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solution in the presence of azobisisobutyronitrilet?
gave the corresponding 21-iodo steroid. It was found
that the use of redistilled tetrahydrofuran was cssen-
tial for the sueccess of the reaction, probably owing to
the presence of chain-breaking stabilizers in the com-
mereial produet. The resulting crude 10do ketone was
allowed to react with triethylannnouium acetate in
acetone solution to give the acetate I1 i1 3097 over-all
vield. Oxidation of IT by the Oppenauer method was
unsuecessful, but the ketone LT was obtained by oxida-
tinn with chromic aeid in acetone followed by isomeriza-
tion of the intermediate A-ketone on alumina.?

I"or the biologieal assay,® the test matertals, in sesame
¢il as vehiele, were admnmstered by subeutaneous hi-
jection i divided doses at 0 and -+3 liw. The test
animals were groups of seven male rats adrenalecto-
mized approxinately 48 hr. prior to the mitial injectionn.
The urethras were ligated at the end of 4 he, and wine
was collected from the fourth through the sixth hogr,
Urinary sodnun and potassium determinations were
made by means of flame photometry after suitable dilu-
tions of the uvine.  The “t” test was used to evaluate
the significance of the data at the 959 level of confi-
dence.

The results of the testing are displayved i Table 1.
It can be seen that 111 1s inactive it the sodium reten-
tion test and has ouly about 597 of the activity of
DOCA as a potassiumm excretor. The coneontant
administration of 20 parts of I1I and 1 part of DOCA

Tarre 1

AMiNuRAL Bataxen TesTs

Av. final Solitan Potassiam
Compound body wt., exereted, mg., excreted. g
(total dose/rat, vy o, ‘rat mean = X)), aean = =.1).
Control 146 2,08 =070 245 2 0.60
DOCA (6) 145 0. 04 £ 0.63 347 = 1.1
II1 (120) 144 45 = 0.03 3.84 = 0.87
DOCA (6) and 150 0.1 =049 3.75 £ 0.51

TIT (120

"1 hderence” Y lrderencet
Control vs. DOCA NG S 240 <
Control es, T11 1.26 = 338 b
Control zs. 1II + DOCA 34 = 3 81 =

DOCA »s. IIT 4+ DOCA 0. 04 A 6.50 A
22 = significant, NS = not significant,

() H.J. Ringoll and G, Stork, /. dm. Chem. Soc.. 80, 250 (1958).

(7)) K. & Rotlanan, ‘T Perlstein, and Al . Wall, J. Org. Chem., 25, 1066
(19600,

() The biological assiys were pecformed ac The Endocrine Luboratories,
Mudison, Wis.
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produces an cffect which s not significantly ditferent
from the effect of DOCA alone. Tt is coneluded that
ITI 13 not u DOC'A antagonist.

Experimental’

33,21-Dihydroxy-20-oxo-pregn-5-ene-19-nitrile 21-Acetate

(I1).-—A solution of 1.00 g. (0.002 niole) of 122 in 8 ml. of redis-
tilled tetrnhydrofuran and 8 ml. of methanol was treated with 1.7
e of ppwdered ealeiunt oxide and 37 mg. of reervstallized azo-
bisisobutyronitrile,  To the stirred mixture, hmniersed m n 25°
water bath, there was added 1.2 g. (0.005 mole) of indine dissolved
i o mixture of 5 ml. of tetrahydrofuran and 3 ml. of methanol.
The iodine salution was added dropwise but fast cnough to slightly
exceed the rapid decolorization rate.  The mixture was stirred
for 2-4 hr, until a pale yellowish color was observed. It wns
diluted with ether and filtered. The filter cake was washed with
ether and was discarded. The ether filtrate was washed free of
exeess todine with 1590 aqueous sodium iodide solution, dried
over sodium snlfate, and evaporated under redneed pressure.
Without purification, the 2t-iodo residue was dissolved mn 30 ml.
of acetone, and trented with o mixture of 5 ml. of ncetic neid and 8
ml. of triethyvlamine.  The resulting solution was heated under
reflux for 1 hir,, codded, and dilnted with water.  The erude prod-
uet was filtered and recrystallized {roni aqueous acctone to af-
ford 0.30 g. (307 of produet, nup. 197-109°,  Further recrystal-
lization gave an analvtical saaple, mop. 200-201°, Jo*n —%9°
o 1, CHCL L

Ancl, Caled, Tor CuHaNOe €, 716G
C, 7h4s: H, 7.00.

3,20-Dioxo-21-hydroxypregn-4-ene-19-nitrile 21-Acetate (III).
—A solution of 0.10 g. (0.0002 nole) of ITin 20 ml. of acetone was
treated nt 10-15° with 0.2 ml. of 8 V" chromiec acid reagent for 10
min.  lixeess oxidant was destroved 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. (257, ) of
product, m.p. 125-120° Reervstallization from aqueous ncetone
gave an analytieal sample, mup. 129-130°, AEOR 232 1114 (¢ 16,500).
|| %1 +220{c 10, CHCIL).

Anal, Caled. Tor CuHaNO: () 72.03:
C,72.01; H. 740,

H, ~.11. Found:

H, 7.62. Found:

(7) Moplting goins were determined witle a Thomas—Ioover appirucas
aud wre cocvected, Ultraviolet spectra were obtained with a Cury Model 11
yustrament.  Mieroanalyses were performed by the Mieroanalytical Depart-
pient, Universicy of California, Berkeley, Calif. Optical rotations were
ohadned e a 0.05-dm. tabe with a Ruddelph pbotoelecoric polarimeter.
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Phenylalkyltrimethylammonium Compounds’
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Thomas and Marlow? have reported on the anti-
acctyleholinesterase (red cell) activities of a series of
phenylalkyltrimethylammoniun  compounds.  They
noted, as the homologous series was ascended, that their
ihibitory effect decreased to the fourth wmember, then
inereased. The pattern of results obtained differs
fundamentally from a “normal’’ series such as n-alkyl-
tr'methylammoniwn.  They interpreted their results in

(1) This investigation was supported in part by Public Mealth Crant

111-06072-03,
(23 1, Thomnas aad W. NMartow, J. MVed, Chem., 6, 107 (11G3),
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TasLe I

PHENYLALKYLTRIMETHYLAMMONIUM COMPOUNDS
CsH;(CH.) N *(CHa)s- X

M.p., Yield,
Compound °C. % n X
Phenyltrimethyl- 224-225 70.0 0 I
annnoniun
indide
Benzyltrimethyl- 241-243 60.4 1 Cl
ammonium dec.
chloride
Phenylethyltri- 220-230 56.9 2 I
methylammo-
nium iodide
3-Phenylpropyltri- 151-152 45.0 3 Br

methylammo-
nium bromide

termis of charge delocalization 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
attachnient theory of esterase activity,® we have in-
terpreted both groups of data by assuming that, in
addition to charge delocalization on the quaternary
nitrogen aton, an additional factor, electronic activation
of the beuzene ring, is of equal importance in deter-
mining their inhibitory activity.

Experimental*

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

Phenyltrimethylammonium and  3-phenylpropyltrimethyl-
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 259 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 Ieke and
Wisegarver® 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 mancmeter
vessel contained 0.4 ml. of enzyme solution (400 mg./100 ml.)
and r ml. of a solution (concentration arbitrarily selected) of the
inhibitor. The enzyme, purified serum cholinesterase (fraction
1V-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 /) and suffi-
cient distilled water to adjust the final volume to 2.0 ml. were
added. The manometers were gassed 15 min. with 59 COy—
959 N, 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, ddvan. Enzymol., 12, 259 (1951).

(4) All melting points are corrected. Microanalyses were performed by
Microtech Labs, Skokie, Ill.

(3) R. N. Icke and B. B. Wisegarver in "Organic Synthesis,” Coll. Vol.
111, E. C. Horning, Ed., John Wiley and Sons, lnc., New York, N. Y.,
1955 p. 723.
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T
Formula C H N X
CoH IN Caled. 41.1 5.4 8.3 48.2
Tound 41.0 5.3 5.4 4.2
Found 64.9 8.7 7.9 19.0
Found 45.2 6.4 4.8 44.0
CoHyBrN Caled. 55.8 7.8 5.4 31.0
Found 55.7 7.7 5.5 31.0
4.0q
l-c T T 1 T T T T L] 1 T LR )
4

| 2 3
Number of Carbon Atoms in Side Chain (n)

Fig. 1.—Inhibitory activities of phenyltrimethylammonium
compounds on serum cholinesterase, —-@—@—-; on acetylcholin-
esterase, -O-O- (from Thomas and Marlow?); and of n-alkyltri-
methylammonium compounds, -A-A- (from Bergmann and
Shimoni®).

the data of Thomas and Marlow and that of Bergmann
and Shimoni.® It is clear from the data that there is a
fundamental difference in effects of the inhibitor on the
two enzymes. The pattern of results obtained with the
serwu enzyme (pseudocholinesterase) is sinnlar to that
obtained with the series of n-alkyltrimethylannnonium
compounds.

TasLe 11

IxaIBITION OF SERUM CHOLINESTERASE AND ACETYLCHOLIN-
ESTERASE BY PHENYLALKYLTRIMETHYLAMMONIUM COMPOUNDS

————1p (g./mole/l)———
Serum Acetyl-
cholines- cholines-
Compound n terase terase®
Phenyltrimethylammonium 0 1.2X1072 5.9X10™7¢
iodide
Benzyltrimethylammonium I 1.0X1072 3.1X107¢
chloride
Phenylethyltrimethyl- 2 23X107% 1.6X107?
ammonium iodide
3-Phenylpropyltrimethyl- 3 31107t 23x10

ammonium bromide
@ Values taken from ref. 2.

(6) . Bergmann and A. Shimoni, Biochim. Biophys. Acta, 10, 48 (1953).
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Thomas and Marlow interpreted then data by as-
suming an alteration in the coulombic component of
the total adsorptive forees, resulting from a progressive
delocalization of the positive charge on the cationic head
as one ascends the series.  While charge delocalization
and steric factors are surely imvolved in the imteraction
of these compounds with acctylcholinesterase, thesce
factors alone will not explain their inlibitory effects on
serumn cholinesterase.  An alternative explanation in-
volving chianges in charge distribution in the aromatic
ving is also possible.  Before this is considered it will
be iustructive to review our present day knowledge of
the mechamsm of chiolinesterase action.

The hydrolysis of acetylelioline, as pictnred by Wilsou,
et al.,7 and Ormerod,® rvolves a two-point attachment
of the substrate with the two enzymes. The cationic
head of the substrate interacts with an antonic site and
the acetoxy group with the esteratic site.  With acetyl-
cholinesterase, Interattraction between tlhie positively
polarized carbon of the ester link and the basie group in
the esteratic site was envisioned.  In case of pseudo-
cholinesterase (serum), mterattraction between the
negatively polarized carbouyl oxygen and a positively
polarized site on the engyine was suggested.

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

I light of this two-point attachment theory of en-
zyme action for the two different enzymes, it ig not un-
reasonable to assume that the polarized aromatic ring
interacts with the esteratie site, the interattraction
being greater for the first two members with the ester-
atic site of acetylcholinesterase and diminishing there-
after. Just the reverse situation could be pictured for
mterattraction between the ring system and the ester-
atic site of pseudocholinesterase. Thus, by assuming
that a ehange i charge distribution occwrs in the aro-
matie 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.

(7) D. Nackmunsoln, 1. 3. Wilson, and ¥, Dergmann, J. Biol. Chem.,
186, 603 (1950).

(8) W. K. Ormerod, Biockem. J., 64, 701 (1953).

(1) . K. lngold, “Structure and Mechanism in Organic Chemistry,”
Cornell University Press, Ithaca, N. Y., 1953, p. 232,

New Progestational Agents. Nonclassical

17-Alkylpregnene Structures
GrorGe R, ALLEYN, JR., axp MarTiN J. WEISS
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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-ethynyl-
testosterone and 17-acetoxyprogesterone.! Recently,
however, several nonclassical steroids have becu re-
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ported to be active progestins.?  Among these com-
pounds are certain 3-halopregn-s-cnes,? 38-hydroxy-
pregu-4-cnes, P and pregna-3,5-dienes.  Another re-
cent development in this field has been the observation
that itroduction of a 17-alkyl group coufers oral
activity on the progesterone molecule.?  Asa continua-
tion of our mterest in the 17-alkylprogesterone series,
we now deseribe the nelusion of the above nonelassieal
struetuwral features nto certain 17-alkylpregnances.

The 17-alkyl-38-halopregn--enes were readily pre-
pared by known procedures.  Thus, treatient of 17-
wethylpregnenolone 45 17-cthylpregnenolone,®  and
17-othyl-ti-methylpregnenolone™c with N-(2-chlovo-1.-
1,2-trifluorocthyl)dicthylamine’ gave the correspond-
g Ag-fluorides (I-1I1).  Moreover, reaction of 17-
ethylpregnenolone with thionyl chloride afforded the
38-chloride. IV, Tor this work the requisite 17-
cthylpregnenolone was prepared by preferential redue-
tion of 3-acctoxy-17-ethylpregna-3.5-dien-20-one?" with
methanolie sodiwn borohydride.

COCH,

I, X=F, R =CH; R. = H VL, R = H
I, X = F: I = GHy Re = H VI R = H, as
I, X = F; R = GH;'R. = CH, VIIL R = CI, as
IV, N =Cli Ity = GH Ry = H
VN = H: R = (uHp Re = H, as

I'or the preparation of a 17-alkyl-38-hydroxypregn-
4-ene, reduction of 17-ethylprogesterone®d?® with so-
diwmr borohydride readily furnished the 17-ethyl-As-
33-ol (VI), which was also characterized as its acetate.
The g-configuration is assigned to this 3-ol, since the
reduction of A*3-ketones with sodium borohydride is
known to yield predominantly this isomer.y The
preferential reduction of the 3-ketone, as well as that
of the corresponding 3-enol acetate, further illustrates
the steric cffeet exerted by the 17-ethyl group on the
20-keto function, 3¢5

(1) Por brief reviews see: (a) Lo V. Vieser and M. Vieser, ' Steroids,”
Reiuliold Publisling Corp,, New York, N. Y., 1059, p. 563; (h) H. J. Ringold
in *Mechanisin of Action of Steroid Horiaones,” Pergamon Press, New York.
N. Y., 1161, p. 218 ff.

(2) (a) M. Gatr, S Qeg. Chem,, 21, 1327 (1056);  (b) V. Sondheiier and
Y. Klibansky, Tetrakedeon, 5, 15 (1959); (c) M. 8, deWinter, (. M. Rieg-
man, and 8. A, Sapilfogel, Cheon. Ind, (Loudon), 905 (1959); () J. A, ld-
wards and A. Bowers, ibid., 1962 (1961): {e) O. RNalpern, J. A. Edwards.
and X A, Zdevie, 7hid., 1571 (1062); (f) O. Halpern and I. A. Zderic, ibid.,
1540 (1962); (g) . B, ('olton and P. Klinstra, Abstracts of Papers Pre-
sented at International Congress on I{ormonal Steroids, Milan, Italy, May
14-19, 1962, p. 57.

(3) {a) R. Degbrngld and R. Gaudry, J. AAm. Chem. Sac., 83, 4668 (1961);
() M. T Weiss, R. L. Sehaub, J. V. Poletto, G. R. Allen, Jr., and (. 1.
Coscia, Ckem. Ind. (London), 118 (1963): (e} R. Deghengli, Y. Lefebvre,
. Mitchell, . V. Moraad, and R. Gaudry, Tetrahedron, 19, 289 (1063);
1) R. Deghengld, (. Revesz, and R. Gaudry, J. Med. Chem., 6, 301
(1063); (e) M. J. Weiss, R, E. Schaub, J. F. Poletto, (3. R. Allen, Jr.,
wndd C. Pidacks, Sterotds, 1, 608 (1963).

(4) P. A, Plattner, I1. Heusser, and V. I, erzig, Helv. Chim. Acta, 82,
274 (1949).

(31 M. J. Weiss, R, 4, Rehpub, G. R. Allen, Jr., J. . Poletto, C. Pidacks,
R. B. Courow, and C.J, Coscia, Tetrakedron, 20, 357 (1464).

(6) R. Degliengbi and R. Gandry, Tetrakedrow Letters, No. 11, 48() (10621,

(7) Do ED Aver, ibid., No. 28, 1065 (1962); L. 1. Knox, E. Velarde, X.
Serger, 1. Candriello, and A, D, Cross, ihid., No, 26, 1249 (1962;.

(8) Cf. W. G, Dauben, R. A, Micheli, and J. V. Eastman, J. Aw. Chon.
Nov., T4, 3852 (14524 W, W. Zorbach, 1bid., 75, 6344 (1953).

(9) 1t is notewortly tlat in tle 17-hydrogen series (progesterouey, he
correspouding preferential rediction is known to proceed at (=20 [}, K
Noryvirberski and G, F. Woods, J. Chen. Sop., 3426 (1953707,



