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Figure 1. Thermal conversion of 1 to 2 as followed by UV spectroscopy
(methylcyclohexane, spectra taken every 5 s) at 90 °C. Curve a repre-
sents mixture of 1 and 2 after near thermal equilibration of UV cell;
curve b represents equilibrium mixture of 1 and 2 at 90 °C.

mass spectral data alone, even with the FD technique, are not
adequate for the molecular weight assignments of compounds of
this type.

Photochemical Conversion of 1 into 2. Quantitative conversion
to 2 can be achieved through photolysis of solutions of 1 (me-
thylcyclohexane) at =78 °C using a Hanovia high-pressure lamp
(pyrex filter). A 'H NMR spectrum (250 MHz, methylcyclo-
hexane-d| 4, —68 °C) taken immediately after photolysis shows new
signals at  0.93 (d, relative intensity 6), 1.16 (d, 12), 2.74 (sept,
1) 3.22 (m, 2), and 6.91 (s, 2) and are assigned to 2 as the sole
product with no trace of 1.2 Prolonged photolysis of 2 at -78
°C leads to no photodecomposition; however, upon warming to
0 °C 2 is converted back cleanly to 1. Unambiguous proof that
2 in solution exists solely as a dimeric! form is demonstratd by
the ''°Sn NMR [100.74 MHz, —68 °C, 'H decoupled, methyl-
cyclohexane-d\4), 6 (ppm from Me,Sn)]. A single resonance at
+427.3 is accompanied by two tin-tin coupling satellites ['J-
(*°Sn-'17Sn) = 2930 Hz] of relative peak intensities, 3.8% of
parent peak, which are expected only for a structure possessing
two directly bonded tin atoms.'> Solutions of 2 around =70 °C
are intensely red, showing an absorption maximum A, 494 nm
(log € 4.59),° and are extremely air- and moisture-sensitive.

Thermal Equilibrium between 1 and 2. At 0 °C or lower tem-
peratures to =78 °C, cyclotristannane 1 is thermodynamically
stable in an inert solvent and 2 is converted to 1 only slowly, thus
permitting one to record the spectra of 2 (see above). However,
at room temperature or above, rapid equilibration between 1 and
2, with 2 being favored at higher temperatures, occurs. This
process can be followed by 'H NMR and/or UV spectroscopy.
For instance, Figure 1 shows the rate of formation of 2 (after
thermal equilibration of the UV cell) at 90 °C as followed by UV
spectroscopy: approximate equilibrium ratio of [2]/[1] = 2.09
at 90 °C and approximate time required for 95% completion of
the equilibration, 7+ = 165 s, starting with an initial concentration
of 1 (solution prepared at 0 °C) = 2.18 X 107 M (at 50 °C
equilibrium ratio 1.30, 7 300 s at 70 °C; 0.49, 1300 s). This
equilibration phenomenon was totally unexpected and is perhaps
unprecedented. Its simplest explanation may be offered by in-
voking the intermediacy of the corresponding stannylene 2a (R
= 2,4,6-triisopropylphenyl in 3a) which is generated relatively
slowly from either 1 or 2 but rapidly adds to 2 or dimerized, as
formulated by 2(1) = [2(2) + 2(2a)] = 3(2)."* This sequence

(12) Using an internal standard, this photoconversion is shown to produce
3 mol of 2 from 2 mol of 1.

(13) LJ(11%Sn~!17Sn) for Me;Sn—-SnMe; is 4211 Hz with similar satellite
intensities observed for 2: Mitchell, T. N. J. Organomet. Chem. 1974, 70,
Cl. (Also: Sita, L. R., unpublished results.)

(14) Although not spectroscopically detected, 2a can indeed be trapped
from solution mixtures of 1 and 2 with reagents such as 2,3-dimethyl-1,3-
butadiene and tri-n-butyltin hydride at room temperature.

of reactions constitutes one possible route through which 1 is
formed from 6 in this particular instance.#

A few comments on the spectral properties of 1 and 2 are in
order. The remarkable low-field !'°Sn NMR chemical shift re-
sulting from strongly deshielded tin atoms in 2 can be compared
to the low-field 2°Si NMR chemical shifts observed for Si=C"*
and Si==Si!® double bonds. The electronic spectrum of 2 is also
characterized by the intense absorption in the visible region in
a similar manner to those of tetrakis(2,6-diethylphenyl)disilene
(7) [Amax 272 nm (log ¢ 3.84), 340 (3.44), 422 (3.80)]* and
tetrakis(2,6-diethylphenyl)digermene (8) [A,.. 263 nm (log e 4.11),
412 (3.92)].%5 All of these dimetallenes, 2, 7, and 8, retain
structural integrity in solution, and these facts suggest the pos-
sibility that they might all have similar structural features. Since
7 and 8% have twist-double-bond structures with no or little (xg.
= 15°) pyramidalization, respectively,!” the crystallographic
analysis of 2 (which we intend to pursue) may not reveal as
pronounced a trans-bent structure!® as that of 3 (xg, = 41°).?
Even for this reason alone, the crystal structure of 2 attracts great
interest.
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Observation of scalar spin—spin coupling between 7Li and *C
in the nuclear magnetic resonance spectra of these nuclei has been
critical in determining degrees of oligomerization for organolithium
species in solution.! Recently, coupling between ’Li and *'P nuclei
was reported for a series of phosphidolithium dimers [LiPR;],,

(1) (a) Lindman, B.; Forsen, S. In “NMR and the Periodic Table”; Harris,
R. K., Mann, B. E.,, Eds.; Academic Press: London, 1978; p 166. (b) Wardell,
J. L. In “Comprehensive Organometallic Chemistry”; Wilkinson, G., Stone,
F.G. A, Abel, E. W, Eds.; Pergamon Press: Oxford, 1982; Section 2.4.2.3
and references therein. (¢) McKeever, L. D.; Waake, R.; Doran, M. A;
Baker, E. B. J. Am. Chem. Soc. 1968, 90, 3244; (d) Ibid. 1969, 91, 1057. (e)
McKeever, L. D.; Waake, R. J. Chem. Soc., Chem. Commun. 1969, 750. (f)
Fraenkel, G.; Fraenkel, A. M.; Geckle, M. J.; Schloss, F. J. Am. Chem. Soc.
1979, 101, 4745. (g) Fraenkel, G.; Henrichs, M.; Hewitt, J. M.; Su, B. M;
Geckle, M. J. Ibid. 1980, 102, 3345. (h) Seebach, D.; Hassig, R.; Gabriel.
J. Help. Chim. Acta 1983, 66, 308.
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Figure 1. Experimental *H NMR spectra (300 MHz) of the hydride
resonance (6 -20.15) for complex 1 at various temperatures.

R = Ph2 CH(SiMe;),.> Surprisingly, however, coupling between
’Li and 'H nuclei has not been resolved in simple alkyl- and
aryllithium complexes, although labeling and decoupling exper-
iments strongly suggest such couplings exist.**

We report the observation of significant ’Li-'H spin—spin
coupling between the hydrogen and lithium ligands in the com-
plexes (Cs(CH;)s)IrH,SiMe;Li(pmdeta) (1) (pmdeta = penta-
methyldiethylenetriamine) and (Cs(CHj)s)IrH;Li(pmdeta) (2),
as well as temperature-dependence studies which bear upon the
novelty of these results.

As a test of the generality of the deprotonation of (penta-
methylcyclopentadienyl)iridium polyhydride compounds by ¢-
BuLi/pmdeta,® we treated a mixture of (Cs(CH,)s)IrH,SiMe;
and pmdeta with ¢-BuLi in a minimum amount of n-hexane at
-40 °C. The pale yellow solution deposited white microcrystals
over 24 h, yielding ca. 30% of the desired salt 1. Removal of
solvent from the mother liquor and recrystallization of the residue
from hexane gave an additional 30% of analytically pure 1. Data
for 1. 'H NMR (C¢Dq, 20 °C, 300 MHz) 5 2.34 (s, 15 H,
CsMe;), 2.04 (s, 3 H, internal amine methyl), 1.98 (s, 12 H,
terminal amine methyl), 1.7 (br, 8 H, amine methylenes), 0.81
(s, 9 H, SiMe;), -20.15 (1:1:1:1 quartet, Ji;y = 8.4 Hz, 2 H,
Ir-H); 'H{'Li} NMR (C¢Djy, 20 °C, 300 MHz, hydride resonance
only) 6 -20.15 (s, 2 H, Ir-H); 'Li NMR (C¢Ds, 20 °C, 116 MHz)
8 3.2 (t, Juy = 8.4 Hz); 'Lif'H} NMR (C¢D, 20 °C, 116 MHz)
53,2 (s); BC{'"H} NMR (C¢Dy, 20 °C, 75 MHz) 6 88.6 (s, CsMes),
58.3, 57.0, 46.0, 43.2 (all br s, pmdeta), 12.5 (s, CsMes), 11.7
(s, SiMe;); IR (C¢Dg) v,y 2069 cm™! (very br). Anal. Calcd
for C,0HsoN;LiSiIr: C, 45.26; H, 8.63; N, 7.20. Found: C, 44.88;
H, 8.37; N, 7.20.

(2) Colquhoun, I. J.; McFarlane, H. C. E.; McFarlane, W. J. Chem. Soc.,
Chem. Commun. 1982, 220.

(3) Hitchcock, P. B.; Lappert, M. F.; Power, P. P.; Smith, S. J. J. Chem.
Soc., Chem. Commun. 1984, 1669.

(4) Brown, T. L; Ladd, J. A. J. Organomet. Chem. 1964, 2, 373.
McGarrity, J. F.; Ogle, C. A. J. Am. Chem. Soc. 1985, 107, 1805.

(5) Oliver and co-workers suggest J('Li~'H) < | Hz for (ethyl-, (propyl-,
and (trimethylsilyl)lithium on the basis of decoupling experiments. Oliver,
J. P., personal communication.

(6) Gilbert, T. M.; Bergman, R. G. J. Am. Chem. Soc. 1985, 107, 3502.

Communications to the Editor

As noted above, the "H NMR spectrum of a sufficiently dilute
(ca. 0.01 M) solution of pure 1 shows an upfield resonance (8
=20.15) due to the iridium-bound hydrides, which appears as a
1:1:1:1 quartet (J = 8.4 Hz), with the outermost peaks slightly
reduced in intensity due to the significant linewidth (fwhh ~6-7
Hz) (Figure 1, 20 °C spectrum). The structure of the resonance
proved to be independent of magnetic field strength over the range
200-500 MHz. Guessing that this feature was due to 'Li-'H
spin—spin coupling ("Li has s = 3/,, 92.6% abundance), we per-
formed a 'H{'Li} NMR experiment. Upon broad-band decoupling
of the "Li frequency, the quartet collapsed to a singlet, indicating
loss of "Li-'H coupling. No apparent differences between the
downfield alkyl regions of the two spectra were noted.

Further confirmation of this coupling resolution resulted from
the "Li NMR spectrum. This showed a broad triplet resonance
(6 3.2, J = 8.4 Hz), which collapsed to a broad singlet (fwhh ~
8—9 Hz) upon broadband irradiation of the proton frequency.

During these experiments we noted that the ability to resolve
the "Li-'H coupling varied with temperature. In fact, resolution
of the coupling for 1 is restricted to the temperature range —40
to +40 °C; outside this window the lines are broadened to the
point where the quartet structure is lost (Figure 1).

Given this interesting result, we carefully reinvestigated the 'H
NMR spectrum of (Cs(CH,)s)IrH,Li(pmdeta) (2)¢ and found
a similar window. Splitting of the hydride resonance could only
be observed between —10 and —40 °C. The most well-resolved
spectrum occurred at =20 °C and showed essentially the same
features as those for complex 1: 'H NMR (toluene-ds, -20 °C,
300 MHz, hydride resonance only) § —19.27 (1:1:1:1 quartet, Ju
= 6.4 Hz, 3 H, Ir-H); 'H{’Li} NMR (toluene-ds, —20 °C, 300
MHz, hydride resonance only) 6 -19.27 (s, 3 H, Ir-H); 'Li NMR
(toluene-dg, —20 °C, 116 MHz) § 5.0 (q, Jy;q = 6.4 Hz); "Li{'H}
NMR (toluene-dg, =20 °C, 116 MHz) 6 5.0 (s).

These results conclusively demonstrate the resolution of scalar
spin-spin "Li-'H coupling, with a coupling constant quite large
compared to those observed in organic systems.

Although we do not know how many careful searches have been
made for "Li-'H coupling in other systems, complexes 1 and 2
appear at present to be unique. We suggest the following reasons
for this situation:

(1) We believe that both complexes are monomeric in solution.
Because the proton resonance appears as a quartet, and not some
more complex pattern, the hydride ligands must “see” only one
lithium atom on the NMR time scale. Also, a Signer molecular
weight determination on (Cs(CH,)s)IrH,Li(pmdeta) indicated
it to be monomeric in benzene solution.® We presume this is due
to the known ability of pmdeta to occupy three of four lithium
coordination sites.’

(2) The ability to resolve the coupling seems quite sensitive to
the concentration of 1. As noted, the results described apply to
0.01 M solutions. While we have not explored this phenomenon
in detail, at concentrations approaching 0.02 M, the hydride
resonances broaden to doubletlike patterns with “fattening” of the
peaks at the wings, and at concentrations >0.05 M, the peaks
appear as broad singlets.

(3) The couplings are large enough that the inherent linewidth
plus the quadrupolar broadening due to °Li and "Li cannot obscure
the fine structure. Even though the 'Li NMR resonances, for
example, are 6-9 Hz wide at half-height, the total wing separations
of 16 Hz for 1 and 18 Hz for 2 are easily large enough to overcome
the broadening and show the appropriate multiplet pattern.

(4) The ability to resolve the coupling is clearly temperature-
dependent. We cannot at this point determine the cause or causes
of the temperature windows observed.® However, we believe that

(7) Lappert, M. F.; Engelhardt, L. M_; Raston, C. L.; White, A. H. J.
Chem. Soc., Chem. Commun. 1982, 1323,

(8) We are in agreement with referees’ suggestions that the broadening at
low temperatures is most likely due to faster 'Li quadrupole relaxation and
that at high temperatures to fast intermolecular exchange processes. Possible
additional influences on the line broadening include viscosity effects and
changes in molecular correlation time (cf.: Suzuki, M.; Kubo, R. Mol. Phys.
1963-1964, 7 (3), 201).
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the paucity of variable-temperature studies on organolithium
complexes may be partly responsible for the novelty of our results.

In conclusion, we have observed the first examples of lithium-
proton spin-spin coupling in two transition-metal lithium com-
plexes. Attempts to understand the results on structural and
chemical bases are continuing,
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Despite being separated by a saturated carbon, two geminal
substituents can interact strongly. This phenomenon has become
known as the anomeric effect;’ the extensive literature has been
well reviewed.*® Both energetic and structural consequences are
often dramatically large. As early as 1937, Brockway noticed
the progressive decrease in the C—F bond lengths along the series
of fluorinated methanes, CH,F > CH,F, > CHF, > CF,.¢
Lemieux, in particular, attributed the preference of heteroatom
substituents for axial rather than equatorial conformations in
saturated heterocyclic ring systems (e.g., pyranose forms of sugars)
to the stereoelectronic consequences of such interactions.® Al-
though quantitative experimental data is sparse, Benson has re-
corded several dramatic instances Where two first-row heteroatoms
attached to the same carbon produce large stabilizations.” For
example, even though the optimum conformations are not pres-
ent,*3? 1,3-dioxane is 7.0 keal/mol more stable than the 1,4-isomer.

o o
[ ] — j -7.0 kcal/mol expt.
o o

(1) University of Erlangen-Niirnberg.

(2) University of Hyderabad.

(3) See: Lemieux, R. U.; Koto, S. Tetrahedron 1974, 30, 1933-1944 and
references quoted therein.

(4) Szarek, W. A.; Horton, D. ACS Symp. Ser. 1979, No. 87. Wolfe, S.;
Whangbo, M.-H.; Mitchel, D. J. Carbohydr. Res. 1979, 69, 1. Kirby, A. G.
“The Anomeric Effect and Related Stereoelectronic Effects of Oxygen”,
Springer Verlag: Berlin, 1983. Deslongchamps, P. “Stereoelectronic Effects
in Organic Chemistry”; Pergamon: Oxford, 1983. This book is an excellent
source of phenomenological experimental data but largely ignores the com-
plementary theoretical literature. )

(5) Schleyer, P. v. R.; Kos, A. J. Tetrahedron 1983, 39, 1141-1150 and
references cited.

(6) Brockway, L. O. J. Phys. Chem. 1937, 41, 185, 747.

(7) Benson, S. W. Angew. Chem., Int. Ed. Engl. 1978, 17, 812-819. Also
see: Rogers, A. S.; Chao, J.; Wilholt, R. L.; Zwolinski, B. J. J. Phys. Chem.
Ref. Data 1974, 3, 117-140.

(8) See, e.g.: Jeffrey, G. A,; Pople, J. A.; Binkely, J. S.; Vishveshwara,
S. J. Am. Chem. Soc. 1978, 100, 373-379 and earlier papers cited. Frank,
R. W. Tetrahedron 1983, 39, 3251-3252.

(9) Radom, L.; Hehre, W. J.; Pople, J. A. J. Am. Chem. Soc. 1972, 94,
2371-2381. Dill, J. D.; Schleyer, P. v. R.; Pople, J. A. Ibid. 1976, 98, 1663.
Also see ref 4 and literature cited. Hehre, W. J.; Radom, L,; Schleyer, P. v.
}llé;sgople, J. A. “Ab Initio Molecular Orbital Theory”; Wiley: New York,

These structural and energetic manifestations of the anomeric
effect involving first-row substiuents have been studied system-
atically theoretically,%>3° and the origin of the effect (“negative
hyperconjugation”)® is well established. An electronegative atom
or group, X in XCH,Y, lowers the energy of the orbital designated
m* CH,X, because of its symmetry. w-Donation by lone pair
electrons on Y into this orbital provides substantial stabilization.
This also produces the bond length changes and conformational
preferences observed experimentally*®!? and calculationally.»58°

In view of the importance of the anomeric effect and the ex-
tensive studies involving first-row groups, the relative lack of
information concerning the involvement of second-row substituents
is surprising. Conformational effects, e.g., gauche and axial
preferences of chlorine,*!° are among the positive evidence for
the operation of such effects. In contrast, the experimental energy
data on CH,Cl," indicate the lack of any appreciable energetic
effect (contrast eq 1 and 2).

CH,F, + CH, — 2 CH,F; 12 % 4.1 keal/mol (exptl)’ (1)
CH.Cl, + CH, — 2 CH;Cl; 1.5 £ 1.4 kcal/mol (exptl)” (2)

As a consequence of the paucity of information, we have
calculated the structures and energies of all possible first- and
second-row disubstituted methanes, XCH,Y (X, Y = F, OH,
NH., Cl, SH, and PH,). This extends similar earlier studies which
were devoted to the interactions of first-row substituents.®® All
principal conformations of the XCH,Y molecules were examined.
The 3-21G(*)//3-21G(*) methyl stabilization energies (e.g., 3)

H H
H‘,/ H H‘,,‘
H H H H
1,X=NP 2X=NP
H H
H«‘ Hm‘

3.%=0,5 4,%X=0,S

presented in Table I refer to the lowest energy geometry of each
species, but a more extensive set of data is given in the supple-
mentary material.

XCH,Y + CH, — CH,X + CH,Y (3)

For uniformity, all of the data are calculated at the 3-21G-
(*)//3-21G(*) level.!! This represents a split-valence basis set
for the first-row atoms and hydrogen but a d-orbital augmented
basis for all second-row atoms. Even for normal-valent second-row
molecules, d-functions generally give better geometries and relative
energies.!' In many of the more critical instances (see Table I},
the results were checked against experiment or the results of higher
level calculations. Errors probably do not exceed 4 kcal/mol and
in most instances are expected to be considerably less. The errors
in the available experimental data are equally large.

In contrast to the very large methyl stabilization energies in
XCH,Y systems involving any combination of the first-row groups,
F, OH, and NH, (Table I, top left),’ corresponding interactions
are negligible when X and Y both involve second-row groups, Cl,

(10) Anet, F. A. L,; Yavari, L. J. Am. Chem. Soc. 1977, 99, 6752-6753
and references cited.

(11) Pietro, W. J.; Francl, M. M.; Hehre, W. J.; DeFrees, D. J.; Pople, J.
A.; Binkley, J. S. J. Am. Chem. Soc. 1982, 104, 5039-5048. The GAUSSIANS2
program system (and earlier versions) was employed: Binkley, J. S.; Frisch,
M.; Raghavachari, K.; DeFrees, D.; Schlegel, H. B.; Whiteside, R.; Fluder,
E.; Seeger, R.; Pople, J. A. GAUSS1aANg2, Release A, Carnegie-Mellon Univ-
ersity. Adapted for the Erlangen CDC-computer by Dr. A. Sawaryn.
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