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Abstract

A study of the stereoselective halogenation of 6,6-dimethyl-1-hepten-4-yni3tiag a series of halogenating
agents is described. Of the many agents investigated, boron trichloride is the most successful reagent for stereo-
selective halogenatioE(Z=9:1y4x). The resulting E)-1-halo-6,6-dimethyl-2-hepten-4-yng)( a key intermediate
for terbinafine, an antifungal agent, is obtained in good yield and stereoselectivity. Two structurally related enyne
alcohols have been studied likewise and shown similar versatility. © 2000 Elsevier Science Ltd. All rights reserved.
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In recent years research in the field of squalane epoxidase inhibitors has resulted in the discovery of
a new class of antifungal agerit3erbinafine (brand name: Lamisil), one of the orally active antifungal
agents developed by Janssen Co., is a representative with excellent activity toward dermatological
infections? trans 1,2-Disubstituted olefin moiety is a common pharmacophore in terbinafine and related
agents (Fig. 1%:°® Therefore, our effort is to find a highly stereoselective method to achievana
ene-yne system.
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Fig. 1.
A previous study described the conversionlafo 2 by using aqueous HBr in 3:E:Z ratio? This
low stereoselectivity prohibited high recovery of terbinafine in subsequent steps. An independent method
was then developed for the improvemen&oZ ratio, but it requires an expensive reagent and laborious
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procedures, although th&Z ratio can be improved to 52 Therefore, we intended to improve the
stereoselectivity of the conversion bfo 2 by using alternate halogenating agents.

During the early stage of our study, magnesium bromide etherate was selected for conversion of
1 to 2 in benzenei-hexane. It was found that th&:Z ratio of 2 increased progressively with the
proportion ofn-hexane in the mixed solvent. Other solvents, such as THR-8iD are inappropriate
for their chelating properties. Unexpectedly, the bromination does not worHBUOMe even under
vigorous refluxing. Although these tests indicate thdiiexane is a promising solvent for controlling of
stereochemistry, owing to the poor dispersing property of magnesium bromidiegrane, we have to
search an alternative method.

Systematic studies of conversionbfo 2 were performed to examine a number of reaction variables
such as the type of halogenating agent, the stoichiometry of the halogenating agent with the substrate,
the reaction time and the concentration for probing the stereoselectivity of halogenation. A series of
halogenating agents were employed for the reactiontiexane and the results are summarized in Table
1. Most conventional halogenating agents are not suitable due to their low yields and/or stereoselectivity.
Under some circumstances (entries 1, 2, and 4), a large amount of unrearranged halides and intractable
tars were also generated. In contrast, the high yields obtained from the boron trichloride mediated
halogenation prompted us to optimize the reaction condition (see entries 6—13). In comparing with that
in the literature? the E:Z ratio has been improved from 3:1 to 9k To our knowledge, no systematic
study of boron trichloride mediated chlorinating of alcohols has been repbrted.

Table 1
halogenating
agent
- =\
n-hexane X
1 2
X=Cl, Br
Entriesd Substrate 1 Molar ratio of Reaction time Reaction Isolated E/7.
(mmol) halogenating agent temperature Yield ratio
to substrate 1 (%)

1 12 POCl3, (1.25) 3h 250C 28 6/1
2 12 PCls3. (1.25) 3h 250C 30 6/1
3 12 PBr3, (1.25) 30 min 250C 95 3/1
4 12 SOClp, (1.25) 4h 250C 50 5/
5 12 BBr3, (1.25) 10 min 250C 60 5/1
6 12 BCls, (0.42) 10 min 250C 55 3/1
7 12 BCl3, (0.84) 10 min 250C 90 5.5/1
8 12 BCl3, (1.25) 10 min 250C 95 9/1
9 12 BCls, (1.25) 10 min reflux 95 9/1
10 32 BCl3, (1.31) 10 min 250C 95 3/1
11 21 BCls, (1.28) 10 min 250C 95 6/1
12 12 BCl3, (1.25) 20h 250C 95 1.1/1
13 380 BCls, (1.25) 10 min 250C 95 9/1

a. The halogenation were carried out by using 0.12 M of 1 in n-hexane for entries 1-9 and 12-13, and 0.32 M of
1,0.21 M of 1 for entries 10 and 11 respectively.

As shown in entries 6-8, Table 1, the stoichiometry of the halogenating agent with the substrate is an
important factor for enhancementBiZ ratio. When we used less than 100 mole% of boron trichloride,
the E:Z ratio decreased drastically (see entries 6 and 7). It indicates that coordination between boron
trichloride and hydroxyl group is essential for controlling of stereochemistry. In comparing entries 8, 10,
and 11, the effect of dilution on the halogenatinglofvas studied by varying the Bg&koncentration
in n-hexane. Theé:Z ratio of 2 increased progressively with dilution. It indicated that intramolecular
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chloride attack is more competitive than that of intermolecular chloride attack and favoraBléoion
formation. As shown in entry 12, Table 1, a long period of stirring results in equilibriufesidZ form,
although a short period of refluxing is tolerable (see entry 9). The boron trichloride mediated reaction
was performed on scales as large as 50 g without changing isolated yield and stereoselectivity (see entry
13). In comparing with those of conventional halogenating agents, both the stereoselectivity and isolated
yield are good. The worked-up and purification procedures are not laborious because no tarry compounds
or unrearranged halide were observed.

The chlorinating process could be explained by our envisaged mechanism. As shown in Fig. 2, two
possible conformerdA andB, are in equilibrium. The predominant conformferexists in major form,
since the quasi gauche and 1,3-diaxial interactions exists in conf@mwather inA. The vacant orbital
of boron atom of BJ is suitable for the formation of a six-membered transition state to act as either
donor or acceptor of electron pairs. Owing to the outer-shell and the number of outer-shell electrons
of the coordinated boron atom (i.e. boride ion) are similar to those of carbon atom, the high efficiency
for controlling of stereochemistry might be attributed to such a low-strained cyclohexane-like transition
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Fig. 2.

For comparison purposes, two structurally related alcol8)I5)(were prepared and subjected to the
halogenation conditiors,As shown in Table 2, the boron trichloride mediated chlorinating remains
superior in terms of stereoselectivity and chemoselectivityshould be noted that th&:Z ratios
increased progressively with the steric hindrance of the substiRiécemparing entry 8, Table 1 and
entries 1 and 2, Table 2).

A typical procedure for preparing ofEj-1-chloro-6,6-dimethyl-2-hepten-4-yn&)(using boron
trichloride is as follows: Compountl (53 g, 0.38 mol) in 2800 mL ofi-hexane was cooled to 10-15°C.
Boron trichloride (1 M in hexane, 480 mL, 0.48 mol) was added to the mixture at 15-20°C over a 10 min
period. After 10 min of stirring at 20°C, the mixture was quenched with 1000 mL of water and stirred
for 10 min. The separated organic phase was washed with 20% NacCl, dried ¢y)g®0@ evaporated to
afford the title compoun@ (57.1 g, 95%) in 9:E:Z ratio® Other tests in Table 1 were accomplished in
a similar method.

In conclusion, a boron trichloride mediated synthesis E)fX-chloro-6,6-dimethyl-2-hepten-4-yne
(2) from the enyne alcohdl has been developed. By judicious choice of the reaction conditions, the
chloride can be obtained in excellent stereoselectivity and isolated yield. The obEifigg (9:1)
is the maximum value among those reportédFurthermore, we have demonstrated that both the
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Table 2
halogenating
. OH agent -
R-=— - ———»h R—ﬂw\
n-nexane
X
R=CgHs, 3 4
R=n-C4Hg, 5 6
X=Cl, Br
Entriesd Substrate 1 Molar ratio of Reaction time Reaction Isolated E/Z.
(mmol) halogenating agent temperature Yield ratio
to substrate (%)

1 3,(12) BCI3,(1.25) 10 min 25C 95 6/1
2 5,(12) BCl3,(1.25) 10 min 25C 95 5/1
3 3,(12) SOClp,(1.25) 4h 25C 50 51
4 5.(12) SOClp,(1.25) 4h 25°C 45 4/1
5 3.(12) POCI3,(1.25) 20 min 25C 54 5/1
6 5,(12) POCIl3,(1.25) 20 min 25C 43 3/1
7 3,(12) BBr3,(1.25) 10 min 25C 45 3/1
8 5,(12) BBr3,(1.25) 10 min 25C 44 2/1
9 3,(12) PBr3,(1.25) 30 min 25°C 95 3/1
10 5,(12) PBr3,(1.25) 30 min 25°C 90 1.7/1

a. The halogenation were carried out by using 0.12 M of 3 or 5 in n-hexane.

stoichiometric coordination of the enyne alcotialith boron trichloride and intramolecular substitution
via cyclohexane-like transition state are important factors for contraitangs olefin selectivity.
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7. Characteristic peaks of allylic GHn E:Z mixture appeared at 3.99 (dd, J=4.4, 1.1 Hz) and 4.21 (d, J=8.1 Hz) fod
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J=10.5 Hz, 0.1H), 4.25 (d, J=7.2 Hz, 0.2H), 4.05 (dd, J=3.6, 1.2 Hz, 1.8H), 1.23 (s, 9H). HPLC was carried out with a Si60

Lichrospher (4.0 mm 25 cm), eluent, hexane isocratic at 1 mL/min, detector, UV at 225 nm, room temperature.



