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Table I. Chromic Acid Oxidation Rates® of Cyclopropanols
and Related Compounds at 25°

Substrate k, M~1sec™! k rel
pH 1.2 (6.2 X 10-* M HCIO,)
OH
[><H 0.36 1.0
OH
2.3 6.4
D<CHJ
OH
D<C i 0.74 2.1
OCH,
<, <10° <3 % 10°
(CH,),CHOH 0.69 X 10¢ 1.9 X 104
D<(:{2°H 1.93 X 10-4 5.4 X 104
OH
O<H 1.41 X 10~ 3.9 X 1074
OH
D<H 1.83 X 10~ 5.1 X 10~
pH 3.1 (CH;CO;H-CH,CO:Na buffer)
OH
D<H 1.42 X 10-? 1.0
OH
2.20 X 10~* 1.6
D< o,
OH
HJC/P<CH3 1.1 780
CH,
CH,
HC od
ch;’><}[ 8.2 570
CH,
CH,
HC— O 15.9 1120
HaC CH‘,’
CH;
OCOCH,
HAC"P<CH3 0 0
CH,

e Rates were determined spectrophotometrically at the absorp-
tion maximum for chromic acid (350 nm) under pseudo-first-order
conditioning. All alcohols give good straight line plots.

Scheme I

OH OCrO;H
D<R + HCr0, =

<,
0
RN

HO_ O

limiting
L0

— \(/u\
lJKR R
ring strain. The reaction is further accelerated by
substituents stabilizing the incipient carbonium iont*

and carbonyl group.

OCrogH rate
—_—

<

+ Cr(IV)

(14) We assume that the formation of the carbon—oxygen bond occurs
at least to some extent synchronously with the ring cleavage reaction.
However, the strong rate-accelerating effect of 8 substituents indicates
that a positive charge does develop on the 8-carbon in the transition
state of the oxidative decomposition.
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A Quantitative Account of Spiroconjugation'
Sir:

Recently we were able to detect spiroconjugation?3
by photoelectron spectroscopy in the symmetric spirans
9,9/-spirobifluorene (1)¢ and 9,9’-spirobi(9-silafluorene)
(2)* and the nonspiro compounds tetravinylmethane
(3)° and tetravinylsilane (4).%%5 Here we report the

i
&%e

(1) (2)
CICH=CH,), SilCH=CH,),
(3) (4)
93 8

0
(5) (6)

detection of spiroconjugation in the newly synthesized"*
dissymmetric spiran 1,1’-spirobiindene (5) and present
a linear correlation between measured and calculated
spiro splittings.

Figure 1 shows a section of the photoelectron (pe)
spectrum of 5. In the corresponding range, the pe
spectrum® of indene exhibits three bands which were
assigned to ionizations from the highest three = molec-
ular orbitals (MO’s) (m; = 8.13 eV, m, = 8.95, and 73
= 10.29). The comparison of both spectra reveals that
each of the three bands in the spectrum of indene is
split into two bands (m, = 7.80 eV, m, = 8.37, splitting
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Figure 1. Section of the photoelectron spectrum of 1,1/-spirobi-
indene (5). The He-I(584 A) photoelectron spectra were measured
on a PS-18 spectrometer from Perkin-Elmer Ltd., Beaconsfield

(England).

= 0.57; 7 = 8.80, ms = 9.10, splitting = 0.30; =y =
10.20, m¢ = 10.48, splitting = 0.28) in the spectrum of
the corresponding spiran 5.

The spiro splitting AF (relying on degenerate first-
order perturbation theory and considering only inter-
actions (8) between the atomic orbitals (AO’s) 1 to 4
next to the tetrahedral atom with coefficients ¢, to ¢4 in

2
C2
89
O
A
the unperturbed systems) is given as?
AE = 2(0102 — Ci1C4 — (2C3 -+ 0304)ﬂ (1)

Plotting the measured spiro splittings AE in the series of
carbon compounds (1 = 0.30, 5 = 0.57, 3 = 0.73,
and spiro[4.4]nonatetraene (6) = 1.23 eV1) against the
values derived from the expression (cic; — cics — cacs
+ cc) (1 = 0.46,5 = 0.59, 3 = 0.88, and 6 = 1.25)!!
gives a straight line (Figure 2) which passes through the
origin. The slope of this line yields 8 = 0.49 = 0.05
ev.

With 8 known eq 1 can now be used to predict spiro
splittings.  Accordingly the splittings expected for the
lower MO’s m, and =; in indene, 0.22 and 0.25 eV, re-
spectively, are in good agreement with the observed
ones.
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Figure 2. Correlation between the measured spiro splittings AE
(ordinates) and the values derived from the expression {(cic; —
C1Cs — C2€3 + C3c4) (abscissa).
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Concerning the Stereochemistry of Reduction of
Cyclohexanones with Complex Metal Hydrides
Sir:

One of the most fundamental reactions in organic
chemistry is the reduction of a ketone to an alcohol
using LiAlH, in ether solvent. In spite of the wide-
spread use and fundamental nature of this reaction,
little is known about the mechanism. Although there
has been speculation! concerning the role of lithium
in the reaction, it has only recently been demonstrated
that a ketone will associate with a lithium cation in
tetrahydrofuran.? Even if a complex is observed
when LiAlH, is added to a ketone, it would not prove
that the reaction is occurring vie a complex. For
example, when 4-ters-butylcyclohexanone is allowed
to react with AI(CH;); in a 1:1 ratio in benzene, a
complex is formed involving an aluminum-oxygen
bond yet the product is not formed directly from the
complex.® When the ratio is 1:2 a second molecule
of AI(CHy); attacks the complex giving very differ-
ent stereochemical results than when the ratio of reac-
tants is 1:1. Eliel* and coworkers have reported
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