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Syntheses of the aziridinylpyrimidine analogs of methioprim, DG-428 and DG-935 were accomplished. The activating 
Pffect of a 5-bromo group on the nucleophilic substitution of chloropyrimidines and methylsulfonylpyrimidines by ethylen- 
imine was investigated. A dew bromination method was reported. 

The structures of 2-( 1 '-aziridinyl)-4,6-dichloropyrimidine and 4-(1 '-aairidinyl)-2,6-dichloropyrimidine were definitely 
established by unambiguous syntheses and their chemical behavior was studied. 

A number of alkylating agents of the ethylen- 
imine type have bee found to pbssess tumor in- 

treatment of the chronic leukemias, ovarian cancer, 
carcinoma of the breast, and the Hodgkin's disease.2 
Several of these compounds are being used clini- 

However, these compounds are, in general, 
quite toxic. It seems probable that a higher degree 
of selectivity might be attained by attaching the 
aziridinyl moiety to a "carrier" which could be 
transported in vivo to a particular site of a ~ t i o n . ~  

Early investigators5 utilized the extremely reac- 
tive chloro-1,3,5-triazines to prepare numerous 
aziridinyl derivatives of considerable antitumor 
activity.'j This would suggest that the pyrimidine 
ring, which is of more biological importance than 
the 1,3,5-triazine ring, might be advantageously 
utilized to design compounds with a more favorable 
therapeutic index. The pioneering study by Hendry 
and co-workers' has already indicated that in all 
cases where a comparison was possible, the pyrimi- 

hibitory and cytotoxic 9 activity,2 especially in the 

(1) This investigation was supported by research con- 
tract SA-43-ph-3025 from the Cancer Chemotherapy 
Xational Service Center, National Cancer Institute, of the 
Sational Institutes of Health, Public Health Service. 

(2) (a) S. M. Buckley, C. C. Stock, M. L. Crossley, and 
C. P. Rhoads, Cancer Research, 10, 207 (1950); (b) M. R. 
1,ewis and M. L. Crossley, Arch. BiocCem., 26, 319 (1950); 
i c )  J. H. Burchenal, M. L. Crodey, C. C. Stock, and 
C. P. Rhoads, Arch. Biochem., 26, 321 (1950). 

(3) (a) R. B. Ross, J .  Chem. Ed., 36, 368 (1959); (b) 
1). F. Gamble, H. W. Bond, and A. Burger in Medicinal 
Chemistry, A. Burger, ed., p. 1077, 2nd ed., Interscience, 
1960. 

(4) H. R. Ing, Trans. Faraday SOC., 39, 372 (1943). 
(5) (a) J. Heyna and W. Weibezahn, German Patent 

859,025 (July 8, 1949); (b) H. Bestian, Ann.,  566, 210 
(1950); (c) F. L. Rose, J. A. Hendry, and A. L. Walpole, 
Nature, 993 (1950) ; (d) V. P .  Wystrach, D. W. Kaiser, and 
F. C. Schaefer, J .  Am. Chem. SOC., 77, 5915 (1955); (e) 
G. Domagk, Giorn. itul. chemioterap., 3, 113 (1956); ( f )  
F. L. Rose and J.  A. Hendry, Brit. Patent 769,722 (March 
13, 1957); (g) G. I. Bran, V. K. Antonov, and K. K. Kurdiu- 
mova, Z h w ,  Ohshchel Khim., 28, %I72 (1958). 

dine derivatives proved to  be more active than their 
triazine analogs. This apparent success strongly 
suggests that the specificity of action and, therefore, 
the antitumor activity might be further enhanced 
by utilizing, as carriers, pyrimidine derivatives 
more closely related to some known antime- 
tabolites. 

In  an effort to enhance the known antimetabolic 
activity of methioprim (I),* DG-428 (11)9 and DG- 

(6) (a) J. H. Burchenal, S. F. Johnston, C. C. Stock, 
M. L. Crossley, and C. P. Rhoads, Cancer Research, 10, 208 
(1950); (b) D. A. Karnofska, J. H. Burchenal, G. C. Armi- 
stead, C. M. Southam, J. L. Bernstein, I. F. Craver, and 
C. P .  Rhoads, Arch. Internal Med., 87, 477 (1951); ( c )  
E. D. Bayard, J. M. Stickney, B. E. Hall, and C. H. Wat- 
kins, Proc. Central Soc. Clin. Res., 24, 9 (1951) ; (d) A. Rot- 
tino, N. Y .  State J .  Med., 52, 346 (1952); (e) J. C. Wright, 
A. Prigot, L. T. Urright, and I. Arons, ,Arch. Internol Med., 
89, 387 (1952); ( f )  J. H. Silverberg and W. D. Darneshek, 
J .  Am. Med. Assoc., 148, 1015 (1952); (g) R. W. Rundles 
and W. B. Barton, Blood, 7,  483 (1952); (h) W. H. Bond, 
It. J. Rohn, R. W. Dyke, and P .  J .  Fouts, Arch. Internal 
Med., 91, 602 (1953). 

(7)  (a) J. A. Hendry, R. F. Homer, F. L. Rose, and 
.4. L. Walpole, Brit. J .  Pharmucol., 6,  357 (1951); (b)  
J. A. Hendry and R. F. Homer, J. Chem. Soc., 328 (1952). 

( 8 )  (a )  T. L. V. Ulbricht and C. C. Price, J .  Org. Chem., 
21, 567 (1956); (b) J. F. Holland, R.  Guthrie, P. Sheehe, 
and H. Tieckelmsnn, Cancer Research, 18, 77G (1958'1. 



93.5 the cthylcnimine moiety has been 
suhtituted for the amino and alkylarnino groups 
of thcsc compounds in thc hope that, t,hese ('om- 
pounds might act as irreversible enzyme inhibi- 
tors. lo 4-( 1 '-A4xiridinyl)-5-hydroxymethyl-2-methyl- 
thiopyrimidine (VI) was prepared in a 47y0 

N\  

yield from the lithium aluminum hydride reduction 
of 4- (1 '-aeiridinyl)-5-carbethoxy-2-methylthiopy- 
rimidine (V). V was in turn prepared from the 
cor1 esponding 4-chloropyrimidine, IV," with ethyl- 
c n i ni i ne. 

The rather mild conditions which must be em- 
ployed with ethylenimine to effect the replace- 
mtnt of an active chloro group on the pyrimidine 
ring without causing polymerization greatly limits 
the selection of chloropyrimidines that can be 
ilsed. In order to prepare aziridinylpyrimidines 
I esembling structures I1 and 111, the corresponding 
4-rhloropyrimidines must contain an electron with- 
drawing group a t  position 5. Although the presence 
of a nitro group a t  that position of the pyrimidine 
ring activates the system and favors nucleophilic 
replacement, the size and configuration of the nitro 
group is such that there is little chance for a nitro- 
pyrimidine to exhibit specific antimetabolic action. 
I t  is well known that the 5-bromouracil reversibly 
antagonizes thymine in DNA synthesis12 apparently 
since a bromine atom approximates the size of a 
methyl group. This conception led logically to the 
investigation of the possibility of exploiting this 
"biologically acceptable" bromine atom to acti- 
vate the ring. 

Ordinary bromination procedures using bromine 
in acetic acid could not be employed for the bro- 
mination of 2-(substituted benzy1thio)pyrimidines. 
Probably due to oxidative degradation of the 
benzylthio group, only unextractable substances 
weie found a t  the end of the bromination. A new 
procedure has been devised in this laboratory using 
pyridine as the bromination medium and the yields 

POClS 

(9) (a) K. Westphal and R. Bierling, Naturwissenschuften, 
46 ,  230 (1959); (b) La Prensa Mddica Argentina, 46, 2005 
(19.59); (c) G. Domagk, Wien. med. Wochschr., Xo. 7, 131 
( 11'60). 

(10) B. R. Baker, Cancer Chemo. Reporls, KO. 4, 1 (1959). 
(11) E. Peters, J. F. Holland, B. Bryant, H. J. Minne- 

meyer, C .  Hohenstein, and H. Tieckelmann, Came7 Re- 
search, 19, 729 (1959). 

( I ? )  (a) S. Kit, C. Reek, 0. L. Graham, and A. Gross, 
('nncer Research, 18, 585 (1958); (h) R. Ramcnhof, K. Rich, 
a i d  R. DcGiovanni, J .  BioZ. Chem., 234, 3960 (1959); 
( c l  I f .  T. T?:LI;:Ia, J .  Ii';nl. C'hem., 234, 3072 (1059). 

were very satisfactory. For example, 5-bromo-2- 
(2',4' - dichlorobenzylt,hio) - 4 - hydroxypyrimidine 
(VIII. X,Y = C1, R = H) was obtained in 60y0 

X 

R 
VI11 

I 
R 

VI1 
1 F 

I 

R 
X 

yield by this method. Several 5-bromo compounds 
patterned after DG-428 (11) and DG-935 (111) 
were prepared via the chlorinated pyrimidines IX, 
but only the 4-(1'-aziridinyl)-5-bromopyrimidines 
containing 2-(p-~hlorobenzylthio)- (X. R = H, 
CHB; X = H, Y = C1) and 2-(2',4'-dichloro- 
benzylthio)- group (X. R = H; X, Y = C1) 
could be purified successfully. The more closely 
related o-chlorobenzylthio- isomers, which are low 
melting, could not be isolated under the con- 
ventional mild conditions necessary for the purifi- 
cation of the thermally unstable aziridinyl com- 
pounds. 

Several aziridinylpyrimidines were prepared 
through the replacement of a methylsulfonyl group 
rather than a chloro group since the former has 
been found to be more s~scept ible '~  to nucleophilic 
attack. An interesting example is the formation of 
2 - (1' - aziridinyl) - 4,6 - dichloropyrimidine (XIV) 
from 4,6-dichloro-2-methylsulfonylpyrimidine (XI) l 3  

even in the presence of an excess of ethylenimine. 
The structure of XIV was definitely established by 
elementary analyses and the fact that  it gave a 
negative test for sulfur. 

The presence of the 2-aziridinyl group in XIV 
greatly increased the electron density of the system, 
which protected the chlorine atoms a t  positions 
4 and 6 against further nucleophilic displacement 
by an ethylenimino group. It is of interest to 
compare compound XIV with 2,4-di( 1'-aziridiny1)- 
6-chloropyrimidine (XVI) which was prepared by 
Hendry and Homer7b from 2,4,6-trichloropyrimi- 

(18) H. C. Iioppel, R H. Springer, R. K. Robins, arid 
_____ 

C .  C Chenp, J .  Ora C h p i ~ . ,  26, in2 (1961). 
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dine and excess ethylcnimine. It is deduced that in 
the reaction of ethylenimine with 2,4,6-trichloro- 
pyrimidine, the chloro group a t  position 4 was 
replaced first (to form XV) followed by the re- 
placement of the chloro group a t  position 2 to 
yield XVI, since the other order of replacement 
would have resulted in structure XIV, which would 
have prevented further replacement by ethyleni- 
mine. 

Hendry and Homer17b in their study of the reac- 
tion of 2,4,G-trichloropyrimidine with one molec- 
ular proportion of ethylenimine, have reported 
the isolation of two products, which they tenta- 
tively assigned the structures of 2-( 1 '-aziridiny1)- 
4,G-dichloropyrimidine (XIV) for the less soluble 
fraction (m.p. 105') and 4-(l'-aziridinyl)-2,6- 
dichloropyrimidine (XV) for the more soluble 
fraction (m.p. 111') [the ratio of these two fractions 
is 5 :  1, respectively]. They have also reported that 
2,4-di(l'-aziridinyl)-G-chloropyrimidine (XVI, m. 
p. 94-95') was obtained in good yield from 2,4,6- 
trichloropyrimidine and excess ethylenimine. These 
findings are in direct conflict with our hypothesis 
that  XVI can only be formed through XV but 
not through XIV. 

Since the structure assignments made by Hendry 
and Homer7b are not supported by physical meas- 
urements other than melting point, it was neces- 
sary to reinvestigate the reaction of 2,4,6-trichloro- 
pyrimidine with one molecular proportion of ethyl- 
enimine. Only one product (fraction A', m.p. 
110-111', see Experimental) was obtained. Frac- 
tion A' was then reacted with excess ethylenimine 
to give a compound which was identified as 2,4- 
di( l'-aziridinyl)-6-chloropyrimidine (XVI, m.p. 93- 
95') by comparison of its properties with those of a 
sample prepared directly from 2,4,6-trichloropy- 
rimidine and excess triethylenimine. 

From the facts that (1) both XIV and fraction 
A', by elementary analysis, are shown to possess 
only one aziridinyl group and two chloro groups; 
(2) compound XVI can be prepared from fraction 

A' but not from XIV; ant1 (3) I)y cumparipon of 
ultraviolet absorption spcctra, melting and mixed 
melting points, and R, values of S I V  and fraction 
A', it is clearly demonstrated that these two 
compounds are distinctly different. Therefoi e, i t  is 
concluded that fraction A' is the isomer of XIV, -- 
ie., 4-(lf-aziridinyl)-2,G-dichloropyrimidine (XV). 

A careful comparison of the experimental data 
submitted by Hendry and Homer7b with the data 
obtained in this laboratory indicates that thc 
fraction, m.p. lll', isolated by these workers was 
actually 4- (1 '-aziridiny 1) -2,6-dichloropyrimid i XI e 
(XV) and suggests that the fraction, m.p. 103', 
possibly was impure XV. 

Only one chloro group of the compound 4,6- 
dichloro-2-methylthiopyrimidine (XII) was re- 
placed under the rather mild condition by ethylm- 
imine, hence 4-( 1 '-aziridinyl)-6-chloro-2-methylthio- 
pyrimidine (XIII) was obtained. The presence of a 
bromine atom a t  position 5 still did not activate the 
pyrimidine system sufficiently to effect nucleophilic 
replacement by more than one et hyleniniino group, 
thus a similar substitution product (XVIII) 
resulted from 5-brorno-4,6-dichloro-2-methylthio- 
pyrimidine (XVII). Consequently 4-( 1'-aziridiny1)- 
5-bromo-2-methylthiopyrimidine and 4-( 1 '- aziri- 
dinyl) - 5 -bromo - 6 - methyl - 2 - methylthiopy- 
rimidine were obtained from 5-bromo-4-chloro-2- 
methylthiopyrimidine and 5-bromo-4 - chloro-6- 
methyl-2-methylthiopyrimidine, respectively. On 
the other hand, a combined force of both the methyl- 
sulfonyl group and 5-bromo group did succeed in 
the replacement of both the methylsulfonyl group 
and one chlorine atom in 5-bromo-4,G-dichloro-2- 
methylsulfonyl pyrimidine (XIX) to give XX. 

Cl 
XVII 

Cl 
XVIII 

I CI? c 

Cl 
XIX 

c1 
ss 

Methyl 6-chloro-2-methylthiopyriniidine-4-cxr- 
boxylate and ethylenimine in benzeric gnvc methyl 
6-( 1 '-aziridinyl)-2-methylthio-4- pvrimidiiiecnrt)ox- 
ylate. Prcbablydue to the nonpolar natiir c of solvent 
used in this reaction, the expected rapid conT.ersion 
of the ester group to an amide, l4 was not observed. 

The ultraviolet absorption of nziridinylpyrimi- 
dines in ethanol is recorded in Tal?le 111. The 

(14) G. Doyle Daws, Frcd Bniocchi, R. K. Robins, :ind 
C. C. Cheng, "Pyrimidirics. 11. Orotic .Aci(l .21ialogs," 
J .  Orp. Chem., in press. 
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TABLE I 
IIYUROXYPY RIMIDINES 

OH 

R1 
Calcd. Found 

Rz Ra M.P. C H N C H N 

0 H Br 
CHI Br 

H Br 
CH, Br 
H Br 
CHs Br 
H Br 

OH CsHs 

>360 
144 (d) 
299-301 
182-154 
159-160 
203-206 
169-171 
224-226 

25.3 2 . 1  
30.1 2 .9  
56.4 4 .2  
39 .8  2 .7  
-11.7 2 .6  
39 .8  2 . 7  
41.7 2 . 6  
3ti.l  1 .9  

11.8 25.0 2 . 4  12.1 
11.9 30.1 3 . 0  11.9 
12.0 56.0 4 .0  11.7 
8 . 4  40.0 2 . 9  8 . 3  
8 . 1  41.5 2 . 6  8 . 0  
8 . 4  40.1 3:O 8 . 6  
8 . 1  41.7 2 . 9  8 .3  
7 . 6  36.0 1.8 7 . 7  

Prepared from 2-thiobarbituric acid.!' Piepared from 2-mer~apto-fi-methyl-4-pyrimidinol.~~ 

TABLE I1 
CHL~ROPYRIMIDINES "q;; 

c1 

R, 
". 1, .d, Found Recrystallized _-I__ ___- 

112 R3 Solvents M.P. C L I N C H N  
~~ ~~ ~~~ 

CHa Br n-Heptane 69-70 
C1 Br n-HeDtane 83-85 
CI CdIb 
CH3 Br 

c1 Br 

H Br 
CHI Br 
H Br 
CH, Br 
H Br 

n-Heptane 
n-Heptane- 
ethyl acetate 
n-Heptane- 
ethyl acetate 
n-Heptane 
n-Heptane 
n-Heptane 
n-Heptane 
n-Heptane 

analogs of methioprim, DG-428 and DG-935 
possess three c~harxcteristic absorption maxima in 
the vicinity of 230 m p ,  260 m,u, mid 295 mp. 

JCXPERlMENTALi5 

e(o-Chlorobenz?illhio)-4-p?lritnirtinol (VII .  S = CI, Y ,  It = 
I i ) .  To 800 nil of 1N sodium hydroxide was added 150 ml. 
( i f  pdioxane followed by G-2 g. (0.5 mole) of 2-thiouracil.16 
To this solution. was added 81 g. (0.5 mole) of o-chlorohenzyl 
chloride. The mixture mas heated a t  75-80' for 3 hr. Fi th  
stirring The rcwlting solution was then treated with char- 
rod ,  filtcrcd, and acidified with acrtic acid. The precipitate 
was filtered, washed with water and ligroin, and dried to  give 
116 g. (9270) of white solid, n1.p. 216-219". Rccrystallisa- 
1 inn from rthyl acrtate gave 2-fo-chlnrobenaylthio)-4pyrimi- 
dinol as white needles, m.p. 218-220". 

Anal. Calcd. for CIIHoC1N20S: C, 52.4; H, 3.5; N, 11.1. 
Found: C, 52.4; H, 3.3; N, 11.0. 

(15) All melting points were taken on a Thomas-Hoover 
melting point apparatus. The ultraviolet absorption spectra 
wcre determined with a Beckman DK-2. 

(16) H. L. Wheeler and L. M. Liddle, Am. Chem. J., 40, 
547 (1908). 

108-110 
140-142 

169-171 

55-56 
80-82 
83-85 
93-94 
81-83 

- . 

'23.5 2.8 I1 0 28.7 2 . 7  11.1 
zL9 1 . 1  !O  2 21.7 1.3 10.4 
4P. 7 3 0 10 3 48 .5  3 . 2  10.6 
25.2 2 . 1  9 . 8  25 .1  2 .1  9 . 8  

19.P 1 . 0  9 . 1  19.9 1 . 3  9 . 5  

37 .5  2 . 9  8 . 0  37 .3  2 .6  8 . 2  
39 .5  2 . 5  7 . 7  30.4 2 .4  7 . 7  
37.5 ? 9 9 . 0  37.1 2 .8  8 . 1  
39 .5  ' -? ,5  7.7  39 .6  2 . 6  7 . 7  
34 .3  6 7 .3  34.3 1 .7  7 . 0  

Other 2-(suhstitutc~~!-~1~~~ylthio)-l-h~droxypyrimidincs 
wcre prepared by essentiallv the same procedure. 

Q,6-Dihydrox~-6-ph~~~/!-&.-~~yrini . i~ineIhiol .  To a mixture 
of 136 g. (2.5 moles) of sodinin methoxide, 114 g. (1.5 molcs) 
of thiourca, and 1500 ml. of inethanol vas added, with st>ir- 
ring, 233 g. (1 mole) of diethyl phcnylmxlonate. The mixturc 
was carefully refluxrd and Ptirred for 4 hr. The reaction 
mixture was then pourcd into 1 1 4 hot water. The resulting 
pale green solution \VRB trratrd with charcoal, boiled, filtcrcd, 
and acidified with hydrochloric w i d .  The white precipitate 
was filtered and washed with water m d  acetone. The product 
was then rccrystallizcd from a mix! :.irf of dimet,hylformamide 
and water to give 160 g. (7370) of white crystals, m.p. 261- 
263'. 

And .  Calcd. for CIOHRN202Q2: C, 54.5; H, 3.6; N, 12.7. 
Found: C, 54.3; H, 3.4; N, 12.6. 

Brominution of ~-niethylthinpyrimidinols. Fifty grame of the 
2-methylthiopyrimidinc (the met,hylation of the mercnpto 
group wa8 described in Ref. 13) to be brominated was dis- 
solved in 200 ml. of glacial acetic acid a t  90". To the solution 
was added, dropwise with stirring, an equivalent amount of 
bromine. After the reaction was complete. the heat was dis- 

(17) H. hfichael, J. prakt. Cheni., 121, 35, 456 (1887). 
(18) M. Polonovski and H. Schmidt, Bull. SOC. chim. 

France, [55], 17, 616 (1950). 
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continued and the reaction mixture was stirred for 1 hr. 
During that time the brominated product separated from 
the warm reaction mixture. The product was filkred, washed 
with acetic acid and ether. It was then reprecipitated from 
dilute sodium hydroxide with acetic acid, and finally purified 
by recrystallization from water. 

Bromination of 2-( substituted benzylthw)-d-pyrimidinols. 
Fifty-five grams of the pyrimidine was dissolved in 200 ml. 
of pyridine. The solution was warmed to 50°, and an equiv- 
alent amount of bromine w a ~  added dropwise with stirring. 
The rate of the addition was such that i t  maintained the 
temperature of the reaction mixture a t  50-60". Usually the 
brominated product st,arted t.0 crystallize from the warm 
mixture when half of the required bromine had been added. 
After the addition was complete, the mixture was stirred for 
30 min. and then diluted with 500 ml. of water. A voluminous 
precipitate was obtained. This was filtered and washed with 
water The crude material was dissolved in 1 1. of 1N hot 
sodium hydroxide. The resulting solution was chilled and the 
sodium salt of the brominated pyrimidine was collected. 
The sodium salt was then redissolved in I 1. of boiling water. 
decolorized with charcoal, filtered and acidified with acetic 
acid. The resulting product was then recrystallized from 
water. 

Chlorinalion of pyrimidinols. T o  500 ml. of phosphorus 
oxychloride was added 80 g. of the corresponding pyrimi- 
dinol. The mixture was refluxed for 30 min. Excess phos- 
phorus oxychloride was distilled from the clear solution 
under reduced pressure and the residue was poured ont,o 
crushed ice, ,with stirring. The crude chloropyrimidine was 
filtered, washed with water, and purified through ether ex- 
traction. It was then recrystallized from the appropriatr 
solvent'. The yields of all the purified chlorinated products 
were at 70-7670. 

2-dle thy lsu l~~ylpyr imid ines .  T o  200 ml. of absolute 
methanol was added 50 g. of the corresponding 2-methyl- 
thiopyrimidine. The suspension was cooled to 10". A stream 
of dry chlorine gas was bubbled through the stirring mixture. 
A clear solution was formed after about 1 hr.; soon a prr- 
cipitate reappeared. After another hour the resulting misturc 
was evaporated to dryness under a stream of cold air. Thr  
residue was recrystallized from a mixture of ethyl acetate 
and n-heptane to give the corresponding 2-methylsulfonyl- 
pyrimidine. 

Preparation of aziridinylpyrimidines (see Table 111). Tlic 
axiridinylpyrimidines were prepared by the action of ethylrn- 
imine on chloropyrimidines or methylsnlfonylpyrimidines i n  
a low boiling, inert solvent. The methods used were modi- 
fications of the replacement of t,he chloro groups of 1,3,5- 
triazines n-ith ethyleniminelgjSg and of the method of 
Hendry and Homer.7b Esamples are given as follows: 

4-(~'-~4z~r2d~ny~)-6-carbefhosy-2-niethy~th~opyr~nz~d~ne. To 
200 ml. of benzene was added 32.4 g. (0.33 mole) of triethJ.1- 
amine and 14.2 g. (0.32 mole) of ethyleniniine. The solution 
was warmed, with stirring, to 40'. .4 solution of 35.8 g. (0.15 
mole) of 4-chloro-5-carbethoxy-2-methylthiopyrimidin~~~~ 
was added to the stirred solution a t  such a rate that the 
krnperature was maintainrd a t  the range of 40-45". .Zftrr 
the completion of the addition, the reaction niixtiirc: n-as 
stirred for 45 niin. Thc prccipitatcsd trieth!,l:tininr hydro- 
chloride wns filtrred and washed with bcnzcnc. Thc coi~~iiinc~tl 
washings and filtrate were cvnporatcd to 
stream of cold air. Thc crude rcsiduc was re 
pctroleum ethcr (t1.p. 60-70') and i n ~ t h n n o l  (c:m' must 111, 

taken to avoid ovcrhrat,ing of the cri idi ,  solid pi,odrlct hczforr' 
a completc solution is obtaincd; a cuinljirled h c : ~ t c ~ r ~ i i i a g i ~ c ~ t i r ~  
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stirrer is always found to be useful during the process of 
recrystallization) to  give 24 g. of white crystals, m.p. 85-86', 

6 ( f  '-Aziridinyl)-4,6-dichloropyimii~. To a solution of 
64.7 g. of triethylamine and 28.2 g. of ethylenimine in 400 
ml. of benzene waa added, with stirring, 68 g. of 4,6-dichloro- 
2-methylsulfonylpyrimidine.~~ The temperature was kept 
below 45' throughout the reaction. Stirring was continued 
for 1 hr. after the addition. The polymerized substance was 
filtered and the filtrate was evaporated under a stream of cold 
air. The crude product waa recrystallized from a mixture of 
petroleum ether and methanol to give 32 g. of white crystals, 
m.p. 120-121'. The product gave one spot in several paper 
chromatographic systems and gave a negative test for sulfur. 

Attempted preparation of 2,4di( 1 '-aziridiny!)-6-chloro- 
pyrimidine (XVI), from 2-( 1 '-aziridinyl)+I,&dichloropyrim- 
idine (XIV) with excess ethylenimine in benzene was un- 
successful. Only the starting material was isolated from the 
reaction mixture. 

4-( 1 '-Aziridiny1)-5-h ydroxymethyl-8melhyllhiop yrimidine. 
To a 5-1. three-necked flask equipped with dropping funnel, 
stirrer, and a reflux condenser, was added 1 1. of anhydrous 
diethyl ether followed by 27.4 g. (0.72 mole) of finely pow- 
dered lithium aluminum hydride under an atmosphere of 
nitrogen. The mixture was stirred and heated to reflux. The 
heat was discontinued and a solution of 56.0 g. (0.24 mole) 
of 4( l~-aziridinyl)-5carbethoxy-2-methylthiopyrimidine in 
1 1. of anhydrous diethyl ether was carefully added through 
the dropping funnel a t  such a rate that a gentle reflux was 
retained by the exothermic reaction. After the reaction was 
complete, the mixture was refluxed for 4 hr. The greenish 
suspension which formed a t  first was gradually turned white 
and by the end of the reartion, the reaction mixture had 
changed to a clear solution. Into the solution w a  dropped 11. 
of cold mater with caution. This was followed by the addition 
of 1 1. of 2N sodium hydroxide. The resulting mixture was 
stirred for 30 min. The ether layer was separated and dried 
over anhydrous sodium sulfate. It was then filtered and the 
filtrate distilled under reduced pressure to give the product 
as white crystals. Recrystallization from benzene-petroleum 
ether (b.p. 60-70') gave 22.0 g. (46%) of white needlea, 
m.p. 156-157'. 

Reaction between b,4,6-trichEoropyrimidine and one molec- 
ular proportion of eth?/lenimine. To a stirred solution of 30 g. 
(0.163 mole) of 2,4,Gtrichloropyrimidine in 200 ml. of 
benzene was added a solution of 17.34 g. (0.17 mole) of 
triethylamine and 7.0 g. (0.163 mole) of ethylenimine in 200 
ml. of benztme. The rate of addition was adjusted a t  such a 
rate that the temperature waR kept between 30-35". After 
the addition was complete, the mixture was stirred for 30 
min. The precipitatcd triethylamine hydrochloride MW 
filtered and washed with benzene. The combined a t r a t e  was 
taken to dryness under a stream of cold air. Recrystallization 

of the crude solid from petroleum ether (b.p. 60-70') yielded 
20 g. of white crystals (fraction A), m.p. 90-110O. From the 
mother liquor, by evaporating to dryness, waa isolated 4 g of 
white crystals (fraction B), m.p. 90-95'. Recrystallization of 
fraction A from petroleum ether gave large, white rhombic 
crystals that melted a t  110-11lo (fraction A'). Further re- 
crystallization did not raise the melting point of the product. 

A mixed melting point of fraction A' and 2-(l'-aziridinyl)- 
4,6-dichioropyrimidine (m.p. 120-121 ') gave a melting range 
between 93-96'. The melted liquid exploded suddenly a t  
97'. This phenomenon of explosion did not occur when these 
two compounds were melted separately. 

Paper chromatography of the fraction A, fraction A', 
fraction B and 2-( 1 '-aziridinyl)-4,&dichloropyrimidine in 
different solvent systems has indicated that neither fraction 
A, A', nor B contained 2-( 1 '-aziridinyl)-4,6-dichloropyrim- 
idine, and fractions A and B were actually impure fraction 
A'. For instance, the R, values of 2-( l'-aziridinyl)-4,6- 
dichloropyrimidine = 0.82, of fraction A = 0 68 (with slight 
tailing), of fraction .4' = 0.68 and of fraction B = 0.68 (with 
tailing) in 4% sodium citrate a t  24' (descending). 

The elementary analyses of fraction A' indicated that 
only one aziridinyl group was present. 

Anal. Calcd. for CsHsC12NS: C, 37.9; H, 2.6; N, 22.1. 
Found: C, 38.2; H, 2.7; N, 22.0. 

Reaction of froctwn A' and ezcess elhqlenimine To a solri- 
tion of 18.0 g. (0.18 mole) of triethylamine and 7.3 g. (0.17 
molc) of ethylenimine in 150 ml. of benzene was carefully 
added, with stirring, a solution of 16.0 g. (0.084 mole) of 
fraction A' in 150 ml. of benzene. The rate of addition wa8 
adjusted so the reaction temperature was kept in the ran;c 
of 25-35'. -4fter the addition was complete, stirring was con- 
tinued for 30 min. The precipitated triethylamine chloride 
was filtered and washed with benzene. The combined filtratr 
was evaporated to dryness under a stream of cold air. The 
residue \\'as recrystallized from petroleum ether (b.p 60-70") 
to give 10.0 g. of white crystals, m.p. 93-95', R f  = 0.75 in 
4y0 sodium citrate a t  24' (descending). This compound wab 
found to be identical with 2,4di( l'-aziridinyl)-6-~hloropy- 
rimidine (m.p. 94-95') prepared directly from 2,4,6-trichloro- 
pyrimidine.7'~ 
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