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waterial i <pectral and chemical properties but could uot be in-
dueed to yield more erystals.

Bis(1-n-butyl-3-ethyldiaziridiny}-2-)phosphinic Chloride (Va.
~-"T'o a solution of I1I¢ (10 g, 0.0785 mole) and triethylamine (15
g, 1.146 mole) in toluene (300 ml), cooled to —15°, wus added
POCE (6 g, 3.7 ml, 0.04 mole) in toluene (30 mb).  Alter 3 dayvs
at room temperature with exclusion of air, the precipitated tri-
cthylamine hydrochloride was filtered (10 g, 94%7), and the =ol-
vent was evaporated in racuo.  The residue, a very hygroscopit,
vily substance, was completely soluble iu peutane.  In 507 aque-
nus ethauol, it was immediately hydrolvzed (presumably tn Vh)
with lowering of the pH to 4 and quauntitative liberation of 1
equiv of chloride 1on (based on the molecular weight caleulated
for Va), ax determined by titration with AgNO.  Attempt=
ixolate Vb from the aqueoas solution led to partially polymerized
syrupy maferial. Iodometric determination of the diazividine
groups? also gave results in agreement with structure Va; &1
fem™t) 3000 (s) (CH), 1460 (s) (CHyp), 1480 (m) (Chh), 1200
(=h) (P==0)), 1250--1210 ¢) (CN), LO60 (w), 975020 {w), 720 (=1
bue to the instability of the compaurd, an elemental analysis was
not performed.

Hydrolysis Rate Studies.-—7The compound (L1 g) was dix-
=olved in a mixture of ethanol (10 ml) and 2 .V aqueous H.8O, (10t
), and the solution was kept in o thermostat at 22°.  After the
specified period, 2 ml ol a 207, agueous KI was added to the
sample, and the iodine was titrated after 10 min, then again after
1 hr, with 0.1 .V NuaoSaOs.

Effects on the Activity of DNA as “Template’’ in a DNA-De-
pendent RNA-Polymerase System.>—A solution of calf thymus
DNA, 1.5 mg/ml in 0.1 3f phosphate buffer, pH 5.3, was incn-
bated with 15 pmoles of each of the compounds at 37° for 16 and
60 hr. The DNA was precipitated by the addition of ethanol
and xolated by centrifugation.  Coutrol samples of DNA (inen-
bated in the same buffer, without the compounds) were prepared
i an identical maimer.  The “template’ activities of the treated
aned control DNA samples were compared e a DN A-dependent
RN A--polymerase systen, using a modifieation?® of the assay
described by Nakamoto, et al.'*  The reaction mixture, 1.5 ml,
contabled varving amomits of DNA, RNA-polymerase (13-30
units ), 0.4 pmole each of the triphosphates of uridine, cytidine,
and guanosine, 0.2 ymole of 8-11C-adenosine triphosphate (2.5 X
1% counts/min), 0.8 ymole of spermidine phosphate, 1.25 umoles
of MuCls, and 50 gmotes of Tris buller, pH 7.5. After ncuba-
tion with agitation for 30 min at 30°, the reaction was terminated
by immersion in ice aud addition of 0.1 ml of 50 trichloroace-
tie acld (TCA).  Carrler ribonucleie acid, 0.1 ml (2.0 mg/ml),
was added, and the final vobime was bronght to 1.0 ml by addi-
(ion of 5¢; TCA. The solids were colterted by centrifugation,
wiashed twice with 3¢ TCA, and dissolved i formic aeid.  Ah-
quots were plated on stainless steel planchets, diluted with water,
aned dried, and the radioactivity was determined in a gas-flow
eounter.  Tneorporation  of BC-ATP  (milhimicromolex]  was
plotted vs. the coneentration of DNA (micrograms per tube, on
the baxix of optical density at 260 mu)!® to give the comparative-
activity curves shown in Figure 3,
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An extensive investigation of the anticuncer activity
of S-substituted  derivatives of  purine-6(1H)-thione
would be of great hiuterest because numerous investi-
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wators* have prepaved atkylthiopurines and found that
thay showed aetivity against Adenoeareinontn 755 and
Sarcoma I80% comparable to that of purine-6(1Hj-thi-
one.  Cirillot, ¢f ol had noted cavhier that Mannieh
reactions nvolving thiophenol ax well s substitited
thiophenols gave S-substituted thiophenols tmstead of
C-alkylated produets. This obscervation prompted tis
(o =tudy the reaction of purine-6(1TH)-thione with aque-
ous formaldehyde and o secordary antne <uch as pipert-
dite or morpholine. These reactions gave good yiekds
of products, with <harp melting points, which gave one
spot. on thin luyer chromatograms,  The ultraviole
spectrin of these compounds showed A D28 g fe,.,
21,400) for the morpholine dertvative (11) and N,
327 M (e 18.000) for the piperidino derivative (12).
These thraviolet spectra lead ux to believe that =ub-
stitution  was not vecurring ot the thiono group of
purine-6(1H)-thione.  Burckhalter and DIl treated
theophyline with aqueous formaldcehivde and =ceond-
ary antines to give 7-(dinlkylaminomethybtheophyl-
Hies (eaffelie derivatives), However, the ultraviolet
spectra of the productz obtained from purine-tig Hi)-
tlunone did not <how the bathochrome shift expeeted for
a 7-substituted purine’  The faet that the produects
showed absorptions very =inilar to purine-6(1H)-thi-
O1EC, Npas 928 Mip téa 16.800), indicated thuat =ub-
stitution was occurring in cither the 1,8, or 9 positions.
Bredereck and co-workerss found that caffeinie was hy-
droxvimethylated i the 8 position by aqueous formnal-
dehyde,

Conipourd 13 wax obtained when morpholinometlivl-
purine-6{1H)-thione in aqueous ethyl alecohol coutain-
ing sodium hydroxide was treated with s-propyl bro-
mide at 45°, Compound 13 is identical with the prod-
uct formed from G-(rn-propylthio)purine, aqueous for-
maldelivde, aund wmorpholiue.  When 13 wuas treated
with dimedon in ethyl alcohiol at roomn teniperature,
a solid formed which proved to be the dimedou-for-
maldehyde adduct.  Evaporation of the filtrate, which
rentained  after the adducet was colected. wave 6-(-
propylthio)purine.  This evidenee, i combination with
the nltravielet spectra. thin layer, amd paper chronn-
tographic data, iudicates  that  purine-6(1H)-thione
undergoces the Mannich reaction at the Y position.

The Tatlure of 9-cyclopentyl-OH-purine-6(1H)-thionc
to mworphohnomethylute when (reated with aqueous
formaldeliyde and morpholine uuder the usual condi-

P11 dai This work was sapported in parl by a Researcli Graul frem the
Mirbigan Canver Foundalion and a Narianal C‘aneer Tostitute Grant, ¢°A-
06140, 1. X, Public Healtll Rerviee, and was presented at thie 153000 Nationul
Aleeting of the Aluerican Clieniral Socie(y, Atlantiv Ciry, N4, Sepe 12417,
1165, p 8P, i Abstracled in part from the tlesis ol C. P Brvang, =ab-
mitted in partal falflboent of the Master's af Arts Digrer. {e0 To whaan
inquiries should L addressed.
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9-SUBSTITUTED 6-ALKYLTHIOPURINES AND PUriNg-6(1H )-rH10NES
SR, S
N
N#% N\ HN \
l\ and k |
N N
N I\II N l\ll
R, CH,R;
Mp.¢ Yiell,  Recrystn® ~———Caled, p—— ——Found., % %——
No. R R Rs °C Method? %o solvent Formula C H N C H N
1 CHs CH.0H 160-161 A 83 D C7HsN.OS 42,84 4.11 28.55 42.85 4.04 28.22
2 CuHs CH:OH 122-123 A 69 D CsHuN«OS  45.70 4.79 26.65 45.81 4.92 26.49
3 n-CsHz CH:0H 123-125.5 A 88 D CoHLN4OS  48.20 5.39 24.98 48.41 5.43 25.11
1 n-CiHs CH:0H 83-84 A 78 E CwHuNsOS 50,40 5.92 23.51 50.44 5.78 23.47
5 n-CsHn CH:0H 110-111 A 94 D CuHieN«OS  52.35 6.39 22.21 52.51 6.55 22.04
6  c-CsHo CH:0H 139-140 A 926 D CuHuN:OS  52.78 5.64 22.38 52.98 5.94 22.12
7 n-CeHu CH:0H 82-88 A 83 13 CiNisNsOS  54.11 6.81 21.04 54.32 7.03 20.81
8  n-CiHis CH,0H 91-92 A 89 F CusHxNOS 55,68 7.19 19.98 55.87 7.27 20.27
9 n-CsHui CH:0H .. 76-78 A 92 F CuHxNOS  57.11 7.53 19.05 57.32 7.70 19.01
10 5-CuHa CH:0H 8688 A 87 G CieHN:OS  59.59 8.13 17.37 59.60 8.18 17.41
11 N 0 230 dec B 87 H CuHuN;O8  47.79 5.21 27.87 47.52 5.26 27.60
—/
12 N ) 207208 B 80 H CuHisNsS 52.98 6.06 28.09 52.91 6.13 27.9¢
- =g o - SO = = g B D 93 @
13 n-CiHls CH,N 0 o 74-75 B 73 1 CisHisNsOS  53.22 6.53 23.87 53.40 6.62 23.64
14 7-CiH;  CH0:CNHCeHs 163-164 C 70 G CieHisNsOs8 55,96 4.99 20.40 56.15 4.93 20.12
15 n-CsHz CH:0:CNHCsHe-n 88-89 C 89 J CuHaN:0:8 51.99 6.55 21.66 51.94 6.70 21.53
e The melting points were taken in open glass capillaries in a stirred silicone oil bath. ? See Experimental Section for general meth-
ods used. °D = ethyl acetate, E = ethyl, F = ligroin (bp 85-110°), G = benzene, H = 959 ethy!l alcohol, I = ethyl acetate-

petroleum ether (bp 30-60°), J = ethyl ether—petroleum ether (bp 30-60°).
Ine., Knoxville, Tenn.

¢ Analyses were performed by Galbraith Laboratories,
tions would seem to further indicate that substitution
is not occurring at the 6 or 8 position of purine-6(1H)-
thione. Several attempts to hydroxymethylate purine-
6(1H)-thione, under a variety of conditious, failed.

TasLE I

ANTITUMOR SCREENING DaTA or
9-NMoRrPHOLINOMETHYL-6(1H )-PURINETHIONE (12)*
Tumor wt (g)

However, a series of 6-(alkylthio)purines® were treated Dose, No. of L‘““t”g?il OF(Z“;;'S‘)"M Stage iudex
with aqueous formaldehyde and sodium carbonate to mg/kg survivors T — C. g T/C % T/C
give (hydroxymethyl)-6-alkylthiopurines, The 6- Lymphoid Leukemia L-1210
alkylthiopurines studied in this investigation gave 100 6/6 -1.8 16.3/9.2 177
infrared spectra showing an absorption band at 3.25 100 6/6 -2.9 11.8/8 .4 140
% (NH) and they all gave ultraviolet spectra which Friend Virus Leukemia

were very similar, Apa.e 288-292 mpy  (ena, 17,900- 100 10/10 -2.8 0/953 0
22,000). The hydroxymethylated compouuds did uot 100 10/10 -5.3 0/1025 0
show an absorption at 3.25 u and gave ultraviolet spec- 100 10/10 -3.4 0/767 0
tra, Apax 288-292 my (epax 17,200-22,200), which in- 100 10/10 —6.1 0/833 0

dicated the hydroxymethy! 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-(hydroxymethyl)-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. Nmr studies substantiated the
conclusion that substitution had occurred in the 9
position of purine-6(1H)-thione in the hydroxy- and
aminomethylation reactions. These studies were car-
ried out on some selected derivatives of purine-6(1H)-
thione in perdeuterated dimethyl sulfoxide. The nmr
spectra of 3 and 11-14 (Table I), purine-6(1H)-thione
hydrate, 9-butylpurine-6(1H)-thione, 6-(propylthio)-
purine, and 8-(methylthiopurine-6(1H)-thione® were de-
termined. All the spectra were consistent with the as-

@ Cancer Chemotherapy Rept., 25, 1 (1962). A compound ix
active against solid Friend virus tenkemia if the average T/C =
42% in three confirmation tests, and against lymphoid leukemia
L1210if T/C = 125% in a confirmation test,

signed structures. Of particular importance were two
singlets for the 2- and 8-hydrogens at = 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(1H)-
thione which showed a singlet at » 1.82 (2 H). The
assignments agree with those made by Bullock and
Jardetzky and others.'' All the compouuds except
13 exchanged hydrogen or hydrogens when D,O was
added to the speectral samples. The correct number of
hydrogens was exchanged for each of the compounds
studied.

One of the compounds listed in Table T was sereened
under the auspices of the Cancer Chemotherapy Na-
tional Service Center for antitumor activity and showed
the activities given in Table II.  The other compounds

(9) Authentic samples of a homologous serles of 6-(alkyltlhio)purines,
pirine-6(1 H)~thione, 9-butylpurine-6(1 H)-thione, and 8-methylthiopurine-
6(1H)-thione were furnished by Dr. Harry B. Wood, Chief, Drug Develop-

inent Branch, Cancer Chemotherapy National Service Cenler, Bethesda
14, Mad.

(10) L. J. Bellainy, “The Infrared Spectra of Complex Molecules,” John
Wiley and Sons, Ine.. New York, N. Y., 1958,

(11) (a) ¥.J. Bullock and O. Jardetzky, J. Ovg. Chem.. 29, 1988 (1964);
(b) C. D. Jardetzky and O. Jardetzsky, J. Am. Chem. Soc., 82, 222 (1960):
{c) R.J. Pughmire, D. M. Grant, R. K. Robins, and G. W, Rhodes, ibi/.,
87,2225 (1965).
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histed in l'able T are being evaluated for their anti-
cabeer activity,

Experimental Section

The alkylthiopurines and purine-6(1H)-thione monohydrate
were ob(ained from the Cancer Chemotherapy National Service
Center aud were u=ed withont farther purification.  Infrared
speetra were determined on KBr pellets of the purines on a
Beckman IR-8 spectrophotonieter.  The nltraviolet spectra
were determined on approximatety 10~ 3 solations of the pu-
rinex i 93°, ethyl alcohol on a Cary 14 spectrophotometer.
The runr spectra were determined in perdenterated DMSO using
MesSi as an internal standard on a Varian A-60 spectrometer
obtained by Grant Ne. Pel7064 from the National Science
Foundation. The descending paper e¢hromatograms which
were rui o Whatiman No. 1 paper with water-satarated butanol
ax carrier o oan Ny atumsphere gave one spot.  Thin layer
chromatograms ou sihica gel G (Darmstadt) with methanol amtd
with ethyl acetate guve one spot.

Method A. 6-(Alkylthio)-9-hydroxymethyl-9H-purines.-1I'n
10 ol of aqueons 377 formaldehyde, was added 0.010 mole of an
alkylthiopurine.  After all the material had dissolved, the re-
action mixtare was heated to 35°,  Then 0.005 mole of Na,COy .
HLO and 7 mi of water were added.  'The reaction mixture was
altowed 1o stand ovemright, and the solid which formed was
eullected by vacuum filtration and dried.  See Table T for phys-
seal and chemical properties of these compounds,

Method B —9-(Morpholinomethyl)- or 9-(Piperidinomethy!)-
9H -purines.-—Morpholine or piperidine (0.060 mole) was added
(o a suspension of 0.030 mole of purine-6(1H)-thione in 50 1l
of absohite ethanol,  The suspension was stirred for 15 min and
2.5 mil of agueous 374, formaldehyde was added.  The reaction
ixture was stirred overnight, awd the =olid which formed was
coltected by vacuum filtrationr and air dried. Sce Table T for
chemical and physical properties,

Method C.-—Ap arvl isocyanate (0.010 mole) was added to
0.010 mole of 9-(hydroxymethylj-6-alkyithiopyrine . 50 mi
ol auhiydrons beuzeue, The reaction mixture was heated under
reflux overnight and then cooled tn 10°, and the resnlting solid
was vollected by vacuaum filtration.  The aryl carbamaie was
recrystatlized from beuzene.

In the ease of the alkyl carbamate esters of 6-(alkylthio }-9-
(hydroxymethyb)parines, 0.010 mole of the purine derivative
wis suspended 1 15 mi of the atkyl izoevanate, and two drops of
pyridine was added. The reaetion mixture was stirred until
solution hud been efected, and =tirring was continued for 2 hr.
Then 15 ml of petroteum ether (bhp 30-60°) was added, and the
solution was eooled 11 an ice bath to give a solid which was
eollected by vacuum filtration. - Tt was reerystallized from ether-
petroleumn ether. See Table T for chemical and physical proper-
tles.
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during the sunmmer of 1965.

The Preparation of a-Phenylketo Steroids

Joun F. Povsrro, GrorckE R. ALvkes, Ju., AND Marrin J. Wess

Organie Chemical Research Section, Lederle Laboratorics Divisioi,
American Cyanamid Company, Pearl River, New York

Heceived September 8, 1966
[ixtensive investigations by Beringer and co-workers!

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

11y 17, AL Relinger and S. A, Galton, J. Org. Chem., 28, 3417 (1963), and

Pleviens [apers,

Vol. 10

C-phenyl derivatives,  Shice numerotis rescarelies liave
shown that e-cthoxalyl and e-hyvdroxymcthylencketo
steroids react with a vaviety of electrophilie reagents,
we have luvestigated the reaction of these wactive
methylene compounds with dipheuyliodonium  chlo-
ride ax a method for the preparation of represcutative
phenylsubstituted steroids.  Morcover, inasmuch as
centers of high electron density are available i enol
acetate and enamine derivatives, we have dalzo studied
the interaction of  diphenyliodoniun  chloride  with
these systenns in the steroid series.

+ CGH CGH.C —
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Potassinm salts of represcutative ethoxalyl- wd
hydroxymethyleneketo steroids (A) were treated with
diphenyliodonium chloride (B), and the products
(C) were deacylated with methanolic sodium methox-
ide. In this manner 2a-phenyltestosteronc (1), 173-
hydroxy-17 a-methyl-2a-phenyl-be-aundrostan-3-one
(2), 2a-phenyldeoxycorticosterone 20-ethylene ketal
(3), 2a-phenylhydiocortisone 20-ethylene ketal (4),
16¢-phenylestrone methyl ether (5), and 3-cthylene-
dioxy-16£-phenylandrost-3-en-17-one (6) were preparcd,
The characterization of thesc substances is given in
Table I. The yield of phenyl derivatives afforded by
this procedure was erratic, ranging from 1-32C7.
However, 1o effort was made to determine the optimum
vield.

The mtroduction of the phenyl substituent was -
dicated by analyses and spectral data (A 145
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