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Abstract: Planar chiral tricarbonylchromium complexes of ortho-substituted benzaldehydes or
acetophenones were coupled with methyl acrylate in the presence of samarium(II) iodide to give
stereoselectively y-butyrolactones in good yields. @ 1997 Elsevier Science Ltd.

The asymmetric formation of a carbon-carbon bond utilizing radical intermediates remains a challenging goal
in organic synthesis. In general, chiral auxiliaries have been employed for the asymmetric induction in an inter-
or intramolecular radical reaction.!-2 Lewis acids are also effective for highly asymmetric induction in the
radical reaction, where the Lewis acids block one face of the radical acceptor.l:3 The source of asymmetric
induction using the chiral auxiliaries or Lewis acids is postulated to be highly stereodefined radical intermediates
or alkene radical acceptor via a chelation structure of the samarium metal with oxygen or nitrogen moiety of the
chiral auxiliaries or alkenes. The Sml-mediated reductive radical reaction of carbonyl compounds with olefins
has been established as an excellent method for the synthesis of coupling products.®-5 In this radical reaction,
the acrylates derived from chiral N-methylephedrine were coupled with ketones in the presence of Smlj to
afford the y-butyrolactones through the chelated intermediate in highly enantiomeric purities.6 We have recently
reported’ that the planar chiral (benzaldehyde)Cr(CO)3 or (benzaldimine)Cr(CO)3 complexes provided the
corresponding threo-1,2-diols or 1,2-diamines mediated by Sml. In these reductive coupling reactions, the
tricarbonylchromium-complexed benzyl radical species, generated in situ, is postulated to be a conformationally
stable radical intermediate without Co-Cipso bond rotaton owing to an interaction of the d-orbital on the
chromium with the p-orbital of the benzylic carbon. For further synthetic applications of the
tricarbonylchromium-complexed benzyl radical, we wish to report the stereoselective carbon-carbon bond-
forming of the planar chiral tricarbonylchromium complexes of o-substituted benzaldehydes or acetophenones
with methy] acrylate giving enantiomerically pure y-butyrolactones.

Typical procedure is follows: a solution of samarium(Il) iodide (0.1M in THF, 9.3 mL, 0.93 mmol) was

added to a solution of enantiomerically pure (+)-(R)-tricarbonyl(o-methyl acetophenone)chromium (1)
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(R1=R2=Me, R3=H) (0.37 mmol), methyl acrylate (0.44 mmol) and +-BuOH (0.37 mmol) in THF (1 mL), and
the reaction mixture was stirred for 30 min. The mixture was quenched with saturated aqueous NH4Cl,
extracted with ether, concentrated under reduced pressure. The residue was chromatographed on silica gel (30%
ethyl acetate in hexane) to afford the y-butyrolactone chromium complex 2 (R1=R2=Me, R3=H) ([a]p?4 +15.7
(c 0.30, CHCl3)) as a single diastereomer in 75% yield. The stereochemistry was determined by X-ray analysis
of the corresponding racemic compound (Fig. 1). Demetallation of 2 with I in methylene chloride at room
temperature gave the (+)-(R)-y-butyrolactone 3 as an enantiomerically pure compound.
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Table 1. Reductive Coupling of Chromium Complexes 1 with Acrylates Mediated by Sml,
Entry Complex 1  Acrylate React Temp Yield2 (%) 2 [o]p (CHCl3) Yield 3(%) 3 [alp (MeOH)
°C

Rl R2 R3
1 OMe H H -8 72 +163.0 (¢ 0.33) 91 +70.0 (c 0.25)
2 Me H H 78 75 -102.0 (c 0.20) 89 +59.6 (c 0.23)
3 Br H H 0 53 ~84.3 (¢ 0.24) 87 +37.5 (¢ 0.32)
4 OMe Me H 0 71 +219.8 (¢ 0.61) 92 +36.0 (¢ 0.25)
5 Me Me H 0 75 +15.7 (¢ 0.30) 91 +33.7 (¢ 0.43)
64 Me Me Me 0 84 b 90 b

a; obtained as 5 : 1 diastereomeric mixture at the a-position of lactone carbonyl. b ; not measured.

Other reaction results are summarized in Table 1.
(-)-(R)-Tricarbonyl(o-methoxy acetophenone)-
chromium (1) (R1=OMe, R2=Me, R3=H) provided
the corresponding (y-butyrolactone)Cr(CO)3 with the
(R)-configuration at the benzylic position without
formation of diastereoisomeric complex under similar

)@ reaction conditions (entry 4). Similarly, (o-
substituted benzaldehyde)Cr(CO)3; complexes were
coupled with methyl acrylate at lower reaction
temperature to afford the corresponding
tricarbonylchromium complexes of y-butyrolactones

as a single compound, respectively (entries 1~3).
Methyl methacrylate provided the coupling product as
Fig. 1. Crystal structure of a diastereomeric mixture at the a-position of lactone

2 (R'=R2=Me, R3=H) carbonyl by the reaction with (o-methyl

acetophenone)chromium (entry 5).
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However, the reductive coupling with methyl crotonate instead of acrylate gave unsatisfactory results due to,
probably, steric hindrance. Thus, the reaction of methyl crotonate with a (0-anisaldehyde)Cr(CO)3 complex in
the presence of Smly afforded a mixture of the corresponding pinacol coupling product (81%) and a
benzylalcohol complex (13%) without formation of the y-butyrolactone.

The reaction mechanism for the stereoselective radical coupling would be explained as follows (Figure 2).
The carbonyl oxygen of chromium-complexed benzaldehydes or acetophenones with the electron-donationg
ortho substituents tends usually to be an anti-conformation 4 to ortho substituents in both solid and solution
states.8.9  An exo-attack of samarium to the carbonyl of the anti-conformer in these complexes generated a kety
radical intermediate 5, which possesses a substantial exocyclic double bond character 6 with a limitation of the
Ca-Cipso bond rotation and is trapped with the acrylate from the exo-side leading to the product 2.

Fig. 2. Plausible reaction mechanism
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It is noteworthy that the stereochemistry of the chromium-complexed y-butyrolactone obtained by coupling
of (0-methyl] acetophenone)chromium with methy! acrylate was identical with those of the coupling products
derived from other chromium complexes. It is well documented that the benzylic carbonyl oxygen of (o-methyl
acetophenone)chromium is oriented in the syn-conformation 7 to the o-methyl group due to the steric effect, and
the nucleophiles such as Grignard or hydride reagents attack to the carbony! in such syn-conformation from the
exo-side giving one diastereomer predominantly 89 But, in this samarium-mediated radical reaction of (o-
methy! acetophenone)chromium, a ketyl radical intermediate seems to be generated by the exo-attack of Smly t
the carbonyl in the anti-conformation. Thus, the stereochemical result of the coupling product suggests that the
syn-conformer 7 would be isomerized10 to the anti-conformation 8 by the coordination of the Lewis acid (Smly)
with carbonyl oxygen prior to one electron reduction.!!

In conclusion, this method provides a stereoselective carbon-carbon bond forming via a
tricarbonylchromium-stabilized ketyl radical without the chelated structure, and further mechanistic and synthe
studies are in progress.

Acknowledgment: This research was supported by a Grant-in-Aid for Scientific Research from the Ministry
of Education, Science, Sports and Culture of Japan. M.U. thanks Chiba-Geigy Foundation (For Japan) and
The Asahi Glass Foundation for financial support.



7202

References and Notes

1

10

11

For some reviews; (a) Smadja, W. Synlett 1994, 1~26. (b) Porter, N. A.; Giese, B.; Curran, D. P. Acc.
Chem. Res. 1991, 24, 296~304. (c) Molander, G. A.; Harris, C. H. Chem. Rev. 1996, 96, 307~338.
For some representative references; (a) Kito, M.; Sakai, T.; Yamada, K.; Matsuda, F.; Shirahama, H.
Synlett, 1993, 158~160. (b) Kawatsura, M.; Matsuda, F.; Shirahama, H. J. Org. Chem. 1994, 59,
6900~6901. (¢) Kawatsura, M. Dekura, F.; Shirahama, H.; Matsuda, F. Synlett 1996, 373~376. (d)
Evans, D. A.; Hoveyda, A. H. J. Am. Chem. Soc. 1990, 112, 6447~6449. (e) M. Kito, T. Sakai, N.
Haruta, H. Shirahama, F. Matsuda, Synlett 1996, 1057~1060. (f) M. Kito, T. Sakai, M. Miyashita, F.
Matsuda, Synlett 1997, 219~220. (g) Molander, G. A.; McWilliams, J. C.; Noll, B. C. J. Am. Chem.
Soc. 1997, 119, 1265~1276 and references therein.

For some representative references; (a) Toru, F.; Watanabe, Y.; Tsusaka, M.; Ueno, Y. J. Am. Chem.
Soc. 1993, 115, 10464~10465. (b) Yamamoto, Y.; Onuku, S.; Yumoto, M.; Asao, N. J. Am. Chem.
Soc. 1994, 116, 421~422. (c) Nishida, M.; Ueyama, E.; Hayashi, H.; Ohtake, Y.; Yamamura, Y ;
Yanaginuma, E.; Yonemitsu, O.; Nishida, A.; Kawahara, N. /. Am. Chem. Soc.1994,116,
6455~6456. (d) Urabe, H.; Yamashita, K.; Suzuki, K.; Kobayashi, K.; Sato, F. J. Org. Chem. 1995,

60, 3576~3577. (f) Murakata, M.; Tsutsui, H.; Hoshino, O. J. Chem. Soc. Chem. Commun. 1995,
481~482. (g) M. P.; Jasperse, C. P.; Ji, J. J. Am. Chem. Soc. 1995, 117, 10779~10780. (f) Wu, J.

H.; Radinov, R.; Poter, N. A. J. Am. Chem. Soc. 1995, 117, 11029~11030. (g) Guindon, Y.; Guérin,
B.; Chabot, C.; Mackintosh, N.; Ogilivie, W. W. Synletr 1995, 449~451. (j) Sibi, M. P.; Ji, J.; Wu, J.
H.; Giirtler, S.; Porter, N. A. J. Am. Chem. Soc. 1996, 118, 9200~9201. (h) Gerster, M.; Schenk, K ;
Renaud, P. Angew. Chem. Int. Ed. Engl. 1996,35,2396~2398. (i) Nishida, M.; Nishida, A.;
Kawahara, N. J. Org. Chem. 1996, 61, 3574~3575. (j) Sibi, M. P.; Ji, J.; Wu, J. H,; Giirtler, S.;

Porter, N. A. J. Am. Chem. Soc. 1996, 118, 9200~9201 and references therein.

For y-lactones; (a) Fukuzawa, S.; Nakanishi, A.; Fujinami, T.; Sakai, S. J. Chem. Soc. Chem.
Commun. 1986, 624~625; J. Chem. Soc. Perkin Trans. 1 1988, 1669~1675. (b) Otsubo, K.; Inanaga,
J.; Yamaguchi, M. Tetrahedron Let. 1986, 27, 5763~5764. (c) Inanaga, J.; Ujikawa, O.; Handa, Y.;
Otsubo, K,; Yamaguchi, S. J. Alloys Compd 1993, 192, 197~199. see also ref. 1(c), 2(b) and 2(c).
Dihydronaphthalene chromium with a ketone function gave a cyclization product via a ketyl radical;
Schmalz, H-G.; Siegel, S.; Bats, J. W. Angew. Chem. Int. Ed. Engl. 1995, 34, 2383~2385.
Fukuzawa, S.; Seki, K.; Tatsuzawa, M.; Muthoh, K. J. Am. Chem. Soc. 1997, 119, 1482~1483.

(a) Taniguchi, N.; Kaneta, N.; Uemura, M. J. Org. Chem. 1996, 61, 6088~6089. (b) Taniguchi, N.;
Uemura, M. Synlett 1997, 51~53.

Solladié-Cavallo, A. In Advances in Meial-Organic Chemistry; Liebeskind, L. S., Ed.; JAI Press:
Greenwich, 1989, Vol. 1, pp 99-133.

Besangon, J.; Card, A.; Dusausoy, Y.; Tirouflet, J. C. R. Acad. Sci. Paris, Ser. C,1972,274,
545~548. Besancon, I.; Tirouflet, J.; Card, A.; Dusausoy, Y. J. Orgnomet. Chem. 1973, 59, 267~279.
A reversed diastereoselectivity at the newly created benzylic position was found in Grignard additions to
(o-trimethylsilyl benzaldehyde)Cr(CO)3 of the reaction conditions in the presence or absence of the Lewis
acid, and was explained to be caused by the distinct conformations; Davies, S. G.; Goodfellow, C. L.
Synlett, 1989, 59~62; J. Chem. Soc. Perkin Trans. 1 1990, 393~407.

The plus sign of optical rotation of the (R)-tricarbonyl(o-methy! acetophenone)chromium ((oIp25 4223 (c
0.31, CHCI3) was changed to the minus sign ((o]p25 ~96.7) by an addition of several drops of
BF3-OEty. The sign of optical rotations is correlated to the carbonyl oxygen anti- or syn-conformation of
tricarbonylchromium-complexed benzaldehydes or aryl alkylketones; see ref. 9.

(Received in Japan 2 July 1997; revised 13 August 1997; accepted 18 August 1997)



