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SUMMARY 

Coniferyl  alcohol-6-14C o r  -y-14~ (Iva o r  IVb) w a s  prepared by 
the  reduct ion of methyl 4-acetylferulate-6-14C o r  y - W  ( I I I a  o r  
I I I b )  with Vitride-T reagent [70% (w/v) so lu t ion  of sodium G ( 2 -  
methoxyethoxy) aluminium hydride i n  benzene]. Several  synthe t ic  
methods were compared i n  t h e  preparat ion of 4-acetylferul ic  ac id  
6-14C o r  y-14C ( I I a  o r  I Ib ) .  
optimize t h e  y i e ld  of (11) are shown i n  Fig. 1. These reac t ions  
were: 

(1) A Doebner reac t ion  of malonic acid-2-14C with ace ty l -  
van i l l i n ,  followed by ace ty l a t lon  of t he  f e r u l i c  acid.  

(2) A Perkin reac t ion  of ace ty lvan i l l i n  with a c e t i c  anhydride- 
1-14c. The Doebner reac t ion  of ace ty lvan i l l i n  with malonic ac id  
2-14C was euperior t o  the  o ther  reac t ions  f o r  t he  preparat ion of 
4-acetylferul ic  acid-6-14C ( I Ia )  and resu l ted  i n  a 75% yie ld .  
The ove ra l l  y i e ld  of coni fe ry l  alcohol-6-14C (IVa) from malonic 
acid-2-14C was 20.6% (Note: When coni fe ry l  alcohol-y-14C (Ivb) 
was the  deeired product, malonic acid-l-14C was used). 

The synthe t ic  reac t ions  used t o  

Key Words: Coniferyl  a lcohol ,  4-hydroxy-3-methoxycinnamyl alcohol ,  V i t r ide ,  

Carbon-14. 

INTRODUCTION 

Coniferyl  a lcohol  (IV) is an important compound i n  l i g n i n  s tudies .  It is 

lMention of a trademark o r  proprietary product does not c o n s t i t u t e  a 
guarantee o r  warranty of t h e  product by t h e  U. S. Department of 
Agricul ture  and does not imply i ts  approval t o  the exclusion of other  
products that may a l s o  be useful .  

2Present address: National Program S t a f f ,  Agr icu l tura l  Research Service, 
U. S. Department of Agricul ture ,  Beltsville, Maryland 20705. 
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a common monomer i n  l i g n i n  formation e i t h e r  syn the t i ca l ly  o r  biochemically 

i n  higher p lan te( l ) .  The preparat ion of s ide  chain 14C-coniferyl alcohol. 

was necessary f o r  s tud ie s  of t he  incorporat ion of ch loroani l ine  compounds 

i n t o  synthe t ic  l ign in(2)  - 
Coniferyl alcohol was f i r s t  i so la ted  by the  enzymatic hydrolysis  of 

coni fe r in  (4-D-glucoside of conif e r y l  a lcohol)  with emulsin(3). 

Byers(4) reported the  f i r s t  synthes is  of coni fe ry l  a lcohol  by the  LiAlH4 

reduct ion of e t h y l  ace ty l f e ru l a t e .  However, when the  same condi t ions w e r e  

used fo r  the  reduct ion of methyl ace ty l f e ru l a t e ,  coni fe ry l  a lcohol  was not 

produced i n  a reasonable y ie ld  (<5%). Instead,  the  main product was methyl 

f e ru l a t e .  

[ fo r  C11H1204:Mt - (cal 'd .  208)l. 

Allen and 

It was i so l a t ed  by HPLC and iden t i f i ed  by mass spectrometry 

Sodium & (2-methoxyethoxy) aluminium hydride is a mild reducing agent 

f o r  carboxylic ac ids  and de r iva t ives  containing double bonds(5). 

as ac t ive  a s  l i thium aluminium hydride, and reduct ions a r e  car r ied  out a t  

e levated temperatures. Cerny &. ( 5 )  reported tha t  3-phenyl-2-propen-1-01 

was produced i n  75% yie ld  from 3-phenyl-2-propenoic ac id  when t h i s  reagent 

was ustd a t  80'. 

(15-20'), 3-phenyl-1-propanol w a s  the  p r inc ipa l  product. 

has not  been appl ied t o  reduce p-hydroxycinnamic ac id  der iva t ives .  

compounds have always been d i f f i c u l t  t o  reduce by metal hydrides because 

of t he  Inso lub i l i t y  of the  metal complex of the  phenolic intermediate(6) .  

It is not 

When the  same reac t ion  w a s  car r ied  out  a t  lower temperatures 

Vitride-T reagent 

These 

Several reac t ions  have been described i n  t h e  l i t e r a t u r e  f o r  the  

preparat ion of f e r u l i c  acid o r  4-acetylferul ic  acid from v a n i l l i n  o r  acetyl-  

vani l l in .  

Knoevenagel, Claisen, and Reformatsky reac t ions .  These reac t ions  have been 

reviewed by Johnson(7). This repor t  descr ibes  the  preparat ion of con i f e ry l  

alcohol-B-14C and -y-14c v i a  severa l  synthe t ic  routes  (Fig. 1 ) .  

The reac t ions  that are comonly used a r e  the  Perkin, Doebner, 
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Fig. 1. 

(IVa or IVb). 

6 and y positions, respectively]. 

Reactions used for the synthesis of coniferyl alcohol-6-14C or -y-% 

[Subscripto a and b indicate that the labeled carbon is at 

EXPERIMENTAL 

Materials and Methods 

Radioactive starting materials, malonic acid-2-14C (1 mCi. 9.05 mCi/ 

mole), acetic anhydride-l-14C (0.5 m C i ,  8.3 mCi/mmole), and sodium 

acetate-1-l4C (0.25 m C i ,  2.55 mCi/mmole), were purchased from New England 

Nuclear, Boston, MA. Diazald (N-methyl-N-nitroso-E-toluenesulfonamide), 

vanillin 99% pure, and ferulic acid (4-hydroxy-3-metho~cinnamlc acid) (11) 

99% pure, were obtained from Aldrich Chemicals, Milwaukee, WI. Malonic acid 
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and Vitride-T [ 7 0 4  (w/v) s o l u t i o n  of sodium & (2-methoxyethoxy) aluminium 

hydride i n  toluene or benzene] were purchased from Eastman Kodak, Rochester, 

NY. V a n i l l i n  was r e c r y s t a l l i z e d  from benzene (m.p. 81-82'), P i p e r i d i n e  

(Fisher  S c i e n t i f i c ,  F a i r  Lawn, NY) was r e d i s t i l l e d  under n i t rogen ,  and only 

the  d i e t i l l a t e  a t  106" was u s e d .  

Radioact ivi ty  measurements were made wi th  a Packard 3375 l i q u i d  

s c i n t i l l a t i o n  spectrometer. 

t h e  r a d i o a c t i v i t y  i n  t h e  i s o l a t e d  pure products. 

Reaction y i e l d s  w e r e  es t imated by determining 

Reaction products were p u r i f i e d  by TLC o r  d r y  cofrimn (5 x 50 cm) 

chromatography on s i l ica  g e l @ ) .  

used f o r  product i s o l a t i o n .  

equipped with a W d e t e c t o r  w a s  used, and separa t ion  was achieved on a 30-cm 

microbondapak C 1 8  column e l u t e d  wi th  a l i n e a r  water -ace toni t r i le  grad ien t .  

The i d e n t i t y  of synthesized products  was v e r i f i e d  by mass spectrometry 

(Varian CH-5 DF) and, i n  some cases, by mixed melt ing p o i n t s  with a u t h e n t i c  

nonradioact ive samples. 

I n  some cases, l i q u i d  chromatography was 

A l i q u i d  chromatograph (Watere Associates)  

Preparat ion of 4-ace ty lvani l l in .  V a n i l l i n ,  30.43 g (0.2 mole), was 

dissolved i n  100 c c  a c e t i c  anhydride i n  a 500-1111 round-bottomed f l a s k ,  and 

0.5 m l  of pyr id ine  was added. 

water was added, and t h e  r e a c t i o n  mixture  was allowed t o  cool .  

product was f i l t e r e d ,  washed several times wi th  hot  water, and r e c r y s t a l l i z e d  

from ethanol .  The 31.8 g of 4-ace ty lvani l l in  (82%) was again r e c r y e t a l l i z e d  

from e thanol  t o  y i e l d  21.85 g of 4-ace ty lvani l l in  (m.p. 75-77', Handbook of 
Chemistry and Physice). 

proposed s t r u c t u r e  [ f o r  C10H1004:Mt - 194 (calc'd. 19411. 

The mixture was re f luxed  f o r  1 h r ;  100 cc of 

The c r y s t a l l i n e  

The mass epectrum of t h e  product agreed wi th  the  

Synthesie of 4-acetylf e r u l i c  acid-6-14C ( I I a )  v i a  t h e  Doebner r e a c t i o n .  

The r e a c t i o n  w a s  c a r r i e d  out  as descr ibed i n  t h e  l i t e r a t u r e ( 9 )  bu t  wi th  a 

s l i g h t  modif icat ion i n  t h e  r a t i o  of t h e  r e a c t a n t s .  

acid-2-14C was mixed wi th  0.5 g nonradioact ive malonic a c i d  (5  mmole) and 

One m C i  of malonic 
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placed i n t o  a 25-ml round-bottomed f lask .  

w a s  added, and the  mixture w a s  dissolved i n  3 m l  of g l a s s - d i s t i l l e d  pyridine. 

Six drops of piper id ine  were added t o  the  solution. 

connected t o  a small condenser with a drying tube. 

s t i r r e d  and heated i n  an o i l  bath a t  60 2 2' f o r  8 hr.  

Acetylvanill in (2.0 g, 10 mmole) 

The reac t ion  f l a s k  was 

The reac t ion  mixture wai 

After 8 hr,  the  solvent was removed under vacuum with a ro t a ry  evaporator 

a t  40". 

residue. 

was again remwed under vacuum a t  40". 

so lu t ion  and 10  g lass  beads (2 mm d ia . )  were added t o  the residue. 

reac t ion  f l a s k  was covered by a g lass  stopper, and the contents were s t i r r e d  

for  20 min. 

cold water, pressed, and dried in a vacuum dess ica tor  overnight. The so l id  

mater ia l  was dissolved i n  5 ml boi l ing  g l a c i a l  ace t i c  acid.  Water was then 

added t o  t h e  c l ea r  so lu t ion  u n t i l  it became turbid. The so lu t ion  was  cooled 

i n  an i c e  bath f o r  2 hr ,  and more water was added u n t i l  p rec ip i ta t ion  ceased 

(about 15 m l  water). 

The c rys t a l l i zed  product was obtained by f i l t r a t i o n  and warhed with 5 m l  

portions of ice-cold water u n t i l  no ace t i c  acid odor could be detected.  

c r y s t a l s  were pressed and dried under vacuum (m.p. 198-201.). The y ie ld  w a s  

0.7675 g and contained 650 P C i  (65% yie ld) .  

The f i l t r a t e s  of the reac t ion  mixture and the  r ec rys t a l l i za t ion  were 

combined and extracted 10 times with 25-ml portions of e ther .  

e ther  ex t r ac t  was dr ied  with anhydrous sodium s u l f a t e  and concentrated t o  

about 20 m l .  

(w/v) sodium b i s u l f i t e  solution, dried with anhydrous sodium su l f a t e ,  and the  

e ther  evaporated. 

water a s  described. An addi t iona l  0.12 g of product (m.p. 198-201') contained 

101 u C i  and resu l ted  in a t o t a l  yield of 75%. A mixed m.p. of the  product and 

nonradioactive 4-acetylferulic acid (11) gave t h e  same m.p. 

Three m l  of pyridine and 3 drops of piperidine were added to the  

The so lu t ion  was heated a t  60 2 2' f o r  another 8 hr. The solvent 

One ml of 40% sodium b i s u l f i t e  

The 

The reac t ion  mixture was f i l t e r e d ,  washed 3 times with 5 m l  ice- 

The mixture was allowed t o  stand overnight a t  0'. 

The 

The combined 

The  ether so lu t ion  was shaken twice with 1 - m l  portions of 40% 

The residue was r ec rys t a l l i zed  from g l a c i a l  ace t i c  acid- 
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Preparat ion of methyl 4-acetylferulate-B-14C (IIIaL. The combined 

product ( I I a )  w a s  dissolved i n  50 m l  warm dioxane and cooled quickly i n  

an i c e  bath t o  about 10'. 

t o  the  dioxane eo lu t ion  u n t i l  a permanent ye1,low color  formed. 

was allowed t o  stand f o r  10 mln i n  the  ice bath. Solvents were removed a t  

Excess diazomethane i n  e ther  was added slowly 

The reac t ion  

reduced pressure with a ro t a ry  evaporator, and the  res idue  was rec rys t a l l i zed  

from methanol a f t e r  t he  addi t ion  of 0.5 g of nonradioactive methyl 4-acetyl- 

f e ru l a t e .  The f i r s t  c r y e t a l l i z a t i o n  yielded 1.05 g (m.p. 122-123') and 

contained 514 u C i .  

from mixed m.p. and mass spectrum. 

mother l iquor  was obtained a f t e r  the  addi t ion  of another quant i ty  of 

nonradioactive methyl 4-acetylferulate .  

0.5 g (m.p. 120-123') and contained 150 u C i .  

(664 u C i ) ,  s t a r t i n g  from malonlc acid-2-14~. 

The product w a s  i den t i f i ed  a s  methyl 4-ace ty l fe ru la te  

A second c r y s t a l l i z a t i o n  from the  

The second c r y s t a l l i z a t i o n  yielded 

The t o t a l  y i e ld  w a s  66.4% 

Reduction of methyl 4-acetylferulate-B-14C ( I I I a )  t o  coni fe ry l  alcohol- - 
14C (IVa) with Vitride-T reagent. 

514 vCi) was dissolved i n  80 ml toluene i n  a 500-ml three-necked round- 

bottomed f lask .  The f l a s k  was equipped with a thermometer, a condenser 

connected t o  a drying tube, and a 50-ml dropping funnel. The contents  of 

t he  f l a s k  were s t i r r e d  with a l a r g e  teflon-coated magnetic rod and magnetic 

stirrer. 

3.5 m l  Vitride-T reagent  (12 amole) i n  25 m l  toluene waa placed i n  the  

dropping funnel. 

vigorous s tirr ing  . 

Methyl 4-acetylferulate-B-lk (1.05 g, 

The f l a s k  was  kept i n  a water bath a t  80 5 2'. A so lu t ion  of 

The reagent was  added slowly over a 20-min period with 

After Vitride-T addi t ion,  100 m l  of ice-cold water was added, and C02 

gas was bubbled through the  reac t ion  mixture u n t i l  t he  color  changed from 

yellow t o  white, ind ica t ing  pH 8.5. 

separatory funnel and the  toluene layer  removed. The pH of the  aqueous 

layer  was a jus ted  t o  6-7 with 1 N BCl and extracted 5 times with 100-ml 

por t ions  of e thy l  acetate. 

The mixture was t ransfer red  t o  a 

The combined e thy l  ace t a t e  ex t r ac t s  were 
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dr ied  with anhydrous sodium s u l f a t e  and concentrated t o  about 10 m l .  

rad ioac t ive  coni fe ry l  a lcohol  (0.5 g) was added t o  the  yellow o i l y  concentrate ,  

and the  mixture was chromatographed on a s i l i c a  g e l  dry column developed with 

ether:hexane (4;1)(*). 

spa tu la  through holes  about 5 cm apa r t  along the  length of t h e  developed 

column, placed i n  test tubes, and shaken with about 0.5 m l  acetone. Acetone- 

so luble  products were chromatographed on silica g e l  G thin-layer p l a t e s  with 

ether:herane (4:l) t o  l oca t e  the  con i f e ry l  a lcohol  zone by comparison with 

a standard. 

separated column zone with methanol. 

con i f e ry l  alcohol-B-% (ma) (50.6% yie ld) .  

vacuo by a ro t a ry  evaporator, and the  residue w a s  r ec rys t a l l i zed  from 

1,2-dichloroethane. 

and contained 130 u C i .  

proved tha t  t h e  product was coni fery l  alcohol-B-14C (IVa). 

was f o r t i f i e d  with add i t iona l  nonradioactive con i f e ry l  a lcohol  (about 0.2 g) 

and pur i f i ed  again on a dry column. 

a lcohol  yielded 0.41 g (m.p. 70-73') and contained 23 u C i .  

i z a t i o n  contained 20 u C i  and w a s  obtained a f t e r  addi t iona l  nonradioactive 

con i f e ry l  a lcohol  (about 0.1 g) was added, 

0.4 g (m.p. 59-73.); the  mother l iquor  contained 62 p C i .  Thin-layer chromato- 

graphy showed that the  mother l iquor  was composed of 53% coni fery l  a lcohol  

(33 p C i )  and 47% by-products. 

(IVa) was 206 uCi or  20.6% of the  theo re t i ca l  y ie ld  s t a r t i n g  from malonic 

acid-2-14C. 

Non- 

Samples of s i l ica  g e l  were taken with the  t i p  of a 

The product was rrcovered by washing the  s i l i c a  g e l  of t he  

The product contained 260 p C i  of 

The methanol was removed i n  

The f i r s t  c r y s t a l l i z a t i o n  yielded 0.84 g (m.p. 73-74') 

Maae spec t ra  and TLC Rf values  (ether:hexane, 4 : l )  

The mother l iquor  

A second c r y s t a l l i z a t i o n  of con i f e ry l  

A t h i r d  c r y s t a l l -  

The th i rd  c r y s t a l l i z a t i o n  yielded 

The ove ra l l  y ie ld  of coni fe ry l  alcohol-B-14C 

Synthesis of 4-acetylferul ic  acid-y-14C (IIb)  v i a  t he  Perkin reac t ion .  

I n i t i a l  a t tempts  t o  prepare 14C-coniferyl a lcohol  were made by reducing t h e  

methyl ester of 4-acetylferul ic  acid-y-14C prepared by Perkin condensation 

of ace ty lvan i l l i n  with acetic anhydride-l-%(lO). Acetic anhydride-l-14C 
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(500 G i )  w a s  d i l u t e d  t o  3.8 cc wi th  nonradioact ive a c e t i c  anhydride (4.08 g ,  

40 mmole) , i n  a cooled 20-ml round-bottomed f l a s k .  

(250 uCi) was mixed wi th  1.96 g of f r e s h l y  fused anhydrous potassium acetate 

(20 maole) and added t o  t h e  r e a c t i o n  f l a s k .  

m o l e )  was a l s o  added, and t h e  mixture  was  ref luxed with continuous s t i r r i n g  

a t  155-165' f o r  5.5 h r .  

of water .  

Sodium acetate-l-14C 

4-Acetylvani l l in  (3.88 g,  20 

The r e a c t i o n  w a s  quenched by t h e  a d d i t i o n  of 25 m l  

The product c r y s t a l l i z e d  overnight  a t  Oo, was f i l t e r e d ,  washed 

s e v e r a l  times with cold water u n t i l  no acetic ac id  w a s  de tec ted ,  and d r i e d  

in vacuo. A t o t a l  of 3 .71 g of t h e  product was recovered. 

Liquid chromatographic a n a l y s i s  of the  r e a c t i o n  mixture ind ica ted  3 major 

peaks. The product was p u r i f i e d  i n  the  next s y n t h e t i c  s tep .  

Methylation of 4-ace ty l fe ru l ic  acid-y-14C ( I I b ) .  The [14C] product was 

dissolved i n  acetone and methylated wi th  excess  diazomethane. 

were removed, and t h e  methylated product w a s  assayed wi th  l i q u i d  chromato- 

graphy (HPLC). 

Methyl 4-acetylferulate-y-14C ( I I I b )  w a s  p u r i f i e d  by TLC on s i l ica  g e l  G 

( 1  mm) with ether:hexane (4: l ) .  

located under UV and e x t r a c t e d  wi th  methanol. The methanol s o l u t i o n  w a s  

concentrated,  0 .1  g of methyl 4-ace ty l fe ru la te  was added, and t h e  material 

The so lvents  

Severa l  contaminating materials were found i n  t h e  prepara t ion .  

The methyl 4-acetylferu1ate-v-l4C zone was 

was c r y s t a l l i z e d  from methanol and water. 

methyl 4-acetylferulate-y-14C were obtained: (1) 0.1292 g contained 2.3 u C i ;  

(2) 0.03 g f r a c t i o n  was recovered a f t e r  t h e  a d d i t i o n  of nonradioact ive (111) 

t o  t h e  mother l i q u o r  (0.12 uCi). Both f r a c t i o n s  melted a t  122-123' and co- 

chromatographed with a nonradioact ive (111). The o v e r a l l  y i e l d  of (111) v i a  

t h e  Perkin r e a c t i o n  was  very  low (1%) compared w i t h  t h e  Doebner r e a c t i o n  

(66.4%). 

The fol lowing f r a c t i o n s  of 

DISCUSSION 

I n  t h e  condensation s t e p ,  i t  was clear t h a t  t h e  y i e l d  of t h e  Doebner 

r e a c t i o n  (66%) w a s  considerably higher  than t h e  y i e l d  from t h e  Perk in  
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r eac t ion  (1%) [as methyl 4-ace ty l fe ru l ic  ac id  (III)]. I n  the  Perkin 

reac t ion ,  half  of t he  r ad ioac t iv i ty  of the  acetic anhydride w a s  l o s t  as 

a c e t i c  acid.  It is poss ib le  that the  14C-acetate moiety exchanged wi th  

the  nonradioactive a c e t a t e  i n  the  4-position of ace ty lvan i l l i n .  

temperature required f o r  t h i s  reac t ion  may have produced some thermal 

degradation of t he  products o r  t h e  reac tan ts ,  as indicated from the  number 

of peaks i n  t h e  l i q u i d  chromatogram of the  reac t ion  mixture. I n  addi t ion ,  

20% of the  t o t a l  r ad ioac t iv i ty  i n  t h e  reac t ion  mixture was l o s t  a f t e r  t h e  

r e f l w i n g  period. 

The high 

The r a t i o  of ace ty lvan i l l i n  t o  malonic ac id  played an important r o l e  i n  

the  y i e ld  of 4-acetylferul ic  acid.  

(Freudenberg et  al. (9) obtained a 60% y i e l d  with t h e  same ra t io ] .  

of 1.5: l  gave a 70% yie ld ,  and 2:l gave a 75% yield.  

latter molar r a t i o  [i.e., ace ty lvan i l l i n  t o  malonic ac id  (1:2)] gave a very 

poor y i e ld  i n  t h e  case of ace ty lvan i l l i n  but exce l len t  y i e ld  i n  t h e  case 

of v a n i l l i n  with the  Vorsatn method(l1). 

v a n i l l i n  with malonic acid t o  produce f e r u l i c  ac id  in a 75% y ie ld  by t h e  

method of Vorsatn(l1). However, subsequent ace ty l a t ion  t o  the  4-acetyl- 

f u r a l i c  ac id  (85%) resu l ted  i n  an ove ra l l  y ie ld  of only 64%. The reac t ion  

of ace ty lvan i l l i n  with malonic ac id  t o  produce 4-acetylferul ic  acid i n  75% 

yie ld  was preferred.  

A r a t i o  of 1 . 2 : l  gave a 65% yie ld  

A r a t i o  

Reversing t h i s  

It was poss ib le  to  condense 

The reac t ion  of v a n i l l i n  with dimethyl malonate under the  condi t ions 

described by Allen and Spangler(l2) f o r  the  reac t ion  of benzaldehyde and 

d i e thy l  malonate, produced an 85% yie ld  of d ie thy l  4-hydroxy-3-methoxy- 

tolylidenemalonate (m.p. 104-105°), as i den t i f i ed  by mass spectrometry 

[for C15H1806:M. 294 (calc'd. 294)l. Alkaline hydrolysis  of t h i s  product 

produced almost quant i ta t ive ly  4-hydroxy-3-methoxytolylidenemalonic ac id  

(m.p. 205-209'), a s  i den t i f i ed  by mass epectrometry [ fo r  CllH1006:Mt 238 

(calc'd. 238) 1. 

+ 
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Several  unsuccessful a t tempts  were made t o  decarboxylate the  dicar-  

boxylic ac id  and produce f e r u l i c  acid.  

t he  so lu t ion  of 4-hydroxy-3-methoxytolylidenemalonic acid i n  2 H HC1, were 

not e f f ec t ive ,  and t h e  dicarboxyl ic  ac id  vas  removed in t ac t .  Vigorous 

condi t ions ( i . e . ,  bo i l ing  the  dicarboxyl ic  ac id  i n  50% HC1) resu l ted  i n  

polymerization. 

Mild condi t ions,  such a s  warming 

Several problems were encountered i n  the  reduct ion of methyl ace ty l -  

f e r u l a t e  with LIALH4. 

ester c rys t a l l i zed  out of the  e ther  so lu t ion .  

When t h e  temperature was low (-10 t o  -15'), t h e  

Dilut ing the  so lu t ion  with 

e ther  [as much as 5 times the  amount used by Allen and Byers(4)I did not  

solve t h i s  problem. 

f a s t e r  than the  methyl ester group, a s  indicated by the  high y ie ld  of methyl 

fe ru la te .  

methyl ester intermediate  out  of so lu t ion  before  t h e  reduct ion of t he  methyl 

ester group was completed. 

The acetate group of methyl ace ty l f e ru l a t e  was reduced 

The salt  complex that was formed i n  t h i s  reac t ion  forced the  

Similar r e s u l t s  a r e  reported i n  the  l i t e r a t u r e ( 6 ) .  

The Vitride-T reagent was not a s  a c t i v e  a s  LIAlH4; consequently, t he  

react ion was ca r r i ed  out  a t  an elevated temperature of 80". 

temperatures, t he  complex formed by the  reduct ion of t h e  a c e t a t e  group of 

methyl ace ty l f e ru l a t e  was more so luble  and f a c i l i t a t e d  the  reduct ion of the  

methyl es ter. 

A t  e levated 
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