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Abstract

Reactions of [Et,OH][BF,] with the aminocarbyne complexes
rrans-[M(CNHMe X CNMeXdppe), [BF,] (M =Mo or W: dppe=
Ph,PCH,CH,PPh,) give the corresponding bis(amino)acetylene
compounds frans-{MF(n>-MeHNC=CNHMe)dppe),[BF,] (the
molecular structure of the Mo complex being authenticated by an
X-ray analysis). Previously this was formulated as frans-
[M(CNHMe),(dppe),BF,], and, unknowingly, it had provided the
first example of reductive coupling of isocyanide ligands. Base-in-
duced CC cleavage (by Li Bu™) of the bis(amino)acetylene to two
isocyanide ligands has been recognized to form quantitatively frans-
[M(CNMe).(dppe),] for the first time.

Reductive coupling of small unsaturated C,
molecules (typically carbon monoxide {1-3] or iso-
cyanides [1-6]) at a transition metal is a matter of
current and growing interest [1].

Carbyne complexes with groups M=COSIR , (siloxy-
carbynes) [1-3] and M=CNER (E = H or R) (amino-
carbynes) [1-6] formed upon addition of an elec-
trophile (E*) which promotes a coupling reaction to a
suitable substrate are key intermediates, leading to

* Correspondence to: Professor AJ.L. Pombeiro.
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acetylene diethers (R,SiOC=COSiR ;) or bistamino)
acetylenes (RENC=CNER). However, the detatled
mechanistic pathways have been a matter of consider-
able debate [3-6].

Recent developments in this field have led us to
re-examine some of our previous studies [7-10] on the
recactions of the diisocyanide complexes frans-
[M(CNMe),(dppe),] (1. M = Mo or W, dppe =
Ph,PCH,CH,PPh.} with HBF, which provided the
first examples of electrophilic attack at an isocyanide
ligand and 2 novel route to carbyvne-type species. We
now report that such studies also achieved, although
unknowingly, the first reductive coupling of isocyanide
ligands, a reaction which later was unambiguously rec-
ognized by others [11.1] in the seven-coordinate com-
plexes [MX(CNR), 1" (M = Mo or W; X = halide or
cyanide) who used a reducing agent (Zn) and a proton
source.

Originally we reported a series of well-defined
aminocarbyne complexes, such as trans-[M(CNHMe)
(CNMcXdppe)- IBF,] (2) {7.8] and [MH(CNHMe XCN-
MeXdppe),I[BE, 1, (3) [9] as well as {7,3] other com-
pounds, formulated, on the basis of the then available
data, as the diaminocarbynes frans-[M(CNHMe).-
(dppe)-[BF,],. However, in the light of new evidence,
confirmed by an X-ray structural analysis, we now
reformulate the last complexes as the bistamino)ace-
tylene-fluorido  compounds  rrans-[MF(5n"-MeHNC=
CNHMe )Xdppe), I[BF, ] (4).

The presence of the tluoride in 4 1s unambiguously
proved by the quintet resonance [“J(PF) = 39.7 or 50.4
Hz for M = Mo or W, respectively, with the expected
AW gatellites. JOWEF) =49 Hz. in the latter case]
observed (5 = -~ 209.03 or —214.75 ppm. respectively)
at ~20°C in the "F NMR spectra (CD,Cl,). The
intensity, relative to that of the singlet resonance for
the BF, counter-ion (8 = — 151.46 ppm), was 1:4. At
ambient temperature, the resonance of the tluoride
ligand is rather broad. without any apparent structure,
and it was missed in our previous studies [7.8). In
agreement with the above data, the *'P NMR spectra
of 4 cxhibit a doublet resonance at 6= —92.45 or
~105.31 ppm (M = Mo or W, respectively. at ~ 20°C),
with 2J(PF) identical to those observed in the "F
NMR spectra.

The '"H NMR spectra of 4 do not nced reassign-
ment, but the low field resonance at 6 = —204.7 or
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—194.5 ppm (for M = Mo or W, respectively) observed
in the *C NMR spectra and previously assigned [8] to
the metal ligating aminocarbene-carbons, can now be
attributed to the metal-bonded carbons of the
bis(amino)acetylene. Such low field resonances are in-
dicative [12] of a 4-electron donor acetylene, giving the
complexes an 18-electron configuration.

In addition, the strong IR bands assigned to v(C=N)
are observed [8] at considerabiy higher frequencies
(1645 or 1630 cm™!, for M = Mo or W, respectively)
than those known [8,9] for the related and well-defined
aminocarbyne complexes 2 and 3 (ca. 1520 and ca.
1560 ¢cm ™!, respectively), and are also consistent [5,6]
with the bis(amino)acetylene formulation for 4.

irans-[M(CNMe),(dppe), ]

>
(§))
HBEF, \1
trans-[M(CNHMeXCNMeXdppe), [BF, }
3
2 Li"Bu @
—LiF, ~ LiBF,
—2"BuH 2
HBE,| ~BF:

trans-[MF(n>-MeHNC=CNHMeXdppe), IBF,]
@

Finally, their reformulation has been confirmed by
an X-ray structural analysis of the molybdenum com-
plex (4, M = Mo) *.

In the crystals of 4, two independent (A and B), but
very similar, complex cations have been recognized,
and a view of one of them (A) is depicted in Fig. 1. The
coordination around Mo is distorted octahedral with

* Crystal data for 4: [Cs,H, FN,P,Mo)[BF,]-CH,Cl,, M = 1167.64,

triclinic, space group P1, a=15.601(16), b=19.052(11), c=
23.071(14) .&, a =61.92(5), B =69.59(6), y = 74.31(6)°, U = 5623(8)
A}, Z=4, D,=1.379 g cm >, F(000) = 2400, Nb-filtered Mo-Ka
radiation, A = 0.71073 A, u=4.88 cm ™.
The intensity data for the compounds were collected on a Siemens
AED diffractometer, using the 6#-26 scan technique at room
temperature. 19898 unique reflections were measured with 8 in
the range 3-25° 6788, having I > 3¢(I), were used in the refine-
ment. The structure was solved by Patterson and Fourier methods
and refined by blocked full-matrix least-squares procedures, with
anisotropic thermal parameters in the last cycles of refinement
only for the Mo, P, N, coordinated F and some carbon [C(1)...C(6)
and C(31), C(32)] atoms. One of the two BF,” anions was found
disordered and distributed in two positions of equal occupancy
factor. The R and R, values were 0.0825 and 0.1069. Atomic
co-ordinates, thermal parameters and a complete list of bond
distances and angles have been deposited at Cambridge Crystallo-
graphic Data Centre.

Fig. 1. View of the structure of one of the two independent cationic
complexes of 4. Selected bond distances (A) and angles (°): Mo-P(1)
2.573(5) [2.544(6)], Mo-P(2) 2.536(6) [2.510(5)], Mo-P(3) 2.524(5)
[2.540(6)]), Mo-P(4) 2.495(6) [2.517(5)], Mo~F 2.019(8) [2.017(8)],
Mo-C(1) 2.018(15) [2.002(13)], Mo-C(2) 2.014(13) [2.016(18)], C(1)-
C(2) 1.37(2) [1.37(3)], C(1)-N(1) 1.36(2) [1.38(2)], C(3)-N(1), 1.50(2)
[1.43(2)], C(2)-N(2) 1.35(2) [1.39(3)], C(4)-N(2) 1.46(2) {1.46(3)};
C(3)-N(D-C(1) 125(2) [123(2)], N(-C(D-C(2) 136(2) [136(2)),
C(1)-C(2)-N(2) 140(2) [127(2)], C(2)-N(2)-C(4) 124(2) [124(2)). The
values in square brackets refer to the second independent complex.

four P atoms in the equatorial positions and the apical
sites occupied by the fluoride and by the midpoint of
the unsaturated C-C bond of the alkyne. The NCCN
skeleton of the alkyne, the Mo, and the F atom are
roughly co-planar.

Molecules A and B differ in the conformation of the
C(1)-C(2)-N(2)-C(4) group; in the former, C(4) is cis
with respect to C(1), whereas in the latter these atoms
are trans.

c3) C4) i)
/ AN /
N(1) N(Q2) N() NQ)—C4)
N / N /
C(\l) ~ Cc@) C(\l) —/ c(2)
Mo Mo
(A) (B)

The acetylenic C—C distance, 1.37(2) A (averaged
for the molecules A and B), lies withgn the range
known for C(sp?)=C(sp?), ca. 1.30-1.39 A [13], and is
comparable with the average value, 1.304(27) A [14],
for a 4e-donor alkyne and considerably longer than
that reported, (1.26(1) A [15)) for the 4e-donor phenyl-
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acetylene species trans—[MoF(qZ—PhCECH)(dppe)z]*.
The Mo-C distance, 2.013(15) A (av.), is close to the
average (2.027(28) A [14]) for the bond to a 4e-donor
alkyne and significantly shorter than that expected
(2.129(31) A [14]) for a 2e-donor alkyne. The
C(alkyne)-N distancco, 1.37(2) ,&, is somewhat shorter
than that (1.416(18) A [13]) for a C(spz)—N(ipg) bond
and approaches the average value, 1.339(16) A [13], for
a Clsp?)-N(sp?) bond length.

These data indicate extensive m-electron delocaliza-
tion along the framework of the bis(amino)acetylene,
consistent with the structures for [MoX(n°-
'BuHNC=CNH'Bu)(CN'Bu), ]~ (5, X = Br [16], 1 [16]
or CN [17]) and [WBr(n*Et,NC=CNEt,XCN'Bu),]'
[6]. However, in our complex (4, M = Mo). at least one
of the methyl groups points away from the metal, thus
lowering the steric repulsion from phenyl groups of the
bulky phosphines, whercas in compounds 5 the steric
effects within the aminoacetylene itself appear to dom-
inate and the only observed isomer has the opposite
orientations of the bulky 'Bu groups.

Complexes 4 are derived from the reaction of HBE,
- Et,0O with the intermediate 2 (eqns. (1) and (2)) and,
although the detailed mechanism is still unknown, the
hydride-carbyne complex 3 does not appear to be In-
volved. The reaction seems to occur via protonation at
2, forming intermediates of the type [M(CNHMe),-
(dppe), IIBF,], or [M(CHNHMe)XCNMeXdppe),l-
[BF,l,, related to those suggested by others in different
systems such as [M(CNEt,)(CNEt),}*~ [6] and [Mo
(CHNH'BuXCN'Bu);]** [5]. The coupling step would
then be promoted by fluorination, upon nucleophilic
attack by BF, . This should not be surprising in view of
the ready metal fluorinating ability of this anion which
we have observed in the formation of trans-[MoF-
(=CCHBu)dppe), IBF,] [18] and trans-[WF(=CH-
CH,Ph)(dppe), IBF,] [19] in reactions of HBF, with
parent alkynyl complexes. Moreover, [MoF(n*-PhC=
CHXdppe), [BF,] has been reported [15] as the prod-
uct of the reaction of [MoH ,(dppe),] with PhC=CH in
the presence of HBF,.

Base-induced clcavage of the acetylenic CC bond to
C, fragments, is very rare, and occurs with deprotona-
tion of the amino groups and defluorination of the
metal on treatment of 4 with Li"Bu (in a twofold molar
ratio). This regenerates quantitatively the parent diiso-
cyanide complexes 1 (eqn. (3)), in a process which
reverses the isocyanide coupling and which we also
previously achieved [10] unknowingly for the first time
using LiMe, Li, or NaOMe. Cleavage of the triple bond
of bis(dialkylamino)alkynes upon reaction with some
metal carbonyls is known [20] to give 2- or 3-metal-

bridging aminocarbyne-type units, whereas a related
alkyne cleavage to a carbyne and an isocyanide has
been reported [21] for the conversion of [WBrz(nz-
PhC=CNH ' 'Bu)lCN'Bu),] to [WBr(CPh}CN'Bu),]
upon reaction with LiPh.

We are currently investigating the mechanisms of
these coupling and cleavage reactions.
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