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FOREWORD

One of the programs at the Naval Electronics Laboratory , San Diego,
requires stable , blue—green lasing dyes. This report describes in de-
tail the preparation of two closely related compounds, AC2F and AC3F,
which have proved to meet this requirement . The work was supported in
part during the periods July—September 1976 and April—May 1977 under
Task Area No. F54583.

A few of the precursors were prepared earlier under another program
for the Laser Isotope Separation Group , University of California’s
Lawrence Livermore Laboratory , Interagency Agreement SANL 284—001.

This report was reviewed for technical accuracy by Ronald L. Atkins
and Aaron N. Fletcher.
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INTRODUCTION

As a con seq uence of a pro~ ram to prepare and evaluate f l u o r e s c e n t
mater ia ls  as dyes fo r  lasers , t 6  two compounds , namely 2—oxo—6 ,9—d imethyl—
and 2—oxo—6 ,8,9—trimeth yl—4— trifluoromethyl—6 ,7,8,9—te trahydro—2H—pyrano
[2 ,3—b][1 ,8]naphthyridine , AC2F and AC3F , respectivel y.

CH~ CR 3
CH 2 I

N ~~~~~~~~~~~~~~~~ .. .~~ o

CF 3 CR3 
CF3

AC2F AC3F

_______________________________

P. R. Hammond and R. L. Atkins. “2—Keto—4—trifluoromethyl—9—methyl-
6,7,8,9—tetrahydro—211—pyrano[3,2—g]quinoline , an Efficient , Stable Laser
Dye ,” J .  H eter .  Chem., Vol. 12 (October 1975), pp. 1061.

2 E. J. Schimitschek and others. “Laser Performance and Stability of
Fluorinated Coumarin Dyes,” Optics Commun., Vol. 11, No. 4 (August 1974),
pp. 352—355.

E. J. Schimitschek and others. “New Laser Dyes With Blue—Green
Emission ,” Optics Cominun., Vol. 16, No. 3 (March 1976), pp. 313—316.

~ P. R. Hammond and others. “Search for Eff icient , Near UV Lasing
Dyes. I. Substituent Effects on Bicyclic Dyes,” App i. Phy s . ,  Vol. 8 (1975),
pp. 311—314. 

. “Search for Ef f ic ien t , Near UV Lasing Dyes. II. Aza Substi-
tution in Bicyclic Dyes,” l lpp l .  Phy s . ,  Vol. 8 (1975), pp. 315—318.

6 P. R. Hammond and others. “Search for Efficient , Near UV Lasing
Dyes. III. Monocyclic and Miscellaneous Dyes ,” App i. Ph ys. , Vol . 9 ( 1976) ,
pp. 67—70.
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were shown to possess a r e l a t i v e l y  high stability (reduced photochemical
degradation) toward repeated flash lamp pumping .~~’

7’~ This report th-—
scribes the syntheses of these two compounds , of their precursors , and
of some related compounds derived from the same precursors.

Briefly, several new 2—amino— and 2—hydroxy—1 ,8—naphthyridine com-
pound ; were made and then condensed with various ~—keto esters , using
established methods , to yield derivatives of pyrido— and pyrano—naphthy—
ridines. The reaction sequences are shown in Figure 1; procedures for
the synthesis of both the precursors and the dyes are found in the
Experimental Section. Table 1 summarizes pertinent information about
the preparation and properties of the 1 ,2—d ihydropyrido— and 211—pyrano
[2 ,3-~~] [ l ,8]naphthyridines. Although 1-H nmr spectra were obtained on
all new compounds in order to confirm the structure assignments , on ly a
few representative data have been included with the experimental details.

Several features about the reactions involved should be mentioned
briefly. The quaternarization of the 7—acetamido—4—meth yl— or 2,4—
disubstituted—l ,8--naphthyridines with methyl p— toluenesulfonate , ethy l
bromoacetate or benzyl chloride occurred primarily, if not exclusively,
on the nitrogen of the pyrido ring with the alkyl substituents. The
same ring was also reduced when these quaternary salts were hydrogenated ;
the C—methyl groups appeared as doublets (splitting by a methine proton)
in the 1-H nmr spectra . However , when unquaternarized 7—acetamido—2 ,4—
dimethyl—l ,8—naphthyridine was hydrogenated under the same conditions ,
the pyrido ring with the acetamido group was reduced to the tetrahydro
derivative . In this case , the C—methyl groups appeared as singlets in
the ‘H nmr spectrum . Partial hydrogenolysis of the acetamido group also
was noted . The mode of hydrolysis of the 7—acetamido—substituted—l ,2,3,4—
tetrahydro—l ,8—naphth yridines was significantly different under acidic
and basic conditions , the former giving 7—hydroxy derivatives , the latter
7—amino . Thus convenient entry into two series of compounds was possible
from the same precursor.

The condensa tion of benz oylacetone with 2 ,6—diaminopyr idine could
give two isomers:

H N 1~~ ~~~NH~ H2N ~~~~~~~~~~~~~~~ ” ~~~~~~~~~~~~~~~~~~~~1 + C6H5COCH 2COCH 3~~ ~~~~~ and/or

CR 3 
C 1 H 5

~ S. Edward Neister. “The Dye Laser Dye Update ,” Op tica 7~ 51~ . ’c~tra ,
Febr uary 1977 , pp. 34—36.

1 Aaron N. Fletcher . “Laser Dye Stability. Part 2. Input Energy Per
Fl ash , Dye Concentration , and Mirror Reflectivity Effects ,” App i. Phys. ,
Vol. 12 (1977), pp. 327—332.
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The former  s t r u c t u r e  was assigned to the product isolated in low yl (-ld
on the basis of the 1H nmr of its N—meth yl— tetrah ydro deriva tiv~~.

c~H3
N H 5 - N CII -~

~~~~~~~
CH 3 C H r -,

The downfield methine (CR adjacent to N) was always a doubled doublet rt —
suiting from the splitting of the methine proton by th~ H . —H

axial equatorial
protons 6ñ’t\he adjacent methylene group. If the methyl rather than the
phenyl Lgroup:. had been in this posit ion , th is doubled doublet would have
been further~ split by the methyl protons to give a complex mu ltiplet. The
stereochem~4try of the various tetrahydro compounds was not determined .

The effect of kind and position of substituents on the fluorescence
maximum is the same as that observed with other coumarin and quinolone
dyes.~~’

5 The most pronounced influence on the chroniophore is fl te)~ with
changes in the substituents on the carbonyl—containing ring. When R ’ is
the electron—withdrawing CF3 group (see formula , Table 1), th~ f l~i o r e s —
cence is red—shifted approximately 50 nm with the azacoumarins and
30—35 mm with the azaquinolones compared to the corresponding compound s
with R ’ = CH 3 . An electron—donating group , such as OCH -~, caus,~s a
15—20 nm blue—shift in the fluorescent maximum compared to the analogous
me thyl compound ; even a methyl group produces a small blue—shift when
compared with the compound in which R ’ = H. Changes in R and R” influ-
ence only slightly the position of the fluorescence maximum . The I luor—
escence of the azaquinolone dyes is always blue—shif ted 20-40 nm over
that of the corresponding a?acoumarins.

EXPERIMENTAL

PRECURSORS TO AC2F AND RELATED COMPOUNDS

7—Ace tamido—2—chloro— 4—meth yl—l ,~~~ a hthyrid inc

This compound was made from 7—acetam ido—2— hydroxy—4 --mtthv l—I ,8—
naphthyridine by the procedure of Petrow , Rewald , arid Sturgeon . • The
latter compound is also described by the same ;Iut lu lr s .

~T . Petrow , E. L. Rewald, and B. Sturgeon . “T h e  Prt parat Ion of I :
N ap h t h y r i d i n e s  f rom 2 : 6 — D i a m i n o p y r i d i n e , ” i; ’: ~~. (1°47) , p. 4 0 7 .

7
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7-Ac etamido-4—methyl—l ,8-naphthyr id m e

The above chioro compound (11.8 g, 0.05 mole) was slurried with 200 ml
of 3% potassium hydroxide in 95% ethanol , 2 g of 5% Pd/CaCO 3 and 10—20 mg
of 107’. Pd/C , and hydrogenated at 50 psi (344.8 kPa). After an induction
period the pressure ra’-’idly dropped to 46.4 psi (319.9 kPa). The solution
was filtered through Celite to remove the catalyst and the cake washed
well with ethanol. The filtrate and washings were evaporated to dryness.
The residue was slurried with 25 ml of cold water , and the solid filtered ,
washed with two lO—ml portions f water and dried ; 5.8 g (73%), ni.p. 20]—
2040C , of 7—amino—4~-methy l—1 ,8—naphthyridine . Ether extraction of the
mother liquors plus washings yielded 0.62 g ~8%) more.

R e cr y s t a l l i z a t i o n  of 2 . 5  g f rom 130 ml of 9:1 benzene—ethanol gave a
mixture of golden needles and white crusts , both of which melted at 204.5—
205.5°C and both of which had the same 1 H nmr spectra . The IR spectrum
-)f the golden needles suggested a hydrated form of 7—amino—4—methy l—l ,8—
naphthyridine (confirmed by analysis).

~~C ?c. Calcd. for C - H N y O .5  H20: C, 64.27;  H, 5.99; N , 24.98 .
Found : C, 64.26; H, 5 .97; N, 24 .84.

~~~~~ on - , ch~~~? cra s~~~. Calcd. for CgH9N~~: C , 67.90; H, 5.70; N , 26.40;
mol. wt . 159. Found : C, 67.94; H, 5 .63; N, 26.43 , mol. wt. (mass spec.)
159.

The free 7—amino compound (12.0 g) was reconverted to the 7—acetamido
by refluxing with 30 ml of acetic anhydride for 1. hr. The cooled solution
was slurried with 100 g of ice plus 100 ml of cold water , neutralized w ith
sodium bicarbonate , warmed to dissolve all solids , then cooled overnight
at 5°C. The crystalline product was filtered , washed twice with cold 1170
and dried ; 13.3 g (88%); rn.p. 248—251°c (dec.). An add itional 2.2 g (m.p.
240—250°C) could be recovered by saturating the remaining aqueous phase
w ith solium chloride. When recrystallized from acetonitrile , the compound
melted at 252—253°C (dec.).

~~~~~~~~ Calcd. for C 11 H11 N 30: C, 65.65; H, 5.51; N, 20.88. Found :
C, 65.49; H, 5.51, N , 20.72.

A small quantity of a diacety lated produc t , m.p . 145.5—146 .5°C, af ter
recrystallization from benzene/hexane, was isola ted from one exper iment.

) 1~ 1 J , ..  Calcd. for C13 H13N~O :  C , 64.18; H, 5.39; N, 17.27.  Found:
C, 64 .16; H , 5 .45;  N , 17 .32.

7—Ac tarnido-l ,4--d imet1~yj 8—nj~phthyridimium p—Toluenesulfonate

7—Acetam ido—4-meth y l—l ,8—naph thyridine (13.3 g; 0.066 mole) was re-
fl uxed for 8 hr with 12 . 7  g of methyl p—to luenesulfonate in 150 ml of

L~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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dry acetonitrile. The dark purple solution was kept at  Yc for sev e ra l
days; 21.8 g (85%) of felted needles , m.p. 200—202°C , was removed . Addi-
tion of a large volume of ether to the mother liquors pre cipitated 2.3 g
(9%) more of the salt; m .p. 185—190°C. The 111 nmr was consistent with
that expected for the desired product.

7—Acet amido—l ,4~ dimethyl— l ,2,3,4— tetrahydro—1 ,8—naphthyridine

j The previous salt (11.6 g; 0.03 mole) was hydrogenated over 0.15 g 01
PtO in 100 ml of glacial acetic acid containing 12 g of ammonium acit .~t . .
Hydrogen up take  essen t ia l ly  ceased after the pressure dropped from 50 to
45 psi (344.8 to 310.2 kPa) after 4 hr; the purple solution became color-
less. The catalyst was removed , washed once with 20 ml of acetic acid
and twice with 20 ml of water. The combined solutions were redoCt- , ! t I
dryness on a rotary evaporator. The residue was dissolved in .100 ml ot
water , cooled to 5°C, made basic and ether extracted (2—101) ml ); t In-
latter extracts , after washing once with a small volume of water , were
dried over K 2C0~ . Evaporation left 5.34 g (81%) of off—whit e solid ,
melting sharply at 95—96°C. ‘H nmr (60 MHz , CDC1): 1.20(d , 3M , (I CH— ,
J = 7 Hz), l.5—2.0(m , 2H, H3, H3), 2.04(s, 3H, CH~CO), 2.6—3.0(r , i l l ,
CH 3cH—), 3.03(s, 3H, N—c IL ),  3.32(t , 211, II , H , J 6 Hz), 7 .22 (hr oi1 5,

2H , H5, H6), 8.08(broad s, 111, —NH—).
4

7—Am ino-- 1, 4—d imeth y l — l , 2 , 3 , 4 — t e t r a h y dro —1 ,8—n aph th ~ r id ine  ( I )

7—Acetamido—l ,4—d imethyl— l ,2,3,4—tetrahydro—l ,8—naphthvridine (3.6 g~
in 50 ml of 5% potassium hydroxide in 957 e thanol was refluxed for 8 hr
under n i t r ogen .  The solvent was then removed on a rotary evaporator and
the residue slurried with 30 ml of water. After cooling to 5°C the solid
prod uc t was removed , washed three t imes with cold water and dried ; 2.82 g
(97%); m .p . 51—53°C. The amide carbonyl absorption had disappeared corn—
pletely from the IR spectrum , which was also different from that for th e
7—hydroxy compound obtained by acid hydrolysis of the amide . Recrystalli-
zation from n—hexane (0.5 g/lO m1~ by cooling to —15°C furn i shed coarse ,
white grains; m .p. 52.5—53.5°C. H nmr (CDCI 3): ~l .]7(d , 311 , —Ch I— CH~~.
J = 7 Hz), l.69(m , 2H , H3, H3), 2 .72 ( m , 111, H), 3.05(s, 31-i , NCH ’),
3.27(t , 2H , H2, H ) ,  4 . 10(broad s , 211, NH 2 ) ,  5 . 7 2 ( d , IH , II , , i = 

~ Hz ’),
7.02(d , 111, 115, J = 8 Hz). F1~~~~~ EtOH , 373 nm (excited 3’S nni) ;

Fl l0~~ N HC1O , in EtOH , 416 nm (excited 150 mm ).
(max)

Anal. Calcd. for C 10 H15 N3: C, 67.76; H- 8.53; N . 23.71 . Found :
C, 68.19; H, 8.38; N, 23.36.

9
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7-~ y d roxy-i ,4-dirneth~~~~~~~ 3,4-tetral1ydr o-1 ,8-n~~~ th1ridine

7—Acetamido— l ,4—dirne thyl—1 ,2,3,4—t etrahydro— 1 ,8—nap hthvr id ine (1.27 g)
was dissolved in 1~ rnl of 6N hydrochloric acid , allowed to stand .3 days
it 25°C , then heated in the steam bath for S hr. The solution was cooled
in an i t ’  bath , made basic and the oi lv product which s e p a r a t e d  ext r:n ted
into ether (some ether insoluble solid was removed by f iltrati on). Evap—
oration of the dried etherea l solution left 0.38 g (317’) of a solid melting
at 134—1 ln °C. Golden plates , n .p. 134—135°C , were obtained by recrystal-
lization from cyclohexane . The ‘U nmr spectrum is consistent with the
ass igned s t r u c t u r e .

Ac~ t. Calcd. for C 1~ H- -~N O :  C , 67.38; H , 7 . 9 2 ;  N , 15.72; mol. wt .
178.2. Found : C, 67.36; H, 8.02; N , 15.61; mol. wt . (mass spec.) 178.

PRECURSORS TO AC3F AND RELATED COMPOUNDS

7—Amino—2 .4—d imethv1— 1 ,8—nap ht~y~ idine

2,6—Diaminopyridine (43.6 g, 0.4 mole) , 40.0 g (0.4 mole) of 2 ,4—
pentanedione , 200 m l of glac ial acetic acid and 5 ml of 962 s it i t u r i c
acid were mixed , then refluxed with stirring for 24 h r .  The cold solu-
tion was added slowly with good stirring and ice bath coo1~ ng t o  160 g
of sod ium hydroxide in enough water to make 600 ml. The brown solid ,
whi ch crystallized , was filtered after the solution had been cooled
overn igh t  at 5° C , washed tw ice wit h cold wa ter and dr ied; 25 .3 g, m .p .
125—200°C. This crude material was dissolved in 130 ml of boiling 952
ethanol and the solution chilled overnight at —15 °C; 19.5 g (28%), m.p.
215—220°C. This material was suitable for the following experiment .
Ochiai and Miyaki 10 reported m .p. 220°C; they performed the condensation
at 120—130°C with anhydrous zinc chloride and no solvent.

7—Acet amido—l ,2,4—trimeth yl—l ,2,3,4—tetrahydro—l ,8—naphthyridine

This compound was made in 72% yield from the previous material using
the same sequence of reactions described above for the corresponding
d ime thy l  d e r i v a t i v e :  acety la t ion , m e t h y l a t i o n , and hydrogenation . The
white , felted needles after recrystallization from cyclohexane melted
I 52 .5—153.5°C.

luu~. Calcd. for C13 H19N 30: C, 66.92 ; H, 8.21; N , 18.01. Found :
C , 67.03; H, 8.52; N, 17.84.

E. Ochial and K. Miyaki. “Synthese von l.8—Naphth yridin—Homologen
m d  thre Hydrierung, ’’ icm. f~,e . , Vol. 74 (1941), p. 1115.

10
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7~~ ydro~y,~-1.2,4-trimethv 1-1 , 2 , 3 , 4 -tet~~~ yd ro-I ,8-~~p hithy~ idine (2)

The prev ious  compound ( 3 . 2  e) was heated f o r  18 hr on the steam ba th
w i t h  40 nil of 6N hy d r o c h l o r i c  n - i d .  The cooled so lu t  ion was n e u t r a l i z e d
with 25/. aq. sodium hydroxide; the orange oil which separated soon crystal-
l ized . It was removed , washed with water and (tried; 2.66 g (100%), m .p.
143—1 45°C. Recrystall i?~Ition Iron 8:2 cyclohiexane—be nz.~ne , wi Ui carbon
d e c o l o r i z a t i o n , gave whit .- grains , rn.p . 146—148°C.

Calcd. for C- ~H 1 , N O : C , 68.71; H , 8.19; N , 14 .57. Found :
C, 68.20; H, 8.67; N , 14 .52 .

7—Ainino—l ,2 ,4—~ l-1 ,2, l ,~~-t .- t rahvdro-l ,8-ninhit Ii vr i d i -it-

The viscous o i l  recovered f r om  the a l k a l i  nt hv dr ! v s i s  the corres-
pond ing 7—acetamido compound was used wit ,~ .t it furt her pur if teat ion .

SYNTHESIS OF AZACOIJMARINS ANI) A/. F IN I. o~ ES

2—Oxo— 6, 9—d (me thyl—4—trifiuoromet~ y i-- . , 1 , H , 9—t etr ahivd ro—

~~~p~~~ no [~~~~-b][l ,8Jnaphthyr idi ne

The fo l lowing  p rocedure  is t y p i c a l  of that used to prep are the various
azacoumarins. 7—Hydroxy—l ,4—d irnethv ]— l ,2 ,3,4— . -trahvdr o— I ,8—n~aphthvr idin e
(0 .19 g) , 1.2 ml of e th yl  t r i f l u o ro a c e t o a c et a t ~~, 50 rng of anhydrous Z i n c

ch lor ide , and 10 ml of absolute ethanol were r~-f1ux ed for 40 hr. The
cooled solution was poured with stirring i n t o  50 nil of water plus I ml
of hy d r o c h l o r i c  acid ; the yellow precipitate was filtered , washed with
water , and dried (0.31 g, 95%). Solvent used for recrystalliz ation .
melting point , fluorescence data and analytical data are summarized in
Table I. The 111 nmr spe ct ral da ta (CDC l~ 100 Mhz) on the analogous
6,8,9—tr imethy l derivative are: 6l.37(d , 6H , CH-~CH ) , l .47(ni , 111 , H-tb) ,
L.10(dt , 111, H-a, J = 13 Hz , J = 4 Hz) , 2.80(m , 111 , II),  3.2O(s , 311, NC1I .- ) ,
3.70(m , lH~ HH), 6.38(s, 1H , H3), 7.41(q, I H . ~~~ ~H —CF , = ~~l .5 Hz).

2-Oxo-~~~~ dirn~~~~~ -4-trif1uoromethy~~~~~~~~ 7,8,9-hcx~~ydro-
pyr ido [2 ,3—1 ] f i ,8]naphthiyridine

This is a representative procedure for making a z a qu i n o l e i i t - s .  7 — A m i n o —
1,4—dim ethyl—1 ,2,3,4— tetrahydro—l ,8—naphthyridine (0.9 g) and 1.0 g of
ethyl trifluoroacetoacetate were heated at 145— 165 °C for 18 hr. The
cooled , semisolid mass was slurried with 5 ml of e t h e r , f i l t e r e d  and
washed with more eiher; 1.3 g, m .p. 225—23 (Y’C, wet 200°C. Other data
are found In Table 1. lB nmr (CDC1-( , 100 Mi-hz) : ~1 .30(d , lhh , CH ,CH ,

— .1 = 7 Hz), 1 . 7 4 ( m . lii , 117 or 117 ) ,  I .89(m, H, 117 or 11 7 ) , ‘I .’42(m, i l l , ii
a b a I)

I i

IL
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3.20(s, 311, MCI-I3), 3.49(t , 211, H ,, 1L,, .J = 6 Hz), 6.62(s, 111, H),
l.46 (q, lii , 11~ , 

~H~~ CF = — 1 .5 Hz), 9 .4 O ( b r oad s, 111, NH) .

RELATED COMPOUNDS

7-Am -2-j~~ei~~j-1 ,8-naph thyr id m e

2 ,6—Diaminopyridine (16.4 g, 0.15 mole), 24 g of henzoy lacetone , 75 ml
of acetic acid and 1.5 ml ci 967’ sulfuric acid was refluxed with stirring
for 24 hr. The solution was poured slowly with stirring into 50 g of
sod ium hydrox ide in 250 ml of water; the temperature was held 20—30°C
by cooling . The tan solid was filtered , washed well with water and dried ;
21.8 g. One recrystallization from 100 ml of 95% ethanol gave 6.9 g of
coarse needles , m .p. 65—190°C; a second recrystallization from 50 ml of
ethanol furnished 2.1 g (67) of the title compound , m .p . 253—255°C. 1H
nrnr (CDC l~ + DMSO—d 6, 60 1~IUz) : ~2 .6 7( s , 311, CH 3), 6.20(broad exchange-
able s, 211 , NH ) ,  6 .9 2 ( d , 1H , H , ,  J = 9 H z ) ,  7 .58(d , 111, H,), 7.50(m , 311,
meta and para protons on C Hç), 8.30(m , 211, ortho protons on C6H5).

‘~~~~~~. Calcd. for C~~r , H N -~: C , 7 6 . 5 7 ;  H , 5 . 5 7 ;  N , 17.86 . Found:
C , 76 .99; H , 5 .62; N, ~ 1 .96.

From the aqueous mother liquors from which the above compound had been
isolated there was recovered upon cooling 6.3 g of an off—white solid.
Recrystallization from water gave felted , white needles , mel t ing in part
190—192°C, the balance 205—207°C . The 111 nmr sugges ted a mix ture of
taut:omeric and/or isomeric diacety ldiaminopyridines.

Calcd. for Cr~H11 N 3O2 : N, 21.76. Found : N, 21.54.

- - 2-Oxo-6,9-dimet~y~~~~,phe~y1-4-trifluorome thy 1-6,7,8 ,9-
r e t r a h ~~~ro -2H— p r a n o [ 2~~~- fj J ~~~8J~~~p l ithy r id  inc

7—Am ino—4—me thy l—2—pheny i—l ,8—naphthyridine (2.0 g) was mixed with
4 ml tat ;n - ’t ft anhydride; the solution was allowed to stand 1 hr at 25°C,
refl iixed for 3 hr , cooled , and d iluted with 15 ml of water. After the
,-xce- ;s anhydr ide hydrolyzed , the solution was made slig htly basic with
2Y~ aqueous sodium hydroxide (cooling used). The precipitated solid was
f i l t e r e d , washed w e l l  w i t h  ~- n l d  w at e r  and dried ; 2.3 g (98%), m.p . 209.5—
210. 5 C :1) tar parti a l ri. ! t Ing and resol idific ation at 1 50—160°C.

\I 1 of the ~b .vc ~im ide was ref lux ed  f o r  11 hr in 25 ml of dry aceto—
n i t  r i  1. - with 1.6 of m ethyl —to lti enesu lfon ate . Cooling and addition
of i i ir ’y t-x~-ecs of ether vi .-l d t ,’d I. 34 g (88. 5%) of a blue—purpl e so] Id -

The s- i  I t l i i  25 ml  - ‘ t i ~ t I -  ic i .I con t  a in  jog 3 g of ammoniurn acetate was
hv dr i i - i t  .d .v~~r ( 1 . 1  g of Pt (l at in m i t  lal pressure of 50 psi (344.8 kPa);

12
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the theoretical amount (2 mole equivalents) was rap idly absorbed . The
catalyst was removed , washed with 3 ml of acetic acid , and two 10—mi
portions of water; the combined filtrates were evaporated to thick syrup
which was then dissolved in 75 ml of 65% ethanol and made basic with 25%
aqueous sodium hydroxide. Water (75 ml) was added to precipitate the
product which was filtered off after overnight cooling at 5°C. Af ter
washing wi th cold wa ter , the wet , crude 7—acetamido—l ,4—d imethyl--2—phenyl—
l,2,3,4—tetrahydro—l ,8—naphthyr id ine was hea ted overn ight on the steam
bath with 30 ml of 6N hydrochloric acid . Cooling, followed by car ef ul
neutralization with sodium hydroxide solution , furnished 1.2 g of the
7—hyd roxy derivative . The latter (a pale orange powder) melted at 211—
213°C after one recrystallization from 60 ml of 95:5 benzene—ethanol.

nmr (CDC13, 60 MHz): äl .30(d, 311, CH 3CH, J = 6.5 Hz), 1.6—2 .6(m , 3H ,
H3, H 5, H~), 3.lO(s , 3H, NCH3), 4 .72(dd , 111, 112, J = 4Hz , J 10 Hz) ,
6.19(d , 111, H5, J = 9.5 Hz), 7.43(s, 5H, C6H5), 7.60(d, 1H , H , J = 9.5 Hz),
12.l(broad s, 1H, OH, or Nil).

A solution consisting of 0.7 g of the 7—hydroxy—l ,4—d imethyl—2--phenyl—
l,2,3,4—te trahydro—l ,8—naph thyrldine , 3 ml of ethyl trifiuoroacetoacetate ,
20 ml of abs. ethanol and 0.47 g of anhydrous zinc chloride was refluxed
for 64 hr. Af ter cooling , the solution was diluted with 20 ml of water
plus 1 ml of conc . hydrochloric acid . The yellow solid which precipitated
was f iltered , washed with water and dried ; 0.24 g (23%). Other data can

4 be found in Table 1. The position of the phenyl  ~roup in this compound
was assigned on the basis of the analysis of the 1H nmr spectrum of its
precursor and of the following sulfonated derivative .

-

~ 

. 

9113

NaO 3S

~- ~ -~~
—.
---- 

-

CF!3 CF ,

The yellow solid was sulfonated with 20% oleum (15—20° C , 4 hr) .
Af ter quenching on ice , neutralizing with sodium bicarbonate and evaporat-
ing the solution to dryness , the sulfonate was extracted with boiling p57’
ethanol. The product crystallized from the cooled extracts upon the
addi tion of die thyl ether (40 ethanol — 30 ether). F1 (max), H O :  473 urn
(excited , 390 nm). The phenyl group was as~ igned to the 8—position r a t h e r
than the 6—position based on the following H nmr evidence : the downfi eld
methine proton again appeared as a quartet (splitting by the Hj axial and
117 equatorial protons) rather than a very complex multiplet one wi ttil d tx-
pect if a methyl group were In the 8—position .

An~ l~. Calcd. for C20 H16 F-,N~05SNa~ 2 .5  H~O: F. 10.93; N , 5.37; S. 6.15.
Found : F, 10.96; N , 5.27; S, 6.18.

13
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7—Acet amido—2 ,4—d imethyl—5 ,6,7 ,8—ç~~~~~~~~ p—l .8—nap hthyridine
and_2,4—dimethy1—5 ,6,7,8—te trahydro—l ,8--na~~~ hyr idine

7—Acetamido—2 ,4 — d i m e t h y l — l ,8 — n a p ht h y r id i ne  ( 5 . 6  g) was hydrogenated
over platinum oxide (0.12 g) in acetic acid (70 ml) containing amxnonium
acetate (10 g); about 5 lirs were required to absorb the theoretical
amount of hydrogen. The basic product recovered in the usual manner was
a gum; extraction with boiling benzene left a poorly soluble white solid ,
wet t ing  at 190° C and mel t ing 197—198°C. Cooling the benzene ex t rac t s
yield ed white crusts also melting 193—197°C. The ‘H ninr on this solid
indica ted reduc tion of the pyr ido ring possessing the ac etamido group
rather than the one with the methyl groups; the methyl signals were
sharp sing le ts, rather than the doublets (J = 6—7 Hz) normally seen when
the methyl— containing ring was reduced .

A~~z,- . Calcd. for C12 H17 N 30: C, 65.72;  H, 7.82; N, 19.16; mol. wt.,
219.28. Found : C, 65.90; H, 7.88; N , 19.04 , 19.14; mol. wt. (mass
spec.), 219 .

What appears to be another epimer was isolated in low yield from
another experiment; flat needles, m .p. 155—160°C after recrystallization
of 1:1 benzene/cyclohexane. The IR spectrum was different than that for
the above compound . Its picrate melted 163—164°C af ter recrystallization
from ethanol.

Anal. Calcd. f or C 18H20N6O8: C, 48.21; H, 4.50; N, 18.75. Found :
C, 48.14; H, 4.82;  N, 18.58.

Evapora tion of the benzene mother liquors lef t a low melt ing sol id
which was recrystallized several times from n—hexane ; flat needles, m .p .
115—116°C. No amide carbonyl was present in the IR spectrum . The 111 nmr
indicated that this compound was 2 , 4—dime th y l — 5 , 6 , 7 ,8 — t e t r a h y d r o — l , 8—
naphthyridine , which resulted from the hydrogenolysis of the acetamido
group. 1H nmr (CDC15, 100 MHz): 51.8—2.2(multiplet , 211, H6, 116);
2 .1O( s, 311, 4—CH3), 2 .27 (s , 3H, 2—CH 3), 2.70(t , 211, 115, 115, J = 6 Hz) ,
3.35(sextet , 2H, 117, 117, J1111 7 = 6 Hz , = 2.5 Hz , collapses to a

t r iplet  when exchanged with 1) 20 ) ,  4.72(broad , exchangeable peak, 111, NH),
6.28(s, 111, 113).

Anal. Calcd. for C 10H1~~N~ ; mol. wt., 162.23. Found : Mol. wt.
(mass spec.), 162.

7-Ace amido-I-carboethoxymethj~1ene-~~~~~1 ime thyl -
I , 2,3,4-tetrahydro-l ,8 naphth~ ridine

The reaction product (9.4 g) of ethyl hromeiaeetate and 7—acetamido—
2,5 - Iirit t hvl— 1 ,8—n aphrh yr idine was hydrogenated by the same procedure
used for the analogous methyl compounds. Work—up in a similar manner

14
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gave 5.3 g (71%) of crude product , m.p. 100—104°C. One recrystallization
from n—hexane gave pale yellow blades , m .p. 110—111°C.

Anal.  Calcd. for C 1~ H93N 3O .: C, 62 .93; H, 7 .59; N, 13.76 . Found :
C, 62.94; H, 7.57;  N, 13.69.

The crude 7—hydroxy compound obtained by acid hydrolysis wa s used for
the preparation of the azacoumarin without purification.

7—Ac etamido—2 ,4—d iinethyl—1 ,8—naphthyridine Hydrobromide

After recrystallization from acetonitrile this salt decomposed 252—
254 °C.

Anal. Calcd . for Ci2 H1,4BrN3O’H20: Br , 25 .43; N, 13.37: Found:
Br , 25.59; N, 13.29.

7—Acetamido—1—benzyl—2 ,4—dimethyl—l , 8—nap h t ~~~r idine  Chlor ide

7—Acetamido—2 ,4—dime thyl—l ,8—naph thvridine (6.45 g), 4 g of be nzy l
chloride and 80 ml of dry acetonitrile were refluxed for 88.5 hours.
Complete solution was never attained . After cooling to 5°C the sol id
was removed and washed wi th  four 50—mi por t ions  of e the r ;  5 .3  g ( 82%)
of starting amide. Cooling the combined filtrate and ether washings
y ielded 1.2 g (11%) of the t i t l e  compound . R e c r y s t a l l i z a t i o n  f rom
ethanol—ether gave dark green crusts; tn.p. 185—190°C (dc c). 111 nmr
(DMSO —d 1,, 60 MHz): 62.23(s, 3H, CH3CO) , 2.92(s, 6H , CH 3C), 6.49(s, 211,
CH2), 7.39(s, 5H, C6F15), 8.lO(s, IH, H3), 8.64(d , 1H, 115, J = 9 Hz) ,
9.08(d , IH, 116, J = 9 Hz) , ll.90(s, 111, NH) .

Anal. Calcd. for C 19H20C1N3O•l.5 1120: Cl , 9.61; N, 11.39. Found :
Cl , 9.75; N, 11.46.

is
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Disodium 3— ( 6 — L 2, 4—Dim y l—l— carboxy met l  ene -7— ~y4~~~ y~~~~~~~~~~
tetrahydro—1.~~

.naphthyr idy1J) 4,4,4—Trifluorocrotonate and Sodium
2—Oxo-6,8—dinethyl—9_carboxymethylene-4_trifluoromethyi_ 6,7,8,9—
tet~~~~~dr o-2H-pyrano (2 ,  3-b~~(l ,~j~~ p~~jiyridine

cO-,Na ~O2Na 
‘

1

H cH d

- - N~~~~~~~~~~~~~~~~~~ N~~~~~~~~~~~~~~ OH 

CH 3~~~~~~~~~~~~~~~~~~~~~~~~

(

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 2(

ha~ 
~~ 

.
~~~~~~~

L_

?

...C_CO2Na Ha~~~~ ~~~~~ ~~~
CM 3 CF 3 HR CH3

b CF3

2—Oxo—6 , 8—d im et h y l — 9 — c a r b o et h o x y m et h y l e n e— 4— t r i f l u o r o m e t h y l—6 , 7 ,8 , 9—
t e t r a h y d r o — 2 2 — p y r a n o [ 2 , 3— b l [ 1 ,8]—naph thyri d in e  (0 .5  g) was dissolved in
a solution consisting of 0.9 g of sodium hydroxide in 10 ml of 50% ethanol
and allowed to stand overnight at 2°C. The solution was diluted with 5 ml
of ethanol , made acid with 2 ml of cone , hydrochlor ic acid ; after stand-
ing 4 days at r .t., 20 ml of water was added and the pH adjusted to neutral
with sodium bicarbonate. The small amount of insoluble which remained was
removed and the filtrate evaporated to dryness. The residue was extracted
twice with 30—mi portions of boiling 95% ethanol; the combined extracts
were cooled to 25°C, r e f i l ter ed , then cooled for several days at 5°C.
Almost colorless crystals of the first compound slowly formed ; they were
removed , washed with cold ethanol , then ether , and dried . Addition of
ether to the mother liquors until a permanent turbidity developed , followed
by further cooling gave more of the same compound ; the filtrate was saved
(see below). A solution of this solid in water was only very weakly
fluorescent (probably contamination by the following compound). 111 nmr
(D7O, 100 MHz): ól .20(d , 311, 4—CH 3, J = —6.5 Hz), 1.25(d , 3H, 2—Cl!3,
J = ~6.5 Hz), l.45(dd, 1H , H~a, J3a 3b = 13.5 Hz, J3aHX ii Hz), 2.04(dt ,
1H , lLb, 

~3a3b 
= 13.5 Hz, 

~ 3bHx = ~ 3bHy = 4 Hz), 2.67(m , in , ~~~~ 3.58(m ,
111, 112), 3.87(d , in , H~~ ~1HdHd = 18 Hz), 4.07(d , ill , H~ , “H~

Hd 
= 18 Hz),

6.75(q, 111, He, JCF~~’He 
= 1.6 Hz), 7.31(s, 111, 115).

Anal. Caicd. for C 16 H 15 F3N2O,4’H20: C, 44.04; H, 3.93; F. 13.06 ;
N, 6.42. Found : C, 44.80; II, 3.99; F, 12.86; N, 6.42, 6.35.

The alcohol—ether mother liquors from above were evaporated; the
residue was slurried with 10 ml of 2—propanol , fil tered , and the filtrate
treated with 50 ml of ether. The off—white solid which precipitated was
removed and dried . An aqueous solution fluoresced at 498 mm (excited
400 nm). 111 nmr (D20, 100 MHz): ~1.l7(d , 311, 6—CH 3, J = 6.5 Hz).
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1.28(d , 3H, 8—C1-I~~, J = 6.5 Hz), i.40(m , ill , lf j a ,  ~7a7b 
= 14 Hz), 2.04(m,

111, H ’ -1 7a7b = 14 Hz), 2.66(m , 1H , H6), 3.74(m, i l-i , Hp), 4.00(d , lH ,

Hc’ ~HcHd 
= 17.5 l I z ) ,  4.5l(d , 111, Hd, ~HcHd 

17.5 Hz), 6.28(s , 1H , H i),

7.29(q , 1H, 115, JCF 3—H 5 = 1.5 Hz).

The result was essentially the same when some of the ethyl ester was
hydrolyzed in 80% su l fu r i c  acid at 25 °C. Quenching in ice , fo l lowed  by
neutralization with sodium bicarbonate and isolation as above , gave
largely the non—fluorescing substituted crotonate .
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