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Photolysis of Aryldiazomethanes in Alcoholic 
Matrices. Temperature and Host Dependences of 
Phenylcarbene Processes in Alcohols 

Sir: 

It is generally accepted that carbene generated in alcohols 
inserts into the O-H bond rather than the C-H bonds of the 
alcohol to give ether,1 and hence the detection of the ether in 
an alcoholic reaction system in which carbene seems to be in
volved has been strong evidence2 for the intervention of carbene 
intermediate. In the present communication we wish to report, 
however, that the O-H insertion reaction of carbene is highly 
temperature dependent and the C-H insertion products be
come dominant at the expense of the O-H insertion product 
in low temperature alcoholic matrices. Interestingly, we also 
found that carbene processes in low temperature matrix are 
highly sensitive to host effects. 

Irradiation3 of phenyldiazomethane 1 in degassed 2-pro-
panol in a quartz tube at 20 0C gave 2-propyl benzyl ether 
(77%) as a main product. In contrast, irradiation3 of 1 in frozen 
2-propanol matrix at -196 0C resulted in the C-H insertion 
products (5a and 5/9) in high yield (78%) and the yield of the 
ether was greatly reduced (15%). Toluene 3 and bibenzyl 4 
were also formed as minor products in each experimental 
condition. 

Table I. Temperature Dependence of Product Distributions in the 
Photolysis" of 1 in Alcohols 

Relative product yields,6 % 
7",0C 

0 
-72 

-110 
-196 

0 
-72 

-110 
-196 

0 
-72 

-110 
-196 

2 

92.6 
90.3 
74.0 
52.9 
87.1 
82.7 
74.1 
20.8 
72.4 
51.6 
35.7 
14.7 

3 

3.4 
2.3 
4.3 
6.0 
5.0 
4.6 
5.0 
9.8 
3.8 
5.8 
5.2 
5.6 

4 

2.8 
3.5 
1.0 
0.8 
3.3 
2.0 
1.9 
0.4 
6.7 

13.7 
2.0 
1.3 

5a 

1.1 
3.9 

20.7 
40.3 
4.6 

10.7 
17.8 
64.2 
16.6 
28.1 
46.3 
63.8 

50 

Trace 
Trace 

1.2 
4.8 
0.5 
0.9 

10.8 
14.7 

" All products were identified by gas chromatography (2.5 m X 5 
mm 5% OV-17 column) comparisons with authentic samples and by 
GC-mass spectroscopy techniques. Control experiments demonstrated 
that product distributions were essentially independent of irradiation 
time as well as wavelength of light. * Total product yields are 
~70-80%. Other products (<5%) were benzaldehyde, the azine, and 
stilbenes derived from 1. 

PhCH=N 2 -^ -PhCH 2 OR + PhCH3 + (PhCH2)2 
, ROH 2 3 4 

+ PhCH2CR1R2(OH) + PhCH2CH2CHR3(OH) 
5a 5/3 

a, R = Me; R, = R2 = H 
b, R = Et; Ri = Me; R2 = R3 = H 
c, R = i-Pr; R, = R2 = R3 = Me 

The product distributions in other alcohols (i.e., methanol and 
ethanol) were also examined as a function of temperature in 
more detail and the results shown in Table I demonstrated that 
the temperature dependence of regioselectivity of carbene 
insertion reactions is quite general in each system studied. 
Diphenyldiazomethane (6) showed analogous behavior. A 
parallel series of irradiations3 with 1-phenyldiazoethane in 
2-propanol, however, showed that the C-H insertion products 
were also formed only in solid run at —196 0C, but as minor 
components (20%), and a main product was styrene (72%). 
From Table I it can be seen that the ethers decrease monoto
nously as the temperature is lowered in solution phase and 
drastic alterations in product distributions are observed when 
the reaction phase is changed from liquid to solid. Also striking 
is the significant increase in the C-H insertion product (5) 
yield in solid-phase experiments as temperature is lowered to 
-196 0C, although these reaction mixtures (in methanol and 
2-propanol) appear solid at -110 0C.4 

It has been proposed13 that the O-H insertion is the char
acteristic reaction of singlet phenylcarbene. There are ample 
examples,1,5 on the other hand, that triplet phenylcarbene 
abstracts hydrogen in hydrocarbon solution to give toluene and 
bibenzyl via free benzyl radical. We suggest here that the key 
intermediate leading to the C-H insertion products in the 
solid-phase experiments is also triplet phenylcarbene since 
there have been spectroscopic6 and chemical5 evidences for the 
presence of the ground-state triplet carbene in the low tem
perature matrix photolysis of 1 at —196 0 C. 7 8 The presence 
of triplet carbene also accounts for the observed selective9 in
sertion into the secondary and tertiary C-H bonds compared 
with the primary. Thus we suggest the abstraction-recombi
nation mechanism rather than the direct insertion to rationalize 
formation of 5 in the matrix experiments. The observed dif
ference in the chemical behavior of triplet carbenes generated 
in the liquid and solid phases, then, reflects, at least in part, on 
the mobility of members of radical pairs. It is possible that the 
triplet carbene formed in the solid-phase abstracts hydrogen 
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from C-H bonds of alcohols to form radical pairs (e.g., 
PhCH2 • + • CH2OH) which would recombine with high ef
ficiency to give the C-H "insertion" products in the matrix 
environment, whereas in the liquid phase the members of the 
pairs would diffuse apart to yield 2 and 3. The facts that the 
yield of bibenzyl drops markedly as the reaction phase is 
changed from liquid to solid and 5 increases significantly in 
colder and presumably harder -196 0C matrix10 are appar
ently related to the relative diffusibility of radicals. 

The reason for the marked reduction in the ether yields at 
lower temperature is uncertain. A rapid decay of the initially 
formed singlet carbene to the triplet in rigid matrix seems 
unlikely since styrene, an intramolecular product of singlet 
PhCMe," was formed in high yield even in -196 0C matrix 
and, further, rapid and reversible singlet-triplet equilibrium 
has been assumed'-5 to be involved in phenylcarbene reactions. 
There is a possibility, however, that the 0-H insertion reaction 
could be more significantly assisted by solvation, which might 
become less important in solid phase, compared with the other 
radical processes, since ionic species,la i.e., benzyl cation 
and/or ylide, have been proposed to be involved in the reaction. 
Thus, matrix might affect the kinetics of the competitive in
termolecular singlet and triplet carbene processes occurring 
within it.5 

The low temperature photolysis3 of diphenyldiazomethane 
in fert-butyl alcohol matrix gave a completely different picture 
than irradiation in other alcoholic matrices. There was no sign 
of the C-H insertion product being formed; instead, there was 
formed azine (8), ethylene (9), and ethane (10) 

Ph2CN2 —-*• Ph2CHO-J-Bu + Ph2C=NN=CPh2 
, t-BuOH _ „ 
O 70-80% ' ° 

+ Ph2C=CPh2 + Ph2CHCHPh2 

9 10 

Relative yields, % 
T, °C 7 8 9 10~ 

27 97.5 2.5 0 0 
-72 3.0 56.6 26.9 13.5 

-196 0.8 26.6 72.6 0 

all of which were only minor products (<5%) in the photolysis 
in other alcohols.12 The high yield formation of the olefinic 
dimer (9) in fer?-butyl alcohol matrix is especially noteworthy 
since solution-phase photolysis of 6 in inert solvent gave13 

predominantly azine but no trace of ethylene. Presumably, 
molecules are not matrix isolated but coherent with large 
dislocation in matrix of ten- butyl alcohol which does not form 
glass but crystallizes upon cooling,14 and, hence, carbenes or 
radicals derived from them in the solid would dimerize or at
tack the neighboring diazo compound inside the molecular 
aggregates of 6, Whether the olefinic dimer arises from com
bination of two triplet carbenes'5 or an action of a carbene on 
a diazo compound16 is an interesting question.17 There is 
particularly sound precedence for the former in this special 
condition since triplet phenylcarbenes are known18 to have 
enough lifetime to encounter each other at this temperature. 
Drastic decrease in the azine yield at lower temperature would 
suggest that the azine could be formed via electrophilic attack 
by singlet carbene on the terminal nitrogen of the diazo linkage 
as has been suggested15 previously, if one assumes that the 
temperature dependence of intermolecular singlet carbene 
processes is general.5 

In conclusion the present results provide a carbene route to 
the C-H insertion products into alcohols as well as important 
informations on chemical behaviors of carbenes in rigid matrix 
and the relationship between the multiplicities and the reaction 
pathways of carbenes. Further we hope the observed matrix 

effect would be extended to a unique low temperature synthesis 
of unstable ethylenes (e.g., tetra-ferf-butylethylene) via car
benes. 
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Binuclear Rhodium(I) Complexes. Molecular A Frames 

Sir: 

The design, synthesis and characterization of binuclear 
complexes in which d8 metal centers are held in close, fixed 
proximity, represents an important objective in the systematic 
study of multicentered reagents and catalysts.1 The primary 
approach to this objective involves the use of bridging ligands 
to achieve the desired structure and orientation of the metal 
centers.2-7 The bridging ligands can also serve to introduce 
additional functionality into the complex which can be utilized 
in the binding and activation of substrates. The binuclear Rh(I) 
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