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Intramolecular Conversion of a 5-Membered Iridacycle
i to a 3-Membered Counterpart by CO, Extrusion
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Abstract

a;;:
ﬁgﬂ Thermolysis of the metallacycles 1a and 1b in refluxing toluene for
g ’ - .
By 24 hours results in loss of CO, and the formation of a product characterized
A by the formal oxidative addition of the 16-electron Ir(I) metal fragment
& "CPIPPPh3" into the nitrile triple bond, generating the kinetically very
}§; stable side-bonded nitrile complexes 2a and 2b, in high yield. An X-ray
1
'&Z diffraction study was undertaken of 2a confirming its structure as that
' containing a Ir(III)-C-h metallacycle.
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We have been investigating the reactivity of metallacycles generated by the
cycloaddition of aryl nitrile oxides to low valent metal carbonyl complexes.1
We wish to report the formation of side-bonded nitrile complexes whose chemical
characteristics appear to be more readily attributed to the result of oxidative
addition across the nitrile triple bond by a metal fragment than by w-complexa-
tion of a nitrile to a low valent metal.

Thermolysis of 1a and 1b 2 in boiling toluene for 24 hours leads to the
formation of the remérkably'stable 2a and 2b, respectively, with extrusion of coz.
All 1H. 19F and 31P NMR data, as well as elemental analyses, are consistent with
the structures shown for 2a and 2b.3 The structure of 2a was also confirmed by

an X-ray diffraction study described below. The IR spectra of 2a and 2b exhibit

a CN stretching frequency at 1758 em~! and 1756 cm". respectively, a decrease of
472 em™! and 468 em™! from the corresponding free nitriles. Similar large decreases
in the CN stretching frequencies have been observed in other complexes which are
believed to contain side-bonded nitriles,’™S
of nitrile coordination which occurs by o-bonding through the nitrile nitrogen

lone electron pair.9 In order to establish whether the formation of free nitrile

as opposed to the more common mode

occurred by decomposition of ?. to generate the 16-electron metal fragment "CpIrPPh3"
which then coordinates free nitrile, or if an intramolecular mechanism was involved,
1b was decomposed in the presence of a 20-fold excess of 2—Clcsﬂucu. If nitrile
formation occurred by the former mechanism, 22 would be the predominant product,
whereas if an intramolecular process was involved, then compound 2b should be
obtained. Both 3'p ana 19F NMR identified 20 as the predominant product (80% yield
by NMR); no resonance in the 31? NMR was observed for 2a. This result indicated
that no nitrile exchange had occurred and that the formation of 2 involved an
intramolecular process. The 19? NMR of the products of decomposition of 1b gave

two resonances, one of which corresponded to 2b and the other to free p-FCcH,CN.

The yield of 27F06Hucn was 9% by NMR in the absence of p-ClCgH,CN and 20% in the
presence of ng1C6Hucug the 31? NMR contained a minor resonance at 17.09 ppm
together with the major resonance due to 1b in both cases. The 1H NMR spectrum

of the reaction products gave no evidence of hydrides which could be formed as




! a result of C-H oxidative addition of the solvent or intramolecular hydride
abstraction. The nature of the minor product resulting from loss of ngCGHHCN
from 1b and having a 31p NMR resonance at 17.09 ppm was not determined.

¢ The stability of 2a and 2b and their mode of formation strongly support a

' product which would result from formal oxidative addition of an Ir(I) 16-electron
ok, —
e fragment to the CN triple bond thereby generating an Ir(III) Ir-C=N metallacycle,

rather than simple x-complexation of a nitrile to a metal center. The nitrile
e ligands of 2a and 2b are not easily displaced. In contrast, the nitrile ligand
of the side-bonded nitrile complex (PPh3)Zp;(n-cp3cu),8 is readily displaced
e by CO and diphenylacetylene at room temperature. The only side-bonded nitrile
complexes comparable to 2a and 2b are molybdenocene nitrile complexesu for which
no crystallographic study 1s available to confirm their structure.
An X-ray diffraction study was undertaken of compound 2a,1° which established
Wl the nitrile ligand to be side-bonded to the Ir (Figure 1). The Ir-C(6) bond length

1s 2.11(2) A, which is the expected length for an Ir(III)-C bond;''*'? the Ir-N bond

e distance is 2.17(2) A which represents a long Ir-N single bond.'3:'¥ Tne c(6)-N bond
i?i distance is 1.23(3) A, which represents a lengthening of 0.08 A to that of the free
'EZ nitrile. No structural information is available to compare this C-N bond distance

' 2

with other side-bonded nitrile complexes; a number of acetylene n

been structurally characterized and are observed to undergo large reductions in

the C-C stretching frequencies and accompanying lengthening of the C-C bond.‘"'15

The average increase in the C-C bond length on coordination is 0.08 A. The length-

ening observed for the C-N distance of 2a is of the same magnitude, suggesting a

", similar reduction in the bond order.

:64 From the intramolecular mode of formation of the nitrile complexes 2a and

?ﬁj 2b, and their great chemical stability when compared to other side-bonded nitrile
complexes, it appears that 2a and 2b are best described as formal Ir(III) metal-

complexes have

ﬁ? lacycles.
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WAL Wy Ly A ' E Vo, TRIVNIGSORRERE 1" iy ; a0 00 M
’v‘ i (D "“ 5 s ". S :-':;4‘:f.‘3“. ¢ ‘é"' “,}:,\l 3 . e ) ",I’{" 4“;} .}.9“.;‘?; '?,!i"” K s

i *
,& ‘y,C 4, )é



= e s
-

PR

AN

» o w‘a‘4‘~¥.=

-

o e e N e

o T
o o "

i o -

B K KA

1.

2.

W e g AN TR TS TR TR T N e T T T e T T e T T e

References

We have synthesized a number of metallacycles by cycloaddition of aryl
nitrile oxides with low valent metal carbonyl complexes. A preliminary
communication has been published (Walker, J. A.; Knobler, C. B.; Hawthorne,
M. F. J. Am. Chem. Soc. 1983 105, 3370.) and a complete report of this
synthetic route to these metallacycles and their reactivity will be sudb-
mitted shortly; the general reaction is outlined below.

ArC |
N C
Ci 7 =N
LnM-CO 5-20°C - LnM |
N\ °
K,CO3 %
(o]

Ar = 2rClC6H“-; 2.“.6-(CH3)3C6H2-; 27F66Hu-

Metallacycle yields vary between 60 and 80%.

Selected data for 1a and 1b (full details will be reported elaewhere').
1a: Anal. Cale. for C31H2“CIIrN02P: C, 53.17; H, 3.46; Ir, 27.45; N
2.00; P, 4,42, Founda: C, 52.92; H, 3.57; Ir, 27.12; N, 1.91; P, 4.33.
"H NMR (CD,C1,): & 7.37-7.15 (complex multiplets, 19 H), 5.39 (4, 5 H,
J=1.0H2). 3w MR (CeD): 6 -2.22.

1b: Anal. Cale. for C31H2"FN02PIr. C, 54.37; H, 3.54; Ir, 28.07; N,

2 05; P, 4.52, Found: C, 54.12; H, 3.66; Ir, 27.92; N, 2.01; P, 4. 44,
'H NMR (CDZCIZ) 6§ 7.46-6.74 (complex multiplets, 19 H), 5.393 (d, 5 H,
J=0.88 1z). 3'P('H) W (coDoDy): 6 -2.09.

Selected data for 2a and 2b (full details will be reported elsewhere').

2a: Anal, Cale. for C3OH2uCIIPNP: C, 54.83; H, 3.69; N, 2.13; P, 4. T,

Found: C, 54.66; H, 3.60; N, 1.97; P, 4.08. 'H NMR (CcD 6 7.15-8.24
(complex multiplets, 19 H), 5.90 (d, 5 H, J = 1.46 Hz). g1P[ '} R (C 6P )

6§ 16.56.

2b: Anal, Cale. for C3°H2“FIrNPx C, 56.23; H, 3.78; Ir, 29.99; N, 2.19;

P, 4.83. Found: C, 55.70; H, 3.94; Ir, 29.42; N, 2.15; P, 4.71. 'H NMR

(CDZCI5 8 4.67-6.82 (complex multiplets, 19 H), 5.267 (4, S H, J = 1.2

Tp{'H) MR (CgDgCDy): & 16.29.
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Figure Caption
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Figure 1: ORTEP drawing of [(CSHS)(PPh3)Ir(n2’NCCGHuCl)] (2a).
Hydrogen atoms have been omitted for clarity
and phenyl groups are depicted schematically.
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2a,x=Cl|
2b,x=F

toluene, 110°C., 24 hrs.
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