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Reaction of chiral homobinuclear Fischer chromium carbene complexes with allyl alcohol in the presence of NaH and the following oxidative
demetalation gave a-allyl esters in up to 97% ee via [3,3]-sigmatropic rearrangement reaction promoted by the metal 1,3-shift. On the other

hand, chiral heterobinuclear tungsten carbene complexes with arene chromium complexes afforded

in up to 92/8 dr by the same reaction sequence.

a-allyl- B-hydroxy esters as a major product

Fischer carbene complexes are among the most versatileatom as a stabilizing substituent due to their easy preparation.
organometallic reagents for organic synthédtsirthermore, On the other hand, there are few examples of other types of
optically active Fischer carbene complexes have attractedchiral a,8-unsaturated Fischer carbene complexes, in which
increasing attention as powerful tools for asymmetric syn- a chiral auxiliary is directly attached to tles-unsaturated
thesis, and various chiral carbene complexes have beerbond? We expected that these chiral Fischer carbene
developed to date. Most of these chim)s-unsaturated  complexes would become promising chiral reagents, since
Fischer carbene complexes belong to a class in which chirala reactive site is located close to the chiral auxiliary. As a
alcohols or amines are incorporated at the carbene carborsynthetic development of the planar chiral arene chromium
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complexes, we have investigated the reaction of cleiré
unsaturated binuclear Fischer carbene compfexéhb allyl
alcohols in the presence of base.

Barluenga et al. reportédhat o,3-unsaturated Fischer
carbene complexek were treated with allyl alcohol in the
presence of a base to giygallyl arylpropionate4 via

(2) (a) Vorogushin, A. V.; Wulff, W. D.; Hansen, H.-J. Am. Chem.
Soc.2002,124, 6512—6513. (b) Détz, K. H.; Jékel, C.; Hasse, WJC.
Organomet. Chen2001,617—618, 119—132. (c) Janes, E.; Détz, K.H.
Organomet. Chen001,622, 251—258.



carbene compled (R = Ph, M = W) afforded a-allyl
Scheme 1. [3,4]-Sigmatropic Rearrangement Promoted by ~ /-Phenyl propionatéba in 55% yield without detection of

[1,2]-Metal Shift Reported by Barluenfja p-allyl g-phenyl propionate. In this way, we obtained only
o-allyl S-phenyl propionate by reaction with allyl alkoxide
M(CO)s O <//3\ @ 1,2- M(CO)s in both cases of.,8-unsaturated Fischer carbene complexes
RN Nowme NaH X | shitt 1 and the corresponding tricarbonylchromium-coordinated
1 t[M]_ o,B-unsaturated Fischer carbene compleXxes
R=Ph,Furyl M=Cr,W 2 We next extended this interesting reaction to the asym-
metric synthesis ofx-allyl S-phenyl propionate by using
| | planar chiral binuclear carbene complexes. When enantio-
o T —M] 5\)(1 merically pure binuclear Fischer carbene compbx[o]?p
R o - A~ —3400 (c0.001, CHCY)), derived from a planar chiraH()-
_ R o) )
M] (R)-o-methoxybenzaldehyde chromium complex, was reacted
3 4 with allyl alkoxide at 25°C, ana-allyl o-methoxyphenyl

propionate §b) ([a]?% —25.2 € 0.09, CHC})) was obtained
in 68% yield with 95% eg&(entry 2).
concerted 1,2-M(CQ)shift followed by [3,4]-sigmatropic Expectedly, thex-allyl phenyl propionaté&b was obtained
rearrangement as shown in Scheme 1. The allyl group waswith high enantiomeric excess despite severe basic condi-
introduced at thes-carbon to the ester carbonyl group. tions. The absolute stereochemistry6lf was determined
Therefore,-allyl arylpropionates4 would be obtained as  as (R)-configuration by comparison of an optical rotation of
optically active compounds by utilizing planar chiral arene authentic 8)-configurated allyl 2-allylo-methoxyphenyl-
chromium complexes as a chiral auxiliary. propionate ([af% +27.1 (c0.38, CHCY})) prepared from
Binuclear a,S-unsaturated Fischer carbene complexes Evans’ oxazolidone derivative.When the reaction was
as starting materials were easily prepared by aldol condensaperformed at O°C, the corresponding-allyl methyl ester
tion of benzaldehyde chromium complexes with methyl- 7b was obtained in 40% yield with 97% ee along with
methoxycarbene complexes in the presence of triethylamineformation of a-allyl-3-hydroxy ester8b as an easily sepa-
and trimethylsilyl chloride in reasonable yieRigVe initially rable diastereomeric mixture in 40% yield (entry 3).
investigated the synthesis #by using the binuclear carbene  The stereochemistry of the majarallyl-5-hydroxy ester
complex5aaccording to Barluenga’s procedure. The carbene 8b ([a]p*® —36.0 € 0.23, CHC})) was determined to possess
complex5ain allyl alcohol was treated with NaH under inert  the anti-(R,3S)-configuration by comparison with authentic
gas in a balloon and subsequently exposed to sunlight.compound.Similarly, with 2-methyl-2-propen-1-ol at 2%,
Surprisingly,o-allyl S-phenyl propionatéa was obtained the corresponding produét was obtained in 85% yield with
in 75% yield without formation of3-allyl S-phenyl propi-  72% ee (entry 4). On reaction 6b with 2-methyl-2-propen-
onate 4 (Table 1, entry 1). Thus, the allyl group was 1-ol at 0°C, the corresponding-allyl-3-hydroxy ester8c
regioselectively introduced at theposition to the ester. The ~ was only obtained with 83/17 dr (entry 5). Similarly, with
structure ofa-allyl f-phenyl propionatéa was absolutely ~ 0-methyl-substituted arene chromium comptex the reac-
confirmed by comparison with both authentic sampbes tion products were controlled by reaction temperature. Thus,
and 4 (R = Ph)8 This result is in sharp contrast to a-allyl-3-hydroxy estei6d was obtained at 25C (entry 6),
Barluenga’s report, in which the allyl group was introduced While the corresponding.-allyl methyl ester7d and dia-
at the g-position. We initially imagined that the distinct —stereomerica-allyl-3-hydroxy ester8d were obtained at
reaction path o, -unsaturated Fischer carbene complexes lower reaction temperature (entries 7 and 8). The optical yield
with allyl alkoxide might be attributed to the strong electron- 0f 7d increased to 97% ee in the reaction-e80 °C (entry
withdrawing ability of the tricarbonylchromium fragment. 8). When the ortho substituent of the arene chromium
However, we were surprised that the chromium-uncomplexed complex was changed to an isopropoxy group, aldol-type
a,B-unsaturated chromium carbene complefR = Ph, M product8e was obtained as a major product in 51% yield
= Cr) gave only-allyl S-phenyl propionatéain 68% yield ~ with 85/15 dr (entry 9). In this way, binucleam,s-
without B-allyl B-phenyl propionate4 (R = Ph) by the unsaturated chromium carbene complexes with planar chiral
reaction with allyl alkoxide. Also, the corresponding tungsten arene chromium complexes were reacted with allyl alcohols
in the presence of a base to give 2-atfysubstituted phenyl

(3) Some o, 8-unsaturated binuclear Fischer carbene complexes: (a) Propionate esters with high ee. Furthermore, when the

Sierra, M. A.; del Amo, J. C.; Manchefio, M. J.; Gomez-Gallego,M. ~ reaction was performed at lower temperature, methgllyl-
Am. Chem. So@001, 123 851-861. (b) Barluenga, J.; Lopez, S.; Trabanco,

A. A; Feméndez-Acebes, A.; Florez,JJAm. Chem. So200Q 122, 8145- f-hydroxy arylpropionate8 were obtained with high anti
8154. (c) Barluenga, J.; Fernandez-Acebes, A.; Trabanco, A. A.; Florez, J.

J. Am. Chem. S0d.997,119, 7591—7592. (7) Enantiomeric excess was determined by chiral HPLC with Chiralcel
(4) Barluenga, J.; Rubio, E.; Lopez-Pelegrin, J. A.; Tend. Angew. OD; hexane/2-propanet 100/1; flow rate 1.0 mL/min; column temperature
Chem., Int. Ed1999,38, 1091—-1093. 40 °C; UV detector 254 nm, retention time, racemate, 14.3 min, 16.9 min:

(5) (@) Aumann, R.; Heinen, HChem. Ber.1987,120, 537—540 and 6b, 16.9 min.
ref 3a. (8) Evans, D. A.; Ennis, M. D.; Mathre, D. J. Am. Chem. S0d.982,
(6) Authentic samplegt (R = Ph) and6a were prepared by allyl 104, 1737—1739.
esterification of 3-phenyl-hex-5-enoic acid andallylation of 5-phenyl (9) Evans, D. A,; Tedrow, J. S.; Shaw, J. T.; Downey, C. WAm.
propionate, respectively. See Supporting Information. Chem. So0c2002,124, 392—393.
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Table 1. Reaction of Binuclear Carbene Complefgwith AIIyI Alcohols?

R’ M(CO 1 R OH O
R2
Cr(CO);
5a; R = H, M= Cr Alphabetical numbering for compounds 6, 7 and 8 is as follows;
;
g:, 21 =,\?6M§A i/lchr a: R'=RZ=H; b: R' = OMe, R2=H; c: R' = OMe, R? = Me; d: R = Me, R2=H;
5d;R'=OPr-M=Cr &R =OPr R2= H
5¢;R'=H,M=W
5f; R' = OMe, M=W
59;R'=Me, M= W
5h; R'=OPr-i, M=W
entry complex temp (°C) yield of 6 (%) yield of 7 (%) yield of 8 (%) % eeb of 6 or 7 anti/syn ratio® of 8
1 5a 25 75
2 5b 25 68 95
3 5b 0 40 40 97 78/22
4 5b 25 85 72
5 5b 0 45 83/17
6 5¢ 25 83 77
7 5¢ 0 55 40 93 83/17
8 5¢ -30 33 30 97 80/20
9 5d 0 10 51 85/15
10 5e 25 10 71 63/37
11 5e -30 75 92/8
12 5f -30 65 92/8
13 5g -30 70 92/8
14 5h -30 31 75/25

aReagents and conditions: (a) &HC(R?)CH,OH, NaH, THF, under inert gas in a balloon; {p)—air, ether.? Determined by chiral HPLC (see Supporting
Information for details)¢ Determined by integration of representative signalstNMR of the crude product.

selectivity in moderate yield. To further extend this reaction, compounds depending on the nature of carbene metal and
we next turned our attention to the reaction of heterobinuclear reaction conditions.

tungsten carbene complexes with planar chiral arene chro- The origin of the benzylic oxygen ad-allyl-3-hydroxy
mium complexes. A heterobinuclear tungsten carbene com-arylpropionates8 in the reaction of binuclear carbene

plex 5e was reacted with allyl alkoxide to give-allyl-
substituted estergaand8a, in analogy with homobinuclear

complexess is significant for clarification of the reaction
mechanism. Although the reaction was carried out under an

chromium carbene complexes. But, in the case of binuclearinert atmosphere in a balloon, trace amounts of oxygen might

tungsten carbene complex, mettdallyl-3-hydroxy aryl-
propionate8a was predominantly obtained even at room
temperature (entry 10). In the reaction-&20 °C, the aldol-
type producBawas obtained as the sole product with higher
diastereoselectivity (entry 11). Similarly, optically active

be present in the solvent and/or inert gas. Therefore, the
mixture of 5, allyl alcohol, and NaH in dry THF was
carefully degassed by an inert gas/freeze/vacuum technique,
and the reaction was carried out in a well-degassed glovebox.
Consequently, it was found that the aldol-type prod8ict

tungsten carbene complexes with planar chiral arene chro-decreased to 15% yield, and theallyl product 7 was

mium complexe$f and5g gave the correspondingrallyl-
B-hydroxy arylpropionate8b and 8d in good yields with

obtained in 50% yield. This result indicates obviously that

the benzylic hydroxy group was introduced from oxygen in

high diastereoselectivity by reaction with allyl alkoxide at the solvent and/or inert gas. Higher yields of the oxygenated
—30°C (entries 12 and 13). Compared with homobinuclear product8 in the reaction with the heterobinuclear tungsten
chromium complexes, heterobinuclear tungsten carbenecarbene complexes than with chromium complexes are
complexes with a planar chiral arene chromium complex attributed to the strong nucleophilicity of tungsten.

gave anti-o-allyl-5-hydroxy arylpropionates with high di-
astereoselectivity. With a sterically bulkytho-isopropoxy

On the basis of these results, we propose a reaction
mechanism of,S-unsaturated Fischer carbene complexes

substituent of the arene chromium complex, the diastereo-with allyl alkoxide in Scheme 2. Nucleophilic addition of

meric ratio decreased to 75/25 (entry 14). In conclusion,

tricarbonylchromium-coordinated binucleajs-unsaturated
carbene complexes affordedallyl arylpropionates anenti-
a-allyl-g-hydroxy arylpropionates as optically enriched

Org. Lett, Vol. 6, No. 23, 2004

allyl alkoxide at the metal carbene fragment is initiated to
give a tetrahedral intermedia® The formation of §)-
configured a-allyl arylpropionates6 and 7 starting from
planar chiral carbene complex&svould be explained by a

4309



Scheme 2. Proposed Mechanism
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1,3-metal shift®*and a subsequent [3,3]-sigmatropic rear-
rangement reaction. 1,3-Metal shift from the tetrahedral
intermediate9 generates an intermedial® with an anti

(10) 1,3-Metal shift: (a) Hegedus, L. S.; Lundmark, B.JRAmM. Chem.
Soc.1989,111, 9194-9198. (b) Sleiman, H. F.; McElwee-White, 1.
Am. Chem. S0d.988,110, 8700—8701. (c) Maxey, C. T.; Sleiman, H. F.;
Massey, S. T.; McElwee-White, L1. Am. Chem. S0d 992,114, 5153—
5160. (d) Fischer, H.; Schlageter, A.; Bidell, W.;"RriA. Organometallics
1991,10, 389—391.

(11) 1,2-Metal shift; (a) Détz, K. H.; Christoffers, C.; Knochel, P.
Organomet. Chem1995, 489, C84—C86. (b) lwasawa, N.; Ochiai, T.;
Maeyama, K.J. Org. Chem.1998, 63, 3164—3165. (c) lwasawa, N.;
Maeyama, K.; Saitou, MJ. Am. Chem. Sod 997,119, 1486-1487. (d)
lwasawa, N.; Ochiai, T.; Maeyama, Krganometallics1997,16, 5137—
5139. (e) Barluenga, J.; Trabanco, A. A.; Flérez, J.; Gracia-Granda,
LLorca, M-.A.J. Am. Chem. Sod998 120, 12129-12130. (f) Barluenga,
J.; Tomas, M.; Rubio, E.; Lépez-Pelegrin, J. L.; Garcia-Granda, S.; Priede,
M. P.J. Am. Chem. S0d.999,121, 3065—3071.

S.;
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conformation between the tricarbonylchromium fragment and
the pentacarbonylmetal group due to steric repulsion. Con-
sequently, the benzylic position of the resultingallyl
chromium complexlOis (S)-configured. Subsequent [3,3]-
sigmatropic rearrangement from the intermedia@pro-
duced R)-configureda-allyl aryl propionate complet1 by
approach from the less hindersdface. In the case of the
chromium carbene complexes, protonationldfand the
following reductive elimination occur to give compléx@

as the major product. On the other hand, with tungsten
carbene complexes, an anionic tungsten species was easily
trapped with oxygen followed by reductive elimination to
give anti-aldol-type productsl3. Similarly, even in the
chromium-uncomplexedy,S-unsaturated Fischer carbene
complexesl, a 1,3-metal shift and subsequent [3,3]-sigma-
tropic rearrangement occurred to givallyl arylpropionates.

In conclusion, we have demonstrated a stereoselective
[3,3]-sigmatropic rearrangement of chiral binucleay-
unsaturated Fischer carbene complexes promoted by a 1,3-
metal shift. The characteristics of this reaction utilizing
binuclear carbene complexes are as follows: reaction of
chiral homobinuclear Fischer carbene complexes with allyl
alcohol in the presence of base gavallyl esters in up to
97% ee, and chiral heterobinuclear carbene complexes
affordedanti-aldol-type productsy-allyl-5-hydroxy esters,
in up to 92/8 dr. Further exploration of the synthetic utility
and clarification of the precise mechanism of these reactions
is in progress.
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