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The racemization of nonactivated aliphatic amines has been mediated with alkanethiols and with methyl
thioglycolate in the presence of AIBN. The process involves reversible H-abstraction at the chiral center,

in a positiona relative to nitrogen, by thiyl radical.

The knowledge of the reaction enthalpy is critical

to select the appropriate thiol. In the absence of experimental values, theoretical calculatiorns Gfthe

BDEs and the SH BDE provide a useful guide.

The most common ways in industry to prepare enantiomeri-
cally pure compounds remain kinetic resolution and chiral
chromatography of racemic mixtures. The recycling of the
unwanted isomer through racemization is of critical importance
from both an economical and an environmental point of view.
With the exception of amino acids derivatives, the racemization
of amines is generally performed by oxidatiereduction which
can involve a complex multistep process or by base catdiyis.

methods apply to nonactivated aliphatic amif&ge ruthenium-
catalyzed methodology developed bydRaall and co-workers

is an exception. It was recently shown to be compatible with
concomitant enzymatic resolutigh.

We have reported that chiral benzylic amines could be
racemized by a free radical process, involving thiyl radical-
mediated reversible H-abstraction at the chiral center in position
o relative to nitrogen (Scheme 1).

Both types of procedures often necessitate rather harsh condi- Thiols are very good hydrogen atom donbrklydrogen

tions which may not tolerate other functional groups. Very few
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them are exothermic processes. However, thiyl radicals are able

to abstract hydrogen atoms from electron richi€bonds?~11
Although the importance of hydrogen abstraction by thiyl
radicals is now recognized in biological procesSesynthetic
applications have not fully been explored §é&tOur group has
reported that thiyl radicals enable the conversion of allylic
amines into enamines through 1,3-hydrogen $fifto the best

of our knowledge, with the exception of an article published
by Von Sonntad! the few known examples of thiyl radical
promoted epimerization at electron-rich chiral center in position
o relative to an oxygen atom have been reported by RoBerts.

In the thiyl radical mediated racemization of amines, both

the forward and the backward hydrogen transfers (Scheme 1)

benefit from favorable polar factors (the strong nucleophilic

character of the carbon-centered radical matches the electrophilic

character of thiyl radical). A balance must be found between

the activation barriers of the forward and backward steps to

ensure the practical efficacy of the process.

The information gathered from the experiments performed
with benzylic amines can be summarized by the following
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FIGURE 1. Structures of amine$—11

TABLE 1. Experimental and Calculated Value of thea-C—H
BDEs in Methyl Amines (kJ mol~1)

HaNCH,—H MeHNCH,—H MezNCH,—H
393+ 8 364+ 8 351+ 8
388 386 38?
389.5 387.4 387.8

aReference 162 G2(MP2) calculations at 298 K, from ref 18Average
values from G3 and CBS-(Q) calculations, ref 19.

has proved useful to rationalize reactivity. The forward hydrogen

statements. The racemization of chiral benzylic amines can betransfer in Scheme 1 is generally an endothermic reaction, it is
achieved in the presence of aromatic or aliphatic thiols, but only rate limiting and must not be too slow for the reaction to proceed
the best hydrogen donors enable the racemization to proceedn a reasonable time.

in the presence of a catalytic amount of thiol. In the case of
primary benzylic amines, the main limitation comes from the

fast competitive oxidation of the carbon-centered radical. Thus,

We describe herein the results obtained wizZ-amino-4-
phenylbutane) and its derivatives2, 3) that were prepared
from 1 by mono- and double-Michael addition to ethyl acrylate,

the backward transfer must be fast enough to compete with respectively (Figure 1). Compouridvas obtained in 9499%
oxidative degradation. The knowledge of the reaction enthalpy ee through the enzymatic resolution of a racemic mixture using

(8) (a) Roberts, B. P.; Smits, T. Metrahedron Lett2001, 42, 137—
140. (b) Roberts, B. P.; Smits, T. Metrahedron Lett2001, 42, 3663
3666. (c) Cai, Y.; Dang, H.-S.; Roberts, B.J Chem. Soc., Perkin Trans.
12002 22, 2449-2458. (d) Dang, H.-S.; Roberts, B. P.; Sekhon, J.; Smits,
T. Org. Biomol. Chem2003 1, 1330-1341. (e) Dang, H.-S.; Roberts, B.
P.; Tocher, D. AOrg. Biomol. Chem2003 1, 4073-4084. (f) Dang, H.-
S.; Roberts, B. PJ. Chem. Soc., Perkin Trans.1B98 67—75. (g) Dang,
H.-S.; Roberts, B. PJ. Chem. Soc., Perkin Trans.2D02 1161-1170.

(9) For areview, see: Roberts, B.Ghem. Soc. Re 1999 28, 25-35.

(10) (a) Cai, Y.; Roberts, B. hem. Commurl998 1145-1146. (b)
Dang, H.-S.; Roberts, B. Fletrahedron Lett200Q 41, 8595-8599. (c)
Dang, H.-S.; Roberts, B. P.; Tocher, D. A.Chem. Soc., Perkin Trans. 1
2001 2452-2461.

(11) Akhlag, M. S.; Schuchmann, H.-P.; Von Sonntagirt.J. Radiat.
Biol. 1987 51, 91-102.

(12) For selected examples, see: (a) Stubbe J.; van der Donk, W. A.

Chem. Re. 1998 98, 705-762. (b) Schoeich, C.; Bonifacic, M.; Dillinger,
U.; Asmus, K.-D. InSulfur-Centered Reaction Intermediates in Chemistry
and Biology Chatgilialoglu, C., Asmus, K.-D., Eds.; NATO ASI Series A;
Plenum: New York and London, 1990; Vol. 197, pp 3&¥76. (c) Griller,
D.; Simtes, J. A. M.; Wayner, D. D. M. IrSulfur-Centered Reaction
Intermediates in Chemistry and Biolggghatgilialoglu, C., Asmus, K.-D.,
Eds.; NATO ASI Series A; Plenum: New York and London, 1990; p 37.
(d) Nauser, T.; Schweich, C.J. Am. Chem. So@003 125 2042-2043.
(e) Pogocki, D.; Schreich, C.Free Rad. Biol. Med2001, 31, 98—107. (f)
Porter, N. A.; Wujek, D. G. InReactve Species in Chemistry, Biology,
and Medicine Quintanilha, A., Eds.; NATO ASI Series A: Life Sciences;
Plenum Press: New York, 1988; Vol. 146. (g) Schwinn, J.; Sprinz, H.;
Leistner, S.; Brede, O.; Naumov, 3. Phys. Chem. 2001 105 119-
127. (h) McGinley, C. M.; Van der Donk, W. AJ. Chem. Soc., Chem.
Commun2003 2843-2846. (i) Rauk, A.; Armstrong, D. Al. Am. Chem.
Soc 2000 122 4185-4192.

(13) (a) Bertrand, M. P.; Escoubet, S.; Gastaldi, S.; Timokhin, hem.
Commun2002 216-217. (b) Escoubet, S.; Gastaldi, S.; Timokhin, V. |.;
Bertrand, M. P.; Siri, DJ. Am. Chem. SoQ004 126, 12343-12352.

Candida antarticalipase B (Novozym 435) as the catalyst in
the presence of ethyl acetate as the acyl déhdhe enzymatic
resolution led concomitantly to amide(86% ee). Additional
experiments were performed on the commercially available
amines9 and10 and on aminell

Results and Discussion

As stated above, previous investigations of thiyl radical-
mediated racemization al-branched benzylic amines have
shown that the choice of the appropriate thiol was critical. A
series of values for the-C—H BDE in aliphatic amines were
available from different sources. They are gathered in Table 1.

It seemed reasonable to assume thattite—H bonds should
be stronger in aliphatic amines than in benzylic amines, even
though the few values reported in the literature did not support
this assumptio® It must be reminded that the influence of
substitution at nitrogen on tlee CH BDE has been controversial
for more than twenty years. It has long been admitted that the
stabilization ofoi-amino radicals increased with substitution at
nitrogen, i.e., going from primary to tertiary amines. The
stabilization energies relative to methyl radical have been
determined by Burkey et al. by electron impact mass spectrom-

(14) Gonzalez-Sabin, J.; Gotor, V.; Rebolledo,TEtrahedron: Asym-
metry2002 13, 1315-1320.

(15) The experimentab-C—H BDE is 90.7 + 0.4 kcal mot?! for
triethylamine and 89.1 0.6 kcal mot™ for tribenzylamine according to:
Dombrowski, G. W.; Dinnocenzo, J. P.; Farid, S.; Goodman, J. L.; Gould,
I. R. J. Org. Chem1999 64, 427-431.
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TABLE 2. o-C—H BDEs and Energies of the SOMOs of the
Corresponding a-amino Radicals Calculated for Amines 5-7 and
Acetamide 8

amine 5 6 7 8
BDEzgsk (kJ mol ™) 371.% 3722 3724 389.F
382.% 383.F 384.%
o-amino radical SOM®(eV) —-4.5 —4.3 —4.2 —-5.1

aUB3P86/6-31%+G (d,p)//UB3LYP/6-31G(d)" G3B3.

etry1617However, the values calculated by Rauk and Armstrong
by the G2(MP2) method did not confirm this trend. According

to these data, the gap between the extreme values would be

only 2 kJ moi'1.18 Recent calculations performed by Guo are
consistent with the latter (Table 19.

Escoubet et al.
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TABLE 3. Calculated and Experimental Values for S-H BDEs
and Energies of the SOMOs of Thiyl Radical&?2413b

thiol BuSH MeQCCH,SH
S—H BDE (kJ mol?1) 358.2 364.9
359.% 364.4
358.5 363.2
360.9'
370.7+ 8.4
RSSSOMC? (eV) -7.3 -7.7

aUB3P86/6-313+G(d,p)//UB3LYP/6-31G(d) (this workp G3B3(MP2)

The most recent experimental measurements, reported by(ref 5).¢G3B3 (this work).d G3 calculated value at 298 K far-BuSH

Lalevee et al.?2% have led to the conclusion that substitution at
nitrogen has little influence on the-C—H BDE. According to
these datalN-alkylation would stabilize thei-amino radical by
less than 4 kJ mot. The additional substituent in tertiary amines
would have a negligible effect on the stability of the carbon-
centered radical.

Since none of the above-mentioned data could be transposed

directly to our series involving the formation of secondary
o-aminoalkyl radicalspo-C—H BDEs calculations were per-
formed, first at the UB3P86/6-31#1-G(d,p)//UB3LYP/6-31G-
(d) on the series of aminés-7 (taken as models for compounds
1-3) and on acetamid8 (selected as a model for amidg
using the Gaussian 03 packa&deThese data are reported in

Table 2. The DFT calculations are known to underestimate the

BDE values, but they give a reliable trend in the setfeSince

it was difficult to appreciate the underestimation in the absence

of experimental values, G3B3 calculations known to give BDE
values very close to the experimental of&syere also
performed on amineS—7.

(16) (a) Burkey, T. J.; Catelhano, A. L.; Griller, D.; Lossing, F.JP.
Am. Chem. Soc983 105 4701-4703. (b) Griller, D.; Lossing, F. Rl.

Am. Chem. Sod 981 103 1586-1587.

(17) The same sequence was reported by Denisov for cyclohexylamines
cf.: Luo, Y.-R. Handbook of Bond Dissociation Energies in Organic
CompoundsCRC Press: Boca Raton, 2003; p 75 and references cited
therein. Then-CH BDEs given for cyclohexylaminéy-methyl cyclohexy-
lamine, andN,N-dimethylcyclohexylamine are 395.9, 375.9, and 368.6 kJ
mol~1, respectively.

(18) Wayner, D. D. M.; Clark, K. B.; Rauk, A.; Yu, D.; Armstrong, D.
A. J. Am. Chem. S0d.997, 119 8925-8932.

(19) Feng, Y.; Wang, J.-T.; Huang, H.; Guo, Q.-X.Chem. Comput.
Sci. 2003 43, 2005-2013.

(20) Lalevee, J.; Allonas, X.; Fouassier, J.-®.Am. Chem. So2002
124, 9613-9621.

(21) Gaussian 03, Revision C.02: Frisch, M. J.; Trucks, G. W.; Schlegel,
H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.; Montgomery, J. A.,
Jr.; Vreven, T.; Kudin, K. N.; Burant, J. C.; Millam, J. M.; lyengar, S. S.;
Tomasi, J.; Barone, V.; Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.;
Petersson, G. A.; Nakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda,
R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai,
H.; Klene, M.; Li, X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.; Bakken,
V.; Adamo, C.; Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.;
Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J. W.; Ayala, P. Y.;
Morokuma, K.; Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Zakrzewski,
V. G.; Dapprich, S.; Daniels, A. D.; Strain, M. C.; Farkas, O.; Malick, D.
K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Ortiz, J. V.; Cui,
Q.; Baboul, A. G.; Clifford, S.; Cioslowski, J.; Stefanov, B. B.; Liu, G.;
Liashenko, A.; Piskorz, P.; Komaromi, |.; Martin, R. L.; Fox, D. J.; Keith,
T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara, A.; Challacombe, M.;
Gill, P. M. W.; Johnson, B.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople,
J. A. Gaussian, Inc., Wallingford, CT, 2004.

(22) Parkinson, J.; Mayer, P. M.; Radom,d..Chem. Soc., Perkin Trans.
21999 2305-2313.
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(ref 13b).© Experimental values (ref 24).

FIGURE 2. Preferred conformations of aminés-7.

In agreement with the above-mentioned literature &t
the class of the amine has little incidence on the BDE value
(less than 2 kJ mol between the primary and the tertiary
amine). It is important to note that, in this regard, they differ
from benzylic amines. The--C—H BDEs of the latter vary
within a larger range (16.4 kJ mdlaccording to G3B3(MP2)
calculation8). Owing to the lack of benzylic stabilization in
'the radical, thex-C—H BDESs are stronger in aliphatic amines
than in benzylic ones by ca. 36 kJ mélin the case of the
primary amine (based on G3B3 calculati®yasThus, thiols
having stronger SH bonds should be needed to achieve the
racemization of aliphatic amines (Scheme 2).

As expected, thiocresol (339.6 kJ mbB—H BDE according
to G3B3(MP2) calculatiorfs was inefficient to racemize amine
1. The racemization experiments were performed with oc-
tanethiol?® and with thioglycolic methyl ester (Table 8;BuSH
was selected as a model fofOctSH).

The preferred conformations of the amine and the corre-
spondinga-amino radicals are shown in Figures 2 and 3.

In all cases, the preferred conformation of the amine
corresponds to the antiperiplanar arrangement ofotte—H
bond and the lone pair. According to NBO calculatidhshe

(23) Cyclohexanethiol and 2-methylundecane-2-thiol have proved as
efficient as octanethiol in additional experiments.

(24) (a) Janousek, B. K.; Reed, K. J.; Braumann, J. Am. Chem. Soc.
198Q 102 3125-3129. (b) A value of 358.4 kJ mot was calculated at
the G3X(MP2)-RAD//MPW1K/6-3%G(d,p) for the S-H BDE in n-PrSH;
cf. ref 7. (c) A value of 367.0 kJ mol has been used for EtSH; see:
Zavitsas, A. A.; Chatgilialoglu, CJ. Am. Chem. Sod.995 117, 10645~
10654.

(25) Reed, A. E.; Curtiss, L. A.; Weinhold, Ehem. Re. 1988 88,
899-926.
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5° 6° TABLE 5. Racemization of Amines +3, 9, and 10

isolated
time yield (%)
— entry amine RSH (n equiv) (h) (NMR) SR (ee)

1p n-OctSH (1.2)

1, 1 2 40 (62) 51:49 (2)
. < 2 10 n-OctSH (0.2) 6  38(55) 79:21 (58)
7 3 10 MeO,CCH,SH (1.2) 2 67(100) 50:50 (0
4 1p MeO,CCH,SH (0.2) 3 68(82) 76:24 (52)
5 10 MeO,CCH,SH (0.2) 7 30 (70) 50:50 (0)
6 20 n-OctSH (1.2) 6  70(94) 52:48 (4)
3 7 2b MeO,CCH,SH (1.2) 6 80 (100) 52:48 (4)
8 20 n-OctSH (0.2) 6 43 (75) 54:46 (8)
L 9 20 MeO,CCH,SH (0.2) 6  70(88) 59:41 (18)
10 3 n-OctSH (1.2) 6 70 (89) 53:47 (6)
FIGURE 3. Preferred conformations af-amino radical&—7-. 11 3 MeO,CCH,SH (1.2) 6 70 (98) 53:47 (6)
12 3 n-OctSH (0.2) 6  70(89) 78:22 (56)
TABLE 4. Hyperconjugative Effects Affecting the a-C—H Bond 13 3P MeO,CCH,SH (0.2) 6 84 (100)  74:26 (52)
Determined by the NBO Method for the Lowest Energy Conformers 14 4° MeO,CCH,SH (1.2) 6 95 (100) 93:7 (86)
of Amines 5-7 (Models for 1-3) and Amide 8 Calculated at the 15 od MeO,CCH,SH (1.2) 2 51 (73) 55:45 (10)
UB3LYP/6-311++G(d,p)//UB3LYP/6-31+G(d) Level and Bond 16 10¢ MeO,CCH,SH (1.2) 2 64 (83) 53:47 (6)
Lengths 17 11 MeO,CCH,SH (1.2) 3 46 (78) 51:49 (6)
amine n— o*c— (kJ mol?) de-+° (A a|solated yield after derivatization with trifluoroacetic anhydritiéee)
5 305 1106 = 94%.¢ (ee) = 86%.9 (ee) = 99%.¢ (ee) = 95%. (ee) = 99%.
6 33.1 1.108
; 33:2 i’éég The secondary amin@ behaved similarly tol. It was

racemized by both thiols in the presence of either 1.2 equiv or
0.2 equiv of thiol (entries 69).

overlap between the* C—H orbital and the lone pair stabilizes The tertiary amine was completely racemizedéi h in the
the system by ca. 3639 kJ motL. These effects account for ~ presence of 1.2 equiv of either octanethiol or methyl thiogly-
the variation of the €H bond length in the series (Table 4). colate (entries 10, 11). It was only partially racemized after 6
The planarity of the radical increases in the series going from h in the presence of 0.2 equiv of thiol (entries 12, 13).
the primary to the tertiary amine. The structural parameters are  According to literature dat#, acetylation increases the
also reflected in the relative energies of the SOMOs. The carbon-o-C—H BDE in aliphatic amines by approximately 17 kJ mbl
centered radical corresponding to the tertiary amine is likely to (this was confirmed by theoretical calculations, cf. Table 2).
be more nucleophilic than the secondary and the primary onesThe chiral center in the acetylated derivati#ecould not be
(Table 2). epimerized whatever thiol was usett@ctSH or thioglycolic
The radical reactions were performed under the standardacid methyl ester under stoichiometric conditions (entry 14)).
conditions previously applied to benzylic amines, i.e., a benzene The reaction was generalized to primary amifgd0 and
solution of amine (0.60.7 mmol, 0.067 M) containing the 11 (entries 15-17).
selected thiol (1.2 or 0.2 equiv) was heated at reflux fe7 h The theoretical calculations corroborate quite well the ex-
in the presence of AIBN (20 mol %). A series of experiments perimental results and a rationale can be based on the reaction
were carried out owes h according to the experimental protocol  enthalpy. According to the G3B3 calculations, th€—H bonds
previously used for benzylic aminés,e., adding the overall  are stronger than the-81 bonds by 24.3-26 kJ mot? in the
20 mol % of AIBN in three equal portions every 2 h. Then, case of octanethiol and by 19:21.3 kJ mot? in the case of
reactions were monitored and analyzed by chiral chromatog- methyl thioglycolate. The forward hydrogen transfer is endo-
raphy (cf. Supporting Information), adding the whole quantity thermic, it should be rate determining. Although the forward
of initiator at the beginning of the reaction. Monitoring (ee/ H-abstraction should go slightly faster in the case of the
ee) versus time has shown that in the presence of a stoichio- thioglycolic ester than in the case ofOctSH, no significant
metric amount of thiol, racemization was completed within ca. impact was noted on the racemization in the presence of a
2 h (cf. Supporting Information; the superimposing of the plots stoichiometric amount of thiol. In the presence of 0.2 equiv of
obtained for the racemization of amingsand 3 mediated by thiol, the lower degree of racemization of amBipoints to the
n-OctSH indirectly confirmed the--CH BDEs calculations). importance of enthalpy. The backward hydrogen transfer might
The results are summarized in Table 5. be too slow in this case. Additional competitive experiments
In the case of the primary amine the recovery was low, but were achieved in the presence of a catalytic amount of
the yields in isolated product after an additional step of octanethiol. They are summarized in Table 6.
trifluoroacetylation reached ca. 70% (entries 1/3, 4). In all cases, These data confirm the trend revealed in Table 5, i.e., amine
IH NMR vyields were determined by using pentamethyl benzene 2 is racemized faster than amingsnd3 in the presence of a
as internal standard. Both octanethiol and methyl thioglycolate catalytic amount of thiol. Because calculatedCH BDEs are
were efficient in the presence of a stoichiometric amount of not significantly different, no rationale can be based on the
thiol (entries 1, 3). Amind. was also racemized in the presence Vvariation of the reaction enthalpy in the series. The interplay
of a catalytic amount of thiol (entries 2, 4, 5). However 7 h between slightly different polar and steric effects might be
were necessary to complete racemization when 0.2 equiv of thiol responsible for the selective of racemization the secondary
were used. It is noteworthy that no oxidative degradation was amine.
detected, contrary to what happened in the case of benzylic
primary amines. (26) Cf. ref 17, pp 73 and 85.
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TABLE 6. Variation of ee versus Time in Competitive 2 h, and it is carried out under mild conditions. Theoretical
Experiments Performed in the Presence of a Catalytic Amount of calculations have considerable interest since they enable one
n-OctSH to evaluate BDEs that have not been determined yet. Owing to
competitiofttime (h) ~ 2/1°ee(2)%ee ()¢ 23 ee(2)ee B)° the strengthening of the-C—H bond, the thiyl radical-mediated
0 99/99 99/99 H-abstraction does not proceed with acetylated primary amines.
2 20/76 20/86 Further developments will be reported in due course.
4 0/70 0/76
6 0/68 0/74
8 0/64 0/72 Experimental Section
21 (0.07M), 2 or 3 (0.07M), n-OctSH (0.2 equiv) in benzeneNMR General Procedure for the Racemization ExperimentsA

yields after 8 h:1 (52%), 2 (58%).° NMR yields after 8 h: 2 (64%), 3

(76%).9 ee determined by GC.ee determined by HPLC. 0.06 M solution of amine (100 mg) and thiol (1.2 or 0.2 equiv)

in benzene was refluxedf@ h (stoichiometric condition) or 7
h (catalytic condition) in the presence of AIBN (an overall

It is not possible to estimate the variation in polar effects quantity of 20 mol % of AIBN was divided into three equal
Contl’lbutlon |n the SeI’IeS One W0u|d eXpeCt them to |0W€I‘ the portions (When reaction t|me 2 h) that were added succes-
activation barrier for the hydrogen transfer between the most sjyely each 2 h). After concentration, the residue was diluted
electrophilic thiyl radical, i.e., Me@CCH,S and the amine with HCI (1 M), and the solution was washed with,8t The
leading to the most nucleophiliz-amino radical, i.e.3. Even aqueous phase was basified with saturated sodium carbonate

without taking into account the possible contribution of steric anqd extracted with EO. The pure amine was isolated after
effects, the interplay between polar- and enthalpy effects that grying on MgSQ and concentration.
are varying within very small ranges is complex, and a

qualitative prediction becomes difficult. Supporting Information Available: Plots for the variation of
ee/eg versus time and plots for the variation of In(egjeeersus
time for the racemization of amindsand3 in the presence of 1.2
equiv ofn-OctSH. Experimental procedures. NMR spectra for new
compounds. Computational details. This material is available free
d of charge via the Internet at http://pubs.acs.org.

Conclusion

Reversible H-abstraction at the chiral center, in position
relative to nitrogen, by thiyl radical provides a general metho
to racemize aliphatic amines. The reaction can be complete inJO061033L
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