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Fluxional Sigmatropic Rearrangements,
Orbital Symmetry Control in
Triphenyl-7-cyclohepta-1,3,5-trienyltin’
Sir.

The facile migration of allylic silyl or germyl groups
on cyclopentadienes or indenes, it has been proposed,?
as examples of [1,5] sigmatropic shifts, might allow an
adequate test of chemical predictions from orbital sym-
metry considerations.? This proposal is deficient at
least to the extent that the postulated course of reaction
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in these and other systems?®4is identical with a 1,2 shift,
the least-motion path. I now wish to report that in a
new fluxional system, triphenyl-7-cyclohepta-1,3,5-tri-
enyltin (3), migration of the triphenyltin occurs in a
manner inconsistent with least motion behavior, to the
furthest carbon away.

Addition of triphenylstannyllithium (0.4 M in
tetrahydrofuran)® to cycloheptatrienylium fluoroborate
under argon at ambient temperature affords a mixture
of at least five components containing triphenyl-7-
cyclohepta-1,3,5-trienyltin (3) in about 4097 of theory,
along with dicycloheptatrienyl (58 = 197), cyclohep-
tatriene (1.4 == 0.1 %) (both yields by glpc), and hexa-

A Case for

phenylditin. The last products found in the mixture
RLi* + CHBF, — Li*BF, + (CH), +
H:R
1
R+ CHy + )
4 3
1, R=GePh,
2,R=SiPh,
3,R=SnPh,

correspond to self-couplings of triphenyltin and of
cycloheptatrienyl,® which could result from an electron
transfer from the anions’ to the cation. Further dis-
cussion of this and the related syntheses of triphenyl-7-
cyclohepta-1,3,5-trienylsilane (2) and triphenyl-7-cyclo-
hepta-1,3,5-trienylgermane (1) is deferred. Separation
of this mixture by preparative dry column chromatog-
raphy?® gives the tin compound as a yellow solid (mp
123° from hexane),® isolated in 149 yield. All spec-
tral data (mass spectra, ir, uv) are in accord with the
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ORGN 48; R. B. Larrabee and B. F. Dowden, Tetrahedron Lett., 915
(1970); A. J. Ashe, 111, J. Amer. Chem. Soc., 92, 1233 (1970); Tetra-
hedron Lett,, 2105 (1970).

(3) R. Hoffmann and R. B, Woodward, Science, 167, 825 (1970),
and references therein; A, G, Anastassiou, Chem, Commun., 15 (1968).

(4) A. Davison and P. E. Rakita, J. Organometal. Chem., 21, P55
(1970); F. A. Cotton and T. J. Marks, J. Amer. Chem. Soc., 91, 7523
(1969); F. A. Cotton, Accounts Chem. Res., 1, 257 (1968).

(5) C. Tamborski, et al., J. Org, Chem., 27, 619 (1962); H. Gilman,
etal,ibid, 27,4232 (1962),

(6) Cf. M., L. Morrell and G. Vincow, J. Amer. Chem. Soc., 91, 6389
(1969).

(7) R. E. Dessy, W, Kitching, and T. Chivers, ibid., 88, 453 (1966),
and subsequent papers.

(8) B.Loevand M. M. Goodman, Chem. Ind, (London), 2026 (1967).

(9) Satisfactory elemental analyses were obtained for compounds 2
and 3.

proposed structure® and are not remarkable, except for
the proton magnetic resonance (pmr).

Triphenyl-7-cyclohepta-1,3,5-trienyltin  (3) displays
fluxional behavior, as indicated by the temperature de-
pendence between 0° and at least 139°, of the pmr line
shape. Coalescence!! of the nonaromatic resonances of
3(0.12 M in C,Cl, under CF, with hexamethyldisiloxane
as internal lock) to a single line near the number-
weighted shift occurs well below 100° due to exchange
among all of the protons on the seven-membered ring,
The apparent activation energy (E,) for exchange, from
correlation of the full line width at half-height (8») with
temperature (Figure 1), is 10.1 & 0.8 kcal mol=1.12 As
application of this approximation (In é» vs. T-Y) to
earlier bullvalene data!? gives an activation energy in
excellent agreement with that from complete line-shape
analysis, it may be assumed that the systematic error of
the approximation in this rate range is small. The line
shape is insensitive, within experimental error, to an
eightfold dilution, and also, below 40°, to an increase
of solvent polarity (use of CD;CN). From these data
and the fact that H migration is relatively slow (see
below), it is concluded that the triphenyltin group shifts
in a rapid nonionic intramolecular fashion from carbon
to carbon about the seven-membered ring.

That this shift is concerted (the prime consideration
in any designed test of orbital symmetry predictions)
follows from energy considerations. The dissociation
energy (De) of a fluxional bond can be equated with the
activation energy of a postulated two-step or noncon-

D,
CH—R — CHr + R+ — R—CH
I )

Ea

E, = D¢ nonconcerted
E, < D¢ concerted

certed rearrangement. A sigmatropic reaction is con-
certed if its activation energy (E4) or onset energy’* is
significantly less than D.. Obviously this criterion is
free from the drawbacks encountered in comparison of
observed behavior with that merely projected for puta-
tive nonconcerted pathways.

On heating as a melt under vacuum at 160°, 3 slowly
converts to a mixture of at least four products including
dicycloheptatrienyl, hexaphenylditin, and a nonflux-
ional isomer tentatively assigned the structure triphenyl-
3-cyclohepta-1,3,5-trienyltin (4) from its pmr spectrum.

H R
@ — R, + (CH), +

4, R=SnPh,
Most probably two independent parallel reactions
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occur: a proton shift giving the isomer, !5 and thermal
cleavage of a relatively weak tin—carbon bond, followed
by rapid self-dimerization.® The initial rate (<3 9 con-
version) of reaction of triphenyl-7-cyclohepta-1,3,5-
trienyltin to dicycloheptatrienyl as a melt or in tetra-
chloroethylene was determined at several temperatures
and observed, in solvent, to be first order (Table I).

Table I. Rate of Conversion of
Triphenyl-7-cyclohepta-1,3,5-trienyltin to Dicycloheptatrienyl

Temp, °C Initial concn, M X 10% Rate, sec™! X 108
In tetrachloroethylene

122 7.3 6

130 4.2 12
7.7 11

140 3.0 32
4.1 32
7.0 34
7.1 27
Neat

123 0.17

130 1.4

132 0.92

140 53

From the temperature dependence of the rate the acti-
vation energy in solvent is estimated as >25 kcal
mol=%1 As the dissociation energy of the cyclo-
heptatrienyl-tin bond is approximated by the activation
energy for decomposition, and, as this is much greater
than the activation energy for the tin migration, this
fluxional rearrangement is most likely concerted and the
predictions of orbital symmetry, if valid, should be ful-
filled.

The first-order prediction from orbital symmetry
(i.e., on assumption of a suprafacial migration of tri-
phenyltin, of retention of configuration at tin, and of
nonparticipation of d orbitals in the transition state) for
a concerted process is migration from C-7 to C-4, as an
example of a sigmatropic rearrangement of the order

@-0-4-
5 -0

[1,5].2 This is indeed the predominant mode of tri-
phenyltin migration, at least below 30°. At —19°, 3
(0.7 M, in CHCl;-d + TMS as internal lock) has an
allylic proton resonance (=H; t, 7 6.38; Jy 1o¢ =
4 Hz; J; sn = 68 = 2 Hz; 0.9 H) and three partially re-
solved olefinic proton resonances (r 3.5, 15.5 H). Rel-
ative to that observed for 1 and 2 (r 7.80; 8.25) the H;

(15) Cf. H. Kloosterziel and A. P. ter Borg, Recl. Trav. Chim. Pays-
Bas, 84, 245 (1965); R, W. Murray and M. L. Kaplan, J, Amer. Chem.
Soc., 88,3527 (1966).
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difference of the tin-carbon bond energy of 47 kcal mol=t! s and 22
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(a) H. A, Skinner, Advan. Organometal, Chem., 2, 49 (1964); E. A. V.
Ebsworth, *'Organometallic Compounds of the Group IV Elements,”
A. G. MacDiarmid, Ed., Vol. I, Marcel Dekker, New York, N. Y.,
1968, p 1, (b) G. Vincow and H. J. Dauben, Jr., J. Amer. Chem.
Soc., 87,3527 (1965).
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Figure 1. Temperature dependence of pmr line width of coalesced

cycloheptatrienyl resonances of triphenyl-7-cyclohepta-1,3,5-tri-
enyltin at 60 MHz.

resonance is shifted to abnormally low field. The pat-
tern of strong couplings between nonidentical adjacent
7-ring protons, with the exception of the weakly cou-
pled H;_, resonance, as determined by double reso-
nance (at —40°) allowed assignment of 7 4.9, 5.2, and 5.5
resonances mainly to H; 4, Ho_5, and H,_¢, respec-
tively. ¥

Saturation of the H; resonance at —10° causes an in-
tensity decrease of the H;_, resonance. Thus chem-
ical exchange due to triphenyltin migration occurs
faster than proton relaxation?® at this temperature, and
occurs in the direction C; — C; in accord with the simple
symmetry prediction. At higher temperatures both the
H,_ ;and the H,_; resonances suffer an intensity de-
crease in the above Forsen-Hoffmann experiment—a
result of a more rapid sequence of two productive ex-
changes. A further confirmation is the 60-MHz spec-
trum at 30° in which the H,_; resonance is signifi-
cantly less broadened relative to the other 7-ring pro-
tons, a consequence of the fact that these nuclei ex-
change at but one-half the rate of the other protons by
the proposed pathway. Therefore, in this temperature
range at least, a symmetrical w-bonded (heptahapro)
intermediate or transition state 5 is unimportant in this
conversion. The facile migration of tin occurs not in a
least-motion fashion, but in the direction predicted by
symmetry—to the furthest carbon atom away.

It should be noted that evidence presented here for
the direction of the migration pathway provides little
evidence concerning mechanistic details, including the
possible involvement of intermediates such as endo-
triphenyl-7-bicyclo[4.1.0]hepta-2,4-dienyltin (6). The

<:I>--snph3

6

inferences concerning concertedness remain unchanged.
To complete a test of orbital symmetry predictions re-
quires demonstration of the following: the role, if
any, of virtual atomic orbitals on tin and the stereo-
chemistry of the migrating group.
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On the Structures of the Oxo- and Hydroxo-Bridged,
Binuclear Chromium(III}-Ammine Complexes. The
Rhodo and Erythro Series!

Sir;

Since their discovery in 1882 by Jorgensen,? the
rhodo and erythro series of binuclear ammine com-
plexes of chromium(III) have provided many challenges
with regard to the elucidation of their exact constitution,
their unusual acid-base isomerization behavior, their
reaction kinetics,*—® and, more recently, their electronic
structures and magnetic properties. -4 By now it is
well established that these complexes have as a common
structural feature a single oxygen bridge, and undergo
the following chemical transformations.

H
O
OH™
(NH3)5C1’ Cr(NH3)55+ — (NH3)5C1'_O'—CI'(NH3)54+
acid rhodo basic rhodo
l}rzo,—NH3
g H
0.
7N\ H* 7N\
(NH):Cr  Cr(NH(H0P* * (NHp)Cr  Cr(NH,),0Hs+

acid erythro basic erythro

To date, evidence for these structural formulations has
been mainly chemical and spectroscopic.?-1¢ X-Ray
structural information on these complexes would be
useful in confirming their presumed gross molecular
structures (i.e., angular about the bridge oxygen in the
hydroxo-bridged species and linear in the oxo-bridged
species), and in providing detailed bond distance
information. The latter should aid in the interpre-
tation of certain features of the magnetic and spectral
properties of the complexes which are attributed to

(1) The terminology rhodo and erythro is taken here to refer to the
classification of the binuclear chromium(Ill)-ammine complexes on
the basis of the NH; ligand-to-Cr atom ratio. For the rhodo series
this is 10:2, and for the erythro series 9:2.
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the exchange interaction between the two, spin 3/,
Cr(III) ions in the dimeric unit.**='¢ An X-ray study
could also settle the geometric configuration of the
tetraammine unit in the erythro series, which is still in
doubt, since both cis and trans isomers are claimed to
exist.?

The salts of these binuclear complexes have proven
difficult to work with crystallographically because of
their light and X-ray sensitivity, their unusual hy-
dration problems, and their tendency to form twinned
and disordered crystals. Recently, however, we have
obtained fairly stable, single crystals of the basic
rhodo chloride salt u-oxo-bis[pentaamminechromium-
(II)] chloride monohydrate and of the acid erythro
chloride salt pentaamminechromium(III)-u-hydroxo-
aquotetraamminechromium(III) chloride monohydrate,
and wish to report our structural findings.

In the conversion of the acid rhodo chromium
chloride salt [(NH;);Cr(OH)Cr(NH;);]Cl; to the corre-
sponding erythro series by the addition of base (see
above diagram), the solution always goes through a
deep blue intermediate color. This intermediate color
is presumed to be due to the presence of the oxy-
bridged species, [(NH3);Cr(O)Cr(NH;);]*+, which has
been most frequently isolated as an unstable perchlo-
rate salt.5 We have found that if this transformation is
effected by dissolving the acid rhodo chloride in cold
(5°) 2 N NH,OH, shortly after dissolution there is a
deposition of a quantity of the blue intermediate as a
chloride salt. This precipitate can be filtered, washed
with alcohol and ether, and air-dried. Examination
under a polarizing microscope showed the residue to
be composed of well-formed (if small) crystal plates
which extinguish along face diagonals and exhibit
some dichroism. The crystals were allowed to remain
in air for several days and appeared to be quite stable
in low humidity. Analytical data and the infrared
spectrum® for the compound confirmed its formulation
as the oxo-bridged salt, [Cr,O(NH3);,]Cl;- H,O.

A crystal of dimensions 0.08 X 0.10 X 0.14 mm was
mounted on a quartz fiber and precession photographs
showed the compound to crystallize in the ortho-
rhombic system. The absences A0/ for / odd, 0k/ for
k odd, and hkO for 4 odd uniquely identified the space
group as Dy, '5-Pbea (no. 61).  Unit cell dimensions
from a least-squares refinement of 26 angles of eight
reflections are a = 11.65 (1), b = 13.67 (1), and ¢ =
12.08 (2) A. An experimental density of 1.553 g
cm™? (by floatation in a CCl,—n-hexane mixture) agrees
with a calculated value of 1.554 g cm~? based upon four
formula units per cell. Since the general positions of
this space group are eightfold, the dimeric cation is
required to possess a center of symmetry in the crystal.

A total of 1085 independent reflections up to 26 =
106° were collected by the 6-28 scan technique on a
Syntex computer-controlled diffractometer, using Ni-
filtered Cu Ka radiation (A 1.5418 A). Of these, 547
having I > 30(I) were corrected for Lorentz and
polarization effects and for a slight falloff in intensity
during data collection, and were used in the structure
solution. The chromium atoms were readily located
from a Patterson map and the remaining atoms by
successive difference Fourier maps. The structure has
been refined by the least-squares method employing
anisotropic thermal parameters for all atoms and in-
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