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FOREWORD

Citations of commercial organizations and trade names in this report do not constitute an
oflicial Department of the Army endorsement or approval of the products or services of these
organizations.
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I. Imtrodoction

This report summarizes activities performed under Contract No. DAMD17-86-C-6011 from 1 December
1985 through 28 February 1991. The purpose of this contract was to support the synthesis of a wide variety
of compounds for evaivation in the U. S, Army Medical Research Institute of Infectious Diseases
(USAMRIID) viral testing program. Compounds that were synthesized included: (1) known compounds that
were needed in larger quantities 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 Jiterature, and then 10 propose and synthesize
anglogs of these compounds. In the later stages, our target compounds were selecled by USAMRIID 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 seleclted a number of previously synthesized compounds that had been shown to have
bioactivities compatible with guals of thu project, and these were submitted for screening.

By following this strategy, we were able 1o provide over 250 compounds selected from a wide range of
compound classes. Among the compounds pursued during the course of this project are the foilowing:
substituted 1-benzyloxyadenosines, 9-substituted I-benzyloxyadenines, Ni.aminoadenosines, tetraazadiphos-
phorines, guanidines, substituted triazoies, triazolotriazoles, triazolothiadiazoles, diazoloselenadiazoles, pyrazole
carboxylates and carboxamides, adamantane derivatives, chloroquine derivatives, allopurinol acyclonucleosides,
pvrazolopyrimidine nucieosides, ribavirin nucieotides and analogs, 6-alkylmercaptopurine ribosides, benzothia-
zin-2-one oximes, methanesulfonic acid derivatives, 6-benzyl-1,3-dioxole derivatives, 9-phosphonylmethyloxyethyl-
substituted purines, as well a number of nucleosides of substituted purine and purine analogs (such as
imidazo[1,2-b]pyrazole-7-carbonitrile, 6-carboxamidopurine and the corresponding nucleosides, and 5-chloro-
triazolopyrimidin-7-one).

Il. Personnel
The following personnel comprised the synthesis laboratory for this contract/project. Dr. John A. Secrist
H1 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. Yajoanarayana H. R. Jois, Ms. Deborah A. Carter,
Ms. Lisa K Hanna, and Mr. George S. McCaleb 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.

11}. Compounds Submitted
The compounds that we submitted during the contract years are shown in Tables 1-6. The compounds
are presented in approximate chronological order of submission, and our SRI numbers and the USAMRIID

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

Soulhern Research Instiue



Tabie 1
Compounds Submi‘ted from December 1, 1985 to November 30, 198¢

SoR| Amount
Compound USAMRIID Number Prepared
AVS-001985 4544 2.0g
AVS-~001986 6767 2.0 g
AV5-001987 6768 2.0g
AV5-001588 6769 2.0 g

o] (8]
Hi i
NC - C CN AVS-00198Yy 6770 1.7 g

Southern Research Institute



Table 1 (Continued)

SoR | Amount
Compound JSAMRIID Number Prepared
0
g“ H 21CI
P 3
H, @ =NC H AV5-0019% &7 1.7 g
H
H
Hy H OH CH,
O NC AVS-D02137 6708 2,09
H H
0
N\ HY itH
% C OH  -2HCH AVS-002138 §709 2.0
H H

4G, \ Hﬁ
C, “ToLs:
n.@_@ *2HCI AVS-002139 §7%0 2

.0g
H
"
Q‘@'"”c“zc":c”zc”z'”'@—c 2HCH
<':-o c"-o AVS-002140 L34} 2.0 g
H 1 i H
CHy CH,

Southern Research lrsulule



Table 1 {Continued)

Compound USAMRIID
OH
HO=T" oM 002565
Hy
002288
2:1 Complax with
suctinic anhydride
002287
2:1 Comphax with
suecinimide
H
N('.'-('.'-l‘l2
(o] 0025866
CHJOII
0
/"" "\ o
) ¥Z 002569
OPh
|'| H

SoR|
Number

6338

6835

6842

€227

Amount

1.9 g

1.08 g

0.78 g

.09

1.7¢9

Southern Rescarch Institnis



Table 1 (Continued)

Amount
Compound SoR| Mo, AVS No. Submitted
H H
Sy NN S
P
one” \N_N/P(Oph 6854 002738 0.9g
H H
HiG
3 N—N s
N N 6855 002770 2.0g
PRO” “N—=N" NoPh
L H
H3C
N-——N
/0 \ 6856 002740 1.5¢9
H.,C NH,
“ ]
M
! ) 6862 002772 0.7 g
Cl»-lBCH2 ¢ NH2
PN
I\ 6871 002778 0.85 g
Ph NH.,
. L3
H,C //\D-Ph 6861 002779 0.8 g
- e

Southern Research lrauiluie



Table 1 {Continued)

Amount
Compound SoR! No. AVS No. Submitted
H
\ &881 002787 1.05 g
> HNO
)
O0OH
-
[ 6860 002745 1.8% g
~
H
S*CNH

I
| 6879 g02701 1.6 g
~

H
H
NC
i 6841 oe2566 2.0g
HZN
H

NE SCH, 6876 001176 1.2 ¢
CH,0
H
NC
| )5Ck, 6BB4 002869 1.53 g
H;

Southern Research losutule



Tzble 2
Compounds Submitted from December 1,

1986 to November 30, 1987

Amount
Compound SoR! No. AVS No. Submitted
NH-HCIO
2ol
HOCH
S ?! 13:1: 1 002873 1.9g
H-HCIDQ
HOCH
\g ?/ 6B86 002874 2.0g
“H Wewo,  §Ha
-o CH2<O )
\\/_“"-?[ 6887 002875 2.0g9g
H-HCIO
H CN
20O
6388 002879 .09

HOCH f

Soulkern Rescarch lonstitute



Table 2 (Continued)

Amount
Compound SoR| No. AVS No. Submitted
N
”3Cﬁ‘°°e‘ 6889 007876 L5g
H
Br
Hy . \\-COOE 6891 002878 1.1g
H

FCOOEt 6890 002877 .5 ¢

H
NH,
N Ph
0 ) /Fo 6053 002872 0.5¢
EtOCN'k“‘

6876 ©02870 0.5¢9

Southern Research imatitule



Table 2 (Continued}

Amount
Compound SoR| No. AY5 No. Submitted
NH
2z CH
MNacu N 2
0 j 2 pp 5261 002871 0.5 g
|
EtOCN
H H
-
I
CH.5 A
-
915 002293
HO 1.0 g
HO OH
1215 002700 1.0g
HO
H H

Southern Research Insitule



Table 2 (Continued)

Compound S5oR! No. AVE Mo.

Amount Submitted

NH
2
E ",0
HQCHI ayos 002995
H

R
NHCNHC-CH 5032 oozpas
Ch,
i €905 po2BBe
WHBY

207 bo20%7

oocu,

-o—cu
-HEI0, %08 oo2gne
NH N
~O—CH,;
MO
" (1 .1] oozRes
-HC]O.
W
NH N
-O-an
HO I'I1
1 a020%0
. RCIO. 910
M

MNH OCI"
—0—-CH

M CLFLL
*HCIO,

ﬁ Nz 00209
HHPR

B30 my

.35 g

10

Southern Research Insutuie



Table 2 (Continusd)

SoRi M-, AVS No. Asmount 5 wbmitted
6915 002085 2.0y
6916 06208 .09
H M
it (174 po2%e 1.5 9
H{CHy),
KW NGO
e
HOGH,
s927 0028 1 1.6 g
-HC,
H
NH F
—0-CH; Fy
HOCH,
2 170 002912 .5 g
-HC‘O.
H M
NM CFy
@)
Fy
HOGH, §92¢ 002913 2.0 9
-HC..C.
H H
Gl
CH ODEt &€930 [LH AL 0.58 g
H
M
o @ ‘ OOE1L 11} 002915 1.1¢
M
&1

p Q OOE: (1} 002916 LA

H Soutbern Remearch Lmauiote



Table 2 (Continued)

Compound SoR! No. AV5S No. Amount Submitted
s . en-
() 00kt 6533 06 917 1.9 g
H
f 6934 0.73
NHCH, 002918 P
.
F OOE: T 002957 119
H
Br
cl SOCEL 6944 o029%0 Lég
H
Br
a.—@).@,coon T 002959 1.7 g
H
H:N\“
NH-0-NHNH, - K (113 002940 1.5 g
NN,
0
0 955 00288 g
H,CNHCH
A\
HNH, 1Ty 000Z8s L g
|
Nl'l2
MK
-o-cu@cu,
HOGCH
2 "7 po29% 1.5 3
“HCIO,
N

Southern Research lostipuie



Tabie 2 (Cortinued)
. Coomsuns SoR| Mo,
NH F
-o-cu;@-ﬁ
987
HO
HCIO,
N
NH F
H
-o-cna-@-r
(10}
HO
HEKO,
H H
NH
-o-cuzcn,@
£309
M
“HCO,
|
NH CHy
-O--Cﬁz
)
HO
-WClo,
NH,
N =D
' sm
CH,Pn
0

N @ 602

ens{O) O DOR! s

13

2785 Mo, Amourt Subssltted
3532 1.h g
0o3Is 150wy
003538 1.0 g

[ 1% ] 1.9¢g
0031837 1.2 ¢
DOI5M [ 4+ -]

[ 13} 00 2.0

Southertr Reasearch lmsutule



Compound

Br
o OOEY
H
H y—py
\
-~ HH!
It
NHCNHNH,
NH CH
‘ 3
o)
HO -HCIO
]
N CH;
o-cn:©
CH.Ph -HCIo,
NM
CH.CH,
*HEI0
CH,Ph 4
N
X
Cc 3 qun - WL
1
NH

(3],

T00¢

7002

e

me

"7

AVS Mo,

0DA5AY

[ hio]]

DD3SAS

003550

0035581

003507

L1} A1)

14

o33t Submitied

1.7 g

1.3

1.09

1.5 ¢

Southern Rescarch lastitune



Campound SoR| No. AVS Wo. Amount_Subesitiad
HH:
4
c 7018 003611 1.5
1
NH
I N b

Phaf\»‘w"o: 7019 coM12 L5¢
ci
c.ooa 7020 003613 159
H

Cl
ODH 7021 LOM N 0.75g
"
NO, % T 1Y 7022 003615 2.0@
H
' “H
cenmmt b, 7023 003677 .09
CH3
5
i 7024 P03 .09
CNNHCNK,
Cl'ls
703 003679 .09
. N
.‘H: 2 N 703 [1-321 0] 1.5 g
—

Southern Research Insiitule
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Iphia 2 (Continued)
Amount
Compoimd Sof | MNo. AVS No. Submitied
7055 001813 lg
7056 0d3y12 0.9 ¢
H
HH
~0-CH
3 705: (M 0.85 g
ch,
CH,Ph “HCIO,
NH
Icl
708 [T31TH 1.6
HHINH" “NHRO, y 8
HN_»
A 7089 003PIE 1.6 g
crry HNO,
Brg” & 060 00391 10
\
]
C"':"'@'ﬁ\ Ty cook 7081 003913 .09
H
Br
™AL OOk 1061 poIvTe Ny
o,n—@-\\/\.{
= H

Sou.nermn Resesrch Instiuts



17
Tebls 2 (Continuad)

empound SoRl No. AVS Na. SuDmitted

ci
e 1.
ozum 7063 803920 $o
W

7065 03D .0g
i THCIO
-
oM
NH F
*""1'@
7086 (TEEY .0¢
i “HCIO
[ |
N
NH F
R ®)
. 7067 001942 1.5¢
-NCIo,
NH
1
"o :: 7063 0038a) .2 g
"o ‘HCIO
i
oo
7989 0033 g
HO
‘HCIO,
Br
o ,@Q—mon n ooYs 1.5 g
) A
N
8w
CH,CNHNHTNHRO, T2 [ 1.56 @

Southern Research Institute



Amount
Cumpound SoR | Mo, AVS No. Submittad
H
H% 7078 1.39 g
J
NH,
i
HN-CHICH,) ~NH-CH, CH,
O 7086 003980 5.26 @
ct
C|-5
CH,0 @ O0EL ToNn 003996 .04
H
)
cnOOEt 7082 003997 “ 20g
H
Ci Br

CIMCOOEI 7083 003v3E .5y

1 €
a{O) ' 0Okt 7088 003998 L5g
=

H NH,
m *Har 7085 004000 .05 @
H
ewd? ) 7084 00a001 .15 g
NHy

Southern Rescarch lnsutule



Table 3

19

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

Compound

Br 9
2N
HO o
HO OB
Br\(’i; N,
\
N —NE
NB,
N0

SBR] Kumber

7122

7123

4544

1258

7132

Amoant

AYE Number Submitted
dooisl 5.0 g
000231 6.0 g
001985 5.0 ¢
002700 5.0 g
Do4i2l 0.5 r

Southern Resesrch lastitine



Table 3 (Continued)

Coampeound SRl Nuzmber
NB'ECIO‘
~0CH
I ﬁﬁJ 2 ;:> 7133
| A3
cx,y
NE-BHC10, CE,
oc2,~0)
[ N) 2 7134
-~
|
Chy

7128

NE
<fﬁh~ﬂaﬂjsy
= B 7150

H 4]
0B
08
-
N
N\
B
NEH 7151
B. e}
|
\
BzC 0Bz

AVS Number

004122

004123

004124

004204

004205

Amount
Submitted

1.2 g

2.0

0.B4 g

Southern Research Insuute



Compound

i
NECCH,
~N
EqC N\
b,
/ N\
NENO,
NEZ-HBr
a5
i
NBCCEH,
s
IJ::-‘:,'r
HHﬁCEs
o)
CBa
~N
gge—’ |\
!
T
?:S
SE
oo
>~
O0H OFE

Tuble 3 (Continued)

ER! Nuomber

7152

7182

7154

7158

7159

7148

AYS Number

004206

004207

004208

004213

004214

004215

21

Amount

Submitted

1.2 g

1.15 g

0D.82 g

1.2 ¢

-_Eomhum Research [nsuitute






Table 3 (Continued)

Amount
Compound SR] Nuzber AVS Rumber Submitted

NH -BC10, :
a9pacl
& CB, 7189 004225 2.0 g
B 0
i
O  JE
NH-EC10,
| —ocnr@?:
>

/ CE, 7170 004226 1.2 ¢
o

7171 004227 0.8 ¢

0

COCE,CE, 7172 004228 1.6 g

Southern Ressarch Jmaliluie



Compound
. Br ¢
O ;
I
B
C'
A ll
!
N—NB

SRI_ Nuwber

7173

7174

Table 3 (Continued)

AVS Number

004228

004230

24

Amount
Submitted

2.0 g

1.8 g

Southert Reearch Imtluiie



Table 3 {Continued)

Amount
_Compound SRI Number AVS Number Submitted
+ HC10,
—DCH;_.
7187 004533 850 mg
BO OH
NHz
e e V]
Br |
" ° 7188 004532 440 mg
HO o
7189 004531 00 mg
NHCH,
—0
" 7190 004830 500 mg

HO oH

Southern Research Instuuic



Table 3 (Continued)

Compound SRI Number AVS Number
—0CH -<(§S
Br | 2
719" 004528
HO| 3
1
HO CH
o
SH
N(CHa)p
y
B
(Cﬁal'a;yn N 7193 004587
!
N
1-1’|'kr:(t:1-13)z
NH HaC
-NHz'H305-©-CH3
HaC
o 7194 04588
HO OH

Amount

Submitted

800 mg

1.6 g

1.5 g

0.7 g

Southern Research Instinurs



Table 3 (Continued)

27

Amount
Compound SR! Number AVS Number Submitted
@—Q:coom 7205 004812 1.4 g
Er
OOEt 7208 0046813 1.5 g
1
OOEt 7207 1.2 g
NH,
1 7208 0.€
004618 :
Et,N~C-$7|_-O ¢
i
HO OH
-ocnz@
HOM o 7214 004819 2.0 g
]
HO OH

Southern Reszarch Instwie



Table 3 (Continued)

Amount
Compound SRI Number AVS Numter Subrnitied
7215 D0AB20 1.0 g
/ "OCHz
F
7216 004821 1.0
H o} 0 8
HO OH
=0CH
F
B S 7217 00486822 2.0 g
\
HO OH
NH
HaRs I 7220 004623 450 mg
N

€ uthern Research Insisuie



Table 3 (Continuew,

Compound SRI Number
NH
Nh
I\/F/ 2
7229
HO"} _o HEl
05520
1e OH
HzN —-—]
0 e ]
H 7186
HO-T
HO
H 8
Hg
EtO
‘ 7228
Hqg
omp CHg
H
Hy
£t0
‘ v227
CHq
g CHa

29

Amount

AVY Humbper Submitted

004624

004722

004720

4.75 g

1.0 g

0.9 g

Southern Research



Eggl_g_g {Contnued)

30

Amount
Compound SRI Number AVS Number Submitted
@}
7259 04526 0.4
HC/ 0 g
BEO
¢) OH
N
2 \]f: ;
49861 004685 0.200 g
0
HO
OH OH
0]
Hzﬂ\
7238 004866 0.247 g
HC
OH OH
0
HpN~—
7251 DP4BT1 0.210 g
0
i
©&o g

Southern Research lnsinute
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Table 3 {Continued)

Amount
Compound SR] Number AVS Number Submitted
NCH, ‘HC10;
3
-ocn2-©§s
7252 004872 0.800 g
H 0
OH CH
-HC10,4
NCHa F
—OCH2-©—F
7253 004873 0.450 g
B o]
0H OH
7254 N04874 0.450 ¢
NHE-HCIO, CHg,
OCH,
7255 004875 0.500 g
2
o o]
OH OH

Southern Research Inshiute
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Table 3 (Continued)
Amount
Compound SRI Number AVS Number Submitted
@'@:COOR 7269 05047 1.3 g
Cl
@ Q COOEt 7270 005031 1.4 g
7271 005032 0.7 g
CH40
7272 005033 1.5 g
CHa0 )
Hel0,
NCHy  CH,
"°CHa‘© 7274 005034 0.275 g
OH

Southern Research Insuiute



Table 3 (Continued)

33

Amount
Compound SRI Number AVS Number Submitted
NH,
~—»0
7 1O 7275 005035 0.500 g
HO\ _0O
OH OH
O
| CHg
HOC
7276 005036 Q.600 g
CHj
EtO
7277 005037 0.600 g
H,N
7278 005038 2.2 g
Hy
H’\ﬁjj/
OH OH
. 0
: O I
CCH,
, 7288 005048 4.0 g
y -HC

Southern Reseaarch lmstnuie



Table 3 (Continued)

Comypound SoR! Number AVS Number
HoN
? 7301 005067
CHaO-T-— 0
e Ce

HoN
7304 005015
H
7319 005082
7320 005083

Amount

Submitted

2.05 g

150 mg

1.2 g

1.2 ¢

Souihern Research [nsutuie



Table 3 (Continued)

35

Amounti
ScRl Number AYS Number Submitted
7321 005084 1.2 g
7322 GO5085 1.2 g
7323 DO508BE 1.2 g
Ta2h 5.0 g
7329 005223 0.6 g

Southern Research lnaatute



Table 4
Compounds Submitted from December 1, 1988 to November 30, 1989

Amount

Compound SoR! Number AYS Number Submitted
SOUN
- 2
7369 005475 1.2 g
écH,
7370 005476 1.2 g
7371 005477 1.2 g
7372 005478 1.2 g

Sounbern Reasearch msutute



Table 4 (Continued)

Compoun SoR] Nyumber
7373
7387
Ac
HC104
~0=—CH
Ha
8BB7
OH

AYVS Number

00547¢

Do287%

Amount
Sybmitted

1.2 g

50 g

S0 mg

37

Southern Research Insttoie



Teabie 4 (Continued)

AVS Amroum
Compound SR]_Number Number jtzed
‘WO, 5
- 6767 001985 100 mg
-
oM bu
0, g
) 6887 002875 100 mg
on
. OCNyCRuCRy
.@ 7304 005576 700 mg
i iy
orny
7393 005575 12 g
7395 005577 12 g
7396 005578 12 ¢
nallh 7398 105 mg
-]
o8

Southern Festarch [mstitute
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Table 4 (Continued)

AVS Alncrmg
—— Compoupd SR] _Number Number ubmirted
CICH,$O,0CH, CH,CH,CH,0S0,CH, O 6362 005586 1g
CH,S0. ©,OCH,CH, CH, CH, 0S0,- 6363 005584 1g
A8 G,
CICH, SO, OCH, CH,CH, CH, 080, CH, 644D 005583 13
c:-x,soé S0, OCH, CH, CH, CH, - 6441 005585 1g
050,
{:Q 7249 000223 2
k-
)
o e
Py =y

CQ 1214 500 mg
"y

& 7426 005603 2 8

L
@gm 7427 005604 12 g
Ol «

Ll

Soutbern Research lnsutuie



Table 4 (Continued)

__ Compound SRI Numher

7428

7429

7430

7496

AVS
Nymber

005605

005986

12 g

3¢

07 g

1.9 g

Southern Ressarch Imstitute



Table 4 (Continued)

Compound

CH

(\T i

M\HHCHH?—CHG
CH,

NH- HCI0,

'-ocnz,-<(§>-ocna

NH Kclo,

MN-OCH@
! [ —

CH,
HO‘iHe o
-HCIO, NOy
-OCHZ@

“HCI0, CH,
‘ -ocn,-@cn,

HO— X\,~CONB
HoJ_o \ :

AVS
SRl Number Number

689 2885
7037 3579
7008 3607
6927 2511
7168 4224
7494 6108

4]

Amono
Sybmirtted

33

50 g

20

20 g

20 g
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Table 4 (Continued)

AVS Amomt
Compound SR Number umbher Submiited
7194 4588 20 g
1215 2700 50 ¢
NE, T208 4618 20 ¢
: 3
: y
Et,NCS :o:
HO  bH
7037 3579 25 ¢
(second
batch)

Soutbern Research Inststuce
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Compounds Submitted from December 1, 1889 to November 3¢, 1880

e COmpound

uaZ:cn,).mm

SRI Nugber

7557

7553

7541

7542

AVS
Number

3980

6753

6754

6752

Amount
Submined

255 mp

710 mg

350 mg

693 mp




Table § (Continued)

SR] Numpber

7152

%/

7573

AVS
Number

4206

Amonnt

24

11g

10g




-

BT:B-CH,-N

Table 5 (Continued)

SRI Nomber

7589

7557

7153

7586

AVS
Number

7120

4205

6787

45

Amount
Subminted

100 mg

656 mg

141 g

Southern Resexreh Insutuie



Table 5 (Continued)

7597

7687

6767

AVS Amoont

124 20¢
100 mg
1986 10 g

Sootherr Ramexrch lnnacte



Table 5 {(Continued)

Compoupd = SRI Number

- HONo,
~OCH
HOH, 6887
HO OH
H'HCIO‘ hr ey
-o-c13<0)
6767
: |
BO  OH
*‘*%5 ™0
\/\of\ﬁ-—(%elm‘),

2 .
A\
7718

7717
H
HO H

AVS

47

Amount

Nupber Submjned

1986

8354

0015

8355

1.0

1.0 g

497 mg

19 g

100 mg




Table 5 (Continved)

AVS Amount
Compound ______ SR Number Number Supmirted
7699 &353 300 mg
Ae
AC AC
NE,
5944 92 mg

i

~HCl

0 &
B
8
8

NE,

5970 98 mg
H
H
H

NH,

g
3 4395 20 mg
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Table 5 {Continued)

Compound =~ SRI Number

4541

4552

5160

5174

5566

AVS

49

Amount

20 myg

20 mg

20 mg

20 mg

20 mg

Soutbern Remesroh Losjtule
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Table 6
Compounds Submitted from December 1, 1880 to February 28, 1881

AVS Amount
Compound SR] Number Number  Submitted
H
|
Ac o] T8 300 mg
Ac Ac
e 300 mg
| =Clu 7787 200 mg
He
H ~Mean 7788 200 mg
‘Hp
=0 T790 464 m
Bzl ﬁ o mE
Bzl 0-C-NH-$- o\,
Bzld
o
HqeC Hqy

Southern Research Instituie
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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. Chemlsiry

As pieviously mentioned, our efforis were direcied toward a number of target compounds and compound
classes. The following paragraphs provide s synopsis of our activities for each year.

Much of the first year was used in setting up and organizing the laboratory. Furthermore, our targeting
of compounds was slowed by the delayed development and distribution of the USAMRIID list of antiviral
compounds. Still, we were able to select and synthesize 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 Nl-benzyloxy adenosine/adenine compounds; N,N’-substituted 14-
phenyldicarboxamide analogs; tetraazadiphosphorines; and ascorbic acid derivatives [as analogs of B-L-threo-L-
glycero-3-hexulofuranosonic acid, 2-(5'-methyl-2-furanyl)-a-lacione]. We also began pursing the preparation
of substituted imidazoles (as precursors 10 substituted 3-deazaguanines) and 6-substituted (and 6-substituted-8-
aza) purine nucleoside analogs.

During the second year, we continued 10 pursue many of these compounds as well as other targets. A
summary of all compounds submiited during tbis year incluucs: substituted N-benzyloxy adeposine/adenine
compounds; selenadinzoles; triazolotriazole compounds; various related 6.substituted analogs in the purine und
8-azapurine; 8-chloro-and 8-methylthio-3-deazapurine; ethyl 5-(substituted phenyl)-2,4-dioxobutyrates as analogs
of methyt 4-chloro.5-|24-dichlorophenyl)pyrazole-3-carboxylatc [AVS-000332); adamantane derivatives; and
allopurinol (or 4-hydroxypyrazolo[3,4-d]pyrimidine) analogs. In addition, we also synthesized these USAMRIID
requested compounds: 4(5)-bromo-1(3H)-imidazole; and desethyl chloroquine; and we submitted five previously
synthesized compounds from the SRI compound archives including: etbyl 6-amino-S-nitro-4-[(2-phenyl-2-
oxocthyl)amino}pyridin-2-ylcarbamate  oxime;  ethyl  S-amino-3-(3’,4'-dimethaxypheayl)-2H-pyrido[4,3-
b][1.4)oxazin-7-ylcarbamate; ethyl  S-amino-1,2-dihydro-3-[(N-methylaullino)methyl]pyrido[3,4-b)pyrazine-7-
carbamate, hemiethanolate; 9-ribofuranosyl-2-methylthiopurine; and 9-rivofuranosyl-6-ethylthiopurine.

Our targets for the third year included: substituted N'-benzylory adenosine/adenine compounds (analogs
of 2'-deoxyadenosine, 9-benzyladenine, 9-methyladenine, 8-bromoadenosing, S-p-D-arabinofuranosyladenine,
9- p-D-ribofurancsyl-6-methylaminopurine, 2,6-dlaminc-S-B-b-ribofuranosylpurine, and 7-deazaadenosine); N'-
aminoadenine and N'-aminopurinenucleosides; other S-(substituied pheny))pyrazole carboxylates and
carboxamides; triazolotriazole nucleosides and triazolothisdiazotes; sliopurinol acyclonucicosides; and
dihydroquinolines and tetrahydroquinolines. Among the USAMRIID-specified compounds were 3-bromo-1-p-D-
ribofuranosylpyrazolo[3,4-d]pyrimidin4(5H)-one:  5-bromo-3-nitro-1,2.4-triazole; sdencsine-N' oxide; 6
ethylmercaplopurine riboside; tiazofurin 5’-monophosphate; 7-cyanoimidazo[l,2-b)pyrazole; ribavirin 5'-
monophosphate, tidavirin 5’-methylphosphate, snd ribavirin 5'-diphosphate; and Formycin B. One other
USAMRIID-requested activity was the further purification of a USAMRIID-supplied saiiple of 4-acetyi-4-
phenyipiperidine.
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Compcunds synthesized during the fourth year included: more N'-benzyloxyadenosines; 6-benzyl-1,3-
dioxoles {as podophyliotoxin and Justicidin B analogs); 3-phenyl-1,4-benzothiazin-2-one oximes; methanesulfonic
acid derivatives; formycin B 2',3'5'-triacetate [AVC-0096}; the free acid of ribavirin monophosphate, 1-
ribofuranocsyl-7-cyanoimidazo[1,2-b]pyrazole; 6-allylmercapiopurine riboside; 6-ethylmercapiopurine riboside
{AVS-2700]; 4-amino-1-pB-D-ribofutanosyl-pyrazolo[3,4-d]pyrimidine; 3--butyl-1-adamantyltiiourea; 9-(2-phos-
phonylmethoxyethyl)adenine (PMEA); 5-(1.3-dihydroxy-2-propoxy)-4-hydroxy-1,2-pyrazole-3-carboxamide; N
sminoadenosine mesitvienesulfonate salt; and adenosine 5’-diethylthiocarbamate.

During the fifth year, the compounds submitted for screening included:  4-(4’-ethylamino-1°'-
methylbutylamino)-7-chloroquinoline [AVS-3980j; ribavirin triphospbate;  $-[2-(phosphonylmethoxy)ethyl]-
guanine (PMEG); 1-(2-(phosphonylm. -~Tyethyl}-1,2,4-triazole-3carboxamide; the diammonium salt of 1-
{(phosphonylmethoxy)ethyl}-1,2.4-tnazole-3-carboxamide (AVS-6469); 1-[2-(diethylphosphonyimethaxy)ethyl]-
1,2,4-triazole-3-carboxamide; 6-ethylsulfonyl-9-p-D-ribofuranosylpurine; 3-acelamido-7-amino-6-methyl-75-s-
triazolo[5,1-c]-s-triazole (AVS-4206); 1,3-bis-(morpholinomethyl }-tetrahydro-2(LH)pyrimidinone; 1-
morpholinomethyltetrahydro-2({ LH)pyrimidinethione; 1.morpholinomethylietrahydro-2(LH)-pyrimidinone; two
batches of S-chloro-3-p-n-ribofuranosyi-s-triazolo[1,5-ajpyrimidin-7-one (AVS-0124); 3-(2,3,5-tri-O-benzoyl-D-
ribofuranosyljamino-5H-s-triazolo[$,1¢]-s-triazole (AVS-4205); 3-imino-2H-2-(2.,3,5-11i-O-benzoyl-p-D-
nbofuranosyl)-s-triaznlo[$,1-c}-s-triazole; 3-amino-1-(2,3,5-tri-O-benzoyl- p-D-ribofuranosyl)-s-triaznio[5,1-c]-s-
triazole; 6-amino-24-dithiouracil; muitipie batches of 1-(3-methylbenzyloxy)adenwine (AVS 1986), 1.(2-
methylbenzyloxy)adenosine (AVS-2875); 6-carboxamidopurine riboside (AVS-0015); 4-thio-6-azauridine; the
triaceiate of 4-thio-6-azauridine; 3-deazaadenosine; carbocyclic 3-dcazaadenosine; arahino-3-deazaadenosine;
carbocyclic 8-azaadenosine; carbocyclic 2'-<deoxy-B-azaadenosine; carbocyclic 2°-deoxy-8-azainosine; carbocyclic
2,6-diamino-8-azapurine-2’-deoxyribofuranoside; carbocyclic 2'-deoxy-8-azagusnosine; carbocyclic 2’-deaxy-8-
aza-6-ihioguanosine; and carbocyclic 2-aming-6-methoxy-8-azapurine-2’-deoxyribofuranoside.

During the final three months comprising the contract extension period, we synthesized and submitted
the following compounds for screening: 4-amino-5-glucosylamino-2-thiouracil; 4-amino-5-mannosylamino-2-
thiouracil, 2.4-dithio-6-azaundine, 2',3’,5'-tri-O-acetyl-2,4-dithio-6-azouridine; and 5'-O-[[[[2'.3",4",6'-tc1ra-
O-benzyl-a-D-(glucopyranosylYoxy|carbonyljamino}sulfonyl]-2° 3’-isopropylidene-6-azauridine.

The following paragraphs provide descriptions of the procedures used 10 synthesize the compounds under

this contracL
Syhstitut . lo d ine §

These compounds were pursued because they had been previously prepared at SRI and had been found
10 haw some antiviral sctivity. The preparations for sll of the O-alkylated analogs of adenosine Nl-axide
followed the same general procedure, and therefore, only summarized data will be presented for many of the
analogs. The precursor for these analogs was the parent compound adenosine Nl.oxide (la), which was
prepared by axidation of zdenosine with m-chloroperoxybenzoic acid,!> as shown in Scheme 1. Compound
la was zlkylated with the appropriately substituted benzyl and alkyl bromides to give the corresponding
alicylated N'-oxyadenosines, and the resulting adducts were then immediately converted to and isolated as their
respective perchlorate salts, as shown and listed in Figure 1. The submitted alkylated Nl-oxyadenosines are
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indicated as 2a-0. (Pertineni data for thesc corpounds and the following alkylated N'.oxyadenine analogs are
also given in Tables 1 and 2.)

We also synthesized Nl-oxy- and .¥).benzyloxy- analogs of 2'-deoxyadenosine, 9-benzyladenine,*” end ¢
methyladenine. As is aiso shown in Schemes I and I1, the N'-oxide precursors for these compounds were also
made by treatment of the corresponding, 2'-deoxyadenosine, 9-benzyladenine, and 9-methyladenine with m-
chloroperoxybenzoic acid'? 10 give their corresponding N'-oxides 1b-d. (The syntheses for 9-benzyl- and 9-
methyladenine are given in Scheme IIL) These N'-oxides were then alkylated with the appropriately
subst:tuted benzyl bromides as indicated and converied 10 their respective perchlosate saits 2p-u, as shown in
Figure 1. Since, the procedures for making all of these compounds again were identical, we have supplied
only summarized information and analytical data for these compounds in the experimental seciion. No
detailed synthetic procedures have been provided fur these compounds.

Other synthesized N'-oxide- and 1-benzyloxy- analogs include those of the foliowing compounds: 9-p-D-
ribofuranosyl-6-methylaminopurine:arabinofuranosyladenine;8-bromoadenosing; 2,6-diamino-9- p-D-ribofuranos-
vlpurine, and ?<deazaadenosine. (Scheme IV shows the synthesis of 9-p-D-ribofuianosyl-6-methylaizinopurine.)

As shown in Schemes 1, II, and TV, the N'.oxides of these compounds, le-i, respectively were prepared by
the oxidation of these nucleosides with m-chloroperoxybenzoic acid. Nl.oxides le and 1g-h were then alkylated
with the indicated benzyl bromides to give the 1-benzyloxyadenosine analogs 2v-w, 2x, and 2y, respecli;'cly, as
shown in bigure 2.

NN’ -Substituted 1,4-Phenyldicarboxamide ansalogs

Compounds 4-9 had been previously prepared at SRI, and therefore, submittable quantities were already
gvailable in our compound srchives. Before these compounds were submitted, they were purified and
recbaractericed to ensure their integrities (Scheme V).

Tetranzadiphosphorines

The synthesis of these compounds was based on the activity that compound 10 had shown in the
USAMRIID screen. Compound 12 was synthesized by adding phenyl dichlorophosphate in acetonitrile to a
solution of tricthylamine and anhydrous hydrazine in acetonitrile, while analogous routes werc used (o
synihesize other congeners. We made compounds 15% and 1774 by following the route shown in Scheme VI.
The main difficulty in preparing these compounds was the separation and purification of the desired proJucs
from the mixtures obtained in the reaction sequences. Similar, but more severe problems were encountered
in our attempls to synthesize compound 16 by the analogous approach aiso shown in Scheme ITl. Siace this
meant that the isolation of compound 16 would probably be labor and time intensive, we decided to shift our
efforis toward other potential targets.

cld Derivatives alops of §- -L-g} 3 lofuranosonic Acid, 2-(8'-Methyl-2-furs

-lacio

Compounds 18-20 were requested by Dr. Ussery and were synthesized by the route shown in Scheme viL®
Simethoxymethylfuran (22) was first made from 2-methylfuran by treatment with bromine and potassium
acetate,'? and then it was coupled with 1-ascorbic acid to produce 18. Complexes 19 anc 20 were then formed

by incubation of 18 with succinic anhydride and succinimide, respectively.’?
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Selenadinzoles, Triazolotriazoles, Trinzolothiadiazoles, Triazolotriazole Nucleosides

This series of triazolotriazoles, selenadiazoles, and thiadiazoles was synthesized on the basis of the activity
of lead compound 23. We synthesized scichadiazoies 24a-c by following Scheme VIII. We also obtained
bicyclic compound!*® 25 from aminoselenadiazole!? (24a) by treating this compound with 2-chloroacetophenone.
When we tried 10 make closely related compounds 24d, 24e, 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, we
shified ou- interests 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 MN-njtroaminotriazole (27, R = H) in pood yield by nitrating 3-amino-1,2,4-triazole.’®  This
compound was then reduced with activated zinc to give hydrazinotriazole (28, R = H),!* a compound that
was 100 unstable to submil. However, we were able 1o use this compound in the synthesis of triazolotnazole
29a, which as shown in Scheme IX was made by the treatment of 28 with cyanogen bromide.’® We also were
able t0 use this general procedure to make analogs 29b,c by the routes shown in Schemes IX and X The
corresponding phenyl and methyl substjtuied aminotriazoles for these compounds were first synthesized, since
they were nol commercially available,

To prepare triazolotriazole 29b, aminoguanidine was benzoylated in pyridine to give 30 and then cyclized
at 220 °C'6 10 give aminotriazole 31. This compound was then nitrated 10 give nitroaminotriazole 2711
Reduction of the nitroamino compound 10 the hydrazinotriazole 28b followed by cyclization with cyanogen
bromide produced ruiazolotriazole 29p 1415

We synihesized triazolotriazole 29¢ by following a similar approach. Nitroguanidine was treated with
hvdrazine to give 33, which was acetylated to M, and 'hen cyclized with aqueous sodium carbonsie giving
nitroaminotriazole 27¢.!718 Reduction with zinc/acetic acid followed by treatment with cyanogen bromide pave
the desired compound 29¢.!?

As shown in Scheme X, bicyclic ~ompounds 37-39 and 41 were made from triaminoguanidine (35), which
was easily obtained by the addition of hydrazine 1o aminoguanidine. Compound 37 was made via a two-step
process: triaminoguanidine (38} was treated with acetic acid and heated so thai the acetylir'aminoguanidine
cyclized 1o triazole 36.!° Compound 36 was then further cyclized 1o triazolotriazole 37 by treatment with
cyanogen bromide.!> Similarly, triazolotriazole 38 was also obtained from triazols 36 by treatment with carbon
disulfide. Triazolotriazole 39 was made directly frcm triaminoguanidine (35) by treatment with two equivalents
of cyanogen bromide. The Jast triazolotriazole made by this approach was iriszolotriazole 41.
Triaminoguanidine was heated with formic acid giving triazole 40, which was then further cyclized by treatment
with carbon disulfide to triazolotriazole 41. Oiher compounds resulling from this series were the ™wo
triazolotriazole acetates (42 and 43) by 1reating 23 (the parent compound for this entire series) and previously
subm.ited 37'7 with acetic anhydride.

We alsc syntbesized four new triazolotriazole derivatives as well as wo new ribosylated triazoles and ™wo
triazolothiadiazole compounds. As shown in Scheme XI, triazolotriazole analog 44 was obiained by the
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following two-step process: triaminoguanidine (35) was heated with acetic acid, and the resulting acetic acid
adduct cyclized to give triazole 36.!° Triazole 36 was then cyclized 1o triazolotriazole dithionide 44 via
sequential treavment with carbon disulfide and methyl iodide.

Scheme XTI shows that the ribosylated triazolotriazoles were made by treating t' - series pareni compound
(23)*7 with stannic chloride and 2.3,5-tribenzoylribofuranosyl-1-acetate,?® The major product from this reaction
was adduct 45, which was deprotected with NaOMe and MeOH to give ribosylated triazolotriazole 46. One
of the minor products, compound 47 was also isolated in sufficient quantity to allow deprotection to
ribosylated triazolotriazole 48. However, closer inspection of the literature revealed that this compound had
bern made under a previous I' AMD contract ir. 1979. Therefore, we assumed that USAMRIID already had
access 10 this compound, and it was not submitied to USAMRIID. Another of the minor products of the
ribosylation reaction was compound 49. This compound was submitted in its benzoylated form, because even
the mildest of deprotection conditions also cleaved the ribosyl linkage.

As shown in Scheme XIIT, triazolothiadiazole 52 was made by following the same general sequence used
to make the other triazolotriazoles. Aminothiadiazole was nitrated!>!® with fuming nitric acid to give
nitrcaminothiadiazole 51. This compound was then reduced with zinc and acetic acid, and the resulting
hvaiarinothiadiaznle was cyclized with cyanngen hromide tn give triaznlothiadiazole 82. Nitroaminothiadiaznle
81 was alsu used to make one other iriazolothiadiazole. Reduction of 51 with zinc and scetic acid followed
by treatment with carbon disulfide gave triazolothiadiazole 53.

Scheme XTIV shows the route followed for synthesizing one final triazolotriazole derivativ. 85. This
compound was obtained by treating previously submitted triazolotriazole $4 with Gold's reagent.?!

6-C-Substituted Analogs [n the Purine and 8-Azapurine; 6-Carboxamidopurine Riboside (AVS.
00185)

As a result of our efforts aimed at various 6-substituted analogs in the purine and 8-azapurine series, we
synthesized purine-6-carboxylic acid (57a) and purine-6-thiocarboxamide (57b). Scheme XV shows that these
compounds were mede by treati . ommercially available 6-iodopurine with copper cyanide and then tre~ting
resuiling 6-Cyanopurine (56) with 2 N NaOH or H,S/ethanolic amianonia 10 give 57a,b, rt:s|:|nm:liv..l'cly.22 We had
boped to alter these compounds further by halogenating the 8-position. Jnfortunately, when we atiempied
a number of approaches to these ali~rations, all of these efforts resulied in compiex product mixtures.
Similarly, our attempts 10 synthesize purine and B-azapurine analogs such as 58-60 from either 2.6-
dichloropurine or 4,6-dichloro-5-nitropyrimidine failed to give promising results.

Our apprusch to the synthesis of 6-carboxamidopurine riboside (63)%* is shown in Scheme XVI. 6-
Carboxamidopurine 61 was made by carefully treating 6-cyasnopurine (54) with sodium hydroxide and then, it
was coupled with 1,2.35-tetra-O-acetylribofuranose usitng SnCl, as catalyst, according to the procedure of
Robins er al? The resulting nucleoside trizcetate 62 was then deprotected with MeOH/NaOMe to give the
desired nucleoside €3.
£Chioro-and 8-Methvithio-3-deazapurjne

We also attempted to synthesize 8-substituted 3-deazaguanines 64 foliowing Lhe approack shown in
Schemme XVILE® [ our pursuit of B-chlorn-)-Ccazaguanine {64a) we made and submitied precursor 65.
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Unforiunately, we couid not cyclize this intermediate by treatment with ammonia, even after employing a
number of treatmient conditions. Insiead, we obtained low yields of uncyclized amide 66 from all of our
reacdon atwempts, suggesting thai the chlorine was deactivating the sy-tem toward cyclization.

We also pursued the synthesis of methylthio-subsiituted 64b by following the same general approach as
followed for 64a. As shovn in Scheme XVII, we again were able to synthesize our target precursor 74, but
as with the chlorine-containing analog, we were not able to cyclize 1o 64b, and the only recoveruble product
afier the cyclization atiempt was amide 75.

Ethy! $-{Substituted Phenyl)-2,4-dioxobutyrates (As Analogs of Methyl 4-Chloro-5-[2.4-dichlorophenyllpyrazole-
3-carboxylate [AVS-000332])

We also synthesized a number of substituted pyrazoles such as 76 and 77 as analogs of methy! 4-chloro-5-
{2.4-dichlorophenyi]pyrazole-3-carboxylate [AVS-000332], which USAMRIID had shown 10 be effective against
PIC, VEE, and JBE viruses. Following a procedure developed by Knorr er al?’ we mace ethyl S-
methylpyrazole-3-carboxylate (76a) from cthyl 2,4-dioxovaleraie ana hydrazine. Halogenation at the 4-position
using the standard procedure of bromine or chlorine in acetic acid, 1s shown in Scheme XVIII, gave 773 and
77h,

The synthesis of our other pyrazole analogs with R = vaiious substituied phenyls and pyridyls were
essentiall; the same. The required etnyl 5-substituied-phenyl-2,4-dioxoburyrates were made by condensing the
appropriately substituted acetophenones or arzcylpyridines with diethyl oxalate.®® As with the synthesis of
pyrazole 7§, these butyrates were treaied with hydrazine nydrate to produce the  responding pyrazoles.
These pyrazoles were then either suhmitted as is, or the pyrazole rings were halc nated by treaument with
either bromine or chlorine in aceti: acid. Interestingly, we were unsuccessful in our attempt 10 make the 4
chioro products of ethyl 5-(p-tolyl)pyrazole-3-carboxylate 7oi 2n¢ ethyl 5-(p-methoxypbenyl)pyrazole-3-
carboxylate 76h. Similarly, we could not control ciiner the chlorinatioz or biomination of 5-(2.4-
dimethoxyphenyl)pyrazole-3<arboxylate (76§). Chlorination of the activated phenyl rings of 76f, 76h, and 76i,
and bromination of the phenyl ring of 764 were found 1o compete with the corespording halogenations of
the pyrazoies under our reaction conditions, and as a result, we routinely obtlained mixtures of polychlorinated
(or polybrominated) products. Since we were unablc 1o find a chiomatographic system to separate these
compounds, and since we already had a large numbers of analogs, we decided that no additional effort should
directed toward these specific compounds until we received screening data

We were also unshle 10 obtain one otber target pyrazole, ethyl 5-(p-biomophenyl)-4-chloropyrazole-3-
carboxylate. Our attempts to ohtsin this compound oy chlorinating e¢thyl 5-(p-hromopheuyl)-3-carboxylale (76c)
resulted in the unexpecied formation of ethyl S-(p-chlorophenyl)-4-chloropyrazole-3-carboxylate (77g), even afier
reaction times a5 shor: as 1 h.

In addition, we alse made pyrazolecarboxamides 78ab. As shown in Scheme XIX, these compounds were
made bv treating the corresponding etbyl pyrazolecarboxylates with smmonium hydroxide. Thus far, we have
limited production of the pyrazolecerboxamides 10 just thzse two. However, if these compounds show
promising activity, w= will expand this series by conver:ing other pyrezolecarboxylates 10 their corresponding
carboxamides.
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5-(1,3-Dihydroxy-2-propoxy)-4-hydroxy-1,2-pyrazole-3-carhboxamide

Finally, we also submitted one other pyrazolecarboxamide 5-[(1.3-dihydroxy-2-propoxyymethylj-4-hydroxy-
1,2-pyrazole-3-carboxamide (B5). 4-Hydroxypyrazolecarboxamides such as 85 had been originally pursued in
another USAMRIID-sponsored project (DAMD17-86-C-6003), but the antiviral activities of thcse compounds
were not determined before the funding for the original proiect had been depleted. Since Dr. Gabrielsen had

also expressed an interest in compounds similar to these, we decided 10 support the synihesis of one more
pyrazolecarboxamide with our project funds. As shown in Scheme XX, the synthesis of this compound siarted
with methylpyruvate hydrazine 79, which had been prepared by reaciing methylpyruvate with ethyl

hydrazinoacetate.”

Cyclizzation of addval 79 with methanolic sodium methoxde gave 80,% which w * then
acetylated with acetic anhydride/pyridine to give diacetylated 81. Bromination with NBS/carbon 1etracrloride
gave 5-bromomethyl compound B2. This intermediaic was then reacied with 1,3-di-O-benzyl-2-propanol and
sodium hydride to give 3 mixture of products containing adduct 83. Without iso'ating adduc 83, the mixture
was treated with methanclic ammonia, und this simullanecusly -onverted the ester to the amide while
deacetylating the N!-blocked pyrazole. The resulting compound 84 was then catalytically hydrogenated with
Pd(OH); in ethanol to give pyrazolecarboxamide 8S5.

Adamantane Derivatives

We also synthesized a number of adamantane-containing compounds Since the methylamide of 1.
adamanianecarboxylic acid had been shown to be aciive in the USAMRIID sie2n, our work was first direcied
toward producing similar amides of 1-adamantanecarboxylic acid and I-adamanianeacetic acid. As shown in
Scheme XX1, we made tte dimethyl- and n-butylamides (B6ab, respectively) and the anilide 86¢ of 1-
adomantanecarboxylic acid siarting with commercially available 1-adamantanecarboxylic acid chloride. We
similarly roade the methyl, dimethyl and »-butyl amides and the anilide of 1-adamanlaneacetic acid 87a-d and
the methylamide of i-noradamanianecarboxylic acd 88 by first generating the acid chloride by siandard
preparative procedures and then adding the requisite amines. Unfortunately, we could submit only 86a-c, 87a,
and 88, because wr: weie unable to purify the other amides 10 the necessary analyiical purity.

Amide B6d 'was another 1-adamentanecarboxamide derivative that we synthesized. Using a procedure
similar 1o those protedures for amides B6a-c, we made this compound by adding 2-aminothiazole to
adamantane carbonyl chloride. Interesting'y, when we tried to .nake amide Bée hy virtually the same
procedure, we did not oblain the desired produci, but instead recovered mainly siarting maierial. We also
pursued alkylated )-adamantamines such as monomethyl- and dimethyladamantylamine and
trimethytadamantylammoszium iodide (89, 90). After numerous 2:t:mpts with different reacion conditions ve
still obwained mixtures of all methvlated forms. Therefore, we dropped this compound class and began
pursuing the adamantape-containing compounds shown in Scheme XXIL

One of these compounds was an adamantyl thiourea, because members of this compound ciass had bsen
reported 1o have antiviral activity against the PR3 strain of influenza comparable to that of |-amino-
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adamantane hydrochloride.3 We made one analog of this class, 1-adamantyl-3-¢-butyithiourea (91), by adding
adamantamine to r-butyl isothiocyanatc.

We also synthesized adamantyl thiosemicarbazide 2)*2 by the addition of Lydrazine to adamantyl
isothiocyanate, and we made hydrazone 93a and thiosemicarbazone 930> by the addition of aminoguanidine
and thiosemicarbazide, respectively, to adamantyl methyl ketone. Intcrestingly, we were not able 10 synthesize
the analogous semicarbazone 93¢ by foliowing the same general procedure. Another adamantane-conlaining
compound class that we pursued was analogs of com.dand 94. Unforturately, our efforts to synthesize
compounds from adamantyl methyl ketone were unsuccessful by either of our proposed routes. Route A was
halted because we could not get 3-aminotriazoie tv add to the adamantyl methyl keione. Route B was
siopped becaus: we were unable 1o form a tosylate from 1-adamantyl-1-ethanol with any success. We found

thai icsylation of this compound was very siow, and that any tosylate that formed rapidly eliminatea; as a

result of this we ~btained only starting material and low yields of 1-vinyladamaniane.

dlpyrimidine |
dipyrimidine; and 3-Bromo-1-p-b-ribofuranosylpyrazolo[3.4-d]pyrimidin-4-{5H)-on¢
We also pursued a targel class based on allopurinol (4-hydroxypyrazolo[3,4-d]pyrimidine), since the

USAMRIID list of active antiviral compounds showcd a numbcr of active pyrazolopyrimidine comipounds.
Most of the related compounds were the usual ribosylated forms, and therefore, we felt that there was s need
for analogs with altered sugar moietics such as the one shown in Scheme XXIII. Therefore, we syntk.sized
compound (100) by condensing bromoallopurinol with plycidol.3  Alttough this reaction proceeded cleanly
and gave a reasonable yield, we fou.d that it could not be repeated with allopurinol. Insiead, we found that
we routinely obtained complex mixtures of products alkylated at any or all of the possible sites. Furthermore,
when we atniempted 1o attach the other altered sugar moieties 10 either bromoallopurinol or allopurinol with
a number of different conditions, we could not control the siic of attachmeri.

We were able to obtain one other product from this particu’:r route. The previously mentioned 1-
(2'3'dihydroxypropyl)allopurir.ul (101) was obtained from 3-bromo-(2'3’-dihydroxypropyl)allopurinol 100*
by removal of the 3-bromo group via calalytic hydrogenation. s

We also pursued aliopurinol analogs with ~1her function-1 groups at the 4-position. From these efforts,
we developed two similar approaches 10 the synthesis of 4-amix >-1-p-D-ribofuranosylpyrazolo[3,4-d]pyrimidine
(1085).3%% Scheme XXIV shows the first approach in which allopurinol (98) was 3-orominated and then
ribosylated with ribofuranose-1-acetate-2,3,5-triben oate to give protecied nucieoside 102, Thionyl chloride in
DMF conversion of 102 to the 4-chloro analog 113 was [liowed by treatment with methanolic ammonia to
deprotect the sugar and 1o displace the 4-chioro group, thus giving 3-bromonucieoside 104. Catalytic reduction
with palladium on carbon 1o remove the 3bromo group then gave d-amino-1-ribofuranosylpyrazolo(3.4-
d]pyrimidine (185), but only in low yield.

The second approach was developed (o allow us to reduce our effort by one synthetic step. Sianting with
4-aminopyrazo. ..., J]pyrimidine (106), tkhis approach offered an alternate route 10 common intermediate 104.
As s also shown in Scheme XXIV, 104 was obtained by tbe bromination of 106 fullowed bv ribosylation and
deprotection.  Again, catalvtic hydrogenolysis of 194 was again required 0 give nucleoside 105,
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We also synthesized one final allopurinol compound, 3-bromo-1-p-D-ribofuranosylpyrazolo[3,4-d]pyrimidin-
4(5H)-one (109)3536 by the approach shown in Scheme XXV. We treated the previously discussed proiecied
nucleoside analog 102 with ammonia and methanol, thus deprotecting it to give compound 109.

4(5)-Bromo-1H -imidazole

The synthesis for 4(5)-bromo-1(3H)-imidazole (" +1)*’ is shown in Scheme XXV1. An aqueous solution
of sodiu-1 sulfite and 2,4,5-iribromoimidazole (110) were refluxed, cooled, and refrigerated before the final
product was isolated by extraction with ether, filtering, and evaporation of the solvent.

Desethyl Chloroguine {4-(4’-Ethvlamino-1'- butylamino)-7-chiorogquinoline [AVS-

We made desethyl chloroquine (115a),383 by the route outlined in Scheme XXVII, and during its
synthesis, we developed a new, more cfficient synthesis of the side chain precursor, 4-aminopentanol (113)
Instead of forming the orime of 5-bydroxypentan-2-one and reducing it catalytically (with Raney nickel or
palladium on carbon with pressure), we treated S-hydroxypentan-2-one with NaBH,CN and ammonium acetate
ir. ethanol, thus obtaining the amino alcohol in one step. This amino alcoho] was then reacied with 4,7
dichlo:oquinoline at 145 °C under dry conditions to give 4-(4’-hydroxy-1'-methylbutylamino)-7-chloroquinoline
{114). This compound was then first cautiously treated with 48% HEr followed by ethylamine to give the
desired desethyl chloroquine (113a).

We also attempted to prepare bisdesethylchloroquine 115b but found it to be very unstable (Scheme
XXVII). During our attempis to isolate our bisdesthylchloroquine, we determined that our bisdesethylchloro-
quine intramolecularly cyclized to 4-(2'-methyl-1'-pyrolidyl}-7-chloroquinoline (116). Fortunately, a supply
of this material was available at Walter Reed, and thzrefore, tbere was no need to continue pursuing this
compound any further.

N-Aminoadenine and Four N'-Aminonucteosides

We also synthesized N'-amincadenine and four N'-aminonucieosides because of the structural similarities
of these compounds 1o the adenosine-N!-oxide analogs. As shown in Scheme XXVTII, a methanolic solution
of O-mesitylenesulfonyl hydroxylamine was used to effect N'-amination of adenine and adenosine to form the
corresponding N'-aminoadenine 117 snd N'-aminoadenosine 118.* Two separate samples of {-aminoadenosine
118 were submittrd: one as the mesirylenesulfonate salt and one as the hydrochloride salt. To make N
aminonucleosides 120, 122, and 123, a slight procedural modification was used. An aqueous solution of
hydroxylamine-O-sulfonic acid*! was used to N'-aminate the corresponding nuclecsides 119, 121, and 125. This
gave the desired N'-aminonucleosides in reasonable yields.

We also wanied to benzylate these N'-aminonucleosides to obtain 1-benzylamino analogs similar to ¢he
1-benzyloxyadenosine seres that we had already been invesiigating. Unfortunately, we were never able to
slkylate cither N'-aminoadenine or N'-aminoadenosinz. Our atiempis 10 make either i-benrlaminoadenine
or l-benzylaminoadenasine (125) with benzyl bromide or benzaldehvds using a number of variations c!
reapenis and reaction conditions were all unsuccessful @ We also tried to develop an N-benzyla® 3
hydroxylaminesulfonic acid reagent to try to circumvent the alkylation problem, but this approach was also
unsuccessful since we were unabie to make this reagent.
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Dih winoiines and Tetrah uinolines

We also synthesized a number of dihydroquinolines and tetrahydroquinolines because of their structural
analogy to the novel antibiotic visantmycin (126). Virantmycin had been isolated from Strepromces
nirrosporeus‘z'“ and shown to have potent inhibitory activity against RNA and DNA viruses at very low
concentrations. [t was also found to exhibit weak antifungal activity against Saccharomyces sake, Piricularia
oryzae, Trichophyton interdigitale, and Aspergillus niger. Since literature review showed little work with
dihydroquinolines, we chose to pursue the development of analogs of this compound class. We specifically
chose to simplify the side chains located at the 2-position, replacing the methoxymethyl and 2 3-dimsthylpent-2-
enyl sidechains with two methyt groups.

As shown in Scheme XXIX, the precursor for our analog series was dihydrequinoline 127, This
compound was -repared by refluxing ethyl 4-aminobenzoate with acetone in tolueme and iodine.
Dihydroquinoline 127 wes then formylaied with formic acetic anhydride®’ 1o give derivative 128.
Unfortunately, we found that we could neither brominate nor epoxidize the 3- and 4-positions of either
dihydroquinoline 127 or formylated dihydroquinoline 128, We attempied these brominations under a number
of different -eaction conditions, and invariably, we were not able 1o hajogenate the double bond. We similarly
tricd a number of reagents and reaction conditions but also could not epoxidize the double bond. We found
that m-chloroperoxybenzoic 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 dJerivatives of these compounds. Tre 3,4.double bond of
dihydroquinoline 129 was reduced by catalytic .aydrogenation with palladium on carbon to give
tetrahydorquinoline 132. Furthermore, dihydroguinoline acid 13} was prepared from dihydroquinoline 129 by
treating 129 with sodium hydroxide.
5-Bromo-3-nitro-1,2,4-triazole

5-Bromo-3-nitro-1,2,4-triazole (JIJS)"6 was synthesized by direct bromination of 3-nitro-1,2,4-triazole (134)
with bromine and sodium hydroxide, as shown in Scheme XXX,

Ethyl 6-Amino 5-nitro-4-[(2-phenyl-2-oxoethyllaminoly Tidin-2-vicarbamate oxime; Ethyl S-Amino-3-(3',4’-di-

methoxyphenyl)-2H-pyrido[4,3-6][1,4]oxazin-7-vicarbamate; Ethyl S-Amino-1,2-dihydro-3-]1(N-methylanilino)-
meth dof3,4 zine-7-carbamatr, Jjemiethanolate; 9-Ribofuranosyl-2-methvlthiopurine

These compounds, shown in the following figure (Flgure 3) had been previously prepared at SRL Since
they had previously been shown tc have biological activity, they were submitied as potential lead compounds.

6-Ethylmercaptopurine  Riboside JAVS-2700); 6-Allvlmercaptopurine Riboside; _ 6-Ethylsulfonyl-9-f-D-
bofura Iporipe

These compounds were pursucd since ribofuranosyl-6-ethylthiopurine had already been found 10 have
activity ageinst AD2, VV, JE, SF, and YF viruses. &-Ethylmercaptopurine riboside |AVS-2700] (137a) and
6-allyimercaptopurine riboside (137b) were prepared as shown in Scheme XXXI. 6-Mercaptopurine riboside
{136) was alkylated with either ethyl bromide or aliyl bromide in DMAC and poiassium carbonate, respectively,

to give these nucleoside analogs.*74
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We synthesized 6-ethylsuifonyl-9-p-D-ribofuranosylpurine {139} by the approach shown in Scheme XXXIIL
Oxidation of &-ethylthiopurine riboside (AVS-2700) (138) with m-chloroperoxybenzoic acid in acetone?? gave
the corresponding sulfonyl compound 139,

We also synthesized 6-ethylsulfinylpurine riboside (140) by the almost identical route shown in Scheme
XXXIII. Tais analog and potential metabolite of 6-ethylthiopurine riboside (AVS-2700) (138) was also made
by oxidizing 6-ethylthiopurine riboside with m-chioroperbenzoic acid.*® Analytical data for the product showed
that our product was contaminated with the previously discussed sulfonyl analog 139. Our early attempis 10
separate these products chrom»iographically were not successful, and therefore, Dr. Gabrielsen decided that
further purtuit of this compound was 10t necessary unless activity was found with previously submitted sulfonyl
anajog 139
1-Ribofuranosyl-7-cyanoimidazo[1,2-b]pyrazdle

1-Ribofuranosyi-7<cyanoimidazo[1,2-b]pyrazole (147)*°°! was madc by the procedure shown in Scheme

XXXTV. 2-Hydrazinoacetaldehyde diethylacetal (142) was made prepared hydrazine and chloroacetaldehyde
diethylacetal (141) and was then reacted with ethoxymethylenemalononitrile to give 5-amino-13-(2.2-
diethoxyethyl)-pyrazcle-4-carbonitrile {143). Compound 143 was then cyclized to imidazolo|1.2-b]pyrazole-7-
c: “bonitrile {144) by treatment with ¥ N HCI, and pyrazolecarbonitrile 144 was then ribosylated with 1.0-
acety)-2,3,5-tribenzoyl-D-riboiuranose and HMDS, giving a product mixture containing both protected nucleoside
145 and the isomeric nucleoside 146. Chromatographic isolation of compound 145 followed by deprotection
with methanolic ammmonia gave the desired compound 147.

Tiazofurip_8’-Monophosphate (2-B-D-Ribofuranosyl-5’-phosphate-1,3-thiazole 4-carboxamide)

As shown in Scheme XXXV, iiazofurin 5'-phosphate (81)°2 was synthesized by treating tiazofurin with
phosphorus oxychioride in pyridine.

Ribavirin _$'-Monophesphate, Ribavirin 5'-hethylphosphate, and Ribavirin §'.Diphosphate; the Free Acid
of Ribavirin Monophospbute

As shown in Scheme XXXV1, ribavirin 5'-phosphate (151} was made by treating ridavirin (150) with
phosphor /1 chloride and trimethylphosphate.®? Treatment of phospha.e 151 with MeOH, trielnylzmine, and
dicyclohexylcarbodiimide gave ribavirin 5'-methylphosphate (182). Rikvirin 5'-phosphate (151) was also the
precursor for ribevirin 5'-diphosphate (1.4). Phosphate (151) was first converted to its morpholidate 153.
Subsequent treatment of the morpholidaie with orthophosphoric acid, pyridine, and tributylamine then gave
the desired ribavirin 5’-diphosphate (154).

Our efforis o synthesiz+ ribavirin 5'-triphosphate (155) were complicated by the instability of the
triphosphate compound duriny purification. According to thin-layer chromatographic and mass spectrometric
data, we were cleanly synthesizing th= desired trijhosphaiec compound by treating morrholidate 153 in dry
DMF (instead of pyridine as used in the syntheses of the othec ribavirin nucleotides} with riorously purified
bis-tri-n-butylammonium pyrophosphate. The desired triphosphate compound was beiny obtained without
conlamination with di- and monophosphated nucleoside. However, our procedure for synthesizing ribavirin
S5‘-uriphosphate (185 required @ large excess (5X) of the pyrophosphate, and as a result tne isolated product
contsined a significant amount of pyrophosphate in addition 10 the desired triphcsphate, and unfortunaie'y,
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the chromatographic systemns thal had effectively separated the other ribavirin nucleotides from their
corresponding reaction sidepro.'ucts were now lotally ineffective at separating ribavirin 5’-triphosphale from
the residual pyrophosphate. When we tried other approaches 10 remove or reduce the level of pyrophosphate
from the product mixture, none of our reaction condition modifications or chromatographic procedures
provided pure ribavirin 5'-triphosphste. Sirce it was unlikely that pyrophosphate would cause any harmful
effects in antiviral screenings, we felt that this compound could be lesied as is. We then consulted with Dr.
Gabrieisen, and he agreed to accept the obtained compound for screening, as oblained.

Formycin B, Formycin B 2',3'.5'-Triacetate [AVS-0096)

Formycin B (164) was synthesized by the procedure shown in Scheme XXXVIL5#5% Ribofuranose 1-
acetate-2,3,5-tribenzoate was converted to intermediate 160 by the foliowing series of reactions. Treatment
of ribofuranose with HBr and Hg(CN), gave I1-cyanosugar 156. Hydrolysis of 156 foliowed by treatment with
thionyl chloride gave acid chloride 157. This intermediate was then treaied with ylide 159, giving cyanoester
160. (Yiide 159 was generated from r-butylacetyltriphenylphosphorane (£58) with 10% sodium hydroxide in
chloroform. Triphenylphosphorane 158 was synthesized from chioroacetic acid and isobulene by treatment with
sulfuric acid in benzene followed by triphenyiphosphine.) Cyclization of cyanoesier 160 with ethyl diazoacetate
save pyrazolediester 161, thus formirg the ribosylated pyrazole ring of Formycir B. Sequential treatment of
this intermediate vith formic acid followed by 2,2 2-trichloroethanol, triethylanrine, and diphenyiphosphoryl
azide gave carbamoyl ester 162. Treatn:ent with zinc/acetic acid, and formamidine acetate effecied cyclization,
forming the necessary pyrimidine ring, thus giving 2°,3',5'-tribenzoylated Formycin B (163). Deprotection
was accomplished by using sodium methoxide in methanol 10 give Formycin B (164).

Formycin B 2°,3' 5'-triaceiate (165) was then synthesized by adding acetic anhydride and pyridine to
Formycin B (164).
4-Acetyl-4-phenvipiperidine

Our activity with this 4-acetyl-4-phenylpiperidine was the chromatographic purification of a sample
provided by USAMRIID. This compound was first eluted through silica gel with CHCl;-MeOH (94:5) 1o
remove 1-benzyl-4-acetyl4-phenylpiperidine which was present as an impurity. When we later found that we
could not consistently crystallize the purificd compound, we treated the compound with HCI gas so that it
could be isolated as ils hydrochloride salt,
6-Benzyl-1,3-dioxoles {as Podophyllotoxin and Justicidin B Analogs)

We synthesized a number of 6-benzyl-13-benzodioxole derivatives as analogs of the biologically active
natural producis, podophyllotoxin {166) and Justicidin B (167). (Furihcrmore, we were especially interested
in this series since Justicidin B was one of the USAMRIID requested compounds.) OQur searc. of the
literature yvielded an antitlumor activity study of benzodioxole derivatives against the in vivo i.p. P388 murine

lymphocytic Jeukemia. >

This study compared the activities of these benzodioxoles with that of
podophyllotoxin anc showed that the most active of these benzndioxoles were as effective as podophyllotoxin
against P388 murine lymphocytic leukema, although its effectiveness requirea higher dosage levels. Because
of this demonsirated biological activity, we felt that these benzodioxole derivatives would be an excellent series

of compourds for antiviral screening
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Scheme XXXVIN shows the benzodioxole derivatives that we submitied as well as the symu=tic routes
used 1o make these compounds. Compounds 172a-¢ were initially seiected because they were among the most
aclive antitumor agents in the previcusly mentionued study. Compounds 171e,b were also submitied since they
were intermediates leading to the synthesis of compounds 172a-c. As shown in the scheme, compounds 171a,b
were made by condensing sesamo) (170) in aqueous acidic media with the appropriately subsiituted benzyl
alcohol (169) (obtained by sodium borohydride reduction of the corresponding substituted acetophenone). Tke
resulting phenolic 1,3-benzodioxoles 171a,b were then alkylated with ¢ither methyl indide or ethyl iodide 10
give i oorresponding alkylated 6-benzyl-1,3-benzodioxoles 172-c  We then synthesized 171c-d by following
the same general sequence of first synthesizing the appropriately substituled benzyl alcohols from the
corresponding acetophenor 3 and then condensing sesamol with these benzyl alcohols. Derivatives 172d4-g were
then also synthesized by alkylating 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 expecied benzyldioxole 176 when we
condensed sesamol (170) with 3,4-dimethoxybenzyl alcohol (173). Ether derivatives 175e,d were then obtained
by alkylating with either methy! iodide or ethyl iodide.
3-Phienvi-1,4-benzothlazin-2-ope Oximes

Our 3-phenyl-1,4-benzothiazin-2-one oximes were synthesized by the procedure sbown in Scheme XL
We initially attempted 1o reproduce the methods in the literature>’* in which the appropriately substituted
benzaldehydes were converted 1o the corresponding nitroacetophenones 178 via ritrostyrene intermediates 177.
According 10 the literature, the nitroacetophenon: vould then have been reacied with 2-aminothiopheno! to
give the desired benzothiazin-2-one oxime. Our effurts to prepare lhe nitroaceiophenones were not successful,
and therefore, we developed another spproach 10 these compounds. The appropriately substituted a-
chloroacetophenones 188a-c werc first treated with a-butylnitrite and HC1®'¢! 1o give chloronitroso compounds
18lac. Tkese imermediates were then reacted with 2.aminothiophenol 10 give the target phenyl-
benzothiazinone oximes 17%9a-c.

Methanesotfonic Acid Derivatives
We submitted four methanesulfonic acid derivatives 184a,b and 1892,b%2%° which had been synthesized

as analogs of busulfan (182), a compound that is biologicaliy active azainst Friend Leukemia virus.%  As

shown in Scheme XLI, compounds 184ab were syntbesized by reacting either the corresponding
chloromethanesulfony} chloride (183a) or (methylsulfonyl)methanesulfonyl chioride (183b) with 1,4-butarediol
and triethylamine in ethyl acetate. Similarly, compounds 18%ab were synthesized by reacting 4-
benzylaxybutanol (186) (prepared by the method of Pistor“) with methanesulfonyl chloride wo give common
intermediate 187. This intermediale was hydrogenated and debenzylated to give 4-methyisulfonyloxybutanol
(188). Compound 1B8 was thcu immediately reacted with either chioromethanesulfonyl chloride or
(methylsulfonylymethanesulfonyl chloride to give 189a,b,

shown in Scheme XLII. The key acyclosugar sidecbain precursor 194 was synthesized by following a procedure
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Bechame XXXVIIL
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ohtained from J. Bronson of Bristol-Myers. As shown in the scheme, dioxolane (190) was reacted with acetyl
chloride and zinc chloride to give 2-(chloromethoxy)ethyl e.ctate (191). Treatment of 191 with
triisopropylphosphite gave 2-(diisopro ~ylphosphonyimethoxy)ethyl ace'ate (192). Hydrolysis of acetate 192 with
HC] gave 2-(diisopropylphosphonylmethoxy)ethanol (193; which .vas then mcsylated to give key intermediate
194. Sodium hydride catalyzed coupling of 194 with adenine gave 9-(2-[diisopropylphosphonyl-
methoxylethyl)adenin : (195), which gave PMEA 196 afier hydrolysis with cromotrimethylsilaae.

Schemes XLIIT and XLIV show the synthetic methods that we pursued in our attempts to synthesize 9-[2-
(phosphonylmethoxy)etiyl]guanine or PMEG (199), an analeg of recent'y submitted 9-[2-
(phosphonylmethoxy)ethyl]adenine or PMEA (196). We began our investigation of the synthesis of PMFG
(199) by pursuing the three approaches show. in Scheme XLiIl. The first mimicked *he procedure for
syn. .sizing PMEA (196).67%® As before, sidechain precursor 194 was first synthesized from dioxolane (190).
We first tried the NaH-catalyzed coupling of 6-O-benzoylated guanine (197) with the sidechain precursor 194.
We also tried the HMDS-catalyzed alkylation of guanine (200) with sidechlin precursor 194, and we attempied
the NaH-catalyzed coupling of 6-chloro-2-aminopurine (202) with the sidechain precursor 194. We were
cspecially interested in this third approach, because intermcdiate 203 could also be used directly in the
synthesis of other USAMRIID-requested PMEA analogs 9-[2-(phosphonylmethoxy)ethyl]-2-aminopurine,
FMEMAP (204) and 9-[2-(phosphonyimethoxy)ethyl)-2,6-diaminopurine, PMEDAP (205}. Unfonunately, .1l
of these early attempts met with little success, and therefore we ¢ecided 10 try the slightly different sidechain
precursor 208 while also concurrently investigating milder reaction conditions. We had already synit~sived
modified sidechain precursor, diethviphosphonylmethoxyethy! tosylate 208, more as a result of serendipity tha
rational strategy. As shown in Scheme XLIV, the procedure for preparing this precursor was almost identical
10 tkat for preparing 194. In our earlier investigations into the synthesis of the sidechain precursor, we had
synthesized & small amouni of 206 by treating chloroacetate 191 with some triethylphosphite that was already
on hand. We had not pursued the conversion of this intermediate to a useful sidechain precursor, because
the literature had suggested that the 9-[2-(diisopropylphosphonylmethoxyethyl)purine offered a slight advaniage
in later conversions of 2-amino-€-chioropurine moiety of intermediate 203. However, during au interim whac
we were wailing for more starting materials for synthesizing more (94, we decided to proceed with 206 and
to investigate a different leaving group in place of the mesyl group. Therefore, we hydrolyzed 206 with
acetone-water (4:1) and concentrated HCL, and we treated the resulting diethylphosphonyimethoxyethanol (207)
with tosyl chloride in methylene chioride and tricthylamine to get precursor 208.

Using this new precursor 208 and 2-amino-6-chloropurine (202) under milder reaction conditions
(potassiutn carbonate and anhydrous DMF at room temperature for 3 days under argon).“ we were ahie 10
prepare intermediate 209, the dicthylester analog of 203. PMEG (199) was then c'iained from this
intermedtate afier hydrolysis of the phusphonate ester with bromotrimethylsilane and hydrolysis of the 6-chloro
group to the required 6-0x0 group.

We were also able to convert intermediate 209 1o PMEMAP (204) and PMEDAP (2065) according to MS
and 'H NMR data. Unfortunately, we were unable to purify these compounds, and we direcied our efforts
10 other compounds, as requested by Dr. Gabrielsen.
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1-{2.‘Phosphonyimet hyl}-1,2.4-triazole-3-ca mide; the Dismmoniurm Salt of 1-[{Phosplonylmeth-
oxy)ethvil-1,2 4-trinzole-3-carboxamide (AVS-6469); 1-[2-(Diethylphosphonyimethoxy)ethvl]-1,2,4-1=iazole-3-
carboxamijde

Our approaches 10 the synthesis of ribavirin analog 215 are given in the following schemes. Our efforis

to synthesize this PMEA analog ased methyl 1,2,4-triazole-3-carboxylate (110) generously supplied by Dr.
Gabrielsen. We initially investigated tae alkylation of methyl 1,2,4-triazole-3-carboxylate (210) with the
acyclosugar precursor 194 with a number of reagents and reaciion conditions (bis-p-nitrophenylphc ;phate/130
°C’®, NaH/DMF/r.1. 10 100 "(_‘3“; potassium carbonate/acetone or methanol; sodium methoxide/methanol or
THF, etc.). Unfortunaiely, all of these early attempts were unsuccessful and consisiently yielded hydrolyzed
sidechain precursor along with some recovered metkyl 1,2,4-triazole-3-carboxylate. We eventually devcjoped
the approach shown in Scheme XLV, which paralleled and was developed at the same time as the previously
discussed PMEG work. This approach wsed the combination of miider reaction conditions and the modified
sidechain  precursor, 2-diethylphosphonylmethoxyethyl tosylate (206) instead of 2-difsopropyl-
phosphonylmethoxyethyl mesylate 194. We alkylated methyl 1,2,4-triazole-3-carboxylate with modined sidechait.
precursor 206 in anhydrous DMF with potassium carbonaic ai 90 °C under inert atmosphere3? and obtained
key intermediate 211 in addition to isomeric 212 and the decarboxylated analog 213. 211 couid not be easily
itolated from 213, and therefore, the mixiure containing 211 and 213 were both treated with concentrated
ammonium hydroxide to give 214 and 213, which were easily separated by column chromatography. 214 was
then deesterified with bromotrimethylsilane to desired target compound 218, according to analytical data.
Unforiunately, the isolated compound was not analylically pure, and therefore, the recrystallization procedure
(from acetone/water) that had been effective for PMEA was ineffective for this compound prohably due to
the extreme waler solubility of Lhis compound. With multiple baiches, we were inconsistenily able to obtsin
a sinall yield the the desired 215 (<10% yield). Furthermore, TLC and MS analysis uf the supematant
revealed that a significant amoum of 215 was remaining in the supernatant. Therefore, we investigated .
number of other purification methods until we determined that the treaument of 215 with dilute ammonmum
hydroude followed by evaporation under vacoum gave a better yield of the desired compound as the
diammonium salt 216.
d e s ithiocarbamat

We also investigated purire diethylthiocarbamates as possible lead compounds, because of the following
reasons: several dithiocarhamates are well-known fungicides.”’"”* And, sodium die:hyl dithiocarbamate (DTC
or imuthiol) has been found to be an effective immune modulator in clinjcal trials;”* i this study, AIDS and
ARC patients treated with sodium diethyl dichiocz > mate were found to show more symptomatic improvement
than untreated patients. A review of the literature showed that there have not been any detailed studies on
dithiocarhamate-substituted nucleosides, and therefore, we initiated the exploration of his potential area by
preparing 5’-deoxythioadenosine, 5'-N¥,N-tiethylthiocarbamate (218). This thiocarbamate was made by refluxing
commercially availahle s« dium diethyldithincarbamaie trihydrate and 2',3’-O-methylethylidene adenosine in
DMF and then treating the reaction mixture with 1 N H,SO, (Scheme XLVI). We also made 218 directly
from commercially available 5'-1osyladenosine. By reacting 5’'-tosyladenosine with sodium
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diethyldithiocarbamate under the same reaction condiiions, we again obtained the desired 5'-NN-
diethylthiocarbamate-5'-denxy-5'-thioadenosine (218) in good yield.

1,3-Bis-{morpholisomethyl}-tetrahydro-2{1 rimidinone; l-Morpholinomethyltetrahvdro-2({li mi-
dinethione; 1-Morpholinomethyltetrahvdro-2 - midinone

These Mannich condensation products were synthesized by similar routes.” As shown in Scheme XLVII,
both 1-fmorpholinomethyl)-tetrahydro-2{1H)-pyrinidinone (219) and 13-bis-(morpholinomethyl)-tetrahydro-
2(1H)-pyriniidinone (220) were synthesized by the condensation of tetrahydro-2(1F)-pyrimidinone with
morpholine in formalin solution. Although the literature preparation for these compounds reporied thst ihe
desired products could be isolated and sufficiently purified by recrystallizations from ethyl acetzte, our efforts
to duplicate this procedure immediately gave only the monomorpholinomethyl product 21% with sufficien.
purity. However, we wcre able (o isolate pure 1 3-bis-(morpholinomethyl)-tetrahydro-2(1H)-pyrimidinone (220)
after column chromatography (silica gel, CHCl;-MeOH, 9:1, iodine) followed by recrystallization from ethyl
acetate.

Scheme XLV1{I shows that a similar route was used to synthesize I-morpholinomethyltetrahydro-2(iH)-
pyrimidinethione (221). Condensation of tetrahydro-2(1H)-pyrimidincthione with morpholine and formalin
solution gave the desired compound, which was purified by numerous recrystallizations from ethanol.
5-Chloro-3-f-n-ribofuranosyl-s-triazolo[1 midin-7-one (AVS-0

We synthesized 5-chloro-3-p-D-ribofuranosyl-s-triazoto[1,5-a]pyrimidin-7-one (226) by the approach shown
in Scheme XLIX. Our synthesis staried with the condensation and cyclization of diethylmalonate with 3-
amino-1,2,4-triazole 10 give triazolopyrimidin-5,7-dione (222). This dione was converied to dichloro-
triazolopyrimidine (223} by treatment with phosprorus oxychloride, and 223 was then hydrolyzed by treatment
with NaOH to int:rmediate 224.7 The coupling”’ of 224 with 1,2,3,5-tetrancetyiribofuranose gave protected
nucleoside 228, 'which was purified by flash chromatography (silica gel, 97:3 chloroform-methanol). Our
difficulsies in the synthesis of this compound occurred during the deprotection of 225. In our carly attempts,
we determined thet we were not only deblocking the sugar moiety but aiso opening of the triazole ring.
Initially, we had been pursuing this deblocking by treating 225 with etbanolic ammonia.”® ‘Thin-layer
chromatography seemed to indicate that the reaction was §iving the usual mixture of completely and partially
deacetylated products, and therefore, the mixture was funher treated with ethanolic ammonia until only one
product was present. Isol: nu and characterization cf this product showed that it had the correct mass.
However, the IR for this compound exhibited two bands at 2177 and 2245 cm’! which were inconsistent for
the target siructure 226, and which instead corresponded to the presence of nitriles in the compound. Also,
the proton NMR showed only one aromatic proton, mot the two different protons expected for
triazolopyrimidine such as 226. These observations suggested that our conditions were rigorcus enough to
have opened the triazole ring 1w give compound 227. We then reattempted the less rigorous debiocking of
225 with porcine esterase. and v obtained the properly deblocked desired product 226. A compasison of this
product with the compound mixture obtained from the exhaustive ethanolic ammonia attempts showed that
the desired product had been forming in these earlier sttempts, but that it had been misidentified as a

panially deblocked intermediate. Therefore, the ethai.olic ammonia procedure was an appropriate deblocking
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methud, and it was used to prepare larger quantities of 226. In the repeat synthesis, we determined that the
undesired ring opening began afier the deblocking reaction had proceeded for more than 16 h, and that several
days were required for complete conversion of 226 1o ring opened product 227, which was consistent with our
earlier observations. Therefore, by stopping the reaction afier 16 h, the desired nucleoside <26 was obtained
with only a trace of a partially deprotected product (by TLC, 12:1 chloroform-methanol).
¢-Amino-2.4-dithiouracil

We synthesized 6-amino-2zd-dithiouracil (229)" by the procedure shown in Scheme L Commercially
available 4-amino-6-hydroxy-2-mercaptopyrimidine (228) was dried and the- treated with P,S¢ in pyridine to
give the desired product,
4-Thio-6-azavriding; 23" .5'- -geetyl-4-thio-6-azeuridine

We synthesized 4-thio-6-azauridine (232) by the procedure shown in Scheme LI. 2'3’5'-Tri-O-acetyl4-
thio-6-azauridine (231) was first prepared by ireating 2°3".5'-iri-O-acetyl-6-azauridine (230) with P,S.%
The crude thio compound 231 was then deblock:d with Dowex 1 (OH" form)} 1¢ yield 4-thio-6-azauridine
(232).
4-Amino-8-glucosylamine-2-thiouracil; 4-Amino-S-mannosylamino-2-thiouracli

We synthesized 4-amino-5-glucosylamino-2-thiouracil (234) by the route shown in Sche me LII, following
a synthesis for ct-ilrnino-ﬁ--f\’-glv.c.:)sylal'ninouracilal'83 in which a related compound was rep<riedly obtained by
simply heating 4,5-diaminouracil with glucose in rethanol. When we substituted 4,5-diamino-2-thiouracil (233}
for 4.5-diaminouracil, we obtained a very low yield of what appeared to be product (identified primarily by
mass spectrometric data). Therefore, to try 10 imnprove the yield, we investigated longer reaction times, and
we also 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 the reaction
solvent resulted in our ohtaining an improved yield of @ product with the expected MS (FAB) of 321 (M +
1). We then encountered another difficulty in our attempis to purify this product to anaiytical purity. Our
attempis 10 monitor the reaclion and to assess the purity of the reaction mixture by thin.layer chromatography
had consistently indicased additional components. Further examination of this dala led us to conclude that
we were making the desired N-glucosaminouracil, but that this compound was somewhat unstable and subject
to decomposition in the solvent systems of dur tain-layer chromatography studies. We eventually determined
that the reaction product could be recrysiallized from EtOHexanes to give an analylically pure product.
Unforiunately, a preliminary 1H NMR spectrum of this product indicated that it was a mixture of any of the
four possible isomers (235.238). When we notified Dr. Gabriclsen and Dr. Blough of this situatior,, we also
told them that it was unlikely that we could deveiop a better synthesis for this compound, and “hey ag.ced
to sccept the product mixture that we bad obtained.

Since the submission of this compound, a closer inspection of the 'H NMR data indicates that the
probable structure of the obtained product is either p- or a-glucofuranosyl 237 or 238. Such 8 glucofuranosyl
configuration would form by the rearrangment of the imine resulting from the addition of tke 5-amino group
10 the open chain aidehyde of the sugar. The assignment of the glucofuranosyl structure was based on the
following 'H NMR spectral assignments. A douhlet at 5.32 ppm was assigned 10 H-1", while peaks between
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4.2 and 5.0 ppm were assigned to the 6'-, 5'-, 3'-, and 2'-OH's. Decoupling experiments on the 6¢-OH
triplet (4.52 ppm) allowed the assignment of H-6'a and H-6'b 1o the signals at 3.34 2nd 3.66 ppm. The
decoupling of the signal for H-1’ aliowed assignment of H-2’ 10 the rwo-hydrogen multiplet between 3.00
and 2.85 ppm. The muitiplet at 3.05-3.15 ppm was assigned to H-5 since it is coupled 1o H-6'a and H-6'd
and furthermore it is coupled to the 2 bydrogen multiplet at 2.85 and 3.00 ppm. The signal for H-3', a
doublet of douhlets of doublets was coupled only t~ H-2’ and H-4' at 2.85 and 3.00 ppm and 10 the 3'-OH
at 4.2 ppm. Furithermore, the magnitude of the coupling constants of H-3' (J, 5. = Jy, 4, = 4.0 Hz) were
small and were typical “alues found for xylo- and glucofuranose sugar rings. (Glucopyranose sugars and
nucleotides typically have J5, 5, and J3, 4, of between 8-10 Hz) Finally, the J;, 5, of 3.2 Hz is typical of
glucofuranoses in the f-configuration, suggesting that the obtained product may be 237

We also synthesized 4-amino-5-mannosylamino-2-thiouracil (239) by t1e same route, as shown in Scheme
LIII, and as would t¢ expected, we encountered the same difficulties. Afier recrysiallization of the btained
product, we obtained an analyticallv pure product or product mixture. Unforiunately, the 'H NMR spectrum
of this product was more complex than that of the glucosylaminc analog. Therefore, we can only state that
its structure(s) may be any of 240-244.
2,4-Dithio-6-azau fo.ae; 2°.3".5'-TH-O-acetyl-2,4-dit azauridine

We also synthesized 2,4-dithio-6-azauridine (246, R = H) afier evaluating a number of thiation reactions,
inciuding 2,85 and Lawessen's reagem.s"s" As shown in Scheme LIV, our synthesis required the conversion
of 2.ihio-6-azauridine 245 (R = H) to iis 2’3’ 5'-triacetate 245 (R = Ac). Treatment of this triacetate
with P,S; gave dithio 246 (R = Ac) which was then deprotected by treatment with Dowex 1 resin (OH" form)
to give 246 (R = H).

5.0-[[{[2',3',4',6'-Tetra-Q-benzyl-a-D-(plucopyranosyljoxy] carbonyl]amine]sulfonyl]-2',3’-isopropylidene-6-
anuridine

Scheme LV shows the route that we used to Synthesize 5'-O-[[[((2"3"4"6"-tetra-O-benzyl-a-D-
glucopyranasyl)oxy]carbonyljaminnjsulforyl}-2'.2'-O-isoprepylidene-6-azauridine (249) (X = O), a compound
that we targeled afier we were unsuccessful in our attempts to synthesize 5'-O-[[[[(2"3",4",6"-tetra-O-benzyl-a-
D-glucopyranosyljoxy]carbonyllaminojsulfonylj-2’,3‘-O-isopropylidene-2-thio-6-azauridine (249, X = §) by the
titerature synthesis for 5’-O-[[{{(2",3",4".6"-tetra-O-benzyl-a -D- glucopyranosyl yoxy]carbonylJamino]sulfonyl]-2* 3"
0—i.fyOpropyliﬂIe:ne:l.lridim:.88 We synthesized the required 2'3’-O-isopropylidene-6-azauridine (248) !ty
treatment of 6-azauridine with copper sulfate, acetone, and sulfuric acid.® Target compound 249 (X = 0)
was then obtained by the coupling sequeance of adding the 2'3',4°,6'-tetra-O-benzvl-a-D-glucopyranose (247)
to chlorosulfonylisocyanate in methyiene chloride at -20 to -15 °C, followed by the addition cf 2'3'-C-
isopropviidene-6-azauridine (248) in a solution of acetonitrile and pyridine.

We also attempted 1o synthesize the original target 5°-O-[[[[(27,3°4".6"-tetra-O-benzyl-a-D-(glv " -
pyranosylyoxyjcarbonyl}amino)sulfonyl]-2*.3'-O-isopropylidene-2-thio-6-azauridine (249) (X = S) again by using
a slightly altered procedure. The literature procedure sugpested that the nucieoside should be added in a
solution of aceionitrile and pyridine. To miniaize the suspected nucleophilicity of the 2-thione, we tried

reducing 1he amount o, pyridine as well -, adding the pyridine later and in small increments. TLC indicated
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that —e were obtajning & mixture of products similar 10 those obtained with the previous attempis with 2° 3’
O-isopropylidene-2-thio-6-azauridine and the successful synthesis with 2'3’-O-isopropylidene-6-azauridine.
Afier chromatographic isolation of the reaclion mixture components, we were apain unable to detect the
desired product by MS [expected MS (FAB) M + 1 = 946]. Instead, we had again obtained the mixture of
producis containing the expecied byproducts 250 and 251 (X = S), #s well as 252 and a high molecular weight
product with a8 MS (FAB) M + 1 of 1063 whose structure is assumed to be 253. Therefore, we still feel that

the 2-thio group must be interfering with the coupling reaction or complicating the product isolaticn process.

During the twentieth quarier, Dr. Gabrielsen expressed an interest in any SR] compounds which hal been

shown to be S-adenosylhc .iocysteine hydrolase inhibitors, since compounds with simiar aclivity had been
shown to be cflective against the Ebola virus. In accorcance 1o this request, we selected the following
adenosine derivatives from our nucleoside analog archives: 3-deazaadenosine; arabino-3-deazaadenosine; and
carbocyclic 3-deazaadenosine. The syntheses of these compounds are shown in Schemes LVI-LVIX. However,
detailed synthetic procedures are not provided in the experimenta) section, because th’; information is available
in the indicated references.

As shown in Scheme LVI, 3-deazaadenosine (257)™ was synthesized by the following reaction sequence.
The trimethylsilyl derivative of 4,6-dichloroimidazo{4,S-c]pyridine (254)°! was generated and the treated with
1,23 5-tetra-O-gcetyl-D-ribofuranose 1o give 255. The acetyl protecling groups and the 4-chloro group were
simultaneously removed by treatment with ethanolic ammonia. Then, the remaining 6-chloro group of 256
was calalytically reduced 1o give 3-deazasdenosine (257).

Scheme LVII shows that arabino-3-deazaadenosine (261)°2 was made similarly. 4,6-Dichloroimidazo|4,5-
c)pyridine (254) was reacted with 2,3,5-tri-O-beczyl-D-arabinofuranosyl caloride (258) in 1,2-dichloroethane and
4 A molecular sieves. The resulting protected pucleoside 259 was treated with ethanolic ammonia 10 aminate
the 4-posiuon to give 260. Caralytic reduction then removeu the benzyl groups while simultaneously removing
the remaining 6-chloro group to giw .arget nucleoside 261.

The synthesis of carbocyclic 3-0-...azdenosine (276) required the synthesis of (t)-4p-amino-2a3a-
dlhydroxy-1-cyclopentanemethanol (270),>*% &s shown in Scheme LVIIL Permauganate dihydroxylation of
porbornadiene gave diol 262 which was then diacetylated to 263 by treatment with acetic anhydride. Diacetate
263 was then oxidized with sodium permanganate o diacetoxycyclopentanedicarboxylic acid 264. This
eompound was converied 1o anhydride 265 with ethoxyacetylene and 10 diacetoxycarb-
amoyicyclopentanccarboxyl'c acid (266) by treatment with ammonia under anhydrous conditions. Hofmann
hypobromite reaction of 166 followed by esterication of the carboxyl function, acetylation of the 2inino and
bydroxyl groups to 268, reduction of ithe ester with lithium borohydride, and hydrolysis of the resuiting 269
gave 4amino-2,3-dihydraxy-1-cyclopentan~methanol (270). Taen, as shown in Schw 3¢ LVIX, 4-amino-23-
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dihydroxy-1-cyclopentanemethano!l (270) was reacied with 2.4-dichloro-3-nitropyridine (271) in ethanol with
triethylamine. The 3-nitro group of resulting adduct 272 was then reduced to the 3-amino compound 273 with
Raney nickel and cyclized by treatment with triethvlorthoformzie in DMAC with an acid catslyst 1o 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 other group of nucleoside analogs was also selecied from our carbocyclic nucleoside archives. These
compounds ir. Juded: carbocyclic 8-azaac znosine; carbocyclic 2'-deoxy-8-azaadenosine; carbocyclic 2’'-deoxy-8-
azainosine; carbocyclic 2.6-diamino-8-azapurine-2’-deoxyribofuranoside; carbocyclic 2'-deoxy-8-azaguanosine;,
carbocyclic  2'-deoxy-8-aza-6-tpisguarosine; and  carbocyclic  2-amino-6-methoxy-8-azapurine-2'-
deoxyribofuranoside. {We :1su tried 10 obtain 2 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 recently r-ported antiviral activity of other carbocyclic
nucleoside analogs.”'% Their syntheses are given in Schemes LX-LXTII. However, as with the previous
group of nucleositie analogs, detailed synthetic procedures are not provided in the experimental seciion sin.e
these procedure. are available in the indicated references.

As shown in Scheme LX, carbocyclic 8-azaadenosine (278)1%! was synthesized by reacting previously
meationed (% )<4f-amino-2a,3a-dihydioxy-1-cyclopentanemethanol (270)*% with S-amino-4,6-dichloropyrimidine
followed by cyclization with sodium nitrite and HC] and treatment with liquid ammonio at (0 °C.

The synthesis of all of the remaiting nucleoside analogs of ihis group required the synthesis of (+)-c.s-4-
amino-rruns-2-hydroxycyclopentanemethano! (287).1% As shown in Scheme LXI, exo-S-norborner:-2-0] acetate
was oxidized with sodium permanganaie 10 dicarboxylic acid 280 and then cyclized 10 anhydride 281 by
treatment with acetic anhydride, Treatment cf 281 with methanol gave a mixture oi monomethylesiers 282,
which were then treated with thionyl chloride and ammonia to further convert them to easily separabic
carbamoylcyclopentanccarboxylaes 283 and 284. Reduction of 283 with lithium borohydride in tetrahydrofuran
gave 285. Hofmana hypobromite conversion of 285 1o the methylcarbamate 286 was followed by hydrolysis
to {x)-cis4-amino-frans-Z-hydroxycyclopentanemethanol (287).

Scheme LXII shows that the synthetic route to carbocyclic 2’-deoxy-8-azaadenosine (290) and carbocyclic
2'-deoxy-8-azainosine (291)'%! next required the synthesis of 288, from the reaction of S5-amino-4,6-
dichloropyrimidine (271) with 287. Cyclization of 288 by treatment with sodium nitrite and HCl gave 6
chloropurine nucleoside analog 289. This intermediate was then either treated with ammonia at 60 °C to give
carbocyclic 2'-devxy-8-azaadenosine (290), or it was refluxed with additional HCi to give carbocyclic 2'-deoxy-
8-azainosine (291).

As shown in Scheme LXIN, carbocyclic 2.6-diamino-8-azapurine-2’-deoxyribofuranoside (297),1031%4
carbocyclic 2'-deoxy-8-azaguanosine (298),"™ rbocyclic 2'-deoxy-8-aza-6-thioguanosine (299)!%2 and
carbocyclic  2-amino-6-methoxy-8-azapurine-2’-deoxyribofuranoside  (300)'%° were all synthesized from
intermediate 296. This intermediate was synthesized by first reaciing 2-amino-4,6-dichloropyrimidine with (+)-
cis 4-amino-trans-2- hydroxycyclopentanemethanol (287).1%92  This compound was then converted 1o the §-
aminopyrimidine 298 by coupling with 4-chlorobenzenediazonium chloride followed 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
oonverted to carbocyclic 2,6-diamine-8-azapurine-2’-deoxyribofuranoside (297) and carbocyclic 2’-deoxy-8-
azaguanosine (298) by treatment with ammonia at 60 *C or diluie aqueous base, respectively. Carbocyclic 2’-
deoxy-8-aza-6-1l iaguanosine (299) and carbocyclic 2-amino-6-nicthoxy-8-azapurine-2’-deoxyribofuranoside (300)
‘~ere similarly obtained by treatment of 296 with H,S/NaOMe or NaOMe, respectivei .

Finally, we were not able 10 provide 1-f-D-ribofuranosyl-6-amino-. 4-ditaiouridine (32), 2 compsund that
had bezn requested by Dr. Herbert Blough via USAMRIID. Eeriy attempis 10 synthesize 1-p-D-ribofuranosyl-
6-amino-2,4-dithiouridine (302) included: (1) the direct ribosylation of previously submitted 6-amino-2,4-
dithiouridine (229) with 1,2,3,5-O-ribofuranose tetraacetate, as shown in Scheme LXIV; (2) the cyclization of
303 by refluxing with sodiumn ethoxide in ethanol followed by the treatment of the reswiing cyclonuci.oside
304 with NHo/NH,Cl 10 pive 2°.3'-isopropylidine-6-aminouridine (305), us shown in Scheme LXV. Nexi, after
blocking the 6-amino group as the corresponding acetamide, compound 30% woula ther be converied to the
2,5"-anhylro compound 306 by treatment with DEAD/tnphenyl phosphine or by 5'-C-tosylation followed by
reatment with potassium-r-butoxicte. Treatment with PS¢ and H,S would then be expected to pive the
desired 1-B-D-ribofurarosyl-6-antino-2.4-dithiouridine (302). Thus far, neither approach Las been sucuessful,
The first approac  as unsuccessful due to the undesired panicipation of the thiones, while the second
approach is ongoing. The 2’,3'-isopropylidine-6-aminouridine was prepared as incicaled. However, we have
been unable to find & procedure that will selectively acetylate the 6-amino group. Other activity with this
s~proach included investigating potentially quicker altemnate rcutes io 6-aminouridine, since the conversion
of cyclonucleoside 304 by treatmeni with NH/NH,Cl was very siow and the vield was low.

Also, we wete unable to obtain a sample of carbocyclic adenosine. Since the time remaining ip this
contract was insufficient, we decided not to pursue the synthesis of this compour.d by the preparation in the
literature.
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Experimental Section

All solvents and materials were reagent grade and were either used as received or purified as required.
'H NMR and '*C NMR specira were run with 3 Nicolet NMC NT-300 NB spectrometer uperating at 300.65
MHz with tetramethyisitane as an internal reference. Chemical shifis (L) for multiplets w.re measur=d from
the appropriaie centers. The mass spectral dala were ohiained from a Varian MAT 311A mass spectrometer
in fast atom bombardment (FAk) or eieciron-impact (EI) mode (direct probe temperature 20 °C), as indicated.
Infrared data were obtained with a Nicolet 10-MX spectrometer. In most cases, only strong or medium peaks
in the 1800-600 cm! range were reporied. UV absorption spectra were determined in the appropriate pH
1 (0.1 N HCI), pH 7 buffer, and pH 13 (0.1 ¥ NaOH) soluticns with either a Cary 17 spectrometer or 2
Perkin Elmer Model Lambda S UV/VIS/NIR spectrophotometer. Melting point dala wzs obtained with a Mel-
Temp Capillary Meiting Point apraratus, and all melting poin's were uncorrecied. Elemental analysis data
were obuained with an in-house Perkin Eimer Model 240 Elementai Analyzer or from Atlantic Microlab of
Atlanta, Georgia,

Adenosine-N'-oxide (1). In a 1-L round-bottomed fask protecied with a calrium sulfate drying tube was
placed 5.0 g (187 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
portions over 2 h. If thin-lsyer chromatographv after 15-20 h of stirring indicates the presence of starting
material, an additional 0.5 g (2.9 mmct) of MCPBA should be added and the reaction stirred an additional
4 h. If the TLC continues to show starting material, another portion of MCPBA must be added and the
stirring continued overnight. After the TLC showed little or no slaring material left, the reaction mixture
was poured siowly into 2 L of ethyl acetate with good stirring. After having been stirred 2 h, the product
was collecied, washed with ethy) acetate, and dried in vacuo over phosphorus pentoxide: yield 5.6 g This
material was generally adequate for preparative purposes. One recrystallization from boiling ethanol usually
provided analytically pure material. See Tabie 1 for the amounts of reactants used. The ratio of reactants
and solvenis was maintained.

Adencaine-N'-oxide (18). UV .. 212 nm (€28,300), 257 {12,500), 265 (sh st 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) a1 pH 13; 235 (41,400), 263
(7,700), 304 (2,250) in EtOH; MS (FAB) m/e 284 (M + 1); IR (KBr) 1670, 1500, 1225, 1210, 1135 sh, 1125,
1085, 1060, 640 cm™; 'H NMR (Me,SO+d) 8 3.57, 3.69 (2 m, 2, Jsia50p = 12.0 Hz, CH,-57), 3.96 (aprarent
9. 1. Jyr 50y = 40 Hz, Jy. 50y, = 4.1 Hz, H4'), 416 (apparent q, 1, J5, 4. = 3.7 Hz, H-3"), 4.55 (apparent
q. 1, J5. 4. = 5.0 Hz, H-2"), 5.09 (apparent t, 1, OH-5'), 5.28 (apparem d, 1. OH-3’), 5.64 (apparent, d,
1, OH-2'), 5.89 (d, 1, H-1"), 855 (5, 1, H-2), 8.64 (5, 1, H-8); }3C NMR {Me,SOdy) 8 61.40 (L-5°), 7031
(C-3), 73.92 (C-2'), 84.83 (C4'), 86.68 (Joy = 163.77 Hz, C-1’), 99.46 (Joyy = 17921 Hz, C.7), 10228
(C-5), 124.59 (C-8), 141.64 (C-2), 142.17 (C4), 148.29 (C-6).

2’-Deoxyadenosine-N'-oxide (ib). UV i, 258 nm (12.520) at pH 1; 261 (8,490) et pH 7: 268 (8,600)
at pH 13 MS (FAB) m/e 268 (M + 1); IR (KBr) 1680, 1499, 1380, 1233, 1213, 1091, 1075, 1070, 1025 cm};
'H NMR (Me,SOdg) & 232 (m, 1, Jy,, 9, = 3.6 Hz, Jy, 5., = 62 Hz, H-2'a), 270 (m, 1, J3,,,5, = 5.9 Hz,
Jysgep = 1.2 Hz, Jyip 50 = 13.3 Hz, H-2'b), 3.52, 3.60 (2 m, 2, Jy., 5, = 11.8 Hz, CH,-5"), 3.87 (apparent
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Q. L Jge g1y = Jyigsp = 4.7 Hz, H4"), 441 (apparent g, 1, Ja, 4 = 27 Hz, J3153, = 3.6 Hz, Jp,p 50 = 59
Hz, H-3'), 4.98 (apparent t, 1, J5, 5 gy = 5.0 Hz, OH-5"), 5.38 (apparent d, 1, J4, 4, o = 3.8 Hz, OH-3"),
633 (4 1,Jy. 5., = 62 Hz, J}, 55, = 72 Hz, H-1"), 851 (s, 1, H-2), 863 (5, 1, H-8).

9-Benzyladenine-Nl-oxide (10). UV lmax 259 (13,000) at pH 1; 262 (9,100), 233 {46,100} at pH 7; 308
(4,400), 269 (8,700, 232 (20,300) 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™; 'TH NMR (Me,SO-d() 8 3.40 5,
2, CH,Ar), 1.33 (m, 5, Ar), 843 (s, 1, H-2), 8.63 (s, 1, H-8); *C NMR (Me,SOdy) 8 46.29 (CH,Ar), 127.37
(A1-C-2,6), 127.71 (Ar-C-4j, 128.57 (Ar-C-3,5), 136.43 (Ar-C-1), 141.80 (C-4), 143.09, 143.74 (C-2,8), 148.02
(C-6).

9.Methyludenine-N!-oxide (1d). UV Ap.. 259 nm (11,300) at pH 1; 262 (7,700) at pH 7; 268 (8,100)
at pH 13; MS (FAB) i‘e 166 (M + 1% IR (KBr) 1678, 1511, 1233, 1150, 1039, 692. 438 cm™’; TH NMR
(D,0) 8 3.84 (s, 3 TH;), 8.17 (s, 1, H-2), 8.57 (s, 1, H-8); 13C NMR (Me,SO-dy) 8 30.80 (CH,), 119.01 (C-
5), 144.57 (C-2), 145.01 (C-4), 146.51 (C-?), 149.03 (C-6).

6-Methylamino-9- p-D-ribofuranosylpurine-/!-oxide (1e)* UV . .. 215 nm (25,800), 262 nm (13,900)
at pH 1; 235 (37.900), 270 (9,800) at pH 7; 235 (38,000), 271 (9,500) a1 pH 13; MS (FAB) m/e 298 (M +
1, IR (KBr) 1656, 1580, 1500, 1425, 1215, 1090 (broad), 1050, 1025 em?; TH NMR (Me,SOd;) & 3.45
(apparent d, 3, NCHj), 3.54, 3.66 2 m, 2, J4s 515 = 40 Hz, Jii v, = 3.9 Hz, J5y 5oy = 12.0 Hz, CHy-5'),
3.93 (apparent q. 1, H-4"), 4.16 (apparent q, 1, /3, ., = 3.8 Hz, H-3’), 4.51 (apparent g, 1, J,, 5, = 5.0 Hz,
H-2'), 507 (t, 1, Jsi 5004 = 55 Hz, OH-5"), 5.24 (d, 1, J3. 3, oy = S.1 Hz, OH-3"), 559 (d, 1, /5 5. 0p
= 59 Hz, OH-2), 5.88 (d, 1, J’l.'z, = 5.5 Hz, H-1'}, 8.39 (br d, 1, CHNA), 8.55 (s, 1, H-2), 862 (s, 1, H-
8); 13C NMR (Me,SOd,) & 29.84 (NCH,), 61.01 (C-5"), 70.00 (C-3'), 73.67 (C-2'), 85.33 (C-4'), 87.27
UC,H = 166.57 Hz, C-17), 118.29 (C-5), 141.66 (C-2), 14247 (C-4,8), 147.52 (C-6).

9.B-D-Arabinofuranosyladenine-N'-oxide (1f). UV Amax 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’’; 'H NMR (Me,SOd) 8 3.66 (m, 1, CH,-5"), 3.80
(apparent q, 1, H-4'), 4.12 (apparent q, 1, H-3'), 4.19 (apparent q, 1, H-2’), 510 (1, 1, OH-5"), 5.17 (4,
1, OH-3'), 559 (4, 1, OH-2"), 622 (4, 1. H-1'}, 837 (5, 1, H-2), 863 (s, 1, H-8); 13C NMR (Me,SO,)
8 60.61 (C-5'), 74.59 (C-3"), 75.54 (C-27), 83.55 (C-1'). B4.14 (C-4’), 117.83 (C-5), 141.65 (C-4), 14287,
142,95 (C-8,2), 148.02 (C-6).

8-Bromoadenosine-N-oxide (1g). UV Amay 263 nm (15300), 214 (27,700} st gH 1; 298 (2,700}, 265
(10,500), and 237 (40.400) at pH 7; 315 (5,700), 278 (9.000), 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 cml;
TH NMR (Me,SO-d,) 8 3.49, 3.64 (2 m, 2, Jg., 5 = 11.8 Hz, CH)-5'), 3.91 (apparent q, 1, /4. 5,y = 5.7
Hz, J,, 5., = 4.9 Hz, H-4), 421 (epparent q. 1, Jy, 4 = 3.4 Hz. H-3"), 483 (1, 1, Jg., 5 op = 6.5 Hz, Jgipy 0.
on = 54 Hz, OH.5%), 5.09 (q, 1, J,, 3, = 53 Hz, H-2), 5.26 (d, 1, J3, 3, 0y = 5.0 Hz. OH-3"), 5.49 (4,
1, /3 51.0nq = 6.0 Hz, OH-2"), 5.81 (d, 1, J;. 5, = 6.1 Hz, H-1'). 865 (s, 1. H-2).
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2,6-Diamino-9-p-p-ribofuranosylpurine-N-oxide (1h). UV Apaax 213 nm (26,200), 253 (11,100), 289
(10,200) at pH 1; 211 (16,200), 233 (33,700), 260 (9,000), 292 (6,9W) at pid 7; 233 (21,700), 262 (9,200), 288
(7.200) at pH 13; MS (FAB) m/e 299 (M + 1); IR (KBr) 1672, 1333, 1618, 1420, 1225, 1125, 1105, 1055, 1040
cm; 'H NMR (Me,SO-dg) & 3.56, 3.64 2 m, 2, Jy, 5., = 42 Hz Jy, iy = 4.1 Hz, Jg, 5y = 120 Hz, H-
5%), 3.89 (apparent q, 1, H-4"), 4.10 (apparent q, 1, J3, 4, == 3.5 fz, H-3"), 4.45 (apparent g, 1, Jai3 =50
Hz, H-2'), 5.02 (apparent 1, 1, J5, s, gy = 5.5 Hz, Ol 5'), 5.15 (apparent d, 1, J3: 3104 = 48 Hz, OH-3"),
543 (d, 1, J3, 2005 = 60 Hz, OH-2"), 5.75 (d, 1, J;, 5, = 5.9 Hz, H-1°), 7.23 (br s, 2, H-NH,), 8.15 (s, 1,
H-8).

7-Deazaadenosine-N'-oxde (1i). UV ... 210 nm (21,900), 223 (22,900j, 272 (8,000) at pH 1; 234
(33.900), 271 (5,500), 303 (3.400) a1 pH 7; 234 (30,800), 273 (5,900), 305 (3,800) at pH 13; MS (FAB) m/e
283 (M + "), IR (KBr) 1729, 1655, 1502, 1240, 1120, 1084, 1047, 1025, 1000, 800, 745, 645 cm™); 'H NMR
(Me,504dg) & 3.52, 3.60 (2 m, 2, H-5'), 3.82 (apparemt q, 1, H-4’), 407 (apparent d, 1, H-3'), 4.33
(apparent q, 1, H-2'), 5.10 (apparent t, 1, OH-5"), 5.17 {apparent 4, 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), 805 (br s, 1, H-NH,), 845 (s, 1, H-2); 13C NMR
(Me,50-d,) & 61.40 (C-5%), 70.31 (C-3"), 73.92 (C-2'), 84.83 (C-4",, B6.68 (Jey = 163.77 Hz, C-17), 99.46
ey = 179.21 Hz, C-7), 102.28 (C-5), 124.59 “cp = 19249 Hz, C.8), 141.64 (C-2), 142.17 (C4), 148.29
Je,u, = 503 Hz, C6).

General Procedure for Synthesis of 1.-Benzyloxyadenosines

i-{Substituted Benryloxy)adenosines, Perchioric Acld Salt (2). In a 100-ml. rouvnd-botiomed flask
equipped with a magnetic stimer and a calcium sulfate drying fube was plsced 2.5 g (8.83 mmof) of
adenosine-N'-oxide (1m), 50 mL of mo'ecular sieve (4A) dried N Ndimethylacetamide (DMAC), and 26.5 mmol
of the appropriate benzyl bromide was added to the well-stirred suspencion. The mixture was stirred for 2
b after compiete solution was achieved. The reaciion mixture was poured into 300-500 ml. of anhydrous ether
with slight swirling. After the product stuck to the walls of the flask the supernatant was deranted. The
gummy residue was washed with 400 mL of ether, decanted, again covered with 400 mL of ether, and ground
10 a powder. The powde. was allowed to settie, the ether was decanted. and the residue was dried in a stream
of argon. The residue was dissolved in 25 mL of H,O and added with stirring to a warm solution of 5 g
(42.6 mmol) of ammonium perchiotate dissolved in 25 mL of H,C  The produci crystallized upon scratching
and chilling. One recrystallization from H,O and drying at either 56 or 78 °C for 16 h over phosphorus
pentoxide usually yieided an analytical sample (see Table 2). See Table 2 fur the amounts of the reaclants
used. The ratios of the reactants were maintained.

1-(3-Methylbznzyloxy)adenosine, Perchloric Acid Sait (20-3). UV Amayx 238 nm (12,400) at pH I; 258
(12,400) a1 pH 7; 257 (12,550) at pH 13; MS (FAB) m/e 388 (M + 1); IR (KBr) 1690, 1224, 1088 (broad),
623 cm’’; 'H NMR (M2,SOd() & 2.35 (s, 3, CHy), 3.56,3.69 2 m, 2, J,, 5., = 3.9 Hz, Jorsep = 4.0 Hy,
Jspsrs = 120 Hz, CHy-5%), 4.01 (apparent g, 1, H-4'), L15 (apparent t, 1, J3,,, = 3.8 Hz, H-3'), 4.48
(apparent t, 1, 7,, 5, = 49 Hz, H-2'), 508 (br s, 1, OH-3%), 532 (m, 1, OH-3}, 5.36 (s, 2, OCH,Ar), 5.56
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(br r. 1, OH-2), 593 (4, 1, 7}, 5, = 5.4 Hz, H-1"), 7.38 (m, 4, Ar-H;, 8381 (s, 1, H-8), 895 (s, 1, H-2), 9.72,
10.40 (2 br s, 2, H-%Hz).

1-(4-Iethylbenzyloxy)adenosine, Perchloric Acid Salt (2a-4). UV 1., 259 nm (12,900) at pH 1; 259
(12,600) at pH 7; 258 (12,510) a1 pH 13; MS (FAB) m/e 388 (M + 1); IR (KBr) 1679, 1505, 1425, 1220, 1100
(broad), 855, 623 em™; 'H NMR (Me,SO-dg) 8 2.34 (s, 3, AICH,), 3.59, 3.67 (2 m, 2,J,, 5., = 3.8 Hz, J;, 5.
= 4.0 Hz, Jg),5rp = 12.0 Hz, CHp-5'), 4.00 (apparent q, 1, H-4"), 416 (apparent t, 1, J3, ,, = 39 Hz,
H-3'), 4.49 (apparent t, 1, J;,4, = 4.8 Hz, H-2"), 509, 532, 559 (3 brs, 3, OH-5'3"2"), 5.37 (s, 2,
OCH,Ar), 594 (d, 1, J, 5, = 54 Hz, H-I’), 7.26 (d, 2, Ar-H-3,5), 7.54 (d, 2, Ar-H-2,6), 8.81 (s, 1, H-B), 892
(s, 1, H-2), 973, 1039 (2 br s, 2, H-ﬁHz).

1-(2-Methylbenzyloxy)adenosine, Perchloric Acid Salt (28-2). UV Amax 299 nm (13.420) at pH i; 259
(13,260) at pH 7; 258 (13,210) at pH 13; MS (FAB) m/e 388 (M + 1); IR (KBr) 1687, 1510, 1415, 1227, 1127,
1083 (broad), 916, 880, 767, 690, 623 cm'l; 'TH NMR (Me,SO-dy) & 247 (s, 3, CHy), 3.57,3.68 (2 m, 2, J4 50a
= 3.9 Hz, J,, s, = 4.0 Hz, J5,, 5., = 12.0 Hz, CH,-5"), 3.99 (apparent q, 1, H4’), 4.15 (apparent t, 1,
J3c4- = 3.8 Hz, H-3"), 4.47 (br s, §, Jy, 5, = 4.9 Hz, H-2), 5.08 (br s. 1, OH-§"), 532 (br s, 1, OH-3"),
5.46 (s, 2, OCH,Ar), 5.60 (br s, I, OH-2'), 592 (d, 1, 7}, 5, = 54 Hz, H-1'), 7.35 (m, 4, Ar-H), 861 (s, 1.
H-2). 883 (s, 1, H-8), 9.79, 1048 (2 brs, 2, H-ﬁﬁz); 13C NMR (Me,SO-dg) 8 18.64 (CHj), 60.83 (C-5'),
69.92 (C=3"), 74.46 (C-2"), 79.56 (OTH,Ar), 85.83 (C4"), 87.74 (C-1"), 119.84 (C-5), 125.84 (Ar-C-3),
129.93 (Ar-C-6), 130.45 (Ar-C), 131.34 (Ar-C-2), 138.13 (Ar-C-1), 142.84 (C-B), 144.40 (C-2), 145.17 (C4),
145,32 (C-6).

1-(2-Methoxybenzyl)adenosine, FPerchloric 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 clezr solution
was slowly diluted with benzene until cloudy, chilled overnight, and the precipilate was collecied. This product
still contained NH,* according to the 'TH NMR spectrum. However, a second wrop obtained from th- filtrate
which was washed with ether and dried at 56 °C over phosphorus pentoxide overnight was found to be free
of NH,*. UV Agay 259 nm (12,800) at pH 1; 259 (12,600) at pH 7; 259 (13,000} at pH 13; MS (FAB) n/e
404 (M + 1) IR (KBr) 1684, 1605, 1508, 1500, 1250, 1225, 1100 (broad), 1025, 1015, 860, 624 cm’); 'H NMR
(Me,80d;) 8 3.65 (s, 3, OCH,), 3.57, 3.A8 (2 m, 2, CHy-5°), 3.99 (apparent q, 1, H-4"), 4.15 (apparent q,
1, H-3"), 4.47 (apparenmt q, 1, H-2"), 5.18 (apparent t, 1, OH-5'), 531 (apparent d, 1, OH-3'), 542 (s, 2,
OCH,Ar), 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
(s, 1, H-2), 8.80 (5, 1, H-8). 9.54, 10.44 (2 br s, 2, H-ﬁHz); 13C NMR (Me,SO+d,) 8 55.30 (GCH,), 60.85 (C-
5’). 69.95 (C-3%), 74.44 (C-2'). 76.67 (CHyAr), 85.38 (C-47), 87.73 (Jo,; = 16663 Hz, C-1"), 111.01 (Ar-C-
3 119.16 (C-5), 119.67 (Ar-C-1), 120.49 (A1-C-5), 132.12 (Ar-C-4), 132.96 (Ar-C-6), 142.89 (C-8), 144.59 (C-
2}, 14523 (C-4), 148.39 (C-6), 158.15 (Ar-C-2).

1-(3-Methoxybenryloxy)sdenosine, Perchloric Acid “alt (2b-3). UV a.,., 260 nm (13,200} at pH 1; 260
(12,700) at pH 7; 258 (13,100) a1 pH 13; M3 (FAB) m/e 404 (M + 1); IR (KBr) 1683, 1605, 1510, 1495, 1435,
1270, 1100 (broad), 623 cm’l; 'TH NMR (Me,SO~d¢) 8 3.5, 3.68 (2 m, 2, CH,-5'), 3.78 (5, 3, OCH;,, 398
{apparent q. ], H-4'), 114 (apparent q, 1, H-3"), 447 (apparent q. 1, H-2'), 5.07 (apparent 1, 1, OH-5%),
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5.31 (apparent d, 1, OH-3"), 5.36 (s, 2, OCH,Ar), 5.59 (appar:nt d, I, OH-2'), 592 (d, 1, H-1°), 7.03 (m,
1, Ar-H4), 7.19 (d, 1, Ar-H-6), 7.28 (apparent 1, 1, Ar-H-2), 7.37 (1, 1, Ar-H-5), 8.76 (s, 1, H-8), 8.88 (s, 1,
H-2), 995 (br s, 2, H-ﬁHz); B3C NMR (Me,SO-dg) 8 55.14 (OCHy), 60.90 (C-5"), 69.99 (C-3'), 74.44 (C-
2), 81.24 (CHpAT), 85.86 (C4'), 87.73 (U, , = 167.6 Hz, C-1'), 115.47 (Ar-C4), 11593 (Ar-C-2), 119.67
Ucgng = 118 Hz, C-5), 12275 (Ar-C-6), 129.5 (Ar-C-5), 133.48 (Ar-C-1), 14246 (g, = 2161 H ey ,
= 4.1 Hz, C8), 144.77 (¢ u, = 13.1 Hz J ) = S3 Hz Je = 24 Hz, C4), 14484 (g, = 2215
Hz, £-2), 14833 (¢, = 53 Hz, C6), 159.18 (Ar-C3).

1-(4-Methoxybenzyloxy)adenosice. Perchloric Acld Salt (2b-4). UV A, 258 nm (13,900) at pH I; 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,
1180, 1100 (broad), 623 cm’’; 'H NMR (Me,50d,) 8 3.58, 3.70 (2 m, 2, CH,-5"), 3.79 (5, 3, OCH,), 3.99
(apparent g, 1, H4'), 4.16 (appareni q, 1, H-3'), 4.49 (epparent g, 1, H-2'), 5.09 (apparent t, 1, OH-5'),
5.33 (apparent d, 1 OH-3'), 5.35 (s, 2, OCH,Ar), 5.60 (4, 1, OH-2’), 593 (d, 1, H-1’), 699 (d, 2, Ar-H-3,5),
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-ﬁHz); 3¢ NMR (Me,SO-d,) & 55.14
(OCH;), 60.85 (C-5'), 69.94 (C-3), 7441 (C-2'), 8135 (CH,Ar), 85.84 (C4'), 81.70 (U u,, = 167.7 Hz,
C-1'). 113.80 (Ar-C-3,5), 11933 (Jo g = 11.7 Hz, C-5), 123,87 (Ar-C-1), 132.66 (A1-C-25), 1427 (U,
= 2181 Hz. Jo_y , = 42 Hz, C8), 14484 (o, = 26 Hz Jo y, = 53 Hz, Je y = 132 Hz, C4),
145.07 ("Cz""z = 2220 Hz, C-2), 148.35 (C-6), 160.35 (Ar-C4).

1-(1-Phenylethyloxy)adenosine, Perchloric Acld Salt (2¢). UV 1,., 259 nm (12,400) ai pH 1; 259
{12,500} at pH 7; 258 (12,900) at pH 13; MS (FAB) m/e 385 (M + 1}; IR (KBr) 1691, 1510, 1430, 1400, 1325,
1225, 1100 (t ad), 875, 720, 705, 635. 624 cm’; 'H NMR (Me,SOd,) 8 1.80 (d, 3, CH,), 3.55, 3.65 (2 m,
2, CH,-5"), 3.95 (appareni g, 1, H4"), 4.12 (apparent t, 1, H-3"), 4.43 (apparent t, 1, H-2'), 507, 531, 5.68
(apparer® s, 3, OH-5'3'2"), 5.71 (apparent q, 1, OCHATr), 590 (m, 1. H-1'), 742, 7.59 (2 m, 5, Ar-H),
8.77 (apparent t, 2, H-8,2), 9.53, 1032 (2 br s, 2, H-ﬁH,_); 13C NMR (Me,SO-d,) 8 18.61 (CHCH,), 60.80
(C "), 69.88 (C-3'), 7439 (C-2'), 8583 (C-4"), 87.65 (C-1"), 88.60 (OCHAr), 1197 (C-5), 128.49, 12854
(A1-C-2,3,5,6), 129.85 {Ar-C4), 136.05 (Ar-C-1), 142.83 (C-8), 144.72 (C-2), 144.89 (C4), 148.61 (C-6).

1-(2-Fluorobenzyloxy,sdencsine, Perchloric Acid Salt (2d-2). UV Ap.. 259 nm (13,400) at pH L 259
(13,10C) at pH 7; 257 (12,500) a1 pH 13; MS (FAB} m/e 392 (M + 1), IR (KBr) 1686, 1515, 1415, 1227, 1100
(broad), 770, 622 em’’; 'H NMR (Me,SO-d,) & 3.58, 3.69 (2 m, 2, CH,-5'), 3.99 (apparent g, H4'"), 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, OCH,Ar), 5.60
(br s, 1, OH-2"), 594 (4, 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-r?mz‘, 3C NMR (Me,SOdy) 8 60.83 (C-5'), 69.92 (C-3'), 74.43 (C-27), 74.95 Uen,
= 23 Hz, CH,Ar), 85.84 (C4'), 8771 (¢, ;. = 1682 Hz C-1), 11551 (U 7 = 209 Hz, Ar.C-3), 11933
Ucghg = 123 Hz, C-5), 11935 (Jo, ¢ = 143 Hz, A-C-1), 12464 (J ¢ = 14.3 Hz, Ar-C-5), 13252 (Jc, ¢
= 8.4 Hz, Ar.C-4}, 133.01 (JCG.F = 2.7 Hz), 142.84 ch.Hs = 218.5 Hz, Jcs-Hv = 4.0 Hz, C-8), 144.64 (Jq_HB
= 129 Hz, "041-12 = 5.3 Hz, JC4.H1, = 25 Hz, C4), 148.36 (J’C&H2 = 5.2 Hz, C-6), 161.04 (-’cz.F = 249.1
Hz, Ar-C-2).
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1-(3Fluorobenzyloxy)adenosine, Perchloric Acid Salt (2d-3). UV 1., 259 nm (13,700) at pH 1; 259
(13.700) at pH 7; 258 (13,100) at prd 13; MS (F~B} m/e 392 (M + 1); IR (KBr) 1684, 1507, 1100 (broad),
625 cm’l; 'TH NMR (Me,SO-d) & 3.59, 3.69 (2 m, 2, CH,-5"), 4.00 (apparent q. 1, H-4"), 4.16 (apparent
1, 1, H-3"), 4.49 (apparent t, 1, H-2'), 5.43 (s, 2, OCHLAr), 597 (4, 1, H-1'), 7.34, 7.52, 763 (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-ﬁHz); 13C NMR (Me,SO-d,) 8 60.87 (C-5'), 69.97
(C-3), 74.50 (C-2'), 8067 (CHAAr), 85.90 (C4'), 87.80 (U, 1y, = 1683 Hz C-1'), 116.56, 117.36 U, p
= 209 Hz, Jo ¢ = 21.8 Hz, A1-C3,2), 11937 (U yy, = 123 Hz, C5), 126.70 (Ar-C6), 130.47 (Je p = 7.7
Hz, Ar-C-5), 134.60 (Jc, ¢ = 7.5 Hz, Ar-C-1), 14287 (g, = 2182, ], = 4.5 Hz, C8), 144.80 (U 5y,
= 2227 Hz, C-2), 14522 (o, = 125 Ho, Jg yy, = SO Hz Jg, yy , = 2.5 Hz, C4), 14832 (J¢, yy, = 60

1-(4-Fluorohenzyloxy)adenosine, Perchloric Acid Salt (2d-4). UV 2., 258 nm ( 12,500) at pH 1; 258
(12,300) at pH 7; 257 (12,400) at pH 13; MS (FAF) m/e 392 (M + 1); IR (KBr) 1690, 1511, 1226, 1110
(broad), 874, 855, 623 cm™’; 'H NMR (Me,SO-d,) 8§ 3.59,3.70 2 m, 2, J;, 50, = 3.9 Hz, /4, 50y, = 4.0 Hz,
Jsia5p = 120 Hz, CH,-5"), 4.00 (apparent q, 1, H-4"), 417 (appatent ¢, 1, J5, ,, = 3.8 hz, H-3'), 4.50
(apparent 1, 1, /5.4, = 4.9 Hz, H-2), 5.09 (br s, 1, OH-5"), 5.32 (br 5, 1, OH-3'), 5.41 (5, 2, CH,Ar}, 559
(br d, 1, OH-2'), 595 (d, 1, J;,,, = 5.4 Hz, H-1"), 731 (t, 2, Jyy = 88 Hz, Ar-H-3,5), 775 (m, 2, Jy¢
= 5.6 Hz, A1-H-2,6), 8.82 (s, 1, H-8), 9.00 (s, 1, H-2), 9.75, 10.39 (2 br 5, 2, H- ﬁHz); 13¢ NMR (Me,SO-d;)
8 6085 (C-5'), 69.95 (C-3'), 74.45 (C-2'), 80.77 (CH,Ar), 85.86 (C4°), 87.75 (Jo;, = 1568 Hz, C-1'),
11535 (Ar-C-3.5), 11932 (Jg, p, = 122 Hz, C-5), 17839 (/¢ ¢ = 25 Hz, Ar-C-1), 13331 (g ucr, = 87
Hz Ar-C-1), 14283 (g, y = 2184 Hz, J¢ y , = 39 Hz C8), 14483 (¢, = 2222 Hz, C-2), 145.20
Ucomg = 131 He Jo, p, = 54 Hz Jg = 22 Hz, C4), 14832 (¢, = 53 Hz, C6), 16285 (I ¢ =
246.8 Hz, Ar-C-4).

1-(2,4-Diluorobenzyloxy)adencsine, Perchloric Acid Salt (2¢-24). UV A, 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); IR (KBr) 1690, 1620, 1508, 1100
(broad), and 624 cm’; 'TH NMR (Me,SO-d;) & 3.58, 3.70 2 m, 2, /. ¢,y = 3.7 Hz. J 50y = 4.0 Ho Jspusn
= 12.1 Hz, CH,-5’), 3.99 (apparent q, 1, H-4'), 4.16 (apparent s, 1, J5,.,, = 3.9 Hz, H-3'), 448 (apparent
q. 1. 2,030 = 49 Ha, H-27), 5.09. 533 (2 apparent 5, 2, OH-5'3"), 547 (s, 2, OCH,Ar), 5.60 (apparert d,
1, OH-2"), 534 (4, 1, J},.5, = 53 Hz, B-1"), 7.22, 7.39 (2 m, 2, Ar-H-3,5), 7.76 (g, 1, Ar-H-6), 8.81 (s, 2,
H-82), 9.79, 10.44 (2 br s, 2, H-I?JHz); 3C NMR /Me,SOd;) & 60.86 (C-5°), 69.95 (C-3°), 74.36 (OCH,Ar),
74.48 (C-2'), 85.89 (C-4’), 87.73 (C-1'), 104.24 (Ar-C-3), 111.85 (Ar-C-5), 117.00 (Ar-C-1), 119.36 (C-5),
134,60 (Ar-C-6), 14287 (C-8), 144.55 (C-2), 145.25 (C-4), 148.41 (C-6), 161.55, 16347 (Ar-C-2,4).

1-(2,5-Difluorobenzyloxy)ad=nosine, Perchloric Acid Salt (2¢-2,5). UV Ap,, 260 nm (13,800) at pH §;
260 (13,800) at pH 7:258 (13,200) st pR 13; MS (FAB) m/ 410 (M + 1); IR (KBr) 1691, 1510, 1500, 1435,
1240, 1230, 1195, 1100 (broad), 975, 880, 735, 624 an’); 'H NMR (Me,SOd,) & 3.59,3.70 2 m, 2, J,, s,
= 3.9 Hz, J,; s1p = 4.0 Hz, J5,, 5:p, = 120 Hz, CH,-5"), 401 (apparent g, 1, H-4'), 4.17 (apparent g, 1,
Jic4 = 3.8 Hz, H-3"), 4.50 (apparent q. 1, /. 5, = 4.9 Hz, H-2'), 5.11 (1 1, J. 5,0, = 5.3 Hz, OR-5),
535 (8, 1. Jy, 3o op = 5.2 Hz, OH-3"), 5.49 (s, 2, OCH,Ar), 5.63 (d, 1, Jp. 3. oy = 6.1 Hz, OH-2"), 5.96
(4. 1,J), 5, = 5.4 Hz, H-1'), 7.40, 7.64 (2 m, 3, Ar-H), 883 (s, 1, H-8), 8.89 15, 1, H-2); 13C NMR (Me,SO-
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dg) 8 60.85 (C-5'), 69.95 (C-3'), 74.24 (CH,Ar), 74.45 (C-2), 85.90 (C-4'), 87.71 Uc, hy, = 1645 Hz,
C-1), 117.20 (¢, = .34 Hz, Jc, F, = 854 Hz, Ar-C6), 11896 (J¢ 5, = 27.44 Hz, Je,F = 302 Hz,
A1-C3), 119.39 (C-5), 121.20 (¢ 5, = 1739 Hz, I, Fg = 819 Hz, Ar-C-1), 14287 (C-8), 144,55 (C-2), 145.25
(C-4), 14836 (C-6), 155 °0 Jc,F, = 4854 Hz, Ar-C2), 159.02 UcyF, = 4574 Hz, Ar-CS5).

1-(/6-Difluorobenzyloxy)edencsine, Perchioric Ackd Salt (2e-2,6). UV 1. 259 nm (14,000) at pH 1; 259
(13,900} at pH 7; 257 (13,400) st pH 13; MS (FAB) m/e 410 (M + 1); IR (KBr) 1685, 1629, 1515, 1476, 1415,
1405, 1245, 1220, 1100 (broad), 920, 910, 800, 675, 622 cm'’; 'H NMR (Me,SO-d,) & 3.58, 3.68 (2 m, 2,
Jersea = 39 Hz, Jyy 50p = 4.0 Hz, Jg,, 5, = 121 Hz, CH,-5’), 3.99 (apparent g, 1, H-4’), 4.16 (apparent
G L Jy g = 3.9 Hz H-3'), 449 (appatent g, 1, /5.5, = 4.9 Hz, H-2'), 5.10 (br s, 1, OH-5’), $.33 (br s,
1, OH-¥), 557 (5. 2, OCH,AY), 5.62 (apparent d, 1, OH-2‘), 594 (d, 1, H-1'), 7.23 (i, 2, Ar-H-3,5), 7.63
(m, 1, Ar-H-4), 8.83 (s, 1, H-8), 887 (5, 1, H-2), 9.83, 1048 (2 br s, 2, H-ﬁuz); 3¢ NMR (Me,SO-d) 8
60.84 (C-5'), 68.78 (CH,Ar), 69.94 (C-3'), 74.43 (C-2'), 85.90 (C-4'), 87.68 (Jo)y = 16791 Hz, C1),
10844 (Jo ¢ = 10.74 Hz, Ar-C-1), 111.88 (Jop = 24.95 Hz, Ar-C3,5), 119.29 (C-5), 133.57 (Jof = 1278 Hz,
Ar-C-4), 14295 (C-8), 144.43 (C2), 145.24 (C-6), 161.47 Ve, = DLIS He Jo = 6.65 Hz, Ar-C26).

1-(3,4-Diftuorobenzyloxy)adenosine, Perchloric Actd Salt (2e-3,4). UV 1 259 om (13,000) at pH I
259 (13,400) at pH 7; 258 (12,900) at pH 13; MS (FAB) m/e 410 (M + 1); IR (KBr) 1687, 1522, 1440, 1294,
1100 (broad), and 624 c'); 'TH NMR (Me,SO-dg) 8 3.59, 3.69 (2 m, 2, 74404 = 39 Hz J,, ¢, = 3.7 Hz,
Jsiasw = 121 Hz CH,-5), .00 (apparent q, 1, H-4"), 4.17 (apparent 1, L, Jy,,, = 3.9 Hz, H-3'), 4.50
(brs, 1, J 5 = 49 Hz, H-2"), 5.10, 535, 5.60 (3 br s, 3, OH-5'3'2), 538 (s, 2, OCH,Ar), 595 (4, 1,
Jys50 = 5.3 Hz, H-1"), 7.55, 7.88 (2 m, 3, Ar-H-2.56), 882 (5, 1, H-8), 9.03 (5, 1, H-2), 9.76, 10.44 (2 br s,
2, H-ﬁl-lz); 3C NMR (Me;SOdy) 8 60.88 (C-5'), 69.98 (C-3'), 7445 (C-2'), 80.12 (CH,Ar), 85.91 (C4"),
87.75 (C-1), 117.53 (A1-C-5), 119.39 (U y, = 11.1 Hz, C-5), 120,04 (Ar-C-2), 128.16 Ucgr, = 68 He, Je p,
= 33 Hz, Ar-C$), 12972 U, f, = 62 Hz,J¢ 5, = 3.8 Hz, Ar-C-1), 14286 (J_py, = 2185 Hz, JegH,, =
3.8 Hz, C-8), 14489 (I, yy, = 2225 Hz, C-2), 145.24 (¢, yy, = 131 Hz, Jeyny = 52HzJc, yy , = 25 He,
C4). 14832 (¢ py, = 5.2 Hz C-6), 149.11, 15024 (Ar-C-3,4).

1-(3,S-Difluorobenzyloxy)sdenosine, Perchloric Acld Salt (2¢-3,5). UV A .. 259 nm (13,600) at pH §;
259 (13,500) at pH 7, 257 (12,700) ut pH 13; MS (FAB) m/je 410 (M. + 1); IR (KBr) 1697, 1686 (sh), 1630,
1608, 1455, 1380, 1330, 1230, 1100 (broad), 870, 860 (sh), 845, 665, 624 cm’’; 'H NMR (Me,SOd,) ¢ 3.59,
370 Q2 m, 2.7, 4, = 39 Hz, Jyu 50y = 40 Hz Jg, 5y, = 120 Hz, CH;-5"), 4.01 (apparent q, 1, H4'), 4.17
(apparent 4, 1, J5, ,, = 3.8 Hz, H-3'). 4.50 (apparent q, 1, J,, 3, = 4.9 Hz, H-2'), 5.10 (br 5, 1, OH-5"),
5.34 {aprarent d, 1, OH-3'), 540 (s, 2, OCH,Ar), 5.61 (apparent d, 1, J31 2004 = 6.1 Hz, OH-2'), 5.96 (d,
1, Jye 5, = 5.4 Hz, H-1"), 739 (m, 1, Ar-H-4), 7.50 (m, 2, Ar-H-2,6), 883 (s, 1, H-8), 9.07 (s. 1, H-2), 9.78,
1047 (2 brs, 2, H-ﬁH,): BC NMR (Me,SO-dg) & 60.87 (C-5%), 69.98 (C-3'), 74.45 (C-2°), 79.85 (CH,AD),
85.92 (C4°), 8716 Uy = 16697 Hz, C-1'), 105.05 (Jop = 25.55 Hz, Ar-C4), 113.73 (Jor = 2533 Hz,
Ar-C-26), 11941 (C-5), 136.08 (Jc ¢ = 993 Hz, A1-C-1), 142.86 (C-8), 144.84 (C-2), 145.25 (C4), 14825 (C-
6). 16207 (/o = 23331 Hz, Ar-C3,5).
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1-(2,4-Dimethylbenzyloxy)adenosine, Perchloric Acld Salt (2[-2,4). UV J‘max 259 nm (13,300) at pH 1;
259 (13,400) 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'l; 'H NMR (Me,SO-<,) 8 231, 242 (2 §, 6, Ar-CH,), 3.57, 3.67 (2 m,
2, CH,-5"), 3.98 (apparent q, 1, H4'), 4.15 (apparent 1, 1, H-3"), 4.48 (spparent t, 1, H-2'), 5.09 (br s, 1,
OH-5%), 5.33 (br s, 1, OH-3"), 540 (5, 2, OCH,AI), 5.60 (br 5, 1, OH-2'), 5.91 (4, 1, "1'.2' = 535 Hz, H-
1), 7.03, 7.15, 7.31 (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-ﬁHg; 3¢ NMR
(Me,SO-dg) 8 1857 (Ar-CH,), 20.73 (Ar-CH,4), 60.82 (C-5'), 69.92 (C-3’), 74.36 (C-2'), 79.42 (Ar-C-2),
85.81 (C4'), 87.54 (C-1'), 119.37 (Jc_y, = 122 Hz, C5), 12638 (Ar-C-3), 127.44 (Ar-C-1), 13116, 131.70
(Ar-C-3,6), 13816, 139.5. (Ar-C-2,4), 142.81 (C-8), 144.49 (C-2), 145.16 (C4), 148.31 (C-6).

1-(2,5-Dimethylbenzyloxy)adenosine, Perchloric Acld Salt (2f.2,5). UV J'ma.x 259 nm (13,100) at pH 1;
259 (13,200) at pH 7; 258 (13,200) at pH 13; MS (FAB) m/e 402 (M + 1); IR (KBr) 1638, 1508, 1415, 1225,
1100 (broad), 915, 900, 880, 375, 825, 685, 655, 622 cm''; 'H NMR (Me,SO-d,) & 2.26, 239 (25, 6 Ar-CH,),
358,368 (2m, 2 1y =704 = 38 He, Jg,, 40, = 121 H2, CH,-5'), 3.99 (apparent g, 1, H4'), 4.15
(apparent t, 1, Jy, o, = 3.9 Hz, H.3'), 4.48 (apparent q, 1, J;, 5, = 4.9 Hz, H-2), 5.09 (br s, 1, OH-5),
5.32 (br 5, 1, OH-3"), 5.41 (s, 2, OCH,Ar), 5.59 (apparent d, 1, OH-2'), 5.93 (4, 1, J,, 5, = 5.37 Hz, H-I'),
7.18, 7.20, 7.30 (m, 3, Ar-H), 865 (s, 1, H-2), 8.82 (s, 1, H-8), 9.75, 10.45 (2 br s, 2, H-!?H-lz); 3¢ NMR
(Me,SOdy) 8 1815 (ArCH,-2), 2028 (ArCH,-5), 60.84 (C-5%), 69.93 (C-3'), 74.43 (C-2"), 79.66 {CH,AI),
85.85 (C4’), 81.75 (C-1"), 119.41 (¢, = 123 Hz, C-5), 13022, 130.31, 130.38, 131.84, 134.82, 134.86 (Ar-
C). 14286 (o yy, = 2186 Hz Jo yy , = 39 Hz C8), 14446 (U yy, = 2223 Hz, C2), 145.07 (g, =
1300 Hz, Jc, 3, = 55 Hz, Jc,py,, = 26 Hz, C4), 14830 (¢ y, = 52 Hz, C6).

1-(3,4-Dimethylbenzyloxy)adenasine, Perchloric Acid Salt (2-34). UV 1___ 259 nm (13,300) at pH I;
259 (13,300) at pH 7; 258 (13,600) at pH 13; MS (FAB) mje 402 (M + 1); IR (KBr) 1691, 1510, 1100
(broad), 624 cm’; 'TH NMR (Me,SO-dg) 8 2.25 (s, 6, Ar-CH,) 3.58, 369 (2 m, 2, J, 5, = Jus, = 3.87 Hz,
J5iyqrp = 12.1 Hz, CH,-5%), 4.00 (apparent q, 1, H4'), 4.16 (apparent t, 1, /5, ., = 3.85 Hz, H-X'), 4.49
(apparent g, 1, J, 3, = 4.88 Hz, H-2'), 5.09 (br s, 1, OH-5'). 533 (s, 2, OCH,Ar), 5.60 (br 4, 1, J. 5, on
= 457 Hz, OH-2"), 554 (d, 1, J;, 5, = 54 Hz, H-1'), 881 (s, 1, H-8), 891 (s, 1, H-2), 9.72, 1041 (2 br
s, 2, H-ﬁl—iz); 3C NMR (Me,SO-dg) 8 19.17 (Ar-CH,), 60.86 (C-5), 69.96 (C-3"), 74.49 (C-2"), 81.71
(CH_As). 85.87 (C4"), 87.77 (C-1'), 11930 e g, = 116 Hz, C-5), 128.24 (Ar-C6), 129.20 (Ar-C-1), 129.46
(A1-C-5). 13184 (Ar-C-2), 13638, 138.08 (Ar-C-34), 14283 (J g, = 2184 Hz, Je y , = 38 Hz, C8),
14478 (g py, = 2220 Hz, C-2), 14519 (¢ g, = 129 Hz Jc 3y, = 52 Ha Je gy, = 2.1 Hz, C4), 14829
(Jcé.Hz = 5.2 Hz, C-6).

1-(3,5-Dimethylbenryloxy)sdencsine, Perchloric Acid Salt (2-35). UV 4 __ 259 om (12,900) a1 pH L;
259 (13,100) at pH 7; 258 (13,000) at pH 13; MS (FAB) rje 402 (M + 1); IR (KBr) 1693, 1510, 1225, 1100
(broad), 890, 853, 638, 623 am’!; 'H NMR (Mc,S0Od,) 8 2.30 (5, 6, A1-CH;), 359,369 2 m, 2. /. g0, =
3.8 Hz, J4 5o = 3.9 Hz, Ju 54y, = 120 Hz, CH2-5%), 4.00 (apparent q, 1, H4"), 4.16 (apparent i, 1, J5, 4,
= 38 Hz, H-3"), 4.49 (br s, 1, J5, 5, = 49 Hz, H-2), 5.09 (br s, 1, OH-5'), 5.32 (5, 2, OCH,Ar), 5.60 (br
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d, 1, OH-2'), 595 (4, 1, J,, 5, = 5.38 Hz, H-1°), 7.11, 7.28 (2 s, 3, Ar-B), 8.82 (s, 1, H-8), 896 (5, 1, H-2),
9.72, 1042 (2 br s, 2, H-ﬁH,); BC NMR (Me,S0d,) 8§ 20.69 (Ar-CHy), 60.85 (C-5'), 69.95 (C-37), 74.50
(C-2'), 81.83 (CH,Ar), 85.86 (C4"), 87.78 (C-1'), 119.32 Ucghg = 113 Hz, C5), 12232 (Ar-C-26), 130.99
(Ar-C4), 131.78 (Ar-C-1), 137.54 (Ar-C-3,5), 142.84 Ucghg = 2182 Hz Jo gy, = 3.7 Hz, C8), 14482
Ucyh, = 2222 Hz, C-2), 145.19 (U, = 130 Hz, Jcny = 51 Hz, C4), 14826 (J¢, y, = 53 Hz, C6).

1-(2-Trifluoromethyiber ryloxy)adenosine, Perchloric Acid Salt (2g). UV A, 258 om (13,100) at pH
1; 258 (12,900) at pH 7, 257 (12,700) at pH 13; MS (FAB) m/e 442 (M + 1); IR (KBr) 1682, 1317, 1177,
1108 (broad), 778, 624 cm™’; 'H NMR (Me,SOdg) 8 3.58, 3.68 (2 m, 2, Jyu 50y = Jos 0 = 3.9 Hz, Tsipsen
= 12.1 Hz, CH,-5"), 4.00 (apparent q, 1, H-4"), 4.17 (apparent t, 1, 73 4o = 3.9 Hz, H-3"), 4.49 (apparent
L 1, J3 3 = 49 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,
OCH,Ar), 5.94 (4, 1, J;. 5, = 5.3 Hz, H-1"), 7.80 (m, 4, Ar-H), 868 (s, 1, H-2), 8.83 (s, 1, H-8), 9.81, 10.47
(2brs, 2, H‘gHz); BC NMR (Me,S04,) & 60.84 (C-5°), 69.93 (C-3'), 74.46 (C-2'), T7.11 (CH,ATr), 85.86
(C4), 8771 (J¢. 1, = 1680 Hz, C-1'), 11965 Ucgng = 118 Hz, C5), 12394 (U = 2738 Hz, CFy),
12629 U, a5 = 54 Hz, Ar-C:3), 12739 (¢, o = 30.5 Hz, Ar-C-2), 130.05, 132.77 (Ar-C4,5), 132.11 (Ar-
C-6), 142.80 (C-8), 144.34 (C-2), 14843 (C.6).

1-[2,4-Bis{trifluoromethyl)benryloxyladenosine, Perchloric Acid Salt (2h-2,4). UV Amax 259 nm (13,240)
at pH 1; 259 (12,710) at pH 7; 257 (12,090) at pH 13; MS (FAB) m/e 510 (M + 1}; IR (KBr) 1684, 1348,
1304, 1281, 1123 (broad), 624 cm’'; 'H NMR (Me,SOdy) 8 3.60,3.69 (2 m, 2, J,, 5., = 3.8 Hz J,, 4, =
3.6 Hz, Js,, 5/, = 123 Hz, CH,-5'), 4.00 (apparent g, 1, H-4'), 4.16 (apparent t, 1, 73 4+ = 3.9 Hz, H-3'),
4.50 (apparent t, 1, Jy, 4, = 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, OCH,Ar), 593 (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-B), 891 (s, 1, H-2), 9.84, 1048 (2 brs, 2, H-!?le); 3¢ NMR (Me,SO-dg) 8 60.94 (C-5°), 70.04
(C-3'), 74.58 (C-2’), 76.36 (OCH,Ar), 8599 (C4’), 87.81 (C-1'}, 119.77 (C-5), 123,08, 123.14, 12321 (2
CF;, Ar-C-3), 12804, 129.71, 130.03, 132.35 (Ar-C-2,4,5.6), 135.91 (Ar-C-1), 142.86 (C-B), 144.53 (C-2), 14531
(C4), 148.53 (C-6).

1-[3,-Bis (triluoromethyl)benzyloxy) sdenosine, Perchloric Acid Salt (2h-3,5). UV A, 259 nm (12.600)
at pH 1; 259 (12,280) a« pH 7; 257 (12,100) at pH 13; MS (FAB) mje 510 (M + 1); IR (KBr1) 1684, 1366,
1282, 1129 (broad), 684, and 624 cm; 'H NMR (Me,504dg) 8 361,368 (2 m, 2, J,, 5, = 38 Hz, J,, 5,
= 39 Hz, Jg,, 5, = 119 Hz, CH,-5’), 4.01 (apparent g, 1, H-4'), 4.18 (apparent t, 1, Jy, ., = 3.8 Hz,
H-3'), 4.52 (apparent t, 1, J,, 3, = 4.9 Hz, H-2'), 5.08 (br s, 1, OH-5'), 534 (br s, 1, OH-3"), 5.59 (br s,
1, OH-2'), 5.56 (s, 2, OCH,Ar), 598 (apparent d, 1, Jy: 20 = 5.4 Hz, H-1"), 826 (s, 1, Ar-H-4), 852 (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-ﬁHl); BC NMR (Me,SOd,) & 61.02
(C-5%), 70.15 (C-3), 74.62 (C-2'), 79.74 (OCH,Ar), 8608 (C4’), 8796 (C-1'), 119.55 (C-5), 123.21
(Ar-C4), 123.23 (2 CF,), 130.35 (Ar-C-3,5), 131.74 (Ar-C-2,6), 135.37 (A1-C-1), 143.04 (C-8), 145.14 (C-2),
145.41 (C4), 148.39 (C-6).

1-(2-Chlorobenzyloxy)adenosine, Perchlork Acid Salt (21-2). UV Ap,. 260 nm (12,690) at pH 1; 259
(12,550) a1 pH 7; 258 (12,510) at pH 13; MS (FAB) m/e 408 (M + 1); IR (KBr) 1689, 1509, 1220, 1100
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(broad), 931, 860, 774, 769, 645, 640, 623 cm™’; 'H NMR (M. ,SOd) 8 3.58, 3.68 (2 m, 2, J,, 5,, = 39 Hz,
J4ss0p = 3.9 Hz Jg, 4, = 12.0 Hz, CH,-5'), 3.99 (apparent g, 1, H-4"), 4.16 (apparent t, 1, J4, ,, = 40
Hz. H-3’), 4.49 (apparent t, 1, J;, 5, = 4.6 Hz, H-2"), 509 (brs, 1, OH-5'), 5.31 (br s, 1, OH-3"), 5.54
(s, 2, OCH,Ar), 560 (br s, 1, OH-2°), 593 (d, 1, J;, 5, = 5.3 Hz, H-1’), 7.42-7.78 (m, 4, As-H), 870 (s, 1,
H-.), 8.83 (s, 1, H-8), 9.82, 1048 (2 br s, 2, H-ﬁHz); 13C NMR (Me,SO-dg) 8 60.82 (C-5°), 6991 (C-3"),
74.45 (C-27), 78.14 (OCH,Ar), 85.84 (C4’), 87.71 (C-1'), 119.44 (C-5), 12742, 129.50, 131.70 (Ar-C-34,5),
129.99 (Ar-C-2), 132.94 (Ar-C-6), 134.02 (Ar-C-1), 142.84 (C-8), 144.33 (C-2), 145.19 (C-4), 14839 (C-6).

1-(3-Chlorobenzyloxy)adenosine, Perchloric Acid Salt (2i-3). UV A, 259 nm (12,910) at pH 1; 259
(12,560) at pH 7; 258 (12,560) at pH 13; MS (FAB) m/e 408 (M + 1); IR (KBr) 1694 1620, 1575, 151N, 1430,
1415, 1380, 1220, 1075 (broad), 885, 785, 685, 622 ecm™; 'H NMR (Me,SCdg) & 3.59, 3.69 (2 1, 2, J4u 50,
= 39 Hz, J,, g1y = 4.0 Hz, J5., 5., = 120 Hz, CH,-5"), 4.00 (apparent q, 1, H-4"), 4.17 (apparent ¢, 1,
J3: 4« = 3.9 Hz, H-3"), 450 (apparent 1, 1,75, 4, = 4.7 Hz, H-2'), 5.09 (br s, 1, OH-5"), 5.33 (br s, 1, OH-
3°), 5.40 (s, 2, OCHoAr), 5.60 (br s, 1, OH-2%), 596 (d, 1, J;, 3, = 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—gHz); BC NMR (Me,SO-dg) 8 60.85 (C-5), 69.95
(C-3), 74.46 (C-2'), 80.63 (OCH,AT), 8587 (C-4’), 87.78 (C-1), 119.34 (C-5), 129.23, 129.54, 130.41
(Ar-C-2,4,6), 130.24 (Ar-C-5), 133.00 (Ar-C-3), 134.32 (Ar-C-1), 14284 (C-8), 144.82 (C-2), 145.20 (C4),
148.26 (C-6).

1-(2-Nitrobenryloxy)adenosine, Perchloric Acid Salt (2j-2). UV Ay, 259 om (18,170) at pH t; 259
(18,090) at pH 7; 257 (16,890) at pH 13; MS (FAB) m/e 419 (M + 1); IR (KBr) 1685, 1538, 1530, 1510, 1347,
1105 (broad), 624 cm'’; TH NMR (Me,S0dg) 8 3.59, 3.68 2 m, 2,J,, 5., = 3.7 Hz, Jy, 50 = 40 Hz, Jgop 0
= 12.1 Hz, CH,-5'), 4.00 (apparent q, 1, H-4'), 4.16 (apparent t, 1, J5. ,, = 3.9 Hz, H-3'), 4.49 (apparent
t, 1, /5.5, = 49 Hz, H-2’), 5.08 (br s, 1, OH-5%), 532 (br s, 1, OH-3"), 560 (br s, 1, OH-2),'5.76 s, 2,
OCH3Ar), 5.95 (d, 1, )y, 5, = 5.35 Hz, H-1"), 7.75 (m, 1, Ar-H-4), 7.90 (m, 1, Ar-F.-5), 7.99 (apparent d, 1,
Ar-H-3), 8.22 (apparent d, 1. Ar-H-6), 883 (s, 1, H-8), 8%4 (s, 1, H-2), 9.80. 10.46 (br s, 2, H-I?THA_,);
13C NMR (Me,SO-dg) 8 60.83 (C-5), 69.92 (C-3'), 74.46 (C-2'), 77.01 (OCH,Ar), 8584 (C4'), 81.77
(C-1), 119.54 (C-5), 124.81 (Ar-C-3), 128.32 (Ar-C-1,, 130.29 (Ar-C-4), 131.11 (Ar-C-5), 134.03 (Ar-C-6),
14279 (C-8), 144.45 (C-2), 14521 (C4), 147.54 (Ar-C-2), 148.36 (C-6).

1-(3-Nitrobenzyloxy)adenosine, Perchloric Acid Salt (2-3). UV Xp,, 259 nm (19,400) at pH 1; 259
(19,100) at pH 7; 258 (17,560) at pH 13; MS (FAB) m/z 419 (M + 1); IR (KBr) 1691, 1620, 1533, 1511, 1352,
1225, 1090 (broad), 900, 740, 622 cm; '"H NMR (MeaSO~,) 8 3.60.3.71 2 m. 2,J,, 5., = J40 50p = 39 Hz,
Jxiagsp = 120 Hz, CHy.5'), 4.01 (apparent q, 1, H4’), 4.8 (apparent t, 1, J4, 4. = 3.7 Hz, H-3", 451
(apparent t, 1, /5,4, = 48 Hz, H-2'), 510 (br s, 1, OH-8'), 534 (brs, 1, OH.3'), 555 (s, 2, OCH,Ar),
560 (brs, 1, OH-2'), 5.97 (@, 1, J,, 5. = 54 Hz, H-1"), 7.80 (1. 1, Ar-H-5), 817 (4, 1, Ar-H-6), 835 (m,
1, Ar-H-4), 867 (s, 1, Ar-H-2), 883 (s, 1, H-8), 917 (s, 1, H-2), 10.15 (b s, 2, H.r?mz); 13C NMR
(Me,SO-dg) 8 60.88 (C-57), 69.99 (C-3'), 74.49 (C-2'), 80.11 (OCH,Ar), 8592 (C4"), 87.79 (C-1'), 119.42
(C-5), 124.40 (Ar-C-5), 12545 (Ar-C-4), 129.95 (Ar-C-2), 134.13 (Ar-C-6), 137.25 (Ar-C-1), 14287 (C-8),
144,95 (C-2), 145.24 (C4), 147.64 (Ar-C-3), 14831 (C-6).
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I-(4-Nitrobenzyloxy)adenosine, Perchloric Acid Salt (2j4). UV Amax 260 nm (22,270) a1 pH 1; 260
(21,970) at pH 7; 265 (18,550) at pH 13 (slowly decreased); MS (FAB) m/e 419 (M + 1); IR (KBr) 1686,
1524, 1348, 1220, 1090 (broad), 854, 750, 622 cm™; 'H NMR (Me,SO-dg) 8 3.57, 370 2 m, 2, J,, 5., = 4.0
Hz, J5i 6 = 3.9 Hz, Jg,5 5, = 12.0 Hz, CHp-5’), 4.00 (apparent q, 1, H-4'), 4.16 (apparent 4, 1, J3, 4, =
3.7 Hz, H-3'), 4.50 (apparent , 1, J5, 3, = 49 Hz, H-2’), 5.09 (1, 1, Jg, 5.0y = 5.3 Hz, OH-5"), 5.34 (4,
1,J3: 5 oy = 52 Hz, OH-3'), 5.55 (s, 2, OCH,Ar), 5.60 (d, 1. J3r 2104 = 6.1 Hz, QH-2)}, 5.95 (d, 1, Jy, 5,
= 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-ﬁH;): 3¢ NMR (MeoSQ-dg) & 60.87 (C-5"), 69.97 (C-3'), 74.53 (C-2°), 80.03 (OCH,Ar), 85.89 (C4"),
87.84 (C-1'), 119.43 (C-5), 123.38 (Ar-C-3,5), 13138 (Ar-C-2,6), 139.45 (Ar-C-1), 142.88 (C-8), 144.76 (C-2).
145.24 (C4), 148.0i (Ar-C4), 148.33 (C-6).

1-{2-Cyanobenzyloxy)adenosine, Perchloric Acid Salt (2k-2). UV Amax 260 om (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 (KBr) 2250, 1684, 1505, 1222, 1100
(broad), 772, and 623 cm’’; 'H NMR (Me,SO-dg) 8 3.59, 3.68 2 m, 2. J,, 51y = 38 Hz, Jyi g, = 39 Ha,
Jsis50p = 120 Hz, CH,-5), 3.99 (apparent q, 1, H-4"), 4.16 (apparent t, 1, J5, ,, = 3.5 Hz, H-3'), 449
(apparent 1, 1, J,, 5, = 4.8 Hz, H-2"), 5.09 (br s, 1, OH-5"), 5.33 (br 5, 1, OH-3"), 5.60 (br, 1, OH-2’), 5.60
(s, 2, OCH,Ar), 5.94 (apparent d, 1, J;,,, = 5.3 Hz. H-1"), 7.70 (1, 1, Ar-H, 4), 7.87, 790 (2 m, 2, Ar-H,
3,5), 799 (d, 1, Ar-H-6), 881 (s, 1, H-2), 8.83 (s, 1, H-8), v.v., 1048 (2 brs, 2, H-?&Hz); LI NMR
(Me.S0Od,) 8 601 {C.5"), 69.89 (C-¥'), 74.44 (C.2'), 78.56 (OCH,Ar), 8583 (C4'), 87.74 (C-1'), 112.53
(Ar-C-2), 117.12 (CeN), 119.58 (C-5), 130.50, 131.71, 133.20, 133.38 (Ar-C-3,4,56), 135.16 (Ar-C-1), 142.81
(C-8), 144.23 (C-2), 145.16 (C4), 148.38 (C-6).

1-(3-Cyancbenzylcxy)adenosine, Perchloric Acid Salt (2k-3). UV A, 259 nm (13,500) at pH 1; 259
(12,900} a1 pH 7; 257 (12,980} at pH 13; MS (FAB) m/e 399 (M + 1); IR (KBr) 2230, 1694, 1510, 1235, 1215,
1090 (broad), 892, 690, 655, 640, and 623 cm’; 'H NMR (Me,SO-d() 8 3.59, 3.69 (2 m, 2, /.. 5,y = 3.8 Hz,
Jo sy = 38 Hz, Jg,, 1y, = 120 Hz, CHy-5’), 4.00 (apparent g, 1, H- 4'), 4.16 (apparent t, 1, J;, ,, = 3.7
Hz, H-3'), 4.50 (apparent t, 1, Jy.30 = 47 Hz, H-2"), 5.12 (br s, 1, OH-5'), 5.34 (br 5, 1, OH-3¥’), 5.45
(s, 2, OCH,Ar), 5.60 (br s, 1, OH-2'), 5.96 (apparent d, 1, J,, ;, = 5.4 Hz, H-i'), 7.69 (1, 1, 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-8). 9.13 (s, 1, H-2), 9.78, 10.45 (2 br s, 2, H-gHz);
BC NMR (Me,504,) 8 60.87 (C-5'), 69.97 (C-3'), 7:.50 (C-2'), 80.26 (OCH,Ar), 85.90 (C-4'), 87.82
(C-17), 111.44 (Ar-C-3), 118.31 {CsN), 119.41 (C-5) 129.64 (Ar-C-5), 133.18 (Ar-C-4), 133.60 (Ar-C-1), 134.32
(Ar-C-2), 135.33 (Ar-C-6), 142.87 (C-8), 144.84 (C-2), 145.25 (C-4), 148 28 (C-6).

1-(4-Cyanobenzyloxy)adenosine, Perchlorkc Ackd Salt (2k4). UV A .. 259 nm (13,800) at pH 1; 259
(13.620) at pH 7; 258 (sh) a1 pH 13; MS (FAB) m/ 399 (M + 1), IR (KBr) 2240, 1687, 1510, 1420, 1385,
1225, 1215, 1075 broad, 825, 621 em’’; 'H NMR (Me,SOdg) 8 3.61, 3.73 (2 m, 2. Ju g0y = 3.9 Hz Jyu i
= 5.6 Hz, J5,,5:p = 120 Hz, CH,-5), 4.02 (apparent q, 1, H-4'), 4.19 (apparent q, 1, /5, ., = 3.7 Hz,
H-3), 4.51 (apparent q, 1, J,, 5, = 4.8 Hz, H-2'), 5.11 (&, 1, J4, 5.0y = 5.3 Hz, OH.5’), 5.35 (apparent
4. 1, Jar ai gy = 5.2 Hz, OH-3'}, 5.51 (s, 2, OCH,Ar), 5.62 (apparent d. 1, J4, 50 gy = 6.1 Hz, OH-2"), 5.97
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(apparent d, 1, J;, 5, = 54 Hz, H-1'), 7.90 (4, 2, Ar-H-3,5), 7.99 (d. 2, Ar-H-2,6), 8.83 (s, 1, H-8), .10 (s,
1, H-2), 10.15 (broad, 2, H-ﬁHz); BC NMR (Me,SOdg) 8 60.84 (C-5'), 69.94 (C-3'), 74.51 (C-2), 80.44
(OCH,ATr), 85.85 (C4’), 87.83 (C-1°), 112.16 (Ar-C4), 11838 (CaN), 119.39 (C-5), 131.03 (Ar-C-2.6), 132.26
(AT-C-3.5), 137.43 (Ar-C-1), 142.85 (C-8), 144.71 (C-2), 145.21 (C4), 14829 (C6).
1-(2-Methoxy-5-nitrobenzyloxy)adenosine, Perchloric Acid Salt (21). UV A,.. 259 nm (14,550) and 310
(10.620) at pH 1; 259 (14,510) and 310 (10,870) at pH 7; 311 (11,800) at pH 13; MS (FAB) m/e 449 (M +
1); IR (KBr) 1681, 1595, 1510, 1500, 1490, 1332, 1261, 1212, 1127, 1090 (broad), 1036, 900, 640, and 620 cm’;
'H NMR (Me,SO+d,) & 3.59, 3.68 (2 m, 2, J,, 5,y = 3.5 Hz, J,, 5, = 3.5 Hz, Jg., 60 = 12.0 Hz, CHy-5"),
3.86 (s. 3. CH,O0Ar), 4.00 (apparent q, 1, H4'), 4.16 (apparent t, 1, J5, ,, = 4.0 Hz, H-3'), 4.49 (apparent
L 1, Jo. 3, = 4.1 Hz, H-2'), 5.09 (apparent t, 1, J5, 5, gy = 4.9 Hz, OH-5'), 5.33 (apparent d, 1, 73, 3, gy
= 5.0 Hz. OH-3'), 5.50 (s, 2, OCH,Ar), 5.59 (apparent d, 1, J5, 5, oy = 6.0 Hz, OH-2'), 595 (4, 1, J,, 5,
= 5.34 Hz, H-1"), 7.31 (d, 1, Ar-H-3), 8,40 (apparent g, 1, Ar-H-4), 8.56 (d, 1, Ar-H-6), 8.84 (s, 2, H-2,8),
9.74, 10.35 (2 br s, 2, H-f.&Hz); 13C NMR (Me,SO-dg) 8 56.78 (ArOCHj), 60.86 (C-5'), 69.96 (C-3"), 74.59
(C-2°), 75.61 (OCH,Ar), 85.89 (C-4'), 87.89 (C-1'), 111.80 (Ar-C-3), 11935 (C-5), 12112 (Ar-C-1), 127.77,
12824 (A1-C-6.4), 140.31 (A1-C-5), 142.93 (C-8), 144.52 (C-2), 145.25 (C-4), 148.39 (C-6), 163.21 (Ar-C-2).
1-(3-Methoxycarbonylbenzyloxy)adenosine, Perchloric Acid Salt (2m). UV .. 259 nm (12,670) at pH
1; 255 (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’}; 'H NMR (Me,SO-d) 8 3.59, 3.69 (2 m, 2,J,, 5., =
3.7 Hz, J4s 50y, = 3.9 Hz, Jiy 50 = 12.1 Hz, CHp-5), 3.89 (s, 3, ArCO,CH,), 4.00 (apparent g, 1, H4),
4.16 (apparent t, 1, Jy, ., = 3.7 Hz, H-3'), 4.50 (apparent t, 1, J;, 3. = 4.8 Hz, H-2'), 5.10, 5.34, 5.61 (3
br s, 3, OH-5",3'2"), 549 (s, 2, OCH,ATI), 596 (d, 1, J;, 5, = 54 Hz, H-1"), 7.64 (1, 1, Ar-H-5), 7.99, 806
(4, 2, Ar-H-6,4), 8.33 (s, 1, Ar-H-2), 883 (s, 1, H-8), 9.03 (s, 1, H-2), 9.82, 1044 (2 brs, 2, H-ﬁHz);
BC NMR (Me,S0d,) 8 52.21 (ArCO,CH,). 60.88 (C-5'), 69.99 (C-3'), 74.56 (C-2), 81.02 (OCHAr), 85.90
(C4'), 87.87 (C-1°), 119.38 (C-5), 128.94 (Ar-C-5), 129.81 (Ar-C-3), 13032, 131.40, 13549 (Ar-C-6,4.2),
13278 (Ar-C-1), 142.87 (C-8), 144.88 (C-2), 145.23 (C4), 148.33 (C-6), 165.80 (ArCO,CH,).
1-Benryloxysdenosine, Perch! .ric Acld Salt (2n). UV 1p.., 259 nm (13,100) at pH 1; 259 (13,200) at
pH 7: 257 (13,100) at pH 13; MS (FAB) m/e 374 (M + 1); [R (KBr) 1686, 1515, 1415, 1230, 1100 (broad),
755, 622 cm™!; 'H NMR (Me,SO-dg) 4 3.58, 3.68 (2 m, 2, Jyu 5y = 3.9 Hz, Jgo gop = 39 Hz, J50p 40 = 121
Hz, CH;-5'), 3.99 (apparent q, 1, H4"), 4.15 (apparent q. 1, J,,;, = 3.9 H2, H-3'), 4.49 (apparent q. 1,
Jy. 3 = 4.9 Hz, H4"), 5.18 (apparent t, 1, J5, 5, oy = 5.1 Hz, OH-5"), 5.33 (4, 1, J4, 5. oy = 5.i Hz, OH-
3'), 5.42 (s, 2, OCH,AI), 560 (4, 1, 13,5, oy = 6.1 Hz, OH-2'), 594 (4, 1, J;, 5, = 5.4 Hz, H-1"), 748,
7.66 (2 m, 5, Ar-H), 882 (s, 1, H-8), 897 (s, 1, H-2); 13C NMR (Me,SO+d) 8 60.84 (C-5'), 69.93 (C-3"),
74.42 (C-2'), 81.63 (CH,Ar), 8585 (C-4'), 87.70 (C-1°), 119.28 (C-5), 128.42 (Ar.C-35), 129.73 (Ar-C-4),
130.69 (Ar-C-2,6), 131.97 (Ar-C-1), 142.81 (C-8), 144.78 (C-2), 145.17 (C-4), 148.29 (C-6).
1-(2-Phenylethyloxy)adenosine, Perchloric Acld Salt (20). UV A, 259 nm (12,100) a1 pH 1; 259 nm
(13,000) at pH 7; 257 nm (12,700) st pH 13; MS (FAB) m/e 388 (M + 1); IR (KBr) 1691, 1505, 1225, 1100
broad, 760, 705, 625 am’’; 'H NMR (Me,SO<dg) 8 3.23 (t, 2, OCH,CH,Ar), 3.58, 3.68 (2 m. 2, J,. ., = 3.8
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Hz Jyi sip = 3.8 Hz Jg,, 54y, = 12.0 Hz, CH;'5"), 3.99 (apparent g, 1, H-4"), 4.15 (apparent q, 1, I3 40 =
3.7 Hz, H-3'), 4.48 (apparent q, 1, J,, 5, = 5.01 Hz, H-2"), 4.60 (t, 2, OCH;CH,Ar), 5.09 (apparent t, 1,
OH-5"), 5.34 (apparent d, 1, J3, 3, gy = 5.0 Hz, OH-3'}, 5.60 (apparen: d, 1, Jyi 2004 = 6.0 Hz, OH-2",
5.94 (d, 1 Jyr3s = 53 Hz, H-1'), 7.25, 7.36 (2 m, 5, Ar-H), £.80 (s, 1, H-8), 9.05 (5, 1, H-2), 9,65, 10.39 (br
s, 2, H- NHz) BC NMR (Me,S0-dg) & 32.91 (OCH,CH,Ar), 60.83 (C-5"), 69.9] (C-3'), 74.46 (C-2°), 80.4]
(OCH,CH,As), 85.82 (C-4"), 87.80 (C-1'), 119.37 (C-5), 126.55 (Ar-C-4), 128.40 (Ar-C-2,6), 128.78 (Ar-C-
3.5), 13668 (Ar-C-1), 142.75 (C-8), 144.45 (C-2), 145.21 (C-4), 148.21 (C6).
2'-Deoxy-1-(2-metnylbenzyloxy)adencsine, Perchloric Acid Salt (2p-2), UV Amax 259 nm (13,400) at
PH 1; 259 (13,100) at pH 7; 258 (13,100) at pH 13; MS (FAB) m/e 372 (M + 1); IR (KBr) 1684, 1505, 1220,
1100 (broad), 765, 750, 635, 625 cm™; 'H NMR (Me,SO-dg) 8 237, 264 (2 m, 2, CH,2'), 247 (s, 3,
CH3Ar), 3.52, 3.61 (2 m, 2, CH,-5'), 3.90 (apparent q, 1, H-4"), 441 (m, 1, H-3"), 4.95 (br s, 1, OH-5",
5.39 {br s, 1, OH-3"), 5.46 (s, 2, OCH,Ar), 638 (1, 1, H-1"), 7.24, 7.36, 7.45 (3 m, 4, A1-H), 8.59 (s, 1, H-2),
8.78 (s, 1, H-8), 9.76, 10.44 (2 br s, 2, H-?in); BC NMR (Me,SO-dg) & 1864 (CHy), 39.84 (C-2), 61.20
(C-5"), 70.26 (C-3°), 79.54 (OCH,As), 83.99 (C-1°), 88.21 (C-4"), 119.43 Ucgn, = 117 Hz, C-5), 12585
(Ar-C-5), 129.92 (Ar-C-4), 130.45, 130.50, 131.36 (Ar-C-13,6), 138.12 (Ar-C-2), 142.90 UC&HE = 218.3 Hz
Teguy, = 38 Hz C8). 14428 (U py) = 2222 Hz, C-2), 14483 (U py, = 130 Hz Jg gy = S4 He Jg |
= 25 Hz, C4), 14830 (¢, 1y, = 54 Hz C6),
2'-Deoxy-1-(3-methylbenryloxy)adenosine, Perchloric Acld Salt (2p-3). UV lmax 260 nm (13300) at pH
1; 25¢ (13,300) at pH 7: 258 (13,400) a1 pH . MS (FAB) mje 372 (M + 1); IR (KBr) 1691, 1507, 1425,
1218, 1100 (broad), 933, 624 cm’!; 'H NMR (Me,SOdy) 8 2.35 (s, 3, CH4Ar), 2.39, 2.65 (2 m, 2, CH,-2"),
3.54, 361 (2 m, 2, CH,-5"), 3.92 (apparent q, 1, H4"), 4.42 (m, 1, H-3), 497 (br s, 1, OH-5"), 5.37 (s,
2, OCH,Ar), 539 (m, 1, OH-3"), 638 (1, 1, H-1'), 7.28, 7.34, 7.43, 749 (m, 4, Ar-H-2,4,5,6), 8.76 (s, 1, H-8),
8.93 (s, 1, H-2), 9.74, 10.37 (2 br s, 2, H-ﬁﬁz); B3C NMR (Me,80-dg) & 20.78 (CH4AT), 39.84 (C-27), 61.20
(C-5), 70.26 (C-3'), 8i.74 (OCi,Ar), 84.02 (C-1'), 88.20 (C4’), 119.31 (C-5), 127.72, 12830, 130.30,
131.23, 121.87, 137.71 (Ar-C-1.2,3,4,5,6), 142.86 (C-8), 144.59 (C-4), 144.33 (C-2), 148.24 (C-6). '
2'-D -oxy-1-(4-methylbenryloxy)adenosine, Perchloric Acid Salt (2p-4). UY’ A_. 259 nm (13,300) at pH
1, 259 (13,300) a1 pH 7; 258 (13,300) at pH 13; MS (FAB) m/e 372 (M + 1); IR (KBr) 1692. 1505, 1425,
1380, 1220, 1100 (broad), 931, 855, 815, 641, 623 cm™; 'H NMR (Me,SO-dg) & 2.34 (s, 3, CH,ATr), 2.39, 2.64
(2 m, 2, CH,-2’), 3.53, 3.6 (2 m, 2, CH,-5"), 3.91 (apparent g, 1, H-4"), 4.42 (br m, 1, H-3%), 4.97 (br s,
1, OH-5%), 5.36 (s, 2, OCH,AT), 6.37 (1, 1, H-1'), 7.26, 7.53 (2 d, 4, Ar-H), 8.76 (s, 1, H-8), 8.89 (s, i, H-2),
9.76, 10.36 (2 br s, 2, H-ﬁHz); 3C NMR (Me,SOd,) 8 20.84 (CH.), 39.87 (C-2'), 61.22 (C-5'), 70.28 (C-
3'). 81.54 (OCH,Ar), 84.00 (C-1'), £8.22 (C-4'), 119.27 (C-5), 129.00 (Ar-C-3,5,1), 130.83 (Ar-C-2,6), 139.39
(Ar-C4), 14286 UCS'HE = 2186 Hz, JCS'HI' = 3.7 Hz, C-8), 144.59 ("C;».Hz = 221.9 Hz, C-2), 144 84 (J(-:“‘]_I8
= 131 Hz Jo = S4 Hz Je = 25 Hz, C4), 14828 (g, yy, = 53 Hz, C6)
2'-Deoxy-1-(2-fluorobenzyloxy)sdenosine, Perchloric Acid Salt (23-2). UV A2y 259 nm (13,700) at pH
1; 259 (13,600) at pH 7; and 258 (13,300) at pH 13; MS (FAB) m/e 376 (M + 1); IR (KBr) 1680, 1645,
1508, 1240, 1220, 1205, 1100 (broad), 990. 944, 930, 915, 875, 870, 755, 622 cm™"; 'H NMR (Me,SO,) 8
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2.39, 2.65 (2 m, 2, CHy-2"), 3.53, 3.61 (2 m, 2, CH,-5), 3.91 (apparem q, 1, H-4'), 4.42 (apparent s, 1, H-
3", 497 (br s, 1, OH-5"), 5.39 (apparent 5, 1, OH-3"), 5.50 (s, 2, OCH,Ar), 637 (1, 1, H-1"), 7.30, 7.56,
7.69 (3 m, 4, A1-H), 8B.77 {2 apparent s, 2, H-8.2), 9.76 1042 (2 br s, 2, H-ﬁH;); 13¢ NMR (Me,SOd,) 8
39.83 (C-2'), 6118 (C-5), 70.24 (C-3'), T4N0 Uy ¢ = 29 Hz OCH,Ar), 83.96 (¢, .1y , = 1698 Hz,
C-1%), 8820 (C4"), 11552 (p; = 21.0 Hz, Ar-C3), 11932 U,y = 118 Hz, C-5), 11939 UprF =
138 Hz, Ar-C-1), 124.63 (U5, ¢ = 33 Hz Ar-C-5), 132.50 (¢ = 86 Hz Ar-C4), 133.02 (s 5 = 27
Hz, Ar-C6), 14290 (e, = 2185 Hz Jg pi, = 4.1 Hz, C8), 14433 (e, = 2223 Hz C-2), 14485
Ugymg = 1BYHz oy, = 53 HzJe y = 2.6 Hz C4), 148.32 Uy, = 54 Hz, C6), 161.05 Uprr
= 2489 Hz, Ar-C-2).

2'-Deoxy-1-(3-Nuorobenzyloxy)adenosine, Perchioric Acld Salt (2g-3). UV lmax 259 nm (13,700) at pH
1; 259 (13,500) at pH 7; 258 (13,100) at pH 13; MS (FAB) m/e 376 (M + 1); IR (KBr) 1690, 1505, 1425,
1260, 1225, 1100 (broad), 932, 624 cm’l; 1H NMR (Me,SO-d,) & 2.39, 2.65 (2 m, 2, CH,-2’), 3.54, 3.61 (2
m, 2, CH,-5'), 3.91 (apparent q, 1, H-4), 4.42 (m, 1, H-3). 497 (m, 1, OH-5), 5.41 (s, 2, OCH,Ar), 541
(m, 1, OH-3'), €39 (1, 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
{2brs, 2, H-:ﬁ-‘z); 13C NMR (Me;SO-dg) 8 39.86 (C-2'), 6120 (C-5"), 70.28 (C-3'), 30.63 (OCH,Ar), 84.03
(1), 8822 (C4°), 11655 Upr p = 209 Hz Ar-C-4), 11738 (Jo; ¢ = 219 Hz, Ar-C-2), 119.34 (e
= 121 Hz, C:5), 12672 U, f = 22 dlz, Ar-C-6), 13045 (J; (¢ = 82 Hz, Ar-C:5), 13459 (Jpr 5 = 78
Hz Ar-C-1), 14289 (g p, = 2179 Ho Je,u,, = 37 Hz C8), 14467 (U, , = 2223 Hz, C2), 14486
Ucyng = 131 Ho Je py, = 54 Hz Jc, ), = 25 Hz, C4), 14825 (¢ , = 54 Hz C6), 16183 (U r
. 243.8 Hz, Ar-C-3).

2’-Deoxy-1-(4-fluorobenzyloxy)adenosine, Perchloric Acld Salt (2¢-4). UV lmax 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 + 1); IR (KBr) 1683, 1514, 1508,
1385, 1229, 1218, 1100 (broad), 925, 622 cm™, 'TH NMR (Me,SO-d,) & 2.38, 2.65 (2 m, 2, CH,-2'), 3.53, 3.61
(2 m, 2, CH,-5'), 3.91 (apparent 1, H4"), 442 (m, 1, H-3'), 497 (br s, 1, OH-5"), 339 (s, 2, OCH,A),
638 (1. 1, H-1'), 7.30 (m, 2, Ar-H-3,5), 7.74 (m, 2, Ar-H-26), 8.77 (s, 1, H-8), 898 (5, 1, H-2), 9.72, 10.39
(2brs, 2, H-ﬁHz); 13C NMR (Me,SO-dg) & 39.92 (C-2°), 61.24 (C-§"), 70.3i (C-3'), 80.81 (OCH,Ar), 84.08
(C-1'). 8825 {T4'), 11536 (Up; , 5 = 215 Hz, Ar-C:35), 11934 (e, = 118 Hz, C-5), 12841 U, F
= 3.0 Hz, Ar-C-1), 13332 (J, _p = 87 Hz, Ar-C-2), 14289 (e, = 282 Hz Jegy, = 37 Hz C3),
14464 (o p, = 2221 Hiw 22), 1489 (g, = S3 Hz Jg = 25 He C4), 14831 (o, = 52 Hz,
C6). 16288 (J,, p = 2468 Hz Ar-C-4).

9-Benzyl-1-(2-methylbenryloxy)adenine, Perchloric Acid Salt (2r-2). UV 4 262 am (13,500) a1 pH
1; 261 (13,400) at pH 7; 259 (13,600) st pH 13; MS (FAB) m/e 346 (M + 1); IR (KBr) 1691, 1514, 1220,
1100 (broad), 764, 725, 106, 623 cm’l; 'H NMR (Me,SO-dg) & 2.45 (s, 3, CH4AT), 5.45, 5.50 (2 5, 4, OCH)Ar,
NCH,Ar), 7.17-7.46 (m, 9, Ar-H), 857 (s, 1, H-2), 8.72 (4, 1, 11 8), 9.73, 10.40 (2 br 5, 2, H-r?iH,); Be NMR
(Me,SO-dg) & 18.63 (Ar-CH,). 47.0i (NCH,AT), 79.40 {(OCH,AT), 119.06 (C-5), 125.8] (OCH,Ar-C-5), 127.62
(NCH,Ar-C-2,6), 128.07 (NCHA1-C-4), 128.67 (NCH,Ar-C-3,5), 129.88 (OCH,Ar-C-4), 130.42 (OCH,Ar-C-3),
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130.51 (OCH,A1-C-1), 131.33 (OCH,AI-C-6}, 135.63 (NCH,Ar-C-1), 138.11 (OCH,Ar-C-2), 14431 (¢, =
2220 Hz, C-2), 14484 (J = 217.2 Hz, C-8), 17 1 (C4), 14825 (J py, = 5.1 Hz C6).

9-Benzyl-1-(3-methylbenzyloxy)adenine, Perchloric Acid Salt (2r-3). UV Ama.x 261 nm (13,500) at pH
1; 261 (13,300) at pH 7: 259 (13,600 at pH 13; MS (FAB) m/c >6 (M + 1), IR (KBr) 1695, 1575, 1375,
1100 broad, 795, 765, 729, €45, 640, 623 cm’); 'H NMR (Me,SO-d,) 8 2.33 (s, 3, CH;AS), 5.37, 5.50 (s, 4,
CH,Ar), 7.35 (m, 9, Ar-H), 8.71, 8.89 (s, 2, H-82), 9.68, 10.34 (br s, 2, H-ﬁHz).

9.Benzyl-1-(4-methvibenzyloxy)adenine, Perchloric Acid Salt (2r-4). UV Ama.x 261 nm (12,900) at pH
1; 261 (13,100) at pH7; 259 (13,600) at pH 13; MS (FAB) mije 346 (M + 1) IR (KBr) 1689, 1620, 1514,
1425, 1100 (broad), 725, 710, 622 cm’!; '"H NMR. (Me,SO-d;) 8 2.33 (5, 3, CH,Ar), 5.35 (s, 2, OCH,AT}, 5.49
(s, 2. NCH,Ar), 7.22-7.52 (3 m, 9, Ar-H), 8.69 (s, 1, H-R), 885 (s, 1, H-2), 9.67, 1034 (2 br s, 2, H-ﬁHz):
13C NMR (Me;50dg) 8 2084 (CH,), 47.01 (NCHAD, 81.44 (OCH,Ar), 11891 (Jc, y, = 122 Hz, C-5),
127.65 (NCH,Ar-C-2,6), 128.08 (NCH,As-C4), 12868 (NCH,Ar-C-3), 12898 (CCH,Ar-C-3,5), 129.02
(OCH,Ar-C-1), 130.83 (OCH,A:-C-2), 135.64 (NCH,Ar-C-1), 139.36 (OCH,Ar-C4), 14464 (Jo 1y, = 221.9
Hz, C-2), 14481 (Jc_y, = 21¢ 5 Hz, C8), 14532 (¢ = 129 Hz, /¢y, = 60 Hz, C4), 14824 (¢ yy,
= 5.6 Hz, C-6).

9-Benzyl-1-(2-NMuorobenzyloxy)adenine, Perchloric Acid Salt (2s.2). UV Amax 261 nm (13,800) at pH 1,
261 (13,800) at pH 7; 259 (14,000) 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'; 'H NMR (Me,SO-d) 8 5.49 s, 4, OCH,Ar, NCH,AT),
7.25-7.70 (m, 9, Ar-H), 8.70 (s, 1, H-8), 8.74 {5, 1, H-2), 9.73, 10.39 (2 br s, 2, H-ﬁHz); 13¢ NMR (Me,S0-d)
8 47.02 (NCH,Ar), 7484 Uy, ¢ = 2.6 Hz, OCH,Ar), 115.48 (OCH,Ar-C-3), 11899 (U, = 119 Hz, C-5),
11942 (p;p = 142 Hz, OCHAARC1), 12462 (U5, ¢ = 3.3 Hz, CHyAr-C-5), 127.62 (NCHAI-C-26),
128.09 (NCH,Ar-C4), 128.70 (NCH,AS-C-3,5), 13248 (J ;= 8.5 Hz, OCH,AI-C4), 133.02 (/5,5 = 28
Hz, OCH,Ar-C6), 135.62 (NCH,AI-C-1), 14432 (/¢ yy, = 2220 Hz, C-2), 14487 (U, = 2170 Hz, C8),
145.36 (C4), 148.29 (U, p, = 54 Hz C-6), 16106 (/o; r = 2489 Hz, OCHAr-C-2),

9-Benzyl-1-(3-Nuorobenzyloxy)adenine, Perchloric Acld Salt (25-3). UV Ap,. 262 am (13,700) at pH 1;
261 (13,900) at pH 7, 259 (13,900 at pH 13; MS (FAB) m/e 350 (M + 1); IR (KBr) 1692, 1672, 1510, 1455,
1100 (broad), 713, 702, 623 cm™}; "H NMR (Me,SO-d,) 8 5.40 (5, 2, OCH,Ar), 5.50 (s, 2, NCH,AT), 7.30-7.61
(3 m, 9, Ar-H), 872 (s, 1, H-8), 898 (s, 1, H-2), 9.71, 10.38 (2 br s, 2, H-?:Hz); 3¢ NMR (Me,SO-dg) 8
4705 (NCH,Ar), 8058 (OCH,A), 13653 (a; r = 209 Hz, OCH,AIC-4), 11737 (U ¢ = 217 Hz,
OCH,AI-C-2), 119.00 (¢, y, = 120 Hz, C-5), 12671 oy ¢ = 26 Hz OCHZAI-C-6), 127.70 (NCH,Ar-C-
26). 128.10 (NCH,Ar-C-4), 128.70 (NCH,Ar-C-35), 13045 (/5 = 8.2 Hz, OCH,Ar-C-5), 13435 (I,  §
= 7.9 Hz, OCHAI-C1), 135.64 (NCH,AT-C-1). 14467 (U, = 2220 Hz, C-2), 144.84 J g = 217.0 Hz
Jcgar, = 4.1 Hz, C8), 14537 (U, = 133 Hz. Jc y, = 6.0 Hz, C4), 148.23 (J¢ y, = 5.2 Hr. C-6), 161.85
UaryF = 244.1 Hz, OCHArC-3).

9-Benzyl-1-(4-fluorobenzyloxy)adenine, Perchloric Acid Salt (26-4). UV X___ 261 nm (13.000) at pH |
261 (13,000) at pH 7. 259 (13,500) a1 pH 13; MS (FAB) mt/e 350 (M + 1); IR (KBr) 1692, 1615, 1600, 1575,
1513, 1495, 1425, 1255, 1228, 1162, 1100 (broad), 860, 845, 725, 710, 623 cm’); 'H NMR (Me,SO-d) & 5.39
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(s. 2, OCH,Ar), 5.51 (s, 2, NCH,Ar), 7.34, 7.73 (2 m, 9, Ar-H), 8.72 (5, 1, H-8), 895 (s, 1, H-2), 9.70, 10.36
(2brs, 2, H-ﬁHZ); 13C NMR (Me,SO-d) 8 47.03 (NCH,Ar), B0.68 (OCH,AT), 115.34 Uargy osF = 217 Hz,
OCHAr-C-35), 11895 (¢, = 108 Hz C-5), 127.67 (NCH,ar-C-2,6), 12809 (NCH,Ar-C-4), 128.69
(NCHRAI-C-35), 12846 (Upror = 29 Hz OCHArCA), 133.30 (i, F = 87, OCH,ArC24), 135.62
(NCH,Ar-C-1), 144.70 (chle = 222.0 Hz, C-2), 144.81 ch-”s = 217.0 Hz, "Cgﬁrc; = 4.5 Hz, C-8), 145.36
Ucyng = 18 HoJo y, = 52 HzJg o = 3.1 Hz, C4), 16284 (J, = 2468 Hz, OCH,Ar-C4).
9-Benzyl-1-ethoxyadenine, Perchloric Acid Salt (2t} UV 1max 261 nm (12,500) at pH 1; 260 (12,700)
at pH 7; 258 (13.100) at pH 13; MS (FAB) m/e 270 (M + 1); IR (KBr) 1701, 1620, 1515, 1455, 1425, 1415,
1225, 1100 broad, 1000, 735, 707, 650, 623 cm’’; 'H NMR (Me,SOd,) 8 143 (1, 3, OCH,CH,), 442 (q, 2,
OCH,CH,), 5.51 (s, 2, CH,Ar), 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-
NH,).
9-Methyl-1-(2-methylbenzyloxy)adenine, Perchloric Acid Salt (2u-2). UV 1max 261 nm (12,400) at pH
1; 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™’, 'H NMR (Me;SOd,) 8 2.46 (s, 3, CH,Ar), 3.83 (s, 3, CH,-9), 545
(s, 2. OCH,Ar), 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-ﬁHz);
13C NMR (Me,SOd) 8 18.62 (Ar-CHy), 30.15 (N*-CH,), 79.39 (CH,), 118,67 Ucgn, = 125 Hz, C-5), 125.85
(Ar-C-5), 129.92 (Ar-C-4), 13045 (A1-C-1,3), 131.38 (Ar-C-6), 138.15 (Ar-C-2), 143.98 Ue,m, = 2219 Hz,
C-2), 145.57 ey = 2167 Hz, Jo, wen, = 34 Hz, C8), 14568 (C-4). 14804 Uy = 53 Hz C6).
9-Methyl-1-(3-methylbenzyloxy)adenine, Perchloric Acid Salt (2u-3). UV 1max 261 nm (12,300) at pH
1; 260 (12,700) at pH 7; 258 (12,800) at pH 13; MS (FAB) m/e 270 (M + 1); IR (KBr) 1686, 1525, 1410,
1385, 1230, 1100 (broad). 793, 692, 644, 623 cm’'; TH NMR (Me,SO+d,) 8 2.34 15, 3, CH,Ar), 3.83 (5, 3, CH,-
9), 537 (5. 2, OCH,Ar), 7.28-742 (m, 3, A1-H4,56), 748 (s, 1, Ar-H-2), 8.50 (s, 1, H-8), 8.89 (s, 1, H-2),
9.64, 1029 (2 br s, 2, H-‘\BIHZ); BC NMP. (Me,SOq) 8 20.78 {ArCH,), 30.16 (CH,-9), 81.63 (CH,Ar), 118.55
UCg»Hg = 11.5 Hz, C-5), 127.71, 128.30, 130 29, 131.22, 131.88 (Ar-C), 137.71 (A1-C-3), 144.30 UC:.HZ = 2220
Hz, C-2), 145.54 (g, = 2166 Hz, Jeog.cpy, = 34 Hz, C-8), 145.71 (C4), 148.00 (U yy, = 5.1 Hz C<;.
6-Methylamino-1- (3-methylbenzyloxy)-9-p-p-ribofuranosyipurine, Perchloric Acid Salt (2v.3). UV Amayx
263 nm (13,500) at pH 1; 263 (13,600) at pH 7. 261 (12,600) at pH 13; MS (FAB) m/e 402 (M + 1); IR
(KBr) 1662, 1595, 1509, 1425, 1350, 1220, 1100 (broad), 975, 870, 690, 665, 624 cm™’; '"H NMR (Me,SOd,;
8 2.35 (s, 3, CH3Ar), 3.56 (s, 3, CHyN), 3.56,3.68 2 m, 2, J, 5,y = 38 Hz, J s 51y = 4.0 Hz, Jg, 50, = 120
Hz, CH,-5%), 3.99 (apparent q. 1, H-4’), 4.15 (apnarent q. 1, J3, ,, = 3.9 Hz, H-3'), 4.48 (apparent q, 1,
J3 30 = 49 Hz, H-2"), 5.10 (apparent 1, 1, OH-5'), 543 (apparemt d, 1, /3, 3.0y = 5.2 Hz, OH-3"), 5.47
(5, 2, OCH,Ar), 5.62 (d, 1, /3. 5,04 = 60 Hz, OH-2), 596 (4, 1, J,, 5, = 53 Hz, H-1"), 7.27-7.47 (m, 4,
Ar-H), 883 (s, I, H-8), 895 (s, 1, 1.-2), 9.82 (br 5, 1, CH,NH); *3C NMR (Me,SOd) 8 20.76 (ArCH,), 31.32
(NCH,), 60.78 (C-5'), 69.89 (C-3'), 74.4]1 (C-2'), 81.83 (CH,Ar), 85.86 (Jop; = 170.63 Hz, C-1'), 119.15
(C-5), 127.68 (Ar-C-6), 128.33 (Ar-C-5), 130.35 (Ar-C4), 131.16 (Ar-C-2), 131.78 (Ar-C-1), 132,75 (A1-C-3),
142.21 (C-B), 145.05 (C-2), 146.14 (C4), 146.76 (C-6).
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6-Methylamino-1-(2-methylbenzyloxy)-9-g-D-ribofurenosylpurine, Perchloric Acid Salt (2v-2). UV A max
263 nm (12,900) a1 pH 1; 263 (13,200) st pH 7, 260 (11,700) at pH 13; MS (FAB) m/e 402 (M + 1); IR
(KBr) 1667, 1595, 1505, 1425, 1100 (broad), 1020, 985, 895, 620 cm’l; 'H NMR (Me,SOd) & 246 (5, 3,
CH,Ar), 3.59 (s, 3, CHN), 3.59, 3.68 2 m, 2, J;, 5., = 3.8 Hz, Jy, 50y, = 39 Hz, Jg,, <y, = 120 Hz, H-5),
3.98 (apparent q, 1, H-4"}), 4.14 (apparent q, 1, J4, 4, = 4.4 Hz, H-3), 4.47 (apparent g, 1, J;, 5, = 5.1 Hz,
H-2’), 5.10 (apparemt t, 1, OH-I'}), 5.33 (apparent d, 1, OH-3"), 546 (s, 2, OCH,Ar), 5.61 (apparent 4, 1,
Jor 204 = 39 Hz, OH-2'), 594 (4, 1, J}, 5, = 5.3 Hz, H-1"), 7.20-7.46 (3 m, 4, Ar-H), 862 (s, 1, H-2),
8.85 (s, 1, H-8), 9.89 (br s, 1, CH;NH), 1*C NMR (Me,SOd,) 3 18.61 (ArCH,), 31.37 (NCH,), 60.75 (C-5"),
69.87 (C-3"), 74.33 (C-2"), 79.60 (CH,Ar), B5.84 (C-4"), 87.53 (Jclf‘Hl' = 168.0 Hz, C-1'), 119.21 (C-5),
125.81 (Ar-C-5), 129.93 (Ar-C-4), 13043 (Ar-C-1,3), 13123 (Ar-C-6), 138.12 (Ar-C-2), 142.19 (C-8), 144.74
(C-2), 146.09 (C4), 146.75 (C-6).

6-Methylamino-1-(2,4-difluorobenzyloxy)-9-p-D-ribofuranosylpurine, Perchloric Acid Salt 2w). UV 2.,
263 nm (14,400) at pH 1; 263 (14,300) a1 pH 7; 260 (12,600) at pH 1X; MS (FAB) m/e 424 (M + 1); IR
(KBr) 1671, 1595, 1510, 1505, 1100 (broad), 985, 860, 623 .m%; 'H NMR (Me,SOd() 8 3.56 (5, 3, CH3N),
356, 3.66 (2 m, 2,1y, 515 = Jyu 50y, = 3.9 Hz, Jg,, 50, = 11.9 Hz, CH,-5"), 3.9 (apparent q. 1, H4'), 415
(apparent q, 1, Jy, ,» = 3.9 Hz, H-3'), 4.50 (apparent q, 1, J,, 5. = 4.9 Hz, H-2"), 5.11 (apparent t, 1, Jg, o,
on = 3.2 Hz, OH-5'), 5.84 (apparent 4, 1, Jy, 3. gy = 5.2 Hz, OH-3'), 5.49 (s, 2, OCH,Ar), 562 (d, 1,
J2i 20 o = 6.1 Hz, OH-2"), 596 (d, 1. J}, 5, = 5.3 Hz, H-1", 7.23, 7.42 (2 m, 2, Ar-H-35), 7.73 (m, 1, Ar-
H-6), 8.85 (apparent d, 2, H-8.2), 9.90 (br s, 1, CH;NH); 13C NMR (Me,SO-d() & 31.30 (NCH,), 60.77 (C-
57), 69.88 (C-3'), 74.39 (C-2'), 74.46 (OCH,Ar), 85.87 (C4'), 8159 (Joy = 167.83 Hz, C-17), 104.33 (Jop
= 21.17 Hz, Ar.C-3), 111.88 (JCS.F4 = 21.47 Hz, JC&-": = 3.10 Hz, Ar-C-5), 116.03 (.J’C]J:2 w 14.60 Hz, Jcl"Fd
= 3.48 Hz, Ar-C-1), 119.24 (C-5), 134.46 (Jo p = 1036 Hz, Jo = 4.38 Hz, Ar-C-6), 142.23 (C-8), 144.84 (C-
2), 146,16 (C4), 14681 (C-6), 160.82 (Jc:4,F4 = 14893 Hz, "c‘.Fz = 1225 Hz, Ar-C4), 164.34 (ch.Fz =
147.20 He, ch‘,_-4 = 1250 Hz, Ar-C-2).

2,6-Diamino-1-(3-methylbenzyloxy)-9-p-D-ribofuranosylpurine, Perchloric Acld Salt (2x). UV 1., 256
nm (10,900), 295 nm (9,200) at pH 1; 256 (11,200), 295 (9,300) at pH 7; 268 (16,000) a1 pH 13; MS (FAB)
mje 403 (M + 1); IR (KBr) 1096, 1644, 1634, 1594, 1420, 1100 (broad), 860, 624 cm’}; 'H NMR (Me,$O-d)
& 2.30 (s, 3, CH,Ar), 3.55, 364 (2 m, 2, /s 504 = J4o gy = 4.1 Ho J5,, 4oy, = 12.0 Hz, H-5"). 3.91 (apparent
q, 1, H-4"), 4.10 (apparent q. 1, J5, 4, = 3.5 k. H-}’), 440 (apparent q. 1, J5, 3, = 4.9 Hz, H-2"), 5.13
(apparent t, 1, OH-5%), 5.18-5.28 (2 m, 2, OCH,Ar), 523 (apparent d, 1, OH-3'), 547 (apparent 4, 1, CH-
2y, 51 (d, 1, Jy, 5, = 5.8 Hz, H-1"), 7.22-7.43 (m, 4, Ar-H), 8.19 (br s, 2, NH,-2), 8.35 (s, 1. H-8), 3.03,
9.81 (2 or £, 2, NH,-6).

8-Bromo-1.(3-methylbenryloxy)adenosine, Perchloric Acid Salt (2y). UV A, 265 nm (16,500) a1 pH
1; 264 (15,800) at pH 7. 260 (13,700) at pH 13; MS (FAB) m/e 466 (M + 1); IR (KBr) 1685, 1475, 1410,
1300, 1100 (broad), 985, 890, 880, 765, 623, 610 cm’; 'H NMR {Me,SOd,) & 2.35 (s, 3, CHyAT), 3.51, 3.67
2m 2 Ju45, =56Hz J, ), = 54 Hz, J5,, 5, = 11.7 Hz, CH,-5), 3.96 (apparent q, 1, H-4'), 4.22
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(apparent 1, 1, Jy, o = 3.5 Hz, H-3), 496 (i, 1, J,, 5, = 5.3 Hz, H-2"), 5.36 (s, 2, OCH,Ar), 590 (@, 1,
Jys2: = 6.0 Hz, H-1"), 7.28-7.50 (m, 4, Ar-H), 901 (s, 1, H-2), 9.89, 10.57 (bs' s, 2, H-f?"-’ ) 1*C NMR
(Me,SOdg) & 20.76 (CHy), 61.51 (C-57), 70.10 (C-3"), 7131 (C-2'), 81.85 (CH,Ar), 8630 (C4’), 90.65
(/cu = 162.78 Hz, C-1), 12022 (C-5), 127.76 (Ar-C-6), 128.28 (Ar-C-5), 130.32 (Ar-C-2), 130.71 (C8),
131.29 (Ar-C4), 131.77 (Ar-C-3), 137.67 (Ar-C-1), 144.82 (C-2), 246.02 (C4), 147.36 (C-6).

pp’-Dicyanoterephthaianilide or [N,N'-Bis(4-cyanophenyl)-1,4-phenyldicarboxamide) (4). Twe grams of
[2807-49-A*] (SRI-1W) (NSC D73449) were recrystallized from DMF, washed with E1OH, and dried: (D685-
35-5D) 1.7 g mp 320 °C cap; MS (FAB) m/e 367 (M + 1); IR (KI:) 2230, 1675, 1597, 1532, 1506, 1403,
1321, 1261, 845 cm’}; 'H NMR (Me,SO4d,) 8 7.84 (d, 4, H-3'3"5'5"), 84! (4, 4, H-2',2"6'6"),
8.10 (s, 4, H-2,3,5,6), 10.78 (s, 2, NH). Anal Caled for CyH, N,O, -0.25H,0: 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{S-methyl-1,4,5,6-tetrahydiopyrimidin-2-yl] - 2,5-pyridinedlcarboxanilide, Dihydrochloride or
N, N “.Bis-[4-(5-methyl-1,3,4,5-tetrahydropyrimidin-2-yl) phenyl) -2, 5-pyridinedicarboxamide, Dihydrochloride (5).
Compound 3377-133A* (SRI-89W) (NSC D84442) (26 g) was dissolved in hot water, filtered, cooled, and
diiuted with acetonitrile. The product was collecied by filtration, washed with acetonitrile, and dried at 78 °C
over P,O: yield 1.9 g mp >320 °C; MS (FAB) m/e 510 (M + 1); IR (KB") 1675, 1643, 1614, 1597, 1516,
1465, 1415, 1390, 1328, 1310, 1284, 1260 em’!; 'H NMR (Me; SO ) 8 1.05 (d, 6, CHy), 211 (br s, 2,
pvrimidin-H-5,5’), 3.12 (apparent g, 4, pyrimidin-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"), 810, 8.19 (4 4, 4, Ar-H-3'5'2"¢6'"), 834 (d, 1, H-3), 868 (d 4,
1, pyridyl-H-4), 9.32 (4, 1, pyridyl-H-6), 10.06 (s, %, pyrimidin-H-3,3’), 11.19, 11.30 (2 5, 2, CONH). Anal
Calad for CogH4,C1,N,0, -0.25H,0: G, 58.01; H, 590; N, 16.63. Found: C, 5802, H, 5.78; N, 16.61. *This
sample was originally synthesized by Dr. J. L. Greene, Jr.

NN'-Bis[4-(4,5-dlhydro-4(or S5)-methyl-1H-imidazo-2-yl)phenyl)-1,4-cyclchexanedicarboxamide, dihydro-
chloride (6). Cumpound (NSC D88689) (SRI-116W) [NB 3519-73*] (2.8 g) was dissolved in 175 mL hot
water, filtered, cooled, and diluted wiht 175 mL acetonitrile. The first crop of crystals was only 1.05 g, s0 the
volume acetonitrile was reduced under reduced pressure. About 500 mL of acetone '~as added and a second
crop of 1.16 was obuained. The two crops were combined and recrystallized from 150 mL hot water. After
crystallization was well established and the mixture had cooled, 400 mL of acetone was added. The product
was collected and dried 20 h at 75 °C over P,O¢: yield 2.05 g, mp 280 7~; MS (FAB) m/e 487 (M + 1); IR
(KBr) 1680, i605, 1575, 1511, 1350, 1325, 1305, 1260, 1170 am’’; 'H NMR (D,0) 8 1.14 (4, 6, CH,), 1.31
(br 1, 4, H-23,5,6 axial), 1.77 (d, 4, H-2,3,56-equatorial), 222 (br s, 2, Ar-H-1,4-axial), 3.37, 3.89 (q, t, 4,
imidazoyl-H-5), 4.25 (s, 2, imidazoyl-H-1,4-axial), 7.48 (q, 8, Ar-H-22'33'55'66'). Anal Caled for
CyHyClaNGO, - 1.75H0: C 5690, H, 6.74; N, 1422 Found: C, 5692; H, 6.76; N, 14.21. *This sample
was originally synthesized by Dr. J. L. Greene, Jr.

N.N-Bls[4-(5-hydroxy-1,4,5,6-tetrahydro-pyrimidin-2-yl) phenyl]-1,4-cycichexanedicarboxamide,  di-
hydrochloride (7). Compound (NSC D87183) (SR1-95W) [NB-368-93A°|, 2.9 g, was dissolved in 1600 mL of
hot water, filtered, cwoled, and acidified with 30-40 mL of 2 N HCl. The product was collecied, washed with
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2 N HCl and acetone. It was dried at 78 °C for 16 h over phosphorus 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 cm’!; 'H NMR (Me,SO-
dg) 8 1.50 (apparent ¢, 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),
333, 352 (2 d, 8 |9pyrimidyl-H-4'4""6'6'" axial, 4'4''6'6" equstorial), 4.22 (apparent d. 2,
pwrimidyl-H-5°,5""), 559 (d, 2, OH), 771, 78 (2 d, 8 H-2’273'3"557"6'6"), 985 (s, 2,
pyrimidyl-NH), 10.50 (s, 2, CONH). Anal Calad for CygHa CILNO, - 271,00 C, 53.59; H. 6.42: N, 13.39.
Found: C, 53.46; H, 647, N, 13.22.

*This sample was originally synthesized ty B. F. Smith, Jr.

N,N‘-Bis[4-(4,5-dlhydro-4(or $)-methyl-1H-imidazol-2-yl}phenyl] -2,5-pyrazinedicarboxumide, Dihydro-
chloride (8). Compound (NSC D93174) (SRI-125W) [NB-3693-55A%], 3.6 g, was dissolved in 75 mL hot
water, charcoaled, filiered, cooled, and acidified with 2 N HCL The product was collected, washed with 2V
HQl and acetone, and dried at 78 °C for 16 h over phosphorus penioxide: yield, 3.2 g; mp -260 °C; M$S
(FAB): mije 483 (M + 1); IR (KBr) 1692, 1613, 1570, 1515, 1326 cm}; !l; NMR (Me,SO-d) 8 1.39 (d, 6,
CH,), 3.57 (apparent q, 2, imidazolyl-H-5'5""), 4.13 (apparent 1, 2, imidazolyl-H-5',5""), 4.46 (brs, 2,
imidazolyl-H-4'4""), 8.07 (2 d, 8, Ar-H), 9.43 (s, 2, pyrazinyl-H-3,6), 10.65 (br s, 2, CONH), 11.44 (5, 2
CONH). Anal Caled for CoiH,4CILNgO, - 225H,0: C, 52.39; H, 5.50; N, 18.80. Found: C, 52.39; H, 5.49;
N, 1881,

*This sample was originally synthesized *~ 3. H. Smith, Jr.

N, N'-1 4-Butanediylbis [V-[4-(4,5-dlhydro- LH-imida::0}-2-y1)phenyl]acetamide,  Dihydrochloride  (9).
Compound (NSC D93181) (SRI-133W) [NB 3887-63B*], 4.1 g, was dissolved in 13 mL 2 N HCl. The solution
was slowly diluted aliernately with acetone and water until a crystalline product formed from the mixture
father (izn an oil. A 1otal volume of about 250 mL was used. The product was collecied, washed with
acetone, and dried 16 h at 78 °C in vacuo over phosphorus penioxide: yield, 4.1 g; mp 191-195 °C, shrinks
at 187 °C, MS (FAB): mi/e 461 (M + 1), IR (KBr) 1664, 1613, 1513, 1394, 1368, 1284, 1185, and 680 e’
TH NMR (Me,SO-d,) & 1.34 (br s, 4, CH,-23), 1.83 (s, 6, CHj), 3.22-3.40 (br s, H,0), 3.65 (br s, 4, CH,-1,4),
401 (s, 8, imidazolyl-H-4'¢' 4’4" 5 5'5"5"), 7.51 (apparent d, 4, H-2'2"66'), 822 (appar-
ent d, 4, H-3 3,5 5"), 11.05 (brs, 2, NH). Anal Caled for CyyH3,CIN,O, - THO: G 54.82 H,
6.73; N, 14.76. Found: C, 54.65 H, 6.78; N, 14.72

3,6-Diphenoxyhexahydro-1,2,4,5,3,6-tetr zadiphosphorine (12). In an oven-dried 2-L round-bottomed 3-
necked flask equipped with an addition funnel, drying tube, mechanical stirrer, and 8 thermometer was placed
900 mL of acetonitrile (dried over molecular sieves), 43 g (0.426 mol) of triethylamine, and 4.55 g (0.142 mol)
of anhydrous hydrazine. The reaction solution was chilied to —20 °C and a solution of 30 g (0.142 motl) of
phenyl dichlorophosphate in 200 mL of acetonitrile (M. S. dried) was added dropwise over 3 h with good
stirring. The temperature was majntained at —20 10 —15 °C during the addition and for one-half h more.
The reaction was then stirred for 1 h at —10 °C. The reaction was then stirred in an ice buckel anu reached
10 " over 8 h. The reaction was stirred for 2 h at room temperature while the progress of the reaction was
checked by thin-layer chrematography (TLC).  The white precipitate was collecied by filtration, washed with
acctonitrile, 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
coliected, washed with water, and dried: 4.1 g (17%); mp about 240 °C cap. The crude product was
recrystallized from -350 mL hot methanol, filtered, allowed to cool slowly, chilled in the refrigerator, collected,
and dried over phosphorus pentoxide, yield: 1.9 g (8%); mp 258-262 °C cap; IR (KBr) 1595, 1492, 1208, 1163,
1154, 1008, 972, 774, 767, 745, 685, 463 cm'!; MS (electron-impact: direct-probe temperature, 20 °C) m/e 340
(M), 247 (M - Q0); 'H NMR (Me,SO-d,) & 7.19, 7.36 (2 m, 10, phenyl), 7.49, 7.59 (2 5, 4, NH); 3P NMR
(Me,SOdy) 17.6 ppm (referenced to external 85% H3P0,). Anal Calad for Cp,H; NO,P,: C, 42.36; H,
415 N, 16.47. Found: C, 42.43; H, 4.18; N, 16.46.

3,6-Diphenoxyhexahydro-1,2,4,5,3,6-tetraza "iphosphorine 3,6-Disulfide® (14). In an oven-dried 500 mL
round-botiomed 3-necked flask equipped with an addition funnel, drying tube, mechanical stirrer, and a
thermometer was placed 250 mL of acetonitrile (dried over molecular sieves), 4.7 g (46.6 mmotl) of triethylam-
ine, and 0.50 g (15.5 mmol) of anhydrous hydrazine. The reaction ~as protected from atmospheric moisture
with an argon atmosphere. The reaction sojution was chilled 10 -20 °C and a solution of 3.3 g (0.016 mol)
of pheny! dichloridethiophosphate in 20 mL of acetonitrile (molecular sieve) was added dropwisc over 3 h with
good stirring. The temperature was maintained at -20 1o -15 °C during the addition and for one-half h more.
The reaction was then stirred for 1 h at -10 °C and at room temperature overnight. Afier the reaction
mixture was evaporated, the gummy white solid was treated with -30 mL of ethyl acetate. The insoluble
portion was removed by filtration 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
occurred more water was slowly added until a heavy precipitate had formed. The mixture was chilled and the
product collecied and dried: 2.2 g (+1%); mp 174-177 °C cap cloudy melt, 184-186 °C clear meit

The crude product was recrystallized from 15 mL methano! by adding 15 mL water. The prodvct was
collected, washed with water, and dried: 1.9 g (35%). The product was passed through a 50-g flash columa
of silica gel using 3:1 carbon iewrschloride-tetrahydrofuran. After ™wo recrystallizations from ¢thyl acetate-
hexane, an analytical sample was obtained, dricd in vacuo over phosphorus 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); [R (KBr) 1590, 1488, 1196, 1160,
932, 901, 768, 703, 694, 686 cm'}; IH NMR (Me,SO-d,) & 7.21, 7.37 (2 m, 10, Ar-H); 7.76, 7.88 (2 d, 4, NH).
Anal Calcd for C,,H, ,N,O,P,5,: C, 3871; H, 3.7%; N, 15.05. Fourd: C, 38.75; H, 3.89, N, 14.80.

1,5-Dimethyi-3,6-diphenoxyhexahydro-1,2,4,53,6-tetrazadiphosphorine 3,6-Disulﬂde"' {17). ln an oven
dried apparatus consisting of a 1 L three-necked round-bottomed flask equipped with two addition funnels,
a magnetic siirring bar, 8 reflux condenser, and a calcium sulfate drving tube was placed 12.2 g (0.121 mol)
of triethylamine and 300 mL of molecular sieve (4A) dried ether. The reaction was conducted in an argon
atmosphere. The triethylamine solution was heated to gentle reflux and solutions of 13.5 g (55 mmol) of
pheny! 2.2’'-dimethylphosphorodihydrazidothicate in 75 mL of dry ether end 125 g (55 mmol) of
phenyldichlorothiophosphate in 75 mL of dry ether were added dropwise, simultaneousty, over 3 h with good
stirring. The reaction mixture was refluxed an additional 2 h before it was cooled an1 the precipitated
triethylamine hydrochloride was removed by filtration. The filier cake was washed with evier and the filtrate
{and washings) was cvaporated at feduced pressure. The crude product was treated with 3:1 carbon
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tetrachloride-rcirahydrofuran and passed through a flash column of 500 g of silica gel. The appropriae
fractions, as indicated by TLC, were combined and evaporated.

Since TLC indicated some product was no. 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 vaaio. The silica gel was placed on top of a 200 g silica gel column and developed with 3:1
carbon tetrachloride-tetrahydrofuran. The fractions conta uing 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: vield 2.6 g (12%); mp 150-160 °C cap; MS (EI) mje 400 (M*), 307
(400 - OPh); IR (KBr) 1585, 1488, 1196, 1160, 1020, 938, 929, 905, 787, 768, 760, 690, 674 em”; 'H NMR
(Me,SOd) & 299 (apparent g, 6, CH, of 1,4-Me, II), 3.19 (apparent g, 6, CH, of 2,4-Me, I), 7.20 (i, 10,
Ar), 740 (m, 10, Ar), 835 (d, 2, NH of 1,4-Me, II), 842 (4, 2, NH of 24-Me, 1). Anal Calcd for
C,,H;gN,O,P,S, -0.010C,Hg: C, 42.63; H, 4.70; N, 13.53, Found: C, 42.56; H, 4.63; N, 13.55.

p-L-Threo-L-glycero-3-hexulofuranosonic Acld, 2-C-(5-Methyl-2-fur yi}-a-lactone (18). L-Ascorhic acid
(24.2 g, 0.168 mol) was dissolved in 149.6 mL of distilled water that had been purged with nitrogen overnight.
Freshly distilled 2-meLhyl-2,5-dimethoxy-2,5-dihydrofuran (25.03 g, 0.17 mol) was added dropwise with stirming
over a period of approximately 1.5 h. After the addition was compiete, the yellow reaction mixture was lefi
sticting under nitrogen over the weekend. The yellow liquid was freeze-dried overnight. The brownish-yellow
crude product was purified by shaking its ethyl scetate solution with neutral decolorizing carbon until a
colorless solution resulied. After removal of the charcoal by filcration, the solvent was evaporated 10 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) an’!; 'H NMR (Me,SO<d;) 8 6.86 (br 5, 1, OH-2), 6.43 (s, 1, OH-3), 634 (d, 1,
H-3'), 6.04 (4, 1, H4'), 5.58 (br s, 1, OH-5), 4.57 (5, 1, H4), 433 (brs5, 1, H-5), 420 (d d, }, H6, I = 6
Hz), 3.89 (d d, 1, 6 H,J = 3 Hz), 2.23 (s, 3, CH,-5'); 13C NMR (Me,SOdy) 177.90 (C-1), 151.48 (C-5'),
14831 (C-2'), 108.97 (C4"), 106.84 (C03), 106.33 (C-3'), 87.47 (C4), 77.49 (C-2), 74.48 (C-6), 73.44 (C-5),
13.16 (CH,-5') ppm. Anal Calcd for C;,H,,04: C 51.70; H, 4.80. Found: C 50.65; H, 5.12.

Succinic Anhydride Complex of §-L-Threo-L-glycero-3-hexulofuranosonic Acid, 2-C-(5-Methyl-2-furanyl)-a-
lactone (19). Crude 18 (4 g 0.016 mol) was dissolved in approximately 15 mL ethyl acetate. Rectystallized
succinic anhydride (1.60 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 10 ¢00l 10 room lemperature with stirming,
the volume was reduced and the liquid chilled to facilitate precipitation. The mixture was allowed 10 return
to room temperature whereupon the solid materia) was filtered and wasbed with cold cthyl acetate. The
mother liquor was cvaporated 10 drvness and the crystals were fillered and dried. The solid was recrystaliized
from chloroform-ethyl acetste to afford white needles (0.287 g); mp 131-134 °C; IR (KBr) 3700-3150 (broad,
OH), 1789.11 (CwO), 1770.78 (anhydride); '"H NMR (acetoned,) 8 6.41 (d, 1, H-3"), 6.02 (4, 1, H-4’), 4.76
(5, \, B4), 454 (L1, H-5J = 3Hz), 426 (d d, 1, H6,J = 6 Hz), 411 (d 4, 1, H6.J = 3 Hz), 3.07 ¢s.
2, succinic anhydride CH,), 2.26 (s, 3, CHy-5'); 13C NMR (Me,SOd,) 17293 (succinic anhydride). 17299
(C-1). 151.50 (C-5°), 14838 (C-2'), 10899 (C-4’), 106.90 (C-3), 106.35 (C-3'), 82.51 (C-4), T7.54 (C-2),
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74.52 (C-6), 73.50 (C-5), 28.68 (succinic anhydride CH,), 13.202 (CH;-5"). Anal Calcd for CyHapCyy: C
51.01; H, 4.72 Found: C, 50.61; H, 4.64,

Succinimide Complex of B-L-Threo-L-glycero-3-hexulofuranosonic Acid, 2-C-(5-Methyl-2-furanyl)-a-lactone
(20). To a solution of crude 18 (3.00 g, 0.12 mol) in approximately 10 mL ethyl acetatc was added 2.4 g

(0.024 mol) succinimide and the mixture was stirred under nitrogen. Afer a fow minutes, a white precipitate
formed which 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 acctate
and dried under a vacuum, and recrysiallized from ethyl acelate-chloroform. Crystals from refrigerated mother
liquor fitered, dried and recrystallized from ethyl acelate-chloroform 1o yield 0.745 g (11%) of long, white
needles; mp 126-138 °C; IR (KBr) 3700-3025 (s, broad, OH), 1792 (s, lactone CO), 'H NMR (acrtoned,) &
641 (d, 1, H-3'), 601 (d. 1, H-4'), 4.76 (s, 1, H-4), 4.53 (m, 1, H-5), 425 (d d, 1, H-6, J = 6 Hz), 4.11 (d
d, 1, H6, J = 3 Hz), 268 (s, 3, succinimide CH,), 225 (s, 3 H, CH;-5")'3C NMR (Me,30-dg) 179.21
(succinimide C=0), 172.93 (C-1), 515.52 (C-5"), 14837 (C-2"), 109.91 (C-4"), 106.90 (C-3). 106.90 (C-3},
106.36 (C-3’), 87.50 (C4). 77.54 (C-2), 74.54 (C-6), 73.50 (C-5), 29.42 (sucanimide-CH,), 13.19 (CH,-5").
Anal. Caicd for G, Ho50,,: C, 51,17, H, 493, N, 221. Found: C, 51.04; H, 5.02; N, 2.35.

2-Amino-5-methyl-1,3,4 stlenadiazole’ (24a). To a well stirred suspension of 5.5 g (39.9 mmol) of
aminoselennsemicarbazide!? in 40 mL of acetic acid and protecied from atmospheric moisture by an argon
atmosphere and a calcium sulfat¢ drying tube was added 9.1 g (59.8 mmol) of phosphorus oxychloride over
20 min. The reaction mixture was stirred 1 h at room temperature and refluxed gently for 1 h. The reaction
was then cooled and evaporated to dryness. The residue was suspended in 100 mL of water, made acidic with
10 mL of concentrated hydrochloric acid, and heated at reflux for 2 h. The reaction mixture was chilled in
an ice bath and made basic with sodium hydroxide (6 N). The precipitsie wes collecied, washed with water
and dried. The residue was dissolved in 180 mL hot ethanol filtered, and diluted with ~250 mL of hexane.
The produci was collected, washed with hexane and dried: yield 3.4 g (53%); mp 227-228 °C cap ‘e MS
(EI) mje 163 (M*); IR (KBr) 1640, 1537, 1526, 1511, 1504, 1328, 1172 cm’’; TH NMR (Me,SO<d) & 245
(s. 3, CHy), 7.10 (s, 2, NH;). Anal Caled for CHgN,Se: C, 22.23; H, 3.11; N, 25.93. Found: C, 22.56; H,
3.12; N, 26.00,

2-Amino-5-ethyl-1,3,4-selenadiazole!! (24b). The 2-amino-5-ethyl-1,3,4-selenadiazole was prepared from
24 g (17.4 mmol) of aminoselenosemicarbazide, 20 mL of propionic acid, and 4.0 g (261 mmol) of
phosphorus oxychloride by the procedure previously described for the 5-methy! derivative: yield 833 mg (27%);
mp 201-202 °C cap, shiny platclets; MS (El) mje 177 (M*); IR (KBr) 1632, 1517, 150!, 1326, 1010 cm’);
'H NMR (Me,SO4,) & 1.2 (t, 3, CH,CH,), 280 (q. 2. CH,CH,), 713 (s, 2, NH,). Anal Calod for
CHyNySe: C 2728, H, 4.01; N, 23.86. Found: C, 27.45; H, 4.12; N, 24.00.

2-Amino-5-phenyl-1,3,4-selenadiarole!! (24¢). The 2-amino-5-phenyl-1.3 4- selenadiazole was prepared from
3.0 g (21.7 mmol) of the aminoselenosemicarbazide, 2.65 g (21.7 mmol} of benzoic acid, snd 83 g {54.3 mmol)
of phosphorus oxychloride by the procedure previously described for the S-methy! derivative. The thick pasie
was mixed with 8 mechanical stirrer.  An analytical sample was obwined by recrystallizing the crude product
from EIOH-H,O: yield 950 mp (40%): mp 241-242 °C cap dec; MS (El) mie 225 (M™), 183 (225 -
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N=C-NH2), 122 (225 - PhC=N), 103 (PhC=N); IR (KBr) 1630, 1507, 1473, 1255, 1040, 759, 692, 657 cm?;
1H NMR (Me,SOd) & 7.43 (m, 3, Ar-H-3'4'.5"}, .55 (s, 2, NH,), 772 (apparent q, 2. Ar-H-2',6'). Anai.
Caicd for CgH4N,Se: C, 42.87; H, 3.15; N, 18.75. Found: C, 43.05; H, 3.28; N, 18.94.
2—]\1rlh)l-6-phenyllmidaw[2.l-b]-l,l.d—selenadhxole“ (28). 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-selenadiazole,
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 partial reaction. Triethylamine (1 mL, 7.2 mmol), was added and the reaction became
less viscous. A second ponion of EiyN (1 mL, 7.2 mmol), was added and a brown solution was obtained.
Heating was discontinued after 24 h even though some staning material remained. The reaction was
evaporated to 8 gummy-yellow solid. The residve was dissolved in 50 mL of hot EtOH, filtered, cooled, and
scratched to inguce crystallization. The product was collected, washed with a little EIOH, and dried: vyield
1.1 g (38%); mp 153-156 °C. An analytical sample was obtained by recrystallization from 10-15 mL hot
EIOH: yield 875 mg (30%); mp 154-156 °C cap; MS (EI) m/e 263 (M™), 222 (263 - CH,C=N). 195 (263 -
CH,C=N-N=CH); IR (KBr) 1605, 1545, 1535, 1460, 1437, 1168, 740, 690, 680 cm'!; 'H NMR (Me,50,}
& 275 (s, 3, CH,), 7.26 (1, 1, Ar-H-4"), 7.39 (t, 2, Ar-H-3'.5"), 7.80 (4, 2. Ar-H-2°6'), BOS (s, 1, CH-5).
Anal. Caled for CHgN,Se: C, 50.39; H, 3.46; N, 16.03, Frund: C, 50.48; H, 3.60; N, 16.02.
3-Nitroamino-1,2,4-triszole}® (27a). Fuming nitric acid (d 1.52, 35 mL) was added slowly over 15 min
to 3-amino-1,2,4-triazole (8.5 g, powder) at 0 °C with vigorous stirring. The reaction mixture was stirred funther
for 30 min a1 10-20 °C and quenched by pouring it into ice-water. The solid was filiered and vacuum dried
to afford pure product (10.1 g); mp 215-217 *C dec (lit. mp 215-217 °C); MS (EI) m/e 129 (M*). UV Amax
(H,0) 206 (550), 283 (1300); IR (KBr) 3490, 3450 (sh), 3260 (NH,, NHNO,, NH;, 3150-2750 (C-H), 1580,
1540 (C=N), 1430, 1330, 1290, 1250, 1140, 1075, 1065, 1060, 1000, 965, 905 cm’); 'TH NMR (Me,50d,) &
14.4-13.8 (br s, 1, NH, D,0O exchangeable), 85 (s, 1, CH), 3.7-3.1 (br s, 1, NHNO,, D,0 exchangeable). Anal
Calcd for CoHNO, -0.5H,0): C, 17.39; H, 2.92; N, 50.73. Found: C, 17.66; H, 297; N, 51.17.
3-Nitroamino-5-phenyl-1,2,4-trlazole (27b). Fuming nitric acid {d = 1.52, 9.7 mL) was added slowly over
15 min 10 3-amino-5-phenyl-1,2.4-triazole (31) (4.45 g) at 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 filiered, dried, and crysiallized
from water (4.85 g); mp 183-185 “C dec; MS (EI) m/e 205 (M™), IR (KBr) 3420, 3100, 2975 (br s, NH,
NHNO,, C-H), 1617 (C=N), 1601, 1583 (aromatic), 1553, 1514, 1486, 1425, 1305, 1229 am’’; 'H NMR
{(Me,SOdg) & 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, |,
NHNO,); 13C NMR (Me,SO-dg) 1532 (C-3), 1484 (C-5), 131.1 (C4°), 129.1 (C-3°.5'), 126.0 (C-2'6"),
125.0 (C-1'). Anmal Calcd for CgH,N4O, -0.2H,0: G 46.02; H, 357, N, 33.55. Found: C, 45.96 H, 3.58;
N, 33.62.
3-Methyl-S-nitroamino-1,2,4-trinzole! "1¥ (27c). A solution of 1-acetamido-3-nitroguanidine (18.7 g) and
sodium carbonate (13 g) in water (180 mL) was healec for 25 min. It was then cooled, acidified with conc.
HCI, and refrigerated overnight. The product was filtered, washed with cold water, and dried (22 g). A
portion was recrystallized from water; mp 203-205 °C dec; MS (El) 143 (M) IR (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’'; 'H NMR (Me,S0-d,) 8 14.0-13.4 (NH), 3.63.1 (NH), 2.3 (5, 3 H, CH,); *C NMR (Me,SO-dg)
8 152.5 (C-5), 147.7 (C-3), 11.0 (CH,). Anal Caled for C4HNO, -0.5H,0: C, 23.68; H, 3.98; N, 46.05.
Found: C, 23.77; H, 1.85; N, 46.11.

3-Hydrazino-1,2,4-trinzole hydrochloride!# (28a). 3-Nitroamino-1,2,4-triazole (10 g) and activated zinc dust
(20 g) were moistened with water and ground to a paste. The paste was suspended 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 mixiure was stirred at 20 °C for an auditional 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 sullide
the hitrate and washings were treated with 10 N hydrochloric acid. Evaporation of the solvent and boiled with
chloroform (5-10 ml., 30 min). Desired product (5.23 g} separated upon addition of absolute ¢thano! (25 mL).
MS (EI) mje 99 (M*): IR (KBr) 3340, 3300-2700 (N+, NHNH, and C-H), 1650 (broad, C=N), 1580, 1530,
1360, 1300, 1275, 1215, 1130, 1060, 1030, 950 cm™. (This compound was not steble to storage and was used
as is for the next step.)

3-Ami..0-5H-s-triazolo[8,1c)-s-trinzole {(29a). A solution of 3-hydrazino-s-triazole hydrochloride (4.4 g)
and cyanogen bromide (3.43 g) in agueous methano! (132 mL, 85%) was refluxed for 48 h. The solvent was
removed by evaporation, the solid residue was dissclved in water {12 mL), an1 the solution was neutralized
with sodium acetate, giving a solid precipitate. The product was crysiallized from water (24 g); mp 260 °C
dec (liL}? 260 °C); MS (EI) m/e 124 (M*); IR (KBr) 3340, 3190, 3150-2600 (broad, NH, NH,, and C-H),
1660, 1630, 1600 (C=N), 1510, 1460, 1400, 1375, 1275, 1245, 1190, 1180, 1160, 1030, 980, 905 cm’!; 'H NMR
(Me,S5O-d() 8 12.05 (s, 1, NH, D,O exchangeable), 7.95 (s, 1, C-H}, 6.5 (5, 2, NH,, D,O exchangeable). Anal
Caled for C4H Ng: C, 29.03; H, 3.25; N, 67.72. Found: C, 28.92; H, 3.29; N, 67.96.

A-Amino-6-phenyl-SH.s-triazolo[8,1c] s-triazole, hydrobromide'>1® (29b). 3-Nitroamino-5-phenyl-1,2.4-
trinzole (8.6. g) and activated zinc dust (10.77 g) were moisiened with water and ground to a paste. The
paste was suspended in water (27 mL} /1 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 a1 20 *C for an additional
4 h, heated 10 60 °C for 1 h, and allowed to cool. The excess zinc was removed by filtration and the filtrate
saturated with hydrogen sulfide for 2 h. After removal of zinc sullide, the filirate and washings were treated
with 10 N HCl. The hydrazino compound obtsined (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 dissclved in water and newtralized with sodium acetate, giving a solid precipitate. The product was
recrystallized from water and treated with one equivalent of hydrobromic acid, giving a pure product (1.45 g).
mp 263-265 °C dec; MS (EI) mje 200 (M™); IR (KBr) 3450-2400 (brosd, NH, NH,. CH, HBr), 1698, 1672,
1600, 1535, 1500, 1475, 1445, 1435, 1375, 1290 cm’l; 'H NMR (Me,SO-d,) & 12.0-9.0 (broad, NH, NH, and
H*), 8.28G (m, 2, 0-Ar-H), 7.75-7.60 (m, 3, p-m-Ar-H); 3C NMR (Me,SOd() & 160.4 (C-6), 150.7 (C-8),
141.2 (C3), 1317 (C='), 1291 (C-3'$5), 1266 (C-2'6') and 1264 (C-1’). Anal Calcd for
CHgN, -HBr: C, 3845; H, 3.23; N, . "90. Found: 38.35; H, 357, N, 29.63%.

3-Amino-6-methyl-SH-5-triazolo[ 5,1 <) -s-trinzole, Hydrobromide!>!S (29¢c). 3-Methyl-5-nitroamino-1,2,4-
triazole (5.37 g) and activated zinc dust (9.6 g) were moistened with water and ground 1o 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 10 cool. The excess zinc wzs removed by filtration and the filtrate
saturated with hydrogen sulfide (2 h). After removal of zinc sulfide, “he filtrate and waskings were treated
with 10 N HCI. 3-Methyl-5-hydrazino-1,2,4-triazole hydrochioride (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 residue was dissolved in water
and neutralized with sodium acetate, giving a solid precipitate, The product was crystallized from water (560
mg) and treated with one equivalent of hydrobronic acid, giving a pure product, 0.75 g mp 256-261 °C dec;
MS (EI) m/e 138 (M™); IR (KBr} 3270, 3228, 3187 (NH, NH,), 3082 (C-H), 1701, 1665, 1610, 1570, 1500,
1430, 1390, 1363, 1346, 1165 cm’l; 'H NMR (Me,SOd;) 8 13.3-120 (br s, 1, NH), 9.1-7.8 (br s, 2, NH,) and
2.5 (s, 3, CH3): 3¢ NMR (Me,SO-d;) 8 159.2 (C-6), 1489 (C-8), 140.8 (C-3) and 12.8 (CH;). Anal Caicd
for C;HN, -HBr: C, 21.93; H, 3.22; N, 38.37. Found: C, 22.16; H, 3.39; N, 38.39,

Benzamidoguanidine (30). Freshly disulled benzoyl cs.oride (30 mL) was added dropwise to a well stirred
solution of aminoguaridinz hydrogen carbonate (30 g) in dry pyridine (250 mL) at 0 °C. The reaction mixture
was further stirred at room temperature for 12 h, and the solvernt removed under reduced pressure. The
residue was treaied with water (250 mL) and made strongly alkaline with 10 & sodium hydroxide. The solid
was {iltered and dried (10.46 g), mp 180-182 °C; MS (EI) m/e 178 (M™).

3-Amino-$-phenyl-),2,4-triazole (31). Benzamidocuanidine (38) {22.38 g) was healed in amr ©il bath at
220 °C for 5 min. The residue was crysiallized from water, giving colorless silky ncedles (18 g); mp 182-
185 °C (dec); MS (EI)} m/e 160 (M™); IR (KBr) 3350 (NH,), 5250-2800 (NH, CH), 1665, 1640 (C=N), 1610,
1600, 1580 (aromatic), 1535, 1525, 1495, 1465, 1445, 1430, 1400 cm’!; '"H NMR (Me,SO-dg) 8 12.1-12.0 (s,
1, NH), 7.9 (4, 2, o-Ar-H) 7.5-7.3 (m, 3, m-p-Ar-H), 6.2-59 (br s, 2, NH,); 3¢ NMR {Mc,S50d;) 8 1535
(C-3), 150.1 (C-5), 130.7 (C4'), 129.1 (C-3 5'), 1262 (C-1'), 125.9 (C-2',6'). Anal Caled for CgHgN,:
C, 5998, H, 5.03; N, 3498. Found: C, 60.07; H, 540 N, 35.0%

Nitroamlnoguanidine' "% (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 tbe
well agitated slutry was added dropwise, 32 g (0.55 mol) of 87% hydrazine monohydrate in 500 mL of water
over one hour. The temperature was maintained at 55-60 °C for an additional 15 min, and then it was cooled
to below 45 °C and neutralized with conc. HCl. The solution obtained from the reaction was refrigerated
overnight, end the resulting solid product was filiered and dried (26.9 g); mp 17C-172 °C; MS (FAB) 120 (M
+ 1) IR (KBr) 3432, 3400, 3322. 3220 (NH, NH,), 1665, 1618, 1580, 1510, 1410, 1356, 1294, 1171 em’l.
Anal Calcd for CH(NO,: C, 10.08; H, 4.23; N, 5882. Found: C, 10.17; H, 4.25; N, 58.73.

1-Acetamido-3-nitroguanidine!'* (34). A solution of nitroaminoguanidine (31 g), glacial acetic acid (78
mL), and acetic anhydride (26 mL) was heated for 2 h at 85-90 °C, cooled, and diluied with large excess of
diethyl ether. The resulting precipilate was {iltered and washed with etber. The vield of dried product was
24.7 g. A portion was recrysiallized from water, mp 187-189 °C; MS (FAB) 162 (M + 1), IR (KBr) 33187,
3242 (broad), 3075, 3025 (NH), 2925 (CH), 1702 (CO), 1635 (C=N), 1587, 1525, 1425, 1390, 1373, 130
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(broad), 1197, 1040 cm’’; 'H NMR (Mc,SOd) & 9.95-8.1 (br s, 4, NH) and 1.9 (s, 3, CH,); '3C NMR
(M2,S0-d) 8 169.5 (C=0), 161.0 (C=NH) and 20.7 (CH,). Anal Calcd for C4H,N;Oy C, 22.36; H, 4.38;
N, 43.47. Found: C, 22.42; H, 442; N, 43.11.

Triaminoguanidine Hydrochloride (35). Aminoguanidine bicarbonate (34 g) was suspended in 2 N HCl
(63 mL), and conc. HC] was added with stirring until aceification was complete. The mixture was [iltered,
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 reaclion mixture was cooled, and the
resuiting precipitate was filtered and washed with methanol. It was crystallized from 2% HCI in ethano! (11.1
2); mp 228-229 °C dec (lit.'7 231 °C dec); MS (EI) m/e 104 (M*); IR (KBr) 3400-2200 (NHNH,, NH,, HCl),
2060, 1940, 1810, 1680 (C=N), 1480, 1090 cm’!. Anal. Caled for CHgN, -HCL: C, 8.54; H, 6.45; N, 59.79.
Found: C, 878; H, 642, N, 59.73.

4-Amino-3-hydrazino-S-methyl-s-triazole dihydrochloride!® (36). Trisminoguanidine hydrochloride (14.0
g) was refluxed with acetic acid \20 mL) for 2.5 h. The solution was cooled, conc. HCl (70 mL} was added,
and the mix‘ure was warmed on a water bath for 30 min. The reaction mixiure was cooled and allowed to
stand for several hours at 0 °C, a . then the solid was filtered and crystallized from water (16.41 g); mp 21&-
220 °C dec; MS (EI) m/e 128 (M™); IR (KLr) 3400-2300 (broad, NH,, NHNH,, HQl, CH), 1651, 1635, 1610
(C=N). 'H NMR (Me_SO-d,) & 9.5-6.0 (br s. NH,, NHNH,. H*). 2.5 (s, CH.) 13C NMR (D,O. dioxane as
internal reference) & 153.6 (C-5), 153.5 (C-3), 9.4 (CH,). [Note: Compound 36 was found 17 decompase in
dimethyl sulfoxide to 4-amino-5-methyl-1,2.4-wriazole]. Anal Caled for CiHgN( -2ZHCL: C, 17.91; H, 5.01; N,
41.80. Found: C, 17.80; H, 5.02; N, 41.32.

S,T-Dhmlno-s-meihyl-'fﬂ-c-uhmlo[s,lqc]-s-trhmle“ (37). A solution of X (9.23 g) and cyanogen
bromide (6.7 g) in aqueous methanol (235 ml., 85%) was refluxed for 48 h. The solvent was removed by
evaporation, the solid residue was dissolved in waler, and the solution was neutralized with sodium acetate.
A precipitate was obtained which was {ilter.d and crystallized from water (4.4 g); mp 260-265 °C dec; MS (EI)
mje 153 (M™); IR (KBr) 3301, 3195. 3109 (N-NH,, C-NH,, C-H), 1644, 1631 (C=N), 1580, 1554, 1390, 1360
cm’l; 'H NMP. (D,0 + DSS) & 2.45 (s, CH,); 13C NMR (Me,SO+d¢) 8 159.849 (C6), 148.9 (C-8), 1421 (C-
3). 10.6 (CH,). Anal Caled for CHiNy: C, 3137 H, 4.61; N, 64.03. Found: C, 31.3% H, 4.69; N, 64.08.

7-Amino-6-methyi-7H-s-trlazolo{5,1-c] «s-triazole-3-thiol'* (38). A solution of 4-amino-3-hydrazino-S-methyl-
s-triazole 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 addition of conc. HCl. The pale yellow solid obtained
was filtered and recrystallized from water, 2.0 g mp 203-205 °C dec; MS (EI) m/e 170 (M*); IR (KBr) 3425
(H,0), 3259, 3237, 3151, 3058, 3015, 2985, 2045, 2900, 2790, 1645, 1619, 1555, 1513, 1455, 1443, 1405, 1325,
1289, 1255, 1185, 1014 cm’’; TH NMR (Mc,SO-dg) 8 135 (5, 1, SH), 6.3-5.5 (bs, 2, 1H,) and 2.4 (s, 3, CHy);
BC NMR (Me,SOdg) & 159.4 (C6), 1548 (C-3), 1495 (C8) and 10.5 (CH,). Anal Cald for
C,HeNGS ‘HoC: C, 2552 H, 428, N, 44.66. Found: C, 25.59; H, 4.30; N, 44.70.

1,6,7-Triamino-7Hs-triazolo[$,1¢)-s-triazole!® (39). A solution of triaminoguanidine hvdrochloride (14.06
1» 0.1 mot) and cyanogen bromide (21.2 g, 0.2 mol} in aqueous methancl (405 mL, 85%) was refluxed for 48
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h. The solvent was removed by evaporation, and the resulting solid was taken up in water and neutrali~ed
with sodium acetate. The precipitate was filtered and crystallized from water (8.08 g), mp 285-78 °C deg
MS (EI) m/e 154 (M*); IR (KBr) 3402, 3257, 3222, 3168, 3114 (N-NH,, C-NH,), 1691, 1679, 1647, 1615, 158
ca’l; 13C NMR (Me,SO+dg) & 160.0 (C-6), 147.2 (C-8), 141.0 (C-3). Aral Caled for C4HNg -HBr: C,
1333; H, 3.00; N, 47.68, Tound: C, 15.54; H, 3.05; N, 48.07.

4-Amino-3-hydrazino-s-triazole Dihydrochloride!® (40). Triaminoguanidine hydrochloride (21.74 g) was
Leated at reflux with 85% formic acid (32 mL) for 30 min. The solution was cooled, conc HCl (120 mL)
was added, and the mixiure was warmed for 30 min. The reaction mixiure was cooled and allowed to stand
overnight at 0 °C. The resulting solid was filtered and crystallized from water (29 g); mp 215-217 °C; MS (EI)
mie 1,4 (M*); IR (KBr) 3350 (NH,), 3300-2050 (broad, NHNH,, 2 HCl, CH), 2000, 1645, 1600, 1525, 1510,
1430, 1115, 1210, 1060 em’}; '*C NMR (80% H,0, 20% D,0, dioxane as internal reference) 8 153.3 (C-3)
and 143.5 (C-5). [Note: Compound 40 was found to decompose in dimethyl sulfoxide to 4-amino-1,2,4-
tiawle.] Aral Caled for C;HN, -2HCI: C, 12.84; H, 4.31; N, 4.94. Found: C, 12.95; H, 4.33; N, 44.76.

7-Amino-7H-s-triazolo[&,1<]-s-triazole 3-thiol'® (41). A sclution of 4-amino-3-hydrazino-s-triazole
dihydrochloride (5.5 p) 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 addition of conc. HZl. The pale yellow s0)id abtained was filieied and
recrystallized from water, 1.7 g; mp 165-166 °C dec; MS (EI) m/e 156 (M™); IR (KBr) 3240, 3220, 3155, 3135,
3112, 3010, 2940, 7911, 2860, 2810, 2750, 1636, 1607, 1493, 1430, 1387, 1330, 1275, 1240, 1215, 1155, 1075,
1030, 997 cm’’; 'H NMR (Me;SO-dg) 8 136 (5, 1, SH), 8. (s, 1, CH), 6361 (br 5, 2, NH,); BC NMR
(Me,S0-dg) & 155.8 (C-3), 151.0 (C-6), 148.9 (C8). Anal Caled for CHHNS: C, /3.07; H, 2.58; N, 53.82.
Found: €, 23.11; H, 269, N, 5337,

3,7-Discetamido-7TH-s-trinzolo[5,1c]-s-triazole (42). 3,7-Diamino-7H-:-triazolo[5,1c]-s-triazolo (5.0 g)
was stirred with acetic anhydride (150 mL) at room 1emperature for 3 days. The solid obtained was filtered,
washed with diethyl cther and dried (2.45 g). Further purified by crystallizing from water; mp 220-224 °C
MS (EI) 223 (M); UV X,y 238 (5800); IR (KBr) 3216, 3194 (NH), 3040, 2980 (CH), 1700, 1683 (C=O),
1615, 1564, 1531, 1505, 1440, 1380, 1263, 1245, 1180 ax’); *H NMR (Me,SO-d,) & 11.7-11.55 (s, 1, NH),
10.75-10.6 (s, 1, NH), 88 (s, 1, CH), 21 (s, 6, CH,); 3¢ NMR (Me,50-d,) 169.4 (CO), 169.3 (CO), 149.9
(C-8, 3J'CH = 4.0 Hz), 1492 (C-6, IJCH = 2213 Hi), 1354 (C-3), 2.2 (CH,), 20.1 (CH,). Anal Calcd for
C-,H,N-,Oz: C, 3766, H, 406, N, 4394, Found: C, 37.71; H, 4.09; N, 43.88

3-Acetamldo-7-amino-6-methyl-7TH-s-triazolo[ 5, 1] -s-triazole (43). 3,7-Diamino-6-methyl-7H-s-triazolo-
[5.1<])-s-triazole (2.0 g) was stirred with acetic anhydride (100 mL) at room temnerature for 3 days. The solid
obtained was filtered, washed with dicthyl ether and dried. Further purified by ajsuallizing from water (1.89
g); mp 239-241 °C dec; MS (EB) 195 (M); {R (KBr) 3320, 3280 (NH,' 3102 (NH), 2965, 2925, 2850, 2754
(CH), 1708 (C=0), 1635, 1617 1579, 1558, 1425, 1405, 1373, 1270, 1250, 1215, 1035, 860, 775, 715, 675, 655
an’’; 'H NMR (Me,SO-d,) & 10.55-10.4 (br s, 1, NH), 6.0 (s, 2, NH,), 2.35 (s, 3, CCH,), 2.05 (s, 3, COCH,);
13C NMR (Me,50-d,) 8 i69.4 (CO), 158.0 (C-6), 152.5 (C-8), 134.3 (C-3), 22.2 (COCH,), 10.4 (CCH,). Anal.
Caled for CGHoN,O: G 3691 H, 4.65; N, 50.24. Found: C, 36.93; H. 4.77; N. 50.08.
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T-N-(6-Methyl-3-methylthio-7H-s-triazolo[ 5,1} triazolyl)dithiocarbamate (44). A solution of 4-amino-3-
hydrazino-5-methyltriazole dihydrochloride (12.4 g) and potassium hydroxide (10.8 g) in 70% aqueous ethanol
(300 mL) was refluxed with carbon disulfide (50 mL) for 38 h. The solvent was removed and the residue *vas
dissolved in water (50 mL). Tne solution was acidified 10 pH 3 by addition of conc. HCL The pale yellow
sclid obtained was fltered and rectystallized from water. This thiol (11.53 g) was refluxed in methanol (150
ml) in the preience of equimolar quantities of sodium hydroxide (2.98 g) and methy! iodide (4.7 mL) for 2
L. Parial evaporation of the solvent and dilution with water precipitated the desired product. Pure
methylthio derivative was obtained by crystaliizing wwice from water, followed by silica gel column Gltration
(eluted with 10% methanol in chloroform), 3.0 g, inp 186-189 °C; MS (EI) 260 (M); UV ip,., 321 (12,600),
228 (10,100} a1 pH 1; 320 (13,000), 228 (10,700) at pH 7; 320 (10,800) at pH 13; IR (KBr) 3219, 3102, 3015,
2925 (NH, GS;H, CH), 1660, 1542, 1527 (thioureido band), 1480, 1306, 1254, 1169, 1045 (CS,H), 816 cm’l;
'H NMR (Me,SO-dg) & 6.15-5.9 (br s, NH, SH, H,0), 2.65 (5, 3, SCHy), 2.4 (s, 3, CH,): 13C NMR (M<,S0-
dg) 188.8 (CS,H), 159.1 (C-3, ¥y = 5.5 Hz), 153.5 (C6, Uqy = 7.3 Hz), 1459 (C-8), 15.2 (SCH,, Vo =
143.6 Hz), 995 (CH. ¢y = 1304 H2). Anal Caled for CgHgNGS, - 0.2H,0: €, 27.30; H, 3.21; N, 31.85;
S, 3644, Found: C, 27.16; H, 3.02; N, 31.78; 8§, 3632

2,1,5-Tri-O-benzoyl-p-D-ribofuranosyltriazolotriazoles (45, 47, and 49). 3-Amino-5H-s-triazolo{5,}<}-s-
triazole! >4 (23, 6.97 g) wes suspended in a solution of 1-O-acetyl-2.35-1ri-O-benzoyl-D-ribofuranase 2835
g) in anhydrous acetonitrile (915 mL). Stannic chloride (14.7 mL) was added slowiy at 0 °C under argon
aimosphere. The reaction mixture was stirred at room temperature for 24 h. It was then concentrated 1o
a small volume and saturated sodium bicarbonate was added until the vigorous evolution of carbon dioxide
had ceased. The mixture was evaporaled under reduced pressure and the residual gum was extracted several
limes with hot chloroform. The combined extracts were dried and concentrated. Thin-layer chromatographic
analysis of this crude product (silica gel, chloroform-methanol, 9:1 viv) showed four products with Rf values
of 0.45, 0.81, and 0.9 along with unchanged and decomposed sugar derivatives (Rf 0.97). The mixture was
applied to a column of silica gel and eluted with chloroform followed by 1%, 2%, and 3% methanol in
chloroform. The three products were separated and further purified by repeating the silka gel columa
chromatography. A fourth product was isolated from the chromatographic purification of the fraction
containing compound £0, when the solvent systern was cnanged 10 cyclohexane-ethyl acetate, 1:1. Structures
of these compounds were assigned on the basis 0. spectral data as follows:

3.Imino-2H-2-(2,3,5-tri-O-benzoyl- p-D-ribofuranosyl)-s-triazolo(8,1-cj-s-triazole (45). The above cited
compound with Rf (.45, yield 9.46 g (30 %); mp 125-127 °C; MS (FAB) mje 569 (M + 1), UV A 234
(39.,400), shoulder at 280 (3200) at pH 1; 236 (33,000), shoulder at 276 (17,300} at pH 7, 225 (29,300), 276
(8600) at pH 13; IR (KBr) 3500-2500 (broad NH, NH, CH), 1727 (C=0), 1666 (C=N), 1615, 1602 (aromatic),
1585, 1475, 1450, 1315, 1267, 1200, 1175, 1116, 1093, 1070, 1024 cm’}; 'H NMR (CDC,) 8 8.1-78 and 7.6-7.1
(m, 18, NH, NH, H-6, and benzoyl), 635 (d, 1, J;, 5, = 1.7 Hz, H-1), 625 (d 4, 1, /3, 5, = 52 Hz, H-2'),
6.9 (d d, 1. Jy, 4, = 68 Hz, H-3), 4.92-4.82 (m, 1, J, 5., = 52 Hz Jj, g,y = 3.6 Hz, H4'), 42477 (4,
1, H-5'b). 4.744.65 (d d, 1. J5,, <;p, = 12.1 Hz, H-5"a); 3¢ NMR (CDCQ,) 8 1663, 165.2, 165.1 (C=0),
160.3 (C-5, 1IC4J-| = 202.6 Hz), 160.1 (C-8,J- 5y = 4.4 Pr), 1383 (C.-3), 133.7, 1334, 1330, 129.7, 12964,
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129.6, 129.2, 1286, 128.43, 1284, 128.39 (aromatic carbons), 88.8 (C-1', U,y = 167.8 Hz), 80.4 (C-4),
753 (C-2), 7.7 (C-3'), 639 (C-5'). Anal Cakd for CpHyNeO, -H,0: C, 5934 H, 447; N, 1433,
Found: C, 59.12; H, 4.42; N, 14.50.
3-Amino-1-(2,3,5-tri-O-benzoyl- f-D-ribofurancsyl) s ‘rinzolo[5,1c) s-triazole (47). The above cited
compound with Rf 0.9, yield 234 g (7.3 %), mp 86-87 °C; MS (FAB) m/e 569 (M + 1); UV A, 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, 3335 (NH,), 3175, 3065 (CH), 1727 (C=0), 1655 (C=N),
1600, 1570 (aromatic), 1452, 1317, 1269, 1175, 1160, 1121, 1096, 1070, 1025, 709 cm*; '"H NMR (CDCl,) &
8.15-1.25 (m, 16, H-6 and benzoyl), 6.31 (4, 1, J,, ;. = 3.86 Hz, H-1'), 6.28 (d d, 1, J;, 53, = 5.32 Hz, H-2'),
6.15 (d 4, 1, Jy, 4, = 531 Hz, H-3'), 48845 (m, 3, H4'5"); 13C NMR (CDCly) & 1661, 165.2, 165.0
(C=0), 158.3 (C-6, YUy = 207.4 Hz), 156.0 (C-8, ¥4, = 9.8 Hz), 1409 (C-3}, 133.6, 1335, 133.0, 129.8,
129.77, 129.6, 128.8, 128.7, 128.4, 12837, 1283 (aromatic), 885 (C-1"), M.9 (C-4"), 73.7 (C-2"), 71.7 (C-39),
63.8 (C-5'), Anal Caled for C;gH,,NsO, -0.33H,0: G, 60.62; H, 4.33; N, 14.63. Found: C, 60.8]; H, 4.36;
N, 14.27. (The CHN data was obtained from a subsequent batch of compound 47 that was identical by TLC,
mp, and ail other spectral data.)
3.(2,3,5-Tri-O-benzoyl-p-D-ribofurnnosyl}amino-SH -s-triazolo[ 5,1 <) -s-trinzole (49). The above cited
compound with Rf 0.81. vield 7.5 g (23 %) mp 189-192 °C: MS (FAB) m/ 569 (M + 1), UV A 233
(19,500), shoulder at 278 (1350} at pH 1, 236 (18,800), shoulder at 280 (5400) at pH 7; 226 (14,000) at pH
13; IR (KBr) 3200, 3070, 3010, 2975-2900 (NH and CH), 1734, 1725, 1716 (CxO), 1630, 1587 (broad,
aromatic), 1465, 1450, 1315, 1284, 1267, 1180, 1155, 1126, 1114, 1093 cm’!; 'H NMR (Me,50d,) 8 12.45-12.7
(dr s, 1, H-5), 8.67 (br d, 1, NH), 81-7.83, 7.8-7.3 (m, 16, H- axd tenzoyl), 6.39-6.32 (m, H-1’ of a-isomer),
597-577 (m, 3, H-1'2"3"), 4845 (m, 3, H-4'5"); 13C NMR (Me,SO<d,) showed a mixture of e.p-
isomers. Anal Calcd for CoHo \NgO4: G, 61.26; H, 4.26; N, 14.79. Found: C, 61.42; H, 436, N, 14.78.

A Second Synthesis of Protected Ribofuranosyl Triazolotriazoles 48, 47, 49. 3-Amino-5H.-s-triazolo[§,1-c}-
s-triazole (6.97 g) was suspended in w solution of 1-O-acetyl-2,3,5-tri-O-benzoyl-D-nbofuranose (2835 g) in
anhydrous acetonitrile (915 mL). Stannic 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 concenirated 0
a small volume and saturated sodium bicarbonate was added till the vigorous evolution of carbon dioxide had
ceesed. The mixture was evaporated under reduced pressure and the residual gum was extracied several limes
with hot chloroform. The combined extracts were dried and concentrated. Thin-layer chromaslographic analysis
of this crude product (silica gel, chloroform-methanol, 9:1 vA) sbowed three spots with R{ values of 0.45, 0.81,
0.85, and 0.9 along with unchanged as weil as decomposed sugar derivatives (Rf 0.97), The mixture was
applied 10 a column of silica gel and cluted with chloroform foilowed by 1%, 2%, and 3% methanol in
chioroform. The above three products were separated and further purified by repeating silica gel column
chromatography. Structures of these compounds were assigned on the basis of spectral daia as follows:

3-lmino-2H-2-(2',3" 5" +tri-O-benzoyl) - f-D-riboluranosyl-s-triazodo [ 5,1 <] s-triazode (45). Compound witbh
Rf 0.45 cited above, yield 5.46 g (30%); mp 125-127 °C: MS (FAB) 569 (M + 1); UV A, 234 (39,400),
shoulder a1 280 (3200) at pH 1; 236 (33,000). shoulder at 276 (17,300) at pH 7, 225 (25,300), 276 (8600) at
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pH 13; IR (KBr) 3500-2500 (broad park, NH, NH, C 1), 1727 {C=0), 1666 (C=N), 1615, 1602 (aromatic},
1585, 1475, 1450, 1315, 1267, 1200, 1175, 1116, 1093, 1070, 1024 em’’; 'H NMR (Me,SO-d,) & 8.1-7.8 and
7.6-7.1 (m, 18, NH, NH, Ch and benzoyl protons), 6.35 (4, 1, Cy,-H, Jy. 5. = 1.7 Hz), 6.25 d <, 1, H-2",
Jpr30 = 52 Hz), 619 (d 4, 1, H-¥, Jy, o, = 6.8 Hz), 4.92-4.82 (m, 1, H-4', J, 5, = 52 Hz, J;, g1y, = 36
Hz), 4.824.77 (d, 1, H-5'b), 4.74-4.65 (d d, 1, H-5'a, J5., 50y, = 121 Hz); 13C NMR (CDQl,) 8 166.3, 165.2,
165.1 (C=0), 160.3 (C-5, ‘JcéH = 2026 Hz), 160.1 (C-8, Jo gy = 4.4 Hu), 1383 (C-3), 1337, 1334, 133,
129.7, 129.64, 129.6, 129.2, 128.6, 128.4, 12843, 128.39 (aromatic carbons), 88.8 (C-1°, IJC1,H = 167.8 Hz),
80.4 (C4%), 75.3 (C-2), 71.7 (C-3), 63.9 (C-5'). Anal Caled for CgHy NgO, - HyO: C 59.34; H, 4.47;
N 1433 Found: C, 59.12; H, 4.42; N, 14.50.

3-Imino-2H-2-p-p-ribofuranosyl-s-triazolo[$, 1] -s-trinzole (46). The tribenzoyl ribofuranoside 45 (8.6 g)
was deprotected by stirring with sodium methoxide (0.85 g) in methanol (200 mL) undes dry conditons for
3 a at room temperawre. The pH of the solution was brought to 7 by the careful addition of 6 N HCL.
Reaction mixture was concentrated under reduced pressure and charged on a silica gel column. Methyl
benzoate was removed by eluting with chlorofonn. Elution with chloroform-methanol (4:1) yielded the pure
product, 2.81 g (73%); mp 160-162 °C dec; MS (FAB) 257 (M + 1); UV A, .. 248 (7200) a1 pH 1; 264
"3500) 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’’; "H NMR (* “¢,50-d,) 8 8.5-8.0 (br 5. 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, 5.14.7 (br s, OH), 4.53 (d d, 1, H-2"), 42 (d 4, 1, H-3"),
3.92 (m, 1, H4), 3.64-3.42 (m, 2, H-5'); 13C NMR (Mc,SO-d,) & 1680.1 (C-6), 159.9 (C-8), 1383 (C-3), 89.8
(CV, Ugy = 1648 Hiz), 853 (C4'), 732 (C2), 706 (C-3), 621 (C-5). Anmal Caled for
CgH oNGO, - 0.3CH,0H - 02H,0: C, 37.00; H, 5.09; N, 31.20. Found: C, 37.01; H, 499 N, 31.24.

3-Amino-1+(2",3' 5’ -tri-0O-benzoyl)- p-I-riboluranosyl s-trie w'o[§,1<] s-triazole (47). Compound with Rf
0.9 cited above, yield 2.34 g (7.3%), mp 86-87 °C; MS (FAD) 569 (M + 1); UV A, 239 (30,500), shoulder
at 280 (13,300) a1 pH 1; 240 (30,700), shoulder at 280 (13,300) at pH 7; 229 (27,700), shoulder a1 275 (2200)
at pH 13; IR (KBr) 3425, 3335 (NH,), 3175, 3065 (CH), 1727 (C=0), 1655 (C=N), 1600, 1570 (aromatic),
1452, 1317, 1269, 1175, 1160, 1121, 1096, 1070, 1025, 709 an’’; 'H NMR (CDCl,) & 815-7.25 (m, 16, H-6
and benzoyl protons), 6.31 (d, 1, H-1, J;,,, = 3.86 Hz), 628 (d 4, 1, H-2', J;, 5, = 5.32 Hz), 615 (d d,
1, H-3, J3, ;. = 531 Hz), 4.884.5 (m, 3, H4'5’); '*C NMR (CDCl,) 8 166.1, 165.2, 1650 (Cw:0O), 1583
(C6, lyy = 207.4 Hz), 1560 (C-8, Yqy = 9.8 H1), 140.9 (C-3), 133.6, 133.5, 133.0, 129.8, 129.77, 129.7,
129.6, 1288, 128.7, 128.4, 12837, 128.3 (aromatic), 88.5 (C-1°), 79.9 (C4"), 73.7 (L-2), 71.7 (C-3), 63.8
(C-5).

3-Amino-1-f-p-ribofuranosyls-triazolo[5,1c] s-triazole (48). The tribenzoyl derivative 47 (2.0 g) was
stirred with sodium methoxide (0.2 g) in methanol (100 ml) under dry conditions for 5 h at room
temperature. The pH of the solution was brought 1o 7 by the careful addition of 6 N HQO Reaction mirture
was concentraied under reduced pressure and charged on a silica gel column. Methyl benrnale was removed
by eluting with chloroform. Elution with chloroform-methanol (4:1) yielded the pure product, 0.86 g (96%;
mp 141.143 °C (lit.!> mp 144-145 °C); MS (FAB) 257 (M + 1), UV a,, 240 (6400) at pH 1; 240 (7000}
at pH 7; 242 (6800} at pH 13; IR (KBr) 3600-2600 (broad, OH, NH,, CH), 1657, 1626 (C=N), 1580, 1505,
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1455, 1445, 1410, 1325, 1285, 1265, 1215, 1185, 1149, 1105, 1052 cm’); 'H NMR (Me,SO-d,) 8 8.02 (s, 1, H-
6). 6.85 (s, 2, NH;), 5.48 (d, 1, H-1'), 543 (¢, 1, OH-2), 5.15 (g, 1, OH-3), 482 {1, 1, OH-5"), 4.57 (m,
1, H-2"), 4.09 (m, 1, H-2"), 3.85 (m, 1, H-4"), 3.58-3.33 (m, 2, H-5"); }3C NMR (Me,SOdy) 8 157.8 (C6,
Yoy = 206.7 Hz), 1552 (C8, 3JCEH6 = 3.7 Hz, 3JCEH1, = 9.6 Hz), 141.2 (C-3), 90.5 (C-1°), 84.9 (C-4'},
720 (C-2°), 703 (C-3"), 62,0 (C-5"). Anal Caicd for CgH,NO,: C, 37.5G; H, 472 N, 3281. Found:
C, 37.24; H, 493; N, 32.47.

3(2',3',5'-Tri-O-benzoyl)-D-ribofuranosylamino-5H-s-triazolo{5,1 c] s-triazole (49). Compound with RI
0.81 cited above, yield 7.5 g (23%); mp 189-192 °C; MS (FAB) 569 (M + 1); UV Ap,, 233 (19,500), shoulder
21 278 (1350) at pH 1; 236 (18.800), shoulder a1 280 (5400) st pH 7, 226 (14,000) at pH 13; IR (KBr) 3200,
3070, 3010, 2975-2900 (NH and CH), 1734, 1725, 1716 (C=0), 1630, 1587 (broad, aromatic), 1465, 1450, 1315,
1284, 1267, 1180, 1155, 1126, 1114, 1093 em™’; TH NMR (Me,SO-dg) 8 12.45-12.7 (br s, 1, H-5), 8.67 (b d,
1, NH), 8.1-7.83, 7.8-7.3 (m, 16, H-6 and benzoyl protons), 6.39-632 (m, H-1’ of a-isomer), 5.97.5.77 (m, 3,
H-1,2",3"}, 4.84.5 (m, 3, H4'5"); 3¢ NMR (Me,SO-dg) of the compound showed mixture of a,p-isomers.
Anal. Calad for CogHo NgO4: €, 61.26; H, 4.26; N, 14.79. Found: C, 61.42; H, 4.56; N, 14,78

M Amino-1-(2,3,5-tri-0-benzoyl-a-D-ribofuranosyl) s-triazolo!5,1¢] s-triazole {47a). The above cited
compound with Rf 0.85, yield 238 mg; mp 83-86 °C; MS (FAB) mse 569 (M + 1); IR (KBr) 3425, 3335
(NH.). 3175, 3065 {CH). 1727 (C=0), 1653 (C=N), 1602, 1569 (aromatic), 1452, 1317, 1268, 1176, 1165, 1110,
1069, 1025, 708 cm’); 'H NMR (CDCl,) 8 807 (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), 645 (d. 1, J;, 5, = 5.5 Hz, H-1"), 598 (1, 1, J5, 5, = 65 Hz, H-2'), 537 (m, 1, H4),
491 (brs, 2, NH,), 481 (46, 1, /s, 5., = 3.3 Hz J,y g0, = 123 Hz, H-5'9), 465 (d ¢, 1, J,, 5,y = 3.8 Hz,
H-5'b), 3C NMR (CDCl;) 8 166.1, 165.4 and 164.8 (C=0), 158.42 (C-6, Uqy = 2067 Hz), 155.93 (C8,
Veone™ 99 Hz, Ycgyy, = 35 Hz), 139.85 (C-3), 133.41, 13339, 133.29, 129.70, 129.67, 129.66, 129.38,
12859, 128.50, 128.37, 12826 (aromatic), 87.24 (C-1', ey = 1680 Hz), 81.54 (C4’), 7139 (C-2%), 70.97
(C-3"), 63.85 (C-5'). Anal Cald for CogH, NO, -0.2CH, 5 C, 61.96; H, 4.55; N, 1436, Found: C, 61.73,
H. 4.54; N. 14.17.

2-Nitroamino-1,3,4-thiadiazole (51). Nitration of 3-amino-1,2 4-triazoie was followed. Fuming nitric acid
(d 1.52, 17.5 mL) was added slowly over 15 min to 2-amino-1,3,4-thiadiazole 75 g) at 0 °C with vigorous
stirring. The reaction mixture was stirred further fcr 30 min at 10-20 °C and quenched by pouring it into ice
water. The solid was filtered and recrystallized froun water to afford pure product (2.93 g); mp 168-170 °C
decc MS (EI) 146 (M); IR (KBr) 3120 (broad), 3080 (NH), 3025, 3000, 2860 (CH), 1532, 1484, 1437, 1350,
1280, 1268, 1234, 1218, 1100, 1005, 897 cm’’; 'H NMR (Me,SO-d() 8 14.5-11.5 (broad, NH), 9.1 (5. 1, CH);
13C NMR (Me,SOdg) 8 1705 (C-2, ¥qy = 2.5 Hz), 1480 (C-5, gy = 2186 Hz). Anal Caled for
C,H,N,SO,: C 1644; H, 1.3& N, 3835. Found: C, 1667 H, 1.60; N, 3825.

S.Amino-s-triazolo[3,4-b)-1,3,4-thiadiszole, Hydrobromide (52). 2-Nitroamino-1,3,4-thiadiazole (12.24 g)
and sctivated zinc dust (21.8 g) were moistened with water and ground 1o a paste. The pasie was suspended
in water (50 mL) at 10 *°C and treated with 50% aqueous acetic acid (100 mL) over 2 h, whilc maintaining
the iemperature between 10-20 *C. The mixture was stirred at 20 °C for an additional 4 h, heated o 60 °C
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for 1 h, and allowed 10 cool. The exce:- 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 HCL.
The hydrazino compound obained [12.0 g, MS (EI) 116 (M)) was refluxed with cyanogen bromide (11.0 g)
in 85% aqueous methanol (425 mL) for 48 h. The soivent was removed by evaporation, and the solid residue
was dissolved in water and neutralized with sodium acetate, gi.ing a solid precipitate. The produvi was
recrysiallized from water and treated with one equivalent of hydrobromic acid, giving a pure produat (1.23 g);
mp 240-250 °C dec; MS (EI) 141 (M); IR (KBr) 3400-2700 (NH,, CH, HBr), 1685, 1588, 1500, 14KS, 1325,
1275, 1200, 1020, 970, 780 cm’’; 'H NMR (Me,SOdg) 8 94 (s, 1, H-2), 9288 (br s, NH,, H,G H*);
13C NMR (Me,SOd) 157.7 (C-2, gy = 223.6 Hz), 149.7 (C-8, /ey = 3.3 Hz), 144.7 (C-5). Anal Calcd
for C4H3N¢S - HBr- 0.5H,0: C, 15.59; H, 2.18; N, 30.30. Found: C, 15.52; H, 1.90; N, 30.01.

5-Thio-s-triazolo-[3,4-]-1,3,4-thiiadiazole-6N-dithiows i3 tie Aid (53). 2-Nitroamino-1,3,4-thiadiazole (22
g and aclivated zinc dust (32.8 g) were moistened with water and ground 1o a paste. The paste was
suspended in watei (82 mL) a1 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 stirfed at 20 °C for an additional 4 h, heated
to 60 °C for 1 h, and allowed to cool. The excess zinc was removed by filtration and tne filirate saturated
with hydrogen sulfide for 2 h. After removal of zinc sulfide, the filtrate and washings were treated with 10
N HCl 10 yield the hydrazino compound {15 g, MS (EI} 116 (M)]. This compound (12.7 g) was refluxed with
KOH (124 g), carbon disulfide (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 conc. HCl. The yeliow solid
obtained was filtered and recrystallized from water, charged on silica gel column chromatograph, etuted with
chloroform-methanol (9:1). Pure product was obtained by the treatment with dilute HCl (200 mL, pH 2),
filtered and dried (4.01 g); mp 121-123 °C; MS (EI) 234 (M); UV 356 (5700), 282 (17,800), 244 (10,300); IR
(KBr) 3650-3150 (broad, CSSH), 3050 (C-H), 1640 (C=S), 1515, 1488, 1453, 1427, 1406, 1323, 1268, 1220,
1080, 1040, 1010 em™; 'H NMR (Me,SOdg) 8 9.5 (s, 1, CH), 3.95.3.8 (br s, SH, H,0, H*); 13C NMR
(Me,S0d;) 8 186.8 (CSSH), 163.1 (C-5), 156.7 (C-8, 3JCH = 4.3 Hz), 152.0 (C-2, IJCH = 214.2 Hz) ppm.
Anal. Caled for C,H)N,S, - 0.4H,O - 04HCL: C, 1877, H, 1.26; N, 21.88; S, 50.0'. Found: C, 18.84; H,
1.27, N, 21.86; S, 50.00.

3,6,7-Tri-{dimethylaminomethyleneamino}-75-s-triazolo[5,1 <) -triazole (55). 3.6,7-Triaminotriazolotris-
zole (2.5 g) was suspended ir dry 1,4-diosane (160 mL) under nitrogen atmosphere. Gold's reagent®! (6.43
B Aldrich) was added all at once and the reaction mixture was refluxed for 24 h. Cooled to room
temperature, anbydrous sodium acetzie (1.6 g) and glacial acetic acid (3.3 mL) were added and was refluxed
for 3 h. Solvent was removed in vacuo. The residue was taken up in chloroform and washed with aqueous
sodium bicarbonate, drien over anhydrous magnesium sulfate and concentrated.  Silica gel column
¢hromatography (10% methanol in chioroform) followed by precipitation in chloroform-ether, yielded the pure
product (2.1 p). mp 213-214 °C dec; MS (EI) 119 (M); UV A, 283 (32,80L), 219 (19.200); [R (KBr) 2915,
2875, 2810 (CH), 1630 =N), 1552 (C=N), 1527, 1489, 1458, 1431, 1393, 1350, 1285, 1260, 1230, 1200, 1109,
1100 em’l; "H NMR e,SO~d) & 8.37 and 8.35 (s, 3, olefin protons), 3.13, 3.07, 2.9, 2.94 (s, 18, methyl
protons; '3C NMR (Me,SOd,) 8 158.4 (C-6), 157.0, 155.9, 155.6 (N=CH), 149.5 (C-8). 147.7 (C-3), 40.8, 40.5,
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380, 34.7, 34.5 (methyl carbons). Anal Caled for CoH, Ny - 0.7TH,0: C, 43.41; H, 6.80; N, 46.42 Found:
G, 43.69; H, 6.57; N, 46.27,
6-Purinecarboxylic Acid*? ($7a). To 2.5 g (0.017 mol) of 6-cyanopurine was added 16,7 mL of 2 N
sodium hydroxide, and the mixiure was refluxed for 1 h. The resulting clear solution was cooled and acidified
to pH 2 with concentrated hydrochloric acid. The precipitate was Gltered off, washed with water, and dried
in vacuo 10 give a powdcry yellow solid (1.89 g); mp 153-194 °C; IR (KBr) 3400, 2800, 1721, 1481, 1433, 1392,
1301, 1230, 1205, 1169, 928, 758 cm'); 'H NMR (Me,SO-dy) & 13.42 (br s, 1, H-6), 9.1 (s, I, H-2), 880 (s,
1, H-8). Anal. Caled for CH,N,O,: C, 39.56; H, 3.32; N, 30.76. Found: C, 39.23; H, 333; N, 3047.
Purine-6-thiocarboxamide?? (§7b). Hydrogen sulfide was passed through a solution of 1.75 g (C.012 mol)
of 6-cyanopurine in approximately 40 mL ethanolic ammonia (temperature kept at 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'!; 'H NMR
(Me,SO-d;) & 12.74 (br s, 1, NH), 10.35 (4, 1, NH,), 9.03 (s, 1, H-8), 8.74 (s, 1, H4); MS (EI) m/e 179
(M™). Anal Cakd for C;HNGS: C, 4021; H, 2.81; N, 39.08. Found: C, 40.01; H, 3.14; N, 3895.
6-Carboxamidopurine (61).2?* (The 6-carboxamidopurine was prepared by a modification of the
referenced procedure by Hitchings and Mackay.) Into a 100-mL round-bottomed flask equipped with a
magnetic stirring bar and condenser were placed 6-cyanopurine (56, 4.6 g 31.7 mmol) and EtOH (enough 10
allow good stirring). Then, 14.4 mL of 2.2 N NaOH was added, and the mixture was heated at reflux for 1
h. Since thin-layer chromatographic (TLC) monitoning of an aliquot from this mixtute 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 repctitions of this work, we found that in some cases, no precipitation occurred.
With these cases, we suggest that (.5 mL portions of the NaOH solution sbould 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 femoved at reduced pressure, the residue was suspended in H,O, chilied, and acidified 0 pH 6-7 with
dilute HCL The product was collected by filtration, washed well with cold H,O, and dried in vacio over
phosphorus pentaxide; yield, 3.9 g (75%); IR (KBr) 1709, 1691, 1570, 1473, 1393, 607 cm’!; MS (FAB) mye
164 (M + 1). This ms .rial was used in the subsequent coupling reaction without further purification.
6-Carboxamido-9- B-D-ribofuranosylpurine, 2°,3',5'-Tribenzoate (62).24 Into a 100-mL round-bottomed
flask equipped with & reflux condenser, magmetic stirring bar, and a drying tube was placed 6
carboxamidopurine (61, S00 mg, 3.07 mmol), hexamethy) disilazane (HMDS, 30 mL), and (NH,);S0, (10 mg).
The mixture was heaied at gentie reflux in an argon atmosphere for 18 a before excess HMDS was removed
in vacuo. The residue was dissolved in dry 1,2-dichlorocthane (30 mL), and 1-O-acetyl-23.5-tri-O-benzoyl- p-D-
ribofurancse (1.6 g, 3.07 mmol) and anhydrous SnCl, (1.1 g, 4.3 mmol) were add~d. The reaction mixture
was protected from moisture, covered with an argon atmosphere, and stirred a1 room iemperatare for 24 h.
The mixture was poured into a cold mixture of 5% aqueous NaHCO, sand CHCI, (1:1) and stirred for 2 h.
The resulting emulsion was further separated by removing any separated water and CHCl, portions and
treating the remaining emulsion with more CHCl, until the emulsion was broken. The CHQ, layer was
washed with brine, dried with MgSO,, filtered, and evaporated. The crude product was chromatographed with
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a 200 g silica gel flash column (using 99:1 CHCl;-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 TLC
showed a single spot when developed in 98:2 CHCl,-MeOH.

6-Carboxamido-9-p-D-ribofuranosylpurine (63).2% into a 1-L round-botiomed flask was suspended
2'3* 5'-tribenzoyl-6-carboxamido-9- g-D-ribofuranosylpurine (62, 11 g, 18.1 mmol} in 600 mL absolute E\OH
with good stirring. A solution of sodium methoxide in EtOH was added slowly over 45 min 10 adjust the
mixiure 10 pH 89 (monitored by pH paper). After 3 h, a TLC aliquot monritoring indicated compleie
deblocking had occurred, and the reaction was quenched by the addition of 1 mL of glacial acetic acid. The
reaclion mixture was evaporated, and the residue was suspended in ether, coliectied 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 (tluted with 2:1 CHC1,-MeOH). Since the product still contained an appreciable amount of
sodium acetate, it was dissoived in 75 ml of water, treated with -0.5 m:. of mixed-bed resin (AG 501X8D)
for 5 min, fillered, and the filtrate was freeze-dried: yield 2.0 g; mp 110-1; °C cap: UV i, 280 nm (7,960)
at pH 1; 282 (7,870) at pH 7: 287 (10,750) st pH 13; IR (KBr) 1690, 1585, 1500, 1415, 1335, 1210, 1125,
1085, 1060, 645 cm’l; MS (FAB) m/e 296 (M + 1); 1 NMR (Me,SO¢,) 8 3.59, 3.71 (2 m, 2, H-5'), 3.9
(q. 1, H4"), 4.20 (t, 1, H-3"), 461 (8, 1, H-2"), 5.20, 5.36, 5.65 (3 br s, 3, OH-5'3"2"), 6.08 (d, 1, H-!"),
8.05, 835 (2 br s, 2. CONH,), 855 (s. 1, H-2), %03 (5, 1, H8). Anal Caled fFor C;;H;yNOq -
0.7H,0 -0.25NaOAc: C, 42.06; H, 4.73; N, 21.33. Found: C, 42.10; H, 4.60; N, 21.33.

Methyl 2-Chloro-4-cyanomethylimidazole-S-carboxylate (65). To a 11.1 g (0.056 mol) of methyl 4-
carboxamidomethyi-2-imidazolone-5Scarboxylate (70) was addes 250 mLl of phosphorus oxychloride. This
mixture was refluxed for 3 h, cooled, and then evaporated under reduced pressure umii) the reaction mixture
was @ viscous blackish-brown gum. The reaction mixture was cooled in a dry-ice acetone bath while 8 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, &nd the dark liquid was extracted with ether (1 L). Drying over sodium sulfate
followed by rolovapping gave a viscous, light-yellow solid which was recrystallized from benzene (5.5 g, 49.4%,
mp 136.7 °C); IR (KBr) 1657 cm™! (C=0), 2270 am’? (CN); 'H NMR (CDCl,) & 10.8 (br s, 1, NH), 3.99 (s,
2 H, CH,CN); 13C NMR (CDCl,) ppin 17.63, 52.53, 115.88, 121.38, 134.48, 137.57, 59.43. Anal Caicd for
CHCIN;O,:  C, 42.11; H, 3.00; N, 21.05. Found: C, 42.18; H, 106; N, 21.00.

4-Cylnouelhyl-2-chlorolmidnmle-5-carbonmidem (66). Methyl 4-cvanomethyl-2<chloroimidazole-5-
carbaxylate (7.0 g 0.035 mo!) was slowly sdded 10 liquid ammonia in & cooled (-78 °C) glass-lined stainless
steel bomb. The bomb was sealed, allowed to warm siowly to room tcmperature, and then heated at 110 °C
for 21 days. The bomb was then cooled 1o room temperature, and the ammonia was slowly removed by
evaporation 8! atmospheric pressure followed by vacuum. The result.ng brorvn solid was then Soxhlet-extracted
with ether, giving 3.3 g of an insolubie Light brown solid (found to ¢ swrting material) and 7.1 g of & light
yellow solid (from the ether extract), which was the desired product; mp 233-235 *C; MS (El) 199 (M™), 201
(M + 2); "TH NMR (Me,SO~g) 8 13.56 (br s, 1, NH), 7.42 (br s, 2, NH,), 4.28 (s, 3, CH,CN); IR (KBr)
3393, 3207, 2267, 1669, 1600, 1500, 1425, 1408, 1379, 1250, 625 cm’}; 13C NMR (Me,S0d, + HQ) 8 1622
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(C=0), 129.9 (C-2), 129.1 (C4), 128.5 (C-5), 117.1 (CN), 14.7 (CH,). Anal Calcd for CH;CIN,O: C, 39.03;
H, 2.73; N, 30.37. Found: C, 39.12; H, 2.92; N, 30.18.

Methyl 4(5)-Cynnomethyl-z-methylthiolmidnzole-su)-mrboxylnleu (72). Methyl 4(5)-carhoximido-
methyl-2.methylthioimidazole-5{4)-carboxylate (6.4 g, 0.028 mol} was added to 125 mlL freshly distilled
phosphorus oxychlorice. The mixture was refluxed for 3 h before it was cooled 1o room temperature and then
evaporated to dryness, under vacuum. Afier most of the POCl3 had been removed, 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'm 1o room temperature. The pH was adjusted 1o 7-8 with slow addition
of NH,OH, and then the mixture was exiracted with ether (-1 L), dried and evaporated. A dark blue solid
was obtained (6.3 g\ which was chromatographed (in 10:1 CHCl;-MeOH, silica gel) 1o give 1.53 g of the
desired product as a light vellow solid, mp 117-118 °C. An addilional 2.1 g of this material was laier obtained
from a second chromawgraphic effort with a 1:1 ethyl acetate-pet. ether solvent system. MS (EI) m/e 211
(M*); '"H NMR (Me,SO-d,) 8 4.22 (s, 2, CH,CN), 3.82 (s, CH;0-3), 2.60 (s, 3, SCH,) IR (KBr) 3255, 2266,
1712, 1593, 1488, 1439, 1431, 1357, 1308, 1251, 1098 cm}; 13C NMR (Me,SO+d, + HCI) 8 1593 (C=0),
146.1 (C-2), 135.1 (C-5), 121.6 (C4), 116.8 (C=N), 51.8 (OCH,), 15.9 (CH,), 14.5 (SCH;). Anal Caldd for
C;HgN,0,8. C, 45.50; H, 4.29; N, 19.89. Found: C, 4:.50; H, 4.36; N, 19.66. -

4-Cyanomethyl-2-methylthioimidazole-5(4)carboxamide?® (73),  Meihyl 4-cyanomethyl-2-methy-
thioimidazole-5{(4)-carboxylate (3.4 g, 0.16 mol) was slowly added 10 a cooled (-78 °C) glass-linea stainless steel
homb, filled with 50 mL liquid ammonia. The bomb was capped, sealed, and allowed 10 warm slowly 10 room
iemperature before it was heated to 110 °C.  After 21 days, the bomb was cooied to room temperature, the
ammonia allowea to slowly evaporate, and the residual dark hrown viscous product was kept under vacuum
for <2 h. Columi chromatography with silica gel and a 10:1 CHCl;-MeOH solvent system gave a hrown solid
which was recrystallized from ethyl acclate to give the desired product as a lighter brown solid (1.59 g); mp
146-147 °C; MS (EI) 196 (M*); '"H NMR (Me,SOd,) 8 12.76 (br 5, 1, NH), 7.30 (br s, 2, NH,), 4.22 (s,
2 CH,CN), 260 (s, 3, SCH,); IR (KBi) 3200, 1654, 1603, 1492, 1396, 2260 (CN) cml. Anal Caicd for
CoHyN,OS: G, 4285 H, 4.11; N, 2855 Found: C 42.74; H, 4.33; N. 28.25.

Ethyl S-Mel.hylpyrn.mle-s-urburylau” (76a). (Follow:ng the molar proportions of the reference, but
using hydrazine hydrate instead of hydrazine sulfate &nd NaOH.) Ethyl 2.4-dioxovalerate (20 g. 0.127 mol)
was added to 100 mL water. The solution was cooled in an ice-water bath while hydrazine monohydraie {(6.5+
g 0.108 mol) was slowly added with strring. Afier the hydrazine addition was complete, stirring was
continued and the solution was allowed to come to room temperature. Afier about 45 min, a light yellow
solid began precipitating. Stirring at room temperature was continued for another 3.25 b before the solid was
filtered (14.9 g). The solid was added to 40 mL ether, heated, and stirred. Insoluble solid was filtered. The
ether solution was concentrated to about 250 ml before pet. ether was added until the solution became
cloudy. Cooling ovemignt yiclded the desired product, a white solid. Further concentration of the mother
liquor solution followed by pet. ether additioa yielded more of this solid (final yield 9.4 g, mp 63-64 °C); MS
(EI) m/e 154 M*); 'TH NMR (d,-acetone) & 6.53 (s, 1, vinyl-H), 4.28 (q./ = 7.5 Hz, 2, OCH,TH,), 2.30 (s,

3, CH3). 1.30 (t, J = 7.75 Hz. 3, OCHZCH:,‘); R (KBr) 3224, 1722, 1420, 1227, 1175, 1097, 1029, 995, 781
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em’l; 13C NMR (Me, SO, mixture of tautomers) & 162.3 (C=0), 143.3 (C-5), 139.7 (C-3), 106.4 (C-4), 60.0
(OCH,CH,), 14.2 (OCH,CH,), 10.2 (C-1'). Anal Calcd for C;H,(N,0,: C, 5454, H, 6.53; N, 18.17. Found:
C, 54.31; H, 6.88; N, 17.84.

Ethyl 5-(p-Fluorophenyl)pyrazole-3-carboxylate (76b). Ethyl 4-(p-flucrophenyl)-2,4-dioxobutyrate (13 g,
0.055 mol} was added 10 50 mL watcr and hydrazine monohydrate (2.7 g, 0.054 mol) was siowly added with
stirting.  After 30 min at room temperature, the soluticn 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 insciuble
solid was removed, and the methanol sointion was concentrated 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 methanolic soiution: yield 16.3 g mp
145-146 °C; MS (EI} m/e 234 (M™); 'H NMR (dg-acetone) & 793.8.05 (m, 5, Ar-H’s and pyrazole-H), 4.33
(g./ = 7 Hz, 2, OCH,CH,), 2.82 (br s, 1, NH), 1.36 (1, J = 7 Hz, 3, OCH,CH,); IR (KBr) 3135, 1726, 1509,
1276, 1246, 1190, 1166, 995, 841, 7719 am’’; 13C NMR (Me,SO  + CF,COOD) 163.7 (C=0 or C-4°), 1604,
160.5 (C=0 or C4'), 146.5 (C-5), 139.6 (C-3), 1274, 127.5 (v '), 1273 (C-1"), 1156, 1159 (C-3"), 105.2
(C-4), 60.5 (OCH,CH,). Anal Caicd for C;;H;N;Op: G, 61.53; H, 4.73; N, 11.96. Found: C, 61.51; H,
5.05; N, 12.00.

Ethy! 5-(p-Bromophenyl) pyrazole-3-carboxylate (76c). Ethyl 5-(p-bromophenyl)-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 1o ~400 mL MeOH. All undissolved solids were removed by filtration, and
the filtrate was reduced to -20% of the original volume. A small portion was isolated and dried, giving a
solid with & broad melting point. This solid was recombined with the MeOH mother liquor and the whole
was cevaporaied (0 dryness and chromatographed (silica gel, 9.5:1, CHCl,-MeQH), giving 6.3 g of a light orange
solid. Some of the orange solld (2.5 g) was then recrystallized from hot methanol giving 2.0 g of & light
yellow solid; mp 128-129 °C; MS (EI) m/e 294 (M*); 'H NMR {Me,50-d,, mixture of wutomers) & 14.],
1398 (s, 1, -NH), 7.81, 7.64 (5, 4, Ar-H), 7.34, 7.26 (m, 3, pyrazole-H), 4.32 (m, 2, OCH,CH,), 1.4 (1,/ =
9 Hz, 3, OCH,CHy); IR (KBr) 3294, 1696, 1444, 1303, 1277, 1028, 1012, 956, 829, 774 cm’. 13C NMR
(Me,SO-d, + CF,C00D) & 160.3 (C=0), 146.4 (C-3), 139.2 (C-5), 131.8 (C-2'), 1299 (C-1), 127.3 (C-3"),
1213 (C4"), 105.5 (C4), 60.5 (OCH,CH,), 14.2 (OCH,CH,). Anal Caled for C,;H,;N,0,Br: C, 48.83: H,
3.76; N, 949. Found: C, 48.86; H, 1.93; N, 9.37,

Ethyl 5-(p-Chlorophenyl)pyrazole->-carboxylate (76d). Eihyl S5-(p-chlorophenyl)-2,4-dioxobutyrate (13.9
g 0.055 mol) wias mixed with water (75 mL) Hydrazine monohydrate (2.7 g, 0.054 mol) was then slowly
added with stiying. Afier overnight stirring at room iemperature, the resulting yellowish solid was vacuum
filitered. The soiid material was added 1o hot 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 & orange-colored sclid. Since an NMR of the crude product showed that sianing material was still
present, the solids were recombined and added 1o water (78 mL) and hydrazine hydrate (-2.0 g). The
reaction mixture was then heated at 40-50 °C for 4 h, cooled, and filtered giving 8 light orange solid. The
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solid was added to hot MeOH (€00 mL). MeOH-insoluble was filtered off and the MeOH was concentrated
to -20% volume giving 8.5 g of a yellowish solid. Because this material had an unacceptably broad melting
point (138-146 °C), it was filtered through silica gel with CHCl, giving light yellowish-brown flakes (6.9 g),
mp 148-150 °C. A smaller fraction (2.5 g) was then chromatographed (silica gel, CHCl,-MeOH, 9.5:1) giving
1.6 g of an off-white solid which melied in two stages (128-130 °C paniially and 146-148 °C). Re-meltinp the
melied material occurred only at the higher 146-148 °C range. MS (EI) m/e 250, 252 (M, M + 2); 1H NMR
{Me,SOdg) 8 14.06 (s, 1, NH), 7.89 {m, 2, Ar-H), 751 (m, 2, Ar-H), 7.30 (s, 1, pyrazole-H), 4.34 (q, 2,
OCH,CH,, 1.34 (1, 3, OC}-,CH,); IR (KBr) 3294, 1697, 1444, 1303, 1285, 1278, 1093, 1016, 556, 832 em’;
13C NMR (Me,530d, + CF;COOD) 8 1603 (C=0), 146.4 (C-3), 139.3 (C-5), 132.8 (C4’), 129.6 (C-1"),
128.8 (C-3'), 127.0 (C-2'), i05.5 (C-4), 60.5 (OCH,), 14.2 (OCH,CH;). Anal Caicd tor Cy;HN,O,Cl):
C, 5749 H, 4.42; N, 11.17. Found: C, 57.45, H, 4.71; N, 11.35.

Ethy! 5.Phenylpyrazole-3-carboxylate (76¢). 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 filiered,
dried, dissoived in ether, extracted with water, dried, and evaporated to dryness giving 9.7 g crude product
TLC in silica gel (9.5:1, CHCl,-MeOH) showed one main component. Recrystallization of 2.5 g crude product
gave 2.0 g of a white solid; mp 129-130 °C; MS (EI) m/e 216 (M*); 'H NMR (Me,SOd;) & 13.99 (5, 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 (g, / = 6.6 Hz, 2, OCH,CH,),
1.34 (1, 7 = 6.6 Hz, 3, OCH,CH,): IR (KBr) 1725, 1419, 1277, 1240, 1192, 1138, 1023, 1000, 760 am?,
13¢ NMR (Me,SO-dg + 1 drop TFA) 8 160.9 (C=0), 1469 (C-5), 140.2 (C-3), 130.5 (C-1'), 129.0 (C-3"),
1283 (C-4"), 125.4 (C-2'), 105.2 (C-4), 60.5 (OCH,CH,). Anal Caler for C,H N0y C, 66.65; H, 5.59,
N, 12.96. Found: C, 66.57: H, 5./7; N, 13.14.

Ethyl 5-(p-Tolyl)pyrazole-3-carboxylate (76[). Ethyl 5-(p-tolyl)-2.4-dioxobutyrate (13.9 g, 0.059 mc’) was
mixed with ~100 mL water. Hydrazine hydrate (3.0 g, 0.059 mol) was slowly added with stirring, and then
the mixture was siirred overnight at room temperature. The resulting light yellow powdery precipitaie was
filtered and dried, giving 10.4 g of crude product. TLC in silica gel (ether:petroieum ether, 2:2) showed only
a slight amount of impurities present. The solid (2.2 g) was chromatographed with silica gel (ether:petroleum
ether, 2:3) giving 2.1 g of the desired prcduct as a white solid, mp 144-145 °C; MS (EI) m/e 230 M*);
'H NMR (Me,SOdg) 8 1391 (s, 1, NH), 7.76 (m, 2, Ar-H), 7.28 (m, 2, Ar-H), 7.20 (s, 1, H-4), 432 (q.J
= 84 Hz, 2. OCH,CH,), 2.36 (5, 3, AICH,), 1.44 (1, /] = 84 Hz, 3, OCH,CH,); IR (KBr) 3140, 1724, 1487,
1413, 1272, 1242, 1131, 994, 986, 817, 783 am™’. }*C NMR (Me, SO, + 1 drop TFA) 8 160.9 (C=0) 146.5
(C-5). 1405 (C-3), 137.7 (C-4"), 129.5 (C-3'), 1274 (C-1"), 1253 (C-2'), 104.7 (C4), 60.4 (OCH,), 208
(ArCH,), 14.2 (CH,CH,). Anal Caicd for C,(H, N,Oy: C, 67.81; H, 613; N, 12.17. Found: C, 67.50; H,
6.14; N, 12.38,

Ethyl 8- (p-Nlitrophenyl)pyrazoke-3-carboxylate (76g). Ethyl 5-(p-nitrophenyl)-2,4-dioxobutyrate (10.6 g, 0.04
mol) was mixed with 200 mL H,O. Hydrazine hydrate (2 7. 0.04 mol) was slowly added with stirring. and
the mixture was stirred overnight at room temperature. The resulting yellow powdery solid was filtered and

dried giving 7.2 g crude product. Chromatography {silica gel, ether-pet. ether, 1:2) of 4 g yielded 2.6 g of pure
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product; mp 210-212 °C; MS (El) m/e 261 (M+); '"H NMR (Me,SO-d,) & 14.35 (s, 1, NH), 831 (d,J = 84
Hz, 2, Ar-H), 8.16 (d, 7 = 8.4 Hz, 2, Ar-H), 7.52 (s, 1, H4), 434 (. J = 7 Hz, 2, OCH,CH,), 1.35 (t,J
= 7 Hz, 3, OCH,CH,); IR (KBr) 3180, 1735, 1722, 1607, 1523, 1514, 1338, 1286, 1258, 1203, 1154, 854, 755
em; 13C NMR (Me,SOdg) & 159.8 (C=0), 158.7 (C-4"), 1468 (C-5), 1383 (C-3), 137.7 (C-1"), 126.2 (C-
2'), 124.1 (C-3), 107.0 (C4), 60.9 (OCH,), 14.2 (OCH,CH,). Anal Caled for CpH N3O, C, 5517 H,
4.24; N, 16.08. Found: C, 54.99; H, 4.36; N, 16.36,

Ethyl 5- (p-Methoxyphenyl) pyrazole-3-carboxylate (76h). Ethyl 4-(p-methoxyphenyl}-2.4-dioxobutyrate (10.0
g 0.04 mol) was mixed with 75 mL water. Hydrazine hydrate (2 g, 0.04 mol) was slowly added, and the
mixture was stirred overnight at room temperature. The resulting yeilow solid was filtered and washed with
water. Four grams of the crude product was chromatographed (silica gel, ether-pet. ether, 2:3) giving 3.1 g
pure product as an off white solid; mp 142.143 °C, MS (EI) 246 (M™); 'H NMR (Me,SO-d,, mixture of
tautomers) 8 13.84 (s, 1, NH), 7.77 (m, 2, As-H), 7.14 (s, 1, pyrazole-H), 7.02 (m, 2, As-H), 4.30 (m, 2,
OCH,CH,), 3.80 (s, 3, OCH,), 1.32 (1, J = -7.8 Hz, 3, OCH,CH,); IR (KBr) 3284, 3196, 1705, 1452, 1443,
1269, 1247, 1175, 1026, 956, 826 cm’!; 13C NMR (Me,SO-d, + CF,COOD) 8 161.4 (C=C), 150.0 (C4"),
146.8 (C-5), 1409 (C-3), 127.2 (C-2"), 123.3 (C-1'), 114.7 (C-3°), 104.6 {C-4), 60.7 (CH,), 553 (OCH,), 14.4
(CH,CH,). Anal Caled for Cy,H,N,Oy: C, 63.40; H, 5.73; N, 11.38. Found: C, 63.40; H, 591, N, 1146

Ethyl 5 (2',4’-Dimethoxyphenyl)pyrazole-3carboxylate (761).  Ethyl 4-(2’.4'-dimethoxyphenyl)-2,4-
dioxobutyrate (16.3 g, 0.058 mol) was added to 300 ml. H,O. Hydrazine hydrate (29 g, 0.058 mol) was added
slowly with stirring, and the reaction mixture was stirred overnight at room temperature. The resulting yellow
solid was filtered and dried giving 15.8 g crude product. Three grams of thc crude product was
chromatographed (silica gel, ether-pet. ether, 2:3) giving 23 g of a yellow granular solid; mp 102-103 °C; MS
(E1) 276 {(M*); 'H NMR (Me,SO-d,, mixture of tautomers) & 13.90, 13.41 (s, 1, NH), 7.85, 7.65 (m, 1, As-H),
713, 7.02 (m, 5, 1, Ar-H), 6.68, 6.62 {m, 1, Ar-H}, 429 (m, 2, OCH,CH,), 3.90 (s, 3, OCH,CH,), 3.82 (s,
3, -OCH,), 1.31 (1, 3, OCH,CH,); IR (KBr) 3346, 3138, 1712, 1615, 1587, 1302, 1258, 1250, 1209, 1146, 1025,
997 cm'!; }3C NMR (Me,$0Od + CH,COOD) 8 161.7 (C=C), 160.9 (C-4°), 157.2 (C-2'), 141.8 (C-5), 141.4
(C-3), 128.7 (C-5°), 1109 (C-1%), 106.5 {£4), 105.6 (C-5'), 98.8 (C-3'), 60.2 (OCH2CH,), 556 {OCH,),
55.3 (OCH,), 14.3 (OCH,CH,). Aral Calcd for C, H ;(N,Og C, 60.86; H, 5.83; N, 10.14. Found: C 60.77;
H, 5.7, N, 10.05.

Ethyl 5-(2°,4’-Dichlorophenyl!pyrazole-3-carboxylate  (76j). Ethyl 4-(2'.4'-dichlorophenyl}-24-
diaxobutyrate (28.9 g, 0.035 mol) was added to -100 mL H,O. Hydrazine hydrate (1.73 g, 0.035 mol) was
slowly added with swirling, and the reaction mixture was stirred overnight at room tempersture. The resulting
yellow solid (22.5 g) was filiered and dried. Although thin layer chromatography showed this crude product
was esscplially pure, 4 g of the crude was chromatographed (silica gel, ether-pet. ether, 2:3) giving 3.0 g of
a light vellow 50 .; . 'p 127-128 °C; MS (EI) 284 (M™); 'H NMR (Me,SO-d, mixture of tautomers) 8 14.35,
13.96 (s, 1, NH), 7.83, 7.73, 7.54 (m, 3, Ar-H), 7.37, 7.10 (s, 1, pyrazole-H), 4.34 (m, 2, OCH,CH.), 1.33 (¢,
3, OCH,CH,), IR (KBr) 1728, 1474, 1263, 1240, 120, 1139, 1026, 1000, 802, 776 cm™%; 13C NMR (Me,SOd
+ CF,C0O0D) & 160.2 (C=0), 144.2 (C-5), 138.2 (C-3), 133.8 (C4’), 132.2 (C-2'), 131.7 {C-6"), 1299 (C-
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3, 1290 (C-1), 1277 (C-5), 1090 (C4), 608 (OCH,), 143 (OCH,CH,;). Anal Calcd for
Ci2H1gCHN, 05 C, 5055; H, 3.54; N, 9.82. Found: 5047; H, 3.69; N, 9.71.

Ethyl  5-(2',4’-Diflvorophenyl) pyrazole-3-carboxylate  (76k). Etkyl 4-(2'4’difluorophenyl)-2.4-
dioxobutyrate (13.0 g, 0.051 mol) was mixed with water (15 mL). Hyvdrazine hydraie (2.54 g, 0.051 mol) was
slowly added with stirring, and then the mixture was stirred overnight at room temperature. The resulting
light-yellow powdery precipitate was filtered and dried, giving about 12 g of the crude product. The solid was
chromatographed wilh silica gel (ether-pet. ether, 2:3) yielding 9.8 g of the desired product as a white solid;
mp 4445 °C; MS (EI) m/e 252 (M); 'TH NMR (Me,SO-d,) 8 14.14 (s, 1, NH), 7.98, 7.40, 7.25 (m, 3, Ar-H),
7.09, d, J = -3.2 Hz, 1, pyrazole H), 4.34 (q, 2, OCH,CH,), 1.33 (1, 3, OCH,CH,); IR (KBr) 3226, 3132,
3007, 1723, 1489, 1276, 1256, 1141, 1108, 9%, 980, 842, 780 cm’l; 13C NMR (Me,SO-d,) & 1621 (d 4,
Ve, F, = 2982 Hi Ve 5 = 123 Hz, C4), 160.3 (C=0), 1592 (@ d. V¢, , = 2512 Hz, ey,
= 12.2 Hz, C-2), 141.3 (C-5), 138.8 (C-3), 129.5 (d 9, 3"C°:.F2 = 4.8 Hz, C-6'), 115.6 (d 4, 2J'c],IF2 = 127
Hz, Y¢ ,p, = 33 Hz, CG1'), 1122 @ 4, Uepr, = 215 Hn Uc, 5, = 33 Hz C59), 1077 (4, Ve rp
C-4), 104.8 (1, 2.rc3,f2 = 21%*_& = 260 Hz, C-3'), 60.7 (OCH,CH,), 142 (OCH,CH;). Anal. Calcd for
C,,H(FaN,O5: C, 57.15; H, 400; N, 11.11. Found: C, 56.92; h, 4.16; N, 10.98.

Ethyl 5.(2'-Pyridyl)pyrazole-3-carboxylate (76i). Ethyl 4-(2-pyridyl)-2,4-dioxybutyrate (13.1 g, 0.059 mol)
was mixed with 200 mL H,O. Hydrazine hydrate (296 g, 0.059 mol) was slowly added with swirling, and the
mixture was stirred overnight at room temperature. The resulting light brown solid was (iltered, dried, filiered
through silica gel with CHCl,-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 further washed with cold ether and filtered piving
1.6 g of the desired product as an off-white granular solid; mp 103-104 °C, MS (EI) m/e 217 (M), 'H NMR
(Me,SOd,) 8 14.19 (s, 1, NH), 8.64 (m, 1, H-6"), 798 (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, OCH,CH,), 1.33 (1, 3, OCH,CH,); IR (KBr) 2151, 3102, 2981, 1743, 1408,
1232, 1195, 1156, 1141, 1068, 1007, 766 cm’!; 13C NMR (Me,SOd;) 8 160.5 (C=0), 147.8 (C-6"), 147.8 (C-
2'), 145.6 (C-5), 140.0 (C-3), 139.5 (C~4), 123.9 (C-5'), 121.0 (C-6"), 145.6 (C-5), : #0.0 (C-3), 1395 (C4"),
123.9 (C-5"), 121.0 (C-3'), 107.1 {C4), 60.8 (OCH,CH,), 14.2 (OCH,CH,). Anal Calcd Cy;;H;;N;0y: G
60.82; H, 5.10; N, 12.34. Found: C, 60.67, H, 5.24; N, 19.28

Ethyl 5.(3'-Pyridy')pyrazole-3<carboxylate (76m). Ethyl 4-(3'-pyridyl)-2,5-dioxybutyrate (123 g 0.056
mol) was mixed with 150 mL H,O. Hydrazine hydrate (2.8 g, 0.056 mol) was slowly added with swirling, and
the mixture was stirr»d overnight at room temperature. Four grams of the resulting light-yellow solid was
recrysiallized from EtOH giving 1.5 g yellow needles (and a seccnd crop, 1.4 g of a yeliow solid); mp 162-
163 °C, MS (EI) m/e 217 (M); 'H NMR (Me,SO-d,, mixture of tastomers) 8 14.22, 14.11 (s, 1, H-2), 9.10,
9.06 (25, 1, H-2"), 855 (m, 1, H-6"), 7.50 (m, 1, H-5°), 7.46, 7.35 (2 5, 1, H4), 4.35 (m, 2, OCH,CH,),
1.34 (m, 3, OCH,CH,, IR (KBr) 3107, 2988, 1725, 1332, 1284, 1254, 1187, 1034, 959, 814 cm'}; 13C NMR
(Me,SO-dg) 8 159.5 (C=0), 144.7 (C-5), 143.2 (C-2°), 140.8 (C-6"), 138.9 (C-4'), 137.6 (C-3), 130.3 (C-3’),
126.6 (C-5"), 107.1 (C-4), 61.1 (OCH,CH,), 14.2 (OCH,CH,). Angl Caled for C,H;N4Oy: C 60.82; H,
5.10, N, 19.34. Found: C 60.70. H, 5.27; N, 19.48.
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Ethyl 5-(4'-Pyridyl)pyrazole-3—carboxylate (76n). Ethyl 4-(4'-pyridyl)-2,4-dioxybutyrate (11.9 g, 0.054 mol)
was mixed with 150 mL 5,0. Hydrazine hydrate (2.8 g, 0.056 mol} was slowly added with swirling, and the
mixture was stirred overnight at rcom temperature. Two grams of the resulting light-yellow solid were
chromatographed through silica gel with EtOAc-pel. ether (3:1) giving 1.4 g of a white granular solid; mp 211-
213 °C; MS (EI) 217 (M); 'H NMR (Me,SO-dg) 8 14.34 (br s, 1, B-2), 8.14 (d, J = 6 Hz, 2, B-2'), 7.86 (m,
2, H-3"), 7.52 (s, 1, H4), 435 (q, 2, OCH,CH,), 1.34 (1, 3, CH,);, IR (KBr) 1727, 1610, 1448, 1283, 1249,
1207, 1154, 1005, 957, 840 cm’}; 13C NMR (Me,SO-dg) 8 159.0 (C=0), 147.5 (C4"), 145.6 (C-5), 142.7 (C-
27, 137.5 (C-3), 122.1 (C-3'), 109.5 (C4), 61.3 (OCH,), 14.2 (CH,). Anal Calcd for C;;H;N,O5: C, 60.82,
H, 5.10; N, 13.34, Found: C, 60.64; H, 543; N, 19.27.

Ethyl 4-Bromo-5-methylpyrazole-3-carboxylate (77a). £.i.!ethyl pyrazole-3- carboxylic acid, ethyl ester (1.54
g 0.0t mol) was dissolved in 60 mL of glacial acetic acid. 'Th~ solution was cool2d in an ice water bath
before bromine (1.6 g. 0.01 mol) was slowly added with stirrirg. The zolution vsas stirred at 0 °C for 1 h.
A white solid formed which parially dissolved while the reaction mixture was aliowed 1o warm t» room
temperature. The solution was poured over 200 mL ice water. Sodium bicarbonate was siowly added 1 the
solution until all of the acetic acid had been neutralized. The mixture was then extracied with 300 mL ether.
The ether was dried and evaporated to a light yellow solid. Since the odor of HOAc persisted, even afier
24 h under vacuum, the solid material was again added to a NaHCO, solution and extracted with ether.
Drying and concentration gave a 1.4 g of the desired product as a light yellow solid; mp 80-81 °C, MS (EI)
mie 232, 234 (M, M + 2); 'H NMR (Me,SO-d,) 8 11.2 (br s, 1. NHj, 4.36 (q.J = 7 Hz, 2, OCH2CH3), 2.30
(s, 3, CHjy), 135 (1, J = 7 Hz, 3, OCH,CH,); IR (KBr) 3180, 3080, 2972, 2952, 2857, 1731, 1451, 1267, 1175,
1086 cml. }3C NMR (Me,SO + CF,COOD) & 160.1 (C=0), 141.8 (C-5), 137.3 (C-3), 95.0 (C4), 60.3
(OCH,CH,), 14.1 (OCH,CH,), 10.1 (C-1'). Anal Cald for C,HgN,O.Br: C, 3607, H, 3.8% N, 12.04.
Found: C, 36.15; H, 4.14; N, 1208,

Ethyl 5-Methyl-4 chloropyrazole-3-carboxylate (77b). Ethyl S-methylpyrazole-3-carboxylate (3.4 g, 0.022
mol) was dissolved in glacial acetic acid (25 mL) at room temperature. Chlorine (scrubbed with conc. H,SO,)
was bubbled tnrough the glacial acetic solution. After 1 h, a8 white solid precipimtc;:l. Stirring was continued
until the solid had gone back into solution, and the whole was stirred for a tolal of about 4 h. The reaction
mixture was poured over -200 mL of ice and water and neutralized with aqu=cus bicarbonate solution. The
resulting off-white solid was filtered, dried, and recrystallized from ether. Chromaiography with silica gel and
CHCI, gave 0.8 g of pure compound as well as some slizhtly impure product (-1.1 g); mp 95-96 *C, MS (El)
m/ie 188 (M*); 'H NMR {Me,SO-dg, mixture of tautomers) 13.85, 13.58 (s, 1, NH), 4.29 (g, / = 7.2 Hz, 12,
OCH,CH,). 223 (s, 3, CH3), 1.30 (1, J = 7 Hz, 3 H, OCH,CH;). IR (KBr) 3092, 2981, 2961, 2932, 2866,
1733, 1458, 1266, 1176, 1107 em’; 3C NMR (Me,SO«d, + CF > OD) 8 160.0 (C=0), 140.1 (C-5), 135.7
(C-3), 109.6 (C4), 60.4 (OCH,), 14.1 (OCH,CH,), 9.2 (C-11).

Ethyl 5-(p-Fluorophenyl)-4-bromopyrazole-3-carboxylate (77c). Ethyl 5-(p-fluorophenyl)pyrazole carboxyl-
ate (2.34 g, 0.1 mo!) was added to 60 mL pglacial acetic acd. Bromine (1.6 g, 0.1 mol) was then added, and
the reaction mixture was stirred for 4 h. The acetic acid was removed under vacuum before water was added.

Aqueous sodium bicarbonale was added until the solution was neutral. Ether extraction, drying. and partial
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solvent evaporation yielded two crops of solids (the first white and the second a light orange). Neither of
these were pure by MS, and therefore they were combined with the mother liquor and the whole
chromatographed (sitwa gel, CHCl,-MeOH 9.5:1) giving 1.5 g of a white solid; mp 176-178 °C; MS (EI) m/e
312 (M*); 'H NMR (Me,SO«dg) 8 14.35 (s, 1, NH), 7.80 (m, 2, Ar-H), 7.36 (m, 2, Ar-H), 434 (q,/ = 7 Hz,
2, OCH,CH,), 1.34 (1,7 = 7 Hz, 3, OCH,CH3); IR (KBr) 2989, 1735, 1505, 1413, 1235, 1191 1164, 1048, 973
ca’l; 13C NMR data; (Me,SO-dg + CF,COOD) 8 164.1, 160.8 (C4’), 159.5 (C=0), 144.7 (C-3), 136.8 (C-5),
130.1, 1300 (C-2°), 126.0 (C-1°), 115.8, 115.5 (C-3'), M.2 (C-4), 60.9 (OCH,CH,), 14.2 (OCH,CH,). Anal
Caled for C;,H,(N,O,BrF: C, 46.03; H, 3.22; N, 8.97. Found: C, 46.3%; H, 3.27, N, 9.03.

Ethyl 5.(p-Fluorophenyl)-4-chloropyrazole-3-carboxylate (77d). Ethyl-5-(p-fluorophenyl)pyrazole carbox-
ylate (2.34 g, 0.1 mol) was dissolved in 60 mL glacial acetic acid. Chlorine gas (scrubbed with conc H,80,)
was bubbled through the reaction mixture for a total of 18 h before the reaction mixture was poured over
ice-water. The resulting yellow solid (-2.9 g) was recrystallized from hot ether, giving a light yellow 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*) TH NMR (Me,SO-d,, mixture of tautomers) 2 14.45 and 14.20 (5, 1, NH), 7.84, 7.38
(m, 4, Ar-H), 4.36 (br +, 2, OCH,CHj), 1.34 (m, 3, OCH,CH,); IR (KBr) 2991, 1736, 1505, 1416, 1236, 1192,
1165, 1058, 974, 842 ecm’l. 13C NMR (Me,SOd, + CF,COOD; & 164.0, 160.8 (C-4’), 1593 (C=0), 142.9
(C=3), 135.1 (C-5), 129.6, 129.5 (C-2"), 125.6 (C-1"), 1160, 115.7 (C-3"), 109.1 (CH4), 60.9 (OCH,CH,), 14.2
(OCH,CH,). Anal. Calcg for C,H gN,O,QIF: C, 53.73; H, 3.76; N, 10.44. Found: C, 53.60; H, 3.83; N,
10.30.

Ethyl 5 (p-Bromophenyl)-4-bromopyrazole-3-carboxylate (77e). “thy! 5-(p-bromophenyl)pyrazole-3-
carboxylate (2.0 g. 0.0068 mol) was dissolved in 25 mL glacia) acetic acad. Bromine (1.62 g, 0.01 mol) was
suded and the mixture was stirred for 20 h. The reaction was worked up by pouring over 40 mL ice and
water. The resulting white solid was washed with aqueous sodium bicarbonate and recrysiallized from EtOH,
giving & total of 1.7 g of product; mp 1%7-189 °C; MS (EI} m/e 372 (M™); 1H NMR (Me,8O<4,, mixture of
tautomers) & 14.56, 14.28 (s, 1, NH), .75, 7.21 (m, 4, Ar-H), 4.35 (m, 2, OCH',CH,), 1.33 (m, 3, OCH,CH,);
IR (KBr) 3125, 2975, 1730, 1480, 1464, 1240, 1193, 1046, 1008, 968, 962, 841 cm?. 13C NMR (Me,SOd, +
CF,COO0D) 1593 (C=0), 144.7 (C-2), 1365 (C-5), 1316 (C-2), 129.6 (C-3'), 1288 (C-1"), 1223 (C4"),
92.4 (C4), 509 (OCH,CH,), 14.1 (OCH,CH,). Anal Caled for C,;H,N,O,Bry: C, 38.33; H, 269, N, 7.49.
Found: C, 38.90; H, 285 N, 7.4,

Ethyl 5 (p-Chlorophenyl)-4-bromopyrazole-3-carboxylate (77M). Ethyl 5-(p<chlorophenyl)pyrazole
carbuxylate (1.9 g, 0.0076 mol) was dissolved in 25 mL glacial acetic acid. Bromine (1.3 g, 0.008 mol) was tben
added and the reaction mixture was stirred for 2 days. The mixture was then added to 400 mL ice and wailer
and was neutralized with NaHCO3 (added slowly). Ether extraction, drying. and solvent evaporation followed
by recrystallization from ether gave a white solid (1.6 g) mp 195-197 °C; MS (EI) 268 (M*); 'H NMR
(Me.SOdy) & 1442 (s, 1, NH), 7.30 (d, / = 8 Hz, 2, Ar.H), 760 (d,/ = 8 Hz, 2, Ar-H), 435 (q, 7 = 7 Hz,
2, OCH,CH,), 1.35 (1, 3, OCH,CH,); IR (KBr) 2985, 2922, 1735, 1492, 1237, 1192, 1095, 1048, 973, 837 em'L.
3¢ NMR (Me,SO+d¢ + CF,COOD) 8 1594 (C=0), 144.5 (C-3%), 136 (C-5"), 133.8 (C4'), 1294 (C-2').
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1287 (C-3), 1285 (C-1'), 94.5 (CH4), 60.9 (OCH,), 14.1 (OCH;CH,). Anal Caled for Cy,H,;(N,O,BrCl:
C, 43.73; H, 3.06, N, 8.50. Found: C, 43.88; H, 1.15; N, 8.60.

Ethyl 5-{p-Chlorophenyl)-4chloropyrazole-3-carboxylate (77g).  Ethyl 3-{p-chiorophenyl)pyrazole-3-
carboxylate (2.1 g, 0.084 mol) was dissolved in glacial acetic acid (=25 mL). Chlorine (scrubbed through conc.
H,S0,) was slowly bubbled through the HOAc solution with stirring for three days. The reaction mixiure
was poured over 400 mL ice-water, stirred, and neutralized with the slow addition of NaHCOQ, Ether
extraction gave a crude 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 (EI) m/e 284 (M™); 1H NMR (Me,SO-d,, tautomeric mixture) 8 14.52,
14.38 (s, 1, NH), 7.39, 7.30 (m, 2, Ar-H), 7.66, 7.58 (m, 2, Ar-H), 438 (m, 2, OCH,CH,), 1.36 (m, 3,
OCH,CH,); IR (KBr) 3175, 2987, 1736, 1486, 1413, 1239, 1193, 1096, 1058, 973, 964, 836 cm™; 3C NMR
{(Me,S04;) 8 159.1 (C=0), 1429 (C-5), 134.9 (C-3), 133.7 (C4’). 1289 (C-2'3"), 1282 (C-1 ), 109.5 (C-
4), 60.9 (OCH,CH,), 14.2 (CH,CH,). Anal Caled for C,H,¢N,O,Cly: C, 50.55; H, 3.54; N, 3.82 Found:
C, 50.17; N, 3.64; N, 9.79.

Ethyl 5.Phenyl-4-bromopyrazole-3-carboxylate (77h). Ethyl 5-phenylpyrazole-3-carboxylate (2.0 g, 0.0093
met) was dissoclved in glacial acetic acid (50 mL). Bromine (1.48 g, 0.0093 mol) was added, and lhe reaction
mixture ‘was surred for 40 h at room temperature. It was then poured over 158 mL of ice and water. The
resulting white gummy solid was filiered, washed with 500 mL aqueous NaHCO,, and again filtered 10 dryness.
The crude white solid was then chromatographed (silica gel, ether-petroleum ¢ther, 2:3) and +c ~allized from
viLer giving 1.2 g white solid; mp 129-131 °C; MS (EI) m/e 295 (M™); IH NMR (Me,5> dg, mixture of
tautomers) 8 14.48, 14.25 (s, 1, NH), 7.76 {m, 2, Ar-H), 7.20 (m, 3, Ar-H), 4.34 (m, 2, OCH,CH,), 1.35 (1,
J = 7Hz 3, OCH,CH,): IR (KBr) 2973, 2929, 1736, 1457, 1236, 1193, 1051, 972, 764. 688 cm}; 13C NMR
(Me,S0d, + 1 drop TFA) & 159.8 (C=0), 145.0 (C-5), 137.4 (C-3), 129.4 (C-1"), 128.9 (C4"), 128.7 (C-
3°), 127.8 (C-2’), 94.1 (C4), 60.8 (OCH,), 14.2 (OCH,CH,). Anal Caled for C,H;N,O,Br: C, 48.93; H,
3.76; N, 949, Founa: C, 48.68; H, 3.97; N, 9.73.

Ethyl 5-Phenyl<4-chloropyrazole-3-carboxylate (77i). Ethyl 5-phenytpyrazole-3-carboxylate (1.4 g, 0.0064
mol) was dissolved in glacial acetic acid (50 mL). Chlorine (scrubbed with conc. H,SO,) was bubbled through
the solution, and the reaction mixture was stirred for 2 h at room temperature. It was then poured over ~400
mL ice-waler, the solution was neutralized with NaHCO,, and the resulting light yellow flaky solid was filtered
and dried. The solid was thea dissolved in ¢ther and insoluble material was removed by filtration. The ether
solution was evaporated 10 dryness and the resulting gummy solid was chromatographed (silica gel, ether-pet.
ether, 2:3) giving 0.8 g of a fluffy white solid; mp 115-116 °C; MS (EI) m# 250 (M*); 'H NMR (Me,504d,,
mixture of tautomers) & 14.44, 14.20 (s, 1, NH), 7.80, 7.50 (m, 5, Ar-H), 4.35 (m, 2, OCH,CH,), 1.33 (m, 3,
OCH,CHy): IR (KBr) 1250, 2985, 1723, 1709, 1276, 1181, 1162, 1055, 843, 771, 691, 685 cm'’; 13C NMR
{Me;S0d, + 1 drop TFA) 8 155.8 (C=0), 143.6 (C-5), 135.9 (C-3), 129.2 (C-1"), 129.1 (C4’), 129.0 (C-
3"} 127.5 (C-2%), 61.0 (C4), 39.5 (OCH,), 14.2 (CH,CH,). Anal Caled for C,H gN,O,Cl: C, 57.50G; H,
442; N, 11.17. Found: C, 57.45 H, 4.64; N, 11.44.

Ethyl 8-(p-Nitrophenyl)-4-bromopyrazole-3-carboxylate (77k). Ethyl 5-(p-nitrophenyl}pyrazole-3-carbox-
vlate (2.1 g, 0.008 mol) was dissoclved 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 filtered 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 sturry was neutralized with sodium bicarbonate. The
slurry was filtered giving a light brown solid which was added to another ~300 mL H,O and refiltered giving
a white solid (1.9 g); mp 173-174 °C; MS (EI} m/e 339 (M*); 'H NMR (Me,SOd,) 8 14.70 (s, 1, NH), 8.36
(d,J = ~9 Hz, 2, Ar-H), 8.10 (d,J = ~9 Hz, 2, Ar-H), 436 (q. / = -6 Hz, 2, OCH,CH,). 1.46 (1, / = -85
Hz, 3, OCH-CH,): IR (KBr) 33.6, 3110, 1734, 1689, 1603, 1517, 1347, 1236, 1215, 1044, 958, 855 cm'l; 13C
NMR (Me,SO,) 8 159.4 (C=0), 147.9 (C-4'), 145.6 (C-5), 137.4 (C-1'), 136.1 (C-3), 129.0 (C-2"), 124.2
(C-3'), 96.1 (C4'), 61.7 (CH,), 143 (CH,). Anal Caled for C,H;(N,OBr: C, 42.37; H, 2.96; N, 12.35.
Found: C, 4195; H, 3.06; N, 12.66.

Ethyl 4-(p-Nitrophenyl)-d4-chloropyrazole-3-carboxylate (771). Eihy) S-(p-nitrophenyl)pyrazole-3-carbox-
ylate (2.3 g, 0.0088 mol) was dissolved in glacial acetic acid. Chlorine gas, scrubbed through H,S0,, was
bubbled through the median mixure overnight. The mixture was then poured over ice, giving a light yellow
solid. Sodium bicarbonate was siowly added until no more solid appeared 10 be precipitating from the
solution. The solid was filtered, dried, ch-omatographed, isilica s<1, ether-pet. ether, 2:3), and recrysiallized,
giving 1.7 g of & pure white solid (as well as a second crystal fraction consisting of 0.2 g of a slightly impure
product), mp 177-178 °C); MS (EI) 295 (M™), 'H NMR (Me,SO+d, + 1 drop CH,COOD) 8 14.36 (s, 1, NH),
8.36 (m, 2, Ar-H), 8.15 (m, 2, Ar-H), 4.40 (g, = 7.5 Hz, 2, OCH,CH,), 1.3¢ (m, 3, OCH,CH,); IR (KBr)
3355, 1751, 1698, 1517, 1389, 1348, 1296, 1262, 1225, 830 cm'’; 13C NMR (Me,50+, + 1 drop CF,COOD)
8 1587 (C=0), 1474 (C-4"), 143.2 (C-5), 1363 (C-1'), 1342 (C-27), 1282 (C-27), 124.1 (C-3"), 1109 (C-
4), 61.3 (CH,), 14.2 (CH;). Anal Caled for CpH gCINZO,: C, 48.75; H, 351, N, 14.21. Found: C, 48.9%;
H, 3.54; N, 14.09.

Ethyl 8-(p-Methoxyphenyl)-4-bromopyrazole-3-carboxylate (77m). Ethyl 5-(p-methoxyphenyl)pyrazole-3-
carbaxylate (2.0 g, 0.0087 mol) was dissolver. + 50 mL glacial acetic acid. Bromine (1.39 g, 0.0087 mol) was
added and the whole stirmed 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
needies (1.5 g); mp 148-149 °C; MS (El) 324 (M*); 'TH NMK (Me,SO;) & 14.16 (br s, 1, NH), 7.70 (m,
2, Ar-H), 7.09 (m, 2, Ar-H), 4.34 (. J = -7.2 Hz, 2, OCH,CH,), 3.82 (s, 3, OCH,), 1.33 (1, / = -7.2 Hz,
3, OCH,CH,); IR (KBr) 3109, 3067, 2971, 1720, 1611, 1511, 1420, 1277, 1257, 1197, 1180, 1045, 843, 828 cm'l;
13C NMR (Me,504,) & 160.0 (U=0), 159.8 (C4'), i44.2 (C-5), 137.7 (C-3), 129.1 (C-2°), 121.2 (C-1),
114.1 (C-3'), 93.3 (C-4), 60.6 (OCH,CH,), 553 (OCH;) 14.1 (CH,CH;). Anal Calcd for Cy3H;4BrN,Oy:
C, 48.02; H, 4.03; N, 845. Found: C, 47.7G; H, 4.05; N, 8.63.

Ethyl $-(2',4'-Dichlorophenyl)-4-bromopyrazole-3-carboxylate (77n). Ethyl 5-(2’.4'-dichlorophenyi)-4-
hromopyrazole-3-carboxylate (20 g, 0.007 mol) was dissolved in glacial acetic acid (25 mL). Bromine (1.12
g. N.007 mol) was added 10 the solution, 81d the mixture was stirred overnight at room temperature.  Afier
work up (by pouring intc ice water acid. and neutralizing with bicarbonate solution) Lhe reaction mixiure was

found 10 still contain starting material. The solid was dissolved in glacial acetic acid again, more bromine (-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 nev.ralized 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™); 'H NMR (Me,SCd,, mixture of tautomers) & 14.62, 14.35 (s, 1, NH), 7.84, 7.56
(m, 3, Ar-H), 438 (s, 2, OCH,CH,, 1.36 (m, 3, OCH,CH,); IR (KBr) 3303, 1711, 1474, 1467, 1250, 1101,
1041, 966, 829, 806 cm’!; 13C NMR (MeSOd,) 8 159.3 (C=0), 144.3 (C-5), 135.8 (C-3), 135.3 (C4’), 1345
(C-27), 133.7 (C6'), 129.4 (C-3’) 128.0 (C-1'), 127.6 (C-5'), 974 (CH4), 61.0 (OCH;), 14.2 (OCHCHYy).
Anal Caled for C,HoBrCI,N,0,: C, 39.59, H, 2.49; N, 7.70. Found: C, 39.57; H, 2.56; N, 7.69.

Ethy!  5-(2',4’-Dichlorophenyl)-4-chloropyrazole-3-carboxylate  (770). Ethyl 5-(2',4'-dichioro-
phenyl)pyrazole-3-carboxylate (2.1 g, 0.008 mol) was dissolved in glacial acetic acid. Chlorine gas (scrubbed
with conc. sulfuric acid) was bubbled through the solution for 4 h. The reaction mixture was poured over
ice water, and the resulting solution was neutralized with bicarbonate and extractcd wih ether. Drying and
evaporation resulted in 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, petrolevm ether was
added, and afier sitting overnight, a white solid precipitated from the solution. The precipitate was isolated
as a white granular solid (1.4 g); mp 127.8 °C; 'H NMR (Me,50-d6, mixture of tautomers) & 14.62, 14.36 (s,
1, NH), 7.82-7.59 (br 5, 3, Ar-H), 4.40 (m, 2, OCH,CH,), 1.37 (1, 3, OCH,CH,); IR (KBr} 3301, 1713, 1471,
1252, 1101, 1077, 1046, 968, 831, 805 cm’!; *C NMR (Me,SO-d + CF,COOD) & 159.1 (C=0), 142.5 (C-5),
135.4 (C4%), 134.4 (C-2"), 134.1 (C-3), 133.6 (C-6), 129.4 (C-3°), 127.6 (C-5"), 127.3 (C-1"), 111.8 (C4),
61.0 (OCH,CH,), 14.2 (OCH,CH,). Anal Calcd for CpHgCI3N,Oy: C, 45.10; J, 2.84; N, 8.77. Found: C,
45.07; H, 3.03; N, 8.79.

Ethyl 5-(2',4'.Difiuorophenyl)-4-bromopyrazole-3 carboxylate (77p). Ethyl 5-(2-difluorophenyl)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 mixture 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 TLC analysis of this product showed the presence of starning material, the solid was
redissclved in glacial acetic acid, and about 1 g of bromine was added. Overnight stirring was followed by
the mixture again being poured over ice water (~400 mL) and peutralized with sodium carbonate. The
resulting white solid was isolated and chromatographed (silica gel, 2:3 ether-petrolesm c.uier), giving 1.3 g of
a white granular solid; mp 87.8 °C; MS (EI) m/e 295 (M); 'H NMR {(Me,SO-d,, mixture of tautomers) &
14.62, 14.38 (s, 1, NH), 7.62, 7.48, 7.28 (m, 3, C-3'.5',6’-H), 435 (m, 2, OCH,CH,). 1.34 (1, 3, O H,CH,);
iR (KBr) 3245, 1732, 1444, 1266, 1147, 1123, 1051, 980, 955, 849 an’’; 3C NMR (Me,SO-) & 163.4 (g,
l.rC‘, F, = 2492 Hz 3J'C‘, F, = 118 Mz, C47), 1596 (C=0), 1600 (3, ‘.r(a, F, = 2512 Ha, 3102_,;, = 123
Hz, C-2°), 141.5 (C-5), 136.4 (C.3), 1333 (d d, 3"%"?‘ = 10.1 Hz, 3J’C5,n = 4,1 Hz, C-6%), 1144 (d 4,
2.rc‘,Fz = 15.2 Hz, ‘J‘:l,f‘ = 3.7 Hz. 1%, 112.1 (@ 4, z.fcs,ﬁ = 21.7 Hz ‘Jcs,f‘ = 37 Hz. C-5),
97.1 (C-4), 61.1 (OCH,CH,), 14.2 (OCH,CH;). Anal Calad for C,,HgBrF,N,Oy: G 43.53; H, 275, N, 8.46.
Found: C, 43.50; H, 2.78; N, &45.
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Ethyl 5.(2',4'-Difluorophenyl)-4-chloropyrazole-3-carboxylate  (77q). Ethyl 5-(2’,4'-difluorc-
phenyl)pyrazole-3-carboxylate (2.1 g, 0.0083 mol) was dissolved in glacial acetic acid (30 mL). Chlorine
(scrubbed with conc. H,SD,) was bubbied through the solution and the reactisn mixture was stirred for 6 h
at room temperature. It was then poured over -400 mi ice water, and the solution was neutralized with
NaHCO;. The resulting gummy yellow solid was filtered, dried, and chromatographed (silica gel, 2:3 ether-
petroleum ether), giving 1.3 g of a granular while solid. Further drying in vacuum resulted in a yield of 1.2
g of the granular white powder; mp 102-103 °C; MS (EI) m/e 286 (M), 'H NMR (Me, S0, mixiure of
tautomers) & 14.60, 14.24 (s, 1, NH), 7.45 (m, 3, H-3,5'.6"), 4.36 (m, 2. OCH,CH,), 1.32 (m, 3, OCH,CH4),
132 (m. 3, OCH,CHy): IR (KBr) 3251, 1729, 1444, 1270, 1245, 1148, 1058, 950, 957, 850 cm™; 3¢ NMR
(Me,SOdg) & 1633 (d d, ¥/ = 2496 Hz, ¥ = 11.6 Hz, C4"), 159.9(d 4, 'V = 2523 Hz, ¥/ = 127 Hz, C-
2%, 159.3 (C=0), 139.5 (C-5), 134.6 (C-3), 1329 (m, 3JC'F4 = 99 Hz, Jc, 2= 42 Hz, C£'}, 1156
@d Yg g, =154 Ho Yc 5, = 33Hz. C1), 122 @ d, ¥e, = 216 Hz. Yegr, = 36 Hz C-
57), 111.5 (C4), 104.8 (1, JC:v-Fz c,..F4 = 260 Hz, C-3'), 61.1 (OCH,CHjy), 14.2 (OCH,CH,). Anal
Caled for Cy,H,CIF,N,0,: C, 50.28; H, 3.16; N, 9.77. Found: C, 4997; H, 32%; N, 9.51.

Ethyl 5-(2'-Pyridyl)-4-bromopyrazole-3-carboxylate (77r). E:hyl 5-(2'-pyridyl)pyrazole-3-carborxylate (2.1
. 0.0097 mol) was dusolved in glacial acetic acid (30 mL). Bbromine (1.55 g, 0.0097 mol) was added, and the
reaction mixture was stirred overnight at room temperature. [t was then poured over ice water (~400 mL)
and neutralized with NaHCO,. The resulting solid was filtered, dried, and filtered through silica ge) with ethyl
acetate. Solvent evaporation gave 2.5 g of a fluffy light-brown solid; mp 107-10s °C; MS (EI) m/e 295 (M),
'H NMR (Me,SOdg) & 14.51 (5, 1, NH), 873 (m, 1, H6'), 8.11 (br s, 1, H-3'), 7.99 (br 5, 1, H-4'), 7.49
(m, 1, H-5%), 4.33 (g, 3, DCH,CH,), 1.34 (1, 3, OCH,CH,); IR (KBr) 3175, 2928, 1732, 1600, 1468, 1446,
1265, 1246, 1192, 1047, 786 cm’; "C NMR (Me,SOd;) & 159.6 (C=0), 148.2 (C£'), 146.4 (C-2'). 1422
(C-5). 139.6 (C-4"), 139.1 (C-3), 124.7 (C-5’), 122.7 (C-3"), 95.1 (C4), L1.0 (OCH,CH;). Anal Cal 4 for
C,H,;yBrN;0;: C, 44.62; H, 3.40; N, 14.19. Found: C, 44.75; H, 3.63; N, 14.23.

Ethyl 5-(2'-Pyridyl)-4-chloropyrazole-3-carboxylate (775). Ethyl 5-(2'-pyridyl)pyrazole-3-carboxylz ¢ (1.7
g, 0.0078 mol) was dissolved in placial acetic acid (30 mL). Chlorine (scrubbed with conc. H,50 ) was
bubbled through the reaclion muxture with stirring for 1.5 h at room temperature. The reaction mixtur  was
pouted over ice water (-400 mL} and neutralized with NaHCO,. The resulting solid was filtered, dried and
chromatographed (sitica gel, ether) giving 1.8 g of the desired product as a light-brown solid; mp 127-128 °C,
MS (EI) mie 251 (M); 'H NMR (Me,SOdy) & 13.5 (br s, 1, NH), 873 (d. 1, H-6"), 805 (m, 2, H-2".%),
749 (m, 1, H-5"), 434 (q, 2. OCH,CH,), 1.34 (1, 3, OCH,CH,), IR (KBr) 3185, 1731, 1480, 1251, 1198, 1158,
1068, 1052, 1002, 787, 680 cm’); 3C NMR (Me,SOdy) 8 159.5 (C=0), 1483 (C-6"), 146.0 (€ '), 140.4 (C-
5), 139.8 (C4%), 136.6 (C-3), 124.7 (C-5"), 1223 (C-2°), 1105 (C4), 61.i (OCH,CH,), 142 (OCH,CH,).
Anal Caled for €y H,qCIN;O,: C, 52.50; H, 4.01; N, 16.70. Found: C, 52.16; H. 4.17; N, 16.83.

Ethyl 5-(3'-Pyridyl)-4-bromopyrazole.3-carboxytate (77t). Ethyl 5-(3'-pyridyl)pyrazole-3-carboxylate (2.1
g. 0.0097 mol) was dissolved in glacial acetic acid (30 mL, Bromine (1.55 2, 0.0097 mmol) was added, znd
the reaction mixture was stirred for 3 b at roore temperature. It was then poured over ice water (~430 ml)
ana neutralized win NaHCO,. 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 flulfy 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); 'H NMR (Me,SO-d,, mixture of
tavtomers) & 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 (appasent q, 2, OCH,CH,), 1.36 (1, 3, OCH,CH,); IR (KBr) 2792, 2730, 2678, 1339, 1561,
1414, 1229, 959, 812, 705 cm’! 3C NMR (Me,SOd,) & 1584 (C=0), 144.6 (C-2'), 143.1 (C6’, C-5), 140.8
(C-4'), 135.1 (C-3), 1289 (C-3), 126.2 (C-5'), 95.9 (C4), 61.3 (OCH,CH,), 14.1 (OCH,CH,). Anal Caled
for C;;H,BIN;O,: C, 44.62; H, 3.40; N, 14.19. Found: C, 44.71; H, 3.68; N, 14.03.

Ethyl 5-(3'-Pyridyl)-4-chloropyrazole-3-curboxylate (77u). Ethyl 5-(3'-pyridyl)pyrazole-3-carboxylate (1.8
g. 0.0083 mol) was dissolved in placial acetic acid (30 mL). Chlorine (scrubbed with conc. H,50,) wa.
bubbled through the reaction mixture with stirring for 2 h at room temperz ure. The reaction mixture was
poured over ice water (~400 mL) and neutralized with NaHCO,. The resulting solid was fillered, dried, and
chromatographed (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); '"H NMR (Me,SO-d,) & 14.35 (br 5, }, NH), 9.2 (m, 1, H-2"), 67 (4, 1, H-
6°), 8.19 (2 1, 1, H-4"), 7.57 (2 d, 1, H-5'), 4.36 (g, 2, OCH,CH,), 1.35 (1, 3, OCH,CH,); IR (KBr) 1726,
1717, 1385, 1230, 1219, 1205, 1196, 961, 811, 700 em™’; }3C NMR (Me,SO«d;) & 158.3 (C=0), 144.7 (C-2'),
1428 (C-6'), 1413 (C-5), 140.0 (C-4'), 1334 (C-3), 1282 C-3'), 1262 (C-5'), {108 (C-4), 813
(OCH,CH,), 14.1 (OCH,CHj;). Anal. Caled for CpyH,oCIN;Oy: C, 52.50; H, 4.01; N, 16.70. Found: C,
52.36; H, 4.08; N, 16.75.

Ethyl 5.(4’-Py:idyl)-4-bromopyrazole-3-carboxylate (77v). Ethyl 5.(4'-pyridyl)pyrazole-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 mixiure was stirred for 3 b at room temperature. It was then poured over ice water (~400 mL) and
neutralized with NaHCO,. The resulting snlid was filicred, dried. and filtered through silica gel with ether.
Solvent evaporation gave 1.8 g of a fluffy white solid; mp 192-194 °C; MS (EI} m/e 295 (M); 'H NMR
(Me,SOdy) 8 1470 (s, 1, H-2), 8.72 (br d, J = 4 Hz, 2, H-2"), 7.83 (br d, J = 6 Hz, 2, H-3'), 437 (4. %
OCH,), 1.36 (1, 3, OCH,CH,), IR (KBr} 1720, 1607, 1410, 1380, 1220, 1206, 1008, 958, 834, 776 cm'l;
BC NMR (Me;SOdg) 8 158.1 (C=0), 144.6 (C-2'), 144.3 (C-4°), 1432 (C-5), 135.1 (C-3), 123.1 (C-3"),
97.1 (C-4), 61.5 (OCH,), 14.1 (CH;). Anal Calad for €y H,(BrN;O, - 0.1H,0: C, 44.07; H, 3.50; N, 14.02
Found: C, 43.71; H, 3.62; N, 13.70.

Ethyl 5-(4'-Pyridyl)-4-chloropyrazole-3-carboxylate (77w). Ethyl 5-(4’-pyridyljpyrazole-3-carboxylate (2.0
g 0.0092 mol) was dissolved in glacial acetic acid (30 mL). Chiorine (scrubbed with conc. H,SO,) 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 NaHCO,. The resulting dark-yellow solid was filtered
through silica gel with ether, and recrystallized from ether giving two crystal fractions (0.9 and 0.8 g). The
first fraction was found to be sufficiently pure compound T7w as » yellow granular solid; mp 180-182 °C; MS
(El) mje 251 (M); 'H NMR (Me,SO-dg, mixture of 1automers) & 14.74-14.56 (br s, 1, H-2), 872 (br s, 2, H-
'), 7.86 (br s, 2, H-3"), 4.36 (m, 2, OCH,CH,). 134 (1, 3, OCH,CH,); IR (KBr) 1716, 1609, 1407, 1384,
1237, 1218, 1209, 1009, 954, 833 cm'; 13C NMR (Me,SO<,) 8 157.8 (C=0), 145.5 (C-4"), 142.4 (C-2"),
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141.4 (C-5), 1334 (C-3), 123.0 (C-3'), 112.8 (C4), 61.6 (OCH,CH,), 14.1 (OCH,CH;). Anal Calcd for
Ci1740CIN;Q,: C, 5250; H, 4.01; N, 1670. Found: C, 52.26; H, 4.08; N, 16.99.

5.(2' 4'-Dimethoxyphenyl)pyrazole-3-curboxamide (78).  Ethyl 5-(2',4'-dimethoxyphenyl)pyrazole-3-
carboxylate (2.0 2, 0.0072 mol) was dissoived in conc. NH,OH (50 mL) and stirred at room temperature for
80 h. The reaction mixture was then poured into ~100 mL water and acidified to pH 5-6 with diluted H,SO,.
The resuliing solid was filtered, dried, and chromatographed (silica gel, 1:9 MeOH-CHCY,) giving 1.8 g of an
ofl-white granular solid; mp 174-175 °C; MS (EI) m/e 247 (M); 'H NMR (Me,SO«d, mixture of ~utomers)
8 13.38, 13.12 (5, 1, NH), 7.92, 7.80, 7.42, 7.20 {m, 2, NH,), 7.12 (4, 1, H-6"), 692 (5, 1, H-4), 0.67 (s, 1, H-
3'), 6.65 (d, 1, H-5"), 3.89 (s, 3, OCH,), 381 (5, 3, OCH,); IR (KBr) 3229, 1680, 1639, 1612, 1602, 1594,
1498, 1310, 1297, 1210 cm'}; 13C NMR (Me,SO+d) 8 163.5 (C=0), 160.9 (C4'), 157.3 (C-2'), 145.0 (C-3),
1421 (C-5), 1288 (C-6"). 111.4 (C-1"), 105.7 (C-5*), 104.7 (C4), 98.9 (C-3"), 55.7 (OCHj)., 55.4 (OCHj,).
Anal Caled for C5H,3N4Oy: C, 58.29; H, 5.30; N, 17.00. Found: C, 5856, H, 5.62; N, 16.96.

5.(2',4’-Dichlorophenyl)pyrazole-3-carboxamide (78b). Ethyl 5-(2’,4'-dichlorophenyl)pyrazole-3-carbox-
ylate (21 g, 0.0074 mol) was dissolved in 50 mL conc. NHOH and the solution was stirred at room
temperature for two days. Since starting material still was deieciable by mass spectrometric analysis, dioxane
{20 mL) wes added and the solution was heated to 40-50 °C for two more days. The reaction mixture was
cooled and poured into ~100 ml water. The solution was acidified to pH 5-6 with diluted H,80, The
resulting off-white solid was filiered and diied, yieiding 1.5 g of the desired product; mp 294-295 °C; MS (EI)
mie 255, 257 (M, M + 2); 'TH NMR (Me,SO-d) 8 13.69 (s, 1, NI{), 7.90 (s, 1, H-4), 7.80 (d, J = 8.2 Hz,
1, H6'), 774 (4,7 = 2 Hz, 1, H-3"), 753 (d d,) = 22 Hz, J = 85 Hz, H-5'), 7.46 (s, 1, NH,), 7.29 (s,
1, NH,); IR (KBr) 3390, 3280, 3218, 3179, 1765, 1689, 1606, 1481, 1408, 815 em’’; 13C NMR (Me,SOdg) 3
161.1 (C=0), 144.2 (C-5), 141.2 (C-3), 133.1 (C4"), 131.7 (C-2"), 131.4 (C-6"), 129.5 (C-1"), 127.5 (C-5"),
106.2 (C4, Anal Calad for CigH,N,CL,O: C, 4690, H, 276, N, 1642 Found: C, 47.04; H, 290; N, 16.04.

Methyl 2-[(2-ethoxy-2-oxoethyl)hydrazono]propanoate [AVS-29(9] (79). Sodium acetate (6.36 g, 77.6
mmol) and methy! pyruvate (7.93 g, 77.6 mmol) were dissoived in a mixed solvent system consisting of MeOH
(97 mL) and water (32 mL). Ethyl bydmzinoacelate monohydrochloride (12 g, 77.6 mmol) was added as 2
s0lid and the reaction mixture was stirred at room temperature for 48 b. The solvents were then evaporated
to dryness and the residue was dissolved in chloroform and washed with water. The pH 5 water layer was
then adjusied to pH 7 with 1 N NaOH. The aqueous layer was then extracied twice with chloroform. The
chloroform layers were combined, dried with MgSO,, filtered, and cvaporated. Afier drving in vacuo over
P;Oq, the resulting yellow oil crystuilized giving a pale-yeilow solid in from 80-100% yield. Crysiallization
from ether-pet. cther (30-60 °C) (5:1) provided 79 as a white crystalline solid; mp &5 °C; MS (El) m/ée 202
(M*); TH NMR (Me,SOdg) & 1.22 (1, 3, COOCH,CH3). 1.87 (s, 4, CH;C=N), 3.64 (s, 3, COOCH,), 4.05
{4, 2, NHCH,C0,), 4.11 (q, 2, COOCH,CHj), 7.67 (1, 1, NH). Anal Calad for CgH, [N;0,: C, 47.52; H, 6.98;
N, 13.85. Found: C, 4730 H, 697; N, 13.90.

3(5)-Carbomethoxy-4-hydroxy-5(3)-methylpyrazole (80).7 Sodium (3.1 g, 135 mmol; wa' sdded 10 cold
(5 °C) MeOH (200 mL). Afier the sodium had reacted, crude methyl pyruvate hydrazone (7¥) !'. 4 g, 514
mmol) was added in one aliquot, and the solution was heated at reflux for 4 h. The solution was chilied in

Southern Research Inalitule



173

an ice bath and then, concentrated HCl (11.2 mL) was added siowly over 10 min. (If necessary, more HCI or
NaHCO; is added 10 adjust the pH to near neutral by pH paper.) Most of the MeOH was then evaporated,
and the residue was dissotved 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 sulfate, filtered, .
evaporated 10 dryness. The crude product (7.22 g, 90 % vield) was used in the nex1 step without further
purification. An analytical sample was obtained by column chromatography on 400 mesh - :a gel wity
chloroform-methanol (9:1) as the eluant; mp 154-155 °C; MS (EI) m/e 156 (M*); 'H NMR (Me,SOdj 8 2.10
(s, 3, CHy), 3.77 (s, 3, COOCHj), 835, 12.75 (br s, 2, OH and NH). Anal Calcd for CHgO3Ny: C, 46.15;
H, 5.16; N, 17.84. Found: C, 45.82; H, 5.36; N, 17.89.

Methyl 1-Acetyl-4-acetyloxy-3-methyl-LH-pyrazole. S-carboxylate [AVS-2956] (81). Crudz B0 (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, the s vents were removzd by vacuum, and the residue was dissolved in diethyl
ether and washed with water (2 x 30 mL). The eiher layer was dried with sodium sulfate, filtered, and
evaporated 10 give an orange-tinted residue. Trituration with cold ether, filtering, and drving gave 7.55 g of
81 (two crops, 85 %) as fine white needles; mo 75-77 °C; MS (El) m/e 240 (M*); 'H NMR {Me,SO-d) &
2.33 (s, 3, COCH,). 2.4 (s, 3, COCHy,), 2.68 (s, 3, CH,). 3.84 (s, 3, COOCH3); 1*C NMR (Me,SO,) 8 10.64
(CH5-3), 20.03, 22.39 (OCOCH, and NCOCH,), 52.10 (COOCH,), 134.38, 134.56, 136.61 (C-3, C4, C-5),
160.25 (COOCH,), 168.33, 171.38 (NCO, OCO). Anal Calcd for C;gH,,N,05: C, 50.02; H, 5.00; N, 11.67.
Founa: C, 49.73; H, 5.15; N, 11.F6,

Methyl 1-Acetyl-4-acetyloxy->bromomethyl- LH-pyrazole-5-carbosylate [AVS 299%6) (82). Compcrund Bl
(3.0 g, 12.5 mmol), benzoyl peroxide (250 mg, 1.03 mmol), N bromosuccinimide (4.90 g, 27.5 mmol) and
potassium carbonate (1.0 3, 7.23 mmol) were added to CCl, (120 mL) and refluxed for 2 k. Afier chiling
the mixture to 5-10 °C, the solution was filtered and evaporaled in vacuo. Trituration of the residue with
isopropanol crystallized the product which was filtered 2:d dried to give 3.28 g (82%) of 82 as a white solid;
mp 94-96 °C; MS (FAB) mje 319 (M + 1) 'H NMR (Me,SOd,) 8 238 (s, 3, OCOCH,), 2.73 (s, 3.
NCOCH,), 3.87 (s, 3, COOCH,), 4.8 s, 2, CH,Br); Anal Calcd for CyoH, BrN,Og: C, 37.64; H. 347, N,
B.78. Found: C, 37.73; H, 3.3, N, 8.64.

3(5)-[(1,3-Dibenzyloxy-2-propoxy) methyl] 4-hydroxy- LH-pyrazole-5(3) carooxamide (84) via Methyl 3(5)-
{(1,3-dibenzyloxy-2-propoxy)methyl) 4-hydroxy- LH-pyrazole-5(3)-carboxylate (83). Di-O-benzyighycerol (17.07
g 62.66 mmol) in dry THF (20 mL) was added dropwise over 0.5 h at room (emperature to a stirred
suspension of 60% NaH (2.51 g, €2.64 mmol) in dry THF (60 mL). Approximately 1 h after the addition was
complete, bromnmethylpyrazole 82 (4.5 g, 14.1 mmol) in dry THF (20 mL) was added in one aliquot a1 room
temperature under nitropen.  Afer stirring 15 min at room 1emperature. the temperature was raised to 60
°C for 0.5 h. The reaction was immediately cooled in an ice bath, and acetic acid (3.76 g, 62.66 mmol) was
added dropwise, resulting in the :eaction mixture acquiring a decp red color The solvents were evaporated,
and the residue was partitioned between water and ethyl acetste. The resulting emulsion was ireated with a
small amount of acetic acid and extracted with ¢thyl acetate (4 x 100 mL). The ethyl acetate exracis were

combined and evaporated to dryne: to give a semisolid residue that was chromatographed on siliva gel (70-
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230 mesh) eluting first with chloroform to remove excess di-O-benzylglycerol and then wilh ethyl acetate to
elute product 83 s part of a compiex mixture. The combined product-coniaining fractions were evaporated
to dryness giving 4.5 g of a residue which was added 1o cold saturated mcthanolic ammonia (-25 mL} and
wransferred to a steel bomb. The mixiure was heated at 95 °C for 5 h, cooled, and ¢vaporated to dryness.
After being dissolved in a small amount of chloroform and filtering, the filtrate was chromatographed on silica
gel (230-400 mesh) with a CHCl,-MeOH pgradient (98-95%). An additional 1.4 g of di-O-benzylglycerol and
a small amount of unreacted 83 were oblained by eluting with CHCl,-MeOH (98:2). Swiiching the gradient
to 95:5 resulted in the elution of product 84 as a clear oil which solidified on standing, 740 mg (35 % per
step over two sieps); MS (FAB) m/e 412 (M + 1); 'H NMR (Me,SOd,) 8 3.52 (m, 4, CH,CHCH,), 3.80
(br s, 1, CHOCH,), 447 (s, 4, CH,Ph), 4.56 (s, 2, CHOCH,), 7.31 (m, 10, Ar-H), 7.33-7.7 (m, 2, CONH,),
8.69, 9.38 (br s, 1, OH4), 12.89, 12.96 (br, &, 1, NH, mixture of 1automers).

3(5)-[(1,3-dlhydroxy-2-propoxy)uethyi} -4-hydroxy-1 H-pyrazole-5(3) -carboxamide (85). Compound 84 (520
mg, 1.26 mmot) and palladiuvia hydroxide on carbon (100 mg) were added io 1:1 EtOH-cyclohexene and heated
at reflux for 16 h, Because tbe reaction war incomplete, additional catalyst (20 mg) was added and rellux was
continued for 8 h. The reaction mixture was cooled, filtered through Celite, and the filtrate was evaporated
10 dryness. Acetone was added and evaporated away several times to produce a white solid wh.ch 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); 'H NMR (Me,SO-d,) & 3.42 (m, S, CH,CHCH,), 4.56 (s, 2, CH,OCH), 6.86 (br s, 1, CONH,), 7.44
(br s, 2, OH4, CONR,), 12.84 (br s, 1, NH). Anmal Caled for GH,:N,O,: G, 41.56; H, 3.67, N, 18.17.
Found: C, 41.10, H, 5.83; N, 18.29.

N.N-Dimethyl-1-adamantanecarboxamide (86a). 1-Adamanianecarboxylic acid chloride (2.0 g, 0.01 mol)
was added to a solution conlaining appioy:mately 20 ml benzene and 20 mL dimethylamine. The solution
was heated in a hot water batb, with stirring, for 2 min. The eolution was extracted with H,O (10 mL), 5%
HCl (10 mL), 5% NaOH (10 ~ ), and H,0 (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 207 (M™); IR (KBr) 2971, 2944, 2902, 2848,
1614, 1492, 1451, 1379, 1343, 1161 cm’); 'H NMR (Me,SO-dg) 8 2.9% (s, 6, NCHy), 1.96 (s, 3, H-3), 1.92
(s, 6, H-2), 1.66 (s, 6, H-4); 13C NMR (Me,S0-4,) & 175.2 (CQ), 40.8 (C-1), 383 (C4), 380 (NCH,). 36.1
(C-2), 279 (C-3). Anal Caled for Cy3r, NO -0.2H,0: C, 74.03; H, 10.23; N, 6.64. Found: C, 74.18: H,
10.01; N, 6.24.

N.N-Butyl-1 adamantanecarboxamide (86b). 1-Adamantanecarboxylic acid chloride (1.0 g, 0.005 mol) was
added to a solution containing approximately 10 mL benzene and 10 mL n-Lutylamine. The solution was
heated in a hot water bath, with swirling, for 2 min. The solution was then extracted with H,O (5 mL), 5%
HCl (10 mL), 5% NaOH (10 mL), and sgain with H,O (5 mL), respectivcly. The benzene was evaporaied
10 dryness 1o yield 0.54 g of white crystals; mp 8587 °C: MS (EI) mie 235 (M*); IR ('CBr) 3314, 2927, 2916,
2901, 2891, 2871, 2849, 1632, 1557, 1283 un’’; 'H NMR (Me,SO-d,) 8 0.86 {*, 3, CH,), 1.74 (m, 2, CH,CH;)
1.36 (m, 2, CH,CH,CH,), 1.64 (s, 6, H4), 1.72 (d. 6, H-2), 1.96 (s, 3, H-3), 3.02 (m, 1, NHCH,). 7.28 (s, 1.
NHj; 13C NMR (Mc,SOdy) 8 3957 (C-1), 38.71 (C4), 38.04 (NHCH,), 36.13 (C-2), 31.28 (CH,CH,CH,),
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27,64 (C-3), 19.43 (CH,CH,), 13.66 (CH,). Anal Calad for CsH,(NO: C, 76.54; H, 10.70; N, 5.95. Found:
C, 76.59; H, 10.73; N, 5.94.

1-Adamantanecarboxanilide (86¢), 1-Adamantanecarboxylic acid chioride (1.5 g, 0.008 mol) was added
1o a solution that contained approximately 10 mL benzene and 5 mL aniline. The solution was heated in a
hot water bath for two min with swirling. The solution was then extracted with H,O (5 mL), 5% HCl (10
mL), 5% NaOH (10 mL), and again with H;O (5 mL), respectively. The benzene was evaporated to dryness
to yield 1.3 g of white crysials. To insure the removal of any acid present, the splid was dissolved in ether,
and reextracted with a saturated sodivm hicarbonate solution. The ether eriract was evaporated to dryness
to yield 1.25 g white crystals, mp 190-192 °C; MS (EI) mse 255 (M™*); IR (KBr) 3285. 2915, 2899, 2848, 1652,
1645, 1597, 1538, 1439, 1310, 757 cm'}; 'H NMR (Me,SOd) & 1.70 (s, 6, H4), 1.91 (d, 6, H-2), 2.02 (s, 3,
H-3), 7.02 (¢, 1, Ar-H4), 7.28 (1, 1, Ar-H-3,5), 7.66 (d, 1, Ar-H-2,6), 9.09 (s, 1, NH); 13C NMR (Me,SO-d)
& 175.74 (C=0), 139.23 (NHC), 12821 (Ar-C-3,5), 122.93 (Ar-C4), 120.08 (Ar-C-2.6), 40.81 (C-1), 38.22
(C4,9), 35.95 (C-2,8,10), 27.62 (C-3,5.7). Anal Calcd for C;sH,NO: C, 7996, H, 829, N, 5.49. Found:
C, 79.84; H, 832, N, 544,

N-(2-Thiszolo)-1-adsmantylcarboxamide (86d). To 1-acamanianecarboxylic acid chloride (1 g, 0.005 mol)
was added 2-aminothiazole (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 extracied successively with H,O (5-10 mL), 5% HQ
(10 mL), 5% NaOH (10 mL), and again with H,O (5-10 mL). The benzene was evaporated yielding a white
solid which was recrystallized from hot ethanol (0.62 g); mp 198-200 °C; MS (FAB) m/e 263 (M + 1); IR
(KBr) 3246, 2915, 2906, 2850, 1650, 1542, 1313, 1278, 1268, and 1154 cm’’; 'H NMR (Me;SO-d,) 8 11.69 (5,
1, O=C-NH}, 748 (d, 1,/ = 3.8 Yz, thiazole H4), 7.19 (d, 1, J = 3.8 Hz, thiazole H-5), 2.06 (s, 3, H-3),
1.95 (5, 6, H-2), 1.70 (s, 6, H-4); *C NMR (Me,SOd,) & 176.78 (O=C-NH), 158.5 (thiazole C-2), 137.3
(thiazole C-4), 113.1 (thiazole C.5), 404 (C-1), 37.5 (C-2), 357 (C4), 275 (C-3). .Anal Calcd for
C;HsN;08: G, 64.09, H, 691; N, 10.68. Found: C, 63.97; H, 7.11, N, 10.98.

N-Methyi-1-sdamantancacetamide (87a). Thionyl chioride (0.44 mL, 0 006 mol) was added to 1 g (0.005
mol) of 1-adamantaneacetic acid and the mixture was hested gently, with stirring, for several hours. After
bringing the mixture to room tempersture, the aniline (5 mL, 0.05 mol) in approximately 0 mL ether was
added. The solution was again heated gently over a hot water hath, cooled 10 room temperature, and let stir
over the weekend. The mixture was extracied with H,O (10 mL), 5% HCl (10 mL), 5% NaOH (10 mL), and
again with H,0 (10 mL). The cther layer was then evaporated to drymess to yield 1.0 g of white cryswls, mp
113-116 *C; MS (E!I) mie 207 (M*); IR (KBr) 3272, 2926, 2901, 2847, 1653, 1636. 1562, 1451, 1409, 1339 am’);
'H NMR (Me,SOd,) 8 7.57 (brs, 1, NH), 2.54 (d, 3, 7 = 6 Hz, CHy), 1.91 (brs, 3, H-3), 1.81 (s, 2,
CH,C=Q), 159 (m, 12, H-2,4); 3¢ NMR (Me,SO-d,) 8 170.1 {C=0), 50.0 (CH,C=0), 421 (C-2), 365 (C-
4), 321 (C-1), 28.0 (C-3), 25.3 (CH;). Anal Celed for Cy3H; NO -0.5H,O: C, 7218 H, 1025, N, 648
Found: C, 72.15; H, 995 N, 6.40).

N-Methyl-1-oorsdamantanecarboxaniide (88). Thionyl chloride (0.51 mL, 0.007 mol) was added 10
3-adamantanecarbxylic &cid (1.0 g) with stirring. The mixture was heated gently for approximatcly 2-3 h
The mixture w.s ¢t o0} 10 roown tempersiure, then about 0.5 mL methvlamine in 10 mL eiber was added
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slowly with stirring. The mixture was lefi stirring overnight at room temperature. Additional ether was added
and the mixture was extracted with H,O (10 mL), 5% HCI (10 mL), 5% NaOH (10 mL), and again with H,O
(10 mL). The 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 em’);
'H NMR (Me,SO-dg) 8 742 (s, 1, NH), 259 (d. 2, J = 6 Hz, CH,), 250 (1, 1,J = 3 Hz, H-7), 222 (s, 2,
H-35), 187 (d d, 3, J = 12 Hz, H-4), 168 (d d, 4,/ = 6 Hz, H-69), 1.52 (d d, 4, J = 6 Hz, H-2,8);
13C NMR (Me,SO-dg) 8 54.2 (C-1), 46.7 (C-6.9), 43.1 (C-2,8), 42.4 (C-7), 36.9 (CH,), 34.2 (C4), 25.9 (C-3.5).
Anal. Caled for C;,H,sNO: C, 73.70; H, 9.56; N, 7.82. Found: C, 73.65; H, 9.61; N, 7.73.

I-Adamantyl, 3+4-Butylthiourea [AVS-2885] (91). 1-Adamantamine (10 g. 66 mmol) was dissolved in 150
mL hexane. lnsoluble material was filtered out and then r-butylisothiocyanate (8.4 mL, 66 mmol) was added.
After stirring for 3 h, solvent was removed yielding 10.7 g in two batches of white solid. Submitted batch mp
137139 °C; '"H NMR (CDCl;) & 5.8 (br s, 1, NH), 5.6 (br s, 1, NH), 2.15 (5, 9, CH, CH,), 1.7 (s, 4, CH,),
1.45 (s, 9, C(CH,)3): 13C NMR (CDC1;) 8 1795 (5, 1, C=S), 542, 53.2 (2 5, 2, C-NH), 42.2 (s, 3, C-4), 36.2
(s. 3, C-2), 29.5 (s, 3, C-3), 294 (s, 3, C(CHy)4); IR (KBr) 3274, 2907, 1537, 1391, 1356, 1324, 1310, 1299,
1201 cm}. Anal Calcd for C,sH,(N,S: C, 67.64; H, 9.84; N, 10.52. Found: C, 67.36; H, 9.99; N, 10.25.

1-Adamantylthiosemicarbazide (92). 1-Adamantylisothiocysnate (11.3 g, 0.059 mol} and hydrazine (1.89
mL, 0.059 mol) were combined in THF and the reaction 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; M3
(EI) m/e 225 (M™); IR (KBr) 3287, 3197, 2913, 2893, 2855, 2848, 1530, 1361, 1236, and 805 am’; 'H NMR
(Me,SOd;) 8 B..6 (s, 1, o -C-NH-NH, or NH,-C=8), 7.4} (s, }, S=C-NH-NH, or NH-C=3), 4.50 (5, 2, 5=C-
NH-NH,), 2.26 (d, 6, H-2), 2,01 (s, 3, H-3), 1.52 (s, 6, H-4); 13C NMR (Me,S0dy) & 179.0 (NH-C=S5), 51.9
(C-1), 41.3 (C4), 359 (C-2), 29.0 (C-3). Anal Caled for C,,H,(N,8: C, 58.63; H, 8.50; N, 1865 Found:
C, 58.95;. H, 8.90; N, 18.76.

2-[1-(1-Adamantyljethylidene] hydrazinecarboximidemlde Hydrochloride (93 . To a mixiure of I-
adamantylmethyl ketone (1.78 g, 10 mmoly and aminoguanidine bicarbonate (1.36 g, 10 mmo}) in 10 mL of
methanol was added 1 mL concenirated HCl. Afer 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 cther, and dried; mp 210-212 °C; MS (EI) m/e 234 (M™}; IR (KBr)
2396, 3388, 3379, 3370, 3358, 2924, 2904, 1672, 1661, am™’; 'H NMR (Me,SOdy) 8 10.86 (s, 1, NH), 7.53 (br
s, 4, NH,, H*), 1.99 (s, 3, H-3), L8S (s, 3, N=C-CHy), 1.73 (d, 6, H-2), 1.67 (m, 6, H-4}; 1°C NMR (Me,SO-
dg) 8 1627 (HN-C-NH,), 156.1 (N=C-CH,), 39.9 (C-1), 387 (C-2), 36.1 (C4), 27.6 (C-3), 12.4 (N=C-CHj).
Anal Calad for C,3H,,N,Cl - 0.75H,0: C, 54.92, H, 868 N, 19.71. Found: C, 54.83; H, 8.57;, N, 19.90.

2-[1-(1-Adamantyl)ethylident] hydrazinecarbothicamide (93b). To a mixture of 1-adamantyimethyl ketone
{0.89 g. 5 mmol) and thiosemicarbazide (0.45 g. 5 mmol) in 6 mL methanol was sdded 0.2° mL concentrated
HCI, snd the reaction monure beated at r=flux for 1 h. The mixture was allowed to cool at room temperature
and stand overnight. The white solid that separated was filtered off, washed with cthanol, and dried, yielding
0.92 g of cryswals; mp 206-207 *C; MS (EI) mje 251 (M*): TR (KBr) 3411, 2917. 2899, 2845, 1591, 1492, 1449,
1425, 1082, 527 cm’); 'H NMR (Me,SO<dy) 8 9.82 (s, 1. NHOC=S), 809 (s, 1. S=C-NHy), 7.3C (s, 1,

Souihern Research Loslilute



177

S=CNH), 1.98 (s, 3, H-3), 1.84 (s, 3, N=C-CH,), 1.71 (d, 6, H-2), 1.67 (5, 6, H4); }3C NMR (Me, S04 ) 8
178.7 (NHOC-NH,), 1593 (NH=C-CH,), 39.9 (C-1), 38.7 (C-2), 36.1 (C4), 276 (C-3), 124 (NH=C-CH,).
Ana’. Caled for C,3H,yNoS: C, 62.21; H, 842, N, 1672, Found: C, 62.12; H, 8.68; N, 17.01.

3-Bromo-N-l-(Z‘J'dlhydmxypmpyl)pyruolo[3,4-d]pyrimldln-4(SH)-onc" {(100). In a 250 mL round-
bottomed flask equipped with a magnetic stirrer and a calcium sulfaie tube was placed a mixture of 3-
bromopyrazolo[3,4-d]pyrimidine (5 g, 25 mmol), glycidol {1.73 g, 23 mmol), a trace of anhydrous polassium
carbonate, and DMF (100 mL). The mixture was stirred at 60 °C for 24 h. After cooling to room temp-
crature the undissolved ma:erial was filtered by suction and the s0lution was evaporated by reduced pressure.
Tt - resulting orange syrup was recrystallized from ethanol and applied to a cation exchange rolumn with 50%
MeOH and 50% H,O as the eluting solvents. The ciuant was concentrated, recrystallized from ethanol, and
dried to yield 600 mg (9%); mp 230-232 °C; MS (EI} m/e 289 (M + 1), IH NMR (Me,50d;) 5 3.48 (m, 2,
H-4'5", 398 (m, 1, H-3"), 446 (m, 2, H-1"2"), 475 (5, 1, OH), 495 (4, 1, OH). 82 (4, 1, J = 29.77,
H-7), 12.49 (s, 1, NH); IR 3292, 3287, 2884, 1690, 1609, 1541, 1392, 1074, 1032, 786 cm’; }3C NMR (Me,SO-
dg) & 508 (C-17), 69.8 (C-2'), 63.6 (C-3'), 1043 (C4), 120.2 (C-3), 1487 (C-7), 153.1 (C-5), 1563 (C-8).
Anal. Calcd for CgH oN,O,Bi: C, 33.20; H, 3.13; N, 1938, Found: C, 33.08; H, 3.45; N, 18.90.

1-(2,3-Dihydroxypropyt) pyrazolo[3,4d] pyrimidin-4(5H)-one (101). To a solution of 3-bromo-1-(23-
dihydroxypropyl)pyrazoio[3.4-d}pyrimidin-4,5-one (3.5 g, 12 mmol) in 50% aqueous ethanol (300 mL) was added
Pd/C (5%) 600 mg, and the mixture was hydrogenated at 48 psi at room temperature for 24 h. The reaction
mixture was filicred through Celitc pad and the filtrate was evaporated to dryness. Crystallizalion of the
residual solid from 50% agueous methsnol gave white crystals, yield 0.9 g (35.7%); mp 232-234 °C; MS (FAB)
mie 210 (M); 'H NMR (Me,SO-dg) & 3.40 (m, 2, H-3), 4.00 (m, 1, H-2’), 4.26 (m, 2, H-1'), 4.8 (brs,
2, OH), 8.05 (s, 1, H-3), 121 (s, 1, H-5); IR (KBr) 3270, 3262, 3250, 3085, 1700, 1651, 1595, 1580, 1535, 782
em’l; 13C NMR (Me,SOd,) & 157.3 (C-4). 152.2 (C-7a), 147.5 (C-6), 134.0 (C-3), 105.6 (C-3a), 70.1 (C-2'),
63.7 (C-3"), 504 (C-1). Anul Ca.d for CGGHgN,O5: C, 45.71; H, 4.79; N, 26.66. Found: C, 45.72; H, 5.11;
N, 26.29.

A-Bromo-1-(2’,3'.5'«tri-O-benzoyl- p-cibofurancsyl) pyrazolo [ 3,4-d) pyrimidin-4 (3H)-one  (i02). 3
Bromoallopurino! 99 (11 g, 51 mmol) and p-D-ribofuranose }-acetate 2,3,5-1ribenzoate (30 g, 50 mmol) were
added to dry mitromethane (125 ml.) and brought 10 reflux temperature. BF; - Et;O (9.9 g, 88 mL, 69.7
mmol) was added. The suspension became clear within 5 min and refluxing continued for 25 h. The solvent
was evaporated 10 yield a dark brown foam which was dissolved in ethyl acetate (800 mL) and washed with
ssturated NaHOO, (2 x 300 mL) and then water (2 x 300 mL) and dnied over NaSO,. The solvent was
removed 10 vield a brown foam. The foam was applied 1o a silica gel column using ethylecctate and
cyclohexane (2:1) as the eluting solvents. The unreacted sugar eluted first and was foliowed by the N-1 isomer
(Rf 0.37). The N-1 isomer was recrysiallized from ethyl acetate and methanol (4:1) yield 4.7 g, 15%; mp 213-
21€ °C; MS (FAB) mje 658 (M + 1); 'H NMR (Me,SOd) 8 4.63 (m, J5., 40y = 125 Hz, 2, H-5), 491
(m, Jyrgep, = 33 Hz, Jyu g, = 38 Hz 1, H4"), 615 (1, J3, ;. = 650 Hz, 1, H-3"), 625 (q, Jy',y', = 535
Hz, 1, H-2'), 668 (4, J,'y’ = 3.09 Hz, 1, H-1’), 7.45-807 (Ar-H's), 8.2 (s, 1, H-7), 1259 (s, 1, H-5).
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3Bromo-1-p-ribofuranosylpyrazolo[3,4-4) pyrimidin-4 (5H)-one (102a). 3-Bromo-1-(2°,3",5'-tri-O-benzoyl-
p-D-ribofuranosyl)pyrazolo|3,4-dfpyrimidin-4(5H)-one (4.7 g. 7 mmol) was combined with methanolic ammonia
(329 mL saturated at 0 °C) and placed in a steel bomb. The solution heated at 90-100 °C for 4 h overnight.
The solution was evaporaled 10 a clear brown residual oii and washed with benzene 10 remove benzamide.
Crystals were formed from water and ethyl-acetate (4:1), yield 1.5 g (60.7%), mp 228-230 °C; MS (FAB) m/e
346 (M + 1); IR (KBr) 3399, 3392, 3377, 3373, 3370, 1697, 1599, 1533, 1093, 1044 cm’}; 1H NMR Me,SO-
de) & 3.44 (m, J, 5., = 60 Hz, 1, H-5', 3.35 (m, J,, 5,y = 47 Hz, 1, H-¥, 390 (q, 1, H4'), 4153 (q. /5"
= 43 Hz, 1, H4"), 452 (q, /5, 5. = 49 Hz, 1, H-2"), 475 (1, J5. ¢s oy = 5.6 Hz, 1, OH-5"), 5.28 (d, /3, 5,.
on = 54 Hz, 1, OH-3’), 554 (d, J5, ;0 = 5.8 Hz, 1, OH-2"), 6.02 (d, J;, , = 4.7 Hz, 1, H-1), £.16 (s,
1, H-6), 12.56 (s, 1, H-5); 'C NMR (Me,SO-dg) 8 149.7 (C-6), 156.1 (C4), 105.0 (C-da), 122.2 (C-3}, 153.7
(C-7a), 88.2 (C-1), 853 (C-2'), 73.1 (C-3'), 705 (C4), 620 (C-5'). Anal Calad for CpH;iNO(Br:
C. .59 H, 3.1%; N, 16.13. Found: C, M.67, H, 3.43; N, 16.45,

4.Amino- p-D-ribofurarosyipyrazolo|3,d-d) pyrimidine (105). The 10% Pd/C catalyst (200 mg) was added
to a solution of 4-amino-3-bromoribofuranosylpyrazolopyrimidine 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 pad, and the filtrate was evaporated 1o give a residual solid (0.7 g,
37.6%), mp 205-210 °C; MS (EI) m/e 267 (M*); IR (KBr) 3424, 3258, ,221, 3165, 3157, 3151, 1658, 1603,
1573, 1041: 'H NMR (Me,SO-d,) & 3.44 (m, 1, H-5'), 3.56 (m, 1, H-5"), 3.92 (m, 1, H4"), 422 (m, 1, H-
3) 462 (m, 1, H-2"), 4.88 (1, 1, OH), 512 (4, 1, OH), 5.36 (d. 1, OH), 6.08 (4, 1, H-1"), 7.76 (br s, 2,
NH,), 8.2 (d, 1, Ar-H}); 3¢ NMR (Me,SO-dy) 8 133.2 (C-3), 100.4 (C4), 1579 (C-5}, i53.8 (C-7), 155.9 (C-
9), 88.5 (C-1'), 73.1 (C-2'), 70.8 (C.3'), 85.0 (C-4), 623 (C-5). Anal Calkd for C;pH;yNsO, - H,0: C
42.10; H, 5.30; N, 24.53. Found: C, 42.10; H, 542; N, 24.42

A second batch of 4-amino-f-D-ribofuranosy!pyrazolo{3.4 djpyrimidine (105) was prepared by the reduciion
of 104 (2.2 g, 6.3 mmol) with Pd/BaSO, (200 mg) in ethanoi to gine 0.7 g (41.6%). MS (EI) m/e 267 M*y;
Anal Calcd for CipH,4NO, -2H,0: C 39.60; H, 5.65; N, 23.05. Found: C, 39.20; H, 5.40; N, 23.03. Al
uther analytical data was essentially the same.

4(8)-Bromo-1{1H)-imidazole (lll}”. Sodium sulfite 33 g (0.26 mol) in appraximately 200 mL water and
2,4 5-trisromoimidazole (8 g, 0.026 mol) were refluxed for 3.5 h, cooled, and refrigerated overnight
Complcieness of reaction checked with TLC (silica ge) in ethyl acetate, developed in iodine). The reaction
mixture was =xtracted with »_.ner (5 x 250 mL), dned over sxdium sulfate, filtered, and evaporated to dryness,
yielding 2 g of a pale yellow solid; mp 118-119 °C; MS (EI) 392 (M*); IH NMR (Me,SOd) 8 1244 (br s,
1, H-1), 7.64 (s, 1, H-2), 7.25 (d. 1, J = 1.2 Hz, H-5); IR (KBr) 2817, 2811, 2590, 1297, 1189, 1069, 961, 821,
755, 619 cm'l; 13C NMR (Me,SO-dy) 8 135.7 (C-2. ¥qy = 83 Hz, Vg = 2106 Hz), 1156 (C-5, Yy =
30 Hz, Yoy = 1963 Hz), 1132 (C4 = C-Br), Yy = 94 Hz, Yy = 138 H2). Anal Calcd for
CyH N,Br -0.1H,0: G, 2422, H, 217; N, 18.83. Found: C, 24.06; H, 1.97, N, 18.64.

4-Amino-1-pentanol (113). The preparation of endo-norbornylamine was foliowed. 3% A solution of 3-
acetyl-1-propanal (51 mL), emmonium aceiate (385 g) and scdium cyvenoborohydride (22 g) in absolute
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methano} (1.5 L) was stirred 48 h at 25 °C. Concentrated RHCl was added until pH <2 and methanol was
removed in vacue. The residue was taken up in a8 minimum amount of wa.«er and extracted with ether (3 x
15(: mL). The aqueous solution was brought 10 pH >10 with solid KOH, and extracted with chloroform (5
x 100 mL). The combined extracts were dried (MgSQO,) and evaporated in vacuo 10 give fairly pure product
(47 g). The prnduct was further purified by distillation (50 g); bp 124 °C/26 mm [lit.2” bp 117-119 °C/25 mm];
IR (neat + a drop chloroform) 3342, 3277, 3219 (NH,, OH), 2955, 2930, 2865 (CH), 1595, 1450, 1375, 1061
cm’l; 'TH NMR (Me;SO+dg) 8 3.3-3.4 (1, 2, CH,0H), 3.0-26 (m, 4, CH, OH, NH,), 1.5-1.35, 1.35-1.2 (2 m,
4, CH,CH,}, 1.0-0.9 (d, 3, CH,); B¢ NMR {Me,80d,) 8 60.9 (C-1), 46.1 (C4), 36.1 (C-3), 29.4 (C-2) and
23.7 (C-5).

4.{4'-Hydroxy-1‘-methylbutylamino)-7-chloroguinoline (114).3'3'39 A mixture of 4,7-dichloroquinoline
(22.3 g) and 4-amino-1-pentanol (23.2 g) was cautiously heated 1o 145 = 2 °C with stirring in a 1L 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)} was added, and the reaction was stirred
overnight. The solid obtained was filtered, washed with water and dried, 32.5 g; MS (EI) m/e 264 (M™*). This
compound was used in the next step without further purification.

4-(4'-Hydroxy-1’-methylbutylsrino)-7-chloroquinoline (1id). A mixture of 4,7-dichlorcquinoline (10.3
g 0.05 mol) and 4-amino-]-pentano! (10.7 g, 0.) mol) was cautiously heated 10 145 °C under dry conditions
while stirring in a 500 mL round botiom fiask. The temperature and stining were maintained for 4 h. T.
mixture was cooled to below 100 *C before icc water (100 mL) was added. A . overnight stirring, the
resuiting white solid was filtered, washed witn water, and dried to give 10.4 g of a white solid. MS (El) m/e
264 (M*). The product was then used without ferther purification.

4-(4'-Ethylamino-1'-methylbutylamino)-7-chlervguinolize (1158).%* To 70 m!. of 48% hydrobromic
acid was cautiously added with cooling and stirring, 15 mL of concentrated sulfu-ic acic. carbinol 114 (32 g)
was dissolved in the acid mixiure and the resulting solution heated to boiling s rapidly as possible in an
Erienmeyer flask The mixture was simmered gently until the formation of turbidity denoted the scparation
of a second phase (usually about 5-10 min. of heating ~vas .eguired). Heaing wus ZisContinued at once
(longer heating appeared to destroy the product), the mixture was allowed to cool to 50 °C, and 100 mL of
water was added. The dense, viscous jower layer was taken up in chloroform, and the aqueous layer was
extracted with chloroform several times. The chioroform extracts ‘were combined, dried (MgSO,), and
iransferred to the flask to be used for the final step. Solvent was removed und«r reduced pressure with gentle
warming. and tbe resuliing viscous liquid was evenly distrit ated over the walls. Tne flask was then cooled
in an ice-batb, and 200 mL of anhydrous ethylamine was added. The flask was sealed with a stoppe* wired
on tighily, and the mixture was cooled and shaken wuntil all of the salt dissolved. The solution wus then
stirred for 42 h 8! 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 Lquid was
taken up in an equel volume of alcohol, and water was added to incipient turbidity. Then, 6 N HCl was
added until pH was between 8-82 The solution was further diluted with 600 mL of water and extracied
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thoroughly with ether to remove the byproduct. The aqueous solution, upon treatment wi.h 30 g of potassium
hydroxide vielded crude product, which was removed by extraction with chloroform. The solvent was removed
and distilled to give the pure product, 823 g; bp 175-180 °C {0.03 mm} [lil.’ bp 173-175 °C 0.05 mm]. The
distillate slowly solidified to a pale yeliow solid, mp 100-102 °C; MS (EIy m/e 291 (M*); 1R (KBr) 3274
(broad, NH, NH), 2964 (CH), 2930, 2820, 1612, 1575, 1540 (aromatic), 1490, 1454, 1424, 1381, 1366, 1331,
1280, 1255, 1205, 1150, 1130, 108C em}; 'H NMR (Me,SO-dg) 8 8.45-835 (d, 2, H-2.5), 7.85-7.80 (d, 1, H-8),
7.5-7.4 (d d, 1, H-6), 7.05-690 (d, i, H-1), 650645 (4, 1, H-3), 3.83.6 (m, 1, CH), 2624 (m, 5,
CH,NHCH,), 1.8-1.4 (m, 4, CH,CH,), 1.3-1. (d, 3, CHCHy), 1.054 95 (1, 3, CH,CH;); 3C NMR (Me,SO-
dy) 8 151.6 (C-2), 149.3 (©4 or C-8a), 149.1 (C4 or C-8a), 133.1 (C-7), 127.3 (C-6 or C-8), 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 (CH,CH,), 33.3 (C-2’' or C-3'), 262
(C-2' or C-3') 19.6 (CHCH,), 15.0 (CHLCH,). Anal Caled for C;¢Hp,N,Cl: C, 65.85; H, 7.60; N, 14.40.
Found: C, 65.62, H, 7.69. N, 14.33,

1-Amino-6-iminopurine (117). A stirred suspension of adenine (1.35 g, 10.0 mmol} ir ethanol (250 mL)
was treated with O-mesitylencsulfonylhydroxylamine (6.0 g, 28.0 mmol). After 1 h all of the suspended solid
had dissolved, and stirting was continued for 0.5 h, and a white solid separated. The mixture was chilled in
a dry-icefisopropanol bath, and the solid was collected, washed with cold methanol, and dried in vacuo: yield,
193 g (55%) [a second cTop was ohtained from the filirate, and was crysiallized to g.ve another isomer (by
MS and TLC)]. The product (1.93 g) was crystallized from methanol 10 give 1.25 g (which still contained a
trace of an impurity by TLC). This mesitylenesuifonate salt of 1-aminoadenine was dissolved in a solution
of aceionitrile and 1 N ammonium hydroxide (4:2), snd evaporated with 6 g of silica gel (230-400 mesh,
Aldrich) and then was chiomatographed on a flash column (tilica gel), and ¢luied with acetonivrile and 1 ¥
ammonium hydroxide (4:1). Fractions containing the product were combined, evaporated, and dried in vacuo
10 give the free base of }-amino-6-iminopurine (500 mg, 93% 1ecovely); mp 205-207 °C decs IR (KBr) (strong
1680-1625), 1545, 1470, 1425, 1375, 1335, 1185, 1175, 1120, 975, 645, 555. UV A, 207 (21,320), 257
(10,500 a1 pH 1; 208 (19,400, 260 (9,700) at pH 7; 269 (12,700) at pH 13. 'H NMR (D,0) 8 804 (s, 1,
H-3), 8.32 (s, 1, H-8). Anal Caled for CiHN, - 0.86H,0): C, 36.25; H, 4.70; N, 50.74. Found; C, 36.56;
H, 4.42; N, 50.57.

1-Aminoadenosinium  Mesitylene  Sulfonate [AVS-4610] (}iB).  Freshly prepared O-
mesiiylenesulfonylhydroxylamine (6 g) was added to & 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 dry ice-isopropanol bath.
The precipitate (2.7 g) was collected and dried, mp 193-194 °C; MS (FAB) m/e 283 (M + 1); UV A, 258
(12,740) at pH 1, 258 (12,790) &t pH 7, 258 (13,460) at pH 13; IR (KBr) 3282, 3149, 3650-2800 (broad, NH,,
NH, OH, SO,H), 2930, 1692 (SC,H)1635, 1605 (aromatic), 1560, 1510, 1420, 1230, 1210, 1175, 1120, 1085,
1065, 1015, 905, 860 an’’; 'TH NMR (Me,SO-d,) 8 10.15-10.05 and 9.25-9.15 (br 5, 2, C=NH and MesOH),
6.65-6.50 (br s, 2, NHy), 595 (d, 1, J = 5 Hz, H-1), 4.52 (4, 1, H-2"), 4.18 (1. 1, H-3"), 4.0 (g, 1, H4"),
364 (2 q, 2, H-5"), 2.5 (5. 6, O-mesitylene-H's} 215 (5, 3, p-mesitylene-H's); 3C NMR (Me;SO-d,) 8 151.4
(C6), 1489 (C-2, Yy = 2188 Hz), 1457 (4, Y,y » 1315 He Y,y = 5.1 Hz), 1425 (C3,
‘Jca_ Her ™ 217.8 Hz, 3Jc1, H,, = 4.05 Hz), 142.2 (C-SO;H), 1363 (Ar-C 4), 135.7 (4/r-C-2), 129.7 (Ar-C-3),
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118.5 (C-5). 87.7 (C-1", ‘JCP.H,; 167.2 Hz), 85.8 (C4‘), 74.3 (C-2°), 700 (C-3"), 60.9 (C-5'), 226 (o-
CH,), 20.2 (p-CH,); Anal. Caled for CygH, N SO4: C, 46.84; H, 5.49; N, 17.27. Found: C, 46.93; H, 5.5}, N,
17.46.

1-Aminoadenosine, Hydrochloride (118, X = Cl). Freshly prepared o-mesitylenesulfonylhydroxylamine (6
g, 0.028 mol) was added to a solution of adenosine (267 g, 0.01 mol) in methanol (200 mL). The solution
was stirred a1 25 °C for 1 h, and was then chilled in a dry-ice/isopropyl alcohol bath. The snlid was collected
and dried in vacus: yield 2.7 g (56%); mp 178-182 °C dec. This product (1.8 g. 0.0037 mol) was passed
through a Dowex 1-X2 (C1' form) 10 get the chloride salt {1.15 g). The crude product was dissolved in a
small amount of water, stirred with activaied carbon and filiered. 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 collecied, washed with ether, and dried in vacuo: yield 777 mg (24%), mp 200-203 °C; MS (FAB)
283 (M + 1); IR (KBr) 3402-3050 (broad, NH, NH,, OH's, H(l), 1780, 1500, 1425, 1410, 1165, 1030, 1000,
820, 730, 710, 700 cm’!; 'H NMR (Me;SO-g,) 8 3.58, 3.68 (2 m, 2, Ci1,-5°), 3.99 (apparent q, 1, H-4"), 4.17
(apparent q. 1, H-3') 4.52 (g, 1, H-2"), 516 (1, 1, OH-5"), 535 (4, 1, OH-3'), 5.68 (4, 1, H-1"), 6.74 (s.
2. NH,-1), 8.68 (s, 1, H-8), 8.78 (s, 1, H-2), 9.39, 10.11 (2 br s, 2, H—gl-l,-ﬁ; 13C NMR (Mc,SOd,) & 5un3
(C-5'), 70.03 (C-3'), 74.35 (C-2*), 85.83 (C-4’), 87.66 (‘Jcl_m = 166.3 Hz, C-1'), 118.48 (BJCS‘HB = 119
He, C-5), i42.60 (e ), = 39 Hz Jc, = 2180 Hz, C8), 14,82 (U, ng = 1311 Hz, e, = 53 He
Je oy, = 26 Hz C-4), 14882 (Ve,m, = 2187 Hz, C-2), 15139 (Y n, = 55 Hz, C6). Anal Calod for
C,oH,sCINGO, - 0.5H,0: C, 36.64; H, 492; N, 25.65. Found: C, 36.83, 36.79; H, 5.27, 5.21; N, 25.68, 25.54.

i-Amino-7-deazalnogine (122). A solution of 7-deazainosine (121) (534 mg, 2.C mmol) in LV sodium
hydroxide (6 mL) was treated with a solunon of hydroxylamine-O-sulfonic acid (340 mg, 3.00 mmol) in water
(4 mL). The rezction solution was left in the refrigerator overnight. The solid that had formed was collected,
and dried in vacun: yield, 383 mg. This product was crystallized from water, and dried in vacuo: Yyield, 323
mg {57%); mp 220-222 °C dec; IR (KBr) 3430, 3310, 1665, 1495, 1420, 1226, 1085, 1055, 1030, 740 anl. UV
Amax 205 om (20,730), 213 (20,710), 261 (6,610) at pH }; 213 (20,630), 261 (6,580) at pH 7, 216 (17,750},
262 (6,500) at pH 13; '"H NMR (Me.SOy) 6 3.55 2 m, 2, J;, 50, = 40 Hz Jy, 50 = 119 Hz, CH,-5"),
388 (q. 1, H4"), 407 (q. }, 73, 4, = 42 Hz, H-3'), 431 (4. 1, 3, 3, = 56 Hz H-2), 50 (L 1, Js. 5. 0H
= 5.4 Hz, OH-5’), 5.13 (4, 1, J3. 3,04 = 4.9 Hz, OH-3", 533 (4, i, Jy 5.0y = 6.04 Hz, OH-2'), 5.75
(s, 2. NH,-1), 600 (s, 1, J;, 5, = 6.1 Hz, H-1"), 6.57 (d, 1, JCTHB = 3.6 Hz, H-7), 741 (d, 1, H-8), 8.23 (s,
1 H-2). Anal Calod for ©,H,;,N,O: C, 46.81; H, 5.00; N, 19.85. Found: C, 46.53; H, 517 N, 19.89

1-Aminoguanosine (124). Guanosine hylisic (5.7 g. 20 mmol) was dissoltved in LN sodium hyJroxioe (60
mL), and tben was treated with a solutica of hydroxylamine-O-sulfonic acid (3.4 g, 30 mmol) in water (30
mL). The solution was stirred a1 room temperature overnight.  The solid that formed was chilled, collecied,
washed with water, acetone, and dried unde. nitrogen: yield, 3.5 g (59%:). This product was crystallized from
dilute ammonium hydroxide followed by one aysullization from water. The product was dried in vacuo
P,0q): yield, 2.5 g (39%), mp 240 °C; IR (KEi) 3480, 3465, 3350, 3120, 1670, 1625, 1590, 1575, 1505, 1415,
1100, 1058, 1035, 1020. UV A ., 257 nm (11,093), 2/7 (8,029) at pH 1; 208 (15,086), 257 (11,093) at pH
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7; 254 (12,931), 274 (sh) at pH 13; 'H NMR (Me,SO~d,) 8 3.56 (2 m, 2, CH,-£), 3.77 (q, 1, H4"). 4.09
(t, 1, H-3%), 492 (1, 1, K-2’), 5.70 (d, 1, H-1"), 7.10 (5, 2, NH,-1), 7.95 (s, 1, H-8). Anal Cald for
C,oH1{NgOs: C, 40.27; H, 4.73; N, 28.18. Found: C, 40.50; H, 4.77; N, 28.42,

Ethyl 2,2,4-Trimethyldihydroquinoline-6-carboxylate (127). A mixture of ethyl 4-aminobenzoate (50 g,
0.302 motl) and iodine (3 g, 0.012 mol) in acetore (200 mL) and toluene (1000 mL) was refluxed for 24 h
with stirring. The refluxing apparatus was then equipped with a distillation receiver 10 collect thz acetone-
water distillate. The reaction mixiure was then cooled and the distillation was replaced wi.h dry acetone.
Distillation was then resumed and this process was repeated until the reaction had gone to completion. The
solution was then cooled 1o room temperature, and the mixiure was evaporated 10 yield a brown resids ; which
was dissolved in ethyl acelate (200 mL), washed wit~ 10% NaOH (2 x 100 mL), waier {2 x 100 mL), and
dried over MgSO,. The ethyl acelate was evapurated to yield a dark solid which was wasbed with CHCl, and
pet. etaer. Crysiallization from CHCl, and pet. ether (1:2) yielded pale-green crystals. MS (FAB) 245 (M
+ 1); IR (KBr) 3346, 1684, 1660, 1598, 1368, 1289, 1270, 1258, 1219, 11} em’}; UV A, 255 nm at pH L;
233 nm at pH 7 and 13. 'H NMR (Me,SOdg) 8 1.25 (1, 9, CH,CH,, CH,), 4.20 (q. 2. OCH,CH,), 5.34 (s,
1, H-3), 642 (4, 1, Ar-H), 677 (5, 1, NH), 7.5 (4, 2, Ar-H); '3C NMR (Mc,SO-d;) 8 51.8 (C-2), 31.6 (C-2'
+ C-2'"), 1283 (C-3), 115.5 (C-4), 181.0 (C-4'), 126.6 /C-4a), 124.5 (C-5). 118.5 (C-6) 130.5 (C-7), 111.2
(C-8), 1482 (C-8a), 165.9 (C-6'), 595 (C-6"), 14.4 (C6'"). Anal Calcd for C;¢HgNO,: C, 73.43; H,
7.81; N, 607. Found: C, 7295 H, 812 N, 6.07.

Ethyl 1-N-Formyl-2,?,4-trimethyldihydroquinoline-6-carboxylate (128). Formic acetic m'lhydride.20 {18.05
g) was added dropwise 10 ethy! 2.2.4-trimethyldihydroquinoline-6 ~arboxylate (127) in a round-bottomed flask
equipped with a calcium suliate dring tube. The reaction stirred at room temperature foi 24 b and the
solution formed was evaporated to yield & residua; green il The product was taken up into chioroform (100
mL) and washed with NaHCO, (100 ml), water (100 m.; and dried over NaSO,. The solvent was flicred
through 50 g of s/ica gel and then concentrated by evaporation. Crystallization with chloroform-pet. ether
(1:2) gave 8 26% yield of the compound; mp 68-69 °C; MS (FAB) 273 (M + 1), IR (Kbr) 1718, 1704, 1666,
1602, 1340, 1290, 1261, 1421, 1109, 767 cm’}; UV Ay .. 252 nm st pH 1 and 7; 247 nm at pH 13; 13C NMR
(Me,SO-dgy 8 1.40 (4, 3, OCH,CH,), 154 (s, 6, C(CH3),), 2.10 (s, 3, CHy), 5.6 (5, 1, H-3), 6.42 (d, 1, Ar-H),
7.92 (s, 2, Ar-H), 860 (s. 1, HC=0); 13C NMR (MeSO-dg) 8 %6.5 (C-2), 27.4 (C-2' + C-2*), 1344 (C-3),
126.2 (C-4), 175.5 (C4"), 126.9 (C4a), 128.5 (C-5), 127.7 (C-5), 124.0 (C-7), 121.8 (C-8), 1385 (C-8a), 165.3
(C-6), 60.6 (C-6), 142 (C6""), 1612 (C-1'). Ane Calod for C,(H,oNO,y: C, 7030 H, 7.01; N, 5.12.
Found: C, 69.83; H, 7.2); N, 4.83.

1,2,4.Trimethyl-1,2-dihydroquinoline-6-carboxylic Ackd (129). A 250-mL round-bottomed flask fitted with
8 refx condenser was used to mix ethyl 2,2.4-trimethyl-1.2-dihydroquinoline cerboxylate (5 g, 20 mmol) in
8 1 N NaOH (100 mL) aqueous solution. Ethanol (40 mL) was added dropwise to help ¢ compound to
into solution. The reaction meaare wvas heated at reflux (105 °C) for 18 h.  Afier cooling to room
temperature the reaction mixiure was diiuted with an equal volume of watcr (130 mL) and poured with
stiming into 50 mL of HCl. The mixture was filtered and tbe filtrale was evaporated down to yield 3 g of
crude producL Recrystallization from ethanol gave beige crysuals (2 gj; mp 226-228 °C; MS (EI) m/e 217,
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'H NMR (Me,SO-d¢} & 1.24 (s, 6, C(CH,),), 1.9 (s, 3, CHy), 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 am'}; 13C NMR {(Me,SOd 8 18.1 (1-Me), 31.5 (3-Me), 51.6 (C-2), 128.) (C-3), 118.3 (C4), 126.6
(C4a), 124.7 (C-5), 116.2 (C-6), 113.; (C-T), 111.0 (C-8), 147. ' (C-8a). Anal Calcd for C,,H,;NO, - 0.5H,0:
C. 69.00; H, 7.12; N, 6.19. Found: C, 69.14; H, 7.11; N, 6.15.

1-Foruryl-2,2, 4-trimethyl-3-[ (3-chlorophenyl)carbonyloxy) - 1,2,3,4-tetrahydro-4-hydroxyquinoline-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 1-N-formyl-2,2.4-trimethyl-1,2-dihydroquinoline carboxyiate and CH,Cl, (100 mL).
The reaction mixture was allowed to reflux (50 °C) with stirring for 18 h. Afier allowing the reaction mixture
to cool to room temperature, the mixture was poured over cooled weter (300 mL) and stirred for 30 min.
The layers were separated and the organic layer was washed with saturated NaHCO; (2 x 100 mL}, H,0 (1
x 100 mL), and dricd over Na,50,. Solvent was removed in vacuo. The residue was 1aken up in chloroform-
pei. ether (1:3) and precipitation foliowed yielding pure product (1 g); mp 180-182 °C; MS (EI) m/e 445 (M);
'H NMR (Me,SOdg) & 1.32 (*, 3, OCH,CH,), 1.49 (s, 3, CH,), 1.55 (5, 3, CH,), 1.78 (br s, 3, CH,), 4.34
(9 2. OCH,CH,), 5.26 (s, 1, H-3). 5.85 (s, 1, OH), 7527 (m, 5, Ar-H-3), 792 (m, d d, 1. J,4 = 60.9 Hz,
J;5 = 2:4 Hz, H-7), 8.19 (d, 1, Ar-H-5), 874 (5, 1, NCO-H); IR (KBr) 1724, 1694, 1685, 1674, 1667, 1609,
1336, 1292, 1266, 744 an’; 13C NMR (Me,SO-dy) & 59.3 (C-2), 83.9-81.3 (C-3), 69.7 (C4), 139.9 (C4a), 1284
(C:5), 126.1 (C-6), 120.6 (C-8), 1394 (C-8a), 161.9 (C=0), 165.2 (C=0), 27.7-26.3, 23.5, 14.2 (CH,), 60.6
(CH,), 163.9 (C=0), 1283, 130.6, 131.3, 133.1, 133.2 (aromatic}. Anal Caled for CyH,,CINO( - 0.3H,0:
C, 61.21; H, 5.4%. N, 3.10. Found: C, 61.38; H, 5.50; N, 3.07.

Ethyl 2,2,4-Trimethyl-1,2,3 4-tetrahydroquinoline-6-carboxylste (132). To a solution of ethyl 224-
trimethyl-1,2-dihydroquinoline-6-carboxylate (2 g) in 50: aqueous ethanol (250 mL) was added Pd/C (5%, 425
mg). The mixture wus hydrcgenated at 25 psi for 72 h at room temperature. The reaction mixiure was
fitered through a Celite pad which was then further washed with hot ethanol. The filtrates were combined
and evapurated to dryness. The resulting crude crystalline solid was recrystullized from aqueous e:hano} (50%)
10 pive ofl-white crystals. The compound was dned in vacuo over P,Os (vield 1.6 g, 80%); mp 108-109 *C;
MS (EI 247 (M); IR (KBr) 3366, 3351, 1689, 1600, 1517, 1364, 1291, 1261, 1250, 1202 ar’l; 'H NMR
{Me,S0Od;) & 1.11 (s, 1, H-3), 1.2]1 (m, 12. CH,), 1.72 (d 4, 1, H-3), 2.81 (m, 1, H-4), 4.20 (q. 2, OCH,CH,),
6.44 (d, 1, H-8), 6.51 (5, 1, NH), 7.48 (d, 1, H-7), 7.65 (5, 1, H-5); 13C NMR (Me,SO-d¢) & 165.9 (CO), 1486
(C-8a), 126 4 (C-7), 127.9 (C-3), 1226 (C4a), 115.1 (C-6), 1123 (C-8), 59.2 (OCH,CH,), 48.7 (C-1), 43.3 (C-
3). 30.4 (CH3), 281 (CHy), 26.7 (C-4), 19.7 (CHjy), 14.4 (OCH,CH,). Anal Calcd for C,sHqy N, O, - 0.1H,O:
C, 7230; H, 8.5% N, 5.63. Found: C, 7237, H, £.83; N, 5.70.

5-Bromo-3-nitro-1,2,4-triazole (13%). A solution of 3-nitro-1.24-triazole (5.7) g 0.05 mol), sodium
hvdre de (2.0 g, 0.05 moi) and bromine (3.0 mL) in water (25 mL) was heated ai 80 °C unti the bromination
appeared to be compleie as shown by TLC (ethy] acetsie developer). Because MS rovealed the presence of
some sterting material, an additonal 0.5 mL of bromin= was added 10 the reaction solution, and the solction
was stirred at 80 °C for 1 h, then stirred at room temper=ture for two days. A small aliquot was worked up

and was found to still contain starting material, 30 another 1 mL addition of bromine was made and the
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solution was again stirred at room temperature for two days. Work-up of another small aliquot still sho ved
starting material, and therefore, a final addition of 1 mL bromine along with | mL 50% NaOH was 1n.aae.
The final resction solution was acidified to pH 2 with 1 ¥ HCI and extractied (4 x 50 mL) with eiLvl ac.iate.
The ethyl acetate solution was dried over anhydrous magnesium sulfate, fillered, and evaporated to dryness
vielding 5.0 g of an orange solid. Recrystallization from EtJAc-benzene gave 7 g of an off-white solid; mp
146-149 °C; MS (EI); m/e 192 (M); 'H NMR (Me,SO-d) 8 13.68 (br s, 1, H,O + H* + NH); B¢ NMR
{(Me,S0d,) 8 162.5 (CNO3y), 131.0 (Cbr). Anal Caled for CHN.O,Br: C, 13.02; H, 0.64; N, 28.64 Found:
C, 13.05; H, 0.68; N, 28.12.

6-Ethylthiopurine Riboside (137a). In a 250-mL round-bortomed flask sioppered with a calcium sulfaie
drying tube was mixed i1 g (38.7 mmol) of 6-mercaptopurine rituside, 5.9 g (42.6 mmol) of freshly dried
K,CO, and 150 mL of dry NN-dimethylacetamide. To this weil stirred mixture was adaed 4.2 g (38.7 mmol)
of ethylbromide. The addition was dropwise over 3-5 min. The redction was run under a nitrogen
atmosphere. After 1-1/z h of stirring at room icmperature, thin-layer chromatography (TLC) indicated much
product but some starting 6-MPR. The reactior mixture was heated a1 55-60 °C for 1 h, filtered hot through
a Celite pad, the flask and residue were washed with several postions of acelone, and the combined filtrate
and washings was evaporated in vacuo 10 a 5'Tup <50 °C. The svri'p was treated twice with 150 mL portions
of EIOH and evaporated. The syrup was then pumped at maw.mum vacuum for several hours. The residue
was dissolved in 150 mL of hot acelone, fiitered, concentrated to ~100 mL., cooled end scratched o induce
crystallization. The white product was collected, washed with a lhittle acetone ad dried a1 65 °C for 18 h over
phosphorus pentoxide; vield, 6.3 g (51%); mp 100-107 °C cap; UV X4, 294 nm (17,600) 225 am (10,3CC)
at pH 1; 292 (19,300} 225 (10,800} at pH 7, 293 (19,400) 225 (10,70C at pH 13; MS (FAB) m/e 313 (M +
1): IR (KBr) 1567, 1435, 1420, 1235, 1211, 1170, 1127, 1119, 1084, 1058, 944 cm’}; '"H NMR (Me,504,) 8
1.37 (1, 3, SCH,CH,). 3.36 (g. 2, SCH,CH3), 3.5/ 3.70 (2 m, 2, H-5'), 3.98 (apparent q, 1, H4’), 4.18
(apparem q, 1, H-3"), 4.61 (q, 1, H-2"), 513 (1, 1, OH-2"), 5.24 (4, 1, OH-¥'), 5.53 (d, 1, OH-5"), 6.00
o 1, H-1'), 871 (s, 1. H-8), 8.74 (5. 1, OH-2"). Anal Calcd for C,H,;NO,S: C, 46.14, H, 5.16, N, 17.94.
Found: C, 456.02; H, 5.18; N, 17.84.

6-Ethyithiopurine Riboside [AVS.2700] 7137s). In a 250-mL round-bottoned flask swoppered witk a
calcium sulfate drying tube was mixed & mercaptopurine riboside (11 g. 38.7 mmol), freshly dried potassium
carbonate (5.Y g, 42.6 mmol), and dry N N-dimethylacetamide. To this well-stirred mixture was added
ethyibromide (4.2 g, 38.7 mmol), dropwise over 3-5 min under nitrogen atmosphere. After 1.5 h at room
temperuture, thin-layer chromatography indicated mostly product along witi. some starting 6&MPR. The reaction
mixture was heated at 55-60 °C for 1 h and filicred hot through a Celite pad, The flask and residue were
washed with several portions of acetone, and the combined filirate and washings ~ere evaporated in vacuo w
8 syrup at <50 °C. The syrup was treated twice with 150 mL ponions of EtOH and evaporzied. The syrup
was then pumped at maximum vacuum for several hours. The residue was dissolved in 150 mL of bot
acetone, futered, concentrated 10 -100 ml., cooled, and scratched 10 induce crystailization. The white product
was collecied, washed w .. . litile acet~ne, and dried at 65 °C for 18 h over phosphorus peatoxide; yield, 6.0
g (50%). mp 100-107 °C .ap; UV A, 254 am (17,600) 225 nm (10,300) at pH 1; 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 + 1); IR (KBr) 1567, 1435, 1420, 1335,
1211, 1170, 1127, 1119, 1084, 1058, 944 cm”’; 'H NMR (Me;SO,) 8 1.37 (4, 3, SCH,CH;), 3.36 (g, 2,
SCH,CH,), 3.57, 3.70 (2 m, 2, CH;-5"), 3.98 (apparent g, 1. H-4%), 4.18 (apparent q, 1, H-3-'). 4.61 (q, 1,
H-2%), 5.13 (t, 1, OH-2"), 5.24 (4, 1, OH-3"), 5.53 (d, 1, OH-5"), 6.00 (4, 1, H-1"), 871 (s, 1, H-8), 8.74
(s, 1, H-2). A4nal Calcd for C,5H;(N,O,S: C, 46.14; H, 5.16; M, 17.94. Fou.d: C, 45.90; k. 5.31; N, 17.80.

6-Allylthlopurine riboside (137bj. Into a 100-ml r and-bottomed flask stoppered with a calcium dryin,
tube was mixed 6-mercaptopurine riboside (1.9 g, 6.69 mmol), freshly dried potassium carbonate (1.02, 7.36
mmol), and N, N-dimethylacetamide (60 ml). Allyl bromide (0.81 g 6.85 mmol) vas added dropwise 1o this
well-stirred m xture, ard the reaction mixture was stirred for 2 h at room temperature. When TLC showed
thc reaction to be complete, it was evaporated in vacuo at less than 40 °C, and then ethenol (75 ml) was
added and ev.oporaied twice. The resulting gummy material was dissolved in chioroform:methanol and passed
through a silica 21 flash column with 19:1 chloroform-methanol as ¢luant. Appropriate fractions (TLC) were
combined and evaporated. This material was again column chromatographed on 150 p silica gel with %1
CHCl;-MeOH as solvent. The proper fractions were combined and evaporated to give a plassy hygroscopic
solid (750 mg, 36%); UV i, 293 nm (18,900) at pH 1; 292 (20,300} at pH 7; 292 (20,400) at pH 13; MS
(FAB) m/e 325 (M + 1); IR (KBr) 1558, 1334, 1207, 1120, 1080, 1051 cml; 'H NMR (Me,SO-d,) & 3.58,
3.70 (2 m, 2, CH,-5"), 3.98 (apparent q, 1, H4'), 4.07 (d, 2, SCH,CH=C}H,), 4.19 (apparent q, 1, H-3').
4.60 (apparent g, 1, H-2), 519 (m, 1, OH-5"), 5§14 (m, 2, CH=CF,), 521 (d, 1, OH-3"); 536 (m, 2,
CH=CH,), 5.52 (d, 1, OH-2’}, 6.00 (4, 1, R-1'}, 6.00 (m, 1, SCA,CH=CH,), 872, 875 (2 5, 2, H-2,8).
Anal Calcd for C3H (N,O,S -0.15E10H -0.05CHCly: C, 47.19. H, 507 N, 16.6]1. Found: C, 47.13; H,
5.50, N, 16.52.

6-Ethylsulfonyl-5-[-D-ribofuranosylpurine (139). A stirred solution of 6-etbylthiopurine riboside (1.57 g,
5.03 mmotl) in 200 mL of acetone was treated with m-chlorcperoxyvenzoic acid (2.71 g, 1572 mmol). The
reaction wes stirred at room temperature for § h. The solvent was removed under reduced pressure, ana the
residue was stirred with ether (50 mL). The ether was decanted from the solid, and the ether washing was
repeated several times. This crude solid product 'vas purified on 2 silica gel <olumn by eluting with
chloroform:metha ol (7:1, v&). The combined product frac'ions were evaporated to give a glassy hygroscopic
solid that was dissolved in waier and lyophilized to give a hygroscopic solid that was dried in vacuo: Yyield
770 mg (45%), mp -65 °C; UV A 279 nm ¢ 8800) at pH 1, 279 (8,800) at pH 7. 254 (12,160), 309
(1,524) at pH 13; MS (FAB) m/e 345 (M + 1 IR (KBr) 1590, 1563, 1495, 1395, 1355, 1205, 1130, 1080,
1045, 725 cm'l; 'H NMR (Me,SOd) 8 1.40 1, 3, SCH,CH,), 3.62 (2 m, 2, CH-5'), 3.76 (q, 2, SCH,CH,),
4.01 (app. q. 1, H4"), 422 (g, 1, H-3"), 4.62 (q, 1, H-2"), 510 (1, 1, OH-5’), 5.26 (d, 1, OH-¥'), 5.60 (¢,
1, OH-2%), €.11 (4, 1, H-173, 9.14 (3, 1, H-8). Anal Calcd for C;,H,(N,O¢S -0.15E1OH -N.2H,0: C, 41.63;
H, 491; N, 1579. Found: C, 41.77; H. 5.27; N, 15.80.

1-p-D-"‘bofuranosyllmidazo(},2-b] pyrazole-7-casbrnitrlle  (147). A suspension of 1-(2°3°,5'-1r-O-
benzayl-p-D-ribofuranosyl)imidazo[1,2-b)pyrazole-7-carbonitrile (145, 13 g, 0.023 m) in about 500 ml of
me.hanol’c ammonia (satverated at O °C) was allowed to stand with occasional stirTing 4« room temperature

in a bomb for 3 days. The ammonia was then allowed to escape and the solution was evaporated 10 a yeliow
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gum. The residue was extracted with hot benzene (4 x 500 mL) 10 remove benzamide. The residue was
recrystallized from ethanol and the product was collected and dried at room temperature over phosphorus
penioxide, yield, 3,7 g, UV A.. 23 nm (16,100} at pH 1; 243 (15,800) at pH 7; 244 (15,700) at pH 13; MS
(FAB; m/e 265 (M + 1); IR (KBr) 1614, 1499, 1205, 121G, 1186, 1135, 1120, 1105, 1060, 1047, 1020, 870, 855,
700 cm’l; 'H NMR (Me,SO-d,) 8 3.50 (m, 2, CH,-5"), 3.94 (apparent q, 1, h-4"), 4.06 (apparent q, 1, H-
3°), 4.35 (q. 1, H-2", 5.03 (1, 1, OH-5%), 5.31 (d, 1, OH-3'), 5.59 (d, 1, OH-2), 5.65 (d, 1, H-1"), 7.68
(d, 1, H-2), 7.98 (d, 1, H-3), 815 (d, 1, H-6). Anal Calcd for C H,,N, Oy C, 50.00; H, 4.58; N, 21.20.
Found: C, 50.24; H, 4.48; N, 20.90.

2-p-p-Ribofuranosyl-5'-phosphate-1,3-thlazole-4-carboxamide (149). Water (1.7 g, 94.5 mmol} was added
carefully to a cold solution (0 °C of freshly disiilled phosphoryl chloride (22.5 g, 141.3 mmolj pyridine (13.5
g, 1721 mmol), and acctonitrile (259 ¢ 63 mmol). Predrisd tiazofurin (9.0 g, 34.6 mmol) was added, and
the mixture wus stirred at 0 °C for 4.5 h. The reaction mixture was poured ino ice-water (350 mL.), stirred,
and the pH was adjusted to 2.0 with 2 N sodium hydroxide. The solution was stirred for 1.5 h with
preswelled, acid-washed carbon-Celite mixture (1.5:1}. The column was washed thoroughly with water until
the eluale was sait-free. The column was efuted with a solution of ethanol-water-concentrated ammonium
hydroxide (10:10:1), and 25 mL fractions were takei. The fractions containing the nucleotide were combined
snd evaporated 1o dryness in vacuum. This anhydrous solid was dissolved in water and passed through a
column of Dowes 50W-X8 (50-100 mesh, H* form, 200 mL). Fractions containing the nucleotide were
combined, concentrated under reduced pressure, and lyophilized: yield 7.17 g (60%). This product was
converted to the sodium salt by passing its water solution through Dowes 50W-X8 resin (50-100 mesh, Na*
form, 200 mL). The fractions containing the nucleotide were lyophilized 10 give the product which was
contaminated with a small amount of sodium chloride. This impure product (6.45 g) was disso;ed in water
and passed through a column of Dowex SOW-X8 (50-100 mesh, H* form, 200 mL) to give product fractions
which wer: combined, concentrated, and lyophilized to give a solid. This product was taken up in ethasic!
and precipitated by adding c¢ther to give an oil that solidified after trituration in acetonitrile. The produc
was dried in vacuo: vield 4.85 g (41%); mp <80 °C; MS (FAB) 341 (M + 1); IR (KBr) 3345 (broad), 2975,
2940, 1660 1580, 1210, 1030, 476, 'H NMR (Me,SO-d,) 8 3.92 (m, 2, CH;-5"), 404 (m, 2, H-4"3"), 4.11
(1, 1, H-2"), 498 (4, 1, H-1'), 757 (2 br s, 2, NH,4), 823 (s, 1, H-5) Anal Calcd for
C-H,3N,0gPS - O.03C,HOH - 045H,0: C, 31.91; H, 4.40; N, 7.71. Found: C, 31.95; H, 4.5, N, 8.06.

1- B-D-Ribofuranosyl-5’-phospha‘e-1,2,4-triazole-3-carboxamide, Diammonium Salt (151). A cold 0 °C
stirred solution of phospuoryl chloride (3.3 mL, 32.6 mmol) in 66 mL of trimethylphosphite was treated with
ribavirin (268 g 11 mmol). This suspeasion was stirred at 0 °C for 6 .. Most of the solid dissolved after
the first 2 h of stirring. The reaction solution was then kept in the refrigerator overnight. The solution was
poured into 120 mL of weter (0 °C), and the pH was adjusted 10 2 with 2 N sodium hydroxide. The solutica
was extracted with two 150 mL ponions ot chloroform. This aqueous solution was applied 10 a piug columa
of activaled carboa (acid-washed) and Celite (60 mL:30 mL). The column was washed with water unt! salt-
free. The nucleotide was eluted with a solution of ~thanol-water-conc ammonium hydroxide (10:10:1). The

solvent was removed under redr~ed pressure, and the residue was dissolved in dilute ammonia Ethanoc] was
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added 10 the solution and the precipitate was collecied and dried in vacuo: yield, 1.97 g (38%). IR (KBr)
3500-2R00 (broad), 1680, 1475 (broad), 1295, 1065 (broad), 970 cm?; IV Amax 206 (11,236) at pH 1, 207
(11,236) at pH7. 'H NMR (Me,SOd,) & 3.70 (1, 2, CH,-5"), 4.07 (d, 1, H-4"), 4.23 (1, 1, H-3), 448 (1,
1, H-2), 577 (@, 1, H-1’), 7.64 (s, 2, NH;-3), 7.96 (s, 1, NH,-3), 896 (s, 1, H-5). Anal Calcd for
CgH{aN,OgP - O.25C,H(OH - 2NH, - 2H,0: C, 25.16: H, 6.08; N, 20.71. Found: C, 25.14; H, 5.89; N,
20.62.

1-p-p-Ribofuranosyi-5'-O-methylphosphate-1,2 4-triazole-3-carboxamide, Ammonium Salt (152). The 5’-
phosphate of ribavirin (3.2% g, '0 mmol)} was dissolved in a solution of mcthanol (400 mL) containing
tricthylamine (7.5 mL). Dicyciohexyicarbodiimide (16.6 g. 82 mmol) was added, and this solution was kept
at 37 °C overnight. The solution was first concentrated to about 150 mL under reduced pressure and then
was diluted with water, stirred for 4 h, chilled, and filtered 1o remove the dicyclohexylurea. The filtrate was
concentraied 10 an oil under reduced pressure and then dried in vacuo. This residue was dissolved in water
(50 mL), filtercd, and the clear filtrate was passed through a column of Dowex S0Wx2 resin (NH,*, 200 mL).
The product-containing eluates were combined, and evaporated in vacuo. The semi-solid residue was stirred
in ethano] (50 mL), and 1he white solid product was collected, and dried in vacwo: yield 2.18 g (55%). IR
(KBr) 3600-2800 (broa’), 1685, 1615, 1470, 1290, 1215, 1060, 820 em'!; 'H NMR (Me,SO~d) & 330 (4, =
11 Hz, 3, CH,0P), 3.78 (m_ 2, CH,-5%), 405 (q, 1, H4'), 4.2 (3, i, H-2"), 441 (1, 1, H-2’), 5.83 (d. 1, H-
1), 6.19 (4, 1, H-1"). 7.39 (s, 4, NH,*-5'), 7.65 (s, 2, NH,-3), 805 (s, 2, NH,-3), 820 (s, 2, NH,-3), 892
(s 1, H-5), 894 (s, 1, H-5). Anal Calcd for CgHgNsOgP - 0.75C,HsOH - 0.5H,0: C, 31.62; H, 593, N,
17.56. Found: C, 31.90; H, 6.21; N, 17.52.

1. p-D-Ribofuranosyl-5’'-0-diphosphate-1,2 4-trigvole-3-carboxamide, Dllithiom Salt (154). The tn-
etnylammorium salt of ribavirin 5’-phosphoromo, pholidate dihvdrate (800 1, 1.5 mmol} was dried by two
repetitions of dissolution in pyridine (15 mL) and evaporation in vacuo. Orthophosphoric acid (B5%) (0.3.
mL, 4.5 mmol) was dissolved in pyridine (15 mL) containing tri-n-buiylamine (1 07 mL, 4.5 mmol), and
evaporated in vacuo. Three evaporations with pyridine (3 x 15 mL) rendered this muxture anhydrous

Both of t*¢ above residues were dissoived in pyridine, combined, and the evaporation procedure was
repeated two more tisnes. The residue was dissolved in dry pyridine (20 mL), and stirred for 3 days (until
no morpholidate remained). The solvent was removed in vacuc and the residue was svaporaied several times
with water. The pH of the aqueous solution was adjusted to pH 6.5 with 0.5 M LiOH, and the aqueous
solution was wasiied several times with ether. The pH of the aqueous phase was adjusted 10 12 with LiOH
(total volume, 45 mL). This suspension was chilled at 0 °C for 0.5 h, and the litbium phosphate was removed
by filtration, and washed with a small amount of 0.0IN LiOH. The pH of the aqueous sojution was adjusted
to pH 8 with Dowex 50 (H™)-resin, and applied to a column of Dowex 2-X8 (C1 resin (2.5 x 15 cm). The
column was washed with water and then eluted with increasing concentrations of lithium chloride in 0.003 N
HCl: 0.0125 N, 005 N, 0075 N, 0.1 N, 0.25 N, and 0.5 N for over 2 L. Fractions containing the product
were combined and evavorated in vacuo. The residue was trealed with methzanol, diluted with aceton.
centrifuged, and the liquid was decanted 10 remove the LiCl. This procedure w_s repeated several times. The
residue (250 mg) was dissolved in watle: and freeze-dried 10 give the nucleoside diphosphate dilithiuvm salt:
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yield 230 mg (2¢%). IR (KBr) 3600-3100 (broad), 1(85, 1640, 1490, 1300, 1220, 1110 (broad), 940 cm’); 3!p
NMR (1.6 mL Hepes Buffer, pH 7.4; 0.4 mL D,0 and 0.05 mL EDTA) 8 -5.9, (2, 1 P, 4, 3:'1.2 = 22.1 Hz)
and -9.97 (1, 1 P, d qU). Anal Caled for CoH[,N,0;,P2Li, - 4.5H,0 - 2LiCl: C, 16.51; H, 2.64; M, 9.63.
Found: C, 16.51; H, 3.56; N, 9.61.

1,2,4-Triazole-3-carboxamide, }-B-D-Ribofuranosyl-$'-triphosphate, Disodium Salt, with Waer and
Disodium Pyrophusphate (155). Ribavirin (671 mg, 2.53 mmol) was added 10 a cold (0 ) stirred solution
of phosphorus oxychloride (0.76 ml, 8.19 mmol) in trimethylphosphate (10 mL). The reaction suspension was
stirred at 0 °C for 2 h before compleie dissolution occurred. This solution was treated with a solution of bis-
tri-n-butylammonium pyrophosphate {(8.69 g, 15,86 mmol) and tribut-lamine (3.2 mL, 13.25 mmol) in 15 mL
of DMF. This reaction solution wis stirred at 0 °C for 20 min, and was then poured into 350 mL of ice
water. The pH was adjusted to 8 witn tnethylamine before the solution was Ivophilized, and the residue was
washed with ¢ther and dricd. The soiid was dissolved in water, applied to an activated carbon-Celite-sand
column, and ¢luted with EtOH-H,O-concentrated NH,OH (13:10:1). The fractions containing the desircd
triphosphate were combined and freeze-dried. Thi~ 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 tne nucleotide were
collecied and lyophilized: yield 308 mg; MS (FAB) m/e 483 (M + 1); IR (KBr) 3100-3600 (hroad), 1690,
1255, 1095, 985, 890 cm’™; 1’P NMK (1.6 mL Hepes Buffer, pH 7.4, containing 0.4 mL D,O ana 0.05 mL
EDTA, 150 mg/10 mL, with HyPO, 35 externa! reference): & 21.2 (1), 10.3 (d 1), 6.0 (d). Anal Calcd for
GeHyaN, O NaP; - H,0 -NagH P,04: €, 1013 H, 181 N, 590, Found: C, 1031; H, 1.94; N, 5.87.

Formyeln B. (Pyrazolo{4,3-d]-65-7-pyrimidone, 3-B-D-ribofursnosy! (164), Farmycin B was synthesized
following a 14 step seaction sequence by L Kalvoda)®; mp 248-251 °C cap; UV A, 276 nm (7,700) at pH
1; 278 (7,700) at pH 7, 292 (8,400) at pH 17; MS (FAB) m/e 265 (M + 1); [R KBr) 1700, 1668, 1587, 1530,
1122, 1115, 1076, 1014, 930, 900 cta’; 'H NMR (Me,SO-dg) 8 3.48, 3.62 (2 m, 2, CH,-5'), 3.88 (q, 1, H4"),
4.60 (s, i, H-3", 4.43 (apparent q, 1, H-2), 4.90 (d, 1, d-1°), 7.89 (s, 1, H-5), 12.3, 14.06 (2 br 5, 2, H-NH).

2,3 5°-0-Acctylformydn B {3-(2,3,8-Tri-O-acetyl-p-D-ribofurarosyl)pyrazolo[4,3-0 pyrimidin-7T-one}
(165). Formycin B (164) was suspended with stirring in i3 mL of dry pyridine and 100 ml of acetic
anhydride. The reaction mixture was protecie! from moisture with iv argun atmosphere. (No exothermic beat
was detectabie.) The reaction mixture was chilled briefly in an ice bath, stored in the refrigerator, and shaken
occasionally. Complete solution was achieved in less than 24 h. Since TLC indicaied the reaction was
complete, tbe solvents were removed at reduced pressure. The resulting syrup was treated with 50 mL of
¢thanol and refluxed for 15 min. The etharol was evaporated, and additional ponions of ethanol were
evaporated until a foam was obtained. The foam was dissolved in chloroform and washed with 2 x 50 mL
ponions of 1 N HC, water, saturated NaHCO,, and brine. The CHCl; soltion was d.:ed, Shiered, and
evaporated 10 8 foam. The foam was dissoived in 50 mL of hot water, filtered, and aliowed 10 cool. Because
oiling occurred, the mixture was warmed and the solution was decanted. The warm solucion was cooled slowly,
and the sides of the flask were scraiched with a glass rod to induce crvstatiization. The white Jroduct was
collecied and dried over phosphorus pentoxide: yield, 5.3 g (36%); mp 171-172 °C cap; UV d4,, 274 am
(7,600), 217 (15,400) at pH 1; 277 (7.600), 217 (15,700} a1 pH 7; 291 (8,700), 229 (15,900} at pH 13; MS
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(FAB) m/e 394 (M + 1); IR (KB1) 1745, 1728, 1699, 1679, 1590, 1377, 1254, 1230, 1041, 924 cm’l: '"H NMR
(Me,50Gg) 8 2.00, 2.02, 2.09 (3 s, 9, COCH,), 4.10, 4.34 (2 m, 2, CH,-5'), 4.27 (apparent g, 1, H4"), 5.21
@, 1, H-1%), 5.48 (1, 1, H-3"), 5.78 (1, 1, H-2"), 792 (s, 1, H-2). Anal Caled for C;¢HgN,Og: C, 48.73;
H. 4.60; N, 14.21. Found: C, 48.66; H, 4.74; N, 14.26.

6-[1-(4-Ethoxyphenyl)ethyl]-1,3-benzodioxol-8-01 (171a). 4-Ethoxvacetophenone (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
collecied by filtration. The remaining mother liquor was evaporated to an vil which also solidified to 1 white
solid (17.6 g). The combined solid products were refluxed for 5 b with sesamol (13.8, 0.1 mol), wxalic acid
(1 g 0.008 mol), acetic acid (30 mL), and water (2.5 mL). An excess of water was added 10 cause the
separation of an 0il which was exiracied with ether. Solveni 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 10p of the precipitated mass. The remaining 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 (EI) m/e 286 (M); 'H NMR (Me,S0-d;) 8 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, 1, Ar-H), 5.85, 5.83 (2 d, 2, OCH,0), 434 (g, 1,
CH,CH,), 3.96 (g, 2, OCH,CH,), 1.42 (4, 3, CHy), 1.30 (1, 3, OCH,CH,); IR (KBr) 3463, 1510, 1436, 1248,
1230, 1199, 1179, 1040, 930, 853 cm’; 13C NMR (Me,SO-dg) 8 156.4, 148.4, 145.0, 140.0, 138.2, 1281, 124.7,
113.8, 106.8, 100.2 974, 62.8, 35.6, 20.8, 14.6 ppm. Anal Calea for C,-H,;0,: C, 71.31; H, 6.34. Found:
C, 71.14; H, 4.48.

6-[1-(4-Methoxyphenyl)ethyl]-1,3-benzodioxol-5-0l (171b). 4-Methoxyacetophenone (1> g, U.1 mol) was
added to 50 mL of stirring e*hanol. Sodjum borohydride (1.9 g, 0.5 mol} was then slowly added and the
mixture was stirred for 3 h. An excess of water was added to precipitaie ap oil which was isolaled by
extracting with ether. The resulting oil (21.8 g) was refluxed with sesamol (13.8 g, 0.1 mol), oxalic acid (1
g. 0.008 mol), acctic acid (30 mL) and water (2.5 ml.) for 5 h. An excess of water was again added to cause
separation of an oil. Exiracting with ether, drying witk sodium sulfate, and solvent evaporation gave an oil
which was crystallized using hexane-benzene-pet. ether, giving a brown solid (227 g). The solid (4 g) was
further purified by recrysiallization with ether-hexane, giving brown needle-like crystals (2.3 g). mp %0-92 °C;
MS (EI) mie 272 (M); 'TH NMR (Mec,SOd,) 8 9.04 (s, 1, OH), 7.13 (m, 2, Ar-H), 681 (m, 2, Ar-H), 661
(s, 1, Ar-H), 6.41 (s. 1, Ar-H), 5.84, 5.83 (s, d, 2, OCH,0), <.35 (q. 1, CHCH,), 3.69 (s, 3, OCH,), 1.42 (4,
3, CHy): IR (K™r) 3471, 1510, 1437, 1248, 1231, 1200, 1178, 1039, 926, 854 cm’l; 13C NMR (Me,SOdy) &
157.1, 148.4, 144.9, 139.6, 1383, 1280, 124.6, 113.3, 106.8, 100.2, 97.3, 54.8, 35.5, 20.8 ppm- Anal Calcd for
CieH Q4 C. 7058; H, 592. Found: C, 70.45; H, 5.94.

6-[1-(4-Methylphenyi) cthyt]-1,3-benzodloxol-5-0l (171c). 4-Methylacetophcpone (13.4 g, 0.1 mol) was
discolved in S0 mL of eibanol. Sodium borohydride (1.9 g, 0.05 mol} was slowly added, and the mixure was
stirred for 3 h. An excess of water was added to precipilate an oil which wes isolated by extracting with ether
10 give 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 mol), acetic acid (30 mL}, and water (2.5 mL) for 5 h. An
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excess of water was apgain added 'o precipitate 8 solid. Extracting with ether, drying with sodium sulfate, and
solvent evaporation gave an off-white solid (6.4 g); mp 116-118 °C; MS (El) m/e 256 (M*); 'H NMR (Me,SO-
dg) 8 9.05 (s, 1, OH), 7.12 (m, 2, Ar-H), 7.05 (m, 2, Ar-H), 6.62 (s, 1, Ar-H), €.41 (s, 1, Ar-H), 6.36, 6.34
(2 4, 2, OCH,0), 4.36 (4. 1, CHCH,), 2.24 (s, 3, CH,Ar), 1.44 (d, 3, CHCHj); IR (KBr) 3462, 1512, 1437,
1243, 1182, 1175, 1039, 925, 854, 823 cm’!; 13C NMR {Me,50d;) & 148.6, 145.0, 143.4, 1356, 134.3, 1285,
127.1, 124.5, 106.9, 100.3, 97.4, 20.7, 20.5. A4nal Caled for C,H,,0;: C, 7498, H, 6.29. Found: C,74.99
H, 6.43.

5-[1-(4-Fluorophenyl)ethyi]-1,3-benzodioxol-5-0l (171d). 4-Fluoroacetophenone (13.8 g, 0.1 mol) was
dissolved in 50 mL of ethanol. Sodium borohydride (1.9 g, 0.05 mol) was siowly added and the mixture was
stirred overnight. An excess of water was added to precipitate an oil whicn was isolated by extraciing with
ether. The resulting oil was refluxed overnight with sesamol (13.8 g, 0.1 mol), oxalic acid (1 g, 0.008 mol),
acetic acid (30 mL), and water (2.5 m). An excess 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 2 brown solid (1.4 =);
mp 109.5-111.0 °C; MS (EI) m/e 260 (M*); 'H NMR (Me,SO-g) 8 9.09 (s, 1, OH), 7.25 (m, 2, Ar-H), 7.06
(m. 2, Ar-H), 6.69 (s, 1, Ar-H), 6.41 (s, 1, Ar-H), 5.85 (d, 2, OCH,0), 4.39 (q. 1, CHCH,), 1.45 (4, 3,
CHCH,); IR (KBr) 3436, 1508, 1434, 1218, 1169, 1143, 1037, 836, 816, 543 cm’l; 13C NMR (Me,SOd,) 8
162.0, 158.8 (i}C.F = 241.3 Hz), 148.7, 145.4, i42.7, 142.6 (“JC_F = 2.95 Hz), 139.9, 128.9, 1288 (3JC_1_- =78
Hz), 124.2, 114.6, 114.4 (ZJCF = 20.9 Hz), 106.9, 100.4, 97.7, 36.1, 20.7. Anal. Calcd for C,gH,,O4: C, 76.03;
H, 7.09. Found: C, 75.71; H, 7.18.

S-Methoxy-6~[1-(4-methoxyphenyl)ethyl]-1 3-benzodioxol (172a}). 6-{1-(4-Methoxyphe nyljethyl}-13-
benzodioxol-5-01 (1.9 g, 0.007 mol} and methyl iodide (3.3 mL, 0.041 mol) was added to acetons (20 mlL).
Potassium carbonate (7 g, 0.05 inol) was slowly added and the mixture was refluxed for 24 h. The pctassium
salls were removed by filtration and rinse thoroughly with acetone. 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 on 1 silica gel column using ethyl acetaie pet. ether (1:15). The desired compound war isolated as
a yellow oil (1.2 g); MS (EI) mse 286 (M); 'H NMR (Me,SOdy) 8 7.12 (m, 2, Ar-H,, 6.82 (m, 2, Ar-H), 6.72
(2 s. 2, Ar-H), 5.92, 5.89 {2 d, 2, OCH,0), 437 (q, 1, CHCH,), 3.70 (s, 3, OCHj), 3.68 (s, 3, OCH,), 1.44
(d, 3, CHCH3); IR (KBr) 1511, 1483, 1465, 1423, 1246, 1191, 1170, 1038, 854, 831 cm’’; 13C NMR (Me,SOd)
& 1272, 1511, 145.6, 140.6, 138.1, 128.0, 127.0, 113.4, 107.0, 100.7, 95.2, 56.5, 54.8, 35.6, 20.9 ppm. Anal
Calcd for C;HgO, C, 71315 H, 6.33. Found: C, 70.91; H, 6.27.

S.Ethoxy-6-[1-(4-rthoxyphenyl)ethyl)-1,3-benzodioxol (172b). 6-[1-(4-Ethoxyphenyl)ethyl]-13-benzodioxol-
5ol (2 g, 0.007 mol) and ethyl iodide (3.3 mL, 0.741 mol) 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 acetone. The solution was evaporated to an oil,
and water was added 10 dissolve any remaining K;CO,. The crude product was isolated by extracting with
ether followed by solvent evaporation. The crude compound was then purified by column chromatography
using ethy! acetate-pet. ether (1:15). The desired compound was isolated as an oil, which afier several days,
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solidified as an off-white clump (1.6 g); mp 47-49 "C; MS (E1} m/e 314 (M); ‘H NMR {(Me,S0-d) 8 7.12 (m,
2, Ar-H), 6.80 (m, 2, Ar-H), 6.74 (s, 1, Ar-H), 6.68 (5, 1, Ar-H), 590, 589 (2 4, 2, OCH;0), 437 (q, 1,
CHCH,), 3.95 (q, 2, OCH,CH,), 3.89 (m, 2, OCH,CH,), 144 (d, 3, CHCH3), 1.28 (1, 3, OCH,CH,), 1.25 (1,
3. OCH,CH,); IR (KBr) 1510, 1504, 1486, 1477, 1233, 1225, 11&5, 1049, 1034, 928 cm'l; +3C NMR {Me,SO-
dy) 8 156.4, 150.2, 145.4, 140.5, 138.1, 128.0, 1274, 113.8, 105.9. 100.6, 96.2, 64.5, 62.7, 35.8, 20.9, 14.6 ppm.
Anal. Caled for C oH,,0,: C, 72.59. H, 7.05. Found: C, 7251; H, 7.02.
5-Methoxy-6-[1-(4-ethoxyphenyl)ethyl]-1,3-benzodioxel (172¢;. 6-[1-(4-Ethoxyphenyl)ethyl]-1,3-benzodi-
oxol-5-0l (2 g, 0.007 mol) was refluxed for 48 h with methy! iodide (3 mL, 0.014 mol}, acetone (6 ml), snd
potassium carbonate (7 g, (.05 mol). The solution was cooled and the potassium salts were removed by
filtraticn. The filtered salhis were further rinsed with acetone, and the combined acetone sojutions were then
evaporated 1o dryness. Water was acdded to the residue and the iesulting solid was collecied by filtralion.
Recrystallization using hot methanol gave brown, thick needle-like crystals (1.7 gy, mp 67-63 °C;, MS (EI) m/e
300 (M); 'H MMR (Me;SO-) 8 7.10 (m, 2, Ar-H), 6.80 (m, 2. Ar-H), 6.72 (2 s, 2, Ar-H). 5.91, 5.89 (2 4,
2, OCH,0). 4.35 {q. 1. CHCH,}, 3.95 (g. 2, OCH,CH,), 3.67 (s, 3, OCH,), 1.43 (d, 3, CHCH,), 1.29 (1, 3
OCH,CH,); iR (KBr) 1505, 1482, 1478, 1470, 1241, 1212, 1180, 1170, 1042, 856 em’l; 13C NMR (Me,SO-dg)
3 156.4, 151.0, 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
Cald for CjH0O, C, 7198, H, 6.71. Found: C, 71.64; H, 6.90.
S-Ethoxy-6-[1-(4-methoxyphenyl)ethyl]-1,3-benzodioxol (172d). 6-[1-(4-Methoxyphenyl)eriyi]-1,3-benzo-
dioxol-6~0l 171b (1.9 g, 0.007 mol) and ethyl iodide (3.3 mL, 0.041 mol} were added 10 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
polassiura salis were then removed by fitraion and rinsed thoroughly with sceione. Evaporation ol the
solvent gave a brownish solid which was recrysiallized 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 (Me,SOdg) 8 7.13 (m,
2, Ar-H), 6.85 (m, 2, Ar-H), 590 592 (2d, 2, OCH;O), 437 (q. 1, CHCH,), 3.88 (m, 2, OCH,CH,), 3.70
(s. 3, OCHjy), 145 (d, 3, CHCH3). 1.26 (1. 3, OCH;CH,); IR (KBr) 1504, 1484, 1478, 1430, 1178, 1041, 986,
853, 819, 349 cm’!; 13C NMR (h-dezSO-dG) 3 157.1, 150.2, 145.4, 140.6, 1382, 1280, 127.3, 113.3, 106.9, 10056,
96.1, 64.5, 54.8, 35.9, 20.9, 14.7. Anul Caled for CgHy0Cy: C 7198 H, 6.71. Fourd: C 71.85; H, 6.84.
S.Ethoxy-6-[1-methylphenyljethyl]-1,3-benzodioxol (172f). 6-{1-(4-Methylphenyl)ethyl]-1,3-benzodioxol-5-0l
171c (1.8 g, 0.007 mol) and ethyl iodide (3.3 mL, 0.041 mol) were added to acetone (20 mL) while stirring.
Polassium carbonate (7 g, 0.05 mol) was added, and the reaction mixture was refluxed for 48 h. The
porassium salts were removed by filtratior and rinsed thoroughly with acetone. Evaporation of the soivent
gave 8 dark oil. Water (50 mL} was added, the oil was extracted with ether, dried with sodium sulfate, and
the solvent evaporated to give the desired compound as a2 golden oii (1.3 g); MS (EI) m/e 284 (M*); H
NMR (Me,SO-d¢y & 7.10 (m, 2, Ar-H), 7.04 (m, 2, Ar-H), 6.76 (5, 1, Ar-H), 6.69 (s, 1, Ar-H), 5.91, 5.89 (2
d, 2, OCH,0), 4.37 (q, 1, CHCH,). 3.89 (m, 2, GCH,CH,), 2.24 (s, 3, CH3Ar), 1.45 (d, 3. CHCH,), 1.25 (i,
3, OCH,CH,); IR (K3r) 1504, 1484, 1478, 1431, 1178, 1041, 936, 853, 819, 349 cm’’; 1°C NMR (Me;SOd)
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5 150.2, 145.5, 1432, 1406, 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 C; H,,04 C, 76.03; H, 7.09. Found: C, 75.71; H, 7.18.
5-(2-Propenyloxy)-6-[1-(4-methoxyphenyl)ethyl)-1,3-benzodioxole (172g). 6-[1-(4-Methoxyphenyl)ethyl)-
1.3-benzodioxol-5-0l 171b (1.9 g, 0.007 mol) and allyl iodide (1.17 g, 0.041 mol) were added 10 acetone (20
mL) with stirr'ng. Potassium carbonate (1.74 g, 0.012 mol) was added, and the reaction mixture was refluxed
for 24 h. An excess of water was added to precipilate 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.as isolated
as an off-white solid (0.7 g); mp 50-51 °C; MS (EI) m/e 312 (M™*),; 1H NMR (Me,SO-d) 8 7.12 (d, 2, Ar-H),
6.80 (d, 2, Ar-H), 6,74 (s, 1, Ar-H), €.71 (s, 1, Ar-H), 5.98 (4, 1, CH=CH,), 5.90 (4, 2, OCH,0), 535 (4, 1,
CH=CH,). 5.21 (4, 1. CH=CHj), 4.41 (m, 2, OCH,-CH=CH,), 4.39 (g, 1, CHCH,), 3.68 (s, 3, OCH,), 1.44
(d. 3, CHCH,); IR (KBr) 1508, 1485, 1429, 1271, 1235, 1196, 1182, 1037, 929, 835 cm?; 3¢ NMR (Me,50-dg)
5 157.2, 149.7, 1454, 140.8, 138.1, 133.8, 128.0, 127.5, 116.7, 113.4, 107.0, 100.6, 96.5, 69.5, 54.9, 35.8, 20.9,
Anal. Caled for C,gH,004: C, 72.81; H, 6.80. Found: C, 73.06; H, 6.45.
6-[1-(2-(3,4-Dimethoxybenzyl)-4.5-dimethoxyphenyl)methyl) -1,3-benzodioxol.5-0l (174). 3,4-Dimethoxy-
benzyl alcohol (16.8 g, 0.1 mol) was refluxed with sesamol (:3.8 g, 0.1 mol), oxalic acid (1 g, 0.0C8% 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 cther. drying with sodium sulfate, filtening, and solvent evaporation gave an off-white solid (5.4 g); mp
132-133 °C; MS (El) m/e 438 (M*); 'H NMR (Me,SO-dy) 8 9.18 (s, 1, OH), 6.80 (4, 1, Ar’* H), £.75 (s,
1, Ar'-H), 6.73 (s, 1, Ar'-H), 6.8 (s, 1, Ar-H), 6.57 (m, 1, Ar”’"-H), 6.44 (s, }, Ar-H), 6.18 (s, 1, Ar-H),
5.81 (2 d, 2, GCH,0), 3.75 (s, 4, CHy), 3.57 (m, 12, OCH,); IR (KBr) 1514, 1506, 1436, 1257, 1232, 1228,
1176, 1154, 1138, 1-028 em }; 13C NMR (Me,SOd) & 149.1, 148.6, 147.11, 147.10, 1454, 139.6, 133.6, 1314,
131.1, 120.3, 1189, i14.4, 114.3, 1125, 111.8, 108.8, 100.4, 97.4, 55.6, 55.5, 55.4, 55.3, 37.2, 31.5. Anal Calcd
for C,sH,,O5: C, 68.48; H, 5.98. Found: C, 6845; H, 6.07.
5-Methoxy-6-[1-(2-(3,4-dimethoxybenzyl)-4,5-dimethoxyphenyl)methyi}-1,3-benzodioxole  (175a). 6-[1-(2-
(3,4-dimethoxybenzyl)-4,5-dimethoxyphenyl)methyl]-1.3-benzodiol-5-0l (174, 2.0 g, 0.004 mol) and methyl iodide
(3 mL, 0.041 mol) were added to acetone (20 mL} with stirring. Potassium carbonate (7 g " )5 mol) was
acded, and the mixture was stirred for 48 h. An excess of water was added to precipitate a ycllow solid which
was collected by filtration. The solid was recrystallized using hot methancl. The desired product was isolated
as white crystals (1.7 g); mp 107-108 °C; MS (EI) m/e 452 (M*); IH NMR (Me,SO-d,) 8 679 (d i, Ar'-
H), 6.79 (s, 1, Ar'-H), 678 (s, 1, Ar-H), 6.71 (s, 1, Ar-H), 6,68 (s, 1, Ar'’-H), 6.55 (4, 1, Ar'' H), 628
(s, 1, Ar-H), 590 (s, 2 OCH,0), 3.70 (m, 19. OCH; and CH,); IR (KBr) 1515, 1508, 1484, 1262, 1222, 1196,
1163, 1139, 11324, 869 cm’}; 13C MR (Me,SO-dg) 8 1515, 148.2, 147.0, 146.9, 145.8, 14003, 133.4, 131.2, 130.6,
120.9, 120.1, 114.3, 114.2, 112.4, 111.7, 108.9, 100.7, 94.8, 56.2, 55.55, 55.48, 55.4, 55.3, 37.1, 31.4; Anal Calcd
for Co HygO5: C, 69.01; H, 6.24. Found: C, 6895 h, "6l
5-Ethoxy-6-[1-(2-(3,4-dimethoxybes 4 5-iimethoxyphenyl)methyl])-1,3-benzodioxole  (175b). 6 [1-(2-
{3,4-dimethoxybenzyl)-4,5-dimethoxyphenyl ,methyl]-1,3-benzodioxole (174, 20 g, 0.004 mol} and ethyl iodide
(3.3 mL. 0.04] mol) were added to aceione (20 mL) while stirring. Potassium carbonate (7 g, 0.05 mol) was

added, and the reaction mixture was refluxed for 72 h. An excess of water was added o precipitate 8 solid
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which was filtered and recrystallized with hot methanol. The desired compound was isclated as a white solid
(1.2 g); mp 105-106 °C; MS (EI) m/e 466 (M*); 'H NMR (Me,SO-d,) & 6.79 (d, 1, Ar'"-H). 675 (s. 1, Ar"-
H), 6.72 (s, 1, Ar-H), 6.70 (5, 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, OCH,0), 3.94 (q. 2, CH,CHj,), 3.78, 3.70 (2 5, 4, CHy), 3.66 (m, 12, OCH,), 1.24 (1, 3, OCH,CHy). IR
(KBr) 1514, 1489. 1475, 1254, 1229, 1148, 1138, 1101, 1038, 1030 cm’l; 13C NMR {Me,50dg) & 1506, 148.5,
146.9, 146.88, 145.7, 140.3, 133.4, 13..1, 130.7, 121.3, 120.1, 114.2, 112.3, 111.7, 108.9, 100.6, 95.8, 64.Z 55.53,
5§5.46, 55.42, 55.3, 37.1, 31.4, 14.7. Anal Calcd for CpoHy Oy C, 63.51: H, 6.48. Found: C, 69.35; i, 6.76.

3-Phenylbenzo-1,4-thiazin-2-one oxime (1798).57% q-Chloroisonitrosoacetof.henone (2 g, 0.011 mol) and
2-aminothiophennl {1.38 g, 0011 mol, 1.17 mL} were dissolved in benzene, and the mixture was cooled in an
ice bath. Sodium methoxide (0.65 g, 0.012 mol) was slowly added with stirring, anc the reaction mixture was
allowed to slowly warm to room temperature. The mixture was tien heated at reflux for 2 h and cooled.
The yellow solid was collected and dried. Recrystallization from boiling ethanol gave yellow needle-like
crystals (3.7 g); mp 220-221 °C; MS (FAB) m/e 255 (M + 1); 'H NMR (Me,SO-dg) 8 1292 (s, 1, OH or
NH), 7.78 (m, 2, Ar-H), 7.60 (m, 1, Ar-H), 7.46 (m, 4, Ar-H), 7.36 (m, 2, Ar-H); IR (KBr) 3053, 3037, 3024,
2004, 2768, 2730, 1145, 1004, 994, 696 cm’’; 13C NMR (Me,SO-dg) 8 153.5 (C-5), 140.5 (C-2), 137.9 (C-3"),
137.6 (A1-C-1), 1312 (C-5), 129.5 (Ar-C-4), 129.2 (Ar-C-2), 128.5 (C-6), 127.5 (A1-C-3), 127.1 (C-7), 125.7
(C-8), 122.5 (C-8"). Anal Calcd for C;;H;)N,0S: C, 66.12; H, 3.95, N, 11.01. Found: C, 65.94, H, 4.28;
N, 11.09.

3-(4-Fiuorophenyl)-benzo-1,4-thiazin-2-ont. oxime (179b).57-%? 2.Aminothiopheno} (1.25 g, 0.01 mol) was
added 10 methanol (100 mL) with stirring. The solution was cooled in an ice bath, and sodium methoxide
(0.54 g, V.Ul mel) and a-chloroisonitroso-4'-fiuoroacetophenone (2 g, 0.01 mol) were slowly udded. Alier 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) mje 272 (M*); 'H
NMR (Me,SO-d) & 1292 (s, 1, OH or NH), 7.86 (m, 2, Ar-H), 7.60 (m, |, Ar-H), 7.47 (m, 1, Ar-H), 7.36
(m, 2, Ar-H), 7.26 (m, 2, Ar-H); IR (KBr) 3045, 3024, 2763, 1600, 1508, 1412, 1238, 998, 831, 754 em'l; 1’C
NMR (Me,SO-dg) & 1544, 161.2, 152.3, 140.5, 137.8, 133.94, 133.90, 131.7, 131.6, 131.2, 128.5, 127.1, 125.7,
122.6, 114.6, 114.3. Anal Calcd for C,,H,FN,0S: C, 61.75; H, 3.33; N, 10.29. Found: C, 61.73; H, 3.57;
N, 10.18.

3-[4-Methoxyphenyl)-benzo-1,4-thiazin-2-one oxime (179¢).5"%° 2.Aminothiophenol (1.12 g, 0.009 mol)
was added to methanol (100 mL) with stirring. The solution was cooled in an ice bath, bcfore sodium
methoxide (0.48 g, 0.009 mol) and a-chloroisonitroso-4’-fluoroacetophenone (2 g, 0.01 mol) were slowly added.
After 24 h of sirring, the solvent was removed by distiliation, leaving a solid which was recrystallized wi h
methanol. The desired compound was isolated as a yellow solid (1.2 g); mp 199-200 °C; MS (EI) m/e 284
(M*); TH NMR (Me,SO-dg) ¢ 12.88 (s, 1, OH or NH), 2.74 (m, 2, Ar-H), 7.59 (m, 1, Ar-H), 7.46 (m, 1, Ar-
Hj, 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*C NMR (Mc,SO-d;) 8 160.6, 152.4, 140.6, 138.2, 131.2, 131.0, 129.8, 1280, 126.9, 125.6,
122.5, 1129, 55.2. Anal Calcd for CH oN,0,8: C, 63.36, H, 4.26; N, 9.85. Found: C, 63.08; H, 4.57, N,
10.07
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Chloromethznesulfonic Acid, 1,4-Butanediyl Ester (184a). Into a 100-mL three-necked round-bottomed
flask equipped with un addition funnel. magnetic stirring bar, and a calcium sulfate drying tube was added
chioromethanesulionyl chlonde®2% (15.5 g, 0.105 mmol) dissolved in ethyl acetate (50 mL), with stirring and
chilling in a salt-ice bath. A solution of triethylamine (17 3 mL, 0.125 mmol) and 1,4-butancdiol (4.7 g, 0.052
m) was dissolved in ethyl acetate (10 mL) and added dropwise over 45 min with stirming. The reaction
mixture was stirred for 2 h and then stored in a refrigerator overnigh.. The triethylamine hydrochloride was
rzrnoved by filtration and washed with ethyl acetate. The filirate was washed witn brine solution (3 x 25 mL),
dried over MpS8O,, ilitcred, and evaporated. The snlid residue wa: triturated with ethyl acetale and dried
over rhosphorus penraxde; yield, 5.4 g (39%); IR (KBr) 1361, 1172, 1141, 1137, 1029, 937, 882, 855, %44 cm'l;
TH NMR (Me.SOd) & 1.80 (m, 4, OCH,CH,CH,CH,0), 437 (m, 4, OCH,CH,CH,CH,0), 535 (s, 4,
CICH,50.). A4nal Caled for CH,,Cl,0.S,: C, 22.86; H, 3.84. Found: C, 22.96; H, 3.97.

tiethylsu'fony)methanesnlionic Acid, 1,4-Butanediyl Ester (184b). Into a 100-mL round-bottomed flask
cquipped with an addition funnel, calcium sulfate drying tube, and 8 magnetic stirring bar was added
meths lcuifonvimethanesulfonyl chioride®4% (7 g, 36.3 mmol) and etiyl acetate (50 mL). The reaction solution
wis chilled in an ice bath and a solution of 1,4-butanediol (1.64 g, 1£.2 mmol) and triethylamine (4.4 g, 43.6
tamcl} in ethyl acctate (10 mL) was added dropwise over 10-:5 min. The mixture was stirred for 4 h in the
jce bath before \he insoluble precipitate was collected and washed with more ethyl acewate. The filtrate was
washed with brine (3 x 25 mlL), dried over MghO,, filtered, and evaporated, yield 10 g (14 %). The
previously separated EtOAc insoluble residue was treated with water, and the insoluble moterial was collected,
wasned again with water, and dried, yield 4.4 p (60%). The twc crops were combined, dissolved in
accivniirile, fibered, diluied with tenzene wetil cloudy, and scratchad to initiate cn<t~ization The produc
was collected and dried at room temperature over phosphorus pentoxide, yield, 3.6 g (49%;); mp 135-137 *C
cp IR (KBr) 1350, 1333, 1319, 1229, 1183, 1175, 1170, 1123, 929, 865 cml; TH NMR (Me,50d,) & 1.98 (m,
4. OCHCH,CH,CH;0), 3.25 (5, 6, SO,CH,), 4.53 (m, 4, OCH,CH,CH,CH,0), 525 (5, 4, SO,CH.S80,).
Anal. Calcd for CgH, 40,55, C, 1387, H, 4.51. Fourd: C, 23.73; H, 4.70.

Chloromethanesulfonic Acld, 4-i(Methenesulonyl}oxyJbut© Ester (189u}. 4-Benzyloxybul.anol°5 (10 g,
55.6 mmol; and triethylamine (6.73 ¢, 66.7 mincl, dissolved in ethy! acetaie (14 mL) was added dropwise over
40 min 10 & chilled solution of methanesulfonyl chioride %4%%(6.37 g, 55.6 mmol) in ethyl acetate (20 mL).
The mirure was stirred in an ice bath for 4 h before the tncthviamine hydrochloride was removed by
filtration. The residue was wathed with ethyl acetate, and the filtraie and washings were washed with brine,
dried over MgSO,, fil. ved, and evaporated. A yellow 0il was oblained which was passed through a column
of silica gel (300 g) and eluted with 21 hexinc-ethyl scetate. The appropriate fractions, &s ideatified by TLC,
were combined and evaporated, giving 9.2 g of 18%a ‘rom mwo crops. Both crops were dissolved in ethyl
acetate (100 mL), and the henzyl group was removed by hydrogenation at aimospheric pressuir usingy 10%
Pd/C as catalyst. The catalyst was reraoved by filiration through a Celite pad. The filtrate was then chilied
in an ice bath and treated with triethylamine (4.3 g, 42.5 mmol). A solution of chioromethanesulfonyl chloride
(5.2 g, 0.035 nif) in ethy] acetate (10 mL) was added dropwise over 25 =miu. The mixture was stirred for 0.5

h end stored at 610 °C overnight. The triethylamine hydrochloride was removed by filtration and washed ith
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cthyl acetaie. The filtrate was washed with brine, dricd over MgSO,, filtered, and evaporated; crude yield
74 g

After two recrystallizations from ethyl acetate: hexane, 2.6 g (27%) of pure product was obtained; mp
4446 °C cap; IR (KBr) 1364, 1351, 1338, 1170, 982, 938, 925, 879, 856, 532 cm’); 'H NMR (CDCL,) 8 1.9
(m. 4, OCH,CH,CH,CH,0), 3.02 (s, 3, SO,CH,); 4.29, 446 (2 m, 4, OCH,CH,CH,CH,0), 4.62 (s, 2,
SO,CH,CI). Anal Calcd for CH yC10,S,: C, 25.67, H, 4.67. Found: C, 25.80; H, 4.75.

(Methylsulfonyl)methanesulfonic Acid, 4-]{(Methylsulforyl)oxy] Butyl Ester (189b). 4-Benzyloxybuianol
136%° (10 g. 55.6 mmol) and triethylamine (6.7 g, 66.7 mmo!) were dissolved in ethyl acetate (15 mL) and
added dropwise with stirring 10 a cold solution of methanesuifonyl chloride®2%5 in ethyl acetate (25 mL) in
an ice bath. The reaction mixture was stirred for 2 h and stored overnigh® in a refrigerator. The
triethylamine hydrochloride was removed by filtracion and washed with ethyl acetate. The filtrate was washed
with brine, dried over MgSQO,, filtered, and evaporaizd. The crude product was purified with a silica gel (300
g} column using 2:1 hexane-¢thyl acetate, vield %2 g (64 %). The sulfonate ester was dissolved in ethyl
acetatr. (10C mL} and hydrogenated at atmcspheric pressure with 10% Pd/C. The catalyst was removed by
filtration through a Celitc pad. Triethylamine (4.3 g, 42.5 mmol) weas added to the filtrate (and washings) with
good stirring in an iz bath followed by the addition of a solution of (methylsulfonyl)methanesulfony!
chloride$2%* (5.4 g, 28.3 mmol) in ethyl acetate (25 mL). The reaction mixture was stirred for 1 h at 0 °C
and stored overnight in the refrigeraior. The triethylamine hydrochloride was removed by filtration, washed
with ethy icetate, and the filtrate (and washings) was washed with brine, dried over MgSO,, filtered, and
evaporatcd. Afier two recrystallizations from ethyl acetate-hexane, a pure product was obtained, yield, 3.6 g
(3% %) mp $7-98.5 °C; IR (KDr) 1370, 1351, 1339, 1330, 1235, 1177, 1160, 934 (broad), 854, 527 em'l; 1H
NMR (acetonedy) 8 1.92 (m, 4, OCH,CH,CH,CH,0), 3.19 (s, 3, OSO,CH,), 3.25 (s, 3, CH,SO,CH,), 4.31,
4.51 (2 m, 4, OCH,CH,CH,CH,0), 5.22 (s, 2, CH3SO,CH,). Anal Calcd for CoHOgS,): C, 25.92, H, 4.91.
Found: C, 26.02; H, 4.94.

[For the syntheses of compounds 191-194, we relied only on MS and IHNMR for confirmation of their
identifications. We fel that full characierization of all intermediates ‘#as unnecessary since we were closely
following a procedure provided by J. Bronson of Bristol-Myers. However, in the following experimental
descriptions, we have included all of the analytical dats supplied 10 us in the Bronson procedure.)

2-Chloromethoxyethyl Acetate (191). into a 500-mL round-bottomed flask a solution of acetyl chloride
(17.4 g, 220 mmol) in 80 mL of anhydrous ether was added dropwise via an additional funnel, over 1 h to
a mixture of 1,3-¢ioxolane (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 predistill - 0 remove any tricthylamine
inhibitor.] The reaction mixture was then stirred at room temperature for 25 I and evaporated in vacuo W0
remove any volatile materials. The resulting light-brown oil was purified by distillation under reduced pressure
10 afford a colorless oil (21.2 g. bp 54-55 °C at 0.8 mn. g); MS (El) m/e 152 M™*): 'H NMR (200 MHz,
CDCl) & 550 (s, 2, CH (1), 4.25 (1, 2,7 = 7 Hz, CH;), 3.80 (1, 2, J = 7 Hz, CH,), and 2.05 (s, 3, CHy);
IK (thin film}; 2980, 2950, 1740(s), 1460, 1380, 1735, 1140, 1080, and 650 cm’.

Southerns Research Imlitute



196

2-(Diisopropylphosphonylmethoxy)ethy! 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 with a reflux condenser and a gas inlet adapter. The reaction mixture was heated
at around 100-110 °C for 18 h. (Bubtling 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*): 'H NMR (CDCl,) & 4.79 (apparent octet, 2, J = 6.5 Hz, CH), 4.24
{t. 2.7 = 4.5 Hz, CH,), 3.81 (1, 2./ = 4.5 Hz, CH;), 3.79 (4, 2,/ = 8.2 Hz, CH,), 2.08 (s, 3, CH3), and 1.35
(d, 12, J = 6.5 Hz, CH3); }3C NMR (50 MHz, CDCl,) 8 170.85, 71.10 (d, J = 7 Hz), 70.88 (d. 7 = 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, 1742(s), 1468, 1456, 1387, 1377, 1242(s), 1180, 1132, 1109, 1057, 991(s), and 890 cm.

2.Diisopropylphosphonylmethoxy-i-ethanot (193). A solution of 2-diisopropylphosphonyimethoxyethy!
acetate (192) (79.9 g) in 500 mL of acetone-water (4:1) was treated with concentrated HCl (428 mL). The
reaction mixture was stirred at 50-55 °C for 72 h. The resulting solution was concentrated in vacuo 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-(Diisopropylphosphonylmethoxy)ethylmethanesulfonate (194). 2-Diisopropylphosphonylmethoxy-1-¢th-
anol (193) (100 g, 0.47" mol, accumulated from combined ruis) was dissolved ir 850 mL of anhydrous
methylene chloride (dried over activated molecular sieves) and the solution was cooled 10 0 °C. After 15 min,
the methanesuliony! chloride was added rapidly (55.8 g. 37.5 mL, 0.490 mol) followed by dropwise addition
of triethylamine (81.56 g, 125 L, 0.806 moly over 1 h. The resulting clear-yellow sclution was stirmed at
room temperature for 18 h and then 200 mL water was added. The reaction mixture was stirred for 10 min
before the organic layer was separated and the aqueous layer was extracied with 300 mL methylene chloride.
The combined organi: portions were washed with saturated sodium chloride solution (2 x 300 mL). The
compound was isolated by ecvaporation in vacuo 10 yield & yellow oil and wes purified by column
chromatograpby in silica gel (5:1), eluting with a gradient of 3-5% methanol-methylene chioride. MS (FAB)
mje 319 (M + 1% 'H NMR (CDCl,) & 4.78 (d of septet, 2,7 = 5, 6.2 Hz, CH), 4.38-4.42 (m, 2, CH,), 3.86-
3.90 (m, 2, CH,), 3.80 (4, 2,/ = 86 Hz, CH,), 3.09 (s, 3, CHy), and 1.36 (d, 12,/ = 62 Hz, CHy); 1°C
NMR (CDCly) & 7121 (4, J = 7 Hz), 70.75 (d, J = 11 Hz), 68.7], 66.12 (d, J = 170 Hz), 37.73, 24.07 (4.
J = 4 Hz), and 2399 (d, ] = 4 Hz); IR (1hin film) 2983, 2937, 2881, 1739, 1468, 1456, 1414, 1376, 1355 (s),
1253, 1177 (s), 1133, 1108, 988(s}, 926, 836, 808, 755, and 727 em'’.

9.(2-Diisopropylphosphonyimethoxyethyl)adenlne (195). Sodium hyéride (1.2 g, 0.05 mo!) wus added to
a stirred slurry of adenine (2.0 g. 0.014 mol) in 100 mL of anhydrous dimethyl{ormamide in a 200-mL three-
necked round-bottomed flask equipped with an overhead mechanical stirrer and an argon inlet adapier. [he
seaction mixture was heated at 80 °C for 2 h to give a thick, white slurty. A solution of 2-(di..oprop-
ylphosphonylmethoxy)ethylmethanesulfonate (194) (7.7 g, 0.024 mol) in 10 mL of 2nbydrous DMF was then
added over 10 min to the hot slurry and the reaction mixtiure was raised to 100 °C. The reaction mixture was

stirred at 100-105 °C for 14 h, allowed 1o cool to room temperature, and filtered 1o remove insojuble material.
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The filirate was concentrated in vacuo and the gummy, semi-solid residue was suspended in 100 ml of 10%
isopropanol in methylene chloride. The mixture was filtered, and the filtrate was concentrated in vacuo 10
give an orange, viscous residue. Purificaiion by column chromatography on silica gel (10:1), eluting with a
gradient of 3-109% methanol in methyiene chloride afforded 2.11 g (24.6% yield) of a white crystalline solid.
This material was purified further by reciysiallization from ethyl acetate-toluene. MS (EI) m/e 358 (M), 'H
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 (1, 2,
J = 48 Hz, CH,), 391 (1, 2, J = 4.8 Hz, CH,), 3.79 (¢, 2, J = 84 Hz, CH,), 1.18 (¢, 6, J = 6.5 Hz, CH,),
and 1.13 (d, 6,J = 6.5 Hz, CH,); 3¢ NMR (CDCl,) 3 155.86, 152.23, 149 46, 140.90, 118.57, 70.22 (4, 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-Phosphonylmethoxyethyl)adenine  (196). A solution of 9-(2-diisopropylphosphonylmeth-
oxyethyl)adenine (195) (2.11 g. 0060 mol) in 20 mL of anhydrous acctonilrile was treated with
bromctrimathylsilane (829 g, 0.054 mol), and the resulting clear, yellow solution was stirred at room
temperature under argon for 16 h. The reaction mixture was concertrated in vacuo and the yellow residue
was placed under high vacuum for $ h. Water (15 mL) was added next, causing immediate formation of a
white precipitate. Acetons (15 mL) was added, and the pale yellow slurry was stirred at room temperature
for 14 h. The solid was collecied by filtration, washed twice with 10 mI. of zcetone and once with 10 mL
of anhydrous eiher. An additional portion of solid was collecied from the filtrate. The combined solids were
recrysiallized from water 10 afford 1.41 g (86%) of an off-white crysialline soiid; mp >250 °C; MS (El) m/e
273 (M*); 'THNMR (Me,SOd,) & 8.14 (s, 1), 8.13 (s, 1), 7.2 (br s, 2), 4.32 (1. 2, J = 5 Hz, CH,), 3.87 (,
2,J = 5 Hz, CH,, and 3.59 (d, 2, J = 8.8 Hz, CH,); 3¢ NMR (Me,SOdy) 3 151.10, 148.70, 146.28, 143.80,
118.05, 69.24 (4, J = 10 Hz), 66.27 (d, J = 160 Hz), and 43.15. Anal Caled for CH ,NOP-0.5 H,O:
C, 34.04;: H, 4.%4; N, 24.82. Found: C, 33.90; H, 4.76; N, 24.86.

9-[2-(Diethylphosphonylmethoxy)ethyl)-2-amino-6-chloropurine (209). To a heierogeneous mixture of 2-
amiro-6-chloropurive (5 g, 29 mmol) ard K,CO, (6 g 43 mmol) in DMF (80 mL) was added 2-
{diethylphosphonylmethoxy)ethyl-1-tosylate (8.75 g, 23 mmol). The reaction mixiure was stirred at rcom
temperature under argon for 72 h, and then the reaction was heated at 60 °C for 4 h. The reaction mixiure
was filtered, and the filirale was evaporated in vacuo to 8 gummy yellow residuc. The semisolid residuc was
suspended in 600 mL of 30% n-propyl alcohol in CHCl;. The mixture was filtered and the filtrate was
concuntrated to give a dark vellow viscous residue (14 g). Puribication by column chromatography on silica
gel, eluting with a gradient of 5-+10-14-16% MeOH in CHCl,, yiclded pale yellow crystals (7.8 g); MS (FAB)
mie 349 (M + 1) 'H NMR (Me,SOdg) 8 1.15 (1, 6, CH,CH5), 3.82-3.88 (m, 4, NCH,CH,O, CH,P), 3.92
(m, 4, OCH,CH,), 4.25 (m, 2, NCH,), 651 (s, 2, NH,), &1 (5, 1, =CH).

Methyl 1.12.(diethylphosphonylmethoxy)ethyl}-1,2,4-triazole-3-carboxylate (211). Methy} 1,2,4-triazole-3-
carboxylate (210) (3.81 g, 0.075 mol), 2-(diethylphosphony!methoxy)ethane-1-1osylate (6.3 g, 0.083 mol), and
anhydrous potassivm carbonate (5.6 g, 0.04 mol) were added to 150 mL dry DMF under argon. The mixture
was stirred at room temperature with periodic checking by TLC (CHCl;-McOH, 9:1). Afier 2 days, the
reaction seemed 10 siall, and therefore the mixiure was heated at 90 °C for two B hr insialiments. The

reaction mixiure was then cooled to room temperature and filtered 1o remove 1nsoluble materials. The DMF
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was then evaporated and the resulting semisolid sludge was chromatographed on silica gel (CHCl,-MeOH, 9:1).

Among the isolaied products were the desired intermediate (Rf = 0.5), a structural isomer (Rf = (.6), and
a product (Rf = 0.45) whose MS corresnonded to the decarboxylated analog, diethylphosphonylmethoxylethyl-
1,2,4-triazole with the actual site of alkylation 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 1o the carboxamide, the mixwure of products
was used. Separation of the decarboxylated anaiog (213) from the resulting amide (214) was much casier than
from the corresponding ester (211). MS (FAB) m/e 321 (M + 1); 'H NMR (Me,SOdg) 8 B.68 (s, 1, triazole
H), 4.48 (1, 2, J = 5 Hz. NCH,), 3.98 (apparent q, 4, J = 8 Hz, OCH,CHj), 3.92 (m, 2, CH,P), 3.36 (s, m,
5, OCH,, NCH.CH,), 118 (1, 6, J = 7 Hz, OCH,CH,). Anal Caled for CigH (N,OsP -0.5H,0: C, 38.10;
H, 6.39; N, 17.77. Found: C, 37.97; H, 6.16; N, 18.16.

1-[2-(Diethylphosphonyimethoxy)ethyl)-1,2,4-triazole-3-carboxamide (214). The mixture of products {0.75
g) containing 211 and 213 from the previous reaction were added to concentrated ammonium hydroxide (50
mL) and stirred overnight at room temperature. The solvent was then removed under vacuum ai 3 the
resulting viscous light vellow oily residue was chromatographed (silica gel, CHCl;-MeOH, 9:1) 10 scparate the
mixture of producis, carboxamide (214) (0.6 g, Rf = 0.25) and the decarboxylated triazole analog (213) (0.1
g Rf = 0.45}, both as almost colorless, viscous oils. MS (FAB) m/e 303 (M + 1); IR (KBr) 3315, 3184, 1685,
1479, 1291, 1238, 1121, 1047, 1026, 974 cm’’; 'H NMR (Me,SO-dy) 8 8.56 (s, 1, triazole H), 7.74, 7.54 (2 br
s. 2. NH,), 4.42 (1, 2, ] = 5 Hz, NCH,CH,), 3.97 (apparent g, 4, J = 7 Hz, OCH,CH,), 3.96-3.88 (m, 2,
NCH,CH,0j, 335 (d, 2, ] = 8 Hz, CH,P), 1.17 (1, 3, J = 8 Hz, OCH,CH,); IR (KBr) 3412, 1688, 1476,
1291, 1236, 1122, 1048, 1026, 975, 349 cm”\. Ansi Calcd for C ol gNLOF -0.511,0: G 38.10; 1, 6.3% N,
17.77. Found: C, 33.05; H, 6.39; N, 17.91.

1-[2- (Phasphonyimethoxy)ethyl]-1,2,4-triazcle-3-—arboxylamide (215). The 1-[2-(diethylphos-
phonvimethoxy)ethyl}-1,2,4-triazole-3-carboxamide (214) (1.0 g, 0.0033 mol}) was dissoived in anhydrous
acetonitrile under an inert atmosphere (N,). Bromotrimethylsilane (3.0 mL, 3.5 g, 0.023 mol) was then added
dropwise with stirring at room iemperatute. The mixture was stirred for 14 h, and then the solvent and
volatile reactants were removed under vacuum to give a golden oil. The il was further vacuumed overnight
before an aqueous acetone solution (10 ml, 1:9) was added. Since no precipitation could be induced. the
solvenls were removed under vacuum. The residue was then dissolved in MeOH. After 3 days at room
temperature, a small amount of white solid precipitated. Afier another day, the solid was coliecied, washed
with MeOH (2 x 5 mL), and dried to give 95 mg of analytically pure 245, mp 167-169 °C; 'H NMR (Me,SO-
d,) 8 868 (s, 1, triazole H), 7.76, 7.04 (2 br s, 2, NH,), 442 (1, 2, J = 5 Hz, NCH,CH,), 3.90 (L, 2.J = 5
Hz, NCH,CH,), 3.60 (d. 2. J = 9 Hz, CH,P). Anal Caid for CH )N, G, P -02H,0: C, 2841 H, 452/ N,
2208 Found: C, 2869 H, 4.54; N, 21.79.

Additional colypound 215 could be isolated after ils conversion 10 ils ammonium salt 216 by the
following procedure. Dilute ammonium hydroxide was added io 47 mg of the mixure containing 215. The

solution was tk2n filiered and evaporaied under vacuum, giving & hygroscopic foam. When allowed to absorb
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moisture from the air, 27 mg of the hydraled ammonium salt was isolated as a white solid. Anral Caled for
C¢HyN,OP - 2.5NH; - 1HBr - 2H,0:  C, 17.59; H, 578, N, 22.22. Found: C, 17.22; H, 5.45; N, 22.08.

5'.Deoxyadenosine, 5°-N,N-Diethylthiocerbamate {AVS-4618] (218). Sodium diethyldithiocarbamaie
trihydrate (3 g) and 2',3'-O-methylethylidene-5"-tosyladenosine (4.5 g) was added 10 dry DMF (200 mL) and
thc soluuon was refluxed for 3 h in a Dean-Stark water separation set-up. The reaction mixture was
concentrated under reduced pressure 1o a gummy solid. The product was purified by silica gel column
chromatography, eluting with 5% methanul in chloroform (3.68 g) (MS (FAB) 439 (M + 1)]. A solution of
this oompound in ethanc! (10 mL) was stirred with 1 N H,SO, (30 mL) at rcom temperature for 3 days.
The reaction mixture was then triturated several times with ethanol. The residue oblained was taken up in
ethanol (200 mL) and pH of the solution was hrought 10 7.0. The solid obtained was filtered. The filtrate
was concentrated, charged on a silica gel column, eluting with 10% methanol in chloroform. Product oblaized
was further purified by cryswallization from methanol (1.65 g); mp 101-102 °C; MS (FAB) 399 (M + 1), 1V
Amax 258 (20.600), 206 (23,400); IR (KBr) 3500, 3129, 2975, 2925, 3450-2800 (broad) (NH,. OH and CH),
1672 (C=S), 1642, 1602 (eromatic), 1575, 1489, 1470, 1421, 1415, 1335, 1295, 1270, 1206 cm’l; 'H NMR
(Me,SO-dg) 8 8.37 (s, 1, H-8), 8.16 (s, 1. H-2), 7.3 (br s, 2, NH,), 5.9 (d. 1, H-1",J = 6 Hz), 5.53 (4, 1, OH-
2',J = 6 Hz), 54 (d, 1, OH-3",J = § Hz), 486 (¢ 4, 1, H-2’), 4,18 (d d. 1, H-3"), 4.14-4.04 (m, 1, H-4'),
397 (q. 2, CH,N), 3.87-3.68 and 3.68-3.52 (m, 4, H-5’ and CH,N), 1.18 and 1.15 (1, 6 H, CHy); 13¢ NMR
(Me,50d,) 8 193.2 (C=3), 156.0 (C-NH,, 3JC5.H2 = 11.3 Hz), 1525 (C-2, 1ch_H2 = 1989 Hz), 149.3 (C-4,
Ye,mg = 124 Hz g, y, = 3JC4_HP = 4. Hz), 1400 (C8, Ve, = 2128 Hz, Yep,, = 42 Hz), 1192
(€5, Ve p, = 116 He, Yo = 36 B2). 074 (C-1, Vg, ), = 1649 Hz), 825 (C4)), 727 (C-37), 725
(C-2'), 49.2 and 464 (CH,NCH;), 391 (C-5%), 123 and 112 (CHy) ppm.  Ansl Calcd for
CysHoNgS,05 - USH,0 - 0.SEtOH: C, 44.64; H, 6,09, N, 19.53; S, 149C. Found: C, 44.87, H, 5.80. N,
19.5:; S, 14.90.

5'.Deoxyadenosine, §'-N,N-Diethylthiocarbamate (218). A hot, stirred solution of 5'-O-10syladenosine
(3.15 g, 7.47 mmol) in ethanol (300 mL) was treated with sodium diethyldithiocarbamate (2.36 g. 10.46 mmol).
This reaction solution was heated at reflux for 4 h. The solvent was removed under reduced pressure, and
the residual solid was stirred in cold water (50 mL). Tne white solid product was coliected, washed with cold
waler, and dried in vacuo (P,Og* vield, 2.34 g, (78%); mp 168-170 °C; MS (FAB) m/e 399 (M + 1) uv
Amax 258 (23.470) at pH 7, 238 (24,400) at pH 13; IR 3500, 3129. 2975, 2925, 3450-2800 (broad) [NH,, OH
and CH), 1672 (C=S). 1642, 1602 (aromatic), 1575, 1489, 1470, 1421, 1415, 1335, 1293, 1270, 1206 em'l;
'H NMR (Me,SO-dg) 8 8.37 (s, 1, H-8), 8.16 (s, 1, H-2), 7.3 (or s, 2, NH;), 5.9 (@, 1, H-1", 7 = 6 Hz), 5.53
(d, 1.J = 6 Hz, OH-2'), 54 (d, 1,/ = 5 Hz, OH-3'), 486 (d 4, 1, H-2"), 4.18 (d d, 1, H-¥'), 4.14-4.04
(m, 1, H-4"), 3.97 (q, 2, CH.N), 3.87-3.68 and 3.63-3.52 (m, 4, H-5" and CH;N), 1.18 and 1.15 (t, 6, CH,).
Anal Caled for Cy¢HyoNg0,S, -0.75H,0 -0.25E10H: C, 43.95; H, 5.95. N, 19.84. Found: C, 4397 H,
6.34; N, 19.99,

1-Morpholinomethyltetrahydro-2(LH)-pyrimidinethione (219). Tetrzhydro-2(1H)-pyrimidinethione (10.8
g. 0.1 mol), 37.7% formalir (8.9 mL, 0.1 mol), and morpholine (8.7 g. 0.1 mol) were added 1o methano) (250

mL) and heated at 60 °C for 4 h. The resction mixture was cooled, and the solvent was removed undes
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vacuum, The resulting residue was washed with ether and rearystallized from ethyl acetate, ethanol, and three
more limes from ethyl acelaie 10 give the desired product as colorless plates (2.5 g). TLC {silica gel,
chloroform:methanol. iodine chamber) showed that the mother liquors still contained the desired product.
However, no more effor1 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, 2020, 16,0, 1647, 1514, 1460,
1445, 1426, 1397, 1302, 1285, 1278, 1220, 1207, 1189, 1167, 1128,1116, 862, *70 cm’}; 'H NMR (Me,SO )
8 6.22 (br s, 1, NH), 3.88 (s, 2, NCH,N), 3.54 (m, 4, OCH,), 3.24 (m, 2, pyrm NCH,), 3.10 (m, 2, NHCH,),
2.36 (m, 4, morph NCH,), 1.76 (m, 2, pyrm CH,CH,CH,), 13C NMR {(Me,S0d,) 3 155.35 (C=0), 67.79
(NCH,N), 66.05 (OCH,). 50.51 {morph NHClI,), 44.82 (pyrm NCH,), 39.61 (pyrm NHCH,), 21.91 {pyrm
CH,CH,CH,). Anal Calcd for CgH,9N;Og: C, 54.30; H, 8.60; N, 21.10. Found: C, 54.07, H, 8.88; N, 20.92.

1.3-Bis-(morpholinomethyl)-tetrahydro-2(LH)-pyrimidinone (220). A solution of 37.7 % formalin (8.5 g,
0.1 mol), morpholine (8.7 g, 0.1 mol), and etrahydro-2(1H}-pyrimidinone (10 g) was refluxed in 250 ml MeOH
for 2 h. The solvent was then evaporated under reduced pressure, the residue washed with dry ether and
boiled with ethyt aceiate. The undissolved material was filtered, and crude monomorpholinomethylated
produci was obtained from the ethyl acetate. The bis-(morpholinomethyl)-tetrahydro-2(1+7)-pyrimidinoine was
obtained from the mother liquid afier evaporation and column chromatography (silica gel, CH;OF:MeOH 9:1,
iodine) followed by recrystallization from ethyl acetate: yield, 0.6 g; mp 120-122 °C (reported 121-123 *C);
MS (FAB) m/e 299 (M + 1); 'H NMR (Me;SO-d) 8 3.94 (s, 4, NCH,N), 3.55 (m, 8, OCH,), 3.32 (m, 4,
pyrm NCH,), 238 (m. & morph NCH,), 1.84 (m, 2, pyrm CH,CH,CH,); IR (KBr) 2933, 2913, 2867, 2851,
2818, 1645, 1632, 1497, 1459, 1438, 1430, 1291, 1276, 1211, 1202, 1118, 1111, 1003, 921, 864, 757 cm*. Anal
Calcd for C 4 HysN,O4: C, 5635, H, 8.76; N, 18.78. Found: C, 56.69; H, 8.92; N, 18.87.

1-Morpholinomethyl-tetrahydro-2{ L H)-pyrimidinethione (221). Tetrahydro-2(1H)-pyrimidincthione (5.8,
0.05 mol), 37.7% formatin (9.2 mL, 0.11 mol), and morpholine (. g, C.104 mol) were added 10 methanol (60
mL) and refluxed for 2 b. Removal of the solvent and crystallization from ethanol (x3) gave two crops of
colorless needles (1.2 g and 1.7 g). Only the former of these was found 10 be analytically pure; mp 160-
162 °C (reported, 156-158 °C); MS (FAB) m/e 216 (M + 1); IR (KBr) 3346, 2950, 2919, 2871, 2863, 2818,
2002, 1535, 1510, 1357, 1285,1266, 1202, 1170, 1109, 1002, 861, 851 cm}; 'H NMR (Me,SO-d,) & 7.98 (br
s, 1, NH}, 4.50 (s, 2, CH,), 3.54 (m, 4, OCH,), 3.31 (m, 2, pytm NCH,), 3.10 (m, 2, NHCH,), 2.48 (m, 4,
morph NCH,), 1.32 (m, 2, pyrm CH,CH,CH,). Anal Calad for CgH ;NyOg: C, 50.20; H, 7.96; N, 19.52
Found: C, 50.17%; H, 8.03; N, 19.62.

$-Chloro-3- B-D-ribofuranosyl-s-triazolo[ 1,5-a] pyrimidin-7-one (226). 5-Chloro-3-(2',3" 5'-tri-O-acetyl-f-
D-ribofuranosyl)-s-triazolo[1,5-a)pyrimidin-7-on¢ (225) (300 mg) was suspended in a solution of 10 mL acetone
and 90 mL 0.1 M NH,HCO, with good stirring and heating at 35-37 °C. Porcine esterase (0.1 mL) was added
and the rixture was stirr=d for 3 days. Since the reaction was incomplete, anotner C.1 mL mere esterase was
added and 1he heating was continued for 4 more hours. The reaction mixture was evaporated to dryness i
vacuo, and azcotroped with EtOH-benzene. The sample was purified by passing il through a 50 g silica gel
flash chromatography column, eluting with 12:1 chloroform-methanol. The appropriate fractions were

combined 8nd evaporated. Thiy residue (~100 mg) was dissotved in hot EtOH, cooled, scraiched 10 induce
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crysizllization, and stored in the freezer. The product was collected and dried, yielding 52 mg (24%).
Retreatment of a faster ¢luting fration with esterase followed by the same workup led o the isolation of an
additional 52 mg (24%) of product

Ethanclic ammonia_deblocking: Into s stainless steel bomb were placed 250 mg (225) and ~50 ml of
saturated NH,-EtOH. The reaction was stirted al room temperature overmisar and then evaporated. The
residue was then chromatographed on a 50 g flash chromatography c¢olumn and eluted with 12:1
chloroform:methanol. The produci (60 mg) was combined with the two procucts from the esterase deblocking
and was biended, yielding 164 mg of the desired preduct; mp 167-169 °C cap; UV ip,.y 283 nm (12,500) at
pH 1, pH 7, and pH 13; MS (FAB) m/e 303 (M + 1); IR (KBr) 1710, 1689, 1669, 1586, 1548, 1512, 1502,
1103, 1095, 1070 cm’); 'H NMR (Me,50-d) & 3.60, 3.74 (2 m, 2, CHy-5'), 3.9%8 (m, 1, H-4"), 4.17 (apparent
q. 1, H-3"), 4.42 (apparent g, !, H-2"), 519 (1, 1, OH-§'), £.24 (4, 1, OH.¥), 5.69 (d, 1, OH-2'), 5.77 (d,
1, H-17), 6.26 (s, 1, H-6), 9.19 (5, 1, H-2,.

4-Amino-2,6-dithiouracil (229).” To a salution of 4-amino-6-hydroxy-2-mercaptopyrimidine (228, predried,
5 g 31 mmol) and anhvdrous pyridine (150 mL) was added P,S5 (15 g, 67.4 mmol). The mixture was beated
under argon at reflux for 3 h, during which & red-orange solution formed. The pyridine was removed under
pressure to give a crude solid. Wate: (75 mL) was added carefully and the aqueous mixiure was refluxed for
4 h or until all H;S(g) had been givea off. The reaction mixture was filtered and the remaining precipitate
was taken up in NH,OH-H,O (1:1} and boiled until a clear solution formed. The solution was cooled to
room temperature and treated with decolorizing carbon. The solution was flitered through celite, and the
filirate was taken w pH 2 with i M HC which caused the previpitation of yellow crysials. Recrystailization
with DMF-water (1:9; yielded 3.1 g; mp > 280 °C; MS (FAB) m/e 160 (M + 1), 1H NMR (Me,S0dg) & 5.8
(s, 1, vinyl H), 6.9 (br s, 2, NH,), 12.18 (s, ¥ SH), 12.3% (s, 1, SH); IR (KBr) 1642.2, 1607.2, 15719, 15554,
1188.9, 1101.6, 1059.8, 820.4, 802.6, 689.8 cml. Anal Caled for C,HgN,S: C, 30.17; H, 3.16; N, 26.39.
Foung: C, 30.17; H, 3.49; N, 2A.39,

6-Aza-4-thiouridine, 2',3'8'-Tnacetate (231).% Into a 100-mL round-bntiomed flask equipped with a
magneuc stirring bar. reflux condenser, and drying tube was added with stirring, 5 g (13.5 mmol) of 6-
azauridine, 2',3".5 -tHacetate (230), and dry pyridine (50 mL). Phosphorus pentasulfide (2.1 g, 4.7 mmol)
was then added quickly, the system was flushed with argon, and the reaction was heated at gentle reflux for
3 h. 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 P,Oq to remove pyridine. The residue was taken up
in Et"JH, treated with charcoal, filtered, and evaporated. The dark residue was dissolved in CHQ,, washed
with water, dried filtered, and evaporated. A portion of the product was purified by flash chromatography
on 100 g of silica gel, using CHC1, as the eluate. The product was isolated as an orange foam; vield, 580
mg; UV ip., 325 om (14,400), 242 (6,10) a1 pH 1; 335 (13,000), 247 (7,700) at pH 7, 335 (13.200), 247
(7300) at pH 13; MS (FAB) m/e 388 (M + 1); IR (KBr) 1748, 1729, 1580, 1375, 1200 (broad), 1132, 1100,
1074, 1047 am}; 'H NMR (M SO-dg) 8 2.11 (m, 9, COCHy), 4.17, 439 (2 m, 2, H-5), 4.40 (m, 1, H-4"),
543 (1, 1, H-3"), 566 (g, 1, H-2'), 625 (d, 1, H-1"); 7.67 (s, 1, H-5), 10.40 (5, 1, NH). Anal Caicd for
C,4H{9N;04S -0.1ELIOH -0.1H,0: C, 4331; H, 4.56; N, 10.67. Found: C, 43.26; H. 4.80; N, 10.66.
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6-Aza-4-thiouridine (232)3m A sclution of 6-aza-4-thiouridine, 2°,3'.5'-triacelate (231, 1 g, 2.58 mmoi}
was dissolved in 5C mL of MeOH and slowly passed through a column of Dowex 1 resiu (OH" form}. The
column was washed with about 300 mL of 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 mL), followed by evaporation from 50 mL EtOH-benzene. The product was purified by
chromatography through a flash column of 100 g of silica gel with CHCl;-MeOH (7:1). The appropriate
fractions were combined, evaporated, and the residue was washed with ether {2 x 30 L) and dried at 56 °C
over phosphorus pentoxide: yield, 140 m3; mp 104-115 °C dec; UV A, 328 nm (13,700), 243 (5.600) at pH
I; 334 (12,600), 247 (7.000) at pH 7; 336 (12,700), 247 (7,100) at pH 13; MS (FAB) m/e 262 (M + 1); IR
(KBr) 1704, 1575, 1283, 1050 (broad), 990, 590 cm’}; 'H NMR Me,SO-d() 8 3.39, 3.50 (2 m, 2, H-5), 3.80
(apparent g, 1, H-4'), 402 (apparent q, 1, H-3'), 4.24 (apparent g, 1, H-2"), 4.65 (1, 1, OH-5"), 504 (d,
1. OH-39), 530 (d, 1, OH-2"), 584 (d, 1, H-1"), 7.75 (s, 1, H-5), 13.7 (ur 5, 1, NH). Anal Celcd For
CgH, N;045 -0.3H,0 -0.07E1,0: C. 3658, H, 4.56; N, 15.46. Found: C, 36.63; H, 4.84; N, 1538

4-Amino-S-glycosylamino-2-thiouracil (234). in a 50-mL round-botiomed flask equipped with a reflux
condenser and drying tube were mixed 4,5-diamino-2-thiouridine (500 mg, 3.16 mmol) and «-glucose (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 occurring after Jess than an hour. The reaction
was cooled, evaporated 10 a brown gum at reduced pressure 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
with CtOIll, and then dricd, giving 1.0 g of crude product. A portion (700 mg) of the crude product was
dissolved in hot EtOH, then filtered, cooled, and precipitated by the #ddition of hexaae. The product was
collected, washed with hexane, ~nd dried at reom temperatur> over phosphorus pentoxide: yield, 300 mg
(43%); mp 135-142 °C nec;, IR (KBr) 1624, 1562, 1250, 1175, 1080, 1015 cm’l, all peaks tounded and broad;
MS (FAB) m/e 321 (M + 1); 'H NMR (Me,SO+d) & 28°-3.0 (m, 2, H-2'4"), 3.05-3.15 (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", J;, 4, = J3,,, = 40 Hz), 429 (4, 1, OH-3’, Jy, a..
on = 4.4 Hz), 4.50 (1, 1, OH-6', J;, . o = 6.0 Hz), 4.88 and 4.86 (2 d, 2, OH-2'5, 13, 5. on» 5+ 5¢.0H
= 5.5 Hz), 532 (d, 1, H-1", J;, 5, = 3.2 Hz), 6.13 (apparen. s, 2, NH,), 11.62 (br s, 1, NH), 11.95 (br s, 1,
NH). Anal Calcd for CgH,;(N,OS -0.75H,0 - 0.2SEtOH: C, 36.52; H, 5.55; N, 16.22. Found: G 36.36;
H, 5.62; N, 16.10. This compound was found to be very hydrolytically unstable.

4-Amino-S-mannosylamino-2-thiouracil (239). In a 50 mL round-bottomed flask equipped with a reflux
condenser and drying tube were mixed 4,5-6iamino-2-thiouridine {500 mg, 3.16 mmo}) 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 occwiring afier less than an hour. The reaction
was cooled, evaporated 10 8 brown gum &t reduced pressure below 50 °C, and the residue was triturated with
ethe (2 x 30 mL). The gummy residue was then ireated with EtOH, grc «nd to a powder, collected, washed
with EtOH and dried. The crude product was dissolved in hot EtOH, filtered, cooled, and precipitated Fy the
addition of hexane. The product was then collected, washed with hexane, and dried at room temperature over
phosphorus pentoxide: yield, 380 mg: mp 128-132 °C dec; IR (KBr) 1625, 1560, 1440, 1375, 1250, 1170, 1065
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em’?, all peaks rounded and broad; MS (FAB) m/e 321 (M + 1); 1H NMR (Me,SO-d() spectrum peaks will
be assigned later. Anal Calcd for CyoH,¢N,O¢S -0.90H,0 029=tOH: C, 36.13; H, 5.54; N, 1621. Found:
C, 3597, H, 5.42; N, 16.34. Ths compound was fou ! to be very kydrolytically unstable.

2,4-Dithio-6-azauridine, 2°,3' 5'-triacetate (246, R = Ac). The preparation for 2,4-dithic-6-azauridine
2’3" 5'-triacetate was pattermed after the procedure of Beranek and Sorm.” Under an argon atmosphere
in a 100-mL rund-bottomed flask equipped with a magnetic stirring har, reflux condenser, and doying tube
was placed 2',3' 5'-triacetyl-2-thio-6-azauridine (1.75 g, 4.52 mmol) and 50 mL of dry pyridine. As soon
as a homogencous solution was obtained, P,S¢ (6.0 g, 13.6 mmol} was added in one porzion. The system was
fMlushed with argon, and the reaction was heated at gentie reflux for 3 h before it wrs cooled and .iltered.
The residue was washed well with ether, and the filtrate and washings were combined and evaporated in vacuo.
The resulting dark residue was exiracted 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 washed with
saturated salt solution, dried, filtered, and evaporated. The ¢ruée product was purified by flash columa
chromatography (300 g sitica gel) eluting with $8:2 methylene chloride-MeOH. An orange crystalline foam
(550 mg, 30 %) was obuained; mp 52-56 °C; UV A,y 321 nm (13,700); 281 (24,600) at pH 1; 341 (15,300);
287 (17,500) at pH 7: 340 (16,100) at gH 13; TR (KBr) 1750, 1578, 1497, 1372, 1283, 1235 (broad), 1'31, 1102,
1079, 1046 cm’); MS (FAB) mje 404 (M + 1); 'TH NMR (Me,SO-dg) & 4.09 (m, 1, H4’), 433 (m, 2, H-5"),
537 (, 1, H-3"), 5.59 (m, 1, H-2), 697 (d, 1, H-1"), 812 (5, 1, 4-5). Anal Caled for C i1, N.O,S,: C,
41.68; H, 4.25; N, 10.42. Found: C, 41.52; H, 4.37; N, 10.68

2,4-Ditio-6-azaurdine (.46, R = II). A solution of 24-dithio-6-azauridine, 2',3’5'-triacetate (I46,
R = Ac) (2 g, 4.96 mmol) dissolved in -100 .nL MeOH was slowly passed through & column of Dovex 1
resin {OH" form). The column was washed with at least 300 mL o MeOH, then with about 300 mL 5%
HOACc in MeOH, and flnally with 5% formic acid in MeOH. The appropriate fraclions were determined by
TLC and combined, evaporated, azeotroped with benzene-ethanol (2 x 30 mL), and dried over phosphorus
pentoxide at room temperature; yield 610 mg (45%); mp 180-188 °C deg; UV i, 322 nm (13,050), 280
(23,660} at pH 1; 339 (15,230}, 283 (17,970} at pH 7; 340 (15,500), 284 (17,700) a: pH 13; TR (KBr) 1588,
1543, 1360, 1288, 1248, 1171, 1111, 1098, 1340 (broad;, 969 cm™*; MS (FAB) m/e 278 (M + 1); 'H NMR
(Me,S0O-dg) 8 341, 3.55 (2 m, 2, H-5"), 3.83 (m, 1, H-4"), 4.03 (1, 1, H-3"), 4.22 (apparent 1, 1, H-2'), 4.65
(br s, 1, OH-5"), 5.05 (br 5, 1, OH-3"), 5.35 (br 5, 1, OH-2’), 671 (4, 1. H-1"), 801 (s, 1, H-5), 14.60 (br s,
1, NH-3). Anal Caled for CgH;N,O,S, -0.25MeOH: C, 34.73; H, 424 N, 1473. Found: C, 3478 P,
4.50; N, 14.71,

5.0-[[{[2',3' 46" -Tetra-0O-benzyl-a-D-glucopyranosyl)oxy) carbonyl)amino) sulfonyl)-2',3' -isopropyll-
dene-G-azauridine (249, R = 0). A solution of b-glucopyranose (1.2 g, 2.2 mmol) in iry methylene chloride
(18 mL) was cooled to -30 °C under argon and treated with chlorosulfonylisocyanate (0.311 g 2.2 mmoal).
The mixtur~ was stirred at -30 °C for 3 h, and then a solution of 2'3’-isopropyliaine-6-azauridine (0565 g,
1.46 mmol) in enhydrous acetonitrile was added. The reaction mixture was stirred at room temy 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 &t room temperature before it was evaporated under reduced pressure, and the resulting yellow residue was
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column chromatographed (silica gel), eluting with CHCl;-MeOH (gradient 100% CHCl, -« 95%). The fifth
major band affcrded 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) 32335, 3100, »J63, 2990, 2945 (CH, NH), 1757, 173},
1699 (C=0), 1454, 1384, 1265, 1240, 1211, 1185, 1159, 1130, 11v3, 1071, 1057, 1927, 984, 863, 751, 736, 698
cm’l; 'H NMR (Me,Su:dg) 8 124, 1.40 (2 5, 6, isopropylidine) 3.52 .85 (m, 6, H-2"', H-3"". I1-4", H-
5, H6'"), 4.28 (m, 2, H-5'), 5.004.60 (m, 10, CH,Ph), 448 (m, 1, H-4'), 472 (m, 1, H-3"), 5.00 (4,
1, H-2"), 6.12 (s, 1, H-1"}, 6.24 4, §, H-1"), 7.14-7.30 (m, 20, Ph-H's), 7.48 (d, 1, H-3, vinyl H), 12.3 (s,
1, NH). Anal Calced for C gHegN,0,4S -04H,0: C, 58.33; H, 5.62; N, 651 Found: C, 5845, H, 5.52;
N, 622

4-Acetyl-4-phenyipiperidine Hydrochlorde. 4-Acetyl-4-penylpiperidine (10 g) was chromatographicaly
purified by elutior with CHCl,-MeOH (95:5) through silica gel. Dissolution of the crystallizable clear oil in
EtOH (125 mL) followed by bubbling HCl gas, solvent evaporation (¥3), charcoaling in hot ethanol, and
solvent evaporation w about 20% cf the original volume gave a white granular solid (4.0 g). (Further
cvaporation gave 0.8 g of a siightly impure sample of 39.) Mp (darkens at 150 °C) 229-230 °C; panial, 239-
240 °C: 'H NMR (MeSDd,) 8 9.20 (5, 2, P?IHz). 7.40 (m, 5, Ar-H’s), 3.10 (in, 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 (5, 3, CH,). Anal Calcd for C5H,;CINO: C, 65.12; H,
7.58. N, 5.84. Found: C, 64.74; H, 7.58, N, 584
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