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SUMMARY 

Carbon-I3 labeled l-keto-7~ethoxy-l,2,3,4,9,10,ll,l2-octahydrophena- 
threne (111) and l-keto-7lnethoxy-2~ethyl-l,2,3,4,9,10,11,12-octahydro- 
phenanthrene (IV) were prepared in good yields via the cyanidation of an 
organoborane. 
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INTRODUCTION 

In connection with our ongoing program directed toward the synthesis of 

carbon-11 labeled 176-estradiol and related hormones using organoborane 

chemistry, 1-3 we required isomerically pure trans-l-keto-7-methoxy-1,2,7,4,- 

9,10,11,12-octahydrophenanthrene (111) and l-keto-7-1nethoxy-2lnethyl-l,2,3,- 

4,9,10,11,12-octahydrophenanthrene (IV). Although the preparations of 111 

and IV have been reportedS4-' the syntheses are not stereospecific (cis and 

t a  isomers are formed), numerous reactions are involved, and the required 

starting materials are not readily available. In addition, the reactions are 

not suitable for the regiospecific incorporation of carbon isotopes. 

We now wish to report an improved procedure for the synthesis of 

- trans-tricyclic ketone 111. The syntheses of carbon-13 labeled 

trans-tricyclic ketones, I11 and IV , were carried out via the reaction of - 
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B-thexyl-7methoxy-2,3,4,9,10,11,12-octahydro-l-boraphenanthrene, 11 , with 
carbon-13 labeled sodium cyanide. The synthetic sequences are summarized 

below: 

M. Mnhammadi. G. W. Kabalka and R .  D. Finn 

CH30 d I .  CH2=CHCH2MgBr 
___I___, 

2. H20 CH30 

3 .  H3P04 I 

+ Conjugated 
Isomer 

Thexylborane 

1 .  Na CN 

2. TFAA 
CH,O 

111 I1 

IV 

The formation of diene I via dehydration of the 1-allyl-6methoxytetralol 

is complicated by the formaion of the corresponding conjugated diene. However 

the hydroboration of diene I can be achieved i n  the presence of the conjugated 

diene to yield the desired c)tclic borane, II,10311 which is  then converted 

t o  the desired trans-tricyclic ketone, 111. 

EXPERIMENTAL 

The reaction flasks were dried i n  an oven at 130' and then assembled 

while flushing with dry nitrogen. 

6-methoxy-l-tetralone, ally1 magnesium bromide, 2,3-dimethylbutene, methyl- 

Commercially ava.ilable samples of 
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l i thium, t r i f l u o r o a c e t i c  ahhydride (Aldrich) ,  methyl i o d i d e ,  phosphoric a c i d  

and hydrogen peroxide (F isher )  were used as received. 

(Aldrich) was  d i s t i l l e d  p r i o r  t o  use  from LiAlH4 and s t o r e d  under ni t rogen.  

13C-Enriched @odium cyanide (lo%, MSD I so topes)  was oven-dried and powdered 

p r i o r  t o  use. 

use from Na/benzophenone and s t o r e d  under dry ni t rogen.  

s p e c t r a  were obtained on a J e o l  FX-9OQ Four ie r  Transform NMR spectrometer .  

Chemical s h i f t s  expressed i n  p a r t s  p e r  m i l l i o n  (6) downfield from TMS. 

reagents  were added v i a  ni t rogen-f lushed,  dry syr inges  or double-ended 

D i i s o p r o p y l a d n e  

Tetrahydrofuran was d r i e d  over CaH2 and d i s t i l l e d  p r i o r  t o  

'H and "C-NMR 

A l l  

needles.  

B-Thexyl-7-methoxy-2,3,4,9,lO,11,12-octahydro-l-boraphenanthrene (11). 

Allylmagnesium bromide i n  E t g O  (100 mmol, 100 mL of a 1 M soln.)  was 

t r a n s f e r r e d  v i a  a double-ended needle  i n t o  a three-necked, 500 mL round- 

bottomed f l a s k  equipped wi th  a magnetic stirrer, a d d i t i o n  funnel ,  condenser, a 

septum i n l e t ,  and which w a s  cooled t o  Oo. 7-Methoxy-1-tetralone (99 mmol, 

17.68 g )  was placed i n  a 250 mL f l a s k  and deoxygenated by repeated evacuat ion 

and readmission of n i t rogen;  dry THF w a s  added t o  t h e  f l a s k ,  t h e  s o l u t i o n  

t r a n s f e r r e d  t o  t h e  a d d i t i o n  funnel ,  and then added dropwise t o  t h e  cold a l l y -  

magnesium bromide so lu t ion .  Af te r  t h e  a d d i t i o n ,  t h e  ice bath was removed and 

the  s o l u t i o n  was ref luxed gent ly  f o r  1.5 h (bath temp. 55-65'). A f t e r  cool- 

ing t o  O', aqueous NH4Cl [5.0 g i n  100 d of c h i l l e d  water ]  was added t o  t h e  

cold mixture and s t i r r e d  at  room temperature f o r  30 min. 

e x t r a c t e d  i n t o  e t h e r  (400 mL), t h e  e t h e r  l a y e r  cooled t o  0'. and then ice- 

cold phosphoric ac id  (100 d, 85%) was added gradual ly  while  maintaining t h e  

r e a c t i o n  temperature -5". The mixture w a s  s t i r r e d  f o r  1 h a t  0'. The 

r e s u l t a n t  yellow-colored suspension w a s  poured i n t o  100 mL of cold water. 

Ether (400 mL) w a s  added and then the e t h e r  e x t r a c t  w a s  washed s e q u e n t i a l l y  

with 5% aqueous NazC03 (2 x 25 d) and water  (3 x 25 mL). [ A l l  so lvent  and 

reagents  w e r e  cooled t o  0' before use.] 

so lvent  under reduced pressure  ( a t  room temperature) yielded t h e  crude 

product (21.5 g of a l i g h t  brown o i l )  which was p u r i f i e d  by chromatography on 

a s i l i ca  g e l  column using petroleum ether .  The diene was  c o l l e c t e d  i n  t h e  

The mixture w a s  

Af te r  drying (MgSOq), removal of t h e  
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first two fractions. Removal of the solvent under reduced pressure yielded 

12.58 g (78 mol, 78%) of a mixture of two dienes. The dienes were deoxygen- 

ated by repeated evacuation and readmission of nitrogen and then dissolved in 

THF (100 mL.) The solution was transferred, using a double-ended needle, to 

a flask containing 80 mmol of thexylborane" in THF, at 0'. 

allowed to stir overnight at room temperature. The product,B-thexyl-7- 

methoxy-2,3,4,9,10,11,12-octahydr~-l-boraphenanthrene (II), was transferred 

to a flask containing sodium cyanide via a double-ended needle without 

exposure to atmospheric oxygen. 

Synthesis of trans-l-keto-7a~ethoxy-l,2.3,4.9,10.11,12-octahydro- 

phenanthrene-1-' 3C (111). 

The solution was 

Carbon-13 labeled sodium cyanide (78 mol, 3.76 g )  was placed in a 500 

mL round-bottom flask equipped with a septum inlet, magnetic stirring bar and 

a gas outlet tube connected to a Hg bubbler. The flask was deoxygenated by 

repeated evacuation and readmission of nitrogen. The B-thexyl-7-methoxy- 

2,3,4,9,10,11,12-octahydro-l-boraphenanthrene (11) was added to the flask 

with a double-ended needle. The mixture was stirred for 1 h at 25'. The 

flask was then cooled to -78' and trifluoroacetic anhydride (TFAA) (78 mol, 

12.1 mL) was added with stirring. The cooling bath was removed and the 

mixture allowed to come to room temperature (1 h). The mixture was cooled to 

Do, 3: NaOH (78 mL) was then added followed by the slow addition of 50% H202 

(56 mL). 

25' and then for 15 min. at 50'. 

mL), washed sequentially with 2E NaOH (2 x 25 mL), 2E HC1 (2  x 25 mL), and 

water (4 x 50 mL). The solution was dried (MgSOk) and the solvent removed 

under reduced pressure to yield 15.9 g of the crude product. The product was 

purified by chromatography on a silica gel column (100 g) by elution 

(successively) with pet-ether (300 mL), 5% EtOAc-pet.ether (400 mL), and 10% 

EtOAc-pet.ether, to yield 7.5 g (32.5 mmol, 41.7%). of ketone 111. 

Recrystallization from ethanol gave white needles, m.p. 107-108" (lit. 

t r a n ~ : ~ , ~  107-108', 109'; cis.5,6 67-68', 68-71'). 

1.5-2.64 (methylene envelope integrating to 10 H),2.7-2.9 (m, 2H, <-HI, 3.78 

The cooling bath was removed and the oxidation continued for 3 h at 

The product was qxtracted into ether (400 

'H-NMR (CDC13) ;  6 
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(x,3H,OCH3), 6.64-6.76 (m, 2H, A r ) ,  7.17-7.26 (m,  1H, A r ) ;  "C-IiMX 

(CDC13): 6 211.8 (&O), - 157.8 (Ar C-OMe),137.8, 131.5 ( fused A r  C ) ,  126.89, 

113.7, 111.9 (Ar 5 - H ) ,  55.1 (cH3O), 52.6 (-C-C=O), 44.3 (-E-CH-C=O), 41.4 

(CH2-CO), - 30.5 (ArLHZ), 29.2, 26.2, 21.6 (CH2). 

- 
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1 3  I-Keto-7-methoxy-2~ethyl-l,2,3.4,9,10,11,12-octahydrophenanthrene-l- C (IV). 

Diisopropylamine (0.4 mL, 2.85 mmol) w a s  added t o  a c a t a l y t i c  amount of 

tr iphenylmethane i n  dry THF (10 mL) contained i n  a n i t r o g e n  f lu shed  50 mL 

f l a s k .  The s o l u t i o n  was cooled t o  -78" and MeLi (1.85 mmol, 1.9 mL of a 1.5 M 

s o h )  was added dropwise t o  the  s t i r r e d  so lu t ion .  The temperature  of t h e  

s o l u t i o n  was inc reased  (by removing t h e  dry ice acetone t r a p )  u n t i l  a pink 

c o l o r  was observed. T r i c y c l i c  ketone,  I11 , (2 mmol, 0.47 g )  in 10 mL of dry 

THF was added t o  t h e  s t i r r e d  s o l u t i o n  which was cooled once aga in  t o  -78O. 

The temperature  of t h e  r e a c t i o n  mixture was r a i s e d  t o  room temperature  and t h e  

s o l u t i o n  s t i r r e d  f o r  10 min. Methyl i o d i d e  (16 mmol, 1 mL) was then  added and 

t h e  s o l u t i o n  s t i r r e d  f o r  0.5 h. The r e s u l t a n t  yellow s o l u t i o n  was e x t r a c t e d  

i n t o  e t h e r  (50 mL), t h e  e x t r a c t  washed s e q u e n t i a l l y  wi th  5% H C 1  (2 x 15 mL) 

and H 2 0  (4  x 15 mL), and then d r i e d  (MgSO4). Removal of t h e  so lven t  under 

reduced p res su re  y i e lded  a wh i t e  s o l i d  (0.55 g). 

from e thano l  t o  y i e l d  t h e  epimeric  product ketones,  I V ,  

showed two doub le t s  a t  61.03-1.26 f o r  t h e  methanol group a t o  t h e  carbonyl.  

The m.p. of t he  epimeric  mixture  w a s  106-11O'C 118-119'). The 

epimeric  compounds were chromatographed on a s i l i c a  g e l  (100 g) column [ e l u t e d  

s e q u e n t i a l l y  wi th  petroleum e t h e r ,  5%, lo%, and 20% EtOAc-petroleum e t h e r  

(150-300 mL each) ]  t o  y i e l d  0.30 g (66%) of the  a-product ,  m.p. 119-120'. 

IH-NMR (CDC13): 6 1.197-1.27 ( d ,  3H, CH3-CH), 1.5-3.0 (m, 11H, CH2 and -C-H), 

3.7 ( s ,  3H, OCH3), 6.6-7.3 (m, 3H, Ar); "C-NMR (CDC13): 6 213.18 ( & O ) ,  

157.92 (L-OCH3), 137.99, 131.59 ( fused  Ar ) ,  126.99, 113.77, 112.12 (Ar C-1, 

55.30 (CH3O), 47.87, 43.81, 43.51, 31.62, 29.47, 25.74, 21.90, 17.37 

The s o l i d  was r e c r y s t a l l i z e d  

(0.4 g, 88%). '5-NMR 

(cH3-C-H). 
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