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Synthes i s  and React ions  of a P r o p o s e d  D D T  Metabol i te ,  2,2-bis(p-Chlorophenyl)acetaldehyde 

Studies of the  metabo l i sm of D D T  led to the  prepara-  
t ion of 2 ,2-bis(p-chlorophenyl)acetaldehyde (I) in order 
to inves t iga te  the  possibi l i ty of its in te rmediacy  ~ in D D T  
metabol ism.  Resul ts  of a t t emp t s  to reproduce a repor ted  
synthesis  2,a of I have  shown tha t  bo th  this repor t  and 
an even earlier repor t  4 of a different  synthet ic  approach 
are incorrect .  I t  was observed in this l abora to ry  t h a t  I 
undergoes ox ida t ive  deformyla t ion  under  mild  oxidizing 
condit ions to form the  benzophenone (II). In  comparison,  
the  o,o ' - isomer was qui te  s table under  the  same condi- 
tions. These results are of theore t ica l - in te res t  and m a y  
have  biological  significance. 

Mater ials  and  methods. Melting points  were t aken  on a 
F isher -Johns  mel t ing  po in t  appara tus  and are corrected. 
IR-spec t r a  were Obtained wi th  Pe rk in -E lmer  521 and 
Beckman  IR-12 spect rophotometers .  T h e  N M R  studies 
were made  wi th  a Var ian  A-50 spec t rometer  equipped 
wi th  a var iable  t empera tu re  probe using TMS or TMS* as 
in ternal  reference. The  gas ch romatograms  (GC) were 
obta ined  wi th  a Varian Aerograph 1525 13 chromatograph  
equipped wi th  a t r i t i um detector  and employing  a polar  
co lumn of 1% or thophosphor ic  acid and 3% die thylene  
glyco ! succinate  as the  l iquid phase and 30/60 Chroma-  
sorb W as the  s ta t ionary  phase. The  low resolut ion mass 
spectra  were obta ined  wi th  an L K B  9000 gas chromato-  
graph-mass  spec t rometer  (GC-MS). Thin  layer  chromato-  
grams (TLC) were run  on E a s t m a n  Chromagrams,  Type  
6060, wi th  f luorescent  indicator  and were developed in 
hexane-ch loroform-methanol  (3:2:  1). The  spots were 
detected wi th  UV-l igh t ;  Rf  (I) 0.59, Rf  (II) 0.71. Syn- 
the t ic  me thods  are g iven in the  following discussion. 

Results  and discussion. The repor ted  ~ me thod  involved  
the  t r e a t m e n t  of 2 ,2 -d ich loro- l , l -b i s (p -ch loropheny l ) -  
e thane  wi th  sodium hydroxide  in ref luxing e thylene glycol 
to form the  cyclic acetal,  2- (p ,p ' -d i ch !orobenzhydry l  )- 
1,3-dioxolane (III).  The  p roduc t  obta ined  by  these 
workers af ter  hydrolysis  wi th  ref iuxing 20% hydro-  
chloric acid and recrysta l l iza t ion mel ted  at  147 ~ Ac- 
ceptable  e lementa l  analyses were g iven for the  product  
and for its p -n i t rophenyl -hydrazone  (PNPH) der ivat ive ,  
bu t  no spectral  da t a  were given: 

Our a t t e m p t s  to reproduce the  me thod  yielded the  
crystal l ine aceta l  (III) whose s t ructure  was confirmed 
by  its IR-,  NMR-  and mass-spectra.  The  NMR-spec t rum 
is most  ~liagnostic wi th  a pair  of doublets  arising f rom 
the  coupling (J  = 4 cps) of the  benzhydry l  p ro ton  (5.82 T) 
wi th  the  me th iny l  p ro ton  (4.57 7) of the  dioxolane ring. 

However ,  hydrolysis  of I I I  gave an oil which could 
no t  be crystall ized.  Th in  layer ch roma tog raphy  of the  
oil indicated tha t  there  were 2 major  components ,  ne i ther  
of which was s tar t ing mater ia l  I I I .  Gas ch roma tog raphy  
confirmed tha t  the  oil was a mix tu re  of 2 mater ia ls  which 
were obta ined  in var iab le  yields. The  low resolut ion mass- 
spec t rum of each componen t  in the  oil was obta ined wi th  

a GC-MS combinat ion.  A s tudy  of the  spectra  indicated 
tha t  the  GC peak wi th  the  longest  re ten t ion  t ime  gave 
a mass-spect rum expected  for the  desired a ldehyde (I). 
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However ,  the  mass-spect rum of the  o ther  GC peak had 
a pa ren t  ion which  was 14 mass units  lower than  the  
paren t  ion os I and indicated the  presence of two chlorine 
a toms in the  molecule. Fu r the r  analysis of this spec t rum 
suggested tha t  p ,p ' -d ich lorobenzophenone  (II) was the  
o ther  major  component  in the  hydrolysis  product .  A n  
au thent ic  sample of I I  was obta ined  and subjec ted  to 
GC-MS analysis and was found to have  an ident ical  GC 
re tent ion  t ime  and super imposable  mass-spec t rum to 
t h a t  of the  unident if ied componen t  in the  oily hydrolysis  
product .  Crystal l ine mater ia l  which had propert ies  iden- 
t ical  to those of i I  was la ter  obta ined f rom the  oily 
hydrolysis  p roduct  by slow crysta l l izat ion f rom methanol .  
The mel t ing  poin t  of au thent ic  I I  (145 ~ and its P N P H  
(213~ der iva t ive  were a lmost  ident ical  to those re- 
por ted  2 (147 and 211 ~ respectively) for I and its P N P H  
der iva t ive  and indicated tha t  the  earlier work  was in 
error. 

I t  was observed tha t  the  a ldehyde  could be separa ted  
from I I  by  format ion  of its bisnlfite addi t ion  product .  
Control  exper iments  indicated t h a t  the  ketone  was 
v i r tua l ly  unreac t ive  toward  a sa tura ted  sodium bisulfite 
solution. The  a ldehyde was obta ined  as a viscous l iquid 
on decomposi t ion of the  addi t ion p roduc t  w i th  di lute 
aqueous sodium carbonate  solut ion and was ident i f ied 
by  its chromatographic  and spectral  propert ies  5. Vacuum 
dist i l la t ion of I is not  recommended,  since the  presence 
of I I  was always detec table  in the  distil late.  The  the rmal  
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6, 321 (1964). 
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Chem. Ber. 92, 900 (1959). 
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labi l i ty  6 of the  a ldehyde was fur ther  evidenced when 
repeated  inject ions of I of the  same concent ra t ion  gave 
va ry ing  amounts  of I I  a t  the  expense of I on the  acidic 
polar  column used for its GC analysis. The  decomposi t ion 
is p robably  ca ta lyzed by  the  or thophosphor ic  acid addi-  
t ive  used to shorten re ten t ion  t imes  and e l iminate  tailing. 

A t t emp t s  to ob ta in  an NMR-spec t rum of I in d imethy-  
sulfoxide (DMSO) resulted in appreciable  decomposi t ion 
of I into I I .  This  result  was confirmed by  TLC and GC 
of t he  isolated product .  However ,  t he  electronical ly 

a n a l o g o u s  2,2-bis(o-chlorophenyl)acetaldehyde did not  
undergo decomposi t ion in DMSO at  t empera tures  ranging 
f rom 26-75 ~ Steric h indrance  to r emova l  of the  benz- 
hydry l  p ro ton  which  is greates t  in the  o,o'-isomer and 
smallest  in the  p, p ' - i somer  m a y  expla in  this result.  This  
steric effect would  be manifes ted  if enol izat ion were 
required to  form a reac t ive  species, i.e. 

R ~  D M S O Rx. C / C  _H~.~ O - -  
R/C=CH--OH--, R/ "0~_~ / 

I ~CH3 
CH 3 

:R~C=O + CH20 + (CHs)2S 

The in tegrated NMR-spec t ra  of I in d-chloroform and 
de-acetone indicated t h a t  I obta ined direct ly  f rom decom- 
posit ion of the  bisulfi te addi t ion  product  has a pur i ty  
greater  t han  95%, which was sufficient for subsequent  
reactions. Aldehyde  obta ined in this manner  was .  de- 
r iva t ized  wi th  p-n i t rophenylhydraz ine  according to  the  
me thod  of StoNE 7 and the  product  was recrystal l ized 
f rom methanol -wate r  as repor ted  earlier 2. A compound  
conta ining one molecule of me thano l  of crystal l izat ion 
mel t ing  at  85-88 ~ was obta ined  and when this p roduct  
was recrys ta l l i zed  f rom e ther -pe t ro leum ether, the  meth-  
anol was removed  to give a crystal l ine compound  mel t ing  
a t  135-138 ~ Bo th  der iva t ives  were chromatographica l ly  
identical.  The  IR- ,  N M R -  and mass-spectra  of this pro- 
duc t  were those expected  of the  desired a ldehyde deriva-  
t ive.  W h e n  an oily product  obta ined  on hydrolysis  of 
I I I  was t rea ted  di rec t ly  wi th  P N P H  according to the  
repor ted  method,  the  h ighly  insoluble benzophenone  
der iva t ive  crystal l ized direct ly  f rom the  react ion mix tu re  
while the  soluble a ldehyde  der iva t ive  was obta ined  only 
af ter  laborious p repara t ive  TLC of the  mothe r  liquor. 
These results conf i rm our belief t ha t  the  prev ious  workers 
had  isolated ketone  instead of I. 

Based on these findings, i t  seemed plausible bu t  
mechanis t ica l ly  obscure t h a t  I migh t  be in te rmedia te  in 
the  format ion  of I I  dur ing the  hydrolysis  of the  aceta l  
( I I I )  under  the  heterogeneous condit ions.  However ,  
s ignif icant  amount s  of Mdehyde were recovered when i t  
was subjected to the  condit ions of hydrolysis .  W h e n  the  
hydrolysis  was carried ou t  under  homogeneous  condit ions 
u s ing  p-d ioxane  wi th  aqueous  HC1, I I  was formed as 
the  major  p roduc t  in 1 h a t  ref lux t empe ra tu r e  wi th  no 
TLC evidence for the  in te rmedia te  format ion  of I. This  
resul t  was . suppor ted  by following the  hydrolysis  of I I I  
by  N M R  under  s imilar  condit ions 8. 

Al though  a thorough s tudy  of the  solvent  effects on 
the  mechan ism of hydrolysis  of I I I  was no t  made,  
several  solvents  were tr ied in an a t t e m p t  to improve  on 
the  yield of aldehyde.  None of these var ia t ions  in the  
hydrolysis  procedure affording ke tone  gave  a significant  
increase in t he  yield of I. An a l t e rna t ive  approach to the  
synthesis  of I ,  which  gave fair  yields b u t  was more re- 
producible  than  hydrolysis  of I I I ,  was a glycidic ester 
Condensation of I I  and e thyl  chloroacetate .  Recen t  
workers"  also used the  Darzen ' s  react ion for the  successful 

prepara t ion  of I which was pa t t e rned  af ter  a successful 
repor t  1~ of its use to prepare  2-(o-chlorophenyl)-2- 
(p-chlorophenyl) acetMdehyde.  Aldehyde (I) obta ined  in 
our l abora tory  f rom this react ion sequence was purif ied 
v ia  its bisulfi te addi t ion product  and was ident ical  in 
every  respect  to I obta ined v ia  hydrolysis  0f I I I .  

PERRY e t a l .  11 in 1965 have  found I I  as an isolable 
metabol i te  of D D T  which was bel ieved to have  been 
der ived f rom 2, 2-bis(p-chlorophenyl)-acetic acid (DDA). 
I t  was observed in our  l abora to ry  tha t  D D A  does not  
give rise to I I  in v i t ro  under  the  same condit ions by  
which I affords I I .  On t h e  o ther  hand,  I is a logical pre- 
cursor of DDA.  Fur thermore ,  previous work  1 has shown 
tha t  2,2-bis(p-chlorophenyl) ethanol  (DDOH) can be 
obta ined f rom in v ivo  t ransformat ions  of o ther  known 
D D T  metabol i tes .  Therefore,  the  occurrence of I I ,  D D A  
and D D O H  in D D T  metabo l i sm is s t rong suppor t ing  
evidence for the  in te rmediacy  of I. 

Greater  biological significance m a y  possibly be der ived 
f rom the  inherent  r eac t iv i ty  o f  I as an aldehyde.  Fo r  
example,  react ion of I wi th  amino acids would form Schifi  
bases which migh t  be  incorpora ted  into proteins  thus  
chemical ly binding D D T  residues and s imulat ing storage. 
Therefore,  the  fa te  of I depends on whe ther  or  no t  i t  is 
enzyme bound and its p rox imi ty  to stabil izing funct ional  
groups which m a y  or m a y  no t  be bound.  However ,  
regardless of wha t  its fate  m a y  be, decomposi t ion  to 
form I I ,  oxidat ion  to form DDA,  or carbonyl  der ivat iza-  
t ions wi th  var ious  nucleophiles, i ts de tec t ion  in v ivo  will 
be difficult  because of its ins tabi l i ty  and reac t iv i ty  1~. 

Zusammenfassung. Es wird eine Methode beschrieben, 
nach der au thent i scher  2, 2-bis(p-chlorphenyl)acetaldehyd 
erhal ten wird. Die Charakter is ierung dieses AIdehyds ha t  
gezeigt, dass die in der L i te ra tu r  bisher  erschienen An- 
gaben unr icht ig  sind. Der  Aldehyd  geht  un te r  mi lden 
oxyda t iven  Bedingungen  un te r  Deformyl ie rung  in 4, 4- 
Dichlorbenzophenon tiber. M6gliche biologisehe Bedeu-  
tung  dieser Reak t ionen  werden diskutiert .  
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