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The synthesis of S-( p-'N- [2-( S- [2'-amino-4'-hydroxy-~'-pyrimidinyl]amino)ethyl]amino)benzoyl 1-L- 
glutamic acid (3),  an analog of tetrahydrofolic acid, is described. Reductive alkylation of 2,2-diethoxyacetalde- 
hyde with dimethyl N-(p-aminobenzoy1)-L-glutamate afforded dimethyl N- [ p - (  2,2-diethoxyethylamino)benzoyl] - 
L-glutamate. Formylation with formic-acetic anhydride in pyridine followed by careful hydrolysis of the 
acetal afforded an aldehyde which was reductively alkylated wi h 2-acetamido-5-amino-4-hydroxypyrimidine. 
Formylation of the product afforded the crystalline dimethyl S- p -  [ N-( 2- [ S-(2'-acetamido-4'-hydroxy-5'- 
pyrimidinyl)formamido]ethyl)formamido]benzoyl)-~-glutamate (9) .  .2 two-step hydrolysis with methanolic 
and aqueous hydrochloric acid afforded 3.  However, treatment with aqueous hydrochloric acid alone removed 
all blocking groups except one formyl group and caused cyclization to a methenyl derivative (2b) whose chemis- 
try paralleled that  of X5,S10-methenyltetrahydrofolic acid in many respects. Both 2b and 3 are striking in- 
hibitors of Streptococcus fueculis, with 3 being the more potent. 

The vitamin, folic acid, generally as its tetrahydro 
derivative (fH,, l ) ,  serves as a one-carbon transfer 
agent in a variety of biological systems. In  these 
transfers, at  either the formyl or the hydroxymethyl 
oxidation level, five-membered cyclic compounds in- 
volving the one-carbon fragment and the N6 and NIO 
atoms of fH4 are important intermediates.* Thus N5,- 
NIo-methenyltetrahydrofolate (2a) serves as the cyclic 
intermediate in a number of one-carbon transfers a t  the 
formyl level. 

As part of a continuing program in folic acid an- 
t a g o n i s t ~ , ~  we became interested in preparing an analog 
of fH4 which lacked the tetrahydropyrazine ring but 
otherwise contained the elements necessary for one- 
carbon transfer that  are present in fH,. Compound 3 
fulfills these requirements and, as a consequence of its 
structure, possesses less rigidity and one less assym- 
metric carbon atom than fH,. This paper reports the 
synthesis of 3, its methenyl derivative 2b, and some ob- 
servations on their chemistry (see Chart I). 

Synthesis of 3 by using mild reductive alkylation con- 
ditions to join together the properly blocked fragments 
of isocytosine, glyoxal, and p-aminobenzoyl-L-glutamic 
acid was an attractive approach. Reductive alkylation 
of dimethyl p-aminobenzoyl-~-glutamate~ and glyoxal 
semiacetalj with hydrogen over palladium-on-charcoal 
afforded 4 as a homogeneous and analytically pure sirup 
in high yield. Several attempts to formylate 4 in 

(1) (a)  This work was carried out  under the auspices of t he  Cancer Chemo- 
therapy National Service Center ,  Kational Cancer Inst i tute ,  National 
Institutes of Health, Public Health Service, Contract No. PH43-64-500. 
The  opinions expressed are those of the authors and are not necessal-ily those 
of the Cancer Chemotherapy Sa t iona l  Service Center. (b) Presented in 
par t  a t  t he  Fourth Annual ~leet ing-in-Miniature  of t he  California Section, 
American Chemical Society, Berkeley, Calif., Dec. 18, 1963. 

(2) For recent reviews of folic acid metabolism see (a) M. Friedkin in 
"Annual Reviews of Biochemistry," Vol. 32,  E. E .  Snell, J. h l .  Luck, F. W .  
Allen, and G .  MacKinney, Ed. ,  Annual Reviews, Inc. ,  Palo Alto, Cal i f . ,  
1963, p. 185; (h j  J .  C.  Rahinowitr in "The Enzymes," Vol. 2 ,  P. D. Boyer, 
H .  La!-dy, and K.  Myrb ick ,  E d . ,  Academic Press, Inc . ,  h*ew York,  S. Y . ,  
1960, p .  186. For the  chemistry of Ns,?i1o-methenyltetrahydrofolic acid. 
see (c) D. B. Cosculich, B. Ro th ,  J .  M. Smith,  Jr . ,  M. E. Hultquist, and R. P. 
Pal-ker, J .  A m .  Chem. Soc.. 74, 3252 (1952), and (d) M .  May,  T .  J. Bardos, 
F. L.  Barger. M.  Lansford, J .  R.1. Ravel, G .  L. Sutherland, and W. Shive. 
ibid., 75, 3067 (1931). 

(3 )  For preceding papers see (a) L. Goodman, 5. DeGraw, R .  L. Kisliuk, 
hl ,  L. Friedkin, E .  J .  Pastore, E. J .  Crawford, L. T. Plante, A.  AI-Nahas, 
J .  F .  hlorningstar, Jr..  G. Kwok,  L. Wilson. E .  F. Donovan. and J.  Ratzan,  
ibtd,, 86 ,  308 (1961). ( h )  J.  DeGraw, L. Goodman, B. Weinstein, and B. R. 
Baket-. J .  OYR. Chrm.,  27, 576 (1962). 

(1) K .  Koehler, L. Goodman, J. DeGraw, and B. R.  Baker, J .  A m .  Chem. 
Sor.. 80, ,5779 (1958). 

15) H. 0. L.  Fischer and E .  Baer, H e l v .  Chim. A c t a ,  18, 514 (1935). This 
procedure for  glyoxal semiacetal (2,2-diethoxyacetaldehyde) was slightly 
modified t o  use the  more convenient reagent, sodium periodate, rather 
than lead teti-aacetate 

CHART I 

1 C OzH 
L 

H 
sa, R1 = C6H4CONHCH(C02H) (CH2)zCOa 

+ 
N$ du-&Ri CH 

H2N $ q  

2b, RI=C~HICONHCH (COzH)(CHz)zCOzH 

OH COoH 

3 

I 
COzH 

7, X = Ac, Y = H, Z = CHO 
8, X = t\c, Y = H, 2 = H 
9, X = Ac, Y = CHO, 2 = CHO 

1 0 , X = H ,  Y = H ,  Z = H  
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acidic media gave incomplete formylation accompanied 
by hydrolysis of the acetal as indicated by changes in 
the ultraviolet and infrared spectra. Finally, formyla- 
tion without acetal hydrolysis was achieved by treating 
a pyridine solution of 4 with preformed formic-acetic 
anhydride6 a t  50". The product, 5,  was a sirup, homo- 
geneous on paper and possessing satisfactory spectral 
properties. 

Hydrolysis of the acetal 5 to the aldehyde 6 without 
concomitant loss of the formyl group proved exceedingly 
difficult. The N-formyl group was very labile once the 
acetal was hydrolyzed, probably because of the close 
proximity of the aldehyde and formamido  group^.^ 
After considerable experimentation, it was found that 
use of 98yo formic acid permitted hydrolysis of the ace- 
tal 5 with minimum loss of the formyl group to give the 
best yields of 6. All attempts to prepare a crystalline 
derivative of 6 failed. 

Reductive alkylation of the aldehyde 6 with 2-acet- 
amido-5-amino-4-hydroxypyrimidine (17) (see Chart 
111) in N,N-dimethylformamide over hydrogen and 
palladium-on-charcoal gave a solid with a broad melting 
range. The ultraviolet spectrum of this had a peak a t  
298 mp, suggesting that it was not the expected 7 but 
rather 8, or some mixture of the two. 

A crystalline, readily purified intermediate, 9, was 
obtained by reformylating the product obtained from 
the reductive alkylation of the aldehyde 6 and the amino- 
pyrimidine 17. This diformyl derivative 9 was par- 
tially deblocked to the dimethyl ester 10 by reaction with 
1 N methanolic hydrochloric acid a t  room temperature 
for 2 or 3 days.8 The ester 10 was hydrolyzed to the 
desired acid, 3, by heating in 12 N hydrochloric acid for 
90 minutes a t  37°.9 Compound 3, initially obtained as 
the trihydrochloride, could be recrystallized from water 
to give 3 as a hydrate in analytical purity. However, 
this form was less stable and slowly turned pink even 
when stored in the dark. It was best analyzed and 
stored as the trihydrochloride, 3 .  (3HC1). The ultra- 
violet spectra of 3 is given in Fig. 1. 

Interestingly, the direct hydrolysis of the diforma- 
mido ester 9 to 3 by heating with 12 N hydrochloric acid 
a t  37" for 90 min. failed; all the blocking groups were 
removed except one formyl group. The product was 
identified as the N7,N10-methenyl derivative (2b) of 3 
on the basis of analysis and ultraviolet spectral changes. 
The crystalline methenyl derivative of 3, like that of 
fH4,2C could be obtained with different amounts of water 
and hydrogen chloride, depending on the method of 
drying. 

The cyclic methenyl compounds derived from fH4 
(2a) and from 3 (2b) show strikingly parallel behavior 
with changes in acidity as outlined in Chart 11. The 
transformations for the fH, series,Pc,d have been sum- 
marized by Rabinowitz.2b Briefly, both the N5- (lla) 
or the NIO-formyl derivative (12a) of fH4 are cy- 
cylized to the methenyl compound (2a) (ultraviolet 
maximum 355 m p  in 0.1 N acid) by acid, with the con- 

( 6 )  J. SemliCka, J. Berbnek, and J. Smrt ,  Colleclion Czech. Chem. Commun., 
27, 2784 (1962), have used formic-acetic anhydride in pyridine solutions for 
0-formylations. 

(7) In  our work (unpublished) toward t h e  synthesis of the  next higher 
homolog of 8,  i t  was observed t h a t  vvhen one more carbon a tom is inserted 
between the acetal and formamido functions of 6, t h e  formyl group is not 
lost as readily during acetal hydrolysis. 

(8) J. C. Sheenan and D. H.  Yang, J. A m .  Chem. Soc., 80, 1154 (1958). 
19) R. B. Merrifield and D. W.  Woolley, ibid., 78, 4646 (1956). 
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Fig. 1.-Ultraviolet absorption spectra of N-[p-( A'-[2-( N- 
[ 2'-amino-4'-hydroxy-5'-pyrimidyl] amino)eth yl] amino)benzoyl] - 
L-glutamic acid ( 3 ) :  - P H I ;  - - - -  pH 13. 

version from the N'O-formyl 12a (maximum 253 mp in 
0.1 N base) being more rapid. In neutral or slightly 
alkaline solution, 2a is hydrolyzed to the Nlo-formyl 

CHART I1 
" 

I I 
COzH COiH 

11 12 
a = fH4 series; b = 3 series 

derivative 12a which changes to the more stable N5- 
formyl derivative lla (maximum 282 mp in 0.1 N 
base) upon standing in alkaline solution. 

As expected, the maximum for the methenyl deriva- 
tive 2b in 0.1 N hydrochloric acid occurred at  a longer 
wave length than that of 3 (compare Fig. 1 and 2). 
When 2b is dissolved in 0.1 N base, the maximum ap- 
pears a t  253 mp, suggesting immediate cleavage of 2b 
to the N'"-formyl derivative 12b. On standing, the 
maximum a t  253 mp gradually disappears and is re- 
placed by one at 286 mp, as expected for the N7-formyl 
derivative llb (see Fig. 2). Acidification of these 0.1 
N sodium hydroxide solutions that had been standing 
9 min. (mostly N'O-formyl) or 23 hr. (mostly "-formyl) 
caused recyclization to 2b as indicated by reap- 
pearance of its maximum.1° The recyclization of the 
N'O-formyl was less rapid than that of the N7-formyl as 
shown in Table I. 

The shift of the formyl group from N'O to N7 demon- 
strates how closely 3 mimics fH4. Such shifts from one 
nitrogen to the other could not be observed in the earlier 
described model studieszd, l 2  that  employed N-formyl 

(10) I n  the  recyclizations to  Ob, the maximum appears a t  313 mp rather 
than  a t  317 m p  as observed for spectrum taken immediately in acid (see 
Fig. 2). This 317 mp maximum of 2b shifts gradually to  about 313 mp when 
the acid solutions were left standing a few hours. S i  Alar slight shifts 
have been observed for (a) various isomeric forms of l a "  and (b) 2& a t  differ- 
ent acidities (pH 0.1 to  3).2b 

(11) F. M. Huennekens and M. J. Osborn in "Advances in Enzymology," 
Vol. 21, F. F .  Nord, Ed.,  Interscience Publishers, Inc. ,  New York, N. Y., 
1959, p. 369. 

(12) L. Jaenicke and E. Rrode. Ann. ,  624, 120 (1959). 
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Fig. 2.--Ultraviolet absorption spectra of 2b and its intercon- 
version products: __- 2b in 0.1 N HC1; - - - - - 12b from 
2b in 0.1 N XaOH, spectra taken immediately; - - - - l l b  from 
2b in 0.1 N NaOH, spectra after 22 hr. 

derivatives of symmetrical N,N'-diarylethylenediamines 
to demonstrate the ready formation of cyclic methenyl 
derivatives. Both 3 and 2b are undergoing biological 

TABLE I 
RATE OF REFORMATIOS OF 2b UPON ACIDIFICATION OF 

BASIC SOLUTIONS -- 
Time,a min. 

1 
23 
31 
71 

121 
179 

-Absorption, e X 10-8, a t  313 mfi--- 
Solution B Solution C 

1 0 . 7  17.4 
1 6 . 1  

1 8 . 1  
17 .6  18.3 

1 7 . 8  
1 7 . 8  

Solution A was prepared by dissolving 2b in 0.1 N sodium 
hydroxide solution. After solution A had stood for 9 min. and 
23 hr., respectively, aliquots were acidified to give solutions B and 
C, respectively. The ultraviolet spectra of solutions B and C 
were determined a t  intervals. 

testing in other laboratories. Against Streptococcus 
faecalis they are both striking inhibitors (about as good 
as aminopterin). They also inhibit the growth of 
Lactobacillus casei, with 3 being three times as potent as 
2b for both these organisms. 3 Is also more potent than 
2b as an inhibitor of thymidylate synthetase ( 3  X lop5 
and 7 X low4 A4 are required for half-maximal inhi- 
bition, respectively). They are equal in their ability to 
inhibit dihydrofolate reductase (4 X M required 
for half-maximal inhibition) . I 3  

Preliminary experiments with ethyl p-aminohenzoate 
established the conditions for reductive alkylation with 
glyoxal semiacetal that were employed for dimethyl N- 
(p-aminobenzoy1)-L-glutamate also. Thus the pre- 
ferred catalyst for the reductive alkylations with glyoxal 
semiacetal was palladium-on-charcoal. There was no 
advantage in first isolchng the Schiff's base before hy- 
drogenation. l 4  The reductive alkylation of ethyl p -  

(13) We express our appreciation t o  Drs. R. L. Kisliuk and M .  L. Fried- 
kin, Department of Pharmacology, Tufts  University School of Medicine, 
who obtained the  microbiological and enzymatic da t a  mentioned here. 

(14) J ,  I. DeGraw, L. Goodman, and B. R .  Baker, J .  Org. Chem., 16 ,  
1156 (1961), found i t  advantageous to  isolate t he  ani1 in their synthesis 
of p-[2-acetamido-5,6,7,8-tetrahydro-4-hydroxy-6-~uina~olinyl)methyl- 
aminolbenzoic acid 

aminobenzoate and glyoxal semiacetal gave a liquid 
acetal, 13, that was homogeneous. However, 13 could 
not be converted to a crystalline derivative except by 
acetylation to the sirup 14 followed by acetal hydrolysis 
to the crystalline acetamidoacetaldehyde 15, in 34% 
over-all yield from ethyl p-aminobenzoate. Conceiv- 
ably, 13 could be transformed by a number of steps to 
3. 

CHART I11 
R Ac 

w ) ~ c H c H & Q C ~ ~ E ~  - -+ O = C H C H A o  - coat 
13, R = H  15 
14, R = A c  N3R 

A ~ H N  4, 
16, R = NO, 
17, R = NH2 
18, R = NHCHzCH(0Et)S 

Nitration of isocytosine by a modification of the 
literature p roced~re '~  a t  or below room temperature 
afforded 5-nitroisocytosine. Acetylation gave 16 ; 
catalytic hydrogenation then afforded the amine 17. 
This was found to undergo reductive alkylation, al- 
though more slowly than ethyl p-aminobenzoate or di- 
methyl N-(p-aminobenzoy1)-L-glutamate, with glyoxal 
semiacetal. Heating the reaction mixture to 65-70" 
was necessary in the preparation of the acetal 18. 
From this experiment it was anticipated that the re- 
ductive alkylation of 6 and 17 to give 7 was feasible. 
Conceivably, the formation of 3 from 18 was also feasi- 
ble, but this order of joining the fragments of 3 was not 
pursued. 

ExperimentalI6 
Dimethyl N-[p-(2,2-Diethoxyethylamino)benzoyl] -L-glutamate 

(4).-A mixture of 16.0 g. (54.3 mmoles) of dimethyl p-amino- 
benzoyl-L-glutamate,' 9.10 g. (68 mmoles) of glyoxal semiacetal,5 
and 8.0 g. of 5% palladium-on-carbon in 350 ml. of absolute 
ethanol was stirred under hydrogen a t  1 atm. and room tempera- 
ture for 15 hr., by which time 1.2 molar equiv. of hydrogen had 
been absorbed. The catalyst was removed and the solution was 
evaporated in vucuo to a sirup. This was dissolved in 330 ml. of 
benzene. The solution was washed with 100 ml. of lOy0 sodium 
bisulfite solution and two 100-ml. portions of water, dried, filtered, 
and evaporated in vucuo to afford 21.9 g. (99yo) of 4 as a pale yel- 
low sirup; A:z(p)  2.96 ( N H ) ,  5.72, 6.08 (ester, amide C=O), 
and 9.40 (C-0-C); X::,".","(mp) 215 shoulder ( e  11,230), 298 ( B  

20,900). I t  moved as a single spot, distinguishable from starting 
material, in solvents A with Rf 0.66 and B with Rf 0.76. 

Anal. Calcd. for  C~OHZOX~O:: C, 58.5; H, 7.31; N, 6.81. 
Found: C, 58.6; H ,  7.48; N,6.83. 

Dimethyl N-( p-[N-( 2,2-Diethoxyethyl)formamido] benzoyl J-L- 
glutamate (5).-To 25 ml. (0.27 mole) of cold (O'),  stirred acetic 
anhydride was added slowly 10.4 ml. (0.27 mole) of 97-10070 
formic acid. The solution was allowed to warm to room tem- 
perature and then heated at 50-55' for 15 min. The solution of 
formic-acetic anhydride was cooled to O " ,  and then added slowly 
with stirring to a cold (0") solution of 10.6 g. (26 mmoles) of 4 in 

(15) T .  B. Johnson and C. 0. Johns, A m .  Chen. J . ,  94, 554 (19051, noted 
the violent reaction in their nitration of isocytosine. 

(16) Melting points were determined with the  Fisher-Johns apparatus 
and are uncorrected. Paper chromatography was done by the  descending 
technique on Whatman No. 1 paper and the  spots were detected by visual 
examination under ultraviolet light. When adenine was used as a s tandard,  
t he  spots were located relative t o  R A ~  1.00, The  solvent systems were: 
(A) 5% aqueous disodium hydrogen phosphate, p H  8.9; (B) water ;  ('2) 
1-butanol-acetic acid-water ( 5 : 2  :3) ; ( D )  2-methouyethanol-water (9: 1)  ; 
(E) benzene-methanol-water (2:6:1) ;  and ( F )  same as E except on 
Schleicher and Schuell No. 2496 acetylated paper. In  all experiments, an- 
hydrous magnesium sulfate was used as the  drying agent. 

~ _ _ _  
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75 ml. of dry pyridine. The mixture was allowed to  warm to 
room temperature and then heated at 50-55" for 1 hr. After 
evaporation zn vacuo a t  35-40', the residue was dissolved in 75 ml. 
of toluene and re-evaporated, this procedure being repeated once 
with toluene and twice with methanol to afford 10.7 g. (95%) of 
5 as an orange-yellow sirup; A E z ( p )  3.00 (h"), 5.72, 5.92, 6.00 
(esters, amides), and 9.42 (C-0-C); XF2H(mr) 260 (E 15,200). 
It moved as a single spot in solvent B with Rr 0.89. A sample 
of sirup w:is dried a t  56" (0.1 mm.) for 2 hr. and analyzed. 

Anal. Calcd. for CzlH30~208: K ,  6.38. Found: N, 6.53. 
An identical product was obtained when the reaction of 4 with 

formic-acetic anhydride in pyridine was run overnight a t  room 
temperature. 

Dimethyl N-( p -  [N-(Formylmethyl)formamido] benzoyl I-L-glu- 
tamate (6).-A solution of 10.6 g. (24.1 mmoles) of the acetal 5 in 
60 ml. of 97-1007c formic acid was allowed to stand at room tem- 
perature for 15 min. and then evaporated zn vacuo a t  25-35' to 
leave 11.3 g. (128%) of 6 as an orange-red sirup; A ? z ( p )  2.98 
( S H ) ,  5.72, 5.95, 6.00 (C=O of esters, aldehyde, and amides), 
and loss of absorption at 9.40 (acetal); X?F(mr) 262 ( e  13,200) 
and 303 shoulder ( e  3800); e-values were corrected for residual 
solvent. This product was generally used immediately after 
preparation. 

Treatment 
for 15 rnin. with 957, instead of 97-10070 formic acid caused 
more loss of S-formyl as indicated by increased absorption a t  303 
mr.  

Dimethyl N-{ p-[N-( 2- 1 N- 12 '-Acetamido-4'-hydroxy-5 '-pyrimi- 
dinyl] amino) ethy1)formamidol benzoyl)-L-glutamate (7).-The 
reductive alkylation by the general procedure (see preparation of 
4) of a mixture of 3.51 g. (20.9 mmoles) of the aminopyrimidine 
17, 8.73 g. (24 mnioles) of the aldehyde 6, and 1.76 g. of 57, palla- 
dium-on-charcoal in 210 ml. of distilled X,N-dimethylformamide 
required 18 hr.  (0.85 molar equiv. of hydrogen absorbed). After 
the work-up using chloroform instead of benzene, there was ob- 
tained 10.66 g. of foam. This was redissolved in 25 ml. of chloro- 
form and added dropwise with stirring to 550 ml. of ether. The 
precipitate was triturated overnight t o  afford 9.21 g. (857,) of 7 as 
a gray powder, m.p. 86-95"; X k y ' ( p )  3.0-3.12 ( K H ) ,  5.73 and 6.0 
(C=O of amides, esters); XEF(mp) 223 shoulder ( e  19,400), 275 
( e  17,400), and 306 shoulder ( e  12,700). It moved as a single spot 
in solvents C and D with RAd 1.30 and 1.45, respectively. Com- 
pound 7 of this quality is used in the preparation of 9.  The 
height of the shoulder a t  306 mp is indicative of the amount of S- 
formyl loss. While 7 was a solid, it could not be purified by re- 
crystallization; the reformylated product 9 was more tractable.'' 

Dimethyl N-( p-[N-(Z-[N-(Z '-Acetamido-4'-hydroxy-5'-pyri- 
midinyl)formamido] ethyl)formamido] benzoyl )-L-glutamate (9). 
--A solution of 1.85 g. (3.57 mmoles) of 7 in 15 ml. of dry pyridine 
was treated with formic-acetic anhydride, by the procedure used 
to prepare 5, t o  obtain 1.19 g. (61Yc) of 9 as a yellowish tan pow- 
der, m.p. 201-204' (softens a t  195O), homogeneous on paper chro- 
matograms. A sample from an earlier run was recrystallized 
from 1,2-dimethoxyethane to afford the analytical sample of 9, 
m.p. 205.5-207"; XEz:O'(r) 3.05 (KH),  5.71, 5.90, and 6.00 
(C=O of esters, amides); Xz2H(mr) 255 (E 19,900) and 304 
shoulder ( e  8100). It moved as a single spot in solvents C and D 
with RAd 1.28 and 1.50, respectively. 

Anal .  Calcd. for C Z ~ H ~ S X ~ O ~ :  C, 52.9; H ,  5.14; N, 15.42. 
Found: C,  52.9; H ,  5.18; K,  15.29. 

Dimethyl N-{ p -  [N-( 2-[N-( 2 '-Amino-rl'-hydroxy-5'-pyrimidinyl)- 
amino]ethyl)amino] benzoyl)-L-glutamate (lo).-A suspension of 
1.23 g. (2.27 mmoles) of the diformamide 9 in a solution contain- 
ing 3.7 ml. of 12 N hydrochloric acid and 40 ml. of absolute 
methanol was stirred a t  room temperature for 65 hr.; complete 
solution was attained in 0.5 hr. The solution, after treatment 
with Norit, was evaporated zn vacuo to a residue which was twice 
redissolved in 50 ml. of methanol and re-evaporated. The residue 
was dissolved in 15 ml. of hot methanol, diluted with 20 ml. of hot 
benzene, and allowed to cool. The precipitate was collected, 
washed with methanol-benzene (3 4), and dried to afford 0.77 g. 
(60Yc) of 10 as a white crystalline powder, m.p. 132-154"; 
XE.":"(r)3.03 (NH), 3.6-4.2 ( S H + ) ,  5.70(C=O, ester), 5.90, and 
6.05 (C=O of amide, pyrimidine); Xz2H(mp) 215 shoulder ( e  

KO crystalline derivative of 6 could be prepared. 
Other hydrolysis conditions were less satisfactory. 

(17)  In  one experiment 7 was used without reformylation, hydr-olysis 
with base and recrystallization from acetic acid gave a small amount  of 
8 as the  acetic acid solvate, m.p. 183-187°. Anal.  Calcd. for CIIHSV 
X60e.0.5CHaC02H. C, 50.9; H ,  5.39; N ,  18.73. Found:  C ,  50.6, H 
5 . 5 5 ,  N, 18.72. This had the same paper chromatographic behavior and 
ultraviolet absorption spectrum as 8.3HCI. 

19,200), 301 ( e  29,200); Xzti(mp) 216 shoulder ( e  14,300), 265 
( e  12,800), and 296 ( e  12,700); Az!:3(mp) 296 ( e  25,600). It 
moved as a single spot in solvents A, C, and E with RAd = 1.49 
(fluorescent), 1.23, and 1.44, respectively. A sample dried a t  
25' (0.1 mm.) for 17 hr. over phosphorus pentoxide was analyzed. 

Calcd. for C,oHp&sOs.2HCI. 0.5C6H6' CHJOH ( 564.5) : 
C, 50.0; H ,  5.55; C1, 12.58; S,  14.9. Found: C, 50.0; H ,  
6.19; C1, 12.26; N, 14.8. 

N-1 p-[Nl0-( 2-[N7-(2'-Amino-4'-hydroxy-5'-pyrimidinyl)amino] - 
ethyl)amino]-[ N7,Nlo-methenyl] benzoyl }-L-glutamic Acid Chlo- 
ride Hydrochloride Hydrate (2b ; CI.HCl'H20) -.4 solution of 
2.00 g. (3.68 mmoles) of the diformamide 9 in 50 ml. of 12 N hy- 
drochloric acid was kept under nitrogen a t  37" for 1.5 hr., then 
evaporated in vacuoat 25" below 0.1 mm. to  a yellow foam. This 
was dissolved in 10 ml. of 6 N hydrochloric acid; crystalline prod- 
uct immediately began to precipitate. After storing at 5' over- 
night, the crystals were collected, washed with two 2-ml. portions 
of cold 6 A; hydrochloric acid, and dried a t  25" below 0.1 mm.  to 
afford 1.03 g. (547,)  of product as yellowish green crystals. A 
0.99-g. portion was dissolved in 5 ml. of 12 N hydrochloric acid, 
diluted with 5 ml. of water, and cooled overnight. The crystals 
were collected, washed as before, and dried a t  25" below 1 mm.  
for 6 hr. over phosphorus pentoxide to afford 0.70 g. (377,) of 
greenish yellow crystals of product, m.p. 207-213" dec.; A,"::' 
( p )  3.6-4.2 ( N H + ,  COZH), 5.73, 5.87 (C=O, acid), 6.00 (C=O, 
amide), 6.15, 6.27 (aryl), 6.45 (amide), and 11.75 (aryl) (for ul- 
traviolet spectrum, see Fig. 2); i t  gave two spots in solvents A, 
R A ~  0.0 (white) and 2.28 (deep blue), and c, Rad 0.0 (white) 
and 0.82 (white). The compound was analyzed a t  two different 
laboratories. 

Anal. Calcd. for C ~ ~ H ~ ~ C ~ K ~ O ~ . H C ~ . H Z O :  C, 43.9; H ,  4.65; 
C1, 13.7; N, 16.2. Found: C, 44.06, 43.85; H ,  4.61, 4.72; 
C1, 13.5, 13.1; N, 16.0, 16.0. 

The 
effect of drying zn vacuo (below 1 mm.) over phosphorus pentoxide 
under different conditions was studied with product from 
an earlier run. A n a l .  Calcd. for C I ~ H Z ~ C ~ N ' ~ O ~ . O . ~ H C I :  C, 
45.9; H ,  4.46; C1, 13.5; K, 16.9. Found (for 4 hr. a t  56"): 
C, 43.6; H ,  4.68; C1, 13.8; N, 15.9. Found (for 6 hr. a t  100"): 
C,45.6; H,4.54;  C1, 13.5; K, 16.7. 

N-{ p-[N-( 2-[N-( 2'-Amino-4'-hydroxy-5'-pyrimidinyl)amino] - 
ethyl)amino] benzoyl /-L-glutamic Acid (3).-A solution of 0.51 g. 
(0.98 mmole) of the amino ester 10 in 15 ml. of 12 N hydrochloric 
acid was heated at 37' under a nitrogen atmosphere for 90 rnin., 
then evaporated zn vacuo a t  25" below 1 mm. to afford 0.47 g. 
(91%) of analytically pure 3.3HC1, m.p. 156-165" dec. (softens 
a t  150'); AE:p'(p) 2.97 ( X H )  3.65-4.15 (SH', COZH), 5.80 and 
6.01 (C=O, acid and amide); ultraviolet spectrum is shown in 
Fig. 1; It moved as a 
single blue fluorescent spot in solvent E with RAd 1 .OO; in solvent 
A, i t  had RAd 0.00 and 1.97, both blue fluorescence. 

Anal. Calcd. for Ci8H22~806'3HC1: C, 40.9; H ,  4.77; Cl, 
20.2; N, 15.9. Found: C,40.7; H,4.82; C1,20.1; N, 15.6. 

A sample (0.265 g.) of 3.3HC1 was recrystallized from 10 ml. of 
water to afford 0.166 g. of the hemihydrate, 3.0.5H20, m.p. 
192.5-196.5" (color change from white to pink, ca.  140-190'; 
to yellow, 195.5-196.5'); hE:p'(r) 2.95 (KH), 3.5-4.2 (C02H; 
much less absorption than the HCl salt above), 5.80 (C=O, acid), 
and 6.20 (aryl); ultraviolet spectrum, same as before. It moved 
as a single blue fluorescent spot in solvent E with RAd 1.03; as a 
blue fluorescent spot with a tail in solvents A and C with RAd 
1.95 and 0.98, respectively. 

Anal. Calcd. for C18HS2N606 0.5HzO: C, 50.6; H ,  5.41; 
K, 19.7. Found: C, 51.0; K ,  5.60; C1,O.O; N, 19.4. 

This hemihydrate changed from white to pink on  standing in a 
closed vial a t  room temperature overnight. The trihydrochloride 
has been stored in the dark over calcium sulfate for several 
months with no apparent change. Preparation of 3.3HC1 by 
this procedure is reliable and reproducible. 

Ethyl p-( 2,2-Diethoxyethy1amino)benzoate (13).-Reductive 
alkylation, by the procedure used to prepare 4, of the suspension 
formed by adding 1.24 g. of 57, palladium-on-charcoal to a pre- 
mixed solution of 2.97 g. (22.5 mmoles) of glyoxal semiacetal and 
2.48 g. (15 mmoles) of ethyl p-aminobenzoate in 50 ml. of absolute 
ethanol was complete after 25 hr. (1.07 mole equiv. uptake of 
hydrogen). This was worked up as for 4 to  obtain 4.12 g. (98y0) 
of 13 as a pale yellow oil; X::(P) 2.95 ( K H ) ,  5.88 (C=O), 
9.05, and 9.4 (C-0-C); Xzi:H(mp) 225 ( e  6963) and 304 ( c  
23,400). It moved as one main spot in solvent F ,  R, 0.50, with a 
trace a t  Rr 0.39, which corresponds to ethyl p-aminobenzoate. 

Anal .  

Redrying of the sample was necessary between weighings. 

[a]"D -8.7 zk 1.0" (c  0.99, 1 A'HCI). 
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Attempts to prepare a crystalline sulfonamide or carboxamide 
derivative failed. 

Ethyl p-[N-( 2,2'-Diethoxyethyl)acetamido] benzoate (14).-A 
solution of 3.73 g. (13.3 mmoles) of 13 in 20 ml. (0.21 mole) of 
acetic anhydride was refluxed for 1 hr. and evaporated in vacuo 
t o  leave a yellow oil. A solution of this in 50 ml. of benzene was 
washed successively with 25-ml. portions of saturated sodium bi- 
carbonate solution and of water (two portions), dried, treated 
with Norit, and evaporated in vacuo to leave 3.81 g. (897,) of 14 
as a yellow oil; A2Zt.p) 5.81, 5.98 (ester, amide), 9.45, 9.80 
(C-0-C), and no NH absorption a t  3 p ;  AEz(mp) 256 ( e  7250). 
It moved as a single spot in solvent A, Rf 0.66. 

Ethyl p-[N-(Formylmethyl)acetamido]benzoate (15).-The 
clear yellow solution obtained by adding 1.17 g. (3.62 mmoles) of 
the acetal 14 to 4 ml. of 90Y0 formic acid was allowed to  stand at 
room temperature for 15 min., and then slowly poured with stir- 
ring into 20 ml. of ice-water. The precipitate was extracted 
from the water with two 25-ml. portions of benzene. The ben- 
zene solution was washed successively with two 25-m1. portions 
each of saturated sodium bicarbonate solution and water, dried, 
and evaporated in vacuo to afford 0.82 g. (91%) of a clear yellow 
oil which solidified to  a waxy solid. Recrystallization from ether 
afforded 0.36 g. (40%) of 9, m.p. 80.5-83.5'. A second recrystal- 
lization from ether afforded the analytical sample of 9, m.p. 82.5- 
83.5.'; A:.":"' ( p )  5.80, 5.84, and 5.98 (ester, aldehyde, and amide 
C=O); (mp) 256 ( e  8850). It moved as a single spot with 
Rf 0.68 in solvent F. 

Anal.  Calcd. for C13HljN04: C, 62.6; H ,  6.06; N,  5.62. 
Found: C,62.5; H,6.11;  K, 5.47, 5.72. 

From crude 15 was obtained a 667, yield of the p-nitrophenyl- 
hydrazone, m.p. 181-187". A double recrystallization from 
ethanol gave the hydrazone as pale orange crystals, m.p. 189- 
192.5' (softens a t  180'); A:.":"'(p) 3.10 ( N H ) ,  5.80 (ester), 6.25, 
6.65 (C=N, aryl), and 7.53 (NO*). 

Anal.  Calcd. for C19HzON40j: C ,  59.3; H ,  5.24; N, 14.6. 
Found: C, 59.0; H ,  5.31; N, 14.9. 

2-Acetamido-4-hydroxy-5-nitropyrimidine ( 16) .-A stirred 
suspension of 10.1 g. (65 mmoles) of 2-amino-4-hydroxy-5-nitro- 
pyrimidine (5-nitroi~ocytosine)~~ in 100 ml. of acetic anhydride 
was heated a t  reflux for 4 hr., then kept overnight at 5'. The 
precipitate was collected and washed with ether to afford 12.3 g. 
(957,) of tan crystalline 16, m.p. 289-295' dec. Recrystalliza- 
tion from N ,  hT-dimethylformamide afforded analytically pure 
16, white needles, m.p. 294-296" dec.; A:,":"' ( p )  3.20 ( N H ) ,  5.85 

(C=O), 6.35 and 7.5 (Nos).  It moved as a single spot with Rr 
0.57 (starting material, Rr 0.41) in solvent A .  

Anal.  Calcd. for C6HtN404: C, 36.4; H ,  3.03; N, 28.3. 
Found: C,36.4; H,2.93; N,28.1. 

2-Acetamido-5-amino-4-hydroxypyrimidine ( 17) .-A suspen- 
sion of 6.10 g. (30.8 mmoles) of the nitropyrimidine 16 and 0.61 
g. of 57, palladium-on-charcoal in 300 ml. of N,N-dimethylform- 
amide was stirred under hydrogen at 1 atm.,  room temperature, 
until 3 molar equiv. of hydrogen was absorbed (about 3.5 hr.). 
The catalyst was removed by filtration and the clear, yellow- 
brown filtrate was evaporated to  dryness at 55" (0.1 mm.).  The 
residue was triturated and washed with ether (three portions total- 
ing 100 ml.) to afford 5.20 g. ( 1 0 0 ~ o )  of 17 as a light brown powder 
m.p. 232.5-236.5' dec., resolidifying at 240' and not remelting 
at 300". Recrystallization from N,N-dimethylformamide af- 
forded the analytical sample of 17, m.p. 230-234", resolidifying 
at 236", not melting at 300'; A:.":"'(@) 3.15 ( N H ) ,  6.0 and 6.15 
(C=O). I t  gave one main spot with a trace of a tail in solvent A 
with Rf 0.68, C with Rf 0.61, and B with Rf 0.78. 

Anal.  Calcd. for C~H&402: C, 42.9; H ,  4.80; N, 33.4. 
Found: C,43.1; H,4.73;  N,33.0.  

2-Acetamido-4-hydroxy& [ 2',2 '-( diethoxy)ethylamino] pyrim- 
idi ie  (18).-The reductive alkylation, by the procedure for 4, 
of a suspension of 3.36 g. (20 mmoles) of the aminopyrimidine 
17, 3.96 g. (30 mmoles) of glyoxal semiacetal, and 1.68 g.  of 57, 
palladium-on-charcoal in 50 ml. of dry N,N-dimethylformamide 
a t  65-70', and 1 atm. required 46 hr. (hydrogen uptake 0.74 
molar equiv.). Filtration followed by evaporation of the filtrate 
afforded a dark green gum. After work-up, using chloroform in- 
stead of benzene, there was obtained 5.54 g. (977,) of 18, a yellow- 
ish brown solid. Slow recrystallization from methylene chloride 
and Skellysolve C afforded 2.63 g. (46%) of 18, m.p. 139-142.5" 
(softens a t  135'); Az::"'(p) 2.93 ( N H ) ,  9.25 and 9.42 CC-0-C). 
I t  moved as a single spot in solvent B with Rf 0.85 and D with 
Rr 0.86. 

Anal.  Calcd. for C12H20~404: C, 50.7; H ,  7.09; K, 19.7. 
Found: C, 50.7; H ,  7.31; N,20.1.  
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