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Novel Pd-N-Heterocyclic Carbene Complexes: Design, Synthesis
and Applyment in Buchwald-Hartwig Cross Coupling Reaction
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Abstract N-Heterocyclic carbene (NHC) palladium complexes with different imine ligands have been developed and applied
in Buchwald-Hartwig cross coupling reaction. The structure of imine ligand would influence the catalytic activity apparently.
Especially, the imine ligand with electron withdrawing group performed best. Low to 0.5 mol% catalyst loading could realize
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effective Buchwald-Hartwig cross coupling reaction between various aryl chlorides and amines.
Keywords N-heterocyclic carbene; palladium complexes; Buchwald-Hartwig cross coupling reaction
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Figure 2 Selected (pre-)catalyst or ligand for cross-coupling
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Scheme 1 Preparation of Pd-NHC complexes
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Figure 3 X-ray single crystal structures of 2a and 2¢
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TR R TP SR 1 GRS
! (Entries 8~10), At &%) Pd FIE7E 0.5 mol%Hf, 1L
ROR B AR, OB 58408 b LA, TAC& 4 Pd AL
0.2 mol%If, MARIRA B RMEALIETE, 775 93%, %%
P B IRGF IR ), At —2 I k. &),
SEMRAL S 464 LA Dioxane SN, AT BEAN NbRAE
100 CNEEAT B, HEALFIFIEDY 0.5 mol%. HIELT3C
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SCBTH IR I R 5= AR S P R A B S (A
R AL 20 1~10 mol%)!'!,
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Table 1 Screening of Buchwald-Hartwig coupling reaction
conditions
@7 Cat. 2b (0.5 mol%), Base
cl o+ HZN@F
Solvent, 80 °C
3a 4a
go!
5a F
Entry Base Solvent Temperature/C Catﬁiz;img/ Yield®/%
1 KOBu Toluene 80 0.5 14
2 KOBu i-PrOH 80 0.5 0
3 KO'Bu Dioxane 80 0.5 91
4 K,CO; Dioxane 80 0.5 —
5 KOH Dioxane 80 0.5 —
6 Cs,CO; Dioxane 80 0.5 —
7 KO'Bu Dioxane 60 0.5 6
8 KO'Bu Dioxane 100 0.5 100
9 KO'Bu Dioxane 100 0.2 93
10 KO'Bu Dioxane 100 0.1 —

“ Reaction condition: 3a (1.0 mmol), 4a (1.1 mmol, 1.1 equiv.), base (1.1
mmol, 1.1 equiv.), solvent (3 mL). Reaction was performed for 4 h. * GC yield
of coupling product, average of two runs.

1.3 FRILRECFIEE ST

FEAFE] T IRALHI R B A Jm, BA T =R AN RIS &
¥y 2a, 2b il 2¢ 7£ Buchwald-Hartwig 32 X ARSI SN H )
EACTEPEIEAT FUAL, FIIREXSEE Cat. e R EEL G IL
RN SRR VORI LN ARV I I SR E AT A
7E 0.5 mol%fEALFI &, T EER, X Tk

BT 100%MIEALA, ARARGF AR A R AL 2
)R 22 5, B AT G — B BRI R B 2= 0.2
mol%, [ IEHL | 2 FRPIREAT VELNE 2. 45 Rk 2
PR
F2 AFBAEY Cat. ¢, 2a, 2b, 2¢ 7£ Buchwald-Hartwig 32 X
I S L HH R EAL R RE VR A @

Table 2 Catalytic activity study of complexes Cat. ¢, 2a, 2b, 2¢
in Buchwald cross coupling reaction

Cat. (0.2 mol%)

Do s+ i
D|oxane 100 °C
Entry Product Yield/%
Cat. ¢ 22 2b 2c
1 S5¢ 36 26 36 88
2 5d 33 28 35 53
3 5f 40 23 55 64

© 2017 Chinese Chemical Society & SIOC, CAS

“ Reaction condition: 3 (1.0 mmol), 4 (1.1 mmol, 1.1 equiv.), KOBu (1.1
mmol, 1.1 equiv.), dioxane (3 mL). Reaction was performed for 4 h. * GC yield
of coupling product, average of two runs.
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2b>Cat. ¢>2a, BPFCE 430 & Be AR H F B 77 B ok 1Y)
AIARMEAGT] 2¢ FRIUEAT. R L5 R e A4 Hh Wi
T (AR L 6 AT 58, 500 I i A F H - B, LR
5 A & JEATTE M R O, A R TG R kAT
1.4 Buchwald-Hartwig 3z X {85k ik B Z & M 57

T R A& AR A DA B AN [ 45 R T A 40 A A i 1
Eb ik H 42 3& & Buchwald-Hartwig 32 SCABER SN ]
AL R G CRAT 0.5 mol% 2¢, LA NFFRAET, #
TR N 100 CF 47 B, RATHATT
Buchwald-Hartwig A2 X AR s N A& i AR 3).

MF 3 ATLLE H, FRATTEC 75 e A A, )
AR T 408 S FF SRR S R 2R A R, U T B
fR7e 2, For PR R S S RE AR 2, A8 G 2RI ey
(5a~5f). HJFATR IR N — 2K, Ik FAR S
FUG S AN, ROBBEIUS A IR, WA
81%F1 87% (Sh~5i). 5 REFI KA HKTEMAL TGRS
FEH AT BEAEENL B2, FRATIHZ T RAZPH S % 2,6-
TRNEEIRIE S 2-G ) IR RI AR R ARG N, R

BT REEER, 722N 88~89% (5g, Sm). [HiE%
BT HAh— A [ A5 R ) Buchwald-Hartwig
A AR SN, A 2- Gt DA K 3-SR 1) S B
UE B T M A F 0 I IE 2 38 2R A IR LF (R e 2 1,
WCRLE 66%~T73% (5q~5u). FoAl 1t 85 2 f FH AR A
IR T RIS fiE SR AR R BE A, AR BRI I A2 33 A e
BEAS RN =1, 1X ] RESE DR A 2 IR U FE TR KR, 5
Wi e 5 AR O A (S, Sw)l 2

2 i

G T B AN R i Bl A 25 46 ) = PR e &4, 7
1 LR DA SR IR, BUT B 9
£ 100 CHRIRMN M. XTH T LR AT Cat. c,
2a, 2b, 2¢ HIMEALTETE, K IEEE BC A4 0 e e A4
T-REJTB W N aE, BV EAGTE A T T (2¢>2b
>Cat. ¢>2a), RIECA Y W REHBC AR FB - RE ) B ik 1Y)
AR 2¢ RILEAF. BTk, FRATH AT &
¥y 2¢ W H %) Buchwald-Hartwig 32 XABEL N, 7EA#
1675 Pd &9 0.5 mol% 2644 T, &FX) 21 FiAH A,
BFEAA T . . KA BRI 5 SRS [H] & AR

# 3 Buchwald-Hartwig 38 XA S A% 1 VR 7T
Table 3 Scope of Buchwald-Hartwig cross-coupling reaction

3
GC' GN/R 2¢ (0.5 mol%), KOBu-t
\ + \
X/ B
3 4

Dioxane, 100 °C

R3

|

N
m@/ \@Rz

5

c'a, o'o, o oo, oo, oo

5a 99% 5b 99% 5¢ 99%
H Pr
N

N

iPr /©/ \©

59 88% 5h 87% 5i 81%
H Pr

@r be

iPr

5m 89% 5n 92% 50 75%

OMe

5d 89% 5e 95% 5f 98%

shclishclisnecicas

5 99% 5k 83% 51 87%

%©§©@%©%@mm

o 5p 99%

59 71% 5r 73%

NO
H H H H 2 H
® N@ (ryL. L ﬁjN@ @N@
N
N N7 F z F NO,

5s 70% 5t 66%

5u 71%

S5v 5w —

“ Reaction condition: 3 (1.0 mmol), 4 (1.1 mmol, 1.1 equiv.), KOBu (1.1 mmol, 1.1 equiv.), dioxane (3 mL). Reaction was performed for 4 h. °Isolated yield of

coupling product.
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3 SCIEER4Y
3.1 UE5IAHF

AT & B A& VI A B o B A 4 e A
SRS 2R F SR A Schlenk 3R, 54 RR T SR 1 #
YEFBEAETFTER P IEAT, S8 8 TG 8 i o e ke
i A== S iU e PR RAR AN A P S G
5 ;PR PN B A 4 in R a9t 28 I\ — 2 FR i )5 S

244 'TH NMR . °C NMR 7 Bruker AM 400, Bruker
AM 500 5% Bruker AM 700 442 i SLHRAY i) & .

3.2 LWHE

3.2.1 Pd-NHC #4447 2a~2c¢ 6894 &

SN IIA 0.02 mol SALAR . 0.04 mol FALEE LA
J 100 mL ARV, PidE 2 e i, SRE A 0.01
mol BEERENLL S 0.01 mol 2K LWV fi%, fEMBTIRE T
(15~20 CHiFERRP L3 d. ¥ L g, [FETH 20 mL
(1 H RSB TE, SRS IR TR R EE, R AT A3 3K
LR A = k. BB, 10 mL 030
JEBEHM 0.5 mmol A48 54Kk, 1.3 mmol £ T FFE4Y,
FEIIA 1.25 mmol ) NHC(IPr)HCI, J:7K THF ¥ 2.5
mL. RNEIEER PR 24 h NS E, @
A ENT A RI4R H P24 PA-NHC AL &4.

N-(4-F AR DR ) 2R P IR [ 1,3-30(2,6- — ¢
FeIE Rk ME-2- P FE 4R (D) (2a): '"H NMR (400 MHz,
CDCly) d: 7.13~7.41 (m, 9H), 6.93 (t, J=4.0 Hz, 2H),
6.64~6.75 (m, 5H), 3.22 (s, 3H), 3.33 (dt, J=14.0, 6.8
Hz, 2H), 3.19 (dt, J=13.2, 6.8 Hz, 2H), 1.95 (s, 3H), 1.36
(d, J=6.4 Hz, 6H), 1.17 (d, J=6.8 Hz, 6H), 0.96 (d, J=
6.8 Hz, 6H), 0.86 (d, J=6.8 Hz, 6H); °C NMR ¢: 181.4,
178.8, 159.8, 156.8, 149.0, 147.8, 144.6, 140.8, 136.6,
136.0, 130.5, 129.7, 126.7, 124.7, 124.4, 124.2, 123.8,
1223, 122.3, 112.9, 55.0, 28.9, 28.3, 26.2, 26.0, 23.2, 17.2;
FT-IR (film) v: 2962.0, 2916.5, 2860.5, 1734.5, 1656.1,
1598.0, 1438.7, 1395.7, 1026.6, 933.1, 872.4, 796.9, 753.6,
700.5 cm™'; MS m/z: 720 (M"—Cl). HRMS (MALDI)
caled for C,HyiN;OPd (M ° — Cl) 6842912, found
684.2899.

N-(4- 95 2R J5k ) 7 F T fl S-[1,3- 00 (2,6- — 57 P 2 K
FEykme-2- 7 FFED) (2b): 'H NMR (500 MHz, CDCly)
5 7.29~6.66 (m, 16H), 3.32 (dt, J=13.0, 6.5 Hz 2H),
3.16 (dt, J=13.0, 6.5 Hz, 2H), 1.96 (s, 3H), 1.35 (d, J=
6.5 Hz, 6H), 1.17 (d, J=6.5 Hz, 6H), 0.96 (d, J=6.5 Hz,
6H), 0.83 (d, J=6.5 Hz, 6H); *C NMR (100 MHz, CDCl,)
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0: 148.7, 147.8, 144.7, 136.6, 136.0, 130.9, 129.8, 127.0,
1249, 124.8, 124.8, 1243, 123.9, 122.4, 114.8, 114.6,
28.9, 28.4, 26.2, 26.0, 25.5, 23.2, 23.1, 22.7, 17.2; FT-IR
(film) v: 2962.0, 2921.5, 2860.7, 1734.5, 1600.5, 1592.9,
1499.4, 1443.8, 1322.4, 1089.8, 933.1, 877.5, 796.9, 753.6,
698.3 cm ™ '; MS m/z: 708 (M"—Cl).

N-(3,5- =5 FF R % 05 ) R PR e S [1,3- (2,6 — 5
PR IL) k-2 37 FE )4 (IT) (2¢): 'H NMR (500 MHz,
CDCly) §: 7.60~7.21 (m, 12H), 7.03~6.77 (m, 3H), 3.26
(dt, J=13.0, 6.5 Hz, 2H), 3.19 (dt, J=13.0, 6.5 Hz, 2H),
3.72 (s, 3H), 2.01 (s, 3H), 1.33 (d, J=6.5 Hz, 6H), 1.19 (d,
J=6.5 Hz, 6H), 0.96 (d, J=7 Hz, 6H), 0.82 (d, J=7.0 Hz,
6H); °C NMR (125 MHz, CDCl3) 6:  181.8, 176.0, 158.9,
1473, 147.2, 146.9, 143.8, 134.8, 130.5, 129.8 (q, J=
23.50 Hz), 128.9, 126.7, 124.5, 123.9, 123.5 (q, J=1.75
Hz), 123.5 (q, J=193.75 Hz), 123.3, 122.9, 121.8, 118.3~
118.4 (m), 27.9, 27.5, 25.3, 25.2, 22.1, 22.0, 16.5; FT-IR
(film) v:  2962.0, 2926.5, 2862.8, 1595.5, 1580.3, 1507.2,
1456.4, 1441.2, 1398.3, 1370.5, 1271.9, 1170.7, 1121.8,
887.6, 844.6, 766.2, 700.5 cm”'; MS m/z: 824 (M —Cl).
HRMS (MALDI) caled for Cy4HuN;O FPd (M —Cl)
820.2647, found 820.2659.

3.2.2 Buchwald X XABI B &

FAAAT, 15 mL RNE A 1 mmol SAVEY).
1.05 mmol BUCHIZ. 1.2 mmol F T B4, FEAIA 3 mL
THEONITMERIEFIVESF, 100 CEHIET RN 4 b ONE
I SAH S SCGI TR, N R R PE it 300~
400 H AT E T 4l s 20505 B4k &4 H i
'HNMR LA EI-MS Kl

2-F - N-(4- 3 2 ) i (52)' ). GC: 30 m X 0.53
mm X 1.0 pm column (SE-54), #24A#EE®0 C), FHHE
(15 C/min); fAEIFA: 11.18 min(F=#)); '"H NMR
(700 MHz, CDCls) 8: 7.07~7.05 (m, 2H), 6.99~6.89 (m,
2H), 5.50 (s, 1H), 2.32 (s, 3H); EI-MS m/z: 199.1 (M").

2-FAJE-N-(4-F AR BE R ) 2R B (Sb)!'Y: GC: 30 mX
0.53 mm X 1.0 pm column (SE-54), #24HIEEE(80 C), Tt
HE (15 °C/miny; R BB A 13.28 min(Z49); 'H
NMR (700 MHz, CDCLy) d: 7.15~6.81 (m, 8H), 5.21 (s,
1H), 3.80 (s, 3H), 2.25 (s, 3H); EI-MS m/z: 214.1 (M").

2-FIFE-N-ZEFEZEBZ (5e)™): GC: 30 mX0.53 mmX
1.0 pm column (SE-54), #IHIEER0 C), FHER
(15 °C/min); {# B W A]: 1.89 min( &AL 75 1&), 4.98
min(f%), 11.39 min(**4#2); 'H NMR (700 MHz, CDCl;) ¢:
7.24~6.86 (m, 9H), 5.60 (s, 1H), 2.30 (s, 3H); EI-MS m/z:
184.1 (M").

Chin. J. Org. Chem. 2017, 37, 2050~2056
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4-JR-N-Ch P 28 38) 2 % ()Y GC: 30 m X 0.53
mm X 1.0 um column (SE-54), #Z4HIRE (80 C), FhifiH#
(15 ‘C/min); fEEEEE: 1.89 min (L5 ~4), 3.80
min(Z LT 12), 4.45 min(f%), 11.84 min (724); 'H NMR
(700 MHz, CDCly) 8: 7.07~7.05 (m, 2H), 6.99~6.89 (m,
2H), 5.47 (s, 1H), 2.28 (s, 3H); EI-MS m/z: 199.1 (M").

4-FHAR BE-N-(OnF F 2838 2K i (Se)!'): GC: 30 m X 0.53
mm X 1.0 um column (SE-54), #Z4HIRE (80 C), FhifiHE
(15 C/min); f£HEE: 1.89 min (i&~=4), 3.80
min(ZLF5428), 7.09 min(f%), 14.01 min(7=47); '"H NMR
(700 MHz, CDCly) d: 7.03~6.83 (m, 8H), 5.39 (s, 1H),
3.79 (s, 3H), 2.27 (s, 3H); EI-MS m/z: 214.1 (M").

4-FFE-N-ZEFE R (O™ GC: 30 m>X0.53 mm X
1.0 um column (SE-54), #4AHEE (80 C), FHEHE=RK
(15 °C/min); RIS E: 3.85 min (BALIFZ), 4.30 min
(#%), 11.95 min (7*#7); '"H NMR (700 MHz, CDCl;) ¢:
7.31~6.93 (m, 9H), 5.67 (s, 1H), 2.37 (s, 3H); EI-MS m/z:
184.1 (M").

2,6-5% P HE-N-(2,6- — HI 2R 56 K e (5g) "™ GC: 30
m X 0.53 mm X 1.0 um column (SE-54), 2 4% & ¥
(80 °C), FHEHZE(15 C/min); {FEAMA]: 2.45 min(%),
3.85 min(Z XI5 1), 10.92 min(7F=4); '"H NMR (700
MHz, CDCl3) §: 7.13~6.70 (m, 6H), 4.78 (s, 1H), 3.13 (q,
J=7.0 Hz, 2H), 1.97 (s, 3H), 1.11 (dd, J=0.7, 7.0 Hz,
12H); EI-MS (m/z, %): 282.1 (M ").

4-F FE N, N- 2R K (5h)PY: GC: 30 m X 0.53
mm X 1.0 um column (SE-54), #ZIHIEEE(80 C), FHiFiH
(15 ‘C/min); FREEEE: 4.05 min (FIRT5R), 5.14
min(fi%), 11.27 min(7=4); '"H NMR (700 MHz, CDCl;) 4t
7.16~6.81 (m, 14H), 1.94 (s, 3H); EI-MS m/z: 259.1 (M
+).

2- BN N- — F L ZE [ (51)12Y: GC: 30 m < 0.53 mm
X 1.0 pm column (SE-54), ACURIREE(80 C), FHRE R
(15 °C/min); &8 K [A]: 3.81 min( & AR 75 1&), 4.91
min(f%), 11.07 min(7*47); '"H NMR (700 MHz, CDCl;) J:
7.24~6.90 (m, 14H), 2.03 (s, 3H); EI-MS m/z: 259.1 (M
+).

2- FA 6 -N-(A1 2K 228) 281 (55)): GC: 30 m X 0.53
mm X 1.0 um column (SE-54), #Z4HIEEEE(80 C), FHiFiH
F (15 C/min); FREAKE: 1.25 min(& AL &), 3.52
min(f%), 9.95 min(F*47); '"H NMR (700 MHz, CDCL) §:
7.32~6.81 (m, 8H), 5.87 (s, 1H), 3.91 (s, 3H), 2.28 (s,
3H); EI-MS m/z: 2143 (M").

2- AU BE V- R 2 3 ) 28 1 (5k)1: GC: 30 m X
0.53 mm X 1.0 pm column (SE-54), #EIKIEE®0 C),
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B ZF (1S5 C/min); & B & [H: 3.50 min(fZ), 9.97
min(7*#7); '"H NMR (400 MHz, CDCl3) 6: 7.24~6.82 (m,
8H), 6.09 (s, 1H), 3.90 (s, 3H), 2.33 (s, 3H); EI-MS m/z:
2133 (MH).

2- AR FE-N-ZE L A [ (51 GC: 30 m>X 0.53 mm X
1.0 um column (SE-54), &EHILSE (80 C), FHEE R
(15 °C/min); fREEHFIE: 1.42 min(f%), 2.98 min(FALFT
#£), 9.22 min(;*47); '"H NMR (700 MHz, CDCl;) o:
7.33~6.87 (m, 8H), 6.16 (s, 1H), 3.91 (s, 3H). EI-MS m/z:
200.2 (MH).

2,6- 5 T FE-N-(48 F 2K 56) i (Sm)™>): GC: 30 m
X0.53 mmX 1.0 pm column (SE-54), #4HiRZ (80 C),
FHREA 1S C/min); REFEIE]: 1.26 min(FARTTR),
9.73 min(*#7); '"H NMR (700 MHz, CDCl3) J: 7.30~
6.10 (m, 8H), 4.90 (s, 1H), 3.11~3.09 (m, 2H), 2.34 (s,
3H), 1.12 (dd, J=7.0 Hz, 32.2 Hz, 12H); EI-MS m/z:
2683 (M").

N-ZEREE-9-Jz(5n)*%: GC: 30 mX0.53 mmX 1.0
pum column (SE-54), i 4f iR 2 (80 C), Jf i i &
(15 “C/min); fREAIFIE]: 1.43 min (f%), 9.30 min (AR5
12), 14.63 min (7°47); '"H NMR (700 MHz, CDCl;) o:
8.41~6.58 (m, 14H), 6.03 (s, 1H); EI-MS m/z: 2702 (M
+).

N-ZEFEZE2-[#(50)*": 'TH NMR (700 MHz, CDCl;)
5: 7.87~6.90 (m, 12H), 5.96 (s, 1H); GC: 30 m < 0.53 mm
X1.0 pm column (SE-54), #CIRIHE®R0 C), FHEEZE
(15 ‘C/min); fREHHFIE]:1.42 min (%), 5.64 min (FALFT
$2), 11.55 min (F=4). EI-MS m/z: 222.3 (M").

1-[4-(N-FH R e B6)- 2K 3 ]- . (5p)™Y: GC: 30 m
X 0.53 mmX 1.0 pum column (SE-54), #24HiRZ (80 C),
iR # % (15 C/min); £ B B [A]:1.42 min(f%), 2.98
min(Z A T718), 9.22 min(7#4)); 'H NMR (700 MHz,
CDCly) d: 7.87~6.98 (m, 9H), 6.06 (s, 1H), 2.53 (s, 3H);
EI-MS m/z: 212.3 (M").

N-ZRFEMEE-3-F4(5q)*": GC: 30 mX0.53 mmX 1.0
um column (SE-54), #24HIREEER0 C), FHEEZEAS C
/min); R ESE]: 0.89 min(FX 5 JE), 1.42 min(f%), 9.22
min(7*#7); '"H NMR (400 MHz, CDCl;) ¢: 8.38 (d, J=2.4
Hz, 1H), 8.16 (d, J=4.8 Hz, 1H), 7.42~6.98 (m, 7H),
5.76 (s, 1H); EI-MS m/z: 171.0 (M").

N-(4-FHER L)L e -3-%(5r)P°): GC: 30 mX<0.53
mm X 1.0 um column (SE-54), #24HIRE (80 C), FhifiE
(15 C/min); fFEEKE: 0.90 min(& AT 1E), 4.00
min(f%), 9.45 min(7*#7); '"H NMR (400 MHz, CDCl;) J:
8.26 (d, J=2.0 Hz, 1H), 8.06 (d, J=4.4 Hz, 1H), 7.23~
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6.87 (m, 6H), 5.61 (s, 1H), 3.81 (s, 3H); EI-MS m/z: 201.1
(M)

N-(2- FRAR 0L -3-(55)P: GC: 30 m X 0.53
mm X 1.0 um column (SE-54), #Z4HIRE (80 C), FhifiH#
FK(15 C/min); fREAE]: 0.95 min(& AL &), 3.67
min(f%), 10.09 min(7#4%); '"H NMR (400 MHz, CDCl;) ¢:
8.43 (d, J=2.4 Hz, 1H), 8.16 (d, J=4.4 Hz, 1H), 7.49~
6.89 (m, 6H), 6.14 (s, 1H), 3.90 (s, 3H); EI-MS m/z: 201.2
M.

N-(4-5F A FE )L nE-3-F(56)°: GC: 30 mX0.53 mm
X 1.0 pm column (SE-54), ACUHIREE(80 C), FHRE R
(15 °C/min); {# B B8] 0.95 min( &AL 75 %&), 1.66
min(f%), 8.95 min(7#47); '"H NMR (400 MHz, CDCl;) J:
8.32 (d, J=2.8 Hz, 1H), 8.13 (d, J=3.6 Hz, 1H), 7.31~
6.99 (m, 6H), 5.66 (s, 1H); EI-MS m/z: 189.3 (M").

N-(4- G I nE-2-F% (5u)*?: GC: 30 mX 0.53 mm
X 1.0 pm column (SE-54), ACUHIREE(80 C), FHRE R
(15 °C/min); {# BB 1A]: 0.95 min( &AL 75 %&), 1.66
min(f%), 8.73 min(7#47); '"H NMR (400 MHz, CDCl;) o:
8.18 (d, J=3.6 Hz, 1H), 7.50~6.71 (m, 7H), 6.46 (s, 1H);
EI-MS m/z: 189.3 (M").
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