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Summary

The UV photoelectron spectrum of cyclopropylcarbmyltmne*hyl tin (I)
has been compared with the spectra of allyltrimethyltin (II) and isobutyliri-
methyltin. A g-g conjugation in (I) resulting in a 1.6 eV interaction between the
C—Sn bond and the cyclopropane orbitals and a 2.2 eV o-7 interaziion in (1I)
have been demonstrated.

Introduction

The delocalization of electron-rich 0 bonds into electron-deficient 7 sys-
tems (o-m conjugation) has been extensively explored both experimentally
[1-6] and theoretically [7 - 9]. The corresponding delocalization from one ¢
bond into an adjacent ¢ bond (¢-0 conjugation) [1] has received less attention.
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The decrease in ionization potentials with increasing size of strmght chain
hydrocarbons [10,11] suggested that electron-deficient ¢ bond systems were
delocalized. The low ionization potentials of bicyclopropyl {12], and poly-
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- rsﬂanes [ 13] N ‘and the long Wavelength absorptmn of 1, 1 -bls-(blcyclo[l 1. O]-
: butane) [14] were further evidence for:some kind of 0-0 conjugation. How-
ever, the’ magthde of 6-6-conjugation and its relation to the type and geo-

- metry of the requisite ¢ bonds have not been determined. :
We report here ‘the photoelectron spectra of allyltnmethyltm cyclo-

propylcarbinyltrimethyltin and several reference tin compounds to compare
the vmyl and cyclopropyl groups in thelr mteractlon w1th a nexghbonng a
bond, in this case a C—Sn bond s , - )
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Results and dlscussmn

: Except for tetramethyltin (Alfa), all compounds used in this study were
prepared from Grignard or lithium reagents with trimethyltin chloride (II—1V,
VII) or from an alkyl phosphinate (V) or phosphate (VI) and tnmethyltmhthlum

(see Experimental).
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Fig. 1.- Photoelecu—on spectra. of . uobutyltnmethyltm (a) cyclopropylcarbmyltnmethylun (b) and al-
lyltnmethyltm (c). Ordmates are arbitrarily displaced for cla.nty I S s .
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TABLE 1 : s - -
VERTICAL IONIZATION POTENTIALS OF ORGANOTIN COMPOUNDS, RSn(CH3)3

R< : N IPV

T n S
1 CH3- - 9.75 =13
I n-Bu- o g9.528 . 11.31
Ix iso-Bu- 9.33¢ 11.06
v Allyl- - 8.70 9.76 : '10.87
v Cyclopropyl-CH;- - 8.85 .10.09 , 10.45
Vi 4-Butenyl- 9.714 t 11.74
vil 5-Pentenyl- ' 9.72¢ 11.40

2These compounds showed a very small shoulder at «9.1 eV.

Typical photoelectron spectra over the range of 8 to 16 eV are shown in
Fig. 1. Vertical ionization potentials of these and other tin compounds are
listed in Table 1.

The highest filled orbital in Me, Sn, vertical 1on1zat10n potential 9.75 eV
[15], is indicated to be C—Sn bond orbital by the broad vibrational envelope.
This level is raised by substituting a larger alkyl group for one of the methyls
thus removing the degeneracy of the C—Sn bond orbitals.

Using the experimental alkyltrimetnyltin orbital levels and either propene
or methylcyclopropane orbital energies as a basis set, we may ascertain the
interaction of alternatively a vinyl or a cyclopropyl group with the carbon—tin
¢ bond. The correlation diagrams, illustrated in the manner of Heilbronner et
al. [16], are shown in Figs. 2 and 3. The remarkable similarity of the correla-
tions and the similarities of Figs. 1b and 1c are apparent. The energy of inter-
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‘Fig. 2. Orbital correlation diagram for allyltrimethyltin,
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Fig. 3. Orbital correlation diegram for cyclopropylcarbinyltrimethyltin.

action- of cyclopropane orbitals with the C—Sn o bond (1.6 eV) may be com-
pared with the o-m interactions in allyltrimethyltin (2.2 eV) or vinylcyclo-
propane (2.6 eV) [16]. This shows that 0-0 conjugation between a bent and a
polarized ¢ bond represented by B or D is substantial. Raising the energy level
of the bent bonds by further distortion would undoubtedly cause the inter-
action in 0-0 conjugation to be comparable to that in o-r conjugation*. Such
large effects alter the reactivity of the cyclopropane ring and suggest some new
stereospecific ring opening reactions which are under investigation.

Experimental

Photoelectron spectra were determined on an instrument constructed ac-
cording to the method of Turner [20], with some modifications. The He (I) line
was produced by microwave discharge. The 1.179" radius, 127° electrostatic
analyzer was equipped with a Bendix Model 4028 Channeltron Electron Mul-
tiplier, a Princeton Applied Electronics Model 1120 Amplifier-Discriminator
and 1105 - 10 Data Converter. The resolution was 35 - 45 meV. Spectra of
norbornadiene [16,20,21], norbornene. [16,21], norbornane [16,21], and
chloroform [22], reproduced reported ionization potentials to within 0.03 eV,
Spectra were recorded at sample pressures of ca. 0.05 mmHg using a 103
counts/sec maximum range at a scan rate of 0.33 eV/min over the range 18 - 8

*'Ifhese results are consistent with the bond leagth studies in such compounds as butadiene [17].
propylene [17}. bicyclopropyl [18]. and bis-i1-apocamphyl [19])., where the shortening of the
central ¢ bond is attributed to hybridization changes in that bond. The highest filled orbital in

- | these compounds is antibonding relative to the delocalized structure to an extent which cancels
- . any 7 bonding across these central bonds. . . - i
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eV. Spectra were standardized after each run with a mixture of argon and
acetylene (15 76 and 11.40 eV bands, respectlvely)

Compounds

Materials for photoelectron spectroscopy were purified by gas hqu1d
chromatography. NMR spectra were recorded in carbon tetrachloride :solution
on a Varian T-60 spectrometer; data are given in § units from TMS. Combus-
tion analyses were performed by Mikroanalytisches Laboratorium, Bonn

Tetramethyltin (1) was a commercial sample (Alfa). .

n-Butyltrimethyltin (II) [23] was prepared from n-butyllithium and tri-
methyltin chloride (Alfa): B.p. 52° /22 mm (ht [23] 149/724 mm). NMR:
0.07 (s) 9H, 0.69 - 1.62 () 9 H.

iso-Butyltrimethyltin (III) [23] was prepared by the Grignard method:
B.p. 53°/24 mm (lit. [23] 140°/726 mm) NMR: 0.1 (s) 9 H, O. 87 (d)2H,"
0.96 (d) 6 H, 1.57 - 2.29 (m) 1H.

Allyltrimethyltin (IV), prepared according to Koton et al., [24] B.p. 128°
(lit. [24] 128°) showed: NMR: 0.08 (s) 9 H, 1.73 (d) 2 H, 4 49 -4.93 (m) 2 H,
54-6.3(m)1H.

Cyclopropylcarbmyldlphenylphosphmate. To a stirred solution of cyclo-
propylcarbinyl alcohol (Aldrich, 1.08 g, 15 mmol) and pyridine (1.58 g, 20
mmol) in 20 ml dry ether was added 3.56 g (15 mmol) diphenylphosphinyl
chloride [25] in 30 ml ether at room temperature over 30 min. The mixture
was hydrolyzed at the end of 2 h and the organic portion washed successively
with dilute hydrochloric acid, saturated bicarbonate, and water, dried and con-
centrated. The residue was chromatographed on alumina with chloroform
eluent to give 1.6 g (40%) of a white solid (M.p. 78 - 79°). NMR: 0.17 - 1.44
(m) 5 H, 3.74 (d of d) 2 H, 7.07 - 7.9 (m) 10 H. Analysis: Found: C, 70.00; H,
6.34. C;6H, g O, P caled.: C, 70.58; H, 6.29%. :

Cyclopropylcarbinyltrimethyltin (V). To 0.272 g (1.0 mmol) phosphinate,
prepared as above, in 10 ml dry tetrahydrofuran under argon was added
1.75 ml (1.2 mmol) of 0.687 M trimethyltinlithium in tetrahydrofuran. The
mixture was stirred 4 h and hydrolyzed. Ether extraction, drying and concen-
tration gave a residue which was short-path distilled to yield 0.180 g (82%) V;
B.p. 58°/23 mm. NMR: 0.06 (s) 9 H,0.08 - 0.21 (m) 7 H. Analysis: Found: C,
37.89; H, 7.39. C; H; ¢Sn caled.: C, 38.19; H, 7.36%.

4-Butenyltrimethyltin (V1) [26] was prepared from diphenyl-4-butenyl-
phosphate (analysis: Found: C, 63.13; H, 5.54. C, ¢ Hy; O4P caled.: C, 63.16;
H, 5.63%) in a manner similar to V. NMR: 0.05 (s) 9 H, 0.87 (t) 2 H, 2.0 - 2.5
(m)2H,4.71-51(m)2H,54-6.2(m)1H.

5-Pentenyltrimethyltin (VII) was prepared by the Grignard method. B.p.
65°/21 mm. NMR: 0.14 (s) 9 H, 0.7-1.1 (m) 2 H, 1.20-1.8 (m) 2H,
1.90-2.30 (m) 2H, 4.77 - 5.20 (m) 2H, 5.45 - 61(m)1H Analysm Found:
C, 42.07; H, 771 CSHan caled.: C, 41 25; H, 7.79%.
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