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Synthesis and Fluxional Character of Complexes of the Type [Fe;H(CO),,-
(x-CNR2)] and [FegH(CO)o(13—CH=NR)]

By James A. S. Howell * and Pradeep Mathur, Chemistry Department, University of Keele, Keele, Stafford-

shire ST5 6BG

Sequential room-temperature carbonyl substitution of [N(PPh;),][FesH(CO),,] with isonitriles CNR (R = Me, Et,
or Pri) yields the substituted anions [N(PPh,),][Fe;H(CO),; .(CNR),] (x =1 or 2), which on alkylation using
R’,0BF, (R’ = Me or Et) or acidification using CF,SO;H yield the complexes [FegH(CO),,(CNRR’)] (R = R’ = Et;
R=Pr, R =Meor Et; R=Me, R =Et; R=Me, R =H) and [FesH(CO),(CNRR')(CNR)] (R = R’ = Et).
At higher temperatures, an insertion of isonitrile into the M—H—M bond is observed to yield, after acidification, the
complex [FesH(CO)4,(CH=NPr')]. The fluxional properties of these molecules are discussed.

THERE is currently some interest in the chemistry of
transition-metal clusters containing carbene, carbyne,
and carbide species because of their possible relevance as
simple models for the catalytic hydrogenation of carbon
monoxide.! In recent years, several examples of the
preparation of complexes containing the dialkylamino-
carbyne (CNR,) bound in a terminal p. or u, fashion have
been reported. Thus, t he complexes #rans [MBr(CO),-
(CNEt,)] (M = Cr or W) have been prepared by classic
Fischer 2»% methods while Chatt e al.®»? have recently
shown that protonation of terminal isonitriles in electron-
rich complexes such as trans-[M(CNR),(dppe),] [dppe =
1,2-bis(diphenylphosphino)ethane] yields both the mono-
and di-protonated derivatives frans-[M(CNHR)(CNR)-
(dppe),]X and trans-[M(CNHR),(dppe),] X, (M = Mo or
W). Complexes containing u-CNR, species have been
prepared by a variety of methods. Thus, alkylation or
protonation of derivatives of the type [My(n-CyHj),-
(CO)3(CNR)] (M = Ru or Fe) yields salts of structure
[My(n-C,Hy)y(CO)y(u-CO)(-CNRR)X (R =H _or
alkyl) 45 while a similar alkylation of [Fe,(CNELt),]
yields a salt of formula [Fey(CNEt)y(u-CNEt)(p-
CNEtR),]X, (R = Me or Et).® Complex (1a) has been
prepared by a cleavage reaction of Me,NCH,SnMe, with
[Ruy(CO)y,),7 while reaction of [Osy(CO),p] with PhCH,-
NMe, results in elimination of H, to give (1b).8 The
analogous complexes (1c) may be prepared by thermoly-
sis of the isonitrile adducts [Os;H,(CO),o(CNR)].9#
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M(CO),

c
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{1la) M=Ru,R =R’ =Me

{1b) M =0s, R = Me, R"=CH,Ph

(1c) M=0s, R=But, Me, or Ph,R"=H
(1d) M =Fe, R =R’ = alkyl

Cleavage of the C=C bond is observed on reaction of
[Feo(CO)y] with Et,NC=CNEt, to give [Fey(CO)q{u-
CNEt,),], and a similar reaction with [M(4-C;H;)(CO),]
(M = Co or Rh) yields the face-bridged complexes
[M;(n-CsHg)(1g-CNEL),].10m0

We wish to report here a method of potential utility in
the synthesis of neutral clusters containing the CNR,
moiety, namely the alkylation of isonitrile substituted
anionic metal clusters. Herein, we describe the pre-
paration and fluxional properties of derivatives of
structure (1d). The complex where R = R’ = Me has
previously been isolated from the reaction of [Fe,-
(CO),,] with benzoyl chloride in dimethylformamide,!1la?
and from the (probably related) reaction of [Fes(CO)q,]
with [Me,N=CHCI]Cl; 12 a crystal structure determin-
ation has recently been reported.!®* Part of this work
has been the subject of a preliminary communication.!

DISCUSSION

Reaction of [N(PPh,),][Fe,;H(CO)y,] (2) with a four-
fold molar excess of CNR (R = Me, Et, or Pr') at room
temperature in dichloromethane followed by alkylation
with R’;OBF,(R" = Et or Me) and purification yields
the complexes (4a—d) as red-purple solids (Scheme 1).
Microanalytical and i.r. data are given in Tables 1 and 2.

Crystallographic determinations of the complexes

[CrBr(CO)4(CNEty)]*  [Fey(n-CsHj)y(CO)3(CNHMe)]-

M M

' C—NR, {3 c=nR,
M/ M/

(1) (1)

[BF,],* [MgH(CO)4,(CNMe,)] (M = Fe or Ru) %13 [Os,H-
(CO)1o(CNHBu!)],% and [Fe,y(CO)4(CNEL,),] % have
shown that the C-N bond length (1.28—1.30 A) is typical
of a C=N double bond. In addition, n.m.r. data on
(Ib)® and on the complex salts [Fe,(n-CiH;),(CO)y-
(CNRR’¥X 5 have shown that C-N bond rotation is
slow, at least on the n.m.r. time-scale. These data have
been interpreted primarily in terms of the immonium
structure (II).

We find, however, that restricted C-N bond rotation
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in (4a—d) is evident in their variable-temperature n.m.r.
those of (4c) best exemplify the phenomenon
—50 °C, the diastereotopic nature of the

spectra;
(Figure 1). At
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FiGure 1 Variable-temperature H n.m.r. spectra of (4c)
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ScHEME 1 (i) RNC,CH,Cl,, at 25 °C; (4)

R’,;OBF,, CH,Cl,, at 25 °C (R’ = Me or Et);
of CNEt, at 25 °C, in CH,Cl,;
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CH(CH,), resonance is clear (although superimposed on
the CH,CHj resonance), while the ABX; nature of the
CH,CH; resonance is clear. On warming, changes
typical of an exchanging system are observed; the
high-temperature limiting spectrum exhibits a single
CH(CH,), doublet and a simple quartet for the CH,CH,
resonance. From the coalescence temperature of the
isopropyl resonance, an activation energy of 54 kJ mol1
may be calculated. The M-H resonance at 8—18
p.p-m. and the CH(CH,), septet remain unchanged
throughout. The variable-temperature spectra of (4d)
show similar changes, and within experimental error, an
activation energy identical to that for (4¢c) is found.
C-O bond rotation in the related [Fe,H(CO),,(COMe)] is
still rapid on the n.m.r. time scale at —112 °C 5 although
the barrier to rotation increases in the ruthenium and
osmium analogues.1%16

The CNR, group is thus best regarded as a p-carbyne
ligand; a partial = character of the C-NR, bond,
resulting from representation of the ligand bonding as a
resonance hybrid of the two mesomeric forms (I) and
(IT), would be expected to allow a hindered rotation, as
observed.

Mechanisms involving reversible bridge cleavage of the
M(u-H)(u-CNRy)M moiety, or inversion of the bridging
ligands through the M, plane, are not consistent with the

[N( PPh3)2] [Fesico )1£| (2)

lm

Fe[CO)g ~— [N(PPhg)z:I[Fe;,H(CO)m(CNR)](3u~c)R=Me,Et or Prf

(u)
room
temp. tiv) (co),,
{Sa-c) R = Me,Et, or Pri

N( iii)

(C0)3Fe Fe(C0)3 (co)y«--l»mco)3
N
ﬂ (co)3
7/ \ (8a) M=Fe,R=H,R = Pr
R R (8b) M = 0s,R = H,R’ =Me
{4a-d) {8c) M=Ru,R=H,R =But
, {8d) M= Os,R =H,R"=Me or Ph
R=R=El (8e) M = Fe,R = Me,R’ = H
R = Me, R" = Et
R=Pri,R =Et
R=Pri,R =Me

(##7) CF,SO4H-Et,0, at 25 °C; (iv) excess
(v) heat at 40 °C, in thf
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variable-temperature 13C n.m.r. spectra, which show that
the inequivalence of the two axial carbonyls of the
unique F'e(CO), group is maintained in spectra taken at
temperatures significantly higher than those of the fast-
exchange proton spectrum. While a rotation of the
complete CNR, ligand cannot be ruled out, this process
seems unlikely.

Infrared spectral data support these conclusions.
The v(CN) value observed for (4b) (1 540 cm™, Nujol)
is intermediate between accepted values for v(C=N) of

4giew Online

the static structure is obtained at —70 °C. On the
basis of intensities, the resonances at 218.3 and 216.5
may be assigned to carbons Ce,Cf, while C4,C¢ may be
associated with the resonance at 207.3 p.p.m. which is
the only peak of intensity two not to show proton coup-
ling (Table 4). The Fe(CO), resonances may be assigned
according to the magnitude of the difference in chemical
shift of the pairs Cx,C=' (x = a, b, ¢) when R £ R’ as in
(4b—d). The previously determined crystal structures
of [MyH(CO),o(CNMe,)] (M = Fe and Ru) %*? indicate

-20°% It +10°C
87 OR
cbeb’ coee
qucq' Cdﬁd'
ce c

~-60°C +90°C

L . i ) ' s ' \ s s

222 218 214 210 206 202 218 214 210 206

5/p.pm.

6/p.pm.

FIGURE 2 Variable-temperature 1*C n.m.r. spectra of (4a) (R = R’ = Et)

1 640—1 690 cm™ for imines, oximes,1? or immonium

salts ([R,CHCR=NR,]X 18) and accepted values for
v(C-N) of 1 360—1 310 cm™ for tertiary amines.!® The
complex  [Fey(n-CsHy)y(CO)yu-CO) (-CNMeEt)][BE,]
exhibits an analogous absorption at 1595 cm™5 the
shift to higher frequency being consistent with the
cationic nature of the complex.

Protonation of (3a—c) using CF,SO;H yields the
expected complexes (5a—c). Only (5a) has been
isolated in a reasonable state of purity, as these com-
pounds decompose in the solid state over a period of
hours to give [Fey(CO);(CNR)]. It is known that
protonation of (2) at —80 °C yields the analogous
[FeH(CO),4(COH)] which decomposes above —30 °C to
give [Fey(CO).p).2°0 Although the N-H proton itself
could not be detected in the n.m.r. spectrum of (5a},
its presence is evident in the coupling observed to both
the methyl and M—H resonances, and in v(N—H), observed
at 3 330 cm™ in the i.r. spectrum (Nujol mull).1?

An independent fluxional process is apparent from the
13C spectra (Figure 2). TFor (4a), a six-line carbonyl
spectrum in the ratio of 1:1:2:2:2:2 consistent with

that the order of difference in chemical shifts should be
Ce,Ce” > Cb,CY > (Ca,C¥. As the lowest field resonance
at ca. 215 p.p.m. occurs as a singlet in both (4b) and (4c),
this is assigned to the Cs,C*" pair. An unambiguous

TABLE 1
Analytical data (%) *
Complex C H N
(2 55.7 (55.6) 3.00 (3.05) 1.40 (1.40)
(4a) 33.7 (33.8) 2.05 (2.05) 2.65 (2.65)
(4b) 32.5 (32.4) 1.70 (1.75) 2.65 (2.70)
(4¢) 35.0 (35.2) 2.45 (2.40) 2.80 (2.55)
(4d) 34.0 (33.8) 2.05 (2.05) 2.80 (2.65)
(5a) 30.7 (29.3) 1.15 (1.00) 2.65 (2.85)
(7) 36.8 (36.4) 3.05 (2.85) 5.05 (5.00)
(8a) 31.7 (31.8) 1.70 (1.85) 2.75 (2.85)

* Calculated values are in parentheses.

assignment of Cb,C®" and Ce,C¢" is not possible, since the
relevant resonances show a reversed order of chemical
shift difference in (4b) as compared to (4c). This un-
certainty is reflected in the contrasting assignments for
the analogous carbons in the [MzH(CO),,(COMe)]
(M = Fe, Ru, and Os) series.1%1® As C#,C# occur at
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lower field than Ce¢,C¢" the lower of the two resonances
belonging to the axial Fe(CO), carbons is assigned to Ce.
On initial warming, two fluxional processes are
observed to occur at approximately equal rates: (@) a
polytopal rearrangement of the Fe(CO), carbonyls, and
(b) a polytopal rearrangement of three of the four
Fe(CO), carbonyls (C4,C¥,Cf). This preferential ex-
change of three carbonyls can be explained by a trigonal
twist mechanism involving the triangular CiC4Ct face
(Scheme 2). On further warming, the resonance due to
Ce also broadens, implying a higher activation energy for
the trigonal twist involving the CiCd'Ce face. At 490 °C,
only a single, broadened resonance is observed, consistent
with complete carbonyl scrambling over the cluster.

TABLE 2
Infrared spectral data (2 200—1 700 cm™)
Complex »(CO)/cm™

(2)¢  2000s,1971m, 1723w

(4a) * 2 082m, 2 035s, 2 023s, 2 004m, 1 994m, 1 989 (sh),
1 974m, 1 958m
(4b)® 2 082m, 2 035s, 2 023s, 2 004m, 1 994m, 1 989 (sh),

1974m, 1 958m

(4c)® 2 082m, 2 035s, 2 023s, 2 004m, 1 994m, 1 989s,
1 974m, 1 958m

(4d)® 2 082m, 2 035s, 2 023s, 2 004m, 1 994m, 1 989s,

1974m, 1 958m

(5a) ® 2083w, 2 039s, 2 028s, 2 010s, 1 999s, 1 987m,
1979m, 1 963m

(ne 2 058m, 2 016s, 2 008s, 2 000m, 1 993m, 1 990m,
1982m, 1 976s, 1 972 (sh), 1 966 (sh), 1 960m,
1 950w, 1 938w

(8a) ® 2 083w, 2 051s, 2 021s, 2 011s, 1 995m, 1 987w,
1 967w, 1 959w

@ CH,Cl, solution. ? Hexane solution.

Polytopal carbonyl rearrangement at cluster M(CO),
units is a well established process. Rearrangement at
an M(CO), moiety may proceed viaz a pseudo-four-fold or
pseudo-three-fold mechanism; the number of examples
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which provide definitive evidence are rare, but recent
results are most consistent with the pseudo-three-fold
(trigonal twist) mechanism which is evident here 2L
More prolonged reaction of [Fe,H(CO),,]~ with CNEt,
followed by alkylation and purification, yields the mono-
substituted complex [Fe;H(CO)y(CNEt,)(CNEt)] (7),
presumably via the intermediacy of the disubstituted
anion (6). The complexity of the i.r. spectrum (Table 2)
indicates the presence of isomers and at —65 °C in the
IH n.m.r. spectrum, three M-H resonances of unequal
intensity are observed (Figure 3). The temperature
dependence of the three resonances is most consistent
with the three isomers (7a-—c) (Figure 4). Initial warm-
ing to —25 °C results in broadening and coalescence
of the highest and lowest field resonances, while further
warming yields eventually a single resonance at 4-75 °C.
The results imply an initial exchange of two of the three
possible isomers, and can be explained in terms of the
trigonal twist mechanism previously outlined. Thus, an
initial twist about the C2CPCNEt face of (7a) or the
CICNEtCY face of (7b) results in exchange between
(7a) and (7b); a similar twist about the CfCeCt' face of
(7c) results in axial === equatorial site exchange, but
not in isomer interchange. At higher temperatures,
rotation about the alternate faces cis to the M—H-M bridge
[CeCeCNEt, CiCeCY, and CIC'CNELt] results in exchange
between all three isomers. The resonance of greatest
intensity at 8 —17.4 may thus be assigned to (7c¢), and
it is of interest to note that in the related complex
[OszH(CO)4(COMe)(CNBut)] only the isomer of analogous
structure is observed in the solid state and in solution.t?
Unambiguous assignment of (7a) and (7b) is not possible,
although steric considerations would lead one to predict
a lower population for the axially substituted (7b).
Variable-temperature 13C n.m.r. spectra in the region of

TABLE 3

Hydrogen-1 n.m.r. spectral data @

Complex Temperature/°C M-H Other
(2 +25 —15.0(s) N(PPhy), 7.33—7.50 (m)
(4a) —60 —18.0(s) CH,CH, 4.32(q, J 7.5)
CH,CH, 1.42 (t)
(4b) —60 —18.0(s) CH,CH, 4.26 (q, J 7.3)
CH,CH, 1.48 (t)
CH, 3.88 (s)
(4c) —680 —18.0(s) CH,CH, 4.13 (m)
CH,CH, 1.51 (t, J 7.5)
1.51
CH(CHy), 21} (4, J6.6)
CH(CH,), 4.99 (sept)
(4d) —60 —18.0(s) CH(CH,), {?5,(7)} d, 7 6.8)
CH(CH,), 4.92 (sept)
CH, 3.72 (s)
(5a) ® +25 —18.0(d, J 2.5) CH, 2.71(d, J 4.6)
(n —85 —17.2 CN(CH,CH,), 4.29 (m)
—17.45(s) CNCH,CH, 3.55—3.97 (m)
—17.5 CNCH,CH
CN(CH,CH, )Z} 1.38 (m)
(8a) ® —50 —26.7(s) CHNCH(CH,), 8.10 (s)
CHNCH(CH,), 2.38 (sept)
CHNCH(CHy), g5t} (d, J6.8)

¢ CD,Cl, solution unless otherwise indicated; values in p.p.m. from SiMe,.
Coupling constants f in Hz.

sept = septet.

5 C¢DyCD, solution.

s = Singlet, d = doublet, t = triplet, q = quartet,
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the CNEt and CNEt, resonances (Figure 5) agree with
this interpretation, showing, at —60 °C, three resonances
of unequal intensity. On warming to —30 °C, exchange
of two of the isomers is evident, while at 425 °C, single
broadened resonances are found, consistent with ex-
change between all three isomers.

It is of interest to compare these results with those for
the initial isonitrile substitution of [Fe;H(CO) ]
Because of the sequential substitution, pure samples of
(3a—c) cannot be obtained. However, the position of
substitution may be demonstrated by n.m.r. techniques.
In the H n.m.r. spectrum, reaction of (2) over 30 min at
room temperature with a 4 : 1 excess of CNEt results in
replacement of the M-H resonance of (2) (8§ —15.0)
with a new resonance at § —14.5 assignable to (3b),
which on cooling to —65 °C yields three resonances of
unequal intensity at 3 —14.0, —14.6, and —14.8 (Figure
3). The similarity in pattern to (7a—c) may be noted,
and we assign the resonances tentatively to the analogous
isomers (3bi—iii) (Iligure 4). In contrast, however,
only one isomer is present in reasonable abundance, and
on the basis of the previous discussion, this resonance

4:,?/iew Online

may be assigned to (3biii). Carbon-13 n.m.r. spectra
conclusively demonstrate the axial substitution. The
spectrum of [N(PPhy),][Fe;H(CO),,] at —120 °C22
(Table 4) exhibits two resonances of unit intensity at
223.8 and 221.3 p.p.m. due to the axial carbonyls (Ce,Cf);
in the spectrum of [N(PPh,),}[Fe;H(CO),,(CNEt)] taken
at —70 °C, only one axial resonance is observed, together
with the appearance of a terminal isonitrile resonance at
160.5 p.p.m. Resonances due to the two minor isomers
are not observed.

Chemically, the results imply an alkylation of (3a—c)
at the terminal isonitrile rather than bridging carbonyl,
followed by structural rearrangement; the presence of a
small amount of a bridging isonitrile isomer cannot be
discounted, however.

If the solvent and excess isonitrile are removed from a
sample of (3c), and it is heated in tetrahydrofuran (thf),
protonation yields complex (8a) instead of the carbyne
derivative (5¢). This complex is clearly derived from
initial insertion of co-ordinated isonitrile into the M-H-
M bond, as the n.m.r. spectrum of the complex obtained
on deuteriation shows >909, incorporation of hydrogen

TABLE 4

Carbon-13 n.m.r. spectral data @

Complex Temperature/°C Terminal carbonyls ® Other
(2) ¢ —120 223.8(1) u-CO 285.7
221.3(1)
219.3(2)
215.8(2)
210.4(2)
208.9(2)
(3b) —170 222.9(1) u-CO 279.4
220.4(2) CNEt 160.5
217.4(2)
211.7(2)
208.9(2)
(4a) —-170 (C»,C*) 215.6(2) (] 10.4) CN 317.3 (] 13.7)
(Cb,Cb')}204.8(2) J 5.2) (CH,CH,), 57.4
(Ce,C)J 211.2(2) (J 3.4) (CH,CH,;), 11.2
(C4,CY) 207.3(2)
(Ce) 218.3(1)
(CY 216.5(1) (J 3.5)
(4c) —170 (C,C¥) 214.9(2) CN 318.4
(Cb,C*) 204.2, 204.4(2) CH,CH, d
(Ce,C)J 210.86, 210.1(2) CH,CH; 13.4
(C4,C¥) 206.5, 205.7(2) CH(CH,), d
(C) 217.6(1) CH(CH,), 20.47, 19.0
(CY 216.1(1)
(4b) —170 (C=,C*¥) 214.6(2) CN 316.6
(Cb,Cb')}204.1, 203.7(2), CH, 48.6
(Ce,C*)J 210.5(2)
CH,CH, 62.1
(C4,C¥) 206.5(2) CH,CH, 11.2
(Ce) 217.4(1)
(Cf) 215.6(1)
(7) —60 205.1 (s) CN(CH,CH,), 318.1, 319.6, 322.3
207.5—209.9 (m) CNCH,CH; 150.7, 154.7, 157.8
211.7—213.4 (m) CNCH,CH, 39.8—40.7 (m)
216.3—218.1 gm CN%CI—IECHa),3 d
219.0—219.9 (m CN(CH,CH,),
CNCH,CH,} 11.9—14.6 (m)
(8a) —60 203.1(1) (J 9.4) CH=N[CH(CH,),] 173.8
204.8(1) (] 5.4) CH=N[CH(CH,),] 69.7
206.5(2) (m) CH=N([CH(CH,),] 23.3, 26.1

207.9(1) (J 9.2)
209.5(1) (J 13.6)
210.9(3) (broad)

s CD,Cl,/CH,Cl, solution; values in p.p.m. from SiMe;. Coupling constants J in Hz. ? Relative intensities and coupling con-

stants in parentheses; C*!refer to Figure 2. ¢ Data from ref. 22.

4 Not detected; may be under solvent resonance at 53.8 p.p.m.
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into the CHNPri position. Several isostructural ex-
amples have been recently prepared and characterized.
Thus, reaction of [Os3(CO),y,] with NMe, yields (8b),8
while hydrogenation of [Ruy(CO);,(CNBut)] yields
(8c).® Reaction of [OsyH,(CO),,] with CNR yields the

-65°C

\/\o‘\/kJ 146

-15°C -65°C
[Fe3H(CO),)~
s 152
-14-0 -8
8 /p.p.m.
+30°C (3b)
170 -174 -178
5/p.p.m.

(7)

FIGURE 3 Variable-temperature *H n.m.r. spectra of (7)
and (3b) (Fe—H region only)

substituted complexes [Os;H,(CO);o(CNR)] and [Os,-
H,(CO)4(CNR)] (R = Me, Ph, or But) which on further
heating in poor donor solvents (R = Me or Ph only)
yield edge-bridging [OssH(CO),o(w-CH=NR)] and face-
bridging (8d) complexes.?»2¢ Reaction of [Fe,H(CO),,1-
with moist acetonitrile followed by protonation yields
(8¢c), isomeric with the complex reported herein.?
Interestingly, (8e) isomerizes on heating to the complex
[FegH(CO)g(uy-N=CHMe)]. Deuteriation studies were

ce ce
cd' ' cf | cd
Fe/) NFe”
—If Id
C C
H H
(C0)3 e Fe(CO) (C0)3Fe FE(CO):{
\C/ \C/
N N
/ "\ 7\
R R R R
SCHEME 2
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not conclusive as to whether the N-H or the M~H proton
is transferred to carbon. Complex (8a), however, does
not exhibit such an isomerization, implying that it is the
N-H proton which is transferred.

Complex (8a) is also fluxional. Thus, the 'H n.m.r.
spectrum at —50 °C exhibits the two doublets expected
for the CH(CH,), group on the basis of a static structure.

H
Y=
I

/ S~
(C0)3 e — —/'Q(CO):;
e(Co

SCHEME 3

z
( \"u
-‘—.
7
N

—

(colgte — 2Ee(col,

HJrelcol,

On warming, broadening and coalescence yield eventually
a single sharp doublet at 0 °C. The mechanism most
likely responsible involves a concurrent flipping of the
hydride ligand and twisting of the CH=NPri group
(Scheme 3), thus generating an apparent plane of sym-
metry through the isopropyl moiety. From the coales-
cence temperature of the isopropyl resonance, an
activation energy of 52 k] mol™ may be calculated.

An independent fluxional process is apparent from the
13C n.m.r. spectra. On the basis of a static structure, all
nine carbonyls are inequivalent. At —60 °C, the 13C

e _CNEL ” ¢! C|NEtc" -
\Fe/
/ \\ s
oc H co
______ OC—\Fe——/—~—\Fe{—-CO
N SN
(Ta) (%)
(3bi) (3biii)
a C & n-
C\]/C
Fe
| (a-c) X =CNEtz,n=0
G (3bi-iii) X =CO, n=1
Et
N
R
(7b)
(3bii)

FIGURE 4 Possible isomers of [Fe;H(CO)4(CNEt,)(CNEt)]
(7) and [Fe,H(CO),,(CNEt)]~ (3b)

spectrum exhibits five sharp resonances at 209.5, 207.9,
206.5,204.8, and 203.1 p.p.m. in theratioof1:1:2:1:1,
together with a much broader resonance at 210.9 p.p.m.
which broadens further on cooling to —90 °C. The
proton-coupled spectrum shows that all the sharp
resonances exhibit proton coupling, and that the reso-
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nance of intensity two is in fact two coincident reso-
nances. Thus, the broad peak at 210.9 p.p.m. is assigned
to the Fe(CO); moiety not involved in the M-H-M
bridge. The broadness indicates a significantly lower
barrier for polytopal rearrangement of the carbonyl
ligands at this iron atom. Warming to room temper-
ature results in broadening and coalescence to yield two
signals in the ratio of 2:1 at 207.8 and 206.2 p.p.m.,

CNEt, +25°C CNEt

o' N N

-30°C

- P
_SOOCM
5916 13 B0

325 323 321
8/p.p.m.

319 317 1
5 /op.m.

F1GUuRE 5 Variable-temperature 13C n.m.r. spectra of (7) in
the regions of the CNEt and CNEt, resonances

consistent with polytopal exchange of carbonyls at each
iron atom, accompanied by the flipping of the metal
hydride and CH=NPr' ligand described earlier. Car-
bonyl exchange between the iron atoms is not evident.
Throughout the CH=NPr' resonance at 174.9 p.p.m.
remains sharp.

Concluston.—The results thus demonstrate the partial

reduction of the R-N=C bond on an anionic cluster by
alkylation or M-H insertion. We are currently exploring
the generality of the synthetic method, and the reactivity
of the u-CNR, and u-CHNR ligands.

EXPERIMENTAL

All reactions were performed in dry solvents under
nitrogen. The isonitriles, 26728 [NHEt,][Fe,H(CO),,],2® [N-
(PPh,),]C1,3¢ and Et,OBF, 3! were prepared as described in
the literature. All other chemicals were purchased com-
mercially. Light petroleum refers to that fraction boiling
in the range 30—40 °C. Infrared and n.m.r. spectra were

4§iew Online

run on Perkin-Elmer 257 and JEOL FX-100 instruments
respectively. Proton-decoupled *C n.m.r. spectra were run
in the presence of [Cr(acac);] (acac = acetylacetonate);
coupled spectra were run without [Cr(acac),;] at low temper-
ature (< —50 °C) using slightly longer pulse intervals.
Spectra at or below room temperature were run in CD,Cl,;
those above room temperature were run in CgD;CD,.

(@) [N(PPh,),][Fe;H(CO),;] (2).—This compound has
been reported,?? but details of its preparation have not been
given. To a solution of [NHEt;][Fe;H(CO),,] (36 g, 62
mmol) in CH,Cl, (200 cm? was added [N(PPh,),]Cl (50 g,
87 mmol) and the mixture was stirred at room temperature
for 3 h. The solvent was removed to give a red oily mass
which solidified on addition of light petroleum (20 cm?).
The crude product was washed several times with warm
water and dried ¢x vacuo to give, after recrystallization from
CH,Cl,-light petroleum, dark red-purple crystals (45 g,
72%).

(b) [FesH(CO)1o(CNEL,)]  (4a).—[N(PPhy),][FeH(CO),,]
(5g, 5 mmol) and CNEt (1.80 cm?, 20 mmol) were stirred in
CH,Cl, (100 cm3) at room temperature. The reaction was
monitored by reaction of 1-cm?® aliquots of the reaction
mixture with Et,OBF,, followed by thin-layer chromato-
graphy (t.l.c.) to detect the product [Fe;H(CO),((CNEt,)].
When monosubstitution of the anion was complete (ca.
2 h) the CH,Cl, and the excess CNEt were removed in vacuo.
The purple-red residue was dissolved in dichloromethane,
and 1.2 g (5.5 mmol) of Et,OBF, was added. The mixture
was stirred at room temperature for 10 min, the solvent was
evaporated off, and the residue was chromatographed on a
silica-gel column. Elution with light petroleum-benzene
(9:1) yielded a trace of red [Fe;H(CO),o(COEt)] followed
by purple [Fe H(CO),,(CNEt,)] (0.7 g, 26%). Further
elution with light petroleum-benzene (2:8) yielded a
small amount of the substituted complex [Fe;H(CO),-
(CNEt)(CNEt,)] (7). This complex can be isolated as the
major product if a larger excess of isonitrile is used, and the
reaction is left for a longer period of time. The reaction is
monitored by the method described above.

Complexes (4b) and (4c) were prepared in an analogous
manner, while (4d) was prepared similarly using Me,;OBF,.
Derivatives (4b—d) were purified by sublimation (0.1
mmHg,* 80 °C) or by crystallization from light petroleum.
[Fe,H(CO),(CNEt)(CNEt,)] would not crystallize and was
purified by preparative t.l.c. [Fe,H(CO),,(COEt)] may be
prepared in 799% vyield by an analogous alkylation of
[N(PPhy),][Fe;H(CO),,].

(¢) [FeaH(CO)1q(CNMeH)] (52).—[N(PPhy),][Fe;H(CO)y,)
(2.0 g, 2 mmol) and CNMe (0.22 cm?, 4 mmol) were stirred
in CH,Cl, (50 cm?) at room temperature until titration of an
aliquot with Et,OBF, indicated that monosubstitution was
complete. Solvent and excess isonitrile were evaporated
off, and the residue was dissolved in diethyl ether. CF,-
SO,H (0.4 cm?, 2 mmol) dissolved in diethyl ether (10 cm?)
was added and the mixture stirred at room temperature for
10 min. After evaporation of solvent, the residue was
chromatographed on a silica-gel column. Elution with
light petroleum yielded a trace of [Fey(CO),,], after which
purple [Fe,H(CO),,(CNMeH)] was eluted with light petrol-
eum-benzene (9:1). The product was purified by
preparative t.l.c.

(d) [FesH(CO)y(CHNPri)] (8a).—A mixture of [N-
(PPh,),][Fe,H(CO),,] (7.5 g, 7.5 mmol) and CNDPr (2.7
cm?, 29 mmol) was stirred in CH,Cl, (150 cm?®) at room

* Throughout this paper: 1 mmHg = (101 325/760) N m™.
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temperature until titration with Et,OBF, indicated that
monosubstitution was complete. Solvent and excess
isonitrile were removed, and the residue was dissolved in thf
and heated at 40 °C for 2 h. CF;SO;H (2 g, 10 mmol)
dissolved in diethyl ether (30 cm?® was added at room
temperature and the mixture was stirred for 30 min.
After removal of solvent, the residue was chromatographed
on a silica-gel column. A trace of [Fe,(CO),,] was eluted
by using light petroleum, while further elution using light
petroleum-benzene (9:1) yielded orange [Fe,H(CO),-
(CHNPri)] which was recrystallized from light petroleum

(1.5 g, 41%,).
Deuteriation in the same manner using CF;CO,D yielded
the deuteriated analogue [Fe,D(CO)(CHNPr)].

We thank the S.R.C. and the University of Keele for
financial support.
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