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ORGANIC PREPARATIONS AND PROCEDURES INT. 10(1), 29-32 (1978) 

1,3-PROPANEDIOLS FROM KETONES BY FORMYLATION AND REDUCTION 

1- D. E. Pearson* and John D. Weaver 

Department of Chemistry, Vanderb i l t  U n i v e r s i t y  
N a s h v i l l e ,  TN 37235 

We r e p o r t  on improved v a r i a t i o n  i n  t h e  synthesis of l -monosubst i tuted-  

1 ,3-propanediols  from methyl ke tones .  T h i s  method which presumably i s  a l s o  

a p p l i c a b l e  t o  any carbonyl  compound w i t h  an a c i d i c  a-proton,  i n v o l v e s  t h e  

a d d i t i o n  o f  a formyl group t o  t h e  a-carbon i n  e t h e r  and subsequent  r e d u c t i o n  

o f  t h e  sodium e n o l a t e  sa l t  w i t h  borane-methyl s u l f i d e  complex (BMS). 

formyla t ion  s t e p  i n  t h i s  s y n t h e s i s  a f f o r d s  t h e  e n o l a t e  salt  o f  a keto-alde-  

hyde ( I ) ,  which can s e r v e  as a p r e c u r s o r  for  1 , 3 - d i o l s ,  B-ketoalcohols' and 

f3-ketoamines.2 

material by t h e  Vi l smei r  r e a c t i o n .  

The 

I n t e r m e d i a t e  I a l s o  may be  o b t a i n e d  from t h e  same s t a r t i n g  

3 

1. BH3'Me,S,  

2.  CH30H 
I I1 

0 
RCCH3 U + HC02CH3 N a H  

O f  t h e  prev ious  techniques  i n v e s t i g a t e d  f o r  t h e  p r e p a r a t i o n  o f  I ,  t h e  

most s u c c e s s f u l  i s  probably t h a t  o f  Corey and Cane,' which u t i l i z e s  t h e  ke- 

t o n e ,  sodium hydr ide  and t h e  formate ester i n  a 1:2:4 molar r a t i o  i n  1,2- 

dimethoxyethane ( D M E ) .  Sodium hydr ide  is s u p e r i o r  t o  sodium e t h o x i d e ,  be- 

cause t h e  former i n t r o d u c e s  no a d d i t i o n a l  compound which must subsequent ly  

b e  removed. I n  a d d i t i o n ,  t h e  f i n d i n g s  o f  Remers e t  al .4 and Rosenblum & 

- a l .5  show t h a t  prolonged h e a t i n g  o f  t h e  e n o l a t e  adduct  i n  t h e  presence  o f  

a b a s e  such as e thoxide  could  r e s u l t  i n  t h e  l o s s  o f  t h e  formyl  group,  pos- 
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PEARSON AND WEAVER 

s i b l y  g iv ing  an acetylene.  

Corey's choice of t h e  high bo i l ing  DME as so lvent  might result i n  t h e  heat- 

induced decomposition of t h e  product. 

I n  view o f  t hese  p o s s i b i l i t i e s ,  we f e e l  t h a t  

We have found t h a t  d i e t h y l  e t h e r  i s  

t h e  solvent of choice, p r imar i ly  because of i t s  ease o f  removal at  o r  below 

room temperature under reduced pressure.  Very l i t t l e  decomposition occurred 

from such treatment,  and t h e  product could be  used without f u r t h e r  pu r i f i ca -  

t ion .  That decomposition i s  poss ib le ,  was shown by t h e  f a c t  whereas a 79% 

y ie ld  o f  crude product was obtained from t h e  r eac t ion  of pinacolone and 

methyl formate ( R  = 2-Bu), t h e  y i e l d  dropped t o  19% a f t e r  r e c r y s t a l l i z a t i o n  

from hot e t h y l  acetate-hexane; r e c r y s t a l l i z a t i o n  from hot pentane-ether gave 

a 74% i s o l a t e d  y i e ld .  

Recently, a new v e r s a t i l e  organoborane reagent ,  t h e  borane-methyl sul-  

f i de  complex, has been introduced f o r  and hydroboration.8 This 

complex (BMS) appears t o  be an a t t r a c t i v e  a l t e r n a t i v e  t o  borane-THF and over- 

comes many of t h e  disadvantages of t he  l a t t e r .  I n  t h i s  study, it was ob- 

served t h a t  t h e  formyl de r iva t ives  of s eve ra l  ketones were reduced t o  1,3- 

d i o l s  by BMS i n  a much higher y i e l d  than by e i t h e r  sodium borohydride o r  

sodium diethylaluminum hydride (OMH-1) .  The reduction with BMS can be per- 

formed a t  room temperature i n  THF or  a v a r i e t y  of o ther  so lvents ,  and t h e  

f ac t  t h a t  borane i s  a Lewis ac id  ins tead  of a base as a r e  LAH and NaBH pre- 

vents formation and subsequent decomposition of t h e  enola te  before reduction 

4 

occurs 

EXPERIMENTAL 

Borane-methyl s u l f i d e  (BMS) was obtained from Aldrich Chemical Co. and 
w a s  s to red  under N 2  i n  t he  r e f r i g e r g t o r .  
i n  t h e  normal way and d r i ed  over 4 A molecular s ieves .  
corrected.  
meter. Analyses were performed by Galbraith Laboratories,  Inc . ,  Knoxville, 
Tn . 

All o ther  reagents were pu r i f i ed  
Melting po in t s  a r e  

N m r  spec t r a  were obtained using a Varian EM-360 MHz spectro- 
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1,3-PROPANEDIOLS FROM KETONE3 BY FORMYLATION AND REDUCTION 

Sodium S a l t  of a-Formylpinacolone (I, R = L-Bu).- Sodium hydr ide  (50% d i s -  

p e r s i o n  i n  minera l  o i l ;  5.1 g,  106 mmoles) w a s  washed once w i t h  petroleum 

e t h e r  and mixed w i t h  50 ml of  d r y  e t h e r .  The s l u r r y  w a s  cooled t o  0' and a 

s o l u t i o n  of  methyl  formate (12 m l ,  200 m o l e s )  i n  40 m l  of e t h e r  w a s  added. 

After several minutes ,  a s o l u t i o n  o f  p inacolone  (5.0 g ,  50 mmoles) i n  25 m l  

of e t h e r  w a s  added dropwise. After 30 minutes ,  t h e  i c e  b a t h  w a s  removed and 

t h e  mixture  w a s  s t i r r e d  a t  room tempera ture  overn ight .  A small amount of 

excess  sodium hydr ide  was f i l t e r e d  from t h e  s o l u t i o n  and washed w i t h  e t h e r  

(CAUTION! ) , and t h e  combined f i l t r a t e s  were evapora ted  under  reduced p r e s s u r e  

a t  room tempera ture .  The orange r e s i d u e  w a s  t a k e n  up i n  hot  pentane-e ther ,  

f i l t e r e d ,  and s lowly cooled t o  -78". The e n o l a t e  s a l t  w a s  o b t a i n e d  as a 

s o f t  white powder. 

evapora t ion  of t h e  mother l i q u o r  t o  dryness ,  fol lowed by washing o f  t h e  res- 

idue  w i t h  pentane  u n t i l  a l l  t h e  c o l o r  had d isappeared .  The t o t a l  y i e l d  w a s  

5.5 g (74%), dec.  70". 

An a d d i t i o n a l  q u a n t i t y  o f  t h e  product  w a s  i s o l a t e d  by 

N m r  (D20): 6 1 .00  ( s ,  9 ,  CH3), 6 8 - 9 0  (9, 2,  -CH=CH-). 

4,4-Dimethyl-l,3-pentanediol (11, R = t - B u ) . -  The formyl adduct  I ( 5 . 4  g ,  36 

m o l e s )  w a s  mixed w i t h  100 m l  of d r y  THF under N2. 

ml, 100 mmoles) i n  25 ml o f  THF w a s  added at  such a rate t h a t  t h e  tempera- 

t u r e  d i d  not  r i s e  above 40". 

a t  25'. A f t e r  t h i s  t i m e ,  20 m l  o f  anhydrous methanol w a s  s lowly added, fol- 

lowed after s e v e r a l  minutes  by t h e  a d d i t i o n  o f  50 m l  o f  3 N sodium hydroxide.  

The o r g a n i c  phase w a s  washed w i t h  s a t u r a t e d  b r i n e  and d r i e d  (Na2S04). 

s o l v e n t  was  evapora ted  t o  a f f o r d  3.6 g (76%) o f  w h i t e  powder, which w a s  re- 

c r y s t a l l i z e d  from hexane, mp. 62-64", lit.9 mp. 65.5-66'. 

A s o l u t i o n  of BMS ( 1 0  

The r e d u c t i o n  w a s  a l lowed t o  proceed for 4 h r s .  

The 

Nmr (CDC13-D20): 6 0.88 ( s ,  9 ,  CH3), 6 1.60 ( m ,  2, CH2 at p o s i t i o n  2), 

(The spectrum o b t a i n e d  6 3.48 (9, 1, CH), 6 3.48 ( t ,  2,  CH2 at p o s i t i o n  1). 

i n  CDCl without  D20 shows s t r o n g  coupl ing  between hydroxyl  p r o t o n s  and ad- 3 
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PEARSON AND WEAVER 

jacent a lky l  protons).  

- Anal. Calcd fo r  C7H1602: C ,  63.59; H ,  12.20. 

Found: C ,  63.74; H, 12.04. 

3-Phenyl-lY3-propanediol (I1 , R = Ph) .- This compound was made s imilar ly ,  

giving a crude o i l ,  89%. 

i c a  g e l  by hexane and then by hexane-ethyl acetate.  The propert ies  of t h e  

product and the  mp. of t h e  &-nitrobenzoate der ivat ive compared favorably 

with those i n  the l i t e r a t u r e .  

It was purif ied by f r ac t iona l  e lu t ion lo  from s i l -  

11 
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