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scribed. When a cyclohexyl group was substituted for 
one of the phenyl groups on C-1, and the phenyl group 
on C-2 had a fluorine atom in the ortho position, ac- 
tivity was retained. Shifting the fluorine atom to the 
para position caused a loss of activity. 

In  the light of these findings it seemed likely that in 
the compounds of this series, antigonadotropin activity 
was associated with the triphenylethylene structure. 
To maximize this effect and minimize the estrogenic 
activity which mas also a frequent accompaniment, the 
study was extended in the direction which retained the 
basic triphenylethylene structure and changed only 
the substituent groupings on the benzene rings. 

The compounds reported in this study fall into two 
general categories ; namely, the triphenylethanol and 
the triphenylethylene derivatives. They are all new 
compounds and were all prepared by the general 
methods previously described.',* The triphenyleth- 
anol derivatives are listed in Table I and the tri- 
phenylethylene derivatives in Table 11. 

Pharmacology.-The antigonadotropin and estro- 
genic activity of the compounds was determined by the 
methods previously described. The triphenylethanol 
derivatives were all inactive as antigonadotropins 
though some of them had weak estrogenic activity. 
Five of the triphenylethylene derivatives mere active 
as antigonadotropins and as estrogens. The latter 
compounds are listed in Table 111. 

Synthesis of 6- and 7-Bis(2-chloroethyl)amino- 
DL- tryptophanla 
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The interesting antitumor activity2 of 5-bis(2-chloro- 
ethyl)amino-~~-t ' ryptophan~~*~ (IIIa) stimulated us to 
prepare two other substitution isomers (IIIb and IIIc) 
of I I Ia  with the hope of synt,hesizing a better anti- 
tumor drug. In  the case of another aromatic nitrogen 
mustard system, that derived from phenylalanine, t'he 
rizeta and para isomers have significantly different 
antitjunior a ~ t i v i t y . ~  The route used to prepare I I Ib  
and IIIc was the same as that used in preparing IIIa. 
Thus the appropriat,e substituted gramine I was con- 
verted to t'he acetaniidomalonate I1 that was reduced 
catalytically to the amine IV. Reactlion of IV with 
ethylen e oxide yielded t'he bis(2-hydroxyethy1)amine 
T' which with niethanesulfonyl chloride in pyridine 
afforded the bis(2-chloroethy1)aniine VI. The hydroly- 
sis of both VIb and VIc to IIIb and IIIc, re- 
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spectively, required a careful control of conditions to 
obtain the pure nitrogen mustards. 

In  the course of the work 6-nitro-~-tryptophan~ 
was reduced catalytically to the hitherto unreported 
B-amino-~-tryptophan (VII). 

The antitumor activity6 of the three tryptophan 
mustards against the Walker 256 (subcutaneous) 
tumor in rats is presented in Table I. The increase in 

TABLE I 
ANTITUMOR ACTIVITY OF DL-TRYPTOPHAN NITROGEN 

MUSTARDS 

(C,CH2CH:I2NQJ--JCH2~ 

H 
LDio, N E D ,  

Isomer mg./kg./daya mg./kg./day* T.LC 
5-Mustard 1 . 2  0.31 4 
6-Mustard 1 . 3  0.15 9 
7-Mustard 4 8  0 35 14 

a The LDlo is the dose that kills more than 1Oyo of the animals 
and is the maximum tolerated dose. * The minimum effective 
dose (XIED) is that dose which gives a ratio of 0.10 of tumor 
weight in treated animals to tumor weight in control animals. 
c The therapeutic index (T.I.) is defined as LDlo/-\IED. 

therapeutic index of IIIc as compared to IIIa is evi- 
deht. The 7-mustard IIIc also shows activity against 
the Sarcoma 180 tumor in contrast with IIIa which does 
not respond to that tumor. All three tryptophan 
mustards givea good response in the leukemia L1210 
system. 

Experimental? 

Ethyl ~-acetamido-~-carbethoxy-~-(6-nitro-3-indolyl)propio- 
nate (IIb) was prepared in 7oy0 yield from 6-nitrogramines using 
the procedure of Cavallini and Ravennag described for prepara- 
tion of IIa. The analytical sample, recrystallized from chloro- 
form or acetonitrile, had m.p. 225-226"; X",;' 3.00 and 6.61 
(NH), 5.71 and 5.82 (ester C=O), 6.12 (amide C=O), 7.46 f i  
(KO& A lower melting polymorph (with a correct analysis), 
m.p. 196-197", was also noted in some runs and could be con- 
verted to the higher melting form by recrystallization and seed- 
ing. 

Anal .  Calcd. for C I ~ H ~ I N ~ O ? :  C, 55.2; H, 5.37; N, 10.8. 
Found: C, 55.0; H, 5.46; N, 10.6. 

Ethyl ~-acetamido-a-carbethoxy-~-(7-nitro-3-indolyl)propion- 
ate (IIc) wasprepared by the procedure described by DaSettimo.10 

Ethyl ~-acetamido-cu-carbethoxy-~-(6-amino-3-indolyl)pro- 
pionate (IVb) was prepared by the procedure described for 
IVa,a to give a 97Y0 yield of product. The analytical sample, 
recrystallized from acetonitrile, had m.p. 176-177'; A:::' 
2.98, 3.02, and 6.55 (NH,NH*), 5.73 (ester C d ) ,  6.00 fi  (amide 
C=O). 

Anal .  Calcd. for C18H23N305: C, 59.8; H, 6.38; N,  11.6. 
Found: C, 59.9; H, 6.53; N, 11.5. 

Ethyl a-acetamido-cu-carbethoxy-p.(7-amino-3-indoly~)pro- 
pionate (IVc) is described by Caaini and Goodman." 

Ethyl cu-Acetamido-a-carbethoxy-p-[6-bis(2-hydroxyethyl)- 
amino-3-indolyl]propionate (Vb) Hydrochloride.-Ethylene ox- 
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