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Abstract: The dienylic chlorides 1-5 react with isobutene in the presence
of zinc chloride/ether {n dichloramethane to give the acyclic adducts
6-10 in 64-91% yield. The orientation effects are {n contrast to the
predictions of perturdbational molecular orbdbital theory and can be
explained on the basis of steric effects.

The odd-numbered alternating w-system, which 1s incorporated in dienyl cations and anions has
attracted the {nterest of synthetic and theoretical chemists (1], Various studies on the site of
electrophilic attack at pentadienyl anions have been published [2].
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The most ocomprehensive report has shown that acyclic potassiun dienides give the corresponding
1,3-dlenes upon hydrolysis while potassium cycloheptadienide and cyclooctadienide give 1,i-dienes
exclusively [2b]. Methylation with methyl iodide also occurs preferentially at the terwinal
pdsition of the acyclic dienides and at the central position of the cyclic dienides.

The strucuture of dienylic cations has been studied by NMR spectroscopy in superacid solution
(1a). Their reactivity tosmards nucleophiles has been derived fram the investigation of acid
catalysed rearrangements of dienylic alcohols ([3,4a] and fraom the results of solvolysis reactions
(a].

Miginiac reported that treatment of $-chloro-1,3-pentadipne with si{lver acetate {n ether or with
aqueous bicarbonate solution ylelds 1,3-diene derivatives predaminantly (Scheme 2) [%a]. Under
the same oondi{tions, conjugated dienes were formed exclusively fram various hexadienyl cation
precursors, 1.e., attack at the 3-position of the pentadienyl fragment does not occur. Similar
datas on solvolyses of chlorohexadienes have been reported by Nazarov [&c].
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In ocontrast to noncoordinated dienylic oations, the ocorresponding transition metal occmplexes have
also been studied with respect to their reactivity towards carbon nucleophiles. Whereas tri-
carbonyldienyliron salts react exclusively at the dienyl termini [Sa,b], the n’ complexes with
Pd, Mo and W are also attacked at the central position [Sc].

In this paper we report the formation of acyclic adducts of iscbutene with various methyl
substituted pentadienyl cations. Since the primarily generated adducts may undergo successive
cyclisation reactions in analogy to the oorresponding allyl cation reactions (6], the position of
the {nitial attack determines which types of carbocycles may be accessible via cycloaddition of
dienyl cations with alkenes (Scheme 3).

Scheme 3
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Precursocrs. Dienylic cations can be generated from the dienyl chlorides 1-5, which have usually
been synthesized from 3-hydroxy-1,4-dienes or 5-hydroxy-i1,3-dienes. The conversions of the
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unsaturated alcohols into the corresponding chlorodienes usually prooeed in bdetter yield
than described in the literature [U4a], when solutions of the alcohols in petroleum ether are
shaken with 12% aqueous Rydrochloric acid.

Table 1. '*C ¥R (hemiocal Shifts of the Chlorodienes 1 - 5

FL‘MC\

R R3

R! R? R? C-1 c-2 c-3 C-4 c-5 R? R* R*
1 H H H 119,12 135,50 134,72 128.77 44,80 - - =
(E)-2 H , H 114,59 180,10 139.12 126.53  40.6%& - 11.59 -
(2)-2 H CH, H 116.93 132.05 137.82 124.72 39.66 - 19.77 -
(E),(E)-3 A, H H 130.15 131.83 134,74 125.55 45,49 18,16 - -
(E),(E)-8 CH, H , 130.17 131.83% 131.39% 131.53* s8.a1  18.17 - 3.3
S R',R%CH,~CH,,R*=H 131.74 126.38 1243 136.35 60.12 25.57 - 33.73

* Assigmments uncertain

Results. When the dienyl chlorides 1-5 were treated with 1-6 equivalents of i{sobutene in the
presence of zinc chloride/ether (7] at -78°C, the 1:1 products 6-10 were produced in 64-91% yleld
(Table 2). The addition products are characterized by 'H NMR singlets at & 1.56 - 1.61, which
indicate the presence of C(CH,),Cl fragments and exclude the formation of cyclized products. The
''C MR data (Table 3) support the structural assigrments.

Table 2. Zinc Chloride Catalyzed Additions of the Dienylic Chlorides 1 - 5 with Isotatens {n
CH,Cl, at -T8°C.

Dienyl [Isobutene] Time Products Yield

Chioride [Dienyl Chioridel (h) (%)
P 1.2 76 MCI 65
1 e
MCI 6.1 144 M\u 64
’Q) . 7b)
2 2 17 M‘Cn >N 72
'c) Sa ol sb {~10:1)
NANANY 40 SN2 cl 2y~ 79
Cl (~30:1)
4 oa Cl ob
o]
19 2 cl 91
Cl (~1:3)
sd 10a 100

a) (E)1(Z) = 2.5 : 1; b) (E):(Z) = 4 : 1; c) With 208 of the allylic isomer S-chloro-1,3-hexa-
diene; d) Contaminated by 20% of 6-chloro-1,3-cycloheptadiene, which 1s inert under the reaction
conditions,
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Table 3. ''C R Chemioal Shifts of the Addition Produots 6 - 10

R’ 4 7.8
3 ot}
RZ R} ! @,78a 8b 0a 10a

R! R? R? c-1 c-2 c-3 c-4 ¢5 Cc6 cC-7 <C-8 R
6 H H H 115,12 137.00 131.35 133.93 28.30 45.26 70.32 32.80 -
(E)-T H ™, H 110.79 141,30 184,51 131,69 24.18 NS.BT 70.47 32,80 11.62
(2)-7 H CH, H 113.76 133.38 132,78 129.68 23.30 45.90 ¢ " 19,75
8a O, H H 127.25 131.46 130.77" 130.58" 28.32 U45.56 70.52 32.41 18.00
& H H CH, 115.16 137,18 129.28 141.4 " 52,61 33,70 22.9%
34.33
Sa CH, H CH, 127.25 131.57 128.67 138.16 34.39 52.78 71.30 32.38 18.02

33.76 23.20

108 R',R%-CH,-CH, R'H 133.99 124.80" 123.58" 138.90 37.59 S2.12 32,73} 28.79
33.49 b

% CH, H CH, 126,19 135.21 43,17 135,21 124,19 50.88 s 3315 e
100 R!,R%CH,-CH, R¥*H 129.20 135.48 34.95 135.48 129.20 52.99 70.80 33.00 25.97

"% Signal covered. * Assignments uncertain.

Table 2 shows that the reaction times roughly decrease with increasing alkyl substitution of the
dienyl fragment reflecting the increasing rates of ionization. Two types of sequential reactions
of the products 6-10 have to be oonsidered: (i) ionization of the tertiary chlorides and
electrophilic attack at additional isobutene molecules (—> isobutene polymerization) and (11)
electrophilic attack of the dienyl cations at the r system of 6~10. Since an excess of isobutene,
which favours reaction (i) and represses reaction (1i), was found to improve the yields of 1:1
products, we conclude that side reaction (1) does not play a role under these conditions. This
result {s expected on the basis of the high solvolysis rates of dienyl derivatives [4b] and our
previous studies on the relationship between SyT reactivity and relative alkylating ability of
alkyl halides [8].

Diacuasion. In analogy to the corresponding reactions of allylic chlocides (6], compounds 1-5 can
be assumed to react via the dienylic cations 1*-5*, Their electronic structure has been investi-

Table N. MMDO Calculations of Same Dienylic Cations [a,d]

Cation LUMD coefficients Formal charges AH;
c, ¢, C, c,/¢, c-1 c-3 c-5 (kcal/mol)
2 .6
LadAad ¢ 0.517 +0.680 -0.517 1.3  0.243  0.326  0.243  219.7
* ‘ (0.257)  (0.397)  (0.257) (215.1)
1,.2\3,:5 a2 -0.496 +0.692 -0.496 1,40  0.227 0.307 0.228  215.0
¢ . (0.229)  (0.393)  (0.222) (210.4)
Mr -0.546 +0.664 -0.488 1.1 0.214 0.312 0.225  207.3
T (0.320)  (0.376)  (0.219) (196.4)
\1}\\3’/’:\5,‘0 -0.517 +0.653 -0.517 1.26  0.196 0.300 0.196  195.1
>
z@a s -0.524 +0.653 -0.513 1.25  0.188 0.314 0.181  206.7
1 L

{a) T™he =frasework and the attached atoms have been kept planar in 1°-A°%. All other gecmetric
parameters have been optimised. (b) MINDO/3-values fram ref. 1c in parentheses.
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gated using the semiempirical MNDO method (9]. Table 4 shows that in all cases the absolute value
of the LMD coefTicient as well as the formal positive charge attains a msaximm at C-3. Methyl
groups increase the adbsolute value of the LUMD coefficlent at the substituted carbon and decrease
this valus at remote positions, analogous to the situation in other » delocalised carbenlm. {ons
010).

According to PMO theory, uncharged nucleophiles are expected to attack at the position with the
largest LUMD coefficient [11], 1.e., at C-3. Table 4 shows, however, that products derived from
C-3 attack were not at all observed with cations 1°-3*°. The formation of Sa,b and 10a,b indi-
cates, however, that cations A* and 5° can react at the terminal and the central position though
PM) theory predicts a reduced preference of C-3 attack in these cases (reduced c,/c, (LUMD)
ratio).

The unsymmetrically substituted cation 3°* yields more of the adduct 8a than of the iscmeric 8b.
While a sequence C-3 > C-1 > C-5 attack 1s predicted by PMO theory, exactly the reverse order s
experimentally found.

We, therefore, conclude that the electronic effects caused by methyl groups are overcompensated
by steric effects. As previously reported for allyl cation additions (6d], the regiochemistry of
the addition reactions of dienylic cations with {sobutene can be rationalized on the basis of
steric effects.

We thank the Deutsche Forschungsgemeinschaft and the Fonds der Chemischen Industrie for support
of this work.

EXPERIMENTAL

'H NMR spectra: JNM-C-60-HL (JEOL), EM-390 and XL-200 (Varian). ''C MR spectra: JNM-PS-100
(JEOL) and X1L-200 (Varian). TS as internal standard. Mass spectra: CH & B MAT (varian), 311 A
MAT (Varian), and 70-250 (VG); only the most intensive mass peaks are listed.

Dienyl (hlorides 1-8 were prepared fram 1,4-pentadien-3-ol (4a}, 3-methyl-1,4-pentadien-3-ol
(12], 2,4-hexadien-1-01 [13], and 3,5-heptadien-2-ol [14] and aqueous HCl according to a modified
literature procedure [4a). The preparation of S {s described in the following paper.

S5~Chloro-1,3(E)-pentadiens 1 (General prooedure). S5 ol of 12 M aqueous HCl were added dropwise
to a precooled (0°C) solution of 27.2 g (323 mmol) 1,4-pentadien-3-ol in 330 mL of petroleum
ether. After stirring the suspension at 0°C for 17 h the phases were separated. The organic layer
was dried with Na,SO, and dist{lled to give 24.0 g (72%) of S-chloro-1 .B(E)lem 1 with bp
36 - 40°C/50 mbar (1it. (4a) 57%, bp 33°C/39 mbar).

5-Chloro-1,3(E)-pentadiene | and Iscbutene (General Proocedure). A solution of 1 (2.05 g, 20.0
mmol) in 10 el of CH,C1, was added dropwise to a preccoled (-78°C) solution of i1sobutene (1.40 g,
25.0 mmol) and ZnCl, (2.02 g)/ether (1.68 mL) (15]) in 38 mL of CH,Cl,. The reaction mixture was
kept at -78°C for 76 h and washed with X0 al of 25% aqueous NH.Cl solution. The organic layer was
dried with CaCl, and distilled to give 0.25 g of unreacted 1 and 1.80 g (65% based on reacted 1)
of T-chloro-T-methyl-1,3-octadiene 6. - bp 33 - 35°C (bath)/0.5 mbar. - 'H MR (CCl,, 60 MHz): &
1.58 (s, 6 H, C(CH,),C1), 1.63 - 2.03 (m, 2 H, 6-H), 2.03 - 2.66 (m, 2 H, 5-H), 4,73 - 5.36 (m, 2
H, =CH,), 5.36 - 6.63 (m, 3 H, 2,3,4-H). - Mass spectrum (80 eV): @/z - 160, 158 (25%, 72%, M*),
122 (80), 107 (90), 91 (78), 79 (100), 67 (S8). - Anml. Caled for C,R,,Cl (158.7): C, 68.13; H,
9.53. Found: C, 68.69; H, 9.56.

5-Chloro-3-wethyl-1,3(E,Z)-pentadiens 2 (1.17 g, 10.0 mmol) and isobutene (3.43 g, 61.1 mmol)
gave 1,10 g (64%) oT. 7-chloro-3,7-dimsthyl-1,3(E,Z)-octadiene 7. - bp 30 - 35°C (bath)/0.2
mbar, - 'H MR (CCl,, 90 MHz) of (E),(Z)-amixture: 3 1.55 (s, 6 H, C(CH,),C1), 1.73 (br. s,
3-CH,), 1.69 - 1.93 (m, 6-H), 2.14 - 2,62 (m, 2 H, 5H), 4.77 - 5.58 (m, 3 H, 1-H, 4-H), 6.0T7 -
6.85 (m, 1 H, 2-H). - Mass spectrum (79 eV): w/z - 174, 172 (9%, 30%, M*), 136 (12), 121 (u0),
107 (23), 93 (89), 81 (100), 79 (70). - AnalT Talod for C,.H,,C1 (172.7): C, 69.%5; H, 9.92.
Found: C, 69.34; H, 9.90.

1-Chloro-2,¥-hexadiene 3 (0.58 g, 5.00 Mmol, U4:1 mixture with S-chloro-1,3-hexadiene) and
isobutene (1.12 g, 20.0 amol) yielded 0.620 g (72%) of a 10:! aixture of 8a and 8. - bp 25 -
33°C(bath)/0.1 mbar. - &m«v&.ﬂvl-z(l).l(__lgwm 8a: 'H NMR (CDCl,, 200 MHz): & 1.57
(s, 6 H, C(CH,),C1), 1.73 (4, J = 7.0 B2z, 3K, 1-R), 1.75 -~ 2.05 (m, 2 H, 7-H), 2.17 - 2.32 (a, 2
H, 6-H), 5.86 - 5.68 (@, 2 H, Z,5-H), 5.98 - 6.14 (m, 2 H, 3,4-H). - Mass spectrum (70 eV): a/z -
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174, 172 (3’. ”t H‘)n 121 (17). 107 (12)n 93 (36)0 81 (1w)u 79 (2"). - Amal. Calcd for C;olecl
(172.7): C, 69.55; H, 9.92. Found: C, 69.89; H, 9.95. - T-Chloro5,7-dimethyl-1,3(R)~octadiane 8
the ainor camponent of the mixture obtained above was identified by the ‘H NMMR absorptions at &
1.08 (g, J - 6.8 Hz, 5-CH,), 2.42 - 2.66 (m, 6-H), 4.9% - 5,15 (a, «CH,) and by the '°'C NMR
absorptions listed in Table 3.

6~hloro-2,4-heptadiene ¥ (0.65 g, 5.00 mmol) and i1sobutene (1.12 g, 20.0 mmol) reacted within 5
h to give 0.740 g (79%) of a 30:1 mixture of 9a and 9b with bp 28 - 33°C (bath)/0.1 mbar.-
8-Mloro-6,8-dimethyl-2,A-nonadiene 98 (predaminantly (E),(E)-isamer): 'H NMR (CDCl,, 200 MHz): &
1.06 (d, J = 6.8 Hz, 3 H, 6-CH,), 1.56, 1.58 (28, each ¥ H, T(CH,),Cl), 1.72 (d, J = 5.8 Hz, 3 H,
1-H), 1.83 (d, J = 5.9 Hz, 2 H, T-H), 2.39 - 2.61 (@, 1 H, 6-H), 5.37 - 5.73 (@, 2 H, 2,5-H),
5.91 - 6.07 (m, 2 H, 3,4-H). - Mass spectrum (70 eV): m/z - 188, 186 (2%, 6%, M*), 135 (15), 107
(18}, 95 (100), 93 (1), 79 (12), 67 (26). - Anal. Calced For C, ,H,,C1 (186.7): C 70.76; H, 10.26.
Found: C, 70.82, H, 10.29. - The minor component A-Chloro-2-methyl-propyl)-2(E),5(E)-heptadiene
9 was identified by the '*C NMR resonances listed in Table 3.

5—Chloro-1,3-cyclohsptadiens 5 (32.0 maol & 5.14 g of a mixture containing 20% of the unreactive
6-chloro-1,3-cycloheptadiene) and i{sobutene (3.37 g, 60.0 mmol) gave 5.35 g (91%) of a 1:3
mixture of 5-(2-chloro-2-methyl-propyl)-1,3-cycloheptadiene 10a and 3-(2-chloro-2-methyl-pro-
pyl)i,4-cycloheptadiene 10b with bp 41 - 43°C (bath)/0.01 mbar. - ‘H NMR (CCl,, 60 MHz): & 1.61
(s, C(CH,),C1), 1.83 (4, J = 5 Hz, CH,-CCl of 10m), 2.03 (d, J = 6 Hz, CH,~CCl of 10®), 2.25 (wo,
CH,~CH,), 2.66 (mc, S+ of 10m), 3.52 (mc, 3-H of 100), 5.23 - 5.95 (m, Vinyl-H). - Mass spectrum
(90 ev): m/z = 186, 184 (1%, 23, M*), 133 (100).
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