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Abstract: The generation of isomeric [(methoxycarbonyl)phenyl]carbenes (6a—c) by flash vacuum pyrolysis (FVP, 350-450
°C, 10 Torr) of the corresponding diazomethanes (1a—¢) produced 3-meihylphihalide (2) and 2-methoxy-1(2H)-benzo-
cyclobutenone (3), presumably as a resuli of carbene—carbene rearrangement followed by the interaciion of the methoxycarbonyl
group with the carbene center in 1he ortho isomer (6a). Labeling studies were carried out in order 10 determine 1the mechanism
of 1he reaction. Thus, FVP of [o-[carboxy-"*C](methoxycarbonyl)phenyl]diazomethane produced 3-methyl{carbonyl-!*C)phihalide
and 2-methoxy-1(2H)-[carbonyl-!3C]benzocyclobuienone, 1hereby indicating 1hat 3 was formed via Stevens-1ype migration
of the acyl group in an oxonium ylide intermediate (9). FVP of [p-[carbonyl-'*0](methoxycarbonyl)phenyl]diazomethane,
on the other hand, produced 3-methyl[ether-'*O]phihalide, along with a small amoun: of 3-methyl[carbonyl-'*O]phthalide
and 3-methoxy-1(2H)-[carbonyl-'*O]benzocyclobuienone, indicaling that 2 was produced mainly via 1,5-methyl migration
in a carbonyl ylide imermediate (7). Generation of other [(alkoxycarbonyl)phenyl]diazomethanes (16, where alkoxy = EtO
and PriO) under similar conditions also produced 3-alkylphthalides (17) and 2-alkoxybenzocyclobuienones (18), but phihalide
19, which was not detected in the FVP of 1, was also formed in this case, presumably as a resull of a,8-elimination of alkenes
in the oxonium ylide. These results showing the intervention of the oxonium ylide of the ester group are in marked contrast
10 1he observation 1hal, at much lower 1emperatures in 1he liquid and solid phases, only the carbonyl ylide has been involved.

Much attention has been paid to the interconversion of sub-
stituted phenylcarbenes in which a divalent carbon is transmitted
to the position that is accessible for intramolecular reactions.?
Thus, the isomeric polymethylenes interconvert by a carbene-
to-carbene rearrangement mechanism, and they react with the
methyl substituent via a hydrogen shift, which ultimately yields
benzocyclobutene and styrene.  Although the rearrangement can
serve as a way of delivering a divalent carbon from one site to
another through a benzene ring, its potential has not yet been fully
exploited. For example, most substituents employed for such
studies have been alkyl groups, and therefore the carbene is trapped
mostly by intramolecular C-H bonds. Carbene can interact more
effectively with other functional groups, especially those bearing
such hetero atoms as oxygen and nitrogen, which can form ylidic
intermediates as a result of this interaction.* At the same time,
it is expected that the modes of reaction of the carbene with those
functional groups in the gas phase at high temperatures must be
quite different from those in fluid solution at ambient tempera-
tures; therefore, unexpected products may result via ylidic in-
termediates. The mechanism of interconversion, on the other hand,
still continues to plague organic chemists. Thus, the behavior of
the species in the gas phase is usually extremely complicated, and
even innocent-looking products, which may be formed in high
yields, might have been produced by a long series of rearrange-
ments.
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In the light of these facts, we generated a phenylcarbene bearing
an alkoxycarbonyl group in the gas phase at high temperature
in order to determine whether such a functional group could be
involved in the rearrangement and in order to discover how the
divalent center might interact with a functional group having at
least two reactive centers, i.e., both carbonyl and alkoxy oxygens.
We found that the alkoxycarbonyl group survived intact during
the course of the phenylcarbene rearrangement, resulting in the
formation of new types of products that have never before been
obtained by reaction in fluid solution at room temperature or in
the solid state at low temperature. We also discovered by the
labeling studies using !3C and 'O that not only were carbonyl
ylides, which are known’ to be involved in the reaction at much
lower temperatures, involved but that so too were oxonium ylides,
which have never been observed in the low-temperature reactions,
involved in the gas-phase reaction.

Results and Discussion

Thermolysis Products. [(o-Methoxycarbonyl)phenyl]diazo-
methane (1a),%® produced by heating the sodium salt of the
corresponding tosylhydrazone at ca. 80 °C, was pyrolyzed directly
by passage through a 350~450 °C quartz tube at 10°° Torr. The
volatile products were trapped in a receiver cooled with liquid
nitrogen and separated by using silica gel chromatography to
afford 3-methylphthalide (2)¢ and 2-methoxy-1(2H)-benzo-
cyclobutenone (3) (eq 1). The structure of the new ketone (3)7

Me
CH=N, OMe
LA S @n
CO,Me N 0
1a: o 2 3
b: m
c:p

was determined by the IR, 'H NMR, *C NMR, and mass spectra.

(5) (a) Hamaguchi, H.; Ibala, T. Chem. Lett. 1976, 287. (b) Ibaia, T.
1bid. 1976, 233. (c) Ibaia, T.; Moloyama, T.; Hamaguchi, M. Bull. Chem.
Soc. Jpn. 1976, 49, 2298. (d) Hamaguchi, H.; Ibala, T. Chem. Lett. 1975,
169, 499. (e) Ibala, T.; Hamaguchi, M.; Kiyohara, H. /bid. 1975, 21.
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been reporied: Carpino, L. A,; Tsao, J.-H. J. Org. Chem. 1979, 44, 2387.
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Table 1. Yields of Products of
[(Methoxycarbonyl)phenyl]diazomethane (1) Pyrolysis?

temp® yield (%)°
substirale °C) 2 3 2/3
1a 350 45 21 2.1
400 38 10 3.8
450 41 8 5.1
1b 350 4 5 0.8
400 7 4 1.8
450 19 12 1.6
1c 350 5 7 0.7
400 11 6 1.8
450 19 13 1.5

9 Pyrolysis was carried oul by passage through a 350-450 °C quariz
1ube a1t 1075 Torr. 8FVP 1emperature, ¢ Delermined by GC. The av-
erage of 1riplicate runs; reproducibility was <5%.

In addition, the benzocyclobutenone framework was confirmed
by the finding that the irradiation of 3 in methanol produced
methyl (o-methoxymethyl)benzoate (5), which was obviously
formed by photocleavage of 3 to form ketene 4, followed by
nucleophilic attack of the solvent (eq 2).¥ The ratioof 2t0 3

J,OMe
hv OMe
3 — weon™ (2
. © CO,Me
S 2
@]
4 5

tends to increase at higher reaction temperatures. This is ap-
parently attributable to the thermal lability of 3. Control ex-
periments showed that 3 was thermally less stable than 2, but that
2 and 3 did not interconvert under the reaction conditions.
Similar pyrolysis of the meta (1b) and para (1¢) isomers of the
diazomethane also afforded the products 2 and 3, although the
ratio changed significantly (vide infra) (Table [). The results
are explained in terms of a carbene—carbene rearrangement where
[p-(methoxycarbonyl)phenyl]carbene (6¢) rearranges to the meta
(6b) and ortho isomers (6a), which react with the proximate
methoxycarbonyl group to yield 2 and 3, respectively; this suggests
that the methoxycarbonyl group remains intact during the course
of the phenylcarbene rearrangement (eq 3). Since neither of these

1c BP /@ 0. 0.
N Meo,c

CO,Me
6b

CH:
L s
COMe

6a

products was detected in the reactions of 6a carried out in fluid
solutions a1 much lower temperature,’ the present reaction serves
as another example of the utility of the FVP method as a synthetic
tool.

The mechanism of the formation of 2 and 3 from 6a is then
an interesting question. Obviously, these products were formed
as a result of the intramolecular interaction of a divalent center
with the methoxycarbony! group at the ortho position. There are
two possible intermediates generated as a result of this interaction,
the carbonyl (7) and oxonium (9) ylides. Conceptionally, it is
possible to draw a reasonable pathway 10 2 and 3 starting from
either of the ylides. Thus, formal 1,5-methy! migration in iso-
benzofuran 77 (a resonance structure of 7), which is a thermally
allowed sigmatropic shift, will produce 2, while cyclization to 8

(8) Similar photochemical cleavage of benzocyclobulenone in methanol
forming methyl 10luale has been observed: Cava, M. P.; Spangler, R. J. J.
Am. Chem. Soc. 1967, 89, 4550.

(9) Siable 1sobenzofuran was aclually isolaled in 1he reaclion of (o-
benzoylphenyl)phenylcarbene: Kumler, P. L.; Bucharal, O. J. Am. Chem.
Soc. 1968, 90, 5640.
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followed by oxygen—hydrogen migration should give 3. On the
other hand, in the ylide 9, the Stevens-type rearrangement of the
Me group will result in the formation of 2, and acyl migration
should afford 3 by ring contraction. Since control experiments
showed that 2 and 3 were not interconvertible under the FVP
conditions, both products should be formed directly by either, or
both, of the ylide intermediates. It is apparent that the labeling
experiments will reveal much about which intermediate is actually
involved in the reaction. Thus, as marked in egs 4 and 5, 6 bearing
13C at the methoxycarbonyl carbon will produce 3 bearing 13C
at the ether carbon via 8, whereas 3 bearing !3C at the carbony!
carbon will be formed through 9. On the other hand, the ¥*C

[2-"*c1-"*01-3 [1_13(:“2_130]_2

o
@cﬁ»@:-»»@@ -

PR —_ - -1

[1="cy1-"%0p-2
'/
CH:
@[(m e
® (=" 1301 a

labeling experiments will result in 2 bearing the labeled carbon
at the carbonyl carbon, irrespective of the ylide intermediates,
and hence there can be no discrimination between the interme-
diates. Thus, we also generated 6 bearing '*0 at the carbonyl
oxygen, which is expected to yield 2 bearing %0 at the ether
oxygen via 7 and !80 at the carbony! oxygen through 9.

13C Labeling Experiments

The precursor diazomethane ['3C]-1a bearing !*C at the
methoxycarbonyl carbon was prepared as summarized in eq 6.

CHjy 1. Mg
——._-,
2.Ba’CO;

8r

1. CH2Nz

CH, 2. CrOy/Acz0
e
N 3. NaOH/H,0
CO,H 4. CHN;

10 3.H0 11
@(CHO 1. TosNHNH; @C:H =N2 e
2. NaH/a
*CO,Me *CO,Me
12
[‘3c1-1a
13
(1) 3c1-2 (1-cj-s
R =*C - 13C

The labeled carbon was conveniently introduced by reacting the
Grignard reagent from 10 with *CO, (98.4%), thus resulting in
11, which was then converied to the desired diazomethane ac-
cording to the known procedure (see the Experimental Section).
The 3C NMR spectrum of ['3C]-1a confirmed that the labeled
carbon was neither scrambled nor lost during these operations.

FVP of [!3C]-1a produced [**C]-2 and [**C]-3. 'H and “C
NMR analysis, coupled with MS analysis of the products, clearly
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Table II. 1*C NMR Daia of 2 Produced by FVP of 1a or [*C]-1a
8
. CHy
3a 3
5
o]
T 0
2
resonance (8)¢
subsirale C-1 C-3 C-3a C-4 C-5 C-6 C-7 C-Ta C-8
1a 170.4 (10.3) 77.8 (90.4) 151.2(15.2) 134.1(100) 121.6(92.5) 129.1(99.1) 125.5(97.5) 1257(26.2) 20.4(92.5)
[3C)-1a  170.2 (100) 77.6 (8.1) b 133.9 (10.1) 1216 (6.1) 129.1 (6.2) 125.6 (8.1) & 20.4 (10.8)

9Par1s per million downfield from Me,Si in CDCl;.
detection.

Table I1I. 3C NMR Data of 3 Produced by FVP of 1a or [*!C]-1a

3

Values in parentheses are relalive inlensities.

2a o7
forg
]

6a 1

5No visible resonances within the limit of

6 o]
3
resonance (6)°
subsirale C-1 C-2 C-2a C-3 C-4 C-5 C-6 C-6a C-7
1a 190.2 (10.2) 93.2 (50.8) 156.0 (22.2) 124.3(97.0) 135.5(100) 121.5(86.4) 131.4(85.5) 147.7(19.6) 57.0(91.0)
[13C)-1a  190.1 (100) 940 (4.4) b 124.5(5.2) 1354 (76) 121.4(89) 1314(60) b 56.9 (5.2)

26See fooinoles a and b in Table II.

indicated that the *C carbon was located almost exclusively at
the carbonyl carbon, not only in 2 but also in 3. Thus, [!3C]-2
showed essentially the same coupling patterns as the unlabeled
2 in its 'H NMR spectrum, indicating that !3C was not located
at the C-3 carbon, while the methine proton of [**C]-3 appeared
as a doublet with a small coupling constant (~2 Hz) due to
13C-C-H coupling. This suggests that the *C was located at the
C-1 carbon. The *3C NMR data of ['*C]-2 and [!3C]-3, sum-
marized in Tables Il and III, in addition to the data produced
from the unlabeled 1a provided clear-cut evidence supporting the
above assignments. The percentage labels measured by integration
for the 3C-labeled products showed 100% of the labels to be at
the carbony! carbon of 2 and 93.6% at the carbony! carbon of 3.
No double-labeled products were observed, and no label was lost.
Intermolecular carbon transfers are thus unlikely.

The mass spectrum of unlabeled 2 showed a 100% peak at m/e
1085, corresponding 10 the fragment shown below (eq 7). Addi-
tional peaks at m/e 104 (3.3%) and 106 (7.8%) correspond to the
M -1 and M + | peaks for the fragment PhCO, respectively.

o+

Me .
o —~ja] -
)y ~—
mie 105
(106)

The mass spectrum of [!3C)-2 showed peaks at m/e 105 (12.4%),
106 (100%), and 107 (6.9%). From those values, we calculated
94.4% of the labels to be contained at the carbonyl carbon, as-
suming that the fragmentation occurs without an isotopic effect.
On the other hand, the mass spectrum of unlabeled 3 showed peaks
at m/e 119 and 121, which were also present in the mass spectrum
of labeled 3. Presumably, the peak at m/e 119 must correspond
to the fragment formed as a result of the loss of the carbonyl group
via the McLaffer1y-type rearrangement. Then, from the ratio

o+

O—Me
8

of 119/121 found in the labeled and unlabeled 3, the content of

the labels at the carbony! carbon was calculated to be 97.8%. The
observation presented unambiguous evidence showing that 3 was
formed solely from the oxonium ylide 9, presumably by the Stevens
rearrangement of the acyl group.

130 Labeling Experiments

The diazomethane containing '*O at the methoxycarbonyl
oxygen was prepared according to the procedures summarized
in eq 9 (see the Experimental Section). Since attempts to prepare
the ortho isomer of 15 using a similar reaction were unsuccessful,
presumably due to the interaction between the substituents at the
ortho positions, the para and meta diazomethanes were prepared,
although there is a possibility that ¥0 may be scrambled during
the carbene—carbene rearrangement. However, this possibility

CHO CH=N,
1. HoVMeOH 1. TosNHNH; FVP
——
2. Hz”‘o 2. NaH/A
CN c
14 180/ ~o 1807 “oMe
15 '®ol-1¢
| ® + | | 0 |
13
O] -3
[2- ‘301 -2 ‘301 -2
e-""0

was eliminated (vide infra). The labeled oxygen was conveniently
introduced into the carbonyl oxygen position by reacting the imino
ether from 14 with H,!%0 (99.2%), thereby forming 15, which
was diazotized by the usual method (eq 9). The content of *O
in 15 was estimated to be 83.0% on the basis of MS analysis. The
fact 1that no scrambling of *O between the carbony! and ether
oxygens took place during 1he diazorization procedure was sug-
gesied by the fact that the IR spectrum of [*Q]-1¢ showed an
absorption at 1685 cm™ due to C=="%0 stretching, in addition to
a weak absorption resulting from unlabeled C=0 exhibited at
1719 cm™. Also 15, regenerated by the 'O, oxidation of ['*0)-1¢,
exhibited essentially the same mass spectrum as that of the starting
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Table IV. MS Data of 3 Produced by FVP of ['*0O].1¢

Tomioka et al.

Table V. MS Daia of 2 Produced by FVP of {¥0]-1¢

ion intens? produci ratio

fon intens® producl ratio

lemp®  jon labeled [1-%0]-3/ lemp? ion labeled [2-1%0)-2/
(°C) (m/e) unlabeled (cor intens)* 3/[*0]-3 [2-1%0]-3 (°C) (m/e) unlabeled (corinlens)* 2/['*0]-2 [I1-1%0]-2
350 150 0.3 6.9 19.0/81.0 350 150 0.3 18.4 19.0/81.0
148 7.3 1.6 148 16.9 4.4
135 1.0 100 17.9/82.0 135 0.5 65.6 18.5/81.5
133 100 22.0 133 53.2 15.1
121 1.4 1.7 (1.4) 99.7/0.3 107 0.6 18.7 (18.5) 80.3/19.7
119 333 38.4 (31.1) 105 100 100 (70.4)
450 150 4.3 63.2/36.8 450 150 16.4 21.6/78.4
148 6.9 148 4.6
135 63.8 61.4/38.6 135 67.3 19.6/80.4
133 100 133 16.6
121 1.8 (0.5) 100/0 107 19.1 (18.9) 79.7/20.3
119 54.0 (22.5) 105 100 (72.8)

4FVP 1emperalure. ®Measured on a Shimadzu GCMS (QP-1000).
¢Correclted intensities based on ion intensities of unlabeled samples.

materials (14). Although ['®0]-1b was prepared according to
almost the exact same procedure, only the results employing
[*®0]-1c¢ will be described here, since essentially the same results
were obtained.

FVP of [*¥0]}-1¢ again produced 2 and 3, which were analyzed
by IR and MS by using the conventional technique. The position,
as well as the content, of the labels was conveniently determined
by monitoring the relevant fragment peaks, which have been
confirmed in the !*C-labeled samples (vide supra). Thus, the m/e
105 peak is used as a key fragment containing the carbonyl oxygen
in 2 (eq 7), while the m/e 119 peak is regarded as a decarbonylated
fragment of 3 (eq 8). However, the results summarized in Tables
1V and V, provided somewhat less clear-cut data compared to that
obtained in the '3C labeling experiments. This is partly due to
the expected reactivity of the carbonyl oxygen with water present
in the system. First, the cyclobutenone (3) was found to lose
significant amounts of the labeled oxygen, depending on the py-
rolysis temperature (Table IV). Thus, the *O content in 3 de-
termined by using the parent (150/148) and base peaks (M* -
CHj3, 135/133) decreased from 82% at 350 °C to 38% at 450 °C.
This is presumably due to the addition of water (H,O) to the
carbony! group of [*¥0]-3, followed by the elimination of H,'¥O
from the resulting hydrate. Control experiments showed that the
180 content of [*0]-3 decreased either upon passing through the
pyrolysis tube or by refluxing in benzene containing a small
amount of H,O. Comparison of the IR spectrum of 3 and [1-
180]-3, however, indicated that !8Q is located in the carbonyl
group. Thus, the IR spectrum of [1-'¥0]-3 shows a strong ab-
sorption at 1735 cm™! due to C="%0 stretching, in addition to
a rather weak absorption due to unlabeled C=0 appearing at
1765 cm™!, but no additional absorption due to an 30 isotopic
shift is apparent in the C—O stretching regions. A more quan-
titative result was obtained by MS analysis of the fragment (m/e
119) formed as a result of the loss of CO (eq 8). Thus, analysis
of the fragment (m/e 121 /119) using the mass spectrum of [*¥0]-3
showed that the labeled oxygen was almost exclusively located
at the carbony! oxygen. Not only is this observation in accord
with the result of the *C labeling experiment but it also eliminates
the possibility that the labeled oxygen is scrambled berween the
carbony! and ether oxygens during the rearrangement. This
suggests that the ylide 9 was not formed by 1,3-Me migration of
the ylide 7, since this rearrangement will produce 3 bearing 20
at the ether oxygen.

Judging from the parent (150/148) and base peaks (135/133)
(Table V), the 30 content in ['80]-2 was not decreased during
the pyrolysis. Control experiments reveal that the amount of 30
in [*¥0]-2 was not decreased appreciably even upon the treatment
in refluxing benzene/H,0. However, analysis of the fragments
and intensities of the MS of ['¥0]-2 showed thai, although [2-
180]-2 was formed predominantly, [1-'30]-2 was also produced
and increased at the higher pyrolysis temperature (Table V).
Thus, the ratios of [2-180]-2/[1-!80]-2 observed at 350 and 450
°C were 80.3/19.7 and 79.7/20.3, respectively. These results may

a¢See foolnoles in Table IV.

indicate that 2 was mainly formed via the ylide 7 but that the
oxonium ylide 9 also produced 2 by methy! migration in com-
petition with acyl migration. Control experiments, however, reveal
the fact that [1-!30]-2 and [2-'%0]-2 interconverts under FVP
conditions, especially at higher temperature. For example, the
passing of the 79.7/20.3 mixture of [2-'¥0]-2/[1-'80]-2 through
the FVP tube at 450 °C resulted in the 66.6/33.4 mixture of
[2-180])-2/(1-'80]-2, without any appreciable loss of the total
amount of 2. Thus, it may be possible to assume that [2-1%0]-2
was formed initially from the ylide 7 but was converted to [1-
180]-2 by secondary thermal isomerization in the hot tube. In
accordance with the expectation that the thermal isomerization
process should be reduced at a lower temperature, examination
of the effect of temperature on the thermal isomerization using
[2-130]-2/(1-'80]-2 mixtures revealed that the interconversion
was essentially quenched when the reaction was conducted at <300
°C. FVPof ['80)-1¢ at 300 °C again afforded, however, a mixture
of [2-¥0]-2 and [1-'%0]-2 in a ratio of 79.0/21.0. When FVP
was carried out at 250 °C, no prominent formation of 2 and 3
was observed, and a large amount of the diazomethane was re-
covered unchanged. The results may support the former expla-
nation that 2 was formed mainly via 7 and partly from 9.
However, one cannot rigorously eliminate the latter scenario if
one takes into account chemical activation,'? that the heat of
reaction is channeled into secondary intramolecular reactions.
Thus, if [2-130]-2 is formed from 7 by an exothermic reaction,
the heat of the reaction in the gas phase may not dissipate effi-
ciently through collisions. Therefore [2-'%0]-2 can undergo C-O
bond cleavage upon formation, isomerizing to [1-%0]-2.

Effect of Precursors

The results summarized in Table I clearly indicate that the ratio
of the two products varies significantly with the reaction tem-
perature and the precursor. Thus, the thermolysis of [o-(meth-
oxycarbonyl)phenyl]diazomethane (1a) produced a higher fraction
of 2 over 3 than did the meta and para isomers. Such an anom-
alous product ratio from an ortho isomer has been noted!! in the
thermolysis of the isomeric tolyldiazomethanes: the ortho isomer
gives nearly three times as much benzocyclobutene as styrene,
while from the meta and para isomers the ratio is approximately
0.8. Admitting tha: benzocyclobutene is derived from o-tolyl-
methylene while styrene is derived from a-methylphenylmethylene,
several mechanisms in which p- and m-tolylmethylenes rearrange
to a-methylphenylmethylene without recourse to the ortho isomer
have been proposed?® to accommodate the experimental obser-
vation. However, the present results cannot be explained by any
of these mechanisms, since both 2 and 3 are apparently derived
from the ortho isomer in this case. Accepting that 3 is predom-
inantly formed from the oxonium ylide 9 while most of 2 is derived
from the carbonyl ylide 7, and that interconversion between 7 and

(10) For example, see: Bock, H.; Dammel, R. J. Am. Chem. Soc. 1988,
110, 5261 and references cited 1herein.

(11) Baron, W. J; Jones, M., Jr.; Gaspar, P. P. J. Am. Chem. Soc. 1970,
92, 4739,
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9 is not attained in both directions, the product ratio may reflect
the relative population of the carbene conformers 6a-A and -B
(eq 4 and 5), since in 6a-A the carbene center will be trapped by
the carbonyl oxygen, while the ether oxygen in 6a-B would attack
the carbene center. One then would expect that the relative
population in 6a formed from 1a is different from that in 6a
generated from 1b and Ic, since the relative population in 6a
directly formed from 1a must reflect that of la; while in 6a
produced from 1b and Ic after the repeated rearrangement, the
equilibrium between the two conformers must be attained.
Therefore, the predominant formation of 2 over 3 in FVP of
1a then means that in this case conformer A is dominant in 6a.
This is understood when one analyzes the stability of the conformer
in 1a. There are four coplanar conformers for 1a (i.e., syn-syn,
syn—anti, anti-syn, and anti-anti), where syn and anti are termed
according to the relative relationship between the diazo and
carbonyl groups. For the diazo syn isomers, one would expect
that the diazo—carbonyl! interaction is sterically less hindered than
the diazo-methoxy interaction, and hence that the syn-syn isomer
is favored over the syn-anti one (eq 10). A similar argument

H H
g\\N — g\\N (10)
“Me
OMe 0

syn—syn syn—anli
can be applied to the diazo anti isomers. This is in agreement
with the observation that 2 is favored over 3 in the FVP of 1a.
On the other hand, a mechanism'!!? including the intervention
of the diazo compound to explain the product ratios in FVP in
the isomeric tolyldiazomethane must be considered. For instance,
it has been proposed!? that o-tolyldiazomethane can “leak away”
to benzocyclobutene without passing through o-tolylmethylene
as a result of facile hydrogen atom transfer in the diazomethane.
It is very tempting, then, to draw a similar mechanism regarding
the present reaction where the thermally excited diazomethane
(1a) can directly produce 2 without generating free carbene. The
attack of a diazo carbon atom on the neighboring methyl group
to expel the carboxylate group followed by the subsequent attacks
on the resulting diazo carbon leading to 2 is a possible route.

Effect of Alkoxy Group

FVP of other [(alkoxycarbonyl)phenyl]ldiazomethanes also
provided further evidence supporting the mechanism advanced
above. Thus, FVP of o- or [p-(ethoxycarbonyl)phenyl]diazo-
methanes (16a) afforded 3-ethylphthalide (17a) and 2-ethoxy-
benzocyclobutenone (18a) along with the third product, 19, which
was not formed in the FVP of 1. FVP of isopropoxy derivatives
(16b) also produced those three types of products (17b, 18b, and
19) (eq 11).

CHN,
¥ @i ©Q°
450“0

CO,R 1051017
16
yield (%)
17 18 19 17/(18 + 19)
16a: R = E1 (o) 44 8 12 2.2
@ 19 12 14 0.7
16b: R = Pr! (o) 25 3 12 1.7
(V)] 10 3 10 0.8

What is a mechanism for the formation of 19?7 Control ex-
periments showed that neither 17 nor 18 produced 19 under the
FVP conditions, which suggests that 19 is formed as a primary
product. Therefore, the most probable pathway may be an «,3-

(12) Chapman, O. L.; Johnson, J. W.; McMahon, R. J.; Wesi, R. W. J.
Am. Chem. Soc. 1988, 110, 501.
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elimination forming the alkene in the oxonium ylide intermedi-
ates.!* It is generally accepted that most ylides bearing 8-hy-
drogens undergo, «,8-elimination, forming alkenes in competition
with the Stevens rearrangement.!*> For example, methoxy-
carbonylcarbene reacts with benzy! alkyl ether to produce a C-O
displacement product along with all the possible C-H insertion
products, but the displacement product gains at the expense of
the C-H insertion products when the ethyl group is introduced.
CIDNP studies demonstrate2® that the latter is formed by the
Hoffman-type elimination of ethylene in the oxonium ylide.

180 labeling experiments using ['¥0]-16a failed to provide
conclusive evidence to prove that the carbonyl ylides are not
precursors for the formation of 19, probably due to rapid thermal
scrambling of the labeled oxygen in 19 under the FVP conditions.
Nevertheless, highly unimolecular reaction conditions coupled with
evidence? supporting the intramolecular nature of the elimination
suggest that 19 must be formed almost exclusively from oxonium
ylide.

Concluding Remarks

The results presented above clearly indicate that alkoxycarbony!
groups remain intact in the course of the phenylcarbene rear-
rangement and are trapped by the carbene center at the ortho
position to give not only carbonyl! ylides but also oxonium ylides.
Secondly, the carbony! ylide produces 3-alkylphthalide, whereas
the oxonium ylide undergoes the Stevens-type acy! migration,
which forms 2-alkoxybenzocyclobutenone. The nature of each
mechanism for the formation of 3-alkylphthalide is not clear at

(13) Johnson, A. W, Ylide Chemistry; Academic Press: New York, 1966.

(14) Muraia, S.; Ohiawa, Y.; Tomioka, H. Chem. Lett. 1989, 853,

(15) Olah, G. A.; Doggweiler, H.; Felberg, J. D. J. Org. Chem. 1984, 49,
2112.

(16) For reviews, see: (a) Nikolaev, V. A.; Korobitsyna, I. K. Mendeleev
Chem. J. (Engl. Transl.) 1979, 24, 88. (b) Ando, W. Acc. Chem. Res. 1977,
10, 179. (c) Kirmse, W. Chapter II in ref 4b.

(17) Guische, C. D.; Hillman, M. J. J. Am. Chem. Soc. 1954, 76, 2236.

(18) Nozaki, H.; Takaya, H.; Noyori, R. Tetrahedron Lett. 1965, 2563.

(19) (a) ermse, W.; Kapps, M Chem. Ber. 1968, 10/, 994. (b) Ando,
W.; Yagihara, R.; Kondo, S.; Nagayama, K.; Yamamoto, H.; Nakaido, S.;
Mlgua T. J. Org Chem. 1971 36, 1732. (c) Ando, W.; Kondo S; Naka-
yama, K.; Ichibori, K.; Kohoda H Yamamoto, H.; Imal I; Nakaldo,
Migiia, T J. Am. Chem Soc. 1972 94, 3870.

(20) (a) Iwamura, H.; Imahashi, Y ; Kushida, K. Tetrahedron Lett. 1975,
1401. (b) Iwamura, H.; Imahashi, Y.; Kushida, K.; Aoki, K.; Saioh, S. Bull.
Chem. Soc. Jpn. 1976, 49, 1690. (c) Olah, G. A,; Doggweiler, H.; Felberg,
J.D. J. Org. Chem. 1984, 49, 2116. (d) Kirmse, W.; Kund, K. J. Am. Chem.
Soc. 1989, 111, 1465. (e) Agopian, G. K.; Broun, D. W,; Jones, M., Jr.
Tetrahedron Lett. 1976, 2931. (f) Tomioka, H.; Suzuki, S.; Izawa, Y. Bull.
Chem. Soc. Jpn. 1982, 55, 492.
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present. Although a formal 1,5-methy! shift seems reasonable
in terms of the symmetry rule, steric matters such as orbital control
between the migrating methyl group and the destination carbon
during the migration intrude. Consequently, the intermolecular
process?!® is an attractive alternative. “Cross” experiments were
carried out in order to examine this possibility. Thus, ['*0]-1¢
and 16a were copyrolyzed in the hot tube, and the pyrolysates
were analyzed by GC-MS. This indicated that “crossed”
phthalides (i.e., 3-ethylphthalide carrying the labeled oxygen) were
detected to a very small but significant extent. The results suggest
that some of the phthalides are formed via an intermolecular
pathway. However, in the light of the highly unimolecular con-
ditions (1075 Torr), it is not easy to draw a simple mechanism for
the intermolecular process in the hot tube.

Interestingly enough, the formation of the oxonium ylide in
competition with 1he carbony! ylide reveals the fact that, when
generated at much lower temperature, the phenylcarbene 6 is
trapped almost exclusively by the carbony! oxygen of the alk-
oxycarbonyl group at the ortho position, producing the carbonyl
ylide.* For example, generation of 6a in MeOH either photo-
lytically or catalytically produced cyclic orthobenzoate quanti-
tatively,™ thereby indicating the intervention of the carbonyl ylide.
More importantly, direct observation of the carbony! ylide has
been made'4 using matrix isolation techniques. Thus, photolysis
of 1a matrix isolated in argon at 10 K and monitored by IR
spectroscopy indicates that both the diazo and carbonyl groups
disappear simultaneously, resulting in the formation of a new
species showing absorptions at 1653, 1590, 1501, 1431, and 1096
c¢m™!. The photoproduct is assigned as the carbony[ ylide 7 on
the basis of spectral analysis as well as its secondary photochemical
ring closure. This forms !-methoxybenzocyclobutadiene oxide.
The observation that no other species exhibiting a new carbony!
stretching absorption appears during the irradiation suggests that
the oxonium ylide 9 is not formed under these experimental
conditions.

Oxonium ylides can be generated either by deprotonation of
the oxonium ion!3 or by the interaction of carbenes with the
unshared electron pairs of oxygen,!® and they are attracting in-
creasing interest as intermediates leading to useful products as
well as for their mechanistic importance. However, the oxonium
ylides thus far reported have been rather simple ones. Thus,
oxygen compounds utilized for the trapping of carbenes that result
in oxonium ylides include dioxanes,'” epoxides,!® allylic ethers,!?
aliphatic ethers,? allylic acetals,?'® and oxetanes,? where the most
basic center is always the ether oxygen. In other words, no
oxonium ylides bearing electron-withdrawing a-substituents have
been reported. In this light, special attention should be paid to
the unprecedented oxonium ylide formed in the reaction of 6a by
the interaction of the carbene with the alkoxy oxygen of the ester
group. One may expect that the carbene is initially trapped by
the carbonyl oxygen to yield the carbony! ylide 7, which then
undergoes 1,3-Me migration to generate the oxonium ylide 9 under
these conditions. This possibility is eliminated by the finding that
[80]-6 produced [1-'*0]-3 almost exclusively from 9; this in-
dicates that 9 is formed directly by the attack of alkoxy oxygen
on the carbenic center at the ortho position. Apparently, the
formation of this unusual ylide in the present reaction, which is
considered to be thermodynamically less stable than the carbonyl
ylide, must reflect the high energy gained by heat as well as by
the highly unimolecular naiure created under high vacuum. The
results also suggest that the FVP conditions may serve as a very
attractive method to generate other highly functionalized oxonium
ylides that otherwise are impossible to form.

Despite the ring strain in 3, the predominant formation of
benzocyclobutenone, probably by acyl migration over the phthalide
via methyl migration in the ylide 9, is initially rather surprising.
However, this is in accord with the observation?™ that, in oxonium

(21) (a) We wish 10 1hank a referee for suggesting 1his possibility. (b)
D:yleg,ll;f. P.; Griffin, J. H.; Chinn, M. S,; van Leusen, D. J. Org. Chem. 1984,
49, 1 .

(22) (a) Friedrich, K.; Jansen, U.; Kirmse, W. Tetrahedron Lett. 1985,
193. (b) Kirmse, W.; Chiem, P. V. Ibid. 1988, 197.
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ylides generated from arylcarbenes carrying an alkoxyalky! group
in the ortho position, alky! shifts occur to a very minor extent if
no benzyl groups are available. In terms of the radical pair
mechanism of the Stevens rearrangement,!? these observations
suggest a more facile homolysis of oxonium ylides as compared
with ammonium ylides.

Finally, interconversion between [o-(methoxycarbonyl)-
phenyl]carbene and a-(methoxycarbonyl)phenylcarbene was ex-
amined. FVP of methyl a-diazophenylacetate resulted in the
formation of complex mixtures of at least seven products, com-
prised of styrene, benzaldehyde, acetophenone, methyl phenyl-
acetate, biphenyl, diphenylmethane, and bibenzyl, none of which
were detected in the pyrolysate of 1e. Neither of the two products
(2 and 3) formed from [o-(methoxycarbonyl)phenyl]carbene were
detected. The exact mechanism for the formation of these complex
mixtures is not known at present. However, by analogy with the
mechanism proposed?® for the reactions of bis(methoxy-
carbonyl)carbene in the gas phase to form methyl acrylate, methyl
acetylacetate, methy! acetate, and methyl vinyl ether, styrene can
be explained in terms of a-CH insertion forming an a-lactone,
followed by decarboxylation, while acetophenone may be formed
via the Wolff rearrangement followed by decarboxylation. The
results indicate that interconversion between [o-(methoxy-
carbonyl)phenyl]carbene and a-(methoxycarbonyl)phenylcarbene
is not attained in both directions. The rearrangement of the «
to the ortho isomer of the carbene is largely prevented due to the
facile migration reaction leading to stable products often accessible
for the « isomer. For instance, a-tolylmethylene gives styrene
as a result of 1,2-H migration before it rearranges to o-tolyl-
methylene. The rearrangement from the ortho to o isomer, on
the other hand, is observed in some cases. For instance, phe-
nylcarbenes having alkyl, alkylsilyl, alkylgermyl, and alkylstanny!
substituents are able to get past the ortho position.? In this light,
alkoxycarbonyl! groups are considered to be very efficient intra-
molecular traps in the phenylcarbene rearrangement system.

Experimental Section

General Methods. IR specira were measured on a JASCO IR-G
recording spectropholomeler, and 1the mass specira were recorded on a
Shimadzu QP-1000 mass spectromeler (70 €V). The conten! of isolopes
in the products was conveniently determined by GCMS 1echniques. In
order 10 avoid possible error due 10 partial separation of 1he isotopic
mixtures by GC, the mass fragmeniography 1echnique was employed.
Thus, the 101al ion mass of each compound (im/e) was inlegrated in each
GC peak and used as the numerical value for the analytical calculations.
When an isolopic composition was obiained based on a fragment ion, it
was assumed 1ha! 1he fragmeniation occurred withou! an iso1ope effect.
'H and *C NMR specira were determined with JEOL JNM-MH-100
and Hilachi R-90H NMR spectrometers, respectively, in CDCl; with
Me,Si as an internal standard. The GC analyses were performed on a
Yanagimoto instrument, Model G-80. The GC column A was prepared
from 5% SE-30 on Diasolid L (5.0 mm X 2.0 m); column B consisied of
5% PEG-20M on Diasolid L (5.0 mm X 2.0 m). Thin-layer chroma-
1ography was done on a Merck Kieselgel 60 PF,5,. Column chroma-
10graphy was carried out on silica gel (ICN for dry column chromailog-
raphy).

Materials. Barium carbonate (98.4% 13C) and H,'¥O (99.2% 1¥0)
purchased from Isotec Inc. were used without further purification. An-
hydrous 1eirahydrofuran (THF) and ether were distilled over sodium and
benzophenone under argon.

o-(Merhoxycarbonyl)benzaldehyde was prepared by the method of
Barry et al.,,”® and m-(merthoxycarbonyl)benzaldehyde was prepared
following 1he procedure of Williams.?®  o-(Ethoxycarbonyl)- and o-
(isoproxycarbonyl)benzaldehyde were prepared from phihalimide by
Oppe’s method,? and p-(ethoxycarbonyl)- and p-(isopropoxycarbonyl)-
benzaldehyde were obiained from 1he corresponding acids by modifica-
1ion of 1he method of Barry e1 al.2 3-Methylphihalide (2) was prepared
from o-acelylbenzoic acid by the procedure of Jones e1 al.5 All other

(23) Richardson, D. C.; Hendrick, M. E.; Jones, M., Jr. J. Am. Chem. Soc.
1971, 93, 3790.

(24) Chambers, G. R.; Jones, M., Jr. Tetrahedron Lett. 1978, 5193.

(25) Barry, J.; Bram, G.; Decodts, G.; Loupy, A.; Orange, C.; Pelil, A.;
Sansoulel, J. Synthesis 1985, 40.

(26) Williams, J. W. Organic Syntheses; Wiley: New York, 1955; Coll.
Vol. 111, pp 626.

(27) Opp’e, A. Chem. Ber. 1913, 46, 1095.
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chemicals were used as received or distilled before use as specified.

[o-(Methoxycarbonyl)phenylldiazomethane (1a). By following the
procedure of Creary,? a solution of o-(methoxycarbonyl)benzaldehyde
(0.61 g, 3.7 mmol) and 10sylhydrazine (0.69 g, 3.7 mmol) in anhydrous
THF (5 mL) was stirred a! room lemperature. The progress of the
reaclion was monitored by TLC, which indicaled thai 1he siarling ma-
1erials were consumed within 5 min. To 1he reaction mixiure was added
a suspension of NaH (0.15 g, 3.7 mmol) in anhydrous THF (5 mL)
under N,, and the mixiure was siirred for 30 min a1 room 1emperalure
10 produce the while 1osylhydrazone sali, which was collecied by suciion
filiration under N, and washed with peiroleum ether. Drying the solid
in vacuo a1 room lemperature gave lhe sodium sall of o-(methoxy-
carbonyl)benzaldehyde 10sylhydrazone (1.1 g, 84%) as a while solid.
This salt (0.5 g) was placed in a sublimation apparalus equipped with
an ice-cooled cold finger and heated a1 140 °C (2-5 X 1075 Torr) for 30
min 10 give the diazomethane (1a, 0.23 g, 91%) as orange crysials de-
posited on the cold finger: mp 32.5-34.5 °C; 'H NMR (CCl,) 5 3.82
(s, 3 H), 6.78 (s, | H), 7.01-6.94 (m, 2 H), 7.37 (dd, J = 7.9, 8.1 Hz,
1 H). 795 (d, / = 6.9 Hz, | H); IR (KBr) 2060, 1719 cm™!.

The following diazomethanes used in 1his study were prepared by a
similar procedure 10 1hal described above.

[m-(Methoxycarbonyl)phenylldiazomethane (1b): 48.9%; mp
29.5-30.5 °C; 'H NMR (CCl,) 5 3.84 (s, 3 H), 4.95 (s, | H), 6.98 (d,
J=74Hz 1 H),7.250,J=74Hz | H), 7.48 (bs, | H), 7.58 (d, J
= 7.4 Hz, | H); IR (KBr) 2070, 1725 cm-!,

(p-(Methoxycarbonyl)phenyljdiazomethane (1c): 52%; mp 4349 °C;
'H NMR (CCl,) 6 3.83 (s, 3 H), 4.93 (s, 1 H), 6.86 (d, / = 8.0 Hz, 2
H), 7.83 (d, / = 8.0 Hz, 2 H); IR (KBr) 2060, 1719 cm™!.

[o-(Ethoxycarbonyl)pheny!ldiazomethane (0-16a): 50.8%, red oil; 'H
NMR (CCl,) 6 1.36 (1, J=72Hz 3H),426(q,/=72Hz 2H),6.75
(s, | H), 6.92(d,J = 7.5 Hz, | H), 7.25-7.41 (m, 2 H), 791 (d, J =
7.5 Hz, 1 H); IR (nea1, NaCl) 2060, 1709 cm™!.

(p-(Erthoxycarbonyl) phenylldiazomethane (p-16a): 77.5%; mp
51.0-53.0 °C; 'H NMR (CCl,) 6 1.36 (1, J = 7.8 Hz, 3 H), 4.29 (q, /
=78 Hz,2 H),498 (s,2H), 689(d,/J=80Hz,2H),790(d,J =
8.0 Hz, 2 H); IR (KBr) 2065, 1695 cm™..

[o-(Isopropoxycarbony!) phenylldiazomethane (0-16b): 61.7%, red oil;
'H NMR (CCl,) 8 1.32 (d, J = 6.3 Hz, 6 H), 5.14 (sept, J = 6.3 Hz,
1 H), 6.77 (s, | H), 6.90-6.98 (m, 2 H), 7.33 (dd, J = 7.5, 8.2 Hz, | H),
7.95 (d, / = 7.5 Hz, 1 H); IR (nea1, NaCl) 2060, 1705 cm™.

[p-(Isopropoxycarbonyl) phenylldiazomeihane (p-16b): 51.8%, red oil;
'H NMR (CCl,) 8 1.33 (d, J = 6.9 Hz, 6 H), 5.00 (s, | H), 5.17 (sep1,
J=69Hz, 1 H),683(d,J=84Hz 2H),786(d,J =84 Hz 2H),
IR (neat, NaCl) 2070, 1710 cm™.

Flash Vacuum Pyrolysis. The apparaius used for 1lie FVP consisied
of a quariz tube (30 mm i.d. X 35 cm long) maintained a1 the desired
temperalure by resistance wire. The 1ube was fitled with a loose plug
of quariz wool 10 cm below the 1op of 1the heated zone. At the 10p of
the 1ube, provision was made for 1the introduction of solid reactanis via
a solid addition 1ube. The lower end of the lube was filled wilh con-
secutive U-1ubes that were immersed in liquid nitrogen. The pyrolysis
1ube ben! near the bottom such thai 1he pyrolysis zone was angled about
35° from the vertical.

In a 1ypical experimeni, ca. | mmol of 1he diazo compound or the
precursor sodium 1osylhydrazonale was placed in the 1op 1ubes, which
were gradually heated up 10 130 °C a1 107 Torr so tha! mos! of 1he diazo
compound sublimed inio the hot 1ube. The volatile producis were col-
lected in a irap cooled with liquid nitrogen, and individual componenis
were isolated either by preparalive TLC or GC and ideniified by NMR
and MS. For analyiical runs, the sample was washed out of 1he 1rap with
n-hexane; the wash was diluled 10 5.0 mL and an internal standard was
added for GC analysis.

FVP of [(Meihoxycarbonyl)phenylldiazomethanes 1. FVP of 1a
(200-300 mg) was conducted at 350 °C (10~° Torr), and 1he products
were 1rapped al =196 °C. The pyrolysate was collecied by washing the
condensale with n-hexane. GC-MS analysis of 1the mixiure showed the
presence of 1wo volalile components, both showing the molecular ion a1
m/e 148, A preparative TLC of 1he residue developed with CHCl;/a-
Cg¢Hy4 (3/7) was used 10 oblain samples of 1the 1wo componenis. The
fasier moving componen! (16.7 mg, 16%) was assigned as the benzo-
cyclobutenone (3) and 1he slower moving one (41.8 mg, 40%) as 1the
phihalide (2) on the basis of 1he following speciroscopic daa.

3-Methylphihalide (2): 'H NMR (CCl,) 6 1.60 (d, J = 7.0 Hz, 3 H),
5.50 (q, J = 7.0 Hz. 1 H), 7.36-7.81 (m, 4 H); }*C NMR, see Table II;
MS, see Table V; IR (neai, NaCl) 1762 cm™.

2-Methoxy-1(2H)-benzocyclobutenone (3): 'H NMR (CCl,) 8 3.48
(s, 3 H), 5.43 (s, | H), 7.40-7.65 (m, 4 H); MS, see Table 1V; 3C NMR,
see Table I11; IR (nea1, NaCl) 1768 cm™; high-resolution mass specirum

(28) Creary, X. Org. Synth. 1988, 64, 207.
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for CoHgO, (M) caled 148.0524, found 148.0525.

FVP of 1b and 1c¢ also produced 2 and 3 as determined by speciro-
scopic comparison with the products obtained in the FVP of 1a.

FVP of 16. FVP was carried out as described above and 1he following
products were isolaled by preparative TLC.

3-Ethylphthalide (17a): 'H NMR (CCl,) $0.99 (1, J = 7.0 Hz, 3 H),
1.82-2.30 (m, 2 H), 5.35 (dd, J = 6.8, 4.2 Hz, | H), 7.30-7.67 (m, 3
H), 7.79 (d, J = 6.8 Hz, 1 H); MS m/e (rel intensity) 152 (M*, 7.5),
133 (100), 105 (44.7); IR (neat, NaCl) 1760 cm™; high-resolution mass
specirum for C;oH,40, (M¥) caled 162.0681, found 162.0683,

2-Ethoxy-1(2H)-benzocyclobutenone (18a): 'H NMR (CCl,) & 1.25
(1,J = 6.6 Hz, 3 H), 3.50-3.97 (m, 2 H), 5.44 (s, 1 H), 7.41-7.63 (m,
4 H); MS m/e (rel intensily) 133 (100), 105 (42.3); IR (nea1, NaCl),
1770 cm}; high resolution mass specirum for CyoH,¢0; (M*) caled
162.0681, found 162.0680.

3-Isopropylphthalide (17b): 'H NMR (CCl,) 5 0.77 (d, J = 6.5 Hz,
3 H), 1.10 (d, J = 6.8 Hz, 3 H), 2.09-2.33 (m, | H), 525(d, /= 3.8
Hz, 1 H), 7.33-7.65 (m, 3 H), 7.76 (d, / = 6.8 Hz, | H); MS m/e (rel
intensity) 176 (M™, 8.3), 133 (100), 105 (39.4); IR (neat, NaCl) 1762
em-!; high-resclution mass spectrum for C;;H;,0, (M*) calcd 176.0838,
found 176.0837.

3-Isopropoxy-1(2H)-benzocyclobuienone (18b): 'H NMR (CCl,) é
1.25 (d, J = 5.9 Hz, 6 H), 3.96 (sep1, / = 5.9 Hz, | H), 5.44 (s, I H),
7.40-7.71 (m, 4 H); MS m/e (rel intensity) 133 (96.8), 105 (100); IR
(neat, NaCl) 1771 em™; high-resolution mass spectrum for Cy;H;,0,
(M*) calcd 176.0837, found 176.0835,

Preparation of [o-[carboxy-13C](methoxycarbonyl)phenyl]diazo-
methane ({1*C]-1a). [carboxy-1*C)-o-Toluic acid (11) was prepared from
(o-methylphenyl)magnesium bromide and 99% '*C barium carbonale
according 10 1he procedure reporied by Dauben et al.?® The acid (490
mg, 3.6 mmol) was ireated with CH,N, 10 give methyl [carboxy-
13C]-o0-10luate as a yellow oil (530 mg, 97.5%): 'H NMR (CCl,) § 2.55
(s, 3 H), 3.81 (d, Jiscy = 3 Hz, 3 H), 6.98-7.33 (m, 3 H), 7.69-7.86
(m, 1 H); MS (rel intensity) 151 (M*, 50), 120 (100), 91 (81). Toa
solution of the methyl ester (530 mg, 3.5 mmol) in acetic anhydride (5.1
mL) and acetic acid (6 mL) was slowly added, with stirring, concentraled
H,SO, (0.8 mL) and 1hen chromium trioxide (0.95 g, 9.5 mmol) in small
portions a! such a rale thal 1he 1emperature did noi rise above 5 °C. The
slirring was continued for 1 h afier the irioxide had been added, and
usual workup afforded crude o-[carboxy-1*C](methoxycarbonyl)benzal
diacelate (430 mg, 45.9%). The crude diacetale (430 mg) was refluxed
in 10% NaOH aqueous solution (3 mL) for 30 min. Afier cooling,
acidification of 1he reaction mixture followed by extraction with ether
and evaporation of 1he solveni gave crude o-[carboxy-1*C)carboxybenz-
aldehyde (150 mg, 61.7%). The crude acid (150 mg) was ireated with
CH,N, 10 give 1he corresponding methyl ester (12), which was purified
by distillation: bp 85-90 °C (0.3 Torr); 'H NMR (CCl,) 4 3.98 (d, J
= 4 Hz, 3 H), 7.51-7.65 (m, 2 H), 7.66-7.97 (m, 2 H), 10.53 (s, | H).
The ester (12) was ireated with 1osylhydrazine 10 give the corresponding
10sylhydrazone as a yellowish oil: 'H NMR (CDCl;) 8 2.36 (s, 3 H),
3.83(d, Jicy = 4.0 Hz, 3 H), 7.11-7.49 (m, 4 H), 7.64-7.92 (m, 4 H),
8.55 (s, 1 H), 8.77 (s, | H). The 1osylhydrazone was irealed with NaH
10 form 1he white 10sylhydrazone sali, which was healed in 1he 10p 1ube
10 generale [13C)-1a in the hot tube.

FVP of [*C)-1a. FVP was carried out as described above and the
following producis were isolaled by prefaralive TLC.

3-Methyl{ carbonyl-"*Clphihalide ([1-1°C}-2): 'H NMR (CCl,) é 1.61
(d, J =7.0Hz 3 H), 541 (q, J = 7.0 Hz, | H), 7.26-7.89 (m, 4 H);
13C NMR, see Table II; MS (rel intensity) 149 (M™*, 21) 134 (63), 106
(100), 77 (31); IR (neat, NaCl) 1720 cm™ (unlabeled 1762 cm™),

2-Meihoxy-1(2H)-[carbonyl-"*Clbenzocyclobutenone ([1-1*C]-3): 'H
NMR (CCl,) 5 3.48 (s, 3 H), 5.41 (d, Jiscyy = 2.0 Hz, 1 H), 7.35-7.70
(m, 4 H); 3C NMR, see Table I1I; MS (rel intensity) 149 (M*, 7), 134
(100), 119 (30), 91 (50), 89 (54); IR (neat NaCl) 1725 cm™ (unlabeled
1768 cm™).

Preparation of [p-[carbonyl-1%0)(Methoxycarbonyl)phenyl]diazo-
methane (['®0)-1¢). Following 1the method of Bender,*® a solution of
p-cyanobenzaldehyde (14, 0.5 g, 3.8 mmol) in absoluie methanol (0.23
mL, 5.7 mmol) and CHCI, (0.5 mL) was saturated with dry HCI, which
was stirred a1 0 °C and allowed 10 stand overnight. Afier evaporation
of 1he solveni, 1he residue was washed with dry ethyl ether and dried in
vacuo 10 give p-(methoxyiminomelhyl)benzaldehyde hydrochloride as a
pale yellow solid (590 mg, 77.8%). The imino ether (0.1 g, 0.5 mmol)
was dissolved in H,1%0 (99.2%, 50 uL, 2.5 mmol) and absoluie THF (50
uL) and heaied a1 70 °C for 3.5 h. Cooling, exiraciion with ether, drying

(29) Dauben, W. G.; Reid, J. C.; Yankwich, P. E. Anal. Chem. 1947, 19,
828, See also; Chapman, O. L.; Tsou, U. E,; Johnson, J. W. J. Am. Chem.
Soc. 1987, 109, 553.

(30) Bender, M. L. J. Am. Chem. Soc. 1951, 73, 1626.
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(Na,S0,), filtration, and concentration under reduced pressure gave
p-[carbonyl-¥0](merhoxycarbonyl)benzaldehyde (15, 70 mg, 85.4%) as
a white solid: mp 59.0-60.5 °C; 'H NMR (CDCl;) 3 3.95 (s, 3 H), 7.89
(d, J = 8.0 Hz, 2 H), 8.15 (d, / = 8.0 Hz, 2 H), 10.00 (bs, | H); MS
mje (rel inlensily) 168 (49.5), 166 (31.3), 164 (4.3), 137 (100), 135
(59.3), 133 (8.1), 107 (37.2), 105 (21.6); IR (nea, NaCl) 1722, 1690,
1655, 1575 cm~!. From 1he MS data, 1the product was shown 10 be a
5.0/12.0/24.6/58.4 mixiure of 4-OHCC4H,CO;Me/4-
‘30HCC6H4C02lMe/4-OHCC6H4C(‘30)0M6/4-‘SOHCC6H4C(“O)-
OMe, and the % 20 incorporation a1 the carbonyl oxygen was calculaled
10 be 83.0%.

The labeled benzaldehyde (70 mg, 0.42 mmol) was treated with to-
sylhydrazine (78 mg, 0.42 mmol) followed by NaH 10 give the sodium
10sylhydrazonate (140 mg, 98.2%), which was healed a1 120 °C under
reduced pressure (107 Torr) 10 give the desired diazomethane ['*O)-1¢
(70.2%) as an orange solid: mp 40.5-43.0 °C; 'H NMR (CCl,) é 3.83
(s, 3 H),4.93 (s, 1 H), 6.86 (d, / = 8.0 Hz, 2 H), 7.85 (d, / = 8.0 Hz,
2 H); IR (KBr) 2060, 1685 cm™ (unlabeled 1719 cm™!).

FVP of [p-[carbonyl-1*0}-(Meihoxycarbonyl)phenylldiazomethane.
FVP was carried ou! as described above, and 1he following products were
isolated by preparative TLC.

3-Methyl{carbonyl-'%O)phihalide (['*0}-2): 'H NMR (CCl,) § 1.57
(d, J = 8.0 Hz, 3 H), 5.50 (q, / = 8.0 Hz, | H), 7.31-7.93 (m, 4 H);
IR (neat, NaCl) 1759, 1738 cm™ (unlabeled 1762 cm™!); MS, see Table
V.

3-Methoxy-1(2H)-{carbonyl-'*Q)benzocyclobutenone (['*0]-3): 'H
NMR (CCl,) 8 3.45 (s, 3 H), 5.21 (s, | H), 7.31-7.76 (m, 4 H); IR
(nea1, NaCl) 1735 cm™! (unlabeled 1768 cm™); MS, see Table IV.
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Abstract: Ring-substituted N,N-dimeihylaniline (DMA) cation radicals undergo rapid proton transfer reactions with acetate
ion or pyridine in acetonitrile. The difference in pK, of the parent DMA and DMA** was estimated 10 equal 27 using electrode
potentials in a thermochemical cycle. Second-order raile consianis for the reaction with acetate ion a1 298 K ranged from
3.2 X 106 for 1he p-methoxy-substituted cation radical 10 3 X 10° M 57! for 1he corresponding p-nitro derivative. Raie constants
for the reactions of 1he cation radicals with pyridine were observed 10 be as much as 10° lower than with acetale jon. Activation
parameters for the two series of reactions differed markedly. Emhalpies of activation (AH*) on the order of 20 kcal/mol
and large positive activalion entropies (AS*), 35-53 eu, were characieristic of the acetate ion reactions, while for pyridine,
AH* ranged from 2 10 13 kcal/mol and AS* values were large and negative, —1510-29 eu. Large ky/kp values for reactions
of ArN(CD3),"* implicate proton transfer as the rate-determining step in both reaction series. The differences in activation
paramelers for the 1wo sets of reactions were aitribuied 10 differences in the position of the preequilibrium between base and
cation radicals. A large equilibrium constani is expected for the reversible ion combination between acetaie ion and the cation

radicals.

Introduction

Although the thermodynamics of proton transfer reactions of
cation radicals has recently received a great deal of attention,2™
much less is known about the kinetic acidities of these reactive
intermediates.>® Cation radicals of methylbenzenes undergo
highly exergonic proton transfer reactions to pyridine bases in
acetonitrile at moderate rates.* The kinetics of ary! proton transfer
from 9-phenylanthracene cation radical, which undergoes facile
nucleophilic attack by acetate ion® or pyridine,'? to 2,6-di-tert-

(1) Permanen! address: Departmen of Chemisiry, Universily of Oslo,
P.O. Box 1033, Blindern, N-0315 Oslo 3, Norway.

(2) Nicholas, A. M.; Arnold, D. R. Can. J. Chem. 1982, 60, 2165-2179.

(3) (a) Bordwell, F. G.; Bausch, M. J. J. Am. Chem. Soc. 1986, 108,
24;;—%4;‘;. (b) Bordwell, F. G.; Cheng, J.-P. J. Am. Chem. Soc. 1989, 111,
1792-1795.

(4) Parker, V. D,; Tilse1, M. J. Am. Chem. Soc. 1988, 110, 1649-1650.

(5) (a) Schlesener, C. J.; Amaiore, C.; Kochi, J. K. J. Am. Chem. Soc.
1984, /06, 7472-7482. (b) Masnovi, J. M.; Sankararaman, S.; Kochi, J. K.
J. Am. Chem. Soc. 1989, 111, 2263-2276.

(6) Reiisiden, B.; Parker, V. D. J. Am. Chem. Soc. 1990, 112, 4968-4969.

(7) Parker, V. D.; Chao, Y; Reilsiden, B. J. Am. Chem. Soc. 1991, 113,
2336-2338.

(8) Dinnocenzo, J. P.; Banach, T. E. J. Am. Chem. Soc. 1989, 111,
8646-8653.

butylpyridine has recently been reported.® Proton transfer from
the nitrogen of 9-amino-10-phenylanthracene cation radical is the
exclusive reaction with pyridine in acetonitrile at 298 K, with a
second-order rate constant of about 10’ M 5.7

Proton transfer from N,N-dimethylaniline (DMA) cation
radicals is implicated in anodic nucleophilic substitution at the
a-position to nitrogen by cyanide ion in acetonitrile!! or methoxide
ion in methanol.!? In the absence of base, dimerization of N,-
N-dimethylaniline cation radicals in acetonitrile takes place even
when the 4-positions are substituted with a halogen.!* The
observation that sirongly nucleophilic cyanide ion attacked an
a-proton!! rather than a ring position of DMA** suggested suitably
4-substituted N,N-dimethylaniline cation radicals as substrates
for cation radical deprotonation studies. Since the charge on
DMA"* is expected to be strongly localized on nitrogen, the

(9) Reilstden, B.; Norrsell, F.; Parker, V. D. J. Am. Chem. Soc. 1989, 111,
8463-8465.

(10) Parker, V. D,; Tilset, M. J. Am. Chem. Soc. 1987, 109, 2521-2523.

(11) Andreades, S.; Zahnow, E. W. J. Am. Chem. Soc. 1969, 91,
4181-4190.

(12) Weinberg, N. L.; Reddy, T. B. J. Am. Chem. Soc. 1968, 90, 91-94.

(13) Ahlberg, E.; Helgee, B.; Parker, V. D. Acta Chem. Scand., Ser. B
1980, B34, 187-193,
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