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Summary: “Piano-stool” complexes of rhodium and iridium Scheme 1. Dynamic Kinetic Resolution of Secondary
activated by fluorinated and non-fluorinated N-heterocyclic Alcohols
carbene (NHC) ligands were shown to be catalysts for racem- OH Bnzyme OAc
ization in the one-pot chemoenzymic dynamic kinetic resolution PN v el
: R/ R Y R{” R

(DKR) of secondary alcohols. Excellent eensions and good 1 2 1 2
enantioselectities were obsered for alkyl aryl and dialkyl 1a 2a
secondary alcohols. H Catalyst

The production of enantiopure intermediates for the phar- /?\H X /?\AC
maceuticals, agrochemical, materials, and flavor industries is R{” "Ry R{” "Ry
still a major challenge to chemists. New emphasis on waste 1b 2b

minimization and associated green chemistry has led to criticism
of conventional kinetic resolution (KR) methods. In KR a without external base at elevated temperatures, but reactions
biocatalyst selectively transforms one enantiomer in a racemic are relatively slow, and in some cases an additional hydrogen
mixture and facilitates separation, but the maximum yield is donor is required to prevent ketone formation. Although base
only 50%. A protocol for combining the activity of chemical \as not required, addition of base increased the rate of reaction.
catalysts and biocatalysts in order to utilize 100% of the racemic  ag part of our work on the catalysis of transfer hydrogenation
mixture was reported by Williams and co-workefsr group 9 py group 9 piano-stool complex8sye have discovered a new
metals and Bekvall and co-workers for Ru catalystsThe class of carbene-promoted racemization catalyst for DKR that
technique, a form of dynamic kinetic resolution (DKR), operates does not require base.
as depicted in Scheme 1. A transition-metal-centered racem- A role for NHC ligands in various hydrogen transfer reactions
ization catalyst interconverts the enantiomers by hydrogen pnas peen developing. For example, ruthenium complexes have
transfer, allowing the enzymatic acylation of all the alcohol. peen used in the transfer hydrogenation of ketdHeand
Several excellent review articles on the subject have beenjmninedo and iridium complexes in Oppenauer-type oxidation
published? and transfer hydrogenatidATo our knowledge, NHC ligands
The addition of an external base is an important variable. As have not been used in the DKR of secondary alcohols. We
reflected in the_ patent Iiteratuf‘ethe majority of racemi_zation endeavored to exploit the ability of carbene complexes to
catalysts require base to attain appreciable reaction ratescatalyze hydrogen transfer reactions without externalése
Unfortunately, bases can cause unwanted side reactions and los® create new base-free chemoenzymic DKR processes.
of enantioselectivity and are incompatible with some delicate  |n this study we have employed piano-stool complexes with
enzymes. Further efforts to reduce waste and remove “Un-NHC ligands as catalysts for racemization in the DKR of
wanted” reagents drive the need to develop processes thakecondary alcohols in the presence and absence of an external
operate without external baSé&keports of base-free DKR by  pase and studied the effect of fluorination of the substituents
this protocol are rare, but Bavall has reported that Shvo’s  of the carbene ligand.

catalyst, [Rg(COM(u-H)(CsPMCOHOCGP)),° catalyzes ra- Rhodium and iridium complexes with an NHC ligand
cemization in the DKR of secondary alcohél3he presence containing polyfluoroaryl groups3 and 4,3 and a non-

of internal basic oxygen centers allow the catalyst to operate fiyorinated analogues!4 (Figure 1), have been reported previ-
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Table 1. Results of DKR of Racemic Secondary Alcohois

/@\ @\ entry R cat. yield (%) ce (%)

[ Mg | 1v Ph 3 >99 97
Ire---.
N cl b

</( N 3 Memn NN 2 Ph 4 >99 95

N © 5 3 Ph 5 93 97

F E 4 M=Ir 4 Ph 6 50 96

5¢ Ph 3 88 96

6° Ph 4 95 97

F F 7° Ph 5 88 97

F gd Ph 3 95 97

. L . od Ph 4 >99 95

Figure 1. Racemization catalysts with NHCs. 10¢ Ph 5 =99 97

d

Scheme 2. Dynamic Kinetic Resolution of Racemic Eb CPD?CI-b)s g 22 gg

Secondary Alcohols 12 C(CHy) 3 4 79 70

OH ‘ OAc 14 C(CHg)s 5 89 99

/\ Catalyst, Lipase B : 154 C(CH3)3 3 89 99

R Toluene, iso-propenyl acetate R/\ 161 C(CH’S)3 4 97 58

17 C(CHa)s 5 99 99

18° CeH11 3 >99 99

ously. The intramolecular €H activation activity of5 was 1 CeH1a 4 >99 61

recently reported* and although no similar activity was 20 CeHus S >99 99
observed in our hands, this potential side reaction suggests a 2Conditions: 0.0072 mmol of catalyst, 7.19 mmol of isopropenyl acetate,
role for fluorination in suppressing unwanted reactivity. 7.2 mmol of secondary alcohol, 40.5 mg of Novozyme 435, 2.4 mL of

; . tol 70°C.218 h.c8 h.90.2 f 18 h.
DKR was performed on racemic secondary alcohols using oluene, 7G°C. 218 h.8 h.€0.26 g of k,CO; added, 18

Candida antarcticalipase B catalyzed esterification with
isopropenyl acetate as the acyl donor at’@(the safe upper . . .
temperature of the enzym®yarying the racemization catalyst this complex interdependent chemoenzymic system.

(Scheme 2 and Table 1). The use of isopropenyl acetate as the The alkyl aIcoh_o_lrac-1-cycloh_exy|ethano| (entries £&0)
. . S . ~was converted efficiently to a chiral ester in the absence of base.
acyl donor gives the side product acetone, which is easily

removed from the reaction mixtupelnitial comparison was Complexes3—5 all showed excellent activity after only 8 h

0 .
conducted usingac-phenylethanol as the substrate (entries (>99% converspn). Hpvyever, only .comple>(ésand5 gave
S . - excellent enantioselectivity (ee99%); 4 gave a considerably

1-11), as this is standard practice for DRRhe activities of lower enantioselectivity (61%)
3—5 were compared with a more conventional amino alcohol DKR of the dialkyl aI)éohoI;éc-S 3-dimethvl-2-butanol and
promoted catalyst[Cp*RhCl(u-Cl)],, promoted byS-phenylg- y S y .

. rac-1-cyclohexylethanol was highly successful fofentries 14,
lycinol. The results reveal a marked dependence on base for

) . 17, and 20), moderately successful ®(entries 12, 15, and
the S-phenylglycinol-promoted catalyst (catalstentries 4 and ! - ) T
. . . 18), and relatively unsuccessful fdr(entries 13, 16, and 19).
11);. the 50% conversion o_bserved in the absence of pas_e IS‘Th)e larger steric )tgulk ofac-3 3-dime’EhyI-2-butanoI makes it)a
qulyalent to lipase activity in the absence of any racemization more challenging substraté and counteracts the benefits of
gg:g’l%'tsl\g)_;_ucgl_'dg pgg%%?gfegasogggerﬁg f;;g;?ﬁg;]nd fluorination observed forac-phenylethanol; for this substrate,
conversions in the absence and presence of base, with reasonab%izf a:itiﬁt(i/uzlarr?g stglen;?\filtr; Ié: atree d(ii‘?itcatjhlintg E;EL?EE?ZC:H dThe

enantioselectivity ¥ 95% enantiomeric excess (ee)). . L :
. . . may be due to competing reactivity, perhaps an outer-sphere
To investigate the scope of this new catalyst syst&#b ester racemization

were applied to the D.KR of two further alcoholiac-3,3- The postrun integrity of cataly8twas proven by recovering
dlme_thyl-z-butanol (entries ¥217) andrac-1-cyclohexylethanol the catalyst after a catalytic run.
(entries 18-20). _ _ In conclusion, “piano-stool” complexes with simple- N

In the DKR of the sterically demanding alkyl alcohlc- heterocylic carbene ligands are successful racemization catalysts
3,3-dimethyl-2-butanol, complexeland4 gave low enantio- i pase-free DKR of secondary alcohols. Aryl alkyl and dialkyl
selectivity (55 and 70% respectively) in the absence of base, secondary alcohols can be converted efficiently using fluorinated
whereas the unfluorinated complgyielded higher conversions  gnd non-fluorinated carbene ligands as activators. Base-free
(89%) and excellent enantioselectivity (ee 99%). The fluorine ~gnversion to the R)-acetate was demonstrated foac-
defers larger steric bulk to catalystsand4, and this may be phenylethanol using catalys&-5 and for rac-1-cyclohexyl-
detrimental to racemization for bulky substrates, as it will athanol using catalyst and5, but the bulkier substratec-
increase the rate of substrate dissociation. In order to go thrOUQhS,3-dimethyl-2-butano| was efficiently converted only by the
a racemization cycle the alcohol must bind, convert to a planar ngon-fluorinated catalyss.
state by hydride abstraction, and flip over before receiving  The removal of reagents that are not incorporated into the
hydride on the opposite face; large steric clashes will cause product, such as acids and bases, is an important goal in green
premature dissociation, reducing alcohol racemization. A com- chemistry!® In these reactions the effect of removing base is
peting process of ester racemization is eroding the percentciearly observed (Figure 2); the base-free reaction mixtures were
enantiomeric excess; this may be occur.ring by an outer-sphereoptica”y transparent, and the supported enzyme was easily
mechanism, as is favored by the bulkier cataly3tand 4.3 separated, in comparison to the dull suspensions generated by
Catalysts3 and 5 were improved by the addition of base tne presence of #CO,. Base-free processes open opportunities

(compare entries 12 and 15 and entries 14 and 17); howeveror new one-pot chemoenzymic processes using more delicate
the Ir catalyst of the fluorinated NH@ lost enantioselectivity enzymes that are intolerant to the presence of base.

(entries 13 and 16). This highlights the unpredictable nature of
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Figure 2. Base (left) and base-free (right) methods of DKR.

Experimental Section. (a) General ConsiderationsThe
compounds$)-2-phenylglycinolrac-1-cyclohexylethanokac-
3,3-dimethyl-2-butanol, and isopropenyl acetate (Aldricag;
1-phenylethanol (Fluka), Novozyme 4384dndida antarctica
lipase B immobilized on acrylic resin) (Sigma), and potassium
carbonate (Lancaster) were used as supplied. The com@Bexes
and4 were prepared as previously descriBédomplex5'4 was
prepared analogously 3 Catalytic studies were performed
in anhydrous toluene (Aldrich) under dinitrogen.

IH and!°F NMR spectra were recorded at 25 using Bruker
DPX300 and DRX500 spectrometef$d spectra (300.01 or
500.13 MHz) were referenced internally using the residual protio
solvent resonance relative to SiM@ 0), and!*F spectra were
referenced (282.26 MHz) externally to CE(@ 0). All chemical
shifts are quoted id (ppm), using the high-frequency positive
convention, and coupling constants in Hz. LSIMS was recorded

Organometallics, Vol. 26, No. 14, 203285

chiral AD-H column: wavelength, 190 nm,; column flow, 1
mL/min; solvent ratio, 95/5 (hexane/propan-2-ol); injection
volume, 5ulL.

(b) Procedure for Dynamic Kinetic Resolution.A mixture
of complex3, 4, or 5 (0.0072 mmol) or §-2-phenylglycinol
(0.99 mg, 0.0072 mmol) and [Cp*Rh@HCI)],'” (6; 2.23 mg,
0.0036 mmol), isopropenyl acetate (0.720 g, 7.19 mmol), and
racemic secondary alcohol (7.2 mmol) in toluene (2.4 mL) was
stirred at 70°C for 15 min under dinitrogen (for entries-8.1
and 15-17 in Table 1 potassium carbonate (0.26 g, 2.30 mmol)
was added to the mixture). Novozyme 435 (40.5 mg) was added
and the reaction mixture stirred at 7G under dinitrogen for
18 h (entries +4 and 8-17) or 8 h (entries 57 and 18-20).
The mixture was then filtered through silica (€& cm) and
eluted with 10/1 hexane/diethyl ether {35 mL). The solvent
was removed from the filtrate by rotary evaporation to afford a
colorless liquid'H NMR spectroscopy was used to determine
the conversion, and percent ee values were determined by
HPLC18-20
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