
T~rrohrdron Vol 40, No. 1. pp. 211 to 213. 1984 
Pnnled loGreat sritaio. 

oo4o-4o2ojn4 s3.00 + .oo 
R.rgamon Press Ltd. 

AH UF!USUAL CHLORINATIOb! OF 

l-PHEHYL-4-(2,6-DICHLOROPHENYLJ-1,3-BUTADIENE, 

MD. ABUL HASHEM AND PETER WEYERSTAHL. 

Institut fUr Organische Chemie, Technische Universitlt Berlin 
Strasse des 17. Juni 135, D-1000 Berlin 12, W. Germany 

BERNARD S. GREEN 

Department of Structural Chemistry, The Weizmann Institute 
of Science, Rehovot, Israel 

(Received in Germany 13 June 1983) 

ABSTRACT : The diene la reacted with CHCl,/aq. NaOH/PTC in 
CH2C12 unexpec t 
products 2 and 

milarly 2, &, 

formation of 2 

sides 8) shows - 

In the precedent paper 
1 

that the reaction of the 

edly G give a mixture of‘lthe chlorination 

3a. Usual chlorination with Cl yielded si- 

and 3b dependent on the amount*of Cl . The 

as well as the reactron of 1 to give22 (be- 

an unusual Cl-Cl-interaction. 

we mentioned 

title compound 

la with a slight excess of Ccl2 in me- - 
thylene chloride did not result in a 

dichlorocyclopropanation but in a chlo- 

rination of the double bonds. This be- 

haviour is quite unusual, particularly 

with respect to Dehmlows publication2 

about side reactions of dihalocarbene 

generation via phase transfer catalysts 

(PTC). He found some radical induced 

side reactions of very unreactive ole- 

fins, but only with bromoform/sodium 

hydroxide, never with chloroform. 

Results and Discussion 

Reaction of la with CHC13/aq. NaOH/ - 

PTC in CH2C12 gave a mixture of the 

monoadduct 2 and the bisadduct 3a. No - 
trace of a dichlorocyclopropane could 

be found. The structure of 2 was estab- 

lished by ozonolysis to give benzoic 

acid, and (2,6-dichlorophenyl)-dichlo- 

ropropionic acid 4 after oxidative 

work-up. 

The structure of 2 is unexpected, 

because obviously the more hindered 

double bond has reacted. The only ex- 

planation is a Cl-Cl-interaction. The 

regioselectivity of this addition must 

be very strong, because reaction of la - 
with molar amounts of Cl2 in ~~14 gave 

ph-*t Phy 

la lb *t - - 

Ph+R1 p.icii,R’ 

Cl R2 

= Ar, R2 =Cl * 

= Cl, R2 = Ar 6 - 

Cl 

Ar 
COOH 

Ph 
AT 

Cl 
4 3b - - 
Ar = 2,6-dichlorophenyl 

only 2 in high yield. The product de- 

rived by addition of chlorine to the 

other double bond could not be found. 

Further addition of chlorine to la - 
leads to a mixture of 2, 3a and 2, - 
and after some minutes la is complete- - 
ly converted to 3a and 3b. Peculiarly, - - 
the isomer 3b is the main product. - 
Assuming trans-addition of chlorine 

to the olefinic double bonds, two iso- 

mers can be formed. There is no evi- 

dence for an assignment of the confi- 

guration but the melting points. The 

considerably higher value of 156-159 
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OC for 3a in comparison to 75-79 OC - 
for 3b might serve as an indication - 

for a quasi-syndiotactic pattern. 

The cis,trans-isomer lb reacts with - 
molar amounts of chlorine similarly 

as la does. Besides a small amount of - 

bisadduct 2, 75% of the monoadduct 5 

formed by attack to the cis double - 
bona could be isolated. Again, the 

isomeric product by reaction with the 

trans double bond could not be found. 

In this case, the higher reactivity 

of the cis double bond might be con- - 
sidered. 

The diene 2 finally did not react 

at all with the CiiC13/NaOH/PTC/CH2C12 

system. With one equivalent of chlo- 

rine 1,2- (g) and 1,4-addition pro- 

duct (2) was formed. The occurence of 

2 (no analogous products were found 

with la and lb) shows again the un- - - 
usual chlorine-chlorine interaction. 

ArwAr c12 

ArLAf + ArhAr 

CI Cl 
8 9 

Table 1. Chlorination of la: - 
ratio of c12-mono- (2) and 

bis-adducts (2, &I depend- 

ent on reaction conditions 

reaction isolated yield (%f 

conditions 2 3a 3b -- 

CHC13/NaOH/PTC 35 23 -- 

in CH2C12 

molar amount Cl2 84 _- -- 

in Ccl4 

C12-stream, 4 min 40 45a 

C12-stream, 15 min -- 15 72 

a isomers not separated 

EXPERIMENTAL 

General remarks: see the preceding 
paper. - Mass spectra: Varian MAT 711. 

Chlorination of (E,E)-1-Phenyl-4-(2,6- 
-dichlorophenylf-1,3-butadiene t&l 

A1 with CHC13/3. NaOH,'PTC/CH2Cl2 --- 

From 0.4O.g (1.5 mmol) la according 
to method fii 0.60 g cr';;ie product 
were obtained. A soln in 30 ml petro- 
leum ether was kept 3 d at -5 OC 
yielding 0.17 g (35%f_R*S*-3,4-di- 
chloro-(E)-1-phenyl-4-(2,6-dichloro- 
phenylf-1-butene (z), m.p. 113-117 OC. 

'H-NMR: 6 5.76 (dd, J = 10.5; 8.5 Hz, 
3-H), 5.92 (d, J = 10.5 Hz, 4-H), 
6.34 (dd, 2 = 16; 8.5 Hz, 2-H), 6.85 
(d, J = 16 Hz; l-H), 7.2-7.5 (m, H-Ph). 
- 13z-NMR: 6 59.3 td, C-3), 61.5 fd, 
C-4), 126.7-136.6 folefinic and aroma- 
tic Cl. - MS: m/e = 344, 346, 348 (H+, 
Cl-isotope pattern, <l%), 238, 240 
(H - 2 Cl, - HCl, 41, 202 (M - 2 Cl, 
- 2 HCl, 171, 151 (801, 115 (100). 
The mother liquor was chromatographed 
with P/E(99.5:0.5)to give 0.15 g vis- 
cous oil. Storing in a refrigerator 
for 4 d, and adding some drops of pe- 
troleum ether furnished 0.14 g (23%) 
crystalline R*, R*,S*,S*(?)-1,2,3,4- 
tetrachloro-l-phenyl-4-(2,6-dichloro- 
phenyl)-butane (31, m-p. 156-159 'C. 
1 
H-NMR: 6 4.00 (dd, 3 = 10; 1.5 Hz, 

2-H), 4.79 (dd, J = 9.5; 1.5 Hz; 3-H), 
5.10 (d, J = 10 i&, I-H), 5.92 (d, J = 
9.5 Hz, 4-H), 7.25-7.45 (m, H-Ph). - 
13C-NMR: d 61.7 (d, C-21, 65.0 fd, 
c-31, 66.1 (d, C-11, 66.8 (d, C-41, 
127.9-136.4 (aromatic C). - MS: m/e = 
414, 416, 418, 420 (M+, Cl-isotope 
pattern, 3%), 236, 238 (M - 3 HCl, - 
2 Cl, 3). 193, 195, 197 (18). 127(100). 

B) with molar amounts of Cl2 

15 ml of a 4% soln of Cl2 in CC14 were 
dropped to a stirred soln of 2.0 g 
(7.3 mm011 la in 50 ml CC14 at 0 OC. 
Stirring at7 OC was continued for 2 
h. After removal of the solvent the 
crude residue was crystallized from 
petroleum ether to give 2.1 g (84%) 2. 

C) with a C12-stream for 4 min 

A stream of dry Cl2 was passed through 
a soln of 0.3 g (1.1 mmol) la in 70 ml 
CHC13 at 0 'C for 4 min. Then the sol- 
vent was removed immediately, and 
0.38 g crude product remained. Crys- 
tallization from petroleum ether in a 
refrigerator yielded 0.15 g (40%) 2. 
Evaporation of the mothex liquor gave 
0.18 g (45%) of a mixture of & and &. 

D) with a C12-stream for 15 min 

Analogously to C). 1.8 g (6.5 rpmol) 
la in 170 ml CHC13 after 15 min yield- 
z 3.3 g crude product, which was 
chromatographed with P/E (99:l) to 
give 1.95 g (72%) 3b and 0.40 g (15%) - 
3a. - 
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R*,R*,R*,R*(?)-1,2,3,4-Tetrachloro-l- 
phenyl-4-(2,6-dichlorophenylj-butane. 
(3b). - 
m.p. 75-79 oc. - lH-NMR: 6 4.82 (dd, 
J = 11; 1.5 Hz, 2-H), 5.10 (d, J = 11 
HZ, I-H), 5.18 (dd, J = 11; 1.5 Hz, 
3-H), 6.12 (d, j = li HZ, 4-H), 7.1- 
7.5 (m, H-Ph). - 13C-NMR: 6 57.0 (d, 

C-2). 60.5 (d, C-3). 65.8 (d, C-l), 
66.8 (d, C-4), 127.5-137.1 (aromatic 
Cl. - MS': m/e = 414, 416, 418, 420 
(M+, Cl isotope pattern, 4%), 236, 
238 (M - 3 HCl, - 2 Cl, 31, 193, 195, 
197 (20), 125 (1001. 

Chlorination of (E)-l-Phenyl-(2);4- 
(2,6-dichlorophenyl)-1,3-butadiene 
(lb). - 
5 ml of a 4% soln of Cl2 in CHCl3 were 
added to a stirred soln of 0.65 g (2.4 
mmol) ib in 20 ml CHC13 at 0 “C. After 
1 h at> OC the solvent was xemoved to 
yield 0.88 g crude product. Addition 
of petroleum ether to give a clear 
soln and storing at -5 "C for 3 d 
yielded 0.08 g (8%) R*,R*,S*,R*(?)- 
1,2,3,4-tetrachloro-1-phenyl-4-(2,6- 
dichlorophenylj-butan (61, m.p. 138- 

143 oc. - 'H-NMR: 6 4.01 (dd, J = 10; 
2 Hz, 2-H}, 4.78 (dd, J = 9.5;_ 2 Hz, 
3-H), 5.00 (d, J = 10 Hz; I-H), 5.91 
(d, J = 9.5 Hz, 4-H). 7.1-7.45 (m, 
H-Ph). - MS: m/e = 414, 416, 418, 420 
CM+. Cl isotope pattern, 2%), 273, 
275, 277 (M - HCl, - 3 Cl, 2), 238, 
240 (M - HCl, - 4 Cl, 2), 202 (M - 2 
HCl, - 4 Cl, 8), 125 (100). 
Concentration of the mother liquor and 
storing at room temp. for 7 d yielded 
0.61 g (75%) R*,R*-3,4-dichloro-(E)- 
I-phenyl-4-(2,6-dichlorophenyl)-l- 
butene CS), m.p. 103-107 OC. - 

'H-NMR: 4 5,74*(dd, J = 11; 9 Hz, 3-H), 
5.90 cd, J = 11 Nz, Z-H,, 6.33 (dd, 
J = 16; ~-HZ, Z-H), 6.85 (d, J = 16 

HZ, 1-H). 7.2-7.5 (m, H-Phi. - 13C- 
NMR: 6 59.2 (d, C-31, 61.5 (d, C-41, 
126.6-136.5 (olefinic and aromatic C). 

MS : m/e = 344, 346, 348, 350 (M+, Cl 
isotope pattern, 6%). 309, 311, 313 
(M - Cl, 21, 273, 275, 277 (M - HCl, 
- Cl, 91, 238, 240 (M - HCl, - 2 Cl, 
121, 202 fM - 2 HCl, - 2 Cl, 301, 151 
1100). 

Chlorination of (E,E)-1,4-Bis-(2,6- 
dichlorophenylj-1,3-butadiene (1). 

Analogously to lb. 0.36 g (1.05 mmol) 
7 were treated with molar amounts of 
Cl, in CHC13. 0.51 g crude product 
were chromatographed with P/E (99:l) 
to give a viscous oil as first frac- 
tion. Crystallizatron from ether at 
-5 'C yielded 0.14 g 1,4-dichloro- 
1,4-bis-(2,6-dichlorophenyl)-o_2- 
butene (21, m.p. 165-167 "C. - 
7 
'H-NHR: d 6.38, 6.45 (AA'BB'-system, 

JAB' = JA*B = 1.5 HZ; Jn* = h'B' = 
3 Hz; SAA* = JBB, = 0 Hz, l-,2-,3-,4 
4-H) t 7.15-7.40 (m, H-Ph). - 13C-NHR: 
6 56.3 (d, C-1,-4). 129.6-135.5 

olefinic and aromatic C). - MS: m/e = 
412, 414. 416, 418 (M+, Cl isotope 
pattern, 681, 377, 379,.381. 383 (M 
- Cl, 30), 341, 343, 345, 347 (M - 
HCl, - cl, 201, 306, 308, 310 (M - 
HCl, - 2 Cl, 24t, 270, 272, 274 (M - 
2 HCl, - 2 Cl, 30). 236, 238 (M - 
HCl, - 4 Cl, SO), 219 (loo).- 

A second fraction was obtained as a 
viscous oil. Crystallization from pe- 
troleum ether at -5 OC for 3 d yield- 
ed 0.15 g R*,S*-3,4-dichloro-(E)- 
1,4-bis-(2,6-dichlorophenylf-l- 
butene CS), m.p. 130-133 *c. - 

'H-NMR: 6 5.77 (dd, J = 10; 10 HZ, 
3-H). 5.97 (d, J = 10 Hz, 4-H), 5.98 
(dd, J = 16; 10 HZ. 2-H), 6.63 (d, 
J = 16 HZ, l-H), 7.15-7.35 (m, H-Ph). 
T3C-NMR: 6 61.9 (d, C-3), 64.3 (d, 

c-41, 127.9-135.7 (olefinic and aro- 
matic Ct. - MS: m/e = 412, 414, 416, 
418 (M+, Cl isotope pattern, 4%), 
377, 379, 381, 383 (M - Cl, 35), 341, 
343, 345, 347 (M - HCl, - Cl, 20), 
306, 308, 310 (M - HCl, - 2 Cl, 241, 
270, 272, 274 (M - 2 HCl, - 2 Cl, 
251, 236, 238 (M - HCl, - 4 Cl, SO), 
219 (100). 

Ozonolysis of 2 

0.47 g (1.4 mmoi) 2 were ozonolyzed 
as described previously1 to give 
0.40 g crude product. Chromatography 
with P/E (l:l), then with pure ether 
furnished 115 mg (70%) benzoic acid, 
m.p. 120-122 'C as first fraction 
(identical with an authentic sample). 
As second fraction 170 mo (42%) 
2,3-dichloro-3-(2,6-dichiorophenylj- 
propanoic acid (4) were obtained, 

m.p. 106-110 OC. - 'H-NMR: 6 5.55 (d, 
J = 10.5 Hz, 2-H), 6.28 (d, J = 10.5 
HZ, 3-H), 7.25-7.45 (m, H-PhT, 10.8 
fs, 
tkl*, 

COOH). - MS: m/e = 286, 288, 290 
Cl isotope pattern, cl%), 190, 

192, 194 (401, 173, 175, 177 (90), 
145 (30), 109 (50), 75 (100). 

Analyses: Calculated Found 

C H C H 

16H12C14 55.53 3.50 55.27 55.36 3.41 
3.55 

3a 
5i;c 

z-- I 16H12C16 

46.27 3.02 
46.09 2.90 46.04 2.85 

$IC 16H10C16 

45.91 2.77 

46.31 2.43 46.19 46.23 2.48 2.29 
2 c9E6c1402 37.54 2.10 37.35 2.02 
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