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Abstract— The oxidative ring cleavage of 1,3,3-trimethylcyclopropene (1) with Hg(OAc), in methylene
chloride gives 1,1-diacetoxy-2,3-dimethyl-2-butene (5). The reaction of 1 with TI(OAc); or Pb(OAc),
gives in addition to 5, 3,3-diacetoxy-2-methylpropene and 2-acetoxy-4-methyl-1,3-pentadiene. These
products are explained by assuming the addition of metal acetates onto the double bond of 1 followed
by the ring cleavage to give vinylcarbene-metal acetate complexes or inverse ylides. The reaction of
benzocyclopropene (14) with Hg(OAc), affords bis(o-acetoxymethylphenyl)mercury as a single
product. Cyclopropene ring cleavage of 14 effected by Cu(Il) or Ag(I) acetate furnishes 9,10-dihydro-
phenanthrene and benzyl acetate. These products are ascribed to the intermediary vinylcarbene-

metal acetate complexes produced from 14.

The o-bonds of highly strained polycyclic com-
pounds such as bicyclobutane are easily cleft by
the action of transition metal species to afford
carbene-metal complexes as reaction intermediates
in a formal retro (carbene addition) manner.'™
Little is known on such metal-catalysed reaction
of cyclopropenes, .but 1,2,3-triphenyl-substituted
one has been reported to give indenes via 1,3-
diradical intermediates.®® The present report
describes the ring cleavage of 1,3,3-trimethyl-
cyclopropene (1) and benzocyclopropene (14) in
the presence of transition metal acetates.*

The oxidative ring cleavage of 1 with transition
metal acetates.® The reaction of 1 with Hg(OAc),
(1:1 or 1:2 molar ratio) in methylene chloride at
room temp for 18 hr gave a single product, 1,1-
diacetoxy-2,3-dimethyl-2-butene (5), in a 65%
yield (based on the starting amount of 1). Treat-
ment of 1 with TI(OAc); (1:1 molar ratio) at room
temp for 16 hr afforded 5 (50%) and 3,3-diacetoxy-
2-methylpropene (9) (20%). When the molar ratio
was taken to be 1:2, the reaction products were
5 (20%) and 9 (40%). These products were iso-
lated by GLC separation. The ring cleavage of 1
was effected also by Pb(OAc), at room temp to
give § (40%), 9 (a trace amount) and 2-acetoxy-4-
methyl-1,3-pentadiene (10) (5%) after 17 hr reac-
tion. The product distribution was not affected by
the molar ratio of the components (1:1or 1:2).

*Part of this paper was published in a preliminary
form.”

The reaction of 1 with Cu(I)Cl-acrylonitrile is re-
corded to afford 2,3,6,7-tetramethylocta-2,4,6-triene via
vinylcarbene-copper complex. See ref 10,

tTreatment of 1 with Ag(I)OAc in methylene chloride
gave a mixture of four isomers which are probably the
tetramethyloctatriene above described. These products
could not be characterized.
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The formation of 5§ is ascribed to the ring
cleavage of 1 via the path a in Scheme 1. We
suppose that the electrophilic attack of metal
acetates onto the double bond of 1 furnishes the
adducts 2 and 3,° the latter of which then experi-
ences ring cleavage to give a formal carbene-
M(OACc), complex 4 (M = Hg, Tl or Pb). This is
an inverse ylide and should furnish 5 under libera-
tion of :M(OAc), ,.1% The path b involves the
conversion of the complex 2 into another carbene
complex 7, whose transformation to 10 is explained
by assuming the intermediary stage 11.

Furthermore, the complex 7 possibly gives rise to
an intermediate, 4,4-diacetoxy-2-methyl-2-pentene
(8), whose second acetoxymetallation'! affords 12
or alternatively 13. The following cleavage as
indicated would account for 9. The fate of acetoxy-
methylcarbene is not clear. The absence of such
cleavage in 5 is ascribed to the tetrasubstitution of
the olefinic bond and to the resulting congestion.

The ring cleavage of benzocyclopropene (14)
with  transition metal acetates. Benzocyclo-
propene derivatives are recorded to undergo
iodine-addition, hydrogenation in the presence of
PtO,' or thermal ring cleavage via 1,3-diradical,'
but reactions with metal species are unknown.

The reaction of 14 with Hg(OAc), in methylene
chloride at room temp afforded an acetoxymer-
curial, bis(o-acetoxymethylphenylmercury (19),
in an 80% yield. Compound 19 was identified by
spectral and analytical data, and by bromination
to give o-bromobenzyl acetate and o-bromobenzyl
bromide. Incidentally, the photolysis of 19 in
benzene afforded o-phenylbenzyl acetate and
benzyl acetate. The reaction of 14 with Cu(OAc),
in ether at room temp gave 9,10-dihydrophen-
anthrene (22) (40%) and benzyl acetate (15%).
The presence of isomeric 9,10-dihydroanthracene
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f\ H (23) was not detected among the products. The
T similar reaction proceeded in the presence of
M(O Ac) AgOACc suspended in ether at room temp to give
! 22 (5%) and benzyl acetate (40%).
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acetate transfer as shown in Scheme 2. The com-
pound 18 reacts immediately with 14 to afford the
product 19. The isomeric preference of 22 over 23
is tentatively ascribed to the intermediary zwitter-
ion 21 derived from an inverse ylide form 20.*

EXPERIMENTAL

All m.ps and b.ps are uncorrected. The microanalyses
were performed by Mrs. K. Fujimoto. The NMR spectra
were taken in CCl, solns at 60 MHz on a JEOL C-60-H
spectrometer and chemical shifts were given in ppm from
TMS internal standard. Abbreviations s, d, t and m refer
to singlet, doublet, triplet and multiplet, respectively.
The mass spectra were obtained on a Hitachi RMU-6L
spectrometer. GLC analyses and separations were
performed with columns (1 m) packed with HVSG (30%)
on Celite 545 or SE 30 (5%) on Chromosorb.

Materials. 1,3,3-Trimethylcyclopropene was prepared
by the thermolysis of mesityl oxide tosylhydrazone
sodium salt at 160°,'* while benzocyclopropene by the
treatment of 7,7-dichlorobicyclof4.1.0]hep-3-ene with
t-BuOK in DMSO.* 1,2,3-Triphenylcyclopropene and
benzocyclobutene were synthesized according to the
accepted procedures. 617

The ring cleavage of 1,3,3-trimethylcyclopropene (1)
with mercury(Il) acetate in methylene chloride. The
cyclopropene 1(0-10g, 1-2 mmol) was added to a suspen-
sion of Hg(OAc), (0-39 g, 1:2 mmol) in CH,Cl; (20 ml) at
room temp under N,. Stirring was continued for 18 hr.
The mixture was immediately filtered from the precipi-

*Attempted ring cleavage of 1,2,3-triphenylcyclo-
propene or benzocyclobutene under similar conditions
failed to give any products, but resulted in the complete
recovery of the starting materials.

tated metal salts and the filtrate was distilled to give only
5(0-16g, 65%), b.p. 100-110%2 mm (bath temp) and m.p.
53-54-5°. IR (KBr): 1750, 1672, 1239, 1205, 1172,
1045, 1007, 949, 915 and 765 cm™'. NMR (CCl,, 20%):
8 7-47 (s, 1H, -CH(OAC),), 2-01 (s, 6H, -OAc), 1-87 (m,
3H, Me) and 1-70 (m, 6H, gem-dimethyl). MS (relative
abundance): m/e 140 (10), 99 (58), 98 (53), 83 (9), 69 (15)
and 43 (100). (Found: C, 59-7; H, 8-0%. C,,H,s0, re-
quires: C, 60-0; H, 8-1%).

An independent synthesis of 5 was performed accord-
ing to the method reported.'* IR, NMR, MS and GLC
retention time were identical with those of the original
sample (mixed m.p. 53-54°).

The reaction of 1 with thallium(II1) triacetate in
methylene chloride. The cyclopropene 1 (0-25g, 3-1
mmol) was treated with TI(OAc); (1-15g, 3-1 mmol) in
CH,Cl; (20 ml) at room temp for 16 hr under N,. Work-up
followed by GLC separation gave 5 (0-30g, 50%) and 9
(0-10g, 20%). Compound 9 was identified by the com-
parison with the authentic sample (IR, NMR, MS and
GLC retention time).'®

The reaction of 1 with lead(IV) tetraacetate in methyl-
ene chloride. The cyclopropene 1 (0-10g, 1-2 mmol) was
treated with Pb(OAc); (0-53g, 1-2mmol) in CH,Cl,
(20 ml) at room temp for 17 hr under N,. Work-up fol-
lowed by GLC separation gave 5 (0-10g, 40%), 9 (trace)
and 10 (0-009 g, 5%). Compound 10 was identified by the
comparison with the authentic sample (IR, NMR, MS
and GLC retention time).?

The ring cleavage of benzocyclopropene (14) with
mercury(Il) acetate in methylene chloride. The cyclo-
propene 14 (0-20 g, 2-2 mmol) was added to the suspen-
sion of Hg(OAc); (0-35g, 1-1 mmol) in CH,Cl, (20 ml) at
room temp under N,. Stirring was continued for 21 hr
and the mixture was treated with water and extracted
with benzene. The extract was washed with water, dried
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(Na,SO,) and concentrated in vacuo. The residue formed
a crystalline product, m.p. 82-85° (0-50g, 90%). Re-
crystallization from dry ether gave 19 (0-45 g, 80%), m.p.
86-88°% IR (Nujol): 1722, 1253, 1226, 1022, 991, 945,
760 and 732 cm™!; NMR (CCl,, 15%): 8 7-5-7-0 (m, 8H,
aromatic), 5-10 (s, 4H, methylenes) and 197 (s, 6H,
acetate). MS (relative abundance): m/e 150 (36), 149
(25), 108 (100), 107 (50), 91 (89), 90 (50), 79 (39), 78
(36), 77 (39) and 43 (100). (Found: C, 42'8; H, 3-7%.
CsHsHgO, requires: C, 43-3; H, 3-6%).

The bromination of acetoxymercurial 19. Br, (0-09g,
0-56 mmol) was added to the soln of 19 (0-11 g, 0-22 mmol)
in glacial AcOH (5 ml). The mixture was heated at 80-
90° for 5 hr until the red colour had disappeared. The
mixture was cooled and then neutralized with NaHCO3aq.
The soln was extracted with benzene. GLC separation
gave o-bromobenzyl acetate (0-06g, 59%) and o-bromo-
benzyl bromide (0-04g, 36%). Both products were
identified by the comparison with the authentic samples
(IR, MS and GLC retention times).2-2!

The photolysis of acetoxymercurial 19 in benzene. A
benzene soln (10 ml) of 19 (0-20 g, 0-40 mmol) was irradi-
ated by means of a 200 W high pressure mercury lamp
(quartz jacket) for 45 hr at room temp under N, The
mixture was treated with water and extracted with
benzene. The extract was washed with water, dried
(Na,;SO, and concentrated in vacuo. GLC separation
gave benzyl acetate (0-08g, 66%) and o-phenylbenzyl
acetate (0-04 g, 22%). The latter compound was identified
by the comparison with the authentic sample (IR, MS
and GLC retention time).??

The reaction of 14 with copper(Il) acetate in ether.
The cyclopropene 14 (0-10 g, 1-1 mmol) was treated with
Cu(OAc);"H,O (0-22g, 1-1mmol) in ether (10 ml) at
room temp for 20 hr under N,. Work-up followed by
GLC separation gave 22 (0-04g, 40%) and benzyl
acetate (0-025g, 15%). Compound 22 was identified by
the comparison with the authentic sample (IR, MS and
GLC retention time).?
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