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Reactions of Methyiphenyicarbene and Phenyicarbene
in Isobutene Matrices: Origins of the

“Insertion” Products

Sir:

Phenylcarbene reacts with frozen cis-butene matrices (—196
°C) to yield olefins which apparently arise by abstraction-
recombination reactions of the triplet carbene.! These obser-
vations, characterized as “most remarkable”,2 have led us to
examine reactions of the title carbenes with isobutene matrices.
Not only has our earlier finding of matrix-fostered olefin for-
mation been confirmed, but using (CH3),C=13CH; matrices,
we have obtained an even more remarkable glimpse into the
origins of the olefins.

Equation 1 and Table I summarize the products from pho-
tolytically generated PACCHj; and isobutene.* Photolyses (6-8

N,
| . .
CeHCCH, = CH,CCH, £ CHCHCH,
1
C.H; CH,
+C6H5CH=CH2 + ’/ \
CH; 'CH,
2
3
[¢))
CH 0
CH 2
o | I
+ CHCHCCH, + CHCCH, (1)
CH, 5
4

h) were conducted in Pyrex tubes at 3000 A, using the proce-
dures described in ref. 1. Isobutene was degassed, and residual
diazoalkane was destroyed with maleic anhydride.’ Products
2-5 were identified by GC (18 ft X 0.25 in. 15% Carbowax
20M column, 160 °C) comparisons with authentic samples,
and by GC-MS techniques. Ethylbenzene was identified by
NMR. The identity of 4 was substantiated by GC comparisons
with authentic 4 on three different 100 ft Golay columns
(Apeizon-L, SF-96, Carbowax K-1540, all at 130 °C). Prod-
ucts were stable to all photolytic conditions. Authentic 3 was
prepared from 1-bromo-1-phenyl-2,2-dimethylcyclopropane®
with methyl iodide and methyllithium.” To prepare 2-
methyl-4-phenyl-1-pentene (4),8 3-phenylbutanoic acid was
converted to 4-phenyl-2-pentanone with methyllithium, and
the ketone was treated with triphenylphosphonium methyl-
ide.

1-Phenyldiazoethane was photolyzed in a matrix (—196 °C)
of (CH3),C=13CH,,? to clarify the origin of 4. 13°C NMR
analysis of unlabeled 4 revealed resonances for C(1) and C(3)
at § (CDCls, Me,Si) 112.0 and 37.8, respectively.!! In the 13C
NMR spectrum of product 4 derived from the labeled isobu-
tene matrix, the signal of C(3) was prominent; calculations
indicated that >96% of the 13C label was at C(3).

A parallel series of experiments was carried out with
phenylcarbene, generated from phenyldiazomethane,! eq 2.
In isobutene solutions (0 °C, —120 °C), addition product 6°

" >= CeH; CH,
CH;CH=N, — CH;CH <— 7

H “CH,4

a)
CH,

@ |
+ C¢H;CH,CH,CCH; + CH,CH=0 (2)

7 8
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Table I. Product Distributions (%) from PhCCH3 and Isobutene as
a Function of Temperature?

Temp, °C 1 2 3 4 5
—-40 5.6 26. 40. — 28.
-70% - 32. 47, — 22.
—-100 11. 7.9 44, — 37.
—-120 4.7 14. 38. 0.2 42,
—160¢ 7.3 20. 47, 1.8 24,
—-196¢ 17. 42, 8.0 22. 11.

@ Values are corrected for detector response, are relative to 2, and
are normalized to 100%. Averages of duplicate runs are tabulated;
reproducibility was generally <£2%. ® Photosensitized with benzo-
phenone (NiSO4-CoSOy filter). Little 1 was detected, but it has been
observed in similar experiments.42 ¢ Solid isobutene matrices were
formed; ~10 vol % of diethyl ether was added to provide a uniform
matrix. (Ether was present in the solution runs too.) An additional
product, C;;H 30 (exact mass determination), was isolated. It is
assumed to result from “insertion” of PhCCH3 at the a-position of
diethyl ether; see below.

was dominant and alkene 7 could not be detected, but in a
matrix, at —196 °C, the yield of 7!2 exceeded that of 6, 1.26:1.
(Diethyl ether was generally omitted in phenylcarbene ex-
periments. Product ratios were independent of its presence or
absence, and toluene was not observed in any of these experi-
ments.) Photolysis of phenyldiazomethane in a labeled iso-
butene matrix (—196 °C) gave 7 which, by 13C NMR analy-
sis,!! contained 20% of the label at C(1) and 80% at C(3).13

The behavior of PhCCH; and PhCH generated in —196 °C
isobutene matrices parallels that of PhCH in 2-butene matri-
ces;! viz., compared to their behavior in liquid isobutene, both
carbenes exhibit marked decreases in cyclopropane formation
(3 and 6), and dramatic enhancement of alkene products (4
and 7). Also striking are the high relative yield of styrene from
PhCCHj; at —196 °C and, most importantly, the near-re-
giospecific label result in the conversion of (CH3),C=!3CH,
to 4.

Why do matrices foster alkene formation? Assuming rapid
and reversible singlet-triplet equilibria for Ph\CCH3 and
PhCH,!#2.14 singlet reactions may be geometrically more
demanding than triplet reactions because, in the former, two
bonds form “simultaneously”, whereas, in the latter reactions,
these bonds form sequentially. Although not crucial in the
liquid phase, where the normally faster singlet reactions pre-
vail, the restricted mobility enforced by the solid matrix may
place a premium on reactant orientation, and favor reaction
from the orientationally less-demanding triplet side of the spin
state equilibrium. Thus matrix-restricted, singlet Ph\CCHj;
gives mainly the intramolecular product, styrene, and inter-
molecular reaction is damped; the yield of 3 (or 6) falls. Triplet
products, conversely, are exalted.

What is the origin of 4?7152 The label result can be explained
by the addition-H-shift mechanism of eq 3.'3" Triplet addition

CGH

5\ . CH.
M+ Bimc
CH/C New,
H\

CH,

/ C.H, CH,

C:H
6 >c ¢ —  eulrocr, ©
2 3
CH; \QHZ/ \CH3 CH3/
9 4
affords the well-stabilized triplet diradical 9. If addition occurs
along the trajectory described for 3(CH,) + ethylene,!6 then
9 will form in highly congested conformation 9A, for which
models reveal severe methyl-methyl and methyl-phenyl op-
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positions. Despite proper orbital alignment for closure, bond
rotations will likely be faster than spin inversion,14172 and 9A
should relax to less-congested conformer 9B, which is properly
aligned for H migration. Although, after spin inversion, some
3 wil7lbform from 9A, much 4 will form from the more prevalent
9B.!

An abstraction-recombination origin for 4 demands that
abstraction occur at C(3) of isobutene, but that all collapse of
the C¢HsCHCH;, CH,C(CH3)=CH> radical pa1r occur at
C(1). Although not impossible, such an exclusive “antimem-
ory” effect seems less cogent than the mechanism of eq 3.

Alkene formation form PhCH and (CH;3),C=!3CH,; is not
label-specific. 3(PhCH) should be more reactive than
3(PhCCHy3), and the diradical formed by the former’s addition
to isobutene should be less stabilized than 9. Therefore, ab-
straction-recombination and addition-H-migration mecha-
nisms may well be competitive in PhCH-isobutene matrix
reactions, accounting for label-scrambled 7.18 (Abstraction-
recombination may, in fact, be dominant in PhCH-2-butene
matrix reactions.!) We are continuing our studies of novel
matrix-carbene reactions.!?
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A 15N CIDNP Investigation of Dialkyl Azo Compounds:
Evidence for tert-Alkyl Diazenyl Radicals
Sir:

Although azoalkanes have been studied for some 40 years,
the mechanism of their decomposition is still a matter of some
controversy.' The evidence for the one-bond mechanism (eq
1) in arylazoalkane decomposition is extensive.>> Stereo-
chemical? and CIDNP? studies as well as investigations of rate
vs. viscosity* and pressure® all point to the intermediacy of
phenyldiazenyl radicals. Alkyldiazenyl radicals, however, have
proved to be much more elusive and the two-bond mechanism
(eq 2) has been accepted (but not necessarily proven) for most
dialkyl azo compounds.

Scheme |
R--N=N-R’ = R—N=N..R’-—-R.-N;-R’" (1)
R—N=N—R -+ R:N; R’ 2)

Kinetic studies by Engel® and Ruchardt’ point to asym-
metric stretching of C-N bonds in the transition state for un-
symmetric dialkyl azo compounds. They conclude that, with
the exception of extreme cases, the two-bond mechanism
applies for dialkyl azo compounds. Kinetic methods only
provide information about the transition state, however, and
both authors note that care must be exercised in using rate data
as evidence for or against the intermediacy of diazenyl radi-
cals.

CIDNP has been used successfully in studies of azo com-
pound decomposition. 'H, !3C, and !N CIDNP studies? have
supported the one-bond mechansim for decomposition of cis-
or trans-phenylazoalkanes, but, to date, no CIDNP evidence
favoring the one-bond mechanism for dialkyl azo compounds
has been presented. We report here a 1N CIDNP study that
provides the first direct spectroscopic evidence supporting the
intermediacy of an alkyldiazenyl radical.

Compound 1 was chosen for study,® since the cumyl and
1-norbornyl radicals differ significantly in their stabilities.% 1
Recently, the symmetric bis-1-norbornyl azo compound has
been shown to be particularly resistant to photochemical
radical formation—photoisomerization being preferred.!!

§ SN:N—C(CH,),Ph

Photochemical decomposition of trans-1 in cyclopropane
(25 °C, sealed tube) or benzene leads to products expected
from homolytic cleavage. Norbornane (5%), dicumyl (40%),

€IS TRANS
[P A

29 ‘

N

R

Figure 1. (a) '*N NMR spectrum of a mixture of cis- and trans-11in cy-
cloproparne at =90 °C. (b) 1N CIDNP spectrum obtained by decomposing
cis-1at —40 °C in cyclopropane solvent (1 is '*N enriched at the azo ni-
trogen adjacent to the norbornyl group).

and a-methylstyrene were isolated by gas chromatography and
identified. Photolysis of 1 (366 nm.) at —125 °C in cyclopro-
pane produced cis-1. The existence of cis-1 was supported by
low temperature 'H and 1SN NMR as well as UV-visible
spectroscopy. Thus, trans-1 labeled with 1°N at the nitrogen
adjacent to the norbornyl group absorbs 154-ppm downfield
from 1NO;~, whereas the cis compound absorbs further
downfield at 168 ppm. Similarly, in the '"H NMR, the singlet
due to the six protons of the cumyl methyl group for trans-1
are found at & 1.4, whereas the same protons absorb at 6 1.9 for
the cis isomer. Amax for the cis isomer is found at longer
wavelength than for the trans. Thus, the n-=* absorbance of
trans-1 (Apax 355 nm) is shifted to longer wavelength (A ax
416 nm) upon low temperature photolysis with an isosbestic
point maintained at 387 nm during the photolysis. The pho-
toequilibrium concentration of the cis isomer can be favored
by photolysis at 366 nm and the trans isomer is favored by
photolysis at 415 nm, where the absorbance of the cis isomer
is dominant.

A TH CIDNP spectrum was produced by thermal decom-
position of cis-1at —36 °C in cyclopropane. The major fea-
tures of the 'H CIDNP are emissions near & 2,05 and two other
emissions at ¢ 4.8 and 5.2. Comparison with authentic samples
reveals that these signals are due to a-methylstyrene (AMS).
The alkyl region of the CIDNP spectrum was extremely
complex and was partially buried in the cyclopropane solvent
peak, making further analysis of the spectrum impossible.

Thermal decomposition of !N labeled cis-1at —40 °C in
a 1N Bruker HFX-10 spectrometer produced the spectrum
shown in Figure 1. The spectrum consisted of polarized signals
due to cis- and trans-1.12 In addition, a strong emission for
29N, was observed 66.5-ppm upfield from 1SNO;~. The 'N
CIDNP spectra reported here are consistent with the mecha-
nism shown in Scheme II.

The initially formed [-norbornyldiazenyl-cumyl radical pair
can recombine to form cis- and tzrans-1 that are polarized.
Further, diffusion and 8 cleavage of the alkyldiazenyl radical
yields 2N, showing polarization that is inverted, as expected,
relative to the azo return products.!3 The 1N CIDNP spectra
are thus consistent with the radical pair theory of CIDNP
developed by Closs, Kaptein, and Oosterhoff.!3:14 We note that
due to the negative gyromagnetic ratio of 13N, the simple CKO
rules!3!% must be modified, since the energy of a nuclear state
depends directly on the gyromagnetic ratio. Thus, an additional
minus sign is introduced into the CKO rules developed!3!3 for
nuclei with positive gyromagnetic ratios.'6

The N CIDNP spectrum obtained from 1 is directly
analogous to 1’N CIDNP spectra obtained from unsymmetric
phenylazoalkanes.!” Thus, decomposition of cis-phenylazo-
cumene!? resulted in enhanced absorption of the azo nitrogens
and emission due to 2°N». Since phenylazoalkanes are known
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