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Trapping bicyclic titanacyclopentenes with bis(trichloromethyl)
carbonate (BTC): a new method to bicyclic cyclopentenones

Zongbao Zhao and Yu Ding*,†
Shanghai Institute of Organic Chemistry, Academia Sinica, 354 Fenglin Lu, Shanghai 200032,
P.R. China

Bis(trichloromethyl) carbonate is found to trap bicyclic
titanacyclopentenes providing a new method for bicycliz-
ation of  enynes into bicyclic cyclopentenones.

The intramolecular Pauson–Khand cyclization of enynes,
mediated by Co2(CO)8, is one of the most versatile synthetic
routes to bicyclic cyclopentenones.1 In recent years, several
modifications, including the dry-state adsorption techniques 2

and the introduction of additives,3 have been reported. Owing
to the importance of this transformation in the synthesis of
natural products,4 other metal complexes 5 have also been intro-
duced into this reaction with various results. However, most of
those cases need a high pressure of CO atmosphere, elevated
temperature, long reaction time and expensive metal complexes.
More recently, Negishi, 6 Buchwald 7 and their co-workers have
reported alternatives using Group IV metallacycles to fulfil this
conversion (Scheme 1).

In the course of our research on reactions promoted by bis-
(cyclopentadienyl)titanium dichloride (Cp2TiCl2),

8 we found
that bis(trichloromethyl) carbonate (BTC), a stable white
crystal which has been recently devoted to introducing a carb-
onyl group in organic synthesis,9,10 was able to trap titanacycles
resulting in bicyclic cyclopentenones in lieu of carbon mon-
oxide (Scheme 2). It should be pointed out that 3 can also be

trapped with isocyanides or trialkylsilyl cyanide, two kinds of
CO equivalents, and then hydrolyzed to furnish bicyclic cyclo-
pentenones.11

In an initial attempt, a mixture of 3-phenylprop-2-ynyl allyl
ether (1a), 1.1 equiv. of Cp2TiCl2 and excess amount of acti-
vated Mg turnings in dry THF was stirred at 0 8C for 6 h to
afford the titanacycle.12 After being treated with 1.5 equiv. of
BTC, the desired product was isolated in a yield of 57.5%.
However, isolated yields were increased to 75.0% (Table 1,
Entry 1) when the reaction was conducted in the presence of
2 equiv. of P(OEt)3, probably because it can stabilize the key

Scheme 1 Method A, Cp2TiCl2, 2 equiv. BunLi, 278 8C. Method B,
Cp2Ti(PMe3)2 or Cp2TiCl2, 2 equiv. EtMgCl
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intermediate 3 generated from Cp2TiCl2 and Mg.13 Owing to
the finding that Mg turnings can slowly react with BTC in THF
solution at room temperature, a little excess of BTC is required
in our procedure.

The results (see Table 1) demonstrate the generality of this
methodology for bicyclization of enynes to the corresponding
cyclopentenones (2a–f),‡ although the procedure does not
afford good isolated yields in many cases. Substrate 1c, which
contains a 1,2-disubstituted olefin, was also found to afford the
corresponding bicyclic product (Entry 3). This result, in a sense,
represented another merit of our system, since this kind of
enyne did not cyclize using trialkylsilyl cyanide or CO as trap-
ping reagent even in the presence of stoichiometric Cp2Ti-
(PMe3)2.

11b An attempt to convert an enyne containing a
terminal alkyne, namely 1g, was proven to be unsuccessful
(Entry 7), this outcome was, in principle, consistent with what
has been published elsewhere.14

The present reaction is also interesting from a mechanistic
point of view. We found that bubbling phosgene gas for 5 min,
instead of adding BTC, to the titanacycles resulting from 1a
affords the desired product in a yield of 56.7%. Thus, it seems
that BTC acts as a COCl2 equivalent. In this way there seems to
be similarity in some aspects with the known procedure of the
production of heterocycles containing main-group elements
from zirconacycles.15 It should be noted that Cp2TiCl2 can be
recovered in a yield of about 40% when the reaction mixture
was filtered through a short silica gel plug followed by concen-
tration and recrystallization from chloroform. This observation
suggested that the titanacycle 3 might abstract two chlorine
atoms from BTC, or phosgene generated in situ.

In conclusion, we have found a new method to prepare
bicyclic cyclopentenones from enynes through the trapping of
titanocycles with BTC. Our procedure features a short reaction
time, mild reaction conditions and relatively stable starting
materials, although BTC is toxic and the yields are moderate in
most cases. Now we are continuing to investigate the scope of
this kind of reaction and are also interested in the mechanism
of the reaction.

‡ The data for 2a and 2b are identical with those presented in the liter-
ature. Selected spectroscopic data for 2c: δH(300 MHz, CDCl3) 7.14–
7.34 (m, 5H), 4.62 (d, J 15.6, 1H), 4.52 (d, J 15.6, 1H), 4.35 (m, 1H),
3.27–3.38 (m, 3H), 1.82 (s, 3H); MS (EI) 214 (M1, 52.8%) (HRMS: calc.
for C14H14O2, 214.0993. Found, 214.0990). 2d: δH(300 MHz, CDCl3)
7.20–7.41 (m, 5H), 4.80 (d, J 13.7, 1H), 4.25 (d, J 13.7, 1H), 4.06 (m,
1H), 3.64 (dt, J 1.8 and 12, 1H), 2.93 (m, 1H), 2.75 (dd, J 6.6 and 18.8,
1H), 2.08–2,23 (m, 2H), 1.64 (dq, J 4.4 and 12.2, 1H); MS (EI) 214 (M1,
70%) (HRMS: calc. for C14H14O2, 214.0993. Found, 214.1012). 2e:
δH(300 MHz, CDCl3) 4.61 (d, J 15.5, 1H), 4.51 (d, J 15.6, 1H), 4.31 (m,
1H), 3.18 (m, 2H), 2.66 (dd, J 5.6 and 17.6, 1H), 2.07–2.30 (m, 3H),
1.21–1.49 (m, 6H), 0.88 (t, J 7, 3H); MS (EI) 195 (M1 1 1, 100%)
(HRMS: calc. for C12H18O2, 194.1306. Found, 194.1291). 2f: δH(300
MHz) 7.24–7.58 (m, 5H), 4.14–4.32 (m, 4H), 3.64 (d, J 19.2, 1H), 3.30
(d, J 17.9, 1H), 2.72–2.96 (m, 2H), 2.38–2.62 (m, 1H), 2.30 (dd, J 3.3
and 17.9, 1H), 1.76 (t, J 12.6, 1H), 1.20–1.34 (m, 6H); MS (EI) 343
(M 1 1, 100%), 342 (M1, 38%) (HRMS: calc. for C20H22O5, 342.1467.
Found, 342.1467).
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Experimental

Typical procedure
Under an argon atmosphere, to a solution of 1,2-dibromoethane
(50 µl) in dry THF (0.8 ml) was added well-pestled Mg turnings
(5 mmol). After being stirred for 15 min, the solvent was
removed at reduced pressure and dry THF (20 ml), Cp2TiCl2

(2.2 mmol), the enyne (2 mmol) and P(OEt)3 (4 mmol) were
added. A solution of BTC (2.5 mmol) in dry THF (5 ml) was
added dropwise to the mixture after being stirred at 0 8C for 6 h.
The mixture was allowed to reach room temperature, stirred for
additional 1–3 h and then diluted with diethyl ether (50 ml),
washed with water, dried over MgSO4, concentrated in vacuo
and chromatographed on silica gel to afford the product.
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Table 1 Conversion of Enynes to Bicyclic Cyclopentenones

Entry Substrate Product Isolated yield (%)
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a Only one diastereoisomer was isolated. b E = CO2Et. c The isolated
product was cinnamyl alcohol.
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