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Absiract- In this study, aza-Michael reactions between 1-
phenylmethanamine and @,f-unsaturated cyclohexenones
were investigated, using lipase from Candida antarctica. The
reactions were performed in various organic solvents (CH,Cl,,
hexane, MeOH, toluene, THF) under mild conditions, with
orbital shaking and microwave irradiation. The reactions
showed good results in the presence of CALB, yielding the
Michael adducts and imines. The reaction products were
analyzed by GC-MS and in some cases it was found that the
reverse aza-Michael reaction had occurred.
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. INTRODUCTION

hiral amines are an important class of organic

compounds, on account of their utility in the

preparation of pharmaceutical and industrial
products of considerable interest [1,2]. These
compounds are intermediates in the synthesis of a large
number of organic compounds and are widely used to
prepare derivatives of natural products, antibiotics,
chiral auxiliaries and lactams. Owing to their vast range
of applications, the modification and improvement of
techniques for  synthesizihg Bamino  carbonyl
compounds has been a research objective in recent
years [2, 3].

The conjugate addition of the nucleophilic
nitrogen in compounds such as amines to
a,B-unsaturated carbonyl or nitrile compounds, namely
the aza-Michael reaction, constitutes a key reaction for
the construction of C-N bonds in the preparation of
[amino esters and nitriles [4]. This reaction is highly
versatile as it can occur between various N-nucleophiles
(aliphatic and aromatic amines, amides, carbamates
and azides) and Michael acceptors (enones, acrylates,
unsaturated nitriles, amides, sulfones, phosphonates,
trifluoromethylalkenes and nitroalkenes) [5].

Recently, an efficient enzymatic protocol was
reported for the synthesis of famino esters via aza-
Michael addition of primary and secondary amines to
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acrylates; CALB (Candida antarctica lipase B) was the
biocatalyst and the corresponding famino esters were
produced in good yields [6]. Green chemistry, in which
harmful organic solvents and exireme conditions are
avoided, is growing in importance; furthermore, the
catalyst can be recycled. An efficient and simple
protocol for aza-Michael addition of aliphatic and
aromatic amines to electron-deficient alkenes has been
established, using TMG-based ionic liquids as catalyst
under solvent-free conditions [7]. Solvent-free aza-
Michael reactions between a variety of amines and
g, Funsaturated carbonyl compounds under microwave
irradiation, catalyzed by perchloric acid impregnated on
silica gel (HCIO,=SiO,), produced the corresponding
adducts [8]. Another method has been developed for
the aza-Michael addition of acrylonitrile to 2-aryl-
oxymethylbenzimidazole derivatives, in the presence of
anhydrous potassium carbonate under microwave
irradiation, to synthesize a novel series of 1-cyanoethyl-
2-aryloxymethylbenzimidazole  derivatives [9]. The
present paper summarizes the results of our
investigation into the conjugate addition of nitrogen-
containing nucleophiles to electron-deficient ketones, in
which environmentally-friendly enzymatic catalysis was
carried out in an orbital shaker and under microwave
irradiation, vyielding aza-Michael imine adducts and
reverse aza-Michael compounds.

[I.  MATERIALS AND METHODS

a) General procedure

The Michael addition reactions were carried out
on a Tecnal TE-421 orbital shaker. The performance of
the enzymatic reactions was measured by analyzing the
products in a Shimadzu GC 2010 gas chromatograph
equipped with an AOC 20i auto injector, a flame
ionization detector (FID) and a J&W Scientific DB-5
column (30 m x 0.25 mm x 0.25 um). The conditions
employed in the gas chromatograph were as follows:
carrier gas: nitrogen (60 kPa); injector temperature: 250
°C; injector split ratio: 1:20; detector temperature: 300
°C; initial oven temperature: 80 °C for 2 min; final
oven temperature: 250 °C for 3 min; heating rate:
10 °C min”, and total time of analysis: 22.0 min
(Supplementary Information — Sl). Gas chromatography—
mass spectrometry (GC-MS): a Shimadzu GC2010 Plus
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gas-chromatography system coupled to a mass-
selective detector (Shimadzu MS2010plus) was used in
the electron ionisation (El) mode. The GC-MS oven was
fitted with a DB-5 fused silica column (J&W Scientific 30
m x 0.25 mm x 0.25um). The oven temperature was
programmed from 50 °C to 270 °C at a heating rate of
10 °C/min, and a total time of analysis: 32.0 min. The
injector and detector temperatures were maintained at
300 °C; injector split ratio was 1:20 and helium was used
as the carrier gas at a pressure of 60 kPa. The
compounds were identified from the fragmentation ions
(70 eV) detected in the GC-MS spectra (Supplementary
Information — Sl). The structures were confirmed after
comparison with Mass Spectral Database (NIST 5.0)
and by co-injection of authentic standards. Reactions
were purified by column chromatography on silica gel
(230-400 mesh) eluted with mixtures of n-hexane and
EtOAc (8:2). Column effluents were monitored by TLC,
using aluminium-backed pre-coated silica gel.

b) Enzyme and chemicals

Novozym 435® (component B of the lipase
from Candida antarctica immobilized on macroporous
poly-acrylate resin, with 10,000 propy! laurate units per
gram), was a gift from Novo Nordisk (Curitiba-Parang,
Brazil).  Solvents  (EtOAc, CH,Cl,,  n-hexane,
MeOH, toluene, THF) were commercially available
and of analytical grade. Cyclohex-2-en-1-one 1, 1-
phenylmethanamine 2 and 3-methylcyclohex-2-en-1-one
5 were purchased from Sigma-Aldrich and 2,5-dimethyl-
para-benzoquinone 8 was synthesized from 2,5-
dimethyl-phenol [10, 11].

c) Lipase-catalyzed aza-Michael reactions under
conventional conditions (orbital shaker)

CALB lipase (80 mg), the unsaturated ketone
[2-cyclohexen-1-one 1 (40 wuL, 0.41 mmol), 3-
methylcyclohex-2-en-1-one 5 (40 uL, 0.35 mmol) or 2,5-
dimethyl-para-benzoquinone 8 (40 uL, 0.33 mmol)] and
the amine [1-phenylmethanamine 2 (40 uL, 0.36 mmol)]
were separately added to 10 mL of the organic solvent
(n-hexane, toluene, dichloromethane, tetrahydrofuran or
methyl alcohol) in 50 mL Erlenmeyer flasks. The flasks
were sealed with a rubber stopper and the reaction
mixture was shaken in an orbital shaker at 33 °C and
133 rpm. The reaction progress was monitored by
collecting samples (0.5 mL) at intervals, between 2 and
48 hours from the start, and analyzed by gas

CALB

organic solvent

chromatography GC-FID and GC-MS. The enzymatic
aza-Michael reactions were carried out in triplicate.

d) Lipase-catalyzed aza-Michael with  microwave
irradiation

The microwave irradiation (MW) experiments
were performed with a Discover System from CEM
Corporation. Organic solvents (10 mL, EtOAc, CH.CI,,
n-hexane, MeOH, toluene, THF), primary amine 2 (40
uL, 0.36 mmol), Michael acceptors 1 (40 uL, 0.41 mmol),
5 (40 uL, 0.35 mmol) and 8 (40 uL, 0.33 mmol) and
CALB (80 mg) were separately added to a 50 mL flat
bottom flask. The whole reaction mixture was placed in
the microwave oven at a frequency 2.45 GHz and
irradiated at 33, 40, 50 and 60 °C, power output of about
70 W. The reaction progress was monitored by
collecting samples (0.1 mL) and analyzed by gas
chromatography with a J & W Scientific DB-5 (30 m x
0.25 mm x 0.25 um). After 3 hours of reaction, the flask
was removed and the immobilized lipase was filtered
off. The organic solvent was evaporated under reduced
pressure. The residue was purified by column
chromatography on silica gel with 8:2 hexane and
ethyl acetate as eluent. The reactions were carried out in
triplicate and the results are presented and discussed
next.

[11. RESULTS AND DISCUSSION

The lipase from Candida antarctica (CALB) is
often used to promote asymmetric reactions via
transesterification of racemic alcohols and amines by
chemo-enzymatic resolution [12-15]. The enzymes used
to catalyze unusual reactions, commonly named
promiscuous enzymes, such as the Michael addition
reaction catalyzed by lipases, are being investigated
with interest [6, 16-17].

The aim of this study was to carry out Michael
additions with the immobilized lipase from C. antarctica,
on account of its proven catalytic efficiency and thermal
stability, with high activity at 70-90 °C [18]. Our study
began with cyclohex-2-enone 1, due to the absence of
steric hindrance in the 1,4-addition, and the achiral
primary amine, 1-phenylmethanamine 2. Under these
conditions, the reaction can favor two products, the
imine N-(cyclohex-2-en-1-ylidene)-1-phenylmethanaminne
3and the chiral aza-Michael adduct 3-(benzylamino)
cyclohexanone 4 (Scheme 1).
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Scheme 1 : Aza-Michael reactions using CALB on an orbital shaker and microwave irradiation
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Initially, this reaction was tested in five organic
solvents  (n-hexane, dichloromethane, methanol,
tetrahydrofuran and toluene). It was also performed in
the absence of CALB, since primary amine 2 is a strong
nucleophile and g, Bunsaturated ketone 1 is a good
Michael acceptor, which could favor the spontaneous
formation of products 3 and 4.

Under orbital shaking, in the presence of CALB,
this reaction gave the aza-Michael adduct 4 at low
conversion rates, varying with the solvent used (c 9-
37%), and imine 3 at conversions of 5-23%, in 48 h. The
non-enzymatic reaction gave similar results for adduct 4
(c 3-29%) and imine 3 (4-34%) in 48 h. The reaction in
the presence of CALB and n-hexane produced adduct 4
at 25% conversion and imine 3 at 23% in 48 h, while
under the same conditions without CALB lower yields of
both adduct 4 (c 10%) and imine 3 (c 9%) in 48 h were
observed. In this case, there is a visible influence of
lipase in the formation of the aza-Michael adduct 4 (SI-
1). In methanol, there was good conversion to the
adduct 4 (c 38%) and imine 3 (c 14%) in 48 h. In the
absence of CALB, a decrease occurred in the
conversion of adduct 4 (c 29%) and an increase in
conversion to imine 3 (c 35%) in 48 h (SI-2).

It is reported in the literature that CALB exhibits
good catalytic activity in hydrophobic solvents [12, 14,
19]. In our studies the reactions in n-hexane and
methanol were not efficient. Factors such as the polarity
of the substrates (ketone 1 and amine 2) may have
influenced these results, and Michael addition reactions
may be occurring spontaneously and reversibly, yielding
unstable products, without being promoted by CALB
[17].

In dichloromethane, with CALB, the reaction
showed low conversion to adduct 4 (¢ 10%) and imine 3
(c 6%) after 48 h. In the absence of lipase we observed
similar values to those obtained enzymatically for adduct
4 (c 7%) and imine 3 (c 4%), at 48 h (SI-3).

In toluene, adduct 4 showed low conversion (C
<14%), as did imine 3 (c 11%), after 48 h. In the non-
enzymatic reaction, adduct 4 was obtained at a
conversion of less than 3% and the imine at 2% in 48 h
(SI-4). The choice of solvent depends strongly on the
solubility of the catalyst and of the donor and acceptor
in the Michael addition, as well as the ability of the
solvent to prevent the occurrence of side reactions. For
example, if the reactant or products are susceptible to
alcoholysis  (ester  hydrolysis), transesterification,
autocondensation, reverse Michael reactions, non-
hydroxy! solvents are desirable [20].

Aiming to improve the conversion of aza-
Michael addition in the presence of CALB, the reactions
with ketone 1 and amine 2 were promoted, in methanal,
THF, dichloromethane and n-hexane, by microwave
irradiation (40 °C, 70 W). Under these conditions, the
aza-Michael adduct 4 showed 0.3-42% conversion and
imine 3 of 2-40% conversion, depending on the solvent

used. The reaction in methanol gave the best result, the
adduct 4 was produced at 42% conversion and imine 3
at 4%, in 3 h.

In n-hexane and dichloromethane, only imine 3
(c 12%) was formed in 3 h. In THF, there were low
conversions of adduct 4 (0.3-6%) and imine 3 (1-3%) in
3 h. The reactions in dichloromethane and hexane,
without CALB, yielded the adduct 4 and imine 3 in small
amounts (c<10%) by microwave irradiation for 3 h.

The regioselectivity of the reactions depends on
the conditions in which they are carried out, the type of
catalyst, the solvent and the nucleophile [21]. In these
studies, the reaction both in the presence and absence
of CALB favored the formation of products via 1,2-
addition and 1,4-addition with similar conversions.

Dhake et al. (2010) conducted aza-Michael
additions between various primary and secondary
amines and acrylates, in the presence of lipase, to
obtain the corresponding famino esters. In this study,
methyl acrylate and CALB in toluene showed the best
results in the synthesis of the Michael adduct. It was
observed that the activity of the enzyme increased with
the temperature, up to 60 °C. However, at higher
temperatures (> 80 °C), the yield of the reaction
decreased to 75%, possibly due to inactivation of the
enzyme [6].

All the reactions in this first part were monitored
by GC-FID and GC-MS analysis, which showed the
formation of the aza-Michael adduct 4 and imine 3
(Supplementary Information - Sl). During the isolation of
the adduct 4 by silica gel only the starting reactants,
namely enone 1 and the amine 2, were found. Thus, it
was concluded that a reverse Michael reaction occurred
during the purification process. The instability of these
products was confirmed by the main fragments
obtained in the mass spectra, which were compared
with data from the Nist 5.0 library.

In the GC-MS chromatogram of the reaction, in
n-hexane under orbital shaking for 4 days (SI-5), a
signal with a retention time of 14.5 minutes was
observed, which provided the spectrum of a molecular
ion at m/z 185 [M]*. The mass spectrum of imine 3 was
comparable to the Nist 5.0 mass spectral database. The
fragmentation of the molecular ion at m/z 185 provided
the tropylium ion, at m/z 91, as the base peak. On the
basis of these fragmentations it was possible to suggest
the formation of imine 3 (SI-5 and SI-6).

Another signal in the chromatogram, with
retention time 15.9 minutes, showed the molecular ion at
mj/z 203 that corresponds exactly to the aza-Michael
adduct 4. The mass spectrum was similar to that
reported for adduct 4 in the Nist 5.0 mass spectral
database, and is consistent with the literature [22, 23].
The fragmentation pattern of the molecular ion at
m/z 203 again provided the tropylium ion (m/z 91) as a
base peak, which confirmed the formation of adduct 4
(SI-5 and SI-6).

© 2014 Global Journals Inc. (US)
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Thus, we conclude from the spectral evidence
that it is possible to obtain the compounds 3 and 4 from
enone 1 and amine 2. However, due to the instability of
the products, they were not isolated, but were
characterized by mass spectrometry.

substituted acceptor, 3-methylcyclohex-2-en-1-one 5
and the achiral donor, 1-phenylmethanamine 2. The
reactions were performed in the presence and absence
of CALB in the orbital shaker, with hexane and methanol,
and under microwave irradiation, with methanol,
dichloromethane and hexane (Scheme 2).

N
(@] N \T::j

The next step was to evaluate the
regioselectivity of the Michael reaction by using the
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CALB_
. ©/\NH2 organic solvent
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5 2 or MW

Scheme 2 : Aza-Michael reactions using CALB on an orbital shaker and microwave irradiation

The reactions under orbital shaking were
similar, with or without CALB, in methanol: the imine 7
was produced at 27-38% conversion in 24 h, whereas
the adduct 6 was not detected under these conditions
(SI-7).

In hexane and with CALB, adduct 6 was not
observed after 24 h, but only imine 7 at 30% conversion
(SI-8). In the absence of lipase, imine 7 was produced at
less than 5%. In this case, CALB influnced greatly the
product obtained by 1,2-addition. In these reactions, the
methyl group at position 3 of enone 5 hinders the
Michael 1,4-addition, probably by steric and electronic
effects. The larger the substituent group on the
a,B-unsaturated ketone, the more unfavorable is the
1,4-addition [20].

Initially, good yields were expected for adduct 6
with lipase in hexane, because the enzyme acts very
well in nonpolar solvents. However, ketone 5 and amine
2 have polar groups that may influence the low
conversion to imine 7.

The reactions under microwave irradiation were
performed at 33 and 50 °C and 70 W. The enzymatic
reaction in methanol and dichloromethane at 33 °C did
not form adduct 6 and imine 7 showed conversion <
5%.

Yu et al. studied the effects of temperature on
the CALB in the transesterification of (+)-2-octanol by
microwave irradiation. In that study the temperature was
assessed from 40 to 100 °C, and the activity of the
enzyme increased with temperature up to 80 °C, while
there was a fall in enzymatic activity at higher
temperatures [24]. The elevated temperature in a
microwave reactor increases the probability of collision
between enzyme and substrate molecules, which can
promote the formation of the enzyme-substrate complex

and increase the rate of reaction and the final
conversion [24].
Given the low conversion of reaction in

methanol and dichloromethane, the temperature was
raised to 50 °C and 70 W, resulting in a better
performance of the reaction in methanol in the formation

© 2014 Global Journals Inc. (US)

of the a,B-unsaturated imine 7, but with low conversion
(c = 10%). The results of these experiments were similar
in the enzymatic and non-enzymatic reactions (c<11%,
50 °C, 70 W), yielding only the imine 7 at low conversion.
There are several factors that may influence the low
performance of these reactions. Amine 2 may be
interacting with other parts of the lipase, hampering the
Michael addition under these conditions. Also these
reactions are subject to the reverse aza-Michael
pathway; thus, the instability of imine 7 was confirmed
by the main fragments obtained in the mass spectra by
GC-MS, compared with data from the Nist 5.0 library (SI-
8).

Analysis of the chromatogram of the reaction
performed in hexane by orbital shaking, showed the
presence of a signal with a retention time of 159
minutes. Its mass spectrum showed the ion fragment at
m/z 199, corresponding to imine 7 (SI-8 and SI-9). To
confirm the formation of imine 7, the reaction was
performed in the orbital shaker with methanol. After the
reaction was complete and the presence of imine 7
confirmed by GC-MS, 10 mL of distilled water was
added and the reaction was maintained under shaking
for one hour. After extraction, the reaction was analyzed
by GC-MS and showed the reacting species 5 and 2.

Finally, we carried out the reaction with primary
amine 2 and 2,5-dimethyl-para-benzoquinone 8. The
experiments were conducted in hexane with CALB on an
orbital shaker and under microwave irradiation for 96 h.
After this time, two products with retention times of 15.0
minutes (¢ 43%) and 19.0 minutes (c 34%) were
detected by GC-MS analysis (Scheme 3) (SI-10).
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Scheme 3 : Aza-Michael reactions using CALB on an orbital shaker and under microwave irradiation

The reactions were conducted in hexane and
microwave reactor at 60 °C (70 W) in the presence of
CALB. After 5h, the reactions yielded two products with
retention times of 15.0 minutes (¢ 21%) and 19.0
minutes (¢ 18%) with complete consumption of amine 2
by GC-MS analysis (SI-11).

Analysis of the mass spectrum of the
compound with retention time 15.0 minutes showed the
presence of a molecular ion with the base peak at m/z
225. There was an intense peak at m/z 148 (75%)
corresponding to the loss of a fragment at m/z 77.
These fragments are consistent with the structure of the
compound 4-(benzylimino)-2,5-dimethylcyclohexa-2,5-
dienone 9 (SI-11 and SI-12).

The compound with retention time 19.0 minutes
provided a mass spectrum for a molecular ion at
m/z 195 and base peak at m/z 91. Analysis of the mass
spectra with reference to the Nist 5.0 library and in
comparison with the literature [25] suggested the
formation of N-benzylidene-1-phenylmethanamine 10
(SI-11 and SI-12).

The formation of 10 could occur by nucleophilic
attack of amine 2 on imine 9. The non-enzymatic
reaction does not occur under microwave irradiation at 3
h. However, the reaction under microwave irradiation
promoted the formation 10 in face of the reactivity of the
species involved (SI-11 and SI-12).

Finally, to confirm the production of imines 9
and 10, the reaction mixture was subjected to hydrolysis
at 24 hours, then extracted with ethyl acetate and
analyzed by GC-MS. After hydrolysis, products 9 and 10
were all converted to the starting reagents 2 and 8,
confirming the synthesis of unstable imines in aqueous
medium (SI-13 and SI-14).

In the chromatogram of the hydrolysis reaction,
no amine 2 was observed, but the corresponding
N-benzylacetamide 11 with retention time 11.3 minutes
was formed by acetylation of amine 2 during extraction
with ethyl acetate. The compound was confirmed by
synthesis of the authentic standard (SI-15).

IV. CONCLUSION

In this paper we present studies on the
regioselectivity of aza-Michael addition reactions
between amine 2, and enones 1, 5 and 8 under various
experimental conditions, such as types of organic
solvent, presence and absence of lipase from Candida

antarctica, orbital shaking and microwave irradiation. All
the reactions yielded products via the formation of 1,2-
and 1,4-additions. Owing to the poor stability of the
compounds formed, GC-MS analyzes were carried out
and showed the formation of aza-Michael adducts and
several imines. Reverse aza-Michael reactions and
hydrolysis of imines allowed us to verify the formation of
all the products. In some cases, it was also possible to
observe the influence of lipase and microwave
irradiation on the performance of the reactions. The
compounds were confirmed by detailed analysis of their
mass spectra and the corresponding ions formed.
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SI-1 . Chromatograms obtained by GC-FID. Reaction of ketone 1 with amine 2 in hexane under orbital shaking (48 h,
33°C, 133 rpm). (a) In the presence of lipase. (b) In the absence of lipase. Conditions of GC-FID analysis: DB-5
column (30 m x 0.25 mm x 0.25 um) Ti = 80 °C, Tf = 250 °C, r = 10 °C/min, t = 22.0 min
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SI- 2 : Chromatograms obtained by GC-FID. Reaction of ketone 1 with amine 2 in methanol under orbital shaking (48
h, 33 °C, 133 rpm). (b) In the presence of lipase. (b) In the absence of lipase. Conditions of GC-FID analysis: DB-5
column (30 m x 0.25 mm x 0.25 um) Ti = 80 °C, Tf = 250 °C, r = 10 °C/min, t = 22.0 min
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SI- 3 : Chromatograms obtained by GC-FID. Reaction of ketone 1 with amine 2 in dichloromethane under orbital
shaking (48 h, 33 °C, 133 rpm). (a) In the presence of lipase. (b) In the absence of lipase. Conditions of GC-FID
analysis: DB-5 column (30 m x 0.25 mm x 0.25 um) Ti = 80 °C, Tf = 250 °C, r = 10 °C/min, t = 22.0 min
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SI- 4 : Chromatograms obtained by GC-FID. Reaction of ketone 1 with amine 2 in toluene under orbital shaking (48

h, 33 °C, 133 rpm). (b) In the presence of lipase. (b) In the absence of lipase. Conditions of GC-FID analysis: DB-5
column (30 m x 0.25 mm x 0.25 um) Ti = 80 °C, Tf = 250 °C, r = 10 °C/min, t = 22.0 min
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SI- 5 : Chromatogram and mass spectrum obtained by GC-MS (El, 70 eV) for the reaction of ketone 1 with amine 2
in hexane under orbital shaking for 4 days (33 °C, 133 rpm). (a) Ketone 1. (b) Amine 2. (c) Mass spectrum obtained
from a signal with a retention time of 14.5 min. (d) Mass spectrum obtained from a signal with a retention time of
15.9 min. Conditions of GC-MS analysis: DB-5 column (30 m x 0.25 mm x 0.25 um) Ti = 50 °C, Tf = 270°C, r = 10
°C/min, t = 32.0 min

N-(cyclohex-2-en-1-ylidene)-1-phenylmetha-

GC-MS (El, 70 eV): namine 3, C;;HsN, m/z (%): 65 (15), 91 (100), 185 (M",
2-cyclohexen-1-one 1, CiH;O, m/z (%): 68 30), 157 (7).
(100), 96 (M*, 41), 40 (21), 55 (6), 81 (0.5). 3-(benzylamino)cyclohexanone 4 C;H;,NO, m/z

1-phenylmethanamine 2, C,HN, m/z (%): 106  (%): 91 (100), 146 (44), 160 (32), 203 (M*, 30), 133 (27),
(M*-1, 100), 107 (M*, 61), 79 (42), 91(12), 51 (11), 65 106 (31), 65 (13).
(6).
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SI-6 : Cleavage probable at the bond B to the ring, giving the tropylium ion
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SI- 7 : Chromatograms obtained by GC-FID. (a) Standard of amine 2. (b) Standard of ketone 5. (c) Reaction of
amine 2 with ketone 5 in methanol under orbital shaking in the presence of lipase (24 h, 33 °C, 133 rpm). (d) In the
absence of lipase. Conditions of GC-FID analysis: DB-5 column (30 m x 0.25 mm x 0.25 um) Ti = 80 °C, Tf = 250

© 2014 Global Journals Inc. (US)

°C,r=10°C/min, t = 22.0 min



=
1.50] 2
1 DD—: 7
.00 . ] . L 1 - r T T T T
%
100 06.05
. a
75 @NHZ @)
50 79.05
B 77.00
25 1.00
] 500 | 1.05
4105 400415390 6100 P20 g50q (], _89.00" 10405,
40 50 60 70 80 90 100 110
%
190 82.05
] o (b)
50
] 1,05 10.10
25
:U ! 74:1[0? — Ag_ng F‘\OS‘ — 6100 F?O(‘) - 7? 05 | ‘ 91 05 9505 — i 1‘1011}: i
40 50 60 70 80 90 100 110
%
00 1.05
] ©
Pas
el
] 99.0
25 .
3 . 84.05
41.05 | 5305 . f %02 1, 10405 42210 310 15610 17010 % 1
o+ - T T T T L) et L E
50.0 75.0 100.0 125.0 150.0 175.0 200.0

SI- 8 : Chromatogram and mass spectrum obtained by GC-MS (El, 70 eV) for the reaction of ketone 5 with amine 2

in hexane under orbital shaking (24 h, 33 °C, 133 rpm). (a) Amine 2. (b) Ketone 5. (c) Mass spectrum obtained from

a signal with a retention time of 15.9 min. Conditions of GC-MS analysis: DB-5 column (30 m x 0.25 mm x 0.25 um)
Ti=50°C, Tf =270 °C, r = 10 °C/min, t = 32.0 min

GC-MS (El, 70 &V):
3-methylcyclohex-2-en-1-one 5, C,H,,0, m/z
(%): 82(100), 110(40, M*), 54(36), 41(8).
1-phenylmethanamine 2 C,HgN, m/z (%): 106
(M*-1,100), 107 (M, 61), 79 (42), 91(12), 51(11), 65 (6).

N-(3-methylcyclohex-2-en-1-ylidene)-1-
phenylmethanamine 7, C,,H;N, m/z (%): 91(100), 199
(M*, 30), 65(17), 184(11), 79(10).
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SI-9 : Cleavage probable at the bond B to the ring, giving the tropylium ion

© 2014 Global Journals Inc. (US)

Global ]()urnal of Science Frontier Research ( B) Volume XIV Issue [ Version I H



Version |

Volume XIV Issue I

Research (B)

Frontier

Global Journal of Science

Wisix Intensity © 9,401,126

(2¢1,000,000)
Jnic

2.0
5.0

7.0

1L_Ml¢ |

9 Time 19934 Scan® 2033 Inten 1 633,028 ©Oven Temp243.34

10

al o P S A

12 5 15.0 175 200 225 250 275 30.0

SI-10 : Chromatogram obtained by GC-MS. Reaction of amine 2 with ketone 8 in hexane under orbital shaking (96
h, 33 °C, 130 rpm). Conditions of GC-MS analysis: DB-5 column (30 m x 0.25 mm x 0.25 um) Ti = 50 °C, Tf = 270

© 2014 Global Journals Inc. (US)

°C,r=10°C/min, t = 22.0 min



10,000,000
=

Mo Intensity © 15,277,506

150

2

1.2
INH.
1 .00 2

SN

Tme =743  Scan® =75 Iren

TE.Z50,3058  Owen Temp2el 43

(1)

075 CHy
] o
DE-D—: 11 9
] O LL, l , , , ,
|G oee ez s 62145;3'"‘235.::T;;,:;5053§
! (2)
9
. 10
o <t
z 11 =
[@\]
z
z ,
@ —
i bt |
%
19
100 ©/\NH 10610 (@)
(o]
504 7905 2
77,00 Z
9105 d
a0 g [y mw M e s ||, =
40.0 45,0 50.0 55.0 60.0 65.0 70.0 75.0 80.0 85.0 90.0 95.0 100.0 105.0 110.0 —
% [}
100 13810 (b) 2
] 68,00 >
501 A
1 X<
40 00 79,00 9600 10105
[}
ol “‘5295“6500‘ L oo, | oeep 1205 e a0 £
70 80 90 100 110 120 130 140 150 160 170 180 —:
% =
100 @ 22510 —
] 14810 (c) /M
50{ 221. 0 —
] 209.05 s
1 77,00 133.05 —~
o4 4400 5095 6900 | W 10300 11255120.00 A o, 115510 16830 18000 10605 - I 51
50 0 75 0 100.0 125.0 150.0 175.0 200.0 225.0 :
% %
1004 91,05
(d)
N Z
507 - 10410 o
[a s
55‘00 10005 117.05
ol 4o %085 | 0o 4l . MO nisgh igges  a3ejo 15210 16300 a7g05 8
40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 =)
% =
100 106 (e) N
] ©/\NHAC 149 S)
501 =
] 79 9|1 5
c'.,....,5'1...'5.8,..65..,71...':|8,°....,9.2. — | e i =
40 50 60 70 80 90 100 110 120 130 140 150 —
SI-17 - Chromatograms and mass spectrum obtained by GC-MS (El, 70 eV). (1) Non-enzymatic reaction of amine 2 =

with ketone 8 in hexane under microwave irradiation (3 h, 60 °C, 70 W). (2) Enzymatic reaction of amine 2 with
ketone 8 in hexane under microwave irradiation (5 h, 60 °C, 70 W). (@) Amine 2. (b) Ketone 8. (c) Mass spectrum
obtained from a signal with a retention time of 15.0 min. (d) Mass spectrum obtained from a signal with a retention
time of 19.0 min. (e) Mass spectrum obtained from a signal with a retention time of 11.3 min. Conditions of GC-MS
analysis: DB-5 column (30 m x 0.25 mm x 0.25 um) Ti = 50 °C, Tf = 270 °C, r = 10 °C/min, t = 32.0 min
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GC-MS (El, 70 eV): N-benzylidene-1-phenylmethanamine 10,
2,5-dimethyl-para-benzoquinone 8, CgH;O, m/z  C,HsN, m/z (%): 65 (17), 91(100), 92 (37), 117 (11), 194

(%): 136(M*, 100), 68(66), 79(28), 108(29), 40(28), (40), 195 (M*, 38).

96(22), 121(3). N-benzylacetamide 11 CgH,;NO, m/z (%): 106
4-(benzylimino)-2,5-dimethylcyclohexa-2,5- (100), 149 (M*, 79), 91(27), 79(18), 43(21).

dienone9, C;sHsNO, m/z (%): 225(M*, 100), 148(70),

224(52), 209(23), 77(14).
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SI-12 : Aza-Michael reactions using CALB on an orbital shaker and microwave irradiation
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SI- 13 : Chromatograms obtained by GC-MS. (a) Enzymatic reaction of amine 2 with ketone 8 in hexane under orbital

shaking in triplicate (48 h, 33 °C, 130 rpm). (b) Enzymatic reaction of amine 2 with ketone 8 in hexane after extraction

into ethyl acetate and water after 24 hours on an orbital shaker (33 °C, 133 rpm). Conditions of GC-MS analysis: DB-
5 column (30 m x 0.25 mm x 0.25 um) Ti = 50 °C, Tf = 270 °C, r = 10 °C/min, t = 32.0 min
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Sl- 14 : Extraction of aza-Michael reaction with ethyl acetate and water after 24 h on an orbital shaker
(83 °C, 133 rpm)
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ANALYSIS BY GC-MS OF AN AZA-MICHAEL REACTION CATALYZED BY CALB ON AN ORBITAL SHAKER AND UNDER

MICROWAVE [RRADIATION

NH, EtOAC NHAC
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SI-15 : Acetylation of amine 2 by EtOAc
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