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Highly Active Oligomeric (salen)Co Catalysts for
Asymmetric Epoxide Ring-Opening Reactions

Scheme 1. Strategies for Polymerization &, Symmetric
Salen Ligands
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Cooperative bimetallic catalysis has been documented in several
recently reported asymmetric epoxide opening reactions thatScheme 2.Preparation of the Cyclic Oligosalen Catalysts
display second-order kinetic dependence on catalyst, specific
requirements for multiple metal ions, and/or pronounced catalyst
nonlinear effectd.In such systems, one metal is proposed to Serve w1 cro  eau cHO
as Lewis acid for epoxide activation and another as counterion ﬁju c.ﬁj
for the nucleophile. In this mechanistic context, complexes that OMO
contain multiple metal centers in appropriate relative proximity o
and orientation can provide improved reactivity relative to
monometallic catalysts. For example, chiral metal salen complexes
such asl are effective catalysts for asymmetric epoxide ring-
opening reactions, and operate by a second-order mechanism.
Linking these catalysts as dim&os to polymerié or dendrimerié
frameworks leads to catalytic systems with similar enantioselec-
tivity and substantially enhanced reactivity relative o The
synthetic utility of multimeric catalysts prepared in this manner it was found that oligomerization could be effected cleanly by
is limited, however, by the ineffiqiency Of their_ synthe§eN.e condensation off,R-diaminocyclohexanedf and dialdehydd
report here new, easily synthesized oligomeric analogueks of  jn solvents such as THF (Scheme®2Bubsequent metal insertion
that exhibit not only remarkably enhanced reactivity, but also and air oxidation in the presence of lutidiniymtoluenesulfonate
significantly higher enantioselectivity relative 1o (LPTS) afforded a mixture of oligo-(salen)Co(OTs) complexes

(5). Mass spectral (FABTOF) and**C NMR data indicated the
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exclusive formation of cyclic oligomers containing-8 metal-
: RRVRIE (salen) unitg?
=N_ N= (R,R)-2: R = OC(O)CH(CI)CH4 : . .
Pl 2 M=o Asymmetric hydrolysis of cyclohexene oxide (eq 1) was
R o 0 R b M= Co(0AQ) selected as a challenging test of the reactivit$,afs this reaction
tBu  tBU ¢ M= Co(OTs) has proven to be very difficult to catalyze with monomeric (salen)-

Co complexesdt! At a catalyst loading of 1.5 mol % with respect

The construction of oligomers or polymers consisting of
repeatingC, symmetric salen units would circumvent the problems CDO . RO O’OH
associated with the preparation of unsymmetrical salen derivatives ’ oM
(Scheme 1J.Extensive studies were carried out to establish the
optimal strategy for oligomerization @,-symmetric salen units,  to Co (i.e. 1.54 mol % with respect to the oligmer mixtufg,*?
with evaluation of not only the two condensation strategies hydrolysis of cyclohexene oxide was complete within 11 h
outlined in Scheme 1, but also of such variables as linker identity, providing the correspondingans-1,2-diol in 94-96% ee. As
use of endcaps, and reaction solvent and temperature. Ultimatelyreflected by the data in Figure 1, significant enhancements in both
rate and enantioselectivity were observed relative to monomeric
catalysts.

The catalytic asymmetric ring-opening of epoxides with
alcohols as nucleophiles is a second reaction class that has proven
particularly difficult to effect, with no examples reported to dite.

In the context of kinetic resolution of terminal epoxides, alcoholic

" 0,
(RR)-6 (1.5 mol%), LPTS 98% yield

94% ee

(1
CH3CN/CH,Cly, 4 °C
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100 ’k Table 2. Preparation ofx-Aryloxy Alcohols by Kinetic Resolution
90 o "96%ee © %—49% ee of Terminal epoxides with phenols catalyzed by (salen)Co
© Complexes
- 80 A
2 e A »_64% ee OH
2 60- o, A M o X 0\)\R2
5 ®5 | rD~p2 Catalyst @/
o 50 [ RO — - » L/
2 a0 ©2c R! MS3A,4°C g
k. -« . )
§ 30 A _— Alc 1.00 equiv 2.22 equiv
Wo20 @ ’ e;) x1b Co yield ee
10 ;g( « « X entry R R? catalyst (mol %P (%) (%)
0 1 H CH,CI  monomer {c) 4.¢ 96 99
0 20 40 60 80 100 oligomer ) 0.25 99 99
Time (h) 2 oO(allyl) CH.CI 1c 4.4 48 84
5 0.25 99 98
Figure 1. Asymmetric hydrolysis of cyclohexene oxide catalyzed by 3 H GHs  1c 4.0 f  nd
(salen)Co complexes. Reactions were carried out with [epaxided.5 5 1.0 60 97
M in 1:1 CHsCN:CH,Cl, at 4 °C. Conversion was determined by GC 4 H c-hexyl 1lc 8.0 89 94
analysis relative to an internal standard. 5 05 99 98
5 ocCl n-butyl 1c 4.0 80 68
Table 1. Kinetic Resolution of Epoxides with Alcohols Catalyzed 5 0.8 98 99
a
by 5 a Reactions were carried out with [epoxigel 5 M in TBME (1¢)
. o (RR)5, LPTS OH or CHCN (5) for 4-24 h unless indicated otherwise. See Supporting
RACOH + [Pnp2 W R*\/OJ\RZ Information for details? Catalyst loading on a per Co basis relative to
1.00 equiv  2.22 equiv = phenol.¢ Isolated yields based on phentDetermined by chiral HPLC
or GC analysis® Reference 17. After 10 d, the reaction had proceeded
Co yield ee to 63% conversion of phenol to afford a 2:3 mixture of regioisomeric
entry R R2 (mol %P (%)r (%) products favoring internal attack72 h reaction time.
% C%ﬂf’s c (232)35:3 (2)2 g; gg epoxides with phenols (Table 2). Use Bfallows substantial
3 |(_| )CH ((CHzngHz 01 96 94 decreases in catalyst loading and provides improved enantio-
4 2-BrGHa (CHy)sCHs o1 99 >99 selectivity in many cases (entries 1, 4, a_md 5). More striking,
5 4-(OMe)GHs  (CH2)sCHs 20 62 94 perhaps, are the epoxigghenol combinations that were unre-
6 2-(NO)CeHs  (CHa)sCHs 05 98 99 active with catalystlc, but that provide thex-aryloxy alcohols
7 CH~=CH (CHy)sCH; 0.5 87 97 in high vyield, ee, and regioselectivity in the presence of the
8 CeHs CH,CI 2.0 91 98 oligosalen catalys5b (entries 2 and 3).
9 CeHs CH,O(allyl) 2.0 95 98 Analysis of the addition ob-chlorophenol to £)-1,2-epoxy-

@ Reactions were carried out with [epoxiglet 5 M in CH;CN for hexane in the presence (ﬁ revea!ed a first-order "'”?t'c
3—24 h. See Supporting Information for detafiCatalyst loadingon ~ dependence on cataly$consistent with an intramolecular ring-
a per Co basis relative to alcohélisolated yields based on alcohol.  0pening event. This stands in contrast to the second-order
d Determined by chiral HPLC or GC analysis. dependence observed with monomeric catalysts, and provides a
ring opening provides an attractive strategy for the direct compelling indication that epoxide ring-opening witakes place
preparation of optically active monoprotected 1,2-diols. The model Via cooperative reactivity of two (or possibly moteinetal sites
reaction of benzyl alcohol anej-1,2-epoxyhexane was catalyzed ~ Within the cyclic framework. Whereas the act of oligomerizing
by 5 with Comp|ete regiose|ectivity to afford 1-benzy|oxy-2- CO(Salen) units was eXpeCted to lead to CatalyStS with enhanced
hexanol in highly enantioenriched form, while monomeric reactivity relative to monomeric analogues, the observed improve-
catalysts displayed very low levels of reactivity. A variety of ments |!’1 enantloselectl\(lty were Unanthlpateq. T_he Iatte-_r cannot
alcohols and epoxides were found to participate effectively in be ascribed to perturbations to the local coordination environment

the ring opening reaction catalyzed By(Table 1). Thus, 1,2- of the catalysts, since monom2e is effectively identical tcb in

diols bearing benzyl, substituted ben¥llyl, and SEM protec- that respect yet it displays enantioselectivities more akin to those
tion on the primary alcohol were synthesized in high yield and of 1. Instead, the cyclic architecture Sfppears to constrain the
enantioselectivity, and with complete regioselectivity. salen units in relative orientations that lead to enhanced stereo-

The enhanced reactivity displayed Bprompted us to evaluate ~ chemical communication in epoxide ring-opening reactions. A
its activity in the hydrolytic kinetic resolution (HKR) of terminal  fuller understanding of the origin of this improvement is the focus
epoxidest® Using conditions optimized for isolation of either ~Of ongoing studies.
epoxide or diol, the use & allowed a 10- to 50-fold decrease in
Co concentration, with a simultaneous decrease in reaction time
by a factor of up to 16° The results with epichlorohydrin
highlight the practical potential of the new catalyst in the HKR:
under solvent-free conditions, 0.5 mol were resolved in 11 hat  sypporting Information Available: Experimental details of the
room temperature using only 50 mg of catalyst, providing 23 g catalyst synthesis, the epoxide ring-opening reactions, and the kinetic
of recovered epoxide ir99% ee. studies (PDF). This material is available free of charge via the Internet
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