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UTILIZATION OF SULFOXIMINES IN THE SYNTHESIS OF 
OPTICALLY PURE SUBSTANCES 

CARL R. JOHNSON+, MICHAEL R. BARBACHYN, NICHOLAS A. 
MEANWELL, CHARLES J. STARK, jr., JAMES R. ZELLER 
Department of chemistry, Wayne University, Detroit, 
MI 48202 

ABSTRACT Optically active a-hydroxysulfoximines, 
obtained by addition of the lithio reaqent 3 to car- 
bony1 compounds may serve as suitable intermediates 
for the optical resolution of ketones, methylena- 
tions of ketones with optical. resolution, enantio- 
face-selective cyclopropanation of enones and syn- 
thesis of optically active dihydroxy cycloalkanones. 
Several examples of syntheses of natural products 
by this methology are given. 

S-Methyl-S-phenylsulfoximine (1)  can be readily resolved 
using lo-camphorsulfonic acid 
salt of ( + )  - (S) -1 is obtained pure by recrystallization. 
The Clarke-Eschweiler procedure using formaldehyde and 
formic acid provides a very effective method for the 
transformation of 1 to N,S-dimethyl-S-phenylsulfoximine 
(2) 
protonated with butyllithium to provide N-methylphenyl- 
sulfonimidoylmethyllithium (3). Lithio reagent 3 is an 
excellent nucleophile particularly with respect to addi- 
tion to carbonyl compounds 4 r 5 .  The addition reaction 
occurs with a wide range of aldehydes and ketones in the 
temperature range of -78  to 25 C to provide P-hydroxy- 
sulfoximines 4 in high yield (Scheme 1 ) .  

12. From the d-acid the 

' I 3 .  Compound 2 in tetrahydrofuran is rapidly de- 

0 

We have found that B-hydroxysulfoximines are thermally 
unstable and revert to the starting carbonyl compound 
and sulfoximine in the temperature range of 80 to 
120°C 5 ' 6 .  The reversion is probably facilitated by the 
transfer of the OH proton to the sulfoximine nitrogen 
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such t h a t  carbon-carbon bond c l e a v a g e  o c c u r s  w i t h  t h e  

y l i d e  5 as t h e  l e a v i n g  group I .  The y l i d e  se l f -quenches  

by t a u t o m e r i z a t i o n  t o  t h e  s t a r t i n g  s u l f o x i m i n e  (Scheme 

1 )  * 

\ c=o 0 0 0 

M e N  
II 

1 2 3 

II HCHO I I  rr-BuLi II / PhSCH,  - P h S C H ,  PhSCH,Li 
HC0,H II TH F, O’C II THF,-7B0C 

then H’  H N  M e N  

Scheme 1 

The n o n - s t e r e o s e l e c t i v e  a d d i t i o n  of  o p t i c a l l y  p u r e  2 

( a s  t h e  l i t h i o  r e a g e n t  3 )  t o  a c h i r a l  d l -ke tone  w i l l  

r e s u l t  i n  f o u r  o p t i c a l l y  a c t i v e  d i a s t e r e o m e r i c  a d d u c t s .  

Thermolys is  of e a c h  o p t i c a l l y  pu re  adduc t  shou ld  l e a d  

t o  o p t i c a l l y  p u r e  ke tone  and t h e  r e g e n e r a t e d  and r ecyc -  

l a b l e  s u l f o x i m i n e  r e a g e n t .  G e n e r a l l y  t h e  s e p a r a t i o n  of 

f o u r  a d d u c t s  would n o t  be c o n s i d e r e d  a s  p r a c t i c a l  f o r  a 

ke tone  r e s o l u t i o n .  I d e a l l y  comple te  d i a s t e r e o s e l e c t i v i t y  

i n  t h e  a d d i t i o n  r e a c t i o n  shou ld  p r e v a i l  as  it would 

r e s u l t  i n  o n l y  t w o  d i a s t e r e o m e r s  and c o n s i d e r a b l y  simp- 

l i f y  t h e  s e p a r a t i o n  problem, e . g . ,  Scheme 2 .  The t w o  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



UTILIZATION OF SULFOXIMINES [533] /153 

(-)-(!!) - 2 
- 

rr-BuLi 
THF 

Adducts 

MeN P h  
\\ ..+- 

H I  
0 CH, 

s G O  

/ H  
Silica 

H 

- 2  

A 
- 

- 2  

A 

- 

Scheme 2 

c l a s s e s o f  k e t o n e s  t h a t  are  most l i k e l y  t o  e x h i b i t g o o d  

d i a s t e r e o f a c e  s e l e c t i v i t y  are s u b s t i t u t e d  c y c l o a l k a n o n e s  

and open-cha in  k e t o n e s  b e a r i n g  c h e l a t i n g  s u b s t i t u e n t s  

nea rby  t h e  C=O.  Indeed ,  t h e  above c h e m i s t r y  h a s  been 

found t o  be an  i n t e r e s t i n g  and n o v e l  method €or t h e  

r e s o l u t i o n  of v a r i e t y  of k e t o n e s  a sampl ing  of which i s  

shown i n  Scheme 3 5 1 6  

P.S -F 
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0 
PhCCHPh ti 

OMe I 

Scheme 3 

I n  a l l  cases o f  s u b s t i t u t e d  cyc lohexanones  which w e  have 

examined, t w o  major a d d u c t s  and a trace o f  a t h i r d  d i a -  
stereomer w e r e  produced i n  t h e  a d d i t i o n  r e a c t i o n .  A s i g -  
n i f i c a n t  advan tage  i n h e r e n t  i n  t h e  method i s  t h e  r a p i d i -  
t y  w i t h  which t h e  u l t i m a t e  s u c c e s s  o f  a r e s o l u t i o n  o f  

a ke tone  can  be  p r e d i c t e d .  Chromatographic  examinat ion  

( t h i n - l a y e r  chromatoqraphy or HPLC on s i l i c a  ge l )  o f  a 

small-scale r e a c t i o n  mix tu re  r e s u l t i n g  from t h e  a d d i t i o n  
of racemic 2 t o  racemic k e t o n e ,  o p t i c a l l y  p u r e  2 t o  
racemic k e t o n e  (assuming t h a t  comple te  mutual  k i n e t i c  
r e s o l u t i o n  does  n o t  o b t a i n ) ,  o r  racemic 2 t o  an o p t i c a l l y  

p u r e  ke tone  w i l l  r e v e a l  t h e  number and s e p a r a b i l i t y  of 
t h e  v a r i o u s  d i a s t e r e o m e r s .  The method h a s  r e c i p r o c i t y  
and a number o f  k e t o n e s ,  p a r t i c u l a r  1-menthone have been 
found u s e f u l  t o  r e s o l v e  d l -2 .  T h i s  method complements t h e  

camphorsu l fonic  a c i d  r e s o l u t i o n  method n o t e d  above .  W e  

have o f t e n  used  t h e  menthone method t o  b r i n g  t h e  mater ia l  
( a f t e r  m e t h y l a t i o n )  r ecove red  from t h e  mother l i q u o r s  

7 of t he  s u l f o n i c  acid r e s o l u t i o n  up t o  o p t i c a l  p u r i t y  . 
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UTILIZATION OF SULFOXIMINES [535] /155 

B-Hydroxysulfoximines o b t a i n e d  by t h e  a d d i t i o n  of 3 t o  
a l d e h y d e s  and  k e t o n e s ,  undergo  r e d u c t i v e  e l i m i n a t i o n  t o  

y i e l d  a l k e n e s  upon t r e a t m e n t  w i t h  aluminum/mercury 

amalgam i n  a m i x t u r e  of  THF, w a t e r  and acet ic  acid 

(Scheme 4 )  4 ’ 8 .  The combina t ion  of  t h e  

0 

II 
AI(Hg)/H,O / 

Ph4 /r CH, = C, 
THF, HOAc MeN OH 

Scheme 4 

ch romatograph ic  s e p a r a t i o n  of  o p t i c a l l y  a c t i v e  B-hydro- 

xysu l fox imine  d i a s t e r e o m e r s  w i t h  t h e  r e d u c t i v e  e l i m i n a -  

t i o n  h a s  r e s u l t e d  i n  methodology which l e a d s  t o  k e t o n e  

m e t h y l e n a t i o n  w i t h  o p t i c a l  r e s o l u t i o n .  The t e c h n i q u e  

w a s  t h e  keys tone  i n  t h e  t o t a l  s y n t h e s i s  of t h e  g i n s e n g  

se squ i t - e rpene  ( - )  YB-panasinsene ( 9 )  and  i t s  enan t iomer  

(Scheme 5) ’. S e v e r a l  p o i n t s  c o n c e r n i n g  t h i s  s y n t h e s i s  

are  notewor thy .  The k e t o n e  6 had been p r e v i o u s l y  found 

by McMurry and Choy t o  be “ i n e r t  t o  m e t h y l e n e t r i p h e n y l -  

phosphorane i n  DMSO” 

I n  a r e a c t i o n  e x h i b i t i n g  r emarkab le  d i a s t e r e o s e l e c t i v i -  

t y ,  t h e  a d d i t i o n  of  d l - 3  t o  d l - k e t o n e  6 gave  a 30:l mix- 

t u r e  of d l - 7  and i t s  d i a s t e r e o m e r  d l - 8  ( o p p o s i t e  r e l a t i -  

ve  c o n f i g u r a t i o n  a t  S ) .  The ( S ) - r e a g e n t  3 k i n e t i c a l l y  

se lects  a s i n g l e  c a r b o n y l  f a c e  of  t h e  ( - ) - e n a n t i o m e r  o f  

6 and t h e  ( R ) - 3  selects  t h e  s a m e  c a r b o n y l  f a c e  of (+)-6 
t o  g i v e  d l - 7  as  t h e  major p r o d u c t .  A d d i t i o n  of  ( S ) - 3  

t o  d l - k e t o n e  6 r e s u l t e d  i n  a ca .  1 : l  m i x t u r e  o f  o p t i c a l -  

l y - a c t i v e  7 and 8 which w e r e  r e a d i l y  s e p a r a t e d  by f l a s h  

chromatography.  T rea tmen t  of ( + ) - 7  w i t h  Al/Hg r e s u l t e d  

i n  B-panasinsene ( 9 )  w i t h  [a] 2 5  -27.7O; ( - ) - 8  gave  t h e  

1 0  

D 
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u n n a t u r a l  ( + ) - @ - p a n a s i n s e n e  w i t h  [a] 2 5  + 2 9 . 7 O .  D 

1 3  
6 

1 

(*)- 0 

7 a 

Scheme 5 

The a d d i t i o n  of o p t i c a l l y  p u r e  2 as t h e  l i t h i o  r e a g e n t  

3 t o  p r o c h i r a l  enones  o r  t h e  d i a s t e r e o f a c e  s e l e c t i v e  

a d d i t i o n  t o  racemic c h i r a l  enones r e s u l t s  i n  t h e  forma- 

t i o n  of  t w o  o p t i c a l l y  a c t i v e  d i a s t e r e o m e r i c  a d d u c t s ,  

e . g . ,  10 and I 1  (Scheme 6 ) .  I n  such  a d d u c t s  w e  e n v i s i o -  

ned t h a t  t h e  hydroxyl  group and /o r  t h e  s u l f o x i m i n e  n i -  

t r o g e n  might  s e r v e  t o  c o n t r o l  d i a s t e r o f a c e  s e l e c t i v i t y  

i n  a d d i t i o n  r e a c t i o n s  t o  t h e  remain ing  carbon-carbon 

doub le  bond. Combining t h i s  d i a s t e r e o f a c e  s e l e c t i v i t y  

of t h e  a d d i t i o n  w i t h  a subsequen t  t h e r m a l  r e v e r s i o n  of 
t h e  s u l f o x i m i n e  a d d i t i o n  would r e s u l t ,  i n  e f f e c t ,  i n  

e n a n t i o f a c e - c o n t r o l l e d  a d d i t i o n s  t o  t h e  carbon-carbon 

double  bond o f  t h e  o r i g i n a l  enone (Scheme 6 ) .  
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+ I A - 2  

Scheme 6 

For  o u r  f i r s t  t e s t  of  t h i s  c o n c e p t ,  t h e  Simmons-Smith 

c y c l o p r o p a n a t i o n  r e a c t i o n  w a s  chosen  a s  it h a s  been w e l l  
documented t o  be d i r e c t e d  by oxygen c o o r d i n a t i o n  . 
Trea tment  o f  t h e  i n d i v i d u a l  diastereomeric i sophorone /  

s u l f o x i m i n e  a d d u c t s  1 2  w i t h  d i i o d o m e t h a n e / z i n c  ( s i l v e r )  

i n  r e f l u x i n g  d i e t h y l  e t h e r  fo l lowed  by t h e r m o l y s i s  re- 

s u l t e d  i n  t h e  e n a n t i o m e r i c  c y c l o p r o p y l  k e t o n e s  13  w i t h  

[a1 2 5  + 1 6 0 . 6 ~  and -164O (Scheme 7 ) .  T h i s  methodology 

h a s  been a p p l i e d  t o  t h e  s y n t h e s i s  of ( - ) -  and ( + ) - t h u -  

jopsene  ( 1 4 )  and  a v a r i e t y  of o t h e r  o p t i c a l l y  p u r e  cyc -  
1 2  l o p r o p y l  k e t o n e s ,  e.q . ,  15 . 

1 1  
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0 
1) Separate  

&)-S phis diascereomers - 
MeN 2)  CH,I,/Zn(Ag) 

3 )  A 
12 

Scheme 7 

o p t .  pure 
13 

14 15 

Scheme 8 outlines the total synthesis of the non-head- 
to-tail monoterpene, ( - )  -rothrockene ( 18) 3 .  In this 
sequence it is interesting to note the multifaceted 
role of sulfoximinechemistry. Incorporation of the B- 
hydroxysulfoximine moiety allowed for the resolution 
of the precursor ( 1 6 ) ,  reqio- and diastereoface selec- 
tivity in the cyclopropanation which selectively for- 
med 17, crystallographic determination of the absolute 
configuration of 17 (and hence 18) by relating carbon 
stereochemistry to the known absolute stereochemistry 
at sulfur, and introduction of the final carbon-carbon 
double bond in 18. 
Osmium tetroxide is known to reversibly form adducts 
with basic ligands such as pyridine and quinuclidine 14 . 
We anticipated that the methylimino group of adducts 
10 and 1 1  would provide, by "chelation control", 
diastereoface selection in the osmylation of the adja- 
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C H, 

ia 
17 

I 
Scheme 8 

c e n t  carbon-carbon double  bond. Fur thermore ,  t h e  
" a n t i - p e r i p l a n a r "  e f f e c t  of t h e  a l l y l i c  hydroxyl  group 

should p rov ide  a s y n e r g i s t i c  enhancement of t h e  d i a s t e -  

r e o f a c e  s e l e c t i v i t y  1 5 r 1 7 .  The o v e r a l l  r e s u l t  would be 

a novel  o p t i c a l  a c t i v a t i o n  method i n v o l v i n g  d i r e c t e d  

osmyla t ion  and thermal  reversal  of  t h e  su l fox imine  add i -  

t i o n  t o  a f f o r d  o p t i c a l l y  pu re  d ihydroxy cyc loa lkanones  

and t h e  r e c y c l a b l e  r e s o l v i n g  a g e n t  2 .  Again,  t h e  o p t i -  

c a l l y  pure  adduc t s  of  i sophorone  and 2 w e r e  chosen f o r  

i n i t i a l  s tudy  (Scheme 9 )  

d u a l  d i a s t e r e o m e r s  i n  water/THF s o l u t i o n s  c o n t a i n i n g  

t r imethylamine  N-oxide d i h y d r a t e  ( 1 . 5  e q u i v )  w i t h  s o l u -  

t i o n s  of osmium t e t r o x i d e  ( 5  m o l % )  l 8  i n  THF a f f o r d e d ,  

i n  each  c a s e ,  a s i n g l e  t r i o l .  D e s u l f u r i z a t i o n  of  e a c h  

t r i o l  p rovided  a materialwhich e x h i b i t e d  t e n  r e sonances  

i n  t h e  decoupled I3C NMR spectrum and f o u r  methyl s i n g -  

l e t s  i n  t h e  NMR spectrum, c o n s i s t e n t  w i t h  t h e  un- 

symmetr ical  s t r u c t u r e  19. The o p t i c a l l y  a c t i v e  c i s -hy-  

1 6 .  Treatment  of t h e  i n d i v i -  
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d r o x y l a t e d  s u l f o x i m i n e  a d d u c t s  undergo c l e a n  t h e r m a l  

e l i m i n a t i o n  of  t h e  s u l f o x i m i n e  i n  r e f l u x i n g  s o l v e n t  

(2 -bu tano l ,  t o l u e n e ,  o r  x y l e n e )  t o  p r o v i d e  o p t i c a l l y  

p u r e  d ihydroxy cyc loa lkanones .  A s e l e c t i o n  of  compounds 

p r e p a r e d  by t h i s  t e c h n i q u e  i s  shown i n  Scheme 1 0 .  Of 

p a r t i c u l a r  n o t e  are t h e  s u c c e s s e s  o b t a i n e d  w i t h  a 3 -  

cyclohexenone s u b s t r a t e  ( h o m o a l l y l i c  o x i d a t i o n )  and t h e  

cyc lopen tenone  s u b s t r a t e .  I n  t h e  l a t t e r  case p r e p a r a t i o n  

of  t h e  d i o l s  shown r e p r e s e n t s  fo rma l  t o t a l  s y n t h e s e s  of  

b o t h  o p t i c a l  isomers o f  t h e  a n t i b i o t i c s  pentenomycin I 

and 11 s i n c e  Smith and co-workers have s u c c e s s f u l l y  

c o n v e r t e d  racemic mater ia l  t o  t h e s e  s u b s t a n c e s .  T o  d a t e ,  

a t t e m p t s  t o  e x t e n d  t h i s  o x i d a t i o n  methodology t o  t h e  

p r e p a r a t i o n  of  e n a n t i o m e r i c a l l y  p u r e  a c y c l i c  d i o l  k e t o -  

n e s  have n o t  been s u c c e s s f u l  . 2 0  

0 0 

OsO,(cat.) P h q B H  OH 

THF/H,O 
MeN Me,NO MeN 

19 25 
[a], -29.3' 
and +28.6' 

Scheme 9 
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Product 

0 

OH 

- 2 5  
C J J 9  

+ 0 .7O 

- O.S0 
S i t - 6 u M el -52.3' 

+S1.1O 

-21 .2O 

+21 .6O - 3 4 . 7 0  

&.iSi r -6 u M e, + 3 5 . 2 O  

OH 

- 2 4 . 2 0  

+ 2 4 .  o' 

Scheme 10 
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