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Cp*CoS,C,B,,H,, with Phosphorous Compounds
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Abstract: Half-sandwich 16e carborane compound Cp*CoS,C,BH,, reacts with diphenylmethylphosphine, phenyl-
dimethylphosphine and trimethylphosphine to afford addition compounds (Cp*CoS,C,B,H,,) (PPh,Me) (1),
(Cp*CoS,C,B,(H,y) (PPhMe,) (2) and (Cp*CoS,C,B,,H,,)(PMe;) (3), respectively. 1, 2 and 3 have been characterized
by IR, NMR, elemental analysis, mass spectrum and single-crystal X-ray diffraction analysis. The ultraviolet spectra
of compounds 1, 2 and 3 in acetonitrile showed two absorb bands, where the first bands were located at 321, 316
and 321 nm, respectively, and the second bands were located at 425, 399 and 407 nm, respectively. The fluores-

cence spectrum results of compounds 1, 2 and 3 exhibited maximum emission peaks at about 406 nm. CCDC:

2056803, 1; 2056804, 2; 2056805, 3.
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PEE M . R R T AR A (T ik
Tk T U 000k ) B S A (U ) T L 1
Wi THE 2% . 1E T 341 (2.0 mol - L™ in cyclohexane,
Aldrich) B 2 ff 1 . Cp*CoS,C,BH,, 2 IR 5 X
BRUSE B A B AR R AR MERY Schlenk A o A
JH Bruker SMART Apex I Y X B 2R B AT B AR
B BE . SR FH Thermo Fisher Scientific Jii 3% 1Y iF
F3 IR %MK, Nicolet 6700 %I FTTR £1 M i A I 52
£1AMG1E , Purkinje TU-1901 848 483 66 EE - &
LEAHNA] WL (UV-Vis) i , F-7000 K75 56 e 3 A
12 UEWI-3HERK

TE SRS R 3 Cp*CoS,C,B,,H,4(80.1 mg, 0.2
mmol) A1 7% 3 FH FL % (100.1 mg, 0.5 mmol) fill A %]
20 mL S H e, IR 10 he 2 5 804l 2%
VML= 428 200~300 H REREEZ M 438, Bei ]
KA/ CH,CL2: 1, VIV) 458759 1. 7292 .3
T LA AT 5] (Scheme 1),

1: 72 % . 95%(114.2 mg). ¥ 15 : 298 °C (43 fi#).
'H NMR(CDCL,): 8 7.54~7.36(m, 10H, Ph-H), 2.05(s,
3HCH,),1.60(s, 15H, Cp*), “C NMR(CDCL,):8 133.27
(Ph-CH),130.50(Ph-C),128.22(Ph-CH),128.13(Ph-CH),
94.51(Cp*-C,,,),92.09(carborane - C), 77.20(carborane -
C), 10.42(Cp* - CH,), 9.95(CH;). "B NMR(CDCL,): &
-1.64(4B),-4.52(3B),-7.58(3B). ESI-MS(positive mode,
CH,CL/CH,0H,5: 1,V/V):m/z=639.18[C.;H ;B ,CoS,PK] "
IR(KBr,em™):2 572(B—H), JGE 43114 C,sHygB (CoPS,
THAE(%): C,49.98;H,6.38. SLIMME (%): C,50.02;
H,6.35,

2: 753 . 96%(103.4 mg). 4 s - 285 C(4 i)
'H NMR(CDCL,): 8 7.54~7.39(m, 5H, Ph-H), 1.71(s,

Ph.p

Tz(jb» No reaction

Scheme 1 Synthesis of 1~3
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3H,CH,),1.68(s,3H, CH,), 1.60(s, 15H,Cp*), “C NMR
(CDCl,): 6 134.64(Ph-CH), 130.58(Ph-C), 130.45(Ph-
CH), 128.52(Ph-CH), 96.97(Cp*-C,,,), 95.04(carborane
- C), 77.20(carborane - C), 16.49(CH,), 16.13(CH,), 9.65
(Cp*-CH;)s "B NMR(CDCI,): 6 —-1.78(3B),-5.36(3B),
=7.20(4B). ESI-MS(positive mode , CH,Cl,/CH,0H, 5:
1, VIV):m/z=577.19[C,,H,(B,,CoS,PK]* s TR(KBr,cm™):
2 579(B—H). 7T & 43 H1 #% C,H,B,,CoS,P 11 5 {H
(%):C,44.60; H,6.74. SZME(%): C,44.55;H,6.78

3: /7% :97%(94.5 mg). M1 :270 C(HHf#). 'H
NMR(CDCI,): 6 1.60(s, 15H, Cp*), 1.51(s, 3H, CH,),
1.50(s,3H, CH,), 1.49(s, 3H, CH,), "“C NMR(CDCI,):
0 97.04(Cp*-C,,,),95.08(carborane-C), 92.05(carborane
-(), 16.65(CH,), 10.01(Cp*-CH,), "B NMR(CDCL,):5
-1.69(2B), -5.56(4B), -9.02(4B), ESI - MS(negative
mode, CH,OH): m/z=585.06[C,;H,,B,,CoS,P+DMSO+
CH,0]". IR(KBr,em™):2 573(B—H). JC & 4> Mr &

C,sH,,B,,CoS,P i 1H (%): C,37.80; H,7.19, SZ{H
(%):C,37.75;H,7.16.,
1.3 REERNE

A3 ) 3 B /N R SE A 0.20 mmx0.15 mmx0.12
mm (1), 0.20 mmx0.15 mmX0.12 mm (2), 0.20 mmX
0.18 mmx0.12 mm (3) [ H. /i , & T Bruker SMART
Apex [T A X 542 20 S AT SN B BEATAT SR 52 56, 405
TE 222(2).296(2) F1 296(2) K '~ , FH 1 5 P (5 1k 1)
Mo Ka(A=0.071 073 nm)$f £k , R H w-20 1415 75 ik
LTS B o A G ECHE A SAINT 2 /3 47 318 i A
P, FH SADABS R 7 AT SR 1E . 2B s 28 Lp
F F WAL IE , ] SHELXS-97"IE 17 {14 445 b fi
Br,  SHELXL-97 AT 45 #0K5 18 . ke 1.2H13
(A 5 fb VA 2 B0 1 DL 3% 1, 3840 B K R A B di
T2,

CCDC:2056803,1;2056804,2;2056805,3.
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Table 1 Crystal and structure refinement data for compounds 1~3

Compound

1

2

3

Chemical formula
Formula weight
Crystal system
Space group
a/nm

b/ nm

¢/nm

/()

B/

v/ ()

V/nm?

A

D,/ (gcm™)
w/ mm™!

F(000)

0 range / (°)

Reflection collected
Independent reflection
Reflection observed [/>20(])]
Data, restraint, parameter
GOF

Ry, wR, [I>20(])]

R,, wR, (all data)

Largest peak and hole / (e*nm™?)

C,H,,0B,,CoPS,
632.75

Triclinic

Pl

1.018 96(4
1.180 51(5
1.372 54(6)
92.568 0(10)
100.636 0(10)
99.491 0(10)
1.595 61(12)

2

1.250

4.072

624

6.27~53.95
15108

5662

5463
5662,0,374
1.055

0.044 3,0.121 9
0.0453,0.123 1
767, -946

)
)

CyoH;6B,,CoPS,
538.61

Cy5Hy B CoPS,
476.54

Orthorhombic Triclinic

Pna2, P1

1.619 26(13) 1.190 51(3)

0.874 67(7) 1.506 92(5)

1.980 32(17) 1.532 68(4)
71.581(2)
81.627(2)
72.182(2)

2.804 8(4) 2.479 99(13)

4 2

1.276 1.276

0.828 0.926

1120 992

2.515~27.202 3.659~28.48

23 948 37 669

6432 11831

5779 9515

6432, 1,315 11831,0,539

1.032 1.022

0.0308,0.074 8
0.036 3,0.077 6
424, -202

0.0407,0.092 5
0.055 6, 0.100 3
430, 457
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Table 2 Selected bond lengths (nm) and bond angles (°) for compounds 1~3
1
c1—C2 0.165 7(3) C1—S1 0.178 9(2) C2—S2 0.178 5(2)
S1—Col 0.225 91(6) S2—Col 0.224 62(6) P1—Col 0.222 25(6)
P1—C3 0.1823(2) P1—C9 0.1823(2) P1—CI5 0.182 0(2)
C1—C2—S2 116.53(14) C2—C1—S1 116.85(14) C1—S1—Col 104.36(7)
C2—S2—Col 104.78(7) S1—Col—S2 92.81(2) S1—Col—P1 86.50(2)
$2—Col—P1 93.74(2) Col—P1—C3 120.11(7) Col—P1—C9 116.45(8)
Col—P1—C15 111.56(9)
2
C1—C2 0.166 6(5) C1—S1 0.179 1(4) 2—S2 0.178 6(3)
S1—Col 0.226 56(9) S2—Col 0.225 84(9) P1—Col 0.221 80(9)
PI—C3 0.183 7(4) PI—C9 0.180 9(4) PI—C10 0.182 3(4)
C1—C2—S82 116.4(2) C2—C1—Sl1 116.2(2) C1—S1——Col 104.40(12)
2—S2—Col 104.67(11) S1—Col—S2 91.90(3) S1—Col—P1 90.70(4)
S2—Col—P1 91.30(3) Col—P1—C3 116.29(12) Col—P1—C9 117.55(13)
Col—P1—C10 114.73(14)
3
c1—C2 0.165 4(3) C1—S1 0.178 6(2) C2—S2 0.178 8(2)
S1—Col 0.224 72(6) S2—Col 0.224 45(6) P1—Col 0.219 89(7)
P1—CI13 0.182 0(3) P1—Cl4 0.181 8(3) P1—CI5 0.1811(2)
C1—C2—S2 116.11(13) C2—C1—S1 116.41(13) C1—S1—Col 104.05(7)
C2—S2—Col 103.94(7) S1—Col—S2 92.18(2) S1—Col—P1 89.71(3)
$2—Col—P1 89.36(3) Col—P1—CI13 114.15(12) Col—P1—Cl14 114.88(11)
Col—P1—C15 118.16(9)
2 ZEBRE5{Fip it 'H NMR Es o, feop (08 O 7.54~7.36 B 22
W 2 2 IR IR B 104> AU 7 B WO, A e i k8
2.1 UEWMHEN ”

A 1-3 22 et 16 L T RR I etk &4
Cp*CoS,C,B,H o 73 51 F1 — 2 36 B L file R 56 — FR 3k
Bt R = HH R Jle A i R B P . MR B 1Y
S E(E )T LAE 5 48 oo B o
)4t B BC AR & Cp* &M, €1.C2.S1.S2 Fl Col LA
JEFH N T —AHoeih, T ORI Lo T
H B 5T 5 J50RE Cp*CoS,C,B o H, o 731 F 4t 85 1
Befr , S 80% HITHA AT — 1, LLST---S2 28
AL I SR 159.5° t TR R TRt — X H
RGBT EL BB TAZ MR ANZ B T EGA R 184
MR FA 2 45 . P—Co K My 0.222 25(6) nm, J&
FIEH 1) P—Co B B ™, 19 6385 A 2 A
IREHE R A RS A — 8. B, AR

A1
Fig.1

AP TRIREER LA 30% 1953145 K4 121

Molecular structure of compound 1 with thermal

ellipsoids at 30% probability level
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T A L et 16 HL T RRIIBE L G4 Cp*CoS,C,B, H, 5 5 B A4 1 S i 1379

2.05 [ PP 2 5l T R 2 110 PR G IR A 0 | 2 o7
B H 1.60 fY LI JE: Cp* 2R 1 (1) 54~ I 3L i g . 55
A VRRR TS B B TR T FZL Ak A R
TEECIE 5 1SS R AT & o

et 16 HL i B Be 4k 5 ) Cp*CoS,C,B, H,,
R I — W IR % A I al e N AR 2 7 20 2 895
TFE5 5 1 F A5 25 L(E 2), Rl TR —
R R N 0 S Kl o R VAN (7 e R
C1.C2.S1.S2 Fl Col AN F LB HITHA A & —
AT, DA ST---S2 2 2% H 1 T AR R 156.0°, 211
ST AN S A IR B A B AR S R — . i,
W w4z S0 'H NMR £l BoR , b2 08 o0 1.71
F11.68 1 HLUG J2: 5 9l I FH 32 119 2 4 P S I i i
FE2ET 7 R 1.60 B B Cp* 3R - 5 4~ FE L 0
W, [R)RE, 2 BT B B TR A LA
TSR ARG 2 AT

K2 a2 mhER LA 30% 12525 F

Fig.2 Molecular structure of compound 2 with thermal

ellipsoids at 30% probability level

&M 3 22k e 16 M T aR Il ket & W
Cp*CoS,C,B,H,, 1 = I B JBf & A= Jin w5 g 1 7= 40
Hor 25N 3 i . 3BRTE IS s ook
Sy AT RT3 45 R AEEHE 5 3 19 25 44 AR AR A7
G o BATHERRZH ki 3n, K™Y 378
A T B S AR W 3 R R Cp*CoS,C,B  H, il =
FH R g 3 U I e e et 3 1 il A AR A . X R
TG WA AT 2 AT AT B Al 2302 08 43 1 1
PUAETRATT AR ) TAE ot i 30 557 1R 2 78 F A
JEMT AT AR AN 2200 i

52000 16 HL Tl ke 1k & ) CpCoS,C,B, H,,
LA, Cp#CoS,C,B oH Sl B BC A Cp* o Cp* ¥ LY 5
A K T B B AR B AR R 3 3 Cp*CoS,C,B,H,,
f S BEPE R B o 19140 CpCoS,C,B o, 5 PPhy R A

K3 (a3 mthER LA N 30% 17525 F ]

Fig.3 Molecular structure of compound 3 with thermal

ellipsoids at 30% probability level

B 9 (CpCoS,C,B  H,o) (PPhy), 1fi Cp*CoS,C,B, H,, 5
PPh AN [z i, 4% PPh, 4 5 4 B 8 /N () PPh,Me |
PPhMe, Fl PMe;, [ W S REI A A A o 36 SE 50 g5 45 21
HE— 2518 B T Jl B A AR R L e N 1 R A
[ B FR AT T3 2 B — A R I, w274 1 R0
e A PMe, £ G BE IR A 3850 =0 10 TP i)
B {4 PPh,Me 23 1% 15 9 1A FURE /)N (9 P AR PMee, BT
B AR SRy 7 ) 35 AE 2 ) 3 FEL A PPh,Me #£ 54
HEIR A AR R IA 14 8.
2.2 ESMATIAIE S AT K

LAY 1.2 F1 375 LA (10 pmol - L)Y UV -
Vis OB an 1 4 firs , OGS E S i . i
UV-Vis JEIERT 1, A6 A 90 1.2 F 376 05 24 3t
T2 W B — A IR W 43 AN T 321,316 Fl
321 nmj; 55 AR 73 5167 T 425 399 F1407 nm,
v AR AN T R 1R R M 0 X 1 A A 4 v AR
FI - H T BRAE, 1 I 08 IR AL X 10 43 P L A

0.14

1
0.124

o o

o =

% o
7

o
=
=N

(=]
=3
K
L 1
?N

Absorbance

0.02
0.00 T T T i
315 350 385 420 455 490
A /nm

K4 Y 1~389 UV-Vis IIBOLTHE
Fig.4 UV-Vis absorption spectra of compounds 1~3
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200
2
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Fig.5 Fluorescence spectra of compounds 1~3
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