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108 A RERIEAE Bruker AV400 (400 MHz)
M e R A B I 5 X5 4R PR AT S AE Bruker
Smart APEX [ %2 , 2 Jo e Ui B, B iR
200 K 5 43 B 6% ¥ 7E Agilent 6224 TOF
LC/MS EilsE.

TR < A ST K 1 SR X5 W T 22 it 5 L Rl i
TR IE R IE A TORR IR UL L LB S AR
T Schlenk S i Jif v i 47, — & W e L DU A 1k
Mg | 1E OV e 55 2 R 48 95 7 4l Ak 2 42 b 33 1 T8 K
T,

1.2 LU Jiik

BE&EY 2 TG 100 mL JEBEMY
WP FRECES A 1(1 101, 2 mg, 1. 00 mmol) , Nl
A 20 mL G e 19 B 0 00 WL AR R R I T
JEE T —30 CARMAT, BHas By 2 b b i<
W IEEE R T 8 Pa iy — S Ak i <M AL 7E
60 °C &M F ARG W N 3 d, B2 B 259 57 Kook
A — AR SR L A5 B A E %6 (10 mL)
P 3 WK, b B I LA TR L AT A B Al 6 A
Y 2. F= N 783. 6 mg, RN 90%. 'H NMR
(400 MHz, 299 K, CDCl;) 6: 7. 34 ~ 7. 81 (m,
45H,Ph), — 0. 39 (s, 9H, Si (CH;);), — 6. 24
(t,°J(PH)=20. 8 Hz,1H,OsH). ' P{'H}NMR
(162 MHz,299 K,CDCl;)8:6. 46(s, PPhy). 'H,"*C
GHSQC (400 MHz/101 MHz, 299 K, CDCI;)
8§ 'H/& ®C:—0.39/0. 61 (Si(CH;);).'H,"® C
GHMBC (400 MHz/101 MHz, 299 K, CDCl,) ;
8 'H/6 ¥ C:—0.39/118. 88(Si(CH, ), /CCS s ),
— 6. 24/116. 45, 182. 11 ( OsH/C™S s,
Os(COY,). " C{'H} NMR (101 MHz, 299 K,
CDCl;)6:182. 48,181. 49 (t,2J (PC) =6. 1 Hz,
Os(CO),),127. 81 ~ 135. 34 (Ph), 118. 88 (t,
SJ(PC)=2.0 Hz,C¥M3),116. 45(t,* J (PC) =
17.2 Hz, CS%5 )0, 61 (Si(CH;);). HRMS(ESD ;
893.178 03[ M-+ Na]" (Cy; Hy, O,SiP, OsNa i
1} :893.178 0).

BE®W3  ETHRESN 100 mL JEEEM &
P, FREUEC S 8 2(300. 2 mg, 0. 35 mmol) Ml =
SRR L (50. 4 mg, 0. 37 mmol) ., i A 20 mL

AR BEA T mL L 60 CHAUGTIRATR
N2y 3 d. AR Al T DA U R R E b
BRI 1 s 1 AR R 0300 0 A7 A 63 R
Ay R A 3 0l T 5 45 2 1 @ ER 3. 77
279. 3 mg, "% K 89%.'H NMR (400 MHz,
299 K,CDCl;)6:7. 98(d,"J (HH) =17. 1 Hz,
1H,CH “"SHs ) 7,34 ~7, 65 (m, 30H, Ph),
5.83(d,*J(HH)=17.2 Hz,1H,""" CH¥ s ),
— 0. 46 (s, 9H, Si (CH;);)," P {'"H} NMR
(162 MHz,299 K, CDCl,)8: — 8. 83 (s, PPh;).
HRMS (ESI): 929. 151 2; [ M + Na '
(Cy3 H,, ClO, SiP, OsNa B {E : 929. 154 7).

BEW4 7ETEESM 100 mL Schlenk
RS R A 1(205. 6 mg,0. 19 mmol)
M[ICp.Fe] [BF,] (127.0 mg,0. 47 mmol), il
A 15 mL W be, sE 14k, =ik SN 25 13 h
Jo A BN TR Sk (0 B o . AR AL AR U8 B A7 2o B 1S
SRR AU - I L0 700 B BT A R T
Fe (5 mL) WL FEINACTE & B8 (50 mL) J5 By Y 2R ¢
o B A, o 38T T 45 05 15 3 32 4 6 1Y [ 4R 7=
4, Hy= 88 159. 0 mg, 7= F K 77%.'H NMR
(400 MHz, 299 K, CDCl;) 8: 6. 84 ~ 7. 81 (m,
45H,Ph), 2. 92 (s, 2H, OsOH,), — 6. 99 (dt,
J(PH)=284. 3,25. 1 Hz,1H, OsH).*' P{'H}
NMR (162 MHz, 299 K, CDCl,) é: 15. 12 (d,
*J(PP)=11. 1 Hz, Os (P"®Phy),), 2. 81 (t,
2J(PP)=10.9 Hz,OsP*Ph,).

BEW S 7ETEIESH 100 mL Schlenk
SN, R E LAY 1(223. 7 mg, 0. 20 mmol)
M Cp,Fel]"[BF,] (68.0 mg,0.25 mmol), il A
15 mL 5P ee, sEor i, =R 2 15 h 5,
A4 3 S (0 8 Yl U ARG L AR D I i A 3 i A 3
SR AR AW B 23 ) K B AR TR T
(5 mL)H L FINAIE 2 %8 (50 mL) J&5 #r i ik 2k o
A 3k R T T 088 5 5 30 0 4 0 [ 4R 7= ) 5. )7
9 166. 3 mg, ;7&K 73%. 'H NMR (400 MHz,
299 K,CDCl;)8:5. 83~7. 84 (m,44H,Ph) ,4. 42
(t.J(HH)=9.1 Hz,1H,0OsCH) ,2.57,2. 40(s,
1H,O0sCH,), —4. 58(dt,’J (PH) =25.1,12. 3
Hz,1H,OsH). "' P{'H}NMR(162 MHz,299 K,
CDCly) 6: 11. 25 (t,2] (PP) = 22. 2 Hz, 1P,
OsPPh,), 8. 33(dd.*J (PP) =140. 9.22. 5 Hz,
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1P,OsPPhy),—5. 73(dd,*J (PP) =140. 9,22. 1
Hz, 1P, OsPPh;).'H,'H GCOSY (400 MHz/
400 MHz,299 K,CDCl;)6 'H/6 'H:4.42/2.57,
2.40(0OsCH/OsCH,,OsCH,),"H,"” C GHSQC
(400 MHz/101 MHz,299 K,CDCl;)é 'H/6 *C;
4. 42/72. 01 (OsCH), (2. 57, 2. 48)/49. 76
(OsCH,).'H, ®C GHMBC (400 MHz/101
MHz, 299 K,CDClL,):6 "H/6 “C: 4. 42/49. 76
(OsCH/OsCH,),2.57/72. 01 (OsCH,/OsCH) ,
— 4. 58/49. 76, 72. 01, 178. 87 (OsH/OsCH, ,
OsCH.CO). " C{"H} NMR (101 MHz, 299 K,
CDCl;)6:178. 87 (CO), 122, 64 ~152. 26 (Ph),
72.01 (OsCH) . 49. 76 (OsCH,). HRMS (ESD) :
1 033.253 03[ M-BF, " (Cs; His OP,Os B i {8 .
1.033.252 7).

2 HiS5ihig

2.1 HIRAE A ALY EC A HRAR R B

BT R AR, B A4 1 & s AR ] LA
594k A T H ALY Os-PPh, 8, ffi Os-PPh, #7158
o A = 28 e g i 1A LA AR R A7 BEL AR 5 A T
A5 12 = 2 R Il i A B 5 T i IR R T e A R
L WRETEAEY 15— A by k. LhJERE
fiif H 3 R R 25 s B R G  1 W T i A
Pt Je IR T 4l 2 G R B A — SR AL 7E
60 CH&MTF M 3 d 5. Bas B K iEH <k,
VRV LA 90 Lo e AR B RC A W 2 (B DL e
G W i — SR AR Rl T B AR R — R R gl
SHECEE R A Y 1 KRR, L5 HmEs T
XS B ST IR A R S R 3 DA K v a3 R B Y
A,

PPh3 PPh3
OC, | H co 0C | !
Os. — Os.
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1 2
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Fig. 1 Synthesis of complex 2

7' H NMR ¥ v, 0= —6. 24 &b 17 AE— A
B %) = 06, O A 57 A = 4% 5 Ji 3 A D XA
N R g R A e R T A
*J(PH)=20.8 Hz. —0.39 &b fb2 i 8 = H

FErE R P IR EAE S S R SR T 0 1 R
BUNMLBI 2 9 ¢ 1. 7E 0=17.34~7.81 &b, Al Wi
HRRN AW ZEIEFS. 7287 P HINMR i
B LBl 6. 46 A FFAE— g, IR 5
B D R 3 T T A Ak PR A — R IR L A 1
BEfE S

WA XS ECA ) 2 SEAT T o R i L 3
FIE 4> T30 Ciy Hy O, SiP, Os , BE AH X 43 1 5
oM 870. 188 8. 7E EST /E K Hi B U, LA — 54 W bt
MR R 12 1 ERIE R &4F W4 5]
BCEY 2 Mmehes FiEli A% 2+ Nal' .
893. 178 0, H: RIS H I B 4 893. 178 0,1 N 0.

STECA W) 2 FEA7 5 8 3R 0119 3 T YOk &
ROMIE K= E T EdF e R ERIECD
B, —25 C FHE 2 ). X B2 5 1 5t 45+ (-
2) 8 7~ — A Ak e RO T 7 X o | = s gl
Wl & 2 T LLEAE— Sl 0 R 254,
A = 2R B R R A AL T R b ) 467 B g CL.
01.C2.02.C3,C4.Sil 5 4 8% J5 7 1Y 7% 18 F 1fi 37
HOBCAW 2 19 C3-C4 R R 0. 120 6(4) nm,
T LR Y e e = . Os1-C3-C4 5 A
178.6(3)°,P1-Os1-P2 f5E A}y 170. 3(2)°.
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Fig. 2 Single-crystal X-ray diffraction structure

of complex 2 (CCDC-2058302)
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Fig.3 Synthesis of complex 3

£'H NMR ¥ & th,0=7.98,5. 83 AL AY P4~
PSS 08 i CH —CHTMS 1 fz 4% 1%
AfET WA EECT(HH) =17. 1 Hz. —0. 46 4b
ML % o = PRk AR 5. 1
SP{THINMR H 2447 B2 — 8. 83 Ab A B i >y ik
Ti] A 25 T 55 45 ) = O L IRl L AT (R s 5 5

WA XA Y 3 AT 1 o B RO, H
BT h Cyy Hy, ClO, SiP, Os , BE A7 X 43 1
JFHE Sl 906. 165 4. £E ESTAE A e g I, LA &
BEMOMEWBILE R 1 1 AR MR &4 Mg
FIEAY 3 WIS FIELRAY 3+ Nal .
929. 151 2, e 047 B N 929. 154 7, AH %R
#H3.8X10°°,

mE 4 Fis . BEEY 3 W& —AH ik Ay /iR
S RE S U U ) B bR R A A
SO T > = 2R I g i A Ak 1 0 Il ) o7
C1.01.C2,02,C3,C4,Si1.CI1 & 48 8 57 7 19 ok
VA . C3-C4 AEEK R 0,134 3(11) nm,iX
2 SR (9 i B AR B . R UM R T Os1-C3-C4
(B f S 130, 2 (6)°, C3-C4-Sil 14 &t /1 K
126. 3(7)°, 33 4 347 Shy B 700 i fse XOUBRE 6 £

B4 BAMIH X FEERITHEN
(CCDC-2058303)
Fig.4 Single-crystal X-ray diffraction structure

of complex 3 (CCDC-2058303)
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Fig. 5 Possible mechanism for the formation of

complex 3
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A A R A 22 5 A5 8 T PR o8 A R TR Y
Wams5E 6. BEW1EH 2 5 &M
[Cp,Fe ] [BF, ] /H,O % & F ] & 4 I jvi » 15 5
W RGO AR A R 1TV S A
1 [ Cp.Fe ] [BF, " /H,O % J I BE /K b Ky
1 1B AEE MRS RN 15 h, 75 21 34 2% (0 &
=) 5, 72 RN 73 %, X S LR B R AT S A% g AL
R TN o R RSB E TR 4 R S IS

PPh;
2.5 eq [Cp,Fe]'[BF,]/H,0 OC\Olg/H BF:

4

PP, N %, 13h Phep” | IOHQ
PP
oc | _H FRERTT% i
S N h Ph BF;
Ph,P I\TMS ph,pPR Ph BF;
PPh; 1 eq [Cp,Fe] [BF,]/H,0 H\(|)+/P
1 ' 5
A, EiR, 15h OC/| \\/
FEERT3% PhyP
5
W6 ®eail5Cp.Fel [BF,] / HO 8K

Fig. 6 Reaction of complex 1 with [Cp,Fe]" [BF, ]/ H,O

TER A 4 19 H NMR % & d,6=2. 92 &b
BB I JE A OsOH, MEAfE 5. OsH WEES
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TEO=—6.99 &b, dt 241, 72 P{'H} NMR
TR =15 12 &b i W 3 04 Ay il 1) 79 A fb 2 20
B = R EEREEE B B 5 5. 0=2. 81 Ab iy =
UG Ry Ab T IR TE S TR R 3 I R A B B A

FERAY 5 ' H NMR %K d, OsH (155
TE 0= —4.58 At 1E Ry dt. OsCH MIf5 516 6=
44240, 6=12.57 M 2. 40 W WE S HE T
OsCH,  ABIE I, H 5 OsCH 15 5 1 1 1
SYEB R 2 s 1L 7EY P H) NMR i, 0=
11. 25 b 1 = 8 04 Dy 35 A0 #00 Ah R PR — R 5 Jig Bk
A (5 5 . 0=8. 33 Ml —5. 73 AL B B4 dd 25
g Ay e JE - Jh 1) TR A = 2R L IR L P L B A

BCAY 4 15 B fb A B B Bs 5% 48 2 K W
b 223 fie 208 BV R 4R vk R T b A B T R
T IR R A AR SR FERCE Y 4
X PR 2 AT S R (B 7 R KU T = Rk
PRI PifT BN BE, . TS A B A A T
0 Dl g 7 R R A = RS IR SR A R A — e R
FE L, P1-Os1-P3 A9 88 /o 159. 93 (13)°, f
B 180°% 20°.

W7 el XHEELTHEN
(CCDC-2058304)
Fig. 7 Single-crystal X-ray diffraction structure
of complex 4 (CCDC-2058304)

K8 B THEA W 4 T RS A= WL BE. 15 %%
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[Cp,Fe " [BF, ]~ & bk rbc 2 +4 4 45 2 b )k
ABs S ol R AR R R BR . B L TMS—C=C"
M BF, ~ 4453 (] g it — 28 [ i 2 TMS—C=C—F
F B, , 5250 v ok X @ 7= ) i AT SRAE R 43 25 [
BF H, O iy O B 8o, 8 8 5E Y 4.
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1 4A
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ocC H 0C_ |, H
M g < MO N
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4 4B

B8 WA AT E KN IE
Fig. 8 Possible mechanism for the formation

of complex 4

FERC G 5 19 X I 2k 2R 5 407 5 45 0 (&L 9)
B S A S s O B AR T B — A
=R R AT 1) R PR A AL i A A A K D
] {7 B 1 P A = S B 3 A oh 52 B AR G O 1T
B R s ) A7 BELAE T o T A — 4 366 Tl ik A O A A
KR 2 . P1-Os1-P3 £ 24 146. 80 (10)°, LKL AL
AW A N 130 R ES 180°%Y 33°. C2-C3 KK
0. 141 4(14) nm, A TRl fe BB R s e SUEE 22 (1]
XEH THE BT L5 C2-C3 XU A Btk ~ 4
R A5 AR K Bl T

M9 BReHsWXFAERERTHEN
(CCDC-2058305)
Fig.9 Single-crystal X-ray diffraction structure
of complex 5 (CCDC-2058305)
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B 10 FA 45 e A R HLEE

Fig. 10 Possible mechanism for the formation of complex 5
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Study of reactivities of osmium alkynyl hydride complexes

BAI Tongtong, WANG Tongdao”

( Zhang Dayu School of Chemistry, Dalian University of Technology. Dalian 116024, China )

Abstract: Metal alkynyl hydride complexes are currently given considerable attention in
organometallic chemistry because of their unique structural characteristics of both metal alkynyl and
metal hydride frameworks. Herein, the reactivities of osmium alkynyl hydride complexes OsH (CO)
(C=CTMS) (PPh;); (1) and OsH(CO), (C=CTMS) (PPh;),(2) are studied. It is found that complex
1 can react with CO by substitution reaction to give the more stable complex 2. Treatment of complex
2 with Et;N ¢« HCI leads to the formation of osmium vinyl complex 3. Additionally, reactions of
complex 1 and [ Cp,Fe]” [BF, ] /H,O in different ratios solely generate complexes 4 and 5,
respectively. All the products are characterized by NMR spectroscopy, high-resolution mass
spectroscopy and single-crystal X-ray diffraction. A series of structural stable osmium complexes are

obtained through the above study of reactivities of osmium alkynyl hydride complexes.

Key words: osmium; metal alkynyl complex; metal hydride complex; reactivity





