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--A mixture of 4 g. (0.032 mole) of I1 and 2.65 g. (0.035 mole) 
of chloroacetonitrile in 20 ml. of benzene was refluxed for 90 min. 
The separated hydrochloride was collected, the base liberated 
with 10% sodium hi-droxide, extracted ni th  ether antl tiistilleel. 

3-P-Aminoethyl-8-methyl-3,8-diazaticgclo [3.2.1] octane 
(XXIV).-To a stirred suspension of 2.3 g. (0.06 mole) of lithium 
aluminum hydride in 150 ml. of dry tetrahydrofuran at  O", 3.2 
g. (0.0197 mole) of XXIII  diluted with 10 ml. of tetrahydrofuran 
was added. The reaction mixture was refluxed for 3 hr., cooled 
to -5' and cautiously decomposed with 8 nil. of water. Sfter 
stirring for 1 hr. at room temperature, the inorganic material 
was filtered and thoroughly washed with tetrahydrofuran. Thcl 
filtrate mas dried over sodium sulfate, the solvent evaporated ant1 
the residue distilled. 

3-Guanidinoethyl-8-methyl-3,8-diazabicyclo~3.2.1] octane 
(XXV).--A stirred mixture of 2.2 g. (0.013 mole) of S X I V ,  4.8 y. 
(0.020 mole) of S-ethylisothiuronilim bromide and 30 ml. of chloro- 
form was refluxed for 5 hr., under an efficient hood. A viscous 
oil seprated and solidified on cooling. The chloroform solution 
~ : L B  t1ecantc:d antl stored. The solicl crop (4 g . )  after vashing 
with ethcr WLE crystdlized txvice froni isopropyl alcohol (200 ml.) 
to give 1.7 g. ( 3 5 ( , & )  of the dihgdrok)romide of XXV, n1.p. 2:30- 
2X3'. The chloroform solution \vizs evapor:ttcd :md the oily 

ystnllized from isopropyl alcohol to give 1.7 g. 

8-Methy1-3-nitroso-3,8-diazabicyclo[3.2.l]octane (XXVI).-To 
:I stirred solution at  0" of 7.3 g. (0.058 mole) of TI in  29 mi. of 
2 S hydrochloric acid, was added dropwise a sollition of 4.5 g. 
(0.065 mole) of sodium nitrite in 10 mi. of \\-ater. The reaction 
mixture \vas kept, a t  room temperature for 2 hr., cooled, made 
:dkaline with 50yc sodium hydroxide solution anti extracted n-itti 
ether. The estract was dried over sodium sulfate, the solvent 
civiporated and the residue distilled. 
3-Amino-8-methyl-3,8-diazabicyclo[3.2.1! octane (XXVII).-To 
stirred suspension of 3.8 g. (0.1 mole) of lithium aluminum 

hydride in 200 ml. of dry tetrahydrofuran, a solution of 7.6 g. 
(0.049 mole) of S X V I  in 40 ml. of tetrahydrofuran was added at 
siich a rate that  the temperature was kept a t  40-45". At the end 
of the addition, the mixture Tvas refluxed for 6 hr., then rooled to  
-5" and cautiously decomposed with 13 ml. of n-at,cr. After 
stirring for 1 hr. a t  room temperature, the reaction mass TVVRS 

filtered, mashed vi th  ether, the filtrate was collected and dried 
over sodium sulfate. The solvent was evaporated, the oily 
residue diluted vith 20 nil. ether and dried again over sodium 

monohydrobromide. 
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hydroxide. After evaporation of the solvent, the oil was dis- 
tilled to yield 5.5 g. ( 8 2 % )  of XXVII, b.p. 110-118" (20 mni.). 
The protliict n':ts highly hygroscopic. The dih ydrochloridc nw 
ohtaineci by micling the base to  :J,lcoholic hytirogc!n ciiloriilii. 
13). niising :til ether solution of the bvse \vith :tn c$h:triol solution 
of p-iiitrobenzaldehSde, yelloiv crystals of the 3-p-riI'h-obenzalmn ;!to 
deiiuutine separated, 11i.p. 06--08". It \vas transfornicd to t l i c a  (YIP 

responding hydrochloride, m.p. 250-252' (ethanol I .  

A n a l .  Calcd. for CL~HlsC1S4O2: S, 18.05: ( < I ,  1 I A 5 .  I:oiiii(i: 
S, 1 i . 9 9 ;  C1, 11.40. 
3-Carbethoxy-8-methyl-3,8-diazabicyclo [3.2.1] octane (XXVIII I .  

--To :L mixture of 2.1 g. (0.0106 mole) of I1 and 10 i d .  of 2 .Y 
sotiitini Iiyclroside stirred at  O",  2.2 g. (0.02 mole) of ethyl chloril- 
cnr1~on:itc was added dropn-ise. The mixtiire \vas stirreci for 2 
hr. :it room t enipcrsture, the reaction produiat \vas c\;tr:ic.tcvl 
nith ether, dried anti distilled. 

3-Diethylcarbamyl-8-methyl-3,8-diazabicyclo [3.2.1] octane 
(XXIX).----.\ ~rispensioii of 3.65 g. (0.029 mole! of I1 i n  15 nil. 11i 
2 S sorliiini hyelro\;itle n m  trcnte,l tlrop\vise antl with stirrills :IT 
O", witti 4 g. 10.03 mole) of diethyl ch lor r~f~~rr i~ .nr~i i t le .~~  Tlir 

,lloi\-eci t o  rise to  40" iLnd Lifter 1 hr .  thc n i i i t  i iw 
it,li ether. The cstrart  vas tlrictl over so1:11 

:imd distillecl. 7'hc cifrrctc ISSISI)"l \\-:E l)ri-- 
parotl by inising :HI c.th:molic solution of citric :tc*itl :mi1 :ti1 (.tIir.r. 
solution of tlie h:~sc~. 

3-Phenylcarbamyl-8-methyl-3,S-diazabicyclo 13.2.1 1 octane 
(XXX>.---.l niiytiirc of 2.52 y .  (0.02 mole) of 11. 2.1 g .  (0.02 i n ~ i I ( ~ ~  

of phenyl isoc.y:tiinte and 10 ml. of benzene wts  refliiscd E t  

niin. After cooliiig tlie solid protliict was collec~tetl :mtl c'r) 
lized from e t l i u d  
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The Synthesis and Antineoplastic Properties of Selenoguanine, 
Selenocytosine and Related Compounds' 

HENRY C .  NAUTNER, SHIH-HSI CHU, JVLIA;.; J. JAI"FE:, A \ D  XLAK C .  SARTOIWLLI 

Department of Phurttaacology, Yule University School of J f e d i c i n e ,  .Yew Haoen, Conii. 

Received July  19, 1962 

Selenoguanine, selenocytosine, diselenothymine, and j-inethylselenocytosirie have I m n  synthesized. In 
several experimental niurine neoplasms selenoguanine and thioguanine showed comparable antitumor activities; 
however, some differences were noted. These compounds exhibited cross-resistance. 

During a course of study of selenium analogs of 
physiologically active sulfur compounds, 2-seleno- 
uracil, 2-selenothymine, and 6-selenopurine (I) were 
synthesized.2 As an inhibitor of the growth of the 
mouse lymphoma L-1210, the activity of (I) was 
equivalent t o  that  of 6-mercaptopurine,3 a clinically 
useful ant'ileukemic agent.4 In  the other mouse 

(1) This work was supported, in part, by grants from the National 
Sriencr Foundation (G-19329) and the United States Public Health Service 
(CY-8937). 

('2) H. G .  LIautnrr, J. 9 m .  Cheni. SOC., 78 ,  5292 (1956). 
( 3 )  H. G. Mautner and .I. J. Jaffe. Cancer Res., 18, 294 (1958). 
(4) Q. €1. IIitchinea and C. P. Rhodes, Ann. N .  Y .  Aead. Sci., 60, 183 

(1954). 

tumors studied3 (I) was less active than mercaptopurine. 
On the other hand, (I) had greater antibacterial ac- 
tivity5 and greater ability to inhibit the incorporation 
of formate into purines5 than did its sulfur analog. 

Selenopurine is rather unstable, its half-life in pII 7 
phosphate-citrate buffer being only G hours.6 fi- 
Selenopurine-9-8-D-ribonucleoside has a half-life of only 
1 hour under these csonditions.6 

The synthesis of 2-amino-6-selenopurine (selenogua- 
nine) (TI) was undertaken in the hope that resonanw 

(.j) 11. (;, Mautner, Rzochen.  Phnrmacot., 1, 109 (19.58). 
( 6 )  J. J. Jdffe and H. G. Mautner. Cancer Re&. 20, 381 (1960). 
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stabilization would make this compound more stable 
than is I. 

6-Thioguanine has been studied extensively as an 
antitumor agent in animals and to a lesser extent as an 
antileukemic agent in man. It has been suggested that 
the antineoplastic action of thioguanine is related to 
the ability of this compound to  be incorporated into 
deoxyribonucleic acid (DNA) ,' while the postulate 
has been presented that the strength of hydrogen-bond- 
ing between the sulfur of thioguanine and the amino 
group of cytosine facing it in the double helix of DNA 
might be implicated in the mechanism of action of 
this compound.* Since polarization increases in pass- 
ing from carbamoyl to  thiocarbamoyl to selenocar- 
bamoyl c o m p o ~ n d s ~ ~ ~ ~ ' ~  and since such polarization 
should affect the strength of hydrogen-bondinp in- 
volving sulfur and selenium, respectively, the synthe- 
sis and study of selenocytosine and of selenoguanine 
were of interest; if incorporated into DNA, each of these 
compounds might form unusual hydrogen bonds with 
amino groups facing the polarized carbon-selenium 
bond. That selenocarbamoyl compounds are capable 
of hydrogen-bonding has been demonstrated re- 
cent1y.l' 

Selenoguanine was synthesized in excellent yield by 
the addition of sodium hydroselenide to 2-amino-6- 
chloropurine, 4-amino-2-selenopyrimidine by the re- 
action of diselenouraci12 with ammonia in a fashion 
analogous to the synthesis of thiocytosine from dithio- 
uracil. l2 Diselenothymine was made by the addition 
of sodium hydroselenide to 2,4-dichloro-5-methyIpy- 
rimidine.la Addition of ammonia converted the prod- 
uct to seleno-5-methylcytosine. While the reaction 
of uracil with formaldehyde readily yields 5-hydroxy- 
methyl~raci l , '~  attempts to  cause formaldehyde to  
react with diselenouracil or with selenocytosine were 
unsuccessful. 

Table I indicates the effect of (11), when adminis- 
tered by different routes, on the growth of the L5178Y 
lymphoma in mice. Intraperitoneal and subcutaneous 
injections of (11) produced essentially the same degree 
of tumor-inhibition, while oral doses were less effective. 
The relative potencies of 6-mercaptopurine (11) and 
6-thioguanine on three transplantable tumors are 
shown in Table 11; each of the agents was capable of 
inhibiting the growth of the three neoplasms. Seleno- 
guanine and thioguanine appeared to be the most 
potent in this respect, with I1 producing comparable 
inhikition with the least toxicity. These results sug- 
gest that  I1 has a higher therapeutic index than thio- 
guanine and agree with the findings that the maximum 
tolerated dose of I1 was 8 times that of thioguanine.E 

Cross-resistance between mercaptopurine I1 and 
thioguanine was exhibited by these compounds on a 
mercaptopurine-resistant subline of the L1210 lym- 

(7) G. A. LePage and  M. Jones. Cancer Res., 21, 1590 (1961); LePage, 

(8 )  H. G. Mautner and J. J. Jaffe, Biochem. Pkarmacol., I, 343 (1961). 
(9) H. G. Mautner and E. M. Clayton, J .  A m .  Chem. Soc., 81, 6270 

(10) H. G. hlautner and W. H. H. Gtinther, ibid., 83, 3342 (1961). 
(11) H. G. Msutner, 9. H. Chu, and  C. M. Lee, J .  Oru. Chem., 27, 3671 

(12) G. H. Hitchings, G. B. Elion, E. A. Falco, and P. B. Russell, J. 

(13) S. Gabriel and J. Colman, Ber., sa, 1533 (1899). 
(14) R. E. Cline, R. M. Fink, K. Fink, J. A m .  Chem. Soc.,  81, 2521 

i b i d . ,  ZO, 403 (1960). 

(1959). 

(1962). 

Bid .  Chem., 177, 357 (1949). 

(1 959). 

TABLE I 
THE EFFECT OF SELENOGUANINE ADMINISTERED BY DIFFERENT 
ROUTES ON THE GROWTH OF SUBCUTANEOUS IMPLANTS OF THE 

L5178Y LYMPHOMA IN BDFl MICE 
Efficacy of 8 mg./kg. daily for 6 daye 

Route of Av. A in Approx. 
adminis- body wt., Av. tumor 70 tumor 
trations g.* Mortality wt., mg. inhibition 

I. 

. . .  f 1 . 6  0/10 262 f 19 . .  
I.P. -2.9 0/10 69 & 6 77 
S.C. -0 .4 0/10 77 i 8 71 
p.0.5 $0.6 0/10 219 f 2 2  16 

11. Efficacy of Graded Oral Doses 
Daily Av. A in 

dosage, body wt.. Av. tumor 
mg./kg. g.* Mortality wt., mg.C 

. .  +2.0 0/10 420 i 30 
8 $0.7 0/10 295 f 26 

16 -0.2 0/10 354 f 28 
24 -0.6 0/10 276 f 30 
32 -1.8 0/10 163 f 12 

Approx. 
% tumor 

inhibition 

.. 
30 
16 
34 
61 

The volume of each dose, administered once daily by gastric 
intubation for 6 conaecutive days was in every case 0.2 ml. per 
mouse per day. * Average weight change from onset to termina- 
tion of therapy. 0 The average weight of the tumors, together 
with the standard error of the mean, (d/Zd2/n(n - I)), is given 
for each group. 

phoma (Table 111). Similar results were also obtained 
using 6C3HED lymphosarcoma ascites cells, a finding 
which suggests that these drugs have similar modes of 
action. 

The comparative effects of I1 and thioguanine on the 
survival time of mice bearing an ascites cell form of 
sarcoma 180 are shown in Table IV. The magnitude 
of the carcinostatic effects of both agents was similar; 
however, I1 was capable of producing tumor-inhibition 
over a wider dose range, again indicating a better 
therapeutic index. 

The data in Table V show that I1 in daily doses 
ranging from 3.9 to 6.5 mg./kg. did not enhance the 
tumor-inhibitory properties of azaserine in the Ehrlich 
ascites carcinoma, although 1 mg. of thioguanine/kg. 
daily markedly potentiates the carcinostatic proper- 
ties of azaserine in this ne0p1asm.l~ The biochemical 
basis for this difference is unknown, but i t  may be 
related to the degree of incorporation of each analog 
into DKA. 

Selenocytosine and thiocytosine were tested a t  levels 
of 50 and 100 mg./kg. daily for 6 consecutive days in 
mice bearing ascites aell growths of lymphoma L5178Y; 
neither compound significantly prolonged the survival 
time of mice bearing this neoplasm. 

Experimental16 
2-Amino-6-selenopurine (Selenoguanine) (II).-Freshly pre- 

pared hydrogen selenide was bubbled through a solution of 0.64 
g. (0.028 mole) of sodium in 120 ml. of absolute ethanol for 1 hr. 
Into the clear orange solution waa introduced 2.0 g. (0.0106 mole) 
of 2-amin0-6-chloropurine'~ (90% pure). The mixture was heated 
to reflux for 19 hr. After cooling, addition of 60 ml. of water 
and 5 ml. of glacial acetic acid resulted in the precipitation of 
product mixed with colloidal selenium. The solid was removed 
by filtration after refrigeration. The mixture was placed in 30 

(15) A. C. Sartorelli and G. A. LePape. Cancer Res. ,  18, 938 (1958). 
(16) All melting points are corrected. Analyses were carried out a t  

(17) We are indebted to  G. B. Elion, Wellcome Research Laboratories, 
Midwest Microlab Inc., Indianapolis, Ind. 

Tuckahoe, N. Y., for generously supplying this compound. 



TABLE I1 
EFFECTS OF 6-MERCAPTOPCRISE, SELENOGGAXINE, AND THIOGUANINE ON THE GROWTH on SoscwraxEuvs ImLaxri; OF LI 210 

LYMPHOMA, L5178Y LYMPIIOMA, AND SARCOMA 180 
, SarooIlla 180--- --_ --.--I >.I - 1  i 8Y Lyn~phor i i a  - 

'l'rrat- 
merit 

Mcrcapto. 
purine 

Seleno- 
guaninc 

Thio- 
guanine 

40 $3 4 0/10 0/10 1001 f 8 8  
349 5 37 

32 $3 0 0/10 0110 1001 i 88 
443 5 28 

16 $3 5 0/10 0110 1001 5 88 
511 5 32 

8 +3.6 O/l0 0'10 1001 f 8 8  
575 5 32 

10 -2  0 0/ l0  2/10 1001 I t88  
438 i 54 

8 +2.0 0/10 1/10 1 0 0 1 f 8 8  
955 5 89 

4 

8 

1 -2 .2  0/10 7/10 1001st88 
388 =l= 48 

2 $1.4 0/10 1/10 1001 f 8 8  
602 f 49 

tiori 

65 

5ti 

49 

43 

56 

5 

61 

40 

\leiEht.h 1 1 U I -  M e J E h t , '  
i.'. tnlity mn  

-2  0 0/10 663&227 
303 i 16 

-0 5 0/10 6 6 3 5 2 7  
410 f 27 

+O 2 0/10 663 A227 
4.52 f 23 

-2.6 0/10 3 6 5 f l T  
5 8 f  9 

-2.5 0/20 3 6 5 i  17 
179 f 15 

- 1 . 5  0/10 365 f 17 
302 f 14 

-5 4 5/10 3 6 5 i l i  
4 1 f  3 

-3.8 1/10 3 6 5 i  17 
150 f 23 

269 f 16 
- 2 . 5  0/20 3 6 5 f 1 7  

inlitbi- 
tion 

54 

38 

C d  y> 

84 

$1 

17 

89 

59 

26 

- 1 . 3  O/10 426 f 47 
251 f 32 

-4.0 0/10 4 2 7 i 4 7  

- 1.0  0/10 437 z!z 47 
33 5 3 

70 5 9 

- 2 . 7  0/10 4 2 7 i 4 7  
42 5 4 

-1.8 0/10 42T 5 47 
199 5 23 

'The compounds were suspended in 0.25 5 carboxymethylcellulose and injected starting 2 i hr. after implantation of the tumors, 
intraperitoneally once daily for 6 da? s in the case of the two lymphomas and once daily for 7 days in the ease of sarcoma 180. .4verage 
weight change from __ onset to termination of therapy. c The average weight of the tumors, together with the standard error of the 
mean ( d Z d 2 / n ( n  - 1)) is given for each group of animals in comparison with its control group; in each case, the latter figure is placed 
nbove that of the experimental group 

TABLE I11 
THE EFFECT OF SELENOGCAXINE ANI) I l s L a r r E u  Co>iiBoLxL'us o N  
THE GROWTH O P  8CBCCTASEOCs IMPLASTS O F  A 6-hlERCAPTO- 

T SGBLISE OF THE L1210 LI-MPH~MA 
I > d y  .4\.. 1 in Approx. 

l'rr.at- dosagr. body n t . ,  Ar. tutiior yo inhibi- 
111vnt Inp./kg.n -. <I h w t . ,  tion 

. . .  . .  + 0 . 4  342 i 28 . .  
(il11' 40 -0.( i  316 f 30 8 
SCC: I6 - 3 . 4  354 =l= 30 0 
TG 4 -3.8 306 5 27 1 3 

(1 Seleni,gnanirie (ScC;) and thioguanine (TG) were suspended 
in 0.250', c~arboxyniethylcellulose: 6-iiiercaptogurine (6hIP) 
wits dissolved in pH 8 phosphate-citrate buffer. All compounds 
n w e  injected intraperitoneally once daily for 6 consecut,ive days, 
starQing 24 hr. after implantation of the tumors. Average 
weight change from onset, to termination of therapy. The 
aver:tge weight of the tumors, together xvith the standard error 
of the mean, ( Z / Z d 2 / n ( n  - l)) ,  is given for each group. 

1111. of ivt~rni :I' sodiurii c:trlion:tte solution. Selenium n-:is 
filtered off and the. clear, bright yellow filtrate acidified with 
:teetic acid. A yield of 2.15 g. (!11.770) of light orange crystalline 
product separated. The product, which did not show a m.p., 
\V:M :mLlytically pure. Ultraviolet Spectrum: pH 10, A,,,. 
318 ni,?r, E,,:,,. 6,890; pH 8, A,,,, 326 mp, E,,,,. 5,400; pH 1, Am,Lx. 
263 my, 372 m y ;  E ,  :,=. 5,620, 16,500. 

IInal. Calcd. for CSHaNjSe: C, 28.05: H, 2.35; S, 32.72.  
Found: 
4-Amino-2-selenopyrimidine (Selenocytosine).-il solution of 

3.0 g. (0.0126 mole) of 2,4-diselenopyrimidine3 in 30 ml. of concd. 
nnimoniiim hydroxide wm heated in a pressure bottle to  100" 
for 17 fir. After cooling, the solution was filtered and the volume 
of the filtrate was reduced t o  10 nil. ilfter chilling, the white 
produrt was recrystallized from boiling water with the aid of 
Sorite. On cooling 1.1 g. (50';) of white, stubby needles melt- 
ing :tt 248-250" der. was ohtaincd. Ultraviolet Spcctruni: 

C, 28.16; H, 2.55; S,  32.72. 

1)H 1 ,  A,,,.,,, 308 ~ i i p :  E ? , , , ~ .  l7,tiOO. 

 TABLE Iv 
OF h & K O G C A S I X E  .%NU THIOGL'ANIZIU O N  THE 

s C R V I V A L  TIhIE O F  ?vlICE BEARISG SARCOMA 180 kXXTES CELLS 
Tlaily A V .  s o .  of so. uf .tv. A 

'Trrat- dosage, s i ~ r \ ~ i v n I ,  50-day regros- body 
Iiir'nt i ~ i g . / k g . ~  days survivorsh sions+ wt., p. 

Control 10.9 0/10 0/10 1 4 . 1  
Seleno- 1.3 14.2 0/10 0/10 + 7 . 2  

guaninv 3 . 9  17.2 o/o 0/9 + i . 4  
6 . 5  15.8 0/10 0/10 + 4 . 5  

13.0 21.6 OjlO 0/10 + l . ( i  
19 .5  17.2 0/10 0/1o 0 . 0  

Thio- 1 0 18.0 1/10 0/10 4-4.0 
guitninc : i o  l ( i . 7  1/10 1/10 - O . ( i  

.i 0 10 .9  0;10 0/10 1 0 . 8  
(1 Therapy \vas indicated 24 hr. after iniplantation of t,unirir 

cells, with the indicated daily dosage given for 6 eonseoutivc 
days. b Mice surviving over 50 days and tumor-free :mimais 
were calculated a8 50-day survivors in the determination of the 
average survival tiinc. c Average weight changc from onsct to 
hminat ion of therapy. 

A r i d .  Calcd. for <IIHSSSSe: C, 27.59; H, 2.89; T. 2-1.1-1. 
Found: 
2,4-Diseleno-5-methylpyrimidine (Diselenothymine).-A sc11t1- 

tion of 3.0 g. (0.13 mole) of sodium in 100 ml. of absolute ethanol 
was saturated with hydrogen selenide for 3 hr. After addition of 
8.0 g.  (0.0486 mole) of 2,4-diehloro-5-1nethylpyrimidine~~ the  
mixture was heated to reflux for 3 hr. After cooling, 100 ml. of 
water xas  added and the solution was chilled and filtered. 
Acidification of the filtrate with 20 ml. of acetic acid resulted in 
the formation of an orange precipitate that  was removed by 
filtration. The product was dissolved in warm :?%, sodium 
rarbonate solution and reprecipitated with acetic acid. A 
yield of 6.0 g. (48.970) of material melting a t  186" dec. was ob- 
tained. The analytical sample XLS recrystallized from ethanol. 
Ultraviolet Spectruni: ethanol, A,,,;,, 314 nip, 350 my; e,,, ,.v 

C, 27.86; H, 3.11; K, 24.09. 

19,200, 1 3,600. 
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TABLE V 

AZASERINE ON THE SURVIVAL TIME OF MICE BEARING EHRLICH 
ASCITES CELLS 

THE EFFECT OF COhlBINATIONS OF SELENOGUANIKE AND 

Daily Av. Av. A 
dosage, survival, body wt . ,  

Treatment mg./kg." days g.h 
Control . . .  10.0 f 2 . 7  
Selenoguanine 3 .9  12.0 +4.4 

6 . 5  10.6 +4.2 
13.0 11 .0  -3 .3  

Azaserine 0 . 2  19.8 f4.2 
Azaserineb + SeG 0 .2  + 3.9  23.8 -0.6 

0 . 2  + 6 . 5  23.4 -1 .3  
Therapy was initiated 24 hr. after implantation of tumor 

cells, with the indicated daily dosage given for 6 consecutive 
days. b Aver- 
age weight change from onset to termination of therapy. 

A n a l .  Calcd. for CsH&&ez: C, 23.82; H, 2.30; K, 11.11. 
Found: 

4-Amino-5-methyl-2-selenopyrimidine (5-Methylselenocyto- 
sine).-A solution of 3.0 g. (0.012 mole) of 2,4-diseleno-5- 
methylpyrimidine in 30 ml. of concd. ammonium hydroxide was 
heated in a pressure bott,le over a steam bath for 17 hr. The 
product xas  isolated in a fashion analogous to the preparation of 

Ten mice were used in each experimental group. 

C, 24.10; H, 2.58; N, 11.06. 

selenocytosine. A yield of 1.2 g. (53.29;) of white needles melt- 
ing a t  227-229" dec. was obtained. Ultraviolet Spectrum: 
pH 1, A,,, 308 mp; emax. 15,000. 

Anal. Calcd. for CsH7NaSe: C, 31.92; H, 3.75; N, 22.34. 
Found: 

Antitumor Testing.-These transplantable tumors were used in 
the studies: Sarcoma 180 and Ehrlich carcinoma in Ha/ICR 
Swiss mice, 6C3HED lymphosarcoma in C3H mice (A. R. 
Schmidt Co., Madison, Wis.), L-1210 lymphoma and L-51781- 
lymphoblastoma in BDF, mice (Cumberland View Farms, 
Clinton, Tenn.). Tumor transplantations were carried out by 
withdrawing ascites fluid from donor mice bearing 7-day tumor 
growths. The fluid 13-as centrifuged for 2 min. (a t  1,600 g), the 
supernatant fluid decanted and the cells diluted ten-fold with an 
isotonic solution of sodium chloride. Into each mouse 0.1 ml. of 
this suspension was inoculated, either subcutaneously or intra- 
peritoneally. Mice xere maintained on a diet of Rockland rat 
chow pellets; water was available ad libitum. 

Thioguanine I1 and selenocytosine were dissolved in 1.6% 
sodium carbonate; the solutions were adjusted to pH 7 with 
hydrochloric acid. Fresh solutions of I1 and 2-selenocytosine 
were prepared daily. Therapy was initiated 24 hr. after tumor 
implantation and was continued daily for 6 consecutive days; 
tumor-bearing animals receiving injections of isotonic saline 
served as controls. Animals were weighed daily, with )?eight- 
changes being used as an indication of drug toxicity. Both 
prolongation of life and reduction of tumor \wight were studied. 

C, 32.04; H,4.00; S, 22.34. 
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In  a continuing program designed to prepare potential antimetabolites, a number of trifluoromethSlp?.riiiii- 
dines were synthesized by conventional means and used to obtain trifluoromethyl analogs of a v-triazolo [d]- 
pyrimidine, a, pyrazolo [3,4-d]pyrimidine, and a pyrimido [4,5-d]pyriniidine. The rearrangement of a 4-(N-nitro- 
amin0)-24rifluoromethylpyrimidine to a 4-amino-5-nitro-2-trifluoromethylpyrimidine and ring closure of 4- 
amino-2-trifluoromethyl-5-pyrimidinecarboxamide to a purine under conditions for a Hofmann reaction are 
reported. Some of the compounds prepared Tyere evaluated and found to be inactive as tumor inhibitors. 

In previous ~ o r k , ~ a ~ b , c  certain 2-trifluoromethylpy- 
rimidines related to the thiamine pyrimidine were pre- 
pared and found to inhibit the growth of Bacillus subtilis 
and transplanted Leukemia L-1210. This activity was 
enhanced when the pyrimidine was incorporated into 
a thiamine analog, and it has since been found4 that 
40 mg./kg. daily doses of "trifluorothiamine" to mice 
on a thiamine-deficient diet gave up to 64% inhibition 
of transplanted Leukemia L-1210 without toxicity. 
The biological activity with B. subtilis and Leukemia 
L-1210 was reversed by thiamine and was decreased 
~ubs tan t ia l ly~ ,~  when pentafluoroethyl and hepta- 
fluoro-n-propyl groups were introduced in place of the 
trifluoromethyl group. 

(1) Supported by  a research grant. CP-4848, from the Kational Cancer 
Institute, National Institutes of Health, U. S. Public Health Service. 

( 2 )  Presented in part before the Division of Medicinal Chemistry, 140th 
Meeting of the American Chemical Society, Chicago, Ill., September 1961, 
Abstracts of Papers, p. 25-0. 

(3)  (a) 5. A. Barone, E. Peters, and  H. Tieckelmann, J .  Org. C h e m . ,  24, 
198 (1959); (h) J. A. Barone, H.  Tieckelmsnn, R. Guthrie, and  J. F. Hol- 
land, J .  O w .  Chem., 25, 211 (1960); ( 0 )  J. d. Barone and H. Tieckelmann, 
J .  Org. Chem.,  26, 598 (1961). 

(4) J. F. Holland, Roswell Park Memorial Institute, Buffalo, N. Y.. 
unpublished results. For the methods used, see J. F. Holland, R. Guthrie, 
P. Sheehe, and H.  Tieckelmann, Cancer Research, 18, 776 (1958). 

( 5 )  R. Guthrie, Children's Hospital, Buffalo, N. Y.. unpublished results. 
For the methods used, see R. Guthrie, M. E. Loebeck, and X I .  J. Hillnian, 
Proc. Soc. Etgtl. Bid. Jleled., 94, 792 (1967). 

In  view of these results, it seemed desirable to con- 
tinue a program aimed at  substituting the trifluoro- 
methyl group for groups of similar size in natural prod- 
ucts. It was hoped (but not subsequently realized) 
that the synthesis of 2-trifluoromethylpyrimidines and 
other trifluoromethyl compounds related to the nucleic 
acid bases would yield agents that would be active as 
tumor inhibitors. Moreover, the possible electronic 
effect of the trifluoromethyl group on other groups and 
positions could be further ~ b s e r v e d . ~ ~ , ~  

The fact that trifluoroacetamidine (I) would undergo 
conventional pyrimidine syntheses already has been 
des~ribed.~a>' Related cyclization reactions were car- 
ried out in the preparation of four new 2-trifluoro- 
methylpyrimidines from I and the appropriate rea- 
gents. These pyrimidines were 4-hydroxy-6-dimeth- 
oxymethyl - 2 - trifluoromethylpyrimidine (II), 4,B- 
diamino - 5 - phenylazo - 2 - trifluoromethylpyrimidine 
(IV), 4 - amino - 2,6 - bis(trifluoromethy1) - 5 - pyrimi- 
dinecarbonitrile (VI), and 4-amino-6-hydroxy-5-nitro- 
so-2-trifluoromethylpyrimidine (IX) . 

The hydrolysis of I1 and oxidation with chromic acidR 
(a) I Giner-Sorolla and .I Bendich, J A m  Cham SOC. 80, 5744 (19581 
(7 )  P Inoue, A J Saggiomo. and E -4. Sodiff J 0 1 0  C h e m ,  26,  4504 

(8) C Heldelherger and R B Hurlbert, J A m  C h e m  S o c ,  72, 4704 
(1961) 

(1950). 


