J. Org. Chem. 1982, 47, 1381-1382 1381

Scheme I

—= 7\
(9 8 .0
s 1
MQ’O Br
! 3
Br -
\ e \
\® 0 \ LOH
Na~" Mg~
7\
2b Br Br
2

demonstrates the requirement of intramolecular partici-
pation by magnesium ion. The reaction need not neces-
sarily be a concerted retro-Diels-Alder cleavage but may
involve a Mg?*-stabilized cyclopentenyl anion intermediate
(3). The stability of the allylcyclopentenyl anion formed
by the action of sodium on 5-(chloromethyl)norbornene
and other cyclopentenyl anions has been demonstrated.?
However, in these cases the anions do not undergo further
fragmentation. In the present study no product arising
from the intermediate 3 could be detected, suggesting that
such an intermediate, if formed, is extremely short-lived.
Hence the reaction can be formally considered to be a
retro-Diels—Alder cleavage involving intermediates of type
2a, 2b, or 2c either in a concerted manner or through a
short-lived intermediate similar to 3.

3
(2) (a) Bates, R. B.; McCombs Tetrahedron Lett, 1969, 977-8. (b)
Freeman, P. K,; George, D. E.; Rao, V. N. M. J. Org. Chem. 1964, 29, 1682.
(c) Freeman, P. K.; Rao, V. N. M,; George, D. E.; Fenwick, G. L. Ibid.
1967, 32, 3958. (d) Hill, E. A,; Theissen, R. J.; Doughty, A.; Miller, R.
Ibid. 1969, 34, 3881.
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Synthesis of 3,4-Bis(alkylidene)cyclobutenes by the
Reductive Dimerization of Propargyl Chlorides

Summary: The treatment of propargyl chlorides with
tetrakis(triphenylphosphine)nickel(0) in benzene or tet-
rahydrofuran solution at 0-25 °C produces the highly re-
active 3,4-bis(alkylidene)cyclobutenes in 65-756% yields.

Sir: 3,4-Bis(alkylidene)cyclobutenes (1) have received
considerable attention from both theorists and experi-
mentalists. Particular interest has been focused on the
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electronic properties of 1 relative to the isomeric benzenoid
aromatics,l2 the thermal isomerization to isomeric struc-
tures,® the thermodynamic stabilities,* and the potential
for possessing biradical properties in the ground state.’
Typical of such interesting systems is the lack of simple
methods for their synthesis. 3,4-Dimethylenecyclobutene
(1, R = R’ = H) has been prepared via multistep path-
ways®? which are not adaptable to the synthesis of sub-
stituted 1’s. 1,5-Hexadiynes have been converted to 1 in
a flow reactor at 335-410 °C at low pressure;® a procedure
not readily adaptable for large-scale preparations or
high-molecular-weight compounds. The thermal ring
closure of 1,2,4,5-tetraenes (bisallenes, 2) also produces 1;°
however, no convenient general procedure is available for
the synthesis of such tetraenes. In studies in our labora-
tories on the mechanism of the transition metal (Fe, Co,
Ni, and Cu) catalyzed formation of allenes from propargyl
chlorides and Grignard reagents'® we have discovered an
exceptionally facile and general procedure for the synthesis
of substituted 3,4-bis(alkylidene)cyclobutenes.

The reaction of tetrakis(triphenylphosphine)nickel(0)
(3) with 4a and 4b in benzene or tetrahydrofuran at 0 °C
results in the rapid formation of 5a and 5b. The product
and solvent were removed from the inorganic residue by
trap-to-trap distillation on a vacuum line. Analysis of the

CH3
Cl R
. . CHz
(CeHs)3P)aNi(0) + (CHz},C—C=CR — CHs
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b, R = CH, CHa
5a, R=H
b, R = CH,

residue by NMR showed no characterizable organic ma-
terial remaining. The dimeric nature of 5a and 5b was
demonstrated by GC/MS (parent ion m/e of 134 and 162,
respectively), while the presence of three double bonds was
demonstrated by the absorption on 3 molar equiv of hy-
drogen!! (over a 10% palladium-on-charcoal catalyst). The
structures of 5a and 5b were readily assigned on the basis
of their *H and *C NMR spectra.'?

The reaction of 3-chloro-1-butyne with 3 produces a 1:1
mixture of two dimeric products assigned structures 6 and
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(10) Pasto. D. J.; Chou, S.-K.; Waterhouse, A.; Shults, R. H.; Hennion,
G. F. J. Org. Chem. 1978, 43, 1385,

(11) The hydrogenation product from 5a is assigned the structure
cis-1,2-diisopropyleyclobutane: *H NMR (CDCl;) 6 0.83 (d, J = 5.7 Hz,
12 H), 1.45-1.85 (br m, 8 H); mass spectrum parent ion calcd. for C;oHj,
m/e 140.157, observed m/e 140.158.
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7 on the basis of their NMR spectra.?

The following is a typical procedure for the reductive
cyclodimerization reaction. Bis(triphenylphosphine)-
nickel(IT) dibromide (5 mmol) and triphenylphosphine (10
mmol) are dissolved in 50 mL of tetrahydrofuran at 25 °C
under an argon atmosphere. Powdered zinc (50) mmol)
is added and the reaction mixture is stirred at 25 °C for
30 min. The deep-red solution is cooled to 0 °C and 25
mmol of the propargyl chloride is added. (It is to be noted
that the reaction is catalytic in 3 in the presence of excess
zine, although the reaction decreases in reactivity with
further extent of the reaction.) After 10 min, 400 mL of
pentane is added. The organic layer is decanted and is
washed with ice water and is then dried (MgSO,). The
pentane is removed by distillation and the product is pu-
rified by trap-to-trap distillation on a vacuum line, giving
65-75% yields of product. All manipulations must be
carried out under an argon atmosphere in order to avoid
polymerization of the product.?

The mechanism of this very interesting reductive cy-
clodimerization is currently being investigated in our
laboratories.
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(12) 5a: 'H NMR (C¢Dq) 6 1.76 (s, 6 H), 1.93 (s, 6 H), 6.84 (s, 2 H);
13C NMR (C¢Dq, proton decoupled) 6 18.6, 19.6, 111.3, 136,0; 13C NMR
(CgDg, proton nondecoupled) 4 18.6 (q of q, J = 125, 4.5 Hz, inner CHy’s,
19.6 (q of q, J = 125, 4.5 Hz, outer CHjy’s), 111.3 (s, isopropylidene C),
136.0 (s, C; and C4 of ring), 136.0 (d, J = 173 Hz, C, and C, of ring); mass
spectrum, parent ion caled for C;gH;, m/e 134.110, observed m/e 134.111.
5b H NMR (C¢D) 5 1.85 (s, 6 H), 1.91 (s, 6 H), 1.96 (s, 6 H); GC/MS
parent ion m/e 162.

(13) NMR spectrum of the volatile fraction. 6: (CgDg) 6 1.61 (d), 1.77
(d), 5.01 (q), 5.32 (q), 6.56 (s), 6.72 (s); 7: & 1.79 (d), 5.02 (q), 6.74 (s).
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tert-Butyllithium Additions to Enones. Preferential
Axial Attack

Summary: The conjugate addition of tert-butyllithium
to cyclic enones has been shown to occur preferentially in
an axial fashion.

Sir: Six-membered rings bearing axial tert-butyl groups
are rare. In most cases compounds which have a tert-butyl
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substituent adopt a conformation in which the bulky group
is equatorial. This tendency for the tert-butyl group to
anchor a particular chair conformation has been exploited
often in studies of cyclohexane chemistry.!

Recently, however, a number of axial tert-butyl-sub-
stituted compounds have been reported.?® For most of
these substances the axial disposition of the bulky group
results from the interplay and balance of various confor-
mational interactions in which a particular conformer
having an axial tert-butyl group either dominates or sub-
stantially contributes to the conformational equilbrium in
solution.2® For some examples an axial tert-butyl con-
former has been shown to exist in the solid state but not
necessarily in solution.*® In only one case, that of 88-
tert-butyl-trans-decahydroquinoline,’ is the tert-butyl
group constrained to be axial regardless of the conforma-
tion of the ring system. In this report we present the
preparation of three new carbocyclic compounds contain-
ing configurationally fixed axial tert-butyl groups. Each
of the compounds is produced, moreover, as the major
product of a kinetically controlled conjugate addition
reaction.

Enone lactone 1,% prepared from the previously de-
scribed 2° was treated in THF solution with 1 equiv of
tert-butyllithium at ambient temperature. A single
product,!® the saturated keto lactone 3, mp 124-125 °C,
was obtained in 60% yield. The stereochemistry assigned

(1) Eliel, E. L. “Stereochemistry of Carbon Compounds”™; McGraw-
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(7) (a) Hargrave, K. D.; Eliel, E. L. Tetrahedron Lett. 1979, 1987. (b)
1-tert-Butyladamantane must also necessarily have an axial tert-butyl
group as well as an equatorial one: Woodworth, C. W.; Buss, V.; Schleyer,
P. v. R. J. Chem. Soc., Chem. Commun. 1968, 569.

(8) For 1: *H NMR (CDCl;) 66.90 (d, J = 10 Hz, 1 H), 6.20 (d, J =
10 Hz, 1 H), 4.70 (dd, J = 9, 4 Hz, 1 H), 4.05 (d, J = 9 Hz, 1 H), 1.35-2.50
(m, 8 H), 1.15 (d, J = 7 Hz, 3 H); IR (CHCl;) 1770, 1685 cm™; mp 120-121
°C. For 3: 'H NMR (CDCl,) 5 3.89 (dd, J = 9.5, 4.1 Hz, 1 H), 3.79 (d,
J =9.5,1H), 38.17 (qd, J = 13, 6.6 Hz, 1 H), 2.86 (m, 1 H), 2.71 (ddd, J
=151, 6.8, 1.1 Hz, 1 H), 2.53 (dd, J = 15.1, 2.4 Hz, 1 H), 2.05 (dd, J =
6.8, 2.4 Hz, 1 H), 1.98 (m, 1 H), 1.86-1.04 (m, 6 H), 1.02 (s, 9 H), 1.00 (d,
J = 6.6 Hz, 3 H).

(9) (a) Goldsmith, D. J.; John, T. K.; vanMiddlesworth, F. Synth.
Commun. 1980, 10, 551. (b) Enone lactone 1 was converted into 2 in 73%
overall yield by the following sequence: (1) Hy, Pd, HOAc¢, HCIO,, (2)
LDA, PhSeBr, (3) 03, CH,Cl; (4) A, Et,NH.

(10) Satisfactory elemental analyses or precise mass measurements
were obtained for all new compounds reported herein.
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