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material in spectral and chemical properties but could not bo in
duced to yield more crystals. 

Bis(l-n-butyl-3-ethyldiaziridinyI-2-)phosphinic Chloride (Vaj. 
—To a solution of IIIc (10 g, 0.0785 mole) and triethylamine (15 
g, 0.146 mole) in toluene (300 ml), cooled to —15°, was added 
P()C13 (6 g, 3.7 ml, 0.04 mole) in toluene (30 ml;. After 3 days 
at room temperature with exclusion of air, the precipitated tri
ethylamine hydrochloride was filtered (10 g, 04%), and the sol
vent was evaporated in vacuo. The residue, a very hygroscopic, 
oily substance, was completely soluble in pentane. In 50') aque
ous ethanol, it was immediately hydrolyzed (presumably to VI)) 
with lowering of the pH to 4 and quantitative liberation of 1 
equiv of chloride ion (based on the molecular weight' calculated 
for Ya), as determined by titration with AgXOa. Attempts to 
isolate Vb from the aqueous solution led to partially polymerized 
syrupy material. Iodometric determination of the diaziridine 
groups9 also gave results in agreement with structure Ya; J V " " ! 

(cm-1) 3000 (s) (OH), 1460 (s) (CH2), 1480 (m) (Orb), 1290 
(sh) ( T = 0 ) , 1250-1210 (s) (ON), 1060 (w), 975-020 (w), 720 (s). 
Due to the instability of the compound, an elemental analysis was 
not performed. 

Hydrolysis Rate Studies.—The compound (0.1 g) was dis
solved in a mixture of ethanol (10 ml) and 2 A" aqueous ITHO1 (10 
ml), and the solution was kept in a thermostat at 22°. After the 
specified period, 2 ml of a 2 0 ' , aqueous KI was added to the 
sample, and the iodine was titrated after 10 min, then again after 
1 hr, with 0.1 A' Xa2S203. 

Effects on the Activity of DNA as "Template'' in a DNA-De-
pendent RNA-Polymerase System. ls—A solution of calf thymus 
DNA, 1.5 mg/ml in 0.1 M phosphate buffer, p l i 5.3, was incu
bated with 15 Mtnoles of each of the compounds at 37° for 16 and 
60 hr. The DNA was precipitated by the addition of ethanol 
and isolated by centrifugation. Control samples of DNA (incu
bated in the same buffer, without the compounds) were prepared 
in an identical manner. The "template" activities of the treated 
and control DNA samples were compared in a DNA-dependent 
RNA--polymera.se system, using a modification16 of the assay 
described by Nakamoto, et al.u The reaction mixture, 0.5 ml, 
contained varying amounts of UNA, RNA-polymerase (15-30 
units),14 0.4 /miole each of the triphosphates of uridine, eytidiue. 
and guanosine, 0.2 ^mole of 8-14C-adenosine triphosphate (2.5 X 
1()8 counts/mm), 0.8 ujnole of spermidine phosphate, 1.25 pinoles 
of MnClo, and 50 /timoles of Tris buffer, pH 7.5. After incuba
tion with agitation for 30 min at 30°, the reaction was terminated 
by immersion in ice and addition of 0.1 ml of .50f"( trichloroace
tic acid (TCA). Carrier ribonucleic acid, 0.1 ml (2.0 mg/ml), 
was added, and ihe final volume was brought, to 1.0 ml by addi
tion of 5' ',. TCA. The solids were collected by centrifugation, 
washed twice with 5 r ;, TCA, and dissolved in formic acid. Ali-
quots were plated on stainless steel plauchets, diluted with water, 
and dried, and the radioactivity was determined in a gas-flow 
counter. Incorporation of " ( ' -ATP (millimicromoles) wa> 
plotted vs. the concentration of DNA (micrograms per tube, on 
the basis of optical density at 260 mii)19 to give the comparative-
activity curves shown in Figure 3. 
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A n e x t e n s i v e i n v e s t i g a t i o n of t h e a n t i c a n c e r a c t i v i t y 
of S - s u b s t i t u t e d d e r i v a t i v e s of p u i ' i n e - b ( l H ) - t h i o n e 
w o u l d be of g rea t in te res t b e c a u s e n u m e r o u s i nves t i 

gators '2 h a v e p r e p a r e d a l k y l t h i o p u r i n e s a n d found tha i 
t h e y s h o w e d a c t i v i t y aga ins t A d e n o c a r c i n o m a 7.V>3 a n d 
S a r c o m a ISO4 c o m p a r a b l e to t h a i of pui'inc-(i( l H j - t h i -
one . ( i r i l lo t . <7 al.,:' h a d n o t e d ear l ie r t h a t Mann ic l i 
r e a c t i o n s i nvo lv ing t h i o p h e n o l as well as s u b s t i t u t e d 
t h i o p h e n o l s g a v e S - s u b s t i t u t e d t h i o p h e n o l s ins t ead of 
( ' - a l k y l a t e d p r o d u c t s . T h i s o b s e r v a t i o n p r o m p t e d us 
to s t u d y t h e reac t ion of purine-(>( l H ) - t h i o n e wi th a q u e 
ous f o r m a l d e h y d e a n d a s e c o n d a r y a m i n e such as p iper i -
d ine or m o r p h o l i n e . T h e s e r e a c t i o n s g a v e good y ie lds 
of p r o d u c t s , w i th s h a r p m e l t i n g p o i n t s , wh ich g a v e one 
spo t on th in layer c l i r o m a t o g r a m s . 'The u l t rav io le t 
s p e c t r a of these c o m p o u n d s s h o w e d Xm a x 828 ni/i (t„,.,N 

21.400) for t he m o r p h o l i n e d e r i v a t i v e (11) a n d A;II.IX 

•>27 mix U m ; i x 18,000) for t h e p ipe r id ino d e r i v a t i v e (12) . 
T h e s e u l t r a v i o l e t spec t r a lead us to be l ieve t h a t s u b 
s t i t u t i o n was not o c c u r r i n g at t h e t h iono g r o u p of 
pu r ine - t ) ( lH) - l . h ione . B u r e k h a l t e r a n d Dill6 t r e a t e d 
t h e o p h y l l i n e wi th a q u e o u s f o r m a l d e h y d e a n d second
a r y a m i n e s to give 7 - ( d i a l k y I a m i n o m e t h y l ) t h e o p h y l -
l ines (caffeine d e r i v a t i v e s ) . H o w e v e r , t h e u l t rav io le t 
s p e c t r a of t h e p r o d u c t s o b t a i n e d from purine-(>( 1I I ) -
t h i o n e did not show t h e b a t h o c h r o m i c shift expec t ed for 
a 7 - subs t i t i i t ed pur ine . 7 T h e fact t h a t t h e p r o d u c t s 
s h o w e d a b s o r p t i o n s ve ry s imi l a r to purinc-C>( l l l ) - t h i -
one . Xm a x 328 ni/n ( e m a x Hi ,800) . i n d i c a t e d tha t s u b 
s t i t u t i o n was o c c u r r i n g in e i t he r t h e 1, 8. or 9 pos i t ions . 
B r e d e r e c k ani l co- \vorkers s f ound t h a t caffeine w a s h y -
d r o x y m e t h y l a t e d in t h e 8 pos i t ion b y a q u e o u s fo rmal 
d e h y d e . 

C o m p o u n d 13 w a s o b t a i n e d w h e n m o r p h o l i n o m e t hyl -
p u r i n e - ( ) ( l H ) - t h i o n e in a q u e o u s e t h y l a lcohol c o n t a i n 
ing s o d i u m h y d r o x i d e w a s t r e a t e d w i t h / / -propyl b r o 
m i d e at 4 o ° . C o m p o u n d 13 is i den t i ca l w i t h t h e p r o d 
uct fo rmed from (>-( / ( -propyl th io)pur ino , a q u e o u s for
m a l d e h y d e , a n d m o r p h o l i n e . W h e n 13 was t r e a t e d 
wi th d i m e d o n in e t h y l a lcohol at room t e m p e r a t u r e , 
a solid formed wh ich p r o v e d to b e t h e d i m e d o n • for
m a l d e h y d e a d d u c t . E v a p o r a t i o n of t h e i i l t m t e , wh ich 
r e m a i n e d af ter t he a d d u c t was col lec ted , g a v e (>-(/(-
p r o p y l t h i o ) p u r i n e . T h i s ev idence , in c o m b i n a t i o n wi th 
t h e u l t rav io le t spec t r a , th in layer , a n d p a p e r c h r o m a 
t o g r a p h i c d a t a , i n d i c a t e s t h a t purine-(i( l H ) - t h i o n e 
u n d e r g o e s t h e M a n n i c l i r e ac t i on at t h e !) pos i t ion . 

T h e failure of O - c y c l o p e n t y l - u H - p u r i n e - t i l l H ) - t h i o n e 
to m o r p h o l i n o m e t h y l a t e w h e n t r e a t e d w i t h a q u e o u s 
f o r m a l d e h y d e a n d m o r p h o l i n e u n d e r t h e u s u a l cond i -

i l ! a; J 'his work was suppor t ed in par t by a Research G r a i n f I cm the 
Michigan Cance r Founda t ion and a Xa t iona l C a n c e r I n s t i t u t e G r a n t . C \ -
06140. V. S. Public Hea l th Service, and was presen ted at the 1 jlfM.li Na t iona l 
Mee t ing of t he American Chemica l Society , At lan t i c C i ty . X, .1... Sept 12 17, 
1965. p 8 P . On Abs t rac ted in par t from trie thesis of C. P. P.ryanl, sub
mi t ted in par t ia l fulfillment of t he Mas te r 1 - of Ar ts Degree, (ei To « hum 
inquir ies should be addressed . 
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and W. Shive, ./. Org. Chtm., 2 1 , 1:)0() ;1956) ; ib) T. P . Johnson , I.. P.. 
l lo lum, and ,1. A. M o n t g o m e r y , ./. Am. Chem. Soe., 80, 6265 (1958) ; if) C 
G. Skinner , W. Shive. It . G. H a m . I). C. F i tzgera ld , J r . , and K. K. Kakin, 
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TABLE I 

9-SuBSTITUTED 6 - A L K Y L T H I O P U R I N E S AND PuiUNE-6( l H)-THIONES 

SR, S 

\^Y) and ™' T> 

R, CH0R3 

N o . 

1 
2 

3 
4 

5 

6 
7 
8 
9 

10 

11 

12 

13 

14 

15 

H i 

C H J 

C2Hs 

M - C I H T 

n - C t H s 

n - C s H n 
c-CsHs 

n-C6Hi3 
n-C7Hi& 

n - C 8 H n 
7l-CloH?i 

M-CSHT 

M - C . H T 

n-CsH? 

Ks 

C H 2 O H 
C H 2 O H 

C H 2 O H 
C H 2 O H 
C H a O H 
C H 2 O H 

CH2OH 
CH2OH 

C H a O I I 
C H i O H 

CHaN / \ 

C H s O s C N H C i H s 
C H j O i C N H C i H u - n 

R j 

»o 
"O 

M p , " 

°c 
160-161 
122-123 

1 2 3 - 1 2 5 . 5 
83-84 

110-111 
139-140 

8 2 - 8 8 
91-92 
7 6 - 7 8 

8 6 - 8 8 

230 dec 

2 0 7 - 2 0 8 

74 -75 

163-164 

88-89 

M e t h o d 6 

A 
A 
A 
A 

A 
A 
A 

A 
A 
A 

B 

B 

B 

C 
C 

Yield, 

% 
83 
69 

88 
78 
94 

96 
83 
89 
92 

87 

87 

80 

73 

70 

89 

R e c r y s t n c 

so lven t 

D 
D 
D 

E 
D 
D 

1' 
F 

F 
G 

H 

H 

I 

G 
J 

F o r m u l a 

C7H8N4OS 
CsHioN.OS 
C9H12N4OS 
CioHuN.OS 
Ci iHisNiOS 

C U H H N . O S 

C u N i s N i O S 
C13H20N.OS 

C u H » N i O S 
Ci«HaeN»OS 

C w H u N t O S 

C n H u N s S 

C i i H u N s O S 

CisHnNiOsS 
C14H21NSO2S 

. Calcd, < 

C 

4 2 . 8 4 
4 5 . 7 0 
4 8 . 2 0 

5 0 . 4 0 
5 2 . 3 5 
5 2 . 7 8 

5 4 . 1 1 

5 5 . 6 8 
5 7 . 1 1 
5 9 . 5 9 

4 7 . 7 9 

5 2 . 9 8 

5 3 . 2 2 

5 5 . 9 6 
5 1 . 9 9 

H 

4 . 1 1 

4 . 7 9 
5 .39 
5 . 9 2 

6 . 3 9 
5 .64 
6 . 8 1 

7 .19 
7 . 5 3 
8 . 1 3 

5 . 2 1 

6 . 0 6 

6 . 5 3 

4 . 9 9 

6 . 5 5 

Vo • 

N 

2 8 . 5 5 
2 6 . 6 5 

2 4 . 9 8 
2 3 . 5 1 
2 2 . 2 1 
2 2 . 3 8 
2 1 . 0 4 

1 9 . 9 8 
1 9 . 0 5 
1 7 . 3 7 

2 7 . 8 7 

2 8 . 0 9 

2 3 . 8 7 

2 0 . 4 0 
2 1 . 6 6 

* F o u n d , %d • 

C 

4 2 . 8 5 
4 5 . 8 1 
4 8 . 4 1 
5 0 . 4 4 

5 2 . 5 1 
5 2 . 9 8 
5 4 . 3 2 

5 5 . 8 7 
5 7 . 3 2 
5 9 . 6 0 

4 7 . 5 2 

5 2 . 9 1 

5 3 . 4 0 

5 6 . 1 5 
5 1 . 9 4 

H 

4 . 0 4 
4 . 9 2 

5 .43 
5 . 7 8 
6 . 5 5 
5 .94 

7 . 0 3 
7 .27 
7 . 7 0 
8 . 1 8 

5 .26 

6 . 1 3 

6 . 6 2 

4 . 9 3 
6 . 7 0 

N 

2 8 . 2 2 

2 6 . 4 9 
2 5 . 1 1 
2 3 . 4 7 
2 2 . 0 4 
2 2 . 1 2 

2 0 . 8 1 
2 0 . 2 7 
19 .01 
1 7 . 4 1 

2 7 . 6 9 

2 7 . 9 6 

2 3 . 6 4 

2 0 . 1 2 
2 1 . 5 3 

0 The melting points were taken in open glass capillaries in a stirred silicone oil bath. b See Experimental Section for general meth
ods used. c D = ethyl acetate, E = ethyl, F = ligroin (bp 85-110°), G = benzene, H = 95% ethyl alcohol, I = ethyl acetate-
petroleum ether (bp 30-60°), J = ethyl ether-petroleum ether (bp 30-60°). d Analyses were performed by Galbraith Laboratories, 
Inc., Knoxville, Tenn. 

tions would seem to further indicate that substitution 
is not occurring at the 6 or 8 position of purine-G(lH)-
thione. Several a t t empts to hydroxymethylate purine-
6(lH)- thione, under a variety of conditions, failed. 
However, a series of 6- (alkylthio) purines9 were treated 
with aqueous formaldehyde and sodium carbonate to 
give (hydroxymethyl)-6-alkylthiopurines. The 6-
alkylthiopurines studied in this investigation gave 
infrared spectra showing an absorption band at 3.25 
JXW (NH) and they all gave ultraviolet spectra which 
were very similar, Xmax 288-292 m^i (emax 17,900-
22,000). The hydroxymethylated compounds did not 
show an absorption at 3.25 /x and gave ultraviolet spec
tra, Xmax 288-292 mM (emax 17,200-22,200), which in
dicated the hydroxymethyl group is on the 9 position in 
all these compounds. Thin layer and paper chroma
tography gave one spot for each of these compounds. 
The 6-(alkylthio)-9-(nydroxymethyl)-9H-purines, where 
the alkyl group may vary from methyl to decyl, are 
reasonably stable and yield carbamates when treated 
with aryl or alkyl isocyanates in anhydrous benzene 
heated under reflux. Xmr studies substantiated the 
conclusion tha t substitution had occurred in the 9 
position of purine-6(lH)-thione in the hydroxy- and 
aminomethylation reactions. These studies were car
ried out on some selected derivatives of pur ine-6( lH)-
thione in perdeuterated dimethyl sulfoxide. The nmr 
spectra of 3 and 11-14 (Table I ) , purine-6(lH)-thione 
hydrate, 9-butylpurine-6(lH)-thione, 6-(propylthio)-
purine, and 8-(methylthiopurine-6(lH)-thione9 were de
termined. All the spectra were consistent with the as-

(9) Authentic samples of a homologous series of 6-(alkylthio)purines, 
purine-6(lH)-thione, 9-butylpurine-6(lH)-thione, and 8-methylthiopurine-
6(lH)-thione were furnished by Dr. Harry B. Wood, Chief, Drug Develop
ment Branch, Cancer Chemotherapy National Service Center, Bethesda 
14, Md. 

(10) L. J. Bellamy, "The Infrared Spectra of Complex Molecules," John 
Wiley and Sons, Inc., New York, N. Y., 1958. 

TABLE II 

ANTITUMOR SCREENING DATA OF 
9-M0RPH0LIN0METHYL-6(LH)-PUEINETHIONE (12)" 

Tumor wt (g) 
Animal or survival 

Dose , 
m g / k g 

100 
100 

100 

100 
100 

100 

N o . of 
surv ivors 

wt dif 

T - C, g 

(days) 

T / C 

Lymphoid Leukemia L-1210 

6/6 
6/6 

F 

10/10 
10/10 

10/10 
10/10 

- 1 . 8 
- 2 . 9 

riend Virus 

- 2 . 6 
- 5 . 3 

- 3 . 4 

- 6 . 1 

16.3/9 .2 

11 .8 /8 .4 

Leukemia 

0/953 

0/1025 
0/767 
0/833 

Stage index 

% T / C 

177 
140 

0 
0 

0 
0 

° Cancer Chemotherapy Rept., 25, 1 (1962). A compound is 
active against solid Friend virus leukemia if the average T/C S 
42% in three confirmation tests, and against lymphoid leukemia 
L1210 if T/C g 125% in a confirmation test, 

signed structures. Of particular importance were two 
singlets for the 2- and 8-hydrogens at r 1.39-1.82 (2 H) 
and 1.22-1.68 (8 H) which were present in the spectra of 
all the compounds except 8-(methylthio)purine-6(lH)-
thione which showed a singlet at r 1.82 (2 H) . The 
assignments agree with those made by Bullock and 
Jardetzky and others.11 All the compounds except 
13 exchanged hydrogen or hydrogens when D 2 0 was 
added to the spectral samples. The correct number of 
hydrogens was exchanged for each of the compounds 
studied. 

One of the compounds listed in Table I was screened 
under the auspices of the Cancer Chemotherapy Na
tional Service Center for ant i tumor activity and showed 
the activities given in Table I I . The other compounds 

(11) (a) F. J. Bullock and O. Jardetzky, J. Org. Chem., 29, 1988 (1964); 
(b) C. D. Jardetzky and O. Jardetzsky, / . Am. Chem. Soc, 82, 222 (1960); 
(a) R. J. Pughmire, D. M. Grant, R. K. Robins, and G. W. Rhodes, ibul., 
87,2225(1965). 
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listed in Table I are being evaluated for their anti
cancer activity. 

Experimental Section 

The alkylthiopurines and purine-o( lH)-lhione monohydrate 
were obtained from the Cancer Chemotherapy National Service 
Center and were used without further purification. Infrared 
spectra were determined on KBr pellets of the purines on a. 
Beckman Ui-8 spectrophotometer. The ultraviolet spectra 
were determined on approximately 10~' .V solutions of the pu
rines in <J5r

f ethyl alcohol on a Cary 14 spectrophotometer. 
The nrar spectra were determined in perdeuterated DMSO using 
Mdrii as an internal standard on a Varian A-60 spectrometer 
obtained by ({rant No. PelTOOt) from the National Science 
Foundation. The descending paper chromatograms which 
were run on Whatman No. 1 paper with water-saturated butanol 
as carrier in an XIla atmosphere gave one spot. Thin layer 
chromatograms on silica gel (i (DarmstadtJ with methanol and 
with ethyl acetate gave one spot. 

Method A. 6-(Alkylthio)-9-hydroxymethyl-9H-purines. -To 
10 ml of aqueous o 7 ' r formaldehyde, was added 0.010 mole of an 
alkylthiopurine. After all the material had dissolved, the re
action mixture was heated to 35°. Then 0.005 mole of NajCOr 
II2() and 7 ml of water were added. The reaction mixture was 
allowed to stand overnight, and the solid which formed was 
collected by vacuum filtration and dried. See Table I for phys
ical and chemical properties of these compounds. 

Method B.—9-(Morpholinomethyl)- or 9-(Piperidinomethyl)-
9H-purines.—Morpholine or piperidine (0.060 mole) was added 
to a suspension of 0.030 mole of purine-6(lH)-thione in 50 ml 
of absolute ethanol. The suspension was stirred for 15 min and 
2.5 ml of aqueous 37'.,, formaldehyde was added. The reaction 
mixture was stirred overnight, and the solid which formed was 
collected by vacuum filtration and air dried. See Table I for 
chemical and physical properties. 

Method C—-An aryl isocyanate (0.010 mole) was added to 
0.010 mole of !)-(hydroxymethyl)-6-alkylthiopyrine in 50 ml 
of anhydrous benzene. The reaction mixture was heated under 
reflux overnight and then cooled to 10°, and the resulting solid 
was collected by vacuum filtration. The aryl carbamate was 
re-crystallized from benzene. 

In the case of the alkyl carbamate esters of (i-(alkylthio)-O-
(hydroxy met hyl)purines, 0.010 mole of the purine derivative 
was suspended in 15 ml of the alkyl isocyanate, and two drops of 
pyridine was added. The reaction mixture was stirred until 
solution had been effected, and stirring was continued for 2 hr. 
Then 15 ml of petroleum ether (bp 30-60°) was added, and the 
solution was cooled in an ice bath to give a solid which was 
collected by vacuum filtration. It. was recrystallized from ether -
petroleum ether. See Table I for chemical and physical proper
ties. 
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Extensive investigations by Beringer and co-workers1 

have demonstrated that diphenyliodonium salts react 
with the anion of active methylene compounds to give 

(1) [•'. Al. Ber inger and S. A. Ga l lon , ./. Org. Chem., 28 , 3417 (1963) , ami 
pi ev ious pape r s . 

('-phenyl derivatives. Since numerous researches have 
shown that «-ethoxalyi and a-hydroxymethylciiekclo 
steroids react with a variety of electrophilic reagents, 
we have investigated the reaction of these active 
methylene compounds with diphenyliodonium chlo
ride as a method for the preparation of representative 
phenyl-substituted steroids. Moreover, inasmuch ;ts 
centers of high electron density are available in enol 
acetate and enamine derivatives, we have also studied 
the interaction of diphenyliodonium chloride with 
these systems in the steroid series. 
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Potassium salts of representative elhoxalyl- and 

hydroxymethyleneketo steroids (A) were treated with 
diphenyliodonium chloride (B), and the products 
(C) were deacylated with methanolic sodium methox-
ide. In this manner 2a-phenyltestosterone (1), 17/3-
hydroxy-17a-methyl-2a-phenyl-o a - a n d r o s t a n - 3 - o n e 
(2), 2a-phenyldeoxycorticosterone 20-ethylene ketal 
(3), 2a-phenylhydrocortisone 20-ethylene ketal (4), 
16£-phenylestrone methyl ether (5), and 3-ethylene-
dioxy-16£-phenylandrost-5-en-17-one (6) were prepared. 
The characterization of these substances is given in 
Table I. The yield of phenyl derivatives afforded by 
this procedure was erratic, ranging from 1-32%. 
However, no effort was made to determine the optimum 
yield. 

The introduction of the phenyl substituent was in
dicated by analyses and spectral data. (Amax 14.3 
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