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Abstract Bis-thiocarbohydrazones Schiff base Mn(Il) complex catalyzes the Henry reaction between aldehydes and nitro-
methane to afford S-nitroalcohol derivatives at room temperature. The remarkable advantages of this reaction were mild reac-

tion conditions, simple workup procedure, high yield of products, less catalyst and environmental friendly.

Keywords Henry reaction; aldehydes; nitromethane; Schiff base
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Henry WM — B A FIHRIE, 101 Cu(ID)XUHEm:
FCA I SZ RS A Fis - BINOL 2Rt A41
A LN 43 7 1OV S5 {0 ) A4 £ 255 PR S ORI 3 FR ¢ 11
Henry [z 3.

JE RS A R AP Yo, 040w A4
KNG, fEBE IR P 5T 2 N AN, [,
FEAEALSIIE T T A ARFRIR R Ml fE L
SRR LA A5 S U8 ARSI O T Al R A
JE R AU IR0 HpE A AT LS 1A 1 B AT
THFFE, W Mn(ID)- 5034 Ji5 RAEEC A ) 4L Henry %
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B Zn()-BARAC AP Co(In)- XU KAl 54
HYb(OTH); A1 RARHL AL VAL Friedel-Crafts J% V.
ATL AR T AR — RO — 2 R IR S I O TG
WAL R RS B Henry SN, MBCIA. 4@
Eh VTS IS T N 4R34 T T A4k, JEAE
AT N REAT T IR & 1 RS
1 ZER51HE
1.1 ELFIRYRAE

59 R i) &= AR L (0.5 mmol, 0.31 g) Al
Mn(OAc),*4H,0 (0.5 mmol, 0.12 g)% T 10 mL T5/K L
Wl PR 3 h, UE, ARKIER, BETRARIR S
Y. BLAE L M S YR 44 O i H BRUKER
EQUINXS55 ZLAMGIEA & (KBr JEF7), Wik 1 fiR, L
73310 F13170 cm ' AbA7 vy IORFAEMROBCIE, 1T 540
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AT N—H [FFFEWORE, L A1 Mn(OAc), Bt & )5 ve-x
W A 1575 cm ™' #2 4 1581 em™ ' Ab, ve—o W HiTIg A
1201 em ™' # % 1187 ecm ™' &b, HAE 480~497 cm ™' HiF,
v~ RSN, DL EAERRHEA L 5 Ma> S
FIHIH AR X B R4 73 HTLE Bruker D8 X 5548 A AT
CEME, KA Cu il Ka 26(A=1.54184 A), & HE
40 kv, EHU 50 mA, HTEHEE 5°~80° (20). 45K
LEE 2 B, TN Mn(OAc), JGi7E 20=10°4b S TH A7 5 1
5L 8 R L g5EEE, 15 20=18°~26°4k X fiTH
U IH 2 R AR AR AL, HIPP R L 5 Mn(OAc), L 5.

1%

— T —T
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-1
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Figure 1 IR patterns of ligand L and its complex
(@) L, (b) L 5 Mn(OAc), I &1
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Figure 2 XRD patterns of ligand L and its complex

(a) L, (b) L 5 Mn(OAc), HIli&4

1.2 EHFITFIZ

ORI (T mmol)s fiHZEHLE(2 mmol). LIS
mol%)¥% T 10 mL A, =il F RV 24 h, FEILRN
ZA T S5 G2 RARC A AR S A4k FFIE A Henry J
M. N 1T LUEH, R L (BEq. DfEAI R
THEE FBERY Henry N, £33 37%IM =2, Bl 5% %2 )L
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e B S LA A S8 L 1 )R
Henry M. W& R, ik L 40l
Co(C104),*6H,0, Cu(ClO,),*6H,0 5% Mn(OAc),*4H,0 it
e, FEMEAL Henry SO (1) 2 AR 38R B0 HH 1 A8 e ) A
ST, FErP L/Mn(OAc),+4H,0 HEAL 52N 7T 45 92% 1] 7
(1, Entry 5), SR FIAE U4 I8 55 1AL S0,
4 Mn(OAc),*4H,0 53] 68% (% 1, Entry 11),
PRI, i%4F L/Mn(OAc),*4H,0 FC& 4 0 fEAL .
OH

CHO NO,
©/ + CH3NO; LM Q)]
EtOH, r.t.
,N\ S /N\
DT 3 w50
NN
PhO H H OPh

L

R 1 AR R I RAR L FF 20 Henry [ 14 506

Table 1 Different catalysts effect on the Henry reaction of
benzaldehyde with nitromethane
Entry LM Yield/%
1 L 37
2 L/Cu(OAc),*H,O Trace
3 L/Cu(Cl0O4),*6H,0 75
4 L/CuCl,*2H,0 —
5 L/Mn(OAc),*4H,0 92
6 L/Zn(C10,),*6H,0O Trace
7 L/Zn(OAc),*2H,0 —
8 L/Co(Cl04),*6H,0 65
9 L/Co(OAc),*4H,0 Trace
11 Mn(OAc),*4H,0 68
12 Cu(Cl0Oy4),*6H,0 —
13 Co(Cl0,4),*6H,0 —

1.3 BFIFATANF AT IE

FE A I SN H 5 700 R0 A i 31 T AR T AR
F. BL 5 mol% L/Mn(OAc),*4H,O Bt &4yE Ak 71,
X SN R AT T 0. Seaegs SRR 2, AU
B I, RA R Y)(3 2, Entry 1), 171 S
DU K R R R 2R R i I, BEAS RS R I I (R 2,
Entries 2~4), {& CBEEHT REREILF] 92%I1 7 2 (5K 2,
Entry 5). {635 197 3% Hh & BRI AE A SR P omoN
0.1 mL = ZJzht, F=Pir=2nliA %] 99% (3K 2, Entry
6). i LRTIR, #ise RNV A S T, SR
WA, =2 Es g, BLS mol%[ L/Mn(OAc),*4H,0
AT, Ak 2K R S FBE ) Henry SO
1.4 [T R R B9 B0

FE 0 I B LA 1 R AT T R Y i (Scheme
1), 8L 3. MIRIR I EUREE Rt I A, 77
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Table 2 Effect of various solvent and additive the reaction

Entry Solvent Additive Yield/%
1 CH,Cl, — Trace
2 CH;CN — 53
3 THF — 67
4 CH;C¢Hs — 64
5 CH;CH,0H — 92
6 CH;CH,0H Et;N 99

HAPT B R B IURSE R IR, B
PR ]S e T R TR 2 o B i
BRI, n] DAAG B rp &5 b 17

3 L/Mn(OAc),*4H,0 AL 1A [ I S5 i 2k H e Henry S
SRS

Table 3 Henry reaction of various aldehydes with nitromethane
catalyzed by L/Mn(OAc),*4H,0

OH

L/MN(OAG), + 4H,O

- CHgNO, ——m 2" 7725,

R 1CHO T M2 TTEOH, BN, rit. R)\/NOZ
3

Entry R Product 3 Yield/% Ref. yield/%
1 CeHs 3a 99 94119
2 4-CIC¢H,4 3b 96 90t
3 4-BrCgH, 3¢ 97 810!
4 2,4-(CIC¢H3), 3d 97 97116
5 4-0,NCgH, 3e 99 9gl1%
6 3-0,NCgH, 3f 99 9gl1%
7 2-HOC¢H, 3g 90 9gl!el
8 4-CH,CeH, 3h 93 561
9 4-H;COC¢H, 3i 91 65119
10 2-CH;0CgH,4 3j 92 g7l1el
11 CH;CH,CH, 3k 81 57116

(o)

[10]
@/ 31 93 87
N/

.
> o™

C\ﬁ;
14 ©/N\N/ CHg 3n 87 720161

X
15 \ 30 97 99l19

/

N

—
[\

3m 91 88!l

1.5 KA RERYANIE

L/Mn(OAc),*4H,0 {441 Ak H 2 1) Henry J WY
(R ] BEHLEE L Scheme 1. AR SCHR[20]4 I8 1 LB A S
B 4 B, AN B N n]RE LB Ak e T
Mn(OAc),-L AW VU SCEAR )ik, b () fh 55
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WERE— Pk, P HR TR SRR T
P-THFERFAL ).

OH
NO,
R Mn(OAG),L CH3NO,
Mn(OAc),L H
/ N /
+ 0.
o Q CHZ:N<,,jMn(OAc)2L
R N\\+ H O
0
R)LH
Scheme 1
2 i

RIET — AT RNAAFRAT . FREE AU
AR B AL A 3 P BE FOK FHBE 1) Henry [N RS
7%, R MNHITE T X Henry [V 7V WEFT. 4N
T L/Mn(OAc),*4H,0 {4k Henry % 1] GEFIHLEE.

3 KBS
3.1 {UE5KFH

X-4 5o WA ROE L IR ] BRUKER
EQUINXS5 BT AN AN (KBr &) ; A REILIR 1S
1 F§ Varian Inova-400 Y §% i 3 9= A0 52 (CDCLs 1E %557,
TMS 1E W kx); ZF-2 B = A 4MY; XRD A BRUKER D8
X SR ARATHOCONE . #)Z(TLC): fEIR GF254(F
By AL T A2 77), 0.6% 1172 F L 27 4 22 3 (CMC) Al
W, AEIEEEAEH, 7Ew 2 Ok s T F L.
FEJZ M Z MR (300~400 H). 1-438-3-FIE-5- 2848
F- AL I R 23 AL SCHR[21], 25 F S e RS AL B, 3
BRI TR i 2, PR £ b P,
32 WHE
3.2.1 BAREGA R

BCAR IR & B TT2:2 WOTHR[17] 6 B 4 0 Eq. 2.
322 HAMLE 3 96

WAE SRR TR AL & 1L Henry W,
HRCPE: LAY 3a A, HEC/A L (0.05 mmol,
0.031 g)F1 Mn(OAc),*4H,0 (0.05 mmol, 0.012 g)¥% 1~ 10
mL JE/K SWET, =8 R 3 h 5, 20l AR F (1
mmol, 0.106 g)FHHHEF £E2 mmol, 0.122 g), IFiEN=
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N= S
CHO N OH EtOH, reflux
PhO
/N\ S /N\
Oridon IS0 o
PhO H H OPh
L

Scheme 3

ZH(0.1 mL), Bk 24 h, TLC BlER. RIZSEAE, A
10 mL /KK, FHZ R B0 mLX3), FHUHIH
TAKTRBREN T4, I8, RS AR, Bk
ekt o AL PRI Rk VO k) © (2 28 =
501, SYBIAULEME A 3a, (LAY 3b~30 BTk
L.

3.3 HLAMEIR

L: ¥ 44, mp. 248~249 'C; '"H NMR (400
MHz, CDCLy) 6: 2.41 (s, 3H), 2.47 (s, 3H), 6.83~6.88 (m,
3H,), 6.99 (s, 1H), 7.01 (s, 1H), 7.09~7.63 (m, 17H), 9.22
(s, 1H), 9.55 (s, 1H); *C NMR (100 MHz, CDCl3) o:
14.84, 104.0, 115.3, 122.1, 124.0, 127.5, 129.5, 130.5,
134.9, 137.2, 146.8, 148.1, 156.5, 176.2; IR (KBr) v: 3258,
3124, 2958, 1620, 1541, 1498, 1386, 1104, 764 cm ™.

3a: WEOWAK, P 99%. 'H NMR (400 MHz,
CDCly) 6: 3.01 (s, 1H), 4.48 (dd, J=13.2, 3.2 Hz, 1H),
4.58 (dd, J=13.2, 9.6 Hz, 1H), 5.42 (dd, J=9.6, 3.2 Hz,
1H), 7.34~7.40 (m, 5H); IR (KBr) v: 3537, 2922, 1693,
1552, 1495, 1455, 1419, 1379, 1289, 1208, 1067, 896
-1

3b: WK, F7E 96%. '"H NMR (400 MHz,
CDCly) &: 2.94 (s, 1H), 4.49 (dd, J=13.2, 3.2 Hz, 1H),
4.57 (dd, J=13.2, 9.6 Hz, 1H), 5.46 (dd, J=9.6, 3.2 Hz,
1H), 7.26~7.39 (m, 4H); IR (KBr) v: 3427, 2920, 1687,
1557, 1498, 1437, 1409, 1279, 1239, 1207, 1065, 890
-1

3¢: MWK, 7% 97%. 'H NMR (400 MHz,
CDCly) 6: 3.70 (s, 1H), 4.49 (dd, J=13.2, 3.2 Hz, 1H),
4.56 (dd, J=13.2, 9.2 Hz, 1H), 5.42 (dd, J=9.2, 3.2 Hz,
1H), 7.21~7.36 (m, 4H); IR (KBr) v: 3461, 2921, 1692,
1564, 1549, 1475, 1378, 1193, 1071, 787 cm™ .

3d: WAOWAK, 7% 97%. 'H NMR (400 MHz,
CDClLy) d: 3.09 (s, 1H), 4.43 (dd, J=13.6, 9.6 Hz, 1H),
4.65 (dd, J=13.6, 2.4 Hz, 1H), 5.42 (d, J=9.2 Hz, 1H),
7.33~7.63 (m, 3H); IR (KBr) v: 3522, 2925, 1565, 1552,
1471, 1382, 1088, 1049, 960, 785 cm .

cm

cm

Chin. J. Org. Chem. 2013, 33, 1834~1838

© 2013 Chinese Chemical Society & SIOC, CAS

3e: HEA[EE, P7F 99%. m.p. 54~56 C; 'HNMR
(400 MHz, CDCl3) 6: 3.24 (d, J=4.0 Hz, 1H), 4.57 (dd,
J=13.6, 3.2 Hz, 1H), 4.63 (dd, J=13.6, 8.0 Hz, 1H), 5.62
(dd, J=8.0, 3.2 Hz, 1H), 7.61~8.34 (m, 4H); IR (KBr) v:
3451, 2920, 2839, 1543, 1519, 1436, 1410, 1384, 1216,
1086 cm .

3f: A, P7E 99%. mp. 71~73 °C; 'H NMR
(400 MHz, CDCl;) 8: 3.13 (s, 1H), 4.59 (dd, J=13.6, 3.2
Hz, 1H), 4.64 (dd, J=13.6, 8.4 Hz, 1H), 5.62 (dd, J=8.4,
3.2 Hz, 1H), 7.61~8.34 (m, 4H); IR (KBr) v: 3488, 1550,
1524, 1352, 1316, 1095, 1072, 685 cm .

3g: WK, 773 90%. 'H NMR (CDCl;) 6: 4.10
(d, J=6.0 Hz, 1H), 4.87 (dd, J=13.6, 8.0 Hz, 1H), 4.56
(dd, J=13.6, 3.2 Hz, 1H), 5.75 (d, J=2.8 Hz, 1H), 7.26~
8.05 (m, 4H), 9.09 (s, 1H); IR (KBr) v: 3381, 3030, 2962,
1673, 1602, 1553, 1517, 1447, 1378, 1336, 1219, 1074,
836 cm .

3h: WK, 2% 93%. '"H NMR (400 MHz,
CDCly) &: 437 (s, 1H), 4.56 (dd, J=13.4, 3.6 Hz, 1H),
475 (dd, J=13.4, 9.2 Hz, 1H), 5.56 (dd, J=9.4, 3.6 Hz,
1H), 7.22~8.14 (m, 4H); IR (KBr) v: 3501, 3264, 1603,
1556, 1461, 1239, 1094, 1061, 763 cm .

3i: EOWAE, 5% 91%. '"H NMR (400 MHz,
CDCly) 0: 3.19 (s, 1H), 3.88 (s, 3H), 4.48 (dd, J=13.2, 3.2
Hz, 1H), 4.58 (dd, J=13.2, 9.6 Hz, 1H), 5.62 (dd, J=9.6,
3.2 Hz, 1H), 6.90~7.44 (m, 4H); IR (KBr) v: 3437, 2921,
1683, 1551, 1493, 1435, 1419, 1279, 1249, 1207, 1065,
893 cm .

3j: EAWAE, 5 92%. '"H NMR (400 MHz,
CDCly) 0: 3.18 (s, 1H), 3.88 (s, 3H), 4.56 (dd, J=13.2, 3.2
Hz, 1H), 4.64 (dd, J=13.2, 9.6 Hz, 1H), 5.62 (dd, J=9.6,
3.2 Hz, 1H), 7.25~7.44 (m, 4H); IR (KBr) v: 3337, 2917,
1653, 1549, 1493, 1435, 1409, 1279, 1249, 1107, 1065,
793 cm” L.

3k: FOWAK, 7% 81%. 'H NMR (400 MHz,
CDCly) 0: 1.01~1.43 (m, 3H), 1.25~1.65 (m, 4H), 2.57
(s, 1H), 4.32 (dd, J=13.2, 3.6 Hz, 1H), 4.35 (dd, J=13.2,
7.6 Hz, 1H), 4.43 (dd, J=7.9, 3.6 Hz, 1H); IR (KBr) v:
3418, 3962, 2876, 1555, 1466, 1383, 1288, 1202, 1134,
1090, 975 cm .

31 WOWAE, 77 93%. 'H NMR (400 MHz,
CDCly) J: 2.88 (s, 1H), 4.68 (dd, J=13.6, 3.6 Hz, 1H),
4.80 (dd, J=13.6, 6.4 Hz, 1H), 5.48 (dd, J=6.4, 3.6 Hz,
1H), 6.38~7.43 (m, 3H); IR (KBr) v: 3432, 1564, 1553,
1380, 1148, 1014, 748 cm ™.

http://sioc-journal.cn/ 1837
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3m: EOFEE, P 91%. mp. 113~114 C; 'H
NMR (400 MHz, CDCl3) : 3.13 (d, J=5.6 Hz, 1H), 4.84
(dd, J=14.4, 8.8 Hz, 1H), 4.92 (dd, J=14.4, 3.2 Hz, 1H),
5.62 (dd, J=8.8, 3.2 Hz, 1H), 7.38~7.51 (m, 3H), 7.88 (s,
1H), 8.02~8.04 (m, 2H); *C NMR (100 MHz, CDCl;) ¢:
147.04, 139.44, 129.36X2, 127.99, 118.87X2, 79.08,
64.31; IR (KBr) v: 3338, 2003, 1558, 1498, 1378, 1298,
1250, 1100, 859, 767 cm .

3n: WAOWAK, 7% 87%. 'H NMR (400 MHz,
CDCls) d: 2.42 (s, 1H), 2.89 (s, 1H), 4.54 (dd, J=10.0, 3.2
Hz, 1H), 4.92 (dd, J=10.0, 9.6 Hz, 1H), 5.51 (dd, J=9.6,
3.2 Hz, 1H), 7.27~7.51 (m, 5H); *C NMR (100 MHz,
CDCly) d: 53.4, 63.3, 114.1, 124.9, 125.0, 125.7, 128.5,
129.1, 137.5, 148.4; IR (KBr) v: 3437, 2891, 1653, 1537,
1468, 1435, 1409, 1379, 1249, 1173, 993, 798 cm ™.

30: HEOWAK, P 97%. 'H NMR (400 MHz,
CDCly) d: 4.20 (s, 1H), 4.65 (dd, J=13.2, 3.2 Hz, 1H),
478 (dd, J=13.2, 9.6 Hz, 1H), 5.49 (dd, J=9.6, 3.6 Hz,
1H), 7.27~8.59 (m, 4H); IR (KBr) v: 3437, 2901, 1653,
1537, 1463, 1435, 1409, 1379, 1249, 1203, 1065, 798

1
cm .
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