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gics calculated by the extended Hiickel method are not par
ticularly reliable, the qualitative argument which emerges 
could possibly be invoked to explain why alkyl substitution 
appears to impart special thermodynamic stability to many 
small ring systems (e.g., thiiranes,14 ethylenehalonium 
ions,15 diaziridinones,16 and a-lactones17), all of which pos
sess potential acceptor orbitals positioned for hyperconjuga-
tion with the alkyl substituents. Further investigation of the 
generality of this effect is planned, using more appropriate 
semiempirical molecular orbital methods. 
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Abstract: The uv photoelectron spectra of 1,2- and l,3-bis(trimethylstannyl)- and bis(trimethylsilyl)alkanes were determined 
along with several reference tetraalkyltin compounds. The ionization energies reveal a 2.6-eV interaction between adjacent 
carbon-tin bonds in Me3SnCHaCHjSnMe3 and an approximately 1.2-eV interaction in ?/-a«i-2,3-bis(trimethylstannyl)nor-
bornane. In the latter compound, the torsional angle between C-Sn a bonds is 120° as compared with a possible 180° in the 
former. This <J~<J interaction is compared with a-tr, n-x, and TT-X interactions. 

The similarity of strained or polarized bond orbitals to n 
or 7T orbitals in derealization phenomena has recently be
come more clearly demonstrated.2-6 For example, <T-TT con
jugation of C-metal bonds can be as large as n-7r conjuga
tion of the -NH2 lone pair in its effect upon aromatic elec-
trophilic substitution7 rates (eq 1) or ionization potentials 

M 

G-^T 
M 

+V=CH2 

s\ 
M 
I 
CH2 

(D 

(eq 2). Thus, expressing the electron donation by the group 
Y in PhY as the usual (T+(Y) values, the values <r+(p-OMe) 
= —0.78 and rj+(p-benzylmercuryl-CH2-) = —1.1 were 
determined by either the rate of reaction I7 or ionization 

M 

IP 

M 

<gHH 2 
(2) 

potentials 2.2 The magnitudes and stereoelectronic require
ments for Tr-Tr, n-Tr, and O--TT conjugations are now rather 
well understood.2-6 

The decrease in hydrocarbon ionization potentials with 
chain length8'9 and the low ionization potentials of polysi-
lanes10 indicate that a derealizations are to be expected. It 
remains to choose well-defined pairs of single a bonds with 
which to delineate the behavior of o-a conjugation of either 
bent C-C bonds or C-metal bonds or their combinations. 
Spectroscopic studies have revealed large a-a interactions 
in the compounds shown: 

J 

b>-^\ O O \>-d 
SnMe3 
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These large interactions, previous results on other kinds of 
conjugation, and stereochemistry of chemical reactions con
verting two a bonds to a x bond imply certain preferred 
geometries for a-a conjugation shown below (provided that 
the derealization is dominated by interactions of p orbit-

Table I. Ionization Potentials of Organotin and 
Organosilicon Compounds 

<$-<> 
M 

M .M 

best geometry no effect some effect 

als). Experimental tests of these suggestions are very much 
in order. 

Therefore, we have prepared 1,2-dimetalloalkanes having 
either free rotation or rigid geometry and compared their 
ionization energies with those of 1,3-dimetalloalkyl com
pounds and with reference monometalloalkyl compounds. 

and 

metal 

free rotating 
anti conformer 

H 
SnMe3 

reduced n overlap 

1 2 

The results should reveal both the size of the interaction at 
maximum overlap and its dependence upon interorbital 
angle. 

Results 

The simple alkyltrimethyltin compounds were prepared 
by well-known Grignard methods. Because this method is 
not applicable to the preparation of 1,2-dimetalloalkanes, 
they were prepared from the requisite vinylmetal com
pounds by addition of the metal hydride. 14a 'b Interestingly, 
the addition of trimethylstannane to vinyltrimethyltin by 
the usual benzoyl peroxide catalyzed radical chain process 
produced a mixture of 40% 1,1-ditin and 60% 1,2-ditin com
pounds. 

CH2=CHSnMe, + Me3SnH 
(PhCOj)2 

58*yield 

(Me3Sn)2CHCH3 + (Me3SnCH2—)2 

(3) 

The uv photoelectron spectra, determined as described by 
Turner,15 are shown in Figures 1-5, and the ionization 
energies of these and other reference compounds are listed 
in Table I. 

Discussion 

Although the choice of reference compounds from which 
to calculate the a-a interactions in 1,2-dimetalloalkanes is 
somewhat arbitrary, we can reasonably assume, from previ
ous results,16 that the inductive effect of Me3SnCH2- is 

Vertical ionization energies 

No. Compd I II III IV 

9 
10 
11 
12 

13 

14 
15 
16 
17 
18 

Me3Sn(CHj)3SnMe3 
Me3Sn(CH2)2SnMe3 
(Me3Sn)2CHCH3 

SnMe3 

SnMe,, 
Et4Sn 
Me4Sn 

EtSnMe3 
^-PrSnMe3 
/-PrSnMe3 
cyclopentyl-SnMe3 
cyclohexyl-SnMe3 
f-BuSnMe3 

SnMe3 

/ 
CH2=CHSnMe3 
(Me3Si)2CH2 
Me3SiCH2CH2SiMe3 
Me3Si(CHj)3SiMe3 
Me4Si" 

9-46 

8.O6 

8.2, 

8.0 

9.7, 
(9.7)" 
9.1 
8.9 
8.7, 
8.72 
8.5, 
8.6, 

8.4, 

9.7 
9.5 
8.78 
9.4, 

10.57 

11.4 
9.52 
9.4, 

9.38 

11.9, 
-13 

9.54 
9.6 
9.5, 
9.5 
9.5, 
9.68 

9.58 

10.5 
10.4 
10.4, 
10.4, 
13.06 

13.23 
10.6, 
10.1, 

10.5, 

11.9 
11.6 
11.6 
10.9 
10.32 
11.5 

10.72 

11.4 
11.3 
11.5 
14.08 

11.6, 

11.5. 

13.3 
13.8 
I U 6 
11.4 
11.4 
13.4 

13.1 

15.58 
aS. Evans, J. C. Green, P. J. Joachim, and A. F. Orchard,/. Chem. 

Soc, Faraday Trans. 2, 68, 905 (1972). 

very similar to that of CH3-. If this is true, then the ioniza
tion potential of EtSnMe3 should reveal the energy of the 
appropriate orbital for mixing with itself to give the split
ting interaction. 

The association of the first ionization potential with C-M 
bonds is indicated by the large change in this ionization en
ergy with change in alkyl groups in, e.g., Me4Sn to 
EtSnMe3 to ;'-PrSnMe3. The Me4Sn tetrahedral symmetry 
is removed in EtSnMe3 and ;'-PrSnMe3, and the lower ion
ization potentials 9.15 and 8.77 eV in the latter two com
pounds are attributed to the orbitals associated with the 
Et-Sn and /-Pr-Sn bonds, respectively. The second orbital 
at ~9.5 eV is relatively insensitive to substitution and is at
tributed to orbitals associated with the SnMe3 group. These 
assignments are consistent with the lower first ionization 
energy of tetraethyltin in which the fourfold symmetry is 
restored but the electron donation by the alkyl groups in
creased. Therefore, we take as the basis orbital for estimat
ing the interactions of Me3SnCH2CH2SnMe3 and in 
(Me3Sn)2CHCH3 that having the lower of the two ioniza
tion potentials in EtSnMe3, i.e., 9.15 eV. These interactions 
are estimated, based upon Koopman's theorem, from the 
appearance of new ionization potentials in 2 and 3 which 
are not present in EtSnMe3. These energy levels are inter
preted as interactions between C-Sn a bonds by the usual 
simplification of interaction of isolated orbitals.17 The in
teractions for these two compounds are diagrammed in Fig
ure 6. 

A similarly strong interaction between two C-Si bonds is 
clearly demonstrated in the ionization energy of l,2-bis(tri-
methylsilyl)ethane (16) compared with the l,3-bis(trimeth-
ylsilyl)propane (17) or tetramethylsilane. Although this ob
servation demonstrates the generality of such a-a interac
tions of C-metal bonds, we will confine our discussion to 
the tin compounds where the magnitudes of the interactions 
are more clearly and accurately demonstrated. 

The interaction between adjacent C-Sn a bonds is in 
qualitative agreement with the C N D O / 2 calculations of 
Pitt.4 However, the observation that this interaction is larg
er than the a-v interaction in allyltrimethyltin (Table II) is 
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16 15 14 13 12 Il IO 9 6 

Ionization Potential (e.v.) 

Figure 2. Photoelectron spectrum of Et4Sn (5). Maximum counts/sec 
are 1000. 

Ionization Potential (e.v.) 

Figure 1. Photoelectron spectra of alkyltrimethylstannanes. The 14-eV 
region amounts to about 700 counts/sec in each spectrum. In this and 
other figures, there are less than 10 counts/sec at 7 eV: (a) EtSnMe3 

(7); (b) /-PrSnMe3 (9); (c) /-BuSnMe3 (12); (d) cyclopentyl-SnMe3 

(10). 

Table H. Comparisons of a - u and O-TI Interactions 

Compd 7T1-Tr2 splitting, eV 

-^x=** -

SnMe:i 

CHL,SnMe( 

Me 3 SnCH 2 OL 1 SnMe 3 

2.3,« 2.4» 

2.2c 

2.2<? 

1.6<* 

2.6 

" Reference 9b, p 182. * Reference 6d. c Reference 6b. <* Refer
ence 13. 

unexpected. This large interaction is consistent with there 
being better overlap between adjacent a bonds than be
tween adjacent ir bonds or cyclopropane orbitals. Two TT 
symmetry orbitals shown below are envisioned for the elec
trons having the lowest ionization potential and that having 
an IP = 10.66 eV. An alternate description involving inter-

16 15 14 13 12 Il IO 

Ionization Potential (e.v.) 

Figure 3. Photoelectron spectra of ditin compounds. The counts/sec in 
the 14-eV region are 700, 400, and 200 for a, b, and c, respectively. 
The 8-11-eV regions of b and c were recorded at higher sensitivities 
(insets): (a) (Me3Sn)2CHCH3 (3); (b) Me3Sn(CH2J3SnMe3 (1); (c) 
(Me3SnCH2J2 (2). 

action of the Sn-CHb bonds by C-C through bond coupling 
would require interaction of orbitals of very disparate ener
gies. Figure 6 also reveals a large interaction between the 
C-Sn bonds in l,l-bis(trimethylstannyl)ethane. This split-
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16 15 14 13 12 Il IO 

Ionization Potential (e.v.) 

Figure 4. Photoelectron spectra of disilanes: (a) Me3Si(CH2)3SiMe3 
(17); (b) Me3SiCH2CH2SiMe3 (16). Part (12-14 eV) of the b spec
trum was recorded with a longer time constant. 

SnMe, 

CH? CHo 

Me3Sn-* 

Tr1 (10.66 eV) 

SnMe3 

GOGO 
CH-2 CH2 

COGO 
Me3Sn 

Tr2 (8.06 eV) 

ting is depicted below as a linear combination of a bonds. 

,SnMe3 

,SnMe3 H / tt+/ 
/ 

'SnMe3 SnMe3 

TT1 (10.18 eV) Tr2 (8.25 eV) 

The 1.93-eV splitting of geminal a bonds is comparable to 
the 1.87-eV geminal n orbital splitting in dimethyl 
ether17 '18 and provides a further illustration of the similari
ty between polarized a bonds and lone-pair orbitals. Al
though X2 in this molecule has a very low ionization energy 
and should therefore interact strongly with adjacent elec
tron deficiency, this has not been observed. For example 
there is a rather small effect of a second C-Si bond com
pared with the first upon the ionization potentials of substi
tuted toluenes.5 This small effect could result from a larger 
difference between the tri and benzene orbitals in eq 4 ' 7 or 
from decrease in overlap between the more diffuse iri orbit
al and the C + orbital as illustrated in D vs. E. 

16 15 14 13 12 Il IO 9 8 7 

Ionization Potential (e.v.) 

Figure 5. Photoelectron spectrum of 4. At 13 eV, there were 1OU 
counts/sec. 

Me3SnCH2CH2SnMe3 EtSnMe3 (Me3Sn)2CHCH3 

AE = 2.6 AE = 1.93 

m 
W\ 

n 
m 

Figure 6. Orbital correlation diagram for 1,1- and l,2-bis(trimethyl-
stannyl)ethane. 

* ^—CH„(SiMe3)3_„ h' 

TCNE 

H. + 1k 
metal 

metal 

(Q)-CHn(SiMe3)*-* (4) 

TCNE r 

& • 

D E 
The effect of rotation about the C-C bond was studied by 

preparing trans- 2,3-bis(trimethylstannyl) [2.2.1 ]bicyclo-
heptane (4). The first ionization potentials of secondary tri-

SnMe, 

methyltin compounds such as trimethylstannylcyclopentane 
or bornyltrimethyltin are about 8.6 eV.19 Although the sec-
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ond ionization potential in 4 is obscured, the first ionization 
potential, 8.00 eV, indicates that the interaction is about 
2(8.6 — 8.0) = 1.2 eV. This interaction is in satisfactory 
agreement with the reduced interaction expected for a rota-

SnMe3 

SnMe3 

SnMe3 

~1.2 eV 
(120°) 

tion of 60° from the anti arrangement (2.6 cos 60° = 1.3 
eV). 

It is interesting to compare our a~a interactions with n-n 
interactions in tetraalkyl hydrazines studied by Nelson and 
Bushek.20 The interactions corresponding to our geometries 
are shown below. 

180°,A£ = 2.4eV -120°,A£=L8eV 

Clearly, the interactions of adjacent C-Sn <x bonds are 
comparable to those of adjacent nitrogen lone pairs. This 
confirms our suggestion13 that C-metal a bonds behave like 
lone pairs in derealization. 

The enhanced chemical reactivity consequent upon <r-ir 
conjugation is rather well understood, although its applica
tion to synthesis is only beginning.21,22 For example, the 
known <r+ values of -CH2-metal groups makes possible the 
prediction of occurrence and in some cases the rates of 
many new reactions of the type shown in eq. 5, where the TT 
bond is olefinic or aromatic. 

^ ..CH2—metal 
E+ + "^C=(X^ 

R R 

.C—metal 
(5) 

> 
E 

On the contrary, the reactions of 1,2-dimetalloalkanes re
main to be explored. Two preliminary observations suggest 
that enhanced chemical reactivity of 1,2-dimetallqalkanes is 
to be expected. First, we observed that either 2 or 4 reacts 
with dilute solutions of trifluoroacetic acid in carbon tetra
chloride more rapidly than does tetramethyltin. However, 
the second-order rate constants vary with the amount of 
oxygen which is present. In the case of 2 the products are 
ethylene and methane as volatiles. Although the nature of 
this reaction is not <^ear, it is certainly not simple C-metal 
cleavage by a protonic acid. 

A second observation, that tetracyanoethylene reacts 
with 2 or 4 in an irreversible way, is quite consistent with 
the low ionization potentials of 2 and 4. In both of these 

Me1Sn 

I 
CH,—CH, " I " 

SnMe3 

E+ 

'Me3Sn. 
UH^^^^CHQ 

"SnMe3 

(6) 

reactions, it is conceivable that a radical cation is formed. 
The chemical reactivity of these compounds deserves fur
ther study. 

Experimental Section 

Photo-electron spectra were determined on an instrument con
structed in our laboratories as previously described.13 Reference 
ionization potentials of an acetylene-argon mixture were deter
mined immediately after each ionization potential measurement. 
Ionization potentials of standard compounds such as norborna-
diene when determined on this instrument at various times agreed 
with literature values and with previous determinations within 
about ±0.03 eV.13 

The tetraalkyltin compounds were prepared by standard Gri-
gnard procedures unless otherwise specified. The bis(trimethyl)tin 
compounds required the methods described below. NMR are given 
in T values. Tetramethyltin (6) and tetraethyltin (5) were from Al-
drich Chemical Co. and were used without purification. Ethyltri-
methyltin (7) had: bp 108° [lit.23 106° (746 Torr)]; NMR 0.53-
1.48 (m, 5 H), 0.09 (s, 9 H). Isopropyltrimethyltin (9) [bp 125° 
(lit.24 130.8°); NMR 0.10 (s, 9 H), 1.28 (m, 7 H)], isobutyltri-
methyltin [bp 53° (24 Torr)[lit.23 140° (746 Torr)]; NMR 0.1 (s, 
9 H), 0.87 (d, 2 H), 0.96 (d, 6 H), 1.57-2.29 (m, 1 H)], and tert-
butyltrimethyltin (12) [mp 31° (lit.25 31.5°); bp 135°; NMR 0.16 
(s, 9 H), 1.25 (s, 9 H)] were prepared by the Grignard method, n-
Propyltrimethyltin (8),26 cyclopentyltrimethyltin (1O),27 cyclohex-
yttrimethyltin (H),27 l,3-bis(trimethylstannyl)propane (1), and 
l,3-bis(trimethylsilyl)propane (17)28 were obtained from other 
projects and their preparation will be described elsewhere. Vinyl-
trimethyltin (14) [bp 99° (lit.29 98-100°); NMR 0.18 (s, 9 H), 
5.40-6.78 (m, 3 H)] was prepared by the Grignard method. This 
compound (330 mg, 2.0 mmol) was heated with an equimolar 
amount of trimethyltin hydride (from trimethyltin chloride and 
lithium aluminum hydride) with 20 mg (0.08 mmol) of purified 
benzoyl peroxide in a sealed tube for 24 hr at 90°. After chroma
tography on basic alumina, the mixture (yield 410 mg) was sepa
rated by gas-liquid chromatography on a Carbowax 20M column 
at 120°. The tin compounds show a 4:6 peak height ratio with the 
1,2-ditin compound (2) dominating. 

I,l-Bis(trimethylstannyl)ethane (3) w as eluted first and had 
NMR 0.16 (s, 18 H), 0.60-1.25 (m, 1 H), 1.53 (d, 2 H). 

Anal. Calcd: C, 27.02; H, 6.24. Found: C, 27.13; H, 6.25. 
1.2-Bis(trimethylstannylethane (2) was eluted second: NMR 0.15 

(s, 18 H), 1.06 (s, 4 H); mass spectrum mje 356 (parent), 341 (M 
- 15), 328 (M - 28), 164 (M - 192). 

Anal. Calcd: C, 27.02; H, 6.24. Found: C, 27.38; H, 6.26. 
2-Norbomenyltrimethyltin (13) was prepared in 70% yield by the 

Grignard method from the corresponding bromide (obtained from 
previous work):30 bp 68° (1.0 Torr); NMR 0.19 (s, 9 H), 0.79-
1.69(m, 6 H), 2.96 (m, 2 H), 6.21 (m, 1 H). 

Anal. Calcd: C, 46.75; H, 7.06. Found: C, 46.64; H, 6.88. 
frans-2,3-Bis(trimethylstannyl)norbornane (4). 2-Norbornenyltri-

methyltin (560 mg, 2.18 mmol) was heated with 1.1 g (6.67 mmol) 
of trimethyltin hydride and 50 mg of benzoyl peroxide at 90° for 
44 hr. After removal of lower boiling products, the mixture consist
ed of starting material 13 and 4. Gas-liquid chromatography sepa
ration on Carbowax 20M afforded 456 mg (88% yield based on 
consumed 13) of 4: NMR (220 MHz) -0.01 (s, 9 H, H1), 0.03 (s, 
9 H, Hk), 0.99 (m, 2 H, H5 j), 1.19, 1.35, 1.54 (m, 6 H, Ha,b,d_g), 
2.36 (m, 2 H, HcHh). 

SnMe3 

(k) 

CH2=CH2 etc. 
l,l-Bis(trimethylsilyl)methane (15) was obtained from Professor 

H. Sakurai, Tohoku University, Sendai, Japan. 
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1,2-Bis(trimethylsilyl)ethane (16). Methyldichlorosilane (Alfa) 
(2.30 g, 20 mmol) and vinyldichlorosilane (Alfa) (2.82 g, 20 
mmol) were catalyzed to combine using the usual HiPtCl^/i-
PrOH catalyst. A vigorous reaction occurred, and the 5.1 g of 
product was combined without purification with excess methyl 
magnesium iodide in ether. After 3 hr reflux, the product was 
washed, dried, and distilled to give 97% yield of l,2-bis(trimeth-
ylsilyl)ethane (16): bp 79° (68 Torr) (lit.31 151°); NMR 0.05 (s, 
18 H), 0.41 (s, 4H). 
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Although many semiempirical and ab initio molecular 
orbital calculations on carbocations are known, little work 
on organic cations in which heteroatoms bear the positive 
charge has been reported to date.2 In this paper we present 
the results of an ab initio study of acyloxy cations RCC>2+. 
These calculations were performed with the aim of ob
taining information of such species in advance of experi
mental work. Acyloxy cations have been discussed occasion
ally as possible reactive intermediates in side reactions of 
the Kolbe electrolysis leading to carbenium ion-derived 
products, but no consensus regarding their existence has 
been reached to date.3 For example, the partial stereospeci-
ficity observed in the electrolysis of cis- and trans-bicyc\o-
[3.1.0]hexane-3-carboxylic acid was cited by Gassman4 as 
evidence for the intermediacy of RCO2"1" ions (Scheme I). 

Acyloxy cations have also been invoked in the anodic oxi
dation of isomeric 3-methyl-2-phenylcyclopropanecarboxy-
lic acids.5 In analogy to the well-known solvolysis of cyclo-
propyl halides and tosylates,6 carbon dioxide evolution with 
concomitant disrotatory electrocyclic ring opening was as-
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sumed (Scheme II). The role of intermediate acyloxy cat
ions in the electrolysis of cyclopropanecarboxylic acids has 
since been questioned.7 Similarly, Skell8 has presented evi
dence against the formation of RCC>2+ in the electrolytic 
oxidation of aliphatic carboxylic acids. 

Acyloxy cations have also been postulated to occur in 
chemical oxidations. Thus, Mosher and Kehr9 prefer an 
ionic mechanism for the lead(IV) induced oxidation of car
boxylic acids (Scheme III). It should be noted that in non-
polar media a radical mechanism has been shown to be op
erating.10 

In the references cited above, neither the geometry nor 
the possible electronic structure of acyloxy cations was con
sidered. Our initial investigation" of these species with 
semiempirical SCF-MO calculations at the MINDO/2 1 2 

level resulted in a potential energy surface which shows a 
pronounced energy gain in going from the acyloxy cation I 
(R = H) to the isomeric dioxiryl cation II (Scheme IV). 
The latter species had not been mentioned previously in the 
literature. 
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