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Abstract: o-Styrenylbenzyllithiums readily available from the cor-
respondingw-styrenylbenzyl selenides and butyllithiums provide

We wanted to get an insight into the intimate mechanism

after methanolysis 1-aryl-2-benzyl cyclopentanes with very highp! such a discrepancy between the different results cited

stereocontrol. The compound bearing these two grouparis:po-

above and decided to study the reactivity of the benzylse-

sition is produced, when the reaction is carried out in THF at -78 1enide 1d, bearing a phenyl substituted C,C double bond
orin ether at -100 °C whereas its stereoisomer is generated if thetegyards aIkyIIithiums’-:?’

action is performed in ether at 0
occur under kinetic control.
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carbocyclisation

A few years ago we reported that the o-alkenylbenzyllith-
ium 2a (R = H, Scheme 1) possesses a very high propen-
sity to rearrange to cyclopentylmethyllithium 3a which
after hydrolysis led to the corresponding 1,2-dimethyl-1-
phenyl cyclopentane 4a with almost complete stereocon-
trol depending upon the nature of the solvent and the tem-
perature used (3a’ and 4a’ in ether at 20 °C3a” and 4a”

°C. We proved that these reactions .
P 0§enzylse|enlde1d was expected to be the precursor of

both benzyllithiums Zd and 3d resulting respectively
from the C-Se bond cleavage and the carbolithiation reac-
tion) which should possess carbanions of related stability
and therefore should be particularly prone to equilibrate.

2,7-Diphenyl-2-(methylseleno)-hepteneld, prepared
from 1,1-bis (methylseleno)-1-phenylethameBuLi *

and 5-bromo-1-phenyl-pent-1-ene, leads, on reaction with
n-BuLiin THF at-78 °C, and methanolysis at that temper-
ature, to the cyclopentane derivatigtas a 3/97 mixture

of stereoisomerd’d/4”d (Scheme 1, Table, entry a). The
same reaction is still effective in ether at -78 °C but it re-

in THF at -78 °C)l2 The reaction proved to be quite genduires the use of the more reacts/BulLi 4 to cleave the
eral since related compounds whose C,C double bofeS€ bond and provides the same mixture of stereoiso-
bears a thiophenyl group (R = SPh, Scheme 1) behdWers but with a lower stereoselectivity (Scheme 1, Table,

similarly.°
Cyclization even takes place with thealkenylbenzyl-

entry b, compare to entry a).
Most of the reactions have been carried on a (1/1) mixture

lithium 1c bearing a methyl substituent on the C,C doub®f Z/E isomers ofd. In few cases, we have used a starting

bond?® but instead leads to the cyclopent[a]ind&aen

pentane (20 °C, 24 R'/5/7 ratio 3/97/0 by GC) and to

1,2-dimethyl-1-phenyl-cyclohexari# soiled with some
of 4cand5cin THF (-78 °C, 0.5 h46% yield;4" /5/7 ratio
15/22/63 by GC).

Scheme 1

Synlett 1999, No. 07, 1142-1144

material highly enriched in one or the other stereocisomer
and have not observed significant change orttti&" d
ratio of stereoisomers.

We have screened, in order to control more efficiently its
stereochemical outcome, the effect of the temperature on

Table Carbocyclization of w-stryrenyl benzyllithiums

Entry Conditions 4d yield %

(4'/4" ratio)

(i) n-BuLi, THF, —=78C, 1h (ii) MeOH, —78C
(i) s-BulLi, ether, —78C, 1h (ii) MeOH, —78C
(i) sBulLi, ether, OC, 1h (kk) MeOH, 6C

(i) sBulLi, ether, —48C, 1h (ii) MeOH, —45C
(i) sBuLi, ether, —65C, 1h (ii) MeOH, —653C
(i) sBulLi, ether, —10€C, 1h (ii) MeOH,
-100C

(i) s-BuLi, ether, —100C, 1h (ii) MeOH, 0C
(i) n-BuLi, THF, 0°C, 1h (ii) MeOD

i (i) n-BuLi, THF, —=78C, 1h (ii) —=78C to C°C,
1h, (iii) MeOD, CC

83 (3/97)
70 (33/67
72 (98/2)
80 (90/10)
65 (44/56)
70 (8/92)

D o0 T®

70 (4/96)
75 (27/73)
60 (26/74)

o Q
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of such reactions in order to better understand the reasons
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the reaction performed in ether. We unexpectedly found The benzylselenid® d required for this study was easily
that it ispossibleto producein ether either thealmost pure  prepared (Scheme 3) by quenchid (prepared fronid
cyclopentane sterecisomer 4'd or 4" d selectively by per-  andt-butyllithium in pentane’” with dimethyldiselenide
forming the reaction at 0 °C (Table, entry c¢) or at -100 °C equiv. MeSeSeMe, 20 °C, 1 h, 32% yield). The newly
(Table, entry f). formed benzylselenid@d is a stereoisomeric mixture in

We also found that the ratio of stereoisomers changes c3fflich thecis-stereoisomer at the ring junction predomi-
tinuously between 0 °C and -100 °C (Table, entries b- ates §d/8" d :74/26) but each stereocisomer is an epimer-

and that the significant change occurs around -65 °C (Ti- Mixture at the benzyl site where the methylseleno
ble, entry e). moiety has been introducef’q o; 77/23 8"d o/B; 74/

26).
These reactions occur under kinetic control in the whole )

range of temperature studied from -100 °C to 0 °C sinci€ @lso prepared, for control experimentstthes-

the same ratio of stereoisomers is obtained when the rei€reoisomes" d by performing the two consecutive re-

tion performed at -100 °C and is then quenched with de! gtions in THF ((7) 1 equivo-Bull, TH!,:’ 78 °C,°O.§ h'o

teromethanol either at that temperature or at 0 °C (Tapld 1 equiv. MeSeSeMe, THF, -78°C to 20 °C; 73%

entries f, g). yield, 8" d/8'd 98/2,8"d o/f: 87/13) and have unambigu-

Reactions performed in THF do not exhibit similar beha\f?nusIy a:jssess;]ad the stgreochemistry c|J|f the n;]ajor stereoiso-
ner8"d, (Scheme 3 X-ray crystallography.

ior since epimerisation takes place when the reaction car- N ( , ") y yew grapny .

ried out at -78 °C is heated to 0 °C prior to methanolysisSe€lenides’d and8" d have been also prepared in a more

(Table, entry i). expedite way by reactingd with a catalytic amount of

, BuLi (Scheme 4) :
Furthermore we proved that the reaction proceeds under

kinetic control in THF at -78 °C (Table, entry a). Indeed? €ther (1) 0.2 equiv.t-BuLi, ether, 0 °C, 0.1h (i) 0° to
the benzyllithium3'd, prepared in THF at -78 °C, from 20 °C. 24 I, 8d 56% yield, 8'd/8"d 72/23; 8'd a/b: 62/38;
benzylselenid®'d andn-butyllithium does not isomerize 8'd @/b: 55/45) or

to 3’d since4'd is obtained almost exclusively afterin THF ((i) 0.2 equiv.n-BuLi, THF, -78 °C, 0.5h (ii)
methanolysis (-78 °C, 0.5h then MeOH, -78 °C, Schen®0 °C, 24h, 8d, 80% yield, 8'd/8"d 18/82; &'@ :62/

2)8 38; 8"da/p: 52/48).
Me SeMe Me Li Me L Me ]fl\
Ph Ph Phy: Ph Phii " /S MPh Pha < Ph
n-BuLi, THF,
7T8°C,0.5h " >
8'd 3'd 2d 37d
¢Me01-1, -78°C MeOH, -78°C ¢
Me Me
Ph r\Ph Ph\;: SPh
4d 47d
Yield ratio ratio
84% 91% 9%
Scheme 2
Ml:h SeMe Ph 14 Me Li Me SeMe
U“‘P}n BuLi MeUm Pentane P%\Ph MeSeSeMe_ Ph i S;\ph
- PR
1d 2d 3d 8'd
lTHF
Me I]i Me H?eMe o Me I-ISeMe
Phy: ~Nph Pho: Ph H Ph
b MeSeSeMe, .
3d 8d, 8"dy
Scheme 3
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Me
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i SeMe pp Li

P! i hei/ __
0.2 equiv. BuLi U}“

1d 2d

Scheme 4

These results led us to assume that the newly formed pri-
mary benzylic carbanion 3d is able to cleave, in both sol-
vents used, the C-Se bond of the open chain tertiary
benzylic derivative 1d, producing simultaneously the ben-
zylic selenide 8d and the open chain tertiary-benzyllithi-
um 2d which perpetuates the cycle until 1d has
completely disappeared (Scheme 4). Related isomeriza-
tions have been recently described.®

Work isin progress to determine the behavior of related
derivatives bearing different substituent on the C,C dou-
ble bond.

Acknowledgement

Authors thanks the FRIA (Fonds de Recherche pour I'Industrie et
I'’Agriculture, Belgique) for afellowship (BR) and the FNRS (Fonds
National de la Recherche Scientifique, Belgique) for their constant
financia support (Mass Spectrometer and Polarimeter).

References and Notes

(1) (a) Krief, A.; Barbeaux, P. J. Chem. Soc. Chem. Commun.
1987, 16, 1214-1216; (b) Krief, A.; Kenda, B.; Remacle, B.
Tetrahedron 1996, 52, 7435-7463; (c) Krief, A.; Kenda, B.;
Barbeaux, P.; Guittet, E. Tetrahedron 1994, 50, 7177-7192.

Synlett 1999, No. 07, 1142-1144

(2) Compeardtively the cyclization of 2ain ether is very slow at
-78 °C. The presence of the phenyl group on the C,C double
bond enhances dramatically the rate of the reaction in that
solvent.

(3) For related reactions producing benzyllithiums after
carbocyclization (a) Wei, X.; Taylor, R.J.Retrahedron Lett.
1997, 38, 6467; (b) Woltering, M.J.; Frélich, R.; Hoppe, D.
Angew. Chem. Int. Ed. Engl. 1997, 36, 1764, (c) Tomooka, K.;
Komine, N.; Sasaki, T.; Shimizu, H.; Nakai, Tetrahedron
Lett. 1998, 39, 9715 (d) Bailey, W.F.; Gavaskar, K.V.
Tetrahedron 1994, 50, 5957.

(4) These reactions have been carried out with (a) b-80Li in
hexanes; (b) 1.3 BBuLi in cyclohexane or (c) 1.7 NBuLi
in pentane all from the Aldrich Company.

(5) For example when the reaction is carried out #Buli in
ether at -45 °C on a 50/50 or a 10/90 (Table, entry d) ratio of
Z-1d/E-1d we obtained a 88/12 or a 90/10 ratiodad/4" d.

For a related result see : Hoffmann, R.W.; Koberstein, R.;
Remacle, B.; Krief, AChem. Commun. 1997, 2189-2190.

(6) 3"d is usually produced when the carbocyclization is
performed in THF. Using the strategy disclosed in this section
we have been able to generate ins&ddh the same solvent.

(7) Cyclization of2d in pentane at 20 °C leads to a
diastereoisomeric mixture dfd and4" d after methanolysis.

(8) (a)Bailey, W. F.; Carson, M. W.Org. Chem. 1998, 63, 361;

(b) Coldham, I.; Hufton, RTetrahedron. 1996, 52, 12541.

Article Identifier:
1437-2096,E;1999,0,07,1142,1144 ftx,en;G09999ST.pdf

ISSN 0936-5214 © Thieme Stuttgart - New York

Downloaded by: National University of Singapore. Copyrighted material.



