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Laser flash photolyses of (biphenyl-4-yl)chlorodiazirine (1) in 2,2,4-trimethylpentane were carried out in
the presence of ethers in order to study the reaction intermediates formed from singlet carbenes and
ethers. The transient species generated in the absence of ether showed an absorption maximum at 360
nm with a long life time (r = 24.7 ps), which was assigned to singlet (biphenyl-4-yl)chlorocarbene (5). In
the presence of various kinds of ethers, additional transient absorption could not be detected but the
spectrum of 5 (360 nm) shifted by about 15 nm to longer wavelength. The effect of ethers added to the
reaction mixture was studied by means of typical singlet carbene reactions, i.e. trapping by 2,3-
dimethyl-2-butene or pyridine. It was found that the rate constants of these reactions decreased by the
addition of ethers and, hence, it is concluded that the reaction of 5 with ethers proceeds via oxonium
ylide intermediate 7. By changing the concentration of tetrahydrofuran (THF), the equilibrium
constant of the reaction (5 + THF= oxonium ylide) was determined to be 0.5 dm* mol ! at 293 K in

2,2,4-trimethylpentane (i-Oc).

Carbenes are highly reactive intermediates undergoing various
interesting reactions such as addition, insertion, hydrogen-
abstraction, rearrangement, efc. Two non-bonding electrons of
free carbenes should possess one of two electron spin structures,
namely, singlet and triplet states, and the reactivity of car-
benes changes drastically depending on the states. Recently,
electronic structures of many typical carbenes were studied in
detail by using the laser flash photolysis (LFP) technique.!
Among them, chloro(phenyl)carbene, known as a singlet
carbene in its ground state, was reported to have an absorption
maximum at 307 nm and lifetime of ca. 3.6 ps in 2,2,4-
trimethylpentane (i-Oc) by using a Kr-F excimer laser
apparatus.? However, there are limitations in the use of this
specific carbene due to its small extinction coefficient.?
Recently, we found that the photo and thermal reactions of
(biphenyl-4-yl)chlorodiazirine (1) in tetrahydrofuran (THF), in
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the presence of methanol and di(2-propyl)ethylamine, yielded
the products 24 shown in eqn. (1).* Acetals 2 and 4 must be
formed from the oxonium ylide intermediate 6 which was
generated by the electrophilic addition of singlet carbene 5 to
THF [eqn. (2)]. Kirmse® and Barcus et a/.° also predicted the
intervention of a similar ylide but they did not present any
experimental evidence for it. In this regard, we studied the
LFP of 1 in the presence of ethers to obtain unambiguous
experimental evidence for this transient species.

Results and discussion

Laser flash photolysis of (biphenyl-4-yl)chlorodiazirine

Laser flash photolyses (LFPs) of (biphenyl-4-yl)chlorodiazirine
(1, Amax = 360 nm) were carried out at room temperature in
2,2,4-trimethylpentane (i-Oc) by using a YAG laser (355 nm)
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Fig. 1 Time-resolved transient absorption spectra measured at 0.08 ps
(1), 4.9 ps (2), 14.3 us(3) and 39.6 ps (4) after the flash in the LFP of | in
i-Oc.[1] = 6 x 10* moldm™
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Fig. 2 Plots of the decay rate of 5 vs. TME concentration in i-Oc

and Xe-Cl excimer laser apparatus (308 nm). Fig. | shows time-
resolved absorption spectra measured in the 355 nm laser flash
photolysis of 1. The spectrum measured at 80 ns after the flash
has the absorption maximum at 360 nm. The decay profile of
the transient absorption obeys first order kinetics (4.03 x 10*
s!). The decay rate was independent of the monitored
wavelengths, indicating that only one transient species was
detected. Because the absorption maximum and decay rate of
the transient species measured in the 308 nm LFP agreed well
with those in the 355 nm LFP, the following studies were carried
out by using a YAG laser.

2,3-Dimethylbut-2-ene (TME) is known as a typical singlet
carbene scavenger to yield cyclopropane compounds [eqgn. (3)].

k BP_Cl
5 + >=< —_— %\/ )
TME

When the LFP of 1 was carried out in the presence of TME, the
decay rate of the transient species increased with increasing
TME concentration. Fig. 2 shows the plots of the decay rate
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Fig. 3 Time-resolved absorption spectra measured at 20 ns (1), S5 ns

(2) and 396 ns (3) after the flash in the LFP of 1 (6 x 10™* mol dm™3) in
the presence of pyridine (2.47 x 1072 mol dm™) in i-Oc
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Fig. 4 First order plots of the decay of the transient absorption
measured at 365 nm (a) and the formation of absorption at 500 nm in
the LFP of 1 (6 x 10™* mol dm™) in the presence of pyridine
(2.47 x 102 moldm3) in i-Oc

against TME concentration. The decay rate constant k of the
transient species with TME was determined to be 1.83 x 108
dm?® mol™! 5! from the slope of the linear relation in Fig. 2.
This value is roughly in agreement with those reported for the
reaction with TME of singlet fluoro(phenyl)carbene (1.6 x
108 dm* mol! s7!),” chloro(phenyl)carbene (1.3 x 10® and
3.3 x 108 dm? mol™! s7!),%2 but not with the k value for
triplet diphenylcarbene (2.1 x 105 dm*® mol! s in cyclo-
hexane).’

Scaiano and co-workers !°-!! reported that a triplet carbene
reacts with an oxygen molecule to yield a carbonyl oxide
biradical, as shown in eqn. (4), and the absorption maximum of
the biradical (benzophenone oxide) appears around 410 nm.
However, when we carried out the LFP of 1 in oxygen-saturated
i-Oc, no additional absorption other than at 360 nm was
detected. This result strongly indicates that the transient species
measured is a singlet carbene.

Platz and co-workers® reported that the reactions of singlet
carbenes with pyridine form pyridinium ylides 8 [eqn. (5)],
which show an absorption maximum around 500 nm [480 nm
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Fig. 5 Plots of the decay rates of 5 (O) and the formation rates of 8
(@) vs. pyridine concentration. Rates were measured by means of
oscilloscope traces monitored at 365 and 500 nm, respectively.

Table 1 Effect of ethers on the reaction of singlet carbene 5 with
2,3-dimethylbut-2-ene (TME)

Additive c/moldm™ k/dm3®mol!'s* k/k,* Solvent
None 0.00 1.83 x 108 1.00  i-Oc
THF 0.49 1.43 x 108 0.78 i-Oc
Dioxane 0.50 1.56 x 108 085 i-Oc
Et,O 0.50 1.59 x 108 0.87 i-Oc
MeOBu' 0.50 1.35 x 108 0.74  i-Oc
MeO[CH,],0Me  0.50 1.56 x 10° 0.85 i-Oc
PhOMe 0.50 1.5¢ x 108 0.87 i-Oc
1,3-Dioxazoline 0.50 1.39 x 108 0.76 i-Oc
THF — 6.70 x 107 0.37 THF

@ Relative rate on the basis of k. = ko (1.83 x 108 dm® mol™* s7*).

for the pyridinium ylide of chloro(phenyl)carbene]. Fig. 3
shows time-resolved absorption spectra measured in the LFP
of 1 in the presence of pyridine (2.47 x 102 mol dm™). A
new absorption maximum at 500 nm, which was assigned to
pyridinium ylide 8, increased with the decrease in the transient
absorption at 365 nm. Fig. 4 shows first order plots of
oscilloscope traces monitored around 365 nm (for the decay of
the transient species) and 500 nm (for the formation of 8). Ylide
8 seems to be considerably more stable compared with singlet
carbene. The decay rate (2.2 x 107 s7') completely agrees with
the formation rate of 8 (2.1 x 107 s!) and hence it is
concluded that the transient species, which reacts with pyridine
to yield 8 quantitatively, is assigned to singlet carbene 5. The
rate constant for ylide formation (kpy) was determined to
be 8.24 x 108 dm? mol™! s™! by means of the linear plots of
formation rates vs. pyridine concentration as shown in Fig. 5.
The same rate constant was obtained from the slope of linear
plots of the decay rate of 5 vs. pyridine concentration. The
determined kpy value agrees roughly with that reported for
singlet chloro(phenyl)carbene [kpy = (3.35 + 0.29) x 10%
dm?® mol! s7']® but it is larger than the one for triplet 1-
phenylethylidene [2.0 x 107 dm® mol™ s7!].!? These results
clearly indicate that the transient species measured in the LFP
of 1 is singlet carbene 5. Because 5 has an absorption maximum
at 365 nm in i-Oc and also lives for 24.7 ps, it is a useful reaction
intermediate for spectroscopic studies on the reaction
behaviour of singlet carbene with ethers.

Reaction of singlet carbene 5 with ether

To verify the intermediacy of oxonium ylide 6, LFP of 1 was
carried out in THF. The observed spectrum seems to be the
same as that of 5 in i-Oc (360 nm), although the absorption
maximum shifted to 375 nm, and the decay rate for the transient
species was determined to be 5.08 x 10* s™!. Although several
LFPs of 1 were carried out in the presence of various types of
ethers (THF, 1,4-dioxane, diethyl ether, dibenzofuran, methyl
2,2-dimethylethyl ether, 1,2-dimethoxyethane, methoxyben-
zene, diphenyl ether, cyclohexene oxide, trimethylene oxide,
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Fig. 6 Plots of the reaction rate constant & of 5 with TME vs. THF
concentration

1,3-dioxolane), the transient spectra were similar to those taken
in i-Oc but new absorption maxima were not observed. Thus,
spectrometric direct observation of oxonium ylide 6 seemed
difficult. Therefore, the presence of 6 was investigated indirectly
by means of kinetic studies.

1. Effect of ether addition on the reaction of 5 with olefin. 2,3-
Dimethyl-2-butene (TME) is one of the typical carbene
scavengers to yield a cyclopropane compound. The rate
constant k for the reaction of singlet carbene § with TME is
expected to decrease by the formation of oxonium ylide 7 in the
presence of ether [egn. (2)]. In this expectation, rate constants k
for the reaction of 5 with TME in the presence of ethers (0.5 mol
dm™3) were measured in the LFP of diazirine 1 (Table 1). The
k values were not measured in the presence of cyclohexene
oxide,'? trimethylene oxide, or furan, because the lifetimes of
5 were shorter than 500 ns. In the presence of other ethers,
k decreased in the order of none > methoxybenzene = diethyl
ether > dioxane = 1,2-dimethoxyethane > THF > tert-butyl
methyl ether. In the presence of zerz-butyl methyl ether & is only
70%, of the one without ethers.

To investigate the effect of ethers, the rate constants k were
measured at various THF concentrations (Fig. 6). The k
decreased with the increase of THF concentration, e.g., k =
8.0 x 107 dm® mol! s at [THF] = 3.0 mol dm, and
6.7 x 107 in pure THF. Because the difference in diffusion
constants of carbene 5 in i-Oc and THF is assumed to be small
based on the solvent viscosity [# = 5.04 x 107* Pas (cyclohex-
ane) and 5.75 x 107 Pas (THF), respectively, at 297 K],'* k
in THF can be roughly estimated to be only one-third of that
in i-Oc. The reason for causing such a decrease in the rate
constant is most reasonably ascribed to the intermediacy of
oxonium ylide 6, which is in equilibrium with 5.

Because carbene 5 is reported to be a strong electrophile,’?
rate constants for the reaction with various olefins must decrease
with the increase in ionization potential (£;) of olefins, a
parameter of electron density of double bonds. In this regard,
rate constants k for the reactions of § with various olefins were
measured in the absence or presence of THF (2.0 mol dm™3) (E; of
olefins: dimethyl fumarate 11.00 €V,!® acrylonitrile 10.91 eV,!?
methyl methacrylate 10.53 eV,!® methacrylonitrile 10.37eV '7).
Resultsare listed in Table 2. Although the measured k may partly
consist of a fraction of other reactions such as with carbonyl and
cyano groups of olefins feqn. (6), where kgy.¢in a0d Koupstituent aT€

k = kolef’m + stubs(i(uem (6)
the rate constant for the reaction of § with olefin and substituent,
respectively], they mainly consist of that with olefin. In the

absence of ether, k decreased as the E,; increased, showing
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Table 2 Rate constants for the reaction of 5 with olefins®

Rate constant/dm? mol™! s™!

Olefin E/eVt K, k kikq
Dimethyl fumarate 11.00'¢ 1.50 x 107 4.6 x 10° 0.31
Acrylonitrile 109117 2.06 x 107 6.0 x 10° 0.29
Methyl methacrylate 1057 33 x 107 27 x 107 0.82
Methacrylonitrile 103717 44 x 107 2.6 x 107 0.65
2,3-Dimethylbut-2-ene  8.30 '®* 1.83 x 10® 1.03 x 10® 0.56

“ Values k and k, are the rate constants in the presence of THF (2.0 mol
dm?) and in its absence, respectively. ® Numerical superscripts are
reference numbers.

Table 3 Rate constants for the formation of pyridinium ylide (8) in the
presence of ethers

kpy/dm®
Additive® mol ! 57! kpylkey,”  Solvent
None 8.24 x 108 1.00 i-Oc
THF 5.80 x 108 0.70 i-Oc
Dioxane 5.58 x 10® 0.68 i-Oc
Et,O 6.68 x 108 0.81 i-Oc
MeO'Bu . 6.92 x 108 0.84 i-Oc
MeOCH,CH,0OMe 6.92 x 108 0.84 i-Oc
THF 4.06 x 107 0.49 THF

¢ Concentration of additive (ethers) in i-Oc was 2.0 mol dm™2 unless the
ether was used as solvent. ® kpy and kpy, (8.24 x 108 dm* mol™' s7!) are
the rate constants in the presence or absence of ether, respectively.

that the addition of 5 to olefin is electrophilic. In the presence
of THF, its effect on k became larger as the E; of the olefin
increases. The change in the values of k/k, (Table 2) can be
rationally explained, again, in terms of the formation of
oxonium ylide 7.

2. Effect of ethers on pyridinium ylide formation. Formation
of pyridinium ylides in the reaction of singlet carbenes with
pyridine has been well elucidated.?® If the singlet carbene 5 forms
oxonium ylide 7 in the mixture of pyridine and an ether, the rate
constant kpy for the formation of pyridinium ylide 8 is expected
to decrease in a similar manner to that observed in the reaction
of 5 with TME. In this expectation, the rate constants kpy
were measured in the presence of various types of ethers
(concentrations of ether 2.00 mol dm~3) (Table 3). In fact, the
constants decreased in the following order: none > 1,2-
dimethoxyethane =~ tert-butyl methyl ether > diethyl ether >
THF > dioxane, and this order is almost the same to that
observed in the reaction with TME.

The effect of ether was studied further by measuring the rates
of pyridinium ylide formation (not the rate contant) at a
constant pyridine concentration (2.03 x 1072 mol dm™3). The
rates decreased with the increase in ether concentration (Fig. 7)
and, again, it can be concluded that the &,y is decreased by the
formation of oxonium ylide.

The ratios of rate constants kpy/kpy, (kpy,: rate constant in
the absence of ether, 8.24 x 10® dm® mol! s™!) are somewhat
smaller, on average, than those for the reaction with TME
(Table 1). The ratio k/k, 1s, however, as small as 0.56 at
[THF] = 2.0 mol dm. The difference in kpy/kpy, (Table 3)
can be explained in terms of ylide exchange reaction between 7
and pyridine, as shown in eqn. (7), and the rate constant for the

7 + Pyridine 2> 8 + Ether 7)

exchange reactions (kygz) can be estimated roughly to be
(2-3) x 10® dm3 mol ! s! based on the difference in k/k, ratio
obtained in the presence of THF. Every oxonium ylide 6 or 7
must react with pyridine to yield 8 via an ylide exchange
reaction.
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Fig. 7 Rates of pyridinium ylide formation vs. concentration of several
different ethers [fer-butyl methyl ether (1), diethyl ether (2), THF (3),
1,2-dimethoxyethane (4)] under a constant pyridine concentration
(2.03 x 102 mol dm™3) in i-Oc

3. Formation of oxonium ylide. In the preceding sections,
transient formation of oxonium ylides in the reaction of carbene
5 with ethers was proven clearly by examining the effect of
ethers on the k values for the reaction with TME or pyridine.
The reaction seems to be reversible as shown in eqn. (8) where k,

5 4 Ether %:7 K = kyk, (8)

and k _, are the rate constants for oxonium ylide formation and
its dissociation, respectively. If the reaction establishes a fast
equiliblium, a steady state treatment can be applied. Since the
difference between lifetime of 5 in i-Oc and that of 6 in THF is
small, the concentration of 5 can be calculated according to eqn.
(9), where K is the equilibrium constant (K = k/k_,) and [5],

[5] = [51o/(K[Ether] + 1) ®

and [5] are the concentrations of carbene 5 obtained from the
normal flash photolysis in the absence and presence of ether,
respectively.

There was no appreciable difference in the transient optical
density between 5 in i-Oc and oxonium ylide 6 in THF. Because
oxonium ylides are assumed not to react with TME, the
measured rate constants k£ in the presence of an ether can be
expressed in the formula eqn. (10), where & is the rate constant

k = ko/(K[Ether] + 1) (10)

for the reaction of 5 with TME (=1.83 x 10® dm3mol™! s!)in
the absence of ether. Thus, the constant K for THF was
calculated to be (0.5 £ 0.1) dm> mol™! based on the plotting in
Fig. 6.

Experimental

Materials

(Biphenyl-4-yl)chlorodiazirine 1 was prepared from 4-cyano-
biphenyl via the corresponding amidine hydrochloride salt (vide
infra).*® White crystals; 4, = 358 nm (¢ = 4.2 x 10°> dm?
mol!), 376 nm (6.2 x 10> dm? mol™!) and 395 nm (5.2 x 10°
dm? mol!) in 2,2,4-trimethylpentane (i-Oc). Spectroscopic
grade i-Oc, diethyl ether, tetrahydrofuran, 1,4-dioxane and
pyridine were used without further purification. Other ethers



were dried over calcium hydride and distilled twice before
use.

Laser flash photolysis

The laser flash photolyses (LFPs) of 1 were carried out in i-Oc
using a Quanta-Ray GCR-11 (355 nm, 15 ns pulse) or a
Lumonics Excimer 500 (308 nm, ca. 20 ns pulse). The
concentrations of 1 in i-Oc were 6 x 10* mol dm™3 for the
irradiation at 355 nmand 1 x 10~ mol dm™3 at 308 nm.

Product analysis

Photolysis products 2, 3 and 4, formed in the reaction of 1 in
THEF in the presence of MeOH under irradiation with a high-
pressure Hg lamp, were separated from the reaction mixture
and their structures were confirmed by 'H NMR spectral
analysis. Spectral data will be reported shortly in a separate
report.

The irradiated reaction of 1 with 2,3-dimethylbut-2-ene
(TME) in i-Oc produced an addition product 1-(biphenyl-4-yl)-
1-chloro-2,2,3,3-tetramethylcyclopropane (isolated yield: 86%;),
3098 (6H,s), 1.28 (6 H, s) and 7.2-7.7 (9 H, m, BP).

References

1 (a) W. Braun, A. M. Bass and M. Pilling, J. Chem. Phys., 1970, 52,
5131; (b) G. L. Closs and B. E. Rabinow, J. Am. Chem. Soc., 1976,
98, 8190: (c) K. B. Eisenthal, N. J. Turro, M. Aikawa, J. A. Butcher,
Jr., C. DuPuy, G. Hefferon, W. Hetherington, G. M. Korenowski
and M. J. McAuliffe, J. Am. Chem. Soc., 1980, 102, 6563; (d)
1. ). Zupancic and G. B. Schuster, J. Am. Chem. Soc., 1981, 103, 944;
(e) J. J. Zupancic, P. B. Grasse and G. B. Schuster, J. Am. Chem.
Soc., 1981, 103, 2423; (f) D. Griller, C. R. Montgomery and
J. C. Scaiano, J. Am. Chem. Soc., 1982, 104, 6813; (g) D. Griller,
A.S. Nazran and J. C. Scaiano, J. Am. Chem. Soc., 1984, 106, 198.

2 N.J. Turro, G. F. Lehr, J. A. Butcher, Jr., R. A. Moss and W. Guo,
J. Am. Chem. Soc., 1982, 104, 1754.

3 There are additional difficulties with employing chloro(phenyl)-
carbene in the present study: (1) the carbene precursor
chloro(phenyl)diazirine (CPD) is liquid; (2) the 4, of CPD is

at a short wavelength (318 nm, M. B. Jones, J. E. Jackson,
N. Soundarajan and M. S. Platz, J. Am. Chem. Soc., 1988, 110,
5597); (3) the lifetime of the carbene is shorter than that of 5.

4 N. Otani and A. Oku, presented at the 65th Spring Annual Meeting
of Chem. Soc. Jpn., Abstracts 2G1 14 (1993).

S W. Kirmse and P. V. Chiem, Tetrahedron Lett., 1985, 26, 197.

6 R. L. Barcus, L. M. Hadel, L. J. Johnston, M. S. Platz, T. G. Savino
and J. C. Scaiano, J. Am. Chem. Soc., 1986, 108, 3928.

7 1. R. Gould, N. J. Turro, J. A. Butcher, Jr., C. Doubleday, N. P.
Hacker, G. F. Lehr, R. A. Moss, D. P. Cox, W. Guo, R. C. Munjal,
L. A. Perez and M. Fedrorynski, Tetrahedron, 1985, 41, 1587.

8 J. E. Jackson, N. Soundararajan, M. S. Platz and M. T. H. Liu,
J. Am. Chem. Soc., 1988, 110, 5595.

9 M. A. Rodgers, J. Photochem. Photobiol., 1983, 37, 99.

10 H. L. Casal, S. E. Sugamori and J. C. Scaiano, J. Am. Chem. Soc.,
1984, 106, 7623.

11 N. H. Werstiuk, H. L. Casaland J. C. Scaiano, Can. J. Chem., 1984,
62, 2391.

12 M. H. Sugiyama, S. Celebi and M. S. Platz, J. Am. Chem. Soc., 1992,
114, 966.

13 Singlet carbenes can abstract the oxygen atom of cyclohexene oxide,
M. G. Matin and B. Ganem, Tetrahedron Lett., 1984, 25, 251.

14 J. A. Riddick, W. B. Bunger and T. K. Sakano, eds., Techniques of
Chemistry, vol. 11, Organic Solvent, 4th edn., Wiley, New York,
1986, pp.119 and 310.

15 R. A. Moss, C. B. Mallon and C.-T. Ho, J. Am. Chem. Soc., 1977, 99,
4105.

16 K. N. Houk, J. Sims, R. E. Duke, R. W. Strozier and J. K. Geoge,
J. Am. Chem. Soc., 1973, 95, 7287.

17 N. J. Turro, J. C. Dalton, K. Dawes, G. Ferrington, R. R. Hantala,
D. Morton, N. Neimczyk and N. Schore, Acc. Chem. Res., 1972, 5,
92.

18 R. C. Weast and M. J. Astle, eds., CRC Handbook of Chemistry and
Physics, 61st edn., CRC Press, Inc.,, Boca Raton, Florida, 1980,
E76.

19 (a) F. C. Schaefer and A. O. Krapcho, J. Org. Chem., 1962, 27, 1255;
(b) W. H. Graham, J. Am. Chem. Soc., 1965, 87, 4396.

Paper 5/03634H
Received 6th June 1995
Accepted 16th November 1995

J. Chem. Soc., Perkin Trans. 2, 1996 729



