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SUHHARY 

The nature of the reactions involved i n  the synthesis of I-cycto- 
pentybzy-1#-mr-~7a-pregnu-3, ~-dien-20-yn-l?-ot-7-3~ 17-acetate, a t  lowed 
the determination of the stereochemistry of the tr i t iwn atoms a t  C-6 i n  
erne of the precursors. 
3-01-17-one-6,7-~8 i n  which 82% of the t r i t i u m  ~y18 i n  the 6a position and 
18% i n  the 68 position. 

One of these precursors W E  estra-1,3,516)-trien- 

Supportive evidence for the mechanism of em1  ether formation was 
obtained, also. 
removed the t r i t on  from the 68 position. On hydrolys<s of the en01 
ether, the proton stereospecif ically entered the 6% position. Equili- 
bration with base completed the removal of the tri t ium from the C-6 
position. 

Acid catalyzed em1 ether f o m t i o n ,  stereospecifically 

INTRODUCTION 

nor-17a-pregna-3.5-dien-20-yn-17-ol 17-acetate5 (XI), labeled with tritium 
was required in order to determine its absorption and excretion rates and 
to investigate its biotransformation products. The synthesis, as shown in 
Scheme 12, was designed to incorporate tritium into the steroid nucleus 
principally at C-6 and C-7. The nature of the reactions involved, allowed 
the determination of the stereochemistry of the tritium atoms about C-6 

The preparation of a new progestational a ent, 3-cyclopentyloxy-19- 

*Present address: Hoffmann-L.aRoche, Inc., Nutley, N. J. 07110. 
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MECHANISM OF STEROIDAL ENOL ETEW POREIATION. 

i n  some of the precursors. 
mechanism  steroid^^*^*^ was obtained. 

I n  addition, supportive evidence fo r  the 
f en01 ether formation and hydrolysis i n  A4-3-keto 

DISCUSS ION 

The synthetic scheme was patterned a f t e r  published procedures, 
modified t o  allow the  handling of small quant i t ies  of radioactive 
materials. 
17-one (6-dehydroestrone) (I) with ca r r i e r  f r ee  tritium gas has been 

(VI-’HZ) has been reported7 and modifieda, and has been extended to  
include 19-nor-17a-pregn-4-en-20-yn-17-al-3-one8 (VIII-]HI) . The 
published route with s l i gh t  modification, allowed the preparation of the 
radioactive equivalent V I I I .  

The ca t a ly t i c  reduction of estra-1,3,5C10),6-tetraen-3-01- 

The conversion of estrone ( I I - ’ H I )  in to  4-estren-3,17-dione 

Acetylation of V I I I  gave the 17-acetate 
(uo . 

Using a kaown method9, IX was converted in to  its ethyl en01 ether 
Treatment of X with cyclopentanol and a ca t a ly t i c  amount of p- (X). 

toluenesulfonic acid @-TsOH). yielded X I .  

The data l i s t e d  i n  Table I indicate the loss  of 18% of the tritium 
when V I  was converted in to  V I I  and no fur ther  s t a t i s t i c a l l y  s ign i f icant  
lossea (p >0.05 based on t - tes t )  u n t i l  the conversion of I X  in to  X, i n  
which a s t a t i s t i c a l l y  s ign i f icant  loss  (p <0.05) was observed. 

An additional 25% loss resulted during the f ina l  step. Thus, the 
over-all loss  of tritium from V I  was 46%. 

The la rge  loss of tritium during the synthesis of XI was unexpected, 
and the reaction w a s  repeated wing  pyridinium tosylatelO a s  the ca ta lys t .  
This reaction caused a tritium loss  in  X I b  of only 19%, o r  an over -a l l  
l o s s  of 39% from VI. 

In  order t o  understand the processes involved in  these reactions, 

When 
IX was refluxed in  l.N methanolic KOH which removed a l l  the tritium a t  
C-6l1. thus cawing a tritium loss  of 27% in  the product, VIIIa. 
VIIIa was converted to  X I a  a s  described above, the t r i t ium loss  fo r  I X a ,  
Xa. and XIa. was 0. 6, and 0% respectively. as shown in  Scheme Z2.  
6% loss  w a s  s t a t i s t i c a l l y  s ign i f icant  (p <0.05). 

The 

IIECHANISM OF STEROIDAL W O L  ETHER FORMATION. 

The abstraction of a C-6 proton has been postulated12 to  occur during 
the formation of enol e thers  of A4-3-keto steroids.  
both the acid and base catalyzed protonation and de-protonation of A4-3- 
keto s te ro ids  and the i r  e thyl  enol ethers were investigated and it was 
shown tha t  i n  the formation of the enol ethers,  the  68-proton was removed 
preferen t ia l ly ,  with the  preference being enhanced in  the absence of the 
C-19 methyl group. 

S u b s e q ~ e n t l y , ~ e ~ * ~  
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V l l l a ,  R = H 0.55 X a ,  1 = C2W5 0.53 
I X a ,  R = Ac 0.56 X l a ,  R = C5l9 0.53 

The d a t a  s-rized i n  Table I confirm t h e s e  observat ions.  The 
i n i t i a l  formation of VII from V I  involved s t e r e o s p e c i f i c  loss of t h e  66 
proton o r  t r i t o n .  Conversely. on hydro lys is  of V I I ,  t h e  proton s te reo-  
s p e c i f i c a l l y  entered the  66 p o s i t i o n  leaving tritium exclus ive ly  a a t  C-6. 
I n  accordance wi th  t h i s  hypothesis ,  l i t t l e  loss of ti-itium occurred during 
t h e  second e n o l  e ther  formation of X from I X .  A f t e r  t h e  remaining tritium 
i n  t h e  6a p o s i t i o n  was removed by base-catalyzed exchange i n  I X .  subsequent 
r e a c t i o n s  involved l i t t l e  o r  no f u r t h e r  l o s s  of t r i t i u m ,  as expected from 
t h e  above hypothesis .  

The t r a n s e t h e r i f i c a t i o n  of X, us ing p-TsOH as t h e  c a t a l y s t ,  must be a 
r e v e r s i b l e  r e a c t i o n  t o  account f o r  t h e  complete l o s s  of tritium i n  t h e  6a 
pos i t ion .  
tritium.) 
no t r i t i u m  l o s s  was observed i n  conversion of Xa t o  XIa. When t h e  more 
bulky pyridinium t o s y l a t e  w a s  used t o  c a t a l y z e  the  t ransformation of X t o  
XIb, less tritium w a s  l o s t ,  i n d i c a t i n g  that under these  condi t ions.  t h e  
r e a c t i o n  is not  e n t i r e l y  r e v e r s i b l e .  

(Note t h a t  XI and VIIIa conta in  about t h e  same amount of 
This  r e a c t i o n  d e f i n i t e l y  does not  involve t h e  C-7 p o s i t i o n  s i n c e  

The loss of 6% of tritium during t h e  conversion of I X  t o  X waa un- 
a n t i c i p a t e d .  Or ig ina l ly ,  t h i s  s l i g h t  l o s s  was assumed t o  be  due t o  a 
s l i g h t  involvement of tritium a t  6a i n  t h e  conversion of IX t o  X. However, 
when IXa which was devoid of tritium a t  C-6, a l s o  l o s t  6% of t h e  a v a i l a b l e  
tritium, t h i s  assumption was not  tenable .  Perhaps some minor mechanism 
f o r  t h e  formation of enol  e t h e r s  involving t h e  C-7 p o s i t i o n  w a s  opera t ive .  
This  aspec t  r e q u i r e s  f u r t h e r  s tudy.  

MECHANISM OF STEROIDAL ENOL ETHER FORMATION. 

I t  is c l e a r  from t h i s  work t h a t  45% of t h e  tritium which was incor-  
porated i n t o  I v i a  c a t a l y t i c  reduct ion en tered  a t  C-6. 
i n  the  B p o s i t i o n  and 82% i n  t h e  a p o s i t i o n .  

Of t h i s  18% was 
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TABLE I 

Specific Activities &Reactants and Products Used 
to Determine Tritium Retention - 

Reaction 

VI + VII 
VII + VIII 
VIII + IX 

IX * x 
x + XI 
X * XIb 
IX + VIIIa 

VIIIa + IXa 
1% + xa 
Xa + XIa 

Specifica 
Activity 
Reactant 

788 lJci/mM 
10.21 uci/mM 
9.83 pci/mM 
68.6 uCi/mM 
67.8 pCi/mM 
64.5 pCi/mM 
139 pCi/mM 
94.9 pci/mM 
95.7 pci/mM 
90.5 pCi/mM 

Specifica 
Activity 
Product 

640 pCi/mM 
9.83 p C i M  
9.96 pCi/mH 
64.3 pCilmM 
49.0 pCi/mM 
52.7 pCiImt4 
94.9 pCiImn 
95.7 pci/mM 

90.7 uci/mn 
90.5 pCi/mt4 

Tritium 
, Fraction 
Retained 

0.1324~ 
0.962 
1.010 
0. 936b 
0.72Zb 
0.817b 
0.690 
1.010 
0.950 
1.002 

Fraction 
Normalized 

to VI 

0.82 
0.79 
0.80 
0.75 
0.54 
0.61 
0.55 
0.56 
0.53 
0.53 

aThese results are the geometric mean obtained from a logarithmic 
analysis of the specific activities determined either in duplicate or 
triplicate. 
determinations was 2.4X. 

The geometric mean of the coefficient of variation for these 

bThese results are the geometric mean obtained from a logarithmic 
analysis of reactions done in duplicate or triplicate. 
of the coefficient of variation for these determinations was 3.4%. 

The geometric mean 

EXPERIMENTAL 

The radioactivity was determined via liquid scintillation spectrometry 
in a cocktail composed of 7.0 g PPO (2,5-diphenyloxazole). 0.3 g dimethyl 
POPOP [ 1,4-bis-2(4-rnethyl-5-phenyloxazolyl) benzene] and 100 g naphthalene 
in 1 1. 1,4-dioxane.13 using a Packard 3310 spectrometer equipped with 
automatic external standardization. Uv and i r  spectra were determined with 
Beclauan DK-la and Perkin-Elmer 621 spectrophotometers. 
performed using a Warner-Chilcott Laboratories Instrument Division 
Model 1670 unit with a 6 ft. x 0.1 in. glass column packed with 60-100 
mesh Gas-Chrom Q coated with 2% SE-30 using a helium flow rate of 
50 mllmin and a temperature no higher than 213O. 

Glpc were 

The following tlc systems were employed: 

System A Silica gel GF; Chloroform/Ethyl acetate (4:l) 
System B Alumina GF; Cyclohexane/Ethyl acetate (1:l) 
System C Alumina GF; Cyclohexane/Ethyl acetatelpyridine (9.5:0.5:0.01) 
System D Alumina GF; Cyclohexane/Ethyl acetate (7:3) 
System E Alumina GF; BenzeneIAcetone (9:l) 
System F Alumina CF; Cycloh,%xane/Ethyl acetate/Pyridine (9:1:.001) 
System G Silica gel GF; Cyclohexane/Ethyl acetate (1:l) 

All tlc'a were run on 5 x 20 cm glass plates (Analtech, Inc.) 
precoated with a 250 p thick layer of the adsorbent, unless otherwise 
noted. 
Inc.) coated with a 250 p thick layer of silica gel GF prewashed with 

Preparative tlc was done using 20 x 20 cm glass plates (Analtech, 
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methanol and r e a c t i v a t e d  by hea t ing  a t  100' f o r  1 hour. 
f o r  chromatography and i so tope  d i l u t i o n s  were p u r i f i e d  a s  previously 
descr ibed.6 The compounds were v i s u a l i z e d  as b lue  s p o t s  on a f luorescent  
background when t h e  p l a t e s  were exposed t o  u l t r a v i o l e t  l i g h t ,  p r i n c i p a l l y  
a t  254 nm. 
samples. 
when determined by scanning t h e  t l c  p l a t e s  using a Packard Radiochromato- 
gram Scanner Model 7200. 

The so lvents  used 

The repor ted  Rf va lues  were t h e  same as those  of a u t h e n t i c  
The radiochemical p u r i t y  of a l l  compounds was g r e a t e r  than  98% 

4-E~tren-3,17-dione-6,7-~H~ (VI) 

Compound I1 w a s  formed i n  q u a n t i t a t i v e  y i e l d  i n  t h e  c a t a l y t i c  
reduct ion  of 64.5 mg (0.24 mM) of I and 16 C i  of c a r r i e r - f r e e  tritium gas  
(New England Nuclear C O K ~ . )  and was converted without  p u r i f i c a t i o n  i n t o  
111 (62.5 mg. 95%, a f t e r  t w i c e  recyc l ing  t h e  recovered 11). It w a s  e a s i e r  
t o  a l low a miTture of 111 and l i th ium aluminum hydride i n  e t h e r  t o  r e f l u x  
f o r  two hours r a t h e r  than use a Soxhlet  e ~ t r a c t o r . ~  
60.1mg (95%) of IV. Tlc  of IV i n  System A gave a main spot  a t  an Rf of 
about 0.52. 

This  modi f ica t ion  gave 

The product of the  Birch reduct ion ,  a f t e r  a c i d  hydro lys is ,  w a s  
subjected t o  prepara t ive  t l c  using System A. This  gave 11.4 mg (20%) of V, 
which by t l c  i n  System A exhib i ted  one spot  a t  an Rf of about 0.43. 
S u f f i c i e n t  non-radioactive V was added t o  make 19.8 mg (0.072 mM) of V 
which was oxidized t o  g i v e  1 7  mg (87%) of VI. Tlc i n  System B exhibi ted 
one spot  a t  an Rf of about 0.5. The s p e c i f i c  a c t i v i t y  w a s  15.6 mCi/mg 
(4.3 Ci/mM). 

3,5(6)-Estradien-3-01-17-0ne-6,7-~H. 3-ethyl e t h e r  (VII) 

To a s o l u t i o n  of 17 mg of VI and 33 mg of non-radioact ive VI (0.183 mM 
t o t a l )  in 0.4 ml dioxane w a s  added wi th  swir l ing  0.1 m l  t r i e t h y l  or tho-  
formate and 0.045 m l  of a s o l u t i o n  of 244 mg 2-toluenesulfonic  a c i d  (e-TsOH) 
in 0.55 m l  e thanol  and 2.7 m l  dioxane previously s a t u r a t e d  wi th  n i t rogen .  
After  15 minutes. t e n  drops of pyr id ine  and 2-3 m l  benzene were added; and 
a f t e r  swir l ing .  t h e  s o l v e n t s  were removed. The r e s i d u e  was d isso lved  in 
5 m l  of a mixture of 9 p a r t s  cyclohexane, 1 p a r t  e t h y l  a c e t a t e ,  and .001 
p a r t s  pyr id ine  and percola ted  through a 5 g F l o r i s i l  column. Ten 5-ml and 
twenty 1 - m l  f r a c t i o n s  of t h e  e l u a t e  were c o l l e c t e d .  Frac t ions  10-27 were 
combined, f i l t e r e d  through a f i n e  f r i t t e d  g l a s s  funnel ,  and t h e  so lvents  
were removed. The r e s i d u e  gave 40 mg (73%) of VII. Tlc  i n  System C gave 
a s i n g l e  spot  a t  a n  Rf of 0.85. 

19-Nor-17a-pregn-4-en-20-yn-17-0l-3-0ne-6,7-~H (Norethindr0ne-6,7-~H) (VIII) 

The previous ly  descr ibed e thynyla t ion  procedure6 using a 10 molar 
excess  of t h e  e thylene  diamine complex of l i th ium a c e t y l i d e  (Foote Mfg. 
C o . )  was used. 
chloroform. The organic  phases were combined, d r i e d  (KICO,), f i l t e r e d ,  
and t h e  so lvent  removed. The r e s u l t i n g  oil was d isso lved  i n  5 m l  of a 
mixture  of 7 p a r t s  cyclohexane and 3 p a r t s  e t h y l  a c e t a t e  and percola ted  
through a 5-g F l o r i s i l  column. Three 5-ml f r a c t i o n s  were c o l l e c t e d .  The 
presence of the  r e l a t i v e l y  l a r g e  amount of dimethyl  acetamide (DMAC) which 
w a s  not  completely removed by t h i s  amount of F l o r i s i l .  i n t e r f e r e d  with t h e  

The crude VIII was ext rac ted  wi th  t h r e e  10-1 por t ions  of 
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chromatographic separat ion.  It was necessary to cont inue the  separat ion 
through a second 5-g column of F l o r i s i l  i n  order t o  remove the  remaining 
DMAC, completely. The above three 5-ml f r a c t i o n s  were successively perco- 
l a t e d  through t h i s  second column followed by more of t h e  solvent  mixture. 
The 5-1 holdup volume w a s  discarded and t h i r t y  0.25-ml f r a c t i o n s  were 
col lec ted .  Fract ions 11-30 were combined, f i l t e r e d  through a f i n e  f r i t t e d  
g l a s s  funnel  and t h e  so lvents  removed t o  give 22 mg (56%) of VIII. Tlc in 
System C exhibi ted a s i n g l e  spot a t  an Rf of about 0.5. 

19-Nor-17a-pregn-4-en-20-yn-17-ol-3-one-6,7-3B 17-Acetate (Norethindrone- 
6.7-jH a c e t a t e )  (ZX) 

To a so lu t ion  of 22 mg (0.074 mM) of V I I I  in 0.5 m l  dry pyridine was 
added 0.25 m l  a c e t i c  anhydride and the  r e s u l t i n g  so lu t ion  was allowed t o  
r e f l u x  under ni t rogen f o r  12 hr .  
temperature and 10 m l  e t h y l  a c e t a t e  was added. 
washed with two 3-ml port ions of a sa tura ted  NaCl so lu t ion  and then 5 m l  
water. The aqueous phase w a s  re-extracted with 5 m l  e t h y l  a c e t a t e  which 
was washed with 5 ml of t h e  sa tura ted  NaCl so lu t ion .  The organic phases 
were combined, dr ied  (KKO.),  f i l t e r e d ,  and the  solvent  removed. The 
res idue  was dissolved i n  5 m l  of a mixture of 8 .5  p a r t s  cyclohexane, 1.5 
p a r t s  e t h y l  a c e t a t e ,  and .001 p a r t s  pyridine and percolated through a 7.5-g 
F l o r i s i l  column. One 8O-ml f r a c t i o n  was col lected and the  e l u a t e  concen- 
t r a t e d  t o  about 0 . 5  m l .  This so lu t ion  was subjected t o  preparat ive tlc 
using System B. The area  corresponding t o  an Rf between 0.75 and 0 - 8 5  was 
e lu ted  successively with 20 m l  of the  solvent  used in System B, 20 m l  e t h y l  
a c e t a t e  and 35 m l  methanol. The e l u a t e s  were combined, f f l t e r e d  through a 
f i n e  f r i t t e d  g l a s s  funnel  and t h e  solvents  were removed. The residue was 
dr ied  in vacuo a t  61’ f o r  2 hrs .  t o  give 12.4 mg (49%) of IX. This res idue  
was dissolved i n  benzene, d i lu ted  with 1 1 7  mg of non-radioactive IX t o  give 
130 ~sg a f t e r  removal of solvent .  

The reac t ion  was allowed t o  cool  t o  room 
The organic  phase was 

Quant i ta t ive  t l c  i n  System D exhibi ted a s i n g l e  spot  a t  an Rf of 
about 0 . 5 ,  while in System E a s i n g l e  spot  was observed a t  an Rf of about 
0.9; uv max. (C.H.OH) 239 ma (a - 49.3); ir (KBr) 3250, 1740, 1665, 1610, 
1250, 1240, 1220, 1030, 1010, 890, 750 cm”. The e p e c i f i c  a c t i v i t y  of t h i s  
mater ia l  was 1.06 mCi/mg (360 mCi/mM). 
mixture of 80 p a r t s  cyclohexane and 20 p a r t s  benzene and s tored a t  5’ under 
ni t rogen.  

This mater ia l  was dissolved i n  a 

3-Ethoxy-19-nor-17a-pregna-3,5(6)-dien-2O-yn-l7-01-6,7-~H 17-Acetate (X) 

To a mixture of 86.7 mg (0.254 mM) of IX in 0.51 m l  t r i e t h y l  ortho- 
formate was added with swir l ing ,  0.35 ml of a so lu t ion  prepared by d is -  
solving 18.8 mg p T s O H  i n  5 m l  absolu te  ethanol. After  1 hr .  a t  room 
temperature, 0.5 m l  pyr idine was added to  s t a b i l i z e  the  product and the  
so lvents  were removed. The res idue  w a s  dissolved i n  5 m l  of a mixture of 
9 p a r t s  cyclohexane, 1 p a r t  e t h y l  a c e t a t e ,  and .001 p a r t  pyridine and 
percolated through a 10 g F l o r i s i l  column. Five 5-ml f r a c t i o n s  were col- 
lected.  Fract ions 2-5 were combined, f i l t e r e d  through a f i n e  f r i t t e d  g lass  
funnel  and the  so lvents  were removed. The res idue  gave 93.1 mg (99%) of X. 
Tlc i n  System F exhibi ted a s i n g l e  spot  a t  an Rf of about 0.85. 



50 E.J. VerrilZ and G.G. Vernice 

3-Cyclopentyloxy-l9-nor-l7a-pregna-3,5-dien-20-yn-17-01-7-3H 17-Acetate (XI)  

To 1.54 m l  of a s o l u t i o n  prepared by d isso lv ing  4.32 mg g-TsOH and 
2.09 m l  cyclopentanol  in 5-ml dry benzene waa added 25 m l  dry benzene. 
This  s o l u t i o n  was d i s t i l l e d  a t  atmospheric pressure  and about 20 m l  of 
d i s t i l l a t e  w a s  co l lec ted .  To t h e  r e s i d u e  of t h i s  d i s t i l l a t i o n  was  added 
a s o l u t i o n  of 93.1 mg (0.246 mM) of X i n  25 m l  dry benzene and aga in  t h e  
s o l u t i o n  was d i s t i l l e d  .at atmospheric pressure.  A f t e r  c o l l e c t i n g  about 
27 m l  of d i s t i l l a t e ,  t h e  r e s i d u e  was cooled t o  room temperature  and about 
0.5 m l  of pyr id ine  and 4-5 m l  dry benzene was added. The s o l v e n t s  were 
removed in vacuo. The res idue  w a s  d i sso lved  i n  about 5 m l  of a mixture  of 
9 p a r t s  cyclohexane, 1 p a r t  e t h y l  acetate. and .001 p a r t s  dry  pyr id ine  and 
percola ted  through a 10-g F l o r i s i l  column. Addit ional  so lvent  was perco- 
l a t e d  through t h e  column and six 5-ml f r a c t i o n s  were c o l l e c t e d .  Frac t ions  
2-6 were combined, f i l t e r e d  through a f i n e  f r i t t e d  g l a s s  funnel  and t h e  
so lvents  removed. The r e s i d u e  w a s  r e c r y s t a l l i z e d  t h r e e  times by d isso lv ing  
i n  about 0.5 m l  methylene c h l o r i d e  and adding about 1.5 m l  methanol con- 
t a i n i n g  .05% dry pyridine.  The c r y s t a l l i n e  s o l i d  gave 42.3 mg (42%) of 
X I .  
again r e c r y s t a l l i z e d  from t h e  methylene chlor ide/methanol  mixture  t o  g i v e  
67.2 mg (84% recovery)  of X I .  The s p e c i f i c  a c t i v i t y  of X I  w a s  289 mCi/mg 
(118 mCi/mM). 

Tlc  i n  System F exhib i ted  a s i n g l e  spot  a t  an Rf of about 0 .9  which 

To t h i s  s o l i d  was added 38.0 mg of non-radioact ive X I  and t h e  mixture  

w a s  i d e n t i c a l  wi th  an a u t h e n t i c  sample and contained 99tZ of the  radio-  
a c t i v i t y  on t h e  p l a t e ;  uv max. (hexane) 242 nm (a - 49.7) ;  ir ( U r )  3290, 
1740. 1640. 1620. 1255, 1235, 1165,-1030. 845, 800 cm-'. 

The g lpc  system which w a s  designed s p e c i f i c a l l y  t o  assay  f o r  X only 
(Rt of about 7 min.) i n  t h e  presence of X I  (Rt of about 18 min.) demon- 
s t r a t e d  t h e  presence of <0.1% of X. This  m a t e r i a l  w a s  d i sso lved  in a 
mixture of 80 p a r t s  cyclohexane, 20 p a r t s  benzene, and 0.05 p a r t s  p i p e r i -  
d ine ,  and w a s  s t o r e d  under n i t rogen  a t  5". 

3-Cyclo~entyloxy-19-nor-l7a-uregna-3.5(6)-dien-2O-yn-l7-ol-6,7-~H 17- 
a c e t a t e  (XIb) (Pyridinium t o s y l a t e  Method) 

The conversion of 44.2 mg (65.1 pCi/mM) of X t o  XIb was repeated a s  
previously descr ibed  except t h a t  0 .421 mg (0.95%) of pyridinium t o s y l a t e  
w a s  used a s  the  c a t a l y s t  ins tead  of p-TsOH. 
w a s  a l s o  included.  

52.8 uCi/mM. 
0.9. 

About 0.021 m l  of a-tocopherol 

This  procedure gave 27.6 mg (56%) of XIb whose s p e c i f i c  a c t i v i t y  w a s  
Tlc  i n  System F exhib i ted  a s i n g l e  spot  a t  an Rf bf about 

Glpc demonstrated t h e  absence of any X. 

19-Nor-17a-pregn-4-en-20-yn-~7-01-3-one-7-~H (No~ethindrone-7-~H) (VIIIa)  

0 .98 N methanol ic  KOH was re f luxed  under n i t rogen  f o r  1 .5  h r s . .  cooled and 
t h e  so lvent  removed. 
t i v e  t l c  using System G and gave 12.5 mg (49%) of VII Ia .  
exhib i ted  a s i n g l e  s p o t  on t l c  in System G a t  a n  Rf of about 0.5. 

A s o l u t i o n  of 150 mg (0.440 mM) of I X  (S.A. = 139 uCi/mM) i n  7.5 m l  

One-fifth of t h i s  r e s i d i e  w a s  p u r i f i e d  v i a  prepara- 
This  m a t e r i a l  
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19-Nor-17a-pregn-4-en-2O-yn-17-01-7-~H 17-Acetate (Nore th ind~one-7-~8  
Acetate) (-1 

The so lvent  w a s  removed in vacuo from t h e  remaining f o u r - f i f t h s  of 
t h e  above r e a c t i o n  and t h e  r e s i d u e  of 120 mg, (0.401 mH) w a s  acyla ted  as 
previous ly  descr ibed for IX. The product  weighed 38.4 mg (28%) and ex- 
h i b i t e d  a s i n g l e  apot  a t  a n  Rf of about 0.4 on t l c  in System D. 
melted at 161.5-162.5' (au thent ic  163-163.5'). 

The sample 

3-Etho.y-19-nor-17a-pregna-3.5(6)-dien-20-yn-17-01-7-~H 17-Acetate (Xa) 

Thirty-four mg (0.1 dl) of IXa were allowed t o  r e a c t  wi th  t r i e t h y l  
or thoformate as descr ibed f o r  X. From t h i s  r e a c t i o n ,  35 mg (95%) were 
i s o l a t e d  which exhabited a s i n g l e  s p o t  a t  a n  Rf of 0.9 on t l c  i n  System F. 

3-Cyclopentyloxy-19-nor-17a-pregna-3,5 (6)-dien-ZO-yn-l7-01-7-~H 17-Acetate 
(xIa) 

When 32 mg (0.085 mM) of X was allowed t o  r e a c t  with cyclopentanol as 
previous ly  descr ibed for X I .  27 mg (79%) of XIa w a s  obtained.  This m a t e r i a l  
exhib i ted  a s i n g l e  spot  i n  System F a t  an Rf of about 0.9. 
s t r a t e d  t h e  absence of Xa. 

Glpc demon- 

ACKNOWLEDGEMENT 

The au thors  wish t o  acknowledge the  technica l  a s s i s t a n c e  of 
Mrs. N. E l tvedt .  We a l s o  a r e  indebted to Mr. A. D. L e w i s ,  Di rec tor  of 
Analy t ica l /Phys ica l  Chemistry, and h i s  a s s o c i a t e ,  D r .  R. C .  Greenough f o r  
providing t h e  s p e c t r a l  data .  We a l s o  wish t o  thank Dr. E. A. E l i e l  f o r  
h e l p f u l  d i scuss ions .  

BIBLIOGRAPHY 

1. The accepted.non-proprietary name for t h i s  compound is quingestanol  
acetate. 

The decimals a f t e r  compounds V I I - X I  r e f e r  t o  t h e  amount of t K i t i U I U  
p resent  r e l a t i v e  t o  V1. 

S.K. Malhotra and H.J. Ringold - J. Amer. Chem. SOC. 86, 1997 (1964) 

S.K. Malhotra and H.J. Ringold - ibfd, 2. 3228 (1963). 

2. 

3. 

4. 

5. G. Subrahmonyam, S.K. Malhotra, and H.J. Ringold - m, E, 1332 
(1966). 

6. 

7. 

8. C. Djerassi, L. Miramontes, G. Rosenkranz, and F. Sondheimer - w, 

E.J .  Mertill and C.G. Vernice - J. Label led Compds. 5. 266 (1970). 

A.L. Wilds and N.A. Nelson - J .  Amer. Chem. SOC. 75, 5366 (1953). 

- 76, 4092 (1954). 

9. A. E r c o l i  and R. Gardi - U.S. 3,159,620 (1/12/64), C.A. 2. 6539b 
(1965). 



52 E.  J. Meerrill and G. G. Ventice 

10. A. Erco l i  and R .  Gardi - U . S .  3,115,440 (5/4/60) ,  C.A. 60, 596h 
(1964). 

H.J. Brodie. S .  Baba, M. Gut, and M. Hayano - Steroids 5, 650 (1965). 11. 

12.  A . L .  Nussbaum, E. Yuan, D .  Dincer, and E.P .  Oliveto - J. Org. Chem. - 26, 3925 (1961). 

13. F . N .  Hayes - Packard Technical B u l l e t i n  No. 1 (1963) p .  4 .  




