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Abstract—Intramolecular TiCl4-mediated cyclization reaction of 1,1-dimethoxy-3-hydroxy-hex-5-yne derivatives produced anti-1-
hydroxy-3-methoxy-cyclohex-5-ene derivatives with high diastereoselectivity via antiperiplanar manner on pseudo six-membered
chair like conformation (transition state A). © 2002 Elsevier Science Ltd. All rights reserved.

The preparation of both carbocycles and heterocycles
using the Lewis acid-mediated cyclization reaction of
acetals with the participation of alkynes as nucleophiles
has been well documented,1 notably through the exten-
sive investigations of the Johnson group.1,2 More
recently, the Lewis acid-mediated cleavage3 of acetals
and chiral acetals has been the subject of numerous
investigations and has become a useful tool for the
asymmetric synthesis of secondary alcohols and the
preparation of medium and large ring compounds.4

The mechanism of the Lewis acid-mediated nucleophilic
substitution of acetals is a recent topic of interest.
Denmark reported that sterically unhindered aliphatic
acetals underwent intramolecular SN2-type substitution
with the aid of a mild Lewis acid.3i In contrast, Sam-
makia observed that dimethyl acetals underwent inter-
molecular allylation via an oxocarbenium ion using any
kind of Lewis acid.3g To our knowledge, however, there
has been one example4b reported on the intramolecular
Lewis acid-mediated cyclization of alkynyl acetals.
Overman et al. reported a ring-enlarging cyclopentane
annulation that involves the reaction of an alkynyl
acetal with SnCl4. This is believed to proceed by a
cationic cyclization–pinacol rearrangement sequence
but its stereoselectivity is not satisfactory.

We speculated that when the hydroxy group is present
at the �-position of the acetal, a Lewis acid-mediated

cyclization reaction by alkyne could diastereoselectively
proceed via antiperiplanar attack on oxocarbenium ion
generated from chelation of �-hydroxy moiety and ace-
tal with Lewis acid. Consequently, we decided to inves-
tigate the stereochemical course of the intramolecular
Lewis acid-mediated cyclization reaction of �-hydroxy
alkynyl acetals. In the initial study testing of our
hypothesis, the combination of alkyne and TiCl4 or
SnCl4 was chosen for investigation in conjunction with
�-hydroxy acetal electrophiles. We are delighted to
report herein on the reaction of TiCl4 and �-hydroxy
alkynyl acetal, which, in most cases, proceeds with
excellent diastereoselectivity (Scheme 1).

The first, when readily available �-hydroxy alkynyl
acetal 1 was treated with TiCl4 at −78°C, anti-1,3-dihy-
droxycyclohexene compound 2 was obtained as a single
diastereomer in 85% yield. The anti-orientation of the
two hydroxy moieties of 2 was confirmed by a single-
crystal X-ray diffraction study (Fig. 1). But, the treat-
ment of 1 with SnCl4 at −78°C afforded an allene

Scheme 1.
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Fig. 1. X-Ray crystal structure of 2.

bond is formed. In the case of TiCl4, the single
diastereomer 2 may suggest highly diastereoselective
cyclization via antiperiplanar manner on pseudo six-
membered chair like conformation (transition state A).
In contrast to TiCl4, when the alkynyl acetal is reacted
with SnCl4, an allene compound 3 is produced as a
diastereomeric mixture (1:1).5 It demonstrates that the
reaction proceeds via an oxocarbenium ion intermedi-
ate B by a slow chloride trap. In an effort to investigate
the scope and limitation of this methodology, several
1,1-dimethoxy-3-hydroxy-hex-5-yne derivatives6 were
treated with TiCl4 or SnCl4. The results of this reaction
are summarized in Table 1.

All reactions of entries 1–6 with TiCl4 at −78°C
afforded anti-1-hydroxy-3-methoxy-cyclohex-5-ene
derivatives as a single diastereomer on 1H NMR (500
MHz). To our knowledge, these present the first exam-
ples of intramolecular TiCl4-mediated cyclization reac-
tion that form anti-1,3-dihydroxy-cyclohexene products
with high diastereoselectivity. However, not all sub-
strates could be induced to undergo cyclization, even
though the structures were quite similar. In the case of
the alkynyl acetal containing the TMS group attached
to the terminal alkyne carbon, it did not undergo
cyclization (entry 7) and this unreactivity might be due
to the steric hindrance between TMS-alkyne and acetal
group.

In conclusion, we provided the first example of highly
diastereoselective intramolecular TiCl4-mediated
cyclization reaction of �-hydroxy alkynylacetal deriva-
tives. The reaction can be realized by an appropriate
condition of nucleophile (alkyne) and the Lewis acid
(TiCl4) and lend itself to the synthesis of a variety of
substituted anti-1,3-dihydroxycyclohexane systems.
Further studies and applications of this reaction will be
reported in due course.

compound 3 as a diastereomeric mixture (1:1) in 87%
yield.

The mechanistic basis for these results of the Lewis
acid-mediated intramolecular nucleophilic cyclization is
unclear; however, we propose the following mechanism
shown in Scheme 2.

When �-hydroxy alkynyl acetal is treated with Lewis
acid, oxocarbenium ion is generated from the chelation
of �-hydroxy moiety and acetal with Lewis acid. As the
alkyne attacks the oxocarbenium, a carbenium ion
develops which has to be trapped by chloride in order
to produce the desired cyclization product. If the trap-
ping by chloride is slow, then push–pull fragmentation
to the allene compound could be observed. This differ-
entiation could be due to a difference in the availability
of halogen, which in turn could depend on the Lewis
acid, as such, both reactions could proceed via a com-
mon intermediate with the difference in product arising
from a different course for the reaction after the C�C

Scheme 2.
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Table 1. Intramolecular Lewis acid-mediated cyclization of 1,1-dimethoxy-3-hydroxy-hex-5-yne derivates7

a A: 1.0 M TiCl4 (1.1 equiv. in CH2Cl2, −78°C), B: 0.1 M SnCl4 (1.1 equiv. in CH2Cl2, −78°C).
b Yield refer to isolated and chromatographically pure products.
c The stereochemistry was confirmed by NOE experiment.8
d No reaction.
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2.47 (ddd, J=9.9, 6.4, 5.0 Hz, 1 H), 3.34 (s, 3 H), 4.13 (dd,
J=7.3, 6.4 Hz, 1 H), 4.79 (dd, J=11.0, 6.6 Hz, 2 H), 5.14
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(ddd, J=10.5, 5.2, 3.6 Hz, 1 H), 3.34 (s, 3 H), 4.10 (dd,
J=7.2, 5.2 Hz, 1 H), 4.80 (dd, J=11.0, 8.2 Hz, 2 H), 4.98
(dd, J=8.2, 7.2 Hz, 1 H); 13C NMR (125 MHz): � 24.8,
28.6, 30.2, 42.6, 56.3, 57.3, 76.3, 79.4, 89.6, 210.1, 211.6;
HRMS (CI+, NH3) calcd for C11H16O2 (M)+ 180.1150,
found 180.1153. Data for 11: 88% yield; white crystal; mp
176–178°C; IR (neat); 3676, 2954, 1660 cm−1; 1H NMR
(300 MHz): � 0.89 (s, 9 H), 1.04–1.09 (m, 2 H), 1.37–1.49
(m, 2 H), 1.61–1.65 (m, 1 H), 1.73–1.79 (m, 1 H), 2.02 (m,
2 H), 2.23–2.29 (d br t, J=17.4, 2.7 Hz, 1 H), 2.44–2.52
(dt, J=17.4, 2.7 Hz, 1 H), 3.37 (s, 3 H), 3.65 (dd, J=9.3,
1.5 Hz, 1 H), 6.01 (t, J=2.4 Hz, 1 H); 13C NMR (125
MHz): � 22.8, 26.0, 28.3, 33.2, 40.2, 45.5, 47.9, 48.4, 57.0,
71.9, 80.5, 124.9, 132.1; HRMS (CI+, NH3) calcd for
C15H24ClO (M–OH)+ 255.1516, found 255.1513. Data for
12: 74% yield; colorless oil; IR (neat); 3420, 2969, 2826,
1657 cm−1; 1H NMR (300 MHz): � 1.35 (s, 3 H), 1.52 (dd,
J=12.8, 9.1 Hz, 1 H), 2.11 (dd, J=12.8, 5.9 Hz, 1 H),
2.27–2.34 (dt, J=17.8 Hz, 1 H), 2.48–2.56 (dt, J=17.8 Hz,
1 H), 3.38 (s, 3 H), 4.09 (ddd, J=9.1, 5.9, 2.0 Hz, 1 H),
6.01 (br s, J=2.0 Hz, 1 H); 13C NMR (100 MHz): � 30.3,
40.0, 46.9, 56.1, 70.9, 74.9, 124.7, 132.0; HRMS (CI+,
NH3) calcd for C7H10ClO (M−OH)+ 145.0420, found
145.0427. Data for 13: 68% yield; colorless oil; IR (neat);
3429, 2930, 1654 cm−1; 1H NMR (400 MHz): � 2.18 (s, 3
H), 2.56–2.61 (dd, J=15.8, 4.9 Hz, 1 H), 2.75–2.81 (dd,
J=15.8, 8.0 Hz, 1 H), 3.32 (s, 3 H), 4.18 (ddd, J=8.0, 6.8,
4.9 Hz, 1 H), 4.79–4.87 (dd, J=11.0, 7.0 Hz, 2 H), 5.08

Scheme 3. (a) LDA, TMS-Cl, THF, −78°C for 1,4,6,7; (b) TMS-Cl, TEA, DMF, 80°C for 8,9; (c) MeLi, CH(OCH3)3, BF3-OEt2,
Et2O, −78°C; (d) propargyl magnesium bromide, Et2O, 0°C for 1,4–9; (e) 1-(trimethylsilyl)-1-propyne, t-BuLi, THF, −78°C for 10.
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(dd, J=7.0, 6.8 Hz, 1 H); 13C NMR (125 MHz): � 30.4,
31.6, 50.0, 57.1, 76.3, 77.2, 91.1, 207.0, 209.1; HRMS (CI+,
NH3) calcd for C8H13O2 (M+H)+ 141.0915, found
141.0918. Data for 14: 75% yield; colorless oil; IR (neat);
3439, 2965, 2930, 2829 cm−1; 1H NMR (500 MHz): � 0.95
(t, 7.5 Hz, 3 H), 1.40–1.44 (dd, J=13.0, 9.0 Hz, 1 H),
1.57–1.62 (q, 15.0, 9.5 Hz, 2 H), 2.07–2.11 (dd, J=13.0,
6.0 Hz, 1 H), 2.21–2.25 (dt, J=18.0 Hz, 1 H), 2.48–2.53
(dt, J=18.0 Hz, 1 H), 3.38 (s, 3 H), 4.08–4.13 (ddd,
J=9.0, 6.0, 2.0 Hz, 1 H), 6.02 (br s, J=2.0 Hz, 1 H); 13C
NMR (125 MHz): � 8.0, 36.3, 38.7, 45.5, 56.8, 73.8, 75.7,
125.6, 132.6; HRMS (CI+, NH3) calcd for C7H10ClO (M)+

190.0761, found 190.0759. Data for 15: 72% yield; color-
less oil; IR (neat); 3450, 2967, 2883, 2826 cm−1; 1H NMR
(500 MHz): � 0.94–0.98 (m, 7.0 Hz, 6 H), 1.38–1.41 (dd,
J=14.0, 7.0 Hz, 1 H), 1.69–1.72 (m, 7.0 Hz, 1 H), 2.08–
2.12 (dd, J=13.0, 6.0 Hz, 1 H), 2.14–2.18 (dt, J=18.0 Hz,
1 H), 2.50–2.55 (dt, J=18.0 Hz, 1 H), 3.39 (s, 3 H),
4.09–4.12 (ddd, J=8.0, 5.5, 2.0 Hz, 1 H), 6.02 (br s, J=2.0
Hz, 1 H); 13C NMR (125 MHz): � 17.2, 17.3, 37.0, 38.9,
43.0, 56.8, 75.9, 125.7, 132.7; HRMS (CI+, NH3) calcd for
C7H10ClO (M–OH)+ 204.0917, found 204.0916. Data for
16: 70% yield; colorless oil; IR (neat); 3447, 2977, 2825,
1664 cm−1; 1H NMR (300 MHz): � 1.06 (d, J=6.6 Hz, 3

H), 1.28 (s, 3 H), 1.48–1.63 (dd, J=9.0, 6.6 Hz, 1 H),
2.30–2.36 (d br t, J=17.7, 2.7 Hz, 1 H), 2.51–2.59 (dt,
J=17.7, 2.7 Hz, 1 H), 3.39 (s, 3 H), 3.62 (ddd, J=9.0, 2.7,
2.4 Hz, 1 H), 6.01 (t, J=2.4 Hz, 1 H); 13C NMR (125
MHz): � 11.1, 28.5, 42.5, 48.3, 57.0, 73.3, 81.2, 124.7,
132.3. Data for 17: 67% yield; colorless oil; IR (neat);
3362, 2973, 2897, 1659 cm−1; 1H NMR (300 MHz): � 0.85
(d, J=6.9 Hz, 3 H), 1.31 (s, 3 H), 2.02–2.11 (dd, J=6.9,
6.0 Hz, 1 H), 2.17–2.26 (d br t, J=17.8, 2.6 Hz, 1 H),
2.46–2.54 (dt, J=17.8, 2.6 Hz, 1 H), 3.38 (s, 3 H), 4.17
(ddd, J=6.0, 2.6, 1.1 Hz, 1 H), 5.85 (t, J=1.1 Hz, 1 H);
13C NMR (125 MHz): � 11.2, 28.1, 40.3, 49.4, 71.0, 74.0,
127.1, 134.2; HRMS (CI+, NH3) calcd for C9H14ClO (M−
OH)+ 173.0733, found 173.0737.

8. The axial orientation of the hydroxy group at C1 of 2 was
confirmed by the existence of NOE between Ha, He and
OH at C1. The key interactions are illustrated here:
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