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when necessary to keep the solution homogeneous. The solution 
was washed with ethyl acetate (100 ml.) and extracted at pH 3 
with two 100-ml. portions of the same solvent. The combined 
extract was washed with 50 ml. of water. Fresh water (50 ml.) 
was added to the ethyl acetate solution, and the mixture was 
adjusted to pH 6.S with saturated aqueous sodium carbonate. 
The last extraction was repeated with 35 ml. of water; the com
bined pH 6.K aqueous solution was washed witli ether (30 ml.) and 
evaporated briefly to remove solvent. The aqueous solution was 
cooled to 5° and treated with a cold solution of procaine hydro
chloride (7.2 g.) in S ml. of water. After refrigerating the hazy 
solution foi 1 hr., crystalline procaine salt was recovered by fil
tration, washed with cold water and ether, and dried: yield. 13.0 
g. (49'V..); m.p. 139- 143° d e c ; [,y]2'\> +143° (c 1, 70' ,' acetone): 
Xra.,x 5.06 ix (vs) in KBr. 

Anal. Calcd. for Gc,H41N407PS;3: (', 40.05: H, 0.S4: N. 
0.27. Found: C, 49.58; H, 6.78; X, 0.23. 

6-Diphenoxyphosphinylaminopenicillanic Acid N-Ethylpiperi-
dine Salt (4).—Diphenyl chlorophosphate (13.5 g., 0.05 molei 
and 6-APA (10.8 g., 0.05 mole) were made to react as described 
for 10. The first ethyl acetate extract (pH 5.5) yielded 3.0 g. 
i l l ' , ' . ) of crystalline 4; m.p. 133-136° dec. For analysis a 
sample was recrystallized from acetone; m.p. 133-136° d e c : 
| ' « P ' D 4-173° (c l", water); Xmix 5 .04M (vs) in KBr. 

Ami. Calcd. for C2,H36N306P8: C, 57.74: II, 6.40: X, 
7.48. Found: C, 57.91; H, 6.48; X, 7.42. 

6-Bis-p-methylphenoxyphosphinylaminopenicillanic Acid N-
Ethylpiperidine Salt (6).—Bis-p-tolyl chlorophosphate (14.S g.. 
0.05 mole) and 6-APA (10.8 g., 0.05 mole) reacted as described 
for 4 yielded 3.4 g. (12',:,) of crystalline 6: m.p. 128-130° d e c : 
|«]21i) +149° (<; 1, ethanol); X„„„ 5.06 ,u (vs) in KBr. 

Anal. Caled. for C29H4oN3()6PS: 0 ,59.07; H, 0.84: X, 7.13. 
Found: 0,58.99; H, 6.91; X, 6.91. 

6-Phenoxyphenylphosphinothioylaminopenicillanic Acid N-
Ethylpiperidine Salt.—Phenoxvphenylphosphinothiovl chloride. 
C6H5PS(C6H50)C1 [13.5 g., 0.05 mole; b.p. 131-135° (0.01 mm.); 
/(26i) 1.6190] and 6-APA (10.8 g., 0.05 mole) were allowed to react 
as described for 4 to give 10.4 g. (37%) of crystalline product. 
For analysis a sample was recrystallized from acetone; m.p. 
100--.111°' d e c ; [a]-h> +214° (V-'l, water): X„„x. 5.00 ix (vs) in 
KBr. 

Anal. Calcd. for C27H3eX3()4PS;;: C, 57.73; 11, 6.46; N, 
7.48. Pound: 0,57.92; H, 6.70; X, 7.54. 

6-Ethylthiophenylphosphinothioylaminopenicillanic Acid Po
tassium Salt (44).— A solution of 6-APA (4.32 g., 0.02 mole) 
in 30 ml. of water with the addition of solid potassium bicar-

Since fifteen enzymes that use folic acid, tetrahydro-
folic acid, or derivatives of tetrahydrofolic acid as 

(1) Tliis wurk was generously s u p p o r t e d by G r a n t s ('Y-">84"> and C Y -
OI><>24 nf tln> Nat ional Cance r In s t i t u t e , U. S. Publ ic Hea l th Service. Pa r t 
of tliis work was presen ted at the 142nd Na t iona l Mee t ing of the American 
Chemical Society, At lan t ic Ci ty . X. J., Sept . , 191)2. 

i'2) For the p rev ious pape r of this series see B. K. B a k e r and C K. M e 
r u i t ,/. I'hisrm. Sri.. 52, 840 (Hll>:t). 

bonate (4 g. i was treated with a solution of ctliylthioplienvl; 
phosphinothioyl chloride, C6H5PK (C-.H,-,S)C1 |4.72 g., 0.02 mole-
b.p. I l l I 1S° 10.02 mm.): nr'i> 1.0310] in 30 ml. of acetone The 
solution was adjusted to pH 0 with 10',' potassium bicarbonate 
! It ml.) and stirred for 5 hr. (final pH O.(i). After clarification 
the solution was extracted with 2 volumes of ethyl acetate at [>H 
5.5. I'he extract was washed with 0.5 volume of water, dried, 
and adjusted to pH s with A' methauolie potassium hydroxide. 
The solution was evaporated to dryness, and (he residue was tri
turated with absolute ether to an amorphous solid, which was 
dried over phosphorus pentoxide under vacuum. The yield of 
44 was 1.55 g. ( 12' ,' i; calculated chemical assay for (VdFuN 4 >•:,-
PSjK, 1310 sodium penicillin (I units per nig.: found ('liydroxyl-
amine colorimetric method'5), 935 units per nig.; purity, 7 1 ' , ' . 

6-DiphenoxyphosphinylaminopeniciIlanamide i l l ) . A solu
tion of diphenyl chlorophosphate (0.7 g., 0.025 mole) in 50 ml. of 
acetone was added rapidly with stirring to a cooled solution of 
O-aiiiinopenieillanainidc /ctoluenesulfonate" ('i).S g.. 0.025 mole 
in a mixture of 50 nil. of 0.007 .1/ disodium hydrogen phosphate 
(adjusted to pi I 7.5.' and 20 ml. of acetone. After stirring for 
3 hr. at room temperature ! pH kept at 7.5:. the reaction solution 
was extracted with I volume nf ethyl acetate. The extract was 
washed with one-half volume of water, three times with 0.5 
volumes of 5' , sodium bicarbonate, and again with water. Sol
vent was removed from the dried extract by evaporation, and the 
residue on trituration with benzene yielded 1.1 g. (10'.,)) of crys
talline II. For analysis a sample was recrystallized from acetone 
hexane: m.p. 105 I0S°: \a\

23]) +197° '(' 1, chloroform': \ 
5.00 (vs) and 5.99 /j. ( vs ) in KBr. 

Anal. Calcd. for 0=!4I,,X3Oo.Sl>: (', 53.ON: II, 1.90: N. 
9.39. Found: 0.53.37: H.5.20; X.9.14. 
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substrates are known,3 r' a program was initiated on 
analogs of tetrahydrofolic acid. The rationale'1 for, as 

Ci) T. 11. J u k e s a n d 11. P. Broquis t , "Su l fonamides and folic Acid 
An tagon i s t s " in ".Metabolic I n h i b i t o r s , " Pi, M. Hochs t e r and .!. H. (Juastel , 
Mil., Academic Press, Inc . , New York, X. Y., 19IW. p p . 48W, : i4 . 

(4) F. M. Huennekens , M . J. O s b o m , a n d H . R. White ly , ,SV„ ,„•, , 128, 
120 ilH.18). 

oil .1, !•'. Holland, ('In,. I'l„i ,„.. '/'/,, ,<!/<,, 2, :i~4 I ' l l l l l l i . 

Analogs of Tetrahydrofolic Acid. VIII. " Synthesis of 
N-[l-(2-Amino-4-niercapto-6-methyl-5-pyrimidyl)-3-propyl]-p-aminobenzoyl-L-

glutamic Acid, a Mercapto Analog 

R. R. RAKEK, C. E. MOHKEAL, AND RK.NG-THOXU HO 

Department of Medicinal Cliemixtrji, School of Pharmacy, Stale I'uivertiili/ of Xac York at Buffalo, Buffalo. Xeic York, 

Received MUIJ •>, liitli 

The title compound (II) has been synthesized in nine steps starting with ethyl acetoacetate via the key inter
mediates 2-acetamido-4-chloro-5-[2-(l,3-dioxolan-2-yl)ethyl]-6-methylpyrimidine (XII I ) and 2-amino-5,0-
dihydro-7-hydroxy-4-methyl-7H-thiopyrano[2,3-d]pyrimidine (XVIII) . Conversion of 2-amino-5-[2-( 1.3-
dioxolan-2-yl)ethyl]-6-methyl-4-pyrimidinol (X) to the corresponding 4-pyrimidinetliiol XV or 4-chloropyrimi-
dine XI could not be accomplished due to the instability of the 5-side chain; in contrast, the X2-acetyl of X. 
namely XII , underwent fast conversion to 2-acetanudo-4-chloro-5-|2-(l,3-dioxoIan-2-yl)ethylJ-6-methylpyrimi-
dine (XII I ) under mild conditions due to the greater reactivity and better solubility of XII compared to X. 
The key intermediate 2-amino-4-mercapto-6-methyl-5-pyrimidylpropionaldehyde (XX) existed almost com
pletely in the hemiacetal form XVIII in neutral solution, but existed in the open chain aldehyde form XXII 
when converted to an anion at pH 13. 
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well as the synthesis27 of, a pyrimidine analog of 
tetrahydrofolic acid (I) has been previously presented. 
Since I could inhibit some of these enzymes, we em
barked on the synthesis of the 4-mercaptopyrimidine 
analog II of tetrahydrofolic acid; to our knowledge no 

R 
1 CH2N 

IY 
NH2kNJkC E 

IOC T!H2-CH2NH4 j>CONHCH(CH2)2COOH 

COOH 

I, R = OH; II, R = SH 

mercapto analog closely related to the folic acid struc
ture has been synthesized. 

A key intermediate in the synthesis of I was the 
pyrimidine-5-propionaldehyde acetal III which also 
appeared to be a likely intermediate for the synthesis 
of the required 4-mercaptopyrimidine (V). Unfor
tunately, III was quite unstable to phosphorus oxychlo
ride, giving carbonaceous material even at room tem
perature; under a variety of conditions including the 
use of dime thy laniline, IV could not be obtained. 
Similarly, III was unstable to phosphorus pentasulfide, 
gave only tarry materials in hot pyridine or xylene, and 
no V could be isolated. That the difficulty of the 
phosphorus oxychloride reaction could not be attributed 
to the 5,6-dialkyl structure of the pyrimidine ring was 
shown by the conversion of 5-allyl-2-amino-6-methyl-4-
pyrimidinol8 to the chloropyrimidine VI,- albeit only in 
13% yield. Thus, the main instability of III to phos-

OH 

N^|CH2CH2CH(OC2H5)2 _ ^ CI 

NTCHs ' N^CH2CH2CH(OC2H5)2 

III 

NH2kvJcH3 

* 
CI 

N*S]CH2CH2CH(OC2H5)2 N ^ C H 2 C H = C H 2 

NHJ^JCH, NH2kNJcH3 

V VI 

phorus oxychloride was attributed to the acid-sensitive 
acetal group. 

Since the dioxolane blocking group is considerably 
more acid-stable than the ethyl acetal blocking group, 
the synthesis of X, the pyrimidine-5-propionaldehyde 
blocked with a dioxolane group, was undertaken in 
order to study its conversion to a mercaptopyrimidine 
(XV). Reaction of ethyl 2-acetylglutaraldehydate 
(VIII)2'9 with ethylene glycol in benzene containing 
p-toluenesulfonic acid, but without azeotropic removal of 
water, gave the desired dioxolane (VIII) in 55% yield 
as a distillable oil. As one could anticipate,10 the same 
conditions with removal of water led to the bisdioxo-
lane (IX). 

(6) B. R. Baker, Preprints of the Scientific Session of the American 
Pharmaceutical Association, Las Vegas, Nevada, 1952; paper V of this 
series. 

(7) B. R. Baker and C. E. Morreal, / . Pharm. Sci., 51, 590 (19(52). 
(8) V. Hacht, Chem. Listy, 45, 459 (1951). 
(9) O. A. Moe and D. T. Warner, U. S. Patent 2,610,204; Chem. Abstr., 

47, 5961 (1953). 
(10) L. Willi man and H. Schinz, Helv. Chim. Ada, 32, 2151 (1949). 

Condensation of VIII with guanidine in boiling 
ethanol gave the crystalline pyrimidyl dioxolane (X) 
in 69% yield; the over-all yield from VII was increased 
by 18% when the intermediate blocked keto ester 
(VIII) was not isolated. Acetylation of X with acetic 
anhydride in pyridine at 80-90° afforded the N-acetyl 

C2H5OOC C2H5OOC 

CHCH2CH2CHO 

OCCH3 

VII 

CHCH0CH0CH 
1 

0CCH3 

VIII 

. 0 - C H 2 

^O—CH2 

C2H5OOC 

CCH2 OH 
I 

CH2—0. 

CH,—0' 

,0—CH2 

\ C—CH3 

LX 

2 N5JSSCH2CH2CH^ I 
NH2kX TJcH3 ^ 0 - C H 2 

X 

VN' 

0—CH2 OH 

CH3CONHkNJcH3 0 - C H 2 

N=^N|)CH2CH2CH^ [ 

XII 

a CH3CONH^N^CH3 

, xm 

0— CH2 
T 

0 - C H 2 OH 

N*sSiCH2CH2CHO 
CH3CONH^N^CH3 

SH 
X)—CH, 

NS=SSCH2CH2CH^ 
NH 2kMJcH 3 " 0 - C H 2 

XV CH3CONH 

^ 0 - C H 2 
N^^CH2CH2CH I 
^ W ^ 0 - C H 2 

derivative X I I in 5 7 % yield; with boiling acetic an
hydride the yield was lowered to 4 5 % . In contrast to 
2-acetamido-4-hydroxy-6-methylpyrimidine -5- propion-
aldehyde acetal, which was readily hydrolyzed to 2-
acetamido -4- hydroxy -6- methylpyrimidyl -5- propional-
dehyde (XIV) with boiling water,2 X I I was recovered 
unchanged under these conditions, indicating the desired 
increase in the stability of the dioxolane blocking group. 
Tha t the dioxolane blocking group of X I I could be hy
drolyzed to X I V was shown by t reatment of X I I with 
9 0 % formic acid at room temperature. 

In spite of the increased stability of the dioxolane 
blocking group, t rea tment of X I I with phosphorus 
oxychloride with or without the presence of such bases 
as pyridine or dimethylaniline to form X I caused 
extensive decomposition, and no organic materials with 
the expected solubility could be recovered; similar 
results were obtained with phosphorus pentasulfide in 
pyridine in a t tempts to synthesize XV. Since the 
N-acetyl derivative X I I was considerably more soluble 
in nonpolar solvents than the 2-aminopyrimidine X, 
reaction of X I I with phosphorus oxychloride was 
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studied. Traces of the desired 4-chloropyriniidine 
(XII I ) could he obtained by heating in phosphorus oxy-
chloride for a short period of time. The yield was 
improved to the order of o% if the excess phosphorus 
oxychloride was not removed by distillation in vacuo, 
but the reaction mixture added directly to ice. Use of 
benzene as a diluent and decomposition oi' the excess 
reagent in cold alkali gave 10 30% yields of X I I I . 
Filially, by proper control of the reaction time and 
temperature, work-up with cold aqueous sodium 
acetate gave the crystalline 4-chloropyriiiiidine (XII I ) 
in !)()% yield. The increase in rate of reaction of 
phosphorus oxychloride with the 2-acetamido-4-pyrimi-
dinol (XII) compared to other 2-amino-4-pyrinii-
dinols such as X cannot be contributed solely to in
creased solubility; apparently, the hydroxy! group of 

XI I is considerably more reactive. 
When the 4-chloropyrimidine (XII I ) was treated 

with potassium hydrosulfide in boiling methanol, the 
chloro group was replaced by mercapto and the X-acetyl 
group was cleaved to give the desired 2-amino-4-mer-
captopyrimidine (XV) in 7")% yield; thus either XI or 
XVI, or both were intermediates in the conversion of 
X I I I to XV. Other studies in this Laboratory1 1 have 
shown that the chloro group of the 2-acetamidopyrimi-
dine (XIII ) can be displaced readily by nucleophiles 
under conditions where the 2-amino-4-chloropyrimidine 
(XI) is recovered unchanged, indicating a tremendous 
difference in reactivity of the halogen in the two com
pounds. Tha t the reaction proceeded predominantly 
through XVI was indicated by further t reatment of the 
methanol-freed reaction mixture of potassium hydro
sulfide and X I I I with acetic anhydride and pyridine; 
in this way pure X V I was obtained in 8 8 % yield, 
presumably by reacetylation of the XI to reform XI I I 
followed by further reaction witli hydrosulfide or tliio-
acetate ion. 

If inadvertently not all the potassium hydroxide was 
converted to potassium hydrosulfide, the more alkaline 
solution caused more rapid deacetylation and the 2-
amino-4-chloropyrimidine (XI) was the main product. 
By use of the neutral nucleophile, thiourea, in /-butyl 
alcohol, which does not give rise to alcoholysis, rapid 
replacement of the chloro group took place without loss 
of the X-acetyl group and the intermediate, weakly-
acidic thiouronium salt was isolated in 82% yield. 
Hydrolysis of the X-acetyl and thiouronium groups 
was complete in 2 hr. at room temperature in AT XaOH, 
as shown by the change in the ultraviolet spectrum; 
acidification gave an 8 4 % yield of XV. Moreover, the 
2-amino-4-chloropyrimidine (XI) was recovered essen
tially unchanged under similar conditions. The route 
through the thiouronium salt was the method of choice. 

The higher reactivity of groups in the 4-position of a 
2-acetamidopyrimidine compared to a 2-aminopyrimi-
dine is not only a noteworthy difference in the char
acter of the 2-aminopyrimidine system, but a highly 
useful difference that should find utility in other amino-
pyrimidine transformations. 

Since the dioxolane blocking group of X I I was hy-
drolyzed to the aldehyde XIV with difficulty only with 
acid, and since hydrolysis of 4-mercaptopyrimidyl di
oxolane (XVI) with acid to X X I gave difficultly sep
arable mixtures, the reconversion of the dioxolane block-

i l l . i H. I t . B a k n a n . l B. Hn. iiin.iiblislicil r.-»uh.». 

ing group to the acetal blocking group was studied. 
Trea tment of the 4-hydroxypyrimidyl dioxolane (X) 
with remixing ()..")%. alcoholic sulfuric acid gave the 
acetal III in 30% yield; this reaction was not studied 
in further detail, but attention was turned to the mer
capto series. 

Acid-catalyzed alcoholysis of XV or XVI did not give 
a diethyl acetal, but formed the cyclic acetal XVII in 
near-quantitative yield. Tha t this compound, giving 
combustion values for the cyclic structure XVII , had 
this structure was confirmed readily by its ultraviolet 
absorption spectrum; XV lias maxima in neutral 
solution at 2G0 and .'547 m/j as expected for a 2-amino-4-
niercapto-."),G-dia]kylpyrimidine,12 whereas XVII has 
maxima at 230 and 307 m/x, typical of a 2-amino-4-
alkylthio-o.G-dialkylpyrimidine1- (see Table I). Aeet-
ylation of XVII with acetic anhydride in pyridine 
gave X I X . .Attempts to hydrolyze XIX with water 

or 00% ' ' 
were again unpromising. 

formic acid to the pyrimidyl aldehyde (XXI) 

OH 

N,;5*S|CH2CH2CH 
O-CH, 
/ i -

NH,U 'CH, O-CH, 

X 
'N 

N^ScH2CH,CH 

OH 

iCH2CH2CH(OC2HO, 

NH 2%^CH, 

III 
SH 

NH,%.JCH 
A. 

\ 

XV 

; 

•K | N : ^ i C H 2 C H 2 C H 
0-CH 2 CH3CONHkNJJCH : i b"CH, 

XVI 

S^ rOGH, 

NH,k-NJcH:l 

* XVII 

.S^HDC2H, 
N IT 

CH.CONHk^JcH, 

XIX 

SH 

N*"S|CH2CH2CHO 
CH3CONH^NJcH, 

XXI 

S - ^ O H 
N in 

XVIII 

t 
. 

SH 

N^CH.CH.CHO 
N H ^ J C H , 

XX 

N : :#S|CH2CH2CHO 
NH2kNJcH : i 

XXII 

Short aqueous sulfuric acid hydrolysis of XVII or 
X I X gave a crystalline compound in Go or 74% yield, 
respectively, that gave combustion values in agreement 
with the 2-aminopyrimidyl aldehyde X X structure. 
However, the ultraviolet spectrum showed that in 
neutral solution the supposed aldehyde X X was mostly 
in the hemiacetal form since its maximum at 307 n\fj. 
is characteristic of a 2-amino-4-alkylthio-f),G-dialkyI-
pyrimidine1-; a small peak also occurred at 3">0 m/x 
due to the presence of some open chain aldehyde XX 
(see Table I). The ratio of the 307 to 3,">0 HIM peaks 
indicated that the ratio of the hemiacetal form XVIII 
to the open aldehyde form X X at pH 7 was about 

12; L. O. H.i 
:ii()8 ! HI.'iHi. 

.iliiian. an.I B. K. Maker, ./, Am. >'. 
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TABLE I 

ULTRAVIOLET SPECTRA OF THE PYRIMIDINES 

No. 
Compounds 

Ri Rs xSx1 (« X 10') 

N*ScH2CH2CH 
Ri->*NJJCH8

 X 

W x (« X 10') (solvent)" 

-CH2 

0— CH2 

> w 1 3 (« X 10») 

X 

XII 

XIII 
XVI 

XV 

XVII 

XVII I 

NH 2 

AcNH 

AcNH 
AcNH 

NHj 

NH 2 

NH 2 

NH 2 

C2H60 

OH 

OH 

OH 

CI 
SH 

SH 

OH 

SH 

CH3S 

228(9.65) 
266(8.52) 
245 (11.08) 
262(8 .6) (inflection) 
242 (18.74) ' 

266(6.22) 
332(12.38) 

R2 

230(9.30) 
267 (8.20) 
252 (4.64) 
337 (14.04) 
236 (10.05) 
271 (11.60) 
315 (12.89) 

227 (shoulder, 13.0) (B) 
291 (9.15) (B) 
220(18.96) (A) 
245 (9.92) (A)6 

242 (18.27) (A)d 

223 (15,30)(B) 
295 (10.15) (B) 
354 (10 .5 ) (B) 
260(4.15) (A) 
347 (12.99)(A) 
346 (10.37) (C)e 

317 (12.42) (D)e 

.CH 2 

R I 
« 1 

NA—-/ 
NH2U 

274(9.71) 
316 (10.31) 
274(9.54) 
317(10.73) 

N ^ H . 

229 (9.10) (A) 
287 (8.30) (A) 
242 (5.83) (A) 
344 (14.36) (A) 
234 (14.91)(A) 
308(10.04) (A) 

230(12.72) 
307(6.89) 
307 (7.09) (A) (C) 
350 (1.20) (A) (C) 

(279 (7.52) 
245(8.82) 
276(7.80) 

260 (4,4) (inflect.) 
317 (10.61) 

232(8.20) 
277(7.20) 
237(8.53) 
312 (11.23) 
234(14.91) 
308(10.04) 

307(6.89) 

317 (12.S6)" 

260(8 .6) (inflect.) 
317 (13,68) 

312 (11.12) (D) 
XXIVb C,H5NH 219(18.70) 231 (20.67) (A) 

276(9.73) 307 (8.06) (A) 
317 (10.34)* 

* A, pH 7; B, 95%ethanol ; C, pH 8.4; D, pH 11. 6 Inflections centering at 261 and 290 mti. c Plateau at 266-281 mM (e 4700). 
d Inflection centering a t 270 m^ (e 5200); at pH 13 the compound rapidly underwent spectral changes presumably by hydrolysis to 
X. e Shoulder at 260 nyi (« 6000). / See ref. 12. « Inflection centering at 258 m^ (« 5200). h Inflection centering at 232 m^ (e 
12,000). 

10:1. At pH 13 the spectra of both XVIII and XV 
were identical with a peak at 317 rn.fi, showing that the 
anionic form was completely in the open chain form 
(XXII and/or its ionically tautomeric forms). Al
though pH 11 was sufficiently basic to convert all of 
XV to the anionic form with a peak at 317 imt, pH 13 
was required for complete ionization of XVIII to XXII. 
The shift in alkali to 317 m/x for a 2-amino-4-mercapto-
5,6-dialkylpyrimidine has been recorded previously.12 

Condensation of XVIII <-> XX with p-aminobenzoyl-
L-glutamic acid in dimethylformamide followed by 
reduction with methanolic sodium borohydride, the 
procedure used for synthesis of the 4-hydroxy analog 
I,2-7 gave the final product (II = XXVa) in only 3 % 
yield. If the condensation was carried out with XVIII 
in methanol containing three equivalents of sodium 
methoxide so that the open aldehyde anion (XXII) 

was the reactive intermediate, no XXVa could be iso
lated. Since the 4-mercapto series behaved so differ
ently from the hydroxy series,2'7 a study of the chem
istry of the condensation of XVIII with aniline and 
reduction of the intermediate was undertaken. 

When aniline was condensed with XVIII in boiling 
ethanol, a pure recrystallized condensation product was 
obtained in 73% yield. That this condensation product 
had the cyclic structure XXIVb, and not the anil 
structure XXIIIb, was readily shown by its ultra
violet spectrum; the compound showed a maximum 
at 307 my at pH 7 which is compatible with structure 
XXIVb and not XXIIIb; the latter could be expected 
to have a maximum at about 350 rajt. At pH 13 
XXIVb readily formed the anion of the open chain anil 
(XXVIb) since its maximum was at 317 m/x (see Table 
I). When XXIVb was converted to the anionic anil 

rn.fi
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SH 

N * N C H 2 C H 2 C H O ^_ 

N H 2 U J c H 3 Is 

XX 

I 
SH 

N ^ C H 2 C H 2 C H = NAr 

N H 2 k J c H 3 

-OH 

N 

N ir^ 
N H a k - ^ C H . , 

X 

XVIII 

S-^c-NHAr 

N IT 
N 
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XXVlb with methanolic sodium metlioxide and then 
the anil group reduced with sodium borohydride, the 
desired anilinopropylpyrimidine XXVb was obtained 
in 84% yield; at pH 7 it had an ultraviolet maximum 
at 348 ni/j, as expected for a 2-amino-4-mereapto-5,(i-
dialkylpyrimidine such as XXYb. 

With conditions now established for conversion of 
XVIII to XXVb, the same conditions were used for 
synthesis of the 4-mercaptofolic analog (II = XXYa); 
the overall yield of analytically pure Ha was i"A%. 

The mercapto analog II was a good inhibitor of the 
folic reductase from rat liver13 at pH 6.1 with an in
hibitor-enzyme dissociation constant (K{) of 1.1 X 
10"6 M; II binds 9 times better than the substrate, 
folic acid, which had Km = 1.0 X 10~6. However, the 
binding was only twofold increased compared to the 
4-hydroxy analog I {K\, = 2.0 X 10~6). In contrast, 
when I and II were tested as inhibitors of the 5,10-
methylenetetrahydrofolic dehydrogenase from pigeon 
liver,4 II was bound five times better than I. The 
mercapto analog II had K-, = 1.8 X 10 \ I had A'; 
= 10 X 10~4, and the substrate had A'm = 0.30 X 
10- ! M. 

Also of interest was the relatively minor contribution 
of the carboxy-L-glutamate moiety of I and II to the 
binding to folic reductase; XXVb had A; = 4 X 10 ~6, 
still twice as good as folic acid. In contrast, XXVb 
showed no measurable inhibition of 5,10-methylene-
tetrahydrofolate dehydrogenase at 0.23 m.l/ (7 times 
substrate concentration), the highest concentration still 
allowing full light transmission. 

Experimental15 

5-Allyl-2-amino-4-chloro-6-methyIpyrimidine (VI). —A solu
tion of 1.0 g. of 5-allyl-2-amino-6-methyl-4-pyrimidinol8 in 30 
ml. of phosphorus oxychloride protected from moisture was 
heated in a bath at 90-100° for 30 min., then poured into 50 ml. of 
cold water. After the excess phosphorus oxychloride had hy-
drolyzed, the solution was filtered from a small amount of insolu-

(13) We are grateful to Dr. W. C. Werkheiser. Roswell Park Memorial 
Institute, for the folic reductase assays. 

(14) Melting points were taken on a Fischer-Johns apparatus; meltiiur 
points below 230° are corrected, those above are not. Boiling points are 
uncorrected. Infrared spectra were taken with a I'erkin-Elmer Alodel 
1«70 spectrophotometer. Ultraviolet spectra were taken with cither ;\ 
Cary Model 1 1 or a l'erkin -Elmer Model 202 spectrophotometer. 

ble material. Adjustment of the filtrate to pl l 10 with loo c 

sodium hydroxide g a v a white precipitate which was collected 
on a filter and dried. Two rocrvstallizations from benzene gave 
O.M9g. f 13 ' , J of white crystals/imp. 145 140°; x!)1,': 3.00 i XII). 
0.14 u ( pvrirnidine double bond, N If i. 

.1 rial. ' Calcd. for C .H .MCINJ : 0 , 5 2 . 3 ; II, 5.49; X.22.0; ('), 
11).3. Found: ( ' ,52.0; If, 5.25; X.22.0; (']', Ml.I. 

Ethyl H2-(l,3-Dioxolan-2-yl)ethyljacetoacetate (Vill i . 
A mixture of 41 g. (0.22 mole) of VII.2.3 25 g. of ethylene glycol, 
0.5 g. of jU-toluenesulJ'onic acid, and 200 ml. of benzene was re-
fluxed for 1 hr., during which time a lower layer of water had 
formed. Washed wit.li 50 ml. of water and dried with anhydrous 
MgSOi, the solution was evaporated to a sirup in racuo; this 
crude material was suitable for conversion to X. Distillation 
gave 28 g. (5.")'',:) of a colorless oil, b.p. 1.04- 10s = (0.10 mm. j ; 
\!;,« 3.38 (enolic OH), o,79, 5.SO (C A)), 0.12 (enolic ("' O ;. 
s. 10 (ester C O -O.i, 8. SO, 9.75 n (ether C -(.)-('). 

Anal. Calcd. for 0 ( H, ,0 , , : O, 50.<); H, 7,x7 Found: C. 
57.8: 11,7.93 

If water was continuously removed with a Dean-Stark trap, 
the bisdioxolane IX was formed, as can be anticipated by the 
conversion of ethyl aeetoacetate to a dioxolane.1" 

2-Amino-5- [2-( l,3-dioxolan-2-yl:ethyl | -6-methyl-4-pyrimid-
inol (X). A mixture of 23 g. (0.1 mole) of VIII . 100 ml. of abso
lute ethanol, 0.5 g. (0.1 mole) of guanidine hydrochloride, and 5.4 
g. (0.1 mole) of sodium metlioxide was refluxed with magnetic 
stirring for 2 hr. The solvent was removed by spin-evapora
tion in facno and the residue triturated with water to give 11.1 
g. (ol'/rO of insoluble product, m.p. 246-247°. After stand
ing for several days at 3°. the filtrate deposited an additional 
4,1 g. (total OS)')-,.) of product, m.p. 240-248°. Recrystallization 
from water gave white crystals of unchanged m.p.; X,1)!̂ ' 2.X2. 
3.03, 3.20 (OH, NIIi . 0.11, (i.55 ( M l , pvrirnidine!. 8.90, 0,00 M 

(ether O ( ) - ( ' ; . 
Anal. Calcd. for ChlHlr,N3O;,-0..")H;,O: C, 51.3; II, 0.9O: 

N, l-S.O. Found: C, 51.0, 51 .(>: II, 0.S5, 0.09; X, 1S.0. IS.O. 
Preparatively, crude, uudistilled VIII gave .'>'){, over-all 

vield based on VII: the over-all vield from VII with purification 
'of VIII was 3 s ' , . 

2-(Acetamido)-5-i2-(l,3-dioxolan-2-yl)ethyl]-6-methyl-4-p.v-
rimidinol (XII).- A mixture of 11.4 g. (0.053 mole) of X, 22 ml. 
of acetic anhydride, and 43 ml. of reagent pyridine was heated 
in a bath at 90° for 1 hr. The solution was spin-evaporated in. 
mono, and the evaporation repeated after the addition of 50 
ml. of toluene. The solid residue, m.p. 189-191°. was recrystal-
Hzed from ethyl acetate to give 7.9 g. (oT/c) of white crystals, 
m.p. 188.5-189°; \™ 3.1.S. 3.3S (OH, NTIi, 0.15 (C ••< >. py-
rimidino;. S.S4, 9.72 M (ether C-O-C'o 

\>ial. Calcd. for C,all |7N-0;: ( ' , 5 3 . 9 ; H, 0.12; N, 15.7. 
Found: C, 5-1.0; If, 0.22; X, 15.8. 

Without pyridine, the reaction mixture was more diilicult to 
crystallize and the yield dropped to 45 ' , , . This compound XII 
could be recovered unchanged when boiled 1 hr. in water, in 
contrast to the corresponding diethyl acetal (111), which gave 
XIV under these conditions.'-'-7 With 90 ' , formic acid for 2 hr. 
at room temperature, a 25' '; yield of XIV was obtained.2 

2-Acetamido-4-chloro-5-[2-(l,3-dioxolan-2-yl)ethyl]-6-methyl-
pyrimidine (XIII).- -A stirred mixture of 10 g. (0.0347 mole) of 
XII . 100 ml. of reagent benzene, and 10 g. (0.0052 mole; of 
reagent phosphorus oxychloride was surrounded by an oil bath 
preheated and maintained at 85°. All of the solid dissolved in 
5 min.: as soon as turbidity appeared (an additional 5 min.'. 
the mixture was immediately poured onto a stirred solution of 
04 g. of anhydrous sodium acetate in 200 nil. of water plus 50 g. of 
ice. The mixture was stirred exactly n min., then the organic 
layer was separated. The aqueous layer was extracted with t hrce 
30-nil. portions of diehloromethane. The combined organic 
solutions, dried with anhydrous MgSO ; were spin-evaporated to 
dryness in vacua; .vield, '.1.5 g. (90 c

c ) of yellowish white solid, 
m.p. 115-117°, suitable for further transformations. For 
analysis a sample was continuously extracted with boiling hexano. 
evaporation of the hoxane gave a 10' , recovery of white solid, 
m.p. 120 127°. Kecrystallization from benzene -hexane afforded 
white crystals of unchanged m.p.: A,')'.' 3.OX (Ni l ) , 5.95 (amide 
( ' = ( ) ) , ii.47, 0.05 (XII. pvrirnidine), 9.02 n. (ether C-< >--(':. 

Ann). Calcd. f,,r Cdlj^ClX;,*);:: C. 50.-1: 11,5.0-1; X, 1 1.7. 
Found: C, 50.5; It, 5.01, X, M.S. 

The crude product, m.p. I 15-117° was used for further trans
formations since purification at this stage led to high losses. 
If I he reaction t hue was increased to 10 mill., the yield of crystal-

wit.li
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line material obtained by trituration with alcohol was about 40% 
and considerable brown oil was formed. The yield was also 
lowered if the benzene solution was stirred with the aqueous 
sodium acetate for a longer period of time. 

2-Acetamido-5-[2-(l,3-dioxolan-2-yl)ethyI]-6-methyl-4-pyrim-
idylisothiuronium Chloride.—A mixture of 10 g. (0.035 mole) 
of crude 2-acetamido-4-chloro-5- [2-( 1,3-dioxolan-2-yl)ethyl] -6-
methylpyrimidine (XIII ) , 2.8 g. (0.0368 mole) of thiourea, and 
100 ml. of 2-butyl alcohol was refluxed with stirring for 1 hr. 
When the solvent started refluxing a considerable amount of 
solid was dissolved, but a clear solution was not obtained. Crys
tallization began after 5 min. and the amount of solid was in
creasing during the last 55 min. of heating. The resulting mix
ture was allowed to cool to room temperature. Acetone (20 ml.) 
was added and the mixture was chilled. The product was col
lected on a filter and washed with acetone; yield, 10.3 g. (81%), 
m.p. 163-164°. 

From a previous run the crude product, after one recrystalliza-
tion from absolute ethvl alcohol had a constant m.p. at 162-
163: \JiL' 3.11 3.19 (XH), 5.88 ( C = X H i ) , 6.07, 6.37 (pvrimi-
dine, amide), 9.72, 9.92 M (ether C-O-C), xf,1 242 (e 19,800), 
293 ma (e 8,200); X°"J 242 (e 19,400), 292 mM (e 8,200); X°«13 

309 (e 12,400), inflection centering at 242 m/ti (e 17,513); the pH 
13 curve mav be inaccurate due to conversion to XVI. 

Anal. Calcd. for CI3H20ClX2O3S: C, 43.1; H, o.or; X, 19.4; 
S, 8.86. Found: C, 43.2; H, 5.83; N, 19.4; S, 9.03. 

2-Amino-5-[2-(l,3-dioxolan-2-yl)ethyI]-6-methyl-4-pyrimi-
dinethiol (XV). A.—To a solution of 0.20 g. (3.56 mmoles) of 
potassium hydroxide in 3 ml. of methanol saturated with hy
drogen sulfide was added 400 mg. (1.4 mmoles) of pure X I I I . 
After being refluxed for 9 hr., the mixture was spin-evaporated in 
vacuo. The residue was dissolved in 10 ml. of water and filtered 
from traces of dipyrimidinyl sulfide formed in some runs; then 
the filtrate was acidified to pH 4 with acetic acid; yield, 257 
mg. (76%), m.p. 218-219°. Recrystallization from water gave 
yellow crystals, m.p. 218-219°; \™ 3.38 (NH), 6.04, 6.42 (NH, 
pyrimidine), 8.85, 9.42, 9.70 M (ether C-O-C). 

Anal. Calcd. for C,„H,sX302S: C, 49.7; H, 6.26; X, 17.4; 
S, 13.3. Found: C, 49.5; H, 6.47; X, 17.3; S, 13.1. 

Preparatively, it was more expedient to use crude XI I I , m.p. 
115-117°, which gave 60% of XV, m.p. 217-218°. 

B.—A solution of 50 mg. (0.138 mmole) of 2-acetamido-
5- [2-( 1,3-dioxolan-2-yl)ethyl] -6-methyl-4-pyrimidylisothiuronium 
chloride in 2.5 ml. of Ar sodium hydroxide was allowed 
to stand at room temperature for 2 hr. when spectral changes 
were complete. Acidification to pH 7 with acetic acid precipi
tated 28 mg. (84%) of product identical with preparation A. 

2-Acetamido-5-[2-(l,3-dioxolan-2-yl)ethyl]-6-methyl-4-pyrimi-
dinethiol (XVI). A.—A mixture of 5.0 g. (21.3 mmole) of XV, 
5 ml. of acetic anhydride, and 10 ml. of reagent pyridine was 
heated in a bath at 85° for 2 hr., then spin-evaporated in vacuo. 
Recrystallization of the residue from ethanol gave 5.3 g. (89%) 
of product in two crops, m.p. 216-217°; X™ 3.10 (XH), 6.00 
(amide C = 0 ) , 6.22, 6.48 (XH, pvrimidine), 8.83, 9.75 M (ether 
C-O-C) . 

Anal. Calcd. for C12H17N303S: C, 50.8; H, 6.16; X, 14.9; 
S, 11.3. Found: C, 51.0; H, 6.20; X, 15.0; S, 11.2. 

B.—To a solution of 9.6 g. of potassium hydroxide in 150 ml. 
of reagent methanol saturated with hydrogen sulfide at 0° was 
added 19.1 g. of crude XI I I . After being refluxed for 6 hr. the 
mixture was spin-evaporated to residue in vacuo. To the semi
solid was added 50 ml. of acetic anhydride and 100 ml. of pyridine. 
After the exothermic reaction had subsided, the dark orange 
solution was heated in a bath at 80-90° for 2 hr. The solution 
was spin-evaporated in vacuo and the residue was extracted with 
boiling 95% ethanol. The hot solution was filtered, then chilled; 
yield, 16.6 g. (S8%), m.p. 213-214°. 

C.—A solution of 10 g. (0.0276 mole) of 2-acetamido-5-[2-
(l,3-dioxolan-2-yl)ethyl]-0-methyl-4-pyrimidyl isothiuronium 
chloride in 110 ml. (0.11 mole) of N XaOH was allowed to stand 
at room temperature for 2 hr. and then adjusted to pH 7 with 
glacial acetic acid. After chilling, the yellow precipitate was 
collected, washed with ice water, and dried; yield, 6.9 g. (88%), 
m.p. 201-203°, that was suitable for further transformations. 

Conversion of X to 2-Amino-5-(3,3-diethoxypropyl)-6-methyl-
4-pyrimidinol (III).—A solution of 2.0 g. (9.6 mmoles) of X in 100 
ml. of absolute ethanol containing 0.5 g. of 96% sulfuric acid was 
refluxed for 6 hr., then neutralized with a solution of 0.64 g. of 
potassium hydroxide in absolute ethanol. The mixture was spin 
evaporated in vacuo, then the residue was extracted with boiling 

dichloromethane. The filtered solution was evaporated and the 
residue was crystallized from ethyl acetate to give 0.60 g. (30%) 
of III, m.p. 179-180°, identical with an authentic Eample.2 Xo 
at tempt was made to establish optimum conditions. 

2- Amino-5,6-dihydro-7-ethoxy-4-methyl-7H-thiopyrano [2,3-d] -
pyrimidine (XVII). A.—A solution of 5.5 g. (19.5 moles) of 
XVI in 200 ml. of absolute ethanol containing 1.94 g. of 95% 
sulfuric acid was refluxed for 8 hr., then neutralized with ethanolic 
potassium hydroxide. The mixture was spin-evaporated in 
vacuo and the residue was extracted with 200 ml. of hot chloro
form. Spin-evaporation of the filtered chloroform solution in 
vacuo and recrystallization from absolute ethanol gave 4.1 g. 
(94%) of product, m.p. 181-182°; X™t

r 2.98, 3.12 (XH, pyrimi
dine), 9.12, 9.47 n (ether C-O-C). 

Anal. Calcd. for C10H16X3OS: C, 53.3; H, 6.72; X, 18.7; 
S, 14.2. Found: C, 53.2; H,6 .81 ; N, 98.5; S, 14.3. 

B.—By the same procedure, 440 mg. (1.82 mmoles) of XV gave 
400 mg. (98%) of chloroform residue, m.p. 180-181°. Recrys
tallization from absolute ethanol gave 263 mg. (64%) of product, 
m.p. 181-182°, that was identical with preparation A. No 
at tempt was made to obtain a second crop. 

2-Acetamido-5,6-dihydro-7-ethoxy-4-methyl-7H-thiopyrano-
[2,3-d]pyrimidine (XIX).—Acetylation of 0.5 g. of XVII as de
scribed for XV, then 3 recrystallizations from ethanol gave 38% 
of analvticallv pure product, m.p. 129-130°; X*'°H 235 (€26,900): 
292 mu (e 8,200); v™ 3.15, 3.45 (XH), 6.02 (amide C = 0 ) , 
6.50 (XH, pyrimidine), 9.20, 9.40 M (ether C-O-C). 

Anal. Calcd. for C12H„X302S: C, 53.9; H, 6.44; X, 15.7; 
S, 12.0. Found: C, 54.0; H, 6.43; X, 15.5; S, 11.8. 

2-Amino-5,6-dihydro-7-hydroxy-4-methyl-7H-thiopyrano-
[2,3-d]pyrimidine (XVIII).—A solution of 5 g. (22.2 mmoles) of 
XVII in 50 ml. of 5% sulfuric acid was refluxed for 30 min., 
cooled to 25°, and neutralized with solid sodium bicarbonate. 
The separated product was collected on a filter and washed with 
water. Recrystallization from absolute ethanol gave 2.4 g. (65% 
of pure product, which gradually decomposed above 280° w ithout 
melting; on a Kofler hot-bench, it showed partial melting near 
235°; X™«r 2.98, 3.02, 3.18 (XH, OH), 6.15, 6.54 M (XH, pyrimi
dine). 

Anal. Calcd. for C H ^ O S : C, 48.2; H, 5.63; X, 21.3; 
8,16.3. Found: C, 48.2; H, 5.67; X, 21.2; S, 16.2. 

Similarly, hydrolysis of X I X gave 74% of recrystallized prod
uct. Hydrolysis of XV under the same conditions gave a prod
uct with the same ultraviolet spectrum as XVIII , but the mate
rial was insoluble in hot alcohol, had slightly shifted peaks in the 
6 ju region of its infrared spectrum, and traveled differently on a 
thin layer silica gel chromatogram using methanol-water-acetic 
acid (8 :1 :1) ; the same properties were observed with this mate
rial prepared from XV after solution in dilute alkali and repre-
cipitation with acetic acid at about pH 8. 

The best route to XVIII from X I I I is via isothiouronium chlo
r ide—XVI-<-XVII . 

2-Amino-7-anilino-5,6-dihydro-4-methyl-7H-thiopyrano-
12,3-d]pyrimidine (XXIVb).—To a solution of 98.6 mg. (0.5 
mmole) of XVIII in 30 ml. of boiling absolute alcohol was added 
480 mg. (5.1 mmoles) of aniline. After being refluxed for 1 hr., 
the solution was spin-evaporated in vacuo. Recrystallization of 
the residue from toluene gave 100 mg. (73%) of analytically pure 
material, m.p. 177-178°; X™r 2.89,"3.07, 3.22 (XH), 6.17, 6.32, 
6.53 (XH and aromatic double bonds), 13.8, 14.5 ,u (monosub-
stituted phenyl). 

Anal. Calcd. for C13H16X4S: C, 61.7; H, 5.92; X, 20.6. 
Found: C, 61.6; H, 5.86; X, 20.4. 

2-Amino-5-(3-anilinopropyl)-6-methyl-4-pyrimidine(hiol 
(XXVb).—To a solution of 100 mg. (0.37 mmole) of XXIVb in 15 
ml. of reagent methanol protected from moisture was added 0.37 
ml. (0.37 mmole) of N methanolic sodium methoxide. After 30 
min. at room temperature, the solution was treated with 500 mg. 
(13.2 mmoles) of sodium borohydride, then refluxed for 90 min. 
The solvent was removed by spin-evaporated in vacuo; the resid
ual sodium salt was dissolved in 10 ml. of water and the solution 
was acidified to pH 7 with hydrochloric acid; yield, 85 mg. (85%) 
of product, m.p. 204-206°. Recrystallization from aqueous 
alcohol gave 68 mg. (68%,) of pure product, m.p. 206-207°; 
XS,1 259 (5,880), 338 mM (e 15,600); X^J 242 (15,900), 348 mM 

(e 15,600); X^,13 317 (14,100), shoulder at 240 mX («, 29,400); 
X^ r 3.02, 3.27 (XH), 6.06, 6.34, 6.45 (XH and aromatic double 
bonds), 13.2, 14.5 u (monosubstituted phenyl). 

Anal. Calcd. for C14H18X4S: C, 61.3 j H, 6.61; X, 20.4. 
Found: C, 61.1; H, 6.69; X, 20.3. 
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The recrystallized product gave a negative Bratton-Marshall 
test for arylamine; the crude product contained 3 % Bra t ton-
Marshall positive material calculated as starting material 
(XXIVb). 

N-[l-(2-Amino-4-mercapto-6-methyl-5-pyrimidiyI)-3-propylJ-
7<-aminobenzoyl-L-glutamic Acid (II).—To a hot solution of 98.6 
nig. (0.5 mmole) of XVIII in 30 ml. of absolute ethanol was added 
133 mg. (0.5 mmole) of 2J-aminobenzoyl-L-glutamic acid. After 
being refluxed with stirring for 1 hr., the solution was filtered from 
a trace of insoluble material, then spin-evaporated in vacuo 
leaving 231 mg. (100%) of crude XXIYa; X ^ 1 222, 282, 317 
niM, XP„!L" 307 m«; xS,18 312, shoulder at 270 mp.. 

A solution of 230 mg. (0.5 mmole) of the crude XXIYa, in 20 
ml. of reagent methanol and 1.7 ml. of A' methanolic sodium 
methoxide was allowed to stand at room temperature protected 
from moisture for 1 hr. After the addition of 0.7 g. (18.7 mmoles) 
of sodium borohydride, the mixture was refluxed with stirring 
for 90 min., then spin-evaporated in vacuo. The residue was 
dissolved in 25 ml. of water and the solution adjusted to pH 3 
with 6 A' hydrochloric acid. The precipitate was collected by 
centrifugation, then washed successively with two 5-ml. portions 
of water and two 5-ml. portions of hot water; yield, 146 mg. 

(699c), which contained 4 % of Bratton-Marshall positive ma
terial calculated as the intermediate thiopyran (XXIYa). For 
purification, 142 mg. was dissolved in 20 nil. of 1'', aqueous 
sodium bicarbonate; the filtered solution was acidified to pH 3 
and the product collected and washed as before; yield, 1 I!) mg. 
(."j,"/',) of amorphous solid that contained 2.6'.',' Bratton .Mar
shall positive material and melted at 180-180° d e c ; X],'"J 337 
mu U 10,200); \';"" 310 (20,200), inflection centering at 350 
nux (« 7200); K'l" 312 nut (e 24,900). 

Anal. Calcd. for C,0H2[,N6O»S: C, 53.7; II, 5.03; X, 15.6: 
S, 7.10. Found: C, 53.5; H, 5.S7; X, 15.6; S, 7.48. 

The pH for reprecipitation of XXVa is critical; precipitation 
at pH 4.5 caused loss of nearly half the product. In contrast to 
I, XXVa (II) is somewhat soluble in alcohol and acetone; there
fore washing with these solvents was avoided. 
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The title compound I I has been synthesized in six steps from ethyl benzoylacetate. Due to the restricted 
rotation of the phenyl ring in 2-amino-5-(3,3-diethoxypropyl)-6-phenyl-4-pyrimidinol (VI), the synthesis of VI 
from ethyl a-(3,3-diethoxypropyl)benzoylacetate (VII) and guanidine presented difficulty; the rate of reaction 
of formation of the pyrimidine (VI) was sufficiently slow that alcoholysis of the keto ester VII was the predomi
nant reaction. By use of dimethyl sulfoxide as a solvent, the yield in the condensation reaction was increased 
from 5 to 52%. I I was an excellent inhibitor of folic reductase and was bound 100 times more tightly to the 
enzyme than the substrate folic acid. In addition, I I was a good inhibitor of 5,10-methylenetetrahydrofolate 
dehydrogenase. 

The important B-family vitamin, folic acid, is intra-
cellularly reduced to its cofactor form, tetrahydrofolic 
acid, by the enzyme, folic reductase. The resultant 
tetrahydrofolic acid then participates as a cofactor in a 
series of enzymatic reactions for acceptance and transfer 
of "one-carbon" fragments involving at least 14 known 

OH 

N C H 2 C H 2 N H < ^ ^ C O N H C H ( C H 2 ) 2 C O O H 

COOH 
I, It = CH„; II , It = C6H5 

enzymes.3-5 In enzymic transfer reactions between 
substrate and cofactor (or cosubstrate), the atoms to 
which the transfer group is attached are unlikely to be 
binding points of the molecule to the enzyme.6 There-
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