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CHAPTER 1 General Introduction

CHAPTER I Photoreaction of Silyliron(II) Complex Cp* Fe(CO),SiMe; (Cp*= 7 °-CsMes)
in the Presence of p-Tolylgermane

CHAPTER Il Reversible Thermal and Photochemical Interconversion between cis and trans
Isomers of the Germylene-Bridged Diiron Complex Cp*:Fe,(CO),(u-CO)
(1 -Gep-TolH)

CHAPTER IV Photoreaction of Silyliron(II) Complexes Cp'Fe(CO).SiMes (Cp'= n°*-CsH;,
n°*-CsMes) with Di-p-tolylgermane (p-Tol)GeH:

CHAPTER V Photoreaction of Silyliron(II) Complexes Cp'Fe(CQO).SiMe; (Cp’'= n°-CsHs,
n°-CsMes) with Di-p-Tolylstannane (p-Tol).SnH.

CHAPTER VI Summary and Conclusion

WX N B E B

In this study, I used primary and secondary germanes and stannanes for the preparation
of either diiron complexes with M-H-E 3-center 2-electron bonds (E=Ge, Sn) or germylene
and stannylene bridged diiron complexes. The thermal and photochemical isomerization
between the geometric isomers of mono and bis(germylene)-bridged diiron complexes were
also studied.

In Chapter 1, I studied the photochemical reaction of Cp*Fe(CO).SiMes (Cp*= 7 °-CsMes)
with the primary germane p-TolGeH;. Three classes of complexes were isolated as products:

(1) a red mixture of the cis and trans isomers of mono(germylene)-bridged diiron complex
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Cp* :Fe; (CO) . (£-CO) (1 -GeHp-Tol) as the major product, (2) a violet mixture of the syn-
and anti-trans isomers of bis(germylene)-bridged diiron complex Cp*:Fe; (CO),( u -Gep-
TolH)., and (3) an orange complex with two Fe-H-Ge 3-center 2-electron bonds Cp*:Fe:
(CO) :(u-Gep-TolH:): as shown in eq 1. These products are markedly different from the
products of the analogous reaction with p-TolSiH;. In the case of the photochemical reaction
of Cp*Fe(CO):SiMe: with p-TolSiHs, only the cis and trans isomers of mono(silylene)-bridged
diiron complex Cp*:Fe;(CO);(x-CO) (1 -Gep-TolH) were isolated. Such difference in the
behavior between Si and Ge in the similar reaction is attributable to the difference in the
atomic size of Si and Ge, and also to the difference in the bond lengths of Fe-Si and Fe-Ge.

The ratio of syn- and anti-trans isomers of bis(germylene)-bridged diiron complex Cp*:
Fe,(CO):(1-Gep-TolH); in the photostationary state is 61:39. The 'H NMR signals of the
aromatic protons of syn-and anti-trans isomers of Cp*:Fe;(CO).(u-Gep-TolH). were found
to be temperature-dependent. Such behavior apparently results from the hindered rotation
of p-tolyl groups in the presence of the adjacent bulky Cp* groups.

Unlike an analogous complex Cp*:Fe:(CO).(£-Get-BuH:). that affords, by both thermolysis
and photolysis, only one isomer of Cp*:Fe;(CO),(u-Get-BuH): (syn-cis(H)) with evolution
of H. gas, the behavior of Cp*:Fe:(CO),(x-Gep-TolH:): complex in thermolysis is different
from that in photolysis. Thus, the photolysis of Cp * ;Fe,(CO).(u-Gep-TolH;), afforded a
mixture of syn- and anti-trans isomers of bis(germylene)-bridged diiron complex Cp*:Fe:
(CO) 2 (u-Gep-TolH); (Scheme 1). In contrast, thermolysis of Cp*:Fe.(CO): (1 -Gep-TolH;):
afforded the third isomer of Cp*:Fe:(CO):(x -Gep-TolH): which adopted the syn-cis(H)
configuration (Scheme 1). Interestingly, photochemical isomerization of Cp*:Fe,(CO).( -
Gep-TolH): was observed, where syn-cis(/{) isomer converted to a mixture of syn- and anti-
trans isomers only after 1 min of photolysis as shown in Scheme 2.

In Chapter II, I studied the thermal and photdchemical interconversion of cis and trans
isomers of Cp*;Fe,(CO).(u-CO)(u-Gep-TolH) by kinetic methods (eq 2). The equilibrium
constants indicate that the trans isomer is thermodynamically more stable than the cis
isomer. Scheme 2 shows the mechanism of isomerization for both thermal and photochemical
processes. The large negative entropies of activation imply participation of the solvent
(benzene) in the thermal isomerization of Cp*:Fe:(CO);(x-CO)(u-Gep-TolH).

Comparing the isomerization of Cp*:Fe;(CO):(x-CO) (1 -Gep-TolH) with the analogous
silylene complex, it was found that the 4 H” values for the isomerizations of the germylene
complex are lower than the analogous silylene complex. The proportion of the cis isomer in
equilibrium at room temperature is larger in germylene complex (5%) than in the silicon
analogue (2%), apparently due to the longer Fe-Ge bond compared to the Fe-Si bond that
relieves the steric repultion in the cis isomer.

In Chapter IV, I studied the photoreaction of Cp'Fe(CO):SiMe; [Cp'= n°-CsHs(Cp) and
n°®-CsMes (Cp*)] with the secondary germane (p-Tol):GeH;. The photochemical reaction of
Cp*Fe(CO);SiMe; with the secondary germane (p-Tol):GeH: gave only monoiron complex
Cp*Fe(CO):GeH(p-Tol): (eq 3). On the other hand, the photochemical reaction of CpFe(CO).

SiMes with the secondary germane (p-Tol):GeH:. gave cis and trans isomers of both Cp:
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Fe:(CO):(1-CO) {£-Ge(p-Tol):} and Cp:Fe,(CO) . {u-Ge(p-ToDs}: (eq 4).

The interconversion of the cis and trans isomers of Cp:Fe,(CO).{u-Ge(p-Tol):}. was
found to occur photochemically, and the molar ratio between cis and trans isomers at the
photostationary state was 85 : 15 (eq 5).

In Chapter V, I studied the photochemical reaction of Cp’Fe(CO).SiM: [Cp’=Cp and
Cp*] with secondary or tertiary stannane (p-Tol)aSnHi-» (n= 2,3). The photolysis of CpFe
(CO);SiMes with (p-Tol),SnH. gave a complex containing two Fe-H-Sn 3-center 2-electron
bonds Cp:Fe; (CO) . {#-Sn(p-Tol).H}:; (eq 6). This complex is considered as the first
example of a complex containing Fe..H..Sn 3-center Z2-electron bond and also the first
example of a complex containing two 3-center 2-electron M...H...Sn bonds. This complex
adopts the trans configuration and is stable upon heating up to 90 °C. On the other hand,
Cp:Fe: (CO) ., {m-Sn(p-Tol) ;H} » loses H: during photolysis, and the 'H NMR spectrum shows
the formation of cis and trans isomers of bis(stannylene)-bridged diiron complex Cp:Fe;
(COY: {u-Sn(p-ToD2}: (eq 7). Unfortunately, this green complex is not stable enough to
isolate. The bulkiness of the Cp ligand and p-tolyl groups is thought to be not enough to
stabilize such a bis(stannylene)-bridged diiron complex.

The photochemical reaction of Cp*Fe(CO).SiMe; with the secondary stannane (p-Tol);
SnH, gave the trans isomer of bis(stannylene)-bridged diiron complex Cp”:Fe;(CO):{x-Sn
(p-ToD):}:, and hydrido bis(stannyl)iron complex Cp*Fe(CO)H{Sn(p-Tol):H}: (eq 8). In
contrast to Cp:Fe;(CO).{x-Sn(p-Tol):}:, the combination of bulky Cp* ligands and p-tolyl
groups stabilizes the trans isomer of bis(stannylene)-bridged diiron complex Cp*.Fe:(CO).
{1-Sn(p-Tol) .} 2.

Photolysis of a benzene-ds solution of Cp*Fe(CO)H{Sn(p-Tol).H}. leads to the formation
of the trans-Cp”:Fe:(CO) . {u-Sn(p-ToD:}. (eq 9.

Photolysis of CpFe(CO).SiMes in the presence of tertiary stannane (p-Tol)s;SnH afforded
bis(stannylhydridoiron complex CpFe(COYH{Sn(p-ToDs}: (eq 10).

On the basis of the coupling constant values of'JSn-H and *JSnMH, 1 suggested that
Cp:Fe:(CO); {1-Sn(p-Tol):H} : contains two 3-center 2-electron bonds.
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COMXIE, FEEVHIRILEE 2RIV BLURS F v E VY VK E ORRIBIT L - T,
WABINVIVYRUOAS =1 VBB A, BXUFe-H-E3dul 2 BEFHES (E=Ge, Sn) 2Fo
SRR AR L, oI INSEEOAEFIHES L ORIEEERN I LISV TRIB L2 DT
H b, KFADOEMMEELITICIIFEET 5,

B 1 v= v p-TolGeHs DFAET TCp*Fe(CO) .SiMes (Cp* = n°-CsMes)icEBE 35 &, €/
(w3 v v) ZEEEACp* 1 Fe, (CO) . (1£-CO) (1 -Gep-TolH) (1) (cisfh & transtkDiEEY), ¥ A
(Frvy) BHEHEECD . Fe. (CO) . (1 -Gep-TolH), (2) (syn-transik & anti-transtK DIEEY)) B
& UFe-H-Ge 3 fula— 2 BFEA%E Z>HE>81ECp*; Fe, (CO); (1 -Gep-TolH,), (3) (syn-cisfh) #
Bohie 1IZBEIEOMS TRARMILETY, BEEIRE T irans(fns, f/CEFIRET R osiE
WenNTNBBE LML 2R Uit —7, 2 GBENICIEEMEALL WA, SCREHCE > TRIELLT,
EHIREE Tsyn-trans:anti-trans=61 : 39& 5 T &b -7o, F/, 3 REBHELTHMEAL TS
Hy 2l LT R (Fusvy) k25252 205, SBRISTI 2 Dsyn-transtk & anti-transtE DRSS
MAEBZ B0 LT, BRIE (70°C) Tlsyn-cis(DE0A %252 5 &R L, EROWESE
5 9 {47 e v (p-Tol) ;GeH, # & U'CpFe(CO),SiMes (Cp= 1 °5-CsHa) 2V THFL, Y7o~y ¥
VI VEMTFES VT OBREDPEFEE OMRICE » TERMIPEA LTS L EP oML
foo & 01T, B2HR Y F v (p-Tol) :SnH, & CpFe(CO) :SiMes & DERIGICDWT HIFFL, RO
WFe-H-Sn 3 thils— 2 BFHEEE Z2E2#EKCp 1 Fe, (CO) o (1 -Snp-Tol,H)» (4) %87, 4DKEI
JsanfB (56Hz) &, 3Hli— 2B FREAOFEELBIEZFLTWS, £/, 4133 LRE DiransiET
b, BHNICEHAZHE LTV, BieLk-TH2HBELTER (Z7 =1L V) BHIEHACp.Fe.
(CO) (1 -Snp-Tols), () (cis-transiB&W), AEE) %5 A5 ENbh -1,

RIS F BN EIL L CHEEE AT KHELEEOMERE EEFBEEFL TCVWAEIEEZRLTVS,
& - T, Amr Abd El-Aziz El-MaradnyfRHH D% 1d, #+ %) OFMHE L TEHEIKLAD S,

—212—



