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Generation of Allylic Titanocene Derivatives from Vinyl Halides
and a Cp,TiCl,-Me;Al Reagent System
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Abstract: The reagent prepared in advance by stirring a mixture of a Cp,TiCl,—Me,Al
reagent system in the ratio of 1 : 4 in toluene for 3 days is found to be effective in
generating allylic titanocene on treatment with vinyl halides in THF.
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Allylic organometals occupy an important position in diastereo- and/or enantioselective synthesis of
organic molecules. The generation of many kinds of allylic organometals, thus, has been earnestly
contrived by many research groups.l Among the allylic organometals, group 4 early transition metals (Ti
and Zr) as a metal component have attracted much attention not only for the reactivity and selectivity but also
for the way of ge:neration.2 Search for new methods for generating allylic metal derivatives from a simple
organic molecule is considered to be a significant subject since the methodology should present interesting
possibilities in organic synthesis. We report herein an efficient generation of allylic titanocene species 2°
from a solution of vinyl halides 1 in tetrahydrofuran (THF) and a reagent which is prepared in advance by
stirring a mixture of titanocene dichloride (Cp,TiCl,) and trimethylaluminum (Me;Al) in the ratioof 1 : 4 in

4
toluene.
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X =ClorBr allylic titanocene
In all the preparations of the allylic titanocene derivatives 2 described in the present paper, a
stoichiometric amount of Cp,TiCl, to vinyl halides 1 and a mixture of Cp,TiCl,— Me,Al reagent system in the
. . 5
ratio of 1 : 4 were the optimized conditions to attain reasonable amounts of the allylic titanocene species 2.
. oy . 6 . . .
Two more prerequisite conditions are: i) premixing of a toluene solution of Cp,TiCl, and Me,Al (1 : 4 ratio)
. . gt . . 7
at ambient temperature for 3 days prior to the addition of vinyl halides and ii) the use of THF as a co-solvent

Typical experimental procedure: Under an Ar atmosphere, 2 solution of Me,Al % in toluene,
ml, 6.0 mmol) was added to a solution of Cp,TiC,, (374 mg, 1.5 mmol) in toluene (3 ml) at ambient
temperature.  After the mixture was stirred at the same temperature for 3 d, a solution of a-chlorostyrene
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was stiired at ambient temperatuie fo 3 h.  The reaction was terminated by the addition of aq NaCH (IM
solution) at 0 °C and the mixture was filtered through a Celite pad. The filtrate was extracted with ether and
the combined organic layer was washed with brine, dried over MgSQ, and concentrated. The crude oily
material was purified by silica gel column chromatography (hexane — ethyl acetate = 10 3:1)to give
pure 2,6-diphenyl-1-hexen-4-ol (187 mg, 0,74 mmol) in 74 % yield

Table 1. Generation and Reactions of Allyiic Titanocene 2

L OAR.S.. L. gy |

with Aidehyades?

szTICIZ_MeSA' Cl R , nwvun OH R
(1:4) i A — 1 L
AL T Gpng\v N
X7 X toluene-THF | | T
1 70 °C 2 3
R X R' Yield of 3 (%)
Ph Ci Ph 50
PhCHoCHo 74
p-MeOPhCHy Cl PhCH2CHa 93
CHj Ci Ph 58
PhCH>CHa 58
Br Ph 60
PhCH2CH»> 80
¢tyCeHiiCH2 Cl Ph 80
Br PhCH,CHo 87
CYCGH“ 60
nl’/\\/‘l&' 66

a Experimental procedure, see the text.
b Isolated yield.

TiCl, — Me,Al (1 : 4) reagent system did not
in the formation of allylic titanocene derivatives
2, and 2 prepared under the present conditions showed the standard reactivity of allylic titanocene derivatives
with aldehydes including o.,B-unsaturated aldehyde. The reaction of cyclohexanone with allylic titanocene
2 generated from 1 (R = CH,cyC(H,,, X = Br) also gave homoallylic alcohol in 69 % yield."® It has been
well established that the reaction of Cp,TiCl, with 2 equiv of Me,Al at ambient temperature for 3 days yields
a heterobimetalic species, the so-called Tebbe reagent 4. """ The reaction of the Tebbe reagent 4 with olefinic
compounds in the presence of a basic solvent or compound, such as THF or dimethylaminopyridine (DMAP),
has been reported to give a titanacyclobutane compound, an intermediate of the olefin methathesis, through a
reaction of titanocene methylidene complex (Cp,Ti=CH,) with olefin. 2" In our present cases, heating of a
mixture of the Tebbe reagent 4, which is generated in toluene, with vinylhalide 1 (R = Ph, X = Cl) in
toluene-THF at 70 °C did not generate an appreciable amount of allylorganometallic compounds since no

allylation product could be isolated by the treatment of the reaction mixture with aldehyde. Addition of 2
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However, the present p genel ) rivatives !
through a titanacyclobutane § followed by Me,Al-mediated 3-elimination of chloride'*"” since the reaction of
1 with ("nnTI”(‘H,. whic h cenerated from dimeth in the absence of Me..AI did n

5 17

f'\

NY: R

. CHs 1 [
Cp2T<r>A<r\n CDQTk A|R3 -— (“nn?n\ ,l\
U L3 poluene Ve R

4 THF + 5 —

srmvmemsannacd

L.

DQO// 2 \\R'CHO

R OH R

o A AU

(>95%D) ¢ a0 0
(R = P-MeOPhCHy)

[ ]

v
-]
(=N
b-C]

A
"3
w5
'-'l
a
§ j
=
-~
—
b
~—
a3
PQ
:
—
L<
wn
=

:

Ministry of Education, Sc1ence and Culture, Japan (No. 08672447)
References and Notes

1. a) Yamamoto, Y.; Asao, N. Chem. Rev. 1993, 93, 2207 and references cited therein. b)
Comprehensive Organometdllic Chemistry; Wilkinson, G, Ed; Oergamon: Oxford, 1982. c) Roush, W.
R. Comprehensive Organic Synthesis; Trost, B. M. ,Ed.; Pergamon: Oxford, 1991; Vol. 2, p 1.

2. a) Yamamoto, Y.; Maruyama, K. Tetrahedron Lett. 1981, 22, 2895. b) Mashima, K.; Yasuda, H.;
Asami, K.; Nakamura, A. Chem. Lett. 1983, 219. c) Ito, H.; Taguchi, T.; Hanzawa, Y. Tetrahedron
Lett. 1992, 33, 1295. d) Chino, M.; Matsumoto, T.; Suzuki, K. Synletr 1994, 359. d) Kasatlin,
A.; Nakagawa, T.; Okamoto, S.; Sato, F. J. Am. Chem. Soc. 1995, 117, 3881. See also ref 1.
About1]3-allyltitanocene; ) Martin, H. A.; Jellinek, F. J. Organomet. Chem. 1967, 8, 115. f) Sato,
F.; Uchiyama, H.; lida, K.; Kobayashi, Y.; Sato, M. J. Chem. Soc., Chem. Comm. 1983, 920. g)
Sato, F.; lijima, S.; Sato, M. Tetrahedron Lett. 1981, 22, 243. h) Sato, F.; Suzuki, Y.; Sato, M.
Tetrahedron Lett. 1982, 23, 4589.

585



586

-

H.; Sato, M. J. Chem. Soc.,

)

Preparation of aiiyititanocenechioride; Sato, F.; Iida, K.; Iijima, S.; Moriya,

Chem. Comm. 1981, 1140.
4. Reactions of 1 with “Cp,Zr” has been reported to give an oxidatively Cp,Zr-inserted product.

Takahashi, T.; Kotora, M.; Fischer, R.; Nishihara, Y.; Nakajima, K. J. Am. Chem. Soc. 1995, 117,
11039.

5. Useofl:1or1:2 (see text) Cp,TiCl, — Me;Al reagent system under otherwise identical conditions o
the typical experiment did not show the formation of h moallyhc alcohol derivative in the reaction with
aldehyde. Use of 1 : 3 Cp,TiCl,— Me,Al reagent system gave a lower yield (25 %) of the allylation
product in the reaction with aldehyde. The reaction of monosubstituted olefin with 1 : 1 Cp,TiCl,
Me, Al reagent system has been reported. Barber, J. J.; Willis, C.; Whitesides, G. M. J. Org. Chem
1979, 44, 3603

6. Reaction (70 °C, 24 h) of viny! halides in THF with a toluene solution of Cp,TiCL,-Me,Al (1 : 4) which
was used without premixing failed to generate allylic titanocene,

7. Reaction did not take place without using THF. Use of DMAP instead of THF did not give satisfactory
results.

8. All new compounds were characterized by NMR ('H, °C), IR, MS and combusion analysis

9. Vinyl halides were prepared according to the reported procedure. Sidduri, A.; Rozema, M. J.; Knochel
P. J. Org. Chem. 1993, 58, 2694 and references cited therein.

10.

O
I
/\ Cp2TiClo-MesAl ) OH n ™
NN A g T
Br toluene-THF
70 °C (F‘ = CHQCyCGH1 1) 69 %

11.Tebbe, F. N.; Harslow, R. L. J. Am. Chem. Soc. 1980, 102, 6149.

12. a) Tebbe, F. N.; Parshall, G. W.; Reddy, G. S. J. Am. Chem. Soc. 1978, 100, 3611. b) Stille, J. R.;
Santarsiero, B. D.; Grubbs, R. H. J. Org. Chem, 1990, 55, 843,

13. Buchwald, S. L.; Anslyn, E. V.; Grubbs, R. H. J. Am. Chem. Soc. 1985, 107, 1766.

14. The reaction of acylchloride with the Tebbe reagent has been known to give titanocene enolate through a
B-elimination process of the cyclooxatitanabutane intermediate.  Stille, J. R.; Grubbs, R. H. J. Am.
Chem. Soc. 1983, 105, 1664. However, the complex and multi-mechanistic nature of the Me,;Al —
Cp,TiCl, reagent system depending on the reaction conditions in carbometalation reactions of acetylenes
has also been reported. Negishi, E.; Kondakov, D. Y.; van Horn, D. E. Organometallics 1997, 16,
951. Thus, we cannot definitely rule out the possibility that another reaction mechanism leading to
allylic titanocene 2 might take part in some extent in our cases.

15. A referee pointed out the possibility of the formation of N’ -allyltitanocene instead of 2. We can rule out
this possibility by the fact that the allylation of aldehyde proceeds even after the treatment of the present
allylic titanocene species with excess CH,Cl,. It has been reported that the n3-allyltitanocene complex
reacts with CH,Cl, to give Cp,TiCl,. We have confirmed that no reaction took piace through the
reaction of 1} -allyititanocene with aidehyde in the presence of CH,Cl,.

16. a) Claus, K.; Bestian, H. Justus Liebigs Ann. Chem. 1962, 654, 8. b) Petasis, N. A.; Bzowej, E. L. J.
Am. Chem. Soc. 1990, 112, 6392.

17. In the presence of Me,Al (2 equiv) under otherwise identical conditions, 3 (R = cyC¢H(,CH,, R’ =
PhCH,CH,) was isolated in a lower yield (20 %) through the reaction with aldehyde. We appreciate

PP

one of the referees for the kind suggesuon to test about this reaction



