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In the presence of BF3 the cluster complex [ (p-H)30s3(CO)g(p3-C)]3(0,B,0,) undergoes Friedel-Crafts type reactions with B5H9 
and with 1,2-C2BloH12 to form the boron-substituted complexes (p-H)30s,(CO)g(p3-C)(B5H8) and (pH),0s3(CO)p(p3- 
C)(C2BIOHI1), respectively. Substitution occurs at the apical site of the B5 square pyramid of the pentaborane(9) derivative, the 
site expected to be most susceptible to electrophilic attack. The carbon-boron bond is readily hydrolyzed, and the triosmium 
methylidyne cluster ( ~ H ) , O S , ( C O ) ~ ( ~ ~ - C H )  is formed. In the case of the carborane derivative, substitution is believed to occur 
at the 9-B site. This compound is resistant to hydrolysis, and it appears to be stable in air. There is no apparent reaction between 
lr7-C2BI0Hl2 and [(p-H)30s3(CO)9(p-C)]3(03B303) in the presence of BF3. 

Introduction 

The complex [(p-H)3(CO)90s3(p3-C)]3(03B303) (1) has a 
molecular structure that consists of a trioxyboroxin unit (03B303) 
to which three triosmium methylidyne cluster units ( (P-H)~-  
(CO)90s3(p3-C-) are bound’ (Figure 1). This compound is a 
potentially useful reagent in the preparation of derivatives of 
triosmium methylidyne clusters. Its reactions with BCl, and BBr3 
in CHzClz produce the halo complexes (p-H)3(CO)gOs3(p3-CX) 
(X = C1 (2), Br (3)).l These reactions are believed to occur 
through a sequence that involves initial coordination of the boron 
halide to the oxygen of the C-0-B unit followed by transfer of 
halogen to the carbon atom with rupture of the carbon-oxygen 
bond.z4 

Complex 1 reacts with benzene in the presence of BF, to form 
the triosmium phenylmethylidyne cluster (p-H)3(CO)90s3(p-CPh) 
(4)’ via a Friedel-Crafts type reaction. In view of the known 
ability of some boron hydridesS and carboranes6 to undergo 
Friedel-Crafts reactions with electrophilic displacement of B-H 
hydrogen, it seemed that 1 might be useful in linking a borane 
or a carborane with the triosmium methylidyne cluster unit (p-  
H)3(C0)90~3(p3-C-) through the formation of a carbon-boron 
bond. We report here results from studies of the reaction of 1 
with the boron hydride B5H9 and the carboranes l,2-C2Bl0HlZ 
and 1,7-CZBI0Hl2 in the presence of BF3. 
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Results and Discussion 
(F-H)~OS~(CO)~(~~-C)(B~H~). In the presence of BF3, pen- 

taborane(9), BsH9, is “alkylated” by the (p-H)3(C0)90s3(p3-C-) 
unit of 1 to form (p-H)3(C0)90ss(p3-C)(B5H8) (5) (reaction 1). 

[ ( ~ - ~ ) 3 ( ~ ~ ) 9 ~ ~ 3 ( ~ 3 - ~ ) 1 3 ( ~ 3 ~ 3 ~ 3 )  + BsH9 _* 

BF1 

(~-H)3(Co)9os3(r,-C)(BSHE) (1) 
5 

Synthesis of 5 was achieved by stirring a slurry of 1 in liquid B5H9 
in the presence of BF3. It was isolated in 33% yield. Equivalent 
yields of 5 were also obtained with CHzClz as a solvent. Another 
route to 5 is the reaction of the triosmium chloromethylidyne 
cluster 2 with B5H9 in the presence of AlCl,; however, the pre- 
ferred synthesis is given by reaction 1 because of the easy prep- 
aration of 1 compared to the preparation of 2. Isolated as a light 
orange solid, 5 appears to be stable a t  room temperature under 
vacuum but it reacts with the moisture in the air to form the 
triosmium methylidyne cluster (p-H)3(CO)90s3(p3-CH) (6). In 
glacial acetic acid 5 is cleanly converted to 6. Complex 5 is soluble 
in CHzClz and CHCl,; it is slightly soluble in hexane. 

FT-ICR mass spectra of 5 reveal a parent mass of 906 (cal- 
culated m / e  for 1~B~12C,o~Hll ’6091920s3:  906) and a fragmen- 
tation pattern that shows sequential separation of B5HB and CO 
groups from the Os3C cluster core. A proposed structure for 5 
(Figure 2) that contains an apically substituted pentaborane(9) 
unit is readily deduced from its N M R  spectra. The doublet in 
the “B NMR spectrum at -12.2 ppm (JBH = 140 Hz) is assigned 
to the four basal boron atoms of the B5 square pyramid, while 
the singlet a t  -25.3 ppm is assigned to the apical boron atom. 
Upon proton spin decoupling, the doublet collapses to a singlet. 
The ‘H N M R  spectrum of 5 consists of a signal a t  -19.23 ppm, 
assigned to the Os-H-Os bridging hydrogens, a broad single 
resonance at -0.86 ppm, which is assigned to the B-H-B bridging 
hydrogens, and a 1: l : l : l  quartet a t  3.06 ppm (JB-H = 140 Hz), 
due to the terminal basal B-H hydrogens. 

Boron- 1 1 N M R  spectra of mixtures from reaction 1 indicate 
that 5 is the principal product in the reaction. The only other 
product in the reaction mixture that contains B-H bonds is present 
in significantly smaller concentration. Its llB N M R  spectrum 
consists of two signals in a 1:l ratio (d, -12.9 ppm (coupling 
unresolved due to overlapping resonances); d, -48.4 ppm (JB+ 
= 172 Hz)), and its 2D IIB-llB NMR spectrum reveals that the 
nuclear spins of these boron atoms are spin-coupled. This second 
B-H-containing product was not identified because it could not 
be separated from the reaction mixture. It is unlikely that this 
product is an isomer of 5 in which substitution occurs at a basal 
site of the Bs square pyramid. Such an isomer is expected to have 
a “B NMR spectrum consisting of a high-field doublet (1 B) and 
three lower field signals of a singlet (1 B), doublet (1 B), and 
doublet (2 B). Other boron-containing species in the reaction 
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Figure 1. Skeletal arrangement in [01-H),0sl(C0)9~,-C)]~(0,B,0,) 
(1). 

mixture have resonances at 0.3 ppm, assigned to a species con- 
taining BF, bound to an oxygen of an ether-like ligand, and at 
19.7 ppm. assigned to a boron atom that is in a trigonal envi- 
ronment surrounded by three oxygen atoms,' possibly a trioxy- 
boroxin unit (O,B,O,). 

Formation of the carbon-boron bond at the apical a tomla  of 
the B, cluster provides support for the synthesis of 5 through a 
FriedeKrafts type reaction in which an expected directive effect 
involves electrophilic attack at the most negative boron atom in 
BsH,,'" the apical boron atom. I t  is suggested that BF, assists 
the reaction by binding to the oxygen on the methylidyne carbon 
with subsequent heterolytic cleavage to form a cluster carbonium 
ion or perhaps by causing extreme polarization of the C 4  bond 

(7) Bell, R. P.; Edwards, I. 0.; Jones, R. B. The Chemistry of Boron and 
ils Compamds; Muettcrtis, E. L., Ed.; Wilcy: New Ymk, 1967; p 214. 

MASS IN A.M.U. 

Figure 3. FT-ICR mass spearurn of (r-H)l(CO),0s,(r3-C)(C2B,oH,~) 
(7). 

2 

7 

F i y e  4. (A) Structure of I,2-C2BloH12, (B) structure of 1,7-CzB1&1. 
and (C) proposed structure of ( r -H) l (CO)9~ ,~ l -C~!C,B , ,H, I~  (7). 
The hydrogen atoms of the carbranes have been omitted for clarity. 

to facilitate the Friedel-Crafts type reaction.",% 

also reacts with 1 in the presence of BF, to form the boron-sub- 
stituted complex (~~H),(C0)90s,(~l-C)(CzBloHll) (7) (reaction 
2). On the other hand, there is no reaction, (3), between 1,7- 

[(~-H),(C~)~~~I(~L,-C)II(O~B~OI) + ~~2-CzBioHiz - 
( r - H ) 3 ( ~ ) 9 ~ ( r , € ) ( C ~ B l ~ l l ) .  The mrborane 1 ,Z-CZBIOHIZ 

B h  

(~-H)~(C~)~~~,(~I-C)(CZBIOHII) (2) 
7 

CzBl&z and 1 in the presence of BF,. On the basis of analytical 
HPLC only one isomer, 7, was produced in reaction 2. It was 
isolated as a pure material in 32% yield and is soluble in CHZClz, 
CHCI,, and acetone. 

The FT-ICR mass spectrum of 7 reveals the parent ion mass 
of 988 (calculated mJe for 'iBloi2ClziHl,'609'9zOs~: 988). 

(8) Seyferth, D.; Hallgren, J. E.; Eschbach, C. S. 3. Am. Chem. Soe. 1974, 
96, 1730. 
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Successive loss of the  nine carbonyls from the  Os3 framework was 
observed in t h e  mass spectrum, leaving a fragment  t h a t  consists 
of the carborane attached to the os3c p i g u r e  3). on the 
other hand, for complex 5 the parent ion appears in high abun- 

fragmentat ion appears  t o  involve scission of t h e  methylidyne 
carbon-boron bond. T h e  C-B bond in 7 is much more resistant 
t o  hydrolysis than t h a t  in 5. Solid 7 appears  to be  s table  in air. 

The s t ruc ture  of 7 could not  be deduced f rom NMR sDectra 

Wermer et al. 

evolved. The volatile materials were removed by pumping for 1 h. In  
the drybox, the reaction flask was attached to an extractor. The ex- 
traction apparatus was attached to the vacuum line, and hexane was 
distilled onto the product a t  -196 OC. The vessel was warmed to room 
temperature, and the compound was washed with hexane. Then the 

Next, the extraction apparatus was attached to the vacuum line, and 
C H ~ C ~ ~  was condensed onto the product at -196 OC. The vessel was 
warmed to room temperature, the product was dissolved in the CH2C12, 
and the resultine solution was filtered. leavine behind boric oxide on the 

dance Only at low potentia' (9 ev) and the vessel was placed in the drybox, and a new collection flask was attached. 

(Experimental Sect ion)  because of overlapping resonancds t h a t  
could not  be resolved, even by t h e  use of partial relaxation ex- 
periments. However, we can argue for a most  likely s t ructure ,  
t h e  9-B substituted isomer shown in Figure 4. The favored site 
for electrophilic substitution of carboranes is t h e  boron a t o m  
far thest  from carbon.6 In electrophilic monohalogenation (Clz, 
Br2, or I2 in t h e  presence of an aluminum halide), substitution 
occurs predominantly a t  boron atom 9(12)  in 1,2-C2B,,-,HI2 and 
a t  boron a t o m  9(10)  in 1,7-CzBloHl2, t h e  boron atoms farthest 
from both carbons in these carborane  molecules.6e Selectivity 
increases with decreasing s t rength of t h e  electrophile.6e T h e  
absence of reaction between 1 a n d  1,7-C2BI0Hl2 under  identical 
conditions in which 1 reacts with 1,2-C2BIOHI2 suggests t h a t  1 
is a weak electrophile compared  t o  Clz, Br2, a n d  Iz. Since we 
obtain only one isomer of 7, it is assumed to  be the  9-B-substituted 
isomer. 

Experimental Section 
Materials. Syntheses in the literature were employed for the prepa- 

ration of ( ~ - H ) z O s 3 ( C O ) l o ~  1,2-C2BloH12,10a~b 1,7-C2BloHI2,'OC and di- 
borane(6)." Pentaborane(9) (Callery Chemical Co.) was used as re- 
ceived. Boron trifluoride was obtained from the Matheson Chemical Co. 
It was passed through a -140 OC trap prior to use and stored in a Pyrex 
tube with a ground-glass stopcock at  -196 "C. Methylene chloride was 
distilled from CaH2 and stored over P205 until use. Hexane was purified 
according to the literature procedureI2 and then distilled from CaH2 and 
stored in an evacuated bulb until use. Boron-1 1 N M R  (G(BF3.0Et2) = 
0.00 ppm) and proton N M R  (b(TMS) = 0.00 ppm) spectra were ob- 
tained at The Ohio State University Chemical Instrument Center on a 
Bruker MSL-300 N M R  spectrometer a t  96.3 and 300 MHz, respectively. 
Fourier transform ion cyclotron resonance (FT-ICR) mass spectra were 
obtained at  The Ohio State University Chemical Instrument Center on 
a Nicolet MSlOOO spectrometer. 
(p-H),(CO),0s3(p3-C)(B5H8). A 10-mL reaction vessel was loaded 

with 117.1 mg of H20s3(CO)lo (0.137 mmol) and a Teflon-coated 
magnetic stir bar. The vessel was evacuated on the vacuum line, and 2 
mL of dry CH2CI2 was condensed into the vessel at -196 OC. This was 
followed by 0.548 mmol of T H F  and 0.0687 mmol of B2H6, both mea- 
sured as gases. The vessel was warmed to room temperature and the 
mixture was stirred for 5 h. After about 1 h, complex 1 had begun to 
precipitate. After 5 h, the volatile components were removed by con- 
tinuous pumping for 1 h. The vessel was cooled to -196 OC, and 1.0 mL 
of B5H9 (ca. I O  mmol) and 0.274 mmol of BF3 were condensed into it. 
The vessel was returned to room temperature, and the mixture was stirred 
for 40 h. The resultant mixture consisted of an orange solution and an 
off-white precipitate. Only 0.08 mmol of noncondensable gas was 
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frit. The methGene chloride soluble product 1, was isolated as a light 
orange solid in 33% yield (41 mg, 0.045 mmol) and identified as (w-  
H)3(C0)90s3(p3-C)(B5H8) as described under Results and Discussion. 
IR spectrum (in CH2C12); uBH = 2599 (w) cm-I; YCO = 2005 (s), 2013 
(s), 2019 (s), 2074 (s), 2079 (s) cm-I; unassigned = 1359 (w), 1409 (w), 
1430 (w) cm-'. 

Alternatively, 5 was prepared in the following manner. From 256.0 
mg of H 2 0 ~ 3 ( C O ) I 0  (0.29 mmol), cluster 1 was prepared according to 
the procedure above. After the volatiles were removed by pumping, 
CH2C12 (2 mL), B5H9 (0.87 mmol), and BF3 (0.58 mmol) were con- 
densed into the vessel a t  -196 OC. The vessel was warmed to room 
temperature and stirred for 40 h. The volatiles were removed by pumping 
for 1 h. In the drybox, the reaction vessel was attached to an extractor 
and the solid products were washed with hexane. The vessel was taken 
into the drybox, and a new collection flask was attached. The residue 
on the frit was dissolved in CH2C12 and the solution filtered, leaving 
behind boric oxide on the frit. The methylene chloride soluble compound 
5 was isolated in 32% yield (83.7 mg, 0.093 mmol). 

Reaction of (p-H)3(CO)90s3(p-C)(B5H8) with Glacial Acetic Acid. 
An excess of glacial acetic acid, ca. 2 mL, was condensed into a 15-mL 
round-bottom flask containing 45.0 mg of 5 (0.050 mmol) at -78 O C .  

The solution was then allowed to warm to room temperature and was 
heated to 80 OC for 24 h. Volatile components were pumped away, 
leaving behind a light yellow residue which was then recrystallized from 
CH2CI2/hexane to give (p-H)3(C0)90~3(p3-CH) in 90% yield (37.7 mg, 
0.045 mmol). 
(P-H)~(CO)~OS~(~~-C)(C~B~~~~). From 187.5 mg of H20s3(CO)lo 

(0.220 mmol), complex 1 was prepared according to the procedure above. 
After the volatiles had been removed by pumping, the vessel was taken 
into the drybox and charged with 32.0 mg of 1,2-C2BIoH12 (0.226 mmol). 
The vessel was removed from the drybox, evacuated on the vacuum line, 
and cooled to -196 OC. Dry CH2CI2 (1-2 mL) was condensed into the 
reaction vessel along with 0.440 mmol of BF,. The vessel was allowed 
to return to room temperature with stirring. The light yellow precipitate 
gradually disappeared, forming an initially clear, orange solution. After 
a few minutes, an off-white precipitate began to appear. Over a period 
of 3 days the amount of precipitate became noticeably larger. After the 
mixture was stirred for 6 days, the volatile components were removed and 
the vessel was taken into the drybox and attached to an extractor. The 
orange CH2C12 solution was filtered, leaving behind a slightly soluble (in 
CH2C12) light yellow material. In the air this material was dissolved in 
acetone and eluted from a silica gel column with acetone and methylene 
chloride. Yield: 72 mg (0.073 mmol, 32% based upon H20s3(CO)lo). 
IR spectrum (KBr pellet): U B H  = 2607 (w) cm-I; YCO = 1998 (s, br), 2073 
(s) c d ;  unassigned = 602 (w), 696 (w, sh), 1084 (w), 1093 (w), 1106 
(w), 1109 (w), 11 19 (w) cm-l. Boron-1 1 N M R  spectrum: 0.97 ( J  = 129 
Hz), -5.71 ( J  = 148 Hz), -10.65 ( J  = 164 Hz), -13.73 ppm ( J  = 151 
Hz). Proton N M R  spectrum: -19.23 ppm (s, Os-H-Os); B-H region 
not resolved. 
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