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Kinetic resolution of certain chiral alcohols or their ester

derivatives can be carried out using the lipase/esterase family

of acyl transfer catalysts.If the enantiomers differ in relative
reactivity by a factor ¢ of 100 or more,>40% recovery of
each enantiomer is theoretically possible wit#90% ee'?
However, lower enantioselectivitiesin the range of 1630

1809

adduct. Metalation at £with lithium tetramethylpiperidide
(LITMP) followed by reaction with pivaloyl chloride then gave
the ketonel (61%) together with recovered DMAP (10%) and
the 2,6-dipivaloyl derivative (15%). Reductionblising -)-
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are often encountered, and purified yields can be considerablyB-chlorodiisopinocampheylborane (48Cl)8 produced? (71%;
lower. In such cases the less reactive enantiomer can still be96% ee), and recrystallization afforded material witB9% ee

obtained with high ee by forcing the conversion well past the

according to HPLC assay. Methylation (gIHKH/18-crown-

theoretical 50% optimum because eventual destruction of the6) then produced the key reagedt(absolute configuration

more reactive enantiomer compensates for “errors” in enanti-

assigned by analogy to the pyridine reduction precedent of Bolm

oselective recognition. However, higher ee is achieved at the et al).®

cost of decreased material recovéty.

Treatment o8 with the commercially available chloroformate

Some progress has been made with enantioselective non4 generated the corresponding pyridinium $als evidenced

enzymatic acylating agents? The best selectivities to date
were reported by Evaret al. using a 10-fold excess of racemic
alkoxides ArCH(CH)OMgBr and a chiraN-acyl imide as the

stoichiometric acyl donot. At ca. 10% conversion of the

by characteristiéH NMR downfield shifts for the ring protons

(6 8.06, 6.56, 6.49 ppm foB; 8.29, 6.69, 6.67 ppm fob in
CDsCN). The solution containing did not acylate representa-
tive secondary alcohols at room temperature. However, the

alkoxide, this system gave up to 90% enantiomer excess in theaddition of a tertiary amine together with a Lewis acid

product esters, corresponding $o(calculated ratio of rate

(anhydrous ZnGl or MgBrp) initiated a slow acyl transfer

constants for the more reactive vs the less reactive enantiomer) reaction (15-40 h for consumption o6 using 2 equiv of the

in the range of 26:30. The bessvalues reported using a chiral
nonenzymaticatalyst and arachiral acyl donor as the sto-
ichiometric reagent are considerably low#P.:#n4 Under condi-

racemic secondary alcohd, ca. 20 °C), resulting in the
formation of the mixed carbonatg Product assay was
performed by*H NMR on the mixture of6 and7 to measure

tions where catalyst turnover is demonstrated, only one examplepercent conversion, and the ee of estémsas established by

is known wheres is greater than 16.

HPLC assay on a chiral support after purification bfand

We now describe chiral acyl transfer agents based on the saponification to the original alcoh6l(see supporting informa-

p-(dimethylamino)pyridine (DMAP) nucleUs. The new re-

tion). In all entries, the material balancg { 7) was at least

agents must be employed in stoichiometric amounts, but the 90%, calculated from the isolated yield of purifiédand from
chiral DMAP derivatives are recovered unchanged at the end the ratio of6:7 determined by NMR. According to this evidence
of the reaction and can be reused. By analogy to Kessar’s resultgTable 1), several of the mixed carbonate esfengere formed

with pyridine/ DMAP was activated by conversion into the 8F
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with >90% enantiomeric purity at conversions in the-22%
range? Several entries in Table 1 repatvalues well above

30 (calculated from product ee and percent conversidhg
best results observed to date with any nonenzymatic acylating
agent.

As expected, the ee of unreact®&h was improved by
doubling the amount of reagents to increase the percent
conversion (96% ee at 71% conversion; 60% ee at 42%
conversion). However, the improvement was less than calcu-
lated -99% ee) based ol = 425 The reason for the
discrepancy was not identified, but possible explanations include
minor racemization o6a, integral error in the percent conver-
sion, or interference by the produga in the enantioselective
acylation!® The increased conversion experiments were not
pursued further because they require a larger proportion of the
valuable reagenb. Thus, it is more practical to control
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was studied with different results by Weidettal.: Weidert, P. J.; Geyer,
E.; Horner, L.Liebigs Ann. Chenl989 533. (i) Ishihara, K.; Kubota, M.;
Yamamoto, H.Synlett1994 611.

(3) Evans, D. A.; Anderson, J. C.; Taylor, M. Ketrahedron Lett1993
34,5563.

(4) Vedejs, E.; Daugulis, O.; Diver, S. T. Org. Chem.in press.

(5) Kagan, H. B.; Fiaud, J. Clop. Stereochen1988 18, 249.

(6) Steglich, W.; Hfle, G. Angew. Chem., Int. Ed. Endl969 8, 981.
Hofle, G.; Steglich, W.; Vorbirggen, HAngew. Chem., Int. Ed. Endl978
17, 569.

(7) Kessar, S. V.; Singh, P.; Singh, K. N.; Dutt, M.Chem. Soc., Chem.
Communl1991 570.

(8) Bolm, C.; Ewald, M.; Felder, M.; Schlingloff, GChem. Ber1992
125 1169.
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solution of 4 (0.14 mmol, Aldrich). The mixture was warmed to room
temperature and stirred for 2 h. A solution of anhydrous (fused) Z{C3
mmol, 0.5 M) in diethyl ether was then added. After 10 min, the racemic
6 (0.3 mmol) and triethylamine or PMP (0.45 mmol) were added
sequentially. The solution was stirred at room temperature unddom
the specified time (Table 1), and the neutral products were separated by
flash chromatography prior to assay.
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Table 1. Enantioselective Acylation of Secondary Alcohols wih hindered amine PMP (1,2,2,6,6-pentamethylpiperidine) can still

ROH Entry Leyvis Amine Time Conversion Recovered Product  Enantioselectivity funCtiOﬂ as a baSiC CataIySt WIthOUt blndlng the LeWiS aCid as
Aeid ® 0 ROHeelk) eerh * strongly as does BM. A smaller accelerating effect was
HOLOH B2 1 ZCh TEA 2 28 BRe e u observed for PMP with MgBras the Lewis acid. Since the
j ;“°B'2 ::: jj :j :j 2 j; MgBr, experiments were inherently faster than with Zn&s
. MEB; Tead e a2 o o 2 the Lewis acid, the PMP/MgBrconditions were not explored

in detail. All of the reactions were sensitive to moisture and to

oo s moy TEA a2 M AR the purity of reactants, and failure to control these variables
°H3 s A 22 resulted in decreased enantioselectivity.
&  mMgB, TEAY 20 5 8 8 1 Isobutyl chloroformate gave minimal product ee with the
o e o mo, Ten 0 25 ARe  mee usual combination a8/ZnCl,/Et:N and6aas the substrate, and
@/k% 1 zon PMP a0 42 51 & 19 an attempt to useert-butyl chloroformate in a similar experi-
1 Mg, TEa 40 41 NA 82 18 ment failed because of decomposition of the chloroformate.
on B0 12 0, TEAY e2 20 2Re e 2 Simple acyl chlorides (pivaloyl; benzoyl) were ineffective in
©ACZH5 13 zc,  PMPY 40 41 @ 8 19 place of4 (nearly racemic ester products). Zinc triflate was
WM TEA M0 A 7 » comparable to ZnGlor MgBr», but the other Lewis acids tested
o Ge 15 G, TEAC e 22 nRe BEr 7 gave slow acylation (Cegl SnCl; Yb(OTf)3) or caused the
@\*sm T anch TeAT dn 2 1 2 » formation of side products (Ti@l ZrCls; AICl3). Boron
oHy voomen e 2 » 2 trifluoride etherate did promote acyl transfer frofy but
18 MgBr, TEAY 41 48 74 85 30 o p y o i
o o v o, Tew wer  wer 2 sglectlvny was Iow_$ < 2), and the sense of enantioselection
©\*em » zen, TEA 51 1 a1 o » with 6a was opposite to that seen with Zn@r MgBr, under
" N e, PWR 3 43 o - w© the usual conditions. These results leave open the possibility
oH 2 MgBn TEAY 40 4 80 8 £ that the activated form db is a zinc or magnesium complex
/@*CH: S0 25 zC, TEAY 48 20 A®e  w@Ee 2 with the metal ion chelated by the carbonyl and ether oxygens,
Y but much remains to be learned about this complicated system,
N o mch TEAM 0 10 TR merw and we will not speculate further regarding the nature of the
o, B Mebn TEA e w0 & ’5 " acyl transfer step or other mechanistic issues.

Becauses is the starting material for the above process and
) aHPLC assay!’ Enantiosel_ectivity calculated from perqent conver-  pecause it is recovered unchanged after aqueous Workup (no

e o o o e a oA gy Change In e afer ve repeated acylaton cycles). e cira
amine; PMP=y1,2,G-F;)entamethylpiperidineReference 11f.T?efere21/ce DMAP deriva_ltive Sati.SﬁeS one of th‘? definiti(_)ns of a catalyst.
12. Of course,3 is used in stoichiometric quantity and does not
turn over under the acylation conditions. Preliminary attempts
to achieve turnover by altering stoichiometry and the order of
mixing the reagents were not successful, but many options
t remain to be explored.

In summary, we have described a nonenzymatic system for
kinetic resolution of secondary benzylic alcohols by enantio-
selective acylation that approaches some of the lipase methods
in enantioselectivity. Enantiomerically enriched products can
g be obtained in several cases in-281% vyield (based on the

racemic starting material; 50% theoretical yield limit) with ca.

90% ee. These results are not competitive with the best lipase

experiments, but they suggest that nonenzymatic acyl transfer
(10) Discrepancies were also encountered with some of the entries in alternatives may be capable of acceptable levels of selectivity.

Table 1 whers values calculated from the ee of recovebeslere compared  Experiments intended to improve practicality and to achieve
with s based on ee of the produd) ¢ Due to the logarithmic nature of the talvst t .

calculation, as little as 5% undetected impurity, side reaction, racemization, Catalyst turnover are In progress.

or integral error (used to measure percent conversion) could account for . .

the discrepancy irs values. At most, traces<(L%) of racemization were Acknowledgment. This work was supported by the National
detected by exposinge to zinc chloride+ (PMP), or with addecB, or Science Foundation.

with PMP-HCI added (HPLC assay). Racemization cannot be ruled out, . . . . .

but error in percent conversion is the more likely source of the discrepancy.  Supporting Information Available: ~ Experimental details for
However, racemization of product ester or the recovered alcohol may explain preparation of1—3, characterization data fot—3 and 7, detailed

why marginal results were obtained with the sensitive 1-(2-methoxyphenyl)- procedures for acylation; and HPLC assay methods for enantiomers of

gltggrf]‘&') (maximum 1530% ee for the ester as well as the recovered g (g pages). This material is contained in many libraries on microfiche,

recovery are maximized, in contrast to typical lipase
experiments.

Neither the tertiary amine nor the Lewis acid were sufficien
to induce substantial conversion to the mixed carbonaté
at room temperature unless both were present. Addition of the
Lewis acidprior to the addition o resulted in nearly racemic
product, perhaps due to catalysis of the reaction betwesmd
6 by the tertiary amine. Relatively fast acylations were observe
using5 activated by the ZnGIPMP combination compared to
the ZnCHEBN combination. This is probably because the
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