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One-Step Synthesis of Dipyrromethanes in Water

Wu, Zhenhao Hu, Jianglei Wang, Kaikai
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Wang, Hongyu Zhang, Long™

(Jilin Provincial Engineering Laboratory for the Complex Utilization of Petro Resources and Biomass,
Changchun University of Technology, Changchun 130012)

Abstract A novel and non-conventional synthesis of meso-substitued dipyrromethanes under the catalysis of H;PW ;04 in
water at room temperature is described in this paper. The reactions were performed under mild conditions, affording various

dipyrrometnanes in good to excellent yields and high purity.

Keywords dipyrromethane; pyrrole; carbonyl compound; water; green chemistry
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FALA W HT 712 (Scheme 1).

R R

0 H3PW 1,0,
I 3 1240
Lo U\ \\ //
R \RZ H H,0, r.t. NH HN
1a~1h 2 3a~3h

R' = H, R? = 4-NO,CgH; (3a), 4-HOCgH, (3b), CgHs (3¢):
R' = CHg, R? = CHy (3d), CgHs (3e), 4-NO,CgHy (3F),
4-CH30CgH; (3g), 4-H,NCgHy (3h)

Scheme 1

1 XEES
1.1 RFN5EE

Bt A 500 380 o0 i A5 e Myl o, L R S R Y
Aldrich P28, 25857 ACh FH. B s 80 b b it st
AR PR AT X-6 F shla Sl e e, LrrvEi
KZIE; '"H NMR il 3C NMR ##% 1 Bruker AMX-400
MHz #Z i EHRAGI 52, TMS A W bR, T2 7081 ok i 55
= PE2400 IT B4 76 2 43 AT A 52 .
1.2 XEidE

ST R SIS R R B ) = EBSRTP N 100
mL £ 51K, WA/ 10 min BLERBRKFIES; 205

Chin. J. Org. Chem. 2012, 32, 616~620



Chinese Journal of Organic Chemistry

R 25 0.15 g (1 mmol) X AlHEZE FES, 0.4 mL
(6 mmol) T 7% KL IE 1 0.1 mol [RIBEEIER, 255, Pl
FEAE 25 CIaITUaHeEE; TLC Wil 3] 5z 3 52 s i N3
EEUKER N, g, FEUHHZERAKYEL 5 Ik, 40 C
LA TR S A5 BRI () R TR e A A kL B, R
J "HNMR M g, Canfe &masky s s !
NMR $d 5 SOk B 247 L fe i oz, BTk S i 45
M55 5, "TH NMR, °C NMR % 76 2 20 i 5 i o .
1.3 FEHIRYRAE

PRI RAEEEE IR, o 3a~3ce AL ED,
3d~3h NFiEW.

5-(4-FEFE R HL) ik ¢ (3a): mup. 144~146 C
(1it.!": 144~147 C); "H NMR (400 MHz, CDCl;) 6: 5.58
(s, 1H, meso-H), 5.87 (d, J=5.7 Hz, 2H, 2C3-H), 6.17 (dd,
J=2.8, 5.7 Hz, 2H, 2C4-H), 6.74 (dd, J=2.8, 1.2 Hz, 2H,
2C5-H), 7.36 (d, J=8.6 Hz, 2H, HAr), 7.98 (br s, 2H,
NH), 8.16 (d, J=8.6 Hz, 2H, ArH).

5-(4-FRHIRFL) ki 48 (3b): m.p. 108~110 C
(1it."": 108~110 C); '"H NMR (400 MHz, CDCl;) d: 5.25
(s, 1H, OH), 5.34 (s, 1H), 5.87 (s, 2H), 6.67 (s, 2H), 6.13
(q, J=3.0 Hz, 2H), 6.63~6.69 (m, 4H), 7.01 (d, J=8.5
Hz, 2H),7.93 (s, 2H, NH).

5-JKEL % B (3e): mup. 109~110 C (it
109~111 C); "H NMR (400 MHz, CDCL5) d: 5.47 (s, 1H),
6.15 (q, J=2.9 Hz, 2H), 6.69 (t, J=2.4 Hz, 2H), 7.20~
7.33 (m, 5H, ArH), 7.92 (s, 2H, NH).

5,5- 3L kg H kg (3d): mp. 56~57 C; 'H
NMR (400 MHz, CDCl;) &: 1.65 (s, 6H), 6.10 (d, J=5.7
Hz, 2H), 6.36 (dd, J=2.8, 5.7 Hz, 2H), 7.78 (br s, 2H); '*C
NMR (CDCly) 6: 29.3, 35.3, 103.7, 107.7, 117.1, 139.1.
Anal. caled for C;;H,N,: C 75.82, H 8.10, N 16.08; found
C 75.63, H 8.23, N 16.14.

5-FJE-5- 2R3 kg H e (3e): mop. 110~111 C;
'H NMR (400 MHz, CDCl5) §: 2.05 (s, 3H, CH3), 5.97 (d,
J=5.7 Hz, 2H, 2C*-H), 6.17 (dd, J=2.8, 5.7 Hz, 2H,
2C*-H), 6.67 (dd, J=2.8, 1.2 Hz, 2H, 2C°-H), 7.12 (d, J=
8.6 Hz, 2H, ArH), 7.27 (br s, 4H, ArH), 7.77 (s, 2H, NH).
BC NMR (CDCly) o: 28.9, 44.8, 106.3, 108.2, 116.9,
126.7, 127.4, 128.1, 137.5, 147.3. Anal. caled for
CisH¢Ny: C 81.32, H 6.82, N 11.85; found C 81.15, H
6.93,N 11.91.

5- I HE-5-(4- A L) ik FGE(3F): mup. 142~
143 °C; '"H NMR (400 MHz, CDCl3) 6: 2.07 (s, 3H, CH3),
5.94 (d, J=5.7 Hz, 2H, 2C*-H), 6.20 (dd, J=2.8, 5.7 Hz,
2H, 2C*H), 6.72 (dd, J=2.8, 1.2 Hz, 2H, 2C°-H), 7.28 (d,
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J=8.6 Hz, 4H, ArH), 7.84 (br s, 2H, NH), 8.12 (s, 2H,
ArH); C NMR (400 MHz, CDCLy) J: 28.5, 45.1, 107.0,
108.6, 117.8, 123.2, 128.4, 135.8, 146.7, 155.1. Anal. calcd
for C6HsN30,: C 68.31, H 5.37, N 14.94; found C 68.41,
H 5.34,N 14.87.

5 FF G -5-(4- FF AR S R ) b s Y BE (3g): mup.
128~129 “C; "H NMR (400 MHz, CDCl;) J: 2.03 (s, 3H,
CHs), 3.79 (s, 3H, CH3), 5.97 (d, J=5.7 Hz, 2H, 2C°-H),
6.17 (dd, J=2.8, 5.7 Hz, 2H, 2C*-H), 6.66 (dd, J=2.8, 1.2
Hz, 2H, 2C°-H), 6.81 (d, J=8.6 Hz, 4H, ArH), 7.03 (br s,
2H, ArH), 7.77 (s, 2H, NH); °C NMR (400 MHz, CDCl;)
J: 29.0, 44.1, 55.2, 106.1, 108.2, 113.4, 116.8, 128.5,
137.8, 139.4, 158.2. Anal. calcd for C,7H;gN,O;: C 76.66,
H 6.81, N 10.52; found C 76.41, H 6.87, N 10.61.

5 BE-5-(4- LR L) A F 2 (3h): mup. 168~
169 °C; "H NMR (400 MHz, CDCL;) d: 2.00 (s, 3H, CHj),
3.61 (s, 2H, NH,), 5.97 (d, J=5.7 Hz, 2H, 2C’-H), 6.16
(dd, J=2.8, 5.7 Hz, 2H, 2C*-H), 6.57 (dd, J=2.8, 1.2 Hz,
2H, 2C°-H), 6.61 (d, J=8.6 Hz, 2H, ArH), 6.89 (br s, 2H,
ArH), 7.77 (s, 2H, NH); *C NMR (400 MHz, CDCl;) §:
29.0, 44.1, 106.0, 108.2, 114.8, 116.6, 128.4, 137.3, 138.1,
145.0. Anal. calcd for C;sH;7N;3: C 76.46, H 6.82, N 16.72;
found C 76.34, H 6.87, N 16.79.
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Tabel 1 Effect of ratio of p-nitrobenzaldehyde to pyrrole on
their condensation

G -5 A0 7= 30 (R R IR 2 il = A 5
22 #EEFHE

KT RN TUME AT FH 20T Ak % R0 = 6 1 5% i
BAVEFRE S50 4 T, A A [ & A AT T
HE KRR 2).
R 2 HyPW 0.0 Y B KR A 28 Y 5 DL gs 4 5 e 1 &5 SR
fapr Al
Tabel 2 Effects of amount of H3;PW;,04 on the pyrrole-
p-nitrobenzaldehyde condensation

Amount of H;PW,040/mmol Time/h Conversion/% Yield/%

Entry  n(1a) : n(2) Conversion/% Yield/%
1 1:2 100 43
2 1:3 100 70
3 1:6 100 95
4 1:20 100 40

“H0 100 mL, H3PW 5,049 0.1 mol, p-nitrobenzaldehyde 0.15 g (1 mmol), 7=
25°C, =48 h.

GrHTER 1 RO, AT LRI I e AR A W
P i v AR N By ANy X AT g R D i 2 g
SR By 2B 55 5 I N A S 2R W e T S5 W) g T £ 4
o, WD WA B B 5E A O, T = e AT ) T b
K16 I, I R, AF] 95%. KU TH
NMR 73 #1485 REW], AT B 5-(4-AHHEATE) AL
IR T 99%, JLT-BcA Bl AefE, Torasitk
LIR.

N T HEBR SN R ZR IR 0, 3RAT1 2 e
J I A AR AR R B8 S I P EAT T — AR L S B
(Scheme 2), NWEEFEH TLC BRER M.

TLC 73 M4 KRR W], JRYIBEAE 48 h Wosaiefh, 13
BRI F=PIN RAVCATIEE) @ V(LR TR =S5 © 1MEE N
0.2, M RUEHIA TH NMR i iE W F AT 145 2 1) s — =
Ik 5-(4-MiF ORI b T, XU T RN AR I

0.1 48 100 74
0.5 48 100 95
2 48 100 95
5 48 100 86
10 48 100 72

“H,0 100 mL, p-nitrobenzaldehyde 1 mmol, pyrrole 6 mmol, 7=25 C.

IyNTEE 2 145 e nT DUR H AR AR SR R R A
HH S50, AFORAER AR 1 110 e A5 FH S 2 B = 0 1)
FEE, P S I AR SR T = A e I8 B e 1 7=
.

TXTTHEAE R, 0 5 2 F S 5 ML S5 0 ol
WO R R G R H MBS NE TR
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IR H RS TR 1) 1 5 3R s I A s R L s T
AR 7 2, LRI H RS 2 i S I 3 15 FAAG, 3 it
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NO,
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Scheme 2
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N T AIFFEAZ SN T e AR JEE 50 S5 I A A 2 R 7 S 1
M, A EILE AR OL R, XS N
IRPEREAT T 5206, S5 RUNEE 3 P
R3SV RS X A P g e 44 S 1 5 R
i
Tabel 3
p-nitrobenzaldehyde condensation

Effectsof reactant concentration on the pyrrole-

p-Nitrobenzaldehyde/

Entry (mmolsL ") Conversion/%  Yield/%
1 4.95 100 95
2 9.8 100 95
3 19.6 100 95
4 39.2 100 95
5 99 99 80
6 247.5 85 52

“H,0 100 mL; H3PW 1,049 0.1 mmol; 7=25 °C; t=48 h.

R 3 RIS KRN, RPIIIREEAT > LR,
FESAE RN LB ARG DUT, 1w i) S iR
AL e R 2R 2R, DT A SO0 A B I Y I A AL S R
SRR B

2.4 B EIRIFRSE

FiR T, RS LR K R I R AR,
FEZKTT R A S SN SN 1 TR SN 35 2 A i
RALACR I N —E B 2, Kk, S AR 1
Ejnieng A L EARAR ) R B4k A N AT A S, 19 )
gERWR 4 Fios.

BATTRIR, R FH I VA 55 T FU s A0 S 56 4 T 793
PIETRA =M E B — =4, R — e 05 75 8
B2EAL S WHEAT RV IEE, 48 h JG 133 T 80 —2li i (1) 7 1.
ELA IR FEIEE | S A5 20 P R ] 0 0 4 i = ol v
A BRI P 77 2 AT R RIS PR ) 5 5 T 1) R
FEYIE R LRI DR S R SR . X
LR 2 B A SR A B i = 2, 34T]
R A iR =0 = 2R KT IR R G, T
AR I B A A =) () 7 Ze AT, B KR AL

IR M R, SRR O A R A
WIAEBATT IR S 56 2 A1 W [7) - A B B — 117 b s P
=), R ) TR RS .

R4 AFIREEA YIRS S I 4 £ SN PR AR

Tabel 4 The results of the reactions of pyrrole 2 with carbonyl compounds

Compd. Structure Conversion/% Yield”/%
1la O2NOCHO 100 95
1b HOOCHO 100 55
1c @CHO 100 53
1d >c=0 100 62

0
le <:::>chf 100 97
\
P
1f NOZOC\ 100 59
L
1g HSCOOC\ 100 56
(0]
100 54

7
: s
2 \

“H,0=100mL; 1 : 2=1 : 6; H3PW,049 0.1 mmol; 7=25 C; t=48 h; bsolated yield after purification.
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