due to the coupling through nitrogen. This assignment
is further confirmed by the large splitting of the C; s peak
of 3 (12 Hz) where 3/ (C;~Hy) is the only three-bond
coupling involved. This enhancement by nitrogen is
interesting because it makes a sharp contrast with ‘H-'H
coupling through nitrogen in pyridine. Thus, *J/
(He~Hy) is less than one-tenth of 4/ (H~Hy) or 7 (Hs~
H;).8¢ 3J(Cy~H,) of 2is small as a three-bond coupling
(4 Hz). Any 3 through the substituted carbon (the
carbon carrying the cyano group) is generally small.
Thus, C., peak c, is a quartet with one normal and one
small 3J, i.e., 3J (C,~—H,) (6 Hz) and ¥J (C:—H;) (4 Hz).
Although no three-bond coupling is involved, the split-
ting of the C; peak is very large (9 Hz). This should
either be 27 (Cs;~Hs) or 27 (Cs~H,). The last interpreta-
tion is incompatible with a very small 2/ such as %/
(Cs~H;) or ¥ (C~H;). If the analogy between 2J
(C-H) and %/ (H-H) is taken for granted,'® 2/ (C;~Hs,), a
two-bond coupling constant between '*C and 'H ad-
jacent to sp2-hybridized nitrogen, can be very large as
is e=J (H-H) for the H;C=NR system.!' This large
two-bond coupling is characteristic for all pyridine de-
rivatives and has some diagnostic value.!?

These observations can be summarized as below. (i)
% is normally in the range of 5-8 Hz; the coupling
through nitrogen is enhanced to 12-13 Hz, and the one
through the substituted carbon is reduced to 3-5 Hz.
(ii) ¥/ is normally in the range of 1-4 Hz; the coupling
between 3C and the proton adjacent to nitrogen is re-
markably enhanced to 8-9 Hz. (iii) 4/ is not larger than
2 Hz.

The multiplets observed for 1 and 3 are interpretable
with the aid of these criteria. In Figure 2, a part of the
undecoupled spectrum of 1 is reproduced. In this
spectrum, the resolution is so good that a number of the
small four-bond couplings (4 = 1 Hz) are easily re-
solved. Here again, 2/ with the proton adjacent to
nitrogen and 3/ through nitrogen are enhanced while
other 2/ and 3/ values are within the range of normal
values. Much the same is true for 3. Thus, both C, ¢
and C;,; signals consist of a pair (/) of a doublet of
doublet (37 and ¥J), while both C, and Cex signals are a
a triplet (two /).

Previously the assignment of signals of '2C spectra of
substituted pyridines’® (and any other aromatic and
heteroaromatic compounds) was made by the additivity
principle, i.e., by the comparison of observed shifts
with those estimated from the appropriate substituent
parameters (obtained from !3C spectra of monosub-
stituted benzenes). With this, however, there often
remains some uncertainty in the assignment when the
estimated (hence observed) chemical shifts are close.
In fact such is the case with C; and C; for 1, and C; and
Cs for 2. Our assignment based on the coupling con-
stants is unequivocal and completely free from such an
ambiguity. We believe that the long-range !*C-'H
coupling constants are very valuable as a means for the

(8) W, Briigel, Z. Elektrochem., 66, 159 (1962).

(9) J. P. Dorie, M. L. Martin, S. Barnier, M. Blain, and S. Odiot,
Org. Magn. Resonance, 3, 661 (1971).

(10) G. J. Karabatsos, J. D. Graham, and F. M. Vane, J. 4Amer.
Chem. Soc., 84, 37 (1962).

(11) R. C. Cookson, T. A. Crabb, J. J. Frankel, and J. Hudec, Tetra-
hedron Suppl., No. 7, 355 (1966).

(12) The Cs,s peak of 2,6-dichloropyridine is a pair of doublets
(37 (C3-Hs) = 8 Hz), and 2J (C3-Ha) is too small to be resolved. This is

an additional evidence for a large 2/ (Cs-Hs). A possible substituent
effect on long-range coupling constants will be described in a full paper.
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structure determination of organic compounds and as
the touchstone of the theory of coupling constants. !
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long-range coupling constants from complete iterative computer analy-
sis, Our values are in good agreement with theirs.
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Stereochemistry of the Solvolysis of Menthyl Tosylate.
An Example of Retained Chair Conformation in the
Transition State!

Sir:

We wish to report that the solvolysis of menthyl
tosylate (1-OTs) in both aqueous ethanol (E) and
aqueous trifluoroethanol (T) gives hydroxylic substitu-
tion products of predominantly retained configuration
(58% in E, 839 in T). This result and the observed
significantly reduced B3,8’-d; isotope effect (ku/kp =
1.30), which contradict the expected behavior of most
cyclohexyl derivatives,>~® suggest a retained chair
conformation in the rate-determining transition state
and the intermediate ion pair(s).

Conformational rigidity has been proposed by Win-
stein and Holness” for transition states in solvolyses of
both cis- and ftrans-4-tert-butylcyclohexyl tosylates.
However, in a recent study, Lambert, et al.,® found
that the product distribution in the solvolysis of the un-
substituted conformationally flexible cyclohexyl tosylate
is essentially identical with that from the supposedly
rigid trans-4-tert-butylcyclohexyl brosylate. Doubts
about the generality of the Winstein and Holness® as-
sumption have been repeatedly expressed in the past,
but satisfactory explanations were not given.»'® Half-
chair transition states in solvolyses of uncomplicated

(1) This work was supported by the Research Council of Croatia
and Grant No. 02-011-1 (PL-480) administrated by the National In-
stitutes of Health.

(2) W. H. Saunders, Jr,, and K. T. Finley, J. Amer. Chem. Soc., 87,
1384 (1965).

(3) V. J. Shiner, Jr,, and J. G. Jewett, J. Amer. Chem. Soc., 87, 1382,
1383 (1965).

(4) N. A. LeBel and R, J. Maxwell, J. 4dmer. Chem. Soc., 91, 2307
(1969).

(5) M. Tarle, Ph.D. Thesis, University of Zagreb, 1972, Solvolyses
of cholestanyl and epicholestanyl brosylate will be discussed in a sepa-
rate paper. See also D. E. Sunko and S. Bor¢ié, “‘Isotope Effects in
Chemical Reactions,” C. J. Collins and N. S. Bowman, Ed., ACS
Monograph 167, Van Nostrand-Reinhold Co., New York, N. Y., 1970.

(6) M. Tichy, J. Hapala, and J. Sicher, Tetrahedron. Lett., 3739
(1969).

(7) S. Winstein and N. J. Holness, J. Amer. Chem. Soc., 77, 5562
(1955).

(8) J. B. Lambert, G. J. Putz, and C. E. Mixan, J. 4mer. Chem. Soc.,
94, 5132 (1972); J. B, Lambert and G. J. Putz, ibid., 95, 6313 (1973).

(9) H, Kwart and T, Takeshita, J. Amer. Chem, Soc., 86, 1161 (1964).

(10) (a) R. Stolow, Tetrahedron Lett., 913 (1969); (b) N. G. Campbell,
D. A. Muir, R, R. Hill, J. H. Parish, R. M. Southam, and M, C. Whit-
ing, J. Chem. Soc. B, 355 (1968); (c) P. L.. Barili, G. Belluci, G. Ingrosso,
F. Marioni, and 1. Morelli, Tetrahedron, 28, 4583 (1972).
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Table I. Reaction Rates and B-Deuterium Isotope Effects in Solvolyses of Some Cyclohexyl Derivatives
Compound Solvent® Temp, °C 105 kg sec™1® kelkp? Ref
D
M 97T 45 5.52(2) 1.27 (1) This
- Ts 70T 45 7.29(3) 1.30 (2 work
1-0Ts
D
MD AcOH 50 23.9 2.34 2
Ts
D
D
D
50E
m 35 3.57 2.425 3
D
D
D
~ OTs AcOH 76 0.14 2.16 4
c
cH, D
D 96 E 60 2.67(3) 1.29(2) 5
OBs

¢ T = 2,2,2-trifluoroethanol-H,O (wt %); E = EtOH-H;0 (vol 7).

0.02. © kn/kpy

cyclohexyl substrates which facilitate nucleophilic
solvent participation have been explicitly proposed by
Nordlander.!* This also seems to be the case in the
solvolysis of trans-4-tert-butylcyclohexyl brosylate as
suggested by Shiner and Jewett?® on the basis of isotope
effect studies. Similar conclusions were also reached
by others.® 10%,12

The strong conformational dependence of hypercon-
jugation!® which can be best demonstrated by 3-second-
ary deuterium isotope effects'¢ and the conformational
rigidity of 1-OH !* makes 1-OTs a good model for stereo-
chemical studies of cyclohexyl solvolysis transition
states. The relevant kinetic data are presented in
Table L.

Only 3-cholestanyl brosylate’ shows a similarly
small isotope effect as 1-OTs. In all other cases known
to us?¢ (only a few examples are given in Table I) 3-
effects have been considerably larger. Analyzing the
B-effects under the assumption that one hydrogen cis
or trans to the leaving group gives rise to an isotope ef-
fect of 1.20-1.27%%5 and since these effects in the
absence of 1,2-hydrogen shifts are cummulative the
B,8'-ds effects in 1-OTs should be 1.73-2.04. By taking
into account a 1,2-hydrogen shift, as in cis-4-tert-butyl-
cyclohexyl brosylate,® the calculated effect should be
(2.2) X (1.07) X (0.96) = 2.25. Since these large ef-
fects are best interpreted in terms of a rate determining

(11) J. E. Nordlander and T.J. McCrary, Jr., J. Amer. Chem. Soc., 94,
5133 (1972).

(12) M. Pankova, J. Sicher, M. Tichy, and M. C. Whiting, J. Chem.
Soc. B, 365 (1968).

(13) R. Hoffmann, L. Radom, J. A, Pople, P. v. R. Schleyer, W. J.
Hehre, and L. Salem, J. Amer. Chem. Soc., 94, 6221 (1972), and refer-
ences therein.

(14) (a) V. 1. Shiner, Jr., B. L. Murr, and G. Heinemann, J. 4mer.
Chem. Soc., 85, 2413 (1963); (b) S. Winstein and J. Takahashi, Tetra-
hedron, 2, 316 (1958).

(15) S. Winstein, B. K, Morse, E. Grunwald, H. Jones, J. Corse, D.
Trifan, and H. Marshall, J. Amer. Chem. Soc., 74, 1127 (1952).

® Uncertainties are given as standard errors; e.g., 5.52(2) = 5.52 &

hydrogen participation'® and/or elimination'’ (in addi-
tion to hyperconjugation?®), the significantly smaller
effect with 1-OTs is indicative of a chair-like conforma-
tion in the transition state. Only in this case are the
two axial deuteriums oriented properly for hyper-
conjugative interaction with the reactive center, but due
to an equatorial leaving group unable to participate in
the rate-determining step. The resulting effect should
be approximately (1.20)2, i.e., 1.44. A reduction of
this value to the observed magnitude of 1.30 is then
probably caused by the inductive effect of the remaining
equatorial deuterium atom.® An O-S fission in the
rate-determining step can be ruled out on the basis of
the observed a-isotope effect (kn/kp = 1.17, 45°, 70 T).

A hydrogen shift cannot be excluded in some of the
later steps, but this process cannot contribute signifi-
cantly in our case as shown by the small amount of the
rearranged alcohol among the products.

Further support for a chair-like conformation for the
transition state and the subsequently formed inter-
mediate ion pair(s) was obtained from the analysis of
the solvolysis products (Table II).'®

The amount of the substitution product with retained
configuration, i.e., menthol, is by far greater than with
most other substituted cyclohexyl derivatives™s!!1*
and even exceeds (in trifiuoroethanol) the stereochemical

(16) V. I. Shiner, Jr., “Isotope Effects in Chemical Reactions,” C.
J. Collins and N. S. Bowman, Ed., ACS Monograph 167, Van Nos-
trand-Reinhold, New York, N. Y., 1970, and references therein.

(17) (a) V. J. Shiner, Jr., W, Dowd, R. D. Fisher, S. R. Hartshorn,
M. A. Kessick, L. Milakofsky, and M. W, Rapp, J. Amer. Chem. Soc.,
91, 4838 (1969); (b) unpublished results from these laboratories; see
also D. E. Sunko, 1. Szele, and M. Tomié, Tetrahedron Lett., 1827
(1972).

(18) This report deals only with the major substitution product.
The complete products analysis will be discussed in the full paper.
Presently we are unable to fractionate the ether fraction, but it can be as-
sumed that their composition will not differ significantly from the
alcohol fraction.

Journal of the American Chemical Society | 96:11 | May 29, 1974



Table II.  Product Composition in Solvolysis of
Menthyl Tosylate (1-OTs)

Products ——Reaction conditionsé——
(mol 7 70 T, 45° 70 E, 70°
M 3 13
OH
M 30 22
OH
OH
PAVA ” i
? 27 37
Q 12 13
4 (4]
Ethers 21 12

¢ Initial concentrations 0.06-0.08 mol/l., buffered with 1 equiv of
2,6-lutidine. ® Rounded off average values of two independent
experiments with five-six glc analyses of each product mixture. All
products were shown to be stable under the reaction conditions.
¢ Stereochemistry at the tertiary carbon atom has not yet been
established.

outcome of 2-adamantyl tosylate solvolysis.!®2 In
analogy to adamantyl tosylate front side displacement
from the solvent separated ion pair seems to be the pre-
ferred substitution path because of the steric hindrance
to solvent approach from the rear.?® This hindrance is
apparently operative for the chair-like conformation of
the intermediate but not for the half-chair transition
state in which nucleophilic solvent participation is
facilitated.!* The necessary condition for the oc-
currence of this chair-like transition state is in our
opinion the presence of substituent(s) in such positions
which greatly hinder the formation of bent chair (C,
symmetry) or half-chair (C, symmetry) transition
states.?* These requirements are best met by two
bulky equatorial substituents in positions 2,5 and 2,4
relative to the reacting center. With such an arrange-
ment at least one substituent has to assume the un-
favorable pseudoequatorial or pseudoaxial orientation
if C, or C; conformations are to be formed. The re-

(19) J. A. Bone and M. C. Whiting, Chem. Commun., 115 (1970).

(20) Hiickel and Sommerz! observed a 100 % retention of configura-
tion in methanolysis of 5-methyl-2-rert-butylcyclohexyl tosylate, They
interpreted this result in terms of an O-S fission of the tosylate. For
Hiickel’s work on menthyl and neomenthyl tosylate solvolyses see ref 22,

(21) W, Hiickel and W. Sommer, Justus Liebigs Ann. Chem., 687, 102
(1968).

(22) W. Hiickel and C. M. Jennewein, Justus Liebigs Ann. Chem., 683,
100 (1965).

(23) J. L. Fry, C. J. Lancelot, L. K. M, Lam, J. M. Harris, R. C.
Bingham, D. J. Raber, R. E, Hall, and P. v. R. Schleyer, J. Amer. Chem.
Soc., 92, 2538 (1970).

(24) A. Komornicky and J. W. Mclver, J. Amer. Chem. Soc., 95, 4512
(1973).
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sulting nonbonded interactions render this geometry
less favorable than a front side displacement on the
unperturbed chair form.?* One substituent cannot
prevent distortions of the chair conformation in the
transition state as demonstrated in the case of 4-ters-
butylcyclohexyl derivatives.?
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the hospitality of the Department of Chemistry, Indiana
University, Bloomington, Ind., in the course of this
work.

(25) This might also explain why 1-OTs is, under identical conditions,
about 50 times less reactive than cyclohexyl tosylate.
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Reaction of Diiron Nonacarbonyl with Stereochemically
Fixed Divinylcyclopropyl Systems in Norcaradienes
Sir:

Recently several examples of the reaction of diiron
nonacarbonyl with various cisoid divinylcyclopropyl
systems have been reported.! The products are either
g-m-allyl complexes or may be considered as resulting
from initial formation of such an intermediate.

One example of the behavior of a transoid divinyl-
cyclopropyl system with Fe,(CO), has been reported;
namely, spiro[2,4]hepta-4,6-diene yields 6-methyl-
fulvene diiron hexacarbonyl and an iron tricarbonyl
complex of the starting diene.?

In order to contrast the behavior of cisoid relative to
transoid divinylcyclopropyl systems, the reaction of
spironorcaradienes with Fey)(CO), is particularly rel-
evant because they possess both systems within the
same molecule.

Accordingly, the reaction of spiro[2,4-cyclopent-
adiene-1,7'-norcara-2',4’-diene] (4)® and spiro[2,4-cy-
clopentadiene-2’,5’-dimethyl-1,7’-norcara-2',4’ - diene]
(5)* with Fey,(CO); under various conditions was
carried out. The products obtained are as shown in
SchemeI.

(1) (@) R. Aumann, Angew, Chem., 83, 175 (1971); Angew. Chem.,
Int, Ed. Engl,, 10, 189 (1971); (b) R. Aumann, 4ngew. Chem., 83, 177
(1971); Angew. Chem., Int. Ed. Engl., 10, 190 (1971); (c) R. Aumann,
Angew. Chem., 83, 176 (1971), Angew. Chem., Int. Ed. Engl., 10, 188
(1971); (d) R. Aumann, Angew. Chem., 84, 583 (1972); Angew. Chem.,
Int. Ed., Engl, 11, 522 (1972); (e) R. M. Moriarty, C. -L. Yeh, and K.
C. Ramey, J. Amer. Chem. Soc., 93, 6709 (1971); (f) A. Eisenstadt,
Tetrahedron Letr,, 2005 (1972); (g) R. Aumann, J. Organometal, Chem.,
47, C29 (1973); (h) R. M. Moriarty, C. -L. Yeh, K. -N. Chen, and R.
Srinivasan, Tetrahedron Lett., 5325(1972); (i) D. Ehnholt, A, Rosan, and
M. Rosenblum, J. Organometal. Chem., 56, 628 (1973).

(2) C. H. DePuy, V. M. Kobal, and D. H, Gibson, J. Organometal,
Chem., 13, 266 (1968).

(3) D. Schénleber, Angew. Chem., 81, 83 (1969); Angew. Chem., Int.
Ed. Engl., 8, 76 (1969),

(4) Compound 5 is a new compound preparation by the irradiation
(medium-pressure 450-W Hanovia mercury lamp) of diazocyclopent-
adiene in p-xylene for 4 hr. It is a low melting yellow crystalline solid
which decomposes upon exposure to air: nmr (CDCls, § ppm) 1.92
(s, 6 H, CHys’s), 3.07 (s, 2 H, cyclopropyl protons), 5.81 (s, cyclohex-
adiene protons), 6,09 (m, 2 H, cyclopentadiene a-protons), 6.39 (m, 2 H,
cyclopentadiene 8-protons). Synthesis of 4 and 5 is extremely danger-

ous. A serious explosion occurred in the distillation at 27° (0.25 mm)
of diazocyclopentadiene.
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