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1. Introduction

The chemoselective bioreduction @fi-unsaturated compounds Although these catalysts (isolated microorganisnts emzymes)
is an important synthetic tool that can have apgilims in the are known since a long time, it has more recenthnbesed as
synthesis of many fine chemicals and pharmaceuticathemical reagents in organic synthesis.

molecules:? However, the synthetic potential of these enzymesestdo be
Chemoselective reduction of benzylidene malondaeittiave explored in recent decades mainly in the semi-&sgith of
attracted much attention in the last decade beddaeseeduction natural products, leading to interesting biolodicahctive
product that is very important intermediates inamig synthesis molecules, drugs or intermediate key compoufridghe catalytic
mainly on the production of medicinal active compdsi* process by these enzymes occur on the reducti@®fdouble
However, numerous methods developed for this organibonds activated by electron-withdrawing group, such a
synthesis use NaBH InCl;-NaBH,, and other expensive carbonyl, nitroolefin, cianoolefin, and imin&&.

catalysts such as rhodium complexesd additional harsh In addition, whole cells of the fungus filamentouarme-derived
experimental conditions also associated with enwir@mtal Penicillium citrinum CBMAI 1186 has been also successfully
problems-* used on the chemoselective bioreduction of chakane enones
The biotransformation process is only one reactora set of «,B-, a,B,y,6- or di-o,p-unsaturated as it was recently shown in
simultaneous reactions in cascade performed byneegyor in  our research group (Scheme’1).

the whole cells of microorganisms that can be used

complementarily to chemical synthetic methdds. 0 P. citrinum O HH

Many of those enzymes responsible by chemoselective NS __ CEBMAI1186 7
bioreduction of C-C double bond,p-unsaturated group are )W© 32°C, 132 pm, 6 d M
named of ene-reductases (ERS). c=76%

* Corresponding author. Tel.: +55 16 3373 8103..Fa65 16 33739952. E-mail

address: almporto@igsc.usp.br (A.LM. Porto) Scheme 1.Chemoselective bioreduction with whole cells o# flungusP.

citrinum CBMAI 1186
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2. Results and discussion

Due to the versatility on the chemoselective biobgénation of
enones by fungu®. citrinum CBMAI 1186 in this work we
extend its application to perform the reduction different
aromatic malononitriles, commonly prepared by Kreeagel
condensation.

Firstly, different Knoevenagel adducts under micow
radiation in methanol wersynthesized All products were
obtained in goods yields (Table 1).

Table 1 Knoevenagel
malononitriles under M\W.

synthesis of aromatic and heteroaioma

i CN MeOH RN CN
R >H T < 30 min, 60 °C CN
1ak N MW 2ak
Entry Aldehydes  Knoevenagel Isolated yield% (%)
(1) adducts ?)

CN

H
5 /i
o
DO /;
=z

a 2 98
o Oox
2 . 1b F 2N 98
CN
e O %
3 cl 1c cl ZCCN
CN
4 Br 1d Br 2d
CN
P AT
95
©/1e\ O,N ZeCN
5 OzN 2!
6 HO 1f HO 2 ON 93
~o ~CN
7 ﬁ 99
MeO 19 MeO 29N
CN
8 o e 98
HO 1h HO 2h
OMe OMe
9 [y o NN 90
N~ i N/ 2i CN
CN
O XX
10 S \ 85
S 4j S 5 CN
RS \0 AT CN
11 \0 4, \o,,cn 95

%General reaction conditions: benzaldehyde (1 mmmoiJononitrile
(2.1 mmol), MW power: 20 W, 66C, 30 min. The reactions were
monitored by TLC. The crystals were filter out, Wwakem with water
(3 x 5 mL) and recrystallized in a mixture of hesatichloromethane
(1:1)."Isolated yields obtained after purification.

The results from all biotransformations of aromagiod
heteroaromatic malononitriles witl®. citrinum CBMAI
1186 are summarized in Table 2. The
biotransformation of the compourzh by fungus marine-
derived P. citrinum CBMAI 1186 gave exclusively to the
formation of the compoun@®a with 97% vyield (Entry 1,

Table 2), resulting from the action of the ERs ba C-C

double bond in tha The mechanism of reduction of the
C-C double bond by ERs is known by the nucleophilic
attack of a hydride transfer from the flavin cotaobnto aB-
carbon atom of the C-C double bond in the presefian
electron-withdrawing substituent. Then, a tyrosiesidue
delivers a proton to the-carbon atom, typically on the
alkene opposite face, affordimgti-hydrogen additiof:'°
Based on this observation we tried to investigatel a
confront this enzyme catalytic mechanism by exangrihe
action of whole cells of the fungis citrinumCBMAI 1186

in the reduction the C-C double bond of differandtmatic
malononitriles with substituen¢lectron withdrawing and
electron donating.

The bioreduction ofbenzylidine malononitriles bearing
electron withdrawing substituents such as 2-(4-
fluorobenzylidene)malononitrile 2p), 2-(4-chlorobenzy-
lidene)malononitrile  Zc), and 2-(4-bromobenzylide-
ne)malononitrile 2d) promoted the corresponding reduced
products in the C-C double bond with excellent dse(98,
95 and 93%, respectively). The reactions were eardut
for 6 days of the inoculation with whole cells afnfjus
marine-derived?. citrunmCBMAI 1186 (Entries 2-4, Table
2). However, the compoun2e, which also has an electron
withdrawing substituent (—N£ followed a completely
different catalytic pathway as its biotransformatied to
yielding a mixture of products (Scheme 2). At tinel ®f the
biotransformation it was possible to isolate the42-
nitrobenzyl)malononitrile 3 with yield 22%, and the
compound (4-nitrophenyl)methanol)( with yield 60%
(Supplementary Material). The minority compound$42-
aminobenzyl)malononitrile 5 and 4-
aminophenyl)methanol 6f not were isolated. The
compound6é was confirmed by GC-MS and was compared
with the similar structure in the NISTO5 librarytdbase
(Mass Spectral Library NIST/EPA/NIH). The compoutd
can be obtained from the reduction phitrobenzaldehyde
(pPNB) by a ketoreductase. The formationpMB possibly
occurred via retro-Knoevenagel @& The nitro group is a
stronger deactivator of the aromatic ring, and taed the
nucleophilic attack of water at the benzylic pasitiof
compound2e Then, the retro-Knoevenagel occurred, i.e.,
yielding the p-nitrobenzaldehyde and malononitrile. The
reduction of p-nitrobenzaldehyde was confirmed in the
presence of the fungal cells Bf citrinumCBMAI 1186 and
produced the benzyl alcohdl in total conversion. The
compoundss and 6 were obtained as minor products. The
compound was obtained via the action of an ene-reductase.
The compound was probably formed from the reduction of
the nitro group off by the action of a nitroreductase.

The p-nitrobenzaldehyde was subjected to the funBus
citrinum CBMAI 1186 and yielded the benzyl alcolkband
the amino compoun@. By kinetic reaction occurred firstly
the reduction of the group benzaldehyde and theneaf
reduction of the nitro group by the actions of kethuctase
and nitroreductase, respectively (Supplementarye ).

reaction of
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Table 2 Bioreduction of Knoevenagel adducts by myceliumtie
marine-derived funguB. citrinumCBMAI 1186.

6d, 130 rpm, 32 °C
/@A(CN /@ﬂ OH
CN
HN HoN
5 6

(2 %, not isolated) (12 %, not isolated))

R/\/CN
CN

P. citrinum

CBMAI 1186

Scheme 2Biotransformation of th@e by P. citrinumCBMAI 1186. 2 6d, 130 rpm, 32 °C
Entry Knoevenagel Products8) Isolated yields (%)
Fungal cells of P. citrinum CBMAI 1186 were also adducts(2)

employed in the chemoselective reduction of arornati

CN

malononitrile with groups electron donating. On thither 1 @/\rm m 97
hand, the bioreduction of the C-C double bond a&fséh 22N V,

groups of electron donating compounds led to thm&bion NN CN

of the desired products in lower yields in compamiso the 2 F/©/2:C/N F% 98
compounds with substituent electron withdrawing.eTh

chemoselective bioreduction of the C-C double bohthe CN D/YCN

2f producedthe correspondingf in a poor yield, 12%. The Clm cl 3c N 95
donor electron effect of OH group disfavors thectiem of oN
biohydrogenation (Entry 5, Table 2). Besides, #ction of mCN /©/\( 93
2h gave the reduced produ8h in a moderate yield, 66% 4 Br 24N Br 3N

(Entry 7, Table 2). By using 2-(4-methoxybenzyliden

malononitrile (2s)] was obtained the 2-(4- N /mCN 12
methoxybenzyl)malononitrile 3¢) in a 84% vyield from 5 m HO 3¢ ON

whole cells ofP. citrinum 1186 (Entry 6, Table 2). This Ho x

group of experiments shows that the success offetietion ~CN Q/YCN

of reduction C-C double bond by whole cells of fusd. Meo/©/zg\c(N MeO 3gN 84
citrinum CBMAI 1186 depends dramatically on the

electronic effects promoted by the substituentchttd to the 7 ~CN /@/\(crq 66
aromatic ring. o N HO 3 CN

In order to examine the scope and limitations of ou OMe OMe

methodology beyond aromatic derivatives, we caroetl 8 N -CN o CN 93

also the reaction chemoselective bioreduction ef @C LJ en Z 4 CN
double bond of heteroaromatic malonitriizisk. N N

As can be seen in Table 2, whole cells Rf citrinum 9 =S m 99
CBMAI 1186 were also able of reduced the C-C douhle L]
bond of 2i-j in the Knoevenagel adducts in good yields.

When 2i was subjected to the bioreduction from myceliumUltimately, the bioreduction of C-C double bond
of P. citrinum CBMAI 1186 in buffer pH 7 in 6 days, the Knoevenagel addu@k was observed the formation of two
product  2-(pyridin-3-ylmethyl)malononitrile 3() was Products3k-4k (Scheme 3). The reducet was produced
isolated in a 93% vyield (Entry 8, Table 2). Und&et ina 70% yield and surprisingly the correspond aik in
mentioned conditions was obtained the bioreduatiodj in ~ 30% yield. The compoundk is correspondent product of

a quantitative yield (99%) (Scheme 3). action of ER and nitrile hydratase from microorgamiP.
citrinum CBMAI 1186. A particular advantage of enzymes

bioreduction in comparison with the chemical cattdyis
their ability to be conveniently incorporated inteaction
cascades. Since all enzymes operate under relasirailar
conditions, several of them can be combined in e-mot
reaction.

The reaction of biotransformation of tR& by whole cells
P. citrinum CBMAI 1186 was monitored every 24 h with
the withdrawal of 1 mL of sample, extracted withhyét
acetate and analyzed by GC-MS. The prodBkt was
majority in first 24 h of the reaction, in a longacubation
time occurred dowering of the3k and increaseof the 4k
(Figure 1). The compund3k-4k were identified by NMR
(*H and*®C), FTIR and MS (Supplementary Material).
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Figure 1. Biotransformation of th2k into 3k and4k by fungusP. citrinum
CBMAI 1186. In Graphical2k (black color),3k (red color), andk (green

color).
3. Conclusion

In summary, it is reported the first time the eaduction of
aromatic malononitrilea-k by biotransformation. The products
3a-k were obtained in very good yields with whole cellsinme
derivedP. citrinum CBMAI 1186. Finally, the biotransformation
of compound2k showed action of the ene-reductase and th
nitrile hydratase and its activity is induced acting the
substrate used.

4. Experimental
4.1.General methods

All manipulations involving the marine-derived fursglP.
citrinum CBMAI 1186 were carried out under sterile conditions
in a Veco laminar flow hood. A Technal TE-421 orbisalaker
was used in the biocatalytic experiments. For
chromatography—mass spectrometry, a Shimadzu GCPQiO
gas chromatography system coupled to a mass-selatgtector
(Shimadzu MS2010 Plus) in electron ionization md¢de eV)
was used. FTIR spectra were recorded on a ShimadtiniRy
spectrometer samples were prepared as thin filmgKBmdisks
(solid samples) or liquid film (liquid samples) ihe 4000-400
cm™ region."H NMR and**C NMR spectra were recorded on an
Agilent Technologies 500/54 Premium Shielded or Adile
Technologies 400/54 Premium Shielded spectrometeth
CDCl; as the solvent and TMS as the internal standalessin
otherwise noted. The chemical shifts are given im pand
coupling constants (J) in Hz. The microwave
experiment was performed using a Discover System fG&iv
Corporation at a 2.45 GHz frequency, a power outpudbafut
200 W.

4.2. Chemical reagents

Benzaldehyde (99.5%), p-anisaldehyde (98%), 4-
chlorobenzaldehyde (97%), 4-fluorobenzaldehyde (98%
vanillin (99%), 4-bromobenzaldehyde (99%), 4-

hydroxybenzaldehyde (98%), 3-pyridinecarboxaldehy@@%o),

radiation

Tetrahedron

2-thiophenecarboxaldehyde (98%), furfural (99%)lamanitrile
(99%). All the reagents were purchased of Sigma-Atdaod
were used without further purification. The salts dusier
preparation of the artificial sea water were purctidsem Vetec
and Synth (Brazil). Deuterated chloroform was puretdasom
Cambridge Isotope Laboratories.

4.3. Preparation of the Knoevenagel condensation der
microwave irradiation

A mixture of aldehyde (1.0 mmol), malononitrile (Irimol)
in methanol (3 mL) was put in the microwave reactosr30 min
at 60°C, 20 W. The reaction progress was monitored by TAIC.
end of the reaction, the solution was filtered oud washed with
water (3 x 5 mL). The product was recrystallized imiature of
hexane-dichloromethane (1:1) to yield the pure counpl.

4.3.1.2-benzylidenemalononitrilé2a)™; White solid; mp 82-84
°C: yield 151.06 mg (0.98 mmol, 98%)4 NMR (400 MHz,
CDCl,, ppm): & 7.92 (m, 2H), 7.79 (s, 1H), 7.64 (m, 1H), 7.54
(m, 2H); °C NMR (100 MHz, CDGJ, ppm): & 159.9, 134.6,
130.8, 129.6, 113.6, 112.5, 82.7: IR (KBr, Bm3011, 2945,
2224, 1605; MS (70 eV)n/z 154 (M", 100%), 127 (88%), 103
(60 %).

4.3.2. 2-(4-fluorobenzylidene)malononitrii@b) > White solid;

mp 125-126°C; yield 167 mg (0.97 mmol, 97%)H NMR (400
MHz, CDCk, ppm):$ 7.98-7.96 (m, 2H), 7.75 (s, H), 7.27-7.23
(m, 2H); *C NMR (100MHz, CDCJ, ppm): & 166.11 (d,"Jcr
=207 Hz), 157.98, 133.37, 127.18, 117.18, 113.4R,211 82.05;

IR (KBr, cm'l): 3040, 2940, 2235, 1598, 1574, 1503, 1243, 834;
MS (70 eV),m/z172 (M", 100%), 145 (89 %), 121 (54 %).

4.3.3. 2-(4-chlorobenzylidene)malononitriic) ** White solid;

?np 90-91°C; yield 184.84 mg (0.98 mmol, 98%JH NMR (500

MHz, CDClL, ppm):5 7.88-7.85 (d,J= 8.5 Hz, 2H), 7.74 (s, 1H),
7.55-7.52 (m, 2H)**C NMR (126 MHz, CDGJ, ppm):& 158.26,
141.15, 131.83, 130.07, 129.27, 113.42, 112.3B373R (KBr,
cm’): 3084, 3047, 2225, 1595, 1527, 1355, 1215, 958. (WD
eV): m/z153 (M", 100%), 188 (57 %), 161 (23.2 %).

4.3.4. 2-(4-bromobenzylidene)malononitr{zd) ** White solid;
mp 165-166°C; yield 230.73 mg (0.99 mmol, 99%JH NMR
400 MHz, CDCJ, ppm): & 7.76-7.74 (m, 2H), 7.68-7.66 (m,

9851), 7.70 (s, 1H)3C NMR (100 MHz, CDGJ, ppm):$ 158.38,

133.04, 131.76, 130.01, 129.46, 113.40, 112.22383R (KB,
cmi®): 3014, 2230, 1600, 1570, 1510, 1250, 838. MSel7) m/z
232 (M, 31 %), 234 (N, 30%), 153 (100%).

4.3.5. 2-(4-nitrobenzylidene)malononitrilé2e' Orange solid
mp149.151°C; yield 189.16 mg ( 0.95 mmol, 95%JH NMR (400
MHz, CDCk, ppm):8 8.38-8.36 (d,J= 8.8 Hz, 2H), 8.07-8.04 (d=

8.8 Hz, 2H), 7.87 (s, 1H):*C NMR (100 MHz, CDGCJ, ppm):
156.82,150.33, 135.76, 131.27, 124.60, 112.58, 111.55%287
IR (KBr, cmi'): 3032, 2227, 1597, 1589, 1579, 1411, 1263, 1024,
692 . MS (70 eV)m/z126 (M", 100 %), 199 (84 %), 133 (72 %),
141 (68 %), 169 (51 %). See Figures S17-S20. Thetgpscopy
data are in accordance to the literature.

4.3.6. 2-(4-hydroxybenzylidene)malononitii)'* Yellow solid
mp187-190°C; yield 138.23 mg (0.93 mmol, 93%)'H NMR
(500 MHz, CDC}, ppm): & 7.93-7.83 (m, 3H), 6.92 (di= 9.0
Hz, 2H), 4.78 (s, 1H);°C NMR (125 MHz, CDGJ}, ppm): 5
164.0, 159.8, 133.7, 123.1, 116.3, 114.6, 113.6).7R (KBr,
cm?): 3352, 3041, 2235, 1610, 1579, 1566, 1444, 130Q0,
1174; MS (70 eV)m/z170 (M", 100 %), 142 (44 %), 119 (38
%), 143 (21 %).



4.3.7. 2-(4-methoxybenzylidene)malononitfg)*® Yellow solid
mp 113-114°C; yield 182.23 mg (0.99 mmol, 99%)H NMR
(400 MHz, CDC}, ppm):8 7.91-7.87 (m, 2H), 7.63 (s, 1H), 7.01-
6.97 (m, 2H), 3.89 (s, 3H}’C NMR (100MHz, CDCJ, ppm): 5
164.72, 158.75, 133.14, 123.24, 114.80, 114.05,84]1278.69,
55.69; IR (KBr, crit): 3026, 2986, 2221, 1605. MS (70 eWiz
184 (M", 100%), 141 (30%), 114 (49%).

4.3.8. 2-(4-hydroxy-3-methoxybenzylidene)malonoeit(2h)™>:
White solid; mp 134-135C; yield 196.15 mg (0.98 mmol, 98%);
'H NMR (400 MHz, MeOD, ppm)5 7.94 (s, 1H), 7.57-7.56 (d,
1H, J=2.5 Hz), 7.43 (m, 1H), 7.07 (d, 1K= 8.5 Hz), 3.95 (s,
3H); ®C NMR (100MHz, CDCJ, ppm): & 159.76, 153.71,
146.92, 126.05, 124.67, 115.22, 114.45, 113.38,191176.87,
55.05; IR (KBr, cril): 3400, 3022, 2986, 2226, 1621, 1562,
1507, 1284, 1139. MS (70 eMj1/z170 (M", 100%), 142 (47%),
119 (42%).

4.3.9. 2-(pyridin-3-ylmethylene)malononitri{2i)*> Brown solid:
mp 113-114C; yield 139.62 mg (0.90 mmol, 90%JH NMR (500
MHz, CDCk, ppm):$ 8.89 (d,J=2.3 Hz, 1H), 8.84-8.82 (dd,
=4.8, 1.5 Hz, 1H), 8.48-8.47 (d=8.2 Hz, 1H), 7.83 (s, 1H),
7.54-7.51 (ddJ=8.2, 4.8 Hz, 1H)**C NMR (126 MHz, CDGJ,
ppm): & 156.44, 154.62, 152.37, 135.61, 126.99, 124.29,911
111.94, 85.65, 77.28, 77.03, 76.7; IR (KBr,'bmSllS, 3039,
2231, 1579, 1521, 1344. MS (70 eWiz155 (M", 100 %), 104
(76 %), 128 (53 %), 101 (43 %).

4.3.10. 2-(thiophen-2-ylmethylene)malononitri{gj)*: Brown
solid; mp 93-95°C; yield 136.16 mg (0.85 mmol, 85%)‘H
NMR (400 MHz, CDC}, ppm): & 7.87-7.85 (m, 1H), 7.80-7.78
(dg, J=4.3, 0.8 Hz, 1H), 7.26-7.23 (m, 1HfC NMR (100 MHz,

NaHPO, (0.014 mg [Y), NaSO, (3.47 g LY, NaHCQ (0.17 g
L™, KBr (0.1 g L), SrCL-6H,0 (0.040 g LY, and HBO,
(0.030 g Y. The pH was adjusted to 8 with KOH solution (0.1
mol L.

4.5. Biotransformation of Knoevenagel adducts (2ajKkoy the
marine-derived fungusP. citrinum CBMAI 1186

The mycelia of the fungu#®. citrinum CBMAI 1186 were
harvested via Buchner filtration and 5 g (wet weiglaf)
mycelium suspended in 100 mL of the phosphate bsfftution
(Na;HPO/KH,PO,, pH = 7, 0.1 mol [Y) contained in a
Erlenmeyer flasks (250 mL). The Knoevenagel adq&6t mg,
2a—K), previously dissolved in dimethylsulfoxide (4@Q), and
then it was added to the culture media. The mixtuese
incubated for 6 days in an orbital shaker at 32ah@d 130 rpm.
The reactions were monitored using TLC every 24rbdécts in
the medium were isolated and identified by spectpgc
analyses (Section 4.6).

4.6. Isolation of products from biotransformation by P.
citrinum CBMAI 1186

After 6 d of reaction, the mycelium was filtered orBachner
funnel and the reactional mixture was magneticdllyesl for 30
min and filtered again by a Buchner funnel. Therdte was
extracted with EtOAc (3 x 50 mL. The organic phase was
dried over anhydrous NaQ,, filtered, evaporated under vacuum
and analyzed using GC-MS. The obtained extracts pgiéed
using flash CC over silica gel eluting withhexane and ethyl
acetate (7:3) to yield the pure products. The spscbpic data of
the isolated products were in agreement with thoperted in
the literature.

4.6.1. 2-benzylmalononitril8a)'* White crystal; mp167-16%C;

CDCL, ppm):5 151.03, 138.09, 136.84, 135.37, 130.21, 130.05Yield 48.5 mg (0.97 mmol, 97%jH NMR (500 MHz, MeOD,

129.52, 129.40, 129.00, 128.99, 128.74, 113.74,9012/8.37,

ppm):5 7.34 (m, 5H), 3.28 (sl, 2H}’C NMR (125 MHz, MeOD,

IR (KBr, cn’): 2981, 2935, 2274, 2158, 1645, 1448, 1184, MSPPM): & 135.65, 130.42, 130.17, 129.90, 129.71, 129.26,50]

(70 eV):m/z160 (M", 100 %), 133 (56 %), 109 (41
%).

4.3.11 2-(furan-2-ylmethylene)malononitr{k)'* Brown solid;
mp 70-73 °C; yield 136,90 mg (0.95 mmol, 95%); NMR (400
MHz, CDCk, ppm): 8 7.79-7.78 (dtJ=1.8, 0.5 Hz, 1H), 7.50-
7.49 (d,J=0.5 Hz, 1H), 7.35-7.34 (d]=4 Hz, 1H), 6.70-6.69
(ddd,J=4, 1.7, 0.4 Hz, 1H)"*C NMR (100 MHz, CDGJ, ppm):&
149.48, 149.46, 148.05, 148.04, 143.01, 123.35,4414114.39,
113.74, 112.54. IR (KBr, c): 3124, 3041, 2922, 2231, 1606,
1529, 1456, 1394, 1296; MS (70 eW)iz144 (M", 100 %), 115
(44 %), 116 (31 %), 89 (30 %), 117 (21 %).

4.4. Isolation and cultivation of the marine-derivel fungus

Marine-derived fungud?. citrinum CBMAI 1186 was isolated
from the marine alg&aulerpasp., collected by Prof. R. G. S.
Berlinck in city of Sdo Sebastido, on the coadhefState of S&o

Paulo, Brazil. The fungus was identified using both conventiona

and molecular methods at the Chemical, Biologicald a
Agricultural Pluridisciplinary Research Center (CPQB# the
University of Campinas, SP, Brazil. A type culturePofcitrinum
CBMAI 1186 was deposited in the Brazilian Collectiarf
Environmental and Industrial Microorganisms (CBMA+
http://webdrm.cpgba.unicamp.br/cbmai/). The micraoigm
was cultivated on Petri plates containing 2% malidsculture
medium using artificial seawater with the followinghgoosition:
20 g L* malt extract (Acumedia) in artificial sea water.
Composition of artificial sea water: CaClH,0 (1.36 g LY,
MgCl,-6H,0 (9.68 g L"), KCI (0.61 g LY, NaCl (30.0 g [},

%), 45 (21 36.96; IR (KBr, crif): 3030, 2914, 2256, 1494, 1452, 1074; MS

(70 eV):m/z91 (M", 100 %), 65 (88 %), 156 (13 %).

4.6.2. 2-(4-fluorobenzyl)malononitrilb)'”:  White solid; mp
107-110°C; yield 49 mg (0.98 mmol, 98%) NMR (500 MHz,
MeOD, ppm):3 7.47-7.37 (m, 2H), 7.25-7.14 (m, 2H), 3.39 (sl,
2H); C NMR (125 MHz, MeOD, ppm)3 163.52, 161.57,
132.80, 132.76, 131.65, 131.58, 125.79, 125.76,622222.50,
116.73, 116.55, 114.26, 114.24, 30.41, 30.39; IBr(kcmi’®):
2937, 2854, 2256, 1600, 1512, 1222; MS (70 eMx109 (M",
100%), 83 (15 %), 174 (9 %). See Figures S49-SG% T
spectroscopy data are in accordance to the literatu

4.6.3. 2-(4-chlorobenzyl)malononitrilé3c)'”: Colorless crystal;
mp 71-73°C; yield 47.5 mg (0.95 mmol, 95%)H NMR (500
MHz, CDCkppm): 8 7.42-7.39 (m, 2H), 7.29 (d= 8 Hz, 2H),
3.92 (t,J=6.8 Hz, 1H), 3.28 (dJ=6.8 Hz, 2H):"*C NMR (125

[MHz, CDCL, ppm):5 131.2, 130.5, 130.0, 129.7, 129.6, 111.8,

36.1, 22.6; IR (KBr, cri): 2921, 2854, 2256, 1492, 1382; MS
(70 eV):m/z125 (M", 100%), 127 (33 %), 89 (18 %), 190 (12
%).

4.6.4. 2-(4-bromobenzyl)malononitril@d)*”: White solid; mp
165-167°C; yield 47.5 mg (0.95 mmol, 93%JH NMR (500
MHz, CDCL, ppm):8 7.56 (d,J=8.4 Hz, 2H), 7.22 (dJ=8.4 Hz,
2H), 3.93 (t,J=6.8 Hz, 1H), 3.26 (dJ=6.8 Hz, 2H);**C NMR
(125 MHz, CDC}; ppm): 8 132.52, 131.75, 130.83, 130.02,
111.86, 36.10, 24.76; IR (KBr, ¢ 3348, 3224, 2974, 2200,
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1712, 1363; MS (70 eV)n/z169 (M", 100%), 171 (91 %), 90
(33 %), 233 (18 %), 235 (18 %).

4.6.5. 2-(4-nitrobenzyl)malononitril¢3e)'”: Orange solid; mp
153-154°C; yield 11 mg (0.22 mmol, 2296% NMR (400 MHz,
CDCls, ppm): 8.30 (dJ=8 Hz, 2H), 7.55 (dJ=8 Hz, 2H), 4.04
(t= 6.8 Hz, 1H), 3.41 (dJ = 6.8 Hz, 2H);**C NMR (100 MHz,

CDCl,, ppm): 148.49, 139.75, 130.54, 124.65, 111.59256.

1H), 4.02 (t,J=7.1 Hz, 1H), 3.36 (dJ=7.1 Hz, 1H).°C NMR
(100 MHz, CDC}, ppm): & 146.2, 143.5, 111.8, 110.9, 109.9,
29.8, 22.6; IR (KBr, ci): 3414, 3025, 1743, 1521, 1356, 1003;
MS (70 eV):m/z77 (M", 100 %), 107 (52 %), 89 (41 %), 78 (36
%), 153 (23 %).

4.6.13. 2-cyano-3-(furan-2-yl)propanamidd@k)™®: Brown oil;
yield 15 mg (0.30 mmol, 30%);*H NMR (500 MHz, CDC},

24.56; IR (KBr, cnf): 3104, 2929, 2256, 1602, 1517, 1346; MS ppm):5 7.38-7.35 (m, 1H), 6.32 (ddz=3.1, 1.9 Hz, 1H), 6.25 (d,
(70 eV):miz 136 (M, 100%), 106 (70 %), 89 (41 %), 78 (48 %), J=3.1 Hz, 1H), 3.70 (ddJ=8.0, 5.4 Hz, 1H), 3.40-3.23 (m, 1H);

89 (36 %), 201 (21 %).

4.6.6. 2-(4-hydroxybenzyl)malononitri{8f)*": White solid; mp
173-176°C; yield 6 mg (0.12 mmol, 12%JH NMR (500 MHz,
MeOD, ppm):8 7.19 (d,J=8.0 Hz, 2H), 6.81-6.78 (dl=8 Hz,
2H), 3.18 (sl, 1H)**C NMR (125 MHz, MeOD, ppm)s 158.54,
131.58, 131.21, 126.25, 116.59, 116.41, 114.63536IR (KBr,
cm?): 3414, 2920, 2530, 2270, 1608, 1516, 1259; MBEVY):
m/z121 (M", 100 %), 122(90 %), 93 (47 %), 65 (41 %).

4.6.7. 2-(4-methoxybenzyl)malononitr{@g)'”: White solid; mp
80-81°C; yield 42 mg (0.84 mmol, 84%)H NMR (500 MHz,
MeOD, ppm):5 7.30-7.28 (dJ=8 Hz, 2H), 6.94-6.92 (dI=8 Hz,
2H), 3.79 (s, 3H). 3.23 (sl, 2H}*C NMR (125 MHz, MeOD,
ppm):d 161.11, 131.60, 127.51, 115.25, 114.59, 55.728&6R

3C NMR (125 MHz, CDGJ): § 165.29, 149.13, 14257, 117.32,
110.61, 108.47, 37.51, 28.41; IR (KBr, &n3454, 3361, 3240,
2216, 1647, 1546, 1517 1352, 1174; MS (70 eWjz 81(M",
100 %), 53 (18 %), 164 (15 %), 65 (11 %), 120 (8 %)
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4.6.8.  2-(4-hydroxy-3-methoxybenzyl)malononitrile(3h)"":
Colorless oil; yield 33 mg (0.66 mmol, 66%} NMR (400
MHz, MeOD, ppm):é 6.89 (d,J=8.1 Hz, 1H), 6.81 (dd)=2.2,

Fronteiras - Pequisador
400202/2014-0).
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0.4 Hz, 1H), 6.78 (ddtJ=8.1, 2.2, 0.5 Hz, 1H), 3.83 (s, 3H), 3.14 Supplementary datdH NMR, *C NMR spectra, FTIR, GC-MS)

(s, 2H); **C NMR (100 MHz, MeOD, ppm)s 147.66, 146.40,
126.88, 120.33, 115.79, 113.19, 111.43, 54.97,435R (KBr,
cm’): 3394, 2229, 1585, 1564, 1514, 1280; MS (70 eMx137
(M™, 100 %), 202 (19 %), 122 (17 %), 94 (11 %).

4.6.9. 2-(pyridin-3-ylmethyl)malononitrilé3i)** Red oil; yield
46.5 mg (0.93 mmol, 93%jH NMR (400 MHz, MeOD, ppm)s
8.58 (dd,J=2.3, 0.8 Hz, 1H), 8.53 (dd=4.9, 1.6 Hz, 1H), 7.89

(dt, 3=7.9, 1.9 Hz, 1H), 7.46 (ddd=7.9, 4.9, 0.9 Hz, 1H), 3.38

(s, 2H); ®*C NMR (100 MHz, MeOD, ppm)s 150.97, 150.95,
149.94, 139.30, 132.28, 125.43, 125.37, 114.18,951133.88;
IR (KBr, cm'l): 2264, 2931, 2272, 1712, 1394; MS (70 ew)z
92 (M", 100 %), 65 (27 %), 157 (26 %).

4.6.10. 2-(thiophen-2-ylmethyl)malononitr{gj)'*: Colorless oil;
yield 49.5 mg (0.99 mmol, 99%)4 NMR (400 MHz, CDC)): &
7.31 (dd,J=5.1, 1.1 Hz, 1H), 7.10 (di=3.1 Hz, 1H), 7.02 (dd,
J=5.1, 3.5 Hz, 1H), 3.93 (= 6.8 Hz, 1H), 3.53 (dJ=6.8 Hz,

associated with this article can be found, in thinerversion, at
http://dx.doi.org/10.1016/j.tetlet.2014. xx.
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« Fast and efficient synthesis of Knoevenagel adducts under microwave irradiation in
methanol;

* Wholecdlsof P. citrinum CBMAI 1186 were able of reduced the C-C double bond
in the Knoevenagel adductsin good yields;

« First biotransformation of Knoevenagel addcts using fungal cells.



