% 4”) Qt % DOI: 10.6023/cjoc201412035

R ER

Chinese Journal of Organic Chemistry

NOTE

FREHTILERERE 1,3-THRENESINE K
el EAW OF M K E K B

(FE KR Z2EPE & 330031)

WE D ONEAH, B =R C—N BRI, RO G T IR ENRE G, 2R NNNN-DU 2,
T E(TMEDA) 97 LR, DAV AR 9 AL, FEIRAMT S50 R Sl 1 M F AR IE “ IR S B AR, ROBIXT A
(7] BP0 e 2 AR 5 g O B v 28 B AT A AR SRAAR I 1) 7 4.

KA TR S CN IR, T EE A

Synthesis of Methylene-Bridged Bis-1,3-dicarbonyl

Compounds under Aerobic Condition
Guo, Shengmei Gong, Jiuhan Lu, Lin Zhu, Zheng Cai, Hu™
(College of Chemistry, Nanchang University, Nanchang 330031)

Abstract A simple route for the preparation of methylene-bridged bis-1,3-dicarbonyl compounds was achived through a
cleavage of C—N bond of tertiary amines. In this reaction, tetramethylethylenediamine (TMEDA) was used as the methylene
source, and cuprous iodide as catalyst under aerobic condition. The substrates bearing different substituents were tolerated well

and afforded the corresponding products with moderate to good yields.
Keywords air; tertiary amines; C—N bond cleavage; methylene-bridged compounds

W M A B AP T RRF= W K 2540 5
T, AR LA R B e R, sk,
ARXBUEM R CA SR T ZoaED, @
B RX SR IR UL 1,3 LAY S RS
ik 5 B SO 4 A5 LA BB S R IR N, B S
KA E N RSP, BRI MR T O X A
PIRESREM B R JE R, I o T ORI R
R ARV L AT ROBLE =) LR %

it A8 AR 2 B (CDC) T S M JERPIAS 75 TR fig
AR BB SRR S B, 431X I8 B HAT 5 ) S
LR BZ D, T, CDC e Mok ka2 51
BIE BRI EAN. ik, R CDC &M SEH =2
JEtETE C—N BEWIRYL, B A ROl B E RS
(B 7 VAR B ARGE. anliE R Fe/TBHP i1k
RRE Au (Cu)air AR, Ru/air LA RS, cu/
C,Cl AR R Filr, bA I/TBP PAK K,S,05 254
AR RS NN,N,N-DY H 5 2, i (TMEDA) ¥ C—N
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B, 3k S 3 A A A A L R
M E R, BRI SRR R S A
L. ARESEZTFREK, FARE T LA
7, LA RNEAT], DA TMEDA I H IR (A E 4L
HEYIA BRITE.

1 BRSHiE

FATCL TMEDA K 2 H B 218 £ B NARE R0
NEZAFAT SR, RSB, FHET A .
S5 FEE RIS TR S B2 FRISZ . Wk 1 fR, 24 CuBr,
MEALZ NI, P23 25%(F 1, Entry 1), 1R 5
CuO ANBEMRfH S M IR AE T REM R N & T A fE R
HUBFIIEMYEZE(E 1, Entry 2, 3). #E—B IR 58 K I,
CuCl, 1 Cul BEWSIR B ML, 43 AI3RTS 73%AH
80%WTE M= ¥)(% 1, Entries 4, 5), 1 HoAt () —4r4 40
CuCl 1 CuBr M AT, SR =3 K BEAE 20% A 40
(% 1, Entries 6, 7), HAWM 8140 Cu(OTf), F1 Cu-
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(acac), JLFANRE AL B ()3T (3R 1, Entries 8, 9).
Uk, AT Cul A BUR Bl XA 5 58RI,
AR R PR S N ER, DU SRR S50 % s b A
KHI3MHIVE (35 1, Entries 10~13); 115 LAAER Va7 4
RN 2 BRI, O LFANRE R AE, BT RE 5
PR A2 X ey 10 2= SR R R, BRAK TR R 44k
A5 YD IR 2. 2 SLAE i - B9 7 R R4 T
LR AL 22 T 4V TR R R I S R TP AS R AR (R
1, Entries 16, 17), W82 BT & o5+ #] 1 e ik
AR AT B8R I, S ) A 7 FH ==
N 20 mol%f [ M bF, AT R REARES, NV
[ 7= R B 2 PR AK(SE 1, Entries 18, 19). AR A0
NEAT, RNAEERAEGER 1, Entry 20). {EXFEYIAC
tb. BI85 %25 (3R 1, Entries 21~23), A€
TR EAEFA D R ENT, LA Cul AT
(20 mol%), ZBENER, REIJRMLEA 11 1.2, IBRED
£ 100 CAF T /M 12 h.
R1 UHENFENEYE R

Table 1 Optimization of the reaction conditions

O O
U N\ [Cul.air (101 kPa) Ph OEt
Ph oEt "\ /7 . 100°C 12 Ph OEt
0.5 mmol 0.6 mmol
o O
Entry [Cu] Solvent Yield®/%

1 CuBr, CH;CN 25

2 Cu CH;CN Trace

3 CuO CH;CN Trace
4 CuCl, CH;CN 73
5 Cul CH;CN 80
6 CuBr CH;CN 18
7 CuCl CH;CN 21

8 Cu(OTY), CH;CN Trace

9 Cu(acac), CH;CN Trace
10 Cul Dioxane 55
11 Cul THF 47
12 Cul DMF 45
13 Cul DMSO 48

14 Cul Benzene Trace

15 Cul Toluene Trace
16 Cul EtOH 34

17 Cul HOAc Trace
18¢ Cul CH;CN 82
19 Cul CH;CN 33
20 — CH;CN —
21° Cul CH;CN 76
22/ Cul CH;CN 74
238 Cul CH;CN 62
24" Cul CH;CN 38

“ Reaction conditions: [Cu] (10 mol%), solvent (2 mL), 100 ‘C for 12 h.
bTsolated yield. ¢ Cul (20 mol%); ¢ Cul (5 mol%). © 80 ‘C;”/120 ‘C.¢ TMEDA
(1.5 equiv.). " O,.
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TER MM, FRATRE P01 3&E NPT T %5 %2,
Wk 2 P, AT L 2B S N S BRI, N
)T 1 4 XS R Tk 2L PR Z R E AR, I3RS 67% 74
(% 2, Entries 1, 2); ZEARAEPtn 1,3- A F P — R
Fo V-85 T AR Re % 3E T Z R B, P =2 43 73
N 70%F1 51%(F 2, Entries 3, 4). ZF¥F FHA it 15
MIBEE L FRBETE 1% MR R B B R BLEOR, B
= ATIA 92% =2, T T 2R B A WY R H S i
FIT I Tk R TR, SRS 2, HEEsehes
W =, T L SR R T 35 A TR A A A i 2 IR
M, RNARERLE. AETEIREANBE OB G Y
1o BEWETF 2 74% MR, M HAEREAN 1p WTEZR
AR R T AR

x2 UHENRELED G BRI
Table 2 Scope of the reaction

o O
0,
28 L i A
Ar R N/ CHCN(2mL) Ar R
1 100°C, 12 h
o}
2
Entry Ar R Product 2 Yield®/%

1 CgHs (1a) OEt 2a 82
2 C¢Hs(1b) OMe 2b 67
3 CeHs (1¢) CeHs 2¢ 70
4 CeHs(1d) Me 2d 51
5 4-Me-CgH, (1e) OMe 2e 55
6  4-MeO-C¢H, (1f) OMe 2f 76
7  3,4-dioxole-C¢H; (1g) OMe 2g 74
8  3-MeO-C¢H, (1h) OMe 2h 66
9 4-EtO-C¢H, (1i) OMe 2i 66
10 4-Morph-C¢H, (1j)  OMe 2 92
11 4-F-C¢H, (1k) OMe 2k 58
12 4-Cl-C4Hy (11) OMe 21 50
13 4-Br-CgH, (1m) OMe 2m 39
14 3-Br-C¢H, (In) OMe 2n 44
15 Ce¢Hs(1o0) Morpholin 20 74
16 C¢Hs (1p) PhNH 2p 0

© 2015 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: 1 (0.5 mmol), TMEDA (0.6 mmol), Cul (20 mol%),
CH;CN (2 mL), 100 °C for 12 h. ® Isolated yield.

YN JEER A E GC-MS K, FA1R Bk
2B TH B RSN, NNN-=HI 2 g &
o-FRIE AN RN SEBE S5 B P2 ). X U0 PR 1 0 R Rk
V8T TMEDA, H TMEDA f] C—N WiZdkEfE NCH;
A E NCH, A7 E. T o= I AN VLR B4 1 1 HH 15 B
NIATREZE 1 T TMEDA ) C—N W3R plg S, F %
T 28 F L R TR ) I st #2(Eq. 1).

UGB [ BLIALERH AR IRIG 2, (H/ERT AN L
PR S48 T ERATHEN I 7 40 F f s R HLERL ) 9 %,

http://sioc-journal.cn/ 1349



BIHE

Cul (20 mol%)
air (101 kPa)
—_—

CH4CN (2 mL)
100°C, 12 h

2a + Ph)J\”/u\OEt * —NH N— 1)

TMEDA S4ARCAI 48 & A A A, A 7EEALAI1E
M RASMRENS AR E B A B, @it
gk e A, H B3 Ak B AR Z IFE &7, [H
R G 25 fE AL, AR E it AL SE AL DB 3R, A%
IES T8 R R AR T T — S (D
Je ALK R/ DK IE R T AR, S BEARER
L IE 2 BRI A& AR 0, 7K 48 D33 7 R n s 45 2131
HEEM LG, (2) 7 — s A2 Wk E B TR AL 2
FREEHEX, AERR Ak C, WAk ¢ EEEL)
TMEDA EAMARRIES THERE, 5 1 s iz 54
BT BARF=4)(Scheme 1).

N N= Cu( o 9
Cu( L 1
\)/ cu(l) o 0
Ph)J\H/U\R—’TM
Moo N N\ o o
(n / et \
| [0]
@ — Ph)J\E‘LR T
_ N N~
«.-N )[0] |
7 cq N K/N\

B 1 "raer SR

Scheme 1 The proposed reaction mechanism
2 #Hig

FAVRE T — B SONEFIEL CDC w5k
I TMEDA 1) C—N BT, JF H Szl 7 I H M
TEHRIEN AR A . 1Z N LU AL, N AR
WA RS SR I, RS TP
W) BAG BT ) SO S, T R SR B AR B O P
=,
3 SCIEER4Y
3.1 UE5IHF

SEZG BIT FE 3 70) 4k FH I 2 R A B8 9 7)1 Ak v 7 9
BEAT, HEALF.TMEDA KRRl L/ LB aE, H
b Js2 I8 JEE P AR A SC kA . WRE R GF254 fiE

Jig, FEEMER 200~300 HEER, WREHEESEH 60~
100 BFREER, RAFAAMEH60~90 C)M L 2B
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(V' V=10 1). '"HNMR % "“C NMR ¥l { % A Bruker
DRX-600 J Agilent 400 #HiILIRIL, TMS 1ERNFE,
CDCl; fE# 7.

3.2 THEHT TMEDA By C—N BEIHARIT HE
HEXEIN—RRGE

4 Cul (19.1 mg, 20 mol%). 7 kLR B IfTAED)
(0.5 mmol, 1 equiv.), TMEDA (0.6 mmol, 1.2 equiv.),
CH;CN (2 mL)nAF] 50 mL f¢] Schlenk &, =5 A T
WA, 75 100 CHAMF FHEH: 12 h, TLC BRER. V45
e, RNRA RIS, FRE YA MRS LR
BV @ V=20 : 1~40 . 1)L AEE N 75 4t 15
FH AR

2,4- " PEER R T — 2 FE(2a)Y: 153 (A ]H
1483 mg, 773 82%, FEXFMIALL(1.2 © 1). 'H NMR (601
MHz, CDCl;) d: 8.06~8.05 (m, 4H), 7.62~7.57 (m, 2H),
7.52~7.46 (m, 4H), 4.64 (t, J=7.2 Hz, 1H), 4.55 (t, J=
7.2 Hz, 1H), 424~421 (m, 2H), 4.11~4.09 (m, 2H),
2.78~2.52 (m, 2H), 1.22 (t, J=7.2 Hz, 3H), 1.11 (t, J=
7.2 Hz, 3H).

2,4- T2 FE B I R — R 2b) ) 159 3 9 64 [
14 62 mg, F2E 67%, IEXIBRIAEL(1.4 © 1). 'H NMR (601
MHz, CDCl;) 6: 8.05 (dd, J=7.2, 1.2 Hz, 4H), 7.62~7.52
(m, 2H), 7.51~7.47 (m, 4H), 4.67 (t, J=7.3 Hz, 1H), 4.58
(t, J=7.2 Hz, 1H), 3.75 (s, 4H), 3.64 (s, 2H), 2.77~2.55
(m, 2H).

2,4- TR IR SE-1,5- TR 1,5 I I (20)1 %) 15
FEMEMK 81 mg, % 70%. 'H NMR (400 MHz,
CDCl3) 8: 8.14 (d, J=7.6 Hz, TH), 7.58 (t, J=6.8 Hz, 4H),
7.48 (t, J=7.6 Hz, 9H), 5.75 (t, J=6.8 Hz, 2H), 2.76 (t,
J=6.8 Hz, 2H).

3,5- R WL HE-2,5- i (2a)1%: 155 (5 (0 [E 14
43 mg, FEE 51%, JEXFMALL(.T 1) '"H NMR (601
MHz, CDCl3) §: 8.07 (dd, J=8.4, 1.2 Hz, 2H), 8.03 (dd,
J=8.4, 1.2 Hz, 2H), 7.64~7.61 (m, 2H), 7.58~7.48 (m,
4H), 4.71 (t, J=6.6 Hz, 1H), 4.64 (t, J=6.6 Hz, 1H),
2.61~2.46 (m, 2H), 2.19 (s, 3H), 2.15 (s, 3H).

2,4- . (4- FH 2 F R 6 ) I — e — YRR (20)1°Y): 1531
HEEE 61 mg, 77K 57%, JEXFBAAQ.S5 1), 'H
NMR (400 MHz, CDCLy) 6: 7.94 (d, J=8.0 Hz, 4H), 7.27
(d, J=8.0 Hz, 4H), 4.58 (m, 2H), 3.74 (s, 5H), 3.63 (s,
1H), 2.74~2.52 (m, 2H), 2.42 (d, J=8.8, 6H).

2,4- . (4- FAE 2R R ) I R — R 201 13
F A E A 87 mg, F7E 76%, JExFmLkLL(1.1:1). 'H
NMR (400 MHz, CDCls) d: 8.06 (d, J=8.8 Hz, 4H),
6.99~6.93 (m, 4H), 4.60 (t, J=7.2 Hz, 1H), 4.52 (t, J=
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7.6 Hz, 1H), 3.89 (d, J=7.6 Hz, 6H), 3.75 (s, 3H), 3.64 (s,
3H), 2.75~2.50 (m, 2H).

2,4- 7 (1,3- K FF R R M0 -5- B 0k ) I R — R
Q)" BREGEE 90 mg, FEEK 74%, XA
(1.2 : 1). "H NMR (400 MHz, CDCl;) 6: 7.72~7.66 (m,
2H), 7.50 (dd, J=7.6, 1.2 Hz, 2H), 6.87 (dd, J=9.6, 8.4
Hz, 2H), 6.07 (d, J=6.0 Hz, 4H), 4.54 (t, J=7.2 Hz,
1H),4.45 (t, J=7.6 Hz, 1H), 3.75 (s, 4H), 3.65 (s, 2H),
2.73~2.50 (m, 2H).

2,4-(3- AR BE K F 3L I — R — R 2! 13
FIFM@EAE 75 mg, PEF 66%, JEXFMALL(1.7 1 1). 'H
NMR (400 MHz, CDCls) 6: 7.67~7.58 (m, 2H), 7.57 (s,
2H), 7.39 (dt, J=16.8, 8.0 Hz, 2H), 7.19~7.09 (m, 2H),
4.63 (t, J=7.2 Hz, 1H), 4.54 (t, J=7.2 Hz, 1H), 3.88 (d,
J=8.8 Hz, 6H), 3.75 (s, 3H), 3.64 (s, 3H), 2.77~2.53 (m,
2H).

2,4- " (4- L LR BRI L R s i)' 15
FlAMEA 80 mg, FEFR 66%, IEXTMALL( 1 1). 'H
NMR (400 MHz, CDCl3) 6: 8.02 (d, J=8.8 Hz, 4H), 6.93
(dd, J=15.2, 8.8 Hz, 4H), 4.60 (t, J=7.2, 1H), 4.51 (t, J=
7.2 Hz, 1H), 4.11 (dq, J=14.2, 7.2 Hz, 4H), 3.75 (s, 3H),
3.64 (s, 3H), 2.75~2.51 (m, 2H), 1.45 (dt, J=10.8, 6.8
Hz, 6H).

2,4- . (4-N IR I 2 PR 3 [ R — R ()1 15
FIAGEA 130 mg, 775 92%, FEXTHUAEL1.3 1), 'H
NMR (400 MHz, CDCLy) 6: 7.98 (d, J=9.2 Hz, 4H), 6.87
(dd, J=12.8, 8.8 Hz, 4H), 4.58 (t, J=7.2 Hz, 1H), 4.50 (t,
J=2 Hz, 1H), 3.85 (d, J=3.6 Hz, 8H), 3.74 (s, 3H), 3.63
(s, 3H), 3.35~3.32 (m, 8H), 2.74~2.50 (m, 2H).

2,4-(4-HUK L) R = F R )™ B31A
ik 63 mg, 7% 58%, AEXTBALL(1.3 1 1). 'HNMR
(400 MHz, CDCl5) &: 8.14~8.08 (m, 4H), 7.21~7.11 (m,
4H), 4.65~4.51 (m, 2H), 3.76 (s, 4H), 3.65 (s, 2H), 2.75~
2.50 (m, 2H).

2,4- L (4-FR BRI R W E )™ At
1A 58 mg, P23 50%, FEXTHLAEL2.0 @ 1). '"H NMR
(400 MHz, CDCl5) 8: 8.00 (d, J=8.4 Hz, 4H), 7.47 (t, J=
8.8 Hz, 4H), 4.60 (t, J=7.2 Hz, 2H), 3.75 (s, 6H), 2.73~
2.50 (m, 2H).

2,4- T (4-TR 2 F L) R R — R (2m)! ) 15 3]
i A 54 mg, 775 39%, dEXTMUAELGS @ 1). 'H
NMR (601 MHz, CDCl;) J: 7.94~7.88 (m, 4H), 7.67~
7.60 (m, 4H), 4.59 (t, J=7.2 Hz, 1H), 4.50 (t, J=7.2 Hz,
1H), 3.75 (s, 4H), 3.64 (s, 2H), 2.73~2.50 (m, 2H).

2,4- (G- L) R TR W Es2n)™: 539
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A 61 mg, P25 44%, JEXTBLUALL(1.4 @ 1). 'THNMR
(601 MHz, CDCl;) &: 8.16 (dt, J=16.5, 1.8 Hz, 2H), 7.97
(dd, J=12.6, 8.4 Hz, 2H), 7.73~7.71 (m, 2H), 7.41~7.38
(m 2H), 4.58 (t, J=7.2 Hz, 1H), 4.50 (t, J=7.2 Hz, 1H),
3.76 (s, 3H), 3.66 (s, 3H), 2.74~2.52 (m, 2H).

2,4- 2 3 1 R ik (20)11 ) 459 B P CELE 44
88 mg, FEF 74%, AEXFHLALL(I.1 1 1). 'TH NMR (601
MHz, CDCl;) d: 8.17~8.14 (m, 1H), 8.12~8.08 (m, 3H),
7.63 (t, J=7.2 Hz, 1H), 7.58 (t, J=7.2 Hz, 1H), 7.54 (t,
J=17.8 Hz, 1H), 7.49 (t, J=7.8 Hz, 3H), 4.90~4.84 (m,
2H), 3.77~3.53 (m, 16H), 2.78~2.24 (m, 2H).

By A1 EL (Supporting Information)  F7 & it & 411
'H NMR 3 P X 28 bF ok ar DL 4 9% M AR T ) i
(http://sioc-journal.cn/)_E T %K.
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