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To design an irreversible inhibitor of the ezo-alkylating 
type,6.1a it is necessary to find which areas of the inhibitor 
are bound to the enzyme, or conversely, which areas 
of the inhibitor are not in contact with the enzyme 
surface. The area of the inhibitor not in contact 
with the enzyme can be found by modification of the 
inhibitor with large or bulky groups in one or more posi- 
tions; if these oversize inhibitors (so-called nonclas- 
sical antimetabolites) still inhibit the enzyme, then the 
area of the inhibitor where the oversized group is 
attached cannot be in contact with the enzyme surface.12 
It is a t  the area of no-contact between enzyme and 
inhibitor where covalent bond-forming groups might be 
placed to obtain irreversible inhibitors.6*1a The first 
molecule chosen for this study had a larger substituent 
a t  the G-position of the pyrimidine ring, namely 11. 
The phenyl ring of I1 constitutes more than just in- 
creased planar bulk of the phenyl compared to methyl 
since the %side chain forces the benzene ring out of 
coplanarity with the pyrimidine ring (111) due to re- 
stricted rotation, thus increasing the total volume of 
the inhibitor in the neighborhood of the 6-position. 

111 

The synthesis of I1 and its inhibition of some of the 
enzymes in the folic cofactor area is the subject of this 
paper. 

The sequence used for I1 followed a route similar to 
that for I with use of ethyl benzoylacetate in place of 
ethyl acetoacetate. l1 The difficulties and differences 
in reactions caused by the restricted rotation of the 
phenyl ring (111) compared to the reactions for synthesis 
of I are of both theoretical and practical interest. 
Michael condensation of ethyl benzoylacetate (IV) 
with acrolein gave the adduct V;  considerable loss 
occurred on high-vacuum distillation, but the pure 
adduct was obtained in 26% yield. Conversion of V 
with ethanol to the acetal VI1 was carried out by 
ammonium chloride catalysis; again distillation losses 
were high, but the pure acetal was obtainable in 23% 
yield. Condensation of guanidine carbonate with VI1 
in boiling ethanol gave a disappointing 5.3% yield of 
the desired pyrimidine VI; the yield was the same 
whether the reaction was run for 6 hr. or 24 hr., indi- 
cating that the starting material VI1 was suffering some 
type of cleavage. The accumulation of low yields, 
particularly the conversion of VI1 + VI, pointed out 
that this series starting with ethyl benzoylacetate in- 
volved unknown problems not encountered in the 
series starting with ethyl acetoacetate l1 ; therefore 
detailed studies of the three reactions were made. 

Reaction of acrolein with ethyl acetoacetate under 
the best conditions has been shown to give a mixture of 
50% product, 25% starting material, and presumably 
25% of disubstituted acetoacetic ester"; the former two 
were readily separated by fractional distillation. How- 

(12) For the approach and  solution of this type of problem on lactic de- 
hydrogenase and  glutamic dehydrogenase see B. R. Baker, w. w. Lee, w. L. 
Skinner, A. Martinez, and E. Tong, J. Med.  Phrrrrn. Chem., 2 ,  633 (1960); 
B. R. Baker, W. W. Lee, E. Tong, L. Ross, and A. Martinez, J. Theort. 
Bzol., 8 ,  446 (1962). 

ever, the much higher boiling point of V made separa- 
tion of such a mixture by fractional distillation un- 
economical due to decomposition. The decision was 
made to avoid distillation. Since the acrolein Michael 
addition compounds such as V are unstable, the crude 
mixture was treated with ethanol and ammonium chlo- 
ride to give a mixture of ethyl benzoylacetate (IV), the 
acetal VI1 of the monoacrolein adduct, the acetal of the 
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bisacrolein adduct, and possibly unknown impurities. 
Unchanged ethyl benzoylacetate was removed by wash- 
ing a benzene solution with cold 3% sodium hydroxide 
solution. The amount of the desired VI1 could then be 
determined by quantitative ultraviolet analysis. 

The analytical sample of the acetal VI1 showed Amax 

245 mp (e 14,400) in absolute ethanol; when converted 
to the enol with 0.1 N ethanolic sodium ethoxide, 
VI1 had A,,, 290 mp (E 11,900). Fractions boiling 
somewhat lower than VI1 showed lower molecular 
extinctions; these slightly lower boiling fractions are 
most likely contaminated with w-diethoxyvalerophe- 
none (IX), the product formed by pyrolytic loss of the 
carbethoxy group; this pyrolytic loss of the carbethoxy 
group of a p-keto ester is normally accompanied by con- 
siderable tar formation.13 Crude VII, obtained in 79% 
yield from ethyl benzoylacetate (IV), showed Amax 
292 mp (e 8630) in 0.1 N ethanolic sodium ethoxide, 
thus showing a purity of 73%, or a maximum actual 
yield of 58% compared to 6% over-all when both V and 
VI1 are distilled. 

Chronologically, two explanations were considered for 
the low 5y0 yield in the conversion of pure VI1 to the 
pyrimidine VI. For the sake of continuity, the second 
and correct explanation with the resultant increase in 
yield of VI will be considered first. The yield of VI 
remained a t  5% whether the guanidine condensation 
in ethanol was run for 6 hr. or 24 hr., indicating that by 
6 hr. all the keto ester VI1 not forming VI had been 
converted to  some other product; in contrast, the 
corresponding acetoacetate gave a 76% yield of pyrim- 
idine. Investigation of the oil left in the filtrate from 
VI by infrared and ultraviolet spectra showed that this 
material no longer contained a p-keto ester, but did 
contain carbonyl and phenyl absorption. It appeared 
that this material was either w-diethoxyvalerophenone 
(IX) or R mixture of IX and ethyl 5,5-diethoxyvalerate 
formed by alcoholysis of the keto ester VII. Since the 
phenyl keto ester VI1 is more enolic than the corre- 
sponding methyl keto ester, alcoholysis of VI1 might 
be expected to be more rapid than in the corresponding 
acetoacetate series. In  addition, condensation of VI1 

(13) B. R. Baker, M. V. Querry, 8. R. Ssfir. and S. Bernstein, J .  Orp. 
Chem., 12, 138 (1947). 
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with guaiiidine to give \'I pre3iimably proceeds through 
T'III; in order for TI11 to ring clostl further, the liniita- 
tion of posiible conloi~niatioiis in the transition statc 
tlric to rr>stiktrd rotation will slow tlic convei.siou of 
\.I11 to \'I. 

If the fortyping explaiiatioil is correct, tlicii a solwnt 
wliich could iiot cleave the $-kcto ester T'II to IX would 
h r  iicccssary; this poses tlir prohlmi of tlie inconi- 
patahility of guanidine carbonate with iioiipolar sol- 
wilts. ' l ' l i r t~  solvents were selected for  btiidy. /-Butyl 
alcohol, which docs iiot cause alcoholy& duct to steric 
liiridraiicr, \!-as effective, although rmction \vas slon . 
The. iiiaxiniuni yield of \'I from pure 1-11 wab reached 
after 60 lir. of hoiling; the yield of 38% was a coil- 

hiderable improveinelit over the 57% obtaiiied in ethanol. 
Surprisingly, with S, X-di met hylforrnamidc as solvent 
:Lt 80" for 16 lir., no pyrimidine \'I could I F  isolated. 
In contrast another dipolar-aprotic solveiit, dimetliyl 
sulfoxide a t  80 O ,  was effective ; thc inaxiniiuii yield 
of 45%; of 1-1 ivas reached after 48 hr. Since 1 inole of 
:~lcohol and I! inoles of water arc foriiicd for each iiiole ot 
pyriniidiiie T'I formed, it is possible for cv("11 these low 
concentrations of alcohol and n-ater iiiiglit eaiiw soiiiv 
c~lcaragc~ of T'II t o  IX. Wlien thc calculatcd ainotuit oi 
IicxaiiiethyldisilazaIie, a scavenger for alcohol, or 2.2- 
clinic.tliosypropant., a scavenger for ivatcr, \\-ere iiicludrd 
in tfic reaction mixtiire, the. yicltl way not further iii- 
cwascd; tlw us(' of 1 : 3 t)ciizc.nc dinicthyl sulfoxide a- 
d v e n t ,  and pc.riodica1 distillat ioii ant1 ir~placcineiit 01 
tlic. l)oii,wne to mi iov r  alcoliol :tiid water, raiscd tlic. 
yicxlcl to 5Y,i. This latter reaction 1va5 :,lo~ved l)y t h  
d(~rcbabc1 in solribility of tlir giianidiiw cai-boiiate iii t l i c i  

niiwd solvcwt niediuni : thr. iiietliocl was coiisidei*cd 
too ~ i i n i l ~ r r ~ o n i e  for tlic 7Yc nici oasr in yirld obtaiiicd. 

\Vlicti crndc, imdistillcd keto ehter T'IT 
t l t i i i v d  itli guanidiiir carbonat(. i i i  diiiictliyl 
1.1 wai obtained in 209; yield; t h c s  yield 
I)aicd 0 1 1  tlio estiniatcd inaxiiiiiitn purity of  1. 
(1)y iiltraviolct analysis). 111 :i preparative-hized r 
tlic. ovrr-all yield of the pyrimidine \'I for the tlirec h t ep  
f'tniii (thy1 herizoylacctatc \vas I 1  .Sc;I, a prwtic3al iii- 
( w a s e  ahovcb tlic initial owr-all yield (tf 0.3:; whcii tlw 
intcrmcdiatos were isolated aiid a htnnclard guanitliiic. 
cotidci~satioii \\as used in the t~riiiiiial strp. 

Soiiic~ cisploratory n-ork n as t lo i i t~  oil  tlic iiso of (- 

1,iityl alcoliol a:, :L general s o l ~  cut for ~yiithesiziiig 
iidiiiw f t ~ n i  guaiiidiiw cur1)oiiatc aiid p-lirto 
. Ethyl hizoylacetate, ctliyl a-dlyliLcetoacc- 

ta t ( , .  cltliyl a-aceto-y-( 1 , X - c l i o s o l a i ~ - ~ - ~ l ) l ~ i i t ~ ~ r a t e ~  2 uiitl 

ct  Iiyl :m~toacrtate gave 62,  5.5 ,  5!J, ai id  7!)( { yi~l(I- ,  
rwpwt i \  PI?., of t81w ~~)rrcspoiit  I iiig 2-a 1 1  t i t  io-4-pyriiii I- 
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ethoxymethylene derivative X was then made from 
ethyl benzoylacetate (IV), ethyl orthoformate, and 
acetic anhydride. Condensation of X with guanidine 
afforded the carbethoxypyriinidine XII, identical with 
the sample prepared earlier; XI1 was further character- 
ized by saponification to XIII.  Thus, partial con- 
version of V or VI1 to the enol ether XI with ethyl 
orthoformate without acid catalysis did lead to an 
increase in yield of the pyrimidine, VI; however, this 
approach was discontinued when the condensation of 
the keto acetal VI1 with guanidine in dimethyl sulfoxide 
was found to be satisfactory. 

Acetylation of the 2-aniinopyriniidine VI with acetic 
anhydride in pyridine at  85-90' gave the crystalline 
2-acetamidopyrimidine (XVII) in 60% yield. When 
boiled in mater for 1 hr., the acetal group of XVII was 
hydrozlyed to give an 87% yield of pure pyrimidyl- 
propionaldehyde (XVIII) ; this ease of hydrolysis of the 
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acetal group was also noted with the corresponding 
2-acetamido-6-methyl pyrimidine. l 1  Since the 2- 
aniinopyrimidine acetal VI and the corresponding 
&methyl derivative are stable to boiling water for this 
length of time, the increased rate of hydrolysis of the 
acetal group of the 2-acetamidopyrimidine XVII must 
be accounted for. Such rate accelerations are char- 
acteristic of anchimeric assistance by a neighboring 
group. The explanation that the 4-hydroxyl of the 
2-acetamidopyrimidine (XVII) is more enolic than that 
of the 2-aminopyrimidine VI is not lacking support; 
if the hydroxyl group of XVII is more enolic, then 
anchimeric assistance by the hydroxyl group can in- 
crease the rate of hydrolysis via a cyclic intermediate 
such as XIX,  which in turn would rapidly hydrolyze 
further. Such cyclic intermediates have actually been 
isolated when a 4-mercapto group was present on the 
pyrimidine.2 The change in the nature of the hydroxyl 
group in molecules of type XVII compared to type VI 
has been noted previously in that the 4-hydroxyl group 
of a 2-acetamido-4-pyriniidinol is readily replaced by 

chlorine under conditions where a 2-amino-4-pyrimi- 
dinol does not even react.2 

Condensation of the pyrimidylpropionaldehyde 
XVIII with p-aminobenzoyl-L-glutamic acid in di- 
methylformamide, reduction of the resultant ani1 with 
qodium borohydride in methanol, and basic hydrolysis 
of the N-2 acetyl group afforded the phenylated folic 
acid analog I1 in 36% yield, as previously described 
for the synthesis of 1,11 but with some modification of 
the purification method. 

This phenyl analog I1 was investigated as an enzyme 
inhibitor of the tetrahydrofolate type. At pH 6.1, 
compound I1 inhibited folic reductase from rat liver16~17 
much more effectively than the corresponding methyl 
analog I ;  I1 had an inhibitor-nzyme dissociation 
constant ( K i )  of 9 X whereas I had a K i  of 2 
X 10-5 and the substrate-folic acid complex had a 
dissociation constant (Km) of 1 X Thus com- 
pound I1 is the most potent inhibitor of folic reductase 
known that does not have 2,4-diamino substituents of 
the aminopterin type. 

At pH 7.4, I1 also was a good inhibitor of the dihydro- 
folic reductase from pigeon liver; in the presence of 6 
pJf dihydrofolate, I1 showed 50% inhibition a t  20 
p M  concentration. The 6,lO-methylenetetrahydrofolate 
dehydrogenase from pigeon liver was also inhibited ; 
in the presence of 31 pfW 5,lO-methylenetetrahydro- 
folate (XX), I1 showed 50% inhibition a t  100 p M ,  but 
I required 700 pM.17~1s 

The fact that I1 is a good inhibitor of folic (dihydro- 
folic) reductase and a fair inhibitor of 5,lO-methylene- 
tetrahydrofolate (XX) dehydrogenase shows that when 
the respective substrate-enzyme complexes are formed, 
the N-5-group of XX and folate must be part of the 
substrate surface not in contact with the enzyme surface. 
Thus compound I1 could be further substituted on the 
6-phenyl with covalent bond-forming groups that might 
give good irreversible inhibitors6 lo of these two en- 
zymes. 

The added bonus of I1 forming an enzyme-inhibitor 
complex with folic reductase that has 0.005 times the 
dissociation of the enzyme I-complex merits comment. 
Since part of the enzyme binding of folate, I, and of I1 is 
contributed by the 2-amino-4-hydroxypyrimidine moi- 
ety, the predominant tautomeric form of this moiety 
involved in binding to the enzyme must be favorably 
influenced by the 6-phenyl group. Further studies in 
this Laboratory are underway which might possibly 
shed light on this interesting and potentially useful 
phenomenon. 

ExperimentalL9 
Ethyl a-Benzoylglutaraldehydate (V).-Condensation of 20 g. 

(0.10 mole) of ethyl heneoylacetate with 4.75 g. (0.085 mole) of 
acrolein in absolute alcohol, as described for the preparation of 
ethyl ol-acetylglutaraldehydate,ll gave an oil, which was distilled 

(16) We wish t o  thank Dr. W. C. Werkheiser, Roswell Park RIemorial 

(17) Details will be published elsewhere. 
(18) The technical assistance of Maureen Vince and Dorothy Ackerman 

for the  assays on dihydrofolie reductase and 5,lO-methylenetetrahydrofolate 
dehydrogenase is  gratefully acknowledged. 

(19) Melting points were taken i n  capillary tubes in a Rlel-temp block. 
Melting points below 230° are corrected: those above are not. Boiling 
points are uncorrected. Infrared spectra and ultraviolet spectra were de- 
termined on Perkin-Elmer spectrophotometers, Models 137B and 202, re- 
spectively. 

Insti tute,  for the  assays on folic reductase from ra t  liver. 
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2-Acetamido-4-hydroxy-6-phenyl-5-pyrimidylpropiona~dehyde 
Diethyl Acetal (XVII).-A solution of 5.0 g. (15.8 mmoles) of 
VI, 50 ml. of pyridine, and 15 ml. of acetic anhydride was heated 
in a bath a t  85-90' for 1 hr. Solvent was removed by spin- 
evaporation in vacuo. The residue was dissolved in 50 ml. of 
n arm toluene and again spin-evaporated in Y U C Z L O .  The toluene 
treatment was repeated twice more to remove the last of the 
pyridine. Recrystallization from benzene gave 3.39 g. (60%) 
of product, m.p. 133-140", that was suitable for further trans- 
formations. Two further recrystallizations from di-n-butyl 
ether gave white crystals (777, recovery), m.p. 142-144"; A::: 
3.12 (SH) ,  6.05, 6.15, 6.43 (C=O, aromatic double bonds, SH) ,  
9.46 (ether C-0-C); 12.9 p (phenyl). 

Anal Calcd. for C19H&304: C, 63.6; H, 6.99; S, 11.7. 
Found: C, 63.7; H, 6.99; S, 11.6. 

2-Acetamido-4- hydroxy-6-phenyl-5-pyrimidylpropionaldehyde 
(XVIII).-A stirred mixture of 1.00 g. (2.78) mmoles) of XVII 
and 50 nil. of m t e r  was refluxed for 1 hr. after solution took place, 
solution requiring 15 niin. Spin-evaporation to dryness in 
uactio left 0.747 g. (91%) of product, m.p. 148-152". Recrystal- 
lization from benzene gave xvhite crystals, m.p. 149-152"; yield, 
0.689 g. (877;); A::: 3.16 (SH) ,  5.89 (aldehyde C=O), 6.20 
(broad) 6.47, 6.73 (amide C=O, aromatic double bonds, SH) ,  
14.3 (phenyl), no acetal a t  9.45 p .  

N- [I-( 2-Amino-4-hydroxy-6-phenyl-5-pyrimidyl~-3-propy~] - 
p-aminobenzoyl-L-glutamic Acid (II).-A solution of 500 mg. 
(1.75 mmoles) of XVIII and 465 mg. (1.75 mmoles) of p-amino- 
benzoyl-L-glutamic acid in 10 ml. of N,N-dimethylformamide was 
stirred for 20 min., then diluted with 75 ml. of reagent methanol. 
After the addition of 1.0 g. of sodium borohydride over a period 

of about 10 min., the reaction mixture was magnetically stirred 
for 18 hr. To the mixture was added 25 ml. of 0.1 sodium 
hydroxide, then the solution was spin-evaporated zn vacuo to 
about 20 ml. and diluted with 50 ml. of water. The solution was 
acidified to pH 5 with 3 N hydrochloric acid. After being chilled, 
the mixture was filtered and the product washed with water. 
The crude material was dissolved in 16 ml. of 3 .Ir hydrochloric 
acid and heated on a steam-bath for 16 min. to hydrolyze most 
of the contaminating intermediate "anil" that mas present. 
The cooled solution was brought to pH 8 with 10% sodium hy- 
droxide, and the solution was clarified by filtration. The filtrate 
was acidified to pH 5 with 3 LY hydrochloric arid; the product was 
collected by centrifugation and washed successively with four 
5-ml. portions each of water, ethanol, and dichloromethane; 
after being dried overnight zn vacuo, the product neighed 0.31 g. 
(36%). The product was further purified by solution in hot 
N,N-dimethylformamide, addition of xater to turbidity, and 
chilling; the recovery was 687,. For analysis the precipitation 
from S,N-dimethylformamide was repeated twice more. The 
compound retains traces of solvent tenaciously; acceptable coni- 
bustion values were only obtained after drjing the sample at  
100" under high vacuum. The recovery of material \vas 60-75% 
in each reprecipitation. Ultraviolet data shon-ed that the second 
and third reprecipitations gave material with constants essentially 
identical mith the material obtained in the first reprecipitation 
from K,S-dimethylformamide. The constants were as follows: 
A::: 226 ( e  21,900), 285 mp (15,300); A::: 220 (E 26,900), 2Y8 mp 
(19,700); A:::4 294 mp ( E  20,250); the Bratton-Marshall test 
showed11 2.670 "anil" was present. 

Anal. Calcd. for C Z ~ H Z J ~ O ~ :  C, 60.9; H, 5.48; N, 14.2; 
0, 19.5. Found: C,61.1; H, 5.46; S, 14.1; 0, 19.6. 
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A number of N-nitrosoureas have been synthesized and evaluated for activity against Leukemia L1210. The 
most active member of the series thus far evaluated, 1,3-bis(2-chloroethyl)-l-nitrosourea, is highly active in a 
number of other experimental animal tumor syatems. 

The reported ability of 1-methyl-3-nitro-1-nitroso- 
guanidine to  increase the life span of mice implanted 
intraperitoneally with Leukemia L12102 prompted us to 
investigate the anticancer activity of the closely related 
compound, 1-methyl-1-nitro~ourea.~ Although this 
compound showed only borderline activity against 
Adenocarcinoma 755 and Sarcoma 180, it proved even 
more effective, in our hands, against Leukemia L1210 
than l-methyl-3-nitro-l-nitrosoguanidine, increasing 
the life span by a factor of 2 .  These significant results 
caused 1-methyl-1-nitrosourea to be selected, along with 
other compounds of known activity against L1210 such 
as amethopterin, for evaluation against L1210 implanted 
iiitracerebrally in mice.5 Of the compounds evaluated 

(1) This work was supported by funds from the C. F. Kettering Founda- 
tion and the Cancer Chemotherapy Sational Service Center, h'ational Can- 
cer Institute. Kational Institutes of Health. Contract iXc. SA-43-ph-1740. 
Par t  XXXI:  C. Temple, .Ti-., C. L. Kussner, and .J 
. l fed .  Phqrm. Chem.. 5 ,  866 (1962) .  

(2)  Personal communication from Dr. Howard Bond of the Cancer 
Cliemottierapy Sational Service Center. 

(3)  B. R. Baker and co-workers hare  investigated a large number of 
derivatives of 1-methyl-3-nitro-1-nitronrrguanidine itself. 4 

(4) W. A .  Skinner. H. F. Gram, kf.  0. Greene, J. Greenberg. and B. R. 
Baker, J .  .Wed. Pharm. Chem., 2 ,  299 (1960). 

( 5 )  A possible explanation of the failure of leukemias to respond to  drug 
tiierayy is the sequestering of leukemic crlls in the brain where they cannot 
be reached by drugs tha t  fail to  cross the so-called "blood-brain harrier." 
Compounds effective against experinit-ntal animal leukemias iniplanted 
in the hrain niiglit be of value in the treatment of the human disease. 

See also ref. 4. 

in this test system prior to  this study, only l-methyl- 
1-nitrosourea has shown significant activity.6 These 
results stimulated our interest in the preparaticn of a 
number of congeners of 1-methyl-1-nit~osourea~ for 
screening against experimental animal neoplasms, 
particularly Leukemia L12 10. 

Chemistry.-Ureas and S-nitrosoureas of varied 
structure have been prepared in this continuing study. 
Table I summarizes the syntheses of those ureas that 
were used in the preparation of the previously unde- 
scribed S-nitrosoureas of Table 11; in addition, Table 
I includes several new ureas, the attempted nitrosations 
of which have not led thus far to the isolation of pure 
N-nitroso derivatives. The synthetic procedures used 
in the preparation of the ureas are adapted from known 
methods, which are indicated in the footnotes to Table 
I. Examples of unusual variations of these procedures 
are described in the Experimental sect'ion. 

Each of the tabulated nitrosations involved the use of 
a cold acidic medium and either aqueous sodium nitrite 
solution of variable concentration or solid sodium 

(6) H. E. Skipper, F. 11. Schabel, J r . ,  %I. W. Trader,  and J. R.  Thoni- 
son, Cancer Res., 21, 1154 (19G1). 

( 7 )  Degradation studies indicate tha t  streptozotocin, a new broad spec- 
t rum antibiotic, contains a n  S-methyI-S-nitrosoami(lp o r  K-methyl-S- 
nitrosourea function.8 

(8) E. R. Garrett ,  J .  A m .  Phnrm. Assoc. Sei. Ed., 49, 7127 (lQG0). 


