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Enzymatic Synthesis of Dipyrromethanes Catalyzed by a-Chymotrypsin
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Abstract: A series of dipyrromethanes were synthesized via a-chymotrypsin-catalyzed tandem reaction
between pyrrole and aldehydes at 50 °C using 40% (volume fraction) alcohol aqueous solution as reaction
medium. When p-nitrobenzaldehyd 1 mmol, pyrrole 4 mmol, a-chymotrypsin 20 mg, this reaction could
complete within 3 h at 50 °C, under no protection of nitrogen. Moreover, the reaction had advantages of
broad substrate scope. The highest yield of product could be up to 69%.
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HIRAA; B (FEa% 98%) , Mz (L)
PR Tl & SR A BR AL SRR A 99.8%,
TR 5L 0.03% TMS ) | a-JE 8 i ( 800 U/mg ) ,
R RTRL T A AR A A BR S F] ; HA IR 4
AR FTA Rl A AR 2 AT A Ab B

WRS-2A FUIHUIE sSAL, IR F P B2 AL
A E (AR E RS, REAGEE N
60 °C, FHiE#Z K 1 °C/min) ; Bruker AV-400 %I
WERE LR I %4, Fii -+ Bruker 23 Al o
1.2 iR M

7 10 mL HZEHEIEH A+, A 0.2684 g 4 mmol )
Mg . 0.1511 g (1 mmol ) XTAYFEARHFEE | 20 mg a-
BEFE I A1 3 mL AR 40%0) S KA, T
50 °ClEJRFER (270 t/min) RN 3 h, ZH: (A
OYES (R 4 2 1 IEC e Z IR 2T ) 153 H s
/B
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Table 1 Effect of temperature on the enzymatic reaction
i E/°C
20 30 40 50 60
TR I% 30 48 55 61 55

JO g XTRY LR EE 1 mmol, MEIE 4 mmol, {AFHS
B 40% LKA 3 mL, o-BERE (B 20 mg, JATHE 3 h; £
g BT,

Fe 1 AT UL, B TR T v S N et 14 i T
L, YRR 50 CCHE = HEUS & KME 61%, ZJF,
P e B 7 A R AT . PR R R AR AR
Ik v AR R 2 i A AR PRGN, DT S e A b
PERE, SEUN = H L, Ft, BEE 50 CHE N
R N R
2.2 BT HEXER RN Em

AL FH 2 X AR s 07 1) 52 i L6 2

&2 AR P X R S5 N AR5 e
Table 2  Effect of enzyme loading on the enzymatic reaction
fiff /mg
0 5 10 15 20 25
TR % 0 23 38 53 61 61
B XA FER EE 1 mmol, HEWE 4 mmol, A4
B 40% LB 3 mL, SN 50 °C, BT 3 h; M€
OB

2 2 AP0, ASIEfERIEy, BA =P A L,
M o-BEH AR AL R RN 5 mg BF, 775K 23%;
Bt P o A BG n RON W R R, YR Y 2
20 mg Bf, FERIREITIRRME 61%. Ft, &bt
$£ 20 mg Ry e R
23 ZHEEHETEMHNER

e B2 SO B e 45 RIS, B TR
YEAE v, EE— RN RIR R S S v, 45
Wik 3 s,

3 MR R AR
Table 3  Synthesis of dipyrromethanes

5 R =4 FRER 1%
1 4-NO,, MMa 61
2 2-NO, b 55
3 4-Br Mc 58
4 4-F md 48
5 4-OCH, Me 38
6 4-CH, Imf 30
7 3-NO, Mg 69
8 3-Br h 51
9 2-Br i 54

10 2-CH, i 28

11 2-OCH, Mk 35

JRE S B 1 mmol, ML 4 mmol, 40% B /K % 3 mL,
o-BE FF 20 mg, 50 CCRLY 3 h; ARG E=F,

R 3 AT, o-BEEE I B RE S M 1k 2 P05 Fr i
SN g, AR g e b A s R R
) AR R X S I AR RE S, A T R AR
FER R EE SO N A (R 3, P9 1~4, 7~9) ,
7 25 Y 8 A {3t Bl 1 S AT B P o g I (3% 3,
JF%5 5~6. 10~11) , FEZPH AN FFERIFEAL T
BEPRFE R T =% B, AR T ROV AT 2 [a)
SRR XoF 52 O R 5% T AN K B 4

I al?!, {0 [ A, 44 55 160~163 °C ; 'THNMR (400
MHz, CDCl3), 6: 5.59 (s, 1H, C—H), 5.75~5.93 (m,
2H, H3), 6.06~6.23 (m, 2H, H4), 6.63~6.82 (m, 2H,
H5), 7.36 (d, J=8.5 Hz, 2H, Ar—H), 7.98(s, 2H, N—
H), 8.16 (d, J=8.5 Hz, 2H, Ar—H),

Mbb', % @ &, "THNMR (400 MHz, CDCls),
8: 5.85 (s, 1H, C—H), 6.13~6.19 (m, 4H), 6.70~6.72
(m, 2H, H5), 7.27~7.28 (m, 1H, Ar—H), 7.36~7.39 (m,
1H, Ar—H), 7.49~7.52 (m, 1H, Ar—H), 7.83~7.87 (m,
1H, Ar—H), 8.18 (s, 2H, N—H),,

M. #@EA, A4 123~124 °C; 'HNMR
(400 MHz, CDCl5), 8: 5.42 (s, 1H, C—H), 5.89 (s, 2H,
H3), 6.17 (dd, J=2.8, 5.9 Hz, 2H, H4), 6.71 (dd, J=2.6,
4.2 Hz, 2H, H5), 7.09 (d, J=8.4 Hz, 2H, Ar—H), 7.44
(d, J=8.4 Hz, 2H, Ar—H), 7.84~8.05 (s, 2H, N—H),

Md™. ke A, %8 79~81 °C; 'HNMR
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(400 MHz, CDCl), 6: 5.47 (s, 1H, C—H), 5.89 (s, 2H,
H3), 6.15 (d, J=2.8 Hz, 2H, H4), 6.71 (s, 2H, H5),
6.91~7.07(m, 2H, Ar—H), 7.09~7.22(m, 2H, Ar—H),
7.86 (s, 2H, N—H),

Me™. B E A, 5 99~101 °C; 'HNMR
(400 MHz, CDCl;), d: 3.79 (s, 3H, O—CHjs), 5.43 (s,
1H, C—H), 5.80~6.03 (m, 2H, H3), 6.17 (dd, J=2.8,
6.0 Hz, 2H, H4), 6.63~6.74 (m, 2H, H5),6.85 (d,
J=8.6 Hz, 2H, Ar—H), 7.13 (d, J=8.6 Hz, 2H, Ar—H),
7.94 (s, 2H, N—H),

M, Bk, %A 108~110 °C; 'HNMR
(400 MHz, CDCl3), d: 2.33 (s, 3H, CH3), 5.45 (s, 1H,
C—H), 5.92 (s, 2H, H3), 6.16 (dd, J=2.8, 5.9 Hz, 2H,
H4), 6.69 (dd, J=2.6, 4.2 Hz, 2H, H5), 7.10~7.14 (m,
4H, Ar—H), 7.94 (s, 2H, N—H).,

Mg'. Bk, s 133~135 °C; 'HNMR
(400 MHz, CDCls), &: 5.58 (s, IH, C—H), 5.81~5.93
(m, 2H, H3), 6.10~6.24 (m, 2H, H4), 6.67~6.83 (m,
2H, H5), 7.47 (t, J=7.9 Hz, 1H, Ar—H), 7.55 (d,
J=7.7Hz, 1H, Ar—H), 8.02 (s, 2H, N—H), 8.11 (t,
J=8.1 Hz, 2H, Ar—H).

Mh: #OEAK, B 137~139 °C; 'HNMR
(400 MHz, CDCly), 6: 5.44 (s, 1H, C—H), 5.90 (s, 2H,
H3), 6.15~6.17 (m, 2H, H4), 6.70~6.72 (m, 2H, H5),
7.13~7.20 (m, 2H, Ar—H), 7.37~7.40 (m, 2H, Ar—H),
7.95 (s, 2H, N—H),

M7, gE@ A, 455 164~165 °C; 'HNMR
(400 MHz, CDCls), d: 5.89 (t, J=2.6 Hz, 3H), 6.16 (q,
J=2.9Hz, 2H), 6.71 (d, J=1.4 Hz, 2H), 7.09 (q,
J=1.4 Hz, 2H, Ar—H), 7.24 (t, J=7.0 Hz, 1H, Ar—H),
7.57 (d, J=7.9 Hz, 1H, Ar—H), 8.00 (s,2H, N—H).,

IS A [ A, 5 85 99~101 °C; 'THNMR(400
MHz, CDCl3), d: 2.30 (s, 3H, CH3), 5.37 (s, 1H, C—
H), 5.85 (d, 2H, H3), 6.21 (d, J= 2.7 Hz, 2H, H4) 6.69
(d, J=2.6 Hz, 2H, H5), 7.11~7.19 (m, 4H, Ar—H),
7.81 (s, 2H, N—H),

Mk, @ EA, %A 113~116 °C; 'HNMR
(400 MHz, CDCl5), d:3.83 (s, 3H, OCH3), 5.78 (s, 1H,
C—H), 5.91 (s, 2H, H3), 6.15 (d, J=2.5 Hz, 2H, H4),
6.63 (d, J=1.4 Hz, 2H, H5), 6.94~6.97 (m, 2H, Ar—
H), 7.12 (d, J=6.8 Hz, 1H, Ar—H), 7.28 (t, J=7.8 Hz,
1H, Ar—H), 7.97 (s, 2H, N—H),
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