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Abstract 

The reaction of Os,(CO),,(CNPr~NCMe) (1) with Brgnsted acid in CH,Cl, takes place initially via the protonation of 1 to yield 
the hydrido complex [(~-H)Oss(CO)u,(CNPrXNCMe)]+ (2), followed by substitution of labile acetonitrile ligand with carboxylate. 
anion to form the monodentate carboxylate complexes (p-H)Os,(CO),&NPrX~*-OCOR) (3). Spectroscopic and crystallographic 
evidence is presented to explain mechanistic details of the reaction. Molecular structures of (CL-H)Os&CO),aKNPrX7)‘-OCOCFs) 
(3a) and (CL-H)os,(CO),o(cNPrx~‘-OCOC 3 CH) (3b) have been determined by X-ray diffraction studies. Crystal data: 3a: 
P2,/n; a = 11.6632(19), b = 14.1827(24), c = 14.487(3) A; /3 = 103.635(S)=‘, V= 2427.4(7) A3, Z = 4, R = 5.2%, R, = 5.4%. 3b: 
P3,; a = 14.853(3), c = 9.158(3) A; V= 1749.6(7) i3, Z = 3, R = 3.2%, R, = 3.8%. 

1. Introduction 

Cluster complexes have been proved to possess 
low-energy pathways leading to reactions with high 
product selectivity [l]. Mechanistic studies of ligand 
addition and substitution are essential for a detailed 
analysis of stoichiometric or catalytic processes involv- 
ing transition metal cluster complexes [2]. In a previous 
attempt to understand the effect of isocyanide-carbonyl 
replacement on the reactivity of metal isocyanide com- 
plexes, we developed a facile route to the preparation 
of osmium isocyanide clusters Os,(CO),,(CNR) by an 
ylide-type reaction [3-41, and synthesized the “lightly 
stabilized” complexes Os,(CO),,(CNRXNCMe) as pre- 
cursor to explore their reactions with propynoic acid 
[5]. Here we describe two crystal structures of the 
products (Cc-H)Os,(CO),,(CNPrXrl’-OCOR) (R = 
CF,, HGC) and several pieces of evidence which 
elucidate the mechanistic details of these reactions. 

Correspondence to: Dr. K-L. Lu. 
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2. Results and discussion 

The reaction of complex Os,(CO),,(CNPrXNCMe) 
(I) with Bransted acids in CH,Cl, was suggested to 
proceed via the proton&ion of Os,(CO),,(CNPr)- 
(NCMe) to yield the hydrido complex [(~-H)Os3- 
(CO),,(CNPrXNCMe)]+ (2) at the first stage, followed 
by substitution of the labile nitrile ligand with carboxyl- 
ate anion to form (CL-H)Os,(CO),,(CNPrX~‘-OCOR) 
(3) with a terminal unidentate ql’-0x0 mode. (Scheme 
1). Some pieces of evidence to account for the reaction 
pathway are presented below. 

Treatment of Os,(CO),,(CNPrXNCMe) (1) with 
HBF, - Et,0 or CFsSO,H in CH,Cl, gives complexes 
formulated as [(p-H)Os3(CO),,(CNPrXNCMe)]+X- 
(2a, X- = BF; ; 2b, X- = CF,SO;). Although the 
counter anions (BF; and CFsSO;) are different, these 
two products showed the same IR spectrum in the 
v(CO) stretching region (2118w, 209Ovs, 2075s, 2037s 
cm-‘), implying these two protonated products bear 
the same cation [(p-H)os,(CO),,(CNPrXNCMe)l+. In 
addition, the v(CO) stretching of 2 shifts to higher 
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frequency for 67 cm-’ but retains a pattern integrity 
similar to that of Os,(CO),&CNPrXNCMe), suggesting 
that the skeleton of the protonated metal clusters is 
analogous to that of the parent complex OS,- 

010 

05 

Fig. 1. ORTEP diagram of (fi-H)os,(CO),&~d (d-OCOCFJ @a). 

(CO),,(CNPrXNCMe). The shift of v(CO> stretching 
to higher frequency is due to the positive charge of the 
protonated complex 2. A similar observation was de- 
tected in the reaction of Os,(CO),,(NCMe) with HX 
[6], and an ionic derivative of a related type was also 
observed in the reaction of Os,(CO),, with HX [7]. 
The IR spectrum of 2a showed that a v(CN) absorp- 
tion appeared at 2231 cm-‘, which is characteristic of 
the terminally coordinated isocyanide ligand [8]. 

The ‘H NMR spectra of the products from the 
reactions of Os,(CO),,(CNPrXNCMe) with HBF, . 
Et,0 or CF,SO,H are nearly the same. The ‘H NMR 
spectrum of 2a showed a methyl signal of coordinated 
acetonitrile resonating at S 2.67, and two bridging 
hydride peaks at S - 16.57 and - 16.66 in a 20 : 1 ratio, 
indicating that the complex exists as two isomeric forms. 
The protonation of complex 1 is likely to take place in 
a regiospecific fashion allowing the intermediate to 
exist in two isomeric forms. Two possibilities for proto- 
nation may occur on different sites in complex 1 as 
shown in Scheme 1: The site a located between two OS 
atoms bearing the electron donating isocyanide and 
nitrile ligand is likely to be the most preferred position 
for protonation to generate the major isomer 2. On the 

Fig. 2. ORTEP diagram of (cL-H)~~,(CO),,(~P~X~)‘-OCO-) 

(3b). 
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other hand, the site b between Os(CO),(NCMe) and 
Os(CO), is suggested to be the second preferred site 
for protonation to afford the minor isomer 2’. 

Treatment of Os&CO),,(CNPrXNCMe) with l-2 
equiv of CF,CO,H in CH,Cl, at room temperature 
gives complex (CL-H)Os,(CO),,(CNPrXn’-OCOCFJ 
(3a). An X-ray crystal analysis of complex 3a was 
undertaken (Fig. 1). The molecule consists of a triangu- 
lar cluster of osmium atoms with distances O&)-OS(~) 
= 2.889001) A, OsWOs(3) = 2.861903) A, and 
OS(~)-OS(~) = 2.9967(U) A. The linear isocyanide lig- 
and occupies an axial coordination site on OS(~) as 
observed in several other isocyanide metal carbonyl 
compounds [5,9]. The trifluoroacetate ligand coordi- 
nates axially on OS(~) with a terminal unidentate n*-0x0 
coordination mode, demonstrating that the trifluoroac- 
etate anion substitutes the labile acetonitrile ligand to 
form complex 3a. Bridging hydride ligands are known 
to have significant lengthening effect on the metal- 
metal bond [lo], thus we predict that the bridging 
hydride ligand straddles the OS(~)-OS(~) bond since 
this bond is substantially longer than the other two. 
The slight tilt of the trifluoroacetate ligand, with an 
OS(~)-OS(~)-O(11) angle of 84.2 (4Y, implies that a 
weak interaction probably remains between OS(~) and 

002) of the trifluoroacetate ligand. The IR spectrum 
of 3a showed two absorption bands in the v(CO,), 
stretching region at 1684 and 1401 cm-‘. The separa- 
tion between u,,(CO,) and v&CO,) frequencies (283 
cm-‘) is substantially greater than that of CF,CO,Na 
(223 cm-‘) or CF,CO,K (241 cm-‘) [11,12], indicating 
that the coordinated trifluoroacetate is arranged as a 
unidentate carboxylate mode according to the criterion 

[Aunidentate ’ Aionic; A is the separation between 
v,,(CO,) and v,(CO,)] reported by Deacon [13]. This is 
consistent with the structure defined by X-ray diffrac- 
tion study. Trifluroacetate ligand was also observed to 
bind terminally to the metal atom in a unidentate 
(nl-0x0) mode in other complexes [14]. Compared to 
the weakly coordinated BF; and CF,SO; ligands, the 
CF,CO; anion shows a slightly stronger coordination 
ability [15] to substitute the labile CH,CN ligand of 
intermediate 2, leading to the formation of complex 3a. 

The reaction of complex Os,(CO),,(CNPrXNCMe) 
(1) with CH=CCO,H in CH,Cl, affords complex (,u- 
H)Os,(CO),,(CNPrX#-OCOC=CH) (3b). An X-ray 
crystal analysis of complex 3b was undertaken recently 
in order to obtain unambiguous information of its 
molecular stereochemistry (Fig. 2). This structure shows 
the complex containing a terminal unidentate (nl-0x0) 

TABLE I. Crystal and intensity collection data for (Ic--H)Os~(CO),~(CNPrX17’-OCOCF,) (38) and (~-HK)s3(CO)IO(CNPrXO’-OCO(XH) (3b) 

Formula 
F.W. 
Space group 

0 
a, A 
b, .fi 

c, A 
I% deg 
v, k 
D -3 

CdC~ g cm 

Z 
Cyst. dimension, mm 
Abs. coeff. ~(Mo Ka), mm 
Temp. 
Radiation 
20 (max) 
Scan type 
Total no. of reflctn. 
No. of observed refktn. 

Observed variables 
R 

R W 

Z” e A-3 umax 

GOF 

~,d%F3N%% Gd%NWh 
1033.83 989.85 

P% 
14.853(3) 

P&/n 
11.6632(19) 

14.7827(24) 

14.487(3) 
103.63505) 

2427/l(7) 
2.829 
4 
0.38 x 0.19 x 0.44 
15.76 
Room temperature 
MO Kcr 
44.9” 
8-26 
3353 
2477 
F, > 2a(FJ 
316 
0.052 
0.054 

3.460 
0.498 
2.50 

9.158(3) 

1749.6(7) 
2.818 
3 
0.46 x 0.31 x 0.38 
18.38 
Room temperature 
MO Ka 
44.8” 
8-28 
1729 
1410 
F, > 2.5u( FJ 
278 
0.032 
0.038 

1.220 
0.180 
1.69 
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carboxylate ligand rather than our previously suggested 
bridging unidentate (CL&-0x0) mode [5]. Basically, 
this structure of 3b is similar to that of complex 3a. 
The bridging hydride which was observed crystallo- 
graphically coordinates between OS(~) and OS(~) in 
accord with the elongation of OS(~)-OS(~) bond 
[2.9982(20) A]. The isocyanide moiety bonds to OS(~) at 
the axial position. The carboxylate ligand is coordi- 
nated at OS(~) with a terminal unidentate ($-0x0) 
mode. The isocyanide and the carboxylate ligands are 
trans to each other with respect to the triosmium 
plane. Two C-O bonds [1.24(4) and 1.25(4) A] in 
carboxylate ligand are near the same0 length, and 
c(18)-C(19) with a distance of 1.146) A is a typical 
C-C triple bond. According to the criterion reported 
by Deacon [13], complex 3b was suggested to contain a 
unidentate carboxylate group based on the absorption 
peaks in the v(C0,) region [Aunidentate = 311 cm-‘, 
Aionic = 199 cm-‘]. However, this evidence from the IR 
spectrum alone is not sufficient to predict precisely 
whether the carboxylate ligand is coordinated as termi- 
nal unidentate or bridging unidentate modes. The X-ray 
diffraction study shows that the coordinated oxygen of 
carboxylate group in complex 3b is unable to attack the 
vicinal OS atom to form the bridging unidentate &- 
#-0x0) coordination mode. Complexes containing simi- 
lar ~~-0~0 carboxylate mode were also observed in 
literature [161. 

Treatment of [(CL-H)Os,(CO),,(CNPrMNCMe)]+ 
BF; (2a) with excess CH=CCO,-Na+ yields mainly the 
hydrido complex (k-H)Os,(CO),,(CNPr)(~‘- 
OCOGCH) (3b) and the very minor bridging 
aminocarbyne complex 0s3(CO)10(~2-CNHPrX~,- 
OCOCSH) (4). In comparison with BF; , the stronger 
nucleophile CIGCCO; readily substitutes the acetoni- 
trile ligand in intermediate 2 to afford (CL-H)Os3- 
(CO),&CNPrX#-OCOC=CH) (3b). This reaction pro- 
vides convincing evidence that complex 2 is the inter- 
mediate for the formation of complex 3 as shown in 
Scheme 1. The formation of traces of the bridging 
aminocarbyne complex 4 is probably due to the isomer- 
ization of 3b induced by the excess of the base 
CH=CCO;. A related example of isomerization of 
H,Os,(CO),, (CNR) to HOs,(CO),,(j&NHPr) cat- 
alyzed by base has been reported previously [8,17]. 

The ‘H NMR spectrum showed that complex (cl- 
H)Os,(CO),,(CNPrX~l-OCOCF,) exists as two iso- 
merit forms (3a and 3a’) with hydride resonance at 6 
- 15.02 and S - 15.09 in a 10: 1 ratio. In addition, 
complex (Il.-H)Os,(CO),,(CNPrX#-OCOGCH) ex- 
hibits a similar pair (3b and 3b’) of hydride peaks at 
S - 15.07, - 15.23 in a 10: 3 ratio in its ‘H NMR 
spectrum as reported previously [5]. Complex 2 also 
exists as two isomers implying that the site preference 

for protonation of the starting material Os,(CO),,- 
(CNPrXNCMe) (1) may be responsible for the final 
configuration of products. 

On the basis of the above observations, the reac- 
tions of Os,(CO),,(CNPrXNCMe) with Bronsted acids 
most likely proceed by two distinct steps. Protonation 
is regarded as the initial step in the process, followed 
by subsequent replacement of labile acetonitrile by 
carboxylate anion to yield the final products (p- 
H)Os,(CO),,(CNPrX$-OCOR). 

3. Experimental section 

3.1. General data 
Complexes Os,(CO),,(CNPr) and Os,(CO),,- 

(CNPrXNCMe) were prepared previously [3,5]. Other 

TABLE 2. Atomic coordinates and isotropic thermal parameters 

(I%*) for (~-H)Os3(CO),o(CNPrX~1-OCOCF3) (38) 

Atom x Y z Biw a 

OS1 0.76735(8) 0.84507(5) 0.99971(6) 3X(4) 
OS2 
OS3 
N 
Fl 

F2 
F3 

01 
02 
03 

04 
0.5 
06 
07 
08 

09 
010 
011 

012 
Cl 
C2 

c3 
c4 
C5 
C6 
c7 
C8 
c9 
Cl0 
Cl1 
Cl2 
Cl3 
Cl4 
Cl5 
Cl6 

0.87141(8) 0.70170(5) 
0.86292(8) 0.89310(5) 
1.1284(14) 0.735900) 
0.4691(16) 0.846606) 
0.5633(20) 0.7682(12) 
0.5232(19) 0.8766(16) 
1.0098(14) 0.8812(10) 

0.686608) 0.7261(11) 
0.6855(15) 1.0333(9) 
0.5213(14) 0.8230(11) 
0.826608) 0.5621(10) 
0.9867(17) 0.5749(10) 
0.6241(14) 0.6552(10) 
0.9818(17) 0.9244(12) 

1.0979(14) 0.9404(9) 
0.7733(17) 1.0841(9) 

0.697903) 0.8529t9) 
0.7064(15) 0.9552(10) 
0.9274(22) 0.869203) 
0.7117(21) 0.7707(14) 
0.7202(21) 0.9625(13) 
0.6117(22) 0.8265(15) 
0.8406(21) 0.6140(13) 

0.9420(21) 0.6202(14) 

0.7108(20) 0.675702) 
0.9296(21) 0.9125(13) 
1.0146(24) 0.9241(13) 
0.8118(23) 1.0117(13) 
1.0411(20) 0.727802) 
1.2460(21) 0.747405) 
1.3056(22) 0.655906) 
1.320(3) 0.607506) 
0.6651(22) 0.8891(15) 
0.5472(23) 0.8508(19) 

1.12780(6) 
1.19401(6) 
1.0939(12) 
1.2372(14) 

1.3363(18) 
1.380605) 
0.9531(12) 

0.824001) 
0.9237(12) 
1.0421(13) 
0.9662(12) 
1.2922(13) 
1.1557(12) 
1.40500 1) 

1.156202) 
1.144003) 
1.2226(10) 
1.3424(12) 

0.9761(17) 
0.8875(16) 

0.955907) 
1.0318(18) 
1.0244(17) 

1.2293(17) 
1.143405) 
1.325907) 
1.1699(17) 
1.1664(15) 
1.107305) 
1.081808) 
l&342(19) 
1.1756(21) 
1.2944(15) 
1.306707) 

3.40(4) 
3.64(4) 
4.1(9) 

13.8(15) 
15xX17) 

15.307) 
6.2(9) 

7.601) 
6.5(10) 
7.200) 
7.90 1) 
7.901) 
6.1(9) 
7.7(11) 

6.0(9) 
7.0(11) 

5.1(8) 

6.5(9) 
5.2(12) 
5.2(12) 
5.4(13) 
6.2(13) 
5.3(12) 
5.4(12) 

4.501) 
5.0(12) 
6.0(13) 
5.603) 
4.7(10) 
5.904) 
6.4(14) 
8.207) 
5.303) 
7.0(15) 

a Bi, is the mean of the principal axes of the thermal ellipsoid. 
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reagents were purchased from commercial sources and 
were used as received. All manipulations were per- 
formed under a nitrogen atmosphere using standard 

Schlenk techniques. Solvents were dried by stirring 
over CaH, (hexane, CH2C12, CH,CN) and were freshly 
distilled prior to use. IR spectra were recorded on a 

TABLE 3. Selected bond distances C& and angles (deg) for (CL-H)Os3(CO),o(CNPrXg1-OCOCF3) (3s) 

(a) Bond dktances 
OS(l)-Os(2) 
OS(l)-Os(3) 

os(l)-a1) 
oswcx2) 
OS(l)-C(3) 

oswc(4) 
OS(~)-OS(~) 
Os(2)-c(5) 
OS(~)-C(6) 
OS(~)-C(7) 
Os(2)-a10 
Os(3)-Ow 
Os(3)-C(8) 
Os(3)-C(9) 
N-CXll) 
N-W21 
F(l)-F(3) 
F(2)-F(3) 
c(l5)-c(l6) 

(b) Bond angles 
OS(~)-OsWOs(3) 
0s(2)-0s(1)-cx2) 
Os(2)-Os(l)-c(4) 
OS(~)-OS(~)-c(2) 
os(3)-osw-a4) 
c(l)-os(l)-a2) 
c(1)-osw-a3) 
c(l)-Os(lkc(4) 
Ct2Ms(l)-c(3) 
ci2Ms(lbCt4) 
Ct3)-oswa4) 
OsWOs(2)-Os(3) 
OsW-Os(2)-c(5) 
Os(l)-Os(2)-c(6) 
OS(~)-OS(~)-c(7) 
0s(1)-0s(2xt11) 
Os(3)-Os(2)-c(5) 
Os(3)-Os(2)-c(6) 
OS(~)-OS(~)-c(U) 
Ct5)-Os(2)-c(7) 
Ct6)-Os(2)-c(7) 
c(7)-Os(2)-CUl) 
0s(1)-0s(3M.x11) 
0s(1)-0s(3)-cx9) 
0s(2)-0s(3)-0(11) 
Os(2)-Os(3)-Ct9) 
O(ll)-(X5)-o(12) 
o(ll)_CX15)-a(161 
0(12)-aUkc(16) 
F(l)-c(16)-F(2) 
F(l)-Ctl6)-F(3) 
F(lbc(16-Ct15) 
F(2)-c(16)-F(3) 
F(2)-c(16)-Ctl5) 
F(3MX16MX15) 

2.8890(11) 
2.8619(13) 
2.01(3) 
1.943(23) 
1.885(22) 
2.00(3) 
2.9967(11) 
1.950(23) 
1.92904) 
1.97603) 
2.106@) 
2.14604) 
1.907cM) 
1.94(3) 
1.09(3) 
1.43(3) 
2.07(3) 
1.833) 
1.543) 

62.81(3) 
97.46) 
91.0(7) 

159.9(6) 
88.X7) 
95.700) 
89.X9) 

175.8(9) 
103.1(9) 
88.500) 
89.8(9) 
58.15(3) 
91.2(6) 

170.8(6) 
87.1(6) 
92.45) 

149.3(6) 
112.7(6) 
88.6(5) 
87.2(9) 
92.1(9) 

178.4(8) 
87.8(4) 
92.4(6) 
84.2(4) 
93.8(6) 

128.9(21) 
112.3(19) 
118.0(20) 
104.7c?5) 
117(3) 
116.6(20) 
92.8(22) 

108.9Q.3) 
112.4(22) 

o(l)-cm 
o(2xt2) 
o(3xt3) 
0(4)-c(4) 
0(5)-c(5) 
0(6xX6) 
0(7)-c(7) 
0(8)-c(8) 
0(9)-c(9) 
0(10)-a10) 
o(llxt15) 
0(12)-c(l5) 
Ct12kCt13) 
Os(3)-CtlO) 

Ct13xt14) 
FWF(2) 
F(l)-c(l6) 
F(2bCt16) 
FX3MX16) 

Os(2)-OswCtl) 
OS(~)-O&)-a(3) 
Os(3)-osw-a1) 
os(3:3)-osw-c(3) 
0s(3)-0(11)-a15) 
os(l)-a1)-Ou) 
0sw-a2)-0(2) 
0sw-cx3)-0(3) 
Osw-a4)-0(4) 
os(2)-c(5)-0(5) 
Os(2)-c(6)-o(6) 
Os(2)-c(7)-o(7) 
0s(3)-cY8)-0(8) 
0s(3Mx9)-0(9) 
0s(3)-a10)-0(10) 
Os(2)-C(U)-N 
N-CX12MX13) 
Os(3)-Os(2)-c(7) 
Ct5)-0~2)-CX6) 
c(5)-Os(2Xtll) 
c(6)-Os(2)-CXll) 
OsW-Os(3)-Os(2) 
OsW-Os(3)-Ct8) 
0s(1)-0s(3)-cx10) 
os(2)-Os(3)-c(8) 
Os(2)-Os(3)-c(lO) 
o(ll)-Os(3)-a8) 
Ow-os(3)-a9) 
o(ll)-Os(3)-cx10) 
a8)-os(3)-a9) 
c(8)-0s(3)-CX10) 
a9)-0s(3)_Ct10) 
Ctll)-N-C(12) 
F(2)-Nl)-M3) 

1.10(3) 
1.11(3) 
1.18(3) 
1.10(3) 
1.12(3) 
1.15(3) 
1.11(3) 
1.18(3) 

1.06(3) 
1.18(3) 
1.304(24) 
1.23(3) 
1.533) 
1.86503) 
1.48(4) 
1.97(3) 
1.19(3) 
1.29(3) 
1.23(3) 

88.5(6) 
159.5(7) 
87.8(6) 
96.8(7) 

119.003) 
172.4GO) 
175.7(22) 
175.6(21) 
172.2(21) 
177xX22) 
176.8(19) 
174.608) 
173.2(21) 
179.3(18) 
175.3(21) 
175.3(16) 
109.7(18) 
92.5(5) 
98.0(9) 
91.3(9) 
88.6(9) 
59.04(3) 

174.3(6) 
89.5(6) 

115.2(6) 
148.4(7) 
91.2(8) 

177.5(g) 
92.6(8) 
88.300) 
96.2(g) 
89.9(10) 

176.8(22) 
53.701) 
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Pet-kin-Elmer 882 infrared spectrophotometer. NMR 
spectra were obtained on a Bruker MSL-200, an AC- 
200 or an AMX-500 FT NMR spectrometer, and mass 
spectra were recorded on a VG 70-2508 mass spec- 
trometer. EIementaI analyses were performed using a 
Perkin-Elmer 2400 CHN elemental analyzer. 

3.2. Reaction of Os,(CO),,(CNPr)(NCMe) with HBF, - 
Et,0 and CF,SO,H 

A solution of Os,(CO),,(CNPr) (30 mg, 0.03 mmol) 
in CH,Cl, (30 ml) and acetonitrile (1 ml) was treated 
with a solution of Me,NO (3 mg, 0.04 mmol) in 20: 100 
CH,CN/CH,Cl, (3 ml). The mixture was stirred for 
30 min at room temperature and filtered through a 
short silica column. The solvent was removed under 
vacuum, and the residue was dissolved in 20 ml of 
CH ,Cl 2. The resulting solution of Os,(CO),&CNPr)- 
(NCMe) was treated with excess HBF, * Et,0 (0.02 ml, 
0.15 mm00 and stirred for 10 min. The solvent was 
removed under vacuum to furnish [(p-H)Os,(CO),,- 
(CNPrXNCMe)]+BF; (2a) with more than 80% NMR 
yield. The IR spectrum showed that the reaction pro- 
ceeded almost quantitatively. Attempts to grow a single 
crystal of 2a for X-ray study were not successful. IR 
(CH,Cl,): v(CN)= 2231w, v(CO)=2118 w, 2090 vs, 
2075s 2036s cm -l. ‘H NMR (CDCl,): S 3.91 (t, 2H, 
CNCH,), 2.67 (s, 3H, NCCH,), 1.74 (m, 2H, CH,), 
1.00 (t, 3H, CH,), - 16.57, - 16.66 (s, lH, OS-H-OS, 
two isomers in a 20: 1 ratio). 

Complex 2b was obtained under reaction conditions 
similar to those of 2a using CF,SO,H as reagent. Data 
for [(p-H)Os,(CO),,(CNPrXNCMe)]+CF,SO; (2b) 
are as follows. IR (CH,Cl,): v(CN) = 223Ow, v(CO) = 
2118w, 209Ovs, 2075s, 2037s cm-‘. ‘H NMR (CDCl,): 
6 3.91 (t, 2H, CNCH,), 2.72 (s, 3H, NCCH,), 1.74 (m, 
2H, CH,), 1.00 (t, 3H, CH,), -16.51, -16.60 (s, lH, 
OS-H-OS, two isomers in a 20: 1 ratio). 

3.3. Reaction of Os,(CO),,(CNPr)(NCMe) with 
CF,CO, H 

A solution of Os,(CO),,(CNPr) (54 mg, 0.06 mmol) 
in CH,CI, (60 ml) and acetonitrile (1 ml) was treated 
with a solution of Me,NO (8 mg, 0.08 mm00 in 20 : 100 
CH,CN/CH,Cl, (3 ml). The mixture was stirred for 
30 min at room temperature and filtered through a 
small silica column. The solvent was removed under 
vacuum, and the residue was dissolved in 60 ml of 
CH,Cl,. The resulting solution of Os,(CO),,,(CNPr) 
(NCMe) was treated with CF,CO,H (9 ~1, 0.08 mmol) 
and stirred for 10 min. The solvent was removed under 
vacuum, and the residue was chromatographed on a 
silica gel TLC plate with 50: 50 CH,Cl,/hexane as 
eluent to give (~-H)Os,(CO),,(CNPrX~l-OCOCF,) 

(3a) (36 mg, 0.04 mmol, 61%). Anal. Calcd for 
C,,H,F,NO,,Os,: C, 18.58; H, 0.77. Found: C, 18.85; 
H, 0.74%. IR (CH,Cl,): u(CN)= 2228w, v(CO)= 
2113w, 2084~s 2069s, 2043m, 2022s, 2013 sh, 1983br 
cm-’ [v(C02) = 1684, 1401 cm-’ in KBr]. ‘H NMR 
(CDCl,): S 3.86, 3.74 (t, 2H, CH,, J(HH) = 6.9 Hz, 
two isomers), 1.75 (m, 2H, CH,), 1.01 (t, 3H, CH,, 
J(HH) = 7.2 Hz), -15.02, - 15.09 (s, lH, OS-H-OS, 
two isomers in a 1O:l ratio). MS (FAB): m/z 1033 
CM+). 

3.4. Reaction of [(c1-H)Os,(CO),,(CNPr)(NCMe))l+ 
BF,- with HCKCO;Na ’ 

A solution of Os,(CO),,(CNPr) (30 mg, 0.03 mmol) 
in CH,Cl, (30 ml) and acetonitrile (1 ml) was treated 
with a solution of Me,NO (4 mg, 0.05 mmol) in 20 : 100 
CH,CN/CH,Cl, (3 ml). The mixture was stirred for 
30 min at room temperature and filtered through a 

TABLE 4. Atomic coordinates and isotropic thermal parameters 
(k) for (CL-H)Os)(CO)IO(CNPrX171-OCO~H) (3b) 

Atom x Y z Bi.so a 

OS1 0.23971(9) 0.43115(9) 0.62287 2.83(6) 
OS2 
OS3 
N 
01 
02 
03 
04 
0.5 
06 
07 
08 
09 
010 
015 
017 
Cl 
C2 
c3 
c4 
CS 
C6 
c7 
C8 
c9 
Cl0 
Cl1 
Cl2 
Cl3 
Cl4 
Cl6 
Cl8 
Cl9 
H 

0.23303(9) 
0.08809(9) 

- 0.0886(23) 
0.0589(23) 
0.4291(21) 
0.2295(25) 
0.3785(19) 
0.0895(19) 
0.422709) 
0.2143(22) 
0.2513(20) 

- 0.039608) 
0.0071(24) 
0.3207(15) 
0.4527(23) 
0.1231(22) 
0.3557(25) 
0.2336(31) 
0.3294(30) 
0.1435(23) 
0.3551(29) 
0.2209w) 
0.1970(20) 
0.0094(U) 
0.0406(20) 

- 0.0257(25) 
- 0.1577(36) 
- 0.2009(63) 
-0.2733(31) 

0.4067(31) 
0.4451(28) 
0.4816(31) 
0.112 

- 

0.33555(9) 
0.21285(9) 
0.2481(27) 
0.4687(18) 
0.4038(20) 
0.4556(23) 
0.6588(18) 
0.4121(21) 
0.5358(21) 
0.2328(21) 
0.1769(18) 
0.0215(17) 
0.2187(26) 
0.2690(16) 
0.3463(24) 
0.4472(23) 
0.4100(20) 
0.4462(27) 
0.5744(29) 
0.3827(23) 
0.4607(29) 
0.2659(24) 
0.1962(21) 
0.0640(27) 
0.2164(24) 
0.2389(25) 
0.2891(36) 
0.2450(59) 
0.2773(30) 
0.2865(24) 
0.2194(29) 
0.1738(33) 
0.213 

0.89771(17) 
0.65461(17) 
0.7922(35) 
0.6832(27) 
0.5752(34) 
0.3014(40) 
0.722M29) 
1.0042(29) 
1.0030(31) 
1.1833(29) 
0.5159(26) 
0.7018(24) 
0.3515(28) 
0.8135(22) 
0.9611(39) 
0.6663(34) 
0.5975(38) 
0.4%9(40) 
0.6895(31) 
0.9580(30) 
0.9596(36) 
1.0795(30) 
0.571429) 
0.6873(40) 
0.4576(41) 
0.7440(36) 
0.8293(52) 
0.9689&I) 
1.0472(43) 
0.8575(32) 
0.8026(37) 
0.7557(42) 
0.882 

2.48(6) 
2.62(6) 
5.5QO) 
5.3(16) 
6.5(19) 
7.7(22) 
5.605) 
5.806) 
5.905) 
6.109) 
4.7(16) 
4.003) 
7.5(22) 
3.1(12) 
8.5(24) 
3.2(17) 
3.607) 
4.6(24) 
4.1(24) 

2.8(5) 
4.3(21) 
3.108) 
2.304) 
4.7(20) 
3.607) 
3.908) 
7.2(11) 

14.2(24) 

5.6(9) 
3.8(21) 
4.1(20) 
5.505) 
2.1 

a Bi, is the mean of the principal axes of the thermal ellipsoid. 



C.-J. Su et al. / Reaction of Os,(CO)t,(CNPr)(NCMe) with Br@nsted acid 277 

small silica column. The solvent was removed under 
vacuum, and the residue was dissolved in 20 ml of 
CH,Cl,. The resulting solution of Os,(CO),,(CNPr)- 
(NCMe) was then treated with excess HBF, * Et,0 

(0.04 ml, 0.34 mm00 and stirred for 10 min. The 
product [(C1-H)Os,(CO),,(CNPrXNCMe)]‘BF,- (2a) 
was treated with a suspension of excess HCkCCO;Na+ 
in C&Cl, (20 ml) at room temperature. The IR spec- 

TABLE 5. Selected bond distances (A) and angles (deg) for (IL-H)Os3(CO)IO(CNPrX?71-OCO~H) (3b) 

(a) Bond distances 
osw-os(2) 
oswos(3) 
OS(l)-C(1) 
os(l)-c(2) 
OS(l)-C(3) 
OsWC(4) 
Os(2)-Os(3) 
OS(~)-o(15) 
Os(2KX5) 
Os(2)-c(6) 
Os(2)-C(7) 
Os(3)-C(8) 
Os(3)-C(9) 
Os(3)-C(ll) 
N-C(11) 
c(16)-C(18) 
CU8)-Cc191 
0(3)-C(3) 

2.8672(18) 
2.892607) 
1.90(3) 
1.91(4) 
1.82(4) 
1.96(4) 
2.9982(20) 
2.135(17) 
1.87(3) 
1.92(4) 
1.92(3) 
1.91(3) 
1.944) 
2.08(4) 
1.10(5) 
l&(5) 
1.14(6) 
1.16(5) 

0(4)-c(4) 
0(5)-c(5) 
0(6)-c(6) 
0(7)-c(7) 
0(8)-c(8) 
o(9xt9) 
o(lo)-c(lo) 
005)~C(16) 
007)~C(16) 
c(12)-c(13) 
OS(~)-H 
Ct13)-cx14) 
Os(3)-C(10) 
OS(~)-H 
N-(X12) 

OWCW 
0(2)-c(2) 

fb) Bond angks 
Os(2)-OsW-Os(3) 
os(2)-osw-c(1) 
os(2boswCt2) 
Os(2bOs(l)-c(3) 
c(9)-0s(3xt10) 
c(9)-0s(3xu1) 
os(3bosw-cx3) 
os(3)-osw-ci4) 
Cwosw-c(3) 
c(l)-os(lk-c(4) 
C(2)-OsWC(3) 
C(2)-OsWC(4) 
c(3)-os(l)-co 
OsW-Os(2)-Os(3) 
OS(~)-OS(~)-o(15) 
Os(l)-Os(2)-c(5) 
Os(lbOs(2bCX6) 
Os(l)-Os(2)-c(7) 
Os(3X(9bo(9) 
Os(3)-c(lO)-000) 
OS(~)-C(ll)-N 
N-(X2)-C(13) 
Os(3)-0s(2)-H 
0(15)-Os(2)-c(6) 
Ct12)-C(13)-c(14) 
CX5)-Os(2)-cY7) 
OS(~)-Os(3)-Os(2) 
OS(l)-Os(3)-c(9) 
oswos(3)-c(11) 
Os(2)-Os(3)-c(8) 
Os(2)-Os(3)-c(9) 
Os(2)-Os(3)-c(lO) 
Os(2)-Os(3)-c(ll) 
Os(2)-H-Os(3) 

62.74(4) 
94.0(10) 
80.600) 

159.5(10) 
98.9(13) 
94.005) 

100.3(11) 
155.7(9) 
94.905) 
88.103) 
90.306) 
92.103) 

102.9(14) 
59.05(5) 
92.0(5) 
85.9(9) 
89.9(10) 

176.9(9) 

176(3) 
1743) 
176(3) 
105(5) 
43.95 
93.202) 

119(6) 
93.1(13) 
58.22(4) 

168.9(10) 
94.6(9) 
88.7(8) 

114.8(10) 
146.2(9) 
89.9(8) 
99.25 

1.13(5) 
1.17(4) 
1.14(4) 
1.05(4) 
1.11(4) 
1.11(4) 
l.lM4) 
1.24(4) 
1.25(4) 
1.4300) 
1.82 
1.55(9) 
1.95(4) 
2.11 
1.47(6) 
1.16(4) 
1.16(4) 

88.904) 
88.601) 

177.2(12) 
95.8(g) 
82.7(9) 
95.1(8) 
91.2(12) 

174.604) 
162(4) 
126.208) 
171(3) 
174(3) 
179(3) 
176(3) 
175(3) 
174(3) 
175(3) 
172.104) 
82.5(6) 
91.0(9) 

148.2(10) 
118.1(9) 
173.3(10) 
88.701) 
93.1(14) 
93.103) 
82.5(g) 
88.1(9) 

122(3) 
117(3) 
119(3) 
1744) 
36.81 
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trum showed that the transformation from 2a to 3b was 
completed in 5 h. The resulting solution was filtered, 
concentrated and chromatographed on a silica gel TLC 
plate with 50: 50 CH,Cl,/hexane as eluent to give 
(~-H)Os3(CO)lo(CNPrX~2-OCO~H) (3b) (9 mg, 
0.009 mmol, 28%) and Os,(CO),&-CNHPrXp- 
OCOC=CH) (4) (1 mg, 0.001 mmol, 3%). 

3.5. Crystallographic structure determination of (p- 
H)Os,(CO),,(CNPr)(q’-OCOCF,) (3a) and (p- 
H)OS,(CO),,(CNP~)(~~‘-OCOCICH) t3b). 

Crystals 3a and 3b were grown from CH,Cl,/hexane 
solutions at -5°C. Specimens of suitable quality were 
mounted on a glass capillary and used for measure- 
ment of precise cell constants and intensity data collec- 
tion. All diffraction measurements were made on an 
Enraf-Norius CAD-4 diffractometer using graphite- 
monochromatized MO Ka radiation (A = 0.70930 A) 
with 8-28 scan mode. Unit cells were determined and 
refined using 25 randomly selected reflections obtained 
using the CAD-4 automatic search, centre, index and 
least-squares routines. Space groups were determined 
from the systematic absences observed during data 
collection. The systematic absences in the diffraction 
data of 3a and 3b unambiguously established the space 
group as P2,/n and P3,, respectively. An empirical 
absorption correction was applied to each of the data 
sets. The structure of 3a was solved by heavy-atom 
method, and 3b was solved by direct method. All 
remaining non-hydrogen atoms were located from the 
difference Fourier map, and they were included in the 
final refinement cycle and refined by full-matrix least 
squares. All the data processing was carried out on a 
Microvax 3600 using the NRCC SDP program. Crystal- 
lographic data are shown in Table 1. Final atomic 
coordinates, isotropic thermal parameters, and se- 
lected bond distances and bond angles for two com- 
plexes are listed in Tables 2-5. 

4. Supplementary material available 

Tables of atomic coordinates, crystal and intensity 
collection data, anisotropic thermal parameters, and 
bond lengths and angles (10 pages), and tables of 
structure factors (19 pages) are available from the 
authors. 
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