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Summary: Alkynyltitanium reagents are prepared in
situ in the reaction of 1-alkynes with TiCl4/Et3N and
are used in the reaction with certain electrophiles.

Introduction

Metal acetylides are versatile synthetic intermediates
in organic synthesis.1 The readily accessible alkali metal
acetylides are extremely basic and reactive. There has
been continued interest in the development of alkynyl
transition metal reagents for synthetic applications.2
Organotitanium reagents have been proved to behave
much more selectively than their lithium or magnesium
counterparts.3 In a continuation of our efforts toward
the development of organotitanium reagents,4 we report
the formation of alkynyltitanium reagents in the reac-
tion of terminal alkynes with TiCl4/Et3N in CH2Cl2
under ambient conditions.

Results and Discussion

We have observed that the reaction of TiCl4 with a
mixture of terminal alkynes and trialkylamines readily
produces the symmetrical 1,3-diynes (eq 1).

The reaction was carried out with several 1-alkynes,
and the results are summarized in Table 1.

The diynes were isolated in 43-67% yields. Phenyl
acetylene and 1-heptyne gave 62% and 67% yields,
respectively (Table 1, entries 1 and 5).

1-Octyne, 1-dodecyne, 1-decyne, and 1-hexyne gave
64%, 51%, 49%, and 43% yields, respectively (Table 1,

entries 2-4 and 6). The present conversion of 1-alkynes
to symmetrical 1,3-diynes is convenient and easy to
carry out from a synthetic point of view.

The effect of various trialkylamines on the yields of
diynes was also examined. The reactions using nBu3N,
EtN(iPr)2, and nPr3N gave 61%, 58%, and 59% yields of
diyne when 1-heptyne was used (Table 1, entries 7-9).
The reaction takes place at room temperature. However,
the addition of TiCl4 to the mixture of amine and alkyne
was carried out at 0 °C. Chloroform can be used in place
of dichloromethane without significant change in the
yields. Reactions using pyridine and diethylamine did
not give the diyne, and the alkyne remained unaffected.

(1) Brandsma, L.; Verkruijsse, H. D. Synthesis of acetylenes, allenes
and cumulenes (A Laboratory Manual); Elsevier Scientific Publishing
Co.: Amsterdam, 1981.

(2) Wright, M. E.; Porsch, M. J.; Buckley, C.; Cochran, B. B. J. Am.
Chem. Soc. 1997, 119, 8393.

(3) Reetz, M. T. Organotitanium reagents in organic synthesis;
Springer-Verlag: Berlin, 1986.

(4) Periasamy, M.; Srinivas, G.; Bharathi, P. J. Org. Chem. 1999,
64, 4204. (b) Bharathi, P.; Periasamy, M. Org. Lett. 1999, 1, 857. (c)
Periasamy, M.; Srinivas, G.; Karunakar, G. V.; Bharathi, P. Tetrahe-
dron Lett. 1999, 40, 7577. (d) Rao, S. A.; Periasamy, M.; Tetrahedron
Lett. 1988, 1583. (e) Periasamy, M.; Reddy, M. R.; Kanth, J. V. B.
Tetrahedron Lett. 1996, 37, 4767.

Table 1. The reaction of 1-Alkynes with TiCl4/R3N

a The products were identified by spectral (IR, 1H NMR and 13C
NMR) and physical constant data and comparison with reported
data. b The yields are based on the alkynes used.
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It was reported that alkynylcopper5 and alkynylchro-
mium6 reagents undergo such dimerization reactions to
give the symmetrical 1,3-diynes. The TiCl4/Et3N com-
bination has been extensively used for removal of an
acidic hydrogen to generate titanium enolates in aldol
condensation reactions.7 Recently, it has been reported
that certain ester enolates, prepared using TiCl4/Et3N,
undergo coupling reactions with concomitant formation
of Ti(III) species.8 A similar mechanistic pathway can
be considered to rationalize the present transformation
(Scheme 1).

Previously, it has been reported that the alkynyl-
titanium is formed by transmetalation of alkynyllithium
with ClTi(OiPr)3.9 The method described here is inter-
esting, since the alkynyltitanium reagent is formed
directly from the alkyne without using organolithium
reagents. Formation of 1,3-diyne was reported using
1-alkyne and CuX2/pyridine,5 but the utility of the
organometallic intermediates was not demonstrated.
The present method involving TiCl4/Et3N leads to useful
organotitanium intermediates that have proven syn-
thetic applications. To examine the use of alkynyltita-
nium generated in situ in this way, reactions with
various electrophiles were carried out (Scheme 2). The
reaction with chlorodiphenylphosphine gives the corre-
sponding alkynyl phosphines. In a run with 1-heptyne,
the alkynyl phosphine 7 was isolated in 60% yield and
the diyne was not formed. Phenylacetylene gave the
corresponding phosphine 8 in 54% yield in addition to
2% of the 1,3-diyne. 1-Octyne and 1-decyne gave the
corresponding phosphines 9 and 10 in 56% and 61%
yields, respectively. These compounds were identified
by comparison with authentic samples prepared follow-
ing a reported method.10

When the triethyl phosphite was used as an electro-
phile, all three alkoxy groups were substituted, produc-
ing tris(phenylethynyl)phosphine (11) in 59% yield. This
compound has been previously prepared by the reaction

of phenylethynyllithium with PCl3.11 The alkynyltita-
nium also readily reacts with trimethyl orthoformate,
yielding the acetal 12 in 48% yield. These results
illustrate the synthetic potential of the alkynyltitanium
reagent prepared in this way.

Experimental Section

General. 1H NMR (200 MHz) and 13C NMR (50 MHz)
spectra were recorded in CDCl3 unless otherwise stated, and
TMS was used as reference (δ ) 0 ppm). Melting points are
uncorrected. Dichloromethane was distilled over calcium hy-
dride and dried over molecular sieves. Chromatographic
purification was conducted by column chromatography using
100-200 mesh silica gel obtained from Acme Synthetic
Chemicals, India. All reactions and manipulations were carried
out under a dry nitrogen atmosphere. All yields reported are
isolated yields of materials, judged homogeneous by TLC
analysis.

Reaction of 1-Alkynes with TiCl4/Et3N. Formation of
1,3-Diynes. Dichloromethane (40 mL), Et3N (15 mmol, 2.1
mL), and 1-alkyne (5 mmol) were stirred under an atmosphere
of nitrogen. TiCl4 (10 mmol, 2.2 mL of 1:1 solution of TiCl4/
CH2Cl2) in CH2Cl2 (10 mL) was added under N2 at 0 °C for 15
min. The reaction mixture was stirred for 0.5 h at 0 °C and
stirred further for 5.5 h at 25 °C. It was quenched with a
saturated NH4Cl solution (20 mL). The organic layer was
separated, and the aqueous layer was extracted with CH2Cl2

(2 × 25 mL). The combined organic extract was washed with
brine solution (10 mL) and dried over anhydrous MgSO4. The
solvent was removed, and the residue was chromatographed
on a silica gel column. Hexane eluted the 1,3-diyne. 1: mp 87
°C (lit.12 87-88 °C); 13C NMR (δ) 74.00, 81.60, 121.90, 128.42,
129.15, 132.50.13 2: 13C NMR (δ) 14.00, 19.20, 22.58, 28.39,
28.58, 31.35, 65.30, 77.40. 3: 13C-NMR (δ) 14.00, 19.11, 22.52,
28.21, 28.88, 29.00, 29.18, 29.48, 29.59, 31.91, 65.34, 77.41. 4:
13C NMR (δ) 14.02, 19.19, 22.62, 28.38, 28.86, 29.08, 29.68,
31.83, 65.34, 77.41. 5: 13C NMR (δ) 13.85, 19.15, 22.13, 28.05,
30.99, 65.31, 77.45. 6: 13C NMR (δ) 13.44, 18.84, 21.89, 30.42,
65.35, 77.32. The acetylenic carbon signals appear at (δ) 65.3
and 77.4. These values are similar to that reported for dodeca-
5,7-diyne (6).14

Reaction of Alkynyltitanium with Chlorodiphenyl-
phosphine. Dichloromethane (40 mL), Et3N (15 mmol, 2.1

(5) Glaser, C. Chem. Ber. 1869, 2, 422. (b) Glaser, C. Ann. Chem.
1870, 137, 152. (c) Eglinton, G.; Galbraith, A. R. Chem. Ind. (London)
1956, 737.

(6) Takai, K.; Kuroda, T.; Nakatsukasa, S.; Oshima, K.; Nozaki, H.
Tetrahedron Lett. 1985, 26, 5585.

(7) Harrison, C. R. Tetrahedron Lett. 1987, 28, 4135. (b) Evans, D.
A.; Clark, J. S.; Metternich, R.; Novack, V. J.; Sheppard, G. S. J. Am.
Chem. Soc. 1990, 112, 866. (c) Evans, D. A.; Rieger, D. L.; Bilodeau,
M. T.; Urpi, F. J. Am. Chem. Soc. 1991, 113, 1047. (d) Crimmins, M.
T.; King, B. W.; Tabet, E. A. J. Am. Chem. Soc. 1997, 119, 7883. (e)
Yoshida, Y.; Hayashi, R.; Sumihara, H.; Tanabe, Y. Tetrahedron Lett.
1997, 38, 8727, and references therein.

(8) Matsumura, Y.; Nishimura, M.; Hiu, H.; Watanabe, M.; Kise,
N. J. Org. Chem. 1996, 61, 2809.

(9) Krause, N.; Seebach, D. Chem. Ber. 1987, 120, 1845.
(10) Charrier, C.; Chodkiewicz, W.; Cadiot, P. Bull. Chem. Soc. Fr.

1966, 1002.

(11) Eugen Muller. Houben-Weyl Methoden der organischen chemie;
Georg Thieme Verlag: Stuttgart, 1977; Band 5/Teil 2a, p 620.

(12) Hay, A. S. J. Org. Chem. 1962, 27, 3320. (b) Uchida, A.;
Nakazapwa, T.; Kondo, I.; Iwata, N.; Matsuda, S. J. Org. Chem. 1972,
37, 3749.

(13) Patai, S.; Rappoport, Z. The chemistry of functional groups;
Wiley: New York, 1983; Suppl. C, Part 1, Chapter 25, p 1035.

(14) Stracker, E. C.; William, L.; Miller, J. A.; Sharp, T. M.; Zweifel,
G. Tetrahedron Lett. 1989, 30, 6487.

Scheme 1 Scheme 2
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mL), 1-heptyne (5 mmol, 0.7 mL), and ClP(C6H5)2 (5 mmol,
0.9 mL) were stirred under N2. TiCl4 (10 mmol, 2.2 mL of 1:1
solution of TiCl4/CH2Cl2) in CH2Cl2 (10 mL) was added
dropwise under N2 at 0 °C for 15 min. The reaction mixture
was stirred for 0.5 h at 0 °C and stirred further for 5.5 h at 25
°C. It was quenched with a saturated NH4Cl solution (20 mL).
The organic layer was separated, and the aqueous layer was
extracted with CH2Cl2 (2 × 25 mL). The combined organic
extract was washed with brine solution (10 mL) and dried over
anhydrous MgSO4. The solvent was removed and the residue
was chromatographed on a silica gel column. EtOAc/hexane
(1:99) mixture eluted the alkynyl diaryl phosphine 7: yield
60%; IR (cm-1) 2179; 1H NMR (δ) 0.91 (t, J ) 6.1 Hz, 3H),
1.24-1.73 (m, 6H), 2.25 (t, J ) 5.8 Hz, 2H); 13C NMR (δ) 14.02,
20.42, 22.22, 28.31, 31.14, 75.93, 110.61, 128.42, 128.57,
128.81, 130.83, 131.05, 132.25, 132.65, 137.16, 137.30 (the
spectral data of 7 showed 1:1 correspondence with data
obtained for the authentic sample prepared using the reported
procedure);10 MS (EI) m/z 280 (M+, 100%), 237 [(M+ - C3H7),
28%]. 8: mp 42 °C (lit.10 43 °C); yield 56%; IR (cm-1) 2115; 1H
NMR (δ) 7.14-8.32 (m, 15H); 13C NMR (δ) 86.08, 86.21, 107.99,
122.96, 128.51, 128.71, 128.86, 129.05, 129.19, 131.97, 132.52,
132.95, 136.45, 136.57. 9: yield 56%; IR (cm-1) 2132; 1H NMR
(δ) 0.90 (t, J ) 6.18 Hz, 3H), 1.23-1.71 (m, 8H), 2.42 (t, J )
5.9 Hz, 2H), 7.11-7.84 (m, 10H), the values are in accordance
with reported values;15 13C NMR (δ) 13.99, 20.39, 22.55, 28.55,
31.15, 31.30, 75.88, 110.5, 128.38-135.61, 137.14, 137.26. 10:
yield 61%; IR (cm-1) 2179; 1H NMR (δ) 0.92 (t, J ) 6.01 Hz,
3H), 1.34-1.86 (m, 12H), 2.35 (t, J ) 6.21 Hz, 2H), 7.31-8.20
(m, 10H); 13C NMR (δ) 14.10, 20.42, 22.69, 28.62, 28.94, 29.11,
29.23, 31.85, 75.92, 110.57, 128.39, 128.54, 128.75, 130.81,
131.03, 132.02, 132.22, 132.64, 137.17, 137.32.

Reaction of Alkynyltitanium with Triethyl Phosphite.
Dichloromethane (40 mL), Et3N (15 mmol, 2.1 mL), phenyl
acetylene (5 mmol, 0.5 mL), and P(OEt)3 (5 mmol, 0.9 mL) were
stirred under N2. TiCl4 (10 mmol, 2.2 mL of 1:1 solution of
TiCl4/CH2Cl2) in CH2Cl2 (10 mL) was added dropwise under
N2 at 0 °C for 15 min. The reaction mixture was stirred for
0.5 h at 0 °C and stirred further for 5.5 h at 25 °C. It was
quenched with a saturated NH4Cl solution (20 mL). The

organic layer was separated, and the aqueous layer was
extracted with CH2Cl2 (2 × 25 mL). The combined organic
extract was washed with brine solution (10 mL) and dried over
anhydrous MgSO4. The solvent was removed, and the residue
was chromatographed on a silica gel column. EtOAc/hexane
(1:99) mixture eluted the tris(2-phenyl-1-ethynyl)phosphine.
11: mp 90 °C (lit.16 92 °C), IR (cm-1) 2164; 1H NMR (δ) 7.25-
8.14 (m, 15H); 13C NMR (δ) 79.85, 80.01, 106.04, 106.25,
122.50, 128.42, 129.51, 132.20; MS(EI) m/z 334 (M+, 68%), 333
(M+ - 1, 100%).

Reaction of Alkynyltitanium with Trimethyl Ortho-
formate. Dichloromethane (40 mL), Et3N (15 mmol, 2.1 mL),
phenyl acetylene (10 mmol, 1.1 mL), and trimethyl orthofor-
mate (15 mmol, 1.6 mL) were stirred under an atmosphere of
nitrogen. TiCl4 (10 mmol, 2.2 mL of 1:1 solution of TiCl4/CH2-
Cl2) in CH2Cl2 (10 mL) was added dropwise under N2 at 0 °C
for 15 min. The reaction mixture was stirred for 0.5 h at 0 °C
and stirred further for 5.5 h at 25 °C. It was quenched with a
saturated NH4Cl solution (20 mL). The organic layer was
separated, and the aqueous layer was extracted with CH2Cl2

(2 × 25 mL). The combined organic extract was washed with
brine solution (10 mL) and dried over anhydrous MgSO4. The
solvent was removed, and the residue was chromatographed
on a silica gel column. EtOAc/hexane (1:99) mixture eluted the
acetal 12:17 yield 48%; IR (cm-1) 2226, 2189; 1H NMR (δ) 3.45
(s, 6H); 5.38 (s, 1H); 7.31-7.72 (m, 5H); 13C NMR (δ) 52.51
(OCH3), 83.62 (CtC), 85.78 (CtC), 93.63 (CH(OCH3)2), 121.77
(quaternary), 128.28 (CH), 128.87 (CH), 131.92 (CH), (signal
assignments are based on DEPT experiments).
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