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Titanocene monochloride catalyzes the homocoupling of
benzylic halides and benzyligemdibromides to give the

corresponding bibenzyl and stilbenyl systems. Exposure of

benzylic bromides to Ti(lll) in the presence of aldehydes
gave rise to the Barbier-type products. Examples of the utility
of the herein described processes are included.

Compounds containing the bibenzyl moiety as the core of
their structure constitute an interesting group of molecules.

Note

molecular quantities of reducing systems such a8 Miy,°

In,” Mn/CuCh,8 Zn/Cu? Smk,10 CrCh,1t Ti(lll)citrate/vitamin

B> cat.? and salts and carbonyl complexes of Ni, Mn, ortfe.
The Pd/C-catalyzéd coupling of benzylic chloride, 1-(dichlo-
romethyl)-, and 1-(trichloromethyl)benzene leading to the cor-
responding bibenzyl systems with uneven yields has also been
described. McMurry coupling reaction of different benzalde-
hydes was used to synthesize a series of stilbedbditihere

has also been a very recent description of the stereoselective
synthesis of hydroxystilbenoids by ruthenium-catalyzed cross-
metathesid® One precedent of the reaction of benzylic and
allylic halides using equimolecular quantities of Ti(lll) to give
the corresponding homocoupling products has been reported by
Yanlong et al’ Heterocoupling of benzylic halides with
benzaldehyde or derivatives has also been reported to be
achieved using conventional methods such as Wittig syntkesis,
condensation via sulfoné&,and either Sm#,° CrCl-,1* or
Mn-mediated® carbon-carbon bond forming processes, among
others.

As a result of our research into the use of,Ggl in the
synthesis of bioactive natural products, we have recently
developed novel processes of homocoupling of allylic hatides
and vinylepoxides catalyzed by titanocene chlofti8ubse-
quently, we wanted to explore the feasibility of accomplishing
Ti(lll)-mediated homo- and heterocoupling of benzylic halides.
Thus, considering the mechanism proposed for the reaction with
allylic halides and vinylepoxides, we surmised that titanocene
could well intervene efficiently in the homocoupling of benzylic
halides (Scheme 1). Following this mechanistical proposal,
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of a number of natural products as stilbenyl or bibenzyl
derivatives. A number of biologically important compounds such
as the well-known resveratrol and derivativemmbretastatirfs
and isocombretastatifgr lunularic acid are included among
this group of compounds.
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SCHEME 1 TABLE 1. Homocoupling Reactions of Benzylic Bromides
Mediated by Ti(lll)

. //T Ra
N X g ©/ Dimerization ~ R,
I/ P C’TI\C| LN ' ri/ 2~ (paha) @/\/O Ry . R, O Ry
§ " opmiox ! 1 sz2omTieL T Ris
. CreTt MnCl, R @/\X Rs BN, THE R
Cp,TiCl . v Rs Rs Rs
Mn Cp,TiCl Cp,TiCIX~|R
Mn 1aRy= Ry= Ry=H 2a 2b
MnCl> 5R,=H, Ry = OMe, Ry = H 6a
‘ Ny X @ATiCpZCI (path b) 7 Ry = H, R, =COOMe, Ry = H 8a
R// AF Coupling 9R;= R, =OMe,R3=H 10a 10b
Ry 11R; =R, = Ry = OMe 12a
Cp.TiCIX should be released after a SET process; consequently,
the excess of Mn present in the medium should permit the benzylic c . compounds
regeneration of Ti(lll), and thus the process would be susceptible entry  halide (M) time (vield)*
to catalysis by titanium. In this sense, voltammetric and kinetic 1 la 0.07 8h 2a(73%)
analyses of the nature of reducing species in titanocene halide- 2 la 0.8 2h 2a(74%)
promoted reactions carried out by Skrydstrup and Daasbjerg i ig 8'37 g‘:}h 22 (52%p
suggest path b as the most likely process taking place in this g 3 007 20h 4a(60%)
coupling reactiorf? 6 5 0.07  5min 6a(77%)
We started our study by making benzyl bromide)(react 7 7 007 7h 8a(57%F
with 0.2 equiv of CpTiCl, and 8.0 equiv of Mn in dry and 8 7 0.8~ 30min  8a(72%)
deoxygenated THFc(0.07 M)—conditions which had been o 2 0.07 7Smin - 10a(74%)

Y9 - , . 10 9 0.8 35min  10a(70%)
previously reported to promote homocoupling reactions of allylic 11 11 0.07 8h 12a(40%)
bromides in short reaction times @0 min)2! Under these 12 11 0.8 35min  12a(70%)
conditions, the reaction was completed after 8 h, and bibenzyl ﬁ ig 8-83 gg m': %Z%@"@LEQ égf/"/;f

. . 0 . . | (1] 0
(2a8) was obtained in a 73% vyield (Table 1, entry 1). The marked 1% 9 007 15min  10a(15%) 10b(83%)

lesser reactivity olawhen compared to that of allylic bromides _ _ _
could be attributed to the higher stability of the intermediate a's_‘"f‘te‘j yield aﬁerdco'ggnon Chrﬁjmaftograpﬁﬁ 30%.y|'e'd of starting J

. . . material was recovered A % yield of starting material was recovered.
benzylic ra_dlcal (, Scheme 1). W_hen the molar concentration d A 37% yield of starting material was recoverédConditions: 1.0 equiv
Qf lawas increased ?round 10 t|m5€5q-8 M), a remarkable of Cp;TiCly, 8.0 equiv of Mn, 5.0 equiv of 1,4-cyclohexadiene, THF, rt.
increase of the reaction rate was noticed (Table 1, entry 2).Calculated by NMR? Conditions: 1.0 equiv of GiClz, 8.0 equiv of
Furthermore, whereas no reaction was detected after 24 h wherMn, 5.0 equiv oft-BuSH, THF, rt.

benzyl chloride {b) was forced to react under diluted conditions

(Table 1, entry 3), a 52% yield of bibenzy24) was obtained To gain an insight into the mechanism of this process, benzyl
when the concentration was increased up to 0.8 M (Table 1, hromide (La) was treated with 1.0 equiv of Ti(lll) in the presence
entry 4). Additionally, 2-(bromomethyl)naphthaler® hehaved  of radical reductors such as 1,4-cyclohexadiene-BuSH
similarly, and a 60% yield of 1,2-bis(naphtyl)ethadk&)(was (5.0 equiv). In the event, the main product of both reactions
obtained when the concentration used was 0.07 M (Table 1,45 toluene Zb), while only minor amounts of bibenzyP§)
entry 5). . L ) ) were detected (Table 1, entries 13 and 14). This seems to denote
_ With the aim of widening the scope of this reaction, the 4 the initially formed benzylic radical is stable enough to be
influence of different oxygenated substituents on the aromatic trapped by a proton donor before evolving to the benzyltitanium
ring was then tested. Thus, the presence of an electron-donatingne cjes. This result was confirmed after noticing that, in the
substituent as the methoxy group jrara position to the reaction of bromid® with 1.0 equiv of Ti(lll) and 5.0 equiv of
bromomethyl moiety made the corresponding methoxybenzyl y 4-cyclohexadiene, the corresponding reduction prod0bt
derivative5 react within a few minutes to afforain a 77% V\;as obtained in a 8'3% yield (Table 1, entry 15). Since in our

ield (Table 1, entry 6). On the other hand, an electron- . . . . .
\>/lvithdr(awing substitu)(/ant)as the carboxymethyl group slowed previous work on Ti(lll)-mediated homocoupling of terpenic
y y allylic halide$! we postulated that the reacting intermediates

i 0,
down the homocoupling process (57%) .(.Table 1, entry 7), and were allyltitanium species, we considered that the result of the
more concentrated experimental conditioms0(8 M) were . : o .
treatment of allylic halides with titanocene in the presence of

needed to reach satisfactory results (72%) (Table 1, entry 8)'h drogen radical donors would add new evidence to help clarify
Furthermore, good yields were also detected when two or three ydrog e P
the mechanistic nature of these two processes. Thus, when

methoxy groups were present in the starting benzylic bromide . . . :
(Table 1, entries 912). The formation ofi2a a dimer isolated geranyl bromide was exposed to 1.0 equiv of T.'(”l) in the
presence of 5.0 equiv d¢fBuSH or 1,4-cyclohexadiene, only

from Frullania brittoniae spp. Truncatifolig?* and comprised th dina h i duct detected i
in a patented antitumoral composition, constituted a direct € corresponding homocoupiing product was detected in
excellent yields ¥ 90%). It could then be inferred that, in the

synthetic application of this process. . g . i :

y PP P case of terpenic allylic halides, the rate of reduction of the allylic
(23) () Enemaerke, R. J.; Larsen, J.; Skrydstrup, T.; Daasbjerg, K.  radical to the allylic titanium is faster than any other collateral

Am. Chem. So004 126, 7853-7864. (b) Enemeerke, R. J.; Larsen, J.; process; hence, allyltitanium species are mainly the species

?gg”;nl%% H.; Skrydstrup, T.; Daasbjerg, Krganometallics2005 24, involved in the coupling process, while when benzylic halides
(24) Asakawa, Y.; Tanikawa, K.; Aratani, Phytochemistryl976 15, are considered, the intermediacy of benzylic radicals should not
1057-1059. be ruled out.
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TABLE 2. Cross-Coupling Reaction Mediated by Ti(lll)

Rq R R
OH
3 R, "H Rs
1aR;= Ry= Ry=H
5R;=H,R,=0OMe, Rz =H

9R = R2=OMe,R3=H
9R1= R2=OMG,R3=H

13Ry= Ry = Ry = H, Ry = CgHs
14R; = H, R, = OMe, Ry = H, Ry = CgHs
15R, = R, = OMe, Ry = H, Ry = CgHs

16R;=R,=OMe,Ry=H,R,= { y{

benzylic compounds
entry halide time (yield)?
1° la 3h 13(38%)+ 2a(5%)
2 la 5 min 13(35%)+ 2a(24%)
3d la 10 min 13(57%)+ 2a(15%)
4d 5 5 min 14 (50%)+ 6a(15%)+ 17 (19%)
5d 9 10 min 15(58%)+ 17 (20%)
6d 9 15 min 16 (60%)

a|solated yield after column chromatograp®yConditions: 0.2 equiv
of CpTiCly, 8.0 equiv of Mn, 7.0 equiv of collidine, 4.0 equiv of TMSCI,
THF, rt. ¢ Conditions: 2.0 equiv of GTIiCl, 8.0 equiv of Mn, THF, rt.
d For entries 3-6, 1.0 equiv of CpTiCl, was used.

Encouraged by the good yields found in the homebond
forming, we decided then to explore the feasibility of ac-
complishing crossed €C bonds between benzylic bromides
and aldehydes.

JOCNote

SCHEME 2. Synthesis of Stilbene Derivatives

x //|R //|R
@/Lx Cp,TiCl @ﬁx XA | X
= = —_—
R/ R/ | X X | X
18R =H,X =Br " AF AF
R v

19R=H,X=Cl R* 20r=H
SCHEME 3. Synthesis of 3,35,5-Tetramethoxystiloene (21)
MeO OMe
CHO Br._-Br
1. hydrazine "
Q  hydate, {EL 2
MeO OMe 2. CuBrz sy OMe 72%
= e
MeO OMe

21

with catalytic quantities of Ti(lll) (Scheme 2). Thus, the benzyl
radical initially formed (Il ), now further stabilized by the
presence of the halogen atomogtwould dimerize to give the
1,2-dihalodibenzyl derivative ), which could further evolve
to give rise to the formation of the corresponding stilbene
derivatives via a Ti(lll)-mediated reductive dehalogenafibn.
Thus, we caused 1,1-dibromobenzgB) to react with 0.2
equiv of CpTiCl, and an excess of Mrc(0.8 M) and found
that the reaction took place after 35 min, yielding 74%rahs-
stilbene 20). Under identical experimental conditions, 1,1-

In this sense, there have been recent descriptions of Barbier-dichlorobenzyl 19) led after 18 h only to a 32% yield ¢f0,

type reactions-mostly allylations-mediated by titanocene
monochloride using either catalytic quanti&fesr 2 equiv of
this reagent® In our hands, when benzyl bromidéaj was

with 50% of unaltered starting material being recovered. In our
opinion, it deserves to be underlined the ability of catalytic
quantities of Ti(lll) to promote in an one-pot reaction two

reacted with benzaldehyde using catalytic Ti(lll) in the presence chemical transformations, namely, a carba@arbon bond

of the combination Mn/collidine/TMSCI, the cross-coupling

forming process and the reduction of 1,2-dibromides to the

adductl3was the main reaction product (Table 2, entry 1). On corresponding olefins.

the other hand, when an excess of Ti(lll) (2.0 equiv) was added At this juncture, we felt that naturally occurring 385-

to 1la and benzaldehyde, the result was similar (Table 2, entry tetramethoxystilbene2(), isolated fromCentipeda minimas8

2). We focused then our efforts to improve the experimental could be efficiently synthesized using this catalytic protocol.
conditions for this cross-coupling. In the event, the use of only Compound1is contained in a pharmaceutical composition used

1 equiv of Ti(lll) together with the quick and simultaneous

in the prevention of carcinogenegfwhile its tetrahydroxy

addition of the aldehyde and the corresponding benzyl bromide, derivative showed significantly lower kgvalues against COX-2
as well as the employment of an excess of aldehyde due to itsthan clinically established celecoxib.This synthesis was
tendency to undergo pinacol coupling reactions in the presencedesigned starting from commercially available 3,5-dimethoxy-
of SET reagents, allowed yields of the Barbier-type adducts benzaldehyde 22). When this compound was treated with

ranging from 50 to 60% yield (Table 2, entries8). In entries

hydrazine hydrate following the conditions described by Takeda

4 and 5, apart from the corresponding cross-coupling products, et al.3! considerable quantities of the corresponding azine were

a byproduct possessing structuré could also be isolated in
19 and 20% yield, respectively. The formationlaf seems to

formed. The reduction of the quantity of hydrazine from 20 to
2.5 equiv led efficiently to the corresponding hydrazone, which

indicate an unprecedented transference of a cyclopentadienylwas converted into dibromid&4 by reaction with EfN/CuBr.3!

moiety from CpTiCl.

17

Once we had postulated the intermediacy of radical species

in the reaction of benzylic bromides with Ti(lll), it was

envisioned that stilbene and derivatives could be prepared from
the corresponding 1,1-dihalobenzyl derivatives after treatmen

(25) Rosales, A.; Oller-Lpez, J. L.; Justicia, J.; Gansar, A.; Oltra, J.
E.; Cuerva, J. MChem. Commur2004 22, 2628-2629.

(26) Jana, S.; Guin, C.; Chandra, Roy,T&trahedron Lett2004 45,
6575-6577.

Gratifyingly, exposure oR4 to catalytic Ti(lll) led to natural
product21in a 72% yield (Scheme 3).

In summary, the reduction of benzylic halides and benzylic
gemdibromides with CpTliCl resulted in good yields of the

(27) Davies and Thomas reported the titanium-catalyzed reduction of
1,2-dibromides to the corresponding olefins, although these authors did not
employ this reaction for the formation of stilbenes: Davies, S. G.; Thomas,
S. E.Synthesis984 1027-1029.

(28) Gupta, D.; Singhi, JPhytochemistryi99Q 29, 1945-1950.

(29) Sang-Hee, K.; Young-Jin, C. Stilbene Derivative with Cytochrome

t P450 1B1 Inhibitory Activity, Pharmaceutically Acceptable Salt, Preparation

Method, Pharmaceutical Composition, and Use in Prevention of Carcino-
genesis. Patent No. WO 2003018013, 2003.

(30) Murias, M.; Handler, N.; Erker, T.; Pleban, K.; Ecker, G.; Saiko,
P.; Szekeres, T.;"gar, W.Bioorg. Med. Chem2004 12, 5571-5578.

(31) Takeda, T.; Sasaki, R.; Yamauchi, S.; Fujiwara,T€trahedron
1997, 53, 557-566.
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corresponding bibenzyls and stilbenes,T@l also proved to Synthesis of 3,35,53-Tetramethoxystilbene (21). 1-(3,5-
mediate the heterocoupling reaction of benzylic halides and Dimethoxybenzylidene)hydrazine (23):Finely powdered 4 A
aldehydes. The synthesis of different bibenzyls and stilbenesmolecular sieves (2 g) were placed in a flask under argon
illustrates the utility of these processes. atmosphere. MeOH (5 mL) and hydrazine hydrate (160 mg, 5.0
mmol) were added successively. After 20 min, a methanol solution
. . (5 mL) of 3,5-dimethoxybenzaldehyd@3) (332 mg, 2.0 mmol)
Experimental Section was added dropwise to the reaction mixture for 5 min at room
General Procedure for the Catalytic Homocoupling Reaction temperature (TLC monitoring). Then, molecular sieves were filtered
of Benzylic Bromides Mediated by Ti(lll). A mixture of Cp- off and washed witt-BuOMe. The solvent was concentrated under
TiCl, (190 mg, 0.74 mmol) and Mn dust (1620 mg, 29.44 mmol) reduced pressure at® to obtain 310 mg o3. Compound23
in thoroughly deoxygenated THF (50 mL) was stirred under an Ar Was directly used in the following reaction without purification.
atmosphere at room temperature until the red solution turned green. 1-(Dibromomethyl)-3,5-dimethoxybenzene (24):Copper(ll)
The corresponding benzylic bromide (3.68 mmol) in strictly bromide (670 mg, 3.0 mmol) was dissolved in MeOH (6 mL) under
deoxygenated THF (2 mLG; = 0.07 M) was then added to the ~ argon atmosphere. Then, s8t (0.15 mL) was added, and the
Cp,TiCl solution (TLC monitoring). Then, THF was removed, and Mixture was stirred for 20 min at room temperature. Then, 1-(3,5-
the reaction was quenched it N HCI, extracted with-BuOMe, dimethoxybenzylidene)hydrazin@3) (180 mg, 1.0 mmol) was
washed with brine, dried over anhydrous,8@, and concentrated ~ added dropwise in 3 mL of MeOH for 5 min at @ (TLC
under reduced pressure. The resulting crude was purified by columnmonitoring). After being stirred for 5 min, the reaction was
chromatography on silica gel to afford the corresponding coupling duenched by addition of 3.5% Ntqueous solution, extracted with

products 2a, 4a, 6a, 8a, 103 and12a). The same procedure was -BuOMe, washed with brine, dried over anhydrous,8i,, and
followed when the molar concentration was 0.8. concentrated under reduced pressure to af2drdIR (film) 2961,

General Procedure for the Cross-Coupling Reaction Medi- 2936, 2838, 1596, 1461, 1427, 1349, 1323, 1298, 1203, 1158, 1064,
ated by Ti(lll). A mixture of CTiCl, (333 mg, 1.30 mmol) and 697 cnm; *H NMR (300 MHz, CDC¥) 6 3.73 (6H, s), 6.31 (1H,
Mn dust (572 mg, 10.40 mmol) in thoroughly deoxygenated THF t J = 2.2 Hz), 6.48 (1H, s), 6.62 (1H, d,= 2.2 Hz), 6.63 (1H,
(18 mL) was stirred under an Ar atmosphere at room temperature S); “°C NMR (75 MHz, CDC}) 6 41.0, 55.6 (2C), 101.9, 104.8
until the red solution turned green. Then, the corresponding benzylic (2C). 143.8, 160.7 (2C). _
bromide (1.30 mmol, 1.0 equiv) and the corresponding aldehyde ~ 3.3,5,3-Tetramethoxystilbene (21):According to the general

(2.60 mmol, 2.0 equiv) were added simultaneously to theT@} procedure described for the homocoupling of benzyjien
solution (TLC monitoring). THF was removed, and the reaction dihalides, the resulting crude was purified by column chromatog-
mixture was quenched witl N HCI, extracted witht-BuOMe, raphy using hexane as eluent on silica gel to afford 72%18fas

washed with brine, dried over anhydrous,8@, and concentrated @ colorless solid: Mp 129130 °C, lit.3? 130-132°C; *H NMR
under reduced pressure. The resulting crude was purified by column(300 MHz, CDC}) 6 3.75 (12H, s), 6.33 (2H, § = 2.3 Hz), 6.60
chromatography on silica gel to afford the corresponding alcohols (4H, d,J = 2.3 Hz), 6.94 (2H, s)}*C NMR (75 MHz, CDC}) 6
(13, 14, 15, 16, and 17). In some cases, minor quantities of 95.5, 100.3, 104.8, 129.3, 139.3, 161.1.

homocoupling products were obtained. Please see Table 2. .
General Procedure for the Catalytic Homocoupling Reaction Acknowledgment. This research was supported by the

of BenzylicgemDihalides Mediated by Ti(lll). A mixture of Cp- Spanish Ministry of Science and Technology, Project BQU
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atmosphere at room temperature until the red solution turned green. . . . ) .
The corresponding benzyligemdihalide (1.2 mmol) in strictly Supporting Information Available: Experimental Erocedures
deoxygenated THF (1 mL) was then added to theT@pl solution and spectroscopic data of new compounds #hand**C NMR
(TLC monitoring). Then, THF was removed, and the reaction was SPeCtra o2, 4—17, 20, 21, and24. This material is available free
quenched wh 1 N HCI, extracted witht-BuOMe, washed with  ©f charge via the Intemet at http://pubs.acs.org.

brine, dried over anhydrous B®0O, and concentrated under jO062492P

reduced pressure. The resulting crude was purified by column

chromatography on silica gel to afford the corresponding stiloene  (32) Murias, M.; Handler, N.; Erker, T.; Pleban, K.; Ecker, G.; Saiko,
derivatives 20, 21). P.; Szekeres, T.;"dar, W.Bioorg. Med. Chem2004 12, 5571-5578.

2254 J. Org. Chem.Vol. 72, No. 6, 2007



