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Wesley Sattler and Gerard Parkin*

Received (in Berkeley, CA, USA) 19th August 2009, Accepted 12th October 2009
First published as an Advance Article on the web 12th November 2009

DOI: 10.1039/b917156h

The reaction between a transition metal carbonyl compound,
L,MCO, and Li|Me;SiNR] yields the corresponding isocyanide
derivative, L,MCNR, thereby providing a new route to transi-
tion metal isocyanide compounds that does not require the use of
free isocyanides as reagents.

Isocyanides (RNC) feature prominently in transition metal
chemistry by virtue of their ability to serve as combined
o-donor and m-acceptor ligands.'™ While this dual feature
of the bonding is common to CO, an important distinction
between RNC and CO is that the steric and electronic properties
of isocyanides may be effectively tuned by modifying the
substituent on nitrogen. Indeed, this aspect has been of benefit
in the application of transition metal isocyanide complexes
as catalysts for organic transformations.*” Despite their
widespread use, however, the majority of transition metal
isocyanide complexes feature rather simple substituents on
nitrogen, a reflection of the paucity of readily available
commercial isocyanide compounds. Progress in transition
metal isocyanide chemistry would, therefore, be facilitated
by the development of new synthetic methods that do not
require the use of the isocyanide as a reagent. Two such
approaches include (i) the formal addition of R™ to the
nitrogen atom of a metal cyanide ligand'>“/ and (ii) the formal
replacement of the oxygen atom of a metal carbonyl ligand by
an NR group.®'® The latter is a particularly appealing
approach in view of the ubiquity of transition metal carbonyl
compounds, and here we describe a new method that utilizes
Li[Me;SiNR] as a reagent for converting a carbonyl compound
into its isocyanide counterpart.

The carbon atom within a metal carbonyl moiety, L,MCO,
is well known to be susceptible to nucleophilic attack by
external reagents.!' For example, attack by carbon nucleo-
philes has been employed in the syntheses of Fischer carbene
complexes,'? while attack by oxygen nucleophiles features
prominently in the mechanisms of (i) the water-gas shift
reaction,'® (ii) the exchange of oxygen atoms between a
carbonyl ligand and H,0,'" and (iii) the MesNO induced
dissociation of a carbonyl ligand as CO,.'> The carbon atom
of L,MCO is also susceptible to attack by nitrogen based
nucleophiles'®!” which provides, in principle, a first step for
converting a carbonyl to an isocyanide ligand. In this regard,
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we report that the conversion of L,MCO to L,MCNR may
be achieved via treatment of the metal carbonyl with
Li[Me;SiNR], a reagent that may be generated by, for
example, treatment of RNH, with Me;SiCl followed by
Bu"Li.!® Furthermore, since primary amines are commonly
used precursors for free isocyanides,*!? it is evident that this
method enables the synthesis of metal isocyanide compounds
from RNH, without having to synthesize first the free
isocyanide. In addition to the synthetic simplicity, this method
has the advantage of eliminating problems associated with the
putrid smell of the free isocyanide compounds.'®”

For example, M(CO), reacts with Li{Me;SiNBu'J*° to yield
mono, bis, tris and tetrakis derivatives, namely M(CO)s(CNBu")
(M = Cr, Mo, W), cis-M(CO)4CNBu"), (M = Cr, Mo, W),

fae-M(CO);(CNBuY); (M = Cr, Mo, W), and cis-M(CO),-

(CNBu')4 (M = Mo), as illustrated in Scheme 1. The syntheses
of the molybdenum compounds Mo(CO)s_,(CNBu'),?' is
of note in view of their recent use as catalysts for
organic transformations.”> While the isocyanide complexes
M(CO)¢_,(CNBu'), have been previously synthesized by
reactions employing Bu'NC as a reagent,””> we have
determined the molecular structures of Cr(CO)s(CNBu'),
¢is-M(CO),(CNBu'), (M = Cr, Mo, W), fuc-W(CO);(CNBu');,
and cis-Mo(CO)>(CNBu'), by X-ray diffraction.

The synthetic method is not restricted to the Group 6
metals, as illustrated by the fact that Li[Me;SiNBu'] also
reacts with Fe(CO)s to give axial-Fe(CO)4(CNBu') and
trans-Fe(CO);(CNBu'), (Scheme 1). While a variety of
compounds of the class Fe(CO)s_,(CNR), are known,?* the
only structurally characterized heteroleptic examples of which
we are aware are disubstituted derivatives Fe(CO)3;(CNR),,
namely Fe(CO)3(CNMe),>® and Fe(CO)3(CNBu'),.>® The
molecular structure of monosubstituted Fe(CO)4(CNBu') is,
therefore, presented in Fig. 1, thereby demonstrating that the
isocyanide ligand adopts an axial position, with an Fe—C bond
length (1.89 A) that is distinctly longer than those of the
carbonyl ligands (1.79-1.81 A).

In addition to the synthesis of Bu'NC complexes, the
method may also be employed to obtain complexes that
feature other isocyanide ligands. For example, the arylisocyanide
derivatives Mo(CO)s(CNAr) (Ar = p-C¢HsMe,” p-CsH,OMe?)
and Mo(CO)4(CNAr), (Ar = 2,4,6-C¢H,Mes) have been synthe-
sized by this approach, of which Mo(CO);(CN-p-C¢H4,OMe)
and Mo(CO)4(CN-2,4,6-CsH,Me;), have been structurally
characterized by X-ray diffraction.

Since attention has recently been given to the application of
isocyanide ligands that feature bulky®?*? and chiral®
substituents, we have evaluated the ability to synthesize such
complexes via Li[MesSiNR]. For example, the adamantyl
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Fig. 1 Molecular structure of axial-Fe(CO),(CNBu').

complexes Mo(CO)s(CN-1-Ad) and cis-Mo(CO)4(CN-1-Ad),
may be synthesized by this approach (Scheme 1) and have
been structurally characterized by X-ray diffraction (see, for
example, Fig. 2).%° Likewise, the enantiomerically pure (R)-
1,2,3 4-tetrahydro-1-naphthyl derivative, Mo(CO)s(CN-1-Np™4),
has also been isolated and structurally characterized (Fig. 3).
Compared to tertiary phosphine counterparts, enantio-
merically pure isocyanide ligands have been little employed
in transition metal chemistry,® and the synthetic transformation
described here provides a simple means to access transition
metal compounds of such ligands from the chiral amine.

The mechanism proposed for the conversion of the
carbonyl ligand to an isocyanide ligand is illustrated in
Scheme 2, with the essential features involving nucleophilic
attack by [Me3;SiNR]™ on the carbonyl carbon of L,MCO to
generate a silylcarbamoyl intermediate L,M[C(O)N(R)SiMe;] ",
followed by elimination of Me;SiO~.3'* Precedent for this
mechanism is provided by the fact that lithium amides are

Fig. 3 Molecular structure of Mo(CO)s(CN-1-Np'#).

known to react with CO to generate [R,NC(O)Li]** and that
silyl derivatives of the type [(R3Si)N(R)C(O)Li] decompose to
give RNC and R;SiOLi.*

The overall carbonyl-isocyanide conversion employing
RNH, is related to the observation that thiocarbonyl
compounds react with RNH, to generate the isocyanide
derivative, accompanied by elimination of H,S.® An
important distinction between the reactivity of carbonyl and
thiocarbonyl ligands, however, is that the required elimination
of H,O to convert a carbonyl to an isocyanide derivative is not
a facile process. Thus, carbonyl compounds simply react with
RNH,; (but not aryl amines) to give carbamoyl derivatives of
the type {L,M[C(O)NHR]}[RNH;]'® and conversion to
L,MCNR requires treatment with dehydrating agents such
as C(O)Cl, and [C(O)Cl.'° For example, CpFe(CO),-
[C(O)NHMe] reacts with C(O)Cl, in the presence of Et;N to
give [CpFe(CNMe)]CL'% The ability of Li[Me;SINR] to
achieve deoxygenation of the carbonyl ligand may be attributed
to the strength of the Si~O bond which provides a driving

OLi
Li[MezSiNR L,M—C - LiOSiMe,
L,M—CO LMeSINRT_ | \ —— " » | ,M—CNR
N—SiMeg
/
R
Scheme 2
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force for the reaction. In this regard, the use of Li{Me3;SiNR]
to effect the CO—CNR conversion of a carbonyl compound is
analogous to the formation of isocyanide compounds by using
phosphorimidates, Li[(EtO),(O)PNR],® and phosphinimines,
R;PNR’,’ for which P-O bond formation presumably
provides the driving force.

While the formation of an isocyanide complex by reaction of
a thiocarbonyl derivative with RNH, may be considered a more
appealing direct method of synthesis than is the reaction of a
carbonyl complex with Li[Me;SiNR], a downside of the former
route is that compounds which feature thiocarbonyl ligands are
much less common than carbonyl derivatives.>” Therefore, the
reaction of a carbonyl derivative with Li[Me3;SiNR] provides
a convenient alternative for the synthesis of isocyanide
compounds from carbonyl derivatives. In addition, another
advantage of using Li[Me;SiNR] to synthesize transition metal
isocyanide compounds is that Li[MesSiNR] derivatives
are obtained from primary amines, which are more readily
available commercially than are isocyanides.

We thank the US Department of Energy, Office of Basic
Energy Sciences (DE-FG02-93ER14339) for support of this
research. The National Science Foundation (CHE-0619638) is
thanked for acquisition of an X-ray diffractometer. Aaron
Sattler is thanked for helpful discussions.

Notes and references

1 (@) M. L. Kuznetsov, Russ. Chem. Rev. ( Engl. Transl.), 2002, 71,
265; (b) H. Werner, Angew. Chem., Int. Ed. Engl., 1990, 29, 1077,
(¢) B. Crociani, in Reactions of Coordinated Ligands, ed.
P. S. Braterman, Plenum Press, New York, 1986, vol. 1, p. 553;
(d) E. Singleton and H. E. Oosthuizen, Adv. Organomet. Chem.,
1983, 22, 209; (¢) Y. Yamamoto, Coord. Chem. Rev., 1980, 32, 193;
() F. Bonati and G. Minghetti, Inorg. Chim. Acta, 1974, 9, 95.

2 (a) 1. P. Csonka, U. Szepes and A. Modelli, J. Mass Spectrom.,
2004, 39, 1456; (b) B. Karolyi, Z. Gengeliczki, G. Vass and
L. Szepes, J. Organomet. Chem., 2009, 694, 2923.

3 F. A. Cotton and F. Zingales, J. Am. Chem. Soc., 1961, 83, 351.

4 (a) K. P. Adams, J. A. Joyce, T. A. Nile, A. I. Patel, C. D. Reid and

J. M. Walters, J. Mol. Catal., 1985, 29, 201; (b) T. Saegusa and

Y. Ito, Synthesis, 1975, 291.

(a) B. M. Trost and C. A. Merlic, J. Am. Chem. Soc., 1990, 112,

9590; (b) S. Braune and U. Kazmaier, Angew. Chem., Int. Ed.,

2003, 42, 306.

6 (a) H. Ito, T. Kato and M. Sawamura, Chem. Asian J., 2007, 2,
1436; (b) M. Tanabiki, K. Tsuchiya, Y. Kumanomido,
K. Matsubara, Y. Motoyama and H. Nagashima, Organometallics,
2004, 23, 3976.

7 (a) M. Suginome, T. Iwanami, Y. Ohmori, A. Matsumoto and
Y. Ito, Chem.—Eur. J., 2005, 11, 2954; (b) H. Yoshida, J. Ikadai,
M. Shudo, J. Ohshita and A. Kunai, Organometallics, 2005, 24, 156.

8 (a) S. E. Gibson, H. Ibrahim, C. Pasquier, M. A. Peplow,
J. M. Rushton, J. W. Steed and S. Sur, Chem.—Eur. J., 2002, 8,
269; (b) S. E. Gibson, T. W. Hinkamp, M. A. Peplow and
M. F. Ward, Chem. Commun., 1998, 1671.

9 (a) H. Alper and R. A. Partis, J. Organomet. Chem., 1972, 35, C40;
(b) J. Kiji, A. Matsumura, T. Haishi, S. Okazaki and J. Furukawa,
Bull. Chem. Soc. Jpn., 1977, 50, 2731; (¢) L.-C. Chen, M.-Y. Chen,
J.-H. Chen, Y.-S. Wen and K.-L. Lu, J. Organomet. Chem., 1992,
425, 99; (d) K.-L. Lu, C.-C. Chen, Y.-W. Lin, F.-E. Hong,
H.-M. Gau, L.-L. Gan and H.-D. Luoh, J. Organomet. Chem.,

1993, 453, 263.

10 (@) W. P. Fehlhammer and A. Mayr, Angew. Chem., Int. Ed. Engl.,
1975, 14, 757; (b) D. Luart, J.-Y. Salatin, W. Patinec, R. Rumin
and H. des Abbayes, Inorg. Chim. Acta, 2003, 350, 656.

11 Current Methods in Inorganic Chemistry, vol. 3: Fundamentals of
Molecular Catalysis, ed. H. Kurosawa and A. Yamamoto,
Elsevier, New York, 2007.

W

12 (a) E. O. Fischer, Adv. Organomet. Chem., 1976, 14, 1; (b) P. de
Frémont, N. Marion and S. P. Nolan, Coord. Chem. Rev., 2009,
253, 862.

13 (a) P. C. Ford and A. Rokicki, Adv. Organomet. Chem., 1988, 28,
139; (b) M. Torrent, M. Sola and G. Frenking, Organometallics,
1999, 18, 2801.

14 D.J. Darensbourg and J. A. Froelich, J. Am. Chem. Soc., 1977, 99,
4726.

15 M. O. Albers and N. J. Coville, Coord. Chem. Rev., 1984, 53, 227.

16 (a) R. J. Angelici, Acc. Chem. Res., 1972, 5, 335; (b) H. Behrens,
Adv. Organomet. Chem., 1980, 18, 1.

17 (a) M. V. Ovchinnikov, X. P. Wang, A. J. Schultz, I. A. Guzei and
R. J. Angelici, Organometallics, 2002, 21, 3292; (b) S. Anderson,
D. J. Cook and A. F. Hill, Organometallics, 1997, 16, 5595.

18 J. Kim, S. G. Bott and D. M. Hoffman, Inorg. Chem., 1998, 37, 3835.

19 (@) M. Suginome and Y. Ito, Science of Synthesis, Thieme,
New York, 2004, vol. 19, p. 445; (b) 1. Ugi, U. Fetzer,
U. Eholzer, H. Knupfer and K. Offermann, Angew. Chem., Int.
Ed. Engl., 1965, 4, 472.

20 (a) R. P. Bush, N. C. Lloyd and C. A. Pearce, Chem. Commun.,

1967, 1270; (b) W. S. Rees Jr., D. M. Green and W. Hesse,

Polyhedron, 1992, 11, 1697; (¢) D. H. Harris and M. F. Lappert,

J. Organomet. Chem., 1976, 2, 13.

Mo(CO)s(CNBu'), Mo(CO),(CNBu"), and Mo(CO);(CNBu');

have been isolated in 71%, 81% and 28% yields, respectively.

22 (a) R. B. King and M. S. Saran, Inorg. Chem., 1974, 13, 74;
(b)) W. Imhof, K. Halbauer, D. Do6nnecke and H. Gorls,
Acta Crystallogr., Sect. E, 2006, 62, M462; (¢) N. J. Coville and
M. O. Albers, Inorg. Chim. Acta, 1982, 65, L7.

23 The molecular structure of fac-Mo(CO);(CNBu'); has been
reported, see ref. 22b.

24 (a) M. O. Albers, N. J. Coville and E. Singleton, J. Chem. Soc.,
Dalton Trans., 1982, 1069; (b) F. A. Cotton and R. V. Parish,
J. Chem. Soc., 1960, 1440.

25 G. W. Harris, J. C. A. Boeyens and N. J. Coville, Acta Crystallogr.,
Sect. C, 1983, 39, 1180.

26 K. Halbauer, D. Donnecke, H. Gorls and W. Imhof, Z. Anorg.
Allg. Chem., 2006, 632, 1477.

27 S. A. Al-Jibori and B. Shaw, J. Organomet. Chem., 1980, 192, 83.

28 (a) F. H. Stephens, J. S. Figueroa, C. C. Cummins, O. P. Kryatova,
S. V. Kryatov, E. V. Rybak-Akimova, J. E. McDonough and
C. D. Hoff, Organometallics, 2004, 23, 3126; (b) M. Suginome,
H. Oike, P. H. Shuff and Y. Ito, Organometallics, 1996, 15, 2170.

29 (@) B. J. Fox, Q. Y. Sun, A. G. DiPasquale, A. R. Fox,
A. L. Rheingold and J. S. Figueroa, Inorg. Chem., 2008, 47,
9010; (b) B. J. Fox, M. D. Millard, A. G. DiPasquale,
A. L. Rheingold and J. S. Figueroa, Angew. Chem., Int. Ed.,
2009, 48, 3473-3477, (¢) L. A. Labios, M. D. Millard,
A. L. Rheingold and J. S. Figueroa, J. Am. Chem. Soc., 2009,
131, 11318.

30 For other structurally characterized [-adamantylisocyanide

compounds, see ref. 28.

For other examples of reactions that involve cleavage of a Si-N

bond and formation of a Si-O bond, see: R. M. Pike, J. Org.

Chem., 1961, 26, 232.

32 It is worth noting that metal carbonyl compounds also react with
bis(trimethylsilyl)amide derivatives, M[N(SiMes),], but the
products obtained are typically cyanide compounds (L,MCN)
resulting from cleavage of both N-SiMe; bonds or products
derived from deprotonation of a ligand. See: (¢) U. Wannagat
and H. Seyffert, Angew. Chem., Int. Ed. Engl., 1965, 4, 438;
(b) R. B. King, Inorg. Chem., 1967, 6, 25; (¢) H. Brunner, Chem.
Ber., 1969, 102, 305; (d) M. Moll, H. Behrens, R. Kellner,
H. Knéchel and P. Wiirstl, Z. Naturforsch., B, 1976, 31, 1019.

33 LiOSiMe; was not observed, but its formation is postulated on the
basis of previous studies (ref. 34). It is certainly possible that
LiOSiMe; could participate in subsequent reactions.

34 (a) A. Orita, K. Ohe and S. Murai, Organometallics, 1994, 13, 1533;
(h) J. E. Baldwin, A. E. Derome and P. D. Riordan, Tetrahedron,
1983, 39, 2989.

35 For an early example, see: P. Jutzi and F. W. Schroder, Angew.
Chem., Int. Ed. Engl., 1971, 10, 339.

36 W. W. Greaves and R. J. Angelici, Inorg. Chem., 1981, 20, 2983
and references therein.

37 W. Petz, Coord. Chem. Rev., 2008, 252, 1689.

2

3

—

7568 | Chem. Commun., 2009, 7566-7568

This journal is © The Royal Society of Chemistry 2009


http://dx.doi.org/10.1039/b917156h

