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SYNTHESIS OF 2&,4'R,8'&-a-TOCOPHEROLS SELECTIVELY LABELLED WITH DEUTERIUM* 
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D i v i s i o n  of  C h e m i s t r y .  Na t iona l  Research Counci l  of Canada 
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SUMMARY 

Nine deu te r ium- labe l l ed  a - tocophero l s  having t h e  
n a t u r a l ,  22,4 '2 ,8 'E,  s t e r e o c h e m i s t r y  have been synthe-  
s i z e d  f o r  s t u d y  by 'H NMR of  t h e  o r i e n t a t i o n  and 
dynamics of n a t u r a l  a- tocopherol  i n  a phosphol ipid 
b i l a y e r .  

Keywords: Deuterated a - tocophero l s  

INTRODUCTION 

Vitamin E p l ays  a v i t a l  r o l e  i n  p r o t e c t i n g  b i o l o g i c a l  membranes from 

p e r o x i d a t i v e  damage ( 1 ) .  The major component of  v i t amin  E and t h e  

component with t h e  most b i o a c t i v i t y  is  a- tocopherol  ( 1 ) .  

p o s s i b l e  s t e reo i somers  of  a- tocopherol  but t h e  n a t u r a l  compound, which has  

There are e i g h t  

t h e  2E,4'R,8'R s t r u c t u r e ,  1, is t h e  most a c t i v e  i n  v ivo  ( 2 ) .  We have 

CH3 I 

1 
shown t h a t  vi tamin E is t h e  major (and p o s s i b l y  o n l y )  pe roxy l - r ad ica l  t r a p -  

p ing ,  chain-breaking a n t i o x i d a n t  p r e s e n t  i n  t h e  l i p i d  e x t r a c t a b l e  f r a c t i o n s  

of human plasma and e r y t h r o c y t e  ghost  membranes ( 3 )  and of v a r i o u s  animal  
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t i s s u e s  (4). We have a l s o  shown tha t  i n  phospho l ip id  b i l a y e r s  n a t u r a l  a- 

t o c o p h e r o l  is l o c a t e d  wi th  the chromanol head group (which c o n t a i n s  the  

p h e n o l i c  OH g roup)  f a i r l y  c l o s e  t o  the  s u r f a c e  of  the b i l a y e r  ( 5 ) .  The 

hydrophobic  phy ty l  " ta i lTT is presumably b u r i e d  deep  w i t h i n  t h e  hydrocarbon 

r e g i o n  o f  t h e  b i l a y e r .  I n  o r d e r  t o  o b t a i n  more i n f o r m a t i o n  r e g a r d i n g  the  

o v e r a l l  o r i e n t a t i o n  and dynamics o f  n a t u r a l  a - tocophero l  i n  a phospho l ip id  

b i l a y e r  and ,  by e x t e n s i o n ,  i n  a b i o l o g i c a l  membrane w e  r e q u i r e d  2!,4'R,8'R- 

a - tocophero l  s p e c i f i c a l l y  l abe l led  w i t h  deu te r ium i n  a number o f  p o s i t i o n s .  

These compounds were t h e n  i n c o r p o r a t e d  i n t o  egg l e c i t h i n  phospha t idy l  

c h o l i n e  u n i l a m e l l a r  v e s i c l e s  f o r  s t u d y  by deu te r ium NMR ( 6 ) .  I n  t h i s  

p a p e r ,  we describe t h e  s y n t h e s i s  o f  n i n e  2~,4T~,8'R-a-tocopherols t h a t  have 

been s p e c i f i c a l l y  l a b e l l e d  w i t h  deu te r ium a t  the  numbered p o s i t i o n s ,  or t h e  

methyl  g roups  a t t a c h e d  t o  these p o s i t i o n s ,  i n d i c a t e d  i n  s t r u c t u r e  1. 

DISCUSSION 

The deu te r ium labe l led  2R,4'R,8'R-a-tocopherols (a-T) t h a t  have been 

p repa red  are: 2, (5-CD,-a-T); 2, (5,7-(CD,),-a-T);  4, (3,q-Dz-a-T); 5 ,  

(3-D1-a-T); 6, ( l ' , l ' - D z ,  2-CD3, 3,3-Dz-a-T); 7 ,  ( l T , l f - D z - a - z ) ;  g ,  ( 2 ' , 2 ' -  

D z - a - T ) ;  2. (5 ' ,5 '-D,-a-T);  and 10, ( 9 '  ,9T-D2-a-T).  I n c o r p o r a t i o n  of 

deu te r ium was v e r i f i e d  by ' H ,  'H and "C NMR s p e c t r o s c o p y  and by GC/MS (see 

Tab le  I ) .  

Compounds 2, (5-CD3-a-T) and 3 ,  (5,7-(CD,),-a-T) were p repa red  by t h e  

SnC1,-catalyzed d e u t e r o m e t h y l a t i o n  w i t h  perdeutero-paraformaldehyde ( 7 )  o f  

( n a t u r a l )  2R,4'R,B'R-Y-tocopherol, 11, and ( n a t u r a l )  2R,4'R,BfR-6- 

t o c o p h e r o l ,  1_2, r e s p e c t i v e l y .  

11 12 
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Compound 3, (3,4-D2-a-T) was synthesized by a Bouveault-Blanc 

reduct ion of C3,4-dehydrol-2fJ,4'~,8'~-a-tocopherol, 13, wi th  Na i n  C , H , ~ ~  

(8) (see Scheme 1). The 'H, 2H and I 3 C  NMR, as well as  GC/MS ind ica ted  a 

1 : l  addi t ion  of deuter ium across  the double bond. Hydroboration of 13 

-- 

TABLE I.  Pr inc ipa l  Ions i n  the Mass Spectra  of S e l e c t i v e l y  Deuterium 

Labelled 2FJ,4'fJ,8'fi-a-Tocopherols 

Compound ( N o .  ) m/e ( r e l a t i v e  in tens i ty) '  
I I I 
I I 1 

aNormalized t o  base peak 

b(CH3)3Si e ther  der iva t ives  of a mixture of 58% 5 and 42% 4. 

with deuterodiborane and subsequent protonolysis  wi th  g l a c i a l  a c e t i c  a c i d  

gave 2 (3-D1-a-T) (see Scheme 1 )  and 3 (3,4-D2-a-T). 
f i n d  t h e  di-deuterated compound b u t  t h e  mass spectrum of the  product 

mixture leaves  no doubt a s  t o  its presence. 

da ta  a l s o  lead  t o  t h e  s u r p r i s i n g  conclusion t h a t  t h e  o ther  a n t i c i p a t e d  

monodeuterated compound, 13 (4-D1-a-z) was not present  i n  detectable 

q u a n t i t i e s .  .The actual mixture contained 58% and 42% 3. 

We were surpr i sed  t o  

The combined MS and 2H NMR 

Compound 6 (l,l'-D,,2-CD,,3,3-D2-a-T) (see Scheme 2) was synthesized 

by a KOD/D20 saponi f ica t ion  of the n i t r i l e  (9)' 12, i n  e thylene glycol- 

(OD), t o  give t h e  acid 2g-16. T h i s  ac id  was resolved wi th  (s ) - ( - ) -a -  
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methylbenzylamine to obtain 22-15 and a complete synthesis of 5 was 
achieved by the procedure of Cohen et a1 (10) .  

Compound _7 (l',l'-D2-a-T) (see Scheme 3) was synthesized (9 )  via a 

sodium methoxide/CH,OD ring-opening of the methyl ester, 1'7, to give the 

4 5. X = H. Y = D  
14, X = D ,  Y = H  

SCHEME I 

SCHEME 2 
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a c h i r a l  e s t e r ,  jl, treatment of which gave the a c i d ,  2 z - 1 2 ,  which was 

resolved and chain extended a s  above for  2!,23-1_6. 

Compound _8 (2',2'D,-a-T) ( see  Scheme 4 )  was synthesized by a LiAlD, 

reduct ion of t h e  e s t e r  _2_0, ( l l ) ,  t o  give the  a lcohol ,  21, from which was 

obtained by the  procedure of Cohen e t  a1 (10 ) .  

CH2C02CH3 CH30No, CH30D N a o ~ ~ H 3  

H3C H3C 0n0 

CH3 CH3 CH3 
17 18 

7 2RS- 19 

SCHEME 3 

SCHEME 4 
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To p r e p a r e  compounds 9 (5 ,5 ' -D2-a-T)  and 10 (9',9'-Dz-a-T) ( s e e  

Schemes 6 a n d  7 ,  r e s p e c t i v e l y )  we f irst  s y n t h e s i z e d  t h e  a p p r o p r i a t e  

d i - d e u t e r a t e d  bromides  _22 and 20, r e s p e c t i v e l y ,  by h o m o l o g a t i o n  o f  t h e  

t o s y l a t e ,  _2_4-D, w i t h  a p p r o p r i a t e  a l k y l  g r o u p  s y n t h o n s  (10 ) .  T h i s  t o s y l a t e  

was p r e p a r e d  from ( S ) - ( + ) - m e t h y l - 3 - ~ - b u t o x y - 2 - m e t h y l p r o p i o n a t e  (10) ( s e e  

Scheme 5 ) .  The d i - d e u t e r o  bromides  were c o u p l e d  wi th  t h e  2-chromanethyl  

t o s y l a t e ,  _2_8, by t h e  F o u q u e t - S c h l o s s e r  p r o c e d u r e  (12). S u b s e q u e n t  

h y d r o g e n a t i o n  y i e l d e d  and  10. 

22 23 

SCHEME 5 

EXPERIMENTAL 

Materials 

2R,4'~,8'~-~-tocopherol, 11, a n d  2~,4i~,8i~-6-tocopherol, 12, were 

o b t a i n e d  from soybean  d e o d o r i z e r  d i s t i l l a t e  v i a  s a p o n i f i c a t i o n  and f l a s h  

chromatography ( 1 3 ) .  The s o y b e a n  d i s t i l l a t e  was a g i f t  from t h e  C e n t r a l  

Soya C o r p o r a t i o n .  

Commercial s t a n n o u s  c h l o r i d e  was made a n h y d r o u s  by treatment w i t h  

acet ic  a n h y d r i d e ,  f i l t r a t i o n ,  washing  w i t h  e t h e r  and  d r y i n g  under  h i g h  

vacuum for  24 h r s .  Perdeutero-formaldehyde, D C 1  (35% i n  D,O) and KOD (40% 

i n  D20) were o b t a i n e d  from Merck, S h a r p  and  Dohme. L i t h i u m  aluminum 

d e u t e r i d e ,  (5)-(-)-a-methylbenzylamine, a n d  (5)-(+)-methyl-3-hydroxy-2- 

m e t h y l p r o p i o n a t e  were o b t a i n e d  from A l d r i c h .  

o b t a i n e d  from F l u k a  B i o c h e m i c a l s  and was p u r i f i e d  by column chromatography.  

T e t r a h y d r o f u r a n  was f r a c t i o n a l l y  d i s t i l l e d  from c a l c i u m  h y d r i d e  under  a n  

a t m o s p h e r e  o f  n i t r o g e n .  

( R ) - ( + ) - C i t r o n e l l a l ,  was 

Methods 

T h i n  l a y e r  chromatography was per formed on  s i l i c a  gel (60F-254) BDH 

p l a t e s  and  d e v e l o p e d  w i t h  e t h y l  a c e t a t e l h e x a n e  ( u s u a l l y  12% e t h y l  a c e t a t e  
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i n  hexane) .  S p o t s  were v i s u a l i z e d  us ing  a phosphomolybdic a c i d  s p r a y  (3.5% 

i n  e t h a n o l )  fol lowed by h e a t i n g  a t  8 O O C .  

t i o n s  fol lowed the  " f l a s h t t  method (13) us ing  Merck grade 60 s i l i c a  g e l  

(230-400 mesh, 60A) from Ald r i ch .  

Column chromatographic  p u r i f i c a -  

Unless  o the rwise  no ted ,  r e a c t i o n s  were carried o u t  under a n i t r o g e n  

atmosphere.  The t tusual t l  work-up involved 3 e x t r a c t i o n s  i n t o  t h e  s o l v e n t  

s p e c i f i e d .  The o r g a n i c  e x t r a c t s  were combined, washed w i t h  water, NaHCO, 

s o l u t i o n  or  d i l u t e  H C 1  as r e q u i r e d ,  s a t u r a t e d  b r i n e ,  d r i e d  ove r  Na,SO,, 

f i l t e r e d ,  and concen t r a t ed  a t  30QC on a r o t a r y  evapora to r .  The res idue  was 

f u r t h e r  d r i e d  t o  c o n s t a n t  weight under high vacuum. A l l  y i e l d s  given r e f e r  

t o  isolated y i e l d s  ob ta ined  af ter  a f i n a l  p u r i f i c a t i o n  by column 

chromatography u s i n g  e t h y l  acetate i n  hexane as t h e  e l u t i n g  agent .  

Mass s p e c t r a  were measured on a Hewlett-Packard 5970A Mass S e l e c t i v e  

De tec to r  u s ing  an  H P - U l t r a  I fused  s i l i c a  c a p i l l a r y  gas  chromatographic 

column ( 1 0 m  x 0.2 mm i . d . ,  OV-101  t y p e ,  c ros s - l i nked  bonded phase ) .  

'H NMR s p e c t r a  were reco rded  on a Bruker 300 MHz ins t rumen t .  'H and 

1 3 C  s p e c t r a  were recorded on a 500 MHz Bruker in s t rumen t  u n l e s s  o the rwise  

noted.  Publ ished (14,15) '"C NMR s p e c t r a l  data f o r  a- tocopherol  were used 

as an a id  i n  de t e rmin ing  t h e  e x t e n t  of d e u t e r a t i o n  a t  s p e c i f i c  p o s i t i o n s .  

All t h e  d e u t e r a t e d  a - tocophero l s  e x h i b i t e d  e i ther  broadening or complete 

absence of the 1 3 C  NMR peaks a t  the expected (14,15) ( i . e . ,  d e u t e r a t e d )  

p o s i t i o n s .  I n  a d d i t i o n ,  a l l  d e u t e r a t e d  tocophero l s  had 'H NMR s p e c t r a  

i d e n t i c a l  t o  t h a t  of undeu te ra t ed  1 excep t  f o r  t h e  absence of  peaks a t  t h e  

a p p r o p r i a t e  p o s i t i o n ( s ) .  

the d e u t e r a t e d  tocophero l s .  

'H NMR f u r t h e r  confirmed the  p r e c i s e  n a t u r e  of  

Compounds z-10 were homogeneous on T .L .C .  (12% e t h y l  a c e t a t e l h e x a n e )  

w i t h  a r e f e r e n c e  sample of  1, Rf = 0.59. 

Syntheses  

(5-CD3~-2~,4'~-8'~-a-Tocopherol, 2: The s y n t h e s i s  followed t h a t  of 

Urano e t  a1 ( 7 ) .  Minor mod i f i ca t ions  improved t h e  y i e l d  from 44% ( 7 )  t o  

67%. Y-Tocopherol, 11, 4 g (9 .6  mmol) was d i s s o l v e d  i n  400 m l  anhydrous 

i sop ropy l  ether.  To t h i s  s o l u t i o n  were added 17 g (89.9 mmol) SnC1, 
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( anhydrous ) ,  57 m l  DC1 (35%)  and 0.7 g (CD,O),.  

3 .5  h r s ,  a f t e r  which time no 11 could be d e t e c t e d  by T.L.C. (12% e t h y l -  

a c e t a t e / h e x a n e ) .  The r e a c t i o n  mix tu re  was poured o n t o  i c e  and t h e  o r g a n i c  

phase was washed wi th  water  u n t i l  t h e  aqueous phase was n e u t r a l  t o  l i t m u s ,  

t hen  d r i e d  over  Na,SO,, f i l t e r e d ,  evapora t ed  t o  d ryness  and p u r i f i e d  by 

column chromatography ( 3 %  e t h y l  acetate i n  hexane ) .  Yie ld  6.7 g ( 6 7 % ) .  

'HNMR ( 6 0  MHz, C D C l , ,  Me,Si ( i n t ) )  6 2.1 ( 9 ,  3H, 7-Ar-CH3), 2 . 2  (s, 3 H ,  

& A r - C H , ) ,  - 2.6 ( t ,  2H, Ar-CH,-CH,, J = 9 Hz).  

The s o l u t i o n  was r e f l u x e d  

(5,7-(CD,),)-2&,41~,8'~-a-Tocopherol, 3 :  6-Tocopherol,  1l. 0 .3  g 

(0 .72  mmol) was d i s s o l v e d  i n  30 m l  anhydrous i sop ropy l  e t h e r  and r e a c t e d  

wi th  2.57 g (13.5 mmol) SnC1, ( anhydrous ) ,  8 . 5  m l  D C 1  ( 3 5 % ) ,  and 0.256 g 

(CD,O),.  

y i e l d  = 1.8 g ( 6 0 % ) .  'H NMR (60 MHz, C D C l , ,  Me,Si ( i n t ) )  6 2 .2  (s ,  3H, 

8-Ar-CH3), 2.6 (t, 2H, Ar-CH2-CH,,  J = 9 Hz) .  

The mix tu re  was r e f l u x e d  f o r  24 h r s ,  l'Usuall' work-up gave 3 ;  

( 3 , 4 - D 2 ) - 2 ~ , 4 1 ~ , 8 1 ~ - a - T ~ ~ ~ p h e r ~ l ,  2: Compound 13 (which was o b t a i n e d  

by r e d u c t i o n  of its a c e t a t e  prepared  a c c o r d i n g  t o  ref .  8 )  0 .5  g (1 .16  mmol) 

was d i s s o l v e d  i n  30 m l  C,H,OD and 4 .3  g Na (0 .186  g-atom) was added i n  

small p o r t i o n s .  The mix tu re  was r e f l u x e d  1 .5  h r s  and was then  l e f t  f o r  24 

h r s  a t  room t empera tu re .  A f t e r  t h i s  time a f u r t h e r  20 m l  C,H,OD was added 

and t h i s  was fo l lowed by 30 m l  o f  b r i n e .  lrUsualll work-up i n  e t h e r  

( fo l lowed by column chromatography wi th  5% e t h y l  a c e t a t e  i n  hexane)  gave 3; 
y i e l d  3.5 g (70%).  'H NMR ( C H C l , ,  CDC1,  ( i n t ) )  6 1 .78  (s ,  lD, Ar-CHD-CHF),  

2.59 ( 9 ,  lD, Ar -CHg-CHD) .  'H NMR ( C D C l , ,  Me,Si ( i n t ) )  6 1.71 and 1.77 (26 ,  

1 H .  Ar-CHD-CHD, J 

T-Ar-C;,), 2 .2 ( s ,  3H, 8-Ar-C;,), 2.6 ( d ,  lH, Ar-CHD-CHD, J = 5 . 7  Hz) .  I 3 C  

NMR ( C D C l , ,  Me,Si ( i n t ) )  6 20.5 ( t ,  Ar-SHD-CHD, J = 28.3  Hz), 31.15 ( t ,  

Ar-CHD-CHD,  J = 28.3 Hz) ,  broadened s i g n a l s  a t  6 23.75 (CH,-C-CH,)  and 40.5 

= 6.5 Hz, J = 7.3 Hz) ,  2.1 (s, 6H, 5- and 1.77 1 .71 

(CH,-C-CH,) .  

(3-D)-2R,41R,8'Ij-a-Tocopherol, 2: 3,4-Dehydr0-2&,4'R,8'~-a-tocopherol 

acetate (8), 0.5  g (1.16 rnmol) was d i s s o l v e d  i n  6 m l  anhydrous e t h e r ,  

cooled  t o  O ° C  and t r e a t e d  wi th  B,D,. The B,D, was gene ra t ed  i n  a s e p a r a t e  

f l a s k  as fo l lows :  A s l u r r y  o f  0.297 g (7.07 mmol) L i A l D ,  i n  10 m l  anhy- 
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drous ether was added dropwise during 1 h r  t o  a cooled ( O T )  s o l u t i o n  of 

1.16 m l  (8.9 mmol) B F , * O ( E t ) , .  The gaseous B,D, produced was continuously 

bubbled v i a  a double-tipped needle i n t o  t h e  e t h e r e a l  s o l u t i o n  of t h e  

dehydro-a-tocopherol, the e n t i r e  system being kept under a s l i g h t  pos i t ive  

ni t rogen pressure.  Both t h e  B,D, generat ing f l a s k  and t h e  e t h e r  s o l u t i o n  

were allowed t o  come t o  room temperature and were l e f t  a t  t h i s  temperature 

f o r  24 h r s ,  a f t e r  which time a T.L.C.  ana lys i s  ( 1 2 %  e t h y l  a c e t a t e  i n  

hexane) showed t h a t  none of the dehydro-a-tocopherol a c e t a t e  remained. The 

reac t ion  mixture was t r e a t e d  wi th  10 m l  g l a c i a l  acetic a c i d  and s t i r r i n g  

was continued f o r  40 hrs a t  room temperature. Addition of br ine ,  the  

" u s u a l "  work-up with e t h e r  and a f i n a l  p u r i f i c a t i o n  by column chromatog- 

raphy (5% e t h y l  a c e t a t e  i n  hexane) gave a yellow res in ;  y i e l d  0.15 g (30%).  

From t h e  MS, 'H NMR and 'H NMR t h e  deuterium content of t h i s  mixture can be 

represented by: 

82 7 

Ar-CHca. I .  5awDca .o. 4 ~ ' ~ c a .  1 .  OvDca. 1 . o 

'H NMR (CHCl. ,  CDC1, ( i n t ) )  6 1.78 ( 9 ,  Ar-C-Cg), 2.59 (5, Ar-CD-C). 

( C D C 1 ,  Me,Si ( i n t ) ) ,  6 1.73 and 1.78 ( 2 t ,  Ar -C-Cg ,  J1.73 = 7.1 Hz, J l a T 8  = 

6.8 Hz), 2.1 ( s ,  6H, 5- and 7-Ar-Clj,), 2.2 (9,  3H, 8-Ar-Cg3), 2.6 ( t ,  

Ar-Cg-C, J = 6.9 Hz). 

6 20.5 ( A r - C D - C ) ,  - 23.7 (CH,-C-CH,), 31.15 ( A r - C - G D )  and 40.5 ( C H , - C - G H , ) .  

We conclude on the bas i s  of the NMR and mass s p e c t r a l  data  t h a t  t h i s  

mater ia l  contains  58% 5 ,  and 42% 3. 

'H N M R  

"C NMR ( C D C l , ,  Me,Si ( i n t ) )  broadened s i g n a l s  a t  

(1~,l~-D,,2CD3,3,3,-D,)-2~,4'R,8'~-a-Tocopherol, 6:  The s t a r t i n g  
~~~ ~ ~ 

mater ia l  was 12 prepared according t o  Cohen e t  a l ' s  procedure (9). Pure 

-- 15,  11.2 g (45.7 mmol), was t r e a t e d  w i t h  25 m l  e thylene glycol-(OD), and 

50 g (35.0 mmol) KOD (40% w / w  i n  D , O )  and ref luxed f o r  17 hrs a t  145OC 

using an o i l  bath. After  t h i s  time t h e  s o l u t i o n  was cooled i n  i c e ,  170 m l  

D,O was added and t h e  pH was adjusted t o  0.8 by the  dropwise addi t ion  of 32 

m l  cone. (35% w / w )  D C 1 .  After removal of n e u t r a l  products by f i l t r a t i o n  

and e t h e r  e x t r a c t i o n  (x2) ,  the  aqueous phase was f u r t h e r  a c i d i f i e d  t o  a pH 

of 1 .1  w i t h  cone. DC1.  A t a n  p r e c i p i t a t e  was formed and c r y s t a l l i z a t i o n  

was completed by s t i r r i n g  t h e  s l u r r y  a t  O°C for  2 h r s .  The m a t e r i a l ,  
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2 E - 1 5 ,  was homogeneous on T.L.C.  (25% e t h y l  acetate i n  hexane)  wi th  a n  

undeu te ra t ed ,  a u t h e n t i c  r e f e r e n c e  sample; y i e l d  7 .5  g (66 .9%) .  'H NMR 

( C H , O H ,  CD,OH ( i n t ) )  6 1 . 4 1  ( 9 ,  3D, Cg,-C-CD,), 1.89 (5, lD, Ar-CH,-CgD), 

2.03 (5,  I D ,  Ar-CH,-CDD), 2.54 (s, 2D. CD,-CO,H). 

( i n t ) )  6 1.95 ( s ,  3H, Ar-CFJ,) ,  2.01 ( s ,  3H. A r - C l j , ) ,  2.04 ( s ,  3 H ,  A r - C l j , ) ,  

2.61 ( 6 ,  2H, Ar-Clj,-CHD, J = 8 Hz).  1 3 C  NMR ( C D C l , ,  Me,Si ( i n t ) )  6 1 1 . 1  

(5-Ar-<H3), 11 .7  (8-Ar-GH3), 12.1 (7-Ar-CH3). 21.5 (Ar -CH, -CD, ) ,  s i g n a l s  

a b s e n t  a t :  32.5 ( A r - C H , - C D , ) ,  32 .7  (CD,-C-CD,CO,H), 41.5 (CD,-C-SD,-CO,H). 

The racemic  a c i d  was r e s o l v e d  wi th  (2)-(-)-a-methylbenzylamine ( 9 )  t o  

o b t a i n  22-1_6 and t h e  s y n t h e s i s  was con t inued  e x a c t l y  as d e s c r i b e d  by Cohen 

e t  a1 ( 1 0 ) .  F i n a l  y i e l d  of _6 1 .2  g (23.5% based on s t a r t i n g  22-16). 'H 

NMR ( C H C l , ,  CDC1,  ( i n t ) )  6 1.17 ( s ,  3 D ,  Cg , -C-CD, ) ,  1.47 ( s ,  2D, 

CD, -C-Cg , ) ,  1 .72  ( s ,  2D, Ar-CH,-Cg,). 'H NMR ( C D C l , ,  Me,Si ( i n t ) ) ,  2.1 ( s ,  

6H. 5- and T - A r - C H , ) ,  2 . 2  ( s ,  3H, 8-Ar-CH3),  2.6 (s,  2H, Ar-CFJ,-CD,). 

NMR ( C D C l , ,  Me,Si ( i n t ) )  s i g n a l s  a b s e n t  a t  6 23.7 (CD,-C-CD,), 31.5 

( A r - C H , - C D , ) ,  39.8 (CD,-C-CD,)  and 74.1 (CD,-C-CD,) .  

'H NMR (Me,SO, Me,Si 

1 3 C  

( 1  , l  v-D,)-2~,4~R,8~R-a-Tocopherol, 7: The s t a r t i n g  material was t h e  

methyl ester of ~-3,4-dihydro-6-hydroxy-2,5,7,8-tetramethy1-2H-l-benzo- 

pyran-2-ace t ic  a c i d ,  11, which was prepared  a c c o r d i n g  t o  t h e  procedure  of 

Cohen e t  a 1  ( 9 ) .  Fol lowing  t h e i r  p rocedure  f u r t h e r ,  a s o l u t i o n  o f  3.1 g Na 

(0.134 g-atoms) i n  34 m l  CH,OD was prepared  by c a r e f u l  a d d i t i o n  of t h e  

sodium wi th  s t i r r i n g  bu t  w i thou t  coo l ing .  To t h i s  was added dropwise 13 g 

(49 .2  mmol) 11 which had been p r e v i o u s l y  d i s s o l v e d  i n  92 ml CH,OD. 

r e f l u x i n g  f o r  48 h r s ,  23 ml D,O were added and r e f l u x i n g  was resumed for 

30 m .  The s o l u t i o n  was coo led  t o  O°C and 175 m l  o f  cone. D C 1  were added 

dropwise .  The t u r b i d  s o l u t i o n  was s t i r r e d  a t  O°C f o r  30 m and t h e  w h i t e  

p r e c i p i t a t e  was f i l t e r e d  and d r i e d  under h igh  vacuum. 

was homogeneous on T.L.C.  (25% e t h y l  acetate i n  hexane)  wi th  an  undeuter -  

a t e d  r e f e r e n c e  sample of t h e  a c i d .  

w i th  2 g - 1 6  a c c o r d i n g  t o  t h e  procedure  of Cohen e t  a1 (10). 

1 0.21 g (12.3% based on s t a r t i n g  11). 'H NMR ( C D C l , ,  Me,Si ( i n t ) )  6 1.55 

(m, 2H, 2'C3,),  t h e  normal ly  ove r l app ing  m u l t i p l e t  from t h e  l'CIj, p ro tons  

After 

The p roduc t ,  2 g - 1 2 ,  

The s y n t h e s i s  of 1 was con t inued  as  

F i n a l  y i e l d  of 
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was absent .  "C NMR (CDC1,  Me,Si ( i n t ) )  s i g n a l s  absent  a t  6 39.9 (lv-SDz) 
and of reduced i n t e n s i t y  a t  6 74.1 (CH,-C-CD,). 

(2,2'-Dz)-2~,4'~,8'~-a-Tocopherol, a:  The s t a r t i n g  mater ia l  was 

methyl-~~)-~-)-6-benzyloxy-2,5,7.8-tetramethylchroman-2-y1 a c e t a t e ,  20 

(11). This  compound, 1 , l  g (2.9 mmol) was dissolved i n  10 m l  anhydrous 

e ther  and the  s o l u t i o n  was added dropwise t o  0.126 g (3.0 mmol) L i A l D ,  s o  

a s  t o  maintain a g e n t l e  r e f l u x .  The reac t ion  mixture was s t i r r e d  30 m 

without cool ing,  a f t e r  which time T . L . C .  a n a l y s i s  (12% e t h y l  a c e t a t e  i n  

hexane) ind ica ted  t h a t  none of t h e  s t a r t i n g  e s t e r  20 remained. 

0°C followed by caut ious ,  dropwise treatment with 12 ml moist e t h e r ,  6 ml 

water and 4.6 m l  1N H,SO, gave, a f t e r  the "usualrt work-up with e t h e r ,  the  

dideuter io-alcohol  21 as a white powder, homogeneous by T.L.C.  

a c e t a t e  i n  hexane) with an a u t h e n t i c ,  undeuterated sample: y i e l d  0.99 g 

(100%) .  

a f i n a l  y ie ld  of 0.03 g (2.3% based on s t a r t i n g  20). 

Cooling t o  

(18% e t h y l  

The synthes is  was continued i n  t h e  normal way (10) t o  obta in  a i n  

' H  NMR (CDCl,, Me,Si 

( i n t ) )  6 1.55 ( m ,  2H, l'-Cfl,), t h e  normally 

2'-CHz protons was absent. 1 3 C  NMR (CDCl,, 

6 21.0 (2'-5D,). 

(5,5'-D,)-2fi,4'fi,8'fi-~-Tocopherol, 2: 

overlapping mul t ip le t  from t h e  

Me,Si ( i n t ) )  s i g n a l  absent  a t  

The s t a r t i n g  mater ia l ,  22, was 

prepared by x - b u t y l a t i o n  of (S)-(+)-methyl-3-hydroxy-2-methylpropionate 

(10). This  compound, 6.7 g (38.9 mmol) was dissolved i n  122 m l  anhydrous 

e t h e r  and was then added dropwise t o  a s l u r r y  of 3.23 g (76.9 mmol) of 

L i A l D ,  and 122 m l  anhydrous e ther  at  0°C. The mixture was st irred a t  room 

temperature f o r  3 h r s ,  a f t e r  which time T.L.C.  ana lys i s  (5% e t h y l  a c e t a t e  

i n  hexane) ind ica ted  t h a t  none of the s t a r t i n g  e s t e r ,  22, remained. The 

mixture was then cooled t o  0°C and the  excess L i A l D ,  was caut ious ly  

destroyed by addi t ion  of 6 ml H,O and 4.7 m l  10% aqueous NaOH. 

s t i r r i n g  18 h r s  a t  room temperature, t h e  mixture was f i l t e r e d  and washed 

with e t h e r .  Evaporation of the  f i l t r a t e  and washings i n  VaCuO gave as a 

c o l o r l e s s  l i q u i d ,  (R)-(+)-3-tert-butoxy-2-methyl-(l ,l-D2 )-propanol, 23: 

yie ld  6.7 g (100%). This product was homogeneous on T.L.C.  (12% e t h y l  

a c e t a t e  i n  hexane) with an undeuterated reference sample. 'H NMR (60 MHz, 

After  
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C D C l  

(CH, 

, Me,Si ( i n t ) )  6 0.86 (d ,  3H, CH,-CH, J = 7 Hz), 1.2 ( s ,  9H, 

, C O ) ,  1.95 (m, l H ,  CH, -CH) ,  3.4 (m, 2H, O C H , ) ,  4.65 ( 5 ,  l H ,  OH).  

Following the  procedure of Cohen e t  a1 ( 1 0 )  t h e  alcohol  22 was 

converted t o  its t o s y l a t e ,  2?-D2, by reac t ion  wi th  para-toluenesulfonyl 

ch lor ide  (p-TSC1) and the  t o s y l a t e  was reacted w i t h  (8)-(+)-2,6-dimethyl-l- 

bromooctane, _2_5 ( i t s e l f  prepared from c i t r o n e l l a l )  by t h e  Fouquet-Schlosser 

method (12)  t o  form the  m - b u t y l  e t h e r ,  25. Conversion t o  the  bromide, 

-- 27, and reac t ion  wi th  t h e  t o s y l a t e  2_8 eventua l ly  l e d  t o  2 i n  an o v e r a l l  

y ie ld  of 0.3 g (1.8% based on s t a r t i n g  _ 2 _ 2 ) .  1 3 C  NMR ( C D C 1 , .  Me,Si ( i n t ) )  

s igna l  of g r e a t l y  reduced i n t e n s i t y  a t  6 37.55 (5'-5D2). 

(9,9'-D,)-2R,4'R,8'R-a-Tocopherol, 10: The t o s y l a t e  _2_4-Dz was coupled 

by the  Fouquet-Schlosser method (12)  w i t h  l-bromo-3-methylbutane, 22. The 

remainder of t h e  synthes is  followed the  procedure of Cohen e t  a1 (10 )  t o  

give 

NMR ( C D C l , ,  Me,Si ( i n t ) )  s i g n a l  absent a t  6 37.34 (9'-CD,). 

i n  a f i n a l  o v e r a l l  y ie ld  of 0 .14  g (2.8% based on s t a r t i n g  2_2). "C 
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