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Reactions of HgC& with $-C,HSFe(C0)2R (R = CH2CH=CH2 and CH2C- 
(CH,)=CH,) in THF at 25°C rapidly afford l/l adducts of the two reactants. 
These adducts were converted to the corresponding PF6- salts, [$-C&Fe- 
(CO),(q”-CH,=C(R)CH2HgCl)]+ PFa- (R = H and CH,), for characterization. 
Slower reactions with cleavage of the iron-carbon 0 bond and eliminatiozi of 
the R group from $-C5H5Fe(C0)2R occur for R = CH2CH=C(CH&, 
CH2CH=CHC6H5, and CH,CZCC,H,. Both elimination and l/l adduct forma- 
tion are observed when R = CH2CH=CHCH3. The kinetics of the cleavage reac- 
tions are presented and possible mechanisms for both cleavage and l/l adduct 

formation are discussed. 

Introduction 

Reactions of transition metal-alkyl and -a_@ compounds with mercury(I1) 
salts have been the recent focus of extensive examinations [l--3], as have been 
reactions of metal-i-alkenyl and -2-alkynyl complexes with other electrophiles. 
Whereas the former group of reactions results in elimination of the alkyl or 
aryl ligand, the latter generally affords (3 + 2) cycloaddition and/or insertion 
products with unsaturated molecules that include SO*, SOS, and (NC),C=C(CN), 
[4-6], and cationic dihapto-olefm [ 7,8] and diizupto-allene [ 9] complexes 
with protic acids. 

CH2 
[M]-CH,CH=CHR + HCI + [Ml- Ii cl- 

CH 
‘CHR 

[M] = q5-CsH,Fe(C0)2; R = H, CH3 

[M] = q5-CsHSMo(C0)3, +CsH,W(CO),; R = H 
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[M J-CH&=CR + HBF4 -> [M] -8 
(HClW 

[M] = $-&H,Fe(CO),; R = CH3, CsHS 

[M] = $-C,H#o(CO),; R = C6H5 

Recently we have reported on the reactivity of qS-CSH,Fe(C0)2R (R = alkyl, 
aryl) complexes with mercury(H) halides [lo]. It was found that three distincG 
reaction pathways occur depending on the nature of R. Two of the paths involve 
electrophilic cleavage of the iron--carbon o bond leading to the products (1) 
$-C5HSFe(C0)2X and RHgX or (2) $-C5H5Fe(C0)2HgX and RX, whereas the 
third path involves oxidative decomposition of the iron complex. 

As an extension of this study and as part of our ongoing investigation into 
the mechanism of reactions of organometallic compounds with electrophilic 
reagents, we now wish to report the reactions of HgClz with some 2-alkenyl and 
2-alkynyl complexes of iron, Ia-If. A preliminary account of this work was 
published earlier [ 111. 

(12) R = R’ = R” = H 

(1 b) R = CH,, R’ = R” = ki 

(ic} R = R’ = H, R” = CH, 

(Id) R = H, R’ = R” = CH, 

(ie) R = R’ = k-i, R’ = C&l5 

0 

(If 1 

Experimental 

All organometallic reactions were conducted under an atmosphere of argon. 
Florisil(60-100 mesh), from Fisher, aqd Ventron alumina, deactivated with 
distilled water (6--lo%), were used in chromatographic separations and purifica- 
tiorzs. Reagent grade HgCl, was used as received. Reagent grade NH4PF6 was 
recrystallized from hot methanol and dried at 70°C (--0.1 Torr) for 24 h. Tetra- 
hydrofurml (THF), b.p. 65-66”C, was distilled from LiAlH4 under Ar imme- 
diately before use. Technical grade pentane was distilled from Cal&, b-p. 35” C. 
All other chemicals and solvents procured commercially were reagent grade or 
equivalent quality and were used without further purification. 

Rlelting poilts were obtained on a Thomas-Hoover capillary melting point 
apparatus and are uncorrected. proton NMR spectra were obtained on a Varian 
Associates A-60A spectrometer using tetramethylsilane (TMS) as an internal 
standard. Conductivity measurements were taken on an Industrial Instruments 
Co. iMode RC 1652 bridge. Infrared (IR) measurements were made on a Perkin 
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Elmer Model 456 or Beckman IR-9 spectrophotometer using polystyrene film 
for calibration. Mass spectra (MS) were recorded by Mr. CR. Weisenberger on 
an A3Z.I. Model MS-9 spectrometer. Elemental analyses were done by Galbraith 
Laboratiries, Inc., Knoxville, Term. 

The organoiron complexes $-CSHSFe(CO)sR where R = CH2CH=CH2 [ iI, 
CH2C(CH3)=CH2 1121, CH&H=C(CH& [ 133, CH&H=CHGH5 [ 13 1, and 
CHZCZC!CbHS [14] were prepared by the literature methods. 

Kinetic measurements of the cleavage reactions were conducted by following 
the disappearance of the lower frequency CO stretching absorption, v,.(C=O), 
of the $-CSH,Fe(CO)zR on a Beckman Model IR-9 spectrophotometer using 
0.05-mm CaFz solution cells. Beer’s law was found to hold for the y,,(m) 
absorption of these organoiron complexes over the concentration range 2 X 10e3 
to 5 X lo-* M in THF. Solutions of q5-CSH5Fe(CO)2R and HgC12 were prepared 
in a dry box, mixed there, and then transferred to a thermostatted bath (25.0 
k O.l”C) where they were magnetically stirred. Samples of the reaction solu- 
tions were withdrawn by syringe and transferred to the CaF* cell for periodic 
measurements of the absorbance of the Y&C*) band. All reactions were run 
under pseudo-first-order conditions, with the concentration of HgC12 (O.OZ- 
0.2 M) generally in at least lo-fold excess of that of the iron complex. 
For the cleavage of q5-CSH5Fe(C0)2CHZCCC~H~ it was necessary to use 
[HgC12] as high as 0.67 M to enhance the reaction rate to a measurable level. 
Where possible the reactions were followed for at. least 3 half-lives. Pseudo-first- 
order rate constants, kobs, were obtained by plotting -h(A -A,) vs. time, 
where A is the absorbance at any time during the reaction and A, is the absor- 
bance at infinite time. Since all of the cleavage reactions went to completion, 
A, is zero. The rate constants, kl, are reproducible to +5%. 

Reaction of q5-CsH5Fe(CO)2 CH, CH=CH2 (Ia) with HgC12 
A solution of Ia (0.64 g, 2.9 mmol) in THF (5 ml) was added dropwise to a 

slight deficiency of HgC12 (0.56 g, 2.1 mmol) in THF (20 ml) at 25°C under Ar. 
Immediate formation of a yellow-orange precipitate was observed. Treatment 
with 25 ml of THF completely dissolved the precipitate and the resulting clear 
yellow solution was stirred for 1 h. The solution was filtered and addition of 
pent&e (400 ml) to the filtrate reprecipitated the yellow-orange material which 
was washed with acetone (5 ml) to yield 0.75 g of yellow solid. The pentane/ 
THF filtrate was subsequently concentrated to yield another 0.22 g of product. 
Total yield was 95% based on a l/l adduct, ~5-C5H5Fe(C0)2CH2CH=CH2 - HgC12 
(IIa); dec. llO-115°C without melting; IR (KBr pellet, cm-‘) 3092w, 2064vs, 
2025~s~ 1509m, 1428m, 1416m, 1392m, 1203w, 1112w, 1058vw, 998w, 951w, 
906vw, 864m, 786w, 596m, 562m, 533m, (Nujol mull, CsI plates, cm-‘) 396vw, 
307m. Conductivity at 25°C (1.0 X lob3 M nitrobenzene solution, A) 13.9 cm’ 
ohm-‘. 

The yellow product was found to decompose slowly even under Ar. Its solu- 
tion IR spectrum in the carbonyl stretching region was exactly the same as that 
of the q5-C5H5Fe(C0)2CHZCH=CH2 starting material, v(m) (THF, cm-‘) 
2004vs, 1949vs. 

Preparation of [q5-Cj H5 Fe(CO), (q* -CH2 =CHCH,HgCl)] PF,- (IIIa) 
To a stirred mixture of 0.25 g of IIa in acetone (25 ml) was added excess 
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NH.J?F6 (0.41 g, 2.5 mmol) at 25°C. Within a few minutes the slurry tumea to 
a bright-yellow solution and a white insoluble solid. The solution was filtered, 
the acetone was removed (ca. 20 Torr) from the filtrate, and the resulting yellow 
‘residue was washed -with Hz0 (3 X 5 ml). The residue was then redissolved in 
acetone (10 ml) and to the acetone solution was added an equal amount of HzO. 
Reduction of the volume of the resulting solution-with cooling to 0°C afforded 
0.05 g (16%) of the yellow crystalline [$-CSHSFe(C0)2($-CH2=CHCH,HgC1)]* 
PFB- (IIIa). These crystals were collected, recrystallized from acetone, and 
dried (ca. 0.1 Ton); dec. 145” C without melting; z.$CS=O) (acetone, cm-‘) 2072vs, 
2036~s. Other physical and analytical data for IIIa are furnished in Table 1. A 
listing of the major mass spectral peaks appears in Table 2. 

Reaction of q5-C5H5Fe(CO),CH2C(CH,)=CH2 (Ib) with HgCi2 
To a stirred solution of Ib (1.5 g, 6.5 mmol) in THF (2 ml) -under Ar was 

added dropwise a deficiency of HgC& (1.1 g, 4.1 mmol) in THF (5 ml) at 25°C. 
Immediate formation of precipitate was observed. The heterogeneous mixture 
was stirred for 1 h and then filtered. The orange precipitate was collected and 
washed first with THF (2 ml) and then with per&me (50 ml) to yield 1.48 g of 
orange powder, 71% based on a l/l adduct, qs-CSHSFe(CO)&HzC(CHq)=CHz 
- HgClz (IIb); Y(C=CI) (Nujol mull, CsI plates, cm-‘) 2060 vs, 2020 vs. 

Preparation of [q5 -C,H5 Fe(COjl (rf -CH2 =C(CH,)CH,HgCl)] PF,- (IIIb) 
To a solution of 0.48 g of Ilk in acetone (200 ml) under A.r at 25°C was added 

TABLE 1 

PHYSICAL AND ANALYTICAL DATA FOR CATIONIC +OLEFIh’-IRON COMPLEXES 

Complex IR (cm-‘) = IH NMR Conductivity Analysis ’ 

(7, ppm) ’ (A. cm2 

ohm-‘) = 

(Found (cd,cd.)) (5) 

C H 

IIIa 3090 w, 2064 vs, 
2032 vs. 1522 m. 

1424 m =, 1388 m e 
1195 w. 1110 w. 

940 w. 86&h). 
834~s. 596 m. 

558 s. 534 m. 

390 w. 307 m 

IIIb 3095 WV. 2930 we. 
2062 vs. 2022 vs. 
1512 m. lf16 se 

13i2 m 9 1281 m. 

1165 w. 1108 w. 
1024 w, 960 w. 
866 (sh?. 834-q 
596 m, 558 s, 
532 m. 303 m 

4.23 (s. 5H, CsHg) 32.0 19.17 1.78 

4.76 (m@r). 1 H. =CH) (20.05) (1.68) 

6.28 (df@r), 4 H. 2 CH?) 

31.2 4.40 (s. 5 H. CSH5) 21.48 1.84 

6.40 (s. 1 Ii. =CH2) 

‘6.85 (s, 1 H. =CH2) 

(21.55) (1.98) 

7.84 (s, 2 H, CH2) 

8.15 (s. 3 H. CH3) 

a NIiioi mull, CsI plates. except .zs coted. 25 cnel 
xv. weak; VW. very weak: (sh). shoulder. ’ 

_ Xbbreviiations: vs. very strong, s. strong; m. medium; 
4ceton&g solution. Abbreviations: s. singlet: d. doublet; m. 

muItip!et; (br). broad. c Nitrobenzene soiution. 3.9 X lo4 >f for IIIa and 5.4 X LO4 rY for IIIb. at 25OC. 

d IIIa. CIOH~OC?F~F~H~O~P: IIIb. C11H1&1F6FeHgO?P_ c KBr pellet. f J = 11 Hz. 
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TABLE 2 

MAJOR MASS SPECTRAL PEAKS FOR [~~-C~HgFe(CO)~(q~-CH2IHCH2HgCl)]+PF5-(IIIa) 

m/e = I& Ion = 

278 d Hg 5.8 QHsHgCl+ 
212 7.6 CFelCl+ 
202 Hg 100 Hg+ 
190 5.9 [Fe]CxHS+- CO 

186 14 (CgH&Fe+ 
184 11 [FeJCl+- CO 
162 26 [Fe]C3HS+- 2 CO 
156 45 [FelCl+- 2 CO 
149 11 [Fe]+-CO 
122 7.9 [Fe]H+- 2 CO 
121 45 [Fe]+- 2 CO 
107 98 PF4+ 
104 23 ? 
101 Hg 18 Hg* + 

91 17 FeCl+ 
88 12 ? 
85 28 ? 
76 27 C~H.$l* 

66 20 W-G+ 
65 32 C5Hs+ 
56 18 Fe+ 

a 70 eV; source temperature 100°C. Hg = xnercury isotopic pattern. b Intensities relative to m/e 202. 
c [Fe] = g5-CsHsFe(C0)2. Cl = 35Ci isotope. Other significant ioils of lesser abundance include 
C,H,HgCl+, HgC12+. H&l+. C3H5Hg+. and CFel +. d Exact mass: Found 277.97894. C3Hs35C1202Hg+ 

calcd. 277.97859. 

a solution of NH4PF6 (1.0 g, 6.1 mmol) in acetone (25 ml). A white precipitate 
formed immediately_ Solvent was in part removed to reduce the volume to 
25 ml, the mixture was filtered, and II20 (10 ml) was added to the filtrate. 
Further reduction of the volume of the solution to ca. 10 ml yielded 0.11 g 
(19%) of the yellow-orange crystalline powder [~5-C,H,Fe(C0),(~2-CH,=C- 
(CH,)CH,HgCI)]’ PF6- (IIIb). These crystals were collected, washed with HZ0 
(2 ml), and dried (ca. 0.1 Torr). Physical and analytical data for IIIb are fur- 
nished in Table 1. A listing of the major mass spectral peaks appears in Table 3. 

Reaction of q5 -C5H5pe(CO)2 CH, CH=CHC-r-I, (Ic) with HgCI, 

A solution of Ic (1.2 g, 5.2 mmol) and HgC12 (1.0 g, 3.7 mmol) in THF 
(25 ml) under Ar was stirred for 3 h at 25°C to yield a yellow precipitate. The. 
solvent was then removed (ca. 20 Tort-) and the excess Ic was extracted from 
the residue into pentane. Subsequent extraction of the residue with CHCls 
afforded 0.99 g (65%) of ~5-CSH,Fe(C0)2HgCl and a trace amount of $-C5H5Fe- 
(CO)2Cl. The remainder of the yellow residue was first washed with acetone 
(50 ml) and then recrystallized from THF (50 ml) to yield 0.11 g of yellow 
powder, 6% based on a l/l adduct, $-CsH5Fe(C0)2CH2CH=CHCH3 - HgClz 
(IIc); IR (Nujol mull, CsI plates, cm-‘) 3100 m, 2079 vs, 2040 vs, 1509 vw, 
1150 v-w, 1094vw, 1062 VW, 1004 VW, 960 VW, 872 m, 598 m, 564 s, 534 m, 
315 vw. 
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T>ELE 3 

MAJOR MASS SPECTRAL PEAKS FOR C~SC~H~Fe(C0~~(~Z~H~=C(CH~~CH~H~Cli3*PF~~(~~~ 

m/e a I6 Ion c 

292 HP 13 c4EI+Igc1* 
272 H2 69 HICI:! + 
257 H2 4.4 CqH5Hg+ 
237 H2 6.6 HgCl+ 
212 11 [Fe]& 
202 H2 100 H!Z’ 
186 2.2 (C+&Fe+ 
184 13 [ FelCl’- CO 
162 4.4 [Fc]C3H5+-2 CO 
156 75 [FeICl+- 2 CO 
121 16 [Fe]‘- 2 CO 
101 Hg 11 H22 + 

91 33 FeCl+ 
90 29 ? 
86 16 ? 
69 6.6 ? 
66 8.9 CsHs* 

65 20 W-k+ 
57 69 FeH+ 
56 220 Fe+ 

a i0 eV. source temperahue 85OC. Hg = mercury isotopic pattern. b Intensities relative to m/e 202. 
= [Fe] = +C5HjFe(C0)2. Cl = 334C1 isotope. 

Reaction of $-Cj Hs Fe(CO), CH, CH=C(CH3)2 (Id) with HgCl, 
A solution of Id (1.0 g, 4.1 mmol) and HgCll (1.0 g, 3.7 mmol) in THF 

(25 ml) under Ar at 25°C seas stirred for 1 h. No precipitation was observed. 
The THF was removed and the residue was washed with pentane. Subsequent 
extraction of the residue with C&C& gave a bright yellow solution which was 

filtered_ Removal of the CH,Cl, (ca. 20 Torr) afforded 1.49 g (99%) of t’ne 
yellow-orange crystalline ~5-C&I,Fe(CO),HgC1; mp. 115O C (dec.); v(m) 
(THF, cm-‘) 2006 vs, 1959 vs. 

To a stirred solution of Id (0.10 g, 0.41 mmol) in acetone& (2 ml) under 
Ar at 25” C was added HgClz (0.41 g, 1.5 mmol). After 10 min the solvent and 
volatile products were pumped off and collected at -186°C. Analysis by ‘H 
NMR spectroscopy revealed (CH3)2C=CHCH&l to be only product present 
with the solvent. 

Reaction of q75-Csh*s Fe(CO12 CH2 CH=CHC,E-r, (le) with HgClz 
A solution of Ie (0.10 g, 0.34 mmol) and HgClz (2.0 g, 7.4 mmol) in THF 

(10 ml) was stirred under Ar at 25°C for 2 h. No precipitation was observed. 
Analysis of the solution by IR spectroscopy showed the reaction to be com- 
plete and the primary iron-containing product to be $-C5HSFe(C0)2HgC1 
(>97%). A trace amount of $-C,H,Fe(C0)2C1(<3%) was also noted, Y(=O) 
(THF, cm-‘) 2048 vs, 2000 vs. 

Reaction of $-HsFe(CO), CH, tZCC6 Hs (If) with HgCI, 
A solution of If (0.24 g, 0.83 mmol) and HgC12 (0.27 g, 1.0 mmol) in THF 

(5 ml) was stored under Ar in a sealed flask at 25°C. IR spectroscopy showed 



the reaction to be complete in 55 h and revealed the absence of $-C&Fe- 
(CO),HgCl, the only detectable iron carbonyl product being $-C5H5Fe(C0)&l. 
A small amount of precipitate (0.04 g) composed of Hg,C12 and an iron-con- 
taining decomposition material was also present. The filtrate of the reaction 
mixture was concentrated to ca; 5 ml and chromatographed on a Florisil column 
eluting first with benzene and then with 3/l. (v/v) CHzC12/acetone to yield 
0.13 g of a semicrystalline white solid identified as C6HSCSCH2HgC1, m.p. 
106-108°C (dec.) (in a sealed tube, with sublimation) (lit. [ES] m-p. 108”C), 
and 0.12 g (67%) of n5-C5HSFe(C0)2C1, m-p. 87OC (dec.). . 

Results and discussion 

The 2alkenyliron complexes Ia and Ib react very rapidly with HgCl* in THF 
at 25°C to yield l/l adducts of the two reactants. Complex Ic reacts with 
HgCI2 in this manner more slowly and to a lesser degree. The primary reaction 
of Ic and the nearly exclusive reactions of Id and Ie with HgCl* are scission of 
the iron-carbon 0 bond with the formation of $-C5HSFe(C3)2HgCl and the 
ally1 chloride. There is no observable formation of l/l adducts between Id or 
Ie and Hg&. The 2-alkynyl complex If and HgClz react with cleavage of the 
iron-carbon u bond to afford $-CsH5Fe(CO)2Cl and C6HsC-CCH2HgCl and, 
to a small extent, with oxidative decomposition of If and reduction of HgClz 
to Hg&12. 

The mercuration of la, lb, and lc affords products that are formulated as the 
$ olefin-iron complexes IIa, IIb, and IIc, respectiveiy . These products agpear 
to result from electrophilic attack at the double bond of the 2-alkenyl ligand by 
HgCl,, leading to the addition of the HgClz to the carbon-3 and to the accom- 
panying rearrangement of the r)l-elkenyl to $-olefin. 

CI 
AH% 

Cl 

\ CHz 
Te+- Ii 

5 
C HgCl; - 

R’ ‘c’ 
6 -jRU 

R’ R’ 

(na) R = R’ = R” = H 
(?I b) R = CH,, R’ = R” = H 

(ItcJ R = R’ = H, R” = CH, 

The infrared spectra (Nujol mull or KBr pellet) of the adducts IIa-IIc show 
high carbonyl stretching frequencies (2079-2060 and 2040-2020 cm-‘), indic- 
ative of a-positive charge at the iron atom [7,8,16], as well as absorptions due 
to the stretching of a coordinated carbonyarbon double bond f-1500 cm-‘) 
and a mercury--chlorine bond (-300 cm-‘). The adducts are insoluble in CH2C12, 
CHC13, benzene, and saturated hydrocarbons, slightly soluble in acetone, and 
moderately soluble in THF. Conductivity measurements on a nitrobenzene soln- 
tion of IIa show it to be less than a l/l electrolyte in this medium [7,8,17], 
cdnsistent with the proposed equilibria involving Ia and the dipolar and ionic 
structures of IIa (vide supra). The formation of IIa seems to be easily reversible 



86 

as evidenced by the exclusive appearance of the carbonyl stretching frequencies 
of Ia upon dissolution of IIa in THF. 

The proposed mode of addition of HgCl? to Ia-Ic is strictly analogous to the 
protonation of transition metal-2-alkenyl complexes [ 7,8]. It also parallels the 
formation of the recently detected [ 161 zwitterionic intermediates in the reac- 
tion of these same iron complexes with SO;!. 

The adducts IIa and IIb were converted to the respective PFB- salts for com- 
plete characterization. These latter salts are insoluble in CHzC&, CHC13, and 
benzene, moderately soluble in THF and H20, and soluble in acetone. Their 
formulation as IIIa and IIIb rests on the physical and analytical data set out in 
Table 1 and on the mass spectrometric data given in Tables 2 and 3. 

CEIa) R = H 

tliLb, R =CL-ii, 

As observed for the adducts IIa and IIb, the PF,- salts IIIa and IIIb possess 
high carbonyl stretching frequencies (2064-2062 and 2032-2022 cm-‘, Nujol 
mull), which point to the presence of a positively charged $-C&15Fe(C0)2 spe- 
cies. These high v(Ca) values persist (2072, 2036 cm-‘) upon dissolution of 
IIIa 7n-1 acetone. In addition important infrared absorptions occur which are 
assigned to v(C-1~) of the C&I5 ring (-3100 cm-‘), P(C=C) of the coordinated 
double bond (1512 cm-‘), and ~(Hg-cl) (-300 cm-‘). Although no parent 
ions are detected in the mass spectra of IIIa and IIIb, peaks correspond+ing to 
the ions CHI=C(R)CH2HgC1’ (R = H and CH3) are observed with moderate rel- 
ative intensities. The conductivities of the two salts in nitrobenzene compare 
favorably with those found for other, related organoiron l/l electrolytes [7,8, 
I?]. 

The ‘H NMR spectra of IIIa and IIIb show the resonance of the CjHj protons 
at fields comparable to those for the corresponding resonance of various $- 
CjHIFe(C0)2($-olefin)’ complexes [ 7,8,16]. The remainder of the spectrum of 
IIIa bears a close resemblance to that of an AX? spin system. Accordingly it con-. 
sists of a broad multiplet centered at 7 4.75 ppm (relative intensity 1) and a 
broad doublet (J 11 Hz) at r 6.28 ppm (relative intensity 4). This pattern is very 
similar to that reported for allylmercury chloride, CH2=CHCH,HgC1, in dimethyl 
sulfa_xideil, in the presence of trace amounts of HgClt, i.e. T 3.98 and 6.36 ppm 
(relative intensities l/4) and J 11 Hz [18]. Such an equilibration of the --CH*- 
and =CH2 protons may in the case of IIIa also result from the presence of cata- 
lytic amounts of HgC12; a reasonable mechanism for the exchange is depicted 
in Scheme 1. 

The exchange of the allylic termini in Ia would have to be catalyzed by the 
dissociated HgCl” (or H&l2 impurities), since such equilibration is slow on the 
NMR time scale in the absence of mercury(I1) [5]. Mechanisms involving revers- 
ible dissociation of CH,=CHCH,HgCl from IIla to give [$-C,H,Fe(C0)2(sol- 
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SCHEME 1 

ii 

4-r 

d i 

co 9 
I 

Fe yC Hz- C. 
I 

I 
+ Hgd 7 Fe-CH,-CH + Hgd 

s 
CH2 c! Yr, 

0 

vent)]’ are considered unlikely because the generated cation would afford q5- 
CsH,Fe(CO)&l in the presence of chloride. No $-C&&Fe(CO)&l was observed 
in the preparation of IIIa from IIa_ 

In contrast to the behavior of IIIa, the ‘H NMR spectrum of IIIb is consistent 
with the assigned static structure of the cation in solution. The reason for this 
difference is not clear. If the proposed mechanism for IIIa is indeed operative, 
this would suggest that the dissociation of HgCl* from IIIb does not proceed 
as readily as that from IIIa. This is because without added mercury(II), deu- 
tedium-labeled Ib undergoes more rapid ally& 1,3 shifts than similarljjr labelled 
Ia [ 5,19 J. Hence Ib might be expected also to equilibrate very fast in the pres- 
ence of mercury(II). 

The rate data for the cleavage reactions of Id, Ie, and If with ea. IO-fold 
excess of HgC12 in THF at 25°C are presented in Table 4. The corresponding 
data for the complexes ~5-C5H5Fe(CO)2CH3 and $‘-C5H,Fe(C0)2C(CH3)3, 
reported earlier [IO], are included for comparison. These reactions proceed 

TABLE 4 

RATE DATA FOR THE REACTIONS OF $-CjHjFe(COJ2R WITH H&i? IN THF AT 25°C 

R Reaction 
Bath = 

(Scheme 2) 

Rel. ky( v(C=O)(cm-')b 

C(CH313 c 2 9.3 x 10-3 1030 1996.1938 
CH2CH==C(CH3)2 2 6.6 X 10-3 730 2000,1944 

CH$H=CHC,&; 2 1.3 x 10-3 140 2000..1948 

CH3 @ 1 4.6 X lo-4 51 
ld 

2005.1948 
CH2C=CC6Hj 1.8 X 10-S (9.0 X 10-b) e 2(l) e 2006.1958 

a Minor reaction paths are erciuded; see text. b Measured in THF solution, 21 cm-‘. c Data from ref. 
10. d Alternatively. HsClz may attack the 2-a~kynyl Iigand: see text. e Adjusted rate constants to MXII- 
pensate for the high concentrzttion of H&l2 used; see text. 
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1 is indeed operative, then the rather slow rate of this reaction may be ascribed 
to both the relatively low electron density at the iron and the apparent inability 
of the CH&+XQH, ligand to dissociate off as a carbonium ion. The lower 
amount of electron density at the metal is evidenced by the higher carbonyl 
stretching frequencies of If relative to Id and Ie (Table 4). The reaction of If 
with HgCl* was in fact found to proceed too slowly to use a wide enough range 
of concentrations of HgCl, for accurate measurement of the rate dependence on 
[HgCl*]. However, the cleavage of the $-C5H5Fe(C0)2R alkyl and aryl com- 
plexes by path 1 has been previously found invariably to obey third-order 
kinetics, second-order in HgCl, [lo]. A ccordingly, the reaction in point is 
assumed also to be third-order overall, and on this basis the rate constant k, 
has been calculated. Furthermore, as reported earlier [lo] for the cleavage reac- 
tions of ~5-CsH5Fe(C0)2R, the use of an HgCll concentration of ca. 0.67 M 
leads to an approximate 2-fold rate enhancement over that obtained by employ- 
ing HgC12 concentrations in the range 0.02-0.2 M. Since in the scission of If 
0.67 M concentrat.ions of HgC12 were employed, an adjusted rate constant has 
been calculated which is corrected for the expected change in rate. This rate 
constant, given in parentheses in Table 4, is thought to provide a more mean- 
ingful comparison with the data obtained at the lower concentrations of HgCl? 
than does the unadjusted rate constant. 

There is, however, an alternative path for the above reaction which cannot be 
dismissed on the basis of available evidence (Scheme 3). Here electrophilic attack 
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of HgCl, at the triple bond of the 2alkynyl ligand would lead to the formation 
of an q*-alleneiron zwitterion in equilibrium with the corresponding ionic spe- 
cies. This equilibrium is strictly analogous to that proposed for the r12-olefin- 
iron complexes Ii (vide supra). Attack of chloride at the terminal carbon of the 
coordinated allene is then expected to afford V. Such a reaction is amply prece- 
dented in the literature; for example, f$-C5H5Fe(CO)-,($-CH2=C=CHC6H5)]+ 
reacts in this manner with a variety of nucleophiles ]9a]. Finally, intermediate 
V is expected to undergo conversion to ~S-C!,H,Fe(CO),C!l with elimination of 
C$H,HgCl. The organomercury fragment &H,HgCl would most likely be 
expelled as CHz=C=C(CsHs)HgCl, which subsequently isomer&es to the iso- 
lated CGH5CXCH2HgC1 in the presence of HgCl*. In support of this proposed 
alternative path is the report [20] ‘that [P(C,H,),],ClPt[C(CH,Cl)=CH,] decom- 
poses to Pt[P(C,H,),],Cl, and C,H, at 40°C in CHC13. As further evidence, 



SO 

[$-C,-HSFe(CO)2(q2-CHz=C=CHC6H5)1+ BF_+- reacts with NaI in acetone at 
25” C to yield q5-C,H5Fe(C0)21 [9a] _ 

The final point of discussion addresses itself to possible factors that deter- 
mine whether cleavage of the iron-carbon o bond (Scheme 2, paths 1-3) or 
formation of the l/l adduct (path 4) occurs in the reactions of these 2-alkenyl 
complexes with HgC12. The rapid addition of HgCl? to Ia and Ib indicates that 
path 4 is the most favorable course of reaction of HgC12 with 2-alkenylmetal 
complexes conr%ning a sterically unencumbered allylic carbon-carbon double 
bond. A slower, two-path (2 and 4) reaction of Ic likely results from partial 
steric inhibition to electrophilic attack by HgCiz at the double bond of the 
2-alkenyl ligand in this complex. This steric inhibition increases further with 
the presence of two CH3 groups (Id) or one C6HS group (Ie) on the carbon-3 
of t.he 2-alkenyl; now the reaction with HgCL proceeds still more slowly and 
exclusively by path 2. Irrespective of the mechanism, the observed slow reac- 
tion between If and HgC12 is consistent with the lower susceptibility of the 
carbon-carbon triple bond in the 2-alkynyl complexes than of the carbon- 
carbon double bond in the 2-alkenyl complexes toward attack by various elec- 
trophiles [ 211. 
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