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B-Elimination of some Solid BR’-Dihalogenoadipodinitriles with Gaseous
Ammonia. An Example of a Non-topochemically Controlled Reaction

By Gap FriepMaN, EpNa Gati, MEIR LaHAV,* Dov RABINOVICH,* and ZIPPORA SHAKKED

(Department of Structural Chemistry, Weizmann Institute of Science, Rehovot, Israel)

Summary The stereocourse of the reaction of solid dihalo-
genoadipodinitriles with gaseous ammonia has been
investigated in terms of the conformation of the reacting
molecules in the crystal; under the heterogeneous con-
ditions of the reaction, in certain systems, an equilibrium
between different rotamers occurs before an anti-type
elimination takes place.

WE have recently reported the stereospecific S-elimination
from the solid dimethyl-(1) and dibenzyl-(2) ester of meso-
Bp’-dihalogenoadipates with dry gaseous ammonia or
vapours of volatile organic amines,! and shown that the
process is controlled by the conformation of the dihalogeno-
butane in the reacting crystal.? Here we describe the
reactions of the nitriles (3)—(6), two of which, (3) and (4),
behave differently from (1) and (2). We interpret this
difference in terms of a mechanism involving pre-reaction
equilibration of rotamers in the solid.
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FiGure. The energy variation of (4) as a function of the rota-
tion angle about C4—Cp, in an isolated molecule.

Crystalline powders or single crystals of meso-2,3-dihalo-
geno-1,4-dicyanobutanes, (3)—(6), were exposed to dry
ammonia at room temperature.t (3), m.p. 118—121 °C3
(Pr'OH), yields a mixture of (7), (8), and (9) in the ratios of
3:5:2. No melting was observed during the reaction and
no mono-olefin was isolated from the mixture. The corres-
ponding reaction in solution in various solvents yields a
complex mixture of unidentified brown material containing
no more than 109, of a mixture of the dienes. (4), m.p.
130—132 °C, is dimorphic (form A separated by slow
cooling from chloroform, and form B by slow cooling from
benzene), and each crystalline modification was treated

separately with ammonia; both yielded the three dienes
(7), (8), and (9) in the ratio 3:5:2. (5) is dimorphic; both
plates (A) and needles (B) were separated from benzene, and
here both forms were converted into the diene (10), m.p.
187—190 °C (decomp.) [r, 2-70 (2H, s, =CH), 8-05 (6H, s,
C-CH,)]; its structure was established by comparison with
a sample prepared from eo’-dimethyl-cis,cis-muconic acid.
(6) reacts quantitatively yielding the diene (11), m.p.
139—140 °C, [T (Me,SO) 2-71 (2H, s, =CH)], identical with a
sample obtained from au’-dimethyl-trans,trans-muconic
acid.}
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ScHEME. The Newman projections of the molecules in their
crystals, and geometries of the products after elimination.

Three-dimensional X-ray analyses of the structures of
(3), (4) (form A), (5) (forms A,B), and (6) have been per-
formed.* The Newman projections of the molecular
structures from the above analyses are in the Scheme. All
the molecules have a hydrogen antiperiplanar to the leaving
halogen atom, and in (5) and (6) these hydrogens are
eliminated. Thus the reactions of (5) and (6) under these
heterogeneous conditions clearly proceed by an anti-type
elimination mechanism. The question of how charge
separation occurs in the solid state without the aid of sol-
vation of the leaving group by solvent molecules remains
to be answered.

The role played by the conformation of (3) and (4) on the
stereo-course of the elimination is more complex. Topo-
chemically controlled anti-elimination from these com-
pounds, such as is displayed by the reactions of (5) and (6),
would lead to the formation of cis,cis-mucononitrile. The

T Samples of 1-0—10 g were used and elimination was completed after 15—75 h. Product ratios were determined by gl.c. with

columns of 59 B.D.S. and 29 QF1 on chromasorb G.

} Experiments on (5) and (6) with NaOAc in ethanol indicate that the reaction in solution proceeds via anti-elimination.
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unexpected formation of all three geometrical isomers, with
more frans- than cis-double bonds, suggests that rotation
occurs around the C,—Cg single bond at some stage in the
reaction. Such a rotation apparently does not occur in
(1) and (2).

In order to examine more quantitatively the difference
between the behaviour of the diester (1) and that of the
nitrile (4), we have calculated the energy variations of the
isolated molecules as functions of the rotation angle about
the single bond C,~Cg (Figure).§ In (4), the two gauche
conformations a and b which would yield, via an anti-type
elimination, cis- and frams-double bonds respectively, are
almost energetically identical and conversion from one into
the other involves an energy barrier of only ca. 5 kcal
mol~17 Rotation around the C,-Cgz bond in the dihalo-
genoadipate esters which contain two a-hydrogens is much
less favourable, since it has to be accompanied by an
additional rotation around the C,—(C=O) single bond to
avoid strong steric repulsions between the methoxy-
carbonyl group and the Cg substituents. Using similar
calculations we estimate the barrier for this rotation in an
isolated molecule to be at least 10 kcal mol-18% These

§ The calculations included only non-bonded and torsional energy contributions.
The parameters for the non-bonded potential involving Br atoms were taken from ref. 6.

for saturated molecules.5
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calculations refer to the free molecules; the rotational
barriers in the ordered crystal are much higher. It is still
uncertain which barriers are pertinent to our reaction con-
ditions; however if, as we believe, the reaction occurs at
structurally defective sites in the crystal (e.g. surfaces and
dislocations),® then we may expect the rotational barriers
to be higher than those of the free molecules but lower than
those for the ordered crystal.

We suggest that, because of the difference in the rotational
barriers at the site of reaction, the course of the reaction in
the adipates (1) and (2) is determined by the initial molecular
conformation whereas in the nitriles (3) and (4) equilibrium
of the rotamers is established before the transition states of
the reactions are reached.

The X-ray structure analyses and detailed calculations
referred to above will be published elsewhere.

We thank Professor M. D. Cohen for interesting dis-
cussions and Sun Oil Company for the generous gift of
ao’-dimethyl cis,cis-muconic acid.
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