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CARBENE PRECURSORS ANz3 METAL COMPLEXES 

THE- SYNTHESIS AND STRUCTURE OF DICHLORO(DIFLUOROMETHYL)- 
CARBONYLBrs(TR~H~~HOSP~)IRUIIUM(III), IrCl,(CI-IF,)(CO)- 
W’hdz 

The complex IrCl,(CHF,)(CO)(PPh,), is synthesized by the thermal de- 
con position o~~~~C~~~Z~~~~~~~~~~~~ ur by &e exterrded re~ctiuff 
of Vaska’s complex, IrCl(CO)(PPh,),, with the carbene precursor CF,ClCOONa. 
The crystal and molecular structure of IrC1,(CHF,)(CO)(PPh3)Z has been deter- 
mined from three dimensional X-ray data by standard heavy atom methods. The 
complex crystallizes in space group P2,/c of the monoclinic system in a cell of 
dimensions (L 10.47(l), b 14.45(2), c 24.58(2) A, p 97.68(5)” and V 3865 A3. 
The molecular structure of ‘the complex consists of a slightly distorted octahe- 
dron w.i& h-u?%- phusp?kIe ligarid§. Tkle dzk3rume~yI group is &Tz?B to a cI?Iur- 
ine atom with an Ir-C(l) distance of 2.19(3) A. The existence of the proton of 
the difluoromethyl group is suggested by the bond angles about C(l), and is 
confirmed by a deuterium labelling experiment. The thermal composition of. 
IrC%~~HF,~~OCOCF~JCO~JPPh_~~ to give IkcL,QZH3?~~~CO)~~J,~ in quanti- 
tative yield is discussed as a meats of generating CF2. Extension to other O- 
coordinated a-halocarboxylates is proposed. 

Introduction 

The interest in metal-carbene chemistry has been based in large part on 
the goal of obtaining new and easier methods of generating carbenes. Certain 
transition metal complexes are known to catalyze the decomposition of diazo 
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alkanes by way of postulatedmetal-carbene intermediates [1, 21. Fischer and co- 
workers [3] have recently reported the addition of phenyhnethoxycarbene to 
olefinswith the carbene complexes M[C(OMe)Ph] (CO)5 (M = Cr, MO, W). How-. 
ever, the use-of stable transition metal complexes for this purpose has met with 
0nIy limited Success. 

We recently reported [4] the preparation and structure of IrCl(CHF*)- 
(OCOCF&l)(CO)(PPh3)2, (I), which is the initial product obtained from the 
reaction between Vaska’s complex, IrCl(CO)(PPh3)z, and the difluorocarbene 
precursor CF,ClCOONa. The metal-promoted decomposition of one equivalent 
of CF&lCOO- leads to the coordinated -CHF2 group. In addition, complex (I) 
also contains an O-coordinated chlorodifluoroacetate ligand that has remained 
intact through this part of the reaction sequence. In this paper we present the 
stictie of IrClz(CHF,)(CO)(PPh&, (II), which is the thermal decomposition 
product of (I). The change in the sixth coordination position in the quantitative 
conversion of (I) to (II) suggests that the chlorodifluoroacetate decomposes by 
decarboxylation and generation of CF1. Furthermore, the reaction of Vaska’s 
complex with ol-halocarboxylic acids and the decomposition of the resulting O- 
coordinated acetates raises the possibility that this may be a useful synthetic 
route for the production of carbenes. 

A preliminary report of this work has been published [ 51. 

Experimental 

Preparation of IrCh(CHF2)(CO)(PPh3), 
Method A. Dry CF&lCOONa (0.61 g), prepared from CF2ClCOOH and 

NaOH), 0.78 g of IrCl(CO)(PPh&, and 30 ml of diglyme dried and distilled 
over LiARI are refluxing with stirring under nitrogen. After about 6 min, the 
yellow mixture rapidly changes color to white. The mixture is refluxed for an 
additional 10 min and is then filtered while hot to remove NaCl and excess 
CF&lCOONa. Cooling of the filtrate and addition of hexane yields the desired 
complex in about 80% yield. 

Method B. IrCl(CHF,)(OCOCF&l)(CO)(PPh3)2 is isolated by filtering the 
above reaction solution immediately after the color change. This intermediate 
product is then added to 30 ml of diglyme and refluxed for 10 min to give the 
desired complex in quantitative yields. IR(cm-’ ): v(CO), 2065; v(-CHF2), 
2940 (C-H), 1090,950. (Found *: C, 53.01; H, 3.86; F, 4.20; Cl, 7.88; P, 6.77. 
C38HJ1C12FJrOP2 calcd.: C, 52.66; H, 3.48; F, 4.39; Cl, 8.20; P, 7.16%) 

Preparation of IrC&(CDF2 )(CO)(PPh, I2 . 
The same as method A for the -CHF2 complex, except 0.5 ml of D20 is 

added to the diglyme which is then dried and degassed over a molecular sieve 
(Fischer-Type 4A) before adding to the reaction flask. The color change is not 
as dramatic and the reaction time is.extended to about 30 min. 

Addition of CF, CZCOOH & IrCi(CO)(PPh,), 
CF&lCOOH is added drop-wise to 0.78 g IrCl(CO)(PPh,), in benzene until 
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the reaction mixture turns from a yellow suspension to a clear solution. The 
solution is stripped to near dryness, cyclohexane is added, and a pure white 
solid collected and dried under vacuum. The product is identified as IrHCl- 
(OCOCF,Cl)(CO)(PPh& from its infrared spectrum [@r-H) 2240; v(C0) 
2025; Y(acetate) 1670 cni’ 1. 
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This initial pkoduct is then refluxed in benzene or diglyme to yield IrHCl,- 
(CO)(PPh& [v(Ir-H) 2240; v(C0) 2025 cm’ )] . 

Addition of CN, CHBrCOOH to IrCl(CO)(PPh,), 
CH,CHBrCOOH is added dropwise to I.rCl(CO)(PPh,), in benzene or meth- 

ylene chloride to produce a cloudy white reaction mixture. The white solid is 
collected and dried and identified as IrHBrC1(CO)(PPh3)2 from an authentic 
sample [v(Ir-H) 2240; v(C0) 2025 cm’]. 

X-ray data collection and structure determination of IrC& (CHF, )(CO)(PPh,), 

From precession and Weissenberg photographs, the space group of a clear 
colorless crystal was uniquely determined to be PZ1/c (No. 14-C2k5) [6]. The 
diffractometer angular settings of 19 reflections were used to calculate refined 
cell dimensions of o 10.47(l), b 14.52(2), c 24.58(2) A, /3 97.68(5)” and V 
3865 A3. The experimental density of l-65(2) g/cm3 determined by the flota- 
tion method agrees with the calculated density of 1.65 g/cm3 for four molecules 
per unit cell. 

Because of anisotropic decomposition, two crystals, both mounted along 
the b* axis, were used for data collection on a Picker automated diffractometer 
in a manner described previously [ 41 with a scan range of 1.40”. The two crys- 
tals had dimensions of 0.53X0.23X0.06 mm and 0.44X0.15X0.04 mm, and 
average mosaic spreads of 0.17” and 0.13”, respectively. Of the 2812 reflections 
measured with calculated 26 values between 5” and 40’ (X 0.7107 A), 1945 
were found to have Fi Z 2 CJ (pi). An absorption correction on the data yielded 
transmission coefficients ranging from 0.15 to 0.85 with a calculated linear ab- 
sorption coefficient p of 46.12 cm-‘. 

The position of the iridium atom was determined from a three-dimensional 
Patterson function map. -411 of the other non-hydrogen atoms in the structure 
were located and refined in the usual manner. The Ir, P, and Cl atoms were 
treated for anomalous dispersion with anisotropic thermal parameters for all 
Ir, P, Cl and F atoms, and the phenyl rings were refined as rigid groups. How- 
ever, an *C(2) distance of 1.95 a and a C(2)-0 distance of 0.95 a indicated 
that the carbonyl ligand atoms had refined to chemically unreasonable positions. 
The carbonyl was then treated as a group with Ir--C and C-O distances of 1.85 
and 1.13 a, respectively, and an IrC-0 angle of 180°. This resulted in final 
R-factors of 0.059 and 0.071 for R and Rw, respectively. 

The final parameters of the structure exhibit larger estimated standard 
deviations, and the final difference Fourier map exhibits larger peaks (equi- 
valent in height to some of the carbon atoms in the structure) than we might 
ordinarily consider satisfactory. This is due in part to the fact that the maximum 
28 value for the reflections measured was 40” and to the slight anisotropic de- 
composition. However, since none of the final difference Fourier peaks was in 
a chemically reasonable position, and since the primary purpose of this structure 
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-_ TABLE.1 : ; . . 

-~NAL.POSITIoNALANDTHERMALPkRAMETERS FoRIrC12(CHF2)(Co)(PPh3)2 

At&_ .'- 1 .xa .Y L-. Bb 

-Ir 0_1965(W 0.0565(l) 0.1448(l) d 

CKU O.OOSl(7) 0.1362(5> 0.1625(3: d 

Cl(2) 0.3$53(9) 0.0952(6) O-2358(4) d 

P(1) O-2729(8) O-1992(5) 0.1079(3) d 

P(2) ~. 0.1217(7) -O-0813(5) O-1860(3) d 

F(1) O.lOS(2) -0.079<2) 0.060(l) d 

F(2) O-171(2) - 0.044(l) 0.025(l) d 

cm 0.104(3) 0.008(2) 0.064(l) 3.7(7) 

ANISOTROPICTHERMALPARAMETER.+ 

Atom Pll i322 033 i312 813 P23 

11 SW2) 27(i) 12(O) -2(l) 3(O) O(l) 
Cl(l) 95(loj 47(6) l8<2) -2~5) 2<3) 3(3) 
Cl(2) 171(13) 68(7) 30(3) -6(7) -l(4) -7(4) 
P(1) 115(11) 26(5) ll(2) -l(6) O(3) 2(3) 
P(2) 95(10) 3l(6) 12(2) -8(5) 5(3) 3(3) 
F(1) 245(31) Sl(19) 24(5) 4(17) 6(S) -9(8) 
F(2) 262<31) 86<16) 26(5) -42(19) 3(lO) -24(9) 

GROUPPARAMETERS 

Group xcf YC =c @ e P B(A’) 

cm 0.1965 0.0565 0.1448 -0.377(S) 2.688 -O-365(7) 0.0 
PlR(1) 0_5399(13) 0_1525<9) 0.0630<7> -1_55<3) -2_05<1) -1.32<3) 2.0<3) 
PlR(2) 0.3333(12) 0.3729(S) 0.1884(5) 1.86(l) -2.51(l) 0.76(l) 3.3(3) 
PlR(3) 0.0897<13) 0.3098<10) O-0143(6) 2.24(l) -293(l) -0.65(l) 2.1<3) 
P2R(l) 0.3253(12)--0.2411(10) 0.1752(6) +X98(2) -2.38(l) +X27(2) 1.0(3) 
P2R(2) 0.0894(11)-6.0668<10) 0.3160(6) 0.42(l) 3.03(l) 1.69(l) 4.6:3) 
P2R(3) -0.1594(12)--0.1639<10) O-1431(5) 0.31(l) 2.68(l) -2.96(l) 2.1(3) 

o X. y, L are in fractional coordinates. b Isotropic thermal p aametesin A zc . Numbers in parentheses here 
and in succeeding Tables are estimated standard deviations in-the least significant figure. d Atoms refined 
smisotropicaIly. e The form of the anIsotropic thermal ellipsoid is exp[--<h2&l + k2& + 12& + 2hkfl12+ 
-13 + 2kI&3)]. The anisotropic thermal parameters given are X 104. f xc, y,., zc are the fractional coor- 
dinates of the rigId-group. The angles 9.6. p have been pxviousl~ defined. See ref. 10. g me group param- 
eters +. Y =I +. 6 and @ of the carbonyl were not refined. See text for further discussion. 

was to establish the coordinationgeometry of(11)relativeto (I),itdidnot 

seemworthwhiletoremeasureandextendthesefofintensitydata.Theparam- 

etersobtained~omthisrefinementarethustakenasthefinalparametersforthe 

structure andarepresentedinTable 1. Thederivedpositionalandthermalpa- 

rametersforthecarbonandoxygenatomsofthecarbonylgroupandthecarbon 

andhydrogenatomsofthephenylringsaretabulatedinTable 2.Table 3 pre- 

sentstheroot-mean-squareamplitudesofthermalmotionfortheatomsrefined 

anisotropicaUy. A tabulationofthefmalvaluesof IF01 and IFcl for the1645 re- 
flections with F’, > 2a(P,) used in-the final refinement is available*. 

* The table of structure factors has been deposited as NAPS Document No. 02393. with ASISINAPS. 
E/O Microfiche Publications. 305 E. 46th Street. New York, New York 10017. A COPY may be 
secuxed by citing the document and remitting. $l.P% for microfiche or $6.00 for photocopies. Ad- 
vance payment is required. Make checks payable to Microfiche Publications. _ 
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TABLE2 

DERIVEDPOSITIONALANDISOTROPICTTHERMALPARAMETERSFORGROUPATOMS=~-~ 

GroupAtom x Y I B(A*J 

CO-C 

co-o 
PlRlC<l) 
PlRlC(2) 
PlRlC(3) 
PlRlC(4) 
PlRlC(5) 
PlRlC(6) 
PlRlH(2) 
PlRlH(3) 
PlRlH(4) 
PlRlH(5) 
PlRlH(6) 
PlRPC(1) 
PlR2C(2) 
PlR2C<3) 
PlR2C(4) 
PlR2C(5) 
PlR2C(6) 
PlRZH(2) 
PlR2H(3) 
PlR2H<4) 
PlRW(5) 
PlR2H<6) 
PlR3C(l) 
PlR3C(2) 
PlR3CX3) 

PlR3C(4) 
PlR3C<5) 
PlR3C(6) 
PlRBH(2) 
PlR3H(3) 
PlR3H(4) 
PlR3H(5) 
PlR3H(6) 
PSRlC<l) 
P2RlC(2) 
P2RlC(3) 
P2RlC<4) 
P2RlU5) 
P2RlC<6) 
P2RlH<2) 
P2RlH<3) 
P2RlH<4) 
P2RlH<5) 
P2RlH(6) 
P2R2C<l) 
P2R2C(2) 
P2R2C<3) 
P2R2C(4) 
P2R2C<5) 

P2R2C(6) 
P2R2H<2) 
P2R2H(3) 
P2R2H<4) 

P2R2H<5) 
P2R2H(6) 

0.341 
0.429 

O-424(2) 
0.535(2) 
0.651<2) 
O-656(2) 
0.545<2) 
0.428(2) 
O-532(3) 
O-728(2) 
O-735(3) 
0.548(3) 
O-352(2) 
0.309<2) 
O-232(2) 
O-256(2) 
O-358(2) 
O-435(2) 
O-411(2) 
O-163(2) 

0.204(2) 
O-374(4) 
O-504(2) 
0.463(2) 

0.169(2) 
0.040(2) 

-0.039(l) 
0.011<2) 
O-139(2) 
0.219(l) 
0.006<3) 

--0_127<2) 

--G.O44(3) 
0.X73(3) 
0.307<2) 
0.233<2) 
O-348(2) 
0.441(l) 
0.418(2) 
0.302(2) 
0.210(2) 
0.364(3) 
O-520(2) 
0.481<3) 
O-287(3) 
0.131<2) 
O-109(2) 
O-052(2) 
O-032(2) 
0.070(2) 
O-127(2) 
O-147(2) 
0.027(2) 

+X007(2) 
0.056<3) 

0.152(2) 
O-186(2) 

-0.006 
-a044 

0.174(4) 
0.164(2) 
0.143(3) 
0.131(4) 
0.141(2) 
0.163<3) 
O-172(2) 
0.136<5) 
0.116(6) 
O-133(3) 
@.170<5) 
G.295<1) 
0.314(l) 
0.393(l) 
0.451(l) 
0.431(l) 
0.353(l) 
O-274(2) 
0.407(2) 
0.505<2) 
0.472<2) 
O-339(2) 
0.257(l) 
0.233(l) 

O-286(2) 
O-363(2) 
0.387(l) 
O-334(2) 
0.180(2) 
0.270(2) 

0.399(2) 
O-439(2) 
0.350(2) 

-0.174<2) 
-0.174(l) 
-G.241<2) 
+X308(2) 
-0.308(l) 
-0.241(2) 

-G.128(2) 
-0.241<3) 
+x354(3) 
-G-354(2) 

-0.241(3) 
+X072(2) 
0.007(l) 
O.Oll(l> 

-0.062(2) 
-G.140(1) 
-0.145(l) 
0.056(2) 
0.064(2) 

-G.O59<2) 

-G.190(2) 
-0.198(l) 

0.129 

0.119 
0.082(l) 
0.119(l) 
0.100<1) 

0.044(l) 
0.007(l) 
0.026(l) 
0.157(l) 
0.125(l) 
0.032(l) 

-G.O31<1) 
0.000<1) 
0.156(l) 
0.196<1) 
0.299(l) 
0.221(l) 
0.181(l) 
0.148(l) 
0.201(l) 
0.256(l) 
0.243(l) 
0.176(l) 
0.120(l) 
0.052(l) 
0.038(l) 

0.000(1) 
--0.024(l) 
-0.010(l) 
0.028(l) 

0.055(l) 
-0.009(l) 
-0.049(l) 

-0.026(l) 
0.038(l) 
O.lSl<l) 
0.216(l) 
0.210<1) 
0.170(l) 
0.135(l) 
0.140(l) 

0.244(l) 
0.234<1) 
0.166(l) 
0.107(l) 
0.116(l) 
0.261(l) 
0.281(l) 
0.336(l) 
0.371(l) 
0.351(l) 
0.297(l) 

0.256(l) 
0.349(l) 
0.408(l) 
0.376(l) 
0.283(l) 

4.2<'7) 
6.2(5) 

1.0<6) 
3.2<8) 
3.6(S) 
4.1(9) 
6.6(11) 
3.8(9) 
4.0 
4.0 
4.0 
4.0 
4.0 

-0.1(7) 
O-5(7) 
0.8<7) 
2.1(7) 
2.9(9) 
1.9(S) 
2.7 
2.7 
2.7 
2.7 
2.7 
2.4<8) 
1.7<7) 

3.9<9) 
4.3(9) 

3.9<9) 
3.8(S) 
4.0 
4.0 
4.0 
4.0 
4.0 
3.3<7) 
3.2(7) 
3.9(S) 
5.3(9) 
4.6(S) 
3.9(7) 
5.0 
5.0 
5.0 
5.0 
5.0 

+X6(7) 
1.2(9) 
l-4(9) 
1.9(S) 
1.0(S) 

0.6(S) 
1.5 
1.5 
1.5 
1.5 
1.5 



: TABLtiZ(continued)~ 

. . : 
GroupAtom x. Y .L --B(A2) 

PZR3C(l) -0.037(l) -0.128(2) 0.159(l) 2&7X 
P2Ft3C<2) -0_130<2) --0.075<1~ 

P2R3C(3) -&252(l) : --0.111~1) 
0.127(l) 2.6<7) 
0.112(l) 2.5(S) 

P2R3C<4) -0.282<1) .-0.200<2) 0.127(l) 8.0(8) 

P2R3C<5) -0.189<2) --0.253(l) 0.159(l) 2.8(S) 

P2R3C(6) -0.067(2) -0.217(l) 0.175(l) 2.1(7) 
P2R3H<2) -0.109(3) --0.014(l) 0.117(l) 4.0 

P2R3H(3) --0.316(2) -0.074(2) 0.090(1) 4.0 
P2R3H(4) .+X366(2) -0.224(2) 0.116(l) 4.0 

P2R3H<5) -0.210<3) -+.314(l) 0.169(l) 4.0 

P2R3H(6) -0.003(2) -0.253<2) - 0.196(l) _ 4.0 

a Becausethecarbonylgroup originwasnotrefined. the standard derivations inthecoordioatesofthe car- 
bony1 atomsx?erenotdetermined.b SeeTablelforovaallgrouptemperatur.efactor.IndividualhydIogen 

atomtemperaturefactorswerenotrefined.Theywereassignedto giveasumof6.0whenaddedtothe 
gxouptemperaturafactor. 

Discussion 

The molecular structure of IrClz(CHF,)(CO)(PPh3),, (II), consists of a six- 
coordinate iridium(II1) ion with an octahedral geometry. As shown in the ste- 
reoscopic view of the molecule in Fig. 1, the phosphine ligands are tram and the 
chlorine ligands are cis to each other. Figure 2 is a perspective drawing of the 
molecule with the phenyl rings omitted for clarity. Principal intramolecular dis- 
tances and angles are given in Table 4. 

The -CHF, group is coordinated to thekidium tram to a chloride with 
an IGC bond length of 2.19(3) A. In IrCl(CHF,)(OCOCF,Clj(CO)(PPh,),, (I), 
the difluoromethyl group is tram to the acetate and the 1r-C distance is 2.09(2) 
A. As in (I), the presence of the hydrogen on the -CHF* group is proposed on 
the basis of the geometry about C(l), and, most convincingly, on the substitu- 
tion of the hydrogen atom with deuterium (vide infra). The bond angles about 
C(1) are 112(2)“, 109(2)” and 107(3)“, clearly indicating a tetrahedral geometry. 
Iridium--chlorine bond lengths of 2.375(S) A for the chlorine tram to the car- 
bony1 and 2.475(10) W for the chlorine tram to the difluoromethyl group is 
further evidence that the -CHF2 group bonds predominantly as a 0 donor. The 

TABLE3 

ROOT-MEANSQUAREAMPLITUDES OFVIBRATION 

Atom Min Intermed Max 

Ir O-170(2) 
Cl(l) 0.21(l) 

0.189(2) 
0.22(l) 

O-222(2) 
0.25(l) 

Cl(2) 0.25(l) 0.30(l) 0.33;1; 
P(l) O-16(2) O-19(2) 0.26(l) 

P(2) O-16(2) 0.20(l) 0.23(l) 

F(1) 0.25(3) O-32(3) O-37(2) 

F(2) O-20(4) 0.34<3) O-40(2) 





’ 
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Fig. 2. A perspective drawing of IrClg(CHF2)(CO)(PPh3)2 with the phewl rings omitted for clarity. 

is that they may provide a general route for the production of a variety of car- 
benes:Based outhe relative ease of decomposing the coordinated carboxylates 
as compared to the free carboxylates 171, it appears that an intramolecular 
transition state, such as (A) may .be involved. This would account for the failure 
to isolate the CH&HBKOO- complex due td the weaker C-Br bond relative to 
C--cI. Furthermore, it is known [S] that the acetates CF2XCOO- (X = Cl, Br, I) 
decompose in a concerted manner, as is suggested-by an intramolecular transition 
state such as (A) prior to decarboxylation and difluorocarbene generation. How- 
ever, attempts to trap theCF2 species generated by the conversion of (I) to (II) 
using olefk have been unsuccessful to date. 
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The source of the proton on the -CHF2 group is apparently attributable t& 
traces of water in the reaction mixture when the solvent is not scrupulously 
dried. This has been demonstrated by the isolation of IrC12(CDF;)(CO)(PPh,),, 
v(C-D) 2200 cm’ , when DzO is introduced to the initialreaction system. Since 
a metallocarbanion is proposed in the formation of (I) [4,57, it is possible that. 
proton abstraction from the diglyme solvent occurs when the system has been 
carefully dried. Proton abstractions from diglyme in the presence of strong bases 
have been noted previously 191. 
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