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Construction of Methylenebisamides in Aqueous Phase Using
N,N-Dimethylacetamide to Provide Methylene

Chen, Jie* Mao, Jincheng*“* Zheng, Yang”
(“ College of Chemistry, Chemical Engineering and Materials Science, Soochow University, Suzhou 215123)
(® State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Southwest Petroleum University,
Chengdu 610500)

Abstract A variety of bisamides which are key fragments in the formation of peptidomimetic compounds were synthesized.
An effective method to synthesize methylenebisamides is by the reaction of amides with N,N-dimethylacetamide (DMAC)
using Na,$,05 as the oxidant and (NH4),Ce(NO;)s as the catalyst in water. The structures of product were confirmed by 'H
NMR, *C NMR and LRMS. The methodology will provide new strategies for the synthesis of methylenebisamides, which has
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the advantage of environment-friendly, simple workup and high yield.
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WG B A KREAFET HART R, $ iz o
Aol BRZGAT I B A WL A RS LA, [F]R, AL
T Jie 45 M 1E B A5 IR 284k & b B 2L o A
FAU L ST 2Rk AW i A R, Il SR R0
Ol RS A U s R R AF 3. SR, XA
BT A SOV TAHG . P3RBT R Z . SR AR
RATEEAS L. BRAR Li 0 3 i fl DMSO I & 3 it
SEHL T 0 R U A S A R, Xie SEPMRIE T —
Filt DL H AR (DMSO) Ay 3. 22 SR st A= Rl T FF 28 X frie
BT, B R R AL SR A8 2%
. RS R N FE R R PR . A TR
R A TR ) 2% 7 3 DA 2850 R0 FF 2 SO0 Tk e 7 A2 4 /2

* E-mail: jemao@suda.edu.cn

TRA L ELR.

=z

9O p, O
{ X N’C‘ X
R— H H | —R

% %

A

N-F B A0 A 4 {3 IV PR 36 o, 5 Ay L Ao R R0 4 i
T3, Li SO Ad Y NN P R ZE R (DMA)E T
FH L SR 5 AE R B R 0 (1,3- — #k )1 & P (Scheme  1).
2009 4, Li Z5UUHR5E T RO 3 2, (TMEDA)E it
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Scheme 1 The reactions about methylene sources
1 ZER5He

1.1 REZFHRML

B, FATUUZEHFEEZ(1a)f1 DMAC (2a) %4,
P SRR B i o SR OB, 5 5% T AR AR
SN FERK RS 3a FER IR, SLinsh R
WEE 1 Frow. R 1 BT A, 78 AR 21
T, BN F R A AR, W NapS0g+ KiSy05 -
(NH,),S,0s, ZAETY S B AEfF 2 42%~52% IR (R 1,
Entries 1~3), HH Na,S,04 FIZCR U7 (3 1, Entry 1).
M4 BAE 110 CRIZE TEHTE, BL Na,S,05 1
BT, [N 24 h BELL 66% USRS R H sk &4
3a (3R 1, Entry 4). A)5, TATURZER T AFEEAFINZ
SRR 1, Entries 5~13), H1S23645 Wnl %,
PR 1 £ [(NHa),Ce(NOs)6] i 7 Y T S S I AR AL T 12 24
MK &, BKIEM 2 mL ZHFEEE] 0.5 mL,
PR BT = T PR (3R 1, Entries 13~16), H A 24/KH0
BN 1 mL =R, 1A% 86% (£ 1, Entry 15). 124
IRETES] 120 CH 140 C, PR M RER T 76%
F 67% (3K 1, Entries 17, 18).
1.2 1a FREfth N-BREFEH & N

TERARI N2 R, FA1 2R 7 Hofh V-H R
PR E, SEEGEE RN 2 fion. 4 H NN-—H 5
JiZ(DMF) N-H 2 2, 19t e R 2R R B e 7 B AR 26 AF R IROBY,
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Table 1 Optimization of reaction conditions

(e}
\ Catalyst
©)L NH OX|dant

1a
Entry Catalyst Oxidant ~ Temp./C  Yield"/%
1 — Na,S,05 100 52
2 — K,S,05 100 48
3 — (NH,4),S,05 100 42
4 — Na,S,05 110 66
5 Cu(OAc), Na,S,05 110 53
6 CuBr, Na,S,05 110 52
7 Cu Na,S,05 110 74
8 Cul Na,S,05 110 68
9 FeCls Na,S,05 110 34
10 Ni Na,S,05 110 72
11 AgOAc Na,S,05 110 78
12 Ce(NOs);6H,0 Na,S,05 110 78
13 (NH4),Ce(NOs)s Na,S,05 110 80
14° (NHy),Ce(NO;)s Na,S,05 110 81
159 (NH,),Ce(NO;), Na,S,05 110 86
16° (NHy),Ce(NO;)s Na,S,05 110 74
17 (NH4),Ce(NOs)s Na,S,05 120 76
18 (NH4),Ce(NOs)s Na,S,0g 140 67

© 2015 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: 1a (0.5 mmol), 2a (4.0 equiv.), oxidant (4.0 equiv.),
catalyst (5 mol%), H,O (2 mL), 24 h;”Isolated yield; ¢ H,O (1.5 mL);
“H,0 (1 mL); °H,0 (0.5 mL).

7 A2 54%H 67%1077 (3K 2, Entries 1, 3). 1
4ff H) DMA, TMEDA HUR F i s 82, B /E B 12 2%
N 153 3a(3% 2, Entries 2, 4). Hi L 925960 7] 40,
Z IS H DMAC S s i (0 1 FF R SR Y ).

1.3 RMER

TERMACI R BIZEAET, TATHEE T A REAIE ]
H 2K H A DMAC (IO, S55R W3 3. HH3k 3 T4,
I F I i DA B SRR b A v M B A SR, xR
BRI iz o ) S P 25 R R I e A K L T B R H i 5
DMAC [ M AEFF 3 67%~86% =2 (% 3, Entries 1~
4). [RJEF, X HR AR 3 2R HR I e /E B AR A 1R 26 T AT I
MNALEETS B 79%MI77 K (3R 3, Entry 5). SR1M, H4FIF L
EA R WS, LR E] 53%M 43%MIR R 3,
Entries 6, 7).
1.4 TFJEERR R EE

BT SRR ARE R A ST S i 45 B, HE A
1 DMAC [ 87 AE T Y SOUE e A4 A 10 mT BE IR SREATL
PE I, Scheme 2. DMAC 7E Na,S,05 F1(NH,),Ce(NO;)s 17
12 A R T4k ALY 2% B e A0 e R AR A ST AZ N A
L&Y B, (EY) B 152 B IAEE T AT SR A% HL
AR A= B P 3 XU etk 2.
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Table 2 Reactions of 1a with other N-methyl amines

x3 RMMHRE
Table 3 Scope of the substrates

0 (NH4),Ce(NO3)s (5 mol%) |
NH, '32 Na,S,05 (4.0 equiv.) R'—\ NHy _N (NH4)2Ce(NO3)s, NaS;04
+ _N 1
HaC™ R! H,0, 110 °C, 24 h 7 ) o) H,0, 110 °C, 24 h
1a 2 2
(0] O
i I(_‘:Z i S
NN Y ONTN X
SRR SSERaES
3a 3
Entry 2 Yield®/% Entry Product Yield®/%
b 2
1 HsC™ Y 54 NN 86
(0] 1 H H
3a
I
_N 0 0
2 HsC \@ ND
P
N N
2 /@J\H H)b\ 67
|I| 3b
N
3 HaC” \[( 67 o] 0
,L 3
\/\ 7~
4 H3C/ ’i‘ ND 3c
“ Reaction conditions: 1a (0.5 mmol), 2a (4.0 equiv.), Na,S,05 (4.0 equiv.), 1) 10
(NH4),Ce(NO3)s (5 mol%), H,O (1 mL), 24 h; * Isolated yield.
NN
H H
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A
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Scheme 2 The possible mechanism
2 #Hig

LA(NH4),Ce(NO;3)s/Na,S,05 75 R AF A S MR BEAA 2,
£ 110 CRUKME R FIRZAET, 05 B
FYI DMAC B, s feR ISl 7 — R A1 W
MR AL SV A . BTTE R MR 5% 5 AbEE
AR ] BT i AU R AR, R R AE K R REAT AT L
WEVIRI L, & st s 1R R TT 1.
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“ Reaction conditions: 1 (0.5 mmol), 2 (4.0 equiv.), Na,S,05 (4.0 equiv.),
(NH4),Ce(NO3)s (5 mol%), H,O (1.0 mL), 24 h; * Isolated yield.

3 XLEEsS
3.1 5

Hr AT R XT-4 B H S ARl s e 13 A
H Bruker 22 F] 400 MHz 2 REALARAX, TMS A AR, JTi
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' Agilent SRR E. 2K F R AT A= 010 & %
M Chill " 3RiE.
32 ZWHE

L&Y 1a FIE OB 78 10 mL B E R E
TN 0.5 mmol #HBEAZ, 2.0 mmol ILHREREH, 0.025
mmol R4, 1.0 mL 7K. 2.0 mmol DMAC, f£ 110 C
A IR R BL 24 h. RBEE UG B IR S 24 )
ZER, MR RMNREEETTA R 27 3a.

N,N-3 B L XU F e e (3a): A, P25 86%.
m.p. 215~217 ‘COCRME!: 215~217 C); 'H NMR
(400 MHz, DMSO-d;) 8: 9.06 (t, J=5.4 Hz, 2H), 7.93~
7.91 (m, 4H), 7.55~7.44 (m, 6H), 4.89 (t, J=5.6 Hz, 2H);
C NMR (100 MHz, DMSO-d) d: 167.0, 134.4, 131.9,
128.7, 127.9, 45.7; LRMS m/z: 255.1 (M+H)".

N,N-37 F R X (4- FHBE 2R H i ) (3b): - | (i 4k, 7=
R 67%. m.p. 216~217 ‘CCLHAE"™: 216~218 C); 'H
NMR (400 MHz, DMSO-dy) J: 8.99 (t, J=5.4 Hz, 2H),
7.83 (d, J=8.0 Hz, 4H), 7.26 (d, J=8.0 Hz, 4H), 4.86 (t,
J=5.6 Hz, 2H), 2.34 (s, 6H); “C NMR (100 MHz,
DMSO-d) 6: 166.8, 141.8, 131.6, 129.3, 127.9, 45.6, 21 .4;
LRMS m/z: 283.1 (M+H)".

N,N- V. 7 0 (4- S A 2 2R PR i ) (Be): 1 A,
A 83%. mp. 188~189 ‘C; 'H NMR (400 MHz,
DMSO-d;) J: 8.98 (t, J=5.6 Hz, 2H), 7.86 (d, J=8.4 Hz,
4H), 7.31 (d, J=8.4 Hz, 4H), 4.88 (t, J=5.6 Hz, 2H),
2.95~2.88 (m, 2H), 1.20 (d, J=6.8 Hz, 12H); *C NMR
(100 MHz, DMSO-dq) J: 166.9, 152.4, 132.1, 128.0, 126.6,
45.5, 33.8, 24.1; HRMS calcd for C,Hy6N,O, (M+H)+:
339.2073, found 339.2066.

N,N-E FF B0 (4- B0 T 2 2K R IR i) (3d): 1 8 [l 44,
FEF 75%. mp. 259~260 C; 'H NMR (400 MHz,
DMSO-d;) J: 8.96 (t, J=5.6 Hz, 2H), 7.85 (d, J=8.5 Hz,
4H), 7.47 (d, J=8.4 Hz, 4H), 4.87 (t, J=5.6 Hz, 2H), 1.29
(s, 18H); *C NMR (100 MHz, DMSO-d;) J: 166.8, 154.6,
131.7, 127.8, 125.5, 45.5, 35.1, 31.4; HRMS calcd for
Ca3H30N,0, (M+H) " 367.2386, found 367.2389.

N,N- V. H 6 X0 (4- AU 2 F G i ) (Be): (]
P2 79%. m.p. 206~208 ‘C(CCHRE!: 207.5~209 C);
'H NMR (400 MHz, DMSO-dj) d: 8.90 (t, J=5.6 Hz, 2H),
7.91 (d, J=8.8 Hz, 4H), 6.99 (d, J=8.8 Hz, 4H), 4.86 (t,
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J=5.6 Hz, 2H), 3.80 (s, 6H); C NMR (100 MHz,
DMSO-dy) 0: 166.4, 162.2, 129.8, 126.7, 113.9, 55.8, 45.6;
LRMS m/z: 315.1 (M+H)".

N,N-YV. F L0 (4- SR F I i) (3F): il i, =%
53%. m.p. 238~240 C(CCHEAE™: 239~241 C); 'H
NMR (400 MHz, DMSO-dy) d: 9.18 (t, J=5.4 Hz, 2H),
7.93 (d, J=8.4 Hz, 4H), 7.54 (d, J=8.4 Hz, 4H), 4.86 (t,
J=5.6 Hz, 2H); *C NMR (100 MHz, DMSO-d;) J: 166.0,
136.7, 133.1, 129.9, 128.8, 45.7; LRMS m/z: 323.0 (M+
H)".

N,N-JE B (4- 3 2K HBEIG) (3g): E Ak, 7=
# 43%. m.p. 234~235 ‘C; '"H NMR (400 MHz, DMSO-
dg) 5: 9.11 (s, 2H), 7.99 (m, 4H), 7.29 (t, J=8.8 Hz, 4H),
4.86 (t, J=5.2 Hz, 2H); *C NMR (100 MHz, DMSO-d;)
5: 165.9, 164.5 (d, J=248.0 Hz), 130.9 (d, J=2.0 Hz),
130.6 (d, J=9.0 Hz), 115.7 (d, J=21.0 Hz), 45.6; HRMS
caled for C;sH;,FoN,0, (M + H) ": 290.0945, found
290.0951.
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