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sterically hindered olefins were cyclized in comparable yields
to those obtained by using complexes 3 and 4.

Since all of the starting materials are air stable, we tried
setting up the RCM reaction on the benchtop, thus eliminat-
ing the use of a drybox or vacuum line. The solid components
(commercially available) were weighed in air into a reaction
flask. The atmosphere was purged with argon followed by the
addition of reagent grade hexanes, fert-butyl acetylene, and
diethyl diallylmalonate. After 10h at 80°C, ring-closed
product was obtained in 88% yield. The reaction rate and
yield were comparable to those when degassed solvents and
drybox procedures were employed (96 %, Table 1, entry 1g).

In conclusion, when coordinated to a bulky imidazolylidene
ligand, ruthenium vinylidene complexes are effective catalysts
for a variety of metathetical reactions. Although reaction
rates were slower, their general reactivity profile towards a
variety of substrates was similar to the analogous highly active
ruthenium alkylidenes (3 and 4). In addition, the catalysts can
be generated insitu from inexpensive, air stable, and com-
mercially available starting materials, which circumvents the
need for a drybox or special Schlenk equipment.

Experimental Section

Representative procedure: In a drybox, [{(p-cymene)RuCl,},] (0.02 mmol),
ligand 1Cl (0.045 mmol), and NaOrBu (0.045 mmol) were weighed directly
into a screw cap vial. A stir bar was added followed by hexanes (2 mL).
Substrate (0.85 mmol) and tert-butyl acetylene (0.045 mmol) were added
and the vial was sealed with a PTFE lined cap. The vial was removed from
the drybox and the contents stirred at 80 °C. The reaction was monitored by
GC and after complete consumption of substrate, the products were
purified by chromatography on silica gel. All products listed in Table 1 have
been previously characterized.

Selected NMR data for 8: '"H NMR (300 MHz, C,D¢): 6=6.76 (s, 2H;
NCHCHN), 5.99 (s, 1H; C(rBu)H), 2.78 -2.67 (m, 3H, 3 CH of PCy,), 2.44
(s, 9H; 3CHs;), 2.14 (s, 9H; 3CH;), 2.14-2.09 (m, 8 H; CH, of PCys), 1.69—
1.58 (m, 14H; CH, of PCy;), 1.28-1.17 (m, 8 H; CH, of PCyj3), 1.12 (s, 9H;
C(CHs;);); *'P NMR (121.4 MHz, C;Dg): 6 =174 (s).
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Transition metal catalyzed ene-type carbocyclizations of
1,6-enynes such as cycloisomerization!l and the ene reactiont
are powerful synthetic methods leading to five-membered
rings.’-*l However, examples for the corresponding enantio-
selective catalysis are limited,®) hence it is a challenge to
establish high levels of asymmetric induction as well as high
yields. Herein we report a highly efficient catalysis by chiral
palladium(i1) complexes for enantioselective ene-type carbo-
cyclizations of the 1,6-enyne 1 leading to highly enantioen-
riched five-membered rings [Eq. (1)].

The palladium(ir)-catalyzed carbocyclization reactions of
1,6-enynes have generally been performed with Pd(OAc), or
by the combined use of Pd® species (e.g. [Pd,(dba);] - CHCl5)
(dba = trans,trans-dibenzylidene acetone) and a weak
acid such as acetic acid or trifluoroacetic acid.’! However,
in the presence of a chiral bidentate phosphane ligand,
such as BINAP (BINAP =22"-bis(diphenylphosphanyl)-
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1,1’-binaphthyl),these typical palladium catalysts were inef-
fective with the 1,6-enyne 1 exhibiting insufficient catalytic
activity and low levels of asymmetric induction (Table 1:
entries 1-3). The Pd"-catalyzed asymmetric cyclization of 1
to 1,4-diene (S)-2 was successfully achieved in quantitative
yield and with high enantioselectivity (93 % ee) (entry 4) by
using 5 mol % of Pd(OCOCF;), and 10 mol % of (R)-BINAP
in thoroughly degassed C¢Dy at 100°C. The absolute config-
uration of 2 was determined, by X-ray crystallographic
analysis, as a chiral amine salt of the corresponding carboxylic
acid with (S)-1-phenylethylamine.[”? Furthermore, decreasing
the ratio of BINAP to Pd" from 2:1 to 1.1:1 and lowering the
temperature (entry 5) did not compromise enantioselectivi-
ty.

Table 1. Enantioselective ene-type carbocyclization of the 1,6-enyne 1 catalyzed by

BINAP -Pd complexesl?l.

(5)-Hg-BINAP ligands were effective (entries 1 and 2), but did
not afford enantioselectivities significantly higher than that
with the parent BINAP ligand. The use of the sterically more
demanding (§)-xylyl-Hg-BINAP ligand resulted in a signifi-
cant lowering in enantioselectivity (entry 3). Presumably
because of its bulkiness, (§)-xylyl-Hg-BINAP is forced to
dissociate from the Pd" complex during the catalysis generat-
ing an achiral Pd" species. We finally achieved the virtually
complete enantioselectivity with (R)-SEGPHOS to give the
cyclized product 2 in quantitative yield and in an enantiopure
form (>99 % ee) (entry 4). The (R)-SEGPHOS ligand is also
effective in the polar solvent. Thus, the [(MeCN),Pd](BF,),/
DMSO system (entry 5) exhibited a higher enantioselectivity
than that with BINAP. Noteworthy is that a further improve-
ment in the enantioselectivity was achieved by using the
sterically demanding (S)-xylyl-Hg-BINAP ligand (entry 6) in
sharp contrast to the low enantioselectivity observed in the
less-polar solvent using PA(OCOCF;),/C,Dg system (entry 3).
By the combination of a SEGPHOS skeleton and a bulky
xylyl substituent in the (S)-xylyl-SEGPHOS ligand, highly
enantioselective catalysis (96 % ee) could be envisioned in the
[(MeCN),Pd](BF,),/DMSO system (entry 7).

We next turned our attention to the mechanism of
this highly efficient enantioselective catalysis. The

Entry Pd species (mol %) Solvent Reaction Yield ee [%]0 key to clarifying the catalytic cycle is to determine
time [h] [%] (Config)  whether or not hydride - palladium (H-Pd) is the
1 Pd(OAC), (5) C.D, 7 68 11(S) active species. Taking advantage of hydride ex-
2ldl [Pd,(dba),] - CHCl; (2.5)/AcOH (12) C¢Dj 96 18 77(S) change between D,0 and H-Pd to generate D —Pd
3t [Pdy(dba)]- CHCL; (2.5)/TFA (12)  CiD, 96 25 84(S) species,l'l we examined the reactions under excess
4 Pd(OCOCK), (5) CDs 24 >99  93(S) D,0O (600 mol % ) conditions (Figure 1 and Table 3).
5ledl Pd(OCOCEFy), (5) C¢Dg 80 >99 94 (S) C tlv. the deuterated duct at the vinvli
64 Pd(OCOCF,), (5) DMSO 16 >99  72(S) onsequently, the deulerated product at the vinylc
7lel [(MeCN),Pd](BF,), (5) DMSO 6 >99 73 (S) position was obtained without diminution of cata-

[a] Reactions were carried out in thoroughly degassed solvents at 100 °C with 5 mol % of
Pd catalyst and 10 mol% of (R)-BINAP as a chiral ligand unless otherwise noted.
[b] The ee value was based on chiral GC analysis of 2. [c] Reactions were carried out at

80°C. [d] 5.5 mol % of (R)-BINAP was used.

A remarkable solvent effect was also observed in
this catalytic reaction. In a “polar solvent” such as
DMSO, the reaction was completed within a shorter
period of time at lower reaction temperature (en-
try 6), but the enantiomeric excess decreased to
72% ee as compared with that in the “less-polar
solvent” (entry 4).”) The dicationic Pd" species,
[(MeCN),Pd](BF,),, was found to dramatically
accelerate the reaction in DMSO (entry 7).
Nevertheless these reactions suffered from lower

(R)-BINAP (Ar = Ph)

(Ar = p-MeCgHy)

lytic activity under either polar or less-polar con-
ditions. These results indicate that the hydride(deu-
teride) — palladium is the active species. The possible
catalytic cycle would be completed as shown in

Table 2. Ene-type carbocyclization of 1 catalyzed by Pd(OCOCCEF;),/CiDy or
[(MeCN),Pd](BF,),/DMSO with modified BINAP ligands.

I l PAr,
o

0
(L, ¢
PAr, o
PAI'Q QO
O«
0

(S)-Hg-BINAP (Ar = Ph)

(S)-xylyl-Hg-BINAP
(AI’ = 3,5-M8205H3)

O PAr,
‘ PAFZ

(R)-SEGPHOS (Ar = Ph)

(S)-xylyl-SEGPHOS
(Ar = 3,5-M8206H3)

(R)-tol-BINAP

enantioselectivity with (R)-BINAP (entries6  Entry System® Ligand Reaction Yield ee[%]
and 7). time [h]  [%]  (Config.)
Further exploration of modified BINAP li- Pd(OCOCF,),/C.D, (R)-tol-BINAP 43 >99 94 (S)
gands!'” with either the Pd(OCOCEF;),/CiDs or 2 Pd(OCOCF;),/CD; (S)-Hs-BINAP 48 >99  95(R)
the [(MeCN)4Pd](BF4)2/DMSO system led to a 3 Pd(OCOCF,),/CsD¢ (S)-xylyl-Hg-BINAP 20 >99 12 (R)
remarkable improvement in the enantioselectiv- 4 PA(OCOCE;)/CDs (R)-SEGPHOS 37 >99 >99(5)
i 5 [(MeCN),Pd](BF,),/DMSO (R)-SEGPHOS 6 >99 90 (S)
ity (Table2). In the less-polar solvent (Pd- ¢ [(MeCN),Pd](BF,),/DMSO  (S)-xylyl-H-BINAP 12 >99 94 (R)
(OCOCF,),/CsDg system), we eventually obtained 7 [(MeCN),Pd](BF,),/DMSO (S)-xylyl-SEGPHOS 14 >99 96 (R)

the enantiopure product (2) by using (R)-SEG-
PHOS (SEGPHOS =seagull phosphane)'!l as a
bidentate phosphane ligand. (R)-tol-BINAP and

250
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[a] Reactions were carried out with 5 mol % of Pd catalyst and 10 mol % of chiral ligand
in thoroughly degassed solvents at 100 °C in the Pd(OCOCF;),/C4Dg system or at 80°C in
the [(MeCN),Pd](BF,),/DMSO system.

1433-7851/01/4001-0250 $ 17.50+.50/0 Angew. Chem. Int. Ed. 2001, 40, No. 1



COMMUNICATIONS

Pd(OCOCF3), or (MeCN)4Pd(BF4)2

Figure 1. Catalytic cycle involving H(D)—Pd as the active species.

Table 3. Ene-type carbocyclization of 1 in the presence of D,0Ol.

Entry Pd! catalyst Solvent Reaction Yield p-Content ee

time [h]  [%]  [%] [%]
1 Pd(OCOCF;), cD, 30 >99 56 93
2 Pd(OCOCF;), DMSO 24 >99 74 68
3 [(MeCN),Pd](BF,), DMSO 24 >99 77 65

[a] Reactions were carried out at 100°C with 5 mol % of Pd!" catalyst and
10 mol % of (R)-BINAP in the presence of 600 mol% of D,O.

Figure 1:*%] the initially formed H-Pd coordinates to acety-
lene (A), followed by insertion (B), cyclization (C), and g-H
elimination to give the product 2 and regenerate the H-Pd
species.

It should be pointed out that this Pd-catalyzed carbocyc-
lization reveals a) the dependence of both the enantioselec-
tivity and the catalytic activity on the solvent polarity
(Table 1: entries 4 and 6 and Table 3: entries 1 and 2) and
b) the independence of the enantioselectivity on the Pd!
source, Pd(OCOCFs;), or [(MeCN),Pd](BF,),, under the
polar conditions (Table 3, entries 2 and 3). These observations
are fully rationalized on the basis of coordination modes
(B-4C and B-5C;['"Yl Figure 2) in the intermediates (B). In the

- —
X H
C/ “\“P g: En“\P
Pd’, ) Pd’, }
¢’ p x~ p
B-4C B-5C

Figure 2. Four- and five-coordinate intermediates (B-4C, B-5C).

polar solvent, the [(MeCN),Pd](BF,),/DMSO system facili-
tates the generation of a cationic four-coordinate intermedi-
ate (B-4C) as result of the solvent polarity and the weakly
coordinating nature of the BF,  ion. The same levels of
enantioselectivity are obtained under the polar conditions
regardless of the Pd" sources and imply that the reaction
proceeds via the identical intermediate (B-4C) in the Pd-
(OCOCF;),/DMSO  system. In the polar solvent,
Pd(OCOCF;), associatively releases the counter anion, even

Angew. Chem. Int. Ed. 2001, 40, No. 1
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a CF;COO™ ion, to offer one coordination site on the square-
planar cationic complex. The olefin moiety is able to occupy
this site to give the four-coordinate intermediate (B-4C)
identical to that obtained in the [(MeCN),Pd](BF,),/DMSO
system (Figure 2). The catalytic activity of the
[(MeCN),Pd]|(BF,),/DMSO system is higher than in the
Pd(OCOCF;),/DMSO system (Table 1: entries 7 vs. 6), con-
sistent with the stabilization of the cationic intermediates by
the counter ion, that is BF,~ versus CF;COO™. In contrast, in
the less-polar solvent (Pd(OCOCEF;),/CiDy system),
counter anion remains coordinated to the Pd! species. The
olefin moiety is forced to coordinate to the fully occupied
square-planar Pd", generating a relatively unfavorable five-
coordinate intermediate (B-5C) as a neutral complex (Fig-
ure 2).1 The higher catalytic activity under the polar
conditions is rationalized by the preferred four-coordinate
intermediate (B-4C). The high enantioselectivity obtained by
sterically demanding xylyl-BINAP under the polar conditions
(Table 2: entries6 and 7) contrasts sharply to the low
enantioselectivity under the less polar conditions (Table 2:
entry 3). Under the less polar conditions the bulky xylyl-Hg-
BINAP ligand is forced to dissociate from the sterically
congested five-coordinate intermediate (B-5C) to generate an
achiral Pd" species. The dependence of the enantioselectivity
on the solvent polarity reveals strong evidence that the
reaction takes place via different coordination modes.

The high enantioselectivities are rationalized on the basis of
these intermediates (Figure 3). Under the polar conditions,
the reaction took place via the four-coordinate transition
states (4C-1 and 4C-2) to afford the cyclized product (S)-2 and
(R)-2, respectively. The transition state (4C-2) is relatively less
favorable because of steric repulsion between the terminal
Me group of the substrate 1 and the equatorial Ph group of
(R)-BINAP or its analogue. On the other hand, the transition
state (4C-1) avoids this repulsion, eventually affording (S)-2
through -H elimination. Under the less-polar conditions, the
olefin is forced to coordinate to the Pd" center on one side of
the Z-axis to reach the five-coordinate transition states (5C-1
and 5C-2). The repulsive interaction between the terminal Me
group of the substrate 1 and the equatorial Ph group of the
(R)-BINAP ligand or its analogue is significant in the
transition state (5C-2), giving (R)-2 in higher %ee. The
reaction takes place entirely via the transition state (5C-1) to
afford (S)-2.

In summary, we have developed a highly efficient palladiu-
m(i1)-catalyzed ene-type carbocyclization of a 1,6-enyne lead-
ing to enantiopure five-membered rings. This highly enantio-
selective catalysis is applicable for the construction of an
enantioenriched quaternary chiral center.') Possible mecha-
nisms including neutral and cationic intermediates have been
proposed.

Experimental Section

Thoroughly degassed CsDy (2.0 mL) was injected under argon into a pyrex
Schlenk tube containing PA(OCOCEF;), (8.3 mg, 0.025 mmol) and (R)-
BINAP (31.1 mg, 0.050 mmol), and this suspension was stirred at room
temperature for 5—10 min at which time the solution become clear. Then 1
(91.1 mg, 0.500 mmol) was added, the tube was sealed with a screw cap. The
mixture was stirred at 100°C for 24 h. The crude mixture was checked by
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polar condition: four-coordination

4C-1 4C-2
favored disfavored
MeQO,C ‘%U |,|,f§/* CO,Me
O O
(9)-2 (R)-2

favored disfavored
(8)-2 (R)-2

Figure 3. Transition states for enantioselective carbocyclization catalyzed
by chiral Pd" complexes under polar or less-polar conditions.

"H NMR spectroscopy (C4Dg), before purification by column chromatog-
raphy (on a short, neutral silica-gel column, pentane/ether=100/3) to
afford (S5)-2, 93% ee ([a]y =+376 (¢=0.586 in CHCl;): chiral GC
column; CP-Cyclodextrin-3-2,3,6-M-19 (0.25 mm x 25 m, CHROMPACK,
GL Sciences Inc.; t; = 31.8 min (R) and 33.7 min (§)) in quantitative yield.
'"H NMR (300 MHz, CDCl;): 6 =1.26 (s, 3H), 3.62 (d, J=8.7 Hz, 1H), 3.69
(s, 3H), 3.72 (d, J=9.0 Hz, 1H), 4.77 (dd, /=177, 2.4 Hz, 1H), 4.91 (dd,
J=177, 2.4 Hz, 1H), 5.16 (d, J=11.1 Hz, 1H), 5.17 (d, /=177 Hz, 1H),
5.63 (t,/=2.4Hz,1H),5.79 (dd,J=177,10.5 Hz, 1H); ®*C NMR (75 MHz,
CDCly): 6=22.2,50.7, 51.4,72.2, 78.3, 111.0, 114.9, 140.7, 166.8, 169.4.

Received: September 14, 2000 [Z15808]

[1] For reviews: a) B. M. Trost, M. J. Krische, Synlert 1998, 1-16;b) B. M.
Trost, Acc. Chem. Res. 1990, 23, 34—42; ¢) B. M. Trost, Chem. Eur. J.
1998, 4, 2405-2412; for an excellent textbook: J. Tsuji, Palladium
Reagents and Catalysts, Wiley, Chichester, 1995; see also J. Tsuji, Acc.
Chem. Res. 1973, 6, 8.

[2] For reviews: a) W. Oppolzer, V. Snieckus, Angew. Chem. 1978, 90,
506-516; Angew. Chem. Int. Ed. Engl. 1978, 17, 476-486; b) W.
Oppolzer, Angew. Chem. 1989, 101, 39—-53; Angew. Chem. Int. Ed.
Engl. 1989, 28,38 -52; ¢) K. Mikami, M. Shimizu, Chem. Rev.1992,92,
1021-1050; d) D. F. Taber, Intramolecular Diels-Alder and Alder-Ene
Reactions, Springer, Berlin, 1984.

[3] a) B. M. Trost, M. Lautens, J. Am. Chem. Soc. 1985, 107, 1781 -1783;
b) B. M. Trost, M. Lautens, C. Chan, D. J. Jebaratnam, T. Mueller, J.
Am. Chem. Soc. 1991, 113, 636—644; c) B. M. Trost, G. J. Tanoury, M.
Lautens, C. Chan, D. T. MacPherson, J. Am. Chem. Soc. 1994, 116,
4255-4267; d) B. M. Trost, D. L. Romero, F. Rise, J. Am. Chem. Soc.
1994, 116, 4268 -4278.

252 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2001

[4] a) Rh:P. Cao, B. Wang, X. Zhang, J. Am. Chem. Soc. 2000, 122, 6490 —
6491; b) Ru: B. M. Trost, F. D. Toste, J. Am. Chem. Soc. 2000, 122,
714-715; ¢) Ti: S.J. Sturla, N. M. Kablaoui, S. L. Buchwald, J. Am.
Chem. Soc. 1999, 121,1976 -1977; d) Ni-Cr: B. M. Trost, J. M. Tour, J.
Am. Chem. Soc. 1987, 109, 5268 —5270.

[5] Pallada-—ene reactions: a) W. Oppolzer, J.-M. Gaudin, Helv. Chim.
Acta 1987, 70, 1477 - 1481; b) W. Oppolzer, Pure Appl. Chem. 1988, 60,
39-48; c) E. Negishi, S. Iyer, C. J. Rousset, Tetrahedron Lett. 1989, 30,
291-294; d) K. Yamamoto, M. Terakado, K. Murai, M, Miyazawa, J.
Tsuji, K. Takahashi, K. Mikami, Chem. Lett. 1989, 955-958.

[6] a) B. M. Trost, D. C. Lee, F. Rise, Tetrahedron Lett. 1989, 30, 651 - 654
b) B. M. Trost, B. A. Czeskis, Tetrahedron Lett. 1994, 35, 211-214;
c) A. Goeke, M. Sawamura, R. Kuwano, Y. Ito, Angew. Chem. 1996,
108, 686 —687; Angew. Chem. Int. Ed. Engl. 1996, 35, 662 —663.

[7] Compound 2 was converted into the corresponding carboxylic acid
through hydrolysis, and then crystallized as a diastereomeric salt of
(S)-1-phenylethylamine in an Et,O/CH,Cl, mixture at room temper-
ature Figure 4. X-ray data for this salt: formula (CoH;,0;),- CgH N,

S isomer

Figure 4. ORTEP representation and the structural formula of the chiral
amine salt. The chiral amine was omitted for clarity.

monoclinic, space group P2;, a=12.0888(7), b=06.1803(4), c=
16.859(1) A, p=91.042(3)°, V=1259.3(2) A3, Z=2, and p=
1.207 gem=3. X-Ray diffraction data were collected on a Rigaku
RAXIS-RAPID Imaging Plate diffractometer with graphite-mono-
chromated Moy, (1=0.71069 A) at —160°C and the structure was
solved by direct methods (SIR97). The final cycle of full-matrix least-
squares refinement was based on 2100 observed reflections (I>30(1))
and 297 variable parameters and converged to R=0.067 and Rw =
0.094. Crystallographic data (excluding structure factors) for the
structure reported in this paper have been deposited with the
Cambridge Crystallographic Data Centre as supplementary publica-
tion no. CCDC-149520. Copies of the data can be obtained free of
charge on application to CCDC, 12 Union Road, Cambridge
CB21EZ, UK (fax: (+44)1223-336-033; e-mail: deposit@ccdc.cam.
ac.uk).

[8] Two-molar amount (based on Pd) of chiral ligands was used to aid

reproducibility thus assisting further exploration of the reaction and to

shorten the reaction time at 100°C.

Other polar solvents such as N,N-dimethylacetamide and acetonitrile

gave the same results.

[10] Chiral monophosphane ligands such as MAP (2-(diphenylphosphan-
y1)-2'-(N,N-dimethylamino)-1,1"-binaphthyl); a)S. Vyskocil, M.
Smrcina, V. Hanus, M. Polasek, P. Kocovsky, J. Org. Chem. 1998, 63,
7738-7748;b) K. Ding, Y. Wang, H. Yun, J. Liu, Y. Wu, M. Terada, Y.
Okubo, K. Mikami, Chem. Eur. J. 1999, 5, 1734—1737 and MOP (2-
(diphenylphosphanyl)-2’-methoxy-1,1"-binaphthyl); Y. Uozumi, A.
Tanahashi, S. Y. Lee, T. Hayashi, J. Org. Chem. 1993, 58, 1945 -1948
resulted in nearly racemic products. The diphosphane chelation to Pd
was found to be necessary to achieve a high enantioselectivity.

[11] T. Saito, T. Yokozawa, X. Zhang, N. Sayo, EP 850945A, 1998,
US 5872273, 1999.

[12] a) P. Leoni, M. Sommovigo, M. Pasquali, S. Midollini, D. Braga, P.
Sabatino, Organometallics 1991, 10, 1038 -1044; b) C. Amatore, A.
Jutand, M. J. Medeiros, New J. Chem. 1996, 20, 1143 -1148.

[13] We cannot completely rule out the Pd"-Pd" (palladacycle) mecha-
nism, because the identical deuterated products are formed by either
mechanism. However, our further research suggests that the reaction

[9

—

1433-7851/01/4001-0252 $ 17.50+.50/0 Angew. Chem. Int. Ed. 2001, 40, No. 1



COMMUNICATIONS

proceeds by the hydride(deuteride)-palladium mechanism (Fig- [15] a) D. H. Thorn, R. Hoffmann, J. Am. Chem. Soc. 1978, 100, 2079 -

ure 1), not via the palladacycle intermediate. 2090; b) E. G. Samsel, R. Norton, J. Am. Chem. Soc. 1984, 106, 5505 -
[14] For the asymmetric Heck reaction Overman has proposed a plausible 5512.

mechanism in which differences in coordination modes affect stereo- [16] For reviews: a) K. Fuji, Chem. Rev. 1993, 93, 2037-2066; b) E. J.

selectivity: a) L. E. Overman, D.J. Poon, Angew. Chem. 1997, 109, Corey, A. G. Perez, Angew. Chem. 1998, 110, 402—415; Angew. Chem.

536-538; Angew. Chem. Int. Ed. Engl. 1997, 36, 518-521; b) A. Int. Ed. 1998, 37, 388 —401.

Ashimori, B. Bachand, L. E. Overman, D. Poon, J. Am. Chem. Soc.
1998, 120, 6477 —6487.

+++ THE LINK TO INTERNATIONAL CHEMISTRY +++

More of the Best, Every Year

1996: - Matification of ferthcoming
“Hot Papers" an the Internat

19497 - Supparting Informaticn
avallable on the Intermet

199& - Press releases on imponant
oomrmenications

1E6 - Angesandie Chemie goes

Crnline with 'Wiley
InterSciencs
Cruiality (wwwintersciencewiley.com)
: Evidenced by the Impact Factor: - Matification of ViPs [Very
ANGEWANDTE S
P e m o - Simultanesus Publication af
A=t = - - German and English versions
HTERAATHNLAL EDFEN — 2ooa. Mew sectian
= Essays have its debut
. L - Angesvandte i5 now cowered by
" 2 e Medling in addition to a
o PG T SRR IRSTR) YR O N VN MR T phbethara of ather databases
B :
o What else would you like 1o see n
Angewandie?
] W E-miail your suggestions ta:
i %"'5"_1 \ m— WILEY-ACH, P.D. Bow 10 11 61, Bauqst Weinheim, Germany
S ] e —— " Phaone +4 (Ea01) B2, Fai 445 (5201] Bob14B
T savalt sal ejoumals @eilesvchode, bpc fersss wilspachode @WI LEYHVCH

Angew. Chem. Int. Ed. 2001, 40, No. 1 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2001 1433-7851/01/4001-0253 $ 17.50+.50/0 253



