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Acenaphthoimidazole N-Heterocyclic Carbene Palladium Complexes
Catalyzed Cyanation Reactions in Aqueous Accelerated by
Microwave Irradiation

Jiang, Xiaojun* Shen, Yajing” Liu, Zelong” Lii, Xuliang™“ Tu, Tao™”
“ College of Field Engineering, PLA University of Science and Technology, Nanjing 21000
8! g 8.
(* Department of Chemistry, Fudan University, Shanghai 200433)

Abstract In the presence of acenaphthoimidazole N-heterocyclic carbene palladium complexes, cyanation of aryl bromides
by non-toxic and inexpensive potassium hexacyanoferrate (II) as cyanide source in water has been investigated under micro-
wave conditions. Both electron-donating and electron-withdrawing groups attached to the substrates show unobvious effects on
the transformation and produce the corresponding products in good to excellent yields within few minutes, which demonstrate

NOTE

the practicability and environmentally friendliness of the new developed protocol.
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VE RGBT RIS R A VLT ik, I
SR AR HE A AR S SAF 3 T AR K B R M. ST sk
T MK AR TR R BT &, R O — LR IE 1 451
T, AERASRAFAEE ST B T 2 RN 2 R AS e 25 LA
AT FH o E U R R A ), DR R R — R NSk, (IR
B 208 F ST IR BN I A RAZ AT I F T AR

R EZEARNHCs) T HAREE . K e PA
J 5y F- ST HE T AL BRSO TR 45 SR A, RO BRI L
S SR A A SR BIE T ) B e U T K 5 BR
A LA 23R = NHCs [ o-4h FETRE ), Rk 5IRVIME
IR, PR ERATT2H vt R T S DRI U A 2A R =T
IRTERALBE Suzuki FBES N i H# B LA K Buchwald
A S s B R AR AR T AR AR 4 SRL BRA A
E— 25 2 5 I KL SR I R R AT A AR 9 AR 7
A4 B T A S B B A 1 R AR 3, i —20
P B A .
1 ZR5TR
1.1 XIitie

B, ATEREXRIK CHIVEAbRHER Y E 5 T 1
O 254 T B H IR IR R B G 1a AT
Re(R ). BT RBELEAMPIEATH, FIRATFT A
1 equiv. U T 3 IR1L 5 (TBAB)E MM FE RS M Ak 77 LU 3k
TR . SEIG 25 R, D BRI TR
HOLEI(FR 1, Entry 1), 1X g ASHE AT IR S5 MR HE
KARRE, TEIERPEER IR AL &) 1 IR A SRk
B, TE/KF MRS, B LA A HLBh I 73 i 3
VAR P T SRAR S A 8K . BATR T8 E ML
FUNFREE, LW, SFABEM KGR 1, Entries 2~35), fEH
fih S5 A AN AR 1 25 2F R S5 TR R 0N AT LA 38 5t o 1
2 35%, XA[Re R A R B EA —E IR, K5
BAEALTEIA T PAADIE SR A% PA(0), MM 5E B AL I
W, HRF AN EL 2 N AR, 2B
afi 5N R R R RN, R R RIS BRI IGR L,
Entries 11). REZ Lk & A4F0E IS AFE R — A
BT R, % 83 R BT EAH R AR CRIE IR )
RV A TR e, i DA FL N 2 (0 1 15 % 2 LA
BHIHE. ROV TBAB IS & Mx N F,
A HRRE 42%8977 %, FHEZ 160 CH R 2 H M
/NHIFEEIGR 1, Entries 6~8). & NEMI&, HE—BF%
i TBAB 15 % 0.25 equiv. 1] ATF 3 L@ &P~ HK (&
1, Entries 9~10). X 1] §¢ & T = 1) TBAB Fl 57 A B
IR R 22 P K Fe(CN)g IRV MRTE. BRIk 2 2 Xk i) 0
R, BR T NaF SbHEEHL AR X R
(% 1, Entries 12~15). S8R5 AT T Rl 47 H,
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S0 25 R TR A T AR Bh I 21 R BE1R 3 83%
W= 2, 3k — B UE BT R RO AR AR (GR 1,
Entry 16). KIS 2R PR KA N: 76 150 W Fkdk
DIREBIT, M 0.5 mol%MIE L5 1a. 1 equiv. NaF.
0.5 mmol MR ZHH & 1 mL TEEUKI RN d, A
0.25 equiv. TBAB 1 0.2 mL ¥ 5% A, M. 40 min Ji5 7]
DAL 45 214 2 P X6 2 2K 2.
1 RPIFKMAL

Table 1 Optimization of the reaction conditions”

MeOC MeOC

0.5 mol% of 1a
0.22 equiv. K4Fe(CN)g

1 equiv. TBAB, base
H,0, Additive, MW

2a 3a
[Cat]
i-Pr Q i-Pr
i—PrT i-Pr
Cl—Pd—Cl
i
1a: L = 3'-CI-Py
1b: L = N-Me-Im
Entry Base Additive/mL 7/°C  Yield"/%
1 NaF — 150 Trace
2 NaF 0.2 (i-PrOH) 150 35
3 NaF 0.2 (EtOH) 150 31
4 NaF 0.2 (CH;CN) 150 Trace
5 NaF 0.2 (CH;0H) 150 Trace
6° NaF 0.2 (i-PrOH) 150 Trace
74 NaF 0.2 (i-PrOH) 150 42
87 NaF 0.2 (i-PrOH) 160 47
9¢ NaF 0.2 (i-PrOH) 160 59
100 NaF 0.2 (i-PrOH) 160 95
1V NaF 1 (i-PrOH) without water 160 Trace
12/ Na,CO; 0.2 (i-PrOH) 160 13
13 K,CO; 0.2 (i-PrOH) 160 Trace
14" NaOAc 0.2 (i-PrOH) 160 NR
15 DBU 0.2 (i-PrOH) 160 NR
16 NaF 0.2 (i-PrOH) without MW 160 83

© 2015 Chinese Chemical Society & SIOC, CAS

“ Under the microwave irradiation, 0.5 mmol scale with 1 equiv. of base, 0.22
equiv. of K4Fe(CN)g, 1 equiv. of TBAB and 1 mL of water for 20 min; b iso-
lated yield; ¢ 2 equiv. of TBAB; ¢ 0.5 equiv. of TBAB; ¢ 0.38 equiv. of TBAB;

10.25 equiv. of TBAB.

1.2 EEMMR

TEAR BB G, FRATX S S & AT T
WH(ER 2). WK 2 TLLEH, LB it 24
TR PI SAE T IR R BA R, FFHISEEIRS
HIF= 23 2, Entries 1~4, 7). X HIGIIE 1 8 75 oKk
B R AR AP ER A, B R IBA T AL
PHAG SLEAT 13— IR R, KIUEA N-H BRI
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fEALTT 1b I, 8] RS B R s 7 5 97%(R 2,
Entry 5), TAZBRECR ISR P EBRIR - RGP T, Rf
71% (3 2, Entry 6), AT LAE X A R0 BH RN
I LR ).
H2 SRR IR ©
Table 2 The cyanation of aryl bromides

0.5 mol% of [Cat.]

N Br  0.22 equiv. K4Fe(CN)g N cN
R R——
L 1 equiv. TBAB, base =

2 H,0, additive, MW 3

Entry ArCN 3 Base Yield®/%

CN
1 /©/ 3a NaF 95%¢
MeOC
CN
2 /©/ 3b NaF 91°
Ph

CN
3 /@ 3¢ Na,COs 84
MeO
CN
4 /©/ 3d NaF 87°

CN
5 Q 3e NaF 97¢
N
6 @ 3f NaF 714/
CN
7 Ph\[H@/ 3g NaF 68
(@]

¢ Under the microwave irradiation, 0.5 mmol scale with 0.25 equiv. TBAB, 1
equiv. base, 0.25 equiv. K4Fe(CN)s, 1 mL HO+0.2 mL i-PrOH, 1 equiv. Nal,
160 ‘C, 40 min; ® isolated yield; © 20 min without Nal; ¢ with 0.5 equiv.
TBAB; ¢ with 1 mL H,0+0.4 mL i-PrOH;” with 1b as catalyst.

2 #ig

SEHL T TE I BRI AR AR AL S AL T Rk
(R KA FIRAL SR, 5o S5 A ATl i ik, =5 %%
TR AL TBAB HUHE . LB A HLBIIAE I LA
XN I, 152 T BN DLk B JE X R
FIEVEHEAT THEE, NRIERMR R EA T TN &
Rk P, B A R BE AR 7 2R A, AT UL R 47 1Y)
PERAG B, BT % RN R AR A
U8, T HLAE BURAE T, R e s s 2R
PRt T NG TT IR
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3 SERSY
3.1 UHF5EH

BT 1 s S ITE R [ M 2% CEM Discover micro-
wave instrument H1#47. "H NMR (400 MHz)#1 *C NMR
(100 MHz)K: % Fil AVANCE 111 400 R 3E3RA; MS
(ESDFGIK A 1100 LC/MSD SL JHRE{X(3EE Agilent
/A 7]); HRMS (ESDAIIR A APEX IIT™ ESI-FTICRMS
JR A (35 E Bruker Daltonics 23 )); %4 A I %
SGW X-4 AU s gk RS B IR A ). TG
A/ EH SRR = i B B ST e R AN 24 4 AN
i3 ELHE .

32 ZWHE

JiE HE RS A4 AR AL A WA B — R ik
TERS AR, 17 Schlenk S HIA PdCL, (0.088 g, 0.5
mmol), N,N'-(2,6- 5 P4 2 2K 5 )i H ok e 2R 2 5.(0.55
mmol), K,CO; (0.345 g, 5.0 mmol), 3-FMLHE(2.0 mL).
RIGEEYT 90 CTRREIZUNFE 24 h J5ARER. IIA
TR PR RE, SREE I R A RIEN, R R A
3-Gnkne. &/ A E LSS5 R 0.305 g
(76%).

=G E FROE 1 R M R IR R R A A
(1a)t"*<: #{a[F {4, '"H NMR (CDCls, 400 MHz, 298 K) &:
8.68 (d, J=2.0 Hz, 1H), 8.61 (d, J=5.2 Hz, 1H), 7.70 (d,
J=8.4 Hz, 2H), 7.64 (t, J=8.0 Hz, 2H), 7.57 (d, J=8.0
Hz, 1H), 7.48 (d, J=8.0 Hz, 4H), 7.34 (t, J=7.6 Hz, 2H),
7.10 (dd, J=8.0 Hz, 5.6 Hz, 1H), 6.80 (d, J=7.32 Hz,
2H), 3.45~3.35 (m, 4H), 1.46 (d, J=6.4 Hz, 12H), 0.92
(d, J=6.4 Hz, 12H); *C NMR (CDCl;, 100 MHz, 298 K)
8:159.07, 150.49, 149.48, 147.21, 140.39, 137.37, 133.79,
131.78, 130.65, 129.51, 129.05, 128.06, 127.21, 126.02,
124.71, 124.24, 122.13, 28.86, 25.76, 24.24. HRMS (ESI)
caled for CpHuCLN;Pd [M—CI—Py—2CI]" 617.2226,
found 617.2163.

N-F R R M i 1) R M R 3 R AL A )
(1b)!P): A [E K. '"H NMR (CDCls, 400 MHz, 298 K) o:
7.76 (s, 1H), 7.67 (d, J=7.6 Hz, 2H), 7.58 (d, J=6.8 Hz,
2H), 7.45 (d, J=7.2 Hz, 4H), 7.35~7.05 (m, 2H), 7.26 (s,
1H), 6.75 (d, J=6.0 Hz, 2H), 6.53 (s, 1H), 3.42 (s, 7H),
1.45 (d, J=5.2 Hz, 12H), 0.90 (d, J=6.0 Hz, 12H); “*C
NMR (CDCl;, 100 MHz, 298 K) J: 162.5, 147.3, 140.3,
138.4, 134.1, 130.4, 129.5, 129.1, 128.5, 127.8, 127.2,
126.2, 124.6, 121.9, 119.0, 33.9, 28.8, 25.7, 24.3.

IKAHFIEA L — MO IR $ B 264 10 77
(0.5 mol%). TBAB. W.&k#F L. NaF 5 Na,CO; (1
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o

equiv.). 753 K AL1(0.5 mmol) I N e N A R, HhE
TRAR 3 WEMALEK 1 mL, FHEEO0.2~04
mL), MM % 55 E TR R BT, T 160 CH
SR 20~40 min (WEIIE 150 W), WHIEU G LR 4
B2, & IFANLE GBI T 1, AR 2070,

T EIEZE 2B 3a)": mp. 58~59 C (it 58~
60 ‘C);'H NMR (400 MHz, CDCls, 298 K) §: 8.04 (d, J=
8.4 Hz, 2H), 7.78 (d, J=8.8 Hz, 2H), 2.65 (s, 3H); GC-MS
m/z: 145 [M]", 130 [M—Me] ", 102 [M—COMe]".

4-ZFEFEFEFEGEL): mp. 83~85 C (lit."! 85~
86 ‘C);'H NMR (400 MHz, CDCl, 298 K) d: 7.73 (d, J=
8.4 Hz, 2H), 7.69 (d, J=8.4 Hz, 2H), 7.59 (d, J=7.2 Hz,
2H), 7.49 (t, J=7.2 Hz, 2H), 7.43 (t, J=7.2 Hz, 1H);
GC-MS m/z: 179 [M]", 151 [M—CN]".

4-HEIEEFEEGO!": mp. 59~61 C (lit.'" 60~
61 C); 'H NMR (400 MHz, CDCls, 298 K) o: 7.59 (dt,
J=8.8, 2.4 Hz, 2H), 6.95 (dt, J=9.2, 2.4 Hz, 2H), 3.86 (s,
3H); GC-MS m/z: 133 [M]", 118, 103, 90.

4-FEERHE D) RE k. "H NMR (400
MHz, CDCls, 298 K) §: 7.53 (d, J=8.0 Hz, 2H), 7.26 (d,
J=8.0 Hz, 2H), 2.42 (s, 3H); GC-MS m/z: 117 [M]", 90.

3-F IR (3e)! " MWK, "H NMR (400
MHz, CDCls, 298 K) 0: 7.44~7.37 (m, 3H), 7.36~7.30
(m, 1H), 2.37 (s, 3H); GC-MS m/z: 117 [M]", 90.

2- F L 2K HRE 30" B iliik. "H NMR (400
MHz, CDCl, 298 K) d: 7.56 (d, J=7.6 Hz, 1H), 7.46 (t,
J=17.6 Hz, 1H), 7.31~7.22 (m, 2H), 2.52 (s, 3H); GC-MS
m/z: 117 [M]", 90.

4-ZE AR ZE RSB mp. 112~113 C (it
114~116 C); '"H NMR (400 MHz, CDCl;, 298 K) §:
7.89~7.87 (m, 2H), 7.81~7.78 (m, 4H), 7.66~7.62 m,
1H), 7.54~7.50 (m, 2H); GC-MS m/z: 207 [M]", 105.

4 Bh#1 B (Supporting Information) Fr& i HArfb &
Yy NMR &3 X LeppRla] DL A 2 AT 93k (http:/
sioc-journal.cn/) | N %,
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