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Abstract 

Reactions of H2Os3(CO)10 with the diyne ligand HOCH2C2C2CH2OH and its dicobalthexacarbonyl derivatives 
{C02(CO)6}(t~2,*12-HOCH2C2C2CH2OH) and {C02(CO)6}2(~2,r/z:p.2,r/Z-HOCH2CzCzCHzOH) have been studied. The 
reaction of the uncomplexed ligand yields the cluster (/z-H)Os3(CO)a0(P,2, r/3-6-CH=CH-C=t~-C-CH3 ) with the completely 
rearranged starting ligand. The structure of this compound was determined by a single-crystal X-ray study. The rearranged ligand 
forms a pseudo-furan ring with the C-CH 3 substituent in the a-position. The reactions of H2Os3(CO)lo with the both 
dicobalthexacarbonyl derivatives yield the (p.-HXg-OH)Os3(CO)lo cluster as the main osmium-containing product. The structure 
of this compound was also established by a single-crystal X-ray study. 

Keywords: Osmium; Cobalt 

1. Introduction 

Reactions of alkynes with tr iosmium clusters have 
been widely studied over the last two decades [1-3]. It 
was found that the presence of a terminal hydrogen or 
C H 2 O H  groups in the molecule of  the parent  alkyne 
makes possible a profound rear rangement  of the lig- 
and, including hydride transfer  to the ligand with its 
subsequent dehydration [2,3] and cyclization with the 
formation of oxygen-containing " C 4 0 "  ring [3]. These 
rearrangements  take place under  heating ( >  96°C) of 
the initially formed clusters with the conventional (/z3, 
r/2) coordination of  alkyne. Reactions of  diynes 
(RC2CzR)  with the labile Os3(CO)10(NCMe) cluster 
[4] afford in the first stage (room temperature)  the (/~3, 
7 2) coordination of the ligand via one triple bond and 
subsequent thermolysis of the obtained compound 
yields (P-3, .q3) coordination (R = Et) or C - C  bond 
rupture (R = Ph, tBu, SiMe3). In the present  paper  we 
report  the study of H2Os3(CO)10 reactions with 
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H O C H 2 C 2 C 2 C H 2 O H  and its {Co2(CO)6 } derivatives 
under  mild conditions. 

2. Experimental 

H20s3(CO)I0 was prepared  according to the pub- 
lished procedure [5]. Commercial-grade dicobaltoc- 
tacarbonyl and 2,4-hexadiyne-l,6-diol were used with- 
out additional purification. All solvents were dried 
over appropriate  reagents and distilled prior to use. All 
reactions were carried out under  dry argon. The N M R  
spectra were recorded on a Bruker AM 500 instrument 
and the IR  spectra on a Specord M80 spectrophotome- 
ter. Mass spectra were measured on a MX-1321 instru- 
ment  (electron impact, ionizing potential 70 eV). 

2.1. Reaction o f  H20s3(C0)1o (I) with 2,4-hexadiyne- 
1,6-diol (11) 

The cluster I (60 mg, 0.070 mmol) and the ligand II, 
were dissolved in 10 ml of dichloromethane.  A TLC 
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spot  test  showed the  comple t i on  of  the  r eac t ion  within 
24 h. The  mixture  o b t a i n e d  was s e p a r a t e d  on a co lumn 
(8 × 2.5 cm i.d., si l ica 5 / 4 0 )  using hexane  as the  e luent .  
The  ma in  d a r k - r e d  b a n d  a f fo rded  63 mg (95%) of  the  
p r oduc t  H O s 3 ( C O ) 1 0 ( C 6 H 5 0 )  ( I I I )  as a b r igh t - r ed  
crysta l l ine  powder .  The  mass  spec t rum of  I I I  exhibits  
the  mo lecu l a r  ion ( m / z  947, Os 3 - 5 7 0 ) ,  consecut ive  
loss of  ten  C O  groups  and  the co r r e spond ing  doubly  
ion ized  ions. The  I R  and  I H N M R  spec t ra  a re  given in 
Tab le  1. 

2.2. Synthesis of {Co2(CO)6}(Iz2,~72-HOCH2C2C2 - 
CHeOH) and {C02(C0)6}2(~2,~7 2 : Ix2,~72-HOCH2 - 
C2C2CHeOH) complexes 

A die thyl  e the r  so lu t ion  of  the l igand I (0.75 g, 
6.8mmol,  50 ml)  and  Co2(CO)  8 (0.78 g, 2.3 mmol ,  20 
ml) were  mixed and  left  for  1 h. The  solvent  was then  
r e m oved  and  the  r e s idue  was dissolved in ch lo ro fo rm 
and t r ans f e r r ed  on to  a co lumn (20 × 2.5 cm i.d., silica 
40 /100) .  Sepa ra t i on  with h e x a n e - d i e t h y l  e the r  mix- 
tures  ( f rom 5 : 1  to 2:  1) gave the  fol lowing bands  in 
o r d e r  of  e lu t ion:  (1) r e d - b r o w n  band  of  {Co2(CO)~,} 2- 
(/z2,'q 2 : / z 2 , r / 2 - H O C H 2 C 2 C 2 C H 2 O H )  (V) (0.24 g, 
31%),  (2) red  b a n d  of  { C o 2 ( C O ) 6 } ( / z 2 , ' r / 2 - H O C H 2 C 2  - 

C 2 C H 2 O H )  (IV) (0.42 g, 46%).  
The  mass  spec t r a  of  c o m p o u n d s  IV and V exhibi t  

the  mo lecu l a r  ions ( m / z  396 and 682) and the corre-  
spond ing  loss of  six and  twelve C O  groups ,  respec-  
tively. The  I R  and 1H N M R  spect ra l  charac te r i s t i cs  of  
IV and V are  given in Tab le  1. 

2.3. Reaction of {Co2(CO)6}(tx2,~72-HOCH2C2C2 - 
CH2OH) (IV) with H20s3(C0)1o (I). 

A mixture  of  IV (93 rag, 0.24 mmol )  and  I (50 mg, 
0.058 mmol )  in 30 ml of  d i c h l o r o m e t h a n e  was a l lowed 
to s t and  for 4 days. The  p r ec ip i t a t e  f o rmed  was f i l t e red  
off, hexane  (40 ml)  was a d d e d  and  the vo lume of  the 
so lu t ion  was r e d u c e d  u n d e r  vacuum to 20 ml. The  

solut ion o b t a i n e d  was t r ans fe r r ed  on to  a co lumn (15 x 
2.5 cm i.d., silica 5 / 4 0 ) .  Se pa ra t i on  with h e x a n e - d i -  
ethyl e t h e r  mixtures  ( f rom 5 : 1 to 2 : 1) gave the follow- 
ing bands  in o r d e r  of  e lut ion:  (1) Os3(CO)12 (ca. 5 mg); 
(2) t race  amoun t  of  un iden t i f i ed  red  p roduc t ;  (3) 
(H) (OH)Os3(CO) t0  (VI) (13 mg, 26%); (4) t race  a m o u n t  
of  un iden t i f i ed  b lack  produc t ;  (5) IV (2 mg); (6) V (ca. 
25 mg). 

The  main  osmium-con ta in ing  p roduc t  (VI) was sepa-  
r a t ed  as a yel low crysta l l ine  p o w d e r  on evapora t ion  of  
the  solvent  f rom b a n d  3. The  mass  spec t rum of  VI 
exhibi ts  the  mo lecu l a r  ion ( m / z  868, Os 3 - 5 7 0 )  and 
consecut ive  loss of  ten  C O  groups.  The  I R  and IH 
N M R  spec t ra l  charac te r i s t i cs  of  VI are  given in Tab le  
1. 

2.4. Reaction of {C02(CO)6}2(Ix2,~72:tZe,~72-HOCI-I2 - 
C,CeCH2OH) (V) with H2Os3(CO)lo (I) 

A mixture  of  V (100 mg, 0.15 mmol )  and  I (50 mg, 
0.058 mmol)  in 20 ml of  d i c h l o r o m e t h a n e  was a l lowed 
to s tand  for 2 days in air. The  reac t ion  mixture  was 
then  f i l t e red  off  the  res idue  fo rmed  and the solut ion 
was r e d u c e d  in vo lume u n d e r  vacuum to ca. 10 ml and 
t r ans fe r r ed  on to a co lumn (12 × 2.5 cm i.d., silica 
5 / 4 0 ) .  Se pa ra t i on  with h e x a n e - d i e t h y l  e the r  mixtures  
( f rom 10 : 1 to 4 : 1) gave a yel low band  of  VI (34 mg, 
68%) and  u n r e a c t e d  V (45 mg). 

2.5. X-ray diffraction studies of I I I  and  VI 

X-ray  d i f f rac t ion  s tudies  of  the  single crystals  of  I I l  
and VI were  ca r r i ed  out  with four  circle d i f f rac tome-  
ters  (193 and 293 K, Syntex P21 and  S iemens  P 3 / P C ,  
Mo K a  rad ia t ion ,  g raph i t e  m o n o c h r o m a t o r ,  0 / 2 0  scan, 
20 < 60 ° for I I I  and  VI, respect ively) .  Crystals  of  I I I  
and  VI are  monocl inic ,  at 193 and  293 K: a = 9.170(6) 
and  7.379(2) ,~, b = 14.81(1) and  24.98(1) ,~, c = 
15.15(1) and  9.049(3) A,  fl_= 103.18(2) and  107.14(2) °, 
V =  2003(2) and 1594(1) V3A ~, dcalc = 3.133 and 3.612 g 

Table 1 
Spectroscopic data for compounds III-VI 

Compound IR, v CO (cm -I)  a IH NMR, 6 (ppm) ~ Mass spectra 

i i i  (a) 2104 m, 2082 w, 2060 s, (c) 7.97~ s (CH): m/z 947 (Os 3 - 570), 
2054~, 2036w, 2026~, 7.02, s, (CH) loss of 10 CO 
2010 w, 1994s, 1978 m 2.64. S (CH 3) 

- 15.01, s, (OsH) 
IV (b) 2100 m, 2064~, (d) 4.72, s, (CH 2 ) m/z 396. 

2038m,br 4.29, s, (CH 2) loss of 6 CO 
V (b) 2104 w, 2084 m, 2064 s, (d) 4.85, s. (2 CH 2) m/z 682. 

2030m.hr loss of 12 CO 
VI (a) 2112 w, 2072 S, 2062 m, (c) 0.21, s (OH) m/z 868 (Os 3 - 

2026~, 2002 m, 1996 w, - 12.59, s, (OsH) loss of 10 CO 
1990 m, 1984 w, 1958 w 

570), 

The IR and NMR spectra were recorded at ambient temperature in (a) hexane, (b) CHCI 3, (c) CDCI 3 and (d) CD3OD (in the last case the OH 
groups of the complexes exchange with the solvent and are not observed). 
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cm -3, Z = 4, space group P2~c and P2Jn for III and 
VI, respectively. The structures were solved by a direct 
method and refined in the anisotropic approximation 
(H atoms bound to carbons in II! were included in 
calculated positions and refined in the riding model  
approximation with the c o m m o n  variable Uis o = 0.05(5) 
A2; the bridging hydride atom was located in the differ- 
ence Fourier synthesis and taken into account as a 
fixed contribution in Fcatc; H atoms in VI were not 
taken into account). The absorption corrections were 
applied by the DIFABS method [6] for II! (/z = 190.4 
cm -~) and using the psi-scan technique for VI ( ~  = 
239.1 cm-~) .  The final ref inement converged to R = 
0.084 and 0.036, R w = 0.092 and 0.043 for 2716 and 
2566 observed independent  reflections with I > 3~r(I) 
and I > 40~(I) for III and VI, respectively. All calcula- 
tions were carried out with an IBM PC using the 
SHELXTL PLUS programs (PC version) [7]. The coordi- 
nates of  non-hydrogen atoms in the structures III and 
VI are given in Tables 2 and 3. 

Table 2 
Atomic coordinates ( × 1 0 4 )  and equivalent isotropic displacement 
coeffiients (,~2 × 103) in III 

Atom x y Z Ue q a 

Os(1) 4255(1) 3605(1) 2594(1) 27(1) 
Os(2) 1710(1) 2333(1) 2397(1) 21(1) 
Os(3) 1879(1) 3923(1) 3524(1) 25(1) 
O(1) 5303(31) 5465(20) 3301(22) 57(12) 
0(2) 6658(31) 3402(25) 1510(28) 80(16) 
0(3) 6166(28) 2480(21) 4196(20) 59(11) 
0(4) - 1403(26) 2013(17) 2741(19) 41(10) 
0(5) 1348(25) 750(14) 1058(17) 36(8) 
0(6) 3329(33) 1 1 0 5 ( 2 1 )  3958(24) 70(14) 
0(7) - 1095(27) 3709(21) 4096(24) 64(13) 
0(8) 3570(29) 2807(24) 5154(22) 68(13) 
0(9) 2874(33) 5701(22) 4519(29) 90(17) 
O(10) 52(37) 4988(19) 1879(17) 56(12) 
O(11) 950(30) 4151(18) 107(17) 47(10) 
C(1) 4878(32) 4719(30) 3039(22) 34(13) 
C(2) 5752(50) 3455(31) 2028(32) 66(18) 
C(3) 5597(47) 2863(32) 3655(40) 74(21) 
C(4) -215(41) 2160(21) 2624(21) 30(11) 
C(5) 1504(32) 1 3 5 7 ( 2 0 )  1616(31) 41(13) 
C(6) 2727(38) 1 5 3 8 ( 2 1 )  3405(34) 47(16) 
C(7) 127(53) 3776(18) 3888(25) 53(16) 
C(8) 3139(48) 3148(25) 4474(33) 59(17) 
C(9) 2480(35) 5032(25) 4116(26) 37(12) 
C(10) 822(68) 4530(33) 2526(42) 119(28) 
C(ll)  3058(41) 4184(22) 1471(23) 38(12) 
C(12) 1699(34) 3733(24) 962(26) 33(12) 
C(13) 1005(30) 3137(24) 1267(19) 23(10) 
C(14) -488(35) 3004(21) 567(23) 27(10) 
C(15) -519(57) 3633(41) -51(51) 140(34) 
C(16) 3491(41) 4957(24) 950(32) 49(16) 

a Equivalent isotropic U defined as one third of the trace of the 
orthogonalized ~ j  tensor. 

Table 3 
Atomic coordinates (× 104) and equivalent isotropic displacement 
coeffiients (,~2 × 103) in VI 

Atom x y Z Ue q a 

Os(1) 1227(1) 6133(1) 5952(1) 28(1) 
Os(2) -52(1) 5890(1) 2781(1) 28(1) 
Os(3) 3171(1) 6546(1) 3925(1) 28(1) 
O(1) -1319(17) 5699(6) 7793(13) 76(6) 
0(2) 938(17) 7228(5) 7209(13) 63(5) 
0(3) 4966(15) 5983(5) 8461(12) 60(4) 
0(4) -3671(15) 5223(5) 1721(13) 60(5) 
0(5) - 1681(20) 6744(6) 411(14) 77(6) 
0(6) 1901(16) 5385(5) 601(13) 61(5) 
0(7) 3797(21) 6692(5) 748(14) 76(6) 
0(8) 6543(17) 7 2 0 1 ( 6 )  5835(16) 82(6) 
0(9) 308(17) 7 4 7 4 ( 5 )  3577(13) 58(5) 
O(10) 5483(15) 5508(5) 4716(14) 61(5) 
O(11) 1277(12) 5397(4) 4745(9) 32(3) 
C(1) -368(19) 5861(6) 7071(13) 40(5) 
C(2) 1044(19) 6823(7) 6710(14) 41(5) 
C(3) 3592(23) 6037(5) 7533(16) 43(5) 
C(4) -2351(20) 5456(6) 2152(16) 40(5) 
C(5) - 1096(18) 6414(7) 1330(16) 46(5) 
C(6) 1130(21) 5576(6) 1392(15) 42(5) 
C(7) 3553(22) 6646(6) 1941(16) 42(5) 
C(8) 5271(22) 6959(7) 5172(18) 49(6) 
C(9) 1376(18) 7134(6) 3701(15) 35(4) 
C(10) 4626(21) 5880(6) 4417(15) 36(5) 

a Equivalent isotropic U defined as one third of the trace of the 
orthogonalized Uij tensor. 

3. Results and discussion 

3.1. Reaction of  14, Os 3 (CO)lo with 2, 4-hexadiyne- 1, 6-diol 

The reaction of H 2 0 s 3 ( C 0 ) 1 0  with the diyne ligand 
affords the only product ( lID in high yield: 

H 2 O s 3 ( C O )  10 q-  H O C H 2 C 2 C e C H 2 O H  

25°C 
, (/.~-H) Os 3(CO) ,0(/x 2 ,r/2-C 6 H 50)  (1) 

I l l  

The molecular structure of l l l ,  shown in Fig. 1, was 
determined by an X-ray diffraction study. Selected 
bond lengths and angles are given in Table 4. The 
starting diyne ligand is completely rearranged upon 
coordination, the reaction with the triosmium cluster 
being accompanied by the transfer of  one hydride from 
the cluster core to the ligand, its dehydration and 
cyclization to a pseudo-furan ring with the C - C H  3 
substituent in the a-position. 

A similar cyclization of but-3-yne-l-ol  into a t~3,r/2- 
2,3-dihydrofuran-4,5-diyl ligand was observed in the 
reaction of Os3(CO)~2 with the alkynol under rather 
severe conditions (130°C) and also in the stepwise 
reaction of  the latter ligand with Os3(CO)10 (NCMe)  2 
(90°C) [3]. In the final complex Os3(~-H)z (CO)9( /x3 , r / 3 -  
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Fig. 1. Molecular structure of III. 

~ - C - C H 2 - C H 2 - 0 )  (the structure was proposed on 
the basis of the IR and 1H NMR data), the /x3, 
r/3-1igand is evidently coordinated t,ia the double bond 

of the dihydrofuran ring which acts as a four-electron 
donor. In this case the cluster is a coordinatively satu- 
rated 48 electron system. As for the compound III, the 
expected 48 electron shell can be attained if the or- 
ganic ligand acts as a three-electron donor. In this case 
the C( l l )  and C(13) atoms should be bound to Os(1) 
and Os(2) L,ia double and single bonds, respectively. In 
fact, the Os(1)-C(l l ) ,  (2.00(3) ,&) bond is slightly 
shorter than Os(2)-C(13) (2.07 ,~). A similar Os=C 
double bond (1.98 .&) has been observed in the struc- 
ture of (/z2-acetyl-C,O)-(/~z-hydrido)(methoxymethyl- 
carbene)nonacarbonyltriosmium [8], whereas the Os=C 
double bond in the mononuclear complex chlorometh- 
ylenenitrosobis(triphenylphosphine)osmium is notice- 
ably shorter (1.92 A) [9]. It should be noted that both 
of these M - C  o'-bonds in III display a pronounced 
t rans-ef fec t  resulting in the elongation of the Os(1)- 
C(3){O(3)} and Os(2)-C(6){O(6)} bonds to 2.10(5) and 
1.98(4) .&, respectively, compared with the average 
value of 1.86 A for all other Os-C(O) bonds. The 
C(12)=C(13) bond in III is even shorter (1.24(5) .&) than 
the "free" double bond of the furan ring (1.32(8) A,), 

Table 4 
Selected bond lengths and angles in III 

Bond lengths (,~) Bond angles (°) 

Os(1)-Os(2) 2.961(3) Os(2)Os(l )Os(3) 
Os( 1 )-Os(3) 2.890(3) Os(2)Os( 1 )C( 1 ) 
Os(3)-Os(2) 2.892(3) Os(3)Os(1)C(l ) 
Os( 1 )-C( 11 ) 2.00(3) Os(2)Os( 1 )C(2) 
Os(2)-C(13) 2.07(3) Os(3)Os(1)C(2) 
C(11)-C(12) 1.47(5) C(1)Os(1)C(2) 
C(11 )-C(16) 1 . 5 0 ( 6 )  Os(2)Os(1)C(3) 
C(12)-C(13) 1 . 2 4 ( 5 )  Os(3)Os(1)C(3) 
C(13)-C(14) 1.54(4) C(1)Os(1)C(3) 
C(14)-C(15) 1.32(8) C(2)Os(1 )C(3) 
C(12)-O(11) 1 . 4 6 ( 4 )  Os(2)Os(1)C(11) 
C(15)-O(11) 1.52(6) Os(3)Os(1 )C(11 ) 
Os(1)-H(1) 1.7 C(1)Os(1)C(11) 
Os(2)-H(1) 2.1 C(2)Os(I)C(11 ) 
Os(1)-C(1) 1 . 8 2 ( 4 )  C(3)Os(I)C(11) 
Os(1 )-C(2) 1 . 7 9 ( 5 )  Os(1)Os(2)Os(3) 
Os(1)-C(3) 2.10(5) Os(1)Os(2)C(4) 
Os(2)-C(4) 1 . 8 9 ( 4 )  Os(3)Os(2)C(4) 
Os(2)-C(5) 1 . 8 5 ( 4 )  Os(1)Os(2)C(5) 
Os(2)-C(6) 1 . 9 8 ( 4 )  Os(3)Os(2)C(5) 
Os(3)-C(7) 1.83(5) C(4)Os(2)C(5) 
Os(3)-C(8) 1 . 9 9 ( 4 )  Os(1)Os(2)C(6) 
Os(3)-C(9) 1 . 8 9 ( 4 )  Os(3)Os(2)C(6) 
Os(3)-C(10) 1.83(6) C(4)Os(2)C(6) 
C( 1 )-O(1) 1.21(5) C(5)Os(2)C(6) 
C(2)-O(2) 1 . 2 7 ( 7 )  Os(1)Os(2)C(13) 
C(3)-O(3) 1 . 0 4 ( 6 )  Os(3)Os(2)C(13) 
C(4)-O(4) 1 . 1 6 ( 5 )  C(4)Os(2)C(13) 
C(5)-O(5) 1 . 2 2 ( 4 )  C(5)Os(2)C(13) 
C(6)-O(6) 1 . 1 0 ( 5 )  C(6)Os(2)C(13) 
C(7)-O(7) 1 . 2 4 ( 6 )  Os(1)Os(3)Os(2) 
C(8)-O(8) 1 . 1 3 ( 6 )  Os(1)Os(3)C(7) 
C(9)-O(9) 1 . 1 8 ( 5 )  Os(2)Os(3)C(7) 
C(10)-O(10) 1 . 2 7 ( 6 )  Os(1)Os(3)C(8) 

59.2(1) Os(2)Os(3)C(8) 84(1) 
142( 1 ) C(7)Os(3)C(8) 97(2) 
83(1) Os(l)Os(3)C(9) 102(1) 

1 2 3 ( 1 )  Os(2)Os(3)C(9) 163(1) 
178(1 ) C(7)Os(3)C(9) 98(2) 
95(2) C(8)Os(3)C(9) 96(2) 
93(1) Os(1)Os(3)C(10) 90(2) 
95(2) Os(2)Os(3)C(10) 88(2) 
96(2) C(7)Os(3)C(10) 88(2) 
86(2) C(8)Os(3)C(10) 171(2) 
85(1) C(9)Os(3)C(10) 91(2) 
91(1) Os(1)H(1)Os(2) 102 
90(1) C(12)O(11)C(15) 98(3) 
89(2) Os(1)C(11)C(12) 119(3) 

172(2) Os(1)C(11)C(I 6) 128(3) 
59.2(1) C(12)C(11)C(16) 112(3) 

1 4 5 ( 1 )  O(11)C(12)C(11) 116(3) 
86(1) O(11)C(12)C(13) 117(3) 

1 2 2 ( 1 )  C(11)C(12)C(13) 125(3) 
176( 1 ) Os(2)C(13 )C(12) 129(2) 
93( 1 ) Os( 2 )C(13 )C(14) 124(2) 
95(1) C(12)C(13)C(14) 107(3) 
94(1) C(13)C(14)C(, 5) 106(3) 
94(2) O( 11 )C( 15 ) t5 .', 14 ) 112(4) 
89(2) Mean Os -C-O 174 
78.9(8) 
89.1 (9) 
96(1) 
87(1) 

170(2) 
61.6(1) 

160(1) 
98.5(9) 
83(1) 
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which is in agreement with the absence of the addi- 
tional 7r-interaction of the cluster core with the C 12=C 13 
bond. In the related compound Os3(P.-H)(CO)9(/.t,3,'r/3- 
CH = CH = C = CHO) [2] the organic ligand acts as a 
five-electron donor involving three carbon atoms in the 
interaction with the Os 3 core and the corresponding 
bond lengths between three coordinated carbon atoms 
of the ligand are substantially longer (1.44 (3) and 1.52 
(3) ,~). 

A possible mechanism of the diyne ligand rear- 
rangement is given in Scheme 1. In the first stage of 
the process the ligand coordinates to the Os 3 frame- 
work with the transfer of a hydride onto a coordinated 
triple bond affording the intermediate A well known 
for the reactions of H2Os3(CO)lo with alkynes [10,11]. 
The formation of the cumulene structure (intermediate 
B) is a natural step in this reaction sequence owing to 
high conjugation of adjacent multiple bonds in A. 
Moreover, the HOCH2C2CH2OH ligand was shown to 
rearrange into a similar allene in the reaction with 
H2Os3(CO)lo [2]. The coordinated cumulene B can 
easily rearrange into a furan ring with the elimination 
of a water molecule and simultaneous transfer of a 
hydrogen atom to the terminal position of the ligand to 
give the final product (liD. 

The cyclization of the alkyne ligand on coordination 
is evidently due to the presence of two unsaturated 
triple bonds in the molecule. Once the ligand bears the 
protecting C02(CO) 6 group(s) on its triple bond(s), the 
reaction with H2Os3(CO)lo proceeds in a different 
way. 

Corresponding C%(CO)6-substituted compounds 
were obtained using a procedure similar to that de- 
scribed in [12] (Eq. (2)). 

Coz(CO)8 + HOCH 2C2C2CH 2OH 

OH 

/ / s \ _ _ ~ o .  

(A) 

(~ 0s (C0)3 

Os (C0)4 

~ H3 

.m.  H'~~OH 

Scheme 1. 

, (C02(CO)6} (~2,r/2-HOCH 2C2C 2CH 2OH) 

IV 

+ {Co2(CO)6}2(/3,2,T/2 :~2 '  Y/2-HOCH2C2C2CH2 OH) 

V 
(2) 

The spectroscopic characteristics of IV and V given in 
Table 1 are in agreement with Co2(CO) 6 coordination 
to one and two triple bonds of the diyne, respectively. 

The reactions of these compounds with H2Os 3- 
(CO)1o yields the cluster (/.t-H)(/.t-OH)Os3(CO)10 (VI) 
as the main osmium-containing product: 

H 2 O s 3 ( C O ) I  0 + IV 
25°C 

Ar, 96h ) O s 3 ( C O )  12 + ( / z - H ) ( / z - O H ) O S 3 ( C O ) I  0 

VI(26%) 

(3) 

H2Os3(CO)10 + V 
25°C 

in air, 48 h' ( / x - H ) ( / z - O H ) O s 3 ( C O )  IO (4) 

VI(68%) 

It should be noted that V is completely inactive in 
reaction (4) under anaerobic conditions. The role of an 
oxygen-containing atmosphere in this process is evi- 
dently associated with the oxidation of the Co2(CO) 6 
protecting group and the deshielding of the completely 
protecting compound V into IV with a free triple bond. 
Thus, the coordination of IV to H2Os3(CO)10 is appar- 
ently a common stage of the both reactions (3) and (4): 

H 2 O s 3 ( C O ) I  0 + (IV) 

H 

) [ H O C H 2 - - C + C  ~ C ~]~ C - -  CH 20H] 

HOs3(CO)lo C02(CO) 6 

VII 
(5) 

The presence of a C02(CO) 6 protecting group m the 
intermediate VII prevents the diyne moiety from un- 
dergoing subsequent cyclization. In this case, instead of 
the ligand rearrangement,  a-hydroxyl group transfer 
onto the Os 3 framework is observed. Similarly, the 
formation of the cluster VI was found to occur in the 
reaction of H2Os3(CO)10 with HOCHzC2CH2OH,  in 
which the possibility of the ligand rearrangement was 
limited by the nature of the alkyne used [2]. 

The molecular structure of VI (Fig. 2) was deter- 
mined by an X-ray diffraction study. Selected bond 
lengths and angles are given in Table 5. The main 
structural features of VI are similar to those of the 
closely related compound (/~-H)(/x-OMe)Os3(CO)10 
studied in [13]. Metal-metal  distances in the osmium 
triangle of VI (2.810(1), 2.834(2) and 2.820(2) ~,) are 
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Table 5 
Selected bond lengths and angles in VI 

Bond lengths (,~) Bond angles (°) 

Os(1)-Os(2) 2.810(1) Os(1)Os(2)Os(3) 60.5(1) C(7)Os(3)C(9) 95.0(6) 
Os(1)-Os(3) 2.834(2) Os(1)Os(3)Os(2) 59.6(1 ) Os(1)Os(3)C(10) 83.8(5) 
Os(3)-Os(2) 2.820(2) Os(2)Os(1 )Os(3) 60.0(1) C(7)Os(3)C(10) 95.8(6) 
Os(1 )-O( 11 ) 2.145(9) Os(2)Os( 1 )O( 11 ) 49.2(2) C(9)Os(3)C(10) 167.0(7) 
Os(2)-O(11) 2.148(8) Os(1)Os(2)O(11) 49.1(2) Os(2)Os(3)C(10) 86.4(4) 
Os(1)-C(1) 1 . 8 9 ( 2 )  Os(3)Os(1)O(11) 83.9(3) C(8)Os(3)C(10) 91.7(6) 
Os(1)-C(2) 1 . 8 7 ( 2 )  Os(1)O(11)Os(2) 81.8(3) O(I 1)Os(1)C(1) 94.1(5) 
Os(1)-C(3) 1.92(1) Os(2)Os(1 )C(I) 1 1 3 . 2 ( 4 )  Os(3)Os(1)C(2) 90.4(5) 
Os(2)-C(4) 1.95(2) Os(3)Os( 1 )C( 1 ) 172.2(3 ) C( 1 )Os( 1 )C(2) 90.6(7) 
Os(2)-C(5) 1.85(2) Os(2)Os(1 )C(2) 1 2 2 . 3 ( 4 )  Os(3)Os(1)C(3) 90.3(5) 
Os(2)-C(6) 1 . 9 0 ( 2 )  O(11)Os(1)C(2) 1 7 1 . 4 ( 4 )  C(1)Os(1)C(3) 97.4(6) 
Os(3)-C(7) 1.91(1) Os(2)Os( 1 )C(3) 1 3 3 . 8 ( 5 )  Os(1)Os(2)Os(3) 60.5(1) 
Os(3)-C(8) 1.93(2) O(1 DOs(1)C(3) 97.1(5) Os(3)Os(2)O(11) 84.3(2) 
Os(3)-C(9) 1.95(1) C(2)Os(1)(3) 89.4(6) Os(3)Os(2)C(4) 174.8(5) 
Os(3)-C(10) 1 . 9 6 ( 1 )  Os(1)Os(2)O(11) 49.1(2) Os(1)Os(2)C(5) 121.0(5) 
C(1)-O(1) 1.16(2) Os(1 )Os(2)C(4) 1 1 4 . 8 ( 4 )  O(11)Os(2)C(5) 170.0(5) 
C(2)-O(2) 1 . 1 2 ( 2 )  O(11)Os(2)C(4) 93.9(5) Os(1)Os(2)C(6) 133. l(4) 
C(3)-O(3) 1 . 1 2 ( 2 )  Os(3)Os(2)C(5) 88.8(4) O(11)Os(2)C(6) 97.1(5) 
C(4)-O(4) 1.10(2) C(4)Os(2)C(5) 92.4(6) C(5)Os(2)C(6) 89.9(6) 
C(5)-O(5) 1 . 1 6 ( 2 )  Os(3)Os(2)C(6) 88.9(4) Os(1)Os(3)C(7) 153.8(4) 
C(6)-O(6) 1.14(2) C(4)Os(2)C(6) 96.1(6) Os(l)Os(3)C(8) 106.8(5) 
C(7)-O(7) 1 . 1 5 ( 2 )  Os(1)Os(3)Os(2) 59.6(1 ) C(7)Os(3)C(8) 99.5(7) 
C(8)-O(8) 1.13(2) Os(2)Os(3 )C(7) 94.2(4) Os(2)Os(3)C(9) 85.7(4) 
C(9)-O(9) 1 . 1 4 ( 2 )  Os(2)Os(3)C(8) 1 6 6 . 3 ( 5 )  C(8)Os(3)C(9) 93.5(6) 
C(10)-O(10) 1 . 1 1 ( 2 )  Os(1)Os(3)C(9) 83.3(4) mean Os -C-O 177.8 

close to the osmium-osmium bond lengths in the 
methoxy derivative (2.813, 2.822 and 2.812 A). The 
elongation of the H-bridged Os-Os edge discussed 
above is not observed in this case, which is obviously 
due to the contrasting effect of the bridging OH group. 
This group is bound symmetrically to the Os(1)-Os(2) 
bond as the OME ligand in (/z-H)(/x-OMe)Os3(CO) m. 
A difference can be pointed out in the lengths of 

0(4) 0(I) 

(~ 0(111 / 

o,~ ~ . . . .  ~ ~ 

0,7,O 
Q(8) 

Fig. 2. Molecular structure of VI. The H atoms bridging the Os(1)- 
Os(2) bond and at 0(11) hydroxyl oxygen are not located. 

Os-O(H) and Os-O(Me) bonds: 2.145(9) and 2.148(8) 
,~ as compared with 2.112(9) and 2.093(9) A, respec- 
tively. A more interesting peculiarity is displayed by 
the Os-C(O) bonds in VI: mean values of the bond 
lengths for bridged Os(1) and Os(2) atoms are 1.895 

o 

and 1.9(11 A, respectively, whereas the corresponding 
value for the Os(3) atom is 1.937 ,&. This difference is 
evidently associated with the absence of a ~--acceptor 
ability of the /x-H and /x-OH ligands bound to the 
Os(1) and Os(2) atoms. 
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