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Abstract :  Upon deprotonation using trimethylsilylmethylpotassium or butyllithium in the presence of
potassium fert-butoxide, two allylic organopotassium species (2) are generated from the (£)-isomeric
caryophyllene and the (Z)-isomeric isocaryophyllene. Torsional equilibration occurs slowly at -50 °C (in
tetrahydrofuran) and rapidly at 0 °C (in hexane) to afford endo-2/exo-2 mixtures of about 95 : 5 (as
evidenced by the isomeric composition of the trapping products 3). The relative thermodynamic
stabilities of the two stereoisomeric organometallic intermediates can be derived by mere superposition
of ring-strain differences and the "endo preference” of open-chain 2-alkyl-2-alkenylpotassiums.
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The thermodynamic preference for the endo stereoisomers of allylic potassium intermediates [1- 21 (the
origin of which appears to be an electronic discrimination against the exo isomers [3]) is reflected by (Z/E)
product ratios of about 125 : 1 (AG® 1.9 kcal/mol) in the case of 2-butenylpotassium and 15 : 1 (AG® 1.1
kcal/mol) in the case of straight-chain 2-alkenylpotassiums (] both in tetrahydrofuran at -75 °C. The
attachment of an additional alkyl group at the 2-position, the nodal point of the allyl entity, causes little harm
to the endo species but represents an additional disadvantage for the exo isomer. At first sight, the steric
repulsion exerted by two neighboring alkyl groups in branched 2-alkenylpotassiums and in simple internal
alkenes should not differ very much, hence average 0.8 kcal/mol. This free energy difference corresponds to a
(Z/E) ratio of 1 : 75, if the equilibrium is established. Assuming additivity of the factors affecting the relative
stabilities of allylic organopotassium isomers, one expects endo/exo equilibrium ratios of 10* and 10 for 2-
alkyl substituted 2-butenylpotassiums and their higher homologs, respectively. The agreement with estimates
based on experimental data (], 500 and 50, is amazingly good.
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R=H,R'= alkyl 125:1 751 937.5 1
R=R = alky! 1501 751 11251

In order to submit the additivity postulate to a further test, we have selected caryophyllene (frans-caryo-
phyllene, B-caryophyllene), an ubiquitous natural sesquiterpene, and the isomeric isocaryophyllene (cis-caryo-
phyllene) as model compounds. The deprotonation ] of these olefinic substrates, in particular of the
(Z)-isomer proceeded only sluggishly under the conditions applied. The organometallic intermediates were
trapped by consecutive treatment with fluorodimethoxyborane 5] and hydrogen peroxide; the yields of (£)-
and (Z)-"caryophyllen-14-ol" (11,11-dimethyl-8-methylenebicyclo[7.2.0]Jundec-4-ene-4-methanol) (6 - %) and
the amount of recovered starting material were determined by gas chromatography 1101 1n tetrahydrofuran at

0040-4039/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4039(98)00689-3



-75 °C, the metalated (£)-isomer retained its configuration to a large extent. The torsional isomerization was
accelerated at -50 °C and went to completion in hexane at 0 °C, despite the heterogeneous medium. The
metalation of the isocaryophyllene required minimum reaction temperatures of around -50 °C. Under these
circumstances, inevitably isomerization occurred giving rise to (Z/E) organopotassium mixtures of approxi-
mately 95 : 5 (see Table).
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Table. Metalation of caryophyllene and isocaryophyllene followed by
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tormed aepenamg on the reaction conditions.

sub- a) reagent solvent ®), yield 3
strate reagent conc time, temp. of3 Z-3/E-3
Z-1  KCH,Si(CHz); (1.0M) THF, 20h-75°C 0% -

Z-1 KCH,Si(CH3); (1.0M) THF, 6h-50° 15% 5:95

C
THF, 20h-60°C  30%

Z-1 KCH,Si(CH3); (0.4 M) 5:95
Z-1 LIC-KOR (05M) HEX,20h 0°C <2% -
Z-1 LIC-KOR (0.8M) HEX,60h+25°C 10% 2:98
-1 KCH;Si(CHj3); (04M) THF, 20h-50°C  49% 8:92
F-1 KCHSi(CHs); (0.5M)® THF, 6h-50°C  49% 6040
+-1  LIC-KOR (03M) THF, 2h-75°C 10% 98: 2
£-1 LIC-KOR (1.0M) HEX, 2h 0°C 43% 18:82
E-1 LIC-KOR (1.0M) HEX,20h o0°C? 56%  6:94
a) LIC-KOR means a 1 : 1 mixture of butyllithium ("LIC") and potassium
fort hutn vide ("KOR™M: trimeathyuleilvlmeathulnataccinm was nrpnarpﬂ from the
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mercury compound ! ). The reagents were employed in equimolar

quantities relative to the substrate, unless stated otherwise. The concentra-
tion indicated refers to the metalation reagent. b) THF = tetrahydrofuran
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HEX = hexane fraction petrmeum ether. C) The metalation rcdgem was

employed in a two-fold excess. d) The reaction mixture was diluted with

twice the volume of precooled IHP before, after 1 h at -75 °C, the electro-

phile was added. - When repeating the reaction twice, yields of 57% and
62% (Z/I; ratios 7 : 93 and 5 : 95) were found. However, the yxe]d dropped

10 34% (//L. 5: y‘)) when the metalation time was shortened to 4 h at 0 °C.



Under conditions of full equilibration, the Z-3/E-3 ratios, which correlate with endo-2/exo-2 ratios,
reproducibly approximate 95 : 5. At -50 °C, this corresponds to a free energy difference of 1.3 kcal/mol. The
free energy difference between caryophyllene (E-1) and isocaryophyllene (Z-1) should amount to some
3.5 kcal/mol, i.e., typically [13] a bit less than the enthalpy difference which has been calculated to be 3.6 - 3.8
keal/mol 14 13 When 1.9 kcal/mol (= 1.1 + 0.8 kcal/mol; see above) are deducted from this number to
account for the endo preference of a long-chain 2-alkyl-2-alkenylpotassium species, one obtains a free energy

. . . ° .
difference of 1.6 kcal/mo! which corresponds to an endo-2/exo-2 ratio of 36 1 1 at -50 °C. Again the agree-
st b Ah o ot el dadacmainad gz dofass casios (10 - 1 AL 172 1 cee ahaua) ic aiite catic
ment with ine experimentany a€ierminea enao/ ratios (19 : 1; AG® 1.3 kcal/mol; see above) is quite satis-
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allylic units {16! does not significantly alter the relative stabilities of the two isomeric caryophyllene skeletons.

Although the accuracy of the prese

2l S M1 a1 1. L___.11 Lo ssvrarualiad mriomdatotiiis mararate
tly collected data should not be overvalued, a quantitative parametri-

zation of substituent effects on the thermodynamic stability (i.e., basicity) of allylmetal species begins to
emerge. This approach makes predictions both more meaningful and more challenging.
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ﬂxp f E-2 requlres an actxvatlon energy of 16 1
olefinic signals in the temperature range between + 45

o P r

an
-2:6540(0.75x 1H,dd,.J10.2,52),526(0.25x1H,d,.J11.0),
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<) /10"){['\'7<v1T_To\ 227 m) 172 M H

y O)y T AL\ T I A L A1, 3f, L. (1 XX, X1, 1./6\J L1,

s) 15(2H m), 1.09 (0.75 x 3 H, s), 107(025><3H
Conditions : 30 m capxllary, silicon rubber DB- 1701, 8
[10 min]; 2 m packed glass column, 8% Carbowax 20

°C [10 min]; internal standard : undecane.
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