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Synthetic and Structural Studies on Indenyl Phosphine Gold
Complexes and Application as Catalyst for Hydration of
Alkynes
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Abstract Four novel indenyl phosphine gold complexes were prepared by the reaction of indenyl phosphine with AuCl-
(SMe),. All products 1~4 have been fully characterized by elemental analysis, spectroscopy, and X-ray crystal diffraction
techniques for 2 and 4. Complex 2 has been found efficiently to catalyze hydration of alkyne with the advantages of mild reac-
tion conditions, less catalyst, excellent atomic economy and environmental friendly.
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41 Scheme 1 HFT7R, DU ehHEBERCAA (B L DU S
TR ERVERVTRY F 515 AuCI(SMey) [ v, 752 PU Fh
FHNY. [ e B AR I & & 1~4, X DURL A4
W 2 A% 0, (R SRS N et e A 7E.
itk &WH 4 E 7 '"H NMR. *'P NMR. JCE 1
FAEHIN, £E°'PNMR 1, &M 1~4 50 HI{E 5 34.28,
28.72, 46.34, 30.82 Kb —/NELlg, BRI T 54 E
L EVETEA.

(CHaSAWCH O
BF, ’
s T CH,Cho2h
Cy/c‘)y\H Cy,P—AuClI
U~ s U
CH,Cly, 3 h
PCy, RCy2
AuCl
2

Cy,P—AuClI

BF4 (CH3),SAUCI O’
CHoCly, 2 h

+
CY/E\CV BFy Cy,P—AuCl

(CH3),SAUCI
CH,Cly, 1.5 h
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Scheme 1

1.2 BiKER

WwEY 2 M agimmE 1 R, kgt
C(10)5 C(13) MK A 1.360(5) A, J& Tz, 2,
4,6-= WIILIILEAEEIFEN) 2 A7, C(4)5 C(10)2 Al K
0 1.483(5) A, BEIRTS5EN 3 fmAHE, C(13)5 P(1)
Z A B KA 1.8123) A, Au(l) 5 P(1) 2 [a) f K oy
2.233009) A. #ff1 P(1)—Au(1)—CIl(1)H 174.2(4)°, #EilE
HL, fFAaEieammmer i WEY 4 g
wE 2 frow, HeimS5haw 2 dEw e, L,
C(19)—CQO0)#: B K 4 1.354(16) A, Ltk &9 2 1
C(10)—C(13) B KB 4, 1 )& i e U8 . B A
P(1)—Au(1)—CI(1)} 177.90(13)°, T EHLk. (L& 2
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Figure 1 Molecular structure of compound 2

B2 (a4 i gif g

Figure 2 Molecular structure of compound 4

1.3 LEY 2 ELBIBIEKRE R B FZHRK
ERARYTF, LAY 2 (2 mol %) AfEALF, 7N
2 mol% AgSbF, ¥l 80 'C, LA 1 mmol K L4k
IKE R INAE R R NG, %) e 4 AR HEAT T A4, SEEG
GERLRI, MK AR Y 0.1 mL, THF [R4AF 1.0 mL
B, S A 0.5 h =23 U 22% (3K 2, Entry 1), 17
[FRE RN 460 R, AW 1, 3 F0 4 55 1 S N A AL A
FH. A S N B 1) ] LA 25 B oo S N R 72 6, 24 s
IHE R 6 h I, FEF Eik 94%(E 2, Entries 2~4). 3
A ZR K IR St D) 2 A SN (17 56 25 R R (R 2, En-
tries 5~7), 4 PUEMI AR AR LLRAR 0 12 1 i)
W ANSS J (3 2, Entries 5~9). BRI % MY )64
42 4F /] W(THF) @ V(H,0)=10 : 1 VRSV, LI
E10 2 (2 mol%) WHEALFY, 2 mol% AgSbFs MR Nl N,
R R 4E 80 C RV 6 h.
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R AED 2 T4 15K (A) S A
Table 1 Selected bond lengths (A) and angles (°) for compound 2 and 4

&4 2 &) 4

Au(1)—P(1) 2.2330(9) Au(1)—P(1) 2.244(3)
C(13)—P(1) 1.812(3) Au(1)—CI(1) 2.315(4)
C(4)—C(10) 1.483(5) C(7)—P(1) 1.857(13)
Au(1)—CI(1) 2.2833(10) C(19)—C(20) 1.354(16)
C(10)—C(13) 1.360(5) C(19)—C(23) 1.527(17)
C(12)—C(13) 1.479(5) C(20)—P(1) 1.832(12)
P(1)—Au(1)—CI(1) 174.2(4) P(1)—Au(1)—CI(1) 177.90(13)
C(13)—P(1)—Au(1) 114.58(11) C(20)—P(1)—Au(1) 113.8(4)

x2 WEY) 2 MHAPIEKE RIS AHARAL @
Table 2 Optimization of hydration of alkyne with catalyst 2

£3 WG 2 UIIHYREKE A ¢
Table 3 Hydration of alkyne with catalyst 2

0 2 (2 mol%), AgSbFg (2 mol%) Q
P> = 2 ’ 6 2
= % % R —R R
©/ 2 (2 mol%), AgSbFs (2 mol%) ©)k THF/H,0, 80 C, 6h o
THF/H,O, 80 C .
2 Entry Substrate Product Yield”/%
Entry  W(THF) : V(H,0)  Time/h Yield®/% o)
1 10:1 0.5 22 1 <:> — ©—< 91
2 10:1 25 58 5a 6a
3 10:1 5.0 73
: Q
4 10:1 6.0 94 _ < > @
= OCH OCH
5 511 6.0 48 2 ® : 72
6 311 6.0 32 5b 6b
7 211 6.0 7
8 1:1 6.0 — < > _ m
9 1:3 6.0 — 3 79

“ Reaction conditions: 1.0 mmol of alkyne, 0.02 mmol of 2, 0.02 mmol of
AgSbFq, 80 ‘C.*GC yield.

1.4 EY 2 EHRIRIEKE AL

AN AAE T, BATSEIL T — RIVBIR KA
SN, GERngR 3. K LB (Ba) B AL 2K L (6a), 4
B R mik 91%(F 3, Entry 1), Wy FARIEEUR 2K 2,
HL(Sb)LL 72%IH 7 R AL M N IR 6b(3 3, Entry 2),
M 2R BE A B (Se) A7 & — 1 11 A R 68 & il (6¢),
FERIER] 79%, HAT— w5 AL = 2Kk 2 Hy(5d) th
PL 79%H) 7= 26 A2 OAH R IR SR BE I (6d), HAT K]
A7 B 9-30 3 — HUIERE 24 (Se)RELL 61%I11 7 544k
9- KL 2.1l (6e).

2 4t

AT DURRE B e B S L A, P L S
it 'H NMR, *'P NMR, JCESWrEHTRAL, [FI, F
F X S 2 51 S AT S AIE T LA 2 A4 19 7458, 1k
G 2 AT 2 PR KA SN, DA A B g 17
73 BAH DY RTS8 23 S N e 400 vl Ay — Pk A5 21 7
Y.
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“Reaction conditions: 1.0 mmol of alkyne, 1.0 mL of THF, 0.1 mL of H,O, 2
mol% 2, 2 mol% AgSbFg, 80 C. bsolated yield.

3 RS
3.1 UERARF

SAERELE Agilent 6890N AN A REA_EillsE; 'H
NMR, *'P NMR 7£ Varian Mercury Plus 400 (400 MHz)%
BEEARAC s (‘H NMR LA TMS 7E 4%, *'P NMR B
85%I¥] HsPO, N 4MR); JC#H 7311k Elementar Vario EL
BT BdlE. —E R gid CaH, BRoKJS 6.
AuCI(SMe))'"), 2-(2,4,6- = H JL R JE)-1- B Bk 3K &L 3k
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JUO1 2 2R -l IR O DU SRR 251 2 TR
TSR . S RA NG E Y E BCR T TG K G4 4
VEREAR. el o i g5 4 A 4l
3.2 ZWAHE

1B “ I RS &M A R: ZRRYT,
W 1-BE BRI DY UM R £5(103.0 mg, 0.26 mmol),
AuCl(SMe,) (97.0 mg, 0.33 mmol)II A Schlenk 7+,
RGNS mL ) CH,Cl, =il FRM 2 h. RNV5EES,
PR R, LS R IR € i K 43 B, CHLCL, PRI,
B3 A GE1K(96.0 mg), 77HR N 68%.

2-(2,4,6- = W IE A IE)-1- B 5 IR S IE B Ak 42(2)
e ZARSTE, ¥ 2-(2,4,6- = HHHEIRAL)-1-2fidk —
IR (129.0 mg, 0.25 mmol), AuCl(SMe,) (88.4 mg,
0.30 mmol) i AE] Schlenk 1, RJEIMA 5 mL [
CH,Cl,, Eid NN 3 h, KMNIEHEIG, 80% B 295,
R b R (3 A 20 B8, CHLCL, VR, 7531 (A (a El 4k
(143.0 mg), =% 86%.

1-(2,4,6- — 1 3% I -3- Bt 3 B AL £(3)
I e U, ¥ 1-(2,4,6-— HIE) R L3 2t —
PR U JE DY S50 R £, (129.0 mg, 0.25mmol), AuCl(SMe;)
(88.0 mg, 0.30 mmol)JIAZE| Schlenk &, SRJFIIA 5
mL CH,Cl, i TRV 2 h, RN5EEE G, J sl 2%
U, R b BRI AE 4 85, CHLCly YRR, 75 1 [ 44
(85.0 mg), F=# 51%.

2-JRFE-1-Bi3E T OB R @M ARG AR
TRYTT, ¥ 2-2KFE-1-Bf L 3R IR DU BURN R £h(143.0
mg, 0.30 mmol), AuCl(SMe,) (106.0 mg, 0.36 mmol) N A
F| Schlenk 4571, #RJG A 5 mL CH,Cly, T- 5 F &MV
1.5 h, MWV IEHEJE, PR G, R R R A 4y
B, CH.CL JElE, 73 A [44(74.0 mg), 7% 40%.

WAEY) 2 ALIHUE K G RN AR AERA R
PR, 115 mL i EEH AL S 2 (13.3 mg, 0.02
mmol), AgSbF; (6.8 mg, 0.02 mmol), %45(1.00 mmol),
H,0, THF, BN /NEEAE R PR, 5N EE A s B I [
R 2SI AT, RNSERER, W2 %,
THAFE/H0 AHL, flash #EEHT EEER: 200~300
Hy “SHBAE AT AR 2R G Y, 15 UM A5
.

WAEY 2 HAHRKE RV FERRRYTT,
15 mL fif & IMAEY 2 (13.3 mg, 0.02 mmol).
AgSbF; (6.8 mg, 0.02 mmol). $4& (1.00 mmol).H,O (0.1
mL), THF (1.0 mL), 80 ‘C/J% 6 h. RN SE, #WEIE
i, ZRHGY/HL0 L, FEENT B (RERE: 200~300
F Akl o Cbe 5 — U B (TR & D i 7)) 145 2107
Y.
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33 LEMEIE

-3t IR QOB AL4:(1): '"H NMR (400 MHz,
CDCLy) d: 7.83 (d, J=7.4 Hz, 1H), 7.54 (d, J=7.4 Hz,
1H), 7.27~7.39 (m, 3H), 3.6 (s, 2H), 2.36 (br, 2H), 2.11
(br, 2H), 1.86 (br, 2H), 1.16~1.74 (m, 16H); *'P NMR
(243 MHz, CDCl;) ¢: 34.28. Anal. calcd for Cy;HyAuClIP:
C 46.29, H 5.36; found C 46.31, H 5.33.

2-(2,4,6- = L IR IE)-1- 28 3R DI B S 42(2):
'H NMR (400 MHz, CDCLy) 6: 7.55 (d, J=7.6 Hz, 2H),
7.26~7.39 (m, 2H), 7.00 (s, 2H), 3.70 (s, 2H), 2.50 (br,
2H), 2.42 (s, 3H), 2.09 (s, 6H), 1.18~2.09 (m, 20H); *'P
NMR (243 MHz, CDCly) d: 28.72. Anal. caled for
Cs0H30AuCIP: C 54.35, H 5.93; found C 54.32, H 5.97.

1-(2,4,6- = W L) R AL -3- AL 3 DR 1k 8 (3):
'H NMR (400 MHz, CDCl;) ¢: 8.09 (br, 1H), 7.30~7.33
(m, 2H), 6.96~7.01 (m, 3H), 6.37 (s, 1H), 4.43 (d, J=16
Hz, 1H), 2.35 (s, 3H), 2.16 (s, 3H), 2.02 (s, 3H), 1.14~
2.08 (m, 22H); *'P NMR (243 MHz, CDCl;) §: 46.34.
Anal. calcd for Cs;oH30AuCIP: C 54.35, H 5.93; found C
54.37, H5.91.

2-TRH- 1B IR B Sk 42(4): 'TH NMR (400
MHz, CDCLy) d: 7.66 (d, J=8.4 Hz, 1H), 7.21~7.54 (m,
8H), 3.86 (s, 2H), 2.48 (br, 2H), 2.07 (br, 2H), 1.84 (br,
2H), 1.20~1.72 (m, 16H); *'P NMR (243 MHz, CDCl;) ¢:
30.82. Anal. calcd for C,;H33AuCIP: C 52.23, H 5.36;
found C 52.26, H 5.32.

7 Z.i(6a): "H NMR (400 MHz, CDCls) d: 7.96 (d,
J=8.0 Hz, 2H), 7.44~7.56 (m, 3H), 2.61 (s, 3H). A 1%
J 5 SR — #O,

X} AR B 2K 2.l (6b): '"H NMR (400 MHz, CDCls)
8: 7.93 (d, J=8.0 Hz, 2H), 6.92 (d, J=8.0 Hz, 2H), 3.85
(s, 3H), 2.54 (s, 3H). S0 %od 55 SCikfE —2',

I 2,5 (6¢): 'TH NMR (400 MHz, CDCls) J: 7.88
(br, 2H), 7.36~7.48 (m, 3H), 7.36 (s, 2H), 2.92 (t, J=8.0
Hz, 2H ), 1.15 (d, J=8.0 Hz, 3H). Zi%%dE 5 S0k —
e,

HKHAEIE (6d): 'TH NMR (400 MHz, CDCly) o:
8.00~8.03 (m, 2H ), 7.54~7.56 (m, 1H), 7.46 (d, J=7.8
Hz, 2H), 7.33 (d, J=7.5 Hz, 2H), 7.25~7.28 (m, 3H),
4.29 (s, 2H). ZEHE 5 ok (g — 30

9- 4 KL KLl (6e): '"H NMR (400 MHz, CDCl;) o:
8.47 (s, 1H), 8.01 (d, J=8.0 Hz, 2H), 7.84 (d, /=8.0 Hz,
2H), 7.48~7.52 (m, 4H), 2.81 (s, 3H). A REHE 5 Sk
fH—5,

Chin. J. Org. Chem. 2014, 34, 893~897
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PEETE 2410 1K, 7E Bruker SMART CCD F 44T
S E, SRS Mo Ka SF46(1=0.71073A)
WHEBE. i EE 2T SADABS WIE IE, ik g
¥R SHELXS-97 F&/7EufidsT, xtaxifdealn 7 A AL
5 0 e A HOIA T AR B D B IE. BE AT
ERENE (&R DY v O 7 e e s 5 AR
CCDC 573 }: 2, CCDC-981565; 4, CCDC-981566.

5 B A1 B} (Supporting Information) efi & i 4 it &4
[¥) "TH NMR, *'P NMR UG E iRk, (42 fl4 i1
A3 AR LL R K RN TH NMR. X 2
FARER] LA A 2 AT 99 ki (http://sioc-journal.cn/) F N2k,
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