Tetrahedron Letters No.25, pp. 2955-2958, 1968, Pergamon Press, Printed in Great Britain.

SITE SELECTIVITY AND STEREOSPECIFICITY IN MASS SPECTRAL ELIMINATION REACTIONS

Mark M. Green and John Schwab
Department of Chemlstry, University of Michigan

Ann Arbor, Michigan 48104
(Received in USA 15 January 1968; received in UK for publication 22 March 1968)

Detailed studles have shown that the electron impact induced loss of
water from acyclic alcchols (1) proceeds by abstraction of a C-U4 hydrogen to
the extent of 90% while results on acyclic chlorides (2) show that the loss
of hydrogen chloride proceeds predominantly C> 70%) by abstraction of a C-3
hydrogen. Following the behavior of primary acyclic alcohols, although with
less specificity, cyclohexanpl has been found to eliminate water preferen-
t1ally by a 1,4 process (3). The site selectivity for cyclohexyl chloride
would be of Interest to determine 1f the dilvergence in the linear molecules
carries over to the cyclic case, We have prepared deuterated samples of‘
cyclohexanol (I, X=OH) and cyclohexyl chloride (I, X=Cl) in order to
directly compare the chloride and alcohol site selectivity.

Scheme 1 shows the compounds prepared for this study,

Scheme 2 presents our findings on the hydrogen abstraction sites for
elimination of water and hydrogen chloride from compounds II, III, IV, and
V (X=0H,(1).
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a. X=Cl or OH., The chlorides (except for VIII) were prepared from the alco-
hols with phosphorus pentachleride, b, II and III were prepared from the
monoethylene ketal of 1,4 cyclohexanedione (4) by simple steps. IV and V
were prepared by reductlon of the appropriate cyclohexanone. VIII is made
by lithium aluminum deuteride reductlon of the tosylate of trans-4-chloro-
cyclohexanol (5). VI arises by similar treatment of the monotosylate of
trans-1,4 cyclohexanediol (6). In all cases the deuterium incorporation

was close to 100%.
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The data 1n Scheme 2 show that the losgs of water from I (X=OH) (7)
arises predominantly by abstraction of a C-4 hydrogen with a substantial
proportioh also coming from C-(3)(5). The proportion of C-4:0-3 loss, af-
ter correctlion for the statistical excess of €-(3)(5) hydrogens, is 73:27.
Similarly, the C-4:C-3 proportion for hydrogen chloride loss from I(X=Cl)
is 68:32, 1It can therefore be seen, 1in striking contrast to the acyclic
molecules, that the cyclohexyl derivatives exhlbit very similar site selec-
tivities., A possible factor, excluded for the acyclic cases, 1n the site
selectivity of cyclohexyl compounds 1s for elimination of HX to be preceeded
by a-cleavage (8). The mass spectral behavior of compounds VI, VII and
VIII were examined in order to gauge the extent of an a-cleavage mechanism.

Table I presents the hydrogen abstraction data for loss of water and
hydrogen chloride from VI, VII and VIII, and the calculated cis:trans

proportions for the elimination.

Table I
A = Percent Deuterium Abstraction from C-4
B = Percent (cis:trans) elimination from C-4
C = B corrected for lack of specificity 1n formation
of VI
A B C
VI 4y 70:30 80:20
VII 7 88:12 | 100:0
VIITI 46 100:0 100:0
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First, it is apparent that the elimination of the C-4 hydrogen 1s attended
by a considerable degree of stereospecificity. Since the displacement of
tosylate by 1lithium aluminum hydride is known to occur with 1nversion of

configuration (9), and since VI derives from the monotosylate of trans-1,4
cyclchexanediol (6), the data in Table I demonstrate, assuming complete

specificity of the deuteride reduction (see below), that 70% of the 1,4
eliminations 1n VI occur via abstraction of the cis C-4 deuterium (10).
Since VI was converted to VII with phosphorus pentachloride, a process
which is known to involve stereospecific inversion of configuration (12),
it follows that the 1,4 elimination of hydrogen chloride involves abstrac-
tion of a C-4 cis hydrogen and that the stereospecificity for 1,4 elimina-
tion from I (X=O0H) is somewhat lower than that from I (X=Cl). Indeed,

the data for VIII show that the stereospecificity for the lithium aluminum
deuteride reduction of the monotosylate of 53555-1,4 cyclohexanediol is
lower than thet from the tosylate of trans-4-chlorocyclohexanol and further
that the 1,4 elimination reaction in cyclohexyl chloride 1s stereospecific.
After correction for the presence of trans-4-deuterocyclohexanol in VI the
results (Table I(C)) show that while the ring 1s substantially intact in
cyclohexanol 1t has complete integrity in cyclohexyl chloride (8).

The findings of strong ligand dependency on the site selectivity of
alkyl chlorides and retention of gross groand state structure for the
parent ion (l.e. the ring is intact) suggest that this ubiquitous mass
spectral reaction may be well sulted for use in a structure reactivity
(selectivity in this case) study. Such a study is needed to test the
application of ground state structural parameters (e.g. size of groups)
to ionized state processes (13),

In addition these results lend support to the connection between onium
ion formation and site selectivity (14) since the formation of the cyclic
onlum ions 1s restricted to primary acyclic systems.
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