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The sulfonic acetylides [PPN] [Fe3(CO)QCCOS02R] (R = p-C6HIMe, CF8) [PPN = bis(tripheny1- 
phoe hine)nitrogen(l+) cation], prepared from the action of sulfonic anhydrides on the iron ketenylidene 
[PPIf]2[Fe3(CO)Q(CCO)], react with thiolate salts to afford the thiolate-substituted acetylide compounds 
[PPN][Fe3(CO)QCCSR] (Ia-d) (R = a, Me; b, Et; c, n-Pr; d, i-Pr). The formation of alkyne ligands from 
Ia,b was accomplished by addition of PMe3 to give &electron phosphonium alkyne compounds, II, or by 
protonation to yield 46-electron complexes of terminal alkynes, III. The alkynes undergo further isom- 
erizatiow the phosphonium alkyne kea thiolate, forming a neutral phosphonium acetylide, and the terminal 
alkynee rearrange, yielding vinylidene ligands. Both of these reactions am completely different from thcme 
of the ethoxide analogues previously prepared from [PPN][Fe3(CO)QCCOEt]. The divergent behaviore 
and reactivity between the oxygen and sulfur heteroatom syetems are attributed to dimininhed T donation 
from sulfur which preventa the rapid alkyne cleavage ohserved for the 46-electron alkyne Fe&O)&€C=COEX 
Additionally, the weaker C-SR bond ia thought to be responsible for the thiolate displacement from the 
&electron compound [Fe8(CO)gMe3PChCSMe]. 

Introduction 
Spontaneous bond cleavage is perhaps the m a t  inter- 

eating reaction of alkyne ligands coordinated to transi- 
tion-metal cluster compounds.' Reported mea of &ion 
of normally strong CC bonds to yield akylidyne ligands 
continue to increase in 

Detailed mechanistic understanding of alkyne scission 
continues to develop, especially for trimetallic com- 
pounds;"s several undergo well-defined intramolecular 
cleavage procesw, which are often reversible." A key 
feature of proposed C d !  dissociation mechanisms for 
trinuclear clusters containing alkyne ligands is induction 
of electronic unsaturation, usually by loss of a spectator 
ligand, which reaulta in a shift of alkyne coordination to 
an edgebridging position. Subsequent cleavage acts to 
restore the electron count of the cluster by converting the 
four-electron donor alkyne into two three-electron alkyl- 
idyne ligands. Despite this electron-counting formalism, 
the driving force for h i o n  is proposed to be an increased 
negative charge transfer from the electron-rich metals to 
the resulting carbyne fragmenh8 The cleavage trans- 
formation therefore is essentially an oxidative addition of 
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the C 4  bond induced by coordmatively unsaturated, 
low-valent metal ensembles. 

Not all alkyne-containing cluster compounds undergo 
facile CsC cleavage. For example, a number of triiron 
compounds Fe&O)$€WR' are stable despite electronic 
unsaturation;Q indicated by their 46 valence electron count 
which falls short of the 48 electrons considered normal for 
trimetallic clusters. Therefore, electronic unsaturation 
appears necessary, but not sufficient, to prompt alkyne 
dissociation. 

Alkyne cleavage on other triiron nonacarbonyl com- 
pounds nonetheless is extremely facile. For example, the 
alkyne complex Fe3(CO)gHCCOEt rapidly converts to the 
bis(alkylidyne) cluster Fe,(CO)Q(r3-CH)~3-COEt) at -70 
OC, eq l.'O The alkyne can be observed spectroscopically 

1- 

by NMR only when prepared by in situ low-temperature 
protonation of the acetylide compound [Fe&O)&COJZt]-. 
The very similar compound Fe3(CO)l&eCCOEt loses a 
carbonyl ligand and undergoes C-C cleavage even in the 
solid state;6 this sciasion can be reversed by CO replace- 
mente or by chemical reduction.' 

(9) (a) Blount, J. F.; Dahl, L. F.; Hoogzaud, C.; Hubel, W. J. Am. 
Chem. SOC. 1966,88,292. (b) hila, D.; Gobetto, R.; Monkyero, P.; 
Zaoello, P.; Cinquantini, A. Organometallica 1986,6,1247. (c) arty, A. 
J.; Taylor, N. J.; Sappa, E. Organometallics 1988, 7,406. (d) Lents,, D.; 
Reutar, M. Chem. Ber. 1991,124,773. (e) Schilling, B. E. R.; Hoffmann, 
R. J. Am. Chem. SOC. 1979,101,3456. 
(10) Hriljac, J. A.; Shriver, D. F. J.  Am. Chem. SOC. 1987,109,6010. 
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Figure 1. Stabilization of the alkyne cleavage transition state 
by r donation from the oxygen heteroatom proposed to account 
for the facile scission of Fe3(CO)&C=COR' compounds. 

These two instances of facile C d  cleavage contrast 
with the stability of other triiron alkyne clusters and in- 
dicate that the &oxide substituent favors Cd! cleavage. 
The influence of r donation from the nitrogen lone pair 
of aminoalkynes (i.e., &N-C<-R') on resonance 
structures and coordination has been Sig- 
nificantly, these alkynes also form cleavage products on 
di- and trinuclear frameworks? The alkoxy substituent 
therefore likely acts to stabilize a heterolytic transition 
state for cleavage on the postulated edge-bridging alkyne 
(Figure 1). This proposal was advanced previously to 
explain substituent effecta on cleavage of (CpCo),RCd!R' 
compounds.'d 

In the present report we examine the role of a-donor 
substituents in the chemistry of triiron nonacarbonyl 
clusters by observing the effects of substituting a sulfur 
heteroatom for oxygen. The thiolate acetylide compounds 
[PPN][Fe&O)9CCSR] (R = Me, Et, n-Pr, i-Pr) were 
prepared, the chemistry of derivative alkyne clusters was 
then studied for comparison with 0 4  cleavage and other 
reactivity previously investigated for [PPN] [Fe3- 

Experimental Section 
All manipulations were performed under an atmosphere of 

purified nitrogen using standard Schlenk techniques or in a 
Vacuum Atmospheres d4b0x. l~  Solvents were distilled under 
nitrogen from appropriate drying agents (CH2C12 from P2O5; W 
and THF from sodiUm/benzophenone ketyk i-PrOH from Mg/Iz; 
pentane from 4-A sieves after predrying over HzS04). CD2C12 
(99.6% D, Aldrich) was freeze-pump-thaw degassed and distilled 
under vacuum from P205. 

Solution IR Spectra were recorded on a Bomem MF3 series 
benchtop FTIR spectrometer at 2-cm-' resolution using 0.1-mm- 
path-length cella equipped with CaFz windows. Spectra of solids 
were recorded from Fluorolube mulls between KBr plates. NMR 
spectra were recorded on a Varian XLA-400 spectrometer 
operating at 399.942 and 100.577 MHz, respectively, for 'H and 
13C nuclei. Spectra were referenced internally to solvent with 
positive chemical shifts lying downfield from TMS. 13C NMR 
spectra were recorded using samples enriched to 30% '9c at all 
cluster carbonyl and acetylene carbons.'O Reaomcea of the PPN+ 
counterion were observed in the normal range for the PPN salts 
but are not reported here. Liquid secondary ion mass spectra 
were obtained by Dr. D. L. Hung of the Northwestern University 
Analytical Services Laboratory on a VG70/250SE spectrometer. 
Elemental analyses were performed by Analytiache Laboratorien 
Elbach (Engleskirchen, Germany) or Oneida Research Services 
(Whiteaboro, NY). 

[PPN]z[Fe&O)D(CCO)] and its '9c enriched isotopomers were 
prepared by literature syntheses.1° Triflic acid (Aldrich) was 

(CO)gCCOEt].'oJ2 

(11) (a) Bow, E.; Deeming, A. J.; Felix, M. S. B.; Kabir, S. E.; Adatia, 
T.; Bhueate, R.; McPartlin, M.; Powell, H. R. J. Chem. SOC., Dalton 
Tram. l989,S. (b) Nomikou, 2.; Halet, J.-F.; Hoffmann, R.; Tanner, J. 
T.; Adam, R. D. Organometallics 1990,9,588. 

(12) (a) Jensen, M. P.; Sabat, M.; Johnston, D. H.; Jones, L. M.; 
Shriver, D. F. J. Organomet. Chem. 1990,383,279. (b) Jensen, M. P.; 
Sabat, M.; Shriver, D. F. J. Clwter Sci. 1990, I, 75. 

(13) Shriver, D. F.; Drezdzon, M. A. Manipulation of Air-Sensitioe 
Compouds, 2nd ed.; Wiley Interscience: New York, 1986. 
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freezepump-thaw degassed and vacuum-distilled prior to use. 
Triflic anhydride (Aldrich) was freezspump-thaw degassed and 
distilled from PZOw (PPN)Cl (Alfa) and p-toluenesulfonic an- 
hydride (Aldrich) were ueed as received. Some sodium salts of 
alkane- and benzenethiolates were used as received (Aldrich). 
Others were prepared by titration of d u m  naphthalide in THF 
with the corresponding thiol (Aldrich), recovered by filtration, 
washed with EhO, and dried under vacuum. 

Caution! All preparations involving thiols (RSH) and thiolate 
(Rs-) salts were performed in an efficient fume hood to avoid 
exposure to toxic and foul-smelling thiol vapors. 

Synthesis of [PPN][Fe8(CO)&COTs]. A 30-mL Schlenk 
flask was charged with solid samples of [PPN12[Fe3(CO)D(CCO)l 
(400 mg, 0.26 "01) and p-toluenesulfonic anhydride (85 mg, 0.26 
mmol) in a drybox. The solids were dissolved in 20 mL of CH2C12 
and stirred for 30 min. The solution was evaporated to dryness 
in vacuo. The red-brown solids were extracted into THF, and 
the resulting acetylide solution was ueed in situ with 1 equiv of 
(PPN)(OTs) also present. IR, v(-) (THF, cm-'1: 2050 (m), 
1994 (va), 1987 (va), 1967 (81,1944 (m). 

Synthesis of [PPN][Fe,(CO)&COTI]. A 425-mg (0.28- 
"01) sample of [pPNl~[Fe&CO)~(CCO)1 was dissolved in 25 mL 
of CHzCl2 and cooled in a dry ice/almhol slush bath. A solution 
of 200 pL of triflic anhydride in 10.0 mL of CH2CI, was prepared, 
and 2.36 mL (0.27 mmol) of this dilute anhydride solution was 
slowly added to the cooled cluster solution. No reaction was 
evident until the bath warmed above 4 0  OC, when the solution 
slowly turned brown. The bath was allowed to slowly rise to 10 
"C and was then removed. The solution was evaporated to 
dryness. The solids were extracted with THF to afford a red- 
brown solution of the acetylide complex and off-white solid 
(PPN)(OTf). No effort waa made to remove the triflate salt prior 
to in situ utilization of the cluster. IR, v((==--o): (CH2ClZ, cm-') 
2053 (w), 2039 (m, br), 2000 (va, br), 1974 (m); (THF, cm-') 2056 
(w), 2040 (vw), 2028 (vw), 2001 (va), 1993 (vd, 1974 (81, 1951 (m). 

Syntlteatr of [PPN][Fe#JO),CCSMS] (Ia). Samplea of solid 
[PPN],[Fe,(CO),(CCO)] (1.000 g, 0.65 mmol) and p-toluene- 
sulfonic anhydride (210 mg, 0.65 "01) were dissolved in 20 mL 
of CHzC12 and stirred for 45 min. The solution was then evap- 
orated to dryness. The solids were extracted with 35 mL of THF, 
and the resulting slurry was transferred onto NatMeS) (50 mg, 
0.71 mmol). The slurry was stirred for 72 h. Then Et20 (20 mL) 
was added. The suspension was filtered through a fine porosity 
frit. The fiitrate was evaporated to dryness. The oils were 
redissolved in 20 mL of CHzCl2 and 20 mL of i-PrOH. Slow 
concentration of the solution under vacuum precipitated red- 
brown microcryt& of Ia The product was "red by filtration 
and washed with aliquota of i-PrOH and pentane prior to drying 
under vacuum. Yield 0.450 g (0.44 mmo1,67%). Anal. Calc 
(found) for Fe3P#OBC,&N: Fe, 16.28 (16.05); S, 3.11 (3.13); 
C, 56.01 (55.90); H, 3.23 (3.20). IR, v ( W )  (THF, cm-'1: 2043 
(m), 1987 (va), 1979 (va), 1961 (81,1934 (m). 'H NMR (CDZCl2, 
ppm): 6 2.57 (s,3 HI. '9c NMR (CD&lz, ppm): 6 216.7 (9 CO), 

MS (mass): m/z 491 (parent), successive loee of seven CO. 
Synthesis of [PPN][Fe&3O),CCSEt] (Ib). The synthesis 

described for Ia was used to prepare Ib from [PPN]2[FeS(CO)D- 
(CCO)] (600 mg, 0.39 mmol), p-toluenesulfonic anhydride (125 
mg, 0.38 mmol), and Na(EtS) (40 mg, 0.48 "01). The product 
was obtained as red crystab from slow mnmtration of a solution 
of the cluster in 4 mL of CH2CI, and 4 mL of i-PrOH. Yield: 280 
mg (0.27 mmol, 69%). Anal. Calc (found) for FeP&SO&&&: 
S, 3.07 (2.86); C, 56.41 (55.28); H, 3.38 (3.29); N, 1.34 (0.86). IR: 
v(C=O) (THF, cm-') 2043 (m), 1987 (vB), 1979 (vel, 1960 (81, 1935 
(m); v ( W )  (mull, cm-') 1618 (vw). 'H NMR (CDzC1z, ppm): 

ppm): 6 216.7 (9 CO), 195.3 (Ca, ' J c ~  = 38 Hz), 99.9 (C 1. MS 
(mass): m/z 505 (parent), successive loas of four CO, 445 L n t  

Synthesis of [PPN][Fq(CO)sCCS-n -Pr] (IC). The general 
procedure described above for Ia was used to prepare IC from 
[PPN]2[Fes(CO)D(CCO)] (200 mg, 0.13 mmol), p-toluenesulfonic 
anhydride (45 mg, 0.14 mmol), and Na(n-PrS) (50 mg, 0.51 mmol). 
Red-brown cryetals were gnwvn by evaporation ofa clueter solution 
in 4 mL of CH&12 and 5 mL of i-PrOH. Yield: 60 mg (0.06 mmol, 
44%). IR, v ( W )  (THF,cm-'): 2043 (m),1987 (va),1960 (a), 

196.8 (ca, ' J w  = 37 &), 103.4 (Cb 9, 'Jo_H = 6 &), 21.3 (smd. 

6 3.03 (q,2 H, JH-H 8.0 Hz), 1.46 (t, 3 H). WFH] NMR (CD&&, 

- SEt + 1). 
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%iron Alkyne Clueters 

1935 (m). 'H NMR (CD2C12, ppm): 8 2.97 (t, 2 H, JH-H = 7.6 

Synthesis of [PPN][Fe8(CO)&CS-I-Pr] (Id). The proce- 
dure described for the synthesis of Ia was modified slightly for 
the preparation of Id. The THF slurry of (PPN)(OTs) and 
[PPNI [Fea(CO)9CCOTsl, prepared from [PPNIz[F~s(CO)Q(CCO)~ 
(600 mg, 0.39 "01) and p-toluenesulfonic anhydride (125 mg, 
0.38 "01) was added to Na(i-PrS) (40 mg, 0.41 "01) and stirred 
10 daye. Subsequent isolation of Id was accomplished as for Ib. 
Yield: 206 mg (0.19 mmol,5O%). IR, v(C=O) (THF, cm-I): 2043 
(m), 1987 (vB), 1978 (vB), 1960 (81,1935 (m). 'H NMR (CD2C12, 
ppm): 6 3.37 (m, 5 lines resolved, 1 H, JH-H = 6.4 Hz), 1.47 (d, 
6 H). 'Bc NMR (CD2C12, ppm): 6 216.8 (9 CO), 194.3 (Ca, ' J c ~  
= 37 Hz), 97.8 (C 1. 

Reaction of [+PN][Fe8(C0),CCSMe] (In) with PMe,. A 
sample of [PPN][Fe3(CO)&CSMe] (Ia) (45 mg, 0.04 "01) was 
diseolved in 5 mL of CH2C12 and stirred at room temperature. 
PMes (10 pL, 0.10 mmol) was added by syringe. The red-brown 
solutionimmediatelyturnedbrightred. Jnfraredspectrarevealed 
the formation of a phosphine adduct 11, formulated as [Fe3- 
(CO)&e3PCCSMe]-. This product was observed by IR spec- 
tmecopy to convert to Fe3(CO)QCCPMe3 with a half-life in excea 
of 1 h at  room temperature. No attempt was made to recover 
and quantify the compounds or displaced thiolate salta. IR 
spectral data for the two cluster compounds are discuseed below. 
Reaction of [pPN][F~(CO),CCSEt] (Ib) with M N c  Acid. 

In a typical experiment, 85 mg (82 Irmol) of [PPN][Fe3- 
(CO)&CSEt] (Ib), enriched to ca. 30% 'SC at all cluster carbonyl 
and acetylide carbone, was loaded into a 30-mL Schlenk flaek 
prepared for filtration with a medium-porosity frit and 30-mL 
receiving flaek. The sample was dissolved in 5 mL of CH2C12. 
Addition of 7.2 pL (81 pmol) of triflic acid immediately turned 
the red-brown solution green. After 5 min, the solvent wm rapidly 
removed under vacuum, and the oils were extracted with 5 mL 
of EhO. The extra& were fiitered from solid off-white 
(PPN)(OTf). The filtrate was quickly evaporated to dryneaa The 
oils were diseolved in 850 p L  of CD2Cl, and transferred by syringe 
into a purged 5-mm NMR tube capped with a rubber septum. 
Spectroecopic inmtigation of the solution followed immediately. 
In situ protonation of aoetylide in an NMR sample tube produced 
concordant but inferior spectroscopic resulta due to suspension 
of f i e  particles of precipitated (PPN)(OTf) throughout the 
eample. 

Complete room-temperature NMR data for 'W-enriched de- 
rivatives (a) Fea(CO)&CCSEt (alkyne), (b) Fe&O)eCC(H)SEt 
(vinylidene), and (c) (EtS)Fe&CO)&CH (acetylide decomposition 
product) in CDzC12 solution: (a) 'H NMR (ppm) S 6.38 (1 H, br, 
t?, 'JcH = 198 Hz), 2.75-2.68 (2 H, d of q?), 1.47 (3 H, t); (a) 13C 
NMR (ppm) S 271.4 (CJ, 212.0 (CO, br), 209.8 (CO), 75.5 (C , 
'Jm = 197 Hz); (b) 'H NMR (ppm) S 6.88 (1 H, 'Jm p! 183 Hzj, 
3.10 (2 H, q), 1.53 (3 H, t); (b) 'Bc NMR (ppm) 6 274.4 (CJ, 210.8 
(9 CO, br), 101.4 (C@, 'JCH = 175 Hz); (c) 'H NMR (ppm) 6 4.94 
(1 H, 'JCH = 232 Hz), 2.20 (br), 1.15 (br); (c) 'Bc NMR (ppm) 6 
217 (3 CO ?, v br), 213.4 (1 CO), 212.7 (2 CO), 210.9 (1 CO), 210.2 

231 Hz). 

Hz), 1.85 (virtual sextet, 2 H, JH-H = 7.2,7.6 Hz), 1.04 (t, 3 H, 
JH-H = 7.2 Hz). 

(1 CO), 200.5 (1 CO), 163.1 (Ca, 'JCH = 16 Hz), 38.5 (CB, 'JCH = 

Results and Discussion 
Synthesis of Sulfonic Acetylides, [PPN][Fe,- 

(CO),CCOSO&]. Tosylate and triflate acetylide com- 
pounds were prepared from reaction of sulfonic anhydridea 
and iron ketenylidene. The compounds were synthesized 
and characterized in situ. IR spectra of both compounds 
reveal the typical u ( C h 0 )  pattern of triiron acetylides 
(Table I). These abeorptione lie at higher energy than in 
[PPN] [Fe3(CO)BCCOAc],10 especially those of [Fe3- 
(CO),CCOTfl-, which are above even [Fe&O)&COC- 
(0)CFg]-.12b Therefore, these compounds should display 
synthetically useful electrophilicity. The spectrum of the 
M a t e  acetylide also contains additional weak, solvent- 
dependent bands at 2040 and 2028 cm-'. These extra 
bands may originate from reversible binding of SO3CFS- 
to the highly electrophilic cluster. Unfortunately, solvents 
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Table I. Carbonyl Stretching Frequencied for Cluster 
Anions IFe.(CO).CCBI- 

R 
Meb 
SMe,Ia 
OEt 
OAc 
OTs 
OC(O)CF, 
OTf 

.- -,, - 

2044 1982 1976 1955 1930 
2043 1987 1979 1961 1934 
2044 1986 1976 1958 1931 
2048 1990 1983 1963 1939 
2060 1994 1987 1967 1944 
2064 1997 1991 1970 1951 
2056 2001 1993 1974 1951 

"THF solutions except ae noted. bCHzClz solution, ref 7a. 

Table 11. 'F NMR Dataa for Acatylide Complexer 
[Fe,(CO),CCIt]- 

OEtb 217.1 160.7 148.5 42 
OAcb 216.1 172.9 132.2 39 
OC(O)CF< 216.8 (61, 215.5 (3) 178.6 138.2 38 
SMe, Ia 216.7 196.8 103.4 37 
OTs 215.6 173.6 138.2 35 
PMePhzd 214.0 (6), 213.3 (3) 226.5 68.2 30 
PPhdJ 213.8 (6), 213.3 (3) 229.5 67.2 28 
AsPhd 214.0 (6), 213.4 (3) 229.6 81.6 26 
Fe(CO)& 219.9 (9), 219.0 (4) 201.6 114.8 23 
Fe(CO)zCd'' 218.8 (9), 217.0 (2) 206.3 99.0 22 

a CD2Clz solutions, 20 "C. 6 in ppm and 'Ja in Hz. Reference 
10. 'Jensen, M. P.; Shriver, D. F. Unpublished resuita. 
dReference 12a, VcSp = 108 Hz, V b p  = 4 Hz. e Vcrp = 104 Hz, 
VbP = 4 Hz. 'Reference 12b. gJeneen M. P.; Phillip, D. A,; 
Sabat, M.; Shriver, D. F. Organometallice 1992, 11, 1859. hPlua 
Cp carbons at 87.2 ppm. 

mask the v(S03)  absorptions that would clarify this situ- 
ation. In situ NMR experiments confi ied the for- 
mulation of the toaylate acetylide (Table 11), but precip- 
itation of triflate salts prevented investigation of [Fes- 
(C0)gCCOTfl-. 

Synthesis and Characterization of Acetylides 
[PPN][F%(CO),CCSR] (Ia-d). The triiron ketenylidene 
compound [PPN],[Fe,(CO),(CCO)] reacts with bulky 
electrophilea to produce acetylide clusters [PPN][Fe3- 
(CO)QCCOR], which in turn react with nucleophilee to give 
a variety of acetylides [Fes(CO),CCR'Iw. The nucleophile 
is incorporated as the new Because thiolata 
attack the acyl carbons of [Fes(CO),CCOAc]- and [F%(C- 
O)gCCOC(0)CF3]-,12b the sulfonic acetylides [Fes- 
(CO),CCOS02R]- (R = p-CeH4Me, CFJ were employed 
in the syntheses of [PPN][Fe,(CO),CCSR] (R = Me, Ia; 
Et, fi, n-Pr, IC; i-Pr, Id), eq 2. Despite the longer reaction 

R co ca CB 'JCC 

1- 
P R  

,0S02R' 1- 
, c3c  

times of the baylate acetylide, this intermediate was 
generally utilized in the preparations, rather than [Fes- 
(CO),CCOTfl-, to facilitate separation of product from 
displaced sulfonate salts. 

Reactions of the toeylate acetylide with unhindered 
primary thiolate salts in "HF at Mom temperature require 
3 daye to reach completion. Addition of crown ether failed 
to noticeably accelerate the reaction, which suggesta that 
steric congeation about the acetylide ligand from the metal 
framework has a more pronounced influence on the rate 
than thiolate solubility or ion pairing. Accordingly, re- 
action of secondary thiolate Na(i-PrS) requires 10 days to 
reach completion at ambient temperature. The electron- 
ically deactivated nucleophile SPh- fails to react with 
[Fe3(CO)eCCOTs]- a t  all. 
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Thiolatea react with triflate acetylide [Fes(CO)QCC(yI'fl- 
at a considerably more rapid rate, generally requiring less 
than 2 h for complete displacement to occur, even for PhS- 
and t-BUS-. The product acetylidee bearing these last two 
thiolates were identified by IR spectroscopy but were not 
isolated for further study. 

The four thiolate acetylides Ia-d have very similar 
spectroscopic features. The 13C NMR resonances and 
C,-C, spin couplings compare well with those of other 
triiron nonacarbonyl acetylide compounds (Table 11). 
Predictable lH NMR spectra were observed for each dif- 
ferent added thiolate. The IR spectrum of each cluster 
contains virtually identical v ( C d )  bands, with each 
displaying the five-line pattern characteristic of [Fe3- 
(CO)&CR]- acetylide complexes; the spectra of [Fe3- 
(CO),CCOEt]- and [Fe3(CO)gCCSEt]- are indistinguisha- 
ble in this region. The methane and ethane thiolate 
clusters Ia,b were additionally characterized by mass 
spectrometry and elemental analysis. 

Reaction of Ia with PMea When an excess of PMe, 
is added to a CH2C12 solution of Ia, an immediate color 
change to bright red is observed. IR spectroscopy reveals 
the formation of a cluster-phosphine adduct I1 with v- 
( C d )  bands at 1949 (br, vs), 1924 (m, sh), and 1893 (w) 
cm-l (an expected higher-energy mode may be obscured 
by another species described below). The spectrum is 
similar to that reported for the phosphonium alkyne 
complex [Fe3(CO)ah2MePCCOEt]-, which is formed by 
addition of PMe2Ph to the acetylide complex [Fes- 
(CO),CCOEt]- and absorbs at 2009 (m), 1946 (vs), 1935 
(vs), and 1885 (w) cm-l.12* The adduct I1 is therefore 
formulated as the analogous alkyne complex. 

The PMePhz adduct of the ethoxyacetylide was isolated 
and structurally characterized.lh The phosphonium alk- 
yne was shown to lie parallel over one metal-metal bond 
in this 48-electron compound. The alkyne is stable with 
respect to ethoxide loss; however, an analogous unstable 
alkyne is believed to be the unobserved intermediate in 
the rapid conversion of the acetate acetylide [FeS(CO)&- 
COAcI- to FeS(CO)&CPR3 upon addition of PR, 

Therefore it is of interest that 11 loses SMe- completely 
within hours to give Fe3(CO)&CPMe3, eq 3, as observed 
by IR spectroscopy. New u(C=O) modes appear at 2064 

DD 

SMe 1- 
c z c  

Jensen and Shriuer 

1- 

(w), 2008 (vs), 1999 (vs), and 1987 (8) cm-l; these are 
comparable to absorptions of other Fe,(CO)&CPR, com- 
plexes.12 For example, the spectrum of Fe3- 
(CO)&CPMePh2 contains v ( 0 )  bands at 2063 (m), 
2010 (vs), 2001 (vs), and 1988 (8) cm-' and a v ( W )  mode 
at 1573 (w, br) cm-l. The acetylide stretch of FeS- 
(CO)&CPMe, is observed at 1575 cm-l in the present 
work. 

Notwithstanding the increased basicity of PMe3, thio- 
latea are better leaving p u p a  than alkoxidea, and the lese 
polarizable C,-SR bond is more readily broken than a 
C-OR linkage. Nevertheless this displacement occurs 

2200 v 2000 1800 1600 cm-1 

PVgure 2. IR spectrum of v(-) and v ( M )  regionrr, 1 h after 
addition of PMeS to a CHzClz solution of Ia aa described in the 
Experimental Section, illustrating conversion of adduct II (lower 
energy bands) to Fes(CO)&CPMeS. The peak marked * (2040 
cm-', vw) is unassigned. 

slowly, which, unlike C-OAc scission, permits direct ob- 
servation of the intermediate nucleophile adduct I1 as it 
converts to product (Figure 2). 

Protonation of Ia,b. Protonation of the alkoxy- 
acetylide [Fe&CO)&COEt]- produces the alkyne cluster 
compound Fe,(CO)dCCOEt, which rapidly cleaves, even 
at low temperature, eq 1.l0 Protonation of Ia,b with triflic 
acid in CH2C12 also produces green-brown solutions of the 
alkyne clusters Fe,(CO)$ICCSR (IIIa,b) (R = Me, IIIa, 
Et, IIIb). These 4S-electron clusters are formally deficient 
by 2 electrons, and in contrast to the &electron phos- 
phonium alkyne complexes, the alkyne coordinates in a 
perpendicular mode over one Fe-Fe bond; the correlation 
between electron count and alkyne bonding modes is un- 
der~tood.~ 

The thiolate alkynes are sufficiently stable to permit in 
situ spectroecopic characterization at room temperature. 
The IR spectra of IIIa,b are very similar in CH2C12 solu- 
tions (IIIa 2086 (vw), 2079 (w), 2033 (vs), 2021 (vs), 2013 
(m) cm-'; IIIb 2089 (vw), 2077 (w), 2033 (vs), 2020 (vs), 2005 
(m) cm-l). These spectra bear a strong resemblance to 
those of other Fe,(CO)&CCR' alkyne compounds?b The 
13C NMR spectrum of IIIb, enriched with 30% '9c on the 
acetylide and carbonyl carbons, waa recorded at room 
temperature. This revealed characteristiclpgJO p3-q2 (I) 
alkyne ligand resonances at 271.4 and 75.5 ppm. The 
signals were spin-spin coupled, lJc+ = 35 Hz, and the 
upfield resonance was split into a doublet by the added 
proton, 'Jc-H = 197 Hz. These data indicate that for- 
mation of a H-CkC-SEt moiety has occurred, and the 
thiolate is attached to the carbon directly over the metal 
triangle. The structural isomer with the alkyne reversed 
was not observed for IIIb or for Fes(CO)$ICCOEklo Other 
NMR data amform with the alkyne formulation. The 
ligand resonances for FeS(CO)&CCSMe (IIIa) occur at 
271.1 and 77.9 ppm, with 'JC-H 

The thiolate alkynea are unstable however, and within 
a few hours the green-brown alkyne solutions turned red 
and new v(C=O) IR bands appeared; those of IIIb are 
replaced with 2084 (vw), 2052 (vs), 2028 (vs), and 2010 (m) 
cm-'. A new set of resonances also appeared in the lSC 
NMR spectra. For IIIb, new ligand signals appeared at 
274.4 and 101.4 ppm at  the expenee of the alkyne reso- 
nances (Figure 3). The new peaks were still coupled 
however, 'JC+ = 43 Hz, clearly demonstzating that M 
cleavage had not occurred. No alkylidyne carbon reso- 
nances were observed downfield beyond 400 ppm. The 
upfield resonance appeared as a widely separated doublet 

198 Hz. 
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cm-l vinylidene cluster Y(-) band prevented absor- 
bance at 2077 cm-' from diminishing completely to the 
breelins: The data are not sufficiently precise to permit 
detailed kinetic analysis of the ligand conversion. None- 
thelese, the observed half-life was roughly 86 min, we es- 
timate this reaction would be a minimum of 100 times 
slower than cleavage of Fe3(CO)J3CCOEt under compa- 
rable conditions, yet competitive formation of Fe3(CO)B- 
hCH)&-CSR) products did not occur. This is attributed 
to relative destabilization of the cleavage transition state 
(Figwe 1) due largely to decreased T donation from the 
thiolate compared to ethoxide. 

Alkynes and vinylid- are both rl-electron donors when 
ligated to F%(CO)g framework Therefore the vinylidene 
cl" remain electronically unsaturated with 46 valence 
electrons. A recent review catalogs known triiron carbonyl 
vinylidene compounds;1s all have a full &electron count, 
By contrast, the 46-electron compound, Fe3(CO)&C(H)- 
SEt, was observed nevertheless by IR spectroscopy to be 
stable for days in the absence of excess acid. 

A third species slowly appeared on some occasions, as 
judged by IR and NMR spectra. The '9c NMR ligand 
resonances for this third product were observed at 163.1 
ppm (~Jc_H = 16 Hz) and 38.6 ppm (lJ-,= 231 Hz), with 
' J c ~  = 49 Hz. Peaks for the methane holate derivative 
lie at 163.4 and 39.3 ppm. The rather large J- v d  JWH 
valuea and the chemical suggeat the formahon of a 
W - H  acetylide ligand and a possible change in coor- 
dination from p3-$ (I). Therefore, these products are 
poseibly the 5O-electron speciea (Rs)Fe3(C0)&CH, which 
would result from an acid-catalpad thiolate migration to 
the metal framework via free thiol. Such compounds are 
k n o m  to undergo substituentrdepemdent structural re- 
arrangements,lO so no geometry can be assigned from 
spectroscopic data alone. The M - H  acetylide speciea 
were the only cluster decomposition products to be re- 
peatedly identified. However, deliberate addition of sev- 
eral equivalents of W c  acid to Ia,b and their derivativea 
prompts complete decomposition, which may result from 
loss of similarly protonated thiolate substituenta. 

Conclusions 
The comparative ligand tramformation chemistry of the 

amtylides [FeS(CO)&CER]- (E = 0, S; R = Me, Et) is 
determined largely by the identity of the heteroatom, es- 
pecially when r donation may affect ligand reactivity. 
Such T donation on an edge-bridging alkyne is proposed 
to account for the facile cleavage of Fe&CO)J3CCOEt and 
the lack of such reactivity in Fes(CO)J3CCSR. 

Another example of alkyne-to-vinylidene rearrangement 
was observed, like most alkynes, the vinylidene ligand is 
stable on electronically unsaturated Fe3(CO)9 clusters. 
However, loss of the thiolate substituent from Ia,b and 
their derivatives is readily induced by nucleophiles such 
as PMe3, which cause thiolate displacement, and acid, 
which promotee loss of thiol. 
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Figure 8. Protonaupled '%! NMR spectrum of protonated Ib, 
which contains ligand signals of (a) alkyne, (b) vinylidene, and 
(e) wtylide demmpition producte. The peak marked s is the 
CDzClz solvent resonance. 
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F'igure 4. Plot of the IR absorption at  2077 em-' [Fq- 
(CO)&CCSEt concentration] versus time for a 7 m M  CHzClz 
cluster solution at  room temperature. 

(lJsM. = 175 Hz) of triplete. Apparently, hydrogen atom 
rmgrahon has occurred to produce a vinylidene ligand 
C--C(H)SEt, eq 4. Rearrangement of a coordinated 

H 

/ I \  
terminal alkyne to a vinylidene is known to O C C U T , ~ * ~  both 
on mononuclear complexes16 and on a CO~RU(CO)~ clus- 
ter." The dimininhed lJC+ and increased lJC+ values 
am both m&t with rehybridization of the ligand from 
an s p s p  alkyne to an sp2%p2 vinylidene.18 The ligand 
carbons for the methane thiolate vinylidene resonate at 
273.5 and 103.3 ppm, with 'Jc-H = 179 Hz. The appear- 
ance of a single set of resonances in both cases indicates 
the ligands are highly fluxional, as observed for other 
trinuclear vinylidene cluster c~mpounds.'~ 
The conversion of IIIb to Fe8(CO),CC(H)SEt at room 

temperature in 7 mM CH2C12 solution waa monitored as 
a function of time by IR spectroscopy (Figure 4). The 
amplitude of the relatively isolated 2077-cm-' v ( M )  
abmrption waa u88d to debrmine the concentration of the 
alkyne complex; however, growth of the very weak 2084 

(14) Silvmtm, J.; Hofh" ,  R. Helu. Chim. Acta 1986,68,1461. 
(15) Bruce, M. I. Chm. Rev. 1991,91, 197. 
(16) Nickl~,  P. N.; Sew, J. P.; Young, B. A. Organometallics 1988, 

(17) W.; V h n k a m p ,  H. Angew. Chem., Znt. Ed. Engl. 
7,2248 and referenma therein. 

1W, 2.3,141. 

los,6015. 
(18) Sailor, M. J.; Brock, C. P.; Shriver, D. F. J. Am. Chem. Soc. 1987, (19) Seyferth, D.; Hoke, J. B.; Ftheingold, A. L; M, M.; Hun&, A. 

D. Organometallrcs 1988, 7, 2163. 
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