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N-Z IR EELI B ERFR P B FREE R 5
TRAW® EFXF° x Kk BAES  THE’

(HFERHERY ASHTERESLREREEN H5 266042)
CE BRSBTS 55 266042)

FE DKM AN N-Z238-R ENHC)YHEAL AT, R T (kA 57 S5 RO (R A R B Ak S B2, Ty b
VIR BTN BN T I 07 B0 b, 4% R T A 1 0 B . AW JRUAR ek 2R R0 24 R RS e s 7 ) 8% o i 2 — 2% FR
B AR, VEAIIR T T NHC HEAL RISEAZ ISR AL S S LB AN S R e, Do fh et e B 21, %2 T AL RO 3R
FEFIRCR. LIRS RN, LL DMSO Al B TE 1 (R=n-C Hys) WHEALFIRT A BT BEER 90, &7 i
B AHEE IR 33 mol%, & TR T B I B o 10 4, RBLERE )Y 30 °C, RETEY 6 h, X JAH %
AR TTIX 93.0%, X AHHE 2K I ER RN 88.6%. & FIRARTEIAEF 4 Ik, SHASEE KRR ABTE 75% A
E.

KR SRS N-ZR AR 5, Mk ek, S RURE R, SRR K H

Nucleophilic Acylation of 4-Fluoronitrobenzene with Benzaldehyde
Catalyzed by N-Heterocyclic Carbene

Yu, Fengli” Lu, Yugian® Yuan, Bing* Xie, Congxia™* Yu, Shitao”
(“ State Key Laboratory Base of Eco-chemical Engineering, Qingdao University of Science and Technology, Qingdao 266042)
(® College of Chemical Engineering, Qingdao University of Science and Technology, Qingdao 266042)

Abstract Imidazolium ionic liquids as the catalyst precursor of N-heterocyclic carbene (NHC) have been applied to catalyze
the nucleophilic acylation of arylfluoride with aromatic aldehyde or aliphatic aldehyde. The acyl group can be directly intro-
duced to the aromatic ring with an electron-withdrawing group. The reaction of 4-fluoronitrobenzene with benzaldehyde for
the preparation of 4-nitrobenzophenone is selected as the model reaction. The mechanism of nucleophilic acylation catalyzed
by NHC is proposed. The ionic liquid firstly is converted to NHC under the presence of alkali. NHC makes benzaldehyde carry
through the umpolung, and the acyl of benzaldehyde as the nucleophilic group attacks the carbon atom bearing fluorine of
4-fluoronitrobenzene, followed by loss of the fluorine as an anion. Base-promoted eliminations of a proton and NHC from the
intermediate take place to afford the target product of 4-nitrobenzophenone. The effects of the alkyl chain of the ionic liquid,
the amount of ionic liquid, different solvent, the type of alkali, the amount of alkali, reaction temperature and reaction time on
the catalytic reaction have been fully investigated. The selected optimal conditions are as follows: DMSO as the solvent, the
ionic liquid 1 (R=n-C,H,s) as the catalyst precursor, potassium ferz-butoxide as the alkali, the amount of the ionic liquid 33
mol%, the molar ratio of the ionic liquid to the alkali 1 : 4, reaction temperature 30 ‘C and reaction time 6 h. Under the above
optimal conditions, the conversion of 4-fluoronitrobenzene is 93.0%, and the yield of 4-nitrobenzophenone is 88.6%. After the
reaction, the ionic liquid is dried under vacuum and then can be directly reused. The recycling efficiency of the ionic liquid is
investigated. The result showed that the yield of 4-nitrobenzophenone still could reach above 75% after 4 recycles of the ionic
liquid. The study provides a new environmentally-friendly method for the direct introduction of the acyl group to the elec-
tron-deficient aromatic ring to synthesize the aromatic ketones with electron-withdrawing group.

Keywords nucleophilic acylation; N-heterocyclic carbene; umpolung; 4-fluoronitrobenzene; 4-nitrobenzophenone
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EE

1832 4F, Waohler 1 Liebig & IL R 75 7-(CN)
Al DAL IR 2 B E4E S . B F 1903 4R,
Lapworth5t HAR AL L3047 T AF 7T, 208 7 Ak e
AL LR, 1943 4, Ukai 5% BLHBE4E 4 % B 765
TA1E T 4 Bl N-Z234 K 52(N-Heterocyclic Carbene, NHC),
E%Tﬁﬁ%‘?%w W] UL 2 B A& A v, IFH

FORAERIR . IS, BORMIBRAR X AR % . Bl
JA&, {Jc%%‘dl]ﬂ‘ FIR A MRMULEA R Bl SRR 5

AL 1991 4E, Arduengo ZME B HISE —MasE
() N-ZR IR R FE(BRME-2-cd), #E3) 7 NHC /) R JE.
NHC BARBEMIEZ M, TR, HAER N AL
ST RPEEFAI S Z EP ) i, NHC O %R
B P Stetter SR o AN T 4
Wbtk s B e it 20 g AR e e R P B S B R
Z IR,

T 0, 0 A B e — 2% L (RS 0 Ak R R ]
i, HEEIEIT Friedel-Crafts Ak [ N A h%. Friedel-
Crafts 314 Js 0 A — 8 B L1 0 % I o A EUAR R MY,
DRI 75 20 b () LT = B RO, OB AR AT, 35
H_E£E11-NO,, -SO3H, -COOH, -COR 25 13 [4]1,
5535 ERH T2 % R, B R NARAMERET. 5
— 75T, HHJ Friedel-Crafts BiFEAl e N FEFH AICL
Z5 Lewis FRELIK AR IR %5 Bronsted BRPEMEALTT, X Lb{E1k,
FIERAEAE— EE’JEJ%'S nfasetEZ . K. ™,
INERIG Y RAE, R & #A7AE X LA 2 8 [ AR 25 546 A
R ETR TIPS D A e 17 = A NG N0 7 g R A
Hil % Sl PR EFERAASY, BT IEED
Friedel-Crafts BEEib N2 R AMESCILI, 752 FHRIAEE
RUFHIHE .

2003 4%, Suzuki ZEPRIE T ORI ELTERRAT /N AL
75 B AL R S A W ROV, RO R B 5|\ B
W I [ 25 B A . AR T NHC LI
AR S5 B RN AR ) S A I A S B PRI, E AL
o OIS L A S S AR SR AR O B AL
Wi, D5 S 95 38 S W A, X
N EH RN, BEJG, Suzuki ZEP2HE X — SRR 2 N N
FA 48 2% O AOIY ne i ) A B, 1T 00, NHC 4051
i JE Ak I IO 2 4 T 6 4 5 N B el 1 9 3 B — A
e BB

ARCAE KT FAPIRMEE S R 1, K EHLAE N NHC
FEAL TR A, S T 1 57 J55 Go0 A A7 A0 28 P 23 A% T
AR LASK S0 25 2 AR 25 R S 1) S AR, R S
il £ TR R, GRS IR T AR B AR
NE BB )N BB T H07 R b fl& SR T
B 07 B TR AL T — R AT &R
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R\N/ N/CH3 R =n- C4Hg n- C8H17 n- C12H25
cr \—/ n- C16H33 CH2Ph
1

1 ER5E
1.1 LR

WKIRSE S T 1 AR T T, A SR 2
TR P 5 2 SR A IO S A B 22 ot 2 — oK R, L
EALHLEL AN 1 fros. B A L ERCT RERR AR R
H R N R 5% 2, 2 AR SRAZ AR HE SO R FY
PRIERR, BB S R AR 3. fEFR AR 3 F R
AP H IE AP R AR s b, RISt TR 4 3 4 o
RARFIRE SO SRR ) C—F 82, ZEprbialik 4. 28
Ja, HEAE 4 F AR B T R AR &, AR A
5. foJr, N-23AREE 2 WAIaR 5 Al by, R BiER—
AT, 1327 v K .

F CHO 1
o
ON C4HgOK
R
N
[ S er
N

\
1CHz

O

02N

\ C4HgOK

“/“\

i *{;i] 5 -

0 oH N CHs
HyC 3
R F
) ; }
. Q'
\
o £ OH CHs

Bl 1 NHC ARG SN LR
Figure 1 The mechanism of nucleophilic acylation catalyzed by
NHC

1.2 BFRIEIRMEENE

B AN R J B K ) = AR 1 FAE NHC A7)
FUAA, AL o GRS 225 2 R0 25 FR R ) S 2. A 7 38 0% 9
HE IR, b 2 B G R R BL R A, X
mﬁ%ﬂuﬂ%m%ﬁmitm 1:1.2, KRR

Chin. J. Org. Chem. 2015, 35, 2223~2228



Chinese Journal of Organic Chemistry

. DL DMSO A, B 1SN IR SN
IR 33 mol%, BT AARFIRCT B P 1 2 LA
1:4. 7E30 C, M 6 h %M, BT ETHRE1
(e BB AL S B B2, 285 SNk 1 R,

K1 BTN S5
Table 1 The effect of the ionic liquid on the reaction

RN | AL 4% W /%
R=n-C,H, 85.3 75.3
R=n-CsH,; 89.7 81.1
R=n-C},Has 93.0 88.6
R=n-C;sHs; 84.8 73.9
R=CH,Ph 80.6 72.4

¢ RPRAHEE R AL, .

M 1 AT Bl B VR R B B PR o, %o 3G
il 35 2R TR 2 A S5 R 72 4 %o i 2 2R R B R WA e T 0
Se I E RN, BT 1 R N IE T
TS (R=n-C o Hys) BT, X F8URS J2 2R 11 % A 3 R = i
K, ik E] 93.0%M1 88.6%. X T]BE S K AL
T B AT 1 52 P 00 R 2 1) 205 S () 4 P A 5 S
PR FER G, AR RS, AR NHC fEAL 7 1)
RaVERE R, A TE TSN, (R R A, TR
T A RIS, AR T RN, R, SRR A
1 (R=n-C,Hys) WAL TR, FHT FHISLE0 5455,
1.3 BFRENAEXRAENT

fE LR AMHT, ERTETHE 1 R=
n-C 1o Hos) I FH B0 S B ) 52, 25 SR U 2 s,

100 5

n —"
" /. ° ¢
80 .//l/
] o — :
704 - onversion
° )
] —e— Yield
X
o\ 60
X
50 o
40 -
30
20 T T T T T T 1
0.4 0.6 0.8 1.0 12 14 1.6
Cat./mmol

B2 B TR AR AR X S
Figure 2 The effect of the amount of ionic liquid on the reac-
tion
HIFET 2 wr%n, B B A HT R g, A
LB 2, X AR 2 R PR A 2R 5 0 i i 2 R A
REJE PR A8 TR RS 1 mmol, RIJYEY)
XA IR Y 33 mol%ltf, BE— D INE TR &,
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AR FNCR R IR EEA K. Rtk S e 1tk
F &€ 4 33 mol%.
1.4 AFIXTR M HIFZNE
FEE T 1 (R=n-CoHs) M EA 33 mol%, &
TR T BRI R R 12 4, 30 TR 6 h
MIZAET, B8 TR R MR, 25585 2 Fiok.
2 VAN R

Table 2 The effect of the solvent on the reaction

W7 Wt AR /% K2 /%
DMSO 7.2 93.0 88.6
DMF 6.4 89.9 68.8
g 6.2 85.1 75.4
P 5.3 82.6 64.9
THF 42 72.3 43.4

AL, BEE VA FRRIE R0 O, o SR 5 R (e A %
SIS XA R B AR VA ) R AR L 1
VO MRS TR, DL R G R S B e R A, B
AL TEIE R, BRI, MIE N DMF i, BORH
E AL, B E BRI SR, X TR R REAN
A 22 B A & BRI PP R AR IR 2R B, T BB
SHURFE 2RV 75 DMF S22 [ =40 NON- - k-4 i 56
e, R R T IR IR R, St
WFERER . Fe AR AR AL 5 1) DMSO AT 7.
1.5 WEX &R RS20

LA DMSO NiE 7, BT 1 (R=n-CoHas) I HI &
33 mol%, HFMAEFBRMMRIEL A 114, £
30 ‘CIL6 h AT, % T BIA S S B 5,
RN 3 Fis.

R3S I
Table 3 The effect of the alkali on the reaction

T AR /% W Z /%
BT 93.0 88.6
NaH 49.8 45.4
DBU 68.0 61.7
=M 16.7 3.0

© 2015 Chinese Chemical Society & SIOC, CAS

& 3 "R, AECLFHEBCRRIB AT B4 sl DBU
MIFERITS, SO R AL R AR A B, IX AT REZ A
AR NHC HEAL O R RS, AR T sz v )
ATURT S i 248 5 I, AT Ak St 3 A 2% ) A e 3 AR X A
Ak, BRI S A A, AN T 95 s
ZOEBERT, AT NHC RIAERR, BRI
VR, SR e A R AR AR, (H 55— 71, Mo
T NaH B U508, SN RIFAL R AR I AN, 3X0]
REAE R AL R NHC FROIE EEAG bR, ASA T Bz o 1]
PRI VR 2 e A S, A M 2R R B S
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S S A N a4 7 G X PO NA & R |
b, BLEFERUT B A,
1.6 WHIFAEX R NAENT

15 BRI BIZAT S, DABUT B4R A0, 58 7HT
B 1) FH Rt S S s, &5 SR P 3 B,

100

90

" é/ R

60
—m— Conversion
—eo— Yield

X1%

50+

40

30+

20

T —T 77T 7T
0 1 2 3 4 5 6 7 8 9

C,H,OK/mmol
B3 B F 0 R 1 5
Figure 3 The effect of the amount of the alkali on the reaction
H& 3 ATRAE H, N A& R, B A b
) NHC & TEH L, BB AL A AR BT AR, 15
BRI, e A RIS A S, E N L 22 B,
AR A AR ST 4R R B, X AT A2 R id 2 i ey
REPER TP B B (022 R 4 B BSOS R AR, TR RRAR
T G AL AR B AL H AR YR B 4 FT R,
MRCT BRI &N 4 mmol, BIES-FIAR 5080490 R
MUEEEDY 104 I, XPANAE IR AR AR e BRI,
5 LRI FH &8 4 mmol.
1.7 REXRNEIFE
LA DMSO M7, BT 1 (R=n-C Has) ¥ H &
N 33 mol%, & ARMBLIIMI B ARy 104, M
WIEY 6 h BIZRAETS, B8 VX R NI, 45 5F
ik 4 firs.
R4 RS LR

Table 4 The effect of the temperature on the reaction

BE/IC AGE % /%
30 93.0 88.6
40 78.4 56.0
50 68.4 49.3

K> DMSO 1 SN 18 °C, IR [ B 1 Se e 567
30 CRHHT. B 4 AN, Bl SN IR T L, KR
il 35 2R TR B A S5 R 7 4 %o i A R Y 11 A T 2 B
M. X 0] B2 RO R A SN 7R R 2 A
ARARION, Jd/D T A G R R 1 S 7 oh,
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AL B A S N T RE N R L, T i, X RO (1)
WA I, e Bt I SR 30 °C.
1.8 BfER /R K2 B9S2

fE LR BIZAET, LA 30 CARMIRE, 57T
SNBSS TR IS PRI 5, 45 SR ] 4 Firos.

100
88— n
—e

o /. R ©
80
)
70 -
—m— Conversion
60 —eo—Yield
50 o
40 -]

30

X1%

20

104

0

T T T T T T
2 4 6 8 10 12
Time/h

Bl 4 I D0] S8 2R

Figure 4 The effect of the reaction time on the reaction

HE 4 AR, B SR TR SEAS, S N FE AL FR
ATEBR PR A BEZ 00, 24 S S A #) 6 h )5,
HE— P I S I T, A A 5 WO A 3G n i AN K,
PRI f3 £ 4 S B2 (]9 6 h.
1.9 BFRIEETF A

SREER S, R B TR REAT TR AL FR S VT BT
WAL, £ BRI BRI T, B8 TR TBE 1
(R=n-CyH,s) IEIE R, g5l 5 frs.

80 .“‘v’.;’\’\\’.’\.

B

60—

°
o \
40 —e— Yield .

30

X%

20+

0 T T T T T T 1
1 2 3 4 5 6 7

No. of recycle

B5 B liARRgE i AR
Figure 5 The recycling efficiency of the ionic liquid
& 5w, BEE BT TE A B 1
R NEFV A AN H AR P MRS A T T B, XN
DR LSRR REAT A URAE, 722 T8 TR Rk
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Fst. B TR EZM 4 Uk, JHgEE 2R IR R
34E 75%LA L.
1.10 R R RAIFZNE

1E FIREREMI R AR T, B T A &R
AR YIS SEAZ I I ) B, 25 RNk 5 A,

5 v LA H, ST B 07 &AL
i TR0 G A FR T AR A RH I AR S S, AR
FH R 5 B B (Entries 1~5); 10 & it FL T 2R 0 05 & 3
ARt i FR R RN PR IR S, 38 45 380 AH I 14 55 7
(Entry 6). XK ZEBN R BE — NI R
7, MR CH B A A AE BRI T 5 IR =% B, A
TR R . R, 2SR S BIE TR e
HESINBIDS MR, e A i A
IR E Y. XTI S A R A ) 3 A,
AMUE T 05 A, 1 Ho& A TR Wi (Entry 4); (H2&
JUE F T P I A = WA 26 BH SRR, 3K 2 PRORTE R 2%
PN TR B SRR IEAR & R EGRZI IR 746,
Entries 1~3 #l Entry 7 A0, & {755 (1) 05 FWEXT )
REA R, X T] e A B B ARG I 1 e 8 ]
1 3 BISRAZAE, WA R TR A2 B A & R

RS RV HIR M
Table 5 The effect of the substrate on the reaction

F 1
/©/ + R-CHO — /@)LR
A C4HgOK
A
a~g
Entry A R P R % WE%
I NO, CeHs a 93.0 88.6
2 NO, 4McOCH, b 96.3 76.5
3 NO, 4-MeCH, ¢ 95.2 73.2
4 NO, n-CiH, d 61.5 434
5 CN  CeHs e 88.7 62.5
6 CHy CgHs f — —
7 NO, 4NOCH, g — —
P SE R,

2 #ig

DABKIEK B TR 1 4 NHC AL BRI, 32
T8 A B W 1 1 A A A2 R R T YD S A Tk
BN, R 4 S TR R 2 A 1 0 A R 2 A
EW, ST ARG R . X GeURY JE SR R 2 H
TS (10 sz I 1) 2% ) il 2 — 2K FR R, AR e B & F R LA
DMSO AT B WA 1 (R=n-C,Has) AT HT 4
AT BRI, AR G O R R 33
mol%, & FIRAFRUT BRI EER N 104, NI
JE 30 °C, RMIAY 6 h. 1E_ R4 RN 4644 T,
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Xof SR AR IR A 20 93.0%, X i Jik 2 FF A P ic %
N 88.6%. BTHARIEAE 4 Uk, XFAHEE K HER
WeRATILE 75% A b AT TN ELER I 5N 2SRl
1157w K S S e SR e i B 7 e S
BOR G B gz,

3 S
3.1 X5

78 [ Brucker A 7] AV500 FREILHRBE L, TMS N
Whr, CDClL, NI, kSRR IR A A X4
SAUE A HASEE LC-20A = B0 (i A

B FEL TAHRAR GF254 # )2 ZE Mz,
200~300 HiFEZEMRER, A 58 5 fr 4
.

32 ZWHE
32,1 BFiaRe9H &

)25 IR A B I 100 mL B CTB S in N 0.05
mol N-F LBk 0.06 mol SUAAIE T %e 1 10 mL FHEE. F+
A 70~80 C, [BIV N 24 h. T ZR BRI, RN
HIEARIE T e AR, F 2R LB SEEFRI R 2 IRk,
WEZEBR 2 O O BE. TR, 330 RS Tk 1
(R=n-C4Hy).

SR T o a4 A E e SARIE+ =
VSR AT St AN % I S S W B M ey il e
] 2 H A 3 AN R 0 B () AR IR SR B AR 1 (R=
n-CgHi7, n-C,H,s, n-Ci¢Hs;, CH,Ph).

322 FHBANRE

) B A5 B AR ) 100 mL = FUBEIR R oo
3 mmol FFEFNY). 3.6 mmol FEHEEEENIEE. —F
IR M B T4 1R 20 mL 5. 364k 5 min J5, 1)
AR AN — B B M. 75— R T R N
— e [A], AIE TLC BRER OB

RN ERE, R IANKK. F LR g%
BUENI 2 Ik, &HFERGR. Sk ik, T8RS, W
JEZEBRIE ). IR Z 0 5 A=, QR E 25 5,
RN EER AT, T KIS A S B2 T g
Ja TRV .

3 K HEd(a): mp. 136~138 C; '"H NMR
(CDCls, 500 MHz) ¢: 7.53 (t, J=8.0 Hz, 2H), 7.66 (t, J=
8.0 Hz, 1H), 7.81 (d, J=8.0 Hz, 2H), 7.94 (d, J=8.5 Hz,
2H), 8.35 (d, J=8.5 Hz, 2H); *C NMR (CDCls, 125 MHz)
8: 123.54, 128.68, 130.09, 130.68, 133.46, 136.30, 142.90,
149.85, 194.78.

4-FE -4 5 KWl (b): mop. 124~126 C;

http://sioc-journal.cn/ 2227
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'H NMR (CDCl;, 500 MHz) J: 8.34 (d, J=8.5 Hz, 2H),
7.88 (d, J=8.5 Hz, 2H), 7.81 (d, J=8.5 Hz, 2H), 6.96 (d,
J=9.0 Hz, 2H), 3.91 (s, 3H); °C NMR (CDCl;, 125 MHz)
5: 55.61, 113.98, 123.48, 128.94, 130.32, 132.65, 143.80,
149.53, 164.02, 193.46.

4-F -4 F4 3 2K H R (c): mp. 122~125 C; 'H
NMR (CDCls, 500 MHz) 6: 8.34 (d, J=8.5 Hz, 2H), 7.91
(d, J=9.0 Hz, 2H), 7.71 (d, J=8.5 Hz, 2H), 7.32 (d, J=
8.0 Hz, 2H), 2.46 (s, 3H); °C NMR (CDCl, 125 MHz) ¢:
21.75, 123.49, 129.38, 130.32, 130.54, 133.66, 143.34,
144.57, 149.70, 194.50.

XTEHE ZZEHE(d): mp. 111~113 ‘C; 'H NMR
(CDCls, 500 MHz) 6: 7.88 (d, J=8.0 Hz, 2H), 7.78~7.80
(m, 4H), 7.64 (t, J=7.5 Hz, 1H), 7.52 (t, J=7.5 Hz, 2H);
C NMR (CDCl;, 125 MHz) §: 115.67, 117.99, 128.63,
130.05, 130.22, 132.16, 133.31, 136.34, 141.24, 195.02.

XA 7 T i (e): m.p. 64~65 C; 'H NMR (CDCls,
500 MHz) J: 8.32 (d, J=9.0 Hz, 2H), 8.12 (d, J=8.5 Hz,
2H), 3.02 (t, J=7.5 Hz, 2H), 1.77~1.84 (m, 2H), 1.04 (t,
J=17.5 Hz, 3H); °C NMR (CDCl;, 125 MHz) 6: 13.66,
17.39, 40.97, 123.79, 128.98, 141.46, 150.19, 198.64.

B B (Supporting Information) =4 a~e %I
R X e RPRE AT DL G 9 AR T I 328 (hitp://sioc-journal.
cn/) B ERL
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