
Journal of Labelled Compounds - VoZ.VIII, nos,  JuZy-September 1972 397 

SYNTHESIS OF 1 - DEUTERIOALDEHYDES FROM METHYLENE - B I S  - 
PY RI DI N I UM CAT IONS , 

R.A.  O l o f s o n ,  D.M.  Zimmerman and Rodney C .  Schnur .  

Department of Chemis t ry  
The P e n n s y l v a n i a  S t a t e  U n i v e r s i t y  
U n i v e r s i t y  Pa rk  
P e n n s y l v a n i a  1 6 8 0 2  

Rece ived  on  December 2 ,  1 9 7 1 .  

SUMMARY 

A synthesis o f  I-deuterio and I-tritioaldehydes, 
especially arylaldehydes, from precursor gem-diha- 
Zides is described. The scheme i s  especially useful 
when high label incorporation is desired. 

INTRODUCTION. 

We repor t  h e r e  the experimental  p rocedure  for a cdnvenient and economical 

prepara t ion  of 1 -deuterio o r  1 -tritiobenzaldehyde and other labelled aldehydes of 

high isotopic purity.  

the re la ted  --dihalides a r e  inexpensive o r  readi ly  available - pr imar i ly  benzal 

type halides which a r e  often favored commerc ia l  p r e c u r s o r s  of the unlabelled 

arylaldehydes.  

IIa) and hydrolysis of the known benzal-=-pyridinium dibromide (Ia) to benzal-  

dehyde-1-d, has  been outlined in a pre l iminary  communication, 6, ’) but additional 

ma te r i a l  is presented h e r e  to enable the exper imenter  to predict  optimum reac t ion  

conditions for  the prepara t ion  of other des i red  subs t ra tes .  

In prac t ica l  t e r m s  the p rocess  is limited to syntheses where  

Our  method, as exemplified b y  the exchange (in D P  the ylid 
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I 2Br  I1 

a :  R=phenyl ,  b: R =p-an i sy l ,  c: R = H  

T h e  synthesis of the bisiminium sa l t s  (Ia and Ic) which have previously been isolated 

by  K ~ - . d h n k e ( ~ > ~ )  as stable solids,  has  a l so  been much improved by changes in reagent 

ra t ios ,  reaction t imes ,  and tempera tures .  

95$ yield E. 13% in ea r l i e r  work. (4) 

F o r  example, Ic has  been obtained in 

RESULTS AND DISCUSSION. 

The benzal (Ia), 2-an isa l  (Ib), and niethylene (Ic) bis-pyridinium dibromides 

w e r e  prepared  in yields of 9 7 8 ,  92%’ and 95%. respectively,  by t rea tment  of the 

appropr ia te  dibromides with pyridine. 

f r o m  reaction of a,@.-dibromoacetophenone with pyridine and ethanol in a p rocess  

(Scheme A) which emphasizes the spec ia l  stabil i ty of the cation ylid (11). 

The sa l t  (Ic) was  a l so  obtained in 7 3 %  yield 

(Hydrolytic l o s s  of PhCOzEt could a l so  occur a t  the monobromopyridinium cation 
level followed by  Dyridine substitution of the expelled bromomethylpyridinium cation. ) 

In accord  with our predictions based on heterocyclic deprotonation 

the cations a l l  exchanged the anticipated aliphatic protons for deuterium in neutral  

D f l  solutions. The exchange was  slower in m o r e  acidic media a s  requi red  for  a 
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deuteroxide initiated ionization mechanism. 

Ia: k = 4 . 5  x 10-2min-' a t  pD 5.71-5.57.". and 35" ( t l  = 15 min) and Ic: k = 3 . 5  x 

10-3min-1 a t  pD 7 .66-7 .53  and 31" ( th  = Z O O  min).  The estimated deprotonation 

r a t e  difference ( re la t ive  k Z ' s )  between Ia and Ic is about lo3  in favor of the phenyl 

substituted compound. This i s  a normal  r a t e  acceleration attr ibuted to the combined 

inductive and resonance stabilization by phenyl of the forming carbanion in a spec ies  

too crowded and twisted to take much advantage of added delocalization into a new 

benzene ring. 

between the model sys tems,  diphenylmethane and triphenylmethane, va ry  f r o m  1 OL4 

to 102'5 in  favor of the latter in less s t ruc tu re  sensit ive solvent-base systems.(') 

Kinetic data.' was  obtained for the sa l t s ,  
.b f 

1 z 1 
$* 

Measurements  of the difference in kinetic o r  thermodynamic acidity 

In a D P  buffer a t  pD 6 .7-5 .4  (change due to l iberation of pyridine) the hydrolysis 

of Ia to benzaldehyde-l -d could b e  accomplished by  r e f lw ing  for th ree  hours  ( t ime 

determined by following the increase  in volume of oiled out product). Isotopic 

analysis indicated that equilibrium exchange was  achieved p r io r  to hydrolysis.  For 

"Kinetics were  measured  by NMR in D G  buffers using published techniques.(5) 

The r a t e s  were  nicely f i r s t  o rde r  in subs t ra te  for the f i r s t  1.5 half l ives but tailed 

off thereafter.  The sa l t  (Ib) was  too insoluble for a kinetic study. 

This is the pD drift  during the kinetic runs for these ve ry  concentrated 
:: * 

solutions; pD i s  defined he re  a s  an uncorrected pH me te r  reading in D2O. 

example,  in one experiment the theoretical  deuter ium incorporation was  95%; 

the experimental  value determined by NMR analysis was  95* 1%. 

deuterium in the benzaldehyde-1 -d could easily b e  made  quantitative by evaporating 

the DzO in vacuo znd including a second exchange s tep  p r io r  to the hydrolysis.  The 

yield of pure  benzaldehyde-l-d on a 2 0  g r a m  product sca le  was  91$ after s t eam 

distillation and redisti l lat ion.  

The pe r  cent 

The unusual mechanism by  which Ia is hydrolyzed 
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to benzaldehyde - a p rocess  in which one pyridinium ring is cleaved and la te r  

re formed - h a s  a l ready  been repor ted ,  ' and the isolation of the "enamine Schiff 

51 P 
base" reaction intermediate,  PhCH=NCH=CHCH=CHCH o r  PhCD=NCH= CHCH=CHCH, 

is outlined in the Experimental .  

In the synthesis of jz-anisaldehyde-1 - d  f rom Ib under the conditions used for the 

exchange-hydrolysis of Ia,  product with l e s s  than the equilibrium amount of deuterium 

was  obtained presumably  because of a less  favorable exchange to hydrolysis r a t e  

ratio.  

D20 a t  O", 2-anisaldehyde-1 -d containing the maximum possible a m o u t  of deuterium 

(96 .4f  I $ )  was  isolated in 74% yield on a sma l l  scale.  

iminium cation (Ic) was  m o r e  stable to hydrolysis than Ia o r  Ib, but formaldehyde-dz 

(>96$ deuterium) was  rapidly re leased  in lo$ K2C03-Da0 (isolated a s  the dimedone 

derivative in 82$ yield). 

However by adding Ib to a s t i r r ed  suspension of excess  magnesium oxide in 

The simple methylene &- 

In orde r  to extend this aldehyde-1-d o r  1 - t  synthesis to other subs t ra tes ,  a 

knowledge of both the exchange and hydrolysis r a t e s  of the specific p recu r so r  (I) 

i s  required.  

f i r s t  o rder  OD- induced exchange (the ionization of compounds I with R =alkyl should 

b e  slightly l e s s  facile).  

The deprotonation r a t e  of Ic provides a useful minimum value for the 

Reasonable exchange r a t e  es t imates  for other subs t ra tes  

m a y  b e  calculated f r o m  the data for  Ia and Ic modified by known effects of substituents 

on kinetic acidity in other  system^.(^*^) 

conditions to b e  expected with s t ruc ture  changes a r e  outlined in the experimental .  

Since for  mos t  purposes  aldehyde-1-d of 95$ isotopic purity is sufficient, a one 

reaction pot exchange-hydrolysis will usually be  the mos t  convenient method for 

obtaining product  f r o m  I. 

with R = a ry l  (o r  heteroaromatic) exchanging as f a s t  o r  fas te r  than Ia (e lec t ron  

The kinds of variation in requi red  hydrolysis 

W i t h  R = alkyl, the K2C03-D20 method should be  p re fe r r ed ;  
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withdrawing substi tuents),  the phosphate buffer route is  recommended; and with 

R = a ry l  exchanging much slower than Ia, the 0"  MgO procedure should be best .  ' 

EXPERIMENTAL. 

Nmr spec t ra  were  obtained on a Varian HA-100 o r  A-60A spec t rometer ,  in f ra red  

spec t ra  on a Pe rk in  E lmer  137 o r  257 spec t rometer ,  and m a s s  spec t ra  on an  MS902 

spec t rometer .  

- Benzal-bis -pyridinium Bromide (Ia). 

A solution of 40 g (0. 16 mole) benzal bromide  in 95 ml of pyridine in a 3-neck 

flask fitted with a mechanical s t i r r e r  and condenser topped by a drying tube was  

heated on a s team bath with s t i r r ing  for 8 h r ,  then cooled to room temperature,  and 

the precipitate tr i turated with CHCl,, f i l tered,  washed with CHCl,, and dried g 

vacuo; yield 63 g (97%). The product could be  fur ther  purified by dissolution in hot 

A variation of our synthesis involving the conversion of aldehydes to 1 -deuterio- 

aldehydes without isolation of the intermediate gem-dibromides o r  bis-pyridinium 

sa l t s  has  recently a ~ p e a r e d . ~  Note the danger in using this procedure without a s c e r -  

taining the ease  and hydrolysis of the specific subs t ra te  (I). Note also that in this 

var ian t  a complete recycling of the entire synthesis mus t  b e  car r ied  out to r a i s e  

isotopic purity. 

MeOH containing a few drops of conc HBr, clarified with activated charcoal,  and 

then crystall ized; m p  234" dec (lit.(3) 234"); n m r  (DzO) 69. 7 q s ,  I ) ,  9. 6(m, 4), 

9.2(m,  21, 8. 7(m, 4), 7.8(m,  5) .  

p-Anisal-bis -pyridinium Bromide (Ibl 

A mixture  of 5.3 g (0 .02  mole) p-anisal  bromide(') and 12.8 ml pyridine was  

The swirled for 5 min and then allowed to stand a t  room tempera ture  overnight. 
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prec ip i ta te  w a s  t r i t u r a t e d  with ace tone ,  f i l t e red ,  washed  with ace tone ,  and d r i e d  

-- in vacuo; yield 8. 1 g (92%). 

solution containing one d r o p  of conc  HBr  by prec ip i ta t ion  wi th  e t h e r ;  m p  185" dec;  

n m r  (DP) 6 9 . 2 - 8 . 7 ( m . 7 ) ,  8 . 5 - 8 .  l (m,4) ,  7 .  3 7  and 7.  I5(ABq, J =  9 c p s ,  4 ) ,  3 . 8 6 ( s ,  

3) .  Anal. Calcd for  CIBHIBBr$JZO: C,  49.  34: H,  4 .  14; B r ,  36.47;  N, 6 . 3 9 .  

Found: C,  4 9 . 0 8 ;  H, 4 . 2 4 ;  B r ,  36.40;  N. 6 . 3 5 .  

An analy t ica l  s a m p l e  w a s  p r e p  r e d  f r o m  a MeOH 

Methylene - b i s  -pyridinium B r o m i d e  (Ic). 

Method A. A solut ion of 20 g (0 .  I15 mole)  CHzBrz and 130 m l  pyr id ine  w a s  

heated a t  70" for  48 h r ,  the  product  worked  up a s  above,  and purif ied b y  dissolut ion 

in 3 p a r t s  w a r m  di lute  HBr  followed by prec ip i ta t ion  with ace tone ;  yield 35 g (95$), 

m p  245-248'  (lit.'4) 250" dec) ;  n m r  (DD) 69.6(m, 4) .  9 .  I (m,  2) ,  8 . 6 (  m, 4) .  7. 55(s ,  

1). 

Method B. ( T h e  publ ished synthesis(4)  w a s  unsuccessfu l  in our  hands but  the 

following method w o r k e d . )  Pyr id ine  (1 00 m l ,  1 . 2 4  mole)  w a s  added to 137 g ( 0 . 4 9  

mole)  of c r u d e  a,a-dibromoacetophenone(') disso lved  in 100 m l  of acetone.  After  

s t i r r i n g  for  one h r  a t  70" .  200 ml of 1 : l  ace tone-EtOH w a s  added and the  reac t ion  

m i x t u r e  s t i r r e d  48 h r  longer  a t  70".  

a s  in Method A; yield 120 g (73%); m p  245-249" dec .  

The  m i x t u r e  w a s  cooled, f i l t e red ,  and purif ied 

Dideuter iomethylene - b i s  -pyr id in ium Bromide .  

Methylene-bis-pyridinium b r o m i d e  ( 2 . 0 0  g ,  6 mmole)  w a s  d isso lved  in 20 m l  

of a pD 7 . 7  buffer  solut ion ( 0 . 4 0  g NaOH in 20 m l  D D  acidif ied with sol id  NaHZPO,. H20) 

Af te r  s tanding a t  30" for  2 4  h r ,  the solut ion w a s  m a d e  ac id ic  to litmus with  conc  HBr  

and the  deutera ted  s a l t  p rec ip i ta ted  with 200 m l  ace tone .  

twice with ace tone  f r o m  the minimum amount  of 258 aqueous H B r ;  yield 1.85 g (87%); 

94*2$ D in the  methylene posi t ion ( n m r  ana lys i s ) .  

The  sol id  w a s  reprec ip i ta ted  
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B enzaldehyde - 1 -d. 

The sa l t  (Ia) (90 g, 0.22 mole) was  dissolved in 160 m l  of a pD 6 .7  D S  buffer 

(solution 0 .5  M in Na&IPOl and 0. 33 M in NaH2P04.HzO). 

m i x t u r e  pD of 6.2 dropped slowly with t ime and af te r  3 h r  was  down to pD 5.6 (if 

because of acidic impurit ies in the bisiminium cation sample the pD drops much 

fur ther  o r  fas te r ,  slowly add more N a W 0 4 ) .  

3 br or  until some  time af te r  the amount of oiled out benzaldehyde stopped increasing 

(end pD 5.4). 

f o r  24 h r  in I N  HC1). 

( t o  convert  the pyridine to its salt)  and s t eam disti l led.  

with NaCl and then extracted with severa l  smal l  portions of ether (200 m l  in all) .  

The combined ex t rac ts  w e r e  dried (NasO4) ,  concentrated,  and distilled; 2 1  g (91%) 

of benzaldehyde-I-d was  obtained; bp  178'; ir (CCl$ "4.76, 4.88, 5.81. 

product contained 95+ 1% D on the aldehyde carbon (nmr  analysis,  weighed internal 

anisole standard);  calculated D incorporation for complete equilibration of the reaction 

solution: 95%. 

The initial reaction 

The solution was  then refluxed for 

(No hydrolysis took place when the bisiminium cation was  refluxed 

The r e d  solution was  then acidified to pH 1-2 with conc HC1 

The disti l late was  saturated 

The 

The D could be  increased  by including a second exchange step (or  using 

deuterated buffer sa l t s )  in the procedure above. 

the reflux-hydrolysis step) was  taken to dryness  a t  room tempera ture  under high 

vacuum, D P  added to the residue, the pD adjusted to pD 5 .5  with NaOD-DD, and 

the solution again allowed to exchange overnight at  room tempera ture  before con- 

tinuing with the hydrolysis step.  

The exchanged solution ( jus t  before 

The above procedure was  p re fe r r ed  over  a m o r e  rapid exchange and hydrolysis 

with s t ronger  base  because the reaction seemed somewhat cleaner under the former  

conditions. 
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6-Aza-7-phenylhepta-2,4,6-triene-l -a1 ("The Enamine Schiff Base"). 

A solution of 2 .  0 g Ia in 15 m l  of water was  slowly t i trated with scratching with 

10% aqueous NaOH until a pa le  yellow solid stopped precipitating. 

washed with cold water ,  and dried in vacuo; yield 0.80 g (86%); recrystall ized f rom 

pentane; mp 59-60" (l i t .(3) 58"). Spectral  data have been reported.( ' )  

This was  fi l tered,  

The 7-deuterio "enamine Schiff base" was s imi la r ly  prepared  using D D  and 10% 

NaOD; mp 57-58". Both compounds were  unstable a t  room tempera ture  but could 

be kept for 2 weeks in the dark  in the re f r igera tor  with only minor  decomposition. 

Hydrolysis of the "Enamine Schiff Base". 

A solution prepared  by dissolving 5. 0 g NaOH in 250 m l  water followed by 

acidification to pH 6.8 with solid NaHaPO,' H&,was allowed to disti l l  ve ry  slowly. 

The  "enamine Schiff base" (5 .0  g, 0.027 mole) in 75 m l  dioxane was  added dropwise 

( 3  hr )  to the slowly distilling mixture.  Fifty m l  of 2 N  aqueous NaOH was  then slowly 

added followed by  100 m l  water.  

dist i l late was  collected. 

with 500 m l  e ther ,  the e ther  ex t rac t  d r ied  (NafiOI), and concentrated on a ro t a ry  

evaporator;  2 .  37 g (83%) of benzaldehyde was  isolated. 

was  taken to dryness  yielding I .  58 g (51% assuming 1 eq) of crude pyridinium 

hydrochloride. 

The distillation was  continued until 300 m l  of 

This was  acidified to Congo red  with conc HC1, extracted 

The aqueous layer above 

Benzaldehyde-1 -d was  isolated (345, smal le r  scale) f rom the 7-deuterio 

"enamine Schiff base .  " 

p-Anisaldehyde- 1 -d. 

The s a l t  (IB) (8.76 g, 0. 02 mole) was  added ( 1  hr)  with s t i r r ing  to a solution 

of 6.97 g ( 0 . 0 4  mole) K a P O ,  in 2 0  m l  D D  (pD 9 .4 )  maintained a t  0". The solution 
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was allowed to w a r m  to room tempera ture  and af te r  2 h r s  w a s  heated on a s t eam 

bath for a n  additional 2 h r s  (pD af te r  heating 7. 1). 

with H S 0 4  and worked up by the s t eam distillation procedure  described for the 

-benzaldehyde-1 -d preparation; yield 2 . 3 0  g (84%) with 79% D incorporation. 

The mixture was  then acidified 

Repetition of this experiment using 0 . 8 0  g (0.02 mole) MgO in place of the 

K2HP0, yielded product (74%) with the equilibrium 96.4+1$ D incorporation ( n m r  

analysis using internalbenzothiazole weight standard);  

The pD of a saturated MgO suspension in D P  i s  10.8. 

ir (CC1,) u 4.80, 4.90, 5. 96. 

Formaldehyde-dz (Dideuteriomethylene -bis -dimedone). 

The sa l t  (Ic) could b e  reisolated a f te r  1 hr  in 5% NaHCO, solution (conditions 

under which the benzal sa l t  immediately precipitated the "enamine Schiff base') 

and yielded a brown tar on t rea tment  with aqueous NaOH. 

was  obtained when Ic (2.00 g, 5.1 mmole) was  dissolved in 25 m l  lO$ KzCO,-DD 

placed in a stoppered flask,  and s t i r r ed  for 9 hours ;  the solution was  light yellow 

and the pH dropped from 12 to 9.5.  

25 m l  of methanol was  then added and the pH adjusted to 5 with rapid s t i r r ing  by 

t i tration with conc HBr .  

the product had the same D content but was  m o r e  difficult to purify because of 

contamination by dimedone. ) The precipitated solid was  fi l tered,  washed with water ,  

dissolved in 20 m l  2N NaOH, reprecipitated with conc HBr ,  f i l tered,  and r ec rys t a l -  

lized f rom ethanol-water;  yield 1. 15 g (825); mp 188-190" (lit.(9) 

ated derivative). 

MS ana lys is ) ;  otherwise it was identical with a n  authentic sample.  h another 

experiment in which dimedone was  present  in the reaction mixture pr ior  to the 

reaction s t a r t ,  the yield was 815(94*2$D); n m r  (CD,CN) 62.23(s, a), 0.97(s, 12) 

(CHr a t  3. 11) .  

However, a clean reaction 

A solution of 2 .  5 g (0.018 mole) dimedone in 

(If the pH was  taken to 5 pr ior  to addition of the dimedone, 

188" for undeuter- 

The product contained >96$ D in the methylene position ( n m r  and 



406 R . A .  OZofson, D.M. Z i m m  and R . C .  Schnur 

ACKNOWLEDGMENT 

This work has been supported by a grant (GM-13980)  from the U . S .  
Public Health Service. 

REFERENCES 

1 .  

2 .  

3 .  

4 .  

5 .  

6 .  

7. 

8 .  

Olofson. R.A.. and Zimmerman, D.M. - J. Amer. Chem. Soc., 8 9 : 5 0 5 7 .  
( 1 9 6 7 ) .  

For references to and other syntheses of benzaldehyde-I-d, see: 
Tobey. W. - J. O r g .  Chem.,  3 4  : 1 2 8 1  ( 1 9 6 9 ) ;  Seebach, D . .  Erickson, 
B.W., and Singh, G. - I b i d . ,  3 1  : 4 3 0 3  ( 1 9 6 6 ) .  The Tobey route is 
recommended as the best rapid preparation of small amounts of pro- 
duct of low o r  moderate deuterium content (30% yield, 50% D). The 
Seebach and related methods may be generally used when R (of RCDO) 
is stable t o  o r  stable as an organolithium or  Grignard reagent. 

KrEhnke. F . .  and Leister, 11. - Chem. B e r . ,  91 : 1295  ( 1 9 5 8 ) .  

KrEhnke, F. - Chem. B e r . ,  6 6  : 1386 ( 1 9 3 3 ) ;  83 : 5 0  ( 1 9 5 0 )  

Olofson, R.A.. Thompson, W . R . ,  and Michelman, J . S .  - J. Amer.Chem. 
SOC., 8 6  : 1865 ( 1 9 6 4 )  ; Olofson, R.A. and Landesberg. J . M .  - 
I b i d . ,  88 : 4 2 6 3  ( 1 9 6 6 ) ;  Olofson. R.A., Landesberg, J.M., Houk, 
K.N.. and Michelman, J . S .  - I b i d . , 8 8  : 4 2 6 5  ( 1 9 6 6 )  ; Rochat, A.C.. 
and Olofson, R.A. - T e t r a h e d r o n  L e t t . ,  3377  ( 1 9 6 9 )  ; Olofson.R.A., 
Kendall, R.V., Rochat, A.C., Landesberg. J.M.. Thompson, W.R. and 
Michelman, J . S .  - A b s .  of t h e  1 5 3 r d  M e e t i n g  of t h e  ACS, Miami, 
Apr. 1 9 6 7 .  p. Q 3 4  ; Olofson, R.A., Kohn, H . L . ,  Kendall, R.V. and 
Piekielek, W.P. - I b i d . ,  160th Meeting, Chicago, Sept. 1 9 7 0 ,  ORCN 
76 ; and refs. therein. 

Cram, D . J . ,  Fundamentals  of Carbanioir  C h e m i s t r y ,  Academic Press, 
New Y o r k .  1965  : see especially Tables I ,  11, X and XI11 in Ch. I .  

Hase, T - A c t a  Chem. Stand., 2 4  : 2 2 6 3  ( 1 9 7 0 ) .  

Horner, L., Oediger. H. and Hoffman, H - A n n . ,  6 2 6  : 26  ( 1 9 5 9 ) .  

9 .  H o r n i n g .  E.C. and Horning, H.G. - J. Org. C h e m . , l l  : 9 5  ( 1 9 4 6 ) .  


