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Generation, Reactions, and Kinetics of Di(naphthyl)carbenes: Effects of the Methyl Group
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A series of di(naphthyl)carbenes (DNCs) having methyl groups on aromatic rings were generated by photolysis
of the corresponding diazo precursors and studied not only by product analysis, but also by spectroscopic
means. “Parent” triplet.-DNC was shown to have a half-life of 70 ms, which is some 30 times larger than
that of triplet diphenylcarben€@PC), whereas parent tripl@DNC was 2 orders of magnitude shorter-

lived than thea-isomer. The lifetimes of triplet DNCs were significantly increased by introducing methyl
groups near the carbene center. ThissDNC, which has four methyl groups at 2£24-positions, was

shown to have a half-life of 100 ms, and the replacement of the two methyl groups at ‘tp@<tbns of

this carbene with tri(deuterio)methyl groups resulted in an increase of the lifetime by approximately 3 times
by quenching the intramolecular H transfer from the methyl groups to the carbene center lea@diqgrioid
compounds. The results are discussed in terms of the counteracting effects of electronic properties stabilizing
the singlet state and steric factors favoring the triplet and compared with similar studie®Dwits.

The past decade has witnessed a renaissance in the study dferies of methyl groups not only by product analysis but also
the kinetics and spectroscopy of carbenes as laser flashby means of spectroscopic methods.
photolysis (LFP) became a widely used technique in this &rea.
In particular, diarylcarbenes, which are receiving considerable Results and Discussion
attention as the archetypal triplet ground-state carbene, have
been studied in great detail, as they usually exhibit strong in
absorption bands in a more accessible spectral region than thos
of other carbenes and are hence readily studied by LFP with

UV —vis detection. Thus, diphenylcarbenes and fluorenylidenes t the 1- and 4-positions. Before going into the details of the

bearing va.rious substituents have been extensively studied, an ffect of methyl groups on the reactivity of di(naphthyl)carbene
these studies have demonstrated a large dependence of CarbeQBNC), we will first reveal the reactivity difference between

Wi 3
reactivity on the structurg"si . . ~ “parent’ o-(a-1) and 8-DNC (3-1)systems.
For instance, such studies on cyclic aromatic carbenes bearing” 5 Di(a-naphthyl)carbene to Di(8-naphthyl)carbene: A

a series of aryl substituents have demonstrated that eIeCtrO”'Comparison. The chemistry of mono-naphthylcarbenes (NC)
donor groups stabilize the electrophilic singlet carbene more 55 peen examined by product analsiad also by spectro-
than they do the radical like triplet, whereas electron-withdraw- scopic mean&’ A comparison of the data available on the
ing groups qlestabilize the singlet and lead to a greater singlet (e5ctions ofa-NC and B-NC with hydrocarbons shows that
triplet splitting (AGs)? On the other hand, the study of ; NC exhibits lower reactivity and a higher singlet character
reactivity as a function of the carbene bond angle has revealed, 4 possesses a smaller singleiplet energy gapAGs1). Two
that the triplgt states are stabilized with respect to the singlet aSkey molecular structural differences are responsible for the
the angle is increased. observed difference in the reactivity. First, theposition of
Another basic structural effect on carbene reactivity that the naphthyl moiety has the largest HOMO orbital coefficient
should be revealed in a quantitative manner might be the (Hiickel, 0.425 vs 0.263). This will lead to greater stabilization
perturbation by the extension of thesystem, as in benzo-  of the singlet carbene center byrep overlap, thus makingGsr
annelated derivatives. Although several diarylcarbenes with smaller. A second factor that should be taken into account is

The diazomethanes that we prepared in this study are listed
Scheme 1. They are dif{naphthyl)diazomethanes{1)
aving a series of methyl groups at the 2- and/or 4-positions

and di3-naphthyl)diazomethang-1) having two methyl groups

polynuclear aromatic rings such as naphthaleh@nd an-  the interaction between the carbene center and peg-

thracen@have been generated, the chemistry of these carbenesyydrogen, which is clear from matrix-isolation EPR experiments,

has not been systematically studied yet. which show a preference for the syn conformatiorueIC 52
The zero-field splitting parameterS/E values, of diphenyl- It is also evident that similar 1,8-interactions influence the rate

carbene, di(1-naphthyl)carbene, and di(9-anthryl)carbene areof formation of naphthylmethyl anions and catidns.

reported to be 0.4055/0.194, 0.3157/0.0109, and 0.113/0.0011, To examine how these two factors influence the reactivity
respectively. This clearly suggests that the triplet states achieveof sterically more congested diaryl systems, we first generated
a less bent structure with more extensive delocalization as theo- and s-isomers of DNC 2a) and examined their reactivity.

number of aromatic rings is increas€dThese profound a. Product Analysis Studies.Irradiation ¢ > 300 nm) of

structural changes in the rigid matrix should be reflected in the 1ain 2-propanol gave propyl eth8aas a major product along

reactivities in the solution phase. with a small amount of di(naphthylmethanet)the ratio of
As a part of our project on persistent triplet carbeted? 3/4 being increased on going froox to -2a (Scheme 2, Table

we studied the chemistry of di(naphthyl)carbenes bearing a 1). These products are apparently derived from photolytically

10.1021/jp026410m CCC: $22.00 © 2002 American Chemical Society
Published on Web 09/26/2002



10262 J. Phys. Chem. A, Vol. 106, No. 43, 2002 Koshiyama et al.

SCHEME 1 SCHEME 3
Ph Ph H(D)
OO e B
v —
LI, Lo
>
v XX v Ph Np Np Np Np
E- Z-5
o-1 a-2
Np = Naphthyl
a: X=Y=H d: X=Y=Me
b: X=H, Y=Me  g.g,:X=CDs;, Y=Me SCHEME 4
c: X=Me, Y=H
A2
Jy

X Np X X X
hv hv iz
N 1 — N Np * Np” Np *+ Np~ "Np
- N2
X X X X @ 6 7 8
B-1 p-2
a: X=H b: X =Me ds ds
SCHEME 2
N2 Np~ 'Np Np™ Np Np™ 5 Np Np~ “Np

hv .o

NN TNy TN

Np] 6 - hg 6-ds 6 - hsd 6 - hds
1 2 Np = Naphthyl
Np = Naphthyl
, TABLE 2: Product Distributions in Photolysis of
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iPrOH PR E-f-Deuterio-o-methylstyrene
Np™ Np + Np™ 'Np diazomethanes E-5 zZ-5
3 4 o-la 49 51
o-1b 50 50
TABLE 1: Product Distributions in Photolysis of o-1c (02 0?
Di(naphthyl)diazomethane (1) in 2-Propanol o-1d 0 0?
- B-la 49 51
diazomethanes 3 4 B-1b 49 51
a-la 88 12 . .
a-1b 77 18 a A large amount of intractable materials were formed.
a-1c 79 15 . - .
a-1d 49 47 concentration. The finding suggests that only one spin state of
B-la 93 7 the carbene is responsible for the cyclopropanation of the
p-1b 84 12 styrene, and the total loss of stereochemistry implies that this
state is the triplet.
generated carbeneZa, which must react with 2-proparil Photolysis in benzene resulted in the formation of products

because the diazomethanéa were completely recovered that were much more dramatically affected by the change in
without change in the dark under otherwise identical conditions. the carbene structure. Thus, irradiation ®fla in benzene
It is generally accepted that the-®l insertion is the charac-  afforded di(2-naphthyl)phenylmethan®§a), formally an inser-
teristic reaction of singlet diarylcarbenes, whereas the triplet tion product of the carbeng-2a into the G-H bond of the
carbenes abstract hydrogen from thekCbond of alcohols to  solvent, as the major product along with a small amount of
give the corresponding diarylmethyl radicals, which either radical dimer g-7a), whereas similar irradiation of-1 resulted
undergo dimerization to produce tetra(aryl)ethane and/or abstractin the formation of a small amount of the dimet-{a) and the
second hydrogen to form diarylmethaité®>The results indicate  azine (-8a) along with a large amount of intractable oil, 6o
that the reaction from the triplet becomes more appreciable in being detected (Scheme 4, Table 3).
the reaction ofr-2a than that off-2a b. Spectroscopic Studiedrradiation of di(1-naphthyl)diazo-
Generation of2a in a-methylstyrene, on the other hand, methane ¢-1a) in a 2-methyltetrahydrofuran (2-MTHF) glass
afforded cyclopropanes@) almost exclusively. Addition of a  at 77 K gave a paramagnetic species shown in Figure 1 readily
carbene to an olefin to form cyclopropane is the classical way characterized from its ESR spectrum as triplet di(1-naphthyl)-
to diagnose the multiplicity of the reacting carbéhelThe carbene-2a).1%17Essentially, the same spectrum was observed
stereochemistry of this reaction was probed by emplofsft when di(2-naphthyl)diazomethang-1a) was irradiated under
deuterioei-methylstyrené?® Integration of the NMR absorption  the same conditions. Two sets of signals were observed, as in
of the cyclopropyl hydrogens shows that the two isomeric the ESR spectra of other triplet naphthylcarbenes, presumably
cyclopropanes are formed in nearly equal amounts regardlessdue to the presence of rotational isom@&:¢ Detailed analysis
of the position of carbene center (Scheme 3, Table 2). The of these spectra will be reported elsewhere. The signals were
stereochemical outcome of the cyclopropanation depends onanalyzed in terms db andE values and are reported in Table
the concentration of the styrene if both singlet and triplet 4. BecauseE measures the difference of the magnetic dipole
states are involvetf. However, the two cyclopropanes were interaction along the& andy axes, it allows one to estimate the
formed in nearly equal amounts regardless of the initial olefin bond angle at the carbene center, especially when weighted by
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TABLE 3: Product Distributions in Photolysis of
Di(naphthyl)diazomethane (1) in Benzene

diazomethanes 6 7 8
a-la <1 19 20
o-1b <1 <1 74
a-1c 02 02 02
o-1d 02 02 02
p-la 60 <1 11
B-1b 02 02 02

a2 A large amount of intractable materials were forme@GC-MS
analysis of3-6aobtained in the photolysis ¢F1lain a 1:1.009 mixture
of CeHe:CsDs showed peaks atvz 344 (3-6a -hg) and 350 -6a-ds)
in the ratio of 1:0.98. MS peaks correspondingitéa -hsd andj-6a
hds were negligibly small €1%).
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Figure 1. EPR spectrum obtained by irradiation @fla in 2-meth-
yltetrahydrofuran (2-MTHF) at 77 K.

D. Inspection of the data in the table indicates tB& values

decrease on going frofit to a-isomer of DNC, suggesting that
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ns, 70-90 mJ, and 308-nm pulse from a XeCl laser produced

a transient species showing a strong absorption at 377 nm, which
appeared coincident with the pulse and disappeared within 10
ms (Figure 3). On the basis of the low-temperature spectrum,
we assigned the transient product to trippeRa. Support is

lent to this assignment by trapping experiments using oxygen
and 1,4-cyclohexadiene (vide infra).

The oscillogram trace of the transient absorption due-&a
monitored at 377 nm is shown in the inset of Figure 3. The
decay was found to be second-order, akge2 was determined
to be 7.4x 10* s71, where Xy is the dimerization rate constant,
€ the extinction coefficient, antithe optical path. The rough
lifetime of o-2ais estimated in the form of half-life,», to be
70 us (Table 4).

When flash photolysis measurements were carried out on a
nondegassed benzene solutionoela, the half-life of triplet
o-2a was decreased, and a broad absorption band with a
maximum at 440 nm appeared. The rate of increase in the
absorbance at 440 nm was practically the same as that of the
decay of the peak at 377 nm, showing that tripleRa was
guenched with oxygen to form a new species. Analysis of the
spent solution showed the presence of a large amount of di(1-
naphthyl)ketone. It is well documented that diarylcarbenes with
a triplet ground state are readily trapped by oxygen to give the
corresponding diaryl ketone oxides, which are observed directly
by either matrix-isolation techniqu¥sor flash photolysig?
These carbonyl oxides usually show a rather broad absorption
band centered around 39@50 nm. Thus, the observation can
be interpreted as indicating that the triplet2a is trapped
with oxygen to generate carbonyl oxide-9a) (Scheme 5).
This confirms that the transient absorption quenched by oxy-
gen is due tda-2a. The decay of the carbonyl oxide was found
to be first-order, and the decay rate was estimated to be& 2.1
1% s L

The kinetics of carbonyl oxide formation was studied by
monitoring their formation for several concentrations of oxygen
in acetonitrile. The build-up of the signal followed pseudo-first-

the carbene becomes less bent due to increased steric interactiony, yor kinetics Ks59, and the bimolecular rate constaks,, was
. . . ’ 93
Optical spectroscopy in the frozen medium gave analogous gerermined from plots déopsgrowth vs [Q] according to eq 1,

but more intriguing results. Irradiation of 1ain 2-MTHF glass

at 77 K resulted in the appearance of new absorption bands at,

the expense of the original absorption duetda. As is shown

in Figure 2, the new spectrum consists of structured bands in
300—-450 nm with a strong and sharp maximum at 375 nm.
These features, especially the strong and sharp absorption around

370-380 nm, are also reported for the spectraxefiC (Amax

wherek represents the rate of decayafa in the absence of
xygen andko, is the rate constant for the reaction of the carbene
with oxygen

Kobs = K+ ko, [O] @

= 370 nm)78 The glassy solution did not exhibit any changes A plot of kops against [Q] in the range of 0.59 mM is

for several hours when kept at 77 K. However, when it was linear, and the slope of this plot yields the absolute rate constant
allowed to warm to room temperature and was then cooled againfor reaction ofa-2awith Oy, ko, = 1.7 x 10® M~ s71 (Scheme

to 77 K, the characteristic bands disappeared. On the basis of5, Table 5).

these observations coupled with ESR results, the absorption On the other hand, when a solution @fla in a degassed
spectrum can be attributable to triplet di(1-naphthyl)carbene benzene solution containing 1,4-cyclohexadiene (CHD) was

(a-2a) generated by the photodissociationcefla.

Similar irradiation of theS-isomer (3-1a) also gave new

excited, a new species was formed, showing an absorption with
Amax = 432 nm as the 377-nm signals @f2a decayed. Figure

absorption bands with strong maxima at 325 and 398 nm, 4 shows the transient spectrum obtained 50 and/9@fter

ascribable to triplet carbeng-@a) (Table 4). Careful monitoring

the photoexcitation, and the inset shows the decay-@& at

of the spectral changes as a function of the temperature reveale®77 nm and the formation of the new species at 432 nm,
a significant difference in thermal stability between the two indicating that the decay af-2ais kinetically correlated with
isomers. Thus, no appreciable changes were observed for thehe growth of the new species. It is now well documented that

absorption bands ascribable de2a in 2-MTHF up to 100 K,
whereas the absorption band observed fe2a started to
disappear already at 80 K.

triplet arylcarbenes generated in good hydrogen donor solvents
undergo H abstraction, leading to the corresponding radical.
The excellent hydrogen donor properties of 1,4-cyclohexadiene

To get more guantitative information on the reactivity, flash have been recognized in its reaction with triplet benzopheffone.

photolysis was carried out. Laser flash photolysis (LFR)-dfa

Moreover, the diarylmethyl radicals are usually red-shifted with

in a degassed benzene solution at room temperature with a 10espect to the corresponding triplet carbeh®&sAll of the
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TABLE 4: Kinetic and Spectroscopic Data for Di(naphthyl)carbene (2)

Amax (NM)
carbenes D2 (cm™?) E2 (E/D) 2-MTHF? PhH T (K) ty (us) Klel® (s7h)
a-2a 0.3232 0.0105 (0.0325) 330, 350, 362, 377 100 70 7.4¢ 104
375, 412
B-2a 0.3832 0.0182 (0.0475) 325, 360, 398 390 80 (0'83) (1.2x 10P)¢
0.3971 0.0158 (0.0398)

a|n 2-MTHF at 77 K.” In degassed PhH at 2. ¢ Temperature at which UV absorption bandSDNC start to disappear in 2-MTHF matrixes.

d Lifetime. ¢ Unimolecular decay.
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Figure 2. Absorption spectrum obtained by photolysis of di(1-
naphthyl)diazomethaner{1a) in 2-methyltetrahydrofuran (2-MTHF)
at 77 K. (a) UV-vis spectrum ofbx-1ain 2-MTHF at 77 K. (b) Same
sample after 5-min irradiatiold (> 300 nm). (c) Same sample after
warming to room temperature and recooling to 77 K.

transient decayed following a first-order rate law with a rate
constantkq,9 that depends linearly on the alcohol concentration.
A plot of kops against the concentration of methanol is linear,
and the slope gives a bimolecular rate constkg{ieOH)] of

0.120 i
m 3.5 x 10° M~ s71 for the reaction of the carbene-Qa) with
the alcohols (Table 5).
o 0.083 NN It is widely believed that singlet carbenes readily undergo
Q insertion into O-H bonds. The reaction of diphenylcarbene
_é‘ 0,045 (DPC) with methanol has been exhaustively studied by spec-
2" troscopic techniques!4 Upon addition of alcohols in the LFP
< experiments, quenching of both singlet DP £ 101° M1
0,008 s71) and triplet DPCk, ~ 10’/ M~! s71)12223 was observed.
Preequilibrium and surface-crossing mechanisms have been
proposed for the relatively slow reaction of triplet diarylcarbenes
-0.030 with O—H bond#* (vide infra).
3000 3412 3824 423.6 464.8 506.0 The LFP ofo-1aeither in acetonitrile-water (1:1) orin 2,2,2-

Wavelength / nm

Figure 3. Absorption spectra of the transient products formed by

pulsingo-1ain degassed benzene with a 308 nm excimer laser recorded

after 50us. Inset shows oscillogram traces monitored at 377 nm.

trifluoroethanol-acetonitrile(1.6:1), on the other hand, gave rise
to a new transient product showing the maximum at 630 nm
(Figure 5). The decay of the transient species was found to be
first-order, and the rate constant decreased as solvent nucleo-
philicity was decreased. It has been demonstrated that most

preceding facts suggest that the new signal was attributable todiarylcarbenes undergo protonation in hydroxylic solvents to

the di(1-naphthyl)methyl radicabf108) formed as a result of
the H abstraction ofx-2a from the diene (Scheme 5). The
apparent build-up rate constarkyfy of the radical is again
expressed in eq 2, whekgyp is a quenching rate constant of
o-2a by the diene

Kobs= K=+ kel CHD] )

generate the corresponding diarylcarbocation, which are detected
by LFP in the less nucleophilic solverits?> Therefore, the
species showing the maxima at 630 nm was assigned to the
di(1-naphthyl)carbocationn¢114).28 Identification as a cation
follows arguments similar to those employed previously, namely
the observation of exponential decay kinetics with quenching
by a good nucleophile, azide, and no effect of oxygen. In
addition, essentially the same transient product was observed

A plot of the observed pseudo-first-order rate constant of the in the LFP of di(1-naphthyl)methyl bromide in the same solvent

formation of the radical against [CHD] in the range 0-050
M is linear, and the slope of this plot yielttsyp = 1.24 x 10*
M~1s1 (Scheme 5, Table 5).

(Scheme 5, Table 5).
Similar measurements were done for fhissomer of carbene
(p-24), and values are summarized in Tables 4 and 5.

LFP ofa-lain degassed benzene containing methanol formed  As will be discussed in the next section in more defaiBa
the same transient species that we had detected in the absenosas found to be significantly more reactive tha@2a, and the
of alcohol. The lifetime of this species decreased as the rate constant with very efficient reagents, e.g., Was too fast
concentration of alcohol in the solution was increased. The to be determined by our systems.
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TABLE 5: Kinetic and Spectroscopic Data for Reactions Involving Di(naphthyl)carbene (2)

ketone oxide 10)2 radical (L1)° cation (L2)°
2 A k Kehp® A 2k/el kg (MeOH) A k
carbenes (M~ts) (nm) (sh M-1s?) (nm) (sh M-1s?) (nm) (s
a-2a 1.7x 1@ 440 2.1x 17 1.2x 10* 432 7.9x 10¢ 3.1x 1P 630 9.8x 10
(6.6 x 10°)¢
B-2a >10% 425 2.0x 10 5.0x 10° 406 6.6x 10° >10w° 580
(too fasty

2In MeCN. ® In degassed PhH.In CRCH,OH-MeCN (1.6:1).¢ Second-order decay irk2l. ¢ In MeCN—H,O (1:1).
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Figure 4. Absorption spectra of the transient products formed during
the irradiation ofa-1ain degassed benzene containing 1,4-cyclohexa-
diene, recorded after (a) 505 and (b) 10Qus. Inset is oscillogram
traces monitored at 377 and 432 nm.
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Figure 5. Absorption spectra of the transient products formed during
irradiation of a-1a in trifluoroethano-MeCN (1.6:1) recorded after
10 us.

c. Reactivity Difference betweeno- and f-DNC. A

and/or cycloheptatrien®.It may be then tha6a is produced
from the triplet state of2 by an abstraction-recombination
mechanism. To check this possibility, the irradiationfela
was carried out in a 1:1 mixture ofgHg and GDs, and the
deuterium distributions in the produgt6a were determined

by mass spectrometric analysis, which clearly showed that direct
insertion products, i.ef-6a-hs and ds, were formed almost
exclusively &99%), whereas the yield of scrambled products
detected was less than 1%. The kinetic isotope efflegkid)

for the formation of6a was determined to be 0.99 from the
product distributions (Scheme 4, Table 3). The results indicate
that the C-H insertion product is formed almost exclusively
from the singlet carbeng-2a.

Olah and co-workers have studied the mechanism of thid C
insertion of methylene (Ck) into benzene using kinetic
hydrogen isotope effects as well as theoretical calculations and
concluded that, while the insertion of the triplet methyleké (
ko = 12.14 1.0) proceeds through a stepwise mechanism which
may involve an intermediate, the mechanism for the singlet
methylene Ku/kp = 1.34 £ 0.04) seems to follow a concerted
pathway, although initial formation of-complexes cannot be
excludec?” Direct attack of the singlet-2a at the C-H bond
of benzene is, however, rather unlikely in the light of the
decreased electrophilicity as well as increased steric crowded-
ness. Presumably, as the carbenic centef-a& approaches
thes-electrons on the aromatic ring so as to form norcaradiene,
it will experience severe steric hindrance due to the two aromatic
rings, and the carbene will thus be forced to follow the pathway
to generate ar-complex or a neutral zwitterionic species that
will ultimately cascade t®. Alternatively, a norcaradiene may
be formed and readily undergo rearrangement to give the
insertion product owing to steric repulsion either as it is formed
or during the workup. However, all attempts to detect the
norcaradiene have been unsuccessful to date (vide infra).

The almost complete absence of the solvent adduct (e.g.,
0-6a) in the reaction ofa-2a is in sharp contrast with that
observed fors-2a and can be also explained in terms of the
steric effect. The approach of the singlet carbene to the
sr-electrons on the benzene ring so as to a species leadihg to

comparison of the data available on the product distributions should experience a much more severe steric hindrance in this

in the reaction ofr-2aandp-2awith the substrates shows some

case, and carbenes are hence forced to decay by several

interesting differences in the reactivity, which can be explained competing reaction pathways available to form rather complex

mostly in terms of steric effects. Thus, in the reaction with

efficient trapping reagents for singlet carbene, i.e., alcohols, no
significant changes in product distributions were observed.

product mixtures.

Inspection of the kinetic data (Table 5) leads to an analogous
but more quantitative conclusion. Unimolecular vs bimolecular

Similarly, essentially the same product ratios were obtained in decay kinetics fop3- and a-isomers in benzene, for instance,

the reaction witho-methylstyrene, which is believed to react
efficiently with the triplet states.

must reflect the difference in the reaction patterns between the
two carbenes. Unimolecular decay of triplgt2a can be

A dramatic difference in the reaction patterns is observed in interpreted as indicating that the triplet states are trapped by
the reaction with benzene. The formation of a formal insertion the solvent benzene. However, the product studies clearly

product (3-6a) into the C-H bonds of benzene in the reaction

suggest that the singlet state is responsible for the final product

of §-2ais rather unusual because carbenes react with benzeng6). The fact that the optical density 8-2awas not decreased

by the initial attack on ther electrons on the aromatic ring in

significantly compared to that &fx-2a under identical condi-

the singlet state to result in the formation of a norcaradiene tions, i.e., in degassed benzene at’@0) indicates that not all
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of 6 is produced from the nascent singlet. Thus, monitored andg-1b, Scheme 1) bearing methyl groups on aromatic rings
34-2aalso leads to the final product either by the preequilibrium and investigated the effect of methyl groups on the reactivities
mechanism, where triplet to singlet intersystem crossing occursof di(naphthyl)carbene£) photolytically generated from them.
prior to reaction of the singlet carbene, or by surface crossing, a. Product Analysis Studieslrradiation of methylated. in
where the potential energy surfaces of the singlet and triplet 2-propanol also gave the propyl etf@along with dinaphth-
carbene reaction cross after they have begun to interact withylmethane4. The product distributions are rather sensitive to
the substrate (benzene). the substituents, especially in the casexagomers. Thus, as

The second-order decay kinetics®af2a, on the other hand,  methyl groups are introduced at the ortho positions of the
suggests that the triplet states decay by undergoing dimerization.carbene center, the product from the triplet carbenes,4,e.,
The product analysis of the mixtures obtained in conventional increases rather significantly; in the case of di[1-(2,4-dimethyl)-
light irradiation, however, did not completely support the naphthyllcarbeneo(-2d), the 3/4 ratio is close to 1 (Scheme 2,
spectroscopic observation, although the absence of the solvenirable 1).
adducts implies thati-2a is unreactive toward benzene. It is More dramatic changes in the product distributions are
probable that intense light from the laser can generate a highobserved in the reactions with other substrates (Tables 2 and
concentration ofa-2a. Under such conditions, the carbenes 3). Thus, the photolysis af-1c andd in o-methylstyrene and
become the most efficient trapping reagent for themselves. benzene resulted in a large amount of intractable oil, almost no
Alternatively, the expected dimer, i.e., tetra(1-naphthyl)ethylene, meaningful products obtained in the reaction with the “parent”
is simply unstable under photolysis conditions. a-2 being isolated. A similar but less significant change of the

Comparison of the lifetime in the form of the half-life of the product distributions upon the methyl substitution is also
two carbenes in benzene showed thetais some 2 orders of ~ observed in the reaction of thfkisomers. Thus, in the reaction
magnitude longer-lived than thg&isomer. Because the decay of 5-2b, significant product formation was not discontinued until
processes are not the same for both carbenes, the stability canndhe least reactive substrate, i.e., benzene, was used, while
be discussed simply based on the kinetic data. Neverthelessgssentially the same products were produced in other reagents
the stability order is consistent with that of steric congestion. although the ratio was slightly changed, probably reflecting

The kinetic data obtained in typical triplet quenchers should increased steric factors.
be more informative in order to estimate differences in the  These results are consistent with those observed for analogous
reactivity between the two carbenes in the triplet states. Thus, reactions with polymethylated diphenylcarbefiésand are
the quenching rate constanty#2a with oxygen is too high to interpreted similarly in terms of the steric effect on the reaction.
be monitored and significantly higher than that®af2a. The Thus, as methyl groups are introduced at the ortho position of
rate constants for hydrogen abstraction from CHD observed with di(1-naphthyl)carbene, which is already sterically congested, the
3-2aare 2 orders of magnitude greater than th&befa. These carbenic center should be protected more strictly. As a result,
results suggest th&b-2a is considerably less reactive than the reactions from the singlet side, which are generally more
38-2aand can be interpreted in terms of better steric shielding sensitive to the steric factot328 become energetically less
in 3a-2a than in the corresponding-isomer. favored, and the singlet state is forced to undergo intersystem

The stability of intermediates formed from DNC, e @11, C(ossing to the triplet. The triplet states can react with typica_l
is also to be noted. Although these intermediates should not belfiPlet quenchers, e.g., hydrogen donors, but become less reactive
influenced by the same electronic factors, rough trends in towar.d Iess. efficient tr|.plet quenchers. Steric h!ndrance is less
stability are more or less similar to that of the precursor DNC. Prominent in the reaction g8-2 because essentially the same
This can be again interpreted as indicating that steric factors Products are obtained in the reaction/62b even with less
play more important roles than electronic effects in the reaction réactive substrates, i.e., styrene, as in the reactigiat This
of these polynuclear aromatic systems. confirms the importance of the role of peri-H in theisomer.

B. Effects of Methyl Groups on the Reactivities of Di- It should be noted here that, in the caseoafethylated
(naphthyl)carbenes. The above study reveals that triplet di- diPhenylcarbenes, triplet carbenes decay mainly by undergoing
(naphthyl)carbenes are significantly longer-lived than triplet intramolecular hydrogen abstraction from the ortho-methyl
diphenylcarbene, confirming the expectation from the structural 9r0UPS to produce eventually benzocyclobutene derivatives, as
studies based on the ESR measurement in low-temperaturgore methyl groups are introduc&d:*%ll attempts to isolate
matrixes. Thus, triplet di(-naphthyl)carbene is more than 2 gxpected naphthocyclobutgnes were unsyccessful, although the
orders of magnitude longer-lived than triplet diphenylcarbene intramolecular H abstraction process is actually observed
(t2 ~ 2 us). This suggests that di(naphthyl)carbene can serve SPectroscopically (vide infra).
as a more promising prototype diarylcarbene for persistent triplet  b. Spectroscopic Studieslrradiation of methylated diazo-
carbene than DPC. Naturally, one would expect that the lifetime methanes k) in 2-MTHF glass at 77 K gave persistent ESR
of di(naphthyl)carbene could be elongated by introducing Signals with largeD values characteristic of triplet DNC. The
appropriate substituents around the carbene centers. Becauseero-field splitting parameterf andE, are reported in Table
carbenes react even with very poor sources of electrons, suct. Inspection of the data in the table indicates @ values
as C-H bonds, theert-butyl group, which has been successfully steadily decrease as one introduces more methyl groups on the
employed as one of the most effective protecting groups for aromatic rings, suggesting that the carbene becomes less bent
many reactive centers in organic chemistry, was found to be due to increased steric interaction between the methyl groups.
ineffective in protecting triplet carbené®i In this respect, Optical spectroscopy in the frozen medium gave essentially
methyl groups can serve as an exceptionally good protectingthe same spectral changes observed with the “parent” carbenes.
group for triplet carbene in the case of diphenylcarbene; Irradiation of methylatedl in 2-MTHF glass at 77 K gave
didurylcarbene is shown to have a half-life of 410 ms in solution absorption bands ascribable to the corresponding triplet carbenes
at room temperature, sondeorders of magnitude longer-lived  (2). Although the absorption maxima are slightly shifted, the
than diphenylcarbene under the same conditiéhsTherefore, overall shapes of the bands are similar. However, careful
we prepared a series of di(naphthyl)diazomethaeshb-d monitoring of the spectral changes as a function of the
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TABLE 6: Kinetic and Spectroscopic Data for Methylated Di(naphthyl)carbene (2)

D2 Ea Amax (nm) T tllzb kib,d
carbenes (cm™) (cm™) (E/D) MTHF2 PhH (K) (us) Klelb (s71) (s
o-2b 0.3197 0.0108 (0.0337) 380 380 90 28 oz
a-2c 0.3256 0.0089 (0.0273) 379 (435) 379 (436Y 110 1400 1.0x 10
o-2d 0.2490 0.0053 (0.0215) 384 (454) 382 (451} 105 100 000 10.5
o-2d-ds 0.3265 0.0099 (0.0303) 383 375 265 000 3.60° <1
p-2b 0.3466 0.0173 (0.0500) 375, 398 375 95 58 5.20¢

0.3484 0.0141 (0.0405)

an 2-MTHF at 77 K.® In degassed PhH at 2€. ¢ Temperature at which UV absorption band$DNC start to disappear in 2-MTHF matrixes.
dIntramolecluar H abstraction rate constgbsorption maximum folo-quinodimethane.

2.0 SCHEME 6
384 nm

Absorbance

454 nm

0.0
-0.2 L 1 L
300 400 500 600

Wavelength / nm The LFP of the methylatetl in a degassed benzene solution
Figure 6. Absorption spectrum obtained by photolysis of di[1-(2,4- produced similar transient absorption bands with those observed
dimethyl)naphthylldiazomethanex{ld) in 2-MTHF at 77 K. (a) for “parent” 1, although their decay modes and kinetics are
UV—vis spectrum ob-1d in 2-MTHF at 77 K. (b) Same sample after  gangitive to the substitution patterns (Tables 6 and 7). Com-
5-min irradiation. (c) Same sample after thawing to 110 K. (d) Same . . . .
sample thawing to room temperature and recooling to 77 K. parison of.the data in the 'tfall)les conflrms expectations for the

role of steric effects in stabilizing the triplet carbene center more

temperature showed that the thermal stability and the decayquantitatively. Judging from the half-life in benzen&-2
pathway are sensitive to the substitution patterns. First, in the becomes destabilized slightly by tipara-methyl groups t,
case ofa-DNC, the temperature at which the carbene bands decreases slightly on going from2a to o-2b) but stabilized
start to decayTg) increases by about 10 K upon ortho-methyl significantly by the ortho-methyl group$i 4 increases signifi-
substitution (comparé&y betweena-2a and a-2c in Table 6). cantly on going fromu-2ato a-2c¢). This can be interpreted in
This is obviously due to increased stability by the protecting terms of electronic effects, which cause the upper-lying singlet
o-methyl groups. On the other hand, this temperature drops tostate to be close to the triplet ground states, and steric effects,
90 K by para-methyl groups (see th&, difference between  which stabilize the triplet states kinetically. The introduction
o-2aando-2b in Table 6). This is interpreted in terms of the of two more methyl groups at the para positioasc) resulted
electronic effect. It is generally accepted that electron-donating in an increase in the lifetime by some 2 orders of magnitude,
substituents stabilize the electrophilic singlet carbene more thanindicating that para methyl groups in this case stabilize the triplet

they do the radical-like triplet, thus makidgGst smaller? The carbene. The reason for this rather puzzling effect is not clear
triplet states then would decay more easily by way of the upper- at present. Benzene is known to be one of the least reactive
lying singlet state. solvents toward triplet carbenes. Therefore, carbenes usually

Second, upon thawing the matrix, a new broad absorption decay either by undergoing dimerization or by abstracting
appeared around 44@50 nm as carbene absorption bands hydrogen from thed>-methyl groups. Product analysis showed
decreased in the case of the-2 bearing the methyl group at  that large amounts of complex mixtures were formed, little
the ortho position (Figure 6), while all other carbene bands simple carbene dimers being virtually isolated.
decayed monotonically without showing secondary transient It is to be noted that trityl radicals undergo either methyl
absorption bands. The secondary formed species showed appara or parapara coupling depending on substitution patterns
preciable thermal stability and decayed gradually upon thawing and that this coupling reactions are suppressed by para substit-
the matrix to room temperature. What is this intermediate? In uents3! Similar decaying pathways are suggested in the reaction
the analogous spectral monitoring of the decay process of ortho-of persistent triplet diarylcarben&®.Thus, as the carbene center
polymethylated diphenylcarbenes as a function of temperature,is more sterically congested, simple dimerization at the carbene
we also observed similar broad, secondary transient bands insite must suffer from severe steric repulsion, and the carbene is
visible regions, which we assigned asquinodimethanes  hence forced to react at the sites where a spin can be
generated by the 1,4 H shift from tleemethyl to the carbenic  delocalizec® Increased stability im-2d compared tax-2c can
center based on the spectral profiles, i.e., broad absorption bandshen be ascribable to the suppression of this coupling pathway.
centered around 35450 nm and appreciable thermal stabil- However, the reactivities of-2 toward typical triplet
ity.30 These features are also present in the spectrum obtainecdjuenchers, i.e., oxygen and CHD, are also decreased in this
in the photolysis ofa-1c andd. In these circumstances, the order. For examplekcyp decreases by some 2 orders of
secondary transient is attributable dequinodimethanes1@) magnitude on going fromx-2c to a-2d. This suggests that the
(Scheme 6). increased stability ofo-2d in benzene cannot be simply
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TABLE 7: Kinetic and Spectroscopic Data for Reactions Involving Methylated Di(naphthyl)carbene (2)

ketone oxide 10)2 radical (L1)° cation (L2)°
ko, A k kenp® A 2k/el Kveo/K A k
carbenes (M~ts (nm) (sh (M~ts (nm) (sh (M~ts) (nm) (s
a-2b 1.9x 1@ 430 5.6x 10 6.6 x 10* 422 3.6x 1C° ~10° 630 6.5x 10°
o-2¢ 6.5x 108 430 1.8x 1% 2.8x 10° 435 2.2x 10¢ 1.1x 10* 630 9.2x 10°
a-2d 1.0x 1¢° 415 1.4x 1% 3.6x 10 460-470 9.5 1% 10° 645 2.2x 10°
p-2a 1.7x 1@ 420 1.8x 10° 426 4.1x 107 610 3.1x 108

a|n MeCN. ? In degassed PhH.In CFCH,OH-MeCN (1.6:1).

0.400 ‘
382 nm 2= 100 ms 1s
0275 Vo k=105
g / A
3 e 30
<
451 nm
0.025 :
-0.100
330.0 371.2 412.4 453.6 494.8 536.0
Wavelength / nm

Figure 7. Absorption spectra of the transient products formed during
the irradiation ofa-1d in degassed benzene recorded /59 after

gas-phase acidities of the acids and the basicities of their methyl
esters combined with heat formation by using the principle of
isodesmic reaction has revealed that this effect is not zero even
in 2,5-dimethyl derivative, suggesting that the interactions
between more distant groups cannot be negleét@tis effect,

if any, should be more significant for the 4-methyl group of
naphthalene derivatives than for that in benzenes due to the
presence operi-hydrogen in the former case. In this light, the
o-methyl groups ino-2d are brought closer to the carbenic
center than those im-2c. Therefore,a-2d can decay by
abstracting hydrogen from the-methyl group to generate
o-quinodimethane and, since the carbene center2d is more
tightly blocked by theo-methyl group, it reacts with typical
triplet quenchers less efficiently. The fact that2c decayed
without showing any sign of formation aj-quinodimethane
12cbut generated2cin a low-temperature matrix upon thawing

photoexcitation. Insets are oscillogram traces monitored at 380 and 450the matrix also suggests that tbamethyl groups ino-2c are

nm.

ascribable to the decrease in the reaction sites in its dimerization
reaction but to the inherent decrease of the reactivities of the

carbene center. It should be noted here that LFR-ad in
degassed benzene gave a secondary transient species exhibiti
a broad band around 451 nm as the 382-nm signabwed
decayed (Figure 7). On the basis of the low-temperature

spectrum, the secondary formed transient species is assigne(g

to o-quinodimethanel2d). It should be noted that the decay
of 3a-2d was found not to fit the first-order kinetic and to be
slower by half than the growth df2d. This suggests that not
all of 3a-2d decays by intramolecular H abstracting. Similar
spectroscopic observations were noted in an LFP study o

less close to the carbenic center than those-Rd.

Rather significant decrease in the reactivity toward methanol
on going froma-2ato a-2d (Tables 5 and 7) can be interpreted

in terms of the change in a singtetriplet energy gap. Thus, as
more methyl groups are introduced at position 206DNC,

e bond angle is increased (as indicated in an decreds®in

values), and triplet state is more stabilized with respect to the
inglet (vide supra). Similar decrease in the rate as a function
f methyl groups is also observed in the reaction of triplet DPC
with methanot

Similar effects of the methyl groups are also observed for
the kinetics of thgs-isomer of the carbene. Thus, on going from

¢ -2ato -2b, the lifetime increased by 2 orders of magnitude,

polymethylated diphenylcarbenes, e.g., didurylcarbene, which @1dkcrp decreased by 1 order of magnitude. The kinetic data

decays mainly by abstracting hydrogen from dhmethyl group
to generat@-quinodimethané? The similarity of the absorption
band and stability supports the assignment.

In marked contrast, 2;2limethylated carbenex(2c) decays
rather monotonically without showing any sign of formation
of o-quinodimethane12c¢). These observations suggest that,
although botho-2c and a-2d carry methyl groups at the ortho

for f-2b and a-2c, both having protecting-methyl groups,
should be compared here. Thus, the significantly shorter lifetime
in benzene and the larger reactivities toward triplet quenchers
of 3-2b as opposed to-2c again suggest the important steric
role of peri-hydrogen in the reaction of DNCs.

c. Deuterated Tetramethyldi(1-naphthyl)carbenes ¢-2d-
ds)). Deuterium Isotope Effects.The above study reveals that

positions,30-2d can decay by abstracting hydrogen from the DNCs are effectively stabilized by methyl groups, especially
o-methyl groups, whereas this process is not involved in the When they are introduced near the carbene center. These ortho
decay pathway fofa-2c. effects are shown to be strengthened even by the distant para

A simple explanation for this difference is to invoke the methyl groups, and the-methyl groups are more tightly fixed
distance between the carbene center and hydrogen on théear the carbene center. However, the carbene center comes to
o-methyl group. It is well-known that, in 1,2-disubstituted be quenched more easily by themethyl groups in this case,
benzene derivatives, the introduction of substituents in the and the lifetime might then not be increased as could have been
3-position exerts a very large effect on the rate of appropriate €xpected. One of the best ways to hinder this process and to
reactions, which are considered in light of the importance of realize more persistent carbene is to replace the hydrogens at
bond bending; the 3-substituents “buttress” the 2-substitu- the o-methyl groups with deuterium. Thus, we prepared di[1-
ents3334This is a steric effect exerted on a functional group by (2-trideuteriomethyl-4-methyl)naphthyl]diazomethanel(-de)

a more distant substituent through another immediately adjoining bearing fully deuterated-methyl groups and studied the kinetic
substituent. Therefore, 4-substituents are usually expected todeuterium isotope effects (KDIEs) on the intramolecular H
exert little steric effect, especially without 3-substituents. transfer reactions.

However, recent re-estimation of the buttressing effects in  Irradiation of a-1d-ds in 2-MTHF glass at 77 K gave
methyl-substituted benzoic acid derivatives on the basis of the essentially the same transient absorption bands with those
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observed in the photolysis of the protio analogue1€) On the other hand, the/D values decrease in the order of
ascribable to the triplet carbenex-2d-ds). A significant SDPC,338-DNC, and®a-DNC, suggesting that the carbene bond
difference was seen in the decay profile upon thawing the angle increases in that order. Therefore, the electronic and steric
matrixes. Thus, the bands ascribable de2d-ds decayed factors exert their influence in opposite directions. It is not
monotonically without showing any sign of formation of possible to estimate these two counteracting factors quantita-
secondary transient species, i@quinodimethanel2). This tively; hence, this will be examined rather qualitatively based
suggests that there should be rather large KDIEs. on experimental observations.

The LFP ofa-1d-ds in degassed benzene also resulted in A comparison of the reactivity GDPC with that of3-DNC,
essentially the same transient absorption bands that werea sterically less hindered isomer of DNC, will provide an insight
observed for the protio analogue-(d). Thus, a transient into the effect of the extension of thesystem. Two important
showing a strong absorption at 375 nm due to deuterated tripletfeatures, which suggest decreageg@st in DNC, are noted in
carbene ¢-2d-ds) appeared coincident with the XeCl pulse.  the reaction of3-DNC with alcohol and benzene forming the

However, the transient absorption disappeared monotonically singlet product as opposed to thabPC. First,33-DNC reacts
in this case. The decay dix-2d-ds followed second-order  considerably faster with methanol than do#PC. Similar
kinetics, and the lifetime ofo-2d-dg in the form of half-life ~ enhancement on the reactivity toward methanol has been
was estimated to be 265 ms, which is some 3 times greaterreported for triplet (2-naphthyl)phenylcarbene as opposed to
than that of the protio analogue. No new absorption band SDPCE8 The reaction of the triplet carbenes with the-B bonds
ascribable t@-quinodimethane was detected to the limit of our 0f alcohols is explained either by preequilibritfror by surface-
LFP time scale and detection. This is partly because the crossing mechanisnidin the preequilibrium mechanism, triplet
intramolecular H migration pathway is not the exclusive pathway to singlet interconversion occurs prior to-®l insertion of the

for the decay of the protio analoguéof2d) (vide supra). singlet carbene, whereas, in the surface-crossing mechanism,
Therefore, we could not determikefor D transfer in3c-2d- triplet states can react with alcohols, with surface crossing
ds, and we could only estimate the highest limit fgras <1 occurring after the carbene has begun to interact with th&lO

s L The KDIE on the intramolecular H transfer reaction was bond. In either of the two mechanisms, the decreastGar
then roughly estimated to bel0 (Table 6). This value is to be  should result in the increase in the bimolecular rate constants
compared with 4.8 determined for the similar reaction in triplet for the reaction of triplet carbene with methanol. Second, the
decamethyldiphenylcarbene under identical conditiéhs. reaction of 33-DNC with benzene producing formal -4
C. Di(naphthyl)carbene to Diphenylcarbene: A Compari- insertion product&) is not the.usual reaction for Qiarylcarbgnes.
son. The present investigation provides some insights into the DPC, for instance, reacts with the precursor diazo function to
effect of the benzo-annelation on the reactivity of diarylcarbene. form diphenylketazine in benzere.This is interpreted as
Thus, it is quite important to compare the reactivity difference indicating that DPC has little reactivity toward benzene in either
betweersDNC and3DPC. of the multiplicities and that the attack on the terminal nitrogen
The reactivity of carbenes should be examined in terms of of the diazo functional group, presumably in its singlet state,

the singlet-triplet energy gap AGst). The factors which thus comes to be_ the °“'¥ gvallable major pathyvay. .
influenceAGsr can be analyzed in terms of electronic and steric ~ 1hese contrasting reactivity patterns are also interpretable in
effects. It is generally accepted that the triplet state hatph ~ terms of the difference iAGsr. Thus,35-DNC can react with
configuration, whereas? is thought to be the lowest energy ben;ene throygh the Iow-llymg singlet statg, which is thermally
configuration for the singlet. The magnitude &f3sr is then easily acceSS|bIe._Alternatlve_zly and energetically more favorably,
roughly equal to electrorelectron repulsion terms, caused by 3-DNC starts to interact with benzene, and the surface of the
confining two electrons to one orbital, minus the energy required triplet reaction crosses with the singlet surface at the lower

to promote an electron from the to thep-nonbonding orbital. ~ €nergy region; this is because, in the preequilibrium mechanism,
If carbene substituents havepar * orbital that interacts with ~ Surface crossing occurs near the energy minimufDdfC and,

the 2 orbital of the carbene, the separation of theahd o hence, requires more energy than anywhere else on the singlet
(op") orbitals will decrease. This will result in a larg&Gst reaction surface. FofDPC, on the other hand, the energy

than that of an unperturbed, prototype carbene. If carbene required to lead to the final product should not be small enough
substituents have a doubly occupied orbital that will interact in order to allow it to react with benzene within the lifetime,
with the carbeneRorbital, the -0 gap becomes smaller, thus Most probably because of the largeGsr.
making AGst smaller? The steric effect, on the other hand, The reaction of3-DNC with o-methylstyrene is shown to
influences the carbene carbon bond angle. The maximum valueoccur in its triplet state almost exclusively. This may sound
of AGst occurs when the two carbenic orbitals become somewhat conflicting with the argument mentioned above. If
degenerate, as they would be for linear methylene. Bendingthe reaction in the singlet side were easily accessible for
methylene removes the orbital degeneracy and redNERs. 38-DNC, then it would have reacted through the singlet energy
Thus, as the carbene-carbon bond angle is further contractedsurface. Presumably, the reaction3¢fDNC with o-methyl-
the o-orbital picks up mores-character and consequently styrene should proceed very smoothly with the low energy
becomes even lower in energy. The smaller the bond angle,barrier to form a 1,3-biradical intermediate stabilized by aryl
the more energy it takes to promote an electron fromothi® delocalization, and the spin inversion can take place afterward
the p-orbital, and the smalleAGst becomes:* of the process. Therefore, surface crossing is not required at
One difference between DPC and DNC is the relative energiesthe rate-determining step. On the other hand, the concerted
of the occupied and unoccupied aromatic orbitals that mix with approach of the singlet DNC to the double bondxefethyl-
the Carben(p orbital. In the case of DNC, more than that of styrene will suffer from steric hindrance due to two canted
DPC, the energy of the singlet is predicted to become lower haphthyl groups and, therefore, becomes kinetically less favor-
than that of the triplet by this mixing. This is more significantly able in this case.
so for a-DNC than for thes-isomer, since the coefficient of The reactivity ofa-DNC is too complicated to be compared
the occupiedr-orbital is greater at the- than at thes-position. with that of DPC. Electronic effects stabilizing the singlet state
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and steric factors favoring the triplet exert a larger influence benes, for instance, unlike that of trityls, does not lead to a final
for o-DNC than for3-DNC, and it is not easy to estimate its stable product and gives rise to an intermediate open-shell
AGsr. It is likely that the reactivity ob-DNC is dictated largely molecules whose subsequent reactions will be complicated by
by kinetic factors. In this respect, it is interesting to examine possible ambient reactivity.
o-DNC as a prototype for persistent triplet carbene as opposed In this light, a-DNC cannot be employed as a promising
to DPC. prototype carbene for constructing persistent triplet carbenes
“Parent”3a-DNC has a lifetime of 7Qs, which is some 30  unless substituents can be introduced not only around the
times larger than that of “paren®DPC. This is obviously due ~ carbene centers but also at all possible positions where a spin
to the effect of peri-H, which not only stabilizes the triplet state can be delocalized. This may require tedious synthetic proce-
with respect to the singlet but also acts as a kinetic protector dures.
toward the carbene center. ESR data suggest3th&@NC is
significantly less bent thalDPC. Despite the increased stability Experimental Section
of the unsubstituteaa-DN_C cpmpared tSDPC, the ef_fc_act of General Methods. IR spectra were measured on a JASCO
the methyl groups as a k_metlc protector on the stability of th(_a A-100 recording spectrometer and the mass spectra were
triplet state is, disappointingly, rather small. Because the basic .o -orded on JEOL MS route JMS-600W.
skeleton_s between DNC and DPC are not exactly the same, one 1, 4130 NMR spectra were determined either JEOL JNM-
cannot find an exact countgrpart betwegn the two. However, EX 270 or JNM-500 spectrometers. U¥is spectra were
one can compare the react|V|ty' é-2d with thaF of triplet recorded on a JASCO CT-560 Grating Monochromator.
d|me3|tylc§1r_bene (DMC). assuming that the peri-hydrogens at Thin-layer chromatography was done on Merck Kieselgel 60
the 8 positions gnrge acting as one .Of the hy_drog(_ans .Of the PF 254. Column chromatography was carried out on silica gel
o-rp;tgyl grouptshl D'\I/lf Actually, tth'g (t:orgpe}l_rlsodn tl's r‘:ﬁ'rly (ICN for dry column chromatography). HPLC and GPC were
V}?' ecaulse Qi” h N ar% expec% 0 k? Ixe hl% YN yndertaken with a JASCO 800 chromatograph equipped with a
the same plane with the carbene carbon, whereas hydrogens o\, pec-100-11 UvV—vis detector using a Fine pack C18-T5

g‘e 3\'/me|thy' Groups are rlather f'e"ib'et') even th?“ ng tg‘el"a” column (4.6x 25 cm) and a Shodex GPC H-2001 (20 nm
er \aals radius or methyl groups may beé estimated o be fargerg, cm) column, respectively, and GLC was carried out with a

than that of the net £substituent. Thee/D values clearly - ) : :
support the idea. This value fol-2d (E/D = 0.0215) is B?;s%?ilénﬁt?Sgri?ngago (éi:rrs)rggtl?r%rnaph using an OV-17 on
2{?;&22%?1tgl;yths£§-"2e(; itsh?enssthbaetnrotigg/l[?ME:Elile;er?ﬁglsjs),s Unless otherwise noted, all the reagents employed in this
the lifetime of0-2d (tup = 100 ms) is not larger than that of Zgur?y are commercial products and used after standard purifica-
*DMC (tu2 = 160 m§). o , Materials. (a) Preparation of Di(1-naphthyl)diazomethanes
The reason for this rather puzzling difference is not clear at (a-1). All -1 used in this study were prepared by coupling of
present. One possible explanation is the larger spin delocaliza-aphthyimagnesium bromide with naphthonitrile, followed by
tion in *a-DNC than in®DPC, as evidenced by decreasidg  pygrazonation of the resulting ketimine and oxidation of the
values on going f.rorﬁa_DNC to SDPQ It _has been shown t.hat hydrazone with nickel peroxide according to the procedure by
the variation ofD is due to the variation in the-electron spin Reimlinger and Franze®. Thus, to a solution of Grignard
density at the divalent carbon, since the dominant interaction reagent prepared from Mg (1.5 g, 60 mmol) and 1-bromonaph-
is the one-center terms. Consequently, the ratio of that spinh5iene (12.42 g, 60 mmol) in anhydrous@&t(20 mL), was
density toD should be approximately constant. Thus, the 544ed a solution of naphthonitrile (6.13 g, 40 mmol) in
s-electron spin irfa-DNC systems is largely delocalized into anhydrous BO (20 mL), dropwise under vigorous stirring, and
aromatic rings. Therefore, if the carbene center becomes lesspe ‘mixture was refluxed overnight. A saturated JIH ag
reactive due to steric hindrance, then the carbene can more easily | tion (50 mL) was added carefully to the reaction mixture
react at the aromatic rings where spin can be delocalized.  ¢qgjed by ice-bath under vigorous stirring and the mixture was
In this respect, it is very interesting to compare the products filtered. The filtrate was extracted with £, and the organic
obtained in the reaction in less reactive solvents, e.g., benzenelayer was dried and evaporated to leave crude product, which
between the two carbene systems. In the case of stericallywas purified by silica gel column chromatography eluted with
congestedDPC, tetra(aryl)ethylenes probably formed as a result pet-ether and EO (2:1) to afforddi(1-naphthyl)ketimine in
of 3DPC coupling are the most frequently observed product in 74% yield as viscous oil.
benzend?'2? This is explained by assuming that the hindered A solution of the ketimine (200 mg, 0.71 mmol) and
triplet diphenylcarbene concentration builds up due to decreasedhydrazine hydrochloride (378 mg, 3.6 mmol) in absolute EtOH
reactivities by kinetic protectors, especially in unreactive solvent, (5 mL) was placed in a round-bottom flask, and the whole
and the most reactive counterparts under these conditions mustystem was deaerated by repeated cycles of evacuation and
hence be the triplet carbene themselves. Taking into accountpurge with nitrogen. Anhydrous M4 (1.12 g, 36 mmol) was
the increased lifetime, similar reactions are likely decay added to the mixture and the resulting solution was refluxed
pathways for sterically more shield8ONC. Nevertheless, we  until a TLC monitoring showed that most of the ketimine was
isolated almost no simple carbene dimers, i.e., tetra(naphthyl)- consumed. After cooling, the solvent was evaporated, and the
ethylene, but mostly intractable oil, from which no assignable mixture was added to ED. The ethereal layer was washed with
products were isolated. H-0, dried (NaSQy), and evaporated to givéi(1-naphthyl)-
Trityl radicals are known to undergo either methplara or ketone hydrazonein 97% yield as yellowish solid (mp 143
para-para couplings depending on the substituent patterns. 147 °C), which was used without further purification for the
Thus, it is likely thaDNCs also undergo similar coupling. The  next step.
complexity of the products observed in the reaction of DNC  To a cooled solution of the hydrazone (600 mg, 2.02 mmol)
must be partly due to the complexity associated with the in dry CHCl, (3 mL) was added Ni@(1.1 g, 12.1 mmol) at 0
coupling reactions. The carbenpara coupling of triplet car- °C under vigorous stirring in the dark over a period of 1 h.
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After filtration, the solvent was removed under reduced pressure methyl)naphthyljdiazomethane(a-1c) in 17.8% yield as a red
to afford crude diazo compound, which was chromatographed viscous liquid after aluminum column chromatography followed

on a deactivated alumina eluted with @p-n-hexane (1:1) at
—10°C. The diazomethane coming through immediately from
the column was fairly pure but was further purified by repeated
chromatography on a gel permeation column with CHiGl
afford puredi(1-naphthyl)diazomethane(o-14) as a red solid

in 60% yield: mp 72C (dec);"H NMR (CDCl3) 6 7.35-7.52

(m, 8 H), 7.78-7.92 (m, 6 H); IR (KBr) 2050 cmt.

(b) Di[1-(4-methyl)naphthyl]diazomethane @-1b). A mix-
ture of 1-bromo-4-methylnaphthalene (4.5 g, 20.4 mmol) and
CuCN (2.0 g, 22.4 mmol) in anhydrous DMF (30 mol) was
refluxed overnight. The mixture was poured into-eeater (400
mL), and the resulting precipitate was filtered. The solid was

by GPC purification: red liquidiH NMR (CDCl) 6 2.48 (s,
3 H), 2.55 (s, 3 H), 6.846.87 (m, 1 H), 7.19-7.95 (m, 11 H);
IR (KBr) 2040 cntl,

(d) Di[1-(2,4-dimethyl)naphthyl]diazomethane @-1d). 1,3-
Dimethylnaphthalene was transformed to the desired diazo-
methane by way of the following compounds as described
above.1-Bromo-2,4-dimethylnaphthalene:92%; yellow liquid;

IH NMR (CDClg) 6 2.57 (s, 3 H), 2.61 (s, 3 H), 7.19 (s, 1 H),
7.46-7.59 (m, 2 H), 7.92 (dJ = 7.26 Hz, 1 H), 8.23 (dJ =
8.25 Hz, 1 H).1-Cyano-2,4-dimethylnaphthalene90%; white
solid; mp 109.7111.2°C; 'H NMR (CDCl) 6 2.67 (s, 3 H),
2.68 (s, 3 H), 7.21 (s, 1 H), 7.527.66 (m, 2 H), 7.97 (dJ =

transferred to a beaker containing ethylenediamine (115 mL) 8.91 Hz, 1 H), 8.17 (dJ = 8.25 Hz, 1 H) Di[1-(2,4-dimethyl)-

and HO (30 mL), and the precipitate formed was extracted
with CH,Cl,. The organic layer was washed with a 10% NaCN

naphthyllketimine: 16.7%; yellowish semisolid!H NMR
(CDClg) 6 2.13 (s, 6 H), 2.68 (s, 6 H), 7.10 (s, 2 H), 7-44.51

solution and water, dried and evaporated. The crude product(m, 4 H), 8.02 (d,J = 8.25 Hz, 2 H), 8.30 (bs, 2 H)DI[1-

was Kugelrohr-distilled under pressure at F&J3.0 mmHg to
give 1-cyano-4-methylnaphthalene in 87% vyield as a white
solid: mp 49.8-51.1°C; 'H NMR (CDCl) 6 2.78 (s, 3 H),
7.38 (d,J = 7.58 Hz, 1 H), 7.627.73 (m, 2 H), 7.82 (dJ =
7.58 Hz, 1 H), 8.0#8.10 (m, 1 H), 8.248.28 (m, 1 H).Di-
[1-(4-methyl)naphthyl]ketimine was obtained by the reaction
of 4-methylnaphthylmagnesium bromide, prepared from the
corresponding bromide (4.0 g, 18.1 mmol) and Mg (440 mg,
18.1 mmol) in E4O (20 mL), with 1-cyano-4-methylnaphthalene
(3.0 g, 18.1 mmoal) in anhydrous £ (15 mL), followed by
column chromatography (S{OEt,O—n-hexane 1:1) as a yellow
gummy solid in 30% yield:'H NMR (CDCl3) 6 2.73 (s, 6 H),
7.24 (d,J=7.58 Hz, 2 H), 7.34 (d) = 7.58 Hz, 2 H), 7.45%
7.58 (m, 4 H), 8.07 (dJ = 7.92 Hz, 2 H), 8.42 (bs, 2 H). The
ketimine (50 mg, 0.16 mmol) was treated withHN-HCI (85
mg, 0.91 mmol) and anhydrous;MN, (0.26 mL, 81 mmol) in
absolute EtOH (10 mL) to affordi[1-(4-methyl)naphthyl]-
ketone hydrazonein 96% yield as a yellow gummy solictH
NMR (CDCls) 6 2.62 (s, 3 H), 2.72 (s, 3 H), 5.49 (bs, 2 H),
7.28 (d,J=7.26 Hz, 2 H), 7.35 (dJ = 7.26 Hz, 2 H), 7.44
7.57 (m, 4 H), 7.88 (dJ = 7.92 Hz, 1 H), 7.98-8.02 (m, 1 H),
8.07 (d,J=8.25 Hz, 1 H). The hydrazone (50 mg, 0.15 mmol)
was oxidized with NiQ (80 mg, 0.88 mmol) in CKLCl, (2 mL)

(2,4-dimethyl)naphthyllketone Hydrazone: 15.3%; yellow
gummy solid;*H NMR (CDCl3) 6 2.11 (s, 3 H), 2.14 (s, 3 H),
2.61 (s, 3 H), 2.65 (s, 3 H), 7.07 (s, 1 H), 7.15 (s, 1 H), =40
7.48 (m, 4 H), 7.9%7.98 (m, 2 H), 8.28 (bs, 1 H), 8.52 (bs, 1
H). Di[1-(2,4-dimethyl)naphthyl]ldiazomethane(a-1d): 46.3%;
reddish orange solid; mp 136:031.2 °C (dec); 'H NMR
(CDCl) 6 2.32 (s, 6 H), 2.69 (s, 6 H), 7.23 (s, 2 H), 7.35 (dd,
J = 8.42, 6.93 Hz, 2 H), 7.44 (dd] = 7.92, 6.93 Hz, 2 H),
7.93 (d,J = 8.25 Hz, 2 H), 7.98 (dJ = 8.24 Hz, 2 H); IR
(KBr) 2051 cntl.

(e) Di[1l-(2-trideuteriomethyl-4-methyl)naphthyl]diazo-
methane @-1d-dg). 3-Bromo-1-methylnaphthalene (8.4 g, 36
mmol) was treated with CuCN (1.5 g, 17 mmol) in DMF (30
mL). The reaction was worked up as usual to provierethyl-
3-naphthonitrile in 96% yield as a yellow solid: mp 572
59.8°C;H NMR (CDCl3) 6 2.71 (s, 3 H), 7.44 (s, 1 H), 7.48
7.72 (m, 2 H), 7.89 (dJ = 8.58 Hz, 1 H), 8.03 (dJ = 8.58
Hz, 1 H), 8.10 (s, 1 H). The nitrile (6.1 g, 36 mmol) was
hydrolyzed by refluxing it in HO (50 mL) and conc K5Oy
(40 mL) overnight. After usual workupl-methylnaphthoic
acid was obtained in 88% yield as a white solid: mp 197.6
199.1°C; *H NMR (CDCl3) 6 2.76 (s, 3 H), 7.557.69 (m, 2
H), 7.97 (s, 1 H), 7.99 (d] = 8.57 Hz, 1 H), 8.05 (dJ = 8.25

and the reaction was worked up as described above to give pureqz, 1 H), 8.58 (s, 1 H)Methyl 1-methyl-3-naphthoate was

di[1-(4-methyl)naphthyl]diazomethane(a-1b) as a red crystal
in 52% yield: mp 71.6-72.1°C (dec);*H NMR (CDCl) 6
2.72 (s,6 H), 7.43 (dd) = 7.92, 7.26 Hz, 2 H) 7.55 (dd, =
6.93, 8.57 Hz, 2 H), 7.95 (d] = 8.58 Hz, 2 H); 8.07 (dJ =
8.25 Hz, 2 H); IR (KBr) 2050 cm.

(c) Di[1-(2-methyl)naphthyl]ldiazomethane ¢@-1c). Di[1-(2-
methyl)naphthyllketimine was obtained by the reaction of
2-methylnaphthylmagnesium bromide, prepared from the cor-
responding bromide (3.45 g, 15.6 mL) and Mg (378 mg, 15.6
mmol) in anhydrous EO (15 mL), with 1-cyano-2-methyl-
naphthalene (2.0 g, 12.0 mmol) in anhydrousG={10 mL),
followed by column chromatography (SiOpet. etherEt,O
2:1) as a brownish gummy solid in 17.8% yieldd NMR
(CDCl3) 6 2.12 (s, 3 H), 2.40 (s, 3 H), 6.917.19 (m, 6 H),
7.46-7.93 (m, 5 H), 8.85 (s, 1 H). The ketimine (56 mg, 0.163
mmol) was treated with M,-HCI (85.7 mg, 0.816 mmol) and
anhydrous BH4 (261 mg, 8.51 mmol) in absolute EtOH (3 mL)
to give di[1-(2-methyl)naphthyllketone hydrazonein 93%
yield as a yellowish semisolid*H NMR (CDCl) 6 2.36 (s, 3
H), 2.64 (s, 3 H), 5.51 (bs, 2 H), 7.38.35 (m, 12 H). The
hydrazone (148.6 mg, 0.46 mmol) was oxidized with N{@40
mg, 2.6 mmol) in anhydrous CEl, (1 mL) to form di[1-(2-

obtained by treating the acid with GN, in 99% yield as a
yellowish liquid: *H NMR (CDCl) ¢ 2.73 (s, 3 H), 4.03 (s, 3
H), 7.57-7.67 (m, 2 H), 7.91 (s, 1 H), 7.96 (d,= 7.92 Hz,

1 H), 8.03 (d,J = 8.91 Hz, 1 H), 8.47 (s, 1H). To a stirred
solution of the ester (2.75 g, 13.7 mmol) in anhydrous THF
(30 mL) was added LiAIR (Aldrich, 576 mg, 13.7 mmol)
slowly at 0°C. After usual workup3-[hydroxydi(deuterio)-
methyl]-1-methylnaphthalenewas obtained as a viscous liquid
in 98% yield: 'H NMR (CDClg) 6 2.70 (s, 3 H), 3.48 (bs, 1
H), 7.34 (s, 1 H), 7.497.55 (m, 2 H), 7.67 (s, 1 H), 7.84 (d,
J=8.90 Hz, 1 H), 7.98 (dJ = 7.58 Hz, 1 H). A solution of
the alcohol (2.5 g, 13.7 mmol) in dioxane (50 mL) was added
PBr; (1.43 mL, 15 mmol) and the mixture was stirred for 2 h
at room temperature. After usual workupJbromodi(deute-
rio)methyl]-1-methylnaphthalene was obtained as a brownish
solid in 94% yield: mp 48.451.7 °C; 'H NMR (CDCl) ¢
2.69 (s, 3 H), 7.34 (s, 1 H), 7.477.56 (m, 2 H), 7.70 (s, 1 H),
7.81 (d,J = 8.91 Hz, 1 H), 7.96 (dJ) = 7.57 Hz, 1 H). The
bromide was reduced with LiAlPas described above to give
1-methyl-3-tri(deuterio)methylnaphthalene in 93% vyield as

a colorless liquid:'H NMR (CDCls) 6 2.66 (s, 3 H), 7.16 (s,
1 H), 7.4%7.47 (m, 3 H), 7.927.95 (m, 1 H). The tri-
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(deuterio)methylated naphthalene was transformed to the desiredvas refluxed for 2 h. After the usual workupli[2-(1,4-
diazomethane by way of the following compounds as described dimethyl)naphthyljmethanol was obtained as a white crystal

above 1-Bromo-2-tri(deuterio)methyl-4-methylnaphthalene:
95%; yellow liquid;*H NMR (CDCls) ¢ 2.61 (s, 3 H), 7.19 (s,
1H), 7.46-7.59 (m, 2 H), 7.92 (dJ = 7.26 Hz, 1 H), 8.23 (d,
J = 8.25 Hz, 1 H).2-Tri(deuterio)methyl-4-methyl-1-naph-
thonitrile: 94% brownish solid; mp 110-4111.4°C; 'H NMR
(CDCl) 6 2.68 (s, 3 H), 7.21 (s, 1 H), 7.52.66 (m, 2 H),
7.97 (d,J = 8.91 Hz, 1 H), 8.17 (dJ = 8.25 Hz, 1 H).Di[1-
(2-trideuteriomethyl-4-methyl)naphthyl]ketimine: 31%; yel-
lowish semisolidiH NMR (CDCl) 6 2.68 (s, 6 H), 7.10 (s, 2
H), 7.44-7.51 (m, 4 H), 8.02 (dJ = 8.25 Hz, 2 H), 8.30 (bs,
2 H). Di[1-(2-trideuteriomethyl-4-methyl)naphthyl]lketone
Hydrazone: 18%; pale yellow semisolidtH NMR (CDCl3) &
2.14 (s, 3 H), 2.61 (s, 3H), 2.65 (s, 3H), 7.07 (s, 1 H), 7.15 (s,
1H), 7.40-7.48 (m, 4 H), 7.9%7.98 (m, 2 H), 8.28 (bs, 1 H),
8.52 (bs, 1H)Di[1-(2-trideuteriomethyl-4-methyl)naphthyl]-
diazomethane(a-1d-ds): 3%; orange liquid*H NMR (CDCl)
0 2.69 (s, 6 H), 7.23 (s, 2 H), 7.35 (dd,= 8.42, 6.93 Hz, 2
H), 7.44 (dd,J = 7.92, 6.93 Hz, 2 H), 7.93 (d] = 8.25 Hz, 2
H), 7.98 (d,J = 8.24 Hz, 2 H); IR (KBr) 2050 cm.

(f) Di(2-naphthyl)diazomethane (#-2a). A solution of di-
(2-naphthyl)ketone (500 mg, 1.77 mmol);H-HCI (931 mg,
8.86 mmol) and anhydrous ;N4 (2.8 mL, 88.6 mmol) in
absolute EtOH (10 mL) was refluxed for 3 h. The reaction was
worked up as usual, followed by preparative TLC to gdie
(2-naphthyl) ketone hydrazonein 60% vyield as a brownish
solid: mp 138.6-141.2°C; IH NMR (CDCl) 6 5.56 (s, 2 H),
7.36-7.45 (m, 2 H), 7.527.62 (m, 4 H), 7.787.96 (m, 6 H),
8.02-8.07 (m, 2 H). The hydrazone (130 mg, 0.44 mmol) was
oxidized with NiG; (200 mg, 2.2 mmol) in anhydrous Gl
(10 mL). After usual workup, followed by GPC purification,
di(2-naphthyl)diazomethane(f-2a) was obtained as a reddish
purple solid in 80% yield: mp 125:8127.3°C (dec);*H NMR
(CDCl3) 6 7.45-7.50 (m, 6 H), 7.727.88 (m, 8 H); IR (KBr)
2016 cntt,

(9) Di[2-(1,4-dimethyl)naphthyl]diazomethane {-2b). To
a solution of 1,4-dimethylnaphthalene (3.04 g, 19.5 mmol) in
CCl, (30 mL) was added a solution of B¢3.12 g, 19.5 mmol)
in CCly (15 mL) under vigorous stirring slowly so that the
temperature did not raise over€. After stirring overnight at
room temperature, the mixture was washed with 10% NaOH
H,O, and the organic layer was washed withCHl dried
(Na;SOy) and evaporated to dryness to give a cr@eleromo-
1,4-dimethylnaphthalene as yellowish oil which was used
without further purification:*H NMR (CDClg) 6 2.62 (s, 3 H),
2.76 (s, 3 H), 7.47 (s, 1 H), 7.517.56 (m, 2 H), 7.937.96
(m, 1 H). To a solution of the bromide (2.3 g, 9.8 mmol) in
ahydrous EO (20 mL) addedh-BuLi (1.71 M in n-hexane,
5.93 mL, 9.8 mmol) dropwise. After stirring for 1 h, anhydrous
DMF (1 mL) was added under vigorous stirring and the mixture
was stirred for 2 h. A saturated N8I aq solution was added
to the reaction mixture and the mixture was extracted witDEt
The ethereal phase was washed wit©Hdried (NaSO,) and
evaporated to dryness to give a crubd-dimethyl-2-naph-
thaldehydeas a yellowish liquid in 89% yield, which was used
to the next step without further purificatiodH NMR (CDCly)

0 2.67 (s, 3H), 298 (s, 3H), 7.46/.68 (m, 2 H), 7.74 (s, 1
H), 8.02 (d,J = 8.25 Hz, 1 H), 8.23 (dJ = 8.91 Hz, 1 H),
10.62 (s, 1 H). To a solution of 2-(1,4-dimethylnaphthyl)lithium,

in 37% yield: mp 159.6161.5°C; 'H NMR (CDCls) 6 2.11

(d, J=4.29 Hz, 1 H), 2.62 (s, 12 H), 6.69 (d,= 4.29 Hz),
7.40 (s, 2 H), 7.497.55 (m, 4 H), 7.988.02 (m, 2 H), 8.08
8.12 (m, 2 H). To a solution of the methanol (500 mg, 1.47
mmol) in acetone (20 mL) was added a mixture of g€(@r2
mg) and concentrated MaO, (0.12 mL) in HO (1.44 mL) at
room temperature under stirring. The reaction was worked up
as usual to leavdi[2-(1,4-dimethyl)naphthyl]ketone in 98%
yield as a gummy solid, which was used to the next step without
further purification: *tH NMR (CDCl) 6 2.61 (s, 6 H), 2.75 (s,

6 H), 7.24 (s, 2 H), 7.627.64 (m, 4 H), 8.028.06 (m, 2 H),
8.20-8.24 (m, 2 H). The crude ketone (498 mg, 1.47 mmol)
was refluxed with MH4-HCI (500 mg, 4.76 mmol) and
anhydrous hH4 (5.0 mL, 158 mmol) in absolute EtOH (10 mL)
for 2 days. After usual workup, the crude mixture was purified
by preparative TLC eluted with-hexane-Et,O (2:1) to obtain
di[2-(1,4-dimethyl)naphthyl]ketone hydrazonein 50% yield

as a white gummy solid?H NMR (CDCl) 6 2.56 (s, 3 H),
2.61 (s, 3 H), 2.68 (s, 3 H), 2.79 (s, 3 H), 5.53 (bs, 2 H), 6.99
(s, 1 H), 7.15 (s, 1 H), 7.497.55 (m, 2 H), 7.5¢7.63 (m, 2
H), 7.91-7.98 (m, 1 H), 8.06-8.05 (m, 1 H), 8.16-8.19 (m, 2
H). The hydrazone (100 mg, 0.28 mmol) was oxidized with
NiO2 (200 mg, 2.2 mmol) in anhydrous GEl, (5 mL) at 0
°C. After usual workup, the crude product was purified by
column chromatography (4D3, CH,Cl,-n-hexane 1:15), fol-
lowed by GPC yield di[2-(1,4-dimethyl)naphthyl]diazo-
methane (#-2¢) in 61% yield as a reddish purple solid: mp
126.8-127.7°C (dec);*H NMR (CDCl3) 6 2.55 (s, 6 H), 2.60
(s, 6 H), 7.06 (s, 2 H), 7.537.59 (m, 4 H), 7.99 (dJ = 6.92
Hz, 2 H), 8.09 (dJ = 6.93 Hz, 2 H); IR (KBr) 2032 cm.

Irradiation for Product Identification. In a typical run, a
solution of the diazo compounds (1, ca. 10 mg) in solvent was
placed in a Pyrex tube and irradiated with a high-pressure,
300-W mercury lamp at room temperature until all the diazo
compound was destroyed. The irradiation mixture was then
concentrated on a rotary evaporator below°20 Individual
components were isolated by preparative TLC and/or GPC and
identified by NMR and MS. In this way, the following products
were isolated and characterized.

Products in Irradiation in 'PrOH. (a) Di(1-naphthyl)-
methyl Isopropyl Ether (a-3a).'H NMR (CDCl): 6 1.35 (d,
J=6.27 Hz, 6 H), 3.93 (sep,= 6.29 Hz, 1 H), 7.05 (s, 1 H),
7.38-7.49 (m, 8 H), 7.80 (dJ = 7.92 Hz, 2 H), 7.8%7.90
(m, 2 H), 8.178.21 (m, 2 H). HRMS Calcd for £H.0:
326.1671. Found: 326.1630.

(b) Di[1-(4-methyl)naphthylimethyl Isopropyl Ether
(a-3b). *H NMR (CDCly): 6 1.34 (d,J = 6.27 Hz, 6 H), 2.68
(s, 6 H), 3.91 (sept) = 6.27 Hz, 1 H), 7.01 (s, 1 H), 7.24 (d,
J=7.26 Hz, 2 H), 7.35 (d) = 7.24 Hz, 2 H), 7.447.54 (m,

4 H), 8.04 (d,J = 7.92 Hz, 2 H), 8.21 (dJ = 7.92 Hz, 2 H).
HRMS Calcd for GgH»60: 354.1984. Found: 354.1978.

(c) Di[1-(2-methyl)naphthyllmethyl Isopropyl Ether
(a-3c). 1H NMR (CDCly): ¢ 1.48 (d,J = 6.27 Hz, 6 H), 2.48
(s, 3 H), 2.61 (s, 3 H), 3.68 (sept,= 6.27 Hz, 1 H), 7.05 (s,

1 H), 7.33-7.45 (m, 6 H), 7.687.87 (m, 6 H). HRMS Calcd
for CyeH260: 354.1984. Found: 354.1718.

(d) Di[1-(2,4-dimethyl)naphthyhlimethyl Isopropyl Ether

(a-3d). H NMR (CDCly): 6 1.21 (d,J = 6.27 Hz, 6 H), 2.15

prepared by treating the corresponding bromide (2.18 g, 9.28(s, 6 H), 2.65 (s, 6 H), 3.72 (semt,= 6.27 Hz, 1 H), 7.05 (s,

mmol) with n-BuLi (1.65 M in n-hexane, 5.6 mL, 9.28 mmol)
in absolute BEIO (15 mL) was added a solution the aldehyde
(1.6 g, 8.72 mmol) in anhydrous £ (2 mL) and the mixture

2 H), 7.12 (s, 1 H), 7.377.45 (m, 4 H), 7.98 (dJ = 8.24 Hz,
2 H), 8.59 (d,J = 8.24 Hz, 2 H). HRMS Calcd for §HadO:
382.2295. Found: 382.2365.



Di(naphthyl)carbenes: Effects of the Methyl Group

(e) Di(2-naphthyl)methyl Isopropyl Ether (#-3a).*H NMR
(CDCl): 6 1.28 (d,J = 6.27 Hz, 6 H), 3.77 (sept]l = 6.27
Hz, 1 H), 5.81 (s, 1 H), 7.437.51 (m, 6 H), 7.7#7.83 (m, 6
H), 7.87 (s, 2 H).

(f) Di[2-(1,4-dimethyl)naphthyllmethyl Isopropyl Ether
(8-3b). IH NMR (CDCly): ¢ 1.29 (d,J = 5.93 Hz, 6 H), 2.62
(s, 3 H), 3.75 (sept) = 5.93 Hz, 1 H), 6.39 (s, 1 H), 7.43 (s,
2 H), 7.4+7.54 (m, 2 H), 7.967.99 (m, 2 H), 8.08-8.11 (m,
2 H).

Products in Irradiation with a-Methylstyrene. (a) 1,1-Di-
(1-naphthyl)-2-phenyl-2-methylcyclopropane ¢-5a). *H NMR
(CDClg): 6 1.47 (s, 3 H), 2.25 (bs, 1 H), 2.43 (bs, 1 H), 689
7.24 (m, 2 H), 7.257.59 (m, 12 H), 7.65 (dJ = 8.25 Hz, 1
H), 7.77 (d,J = 7.92 Hz, 1 H), 8.15 (dJ = 6.92 Hz, 1 H),
8.78 (d,J = 8.25 Hz, 1 H), 8.95 (dJ = 7.92 Hz, 1 H). HRMS
Calcd for GoHo4: 384.1878. Found: 384.1817.

(b) 1,1-Di[1-(4-methyl)naphthyl]-2-phenyl-2-methylcyclo-
propane (o-5b). IH NMR (CDCl): 6 1.45 (s, 3 H), 2.25 (bs,
1 H), 2.42 (s, 3 H), 2.58 (s, 3 H), 2.70 (bs, 1 H), 6.73Jds
7.59 Hz, 1 H), 6.95 (dJ = 8.25 Hz, 1 H), 7.36-7.63 (m, 10
H), 7.85 (d,J = 7.91 Hz, 1 H), 7.91 (dJ = 8.25 Hz, 1 H),
8.01 (d,J=7.92 Hz, 1 H), 8.80 (dJ = 7.92 Hz, 1 H), 8.99 (d,
J = 759 Hz, 1 H). HRMS Calcd for &Hyg 412.2191.
Found: 412. 2192.

(c) 1,1-Di(2-naphthyl)-2-phenyl-2-methylcyclopropane
(B-5a). '"H NMR (CDClg): 6 1.77 (d,J = 5.28 Hz, 1 H), 2.39
(d,J=4.95Hz, 1 H), 7.027.33 (m, 6 H), 7.397.67 (m, 6
H), 8.01 (s, 1 H).

(d) 1,1-Di[2-(1,4-dimethyl)naphthyl]-2-phenyl-2-methyl-
cyclopropane 3-5b). *H NMR (CDCl): 6 1.44 (bs, 3 H), 2.15

(bs, 3 H), 2.35 (s, 3H), 2.47 (s, L H), 2.62 (s, L H), 2.72 (s, 3

H), 2.85 (bs, 3 H), 7.187.45 (m, 9 H), 7.77#7.98 (m, 4 H).

Products in Irradiation in Benzene. (a) 1,1,2,2-Tetra(1-
naphthyl)ethane @-7a).'H NMR (CDCL): 6 6.99-7.05 (m,
4 H), 7.15(s, 2 H), 7.267.45 (m, 12 H), 7.72 (d] = 6.60 Hz,
4 H), 7.82-7.87 (m, 8 H).

(b) Di(1-naphthyl)ketazne @-8a). 'H NMR (CDCl): ¢
6.75-6.81 (m, 2 H), 7.09-7.17 (m, 4 H), 7.2¢£7.39 (m, 4 H),
7.45-7.51 (m, 2 H), 7.56:7.71 (m, 10 H), 7.92 (dJ = 7.92
Hz, 2 H), 8.02-8.06 (m, 4 H).

(c) Di(2-naphthyl)phenylmethane f-6a). *H NMR
(CDCh): 6 5.83 (s, 1 H), 7.447.51 (m, 7 H), 7.55 (dJ =
8.25Hz, 2 H), 7.757.85 (m, 8 H), 7.93 (s, 2 H). HRMS Calcd
for Co7Hoo: 344.4605. Found: 344.4603.

(d) Di(2-naphthyl)ketazine (3-7a). 'H NMR (CDCl): o
7.31-7.43 (m, 2 H), 7.467.67 (m, 4 H), 7.737.83 (M, 5 H),
7.88-8.00 (m, 3 H).

Irradiation for Analytical Purposes. All irradiations out-
lined in Tables 3 were carried out in a Pyrex tube of 5.0 mL
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irradiated with a Wacom 500 W Xe lamp using a Pyrex filter.
ESR spectra were measured on a JEOL JES TE 200 spectrom-
eter (X-band microwave unit, 100 kHz field modulation). The
signal positions were read by the use of a gaussmeter.

Low-Temperature UV —Vis Spectra.Low-temperature spec-
tra at 77 K were obtained by using an Oxford variable-
temperature liquid-nitrogen cryostat (DN 1704) equipped with
a quartz outer window and a sapphire inner window. The sample
was dissolved in dry 2-MTHF, placed in a long-necked quartz
cuvette of 1-mm path length, and degassed thoroughly by
repeated freezedegas-thaw cycles at a pressure near 10
Torr. The cuvette was flame-sealed, under reduced pressure,
placed in the cryostat, and cooled to 77 K. The sample was
irradiated for several minutes in the spectrometer with a Halos
300-W high-pressure mercury lamp using a Pyrex filter, and
the spectral changes were recorded at appropriate time intervals.
The spectral changes upon thawing were also monitored by
carefully controlling the matrix temperature with an Oxford
Instrument Intelligent Temperature Controller (ITC 4).

Flash Photolysis.All flash measurements were made on a
Unisoku TSP-601 flash spectrometer. Three excitation light
sources were used depending on the precursor absorption bands
and lifetime of the transient species. They were (i) a cylindrical
150-W Xe flash lamp (100 J/flash with 165 pulse duration),

(i) a Quanta-Ray GCR-11 Nd:YAG laser (355 nm pulses of
up to 40 mJ/pulse and-%-ns duration; 266 nm pulses of up

to 30 mJ/pulse and-45-ns duration), and (iii) Lamda Physik
LEXTRA XeCl excimer laser (308 nm pulses of up to 200 mJ/
pulse and 17-ns duration). The beam shape and size were
controlled by a focal length cylindrical lens.

A Hamamatsu 150 W xenon short arc lamp (L 2195) was
used as the probe source, and the monitoring beam, guided using
an optical fiber scope, was arranged in an orientation perpen-
dicular to the excitation source. The probe beam was monitored
with a Hamamatsu R2949 photomultiplier tube through a
Hamamatsu S3701-512Q MOS linear image sensor (512 pho-
todiodes used). Timing of the excitation pulse, the probe beam,
and the detection system was acheived through an lwatsu Model
DS-8631 digital synchro scope which was interfaced to a NEC
9801 RX2 computer. This allowed for rapid processing and
storage of the data and provided printed graphic capabilities.
Each trace was also displayed on a NEC CRT N5913U monitor.

A sample was placed in a long-necked Pyrex tube which had
a sidearm connected to a quartz fluorescence cuvette and
degassed using a minimum of four freeziegas-thaw cycles
at a pressure near 19Torr immediately prior to being flashed.
The sample system was flame-sealed under reduced pressure,
and the solution was transferred to the quartz cuvette which
was placed in the sample chamber of the flash spectrometer. A
cell holder block of the sample chamber was equipped with a

capacity. To avoid ambiguity in relative yields due to oxidation, thermostat and allowed to come to thermal equilibrium. The
the solution was degassed by subjecting the sample to aconcentration of the sample was adjusted so that it absorbed a

minimum of three freezedegas-thaw cycles at a pressure near

1075 Torr before irradiation, and the tube was flame-sealed

significant portion of the excitation light.
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ESR MeasurementsThe diazo compound was dissolved in
2-methyltetrahydrofuran (18 M) and the solution was degassed
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