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uct by column chromatography, it was dissolved in CDClg and
shaken repeatedly with deuterium oxide to ensure N-deuteration.
The NMR spectrum of the resulting product no longer displayed
any signals at 2.1 and 5.15 ppm, but the position and intensity of
the other bands for 9 were unchanged. The results confirm that
the acetylenic and amide protons of 9 were abstracted during the
reaction with n-butyllithium, but that the allylic and vinylene pro-
tons were not. Consequently, no epimerization had occurred at the
allylic C3 and Cs positions of the cyclopentene ring and, therefore,
the sulfonamido and ethynyl groups in 9 are cis to each other.
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The literature of chemistry contains many examples of
carbenes whose singlet and triplet states exhibit different
chemical reactions.! A classical example of this phenome-
non is seen in the addition of carbenes to cis or trans ole-
fins. Singlet carbenes add predominantly stereospecifically,
whereas triplet carbenes form cyclopropanes in a nonste-
reospecific manner.?

Some intramolecular carbene reactions are also depen-
dent upon carbene multiplicity. When competing reactions
are available, the rearrangements of hydrogen atoms? and
phenyl groups? proceed more favorably to singlet rather
than triplet carbenes. However, the experimental evidence
does not exclude some triplet contribution to these rear-
rangement processes.

The carbene produced by the decomposition of 2-
methyl-2-phenyldiazopropane (1) is suited to the study of
three competing intramolecular reactions: phenyl rear-
rangement, methyl rearrangement, and C-H insertion. The
thermal decomposition of 1 in dry hexane at 59 °C has
been reportedS to yield an azine (CooHa4Ns), 2, and six
products of formula C1oH1s: 2-methyl-1-phenylpropene (3);
2-methyl-3-phenylpropene (4); cis-2-phenyl-2-butene (5);
trans-2-phenyl-2-butene (6); 2-phenyl-1-butene (7); and
1-methyl-1-phenylcyclopropane (8). Products 3 and 4 are
formed by phenyl rearrangement; olefins 5, 6, and 7 are
methyl migration products; and cyclopropane 8 is a prod-
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uct of intramolecular C-H insertion. The object of the
present study was to detérmine how the relative yields of
these products might be affected by reaction conditions
which would selectively favor carbene reaction from either
the singlet or triplet state.

The ground state of alkylearbenes appears to be the trip-
let.8 However, the thermal or direct photochemical decom-
position of diazoalkanes initially produces the excited sin-
glet state of the carbene.! Methods of inducing triplet be-
havior in the carbene include the use of triplet photosensit-
izers to directly produce the triplet carbene, and the use of
heavy atom solvents to quench the initially formed singlet
to the ground state triplet.” The products of the decompo-
sition of 1 under varying reaction conditions are summa-
rized in Tables I and II.

While the origins of individual products in Table II are
open to speculation, certain trends in migratory aptitudes
and C-H insertion are evident. In comparing thermal de-
compositions I and II with reaction III, it is seen that the
use of a heavy atom solvent decreases the relative amounts
of methyl rearrangement and cyclopropane formation. The
same trend is noted when comparing direct photolysis IV
with photosensitized decompositions V and VI. Triplet
sensitization increases phenyl migration at the expense of
the competing intramolecular processes.

It is possible that phenyl rearrangement, methyl rear-
rangement, and C-H insertion all proceed to both the sin-
glet and triplet states of the carbene. In any case, reaction
conditions which favor triplet carbene production decrease
the relative rates of methyl migration and C-H insertion
while increasing the relative rate of phenyl rearrangement.
The distinction between singlet and triplet behavior may
be blurred by rapid intersystem crossing.4®

Tetraphenylethylene-catalyzed diazo decompositions
have recently been reported by Ho, Conlin, and Gaspar.?
The relative product yields of the tetraphenylethylene-cat-
alyzed decomposition of 1 (reactions VII and VIII) resem-
ble product vields from triplet carbene reactions (III, V,
and VI) more closely than they resemble singlet carbene
product yields (I, I, and IV). An explanation for this obser-
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Table I. Reaction Conditions and Product Yields from Decompositions of 2-Methyl-2-phenyldiazopropane

Reaction Mode of
no.® Solvent Temp, °C Additive decomposition % Ng® % CioHia? % azineb
1 Hexane 69 None Thermal 67 52 30
I Benzene 69 None Thermal 70 56 37
III 1-Bromonaphthalene 69 None Thermal 78 57 ¢
v Benzene 25-29 None Photolytic 64 54 38
v Benzene 25-29 500% benzil Photosensitized 66 48 ¢
Vi Benzene 25-29 500% fluorenone Photosensitized 60 51 c
VII¢ Hexane —196t0 25 5% tetraphenylethylene Catalytic ¢ 66 ¢
VIII¢ Benzene ~196t025  10% tetraphenylethylene Catalytic ¢ 62 ¢

¢ Averages of three to five reactions. Internal consistency among reactions was high. ? Based on the amount of urethan used to prepare
the diazo. ¢ Not determined. ¢ Degassed six times by freeze—pump-thaw.

Table II. Relative Hydrocarbon Yields from Decompositions of 2-Methyl-2-phenyldiazopYopane

Relative yield, %

Reaction ¥ olefins/
no. 3 4 5 6 7 8 Ph~/Me~ cyclopropane
1 32.4 10.4 3.6 2.5 2.4 48.6 10.1 1.1
I 424 12.5 6.1 2.3 2.5 34.2 10.1 1.9
111 56.8 20.9 4.1 1.9 1.6 14.7 20.4 5.8
v 25.7 25.6 9.7 6.3 4.4 28.3 5.0 2.5
\' 49.9 22.1 2.9 2.3 2.8 20.0 18.0 4.0
VI 66.4 19.2 1.9 2.4 3.3 6.8 22.5 13.7
VII 66.0 6.8 3.7 1.5 1.3 20.7 22.4 3.8
VIII 51.0 12.8 4.8 2.0 1.7 27.7 15.0 2.6

¢ Ph~/Me~= 3+ 4)/G+6+7) + 2.

vation may lie in the initial formation of a diazo-tetra-
phenylethylene charge-transfer complex, which subse-
quently dissociates to nitrogen, the triplet carbene, and
triplet tetraphenylethylene (a spin conserving process). Te-
traphenylethylene is an efficient triplet quencher (effective
E1 =45.4-47.3 keal).?

Another method which was used to attempt to induce
triplet carbene behavior was thermolysis of 1 in hexane at
69 °C in the presence of 10 mol % of the stable free radical,
4-0x0-2,2,6,6-tetramethylpiperidinooxy (9). It was expected

0o

0.

9
that the stable free radical would promote spin inversion to
form the ground state triplet carbene. Experimentally, the
presence of the free radical had no effect upon absolute
product yields or relative hydrocarbon yields (reaction I).

Experimental Section

2-Methyl-2-phenyldiazopropane (1) was prepared by the reac-
tion sequence outlined by Hogan and Keating (urethane — N-ni-
trosourethane — diazo).51° Diazo solutions were approximately 0.1
M for all decompositions. The NMR spectrum of the diazo solu-
tion (in benzene) shows no absorptions due to vinyl or cyclopropyl
protons. NMR and ir spectroscopy indicate that conversion of the
N-nitrosourethane to the diazo is quantitative. Reactions were
performed under nitrogen in rigorously dried solvents. Photolytic
and photosensitized reactions were carried out according to the
procedures of Pomerantz and Witherup.” The tetraphenylethy-
lene-catalyzed decomposition was induced by degassing through
six freeze-pump-thaw cycles.8

In general, reactions were worked up by rotary evaporation of
most of the solvent, removal of CyoH12 materials under high vacu-
um, and recrystallization of the residual azine, 2, from hexane (mp
68-70 °C). Authentic samples of olefinic products 3-7 were pre-

pared by dehydration of appropriate alcohols. Cyclopropane 8 was
prepared by the Simmons-Smith procedure.!! All products were
stable to the conditions of reactions and analysis.

Hydrocarbon products were analyzed by VPC on a 15-ft column
of 20% diethylene glycol succinate at 110 °C. Known amounts of
isopropylbenzene were added to the hydrocarbon product mix-
tures as an external standard for determination of CyoHj2 yields.
Retention times of the standard and products follow: isopropyl-
benzene, 7.3 min; 6, 10.5; 4, 11.6; 8, 12.6; 7, 13.9; 8, 16.1; and 5, 20.2.
The relative molar VPC response of each CioHys product was de-
termined by VPC collection of the individual products and reinjec-
tion of each product as a mixture of known composition with iso-
propylbenzene. The relative molar VPC responses of all C1oHyg
products were nearly identical (1.05 + 0.01 vs. isopropylbenzene
standard as 1.00).

In several control experiments, a known amount of isopropyl-
benzene was added to a crude reaction mixture before work-up.
VPC analysis before solvent removal, after solvent removal, and
after high vacuum pumping showed that no appreciable changes in
C10Hi3 absolute or relative yields occurred during work-up.

Acknowledgment. The support of this research by the
Robert A. Welch Foundation is gratefully acknowledged.

Registry No.—1, 19217-61-9; 2, 58208-01-8; 3, 768-49-0; 4,
3290-53-7; 5, 768-00-3; 6, 767-99-7; 7, 2039-93-2; 8, 2214-14-4.

References and Notes

(1) W. Kirmse, “‘Carbene Chemistry”’, 2d ed, Academic Press, New York,
N.Y., 1971,
(2) P. S. Skell and R. C. Woodworth, J. Am. Chem. Soc., 78, 4496 (1956).
(3) I. Moritani, Y. Yamamoto, and S. Murahashi, Tetrahedron Lett., 5697
(1968).
(4) (a) P. B. Sargeant and H. Shechter, Tetrahedron Lett., 3957 (1964); (b)
H. E. Zimmerman and J. H. Munch, J. Am. Chem. Soc., 90, 187 (1968)."
(5) P. Hogan and J. T. Keating, Tetrahedron Lett., 523 (1961); J. T. Keating,
B.A. Thesis, St. Mary’s College, Winona, Minn., 1962,
(8) R. Hoffmann, G. D. Zeiss, and G. W. Van Dine, J. Am. Chem. Soc., 90,
1485 (1968). ’
(7) M. Pomerantz and T. W. Witherup, J. Am. Chem. Soc., 95, 5977 (1973).
(8) C. Ho, R. T. Conlin, and P. P. Gaspar, J. Am. Chem. Soc., 96, 8109
(1974).
(9) E. F. Ullman and W. A. Henderson, Jr., J. Am. Chem. Soc., 89, 4290
(1967).
(10) Isolated diazoalkanes and A-nitrosourethanes are potentially explosive.
These materials should be handled in dilute solutions.
(11) H. Simmons and R. Smith, J. Am. Chem. Soc., 81, 4259 (1959).



