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ABSTRACT

NH2 CAL-B, C11H23C02Et NHCOC11H23

Me” “CeHi  RsH ABN8Bo°C  Me g Celin
Racemic Yield : 81% ee > 99%
(S) ee > 99% Yield : 62% ee > 99%

The association of lipase-catalyzed enzymatic resolution with in situ racemization mediated with the thiyl radical enables the dynamic kinetic
resolution of non-benzylic amines. It leads to (  R)-amides with high enantioselectivities. It can be applied either to the conversion of racemic
mixtures or to the inversion of ( S)-enantiomers.

At a time when the state of the art in asymmetric synthesis Racemization of nonactivated amines often necessitates
has reached an outstanding lev&pking for racemization  rather harsh conditions that do not tolerate the presence of
processes may seem pointless. However, the resolution ofadditional functional groupsdHaving elegantly solved the
racemates remains one of the main industrial routes to problem of racemization of both benzylic and non-benzylic
optically pure compounds,and as a consequence, the unfunctionalized amines at 11T in the presence of a
racemization of unwanted isomers still has great economical ruthenium cataly8tand taking advantage of the compatibility
value. The association of chemical or enzymatic resolution between the enzymatic resolution and the transition-metal-
with an in situ racemization process (dynamic kinetic catalyzed racemization, Backvall and co-workers have modi-
resolution (DKR)Y is even more valuable because it allows fied the catalyst in such a way that DKR could be achieved
recycling steps with a 50% maximum yield to be avoided at 90°C57 As far as we know, there are only three other
and allows a 100% theoretical yield to be reached in one examples of DKR applied to amines. All involve transition-
single ste.
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metal catalysi °and refer exclusively to the racemization A large number of enzymes make use of radical mecha-
of benzylic amines by catalytic Pd/C. The conceptually nisms!* Furthermore, numerous studies show that proteins
different chemoenzymatic deracemization using an enanti-are degraded under radical conditidhs.
oselective amine oxidase in combination with ammonia  The selection of lipase B fror@andida antartica(CAL-
borane has also been developéth all these procedures, B) as thermostable lipase to catalyze the aminolysis of an
the racemization proceeds through an amine—imine equi-acyl donor was facilitated by previous wotk® The com-
librium. mercially available polymer-supported lipase Novozym 435
We have recently demonstrated that alkylsulfanyl radicals is able to catalyze the amidation of primary amines under
can mediate the racemization of amines via reversible mild conditions® Enzymatic resolution by lipases is usually
hydrogen abstraction at the chiral center in a position conducted in low polarity aprotic solvents (hexane or
relative to nitrogen. The -SH bond dissociation enthalpy dialkylethers). This is an advantage with regard to its
(BDE) must match then-C—H BDE for the reversible  compatibility with the radical reactidhwhich could easily
hydrogen transfer to have some practical effickch the be performed in heptane. The selection of the acyl donor
radical racemization process, the prochiral intermediate is was made after the resolution of amiha had been tested
an a-amino radical. Because theC—H BDE is stronger  in the presence of several acyl donors at°80 Although
in the corresponding amide (=17 kJ myl hydrogen enol esters are known to be highly efficient, irreversible acyl
abstraction at the chiral carbon is precluded after acyl- donorst’ they were a priori rejected due to their capacity,
ation!? as electron-rich olefins, to trap alkylsulfanyl radicals via
Having at our disposal an efficient and selective racem- radical addition followed by hydrogen transféMoreover,
ization process working under mild conditions at°&0 we they release carbonyl compounds that can react with the
investigated the possibility of devising a DKR protocol by starting amine. Ethyl laurate and lauric acid turned out to
associating enzymatic resolution and radical racemizationbe good candidates, giving satisfactory results for the

(Scheme 1). As mentioned in our previous articles, in the resolution of amined at 80°C in 8 h920
The next step consisted of investigating the influence of

_ the thiol on the enzyme activity. Figure 1 shows the plots of

Sch 1. Radical- and E Catalvzed DKR the enantiomeric excess (ee) of the remaining an)elé
cheme 1. Radical- and Enzyme-Catalyze vs time during the enzymatic resolution carried out at80

NH; a';;fj:nor NHCOR? in the presence of lauric acid and a series of thiols (1 equiv
MefmeR  —  MefgR with regard to the amine). The graphs show that the
enzymatic resolution is slightly more efficient in the presence
RSH “ AIBN/BO °C of a secondary than a primary thiol d;;SH/n-OctSH).
NH, aclmzior NHCOR? However, we had previously observed that the thiyl
A A radical mediated racemization of non-benzylic primary
M(—:‘(S)_1 R Me(s)_2 R
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Figure 1. Plot of ee vs time, for Novozym 435 mediated enzymatic
resolution of aminélain the presence of thiol. Conditionga (1
mmol) in heptane (10 mL), RSH (1.2 mmol), CAL-B (Novozym
435, 200 mg), lauric acid (2 mmol), ten¥p 80 °C.

amines was slightly slower with cyclohexane thiol than with
methyl thioglycolate. Accordingly, the latter was our first
choicet?®

The problem was that this thiol could also play the role
of an acyl donof! Moreover, very low amine enantiomeric
excesses were observed during the kinetic resolution of amin
la performed in the presence of methyl thioglycolate. The
correspondingN,N-diethyl amide enabled us to overcome
this problem, but this new thiol was also inhibiting the

enzymatic resolution as indicated by the absence of amide

and the low ee of the recovered amine (Figure 1). Its
secondary analoguthat was prepared by reduction of the

corresponding disulfide (Scheme 2) enabled us to solve both

Scheme 2. Synthesis of ThioBB

I, N2, 3,05,
Na,CO,  HOOC
COOH s
Br (58%) ‘34
A COOH

a) SOCl, EtNOC Zn/AcOH

(100%)° 2 S (76% ELNOC .
b) HNEt, s )7
(95%) B CONEh 3

problems, while preserving the aptitude of the thiol to
racemize aminda within 2 h.
The conditions for the success of a DKR were optimal

e

Table 1. Dynamic Kinetic Resolution of Amineta—e

CAL-B, R'CO,R?2

)Niz 3, AIBN, heptane, NHCOR!
M R .
€ 1 8h, 80 °C Me (R)—ZR

product ee

amines R RICO9R? yield (%)* (%)

1 rac-la Ph(CHy) CH3COzEt 2a', 31 (95) 74
2 rac-la Ph(CHz)z 011H23002Et 2a, 70 (71) 99
3 rac-la Ph(CHz)z C11H23002H 2a, 71 (69) >99
4 (S)—la Ph(CHz)g 011H23002Et 2a, 58 (nd) 99
5 raclb Me(CH2)5 CllH23COZEt 2b, 81 (nd) >99
6 (S)-1b Me(CHy)s C11H23CO2Et 2b, 62 (69) >99
7 rac-le t-BuOCOCH: C11H23CO2Et  2¢, 47 (54) 92
8 rac-1d Mezc=CH(CH2)2 C11H23002Et 2d, 68 (70) 94
9 rac-le Et C11H23COsH  2e, 57 (nd) 86

a Conditions: amine (1 mmol, 0.063 M3,(1.2 equiv), acyl donor (1.5
equiv), Novozym 435 (200 mgylsolated yield (NMR yield).cEtOAc/
heptane (2.6:8 in vol).

Table 1. As already noted, as an acyl donor, EtOAc was not
selective for the DKR of aminec-1a(entry 1). In all cases,
the substrate was totally consumed in 8 h.

The racemic amineda—e were transformed into the
corresponding (R)-amidexa—e (in isolated yields ranging
from 47 to 81%, with ee’s varying from 86 t899%) in the
presence of either ethyl laurate or lauric acid (entrie9p
It must be noted that good results were obtained in the
presence of lauric acid, even though an equilibrium is likely
to be established between the primary amine and the
corresponding alkylammonium ion (entries 3 and 9). The
use of 1 equiv of lauric acid only slightly slowed the radical
racemization, which was completed in 5 h instead of in 2 h.

The DKR process is compatible with remote functionalities
such as the trisubstituted double bond.thand the sterically
hinderedt-butyl ester inlc. It could be tuned to achieve the
complete inversion of configuration of th&)-enantiomer
(entries 4 and 6).

In conclusion, as far as we know, the performance of a
DKR process associating lipase-catalyzed enzymatic resolu-
tion and in situ racemization involving a thiyl radical
mediated process is a “premiere”. This process leadR)o (
amides with high enantioselectivities. It can be applied either
to the resolution of racemic mixtures or to the inversion of
(S)-amines.
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because we had at our disposal a highly selective resolution

process compatible with the presence of a thiol af@%
and a fast racemization process.
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with N,N-diethyl-2-sulfanylpropionamides] are reported in

(21) The resolution of aminé carried out in heptane with CALB, at

80 °C, in the presence of ethyl thioglycolate and ethyl acetate as the acyl
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(22) E = kr/ks > 40 in the presence of thid; 42% isolated yield and

donor, afforded the derived 2-sulfanylacetamide and the corresponding 98.5% ee for amid@a; 54% vyield and 97.1% ee for the remaining amine

disulfide.
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for the resolution ofla in the presence a8 and 1 equiv of ethyl laurate.
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