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Although 8 is not known and its thermal behavior is uncertain, 
one can assume that it may undergo ring opening under the 
reaction conditions to produce the highly stabilized pentadienyl 
radical 912 which could then close under the formation of 
5.13 

We are currently engaged in a series of experiments to gain 
further insight into the detailed mechanism of this system. 
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Photolysis of Aryldiazo Compounds in Rigid Matrices. 
Temperature and Matrix Effects on the 
Selectivities of Insertion of Arylcarbenes 
into Carbon-Hydrogen Bonds 

Sir: 

Recent reports from this1 and other2 laboratories have 
demonstrated that the low-temperature photolysis of aryldiazo 
compounds in rigid matrices can be a unique and widely ap
plicable method for detecting triplet arylcarbene chemistry, 
especially in the systems in which competitive singlet and 
triplet reactions occur. The C-H "insertion" products derived 
from triplet carbene in rigid matrices of olefins and alcohols, 
which apparently arise via an abstraction-recombination 
mechanism, are in many cases entirely different from those 
observed3 in liquid phase experiments. The difference may be 

Table I. Temperature and Matrix Effects on C-H Insertion 
Selectivity of Phenylcarbene'7 

substrate 

isobutane 
2,3-dimethylbutane 
isopropyl ether 
isopropyl alcoholc 

«-butane 
«-pentane 

ethyl ether' 
ethyl alcohoK 

ratio 

tertiary:primary 
tertiary:primary 
tertiary:primary 
tertiary:primary 

secondary !primary 
secondary:primary 

d 
secondary :primary 
secondary:primary 

rel 
O0C 

118 
69 

194 
194 

9.6 
9.0 
1.4 

148 
150 

ratio* 
-196 0C 

4.1 
6.5 
4.3 

26 
2.7 
4.9 
0.3 

17 
20 

" All products were identified by GC comparisons with authentic 
samples and GC-mass spectral techniques. Other minor products 
detected in each experimental condition were toluene, bibenzil, 
benzaldehyde, benzaldazine, and stilbenes. * Corrected for number 
of hydrogens. Averages of triplicate runs are tabulated; reproducibility 
was <±3%. c The O-H insertion product was main one (>73%) in 
0 0C photolysis and C-H insertion became dominant (>70%) in the 
solid run.la d Ratio of 2- to 3-benzylpentanes. e Benzyl ethyl ether 
was formed in 30% yield of total products at 0 0C, but was not detected 
in —196 0C photolysis. 

explained mainly in terms of a difference in diffusibility be
tween two reaction phases. In order to obtain more precise 
insight into the mechanism by which the matrix controls C-H 
insertion processes within it, we have investigated carbene 
processes in matrices of alkane which are, unlike other systems 
thus far reported,'2 not able to lead to multiplicity-specific 
products. We find that the matrix not only selects the multi
plicity of arylcarbenes, but it also imposes a severe steric de
mand on carbene processes within it. 

Direct irradiation of phenyldiazomethane (1) in degassed 
2,3-dimethylbutane in a sealed Pyrex tube at 20 0C was carried 
out by a 300-W high-pressure mercury arc without filter until 
all of the diazo compound was destroyed. GC analysis of the 
resulting mixture showed that two C-H insertion products (2 
and 3) were formed (~75%) in a ratio of 11.5:1.0. In contrast, 

PhCH=N, CH2Ph 

_CH2Ph 

(D 

irradiation of 1 in frozen 2,3-dimethylbutane matrix at -196 
0C resulted in a dramatic increase in the relative yield of the 
primary C-H insertion product (3), the ratio of 2:3 being 
1.08:1.0. A similar but less dramatic increase in the relative 
yield of primary C-H insertion product was also observed in 
«-butane. The product distributions in other alkanes were also 
examined as a function of temperature and are given in Table 
I on a "per bond" basis. Included for comparison are the results 
for ether and alcohols. A more extensive temperature study has 
been performed on 2,3-dimethylbutane (mp -129 0C) and the 
results are shown in Figure 1. There is a sharp discontinuity 
(maximum) in the graph as the reaction phase changes from 
liquid to solid. This clearly indicates that the observed change 
in the insertion selectivity in the solid is ascribable not to a 
simple temperature effect at all but totally to a change in en
vironment. 

Which multiplicity is responsible for the emerging domi
nance of the primary C-H insertion product in the solid-phase 
experiments? It is important to note that, in alcoholic system, 
the C-H insertion products which were believed to be derived 
from triplet carbene showed a similar decrease in the insertion 
selectivity in the solid phase. Equally noteworthy are the results 
in the ether; the C-O displacement product, i.e., ethyl benzyl 
ether, formed in the photolysis of 1 in ether solution, apparently 
via attack of singlet carbene on oxygen atom,4 was almost 
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Figure 1. Product ratio as a function of temperature in reaction 1. The point 
marked t shows melting point of the solvent. 

completely suppressed in the solid-phase experiment at -196 
0C, and was accompanied by a marked increase in the primary 
C-H insertion product. This indicates that triplet carbene 
chemistry is prevailing also in this matrix system and provides 
another example for the temperature-dependent phenomena 
of competitive singlet and triplet arylcarbene processes. These 
results, together with the spectroscopic evidence5 that triplet 
arylcarbene can be generated irrespective of the organic ma
trices in which the low-temperature photolysis of the diazo 
compound is performed, apparently indicate that the key in
termediate leading to the C-H insertion products in each 
matrix systems would be mostly triplet carbene,6 while both 
singlet and triplet would participate in liquid-phase reac
tions.43'13 The decrease in the C-H insertion selectivity observed 
in rigid matrix is, however, completely unexpected behavior 
for triplet carbenes since triplet carbenes have been shown to 
be much more selective intermediates in the C-H insertion 
reaction than the corresponding singlets in gas- as well as liq
uid-phase experiments.4a'bJ The reason for the marked in
crease in the primary C-H insertion product in rigid matrix 
is then an important question. 

There is a possibility that the primary C-H insertion product 
would be formed by combination of a benzyl radical with a 
primary radical (e.g., /-C4H9-) produced by photoisomerization 
of an initially formed tertiary radical (e.g., ^-C4Hy) since such 
isomerization has been reported8 to occur by UV (<300 nm) 
irradiation in low-temperature matrices. However, this seems 
unlikely since the product distributions at low temperature are 
essentially independent on the wavelength employed (253~366 
nm). A more probable explanation is that the matrix imposes 
steric demand on the C-H insertion processes. Obviously the 
molecules which are going to participate in a matrix reaction 
occupy a space of a certain size and shape which depends on 
the relative size of guest and host molecules.9 It is therefore not 
unreasonable to assume that the size and shape provided by 
the host molecule and its rigidity impose severe steric hindrance 
on the guest molecule (i.e., PhCH:) as regards the accessibility 
of tertiary and/or secondary C-H bonds. A similar argument 
can be applied to explain the dramatic change in the insertion 
selectivity toward the secondary C-H bonds of n-pentane with 
temperature. It is tempting to assume that the carbene is 
trapped in cages of «-pentane matrix framework in a manner 
in which the C-H bonds at the 3 position are brought closer 
to the carbene center than those at other positions. Support is 
lent to the above argument by examination of the results in 
Figure 1 which show inversion of tertiary/primary selectivity. 
Thus, in solution, tertiary abstraction gains over primary ab
straction as temperature decreases because tertiary abstraction 
is favored by a lower activation energy. After the matrix is 
formed, continued decrease of temperature hardens the matrix 
and the increasing rigidity then causes primary abstraction to 
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gain relative to tertiary abstraction.10 

In conclusion, the present results reveal that, in addition to 
effects on the multiplicity of carbenes and on the mobility of 
molecules, a matrix imposes severe steric demands on the re
actions of carbenes within it. Similar steric effect could be 
operative in other types of reactions of carbenes and may ac
count for matrix-fostered reactions of carbene. 
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Thionium Ions as Reactive Carbonyl Equivalents 
in Cyclization Reactions 

Sir: 

The high polarity and low ir-bond order of the thionium 
group suggests that it should be more reactive toward weak 
nucleophiles such as aromatic rings than a simple carbonyl 
group. The lower activity of the latter has restricted cycliza-
tions involving such a functional group to non-acid-labile 
systems. We report that thionium ions allow formation of 
six-membered rings with electron-rich aromatic systems.1 

Furthermore, the mildness of the conditions and the potential 
utility in the ergot alkaloid field is illustrated by the application 
to the acid-sensitive and difficultly accessible 4-substituted, 
2,3-unsubstituted indole system. 

Thionium ions for cyclization (eq 1) were generated in one 
of three ways, ionization of a thioketal, ionization of a mono-
sulfoxide of a thioketal, or protonation of a vinyl sulfide. Since 
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