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A new enantioselective acylation catalyst (CI-PIQ), designed to provide enhanced sr-stacking with benzylic and cinnamyl alcohol substrates,
was found to give considerably increased reaction rates and selectivities compared with the first-generation catalyst CF 3-PIP.

We have recently reported a new class of enantioselective Having achieved good selectivities with benzylic alcohols
acylation catalysts based on the 2,3-dihydroimidazogl;2- (s = 20—85), we decided to explore kinetic resolution of
pyridine (DHIP) core. One of these easily accessible other classes of secondary alcohols that are capable of
compounds, 2-phenyl-6-trifluoromethyl-dihydroimidazo[1,2- z-stacking®® In particular, we were curious whether cin-
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Figure 1. CFs-PIP, the best first-generation catalyst.
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Table 1. Kinetic Resolution of Alcohols Catalyzed by ¢PIP
1 and CI-PIQ2

M (EC0),0, iPrNEt QCOEt H

+
R "R® catalyst, 0°C R'7R? R TR2
2 ®) ®)
CF,-PIP CI-PIQ
entry substrate selectivity selectivity
(conv/time) (conv/time)
OH
a 1 27
1 ©/\)\Me (14%/8h) (44%/8h)
6
OH
. Me 21 24
2 h (30%/8h) (53%/8h)
7 Me
OH
. 9 17
3 WMG (14%/8h) (38%/8h)
8 Me
OH
4 N Me 13 2
0, 0,
) ve e (9%/8h) (32%/8h)
OH
. 6 31
5 T Me (27%/8h) (56%/8h)
O/Me 10
OH
. 26 57
6 wMe (50%/8h) (55%/4h)
O 11
OH
,a " 26 33
. © (32%/8h)° (55%/8h)
CH
g o 36 41
(39%/8h)° (53%/8h)
13
OH
os Me 50 59
h (43%/8h) (50%/4h)
14V
OH
10° Me 85 117
T we (48%/52h)° (42%/8h)
15V
OH
0 " ) 74
OO ° (50%/8h) (51%/2h)
16
OH
120 56 55
O Me (51%/8h)° (56%/8h)
17
OH
b 1 17
13 @i"”e (40%/32h) (47%/11h)

aConditions: 1.0 M substrate, 0.75 M (EtGQO), 0.75 Mi-PrNEt, 0.02
M catalyst, CHC4, 0 °C. P Conditions: 1.0 M substrate, 0.75 M (EtGO),
0.75 Mi-Pr;NEt, 0.1 M catalyst, CDG]| 0 °C. ¢ Data from previous work.

cinnamyl substratef-styryl methyl carbinol6, proceeded
much more slowly and less selectively than that of phenyl
methyl carbinoll2 (Table 1, entries 1 and 7). This result is
not surprising considering that the phenyl group@iris
positioned too far to interact with the pyridinium moiety of
the catalyst, whiler-stacking with the olefin is less efficient
than with an aromatic ring. It occurred to us that extending
the z-system of the catalyst might provide a simple and
effective solution to this problem (Figure 2).
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Figure 2. Design of the second-generation catalyst.

On the basis of our experience with catalysts in the DHIP
series, where variation of the electron-withdrawing group at
C6 was used to fine tune the system to achieve the maximum
catalytic activity and the phenyl group at the C2 chiral center
proved to be optimal for the enantioselectivitye decided
to prepare and test the 2-phenyl-7-chloro derivative of the
1,2-dihydroimidazo[1,2-a]quinoline (DHIQ) tricyclic core.

Its synthesis from the commercially available 2,6-dichloro-
quinoline3 and R)-phenylglycinol4 was achieved in excel-
lent yield via the standard two-step procedure previously used
to obtain DHIP derivativés(Scheme 1). We were pleased

Scheme 1. Preparation of CI-PIQ2)?
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a Reagents and conditions: (aPr,NEt, 130°C, 2.5 days, 87%,
(b) SOC}, CHCl, reflux, then NaHC@ NaOH, 91%.

to observe that both the selectivity and the reaction rate
improved dramatically when the kinetic resolutionéofvas

(4) Allylic alcohols, both with and without aryl substituents, have been
previously resolved via catalytic enantioselective acyl transfer: (a) Ruble,
J. C.; Latham, H. A.; Fu, G. Cl. Am. Chem. S0d.997,119, 1492. (b)
Ruble, J. C.; Tweddell, J.; Fu, G. @. Org. Chem1998,63, 2794. (c)
Bellemin-Laponnaz, S.; Tweddell, J.; Ruble, J. C.; Breitling, F. M.; Fu, G.

namyl alcohols would be resolved with useful levels of C.Chem. Commur2000, 1009. (d) Vedejs, E.; MacKay J. Qrg. Lett.

enantioselectivity. Under the standard set of conditiong; CF

2001,3, 535; (e) ref 2p. (f) ref 2q.
(5) Propargylic alcohols have also been resolved: (a) Tao, B.; Ruble, J.

PIP-catalyzed enantioselective acylation of the simplest C.; Hoic, D. A; Fu, G. CJ. Am. Chem. S0d.999,121, 5091; (b) ref 2q.
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performed using the new catalys, (abbreviated CI-PIQ) Finally, we decided to test whether an unconjugated allylic
instead of CE-PIP (entry 1). At this point, we decided to alcohol could be resolved using our catalysts. Cyclohexenyl
compare the two catalysts systematically, using both cin- methyl carbinol18 was found to react much more slowly
namyl (entries £6) and benzylic (entries—712) substrates.  than benzylic or cinnamyl alcohols, as might be expected
As can be seen from the data collected in Table 1, the useon the basis of the proposed model and earlier observations
of CI-PIQ results in acceleration of the reaction rates relative by Fu et al*® Therefore, increased catalyst loadings (10 mol
to those with CE-PIP in all cases studied. The enantiose- %) were employed to obtain comparable reaction rates (entry
lectivities are also noticeably enhanced in most of the cases13). Once again, CI-PIQ proved to be more effective than
(up to 5-fold, in entry 5). CFRs-PIP. Although the conditions have not yet been opti-
As may be expected, the influence of the substitution mized, these results demonstrate that the new catalyst is
pattern of the substrates on the selectivity follows roughly suitable for the kinetic resolution of allylic alcohols lacking
similar trends with both of the catalysts. However, several an aryl substituent. A detailed investigation of the structure-

cases are worthy of special comment. selectivity trends in this series will be the subject of future
Comparison of the results obtained witmethoxyphenyl studies.
substratel 0 and its conformationally restricted analodlte In conclusion, the second generation catalyst CI-PIQ,

(entries 5 and 6, respectively) suggests that the coplanarityrationally designed to address certain limitations of-€FP,

of the aromatic ring and the double bond is important for has fulfilled our expectations. Studies aimed at the explora-

both the reaction rate and the enantioselectivity. This factor tion of its usefulness in enantioselective acylation of other

probably contributes to the generally lower conversions and/ classes of substrates, as well as further optimization of the

or selectivities observed with cinnamyl alcohols (entrieg)L DHIQ-based catalyst design, are currently underivay.

compared with their benzylic counterparts (entries 7 and 9),

especially when a methyl group is introduceid to the
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catalyst. This result constituted a significant improvement

over that obtained with GFPIP (entry 11). In contrast,

1-naphthyl methyl carbinol, in which the second benzene .

ring cannot participate im-stacking effectively, produced cedures andH and**C NMR spectra of compounds. This

similar conversions and selectivities with both catalysts (entry material is available free of charge via the Internet at
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