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bearing implants of the same tumor were treated simi- 
larly with 0.5% carboxymethylcellulose in 0.85% 
aqueous XaC1. Beginning 1 day after cessation of 
treatment, weekly measurements of two perpendicular 
axes of each tumor in surviving mice were made with 
vernier calipers. From these values, an average diam- 
eter for each experimental group was calculated. 
Evaluation of inhibitory effect is based on the calcu- 
lated ratio between the average diameter of tumors in 
treated mice and that of tumors in control animals. A 
ratio of 0.75 or less is considered to be indicative of 
antitumor activity in the Sarcoma 180 system. The 
mice were considered to have recovered when the tumor 
mas no longer palpable. 

The mice were weighed a t  the times of implantation 
and of measurement of tuniors, and the average change 
in body weight for each experimental group was calcu- 
lated. Deaths were recorded daily. Unless otherwise 
noted deaths may be attributed to  the growth of the 
tumor. 

B. Tumor Spectrum -Tests with other trans- 
planted solid mouse tumor systems were conducted 
similarly. With the mammary carcinoma E0771, 
sarcoma T241, and melanoma B16, treatment was 
begun 1 day after implantation of tumor; with Carcin- 
oma 1025 and the Ridgway osteogenic sarcoma (ROS), 
treatment was begun 5 days after implanation. In  all 
systems, the mice received 0.5 nil. by the intraperitoneal 
route, once daily, for 7 days. Inhibition of the growth 
of the tumors was maximal 1 week after the end of 
therapy, and evaluations at  that time are in Table 111. 

A T:C of 0.7 or less, a t  a well tolerated dose, for E0771, 
T241, B16, or ROS, and 0.6 or less for (21025 are con- 
sidered to be statistically valid indications of significant 
inhibition of the respective solid tumors.29 Methods 
for Ehrlich ascites tumor and Mecca lymphosarcoma 
were those described.29 

C. Immuno-Depressant Effect.-The test system 
used was essentially that of Sathan, et d7 The tests 
were carried out as follows: Groups of 10 young adult 
female Swiss ICR/Ha mice were given a single intra- 
peritoneal injection of tanned sheep erythrocytes, fol- 
lowed several hours later by an intraperitoneal injec- 
tion of a suspension of the test compound (day 0) .  
Four additional daily injections of the compound were 
given for a total of five doses. On day 12, all survivors 
were bled from the retro-orbital venous plexus using 
heparinized capillary pipettes. Equal amounts of 
blood from each mouse in the group were pooled and 
the serum was collected. Twofold serial dilutions of 
the serum in physiological saline were made, and the 
heterohemagglutinin antibody titers were measured 
against sheep erythrocytes. Minimal response ( f ) 
readings were confirmed microscopically. 
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(29) F. A. Schmid, J. G. Cappucino, P. C. hlerker, and G. 8. Tarnouski,  
Cancer Res.  (Supplement), in press. 
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By reaction of aminopyrimidines with various chlorothiolformates the following new thiolcarbamates were 
prepared: from 2-aminopyrimidine, the S-methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-octyl, and 
p-chlorophenyl 2-pyrimidinethiolcarbamates; from 5-aminouracil, the S-ethyl, n-propyl, isopropyl, n-butyl, 
t-butyl, and n-octyl 2,4-dioxo-1,2,3,4-tetrahydro-~-pyrimidinethiolcarbamates; from 2,4-diaminopyrimidine, 
the di-S-ethyl and di-S-n-butyl 2,4-pyrimidinebis(thiolcarbamates); from 4,6-diaminopyrimidine1 di-S-ethyl 
4,6-pyrimidinebis(thiolcarbamate). The reaction of diethyl pyrocarbonate with aminopyrimidines gave new 
carbamates in good yields: ethyl 6-amino-4-pyrimidinecarbamate, diethyl 4,6-pyrimidinedicarbamate1 diethyl 
2,4-~yrimidinedicarbamate, and ethyl 2,6-dimethyl-4-pyrimidinecarbamate. The thiolcarbamates were con- 
verted to oxygen analogs by treatment with mercuric chloride and triethylamine in the presence of an alcohol. 
Uracil reacted with ethyl chlorothiolformate at' the 1-position to give S-ethyl3,4-dihydro-2,4-dioxo-l(2H)-pyrim- 
idinecarbothioate. Attack by chloroformates occurred a t  the same position. Sone  of these substances 
showed significant activity as an anticancer agent. 

The present study is a continuation of an investiga- 
tion of the preparation and properties of pyriniidine- 
carbamates and related compounds, which are possible 
anticancer agents. In  the previous work2 carbamates 
were obtained by the interaction of alkyl chloroformates 
with aminopyrimidines. In  the current work thiol- 
carbamates were prepared by the reaction of chloro- 

(1) (a) Supported b y  Public Health Seriice Research Grant No. C.\- 
03477 from the National Cancer Insti tute,  (b) from the P1i.D. Thesis of 
Henry Richmond, UniLersity of Delau are, 1964. 

thiol formate^^ with both mono- and diaminopyrimi- 
dines. It was hoped that replacing an oxygen atom 
by sulfur would increase physiological activity. 
Another purpose of this work was to determine with 
certainty the location of the substituting groups. 

By treating 2-aminopyrimidine1 2,4-diaminopyrimi- 
dine, and 4,6-diaminopyriAdine with various chloro- 
thiolformates in the presence of a base, thiolcarba- 
mates of the following structures were obtained. The 

( 2 )  Par t  I: E. Dyer. .\I. L. Gluntz, and E. J. Tanck, J .  Org .  C h e n . ,  (3) The alkyl ohlorothiolformates were kindly supplied b y  the Stauffer 
27, 982 (1962). Chemical Co. 
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prrparat ion and propertic13 of individual thiolcar- 
tiaiiiaies arc' shon-n in Table I. 
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( ~ ~ ' s b  of t lie aiiiiiiopyriiiiidine, pyridine, or inorganic 
base as acid acceptor. The reactions proceeded with 
soiiic difficulty ; optiiiiuiii conditions were found by 
i rial arid ~ r r o r .  

.i-Xiiiiiiouracil also gave thiolcarbaniates on reactioii 
with alkyl chlorothiolforinates (Table 11). Schotten- 
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hytl I ocliloritie prwipitated. 

Soiiayueous 

r'racil Icbacted wit 11 alkyl cliloroforiiiatc\ 1 0  
product b assuiiid2 to bc alkyl uracil-1-carhosylati~~. 
The reactioii of uracil (I) with ethyl chlorothiolforniat (>  

has now beeii shown to give a siiiiilar product, P-rt hyl : 3 . -  
4-dihydro-2,I-dioxo-l(2H)-pyriiiiidinecarbothioat v \I1 1. 

0 

I 

w 

O=CSCiH-, 
11 

8 
H.0 CH,-N 

0 4 ,  
H 1 

I\' 



Narch 1963 PYRIbIIDINECARBAJlllTES A S D  THIOLCBRBAXATES 197 

TABLE I11 
CARBAMATES DERIVED FROM AMINOPYRIVIDINES 

Y 
x k  

X A N  z 
---Yield," %- Recrystn. 

Compd. x Y Z Cf P solventb 31 p . .  "C. 

20c.d C,H,OCONH SH2 H 0 73 EA 1% 
21C CzH,OCOSH C2HjOCONH H 0 90 w 170-171 
22 H CZHjOCOSH NH, 20 S6 E-EA 196-197 

24d e CH, CZHjOCOSH CH3 0 41 P E  79 

a Cf, using ethyl chloroformate under Schotten-BaiiinaIirl conditions: P, using ethyl pyrocarbonate. 

23 H C,H,OCONH CzHjOCONH 25 9 5 E-E A 266-267 

2 j d  I CzHjOCOSH OH H 0 52 Et 15-5-156 
E, ethanol; EA, ethyl ace- 

? Prepared by J. V. Miller (11 s. Thesis, University of Delaware, 
StrLicture assumed by analogy to known 

Prepared by R. E. Farris, Jr .  (Ph.D. Thesis, University 

tate; Et, ether; PE, petroleum ether (b.p. 75-90"); W, water. 
1962) who separated 20 and 21 by Soshlet extraction with ether in which 20 was less solitble. 
compounds, not confirmed by decomposition. 
of Delaware, 1964), by heating a mixture of the reactants, without solvent, at  90-95" for 14 hr. 

e Prepared by Colburn.9 

iiiethyluracil (IF')) identical in properties with a syn- 
thetic specimen prepared by the method of Brown, 
et aL4 This method is a shorter form of the procedure 
used by Spector and I<eller5 for proving the structure of 
acylated uracil. By the same sequence of reactions 
the structure postulated2 for the ethyl uracil-l-car- 
boxylate was confirmed. 

For the preparation of ethyl pyriiiiidinecarbamates, 
ethyl p y r o c a r b ~ n a t e ~ , ~  proved to  be a more active re- 
agent than ethyl chloroformate, as shown in Table 111. 
Ethyl chloroforinate did not react with 2,4-dianiino- 
pyrimidiriels 4-ainino-2,6-diniethylpyriniidine,2 or 2- 
ainino - 4 - hydroxypyriniidiiie2; 4,G - dianiinopyriniidine 
gave low yields of products. All of these compounds, 
however, reacted readily with ethyl pyrocarbonate in 
ethanol solution. With excess pyrocarbonate, 2,4- 

0 

NHCOOC,H, 

C"--dN + CH3 

diaiiiiriopyriiiiidirie and 4,G-diaininopyrimidine gave 
good yields of diethyl 2,4-pyriinidinedicarbaniate and 
diethyl 4,6-pyriniidinedicarbaniate, respect'ively ; with 
limited amounts of pyrocarbonate, the monocarbaiiiates 
were obtained. 

The facile reaction of ethyl pyrocarbonate with 
aininopyriniidines might be explained by a cyclic inter- 
mediate, formed by the nucleophilic attack of t'he 
amino group a t  the carbonyl site.g Electronic shifts 
would give the resulting pyrimidinecarbainate, et'hanol, 
and carbon dioxide. 

The pyriniidine thiolcarbamates could be convert'ed 
to carbamates by the nietal ion assisted removal of mer- 
captan1(' under mild conditions in the presence of an 

(4 )  1). .I. Brown.  E. Roerrer, anrl S. 1. Mason. ./. Chem. S O C . .  211 (1955) .  
( 5 )  I,. R. Spector and 15. €3. Iieller. .I. Bid. Chrm.,  232, 185 (1458). 
( 6 )  E. 1 ' ~ .  Degering, G.  L .  .Jenkins. and B. E. Sanders, J. A m .  l ' h u m .  

. laauc. ,  39, 624 (1950). 
(7)  E. l)yer, J. 31. Reitz, and R.  E. Farris. Jr., J .  31ed. Clirm. ,  6 ,  28'3 

(1963). 
(8 )  L. I,. Loney, A1.S. Thesis, University of Delaware, 1961. 
(9) R.  SI. Collmrn. 3f.S. Thesis, University of Delaware, 1963. 
(10) .\. I .  I'erris anrl R. .\. Srhiitz, .I. Org. C h e m . ,  28, i l  (1963). 

C H 3 4 N  N%CH, 

alcohol. E'or example, the thiolcarbaniate T' was 
rapidly decoiiiposed at 40' by iiiercuric chloride and 
triethylamine in inethanol to give the carbamate VII. 
The isocyanate T'I was the probable intermediate. lo 

C3H7Sco"--6N '9 a (c,H,),N [...%?I 
V 

CH,OH 1 

C H 3 0 C O N H x 3  

VI1 

The carbamate VI1 was identical with the substance 
obtained2 from the reaction of methyl chloroformate 
with 2-aminopyrimidine. 

Evidence from infrared absorption that the reaction 
product from 2-aniinopyriniidine and methyl chloro- 
formate has the structure VI1 and not 1-11' has been 
reported. In  the current work additional evidence 

has been secured froin the n.1ii.r. spectrum in deuterio- 
chloroforni. I I'rotoir absorption was observed at 
7-values of 6.14 (singlet, weight 3), 3.00 (triplet, weight 
l), 1.31 (symmetrical doublet, weight 1,9), and 0.24 
p.p.111. (broad band, weight 1). These data are in ac- 
cord with the synunetrical structure VII. 

In  Table IT' are shown the thiolcarbamates wliicli 
have been converted to  carbamates by removal of mer- 
captan with an alcohol present. I n  all cases the prod- 

(11) Kindly done by Dr. G. L. Baker, 1)epartment of Chemistry, Rlon- 
tana State College. 
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ucts \\-ere identical with those obtairied by reactioii ot 
tho aniinopyriiiiidiiie with a chloroformate ur diethyl 
pyrocarbonate. The infrared spectra w r e  super- 
iiiiposable and iiiixturc iiieltiiig points were unchaIiged. 
By aiialogy to coiiipourid JTI, it may be postulated that 
the  carbaiiiates arid thiolcarbaiiiates obtained from 2- 
aiiiinopyrimidiiie, 2,~-diaiiiiriopyriiiiidiiie, 4,6-diasniiio- 
pyriiiiidiiie, arid 3-arninouracil by reactioit T\ ith chloro- 
foriiiates, chlorothiolforiiiat es, aiid ethyl pyrocarbonatc 
h a v ~  the substituent groups oil the exociyclic nitrogens. 
Carbamates derived froiii I-ainiriopyrimidirie were pre- 
viously blio~v~i, tiy aii iiidependeiii iyiitliesib, to br of 
siiiiilar structure. 

111 the reaction of the diaiiiiiiupyriiiiidiries wit 11 
chloroforriiates and ethyl pyrocarbonate, no stablv 
trisubstituted products were isolated. However, ben- 
my1 chloride reacted with 2,4-diaminopyriniidine 
under Schotten-Bauinann conditions to give a tri- 
benzoyl derivative.h T t  is not known whether two 
bciizoyl groups were on an airiirio nitrogen, as postu- 
lat ed for certain acetyl pyriiiiidiiies!12s l 3  or whether 
beiizoylalioii occurrcd at oiic or nmre ring nitrogens, a- 

i l ? ~  V. 1. IihemelP\skii a i d  0. I. Durnitsyna. Lh. Obshcir. hh im  , 26,  
- r -  , ( l S i 6 )  C h ~ m  Absli.,  10, 1 4 i i i  (I95G). 

1 3 1  \ \ .  I ' fhderer  and E. I iedek Ann., 612, 163 (19,581. 

postulated fu i  ~ribciizoyl cyt osinc.'* I)isubst itutioti 
o i l  a11 amino i i i t  rogeis was easily produced by i*caction 
of 2-aiiiinopyriiiiidiiie with phthal iiiide to givc 2- 
pyriiiiidylphthaliiiiide. 

Pharmacological Tests.-'Iestirig of a iiuniber oi  
t tie pyrimidine carbamates and thiolcarbamates by tlic, 
Taiicei* (Iheniotherapy Sational Scrvicc. Ccuter' 
('Tablcs T -  aiid \-I) has sho~11 110 sigiiificaiit activity 
t ov ard Sarronia 180, ~~(~~~riocasciIioiiia 7 5 5 ,  1,eukcmia 
1210, E rieiid virus lwkemia (solid f o i m ) ,  and thc I\H c d l  
c~ultluc 

Experimental 
Melting Points. --lItllt iiig poiiits >yere taken iri sealed tubes 

with it 4-alibrated thernionieter in a stirred oil bath. 
Pyrimidinecarbamates and Thio1carbamates.-Certain details 

o f  preparation are given in Tables 1-111, and one example of each 
niethod is described here. A4bsorption spectra and :tiialytic:tl 
data are in Table VII .  

S-Ethyl 2-Pyrimidinethiolcarbamate.-To a solution of ethyl 
r,lrlorothiolforniate (2.4!) g., 0.02 mole) in 100 ml. of rt,hanol :it, 
I:!" W:IS added L'-aniiiiop> riiiiitliiie (3 .8  g., 0.04 inole). The mix- 

I ) .  31. B r o n n ,  \ .  'I i .  ani1 S. Viiradarajari, .I. ( ' / , e m .  S ~ J C . ,  2::;n-l 

j 131 I 'rowdiires as deai~rilieil by , I .  Leiter. .\. l i .  Uoiirkr, S. 

~ 

, l!l.i(il, 

.ind I. \\ odinsky, Cancer  K u s .  20, i 3 1  (1960). 
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TABLE VI B. Using Ethyl Chloroformate.-To ethyl chloroformate (0.9 

of 4,6-diaminopyrimidine (0.5 g., 0.0045 mole) and NaOH 
(0.01 mole). A white 

Compd. Slope EDbQ, "//Id* Status precipitate appeared which was recrystallized from an ethanol- 
2 -1 .4  33 Inactive ethyl acetate mixture to give 0.26 g. (257,) of a product, m.p. 

12 -1.1 36 Inactive C. Using the Metal Ion Assisted Elimination of Mercaptan.- 
18 -1.03 25 Inactive To a solution a t  40" of di-S-ethyl 4,6-pyrimidinebis(thiolcarba- 
22 100 Inactive mate) (0.11 g., 0.0038 mole), 0.5 ml. (0.004 mole) of triethylamine, 
23 -0.62 58 Inactive and 50 nil. of absolute ethanol was added 15 ml. of absolute eth- 

SCREESING OF PYRIYIDINECARB.4MBTES AND -THIOLCARBdhllTES 0'009 was added dropwise ml' Of an aqueous 

The reaction mixture was stirred for 1 hr. WITH K B  CELL CULTURE 

8 -0.84 41 Inactive 267-268'. 

Compd. 

1 
2 
3 
4 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
18 

19 
20 
21 
22 
23 

24 
25 

a 

TABLE VI1 
SPECTRAL DATA AZD ANALYSES 

-----Calcd., %----- I Found, %------- Infrared, 
Ultraviolet,u mp Log e om.-' (C=O) Formula C H N S C H x S 

229,269 4.18,3.59 

246 
247 
248 
248 
228,265 
246 
242, 244, 

282 
242 

4 .19  
4 .43  
4 .35  
4 .31  
4 .39 ,3 ,91  
4.19 
4.57, 4.57, 

4.18 
4.36 

260 3 .81  
244, 287 4 .00 ,3  .88 
245, 286 4 02,3.92 
245,288 4.29,4.17 
245,287 4.10,3.99 
244,288 4.06,3.94 
245,287 3 ,95 ,3 .84  

280 4.95 
276 5 .14  
222,266 4 .6%,3 .73  
222,264, 4.63,3.83, 

269 3.83 

1639 
1650 
1638 
1639 
1645 
1639 
1664 
1653 
1689, 

1681, 

1681 
1706 
1750' 
1724 
1710 
1704 
1751 
1740,' 

1680' 
1740 
1750 
1709 
1709 

1740 

1639 

1639 

1675 

1700," 
1650 

42 59 
45 88 
48 i 1  
48 71 
51 16 
.51 16 
49 72 
58 39 
41 94 

49 10 

41 94 
39 05 
41 91 
41 91 
44 43 
44 43 
52  15 
41.99 

44 85 
46 17 
47 24 
46 17 
47 24 

55 38 
45 90 

4 17 
4 95 
5 62 
5 62 
6 20 
6 20 
3 44 
7 92 
4 93 

6 48 

4 93 
4 21 
4 84 
4 84 
5 39 
5 39 
7 07 
4.03 

4 70 
5 54 
5 51 
5 54 
5 55 

6 67 
4 95 

24 84 
22 93 
21 30 
21 30 
19 89 
19 89 
15 81 
15 72 
19 57 

16 36 

19 57 
19 52 
18 33 
18 33 
17 27 
17 27 
14 04 
13 99 

13 08 

22 04 
30 77 
22 04 

21 53 
22 94 

18 97 

16 25 
16 25 

15 18 
12 07 
11 99 
22 39 

18 73 

22 39 
14 90 
13 99 
13 99 
13 18 
13 18 
10 71 
16 01 

14 97 

42 67 
45 82 
48 60 
48 75 
51 26 
51 33 
49 91 
58 48 
41 97 

49 22 

42 26 
38 92 
42 03 
41 73 
44 49 
44 44 
52 25 
42 09 

45 04 
45 88 
47 10 
46 07 
47 47 

55 86 
46 20 

4 , 2 5  
5 06 
5 52 
5 .51  
6.42 
6 .23  
3.17 
7.55 
4.93 

6.46 

5.08 
4 .51  
5.05 
5.15 
5.61 
5 .86  
7 .26  
4 .22  

4.85 
5.67 
5 .49  
5.83 
6 .02  

7.09 
5.02 

24 46 
23 02 
20 93 
21 52 
19 64 
20 09 
15 61 
15 60 
19 46 

15 98 

19 79 
19 33 
18 18 
1s 02 
16 98 
17 10 
13 81 
13 75 

13 28 

21 80 
30 51 
21 84 

21 52 
22 59 

18.59 

16.11 
16.14 

15.00 
12.11 
11.84 
22.26 

18.41 

22 22 
14.98 
13.90 
13,59 
12.91 
13.16 
10.70 
15.95 

14.86 

a All ultraviolet spectra were taken on a Perkin-Elmer Model 202 ultraviolet spectrophotometer. Infrared spectra were taken on 
Nujol mull with Perkin- the Baird Model B double-beam infrared recording spectrophotometer with potassium bromide pellets. 

Elmer 137. 

ture was stirred for 1 hr. while the temperature slowly rose to 
20' and then was poured into 100 ml. of ice-water. The precipi- 
tate was recrystallized from ethanol, which gave 2.0 g. ( 5 5 7 G )  of 
product, m.p. 147-148". 

S-n-Octyl 2,4-Dioxo-1,2,3,4-tetrahydro-5-pyrimidinethiol- 
carbamate.-To a suspension of 5-aminouracil (0.64 g., 0.0051 
mole) in 500 ml. of refluxing acetone was added 3 ml. (0.015 
mole) of n-octyl chlorothiolforniate. At the end of 2 hr. the 
reaction mixture was cooled. A yellow precipitate of undissolved 
5-aminouracil and 5-aminouracil hydrochloride was filtered. 
The filtrate was evaporated and the wool-like compound (0.49 g., 
65'37c based on 0.0025 mole of 5-aminouracil) was recrystallized 
from ethyl acetate. 

Diethyl 4,6-Pyrimidinedicarbamate. A. Using Ethyl Pyro- 
carbonate.-To a solution of 4,6-diaminopyrimidinei6 (0.5 g., 
0.0045 mole) in 20 ml. of ethanol was added dropwise with stirring 
1.2 ml. (0.0084 mole) of ethyl pyrocarbonate. Bubbles of C02 
were observed. The ethanol was evaporated to dryness. A 
drop more of ethyl pyrocarbonate caused no further reaction. 
Recrystallization from ethanol and ethyl acetate gave a white 
powder (1.0 g., 95%) melting a t  266-268'. Ethyl 4-amino-6- 
pyrimidinecarbamate was prepared in the same manner by using 
a 1 : 1 Jf ratio of pyrocarbonate to pyrimidine. 

The final melting point was 238-240'. 

(16) D. J. Brown, J .  Chem. SOC. Japan ,  I n d .  Chem. Sect.,  69, 353 (1950). 

anol containing mercuric chloride (0.10 g., 0.00038 mole). A 
white precipitate immediately appeared which remained after 
1 hr. of refluxing. The mixture was cooled and the precipitate 
filtered. It contained t,he mercuric mercaptide and diethyl 4,6- 
pyrimidinedicarbamate. The mercuric mercaptide was extracted 
with petroleum ether (b.p. 75-90'), and the residue recrystallized 
as above to  give the dicarbamate (0.080 g., 83%) melting a t  
266-267'. A mixture melting point with the compound prepared 
by method h showed no depression. The infrared spectra were 
identical. Yields were frequently higher, for example, go%;, in 
the conversion of 3 to methyl 2-pyrimidine~arbarnate.~' 

S-Ethyl 3,4-Dihydro-2,4-diox0-3-methyl-l(2H)-pyrimidine- 
carbothioate and Its Conversion to 3-Methyluracil.-An ether 
solution of diazomethane's (25 ml., 0.09 mole) was added to 50 ml. 
of ether containing S-ethyl 3,4-dihydro-2,4-dioxo-l(2H)-pyrimi- 
dinecarbothioate (1 g., 0.005 mole) prepared from uracil and 
ethyl chlorothiolformate using Schotten-Baumann conditions. 
At the end of 20 hr. of standing a t  room temperature, the ether 
was evaporated. The white residue was recrystallized from 
et,her and then from a 1 : 1 mixture of et,hyl acet,ate and petroleum 
ether (b.p. 76-90") to give the prodiict (0.92 g., 865&), melting 
a t  103". 

(1 7) Done by  Mary Ann Findeisen. 
(18) J. A .  Moore and D. E. Reed, O r g .  Sun.. 41, 16 (1961). 




