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CYCLOBUTANE-BICYCLOBUTANE SYSTEM—I

THE RELATIVE REACTIVITY OF THE CENTRAL BOND IN
BICYCLOBUTANECARBONITRILE AND THE DOUBLE BOND
IN CROTONONITRILE IN NUCLEOPHILIC REACTIONS
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of sucisophilic cleavags of the cestral bead of bicycie{!.) Shutanscarbomitrile | by alkoxides
was that of the double boad in cretonsnitrile 2. With beth MeO /MeOH sad i-PYO /PYOH. 2 reacts
foster thas | (by & factor of ca 8§ end 3 respectively). Analysis of the activation parameter revesds thet i
MeO /MeOH, both substrates have sbout the same activation emergy aad the reaction rate of 1 is merkedly
retarded by eatropy effect. In i-PrO /-PrOH the eatropy of activation is is favows of the reaction of 1 while its

activation casrgy i higher thea that of 2. Considering the and electronic effects of the substitucats, it is
conciuded that the central boad of bicyciobutasecarboaitrile is more susceptible 10 aucisophilic attack thes the
saslogous dowble boad.
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BESULTS AND DIBCUSIION
The reactions of the two substrates with MeO /MeOH
and i-PrO/i-PrOH were carried out at 30.5 and 50.5° and
followed by GC analysis. Substrate concentration ranged
from 0.02 to 0.08 M of 1 and 0.05 10 0.1 M of 2. Alkoxide
concentrations were 0.02-0,7 M. The reactions were first
order in the concentrations of both the substrate and the

catalytic alkoxide {correlation coeficients were better .

than 0.996). The reactions are essentinlly irreversible and
80 to completion. Reaction rate constants and activation
parameters are given in the table. Addition of crown
ether to the reaction mixture in PrOH, induced an
increase of more than an order of magnitude in the
reactions rates at 30.5%. At 50.5° in the presence of crown
ether, the reactions were too fast to be measured.

The literature value for the reaction of 2 with i-PrO™/i-
PrOH is 0.0S M 'min~' at 247 Extrapolatios of dats
from the table to this temperature vields a value of
004 M 'min~' which is in good agreement with the
literature value.

As expected from its higher ground state energy,” the
muwummnmmomwnwm
cis. In i-PrO"fi-PrOH isomerizition is much faster than

addnnnthmfmthemeconmntmtheuble-

represents the rate of di of an equilibrium
mixture of the two isomers {ca. 2:3). Taking into account
& statistical correction factor of 2 as the double bond can
undergo nucleophilic attack on both faces while nucleo-
phile approach to 1 is Kimited to one direction only, one
finds that the relative reactivity of 1 and 2 mnges from
1:1 to 1:5 depending upon the nucleophile and the
reaction conditions. The lower reactivity of 1 with
MeO /MeOH as compared to that of 2 results from 2
lower entropy of activation, since its enthalpy of sctiva-
tion is equal to that of the trans and even lower than that
of the cis isomer of 2. In contrast to reactions in MeOH,
the difference in reactivity in i-PrOH stems from a lower
enthalpy of activation for 2 while the activation entropy
is greatly in favour of 1. These results show that
bicyclobutane has about the same reactivity toward
nucleophiles as that of the double bond.

The retarding efect of alkyl substituents on the rate of
electronic effects.® An examination of models shows that
a sucleophile's approach to 1 is more sterically hindered
than its approach to 2, which means that the net reac-
tivity {after deduction of steric factors) of the central
bond in 1 is greater than that of the double bond in 2.

Experimental support for the relative steric effects
present in 1 and 2, was obtained from resctions with
+PrO”[i-PrOH in the presence of 18-crown-6-ether. This
probe is generslly used to charscterize the more steric-
ally hindered protons purticipatiog in HX eclimination

reactions.” The removal of the sodium cation from the
ion pair reduces its size, leading, in
general, t0 an increase in the reaction rate. Clearly, the
more sterically hindered substrate will benefit more from
this reduction in the size of the reagent. An examination
of the data in the table reveals that the relative rate of
#PrO” addition to 2 and 1 at 30.5° changes from 3.4 to
2.7 as crown ether is added to the reaction mixture
supporting the previous conclusion bused on the models
that nucleophilic approach to 1 is more hindered than in
2. On the reasonable assumption that the electronic rate
retardation caused by the two methylenes in 1 is at least
equal to that of the single Me group in 2, ooe concludes
that the intrinsic reactivity of the central bond in 1 is
greater than that of the snalogous double bond.

C-C single bonds do not usually cleave as a result of 2
sucleophilic attsck on oae of the C atoms. The nucieo-
phﬁacchvapohcycmyhmwymm
groups such as nitrile.**

subjected to powerful nucleophiles uoder drastic con-
ditions.”™“ A singie cyano group is sufficient to make
such a process feasible in an unsaturated system. Thus,
the general reactivity scale for this type of reaction
including the bicyclobatanic bond is: C-C (normal
<C-C (cyclopropane) <CoC <C.C (central bond of
bicyclobutane).

Low energy LUMO's in cyano, carbomethoxy and
pyn&mmbnycbbmmmnﬁtobe
responsible for the various spectral and chemmi
behavior, characteristic of these systems.'™'! Wiberg"'
reported that the lowest emergy transition in bicyclo-
butane which is from the x-ike central bond orbital to
the corresponding «*-like orbital is lower in energy than
the » - »* transition in ethylene. In light of the above
obmauonitunotunmombletoexpectttuthe
w*dike orbital in bicyclobutane lies at a lower energy
than the »* in ethylene. The observed higher reactivity
ofliscxplicabkinmoffmnﬁerodimmeory
which treats nucleophilic reactions as being initiated by
the interaction between the HOMO of the nucleophile
and the LUMO of the electrophile.’? As the electro-
phile's LUMO becomes closer in energy fo the nucleo-
phile’s HOMO, the stabilization energy of the orbital
interaction (S.E. -lg’iaﬁ}tsmsedwumahmr
transition state energy and a larger reaction rate con-
stant.

EXPERIMENTAL
General. For analytical purposes, a Packard Model 878 (Flame
jonization detector) was weed, whereas for
preparative parifications of starting meaterials and products »
Varian 920 gas-chromatograph (Thermal conductivity detector)

Table 1. Second order rale constant foe the reaction of 1 and 2 with MeO /MeOH and i-PrO™/i-PrOH.

Solvent/

Nacieophile P mint KN min? AR* keal/mol AS* e
| MeOH/MeO 0.00356 0.0269 188 ~189
2 trany MeOH/MeO~ 00332 0.248 133 -8
3 MeOH/MeO™ 0.0256 0.203 193 -10.1
1 FPYOHA-PIO- 00196 0.108 153 -3
2 FPrOHA-PYO™ 0.063 8.24) 124 ~N.2

1t -PrOHA-PIO” 0.32

b1 +YOHA-PIO™ 0.96

tBquivalent amowst of 18-crows-6-cther was added to reaction mixture.
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was used. In both cases the columas were of 20% XE 60 on
chromosord W acid wasbed, 60-80 mesh. NMR spectra were
recorded oa a Varias HA100 spectrometer. Mass spectra were
taken with a Hitachi Perkia Elmer RMU6 mass spectrometer.
Reactants, preparation and purification. Bicycio{].1.0Jbutane-
carbonitrile was pupued from aliene and acrylonitrile by a
published procedure.'® availsble mixtwre of cis
and frans crotosonitrile was distilled at 112°/760 mm Hg and thea
separated on a proparstive GC to give the pure isomers. Alkoxide
solutions were prepared by dissolving Na metal in the pure
alcobol. Alkoxide cosceatration was determised by titration with
aquClwh.thayl(BDI{)mM anisol (Merck)
8.C

ycyclobutanecarbonitrile

(CDCly) is: 8 1.15 (d, 6H), 2.45 (m, 4H), 2.95 (m, 1H), 3.5 (m, 1H)
and 4.3 (q. 1H). (Found: C, 68.99; H, 9.47; N, 10.20. Cak. C.
69.06; H, 9.35; N, 10.07%). For the cis isomer: NMR (CDCY,) 8
1.15 (d, 6H), 2.1-2.6 (m, SH), 3.5 (m, I1H) and 39 (m, IH).
(Found: C, 68.92; H, 9.53; N, 10.24. Cak. C, 69.06; H. 9.35; N,
10.07%).

Kinetic procedure. Stock solns of the substrates containing
internal standard (biphenyl for reactions with 1 and anisol with 2)

were prepared and mixed at the reaction temps with the ap-
propriate aliquots of the alcobol-alkoxide solns. Samples of ca.
50 ! were periodically removed by means of syringe aad quen-
ched by 50 i of cold acidic sola (HOAc for 1 and HCl for 2) of
the correspoading alcohol. The queached solns were analyzed by
GC. Their composition remained bachanged for at least 10 days.
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