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Synthesis of Nitrogen-Heterocyclic Carbene Complexes and Catalytic Study on the Suzuki

Coupling Reaction of (Hetero) Aryl Esters and (Hetero) Arylboronic Acids LUO Qian-pei,
Huang Fei-dong, LIU Feng-shou, LIANG Ying* (School of Chemistry and Chemical Engineering, Guangdong
Pharmaceutical University, ZhongShan 528458, China)

Abstract: A sterically demanding N-heterocyclic carbene palladium complex C1 was designed, synthesized and
successfully applied to the Suzuki cross-coupling of (hetero)aryl esters with (hetero)aryl boronic acids. The
catalyst features a highly congested coordination environment introduced by para-substituted arylamine moieties,
which stabilizes key palladium species during the catalytic cycle,, thereby significantly enhancing both catalytic
activity and stability. Under optimized mild reaction conditions (0.5 mol% complex C1, 2.0 mmol K3PO4, 4 mL
V(THF):V(H.0)=1:3, 80 °C, 4 h), the catalytic system demonstrates efficient conversion and operational
compatibility.. A wide range of aryl ester substrates bearing diverse electronic properties and steric profiles,
including both electron-donating and electron-withdrawing substituents, readily undergo cross-coupling with
various aryl and heteroaryl boronic acids to afford a series of diaryl ketones and heteroaryl ketones in high yields,
with isolated yields of up to 98%. The catalytic system also maintains high activity in heteroaryl-heteroaryl
coupling, overcoming common limitations of conventional catalytic systems such as low reactivity and
competitive side reactions. These results demonstrate that the sterically demanding NHC-palladium catalyst
provides a practical and efficient strategy for activating inert ester substrates and offers a valuable synthetic

approach for the construction of structurally diverse and functionalized ketone compounds.

Keywords: N-heterocyclic carbene palladium complex; Suzuki-Miyaura coupling; aryl ester; (hetero)aryl boronic
acid; biaryl ketone
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A s KEHERZERE. 3, 3-THETEHA (L
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R, 4- 2525000 . 2R -2 R .
WK-3 BIER . ZEFEMENY 2-FER ( i A
BHEARATD 5 MEW-2-FFR . 4- =5 F 5
KRR (9-ZRIL-OH-MEME-4-55) WRER. Wk
W-2-BI I PRMR-3-BNIRR . (2-HH AR M g -5-
) R (REERREAARAFD o BrH
WA NI 4t
1.2 KAZPHAERE 4- (PE-1-38) -2,6-— 5
FoRME (A2) KA R

% 8.86 g (50 mmol) 2, 6- - SFPHFIEI
&\ 14 g (55 mmol) BHHLFT. 14 mL I FIBk
B ANV SOmL 4 e i N B (150 mL)
L, TEIR AR 12 he £ B
ARG, RN OB CBRAEE 3 R, &
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Ve K50 B T ARV 31 2 e T 7
HA TR 48 h, 15 12.47 g BEMPRYBA
4-f1-2,6- — RINHERE (A, FZZ 90%.
¥ 3.03g (10 mmoD) &4 Al 2.7 ¢ (11
mmol) FEMIER. 2.76 g (20 mmol) BREZH
(40 mD 7K 2.1 .0.05 mmolPd-PEPPSI-IPr
2 R AR SN SZ T (50 mL) 1,
ERESR T, REAAZRT 80 °ClEIAL 4 h.
SN SERE A N, hUE, PR bR
TR, BTSSR R R A (i 43 B AtiA,
Vet VOR B : V(2R 48 =10:1,
15294 g AR A2, HETHE48 h, 7
K 78% . 'HNMR(DMSO , 400MHz) ,
0:8.33~8.00(m, 9H, Ar-H); 7.23(s, 2H, Ar-H);
3.28~3.12(m, 2H, CH); 1.28(d, 12H, J=6.7Hz,
CH3). BCNMR(DMSO, 101MHz), §:141.8,
139.4, 131.8, 131.6, 131.0, 129.7, 128.3,
128.2, 128.0, 127.9, 127.5, 127.2, 126.7,
125.7, 125.4, 125.1, 125.0, 124.9, 124.8,
40.6, 40.4, 40.2, 40.0, 39.8, 39.6, 39.4,
27.3, 23.1.
1.3 k&Y (EE) -1,2-X[4- (FE-1-
) -2,6- " FPFIRFE) L k-1,2- W% (A3)

¥ 3.8 ¢ (10mmol) th&% A2, 0.73 g
(5mmol) 40%H) 2 . 20mL Jo/K 21
4 mL JKZBIMANZ I (100mL) . %
SHEEARYY, T 85°C T RN Sh, KMNIRAR
N AR . MR, AHIE=RE,
MEHE. MTRREAH K. AREZH
e e, FHIGK ClELs miRat, 13 6.6 ¢
PR i A3, ST 48 h, 772 85%.
IHNMR(CDCl;, 400MHz), $:8.37(s, 2H,
Ar-H); 8.30(dd, 4H, J=16.8, 8.6Hz, Ar-H);
8.21(t, 4H, J=7.6Hz, Ar-H); 8.14~8.08(m,
8H, Ar-H); 8.04(t, 2H, J=7.6Hz, Ar-H); 7.52(s,
4H, Ar-H); 3.22~3.12(m, 4H, CH); 1.36(d,
24H, J=6.9Hz, CH;). "CNMR(CDCl;,
101MHz), §:163.4, 1472, 138.19, 137.8,
136.9, 131.5, 131.0, 1304, 128.6, 127.7,
127.4, 1273, 126.0, 125.7, 125.4, 125.1,
125.0, 125.0, 124.7, 124.7, 283, 23.6.
1.4 FEBRME 1- (1-28HEH) -3-[4-
(FE-1-35) -2,6- — P B K FL-4,5- W [4- (EE
-1-58) -2,6- 7 N AR R AR - TH-RME-3- 85 50

e (A4) &P ERAE
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3mL SR LB IR (50mL) , %
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T AR I K=K L, B
DUENTH o SR 5 HhIE, Witk B ¥k 2~3 X,
B H 20mL & Es k. 15 0.51 ¢ KH
R A4, P7E 62%. 'HNMR(DMSO,
400MHz), 6:10.52(s,» 1H, Ar-H); 8.83(d,
2H, J=1.3Hz, Ar-H); 8.47(d, 2H, J=8.0Hz,
Ar-H) ; 841~827(m , 10H , Ar-H) ;
8.18~8.12(m, 6H, Ar-H); 7.83(s, 4H, Ar-H);
5.77(s, 1H, Ar-H); 2.65~2.54(m, 4H, CH);
1.41(d, 12H, J=6.8Hz, CHs); 1.33(d, 12H,
J=6.8Hz, CH3). 3*CNMR(DMSO, 101MHz),
0:145.7, 1443, 140.1, 136.2, 131.5, 131.2,
130.8, 129.9, 128.8, 1284, 128.2, 128.2,
127.9,127.1,127.0,126.3,125.7, 125.6124.7,
124.5, 124.4, 554, 294, 247, 23.6.
1.5 BAFHREHER S & 1-(1-O58 5%



LHE) 3[4- (H-1-FE) 26- -~ REEEE
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b KE A EE A, g, HIECkXREDR
U, 19 0.84 g AR, HATTHE48 h,
P2 % 78% . 'HNMR(CDCls, 400MHz),
5:8.79(d, 1H, J=2.1Hz, Ar-H); 8.71(d, 1H,
J=5.5Hz, Ar-H); 839(d, 2H, J=9.3Hz,
Ar-H): 830(d, 2H, J=79Hz, Ar-H);
8.26~8.09(m, 12H, Ar-H); 8.04(t, 2H,
J=1.6Hz, Ar-H); 7.69(d, 4H, J=0.9Hz,
Ar-H); 7.65~7.59(m, 1H, Ar-H); 7.36(s,
2H, Ar-H); 7.16(dd, 1H, J=8.2, 5.6Hz,
Ar-H); 3.41(dt, 4H, J=13.2, 6.7Hz, CH);
1.61(d, 12H, J=6.4Hz, CH3); 1.30(d, 12H,
J=6.8Hz, CH3). BCNMR(CDCl3, 101MHz),
8:154.0, 150.5, 149.5, 146.8, 142.7, 137.6,
137.5, 1343, 132.2, 131.5, 131.0, 130.7,
128.5, 127.7, 127.7, 127.5, 127.4, 126.6,
126.0, 125.50, 125.3, 125.2, 125.1, 124.9,
1249, 124.7, 124.6, 29.0, 264, 23.4. JG
T CoaHssCIN3Pd, T 5LAE CSLMIE)
C 71.18% (70.66%) , H 5.23% (5.32%) ,
N 3.89% (3.68%) -
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(R) - (4-FAHIFC-2,4-—f-1-55) CF
£ HfH(3a): 'H NMR (CDCls, 400 MHz),
d: 7.80 ~7.75 (m, 2H,Ar-H); 7.72 (d,2H, J =
8.1 Hz, Ar-H); 7.56 (t, 1H,J = 7.4 Hz, Ar-H);
7.46 (t,2H,J = 7.6 Hz, Ar-H); 7.29 ~7.25 (m,
2H, Ar-H); 243 (s, 3H, CH;). '3CNMR
(CDCls, 101 MHz), J: 196.4, 1432, 137.8,
134.8, 132.1, 130.2, 129.8, 128.9, 128.1, 21.6.

(4-F2FEHHFD  (CKE) HEIGD):
'HNMR (CDCls, 400 MHz), 6: 7.82~7.73 (m,
4H, Ar-H); 7.61~7.54(m, 1H, Ar-H); 7.47 (ddd,
2H, J=6.6, 4.5, 1.1 Hz, Ar-H); 6.96~6.89 (m,
2H, Ar-H). BCNMR (CDCl;, 101 MHz), §:
196.3, 160.4, 138.1, 133.0, 132.1, 129.8, 128.2,
115.3,

AL (4- (=D K3 HE(Ge):
'HNMR (CDCls, 400 MHz), 6: 7.93~7.86 (m,
2H, Ar-H); 7.84~7.78 (m, 2H, Ar-H); 7.75 (d,
2H, J=8.1 Hz, Ar-H); 7.66~7.59 (m, 1H, Ar-H);
7.55~7.47 (m, 2H, Ar-H). 3CNMR (CDCls,
101 MHz), J: 195.5, 140.7, 136.7, 134.2,
133.8, 133.51, 1332, 133.1, 130.1, 130.1,
128.5, 125.4,125.3, 125.3, 125.2, 125.0, 122.3.

(3,5- = (ZHHE K G
FHH(3d): '"HNMR (CDCls, 400 MHz), J:
8.24 (s, 2H, Ar-H); 8.10 (s, 1H); 7.80 (dt, 2H,
J=8.4, 1.6 Hz, Ar-H); 7.67 (t, 1H, J=7.4 Hz,
Ar-H); 7.55 (t, 2H, J=7.7 Hz, Ar-H). BCNMR
(CDCls, 101 MHz), J: 193.5, 139.4, 135.9,
133.6, 132.0 (q, J=34.0 Hz), 130.0, 129.8 (d,
J=2.8 Hz), 128.8, 126.0~125.2(m), 122.9(d,
J=818.9 Hz), 122.9 (d, J=273.0 Hz).

C1-F -1 H-ME o535 ) ZE R (3e):
'HNMR (CDCls, 400 MHz), 6: 7.91~7.86 (m,
2H, Ar-H); 7.61 (dd, 1H, J=10.5, 4.4 Hz,
Ar-H); 7.53~7.47 (m, 3H, Ar-H); 6.66 (d, 1H,
J=2.1Hz, Ar-H); 4.23 (s, 3H, CH3). *CNMR
(CDCls, 101 MHz), &: 186.0, 138.1, 138.1,
137.4,133.0, 129.6, 129.4, 128.4, 115.3, 113.7,
39.8.

ARHE (9-RFL-9H-HmE-4- 55 ) HIE(31):
'HNMR (CDCls, 400 MHz), J: 8.66 (d, 1H,
J=1.5Hz, Ar-H); 8.16 (d, 1H, J=7.8 Hz, Ar-H);
7.96 (dd, 1H, J=8.6, 1.7 Hz, Ar-H); 7.86



(dd,2H, J=5.2, 3.3 Hz, Ar-H); 7.68~7.56 (m,
Ar-H, 5H); 7.52 (t, 3H, J=7.5 Hz, Ar-H);
7.49~7.40 (m,3H, Ar-H); 7.37~7.31 (m, 1H,
Ar-H). 3CNMR(CDCls, 101 MHz), d: 196.6,
143.4, 141.7, 138.9, 136.93, 131.8, 130.1,
129.9, 129.5, 128.7, 128.2, 128.1, 127.1, 126.7,
123.9, 123.4, 123.0, 1209, 120.7, 110.25,
109.4.

K (EENR-3-35) HEH(3g): 'HNMR
(CDCls, 400 MHz), §: 9.32 (d, 1H, J=1.0 Hz,
Ar-H); 8.61~8.49 (m, 1H, Ar-H); 8.20 (d, 1H,
J=8.5 Hz, Ar-H); 7.98~7.81 (m, 4H, Ar-H);
7.74~7.49 (m, 4H, Ar-H). 3CNMR (CDCl,
101 MHz), 6: 194.9, 150.3, 149.4, 138.9,
137.0, 133.1, 131.9, 130.0, 130.0, 129.6, 129.4,
129.1, 128.6, 127.6, 126.6.

HKIE[p]WEWY 2-F (ZKFE) IR (3h):
'HNMR (CDCls, 400 MHz), 0: 7.97~7.84 (m,
5H, Ar-H):; 7.66~7.60 (m, 1H, Ar-H);
7.57~7.46 (m, 3H, Ar-H); 7.41 (ddd, 1H,
J=8.1, 7.1, 1.1 Hz, Ar-H). BCNMR (CDCl;,
101 MHz), 6: 189.6, 143.0, 142.6, 139.0,
137.8, 132.4, 132.2, 129.2, 128.5.

Wemg-3-% (GR3E) HEHGI): '"HNMR
(CDCls, 400 MHz), 6: 7.92 (dd, 1H, J=1.3, 0.8
Hz, Ar-H); 7.86 (dt, 2H, J=8.4, 1.6 Hz, Ar-H);
7.62~7.56 (m, 1H, Ar-H); 7.52~7.46 (m, 3H,
Ar-H); 6.91 (dd, 1H, J=1.9, 0.7 Hz, Ar-H).
3CNMR (CDCls, 101 MHz), 0: 189.4, 148.5,
143.9, 138.7, 132.4, 128.8, 128.5, 126.4, 110.1.

TIORIE[b, AR IR-1-E CRIE) HR (3)):
'HNMR (CDCls, 400 MHz), J: 8.12 (dd, 1H,
J=1.7, 1.3 Hz, Ar-H); 7.96 (ddd, 1H, J=7.6,
1.2,0.6 Hz, Ar-H); 7.93~7.87 (m, 2H, Ar-H);
7.69 (dd, 1H, J=7.6, 1.3 Hz, Ar-H); 7.64~7.57
(m, 1H, Ar-H); 7.54~7.39 (m, 5H, Ar-H); 7.35
(td, 1H, J=7.5, 1.1 Hz, Ar-H). '3CNMR
(CDCls, 101 MHz), 0: 193.9, 156.3, 153.8,
137.6, 133.0, 130.1, 128.6, 128.28, 127.7,
125.5, 124.1, 123.2, 123.1, 123.1, 122.4, 120.6,
112.0.

IR FFIRIR-2-28 CRED) FR (3k): "HNMR
(CDCls, 400 MHz), o: 8.04 (dt, 2H, J=8.5, 1.7
Hz, Ar-H); 7.75~7.69 (m, 1H, Ar-H);

7.67~7.60 (m, 2H, Ar-H); 7.57~7.46 (m, 4H,
Ar-H); 7.36~7.29 (m,1H, Ar-H). BCNMR
(CDCls, 101 MHz), o: 184.3, 155.9, 152.1,
137.1,132.8, 129.4 128.5, 128.3, 126.9, 123.9,
123.2,116.5, 112.5.

(4-FRZEFE)  (EM-3-3E) FHEA3I:
'THNMR (CDCls, 400 MHz), J: 9.27 (d, 1H,
J=2.2 Hz, Ar-H); 8.51 (d, 1H, J=1.6 Hz, Ar-H);
8.17 (d, 1H, J=8.5 Hz, Ar-H); 7.93~7.81 (m,
4H, Ar-H); 7.66~7.60 (m, 1H, Ar-H);
7.23~7.16 (m, 2H, Ar-H). 3CNMR (CDCls,
101 MHz), J: 193.2, 166.8, 164.3, 150.0,
149.3, 138.4, 133.2, 133.1, 132.6, 132.5, 131.8,
129.8, 129.4, 129.0, 127.5, 126.40, 1158,
115.6.

(4R (WRIR-2-25) H I (3m):
'HNMR (CDCls, 400 MHz), J: 8.08~7.99 (m,
2H, Ar-H); 7.72~7.66 (m, 1H, Ar-H); 7.24 (d,
1H, J=3.6 Hz, Ar-H); 7.19~7.12 (m, 2H, Ar-H);
6.59 (ddd, 1H, J=3.5, 1.7, 0.7 Hz, Ar-H).
BCNMR (CDCls, 101 MHz), J: 180.8, 165.4
(d, J=254.2 Hz), 152.2, 147.0, 133.3 (d, J=3.1
Hz), 131.9 (d, J=9.2 Hz), 1203, 115.5 (d,
J=21.9 Hz), 112.2.

(4-FEEFEREL) (2-F 4 msng-5-28)
HH(3n): '"HNMR (CDCls, 400 MHz), J:
8.92 (s, 2H, Ar-H); 7.83~7.78 (m, 2H, Ar-H);
7.02~6.98 (m, 2H, Ar-H); 4.12 (s, OCH3, 3H);
3.90 (s, 3H, OCHs3). BCNMR (CDCls, 101
MHz), J: 190.7, 166.7, 163.8, 161.1, 132.2,
129.3,125.8, 114.1, 55.6, 55.6.

WRRg-2-2 (ZE-2-%5) HIf(30): '"HNMR
(CDCls, 400 MHz), 6: 8.37 (d, 1H,J=0.6 Hz,
Ar-H); 8.02~7.87 (m, 5H,Ar-H); 7.65~7.52 (m,
3H, Ar-H); 6.97 (dd, 1H,J=1.9, 0.8 Hz, Ar-H).
BCNMR (CDCls, 101 MHz), J: 189.3, 148.4,
143.9, 136.0, 135.2, 132.3, 130.1, 129.3, 128.5,
128.2, 127.8, 126.8, 126.6, 124.8, 110.3, 77.3,
77.0,76.7.

WRmg-2-45 (4-HEEEA L) HERA(3p):
'HNMR (CDCls, 400 MHz), 6: 8.06~7.99 (m,
2H, Ar-H); 7.67 (d, 1H, J=1.0 Hz, Ar-H);
7.23~7.20 (m, 1H, Ar-H); 7.00~6.95 (m, 2H,
Ar-H); 6.57 (dd, 1H, J=3.5, 1.7 Hz, Ar-H);



3.87 (s, OCHs, 3H). *CNMR (CDCls, 101
MHz), J: 181.1, 163.3, 152.7, 146.4, 131.7,
129.8, 119.5, 113.7, 112.0, 55.4.

= (BREg-2-35) HER(3q): 'HNMR
(CDCls, 400 MHz), : 7.68 (dd, 2H, J=1.6, 0.7

Hz, Ar-H); 7.55 (dd, 2H, J=3.6, 0.6 Hz, Ar-H);

6.60 (dd, 2H, J=3.6, 1.7 Hz, Ar-H). 3CNMR
(CDCls, 101 MHz), 6: 168.6, 151.4, 146.7,
119.6, 112.4.

WRmg-2-05 (4- (Z9HED RED HER
(3r): 'HNMR (CDCl;3, 400 MHz), 6: 8.12~8.05
(m, 2H, Ar-H); 7.80~7.72 (m, 3H, Ar-H); 7.28
(dd, 1H, J=3.6, 0.7 Hz, Ar-H); 6.63 (dd, 1H,
J=3.6, 1.7 Hz, Ar-H, Ar-H). BCNMR (CDCl;,
101 MHz), 6: 181.2, 152.0, 147.6, 140.1,
136.2~131.7 (m), 129.6, 125.4 (q, J=3.8 Hz),
123.6 (d, J=272.7 Hz), 116.8 (d, J/=859.4 Hz).

I g -2 - 25 (WE Wy -2- 455 ) FA il (3s): 'THNMR
(CDCls, 400 MHz), 6: 8.40 (dd, 1H, J=2.9, 1.2

Hz, Ar-H); 7.75 (dd, 1H, J=5.1, 1.2 Hz, Ar-H);

7.68 (dd, 1H, J=1.7, 0.7 Hz, Ar-H); 7.40~7.33
(m, 2H, Ar-H); 6.60 (dd, 1H, J=3.6, 1.7 Hz,
Ar-H). ®*CNMR (CDCls, 101 MHz), J: 175.4,
153.0, 146.4, 140.1, 133.4, 128.3, 125.8, 119.1,
112.3.

FRFEIRIG -2 (WEWY-2-JL) R (3t):
'HNMR (CDCls, 400 MHz), J: 8.17 (dd, 1H,
J=2.9, 1.2 Hz, Ar-H); 8.02 (s, 1H, Ar-H);
7.93~7.89 (m, 2H, Ar-H); 7.68 (dd, 1H, J=5.1,
1.2 Hz, Ar-H); 7.52~7.47 (m, 1H, Ar-H);
7.45~7.41 (m,2H, Ar-H). CNMR (CDCls,
101 MHz), 6: 182.6, 143.5, 142.4, 140.9,
139.0, 132.6, 130.7, 128.2, 127.3, 126.5, 125.9,
125.1, 122.9.

1- (R IF[b,d]RME-1-25) AR (3u):
'HNMR (CDCls, 400 MHz), 6: 8.19~7.75 (m,
3H, Ar-H); 7.66~7.19 (m, Ar-H, 4H); 3.30 (d,
2H, J=5.3 Hz, Ar-H); 1.30 (d, 3H, J=4.7 Hz,
CHs). BCNMR (CDCl3, 101 MHz), 6: 198.8,
155.7, 154.3, 127.6, 127.4, 125.5, 124.9, 123.1,
123.1, 122.5, 122.2, 120.5, 111.6, 36.3, 7.9

1- (EIpk-3-25) TAEA(3v): "THNMR (CDCls,
400 MHz), 0: 9.44 (d, 1H, J=2.2 Hz, Ar-H);
8.73 (d, 1H, J=1.9 Hz, Ar-H); 8.16 (d, 1H,J=

8.5 Hz, Ar-H); 7.95 (dd, 1H, J=8.2, 1.2 Hz,
Ar-H); 7.84 (ddd, 1H, J = 8.4, 6.9, 1.4 Hz,
Ar-H); 7.63 (ddd, 1H, J=8.1, 7.0, 1.1 Hz,
Ar-H); 3.15(q, 2H, J=7.2 Hz, CHy); 1.30 (t,
3H, J=7.2 Hz, CH;). *CNMR (CDCls, 101
MHz), J: 199.5, 149.7, 149.1, 136.8, 131.9,
129.4,129.3, 129.0, 127.5, 126.9, 32.2, 9.0

1- (BRME-2-25) “F-1-F(3w): 'HNMR
(CDCls, 400 MHz), J: 7.59~7.54 (m, 1H,
Ar-H); 7.16 (dd, 1H, J=3.5, 0.5 Hz, Ar-H);
6.51 (dd, 1H, J=3.5, 1.7 Hz, Ar-H); 2.82~2.77
(m, 2H, CHy); 1.74~1.66 (m, 2H, CH,);
1.37~1.22 (m, 9H, CH,); 0.86 (t, 3H, J=6.9 Hz,
CH3). *CNMR (CDCl, 101 MHz), 6: 189.8,
152.9, 146.1, 116.7, 112.0, 38.5, 31.6, 29.3,
29.0,24.3,22.6, 14.0,
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Tab.1 Optimization of base and solvent

o /@ Pd complexes, Base ©
©)J\o i OB(OH)Z Solvent, 80 °C, 4 h, Air
1a 2a 3a
Run Pdcomplexes Pdloading/mol% Solvent Base Yield"/%
1 Cl 0.5 vV (THF) : V (H0) =13 K;PO4 95 (93) 2
2 Cl 0.5 vV (EtOH) : V (H,0) =1:3 K;PO4 55
3 C1 0.5 V (Toluene) : V (H,0) =1:3 K;5PO4 64



4 Cl 0.5 V (THF) : ¥V (H0) =1:1 K3POy4 71
5 Cl 0.5 V (EtOH) : V (H,0) =1:1 K3POy4 51
6 Cl 0.5 V (Toluene) : V (H,0) =1:1 K3POy4 55
7 Cl 0.5 V (THF) : V (H0) =1:3 K>COs3 84
8 Cl 0.5 V (THF) : V (H0) =1:3 KOH 93
9 Cl 0.5 V (THF) : V (H0) =1:3 KO'Bu 92
10 Cl 0.25 V (THF) : V (H0) =1:3 K3POy4 90 (87) ?
11 Cl 0.1 V (THF) : V (H0) =1:3 K3POy4 74
12 Pd-PEPPSI-IPr 0.5 V (THF) : V (H0) =1:3 K3POy4 83
13 Pd-PEPPSI-IPr 0.25 V (THF) : V (H0) =1:3 K3POy4 58
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