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B 

The variable temperature carbon-13 NMR spectra of cyclohexyltrimethyl- 
starmane and cyclohexyltrimethylplumbane have been recorded, and at - 69”C, 
the chair-chair conformational interconversion is “frozen”. A values (A = 
-AG” = RT ln K) for the (CH3)3Sn (1.06 + 0.14) and (CH3)3Pb (0.67 + 0.06) 
groups are derived. 

me factors determining the “effective steric sizes” of metal containing 
groups are poorly understood [1,2], yet this understanding is crucial for 
detailed discussions of reactivity as well Z+ spectroscopic and structural proper- 
ties. A useful measure of steric interactions is the A value [ 3,4] (A = - A Go = RT ln K j 
where AG” is the difference in free-energy content (kcal/mol) between the ax@rZ-&d 
equatorial cyclohexane derivatives, and for the magnesium [5] and mercury [ 1,2] 
compounds, A values have been determined. Although compounds of the 
type RM(CH3)3 (R = organic group; M = Si, Ge, Sn, Pb) have been widely 
studied in a variety of connections, no direct assessment of the A values of 
the M(CH3)3 moieties have been reported**. In this Communication we wish 
to report direct observation of the axial conformers of the title compounds 
by 13C NMR spectroscopy, and A values of the (CH&Sn and (CHs)sPb groups. 

*Author to whom correspondence should he addressed. 
**The <CH&Si group has been suggested to he similar to a t-butyl group [Se]_ An estimate of the 

%teric bulk” of (CH,),Sn. baaed on rates of epoxidation and hydroboration of certain sun-7- 
‘subs&ted nozbomenes, has been made and the “stezic hindrance” sequence t_Bu > CHJ > 
Br > (CN,),Sn > Cl > Ii was observed [6bl. 
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The 67.8 ME& proton-noise-decoupled 23C NMlX spectrum of cyClohex& 
trimethyWannane f7,8j * at.35”C (CD&& solvent) exhibits signals at.& 11.66 
(CHJ), 25.78 (C(1));31.8 (C&6)), 28.83 (C(3,5)) and 27.16. ppm (C(4)), 
together with sategite patterns due to r27*11pSn-13C coupling [8,9] (TabIe.1). 
Assigntients were made by considerations of signal intensiti& multiplicitiek 
in off-resonance decoupled spectra, chemical shifts and r*7~11gSn-*3C couplings. 
As the temperature is lowered** , the C(1), C(3,5) and CH, signals bjroaden 
(- 30°C). At -SO”C, the C(4) signal atso exhibits broadening, but the C(2,6) 
signal remains sharp. At -69*c (67.8 MHz)*“* (Fig. I), two signals are 
resolved in the region to high field of TMS, at - 9.18 and - 11.92 ppm, with 
the latter signal far more intense. Both signals0 are attended by 117,119Sn sat& 
Iii=, identi@ing them as (CW&Sn resonances. &new signal appears at 25.89 
ppm also. These spectral changes are reversible with temperature, and are 

2s!es- TMS i+2 

Fig. L Proton decoupled (270 MHz) carbcm-13 (67.8 MHi; NMR snectnua of cy&ohexyltrimethy~- 
stannane (ea. 20% by volume in CD&l,) 82 -70%. The signals associated witi the axial and equototial 
conformers are indicated and Iided in TahIe I An exnsnded and amplified trace of the K!H&Sa region 
de&y shows the 11”119Sn satellites about the axial SnlCH,), resonance, 

*Satisfactory ‘HNMR spectrurawa~ obtained. Sample 20% bu vohxme. Chemical shifts tiative to 
internal TMS_ 

**On the Vaxian XL-100 at Purdue Univexsity. 
***On tie 67.8 MHz Bruker NMR Spectrometer at National NMR Center. Canberra, Australia 

Similar obsenrations were made at -61% @liei] on fhe Vaxian XL100 and --&C on the (22.62 
MHz) Bnxker HX-90 of the University of Adelaide. We i&as& Mr Evan Williams for obtaining &is 
latter set of spectra. 

§The satellites axe obvious about the major (CH,),Sn resonance tn Fig 1. and clear& ab& the 
minor (CFf,),$ s&sl in an expanded and amplified spectrum. <44OO scans). These results &a 
duplicated on the Bxuker XX-90 of the Uni+zsiti of Adelaide. (See Table f). : 

. . ‘_ . .-: 

. . : ; ._.. :._ : _ 
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Consistent with the “freezing” of chechair conformatidnal interconversion*. 
The si&ld at - 9.18** and 25.89 ppm*** are assigned to (CH3)3Sn and C(3,5) 
in the axia2 conformer, with the signal ‘at - 11.92 ppm represent+g the equato- 
rial Sn(CH&. As anticipated, uicinal 117~“gSn-‘3C co_upIing (i.eL$o C(3,5)) in 
the “frozen” equatorial conformer is larger (65.0 Hz) than oicinal.Z?pling in 
the “averaged” 35°C spectrum (Jav = 57.7 Hz). The dihedral angle i6) i&he 
forker case is 180” [9], whereas it must be smaller in the latter circumstanc;? 
(8,, < 180°) when the axial population is significant. Careful measurements 

Fig 2. Proton decoupled (270 MHz) carbon-13 (67.8 MHz) NMR spectrum of cyclohexyltrimethyb 
phambane (Ca 20% by volume in CD&l,) at -70%. The signals assoicated with the arM and equatorial 
conformers are indicated and listed in Table 1. The resonance marked with asterisk are due to ca 10% 
of bicyclohexyl. The C(3.5) and C(4) resonances of this contaminant are coincident with C(4) of the 
lead cbmpound. 

*In principle. duplication of ail sign.& should occur, but significant chemical shift differences 
between conformers are rewired for detection. It would be anticipated that <CH,),Sn. C(l) and 
C(3.5) would show the largest differences. Lack of duplication of the C(4) signals, is not 
surprising. considering the relative remoteness from the substituent. C(1) in the axiaZ conformer 
was not identified but in aIZ likeihood is hidden beneath one of the intense signals of the 
eqrutoriof conformer at lower 5eld_ 

**III the onlp other analogous situation known to us involving steric compression of (CH,),Sn, i.e. 
in exe- and endo-2-norbomyltrimetbylstanna CS], the (CH,),Sn resonance in the endo isomer 
is 0.6 ppm to !ower field thanthat in exe. Stereochemical.& more &id cwlohexvl systems are 
biingexamined, and data obtained for 4alkylcyclohexyltrimethyL+annanes (cis and trans) fully 
support the above assignments [lo]. 

***-y-effects of <CH,),Sn are negative in situation of cpm~ressiod hteaction, e.g. C(6) in endo-2- 
norbomyl~tiethylstanmm e exhibits a y-effect of -0.4 ppm. but positive otherwise. e.g. C(6) in 
exe-2-norbomylisomer exhiiifa a -y-effect of +3.3 ppm [S]. These r-effects will be discussed 
more fully elsewhere. The intensity of the 25.89 ppm signal and ita chemical shift are consistent 
with C(3.5) in the aria2 conformer. 
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of the areas of the Cl& signals show ‘7.0 f 2% of axial conformer present at 
- 69”C, providing -an A value of I.96 + 0.14. 

In the case of cyclohexyltrimethylphunbane*, the 35°C spectrum (67.8 
MHz, Cl&C& solvent)?* is easily assigned as follows: (CH&Pb (- 4.83 ppm, 
J(207Pb-13C) 142.8 Hz), C(1) (36.75; J 413.8 Hz); C(2,6). (33.64; J21.36 
Hz), C(3,5) (29.29; J 97.0 Hz) and C(4) (26.98 ppm). Rich detail appears in 
the low temperature.(- 69°C) spectrum where duplication of resonances (other 
than for C(4) for the axial and equatorial conformers appears (Fig. 2). The 
full listing is located in Table 1, and 20’Pb-13C coupling [ 121 (207Pb is 21.11% 
naturally abundant; I = lk?) is clearly visible. At - 69”C, 16 +- 2% of axial 
conformer is present***, providing an A value of 0.67 + 0.06 for the (CH&Pb 
group. Vicinal “‘PbJ3C coupling appears to be dihedral angle dependent also 
[12], as the value in the “frozen” equatorial conformer (f3 180°, J 121.8 92) is 
significantly larger than the “averaged” situation at 35°C (J,,ic 97.7 Hz). Taking 
6 (C) of cyclohexane as 27.00 ppm, a, 0 and r-effects of axial and equatorial 
Pb(CY,), groups are (+11.7, +5.19 and - 1.12) and (+8.04, +6.7 and +3-O ppm) 
respectively. For equator&z2 Sn(C&I,),, comparable values are -2.95, +3.87 
and +1.98 ppm, while the r-effect of axial Sn(CH3)3 is -1.11 ppm. 

As judged by these A values, the steric requirements of Sn(CH3)3 and 
Pb(CH3)3 are certainly smaller than those of t-butyl (estimated 1131 > 4.5) and 
methyl (1.5 - 1.9) [14], despite the larger atomic radii of tin (1.405) and lead 
(1.750) compared with carbon (O-772), and larger group geometric sizes [15]. 
Eowever, size is not always a reliable criterion in this regard [l] , and variation 
in the bond lengths [15] (C-C, 1.534; C-Sn, 2.18; C-Pb, 2.20 A) with relief 
of energy-raising interactions may be more important [ 11. Polarisability effects 
[l] , and the relatively polar nature of the carbon-metal bonds which could 
conceivably engage in favorable 1,3 diaxial interactions deserve attention also. 
Reliable estimates of the A values of (CH3)3Ge and (CH3)3Si have not yet 
been obtained, but there is no doubt that the values are larger than 1.0 g [IS]. 

Extensive studies by 13C NMR of a range of metal-containing groups X in _ 
cycle-&HI 1X and related compounds are being conducted, and we hope that 
they will define more adequately the factors regulating these conformational 
preferences. 
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*Ram “cyclohexylmaznesiumum bromide” in ether. and (CH,),PbCl in THF. Distilled es a colo&zs 
liquid b-p_ 4446% (2 mm HEI with an appropriate ‘H NMR speetmm. Xt was contaminated with 
ce. 10% of bicyclohexyl (as judged from the % spectrum) confinned by the identity of its ‘% 
chemical shifts with those of the authentic compound. Founti C, 36.14: H. 6.67%. This cone- 
spends to 92.75% of cycIohexyItzimethylpIumbane, admixed with 7.25% of bfcyclohexyl. Some 
decomposition during distillation e~parently occus [113. 

**Sample 20% by volume. Chemical shifts relative to internal TMS, 
***several me 

a 
asures of relative iotansities are available, e_g (CH&+. C(1) resonances. and with 

more difficulty Cc3.5) and C(2.6). The comparGons assume that reluation limes for similes 
carbons in the two conformers are essentially identical. Since concordant conclusions from all 
estimak were obtained. we believe the error limits cited axe realistic. Attempts to observe 

§ 
separate <CH,),Sn-‘H resonances at 270 MHz at -100% were not successful. 
In the <CH,),Sf group~‘A~(Si<CH,),) may be so large that low-temperature examination by NMR 
v&l be uxkewarding, and somd‘speciel technique may be required [163. 
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