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ABSTRACT

Ri1 : Ry R
Ti 1 2
+ =R _TiXy
Ar)\OLi 2 "CH,Cl, Ar)\/K X
0°tort
Ry: aryl, alkenyl, alkynyl E:Z up to 99:1

X=Cl, Br Yield: 43-81%

Alkoxide C—O bond cleavage occurs readily at room temperature in the presence of titanium(IV) halide. Capture of the resultant carbocation

by alkynes provides an efficient route to trisubstituted (E)-alkenyl halides with high stereoselectivity.

In 2005, we reported the first transition-metal-free nucleophilic
subgtitution of hydroxyl groups, through the corresponding
akoxides, by stereodefined haloalkenyl moieties (Scheme 1).12
The reaction involves the unprecedented C—0O bond cleavage
of an akoxide in the presence of halovinylboron dihalide
and provides a practical route to trisubstituted (2)-alkenyl
halides. The reaction proceeds quite well with akoxides
generated in situ from reactions of adehydes and alkyllithium
reagents which further adds versatility to the method.**3

During ongoing mechanistic studies of the aldehyde-alkyne
coupling reaction,* we discovered that changing the mode of
reagent addition greatly affects the stereochemistry of the
product formed. Thus, coupling akoxides with terminal akynes
in the presence of boron trihaide yields trisubgtituted (E)-alkenyl
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Scheme 1. Swift Stereochemistry via Changing Reactant Adding

Sequence
Sequence 1 )R’\
BCl; S8 <C' Ar” 0L )R\ j'
CH,Cl, pn  CHCl, Ar™ > Ph
0°tort 0° tort Zonly
Sequence 2
R R Ph
BCl;
P Ph - 1
Ar” oL CH,Cl, PN
0°Ctort A ¢l
EZ=~2-191

halides as the major products with moderate stereoselectivities®
(Scheme 1). In these cases, we believe that carbocations are
generated from alkoxides in the presence of boron trihalide and
subsequently captured by the termina alkynes.

Our recent study of boron tribromide-mediated aryl propargyl
ether deavage® suggests that the addition of boron trihdide to
termina akynesis a very fast process. Methoxy groups (known
to react with BBr3) were found to survive the reaction conditions



becauise of the high reectivity of BBr5; toward the termind akynes.
This observetion led us to propose thet the moderate stereosdec-
tivity for the reaction shown in Sequence 2 (Scheme 1) resulted
from a competitive reaction involving the facile formetion of (2)-
vinylboron dihdlide (giving the Z-isomer after coupling with the
akoxide). To minimize this undesired competitive resction, we
felt that replacement of boron trihalide with Lewis acids thet do
not undergo fecile addition to alkynes might enhance the stereo-
sectivity of the overal coupling resction. Previous studies from
our group,” aswell as other groups® have demongtrated that C—O
bond cdeavage in dkoxidetype RC—OMX, (M = Ti, F
intermediates can occur smoothly a room temperature. In 2008,
Fuchter and Levy reported a one-pot method for the converson
of carbonyl dectrophiles to dlylic chlorides by activeting the in
Situ generated magnesium akoxides using TiCl,° Related work
by Mura and co-workers documented successful C—S bond
deavage™® Herein we report our preliminary results focused on
the stereosdective synthess of trisubgtituted (E)-akenyl haides.

The reaction of lithium diphenylmethanoxide with phe-
nylacetylene was chosen as the model system (Scheme 2).

Scheme 2. Lewis Acid Induced Coupling Reaction

Ph
_ Lewis acid P Ph
S+ =—Ph — > )\/L
Ph OLi 0°Ctort pp cl
Major isomer

L.ewis acid: FeCl3, TiCl4, ZnCly, NiCly

Due to its low cost, FeCl; was initially used to test the
feasibility of the coupling reaction.

Several solvents were surveyed but the poor solubility of
FeCl; led to modest yield even after 24 h at room temper-
ature. Elevating the reaction temperature did increase the
yield but led to decreased stereoselectivity. These results are
consistent with a recent publication concerning the FeCls
mediated coupling of benzyl alcohols and aryl alkynes in
refluxing CH,Cl, which reports the formation of trisubstituted
(E)-alkenyl halides as the major products but with only
moderate stereoselectivities (E/Z = ~8:1).** Notably, in 2008
Jana et a. reported that the FeCl; mediated reaction in
nitromethane at 80 °C gives aryl ketones, rather than
trisubstituted (E)-alkeny! halides.*® Due to the poor solubility
of FeClz in organic solvents at room temperature, we decided
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to screen other metal halides. Fortunately, the desired reaction
occurred smoothly at room temperature using TiCly; product
la was isolated in 78% yield and with excellent stereose-
lectivity (E/Z = 96:4).® ZnCl, and NiCl, proved to be
ineffective. The product’s E stereochemistry was confirmed
by X-ray analysis of compound 1d.**

To evaluate the scope and limitations of the reaction, a
variety of benzylic, adlylic, and propargylic acohols were
prepared and subjected to the new reaction conditions (Table
1). Severa examples illustrate that ether moieties, double

Table 1. Titanium(IV) Chloride Mediated Coupling of
Alkoxides with Alkynes*

)R\Z _ . _TC4 R: R
+ = —
R{” “OLi CHCl, Mm
0°Ctort 1
. yield
Entry R, R, R prod. EZ (%)
96:4 78
2 2-MeC¢H, Ph Ph 1b 99:1 58
3 4-FCH, 4-FCeH, Ph e 982 81
(60:40)°  (80)"
4 4-CIC¢H, Ph 4-MeCeH, 1d 96:4 76
5 4-FCeH, 4-FCeH, 4-MeCgHy 1e 98:2 76
6  4-MeOCH, 4-MeOCH, Ph 1t 92:8 43
7 Ph Ph n-Bu 1g  70:30 62
8 (E)-PhCH=CH Ph Ph 1h 99:1 68
9  nBu—=—  4-CICH, Ph 1i 99:1 68
10 ppu——=—  4MeCH, Ph 1j 99:1 67
11 Ph—— Ph Ph 1k 98:2 75
12 Ph—— n-Pr Ph 11 96:4 71

2 Reaction was carried out at 0 °C for 10 min, then maintained at room
temperature (see experimental section for details). ® E:Z ratio determined
by NMR. ¢ Isolated yield based on alcohol. @ E:Z stereoselectivity and yield
using BCl; instead of TiCl,.

bonds, and triple bonds al tolerate the reaction conditions.
The E products are produced in excellent stereochemical
yields.™® Even lithium di(4-fluorobenzyl)methanoxide gives
excellent stereoselectivity (entry 5) using TiCl,. In our
previous work, this reaction afforded very poor stereoselec-
tivity (E/Z = 60:40) when BCl; was used.®> Successful
coupling using an aliphatic alkyne is notable, though the
stereoselectivity is rather poor (E/Z = 70:30, entry 7). In
recent reports,**? it was noted that the FeCl; mediated
coupling reaction of benzylic alcohols with alkynes is only
successful for aryl akynes. The lower stereoselectivity
(E/Z) for aiphatic alkynes is most likely due to the lack of
steric bulk of the n-butyl group.
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Because of the synthetic potential of akenyl bromidesin
transition metal catalyzed coupling reactions, we examined
the use of TiBr, (Table 2). Again, the reaction proceeds

Table 2. Titanium(IV) Bromide Mediated Coupling of
Alkoxides with Alkynes*

Ra . R, R
_ TIBF4 2
+ rR —_—
R1)\0Li CHCl, 1/M5r
0°Ctort
yield
Entry R, R, R prod E:Z°

O
1 4-MeOCeH, 4-MeOC{H, 4-MeCeH: 2a 9614 59

2 4-MeOCeH, 4-MeOCH, Ph 2b 964 64
3 Ph Ph 4-MeCHy 2 982 79
4! Ph—— Ph Ph 2d 991 74
54 pBuU—— Ph Ph 2e 991 76
6  pBu—— Ph 4-MeCeH,  2f 991 66

7 nBu 4-CIC4H, Ph 2g 982 66

@ Reaction was carried out at 0 °C for 10 min, then maintained at room
temperature (see experimental for details). ° E:Z ratio determined by NMR.
¢ |solated yield based on alcohol used. 9 Lithium alkoxide was generated
in situ from the reaction of benzaldehyde and lithium acetylide.

readily at room temperature and good yields are obtained.
We then examined the reactions of in situ generated lithium
propargyloxides (from aryl aldehydes and lithium acetylide)
with phenylacetylene (entries 4 and 5). High stereoselectivity
and good yields were obtained in both cases.

In view of the previoudy reported results*® along with the
dark purple color of reaction mixture, we postulate that the
reactions proceed through a carbocation mechanism (Scheme

(11) During the preparation of this manuscript, the FeCl; mediated
coupling reaction of alcoholswith alkynesin refluxing CH,Cl, was reported.
The low stereoselectivity, we believe, is due to the enhanced reaction
temperature. Liu, Z.-Q.; Wang, J.; Han, J.; Zhou, B. Tetrahedron Lett. 2009,
50, 1240.

(12) Jana, U.; Biswas, S; Maiti, S. Eur. J. Org. Chem. 2008, 5798.
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was cooled to 0 °C in an ice bath and n-butyllithium (1.6 mmol, 1.6 mL of
a1.0 M hexanes solution) was added via syringe. The solution was allowed
to stir for 10 minutes at 0 °C and then for 30 minutes at room temperature.
Phenylacetylene (0.16 mL, 1.5 mmol) was added via syringe, followed by
titanium(lV) chloride (1.65 mmol, 1.65 mL of a 1.0 M dichloromethane
solution). The reaction solution gradually turned dark purple and was
alowed to react overnight. The resulting mixture was hydrolyzed with water
(15 mL) and extracted into dichloromethane (3 x 15 mL). The organic
layer was separated and dried over anhydrous MgSO,. Product la (356
mg, E/Z = 96:4, 78% yield) was isolated by flash column chromatography,
using hexanes as eluent.

(14) For details of the crystallographic data of compound 1d, see
Supporting Information.
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3). Thereaction of the lithium alkoxide with TiX, first forms
intermediate 3 [R;R,CHO—TiCl3]. Carbocation 4 is then
generated from either intermediate [R;R,CHO—TiClj3] or an
oxonium ion intermediate [RlRZCHO—(TiCI4)TiCI3].16 At
present, there is insufficient data available to distinguish
between these two pathways. Capture of carbocation 4 by
the alkyne affords final product 1 or 2. The carbocation nature
of the reaction is supported by compounds 1 and 2 possessing
the same stereochemistry with compounds that were obtained
in a previously reported reaction of benzylic carbocations
with alkynes.*’

Scheme 3. Proposed Reaction Mechanism

Rz ' R © Rz
TiX4 2 — O=TiX3
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R1)\/® R1M\X
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In summary, a method for preparing trisubstituted (E)-
alkenyl halide derivatives with high stereoselectivity is
described. Both trisubstituted (E)-alkenyl halide and (2)-
alkenyl halide derivatives can now be prepared from readily
available alkoxides and acetylenes. The feasibility of gen-
erating carbocations from akoxides under Bregnsted acid-
free reaction conditions was further confirmed. Application
of this new synthetic method is currently underway.
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