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Summary 

Two new photochemical methods are described to prepare 

D-I-benzaldehydes of high isotopic purity in good yield. 

Key words: formyl-deuterated benzaldehydes, photodeuteration 

Axomatic aldehydes are employed for numerous preparative 

purposes, and deuterated aldehydes are often useful to trace 

the course of reactions. We have elaborated two new methods to 

prepare formyl-deuterated benzaldehydes of high isotopic purity 

in good yield by photolysis of phenylglyoxylic acid (method A) or 

benzaldehyde and certain substituted benzaldehydes (method B) in 

the presence of deuterium oxide. The reactions are followed up by 

'H-N.M. R. spectroscopy. The isotopic purity of D- I-benzaldehyde or 

its p-chloro or -bromo derivatives can easily be checked by capil- 

lary column gas chromatographic separation' of the deuterated and 

the undeuterated compounds giving results identical with N.M.R. 

determinations. 

The comprehensive treatise of deuteration techniques and 
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mechanisms by A.F. Thomas2) presents at least ten methods to pre- 

pare formyl-deuterated benzaldehyde the most convenient being the 

dithiane method by Seebach et z11.~). An analogue to our photochemi- 

cal method A, although apparently not as simple and clean, is the 

thermal decarboxylation of phenylglyoxylic acid in the presence 

of  base^^-^). Based on the photochemical decarboxylation of 
phenylglyoxylic acid7-’) , method A, starting with D- l-phenyl- 
glyoxylic acid, offers an experimentally very simple technique to 

prepare D-I-benzaldehyde of high purity. The D content of the 

product is defined by the D/H ratio of the water in the reaction 

medium. If a lower D content is satisfactory the reaction may as 

well be performed with the natural protiurn acid, or a cheaper D 0 2 

quality may be used. The reaction proceeds with a quantum yield of 

0.7”). 

Several dark chemical methods2) for the preparation of unsub- 
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stituted D-I-benzaldehyde may as well be applied to substituted 

benzaldehydes. Some more recently published methods are the reaction 

of benzil’ ) or benzaldehydes’ 2, with cyanide ion in the presence 

of D20, the silver carbonate oxidation of substituted deuterioben- 

zylalcohols’ 3 ,  , the mercuric salt cleavage of deuterated triaryl- 
trithianesl 4, I reaction of benzonitriles with SnC12 and deuterium 

chloride15) , deuterium oxide treatment of the salts obtained from 

aroyl chlorides with 3-methyl- I-phenyl-2-phospholenel 6 ,  , or the 
hydrolysis of 2-aryl 2-deuterio-1.3-benzodithiols with chloramine 

T and IigC12 . 17) 

Method B is of advantage for the preparation of substituted 
18) D-1-benzaldehydes. Considering the high prices of these compounds 

the direct photo-deuteration offers a simple and inexpensive new 

method of practical value. It is a one-step reaction, does not need 

other chemicals than commercially available aromatic aldehydes and 
10) deuterium oxide, and proceeds rapidly with a quantum yield of 1 

without producing any troublesome side products. However, the method 

is not universal”). It works very well with, e.g. , 4-fluoro-, 3 -  

or 4-chloro-, 4-brom0-~ 3 -  or 4-cyano or unsubstituted benzaldehyde 

and 2-, 3- or 4-pyridinealdehyde but it cannot be used with, e.g., 

4- or 2-nitrobenzaldehyde or 2-naphthaldehyde. Work is in progress 

to further extend the scope of reaction B. 

Experimental 

All work - including preparation of solvents and undeuterated com- 

pounds - was done under dry argon atmosphere. 

Method A. 

D-I-Phenylglyoxylic Acid (a-Oxobenzeneacetic Acid ( 2 ) ) .  The upper 
“ - “ , ~ T s - ~ ~ - ~ s I x l x l -  
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bulb of a double-bulb separatory funnellg) is charged with a so- 

lution of 13 q (0,087 mol) phenylqlyoxylic acid2') 

from CC14, colourless, m.p. 65-66 OC) in a mixture of 80 ml ben- 

zene and 8 ml acetonitrile (passed through a 4 8 molecular sieve, 
distilled), the lower with 10 ml benzene/acetonitrile 1O:l. The 

acid solution is washed with seven successive 1 ml-portions of 

deuterium oxide (Merck Uvasol min. 99.75% D) the first portion 

being absorbed by the organic solution. Each aqueous layer drained 

off from the upper bulb is washed by the benzene-acetonitrile so- 

lution in the bottom bulb; the aqueous phase should remain colour- 

less. Without drying, the solvent is removed from the combined 

organic layers at 6 0  OC/200 Torr and the residue is kept cool until 

it crystallizes. Drying is completed in high vacuum. Yield: 13 g 

(1, recryst. 

- 2, 97 f 2% D. 

from the difference of the integrated DOH signal intensities of 

the acid solution in CH3CN/D20 3:l and the pure solvent with re- 

ference to the intensity of an aromatic ring proton. The I3C 

satellite signal of acetonitrile serves as instrumental calibration 

D- 1 -Benzaldehyde (3) 
The slightly yellowish solution of 13 g (0.087 mol) 2. in 60 ml 
acetonitrile and 20 ml deuterium oxide (99.75% D, 1.1 moll is 

distributed to four 25 ml Solidex irradiation tubes (17 mm 8,  

20 cm length). The tubes are placed in a merry-go-round apparatus 

within a Rayonet RPR 100 photoreactor equipped with 16  3500 8 
lamps and a double-wall glass cylinder with Rappoldt Nr. 912) 

filter solution (5 mm, h > 330 nm, 3 g Pb(N03)2 and 650 g 

NaBr*2H20 per liter water). Stirring is accomplished by teflon- 

'H-N.M.R.: The H content of the acid is obtained 

---.._-------__-_ 
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coated  magnetic b a r s  which a r e  moved up and down when t h e  tubes  

pass  by an arrangement of r i n g  magnets22) .  The r e a c t i o n  i s  moni- 
I t o r e d  by UV and H-N.M.R. spectroscopy.  UV: 1 mm c e l l ,  4 0 0  nm re- 

g ion ,  i s o s b e s t i c  po in t  a t  4 1 2  nm. Phenylglyoxyl ic  ac id :  ‘max 343 

nm ( E  7 4 0 1 ,  E~~~ nm = 80. Benzaldehyde: Xmax 330 nm ( E  2 9 ) .  N . M . R . :  

- 1 ,  6 (ppm) = 8.0 ( o - H ) ,  7.6 2 0 . 2  ( m - H ,  p-HI; benzaldehyde, 7.8 

( o - H ) ,  7 . 6  - + 0 . 2  ( m - H ,  p - H I .  The r e a c t i o n  i s  completed a f t e r  18 - 

19 h when t h e r e  a r e  only  minor changes i n  t h e  UV and when t h e  

a romat ic  pro tons  of t h e  a c i d  a r e  ha rd ly  t o  be seen.  The yel low so- 

l u t i o n  i s  t r a n s f e r r e d  t o  t h e  t o p  bulb  of a double-bulb sepa ra to ry  

f u n n e l l g )  t oge the r  wi th  2 0  m l  dichloromethane whi le  t h e  lower bulb  

i s  charged wi th  10 m l  acetonitrile-dichloromethane 3 : 1 i n  o rde r  

t o  wash t h e  aqueous s o l u t i o n .  Af t e r  s e p a r a t i o n  and washing of t h e  

deuterium oxide l a y e r ,  t h e  remaining o rgan ic  l a y e r s  a r e  success ive ly  

washed fou r  t i m e s  wi th  5 m l  10% Na2C03 s o l u t i o n  and then with 

water.  A c i d i f i c a t i o n  of t h e  sodium carbonate  s o l u t i o n  wi th  5 N 

H2S04 followed by dichloromethane e x t r a c t i o n  y i e l d s  a yellow mix- 

t u r e  of ac ids :  Benzoic a c i d  ( I % ) ,  1 ( 5 % ) ,  and dZ- ( 1 % )  a s  w e l l  a s  

meso-2.3-diphenyltartaric a c i d  2 3 r  2 4 )  

s o l u t i o n s  are d r i e d  over  MgS04 and concent ra ted  t o  25 m l  a t  4 0  OC/  

200 Torr.  This  l i q u i d  c o n t a i n s  6.8 g (73%) crude  3,  > 9 9 %  D .  

Af t e r  vacuum d i s t i l l a t i o n  us ing  a 300 mm FISCHER concen t r i c  tube  

column (b.p.  4 7  O C / 5  Torr)  an ove r -a l l -y i e ld  of  6 0 %  2 i s  obta ined .  

( 1 % ) .  The combined organic  

I s o t o p i c  p u r i t y  > 99% D. GC s e p a r a t i o n ’ ’  of d e u t e r a t e d  ( r e t e n t i o n  

t i m e  1 2 4 , 9  min) and undeutera ted  benzaldehyde (122,4 min) :  1 1 0  m 

CW-1500, 100 OC. 

Method B. 

D- 1 -p-Chlorobenzaldehyde (5)  
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A s o l u t i o n  of  4.023 g ( 0 . 0 2 9  m o l )  p-chlorobenzaldehyde (4, EGA, 

zone mel ted ,  m.p. 48-49 OC) i n  a m i x t u r e  of 75 m l  a c e t o n e  ( z . A . ,  

passed through 4 .8 molecular  s i e v e ,  d i s t i l l e d ,  c o n t a i n i n g  'L 0.1% 

H 2 0 )  and 25 m l  deuter ium o x i d e  (99.75 % D) is  p laced  i n  a S o l i d e x  

g l a s s  immersion w e l l  i r r a d i a t i o n  a p p a r a t u s  and i r r a d i a t e d  w i t h  a n  

i n t e r n a l  125-watts h i g h  p r e s s u r e  mercury arc ( P h i l i p s  HPK 1 2 5 ) .  

E s s e n t i a l l y  i d e n t i c a l  r e s u l t s  a re  o b t a i n e d  when t h e  same photo- 

r e a c t o r  i s  used as  i n  method A.  P r i o r  t o  i r r a d i a t i o n  t h e  H 2 0 / D 2 0  

r a t i o  of t h e  s o l u t i o n  h a s  t o  be  determined by N . M . R .  (DOH peak a t  

4 ppm) . The "C s a t e l l i t e  s i g n a l  of  a c e t o n e  (6 = 3.2 ppm) s e r v e s  

a s  a r e f e r e n c e ;  f o r  t h e  s o l v e n t  mixture  g iven  above i t s  peak a r e a  

e q u a l s  1 .2% H 2 0 .  T y p i c a l l y ,  0 . 5 %  H 2 0  are found. A f t e r  2 h irra- 

d i a t i o n  a 2 m l  sample is  d i l u t e d  by 5 m l  CH2C12, d r i e d  over  M g S 0 4 ,  

evapora ted  and measured by N . M . R .  i n  CDC13.  The remain ing  H-1 

hydrogen c o n t e n t ,  a, i s  o b t a i n e d  from t h e  CHO peak u s i n g  t h e  

a romat ic  p r o t o n s  as r e f e r e n c e .  

The decay of t h e  hydrogen c o n t e n t  is  g iven  by c1 = e-kt. Therefore ,  

from t h e  measured v a l u e  of a l  a f t e r  an i r r a d i a t i o n  t i m e  t l ,  t h e  

i r r a d i a t i o n  t i m e  ( t  ) n e c e s s a r y  t o  a r r i v e  a t  a d e f i n i t e  remaining 

hydrogen c o n t e n t ,  a 2 ,  can be  e s t i m a t e d  by t2 = t l  

E-g . ,  a f t e r  t 

0.01, t2 f o l l o w s  t o  be 2 6.1  h. A f t e r  about  7 h of i r r a d i a t i o n  t h e  

ye l low s o l u t i o n  i s  d i l u t e d  w i t h  100 ml dichloromethane ,  t h e  or -  

g a n i c  phase i s  s e p a r a t e d  under a rgon  and t h e  aqueous phase is 

washed t h r e e  t i m e s  w i t h  5 - 1 0  m l  d ichloromethane.  The combined 

o r g a n i c  s o l u t i o n s  are d r i e d  over  M g S 0 4  and evapora ted  a t  4 0  O C / 2 0 0  

Torr  t o  g i v e  a n  o i l y  r e s i d u e  which soon c r y s t a l l i z e s .  By e x t r a c t i o n  

w i t h  dichloromethane i n s o l u b l e  p-chlorobenzoic  a c i d  (55 mg, 1 % )  is 

2 

( l o g  n2/loq n l ) .  

= 2 h ,  a, i s  found t o  be 0 . 2 2 .  Hence, f o r  a2 = 1 
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i s o l a t e d .  Yie ld :  4 . 1  g brownish c r y s t a l s ,  c o n t a i n i n g  80% 2 of 98% 

D c o n t e n t .  GC s e p a r a t i o n ' )  on CW-1500 column, 120°, 46.9 min ( 1 - H )  , 
47.7 min (1-D). To p u r i f y  t h e  c r u d e  a ldehyde  vacuum s u b l i m a t i o n  

(50-60 OC/50 - 100 Torr,  s t i r r i n g  by magnet ic  b a r )  i s  used.  On a 

0 . 5  t o  1 g scale it y i e l d s  68% p u r e  w h i t e  c r y s t a l s  of 2, m.p. 48- 

4 9  OC. The r e s i d u e s  may b e  e x t r a c t e d  w i t h  h o t  pentane  and t h e  

e x t r a c t  used  f o r  a n o t h e r  s u b l i m a t i o n  r u n  which affords 3 - 4 %  pure  

aldehyde.  F u r t h e r  d i g e s t i n g  of t h e  r e s i d u e s  w i t h  d ich loromethane  

l e a v e s  behind impure p-chlorobenzoic  a c i d  (m.p. 210 - 2 2 0  OC, 93 

mg, 2 % ) .  

D- I-Benzaldehyde (2)  
I n  a 500 ml immersion w e l l  a p p a r a t u s  t h e  s o l u t i o n  of  6.0 m l  (0.06 

mol) benzaldehyde i n  4 0 0  m l  a c e t o n e  (as  above)  and 100 m l  deuter ium 

o x i d e  (99.75% D )  is irradiated as above w i t h  a 125 W h i g h  p r e s s u r e  

mercury lamp f o r  14 h.  A work-up procedure  s imi l a r  as above y i e l d s  

6.9 - 7 . 3  g c r u d e  ye l low o i l ,  Q, 75% 3 ,  98.5% D.  D i s t i l l a t i o n  g i v e s  

3 .4  - 3.5 g (54 - 56%) pure  2, > 98% D - I .  L o w e r  c o n v e r s i o n  is  ob- 

s e r v e d  a t  h i g h e r  c o n c e n t r a t i o n s .  

-..--7.,.".-....--u---."- 
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