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molar ratio of P.lC1:JI from 1.1 to 1 .?-LO, the amount of 3 
could he increased to  5%. 

To circumvent the ethoxy exchange, the cleavage was run 
in benzene a t  50 "C where yields of pure 2 of up to 84% were 
realized. On refluxing in henzene, about 8% of dicleaved ma- 
terial, 12, was obtained, similar to that in acetophenones." 
Identification of 12 was from conversion to its methylenedioxy 
derivative. 13. 

Experimental  Section 
Ilelting points were determined on  a 'Thomas-Hoover capillary 

melting point apparatus. Melting and boiling points are uncorrected. 
Nuclear magnetic resonance spectra were recorded at  90 RlHz on  a 
\.xian EM-390 using Me4Si as the internal standard. Infrared spectra 
irere recorded on a Perkin-Elmer AC57, h~licroanalyses were performed 
hy  hl-H-LV L,ahiir.~torie~. Garden City. hlich. 
2-Hydroxy-3,1,6-trimethoxybenzaldehyde ( 2 ) .  To a solution 

of ,51.(i g (0.226 nilili of 1" in 500 ml, of'dry henzene was added 3 3  g 
((I.248 mol)  ofanhvdrous aluniinum chloride. .After being shaken for 
.i min. the mixture \vas heated at 50 " C  tor 7.5 11. Ll'ater. :300 ml,. \vas 
added. and the mi:cture \vas shaken t o  decompose the dark oil. Ll'ater. 
2,,5 I,. henzene. 1 1 . anti I 2  11 hydrtrc,hliiric acid. 1 5  mL. were added. 
and  the mixture \vas stirred irvernight. The clear colored phases were 
beparated. The aqiec iu i  phase na.: extracted w i t h  ether and henzene. 

I he combined organic phases were extracted six times with l(!O-mL 
~x i r t i ons  of 5 [ ~  sodium hytlroxide solution. Ll'hile lieing stirred and 
c,cioled. the hasic :,olutioni. were acidif'ied with 110 mL of  I 2  hl hy-  
tlrochloric acid. 'l'he t a n  bolids were dissolved in 250 m L  of hot 
inethanol, diluted with 100 mI, ol' hot tvater, and cooled t o  produce 
A ( i . 0  g 1 8 4 ~ c )  o f 2  as yellow rc)ds. nip 1o:i--lO4 " C .  Kecrystallization from 
2,-ir[ methanol/water prcidured light >-ellow thick rods: nip 102..0-102,7 
'( ': I K  (I<Rri  2881i1. 164(i, 16,'Lj cm-I; N M K  tCDCI:{) ci 3.82, :1.89. 3.98 
15 .  :i each. OCH:{ , 5.97 I:, I ,  ArH). IIi.12 1s. 1. C'HO). 12.27 i s .  1. 
O H ) .  

Anal. ('alcd for ( ' , , , H ~ ~ I . ) - ~ :  C .  56.60: H. 5.70. Found: C, 56.70; H. 
r ~ .  69, 

4,6-Dimethoxy-:3-ethoxy-2-hydroxybenzaldehyde (3) .  T o  a 
hciliiritrn of 11.3 ,o (0.()5 mol) ( i t  1 in 600 mI, of anhydrous ether waa 
added a solutiiin of 9.35 g lO.(i7 mol) of anhydrous aluminum chloride 
i n  15(i ml, of anhydrous ether. l'he >.ellow suspension was shaken for 
,-t miti forming a I)rii\vn oi l .  After standing at room temperature 
c~\,eriiight. the mixture wa:. ref'luxed 8 h o n  the steamhath. LVater. 50 
mI , ,  !vas added arid then ti I1 hydrochloric acid. 25 ml,. After Iieing 
stirred overnight, the t w t i  clear colored phases Fvere separated. T h e  
aqueous phase wiis extracted five times with ether. 'The combined 
c thereal solutions were extracted eight times with 2,5-niI, portions of 
,-iC, sodium hydroxide solut i c i i i .  The hasic washeh were acidified with 
1; I1 hydrochloric 53 mI,. producing 8.76 g (8;3(~) ( i f  a mixture of 
2 and 3 containing :i,Y( 3 t f r o m  NYRi. After being dissolved in 500 
in l ,  ( i t '  ether. the  mixture \vas extracted three times with 100-mL 
~xirtions of 5'; so(liurn carhonate solution. T h e  ethereal phase \vas 
waslied with saturated .alt s~ilution and dried with anhydrous sodium 
suitate. Solvent re,ncival yielded i1.96 g oJ'tan-yellow solids: mp 86-106 

( ': ShlK (CIIC'1,i) showed C,7c~ of'3 present. Kecrystallization from 
1 : I  ethanol/water resulted i n  pure 3 RS yellow rods: mp 116.:1-11;.1 

. 4.04 (q. 2.OCHz).  5.99 i s .  I .ArHI .  10.17 
I C .  1. ("0). 12.:30 IS .  I .  OHI. 

Anal. (lalcd for I.*,1H,,O-,: ('. 58.40: H. 6.24. Found: C ,  58.36: H. 6.28. 
;Ic.idif'ication of t h e  sodium carlionate ivashes and recrystallization 
111 t h e  solid produc,ed 2 identical i v i t h  that produced in aluniinum 
c~liloiideilienzeiie c,leavapc,. 

2-Ethoxy-1.3,ii-trirnethoxybenene ( 1 0 ) .  2.4.6-Trimethoxy- 
l i h e n ~ ~ l . '  reacts w th  ethyl sulfate and  sodium hydroxide solution 
tcirming colorless rods trom cyclohexane: mp 48.8-49.4 " C ;  IR (KHr)  

1 ~ x 1 ,  :3.80 is .  :I, OC":,). :j.Kj ( s ,  6. OCH,j!. 4.00 ( q ,  2 ,  OCH?), 6.19 (s, 2. 
ArHi. 

Anal. Calcd t'or ( ~ j l H l & d :  C,  6 2 . 3 :  H ,  7.60. Found: C. 62.52: H, 
7.47, 
.5-Ethoxy-1,2,3-trimethoxybenzene ( 1  1). Antiaro17 reacts with 

t.t hyl iodide, potassium carhonate. and acetone forming a colorless 
oil: tip 11.1 " C  (1.7 torr): 11% (film) 2850. 1230 cm-I; NMR (CDC1:1) 6 

(y .  2. OCH?), 6.18 (s. 2. ArHI. 

I .  

hIR tCD('I,,i Ci 1.36 i t ,  :3. C",j.J = 7.2  Hz) .  

li84O. 12:35, 1225. L21O C I K ' :  NhlR iCDCI,j) d 1.:16 ( t ,  3,  CH:{. J = 7.2 

I .;37 ( t ,  :i. CH:j, J := 7.0 Hzi. :i.80 i s ,  3, OCH:j), 3.83 Is, 6, OCH:3), 3.97 

Anal. Calcd for C]lH1&4: C ,  62.25: H, 7.60. Found: C, 62.46: H, 

:I-Ethoxy-2,4,Ft-trimethoxybenzaldehyde (6 ) .  A Vilsmeier re- 
7.62. 
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ac,ticinb on 10 produced colorless rods from cyclohexane: m p  60.0-60.9 
'(': I13 i K H r )  1670. 1255. 1215 cm-I: NMR iCI)Cl.{) Ci 13:1 ( t .  3, CH,,. 
,/ = 7 H z ) ,  : M Y ,  :{.9:i, 3.94 (s ,  :i each, OCH,{). :i.99 iy ,  2 ,  OCH?). 6.27 
( s ,  I .  A r H ) ,  10,:iO i s ,  1, CHO).  

Anal. Calcd for C I ~ H ~ & :  C, 59.99: H. 6.71. Found: C. 60.11; H,  6.73. 
Also formed from 3 on reaction wi th  methyl sulfate. potassium car- 
Iitrnate and acetone. 
(i-Ethoxy-2,3,1-trimethoxybenzaldehydc ( 7 ) .  A \.-ilsmeier re- 

action on 11  produced trom henzene and then  25"i niethanoliwater 
c~~ilirrless microscopic rods: mp 57.7-58.5 "C: If1 (KBr)  2850, 1680. 
12!50, 1200 cm-I; NMK iCDC1,ji ci 1.47 ( t .  3. CH.,. J = 7 Hz), 3.83 ( s ,  
:i. OCH.J, :i.96 is. 6. OCH:,), 4.12 iq. 2, OCH?).  6.30 (s,  1. ArHi, 10.40 
i s .  1. CHO). 

Anal. Calcd t'or Cl"I&;,: C ,  59.99; H. 6.71. Found: C .  59.97: H. 
6.75, 

2,3-Dihydroxy-?,6-dimethoxybenzaldehyde (12). The procedure 
for the preparation of 2 was follo\v\.t:d hut the reaction mixture was 
ret'luxed for 8 h. Evaporation of the mother liquors trom recrystalli- 
zation left well-formed golden crystals, mp 114-1;37 " C .  Further 
rrystallization from benzene produced rhombahedral yellow plates: 
n ip  147.8-148.3 O C ;  IR (KHri M 4 0 .  2850, I66(1 cm-I; NMR iCDCl:>) 
i, :1.90, 4.03 i s ,  3 each. OCH:jI. 5.1:3 (s .  1. ;i-OH). 6.09 i s ,  1. ArH) .  10.20 
( 5 .  1. CHOi, 12.25 i s .  1. ?-OH). 

Anal. Calcd t'or C:jHI,O;: C .  54. H. ,5.09. Fiiund: C. 34.77: H. 
4.99. 

?,ti-Dimethoxy-2,8-methylenedioxybenzaldehyde (13) .  From 
I2 using the procedure of' Honthrone and Cornt'c~rth~ colorless needles 

iKBr') 2880. 277,5, l67<5 cm-I: N M R  
1 each, OCH:j), 5.56 i s ,  2. CHZO?). ,5.$0 

Anal. Calcd for CIIIHlllO:: C ,  57.14: H. 4.80, Found: C. 57.27: H. 

Kegistry No.-1, 410:38-46-4: 2 ,  65162-41-4: 3, 698:32-50-4; ti, 
-71 -7:  10,69832-53-7; 

4.78. 

(i98:32-51-5: 7,69832-52-6: 8,20491-92- 
11, 69832-,54-8; 12,69832-59:  13,698 
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Vitamin Bizs Catalyzed Dechlor inat ion of 
1,l-Dichloro-2,2-bis(pchloropheny1)ethane. 

Novel Synthesis  of Subst i tuted St i lbenes 
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The bioinorganic chemistry of vitamin B12 and related 
molecules, in aqueous and micellar environments, is well 

From a purely chemical point of view, vitamin 
B12s is an extraordinary nucleophile whose participation in 
dechlorination reactions would not be unexpected. I t  is our 
purpose to  report a novel, vitamin B12,-catalyzed synthesis 
of substituted stilbenes starting with readily available mate- 
rials. 

The reaction consists essentially of the addition of a 
methanol solution of l,l-dichloro-2,2-his(p-chlorophenyl)- 
ethane, DDD, to an  aqueous solution of vitamin B12s under 
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Scheme I 

.- 

Slow\ 

\ / /vitamin B,,, 

a nitrogen atmosphere in the absence of light. The products 
obtained in the reaction were trans-4,4'-dichlorostilbene, 
DCS, and trace amounts of l-chloro-2,2-bis(p-chlorophe- 
ny1)ethylene. DDMU. The latter was proven not to be an in- 
termediate, since it does not react with vitamin B12s under 
identical conditions. 

Scheme I describes the reactions occurring under our ex- 
perimental conditions. 

Vitamin B1 zsr generated by the reduction of aquocobalamin, 
appears to be the reactive species in solution displacing 
chloride ion (detected by AgNO, titration) through nucleo- 
philic substitution. Indeed, vitamin B I ~ ~ ,  generated by pho- 
tolysis of methylcobalamin in a N2 atmosphere, does not react 
with DDD to produce DCS. Apparently, the reaction occurs 
with formation of cobalt-carbon intermediates followed by 
homolytic bond rupture, a mechanism which is common for 
vitamin Bl2-catalyzed reactions. An alternative mechanism 
could be a Co-Cl a-elimination to yield a carbene or carbenoid 
type intermediate which would then rearrange to the product. 
I t  is important to remark that CoC12 or Co(NO& under 
identical conditions do not react with DDD to produce 
trans- 4,4'-dichlorostilbene. Indeed, the cobalt I nucleophili- 
city is highly increased in vitamin Bizs due to the effect of the 
corrin ring. 

A similar reaction using l,l-dichloro-2,2-bis(p-ethyl- 
pheny1)ethane resulted in the production of trans-4,4'-di- 
ethylstilbene. The simplicity of the present method as com- 
pared to the Wittig reaction, decarboxylation of phenylcyn- 
namic acid, Clemmensen reduction of benzoins, and other 
available methods,; added to the fact tha t  only the trans iso- 
mer is formed, more than substantiates its use a t  the labora- 
tory level for synthesis of substituted trans-stilbenes. 

Exper imenta l  Section 
All melting points are uncorrected. IR spectra were determined with 

a Perkin-Elmer 720 spectrophotometer. NMR spectra were run in 
CDC13 on a Varian HA-I00 spectrometer using MedSi as the internal 
standard. UV spectra were obtained in methanol by means of a Varian 
634 spectrophotometer. 

Vitamin Biza, aquocobalamin, was purchased from Merck Chemical 
Co., DDD from. Aldrich Chem. Co., and l,l-dichloro-2,2-bis(p-eth- 
ylpheny1)ethane from Chemical Service. The purity of the three re- 
agents mentioned above was found to be satisfactory by thin-layer 
chromatography. All the other compounds were of the best reagent 
grade available. 

Typically, a solution of aquocobalamin (400 mg in 25 mL of water) 
was purged with purified nitrogen in a closed vessel through rubber 
septa for 2 h. A capillary tube punched just through the rubber septa 

provided the vent. Subsequent to deoxygenation, 200 mg of NaBH4 
was added, and the mixture was allowed to react for 10 min. A solution 
( 1 1 '  1,l -dichloro-2,2-bis(p-chlorophenyl)ethane (DDD) (1330 mg in 
2,60 mI, of'methanol, also purged for 2 h with purified nitrogen) was 
added and allowed to react. The reaction was monitored by TIL 
(using silica gel GF254, type 60. Merck, in 200 X 200 X 0.30 mm plates, 
and petroleum ether, fraction 30-60, Ecibra. as developing solvent). 
I n  addition, NaBH4 was added to the reaction mixture until DDD 
disappeared on the TLC plate. The reaction was complete in about 
20 min. 

As the reaction proceeded, a white precipitale was formed and fil- 
tered off. The colored solution was then extracted with several por- 
tions of chloroform to remove the organic fraction. The chloroform 
extract was then rotary evaporated to dryness, mixed with the pre- 
viously filtered white precipitate, and dried in vacuo in an Abder- 
haldem type apparatus over PzOj. A total weight of 1070 mg of the 
organic fraction was recovered and used for subsequent analysis. TLC 
showed the presence of a fluorescent compound ( R f  0.60) and traces 
of' l-chloro-2,2-bis(p -chlorophenyl)ethylene (DDMU) as identified 
by its UV and IR spectrum after separation by preparative layer 
chromatography (see the spectral data below). 

A blank reaction in which vitamin BIZ, was absent was carried out 
under identical experimental conditions (see above) and showed only 
DDD and DDMU. The appearance of the later occurred very slowly, 
with the reaction being half complete in 72 h. IIDMU was purified (mp 
64-65 "C) and its UV (A,,, 242 nm and a shoulder a t  257 nm), IR 
(main bands at  3030, 1600,1580,1480, 1390, 1080,1010,855, and 800 
cm-I in KBr pellet), and NMR spectra (7.23 aromatic protons mul- 
tiplet and 6.57 ppm ethylenic proton singlet, integration 8: l )  were 
found to be identical with those of a sample prepared by dehydro- 
chlorination of DDD with alcoholic KOH. Furthermore, a sample 
o f  DDMU treated with NaBH4 in the presence of vitamin Biza as 
previously described does not react. Accordingly, it cannot be an in- 
termediate in the production of the fluorescent compound. 

The organic fraction containing the fluorescent product was crys- 
tallized several times from 95% ethanol until DDMU could not be 
detected by thin-layer chromatography and dried in vacuo over P205 
(mp 173-174 "C). The fluorescent compound was identified as 
trans-4,4'-dichlorostilbene since its UV (A,,, 305 and 315 nm), NMR 
(aromatic A2Bz pattern centered at 7.22 ppm and a singlet at 6.88 ppm 
for the ethylenic protons, 4:l integration), and infrared spectral data 
(KBr pellet, main bands at  1632, 1590, 1485. 1410,1100,1090,1015, 
970, and 830 cm-' besides the aromatic and olefinic C-H stretching 
vibrations) were identical with those of an authentic sample. 

The reaction can be carried out with higher catalyst to substrate 
ratio. Indeed, using 50 mg of vitamin Biza the reaction goes to com- 
pletion, hut higher amounts of DDMU (ca lOo/,) are formed. 
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McKillop and Taylor and their associates have very suc- 
cessfully developed the aromatic thallation reaction into an 
important synthetic method useful for the preparation of 
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