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The Chlorination of Cyclopentadiene 

Summary: Chlorination of cyclopentadiene under ionic 
condition in several solvents produces (in varying 
amounts) the following dichlorides (yields -60%): cis- 
3,4-dichlorocyclopentene ( I ) ,  trans-3,4-dichlorocyclopen- 
tene (2), cis-3,5-dichlorocyclopentene (3) ,  and trans-3,5- 
dichlorocyclopentene (4 ) ;  1 is formed by cis-1,2 addition 
of chlorine. 

Sir: We wish to report the first example of extensive cis- 
1,2 addition of chlorine to a simple, aliphatic olefinic sys- 
tem.1 The results in Table I show that chlorination of cy- 

Table I 
Chlorinat ion of Cyclopentadiene 

----Percentage of dichlorides--- 
Solvent 1 2 3 4 Yield, % 

CH&L 38 35 18 9 52 
CCL 27 23 39 11 60 
CsHiz 13 29 29 28 68 

clopentadiene gives cis-3,4-dichlorocyclopentene ( 1) under 
all of the conditions that were examined. 

The stereochemistry of 1,2 addition of chlorine to cyclo- 
pentadiene stands in marked contrast to cyclopentene. 
We have established that chlorination of cyclopentene 
does not give a trace of the cis-1,2 isomer.2 We account for 
the difference in the stereochemistry of 1,2 addition be- 
tween these two olefins on the basis of the bonding be- 

tween the chlorine and carbon atoms in intermediates 5 
and 6. 

, _ _ _ _  p- acl 
5 6 

Intermediate 5 (from cyclopentene) gives only trans addi- 
tion, apparently because bonding between the carbon 
atoms and chlorine atoms prevents cis attack of the chlo- 
ride ion. By contrast, intermediate 6 (from cyclopenta- 
diene) has no bonding (or weak, in the case of pentane) 
between the chlorine atom and adjacent allylic carbon 
atom, and the chloride ion can attack either cis or trans to 
the chlorine atom. The results in Table I also suggest that 
the charge density in intermediate 6 in the least polar sol- 
vent pentane is highly dispersed since considerable attack 
occurs a t  both ends of the allylic system (ratio of 1,2:1,4 
addition equals 1:1.3). In polar dichloromethane the 
charge density is substantially localized at  one allylic car- 
bon atom (ratio of 1,2:1,4 addition equals 1:0.3). 

Our results are in sharp disagreement with rather re- 
cent studies on the chlorination of cyclopentadiene. One 
study3 states that the only product is 4, and the other in- 
vestigators claim4 that 3,5-dichlorocyclopentene (85%) is 
the principal product (3,4-dichlorocyclopentene, 15%); the 
stereochemistry was not established.5 

Reactions were carried out (-15") at 0.02 mol fraction 
in diene in the selected solvent (reaction volume -25 ml) 
in the presence of 0 2 .  The chlorine was added both as a 
gas and dissolved in solvent, without any significant dif- 
ferences. Under these conditions cyclohexane was not 
chlorinated, which confirmed ionic conditions. (Under 
radical conditions cyclohexane was chlorinated.) Vpc and 
nmr analyses of reaction mixtures were in close agreement 
indicating that there was no rearrangement during vpc 
analysis. Although the yields are not quantitative, the 
product compositions in Table I seem to be valid since 
chlorinations at  both very low and high completion gave 
essentially the same mixtures of dichlorides. 

Vpc analysis (2.5% SE-30, 18 f t  x 0.25 in., 55", and 100 
ml/min) of chlorination mixtures showed four principal 
peaks with retention times of 9.2, 11.0, 15.4, and 16.4 min. 
The peaks were assigned to 2, 4, 3, and 1, respectively. 
Pure samples of 2 and 4 were isolated from chlorination 
mixtures by distillation or vpc collection; 1 and 3 were ob- 
tained together as a mixture. Samples of 3 and 4 were ob- 
tained by independent synthesis from their correspond- 
ing dibromides as follows: cis- or trarzs-3,5-dibromocy- 
clopentene was allowed to react with excess lithium chlo- 
ride in DMSO at 15" for 15 min, after which the mixture 
was added to water and the product extracted into pen- 
tane. Structural assignments for 2, 3, and 4 are therefore 
based on independent synthesis (3 and 4) and their nmr 
spectra. The nmr spectra of 2, 3, and 4 are strikingly sim- 
ilar to the spectra of the corresponding cyclopentadiene 
dibromides.6 The 60-MHz spectral data (cc14) for the 
four dichlorides is summarized as follows. 1: 6 2.71 (br d, 
2, CHz, 5 5 ( 5 , ) 4  = 7.0 Hz), 4.45 (dt, 1, CHzCHC1, 5 4 5 ( 5 , )  = 
7.0, 5 4 3  = 5.7 Hz) ,  4.89 (d, 1, CH=CHCHCl, 534  = 5.7 
Hz), 5.99 (br s, 2, CH=CH). 2: 2.52 [br d ,  1, cis- 
C(Cl)C(H)H, 555, = 18.2 Hz], 3.15 [dd, 1, trans- 

CHZC(H)Cl, J45f = 6.0 Hz], 4.91 [br s, 1, 
CH=CHC(H)Cl], 5.88 (br s, 2, CH=CH). 3: 2.30 [dd, 1, 
cis-C(Cl)C(H)H, 544, = 15.7, J 4 3 ( 5 )  = 3.0 Hz], 3.06 [dd, 1, 
trans-C(Cl)C(H)H, J 4 z 4  = 15.7, 5 4 , 3 ( 5 )  = 7.4 Hz], 4.89 
(dd, 2, CHC1, J = 3.0, 5 = 7.4 Hz), 5.95 (d, 2, CH=CH, J 

CHC1, J = 5.4, J = 1.1 Hz), 6.06 (d, 2, CH=CH, 5 = 1.1 
Hz) . 

C(Cl)C(H)H, 55'5 = 18.2, 5 5 ' 4  = 6.0 Hz], 4.48 [d, 1, 

= 1.0 Hz). 4: 2.66 (t, 2, CHz, J = 5.4 Hz), 5.17 (t, 2, 
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Assignment of structure 1 to vpc peak no. 4 was made 
on the basis of the following evidence (a) the ir spectrum 
of 1 (mixed with 3) showed no absorptions inconsistent 
with the proposed structure; (b) when 1 (mixed with 35% 
3) was heated in a sealed tube for 4 days (temp loo"), it 
largely rearranged to a mixture of 2, 3, and 4 (we con- 
firmed that significant net loss of isomers did not occur by 
including p-chlorobromobenzene in the mixture as an in- 
ternal standard); and (c) the nmr spectrum is consistent 
with this structure. As stated above, the spectrum showed 
four regions of absorptions (60 MHz, 6 2.71, 4.45, 4.89, 
5.99) with integrated intensities of 2:1:1:2, respectively. 
Decoupling experiments (Varian XL-100) showed that the 
multiplet a t  6 4.45 collapsed to a doublet when the pro- 
tons centered a t  2.71 were irradiated. Irradiation of the 
proton centered a t  6 4.89 caused the multiplet a t  4.45 to 
collapse to a triplet. The broad doublet a t  6 2.71 collapsed 
to a broad singlet when the proton a t  4.45 was irradiated. 
Unlike the trans-3,4 isomer, 2, the methylene hydrogens 
in 1 apparently have the same chemical shift and do not 
couple with each other. 
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New Synthetic Reactions. Chemospecificity of Allylic 
Alkylation 

Summary: Selective alkylation of the methyl groups of 
geranylacetone without protection of the carbonyl group 
has been aschieved via the intermediacy of r-allylpalla- 
dium complexes. 

Sir: The activation of the a position of carbonyl com- 
pounds for formation of carbon-carbon bonds contributes 
to the importance of the carbonyl group in organic synthe- 
sis. The double bond has not generally served such a role.' 
One approach to this problem involves alkylations utiliz- 
ing s-allylpalladium complexes as intermediates which, in 
turn, are generated from the olefins.2 We wish to report 
that this method allows selective alkylation a to the dou- 
ble bond even in the presence of a carbonyl group. 

Treatment of cis- or trans-geranylacetone with palladi- 
um chloride, sodium chloride, cupric chloride, and sodium 
acetate in acetic acid proceeds regiospecifically to produce 
the r-allylpalladium chloride dimers 1 and 2 (from cis) 
and 2 and 3 (from trans) in 70-85%  yield^.^^^ The isomers 
are easily separated by preparative tlc and characterized 
by their nmr spectra. Isomers 1 and 3 are distinguished 
from 2 by the presence of the methyl group on the r-allyl 
unit a t  6 2.12 and 2.10, re~pec t ive ly .~  They are distin- 
guished from each other by the downfield chemical shift 
of the vinyl methyl group of 1 (6 1.70) compared to 3 
(1.65).6 It should be noted that the geometry of the double 
bond of these products completely reflects that of starting 
material. However, reaction at the central double bond 
leads to the same s-allylpalladium chloride dimer from 
either cis- or tram-geranyla~etone.~ The syn stereochem- 
istry of 2 is assigned on the basis of comparing nmr spec- 
tral characteristics (bHs 3.40, &+, 2.70, and b~~ 3.63) to re- 
lated complexes of known stereo~hemistry.~J Recovered 
geranylacetone from these preparations shows no loss of 
double-bond geometry. 

0 - 58% 

Gk, 
2 

1 

0 + \ 

PdCll2 
3 

The remarkably stability of these complexes is illus- 
trated by the ability to ketalize the carbonyl group with- 
out decomposition under normal conditions. On the other 
hand, such protection was unnecessary for subsequent al- 
kylation. Treatment of either 2 or 3 with the anion of 

n 
HO OH 

TsOH. PhH, reflux. 

0 
W'o 

methyl methylsulfonylacetate in the presence of 4 equiv of 
triphenylphosphine leads to the allylic alkylation products 
4 and 5, respectively, in yields of 24-85% (see Scheme I) .  
To prove the stereochemistry of the newly created double 
bond, 4 and 5 were converted to the olefins 6 and 7, a net 
homologation of the methyl groups of geranylacetone. 
Lithium iodide in the presence of sodium cyanide effected 
decarbomethoxylation in 77-78%.7 Reductive desulfuriza- 
tion was achieved after protecting the carbonyl group in 
an overall yield of 47-67%.8 Vpc and nmr characteristics 


