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SUMMARY 

Two general schemes f o r  the synthes is  o f  i so tope  l a b e l l e d  

monomethyl catecholamine metabol i tes a r e  described. Catechol was 

converted t o  2-methoxy-d -phenol (2) w i t h  deuteromethyl i o d i d e  

and reacted w i t h  sodium g l yoxy la te  t o  form 4-hydroxy-3-methoxy- 

d3-mandelic a c i d  (3) .  
o f  3 w i t h  excess sodium borohydride i n  water y i e l d e d  4-hydroxy- 

3-methoxy-d3-phenylacetic a c i d  (5) .  
produced 4-hydroxy-3-methoxy-d3-phenyl ethy lene g l yco l  (5). 
a1 t e r n a t i v e  r o u t e  was t o  a1 k y l a t e  3,4-di hydroxybenzaldehyde ( 6 )  

and produce 3 o r  i t s  3-hydroxy-4-methoxy isomer v i a  the n i t r i l e  

mandelic a c i d  synthesis. 

v a r i a n t s  as i n t e r n a l  standards f o r  q u a n t i t a t i o n  by gas chromatog- 

raphy-mass spectrometry i s  discussed. 

3 

Hydrogenolysis o f  the methyl es te r -d iace ta te  

Reduction o f  3 w i t h  d i  borane 

An 

S u i t a b i l i t y  o f  these i s o t o p i c  and isomer ic  
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INTRODUCTION 

S.P. jdarkey, e t  a l .  

Human metabol ic  s tud ies  o f  endogenous catecholamine metabol i tes r e q u i r e  the 

a v a i l a b i l i t y  o f  s u i t a b l e  s tab le  i s o t o p i c  v a r i a n t s  both as i n t e r n a l  standards for 

mass spec t ra l  a n a l y t i c a l  procedures ( l ) ,  and f o r  t h e  a d m i n i s t r a t i o n  o f  t he  

l a b e l l e d  me tabo l i t e  i n  order  t o  perform i n  v i vo  k i n e t i c  s tud ies  ( 2 ) .  

q u a n t i t i e s  o f  m a t e r i a l  requ i red  (mg/pat ient )  prec lude t h e  use o f  enzyme mediated 

synthes is  f o r  t h e  product ion o f  h igh  p u r i t y  methylated catecholamine metabol i tes.  

Catalyzed exchange o f  aromatic o r  benzy l i c  protons i n  D20 i s  r e a d i l y  achieved 

and r e s u l t s  i n  usefu l  a n a l y t i c a l  i n t e r n a l  standards (3,4), bu t  i s  o f  quest ionable 

value f o r  compounds t o  be employed i n  v ivo.  A general scheme f o r  deuteromethyl 

catecholamine metabol i t e s  was des i red.  From t h e  t r i d e u t e r a t e d  methyl analogs, 

heavier v a r i a n t s  could be prepared by exchange, so t h a t  t h e  assessment o f  sample 

recovery (endogenous and administered deuterated)  could be made by se lected i o n  

moni tor ing us ing gas chromatography-mass spectrometry (GC-MS). 

The 

General syn the t i c  schemes f o r  t he  p repara t i on  o f  va r ious  monomethylated 

catechols i n v a r i a b l y  u t i l i z e  r e a d i l y  a v a i l a b l e  s t a r t i n g  m a t e r i a l s  such as 

v a n i l l i n  (5-8) 

common i so tope  l a b e l l e d  in termediate which cou ld  be used f o r  preparat ion o f  t he  

l a b e l l e d  norep nephrine metabol i tes 4-hydroxy-3-methoxy-d -mandelic ac id ,  2, 
4-hydroxy-3-methoxy-d3-phenylethyl ene g l y c o l  , 5 and the  l a b e l l e d  dopamine 

me tabo l i t e  4-hydroxy-3-methoxy-d3-phenylacetic a c i d  (homovanil l i c - d j  a c i d  5) .  

Thus a s u i t a b l e  method was sought f o r  t h e  preparat lon o f  a 

3 

During the  course o f  these s tud ies,  two general routes were i nves t i ga ted .  

The method o f  choice i s  described i n  Scheme 1. 

w i t h  methyl-d3 i o d i d e  i n  acetone w i t h  potassium carbonate. Monomethylation o f  

catechol w i t h  dimethyl s u l f a t e  i n  nitrobenzene was t r i e d  repeatedly  i n  o rde r  t o  

ob ta in  the  h igh  y i e l d  of 2-methoxy-d3-phenol (2) repo r ted  by Bredereck e t  a l .  (9)  

Catechol (1) was monomethylated 
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Schefie 1 

and c o n s i s t e n t l y  referenced i n  the  l i t e r a t u r e  as an example o f  s e l e c t i v e  con- 

d i t i o n s  which i n f l u e n c e  product  formation (10). I n  our  hands, t h e  product  2 was 

d i f f i c u l t  t o  separate from nitrobenzene w i t h  which i t  c o - d i s t i l l s ,  and which 

probably i s  responsib le  f o r  t he  repor ted h igh  y i e l d s .  

The in termediate 2. was reacted w i t h  sodium g l yoxy la te  t o  fo rm 3 i n  34% 

y i e l d  (11 , l Z ) .  Attempted hydrogenolyses us ing va r ious  c a t a l y s t s  (Pd/C, 

Pd/BaS04), so lvents  (a l coho l ,  ac ids ) ,  and d e r i v a t i v e s  o f  3 f a i l e d  t o  produce 4 

under cond i t i ons  which success fu l l y  reduced o the r  benzy l ic  a lcohols .  However, 

from t h e  e t h y l  es te r -d iace ta te  o f  3, aqueous borohydride reduc t i on  gave the  

a c i d  4 i n  54% y i e l d  (13). 

Qu ick  and C r e l l i n g  (14) f o r  t he  reduc t i on  o f  a benzy l i c  a lcohol  para t o  a 

Anhydrous borohydride cond i t i ons  recommended by 

phenol r e s u l t e d  i n  a m ix tu re  o f  products, w i t h  e s t e r  reduc t i on  t o  2 predominating 
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over 4. 

in termediate borate s a l t s  necess i ta ted l o n g  (30-40 h r )  r e a c t i o n  t imes t o  o b t a i n  

complete reduc t i on  (15). Diborane-d6 was used t o  prepare a small q u a n t i t y  o f  a 

second i s o t o p i c  (d5)  v a r i a n t  o f  5. 

A second rou te  (Scheme 2 )  i s  based upon the  s y n t h e t i c  routes described by 

Reduction o f  3 t o  5 was performed w i t h  diborane, b u t  t he  format ion o f  

Shaw, McMil lan and Armstrong ( 5 )  f o r  t h e  p repara t i on  o f  catecholamine metabol i tes 

s t a r t i n g  w i t h  v a n i l l i n ,  a rou te  which has a l so  been employed by La Manna and 

Ghislandi ( 1 6 )  t o  synthesize i s o - d e r i v a t i v e s  by s t a r t i n g  w i t h  i s o v a n i l l i n .  Due 

t o  the  ready a v a i l a b i l i t y  o f  v a n i l l i n s  from na tu ra l  sources, methods f o r  t h e i r  

preparat ion by s e l e c t i v e  a1 k y l a t i o n  o f  3,4-dihydroxybenzaldehyde ( 6 )  have n o t  

been we l l  character ized.  

t o  o b t a i n  90-95% r e a c t i o n  a t  t h i s  s i t e  w i t h  e i t h e r  benzyl bromide o r  methyl 

i o d i d e  i n  acetone w i t h  potassium carbonate. 

benzyl isomer ic  mix tures can be separated by repeated so l ven t  e x t r a c t i o n s  i n  

buffered so lu t i ons ,  u t i l i z i n g  the g rea te r  a c i d i t y  o f  t he  4-hydroxy isomer, and 

moni tor ing t h e  separat ion by gas chromatography. A f t e r  so l ven t  ex t rac t i on ,  t he  

4-benzyl isomer &was methylated w i t h  methyl-d3 i o d i d e  and deblocked w i t h  a c i d  

t o  y i e l d  l a b e l l e d  v a n i l l i n  i n  18% y i e l d  from 6. 

- 7a o r  i s o v a n i l l i n - d 3  5, the respec t i ve  rnandelic ac ids 3 and ?were  prepared v i a  

n i t r i l e  in termediates ( 5 ) .  

described the  preparat ion of 3 and 3-methoxytyrosine through in te rmed ia te  

oxazol ones. 

The g rea te r  a c i d i t y  o f  t he  para hydroxyl can be used 

The v a n i l l i n / i s o v a n i l l i n  o r  3-/4- 

3 From p u r i f i e d  v a n i l l i n - d  

Using these s t a r t i n g  ma te r ia l s ,  Shaw 3 d. have a l so  

P a r t i a l  mass spect ra of t h e  t r i f l u o r o a c e t y l - e t h y l  e s t e r  (TFA-Et) d e r i v a t i v e s  

of t he  th ree  synthesized isomer ic  and i s o t o p i c  v a r i a n t s  o f  4-hydroxy-3- 

methoxymandelic a c i d  a r e  shown i n  Ffgure 1. There a re  s i g n i f i c a n t  i n t e n s i t y  d i f -  

ferences for  t h e  major fragment ions and the  molecular  ion,  bu t  t he  mass s h i f t s  a re  
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Figure 1. Electron impact mass spectra of the trifluoroacetyl (TFA)-ethyl 
esters  ( E t )  of isotopic and isomeric variants of  hydroxymethoxymandel i c  acid.  
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cons is ten t  w i t h  proposed fragments. Major i ons  a re  observed f o r  t he  losses of 

C02Et (m/e 345, 348), C02Et+C0 (317, 320), CF3C02+0Et (260, 263), CF3COH+C02Et 

(247, 250) and CF3CO+C02Et+H (233, 236). 

separated on OV-22 l i q u i d  phase as TFA-Et  de r i va t i ves ,  and consequently 3, 2, o r  

non-deuterated 2 a r e  poss ib le  i n t e r n a l  standards f o r  mass spect rometr ic  assays. 

A l l  t h ree  f u l f i l l  the c r i t e r i a  f o r  useable standards--they chemical ly  r e a c t  w i t h  

s i m i l a r  r a t e s  so t h a t  a constant  p r o p o r t i o n  o f  standard t o  compound e x i s t s  du r ing  

the course o f  ana lys i s ,  and standard curves over the range o f  g rea tes t  b i o l o g i c a l  

i n t e r e s t  (0-100 ng) are l i n e a r .  

isomers show a d i s t i n c t  d e v i a t i o n  from l i n e a r i t y  which may be due t o  d i f f e r e n t  

e x t r a c t i o n  e f f i c i e n c i e s  (1 7) .  

The 3- and 4-methoxy isomers can be 

Over a wider range (0-1000ng) the  4-methoxy 

Experimental Sect ion 

E lec t ron  i o n i z a t i o n  mass spectra were recorded w i t h  a Finnigan 3200 gas 

chromatograph-mass spectrometer w i t h  a model 6000 data system. I n f r a r e d  spectra 

were obta ined w i t h  a Beckman Acculab 4. 

K o e f f l e r  h o t  s t a f e  apparatus and are uncorrected. 

percent)  and THF-EH3 complex were purchased from A l d r i c h .  

moni tor  the p u r i f i c a t i o n  o f  3, 4, 5, and 2 using s i l i c a  ge l  p la tes  e l u t e d  w i t h  

benzene-acetic acid-water (62:35:1.5). 

M e l t i n g  po in ts  were observed on a 

Methyl-d i o d i d e  (99  + atom 
3 

TLC was used t o  

2-Methoxy-d3-phenol (2). 

condenser and calcium c h l o r i d e  d ry ing  tube, catechol  (8.36 g, 75 mmol) was 

d i sso l ved  I n  100 m l  acetone. 

methyl-d i od ide  (6.35 m l ,  75 mmol) were added and the  m ix tu re  r e f l u x e d  f o r  s i x  hr .  

A f te r  cool ing,  water was added t o  d i s s o l v e  the s a l t ,  and acetone was removed by 

d i s t i l l a t i o n .  The pH was adjusted t o  10  and the  m ix tu re  r i n s e d  w i t h  th ree  50 m l  

I n  a 250 m l  round bottom f l a s k  f i t t e d  w i t h  a r e f l u x  

Powdered potassium carbonate (10.4 g, 75 mmol) and 

3 
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por t ions  of  hexane t o  remove dimethylated biproduct. The combined hexane l a y e r s  

were backwashed w i t h  t h r e e  50 ml port ions of d i l u t e  base and the  aqueous port ions 

combined. Following a c i d i f i c a t i o n ,  2 was extracted in to  ethyl a c e t a t e  w i t h  t h r e e  

50 m l  por t ions.  The combined ethyl  a c e t a t e  e x t r a c t s  were dr ied  over sodium 

s u l f a t e ,  reduced t o  an o i l  under vacuum and d i s t i l l e d  a t  205OC t o  y i e l d  4.96 g ,  

36 mmol (49.2% y i e l d )  of  2. Spectroscopic data  f o r  2: IR ( f i l m )  3500-3400, 3050, 

2250, 2223, 2125, 2160, 1990, 1590, 1485, 1455, 1360, 1255, 1225, 1095, 1025, 

980, 730 cm-'. 

81 (77). 54 (29) ,  53 (17) ,  52 (15). 

Mass spectrum m/e (% o f  base peak) M+127 (80) ,  109 ( l o o ) ,  

4-Hydroxy-3-methoxy-d3-mandelic Acid (3). 

was added 0.92 g ,  10 mmol of  80% glyoxal ic  ac id  and 1 0  mg o f  ascorbic  ac id .  

pH was adjusted t o  9.5 w i t h  base, the vessel shielded from l i g h t ,  and s t i r r e d  

a t  7OoC f o r  t h r e e  hr. 

ex t rac ted  w i t h  th ree  50 m l  por t ions of  ethyl a c e t a t e ,  d r ied  over sodium s u l f a t e  

and reduced t o  dryness. 

d i e t h y l e t h e r  i n  the  f i rs t  crop, and an addi t ional  0.15 g o f  product could be 

obtained from the supernatant .  Mp 127-129OC [ l i t .  (18) (undeuterated) mp 

133OCI IR (KBr): 330Cb2800. 2200, 1700, 1590, 1480, 1420. 1200 ( m u l t i p l e t ) ,  

1035, 840, 805, 670. Mass spectrum-Figure 1 .  

To 1.27 g, 1 0  mmol of  2 i n  50 m l  water 

The 

The pH was brought t o  2 with acid and the reac t ion  mixture 

White c r y s t a l s  (0.66 g ,  33%) were obtained from 

4-Hydroxy-3-methoxy-d3-phenylacetic Acid (Homovanill ic-d, .I Acid.4). Compound 3 

(0.6 9, 3 mmol) was e s t e r i f i e d  w i t h  3% hydrochloric acid i n  ethanol (10 ml, 

anhydrous) a t  25OC. f o r  30 m i n .  

10 ml pyridine-acet ic  anhydride ( 1 : l )  a t  25OC f o r  2 hr, and concentrated t o  

dryness. 

was added 50 ml water, 0.3 ml l o g  NaOH, and 1.36 g NaBH4 (36 mmol), and the  

contents  heated w i t h  stirring t o  re f lux  f o r  1 hr. 

The product was dr ied i n  vacuo, ace ty la ted  i n  

The product was t ransfer red  t o  a 250 m l  round bottom f l a s k  t o  which 

The mixture was cooled; 
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a c i d i f i e d  w i t h  6E H C l  t o  pH 2; e x t r a c t e d  3 t imes  w i t h  equal  volumes o f  e t h y l  

ace ta te ;  and t h e  e x t r a c t  d r i e d  o v e r  Na2S04. The c rude  p r o d u c t  was d i s s o l v e d  

i n  water ;  t h e  pH was a d j u s t e d  t o  6.7; and a p p l i e d  t o  a 20 mm x 250 mm column 

packed w i t h  Sephadex DEAE A-25-120. R i n s i n g  w i t h  water  e l u t e d  a n e u t r a l  f r a c t i o n  

(44 mg) i d e n t i f i e d  by mass spec t romet ry  as  2-(4-hydroxy-3-methoxyphenyl) e thano l .  

E l u t i o n  w i t h  0 .21  HC1 produced 3 which  was e x t r a c t e d  w i t h  e t h y l  a c e t a t e ,  con- 

c e n t r a t e d  and c r y s t a l i z e d  f rom 1 ,2-d ich lo roe thane i n  54% y i e l d .  Mp 144°C 

[ l i t  (19) (undeu te ra ted )  143"C] Mass spectrum ( t r i m e t h y l s i l . y l  d e r i v a t i v e )  

m/e ( %  base peak! M+ 329 (35), 314 (35). 296 (18 ) ,  267 (40) ,  212 ( 6 5 ) ,  179 (45),  

75 (go), 73 (100).  

4-Hydroxy-3-methoxy-d -pheny le thy lene  q l y c o l  (5 ) .  F r e s h l y  d i s t i l l e d  t e t r a -  

hyd ro fu ran  (THF, 100 m l )  was added t o  2 (2.0 g, 10 mmol) i n  an i c e  coo led  

3-neck round bo t tom f l a s k  f i t t e d  w i t h  an  a d d i t i o n  funne l  c o n t a i n i n g  100 m l  BH3-THF 

(100 mmol BH3), an N2 i n l e t ,  and mercury  bubb le r  o u t l e t .  A d d i t i o n  o f  reagen t  

proceeded w i t h  magnet ic  s t i r r i n g  over  1 h r ,  a f t e r  wh ich  t i m e  t h e  s o l u t i o n  was 

a l l owed  t o  warm t o  room tempera ture .  A1 i q u o t s  were t r i m e t h y l s i l y l a t e d  and assayed 

by gas chromatography o v e r  t h e  n e x t  40 h r .  The m i x t u r e  was coo led  i n  an  i c e  

ba th  and quenched by t h e  dropwise  a d d i t i o n  of  methanol  (200 m l ) .  

was d r i e d  on a r o t a r y  evapora to r  w i t h  repea ted  a d d i t i o n s  of  methanol .  The 

r e s i d u e  was d i s s o l v e d  i n  d i l u t e  a s c o r b i c  a c i d  s o l u t i o n .  

4 w i t h  6E HC1 and t h e  p r o d u c t  was e x t r a c t e d  i n t o  e t h y l  a c e t a t e  (4  t imes,  t o t a l  

250 m l ) ,  d r i e d  o v e r  Na2S04. 

20 g s i l i c a  g e l  column w i t h  e t h y l  ace ta te .  

e t h y l  a c e t a t e  (20  m l  f r a c t i o n s  assayed by TLC) t o  produce 490 mg c o l o r 1  ess o i l .  

The p roduc t  was d i s s o l v e d  i n  e thano l  and c r y s t a l i z e d  f rom benzene-hexane as t h e  

p i p e r a z i n e  s a l t .  Y i e l d  0.484 g (21% from 2). Mp 117-117.5"C [lit (8)  

3 

The p r o d u c t  

The pH was a d j u s t e d  t o  

I t  was reduced t o  d ryness  and chromatographed on 

Pure  5 e l u t e d  between 120-180 m l  
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(undeuterated) 116-118"C]. Mass spectrum ( t r i m e t h y l s i l y l  d e r i v a t i v e )  m/e 

( 4 :  base peak) M+403 (.5), 388 (2) ,  300 ( l o o ) ,  226 (25), 212 ( 1 5 ) ,  194 (30) ,  

179 (211, 147 (85) ,  103 (25) ,  73 (92). 

3-Hydroxy-4-methoxy-d3-benzaldehyde ( I sovani l l  in-d&. 

bottom f l a s k  f i t t e d  with a re f lux  condenser was placed 100 ml acetone,  3,4- 

dihydroxybenzaldehyde (2.76 g ,  20 mmol), powdered potassium carbonate (2.76 g ,  

20 mmol) and methyl-d3 iodide (2.9 g, 20 mmol). 

six hours, cooled, f i l t e r e d ,  and reduced t o  dryness. 

97% 3 and 3% & from which 1.25 g (40% y i e l d )  of  & was c r y s t a l i z e d  (methanol) 

containing l e s s  0.1% 2. 

In a 250 ml round 

The mixture was ref luxed f o r  

GLC of crude product showed 

Mp 110-ll°C [ l i t  (20) (undeuterated) 116-117°C]. 

4-Benzyloxy-3-hydroxybenzaldehyde (8b). 

added t o  27.6 g ,  200 mmol of 5 and 27.6 g ,  200 mmol of  powdered potassium carbonate 

i n  a 500 m l  f l a s k  w i t h  250 ml acetone and s t i r r e d  a t  room temperature f o r  64 hr. 

The mixture was f i l t e r e d ,  concentrated and redissolved i n  200 ml ethyl  a c e t a t e .  

GLC of  crude product indicated a r a t i o  of 8b:7b of 100:3. 

extracted 5 times w i t h  100 ml 1% sodium hydroxide t o  leave dibenzylated 5 i n  

t h e  ethyl a c e t a t e  l a y e r .  The sodium hydroxide e x t r a c t s  were a c i d i f i e d  w i t h  HC1 

and extracted back i n t o  ethyl a c e t a t e ,  charcoaled, evaporated t o  dryness and 

c r y s t a l i z e d  from methanol i n  several crops t o  y i e l d  13.75 g (30% y i e l d ) .  Com- 

p l e t e  separa t ion  o f  2 from &I can be effected by washing an ethyl a c e t a t e  

so lu t ion  o f  the mixtur'e w i t h  a pH 9.9 phosphate buffer  t o  e x t r a c t  t h e  more 

a c i d i c  B. Mp 120-122°C [ l i t  (21) (undeuterated)  122"CI. 

1590, 1560, 1495, 1440, 1375, 1330, 1270, 1100, 1000, 800, 775, 725 cm-l. 

Mass spectrum ( t r i m e t h y l s i l y l  d e r i v a t i v e )  m/e ( X  base peak) M+300 (25) ,  285 ( l o ) ,  

257 ( l o ) ,  195 ( l o ) ,  194 (25), 193 ( 3 5 ) ,  179 (20) ,  150 (15) ,  148 (18) ,  91 ( l o o ) ,  

Benzyl bromide (23.6 ml , 200 mmol ) was 

The mixture was 

IR (KBr) 3100, 1660, 

73 (35). 
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4-Hydroxy-3-methoxy-d3-benzaldehyde ( V a n i l l  in-d3, 7a). 

(10.4 g. 45 mmol) w i t h  methyl-d 

crude product (9.79 g) hydrolyzed i n  130 m l  3% hyd roch lo r i c  a c i d  i n  g l a c i a l  

a c e t i c  a c i d  by r e f l u x i n g  f o r  16 h r .  The m ix tu re  was d i l u t e d  w i t h  600 m l  water 

and ex t rac ted  f o u r  t imes w i t h  400 m l  e t h y l  acetate,  d r i e d  w i t h  sodium s u l f a t e  and 

evaporated. Treatment w i t h  charcoal and c r y s t a l l i z a t i o n  y i e l d e d  5.62 g, 35 mmol 

(78% based on 8b) o f  a. 
3150, 2900, 2200, 2050, 1640, 1565, 1485. 1415, 1275, 1245, 1228, 1135, 1095, 

1075, 830, 690 cm-l. 

Me thy la t i on  o f  8b 

i o d i d e  was performed as above f o r  &, and the 3 

Mp 75-77OC [ l i t (22) (undeuterated) 81-83OCI I R  (KBr) 

3-Hydroxy-4-methoxy-d3-mandelic Acid (9). 

app l i ed  t o  deuterated i s o v a n i l l i n  &. 

KCN was added dropwise over 30 min t o  a s o l u t i o n  o f  2.12 g, 14 mmol o f  & i n  17 m l  

con ta in ing  55 mmol b i s u l f i t e  w i t h  continuous s t i r r i n g .  The temperature was 

maintained a t  0°C w i t h  an i c e  s a l t  bath, and t h e  r e a c t i o n  cont inued f o r  an 

a d d i t i o n a l  90 min. 

ether, and t h e  combined e x t r a c t s  backwashed w i t h  4 N b i s u l f i t e  s o l u t i o n  t o  remove 

s t a r t i n g  m a t e r i a l .  The organic  e x t r a c t  was d r i e d  over  sodium s u l f a t e  and con- 

centrated t o  y i e l d  2.0 g, 11 mmol o f  crude n i t r i l e ,  which appeared f r e e  o f  

contamination as determined by gc-ms of t h e  t r i m e t h y l s i l y l  d e r i v a t i v e .  The 

n i t r i l e  was suspended i n  d i e t h y l  e ther  and a 1.1 molar excess o f  100 mhJ 

anhydrous ethanol/HCl added and l e t  stand i n  a r e f r i g e r a t o r  f o r  45 hr .  The 

imino es te r  was taken t o  dryness and s t i r r e d  f o r  f ou r  h r  w i t h  100 m l  H20 t o  

produce 1.3 g, 5.7 mmol o f  e t h y l  e s t e r  of 9. An a l i q u o t  (10 mg) o f  the e t h y l  

es te r  of 2 was hydrolyzed i n  1 m l  o f  3 1  HC1 a t  75OC i n  a Te f lon  l i n e d  screw cap 

tube and ex t rac ted  t o  produce 2. Mass spectrum i n  F igure 1. I n  a s i m i l a r  

fashion, i s o v a n i l l i n  (6 g, 40 mmol) was reacted t o  y i e l d  1.89 g, 8.4 mmol 

(21% y i e l d )  o f  undeuterated 2. 

The procedure o f  Shaw e t  a1 . ( 5 )  was 

A s o l u t i o n  o f  8.8 m l  con ta in ing  55  mmol 

The m i x t u r e  was ex t rac ted  t h r e e  t imes w i t h  50 mf o f  d i e t h y l  

- 

Mp 118-120 ( l i t  (16) 122.5-123.5). 
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