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Chemical fixation of CQis of great interest in connection with  Scheme 1

the development of a truly environmentally benign process, since Q o
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methodologies in this area is the synthesis of five-membered cyclic 4 H H (@ Ho AH H) 4}4
carbonates via the coupling of G@nd epoxided.These carbonates + Path a ©
are valuable as precursors for polymeric materials such as poly- g o &
carbonates, aprotic polar solvents, pharmaceutical/fine chemical H\\\“A;H chiral(E) @ @ o=6=@ o
intermediates, and in many biomedical applicatidris. recent + . y R//(')' K R/b~ <\>H O)l\o
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decades, numerous catalyst systems have been developed for this  co, YN, HJ N HH‘H‘ Ry
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transformatiorf. The preparation of optically pure cyclic carbonates et © O//C_—@ H

is based on the cyclization of chiral diols with triphosgeaethe e oo |
insertion of CQ into chiral epoxides catalyzed by zincf)or Path b
palladium(0) complexe® Also, optically active cyclic carbonates

could be obtained by enzyme-mediated enantioselective hydrolysis

of racemic cyclic carbonatésor asymmetric hydrogenation of
5-methylene-1,3-dioxolan-2-ones catalyzed by chiral ruthenium Indeed, the exploration of highly efficient catalysts for the

complexes. _ coupling reaction of C@and epoxides under low temperature and
Pursuant to our own efforts toward the development of highly low CO, pressure still remains a challenging probléi2 For
efficient catalysts for coupling CQvith epoxides under extremely o, e 3 recently reported catalyst system is Cr(lll)Salen/DMAP,

mild co_nditions? we became in?erested in _the pogsibility qf which operates at 25C and 100 psig COpressure, but the
developing catalyst systems for direct synthesis of optically active formation rate of propylene carbonate is less than 3% We

cyclic carbonates from the racemic epoxides, which are inexpensivede"ghtfu"y found that the solvent-free reaction of racemic propy-
or easily accessible from inexpensive commercial starting materials.lene oxide (0.5 mol) with 0.550.60 equiv of CQin the presence
The key to accomplishing this goal is the rational design of of 0.1 mol % of SalenCo(ll)(@CCk) complexLb using as chiral
improved catalysts based on mechanistic understanding. A generalelectrophile in conjunction with 0.1 mol % of-BuNBr as
pattern in the coupling of COwith epoxides has emerged wherein  ,cjeqphile proceeded withi2 h atroom temperature to afford a
catalysis involves activation of both epoxides and,@@ur recent mixture of unreacted epoxide and propylene carbonate with
research found that the synergistic actions of an electrophile for | o0 enantioselectivity (Table 1, run 2), which could be

ep(_md_e activation in conjgncyon with a nu_cleoph||e for £0 separated conveniently by simple fractional distillation. The residual
actlvatlon. were more effectlve in catalyzing this reacﬂd?nlf @ chiral SalenCo complex was easily recovered by suspension in
elect_roph||e can selectively comple_x one ene_lntlomer of racemic ethanol and collection by vacuum filtration and could be recycled
epoxides, the attack of nucleophile or activated .00 the — \iuh no observable loss in activity or enantioselectivity (run 3).
coordinated epoxide on the less substituted carbon regioselectivelyrpo formation rate of propylene carbonate is up to turnover
will lead to enantioselective ring-opening of epoxides and then frequency (TOF) of 245 1. To the best of our knowledge, the
further form chiral cyclic carbonates via intramolecular cyclic catalytic activity should be the highest for the coupling o;‘zCO
elimination (Scheme 1). Recently, we noted that chiral SalenCo- with terminal epoxides under ambient temperature among the

(1) complexes (Jacobsen catalyst) had been demonstrated to be q’eported catalysts, though organometallic Pd(0) complexes have
highly efficient and enantioselective catalyst for the hydrolytic been demonstrated to be effective in coupling,@@h the much

kinetic resolution of terminal epoxidés.in this system, one  pigner reactivity of vinyl epoxides under mild conditiofsi2a|f
SalenCo(lll) molecule was proposed to serve as Lewis acid for only 1b was used as catalyst (0.1 mol %), no reaction occurred

epoxide activation and another as counterion for the nucleophile. (run 7). The coexistence of a quaternary ammonium salt such as
The result stimulated us to design a bifunctional nucleophile n-BusNBr is essential to promote this reaction

electr_ophile catalyst _S)_/stem bf"‘SEd on chiral SglenCo(III) complexes It is interesting that the anion of quaternary ammonium salts in
for directly synthesizing optically pure cyclic carbonates from o pinary catalyst systems has a great effect on enantiomeric purity
racemic epoxides. Herein, we describe a convenient routé 10 5y reaction rate (runs 1, 9, and 10). It seems that the us8of-
optically active propylene carbonate by a catalytic kinetic resolution NCI was more beneficial for improving enantiomeric purity of the
* Dalian University of Technology. prqducts, but had a pronounced negatiye .e.ffect on the rate. The
* Chinese Academy of Sciences. ratio of n-Buy;NCI to complexle had a significant effect on the

process resulting from the coupling reaction of Cfd racemic
epoxides using simple chiral SalenCo(lll)/quaternary ammonium
halide catalyst systems.
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Table 1. Racemic Propylene Oxide/CO, Coupling Results? was carried out with perfect atom economy under solvent-free and
extremely mild conditions. Further optimization of such bifunctional
N e Mo Aorceah o nucleophile-electrophile catalyst systems and exploration into the
.y § O/g\o § I Mi-Co X-0,cCF H.C/?jl\/o VA mechanism are now underway in our laboratory.
H‘ ’; l.e:M_=Cci:X_=0Ts R N . . .
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1 la n-BusNBr 1 2.5 52.4 210 42.9 3.9
2 1b  n-BusNBr 1 2.0 49.0 245 50.5 4.8 References
3d 1b  n-BusNBr 1 2.0 48.2 241 51.1 4.8 W F lected revi (a) Behr Ak ch Int. Ed. Englogg
- . . . ) or selected reviews, see: (a) BehrAhgew. Chem., Int. Ed. En
g ig 2-534“5: i i (2) ié ; igg gg é gg 27, 661-678. (b) Leitner, W.Coord. Chem. Re 1996 153 257—284.
4 ’ ’ ) ' (c) Yin, X. L.; Moss, J. R.Coord. Chem. Re 1999 181, 27-59. (d)
6 le nBuNBr 1 25 508 203 516 52 Walther, D.; Ruben, M.; Rau, €0ord. Chem. Re 1999 182, 67—100.
7 1b  none 0 10.0 0 0o - - (e) Arakawa, H.; Aresta, M.; Armor, J. N.; Barteau, M. A.; Beckman, E.
8 no n-BusNBr 1 10.0 <0.5 <1 — — .}]( EISDeIIéA_. T'I;DBI(_EngWI%J' Ej; CFre_L_Jtz, (E: gi_rl;jus, ED ?-:XOE' Ig.dA.;dD\(,)vmin,
- ., DuBois, D. L.; Eckert, J.; Fujita, E.; Gibson, D. H.; Goddard, W. A.;
?O i; 2_334“2:' ]]'_ 2(5) é(S)g 182 24712 2(7) Goodman, D. W.; Keller, J.; Kubas, G. J.; Kung, H. H.; Lyons, J. E.;
4 ’ ) ) ’ Manzer, L. E.; Marks, T. J.; Morokuma, K.; Nicholas, K. M.; Periana,
11 le n-BwNCl 1 40 505 126 56.7 6.4 R.; Que, L.; Rostrup-Nielson, J.; Sachtler, W. M. H.; Schmidt, L. D.;
12 le n-BuNCl 2 2.5 46.8 187 57.2 6.0 Sen, A.; Somorjai, G. A.; Stair, P. C.; Stults, B. R.; Tumas, @iem.
13 le n-BusNCI 10 2.0 48.1 240 55.9 5.8 Rev. 2001, 101, 953-996.
14¢  1e n-BuNCl 2 15 474 316 35.2 28 ) 1D$£ensbourg, D. J.; Holtcamp, M. \W@oord. Chem. Re 1996 153 155—
133 ig ﬂ:gﬂ““g: g 12‘8 ig'g S gg'g g'g (3) (a) Shaikh, A. A. G.; Sivaram, Shem. Re. 1996 96, 951-976. (b)
4 : : ’ ’ Nicolaou, K. C.; Couladouros, E. A.; Nantermet, P. G.; Renaud, J.; Guy,
172 n-BuNI 1 110 484 44 29 11 R. K.; Wrasidlo, W.Angew. Chem., Int. Ed. Engl994 33, 1581-1583.
18 2 DMAP 1 14.0 2.9 3 - - (c) Clements, J. Hind. Eng. Chem. Re2003 42, 663-674.

a Reaction was carried out in 35 mL (500 mmol) of neat propylene
oxide (PO), cat. (0.5 mmol, 0.001 equiv), €@75-300 mmol, 0.55
0.60 equiv) at 25°C unless otherwise noteB. The rate is expressed in
terms of turnover frequency [TOF, mol of product (mol of catalystl].
¢ Kret = In[1 — ¢(1 + ee))/In[1 — c(1 — ee)], wherec is the conversion
and ee is the enantiomeric excess of the resulting propylene carbonate (PC).
d The chiral cobalt complex was recycled 45 °C.f 15°C.9 0 °C.h
Reference 4k.

TOF, rather than enantiomeric purity, even up to 10 equiv (runs
11-13). Axial X-group of chiral SalenCo(lll)X complexes also
affects enantiomeric purity of the resulted propylene carbonate and
propylene oxide. The chiral SalenCo(lll)X complexes with a
sterically bulk axial X-group, such ap-toluene-sulfonate, are
essential for attaining high enantioselectivity in this reaction (runs
1-6). Runs 14-16 show the strong influence of reaction temper-
ature. The decrease of reaction temperature from 45@r@sulted

in TOF from 316 h! rapidly decreasing to 27 # and K¢ from

2.8 increasing to 9.0, respectively.

Unfortunately, chiral chromium analogues in conjunction with
n-BuyNI could also catalyze this reaction with good reactivity, but
with only 2.9% enantioselectivity (run 17). Very recently, the
Darensbourg group reported that chiral SalenCr(ll2Gllone or
accompanying\-methyl imidazole was an effective catalyst for
the coupling of propylene oxide and G@ afford poly(propylene
carbonate) as the dominant product at ambient temper&ture.
However, withn-BusNI as cocatalyst, cyclic carbonate is the sole
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M.; Kisch, H.Angew. Chem., Int. Ed. Endl98Q 19, 317-319. (d) Aida,
T.; Inoue, SJ. Am. Chem. Sod983 105 1304-1309. (e) Nomura, R.;
Ninagawa, A.; Matsuda, HJ. Org. Chem 198Q 45, 3735-3738. (f)
Kasuga, K.; Nagao, S.; Fukumoto, T.; Handa, Rblyhedron1996 15,
69—72. (g) Kruper, W. J.; Dellar, D. VJ. Org. Chem1995 60, 725~
727. (h) Yano, T.; Matsui, H.; Koike, T.; Ishiguro, H.; Fujihara, H.;
Yoshihara, M.; Maeshima, TChem. Commun1997, 1129-1130. (i)
Yamaguchi, K.; Ebitani, K.; Yoshida, T.; Yoshida, H.; Kaneda JKAm.
Chem. Soc1999 121, 4526-4527. (j) Kim, H. S.; Kim, J. J.; Lee, B. G;
Jung, O. S.; Jang, H. G.; Kang, S. Angew. Chem., Int. EQ00Q 39,
4096-4098. (k) Paddock, R. L.; Nguyen, S. J.Am. Chem. So2001
123 11498-11499. (I) Yang, H. Z.; Gu, Y. L.; Deng, Y. Q.; Shi, Ehem.
Commun2002 274-275. (m) Lu, X. B.; He, R.; Bai, C. XJ. Mol. Catal.
A: Chem 2002 186, 1—-11. (n) Yasuda, H.; He, L. N.; Sakakura, J..
Catal. 2002 209, 547-550. (0) Shen, Y. M.; Duan, W. L.; Shi, M.
Org. Chem.2003 68, 1559-1562.

(5) (a) Burk, R. M.; Roof, M. BTetrahedron Lett1993 34, 395-398. (b)
Kang, S. K.; Jeon, J. H.; Nam, K. S.; Park, C. H.; Lee, H. 8ynth.
Commun.1994 24, 305-312.

(6) (a) Hisch, H.; Millini, R.; Wang, I. JChem. Ber1986 119, 1090-1094.
(b) Trost, B. M.; Angle, S. RJ. Am. Chem. S0d.985 107, 6123-6124.

(7) (a) Matsumoto, K.; Fuwa, S.; Kitajima, H.etrahedron Lett1995 36,
6499-6502. (b) Shimojo, M.; Matsumoto, K.; Hatanaka, Metrahedron
200Q 56, 9281-9288.

(8) Gendre, P. L.; Braun, T.; Bruneau, C.; Dixneuf, PJHOrg. Chem1996
61, 8453-8455.

(9) Lu, X. B.; Zhang, Y. J.; Liang, B.; Li, X.; Wang, Hl. Mol. Catal. A:
Chem 2004 210, 31-34.

(10) Lu, X. B.; Feng, X. J.; He, RAppl. Catal., A2002 234, 25-33.
(11) (a) Tokunaga, M.; Larrow, J. F.; Kakiuchi, F.; Jacobsen, EStlence

1997 277, 936-938. (b) Annis, D. A.; Jacobsen, E. N. Am. Chem.
Soc 1999 121, 4147-4154. (c) Schaus, S. E.; Brandes, B. D.; Larrow,
J. F.; Tokunaga, M.; Hansen, K. B.; Gould, A. E.; Furrow, M. E.; Jacobsen,
E. N.J. Am. Chem. So2002 124, 1307-1315. (d) Jacobsen, E. Rcc.
Chem. Res200Q 33, 421-431.

product, even though the convertion of propylene oxide approachs (12) (a) Fujinami, T.; Suzuki, T.; Kamiya, M.; Fukuzawa, S. I.; SakaClem.

100%.

In conclusion, a convenient route to optically active cyclic
carbonates by a catalytic kinetic resolution process resulting from
the coupling reaction of COand racemic epoxides has been
discovered by using simple and highly efficient chiral SalenCo-
(Ih/quaternary ammonium halide catalyst systems. The reaction
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