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SUMMARY 

Attempts were made t o  s y n t h e s i z e  3,5-di-&-butyl-4-hydroxy- 
t o l u e n e  c o n t a i n i n g  a deuter ium l a b e l .  1. p - c r e s o l  w a s  a l k y l a t e d  
wi th  (Dg) - i sobu ty lene .  2 .  2,G-di-5-butyl-A-hydroxytoluene was 
r e a c t e d  wi th  c?euteratec! t r i f l u o r o a c e t i c  a c i d  g i v i n q  d i r e c t  
exchange. 3 .  2,6-dideutero-4-hydroxytoluene was s y n t h e s i z e d  and 
a l k y l a t e d  wi th  i s o b u t y l e n e  and w i t h  2-methyl-2-chloropropane and 
A l C 1 3 .  4 .  BIIT w a s  t r e a t e d  w i t h  D20 and P t Z O  i n  a c a t a l v t i c  
exchange p r o c e s s .  A l l  methods gave l a b e l e d  BHT bu t  i n  a l l  c a s e s  
a mixture  of i somers  w a s  found.  

Key Words: Bu ty la t ed  hydroxvto luene ,  AXT, deuter ium exchange, a l k y l a t i o n .  

IiITFODUCTION 

The widespread  use of 3,5-di-t-butyl-A-hyc?roxytoluene - ( b u t y l a t e d  hydroxy- 

t o l u e n e ;  BIIT) as an a n t i o x i d a n t  i n  t h e  food ,  cosmet ic  and pe t ro leum i n d u s t r i e s  

has  prompted many i n v e s t i q a t i o n s  of t h e  t o x i c o l o g y ,  metabolism and e x c r e t i o n  of 

t h i s  subs t ance .  

I 3 C  and I 4 C  l a b e l l e d  BHT a s  we l l  a s  non- labe led  m a t e r i a l ,  and t h e  me tabo l i c  

f a t e  o f  BHT i n  l a b o r a t o r y  an imals  has  now been l a r g e l y  r e s o l v e d .  Knowledqe of 

t h e  metabolism and e x c r e t i o n  of BHT and i t s  m e t a b o l i t e s  i n  humans, however, 

remains inadequa te  (1,2). 

The b i o t r a n s f o r m a t i o n  s t u d i e s  have been uade r t aken  u s i n g  3 H ,  

I n  s t u d i e s  of b i o t r a n s f o r m a t i o n  and e x c r e t i o n  of x e n o b i o t i c s ,  t h e  non- 

l a b e l e d  s u b s t r a t e  may g i v e  r ise  t o  q u a l i t a t i v e  and q u a n t i t a t i v e  u n c e r t a i n t i e s ;  

r a d i o - l a b e l e d  m a t e r i a l s  on t h e  o t h e r  hand may n o t  be d e s i r a b l e  from e t h i c a l  

a s p e c t s ,  p a r t i c u l a r l y  when long  l i v e d  2-emitters a r e  used t o  l a b e l  compounds 

wi th  slow o r  unknown e l i m i n a t i o n  k i n e t i c s .  The use of s t a b l e  n u c l i d e s  f o r  

such  i n v e s t i g a t i o n s  has  t h e r e f o r e  become of i n t e r e s t  i n  a l l  l a b o r a t o r i e s  w i th  
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a c c e s s  t o  a mass spec t romete r .  

i t s  metabolism i n  man h a s  been s t u d i e d  ( 2 ) .  The c o s t  of 13C l a b e l i n g  remains  

a s i g n i f i c a n t  d i sadvan tage  t o  t h e  use  of t h i s  n u c l i d e ,  and t h i s  h a s  been t h e  

mot iva t ing  f o r c e  i n  t h i s  s tudy  o f  t h e  s y n t h e s i s  of deuter ium l a b e l e d  BHT. 

BHT-13C f o r  example h a s  been s y n t h e s i z e d  and 

EXPERIMENTAL 

GerieraZ !!ethoc!s: A l l  s o l v e n t s  and chemica ls  were r e a g e n t  g r a d e ,  used  wi thou t  

f u r t h e r  p u r i f i c a t i o n  e x c e p t  f o r  p-hydroxyto luene  which w a s  f r e s h l y  d i s t i l l e d  

b e f o r e  use .  Samples of t - b u t y l  ( D g )  a l c o h o l  (99 atom % D), D20 (99.7 atom 9, 

D) and DLSOb (99  atom % D) were purchased  from Merck, Sharpe  and Dohme C o .  L t d . ,  

Mont rea l .  NMR s p e c t r a  were o b t a i n e d  us inq  a Var ian  Model A60-D s p e c t r o m e t e r .  

GC a n a l y s e s  were performed w i t h  a Hewlett-Packard Model 5700 o r  5710 g a s  

chromatograph, and GCMS measurements were made wi th  a Iiewlett-Packarc! Model 

598OA GCMS. 

Reac t ion  p r o d u c t s  were i d e n t i f i e d  by t h e i r  NMR and mass s p e c t r a  when 

i s o l a t e d ,  o r  by r e t e n t i o n  t i m e s  observed  upon GC a n a l y s i s  of  r e a c t i o n  mix tu res .  

Mel t ing  p o i n t s  a r e  r e p o r t e d  uncor rec t ed .  

3,5-di-(D8)-~-butyZ-~-h~drox:/toiuen~ ((Dl,)-BHTI: The t r e a t m e n t  o f  ( D g ) - t -  

S u t y l  a l c o h o l  (5  CJ; 60 m o l e s )  w i t h  H2S04 (0.25 m l )  a t  r e f l u x  t empera tu re  l e a d  

t o  t h e  g e n e r a t i o n  of (Dg) - i sobu ty lene .  Th i s  gas  w a s  s lowly  bubb les  through a 

mixture  of 4-hydroxytoluene ( 2 . 6  g ,  2 4  m o l e s )  and H2SOI, (30 ~ 1 ) .  The appara-  

t u s  was c o n s t r u c t e d  t o  a l low c o l l e c t i o n  of un reac ted  (Dp,)-isobutylene i n  a 

co ld  t r a p .  Upon d e p l e t i o n  of t h e  i s o b u t y l e n e  g e n e r a t o r  (ca  4.5 h r )  t h e  c o l d  

t r a p  was warmed s lowly  t o  room t empera tu re  a l lowing  t h e  un reac ted  (Dg) - i sobu tv l -  

ene t o  p a s s  through t h e  r e a c t i o n  mixture  a second t i m e .  The r e a c t i o n  mix tu re  

was then  d i l u t e d  wi th  water  (50 m l )  and b o i l e d  f o r  24 h r .  4n o i l y  l a y e r  

s e p a r a t e d  from t h e  mix tu re  and. c r y s t a l l i z e d  upon c o o l i n g .  The c r y s t a l s  were 

isolatec! by f i l t r a t i o n ,  washed r e p e a t e d l y  wl th  water and w i t h  50% aqueous 

e t h a n o l  and a i r  d r i e d .  Ana lys i s  o f  t h i s  m a t e r i a l  by GC i n d i c a t e d  99% BIIT 
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(m.p. 65-7OoC), w i t h  3-~-butyl-4-hydroxytoluene a s  t h e  on ly  impur i ty .  The 

r e a c t i o n  y i e l d  (4.16 g )  based on (Dg)-L-butyl a l c o h o l  and (D16)-BIIT was 75% 

of t h e o r y .  

2,6-dideutero-3,5-di-~-butyI-il-hydroxytoluerie IIDzI-BHY) : 

1. BHT (1.1 q ,  5 moles) w a s  d i s s o l v e d  i n  a mixture  of ( C F 3 C O ) 2 0  (0.1 mole) 

and D 2 0  ( 0 . 1  m o l e ) ,  and s t i r r e d  con t inuous lv  i n  a s e a l e d  v e s s e l  f o r  50 hours  a t  

room temperature .  The s o l u t i o n  was then d i l u t e d  with D20 (10 m l ) ,  and. e x t r a c t e d  

t h r e e  t i m e s  w i th  e t h y l  e t h e r .  The e t h e r  w a s  washed twice wi th  5 m l  p o r t i o n s  of 

w a t e r ,  d r i e d  ove r  anhydrous MgS04 and evapora t ed  i n  vacuo t o  y i e l d  a yel low o i l  

( 0 . 7 1  g ) .  The o i l  w a s  s u b j e c t e d  t o  GC a n a l y s i s ,  which i n d i c a t e d  t h e  p re sence  of 

a t  l ea s t  5 components, i n c l u d i n g  BHT, 3-L-butyl-4-hydroxytoluene and 4-hydroxy- 

t o l u e n e .  

2 .  To a mixture  o f  TFA : (CF3CO)20= 5:2 (3 m l )  was added (D21-4-hydroxytoluene 

(1.6 g ,  1 4 . 5  m o l e )  (see below).  I sobu ty lene  g a s ,  gene ra t ed  by r e f l u x i n g  5% 

H2SOq i n  t - b u t y l  a l c o h o l ,  w a s  passed through t h i s  s o l u t i o n  f o r  72 hours  a t  4OoC. 

The mixture  w a s  d i l u t e d  w i t h  w a t e r ,  n e u t r a l i z e d  wi th  N a 2 C 0 3  and e x t r a c t e d  wi th  

e t h y l  e t h e r .  The e t h e r  e x t r a c t  w a s  found on GC a n a l y s i s  t o  c o n t a i n  on ly  BHT 

and 3-~-butyl-4-hydroxytoluene i n  t h e  r a t i o  of 17:3. 

3.  (Dq)-4-hydroxytoluene (0.6 g ,  5.35 m o l e s )  (see below) was mixed wi th  2- 

methy l -2 -ch lo ropro~ane  (5 m l )  and coo led  to  O°C i n  ice. A f t e r  a d d i t i o n  of A 1 C 1 3  

(0 .5  g )  t h e  mixture  was g r a d u a l l y  hea ted  t o  5OoC, then  s t i r r e d  a t  t h i s  tempera- 

t u r e  f o r  18 hours .  The r e a c t i o n  mixture  was d i l u t e d  wi th  wa te r ,  f i l t e r e d  t o  

remove i n s o l u b l e  sa l t s  and then  e x t r a c t e d  wi th  e t h y l  e t h e r .  The e t h e r  e x t r a c t  

w a s  d r i e d  ove r  MgS04, t hen  reduced i n  vacuo t o  1 m l  f o r  GC a n a l y s i s .  Three 

compounds, 4-hydroxytoluene, BHT, and 3-~-butyl-4-hydroxytoluene were found t o  

be p r e s e n t  i n  t h e  r a t io  9:29:62. 

- __ 

2,3,5,6-tetradeutero-4-1ujdroxytoluene (iD,,I-.l-;zyc~rocc.atoluenei : A s o l u t i o n  of 

4-hydroxytoluene (1.08 g ;  1 0  m o l e s )  i n  a mixture  of D ~ S O I ,  (0.1 mole) and D 2 0  

(0 .4  mole) was hea ted  a t  5O0C and shaken o c c a s i o n a l l y  ove r  a p e r i o d  o f  24 hours .  
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The mix tc re  was poured i n t o  aqueous sodium ca rbona te  t o  n e u t r a l i z e  t h e  D2S04, 

then e x t r a c t e d  3 t i m e s  w i t h  e t h y l  e t h e r .  The e t h e r  e x t r a c t  was d r i e d  ove r  

anhydrous MgSOq, and t h e  e t h e r  removed i n  vacuo t o  y i e l d  a v i scous  l i q u i d  (0 .64  

g )  which c r y s t a l l i z e d  on prolonqed s t a n d i n g  (m.p. 30-32OC). GC a n a l y s i s  o f  an  

e t h e r  s o l u t i o n  o f  t h i s  m a t e r i a l  i n d i c a t e d  t h a t  on ly  4-hydroxytoluene w a s  p r e s e n t  

-__ 

2,6-ditieutero-4-hgdrozytoZuene ( (D2)-C?-ky~rororcgtoZuene) : ( D Q )  -4-hvdroxytoluene 

( 2 . 6  g ;  2 3  moles)  w a s  d i s s o l v e d  i n  TFA (0.79 moles) and water  (1.33 moles) .  

Th i s  s o l u t i o n  w a s  s t i r r e d  for 16 hours  a t  65'C, d i l u t e d  w i t h  water and n e u t r a l -  

i z e d  w i t h  N a 2 C 0 3  and then  e x t r a c t e d  w i t h  e t h y l  e t h e r .  The e t h e r  s o l u t i o n  was 

d r i e d  ove r  MgSOb and then  t h e  e t h e r  w a s  removed i n  vacuo t o  g i v e  t h e  d e s i r e d  

product  ( 0 . 8 1  q;  m . p .  30-32OC). 

RESULTS APVD DISCUSSION 

The i n i t i a l  approach t o  t h e  s y n t h e s i s  of d e u t e r a t e d  BET was t o  a l k y l a t e  

4-hydroxytoluene with l a b e l e d  i s o b u t y l e n e  which has  been gene ra t ed  from (Dq)- 

- t - b u t y l  a l c o h o l .  The p roduc t  ob ta ined  d i s p l a y e d  i o n s  i n  t h e  mass spec t romete r  

a t  m/e 228 through m/e 238, i n d i c a t i n q  a mixture  of  compounds i n c o r p o r a t i n q  from 

8 t o  18 deu te rons  ( f i g u r e  1). The most prominent isomers  had molecular  i o n s  of  

m/e  236 corresponding t o  t h e  i n c o r p o r a t i o n  of 16 deuter ium atoms, a s  expected 

f o r  ( D 1 6 ) - B H T ,  and m / e  235 f o r  (Dls)-BHT. These two isomers  t o g e t h e r  accounted 

f o r  44% of t h e  t o t a l  mass i n  t h e  molecular  i o n  r eg ion  (m/e 228-2381 of t h e  

mass spectrum. 

s u b s t i t u e n t s  was n o t  a n t i c i p a t e d  even though s t r o n g l y  a c i d i c  c o n d i t i o n s  wele 

used f o r  qene ra t ion  of  (Dg)- isobutylene and f o r  c a t a l y s i s  of t h e  b u t y l a t i o n  

s t e p .  However, a s imple mechanism f o r  exchanqe du r inq  g e n e r a t i o n  of i sobu tv lene  

could be  p o s t u l a t e d .  

This  very s i g n i f i c a n t  loss  of deuter ium from t h e  t - b u t y l  

LJMR s p e c t r a l  d a t a  for  (Dib)-B13'2 (Table  1) i n d i c a t e d  l i t t l e  or n o  exchanqe 

of  a romat i c  p r o t o n s  du r ing  t h e  a l k y l a t i o n  p rocess  s i n c e  t h e  r a t io  of  a romat i c  

p ro tons  t o  pheno l i c  p r o t o n s  t o  methyl p r o t o n s  remained 2 :  1 : 3 ,  as i n  HHT. 
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Fiqure 1: Mass s n c c t r a  o f  BVT and deuter ium l a b c l e d  B!IT. 

F u l l v  s u b s t i t u t e d  ( D 1 6 ) - R I ! T  molecules  would have i n t e q r a t e d  f o r  o n l y  2 

p r o t o n s  i n  t h e  t - b u t y l  Droton r e q i o n .  The e x t r a  1 . 5  p ro tons  p e r  molecule i n  

t h e  s y n t h e s i z e d  compound r e p r e s e n t s  an enr ichment  of 30% of t h e  expec ted  v a l u e .  

The I R  spec t rum of t h i s  mix tu re  of i s o t o p e s  r e f e r r e d  t o  a s  (D~G)-BHT was 

c h a r a c t e r i z e d  by prominent a b s o r p t i o n  bands a t  3650, 2930 and 2220 c m - ' ,  t h e  

l a t t e r  be inq  t h e  r e q i o n  i n  which t h e  C-D s t r e t c h  of a l i p h a t i c  methyl q r o u u s  

would be found (33 .  Other  peaks  observed  were a t  3070,  2060 and 2130 cm-l. 

Table  1: NMR T p e c t r a l  d a t a  f o r  DIIT and ( D ~ F , ) - B H T  

('ompound IF Mu 1 t 1 p 1 1 c 1 t y I n t e q r a t i o n  Assiqnment 

BIIT 6.9 '  S 2 a romat i c  H 
4.86 ., 1 p h e n o l i c  H 
2.23  S 3 methyl  11 
1.40 S 18 - t - b u t y l  H 

(Dir,)-BHT 6.94 S 2 a romat i c  H 
4 .93  S 1 Dhenol ic  I i  
2 . 2 7  S 3 methyl I1  
1 . 3 9  S 3.5 - t - b u t y l  H 
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The (D~G)-BHT d i s p l a y e d  a change i n  p h y s i c a l  p r o p e r t i e s  from BHT. The 

observed  wide me l t ing  n o i n t  range  (65O t o  7OoC)  was a t t r i b u t e d  t o  t h e  mix tu re  

of i s o t o p e s  p r e s e n t  i n  t h e  sample.  A d i f f e r e n c e  between t h e  r e t e n t i o n  t i m e s  of 

EHT and ( D 1 6 ) - B I I T  on GC a n a l y s i s  (F igu re  2 )  is  presumably clue t o  a d e c r e a s e  i n  

p o l a r i t y  of t h e  d e u t e r a t e d  m a t e r i a l .  The GC peak co r re spond ing  t o  ( D I 6 ) - B H ~  was 

a l s o  examined by con t inuous  MS scanning  ove r  t h e  range  m/e 195 t o  m/e 250 a t  3 

second i n t e r v a l s .  Each scan  d i s p l a y e d  a ranqe  of M' i o n s  from m / e  228 (Dg) t o  

m/e 238 (D18).  Th i s  i n d i c a t e d  t h a t  t h e  dec reased  r e t e n t i o n  t ime  o f  t h e  deu te -  

r a t e d  sample w a s  v i r t u a l l y  independent  o f  t h e  numher o f  d e u t e r o n s  i n c o r p o r a t e d  

a l though  t h e  major i o n  v a r i e d  from m / e  236 a t  t h e  s t a r t  of t h e  GC peak t o  m / e  

234 a t  t h e  end. 

I t  appeared  from t h e  in fo rma t ion  g a t h e r e d  t h a t  (D16)-BHT o f  h i g h e r  o v e r a l l  

deuter ium enr ichment ,  and consequen t ly  wi th  a lesser number o f  i somers ,  cou ld  

be  s y n t h e s i z e d  i n  t h i s  r e a c t i o n  by s u b s t i t u t i o n  o f  DzSOh f o r  HzS04 d u r i n g  iso- 

bu ty lene  g e n e r a t i o n  and i n  t h e  a l -ky la t ion  s t e p .  I t  w a s  a l so  a p p a r e n t ,  however, 

t h a t  because  of t h e  s i g n i f i c a n t  change i n  p o l a r i t y  r e s u l t i n g  from t h e  i n c o r -  

p o r a t i o n  o f  up  t o  18 atoms o f  deu te r ium p e r  molecu le ,  such  an e x t e n s i v e l y  

d e u t e r a t e d  material would n o t  be d e s i r a b l e  f o r  a b s o r p t i o n ,  metabolism and 

e x c r e t i o n  s t u d i e s  i n  l a b o r a t o r y  an ima l s .  Metabol ic  s t u d i e s  have shown e x t e n s l v e  

o x i d a t i o n  of t h e  t - b u t y l  groups  ( 2 )  and t h e  s u b s t i t u t i o n  o f  deuter iun;  f o r  

hydrogen i n  t h e s e  p o s i t i o n s  would undoubtedly l e a d  t o  q u a n t i t a t i v e  i f  n o t  

a u a l i t a t i v e  d i f f e r e n c e s  i n  t h e  f a t e  of t h i s  compound. The s y n t h e s i s  of ( D l s ) -  

BIIT was no+ pursued  f u r t h e r  f o r  t h e s e  r e a s o n s .  

The r e a c t i o n  o f  BHT i n  d e u t e r a t e d  TFA s o l u t i o n  (p repa red  from D20 and 

t r i f l u o r o a c e t i c  anhydr ide )  gave d e a l k y l a t i o n  a s  w e l l  a s  i n c o r p o r a t i o n  o f  

deuter ium i n t o  t - b u t y l  groups  and a romat i c  p o s i t i o n s .  The CC a n a l y s i s  of  t h e  

r e a c t i o n  mix tu re  showed 4-hydroxytoluene and 3- t -huty l - -4-hydroxyto luene  ._ as  w e l l  

a s  BHT. 

ion .  The i n c o r p o r a t i o n  of deuter ium suqges t ed  an a l k y l a t i o n - d e a l k v l a t i o n  p r o c e s s .  

The GCFIS o f  t h e  BIIT peak showed m / e  v a l u e s  from 226 t o  235 f o r  t h e  M+ 
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Figure 2: Gas Chromatograph trace 
of BHT and (D16)-BHT. Figure 3: PlaSS spectrum of ( D q ) - 4 -  

hydroxytoluene. 

The NMR spectrum could not be interpreted due to the mixture of compounss 

present and the various isotopes of each com.pound. The GCMS also indicated that 

from 2 to 4 deuterons had been incorporated into 4-hydroxytoluene (M' m/e 112; 

base peak m/e 1101, and that up to 11 deuterons were present in the 3-t-butyl- 

4-hydroxytoluene molecules (M' m/e 175, base peak m/e 170). 

The 2,6-protons of BHT appeared to have undergone deuterium exchange in the 

presence of D-TFA. 

toluene in D-TFA; only the 3,5-protons underwent exchange. In the presence of 

D 2 S 0 4 ,  on the other hand, 95% exchange of the aromatic protons was achieved, as 

determined by the NMR spectrum. 

(figure 3) was of interest in that the parent ion was at m/e 112, and the base 

peak was at m/e 111, with a strong ion at m/e 110 (55% of base). In view of 

the virtually quantitative incorporation of deuterium into the aromatic centers, 

this suggested that two major fragmentation routes were operational. Fragmenta- 

tion by the normally accepted route ( 3 )  involving formation of a benzylic ion by 

loss of H' with subsequent rearrangement to a (Di,)-tropylium ion and a second 

However, 2,6-exchange could not be effected with 4-hydroxy- 

The mass spectrum of this (Dq)-p--hydroxytoluene 
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process, by the formation of a phenylic ion through loss of D' with subsequent 

rearrangement to a benzylic ion and finally to a (D3i-tropylium ion (Scheme 1). 

In an attempt to avoid what appeared to be acid catalyzed exchange of 

aliphatic protons during alkylation, (Dq)-4-hydroxytoluene was alkylated with 

- t-butyl chloride in the presence of .&la3. Label scrambling was still observed 

and the yield of BHT was low. The addition of base (NaZC03 or triethylamine) to 

prevent exchange hy neutralizing acid generated during the reaction only served 

to further reduce the yield of BHT, and consequently this reaction was deemed 

unsuitable for our purposes. 

Treatment of (Dq)-4-hydroxytoluene with TFA resulted in the removal of two 

deuterons. Comparison of the NMR spectrum to that of a published NMR spectrum 

for BIIT (4) showed that 3,5-positions now both contained protons. The mass 

spectrum displayed a molecular ion at m/e 110 and a base peak at m/e 109. The 

M+-2 peak was 32% of the base peak. 

for protons in the 2,6-positions; integrating for s l C %  of the value of the peak 

for the 3,5-protons. Treatment of the (D2)-4-hydroxytoluene with isobutylene 

The NMR spectrum showed only minor peaks 

I CH 3- 

D O 1  t 
OH 

OH 
t 

OH 

I 
CHg 

OH 

H H  

W e  11 

OH 

Scheme 1 
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i n  TFA gave  a high  y i e l d  of BET, w i th  some 3-~-F~utyl-4-hydroxytoluene i n  an 

o t h e r w i s e  c l e a n  r e a c t i o n .  I t  w a s  appa ren t  from t h e  mass spec t rum t h a t  t h e  

i n t e g r i t - y  of tlic l a b e l  had heen l o s t  and a series of i somers  were now p r e s e n t  

i n  t h e  BI!T. 

T'le exchanae l a b e l i n g  o f  4-hydroxytoluene wi th  D 2 0  i n  t h e  p re sence  o f  PtO: 

r e s u l t e d  i n  e x t e n s i v e  d e u t e r a t i o n  of  bo th  a l i p h a t i c  ( ' 94%)  and a romat i c  (828) 

c e n t e r s ,  a s  de te rmined  by i n t e g r a t i o n  of t h e  NMR spec t rum.  The  molecu la r  i on  

o c c u r r e d  a t  m/e 115 and t h e  hase  peak a t  m / e  1 1 3  ( M + - 2 ) .  

deu ter ium i n  t h e  methyl group was u n d e s i r a b l e  because  t h i s  c e n t e r  i s  known t o  

b e  o x i d i z e d  i n  seo_ucn t i a l  s t e p s  t o  t h e  co r re spond ing  c a r h o x y l i c  a c i d  ( 5 )  i n  

mammalian sys tems t h u s  l e a d i n g  t o  loss o f  t h e  l a b e l  on t h i s  methyl group.  

The i n c o r p o r a t i o n  o f  

CONCLUSIONS 

Deuterium l a b e l e d  BHT h a s  Seen p repa red  by a l k y l a t i o n  of 4-hydroxytoluene 

w i t h  deuter ium l a b e l e d  i soh i i ty l ene ,  by exchange of BHT p r o t o n s  i n  D-?FA and hv 

exchange of t h e  a romat i c  p r o t o n s  o f  4-hydroxytoluene i n  D ~ S O I ,  w i th  subsequent  

a l k y l a t i o n  us ing  TFA/ i s o b u t y l e n e  o r  t - l u t y l  c h l o r i d e  wi th  AlC13. 

random exchange o c c u r r e d .  ?he t o t a l  i on  p o p u l a t i o n  i n  t h e  mass s p e c t r a  d u r i n g  

a n a l y s i s  of t h e s e  compounds was d i s t r i b u t e d  among a s e r i e s  o f  i somers  of t h e  

s a m e  compound. Conseauent ly  each  i n d i v i d u a l  isomer gave  a weak spec t rum and 

t h e  GCWS t echn ique  was rendered  less s e n s i t i v e  and v i r t u a l l y  u s e l e s s  f o r  mix- 

t u r e s  having  low c o n c e n t r a t i o n s  o f  compounds. The NMR s p e c t r a  were n o t  i n t e r -  

p r e t a b l e  i n  some i n s t a n c e s  because  of t h e  number o f  molecu la r  i somers  p r e s e n t .  

The i n c o r p o r a t i o n  of S o r  more d e u t e r o n s  p e r  molecule i n  t h e  2 - b u t y l  sub- 

s t i t u e n t s  a l s o  a l t e r e d  t h e  GC r e t e n t i o n  t i m e  f o r  t h e  d c u t e r a t e d  BH?. Althouqh 

i t  was conce ivab le  t h a t  a d e u t e r a t e d  BHT c o n s i s t i n g  a lmost  e n t i r e l y  of (D18)-BHT 

could  be  p repa red  from (Dq) - t -hu ty l  a l c o h o l  and 4-hydroxytoluene, t h i s  m a t e r i a l  

was n o t  s y n t h e s i z e d  because  o f  i t s  u n s u i t a h i l i t y  f o r  me tabo l i c  s t u d i e s .  

In  a l l  c a s e s  
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