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ELECTROPHILIC ADDITIONS TO ALLENES—II

THE REACTION OF BENZENESELENENYL CHLORIDE
WITH SOME 1,3-DISUBSTITUTED ALLENES
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Abstract—Benzeneselenenyl chloride reacts with 1,3-dialkyl-substituted allenes in methylene chloride solution to
give 1:1-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 2.4-dinitroben-
zenesulphenyl chioride reacts with 1,3-disubstituted ai-
lenes; preferentially forming the E-alkene with exclusive
attack by the arylthio 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 control® leading to the for-
mation of a series of alkylidenethiiranium ions® or alk-
ylideneepisulphuranes,* in accord with the stereoselec-
tivity previously reported by Jacobs ef al.’

These observations are in contrast to those of others
for the related halogenation® and methoxymercuration’
reactions with 2,3-pentadien¢ 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 ef al® 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 “iike
substances react similarly and that similar changes in
structure produce similar changes in reactivity” has
often been invoked in discussion of electrophilic 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, K1A OR6.

RESULTS

We have carried out the reaction of benzeneselenenyl
chloride with nine 1,3-disubstituted allenes, 1-9, at am-
bient temperature using methylene chloride as solvent.
The kinetically controlled product distributions

RCH=C=CHR'
R R

1 CH, CH;
2 CH; C,H;
3 CH, i-CsHy
4 CH; t-CHo
5§ CH; C,Hs
6 i-CH, i-C:H,
7 tCH, t-CH,
8 ~(CH2)s™
9 —CHzho™

(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: 1-adducts were formed via regiospecific attack of the
phenylseleno moiety on the central allenic carbon.' With
the exception of 2,2,6,6-tetramethyl-3,4-heptadiene, 7,
and 1,2-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 5.5-dimethyl-2,3-hexadiene, 4, is found to
yield four products: 20, 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: § 588 and 6.47, respectively, and
singlets for the methine protons geminal to chlorine: &
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 1. Kinetically controlled product distributions for the reaction of benzeneselenenyl chioride with a series of
1,3-disubstituted allenes in methylene chloride

H:c-c\:'zc:a'
R r B
(-
Symmetric_Allenes Ratiogof' %sou-ers
R = R'
Clig 26 1+ 7h
CpHg 40 1 60
1-CqHg 36 ¢ €
t~CyHg 01 100
(el )¢~ 1001 0
-{CHz)1g- 36 1 6
Asymretric Allenes e /8 E : 2 _Eﬂ: z
k: g*
CHy C2Hg 33 ¢ €7 27473 30 ¢ 70
CHy 1-Cqliy 56 ¢ Lb 30 1 70 43 1 57
CHy t-Chilg 7€ 1 2k g1 91 19 : 61

group is bonded. Based on the relative shieldings of the
vinyl and methine protons; the relative shiclding of the
methine carbons bonded to chlorine;" and the magnitude
of the vicinal carbon-proton coupling constants
S ccmcu =13 (Table 4)'2 we have assigned 20 and 21 as B
and  Z-4-chloro-5,5-dimethyl-2-hepten-3-yl  phenyl
selenide. Similarly one can assign 22 and 23 as E- and
Z-2-chiore-5,5-dimethyl-3-hepten-2-yl phenyl selenide;
the adducts from attack on the double bond to which the
Me group is bound.

CH,  _cHeic(cH,),
c=c
H?  \SeC,H,
20
H_  CHCIC(CH,),
cH”  TSeC.H;
2l
(cHi)e o CHeicH, W, ,CHCICH,
— C._
H” “Se CyH, (cua]sc/ “SeCH;
22

The reaction of benzeneselenenyl chloride with 2,2,6,6-
tetramethyl-3,4-heptadiene was quite siow compared to
the other allenes investigated at this time. A single
product 28 was isolated as determined by 'H NMR and
tlc.” 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; “Jyceccy =082 H, at o 6.67
and 4.30 ppm, each integrating at one proton, assigned to
an olefinic proton and a proton geminal to chlorine. The
magnitude of *“fyc—ccn 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 *Juc—cs. (frans)=
3.4 Hz. The chemical shift of the methine carbon bonded
to chlorine, & 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™ at mje 344
(calcd, 343,803 C,;7H15SeC1) gave a strong ion cluster at
mie 239 corresponding to a-cleavage followed by loss of
a CHg fragment to give an ion at mje 183
(H,C=C=8eC¢Hs*) which loses acetylene to give the
phenylseleno cation-radical at mje 157. A second frag-
mentation mode corresponded to the initial loss of a
C4Hy fragment (possibly as methylpropene) to give an
ion at mfe 288 followed by loss of a chloromethylene
(CH:C1 -) radical to give the mfe 239 ion. No evidence of
the corresponding E-alkene 29 was found under our
reaction conditions."*

H

«  ,CHCIC(CH,),

c=C
(eH)e” o8 “SeCH,

{cuH 3)3(: N

=

H
29

< cHCI(CH,),

~
Se C.H;

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 28 at room
temperature in methylene chloride-d,, probably by way
of the allylic jon intermediates 33 and 3.
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C:HS\C C/CHC|C2H5 C;H, H .
- —_— -
HY  “SeCH, = ~ cl
H C.H;
24
SECEHs
33
1 e
H H *
H,_ CHCIGH;
/c=c 4‘“_7 C.H ~— c.H Cl
C.H, \SeC,Hs R B
SeCiH;
25 34

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 (5ePhJCHC IR
R R' Configuration Adduct [ ¢ c C C [ C [
pdduct 1 3 4 5 6 7 8 9
tH, CHy E 1o §6.0  24.8 15.2
z 1 €3.0  25.2 17.7
C My CoMg £ 24 13,3 62.6 3.4 1.5 13.7 238
z 25 2.7 605 3.1 a1 13.3  25.5
$-C.H g £ 26 V1.7 66.3  34.3  20.7 2.4 29.1
M3 aty £ 20.4
z 27 l48.2 738 331 210 224 31,7
17.2
tify  tCyM z ) 149.3 76,0  M.2  30.6 27,5 3.7
~(CHy)g- 3 30 136.5 61.1 375  26.5 259  28.1  27.9 - 29.6
~(EHy g € 2 143.4  £9.8 3.7 283 2.2 2.7 2.7 311
z 2 143.0  66.7 36.9 27.9  27.0  25.8  27.4 310
Ol Cptg E i} 62.4 3.4 L5 15.3
z 13 135.0  60.9 3.2  11.3 17.9
Gy Thy £ 1 143.9  S6.2  25.8 13,7 23.0
7 15 4.9 628 25.2 13.3  25.4
H 1-C.H £ 1€ 134.7  66.5  34.8  20.0 5.2
3 ¥ 19.7 ~
z u 1.1 7.5 333 20.9 171
17.9
1-CH; Chy E 18 8.9 56.7  25.4 213 e
z k] 197.1  62.6  25.3 211 3.3
oy t-C,fig E 20 130.¢6  70.4 381 2.5 17.1
i ﬂ 138.6 77.3 37.7 21.5 18.3
t-Cyhg CHy 3 22 151.0  S6.8  25.3 28.4  31.2
z 23 148.8  62.9  25.) 27.8  30.7

al} chemical shifts are reported & ppm, with respect ta intermal TMS
solutions were approximately 30 % w/w 1n CDC13

numbering scheme:
5

C. s
\cs_é/ \caf

7/
-0

Ci

1 .G 1
Yo N e—ne=c
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Table 4. Observed proton-Carbon-13 coupling constants (Hz)

E - Isorers

Z - Isomers

orber Y33 Y31 Rarver Ny, 31
10 152.8 i1.3 11 151,k L.g
12 1581 11.5 13 157.2 3.1
1k 152, 4 9.8 15 149, & .3
1F 151.F 10,1 17 155.1 3.5
18 152 9.9 19 149, 8 4.2
20 21 153.0 3.1
22 23 1L€,9 2.1
2b 150.2 11.8 25 153.1 2.5
2¢ 151.3 12,4 27 1L€.7 1.2
28 153.1 5.2
39 14,4 R.7
31 150.3 9.1 33 147,5 2.4
DISCUSSION

The addition of benzeneselenenyl chloride to allenes
forms the 1:1-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-dinitrobenzenesuiphenyl
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 7 bonds of the allene
system is attacked, is observed, suggesting the presence
of an effective mechanism for the transmission of the
inductive electron domation of the alkyl groups to the
remote double bond.’® Furthermore, and perhaps most
surprising, one muost note that the alkyl substituent on
the double bond which is attacked does not affect the
E:Z ratio 10 any degree.

In contrast to arenesulphenylation, the reaction of
benzeneselenenyl chloride with the same series of 1,3-
disubstituted allenes vields 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

TETRA Vol. 36 No. 11-D

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 Adg2 mechanism
similar to that proposed for the analogous sulphenyl
halides." Tt 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, 34, is believed to be rate determin-
ing; the species subsequently undergoing nucleophilic
attack by the halide ion in a fast step (Scheme 1)."”

A
ZlSe/Ar Z]Se/ r

+ |
Cl
35 26

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.’® 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 sulphenylation, which seems likely in view of the
known propensity for anti stereospecific addition to
simple alkenes,” one can postulate an energy surface
containing a dissymmetric intermediate such as an
alkylideneseleniranium don, 37, or an alk-
ylideneepiselenurane, 38. The available data, howevu,
can not rule out the presence of alternative 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, benzenesulpheny! chieride, and 2,4-dinitrobenzenesulphenyl chloride at
ambient temperature (22-25°C) in methylene chloride solution

RCH=C=CHR'
7N
§ n
Syrretrically Substltuted 3atios of Isorars £'%
Allenas PhSeCl Arscl PhEC1
CH3 2F 1 74 £l 4 36 §5 3 LS
C2H5 Lo 1 O a0 1 29 72 3 28
1-C3H7 6 1 FL 92 1+ 8 RO 3 20
t-CHHQ 0 4 100
=(CHp) = 100 « O 100 «+ 0 100 + O
-(CHZ)IO_ IE 0 A BE 4 13 Bl : 19

Unsyrmetrically Substituted

Allenes
]
R R /5
CHq 1-C4H, 8F ¢ bl §2 3 LR 58 1 4%
CH4 t-Cylig L L2  sR 59 1 41
L
E e 2
C:-[B CZHS 27 1+ 73 FF 3 38 € 4 bl
CHs 1-Cq%p 30+ 70 €5 : 35 57 1 43
CHo t-CpHg g 91 f9 1 31 58 1+ 42
¢
E 2
CHy Cpl g 7 30 + 70 86 4 1k 70 : 30
C?‘fj 1-C35'77 43 4 57 G5 1 5 FQ + 22
C}f3 t-ChE“fg 39 ¢ £1 129 0. 9 R 3 12

Ar = 2,L-AYnitronhenyl

#
\
\\C T \T\s —R
[sea| = D
//c A e
35
Z N
SeR
./ \\C/
c (! L
I + RSeCl .
c N
/ N\ i
: ?
Z
Ny #
Y R S\ R
t s&/ . I\5e
e ~ ~ \
< \cu 7 c
36

Scheme 1.
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ArSe R

\ s
s E 70
T

. \
ArSe
i /
R R R
Arse\ _ /R ArSe‘ p. 2N o
éj—,c—c\ = Mg ~C=C, =
L _i H H H
R i R
ArSeCl
rSe // 37h ‘\\ ArSe
H R
R -
H 7 + Cl
Ye=c=¢
o . R M
/ ArSe
ArSeCl ‘\* cl H H
H
ArSe / ArSe H Y-ln\r -
l-;c:c\ = + _t= = a
Rt R Re R R R
H 70 \ Cl' H /
ArSs _H
c=C
HR.}c\’ “R
Cl
Scheme 2.

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

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 preequilibrium between the
ions 37a and 37b with product determining attack by
chloride ion on the sterically less hindered back side of
the Z-alkylideneseleniranium ion (Scheme 2). Such a
scenario has been previously hypothiesized 1o account
for the high Z:E ratios in halogenation and methoxy-
mercuraton of 2,3-pentadiene.”

The presence of only one adduct from the reaction of
benzeneselenenyl chloride with 1,2<yclononadiene is
rationalized in terms of steric hindrance to appreach to
one face of each double bond. Studies using Dreiding
models clearly indicate that attack on B to give the
Z-alkene would involve attack on the most hindered face
of each double bond (ie. from the inside of the ring).
Similar results have been reported for halogenation,’
mercuration”” and arenesulphenylation'** of 8.

Ar - Cl
\ Cl \S ~Ar
Se )
1 Iy 1 £\
\C/C—C\\RH R\IG(,C“C\\RH
R’ R
37 38
a R:= H;:R*: R
b 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,

EXPERIMENTAL

General. Proton and “C NMR spectra were run on Varian
Associates HA-100, T-60 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 *C spectra, and may not, thus, represent true
I values. IR spectra were recorded on a Unicam SP 1100 spec-
trometer using neat liquid films or CCl, solns. Benzeneselenenyl
chloride was commercially available from Aldrich, Allenes. 2,3-
pentadiene was commercially available from Chemical Samples
Co.

2.3-hexadiene; 3.4-heptadiene; S5-methyl-2,3-hexadiene; 5.5-
dimethyl-2,3-hexadiene,  2,6-dimethyl-3,4-heptadiene, 2,2,6.6-
tetramethyl-3,4-heptadiene, 1,2-cyclononadiene, and 1,2-cyclo-
tridecadiene were synthesized by standard literature methods.”
Spectral properties previously not reported are given in Table 6.

The reaction of benzeneselenenyl chloride with allenes

General procedure. To a soin of the respective allene
(6.00 mmole) in 25 mi anhyd CH.Cl, was added an equivalent
(6 mmofe) of benzeneselenenyl chloride as a soln in 5 ml anhyd
CH.Cl,. The addition was carried out such that the allene was
always retained in excess.® The reaction occured essentially
instanteously yielding a colorless soln. After the solvent was
evaporated, the residual oil which corresponded 10 a quantitative
vield was analyzed by 'H and *C NMR, and mass spectroscopy.
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/CHSeAr CHCIR
RHC=C ~——3— RHC=C=CHR RHC=C_
\Cl . SeAr
ArSeCl
SeAr

SIeAr

RHCCI-—(I!—CH(seAr)R *+ RHCCI—C—CHCIR

ClI SeAr

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

Allene bp {mm) 1ry H nmr {CDC14)
{em )
2,3-pentadiene L8 (760) 1980 5,15 qt{2H), 1.€5 ad(FH}
2,3-hexadiane 75 (760) 1980 4,95 m(2H), 0,97 t(3H)
L.60 4(38), 1. 9 m(2H)
4,k-neptadlene 101 (760)  19f0 g.})o q((zﬂ). .0 m(kH}
01 t
S-methyl-2,3-hexadiene 1990 4,98 m (2H), 1.F5 d(JHl
2,2 m{(2H), 0.99 A{FE)
5,5-dimethyl-2,3- 92 (760) 1970 5,20 m(2K)}, 1.F3 d{3H)
hexadiene n.9F s(94)
2, 6-direthyl-3,8 1975 5,20 m(2H), 2.3 m(2K)
haptedlena 1,10 4(L12H)
1,2-cyclononadiene €5 (20) 1965 3.30 m(2k), 1.0-2.€ m{12RH)
1,2-0cyclotridecadiene rg (1) 1975 5,00 m(2H), 2.1 bom(LH)
1.37 m(1fH)

Control experiments run in CD,CLITMS and subjected to
immediate: NMR analysis showed the same product distributions
(Table 1) as those above, Product isomerization was observed
upon standing for 2 number of hrs.
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