ethyl)-1,3-benz.odioxol-

5-ol (2 g, 0.007 mol) and ethyl iodide (3.3 mL, 0.041 mo!) were added to acetone (20 mL) with stirring. 

Then potassium carbonate (6 g, 0.04 mol) was added, and the mixture was refluxed for 48 h. The potassium 

salts were removed by filtration and rinsed thoroughly with ac.etone. The solution was evaporated to an oil, 

and water was added to dissolve any remaining K2C03. The crude product was isolated by extracting with 

ether followed by solvent evaporation. The crude compound was then purified by column chromatography 

using ethyl ac.etate-pet. ether (1:!5). The desired compound was isolated as an oil, which after several days, 
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solidified as an off-white clump (1.6 g); mp 47-49 "C; MS (El) m/e 314 (M); 1H NMR (MezSO-dJ 6 7.12 (m, 

2, Ar-H), 6.80 (m, 2, Ar-H), 6.74 (s, 1, Ar-H), 6.68 (s, 1, Ar-H), 5.90, 5.89 (2 d, 2, OCH2O), 4.37 (q, 1, 

CHCH 3) , 3.95 (q, 2, OCH2CH3), 3.89 (m, 2, OCH2CH3) , 1.44 (d, 3, CHCH3), 1.28 (t, 3, OCH2CH3), 1.25 (t, 

3, OCH3CH 3); IR (KBr) 1510, 1504, 1486, 1477, 1233, 1225, Uf5, 1049, 1034, 928 cm·1; 13C NMR (MezSO­

d6) 6 156.4, 1:•0.2, 145.4, 140.5, 138.1, 128.0, 127.4, 113.8, 101.9, 100.6, 96.2, 64.5, 62.7, 35.8, 20.9, 14.6 ppm. 

Anal. Calcd for c;~22O4: C, 72.59; H, 7.05. Found: C, 72.51; H , 7.02. 

S-Methoxy-6-(1-(4-ethoxyphenyl)ethyl]•l.3-benzodioxol (17?cJ. 6-[l-(4-Ethoxyphenyl)ethyl)-1.3-benzodi­

oxol-5-ol (2 f , 0.007 mol) was refluxed for 48 h with methyl iodide (3 mL, 0.014 mol), acetone (6 mL), and 

potassium carbonate (7 g, ('.05 mol). The solution was cooled and the potassium salts were removed by 

fiJtrauon. The filtered salts were fun.her rinsed with acetone, and the combined acetone solutions were then 

evaporated to dryness. Water was a~ded to the residue and the resulting solid was collected by filtration. 

Recrystallizatio n using hot methanol gave brown, thick needle-like crystals (1.7 g); mp 67-69 °C; MS (EI) m/e 

300 (M); 1H NMR (MezSO-d6) 6 7.10 (m, 2, Ar-H), 6.80 (m, 2, Ar-H), 6.72 (2 s, 2, Ar-R), 5.91, 5.89 (2 ,1, 

2, OCH2O), 4.35 (q, 1, CrlCH3), 3.95 (g, 2, OCH2CH3). 3.67 (s, 3, OCH3), 1.43 (d, 3, CHCHJ), 1.29 (t, 3. 

OCH2CH3); IR (KBr) 1505, 1482, 1478, 1470, 1241, 12n~, 1180, 1170, 1042, 856 l."nf 1; 13C NMR (MezSO-d6) 

6 156.4, t51.0, 145.5, 140.5, 137.9, 128.0, 127.0, 113.9, 107.0, 100.6, 95.2, 62.7, 56.5, 35.6, 20.9, 14.6 ppm. Anal 

Calcd for Ci8H200 4: C, 71.98, H, 6.71. Found: C, 71.64; H, 6.90. 

5-Ethoxy-6-(1-(4-metboxyphenyl)ethyl)-l,3-benzodioxol (172d). 6-[1-(4-Methoxyphenyl)erl1yl)-1,3-benzo­

dioxol•6-0I 171b (1.9 g, 0.007 mol) and ethyl iodide (3.3 rnL, 0.041 mo l) were added to acetone (20 mL) with 

stirring. Potassiu.n carbonate (7 g, 0.05 mol) was added, and the reaction mixture was refluxed for 48 h. The 

pot.asSiur:1 salts were then removed by filtration and rinsed thoroughly with acetone. Evaporation u: the 

solvent gave a brownish solid which was recrystallired using hot methanol. The desired compound was isolated 

as white, needle-like crystals (1.3 g); mp 90-90.5 °C; MS (EI) m/e 300 (M+); 1H NMR (MezSO-d6) 6 7.13 (m, 

2, Ar-H), 6.80 (m, 2, Ar-H), 5.90. 5.92 (2 d, 2, OCH1O), 4.37 (q, 1, CHCHy, 3.88 (m, 2, OCH2CHy, 3.70 

(s, 3, OCH3), 1.45 (d, 3, CHCH1). 1.26 (t, 3, OCH2CHJ); IR (KBr) 1504, 1484, 1478, 1430, ·1178, 1041, 986, 

853, 819, 349 cm·1; 13c NMR (MezSO-<16) 6 157.1, 150.2, 145.4, 140.6, 138.2, 128.0, 12i.3, 113.3, 106.9, 100.6, 

96.1, 64.5, 54.8, 35.9, 20.9, 14.7. Alu.IL Calcd for Ci8H20O4: C, 71.98; H, 6.71. Four.d: C, 71.85; H , 6.84. 

5-Ethoxy-6-( l -methylph!'nyl)etbyl)-1,3-benzocUoxol (l 721). 6-[ 1-( 4-Methylphenyl)ethyl )-1,3-benzodioxol-5-ol 

171c (1.8 g, 0.007 mo!) and ethyl iodide (3.3 ML, 0.041 mol) were addrd to acetone (20 mL) while stirring. 

PotaSSium carbonate (7 g. 0.05 mol) was adde.d, and the reac~ion mixture was refluxed for 48 h. The 

por.assium salts were removed by filtratioc and rinsed thoroughly with acetone. Evaporation of the solvent 

gave a dark oil. Water (50 mL) was added, the oil was c-.nracted with ether, dried with sodium sulfate, and 

the solvent evaporated to give the desired oompound ~ a golden oil (1.3 g); MS (EI) m/e 284 (M+); 1H 

NMR (MezSO-d~ 6 7.10 (m, 2, Ar-H), 7.04 (m, 2, Ar-H), 6.76 (s, 1, Ar-H), 6.69 (s, 1, Ar-H), 5.91, 5.89 (2 

d, 2, OCH2O), 4.37 (q, 1, CHCHJ), 3.89 (m, 2, OCH2CHy, 2.24 (S. 3, CH3Ar), 1.45 (d, 3, CHCHJ), 1.25 (t, 

3, OCH2CHy ; IR (K.Jr) 1504, 1434, 1478, 1431, 1178, 1041, 936, 853, 819, 349 cm·1; 13c NMR (MezSO-dJ 
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a 150.2, 145.5, 143.2, 140.6, 134.3, 128.5, 127.1, 127.0, 106.9, 100.6, 96.1, 64.5, 36.3, 20.8, 20.5, 14.6. Anal. 

Calcd for Ci1:1H20O3: C, 76.03; H, 7.09. Found: C, 75.71; H, 7.18. 

S-(2-Propenyloxy).«>-[l •( 4-methoxyphenyl)ethyl) -1.3-benzodloxole (172g). 6-( 1-( 4-Methoxyphenyl)ethyl]-

1,3-benzodioxol-5-ol 17lb (1.9 g, 0.007 mol) and allyl iodide (1.17 g, 0.041 mol) were added to acetone (20 

mL) with stirr:ng. Potassium carbonate (1.74 g, 0.012 mol) was added, and the reaction mixrure was refluxed 

for 24 h. An excess of water was added to precipitate an oil which was extracted with ether. The ether 

solution was dried with sodium sulfate and evaporated to give an oil. The desired compound v . ..s isolated 

as an off-white solid (0.7 g); mp 51)-51 °C; MS (EI) m/e 312 (M+); 1H NMR (MeiSO-d6) a 7.12 (d, 2, Ar-H), 

6.80 (d, 2, Ar-H), 6.74 (s, 1, Ar-H), 6.71 (s, 1, Ar-H), 5.98 (d, 1, CH=CH2), 5.90 (d, 2, OCH20), 5.35 (d, 1, 

CH= CH2), 5.21 (d, 1, CH=CH2), 4.43 (m, 2, OCH2-CH=CHz), 4.39 (q, l , CHCH3), 3.68 (s, 3, O C.'1 -13), 1.44 

(d, 3, CHCH3); IR (KBr) 1508, 1485, 1429, 1271, 1235, 1196, 118'},, 1037, 929, 835 cm·1; 13C NMR (Me2SO-d6) 

a 151.2. 149.7, 145.4, 140.8, 138.1, 133.8, 128.0, 121.5, 116.7, 113.4, 101.0, 100.6, 96.5, 69.5, 54.9, 35.8, 20.9; 

Anal. Calcd for C19H200 4: C, 72.81; H, 6.80. Found: C, 73.ll6; H, 6.45. 

6-[ 1-(2-(3,4-Dimethoxybenzyl)-4,5-dimethoxypbenyl)methyl] -1.3-benzodioxol-5-ol (174 ). 3,4-Dimethoxy­

benzyl alcohol (16.8 g, 0.1 mol) was refluxed with s~amol (:3.8 g, 0.1 mot), oxalic acid (1 g, 0.008 mol), acetic 

acid (30 mL), and water (2.5 mL) for 5 h. An excess of water was added to precipitate an oil: Extraction 

with e ther, drying with sodium s11Jfate, filtering, and solv(;nt evaporation gave an off-white solid (5.4 g); mp 

132-133 °C; MS (EI) m/e 438 (M +); 1H NMR (Mei~O-d6) a 9.18 (s, 1, OH), 6.80 (d, 1, Ar'' H), 6.75 (s, 

1, Ar' -H), 6.73 (s, 1, Ar'-H), 6.t8 (s, 1, Ar-H), 6.57 (m, 1, Pr"-H), 6.44 (s, 1, Ar-H), 6.18 (s, 1, Ar-H), 

5.81 (2 d, 2, OCH.1p). 3.75 (s, 4, CHz), 3.57 (m, 12, OCH3); IR (KBr) 1514, 1506, 1436, 1257, 1232, 1228, 

1176, 1159, 1138, 1028 cm 1; 13c NMR (MCiSO-d6) l, 149.1, 148.6, 147.11, 147.10, 145.4, 139.6, 133.6, 131.4, 

131.1, 120.3, 118.9, 114.4, 114.3, 112.5, 111.8, 108.8, 100.4, 97.4, 55.6, 55.5, 55.4, 55.3, 37.2, 31.5. Anal Calcd 

for <;sH26O7: C, 68.48; H, 5.98. F ound: C, 68.45; H, 6.07. 

5-Methoxy-6-[ 1-(2-(3,4-dimetboxybenzyl)-4,S-dlmetbox,-phenyl)methyl) •43-benzodloxole (175a). 6-( 1-(2-

(3,4-dimethoxybenzyl)-4,5-dimethoxypbenyl)methyl]-l,3-benzodiol-5-ol (174, 2.0 g, 0.004 mot) and methyl iodide 

(3 mL, 0.041 mo!) were added to acetone (20 mL) with stirring. Potassium carbona te (7 g, r )5 mol) was 

added, and the mixture was stirred for 48 b. An excess of water was added to precipitate a ye,Uow solid which 

was collected by filtration. The solid was recrystallized using bot methanol The desired product was isolated 

as white crystals (1.7 g); mp 107-108 °C; MS (EI) m/e 452 (M+); 1H NM..'R. (MeiSO-d6) & 6.79 (d 1, Ar" ­

H), 6.79 (s, 1, Ar'-H), 6.78 (s, 1, Ar-H), 6.71 (s, 1, Ar'-H), 6.68 (s, 1, Ar"-H), 6.5~ (d, 1, Ar" -H), 6.28 

(s, 1, Ar-H). 5.90 (s, 2 OCH2O), 3.70 (m, 19. OCH3 and CHz); IR (KBr) 1515, 1508, 1484, J.262. 1222, 1196, 

1163, 1139, 1()24, 869 cm·1; 13c NMR (MeiSO-d6) a 151 5, 148.2, 147.0, 146.9, 145.8, 140.3, 133.4, 131.2, 130.6, 

120.9, 12C.l , 114.3, 114.2, 112.4, 111.7, 1G8.9, 100.7, 94.8, 56.2, 55.55, 55.48, 55.4, 55.3, 37.1, 31.4; Anal Calc:d 

for CuH28O7: C, 69.01; H, 6.24. Found: C, 68.95; H, . 61. 

S-Ethoxy-6-[1-(l -(3,4-dlmelhoX)•~t 4,S.Jlmethoxypbenyl)methyl)-1.3-~nzodloxole (175b). 6- (l-(2-

('3,4-dimethoxybenzyl)-4,5-dimethoxyphenyl1methyl]- l ,.3-benzodioxole (174, 2.0 g, 0.004 mo!) and ethyl iodide 

(3.3 mL, 0.041 mol) were added to aceto ne (20 mL) while stirring. Potassium carbonate (7 g, 0.05 mot) was 

added, and the reaction mixture was refluxed for 72 h. An excess or water was added to preci pitate a solid 
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wltich was filtered and recrystallized with hot methanol. The desired compound was isolate.d as a white solid 

(1.2 g); mp 105-106 °C; MS (EI) m/e 466 (M+); 1H NMR (MCiSO-d6) ~ 6.79 (d, 1, Ar"·H), 6.75 (s, 1, Ar'­

H ), 6.72 (s, 1, Ar-H), 6.70 (s, 1, Ar'-H), 6.65 (m, 1, Ar" -H), 6.52 (m, 1, Ar"-H), 6.30 {s, 1, Ar-H), 5.87 

(s, 2, OCH2O ), 3.94 (q, 2, CH2CH3), 3.78, 3.70 (2 s, 4, CHi.), 3.66 (m, 12, OCH3), 1.24 (t, 3, OCH2CH3); IR 

(KBr) 1514, 1489. 1475, 1254, 1229, 1148, 1138, 1101, 1038, 1030 cm·1; 13c NMR (MeiSO-d6) 6 150 6, 148.5, 

146.9, 146.88, 145.7, 140.3, 133.4, 13:d, 130.7, 121.3, 120.1, 114.2, 112.3, 111.7, 108.9, 100.6, 95.8, 64.3 55.53, 

55.46, 55.42, 55.3, 37.1, 31.4, 14.7. Anal. Calcd for Cz7H 31p 7: C, 69.51; H, 6.4lt Found: C, 69.35; H, 6. 76. 

3-Phenylbenzo.l,4-thlazin-2-one oxime (179a).57·59 « -Chloroisonitrosoacetophenone (2 g, 0.011 mot) and 

2-aminothiophenol (1.38 g, 0.011 mol, 1.17 mL) were dissolved in ben:zene, and the mixture was cooled in an 

ice batt1. Sodium methoxide (0.65 g, 0.012 mol) was slowly added with stirring, anc.1 the reaction mixture was 

allowed to slowly warm to room temperature. The mixture was tnen heated at reflux for 2 h and cooled. 

The yellow solid was ::ollected and dried. Recrystallization from b<liling ethanol gave yellow needle-Like 

crystals (3.7 g); mp 22Q.22J °C; MS <FAB) m/e 255 (W. + I); 1H NMR (MeiSO-d6) 6 12.92 (s, 1, OH or 

NH), 7.78 (m, 2, Ar-H), 7.f-0 (m, 1, Ar-H), 7.46 (m, 4, Ar-H), 7.36 (m, 2, Ar-H); IR (KBr) 3053, 3037, 3024, 

2904, ~i68, 2730, 1145, 1004, 994, 696 cm·1; 13c NMR (M~SO-d6) 6 153.5 (CS'), 140.5 (C2), 137.9 (C-3'), 

137.6 (Ar-C-1) , 131.2 (C-5), 129.5 (Ar-C-4), 129.2 (Ar-C-2), 128.5 (C-6), 127.5 (Ar-C3), 127.1 (C-7), 125.7 

(C-8), 122.5 (C-8'). Anal. Calccl for C,4H10N2OS: C, 66.12; H, 3.96; N, 11.01. Found: C, 65.94; H, 4.28; 

N, 11.09. 

3-(4-Fluorophenyl)-benzo.1,4-thiazin-2-ont: oxJme (l 79b).57•59 2-Arl"Jnothiophenol (1.25 g, 0.01 mol) was 

added to methanol (100 mL) with stirting. The solution was cooled in an ice bath, and sodium methoxide 

(0.54 g, 0.01 Jl'lol) and «-chloroisonitroso-4' -fluoroacetaphenone (2 g, 0.01 mul) were !>lowly added. After 24 

h of stirring, the solvent was removed by distillation, leaving a solid which was recrystallized with ethanol. 

The desired compound was isolated as a yellow solid (2.3 g); mp 243-244 °C; MS (EI) m/t 272 (M+); 1 H 

NMR (M~SO-d6) 6 12.92 {s, 1, OH or NH), 7.86 (m, 2, Ar-H), 7.60 (m, 1, Ar-H), 7.47 (m, 1, Ar-H), 7.36 

(m, 2, Ar-H), 7.26 (m, 2, Ar-H); IR (KBr) 3049, 3024, 2763, 1600, 1508, 1412, 1238, 998, 831, 754 cm·1; 
13c 

NMR (MezSO-d6) 6 l.:>4.4, 16: .2, 152.3, 140.5, 137.8, 133.94, 133.90, 131.7, 131.6, 131.2, 128.5, 127.1, 125.7, 

1226, 114.6, 114.3. Anal Calcd for Ci4H~2OS: C, 61.75; H, 3.33; N, 10.29. Found: C, 61.73; H, 3.57; 

N, 10.18. 

3-[4-Methoxyphenyl)-ben:z.o.l,4-thio.zin-2-one oxime (179c).57•59 2-Aminothiophenol (1.12 g, 0.009 mot) 

was added to methanol (100 mL) with stirring. The solution was cooled in an ice bath, before sodium 

methoxide (0.48 g, 0.009 mol) and «-chJo roisonitroso-4' -fluoroacetophenone (2 g, O.Ql mol) were slowly added. 

After 24 h of stirring, the solvent was removed by distillation, leaving a solid which was recrystallized wi b 

methanol. The de.sired compound wa'i isolated as a yellow solid (1.2 g); mp 199-200 °C; MS (El) m/e 284 

(M+); 1H NMR (MezSO-dJ l 12.88 (s, 1, OH or NH), 7.74 (m, 2, Ar-H), 7.59 (m, 1, Ar-H ), 7.46 (m, 1, Ar­

H), 7.32 (m, 2, Ar-H), 7.00 (m, 2, Ar-H), 3.83 (s, 3, CH)); IR (KBr) 3137, 3057, 2908, 1606, 1510, 1442, 1253, 

1179, 994, 828 cm·1; 13c NMR (M~O-dJ 6 160.6, 152 4, 140.6, 138.2, 131.2, 131.0, 129.8, 128-0, 126.9, 125.6, 

122.5, 112.9, 55.2. Anal Ca1cd for C,5H 12N2O 2S: C, 63.36, H, 4.26; N, 9.85. Found: C, 63.08; H, 4.57; N, 

10.07 
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Chlorometh&!'lesulfonic Acid, 1,4-Butanedlyl Ester (184a). Into a 100,-mL three-necked round-bottomed 

flask equipped vlith .. m addition funnel. magnetic stirring bar, and a calcium sulfate drying tube was added 

chloromethanesulfonyl chloride62"°5 ( 15.5 g, 0.105 mmol) dissolved in ethyl acetate (50 mL), with stirring and 

chilling in a salt-ice bath. A :iolutio n of triethylamine (17.3 mL, 0.125 mmol) and 1,4-Lutanuiiol (4.7 g, 0.052 

m) WlS dis:;olved in ethyl acetate (10 mL) and added dropwise over 45 min with stirring. Toe reaction 

mixture was stirred for 2 h and then stored in a refrigerator ovemigh .. The triethylamine hydrochloride was 

removed by filtration and washed with ethyl acetate. The filtrate was washed with brine solution (3 x 25 mL), 

dried over MgS04, filtered, and evaporated. The s01id residue wru., triturated with ethyl acetate and dried 

over phosphorus pen1oxide; yield, 6.4 g (39%); JR (KBr) 1361, I Pl, 1141, 1137, 1029, 937, 882, 855, 544 cm·1; 

1H NMR (Me-iSO-d6) ~ 1.80 (m, 4, OCH2CH2CH2CH20), 4.37 (m, 4, OCH2CH2CH2CH2O), 5.35 (s, 4, 

CJCJl2SOi). A.ML Cale.cl for C6H,2Cl20 6S2: C, 22.86; H, 3.84. Found: C, 22.96; H, 3.97. 

(.Methylsu!fonyl)methanesulfonic Acid, L,4-Butanediyl Ester (184b). Into a 100-mL round-bottomed flask 

equipped with an addition funnel, calcium sulfate drying tube, and a magnetic stirring bar was added 

methylsulfonylmethanesulfonyl cbloride62-65 (7 g, 36.3 mmol) and eti1yl acetate (50 mL). 'foe react~on solution 

was chilled in an ic.:e bath and a solution of 1,4-butanediol (1.64 g, 18.2 mmol) and triethylamine (4.4 g, 43.6 

mmol) in ethyl ac.ctate (10 mL) was added dropwise over 10-15 min. The mixture was stiITed for 4 h in the 

ice bath before , he insoluble precipitate was c.ollccted and washed with more ethyl acetate. The filtrate was 

washeJ with brine (3 x 25 mL), dried over Mg~~04, filtered, and evaporated, yield 1.0 g (14 %). The 

previously separated EtOAc insoluble residue was treated with water, and the insoluble miterial was collected, 

wasr,ed again with water, and dried, yield 4.4 g (60%). The twc crops were eumbined, dissolved in 

acetoni1rile, rmered, diluted with benzene uut11 cloudy, and scratcheJ to initiate c~t7· . .ization. The rrodua 

was collected and drle,d at room temperature over phosphorus pentoxi"e• yield, 3.6 g (49%); mp 135-137 °C 

ca!Y lR (KBr) 1350, B33, 1319, 1229, 1183, 1175, 1170, 1123, 929, 865 crn·1; 1H NMR (Mei50-d6) J 1.98 (m, 

4, OCH2CH2CH2CH20), 3.25 (s, 6, S02CH)), 4.53 (m, 4, OCH2CH2CH2CH20), 5.25 (s, 4, S02CHi$0i). 

Anal. Calcd for CgH180 10S4: C, :;>_;,87; H, 4.51. Found: C, 23.73; H, 4.70. 

Chloromethanesulronlc Acid, 4-{(M.t!,th&nesulfonyl)oxy]bu,-JI Estee (189u). 4-Benzyloxybutanot65 (10 g, 

55.6 mmol:, and trietbylamine (6.73 P,, 66.7 nunol) dissolved in ethyt acetale {10 mL) was added dropwise over 

40 min to 11 chilled solution of metbanesulfon}I chloride 62--65(6.37 g, 55.6 mmol) in ethyl acetate (20 mL). 

The mixture was stirred in 3n ice bath for 4 h ~fore the triethyiamine hydrochloride was remove(! by 

filtration. Toe residue was wa~hed with ethyl acetate, and the filtrate and washings were washed with brine, 

dried over MgS04• m. "ed, and evaporated. A yellow oil was obtained which w&S pa.~ed th.rough a column 

of silica gel (300 g} and eluted with 2·1 hexane-ethyl acetate. The appropriate fractions, as id~:.itifired by 1'LC, 

were combined and evaporated, givinj? 9.2 g of 189a ~om two crops. Both crops wa-e dissolved in ethyl 

acetate (100 mL), and the tlenzyl group was removed b)' hydrogenation at atmospheric pressm-1- usin11 10% 

Pd/C as catalysL '!ne catalyst was removed by filtration through a Celite pad. The filtrate was then chllied 

in an ice bath and treated with Lrietbylamine (4.3 g, 42.5 mmol). A solution of ch:o ro metbanesulfooyl chloride 

(5.2 g, 0.035 n,...,l) in ethyl acetate (!O mL) was added dropwise over 25 ~ :u. Toe mixture was stirred for 0.5 

h and stored at 6-10 °C overnight. Toe triethylamine hydrochloride was removed by fiJtration and washed ~.i!.h 
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e;1hyl acetate. The filtrate was washed with brine, dri.!d over MgSO4, filtered, and evaporated; crude yield 

7.~ g. 

After two recrystallizations from ethyl acetate: hexane, 2.6 g (27%) of pure product was obtained; mp 

44-46 °C cap; IR (KBr) 1364, 1351, 1338, 1170, 982, 938, 925, 879, 856, 532 cm·1; 1H NMR (CDQ 3) 6 1.9 

(m, 4, OCH2CH2CH2CH2O), 3.02 (s, 3, SO2CH3); 4.29, 4.46 (2 m, 4, OCH2CH2CH2CH2O), 4.62 (s, 2. 

SO2CH2CJ). Anal Calcd for C6H13aO6S2: C, 25.67; H, 4.67. Found: C, 25.80; H, 4.75. 

(Methylsutronyl)methanesulfonlc Acid. 4-((Methylsulfor,yl)o,cy) Butyl Ester (189b). 4-Benzyloxybutanol 

18665 (10 g, 55.6 mmol) and triethylamine (6.7 g, 66.7 mmol) were dissolved in ethyl acetate (15 mL) and 

added dropwise wilb stirring to a cold solution of methanesulfonyl chloride62~ 5 in ethyl acetate (25 mLJ in 

an ice bath. The reaction mixture was stirred for 2 h and stored ovemigh~ in a refrigerator. The 

triethylamine hydrochloride ~ removed by filtration and washed with ethyl acetate. The filtrate was washed 

with brine, dried over MgSO4, filtered, and evaporated. The crude product was purified with a silica gel (300 

g) column using 2:1 hexane.ethyl acetate, yield 9.2 g (64 %). The sulfonate ester was dissolved in ethyl 

acetaW (100 mL) and hydrogenated at atmr spheric pressure with 10% Pd/C. The catalyst was removed by 

filtration through a Celitc pad. Triethylamine (4.3 g, 425 mmol) W2S added to the filtrate (and washings) with 

good stirring in an i~ bath followed by the addition of a solution of (methylsulfonyl)methanesulfonyl 

chloride6U4 (5.4 g, 28.3 mmol) in ethyl acetate (2S mL). The reaction mixture was stirred for 1 h at O °C 

and store1 overnight in the refrigerator. The triethylamine hydrochloride was removed by filtration, washed 

with eLhy 1cetate, and the @trace (and washings) was washed with brine, dried over MgSO4, filtered, and 

C\raporat, d. After two recrystalLizatfons from ethyl acetate.hexane, a pure product was obtained, yield, 3.t: g 

(39 % ) mp 97-98.5 °C; IR (KBr) 1370, 1351, 1339, 1330, 1309, 1177, 1160, 934 (broad), 854, 527 cm·1; 1H 

NMR (acetone-d6) 6 1.92 (m, 4, OCH.zCH2CH2CH2O), 3.19 (s, 3, OSO2CH3), 3.25 (s, 3, CHzSO2CHJl, 4.31, 

4.51 (2 m, 4, OCH2CH2CH2CH2O), 5.22 (s, 2, CH3So2CHz). Anal Calcd for C,H16O8SJ>: C, 25.92; H, 4.97. 

Found: C, 26.02; H, 4.94. 

[For the syntheses of compounds 191-194, we relied only on MS and 1HNMR for confirmation of their 

identifications. We felt that full characterization of all intermediates was unnecessary since we were closely 

following a procedure provided by J. Bronson of Bristol-Myers. However, in the following experimental 

descriptions, we have included au of the analytical data supplied to us in the Bronson procedure.] 

2-Chloromethoxyethyl Acetate (191). lnto a 500-mL round-bottomed Oask a solution of aceryt chloride 

(17.4 g, 220 rn;nol) in 80 mL of anhydrous e!.her was added dropwise vio an additional funnel, over 1 h Lo 

a mixture of l,3-<''1oxolane (15 g, 202 mmol) and zinc chloride (0.109 g, 80 mmol) in 100 mL of anhydrous 

ether at room temperature under nitrogen. (The 1,3-dioxolane was predistil! . .: lO remove any trietbylamine 

inhibitor.) The reaction mixture was then stirrccl at room temperature for 25 Ii and evaporated ill vacuo to 

remove any volati!e materials. The resulting light-bro"fll oil was purified by dislillation under reduced pressure 

to afford a colorless ~il (21.2 g, bp 54-.55 °c at 0.8 mn ... ,); MS (El) m/e 152 (\ii+); 1H NMR (200 MHz, 

CDClJl 6 5.50 (s, 2, CH2Cl), 4.25 (l, 2, J = 7 Hz, CHz), 3.80 (t, 2, J = 7 Hz, CHz), and 2.05 (s, 3, CHJ); 

IR (thin film): 2980, 2950, 1740(s), 1460, 1380, J?.35, 1140, 1080, and 650 cm·1• 
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2-(Diisopropylphosphonylmethoxy)ethyl Acetate (192). 2-(Chloromethoxy)ethyl acetate (191) (21.2 g, 0.150 

mol) and triisopropyl phosphite (25 g, 25.8 mL, 0.139 mol) were combined in a 200-mi.. three-necked round­

bottomed flask equipped wilh a reflux condenser and a gas inlet adapter. The reaction mixture was heated 

at around 100-110 °C for 18 h. (Bubbling was noted when the temperature initially reached 105 °C.) The 

reaction mixture was then allowed to cool to room temperature and the volatile residuals were removed in 

vacuo. The residual oil was purified by vacuum distillation (bp 133-138 °C, 0.7-0.8 mmHg) yielding a colorless 

liquid (16.5 g); MS (EI) m/e 282 (M+); 1H NMR (CDC13) 6 4.79 (apparent oetet, 2, J = 6.5 Hz, CH), 4.24 

(t, 2, J = 4.5 Hz, CHz), 3.81 (t, 2, J = 4.5 Hz. CHz), 3.79 (d, 2, J = 8.2 Hz, CHz), 2.08 (s, 3, CH3), and 1.35 

(d, 12, J = 6.5 Hz, CH3); 13C NMR (50 MHz, CDC13) 6 170.85, 71.10 (d, J = 1 Hz), 70.88 (d, i = 11 Hz), 

65.99 (d, J = 170 Hz), 63.28, 24.09 (d, J = 4 Hz), 23.96 (d, J == 4 Hz), and 20.84; IR (thin film) 2981, 2938, 

2880, !742(s), 1468, 1456, 1387, 1377, 1242(s), 1180, 1132, 1109, 1057, 99l(s), and 890 cm·1. 

2-Dilsopropylphosphonylmethoxy-1-ethanol (193). A solution of 2-<llisopropylphosphonylmettoxyethyl 

acetate (192) (79.9 g) in 500 mL of acetone-water (4:1) was treated with r.oncentrated HCI (42.8 mL). The 

reaction mixture was stirred at 50-55 °C for 72 h. The resulting solution was concentrated in vaa,o and the 

residue was co-evaporated with toluene (3 x 150 mL) to afford a crude dark -yellow oil (80 g) which was used 

without further purification. 

2-(Dlisopropylphosphonylmethoxy)elhylmethanesulronate (194). 2-Diisopropylphosphonylmethoxy-1-eth­

anol (193) ( 100 g, 0.47,. mo!, accumulated from combined rui'lS) was dissolved ir, 850 mL of anhydrous 

methylene chloride (dried over activated molecular sieves) and the solution was cooled tn 0 0C. After 15 min, 

the methanesulionyl chloride was added rapidly (55.8 g, 37.5 mL, 0.490 mol) followed by dropwise addition 

of triethylamine (81.56 g, 125 ;_nL, 0.806 mol) over 1 h. The resulting clcar-yeUow solution was stirred at 

room cemper-uure for 18 h and then 200 mL water was added. The reaction mixture was stirred for 10 min 

before the organjc layer was separated and the aqueous layer was extracied with 300 mL methyle.ne chloride. 

The combined organi: portions were washed with saturated sodium chloride solution (2 x 300 mL). The 

c.ompound was isolated by evaporation in vacuo to yield a yellow oil and was purified by c.olumn 

chromatography in silica gel (5:1), eluting with a gradient of 3-5% methanol-methylene chloride. MS (FAB) 

mle 319 (M + 1); 1H NMR (CDCl3) 6 4.78 (d of septt't, 2, J = 5, 6.2 Hi~ CH), 4.38-4.42 (m, 2, CHv, 3.86-

3.90 (m, 2, CHi), 3.80 (d, 2, J = 8.S Hz, CHi.), 3.09 (s, 3, CH3), and 1.36 (d, 12, J == 6.2 Hz, CH]); 13c 
NMR (CDCll) 6 71.21 (d, J = 7 Hz), 70.75 (d, J = 11 Hz), 68.71, Cxi.12 (d, J = 170 Hz), 37.73, 24.07 (d, 

J ., 4 Hz), and 23.99 (d, J = 4 Hz); IR (thi.n film) 2983, 2937, 2881, 1739, 1468, 1456, 1414, 1376, 1355 (s), 

1253, 1177 (s), 1133, 1108, 988(s), 926, 836, 808, 755, and 727 cm·1• 

9-(2-Dlisopropylphosphonytmetho>.-yelhyl)adenlne (195). Sodium hydride (1.2 g, 0.05 mo!) was added to 

a stirred slurry of adenine (2.0 g, 0.014 mol) in 100 mL of anhydrous dimethylformamide in a 200-mL lhree­

necked round-bottomed flask equipped with an overhead mechanical stirrer and an argon inlet adapter. fhe 

;caction mixture was heated at 80 °C for 2 h !O give a thick, white slurry. A solution of 2-(di~~prop­

ylphosphonylmetboxy)ethylmetbanesulfonate (194) (7.7 g, 0.024 mol) in 10 mL of 2nhydruus DMF was then 

added over 10 min to the hot slun:y and the reaction mixtu:e was raised to 100 °C. The reactio n mixture was 

stirred at 100-105 °c for 14 h, aUowed IO cool to room temperature, and filtered to remove insoluble material 
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Toe filtrate was concentrated in vacuo and the gummy, semi-solid residue was suspended in 100 ml of 10% 

isopropanol in methylene ch'oride. Toe mixture was filtered, and the filtrate was concentrated in vacuo to 

gi.,;e an orange, viscous residue. Purifica~ion by column chromatography on silica gel (10:1), eluting with a 

gradient of 3-10% methanol in methylene chloride afforded 2.11 g (24.6% yield) of a white CT)'Stalline solid. 

This material was purified further by recrystallization from ethyl acetate-toluene. MS (EI) m /e 358 (M+); 1H 

NMR (CDCl~ & 8.15 (s, 1), 8.09 (s, 1), 7.21 (br s, 2), 4.50 (apparent octet, 2, J = 6.5 Hz, CH), 4.34 (t, 2, 

J = 4.8 Hz, CHz), 3.91 (t, 2, J = 4.8 Hz, CHz), 3.79 (d, 2, J =-= 8.4 Hz, CHz), 1.18 (d, 6, J = 6.5 Hz, CH3), 

and 1.13 (d, 6, J = 6.5 Hz, CH)); 13c NMR (CD03) & 155.86, 152.23, 14946, 140.90, 118.57, 70.22 (d, J = 

10 Hz), 70.05 (d, J = 12 Hz), 64.50 (d , J = 165 Hz), 42.35, 23.61 (d, J = 7 Hz), and 23.52 (d, J = 7 Hz). 

9-(2-Phospbonylmethoxyethyl)adenlne (196). A solution of 9-(2-diisopropylphosphonylmeth-

oxyethyl)adenine (195) (2.11 g, 0.060 mol) in 20 mL of anhydrous acetonitrile was treated with 

bromotrimcthylsilane (8.29 g, 0.054 mol), and the resulting clear, yellow solution was stirred at room 

temperature u11der argon for 16 h. The reaction mixture was concer.trated in vacuo and the yellow residue 

was placed under high vacuum for 5 h. Water (15 mL) was added next. causing immediate formation of a 

white precipitate. Acetonr. (15 mL) was added, and the pale yellow slurry was stirred at room temperature 

for 14 h. The solid was collected by filtration, washed twice with 10 ml . of , ,cetone and once with 10 mL 

of anhydrous ether. An additional JX' rtion of solid was collected from the filtrate. The combined solids were 

recrystallized from water to afford 1.41 g (86%) of an off-white CTyStalline solid; mp >250 °C; MS (E[) m/e 

273 (M+); 1HNMR (MeiSO-d6) t, 8.14 (s, 1), 8.13 (s, 1), 7.2: (br s, 2), 4.32 (t, 2, J = S Hz, CHz), 3.87 (t, 

2, J = 5 Hz, CH2, and 3.59 (d, 2, J = 8.8 Hz, CHz); 13c NMR (M~SO-d6) t, 151.10, 148.70, 146.28, 143.80, 

118.05, 69.94 (d, J = 10 Hz), 66.27 (d, J = 160 Hz), :ind 43.15. Anal. Cited for CgH12N50 4P ·0.5 H20: 

C, 34.04; H, 4.S4; N, 24.82. Found: C, 33.90; H, 4.76; N, 24.86. 

9-[2-(Diethylphosphonylmetboxy)etbyl)•l•amlno-6-cliloropurine (209). To a bete.rogeneous mixture of 2-

amino-6-cbJoropurir¢ (5 g, 29 mmol) acd ICiC03 (6 g, 43 mmol) in DMF (80 mL) was added 2-

(diethylphosph,>nylmethoxy)ethyl-1-tosylate (8.75 g, 23 mmol). n,e reaction mixture was stirred at room 

temperature under argon for 72 h, and then the reaction was heated at 60 °C for 4 h. The reaction mixture 

was filtered, and the filtrate was evaporated in vacuo to a gummy yellow residue. The semisolid residue was 

suspended in 600 mL of 30% n-propyl alcohol in CHCl3• The mixture was filtered and the filtrate was 

cona,ntrated to give a dark yellow viscollS residue ( 14 g). Purification by column chromatc,graphy on silica 

gel, eluting with a gradient of 5-10-14-16% MeOH in CH03, yielded pale yellow CT)'Stals (7.8 g); MS (FAB) 

m/t 349 (M .; I); 1H NMR (MeiSO-d6) & 1.15 (t, 6, CH2CH3), 3.82-3.88 (m, 4, NCH2CH20, CH2P), 3.92 

(m, 4, OCH2CH3) , 4.25 (m, 2, NCHz), 6.91 (s, 2, NHz), 8. 1 (s, 1, =CH). 

Methyl 1-~2-(dlethylphosphonylmetho,cy)ethyl]-l.Z,4-tria.z.ole-3-carboxylale (211). Methyl 1,2,4-triawle-3-

carboxylate (110) (3.81 g, 0.075 mol), 2-(diethylphosphonylmethoxy)ethane-1-t0syla1e (6.3 g, 0.083 mol), and 

anhydrous potassium carbonate (5.6 g, 0.04 mol) were added to 150 mL dry OMF under argon. Toe mixture 

was stirred at room temperature with periodic checidng by 1LC (CH03-MeOH, 9:1). After 2 days, the 

reaction seemed to stall, and therefore the mixture was heated at 90 "C for two 8 hr installments. The 

reaC!ion mixture was then cooled to room temperah1re and fi11 ered to remove insoluble materials. The DMF 
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w:is then evaporated and the resulting semisolid sludge was chromatographed on silica gel (CHClrMeOH, 9: 1 ). 

Among the isola,ed products were the desired intermediate (Rf = 0.5), a structural isomer (Rf = 0.6), and 

a prcxh1ct (Rf= 0.45) whose MS corr~:,onded to the decarboxylo:ted analog, diethylphosphonylmethoxylethyl-

1,2,4-triawle with the actual site of al_kylation not being determined. Only a small amount of (210) was 

rigorously purified for structure verification. We have provided analytical data for (210) which was isolated 

as a light golden oil. For the conversion of the carboxylic ester to the carboxamide, the mixture o f products 

was used. Separation of the decarltoxylated analog (213) from the resulting amide (214) was much easier than 

from ttie corresponding ester (211). MS (FAB) m/e 321 (M + 1); 1H NMR (MeiSO-d6) 6 8.68 (s, 1, triawle 

H), 4.48 (t, 2, J = 5 Hz., NCHi), 3.98 (apparent q, 4, J = 8 Hz., OCH2CH3) , 3.92 (m, 2, CH2P), 3.36 (s, m, 

5, OCH3, NCH2CHi), 1.18 (t, 6, J = 7 Hz., OCH2CH3). Anal. Calcd for Ci0H 19N4O5P ·0.5H2O: C, 38.10; 

!-I, 6.39; N, 17.77. Found: C, 37.97; H, 6.16; N, 18.16. 

l-[2-(Diethylphosphonylmethoxy)etbyl]-1.2,4-triawle-3-carboxnmide (214). The mixture of products (0.75 

g) containing 211 and 213 from the previous reaction were added to concentra1ed ammonium hydroxide (50 

mL) and stirred overnight at room temperature. The solvent was then removed 1mder vacuum ar j the 

resulting viscous light yellow oily residue was chromatographed (silica gel, CHCl3-MeOH, 9:1) to separate the 

mixture of products, carboxamide (214) (0.6 g, Rf = 0.25) and the decarboxylated trjazole analog (213) (0.1 

g, Rf= 0.45), borh as almost colorless, viscous oils. MS (FAB) m/e 303 (M + 1); IR (KBr) 3315, 3184, 1685, 

1479, 1291, 1233, 1121, 1047, 1026, 974 cm·1; 1H NMR (MeiSO-d6) 6 8.56 (s, l , triawle H), 7.74, 7.54 (2 br 

s, 2, NHi), 4.42 (t, 2, J = 5 Hz, NCH2CHi), 3.97 (apparent q, 4, J = 7 Hz, OCH2CH3), 3.96-3.88 (m, 2, 

NCH2CH2O), 3.35 (d, 2, J = 8 Hz., CH2P), 1.17 (t , 3, J = 8 Hz., OCH2CHi); IR (KBr) 3412, 1688, 1476, 

1291, 1236, 1122, 1048, 1026, 975, 349 cm·1. Anal Calcd for <;0H1~ 3O5P · 0.5B2O: C, 38.10; H, 6.39; N, 

17.77. Found: C, 38.05; H, 6.39; N, 17.91. 

l -[2-(Phosphonylmethoxy)eth;yl) -L,2,4-trlaz.ole-3--:arboxylamlde (215). The 1-[2-( dielhylphos-

phonylmethoxy)elhyl]-1,2,4-triawle-3-carboxamide (214) ( 1.0 g, 0.0033 mol) was dissolved in anhydrous 

acetonitrile under an inert atmosphere (N2). Bromotrimethylsilane (3.0 ml~ 3.5 g, 0.023 mol) was then added 

dropwise with stirring at room temperature. The mixture was stirred for 14 h, and then the solvent and 

volatile reactants were removed under vacuum to give a golden oil The oiJ was further vacuumed overnight 

before an aq:Jeous acetone solution (10 mL. 1:9) was added. Since no precipitation could be induced, the 

solvents were removed under vacuum. The residue was then dissolved in MeOH. After 3 days at room 

temperature, a small amount of white solid precipitated. After another day, the solid was collected, washed 

with MeOH (2 x 5 mL), and dried to give 95 mg of analytically pure 215; mp 167-169 °C; 1H NMR (MCiSO­

d6) 6 8.68 (s, 1, •.riawle H), 7.76, 7.04 (2 br ~. 2, NHi), 4.42 (t, 2, J = 5 Hz., NCH2CHi), 3.90 (t, 2, J = 5 

Hz., NCH2CHi), 3.60 (d, 2, J -= 9 Hz., CH2P). Anal C'.alcd for C6H 11N4u~P · 0.2H2O : C, 28.41; H, 4.52; N, 

22.08. Found: C, 28.69; H, 4.54; N, 21.79. 

Additional co1.,pound 215 could be isolated after its conversion 10 its ammo nium salt 216 by the 

following procedure. Dilute ammonium hydroxide was added to 47 mg of the mixture contair.ing 215. The 

solution was tl:::n filtered and evaporated under vacuum, giving a hygroscopic foam. When allowed 10 absorb 
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moisture from the air, 27 mg of the hydratec\ ammonium sail was isolated as a white solid. Anal. Calcd for 

C6H 11N4O5P ·2.5NH3 · lHBr ·2H2O : C, 17.59; H, 5.78; N, 22.22. Found: C, 17.22; H, 5.45; N, 22.08. 

5 '-Deoxyadenoslne, 5'-N,N-Diethylthiocarbamnte [AVS-4618) (218). Sodium diethyldithiocarbamate 

trihydrate (3 g) and 2',3'-0-methylethylidene-5'-tosyladenosine (4.5 g) was added to dry DMF (200 mL) and 

the soluuon w '.15 refluxed for 3 b in a Dean-Stark water separation set-up. The reaction mixture was 

concentrated under reduced pressure to a gummy solid. The product was purified by silica gel column 

chromatography, eluting with 5% methant1l in chloroform (3.68 g) (MS (FAB) 439 (M + 1)}. A solution of 

this oompound in ethanol (10 mL) was stirred with 1 N H2SO4 (30 mL) at rcom temperature for 3 days. 

The reactio n mixture was then triturated several times with ethanol. The residue obtained was taken up in 

ethanol (200 mL) and pH of the solutio n was hrought to 7.0. The solid obtained was filtered. The filtrate 

was concentrated, charged on a silica gel oolumn, eluting with 10% methanol in chloroform. Product obtai·Jed 

was further purified by crystallization from methanol (1.65 g); mp 101-102 °C; MS (FAB) 399 (M + 1). TV 

'-max 258 (20.600), 206 (23,400); rR (!(Br) 3500, 3129, 2975, 2925, 3450-2800 (broad) (NH2, OH and CH), 

1672 (C=S), 1642, 1602 (aromatic), 1575, 1489, 1470, 1421, 1415, 1335, 1295, 1270, 1206 cm·1; 
1H NMR 

(MeiSO-d6) 6 8.37 (s, 1, H-8), 8.16 (s, 1, H-2), 7.3 (br s, 2, NHi), 5.9 (d, 1, H-1 ', J = 6 Hz), 5.53 (:I, 1, OH-

2', J = 6 .Hz), 5.4 (d, 1, OH-3', J = 5 Hz), 4.86 (d d, 1, H-2'), 4.18 (d d. 1, H-3'), 4.14-4.04 (m, 1, H-4'), 

3.97 (q, 2, CH2N), 3.87-3.68 and 3.68-3.52 (m, 4, H-5' and CH2N), 1.18 and 1.15 (t. 6 H, CH3) ; 
13C NMR 

(MeisO-aJ ~ 193.2 (C=S), 156.0 (CNH2, 31 c
6

,H
2 

= 11.3 Hz), 152.5 (C2, 11 Ci,H
2 

= 198.9 Hz), 149.3 (C-4, 

3Jc H = 12.4 Hz. 3/c H = 3Jc H = 4 : fu), 140.0 (C8, 11r-- H = 212.8 Hz, 3Jc,H = 4.2 Hz), 119.2 
4• 8 4• 2 4• l' .s· 8 I' 

(CS, 31c H = 11.6 Hz. 3Jc NH = 3.6 l-1.z), b7.4 {Cl', 1Jr_ H = 164.9 Hz), 82.5 (C-4'), 72.7 (C3'), 72.5 
S• 8 S -i ' • 1' 

tC-2' ), 49.2 and 46.4 (CH2NCHi), 39.l (C5' ), 12.3 and 11.2 (CH3) ppm. A11.al. Calc.d for 

Ci5H22N6$iO3 • 0.5H2O · 0.5EtOH: C, 44.64; H, 6.09; N, 19.53; S, 14.90. Found: C, 44.87; H, 5.80; N, 

19.51; s, 14.90. 

S' -Deoxyadenoslne, S'-N,N-Dlethylthlocarbamate (218). A hot, s tirred solution of 5'-0-tosyladenosine 

(3.15 g, 7.47 mmol) in ethano l (300 mL) was treated with sodium diethyldithioc.ubamate (2.36 g, 10.46 mmol). 

This reaction solution was heated at reflux for 4 b. The solvent was removed under reduced pressure, and 

the residual solid was stirred in cold water (50 mL). Tne white solid product was collected, washed with cold 

waler, and dried in vacuo (P20 5) : yield, 2.34 g, (78%); mp 168-170 °C; MS (FAB) m/e 399 (M + 1); UV 

'-max 258 (23,47C') at pH 7, 238 (24,400) at pH 13; IR 3500, 3~29, 2975, 2925, 3450-2800 (broad) [NH2, OH 

and CH], 1672 (~=S), 1642, 1602 (aro matic), 1575, 1489, 1470, 1421, 1415, 1335, 1295, 1270, 1206 cm·1; 

1H NMR (MeiSO-d<,) 6 8.37 (s, 1, H-8), 8.16 (s, 1, H -2), 7.3 (or s, 2, NHi), 5.9 (d, 1, H-1 ', J = 6 Hz), 5.53 

(d, 1, J = 6 Hz. OH-2'), 5.4 (<1, 1, J = 5 Hz, OH-3'), 4.86 (d d, 1, H-2'), 4.18 (d d, 1, H-3' ), 4.14-4.04 

(m, 1, H-4'), 3.97 (q, 2, CH:N), 3.87-3.68 and 3.68-3.52 (m, 4, H-5' and CH2N), 1.18 and 1.15 (t. 6, CH)). 

Anal. Calcd for C,5H22N6O3~ -n.75H20 ·0.25EtOH: C, 43.95; H. 5.95; N, 19.84. Found: C, 43.97; H, 

6.34; N, 19.99. 

1-MorphoUnomethyltetrabydro-l ( lH)-pyrimldlnethJone (219). Tetrahydro-2(1H)-pyrimidinethio ne (10.8 

g. 0.1 mol), 37.7% formalio (&.9 mL. 0.1 mol), and morpboline (8.7 g, 0.1 mol) were added to methanol (2.50 

mL) and heated at 60 °C for 4 h. The reactjon mixture v.,as cooled, and rhe solvent was removed unde.r 
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vacuum. The resulting residue was washed with ether and rer.rystaUi:zed from ethyl acetate, ethanol, and three 

more times from ethyl acetate to give tbe desired product as colorless plates (2.5 g). 11.,C (silica gel, 

chloroform:methanoL iodine chamber) showed that the mother liquors still contained the desired product. 

However, no more effort was directed toward the isolation and purification of additional product; mp 143-

145 °C; MS (FAB) m/e 200 (M + 1); IR (KBr) 3225, 2938, 2926, 2871, 2855, 2:20, 16W, 1647, 1514, 1460, 

1445, 1426, 1397, 1302, 1285, 1278, 1220, 1207, 1189, 1167, 1128,1116, Sl-2, 770 cm·1; 1H NMR (MezSO-d6) 

6 6.22 (br s, l , NH), 3.88 (s, 2, NCH2N), 3.54 (m, 4, OCHz), 3.24 (m, 2, pyrm NCHz), 3.10 (m, 2, NHCHz), 

2.36 (m, 4, morph NCHz), 1.76 (m, 2, pyrm CH2CH2CHz); 13C NMR (MezSO-d6) 6 155.35 (C=O), 67.79 

(NCH2N), 66.05 (OCHz), 50.51 (morph NHCHz), 44.82 (pyrm NCH2), 39.61 (pyrm NHCHz), 21.91 (pyrm 

CH2CH2CH2). Anal. Calcd for <;H17N30 5: C, 54.30; H, 8.60; N, 21.10. Found: C, 54.07; H, 8.88; N, 20.92. 

l ,3-Bls-(morpbolinomethyl)-teti.-ahydro-2(1H)•pyrimidinone (220). A solution of 37.7 % formalin (8.9 g, 

0.1 mol), morpholine (8.7 g, 0.1 mol), and tetrahydro-2(1H)-pyrimidinone (10 g) was refluxe.:1 in 250 ml MeOH 

for 2 h. The solven, was then evaporated under reduced pressure, the residue washed with dry ether end 

boiled with ethyl acetate. The undissolved material was filtered, and crude monomorpholinomethylated 

product was obtained from the ethyl acetate. The bis-(morpholinornethyl)-tetrahydro-2(1H)-pyrimidinoine was 

obtained from the mother liquid after evaporation and column chromatography (silica gel, CH30H0MeOH 9:1, 

iodine) followed by recrystallization from ethyl acetate: yield, 0.6 g; mp 120-122 °C (reponed 121-123 °C); 

MS (FAB) n1/e 299 (M + l ); 1H NMR (MezSO-d6) a 3.94 (s, 4, NCH2N), 3.55 {m, 8, OCHz), ~.J2 (m, 4 , 

pyrm NCHz), 2.J8 (m, 8, morph NCHz), 1.84 (m, 2, pyrm CH2CHiCHz); IR (KBr) 2933, 2913, 2867, 2851, 

2818, 1645, 1632, 1497, 1459, 1438, 1430, 1291, 1276, 1211, 1202, 1118, 1111, 1003, 921, 864, 757 cm·1• Anal 

Calcd fo r Ci4H26N40 3: C, 56.35; H, 8.76; N, 18.78. Found: C, 56.69; H, 8.92; N, !8.87. 

l-Morphollnomethyl-tetrahydro-2(1Jf)•pyrim1Jlnethlone (21!.). Tetrahydro-2(1H)-pyrimidinah.ione (5.8g, 

0.05 mol), 37.7% formalin (9.2 mL. 0.11 mol), and morpboline (:.. g, C.104 mol) were added to methanol (60 

mL) and refluxed for 2 h. Removal of the solvent and crystallization from ethanol (x.3) gave two crops of 

colorless needles (1.2 g and 1.7 g). Only the former of these was found to be analytically pure; mp 160-

162 °C (reported, 156-158 °C); MS (FAB) m/e 216 (M + 1); IR (KBr) 3:;46, 2950, 2919, 2871, 2863, 2818, 

2£02, 1535, 1510, 1357, 1285,1266, 1202, 1170, 1109, 1002, 861, 851 cm·1; 1H NMR (MezSO-d6) 6 7.98 (br 

s, 1, NH), 450 (s, 2, CHi), 3.54 (m, 4, OCHz), 3.31 (m, 2, pyrm NCHz), 3.10 (m, 2, NHCHz), 2.48 (m, 4, 

morph NCHz), 1.32 (m, 2, pyrm CH2CH2CHz). Anal Calcd for <;H17N30 5: C, 50.20; H, 7.96; N, 19.52. 

Found: C, 50.li; H, 8.03; N, 19.62. 

5-Cbloro-3-J'-o-ribofuranosyt-s-triaz.olo [1,5-a] pyrim1din-7 --1>ne (226). 5-Chloro-3-(2 '.3' ,5 '-tri-0--acetyl•P • 

D-ribofuranosyl)-,M riarolo[l ,5-a]pyrimidin-7-onc (225) (300 mg) was suspended in a solution of 10 mL acetone 

and 90 mL 0.1 M NH4HC03 with good stirring and ti.eating at 35-37 °C Porcine esterase (0.1 mL) was added 

and the mixture was stirr~.d for 3 days. Since the reaction was incomplete, anothc;r 0.1 mL mere esterase was 

added and the heating was continued for 4 more hours. The reaction mixture was evaporated to dryn~ ill 

,·acuo, and azeotro))Cd with EtOH-beru.ene. The sample was purified by passing it through a 50 g silica gel 

0ash chromatography column, eluting with 12:1 cMoroform-methanoL The appropria.te fractions were 

COITlbined and evaporated. Toh residue (-100 mg) was dissolved in hot EtOH, cooled, scratched to induce 
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crystdlization, and stored in the free:zer. The product was collected and dried, yieldLn~ 52 mg (24%). 

Retreatment of a faster eluting fra~1ion with esterase followed by the same wo rkup led to the isolation of an 

additional 52 mg (24%) of product 

Ethano1ic ammonia deblocking: Into a stainless steel bomb were placed 250 mg (225) and -50 ml of 

saturated NH3-ErOH. The reaction was stined at room temperature overn1i:,t1r and then evaporated. The 

residue was then chromatographed on a 50 g flash chromatography column and eluted with 12:1 

chloroform:methanol. The produc.1 (60 mg) was combined with the two prooucts from the esterase deblocking 

and was blended, yielding 164 mg of the desired prvduct; mp 167-169 °C cap; UV '-max 283 nm (12,500) at 

pH 1, pH 7, and pH 13; MS (FAB) m /e 303 (M + l ); IR (KBr) 1710, 1689, 1669, 1586, 1548, 1512, 1502, 

1103, 1095, 1070 cm·1; 1H NMR (MeiSO-d6) ~ 3.60, 3.74 (2 m, 2, C"rl2-5'), 3.98 (m, 1, H-4'), 4.17 (apparent 

q, 1, H-3'), 4.42 (apparent q, 1, H-2'), 5.19 (t, 1, OH-5'), ~.24 (d, 1, OH-3') , 5.69 (d, 1, OH-2' ), 5.77 (d, 

1, H-1' ), 6.26 (s, l, H-6), 9.19 (s, 1, H-2). 

4-Amlno-2,6-dlthiouracU (229).79 To a !t'llution of 4-amino-6-hydroxy-2-mercaptopyrimidine (228, pre.dried, 

5 g, 31 mmo l) and anhydrous pyridine (150 mL) was added P2S5 ( 15 g, 67.4 mmo l). The mixture was heated 

under argon at reflux for 3 h, during which a red-orange solution formed. The pyridine was rr.moved under 

pres~ure to give a crude solid. Water (75 mL) was added carefully and the aqueous mixture was refluxed for 

.i h or until all H2S(g) had been given off. The reaction mixture was filtered and the remaining precipitate 

was 1aken up in NH4OH-H2O ( 1:1) and boiled until a clear 5':llution formed. The solution was cooled to 

room temperature and treated with decolorizing carbon. The solution was filtered through celite, and the 

filtrale wclS taken lO pH 2 wilh l M HCl which ea~ U1e prc:-eipitalion of yellow crystals. Recrystallization 

with DMF-water (1:9) yielded 3.1 g; mp > .280 °C; MS (FAB) m/t 160 (M + l); 1H NMR (MeiSO-d6) 6 5.8 

(s, 1, vinyl H), 6.9 (b,· s, 2, NH;J, 12.18 (!:, 1 SH), 12.3~ (s, 1, SH); IR (KBr) 1642.2, 1607.2, 1571.9, 1555.4, 

1188.9, 1101.6, 1059.8, 820.4, 802.6, 689.JJ cm·1. Anal Calcd for C4H5N3S: C, 30.17; H, 3.16; N, 26.39. 

Fo und: C, 30.17; H, 3.49; N, 26.39. 

6-A.za-4--lhlouridlne, 2',3',5' -Tn.<tt•etate (231).80 Into a 1-X}.mL rou11d-bottomed flask equipped with a 

magnet1c stirring bar, reflux oondense~, and drying tube was added with stirring, 5 g (13.5 mmol) of 6-

azauridine, 2' ,3 ' .S' -triacetate (230), and dry pyridine (50 mL). Phosphorus pentasulfide (2.1 g, 4.7 mmol) 

was then added quickly, the system was flushed with argo n, and the reacti')n was heated at gentle reflux for 

3 b. The reaction was then cooled, and the solution was decanted from the dark gum and evaporated at 

reduced pressure. The residue was dried in vacuo over P2O5 to remove pyridine. The residue was taken up 

in Et')H, treated with charcoal, filtered, and evaporated. The dark residue was dissolved in CH03, wac;bed 

with water, dried filtered, and evaporated. A portion of the product was purified by flash chromatography 

on 100 g of silica gel, using CHCl3 as the eluate. The product was isolated as an orange foam; yield, 580 

mg; U V '-max 325 run ( 14,400), 242 (6,10) at pH 1: 335 (13,CXXl), 247 (7,700) at pH 7; 335 (13,Y.:O), 247 

(7,300) at pH 13; MS (FAB) m/t 388 (M + 1); IR (KBr) 1.748, 1'729, 1580, 1375, 1200 (broad), 1132, 1100, 

1074, 1M7 cm·1; 1H NMR (M~O-dJ t, 2.11 (m, 9, COCH3), -1.17, 4.39 (2 m, 2, H-5' ), 4.40 (m, 1, H-4'), 

5.43 (t, 1, H-3'), 5.66 (q, 1, H-2'), 6.25 (d, 1, H-1 '); 7.67 (s, 1, H-5). 10.40 (s, 1, NH). Anal. Calcd for 

C,4H 17N3OsS ·0.lEtOH · 0.1H2O : C, 43.31; H , 4.56; N, 10.67. Fo und: C, 43.26; H , 4.80; N, 10.66. 
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6-Az.a-4-thiouridine (232).80 A solution of 6-aza-4-thiouridine, 2' ,3',5'-triacetate (23i, 1 g, 2.58 mmol) 

was dissolved ir. SG mL of MeOH and slowly passed through a column of Dowex 1 resin (OH" form). The 

column was washed with about 300 mL o f MeOH and the product was eluted using 5% HOAc in MeOH. 

The appropriate fractions were combined, evaporated, the residual HOAc removed by evaporation from water 

(2 x 50 m.L), foUowed by evaporation from SO mL EtOH-benzene. The product was purified by 

chromatography through a flash column of 100 g of silica gel \Vith CHC13-MeOH (7:1). The appropriate 

fractions were combined, evaporated, and the residue was washed with ether (2 x 30 r:iL) and dried at 56 °C 

over phosphorus pentoxide: yield, 140 m~ mp 104-115 °C dee; UV >-max 328 nm (13,700), 243 (5,(,()()) at pH 

l; 334 (12,(,()()), 247 (7,000) at pH 7; 336 (12,700), 247 (7,100) at pH 13; MS (FAB) m/e 262 (M + l); IR 

(KBr) 1704, 1575, 12&3, 1050 (broad), 990, 590 cm·1; 1n NMR :MezSO~6) 6 3.39, 3.50 (2 m, 2, H-5'), 3.80 

(apparent q, 1, H-4'), 4.02 (apparent q, 1, H-3'), 4.24 (apparent q, 1, H-2'), 4.65 (t, 1, OH-5'), 5.04 (d, 

1, OH-3'), 5.30 (d, 1, OH-2'), 5.84 (d, 1, H-1'), 7.75 (s, 1, H-5), 13.7 ('Jr s, 1, NH). Anal. C-2lcd For 

<;H11 N3O5S ·0.3H2O ·0.07EtiO: C. 36.58; H, 4.56; N, 15.46. Found: C, 36.63; H, 4.84; N, 15.38. 

4-Amino-5-glycosylamlno-2-thlouracU (234). in a 50-mL round-bottomed flask equipped with a reflux 

condenser and drying 1tube were mixed 4,5-diarnino-2-thiouridine (500 mg, 3.16 mmol) and a-glucose (570 mg, 

3.16 mmol). DMSO (25 mL) was addeo, and the Oask was then quickly flushed with argon. The reaction 

mixture was he.ated at 70 °C for 3 h, with complete solution occurring after less than an hour. The reaction 

was cooled, evapora ted to a brown gum at reduced pressme below 50 °c, and the residue was triturated with 

ether (2 x 30 mL). The gummy residue was then treated with EtOH, ground to a powder, collected, washed 

v.ith EtOH, and then dried, gr.ing 1.0 g of crude pro:bct. A portion (700 mg) of the-. crude product was 

dissolved in hot E tOH, then filtered, cooled, and precipitated by the ~ddition of hexa·ae. The product was 

collected, washed with hexane, :-nd dried at room temperatu1 ~ over phosphorus pento¥ide: yield, 300 mg 

(43%); mp 135-142 °c 6cc; lR (KBr) 1624, 1562, 1250, 1175, 1080, 1015 cm·1, all peaks rounded and broad; 

MS (FAB) m/t 321 (M + 1); 1H NMR (MezSO~6) 6 2$."-3.0 (m, 2, H -2',4'), 3.Q5-3.15 (m, 1, H -5'), 3.34 

(m, 2, H-6'b), 3.65 (m, 2, H-6'a), 3.81 (d d d, 1, H-3', J2,;3, = 13 , ,4 , = 4.0 Hz), 4.'29 (d, 1, OH-3', 13 ,:J,. 

OH = 4.4 Hz), 4.50 ( t, 1, OH-6', '6' ,6'-0H -= 6.0 Hz), 4.88 and 4.86 (2 d, 2, OH-2',5 ' , ' 2'.2'-0H• 15,,5•.oH 

= 5.5 Hz), 5.32 (d, 1. H-1 ', J1, ,2 , = 3.2 Hz), 6.13 (apparel.· s, 2, NHz), 11.62 (br s, 1, NH), 11.95 (br s, 1, 

NH). Anal Calcd for CioH16N4O6S ·0.75H2O · 0.25EtOH : C, 36.52; H, 5.55; N, 16.22. Found: C, 36.36; 

H, 5.62; N, 16.10. This compound was found to bt very hydrotyrically unstable. 

4-Amlno-5-mannosylamlno-2-thlooracll (239). In a 50 mL ro und-botto med flask equipped with a reflux 

condenser and drying tube were mixed 4,.S-diamino-2-thiouridine (500 mg, 3.16 mmol) and mannose (570 mg, 

3.16 mmol). DMSO (25 mL) was added, and the flask was then quickly flushed with argon. The reaction 

mixture was heated at 70 °C for 3 h with complete solution occu1Ting after less than an hour. The reaction 

was cooled, evaporated to a brown gum at reduced pressure below 50 °c, and the residue was triturated with 

eth< • ('i i 30 mL). The gummy residue was then treated with E tOH, gn md to a powder, ooUected, washed 

with EtOH and drietJ. The crude product was dissolved in hot E tOH. filtered, cooled, and precipitated t-7 the 

adclition of hexane. The producr was then oollected, washed with hexane, and dried at room temperature over 

phosphorus pentox:ldc: yield, 380 mg; mp 128-132 °C dee; lR (KBr) 1625, 1560, 1440, 1375, 1250, 1170, 1065 
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cm·1, all peaks rounde<l and broaU; MS (FAB) m/e 321 (M + l); 1H NMR (MeisO-dJ spectrum peaks will 

be assigned later. Anal Calcd for Ci0H16N4O6S ·0.90H2O -0.71)EtOH: C, 36.13; H , 5.54; N, 16.21. Found: 

C. 35-97; H, 5.42; N, 16.34. ThlS compound was [01,,,.1,·I to be vei-y hydrolytically unstable. 

2,4-Dithio-6-azauridlne, 2',3',S'-triacetate (246, R == Ac). The preparation for 2,4-dithie,-6-.azauridine 

2',3' .S'-triacetate was patterned after the procedure of Beranek and ~rm.7 Under an argon atmosphere 

in a 100-mL rr,und-bouomed flask equipped with a magnetic stirring bar, reflux condenser, and drying tube 

was placed 2' ,3',5'-triacetyl-2-thio-6-azauridine (1.75 g, 4.52 mmol) and SO mL of dry pyridine. As soon 

~ a homogeneous solution was obtained, P2S5 (6.0 g, B.6 mmol) was added in one por.lon. The system was 

flu.c;hed with argon, and the reaction was heated at gt!ratle reflux for 3 h before it wi:s cooled and ailtered .. 

The residue was washed well with ether, and the filtrate an\! washings were combined and ev:iporated in vacuo. 

The resulting dark residue was extracted with EtOAc (75 mL) and ether {3 x 75 mL). The extracts were 

washed further w:th very dilute aqueous HCl to remove residual pyridine, then they were wasbed with 

saturated salt solution, dried, filtered, and evapo:-1ted. The cruci~ product was purified by flash column 

chromatography (300 g silica gel) eluting with 98:2 methylene cbloride-MeOH. An orange crystalli11e foam 

(550 mg, 30 %) was obtained; mp 52-56 °C; UV Amax 321 nm (13,700); 281 (24,600) at pH 1; 341 (15,300); 

287 (17,500) at pH 7; 340 (16,100) at pH 13; IR (KBr) 1750, 1578, 1497, 1372, 1283, 1235 (broad), 1~31, 1102, 

1079, 1046 cm·1; MS (FAB) m /e 404 (M + l); 1H NMR (MeiSO-d6) 6 4.09 (m, 1, H-4'), 4.33 (m, 2, H-5'), 

5.37 (t, 1, H-3'), 5.59 (m, 1, H-2'), 6.97 (d, 1, H-1 '), 8.12 (s, 1, H-5). Anal. Calcd for c;_.nn N3O,1S2: C. 

41.68; H , 4.25; N, 10.42. Found: C. 41.52; H, 4.37; N, 10.68. 

2,4-Dlllilo-'-azaurldine (,:46, R = D). A solution of 2,4-dithio-6-az:iuridine, 2' .3' ,5'-trfaceute (:46, 

R = Ac) (2 g, 4.96 mmol) disso:ved in -100 :."L MeOH was slowly passed through a c.olumn or Dowex 1 

resin (OH" form). The c.olumn was washed with at least 300 mL ol' MeOH, then with about 300 mL 5% 

HOAc in MeOH, and finally with 5% formjc acid in MeOH. The appropriate fractions were determined by 

TI..C and combined, evaporated, ai..eotroped with benzene-ethanol (2 x 30 mL), and dried over phosphorus 

pentoxide at room temperature; yield 610 mg (45%); mp 180-188 °C dee; UV Amax 322 nm ( 13,050), 280 

(23,6(,()) at pH l; 339 (15,230), 283 (17,970) at pH 7; 340 (15,500), 284 (17,700) at pH 13; IR (i<:Br) 1588, 

1543, 1360, 1288, U48, 1171, 1111, 1098, 1040 (broad}, 969 cm·'; MS (FAB) m/t 278 (M + l); 1H NMR 

(MCi5O-d6) 6 3.41, 3.55 (2 m, 2, H -5'), 3.83 (m, 1, H-4'), 4.03 (t, 1, H-3' ), 4.22 (apparent t, 1, H-2'), 4.65 

(br s, 1, OH-5'), 5.05 (br s , 1, OH-3' ), 5.35 (br s, 1, OH-2'), 6.71 (d, 1. H-1 '), 8.01 (s, 1, H-5), 14.60 (br s, 

1, NH-3). Anal Calcd for CaH 11N3O4S2 ·0.25MeOH: C. 34.73; H, 4.24; N, 14.73. Found: C. 34.78; J-1, 

4.50; N, 14.71. 

5'-0-( [ [(l' ,3' ,4' ,6'-Tetra-O-benzyl-11-0-alucopyranosyl)oxy] carbonyl) amin:,] sutronyl)-2' ,3' -lsopropyll• 

dene+uauridlne (249, R = O). A solution of o -gluc.opyranose (1.2 g, 2.2 mmol) in try methylene chloride 

(18 mL) was cooled to -30 °C under argon and treated with chlorosulfonylisocyanate (0.311 g, 2.2 mc;ol). 

The mixturP. was s tirred at -30 °C for 3 h, and then a solution of 2' ,3'-isopropyLioine-6-azauridioe (0.565 g. 

1.46 mmol) in t.nhydrous aoetonitrile was added. The reaction mixture was stirred at room temr•erature for 

8 h, and then dry pyridine (0.17 mL, 2.2 mmol) was added. The reaction mixture was further stirred for 10 

h at room temperature before it was C\-aporated under reduced pressure, and the resulting yellow residue was 
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column cbromatograpbeJ (silica gel), eluting with CHC13-MeOH (gradien1 100% CHCl3 ~ 95%). The fifth 

major band affc rded the desired compound as a white foam; yield 80 mg (6%); mp 80-85 °C; MS (FAB) m/e 

931 ~M + 1) and (neg FAB) m/e 929 (M + 1); IR (KBr) 3235, 3100, :,..165, 2990, 2945 (CH, NH), 1757, 1731, 

169'J (C=O), 1454. 1384, 1265, 1240, 1211, 1185, 1159, 1130, lhi3, 1071, 105J . 1')27, 984, 863, 751, 736, 698 

cm·1; 1H NMR (MeiSL;-d6) & 1.24, 1.40 (2 s, 6, isopropylidine) 3.52 1.85 (m, 6, H-2", H-3". !1-4", H-

5" , H-6"), 4.28 (m, 2, H-5'), 5.00-4.60 (m, 10, CH2Ph), 4.48 (m, 1, H-4'), 4.72 (m, 1, H-3'), 5.00 (d, 

1, H-2'), 6.12 (s, 1, H-1'1, 6.24 'd, 1, H-1"), 7.14-7.30 (m, 20, Pl\-H's), 7.48 (d, l, H-3, vinyl H), 12.3 (s, 

1, NH). Anal. Calcd for C46HsoN4O15S ·0.4HzO: C, 58.33; H, 5.62; N, 6.!>1. Found: C, 58.45; H, 5 . .52; 

N, 6.22. 

4-Acetyl-4-phenyiplperid!ne Hydrochloride. 4-Acetyl-4-penylpiperidine (10 g) was cbromatographicaly 

µuriued by elution with CHC13-MeOH (95:5) through silica gel Dissolufil)n of the crystalliz.able C'lear oil in 

E!OH (125 mL) followed by bubbling HCl gas, solvent evaporation (1'3), charcoaling in hot ethanol, and 

solvent evaporation lo about 20% c! the original volu!ne gave 3 white granular solid (4.0 g). (Further 

evaporation gave 0.8 g of a stightly impiue sample of 39.) Mp (darkens at 1SO 0 C) 229-230 °C; partial, 239-
u 

240 °C; 1H NMR (MeiSO-d6) & 9.20 (s, 2, NHi), 7.40 (m, 5, Ar-H's), 3.10 (m, 2, H-2 eq), 2.95 (m, 2, H-2 

ax), 2.52 (m, 2, H-3 eq), 2.24 (m, 2, H-3 ax), 1.94 (s, 3, CH3). Anal O ded for Ci3H18CINO: C, 65.12; H, 

7.58; N, 5.84. Found: C, 64.74; H. 7.58; N, 5.84. 
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