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Abstract-Benzeneselenenyl chloride reacts with I$-dialkyl-substituted allenes in methylene chloride solution to 
give 1: I-adducts. Attack by selenium is found to occur exclusively at the central allenic carbon. In contrast to the 
analogous reaction of arenesulphenyl chlorides, the preferential formation of the Z-alkene is observed. A 
mechanism involving the preequilibrium formation of alkylideneseleniranium ions and/or alkylideneepiselenuranes 
which, in the product-determining step, collapse to products via an anti attack of chloride at the methine carbon of the 
ring is proposed to account for the preferential formation of the Z-isomers. 

In a previous study we observed that 2Adinitroben 
zenesulphenyl chloride reacts with l$-disubstituted al- 
lenes; preferentially forming the E-alkene with exclusive 
attack by the aryhhio moiety on the central allenic 
carbon.’ The ratio of E- to Z-alkene was found to 
increase as the bulk of the substituent group cis to the 
arylthio group increased. These results were interpreted 
in terms of steric approach control2 leading to the for- 
mation of a series of alkylidenethiiranium ions3 or alk- 
ylideneepisulphuranes,4 in accord with the stereoselec- 
tivity previously reported by Jacobs et aI? 

These observations are in contrast to those of others 
for the related halogenatio# and methoxymercuration’ 
reactions with 2,3-pentadiene which showed a preference 
for the formation of the Z-alkene. Bromination studies 
carried out by Caserio et al? with optically active 2,3- 
pentadiene, and by Bach et aL9 with optically active 
1,2-cyclononadiene, have led to the proposal of a 
mechanism involving, asymmetric alk- 
ylidenebromiranium ions. Approach of the nucleophile 
trans to the bromine bridge is expected to be less steric- 
ally hindered by the substituents at the vinyl terminus of 
the Z-alkylidenebromiranium ion than in the case of the 
analogous E-isomer. If one assumes that the reaction 
involves a preequilibrium formation of the alkylidene- 
bromiranium ions, preferential formation of the Z-alkene 
is readily accounted for by the Curtin-Hammett prin- 
ciple. 

Use of the leitmotif of organic chemistry that “like 
substances react similarly and that similar changes in 
structure produce similar changes in reactivity” has 
often been invoked in discussion of electrophiiic additions 
involving sulphenyl and selenenyl halides, despite the 
lack of definitive data.” It was of interest, therefore, to 
investigate the factors affecting the nature of the 
products from the addition of areneselenenyl chlorides to 
allenes under conditions similar to those utilized during 
the previous investigation. 

*Address correspondence to this author: Division of Chemistry, 
National Research Council of Canada, Ottawa, Canada, KlA 0R6. 

ltEsuLTs 

We have carried out the reaction of benzeneselenenyl 
chloride with nine 1Jdisubstituted allenes, 1-9, at am- 
bient temperature using methylene chloride as solvent. 
The kinetically controlled product distributions 

RCH=C=CHR’ 

!H3 

I 

!H3 

i-C3H7 i-C3H, 
t-C.& GH9 

_(cH2)6- 

_(CH2)ra- 

(Table 1) were determined by immediate ‘H NMR 
analysis of the reaction mixture. Analysis of the respec- 
tive ‘H, “C NMR spectra and the mass spectral frag- 
mentation patterns using criteria previously established 
for the analogous sulphur compounds indicates that the 
1: I-adducts were formed via regiospecific attack of the 
phenylseleno moiety on the central allenic carbon.’ With 
the exception of 22,6,6_tetramethyL3,4_heptadiene, 7, 
and Q-cyclononadiene, 8; mixtures of E- and Z-al- 
kenes were observed. Spectral parameters are sum- 
marized in Tables 2-4. In every case it was possible to 
find at least one non-overlapping signal from which the 
isomer distributions could be calculated. 

For example, the addition of benzeneselenenyl 
chloride to 55dimethyL2.3~hexadiene, 4, is found to 
yield four products: 29, 21, 22 and 23 in the relative 
proportions of 7:70:9: 14, respectively. Compounds 20 
and 21 both exhibit quartets in the vinyl. region of their 
‘H NMR spectra: 8 5.88 and 6.47, respectively, and 
singlets for the methine protons geminal to chlorine: S 
4.92 and 4.51, respectively. These species must therefore 
arise from attack on the double bond to #hich the Bu 
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Table I. Kinetically controlled product distributions for the reaction of benzeneselenenyl chloride with a series of 
13-disuhstituted allenes in methylene chloride 

Q 

PC~ --H 

B 
Symmetric A!lenes Ratio of Isomers 

R= R' 

CH 3 26 , 7/4 . 

C2H 5 ~0 , 60 

~.-C3H ? 36 , 6/~ 

t.C4H 9 0 , I00 

-(CH2) 6. I00 , 0 

-(CH2 )10- 36 , 6~ 

Asymmetric Allenes 

R R' 

"/,8 E ,a Z E , Z 

CH 3 C2H 5 33 , 6? 27 , 73 

CH 3 i-C3H 7 56 , ~ 30 , 70 

CH 3 t-C~H 9 76 , 2A 9 , 91 

30 , 70 

~3 , 57 
39 s 61 

group is bonded. Based on the relative shieldings of the 
vinyl and methine protons; the relative shielding of the 
methine carbons bonded to chlorine;" and the magnitude 
of the vicinal carbon-proton coupling constants 
3J¢cffi.c~ - Ji.3 (Table 4) '2 we have assigned 20 and 21 as E 
and Z-d-chloro-5,5-dimethyl-2-hepten-3-yl phenyi 
selenide. Similarly one can assign 22 and 23 as E- and 
Z-2-chloro-5,5-dimethyl-3-hepten-2-yl phenyl selenide; 
the adducts from attack on the double bond to which the 
Me group is bound. 

CHa\ / CHCIC(CH~) 3 

H/C=C \Se Cell s 
20 

. . ,  /c.cJc(c.,), 
C=C,,, 

CH~ / SeCoHs 
21 

~CH~)3C\c C/CHClCH~ H \  / cHCIcHs 
= C=C 

. "  (c.d,c/ "s.c,., 
22 23 

The reaction of benzeneselenonyl chloride with 2,2,6,6- 
tetramethyl-3,4-heptadiene was quite slow compared to 
the other allenes investigated at this time. A single 
product 28 was isolated as determined by 'H NMR and 
tic. '3 The 'H NMR spectrum of 28 consisted of two 
singlets at 8 1.27 and 1.07 ppm, each integrating at nine 
protons, and two doublets; "Juc-ccu = 0.82 Hz at ¢ 6.67 
and 4.30 ppm, each integrating at one proton, assigned to 
an olefmic proton and a proton geminal to chlorine. The 
magn/tude of "J~c...cc, and the difference in chemical 
shifts observed for the methine:carbons compared to 

/ 

20-23 suggests that 28 has the Z-configuration." This is 
supported by the observation of 3Ju¢..c~ (trans)= 
3AHz. The chemical shift of the methine carbon bonded 
to chlorine, 8 76.0, corresponds very well with the 
analogous carbon compound 21, ~ 77.3, confirming the 
assignment. Further support for the orientation is 
obtained from the mass spectrum of 28, which in ad- 
dition to a strong molecular ion cluster 's at mle 344 
(calcd. 343,803 C,Hz,  SeCI) gave a strong ion cluster at 
m/e 239 corresponding to a-cleavage followed by loss of 
a C4Hs fragment to give an ion at m/e 183 
(H2C_~=SeC~H5 ÷') which loses acetylene to give the 
phenylseleno cation-radical at role 157. A second frag- 
mentation mode corresponded to the initial loss of a 
CAIs fragment (possibly as methylpropene) to give an 
ion at role 288 followed by loss of a chloromethylene 
(CH2CI .) radical to give the role 239 ion. No evidence of 
the corresponding E-alkene 29 was found under our 
reaction conditions." 

H\  / CHCI C (CHa) 3 
C=C 

(CH~)C/ 28 \SeC~Hs 

(CH.~)C \ / CHCI(CH3) s 

H/C=C~sec6Hs 
29 

Verification of kinetic control under our reaction con- 
ditions is given by the observation of a slow isomeriza- 
tion of the E-alkenes to the corresponding Z-alkene over 
a period of a few weeks. Thus compound 24 was obser- 
ved to isomerize essentially completely to 2$ at room 
temperature in methylene chloride-d2, probably by way 
ofthe allylic ion intermediates 33 and 34. 
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C~Hs \  /CHClCzHs  

H/C- - -  C \ s e C e H s  

24 

. " ~ ,  

/ 
CHCIC2Hs H \  / J 

C = C  
C2Hs / \SeC6Hs  

25 

I C2Hs H 7 ÷ 
.L I 

SeC6Hs 

33 

11, 

I"" 1 C z H s ~  C~H s Cl- 
L- SeC~Hs 

3 4  

Table 3. The observed Carbon-13 magnetic resonance parameters for the products of addition of benzeneselenenyl 
chloride to some 1,3-disubstituted allenes 

RCH-C(SePh)CHC1R' 

R R' Conffguratfm Adduct C I C 3 C 4 C 5 C 6 C 7 C 8 
Number 

C 9 

CH 3 CH 3 E 1~0 56.0 24.8 

Z 1_._1 63.0 25.2 

C2H 5 C2H 5 E 2.~4 143.3 62.6 31.4 11.5 13.7 

Z 2.~5 142.7 69.5 31.1 11.1 13.3 

i-C3H 7 i-C3H 7 E 26 147.7 68.3 34.3 20.7 22.4 
- -  20 .4  

Z ?3.7 i48.2 73.9 33.1 21.0 22.4 
17.2 

t-C4H 9 t-C4H 9 Z 2gg 149.3 76.0 34.2 30.6 27.5 

, (CH2) 6 - E 30~ 136,5 61.1 37.5 26.5 25.9 24.1 27.9 

-(CH2)10- E 31 143.4 59.8 37.7 28.1 27.2 26.7 27.7 

Z 32 143.0 66.7 36.9 27.9 27.0 25.8 27.4 

QI 3 C2H 5 E 12 62,4 31.4 11.5 

Z 1__ 3 135.9 69.9 31.2 11.3 

C2H 5 CH 3 E 14 143.9 56.2 25.4 13.7 

Z 1_.55 141.9 ~ , $  E$.2 13.3 

CH 3 t-C3H 7 E 16 134.7 66.5 34.8 20.0 
19.7 

Z I_Z 136.1 74.6 33.3 20.9 
17.9 

i-C3H 7 CH 3 E 188 149.9 56.7 2@.4 21.3 

Z 19 147.1 62.6 25.3 21.1 

CH 3 t-C4H 9 E 2_.00 139.9 70.4 38.1 27.5 

Z 21 138,6 77.3 37.7 27.5 

t-C4H 9 CH 3 E 22 151.0 56.8 25.3 28.4 

Z 23 148.8 62.9 25.1 27.8 

15.2 
17.7 

23.0 

25.5 

29.I 

31.7 

31.7 

29.6 

31.1 

31.0 

15.3 

17.9 

23.0 

25.4 

15.4 

17.1 

31.6 

31.3 

17.1 

18.3 

31.2 

30.7 

a l l  chemical shif ts are reported & ppm, with respect Co tntemal THS 
solutions were approximately 30 % w/w fn CDC13 

numbering scheme: 

s 

~ , ~ . c . .  , , , /  
C / ~ C - -  H C = C  

\Se 
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Table 4. Observed proton-Carbon-t3 coupling constants (Hz) 

E - Isomers Z - Isomers 

Adduct Adduct 
N~mber ij3,3 3J3.1 Number iJ3, 3 

1...0.o 15z.p 11.3 11 151.8 

t_22 154.1 l l . 5  13 157.z 

lh 152.4 9.8 15 1/.~9.6 

1..~ 151 .~ 1o.1 !2 155.~ 

I~ 152 9.9 19 i/s9.~ 

.2_.o z..~l 153.0 

2_.22 23 it,6.9 

?.~ 15o.z 11.8 25 153.1 

26 151.3 12.4 27 1/s6.7 

Z...88 153.1 

30 1~9.~- ~ .7  

t~. 15o.3 Q.~ 33 

3j 

3.1 

~.3 

3.5  

4 .2  

3.1 

2.1 

2 .5  

1.2 

5.2 

lt~7. 5 2.t~ 
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DISCUSSION 

The addition of benzeneselenenyl chloride to allenes 
forms the l:l-adducts in essentially quantitative yield. 
No diadducts have ever been observed. In Table 5 are 
compared the kinetically controlled product distributions 
for the additions of benzeneselenenyl chloride, ben- 
zenesulphenyl chloride and 2,4-dinitrobenzenesulphenyi 
chloride to our series of 1,3-disubstituted alkenes. It is 
quite clear that, although attack by the electrophilic portion 
of each reagent occurs exclusively on the central allenic 
carbon, the effect of alkyl groups on the product orien- 
tation and regiochemistry is quite different. 

In the case of arenesulphenyl chlorides, the E-isomer 
is found to be formed, preferentially. The ratio of E- to 
Z-alkene increases as the bulk of the substituent group 
(Me < Et < i-Pr < t-Bu) cis to the arylthio group in- 
creases. Very little regioselectivity, with respect to which 
of the mutually perpendicular ~r bonds of the allene 
system is attacked, is observed, suggesting the presence 
of an effective mechanism for the transmission of the 
inductive electron donation of the alkyl groups to the 
remote double bond./6 Furthermore, and perhaps most 
surprising, one must note that the alkyl substituent on 
the double bond which is attacked does not affect the 
E: Z ratio to any degree. 

In contrast to arenesulphenylation, the reaction of 
benzeneselenenyl chloride with the same series of 1,3- 
disubstituted allenes yields the Z-isomer preferentially or 
exclusively under conditions of kinetic control except for 
the case of 1,2-cyclononadiene, 8, which will be dealt 
with separately. Chemoselectivity is observed in ad- 
ditions to the unsymmetrically substituted allenes, in that 
the double bond with the most electron donating and 
sterically bulky substituent is preferentially attacked; the 
percentage of attack increasing as the electon donating 
ability and bulk increases (t-Bu > i-Pr > Et). In particular 
attack on a double bond with a Bu substituent appears to 
favour formation of the thermodynamically more stable 
Z-alkene. Thus attack on the double bond with a Bu 
substituent gives an E : Z  ratio of 9:91 for 5,5-dimethyl- 
2,3-hexadiene, 4, and 0:100 for 2,2,6,6-tetramethyl-3,4- 
heptadiene, 7. The directing effect, with respect ot the 
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E:Z-configuration, of a Me, Et, or Pr group appears 
to be essentially constant when the remote substituent is 
Me. Some fluctuations are apparent when the remote 
group is Et, Pr or Bu, but our data base is too small at 
this time to allow a statistically valid analysis. 

The reaction of selenenyl halides with alkenes is 
generally considered to follow an Ad~  mechanism 
similar to that proposed for the analogous sulphenyl 
halides. I° It is quite clear, however, from the available 
data that the two reactions while superficially the same 
have distinctly different transition state structures in 
both rate and product determining steps. In general the 
formation of a bridged species, be it: seleniranium ion, 
35, or episelenurane, 36, is believed to be rate determin- 
ing; the species subsequently undergoing nucleophilic 
attack by the halide ion in a fast step (Scheme 1)Y 

•//•Se -~ Ar ~/~Se "/Ar 
+ I 

cI 
35 

36 

The mechanistic pathway for the addition to allene and 
its derivatives is less clear. Second order kinetics, first 
order in allene and first order in selenenyl chloride have 
been observed for the reaction of benzeneselenenyl 
chloride with propadiene and its' six Me substituted 
derivatives in methylene chloride solution. ~3 No work 
has, however, been reported which utilizes optically 
active allenes. Thus the stereospecificity of the reaction 
is unknown. 

If one assumes a stereospecifity, at least as large as 
that for sulphenylafion, which seems likely in view of the 
known propensity for anti stereospecific addition to 
simple alkenesJ 8 one can postulate an energy surface 
containing a dissymmetric intermediate such as an 
alkylideneseleninmium ion, 37, or an alk- 
ylideneepiselenurane, 38. The available data, however, 
can not rule out the presence of alt©rnative species, such 
as non-planar or resonance stabilized allylic carbonium 
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Table 5. A comparison of the kinetically controlled product distributions for the reactions of some 1,3-disubstituted 
allenes with benzeneselenenyl chloride, benzenesulphenyl chloride, and 2,4-dinitrobenzenesulpbenyl chloride at 

ambient temperature (22-25°C) in methylene chloride solution 

R C H = C - - - - - C H R '  / \ 

8y~metrlcally Substituted Ratios of Isomers E~Z 
Allenes PhSeCl ArSCI PhSCl 

CH 3 26 , 74 6~ , 36 55 , a5 

C~[ 5 h0 , ~0 PO i 20 72 , 28 

i-C~{ 7 36 , 64 92 i 8 @0 , 20 

t-ChH 9 0 , IOO 

-(CH2) 6- i00 i 0 i00 i 0 100 i 0 

-(CH2)i0- 36 , ~ 86 i 13 81 , 19 

Uns~,~metri cal ly Substlt,~ted 
Alle~es 

R R' 

cH 3 c2H 5 

CH 3 i-C3H 7 

CH 3 t-ChH 9 

CH 3 C2H 5 

CH 3 i-C3H 7 

CH 3 t-Ct:H 9 

CH 3 C2H ~ 

C~ 3 ~-C3H~ 

CH 3 t-ChH 9 

Ar = 2,~-4~tro~enyl 

33 , 67 

76 , 2t~ 

27 , 73 

3O , 70 

9, 91 

30 , 70 

~3 , 57 

39 : 61 

53 , ~7 

52 , ~P 

42 , 5~ 

N,Z 

66 , 3~ 

65 , 35 

69 , 31 

E,,, i, Z 

86 , 1~ 

~5 , 5 

i00 , 0 

53 , 47 

55 : ~5 

59 , 41 

57 , ~3 

58 , ~2 

70 : 30 

FO , 20 

PR , 12 

\ /  
C 
II + R S e C I  
C / \  

% 

@ 

I 4c.  q li "':s.....c, I 
- i  .... J 

Scheme I. 

~> S e , ' ~  R //c 
35 

Ib 

\c ,  
36 

% 

? 
7z" 

,•C/SeR 
c/~'~, ~ 
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1 7/ 
H~C V=C = C / R  

R" I "" ArSeCI 

ArSe / R  

~):  =c"  H 

CI 

c,-/ 
ArSe ,,4 R ArSe R 

/ + ~ C = C x  ~" ~ / - . , , ; i c = c  
H ,,,=jC / H _ t H 

R 37b Cl R 

ArSe H 
c / ~ C = C \  -~ 

R "" R 
H 

57o " ~  

ArSe H 
= (  

_ & 
CI H 

ArSe ,~ ~,H 
R~ I C = C , ,  

It--C R 
CI 

Scheme 2. 

% 

% 

ArSe 

H H 

ArSe 

R H 

ArSe 

R R 

/ /  

CI- 

c; 

CI 

ions. In the absence of more definitive data our com- 
ments on mechanism are purely speculative. 

However, assuming the presence of dissymmetric 
intermediates such as the isomeric E- and Z-alk- 
ylideneseleniranium ions 37a, b one may rationalize the 
predominance of the Z-alkene under conditions of 
kinetic control in terms of a preequilibdum between the 
ions 37a and 37b with product determining attack by 
chloride ion on the sterically less hindered back side of 
the Z-alkyfideneseleniranium ion (Scheme 2). Such a 
scenario has been previously hypothesized to account 
for the high Z : E  ratios in halogenation and methoxy- 
mercuraton of 2,3-pentadiene. s 

The presence of only one adduct from the reaction of 
benzeneselenenyl chloride with 1,2-cyclononadiene is 
rationalized in terms of steric hindrance to approach to 
one face of each double bond. Studies using Dreiding 
models clearly indicate that attack on $ to give the 
Z-alkene would involve attack on the most hindered face 
of each double bond (i.e, from the inside of the ring). 
Similar results have been reported for haiogenation, 9 
mercuration 7"9 and arenesulphenylation t'4 of g. 

Ar\ CI " C~lse/A r 
Se ! / ÷ \  . / \ 

R .~.c~C-- C~. H Rt~. c ~ C -  C 

R/2 R z 
37 38 

R ! RI:  H;R=: R 
R;R =: H 

The formation of a substantial quantity of Z-alkene 
from 1,2-cyclotridecadiene, 9, attests to the greater con- 
formational flexibility of this larger ring system. 

In summary, our data show yet another difference in 
the additions of arenesulphenyl and areneselenenyl 
chlorides to C-C double bonds. It is not clear, however, 
if this is due to entirely different mechanism for the two 
reactions or small differences within the same general 
mechanism. 

E x P S m ~ v r ~  
General. Proton and 'ac NMR spectra were run on Varian 

Associates HA-100, T-450 and FT-80 spectrometers. Chloroform- 
d was used as an internal lock and reference. All spectra were 
referenced to TMS. Determination of carbon-proton coupling 
constants was based on first-order analysis of the fully coupled 
natural abundance =3C spectra, and may not, thus, represent true 
J values. IR spectra were recorded on a Unicam SP ll00 spec- 
trometer using neat liquid films or CCI4 solns. Benzenesdenenyl 
cklodde was commercially available from Aldrich. Allenes. 2,3- 
pentadiene was commercially available from Chemical Samples 
Co. 

2,3-hexadiene; 3,4-heptadiene; 5-methyl-2,3-hexadiene; 5,5- 
dimethyl-2,3-hexadiene, 2,6-dimethyl-3,4-heptadiene, 2,2,6,6- 
tetramethyl-33-heptadiene, 1,2-cyclononadiene, and 1,2-cyclo- 
tridecadiene were synthesized by standard literature methodsfl 
Spectral properties previously not reported are given in Table 6. 

The reaction o[ benzenesdenenyl chloride with aUenes 
General procedure. To a soin of the respective allene 

(6.00 mmolel in 25 ml anhyd CH2C12 was added an equivalent 
(6 mmole) of benzeneselenenyl chloride as a soln in 5 ml anhyd 
CH~CI2. The addition was carried out such that the allene was 
always retained in excess, z° The reaction occured essentially 
instanteously yielding a colorless soln. After the solvent was 
evaporated, the residual oil which corresponded to a quantitative 
yield was analyzed by :H and t3C NMR, and mass spectroscopy. 
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/CHSeAr 
RHC =Ckc I 

V RHC=C=CHR 
+ 

ArSeCl 

/CHCIR 
RHC=C 

\SeAr  

SeAr 
I 

RHCO--C- CH(SeAr)R 
I 
CI 

-h 

SeAr 
I 

RHCCI--C--CHClR 
I 

SeAr 

Table 6. Spectral and physical properties of some 1,3-disubstituted allenes 

1 
Allene bp (mm) Ir_ 1 H nmr (CDCI 3) 

(cm ) 

2,3-pentadlene ~8 (760) 1980 5.15 q'(2H), 1.65 dd(6H) 

2,3-hexad~ene 75 (760) 1980 4.95 m(2H), 0.97 t(3H) 

~ .60 d(3H). 1.9 m(2H). 
3,~-heptadlene 101 (7~0) 19P0 .10 q'(2H), 2.0 m(4H7 

1.01 ~(6~) 
5-methyl-2,3-hexadlene 19°0 h.98 m (2H), 1.65 d(3H) 

2.2 ~(2H), 0.99 d(gH) 
5,5-dlmethyl-2,3- 92 (760) 19~0 5.20 m(2H), 1.63 d(3H) 

hexadlene 0.9~ s(gH) 

2,6-d~ethyl-3,~ 1975 5.20 ~(2H), 2. 3 ~(2H) 
heptadlene 1.10 d(12H) 

1,2-cyclononadlene 65 (20) 1965 5.30 m(2H), 1.0-2.6 m(12H) 

1,2-cyclotrldecad~ene P5 (I) 1975 5.00 m(2H), 2.1 b~(~H) 
i.~7 m(1~) 

Control experiments run in CD2CI~rMS and subjected to 
immediate NMR analysis showed the same product distributions 
(Table 1) as those above. Product isomerization was observed 
upon standing for a number of hrs. 
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