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Tetrahydrofuran, less strained cyclic ether was effectively cyanated by trimethylsilyl cyanide ((CHs)3SiCN)
with its ring-opening to give 5-(trimethylsiloxy)pentanenitrile in 82% yield at 120 °C for 23 h in the presence of a

catalytic amount of Coz(CO)s.

Several tetrahydrofuran derivatives having methyl and alkoxyl groups also
reacted with trimethylsilyl cyanide to give the corresponding 5-siloxy nitriles in 25—88% yields.

On using

oxiranes or oxetanes, which are more strained cyclic ethers, however, no reaction proceeded under the same

conditions.

In the present reaction, (CH3)sSiCN would firstly coordinate to the cobalt metal center as its

isocyanide form to give a cobalt-isocyanide complex, which would be a precursor of active catalyst species in the

reaction.

Synthesis of organic nitriles using cyanating re-
agents is one of important processes in synthetic
chemistry. Especially, cyanation of organic halides
with inorganic cyanides such as KCNV and hydrocya-
nation of unsaturated compounds with HCN2 are
well-known methods for the preparation of organic
nitriles and have been extensively investigated.

On the other hand, it is well-known that trimethyl-
silyl cyanide, (CHzs)3SiCN is also an useful cyanating
reagent. This reagent has provided an excellent syn-
thetic intermediate in organic chemistry; for exam-
ples, the conversion of carbonyl compounds into sily-
lated cyanohydrins.® In recent years, it has been
reported that (CHs)sSiCN could be used as a versatile
reagent for cyanation of organic iodides, acetylenes,?
allenes,® cyclopropenones,” and oxygen-containing
compounds such as cyclic ethers, acetals® in the pres-
ence of a catalytic amount of transition metal com-
plexes or Lewis acids. With respect to the reaction of
cyclic ethers with (CHz3)3SiCN, active investigations
have recently been carried out by several groups.?
Interestingly, oxiranes and oxetanes reacted with
(CH3)3SiCN to give the corresponding 3- or 4-tri-
methylsiloxy nitriles in the presence of AlCls,%
EtzAIC1,%) Al(OPr')3,% and Ti(OPr')s,% whereas the
corresponding 2- or 3-trimethylsiloxy isocyanide
under the influence of Znly,%" ZnCly,% Pd(CN)z, or
SnCly* at room temperature ~70 °C.  As for tetrahydro-
furan derivatives, less strained cyclic ethers, however, a
similar ring-opening reaction has not been reported
yet.

We reported recently that ring-opening carbonyla-
tion of cyclic ethers including tetrahydrofuran with
N-trimethylsilyl amines readily proceeded to give the
corresponding trimethylsiloxy amides in the presence
of a catalytic amount of Coz(CO)s.19 In this paper,
we describe the first example of Cog(CO)s-catalyzed
ring-opening cyanation of tetrahydrofuran derivatives
with (CH3s)sSiCN to give the corresponding 5-
(trimethylsiloxy)pentanenitriles and also discuss the
reaction mechanism.

Results and Discussion

Tetrahydrofurans were smoothly cyanated by
(CH3)3SiCN with their ring-opening in the presence
of a catalytic amount of Coz(CO)s to give the corre-
sponding 5-(trimethylsiloxy)pentanenitriles in 25—
88% yields (Eq. 1).
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Co,(CO)q
1+ (CHySiCN ————————
o” R 120 - 150 °C
R R?
(CH:,);,SiO)W CN 4 (CHs)ssio/\/\/ cN
R? R’ (1)
1 2

The results are summarized in Table 1. Unsubsti-
tuted tetrahydrofuran gave 5-(trimethylsiloxy)pen-
tanenitrile at 120°C in 82% yield (run 1). Monosub-
stituted tetrahydrofurans including methyl and
alkoxyl substituents also smoothly reacted with
(CH3)3SiCN to give the corresponding nitriles whose
substituents remained intact, and the best yield was
obtained in the reaction of 3-methyltetrahydrofuran
with (CH3)sSiCN (runs 2—5). In the cyanation of
tetrahydrofurans having the methyl substituent, the
mixture of two regioisomers (1,2) was obtained, where-
as only single products were obtained in the reaction
of tetrahydrofurans containing alkoxyl substituents.
The products where 5-position carbons of original
tetrahydrofurans were cyanated were mainly obtained
except 2-ethoxytetrahydrofuran. . The opposite selec-
tivity was observed in a case of 2-ethoxytetra-
hydrofuran which could be regarded as an acetal
rather than a cyclic ether. Since it has been reported
that the conversion of acetals with (CHs)sSiCN to 2-
alkoxy nitriles was catalyzed by CoClg,29 ZnClz or
BF3- OFEts,8® the similar reaction may take place under
the present reaction conditions using Coz(CO)s as
catalyst. Bicyclic ether such as 7-oxabicyclo[2.2.1]-
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Table 1. Coy(CO)s-Catalyzed Ring-Opening Cyanation of Tetrahydrofurans®

Tetrahydrofurans . . b) Siloxy nitrile
Run : Temp/°C  Time/h  Yield/%
R! R? 1/2°
1 H H 120 23 82 (59) —
2 H CHs 150 24 (88) 77/ 23
3 CH; H 120 23 (34) 53/ 47
4 H OCH; 150 40 (34) 100/ 0
5  OC:Hs H 150 24 (47) 0/100
0
6 ﬁb 150 24 (CHs )3SiO—O-CN
(25) -

a) (CHs)3SiCN (4.5 mmol), tetrahydrofurans (3.0 mmol), Coz(CO)s (0.15 mmol), and benzene

(3.0 ml).
figures in parentheses are isolated yields.

Table 2. Effect of Various Reaction Conditions”

Run THF/mmol (CHjs)sSiCN/mmol Temp/°C Yield/%"

1 34 3.0 180 65
2 34 3.0 150 71
3 34 3.0 120 68
4 34 3.0 100 Trace
5 34 3.0 60 0
6? 34 3.0 120 Trace
79 3.0 3.0 120 78
8Y 3.0 45 120 82(59)
99 3.0 6.0 120 65
109 3.0 45 120 0

a) Coz(CO)s (0.15 mmol), THF (3.0 m1=34 mmol), for
23 h. b) 5-(Trimethylsiloxy)pentanenitrile. Deter-
mined by GLC and figure in parentheses is isolated
yield. ¢) Triphenylphosphine (0.30 mmol) was
added. d) Benzene (3.0 ml) was used as a solvent. e)
Acetonitrile (3.0 ml) was used as a solvent.

heptane also gave the corresponding nitrile (run 6).
In the present reaction, the corresponding isocyanides
which were produced from a reaction of oxiranes or
oxetanes using Znly,%9 ZnCly% and Pd(CN)2% as cata-
lysts were not obtained at all. Tetrahydrofurans hav-
ing 2-CH2OCH3s, 2-CH2(Cl, and 2-CH2NH; groups did
not react with (CHz3)3SiCN under the same reaction
conditions. Furthermore, cyclohexene oxide or oxe-
tane did not afford the corresponding nitriles, and
intractable mixtures were obtained after the reaction.

The effects of reaction conditions were examined
with tetrahydrofuran (THF) and (CHzs)sSiCN as the
substrates (Table 2). In the case of large excess tetra-
hydrofuran as solvent, this reaction required the
temperature over 120 °C, and no reaction occurred at
the lower temperatures (runs 1—5). Reducing the
amount of tetrahydrofuran by use of benzene as a
solvent led to an increase in the yield of the nitrile.
Although a large excess amount of (CHz3)sSiCN to
tetrahydrofuran also suppressed the yield reversely
(run 9), the use of a small excess amount of
(CH3)3SiCN to tetrahydrofuran gave the best result

b) Determined by GLC based on the amount of tetrahydrofurans charged and
¢) Shown in Eq. 1.

Table 3. Catalytic Activities of Several
Transition Metal Complexes®

Run Catalyst Yield/%”
1 Coz(CO)s 68
2 CoClz 7
3 CoClg(PPhs), 5
4 K3[Co(CN)e] 0
5 Rhe(CO)16 24
6 Pt(CO)z(PPhs): (5)*
7 Rus(CO)12 0
8 Mnz(CO)10 0
9 Cr(CO)s 0
10 Fe(CO)s Trace
119 AlCls 5

a) (CH3)3SiCN (3.0 mmol), THF (3.0 ml), catalyst (10
mol% as metal atom), at 120 °C, for 23 h.- b) 5-(Tri-
methylsiloxy)pentanenitrile. Determined by GLC and
figure in parentheses is isolated yield. c¢) (CHs)3SiCN
(4.5 mmol), (CHz)sSiCN/THF=1.5, benzene (3.0 ml).
d) 4-(Trimethylsiloxy)butyl isocyanide ((CHzs)sSiO-
(CH2)4NC) was isolated.

(run 8, 82% yield). In the case of an addition of
triphenylphosphine and an use of acetonitrile which
has strong coordinating ability as a solvent, the pres-
ent reaction did not occur (runs 6, 10).

Catalytic activities of several transition metal com-
plexes were examined in the reaction of tetrahydro-
furan with (CHz3)sSiCN. The results are listed in Table
3. Among the transition metal complexes employed,
octacarbonyldicobalt(0), Coz(CO)s had the highest
catalytic activity in this reaction (run 1). Neverthe-
less, on using the other cobalt complexes including
CoCls, CoClz(PPhs)2 and Ks[Co(CN)s], the present
reaction hardly proceeded (runs 2, 3, 4). Hexadeca-
carbonylhexarhodium(0), Rhe(CO)1s showed a little
catalytic activity under the present reaction conditions
(run 5). In the reaction using Pt(CO)2(PPhs)z, how-
ever, 4-(trimethylsiloxy)butyl isocyanide was isolated
in low yield instead of the nitrile (run 6). Other
metal carbonyls were totally inactive for the present
reaction (runs 7—10).  This reaction was not essen-
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tially catalyzed by AlCls which is effective for the
reaction of oxiranes (run 11).

In order to investigate the reaction mechanism, the
reaction of Coz(CO)s with (CHs3)sSiCN was carried
out. Thus, when Co2(CO)s (1.3 mmol) was treated
with 15 equiv (CH3)3SiCN in benzene (10 ml) at room
temperature, vigorous evolution of carbon monoxide
was observed. After 1.0 h, the light brown mixture
showed an IR absorption at 2060, 1886, and 1257 cm-1,
which suggested that cobalt-isocyanide complex may
be produced by coordination of (CHs)sSiCN as its
isocyanide form to the cobalt metal. Trimethylsilyl
cyanide has been known to exist in an equilibrium
(CH3)3SiCN4(CH3)3SiNC, which lies so far to the
left.1 It has been reported that pentacarbonyl-
iron(0), Fe(CO)s reacted with (CHz3)3SiCN as its
isocyanide form to give an isocyanide complex,
Fe(CO){CNSi(CHs)s].12 This is, to our knowledge,
the only complex which is generated from the reaction
of group VIII transition metal carbonyl complexes
and (CHgs)sSiCN and identified fully.1® Since
Coz(CO)s was treated with usual organic isocyanides
(RNC) at room temperature to afford [Co-
(RNC)5][Co(CO)4],1 the similar reaction seems to
occur in this reaction judging from IR spectrum of
1886 cm-! assignable to Co(CO); anion. Further-
more, this reaction mixture was heated at 80 °C for 9 h
to give orange-yellow solution, showing new IR
absorption bands at 2172, 2146, and 1253 cm-! with
disappearance of a very strong absorption at 1886 cm-1.
This observation suggests the formation of Co-CN
species,!® though the complex formed is not identi-
fied fully because it is extremely air-sensitive.
Yamamoto et al. reported that {Co[2,6-(CHs)2CeHs-
NCI5}[Co(CO)4] gave Co2[2,6-(CH3)2CeHsNC]s in the
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presence of 2,6-xylyl isocyanide with further evolution
of carbon monoxide on heating at 80°C.® In our
case, however, such homoleptic isocyanide complex
was not found, judging from that bridging isocyanide
ligands at about 1650 cm-! was not detected by IR
spectroscopy.l?

The solution after the present reaction contained
blue crystal precipitate, and show no infrared absorp-
tion of carbon monoxide and isocyanide ligands. By
infrared analysis, the resulting blue crystal was iden-
tified as Co(CN)z, which had little activity in the
present reactions. This shows that the cobalt catalyst
is already deactivated at time that the reaction is
stopped (23 h). The similar deactivation of the cata-
lyst also occurred in hydrocyanation of olefins. For
example, during the hydrocyanation catalyzed by
Coz(CO)s!® or Ni[P(OPh)3]4,1? less inactive carbonyl-
cyanocobalt complex or Ni(CN); was formed
respectively.

Tetrahydrofurans have been already known to be
carbonylated with the ring-opening using HSiEt;Me
in the presence of a catalytic amount of Coz(CO)s.20
In the reaction, silicon-cobalt bonded complex such
as EtzMeSiCo(CO)s was considered an active species
for ring-opening of tetrahydrofurans, where high oxo-
philicity of silicon atom was regarded as driving force
for the reaction. Therefore, in the present reaction,
there exists a possibility that such silicon-cobalt spe-
cies also causes the ring-opening of tetrahydrofurans.

On the basis of the results of IR study and the fact
mentioned above, the most plausible route to 5-siloxy
nitriles is illustrated in Scheme 1. Firstly, a complex
such as 3 possessing trimethylsilyl and cyano group is
formed. A existence of the intermediate such as 3 has
been insinuated in addition of (CHz3)sSiCN to allenes

(CH,);SiO(CH,),CN

= L

(CH,);SI0(CH,)~[Ca]-CN

(CH,),SICN cycle A
(CH,),Si-[Co]-CN 7
3 THF
cycle B
\

4

(CH,),SiCN

b

| — (CH,),SINC

(CH,);SiO(CH,)-C -[Co]-CN

(

(CH,),SiO(CH,),CN

I
N
N Si(CH,),

[$;]

Scheme 1.
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with palladium or nickel catalyst.® Then, the ring-
opening of tetrahydrofuran by 3 affords 4, followed by
formation of siloxy nitriles via a reductive elimination
(cycle A). Also, the other route includes the coordi-
nation of trimethylsilyl isocyanide to 4 and subse-
quent insertion reaction into alkyl-cobalt bond to
give 5. Then, the desired nitriles are eliminated from
5 to regenerate 3 (cycle B). Eisch et al. found that the
mixture of nickel complex and diphenylacetylene was
treated with (CHs)sSiCN, followed by work-up with
HCI to give nitriles and aldehydes or cyclic ketones.
From the facts, they concluded an existence of inter-
mediates which result from insertion of trimethylsilyl
isocyanide to metal-carbon bond.2! In our system,
the addition of triphenylphosphine as a ligand and
the employment of acetonitrile as a solvent retarded
the reaction completely. Therefore, the cycle B
involving coordination of isocyanide could not be
eliminated fully. In hydrocyanation of olefins, a
mechanism including coordination and insertion of
hydrogen iso cyanide (HNC) analogous to cycle B has
been postulated.?2 This mechanism is based on
experimental results by Kwiatek?) or Johnson et al.24
that hydrogen isocyanide ligand formed by protona-
tion of alkylpentacyanocobaltate ([Co(CN)sR]3-)
inserts into the alkyl-cobalt bond, and subsequent
treatment with base eliminates alkanenitrile (RCN).

Experimental

Materials. 3-Methoxytetrahydrofuran was prepared
from 3-hydroxytetrahydrofuran and methyl iodide with
sodium metal. The other chemicals employed in this study
were commercially available and purified by distillation
under an argon atmosphere. Coz(CO)s was recrystallized
from pentane at low temperature (about —10°C). CoCl,-
(PPh3)2,29 Rhe(CO)16,28) and Pt(CO)z(PPhs)e?” were pre-
pared according to procedures in the literature. Rus(CO)12,
Fe(CO)s, Mnz(CO)1, and Cr(CO)s were purchased from
Strem Chemicals or Kanto Reagents and used without
further purification.

General Procedure. A 50 ml stainless steel reactor
(Taiatsu scientific glass Co., Ltd., TVS-1 type) equipped
with a glass liner was used in the reaction. A mixture of
(CH3)sSiCN (4.5 mmol), tetrahydrofuran (3.0 mmol),
Coz(CO)s (0.15 mmol), and benzene (3.0 ml) was placed in
the glass liner. After sealing the reactor, argon was intro-
duced with three 10 kg cm~2 pressurization-depressurization
cycles. The reactor was heated to 120°C in 1.0 h with
magnetic stirring and kept this temperature for 23 h. The
reaction was terminated by rapid cooling. The resulting
dark blue solution was analyzed by GLC.

Analytical Procedure. The products were isolated by
kugelrohr distillation and identified by 'H NMR, 3C NMR,
IR spectra, GC-MS, and elemental analysis. H NMR spec-
tra were obtained at 270 MHz on a JEOL GSX-270 and
BCNMR spectra at 22.05 MHz on a JEOL JNM FX-100
spectrophotometer using CDCls as a solvent. IR spectra
were recorded on a NICOLET 5-MX Fourier transform
infrared spectrophotometer. GLC analyses were carried
out with Shimadzu GC-8APF chromatograph equipped
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with a glass column (2.6 mm@X3 m) packed with Poly I 110
(5% on supported Chromosorb W AW DMCS, 60/80 mesh).
Yields of the products were determined by GLC internal
standard method. Elemental analyses were performed at
the Microanalytical Center of Kyoto University. Mass spec-
tra were obtained on a Shimadzu QP-1000 spectrometer.
The spectral and analytical data of products are shown
below.
5-(Trimethylsiloxy)pentanenitrile: colorless oil; kugel-
rohr distillation (121 °C/12 mm Hg; 1 mm Hg=133.322 Pa);
IR (neat) 2245 cm~! (CN), 1252 cm-! (SiCHs); 'H NMR
(CDCls) 6=—0.048 (s, 9H, -Si(CHs)s), 1.5—1.65 (m, 4H,
-CH:2CHz>-), 2.27 (t, 2H, -CH2CN), 3.51 (t, 2H, -CH20Si-);
BBCNMR (CDCls) 6=—0.70 (q, -Si(CHs)s), 16.8 (t, ~-CH2CN),
22.1 (t, -CH2CH2CN), 31.2 (t, -SiOCH2CHs-), 61.2 (t,
-SiOCHz-), 119.4 (s, -CN); MS, m/z 156 (M—15). Calcd for
CsH17NOSi: C, 56.09; H, 10.00; N, 8.18%. Found: C, 56.04;
H, 10.17; N, 8.25%.
4-Methyl-5-(trimethylsiloxy)pentanenitrile: colorless
oil; kugelrohr distillation (140—150°C/16 mmHg); IR
(neat) 2247 cm=! (CN), 1252 cm~! (SiCH3s); tH NMR (CDCls)
0=0.003 (s, 9H, -Si(CHs)s), 0.80 (d, 3H, -CHs), 1.08—2.12
(m, 3H, CHs3CH-, -CH>CH:CN), 221—2.38 (m, 2H,
-CH:CN), 3.27—3.37 (m, 2H, -CH20Si-); BCNMR
(CDCls): 6=—1.02 (q, -Si(CHa)s), 14.5 (t, -CH2CN), 15.6 (q,
-CHs), 28.8 (t, -CH2CH2CN), 34.2 (d, -CHCHa), 66.5 (t,
-CH20Si-), 119.5 (s, -CN).
2-Ethoxy-5-(trimethylsiloxy)pentanenitrile: colorless
oil; kugelrohr distillation (150—160°C/19 mmHg); IR
(neat) 2239 cm~1 (CN), 1252 cm~! (SiCHs); 'H NMR (CDCls)
6=0.06 (s, 9H, -Si(CHzs)s), 1.19 (t, 3H, ~-OCH:CH3), 1.61—
1.75 (m, 2H, -CHz-), 1.82—1.97 (m, 2H, -CHz2-), 3.46 (dq,
1H, -OCHH’CHs, J=8.8 Hz), 3.57 (t, 2H, -CH20Si-), 3.76
(dq, 1H, -OCHH'CHs, J=8.8 Hz), 4.14 (1, 1H, -CHCN);
BCNMR (CDCls) 6=—0.70 (t, -Si(CHas)s), 14.6 (q,
-OCH2CH3), 27.6 (t, -CH2CHCN), 30.3 (t, -CH2CH20Si-),
61.4 (t, -OCH2CH3s), 65.9 (t, -CH20Si-), 68.4 (d, -CHCN),
118.4 (s, -CN).
4-Methoxy-5-(trimethylsiloxy)pentanenitrile: colorless
oil; kugelrohr distillation (172—175°C/3 mmHg); IR (neat)
2247 cm-! (CN), 1248 cm! (SiCHs); 'HNMR (CDCls)
6=0.08 (s, 9H,-Si(CHzs)3), 1.70—1.93 (m, 2H, ~-CH>CH2CN),
241—2.47 (m, 2H, -CH:CN), 3.24—3.33 (m, IH,
-CHOCH3s), 3.39 (s, 3H, -OCHs), 3.51—3.66 (m, 2H,
-CH:0Si-); BCNMR (CDCls) 6=—0.70 (q, -Si(CHs)s), 13.1
(t, -CH2CN), 27.3 (t, -CH2CH2CN), 57.7 (q, -OCHas), 62.8 (t,
-CH20Si-), 79.1 (d, -CHOCHg3), 119.6 (s, -CN).
4-(Trimethylsiloxy)cyclohexanecarbonitrile: colorless
oil; IR (neat) 2239 cm~! (CN), 1252 cm~! (SiCHs); 1H NMR
(CDCls) 6=0.09 (s, 9H, -Si(CHa)s), 1.31—2.55 (m, 8H, ~CH2-),
2.46—2.55 (m, 1H, -CHCN), 3.65—3.74 (m, 1H, -CHOSi-);
BCNMR (CDCls) 6=0.058 (q, -Si(CHs)s3), 26.4 (t,
-CH;CHCN), 27.2 (d, -CHCN), 32.9 (t, -CH:CHOSi-), 67.9
(d, ~-CHOSI-), 122.1 (s, -CN).

References

1) a) K. Friendrich and K. Wallenfels, “The Chemistry
of the Cyano Group,” ed by Z. Rappoport, Interscience
Publishers, New York (1970), pp. 77—84. b) Y. Sakakibara,
F. Okuda, A. Shimobayashi, K. Kirino, M. Sakai, N.
Uchino, and K. Takagi, Bull. Chem. Soc. Jpn., 61, 1985
(1988) and the references cited therein. c) G. P. Ellis and T.



April, 1990]

M. R.-Alexander, Chem. Rev., 87, 779 (1987).

2) a) Ref. la, pp. 68—77. b) B. R. James, “Comprehen-
sive Organometallic Chemistry,” ed by G. Wilkinson,
F. G. A. Stone, and E. W. Abel, Pergamon Press, Oxford
(1979), Vol. 8, pp. 353—360.

3) W. C. Groutas and D. Felker, Synthesis, 1980, 861.

4) N. Chatani and T. Hanafusa, J. Org. Chem., 51, 4714
(1986).

5) a) N. Chatani and T. Hanafusa, J. Chem. Soc., Chem.
Commun., 1985, 838. b) N. Chatani and T. Hanafusa,
Tetrahedron Lett., 27, 4201 (1986). ¢) N. Chatani, T.
Takeyasu, N. Horiuchi, and T. Hanafusa, J. Org. Chem.,
53, 3539 (1988).

6) N. Chatani, T. Takeyasu,
Tetrahedron Lett., 27, 1841 (1986).

7) N. Chatani and T. Hanafusa, J. Org. Chem., 52, 4408
(1987).

8) a) K. Uchimoto, Y. Wakabayashi, Y. Shishiyama, M.
Inoue, and H. Nozaki, Tetrahedron Lett., 22, 4279 (1981).
b) S. Kirchmeyer, A. Mertens, M. Arvanaghi, and G. A.
Olah, Synthesis, 1983, 498. c¢) T. Mukaiyama, T. Soga, and
H. Takenoshita, Chem. Lett., 1989, 997.

9) a) W. Lidy and W. Sundermeyer, Tetrahedron Lett.,
1973, 1449. b) J. C. Mullis and W. P. Weber, J. Org. Chem.,
47, 2873 (1982). ¢) K. Imi, N. Yanagihara, and K. Uchimoto,
J. Org. Chem., 52, 1013 (1987). d) M. Emziane, P. Lhoste,
and D. Sinou, J. Mol. Catal., 49, 123 (1988). e) P. G.
Gassman and T. L. Guggenheim, J. Am. Chem. Soc., 104,
5849 (1982). f) S. A. Carr and W. P. Weber, Synth. Commun.,
15, 775 (1985). g) G. O. Spessard, A. R. Ritter, D. M.
Johnson, and A. M. Montgomery, Tetrahedron Lett., 24, 655
(1983).

10) Y. Tsuji, M. Kobayashi, F. Okuda, and Y. Watanabe,
J. Chem. Soc., Chem. Commun., 1989, 1253.

11) J. A. Seckar and J. S. Thayer, Inorg. Chem., 15, 501
(1976) and the references cited therein.

12) D. Seyferth and N. Kahlen, J. Am. Chem. Soc., 82,
1080 (1960).

13) In addition to this, a few complexes having (CHzs )3-
SiNC ligand have been reported. a) For M(CO)s-
[CNSi(CHs)s] (M=Cr, Mo, and W); P. M. Treichel and D. B.
Shaw, J. Organomet. Chem., 139, 21 (1977). b) For
FeIo[CNSi(CHs)sls; R. A. Jones and M. H. Seeberger, J.

and T. Hanafusa,

Ring-Opening Cyanation of Tetrahydrofuran Derivatives

1205

Chem. Soc., Dalton Trans., 1983, 18l. c) For ReCl[CN-
Si(CHa)s])(dppe)z; A. J. L. Pombeiro, D. L.. Hughes, C. ]J.
Pickett, and R. L. Richards, J. Chem. Soc., Chem. Com-
mun., 1986, 246.

14) a)R.D. W. Kemmitt and D. R. Russell, “Comprehen-
sive Organometallic Chemistry,” ed by G. Wilkinson, F. G.
A. Stone, and E. W. Abel, Pergamon Press, (1982), Vol. 5, p.
19. b) Several pentaisocyanocobalt(I) complexes have been
synthesized. For example, [Co(CNBu¢)s][Co(CO)s]: IR
(Nujol) 2059, 2018 (NC) and 1873 (CO) cm~1; W. E. Carroll,
M. Green, A. M. R. Galas, M. Murray, T. W. Turney, A. J.
Welch, and P. Woodward, J. Chem. Soc., Dalton Trans.,
1980, 80.

15) D. M. S. Mosha and D. Nicholls, Inorg. Chim. Acta,
38, 127 (1980).

16) a)Y. Yamamoto and H. Yamazaki, Inorg. Chem., 17,
3111 (1978). b) Y. Yamamoto and H. Yamazaki, J.
Organomet. Chem., 137, C31 (1977).

17) Co2(RNC)s has a structure analogous to that of
Co2(CO)s. Thus, it has six terminal and two bridging isocya-
nide ligands, whose IR spectra show absorptions at 2130—
1990 cm-! and 1690—1650 cm~1, respectively.; Ref. 12, p. 18.

18) P. Authur, Jr. and B. C. Pratt, U. S. Patent 2666780
(1954); Chem. Abstr., 49, 1776 (1955).

19) Y.-T. Chia, W. C. Drinkard, Jr. and E. N. Squire,
Brit. Patent 1178950 (1950); Chem. Abstr., 72, 89831d (1971).

20) S. Murai and N. Sonoda, Angew. Chem., Int. Ed.
Engl., 18, 837 (1979).

21) J.]J. Eisch, A. A. Aradi, and K. I. Han., Tetrahedron
Lett., 24, 2073 (1983).

22) E. S. Brown, “Organic Synthesis via Metal Carbon-
yls,”” ed by I. Wender and P. Pino, Wiley, New York (1977),
Vol. 2, pp. 667—670.

23) J. Kwiatek and J. K. Seyler, J. Organomet. Chem., 3,
433 (1965).

24) a) M. D. Johnson, M. L. Tobe, and L.-Y. Wong, J.
Chem. Soc., Chem. Commum., 1967, 298. b) Idem. J. Chem.
Soc. 4, 1968, 923.

25) J. Chatt and B. L. Shaw, J. Chem. Soc., 1961, 285.

26) B. R. James, G. L. Rempel, and W. K. Teo, Inorg.
Synth., 16, 49 (1976).

27) P. Chini and G. Longoni, J. Chem. Soc. A, 1970,
1542.




