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Copper(Il) trifluoromethanesulfonate is often a superior catalyst for transformations of diazo compounds that
are normally promoted by boron trifluoride etherate. Formal carbon—-oxygen insertion occurs when ortho esters
are reacted with diazocarbonyl compounds in the presence of Cu(OTf),, although the use of BF;-Et,0 provides
higher yields of the insertion products. In contrast, the 8,y-unsaturated diazo ketone 6 undergoes intramolecular
cyclization to produce the corresponding cyclopentenone in higher yield with Cu(OTf), catalysis than with the
use of BFy-Et,0. Intramolecular cyclopropanation of the v,5-unsaturated diazo ketone 8 occurs in exceptionally
high yield in the presence of Cu(OTf),, whereas with BF;:Et,0 intramolecular cyclization occurs with extensive
rearrangement and fluoride transfer. Copper(Il) triflate is unique among transition-metal catalysts that are normally
employed for reactions with diazo compounds in its effectiveness for these transformations.

Copper(II) trifluoromethanesulfonate, Cu(OTf),, is
widely recognized as an effective catalyst for reactions of
diazo compounds with a variety of organic substrates.!™
Although its activity was originally demonstrated for cy-
clopropanation reactions,! Cu(OTf), has also been em-
ployed for the selective formation of oxazoles from nitriles
and diazo esters.* However, the production of oxazoles
has been described as a Lewis acid promoted process,>”’
whereas cyclopropane formation is associated with metal
carbenoid intermediates.? Neither Rhy(OAc), nor Rhg(C-
0O)s, both of which are exceptionally effective cyclo-
propanation catalysts,®? offer comparable capabilities for
oxazole formation.'® The apparent dual role of Cu(OTY),
has prompted us to investigate the catalytic capability of
copper(Il) triflate in reactions of diazo compounds that
are normally promoted by Lewis acids.

Results and Discussion

Ortho Ester Insertion. Schonberg and Praefcke have
previously reported that diazo esters and diazo ketones
undergo boren trifluoride etherate catalyzed carbenoid
insertion with ortho esters (eq 1, R” = H, Z = OEt, CH;)
and selected acetals.!! These transformations are reported

RO o]

. ’ §i i
RC(OR), - N@Rﬁz —_— Rcl‘,—cr\*cz e N, 0]
RO OR

1

(1) (a) Solomon, R. G.; Kochi, J. K. J. Chem. Soc., Chem. Commun.
1972, 559. (b) Salomon, R. G.; Kochi, J. K. J. Am. Chem. Soc. 1973, 95,
3300.

(2) Hubert, A. J.; Feron, A.; Warin, R.; Teyssié, Ph, Tetrahedron Lett.
1976, 1317.

(3) Anciauz, A. J.; Hubert, A. J.; Noels, A. F.; Petiniot, N.; Teyssié,
Ph. J. Org. Chem. 1980 45, 695

(4) Moniotte, Ph. G.; Hubert A. J.; Teyssié, Ph. J. Organometal.
Chem. 1975, 88, 115.

(5) (a) Doyle, M. P.; Oppenhuizen, M.; Elliott, R. C.; Boelkins, M. R.
Tetrahedron Lett, 1978, 2247. (b) Doyle, M. P.; Buhro, W. E; Davidson,
J. G.; Elliott, R. C.; Hoekstra, J. W.; Oppenhuizen, M. J. Org. Chem. 1980,
45, 3657.

(6) (a) Ibata, T.; Sato, R. Chem. Lett. 1978, 1129. (b) Ibata, T.; Sato,
R. Bull. Chem. Soc. Jpn. 1979, 52, 3597.

(7) Flowers, W. T.; Holt, G.; McCleery, P. P. J. Chem. Soc., Perkin
Trans. 1 1979, 1485.

(8) (a) Doyle, M. P.; Tamblyn, W. H.; Buhro, W. E.; Dorow, R. L.
Tetrahedron Lett, 1981, 22, 1783. (b) Doyle, M. P.; Dorow, R. L.; Buhro,
W. E,; Griffin, J. H.; Tamblyn, W. H.; Trudell, M. L. Organometallics
1984, 3, 44. (c) Doyle, M. P; Griffin, J. H.; Bagheri, V.; Dorow, R. L. Ibid.
1984, 3, 53.

(9) (a) Doyle, M. P.; van Leusen, D.; Tamblyn, W. H. Synthesis 1981,
787. (b) Hubert, A. J.; Noels, A. F.; Anciaux, A. J.; Teyssié, Ph. Synthesis
1976, 600.

(10) Doyle, M. P.; Dorow, R. L.; Tamblyn, W. H. J. Org. Chem. 1982,
47, 4059,

0022-3263/84/1949-1196$01.50/0

Scheme I
RO OR R/C(OR)
RC—CR,
RO RC CR;
1
R,C(OR), )/
RC CRZ
RO N
ZCNZ

to be caused by addition of intermediate alkoxycarbenium
ions to the diazo compound followed by dinitrogen ex-
trusion and alkoxide transfer. We have found that the use
of Cu(OTf), in only 1.0 mol % based on diazo compound
is effective for the production of insertion products with
ortho esters (Table I). Byproducts of these reactions
included the alcohol insertion product of the diazo com-
pound (2, ROCHR”’COZ), diethyl maleate and fumarate
from reactions with ethyl diazoacetate, and, in the case of
a-diazoacetophenone, a,a-dimethoxyacetophenone. The
carbon-hydrogen insertion product from reactions with
trimethyl orthoformate was not observed. By comparison
with Cu(OTf),, Rhy(OAc), (Table I), Rhg(CO),4, CuCl-P-
(0-i-Pr),, and PdCly-2PhCN were remarkably ineffective
when employed under reaction conditions that caused
dinitrogen extrusion from the diazo compound; yields of
1 from the use of these catalysts ranged from trace
amounts to less than half those reported in Table I for
Rh,(0OAc),. Neither trimethyl orthobenzoate nor 1,1,2,2-
tetramethoxypropane underwent carbenoid insertion with
either Cu(OTf), or BF3Et,0; however, trimethyl ortho-
benzoate did undergo methoxide/methyl transfer to form
methyl benzoate even in the absence of the diazo com-
pound.

Reaction conditions were optimized. However, in-
creasing the time for addition of diazo compound to the
reaction solution from 1 h to 8 h or increasing the amount
of catalyst employed from 0.1 to 2.0 mol % had remarkably
little effect on the yield of 1. The use of ethyl ether as a
solvent in reactions of trimethyl orthoformate with ethyl
diazoacetate caused a substantial decrease in the yield of
1 without a significant increase in the yield of diethyl
maleate and fumarate. The lack of sensitivity to changes
in addition time and amount of catalyst is not character-

(11) (a) Schonberg, A.; Praefcke, K. Tetrahedron Lett. 1964, 2043. (b)
Schénberg, A.; Praefcke, K. Chem. Ber. 1966, 99, 196.
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Table 1. Insertion Reactions of Diazo Compounds with Ortho Esters

yield, %

ortho ester diazo compd catalyst temp, °C 1@ 2

HC(OMe), N,CHCOOEt Cu(OTf), 25 45 6

Rh,(0OAc), 25 20 27

BF,-Et,0 25 83 (64) 5

N,C(COOMe), Cu(OTf), 50 46 20

Rh,(OAc), 60 13 20

N,CHCOPh Cu(OTf), 50 34 340

BF,-Et,0 25 58 4

CH,C(OEt), N,CHCOOEt Cu(OTf), 50 38¢ 15

Rh,(OAc), 50 3 11
BF,-Et,0 40 (50)

N,C(COOMe), Cu(OTHf), 50 <1 20

CH,CH,C(OEt), N,CHCOOEt Cu(OTf), 60 <2 8
BF, Et,0 40 (46)

@ Yields in parentheses were taken from ref 11. ®

«,a-Dimethoxyacetophenone was produced in 15% yield. ¢ Mixture of

ethyl 2,3,3-triethoxybutanoate (20%) and ethyl 2-ethoxy-3-oxobutanoate (18%).

istic of either catalytic cyclopropanation reactions® or of
ylide generation and rearrangement with allyl substrates'?
and suggests that Cu(OTf),, in combination with diazo
compounds,!? produces dialkoxycarbenium ions which
serve to propagate the formation of 1 (Scheme I). Alkoxy
migration to the developing electrophilic center of 3 to
produce 4 cannot be distinguished in the present study
from direct displacement of dinitrogen by the ortho ester
although, based on results from allyl acetal or aldehyde
and ketone homologation reactions with diazo com-
pounds,!* the former pathway is more likely. Compounds
2, which are produced in limited amounts in BF4-Et,0
promoted reactions but are generally major products in
reactions catalyzed by transition metal compounds, suggest
that initial formation of dialkoxycarbenium ions may be
a consequence of alkoxide transfer to an electrophilic metal
carbene (eq 2). Proton transfer to 5 or to the corre-
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sponding metal-dissociated enolate completes the forma-
tion of 2. That Rhy(OAc), does not promote the decom-
position of ortho esters and Cu(OTY), is only moderately
active towards ortho ester decomposition to carboxylate
esters are consistent with this interpretation. However,
the involvement of Cu(OTY),, either directly or through
the production of protonic acid which subsequently adds
to the diazo compound, in the generation of at least a
portion of the propagating dialkoxycarbenium ions cannot
be dismissed with available data for these ortho ester
homologation reactions.

Intramolecular Cyclization. Intramolecular cyclo-
propanation of v,5-unsaturated diazo ketones is well
documented.’® However, 3,y-unsaturated diazo ketones
undergo skeletal rearrangement to v,5-unsaturated acid
derivatives upon treatment with CuSO, or Cu(acac),,®
whereas these same diazo ketones form cyclopentenones

(12) Doyle, M. P.; Tamblyn, W. H.; Bagheri, V. J. Org. Chem. 1981,
46, 5094,

(13) The effective oxidation state of copper in these transformations
is unknown but is inferred from prior investigations to be Cu(I).!

(14) (a) Doyle, M. P.; Trudell, M. L. J. Org. Chem. 1983, 48, 5146. (b)
Mock, W. L.; Hartman, M. E. Ibid. 1977, 42, 459, 466.

(15) Burke, S. D.; Grieco, P. A. Org. React. (N.Y) 1979, 26, 361.

(16) (a) Smith, A. B,, III J. Chem. Soc., Chem. Commun. 1974, 695.
(b) Lokensgard, J. P.; O’Dea, J.; Hill, E. A, J. Org. Chem. 1974, 39, 3355.
(¢) Smith, A. B,, II; Toder, B. H.; Branca, S. J. J. Am. Chem. Soc. 1976,
98, 7456. (d) Decomposition of 6 by Cu(OTf)y-n-BuOH in refluxing
cyclohexane affords the vinylogous Wolff rearrangement product in 63%
yield: Amos B. Smith, III, private communication.

with the use of boron trifluoride etherate.!” Rearrange-
ment to v,5-unsaturated acid derivatives is believed to
proceed through a carbenoid intermediate that undergoes
intramolecular cyclization followed by structural rear-
rangement to a ketene intermediate,'® whereas the acid-
catalyzed transformation is reported to result from olefin
addition by an intermediate vinyl cation.'” Among the
transition metal catalysts examined for ortho ester ho-
mologation and for oxazole formation,, Cu(OTY), is supe-
rior to catalysts such as Rhy(OAc), or copper compounds
traditionally employed for cyclopropane and ylide-forming
reactions.>¥° Consequently, Cu(OTY), could be expected
to facilitate intramolecular cyclization of 8,y-unsaturated
diazo ketones in a manner like that of boron trifluoride
etherate.

Treatment of diazo ketone 6 with Cu(QTf), in nitro-
methane results in the formation of A3-hydrinden-2-one
(eq 3) in 59% yield, which should be compared to the 50%

@/\ﬁm . Oi}o © N, @)
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yield of this product obtained from 6 with the use of
BF3Et,0 under similar reaction conditions.”’b In contrast,
Rhy(OAc), is only moderately effective; the use of this
catalyst results in a 26 % yield of 7. Solvent influences are
pronounced; in ethyl ether compound 7 is formed in only
24% yield with the use of Cu(OTf),. Because of the nature
of this transformation, the production of 7 could have been
caused by the presence of a catalytic amount of protic acid.
However, proton traps that could minimize the influence
of protic acid also inhibit decomposition of the diazo
compound by coordination with Cu(OTf),. Consequently,
the divergence of the copper(Il) triflate catalyzed con-
version of 6 — 7 from the rearrangement pathway expected
for copper-catalyzed reactions of 6 under entirely different
conditions’® could not be explained for this system.
Whatever the mechanism, however, Cu(OTf), can be
identified as particularly effective for the transformation
of 6 — 7.

To determine the limit of correspondence between
BF3Et,0 and Cu(OTf),, we examined the influence of
catalysts for intramolecular cyclization of 8. Copper cat-
alysts have previously been reported to cause intramo-
lecular cyclopropanation,'® which would not be anticipated

(17) (a) Erman, W. F.; Stone, L. C. J. Am. Chem. Soc. 1971, 93, 2821.
(b) Smith, A. B, III; Toder, B. H.; Branes, S. J.; Dieter, R. K. Ibid. 1981,
103, 1996. (c) Smith, A. B., IIL; Dieter, R. K. Ibid. 1981, 103, 2009.
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Table II. Catalyst/Solvent Influence on Product
Compositions from Decompositions of Diazo Ketone 8

temp yield, %
catalyst  solvent °C 9 10 11 12 13 14
BF,Et,0  CHLCL, 0 29 24 12 <0.2
CHNO, 0 2 1 1 19
Cu(OTf), CH.NO. 25 90
Et,0 25 48 10
Rh,(OAc), CH,NO, 25 36
Et,0 25 24 18

from BF3Et,0 promoted reactions. With BF;Et,0 in
dichloromethane, 8 produced a surprisingly complex
mixture of products (eq 4) that consisted mainly of the

CHN,
F g 10 1t

fluorobicyclooctanones 9 and 10, as well as the bicyclo-
octenone 11. In nitromethane the yields of 9 and 10 were
insignificant, 11 was also a minor product, and 12 was the
principal reaction product. In contrast, reactions per-
formed with Cu(OT{), in nitromethane produced the
tricyclic ketone 13 in 90% yield. The yield of 13 was

12 13

greatly reduced when these reactions were performed in
ethyl ether due, in part, to competition by the solvent for
capture of the electrophilic carbenoid intermediate that
resulted in the formation of 14 (eq 5). In addition, cat-

CH,
N\
W e,

P 7/
EH—0; CH,OEt
. b Et > J 4 + H,C=CH, ]

14

alysts that have been ordinarily more effective than Cu-
(OTf), for cyclopropanation, particularly Rhy,(OAc),, pro-
duced 13 in significantly lower yields (Table II).

Successful Lewis acid promoted cyclization reactions of
diazo ketones!’ have generally been characterized by
generation of a tertiary carbenium ion. In these cases
proton elimination completes product formation, although
Wagner-Meerwein rearrangements are known to occur
prior to elimination. In contrast, fluoride capture of in-
termediate carbocations is rare. Such transformations have
not been previously observed in reactions of diazo ketones
with BF3Et,0, but they have been reported for a limited
number of reactions in which fluoride is transferred from
a complex fluoride anion to a relatively unstable carbo-
cation.!®

In the present case, 9 and 10 apparently arise by in-
termolecular fluoride transfer from a heteroatom associ-
ated fluoroborate, but the specific species involved in this
transformation is undetermined. The conclusion that
fluoride transfer is an intermolecular process is drawn from
the low stereoselectivity for formation of 9 (isomer ratio
= 1.8) and 10 (isomer ratio = 0.69). The tricyclic ketone
13 is stable toward BF;Et,0 under the reaction conditions
employed, but 13 undergoes slow structural rearrangement
to 11 in low yield when heated with BF;Et,O in nitro-
methane at 80 °C.

Cyclopropanation is generally accepted as occurring
through intermediate formation of a metal carbene spec-

(18) (a) Russel], G. A.; McDonnell, J. J.; Whittle, P. R.; Givens, R. 8.;
Keske, R. C. J. Am. Chem. Soc. 1971, 93, 1452. (b) Monti, S. A.; Bucheck,
D. J.; Shepard, J. C. J. Org. Chem. 1969, 34, 3080.

(19) (a) Doyle, M. P.; Whitefleet, J. L.; Bosch, R. J. J. Org. Chem.
1979, 44, 2923. (b) Beak, P. Acc. Chem. Res. 1976, 9, 230.
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ies.!#38 Because of their structural similarity, both diazo
compounds 6 and 8 should react with the catalytically
active species to form intermediate electrophilic metal
carbenes at similar rates. That Cu(OTY), is effective for
the conversion of 6 — 7 as well as of 8 — 13 clearly suggests
that its activity is complex. The conversion of 6 — 7 may
actually be a proton induced transformation, but this
process can also be explained by intramolecular addition
of an electrophilic metal carbene (eq 6).% That Rhy(OAc),

H
mo . CQO ML (:'Qo o
HC=ML, _
Hy ML, 7

is less effective than Cu(OTY), for this transformation is
consistent with the greater electrophilic character of the
metal carbene derived from Cu(OTf),. This greater elec-
trophilic character also explains the superior activity of
Cu(OTf), for oxazole formation* and for intramolecular
cyclopropanation and suggests that Cu(OTY), is the cata-
lyst of choice for these transformations.

Experimental Section

Materials and Methods. Instrumentation has been previously
described.”>  Analytical gas chromatographic analyses were
performed on a Varian Aerograph Model 2720 gas chromatograph
with thermal conductivity detectors and on the Varian Vista 44
Gas Chromatography System with a flame ionization detector.
Elemental analyses were performed by Galbraith Laboratories,
Inc. Copper(Il) triflate was prepared by the literature procedure.?
Diazo ketones 6, 8, and a-diazoacetophenone were prepared from
their corresponding acid chlorides and diazomethane.? Dimethyl
diazomalonate was synthesized from dimethyl malonate and tosyl
azide.”® Solvents were rigorously dried according to standard
procedures.

Reactions of Diazo Compounds with Ortho Esters.
General Procedure. For reactions catalyzed by transition-metal
compounds, the diazo compound {20.0 mmol) was added at a
controlled rate over a 4-h period to a stirred mixture of the ortho
ester (100 mmol) and transition metal catalyst (0.20 mmol) that
was maintained under a nitrogen atmosphere. Reactions catalyzed
by BF3-Et,0 were performed with 10.0 mmol of the diazo com-
pound, 25.0 mmol of ortho ester, and 0.50 mmol of BFs-Et,0
according to the literature procedure.!! a-Diazoacetophenone was
dissolved in a portion of the ortho ester prior to its addition to
the reaction mixture. After nitrogen evolution was complete, ether
was added to the reaction solutions from Cu(OTf), promoted
reactions, and the ether solution was washed twice with a 26%
aqueous solution of ethylenediamine. Reaction solutions from
other transition metal promoted reactions were passed through
a 3-cm column of neutral alumina with ether washings prior to
extraction with aqueous sodium hydroxide. The resulting ether
solution was dried over anhydrous magnesium sulfate, and the
ether and excess ortho ester were distilled under reduced pressure.
Yields were determined by GC analyses with the use of detector
response values relative to the internal standard dibenzyl ether
and were confirmed by 'H NMR analyses. Physical properties
of products derived from ethyl diazoacetate have been reported.!'?

Ethyl 2,3,3-trimethoxypropanoate: 'H NMR (CDCl,) é 4.54
(d, J = 5.8 Hz, CH(OMe)y), 4.26 (q, J = 7.1 Hz, CH,0), 3.84 (d,
J = 5.8 Hz, CHCOOEL), 3.45 (s, OCHj,), 3.44 (s, OCHy), 3.41 (s,
OCHy), 1.31 (t, J = 7.1 Hz, CH;CH,0); bp 140-142 °C (32 Torr)
[lit.*® bp 100 °C (12 Torr)]. Anal. Caled for CH,0;: C, 49.99;
H, 8.39. Found: C, 50.23; H, 8.25.

(20) Cyclopropane formation has been suggested for CuSO, and Cu-
(acac), catalyzed reactions that result in the vinylogous Wolff Rear-
rangement.!s,

(21) Doyle, M. P.; van Leusen, D. J. Org. Chem. 1982, 47, 5326.

(22) Salomon, R. G.; Salomon, M. F.; Heyne, T. R. J. Org. Chem. 1975,
40, 756.

(23) Eistert, B.; Regitz, M.; Heck, G.; Schwall, H. “Methoden der
Organischen Chemie” (Houben-Weyl-Milller), 4th ed.; Georg Thieme
Verlag: Stuttgart, 1968; Vol. 4, p 714.

(24) Regitz, M. Synthesis 1972, 351.
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Methyl 2-carbomethoxy-2,3,3-trimethoxypropanocate: 'H
NMR (CDCly) 6 4.86 (s, CH(OMe),), 3.83 (s, COOCHj, 6 H), 3.58
(s, OCHj,), 3.55 (s, OCHg, 6 H); p 178-180 °C (32 Torr). Anal.
Caled for CoH 4O C, 45.76; H, 6.83. Found: C, 45.54; H, 6.99.

1-Benzoyl-1,2,2-trimethoxyethane: 'H NMR (CDCl,) &
8.20-8.00 (m, 2 H), 7.65-7.35 (m, 3 H), 4.67 (d, J = 6.0 Hz, 1 H),
4.53 (d, J = 6.0 Hz, 1 H), 3.50 (s, OCHj), 3.42 (s, OCHy), 3.30 (s,
OCHj,); mass spectrum, m/e (relative abundance) 193 (1.9, M ~
CH30), 192 (11, M - CH,0H), 164 (3.2), 133 (3.1), 121 (4.5), 118
(2.9), 106 (4.7), 105 (52), 88 (13), 77 (47), 75 (100), 73 (14), 51 (18),
47 (14). Anal. Caled for C;;H,;O. C, 64.27; H, 7.19. Found: C,
64.45; H, 7.13.

Ethyl 2,3,3-triethoxybutanoate: 'H NMR (CDCly) & 4.24 (q,
J =1.1 Hz, CH,CH,00C), 3.90-3.45 (m, 6 H), 3.79 (s, CHCOOE}),
2.05 (s, CHy), 1.31 (t, J = 7.1 Hz, CH;CH,0), 1.29 (t, J = 7.0 Hz,
CchHzo), 1.27 (t, J=11 HZ, CH3CH20), 1.26 (t, J="10 HZ,
CH,CH,0).

Acid catalysis transformed ethyl 2,3,3-triethoxybutanoate to
ethyl 2-ethoxy-3-oxobutanocate: 'H NMR (CDCly) & 4.98 (5,
CHCOOE), 4.12 (q, J = 7.1 Hz, CH,CH,00C), 3.81 (q,J = 7.0
Hz, CH4,CH,0), 2.28 (s, CHy), 1.33 (t, J = 7.0 Hz, CH;CH,0), 1.26
(t,J = 7.1 Hz, CH;CH,00C). Anal. Caled for CgH,,0,: C, 55.16;
H, 8.10. Found: C, 55.03; H, 8.00.

Ethyl alkoxyacetates, methyl alkoxymalonates, o-methoxy-
acetophenone, and a,a-dimethoxyacetophenone were identified
by 'H NMR and mass spectral comparisons with authentic sam-
ples.

Copper(II) Triflate Catalyzed Decomposition of Diazo
Ketone 6. Diazo ketone 6% (2.0 mmol) was added at a controlled
rate over a 6-h period to a stirred pale blue solution of Cu(OTY),
(0.040 mmol) in 5.0 mL of anhydrous nitromethane at 25 °C. After
nitrogen evolution was complete, ether was added to the reaction
solution, and the resulting solution was washed twice with a 25%
aqueous solution of ethylenediamine. The resulting ether solution
was dried over anhydrous magnesium sulfate, and the ether was
distilled under reduced pressure to leave a residue containing a
single volatile product identified as A’-hydrindene-2-one by 'H
NMR? and mass spectral analyses. Reactions performed in ethyl
ether yielded 1-cyclohexenyl-3-ethoxy-2-propanone (13%) in
addition to 7.

Boron Trifluoride Etherate Catalyzed Decomposition of
Diazo Ketone 8. Diazo ketone 8!8 (0.300 g, 2.0 mmol) in 100 mL
of anhydrous dichloromethane was cooled to 0 °C and maintained
under nitrogen. Boron trifluoride etherate (0.341 g, 2.4 mmol)
was added, and the reaction solution was stirred at 0 °C for 2 h.
The resultant gold-colored solution was washed with saturated
aqueous sodium hydroxide and then dried over anhydrous
magnesium sulfate. The solvent was distilled under reduced
pressure. Reaction products were identified by tH NMR and mass
spectral analyses of GC collected samples. Product yields were
determined by capillary GC analyses on a 22-m Carbowax 20M
column which provided baseline resolution of the isomeric fluo-
rinated bicyclic ketones.

6-Fluorobicyclo[3.3.0]octan-3-one (9): 'H NMR (CDCl,) §
5.21 (d of t, J = 53.1, 4.0 Hz, CHF of minor isomer), 4.91 (d of
t, J = 53.7, 3.3 Hz, CHF of major isomer), 3.35-1.20 (m, 10 H);
mass spectrum m/e (relative abundance) for major isomer, 144
0.4, M + 2), 143 (4.1, M + 1), 142 (44, M), 127 (10), 122 (6), 113
(6), 99 (32), 95 (24), 94 (13), 86 (21), 85 (29), 81 (54), 80 (38), 79
(43), 77 (16), 73 (12), 72 (29), 68 (31), 67 (27), 66 (11), 65 (10), 59

(25) Klein, J. J. Org. Chem. 1958, 23, 1209.
(26) Jacobson, R. M.; Raths, R. A.; McDonald, J. H. J. Org. Chem.
1977, 42, 2545.
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(27), 57 (12), 56 (14), 55 (100), 54 (38), 53 (43), 51 (21); for minor

isomer, 144 (0.9, M + 2), 143 (8.9, M + 1), 142 (100, M), 127 (23),

122 (15), 113 (15), 101 (11), 100 (22), 99 (84), 95 (31), 94 (27), 86

(21), 85 (32), 81 (34), 80 (41), 79 (74), 77 (20), 73 (30), 72 (62), 68

gBO;, 67 (28), 66 (11), 65 (11), 59 (12), 55 (22), 54 (21), 53 (50), 51
19).

7-Fluorobicyclo[3.3.0]Joctan-3-one (10): 'H NMR (CDCl;)
4 5.22 (d of m, J = 53.6 Hz, CHF of major isomer), 5.08 (d of m,
J = 51.7 Hz, CHF of minor isomer), 3.15-1.20 (m, 10 H); mass
spectrum, m/e (relative abundance) for minor isomer, 144 (0.9,
M + 2), 143 (9.4, M + 1), 142 (100, M), 127 (22), 122 (11), 113
(10), 99 (42), 95 (33), 94 (17), 86 (22), 85 (29), 81 (59), 80 (41), 79
(45), 77 (19), 73 (13), 72 (26), 68 (23), 67 (22), 65 (10), 59 (21), 55
(54), 54 (24), 53 (28), 51 (17); for major isomer, 144 (1.1, M + 2),
143 (8.9, M + 1), 142 (100, M), 127 (23), 122 (33), 113 (13), 100
(18), 99 (64), 95 (28), 94 (22), 91 (15), 86 (13), 85 (23), 81 (32), 80
(53), 79 (81), 77 (27), 73 (22), 72 (38), 68 (22), 67 (19), 66 (11), 65
(12), 55 (17), 54 (16), 53 (35), 51 (15).

Bicyclo[3.3.0]oct-1-en-3-one (11) was identified from its 'H
NMR spectrum!™ and from its mass spectrum, m/e (relative
abundance) 124 (0.3, M + 2), 123 (3.1, M + 1), 122 (32, M), 107
(6.5), 94 (5.1), 93 (7.4), 91 (7.4), 91 (8.3), 80 (63), (79 (100), 78 (13),
77 (87), 66 (14), 65 (12), 53 (14), 52 (11), 51 (18), 50 (12).

The a-dicarbonyl compound 12 was formed from reactions
performed in nitromethane at 0 °C: 'H NMR (CDCly) § 10.2 (s,
CHO), 5.90-5.55 (m, CH=CH), 4.21 (d, J = 4.6 Hz, CH,CO), 3.09
(t, J = 4.8 Hz, CHCH,CO0), 2.52-2.00 (m, 3 H), 1.52-1.27 (m, 1
H); mass spectrum, m/e (relative abundance) 139 (0.4, M + 1),
138 (4.2, M), 109 (54, M - CHO), 81 (13), 79 (19), 77 (16), 67 (100),
66 (16), 65 (13), 53 (10), 51 (14).

Copper(II) Triflate Catalyzed Decomposition of Diazo
Ketone 8. Diazo ketone 8 (0.30 g, 2.0 mmol) was added at a
controlled rate over a 4-h period to a stirred pale blue solution
of Cu(OTf), (0.014 g, 0.040 mmol) in 5.0 mL of anyhdrous ni-
tromethane at 25 °C. After nitrogen evolution was complete, the
reaction solution was worked up as previously described to produce
tricyclo[3.3.0.0%%]octan-3-one (13) as the only volatile product (90%
yield). When the same reaction was performed with 5.0 mmol
of 6 in 10 mL of nitromethane, 13 was isolated by distillation in
81% yield: bp 40 °C (0.5 Torr) [lit.!%® bp 76-77 °C (6.5 Torr)].
Reactions performed in ethyl ether yielded 1-cyclopentenyl-3-
ethoxy-2-propanone (14) in addition to 13: 'H NMR (CDCl;) &
5.85-5.565 (m CH=CH), 4.03 (s, CH,0Et), 3.54 (q, J = 7.0 Hz,
CH,0), 2.54-2.08 (m, 4 H), 1.54-1.32 (m, 1 H), 1.25 (t, J = 7.0
Hz, CH;CH,0); mass spectrum, m/e (relative abundance) 169 (0.2,
M + 1), 168 (1.5, M), 122 (7.6), 109 (47), 80 (12), 79 (14), 67 (100),
66 (11), 59 (15).
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