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Summary

In order to check the influence of the bridges on the basicity of the metal—
metal bond in Fe,(u-A)(u-A')(CO),L, complexes, the compounds with A =
A’ = SCeHs, P(CeHs)a, P(CHj)s, A = SCeHs, A" = P(CeHs), and L = P(CHs)s
(Ce¢Hs),, (n = 0—3) have been prepared IR and PMR spectroscopic results are
interpreted n structural terms, and show that the Fe,(SC¢Hs)(P(C¢Hs),)-
(CO),4L, complexes are non rigid on the NMR time scale for n = 0, 1 Replace-
ment of the first SCcHs biidge by a P(CgH;), bridge markedly increase the
basicity of the metal—metal bond, but replacement of the second SCsHs bridge
has no significant effect

We recently showed that in (Fe(u-SCH,)(CO),L), complexes the basicity of
the hgand trans to the metal—metal bond has a great influence on the nucleo-
philicity of the metal—metal bond [1] With the aim of determining the brnidge
influence on the nucleophilic power of the metal--metal bond we have now
synthesized Fe,(u-A)(u-A')(CO),L, complexes with A = A’ = SC,H;, P(C,Hs),,
P(CH;),, A = SC¢Hs, A’ = P(C¢Hs),, L = P(C¢Hs)s..,, (CH,),, and have investi-
gated their ease of protonation.

Experimental

All reactions were performed under nitrogen. IR spectra were recorded on a
Perkin—Elmer 225 apparatus and proton NMR. spectra on Varian A60A or

* For part II see ref 18
** Dedicated to Prof H Normant on the occasion of his 72nd birthday or: June 25th 1979
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Brucker W0 spectiometers [he higands P(CH. ), [2] P(CHL)-CLH- [3]
P(CHs).CH, [3], (P(CH-)a)a [4]. (P(CiH<).)2 [ D] were prepared by brerature
methods. P(CH:),SC:l1< was prepated from P(C.I1:),Cl and C,11:5Na P(C,Il<)
was of commercaial origin (Fe(u-P(CH.)-)(CO).). [6] and
(Fe(u-P(Cll5)2)(CO)L). [ 7] were prepared according to published procedures
Feo(u-SCHs ) (1-P(CH< )5 )(CO),, previously desciitbed by Thompson et al [7]
was sy nthestzed by a different method. ultiaviolet nradiation with a high pres-
sure mercury vapor lamp (Ongimnal Hanau 1) 150) of a mintuie ot two mol of
[e(CO)s with one mol of P(C11:),SC.H: 1n benzene the dinudear complex
was obtamned mn 35% vield. (Fe(uSCH:)(CO)5). was prepared by treatment ot
Fe,(CO), with C.H<SH m benzene at room temperatuie [8]

Preparation of (Fe{u-SCHs)(CO).L)}, conmplexes

(a) L = P(CH;); and P(CH,;).CHs a stoichiometiic amouant of L is added Lo
a solution of (Fe-u-SC.Hs(CO);), m benzene and the solution 1s stinted at room
temperature for 1 h The solvent is evaporated and 1ecrystallization from
CH,Cl./pentane gives (Fe(u-SC.H:)(CO),P(CH;)3), as dark red crystals m p
135°C (80% yield). Anal. Found C.14 26.H, 4 86.P.10 46 C,.H.eFe,0.P2S,
caled.: C, 44 145 H, 4 T1; P, 10 43%, (Te(u-SC¢Hs)(CO).P(CH,),CH-), as dark
red crystals, m.p. 115°C (80% yield) Anal Found C, 5350 H,454 P 873
Cs.H;,Fe,0,P,S, caled . C, 53 48 . H, 4 45, P. 8 63%
(b) L = PCH,(C¢Hs)," A solution of (Fe(u-SC H:)(CO)1), (0 2 g) and of PCHa-
(CeHs), {0 16 ml) 1s refluxed n toluene for 5 h Evaporation of solvent under
vacuum and recrystallization from CH,Cl,/pentane mixture gives .
{(Fe(u-SC¢Hs)(CO),P(CsHs).CH3). as dark red crystals, m p 160° C (60% yvield)
Anal. Found C,59.76;H,4 11;P 7 58 C,;,H;¢Fe,O,P,S, caled C, 59 85, H,
4.27;P, 7T 36%.

Prepaiation of (Fe(u-P(C¢Hs),)(CO),L ). compounds L = PCHA(C.Hz),,
P(C¢Hs)a

A solution of (Fe(u-P(CHs),)(CO)1)» and a shght excess of the higand 1s mrna-
diated by a water cooled high pressure mercury vapour lamp (Onginal Hanau
TQ 150) and the progress of the reaction 1s monitored by 1ecording infiared
spectra. Recrystallization from CH,Cl./pentane gives-
(1) Fe(u-P(CsHs).(CO).P(CeHs),CH;), as carmine red crystals solvated by 1 mol
of CH,Cl,, m.p. 200°C (dec.) (45% yield). Anal. Found C, 61 45, H, 4 46, P,
11.46. C,7H,3FeO,P,, CH,Cl, caled. C,61 16, H,4.44, P 11 21%

(i1) (Fe(u-P(CeHs),)(CO),P(CeHs)3),, 0 6 CH,Cl,, m p. 95°C (dec ) Found
C,66.23,H,4.42,P,10.36. Cs.Hs,Fe,O,P,, 0 6 CH,Cl, caled C, 66 31, H,
4.37;P,10.35%

Preparation of (Fe(u-P(CH3)2)(CO )-P(CeHs)s), [9]

A solution 0.3 g of (Fe(u-P(CH,),)(CO);), and 0 39 g of P(C¢Hs), 1n benzene
is irradiated with the mercury vapour lamp for one day. The solvent 1s evapo-
rated and the residue recrystallized from CH,Cl,/pentane to give
(Fe{u-P(CH;),)(CO),P(Ce¢Hs);), as brick red crystals in 65% yield

Preparation of Fe(u-SC¢Hs)(u-P(C ¢Hs),)(CO) L, complexes
The disubstituted compounds can be made in refluxing benzene (L =



P(CH;);) and m refluxing toluene (L = P(CH,),C.H: and P(CsHs).CH,). For
L = P(C.H-); photochemuical activation is necessary Reciystalhzation was fiom
pentane for L = P(CH,),; and CH,Cl,/pentane fo1 the other compounds

Feo{u-SCHs ) (1-P(CeHs)2)(CO) .(P(CHa)a)s dark 1ed crystals, m p 140°C
(60% yield) Anal Found C,5027.H,4 94 P,1392 S, 4 68 C,gH;3Fe,0O,-
P;Scaled C.5014.H,492,P,1388.S 477%

Fe,(1-SCeHs)(u-P(C6Hs)2)(CO)o(P(CH3),CeHs),,CH,Cl,, m p 95°C (40%
yield) Anal Found C.53 20,H,4 39,P,1052,Cl,7 89 C,sH,,Fe,O,P,S,
CH.Clycaled C,5324 H,443,P 10 35,Cl, 8 07%

Fe,(1-SCeHs) (1-P(CsHs)2)(CO)s(P(CHs).CH3),, m p 180°C (dec ) (40%
yield) Anal Found C, 61 68,H, 4 63,P,1015 C,sH, Fe,O.P;S caled C,
62 74.H,446,P, 10 13%

Fe,(u-SCeHs)(u-P(CeHs)2)(CO)4(P(CsHs)s),, m p 200°C (dec ) (50% yield)
Anal Found. C,6513,H,4 31,P,889 S, 305 C:gH_<Fe,0,P;S calcd C,
66 79,H,431.P.892,S5,307

Genetral procedute for protonation of the complexes

An excess of 60% aqueous perchloiie acid 1s added to a solution of the Fe,-
(#-A)(u-A")(CO).L, compound in methanol The mixture 1s stnied for 10 min,
and deaerated distilled water 1s added until a precipitate appears The solution
1s filtered. and the precipitate washed with water and dried under vacuum For
L = P(CeHs),.CH; and P(C¢Hs); the neutral compounds are not sufficiently solu-
ble m methanol, and CH,Cl, 1s added to increase the solubility After addition
of perchloric acid and sturing, the solution 1s under vacuum evapoiated to dry-
ness and the residue 1s dissolved 1n methanol The subsequent procedure 1s as
before Recirystallization was fiom CH,Cl,/diethyl ether Some of the com-
pounds crystallize with molecules of solvent, the number of which depend on
the diying time In all cases the yield 1s near 90%

The analytical and physical data for the protonated complexes are Iisted 1in
Table 1

Results and discussion

Fe,(u-A)(u-A')(CO),L, complexes

Although the reactions of Fe,(SR),(CO), with phosphines are well known
(see for instance ref 10), the chemistry 1s less developed i the case of PR,
bridges and has not been explored in the case of the mixed bridge compound
Fe,(uSCeHs)(u-P(CeHs),)(CO)s From the point of view of ease of replacement
of CO groups this compound 1s very similar to Fe,(SR),(CO)s complexes

Structure of the (Fe(u-SCHs)(CO),L), complexes

The replacement of carbonyl groups in (Fe(u-SC¢Hs)(CO)a), by ditertiary
phosphines or tertiary phosphines has been extensively studied by the Beer
and Haines [11] They have shown that in the case of tertiary phosphines and
phosphites two types of structures exist for the disubst:tuted complexes (Fig.
1) In Table 2 we hist infrared data for the v(CO) stretching region and the pro-
ton NMR constants of the compounds We see that when L = P(CH;); there are
four infrared active bands which is consistent with structure II. This structure
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1s also consistent with the fact that the P(CH;); proton resonance 1s a doublet.
For the P(CH,),C¢Hs compounds there are five infrared active bands, which
suggests a mixture of two 1scmeis and the proton NMR spectrum shows three
signals, one of the X4,AA'X’, type and two doublets The first signal 1s consis-
tent with structure I because Haines et al. have shown that vintual coupling
occuts [11] The two other doublets of the same intensity are in accord with
structure II, since 1n this case there 1s no plane of symmetiry through the Fe—P
bond The same mixture 1s found for the P(CHs),CH; compound

TABLE 2

IR AND PMR PARAETERS FOR THE FeszAA (CO)3L> COMPLENES

1 (CO) 1H NMR @
in hcvadecane solution
7(Ph) 7(CH3) J(PH)
(ppm) (ppm) (Hz)
(FLSCgH5(CO)2P(CH3)3)2 1990m 1952s 1923m 3 85 9
1910w
(FeSCgH5(C0O)2P(CH3)2CgHs)a 199415 1956vs 1940m 29 82 8 5(d)
1926s 1912m 83 8(d)
8 05 gb
(FeSCgH5(CO)>P(CgHs)>:CH3)o 2000s 1988(sh) 1960s 27 775 7b
1945m 1935m 1920w 8 8(d)
(FeP(CgH5)2(CO)2P(CgHs5)2CH3)a 1955m 1920vs 1887s 3 86 8(d)
1875(sh)
(FeP(CgH5)2(COX;P(CgHs)3)5 1960m 1925s 1885s
1880(sh)
(FeP(CH3)2(CO)2P(CgHs)3)2 19841s 19755 1942vs 91 11(t)
1926m 1914s
FeaSCgHs5P(CgHs5)2(CO)4(P(CH3)3)2 1995m 1980s 1952w 29 847 ¢ 8(a)
1940(sh) 1933s (br)
1916s 1887w
Fe2SCgHsP(CgHs5)2(CO)q(P(CH3)2CeHs )2 1995s 1977m 1952w, 29 83¢ 7(d)
1940(sh) 1955s (br)
1914m 1890w
Fe3;SCgH5P(CgHs)2(CO)4(P(CsH5)2CH3)> 1986s 1938m 1925s 2 84 797¢ 62b

Fe;SCgHsP(CgHs)2(CO)g(P(CsHs)3)2

1990s 1942m 1926m
1885(sh) ¢

1990s 1947m, 1925m
1905(sh) @

@ [n CH, Cl, solutions ¥ X, AA'X,, type spectra € Parameters at 38°C and 60 MHz
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Structure of (Fe(pu-P(CoH< )2 CO)2L )2 and (Fe(p-P(CH4))(CO JP(Cills)q ),
complexes

For L = P(C H<)>CH, and P(Cgl1<); the two complexes have four infiared
active (Table 2) bands, which 1s consistent with a stiucture of type II This is
confirmed by the H NMR spectium of the P(CHs),CH, complex which shows
a doublet for the methyl 1esonance

The (Fe(u-P(CH3),)(CO).P(C¢Hs)5)> compound shows five infrared active
bands (Table 2), which suggests the presence of isomers The proton NMR
spectrum shows only one fiiplet at 60 MHz for the P(CH,), resonance These
two observations can be only explained if the molecule 1s non rigid on the
NMR time scale, as was recently observed for Fe,(u-PR,),(CO)sPR; [12] and
Fe,(u-PR,),(CO), complexes [13], but its low solubility precludes vairiable
temperature proton NMR studies.

Structure of Fe,(u-SCsH s )(u-P(C Hs),(CO) L, complexes

The complexes with L = P(CH,),, P(CH,).CcH< have complex mfrared spec-
tra in the v(CO) stretching frequencies region (Table 2) which suggests a mix-
ture of 1somers. At room tempelatule the 60 MHz PMR spectium 1n the PCH,
region shows a broad doublet for each compound The discrepancy between
these two observations can be explained by the presence of non rgid molecule
on the NMR time scale, and we carried out a variable temperature proton NMR
study.

In the case of L = P(CH,); three doublets appear near 0°C (Fig 2). This can
be explained either by the presence of two 1somers cne of which has two non
equivalent ligands or by the presence of three i1somers The first hypothesis
seems unrealistic pecause 1n all the 1somers known for Fe,A,(CO),L, com-
pounds, the monodentate ligands are always symmetrically disposed [10].
With the second possibility one 1somer would be of type I and the two othe:
isomers of type II, with the P(CH,); ligands 1n one case trans to the P(C¢Hs),
bridge and in the othe: trans to the SC,Hs bridge

For I = P(CH;),CH; the phenomenan 1s complicated by the dissymmetry
of the ligand but the vanation of the proton NMR signals with temperature
suggests that only two 1somers are present in this case (Fig 3) For L =
P(C.H;),CH; the complex shows three infrared active bands in accord with a
rigid structure of type I. This 1s corroburated by the proton NMR spectrum
which shows a X;AA'X’; pattern for the CH; resonance. For L = P(C¢Hs),, the
complex is too insoluble to be examined in hexadecane solution. The mnfrared
spectra in CH,Cl, of the complexes with L = P(C.H;s),CH; and P(CHs); show
the same pattern and a structure of type I 1s suggested for the latter compound

In summary, the Fe,(u-SC¢Hs)(p-P(C¢Hs),)(CO)4L, complexes are non rigid
on the NMR time scale for L = P(CH3); and P(CH,;),CHs. This phenomenon
has been observed for Fe,(u-A),(CO)s complexes with A = P(CH,),, As(CHs)»
[13]1, S-t-C,H, [14]: but this is the first example for distributed Fe, A,(CO),-
L, molecules. Unfortunately the presence of phenyl groups on sulfur and
phosphorus bridges prevents the study of their exchange behaviour even
though the phenyl resonance signals are also temperature dependent.

For L. = P(C.Hs),CH; and P(C¢Hs); the complexes are rigid at room tempe-
rature on the NMR time scale. This difference 1s attnibuted to steric crowding
with the last two ligands.
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Fig 2 Variable emperature 60 MHz proton NMR spzctra of Fe; (U-SCgH;3)(u-P(CgHg)a) (CO)ag-
(P(CH3)3)2(PCHg3 resonance) at various temperatures

Fig 3 Variable temperature 60 MHz proton NMR spectra of Feo (U-SCgH35)(W-P(CgH5)2)(CO)a~
(P(CH3)2CsHjs)2 (PCH3 resonance) at vanous temperatures

Structure of the protonated complexes

The infrared spectra for the v(CO) stretching region and the proton NMR
data are listed in Tables 3 and 4 The protonated derivatives of
(Fe(u-SClls)(CO),P(CeHs),CHs),, (Fe(u-P(CeHs)2)(CO).P(CelHs)s), and
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TABLF 3
IR ANDPAMR PARANMLI TFERS FOR THE [ea(u-3)2(CO)y Lzlll‘ CONMPLI N1 S

A L IH NVMR in CH5 Cla solution (ppm) CO freguencies (em™ 1
(CHACIa solution)
T(PCegHs)  7(PCH) J(PCH3) ~(ID J(PH)
(Hs) (H/s)
SPh Ples 27 8 25(d) 10 24630 20465 2029m 1949s
Sph PilesPh 27 8(d) 10 2391() 11 20155 2029m 1991s
SPh P\MePhs 265 Tihd) 93 25 96(t) 14 2047s 2030m 1995s
500
PPhy,  P\MePh, 247 843(d) 88 24 33tt) {;5(5%} , 2030(sh) 2013s 1971s
1
50 TS
PPh, PPhj 241 239900 {7, ;EJ?; 2030(sh) 2020s 1972s
791¢ 110 15 3(J2)
\ 25 257 22 2 70s
P\le;, PPhj 5 9082 1250 iy {7, 71,y 2030(sh) 2016s 19705

¢ % part of X,; 1A %, soin svstem

Fe,(u-P(C¢Hs),)(1-SCHs)(CO)o(P(CsHs)3), complexes have not been 1solated,
the usual 1solation procedure giving only the starting maierial. In these cases
the spectroscopic properties of the protonated forms were determined 1n a
mixture of CH,Cl, and CF;COOH

All the protonated complexes show a signal in the 7 23—27 range character-
istic of a hydride 1n brnidging position [15] For the (Fe(u-A)(CO),L), com-
plexes the resonance appears as a triplet for A = SCH; or a triplet of triplets
for A = P(C¢Hs), or P(CH3), (Fig. 4) as a result of the coupling with two equi-
valent nuclei of phosphorus (A = SC,H;) or two sets of two equivalent nucler
of phosphorus (A = PR,). Furthermore the infrared spectra in the »(CO) stretch-
ing region show three bands consistent with a C,, symmetry for the molecule
We suggest for these [(Fe(u-A)(CO),L),H]* complexes the structure we pro-

TABLE 4
IR AND PMR PARAMETERS FOR [Fe,(u-P(CgHs)2)(u-SCgHs)CO)qg Lo HI ™"

L 1H NMR in CH3Cl3 solution (ppm) CO frequencies (cm™1)
(CH2Cl; solution)
7(Ph) 7(PCH) J(PCH3) T(H) J(PH)
(Hz) (Hz)

PMeg 254 8 11(d) 25 24 34(dt) {3; ggjf; 2040m 2020s 1982s
8 37(d) 100 26 26(d) 45 8(J3)

PMe,Ph 245 8.15(d) 9.5 2415an {5 (‘5,(1‘;2’ 2037m 2020s 1984s
8 17(d) 95
8 21(d) 88 26 63(d) 14 8(J2)

8 30(d) 106

38 9(J2)
h 2
PMePh, 59 816 88 23 47(dt) {19 103 2040m, 2022s 1985s
PPhy 263 23 38(dt) {38 2¢2) 2040m(sh) 2025s, 1985s

16 9(Jy)
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Fig 4 Hyvdnde resonance of [(Fez(,u-P(CHJ)2)2(CO)4(P(C6H5)3)2H]+

h v, o

Fig 5 Hvdnde resonance of [Feo (u-SCeHs)(W-P(CgHs)o (CO)s (P(CH3)3)2H]+

Ph Ph
oh S.. co ocC Sl co
NP2 \/* N/ NANNA
NINA LRGSR ocTR e 60
O(i:/Fe:Eh\??{"o :/ H \‘(::0 :L‘// H/\‘li
c*” H ~co
1 I1a IIb

Fi1g 6 Proposed structures for the Fe, (u-SCgH 5 )(-P(CgHs)2(CO)4 L, complexes (L =P(CH3)3
P(CH3)2CgHs)

TABLE 5
RESULTS OF THE PROTONATION OF Fej (u-A)(#-A')XCO)4 L, COMPLEXES ((+) IRREVERSIBLE,
(—) REVERSIBLE)

PMej PMe,Ph PMePhy PPhj3
A=A = SCHj + + — —
A= A"= SCgHs + + —_ —
A =SCgHs A=P(CgHs)> + + + —
A= A"=P(CgHs)2 + —
A= A'"=P(CH3); +
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posed for [(Fe(u-SCH;)(CO),L).H]* from spectroscopic data [1] This structure
was corroborated by X-ray structural analysis [16] for L. = P(CH;).C¢H; In this
structure the hydride bridges the two 1ron atoms and the L ligands are trans to
the M—H—M bond.

For the Fe,(u-SC H;s)(#-P(C;Hs).)(CO),L, compounds the results are more
complex. With L = P(CH,), and P(CH,).CH: the high field 1esonance appeais
as two signals (F1ig 5) (1) a double triplet, which can be explained by cou-
pling with the two equivalent nucle: of the phosphine ligands and the nucleus
of the bridging phosphorus (2) a doublet which only can be explained if we
assume the presence of a second 1somer 1n which the phosphoius ligand 1s only
weakly coupled to the bridge hydride. This 1s confirmed by the fact that the
methyl 1esonances appear as two doublets for L = P(CH,); and two sets of two
doublets for L = P(CH,3),C¢Hs. Thus we propose the three structures for the
protonated complexes (Fig 6). For the second 1somer, 1t 1s difficult to choose
between IIa or IIb, but on steric grounds Ila seems more probable

For L. = PCH,(C¢Hs), and P(C¢Hs)a, as with the neutial complexes there only
is one 1somer, and the hydnde resonance appears as a double tiiplet The cou-
pling between the bridge phosphorus and the hydride 1s greater than that with
the phosphorus ligands, and so for the symmetrical (Fe(u-PR,)(CO).L), com-
plexes we assign J, to coupling between the hydride and the phosphorus
ligands an¢ J, to couplhing with the phosphorus bridges.

Nucleophilicity of the metal—metal bond and nature of the bridging iigands

In Table 5 we summarize the data on reversibility of the protonation of
complexes Fe,(u-A)(u-A')(CO),L,. These show that replacement of one
SCe¢Hs bridge by one P(Ce¢Hs), bridge markedly increase the basicity of the
metal—metal bond. It is relevant to note that the increase in basicity of the
Fe,(u-SCH ) (u-P(CeHs),)(CO) L, complexes leads to stabihization of the 1so-
mers with the phosphine ligands cis to the M—H—M bond However replace-
ment of the second SCg¢Hs bridge by P(C¢Hs), has no significant effect Only
the P(CH,), bridges are sufficient basic to give a stable protonated form from
(Fe(u-P(CH,),)(CO),P(CeHs)s),. These results are in good agreement with an
electrochemaical study of Fe,(u-A)(u-A')(CO)s complexes [17] which shows
that the ease of electrochemical oxidation mecreases from A = A’ = SC,H; to
A =A"=P(CH,),.
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