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" -Melting points \ 11 i 1 on a Fisher-Johns block 
and are corrected ! t l • obtained in chloroform 
unless otherwise IF t 1 I l tical data, were reported by 
Dr. H. T. Dillon an 1 l l t l t 1). Seurle & Ca. "Pyridine. 
'' Methanol. 

Acylation of the 33-Hydroxy Steroids.~A solution of 1 g. of 
;5,i-liydro\j- steroid, ."> nil. of pyridine, and 2.5 nil. of acetic or 
propionic anhydride was allowed to stand at 2o° for 1 day. The 
solution was then slowly diluted at 0° with water. The crystal
line precipitate which appeared was collected by filtration and 
dried in. ntcno. The yields of crude product ranged between So 
and US' ( . An analytical sample was prepared by crystallization 
of the crude product from ether and Skellysolve B or acetone 
and Skellysolve B. 

6-Dehydro-17-ethynyltestosterone 17-Acetate.—-A solution of 
200 mir. of ()-dehydro-17-ethynyltestostorone, o ml. of pyridine, 
and 2 nil. of acetic anhydride was refiuxed for 2 hr., cooled to 0°. 
diluted slowly with water, and then extracted with ether. The 
ether solution was washed successviely with dilute hydrochloric 
acid, water and aqueous sodium bicarbonate and then dried over 
sodium sulfate and distilled to dryness in rtican. The residue 
upon crystallization from ether and Skellysolve B yielded 1,30 ni^i. 
(72' ,'.) of the product which melted at 1-1.5-1-16°, \l",'"'! 2S2.5 mM. 
(e2(',,:}00), fa!'-5i> - S « c (CHC'bj. 

Ann!. Calcd. for C, ; !lhfO,: 0, 7S..57; If. S.OI. Found: 
C, 7S.70; If, 8.17. 

Synthes i s of S o m e Steroidal [3,2-d]- and [J7,16-
d]-2' ,6'- D i a m i n o p y r i m i d i n e s 

LKI.A.M) L. SMITH, DANIEL M. TELLER, AND THEODORE FCIEI.I, 

/ , ' i s .a . r / . and Deirloiimriit Dt lie!', L'Vmraf,,, Radnor 1'n 

Iii view of recent pharmaceutical interest in steroids 
bearing heteroeyeles fused to the A- or D-ring of the 
steroid nucleus, we wished to synthesize steroids fused 
in the 2..!- and lf),17-positions to the pyrimidine ring 
system. The totrahydroquinazoline synthesis of Appel-
quest,1 •• employing a fusion reaction between cyauo-
guanidinc and an appropriate cyclic ketone, formed the 
basis for our studies. Since the inception of this work sev
eral reports of different types of A-ring steroidal pyrim-

..11 A. .1. Appel-iuest , V. S. Pa t en t 2,.".17,824 (August S, 19.")0). 
02) 10. J. Modes t . S. Cl ia t tcr jce , IT. K a n K u r , anil I ) . M . Bran , Abstract?? 

oi' Papers F !7 lh Ameriean ( ' l ieinieal Soeicty N a t i o n a l Mco in i r , Cleveland, 
Ohio, April ."> M , 11)60. p. 4 X : F . J. Modes t , 11. Kanicur, and S. Cdiat-
ter.jee. A b s t r a c t s nf Pape r s , 14 l.st Amer ican Chemical Society N a t i o n a l 
Meetiinr, Wash ing ton , D. (.'., M a r c h 20-29 , 10'S2, p . 2t iX; I-:. J. AIode-4. 
S. C lnmer joe , and H. Kanj i i ! ' . ./. On;. Cher,,.. 27, 270S (li)!!2i. 

01) .1. D e G r a w , I.. G o o d m a n . B. Wems te in , a n d B. P,. Baker , ibid.. 27, 
7,7(1 .'1 !llV_»). 

idines prepared by other methods'1"'" have appeared. 
l leactiou of a series of -1 .."a-dihydro-o-ketostoroids 

with oyn.noguanidine gave the anticipated steroido-
[0.2-u j-2'.ii'-diamnu>pyriiuidi;ies. This--. i.~xt~dihydro-
tcsiosleroia- Mab 17a-mei';yM,.Vr-dihy<iroiestosf or-
o'.ie il'o), and "m-eholestan-o-nne nave 1 7,-3-hydroxy-
."ia-a,iuiro.sta:io- o>,2-d ;2',(V-di.a!uinopyrimidiiie < I la i. 
1 7 J - h y d I 'UNV- 1 7d -me t hy 1- -"iti-and ros taiio-o'h-'-d |-
2\i/--di:uninopyriuiiuine ( l ib ) , and ">«-cholestauo-[:>.2-
(1 |-2',ti '-dia!uinopyrinudine i l l T), respect ively. 

The react adi also took place with 17-ketoues; t tins 
estrone I\ 'a o,ave :>-kydroxy-i .:•>..">( Hb-Ost ratrieno- j 1 7. 
l(i-d i-2',ti'-di.tmiiiopyriniidiiii' (Va) and estrone methyl 
ether i i \ ' i ; i gave its respective pyrimidine Yb. Par
tial read loo occurred with dohydroisoaudrosverono, but. 
the product \v:i- not isolated and characterized. Roae-

IVa. R = H 
IVb.R = CH, 

T "Y 
A H 2 

— T - O H 

RO' A NH, 

Va. R - M 
V b . R - C F 

VI 

lion with testosterone gave a major product formulated 
as the pyrimidine VI. 

The steroids II and V absorb characteristically at, 
28:5-284 m,u <e r>000-8000) and near 230 mM 0 8000-• 
Hi,000) in ethanol. For the dihydrotestosterone de-
l'h'atives ILi and l i b the spectra were not. materially 
changed iii alkaline ethanol; however, in acidified 
ethanol the 2o0 m/i baud was missing and the 28-1 lripi 
band was shifted to 27o m,u. This behavior is very 
similar to that of 2,-t-diarninopyrimidiner and 2.4-
diainmo-."),(),7,8-totrahydroquinazoline.:j ( t ther 4-
anunopyi'imidtue derivatives liehave similarly, and 
may lose their long wave length absorption band (pres
ent in neutral solution) on acidification, either by a 
substantial Iiypsoobrondo shift or by consolidation with 
shorter wave length absorp t ion/ The diaminopyrim-

i.. I) fa) .1. \ . Z . lo i " . ' ) . iOdp.-m, II. ('.if:,I i, A. MM'.. \>. C l.ii 
Masfiitf, 11. .Hii..an'?. \. Bowers, and II . J, Kiacold, Chem. luri. fLoiidoiii . 
l(>2o n y n i l ) ; ..l>? U. -I. ' iOaiold, ,1. A. Zdiaie, C. Djerassi , a n d A. Bowers . 
U. S. P a t e n t :i,02o :?;l7 Me.K.-h 20, 1902). 

(a) F. B. ( 'o l .on and 1. Laos, V. S. Pa t en t 2,999,092 (Sea l . o. l l l iU). 
(«) P . De l:uutri..ii. f. ( landol i i , and. 11. Cl . i i i rainunu' , d<izz. Cl-im. 

Hal.. 92, 70S f i9 ' i2) . 
7) M . AI. S t imson. ./. o',.:«. radial,,, 15, WW (1014). 

'S) (al R. R. Wilin.ais. \ , 10. Kueiile. and J. FitikcKti-in, ./. Am. <",„„,. 
.s.."., 59, .V211 (19'17); (I,) !.. !'. r a v a U e i i . A. Bendiel i , J. I-'. T inker , and <1. B. 
Bi'o.en, H,id.. 70, :iS7o : 19-18;: !<•) L. Caval ier i a n d A. Ite.ndioh. ibid.. 72, 27,87 
f|9.-)0); M) ,W. P. V. l ioa r imi l and .1. F . W. McOmic , ./. Cli'm. So,:, :171I) 
fl9.-.2): lei Id. 1. Bro-Aii and !.. X . Shor t , i'a'd., 3H1 (ni.VJ); if) 10. A. Faleo. 
S. l ) ; iBn-uil , and O. II. Iiiteiiincrs. ./. - lm. Chem. S-i,:, 73 , ,'i7oS I ' ldo l ) : .'«; 
P. B. t iussell and G. II, KiteiiinKS, ibid., 73 , 8763 ( l l l o l ) . 
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idine VI derived from testosterone absorbed at 300 m/x, 
and this spectrum was not altered by acid or base. 

The infrared spectra of the diaminopyrimidines II, 
III, V, and VI were dominated by three strong absorp
tion bands in the 3 n region, at 2.87-2.90, 2.97-3.02, 
and 3.14-3.17 /u, typical of diaminopyrimidines in 
general.37'9 Further complex strong absorption oc
curred in the 6.15-6.69 n region, also considered typical 
of diaminopyrimidines.7'9'10 

The diaminopyrimidines Ha and l ib are weak bases 
with pA'a values of 7.50 and 7.45, respectively. The 
estrone derivatives Va and Vb, pifa 6.70 and 6.44, 
respectively, are slightly stronger bases. Only one in
flection could be determined in the titration curves; 
however, 2,4-diaminopyrimidine showed only one 
p # a value (7.26).u 

The fusion reaction was conducted in a test tube 
heated in an oil bath at 200-250°. Air was displaced 
by nitrogen. The melted steroid and cyanoguanidine 
were miscible in some cases, but two phases were formed 
with oa-cholestaii-3-one, estrone methyl ether (IVb). 
and dehydroisoandrosterone. In these three cases 
large amounts of unaltered steroid reactant were re
covered and only relatively small amounts of diamino-
pyrimidine were formed. Generally agitation of the 
molten reaction mixture did not improve these cases. 

The reaction product solidified on cooling and was 
removed, ground, and washed with water to remove 
melamine which was also formed in the reaction. The 
steroidal products possessed at this stage the character
istic ultraviolet and infrared absorption properties of 
the purified materials, and despite constant spectral 
properties satisfactory elemental analyses could not be 
obtained in certain cases. The preparations were 
readily solvated and were electrostatic. Chromato
graphic purity of each preparation was attained, as 
evidenced by both thin-layer and paper chromato
graphic procedures. 

The two dihydrotestosterone derivatives Ila and l ib 
had a low order of androgenic activity with no anabolic 
activity.12 The estrone derivative Ya had low order 
(0.1% of estrone) estrogenic activity, but neither Va nor 
Vb exhibited antilipemic effects.13 

In view of the variety of antimicrobial activities of 
other 2,4-diaminopyrimidines, including folic acid-
folinic acid antagonism,14 antimalarial activity,8t'8g'14a'15 

(9) L. X . Shor t a n d H. W. T h o m p s o n , J. Chem. Soc, 168 (1952). 
(10) T h e two regions of complex abso rp t ion h a v e also been repor t ed for 

some m o n o a m i n o p y r i m i d i n e s bea r ing t h e fused s te ro ida l nucleus (see refer
ences 5 a n d 6) . 

(11) A. Alber t , R . Goldacre , a n d J. Phi l l ips , J. Chem. Soc, 2240 (1948). 
(12) Us ing t h e t e s t of L. G. Her shbe rg , E . G. Shipley, and R. K. Meye r , 

Proc. Soc Exptl. Biol. Med., 83 , 175 (1953), I l a was 3 - 1 0 % , l i b was 0 . 6 % 
as p o t e n t a s t e s t o s t e rone p rop iona t e (ven t ra l p r o s t a t e ) . P o t e n c y of I l a a n d 
l i b (levator ani) was less t h a n 1.5% c o m p a r e d wi th t e s tos t e rone p rop iona t e . 

(13) Es t rogen ic a c t i v i t y was measu red by mouse u t e r ine g rowth , cf. B . L. 
R u b i n , A. Dor fman , L. Black, a n d R. I . Dor fman , Endocrinology. 49, 429 
(1951). T h e an t i l ipemia tes t employed was one devised by Dr . R. A. E d g r e n 
using i n t ac t adu l t male r a t s on a normal diet , wi th tes t c o m p o u n d admin i s 
t e red over 9 d a y s . Ac t ive c o m p o u n d s reduce t h e L i e b e r m a n n - B u r c h a r d 
posi t ive l ipids of whole p l a sma ex t r ac t s . Tes t i cu la r a t r o p h y was also no t ed 
as a sign of " f emin i za t i on . " 

(14) (a) G. I I . H i t ch ings . G. B . Elion, H . VanderWerff , a n d E. A. Falco. 
J. Biol. Chem., 174, 785 (1948); (b) E . A. Fa lco , G. H . H i t ch ings , P . B 
Russell , a n d H. VanderWerff , Nature, 164, 107 (1949); (c) G. H. Hi t ch ings 
G. B. El ion, E . A. Fa lco , P . B. Russel l , M . B. Sherwood, a n d H . Vandi 
Werff, / . Biol. Chem., 183, 1 (1950); (d) G. H . H i t ch ings , Trans. Roy. Soc. 
Trop. Med. Hyg., 46, 467 (1952); (e) G. H . H i t ch ings , E . A. Falco, G. B. 
El ion, S. Singer, G. B . War ing , D . J . H u t c h i s o n , a n d J . H . Burchena l , Arch. 
Biochem. Biophys., 40, 479 (1952); (f) G. H . H i t ch ings , Congr. intern, bio-
chim., Risumes communs., Se Congr., Pa r i s , 1952, p . 83 ; (g) E . J . Modes t , 

anticoccidial activity,16 antileukemic and antitumor 
activity,17 antibacterial activity,18 etc., the diamino
pyrimidines Ila, l ib, Va, and Vb were tested against a 
variety of bacteria and fungi. Antibacterial activity 
was found for all four against several Gram-positive 
organisms, and particularly against Staphylococcus 
aureus strains (Table I). 

TABLE I 

ANTIBACTERIAL ACTIVITIES OF STEROID [3,2-dj- AND 

[17,16-d]-2',6'-DIAMINOPYRIMIDINES 

M i n i m u m inh ib i to ry concen t r a t ion , t -g. /ml. 
(Agar serial d i lut ion) 

Tes t o rganism 

Staphylococcus aureus 209P 
Staphylococcus aureus 53- 180 
Staphjilococcus aureus C H P 
Staphylococcus aureus Sn i th 
Staphylococcus aureus J 144 
Streptococcus pyogenes Gr 

A 
Diplococcus pneumoniae Z 
Sarcina lutea 
Gaffkya tetragena 
Salmonella paratyphi 
Brucella bronchiseptica 
Neisseria catarrhalis 
Lactobacillus casei 
Bacillus subtilis 6633 
Bacillus subtilis SR 
Mycchacteiium sp. 
Pseudomonas aeruginosa 
Escherichia coli 6880 
Escherichia coli SR 

->up 

7 

I l a 

3 1 . 3 
250 
250 

3 1 . 3 

3 1 . 3 
31 .3 
3 1 . 3 
3 1 . 3 

250 
500 
250 

50 
25 

250 
25 

1000 
1000 
1000 

l i b 

100 
100 

100 
100 
500 

50 
50 

1000 

> 1 0 0 0 
1000 
1000 

Va 

10 
10 
10 

50 
50 
50 
25 
25 

250 
> 1 0 0 0 
> 1 0 0 0 

500 
500 

Vb 

10 
10 
10 

10 

10 
25 
25 
25 
10 
25 

1000 
1000 
1000 
1000 

P o t a s 
sium 

Benzyl 
Penici l l in 

0 . 0 5 
> 1 0 0 

100 

0 . 1 0 
5 . 0 

0 . 0 2 5 
> 1 0 0 
> 1 0 0 
> 1 0 0 

10 
50 

However, neither Ila nor Va protected mice challenged 
intraperitoneally with a penicillin resistant strain of 
S. aureus CHP. 

Experimental19 

17/3-Hydroxy-5a-androstano-[3,2-d]-2',6'-diaminopyrimidine 
(Ila).—4,5a-Dihydrotestosterone (1 g.) was mixed with 400 mg. 
of cyanoguanidine and placed in an oil bath preheated to 230°. 
The material melted in a few minutes and was heated at 230-
250° for 30 min., during which time bubbles evolved. The cooled 
mass was powdered, washed with water, and dried, yielding 
1.275 g., Xmax 284 mu (e 5000). The solids were dissolved in 
ethanol, precipitated with water, and the product dried over 
phosphorus pentoxide, yielding 990 mg. of material with Xmax 

284 m,u (e 5160), which was redissolved in tetrahydrofuran and 
reprecipitated with water. The white solids were extracted with 
boiling benzene, and the filtered extracts evaporated under 
vacuum. The pure product was dried thoroughly over phosphrous 
pentoxide under vacuum, m.p. 190°, and at 272-278° dec. (with 
shrinking and coloration from 243°); Xmax 284 mp. (t 4830), 

G. E . Foley, a n d 3 . Fa rbe r , Acta Unio Intern. Contra Cancrum, 16, 702 
(1960). 

(15) (a) L. G. Goodwin , Nature, 164, 1133 (1949); (b) E . A. Falco, P . B . 
Russell , a n d G. H. Hi t ch ings . / . Am. Chem. Soc, 73. 3753 (1951); (c) E . A. 
Falco, L. G. Goodwin, G. H. Hi tch ings , I. M . Rollo, a n d P . B . Russel l , 
Brit. J. Pharm. Chemother., 6, 185 (1951); (d) I. M . Rollo, Trans. Roy. Soc 
Trop. Med. Hyg., 46, 474 (1952); (e) L. G. Goodwin , ibid., 46, 485 (1952); 
(f) G. R. Coa tney , ibid.. 46, 496 (1952). 

(16) R. E . Lux, Antibiotics and Chemotherapy, 4, 971 (1954). 
(17) (a) J . H. Burchena l , S. K. Goe tch ius , C. C. Stock, a n d G. H . H i t c h 

ings, Cancer Res. 12, 251 (1952); (b) D . A. Clarke , S. M . Buckley, S. S. 
S te rnberg , C. C. Stock, C. P . R h o a d s , a n d G. H. Hi tch ings , ibid., 12, 255 
(1952); (c) K. Sugiura , ibid., 13 , 431 (1953). 

(18) E. F. Rogers , W. J. Leanza , a n d L. H . Sa re t t J. Org. Chem., 22 , 
1492 (1957). 

(19) Me l t i ng po in t s were t a k e n on a Kofler block u n d e r a microscope a n d 
are correc ted . Inf ra red spec t ra were de t e rmined on pressed p o t a s s i u m bro
mide disks using the P e r k i n - E l m e r Model 21 i n s t r u m e n t . Ul t rav io le t a b 
sorp t ion spec t ra were de t e rmined on so lu t ions in 9 5 % e thano l . T h e pK 
values were de t e rmined on 5 0 % a q u e o u s e thano l so lu t ions using 0.1 A7 HC1. 
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230 mM (18340); Xmi„ 256 mM (« 1520), 224 m^ (e 8240); X*'""-"''1 

273 mM (« 4520), Xmin 256 m/i (e 3740); X™' 2.90 (shoulder), 
3.01, 3.17, 6.21, 6.32, 6.38,6.95, 9.50, 9.75, 12 .20M, ete. 

.4na/. Calcd. for C2iH3SN40: C, 70.75; H, 9.05; N, 15.72, 
Found: C, 70.20, H, 9.07; X, 13.41. 

17/3-Hydroxy-17a-methyl-5«-androstano-[3,2-dj-2',6'-dia-
minopyrimidine (lib).—Two grams of 17a-methyl-4,5<*-dihydro-
testosterone and 1.0 g. of cyanoguanidine were mixed in a test 
tube and placed in an oil bath preheated to 175°. Heating was 
continued, the materials melting at 187-200°. At 220° bubbles 
evolved from the reaction melt, and heating was then continued 
for 30 min. The cooled melt (2.61. g.) was ground and ex
tracted with benzene in a Soxhlet extractor for several days. 
Six separate extracts were taken, which yielded on evaporation 
the purified pyrimidine, 1.885 g., m.p. 247-250° dec. (shrinking 
and coloration from 172°); Xm:lx 284 mM (« 5000-5300). After 
dissolving in ethanol, precipitation with water, drying, reextrac-
tion into benzene, evaporation, and thorough drying over phos
phorus pentoxide the product melted at 170-175° and at 248-
256° d e c : [«]D + 1 6 ° ( 1 % , E tOH) ; Xm:,x 284 m<x (e 5440), 230 
niju (X9650, shoulder); Xmin 254 m^ (e 1970); Xj,'°H"HC1 273 m,u 
(« 5330), Xmin 257 IUM (* 4280); X™ 2.87 (shoulder), 3.00, 3.17, 
3.45, 3.52 (shoulder), 6.19, 6.29, 6.39, 6.95, 9.19, 10.72, 12.69 
M, etc. 

Anal. Calcd. for C2oH34N4(): ( . ' ,71.31; 11,9.24; N, 15.12. 
Found: C,71.67; H,8.57; X, 13.57. 

Solvated forms were also obtained, a hydrate, m.p. 179-182° 
and 252-260° dec. 

Anal. Calcd. for C22H34N,(J• IV4H2O: C, 67.23: H, 9.36; 
X, 14.26. Found: C, 67.08; H.8.70; X, 14.63. 

5a-Cholestano-[3,2-d]-2',6'-diaminopyrimidine (IIIJ.—A mix
ture of 1.0 g. of 5a-cholestan-3-one and 0.25 g. of cyanoguanidine 
was heated at 250° under nitrogen with vigorous stirring. After 
melting, two phases were formed. After 15 min. an additional 
0.25 g. of cyanoguanidine was added and heating was continued 
for 15 min. The cooled reaction mixture (1.0 g.) was washed 
with 100 ml. of hot water twice, yielding 0.91 g. of yellow solids, 
m.p. 200-208° (softening from 100°); x?jx'"

byl,u,'°"id'> 298 mM 

(« 6730); X™' 3.05, 3.20, 5.85 (residual 5a-cholestanone), 6.17, 
6.39, 6.97 fi, etc. Thin-layer chromatography (5% ethyl acetate 
in hexane) using 259c antimony trichloride in chloroform for 
detection indicated the single product (/?f 0.48) together with 
unaltered oa-chloestanone. No further purification was at
tempted on this preparation. 

3-Hydroxy-l,3,5(10)-estratrieno-[17,16-d|-2',6'-diaminopyrim-
idine (Va).—Estrone (6 g.) and 4.0 g. of cyanoguanidine were 
well mixed in a test tube, from which air was excluded by a stream 
of nitrogen. The mixture was placed in a preheated oil bath 
(260°). Within 3-5 min. the reactants melted. The molten 
mass was stirred under nitrogen at 260° until bubbling ceased and 
the mass became viscous (5-7 min.). The cooled, powdered mass 
was slurry-washed with (70°) water twice, then dissolved in 400 
ml. of warm (70°) water acidified to pH 1 with concentrated 
hydrochloric acid. After filtration of insolubles the filtrate was 
cooled and neutralized with concentrated ammonium hydroxide, 
and the precipitated product filtered. Solution and precipita
tion were repeated 3 more times, yielding a crude product weigh
ing 3.9 g. The pyrimidine was extracted with boiling ethyl 
acetate, and precipitated with petroleum ether, affording 536 mg. 
of purified pyrimidine, m.p. 320-330° d e c : M n +100° ( l r

( , 
MeOH): X,mi„ 283 mM (e 8870), 230 niM U 15600, shoulder), 
X„„„ 257 mn (e 2180»: X™r 2.87, 2.97, 6.26, 6.69, 6.85, 7.02 M, 
e t c 

Anal. Calcd. for C20H24N4O- 'AH-O: C, 70.19; H, 7.25; 
X, 16.37. Found: C, 70.11; H.7.24; X, 16.50. 

3-Methoxy-l,3,5(10)-estratrieno-(17,16-d]-2',6'-diamirtopyrim-
idine (Vb).—A solution of 1.00 g. of 3-hydroxy-l,3,5(10)-
estratrieno-[17,16-d]-2',6'-diaminopyrimidine, 10 g. of potassium 
hydroxide, 25 nil. of water, and 25 ml. of methanol was held at 
35° with stirring while 10 ml. of dimethyl sulfate was added over 
10 min. Stirring was continued for 2 hr., at which time 50 ml. 
of water was added. After stirring for an additional 15 min. 
the product (417 mg.) was filtered. Recrystallization from 
boiling methanol yielded 316 mg. of product, with a second crop 
of 45 mg. The pure product melted 232-239° d e c : [a]T, + 9 2 ° 
(1 c/c, E tOH); X,„„x 283 mM (< 8160), 230 mp (e 16,300, shoulder), 
Xlni„ 257 mM (« 2100): X™r 2.92, 3.02, 3.14, 6.15, 6.33, 6.93 M, 
etc. 

Anal. Calcd. for C21H26X40 H 2 0 : C, 68.10; H, 7.68; X, 
15.13. Found: C, 68.0S; H, 7,61; X, 14.63, 

F'usion of 1.0 g. of estrone methyl ether with 330 mg. of cyano-
guanidine at 240° gave two layers of melted reactants. After 
cooling the solids were extracted with hot water, and the dried 
residue was extracted with acidified water (pH 1 ). (In neutral
ization of the acid extract 95 mg. of Vb was precipitated, identi
fied by thin-layer chromatography and infrared spectra. The 
acid insoluble residue weighed 831 mg. and was identified as un
altered estrone methyl ether. 

17/3-Hydroxy-4-androsteno-[3,2-d]-2 ,6'-diaminopyrimidine 
(VI).—A mixture of 5 g. of testosterone and 2 g. of cyanoguani
dine was heated at 250° for 30 min. under nitrogen with vigorous 
stirring. The mixture melted after about 3 min., but solidified 
after about 20 min. of heating. After cooling the red-brown 
solids were extracted twice with 500 ml. portions of hot water, 
leaving 5.0 g. of residue, which was then extracted twice with 500 
ml. portions of boiling benzene. On cooling, the benzene extracts 
deposited 1.55 g. of product. Of this material, 200 mg. was dis
solved in hot water acidified to pH 1 with hydrochloric acid and 
filtered hot. The filtrate was cooled to 0° and adjusted to pH 9 
with ammonium hydroxide, precipitating 110 mg. of yellow solids, 
m.p. 218-227 °: X,„;,x 238 mM (e 14,600), 260 mM (e 9550, shoulder), 
and 300 m/i ( e 5020); x!™r 2.87, 3.02, 3.15, 6.15, 6.10, 6.95, 9.49 
M, ft''. 

• l/(o/. Calcd. for (.'21H;i0X4O • H2(): (', 67.71: 11, Mill: \ , 
15.04. Found: C, 68.55; H, .S.63: X, 14.81. 

The product was free from cyanoguanidine and melaniine as 
evidenced by paper chromatography using Turnbull blue and 
o-tolidine reagents. Thin-layer chromatography indicated a 
trace of testosterone remaining. 

Evaporation of the initial water extracts yielded a solid residue, 
identified as melaniine by its infrared spectra. 

Chromatography.—The homogeneity of each pyrimidine was 
examined by thin-layer chromatography using silica gel chroma-
toplates bound with rice starch.20 freedom from steroidal 
ketone starting material was established using a solvent system of 
benzene-ethanol (3:2): detection of both steroidal ketone and 
pyrimidine product was accomplished with a 10 ' ; solution of 
phosphomolybdic acid in ethanol. Paper chromatography on 
Whatman no. 1. paper with the solvent system benzene- acetone 
water (2: 1 :2) was used to establish freedom from melaniine and 
cyanoguanidine. 

Both melaniine, cyanoguanidine, and the diaminopyrimidines 
were detected with Turnbull 's blue reagent21 and with a modified 
o-tolidine reagent of Habermarm.22 The dried paper chroma-
togram was dipped in a mixture of equal volumes of ethanol and 
acetone, blotted, and exposed to an atmosphere of chlorine (gen
erated from 30 ml. of concentrated hydrochloric acid, 20 ml. of 
water, 100 ml. of 1';, potassium permanganate solution) in a glass 
jar for 10 min. The paper was then immersed in a freshly pre
pared solution of equal parts of 0.05 .1/ potassium iodide solution 
and of a saturated solution of o-tolidine in 2% acetic acid. Mel
aniine (lif 0.0) and cyanoguanidine (/ff 0.02) appear immediately 
as intense blue spots. The steroidal pyrimidines (except for 
I I I and VI) appear more slowly as blue spots with much less 
color intensity, with mobility behavior: Ila, It; 0.05: l ib , 0,1 
cm./h.: Va,/?,()..'«; Vb, A', 6.77: VI, fl, 0.19. 

The nitrogenous steroids and cyanoguanidine and melaniine 
also responded to the o-tolidine procedure of Barrollier,23 where 
the transient blue spots become permanently purple on treat
ment with 0.1' ,' ammonium molybdate in ,V acetic acid. 
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