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Facile Insertion of Alkynes into Ir-P (Phosphine) and Ir-As (Arsine) Bonds: Second and 
Third Alkyne Addition to Mononuclear Iridium Complexes 
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Alkynes (HC-CH, PhCGCH) insert into Ir-P (phosphine) and Ir-As (arsine) bonds of [Ir(H)(C_CPh)(L,)(MPh3)]+ and 
[ir-CH=CH-CH=tH)(MeCN)(L3)l+ in the presence of MPh3, to produce [Ir(H)(C=CPh)(L3) (CH=CHR-M+Ph3)]+ and 
[ir(CH=CH-CH=CH)(L3)(CH=CHR-M+Ph3)1+ [R = H, Ph; L3 = (C0)(PPh3),; M = P, As]. 

Metal-mediated oligomerization and polymerization of alkynes 
are of interest since they are carbon+arbon bond-forming 
reactions' and produce a variety of new organic materials.2 In 
the course of our study on the metal catalysed oligomerization 
of alkynes,3 we have found that alkynes (RCgH;  R = H, Ph) 
insert into Ir-PPh3 and Ir-AsPh3 bonds to give Ir-CH=CR- 
+MPh3 (M = P, As) species. 

While the insertion of an alkyne into metal-phosphorus 
bonds has been reported,4 the insertion of an alkyne into a 
metal-arsenic bond, to our knowledge, has not been observed. 
The fact that one mole of [Ir(CO)(PPh3)3]C104 la5 reacts with 
three moles of HC&H and two moles of PhCrCH, respectively 
prompted us to investigate the alkyne adducts 2a, 2b and 3 
(Scheme 1). 

Stirring the yellow solution of l a  (0.11 g, 0.1 mmol) (or lb) 
in CH2C12 (10 ml) under HGCH (1 atm) at 25 "C resulted in 
precipitation of beige microcrystals of 2a (0.09 mmol) (or 2b) 
within 1 h. Beige microcrystals of 3 (0.09 mmol) were isolated 
from a CHzC12 (20 ml) solution of l a  (0.1 mmol) and PhCrCH 
(0.4 mmol) that was refluxed for three days then cooled down to 
25 "C. 

These alkenylcarbonyliridacyclopentadienes, 2a and 2b and 
alkenylalkynylhydridocarbonyliridium(I1I) 3 are stable in solu- 
tion even under oxygen at room temperature and unambigu- 
ously characterized by spectral (lH, 31P and 13C NMR; IR) 
data? and satisfactory elemental analysis. 

Distinctive signals in the 1H NMR spectra at 6 9.0-10.5 were 
assigned to Ha (Scheme 1). a-Protons of metal-bound alkenyl 
groups have been observed at low field, e .g .  Re-CH=CHP+Me3 
6 12.3.& Those signals at low field (6 9.74, ddt 2a; 9.25, dt 2b; 
10.1, dt 3) are unequivocally assigned to Ha of 2a (JH,-pg 35.8 

and 3 (JH,-P~ 37.8, JH,-p, 1.9 Hz). +he observed coupling 
constants, JH,-H (18.8 for 2a and 18.3 Hz for 2b) suggest that 
H, is trans to 4 in 2, and accordingly H, is suggested to be 
trans to the Ph group in 3. The triplets of doublet at 6 -10.7 
(JHA-p, 14.5, JHA-pp 16.5 Hz) is certainly due to HA in 3. It is 
not so surprising not to see the coupling between HA and H, in 
3 while a relatively large coupling constant (4Jp-H 16.5 Hz) was 
observed between HA and Pg, which has been confirmed by 2D 
NMR (COSY) and decoupling measurements, since relatively 
large 4Jp(@,,+H (6.2 H Z , ~ ~ )  have been reported for 
(PMe3)Ir(CR=CHR)6a and (PR3)Ru(CR=CHR)6b species. 

Signals (4 x m, 6 5.8-7.5) due to protons of iridacyclopenta- 
diene groups7 of 2 are all seen at somewhat downfield from 

J H ~ - H ~  18.8, JH,-p, 1.7 Hz), 2b (JH,-H 18.3, JH,-p, 1.8 Hz) 

'Ha PaPh3 
2 a M = P  
b M = A s  

Scheme 1 

those (4 X m, 6 5.5-7.3)t of the iridacyclopentadiene complex 
4c [see eqn. (l)] prepared from the reaction of [Ir(CO)- 
(MeCN)(PPh3)2]C104 with HCrCH and characterized by 
spectroscopy and X-ray crystal structure analysis.$ The l3C 
NMR spectrum also confirms (Ph3P,)21r-CaH=CpH-+PgPh3 
moiety for 2a by showing a multiplet at 6 181.3 for Cp and a 
doublet at 6 110.5 (Jcorpp 66.1 Hz) for C,. The 31P NMR 
(CDC13) spectrum of 2a shows P,Ph3 at 6 1.13 (d, 2 P, Jp,-pp 
4.3 Hz) and Pp+Ph3 6 14.4 (t, 1 P) and are in good agreement 
with the suggested structure of 2a. 

Insertion of alkynes into Ir-P and Ir-As bonds can also be 
achieved by the reactions of adducts of an alkyne with other 
alkynes. Both adducts of HGCH and HC=C(CH2)&-CH (4c 
and 4d)$ react with PhC-CH in the presence of PPh3 to give 
adducts (2c and 2d)t of two different alkynes [eqn. (l)] while 

MeCN ;Ir&H2)n I + PhC=CH + PPh3 I 

I 
PPh3 

4 c n = O  
d n = 4  

'Ha PaPh3 
2 c n = O  

d n = 4  

the PhC-CH adducts, 5a and 5b react with HCrCH to produce 
adducts of two different alkynes, 3a and 3b? [eqn. (2)]. 

l+ l+ 

MPh3 

5 a M = P  
b M = A s  Mph3 

3 a M = P  
b M = A s  

A mixture of 4c (0.10 g, 0.1 mmol) (or 4d), PhCZH (12 pl, 
0.1 1 mmol) and PPh3 (0.03 g, 0.1 1 mmol) in CHC13 (10 ml) was 
stirred for 3 h under N2 to yield beige microcrystals of 2c (0.09 
mmol) (or 2d). Beige microcrystals of 3a (0.09 mmol) (or 3b) 
were obtained from the solution of 5a (0.12 g, 0.1 mmol) kept 
under HC=CH (3 atm) for 24 h at 50 "C. Complexes 5a and 5b 
we readily obtained by replacement of RCN in the PhC-CH 
adduct, [IrH(C-CPh)(RCN)(CO)(PPh3)2]C1O48 with PPh3 and 
AsPh3, respectively. 

We also found that compound 3 can be obtained from the 
reaction of Sa witkg PhCrCH at 50 "C; and the reaction of 4c 
with H C S H  in the presence of PPh3 and AsPh3, respectively 

la: should be mentioned that attempts to prepare iridacycles 
eontahing she l~tPPh~)~(MPh3) group, [IrCH=CH-CH=CH) 
(CO)(PBh~)z(MPh3)]+ (M = P, As) by replacing RCN (PhCN, 
MeCN) zf 4 with MPh3 have been unsuccessful. 

produce 2a auld 2b, 

I I 
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Footnotes 
Selected data for 2a: lH NMR (CDC13, 25 "C) 6 6.70 (dd, 1 H,JHor~p 18.8 

Hz, =CHP+Ph3), 5.85,6.06,6.72,7.10 [4 X m, 1 H, (IrC4&)], 6.9-7.5 (m, 
45 H, PC~HS); 13C( 31P] NMR (CDC13, 25 "Cj 6 175.8 (t, CO), 129.3 [br, 
a-C of (IrC4H4j], 153.9 [t, a-carbons of (IrC4&)] 145.8 [s, p-C of (IrC4H4)] 
146.2 [br, p-C (IrC41&)]; IR (Nujol) v,,Jcm--I 1998s (CO), 1 lOOs, br (non- 
coordinated tetrahedral C104-). 

For 2b: 'H NMR (CDC13, 25 "C) 6 6.57 (d, 1 H, J H - H ~  18.9 Hz, 
=CHAs+Ph3), 5.87,6.10,6.63, ca. 6.90 [4 X m, 1 H, (IrC4H4)], 6.9-7.5 (m, 
PC6H5 and AsC6H5); IR (Nujol) vm,/cm-I 1997s (CO), llOOs, br 
noncoordinated tetrahedral C104-. 

For 2 ~ :  'H NMR (CDCl3,25 "C) 6 10.45 (dt, 1 H, JH,~, 2.94 Hz, JH,-P~ 

39.5 Hz, Ir-CH,=) 6.70 (d, 2 H, J 8.0 Hz, o-H C6H5), 6.00 (m, 1 H, Ir- 
C4H4), 5.45 (m, 1 H, Ir-C4H4); IR (Nujol) v,,/cm-l 1995s (CO), llOOs, 
br (C104-). 

For 2d: 'H NMR (CDC13,25 "C) 6 10.33 (dt, 1 H, &,pp 39.3 Hz, J H ~ ~ ,  
2.7 Hz, Ir-CH=C(Ph)P+Ph3), 6.73 (d, 2 H, o-H C6H5), 6.64 (s, 1 H, Ir- 
CH=CCH2), 6.54 (s, 1 H, Ir-CH=CCH2), 1.78 (br, 2 H, II-CH=CCH2), 
1.16 (br, 2 H, Ir-CH=CCH2), 0.62 (m, 2 H, Ir-CH=CCH2-CH2), 0.49 (m, 
2 H, Ir-CH=CCH2-CH2); IR (Nujol) v,,/cm-l 1992s (CO), ca. 1 lOOs, br 
(noncoordinated tetrahedral C104-). 

For 3: IH NMR (CDC13,25 "C) o-H 6 6.18 (d, 2 H o-H C6H5), 6.43 (m, 
2 H), 6.5-7.9 (m); 31C{ l3P} NMR (CDCI3, 25 "C) 6 122 (d, Jcepp 58.1 Hz, 
Ir-CaH=Cp-(Ph)Pp+PPh3), 180.1 (br, Ir-CH=C(Ph)P+PPh3), 98.1 (t, Jc-p, 

19.1 Hz, Ir-CECPh), 109.5 (s, Ir-CSPhj, 172.4 (t,JC-p, 6.8 Hz, Ir-CO), 

CH=C(Ph)-Pp+Ph3), - 1.99 (d, Jpa,pp 3.6 Hz, Ir-P,Ph3); IR (NuJo~) vma/ 
cm-1 2025s (CO), 21 18w (Ir-H), 1 lOOs, br C104-. 

For 3a: IH NMR (CDCl3,25 "C) 6 9.79 (dd, 1 H, Ir-CH,=, JHapp 33.9, 

120-140 (P-CGH~); 3lP NMR (CDC13, 25 "C) 6 20.11 (t, Jpepp 3.6 Hz, 

JH,H~ 19.2 Hz), 6.75 (dd, 1 H, Ir-CH,=CHp, JHp-pp 37.7,J~,-,, 19.2 Hz), 

6.42 (d, 2 H, 0-H C6H5) and -10.29 (tdd, JH~-P, 14.8, J ~ ~ - p p  14.7 Hz, 
JH*-H, 2.5 Hz); 31P NMR (CDC13,25 "C) 14.04 (t, 1 P, Jp,-pp 3.8 Hz, Pp), 
-1.55 (d, 2 P,Jp,pp 3.8 Hz, P,); IR (Nujol) v,,/cm-12016s (CO), 21 14w 
(Ir-H), 1 lOOs, br (C104-). 

For 3b: IH NMR (CDCL, 25 "C) 6 9.09 (d, 1 H, JH,-H 18.5 Hz, 
Ir-CH,=), 6.58 (d, 1 H, J H - H ~  18.5 Hz, II-CHeCHp), 6.48(m, 2 H, 
0-H ECC~H~) ,  -10.40 (dt, 1 H, JH*-P, 14.6, JHA-Ha 2.0 Hz); IR (Nujol) 
v,,/cm--I 2020s (CO), 21 13w (11-H) and 1 lOOs, br (C104-). 
$ Preparation and X-ray crystal structure details for 4c and 4d will be 
published elsewhere Selected spectral data for 4c: 'H NMR (CDC13, 25 "C) 
6 5.64 (m, 1 H, II-CH=), 5.98 (m, 1 H, Ir-CHSH), 6.70 (m, 1 H, Ir- 
CH=CH) and 7.27 (m, 1 H, Ir-CH=). 

References 
For example see: C. M. Forsyth, S. P. Nolan, C. L. Stem, T. J. Marks and 
A. L. Rheingold, Organometallics, 1993, 12, 3618 and references cited 
therein. 
For example: (a) R. A. Adams, L. Chen and W. Wu, Organometallics, 
1993,12,1623 and references cited therein; (b) Y .  Kishimoto, P. Eckerle, 
Y. Miyatake, T. Ikariya and R. Noyori, J. Am. Chem. SOC., 1994, 116, 
12131. 
C. S. Chin, G. Won and J. Song, Bull. Korean Chem. SOC., 1994, 15, 
961. 
(a) D. M. Hoffman, J. C. Huffman, D. Lappas and D. A. Wierda, 
Organometallics, 1993, 12, 4312 and references cited therein; (b) J. F. 
Comgan, N. J. Taylor and A. Carty, Organometallics, 1994,13,3778 and 
references cited therein; (c) Y. Yang, S .  G. Bott and M. G. Richmond, 
Organometallics, 1994, 13, 3767 and references cited therein; (4 J. 
Takats, J. Washington and B. D. Santarsiero, Organornetallics, 1994,13, 
1078; (e) P. 0. Nubel and T. L. Brown, Organometallics, 1984, 3, 29. 
L. Vaska and J. Peone, Jr., Suomen Kemistilehti, 1971, b44, 317. 
(a) H. E. Selnau and J. S. Merola, Organometallics, 1993, 12, 3800; 
(b) C. Bianchini, P. Frediani, M. Peruzzini and F. Zanoboni, Organo- 
metallics, 1994, 13, 4616. 
For typical 1H NMR signals for metallacyclopentadiene species, see C. 
Bianchini, A. Meli, M. Peruzzini and A. Vicca, Organometallics, 1991, 
10, 645 and references cited therein. 
C. S. Chin, J. Yoon and J. Song, Znorg. Chem., 1993,32, 5901. 


