
'rlioiiias atid .\ Larlon. ititc.ipxitcd their data t)y as- 
sriiiiitig aii alt'c.i,atioii i i i  the. coiilotiihic coiiipoiictit of 
the  tot'al adsorptivv forces, iwultiiig froiii a progressivci 
delocalizatioii of the positive charge o i i  tho catioiiic 1ic.ad 
as oiie ascends the series. While charge deloralizatioti 
and steric factors are surely involved in thr ititwactioii 
o 1' t, h esc co ii i  pouiid s \vi t h acc tjyl choli lies t c ra 
i'avtoi.s aloiitx \{-ill iiot csplaiti t l i ~ i r  iiiliihitoiy 
s p i u i i  i c~lioliiicstc.rasc.. -1 I i altrli.iiat ivv cssplaiiat io t i i i  i -  

volviiig cIiaiig(~ i i i  eharg(3 distributioti i t 1  t h c x  ai,oiiiatica 
ritig is also possihl(3. 13cd'ot~ this i:, coiisi t lc, id it will 
t w  itisti~iictivc~ t'o t,c,vicv our  pi.cwtit day liiio\\.l(~tlgc~ of 
t l io  tiiwliaiiistii of c.lioliitc~~tc~i~a~;(. aetioii. 

of aec~t,;\.l(~lioliii~,,as pivttii,(d tly \\,'ilsott, 
rod , h  i i  1 vol v w  a t \vo-po i i  it at't'ac 1111 i ~ i i  t 

of the suhstratc with the two ~~izyi i ies .  Thc catioiiic 
head of thc substrate iiiteracts with aii aiiioiiic site aiid 
t8hv acetoxy group \vit,h t h r ,  cstclratic site,. With acetyl- 
(; holitiestcras:c:, iiitcratt ract ioii hit \rwt i the posit ivcJly 
polarized csrhoii of the e s t w  liiik aiid thc basic group i t i  

tho estwatic sit0 was (3tivisioiicd. 111 cast' of pscwdo- 
choliiiestci.asc (scwiiii), ititei,attractioii t)ctn-ccii t l i v  
iiegativdy polarized cai~botiyl osygcvi a id  a positivclly 
polarized sitc o i i  thv ciizyiiic' was suggcsted. 

I I I  the first two tii(wihci~s of thc swies of pheiiylalkyl- 
triiiicthylaiiiiiioiiiuiiii cwiiipouiids the aroniatic riiig is 
t~ssoiitially positively polarized. 111 thc reniaiiiiiig 
nieiihers, the ring is negatively polarized. This sug- 
gcst,ion is supported by the  studiw of I1lgoldg oti thc 
rates of aroiiiatic iiitratioii of thmc coiiipouiidx. 

1 i i  light of this two-poiiit attachiiiclit theory of ? t i -  

xyiiic actioii for thc two tlifferc.iit c~tizytiics. it is iiot u i i -  

roasoiiablc t,o assutiiC that thc polarizcd arotiiat'ic ring 
iiiteracts with tht. vsteratic sit(>, thr iiiterattractioii 
being greater for the first tn-o iiieiiibcxrs with the ester- 
atic site of' acetylch iiestcrasc aiid diiiiiiiishiiig there- 
after. .Just thc situat,ioii could he pictuix:d for 
iiitcratti~actioii h tlie riiig syst,eiii aiid the. cst'er- 
atic sitc of psciidocholiiiesterasc. Thus, hy assuiiiiiig 
that, a change iti charge distrihut'ioii occui's iii the aro- 
iiiatic riiig as the series is asceiided, otic' call offer ail 
altctxative explaiiatioii of the iiihihitoiy effects of thew 
coiiipoutids oil the two differcwt types of choliiiestcrases. 

( 7 )  I ) .  Saclirnansolin. I. 1%. \\ '~lson, anii I:. I k r y r i i n n n ,  .I. Hiol .  Cii i ,m., 

New Progestational Agents. Nonclassical 
17-Alkylpregnene Structures 

0,gnnzc ('henlkcal Iiesrarch Section, I d e r l e  Laboratories Diviszon, 
1 n i p /  7can f'rlanciniid f'ompcinil, Pearl R I Z P ~ ,  Y P ~ E  York 

In the past decade the iiiost iiiiportaiit advaiices iii 
the field of new progestational agents have been as- 
sociated with structural iiiodificatioiis of 17-ethynyl- 
testosteroiie arid 17-a~etoxyprogesterone.~ Recently, 
Iio~wvci-, several rioiiclassical steroids have been w- 

I'or t,he preparatioii of a 1 i-alkyl-;3p-hydroxypregii- 
4-eiie3 reductioii of l i-ethylprogesterorie~~,~ with so- 
diuiii borohydride readily f'urilished t'he 17-eth~1-A~- 
3p-01 (TT) ,  which \vas also characterized as its acet,atp. 
The p'-configul.atiol1iratiuii is assigned to this 3-01, since t h t k  

i,eduction of' A4-:3-ketoiies n-ith sodium borohydride is 
know1 to  yield predoiiiinantlp this isoiiier.' TIIP 
prefcreiitial iduct iou of tlie 3-ketone, as well as that 
of tht. correspoiidiiig :%enol acetate, further illustrates 
the st,eric e4i'wt. r w r t t d  by thc. li-(.thyI group 011 t h c .  

l a )  1,. 1'. I.'iecrr and A I .  l.'ieser, " $ t t ~ r o t & , '  
.j9, p. 583; (h)  €1. .I. Rina&i 

111 "3Iecliariisiii of .\<,tiiiii of Y Pereainun Press ,  N e w  \-orb. 
N. Y., IOBI. 1'. 218 A'. 

(21 (a )  11. ( ; l i t ,  .1. O i y .  ('Ittin., 21, 1 3 2 i  iI956);  (b) I:. SiindIpiu1vr ~ I I I , ~  

)-. Nibansky,  T d ~ n h c d m n ,  5,  1.5 (19.59); (c) 31. H. iie\Vinter, c'. AI, S:i~,v- 
i i i a n ,  anrl 5 .  A .  HzLiilfi,yel, Chcin. Ind .  (Loniionl, 903 (1059); ((1) J. .i. Ed- 
a-ards iinrl .<. Hoaer s ,  ihid.. 1962 (1961): (e) 0. Ilalpern, J. .\. Edwards,  
nnd .J. .4. Zderir. ?' , id . ,  1571 (1962);  ( f )  0 .  Halpern and ,I. .\. Zderic. ibid., 
l.i-10 (1962); 1x1 F. 14. C'olton anrl P. Iiliinstra, Abstracts of Papers PTP- 
*rnted a t  Internntional Congrrss on IIorinonal Steroids, Mi lan ,  I t a ly ,  A h s  
14-19, 1962. €1. 57. 

f a )  1%. I.)egtit~nKlii and It. G a u d r ~ . ,  . J .  . lm. L'hem. So,., 83, 4Hfi8 (1961 ) ;  

I .  .J. IVriss, I < .  1,;. Sr l iaub,  .J,  I'. Poletto,  0. K. .illen, ,Jr., ancl C'. , I .  
a ,  Ciipin. Tnd. II,on,ion), 118 (1963): ( c )  R.  IJeglienglli, Y. Lefebvrr, 

( 6 )  R .  l~egheiiali i  nud 1%. Gaiidry, 7'ctrahrdTon L e t t e r s ,  NO. 11, 'LSU (l!lfi21. 
( i !  I ) .  P:, .\y?r, ihi'd.. No. 23, 1065 (1962); I,. f1. Knox ,  E. Velarde. S .  

Rerger, 11. <'audriello. .A ,  1). ( 'rosa, t b i d . ,  No. 26,  1249 (1!462!. 
e n  K .  .i, AIicheli, and  . J .  1;. Eastriian, J .  .1 in.  
\\. \\. Zorbach. ihid., 76, 6341 (1453). 

> t l i i t t  i n  the 17-hydrogen series (progesterunt~l. i l l < ,  

r,orresponding prPferentiii1 reduction is kri 
4,)ryir l lwrski  n.nci (:. I' \V<,,xla, .I,  C b r i n .  S o  
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We have also prepared the A49b-3p-~l~ VI1 and T'III. 
These coinpounds mere obtained by reduction of the 
corresponding &ketone with sodium borohydride in 
methanol. lo 

The desired 17-ethylpregna-3,5-dien-20-one (V) was 
obtained by dehydration of carbinol VI with SOYo 
aretic. acid. Tht. dienc T' was also prepared, albeit 
in poor yield, by a sequence involving reduction of 17- 
ethylprogesterone with lithium aluminum hydride, 
acid dehydration of the allylic alcohol system in the 
resulting pregn-4-ene-3,20-diol, and finally oxidation 
to the 20-one. Soteworthy iii this sequence is the 
reduction of both carhoiiyl groups ill 17-ethylproges- 
teronc by lithiuni alumiiiuiii hydridv. This ohscrva- 
tion is in direct contrast to  the preferential reductioii 
of the 3-carbonyl group in this coinpound by sodiuni 
borohydride in methanol and constitutes another 
expression of the difference in the steric requirements 
of these metal hydrides.li 

Biological Evaluation.-These compounds mere 
examined for oral progestational activity (Clauberg 
procedure) by Dr. Elva G. Shipley at the Endocrine 
Laboratories, Jladison, Wisconsin. -All showed sig- 
nificaiit activity in this assay: the most interest- 
ing mere 17-ethyl-3~-fluoro-6-niethylpregn-5-en-20-oiie 
(111) and 6-chloro-3~-hydroxy-17-ethylpregiia-4,6-dien- 
20-one (VIII). The response of the uterine endo- 
nietriuni to  several doses of 111 and VI11 and the re- 
lated 6a-methyl-17-ethylprogesterone (IX) 3d,5 and 
6-chloro-6-dehydro-l7-ethylprogesterone (X) 3d,e is given 
in Table I. 
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TABLE I 

Compound 

1 7-Ethyl-3p-fluoro-6-met hylpregn-5- 
en-20-one (111) 

Ga-11ethy1-17-ethylprogesterone ( IX)  

6-Chloro-3p-hydroxy-li-ethylpregna- 

6-Chloro-6-dehydro-17-ethglproges- 
4,6-dien-20-one (VII I )  

terone ( X )  

Total  
dose, mR. 

5 . 0 
1 .0 
0 . 5  
5 . 0  
1.25 
0,625 
0.312 
0 . 5  
0.05 
1 . 2  
0.312 
0.039 

Oral 
progesta- 

tional 
activity, 
response 

4 .0  
1 . 2  
0 . 8  
3 . 5  
2 . 7  
2 . 8  
1 . 0  
4.0 

0 
4.0 
2 . 9  
1 . 2  

Experimental 

Melting points were determined on a 11el-Temp apparatus in 
open capillary tubes and are corrected. Rotations were de- 
termined at 25' in chloroform solution a t  0.5-l.67G concentra- 
tions. Ultraviolet spectra were measured in methanol solution 
on a Cary recording spectrophotometer, and infrared spectra are 
for pressed potassium bromide disks and were determined on 
a Perkin-Elmer Model 21 spectrophotometer. All evaporations 
were carried out under reduced pressure. 

17-Ethylpregnenolone.-A solution of 2.334 g. (6.10 mmoles) 
of 3P-acet oxy- 17-ethylpregna-3,5-dien-20-one3b in 135 ml. of 
methanol, 70 ml. of tetrahydrofuran, and 7 ml. of water was 
treated with 2.70 g. of sodium borohydride and allowed to stand 

(10) J. S. Baran [J. .Wed. Chem.,  6, 329 (196311 has reported the reduotion 
of A415-3-ketones to  the corresponding A4~s-88-o~s  with lithlurn tri-t-hutoxy 
aluminum hydride. 

(11) A. H. Beckett, N. J. Harper, A .  D. J. Ralon, and T.  H. E. Watts ,  
Tetrahedron, 6, 319 (1959). 

a t  room temperature for 18 hr. The crude product. was isolated 
with methylene chloride; after removal of the solvent, the resi- 
due was dissolved in 120 nil. of methanol and heated a t  reflux 
temperature with a solution of 2.0 g. of potassium carbonate in 
12 ml. of water for 1 hr. The product was isolated with methyl- 
ene chloride and recrystallized from acetone-hexane to give, in 
two crops, 1.63 g. (60y0) of crystals, m.p. 184188". Additional 
r.ecryst,allizations gave material with m.p. 188-190'; [ a ] ~  
-66" [lit.O 111.p. 200-202" and [a]u-6.i0 (c.hloruforrn)]: no  
significant absorption in the ultraviolet a t  20 y/inl.; A,,, 2.90, 
5.94, and 9.36 p. 

,4nal. Calcd. for C.'8H3&:!: C, 80.18; H, 10.53. Found: 
C, 79.95; H, 10.52. 

Preparation of 3p-Fluoropregn-5-en-20-ones.-A solution of 
the sterol was treated with 1.1-1.2 molar equiv. of N-(2-chloro- 
1,1,2-trifluoroethyl)diethylamine in met>hylene chloride at 0-5' 
for 16-18 lrr. The solution was washed with sodium c-arbonate 
solution and water, dried over nlagnesium sulfate, and evapo- 
rated. The residue was then treated as indicated below. 
3p-Fluoro-17-methylpregn-5-en-20-one ( I )  was obtained in 

37y0 yield from 17-methylpregnenol0ne~~ after recrystallization 
from dilute methanol as white crystals, n1.p. 129-181O; [(Y]T) 

-57.5'; X,,,5.89,~.70,9.85,and10.50p. 
Anal. Calcd. for C,,H,,FO.0.33H?O: C, 78.03; H, 10.02; 

F,  5.61; H?O, 1.77. Found: C, 78.35; H, 9.81; F, 5.19; H 2 0  
(Karl Fischer), 1.79. 
3p-Fluoro-17-ethylpregn-5-en-20-one (11) was obtained in 

78% yield from 17-ethylpregnenolone after recrystallization 
from methanol as crystals, m.p. 178-180'; [CY]D -64"; A,,, 
5.90, 9.70, 9.90, and 10.50 p. 

Anal. Calcd. for Cp3H3,FO: C, 79.72; H, 10.18; F, 5.49. 
Found: C, 79.49; H, 10.22; F, 5.76. 
3~-Fluoro-17-ethyl-6-methylpregn-5-en-20-one (111) was pre- 

pared from 17-ethyl-6-rnethylpregnenol0ne.~~ The solid eluted 
from silica gel with benzene was recrystallized from dilute meth- 
anol to give in 267, yield crystals, m.p. 125-127"; [ a ] ~  -73'; 
X,,,5.90, 9.70, 9.96, and 10.50p. 

Anal. Calcd. for C?rH.,jFO: C, 79.95; H, 10.34; F, 5.27. 
Found: C,79.67; H, 10.07; F,4.87. 

3p-Chloro-17-ethylpregn-5-en-20-one (IV).-A solution of 
337 mg. (1.0 nimole) of 17-ethylpregnenolone in 3.5 ml. of thionyl 
chloride was kept at room temperature for 21.5 hr. The solu- 
tion was poured onto cracked ice and after the excess reagent 
had hydrolyzed, the resulting mixture was extracted with methyl- 
ene chloride. The organic solution was washed successively 
wit'h saline, dilute sodium carbonate solution, and finally saline, 
then dried over magnesium sulfate and evaporated. Crystal- 
lization of the residue from acetone-hexane gave 114 mg. of 
needles, m.p. 151-153". The filt'rate was evaporated, and the 
residue was recrystallized from dilute methanol to give an addi- 
tional 85 mg. ( 5 5 7 , )  of white crystals, m.p. 148-150'; [ a ] ~  
-46"; A,,5.90 and 13.19 p. 

Anal. Calcd. for C Z ~ H ~ ~ C ~ O :  C, 76.11; H, 9.73; C1, 9.77. 
Found: C, 76.07; H, 10.04; C1,10.20. 

Reduction of 17-Ethylpregn-4-ene(or 4,6-diene)-3,20-diones.- 
A solution of the dione in methanol (50-350 ml./g.), tetrahydro- 
furan (25-35 ml./g.), and water (0.5-0.75 ml./g.) was treated 
with an equal weight of sodium borohydride for 18 hr. The 
product was isolated with methylene chloride and purified as 
described below. 
17-Ethyl-3P-hydroxypregn-4-en-20-one (VI)  was eluted from 

silica gel by benzene-ether (955)  and recrystallized from acetone- 
hexane to give crystals, m.p. 179-181"; [ c Y ] D + ~ ~ " ;  AMD 
(A4-3p-ol - A4-3-one) - 17Ool2; no absorption in the ultraviolet; 
A,,, 2.87, 5.92, 6.03, and 9.50 p. 

Anal. Calcd. for C?3H360:!: C, 80.18; H, 10.53. Found: 
C, 79.80; H, 10.60. 

With pyridine-acetic anhydride t'his material gave an acetate 
which on crystallization from acetone-hexane melted a t  162- 
163'; [CY]D -2';  AMD (A4-3P-acetate - A"-3-one) -385012; 
X,,,5.75,5.88, 6.00,8.05,and9.65p. 

Anal. Calcd. for C~jH3803: C, 77.67; H, 9.91. Found: 
C, 77.59; H, 9.93. 
3p-Hydroxy-17-ethylpregna-4,6-dien-20-one (VII) after re- 

crystallization from acet,one-hexane melted a t  202-205' ; [CY]D 
-48'; Xmsx 232, 239, and 247 mu ( e  23,300, 26,000, 16,800); 
hm,,2.84, 2.69,5.94,6.08,and6.20p. 

(12) For the progesterone series the recorded (ref. 2b) AMD values are 
- 201' (Ah-38-01 - A4-3-one) and - 300' (A4-3p-acetate - A'-3-one). 



New Compounds 

lhpur tment  o j  Chenlzst, y. lnstitiito L'enezolano de In1 csyarcorir. 
<" ientijicu s ( I  T'ZC ) , ('a raca 9 ~ T ?pn cz i i c In 

I:ec.eii,ed .l/(crc./i 2, l !Jri  i 

:l nuniber of derivatives of L'-Ii~drcis~-l , :J ,%-I~~~iizi~dii~sasti~~ile 
( I )  were synthesized as (winpounds of potential interest in the 
cheinotherapy of several parasit i d  diseases. Several phenolic 
conipounds containing - COOH arid - SOaH groups were treated 

(Na Salt) 

Sone of t,fie cornpourids melts or decomposes below 30Oo. 
( h i  acidification with hydrochloric :+(.id, t>hese ronipounds :trt~ 
rapidly hydrolyzed. 

( 1 )  (a) .\ por t ion  of tliis paper u:is 1,rrsenterl before tlie SI . i n n u a l  
('onvention of t i l e  Venezuelan Association for t he  hdvanrempnt  of +ienre,, 
( 'araras,  .\pril,  19Iil. (h) From tlieses submitted hy I,. P. and .I. A I .  I I I  

partial fultillment o f  tire requirements for tlie r lewee of l , i i ~ e n i ~ i x , i < ~  t i t ,  

Qnirnira. Vniversidad Centrnl de Tenezi ie la ,  ,Tun?. lR(i1.  

Ilethyl Analogs of Papaverine'" 

Pap:tverine :ind pnpaveraldine analogs which do iiot i ~ ! i i t : i i i ~  

ether groups in positions 6 and 7 have not been studied n-idely. 
Analogs containing methyl instead of methosyl groups could [wi1-  

tribute to surh questions as to  the signifimnw of niethosy i'.q. 

methyl groups,' IJI' tvhether thr intra~nolecular dist:inc.e hetn-eerl 
the ether ospgens mid the isoquinoline nitrogen3 has :i bearing oii 

the pharrnaro1rigic~:rl :ictivitj-. Several analogs with inettiyl 
groups are desc~il)etl. 


