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ABSTRACT

The reactivity of [CpM(CO)s;], M = Cr (1), Mo (3)) together with their
congeners, [CpM(CO),], (M = Cr (2), Mo (4)) towards alkyl sulfides such as bibenzyl
di- and trisulfide, organophosphorus chalcogen heterocycles such as 2,4-bis(p-
tolylthio)1,3-dithia-2,4-diphosphetane-2,4-disulfide (Davy’s reagent), 1,3,2,4-
dithiadiphosphetane 2,4-diselenides (Woollins’ Reagent) and thioarylphosphines have
been investigated. Reactions that occurred under mild conditions for 1 was found to
proceed via the highly reactive monomer radical, CpCr(CO);-. However, the reactions
with 2 and 4 required more forcing conditions at elevated temperature.

Forty metal complexes were synthesized and characterized in this work. All the
products were elucidated via IR, lH, BC and *'P NMR, LCMS, elemental analyses and
single crystal x-ray diffraction. Mechanistic pathways were proposed for most of the
reactions investigated based on evidence obtained from thermolysis, NMR and mass
spectra studies. The outcomes of this work are summarized below.

1) The reaction of 1 with Bz,S, at R.T. gave [CpCr(CO)2(SBz)], (6) followed by
[CpCr(CO),1.S (5) and [CpCr(SBz)1.S (7) as secondary products which undergo
complete decarbonylation to give the final thermolyzed product CpsCrsS4 (8). It
is postulated that the formation of 6 proceeds via the 17¢" radical pathway which
involves S-S bond cleavage of the ligand.

At elevated temperature, reaction of 4 with Bz,S, gave isomeric trans-syn and

trans-anti  [CpMo(CO)(SBz)], (12a, b), [CpMo(SBz)S], (10) and

[CpMo(CO)(SBz)]»S (11) as main products.

(i1) The facile reaction of [CpCr(CO)s], (1) with Bz,S; at ambient temperature has
led to the isolation of [CpCr(CO),(SBz)], (6) with [CpCr(SBz)]»S (7) as main

products. Thermolytic studies showed that 6 underwent complete



(iii)

@iv)

decarbonylation to give [CpCr(SBz)],S (7). Prolonged thermolysis of 6 and 7
led to decomposition which eventually yielded Cp4CraS4 (8).

The reaction of [CpMo(CO)s], (3) with Bz,S; at an elevated temperature
afforded [CpMo(CO),(SBz)], 9), [CpMo(CO)(SBz)]»S 11,
[CpMo(CO)(SBz)]» (12) and [CpMo(SBz)S], (10). Thermolytic studies showed
that 9 underwent stepwise decarbonylation to give 11 and 10. The totally

decarbonylated 10 was isolated as two polymorphs.

The reaction of 4 with an equivalent of 2,4-bis(p-tolylthio) 1,3-dithia-2,4-
diphosphetane-2,4-disulfide (Davy’s reagent) led to the isolation of
CpMo(CO)(S2P(SCsHaMe)y)  (14), CpaMoa(CO)s(S.P(SCsHsMe))  (15) and
CpaMoo(U-S)(U-So)(W-SCeHsMe) (16) with yields dependent on reaction
conditions. However, reaction of 4 with half an equivalent of Davy’s reagent
gave CpaMoy(CO)s(S,P(SCcHsMe)) (15), trans-syn/trans-anti-isomer of
[CpMo(CO)(SCsHuMe)l. (A7),  CpaMox(CO)A(p-PS)(U-SCeHaMe),  (18),
[CpMo(CO),S], (19) and CpsMos(U-S)a(K-S2)(U3-S) (20). Thermolytic studies
followed by '"H NMR spectroscopy analyses indicated that 14 and 15 had
degraded to 16. The postulated mechanism involves P-S bond cleavage in
Davy’s reagent leading to a ring opening and desulfurization process.

The reaction of 1 with 1,3,2,4-dithiadiphosphetane 2,4-diselenides or Woollins’
Reagent at ambient temperature gave mainly [CpCr(CO).]»Se (21) but with an
excess of 1, trans-[CpCr(CO),(SePPh)], (22) was isolated. However thermolytic
reaction with the triply bonded congener Cp,Cr2(CO)4 (2) led to the isolation of
trans-[CpCr(CO),(SePPh)], (22), CpCr(CO),(SeP(H)Ph) 23) and

[CpCr(Se,P(O)Ph)], (24). The ring-opening reaction of Woollins’ Reagent via

ii
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an initial homolytic P-Se bond cleavage by CpCr(CO),* (n = 2 (2A) or 3 (1A))
depicts a new approach to coordination chemistry involving P-Se based ligands.
The thermolytic reaction of 4 with Woollins’ reagent led to the isolation of
[Cp2Mox{(1-Se)2(PPh(Se)) } { (u-Se)(PPh)s}] (25), CpsMos(CO)sSes (26) and a
pair of polymorphic products of Cp;Mo3;(CO)4[Ses(PPh),] (27a, b). A dual
pathway via the 15 e radical, CpMo(CO),* and the triply-bonded complex 4,
was indicated.

Reactivity studies of 1 and 3 towards P(CsHsSMe-p);, PPhy(CsHsSMe-o0),
PPh(CsHsSMe-0), and P(CcHsSMe-0); under varying reaction conditions have
led to the isolation of sixteen products. The (P, S) donor ligands of P(CsHsSMe-
p)3, PPhy(CsHiSMe-0), PPh(CsHsSMe-0), and P(CsHsSMe-0); having one, two
and three thiomethylphenyl groups, preferred mono-, bi- and tridentate
coordination modes, respectively.

The facile adduct formation of [CpCr(SBz)],S (7) and [CpMo(SBz)(S)], (10)
with 2 moles equivalents of Fe,(CO)y was found to give both mono- and
dimetallated complexes [Cp,Cr,(SBz)]S;[Fe(CO);] (44), [CpMo],S4[Fe(CO)s],
(45), [CpMo],S;[Fe(CO)sl.  (46) and  [CpMo(SB2)]:S2[Fe(CO).]  (47),
respectively.

The thermolytic reaction of [CpMo(CO),(S,P(SCsHsMe),)] (14) with a mole
equivalent of 1 gave [CpMo(CO)2(u-S)]> (19), [CpMo(CO)(SCsHsMe)], (17)

[CpCr(u-SCsHsMe) 1S (48) and Cp4CraSy as products.
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ABSTRAK

Kereaktifan [CpM(CO)3], (M = Cr (1), Mo (3)) bersama-sama dengan kongener
mereka, [CpM(CO),], (M = Cr (2), Mo (4)) terhadap alkil sulfida seperti bibenzyl di- dan
trisulfida, heterosikal kalkogen organofosfat seperti 2,4-bis (p-tolylthio) 1,3-dithia-2,4-
diphosphetane-2,4-disulfida (reagen Davy), 1,3,2,4-dithiadiphosphetana 2,4-diselenida
(reagen Woollins’) dan thioarylfosfine telah diselidik. Tindak balas yang terjadi pada suhu
bilik untuk 1 didapati bermula melalui monomer radikal yang sangat reaktif, CpCr(CO);-.
Namun, tindak balas dengan 2 dan 4, telah dilakukan pada suhu yang lebih tinggi dari
biasa.

Empat puluh kompleks logam telah disintesis dan dicirikan dalam penyelidikan ini.
Semua produk tersebut telah dikenalpastikan melalui IR, 'H, °C dan *'P NMR, LCMS,
analisis elemental dan kristal tunggal x-ray difraksi. Mekanisma tindak balas telah
dicadangkan untuk sebahagian besar tindak balas yang diselidiki dengan bantuan bukti
yang diperolehi dari termolisis, NMR dan kajian spektra jisim. Keputusan penyelidikan ini
adalah seperti berikut.

(1) Tindak balas 1 dengan Bz,S, pada suhu bilik menghasilkan [CpCr(CO)»(SBz)], (6)
diikuti oleh [CpCr(CO),]»S (5) dan [CpCr(SBz)],S (7) sebagai hasil sekunder yang
mengalami kehilangan karbon dioksida yang lengkap untuk memberi CpsCrsS4 (8)
sebagai hasil terakhir daripada proses pemanasan. Dari keputusan ini dicadangkan
bahawa pembentukan 6 dimulakan dengan 17e-radikal yang melibatkan pemutusan
ikatan S-S dalam ligan.

Pada suhu yang tinggi, 4 bertindak dengan Bz,S, dan memberikan hasil isomerik
trans-syn serta trans-anti [CpMo(CO)(SBz)], (12a, b), [CpMo(SBz)S], (10) dan

[CpMo(CO)(SBz)],S (11) sebagai hasil utama.
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Tindak balas yang mudah iaitu antara [CpCr(CO)s], (1) dengan Bz,S3 pada suhu
bilik telah menghasilkan [CpCr(CO)»(SBz)], (6) dan [CpCr(SBz)],S (7) sebagai
hasil utama, kedua-duanya telah diasingkan. Kajian pemanasan menunjukkan
bahawa 6 mengalami kehilangan karbon dioksida yang lengkap untuk memberikan
[CpCr(SBz)]»S (7). Proses pemanasan yang panjang untuk 6 dan 7 menyebabkan
penguraian yang akhirnya menghasilkan CpsCrsSs (8).

Suhu yang lebih tinggi diperlukan untuk tindak balas [CpMo(CO)s], (3) dengan
Bz,S; untuk menghasilkan [CpMo(CO)2(SBz)]> (9), [CpMo(CO)(SBz)],S (11),
[CpMo(CO)(SBz)]> (12) and [CpMo(SBz)S], (10). Kajian termolitik menunjukkan
bahawa 9 mengalami kehilangan karbon dioksida secara berperingkat untuk
memberikan 11 dan 10. Kompleks 10 yang telah mengalami kehilangan semua
karbon dioksida telah diasingkan sebagai dua polimorf.

Reaksi 4 dengan 2,4-bis(p-tolylthio) 1,3-dithia-2,4-diphosphetane-2,4-disulfida
(reagen Davy) yang sama kemolaran telah menghasilkan CpMo(CO),(S,P(SCe¢H4
Me),) (14), Cp.Mo2(CO)s5(S.P(SCsHsMe)) (15) and CpoMoa(u-S)(1-S2)(U-SC-
«HsMe) (16) dengan peratusan hasil bergantung pada keadaan reaksi. Namun,
reaksi 4 dengan 0.5 molar reagen Davy memberikan Cp,Mo2(CO)s(S,P(SC-
«HsMe)) (15), trans-syn/trans-anti-isomer [CpMo(CO)(SCsHsMe)], (17),
Cp2Moy(CO)(u-PS)(u-SCsHsMe), (18), [CpMo(CO),S], (19) dan CpszMos(u-
$)2(1-S2)(13-S) (20). Kajian termolitik yang diikuti dengan '"H NMR menunjukkan
bahawa 14 dan 15 telah bertukar ke 16. Mekanisme yang dicadangkan melibatkan
belahan ikatan P-S dalam reagen Davy diikuti dengan pembukaan gelang dan

proses nyah sulfur.
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Tindak balas 1 dengan 1,3,2,4-dithiadiphosphetana2,4-diselenida atau reagen
Woollins' pada suhu bilik telah memberikan [CpCr(CO);],Se (21) sebagai hasil
utama, tetapi dengan 1 yang berlebihan, trans-[CpCr(CO),(SePPh)], (22) telah
dihasilkan. Namun, tindak balas pemanasan dengan kongener ikatan ganda tiga,
Cp2Cr2(CO)4 (2) menyebabkan pengasingan trans-[CpCr(CO),(SePPh)], (22),
CpCr(CO)2(SeP(H)Ph) (23) and [CpCr(Se,P(O)Ph)], (24). Tindak balas yang
melibatkan pembukaan gelang pada reagen Woollins' dimula oleh CpCr(CO)y* (n =
2 (2A) or 3 (1A)) melalui pembelahan ikatan P-Se secara homolitik
menggambarkan pendekatan baru untuk kimia koordinatan yang melibatkan ligan
jenis P-Se.

Tindak balas termolitik dari 4 dengan reagen Woollins' menyebabkan pengasingan
[Cp2Moz{ (u-Se)2(PPh(Se)) } {(1-Se)(PPh)s}]  (25), CpsMo4(CO)sSes (26) dan
sepasang produk polimorfik dari CpsMo3(CO)4[Se;(PPh),] (27a, b). Dua lalui
melalui 15 e-radikal, CpMo(CO),* dan ikatan ganda tiga kompleks 4 telah
dikenalpasti.

Kajian kereaktifan 1 dan 3 terhadap P(C¢HsSMe-p)s, PPhy(CsHsSMe-0), PPh(C-
¢HsSMe-0), dan P(C¢HsSMe-0); dalam pelbagai keadaan tindak balas telah
menyebabkan pengasingan enam belas produk. Ligan penderma (P, S) seperti
P(CcHsSMe-p);, PPhy(CcHsSMe-0), PPh(C¢HsSMe-0), dan P(CcHsSMe-0)3
masing-masing mempunyai satu, dua dan tiga kumpulan tiomethylphenyl, lebih
cenderung kepada cara koordinasi dalam mono-, bi- dan tridentate.

Pembentukan aduk yang mudah dari [CpCr(SBz)]»S (7) dan [CpMo(SBz)(S)]. (10)
dengan 2 molar Fe;(CO)y yang setara telah dikenalpasti masing-masing untuk

memberi mono dan kompleks dwilogam [Cp.Cra(SBz)]S,[Fe(CO)s] (44),

vi



[CPMo],S4[Fe(CO)s1, (45), [CPMol,S3[Fe(CO)s1, (46) dan
[CPMo(SBz)1,S2[Fe(CO),] (47).

(vii)  Reaksi termolytik dari [CpMo(CO)(S,P(SCsHsMe),)] (14) dengan molar setara 1
memberikan [CpMo(CO)x(u-S)]> (19), [CpMo(CO)(SCeHsMe)l, (17) [CpCr(u-

SCsHsMe)],S (48) and Cp4CrsS4 sebagai hasil.
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