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solution in the presence of azobisisobutyronitrilc4••'' 
gave the corresponding 21-iodo steroid. It was found 
that the use of redistilled tetrahydrofuran was essen­
tial for the success of the reaction, probably owing to 
the presence of chain-breaking stabilizers in the com­
mercial product. The resulting crude iodo ketone was 
allowed to react with triethylammonium acetate in 
acetone solution to give the acetate II in 30% over-all 
yield. Oxidation of II by the Oppenauer method was 
unsuccessful, but the ketone III was obtained by oxida-
1 ion with chromic acid in acetone followed by isomcriza-
tion of the intermediate A:'-ketone on alumina.2 

For the biological assay,6 the test materials, in sesame 
oil as vehicle, were administered by subcutaneous in­
jection in divided doses at 0 and + 3 hi'. The test 
animals were groups of seven male rats adrenalecto-
mized approximately 48 hr. prior to the initial injection. 
The urethras were ligated at the end of 4 hr. and urine 
was collected from the fourth through the sixth hour. 
Urinary sodium and potassium determinations were 
made by means of flame photometry after suitable dilu­
tions of the urine. The ' ' t" test was used to evaluate 
the significance of the data at the {)')% level of confi­
dence. 

The results of the testing are displayed in Table I. 
It can be seen that III is inactive in the sodium reten­
tion test and has only about r>% of the activity of 
DOCA as a potassium excretor. The concomitant 
administration of 20 parts of III and 1 part of DOCA 

TAHI.K I 

M l X K R A I . H A I A X C K TlOSTS 

C o m p o u n d 
( to ta l d o s e / r a t , y) 

Control 
DOCA (6) 
III (120,i 
DOCA (6) and 

III (1201 

Control v.i. DOCA 
Control vs. I l l 
Control vs. I l l + 

Ay. final 
body wt.. 

ir. 'rut 

140 
145 
14!) 
150 

DOCA 
DOCA rs. I l l + DOCA 
" S = signifiea'it. XS = not 

Sodium 
excreted, m<z.. 
mean ± S . l ) . 

2.03 ± 0.711 
0.04 ± 0.03 
1 .45 ± 0 93 
0 SI ± 0.40 

't ' Inference'' ' 

2. Sli S 
1.20 XS 
•A A.; s 
0.04 XS 
significant, 

Potass ium 
excreted, nig. 
mean ± S. l ) . 

2.45 ± 0.00 
3.47 ± 1 . is 
3.S4 ± 0.S7 
3.75 ± 0.50 

" t " Inferem 

2.40 S 
3. 3S S 
3. SI S 
0.50 XS 

(4) H. J . Ringold and ( i . Stork, ./. .4m. Chun. Soc. 80, 250 (19.">8). 
(.")) E . S. R o t h m a n . T. Per ls te in . and M . E. Wall , ./. Org. Chem., 25 , lOiiil 

(19110). 
(CO T h e biological assays were performed at The Kndocrine Labora tor ies , 

Mad i son , Wis . 

produces an effect which is not significantly different 
from the effect of DOCA alone. Tt is concluded that 
III is not a DOCA antagonist. 

Experimental7 

3(3,21 -Dihydroxy-20-oxo-pregn-5-ene-19-nitriIe 21-Acetate 
(II).—A solution of 1.00 g. (0.002 mole) of I2.3 in S ml. of redis­
tilled tetrahydrofuran and S ml. of methanol was treated with 1.7 
g. of powdered calcium oxide and 57 nig. of recrystallized azo­
bisisobutyronitrile. To the stirred mixture, immersed in a 25° 
wilier bath, there was added 1.2 g. (0.005 mole) of iodine dissolved 
in a mixture of 5 ml. of tetrahydrofuran and 3 nil. of methanol. 
The iodine solution was added dropwise but fast enough to slightly 
exceed the rapid decolorization rate. The mixture was stirred 
for 2-4 hr. until a pale yellowish color was observed. It was 
diluted with ether and filtered. The filter cake was washed with 
ether and was discarded. The ether filtrate was washed free of 
excess iodine with 15';(' aqueous sodium iodide solution, dried 
over sodium sulfate, and evaporated under reduced pressure. 
Without purification, the 21-iodo residue was dissolved in 30 ml. 
of acetone, and treated with a mixture of 5 ml. of acetic acid and 8 
ml. of triethvlainine. The resulting solution was heated under 
reflux for I hr., cooled, and diluted with water. The crude prod­
uct was filtered and recrystallized from aqueous acetone to af­
ford 0.30 g. ( 30 r 'c) of product, tn.p. 107-100°. Further recrystal-
lization gave an analytical sample, nop. 200-201°. [<v|-•''!> — S9° 
\r 1 ' , , CHC1:;). 

A Mil. Culed. for ( 'al l j iNO,: C, 71.00; H, s . l l . Found: 
C, 71.43; 11, 7.00. 

3,20-Dioxo-21-hydroxypregn-4-ene-19-nitrile 21-Acetate (III). 
—A solution of 0.10 g. (0.0002 mole) of II in 20 nil. of acetone was 
treated at 10- 15° with 0.2 ml. of S X chromic acid reagent for 10 
min. Excess oxidant was destroyed with 2-propanol, and the 
solvent was partially evaporated under reduced pressure. After 
dilution with water, the product was filtered and dried. The 
crude product was chromatographed on neutral alumina to effect 
isomerization of the double bond and gave 0.025 g. (,25r, ) of 
product, in.p. 125-120°. Kecrvstallization from aqueous acetone 
gave an analytical sample, m.p. 129-130°, X™H 232 mM fe 10,500), 
|a|'-6i> +220 (r ] ' , , CHCT). 

Amd. Calcd. for C^H^Xt) , : C, 72.03; FT, 7.02. Found: 
C, 72.01 ; H, 7.40. 

(7) Meltinst points were de t e rmined wi th a T h o m a s - H o o v e r a p p a r a t u s 
and are corrected. r l t r a v i o l e t spec t ra were ob ta ined with a O a r y M o d e l 1 I 
i n s t ru me n t . Microanalyses were performed by tfie Mic roana ly t i ca l D e p a r t ­
ment . Univers i ty of California, Berkeley, Calif. Opt ica l ro t a t i ons were 
obta ined in a O..Vdm. lube with a R u d o l p h photoelectr ic polnr imetcr . 
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Thomas and Marlow'- have reported on the anti-
acetylcholinesterase (red cell) activities of a series of 
phenylalkyltrimethylammoniuni compounds. They 
noted, as the homologous series was ascended, that their 
inhibitory effect decreased to the fourth member, then 
increased. The pattern of results obtained differs 
fundamentally from a "normal" series such as n-alkyl-
tr'inethylanmionium. They interpreted their results in 

(1) Th is inves t iga t ion was s u p p o r t e d in part, by Public Hea l th Grant . 
HI-:-0(i072-03. 

i-1) .1, T h o m a s and W. Mar low, ,/. Med, Chem.. 6, 107 (19(i:Sj. 

Hr.UK
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TABLE I 

PHENYLALKYLTRIMETHYLAMMONIUM COMPOUNDS 

C6H5(CHo)„,N+(CH3)3-X 

Compound 

Phenyl trimethyl-
animoniuii) 
iodide 

Benzyl trimethyl-
ammonium 
chloride 

Phenylethyltri-
methylammo-
nium iodide 

3-Phenylpropyltri-
methylammo-
nium bromide 

M.p., 
° C . 

224-225 

241-243 
dec. 

229-230 

151-152 

Yield, 

% 
70.0 

00.4 

56.9 

45.0 

CI 

Br 

Formula 

C 9 H , J \ 

C,„H16C1X 

CUH1SIX 

Ci2H,„BrN 

Calcd. 
Found 

Calcd. 
Found 

Calcd. 
Found 

Calcd. 
Found 

C 

41.1 
41.0 

64.7 
64.9 

45.4 
45.2 

55.8 
55,7 

/ 
H 
5,4 
5.3 

8.7 
8.7 

6.2 
6.4 

7.8 
7.7 

6 

N 

5.3 
5.4 

7.5 
7.5 

4 .8 
4 .8 

5.4 
5, 5 

X 

48.2 
4S.2 

19.1 
19.0 

43.6 
44.0 

31.0 
31.0 

terms of charge derealization on the cationic head and 
certain stereochemical factors. 

Recently, we have examined the anticholinesterase 
activity of the first four members of this same series 
using a highly purified serum cholinesterase. The 
results obtained were just the reverse of those reported 
by Thomas and Marlow. In light of the two-point 
attachment theory of esterase activity,3 we have in­
terpreted both groups of data by assuming that, in 
addition to charge derealization on the quaternary 
nitrogen atom, an additional factor, electronic activation 
of the benzene ring, is of equal importance in deter­
mining their inhibitory activity. 

Experimental4 

The phenyltrimethylammonium salts and their analytical data 
are listed in Table I. 

Phenyltrimethylammonium and 3-phenylpropyltrimethyI-
ammonium salts were prepared according to Thomas and Marlow.2 

The syntheses of the remaining compounds are outlined below. 
Benzyltrimethylammonium Chloride.—Benzyl chloride (12.7 

g.) was treated overnight with trimethylamine (5.9 g., 23.6 ml. 
of 2 5 % in methanol). The precipitate was collected and re-
crystallized from an ether-alcohol solution. 

2-Phenylethyltrimethylammonium Iodide.—Phenethyldi-
methylamine (24.2 g.) was prepared by the method of Icke and 
Wisegarver5 and then allowed to react with methyl iodide (27.9 
g.) in ether. The product was recrystallized from an ether-
ethanol solution. 

Measurement of Enzyme Inhibition.—The inhibitory effects 
of the phenylalkyltrimethylammonium compounds on the hy­
drolysis of acetylcholine were determined manometrically by 
means of the standard Warburg technique. Each manometer 
vessel contained 0.4 ml. of enzyme solution (400 mg./lOO ml.) 
and x ml. of a solution (concentration arbitrarily selected) of the 
inhibitor. The enzyme, purified serum cholinesterase (fraction 
IV-4, run 457), was obtained from Protein Foundation Labora­
tories, Jamaica Plain, Mass. The substrate, acetylcholine iodide 
(0.1 M) dissolved in 0.9% NaCl solution, was added to the side 
bulb. Sodium bicarbonate solution (1 ml., 0.154 M) and suffi­
cient distilled water to adjust the final volume to 2.0 ml. were 
added. The manometers were gassed 15 min. with 5 % COj-
9 5 % N2 mixture and the temperature was maintained at 37°. 

Results and Discussion 
Table II and Fig. 1 are a summary of our data of the 

inhibitory effects of a series of phenylalkyltrimethyl­
ammonium compounds on serum cholinesterase and 
acetylcholinesterase. Included, for comparison, are 

(3) D. Nachmansohn and I. B. Wilson, Advan. Emymol., 12, 259 (1951). 
(4) All melting points are corrected. Microanalyses were performed by 

Microtech Labs, Skokie, 111. 
(5) R. N. Icke and B. B. Wisegarver in "Organic Synthesis," Coll. Vol. 

I l l , E. C. Horning, Ed., John Wiley and Sons, Inc., New York, X. Y., 
195.3 p. 723. 

4.0n 

-i 1 r 
I 2 3 

Number of Carbon Atoms in Sid* Chain (n) 
Fig. 1.—Inhibitory activities of phenyltrimethylammonium 

compounds on serum cholinesterase, - • - • - ; on acetylcholin­
esterase, -O-O- (from Thomas and Marlow2); and of ra-alkyltri-
methylammonium compounds, - A - A - (from Bergmann and 
Shimoni6). 

t h e d a t a of T h o m a s a n d M a r l o w a n d t h a t of B e r g m a n n 
a n d S h i m o n i . 6 I t is c lear f rom t h e d a t a t h a t t h e r e is a 
f u n d a m e n t a l difference in effects of t h e i n h i b i t o r o n t h e 
t w o e n z y m e s . T h e p a t t e r n of r e su l t s o b t a i n e d w i t h t h e 
s e r u m e n z y m e ( p s e u d o c h o l i n e s t e r a s e ) is s imi la r t o t h a t 
o b t a i n e d w i t h t h e series of w - a l k y l t r i m e t h y l a m m o n i u m 
c o m p o u n d s . 

TABLE II 

INHIBITION OF SERUM CHOLINESTERASE AND ACETYLCHOLIN­

ESTERASE BY PHENYLALKYLTRIMETHYLAMMONIUM COMPOUNDS 

Compound 

Phenyltrimethylammonium 
iodide 

Benzyltrimethylammonium 
chloride 

Phenylethyltrimethyl-
ammonium iodide 

SrPhenylpropyltrimethyl-
ammonium bromide 

" Values taken from ref. 2. 

n 

0 

1 

2 

3 

.— Isu (g. 
Serum 

cholines­
terase 

1.2 X lO"2 

1.0 X 10~2 

2.3 X 10- 3 

3.1 X 10-" 

'mole/1.) ^ 
Acetyl­

cholines­
terase0 

5.9 X 10-4 

3.1 X 10"3 

1.6 X 10~2 

2.3 X 10~2 

(6) F. Bergmann and A. Shimoni, Biochim. Biophys. Acta, 10, 49 (1953). 
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Thomas and Marlow interpreted their data by as­
suming an alteration in the coulombic component of 
the total adsorptive forces, resulting from a progressive 
dereal iza t ion of the positive charge on the cationic head 
as one ascends the series. While charge dereal izat ion 
and steric factors are surely involved in the interaction 
of these compounds with acetylcholinesterase, these 
factors alone will not explain their inhibitory effects on 
serum cholinesterase. An alternative explanation in­
volving changes in charge distribution in the aromatic 
ring is also possible. Before this is considered it will 
be instructive to review our present day knowledge of 
the mechanism of cliolinesterase action. 

The hydrolysis of acetylcholine, as pictured by Wilson, 
at at.,7 and Ormcrod, s involves a two-point a t tachment 
of the substrate with the two enzymes. The cationic 
head of the substrate interacts with an anionic site and 
the acetoxy group with the esteratic site. With acetyl­
cholinesterase, iuterattraction between the positively 
polarized carbon of the ester link and the basic group in 
the esteratic site was envisioned. In case of pseudo­
cholinesterase (serum), iuterattraction between the 
negatively polarized carbonyl oxygen and a positively 
polarized site on the enzyme was suggested. 

In the first two members of the series of phenylalkyl-
tri inethylammonium compounds the aromatic ring is 
essentially positively polarized. In the remaining 
members, the ring is negatively polarized. This sug­
gestion is supported by the studies of Ingold9 on the 
rates of aromatic nitration of these compounds. 

In light of this two-point a t tachment theory of en­
zyme action for the two different enzymes, it is not un­
reasonable to assume tha t the polarized aromatic ring 
interacts with the esteratic site, the iuterattraction 
being greater for the first two members with the ester­
atic site of acetylcholinesterase and diminishing there­
after. Jus t the reverse situation could be pictured for 
iuterattraction between the ring system and the ester­
atic site of pseudocholinesterase. Thus, by assuming 
tha t a change in charge distribution occurs in the aro­
matic ring as the series is ascended, one can offer an 
alternative explanation of the inhibitory effects of these 
compounds on the two different types of cholinesterases. 

Wils. a n d H e r r m a n n , ./. Biol. Chem., (7) 1). N a c h m a n s o h n , I. 
186, 693 (1950). 

(8) W. E . Ormerod . Biochem. J., 64, 701 (1953). 
(9) (.'. K. Ingold , " S t r u c t u r e and M e c h a n i s m in Organic C h e m i s t r y , ' 

Cornell Un ive r s i ty Press , I t h a c a , X. Y., 1953, p . 232. 
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In the past decade the most important advances in 
the field of new progestational agents have been as­
sociated with structural modifications of 17-ethynyI-
testosterone and 17-acetoxyprogesterone.1 Recently, 
however, several nonclassical steroids have been re­

ported to be active progestins.2 Among these com­
pounds are certain 3-halopreg]i-,~>-enes.'2(' 3/j-hydroxy-
pregn-4-enes,-a 'b and pregna-3,.">-dienes.2f Another re­
cent development in this field has been the observation 
tha t introduction of a 17-alkyl group confers oral 
activity on the progesterone molecule.3 As a continua­
tion of our interest in the 17-alkylprogesterone series, 
we now describe the inclusion of the above nonclassical 
structural features into certain 17-alkylpregnanes. 

The 17-alkyl-3/j-halopregn-")-enes were readily pre­
pared by known procedures. Thus, t reatment of 17-
niethylpregnenolonc,"1-4''"' 17-ethylpregnenolone,K and 
17-ethyl-(i-inethylpregiienolone''"' with N-(2-chloro-l ,-
l,2-trifluoroctliyl)dicthyIannne7 gave the correspond­
ing 3/i-fluorides (I I I I ) . Moreover, reaction of 17-
ethylpregnenolone with thionyl chloride afforded the 
3/3-chloride IV. For this work the requisite 17-
ethylpregnenolone was prepared by preferential reduc­
tion of 3-acetoxy-17-ethylpregna-3,.)-dien-2()-one : ih with 
niethanolic sodium borohydride. 

:OCH, COCH, 
-Ri ^ i c - C , H , 

I, X = F ; R, = CH3; R, = H VI, R = H 
II, X = F ; R, = C2H6; R. = H VII, R = H, A6 

III , X = F; R, = C2H5; R2 = CHS VIII , R = CI, A6 

IV, X = CI: Ri = C2H5; R2 = H 
V, X = H: R, = 0 2 H 5 ;R 2 = H, As 

For the preparation of a 17-alkyl-3/3-hydroxypregn-
4-ene, reduction of 17-ethylprogesterone3d.5 with so­
dium borohydride readily furnished the 17-ethyl-A4-
3/3-ol (VI), which was also characterized as its acetate. 
The ^-configuration is assigned to this 3-ol, since the 
reduction of A4-3-ketones with sodium borohydride is 
known to yield predominantly this isomer." The 
preferential reduction of the 3-ketone, as well as tha t 
of the corresponding 3-enol acetate, further illustrates 
the steric effect exerted by the 17-ethyl group on the 
20-keto function.3<-v>.« 
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