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50 cc . of ^ - d i o x a n e . T h i s solut ion was a d d e d d rop wise t o a 
m i x t u r e of 7.4 g. of e t h y l ^>-aminobenzoate a n d 3.8 g. of 
N a H C O a . T h e m i x t u r e was t h e n refluxed w i t h s t i r r ing for 
3 h o u r s . A t t h e end of th i s t i m e the solut ion was filtered 
ho t t o r e m o v e t h e excess of N a H C O 3 . U p o n cooling, c rys 
tals s e p a r a t e d which were purified b y s u b s e q u e n t r ec rys -
ta l l i za t ion from d i o x a n e ; yield 8.1 g. (75 .8%,) , m . p . 2 2 9 ° . 

Anal. Ca lcd . for C . v H ^ X . O j : C, 6 7 . 1 ; H , 5 .5 ; N , 
14.57. F o u n d : C, 6 7 . 0 3 ; H , 5.22; X , 14 .8 . 

2-Phenyl-4 ,6-dihydrazine-s-tr iazine.—To a so lu t ion of 
150 cc . of ace ton i t r i l e con t a in ing 22 .5 g. of 2 -phenv l -4 ,6 -
d ich loro-s - t r iaz ine , a solut ion of 100 cc . of e t h a n o l con t a in ing 
15 g. of h y d r a z i n e a n d 50 cc . of w a t e r was a d d e d . T h e mix
t u r e was h e a t e d for a b o u t 30 m i n u t e s . After cool ing, t h e 
p rec ip i t a t e was col lected and w a s h e d wi th h o t w a t e r , e t h a n o l 
a n d e t h e r ; yield 21 g. ( 9 7 % ) , m . p . 1 8 2 - 1 8 4 ° . 

Anal. Ca l cd . for C 9 H n X 7 : C, 49 .9 ; H , 5 .05; X , 45 .05 . 
F o u n d : C, 49 .9 ; H , 4 .99 ; X , 44 .76 . 

2-Methyl -4 ,6-bis - (diphenylammo)-s- tr iazme.—A solut ion 
of 300 cc . of 1,4-dioxane con t a in ing 16.3 g. of 2 -me thy l -4 ,6 -
dichloro-5- t r iazine a n d 67.6 g. of d i p h e n y l a m i n e was hea ted 
u n d e r reflux for a b o u t 5 h o u r s . T h e reac t ion m i x t u r e was 
al lowed t o s t a n d a t r o o m t e m p e r a t u r e ove rn igh t . After 
filtration, a b o u t 200 cc. of d ioxane was dist i l led off. T h e 
r ema in ing solut ion was d i lu ted wi th 100 c c of ch loroform. 
Th i s r e su l t ing solut ion was washed five t imes wi th 100-cc. 
po r t i ons of w a t e r , t h e n dr ied over C a C l ; . After add i t i on of 
ligroin ( 6 0 - 7 0 ° 5 , p r ec ip i t a t i on occu r red . T h e solid ma te r i a l 
was purified bv rec rvs ta l l i za t ion from i sopropv l a lcohol ; 
yield 40 .5 g. ( 9 4 . 5 % ) , m . p . 2 0 9 - 2 1 0 ° . 

Anal. Ca lcd . for C O 8 H O 3 X 3 : C, 78 .2 ; H , 5 .36: X, 16 .3 . 
F o u n d : C, 78 .14; H , 5.30; X , 16 .32 . 

2-Bromomethyl-4 ,6-bis- (diphenylamino)-s- tr iazine.—A 
solut ion of 100 cc . of c a r b o n t e t r ach lo r ide con t a in ing 10.75 
g. of 2 -methy l -4 ,6 -b i s -X-pheny lan i l ino-5- t r i az ine , 0 .05 g. of 
benzoyl pe rox ide a n d 5 g. of X-b romo-succ in imide was hea ted 
u n d e r reflux wi th mechan ica l s t i r r ing for 2 h o u r s . D u r i n g 
this t i m e t h e m i x t u r e was i r r ad i a t ed wi th u l t r av io le t l igh t . 
D u r i n g reac t ion t h e succ in imide p r ec ip i t a t ed from so lu t ion . 
After cessa t ion of r eac t ion t h e succ in imide was s e p a r a t e d by 
filtration of t h e ho t so lu t ion , wash ing wi th ca rbon t e t r a 
chlor ide a n d t h e wash ings a d d e d to the or iginal filtrate. 
After e v a p o r a t i o n of t h e c a r b o n t e t r ach lo r ide t h e r e m a i n d e r 
was e x t r a c t e d wi th l igroin. Rec rys t a l l i za t ion from ligroin 
afforded t h e p u r e 2 - b r o m o m e t h v l - 4 , 6 - b i s - ( d i p h e n v l a m i n o V 
s- t r iaz ine ; yield 10.5 g. ( 8 2 % ) , m . p . 1 4 6 - 1 4 8 ° . 

Anal. Ca l cd . for C < , H „ X 5 B r : C , 6 6 . 1 5 ; H , 4 .34 ; X , 
13.80; Br , 15 .71 . F o u n d : C, 66 .46 ; H , 4 .36 ; X , 1 3 . 8 1 ; 
B r . , 15 .43 . 

During a recent s tudy1 of the synthesis of certain 
analogs of tetrahydropteroic acid, it became de
sirable to investigate the selective reduction of 
some related polyazanaphthalenes to the corre
sponding te t rahydro derivatives. The pyrazine 
ring in other fused heterocyclic systems has been 
preferentially reduced3 '4 and it seemed likely t h a t 

(1) Abstracted in part from the Ph.D. Dissertation of Roy C. De 
Selms, Stanford Univ., 1959. 

(2) Research Laboratories, Eastman Kodak Co., Rochester 4, X. Y. 

2-Dicarboethoxy-phenylmethyl-4,6-dimethoxy-.s-triazine. 
— S o d i u m (6 g.) was dissolved in 100 c c of abso lu t e e t h a n o l . 
T h e e t h a n o l t h e n was dist i l led off a n d t h e r e m a i n i n g s o d i u m 
e thoxide pu lver ized by v igorous s t i r r ing . After cooling, 
58 .5 g. of d i e thy l p h e n y l m a l o n a t e dissolved in 50 g. of 
d i e thy l c a r b o n a t e was a d d e d . S t i r r ing was al lowed t o con
t i n u e a t r o o m t e m p e r a t u r e un t i l all sod ium e thoxide h a d 
r e a c t e d . T h e e t h a n o l formed by th i s r eac t ion was r e m o v e d 
by dis t i l la t ion u n d e r d imin i shed p re s su re . A solut ion of 50 
g. of d i e thy l c a r b o n a t e con t a in ing 50 g. of 2-chloro-4,6-
d ime thoxy- j - t r i az ine was a d d e d a n d t h e m i x t u r e was h e a t e d 
a t 100-110° for 8 h o u r s . After s t a n d i n g ove rn igh t a t room 
t e m p e r a t u r e a solut ion of 2 cc . of glacial ace t ic ac id in 200 
cc . of dist i l led w a t e r was t h e n a d d e d . T h e p r o d u c t c rys 
tal l ized from this solut ion was col lected a n d washed wi th 
w a t e r , a lcohol and e t h e r ; yield 61 g. ( 6 5 % ) . After r e 
c rvs ta l l i za t ion from e t h a n o l t h e m a t e r i a l me l t ed a t 112 -
113° . 

.4««/ . Ca lcd . for C , s H S i 0 6 X 3 : C, 57 .7 ; H , 5 .6; X, 11.2. 
F o u n d : C, 57 .49 ; H , 5.62; X , 11 .23 . 

Infrared Spectra. Apparatus .—The inf rared inves t iga t ions 
were car r ied ou t wi th a Ba i rd associa tes mode l B double 
b e a m s p e c t r o p h o t o m e t e r equ ipped wi th a sod ium chlor ide 
p r i sm . T h e i n s t r u m e n t was ca l i b r a t ed w i th a p o l y s t y r e n e 
film to wi th in ± 0 . 0 5 /J . 

T e c h n i q u e . — M a l l i n c k r o d t r e a g e n t grade ca rbon t e t r a 
chlor ide a n d ca rbon disulfide were used as so lvents for t h e 
t r iaz ine de r iva t ives 2 t h r o u g h 1 1 . E a c h sample c o n t a i n e d 
20 m g . per m l . which seemed to be t h e m a x i m u m concen t r a 
t ion t h a t could be o b t a i n e d wi th th i s se t of d e r i v a t i v e s . 
Th i s l imi ted concen t r a t i on r equ i r ed t h a t a 0 . 4 - m m . cell be 
used in order to o b t a i n enough deta i l in t h e spec t r a be tween 
8 a n d 11 n. F igure 1,1 shows t h e a b s o r p t i o n b a n d s due to 
t h e so lven t s . I n all of t h e solut ion spec t r a c a r b o n t e t r a 
chlor ide was used t o 7.6 M a n d t h e n c a r b o n disulfide to 15 
IX. I n t h e regions where t h e so lven t s a b s o r b s t rong ly in 
t h e 0 . 4 - m m . cell t h e spec t r a were re - run in a 0 . 0 7 - m m . cell a t 
t h e s a m e c o n c e n t r a t i o n . 

T h e t r i az ine de r iva t ives A t h r o u g h I were not soluble in 
these so lven ts a n d the i r spec t r a were recorded as solids in 
p o t a s s i u m b r o m i d e wafers . B e t w e e n 1 a n d 1.5 m g . of 
g r o u n d sample w a s mixed w i t h 200 m g . of inf rared q u a l i t y 
p o t a s s i u m b r o m i d e p o w d e r on a Wig-1-Bug 1 2 a n d pressed a t 
10,000 p . s . i . for four m i n u t e s . T h e wafers were 0.4 m m . 
th i ck and a 2 5 % t ransmiss ion screen was used in the reference 
b e a m . 

(12) Spex Industries, Scotch Plains, X. J. 

this could be extended to the pyridopyrazines under 
study. 

I t was reported by Bohlmann5 t ha t the lithium 
aluminum hydride reduction of 2,3-dimethyl-
quinoxaline gave a product, m. p. 102-103°, which 
he concluded was the same as the compound of the 

(3) E, C. Taylor and W. R. Sherman. THIS JOURNAL, 81, 2464 
(1959). 

(4) A. Albert, Quart. Revs., 6, 197 (1952). 
(5) F, Bohlmann, Ber., 85, 390 (1952). 
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Stereospecific Lithium Aluminum Hydride Reduction of 2,3-Dimethylquinoxaline and 
Related Triazanaphthalenes1 

B Y R O Y C. D E S E L M S 2 AND H A R R Y S. M O S H E R 

R E C E I V E D D E C E M B E R 9, 1959 

T h e l i t h ium a l u m i n u m h y d r i d e r educ t ion of 2 ,3 -d ime thy lqu inoxa l ine gives t h e c « - t e t r a h y d r o d e r i v a t i v e c o n t r a r y t o t h e 
p rev ious l i t e r a t u r e . T h i s is a stereospecific r e d u c t i o n since t h e r e a g e n t does n o t isomerize t h e trans c o m p o u n d t o t h e cis. 
T h i s r e d u c t i o n is app l i ed t o 2 , 3 - d i m e t h y l - l , 4 , 5 - t r i a z a n a p h t h a l e n e a n d 2 , 3 - d i m e t h y l - l , 4 , 6 - t r i a z a n a p h t h a l e n e t o give t h e 
co r r e spond ing t e t r a h y d r o de r iva t ives which a re p r e s u m e d t o h a v e t h e cis conf igurat ion. T h e u l t r av io l e t a n d inf rared spec
t r a of t h e s e c o m p o u n d s a r e r e p o r t e d a n d discussed. 
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same melting point obtained earlier by Bergstrom 
and Ogg6 from the reaction of methylmagnesium 
iodide with quinoxaline. This latter product had 
been assigned the dl-trans configuration on the basis 
of the earlier work of Gibson" who had prepared 
and separated the trans and cis isomers of 2,3-
dimethyl-l,2,3,4-tetrahydroquinoxaline (Ha and Ia, 
m. p. 102-103 and 111-112°, respectively) and es
tablished their configuration by resolution of the 102-
103° material into its enantiomorphs. Bohlmann 
pointed out the apparent similarity in the reactions 
of the Grignard and the lithium aluminum hydride 
reagents in support of the nature of his product. 

We have repeated the lithium aluminum hydride 
reduction of 2,3-dimethylquinoxaline, but have 
isolated only the cis isomer Ia, m. p. 113-114°. 
This was found to be identical with a sample of 
m-2,3-dimethyl-l,2,3,4-tetrahydroquinoxaline pre
pared by the low temperature platinum catalyzed 
reduction of 2,3-dimethylquinoxaline, and to be 
non-identical with a sample of the trans compound, 
made by the method of Gibson,' as evidenced by 
mixture melting point and infrared spectra. 

The £ra»s-2,3-dimethyl-l,2,3,4-tetrahydroquin-
oxaline is obviously the energetically preferred 
isomer as can be seen by reference to the confor
mational projections represented in Ib, Ic, Hb and 
Hc in which only one conformation, Hb, is free of 
skew interactions. Because of eclipsing by the 2,3-
substituents the boat forms need not be considered. 
The hydrogens on the nitrogen atoms may be con
sidered to be equatorially disposed, projecting in 
front of and behind the plane of the page. Since 
the lithium aluminum hydride reduction does give 
the thermodynamically least stable cis form I, this 
must mean that either the hydrogen is transferred 
in a stereospecific manner or that the product under 
the conditions of the reaction is isomerized to the 
cis form. Since lithium aluminum hydride does not 
isomerize the authentic trans product to the cis 
form under the reaction conditions, we can safely 
assume that the hydrogen is transferred stereo-
specifically. Thus the reduction cannot be by way 
of a free hydride ion unless in some way the two 
nitrogens of a quinoxaline ring (or the four nitrogen 
atoms of two quinoxaline rings) are so complexed 
with a single tetrahedral aluminum atom that only 
one face of each ring is vulnerable to attack by 
hydride ion. The normal C-Al bond distance 
would require that the aromatic nitrogen-con
taining quinoxaline ring be in a non-planar, boat 
form which is unlikely. The idea of a 7r-type com
plex between the metal hydride and the aromatic 
ring can hardly explain the results since upon com
pletion of the first stage of reduction, the aromatic 
nature of the system would be destroyed and with 
it the 7r-complex. Thus the free hydride ion mech
anism8 is inadequate as indeed it must be in light of 
the asymmetric reductions reported by Bothner-
By.9 

It seems more likely that once the first C = N is 
reduced, the reagent attacks the second nitrogen in 

(6) F. W. Bergstrom and R. A. Ogg-, THIS JOURNAL, 53, 245 (1931). 
(7) C. S. Gibson, / . Chem. Soc, 342 (1927). 
(8) N. G. Gaylord, "Reduction with Complex Metal Hydrides," 

Interscience Publ., Inc., New York, N. Y., 1950, pp. 89, 804. 
(9) A. A. Bothner-By, THIS JOURNAL, 76, 846 (1951). 

CH3 

CH3 

the ring and the hydrogen atom of the reagent is 
transferred to the carbon atom of the ring from the 
least hindered side, as represented in III, in a 
stereospecific manner leading to the cis product. 

This is analogous to the attack of the reactive spe
cies from the lithium aluminum hydride on the least 
hindered side of the carbonyl group in d- camphor.10 

In view of these considerations it was of interest to 
attempt a reduction of the quinoxaline system by 
using a metal hydride which had only one active 
hydrogen available. Lithium tri-^-butoxyalumi-
num hydride11 did not reduce 2,3-dimethylquinoxa
line upon heating for 4 hours in tetrahydrofuran. 

The lithium aluminum hydride reduction of the 
corresponding2,3-dimethyl-l,4,5-(and l,4,6)-triaza-
naphthalene gave in each case one product whose 
stereochemistry was assumed by analogy with the 
2,3-dimethylquinoxaline case to be cis. Direct 
chemical proof of cis configuration of the triaza-

(10) (a) D. S. Noyce and D. B. Denney, ibid.. 72, 5743 
(1950); (b) L. W. Trevor and W. G. Brown, ibid., 71, 1675 (1949). 

(11) H. C. Brown and R. F. McFarlin, ibid., 78, 252 (1956). 
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TABLE I 

PROPERTIES OF TETRAHYDROPOLYAZANAPHTHALENES AND PRECURSORS 

Compound 

o-Phenylenediamine 

1,2,3,4-Tetrahydroquinoxaline 

<ra«i-2,3-Dimethyl-l,2,3,4-tetra-
hydroquinoxaline 

cM-2,3-Dimethyl-l,2,3,4-tetra-
hydroquinoxaline 

2,3-Diaminopyridine 

m-2,3-Dimethyl-l,2,3,4-tetra-
hydro-l,4,5-triazanaphthalene 

3,4-Diaminopyridine 

r/s-2,3-Dimethyl-l,2,3,4-tetra-
hydro-l,4,6-triazanaphthalene 

Melting point, 0C. 
104.5-106.0 

98.5-100.5' ' 

104-105* 

114-115 

112-114 

111.5-112.5 

208-209' 

149-150 

, inl 
Xmax, 

230e 

288 
246° 
304 

245' 
300 
247c 

303 
237" 
300 

254e 

322 

245" 
283 
264° 
298 

Dase > 
log 
Cmax 

3.88 
3.67 
3.78 
3.62 

3.75 
3.54 
3.70 
3.52 
3.80 
3.78 

3.69 
3.85 

3.89 
3.57 
3.65 
3.65 

-Ultraviolet spectra— 
/ in alcohol > 
Xm„, log 
mji emas 

237b 

294 
219* 
254 
310 
2606 

310 
2566 

312 
233'' 
302 

260" 
330 

251* 
291 
274s 

308 

3.85 
3.57 
4.45 
3.63 
3.54 
3.64 
3.78 
3.70 
3.60 
3.69 
3.80 

3.76 
3.91 

3.75 
3.67 
3.60 
3.73 

< in 
X ITI.X, 

230 / 

281 
24I* 
290 

240 ; 

295 
238* 
283 
215" 
248 
315 
235" 
266 
288 
224"' 
287 
214-' 
237 
307 

acid s 
log 

4 
3.27 
3.81 
3.11 

4.0 
3.33 
4.11 
4.07 
3.85 
3.66 
3.91 
3.60 
3.57 
3.97 
4.33 
3.97 
4.29 
4.22 
3.99 

Color 
with FeCIs < 

Red 

Purple 

Blue 

Purple 

Orange 

Red (slight) 

None 

None 

« Ethanol solvent. b Methanol solvent. = 1 A7 NaOH. d 1 N HCl. • 0.01 N NaOH. / 0.01 N HCl. » 0.01 AT H2SO4 
* Water solvent. ' Upon adding solid to FeCl3 solution. ' J. C. Cavagnol and F. Y. Wiselogle, T ins JOURNAL, 69, 795 
(1947), report m.p. 98.5-99.0°. * References 6 and 7 report m.p. 101-102°. ' Reference 13 reports m.p. of 218-219°. 

naphthalene derivatives was lacking. I t was hoped 
tha t the infrared spectra might offer a clue as to the 
stereochemistry of these compounds. When the 
spectra of potassium bromide pressings of the cis-
and iraw5-2,3-dimethyl-l,2,3,4-tetrahydroquinoxa-
lines were examined, it was observed t ha t the cis 
isomer I had a strong doublet in the N - H stretching 
region a t 2.96 and 3.02 n while the trans isomer I I 
had only a singlet a t 3.02 /J.. Furthermore, both of 
the tetrahydrotr iazanaphthalenes had a doublet in 
this region. In carbon disulfide solvent, however, 
the cis isomer I showed only a single band a t 2.98 
/i and thus the doublet in the potassium bromide 
pressing of I mus t be of crystal origin. The 
doublets in the triaza analogs must be ascribed to 
the fused nitrogen containing ring and not to the 
cis configuration. 

I t can be seen from examining Table I t ha t there 
are no clear-cut correlations in the ultraviolet 
spectra which might make it possible to distinguish 
cis and trans isomers in this series. In general the 
ultraviolet spectra of the reduced polyazanaphtha-
lenes resemble those of their diamine precursors. 
I t was noted tha t o-phenylenediamine and the tetra-
hydroquinoxalines gave colors with ferric chloride 
whereas the fused p)Tidine analogs did not. The 
reason for this may be a strong complexing of the 
ferric chloride with the pyridine ring which does 
not take place with the tetrahydroquinoxalines. 

Experimental12 

2,3-Dimethyl-l,4,6-triazanaphthalene. A.—To 1.91 g. 
(0.0175 mole) of 3,4-diaminopyridine13 in 20 ml. of dilute 
hydrochloric acid was added 1.50 g. (0.0175 mole) of biacetyl 
in 7 ml. of water. The mixture was heated on the steam-

(12) Melting points are corrected and were taken on a Fisher-
Johns block unless otherwise noted. Analyses were by Microchemical 
Specialties, Berkeley, Calif., or the Research Laboratories, Eastman 
Kodak Co., Rochester, K. Y. 

(13) E. Koenigs, H. Bueren and G. Jung, Ber., 69, 2690 (1936). 

bath for 2 minutes and then neutralized with 10% sodium 
hydroxide solution. The solvent was removed at reduced 
pressure and from the residue was obtained by sublimation 
400 mg. (14% yield) of crude product, m.p. 105-106°. 
Recrvstallization from K-hexane and subsequent resublima-
tion at 70° (0.5 mm.) brought the melting point to 123-125° 
(Kofler). 

Anal. Calcd. for C9H9N3: C, 67.90; H, 5.70; N, 26.40. 
Found: C, 68.00; H, 5.62; N, 26.43. 

B. To 5.0 g. (0.046 mole) of 3,4-diaminopyridine sus
pended in 50 ml. of benzene was added 3.90 g. (0.045 mole) 
of diacetyl. After 3 hours refluxing under a Dean-Stark 
apparatus, 1.0 ml. (100% of theory) of water was collected. 
The benzene solution was treated with Norit, filtered and 
diluted with twice the volume of petroleum ether. Upon 
cooling, 4.69 g. (65%.) of crude product crystallized. Sub
limation (80-90°, 1 mm.) yielded colorless crystals, m.p. 
127°. 

c!5-2,3-Dimethyl-l,2,3,4-tetrahydroquinoxaline (I) . A. 
By Lithium Aluminum Hydride Reduction.—To a stirred 
solution of 2,3-dimethylquinoxaline (3.2 g., 0.02 mole) in 
200 ml. of absolute ether, was added a solution of lithium 
aluminum hydride (1.2 g., 0.05 mole) in 50 ml. of absolute 
ether. The mixture was stirred for 6 hours under an inert 
atmosphere and then decomposed by the cautious addition 
of 20 ml. of 10% potassium hydroxide. The precipitated 
aluminum hydroxide was removed by filtration of the reac
tion mixture. The ether layer and combined ether extract 
of the aqueous layer were dried over anhydrous sodium sul
fate. The residue upon vacuum evaporation was recrys-
tallized from benzene-petroleum ether; 2.25 g. (70%), m.p. 
110-113°, and purified by sublimation at 100° (0.3 mm.), 
m.p. 114-115° (lit.7 m.p. 111-112°). 

B. By Catalytic Reduction.-—2,3-Dimethylquinoxaline 
(25.0 g., 0.158 mole) dissolved in thiophene-free benzene, 
185 ml., was shaken for a short time with Raney nickel to 
remove possible catalyst poisons and then hydrogenated at 
6.0 atm. in the presence of 0.23 g. of Adams catalyst until 
the theoretical amount of hydrogen was taken up (about 20 
hr .) . After the catalyst had been removed, the solution was 
warmed for a short time with Norit, filtered and diluted with 
petroleum ether. The crystals that separated were col
lected and then washed with petroleum ether; 8.0g. (30%), 
m.p. 114.5-115.5°. The mother liquor yielded 7.0 g. 
(26%) more of this product. This product was identical 
with the cis-2,3-dimethyl-l,2,3,4-tetrahydroquinoxaline 
obtained bv lithium aluminum hydride reduction as evi-
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denced by mixture melting point and infrared determinations. 
The tetrahydroquinoxaline reported in Table I was pre

pared by this method, m.p. 98.5-100.5°. Its infrared 
spectrum showed a single band at 3.08 /u. 

<W-/raKS-2,3-Dimethyl-l,2,3,4-tetrahydroqmnoxaline.— 
This authentic sample was prepared by the method of 
Gibson,' m.p . 104-105°. A mixture melting point with the 
lithium aluminum hydride reduction product was 78-85°. 
The infrared spectra of this authentic trans compound 
showed a single peak in the NH region at 3.02 /j. both in 
potassium bromide pressing and in carbon disulfide solution, 
while the cis product showed a well defined doublet at 2.96 
and 3.02 p in potassium bromide pressing but a singlet at 
2.98 Ii in carbon disulfide solution. 

The authentic trans compound was dissolved in ether and 
treated with lithium aluminum hydride in the same manner 
as during the reduction of the quinoxaline. The recovered 
product melted at 104-105°, did not depress the melting 
point of the starting material, but lowered the melting point 
of the cis compound to 93-98°. 

<2^as-2,3-Dimethyl-l,2,3,4-tetrahydro-l,4,5-triazanaph-
thalene.—By the same lithium aluminum hydride method as 
used for 2,3-dimethylquinoxaline there was obtained a 70% 

yield of this tetrahydro derivative from 2,3-dimethyl-l,4,5-
triazanaphthalene.W'm.p. 111.5-112.5° (Kofler). 

Anal. Calcd. for C9Hi3N3: C, 66.22; H, 8.03; N, 25.75. 
Found: C, 66.35; H, 7.96; N, 25.69. 

dl-cis-2,3-Dimethyl-1,2,3,4-tetrahy dro-1,4,6-triazanaph-
thalene.—By the same procedure 2,3-dimethyl-l,4,6-
triazanaphthalene1 (3.20 g., 0.02 mole) was reduced to the 
tetrahydro compound, 1.80 g. (55%), which was purified by 
crystallization from benzene-petroleum ether and sublima
tion, m.p. 149-150°. 

Anal. Calcd. for C9H13N3: C, 66.22; H, 8.03; N, 25.75. 
Found: C, 66.6; H, 7.8; N, 25.6. 
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Pteridines. XXII. 5,8-Dihydropteridines by Sodium Borohydride Reduction12 
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Sodium borohydride reduction of a number of 8-substituted-7(8i?)-pteridinone-6-carboxylic acids has been shown to 
lead to derivatives of 7-hydroxy-5,8-dihydropteridine-6-carboxylic acid. These compounds possess remarkable chemical 
stability due to intramolecular hydrogen bonding between the 7-hydroxy group and the carbonyl oxygen of the 6-carboxyl 
group, and their high ultraviolet absorption maxima (405 mj»! are ascribed to the presence in these compounds of a new 
pteridine chromophoric system. I t is suggested that some naturally-occurring reduced pteridines may also be 5,8-dihydro 
derivatives. 

A recent paper from this Laboratory described 
a new synthetic route to pteridine-6-carboxylic acids 
which involved the condensation of a 4,5-diamino-
pyrimidine with alloxan in basic solution, and which 
proceeded via the intermediate formation of a 6-
s^Vopteridine.3 Certain of the pteridine-6-car-
boxylic acids prepared during an extension of that 
study underwent a novel reduction with sodium 
borohydride, and the present paper describes our 
investigations on the structure and properties of 
these dihydropteridines. 

The condensation of 2,4-bis-(ethylamino)-5-
aminopyrimidine (I) with alloxan in basic solution, 
or with the disodium salt of mesoxalic acid, pro
ceeded smoothly to give 2-ethylamino-8-ethyl-7-
(8i7)-pteridinone-6-earboxylic acid (II). The struc
ture of II was confirmed by decarboxylation, 
either by vacuum sublimation or by heating at 
200°, to 2-ethylamino-8-ethyl-7(8iI)-pteridinone 
(III), which was synthesized independently by 
condensation of I with ethyl glyoxalate ethyl 
hemi-acetal. Treatment of II with sodium boro
hydride in dilute alkaline solution then yielded a 
dihydro derivative (IV) with rather remarkable 
physical properties. It exhibited an intense blue 
fluorescence in solution, possessed a bright yellow 
color, and comparison of its pK& with that of the 
starting material showed that it was 10,000 times 

(1) For the preceding paper in this series, see E. C. Taylor and C. C. 
Cheng, J. Org. Chem., 25, in press (1960). 

(2) This work was supported in part by a grant to Princeton Uni
versity from the American Cancer Society. 

(3) E. C. Taylor and H. M. Loux, T H I S JOURNAL, 81, 2474 (1959). 

a weaker acid. Furthermore, its ultraviolet ab
sorption spectrum exhibited an absorption maxi
mum 48 ran higher than the starting material, and 
at a wave length (404 ran) almost unprecedented 
among simple pteridines. 

This latter observation is surprising indeed, 
for one would intuitively expect disruption of the 
aromatic system by reduction to result in a hypso-
chromic shift in the ultraviolet absorption spec
trum. Since sodium borohydride does not re
duce a carboxyl or amide carbonyl group, there 
would appear to be only three possible struc
tures for the dihydro acid; namely, the 1,2-, 
3,4- or 5,6-dihydro derivatives. Reduction of the 
9,10- ring fusion double bond is excluded because 
of the presence of a second N-H band in the 
infrared spectrum of the reduced acid. Since it 
is well known that pyrazine rings are always 
reduced in preference to pyrimidine rings,4'5 
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