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Abstract: The three-component reactions of the 16 electron half-sandwich complex CpCo (S,C.BoHp) (Cp: cy-
clopentadienyl) with ethyl diazoacetate (EDA) and terminal allenes at ambient temperature lead to compounds 1
and 2. In 1 and 2, one EDA and one allene are inserted into Co-B bonds in a head-to-head mode making the hy-
drogen atom of the B (3)-H bond transform into the middle carbon of allene. One EDA molecule is also inserted
into a Co-S bond to form a sulfide ylide. The new compounds 1 and 2 were characterized by NMR (*H, "B, "“C),
mass spectra, IR spectroscopy and elemental analysis, and their solid-state structures were further characterized

by X-ray structural analysis. CCDC: 1517498, 1; 1517499, 2.
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N ZR 1 16e fbE W) CpCo (S,.C.BH,) TS5 R
o7, T 87 b 45 4 3 85 1) i A o 4 TR B MLAL B, L
J it BB G B-H TG AL Co-B BB AL . BN ST
I B Co-S . Co-B 2 [] A4 A 2N %5 45 83 14 1k
SRS BORAE N A 12- 2 E iR kA
W) AL SRR T b S B AT — o iR | (H P 2
I AELE B BAR IR B 7 B, BLA] DUE S 254
EHGIA 4 ASAS [ (1 U A I 4 S R 7 it AT
i FC S B 5 A AT AR S FRATTRT 166 428
AHALE Y CpCo(S,CoBioH )5 A LR LT Ik M
) = JC RN AR RIEATHEGY, HORBRME 5 PR A% R
AR Z R SN PE 22 5 FERFFEAS [R) BRI A8 A
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1.1 KA 58

I 16e fE T CpCo (S,CByH ) % i SC
kUSSR LR £ TR i HE SRS G T
M2 L TG R A R A R SCHR 5 i

R A BT 4 s N (A T 2Tk R
DU Ik g ) ok A (S ) T AT AT
FAE AT R AR UHE Schlenk AR | IR
(BOC %% Ar) <5 F#EAT,

JLHE C.H & & W E 7E Perkin-Elmer 240C Fl
elementar vario EL M JCZE - #AL L #E4T . i El-
MS i Micromass GC-TOF(70 eV)JSi i A & |, %
HHRIE B Bruker AM-500 A% % 4R AL (500 MHz)

W 2050 6 1% (IR) L & KBr & i 7k, K H
Vector-22 Bruker % £ 4} 63 4 (400~4 000 cm™) il
SE WL Z5FY B Bruker SMART Apex I 7! X G4k
A AT A E
1.2 LEWM1IHWER

P S A B TR £ (112 mg, 1 mmol) LA K 16e 1t
AW CpCo(S,CaB1oH 10)(66.0 mg, 0.2 mmol) ) — 54 H ¢
W H 218 °C, RIEmA & E A LR B
(0.1 mL, 1 mmol), B HE 2 h, S W0 €5 He 2T 45,
AR N SRS I8 AR s TR REI
FEZ T4 B, A k) 2 TR TR B TR B T 390 A M e it
3 B AT B A R 1 1), 77 % .48%(58.9
mg), A .162 C(4 %), "H NMR (CDCLy): & 1.33 (t,
3H, J=7.0 Hz, CH;), 1.38 (1, 3H, J=7.0 Hz, CH;), 1.43
(t, 3H, J=7.0 Hz, CHy), 2.84 (d, 1H, J=16 Hz; 0=C-
CH,), 3.92 (d, 1H, J=16 Hz; 0=C-CH,), 4.00 (d, 1H, J=
16 Hz; S-CH,), 4.07 (d, 1H, J=16 Hz; S-CH,), 4.02 (d,
1H, J=12 Hz; 0=C-CH-Co), 4.20 (m, 1H, O-CH,), 4.32
(m, 4H, 2 0-CH,), 4.40 (m, 1H, O-CH,), 4.98 (s, 5H,
Cp), 6.22 (d, 1H, J=12 Hz; CH-Co); "B {'H} NMR: 6 6.8
(1B), 4.8 (1B), 2.4 (1B), 0.2 (1B), -4.6 (3B), 6.8 (1B),
-8.8 (1B), —11.0 (1B). *C NMR (CDCly): & 14.0, 14.1,
14.5 (CH5), 39.6 (S-CH,), 48.8 (0 =C-CH,), 58.5 (Co-
CH-C=0), 61.3, 61.4, 62.3 (0-CH,), 74.2 (br, B-C-Co),
88.1 (Cp), 90.3, 106.2 (carborane), 100.7 (Co-CH),
167.9, 168.0, 175.4 (C=0); MS (70 eV): m/z 614.1 (M",
7%); IR (KBr, em™): 1702, 1731 (C=0), 2 568 (B-H).,
TR IIHTHE CyHisB1oCoOS, THAAA (%):C, 41.03; H,
5.74, SEDME (%) C, 40.69; H, 5.61,

EtO,C. :
g Co’S\ ©o ~s CO,Et
! /C + =C=\+ N, =\COT> I S—/
\C’//\ R ; B/C'
B \§ @
R

Molar ratio=1:1:2 FRopn

M1 a2 e

Fig.1 Synthesis of 1 and 2

1.3 HEW2HER

BAER B, RPN E A LR LTR©0.1 mL, 1
mmol), FKM HE K (116 mg, 1 mmol) F1 16e 1L & ¥
CpCo(S,C:B1H ) (66.0 mg, 0.2 mmol), 73 &5 15 2| £ {4
G 2(E 1), 7% 62%(76.6 mg), %171 C(4F

fi#), 'H NMR(CDCL): 8 1.40 (t, 3H, J=7.0 Hz, CH,),
145 (, 3H, J=7.0 Hz, CH,), 345 (d, 1H, J=16 Hz
Ph-CH,), 4.17 (d, 1H, J=16 Hz Ph-CH,), 4.03 (d, 1H,
J=15 Hz; S-CHy), 4.12 (d, 1H, J=15 Hz; S-CH,), 4.01
(d, 1H, J=12 Hz; 0=C-CH-Co), 435 (m, 3H, 2 O-
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CH,), 4.41 (m, 1H, 0-CH,), 4.40 (m, 1H, 0-CH,), 4.99
(s, SH, Cp), 6.27 (d, 1H, J=12 Hz; CH-Co), 7.28 (1,
1H, Ph), 7.34 (t, 2H, Ph), 7.47 (d, 2H, Ph); "B {'H}
NMR: & 5.2 (1B), 3.2 (1B), -0.8 (I1B), =7.1 (5B), -
11.5 (2B). ®C NMR (CDCly): & 14.1, 14.5 (CH;), 39.6
(S-CH,), 49.8 (Ph-CH,), 57.1 (Co-CH-C=0), 61.2, 62.3
(0-CH,), 84.4 (br, B-C-Co), 88.0 (Cp), 91.3, 106.9
(carborane), 98.1 (Co-CH), 126.2, 128.3, 128.5, 141.0
(Ph), 167.9, 175.8 (C=0); MS (70 eV): m/z 618.4 (M*,
21%); IR (KBr,em™): 1 701, 1 730 (C=0), 2 580 (B-H).,
TCE AT HE CouHysBoCo0,S, THHE (%): C, 46.59; H,
5.70, DA (%) C, 46.32; H, 5.58,

14 SRIEEHRNE

BE B /N R SE 43 318 0.32 mmx0.26 mmx0.24
mm (1)F1 0.28 mmx0.24 mmx0.22 mm(2) 5.5 & T
Bruker SMART Apex II A X S £ 5 @ AT 504X | H]
A BRI Mo Ka 14k (1=0.071 073 nm) Mt
I, 53 3IHE 273 293 K T, R H w-20 £33 7 il
T S 85t o AT S 504 B SAINT 2 )7 #1734 i ik
FECY ] SADABS &7 AT MRS IER S AR S5 48 i
Bk SHELXS-97, Z5 ¥4k 18 R H] SHELXL-9724,
HEMCRAREEIRY TR 1,

CCDC:1517498,1;1517499,2,

®1 AW 12K REMERFIEHE

Table 1 Crystal data and structure refinement for complexes 1 and 2

1 2
Chemical formula CH35B1¢Co06S, C»H35B16Co0.S,
Formula weight 614.64 618.67
Crystal system Monoclinic Orthorhombic
Space group P2)/c Pbca
a /nm 1.142 72(9) 1.961 54(14)
b/ nm 1.871 39(15) 1.522 46(11)
¢/ nm 1.487 88(12) 2.054 62(15)
B/(° 109.956 0(10)
V / nm® 2.990 7(4) 6.135 8(8)
A 4 8
D./ (g cm™) 1.365 1.339
Absorption coefficient / mm™ 0.749 0.726
F(000) 1272 2 560
0 range / (°) 1.82~26.00 1.96~26.00

Reflns collected
Indep. reflns

Reflns obs. [I>20(1)]
Data, restr., paras
GOF

Ry, wR, [I520(1))
R, wR, (all data)

16 265(R;,=0.070 7)
5 865

3229

5 865, 13, 364
0.935

0.045 0, 0.056 6
0.092 5, 0.061 2

31 993(R;,=0.063 9)
6 035

3908

6 035, 0, 372

1.031

0.047 5, 0.104 4
0.077 7, 0.113 9

Largest peak and hole /(e*nm™) 336, -369

461,-564

2 HEYIF2NEIERKOm)FER(C)
Table 2 Selected bond lengths (nm) and bond angles (°) for the complexes 1 and 2

Co(1)-C(3) 0.216 5(3) Co(1)-C(4)
C3)-C@) 0.141 9(4) CA)-C(5)
Co(1)-8(2) 0.2273 3(8) Co(1)-Cp

0.200 6(3) Co(1)-C(5) 0.206 6(3)
0.139 0(4) C(1)-C2) 0.179 6(4)
0.168 8(1)




490 /TR I R A= SR S 1 %33 %
Continued Table 2

C(2)-5(2)-Co(1) 104.37(9) C(3)-C(4)-Co(1) 76.30(17) C(4)-C(5)-Co(1) 67.75(17)

C(3)-Co(1)-S(2) 92.51(8) C(4)-C(3)-Co(1) 64.17(15) C(4)-Co(1)-C(5) 39.87(10)

C(4)-Co(1)-C(3) 39.54(10) C(5)-Co(1)-C(3) 72.53(11) C(5)-C(4)-Co(1) 72.38(16)
Co(1)-C(3) 0.220 6(3) Co(1)-C(4) 0.199 9(3) Co(1)-C(5) 0.206 7(3)
C(3)-C(4) 0.141 7(4) C4)-C(5) 0.140 0(4) C(1)-C(2) 0.181 8(4)
Co(1)-8(2) 0.226 38(8) Co(1)-Cp 0.169 4(2)

C(2)-8(2)-Co(1) 104.77(10) C(3)-C(4)-Co(1) 78.40(16) C(4)-C(5)-Co(1) 67.28(15)

C(5)-C(4)-C(3) 1263(2) C(4)-C(3)-Co(1) 62.60(15) C(4)-Co(1)-C(5) 40.23(10)

C(4)-Co(1)-C(3) 38.99(10) C(5)-Co(1)-C(3) 71.97(11) C(5)-C(4)-Co(1) 72.49(17)

2 HR5WR

21 &EWI1M2HWEHRE

¥ 16e LG CpCoS,C,B o H o 5 HH N BRI 1 —
AL MR ZE-18 °C, RIFIMAER LR
W R BDRA I 2 h ZER 2 FEIGE LS Y
T ARRLY R AR B G 1 F2(F 1), =
an RS A TN 2 7, O B A RN B £ Bdi 91 Tk
2, WS> A5 ERT LLE  TEIZ &Y
Mesth, —TERLKRLEES — 0 T TE
Co-B #Z 0] K A MBI RN, Ak -3k Ty 2 34 42 il
(C(4)-C(5)), #EK4351°4 0.139 0.0.140 0 nm,, fRilkE
I B@)/(6)1: &4 B-H B Ak S i, I BB 1 5 B¢
I AL T TP R B Bk S I L B-C 8 (C(3)-B(3)), #E K
5392 0.158 2.0.157 6 nm, 0 Co JRFFIHE L
i £, Tk ity Sl D7 - LA B DR A g ik 1) 2 A S A
B B2 AL Co(1)-C@)BB S E— R =88

4 I (Co(1)C(4)C(5).Co(1)C(3)C(4)),2 A F- T Z [A] 1y
RIS 5 BR 44.4° 45.7° L ENE TS C3).
B(3).C(2).SQ2) st T JL-F-4b T [5] —F- 1, e - i 4 g
225357 0.000 95.0.001 29 nm, LA EFH] Cp
IR ES 73508 0.168 8.0.169 4 nm , 454 i A= 1
) = 0 42 & 4 1 (Co(1)C(3)C(4)) 5 It &2 8 22 R (Co
(CB)BB)CQ)SQ) AL 1 4> Co(1)-C(3) %k 2 4~ Fifi
Z [a] i T A 2 £ 43 3 R 60.1°.59.8°, S Ah, i A
— O FHEALRBES 5N, TE Co(1)-S(1)5 Wr 24
Ji 5 B i A 3 T U ST A

FAT I 38 5 4w IR XA A W R R AT T R
fiE, R 'H-PC - ZEA% MG LR 52 30 X iz Ak &
IrFEER AT TIRAETRIN . 7E 'H NMR B g 343
ElH, 0=C-CH-Co & R I R k24107055 4.02 BT )
AU (J=12 Hz) .CH-Co MR B Iy L% 6.20 Kt
T AL (J=12 Haz), & % BN J=16 Hz (19 XLy
S-CH, JEHI I RFIEIE | #E PC NMR BZREEE h fh 2

2 a1 2 BRERILAR 30%0 1 4k K
Fig.2 Molecular structures of complex 1 and 2 with 30% probability ellipsoids
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TE 74.2 84.4 ALY eI B-C-Co AT AR I+ 1Y KR E
I | 0=C-CH-Co % F1 85 5 F (1 1k 2% 15 % 4 51k
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T BE SR FRATT e B FEIZ N A R v B ARk
FEHL Y — 5 1 SR A AL
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TR Z v FRATWFSE T A [R) 45 b 24 50 46 i o) 166 445 2 17
FRPE R SE MR 38 2T S8 TR AT 2 B AR SR LR 7
ZRMNERITAS S RN, REREACROEYS

£ R, R,
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4 g

EtO, c—< N, /CO,Et
z S S
CO,Et

L

16e fL A %) CpCo(SyCaB1oH 1) — TT 14 F S (1 7= 10
ik 3 48 3), FRIFE SO R R BRI
b6 B4 BN 19 P A7 725 )AL BEL A8 5% T
2.3 FIHERI R LA ER

FEXTHIE 166 tb AW DL K A LR TR — 0t
SRR AT LAl 1| I AR R S0 SR | FRAT)
P TR RN AR & ARG PR R AT R B ML,
B\, —/ T EDA i AZ]—1 Co-S B Z A1 4= ik
1, A EARR TSI g H ity
TRAEN FEARG Y T, 48 o BE 6% 5 T hi B A
AR e 1 ) B-H 86 A0 1T 28 B b B4 OT , 75 v
AT — 2071 EDA i A 2 55—~ Co-S 4, fili
Co-S 5 & A5 Wr 41 B i i S 48 J3 4, & Ja ol
SR A TE B Co-B B ) R Y R B 1L A
Y A3 Co-B #EZ [RDE W KTV iz 2K B 4
LS A R S e A R A 1 f 2, 52
T TR = 0K 2 SO SIS0 R B
E 0 1) 25 ) A5 BEL 280 52 e T B 4 A =X, et
Ji - 5 R G W A v b ) Bl DA

PEt &H com
/0 COEt CO\(

Co E0C— 8

+

3 4

¢: R=PhCH,, R,~CO,Et, R,=R =H; d: R,=CH,CHCH,, R,=CO,Et, R=R ~H
e: R=R,=H, R,=CO,Et, R,=Ph; f: R =PhCH,, R =CO,Et, R =H, R =Ph;

g R=R,=CH, R=PhCH,, R,=COEt
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Fig.3 Reactivity of multi-substituted allenes
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