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SYNTHESIS AND STEREOCHEMICAL STUDIES OF 1-PHOSPHABICYCLO 
(4.4.0)DECANE AND 4-t-BUTYLPHOSPHORINANE - DERIVATIVES 

SHELDON E.  CREMER, J O H N  M .  COWLES AND ASHER GANLIEL 
Department of Chemistry, Marquette Un ive r s i ty ,  Milwaukee, 
Wisconsin 53233 U . S . A .  

Abs t rac t  The t i t l e  compounds and t h e i r  d e r i v a t i v e s  have been 
prepared i n  good y i e l d .  Severa l  of the s y n t h e t i c  s t e p s  a r e  
novel and have genera l  a p p l i c a b i l i t y .  Isomer assignments f o r  
these ma te r i a l s  were based upon nmr and x-ray da ta .  
bond phosphorus-carbon coupl ing Karplus r e l a t i o n  has  been 
e s t ab l i shed  f o r  phosphines and appl ied  t o  the systems under 
inves t iga t ion .  Extensive s tereochemical s t u d i e s  were conduct- 
ed. The conforma t i o n a l  energy b a r r i e r  i n  cis-"phosphadecalin" 
(2) was est imated to  be 12.3-13.6 kcal/mol.Hydroxide ion  
a t t a c k  on cis-phosphoniurn s a l t  5 went wi th  r e t e n t i o n  a t  phos- 
phorus,  w h K  c i s  o r  t r ans  4 proceeded wi th  cons ide rab le  i n -  
vers ion .  N u c l K h i l i c  displacements  on d e r i v a t i v e s  of phos- 
phorinane gene ra l ly  went wi th  invers ion  of conf igu ra t ion .  

A two 

-- 

INTRODUCTION 

The s tereochemical  outcome of nuc leoph i l i c  a t t a c k  a t  phosphorus i n  

phosphonium s a l t s  and i n  e s t e r s  has  been ex tens ive ly  i n v e s t i g a t e d .  

The r e s u l t s  a r e  dependent on the  nuc leophi le ,  leaving group and 

s u b s t r a t e  s t r u c t u r e  ( a c y c l i c  and c y c l i c ) .  Alka l ine  hydro lys i s  of 

methylethylphenylbenzyl phosphonium iodide  goes wi th  inve r s ion  , 
whereas benzyl subs t i  t u  ted phosphe tanium3 and phospholanium4 s a l t s  

go wi th  r e t e n t i o n .  Six-membered r i n g s  (benzyl  leaving group) un- 

dergo l e s s  s t e reospec i f  i c  hydro lys is  .5 

phosphina t e  e s t e r s  have been s u b j e c t  t o  s tereochemical s tudy;  acyc- 

l i c  e s t e r s  proceed wi th  invers ion  of conf igura  t i on6 ,  whereas 4-mem- 

bered he terocycles  go wi th  re ten t ion . '  

na t e  e s t e r s  have n o t  been s tudied .  

L 

2 

Only a l imi t ed  number of 

Five-and s i x  r i n g  phosphi- 

Herein we r e p o r t  r e s u l t s  on the  s y n t h e s i s ,  con f igu ra t iona l  

ass ignments ,  and s tereochemical  behavior  of d e r i v a t i v e s  of the  

t i t l e  compounds. 
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SYNTHESIS 

The synthetic route to "phosphadecalin"(2) - is shown(Scheme I). Al- 

ternate methods will be given including a convenient way of making 
secondary carbon to phosphorus bonds via tosylhydrazones. 

Scheme I 

2 )  R = e- pair 4) R = -0Me 
R 

3 )  R = =O 5 )  R -CH2Ph 

1) LAH 
2 )  AIBN ' 

The synthesis of acid chlorides and =was achieved in high 

overall yield (Scheme 11); these were converted to alkyl and aryl- 

phosphina te ester derivatives used for s tereochemical studies . 
Scheme I1 

Ph,PS iMe, 

R 

6a R = -Cl(&a) 80% 
6b R - -Cl(trans) 20% 
- 
- 

4) pCl5 
CC14 

7 R =I -0Me - 
8 R -0Ph 
9 R = -Ph 

Ph - 
- 9 d m k M ~  - 

PF6 
10 - 
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ISOMER ASSIGNMENTS 

Whereas t rans-2  i s  i n  a locked conformation, c i s - 2  i s  conformation- 

a l l y  mobile. The peak width of the  31P peak (-45.2 ppm) of -- t rans-2  

was temperature i n v a r i a n t ;  t h a t  of -- c is -2( -30 .4  ppm) broadened wi th  

decreasing temperature.  A l a rge  body of 1 3 C  nmr da ta  was obta ined  

f o r  - -  2-5; assignments were made on the  b a s i s  of symmetry, coupl ing  

cons tan t  s i z e ,  and off-resonance experiments.  Of s p e c i a l  i n t e r e s t  

was the 2JPCC coupl ing dependence on the d ihedra l  ang le .  

s i x t y  va lues  were obtained from 18 isomeric  s e t s  ( l i t e r a t u r e  and 

t h i s  work) of var ious  compounds; a Karplus r e l a t i o n  was ev iden t  

(maximum a t  0-30°) ,  and appl ied  t o  cis and t rans-2 .  

-- 

About 

The isomer assignments f o r  - 6a and fi were made us ing  1 3 C  nmr 

s h i f t  va lues  r e l a t i v e  t o  4-~-butyl-l-phenylphosphorinane 1-oxide 

(9) whose isomer assignment was made by x-ray.' The s h i f t s  of C-2 

and C-4 i n  6b and i t s  d e r i v a t i v e s  a r e  downfield r e l a t i v e  t o  those 

i n  6a; C-3 i n  - 6b and i t s  d e r i v a t i v e s  i s  more sh i e lded  than i n  &. 

STEREOCHEMICAL RESULTS 

Treatment of -- c i s - 4  wi th  NaOH(MeOH/H20) gave 65-70% inve r s ion .  

hydro lys is  of var ious  mixtures  of cis and t rans-4  was c o n s i s t e n t  

wi th  100% inve r s ion  f o r  the t r a n s  isomer. 

confirmed t h a t  P-0 c leavage p reva i l ed .  The Cis s a l t  ?gave .predom- 

inen t  r e t e n t i o n  on t reatment  w i th  NaOH/MeOH. A low-temp. nmr l i n e  

shape a n a l y s i s  of c i s -2  gave an  a c t i v a t i o n  energy b a r r i e r  of about  

12.3-1 6 kcal/mole.  

- 
- 

Base 

I s o t o p i c  s t u d i e s  ( l80>  

- - 
L 

I n  the  a c i d  ch lo r ides  6a and 6b a t t a c k  wi th  CH30-,  PhO-, and 

Ph- went wi th  inve r s ion ,  a s  d i d  t r anses  t e r i f  i c a  t i o n  r e a c t i o n s .  I n  

the methyl (7 )  - o r  phenyl phosphinate ( S )  d e r i v a t i v e  of - 6 ,  e q u i l i -  

b r a t i o n  of isomers could be a t t a i n e d :  

CH 0- PhO- 

30% 70% 15% 85% 
7 ( t r a n s )  7 ( c i s )  -- 8 ( t r a n s )  -- 8 ( c i s )  -- -- 
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The a x i a l  p reference  of CH 0 o r  PhO i s  noteworthy. Also remarkable 

was the f a c t  t h a t  80:20 6a:6b gave only the  - cis-methyl  phosphinate  

when t r ea t ed  wi th  AgNO /MeOH. 

3 

-- 
3 

The c i s  and t r ans  isomers of 10 were prepared from the co r re -  - - 
sponding isomers of phenylphosphine oxide - 9 by me thyla  t i o n  wi th  

(CH3)30 PF6 . On treatment  wi th  water  i n  a c e t o n i t r i l e  bo th  isomers 

gave re t en t ion  of conf igura t ion  a t  phosphorus. This  c o n t r a s t s  wi th  

invers ion  of conf igu ra t ion  on t reatment  w i th  hydroxide ion .  I n  

each case exc lus ive  o r  predominant P-0 bond cleavage occurred a s  

supported by experiments using H 0 . 2 

+ -  

18 
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