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Synthetic Antigonadotropins. I1 

In an attempt to  relate structure and antigonadotropin iwtivity, a series of changes were effected on  the active 
triphenylethylene structures. These rhanges include: ( I  j substitution of a cycloalkyl group for one of i tic, 
benzene rings; ( 2 )  bridging two of the henzene rings to  give fluorene, diben~ocycloheptadieiie, and dibenzoryclo- 
heptatriene groups; (3) replacement of the ethylenic link with a cylopropyl group; (4) replacement of one of  
the aliphatic carbon atoms with a nitrogen atoni. \Vit!i the,esception of l-c.~clohes~l-l-phenyl-2-(o-fl11or1~~~l~~~i~- 
yljethylene (IS), all of the compounds so prepared were in:wtive. 

In  a previous report,2 it was shown that compounds 
of the general type 

LJ d 
X H, CHSO 
Y = H, C1, F 

had pronounced antigonadotropin activity and that 
this activity disappeared if one of the benzene rings on 
C-1 was replaced by a 2- or 4-pyridyl grouping. To 
explore further the relationship between structure and 
activity, a series of compounds was prepared in which 
one of the benzene rings on C-1 was replaced by a cyclo- 
hexyl, a cyclopentyl, or a cyclobutyl group. The coni- 
pounds of this series were all prepared by substantially 
the same procedure. Reaction of the appropriate 
ketone and Grignard reagent gave the corresponding 
trisubstituted ethanol which was then dehydrated to  
give the desired ethylene derivative. In the case of 
the cyclopentyl and cyclohexyl derivatives, the t ri- 
substituted ethanols were not isolated i n  pure forni 
because simple distillation sufficed t o  convert thein t o  
the ethylene derivative. The ct hylcnic character of 
these compounds is supportcd by thc fact that all of 
them gave the high ultraviolet absorptions cliaract vr- 
istic of the extended conjugation of stilbene derivat ives. 
This sequence of reactions is illustrated in the followiiig 
equation. 

- 1141 
CsHsCOR + CeHsCH2PllgX + CsHj r CHgCsHj --- 

I 
Ti 

I t  

C&jL=CHCs*j 
R = cyclohutyl, cyclopentyl, or cyclohexyl 

Several attempts were made to introduce the cyclo- 
propyl group in the same fashion. Though l-cyclo- 
propyl-l-phenyl-2-(p-fluorophenyl)ethanol (I) could 
be obtained, all attempts to dehydrate it to the ethylene 
derivative resulted in mixtures which were not resolved. 

The cycloalkane ethanol and ethylene derivatives 
prepared in this series are listed in Tables I and 11, 
respectively. 

(1) Cyclo Cliemical Gorp., Los hngeles, Calif. 
(2) H. 13. T'ox, J. T. Qibns, H. L. Lee, and .I. Boris, J .  X e d .  < ' h e m , ,  7, ii@i; 

(19641. 

.Inother structural change which was cxplored to 
detrriiiiiie its effect on activity was the bridging of 
the two benzene rings at  C-1 to give fluorc~ic aid di- 
tit~nzoc~cloliepterie structures. 

These coinpourids were prepared by ( ;rignard r ~ -  
actions on the corresponding ketones to give tlic 
tertiary alcohols which, iu  soiiie iiistanccs, rapidly 
dehydrated on simple distillation to givc the dcsircd 
unsaturated structures. The tertiary alcohols so 
prepared are listed iii Table 111 and the corresponding 
unsaturated structures in Table ITT. 

Although the presence of the double bond liiiking 
the two aliphatic carbon atoms swilled to be a priincl 
requisite to antigonadotropin activity, several coni- 
pounds werc prepared in ~vhich a niethylcnc~ or SUI)- 
b t  itiltcd methylcnc group rcp1acc.d one of the c k t  hylciic. 
h n d s  liriking the two alipliat ict carbon at o m s .  Tlw 
rcwlt ing triaryl cyclopropancs arc list ed iii Tahlr 1'. 

'hi o conipounds, XXVIII and SXIX, wrc '  prc- 
p a r d  i i i  which oiie of tlic aliphatic caihon atoms wai 
wplaced by a nitrogen at 0111 to producc. the arialogous 
lwtiniinc structurc. Thr first of thcw conipounds, 
XXT'III, was previously reported 1)y Reddelien:' 
The  synthesis of the sccoiid X X I S  is given in Experi- 
iiieiital undcr tlic heading .\Iiscellancou.: 

C',,H , 
(CBH,),C=NC~H~ p-c1cSI-I4c=sc6FI4-p-C1 

xxvm xxrx 
The details of preparation of those coinpounds 

not previously reported in the literature are given in 
Experimental. 

Pharmacology.-The antigonadotropic activity was 
determined according to the method previously de- 
scribed.2 In the initial screening only those compounds 
were considered active which when given to 50-60 
g. immature male rats a t  a dose level of 50 mg./kg. /day 
for 10 working days depressed both testes and prostate 
growth by more than 25% as compared to the controls. 
All of the cornpowids with the exception of I-cyclo- 
hexyl-1-phenyl-Z(o-fluoropheny1)cthplene (IX) ~ w r c  in- 
active. This is a rather noteworthy exception s i i i c e  

(3) C. Reddelien, B c r  , 48, i t 0 2  (101.5) 
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TABLE I 
CTCLOALKYLATED ETHANOL DERIVATIVES 

R1 
I 
1 
R1 

HOC-CHZR~ 

B.p. (rnrn.) --Calcd., 70"- --Found, R"- 
Compd. RI Ra R8 or m.p., OC. C H C H 

I C6H5 p-FCsH4 GH,b 58-59 79.7 6.6 80.1 6.7 
I1 C6H5 o-FCsHc CaH7E 125-126 (0.13) 80.0 i 0  80.1 7 0  
I11 C6H5 p-FCsHa C,H: 129-130 (0.13) 80.0 7.0 TU 7 7.4 

a The microanalyses were performed by Dr. A. Steyermark and his staff of these laboratories. C3Hj = cyclopropyl. C4Hi = 
cy clobutyl. 

TABLE I1 
CYCLOALKYLATED ETHYLENE DERIVATIVES 

RI 
1 

C=CHRz 

---Calcd., --Found, %a- 

IV C6H5 p-FCsHa CIHib 120-122(0.15) 85.7 6.7 85.7 6.8 
5' CsHs o-FCBH~ C4H7b 123-125 (0.15) 85.7 6.7 85.5 7.0 

T'II CsHs 0-F c 6H a CsHC 133-134 (0.15) 85.7 7.2 85.8 6.9 

I X  CsHs o-FC& C6Hiid 136 (0.15) 85.7 7.5 S6,0 7.8 

Compd. R1 R2 R3 B.p., "C. (mm.) C H C H 

VI CsHs p-FCsH4 CjH; 131 (0.15) 85.7 7.2 85.5 7.4 

VI11 CsHb p-FCsH4 C&iid 138 (0.15) 85.7 7.5 86.1 7.7 

a The microanalyses were performed by Dr. A. Steyermark and his staff of these laboratories. C4H7 = cyclobutyl. CsHs = 
cyclopentyl. C6H11 = cyclohexyl. 

TABLE I11 
FLUORENOL AND DIBENZOCYCLOHEPTENOL DERIVATIVES 

-----c alcd., %---- 7---- Found, yo----- 
Compd. X R X p . ,  o c .  C H N C H N 
X" . . .  p-FC6H4 109.5-110 
XIb . . .  p-ClCeHc 137-138 78.4 4.9 78.2 5.1 
XI1 . . .  o - F C ~ H ~  139-140 82.8 5.2 82.8 5.5 
XI11 -CH&HZ- p-ClC& 106.5-107 79.0 5.7 i8.S 5.9 
XIV -CH2CHZ- p-FCsHa 103.5-104 83.0 6.0 s2 .9  5.8 
XIr -CH=CH- p-FCsH4 140-141 83.6 5.4 6.0 83.6 5.6 5.9 

a E. D. Bergmann, Y. Hirshberg, D. Lavie, Y. Sprinzak, and J. Szmuszkovicz, Bull. SOC. chim. France, 703 (1952). E. D. Berg- 
mann, G. Berthier, D. Ginsburg, Y. Hirshberg, D. Lavie, S. Pinchas, B. Pullman, and A. Pullman, ibid., 661 (1959). 

TABLE IV 
BEKZYLIDESE DERIVATIVES OF FLUORENE .4ND DIBEKZOCYCLOHEPTESEP 

I '  
CHR 

Found, LTO --- B.p (mm.) ------Calcd., yo----- ---- 
Compd. Y R or m.p., OC. C H F C H F 

XVI" . . .  p-FCsHa 120-12 1 
XT'II . . .  o - F C ~ H ~  192-195 88.3 4.8  88.1 5.0 

(0.2) 
XVIIIb . . .  p-ClCsHa 150-151 
XIXC -CHzCHZ p-ClCeH4 206-209 

(0.3) 
XX -CH&Hz p-FC& 63-65 88.0 5.7 87.8 5.5 6.2 
XXI -CHzCHz o-FCeH4 138-138.5 88.0 5.7 6.3 87.8 5 5  6.2 
XXII" -CH,CHZ C6H5 179-181 

(0.15) 
XXIII -CH=CH- p-FCaHc 127-128 88.6 5.0 88.7 5 3  
XXIV -CH=CH- o - F C ~ H ~  141-142 88.6 5 0  88.7 4 9  

a E. D. Bergmann, Y. Hirshberg, D. Lavie, Y. Sprinzak, and J. Szmuszkovicz, Bull. SOC. chim. France, 703 (1952). E. D. Berg- 
E. D. Bergmann, mann, G. Berthier, D. Ginsburg, Y. Hirshberg, D. Lavie, s. Pinchas, B. Pullman, and A. Pullman, ibid., 661 (1959). 

E. Fischer, D. Ginsberg, Y. Hirshberg, D. Lavie, hl. Rlayot, A. Pullman, and B. Pullman, ibid., 684 (1951). 
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T.iU1.E \' 
1 RIARYLCPCLOPROPANE 1)ERIVlTIVES 

( CsH:)2C-------CHC6Hj 

r l  

'CHd 
I3.p. (rnm.) Calcd., '0 Found, 5; 

C'onipd. R or m.p.. "17. c €I c tl 
YXV" -COOEt 94-!rB 
SXVI" ---('OOH 201-20:: 
S X V I I  I€ 166-1fi8 ( 0 . 2 )  9.3.4 ($.t i  93.6 6 . 8  
a H. S1:tudinger, E. Anthes, : i t i d  F. Pfenninger, Ber., 49, 1928 

'11 it's p-fluorophenyl isomcr \I11 was iiiactivc. 

(1916). 

\Ve  ha\^ no explanation for this esceptioiial bcliavior. 

Experimentall 

General Method.-.\limy of the cotnpounds reported in this 
st,udy were prepared by nieans of a Grignard reacation according 
to the following procedure. To :I Grignard reagent niade by the 
interaction of slightly niixe than 1 g.-atom of 1Ig with slightly 
more t'han 1 equiv. of the appropriate benzyl halide in ether W E  
added an ether solution of I equiv. of the appropriate ketone. 
The mixture was refluxed for 1-2 hr. and was finally cooled and 
treated with a slight excess of water or methanol. The reaction 
mixture was then extracted with ether, the ether solut,ion \+-as 
dried, and the ether was removed to give the desired alcohol. 
Some of the alcohols so prepared could be purified by distillation. 
Others lost a molecule of water when distilled either alone or with 
a few drops of sulfuric acid and gave the corresponding un- 
saturated derivatives. Some of the pertinent details are given 
in Table 17. 

Triarylcyclopropane Derivatives (Table V) .  l,l,Z-Triphenyl- 
cyclopropane (XXVII).----Six granis of 2,2,3-triphenylcyc*loprcl- 
panecarboxylic acid prepared acwrding t,o the method of Statid- 
inger6 was heated above 290" until the evolution of COY ?eased. 
The reaction mixt,ure T ~ S  then ciist,illed and the fraction boiling 

(4) All melting points are corrected;  t he  hoiline points are uncorrected 
(5) See Table V, footnote a. 

at 16U-180" (0 .2 n i i i i . )  w:*s collectetl. IJpon retli8tillattion, tlie 
Ixoduct, was obtained in the foriri of' :t soft yellow g l u y s  boiliiig 
:it 166-168" (0.2 rnni.). 

Miscellaneous. 4-Chloro-N-(4-~hlorophenyIphenylmethyl- 
ene)anihe  (XXIX).--~.k mixture (Jf 22 g. of p-c.hlorol)exizophenoi~e, 
26.6fg.9of p-chloroaniline, :tiit1 5 drops of c~oiireiitratetf tI('1 
was heated t,o 2.50' fnr  ahout 20 t i i i n .  The iiielt w:is i ~ v o l r d ~  
ext,racted with hot benzene, :md the benzene solutiori R':V 

filtered to remove :in insoluble ( line ni:iteri:Ll varj.ing i r i  

cnlor from dark browi to chrk l ) l i  he benzene x i s  renlovetl 
and the residue \vas di illecl tbviril i o  yield :i visiaous yellow oil, 
b.p. 190-1%2'i(o.2 mrri. 

- l n ~ l .  Cnl1.d. f(11. ( ' i t iH, ;<C : (.'. 70.1); 1 1 .  4.11: ( ; I ,  ? I , \ .  
Found: C ,  70.2: II, 4.0: ( : I ,  21.;. 

Pyrimidine Derivatives. VI. 2,4,5-Triamino-6-chloro- and 

The Chzldrrn's Cancer liesearch Foundation,  and the Departmetits of Biological Chumistrr/ unil I'athologil, 
HarLard Medzcal  School at The Children's Hospital, Boston, Jlussnchiisetts 
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The preparation of the title compounds has been accomplished from a( lic st;irting materials via a seyueiiw 
of steps involving synthesis and reduction of the corresponding 5-phenylazo derivatives. h s  an alternate ap- 
proach, nitrosation of two pyrimidine intermediates was attempted. Treatment of 2,4-diamino-6-chloro- 
pyrimidine with nitrous acid produced a multicomponent mixture which, by means of exhaustive paper ChrCJ- 
inatographic analysis, was found to  consist of 4-amino-6-chloro-27-hydros~.pyrimidie, 2-amino-6-chloro-4-hg- 
droxypyrimidine, 4-amino-2,6-dihydroxypyrimidine, :ind a i rwe  of unreaet,ed skrting nmterial. Ittempted 
nitrosation of 2,4-diamino-6-mercaptopyrimidine, however, resulted only in  the oxidation of the sulfur with 
consequent formatmion of bis(2,4-diamino-6-pyrimidyl) disulfide. In  the course of this work several previously 
unreported pyrimidines have been prepared. Quantitative ultraviolet absorption spectra are given for all coni- 
pounds prepared, as >vel1 as a summary of growth-inhibitory properties in selected in vitro and in viao bioassay 
systems. 

As part of a continuing prograin of cancer chenio- systems. We recently reported the synthesis of various 
therapy, a number of pyrimidine derivatives have been substituted pyrimidines using 4-aniino-6-chloro-2-nieth- 
synthesized in these laboratories for biological evalua- ylthiopyriniidine as a versatile starting inaterial.* 
tion and as precursors of condensed pyrimidine ring We should like now to describe the preparation of the 

(1) This inLestigation was supported in part by research grants ( c y ~ j 3 5  title compounds, as well as the synthesis and chemistry 
and 03516) from the Sational Cancer Institute, National Institutes of of SOIne related substituted pyriniidilles. 

The key intermediate utilized in this investigatioii Health, U. 5. Pubhc Health Service. 
(2) For paper V in this series see M. Israel, E. K. Protopapa. H. \ 

'I'his ('01 I I -  Echlein, and E. J. Wodest, J. \ led.  Chem., 1, 5 (1964). was 2,4-diarnino-A-chloropyrimidine (IV) . 


