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We previously reported our results concerning the metal- 
mediated alkylation reaction of a boron hydride, in which 
Fischer-type carbene complexes were found to promote the 
conversion of 旳以枷-S2B7H厂 to the alkylated cage com­

pound, anjc/»MO-4-RCH2-6,8-S2B7H8 as shown in equation 1 
and 2.1

S2B7H厂+ (CO)5M{ = C(OCH3)R} t
E(CO)5M(C(OCH3)(R)(S2B7H8)|]- (1)

[(CO)5M{C(OCH3)(R)(&B7H8)}「+ H+ t 
aracArto-4-RCH2-6,8-S2B7H8 (2)

(M=Cr, W; R-CH3i GH5)

The result of the foregoing reactions su^ests that isoelec- 
tronic araehno-C^Hn- anion might also attack Fischer-type 
carbene complexes. Consequently, we have found that ara- 
CAMO-C2B7H12*  anion readily reacted with Fischer-type car­
bene complexes2 at room temperature. But, in contrast to 
the reactions with 如t湖"&8阳厂，carbene-carbon insertion 
into the cage results in the production of new tricarbon car­
borane mu2o-6-R-5A9-C3B7Hio (Da: R=CH3； lib: R—CeH5) 
in good yields.

The reaction of arachno-6t8-C2B7^u with NaH in THF at 
room temperature produces a paint yellow solution of ara-

This anion was treated with (methoxy)(alkyl) 
metal carbene complexes for 6 h, producing the anionic com­
plexes I (Scheme 1). After removing the solvent in vacuum, 
the residue was diluted in dry dichloromethane and treated 
with the anhydrous hydrogen chloride at —78 t. The reac­
tion mixture was stirred for 1 h at —10 t, affording after 
workup (see experimental section) and purification the tricar­
bon carborane complex II.

The compound Ha was first prepared via thermal reaction 
of nitriles with arac/jMO-Na+C2B7Hi2~ in 35% yield.3,4 The 
reaction required at least 2 weeks to reach completion in 
refluxing nitrile solution. It was found that our synthesis 
allow routine production of Ila in yields of 50% or better 
at room temperature and shortened the reaction time dra­
matically to 6 h-14 h. Thus, a more efficient procedure for 
production of Ila was developed.

Exact mass measurement and elemental analysis support 
the proposed composition of Mk/o-G-CsHs-S^.O-CaByHio lib. 
The nB spectrum of lib (Figure lb) is also consistent with 
the proposed cage skeleton, showing seven different doublets 
of intensity 1, with the peak at —1.2 ppm having a narrow 
line width characteristic of a boron (B10) located between 
two heteroatoms (C5 and C9). The assignment of these reso­
nances to the B8, B7, B10, Bl, B2, B3, and B4 borons, respec­
tively, (as shown in Scheme 1) is consistent with the assign-

arachno-6,8-C2B7H12* 
(M=Cr, W; R= CH3, CeHg)

nKfo^-R-5,6,9-C3B7H10 N
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Figure 1. The 64.2 MHz nBpH} NMR spectra of la (a) and 
lib (b).

ments previously made by Sneddon for the spectrum of 
IIa.3~6 Furthermore uB-llB COSY 2D NMR spectra show 
all the expected cro옹s peaks between adjacent borons. The 
】3C{'H} NMR spectrum of complex lib is likewise in agree­
ment with the proposed cage structure and confirms the pre­
sence of a CH2 group at the cage 9-position. The 'H NMR 
spectrum of lib contains one phenyl and three cage CH re­
sonances. The peak at —1.8 ppm is assigned to the 6-CHe- 
ndo proton on the basis of the similarity of its chemical 
shift to the high-field shifts normally observed for the endo­
proton resonances in complex Ila. The data further indicate 
that lib is a same cage system of the n:Jo-6-CH3-5,6,9-C3B7H 
10 carborane recently reported by the Sneddon group.3'6 
Thus, the specroscopic data discussed above support the for­
mation of II as a 10-vertex tricarbon carborane formed by 
one-carbon insertion reaction of Fischer-type carbene comp­
lexes.

The reaction was fa아, only requiring 6 h-14 h at room 
temperature to reach completion. Therefore, the formation 
of complex II suggests the following reaction route is invol­
ved as shown in equation 3 and 4.

g以如-Na*  C2B7H12 ~ + (CO)5M( = C(OCH3)R}
(M = Cr, W; R=CH*  C6H5) —스

ara^-Na+[(CO)5M(C(OCH3)(R)(C2B7Hi2)}r I (3)

ar^Mt?-Na+[(CO)5M|C(OCH3)(R)(C2B7H12)}]^ I + HC1 -
沅由・&&5,6,9《3出¥七0 II+NaCl + CH3OH+M(CO)6+H2 (4)

The reaction was found to proceed at — 20 t to give the 
unstable metallacarbaborane intermediate I. These compou­
nds can be obtained quantitatively in all reactions described 
above but decompose slowly in solution above —10 The 
new compounds would be artzc/iMO-Na+[(CO)5M|C(OCH3)(R) 
(C2B7Hi2))]- (la: R=CH3, M = Cr; lb: R=C6H5, M = Cr) sup­
ported by UB NMR data. The nB-NMR spectrum of la, 
도hown in Figure la, shows seven resonances of equal inten­
sity. The extremely complex and broad NMR spectrum 
(25 © precludes structural assignment for la. However, 
broad high field absorption observed at —12 ppm may indi­
cate the presence of the metal hydride complex. Such metal
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hydride intermediates had been observed in the reaction 
of arachnoSJ^-^^ with Fischer-type carbene complexes as 
shown in equation I.1 Thus, the proposed structure for com­
plex I is a substituted aracAMO-6,8-C2B7Hi3 system in which 
the carbene carbon is directly attached to the 6-position cage 
carbon atom.

A possible reaction sequence leading to the formation of 
II is shown in Scheme 1. Previous studies have shown that 
in arachno-C2^7^i2~ the negative charge is localized on the 
carbon site.7 Nucleophilic attack of the anion at the carbene 
carbon should then generate a product (as is observed for 
II) having one of the original cage Carbons and the carbene 
carbon in adjacent positions. Thus, reaction of the anion with 
the Fischer-type carbene complex would create a metallacar­
baborane intermediate I; consequently, in the carborane 
there are two additional hydrogens present and complete 
reduction to both methanol and metal carbonyl (M(CO)6)is 
possible in the presence of acid. This reductive cleavage8 
then allows the incorporation of the carbene carbon into the 
cage. This proposed reaction sequence is speculative and 
additional detailed studies will be required before an exact 
reaction mechanism can be confirmed; however, it is clear 
that the intermediate I appears to play a unique role in each 
of the reactions discussed above.

Thus, we provide an efficient synthetic route to the nido- 
6-R-5,6f9-C3B7Hio II tricarbon carborane system. These re­
sults suggest that nucleophilic arachno-C2^Mvi~ may be 찬ble 
to attack other polarized metal-carbon bonds, providing a 
new synthetic route to multi-carbon carborane clusters. We 
are continuing to study both the scope of these reactions 
and the chemistry of these unique tricarbon carborane clus­
ters.

Experimental

All Manipulation were carried out using standard high-vac- 
uum or inert-atmosphere techniques described by Shriver.9

Methods and Materials. arachno-^^-C^T^iz was pre­
pared as reported previously.10 Oil-dispersed sodium hydride 
was obtained from Aldrich and was washed with hexane un­
der a nitrogen atmosphere prior to use. The (CO)5Cr{ —C 
(OCH3)(CH3))(2b (CO)5Cr{ = C(OCH3)(C6H5)L2c (CO)5W{-C 
(OCH3)(CH3)|f2b and (CO)5W{-C(OCH3)(C6H5)|2b were pre­
pared according to the literature methods. The majority of 
solvents were of reagent grade and were used without fur­
ther purification. Tetrahydrofuran was freshly distilled from 
sodium-benzophenone and methylene chloride was dried 
over calcium chloride. Anhydrous hydrogen chloride (HCl/Et2 
0) and all other reagents were commercially obtained, as 
indicated, and used as received. Analytical thin-layer chro­
matography was conducted on 0.25 mm (5X10 cm) silica 
gel F-254 plates (Merck). Flash column chromatography was 
performed with silica gel (230-400 mesh, EM Science). Silica 
gel was obtained from J. T. Baker Co. and was dried before 
use. All reactions involving dicarbaborane anion were carried 
out under nitrogen atmosphere.

Physical Measurements. 'H NMR spectra at 200 MHz 
and nB NMR spectra at 64.2 MHz were obtained on a Bin­
ker AM-200 Fourier transform spectrometer. All boron-11 
chemical shifts were referenced to BF3 • O(C2Hs)2 (0.0 ppm) 
with a negative sign indicating an upfield shift. All proton 
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chemical shifts were measured relative to internal residual 
benzene from 산蛇 lock solvent (99.5% CeD6) and then refer­
enced to Me4Si (0.00 ppm).

Two-dimensional COSY uB-nB NMR experiments11 were 
conducted with s-type selection parameters at 64.2 MHz. The 
sweep widths in the F2 direction was 20000 Hz and in the 
Fi direction 10000 Hz and a total of 128 increments (incre­
ment size 0.05 ms) was collected, with each slice having 512w 
F2 data points. The data were zero-filled twice in the FT 
directions and subjected to 2D Fourier transformation with 
sine-bell apodization in both domains. A total of 128 scans 
for lib and 256 scans for la were taken for each increment 
with a recycling time of 100 ms.

High- and low-resolution mass spectra were obtained on 
a VG Micromass 7070H mass spectrometer. All melting 
points were uncorrected. Elemental analyses were obtained 
from Schwazkopf Laboratories, Woodside, NY. Infrared spec­
tra were obtained on a Perkin-Elmer 1430 spectrophotome­
ter.

General Procedure for the Synthesis of nido-6-R-5, 
63-C3B7H10 II. A 100-mL round bottom flask fitted with 
a vacuum stopcock was charged with arachno-6t8-C2&7^3 
(0.34 g, 3.0 mmol) and NaH (0.10 g, 4.2 mmol). Tetrahydrofu- 
ran (20 mL) was distilled in vacuo into the reaction flask 
cooled with liquid N2, and the flask was allowed to warm 
to room temperature, whereupon hydrogen gas was evolved. 
After gas evolution ceased (1 h), the resulting yellow solution 
was filtered. The (methoxy)(alkyl) metal carbene complex 
(3.2 mmol, 1.1 equiv) in THF was added via canula to a 
flask containing a solution of Na+C2B7Hi2 - at —78 fc. The 
initial yellow or red solution turned to brown after the addi­
tion was concluded. The reaction mixture was stirred at — 78 
W for lh and for 6 h at room temperature. The solution 
gradually turned dark green, su职esting the formation of a 
metallacarbaborane complex. llB NMR spectra taken at this 
point confirmed the exclusive formation of the anion arachno- 
Na+ [(CO)5M{C(OCH3)(R)(C2B7H12)}y (la: R=CH3, M=Cr; 
lb: R=C6H5, M = Cr). THF was removed in vacuo and the 
residue was dissolved in 20 mL of methylene chloride. This 
suspension was maintained at — 78 t while 5 mL of 1 M 
HC1 in Et2。was added. The reaction mixture was warmed 
to —10 t and stirred for 1 h at this temperature. Subse­
quent separation was performed by vacuum distillation gave 
air sensitive complex M/do-6-R-5,6r9-C3B7Hio (Ila: R=CH3; 
nb： r=c6h5).

Reaction of Na+C2B7H12- with (CO)5Cr{ = C(OCH3) 
(CHS)}. (CO)5Cr{ = C(OCH3)(CH3)( (0.80 g, 3.2 mmol) in 
THF (20 mL) was treated with Na+C2B7Hi2_, prepared from 
arachno-^fi-C^-^Yi (0.34 g, 3.0 mmol) and NaH (0.10 g, 4.2 
mm시) in THF (~20 mL), according to the general proce­
dure. After stirring the reaction mixture for 6 h at room 
temperature, llB NMR spectra taken at this point indicated 
that the starting material had been completely consumed 
and that arac/rWo-Na+L(CO)5Cr{C(OCH3)(CH3)(C2B7H12)}]- 
anion la was the sole product. The intermediate complex 
la was slowly decomposed in solution at room temperature: 
UB NMR (64.2 MHz, ppm, tetrahydrofuran-dg) 5.1 (d, B9, 

；bh=130), 3.0 (d, B4,/bh=120), —6.2 (d, B2,Jbh = 140), -11.4 
(d, B1Jbh=150), -13.9 (d, B7Jbh-145), 一25.0 (d, B5Jbh= 

160), -33.5 (d, B3(/bh=140)： 2D nB-nB COSY NMR (64.2 
MHz, ppm, tetrahydrofuran-dg, nB spin-decoupled) B9-B1 

(w), B4-B1 (s), B4-B5 (m), B2-B1 (s), B2-B7 (m), B2-B5 (s), 
B2-B3 (s), B1-B5 (s), B1-B3 (s), B7-B3 (m);】H NMR (200.13 
MHz, ppm, tetrahydrofuran-d8) 3.6 (br, s, OCH3), 2.9 (br, s, 
Cg, 24 (br, s, CHq, 1.0 (br, s, Cff3), -1.5 (br, s, CHS, 
-2.0 (br, s, B・H・B), —12.0 (br, s, MH). Protonation followed 
by vacuum distillation of the resulting reaction mixture un­
der 0.01 mmHg at room temperature gave the complex nido- 
6-CH3-5A9-C3B7H10 Ila (0.24 g, 1.8 mm이, 58% yield).

Reaction of 广 with (CO)5W{=C(OCH3)
(CHs)}. The general procedure as described above was 
employed by using 3.0 mmol of Na+C2B7Hi2-t except that 
(CO)5W{ = C(OCH3)(CH3)} (1.2 g, 3.2 mmol) was used instead 
of (CO)5Cr{ = C(OCH3)(CH3)} and that the reaction was run 
until completion (12 h). The completion of the reaction was 
monitored by UB NMR spectroscopy. After ca. 2 h of further 
stirring, green brown reaction mixture was connected to a 
vacuum and the solvent was evaporated. The residue was 
dissolved in dry CH2C12( cooled to -78 t and HCl/Et2O 
(5.0 mmol, 1.7 equiv) was added. Cooling bath was removed, 
and the heterogeneous reaction mixture was stirred for 1 
h at —10 t. The reaction mixture was quickly filtered 
through an activated pad of silica gel, and the solvent was 
removed under vacuum. The crude residue was purified by 
vacuum distillation under 0.01 mmHg at room temperature 
gave Ila (0.20 g, 1.5 mm이, 49% yield).

Reaction of Na+CzBrHi广 with (CO)5Cr{ = C(OCH3) 
(CfiHs)}. (CO)5Cr-/7=C(OCH3)(C6H5)} (1.0 g, 3.2 mmol) in 
THF (20 mL) was treated with Na+C2B7Hi2-, prepared from 
aracAMO-6,8-C2B7Hi3 (0.34 g, 3.0 mmol) and NaH (0.10 g, 4.2 
mmol) in THF (20 mL), according to 나此 general procedure. 
After stirring the reaction mixture for 6 h at room tempera­
ture, nB NMR spectra taken at this point indicated that the 
starting material had been completely consumed and that 
m 새初・Na+[(CO)5Cr{C(OCH3)(GH5)(C2B7H】2)}「anion lb 
was the sole product. The intennediate complex lb was slow­
ly decomposed in solution at room temperature: UB NMR 
(64.2 MHz, ppm, tetmhydrofuran서Q 6.6 (d, B9( 7bh=125), 

4.2 (d, B4,/bh=130), -5.0 (d, B2,/bh= 135), -10.1 (d, Bl, 
/bh=130), -13.3 (d, B7,/bh = 135), -23.4 (d, B5,丿卽=160), 
-32.0 (dt B3,/bh=145);】H NMR (200.13 MHz, ppm, tetra- 
hydrofuran-d8) 7.6 (br, m,。成)，3.9 (br, s, OCH3), 3.0 (br, 
s, CHao), 2.4 (br, s, CH爲,-1.5 (br, s, CHendo)t -2.1 (br, 
s, —11.6 (br, & MH). Protonation followed by subli­
mation of the resulting reaction mixture under 0.01 mmHg 
at room temperature gave the complex 鈴泌・6(詛5・5,6,9«387 
Hio lib (0.35 g, 1.8 mm이, 59% yield): mp 30-32 t (Su비imed 
at room temperature); nB NMR (64.2 MHz, ppm, CQQ 20.1 
(d, B8,/bh=170), 1.0 (d, B7, 扁 드 160), -1.2 어, B10, JBH = 
190), — 4.4(d, Bl, •/타] = 180), -10.3 (d, B2(/bh = U0), -11.3 
(d, B3,/bh=100), -36.5 (d, B4,/bh = 160); 2D llB-uB COSY 
NMR (64.2 MHz, ppm, CQq nB spin-decoupled) B8-B7 (s), 
B8-B3 (s), B8-B4 (m), B7-B2 (w), B7-B3 (s), B10-B1 (w), B10- 
B4 (w), B1-B2 (s), B1-B3 (s), B1-B4 (s), B2-B3 (s), B3-B4 
(s);NMR (200.13 MHz, ppm, CM 7.4 (br, m, C^), 
26 (s, CH為,2.3 (s, CH爲,-1.8 (br, s, CHg); 13C NMR 
(50.3 MHz, ppm, C6D6, proton-decoupled): 160 (s, C6), 132, 
130, 120 (s, C6H5), 62 (s, C5), 32 (s, C9); IR (KBr) 3070 
(w), 3040 (w), 2600 (s), 2580 (s, 아!), 1600 (m), 1500 (s), 1450 
(br, m), 1380 (m, br), 1260 (w), 1230 (w), 1215 (w), 1170 
(w), 1080 (w, sh), 1035 (s), 870 (w), 820 (w). Mass measure­
ment for nB712C91H15: calcd, 200.1821; found, 200.1810. Anal.
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Calcd for B7C9H15： C, 54.35; H, 7.60. Found: C, 54.54; H, 
7.70.

Reaction of Na+C2B7Hi2~ with (CO)5W{=C(OCH3) 
(CfiHs)}. The general procedure as described above was 
employed by using 3 mmol of Na+C2B7Hi2~, except that (CO)5 
W{ = C(OCH3)(GH5)} (1.4 g, 3.2 mmol) was used instead of 
(CO)5Cr{ = C(OCH3)(C6H5)) and that the reaction was run un­
til completion (12 h). The completion of the reaction was 
monitored by nB NMR spectroscopy. After ca. 2 h of further 
stirring, green brown reaction mixture was connected to a 
vacuum and the solvent was evaporated. The residue was 
dissolved in dry CH2CI2, cooled to —78 t and HCl/EqO 
(5.0 mmole, 1.7 equiv) was added. Cooling b가h was removed, 
and the heterogeneous reaction mixture was stirred for 1 
h at —10 The reaction mixture was quickly filtered 
through an activated pad of silica gel, and the solvent was 
removed under vacuum. The crude re용idue was purified by 
sublimation under 0.01 mmHg at room temperature gave 
lib (0.31 g, 1.6 mmol, 52% yield).

Acknowledgment. This work was supported in part 
by the Basic Science Research Institute program, Ministry 
of Education (BSRI-94-3407) and the Korea-USA Cooperative 
Research Program, the Korea Science & Engineering Foun­
dation. We thank for Dr. Larry G. Sneddon for help in obtain­
ing NMR results and for useful discussions and su^estions.

References

1. (a) Jeon, H. J.; Ko, J. J.; Kim, S. J.; Shin, D. S.; Kang, 
S. O. Bull. Kor. Chem. Soc. 1992, 13, 220. (b) Jeon, H.
J. ； Ko, J. J.; Lee, G. B.; Kang, S. 0. Bull, Kor. Chem. 
Soc. 1992, 14, 113.

2. (a) Fischer, E. 0.; Maasbol, A. Angew. Chem., Int. Ed. 
Engl. 1964, 3, 580. (b) Fischer, E. O.; Maasbol, A. Chem. 
Ber. 1967, 100, 2445. (c) Fischer, E. O.; Heckl, B.; D6tz,
K. H.; Muller, J. J. Organomet, Chem. 1969, 16, p 29.

3. Kang, S. O.; L. G. Sneddon, In Electron Deficient Boron 
and Carbon Clusters; G. A. Olah, K. Wade, and R. E. 
Williams Eds.; John Wiley and Sons: New York, 1990; 
p 195.

4. Kang, S. O.; Furst, G. T.; Sneddon, L. G. Inorg. Chem, 
1989, 28t 2339.

5. (a) Plumb, C. A.; Carroll, P. J.; Sneddon, L. G. Organome- 
tallics 1992, 11, 1665. (b) Plumb, C. A.; Carroll, P. J.; 
Sneddon, L. G. Organometallics 1992, 11, 1672. (c) Plumb, 
C. A.; Sneddon, L. G. Organometallics 1992, llt 1681.

6. (a) Su, K.; Barnum, B.; Camdl, P. J.; Sneddon, L. G. 
J. Am. Chem. Soc. 1992, 114, 2730. (b) Su, K.； Carroll, 
P. J.; Sneddon, L. G. J. Am. Chem. Soc. 293, 115, 10004.

7. (a) Tebbe, F. N.; Garret, P. M.; Hawthorne, M. F. / Am. 
Chem. Soc. 1966, 88, 607. (b) Tebbe, F. N.; Garret, P. 
M.; Hawthorne, M. F. J. Am. Chem. Soc. 1968, 90, 869.

8. Kang, S. O.; Sneddon, L. G. / Am. Chem. Soc. 1989, 111, 
3281.

9. Shriver, D. F.; Drezdzon, M. A. The Manipulation of Air 
Sensitive Compounds; 2nd ed.; Wiley: New York, 19 
86.

10. Garrett, P. M.; George, T. A.; Hawthorne, M. F. Inorg. 
Chem. 1969, & 2008.

11. (a) Bax, A. Two-Dimensional Nuclear Magnetic Resonance 
in Liquids; Delft University Press: Delft, Holland, 1982.

Bull. Korean Chem. Soc. 1995, Vol. 16, No. 10 997

(b) Finster, D. C.; Hutton, W. C.; Grimes, R. N. / Am. 
Chem. Soc. 1980, 102, 400. (c) Venable, T. L; Hutton, 
W. C.; Grimes, R. N. J, Am. Chem. Soc, 1984, 106, 29.

Resonance Raman Spectra of High-Valence 
Fluorooxoiron Tetrakis(pentafluorophenyl)por- 
phyrin

Insook Rhee Paeng and Ki-Jung Paeng* 1

*To whom correspondence should be addressed.

Department of Chemistry, Seoul Womans University,
Seoul 139-774, Korea

^Department of Chemistry, Yonsei University, 
Wonju 222-701, Korea

Received June 7, 1995

The high valence oxoferryl porphyrins are often found in 
many heme containing enzymes as reaction intermediates 
in their respectable reaction cycles.1"3 Given the diverse 
chemistry catalyzed by these various enzymes, the heme po­
cket modulation of the chemical reactivity of the FeIV=O 
unit seems. Resonance Raman (RR) detection of the v 
(Fe1』。)in various protein species and model compounds 
supports this notion.4

The tetrakis(pentafluorophenyl)porphyrin iron(III) chloride, 
Fe(TPFP)Cl, is one of the halogen substituted tetraphenyl- 
porphyrins (TPP) and have been frequently used as a mono 
oxygen transfer catalyst because of its high reactivity and 
its high resistence of the porphyrin ring to oxidative degra­
dation. Fe(TPFP)Cl, which is known as the most electron 
deficient metalloporphyrin,5 forms a very stable non-radical 
oxoferryl porphyrin through the reaction with oxidant such 
as w-chloroperoxybenzoic acid (mCPBA) at low temperature. 
That is contrast to a electron rich iron tetramesityl porphyrin 
chloride, Fe(TMP)Cl, which forms 比e n-cation radical oxofer­
ryl porphyrin upon oxidation.6 Thus, Fe(TFPF)Cl is an excel­
lent target material to investigate the major role of porphyrin 
moeity in the active center of oxidation reaction. Goff et al.7 
reported that addition of mCPBA to Fe(TPP)F at — 78 
produces a fluorooxo iron(IV) porphyrin n-cation radical and 
binding of basic, “hard” axial ligand such as fluoride ion 
might stabilize the highly oxidized iron porphyrin species. 
The anion ligated oxoferryl porphyrins haven't had much 
attention. Especially, no vibrational data are available.

In this note, we report the RR spectra of oxoferryl iron 
porphyrin with fluoride ligand, O=Fe(TPFP)F in the pre­
sence or absence of hydrogen bonding, for the first time. 
We also obtained the RR spectra of O—Fe(TPFP)X (X= 
OCIO3L mCB-). Finally, it is discussed the structure of this 
species and the magnitude of the trans ligand effect for those 
three anions in the O=Fe(TPFP)X.


