
1F74 SOTES VOL. 26 

TABLE I 
ALKYLFURYL- A N D  ALKYLTHIENYLCARBINOLS 

B.P.", Empirical Carbon, M ______ Hydrogen, '/c 
Carbinol mni. nn Formula Calcd. Found Calcd. Found 

Methyl( 5-niethyl-2-furyl) 
Ethyl( 5-methyl-2-furyl) 
But),l( 5-methyl-2-furyl) 
Isobutyl( 5-methyl-2-furyl) 
Amyl( 5-methy1-9-furyl) 
Isoamyl( 5-methyl-2-furyl) 
Hexyl( 5-methyl-2-fury l) 
p-Ethylbutyl( 5-methyl-2-furyl) 
Heptyl( 5-methyl-2-furyl) 
Octyl( 5-mcthyl-2-furyl) 
Butyl-2-thieriy l 
Isobutyl-2-thien y l 
.4myl-2-thienyl 
Isoamyl-2-thien yl 
Hexyl-2-thicnyl 
P-Ethylbutyl-'L-t,hit,iiyl 
Hepty 1-2-thieny 1 
Oc tyl-2-thienyl 
Butyl( 5-methyl-2-thicnyl) 
Isobutyl( 5-inethyl-2-thienyl) 
Amyl( 5-mcthyl-2-thien>-l) 
Isoamyl( 5-methyl-2-t hienyl) 
Hexyl( j-inrthyi-2-thi(~iiyl) 
p-Ethylbutyl( 5-methyl-2-thicnyl) 
Heptyl( 5-nicthyl-2-thienyl) 
Octyl( 5-methyl-8-thienyl1 

88/ 18 
98/21 

137/15 
129/15 
139/15 
133/15 
151/15 
145/15 
154/15 
157/15 
111/15 
13<4/15 
144/15 
1:38/15 
ltiO/lt5 
130/ 15 
ltiti/l5 
l m / G  
145/15 
1 3 i / l 5  
147/15 
144/15 
164/15 
l53/15 
171/15 
175115 

- 
- 

1 4842/%7O 
1 4814/27" 
1 4701/27" 
1 4799/2i0 
1 4707/27" 

1 4808/21" 
1 4779/26' 
1 5522/270 
1 5200/270 
1 5 2 8 2 / 2 i 0  
1 54X7/2i0 
1 5239/27" 

1 5%O7,/2l0 
1 5103/26" 
1 5232/%7' 
1 5474/27Q 
1 5340/27' 
1 5348j27' 
1 5310/2i0 
1 5362j21' 
1 5015/20" 
1 5129126' 

- 

- 

66 6 
68 5 
71 4 
71 4 
72 5 
7 2  5 
7 3  4 
7 3  4 
74 2 
75 0 
63 5 
6.3 5 
65 2 
65 2 
66 6 
66 ti 
67 9 
ti9 0 
65 2 
G5 2 
66 6 
66 6 
67 9 
67 9 
69 0 
70 0 

66 .5  8 . 0  8.1 
68 .6  8 6  8 9  
71.3 0 . 6 9 . 5  
71 .2  9 . 6 ( 3 7  
72.5  10.0 10 .1  
7 2 . 3  10 0 1 0 . 3  
7 3 . 3  10.3 10 3 
7 3 . 2  10 3 10 5 
74: 0 1 0 . 5  10.6 
7 4 . 7  10 8 10.7 
63.2 8 . 3  8 .2  
63 .4  8 . 3 8 . 4  
G5.O 8 8  c1.0 
65 2 8 . 8  9 0 
66 5 9 , 2 9 5 
66 .5  9 . 2  !I . :i 
67.8  0 . 5  9 . 5 
68 .8  9 . 8  9 . 7  
65.0 8.8 8 .  0 
65 .1  8 . 8  8.8 
6 6 . 4  9 . 2  0 , 5 
6 6 . 5  (3.2 9 . 3 
6 7 . 6  9 . 5  9 8  
67 .8  9 . 5  9 . 5  
68.8 9 . 8  9 . 8  
69 .7  10.1 10.3 

TABLE I1 
ALKYL ARYLCARBINOLS 

Carbinol 
Rl'., 
mm. 

Hydrogen, 70 _ _ ~ _ _ . . .  
Empirical Carbon, 76 
Formula Calcd. Found Calcd. Found 

Amyl-p-tolyl 
Isoamvl-p-tolyl 

8-Ethylhutyl-p-tolj 1 
H e ~ ~ ~ I - p - t o l >  1 

Heptyl-p-tolyl 
act> I-p-tolyl 
>'fethvl-S,4-\ylj 1 

llethyl-2,5-xj lyl 
Ethvl-2,5-xyIy1 

Ethyl-3,4-xyI> I 

150/15 
147/15 
169/15 
358/15 
177/15 
182/15 
150/18 
110/18 
127/16 
1::4/18 

1 5065/27' 
1 50S3/2i0 
1 5002/37O 
1 5128/21° 
1 5008/2O" 
1 4065/27' 

81. 
81. 
81. 
81 
81 
82, 
80 
80. 
80 
80. 

3 
2 
5 
5 
8 
0 
0 
4 
.o  
4 

81 0 
81.3 
81 2 
81 G 
81 6 
81 9 
79.8 
80 3 
79.8 
80 3 

10.5 
10 5 
10.8 
10 8 
11.0 
11.2 
9 . 4  
9 8  
9 4  
9 . 8  

10.t1 
10 8 
lo.!) 
10 7 
11 . a  
11.3 
9 7  
9 . 9  
9 . 5  
9 . 9  

'I'olualdehyde and 3,4- w i t 1  % , 5 - d i m c ~ t l i y l l ~ t ~ i i ~ : ~ l d ~ h y ~ e  were 
prepared from p-mtxthyl-, :i,l-dimcth?.l- and 3,5-dimethyl- 
henzyl chloride with hesnmc~tl~y1crirtetr:iminr hy means of 
the Sommelct reactioii ((i0-65(/; yiolds). 

Gri</nwd reacliovs.  To an ic.e-coolrd (sthereal solution of 
thc appropriate alk!.lmagnrsium hroniide (1.15 moles), the 
aldehyde (1 mole, dissolved i n  its volume of anhydrous 
ether) was added in small portions tvith stirring. The reac- 
tion was ronipletetl h y  a 1)ric.f hrating on the water bath; 
after roolirig, th r  rrartion protliirt was treated with an ice- 
c8oolr:l aclrieoiis soliition of ammoniiim chloride, the ethereal 
1:iyc.r wnshrtl with ivntrr and dried over sodium sulfate, the 
solvviit tlistillctl, ant1 the residiic varuum-fractionated. 
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The previous paper of this series2 described the 
synthesis of some ring isomers of Chloramburil 
(XV) and Xorchlorambucil. In the synthesis of o- 
Norchlorambucil, o-[bis(2-chloroethyl)amino]hy- 
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drocirinamic acid, the key intermediate was methyl 
o-[bis(2-hydroxyethyl)amino]cinnamate (IV). The 
availability of IV suggested that it be converted to 
o-cinnamic acid mustard (VII). Surprisingly, this 
compound showed good activity against Sarcoma 
180, Adenocarcinoma 755,  and Leukemia L-1210, 
a tumor spectrum more like phenylalanine mustard 
(XIII) than like Chlorambucil (XV), which has 
barely perceptible activity at the maximum toler- 
ated doses against these three tumors. Due to the 
unusual antitumor activity of VII, the p -  and 
m-cinnamic acid mustards (VIII and IX) were 
also synthesized for evaluation. 

CH= CH-COOR CH=CHCOOR 
I I 

NH, 

I. It = CH,, o-isomer 
11. I t  = C2H6, m-isomer 

111. I i  = C2H5, p-isomer 

IV. R = CHa, o-isomer 
V. R = C2H5, rn-isomer 

VI. R = CzHt,, p-isomer 

I 
CH=CHCOOH CH=CHCOOR 

N(CH2CHzCl)z 
4 

N (CHZCH2Cl) 2 

VII. o-isomer 
VIII. m-isomer 

IX. p-isomer 

Ethyl m- and p-aminocinnamate (I1 and 111) 
were readily prepared by reduction of the cor- 
responding nitro esters with zinc and ammonium 
chloride, a: previously described for the o-isomer 
(I).* Hydroxyethylation of I1 and I11 by the method 
used for the preparation of IV2 gave a 63% yield of 
V as its crystalline hydrochloride and a 61% yield 
of VI as  the crystalline base. Chlorination of the 
hydroxyethyl derivatives (IV-VI) with phos- 
phorus oxychloride to the chloroethyl derivatives 
(X-XII) proceeded smoothly. However, as could 
be anticipated, the cinnamic esters (X-XII) were 
acid-hydrolyzed with more difficulty to VII-IX 
than the corresponding hydrocinnamic esters.2 
Thus, after chlorination it was necessary to com- 
plete the hydrolysis by heating with aqueous hy- 
drochloric acid. The crystalline, chromatographi- 
cally pure mustards (VII-IX) were obtained in 

X. R = CH,, o-isomer 
XI. R = C2H6, m-isomer 

XII.  R = CzHs, p-isomer 

(1 )  This work was carried out under the auspices of the 
Cancer Chemotherapy Sational Service Center, Kational 
Cancer Institute, National Institutes of Health, Puhlic 
Health Service, Contract No. SA-43-ph-1892. The opinions 
vupressed in this paper are those of the authors and are not 
necessarily those of the Cancer Chemotherapy Sational 
Service Center. 

(2 )  For paper VI on analogs of Chlorambucil see W. A. 
Skinner, M. G. Lf. Schelstraete, and B. R. Baker, J. Org. 
Chem., 26, 1554 (1961), Paper XLVIII of this series. 

NOTES 

-. 
f 
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5541% over-all yield from the bis(hydroxyethy1)- 
amino esters (IV-VI), 

The m-mustard of cinamic acid (VIII) was also 
active against Sarcoma 180, Adenocarcinoma 755, 
and Leukemia L-1210; testing on the p-mustard 
(IX) is as yet in~omplete .~ It is of considerable 
theoretical interest that VI1 and VI11 differ 
in tumor spectrum from Chloroambucil (XV) but 
are similar to phenylalanine mustard (XIII). 
In  addition, mustards derived from phenoxyacetic 
acid and phenoxypropionic acid (XIV)4 are more 
like phenylalanine mustard (XIII) in their tumor 

I 
N(CH2CH2C1)z 

I XIV 
N(CHZCHzC1)2 

XI11 ,XV 

spectra than like Chlorambucil (XV).3 The cin- 
namic acid mustards (VU-IX), phenylalanine 
mustard (XIII), and the phenoxyalkanoic acid 
mustards (XIV) have in common a side chain 
functional group in addition to the usual carboxyl 
of Chlorambucil (XV) ; therefore, synthesis of 
other analogs of Chlorambucil (XV), and perhaps 
pheiiylalaiiine mustard (XIII), with other func- 
tional groups in the side chain for test evaluation 
would be warranted, since it would appear that 
the extra functional group causes a change in 
metabolism or tissue absorption of the candidate 
drug. 

EXPERIMENTAL' 

o-[Bis( 8-chloroelhylamino)) cinnamic acid (VII). Method C. 
Methyl o-[bis(2-hydroxyethy1)amino) cinnamate (IV)2 was 
treated with phosphorus oxychloride as previously described 
for the preparation of m-[bis(2-chloroethyl)amino] hydro- 
cinnamic acidJ2 except that the aqueous solution of decom- 
posed phosphorus oxychloride was worked up by extraction 
without standing for 20 hr., since conversion of X to VI1 
was slow under these conditions. The crude ester (X) was 
then refluxed with 12N hydrochloric acid for 15 min. and 
worked up as described for mustards of phenoxyacet,ic acid.4 
ICvaporation of the benzene extract in uacuo gave a 5570 
yield of 1'11, m.p. 123-125'; A,%& 3.50 (hroad acidic OH); 
5.90 (carl)oxyl C=O); 6.15, 6.25, 6.70 (C=C, aryl), 13.1 
(orlho-disiit)stitutcd benzene). An analytical sample, m.p. 
123-135', was prepared by recrystallization from petroleum 
ether (b.p. 30-60"). See Table I for analytical data. 

(3) The assays were performed a t  this Institute by Dr. J. 
Greenberg and staff under contract to the Cancer Chemo- 
therapy Sational Service Center. 

(4) W. A. Skinner, A. P. Martinez, and B. R .  Baker, 
J .  Org .  Chein., 26, 152 (1961), Paper XLVI of this series. 

(5) 11. Salkowski, Rer., 28, 1917 (1695). 
( 6 )  F. Mayer, H. Philips, F. W. Ruppert, and A.  T. 

( 7 )  Melting points were talcen on a Fisher-Johns tdock 
Schmitt, Rer., 61, 1966 (1928). 

and are uiicorrectcd. 
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At the dawn of the application of microorganisms 
to the transformation of steroidal substrates, 
hlamoli and his collaboratorsZ observed that tes- 
tosterone and 4-androstene-3,17-dione were traiis- 
formed by "putrefactive bacteria" into 4 , s ~ -  
dihydro derivatives and by B. putrijiczis into 
4,5p-dihydro derivatives. The application of these 
earlier discoveries in recent times has been ham- 
pered by the lack of availability and incompletc 
identification of the organisms involved. 

Other  worker^^^^^ have since denionstrated the 
reduction of A4-3-ketosteroids to  4,5a- and 4,58- 
dihydroanalogs, incidental to hydroxylation else- 
where in the substrates employed. 

We have now found that Streptomyces sp. W 
3808 (Wakeman Collection, Institute of Micro- 
biology, Rutgers University) transforms selected 
3-keto-1,4-pregiiadieiies into 3-keto-1-pregncnes. 
Incubation of prednisone for 112 hours with a 
112-hour growth culture afforded, after chloro- 
form extraction and silicic acid chromatography, 
a less polar product (I), A ~ ' , I o "  225 mp (e (iCiO0). 
The infrared spectrum of I \vas essentially that of 
l-pregnene-17aJ21-dio1-3, 11,20-tri0ne.~ To complete 
the identification, I was acetylated with acetic 
anhydride in pyridine solution to yield a 21- 
acetate, whose infrared spectrum matched that of 
an authentic sampk5 

(1) Present address, Wyeth Institute for Medical ,Re- 
search, Radnor, Pa. 

(2) For the pertinent rcfercnccs sec F. Fischcr, h'ewer 
Methods of Preparatzue Organic Chemistry, Intcrsciciice, 
New York, 1948, p. 184-190. 

(3a) D. Perlnian, E. Titus, and J. Fried, J. Am. Cheni. 
Soc., 74, 212G (1952). (b) 1). 13. Petcrson, H. C. hlrirray 
e1 al . ,  J .  Am. Cheni. Soc., 74, 59U (1952); 75, 412 (195,i); 
76, 3174 (1954). 
(4) Prepared by hydrolysis of authentic 21-acctate of I 

(Ref. 5). 
(5) V. R. Mattox and E. C. Keiidall, J .  Bzol. Chew. ,  188, 

287 (1951). 


