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SUMMARY 

A s imple ,  inexpensive s y n t h e s i s  of (I-13C)-glycerol is desc r ibed .  
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ZNTRODUCl'ION 

G l y c e r o l  l a b e l l e d  wi th  13C i n  C-1 was r equ i r ed  i n  these  l a b o r a t o r f e s  f o r  

a number of experiments  - i n v e s t i g a t i o n s  of t h e  b iosyn theses  of mould 

m e t a b o l i t e s ,  n u c l e a r  magnetic resonance s t u d i e s  of whole cel ls ,  and as a 

s y n t h e t i c  i n t e r m e d i a t e  i n  t h e  p r e p a r a t i o n  of o t h e r  l a b e l l e d  compounds such as 

n i c o t i n i c  acid ' .  Because r e l a t i v e l y  l a r g e  amounts of compound (10mg-lg) were 

r e q u i r e d ,  t h e  commercially a v a i l a b l e  (1,3-13C ) -g lyce ro l  was p r o h i b i t i v e l y  

expensive.  I n  t h e  n.m.r. i n v e s t i g a t i o n  a second l a b e l  was a c t u a l l y  undes i r ab le  

a s  13C-13C coup l ing  would complicate  t h e  s p e c t r a .  Thus a s imple ,  high-yielding 

s y n t h e s i s  of ( l-13C)-glycerol was sought.  L i t e r a t u r e  syn theses  of 

( l-14C)-glycerol were not g e n e r a l l y  adap tab le  t o  work wi th  13C, being e i t h e r  

t o o  low y i e l d i n g  

s t r a t e g y  used i n  t h e s e  syn theses ,  that of forming a cyanohydrin of t h e  

r equ i r ed  carbon s k e l e t o n  from l a b e l l e d  potassium cyanide and a s u i t a b l e  

a ldehyde,  was a l s o  employed i n  t h e  s y n t h e s i s  desc r ibed  i n  t h i s  paper .  

2 

2 o r  most s u i t a b l e  f o r  l a r g e r  ~ c a l e s . ~  However, t h e  gene ra l  

RESULTS 

Glycolaldehyde d i e t h y l  acetal  (1) is commercially a v a i l a b l e  and was 

t r e a t e d  w i t h  sodium hydride and benzyl  c h l o r i d e  t o  g i v e  t h e  hydroxy-protected 
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a c e t a l  ( 2 )  ( s e e  scheme). The benzyl  p r o t e c t l n g  group w a s  used because i t  is  

r e s i s t a n t  t o  a c l d ,  base and reductng a g e n t s ,  is r e a d i l y  removed by 

hydrogenolysis ,  and because i t  r ende r s  t h e  s y n t h e t i c  i n t e rmed ia t e s  s o l u b l e  i n  

o rgan ic  s o l v e n t s .  The a c e t a l  f u n c t i o n  was hydrolysed wi th  d i l u t e  s u l p h u r i c  

a c i d  t o  g ive  2-benxyloxyacetaldehyde (3). 

Compound ( 3 )  w a s  t r e a t e d  wi th  potassium (13C)-cyanide, which is a very  

inexpenstve sou rce  of 13C, i n  a two phase system t o  g i v e  t h e  cyanohydrin (4) 

i n  very h lgh  y i e l d .  On t r ea tmen t  w i th  methanol i n  t h e  presence of s u l p h u r i c  
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ac id  f o r  10 days a t  re f lux ,  the e s t e r  ( 5 )  was obtained. Various procedures 

including d i s t t l l a t i o n  and chromatography were used i n  an  e € € o r t  t o  pur i fy  the 

e s t e r ,  but these a l l  r e s u l t e d  i n  considerable  l o s s  of mater ia l ;  simple washing 

o€ the  methanolic s o l u t i o n  with hexane gave t h e  b e s t  r e s u l t s .  After  treatment 

i n  t h t s  way the  ester was reduced with l i th ium aluminium hydride t o  g ive  t h e  

d i o l  (6)  which was e a s i l y  deprotected by hydrogenolysis to  give (l-13C)- 

g l y c e r o l  (7)  in 22% y i e l d  from potassium (13C)-cyanide. 
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E W E  RI MENTAL 

1 Nuclear magnetic resonance s p e c t r a  ( H and 13C) were recorded on a 

Bruker WM250 instrument a t  250MHz and 63MHz respec t ive ly ,  using deuter ia ted  

chloroform as so lvent  un less  otherwise s t a t e d ,  and with te t ramethyls i lane  as 

i n t e r n a l  standard.  Infra-red spectra were determined i n  chloroform s o l u t i o n  on 

a Beckmann IR-8 or a Perkin-Elmer 421 and mass spectra on a Varian MAT CH-5 

inst rument .  Solu t ions  were dr ied  over anhydrous sodium sulphate .  

4 2-Benzyloxydiethyl acetal (2)  

Glycolaldehyde d i e t h y l  a c e t a l  (7ml, 6.22g, 46mole)  was dissolved i n  dry  

te t rahydofuran with s t i r r i n g .  Sodium hydride (80% in oil, 1.95g, 65mmole) was 

added, followed by benzyl c h l o r i d e  (5.lm1, 55mmole). The mixture w a s  s t t r r e d  

overnight  a t  room temperature,  then poured i n t o  water (lOOml). The aqueous 

s o l u t i o n  was ext rac ted  with dichloromethane ( 4  x 5 W ) ,  and t h e  combined 

organic  l a y e r s  were d r i e d  and evaporated t o  g ive  almost pure ( 2 )  which could 

be d i s t i l l e d  (lOO-llOo, 0.6 t o m ,  bulb t o  bulb).  Yield 8.378 (80%). 6 7.31 
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(SH, be,  A r H ) ,  4.67 ( l H ,  t ,  J15.5Hz, CH(OEt)2) ,  4-56 ( 2 H ,  8, Phm2), 3-64 (4H, 

q, J-7.5Hz, CH2Me), 3.50 ( 2 H ,  d,  J=5.5Hz, BzOCH2), 1-24 (6H, t ,  J17.5'h a3). 

3 0 1 0 ( ~ ) ,  2920 (m), 2890 (m), 1605 (w), 1585 (w), 1497 (w), 1455 (w). m / e  

193, 178, 148, 121, 103, 91 (100%). 

2-Benzyloxyace taldehyde (3) 

2-Benzyloxydiethyl a c e t a l  ( 2 0 0 ~ 3 )  was suspended i n  water ( 7 d  1- 

Concentrated su lphur ic  ac id  (0.2ml) was added and t h e  suspension was s t i r r e d  

vigorously a t  room temperature overnight .  It was then ex t rac ted  with 

dichloromethane ( 3  x 5ml), and the  combined organic  l a y e r s  were dr ied  and 

evaporated. D i s t i l l a t t o n  (82-83', 0.1 t o r r ;  l i t  

(3) ,  62mg, 46%. 69.76 ( l H ,  t ,  J-l-SHz, CHO), 7-36 (5H, s,  A r H ) ,  4-64 (2H, 6, 

PhCH20), 4.09 ( 2 H ,  d ,  J=l.SHz, Cl12CHO). v 3 0 3 0  (m), 2930 (m), 1735 ( 8 ) .  1595 

(m). m/e 150 (M'), 149, 136, 120, 107, 91 (100%). 

3-Benzyloxy-2-hydroxypropionitrile 

5 112'. 10 t o r r )  yielded pure 

2-Benzyloxyacetaldehyde (30Omg, 2 mmole) w a s  dissolved in chloroform 

(3ml). Potassium cyanide (117mg. 1.8 mmole) and ammnium c h l o r i d e  (l lomg) were 

added, followed by water (3ml). The mixture was s t i r r e d  overnight  a t  roan 

temperature.  The aqueous layer  was ext rac ted  with dichloromethane ( 3  x 7ml) 

and these e x t r a c t s  combined with the chloroform l a y e r ,  d r ied  and evaporated 2 

vacuo a t  room temperature t o  give a yellow oil, which was shown by n.m.r. to  

be almost pure (4).  A l l  a t tempts  to  pur i fy  t h i s  mater ia l  resu l ted  i n  

considerable  l o s s e s  so i t  was used crude in the  next reac t ton .  Found 177.095 

(M+)  (Required f o r  C H NO 177.0790); 67.37 (5H, s,  A r H ) ,  4.62 (2H, 8 ,  

PhCli2), 4.53 (IH, t ,  J=4Hz, CHCN), 3.68 (2H, d ,  J=4Hz, CS2CHCN), 3.51 (lH, bs ,  

OH). c 6137.2 ( ( m ) $ m 2 0 ) ,  127-129 (remaintng A r ) ,  118.6 (CN), 73.8 ( a 2 ) ,  

70.8 (CH2),  60.7 (CHOH). v 3 3 5 0  ( b s ) ,  3090 (m),  3060 (m), 3030(m), 2920 (s ) ,  

- 

10 11 2 

13 

2870 ( s ) ,  2250 ( w ) ,  1605 (w), 1585 (w). m/e 177, 108, 107, 91 (100%). 

( 1-' 3C) -3-Benzyloxy-2-hydroxypropioni t r i le  (4) 

As above, with potassium (13C) cyanlde.  s7.37 (5H, m ,  A r H ) ,  4.62 (ZH, 

s,  PhCH2), 4.53 (IH, d t ,  J*4Hz, 6.5Hz, CHCN), 3.68 ( 2 H ,  d ,  J=4Hz, 0.5Hz, 

Cg2CHCN), 1.8 ( l H ,  bs, OH). 13 C 6137.1 (sCH20), 127-129 (Ar),  118.5 (CN, 
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s t r o n g ) ,  73.6 ( C H z ) ,  70.7 ( C H 2 ) ,  60.5 (d,  J=61Hz, CHOH). m / e  178, 149, 136, 

107, 105, 91 (100%). 

Methyl 3-benzyloxy-2-hydroxypropionate 

3-Benzyloxy-2-hydroxypropionitrile (crude from 20Omg ( 2 ) )  was dissolved 

i n  Analar methanol ( 1 5 ~ 1 1 ) ~  and su lphur ic  ac id  (0.5ml) was added. The s o l u t i o n  

w a s  s t i r r e d  a t  r e f l u x  fo r  10 days. (The r e a c t i o n  may be followed by n.m.r. - 
working up small q u a n t i t i e s  which are returned t o  t h e  r e a c t i o n  medium a f t e r  

a n a l y s i s ) .  Water (5ml) was then added and most of t h e  methanol was removed 

vacuo. The aqueous s o l u t i o n  was ex t rac ted  with dichloromethane ( 4  x l O m l )  and 

t h e  combined organic  l a y e r s  were dr ied  and evaporated t o  g ive  a yellow o i l .  

Nei ther  d i s t i l l a t i o n  (120-125°, 0.1 t o r r )  nor  chromatography e f f e c t e d  

s i g n i f i c a n t  p u r i f i c a t i o n  so the  product,  which was a l ready  almost pure by 

n.m.r., was used without p u r i f i c a t i o n  i n  t h e  next reac t ion .  Found 210.0892 

(Required f o r  CllH1404 210.0892). 67.33 (SH, bs ,  A r ) ,  4.60 (2H, 8 ,  A r c x 2 ) ,  

4.38 ( l H ,  t ,  J d H z ,  CHCO He) ,  3.82 (3H, s, Me), 3.74 (2H, d ,  J44Rz, C€12QI), 

2.30 ( l H ,  bs ,  OH). 13C t173 .0  (C=O), 137.7 (cQ120-), 126-129 (Ar), 73.5 

(a2), 71.3 ((xi2), 70.8 (CHOH), 52.4 (CH3). ).'3250 ( b r ) ,  3025, 1720 ( 8 1 ,  1627 

(m), 1583 (w), 1540 (m). m/e 210 (M?, 162, 149, 122 ,  107, 105, 91 (100%). 

( l-13C)-Methyl 3-benzyloxy-2-hydroxypropionate (5) 

- 

- 2  

A s  above, using ( 1-13C)-3-benzyloxy-2-hydroxypropionitrile. 5 7.33 

(5H,bs,Ar), 4.60 (2H, IS, Arm2), 4.38 ( l H ,  d t ,  J=6Hz, 4Rz, w02Me), 3.82 (3H, 

d ,  J=4Hz, W2CH3), 3.74 (2H, d ,  J94Hz, C€i2CH), 2.18 ( l H ,  bs ,  OH). 13C 5173.0 

( s t rong ,  C=O),  137.6 (GCH20), 126-129 ( A r ) ,  73.4 ( C H Z ) ,  71.3 ( C H 2 ) ,  70.8 ( d ,  

J=2.5Hz, (xi3). m / e  211 (M'), 163, 122 ,  108, 107, 91 (100%)- 

3-Benzyloxy-1,2-propanediol 6 

Methyl 3-benzyloxy-2-hydroxypropionate (crude from above) was dissolved 

i n  dry e t h e r  (10ml) and l i t h i u m  aluminium hydride (20Omg) was added. The 

mixture was s t i r r e d  a t  room temperature overnight  and then poured i n t o  water 

(2oml). Concentrated su lphur ic  ac id  was added dropwise u n t i l  a l l  the aluminate 

had dissolved.  The aquoes l a y e r  was then ex t rac ted  wi th  dichloromethane ( 3  x 

2Oml) and these  e x t r a c t s  were combined with the e t h e r  l a y e r ,  d r ied  and 

evaporated t o  g ive  a pale  yellow o i l  which was d i s t i l l e d  (bulb  t o  bulb,  
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95-1O5OD 0.2 t o r r )  t o  g i v e  a c o l o u r l e s s  oil, 93mg, 28% over  t h r e e  s t e p s  f r a n  

potassium cyanide.  

CHOH), 3.60 (4H, m, CH20), 2.33 ( Z H ,  b s ,  OH). 13C 6137 .7  (sm20), 127-129 

( A r ) ,  73.4 (CH2), 71.6 (CH2), 70.8 (CHOH), 63.9 (CH20H). 

(m), 2940 (m), 2880 (m), 1603 (w). m/e 182 (M 1, 179, 163, 149, 107, 91 

( 100%). 

( l-13C)-3-Benzyloxy-l , 2-propanediol (6) 

67.40 (5H, m, A r H ) ,  4.54 (2H, 6 ,  Arm2), 3-88  ( l H ,  m ,  

Y3420 ( s , b ) ,  3020 
+ 

As above, u s ing  ( l-13C)-methyl 3-benzyloxy-2-hydroxypropionate. 6 7.4 

137.7 (5H, m, A r ) ,  4.54 (2H, 8 ,  ArCH2), 3.0-4.5 (5H, m, CH20H, CHOH). 13C 

(CCH 0), 127-129 ( A r ) ,  73.4 (CH2), 71.6 (CH2), 70.8 (d ,  J164Hz~ m 2 ) ,  63.9 - 2  + 
( s t r o n g  CH20H). m / e  183 (M ), 164, 149, 133, 107, 91 ( loox) .  

Glycerol  

3-Benzyloxy-lD3-propanediol (91mg) was d i s so lved  i n  Analar methanol 

(10ml) and g l a c i a l  a c e t i c  a c i d  ( 5  drops )  and 10% pal ladium on cha rcoa l  ( 9  mg) 

were added. The mix tu re  was hydrogenolysed u n t i l  hydrogen uptake ceased (12 

hours)  and then  f i l t e r e d  through celi te.  The s o l u t i o n  was evaporated a d  t h e  

r e s idue  distilled (130-135', 0.4 t o r r ,  bu lb  t o  bu lb )  t o  g i v e  g l y c e r o l  (35mg, 

78%). 6 (CD30D) 3.77 (m). 1 3 C  

( l - l 3 ~ ) ~ 1 y c e r o l  (7) 

b76.86 (CHOH), 64.49 (CH20H). 

A s  above, u s ing  (l-13C)-3-benzyloxypropanediol. 63.77 (3H, m), 3.62 

( l H ,  dd,  5-142 Hz, 6 Hz), 3.64 ( l H ,  dd,  5-142 Hz, 6Hz), no f u r t h e r  coupl ing 

was observed a t  t h i s  f i e l d  s t r e n g t h .  13C 6 76.86 (weak, d ,  5141 Hz, CHOH), 

64.49 ( s t rong ,  CH20H). 
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