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Alkenyl Fischer carbene complexes have been widely utilized
as versatile synthons in various kinds of synthetic reactions such
as cycloaddition reactions and Michael addition reactions.
Asymmetric versions of these reactions using chiral alkenyl

Fischer carbene complexes have been proved to be powerful tools

for the synthesis of a wide variety of optically active compouinés.
We have recently reported a noveH{3] cycloaddition reaction
of alkenyl Fischer carbene complexes with imines leading to
3-alkoxy-2,5-disubstituted-3-pyrroline derivatives, which were
readily converted into the corresponding 2,5-disubstituted-3-
pyrrolidinone derivative8 We anticipated that asymmetric{2]
cycloaddition reactions would provide a successful method for
the synthesis of optically active 2,5-disubstituted-3-pyrrolidinone
derivatives. A literature survey reveals that no straightforward
procedures to obtain these compounds in optically active forms
have been reported. Their potential applications in organic
synthesis and their biological activity thus have to be elucidated.
We now report the asymmetric 2] cycloaddition reaction of
chiral alkenyl Fischer carbene complexes with imines, demon-
strating its successful application to the syntheses of optically
pure 2,5-disubstituted-3-pyrrolidinone derivatives.

First we examined the asymmetricf2] cycloaddition reaction
of chiral alkenyl Fischer carbene compleXzs-d prepared from
(—)-mentholi (—)-8-phenylmenthof¢ (—)-1-phenylethanol, and
(—)-borneol, respectively, with iminé&a utilizing our standard
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Table 1. Effect of Chiral Auxiliaries and Additives in the
Asymmetric [3+2] Cycloaddition Reaction of Chiral Alkenyl
Fischer Carbene Complex@s—d with Imine 1a*

entry 2 additive 3 yield (%) trans:ci%

1 2a GaCk 3a 60 76(75:25):24(76:24)
2 2b GaCk 3b 51 48(95:5):52(94:6)
3 2c  GaCk 3c 69 85(70:30):15(72:28)
4 2d GaCk 3d 60 46(57:43):54(50:50)
5 2b  TiCls 3b 47 86(85:15):14(82:18)
6 2b BFsOEt 3b 47 62(92:8):38(78:28)
7 2b  TMSOTf 3b a7 80(74:26):20(63:37)
8 2b  Sn(OTfr 3b 51 84(95:5):16(94:6)

aMolar ratio: 1a2:additive= 1.2:1.0:0.2° Determined byH NMR.
The values in parentheses represent the diastereofacial selectivities of
each diastereometReaction time: 1 h? The absolute configuration
of the major trans diastereomer was not determined.

Scheme 2
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protocol (Scheme 1, 1.2 equiv @&, 1.0 equiv of2a—d, and 20
mol % of GaC}).> The results are summarized in Table 1, entries
1-4. The reaction oRa with 1la proceeded smoothly to afford
the corresponding adducts in 60% yield as a mixture of four
diastereomers (entry 1, trans:cis 76(75:25):24(76:24)). The
absolute configuration of the major trans diastereomer was
determined to be 5R by an X-ray analysi§.Although the
reaction with 2b lowered trans/cis selectivity, diastereofacial
selectivity of the trans diastereomers was dramatically improved
to 95:5 (entry 2). The reaction &c with 1aled to acceptable
results with regard to both trans/cis- and diastereofacial selectivi-
ties (entry 3), while the reaction @ proceeded in a nonselective
manner (entry 4). Reexamination of the additive in the reaction
of 2b with 1a showed that both trans/cis- and diastereofacial
selectivities highly depend on the additives used (Table 1, entries
5—-8). Gratifyingly, Sn(OTf) exhibited the highest trans/cis
selectivity (84:16) while maintaining excellent diastereofacial
selectivity (95:5) (entry 8). The use of other additives gave inferior
results. On the basis of these results, the complexes derived from
(—)-8-phenylmenthol and Sn(OTfas an additive were used for
subsequent reactions.

The asymmetric [32] cycloaddition reaction of complexes
2b,e—g with a variety of iminesla—f was carried out under the
conditions described above (Scheme 2), and the results are shown
in Table 257 Various kinds of aromatic imines were used as
substrates (entries-6). The corresponding adducts were obtained
in good yields with good diastereoselectivity. Dramatic changes
in selectivity are noted when substituents on fhearbon in the
complex were replaced witrmethoxyphenyl or 2-furyl groups.
When2e was allowed to react witlia, trans/cis selectivity was
diminished to 45:55, although diastereofacial selectivity was still
high (entry 7). Furthermore, the reaction2gfwith latook place
with good cis selectivity (entry 9).
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Table 2. Asymmetric [3+2] Cycloaddition Reaction of Chiral Alkenyl Fischer Carbene CompleXgs—g with Imines 1a—f2 and Hydrolysis
of the Products3b,e—i,k,l into 3-Pyrrolidinonesta—h

entry 1 R R? 2 R* time (h) 3 vyield (%) trans:ci§ 4 yield (%) ee (%'
1 1la Ph Ph 2b  Ph 3 3b 51(34) 84(95:5):16(94:6) 4a 9 >99
2 1b  p-MeGsH,4 Ph 2b Ph 4 3e 50(31) 79(92:8):21(85:15) 4b 91 >99
3 1c p-MeOGH; Ph 2b  Ph 4 3f  48(30)  76(88:12):24(73:27) 4c 93 >99
4 1d Ph p-MeCsH4 2b Ph 4 3g 46(35) 84(92:8):16(85:15) 4d 92 >99
5 1le Ph p-MeOGH, 2b Ph 4  3h 50(30) 83(91:9):17(72:28) 4e 90 >99
6 1f Ph p-ClCsHs  2b Ph 4 3 45(27)  80(91:9):20(84:16) A4f 95 >99
7 la Ph Ph 2e  p-MeOCsoHs 6 3] 30  45(94:6):55(90:10)

8 la Ph Ph 2f  p-ClCsHa 4 3k 46(27)  85(84:16):15(76:24) 4g 98 >99
9 la Ph Ph 29  2-furyl 4 3l 40(21)  25(91:9):75(91:9) ~ 4h 85 96

aMolar ratio: 1:2:Sn(OTfy = 1.2:1.0:0.2° Yield of cycloaddition reaction. The values in parentheses represent yield of the diastereomerically
pure products¥97%) after chromatographyDetermined byH NMR. The values in parentheses represent the diastereofacial selectivities of each
diastereomer Yield of hydrolysis.® Ee is measured ofithat was obtained by hydrolysis of the purified major diastereom8r dbetermined by
HPLC (Chiralcel OD).9 Determined by HPLC (Chiralcel OJ).

The major isomer of the trans product can be separated from Scheme 3

the crude reaction mixture by chromatography to give material R

. . . . 3, 3, 4 3, 4

of high purity (-97% purity judged by™H NMR, 76-52% 0ore T m»ﬁ%hR o AT RN
recovery). Furthermore, these purified products were successfully T RWA,AHQ — b
converted into the corresponding optically pure 3-pyrrolidinone ANy R°0 G
derivativesda—h in excellent yields by hydrolysis wit6 M HCI “60} patn A ~CrCo)s |
in THF, and ()-8-phenylmenthol was recovered in high yield NR! OR® il
(>90%) (Table 2). B <013>50r:§i R? = (-)-8-phenyimenthyl R N R

It should be noted that the diastereofacial selectivity of the ™ 1 2 - e
present asymmetric {82] cycloaddition reaction is opposite to -Co| path & » @R55)8
those of previously reported cycloaddition reactfdns and R°0 R W R R
Michael addition reactiorfce using ()-8-phenylmenthyloxy- (OC)ac\rdR"_, ~CrCO Rz, N\ ar
substituted alkenyl Fischer carbene complexes. Thus, the observed >=n’]n‘ (OeOh 7 e
diastereofacial selection of the present reaction cannot be R? OR® Rgs’sﬁ)_s

interpreted in terms of the well-known model, in which the chiral
auxiliary phenyl group in the complex shields selectively the of chromadienes with €C unsaturated compounds has been
ReReface of the alkenyl moiety, allowing the nucleophiles to proposed in some reactiohS.he resultant chromacycle would
attack from theSi Siface. This observation strongly indicates that then lead to the 5R isomer by reductive elimination of the
the present reaction does not occur by a simple Michael addition. chromium moiety.

On the other hand, it was found that applying the mechanism In summary, the asymmetric ] cycloaddition reaction of
which we have proposed in a previous p&jeto the asymmetric  chiral alkenyl Fischer carbene complexes derived frem-§-
reaction leads to an incorrect stereochemistry of the major productphenylmenthol with imines has been achieved in the presence of
(2R59) if it is assumed a [22] cycloaddition reaction occurs & catalytic amount of Sn(OT)In addition, we have demonstrated
between the GrC double bond and the-€N double bond, in that the present asymmetricf2] cycloaddition reaction provides
which the imine approaches from the less hindeSifdce of the ~ @ new methodology for the synthesis of optically pure 2,5-
Cr—C double bond (Scheme 3, path A). On the basis of these disubstituted-3-pyrrolidinone derivatives.

facts, we propose an alternative mechanism, which is outlined in
Scheme 3. The observed stereochemistry can be explained b¥or
assuming a [42] cycloaddition reaction between the tetracarbonyl . “\1asato Nanjo (Gakushuin University) for the X-ray structural
chromadiene systehand the C-N double bond in the imine via  getermination.

an s-cis conformation of the complex, where the imine approaches

from the less hindere8iiface of the complex (path B). Formation Supporting Information Available: Experimental procedures, char-

of six-membered chromacycles via aH2] cycloaddition reaction acterization data for all new compounds, and X-ray structural information

on 4f (PDF). This material is available free of charge via the Internet at
(6) The diastereomer ratio was determined bjHaNMR analysis, and http://pubs.acs.org.

assignment of trans and cis configurations was based dith&R coupling

constants as we reportéth addition, the absolute configuration of the major ~ JA015866Z

trans diastereomers was determined to B&R except for3j and 3, as

follows: An X-ray crystallographic analysis off using the anomalous (8) When the reaction of isopropoxy-substituted com@dR® = iPr, R

scattering contribution of chlorine atom established its absolute configuration = Ph) with iminelawas carried out in a CO atmosphere (5 MPa CO, 20 mol

to be Z5R. Thus, the absolute configuration of the original major prodiict % GacC}, CICH,CH.CI, 85°C), the complex was recovered in 92% yield and

must be 2S,B. Comparison of optical rotation of boi and 4f to that of only a trace amount of the corresponding product was detected. This result

3a—c,e—ik, and4a—f,g allows the determination of the absolute configuration  strongly suggests the formation of a coordinatively unsaturated, tetracarbonyl

as shown above. F@j and3l, the relative configuration was assigned to be  species is critical for the subsequent cycloaddition reaction.
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