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Carbene processes within the -BuOH matrix at —196 °C were investigated in order to show the utility of
the matrix as a tool for the study of carbene chemistry. The photolysis of several aryldiazomethane derivatives
in the -BuOH matrix gave the olefinic dimer as the main product, probably arising from a combination of two

triplet arylcarbenes in the aggregate of molecules.

N,CHCOR, R=O0R’, NEt,, and Ph) resulted in no detection of the olefinic dimer.
of the structural effect on the ground-state multiplicity of carbene.

The similar photolysis of other diazo compounds (e.g.,

This was explained in terms
The photolysis of Ph,CN, in -BuOH containing

5%, EtOH at —196 °C gave almost exclusively O-H and C-H insertion products with the solute alcohol at the
expense of the O-H insertion product with the host, i.e., Ph,CHOBu!, which was the major product in the liquid-

phase photolysis.

of the relatively large guest hole provided by the bulky tertiary alcohol matrix.

This is ascribable to the co-aggregation of the carbene precursor with the solute alcohol because

A more general utility of this

matrix was shown in the reaction of Ph,C with Ph,CO to give oxirane, in which the intervention of carbonyl ylide

was demonstrated at low temperatures.

The low-temperature photolysis of organic com-
pounds has attracted much attention from the stand-
point of physical as well as organic chemistry because
of its usefulness in detecting reaction intermediates
which are suspected to be involved in processes carried
out at much higher temperatures. It has been noted,
however, that some of the photochemical processes
at low temperatures are highly sensitive to matrix
properties, e.g., polarity. For example, Kolc has re-
ported? that the photolysis of benzocyclobutene-1,2-
dione in the EPA matrix at —196 °C underwent
bisdecarbonylation to give benzyne, whereas a similar
photolysis in the 3-methylpentane matrix gave no
sign of benzyne being formed. A similar striking
effect of matrix properties on the course of low-tem-
perature photochemical reactions has been suggested®
to account for some of the reported discrepancies
between the results of different authors.34)

In the course of our study of the low-temperature
photolysis of diazo compounds, we also found® a
striking host effect; arylcarbenes generated in the i-
BuOH matrix at —196 °C give almost exclusively
coupling products, e.g., Ph,C=CPh, and Ph,C=N-N=
CPh,, despite the fact that they give mainly C-H
and O-H insertion products with host molecules in
other alcoholic matrices (i.e., MeOH—:-PrOH). This
striking effect of the host on the course of carbene
reactions in the matrix is especially noteworthy from
the viewpoint of recent growing interest in the behavior
of carbene in a rigid matrix.5-? We wish now to
report developments in the application of the method
in synthetic and mechanistic studies of carbene chem-
istry and, more generally, in synthetic photochemistry
at low temperatures.

Results and Discussion

In order to examine the general utility of the low-
temperature synthesis of olefin via the dimerization of
carbene within crystalline matrices, we have irradiated
several diazo compounds in a {BuOH matrix and
found that olefinic dimer formation is extremely sen-
sitive to the structure of the carbenes (Table 1). Thus,

TaABLE 1. DETECTION OF OLEFINIC DIMER IN THE
PHOTOLYSIS OF SOME DIAZO COMPOUNDS IN
{-BUTYL ALCOHOL MATRIX AT —196°C

R and R’ RR’C=CR’R
in RR’C=N, yield/ %
la: R=R’=Ph 48.1
1b: R=Ph, R’'=H 17.0
lc: R=Ph, R’=CO,Me 25.1
2: R=R’=CO,Me 13.2
3a: R=H, R’=CO,Me n.d.b:®
3b: R=H, R’=CONEt, n.d.b:®
3c: R=H, R’=COPh n.d.b:)

a) Based on the RR’C=N, used. b) Not detected.
¢) The main products were O-H insertion and Wolff
rearrangement products. d) The main products were
B- and y-lactam. See Ref. 10. e) The main product
was a WOolff rearrangement product.

the formation of the olefinic dimer was observed in
the low-temperature photolysis of the aryldiazomethane
derivatives (la—c), which are known® to yield carbenes
with triplet ground states. A similar photolysis of 2
also gave ethylene tetracarboxylate. Markedly to the
contrary, however, no trace of olefin was detected in
the photolysis of 3a—¢, even after all the diazo com-
pounds had been destroyed. The main products de-
tected were Wolff' rearrangement products® in the
cases of 3a and b, and intramolecular C-H insertion
products®1® in the case of 3c. It is very interesting

PhCN,R N,CG(CO,Me), N,CHCOR
1 2 3

a, R=H a, R=0Me

b, R=Ph b, R=Ph

¢, R=CO,Me ¢, R=NEt,

to note that some of the carbenes derived from 3 have
been frequently postulated!?) as having singlet ground
states. One would not expect triplet carbene chemistry
to occur in the low-temperature direct-photolytic
method if one assumes that the carbene has a singlet
ground state separated by somewhat more than 5
kcal mol~! from an upper triplet state, and that the
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TABLE 2. PRODUCT DISTRIBUTIONS®) AS A FUNCTION OF TEMPERATURE.
ProTorysis oF Ph,CN, N -BuOH contamnine EtOH

T [EtOH] (Ile Yield®)
°G mol %  ph,CH, Ph,CHOBu*  Ph,CHOEt Ph,CHCHOH Ph,CHCH,CH,0H 70

24 1 0.7 96.7 2.6 0 0 98.2
5 1.9 88.4 9.7 0 0 87.5
10 3.0 78.9 18.1 0 0 84.9
—77 1 7.2 29.9 62.9 0 0 29.7
5 6.3 22.5 71.2 0 0 54.7
10 6.6 18.6 74.8 0 0 58.6
—196 1 4.0 16.5 45.0 34.5 trace 15.0
5 2.6 8.2 44.6 44.6 trace 35.9
10 3.2 5.8 42.0 45.4 3.6 68.5

a) Data are percentages of total products listed above normalized to 1009,.
b) Total yields based on Ph,CN, used.

phenone, the azine, and tetraphenylethylene.

TABLE 3.

The other products were benzo-

PRODUCT DISTRIBUTION AS A FUNCTION OF TEMPERATURE.

Prororysis oF Ph,CN, v EtOH-:-PrOH MIXTURE®

EtOH i-PrOH Yield®
DT [EtOi—I] Ph,CH, :e
G mol % O-H «CH B-CH O-H «CH p-CH %o
24 5 7.0 7.1 0 0 85.9 0 0 ~100
95 2.3 95.0 0 0 2.7 0 0 ~100

—196 5 4.0 5.6 8.2 0 27.2 45.0 10.0 87.0

95 3.1 32.2 63.1 0 0.4 1.2 0 89.7

a) See footnote a in Table 2. The O-H, «-CH, and f-CH terms refer to the OH, «-CH, and p-CH insertion

products into alcohols respetively. b) Total yield.

intersystem crossing process of the diazo compound
does not compete with the dissociation.’? Further-
more, although it is highly improbable that a reactive
carbene can meet with another carbene to form olefin
in the liquid phase before it attacks the substrate,
evidence has been accumulating which shows that
olefin could be formed by the combination of two
triplet carbenes in the case where the carbenes are
highly stabilized by structural'® and/or environmental3)
effects. Recently, the flash photolysis of 1b in benzene
at 25 °C has been shown!® to give tetraphenylethylene
as the major product; this substance has not been
observed in the steady-state photolysis. The fact that
there is no spectroscopic evidence for any significant
concentration of another transient except the triplet
diphenylmethylene indicates that tetraphenylethylene is
formed via the dimerization of the triplet carbene.
Theoretical consideration also shows!® that the least-
motion formation of ethylene from triplet methylenes
is an allowed process. Thus, it is reasonable to assume
that the dimerization of the carbenes within a crystalline
matrix would be affected by the ground-state mul-
tiplicity. The present method may, then, be expected
to give us important information on the reactivity and
multiplicity of the ground-state carbene,!®) although,
as with most negative results, there might be several
possible explanations for the failure to observe the
olefinic dimer. Quite recently, for example, Roth
et al. have shown,'” by EPR study, that 3a has a
ground-state triplet or a triplet state that lies a maxi-
mum of 10 cal above the singlet state. Interestingly,

its EPR signals follow the Curie law in the temperature
range of 10—40 K, but vanish at higher temperatures,
presumably by means of the reaction of the triplet
with a matrix or by the conversion of the triplet state
to a more reactive state capable of undergoing intra-
and intermolecular reactions.” This is in marked
contrast with that phenomenon observed in arylcarbene
systems, in which the triplet state has been shown®
to be fairly stable even at 77 K. Our results for 3a
might indicate, then, that the 77 K matrix is not cool
enough to populate the triplet 3a by quenching the
singlet reaction; hence, more extensive temperature
experiments would be desirable to form a more widely
applicable method.

The photolysis of Ph,CN, in #BuOH containing
a small amount of EtOH (up to 109%,) at 25 °C gave
Ph,CHOBu’ almost exclusively. Surprisingly, how-
ever, when photolysis was performed in the solid phase
at —77 °C, O-H insertion with the solute alcohol
increased dramatically at the expense of the product
formed from the host alcohol (Table 2). #-Butyl ether
was almost completely suppressed in —196 °C photoly-
sis, with a concomitant formation of C-H and O-H
insertion products of the solute alcohol. The coupling
products were also greatly reduced with an increase
in the concentration of EtOH in the —196 °C photolytic
runs. Similar phenomena were also observed with
other solute alcohols (e.g., MeOH, i-PrOH) in other
tertiary alcohols (e.g., #-C;H,;OH).

A parallel series of irradiations in the EtOH—-PrOH
mixed matrix (Table 3) showed, however, that no
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selective reaction of carbene with the solute alcohol
was observed in this system. This implies that tertiary
alcohols provide a special environment for carbene
reactions.

Several possible explanations may be offered for
the selective reaction of carbene with solute alcohol
in a +BuOH matrix. First, it may be that the Ph,C
generated in a matrix at —196 °C migrates through
the host matrix and reacts with the more reactive
solute alcohol molecules, as has been proposed!® in
the tunnelling effect in the selective H-abstraction by
an H atom in a crystalline alkane mixture at —196 °C.
This is less likely, however, since it has been shownl?
that the cage about the precursor severely restricts
the molecular motion of such large molecules. Further,
phenyl migration has been shown to be highly unfavor-
able in a rigid matrix, even in intramolecular 1,2-
shifts, while the 1,2-H shift was relatively easy under
the same conditions.?”) Secondly, one may propose
that most of the Ph,C reacts when the matrix is thawed
in the dark with the more reactive, and more rapidly
melting, solute alcohol. There has been accumulating
evidence,®? however, which demonstrates that most
of the reaction of the carbene in the matrix occurs
while the reaction mixtures are still frozen (see below).
A more probable explanation would be that the co-
aggregation of the carbene precursor and the solute
alcohol is occurring in the crystalline matrix. Similar
striking effects of the host on the course of low-tem-
perature photochemical reactions have been explain-
ed? in terms of such aggregation. Such co-aggrega-
tion might be attributable, at least in part, to the
limited solubility of the solute molecules in the t-BuOH
crystal at low temperatures. However, this is by no
means unavoidable, since similar selective reactions
between solute molecules has been noted in a 109,
EtOH-t-C,H;OH mixed matrix which does not crystal-
lize, but which forms a glass at —196 °C. Also note-
worthy is that all crystalline matrices were not un-
reactive to carbene at —196 °C. C-H insertion prod-
ucts were obtained®™ in reasonable yields (40—50%,)
in the low-temperature photolysis of PhCH=N, in a
crystalline matrix, ¢.g., pentane, butane, and isobutane.
The interpretation of these results we favor is that
the guest cavity provided by bulky tertiary alcohol
has enough space to bind a molecular aggregate inside
1t.

Finally, an example to show the more general utility
of the {BuOH matrix was obtained in the reaction
of Ph,C with Ph,CO. The irradiation (>300 nm)
of Ph,CN, in a 59, Ph,CO-¢-BuOH mixture at —196
°C resulted in a rapid and splendid change in the
original wine-red color of the reaction mixture to a

kv (>300nm)
Ph,CN, + Ph,CO —— 0,
¢tBuOH
—196 °C
+
Ph>40\ <Ph warm-up Ph \/g\\/ Ph
Ph Ph kv (253nm)  Ph Ph
“blue” —196 °C

4 5
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TABLE 4. PRODUCT DISTRIBUTIONS IN THE PHOTOLYSIS®)
OF DIPHENYLDIAZOMETHANE IN THE PRESENCE OF
BENZOPHENONE IN {-BUTYL ALCOHOL MATRIX AT — 196 °C

Yield/©
[Ph,CO] ) . [%
mol %, o
Ph,C=CPh, Ph,2>Ph, (Ph,CH), (Ph,G=N),
5 9.8 31.5 2.1 3.6
10 5.5 32.9 2.3 5.3

a) The yields were determined by GC and are based
on the Ph,CN, used.

deep blue, which rapidly faded to a light yellow solu-
tion when the matrix was then thawed in the dark.
The GC analysis of the resulting mixture showed the
presence of oxirane (5) as the main product (Table 4).
The transient formation of a blue-colored species is
very reminescent of the carbonyl ylide (4) which has
been detected?") in the low-temperature photolysis (253
nm) of the oxirane (5), although our attempt at the
spectroscopic identification of 4 was not successful
because of the extremely low transmission of the matrix.
This strongly indicates the intervention of carbonyl
ylide in the reaction of Ph,C with the Ph,CO, probably
formed by the initial attack of carbene on carbonyl
oxygen. Such an intermediate had been postulated??
in the addition of carbene to a carbonyl compound,
but it had not been detected before. It should be
noted again that neither blue-colored species nor oxirane
can be observed in similar photolyses within other
alcoholic matrices, which form glass. The main prod-
ucts in this case are those formed from the host alcohol.
The spin multiplicity of the attacking carbene poses
a very interesting question. The attack by the triplet,
followed by electron demotion, could explain the forma-
tion of ylide. However, the one-step formation of
the electrophilic attack of the singlet could equally
well be applied, since it has been shown that the pres-
ence of Ph,CO as a sensitizer does not change the
singlet/triplet ratio of carbene at —196 °C. This is
ascribable to the rapid and reversible singlet-triplet
equillibrium involved® in this carbene system. Note
that the experimental'®) value for E;—E,is <3 kcal/mol.
Further studies to show the general usefulness of this
matrix are in progress.

Experimental

The IR spectra werc determined on a JASCO IR-G
recording spectrometer. The H! NMR spectra were de-
termined on a JEOL JNM-MH-100 NMR spectrometer.
The GC-MS spectra were obtained on a Shimadzu GC-MS
1000 spectrometer using a column consisting OV-17 on
Shimalite (5.0 mm X 2.0 m). The GC analyses were per-
formed on a Yanagimoto instrument, Model G-180, with a
flame ionization detector. The following columns were
used: A, 5.0 mmx2.0m 109% OV-17 on 60—80 mesh
Diasolid L; B, 5.0 mmx2.0m 5% PEG 20 M on 60—80
mesh Diasolid L.

Materials. All the diazo compounds employed (1a,23
1b,2® 1¢,29 2,2 3a,®) 3b,*) and 3c,?®) were prepared
according to the literature procedures and were purified
just prior to use. The trans-dibenzoylethylene was prepared
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by means of the Friedel-Crafts reaction?® with fumaryl
chloride. The dimethyl a,f-diphenylmaleate was obtained
by the reacticn®® of methyl a-bromophenylacetate with Na-
NH,. The N,N,N’,N’-tetracthylfumaramide was prepared
by the treatment of fumaryl chloride with diethylamine.
The preparations of the other authentic specimens have
been reported elsewhere.t®) Satisfactory spectroscopic data
have been obtained for all authentic compounds. The
commercial alcohols were purified prior to use.

Photochemical Reactions and Analyses. All the irradia-
tions were conducted using a Halos 300 W high-pressure
mercury lamp with a water-cooled quartz jacket. In the
general procedure, 0.06 mmol of Ph,CN, was added to
2 ml of ¢-butyl alcohol with or without a second alcohol or
Ph,CO in a Pyrex tube with a capacity of 5ml. The tube
was suspended in a transparent Pyrex Dewar flask filled
with coolant and irradiated until all of the precursor molecules
had been destroyed. The coolants were water (24 °C),
solid CO,~EtOH (—77 °C), and liquid nitrogen (—196 °C).
For solid-phase irradiations, the mixture was periodically
warmed in the dark until the rigid glass or solid melted,
so that mixing could occur. Control experiments ruled
out the interconversion of the product during the irradiations
and also showed that no reaction occurred in the absence
of light in the range of temperatures studied.

The product identification and relative yields were easily
determined by standard GC and/or GC-MS techniques.

The authors wish to express their thanks to Professor
Gary W. Griffin, University of New Orleans, for the
supply of tetraphenyloxirane.
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