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On treatment with 2 equiv of n-butyllithium, 1-substituted 
2,2-dichloroethanols la and related species undergo rear- 
rangement via P-oxido c:arbenoids to afford ketones 3a in high 

la, R = alkyl.  a r y l  
b, R = H  -+[ ;)Li 1- 0 (1 

R-C=CHCI R-CCH-C1 
2a, R = alkyl 3a 

b, R = H  
yie1ds.l Although the chemistry of P-oxido carbenoids has 
been intensively investigated by us2 and  other^,^ the stereo- 
chemistry of the double bond of the enolate anion 2 has not 
been elucidated. Investigation of the reaction of the parent 
compound, 2,2-dichloroethanol ( lb) ,  would give us not only 
information about the stereochemical outcome of this rear- 
rangement, but also a way for the preparation of chloroacet- 
aldehyde enolate (213), a previously unknown enolate 
species. 

We have found that 2 equiv of n-butyllithium effects re- 
arrangement of 2,2-dichloroethanol ( lb)4 a t  -78 "C to give 
the lithium enolate of chloroacetaldehyde (2b). This enolate 
is subsequently allowed to react with p-toluenesulfonyl 
chloride and is isolated ,as the 0-tosylated derivative 4a in 86% 

Cl,CHCH,OH 7 n-BuLi [ "zxz] 
lb 

2b 

Rex:; TsCl or 

PhCOCl 
- 

HA 
4a, R = pCH3C6H4SO2 

yield. In addition, this rearrangement reaction gives exclu- 
sively t,he E isomer of the enol tosylate 4a (vide infra). Al- 

b, R=PhCO 

though alcohols l a  react rapidly (-50 "C, 30 min) with n- 
butyllithium,2b less than half of 2,2-dichloroethanol (lb) was 
consumed under the same conditions. At a higher temperature 
(-20 "C, 2 h) the yield of the enol tosylate 4a was reduced to 
58%, yet under the optimum conditions (-78 "C, 5 h), it 
reached the highest value of 86%. It  is interesting that the 
enolate 2b gives the 0-tosylated derivative in high yield, and 
as a single isolable product, since the reaction of an enolate 
anion with arenesulfonyl chloride has long been known to 
afford mainly chlorinated products instead of sulfonylated 
 product^.^ 

In order to establish the stereochemistry of the enolate 2b, 
the enolate 2b was transformed to the corresponding enol 
benzoate 4b, since a reliable stereochemical assignment by 
NMR spectroscopy is possible with enol ester derivatives.6 
The enolate 2b generated in DME was treated with benzoyl 
chloride to give the expected enol benzoate 4b in 56% yield. 
On NMR analysis the benzoate 4b exhibited the same value 
of the coupling constant as the tosylate 4a, i.e., JAB = 11 Hz. 
A coupling constant between two vicinal protons attached to 
a disubstituted double bond is known to be closely related to 
the electronegativity of the substituents, and its magnitude 
is greatly reduced by both acyloxy and chloro groups.6 
Therefore, the value ( J A B  = 11 Hz) of the enol benzoate 4b 
should point out an E geometry of the double bond, and at  the 
same time, the same geometry of the double bond of the 
lithium enolate 2b.7 With respect to the stereochemistry of 
the enolate 2b, reactions a t  temperatures ranging from -100 
to -20 "C uniformly gave the same result. An electronic re- 
pulsion in the transition state 6 is most likely the reason of the 
stereospecificity of this rearrangement. 

H * ,  
\L>!;\ r:-\: ci----ii H 

6 

Experimental Section 
General. Melting points, which were determined in glass capil- 

laries, and boiling points are uncorrected. Infrared spectra were ob- 
tained on a Hitachi EPI G3 spectrometer. NMR spectra were deter- 
mined on a Varian Associates Model T-60 spectrometer and the 
chemical shifts ( 6 )  are expressed in parts per million downfield from 
internal tetramethylsilane. Mass spectra were determined on a Hi- 
tachi RMU-7M spectrometer a t  Mass Spectral Laboratory, Tokyo 
Institute of Technology. Microanalyses were performed at  Mi- 
croanalytical Laboratory, Tokyo Institute of Technology. 

(E)-2-Chloroethenyl 4-Toluenesulfonate (4a). 2,2-Dichlo- 
roethanol(ll4 mg, 1.00 mmol) in 5 ml of DME was treated with 1.55 
M n-butyllithium in hexane (1.42 ml, 2.20 mmol) at -78 "C for 5 h. 
The resulting white suspension was treated with 197 mg of p-tolu- 
enesulfonyl chloride (1.00 mmol) dissolved in 2 ml of DME at  -78 "C 
for 30 min and for 1 h a t  room temperature. The white reaction mix- 
ture was poured into 10 ml of water, and extracted with ether (10 ml 
X 3). The ethereal extract was dried (MgS04) and concentrated in 
vacuo to leave a yellow oil, which was homogeneous on TLC (Rf  0.45, 
benzene) and NMR analysis. Purification by preparative TLC gave 
the title tosylate 4a (202 mg, 86%): bp 95-100 "C (bath temperature, 
0.014 mm); ir (neat) 1600 (m), 1380 (s), 1195 (s), 1180 (s), 1070 (s), 890 
cm-' (m); NMR (CC14) 6 2.45 (s, 3 H, CH3-), 6.00 (d, J = 11 Hz, 1 H,  
ClCH=C), 6.75 (d, J = 11 Hz, 1 H, OCH=C), 7.30 (unresolved d, J 
= 8 Hz, 2 H, aromatic protons ortho to methyl group), 7.70 (unresolved 
d,  J = 8 Hz, 2 H, aromatic protons meta to methyl group); mass 
spectrum (70 eV) m/e (re1 intensity) 232 and 234 (Ma+), 155 (23),91 
(loo), 65 (59),63 (23),51 (20),49 (24), 39 (30). 

Anal. Calcd for CsH903CIS: C, 46.46; H, 3.90; S, 13.78. Found: C, 
46.35; H, 3.95; S, 13.69. 
l-Benzoyloxy-2-chloro-(E)-ethene (4b). The DME (8 ml) so- 

lution of the lithium enolate 2b which was prepared in the same 
manner as described above using 177 mg of 2,2-dichloroethanol(1.55 
mmol) and 1.42 M n-butyllithium (2.18 ml, 3.10 mmol) was treated 
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at -78 "C with freshly distilled benzoyl chloride (218 mg, 1.55 mmol) 
in 2 ml of DME. After stirring for 30 min a t  -78 "C, the reaction 
mixture was allowed to warm to room temperature. The yellow mix- 
ture was subsequently poured into 10 ml of water, and extracted with 
ether (10 ml X 3). The extract was purified on preparative TLC to give 
two products, A and B. 

A was the title compound 4b (158 mg, 56%, Rf  0.5, benzene). 
Bulb-to-bulb distillation afforded an analytical sample which solid- 
ified on standing (mp 26-27 "): bp 65 "C (bath temperature, 0.015 
mm); ir (neat) 1740 (s), 1640 (w), 1260 (s), 1130 cm-' (s); NMR (Cc4) 
6 6.25 (d, J = 11 Hz, ClCH=C), 7.20-7.55(m, 3 H, aromatic protons), 
7.70 (d, J = 11 Hz, 1 H, OCH=C), 7.90-8.20 (m, 2 H, aromatic pro- 
tons). 

Anal. Calcd for CgH70ZCl: C, 59.20; H, 3.87. Found: C, 59.45; H, 
3.97. 

B was the doubly acylated product 7 (48 mg, l l%, Rj 0.25, benzene): 
mp 98.5100 "C (hexane); ir (CCb) 1760 (s), 1730 (shoulder), 1675 (m), 
1630 (m), 1600 (m), 1240 (vs), 1150 (vs), 1005 cm-l (vs); NMR (cc14) 
b 7.1-8.3 (m, 10 H), 8.45 ( s ,  1 H). 

0 0 

CGHSCC=CHOCCEHb 
II II 

1 c1 
7 

Anal. Calcd for C1,jH1lO:$l: C, 67.01; H, 3.87. Found: C, 66.72; H, 
3.97 

Registry No.-2b, 60537-99-7; 4a, 60538-00-3; 4b, 60538-01-4; 7, 
60538-02-5; 2,2-dichloroethanol, 598-38-9; p-toluenesulfonyl chloride, 
98-59-9; benzoyl chloride, 98-88-4. 
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A recent protonation study of some representative dehy- 
droaporphines has shown that protonation occurs readily a t  
C-7, indicative of a certain degree of enamine-type character 
in dehydr0aporphines.l This result suggested that the C-7 
carbon of a dehydroaporphine might be sufficiently nucleo- 
philic to allow the introduction of carbon substituents a t  this 
position, thus affording a route to a variety of hitherto un- 
available but pharmacologically interesting 7-substituted 
aporphines. As part of a broad study of the scope and limita- 
tions of this idea, we now report the reaction of dichlorocar- 
bene with dehydronuciferine ( l ) ,  a typical dehydroapor- 
phine. 

It has been reported recently that dichlorocarbene adducts 
of olefins, including even phenanthrene, can be prepared 

conveniently and in high yield by the use of chloroform, 
aqueous sodium hydroxide, and a phase-transfer catalyst.2 
Under these conditions, dehydronuciferine (1) was cleanly 
converted into a single crystalline product, mp 161-163 "C. 
The composition and properties of this material showed that 
it was not the expected cyclopropane 2, but rather dehy- 
dronuciferine-7-carboxaldehyde (3). In accord with this for- 
mulation, the infrared spectrum of 3 showed a conjugated 
carbonyl band at 6.24 h. The NMR spectrum of 3 showed that 
the C-7 proton of dehydronuciferine (at 6 6.50) was replaced 
by a low-field aldehyde proton at  6 10.13; the N-methyl of 3 
appeared at 6 3.30 as compared to 6 2.95 in dehydronuciferine, 
indicating a considerable deshielding effect of this methyl by 
the aldehyde group. 

1 
Me0 

x, Me0 

T - CCI? 

\' 'cc1, - 'C1 

J 2 

The formation of aldehyde 3 from dehydronuciferine can 
be rationalized by a mechanism analogous to that of the 
Reimer-Tiemann reaction, as illustrated below, the critical 
step being the attack of the electron-deficient CClz by the 
nucleophilic C-7 carbon of the dehydroaporphine. 

Reduction of aldehyde 3 with sodium cyanoborohydride at  
pH 3 afforded, in good yield, 7-methyldehydronuciferine ( 5 ) ,  
mp 99-100 "C. The uv spectrum of 5 was almost identical with 
that of dehydronuciferine (I) ,  indicating the presence of the 
same chromophoric system; its NMR spectrum showed the 
presence of the new C-methyl a t  6 2.68, the N-methyl being 
shifted upfield to 6 2.78 from its original value of 2.95 in 1. 

The reduction of 3 to 5 takes place through the intermediary 
formation of the unstable 7-hydroxymethyldehydronucifer- 
ine (4), which can be isolated when 3 is reduced under ordinary 
basic conditions by sodium borohydride. Treatment of alcohol 
4 with sodium cyanoborohydride at  pH 3 affords 7-methyl- 
dehydronuciferine ( 5 ) ,  presumably via the stabilized iminium 
ion 6. Evidence for the ready generation of cation 6 from al- 
cohol 4 was obtained by the interception of cation 6 by hy- 
drogen cyanide to give, in good yield, the crystalline 7-cya- 
nomethyldehydronuciferine (7), mp 195-196 "C. 

Attempts to effect the direct C-methylation of 1 to 5 by 
methyl iodide were unsuccessful, presumably because of in- 
sufficient nucleophilicity of the C-7 carbon of I toward the 
alkyl halide. 

Experimental Section 
Melting points are uncorrected. Chromatography was carried out 

using silica. NMR spectra (CDClB containing tetramethylsilane as 


