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ABSTRACT

SYNTHESIS AND CHARACTERIZATION OF THREE SERIES OF NEW
FERROCENYL AMINE SULFIDE AND SELENIDE COMPLEXES OF GROUP 10
METALS AND THEIR APPLICATIONS TO CATALYSIS AND ASYMMETRIC
SYNTHESIS

BY

Ahmad Alavi Nalini

Two series of new ferrocenyl anime sulfide and selenide ligands, (S.B)-
[ER]CsH4FeCsH3[CHMeNMeg][ER] and [ER]CsH4FeCsH3[CH2NMe3)[ER] (E = S and Se;
and R = Me, Et, pn-Pr, j-Pr, n-Bu, sec-Bu, {-Bu, j-Pent, Ph, Bz, 4-tolyl, and 4-CI-
Ph) have been synthesized yia lithiation of proper ferrocene precurcors, first in the
presence of ether and then TMEDA followed by treatment with appropriate disulfides and
diselenides. These compounds, which are air stable, have been characterized by 'H and
13C NMR, IR, MS, and elemental analysis. These ligands chelate platinum and palladium
chloride to form the heterobimetallic complexes (S,B)-[ER]CsH4FeCsH3[CHMeNMes]-
[ER][MCI2] and [ER]CsH4FeCsH3[CH2NMes][ER][MCI2), (E = S and Se; R = Me, Et, n-
Pr, j-Pr, Ph, Bz, 4-tolyl, and 4-CI-Ph; M = Pd and Pt). A series of chiral platinum
ferrocenyl amine sulfide, (B.S)-CsH3FeCsH3[CHMeNMe2][SR][PtCI2], (R = Me, Et, j-
Pr, and Ph) have also been prepared by reaction of (PhCN)2PtCl2 and appropriate

ferrocenyl amine thioether ligands. 'H NMR, IR, MS and elemental analysis data were
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obtained for the complexes. An x-ray structure of [SMe]CsH4FeCsH3[CHaNMeo]-
[SMe][PdCI2] was determined .

High chemo- and regioselectivities have been achieved for the reduction of
carbon-carbon double bonds of conjugated dienes and a-B unsaturated carbonyls,
carboxylic acids, esters, amides, and nitriles by using new palladium ferrocenyl amine
sulfide complexes.

Some platinum complexes, CpFeCsH3[CHMeNMe2][SR][PtCi2]; R = (Me, Et,
i-Pr, Ph), were examined for their catalytic activities toward hydrogenation of 1,3-
cyclooctadiene and it was found that they are far less active and selective than palladium
analogs.

The reaction of NiCl2 with chiral ligands [S.B]-[SR]CsH4FeCsH3[CHMeNMe2]-
[SR], (R = Et, sec-Bu, Ph, and 4-CI-Ph) produced in situ nickel complexes which are
active catalysts for asymmetric Grignard cross-coupling reactions between allyl
magnesium chloride and 1-phenyl-1-chloroethane.

The structure of CpFeCsH3[CHaNMe2][S-1-Bu] was determined by an x-ray

crystal structure study.
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INTRODUCTION

Since the first appearance of biscyclopentadienyliron(ll) (ferrocene),! its
chemistry has attracted much interest, mainly because of stability and unusual
reactivity of ferrocene and its derivatives. The Cp (Cp = CsHs)rings display the
chemistry of aromatic ring,5 however, ferrocene is more reactive than benzene toward
electrophilic reagents and undergoes acylation, formylation, alkylation, mercuration,
and sulfonation.2 These substitution reactions are mostly electrophilic while
electrophiles should not be able to oxidize iron or destroy the cyclopentadieny! ring-
metal bond.

Reactive functional groups also can be introduced to the Cp ring yia metallation.
A large number of compounds have been synthesized by reaction of lithiation products 2,
5, 8,9, 13, 14 (Scheme 1) of ferfocene 1, bromoferrocene 4,
[(dimethylamino)methyi]ferrocene 7 and [1-(dimethylamino)ethyl]ferrocene 12 with
different electrophiles. Among the various compounds derived from 1,1'-
dilithioferrocene 2 are those where the electrophilic atom comes from group 14 (3,
R=organic group? and silyl group?), group 15 (3, R=AsMep, AsPha, PMep, PPha 5 and
P(1-Bu)2 6) and transition metals (3, R=AuPPh3 7 and Cu 8). Compounds 6 (R=CO2H,
SiPhg, SiMes, (PhoOH 9) have been synthesized yia reaction of proper electrophiles
with ferrocenyllithium 5 10. Scheme 2 shows other reactions of compound 6.
Electrophiles have been used to give 10 (R=PPha 11, SiMe3 12, 2-Pyridyi!3,
((OH)Ph2 14), CI15 and B(OH)216 (Scheme 3 ). A wide variety of sterecisomers of 15
and 16 have been prepared!7-33 (Scheme 4). The resolution of 12 into its R and S
enantiomers34 let extensive studies of these compounds as chiral ligands in catalysis.

Lithiation of optically resolved N,N-dimethyl-1-ferrocenylethylamine 12,

followed by treatment with chlorophosphines produce chiral ferrocenylphosphines.9 It
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It has been reported26 that the lithiation of (R)-12 proceeds with high

stereoselectivity to give mainly (B)-a-[(B)-2-lithioferrocenyl]ethyldimethylamine.

H
< 24 2 < HMeNMe, + (HMeNMez (1)
= A \NMez = A

(R)'-12 (B)-(B) (96%) (B)-(S) (4%)

(R)-N,N-dimethyl[-1-[(S)-2-(diPhenylPhosphino)ferrocenyl)]-amine[(R)-(S)-
PPFA] has been synthesized by reaction of (R-7) with n-BuLi followed by introduction

of chlorophosphines!9, reaction 2.

* CHMeNMe,
4
> 1. BuLi/Et,0 @
N\ _ 2. CIPPh,
(R)-FA (R)-(S)-PPFA

(R)-(S)-PPFA has planar chirality due to 1,2-unsymmetrically substituted ferrocene
structure, central chirality and also a functional group. Kumada and co-workers have
also synthesized other chiral ferrocenyl phosphines!®, some of them are shown in
Scheme 5. These ligands have been used used extensively to prepare Pd, Pt, and Ni
compounds which are useful catalysts in asymmetric hydrogenation of olefins,21,35
asyrﬁmetric hydrogenation of ketones,36 asymmetric hydrosylation of ketones,!” and
asymmetric Grignard cross-coupling reactions.18.37-42 Recently in this laboratory
analogous ferrocenyl sulfide and selenide amine were prepared.43-48 Examples of these
compounds are 21, 22 (Scheme 2), 27 (R=Me, Et, n-Pr, i-Pr, n-Bu, i-Bu, i-Pent,
Ph, 4-CIPh, P-tolyl), 28 (R=Me, Ph, 4-CIPh) (Scheme 3), 36 and 37 (Scheme 4).
Scheme 6 and 7 show the preparation of Pd complexes of these ligands.
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Strong coordinating and absorptive properties of sulfur-containing complexes, cause
them to block reactive metal sites and therefore act as poisons for noble metal
catalysts.49 However, interesting catalytic activities were displayed by many
transition-metal sulfides.50 Recently catalytic applications of transition-metal
complexes with sulfide ligands have been reviewed.5! It has been found that under mild
homogeneous conditions hydrogen can be activated by (CpMo)2(u-S)2(n-S2) to produce
(CpMo)2(n-S)2(1-SH)2.52 The product was used as a catalyst for the formation of HD
from a mixture of deuterium and hydrogen.53 This sulfide complex also under mild
conditions, catalyzed the hydrogenation of N=N bonds in azo compound to prepare the
corresponding hydrazines.52 (CpMo(u-S))2S2CH2 has similar catalytic activity and it
has also catalyzed the hydrogenation of C=N bonds in isothiocyanate, isocyanates and
imine to prepare thioforamides, formamides and amines.

Hydrogenolysis of elemental sulfur to give hydrogen sulfide has been achieved
under 2-3 atm of hydrogen, by use of [MenCpMo(u-S)(n-SH)]2 (Me=0, 1, 5).53 It
also has been found that [(MesCp)Mo(u-S)(u-SH)]2 can be used as catalyst for the
reduction of SOz in CHCI3 at 75°C under 2.8 atm of Hp.54

Reduction of carbon disulfide to hydrogen sulfide and thioformaldehyde was
achieved by use of catalytic amounts of (CpMo(u-S))2S2CH2 (reaction 3) under 1-2

Cp oCp + CS; + 2H; ———n
W \ H
s
. |
CpM oCp + HgS (3)
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of hydrogen at 70°C.55 As it is shown in reaction 3, HoCS has been stabilized by

interaction with the sulfido ligand. This catalyst also has been used, under 2-3 atm of

Ha, to convert b hylb and B: yrene to ethylbenzene.56
Among various clusters that contain sulfide and have been examined for catalytic
activity [Rh17S2(C0O)32]3" is the largest. This cluster contains an antiprismatic arrange-

ment of rhodium atoms. Two sulfide atoms are placed in an interlayer cavity (Figure 1).

RHOOIUM ATOMS PLANES
BASAL
INTERNAL
INTERNAL
BASAL

Figure 1. ORTEP diagram of [Rh17(S)2(CO)32]3" with the carbon monoxide ligands
omitted.
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Under 1 atm pressure of Ha at 25°C in THF, the reduction of phenyliglyoxal to (2-
hydroxyethyl)benzene have been achieved by use of this cluster as catalyst.57 This
cluster was also found to catalyze conversion of CO/Hz (1 : 1) to give ethylene glycol and
methanol in the presence of promoters and under much more vigorous conditions.58:59
The complex Ira(u-S)(CO)2(dppm)2 where dppm is bis(diphenylphosphino)-
methane), reacts with hydrogen molecule to produce IraHa(u-S)(CO)2(dpm)2.69
Presence of both terminal and bridging. hydride isomers were proved by characterization
of products. At 80°C and in toluene solution, olefins and acetylenes were hydrogenated
by use of this hydride complex as a catalyst. Hz has been activated by use of a dinuclear

rhodium complex with bridging sulfide ligands (eq. 4).81

P, p H P
N\ o LI/
P—Rh  RA—P}—(BPhg)y —— Rh  Rh 4)
‘(/ F‘\s/ \99- P/ |n= \P

Reaction of (n3-2-CH3C3H4)Pd and HaS give (n3-2-CH3C3H4Pd)4S5 as the

—

product.62 This tetranuclear palladium cluster has been used as a homogeneous catalyst,
or catalyst precursor to hydrogenate 3-hexyne at ambient conditions.63 Cis-3-hexene
is the initial product but it is isomerized under reaction conditions. Mixed palladium-
platinum and palladium-nickel clusters are insoluble in the reaction condition and show
lower catalytic activity. [Rh(C2oHg4)2Cla]a reacts with Pto(u-S)2(PPhg)s to give
trinuclear complex [(Ph3P)4Pta(u-S)2Rh(CaoH4)2]PFg.64 This complex was used as a
catalyst for hydrogenation of cyclohexene, however, its catalytic activity under 1 atm
pressure of hydrogen and 25°C was almost 1/500 of the Wilkinson's catalyst.
[Fe4S4Cl4]2-, a tetranuclear iron cluster with sulfide ligands, has been used as a

catalyst for hydrogen'ation of diphenylacetylene and gis- and irans-stilbene to the
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corresponding alkane in the presence of PhLL.65 Related thiolate clusters such as
[Fe4S4(SPh)4]2- did not show such catalytic activity, therefore, it is believed that the
lability of chloride ligands is important in this system. A mixture of [Fe4S4Cl4]2-
/PhLi also found to serve as a catalyst in the hydrogenation of octene to octanes.
Furthermore, this system can selectively promote the reduction of terminal double
bonds in dienes and monoenes.8

The interesting catalytic activity of transition metal sulfides and also previous
results obtained by Brubaker and co-workers, which showed some Pd complexes of
ferrocenylamine sulfides are good catalysts for hydrogenation of dienes to
monoenes45:48 under homogeneous and heteregeneous conditions and some have catalytic
activity for asymmetric Grignard cross-coupling reactions,47 led us to this work. The
aim of this research was to preparé two new series of ferrocenylamine sulfide and
selenide ligands and use them to prepare new complexes of the Ni triad. Investigation of
catalytic activity of these:previously unknown complexes and, also, their structural

elucidation was carried out.
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EXPERIMENTAL

Air sensitive reagents were manipulated in a prepurified argon or nitrogen
atmosphere. Standard Schienk-ware techniques and a vacuum line was employed. Where
ngcessary an argon-filled glove box was used for transfers.

Infrared spectra (IR) were obtained by use of a Perkin-Elmer 457 grating
spectrophotometer or a Perkin-Elmer 5§99 grating spectrophotometer or a Nicolet 740
FT-IR spectrophotometer by using neat films of liquid samples, Nujol mulls between Csl
plates or in KBr pellets for solid samples. Mass spectra (MS) were obtained by means
of a Finnigan 4000 instrument with. an Incos data system at 70 ev. Optical rotations
were determined with a Perkin-Elmer 141 Polarimeter. 'H and 13C NMR were
obtained by use of a Bruker WM-250 spectrometer. Elemental analyses were
performed by Galbraith Léboratories, Knoxville, TN. Gas chromatography (GC) was
carried out by using a Hewlett-Packard 5880, and a Varian 1400 instrument.

All melting points were determined by using a Thomas-Hoover capillary melting
point apparatus and were uncorrected.

All solvents used were reagent grade and were distilled by standard methods.67
(S)-N,N-dimethyi-1-ferrocenylethylamine(S-12) and (B)-N,N-dimethyi-1-
ferrocenylethylamine(B-12) were prepared according to Ugi's procedure34.
Dimethylaminomethy! ferrocene, dialkyl and diaryl disulfides, dimethyl and diaryl
diselenides and N,N,N',N'-tetramethylethylenediamine (TMEDA) were purchased from
Aldrich Chemical Company. Bis (benzonitrile) complexes [(PhCN)2MClz] where M=Pd
and Pt, were prepared according to published procedures.68.69 All the hydrogenation
substrates were obtained from Columbian Carbon Co., Columbian Organic Chemical Co.
and Aldrich Chemical Co. These reagents were re-treated by standard methods before
use. The Grignard cross-coupling substrate, 1-Phenylethyl chloride, was prepared as

previously reported;’0 allylmagnesium chloride (2 M solution in THF) were obtained

14
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from Aldrich Chemical Co. The TH NMR chiral shift reagents, tris(d,d-
dicampholymethanato)europium(lil) [Eu(dcm)3], was obtained from Alfa Products. A
pressure bottle with a gauge was used to perform the hydrogenations.

X-ray structure determinations were performed by use of a Nicolet P3F
computer controlled 4-circle diffractometer equipped with a graphite crystal incident

beam monochromator.

A. Preparation of Ligands:
(R)-[1-(Dimethylamino)-ethyl]ferrocene[(R)-12] and
(S)-[1-(Dimethylamino)-ethyl]ferrocene[(S)-12].
N,N-dimethyl-1-ferrocenylethylamine(12) was prepared and resolved by

using (R)-(+)tartaric acid by a modification of Ugi's procedure.34 In the

recrystallization of 1-ferrocenylethyl alcohol, a mixture of CH2Clao/heptane or

CH2Clo/hexane was used in place of pure heptane and, consequently, a higher yield was

achieved. The (B)-(+)amine tartarate crystals were recovered from the mother liquor

by treatment with diethylether and then recrystallized three times from 1:10

water:acetone, allowing about 17 mL of solvent for each g of salt. The (S)-(-)amine

tartarate crystals filtered off readily as previously reported.34 The tartarate salts
were dissolved in 20% aqueous NaOH solution and extracted with methylene chloride.

The amine solution was dried over anhydrous K2CO3 and evaporated to give a dark brown

oil that partially solidified on cooling. [a]p25 -14.1° for (S)-1-(dimethylamino)-

ethylférrocene[(S_)dZ] and [a]p25 +14.1 for (B)-1-(dimethylamino)-
ethylferrocene[(B)-12].
'H NMR (5 ppm), 4.11(m, 4H, CsHg); 4.08(s, 5H, Cp); 3.60(q, J=6.8Hz, 1H,

CH); 2.09(s, 6H, NME2); 1.46(d, J=6.8Hz, 3H, NHCH3).
13C NMR (5 ppm), 86.2(s, C1); 68.5(d, J=91Hz, Ca.5); 67.7(d, J=88Hz, Cp);

66.5(d, J=92.4Hz, C3, C3, C4, Cs); 66.3(d, J=9.2Hz, C2 C3, C4, Cs); 65.9(d,
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J=91.4Hz, C2, C3, C4, Cs); 57.8(d, J=67.3Hz, NCH); 40.2(q, J=47.4Hz, NMe2);
14.8(q, J=42.9Hz, NCHMe).

MS m/e (relative intensity): 257(83, M*), 242(95, M+-Me), 213(100,
M+*-NMe2), 212(36, M*-HNMe2), 121(66, FeCp), 72(18, CHMeNMe2), 65(3, Cp),
56(21, Fe), 44(4, NMe2).

(S.B)-1-[1-(Dimethylamino)ethyl]-2,1'-bis(methylthio)-
ferrocene.(43, R=Me)

The amine (S)-12 (1.3 g, 5.1 mmol) was dissolved in 75 mL dry ether and
placed in a 200 mL round-bottomed Schlenk flask equipped with a side arm and rubber
septum. The solution was cooled to -78°C and while being stirred, 3.0 mL (8.1 mmol of
a 2.7 M solution of n-Buli in hexane was added dropwise yia a syringe. The orange
suspension was allowed to reach room temperature and stirred overnight. Then, a
solution of freshly distilled TMEDA (0.9 g, 7.5 mmol) and p-BuLi (3.0 mL, 8.1 mmol)
was added to the reaction mixture at -78°C. After being stirred for 8 more h at room
temperature, to the reaction mixture was added dropwise, a solution of dimethyl
disulfide (1.42 g, 15 mmol) at -78°C. The reaction mixture was allowed to reach room
temperature and stirred under N2 for an additional 24 h, after which saturated aqueous
NaHCO3 was added to the mixture. The resulting organic layer and ether extracts from
the aqueous layer were combined, washed with cold water and dried over anhydrous
NazxSO4. Evaporation of the solvent gave a product mixture which was chromatographed
on a silica gel column (hexane/ether) to give a brown oil: yield 90%.

TH NMR (3 ppm), 4.26(m, 1H, Ha, Hs, Hs); 4.17(m, 4H, CsHy); 4.07(m, 2H,
H3, Hg, Hs); 3.90(q, J=4.4 Hz, 1H, CH3CH); 2.28(s, 3H, SCH3); 2.23(s, 3H, SCH3);
2.09(s, 6H, NMe»); 1.36(d, J=4.4 Hz, 3H, CH3CH).
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13C NMR (5 ppm), 93.6(s, C1); 85.9(s, C2); 84.9(s, C'4); 73.2(d, Cs);
77.5(s, Cl3, Cl4); 72.4(d, Cls); 71.1(d, Cl2); 69.6(d, C4); 68.4(d, C3); 56.2(d,
CHCHa3); 40.0 (q, NMe2); 19.7(q, SCH3); 19.6(q, SCH3); 10.7(q, CH3CH).

MS, m/e (relative intensity): 349(77, M+), 334(24, M*-Me), 304(38, M*-
3Me), 358(78, M+-SMe-NMe32), 72(100, MeCHNMe2), 56(50, Fe), 44(25, NMEJ).

IR (neat, KBr disks) 3095 (ferrocene C-H stretch), 2970-2775 (alkyl C-H
stretch), 1452 (ferrocene antisymmetric C-C stretch), 1265, 1249 (C-N stretch),
825 (C-H bend perpendicular to the plane of the Cp ring), 655 (S-C stretch),

491cm-! (antisymmetric ring-metal étretch).

Anal. calcd. for C1gH23S2NFe: C, 55.01; H, 6.64. Found: C, 55.04; H, 6.61.

(S,BR)-1-[1-(Dimethylamino)ethyl]-2,1'-bis(ethylthio)ferrocene (44,
R=Et)

The amine (S)-12 (1.3 g, 5.1 mmol) was dissolved in 75 mL dry ether and
placed in a 250 mL round-bottomed Schlenk flask equipped with a side arm and rubber
septum. The suspension was cooled to -78°C and while being stirred 3.0 mL (8.1
mmol) n-Buli was added dropwise yia a syringe. The orange suspension was allowed to
reach room temperature and stirred overnight. A mixture of freshly distiled TMEDA
(0.9 g, 7.5 mmol) and n-Bulli (3.0 mL, 8.1 mmol) was then added to the reaction
mixture at -78°C during a period of 10 min. After being stirred for 8 more h at room
temperature, diethyl disulfide (1.83 g, 15 mmol) was added dropwise yia a syringe at
-78°C. The solution was allowed to reach room temperature and stirred under Ar for 36
h. After refluxing for 2 h, the reaction mixture was cooled and 30 mL of aqueous sodium
bicarbonate was added. The organic layer was separated, dried and evaporated to give a
brown oil. The oil was chromatographed on a silica gel by gradient elution

(hexane/ether), to give a brown oil: yield 90%.
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TH NMR (5 ppm), 4.24(m, 1H, H3, Hg, Hs); 4.16(m, 4H, CsH4); 4.05(m, 2H,
Ha, Ha4, Hs); 3.88(q, J=6.8 Hz, 1H, CH3CH); 2.95(m, 1H, SCH2); 2.65(m, H, SCHy);
2.48@. 2H, SCH2); 2.04(S, 6H, NMe2); 1.29(d, J=6.8 Hz, 3H, CH3CH); 1.13(t,
J=7.5 Hz, 3H, BCHa); 1.06(t, J=8.0 Hz, 3H, BCH3g),

13C NMR (5 ppm, CD3COCD3), 95.2(s, C1); 82(s, C2); 81.8(s, C11); 76(d,
Ca, C4, Cs); 75.2(d, C'3, C's); 72.1(d, C'2, C's); 71.9(d, C'2, C's); 69.9(d, C3,
C4, Cs); 68.8(d, C3, C4, Cs); 56.3(d, CH3CH); 40.0(q, NMe2); 31.2(t, SCH3);
30.5(t, SCH2); 15.3(q, BCH3); 15.1(q, BCH3); 10.1(q, CH3CH).

MS m/e (relative intensity): 377(M*+, 49), 362(M+-Me, 19), 332(M+-3Me,
100), 152(FeCsH4S, 33), 121(CsH3(CH2NMe3), 30), 72(MeCHN(CH3)2, 33),
56(Fe, 24), 44(NMe2, 38).

IR (neat, KBr) 3095 (ferrocene C-H stretch), 2970-2775 (alkyl C-H
stretch), 1452 (ferrocene antisymmetric C-C stretch), 1245, 1263 (C-N stretch),
837 (C-H bend perpendiéular to the plane of the Cp ring), 655 (S-C stretch), 480

cm-1 (antisymmetric ring-metal stretch).

Anal. Calcd. for C1gH27SoNFe: C, 57.29; H, 7.21. Found: C, 57.38; H, 7.37.

(S.BR)-1-[1-(Dimethylamino)ethyli]-2,1'-bis[(n-propyl)thio]-
ferrocene (45, R = n-Pr)

A 2.7 M solution of pn-Buli in hexane (4.0 mL, 10.8 mmol) was added to a 10
mmol (2.55 g) (8)-[1-(Dimethylamino)ethyl]ferrocene in 100 mL dry ether at -
78°C under Ar. The orange suspension was warmed to room temperature and stirred for
8 h. Then a solution of freshly distilled TMEDA (1.20 mL, 10.0 mmol) and n-BulLi (4.0
mL, 10.8 mmol) was added to the reaction mixture at -78°C. After being stirred
overnight at room temperature, to the reaction mixture was added dropwise a solution of
(4.52 g, 30 mmol) di(n-propyl) disulfide in 20 mL ether over a 20 min period at -

78°C. The reaction mixture was stirred for 3 h at room temperature, then refluxed for
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another 12 h. The workup is identical with that reported for 44, R-Et. The product
was obtained as a brown oil: yield 83%.

TH NMR (8 ppm), 4.31(m, 1H, H3, H4, Hs); 4.20(m, 4H, CsH4); 4.08(m, 2H,
Hs, H4_. Hs); 3.94(q, J=6.8 Hz, 1H, CH3CH); 2.80(m, 1H, SCH2); 2.62(m, 1H,
SCHa2); 2.52(m, 2H, SCH2); 2.10(s, 6H, NMe2); 1.58(m, 2H, BCH>); 1.51(m, 2H,
BCHo2); 1.30(d, J=6.8 Hz, 3H, CH3CH); 0.98(t, J=7.6 Hz, 3H, YCH3); 0.91(t, J=7.6
Hz, 3H, YCH3).

13C NMR (5 ppm, CD3COCD3), 95.0(s, C1); 82.2(s, C2); 82.1(s, C'1);
75.9(d, Ca, C4, Cs); 75.1(d, C'3, Cl4); 72.0(d, C12, Cl5); 71.9(d, Cl2, Cls);
69.9(d, C3, C4, Cs); 68.9(d, C3, C4, Cs); 56.3(d, CH3zCH); 39.9(q, NMe2); 39.4(t,
SCH2); 38.7(t, SCH2); 23.4(t, BCH2); 23.2(t, BCH2); 13.7(q, YCH3); 13.5(q, YCH3);
10.0(q, CH3CH).

MS m/e (relative intensity): 405(M+, 21), 390(M+-Me, 8), 360(M+-3Me,
100), 288(M+-S(C3H7)-NMez, 24), 242((CH)CsH3FeCsH4(SCH2), 64),
152(FeCsH4S, 30), 72(MeCHNMeg, 34), 56(Fe, 17), 44(NMe2, 36).

IR (neat, Csl) 3095 (ferrocene C-H stretch), 2960-2770 (alkyl C-H
stretch), 1455 (ferrocene antisymmetric C-C stretch), 1250, 1235 (C-N stretch),
826 (C-H bend perpendicular to the plane of the Cp ring), 655 (S-C stretch), 479
cm-1 (antisymmetric ring-metal stretch). Anal. Calcd. for CogH31S2NFe: C, 59.25; H,
7.71. Found: C, 59.31; H, 7.52.

(S.B)-1-[1-(Dimethylamino)ethyl]-2,1'-bis[(I-Propyl)thio]-
ferrocene (46, R=|-Pr)
The procedure was the same as for 45, R=n-Pr, except that 4.52 g (30.0 mmol)
of diisopropyl disulfide was used. The product was obtained as a brown oil: yield 80%.
TH NMR (3 ppm), 4.34(m, 1H, H3, Ha, Hs); 4.20(m, 4H, CsH4); 4.10(m, 2H,
H3, H4, Hs); 3.94(q, J=6.8 Hz, 1H, CH3CH); 3.20(h, 1H, SCH); 2.82(h, SCH);
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2.09(s, 6H, NMe2); 1.33(d, q=6.8 Hz, 3H, CH3CH); 1.19(d, J=6.9 Hz, 3H, BCH3);
1.17(d, 3H, BCH3); 1.12(d, 3H, BCH3); 1.09(d, 3H, BCH3).

13C NMR (5 ppm, CD3COCD3), 96.2(s, C1); 80.3(s, C2); 79.4(s, C'1);
77.6(d, Ca, C4, Cs); 76.9(d, C'3, C'4); 76.8(d, C'3, Cl4); 72.7(d, C'2, C's);
72.3(d, C'2, Cls5); 70.1(d, C3, C4, Cs); 69.1(d, C3, C4, Cs); 56.2(d, CH3CH);
39.8(q, NMa2); 39.4(d, SCH); 24.2(q, BCH3); 23.6(q, BCH3); 23.0(q, BCH3); 9.2(q,
CH3CH). |

MS m/e (relative intensity): 405(M*, 43), 390(M*-Me, 16), 360(M+-3Me,
100), -286(M*-S(C3H7)-NMe2, 15), 242((CH)CsH3FeCsH4(SCH2), 49),
152(FeCsH4S, 30), 72(MeCHNMe2, 25), 56(Fe, 19), 44(NMe2, 44).

IR (neat, KBr) 3095 (ferrocene C-H stretch), 2960-2775 (alkyl C-H
stretch), 1455 (ferrocene antisymmetric C-C stretch), 1265-1250 (C-N stretch),
826 (C-H bend perpendicular to the plane of the Cp ring), 635 (S-C stretch), 455
cm-1 (antisymmetric ring-metal stretch).

Anal. Caled. for CogH31SoNFe: C, 59.25; H, 7.71. Found: C, 59.53; H, 7.49.

(S,R)-1-[1-(Dimethylamino)ethyl]-2,1'-bis[(n-butyl)thio]ferrocene
(47, R=pn-Bu)

The amine (S)-12 (0.65 g, 2.55 mmol) was dissolved in 50 mL dry ether and
placed in a 100 mL round-bottomed Schienk flask equipped with a side arm and rubber
septum. The suspension was cooled to -78°C and while being stirred 1.5 mL (4.05
mmol) n-Buli was added dropwise yia a syringe. The orange suspension was allowed to
reach room temperature and stirred overnight. Then, to the reaction mixture was added
a mixture of freshly distilled TMEDA (0.45 g, 3.75 mmol) and n-BuLi (1.5 mL, 4.05
mmol) at -78°C. After being stirred for 8 more h at room temperature, dibutyl
disulfide (1.34 g, 7.5 mmol) was added dropwise via a syringe at -78°C. The solution

was allowed to reach room temperature and sitrrred under Ar for 30 h. The work-up is
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identical with that reported for 45(R=n-Pr). The product was obtained as a brown oil:
yield 75%.

TH NMR (5 ppm), 4.29(m, 1H, Ha, Ha, Hs); 4.16(m, 4H, CsHa); 4.07(m, 2H,
Hga, H4, Hs); 3.95(q, J=6.7 Hz, 1H, CH3CH); 2.84(m, 1H, SCH2); 2.61(m, 1H,
SCH2); 2.52(m, 1H, SCHg); 2.08(s, 6H, NME2); 1.51(m, 2H, BCH2); 1.47(m, BCH2);
1.45(m, 2H, yH); 1.40(m, 2H, yH); 1.34(d, J=6.7 Hz, 3H, CH3CH); 0.86(t, 3H,
8CH3); 0.82(t, 3H, 5CH3)

13C NMR (5 ppm, CD3COCD3), 95.2(s, C1); 82.5(s, C2); 82.1(s, C'1);
75.9(d, C3, Cs, Cs); 74.9(d, C'3, Cl4); 71.9(d, C'2, C's); 71.8(d, C'2, C's);
69.9(d, C3, C4, Cs); 68.8(d, C3, C4, Cs); 56.3(d, CH3CH); 39.8(q, NMa2); 39.0(t,
SCHo); 36.3(t, SCH2); 32.2(t, BCH3); 22.3(t, YCH3); 22.0(t, YCH3); 13.8(q, 8CH3);
9.8(q, CH3CH).

MS m/e (relative intensity): 433(M*, 14), 418(M+-Me, 5), 388(M*+-3Me,
100), 300(M+-S(C4Hg)-NMez, 11), 242((CH)CsH3FeCsH4(SCH2), 52),
152(FeCsH4S, 25), 72(MeCHNMe2, 17), 56(Fe, 12), 44(NMep, 14)

IR (neat, Csl) 3095 (ferrocene C-H stretch), 2955-2775 (alkyl C-H
stretch), 1455 (ferrocene antisymmetric C-C stretch), 1272, 1249 (C-N stretch),
828 (C-H bend perpendicular to the plane of the Cp ring), 655 (S-C stretch), 479
cm-1 (antisymmetric ring-metal stretch).

Anal. Calcd. for CooH3sSoNFe: C, 60.96; H, 8.14. Found: C, 60.35; H, 7.93.

(SL,BR)-1-[1-(Dimethylamino)ethyl]-2,1'-bis[(sec-butyl)thio]-
ferrocene (48, R=gsec-Bu)

The procedure waé the same as for 47 except 1.34 g (7.45 mmol) of di(sec-
butyl) disulfide was used. Product was obtained as a brown oil: yield 73%.

TH NMR (3 ppm), 4.34(m, 1H, H3, Ha, Hs); 4.29(m, 4H, CsH4); 4.10(m, 2H,
H3, H4, Hs); 3.98(q, J=6.8 Hz, 1H, CH3CH); 3.04(m, 1H, SCH2); 2.58(m, 1H,
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SCH32); 2.07(s, 6H, NMe2); 1.52(m, 2H, BCH2); 1.48(m, 2H, BCH2); 1.36(d, J=6.8
Hz, 3H, CH3CH); 1.15(d, J=6.9 Hz, 3H, BCH3); 1.12(d, 3H, BCH3); 0.95(t, 3H,
yCH3); 0.90(t, 3H, YCH3).

13C NMR (5 ppm, CD3COCD3), 96.3(s, C1); 80.9(s, C2); 80.1(s, C'1);
77.9(d, Ca, Ca. Cs); 77.4(d, C'3, C'4); 77.2(d, C'3, Cq); 73.2(d, G2, Cls);
72.6(d, C'2, C's); 70.2(d, C3, C4, Cs); 69.5(d, C3, Cs, Cs); 56.3(d, CH3CH);
46.4(d, SCH); 46.2(d, SCH); 40.1(q, NMe2); 30.3(t, BCH2); 30.1(t, BCH2); 22.2(q,
BCH3); 21.2(q, BCH3); 12.6(q, YCH3); 12.2(q, YCH3), 9.5(q. CH3CH).

MS m/e (relative intensity): 433(M*, 100), 418(M*-Me, 38), 388(M*-
3Me, 68), 300(M*+-SC4Hg-NMe2, 29), 242((CH)CsH3FeCsH4(SCH2), 22),
152(FeCsHsS, 14), 72(MeCHNMey, 30), 56(Fe, 7), 44(NMey, 4)

IR (neat, Csl) 3092 (ferrocene C-H stretch), 2960-2775 (alkyl C-H
stretch), 1452 (ferrocene antisymmetric C-C stretch), 1265, 1249 (C-N stretch),
829 (C-H bend perpendicular to the plane of the Cp ring), 690 (S-C stretch), 450
cm-1 (antisymmetric ring-metal stretch).

" Anal. Calcd. for CooH3sSoNFe: C, 60.96; H, 8.14. Found: C, 61.13; H, 8.37.

(S.BR)-1-[1-(Dimethylamino)ethyl]-2,1'-bis[(i-butyl)thiolferrocene
(49, R=i-Bu)

The procedure was the same as for 47 except 1.34 g (7.45 mmol) of di(t-butyl)
disulfide was used. Product was obtained as a brown oil: yield 55%.

TH NMR (5 ppm), 4.24(m, 1H, Hgz, Ha, Hs); 4.19(m, 4H, CsHg4); 4.13(m, 2H,
Hga, H4, Hs); 3.89(q, J=6.9 Hz, 1H, CH3CH); 2.09(s, 6H, NMe2); 1.30(d, J=6.9 Hz,
3H, CH3CH); 1.22(s, 18H, BCH3).

13C NMR (5 ppm, CD3COCD3), 89.5(s, C1); 77.6(s, C2); 77.5(s, C'1);
71.5(d, Ca, Ca, Cs); 71.2(d, Cl3, C'4); 69.5(d, C'2, C's); 69.4(d, C'2, Cls);
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69.2(d, C3, C4, Cs); 68.6(d, C3, C4, Cs); 58.6(d, CHaCH); 44.6(s, SCMe3); 40.7(q,
NMez); 31.1(q, BCH3); 15.8(q, CH3CH).

MS m/e (relative intensity): 433(M*+, 69), 418(M+-Me, 45), 388(M+*+-3Me,
96), 300(M*-SC4Hg-NMe2, 30), 244 (100), 242((CH)CsH3FeCsH4(SCH2), 23),
152(FeCsH4S, 19), 72(MeCHNMe2, 7), 56(Fe, 20), 44(NMe2, 28)

IR (neat, Csl) 3082 (ferrocene C-H stretch), 2963-2767 (alkyl C-H
stretch), 1453 (ferrocene antisymmetric C-C stretch), 1262, 1251 (C-N stretch),
828 (C-H bend perpendicular to the plane of the Cp ring), 645 (S-C stretch), 462
cm-1 (antisymmetric ring-metal stretch).

Anal. Calcd. for CaoH3sNFeS2: C, 60.95; H, 8.14. Found: C, 61.71; H, 8.16.

(S, B)-1-[1-(Dimethylamino)ethyl]-2,1'-bis[(l-pentyl)thio]ferrocene
(50, R=]|-Pent)

A 2.7 M solution of n-Bull in hexane (3 mL, 8.1 mmol) was added over a 30 min
period to a solution of S-12 amine (1.3 g, 5.1 mmol) in 50 mL of dry ether under
argon in a 250 mL round-bottomed Schlenk flask equipped with a magnetic stirring bar
at -78°C. The suspension was stirred overnight at room temperature under Ar, and then
a mixture of freshly distiled TMEDA (0.9 g, 7.5 mmol) and p-BuLi (3.0 mL, 8.1
mmol) was added yia syringe at -78°C. After being stirred for one h, the reaction
mixture was warmed to room temperature and sitrred for 8 h. Then di(isopentyl)
disulfide (3.10 g, 15 mmol) was added by syringe at -78°C and stirred for 36 more h.
The mixture was slowly added to NaHCO3(aq) and was cooled in an ice bath, and the
cloudy solution was filtered. The resulting organic layer and ether extracts from the
aqueous layer was combined, washed with ice water, dried over anhydrous NasS0Og4, and
concentrated in vacuo to afford a dark brown oil that was chromatographed on a silica gel
column by gradient elution (hexane/ether). The product was obtained as a brown oil:

yield 76%.
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TH NMR (5 ppm), 4.26(m, 1H, Hs, H4, Hs); 4.19(m, 4H, CsHg4); 4.06(m, 2H,
Hga, H4, Hs); 3.95(q, J=6.6 Hz, 1H, CH3CH); 2.80(m, 1H, SCH2); 2.76(m, 1H,
SCH2); 2.60(m, 2H, SCH2); 2.55(m, 2H, BCH2); 2.53(m, 2H, BCH2); 2.08(s, 6H,
NMe2); 1.62(m, 1H, YCH); 1.40(m, 1H, YCH); 1.32(d, J=6.6 Hz, 3H, CH3CH);
0.85(d, 3H, 8H); 0.83(d, 3H, &H); 0.81(d, 3H, §H); 0.79(d, 3H, &H).

13C NMR (5 ppm, CD3COCD3), 95.1(s, C1); 82.6(s, C2); 82.0(s, C11);
76.1(d, Cs, Ca, Cs); 74.9(d, C'3, Cl4); 71.9(d, C'2, C's); 71.8(d, C'2, Cls);
69.7(d, Cg3, C4, Cs); 68.9(d, C3, C4, Cs); 56.3(d, CH3CH); 39.9(q, NMe2); 39.3(t,
SCH2); 35.4(1, BCH2); 34.7(t, BCH2); 27.8(d, YCH); 27.5(d, YCH); 22.7(q, 8CH3),
22.5(q, 3CH3); 22.4(q, 8CH3); 9.7(q, CH3CH).

MS m/e (relative intensity): 461(M*, 29), 446(M*-Me, 10), 416(M*+-3Me,
96), 314(M+-SCsH11-NMey, 18), 242((CH)CsH3FeCsH4(SCH32), 67),
152(FeCsH4S, 32), 72(MeCHNMe2, 35), 56(Fe, 16), 44(NMe2, 49)

IR (neat, Csl) 3095 (ferrocene C-H stretch), 2955-2778 (alkyl C-H
stretch), 1460 (ferrocene antisymmetric C-C stretch), 1278, 1268 (C-N stretch),
829 (C-H bend perpendicular to the plane of the Cp ring), 652 (S-C stretch), 500
cm-1 (antisymmetric ring-metal stretch).

Anal. Calcd. for Co4H39S2oNFe: C, 62.46; H, 8.52. Found: C, 62.18; H, 8.13.

(S_,B_)-1-[1-(Dlmethylamlno)ethyl]-2.1 ‘-bis(Phenylthio)ferrocene
(51, R=Ph)

_ A hexane solution of n-BuLi (2.7 M, 2.0 mL, 5.4 mmol) was added to a solution
of 0.87 g (3.4 mmol) (S)-12 in 75 mL of dry ether at -78°C over a period of 30 min.
The suspension was stirred for 12 h at 25°C then cooled to -78°C and a mixture of
freshly distilled TMEDA (0.6 g, 5 mmol) and pn-BuLi (2.0 mL, 5.4 mmol) was added
dropwise over a 30 min period. The reaction mixture was stirred under Ar for 8 h and

then diphenyl! disulfide (2.19 g, 10 mmol) dissolved in 30 mL warm ether, was added
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dropwise yia cannula to the orange suspension at -78°C. The reaction mixture was
stired under Ar for 30 h at 25°C and filtered. The filtrate was washed with H20, and
the organic layer was separated and evaporated to give a brown oil. The oil was separated
on a silica gel column by gradient elution (hexane/ether). The product was obtained as
yellow crystals upon recrystallization from hexane/CH2Cl2: yield 80%.

TH NMR (3 ppm), 7.05-7.20(m, 10H, CgHs); 4.60(m, 1H, Ha, Ha, Hs);
4.41(m, 4H, CsHy); 4.36(m, 2H, H3, H4, Hs); 3.90(q, J=6.9 Hz, 1H, CH3CH);
1.93(s, 6H,NMe2); 1.42 (d, J=6.9 Hz, 3H, CH3CH).

13C NMR (5 ppm, CD3COCD3), 141.5(s, substituted Ph C); 129.5(d, meta Ph
C); 128.9(d, meta Ph C); 127.8(d, ortho Ph C); 126.8(d, ortho Ph C); 125.8(d, para
Ph C); 125.6(d, para Ph C); 96.5(s, C1); 79.3(s, C2); 79.0(s, C'4); 78.0(d, C3, Cg4,
Cs); 77.4(d, Cl3, Cl4); 73.8(d, C'2, C's); 73.6(d, C'2, C's); 70.8(d, Ca, C4, Cs);
70.5(d, C3, C4, Cs); 56.3(d, CH3CH); 40.1(q, NMe2); 11.9(q, CH3CH).

MS m/e (relative intensity): 473(M*, 22), 458(M*-Me, 10), 428(M*-3Me,
30), 402(M*-CHMeNMey, 7), 320(M+-NMe2-SPh, 35), 72(CHMeNMe2, 100),
56(Fe, 52), 44(NMes,, 47).

IR (Nujol, KBr) 3100 (ferrocene C-H stretch), 3065-3040 (phenyl C-H
stretch), 2955-2755 (alkyl C-H stretch), 1462 (ferrocene antisymmetric C-C
stretch), 1267, 1248 (C-N stretch), 849 (C-H bend perpendicular to the plane of the
Cp ring), 475 cm-! (antisymmetric ring-metal stretch).

Anal. Calcd. for C2gH27S2NFe: C, 65.96; H, 5.75. Found: C, 65.74; H, 5.92.

(S.BR)-1-[1-(Dimethylamino)ethyi]-2,1'-bis(benzylthio)]ferrocene
(52, R=B2z)

The same procedure as 51 was followed except (2.47 g, 10 mmol) of dibenzyl
disulfide was used. The product was obtained as a brown oil: yield 52%.
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TH NMR (5 ppm), 7.13-7.27(m, 10H, Ph); 4.13-4.38(m, 7H, CsHg4, CsH3);
4.01(q, J=6.8 Hz, 1H, CH3CH); 3.90(d, 1H, SCH2); 3.85(d, 1H, SCH»2); 3.82(s, 2H,
SCH3); 2.14(s, 6H, NMe2); 1.37(d, J=6.8 Hz, 3H, CH3CH).

13C NMR (5 ppm, CD3COCD3), 140.1(s, substituted Ph C); 129.8(d, meta Ph
C); 129.7(d, meta Ph C); 129.0(d, ortho Ph C); 128.8(d, ortho Ph C); 127.7(d, para
Ph C); 127.4(d, para Ph C); 96.3(s,C1); 82.3(s, C2); 81.0(s, C'1); 77.6(d, C3, Cg,
Cs); 76.6(d, C'3, Cly); 75.5(d, C'3, Cl4); 72.0(d, C'2, Cls); 71.9(d, C', Cls);
70.1(d, C3, C4, Cs); 69.1(d, C3, C4, Cs); 56.5(d, CH3CH); 42.0(t, SCH2); 41.5(t,
SCH2); 40.1(q, NMe2); 9.08(q, CH3CH).

MS m/e (relative intensity): 501(M*, 14), 468(M*+-Me, 6), 458(M+-3Me,
3), 430(M*-CH(Me)NMe2, 16), 72(CHMeNMe2, 95), 56(Fe, 35), 44(NMeo, 23).

IR (neat, KBr) 3085 (ferrocene C-H stretch), 3062-3020 (aryl C-H
stretch), 2955-2780 (alkyl C-H stretch), 1455 (ferrocene antisymmetric C-C
stretch), 1260, 1245 (C-N stretch), 820 (C-H bend perpendicular to the plane of the

Cp ring), 675(S-C stretch), 470 cm-! (antisymmetric ring-metal stretch).

(S,B)-1-[1-(Dimethylamino)ethyl]-2,1'-bis[(4-tolyl)thio]ferrocene
(53, R=4-tolyl)

The procedure for 51 was repeated except 2.47 g (15 mmol) of di(4-tolyl)
disulfide was used. After two recrystallizations from hexane/CH2Cla, the product was
obtained as yellow crystals: yield 75%, mp 86-87°C.

TH NMR (5 ppm), 6.95-7.13(m, 8H, Ph); 4.55(m, 1H, Hs, Ha, Hs); 4.40(m,
4H, CsHg4); 4.30(m, 2H, H3, H4, Hs); 3.91(q, J=6.8 Hz, 1H, CH3CH); 2.24(s, 6H,
Ph-CH3); 1.95(s, 6H, NMe2); 1.48(d, J=6.8 Hz, 3H, CH3CH).

13C NMR (5 ppm, CD3COCD3), 136.8(s, substituted Ph C); 136.0(d, para Ph
C); 135.3(s, para Ph C); 130.0(d, meta Ph C); 129.8(d, metal Ph C); 127.8(d, ortho
Ph C); 127.3(d, ortho Ph C); 95.4(s,C1); 79.7(s, C2); 79.1(s, C'14); 77.7(d, Cg, Cs,
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Cs); 77.2(d, C'3, Cl4); 73.6(d, C'2, C's); 73.4(d, C'2, C's); 70.6(d, C3, C4, Cs);
70.4(d, Ca, Cs, Cs); 56.9(d, CH3CH); 45.4(q, NMe3); 20.9(q, CH3Ph); 12.3(q,
CHaCH).

MS m/e (relative intensity): 501(M*, 19), 786(M*-Me, 7), 456(M*-3Me,
100), 179(42), 153(54), 121(31), 72(CHMeNMe2, 94), 56(Fe, 50), 44(NMea,
71).

IR (Nujol, KBr) 3100 (ferrocene C-H stretch), 3085-3045 (phenyl C-H
stretch), 2980-2741 (alkyll C-H stretch), 1460 (ferrocene antisymmetric C-C
stretch), 1260, 1235 (C-N stretch), 811 (C-H bend perpendicular to the plane of the
Cp ring), 470 cm-! (antisymmetric ring-metal stretch).

Anal. Calcd. for CogH31SoNFe: C, 67.06; H, 6.27. Found: C, 67.20; H, 6.20.

(S,R)-1-[1-(Dimethylamino)ethyi]-2,1'-bis[(4-CI-Ph)thlo]-
ferrocene (54, R=4-CI-Ph)

The same procedure as 51 was followed except 2.88 g (10 mmol) of bis(4-Cl-
Ph) disulfide was used. Upon recrystallization from hexane/CH2Cl2, the product was
obtained as yellow crystals: yield 81%, mp 114-116°C.

'H NMR (5 ppm), 6.98-7.11(m, 8H, Ph); 4.56(m, 1H, Ha, Hg, Hs); 4.42(m,
4H, CsHg); 4.35(m, 2H, H3, H4, Hs); 3.92(q, J=6.8 Hz, 1H, CH3CH); 1.97(s, 6H,
NMe2); 1.42(d, J=6.8 Hz, 3H, CH3CH).

13C NMR (3 ppm, CD3COCD3), 139.9(s, substituted Ph C); 131.1(d, meta Ph
C); 130.8(d, meta Ph C); 129.5(s, para Ph C); 129.2(s, para Ph C); 128.8(d, ortho
Ph C); 128.2(d, ortho Ph C); 96.4(s, C1); 79.4(s, C'4, C2); 78.1(d, C3, Ca, Cs);
77.4(d, Cl3, Cl4); 74.0(d, C13, Cls); 73.8(d, C12, Cls); 71.0(d, C3, C4, Cs);
70.7(d, C3, C4, Cs); 56.3(d, CHaCH); 39.9(q, NMe2); 10.8(q, CHCH3).
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MS m/e (relative intensity): 543(M*, 16), 541(16), 528(M*-Me, 5),
526(9), 498(M+-3Me, 5), 496(6), 72(CHMeNMe2, 100), 56(Fe, 13), 44(NMey,
14).

IR (Nujol, KBr) 3100 (ferrocene C-H stretch), 3085-3045 (aryl C-H
stretch), 2980-2740 (alkyl C-H stretch), 1460 (ferrocene antisymmetric C-C
stretch), 1260, 1235 (C-N stretch), 811 (C-H bend perpendicular to the plane of the
Cp ring), 470 cm-! (antisymmetric ring-metal stretch).

Anal. Calcd. for CogH25SaNFeCla: C, 57.59; H, 4.65. Found: C, 57.47; H, 4.60.

(S.B)-1-[1-(Dimethylamino)ethyl]-2,1'-bis(methyiseleno)ferrocene
(55, R=Me)

A 2.7 M solution of n-Buli in hexane (3.0 mL, 8.1 mmol) was addedto a 1.3 g
(5.1 mmol) (S)[-1-(Dimethylamino)ethyl]ferrocene in 100 mL dry ether at -78°C
under Ar. The orange suépension was warmed to room temperature and stirred for 8 h.
Then, a solution of freshly distilled TMEDA (0.9 g, 7.5 mmol) and p-Buli (3 mL, 8.1
mmol) was added to the reaction mixture at -78°C. After being stirred overnight at
room temperature, to the reaction mixture was added dropwise a solution of dimethyl
diselenide (2.82 g, 15 mmol) in 20 mL ether over a 20 min period at -78°C. The
reaction mixture was sitrred for 12 h at room temperature under Ar. After being
refluxed for 24 h, the reaction mixture was cooled and then 30 mL of saturated aqueous
NaHCO3 was added. The resuiting organic layer and ether extracts from the aqueous
layer were combined, washed twice with ice water, dried over anhydrous NaxSQO4, and
evaporated to give a dark oily residue. The oil was chromatographed on silica gel by
eluting first with hexane and then with CH2Cl2 to give a brown oil: yield 82%.

TH NMR (3 ppm), 4.24(m, 1H, H3, Ha, Hs); 4.17(m, 4H, CsHg4); 4.07(m, 2H,
H3, H4, Hs); 3.96(q, J=6.8 Hz, 1H, CH3CH); 2.12(s, 3H, SeCHg); 2.11(s, 3H,
SeCHg); 2.07(s, 6H, NMep); 1.33(d, J=6.8 Hz, 3H, CH3CH).
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13C NMR (5 ppm, CD3COCD3), 94.4(s,C1); 77.1(s, C2, C'1); 75.0(d, C3, Ca);
74.2(d, Ca, C4, C5); 71.9(d, C'2, C's5); 71.6(d, C'2, C's); 68.7(d, C3, C4, Cs);
68.7(d, Ca, Cs, Cs); 59.1(d, CHaCH); 39.8(q. NMegz); 10.2(q, CHC); 9.32(q, SeCH3);
8.62(q, SeCHg3).

MS m/e (relative intensity): 443(M*, 27), 441(11), 428(M+-Me, 6),
398(M+*-3Me, 24), 397(14), 396(15), 349(M*-SeMe, 8), 305(M*-SeMe-NMe2,
11), 304(28), 212(26), 149(23), 72(CHMeNMe2, 42), 56(Fe, 50), 44(NMe2,
34).

IR (neat, Csl) 3078 (ferrocene C-H stretch), 2961-2765 (alkyl C-H
stretch), 1449 (ferrocene antisymmetric C-C stretch), 1265, 1240 (C-N stretch),
820 (C-H bend perpendicular to the plane of the Cp ring), 511 (Se-C stretch), 470

cm-1 (antisymmetric ring-metal stretch).

Anal. Caicd. for C1gH23SeaFeN: C, 43.37; H, 5.23. Found: C, 43.51; H, 5.23.

(5_,3_)-1-[1-(Dlmethylamlnoiethyl]-2,1 ‘-bis(phenyliseleno)ferrocene
(56, R=Ph)

A hexane solution-of n-BulLi (2.7 M, 3 mL, 8.1 mmol) was added to a solution of
1.3 g (5.1 mmol) S-(12) in 100 mL of dry ether at -78°C over a period of 30 min.
The suspension was stirred for 12 h at 25°C and cooled to -78°C, and then a mixture of
freshly distilled TMEDA (0.9 g, 7.5 mmol) and n-BuLi (3.0 mL, 8.1 mmol) was added
via a syringe. The reaction mixture was stirred under Ar overnight and then 4.86 g (15
mmol) of diphenyl diselenide in 40 mL dry ether was added through a cannula at -78°C
over a period of 30 min. The reaction mixture was stirred under Ar for 30 h and then
refluxed for 10 more h. Upon cooling, saturated aqueous NaHCOg3 was added and the
resulting organic layer and ether extracts of aqueous layer were combined. After drying

and evaporation of solvent, the resulting product mixture was chromatographed on a
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silica gel column (hexane/ether). The product was obtained as yellow crystals upon
recrystallization from CHaClo/hexane: yield 76%, mp 57-58°C.

TH NMR (5 ppm), 7.11-7.36(m, 10H, Ph); 4.50(m, 1H, Hs, Ha, Hs);
4.34(m, 4H, CsHg4); 4.26(m, 2H, Ha, H4, Hs); 3.92(q, J=6.7 Hz, 1H, CH3CH);
1.96(s, 6H, NMe2); 1.44(d, J=6.7 Hz, 3H, CH3CH).

13C NMR (5 ppm, CD3COCD3), 135.0(s, substituted Ph ); 130.8(d, meta Ph C);
129.9(d, ortho Ph C); 128.8(d, para F;h C); 126.7(d, para Ph C); 95.8(s,C1);
80.7(s, C2); 79.6(s, C'1); 78.4(d, Ca, C4, Cs); 78.2(d, C'3, C'4); 78.0(C'3, Cl4);
73.9(d, C'2, C's); 73.7(d, C'2, C's); 70.8(d, C3, Ca. Cs); 70.1(d, C3, Ca, Cs);
56.9(d, CH3CH); 40.9(q, NMe2); 11.8(q, CHCH3).

MS m/e (relative intensity): 569(M*, 2), 567(2), 368(M*-SePh, 3),
167(10), 166(24), 165(65), 153(28), 152(42), 72(CHMeNMep, 52), 56(Fe,
56), 44(NMe2, 100).

IR (Nujol, KBr) 3092 (ferrocene C-H stretch), 3072-2041 (phenyl C-H
stretch), 2965-2765(alkyl C-H stretch), 1447 (ferrocene antisymmetric C-C
stretch), 1260, 1241 (C-N stretch), 828 (C-H bend perpendicular to the plane of the
Cp ring), 540 (Se-C stretch), 510 cm-! (antisymmetric ring-metal stretch).

Anal. Qalcd. for CogH27SeoNFe: C, 55.05; H, 4.80. Found: C, 54.19; H, 4.74.

(S.B)-1-[1-(Dimethylamino)ethyl]-2,1'-bis[(4-CI-Ph)-
seleno]lferrocene (57, R=4-CI-Ph)

The same pr’ocedure for 56 was followed except 5.72 g, 15 mmol of bis(4-Cl-
Ph) diselenide was used. The product after two recrystallizations from CH2Clao/hexane
was obtained as yellow crystals: yield 65%, mp 92-93°C.

TH NMR (5 ppm), 7.14-7.35(m, 8H, Ph); 4.63(m, 1H, Hg, Hs, Hs); 4.38(m,
4H, CsHa); 4.29(m, 2H, H3, H4, Hs); 3.92(q, J=6.8 Hz, 1H, CH3CH); 1.97(s, 6H,
NMeg); 1.39(d, J=6.8 Hz, 3H, CH3CH).
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13C NMR (5 ppm, CD3COCD3), 134.6(s, substituted Ph); 132.8(s, para Ph C);
132.4(d, meta Ph C); 132.3(d, meta Ph C); 129.8(d, ortho Ph C); 129.2(d, ortho Ph
C); 96.1(s,C1); 78.3(d, Ca, C4, Cs); 78.2(d, C'3, Cl4); 73.8(d, C'2, Cls); 70.9(d,
Ca, C4, Cs); 70.5(d, C3, C4, Cs); 57.4(d, CH3CH); 39.9(q, NMe2); 10.8(q, CHCH3).

MS m/e (relative intensity): 637(M*, 5), 635(6), 592(M*-3Me, 42),
590(51), 402(M*-NMe2-Se(PhCl), 9), 72(CHMeNMe2, 68), 56(Fe, 23),
44(NMe2, 100).

IR (Nujol KBr) 3105 (ferrocene C-H stretch), 3080-3030 (aryl C-H
stretch), 2955-2765(alkyl C-H stretch), 1447 (ferrocene antisymmetric C-C
stretch), 1265, 1241 (C-N stretch), 817 (C-H bend perpendicular to the plane of the
Cp ring), 511 (Se-C stretch), 470 cm-! (antisymmetric ring-metal stretch).

Anal. Calcd. for CogH25SeaNFeCla: C, 49.09; H, 3.96. Found: C, 49.61; H,
3.99.

1-[(Dimethylamino)methyl]-2,1'-bis(methyithio)ferrocene (58,
R=Me)

A 2.7 M solution of p-Buli in hexane (4.0 mL, 10.8 mmol) was added to a 10
mmol solution of [(dimethylamino)ethyl]ferrocene (2.43 g) in 100 mL dry ether at
-78°C under Ar. The orange suspension was warmed to room temperature and stirred
for 8 h. Then, a solution of freshly distilled TMEDA (1.20 mL, 10.0 mmol) and n-BulLi
(4.0 mL, 10.8 mmol) was added to the reaction mixture at -78°C. After being stirred
overnight at room temperature, to the reaction mixture was added dropwise a solution of
dimethy! disulfide (2.83 g, 30 mmol) in 20 mL dry ether over a 20 min period at 78°C.
The reaction mixture was stirred for 3 h at room temperature, then refluxed for
another 12 h. Then, it was hydrolyzed with a cold saturated aqueous NaHCO3 solution
(40 mL). The resulting organic layer and ether extracts from the aqueous layer were

combined, washed with ice water, dried over anhydrous NasSO4, and concentrated in
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vacuum to give a dark oily residue which was chromatographed on a silica gel column by
gradient elution (hexane/ether). The product was obtained as a brown oil: yield 92%.

TH NMR (5 ppm), 4.28(m, 1H, H3, H4, Hs); 4.18(m, 4H, CsHg4); 4.09(m, 2H,
Ha, H4, Hs); 3.55(d, J=12.1 Hz, 1H, CH2N); 3.24(d, J=12.1 Hz, 1H, CH2N); 2.26(s,
3H, SCH3); 2.25(s, 3H, SCHS): 2.18(s, 6H, NMe2).

13C NMR (3 ppm, CD3COCD3), 88.2(s, C1); 86.4(s, C2); 85.6(s, C'1);
73.4(d, Cl3, Cl4); 72.9(d, C'3, Cl4); 72.4(d, C3, C4, Cs); 72.3(d, Csa, C4, Cs);
71.1(d, Cl2, Cls); 71.0(d, C'2, C's); 69.2(d, Ca, C4, Cs); 57.4(t, CHNMe3);
45.4(q, NMe2); 20.0(q, SCH3); 19.3(q, SCH3).

MS m/e (relative intensity): 335(M*, 100), 320(M+*-Me, 5), 286(M*-
SCHg3, 6), 244(M*-NMe2-SCH3, 17), 230(M+-NMeo(CH3)-SCH3, 10), 213(13),
164(22), 152(30), 56(Fe, 47), 44(NMe2, 32).

IR (neat Csl) 3097 (ferrocene C-H stretch), 2925-2762 (alkyl C-H stretch),
1420 (ferrocene antisymmetric C-C stretch), 1269, 1259 (C-N stretch), 819 (C-H
bend perpendicular to the plane of the Cp ring), 640 (S-C stretch), 480 cm-1
(antisymmetric ring-metal stretch).

Anal. Calcd. for C15H21SoNFe: C, 53.73; H, 6.31. Found: C, 54.14; H, 6.23.

1-[(Dimethylamino)methyl]-2,1'-bis(ethylithio)ferrocene (59, R=Et)
Procedure was the same as 58 except 3.67 g (30 mmol) diethyl disulfide was
used. The product was obtained as a brown oil.
TH NMR (5 ppm), 4.29(m, 1H, Ha, H4, Hs); 4.16(m, 4H, CsHy4); 4.10(m, 2H,
Hga, Hg4, Hs); 3.55(d,1H, CH2N); 3.20(d, CH2N); 2.64(m, 1H, SCH3); 2.60(m, 1H,
SCH2); 2.53(q, 2H, SCHy); 2.16(s, 6H NMey); 1.19(t, 3H, BCH3); 1.12(t, 3H, BCH3).
13C NMR (5 ppm, CD3COCD3), 89.5(s, C1); 82.9(s, C2); 82.7(s, C4);
76.3(d, C'3, Cl4); 76.0(d, C'3, Cly4); 75.4(d, C3, C4, Cs); 73.8(d, C3, C4, Cs);
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72.4(d, C'2, C's); 72.0(d, C'2, C's); 70.0(d, Ca, Ca, Cs); 58.0(t, CHaNMe3);
48.8(q, NMe2); 31.9(t, SCH2); 31.3(t, SCH2); 15.7(q, BCH3); 15.5(q, BCH3).

MS m/e (relative intensity): 363(M+, 100), 348(M*-Me, 5), 334(M+-Et,
7), 318(M+-3Me, 16), 302(M+-SC2Hs, 38), 286(23), 258(M+-NMe2-SCaHs,
12), 230(17), 165(8), 152(19), 121(23), 97(20), 58(31), 56(Fe, 19),
44(NMe2, 31).

IR (neat, Csl) 3095 (ferrocene C-H stretch), 2972-2763 (alkyl C-H
stretch), 1430 (ferrocene antisymmetric C-C stretch), 1260, 1249 (C-N stretch),
828 (C-H bend perpendicular to the plane of the Cp ring), 630 (S-C stretch), 482
cm-1 (antisymmetric ring-metal stretch).

Anal. Calcd. for C17H25SoNFe: C, 56.19; H, 6.93. Found: C, 56.48; H, 6.93.

1-[(Dimethylamino)methyl]-2,1'-bis[(n-propyl)thiolferrocene (60,
R=n-Pr)

Procedure was the same as 58 except 4.51 g (30 mmol) di(n-propyl) disulfide
was used. The product was obtained as a brown oil: yield 82%.

TH NMR (5 ppm), 4.27(m, 1H, Hs, Hg, Hs); 4.17(m, 4H, CsHg4); 4.08(m, 2H,
Ha, Ha, Hs); 3.55(d, J=12.7 Hz, 1H, CHoN); 3.21(d, J=12.7 Hz, 1H, CHoN); 2.64(m,
1H, SCH2); 2.56(m, 1H, SCH2); 2.50(m, 2H, SCH2); 2.17(s, 6H NMe32); 1.56(m, 2H,
BCH2); 1.46(m, 2H, BCH2); 0.95(t, 3H, YCH3); 0.88(t, 3H, YCH3).

13C NMR (5 ppm, CD3COCD3), 89.1(s, C1); 82.9(s, C2); 82.8(s, C11);
75.7(d, C'3, Cl4); 75.3(d, C'3, C'4); 74.8(d, C3, Ca, Cs); 73.3(d, Ca, C4, Cs);
71.9(d, Cl2, Cls); 71.6(d, C12, C's); 69.5(d, C3, C4, Cs); 57.5(t, CHoNMe3);
45.5(q, NMe2); 39.4(t, SCH2); 39.1(t, SCH2); 23.5(t, BCH2); 23.4(t, BCH2);
13.6(q, YCH3); 13.5(q, YCH3).
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MS m/e (relative intensity): 391(M+*, 100), 376(M+-Me, 3), 346(M+-3Me,
18), 316(M*-S(n-Pr), 37), 272(M*-NMe2-S(n-Pr), 12), 164(13), 152(17),
58(40), 56(Fe, 17), 44(NMe2, 28).

IR (neat, Csl) 3095 (ferrocene C-H stretch), 2962-2764 (alkyl C-H
stretch), 1448 (ferrocene antisymmetric C-C stretch), 1260, 1240 (C-N stretch),
829 (C-H bend perpendicular to the plane of the Cp ring), 649 (S-C stretch), 481
cm-1 (antisymmetric ring-metal stretch).

Anal. Calcd. for C1gH29S2NFe: C, 5§8.30; H, 7.47. Found: C, 58.48; H, 7.53.

1-[(DImethylamlno)methyl]-2,1'-bls[(l-propyl)thlo]forroceno (61,
R=l-Pr)

The procedure for 58 was followed except 4.51 g (30 mmol) of di(isopropyl)
disulfide was used. Product was obtained as a brown oil: yield 81%.

TH NMR (5 ppm), 4.32(m, 1H, Hg3, Hg4, Hs); 4.19(m, 4H, CsHg4); 4.09(m, 2H,
Ha, H4, Hs); 3.57(d, J=12.8 Hz, 1H, CH2N); 3.17(d, J=12.8 Hz, 1H, CH2N); 3.01(h,
1H, SCH); 2.81(h, 1H, SCH); 2.16(s, 6H, NMe2); 1.18(d, J=8.8 Hz, 3H, BCH3);
1.14(d, J=6.8 Hz, BCh3); 1.10(d, J=8.8 Hz, 3H BCH3z); 1.07(d, J=6.8 Hz, 3H, BCH3).

13C NMR (5 ppm, CD3COCD3), 89.5(s, C1); 80.6(s, C2); 79.2(d, C14);
76.8(d, C'3, C'4); 76.6(d, C'3, C'4); 76.1(d, C3, C4, Cs); 73.2(d, C3, Ca, Cs);
72.1(d, C'2, Cls); 71.7(d, C'2, C's); 69.3(d, C3, C4, Cs); 57.1(t, CHoNMe);
45.2(q, NMe2); 39.4(d, SCH»2); 39.3(d, SCH); 23.7(q, BCHa3); 23.2(q, BCH3);
22.8(q, BCHa).

MS m/e (relative intensity): 391(M*, 100), 376(M+-Me, 6), 346(M*-3Me,
24), 316(M*-S(i-Pr), 39), 304(21), 272(M+*-NMe2-S(j-Pr), 12), 230(10),
195(13), 164(15), 121(20), 56(Fe, 19), 44(NMez, 21).

IR (neat, Csl) 3097 (ferrocene C-H stretch), 2960-2765 (alkyl C-H
stretch), 1449 (ferrocene antisymmetric C-C stretch), 1260, 1241 (C-N stretch),
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835 (C-H bend perpendicular to the plane of the Cp ring), 652 (S-C stretch), 485

cm-! (antisymmetric ring-metal stretch).

Anal. Calcd. for C1gH2gS2NFe: C, 58.30; H, 7.47. Found: C, 58.54; H, 7.44.

1-[(Dimethylamino)methyl]-2,1'-bis[(n-butyl)thio]ferrocene (62,
R=n-Bu)

The procedure for 58 was followed except 5.35 g (30 mmol) di(n-butyl)
disulfide was used. The product was obtained as a brown oil: yield 75%.

TH NMR (3 ppm), 4.29(m, 1H, H3, Hg, Hs); 4.15(m, 4H, CsHg4); 4.08(m, 2H,
Ha, H4, Hs); 3.56(d, J=12.7 Hz, 1H, CH2N); 3.20(d, J=12.7 Hz, d, 1H, CH2N);
2.66(m, 1H, SCH2); 2.60(m, 1H, SCH2); 2.53(m, 2H, SCH2); 2.17(s, 6H, NMe2);
1.52(m, 2H, BCH2); 1.46(m, 2H, BCH2); 1.43(m, 2H yCH2); 1.31(m, 2H, YCH3);
0.86(t, 3H, 8CHg); 0.82(t, 3H, 3CH3).

13C NMR (8 ppm, CD3COCD3), 88.9(s, C1); 82.5(s, C2); 82.4(s, C1¢);
75.5(d, C'3, Cl4); 75.1(d, C'3, Cl4); 74.5(d, Ca, Ca, Cs); 73.1(d, C3, C4, Cs);
71.6(d, C12, Cls); 71.3(d, C'2, Cls); 69.2(d, C3, C4, Cs); 57.3(t, CHaNMe2);
54.4(q, NMeg2); 36.8(t, SCHp2); 36.6(t, SCH»); 32.2(t, BCH2), 32.0(t, BCH2);
22.1(t, yCH2); 22.0(t, YCH2); 13.9(q, SCHg)..

MS m/e (relative intensity): 419(M*, 100), 404(M+-Me, 3), 374(M*-3Me,
26), 362(M*+-(n-Bu), 8), 330(M*-S(n-Bu), 44), 318(M*-NMe2-(n-Bu), 3),
286(M*-NMe2-S(n-Bu), 9), 164(15), 121(19), 56(Fe, 17), 44(NMe2, 16).

IR (neat, Csl) 3095 (ferrocene C-H stretch), 2996-2768 (alkyl C-H
stretch), 1442 (ferrocene antisymmetric C-C stretch), 1275, 1261 (C-N stretch),
830 (C-H bend perpendicular to the plane of the Cp ring), 635 (S-C stretch), 480
cm-! (antisymmetric ring-metal stretch).

Anal. Calcd. for C21H33S2NFe: C, 60.13; H, 7.93. Found: C, 59.82; H, 7.71.
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1-[(Dimethylamino)methyli]-2,1'-bis[(sec-butyl)thio]ferrocene (63,
R=gsec-Butyl)

The procedure was the same as for 58, except 5.35 g (30 mmol) of di(sec-
butyl) disulfide was used. The product was obtained as a brown oil: yield 59%.

TH NMR (5 ppm), 4.31(m, 1H, Hg3, H4, Hs); 4.19(m, 4H, CsHa4); 4.12(m, 2H,
H3, H4, Hs); 3.56(d, 1H, CH2N); 3.20(d, 1H, CH2N); 2.83(h, 1H, SCH); 2.57(h, 1H,
SCH); 2.17(s, 6H, NMe2); 1.47(m, 2H, BCH2); 1.36(m, 2H, BCH2); 1.15(d, 3H,
BCH3); 1.10(d, 3H, BCH3); 0.97(t, 3H YCH3); 0.87(t, 3H, YCH3).

MS m/e (relative intensity): 419(M*+, 100), 404(M+-Me, 6), 374(M*-3Me,
36), 362(M*+-(sec-Bu), 11), 330(M*+-S(sec-Bu), 49), 318(M+*-NMe2-(sec-Bu),
5), 286(M*-NMe2-S(sac-Bu), 14), 164(18), 121(20), 56(Fe, 46), 44(NMe2,
90)..

IR (neat, Csl) 3094 (ferrocene C-H stretch), 2998-2770 (alkyl C-H
stretch), 1444 (ferrocene antisymmetric C-C stretch), 1276, 1263 (C-N stretch),
829 (C-H bend perpendicular to the plane of the cyclopentadienyl ring), 636 (S-C

stretch), 480 cm-! (antisymmetric ring-metal stretch).

Anal. Calcd. for C21H33S2NFe: C, 60.13; H, 7.93. Found: C, 60.25; H, 7.79.

1-[(Dimethylamino)methyl]-2,1'-bis[(i-butyl)thio]ferrocene (64,
R=1-Bu)

The procedure was the same as for 58, except 5.35 g (30 mmol) of di(t-butyl)
disulfide was used. The product was obtained as a brown oil: yield 55%.

TH NMR (5 ppm), 4.19(m, 1H, Ha, Hg, Hs); 4.14(m, 4H, CsHg4); 4.10(m, 2H,
Ha, Ha, Hs); 3.27(s, 2H, CH2N); 2.14(s, 6H, NMes); 1.17(s, 18H, BCHg3).

13C NMR (5 ppm, CD3COCD3), 89.1(s, C1); 77.4(s, C2); 77.3(s, C11);
72.1(d, C'3, C'4); 72.1(d, Ca, C4, Cs); 70.9(d, C'2, C's); 69.8(d, C3, C4, Cs);
59.1(t, CHoNMey2); 44.9(q, NMep); 37.2(s, S-C); 31.0(q, BCH3).
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MS m/e (relative intensity): 419(M*+, 21), 374(M+*+-3Me, 72), 361(M*-
CH2NMe2, 11), 359(M*-4Me, 31), 330(M*-NMe2-3Me, 27), 317(M*-NMea-(1-
Bu), 6), 286(M*-NMe2-S(t-Bu), 4), 164(17), 121(33), 56(Fe, 19), 44(NMe2,
17).

IR (neat, Csl) 3093 (ferrocene C-H stretch), 2967-2761 (alkyl C-H
stretch), 1451 (ferrocene antisymmetric C-C stretch), 1231, 1222 (C-N stretch),
822 (C-H bend perpendicular to the plane of the Cp ring), 620 (S-C stretch), 470

cm-! (antisymmetric ring-metal stretch).
Anal. Calcd. for C21Ha3SaNFe: C, 60.13; H, 7.93. Found: C, 60.59; H, 7.97.

1-[(Dimethylamino)methyl]-2,1'-bis[(l-Pent)thio]ferrocene (65, R=j-
Pent)
‘ The procedure was the same for 58 except 6.19 g (30 mmol) of di(i-pentyl)

disulfide was used. The product was obtained as a brown oil: yield 78%.

TH NMR (5 ppm), 4.28(m, 1H, H3, Ha, Hs); 4.17(m, 4H, CsH4); 4.08(m, 2H,
Hga, H4, Hs); 3.57(d, J=12.7 Hz, CH2N); 3.20(d, J=12.7 Hz, 1H, CH2N); 2.71(m, 1H,
SCHa3); 2.64(m, 1H, SCH2); 2.54(m, 2H, SCHy); 2.16(s, 6H, NMe2); 1.63(m, 2H,
BCH2); 1.58(m, 2H, BCH32); 1.41(m, 1H, yCH); 1.35(m, 1H, YCH); 0.87(d, J=3.8 Hz,
3H 5CHg); 0.84(d, J=2.6 Hz, 3H, 3CH3); 0.82(d, J=3.8 Hz, 3H, 5CH3); 0.79(d, J=2.6
Hz, 3H, 8CH3).

13C NMR (5 ppm, CD3COCD3), 89.1(s, C1); 82.7(s, Cp); 82.6(s, C'1);
76.6(d, Cl3, Cl4); 75.0(d, C'3, Cl4); 74.5(d, Ca, C4, Cs); 73.2(d, C3, C4, Cs);
71.7(d, Cl2, C's); 71.4(d, Cl2, Cls); 69.3(d, Ca, C4, Cs); 57.3(t, CH2NMey);
45.4(q, NMe2); 39.2(t, SCHp); 35.2(t, BCH2); 34.9(t, BCH2); 27.5(d, yCH); 27.4(d,
YCH); 22.8(q, 8CH3); 22.6(q, 5CH3); 22.4(q, 3CH3).

MS m/e (relative intensity): 447(M*, 84), 432(M+-Me, 5), 402(M+-3Me,
30), 376(M*-(i-Pent), 11), 344(M*-S(j-Pent), 39), 332(M+-NMe2-(j-Pent),
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6), 300(M*-NMe2-S(j-Pent), 8), 164(24), 149(44), 97(34), 56(Fe, 29),
44(NMe2, 42).

IR (neat, Csl) 3090 (ferrocene C-H stretch), 2955-2762 (alkyl C-H
stretch), 1441 (ferrocene antisymmetric C-C stretch), 1272, 1260 (C-N stretch),
835 (C-H bend perpendicular to the plane of the Cp ring), 649 (S-C stretch), 478
cm-1 (antisymmetric ring-metal stretch).

Anal. Calcd. for C23H37S2NFe: C, 61.73; H, 8.33. Found: C, 62.00; H, 8.14.

1-[(Dimethylamino)methyl]-2,1'-bis(phenylthio)ferrocene (66,
R=Ph)

The same procedure was used as for 58 except 6.55 g (30 mmol) diphenyl
disulfide was used. The product was obtained as yellow crystals after two
recrystallizations from CH2Cla/hexane: yleld 74%. mp 86-87°C.

1H NMR (5 ppm), 7.02-7.19(m, 10H, Ph); 4.60(m, 1H, Hg, Hg, Hs);
4.44(m, 4H, CsHg); 4.33(m, 2H, H3, H4, Hs); 3.55(d, 1H, CH2oN); 3.44(d, 1H,
CH2N); 2.04(s, 6H, NMea»).

13C NMR (5 ppm, CD3COCD3), 141.0(s, substituted Ph C); 140.6(s, substituted
Ph C); 129.4(d, meta, Ph C); 129.2(d, meta Ph C); 127.4(d, ortho Ph C); 126.7(d,
ortho Ph C); 125.8(d, para Ph C); 90.0(s, C1); 78.2(s, C2); 77.6(s, C'4); 77.5(d,
C13, Cl4); 77.4(d, C'3, Cl4); 77.1(d, Ca, Ca, Cs); 74.1(d, C'3, Cla); 73.6(d, C'2,
Cls); 73.4(d, C'2, Cls); 71.3(d, Ca, C4, Cs); 56.9(t, CH2NMae2); 45.4(q, NMey).

MS m/e (relative intensity): 459(M*, 100), 444(M+-Me, 2), 391(21),
350(M*-SPh, 42), 306(M*-NMe2-SPh, 38), 230(18), 152(25), 121(25),
71(19), 58(36), 44(NMe2, 18).

IR (neat, Csl) 3100 (ferrocene C-H stretch), 3075, 3060, 3020 (phenyl C-H

stretch), 2975-2720 (alkyl C-H stretch), 1441 (ferrocene antisymmetric C-C
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stretch), 1182, 1172 (C-N stretch), 835 (C-H bend perpendicular to the plane of the
Cp ring), 620 (S-C stretch), 490 cm-! (antisymmetric ring-metal stretch).
Anal. Calcd. for CstgssgNFe: C, 65.35; H, 5.48. Found: C, 65.49; H, 5.35.

1-[(Dimethylamino)methyl]-2,1'-bis(benzylthio)ferrocene (67, R=Bz)

The procedure was the same as 58 except 7.38 g (30 mmol) dibenzyl disulfide
was used. The product was obtained as a brown oil: yield 54%.

TH NMR (5 ppm), 7.14-7.32(m, 8H, Ph); 4.13-4.30(m, 7H, CsHa, CsH3);
.4.02(d, J=2.7 Hz, 1H SCH2); 3.90(d, J=2.7 Hz, SCH2); 3.82(s, 2H, SCH2); 3.78(d,
J=12.5 Hz, CHaN); 2.98(d, J=12.5 Hz, 1H, CH2N); 2.19(s, 6H, NMe2).

13C NMR (5 ppm, CD3COCD3), 139.2(s, substituted Ph C); 138.6(s, substituted
Ph C); 129.2(d, meta Ph C); 128.9(d, meta Ph C); 128.3(d, ortho Ph C); 128.1(d,
ortho Ph C); 126.6(d, para Ph C); 126.3(d, para Ph C); 89.3(s, C1); 82.6(s, C2);
82.3(s, C'1); 76.1(d, C'3, Cl4); 75.9(d, C'3, Cl4); 74.8(d, C3, C4, Cs); 72.9(d, Ca,
Ca, Cs); 72.6(d, C12, Cls); 72.4(d, C'2, C's); 70.0(d, C3, C4, Cs); 57.4(t, CH2N);
45.2(q, NMe3); 42.4(t, SCH2); 41.7(t, SCHa).

MS m/e (relative intensity): 487(M+, 100), 472(M+-Me, 10), 442(M+-
3Me, 37), 366(M*-NMe2-Bz, 11), 334(M*-NMe2-SBz, 42), 164(14), 121(38),
58(27), 56(Fe, 44), 44(NMe2, 78).

IR,(neat, Csl) 3098 (ferrocene C-H stretch), 3080, 3025 (phenyl C-H
stretch), 2962-2760 (alkyl C-H stretch), 1451 (ferrocene antisymmetric C-C
stretch), 1258, 1327 (C-N stretch), 820 (C-H bend perpendicular to the plane of the
Cp ring), 620 (S-C stretch), 475 cm-! (antisymmetric ring-metal stretch).

Anal. Calcd. for Co7H29SoNFe: C, 66.52; H, 5.60. Found: C, 66.59; H, 6.08.
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1-[(Dimethylamino)methyl]-2,1°'-bis[(4-tolyl)thio]ferrocene (68,
R=4-tolyl)

Procedure was the same as 58 except 7.40 g (30 mmol) di(4-tolyl) disulfide
was used. The product was obtained as yellow crystals after two recrystallizations from
acetone/hexane: yield 78%. mp 71-72°C.

TH NMR (5 ppm), 6.95-7.06(m, 8H, Ph); 4.53(m, 1H, H3, H4, Hs); 4.39(m,
4H, CsHg4); 4.30(m, 2H, H3, H4, Hs ); 3.51(d, J=2.0 Hz, 1H CH2N); 3.43(d, J=2.0
Hz, 1H, CH2N); 2.24(s, 6H, PhCH3); 2.05(s, 6H, NMeg).

13C NMR (5 ppm, CD3COCD3), 137.0(s, substituted Ph C); 136.8(s, substituted
Ph C); 135.3(s, para Ph C); 130.3(d, meta Ph C); 129.8(d, meta Ph C); 127.8(d,
ortho Ph C); 127.3(d, ortho Ph C); 89.5(s, C1); 79.5(s, C2); 79.0(s, C4); 77.2(d,
C13, Cl4); 77.1(d, C'3, Cl4); 76.6(d, C3, C4, Cs); 73.8(d, C3, C4, Cs); 73.3(d, Cl2,
Cls); 72.9(d, Cl2, Cls); 71.0(d, C3, C4, Cs); 56.7(t, CHaNMey2); 45.4(q, NMey);
21.0(q, PhCH3).

MS m/e (relative intensity): 487(M*, 100), 472(M+-Me, 3), 447(19),
419(17), 364(M*-S(4-tolyl), 32), 320(M+-NMe2-S(4-tolyl), 33), 152(21),
121(22), 91(22), 56(Fe, 24), 44(NMez, 21).

IR (Nujol, KBr) 3100 (ferrocene C-H stretch), 3090, 3080 (phenyl C-H
stretch), 2970-2765 (alkyl C-H stretch), 1442 (ferrocene antisymmetric C-C
stretch), 1260, 1270 (C-N stretch), 849 (C-H bend perpendicular to the plane of the
Cp ring), 620 (S-C stretch), 460 cm-! (antisymmetric ring-metal stretch).

Anal. Calcd. for Co7H2gSoNFe: C, 66.52; H, 5.60. Found: C, 66.43; H, 5.80.
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1-[(Dimethylamino)methyl]-2,1'-bis[(4-Ci-Ph)thio]ferrocene (69,
R=4-Cl-Ph)

The procedure was the same as 58 except 8.53 g bis(4-Cl-Ph) disulfide was
used. The product was obtained as yellow crystals after recrystallization from
CH2Cla/hexane: yield 81%. mp 75°C.

TH NMR (5 ppm), 6.93-7.14(m, 8H, Ph); 4.58(m, 1H, Ha, Hs, Hs); 4.45(m,
4H, CsHg); 4.37(m, 2H, H3, H4, Hs ); 3.44(s, 2H, CHaoNMae2); 2.04(s, 6H, NMe>s).

13C NMR (5 ppm, CD3COCD3), 139.9(s, substituted Ph C); 139.6(s, substituted
Ph C); 131.1(s, para Ph C); 129.4(d, meta Ph C); 129.1(d, meta Ph C); 128.9(d,
ortho Ph C); 128.1(d, ortho Ph C); 90.3(s, C1); 78.4(s, C'4, C2); 77.7(d, Cl3,
Cl4); 77.4(d, Cl'3, Cl4); 77.1(d, C3, C4, Cs); 74.3(d, Ca, Cs, Cs); 73.8(d, C'3,
C's); 73.6(d, C'2, C's): 71.5(d, Ca, Ca. Cs); 56.9(t, CHaNMey); 45.3(q, NMey).

MS m/e (relative intensity): 529(69), 528(M+, 37), 527(100), 384(M+-
S(PhCl), 55), 340(M*-NMe2-S(PhCl), 40), 5§8(CHoNMe2, 94), 44(NMez, 31).

IR (Nujol, KBr) 3095 (ferrocene C-H stretch), 3082, 3055 (phenyl C-H
stretch), 2970-2760 (alkyl C-H stretch), 1450 (ferrocene antisymmetric C-C
stretch), 1185, 1170 (C-N stretch), 815 (C-H bend perpendicular to the plane of the
Cp ring), 620 (S-C stretch), 475 cm"! (antisymmetric ring-metal stretch).

Anal. Calcd. for CosH23SoNFeCla: C, 56.83; H, 4.39. Found: C, 56.62; H, 4.35.

1-[(Dimethylamino)methyl]-2,1'-bis(phenylseleno)ferrocene (70,
R=Ph)
The procedure was the same as for 58 except 9.36 g of diphenyl diselenide was

used. Upon two recrystallizations from CH2Clo/hexane, the product was obtained as

yellow crystals: yield 79%. mp 60-61°C.
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TH NMR (5 ppm), 7.30-7.42(m, 10H, Ph); 4.63(m, 1H, Hz, Ha, Hs);
4.47(m, 4H, CsHg); 4.39(m, 2H, Ha, H4, Hs ); 3.59(d, 1H, CHoNMaey); 3.55(d, 1H,
CH2NMaey); 2.16(s, 6H, NMea>s).

13C NMR (5 ppm, CD3COCD3), 141.9(s, substituted Ph C); 130.7(d, meta Ph
C); 129.9(d, meta Ph C); 129.8(d, ortho Ph C); 129.6(d, ortho Ph C); 126.8(d, para
Ph C); 90.5(s, C1); 78.5(d, C13, Cl4); 78.4(d, Cl3, Cl4); 78.2(d, C3, C4, Cs);
73.8(d, Cs, C4, Cs); 73.7(d, C'2, Cls); 71.7(d, C3, C4, Cs); 58.2(t, CH2NMe2);
45.3(q, NMe2).

MS m/e (relative intensity): 555(53), 553(M+, 56), 398(33), 276(M+*-
CsH3-CHaNMe2-SePh, 13), 58(CHaNMe2, 85), 44(NMe2, 31).

IR (Nujol, KBr) 3100 (ferrocene C-H stretch), 3055(aryl C-H stretch),
2970-2760 (alkyl C-H stretch), _1470 (ferrocene antisymmetric C-C stretch),
1253, 1238 (C-N stretch), 841 (C-H bend perpendicular to the plane of the Cp ring),
540 (Se-C stretch), 510 cm-! (antisymmetric ring-metal stretch).

Anal. Calcd. for CosHaosNSeaFe: C, 54.25; H, 4.55. Found: C, 54.19; H, 4.74.

1-[(Dimethylamino)methyl]-2,1'-bis(4-Cl-Ph)seleno]ferrocene (71,
R=4-Cl-Ph)

The procedure was the same as for 58 except 11.43 g (30 mmol) of bis(4-Cl-
Ph) diselenide was used. After two recrystallizations from CHaClao/hexane, the product
was obtained as yellow crystals: yield 67%. mp 96-98°C.

TH NMR (5 ppm), 7.21-7.38(m, 8H, Ph); 4.61(m, 1H, H3, Hg, Hs); 4.48(m,
4H, CsHg); 4.41(m, 2H, Ha, Ha, Hs ); 3.57(d, 1H, CHaNMe3); 3.48(d, CHaNMeg);
2.17(s, 6H, NMeas).

13C NMR (8 ppm, CD3COCD3), 134.0(s, substituted Ph C); 132.2(s, para Ph
C); 131.3(d, meta Ph C); 129.8(d, ortho Ph C); 129.5(d, ortho Ph C); 90.8(s, C1);
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78.6(d, C'3, C'4); 78.4(d, C'3, C'4); 78.2(d, Ca, Ca, Cs); 74.0(d, Ca. Ca, Cs);
73.7(d, C12, Cls); 71.9(d, Ca, C4, Cs); 58.1(t, CHoNMey2); 45.3(q, NMey2).

MS m/e (relative intensity): 624(20), 623(22), 622(M*+, 9), 621(19),
434(7), 432(20), 390(M*+-Se(PhCl)-NMe2, 6), 380(M*-Se(PhCl)-CHaNMe2, 8),
58(CH2NMe2, 100), 44(NMe2, 38).

IR (Nujol, KBr) 3105 (ferrocene C-H stretch), 3050, 3043 (aryl C-H
stretch), 2975-2759 (alkyl C-H stretch), 1460 (ferrocene antisymmetric C-C
stretch), 1260, 1235 (C-N stretch), 812 (C-H bend perpendicular to the plane of the
Cp ring), 540 (Se-C stretch), 490 cm-! (antisymmetric ring-metal stretch).

Anal. Calcd. for CosH23CIoNSeoFe: C, 48.13; H, 3.72. Found: C, 48.57; H,

3.89.

B. Preparation of Metal Complexes

The complexes (S,R)-[ER][CsH4]Fe[CHMeNMe2][ER][MCIl2] and
[ER][CsH4]Fe[CH2NMe3][ER][MCI2] where E=S, Se, R=Me, Et, i-Pr, Ph, Bz, 4-tolyl,
and 4-CI-Ph, and M=Pd and Pt, and CpFeCsH3[CHMeNMe2][SR][ptCl2] where R=Me, Et,
i-Pr, and Ph were prepared from a benzene solution of the (PhCN)2PdCl2 (0.1g) or
(PhCN)2PtCl2 (0.2g) and a slight excess of ligand in an approximate 1 : 1.2 molar
ratio. The reaction mixture was stirred for 8 h in the case of Pd complexes, and for 8
days in the case of Pt complexes. The resulting precipitates were collected by filtration,
washed with cold benzene and petroleum ether. The pure crystals were obtained by

recrystallization from CH2Cla/hexane or acetone.
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(S.BR)-[1-[1-(Dimethylamino)ethyi]-2,1'-bis(methylthio)ferrocene]-
Palladium(ll) chloride (72)

The general procedure was followed by using amine thioether 43 and
(PhCN)2PdCla. The product was obtained as dark purple crystals: yield 90%. mp
157-158°C (dec).

TH NMR (5 ppm), 4.31-4.45(m, 7H, CsHg4, CsH3); 4.14(q, J=4.3 Hz, 1H,
CH3CH); 3.21(s, 3H, NMea»o); 2.52(s, 3H, SMea>»); 2.29(s, 3H, NMeao); 2.26(s, 3H,
SMe); 1.53(d, J=4.3 Hz, 3H, CH3CH).

MS m/e (relative intensity): 349(M*-PdCl2, 40), 304(M+-PdCl2-NMe2-
SCHg, 15), 72(CHMeNMe2, 100), 56(Fe, 27), 44(NMe2, 72).

IR (Nujol, Csl) 3097 (ferrocene C-H stretch), 2973-2854 (alkyl C-H
stretch), 1449 (ferrocene C-C stretch), 1261, 1247 (C-N stretch), 841 (S-C
stretch), 456 (ring-metal stretch), 452(Pd-N stretch), 389, 374, 326, 269, 218
cm-1 (Pd-S and Pd-Cl stretch).

Anal. Calcd. for C{gH23S2NFePdCla: C, 36.49; H, 4.40. Found: C, 36.67; H,

4.22,

(S,B)-[1-[1-(Dimethylamino)ethyli]-2,1'-bis(phenylthio)ferrocene]-
Palladium(ll) chloride (73)

The general procedure was followed by using amine thioether 51 and
(PhCN)2PdCla. The product was obtained as dark purple crystals: yield 87%. mp
142-143°C(dec).

TH NMR (5ppm), (7.43-7.51 and 6.98-7.25)(m, 10H, Ph); 4.26-4.41(m,
7H, CsHg4, CsH3); 4.11(q, J=6.6 Hz, 1H, CHCH3); 3.29(s, 3H, NMe»); 2.34(s, 3H,
NMep); 1.55(d, J=6.6 Hz, CH3CH).
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MS m/e (relative intensity): 473(M*-PdCla, 13), 428(M*-PdClz-3Me, 15),
402(M*-PdCl2-CHMeNMe3, 13), 320(M+-PdCla-NMe2-SPh, 8), 72(CHMeNMey,
18), 56(Fe, 24); 44(NMe2, 100).

IR (Nujol, Csl) 3096 (ferrocene C-H stretch), 3079-3041 (aryl C-H
stretch), 2969-2849 (alkyl C-H stretch), 1448 (ferrocene C-C stretch), 1261,
1239 (C-N stretch), 836 (C-H bend perpendicular to the plane of the Cp ring), 641
(S-C stretch), 469 (Pd-N stretch), 378, 360, 321, 231, 217 cm-! (Pd-S and Pd-Cl
stretch).

Anal. Calcd. for CogH27S2NFePdCla: C, 47.99; H, 4.18. Found: C, 48.01; H,

4.51.

(S,BR)-[1-[1-(Dimethylamino)ethyl]-2,1'-bis(benzylthio)ferrocene]-
Palladium(ll) chloride (74)

The general procedure was followed by using thioether 52. The product was
obtained as dark purple crystals: yield 74%. mp 172-174°C(dec).

TH NMR (5 ppm), 7.15-7.34(m, 10H, Ph); 4.29-4.44(m, 7H, CsHg4, CsH3);
4.21(q, J=6.6 Hz, 1H, CHCH3); 3.94-4.13(m, 4H, CH2Ph); 3.32(s, 3H, NMe»);
2.35(s, 3H, NMea»); 1.46(d, J=6.6 Hz, 3H, CHCH3).

MS mv/e (relative intensity): 501(M+-PdClz, 14), 428(M*-PdCl2-Me, 5),
456(M+*-PdCl2-3Me, 3), 430(M*-PdCla-CHMeNMe2, 13), 378(M+-PdCl2-SBz, 9),
72(CHMeNMe2, 56), 56(Fe, 25), 44(NMep, 18).

IR (Nujol, Csl) 3095 (ferrocene C-H stretch), 3078-3038 (aryl C-H
stretch), 2880-2455 (alkyl C-H stretch), 1425 (ferrocene C-C stretch), 1251,
1160 (C-N stretch), 835 (C-H bend perpendicular to the plane of the Cp ring), 643
(S-C stretch), 475(antisymmetric ring-metal stretch, 463(Pd-N stretch), 381,
361, 323, 235, 219 cm-! (Pd-S and Pd-Cl stretch).

Anal. Calcd. for C2gH31S2NFePdCla: C, 49.54; H, 4.60. Found:C, ;H, .
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(S,B)-[1-[1-(Dimethylamino)ethyl]-2,1'-bis[(4-tolyl)-
thlolferrocene]Palladium(il) chloride (75)

The general procedure was followed by using amine thioether 53 and
(PhCN)2PdCla. The product was obtained as red crystals: yield 85%. mp 163-
165°C(dec).

TH NMR (5 ppm), 6.92-7.27(m, 8H, Ph); 4.24-4.40(m, 7H, CsHg4, CsH3);
4.10(q, J=6.7 Hz, 1H, CHCH3); 3.30(s, 3H, NMay); 2.39(s, 3H, PhCH3); 2.36(s, 3H,
NMe>); 2.26(s, 3H, PhCH3); 1.55(d, JQ6.7 Hz, 3H, CHCHa).

MS m/e (relative intensity): S501(M*-PdClz, 12), 456(M+-PdCl2-3Me, 7),
430(M*-PdCl2-CHMeNMe3, 14), 378(M+-SPhMe, 8), 72(CHMeNMe2, 71), 56(Fe,
43), 44(NMe2z, 79).

IR (Nujol, Csl) 3093 (ferrocene C-H stretch), 3076-3035 (aryl C-H
stretch), 2959-2871 (alkyl C-H stretch), 1430 (ferrocene C-C stretch), 1260,
1249 (C-N stretch), 829 (C-H bend perpendicular to the plane of the Cp ring), 644
(S-C stretch), 481(antisymmetric ring-metal stretch), 459(Pd-N stretch), 377,
369, 321, 236, 218 cm*! (Pd-S and Pd-Cl stretch).

Anal. Calcd. for CogH31S2NFePdCla: C, 49.54; H, 4.60. Found: C, 49.64; H,

4.76.

(S,BR)-[1-[1-(Dimethylamino)ethyl]-2,1'-bis[(4-Cl-Ph)thio-
ferrocene]Palladium(ll) chloride (76)

The general procedure was followed by using amine thioether 54 and
(PhCN)2PdCla. The product was obtained as black crystals: yield 90%. mp 154-
155°C(dec).

TH NMR (5 ppm), 6.95-7.49(m, 8H, Ph); 4.30-4.42(m, 7H, CsH4, CsH3);
4.13(q, J=6.5 Hz, CHCH3); 3.29(s, 3H, NMep); 2.34(s, 3H, NMe»o); 1.56(d, J=6.5
Hz, 3H, CHCHa3).
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MS m/e (relative intensity): 543(16), 541(16), 528(5), 526(6),
470(M+-PdCl2-CHMeNMe2, 7), 72(100, 56(Fe, 13), 44(NMe2, 13).

IR (Nujol, Csl) 3099 (ferrocene C-H stretch), 3089-3031 (aryl C-H
stretch), 2931-2869 (alkyl C-H stretch), 1430 (ferrocene C-C stretch), 1249,
1130 (C-N stretch), 829 (C-H bend perpendicular to the plane of the Cp ring), 645
(S-C stretch), 480(antisymmetric ring-metal stretch), 459(Pd-N stretch), 379,
365, 331, 235, 221 cm-! (Pd-S and Pd-Cl stretch).

Anal. Calcd. for CogH25S2NFePdCla: C, 43.42; H, 3.50. Found: C, 43.39; H,

3.66.

(S.B)-[1-[1-(Dimethylamino)ethyl]-2,1'-bis(Phenylthio)ferrocene]-
Platinum(ll) chloride (77)

' The general procedure was followed by using (PhCN)2PtCl2 and amine thioether
51. The product was obtained as yellow crystals: yield 61%. mp 188-190°C(dec).

MS m/e (relative intensity): 473(M+-PtCla, 9), 428(M+-PtCl2-3Me, 6),
402(M+-PtCla-CHMeNMe2, 3), 72(CHMeNMey, 51).

IR (Nujol, Csl) 3093 (ferrocene C-H stretch), 3085-3100 (aryl C-H
stretch), 2958-2869 (alkyl C-H stretch), 1425 (ferrocene C-C stretch), 1261,
1247 (C-N stretch), ‘831 (C-H bend perpendicular to the plane of the Cp ring),
649(S-C stretch), 459(antisymmetric ring-metal stretch), 381, 359, 340, 268
cm-1 (Pt-N, Pt-Cl and Pt-S stretch).

Anal. Calcd. for CogH27SaNFePtCla: C, 42.23; H, 3.68. Found: C, 41.97; H,

3.64.
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(S.B)-[1-[1-(Dimethylamino)ethyl]-2,1'-bis(benzylthio)ferrocene]-
Platinum(ll) chloride (78)
The general procedure was.followed by using (PhCN)2PtCl> and amine thioether
52. The product was obtained as yellow crystals: yield 49%. mp 179-181°C(dec).
MS m/e (relative intensity): 501(M+-PtCl2, 7), 430(M+-PtCiao-CHMeNMe2,
13), 378(M+-Pt012-ssz; 7), 72(CHMeNMe2, 100), 56(Fe, 46), 44(NMe2, 21).
IR (Nujol, Csl) 3100, 3085-3029, 2879-2760, 1425, 1281, 1151, 830,
655, 479, 466, 389, 362, 335, 279.
Anal. Calcd. for CogH31S2aNFePtCla: C, 43.82; H, 4.07. Found: C, 44.01; H,

4.11.

(S.B)-[1-[1-(Dimethylamino)ethyl]-2,1'-bis[(4-tolyl)thio]-
ferrocene]Platinum(ll) chloride (79)

The general procedure was followed by using (PhCN)2PtCla and amine thioether
53. The product was obtained as yellow crystals: yield 62%. mp 190-191°C(dec).

MS m/e (relative intensity): 501(M+-PtClz, 8), 456(M*+-PtCl2-3Me, 5),
379(M*+-PtClo-SPhMe, 9), 72(CHMeNMez, 100), 56(Fe, 47), 44(NMea, 24).

IR (Nujol, Csl) 3101, 3085-3040, 2969-2871, 1430, 1263, 1259, 832,
651, 475, 466, 376, 369, 339, 247.

Anal. Calcd. for CogH31S2oNFePtCla: C, 43.82; H, 4.07. Found: C, 43.98; H,

4.21.

(S.R)-[1-[1-(Dimethylamino)ethyl]-2,1'-bis(phenyliseleno)-
ferrocene]Palladium(ll) chloride (80)

The general procedure was .followed by using (PhCN)2PdCl> and amine
selenoether 55. The product was obtained as purple crystals: yield 93%. mp 141-
142°C(dec).
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TH NMR (5 ppm), 7.14-7.50(m, 10H, Ph); 4.35-4.60(m, 7H, CsH4, CsH3);
4.13(q, 1H, CHCHas); 3.29(s, 3H, NMey); 2.35(s, 3H, NMe»); 1.56(d, 3H, CHCH3).

MS m/e (relative intensity): 567(M*-PdClz, 15), 523(M+-PdCl2-NMe2,
23), 367(M+-PdCl2-NMe2-SePh, 8), 72(CHMeNMe2, 51).

IR (Nujol, Csl) 3095, 3081-3072, 2881-2772, 1430, 1245, 1181, 837,
631, 472, 466, 341, 323, 278, 212.

Anal. Calcd. for CogH27Se2NFePdCla: C, 41.90; H, 3.66. Found: C, 40.90; H,
3.63.

(S_R)-[1-[1-(Dimethylamino)ethyl]-2,1'-bis[(4-Cl-Ph)-
seleno]ferrocene]Palladium(ll) chloride (81)

The general procedure was followed by using (PhCN)2PdCl> and amine
selenoether 57. The product was obtained as red crystals: yield 71%. mp 161-
163°C(dec).

TH NMR (5 ppm), 7.17-7.47(m, 8H, Ph); 4.23-4.47(m, 7H, CsHg4, CsH3);
4.17(q, 1H, CHCHg3); 3.37(s, 3H NMe»); 2.27(s, 3H, NMe»); 1.56(d, 3H, CHCH3).

MS m/e (relative intensity): 636(M+-PdClz, 6), 402(M*-PdCla-NMeo-
Se(PhCl), 10); 72(CHMeNMe2, 100), 56(Fe, 50), 44(q, NMe2, 88).

IR (Nujol, Csl) 3092, 3081-3072, 2871-2777, 1429, 1245, 1171, 828,
636, 471, 462, 351, 323, 298, 279, 217.

Anal. Calcd. for CogHasSeaNFePdCla: C, 38.53; H, 3.07. Found: C, 38.63; H,

3.10.
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(S_,B_)-[1-[1-(Dlmethylamlno)ethyl]-2,1 ‘-bis(phenylseleno)-
ferrocene]Platinum(ll) chloride (82)

The general procedure was followed by using (PhCN)2PtCl2 and amine
selenoether 56. The product was obtained as yellow crystals: yield 81%. mp 171-
173°C(dec).

MS m/e (relative intensity): 524(47), 522(48), 368(5), 290(15),
288(11), 286(10), 154(28), 158(38), 141(45), 121(10), 44(100).

IR (Nujol, Csl) 1439, 1251, 1174, 834, 630, 480, 354, 344, 313, 286,
259, 253 cm-1.

Anal. Calcd. for Cgst7SeéNFePtCIg: C, 37.50; H, 3.27. Found: C, 37.50; H,

[1-[(Dimethylamino)methyl]-2,1'-bis(methylthio)ferrocene]-
Palladium(il) chloride (83)

The general procedure was followed except amine thioether 58 and
(PhCN)2PdClz were used. The product was obtained as deep red crystals: yield 87%.
mp 153°C(dec).

TH NMR (5 ppm), 4.26-4.45(m, 7H, CsH4, CsH3); 3.89(d, J=12.7 Hz, 1H,
CH2oNMey); 3.09(s, 3H NMep); 2.73(s, 3H, SCH3); 2.70(d, J=12.7 Hz, 1H,
CH2NMey2); 2.34(s, 3H, NMay); 2.16(s, 3H, SCH3).

MS m/e (relative intensity): 335(M*-PdClz, 21), 320(M+-PdCl2-Me, 3),
305(M*-PdCl2-2Me2, 4), 288(M*-PdCl2-SCH3, 10), 58(CH2NMeg2, 22), 56(Fe,
14), 44(q, NMe2, 66).

IR (Nujol, Csl) 3111 (ferrocene C-H stretch), 2960-2765 (alkyl C-H
stretch), 1429 (ferrocene C-C stretch), 1239, 1186 (C-N stretch), 827 (S-C
stretch), 474 (ring-metal stretch), 468 (Pd-N stretch), 324, 318, 298 cm-! (Pd-S
and Pd-Cl stretch).
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Anal. Calcd. for C1sH21S2NFePdCla: C, 35.15; H, 4.13. Found: C, 35.59; H,

4.13.

[1-[(Dimethylamino)methyl]-2,1'-bis(ethylthio)ferrocene]-
Palladium(ll) chloride (84) ‘

The general procedure was followed by using (PhCN)2PdCla and amine thioether
59. The product was obtained as black crystals: yield 59%. mp 144-146°C(dec).

TH NMR (5 ppm), 4.38-4.52(m, 7H, CsHg4, CsH3); 4.02(d, J=12.8 Hz, 1H,
CH2NMe32); 3.37(m, 1H, SCH3); 3.27(m, 1H, SCH2); 3.09(s, 3H NMe>); 2.73(d,
J=12.8 Hz, 1H, CH2NMae32); 2.58(q, 2H, SCH2); 2.30(s, 3H, NMe2); 1.67(t, 3H,
BCHa); 1.14(t, 3H, BCH3).

MS m/e (relative intensity): 363(M*-PdCla, 7), 334(M*+-PdCl3-CoHs, 5),
302(M+-PdCl2-SC2Hs, 11), 56(Fe, 57), 44(NMe2, 19).

IR (Nujol, Csl) 3110 (ferrocene C-H stretch), 2959-2760 (alkyl C-H
stretch), 1427 (ferrocene C-C stretch), 1243, 1184 (C-N stretch), 827 (C-H bend
perpendicular to the plane of Cp ring), 642 (S-C stretch), 476 (ring-metal stretch),
469 (Pd-N stretch), 320-298 cm-! (Pd-S and Pd-Cl stretch).

Anal. Calcd. for C17H25S2NFePdCla: C, 37.77; H, 4.66. Found: C, 37.65; H,

4.55.

[1-[(Dimethylamino)methyl]-2,1'-bis[(n-propyl)thio]ferrocene]-
Palladium(ll) chloride (85)

The general procedure was followed and (PhCN)2PdCl> and ferrocenylamine
sulfide 60 were used. The product was obtained as purple crystals: yield 63%. mp
151-152°C(dec).

~MS m/e (relative intensity): 391(M*-PdCl2, 11), 316(M+-PdCl2-S(n-Pr),
22), 272(M*-PdCla-NMe2-S(n-Pr), 7), 56(Fe, 7), 44(NMea, 30).
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IR (Nujol, Csl) 3110 (ferrocene C-H stretch), 2959-2770 (alkyl C-H
stretch), 1432 (ferrocene C-C stretch), 1238, 1182 (C-N stretch), 828 (C-H bend
perpendicular to the plane of Cp ring), 637 (S-C stretch), 476 (ring-metal stretch),
472 (Pd-N stretch), 320-294 cm-! (Pd-S and Pd-Cl stretch).

Anal. Calcd. for C1gH2gSaNFePdCla: C, 40.13; H, 5.14. Found: C, 40.10; H,

5.11.

[1-[(Dimethylamino)methyl]-2,1'-bis[(l-propyl)thio]ferrocene]-
Palladium(ll) chloride (86)

The brown crystals decomposed at 131-132°C.

MS m/e (relative intensity): 391(M+-PdClz, 6), 316(M*-PdCl2-S(j-Pr),
6), 272(M+-PdCl2-S(j-Pr), 11), 56(Fe, 49), 44(NMe2, 67).

IR (Nujol, Csl) 3092, 2970-2760, 1428, 1241, 1176, 829, 637, 476,
472, 322-300 cml.

Anal. Calcd. for C1gH29SoNFePdCla: C, 40.13; H, 5.14. Found: C, 40.33; H,

5.31.

[1-[(Dimethylamino)methyl]-2,1'-bis(Phenylthio)ferrocene]-
Palladium(ll) chloride (87)

The general procedure was followed except (PhCN)2PdCl2 and amine thioether
66 were used. The product was obtained as brick-red crystals: yield 85%. mp
133°C(dec).

TH NMR (5 ppm), 7.01-7.48(m, 10H, Ph); 4.36-4.43(m, 7H, CsH4, CsH3);
3.97(d, J=12.5 Hz, 1H, CHoNMe2); 3.17(s, 3H, NMeo); 2.83(d, J=12.5 Hz, 1H,
CHoNMeo); 2.46(s, 3H, NMey).
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MS m/e (relative intensity): 459(M*-PdClz, 9), 402(M*+-PdCla-CHaNMes,
3), 350(M*-PdCl2-SPh, 7), 306(M*+-PdCl2-SPh-NMe2, 8), 58(CHoNMes, 28),
44(NMe2, 26).

IR (Nujol, Csl) 3090, 3080-3070, 2950-2770, 1435, 1245, 1181, 835,
640, 470, 460, 379, 365, 330, 240, 225.

Anal. Calcd. for CosH25SoNFePdCla: C, 47.16; H, 3.98. Found: C, 46.99; H,
3.81.

[1-[(Dimethylamino)methyl]-2,1'-bis(benzylthio)ferrocene]-
Palladium(ll) chloride (88)

The general procedure was followed by using (PhCN)2PdCl2 and amine thioether
67. The product was obtained as purple crystals: yield 82%. mp 161-163°C(dec).

1H NMR (5 ppm), 7.14-7.3(m, 10H, Ph); 4.26-4.42(m, 7H, CsHa4, CsH3);
3.94-4.10(m, 4H, SCH2Ph); 3.47(d, J=12.8 Hz, 1H, CHoNMe3); 3.30(s, 3H, NMe>2);
2.59(s, 3H, NMeo); 2.33(d, J=12.8 Hz, 1H, CHoNMey).

MS m/e (relative intensity): 478(M*-PdCla, 26), 429(M+-PdCla-NMey,
32), 364(M+-PdCI2-SBz, 12), 320(M+-PdCl2-NMe2-SBz, 9), 58(CHaNMesz, 72),
44(NMe2, 76).

IR (Nujol, Csl) 3102, 3089-3033, 2960-2780, 1430, 1244, 1187, 831,
640, 478, 472, 378, 364, 245, 218 cm"1.

Anal. Calcd. for Co7H29S2NFePdCla: C, 48.78; H, 4.40. Found: C, 48.65; H,

4.43.

[1-[(Dimethylamino)methyl]-2,1'-bis[(4-tolyl)thio]ferrocene]-
Palladium(ll) chloride (89)
The general procedure was followed by using (PhCN)2PdCl2 and amine thioether

68. The product was obtained as brick-red crystals: yield 79%. mp 149°C(dec).
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TH NMR (5 ppm), 6.97-7.25(m, 8H, Ph); 4.21-4.41(m, 7H, CsHa, CsH3);
4.00(d, J=12.7 Hz, 1H, CHoNMe2); 3.16(s, 3H, NMe»); 2.83(d, J=12.7 Hz, 1H,
CH2NMe2); 2.43(s, 3H, NMap); 2.34(s, 3H, PhCH3); 2.24(s, 3H, PhCHg).

MS nve (relative intensity): 478(M*-PdCla, 14), 364(M+-S(PhCH3)-
PdCla, 10), 320(M*-PdCl2-S(PhCH3)-NMe2, 11), 58(CHaNMe2, 34), 56(Fe, 21),
- 44(NMe2, 26).

IR (Nujol, Csl) 3100, 3090-3025, 2955-2775, 1430, 1243, 1182, 831,
640, 477, 466, 371, 363, 328, 239, 221 cm-!.

Anal. Calcd. for C27H29S2NFePdCla: C, 48.78; H, 4.40. Found: C, 48.41; H,

4.32.

[1-[(Dimethylamino)methyl]-2,1'-bis[(4-CI-Ph)thio]-
ferrocene]Palladium(il) chloride (90)

" The general procedure was followed by using (PhCN)2PdCla and amine thioether
69. The product was obtained as brick-red crystals: yield 93%. mp 151-152°C(dec).

TH NMR (5 ppm), 6.94-7.42(m, 8H, Ph); 4.16-4.43(m, 7H, CsH4, CsH3);
4.05(d, J=12.8 Hz, 1H, CHoNMae3); 3.16(s, 3H, NMe»); 2.83(d, J=12.8 Hz, 1H,
CH2NMe32); 2.24(s, 3H, NMe2).

MS m/e (relative intensity): 527(M+-PdClz, 10), 483(M+-PdCli2-NMey, 5),
470(M*-PdCl2-CH2NMe2, 6), 384(M*+-PdCl2-S(PhCl), 8), 340(M+-PdCla-
S(PhCI)-NMe32, 7), 58(CHaNMea, 38), 56(Fe, 15), 44(NMeg, 45).

IR (Nujol, Csl) 3090, 3080-3060, 2955-2770, 1428, 1245, 1180, 823,
640, 475, 465, 321-300 cm“.‘

Anal. Calcd. for CosHa23SoNFePdClo: C, 42.55; H, 3.29. Found: C, 43.05; H,

3.31.
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[1-[(Dimethylamino)methyli]-2,1'-bis(methylthio)ferrocene]-
Platinum(ll) chloride (91)

The general procedure was followed by using (PhCN)2PtCl2 and amine thioether
58. The product was obtained as yellow crystals: yield 63%. mp 169-170°C(dec).

MS m/e (relative intensity): 335(M+-PtCla, 100), 276(M+-PtCla-Me-
NMega, 42), 244(M*-PtCi2-NMe2-SMe, 19), 230(M*-PtCl2-CH2NMe2-SMe, 9),
58(CH2NMe2, 34), 56(Fe, 49), 44(NMe2, 96).

IR (Nujol, Csl) 3091, 2957-2776, 1428, 1239, 1178, 830, 638, 475,
476, 319-297 cm-1.

Anal. Calcd. for C15H21SaNFePtCla: C, 29.52; H, 3.47. Found: C, 30.05; H,
3.86.

[1-[(Dimethylamino)methyl]-2,1'-bis(phenylthio)ferrocene]-
Platinum(il) chloride (92)

The general procedure was followed by using (PhCN)2PtCla and amine thioether
66. The product was obtained as yellow crystals: yield 56%. mp 180-182°C(dec).

~MS m/e (relative intensity): 459(M+*+-PtCla, 100), 416(M+-PtCla-NMey,
4), 402(M*-PtCl2-CH2NMe2, 3), 350(M+-PtCla-SPh, 46), 306(M+-PtCl>-NMeao-
SPh, 45), 58(CH2NMe32, 26), 44(NMe2, 15).

IR (Nujol, Csl) 3097, 3083-3042, 2971-2776, 1435, 1241, 1191, 835,
637, 479, 470, 390, 380, 320, 268 cm-!.

Anal. Calcd. for CosHaosSoNFePtCla: C, 41.39; H, 3.47. Found: C, 42.72; H,

3.66.
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[1-[(Dimethylamino)methyl]-2,1'-bis(benzylthio)ferrocene]-
Platinum(ll) chloride (93)
The general procedure was followed by using (PhCN)2PtClo and amine thioether
67. The product was obtained as yellow crystals: yield 49%. mp 176-178°C(dec).
MS m/e (relative intensity): 487(M+-PtClz, 96), 444(M*-PtCl2-NMe2,
12), 364(M*+-P1Cl2-SBz, 21), 320(M*+-PtCla-NMe2-SBz, 32), 44(NMe2, 73).
IR (Nujol, Csl) 3093, 3082-3069, 1441, 1246, 1180, 837, 639, 446,
453, 380, 365, 336, 249 cm!.
Anal. Calcd. for C27H29S2NFePtCla: C, 43.04; H, 3.88. Found: C, 43.10; H,

3.78.

[1-[(Dimethylamino)methyl]-2,1'-bis[(4-tolyl)thio]ferrocene]-
Platinum(ll) chloride (94)

The general procedure was followed by using (PhCN)2PtCl2 and amine thioether
68. The product was obtained as yellow crystals: yield 58%. mp 190°C(dec).
| MS m/e (relative intensity): 487(M*-PtCla, 35), 444(M*-PtCla-NMey, 7),
364(M+-PtCl2-S(PhMe), 18), 320(M+-PtClz-S(PhMe)-NMe2, 19), 44(NMey,
72).

IR (Nujol, Csl) 3107, 3093-3018, 2960-2771, 1427, 1245, 1183, 832,
645, 473, 468, 375, 361, 290, 240 cm-1,

Anal. Calcd. for C27H2gSoNFePtCla: C, 43.04; H, 3.88. Found: C, 43.21; H,

3.92.

[1-[(Dimethylamino)methyl]-2,1'-bis[(4-CI-Ph)thio]ferrocene]-
Platinum(ll) chloride (95)
The general procedure was followed by using (PhCN)2PtClo and amine thioether

69. The product was obtained as yellow crystals: yield 65%. mp 208-210°C(dec).
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MS m/e (relative intensity): 527(M+-PtClz, 85), 484(M+*+-PiCi2-NMey, 4),
384(M+-PtCl2-S(PhCl), 57), 340(M*-PtCl2-S(PhCIl)-NMe2, 47), 56(Fe, 34),
44(NMe2, 100).

IR (Nujol, Csl) 3091, 3079-3058, 2941-2782, 1431, 1237, 1176, 830,
635, 477, 468, 391, 372, 323, 271 cm-1.

Anal. Calcd. for CasH23S2NFePtCls: C, 37.80; H, 2.92. Found: C, 39.02; H,

2.98.

[1-[(Dimethylamino)methyl]-2,1'-bis(Phenyiseleno)ferrocene]-
Palladium(il) chloride (96)

The general procedure was followed by using (PhCN)2PdCl> and amine
selenoether 71. The product was obtained as dark-red crystals: yield 90%. mp 128-
129°C(dec).

TH NMR (5 ppm), 7.01-7.48(m, 10H, Ph); 4.36-4.43(m, 7H, CsH4, CsH3);
3.97(d, J=13 Hz, 1H, CHaoNMey); 3.17(s, 3H, NMe»); 2.83(d, J=13 Hz, 1H,
CH2oNMey); 2.46(s, 3H, NMeo).

IR (Nujol, Csi) 3100, 3070, 3050, 3020, 2975-2820, 1460, 1290, 1190,
1180, 811, 550, 480, 392, 382, 342, 241 cm-1.

Anal. Calcd. for CosHasNSeFePdCla: C, 41.04; H, 3.49. Found: C, 41.17; H,

3.50.

(B.S)-[1-[1-(Dimethylamino)ethyl]-2-(methylithio)ferrocene]-

Platinum(il) chiloride (97)
The general procedure was followed by using (PhCN)2PtCl> and (R,S)-
CpFe[CsH3][CHMeNMez][SMe]. The product was obtained as yellow crystals: yield

82%. mp 181-183°C(dec).
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H NMR® (8 ppm), 4.47(m, 1H, H3, Hs, Hs); 4.35(m, 1H, H3, Ha, Hs);
4.31(m, 1H, Ha, Hq, Hs); 4.21(s, 5H, Cp); 3.47(q, J= Hz, 1H, NCHNMe); 3.34(s,
3H, NMe3); 2.71(s, 3H, SMe); 2.45(s, 3H, NMe3); 1.55(d, J= Hz, 3H, NCHCH3).

MS m/e (relative intensity): 303(M+*-PtCla, 1), 258(M+*+-PtCl>-3Me, 6),
121(FeCp, 3), 44(NMe2, 100).

IR (Nujol, Csl) 520, 475, 385, 360, 330, 305, 295, 275, 250, 220 cm-1.

Anal. Calcd. for C1sH21NSPtCloFe: C, 31.64; H, 3.72. Found: C, 31.43; H,
3.67.

(BLS)-[1-[1-(Dimethylamino)ethyl]-2-(ethylthio)ferrocene]-
Platinum(ll) chloride (98)

The general procedure was followed by using (PhCN)2PtCl2 and (B.S)-
CpFe[CsH3])[CHMeNMe2][SEt). The product was obtained as yellow crystals: yield 78%.
mp 177-179°C(dec).

TH NMR (5 ppm), 4.51(m, 1H, H3, H4, Hs); 4.34(m, 2H, H3, H4, Hs); 4.19(s,
5H, Cp); 3.98(q, J= Hz, 1H, CHMe); 3.69(q, 1H, SCH2); 3.44(q, 1H, SCH»); 3.32(s,
3H, NMey); 2.45(s, 3H, NMe>); 1.66(d, J= Hz, 3H, CHMe); 1.23(t, 3H, SCHoMe).

MS m/e (relative intensity): 317(M*-PtCla, 3), 302(M+-PtiCla-Me, 1),
273(M*-PtCl2-NMe2, 4), 272(M+*-PtCl2-HNMe2, 16), 121(FeCp, 4), 44(NMe2,
100).

IR (Nujol, Csl) 505, 478, 467, 458, 421, 372, 339, 315, 249, 228cm"!.

Anal. Calcd. for C1gH23NSPtClIoFe: C, 32.95; H, 3.97. Found: C, 32.58; H,
3.72.

* For coupling between 195Pt and 'H see Chapter lil (Results and Dlscussion).
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(B.S)-[1-[1-(Dimethylamino)ethyl]-2-[(l-Propyl)thio]ferrocene]-
Platinum(ll) chloride (99)

The general procedure was followed by using (PhCN)2PtCl2 and (B.S)-
CpFe[CsH3][CHMeNMe2][S-|-Pr]: yield 85%. mp 176-178°C(dec).

TH NMR (5 ppm), 4.73-4.39(m, 3H, H3, H4, Hs); 4.26(s, 5H, Cp); 3.60(m,
1H, SCHMey2); 3.47(q, 1H, NCHMe); 3.34(s, 3H, NMe2); 2.45(s, 3H, NMe2); 1.77(d,
NCHMa); 1.57(d, 3H, BCHa); 1.23(d, 3H, BCHa).

"MS m/e (relative intensity): 331(M*+-PtCl2, 1), 316(M*-PtCia-Me, 1),
288(M+-PtCl2-HNMe32, 17), 244(M+*+-PtCla-CHMeNMe2, 8), 121(FeCp, 5),
44(NMe2, 100).

IR (Nujol, Csl) 503, 471, 405, 390, 349, 317, 305, 225, 210 cm1.

Anal. Calcd. for C17H25NSPtCloFe: C, 34.18; H, 4.22. Found: C, 34.08; H,

4.31.

(B,S)-[1-[1-(Dimethylamino)ethyl]-2-(Phenylthio)ferrocene]-
Platinum(ll) chloride (100)

The general procedure was followed by using (PhCN)2PtCl2 and (R.S)-
CpFe[CsH3] [CHMeNMe2][SPh]. The product was obtained as yellow crystals: yield
68%. mp 175-176°C(dec).

TH NMR (5 ppm), 7.15-7.57(m, 5H, Ph); 4.23-4.35(m, 3H, Ha, Hs, Hs);
4.20(s, 5H, Cp); 3.77(q, 1H, NCHMe); 3.42(s, 3H, NMe2); 2.52(s, 3H, NMe3);
1.53(d, 3H, NCHMe).

MS m/e (relative intensity): 320(M+-PtCl2-HNMeg, 3), 212(M+-PtCla-
SPh-NMey, 3), 77(CgHs, 3), 65(CsHs, 9), 44(NMez, 26).

IR (Nujol, Csl) 500, 475, 450, 438, 330, 310, 250, 230, 215 cm-'.

Anal. Calcd. for CogH23FeSNP1Cl2: C, 38.05; H, 3.67. Found: C, 36.59; H,

3.57.
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C. Grignard cross-coupling reaction of allyimagnesium chloride to 4-

phenyl-1-pentene using NICl2 and ligand 44, 48, 51, and 54.

NiCla (0.0499 mmol, 0.0065 g) was placed in a 100 mL round-bottomed
Schlenk flask equipped with a stirring bar and a septum. The vessel was evacuated and
filled with Ar several times. 10 mL dry ether was added to the flask to dissolve NiCla
and then 0.0499 mmol of appropriate ligand was added and the reaction mixture was
stirred for 2 h. Upon being cooled to -78°C 1.41 g (10.0 mmol) 1-Phenylethyl
chioride in 20 mL dry ether was added 'dropwise and stirred for 2 h at room temperature
before allylmagnesium chiloride (20 mmol, 10 mL of a 2 M solution in THF) being added
via syringe at -78°C. The reaction mixture was allowed to warm to 0°C, stirred for 40
h and hydrolyzed with 10% HCI. The organic layer and ether extracts from the aqueous
layer were combined, washed with saturated NaHCO3 solution and water, and dried over
Na2SO4. Evaporation of solvent and chromatography on a silica gel column

(hexane/ether) gave 96-97.5% of 4-Phenyl-1-Pentene.

Conversion of 4-Phenyl-1-Pentene to methyl 3-Phenylbutyrate.

The procedure is identical with that reported before.”! A solution of 2.48 g
(18.0 mmol) K2COg3 in 120 mL of water and a solution of 10.26 g (48 mmol) of sodium
periodate and 1.26 g (8 mmol) of KMnOg4 in 120 mL of water was added to a solution of
4-Phenyl-1-Pentene (0.906 g, 6.2 mmol) in 160 mL tert-butyl alcohol. Aqueous
NaOH (2N) was added dropwise until the PH of solution was 8.5. After being stirred
overnight, tert-butyl alcohol was removed under reduced pressure. The solution was
adjusted to PH 2.5 by dropwise addition of concentrated HCI. Then sodium bisulfite was
added until the solution became off-white. The solution was extracted twice with ether,
then extracts were combined, dried over K2CO3 and concentrated. A solution of acid

(0.590 g, 3.5 mmol) and p-toluenesufonic acid (80 mg) in 20 mL of methanol was
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refluxed for 3 h. Upon the solvent being removed, the residue was taken up in ether.
Then, the reaction mixture was washed with 10% aqueous NaOH, dried over anhydrous
K2COg3, evaporated, and distilled [100-120°C (0.01 mm)] to give methyl 3-Phenyl-
butrate (70-87%).

TH NMR (3 ppm), 7.16-7.45(m, S5H, Ph); 3.61(s, 3H, OCHg); 3.28(sex, J =
7.0Hz, 1H, CHPhMe); 2.63(dd, Jgem=15Hz, Jvic=8Hz, 1H, CH2CH); 2.53(dd,
Jgem=15Hz, Jyic=8Hz, 1H, CH2CH); 1.29(d, J=7.0Hz, 3H, CHCH3).

D. Selective Hydrogenation of Conjugated Dienes to Olefins.

7.45x103 mol of substrate, 9 mL acetone and 2x10-5 mol catalysts were added
to a 100 mL pressure bottle equipped with stirring bar. The bottle filled and evacuated
at least 3 times with hydrogen before it was filled at a determined pressure. At the end
of each experiment the initial turnover rate, product analysis and selectivity were

determined.

E. X-ray Structural Determination

1. [1-[(Dimethylamino)methyl)]-2-(t-butylthio)-
ferrocene]Palladium chloride 72 (101)
A summary of data collection and crystallographic parameters for

compound 101 is given in Table 1.
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2. [1-[(Dimethylamino)methyl]-2,1'-bis(methylthio)-
ferrocene]Palladium(ll) chloride (83)
A summary of data collection and crystallographic parameters for

compound 83 is given in Table 2.
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Table 1

X-ray Structure Determination for [1-(dimethylamino)methyl]-2-(1-
butylithio)ferrocene]palladium dichloride (101)

Formula:
F.W.:

Crystal:
color:

size:

mounting:

density:
Radiation:
Instrument:

Unit cell:
no. refins:

20 range:
temperature:
system:
space group:

a

c:
Volume:

Data collection:
scan type:

scan rate:

scan range (°):

max. 20:

total data:

C17H25CloFeNPdS

508.61

purple red

0.20x0.20x0.35 mm

glass capillary, random orientation
1.75 g/cm3 (calc)

MoKa, (A = 0.71073A)

Nicolet P3F diffractometer

18
30 <20 < 39

- 23(1)°C

orthorhombic
P21212,
7.818(1)A
14.336(3)A
17.235(3)A
1931.7(5)A

0-20

2°/min (in 20)

2.10 + (20(Ka2) - 26(Ka 1))
50°

3177
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Table 1. Continued

unique data: 3153
Absorption correction:

coefficient: 20.6 cm-! (for MoKa)

type: empirical, based on psi-scans

range: 0.933 to 1.000, average = 0.981
Structure solution:

method: Patterson heavy-atom, Pd atom located, other non-
H atoms from succeeding difference maps
Structure refinement:

method full-matrix least-squares

minimization: Iw(|Fo| - |Fcl)2

weight, w: 1.0 for observed reflections

H-atoms: riding on carbon atom

scat. factors: Cromer and Waber”3

Af and Af": Cromer’3

observed data: 2591 with | > 3a(l)

parameters: 208

convergence: largest 6/ < 0.37

R factors: " R1 = X||Fol-|Fc|| / |£|Fo| = 0.046

R2 = (Zw(|Fo|-|Fc|)2 / ZwF02)1/2 = 0.053
e.sd.o.uw.: 2.38

computer: VAX 11/750

program system: SDP/VAX74
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Table 2

X-ray Structure Determination for [1-[(Dimethylamino)methyl]-2,1'-
bis(methyithio)ferrocene]palladium(ll) chloride (83)

Formula:
F.W.:

Crystal:
color:

size:

mounting:

density:
Radiation:
Instrument:

Unit cell:
no. refins:

20 range:
temperature:
system:
space group:
a

b:

c:

Volume:

Data collection:
scan type:

scan rate:

scan range (°):

max. 20:

total data:

C15H21CloFePdNS2

512.62

deep red

0.04x0.36x0.60 mm

glass capillary, random orientation
1.90 g/cm3 (calc)

MoKa, (A = 0.71073A)

Nicolet P3F diffractometer

18
20 <20 <25
24(1)°C
Vorthorhombic
P24¢/c
11.567(2)A
11.675(2)A
13.270(2)A

1792.1(4)A3

0-20

3°/min (in 20)

2.00 + (26(Ka2) - 26(Ka1))
50°

3329
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Table 2. Continued

unique data: - 3006
Absorption correction:

coefficient: 23.2 cm-! (for MoKa)

type: empirical, based on psi-scans

range: 0.933 to 1.000, average = 0.996
Structure solution:

method: Patterson heavy-atom, Pd atom located, other non-
H atoms from succeeding difference maps
Structure refinement:

method full-matrix least-squares

minimization: sw(|Fo| - |Fc|)2

weight, w: 1.0 for observed reflections

H-atoms: riding on carbon atom

scat. factors: Cromer and Waber”3

Af and Af": Cromer?3

observed data: 2742 with | > 30(l)

parameters: 200

convergence: largest 8/c < 0.37

R factors: R1 = Z||Fo|-|Fc|| /| ZFo| = 0.084

R2 = (Zw(|Fo|-|Fc|)2 / ZwFo02)1/2 » 0.105
a.s.d.o.uw.: 5.59

computer: VAX 11/750

program system: SDP/VAX74
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RESULTS AND DISCUSSION
1. Preparation of Ligands

a.1 Synthesis of (S,B)-[ER]CsH4FeCsH3[CHMeNMe3][ER] (E = S,

R = Me, Et, n-Pr, |-Pr, n-Bu, t{-Bu, sec-Bu, [-Pent, Ph, Bz,

4-tolyl, and 4-CI-Ph and E = Se, R = Me, Ph, and 4-Cl-

Ph)(43-57). ‘

A series of previously unknown ferrocenyl amine sulfide and selenide ligands
(S.R)[ER]CsH4FeCsH3[CHMeNMes][ER] where E = S, Se and R = Me, Et, p-Pr, j-Pr,
n-Bu, sec-Bu, 1-Bu, j-Pent, Ph, Bz 4-tolyl and 4-CI-Ph were prepared yia lithiation
of (S)-[1-(dimethylamino)ethyl]ferrocene, first in the presence of ether and then
TMEDA, followed by treatment with appropriate disulfides or diselenides as it is shown
in Scheme 8. (S)-[1-(dimethylamino)ethyl]ferrocene 12 was prepared according to
Ugi's procedure34 and was resolved by using (R)-(+)-tartaric acid. At the first step
(S)-12 was lithiated by use of n-Buli in ether to give 96% of (S)-(S)-13 (Scheme
1)25 further lithiation in the presence of TMEDA and then reaction with suitable dialkyl
or diaryl disulfides or diselenides produced the (S)-(R) amines 43-57. It has been
shown that it is necessary to wash the products by use of aqueous NaHCOg3 solution in
order to enhance the yield.”S Without using NaHCO3 the yields of the ferrocenyl amines
with one sulfide substituent were between 0.1% to 45%76 while yields were
considerably higher when the reaction mixtures were washed.”S In the former case the
products were obtained as yellow powders,’€ possibly because the products were salts of
the amine. Ether was always used as the solvent in the synthesis of these ligands, and
halogenated organic solvents such as CH2Cla, CHCI3 and CCl4 were avoided to prevent the
possible production of quarternary ammonium salts such as those reported by
Nesmayanov and co-workers.”7:78 The separation was carried out by chromatography

on silica gel column. The products in most cases were obtained as

67



ER
1) BuLVELO Zi NMe,
2) nBuli Fo I
TMEDA H Me

3) E2R; ER

E=S R=Me(43)
Et(44)
n-Pr(45)
i-Pr(46)
n-Bu(47)
s-Bu(48)
t-Bu(49)
i-Pent(50)
Ph(51)
Bz(52)
4-tolyl(53)
4-Cl-Ph(54)

E=Se R=Me(55)

Ph(56)
4-Cl-Ph(57)

Scheme 8
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brown' oils, but for compounds 51, 53, 54, 56, and 57 after several
recrystallizations from CH2Clz/hexane the products were obtained as yellow crystals.
Compounds 43-57 all have two elements of chirality, namely, central and planar
chirality (due to two different substituents in one Cp ring).”9 These ligands also have
an amine as a functional group. The presence of the elements of chirality and functional
group is essential for a ligand if it is to be used in asymmetric synthesis.80
a.2 1H NMR of Compounds 43-57

Table 3 presents TH NMR data of compounds 43-57. Figures 2 and 3 also show
TH NMR of [S-l-Pr]CsH4F905H3[CHMeNM32][S-1-Pr] and
[SPh]CsH4FeCsH3[CHMeNMe2][SPh] which are typical examples. An important feature
of these spectra is the diastereotopic nature of S-CHa protons. The non-isochronicity of
these protons is due to the chirality of the ligands and they appear at different positions
with their proper multiplicity. However, sometimes the total number of peaks are
fewer than that expected due to the overlap of some peaks. The two methyl groups of
NMe2 are also diastereotopic and, therefore, non equivalent. They give only one signal
because of rapid inversion at the N-atom. This phenomenon was also observed by other
workers.81 The upfield chemical shifts for the NMeo protons are due to the ring current
effect. It is difficult to assign substituted Cp ring protons with absolute certainty. H
NMR studies82-84 have proved that any substitutent may shield or deshield either
positions 2 and 5 or 3 and 4, in any combination relative to ferrocene. Here, we have
assigned the position of Cp ring protons by comparison with previous results45-48 and
by integration of clearly separated peaks.
a.3 13C NMR of Compounds 43-57

Carbon-13 NMR data are presented in Table 4. Figures 4 and 5 also show 13C
NMR spectra of [S-j-Pr]CsH4FeCsH3[CHMeNMe2][S-j-Pr] and [S-
Ph]CsH4FeCsH3[CHMeNMe2[S-Ph] respectively. All of these compounds have central

and planar elements of chirality and C1 symmetry. Consequently, groups such as
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isopropyl methyls are diastereotopic and appear at different positions. Due to fast
inversion of nitrogen in the NMe2, the two methyl groups appear at the same chemical
shift. On the basis of deuterium-labeling studies, Koridze85 and co-workers have
assigned the signals in methoxy-ferrocene. Such labeling studies were not performed in
this work, so most of the assignments here are tentative. Nevertheless, the assignment
of C1,C2and C11inCp rihgs are reasonable. The chemical shifts of C2 and C14 reflect
the inductive and field effects of the substituents (-SR) and (-SeR) and they should be
close to each other. Therefore, with the exception of the aryl carbons, the most down
field peaks are due to carbon Cy. Two adjacent peaks in region 77-83 ppm belong to cly
and C2. The assignment of the other carbons of the Cp rings is difficult, and based on
comparison with previous results.45-48
a.4 Infrared (IR) Spectra of Compounds 43-57

The IR data are presented in the experimental section. A few examples of IR
spectra are also shown in the appendix, and Figure 6 shows IR spectra of compound 46.
An inspection of these data shows that some frequencies are common to all the chiral
ferrocenyl amine compounds 43-57. The assignment of these frequencies are tentative
and bésed on comparison with the vibrational spectra of ferrocene? and its
derivatives.86 The observed bands around 3150-2750 cm-! are assigned to C-H
stretching frequency. The band around 1450 cm-1 is attributed to the ferrocene
antisymmetric C-C stretch while absorption around 1220-1280 cm-! could be
associated with the C-N stretch. The bands around 620-655 cm-! are assigned to the S-
C stretch while that of 510-550 cm™1 may be associated with the Se-C stretch. The
broad band absorptions in the region of 500-470 cm-! may be attributed to the ring-
metal vibrations such as an asymmetric ring-metal stretch or an asymmetric ring-
metal tilt. Absorption near 890 cm-! is indicative of 1,2-(as opposed to 1,3-) disub-
stitution of the Cp ring. This is an excellent tool to distinguish between the two different

substituent patterns in cases of acetyl, alkyl and aryl ferrocenyl compounds.87-90
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a.5 Mass Spectra of Compounds 43-57

Mass spectra (MS) data of compounds 43-57 are given in the experimental
section. Figure 7 shows mass spectrum for compound 46, which serves as a typical
example. For compounds 43-57 the mplecular ion peaks have high intensity. Other
observed peaks are M*-NMe2-SR, CHMeNMe2, Fe, SR(SeR) and NMe2. Aside from these
major fragments, smaller peaks consistent with isotopes 34S, 54Fe, 57Fe, 76Se, 78Se,
and 82Se were also observed.

b.1 Synthesis of [ER]CsH4FeCsH3[CH2NMe2][ER] (E = S, R = Me, Et,
n-Pr, |-Pr, n-Bu, sec-Bu, |[-Pent, Ph, Bz, 4-tolyl, and 4-Cl-Ph

and E = Se, R = Ph, and 4-CI-Ph) (58-71)

A series of hitherto unknown ferrocenyl amine sulfides and selenides
[ER]CsH4FeCsH3[CHaNMes][ER] where E = S and Se and R = Me, Et, p-Pr, j-Pr, n-Bu,
sac-Bu, 1-Bu, j-Pent, Ph, 4-tolyl, and 4-CI-Ph were prepared yia lithiation of
[(dimethylamino)methyl]ferrocene first in the presence of ether and then TMEDA
followed by treatment with appropriate disulfides or diselenides as it is shown in
Scheme 9. The products were deprotonated by use of sodium hydrogen carbonate before
separation by column chromatography as mentioned in Part 1.a.1 of this section. The
yields are generally high, between 90% to 52%. The yield for sulfide ligands are higher
than those of the selenides. Some by-products with only one substituted Cp ring,
CpFeCsH3[CHaNMeg][SeR] were found in the case of the selenide ligands. The separation
of these by-products was difficult because of their close R¢ with the main products in all
TLC solvent systems. For each of the selenide ligands, column chromatography was
repeated at least three times. The same problem was observed when Sx(-Bu)z was
allowed to react with 9, because t-Bu is a bulky group and it is difficult to introduce two
s-1-Bu groups with one in each Cp ring. The yield in this case was only 55%. It is

interesting to note that all attempts to synthesize 1,1'-bis(t-butylthio)ferrocene have
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T G e
. Fe Fe ER
1) Buli/Et,0

<> 2o >R

3) E2R;

E=S R=Me(58)
Et(59)
n-Pr(60)
i-Pr(61)
n-Bu(62)
s-Bu(63)
t-Bu(64)
i-Pent(65)
Ph(66)
Bz(67)
4-tolyl(68)
4-Cl-Ph(69)

E=Se R=Ph(70)
4-Cl-Ph(71)

Scheme 9
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failed.91 However, [1-(dimethylamino)-methyl]-2-t-butylthio ferrocene, which has
only one 1-butyl sulfide substituent, was prepared and the yield was 52.5%.92
Compounds 58-65 and 67 were obtained as brown oils while ligands 66, 68, 69, 70
and 71 were crystallized by use of a CHaCla/hexane mixture. These compounds lack
central chirality but they all have a planar element of chirality due to two different
substituents in one Cp ring.2 However, the products here are racemic mixtures.
Kumada and co-workers!® resolved ferrocenyl amine phosphines analogs and used them
as well as ligands with both central and planar chirality (analogs to 43-57) for
asymmetric Grignard cross coupling reactions and found that the ferrocene planar
chirality is more important than the carbon central chirality.37 Such resolution was
not performed here. The investigation of the regioselectivity of Pd complexes of these
ligands was emphasized in this work. The mono and dilithio substituted 8 and 9 (Scheme
1) were not isolated here but rather were prepared fresh for each reaction. However,
Rausch and co-workers reported isolation and characterization of 1,1'-
Dilithioferrocene, 2TMEDA, ferrocenyllithium, TMEDA, and 2-
lithio[(dimethylamino)methyl]ferrocene as air-sensitive solids.98 Ligands 58-71
are air-stable and they have been characterized by 'H NMR, 13C NMR, IR, MS and
elemental analysis
b.2 1H NMR of Compounds 58-71

Table 5 presents 'H NMR data for ligands 58-71. Figures 8-10 show 'H NMR
spectra of compounds 61(R = j-Pr) and 64(R = {-Bu) and 66(R = Ph). The large
chemical shift between the two diastereotopic protons of the amino-methylene group in
the 3-4 ppm region for many of these compounds is an important feature of their 1H
NMR spectra. For example, the value of av/J94 for ligand 61 (Figure 8) is 6 so there
are two clearly defined doublets. These chemical shift differences are variable and
depend on the nature of the R group. Compounds with alkyl sulfide substituents

generally have larger chemical shift differences than those with aryl substituents,
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(compare Figure 8 with Figure 10). Chemical shift differences in ligands with
alkyithio groups depend on the steric crowding at p-carbon of the alkyls. The largest
chemical shift difference have been observed for ligand 67(R = Bz) and the smallest for
compound 64(R = {-Bu) and 67(R = 4-Cl-Ph) for which Av/J = 0.0 and the two
signals overlap (Figure 9). The compounds with aryl substituents have smaller
chemical shift differences between their aminomethylene protons, possibly because one
proton is close to aromatic ring and the effect of ring current on that proton force two
peaks to be close to each other. The thiomethylene groups (SCH2-) are also
diastereotopic and the two methylene protons with their proper multiplicity are present
at different chemical shifts. The nitrogen methyls appear as singlets in the 1.99-2.16
ppm range because the inversion of the - pyramidal N of NMez is faster than the NMR time
scale at room temperature. The assignment of Cp protons is difficult and require
deuteration studies. Such studies were not performed here. The assignments in Table 5
are based on the integration of different peaks and the previous results obtained in this
laboratory,45-48 and the results of Ovoryantesva.95

The chemical shifts for different protons of R in -SR or -SeR (R = alkyl) appear
at 0.70-3.50 ppm which is the expected region for alkyl sulfide and selenide
substituents. Protons closer to S and Se have lower chemical shifts so aH > BH > YH > 8H
(Table 5). Comparison of Tables 3 and 5 reveals the following interesting points. 1.
The spectra of compounds 43-57 basically are similar to those of 58-71 except that
because of the existence of the CHoMeNMe2 substituent in the first series, there is a
doublet around 1.38-1.45 ppm and a quartet around 3.62-4.04 ppm while in the second
series, because of the existence of CHoNMe2 group with two diastereotopic methylene
protons there exist two doublets which sometimes are completely distinguishible and
sometime overlap to produce only a singlet. 2. The diastereotopic thiomethylene protons
in the second series (compounds 58-71) have chemical shift differences similar to

those of the first group (compounds 43-57). 3. The protons of the NMe2 methyls in
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the second series appear at lower chemical shifts (2.04-2.18) relative to first series
(1.91-2.13 ppm) because Me of CHMeNMe2 is more electron donating relative to H of -
CH2NMe2. Some 1H NMR spectra of these series are shown in the appendix.
b.3 13C NMR of Compounds 58-71

Carbon-13 NMR data of compounds 58-71 are presented in Table 6. Figures 11
and 12 show 13C NMR spectra of compounds 61 and 66, respectively. A few other
examples of 13C NMR spectra can be found in the appendix. All of these ligands have
planar chirality and C1 symmetry.2 Consequently, groups such as isopropyl methyls
(Figure 11) are diastereotopic and appear at different positions. Due to fast inversion
of two methyl groups in the NMe2 these two non-equal groups appear at the same
chemical shift. The assignment of Cp carbons is tentative. 13C NMR spectroscopy is a
sensitive tool for measuring the electron density on the Cp rings of ferrocene. Each
substituent can have two different effects. 1. Magnetic anisotropy of the substituent, 2.
electronic effects of the substituent which encompasses both resonance and inductive
components. Unambigious assignment requires labeling studies such as those performed
by Koridze and co-workers.85 Nevertheless, the assignments of Cy, C2 and C14 in Cp
rings are reasonable. The chemical shifts of C2 and C14 reflect the magnetic anisotropy
and the electronic effects of the substituents (-SR) and (-SeR), which should be
similar. Therefore, the most downfield peaks (except aryl carbon signals) are due to the
carbon C1 and the two adjacent peaks in the region 77-83 ppm belong to C11 and Ca. A
comparison with other results obtained in this laboratory45-48 is the basis for the
assignment of the other peaks. A quick look at tables 4 and 6 shows a general agreement
between the 13 C NMR spectra for the two series, except that the first series has one
more signal for the same (-SR) or (-SeR), because (CHMeNMe2) has 3 signals while

(CH2NMe3) has only 2 signals.
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b.4 Infrared (IR) and Mass Spectra for Compounds 58-71

IR spectra of these series are very similar to those of 43-57. Figure 13 shows
the IR for ligands 61 (R = |-Pr). Comparison of this figure and Figure 6 reveals this
similarity and the reader is referred to Part 1.a.4 for the detailed discussion of Infrared
spectra. A few IR spectra of this series are shown in the appendix.

Mass spectra of these complexes generally show molecular ion (M+), (M*-15 or
M*-Me), (M*-45 or M*+-3Me), (M"'-SR), (M*-SR-CH2NMe32), CH2NMe2(58),
Fe(56), NMe(44). Smaller peaks consistent with isotopes 34S, 54Fe, 57Fe, 76Se,
785, 8259 are also observed. Figure 14 shows mass spectra of ligand 61(R = |-Pr).
2. Preparation of Complexes
a.1 Synthesis of Palladium and Platinum Complexes (S,R)-

[ER]CsH4FeCsH3[CHMeNMe2][ER][MCI2] (M = Pd, E = S, R = Me,

Ph, Bz, 4-tolyl, and 4-Dc-Ph; M = Pt, E = §, R = Ph, Bz, 4-

tolyl; M = Pd, E = Se, R = Ph, and 4-Cl-Ph; M = Pt, E = Se,

R

Ph) (72-82)

Complexes 72-82 were prepared yia treatment of appropriate benzene solution
of chiral ferrocenyl amine sulfide and selenide ligands with bis(benzonitrile)palladium
or platinum chloride, (PhCN)2MCl2 (M = Pt, Pd) according to Scheme 10. The
resulting heterobimetallic products are insoluble in benzene. Precipitation of the
products occur after a few hours (3-8) in the case of palladium and after 2-7 days in
the case of platinum. The palladium complexes are soluble in acetone and other polar
solvents such as methylene chloride and chloroform, but the Pt complexes are not
soluble in any common solvents. They are only slightly soluble in acetone. Analytically
pure complexes of palladium were obtained by recrystallization from acetone or mixed

solvent systems of methylene chloride/hexane.
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G
@<“M°‘ _(PhCN)pMCl, iV
" benzene é“ .

E=S, M=Pd, R=Me(72)
Ph (73)
Bz (74)
4-tolyl (75)
4-CI-Ph (76)

M=Pt, R=Ph (77)
Bz (78)
4-tolyl (79)

E=Se, M=Pd, R=Ph (80)
R=4-CI-Ph (81)

M=Pt, R=Ph (82)

Scheme 10
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a.2 'H NMR of Heterobimetallic Complexes 72-82

The 250 MHz 'H NMR data for the chiral palladium complexes are presented in
Table 7. Because the platinum complexes are almost insoluble in all common solvents,
obtaining solution NMR for them was almost impossible and they were characteized by
elemental analysis, mass spectra and infrared spectra. Figure 15 shows the free ligand
(S.B)-[S-4-tolyl]CsH4FeCsH3[CHMeNMe2][S-4-tolyl] 53 versus complex 75 which
was obtained by complexation of free ligand 53 with the adduct of palladium dichloride.
This comparison is very important for deducing the striking differences between the
free and complexed compounds. It is also helpful to understand the structure of bi-
metallic complexes. One importanf feature of complexed ligands is the downfield shift of
all signals because of either magnetic anistropy or the inductive effect of the metal
chloride. Also, in the free ligands, two non-equivalent methyl groups of S-Ph-Me
accidentally appear at the same chemical shift while in the palladium complex 75 they
are separated by 0.2 ppm and both signals are downfield relative to free ligand. The
most striking difference in the TH NMR spectra of the complexed ligand relative to the
free ligand is the observed chemical shift of the methyl groups in NMe2. Sokolov, et al.
had observed in the 2-dimethylaminomethyliferrocenyl palladium chloride dimer, there
were two signals for the two methyl groups of NMe2.96 Here, the same splitting pattern
was observed. This is a very important and helpful observation in understanding the
structure of these compounds. Chiral ligands 43-57 have three coordination sites, one
N atom and two S atoms (or Se atoms). Therefore, there are three possible structures as
shown in Scheme 11. The structure of PdCla[(S)-(B)-BPPFA] has been reported by
Kumada and co-workers97 (Figure 16). In that complex, palladium is coordinated to the
two phosphine atoms, rather than coordinated by a phosphine and a nitrogen atom.
However, the appearance of two methyl groups of NMe2 at two different chemical shifts
rule out the existence of similar structure for the analogous, ferrocenyl amine sulfide

and selenide complexes. Structure C of Scheme 11 cannot be ruled out without fu'rther
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Figure 15.  A) 'H NMR spectrum of compound 53
B) 'H NMR spectrum of complex 75
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Scheme 11
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Figure 16.  Structure of PdCI2[(S.R)-BPPFA)
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Figure 16. Structure of PdCI2[(S.B)-BPPFA]
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Figure 17.  a) TH NMR spectrum of ligand 68
b) TH NMR spectrum of complex 69
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investigation. As it will be shown, the structure of [SMe][CsH4]Fe[CsH3]-
[CH2MeNMe2][SMe][PdCl2] was investigated by X-ray diffraction analysis and it
confirmed the structure a (Scheme 11). From the above discussions it can be concluded
that in. the metal complexes the chemical shifts of the two methyl groups in NMe2 are
different and much more downfield than those of the corresponding free ligands. The
inversion of the bipyramidal N of these metal complexes are prevented by the presence
of rigid 6-membered ring complexes (a. Scheme 11).

a.3 Infrared Spectra (IR) of Chiral Complexes (72-82)

The infrared data for complexes 72-82 are given in the experimental part. A
comparison of these data and those of the free ligands shows that the most striking
difference can be found in the low frequency region because of the presence of metal-
ligand vibrations. IR data for several complexes are given in Table 8. These data clearly
show that metal-S bands are very tlose to metal-Cl bands and it is often very difficult to
distinguish one from the other. So here the bands around 231-389 cm-! are attributed
to the Pd-Cl or Pd-S bands. The Pd-N and Pt-N stretches occur in region 460-500
cm-! and at 630 cm-! respectively. As was emphasized earlier, the complexes 72-82
have C! symmetry and in these kinds of molecules often more than one fundamental mode
contributes to a given peak.'97 Thus these assignments are tentative, however, all data

in Table 8 and also other values in the literature confirm them.108-113
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Table 8
Metal-N, Metal-Cl, and Metal-S Stretching Modes in Some Pd and Pt Sulfide Complexes

Compound v, cm-1 Stretching Mode Reference
72 492 Pd-N This work
389,374 Pd-Cl, Pd-S
326,269
73 469 Pd-N This work
378,360 Pd-Cl, Pd-S
321,231
77 649 Pt-N This work
381,359 Pt-S and Pt-Cl
340,268 :
78 651 Pt-N This work
376,369 Pt-S and Pt-Cl
339,247
(PhSC3HgSPh)PdCl2 278,262 Pd-Cl 98
323,308 Pd-S
PdL2Cl22 480 Pd-N 99
[PACI2(RN=CH-CH=NR)] 325 Pd-CI
337,330 Pd-Cl 100
[PACl2(Py-2-CH=NR)] 330,338 Pd-Cl 100
Pd(PhSCH2CH2SPh)Cl2 315,296 Pd-Cl 101
Pt(PhSCH2CH2SPh)Cla 315,302 Pt-Cl 101
Pd(PhSCH=CHSPh)Cla 318,298 Pd-ClI 101
Pt(PhSCH=CHSPh)Cl2 316,300 Pt-Cl 101
PdoClg(SMe2) : 340 Pd-S 102
[Pd(SaN)2] 374,319 Pd-S 103
[Pt(S3N)2] 329 Pt-S 103
Pd(PhS)2 (diars) 363,317 Pd-S 104

Pt(dto)22- 340 Pt-S . 105b
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Table 8 Continued
Compound v, cm-1 Stretching Mode Reference
PtLo1CIxC 565 Pt-N 106
325 Pt-S
[PY(L1-H)2] 530,746 Pt-N 106

330 Pt-S

aLa2-picolyl-p-nitrophenyl
bdto=dithionalato complex

cL1=NH2NHC(=S)SMe
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b. Synthesis and Characterization of Palladium and Platinum

Complexes [ER]CsH4FeCsH3[CH2NMe2][ER][MCI2] (M = Pd, E = S,

R = Me, Et, n-Pr, |-Pr, Ph, Bz, 4-tolyl, and 4-CI-Ph; M = Pt, E =

S, R = Me, Ph, Bz, 4-tolyl, and 4-Cl-Ph; M = Pd, E = Se, R = Ph)

(83-96)

The new heterobimetallic complexes 83-96 were prepared by reaction of
bis(benzonitrlle) adducts of palladium and platinum chloride with appropriated
ferrocenyl amine sulfide or selenide ligands as discussed in Part 2.a.1 of this section
(Scheme 12). These complexes have a planar element of chirality due to two different
substituents in the 1,2 positions of one Cp ring2 but the product was obtained as a
racemic mixture.

250 MHz TH NMR data for these complexes are shown in Table 9. Also Figure 17
shows the comparison between free ligand [S-4-tolyl]CsH4FeCsH3[CHaNMe2][S-4-
tolyl] 68 and its palladium complex 89. The non-isochronicity of the two methyi
groups of NMe2 (Figure 16b) is strong evidence for coordination of that group to the
metal as a consequence of a higher energy barrier for inversion at the nitrogen atom.
Structure of [1-(Dimethylamino)methyl]-2,1'-bis(methylthio)-
ferrocene Palladium(ll) dichloride (83)

Atomic parameteré are listed in Table 10 and 11 and selected bond lengths and
bond angles are given in Tables 12, and 13. A drawing showing the atom labeling and
thermal ellipsoids is given in Figure 18 and a stereographic packing diagram is given in
Figure 19.

The carbon-carbon distances in the cyclopentadienyl ring vary from 1.35 (2) A
to 1.48 (3) A averaging at 1.41 (3) A. This is a typical value for ferrocene. The bond
angles within two Cp-rings (C-C-C) change from 105(2)° to 111(2)° with an average

of 108(2)° which is the typical value for the angle of a regular planar pentagon.
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(PhCN),MCl,

benzene Fe R

E=S, M=Pd, R=Me (83)
Et (84)
n-Pr (85)
i-Pr (86)
Ph (87)
Bz (88)
4-tolyl (89)
4-Cl-Ph (90)

M=Pt, R=Me (91)
Ph (92)
Bz (93)
4-tolyl (94)
4 -Cl-Ph (95)

E=Se, M=Pd, R=Ph (96)

Scheme 12
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The molecular structure and the numbering of the atoms of 83

Figure 18.
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=

Stereographic packing diagram of 83

Figure 19.



(1-[ (Dimethylamino)methyl]-2,1'-bis(methylthio)ferrocene]-

Atom
Pdl
Fel
Cl1
cl2
s1
s2
N1
cl
c2
c3
c4
CS
Cé6
c1?
c8
c9
Cl0
Cl1
cl2
C13
Cl4
Cl15
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Table 10.

Positional Parameters and
Their Estimated Standard Deviations for

Palladium(II) Chloride (83)

-0.00381(9)

0.3796(2)
-0.2012(4)
-0.0070(4)

0.1860(3)

0.4198(4)
-0.001(1)
-0.037(2)
-0.088(1)

0.110(1)

0.202(1)

0.258(2)

0.332(2)

0.319(1)

0.243(1)

0.454(1)

0.422(1)

0.476(2)

0.544(2)

0.534(1)

0.264(2)

0.306(2)

0.07699(9)

0.5121(2)
0.1096(4)
0.2026(4)
0.0392(3)
-0.1420(5)
-0.031(1)
0.038(2)
-0.126(1)
-0.089(1)
0.002(1)
0.045(2)
0.137(2)
0.148(2)
0.070(1)
-0.120(2)
-0.180(2)
-0.135(2)
-0.043(2)
-0.033(2)
0.139(2)
-0.241(2)

0.13725(8)

-0.2072(2)
0.1597(4)
0.0033(3)
0.1070(3)
0.0622(4)
0.2701(9)
0.357(1)
0.253(1)
0.293(1)
0.310(1)
0.396(1)
0.365(1)
0.261(1)
0.225(1)
0.190(1)
0.276(1)
0.361(1)
0.329(2)
0.219(1)
0.032(1)
0.073(1)

2.16(2)
3.22(5)
4.08(9)
3.55(8)
2.90(7)
4.6(1)
2.7(2)
4.3(4)
3.7(3)
3.4(3)
2.5(3)
4.1(4)
4.6(4)
3.6(3)
3.5(3)
3.5(3)
4.0(4)
4.5(4)
5.4(5)
3.8(4)
4.9(4)
4.9(4)

Anisotropically refined atoms are given in the form of
the isotropic equivalent thermal parameter defined as:

(4/3) * [a2+B(1,1) + b2*B(2,2) + c2*B(3,3)

+ ab(cos gamma)*B(1,2) + ac(cos beta)*B(1,3)
+ bc(cos alpha)*B(2,3)]
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Table 11.
General Temperature Factor Expressions - U’s - for
(1-[(Dimethylamino)methyl]-2,1’'~bis(methylthio)ferrocene]-
Palladium(II) Chloride (83)

u(z,3)

u(3,3)

u(1,2)

u(1,3)

Pdl 0.027(1) 0.026(1) 0.029(1) 0.000(0) 0.001(0) 0.001(1)
Fel 0.039(1) 0.042(1) 0.041(1) 0.003(1)-0.006(1) 0.001(1)
Cll 0.040(2) 0.055(2) 0.059(2) 0.007(2)-0.002(2) 0.008(2)
Cl2 0.053(2) 0.045(2) 0.037(2) 0.007(2)-0.003(2) 0.011(2)
sl 0.040(2) 0.035(2) 0.035(2)-0.001(2) 0.005(2) 0.002(2)
s2 0.058(3) 0.066(3) 0.051(2) 0.003(2) 0.005(2)-0.006(2)
N1l 0.040(6) 0.033(6) 0.028(6)-0.002(5) 0.005(5)-0.000(5)
Cl 0.07(1) 0.06(1) 0.035(9) 0.013(9) 0.003(8)-0.005(8)
c2 0.041(8) 0.054(9) 0.045(9)-0.013(8)-0.004(7) 0.006(8)
c3 0.046(8) 0.039(8) 0.043(8) 0.005(7) 0.002(7) 0.008(7)
c4 0.033(7) 0.032(7) 0.032(7)-0.004(6)-0.003(6) 0.005(6)
CS 0.06(1) 0.05(1) 0.045(9) 0.010(9)-0.008(8)-0.006(8)
cé6 0.05(1) 0.07(1) 0.06(1) -0.007(9)-0.009(9)-0.01(1)

c? 0.034(8) 0.047(9) 0.057(9)-0.004(8)-0.009(7)-0.005¢(8)
cs 0.053(8) 0.048(9) 0.034(8) 0.008(8) 0.020(7) 0.008(7)
c9 0.034(8) 0.050(9) 0.049(9) 0.004(8) 0.000(7)-0.006(8)
Cl0 0.040(8) 0.048(9) 0.06(1) 0.018(8) 0.006(8)-0.003(9)
Cll1 0.05(1) 0.06(1) 0.06(1) 0.018(9)-0.002(9) 0.002(9)
Cci2 0.08(1) 0.05(1) 0.07(1) -0.01(1) -0.02(1) -0.01(1)

Cl3 0.048(9) 0.045(9) 0.053(9)-0.000(8)-0.001(8) 0.010(8)
Ci4 0.07(1) 0.06(1) 0.06(1) -0.00(1) 0.01(1) 0.01(1)

Cl15 0.08(1) 0.05(1) 0.06(1) 0.01(1) -0.02(1) -0.00(1)

The form of the anisotropic thermal parameter is:

expl-2n(h%au(1,1)

+ -k

bu(2,2)

2.2

+ 1%c™U(3,3)

+ 2hkabu(1,2) + 2hlacu(l,3) + 2klbcU(2,3)}]
where a, b, and c are reciprocal lattice constants.
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Table 11.

General Temperature Factor Expressions - U’s - for
[1-[(Dimethylamino)methyl]-2,1'-bis(methy1thio)fetrocene]—
Palladium(II) Chloride (83)

0.027(1)
0.039(1)
0.040(2)
0.053(2)
0.040(2)
0.058(3)
0.040(6)
0.07(1)
0.041(8)
0.046(8)
0.033(7)
0.06(1)
0.05(1)
0.034(8)
0.053(8)
0.034(8)
0.040(8)
0.05(1)
0.08(1)
0.048(9)
0.07(1)
0.08(1)

u(2,2)
0.026(1)
0.042(1)
0.055(2)
0.045(2)
0.035(2)
0.066(3)
0.033(6)
0.06(1)
0.054(9)
0.039(8)
0.032(7)
0.05(1)
0.07(1)
0.047(9)
0.048(9)
0.050(9)
0.048(9)
0.06(1)
0.05(1)
0.045(9)
0.06(1)
0.05(1)

u(2,3)

u(3,3)

u(1,2)

u(1,3)
0.029(1) 0.000(0) 0.001(0) 0.001(1)
0.041(1) 0.003(1)-0.006(1) 0.001(1)
0.059(2) 0.007(2)-0.002(2) 0.008(2)
0.037(2) 0.007(2)-0.003(2) 0.011(2)
0.035(2)-0.001(2) 0.005(2) 0.002(2)
0.051(2) 0.003(2) 0.005(2)-0.006(2)
0.028(6)-0.002(5) 0.005(5)-0.000(5)
0.035(9) 0.013(9) 0.003(8)-0.005(8)
0.045(9)-0.013(8)-0.004(7) 0.006(8)
0.043(8) 0.005(7) 0.002(7) 0.008(7)
0.032(7)-0.004(6)-0.003(6) 0.005(6)
0.045(9) 0.010(9)-0.008(8)-0.006(8)
0.06(1) -0.007(9)-0.009(9)-0.01(1)

0.057(9)-0.004(8)-0.009(7)-0.005(8)
0.034(8) 0.008(8) 0.020(7) 0.008(7)
0.049(9) 0.004(8) 0.000(7)-0.006(8)
0.06(1) 0.018(8) 0.006(8)-0.003(9)

0.06(1) 0.018(9)-0.002(9) 0.002(9)
0.07(1) -0.01(1) -0.02(1) -0.01(1)

0.053(9)-0.000(8)-0.001(8) 0.010(8)
0.06(1) -0.00(1) 0.01(1) 0.01(1)

0.06(1) 0.01(1) -0.02(1) -0.00(1)

The form of the anisotropic thermal parameter is:

expl-2rn%{h%a%u(1,1)

+ .k

2 2

2 + 1%c®u(3,3)

b2u(2,2)

+ 2hkabu(1,2) + 2hlacu(l,3) + 2klbcU(2,3)}]
where a, b, and ¢ are reciprocal lattice constants.
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Table 12.
Bond Distances (in Angstroms) for
{l1-{(Dimethylamino)methyl]-2,1’-bis(methylthio)ferrocene]-
Palladium(II) Chloride (83)

Atoml Atom2 Distance

Pdl Cll 2.335(4)
Pdl Ccl2 2.305(4)
Pdl Sl 2.277(4)
Pdl N1 2.164(12)
s1 (of 1.74(2)
s1 Cl4 1.78(2)
Ss2 c9 1.76(2)
S2 Cl15 1.76(2)
N1 c1 1.47(2)
N1 c2 1.51(2)
N1 c3 1.50(2)
c3 c4 1.52(2)
c4 o 1.41(2)
c4 c8 1.45(2)
CS cé6 1.44(3)
cé6 c7 1.39(3)
c7 (of:} 1.35(2)
c9 Cclo0 1.39(3)
c9 C13 1.42(2)
Cl0 Cl1 1.38(3)
c11 C12 1.41(3)
Cl2 c13 1.48(3)

Numbers in parentheses are estimated standard deviations
in the least significant digits.
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Table 13.
Bond Angles (in Degrees) for
(1-[(Dimethylamino)methyl]-2,1’-bis(methylthio)ferrocene]-
Palladium(II) Chloride (83)

Atoml Atom2 Atom3 Angle
Cl1 Pdl Ccl2 89.0(2)
Cl1 Pdl s1 176.6(2)
Cll Pdl N1 89.9(4)
cl2 pPdl sl 89.9(2)
cl2 Pdl N1 175.9(3)
sl Pdl N1 91.3(3)
pPdl Sl c8 99.3(6)
pdl sl C1l4 117.6(7)
c8 sl Cl4 100.6(9)
c9 s2 C1S 100.5(9)
pdl N1 Ccl 109.(1)
pPdl N1 c2 107.3(9)
Pdl N1l C3 116.2(9)
cl N1 c2 109.(1)
Cl N1 c3 110.(1)
c2 N1 c3 105.(1)
N1 c3 c4 108.(1)
c3 c4 C5 133.(1)
c3 c4 c8 120.(1)
CS c4 C8 107.(1)
c4 CS (o 107.(2)
CS (of 3 c7 107.(2)
Cc6 c7 c8 111.(2)

S1 cs8 c4 118.(1) )
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Table 13. Bond Angles (Continued) for
(1-((Dimethylamino)methyl]-2,1’-bis(methylthio)ferrocene]-
Palladium(II) Chloride (83)

Atoml Atom2 Atom3 Angle
sl c8 c7 134.(1)
c4 c8 c7 108.(1)
s2 c9 Cl0 131.(1)
s2 c9 C13 120.(1)
Ccl0 c9 C13 109.(2)
c9 cl0 Ccl1 111.(2)
C10 Cl1 cl2 107.(2)
Cl1 Cl2 C13 109.(2)
c9 C13 Ccl2 105.(2)

Numbers in parentheses are estimated standard deviations
in the least significant digits.



119

The Pd-S bond length is 2.277(4) A which compares favorably with the sum of
the covalent radii (2.35 A)114 and suggests very limited x bonding in the Pd-S bond.
There is no trans bond lengthening effect for the Pd-Cl bond trans to sulfur atom. The
average value for the Pd-Cl distances is 2.32 (4) A comparing favorably with the sum of
the Pauling covalent radii, 2.31 A.114 Pd is in a square planar environment with two
chlorine lons cis to each other. The CI-Pd-Cl bond angle is 89.0(2)° and the S-Pd-N
bond angle is 91.3(3)°.

The structure of (PhaP)PdFe(CsH4S)2 with two chelating thiolate groups has
been reported.!15 The presence of a weak Fe-Pd dative bond was proposed for this
heterobimetallic complex on the basis of a Fe-Pd distance of 2.878 (1) A. Such
interaction between Pd and Fe does not exist here.

The two cyclopentadienyl rings are eclipsed and are aimost parallel; the dihedral
angle between two Cp rings is 1.54°.

The most striking feature of the structure of complex 83 is the coordination of
the Pd atom to S and N atoms of the same ring which confirm structure a Scheme 11. An
X-ray diffraction study of PdCl2(S,B-BPPFA) (Scheme 5) was carried out by Hayashi
and co-workers (Figure 16).97 In that complex Pd has square planar geometry with
two cis chlorine and two phosphorus atoms, and the nitrogen atom is not bound to
palladium. The difference between the structures of palladium ferrocenyl amine sulfides
and phosphine analogs is very inte.resting and this maybe an important reason for
observed differences in the catalytic activities of these two classes of complexes.

c. Synthesis and Characterization of Platinum Complexes (R.S)-
CpFe[CHMeNMe2][SR][PtCI2] (R = Me, Et, |-Pr, and Ph) (97-
100)

Complexes 97-100 were prepared from benzene solution of 0.1 g of
(PhCN)2PtCl> and the appropriate ferrocenylamine sulfide igands in 1 : 1.1 molar ratio

(Scheme 13). The reaction mixture was stirred at 35°-45°C for 7 days. The resulting
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precipitates were filtered, washed with benzene, then with petroleum ether and recry-
stallized from CH2Clz/hexane by slow evaporation. Yields.. TH NMR (without coupling to
195py), IR, MS, melting point and elemental analysis of these compounds were reported
in the experimental section. The most striking feature of NMR is coupling of 195Pt to
protons of dimethylamino groups. Table 14 shows the coupling constants of 195Pt and
the neighboring protons of different Pt complexes. 195Pt (I = 1/2) has a natural abun-
dance of 33% and has roughly the same relative sensitivity as the 13C nucleus. It has
been found!15 that 3J(195Pt1H) in platinum complexes with PMe3 and other analog
ligands are between 15-57 Hz. Table 14 shows that here 3J(195Pt1H) values are in the
range 28.4-51.9 which compares favorably with the results reported before.!16
Figure 20 shows the NMR spectra for compound (R.S)-CpFe[CHMeNMez]-[SMe][PtCl2] 97
3. Catalytic Applications of Complexes
a. Selective Hydrogenation of Conjugated Double Bonds
a.1 Selective Hydrogenation of Cyclooctadiene by Use of Complexes 97-

100

The selective hydrogenation of dienes to monoenes has been well documented.
Catalytic systems include, for example, [Co(CN)s3-]117 and [PdCI(PPH3)(n3-
allyl)).118 Selective hydrogenation of 1,3- and 1,5- cyclooctadiene to cyclooctene has
been achieved by ruthenium(0)polyolefin complexes.119 A similar behavior is shown
by Ni(acac)z in the presence of AloEt3Cl3 and PPh3.120 Novel homogeneous and mineral
supported, nitrogen containing palladium compounds were also used as catalysts in this
process.121.122 The other catalytic systems used for selective hydrogenation of 1,3-
cyclooctadiene are as follows: Ziréonium(lll) complexes containing chelated
EE'F’Pha,123 untreated and prereduced copper chromite at 140°C and 1 atm
pressure,124 colloidal palladium in Poly(n-vinyl-2-pyrrolidone) at 30°C and
atmospheric Ha pressure,125 and polymer membranes containing 200 A Ni particles on

active carbon.126 This catalyst is 4 times as active as Raney nickel with 90%



Coupling Constant (Hz) of 195Pt With The Neighboring
Protons; 3, ppm (Hz)

122

Table 14

Compound NCHa SCHs
97 2.45 (28.9) 2.71 (51.9)
3.34 (28.9)
98 2.45 (30.4)
3.32 (29.5)
99 2.45 (29.6)
3.34 (29.7)
100 2.52 (29.8)
3.42 (29.9)
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selectivity for monoene (vs. 50% for Raney nickel).126 Selective hydrogenation of
polyenes is of practical importance; in particular, the hydrogenation of cyclopentadienes
to cyclopentene has been a subject of a number of patents.127

It has been shown that hombgeneous hydrogenation of 1,3-cyclooctadiene to
cyclooctene in acetone by using palladium ferrocenyl amine sulfide catalysts resulted in
high chemical yields (up to 100%) and improved selectivity of the product.48 All
attempted homogeneous hydrogenation by using catalysts 97-100 failed. Table 15
shows that the hydrogenation of cyclooctadiene to cyclooctene in the presence of catalyst
98 can occur only if a mixture of acetone and water is used as the solvent. In the
absence of any solvent, or in the presence of acetone or CH2Cla, and THF, no hydrogen
uptake was observed. A possible explanation for the different behavior of platinum and
palladium ferrocenyl amine is as follows; Pt-S bonds are stronger than Pd-S bonds and
as has been demonstrated,48 breakage of Pd-S bonds could be important to the selective
hydrogenation of the 1,3-cyclooctadiene. It should be noted here that palladium
ferrocenyl amine selenide complexes aléo failed to have catalytic activity under the same
conditions, because Pd-Se bonds are stronger than Pd-S bonds. The addition of water to
acetone caused the catalyst to precipitate. The reaction was performed under
heterogeneous conditions and gave fairly good results as it is shown in Table 16.

The heterogeneous reactions may proceed yia hydrolysis of a Pd-Cl bond. Table
17 shows an example of the effect of pressure in hydrogenation. As shown, a minimum
of 80 psi initial Ho pressure was required to efffect an appreciable hydrogenation by
using a platinum ferrocenyl amine sulfide 98 as a catalyst. Palladium analogs required
as low as 61 psi initial Ho pressure for excellent results.48 In order to evaluate
catalytic activity of Pt complexes, catalyst 97 is compared with previously known Pt
complexes (Table 18). A comparison of this catalyst with the entries 2 and 3 shown that
although platinum catalysts reported here are considerably slower than the palladium

analogs,48 they are one order of magnitude faster than those reported by Bailar and co-
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workers.128 |t should be mentioned here that the compounds present after each
hydrogenation reaction were 1,3-cyclooctadiene, cyclooctene and cyclooctane. The
(1,3-cyclooctadiene-cyclooctene) : cyclooctane was determined by GC. The 1,3-
cyclooctadiene : cyclooctene ratios were determined by integration of the 'H NMR in the
olefinic region. The outer olefinic protons of the diene and the olefinic protons of the
monoene appear around 5.6 ppm. While the central protons of the diene appear at 5.8

ppm . The ratio of monoene to diene is therefore given by:

Monoene As g-As g
Diene =~ Asg

A = The area of 'H NMR peaks which are obtained by integration.
Figure 21 shows how the Ha pressure is changed by time. In this case, catalyst 98
CpFeCsH3[SEt][PtCl2] was used and initial H2 pressure was 80 psi. During the first 30
min the pressure was constant and then it increased possibly because Cl2 or HCI gas was
produced. After being constant for a few hours the pressure dropped until the
completion of the reaction. The rate of pressure decrease rate was almost constant
throughout the course of the reaction.
a.2 Selective Hydrogenation of Cyclooctadiene by Use of Complexes 72-
96
After it was found that platinum ferrocenyl amine sulfide complexes are far less
active and selective than palladium analogs for the hydrogenation of cyclooctadiene, the
catalyfic activities of complexes 72-96 were investigated. In comparison with the
catalysts reported by Shen48 and Okoroafor’S these complexes have an additional sulfide
or selenide substituent in the second Cp rings. Kumada and co-workers show that
existence of the second phosphine groups in the second Cp rings can effect the catalytic
activities of ferrocenyl amine phosphine analogs. Table 19 shows the results of the
hydrogenation of cyclooctadiene by use of some of the above complexes as selective

catalysts.
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Heterogeneous selective hydrogenation of 1,3-cyclooctadiene in acetone/water solvent system at room temperature
and 80 psi initial H2 pressure by using complex 98.
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Heterogeneous selective hydrogenation of 1,3-cyclooctadiene in acelone/water solvent system at room temperature
and 80 psi initial Hp pressure by using complex 98.
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~ Again, no hydrogen uptake was observed when a complex with Pd-Se or Pt-S bond
was used. When complexes 72, 73, 75, 76, 87, 88, 89 with Pd-S bonds were used
hydrogenation reactions were performed in high conversion (for most of the cases
100%), high turnover rate and excellent selectivity. The best result was obtained when
[S(4-Cl-Ph)]CsH4FeCsH3[CH2NMe2][S(4-Cl-Ph)]PdCl2 90 was used as a catalyst.
In this case the conversion is 100%, turnover rate is 722.4 mol/mol cat. h and
selectivity is 96.81%. This catalyst is comparable with the other state of the art
catalysts for selective hydrogenation of cylcooctadiene to cylcooctene. It will be shown
later that this catalyst is also very effective for selective reduction of the other
conjugated double bonds. When catalyst 73 SPh]CsH4FeCsH3[CHMeNMe2][SPh][PdCl2]
was used the conversion was 96.2% and selectivity was 86.8%. Figure 22 shows how
the selectivity of the reaction has been changed with the time. The percentage of
cyclooctadiene, cyclooctene, and cyclooctane throughout the reaction can be determined
by use of this figure. It is interesting that both cyclooctene and cyclooctane are formed
in the beginning of the reaction but the rate of production of cyclooctene is much faster
than that of cyclooctane. The selectivity gradually was reduced and after a while it
remained almost constant. Figure 23 shows the olefinic region of TH NMR spectra of
products after 3.5 h, 2.5 h, and 0.5 h. Figure 24 shows how H2 pressure is changed
when catalyst 90 is used for the hy;!rogenation of cyclooctadiene. Table 20 shows the
effect of different solvents in the hydrogenation of cyclooctadiene when complex 90 was
used as a catalyst. These data clearly show that hydrogenation reactions are solvent
dependant The best results were obtained when acetone was used as the solvent. Lower
turnover rate and conversion were observed when THF, CH2Cla, or a mixture of 9 mL
acetoﬁe and 2 mL water were used as solvents. The selectivities for all the cases were
very high. It should be noted that when the solvent was acetone, THF, or CH2Cl2
homogeneous mixtures were obtained but when a mixture of water and acetone was used

Pd catalyst was precipitated and the reaction was performed under heterogeneous
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Figure 22. Selective reduction of 1,3-cyclooctadiene at room temperature and 104 psi
initial H2 pressure by using complex 73
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conditions. A similar behavior was observed for Pt complexes with different solvents as
was discussed before.
a.3 Selective Hydrogenation of 1,3-cyclohexadiene

' Table 21 shows the results of hydrogenation of 1,3-cyclohexadiene by use of
catalysts 73, 76, 87, and 90 in the presence of acetone as solvent. In all cases the
conversions were 100% and there was no induction time. Turnover rates were fairly
high from 152.8 to 665.17 mol/mol cat. h. The selectivities were high and in the case
of catalyst 73, 96.7% selectivity was achieved. A comparison between the
hydrogenation reactions catalyzed bf complexes 73 and 76 reveals that the turnover
rate is far higher in the latter reaction while the selectivity is higher in the former
case. Also, the turnover rate is higher for catalyst 90 with two 4-chlorophenyithio
substituents than for 87 with two phenylthio substituents while the selectivity is
almost equal for both catalysts. Comparison of data in Tables 19 and 21 shows that the
results of hydrogenation depend on the substrates. For the same catalyst when substrate
changes from 1,3-cyclooctadiene to 1,3-cyclohexadiene both turnover rate and
selectivity were changed.'
a.4 Selective Hydrogenation of 2,3-dimethyl-1,3-butadiene.

Upon being found that new palladium ferrocenyl amine sulfide complexes are
active catalysts for selective hydrogenations of cyclic conjugated substrates, -we decided
to investigate the hydrogenation of acyclic substrates with conjugated double bonds.
Table 22 shows the results of hydrogenation of 2,3-dimethyi-1,3-butadiene. The
major product in all cases is 2,3-dimethyl-2-butene and this shows that not only
hydrogenation but also isomerization has occurred in this process. Preparation and
characterization of compounds 102-105 (Table 22) have been reported®2 but their
catalytic activities remained unknown. In order to investigate the effect of second aryl
or alkylthio substituent in the second Cp ring these complexes have been used along with

new obmpounds in hydrogenation of several substrates. A direct comparison between
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complex 72 with two methylthio substituents and 102 with only one methylthio shows
similar results. Although the induction time has been reduced by half and initial
turnover rate increased by ca. 60% after introduction of the second methyl sulfide group
in the second Cp ring but the percentage of products are close in the both cases. It is
very interesting and somehow surprising that addition of the second methylthio
substituent to the unsubstituted Cp ring of the chiral complex
(S.R)CpFeCsH3[CHMeNMe2][SMe][PdCIz] dramatically changes its catalytic activity
toward hydrogenation of 2,3-dimethyl-1,3-butadiene (compare entries 4 and 8, Table
22). The induction time is increased by a factor of 15 and also initial turnover rate
decreased by a factor of 50. On the other hand, higher selecitivity was achieved by use of
the catalyst 63. Conversion for all investigated catalysts were more than 99% and
initial turnover rate reached to 5§75.7 mol/mol Pd. h, however, the selectivity was not
as good as for the other substrates (cyclooctadiene and cyclohexadiene). The best results
were obtained by use of (S,B)-[S(4-tolyl)|]CsH4Fe[CHMeNMe2][S(4-tolyl)][PdCI2]
75. The conversion, selectivity and, the initial turnover rate were 99.9%, 74.8%, and
49.66 (mol/mol Pd h) respectively.

The (2,3-dimethylbutane + 2,3-dimethyl-1-butene):2,3-dimethyl-2-butene:
2,3-dimethyl-1,3-butadiene ratios were determined by GC. The 2,3-dimethylbutane:
2,3-dimethyl-1-butene ratios were obtained by integration of appropriate peaks in 1H
NMR. The starting materials, 2,3-dimethyl-1,3-butadiene, shows a singlet at 1.9 ppm
for 6 methyl protons and a doublet at 5 ppm for 4 olefinic protons while 2,3-dimethyl-
2-butene shows only one singlet at 1.6 ppm in the proton NMR spectra. On the other
hand, TH NMR spectra of 2,3-dimethyl-1-butene has a peak at 4.6 ppm for two olefinic
protons which is completely distinguishable from the doublet of the starting material.
There is also a doublet at 0.9 ppm for 6 protons of terminal methyls. 'H NMR spectra of

2,3-dimethylbutane also shows a doublet at 0.9 ppm for 12 methyl protons and a
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multiplet for the other 2 protons at 1.4 ppm. Therefore, it may be concluded that the

ratios of 2,3-dimethylbutane: 2,3-dimethyl-1-butene can be obtained by:

—2.3-dimethylbutane = _Ag_gﬁAu.Lz_
2,3-dimethyi-1-butene -

a.5 Selective Hydrogenation of 3-methyl-1,3-pentadiene.

Table 23 shows the results of hydrogenation of 3-methyl-1,3-pentadiene by use
of 8 different palladium ferrocenyl amine sulfides as catalysts. The solvent in all cases
was acetone and the initial Ho pressure was 80 psi. The existance of two double bonds in
two different environments is the interesting point about this substrate. The last three
substrates, cyclooctadiene, cyclohexadiene, and 2,3-dimethyl-1,3-butadiene all have
two equivalent double bonds,.therefore, only one initial monoene product was obtained.
However, in the case of 2,3-dimethyl-1,3-butadiene the initial product was
isomerized. Here, there is a competition between the terminal and internal double
bonds. It is not surprising that the terminal double bond has been hydrogenated much
faster than the other double bond and 3-methyl-2-pentene was obtained as the major
product. The selectivities and the conversions both are high and reached to 94.8% and
100% respectively. These results also show that introduction of second sulfide
substituent at the unsubstituted Cp ring effects the conversions and the selectivites.
However, these effects are not always parallel (compare resuits of entries 1 and 4
versus results of entries 3 and 6).

a.6 Selective Hydrogenation of Double and Triple Bonds Conjugated to
Aromatic Rings.

Table 24 presents the results for the hydrogenation of styrene, 4-vinylpyridine,
and phenylacetylene. These reactions were all performed under homogeneous conditions
by using acetone as a solvent and in all cases quantitative yields were observed.
Hydrogenation of styrene was much faster than 4-vinylpyridine and phenylacetylene.

When catalyst 75 was used for hydrogenation of both styrene and 4-phenylpyridiene,
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Table 24

Selective Hydrogenation of Styrene, 4-vinylpyridine, and phenylacetylene.2

Entry  Catalystt Starting Material Time Product  Yield
(h) (%)
Z
1 75 2 >99
2 83 " 12 " >99
3 89 " 0.25 " >99
4 104 " 0.25 " >99
5 105 " 0.25 " >99
z
6 75 14 >99
7 89 " 17 " >99
8 104 " 15 " >99
2
9 75 @ 12 >99
10 105 " 2 " >99

a  Room temperature, 80 psi initial pressure of H2, 4.5 mL acetone 2.375x10-3 mol
substrate,and 1x10-5 mol catalyst.
b 75 : (S.B)-[S-(4-tolyl)]CsH4FeCsH3[CHMeNMe2][S-(4-tolyl)][PdCI2]
83 : [SMe]CsH4FeCsH3[CHMeNMe2][SMe][PdCl2]
89 : [S-(4-tolyl)]CsH4FeCsH3[CH2NMe2][S-(4-tolyl)][PdCI2]
104 : CsHsFeCsH3[CH2NMez][SMe][PdCl2]
105 : CsHsFeCsH3[CHaNMes][S-(4-tolyl)][PdCI2]
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Table 25

Chemoselective Hydrogenation of Carbon-Carbon Double Bonds of a-f Unsaturated
Carbonyls, Aldehydes, Carboxylic Acids, Esters, Nitriles, and Anides

Entry CatalystP Starting Material Time Product Yield
(h) (%)
1 72 ¢\'o( 8 /\'c'J/ >99
2 75 " 0.5 . >99
3 83 " 8 " >99
4 89 . 10 " >99
5 102 " 0.5 - >99
6 103 " 0.5 " >99
7 104 " 10 " >99
8 105 " 1 " >99
9 72 Z CHO 2 “CHO >99
10 104 " 9 " >99
11 105 " 12 " >97
12 75 Z COOH 1.2 “NCOOH  >99
13 89 . 1 " >99
14 104 " 3 " >99
15 105 - 1 " >99
0 0

16 75 PNCHO—OCHs  0.75 ~NCHO—OCHs 599
17 89 " 0.75 " >99
18 104 " 1 " >99
19 105 " 0.1 " >99
20 75 ZCN 3 “CN >99
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Table 25 Continued
Entry Catalystb Starting Material Time Product Yield
(h) (%)
21 89 ZCN 1 “CN >99
22 104 " 0.25 " >99
23 104c " 0.5 " >99
24 105 " 0.25 " >99
25 75 Z CONH, 0.1 “CONH; g9
26 105 " 0.5 " >99

c

Room temperature, 80 psi initial pressure of Ha, 4.5 mL acetone, 2.375x10-3 mol
substrate, and 1x10-5 mol catalyst.

72 : (S,R)-[SMe)]CsH4FeCsH3[CHMeNMes][SMe][PdCls)

75 : (S.B)-[S-(4-tolyl)]CsH4FeCsH3[CHMeNMae2][S-(4-tolyl)][PdCl2]
83 : [SMe]CsH4FeCsH3[CHMeNMe2][SMe][PdCl2]

89 : [S-(4-tolyl)]CsH4FeCsH3[CHaNMe2][SMe][PdCI2]

102 : (S,B)-CsH4FeCsH3[CHMeNMe2][SMe][PdCl2]

103 : (S,B)-CsH4FeCsHa[CHMeNMes][S-(4-tolyl)][PdCIa]
104 : CsH5FeCsHa[CHaNMes][SMe][PdClo]

105 : CsHs5FeCsH3[CH2NMae2][S-(4-tolyl)][PdCI2]

4.75x10-3 mol substrate
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styrene was hydrogenated 7 times faster than 4-vinylpyridien. In the case of catalyst
68 this ratio was 68:1. A reasonable explanation is that 4-phenylpyridine has two
coordination sites, the double bond and the nitrogen atom. Thus, some of the active sites
of the catalysts were coordinated to the nitrogen atom and consequently the turnover rate
was decreased. It has been reported that the use of pyridiene as the solvent in
homogeneous reduction of cyclooctadiene in the presence of a ferrocenyl amine sulfide
catalyst resulted in lowering the turnover rate and poor yield (7.2%).129,130 The
reason is that again the pyridine nitrogen solvent competes with double bonds of the
substrate for coordination to active sites of the catalyst. Styrene also was hydrogenated
much faster than phenylacetylene and indicates that reduction of a triple bond to a double
bond is slower than the reduction of a double bond.

5=d-d

Ky < Kz
a.7 Chemoselective Hydrogenation of Carbon-Carbon Double Bonds
Conjugated to Different Functional Groups.

Chemo- and regioselective reduction of carbon-carbon double bonds is of
importance in organic synthesis. Boron!31 and transition metal hydrides (e.g. iron,132
rhodium,134 cobalt,135 aluminum,'36 palladium,137 and nickel138 hydrides) are
frequently used in stoichiometric amounts.

By using different palladium ferrocenyl amine sulfide complexes, chemoselective
reduction of carbon-carbon double bonds conjugated to different functional groups have
been investigated. As shown in Table 25, short reaction times and quantitative yields are
two important aspects of all of these reactions. Hydrogenation of vinylmethylketone was
carried out by use of 8 different catalysts (entries 1-8) and it was found that

ethylmethylketone is the only product for all of these reactions. Not even traces of
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/Y
1-buten-3-ol OH or 2-butanol OH was found. The reaction time was varied

between 0.5-10 h and in most cases it was slower for the catalysts with two sulfide
substituents than those with only one. Hydrogenation of acrylaldehyde (entries 9-11),
acrylic acid (entries 12-15), methyl acrylate (entries 16-19), acrylonitrile (entries
20-24) and acrylamide (entries 25-26) were also investigated and in all the cases it
was only the carbon-carbon double bond that was hydrogenated. As shown in Table 25,
when 2.375x10-3 mol acrylamide was hydrogenated by use of 1x10-5 mol catalyst
104, CpFeCsH3[CH2NMe2][SMe)-[PdClg], the reaction was completed in ca. 15 min
and when 4.75x10-3 mol acrylamide was used the reaction was ended in ca. 30 min.
This shows that the turnover rate of this reaction remained constant throughout the
reaction.

b. Asymmetric Grignard Cross-Coupling Reactions.

Asymmetric carbon-carbon bond formation is of great interest for the
preparation of chiral molecules, and frequently novel chiral transition-metal catalysts
have been used for this purpose.89:139 In 1973, the first asymmetric Grignard cross-
coupling reaction catalyzed by a nickel complex was reported.140 The asymmetric
coupling of vinyl halides with Grignard reagents by use of chiral nickel or palladium
complexes of ferrocenyl phosphines has been extensively investigated42.141 and

spectacularly successful results have been achieved (equation 5). the

M
Ph—(‘i‘HMgCI + CHz==CHBr L Ph—<|:H—CH=CH2 (5)
Me Me
racemic

enantioselective step in the catalytic cycle was the transmetallation reaction and the
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Table 26

Asymmetric Grignard Cross-Coupling Reactions Using Chiral Nickel
Ferrocenyl Amine Sulfide Catalysts

Catalyst Chemical Yield e.e.
Configuration
(%) (%)

(S.B)-[SR]CsH4FeCsH3[CHMeNMe2)

[SR]/NiCl2
R = Et 97.5 21.2
R = se¢-Bu 96 23.2
R =Ph ' 96 22.5

R = 4-CI-Ph 96.5 27.7

D I 1V I
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most important intermediate of the reaction was the diastereomeric transition state

shown below.
r N
Fe >—PPh
/_ 2\M—
Me ’.\-Bf
C_N 2 '-
) MgCl
2R, |
H— C!: Nph
Me
N )

The transmetallation step must be slow compared to the equilibrium of the
Grignard reagent to keep a racemic mixcture, because the optical purity of the coupling
product is not affected by the degree of conversion of the Grignard reagent.

It was shown that the ferrocene chirality plays the major role in this
asymmetric reaction and chirality at the carbon bearing the amino function does not
influence the optical purity of the products. However, it should be reminded that the
coordination of magnesium of the Grignard reagent to the amine group is the first
requisite for achieving high enantioselectivity.

Reaction of NiCl2 with chiral ligands 44, 48, 51, and 54 produced in_situ
nickel complexes that are active catalysts for asymmetric Grignard cross coupling

reactions between allylmagnesium chloride and 1-phenyl-1-chloroethane (equation 6).

¢Ha cat Ha
alyst
PhCHCI + CIMgCH,CH=CH, - = PhCHCH,CH=CH, (6)
20
THF

Table 26 shows the chemical and optical yields of these reactions. The chemical
yields were very high for all four investigated complexes (96%-97.5%) and fairly good

opticai yields were achieved (21.2%-27.7%). The yields are much higher than those
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reported by Kellog?42 and slightly better than those reported by Okoroafor.47 The
proposed mechanism is shown in Figure 25 which is based on the Grignard cross-
coupling reaction mechanism postulated by Kumada'8® and co-workers for nickel
phosphineferrocenyl amine catalysts. Although all attempts for isolation of
nickel/ferrocenyl amine sulfide failed, but because of similarity of the results obtained
here and those obtained by use of Pd analogs, 143 we assume that nickel complexes have
the same structures as the palladium complexes.

It has been shown that the optical rotation of the 4-phenyl-1-pentene was
strongly affected by small amounts of impurities.4! Moreover, products were
racemized and it was difficult to determine the optical purity by use of a polarimeter.
The enantiomeric excess of the products was determined by use of 'H NMR spectroscopy
in the presence of a chiral shift reagent, tris(d,d-dicampholylmetanato)europium(lil)
(Eu(dcm)3) after the alkene was converted into the methylester.144 Figures 26 and 27
show the dependency of the chemical shift (5), and the enanitomeric shift difference
(AA3) on the concentration of the chiral shift reagent and the temperature at a constant
concentration of the substrate (0.5 M) in chloroform-di. At room temperature and
without addition of the chiral shift reagent there is only one singlet for the methyl
protons of the methylester. Howe\)er, the signal separates into two distinct singlets
after addition of the shift reagent. Upon increasing the concentration of shift reagent the
signal was shifted downfield and AAS was increased. The enantiomeric excess was clearly
determined when concentration of the shift reagent reached 0.27 M. It has been reported
by Kumada?4! that the signal of (S)-methyl-3-phenyl propionate appears at a higher
field than that of the B enantiomer. Therefore, here we also attribute the higher field
signals to S enantiomer. In all cases the resulting product has B configuration, the
configuration of ferrocene chirality. However, we cannot deduce any conclusion from

this observation.



" Ph
CHp=CHCH~

VAN
H Me

(R)-Form

XMgCH,CH=CH,

CH,
]
PhCHCI

Figure 25. Proposed mechanism for cross-coupling reaction.
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Figure 26.

) N _~
M * '..;'.,:- ;

PPM 7 6 s

TH NMR spectra of (B) and (S)-methyl-3-butyrate in the presence of
increasing concentrations of chiral shift reagent Eu(dcm)3z. The concentration of
substrate in these spectra is 0.5 M in CDCI3/TMS, and that of Eu(dcm)3 is (a)

0.0 M, (b) 0.09 M, (c) 0.18 M, and (d) 0.27 M.



Figure 27.
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The magnitudes of AAS increase for methyl 3-phenylbutyrate with
decreasing temperature in the presence of chiral shift reagent,
Eu(dcm)3. The concentration of substrate and chiral shift reagent in
CDCI3/TMS are 0.5 and 0.27 M, respectively
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4. Structure of [1-[(Dimethylamino)methyi]-2-(1-
Butylthio)ferrocene]Palladium dichloride (101)

Atomic parameters are listed in Table 27 and 28 and selected bond lengths and
angles are given in Tables 29 and 30 respectively; a drawing showing the atom labeling
and thermal ellipsoid is given in Figure 28, a stereographic packing diagram is given in
Figure 29 and a stereographic view of the complex is given in Figure 30.

The palladium atom is in a square-planar environment where the sulfur and
nitrogen atoms of the ligand chelate to the palladium. The Fe-C distances range from
2.017(9) to 2.084(9)A, with an average value of 2.046(22)A, comparing favorably
with those of (BR.S)-CpFeCsH3[CHMeNMe2][SMe][PdCl2].47 The C-C distances in the
cyclopentadienyl rings range from 1.37(2) to 1.436(13)A. with an average value of
1.409(6)A; these values are typical for ferrocene. The bond lengths to Pd closely
approximate the sum of the Pauling covalent radii;!14 Pd-S observed.at 2.312(2)A,
compared with 2.35A; Pd-Cl observed average 2.303(3)A, compared with 2.31A; and
Pd-N observed at 2.147(7)A, compared with 2.16A.

The most striking angular feature of the complex is the obtuse S-Pd-N angle of
100.2(2)° that can be attributed, in part, to steric crowding caused by the bulky t-
butyl group. Cullen!45 has observed an analogous effect by 1-butyl substituents in
ferrocene-bridged bis(tertiaryphosphine) complexes of Rh.

The two cyclopentadienyl rings are eclipsed and are slightly tilted with respect to

each other; the dihedral angle is 8.0.
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Figure 28. The molecular structure and the numbering of the atoms (ORTEP, 50%
probability ellipsoids) of complex 101.
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Figure 29.  Stereographic packing diagram of complex 101 (ORTEP, 20% probability
ellipsoids). The c-axis is vertical, the b-axis is horizontal and the a-axis is
normal to the page.
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Figure 30.  Stereographic view of complex 101 (ORTEP, 50% probability ellipsoids).
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Table 27
Positional Parameters and

Their Estimated Standard Deviations for
(1-{(Dimethylamino)methyl]-2-(t-butylthio)ferrocene]palladium

dichloride

Atom x y z B(Az)
pdl 0.51669(7) 0.20158(5) 0.16807(4) 2.425(9)
Fel 0.7763(2) 0.2623(1) 0.35287(8) 2.80(2)
Cl1 0.3293(3) 0.0774(2) 0.1569(2) 4.51(6)
Ccl2 0.2871(3) 0.2996(2) 0.1539(2) 4.47(6)
Sl 0.6636(3) 0.3400(2) 0.1855(1) 2.41(4)
N1 0.7229(9) 0.1035(5) 0.1788(5) 3.0(2)
Cc1l 0.689(1) 0.0331(7) 0.2410(7) 3.9(2)
C2 0.736(1) 0.0537(7) 0.1017¢(6) 4.0(2)
C3 0.897(1) 0.1438(6) 0.1953(6) 3.0(2)
CS 0.906(1) 0.2188(6) 0.2536(6) 2.6(2)
(of 1.018(1) 0.2231(6) 0.3180(6) 3.3(2)
c7 1.020(1) 0.3159(6) 0.3493(6) 3.3(2)
cs8 0.904(1) 0.3691(7) 0.3034(6) 2.9(2)
C9 0.836(1) 0.3108(6) 0.2464(5) 2.4(1)
Cl0 0.548(1) 0.1938(9) 0.3742(6) 4.4(2)
Cl1 0.670(2) 0.172(1) 0.4304(8) 5.5(3)
Cl2 0.718(2) 0.257(1) 0.4668(7) 5.8(3)
C13 0.627(2) 0.328(1) 0.4331(7) 5.1(3)
Cl4 0.524(1) 0.291(1) 0.3760(6) 4.8(2)
C1l5 0.756(1) 0.3889(7) 0.0957(6) 3.1(2)
Clé6 0.854(2) 0.3186(9) 0.0483(6) 5.0(3)
Ccl7 0.605(2) 0.422(1) 0.0475(7) 5.4(3)
C1l8 0.868(2) 0.4685(9) 0.1170(8) 6.3(3)

Anisotropically refined atoms are given in the form of
the isotropic equivalent thermal parameter defined as:

(4/3) * [a®*B(1,1) + b2*B(2,2) + c2*B(3,3)
+ ab(cos gamma)*B(1,2) + ac(cos beta)*B(1,3)
+ bc(cos alpha)*B(2,3)]



Name
Pdl
Fel
Cl1
Cl2
Sl
N1
Cl
c2
c3
C5
Cé6
c?
c8
Cc9
C10
Cl1
C12
C13
Cl4
C15
Cl6
Cc17
Cc18
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Table 28

General Temperature Factor Expressions - U’s - for
(l-[(Dimethylamino)methyl]-2-(t-butylthio)ferrocene]palladium

u

(1,1)

u(z,2)

O O O O O O O O OO O 0O O 0O OO0 O0ObOoObOoOOOOo

.0176(2)
.0266(5)
.032(1)
.0227(8)
.0235(8)
.023(3)
.036(5)
.039(5)
.020(4)
.019(3)
.024(3)
.025(3)
.029(4)
.021(3)
.040(5)
.064(7)
.047(6)
.060(6)
.032(4)
.037(4)
.064(7)
.046(6)
.090(8)

O O O O O O O O O 0O O O OO OO0 O o oo o o o o

.0337(2)
.0428(6)
.050(1)
.058(1)
.0286(9)
.030(3)
.034(5)
.047(5)
.032(4)
.034(4)
.042(4)
.046(5)
.035(4)
.033(4)
.070(6)
.070(7)
.12(1)
.080(8)
.093(8)
.038(4)
.080(8)
.096(9)
.074(7)

O O O O O O O O O OO0 O oo oo oo o

dichloride
u(3,3) U(1,2)
0.0409(3) -0.0009(3)
0.0371(6) -0.0035(6)
0.089(2) -0.015(1)
0.089(2) 0.009(1)
0.039(1) 0.0034(8)
0.062(5) 0.002(3)
.079(7) -0.002(4)
.067(7) 0.005(5)
.063(6) 0.003(3)
.048(5) -0.000(3)
.058(5) 0.002(4)
.054(5) -0.011(4)
.048(5) -0.001(4)
.037(4) -0.001(4)
.057(6) -0.022(5)
.076(7) 0.009(7)
.051(6) -0.016(8)
.053(6) -0.021(6)
.058(6) 0.011(7)
.043(5) -0.006(4)
.044(5)  0.001(7)
.064(7) 0.010(7)
.074(8) -0.049(6)

u(1,3)
0.0015(3)
-0.0011(5)
-0.003(1)
-0.006(1)
-0.0033(8)
-0.002(4)
-0.003(5)
0.007(5)
0.008(4)
-0.002(3)
-0.002(4)
-0.013(4)
-0.003(4)
-0.001(3)
0.017(4)
0.018(7)
-0.011(5)
0.023(5)
0.019(4)
-0.009(4)
0.011(6)

'-0.008(6)

-0.001(8)

The form of the anisotropic thermal parameter is:

expl-2n(h%au(1,1)

where a, b, and c are reciprocal lattice constants.

+ k

252y(2,2)

2.2

+ 1%c”u(3,3)
+ 2hkabu(1,2) + 2hlacuU(1l,3) + 2klbcU(2,3)}]

u

2,3)

.0003(3)
.0060(6)
.007(2)
.002(2)
.0010(9)
.004(4)
.010(5)
.019(5)
.006(4)
.010(4)
.014(4)
.007(4)
.008(4)
.002(4)
.001(6)
.032(6)

0.009(8)

.021(6)
.004(7)
.011(4)
.017(6)
.038(6)
.009(7)



160
Table 29

Bond Distances (in Angstroms) for
(1-[(Dimethylamino)methyl]-2-(t-butylthio)ferrocene]palladium
dichToride

Atoml Atom2 Distance

Pdl Cll 2.314(3)
pPdl Cl2 2.292(3)
Pdl Sl 2.312(2)
Pdl N1l 2.147(7)
Fel CS 2.084(9)
Fel cé 2.062(9)
Fel c7 2.053(9)
Fel c8 2.017(10)
Fel c9 2.017(9)
Fel Cl0 2.069(11)
Fel Cl1 2.041(13)
Fel Cl2 2.017(12)
Fel Cl3 2.042(12)
Fel Cl4 2.055(10)
Sl c9 1.756(8)
S1 Cl15 1.846(10)
N1l Cl 1.496(14)
N1 c2 1.513(14)
N1 Cc3 1.503(11)
C3 CS 1.472(13)
C5S (o 1.418(13)
CS c9 1.434(12)

Cé c7 1.436(13)
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Table 29 Continued

c7 c8 1.423(13)
c8 c9 1.397(13)
Cl0 Cll 1.40(2)
Cl0 Cl4 1.41(2)
Cll Cl2 1.42(2)
Cl2 Cl3 1.38(2)
Cl3 Cl4 1.37(2)
C1l5 Clé 1.51(2)
C15 Cl17 1.52(2)
Cl5 Ccls8 1.48(2)

Numbers in parentheses are estimated standard deviations
in the least significant digits.
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Table 30

Bond Angles (in Degrees) for
(1-((Dimethylamino)methyl]-2-(t-butylthio)ferrocene)palladium
dichToride

Atoml Atom2 Atom3 Angle

Cl1 pdl Cl2 88.1(1)
Cl1 Pdl Sl 170.29(9)
Cl1 pdl N1 88.8(2)
Cl2 pdl s1 82.93(9)
Cl2 Pdl N1 176.8(2)
sl pdl N1 100.2(2)
pPdl S1 c9 104.7(3)
pd1l S1 C15 114.3(3)
c9 Ss1 C15 107.0(4)
pdl N1 cl 111.9(6)
Pdl N1 c2 106.6(6)
Pdl N1 c3 116.3(5)
Cl1 N1 c2 108.8(7)
Cl1 N1 C3 106.4(8)
c2 N1 c3 106.6(7)
N1 c3 o 116.9(7)
C3 CS cé 126.6(8)
c3 (o} c9 126.4(8)
cé CS Cc9 105.3(8)
CS (of3 c7 109.9(8)
o] c7 c8 106.4(8)
c7 . c8 C9 108.3(8)

Sl c9 C5 124.3(7)
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Table 30 Continued

Atoml Atom2 Atom3 Angle
S1 c9 c8 124.8(7)
C5 c9 c8 110.1(8)
Cl1 Cl0 Cl4 108.(1)
Clo0 Cl1 Cl2 107.(1)
Cl1 Cl2 Cl3 109.(1)
Cl2 Cl3 Cl4 109.(1)
Cl0 cl4 Cl3 108.(1)
s1 C15 Clé6 113.5(7)
sl C1l5 Cc17 106.0(7)
s1 C1l5 c18 108.4(8)
Cl6 C1l5 Cl17 107.9(9)
Clé6 C15 Ccl8 110.(1)
Cc17 C15 Cc18 111.(1)

Numbers in parentheses are estimated standard deviations
in the least significant digits.
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Table 30 Continued

Atoml Atom2 Atom3 Angle
sl c9 c8 124.8(7)
CS c9 c8 110.1(8)
Cl1 Cc10 Ccl4 108.(1)
Cl0 Cll Cl2 107.(1)
Cl1 Ccl2 C13 109.(1)
Cl2 Cl3 Cl4 109.(1)
C10 Cl4 C13 108.(1)
Sl C15 Cl6 113.5(7)
sl C15 c17 106.0(7)
s1 C15 c18 108.4(8)
Cl6 C15 Cl7 107.9(9)
Cl6 C15 c18 110.(1)
C1l7 Cl5 Cc18 111.(1)

Numbers in parentheses are estimated standard deviations
in the least significant digits.



APPENDIX



164

(oW = H) € punodwod o wnioads YAN H,

T

‘1g einbi4



165

29

"k

a2 2

(8 = H) £v punodwoo Jo YN Og, Pajdnodsp palen

o,

Wdd
2 @3 2 o8

-r.-w-q-—.-1-m-<.-—-.<.‘s—.-<

D,

[ )

[ Y )

—

\J 1*-1-1-11 LER S B § LR AR BRS T Trrry v
[ | | | [ |

a

"2 eanbi4



166

(oW = d) €v punodwod j0 wnnoads Hi ‘€€ @inbid

(T—wd) Juaquruanem

00 008 0 002t 0°009t7 (ol eToJor- o*oove 0° 0082 0 o00cE O 009€ O0°000oVv
'y y'y 'y ] 4 4 4
I L] v T

——— 4. -

1

v L

00002 00000

[e]eele] g

3oURIITWSURJLX

[eYoJoRuye]-} 000" 09

00" 007

co-oet




167

(13 = §) v punodwod jo wnioads HNN H\

‘v¢ 8inbi4




168

2'9 2 22

} —

2 o,

(13 = H) vy punodwod Jo HAIN O¢, PBIdNCI8P palen

WUdd

e —~—

@ @3

2 @28

—ﬂqqq—--ﬂ—

1q-qﬂ14q-‘—q1dq—xd-1—1-<—-ﬁqj-‘q-‘-—xqqqq—-‘ﬂ

R

R

)

—

—n

[

m

1

-

"GE einbiy



169

00008
il

o0° oozt

(1-wd)

Jaqunuasem

0°0002 0'00ve

(13 = H) vv punodwod jo wnioads Y

0°oo09t

0°0082 0°002E 0°009E 0°000V

000°08 000°09 000°0Or 000°02 0000°'0

CIcR-I-34

oo ozt

SoUE3I3ITWSURULY

'9g einbiy4



169

(13 = ) vp punodwod jo wnioads Y|

(T-wd) uJsqunuanem

00’008 0°002F 0°009F 0°0002 0°00rZ 0°0082 O0°00ZE O'009E O 00OV
—t +

000°08 000°09 ©000'Or 000°02 0000°0
®Jue3l3lTWSURBULX

0o oot

0o-ozt

‘9g eunbi4



170

(13 = Y) v punodwoo jo wnioads ssep

owm ast QWV 95¢ 99e
TTO O A | lumk dunk haudasbadsnbok adunt Jaak radauk dunk (T TOPO YOO AP OpOY PO TOPTY YO TV YO
v N
i ze :_
90¢
A: 3
28
zee
esz 09z 0s! 001 Y
sz W™ ez %1 I [t canbrpdon' i N
- 86z oy ¥l ver ' 1 8 2[S9
724 6 s
12t
Zst
43 R
[ 24
o1 - Z2Zw
INITON T1621 337dWS
‘$Z8L€ 21y €8 WI I WD bbi0 + 00162221 28/99/01

ZEE 13/W 3ISHg

IZ8 11621 twivg

WNA1JI3dS SSuW

L€ 8Inbly

IN

- 0°001

]

- 0°001




171

(1d-U = 4) sy punodwoos jo wnioads HAN H,

Hdd
B0 21 a2 2'€ 2% 2'S 2’9 2L 2'8 26

_xdﬂ-w—ddqqqqq-q—-qqﬂﬂﬁﬂqﬂ—-q-_‘dqqq—-‘ﬂqdqqﬂql—uqq<m|qq-q—--qq--—qq_‘-*d‘<qqi—1411~qd—ﬂa_‘d4<~<~—qﬂq-

L |

"8€ einbi4



172

a2

o

%

(1d-T = ) Sp punodwiod Jo HWN Og Paldnoosp palen
Wdd
2’ @9 2 e8 2 eal

Y ljjﬁlj /— 4

‘6€ 0inbiy




173

(14-U = o) sp punodwod jo wnnoeds 4 “OF ainbi4

(T—-wd) Jvaqwnuaaem

v 00°008 0°002T ©0°009FT 0°0002 ©0°'00b2 O0'0082 O'002E O O0O09E O 000P
R s T e RO B S e e A e &

(oeleYo o]

000 0e

000" " Oov

000 09
IouelIITWSURJILX

000" 08

00007

co-oet



173

(14-T = Y) Sp punodwod jo wnnoads Yi "oy 8inbi4

(T—wd) Jyaquwnuaasem

> 00°008 0°002T O0°009T O0°0002 O0°00¥2 0°0082 O°'002E O°'009E O 000V
S e IR 3 e L ,IJ.

o000 ° 0

[eXeYoRuyel=

ooo-ov

000 ° 09
asue3lI3ITWSURJLX

o000\

00 00T

00 - oa:t




174

(14-T = Y) sp punodwod jo wnioads ssepy Iy

owm osb @orv ase 99z e
e d Ledunkudank P Dbl d b d b b ade b b L denbadusulbnbhunduuk
_ tec

] o6 ae 81 !
1 sop |
L o
. - 9°05
1 H
- g ad Q.8~

0sZ 092 oSt 09 oS I

.._.E". dashaad “..._..:..:._m. dushbndunk ...— h ._. sl ..__.. A .m.-m. h J.:... ....d._..qm._.:ﬂ_.m:_&-.... ..:m..._. L: | .:.1.:....4..#_:.&_
1
] _ 62 d 8az s6 — 221 pay _: _ w—— — 16 22 ‘_nw s L
) | 24 sel 9 i
{382 12t 3 !
€St o)

i S8 _ 006
] A 24 134 .
p 9

- 900!

einbiy4



175

o .

Udd

o .

S

(ng-U = Y) Lp punodwoo jo wniosds HAN H,

g3 2 ¢ @8 26

"2y einbi4




176

‘a2

(ng-U = ) Lv punodwoo jo HWN Og, Paidnoosp pejen

2" 29 o o8 2 201

ey einbi4



177

(ng-U = y) 2¢ punodwod jo wnioads Y| by 8inbiy

(T-Wwd) JUIIWNUBARM
14 00" 008 0o°'oo2t 0009t 0°0002 o*oove 0 oo82 O oo0ce 0" 009€ O 000vY
< + + —t Sm—f - - + + { t

—t =t

0000°0

[o)eJ o Ruyer-]

000" Ov

<~
000" 09
2ouelI3ITWSURJLY

000 08

00 001t

oo o2ty



177

(ng-U = y) 2p punodwod jo wnnoads Yi "y einbi4

(T-Wwd) J3 JWNUBARM
14 00" 008 0o°ooet 0°0097 0o-"ooo02 o oove 0°oo8e2 0 °ooece O ' 009€E (oI eXoXo) 4
4 + + m——t- - + } + +

00000

000 - o2

coo - ov

S
000 09
aJuelITWSsSURJLX

000" 08

00 00T

oco-oer



(ng-U = y) z¢ punodwos jo wnioeds SSeN 'Sy einbiy

178

osh oo 0se R VY
" | o | hanal N -v ") b aeal L badesbhad i N 4 o | | P ) | oY ] (N -r 4 | W]
I ce ' 8l
4 o, s [ o“_a e 8t |
£Eb |
- 9703
a8t - 9°001
00z oSl 091 0s I
4 | [ § J m- A ba ane b an dd | N 15*.3? rl ——. —-»—-lm.—-..»-—- . -Pr—l..-d- Lo d —.-—P aaf o 4
B | b I L A T
Sl 1}
% &8
4 tet
8 e
- 0°0S
e
- 0°001




179

(ng-33% = y) gp punodwod jo wnioads Ul "9 einbi4

(T-w2) JH.JWNUIAEeM
14 00 008 0°*ooct 0°009t 00002 o-oove 00082 O0°002E 0" 009€ 0000V
4 + e I 4 " n —+

1

ooo- o2 00000

ooc0 - " ov

000" 09
aJuelIITWSURJILY

[eJeJouye]-]

[eXe ol

[o)elol-A¢



180

4

o5t

[ TR Y

(ng-73% = Y) gy punodwod jo wnioads ssepw

IN
Zee |
- 0°0S
88¢ -
- 0°001
oSl @wa oS Il
.ﬂ_m_-::_...__-.m.rﬂ._..m.s_ﬂ—w W&r Y g q—.._ ... ........... .. Loudual ".._...
bl $ET __ ' <_ §8 & __ !
121 6
b4 [
26 [
- 0°0S

- 0°001

Ly einbi4



181

'C

<

@y UYddy's

(ng-T = Y) 6v punodwos jo wnioeds HAN H,

o

3

‘8¢ einbi4



182

(ng-1 = ) 6p punodwoo jo wnioads H|  "6p by

(t—wd) usquwnuaanem

00°008 0°002FT O0°009F ©0°0002 O0°00P2 0°0082 O°002E O 009E O°'000P
B e e e e =~ - J

00000

00002

000 " 0Ov

000" 09
2JUE3lIITWSURULY

(o] eJolge] -

oo o007

oo oet



183

L

A

995

Pl-—-lr-

Liasal

&

(ng-T = 4) 6¥ punodwoo jo

2

e e e

1224

She

151

wnnoeds sseyy  °0S

3

—-0°001
£

- 0°80]

ainbi4



184

(1Kued-T = y) 0§ punodwod jo wnnoads HNN H;

1S esnbi4



185

(1fived- = y) 05 punodwod Jo HAIN D¢, PaIdnodap pelen

2 oL L S

R J%jﬁw : Jﬁ

'2S 8unbi4






186

(1fluad-1 = ) oS punodwod jo wniosds Y| ‘€S eunbiy4

(t—-wd) JsqQqunuaanemMm

00°008 0°002FT 0°009T O0°0002 0°00r2 0°0082 O'002E O' 009E O 000V
e R B B B — e e IJT

000" 02 0000°0

000 oV

000 09

8JuR3IITWSURU LN

00008

00 001

co-oet



187

(1Kwed-T = Y) 0§ punodwoo jo wnioads ssep

00S osh
dseadaaake sl N Y [YPO POPY Y FOPY 1O NPT bk
L L |}
# b
19%
184
;24 00z oSt
S
sz R a2y ¥t
| 214
€St
4 24

cEl

121

091

26

f 1
nok <9

2L

(1 4

b5 einbi4

I’H

- 0°001



187

asaalaasadescalssaal snsa hasaal

ki

(1Kiuad-T = y) 06 punodwoo jo wnioads ssep

L 224

9z

pZ

%44

0oz
t61

oSt

Q1 ¥

€61

12t

00t

26

c8 2L

42

S3

4

I’H

- 0°001
3

~0°001

"vS eanbiy



188

(ud = H) 1S punodwoo jo wnioads sseyy  "SG einbi4

00S osh oor 0s5¢ 00¢ Iu

] 209 i
8sb

:74 4

€b
1 245 i

. - 0°001
£

= 2 - 0°001



189

00008
4

o'oozt
4

(v -wo)

Jsquwnusaaem

0'0002 0-oo0ve

(28 = Y) 26 punodwod jo wriads Y

0" o082
]

0 0o0z2€e
—

0°009€
-

0" o000t

00°00FT ©000°08 000°09 000°Or 000°02 0000°0
Soue3llITWSURULX

oo -ozt

‘9 @nbiy



190

(1401-¢ = Y) €6 punodwod jo wnJoads YAIN H

)

*LS einbi4



191

(1401-¥ = Y) €6 punodwod Jo YN D¢, Paldnooep pejen

uUdd
o 28 2 ool 2 ocl

1]

'8 eunbiy



192

v

00008

o0°oo2t

B e B R

0°009t1

(t-w3)

JOQUWNUBAGRM

00002 0 o00vZ
— +

(1K101-p = Y) €6 punodwod jo wnnoeds Y|

0" oo82 0 " oo02ce O " 009€ 0" ooo0Ov
- 4 4 - 4

T

Al v T

000 08 000 09 000 OV ocoo - oe 0000° 0
aouelIITWSsSURJLX

00 00?7

co"o=ty

'6G e.nbi4



193

)

PR |

0SS 025

YR OO W WA YO WO W WL WA [ WA WO WA YOO WO W YOOt YR 3

eet

e ol

3

gic 'oec

182

692

424

1 _

3ty

621

(1A101-4 = Y) €6 punodwod jJo wnioads ssepw

sk

ooy

TP ST A |

d

eth

‘09 8.nbi4

ese 3N
- 0°0S
beE
- 0°0081
oS E%]
ST T L g
_ 16 ;__ !
c8 .
wn .IQ @n
16 ' I
|44 i
L
A

- 0°001



194

(ud-1D-¥ = H) ¥S punodwod jo wnioads HAN H

‘19 einbi4



195

C

-

(8 = H) gg punodwod jo wniads YN H

o'y LJdae’ S S 2 ¢ 28 g6

P_EFEEEE

‘29 8inbi4



196

"ot

(8W = H) §g punoduicd Jo YN Og PaIdnoosp pejen

o WYd TR o o6

‘€9 eunbiy4



196

g ol

pnb—:»—-—»phth-_hpp—-.:-—-ppnpch—:-——-hp-—-::-—h_—cbp_~_-—kah-h__—Phb_—hpt__h:hppf

2 oc

(8 = H) S5 punodwod Jo HNN Og PaIdNooap palen

o 4d

o

L

o

26

1

Y )

Jﬁ

J‘J

M

‘€9 einbi4



197

00008

o'o

ozt
g

0° o009t

‘‘‘‘ dsl 8

(F-wo)

Jsqunuaaem

0°0002 ©0-00vZ

e

(8 = ) §S punodwoo jo wnioeds Hi

00082

0" oo2€

0°009€

0" ooovr
Rades i

000'08 000°09 000°0r 000°02 0000°0
95UE3IITWSURLLY

co-oot

0o-ozt

"v9 einbly



198

(8 = H) s punodwod jo wnioads ssey

e e ———e-

s a5k .qu ENT]
‘] -qm.—-—-- N '} -»I— 2
ock |
ot I
Skt
- 295
—- 9 091
()54 aaz a1 as IU
.m._:._ ..h_rm..".. Sandawbiadind sl ___.._.._. _r,_._ 1. ...:....... PN ."_.m.m._m ..."._. Ak ._ ...“._z.m__.._m...qm.q._:.._.m._.“ .4._"..“._.__ .__. Lk __ e ._ % . w..m_d.:..: pualjpul
e ErE s g TN e Y nm_._ __ ! maJ_ LK LRY e
(X1 c8 & s3 -
<374
66 [
2z 5t1 i
S
! 4
i - 0°DS
6S ]
L
- 0°091

314

‘69 einbi4



199

(ud-12-¥ = 4) 28 punodwoo Jo wnioeds sseyy 99

A

|

ess 002 s 003 053 3Iu
Loand ..PP.F..PP.P..P— ul N (AP TN ...P-PP Lankaatenbadunbal adusd
229 3% ,
065 803
3€9 [
R L a-001
998 ack 09p st 995 ePn
Liaaal Fl Iy - "] heseala s bisna b saal i b mead N —l_ hagasl | P P | | ) aaalansabenealis ae ke b milsebkad N —- 4 [ ) S ae b aaad ol l_-.l—.l- al
i 99¢ U L USTTS
zob 1e
- 0°05
L 0091
sz 007 0g I
TP R TR K TOPR W PPN |
A LU AL q........_. “t
gz 45 gy U ooz £9 o |
612 g [
- 005
7} [
cai pp 07001

einBi4



200

(e = H) 8 punodwod jo wnnoeds HWN H,

"L9 einbiy



201

as.

(oW = 1) 85 punoduioo Jo WWN g, Peidnoosp pejes

uJdd

gL

"'89 8inbiy4



202

00008
4

o oozt
—

0° 00971

(T -wd)

Jaqunuasem

0°0002 ©0'00Ov2
e

0°0082 O0'002E 0°009E 0’000V
a8

(W = H) 8§ punodwoo jo wnioads Yj

il

% o

00008 ©000°09 000°0r ©00°02 0000°

co-oot

co-oz:t

SoURIITWSURULY

'69 @inbiy



202

00008
—

0°o002t 0°009t
e RS A

(1-wd) usquwnuasem
00002
B

0°00r2 0°0082 0°002E 0°009E 0000V
EP ol P o =

(3w = H) 85 punodwoo jo wnioads Y

— A e -y

000°08 ©000°09 ©000°0r ©0C0'02 0000°0

oco-oot

oo-ozt

souellTwsSURULY

‘69 @nbiy



cAkoce LRy ] €@ YW 1T e ar rey -
GOy ke AT LR R B K2 )




203

ab

est

b s e alay

*9G6E6 131y
SEE 23/W 3Sug

ece

922

€8 ™I
618 08221

219D
V1Yo

(ay = H) 85 punodwod jo wnsoads sSeyy

821

bl

61

bel

121

N

oI% - 6I#
88221 :31dWYS

8€:0 + 00:0S01 28-10/21

WNY1J33dS SStu

0705

ﬁ 0991

"0, 8inbiy



204

(13 = ") 65 punodwoo jo wnoeds HWN H,

udd

"2 2 c 2.

%#ﬁ%

"1, 8inbi4



205

(13 = 1) 65 Punodwod Jo HAN D¢ PaIdnodep palen  *z, einbig

Udd
2s a3 aL 28 26




206

(13 = ) 66 punodwood jo wnioads Hi  "€L 8inbi4

(T—-wd) JesqunueasemMm
(ool o] 4 00° 008 o-ooct 0° 0097 0" 0002 o-oove 0°"oos8e 0" oocE 0" 009€ 0" 000!
[ 4 - 4 $ 4 -4 4 4

EO ST 80 88 AeW TE T1AU33-S 2HI



L)

N O Coor




207

(1714

| P

- 3

d

8bt

8le

ne

(13 = Y) 6S punodwoo jo wnoads ssep

85z 09z es1 eal

e , . ,._,. __ 1 : | _: i vu,._ If __ UL
: -, <9
sez|l 88 g 4
21 6l 601 | gg
86z 0£Z
Zst L6
B 14

3%

-0°0S

- 9°0921

‘v, einbiy4



208

(4d-T = ) 09 punodwod jo wnijoeds YN H,

‘G, einbiy4



209

(1d-U = H) 09 punodwoo jo YN D¢, Pejdnooap pajes

"9/, einbiy



210

00 " oOov
[

00 ° 008
—+

0°oo2t

0°009°¢

(t-w3)

JaqunueaAemMm

0°ooo2 o-oove
d |

(1d-U=4) o.m punodwo? jo wnioads Y

0" oo8Be2 O °ooce 0 " 009€ 0" ooot
4 3 d

g

—————

t

— — —

b e

LE G BO 88 AeW TE TAdoud—-uU—-s 2HI

/L 8inbiy



211

(ng-U = y) 29 punodwod jo wnioeds HWN H,

"8L einbiy4



212

(ng-T = Y) 29 punodwicd Jo HWN D¢ Paidncosp palen

"6, 81nbGi4



213

(ng-U=Y) 29 punodwod jo wnnoads Yl ‘0g @inbi4

(T-wd) vaquwnuaaem

00°'008 ©0°002T 0°009T 0°0002 O0°00¥Y2 O0°008B2 O°002E O° 009E O 00OV
e - L SRR SIS R S IIT..,:.;lJ.

00002 0000° 0

(o] eJeluye] 4

‘09
92URJIJTWEURJILY

00008 (o) oJe]

00007t

[oXo RN er=44




214

(ng-1 = Y) ¥9 punodwoo o YWN Og, Padnooap pejen

"18 einbyiy4



215

00" OOV

00°

(o) o] -]

— -

0°oo2t

I

0°0091

et ——

(1 -wd)

Jaquwnuaaem

0° 0002 o-oove
. |I* ..-l|.|

(ng-1 = H) ¥9 punodwoo jo wnioeds Y

0'oone 0°oo0ceE 0° 009 0"000:

l B |.l.|l. - . — |d

‘28 einbi4



216

(ng-T = Y) ¥9 punodwoo jo wnioads sseyy ‘g8 ainbiy

m.m;. 03¢
Aeadohodod d Y VO TR T TUY TN ST WO O SUTTT T
1 28E Zag 20E
3{3

S9

121 i

£33 . s

- 0°0S

T

8cz ~- 0991



217

(1Kwwed- = y) 69 punodwod jo wniodsds HAN H,

T

‘g 8.nbi4



218

(1Awed-] =
1= y) 59 punodwod jo HWN Og; Paldnoosp palen

— — Aﬁli

‘g8 eInbi4




219

(1fiuad-1 = 4) 69 punodwod jo wnioads Y

(T--wd) uaquwnuaasepm

00°008 0°'0028FT 0°009T O0° 000 0°00r2 ©0°0082 O'002E O 009E
e T - - . —t- 4 —- e

— 1
oooco -0

000" " Ce

ooo - or

TWSURJU S

©0o0 09
souel

00008

co0 007

— =

co oet

-
-

‘98 8nbi4



220

A a0 P“

0sS

PR WO WO TR YOO YO YO YO WO [DT YOO YO WP WO WO WY WO W

(1fwad-1 = y) 69 punodwod jo wnioads ssep

00S @

L b

St

ibb

1344

oor

131

I

L 9°001
M

L8

einBi4



221

Aol-b =
(1410 = H) 89 punodwod jo wnioeds YWNN H
I

‘g . .
2 'J @'s8 @6

‘g8 8inbi4



222

(14101-¥ = H) 89 punodwoo jo YWN Og, Paidncosp pejen
udd

"ol 2 ec @’ s 2 oL 7" a6 2 211 2 2cl

) A L] ML MM MAAAd KA LA LA LM LA LA S MM W

‘68 8inbiy



223

009

0SS

00S

PRTTRTTRTIN RS U RS WO A ST ORI T

ece

Z6E ggz

5~4

(2 24

otz

661

8p

»81

(K101-¢ = ) 89 punodwoo jo wniosds ssep

121

$3€

X4

‘06 ©4nbi4

IW

- 0°001
3/H

- 0°0S

- 0°001



224

(Ud-10-¥ = H) 69 punodwod jo wnideds HAN H,

uJd

16 8inbi4




225

(Ud-10-¥ = H) 69 punodwod Jo NN Og, Paidnoosp pejen 26 einbiy
uJdd
2 o6 g oull 2 eocl!

gé%éﬂéééég
4 - J — _ W —




226

N N

“a9

055

(ud = H) 02 punodwoo jo wnioads sseyy €6

ans ash ooy

dhassbuasdansalsalosnsuns atesssussabe sahsdiande otk bt ol bt ]

PR YO TR W Y

oet

- T T T )

A8

0sZ

ot ol

22

8ee

anz 051
T VPPN YPPOF TP OO YOO ¥ ._..k_.. "
R _ __
3t $91
£€1
£S1
261
1

€S

5€

ar

I

T
®
@
uw

- 8°091
£

~-9°Nal

einbiy



227

(Ud-19-v = H) 12 punodwod jo wninoads sseyy  “v6 8inbi4

5L @l 659 063 As5S ERT)
| A

hankhudaubaduubadindunh ._...-PI.P Lacsakaacalansae sadasaaliahe Sosmbisal s biaggt b boustuuh ._l [TV YOI OO NPRIX FOPPY PP TURR TOPY WUV FUU TOOE PO PPPOY

v ___4_= (33 |

3

analanhankhuadunl

2)

\ b

el MO
ang ask b 9SE oag 3
_ TP POUE TP TV FOPPY YWPOY TPUR TOPSY TP FRP TYORL TV FRURR TPV TUUTY T P00 PO _..PE......-o..._.:......_.Er:._......:._..:-...._. Lo linsslagaadasn ) ..Jo......—....-......n.:..-
" .___._ g3 IS8 £2¢ 17 262 330 |
. e

andunlunhuduul

[
<

bty 4

~ @ 0]
2g U

| g1 ol s3 |l _. [

i L

_ 281 2 |

w 803
i 6E [

_ ot

i i

i A L 901



228

00008
e e

o

ooeat 0°009°7

e .x|¢,||('>lf'lvl.. .

(T--wD)

JO:junNnuaaepm

0" 0002 o°‘oove

. f]l - n..',ll...

(ud = d) €2 punodwod jo wnnoeds Yi

O0°oo8z
yyyyy Il.nl.

0 0o0ce 0 009€E

O°"ooQot

s ———

cQQo " C8B

oco-ce 0Cc00°" 0

[eJeYoluyel

0o 09
JJuesl3ItwsURJLN

v

- -

[oXele]

[eXolel-ad

‘g6 0inbid



229

00"

o008
—

0°002t

.yl.lll‘ .

0" 0097

B e |

(T--wd) Jaquwnuaasem

0°0002 0 oote
- in.Il SR

0" 00

\e
——

62 punodwod jo wnioads Y

0" 002€ 0009 O o000t

- —4- — l||41

0000°0

00002

000 or

000 08
[ouejjTwsueRJ LN

000 08

— ————
00007

19

00" GCe

‘96 einbi4



230

099 955

P--.P...-b-.rb_

L A

19

9s

e9s

96+

(Ud-19-¥ = H) 92 punodwod jo wniosds sse

sk

00f

P O W W W WY

dassades 2 ......-.P—
L‘I: ( e

oy

88€ P.€

u

-b._-_

145

6E€

‘16 8inbi4

In

- 0°001
£

- 9°001



231

00" 008
-~

o°oo2t

l .

(o}

‘009t

—

(T -wDd)
0" 00

Jaquwnuaaem
o2 o*oove
1|¢ . —— v'cl .

Z8 punodwod jo enodeds Y

o"oosz 0" 002E 0" 009E O " ooov

s e e =

I S

ooo - o8 00 09 ocoo-or 000 o2 00000

0" 001

oo oet

foueljrwsuedln

‘86 8inbiy



(8 = d) €8 punodwoo Jo wnioads ssey ‘66 ainbiy

oor

232

> T ) (S EX'l
W eze SeE
882
SEE
Facos
e Lavon
14 0z
_ a el ot 3
2 T : I b 9T W i L | Wy ey
BRI M i Tae ! 1
L1 _M_ 681 __m
Leos
bh
g Coom




233

[¥¥)
=

] 3

20
[aR]

74

(92}

[2a)
D]
(o]

D

;

=

1E
166,39

4

Tan

=

o

=

M-E

Ph)

Figure 100. Mass spectrum of compound 87 (R



234

(1A101-» = H) 68 punodwoo jo wnnoads sseyy 1O} einbi4

052 032 953 293 955 ER'
tL!PkFLtLEb:E!thLibErLEbEELEPtrl!FErs:LEbErLEFlrLEPEFhrLEEErLEFkPLtLEEErLEbErLEFirLEF
] [
] i
) [ a0s
~ “- 3001
2925 ast 09t ase 0ag 3K
TR TP O R0 T TP P N .—._1 toubiododiduat
- 26¥ b3€ ace ”
-1 - 2°09S
- b
- S
- ﬁ 2°0a1
s e

f _,d;__...g_r_f__h. __TH_ h
kmw. =

. 2] 4vﬁ
-




235

(ud = ) z6 punodwod jo enoeds ssepy

as5s 9L @39 a3 55 3
B T T T TOr O TV TP T TOT O TOT TP PPF TOT o TR TP O TV O TV O TV T T T TP T T U A T T o v YV PP TOR TUPIR PO, YO PRPR YU AP PO |
- 01° 1015
-
A UK
a5 ast 29p asg nac EAY)
J.FLFP.E_.E_.EE.._-....: ..._. dand _..._:...::_.:..::_..L..._.... AR TR T N PO ........._::..:..
civ 7w 1
“
93 251 - 035
—- 0°aa1
s 9w~ aat 3
aduulonl: ; !
&7

361 7m_

244

uv_

. ac
U
A ...::r:..:..“::_.....w..._.. N ._.. auab ) ..0...._...._.".._..._. ._.:._. . _...-._.:._.. xu._..m..._::_..:_::..o.":..w":..m:.....":.. " ..m_m:...."........... N
L M CH A A I ja
r4d~ S 34

€Ll

(3321 ST 4

121 i
82 35 -

—
B
]

201 eunbi4




236

(1K101-y = Y) g6 punodwoo jo wnioads sseyy g0}

as5d 0l 253 o3 955 ENG|
JETRYE TVPPS YRR VRPRY TP FRUVE RV, APV PAPRY TPV FPURY TV YR PO TWPI PPN st st e e s sl s e st s sl s s a sl s [T TR TR TR T TR O T,
B -
- - 0703
1 i
- -
n ﬁ 9°0a1
295 ast aap ase Aas AT
alacae b e ot e el st e L b Lt s e e e s by s s e s ol sl sl (TR T T T TV TR O T TOTo R P O WPF TOP TP WP WO AT
d ¥ 1.— T 1
1 Lad
4 $32 oze
.g s
1 e -
-— - -l.— o’l.u
4 S
] .

05z ooz 25! a0t 03 2
ssisbudlwskwsdi uk _d..__".:..:._.w._::..:... R .::. ..m::r:._:.._..m._m...m..".«-.. .J..d._......_.:.d_...:..":._._m. _..__ﬂ_.. ol m.1........_....._."._"._4.__.“.m_.m.4..._a..h.a._“."...ﬁm. bl
Q57 el 607 ¢ 1 pEl 601 A !
| < 4 NARtAE £ sl i s il
SSt ]
. ca L
- oh1 -0
| 147 |
4 |
. 16 — Q001

einby4



(Ud-10-¥ = H) §6 punowos jo esnoads SSEN "0l enbiy

A '=¢. ﬁ_. 3o A n_.u" —n_u.l @@F au-hl. u |
(' LY P T} . L i .
_ R T A VTN WA T WA WA TR T NP W T it bt bt etk ] s eaaskiand, { M
Reasabiasales aabaanal, Lol
b

237

&5
— 29[

141
55

vt



REFERENCES



10.

11.

12.

13.

14.

REFERENCES

(a) Kealy, T. J.; Pauson, P .L. Nature 1951, 168, 1039;' (b) Miller, S. A.;
Tebboth, J. A.; Tremane, J. F. J, Chem. Soc, 1952, 632.

(a) Rosenblum, M. "Chemistry of the Iron Group Metallocenes”, Part |., Wiley,
New York, 1965; (b) Wilkinson, G.; Stone, F. G. A.; Abel, E. W.
"Comprehensive Organometallic Chemistry”, Pengaman Press, New York, 1982.

(a) Nesmeyanov, A. N.; Perevalova, E. G.; Golovnya, R. V.; Nesmeyanova, O. A.
Dokl, Akad, Nauk SSSR 1954, 97, 459; (b) Okuhara, K. J,_QOrg, Chem, 1976,
41, 1487; (c) Sosin, S. L.; Alekseeva, V. P.; Litvinova, M. D.; Korshak, V. V.;
Zhigach, A. F. Yysokomol, Soedin., Ser, B 1976, 18, 703; (d) Hanlan, A. J. L.;
Ugolick, R. C.; Fulcher, J. G.; Togashi, S.; Bocarsly, A. B.; Gladysz, J. A. Inorg,
Chem, 1980, 19, 1543; (e) Cassens, A.; Eilbracht, P.; Mueller-Westerhoff,
U. T.; Nazzal, A.; Neuenschwander, M.; Prossdrof, W. . Organomet, Chem,
1981, 205, C17.

(a) Goldberg, S. I.; Mayo, D. W.; Vogel, M.; Rosenberg, H.; Rausch, M. ,J, Org,

Chem. 1959, 24, 824; (b) Rausch, M.; Vogel, M.; Rosenberg, H. J. Org, Chem.
1957, 22, 900; (¢) Wrighton, M. S.; Palazzotto, M. C.; Bocarsly, A. B.; Boltz,

J. M,; Fischer, A. B.; Nadjo, L. J, Am. Chem, Soc, 1978, 10Q, 7264.

Bishop, J. J.; Davison, A.; Katcher, M. L.; Lichtenberg, D. W.; Merrill, R. E.;
Smant, J. C. L_Qrganomet, Chem, 1971, 27, 241.

Cullen, W. R.; Kim, T.-J.; Einstein, F. W. B.; Junes, T. Qrganometallics 1983,
2, 714.

Perevalova, E. G.; Lemnovskii, D. A.; Afanasova, O. B.; Dyadchenko, V. P.;

Grandberg, K. I. and Nesmeyanov, A. N. lzy, Akad, Nauk, SSSR, Ser, Khim, 1972,
21, 2594.

 Sedova, N. N.; Moiseev, S. K.; Sazonova, V. A. J._Organomet, Chem, 1982, 224,

Cs3.

Seyferth, D.; Hofmann, H. P.; Burton, R.; Helling, J.F. lnorg, Chem, 1962, 1,
227.

Hedberg, F. L.; Rosenberg, H. Tetrahedron Lett, 1969, 4011.

Kotz, J. C.; Nivert, C. L.; Lieber, J. M.; Reed, R.C. J. Qrganomet, Chem, 1975,
84, 255.

Marr, G. J,_Qrganomet, Chem, 1967, 9, 147.

Booth, D. J.; Rockett, B. W. Inorg. Nucl, Chem, Lett, 1976, 6, 121.
Slocum, D. W.; Rockett, B. W.; Hauser, C. R. Chem, Ind. (London) 1964, 1831.

238



15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

2§.

26.

27.

28.

29.
30.

31.

32.
33.

34.

239
Gay, R. L.; Crimmins, T. F.; Hauser, C. R. Chem, Ind. (London) 1966, 1635.

Booth, D. J.; Marr, G.; Rockett, B. W.; Rushworth, A. J, Chem. Soc, C. 1969,
2701.

Hayashi, T.; Yamamoto, K.; Kumada, M. Tetrahedron Lett, 1974, 4405.

(a) Hayashi, T.; Tajika, M.; Tamao, K.; Kumada, M. J. Am. Chem, Soc, 1976,
98, 3718. (b) Hayashi, T.; Fukushima, M.; Konishi, M.; Kumada, M.
Jetrahedron Letters 1980, 21, 79.

Hayashi, T.; Mise, T.; Fukushima, M.; Kagotani, M.; Nagashima, N.; Hamada, Y.;
Matsumoto, A.; Kawakami, S.; Konishi, M.; Yamamoto, K.; Kumada, M. Bull,

Chem, Soc. Jpn, 1980, 83, 1138.

Cullen, W. R.; Yeh, E.-S. J. Organomet, Chem, 1977, 139, C13.

Cullen, W. R.; Einstein, F. W. B.; Huang, C.-H.; Willis, A. C.; Yeh, E.-S. J, Am,
Chem, Soc, 1980, 102, 988.

Cullen, W. R.; Woollins, J. D. Coord. Chem. Rev, 1981, 39, 1.
Cullen, W. R.; Woollins, J. D. Can. J, Chem, 1982, 60, 1793.

Butler, I. R.; Cullen, W. R.; Reglinski, J.; Rettig, S. J. J._Organomet, Chem.
1983, 249, 183.

Marquarding, D.; Klusacek, H.; Gokel, G.; Hoffmann, P.; Ugi, |. J, Am. Chem, Soc,
1970, 92, 5389.

Gokel, G.; Hoffmann, P.; Klusacek, H.; Ugi, |. Angew, Chem, Int, Ed. Eng, 1970,
9, 64.

Valkovich, P. B.; Gokel, G. W.; Ugi, |. K. Tetrahedron Lett, 1973, 2947.

Battelle, L. F.; Bau, R.; Gokel, G. W.; Oyakowa, R. T.; Ugi, |. K. J, Am Chem, Soc,
1973, 95, 482.

Stuber, S.; Ugi, |. Synthesis 1973, 309.

" Knowles, W. S. Acc. Chem, Res. 1983, 16, 106.

Yamamoto, K.; Wakatsuki, J.; Sugimoto, R. Bull, Chem, Soc. Jpn, 1980, 53,
1132.

Hayashi, T.; Kawamura, M.; Yoshihiko, I. J. Am. Chem. Soc, 1987, 109, 7876.
Hayashi, T.; Yamamoto, A.; Ito, Y. J. Chem, Soc.. Chem. Commun, 1986, 1090.
Gokel, G. W.; Ugi, |. K. J. Chem. Educ, 1972, 49, 274.



35.

36.

37.

38.

39.

40.

41.

42.
43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

240

Hayashi, T.; Mise, T.; Mitachi, S.; Yamamoto, K.; Kumada, M. Tetrahedron Lett.
1976, 1133.

. Hayashi, T.; Katsumura, A.; Konishi, M.; Kumada, M. Tetrahedron Lett, 1979,

425.

Hayashi, T.; Konishi, M.; Fukushima, M.; Mise, T.; Kagotani, M.; Tajika, M.;
Kumada, M. J._Am. Chem, Soc, 1982, 104, 180.

Hayashi, T.; Konishi, M.; Ito, H.; Kumada, M. J, Am, Chem, Soc, 1982, 104,
4962.

Hayashi, T.; Okamoto, Y.; Kumada, M. Tetrahedron Lett, 1983, 24, 807.

Hayashi, T.; Konishi, M.; Okamoto, Y.; Kabeta, K.; Kumada, M. J, Org, Chem.
1986, 51, 3772.

Hayashi, T.; Konishi, M.; Fukushima, M.; Kanehira, K.; Hioki, T.; Kumada, M. J.
Qrg. Chem, 1983, 48, 2195.

Hayashi, T.; Kumada, M. Acc, Chem, Res, 1982, 15, 395.
McCulloch, B.; Brubaker, C. H., Jr. Qrganometallics 1984, 3, 1707.

McCulloch, B.; Ward, D. L.; Woollins, J. D.; Burbaker, C. H., Jr. Qrganometallics
1985, 4, 1425.

Honeychuck, R. V.; Okoroafor, M. O.; Shen, L.-H.; Brubaker, C. H., Jr.
Qrganometallics 1986, 5, 482.

Shen, L.-H.; Okoroafor, M. O.; Brubaker, C. H., Jr. Qrganometallics 1988, Z,
825.

Okoroafor, M. O.; Ward, D. L.; Brubaker, C. H., Jr. Qrganometallics 1988, 7,
1504.

Okoroafor, M. O.; Shen, L.-H.; Honeychuck, R. V.; Brubaker, C. H., Jr.
Qrganometallics 1988, Z, 1297.

Hegedus, L. L.; McCabe, R. W. "Catalyst Poisoning”, Marcel Dekker, New York,
1984.

Weisser, O.; Landa, S. "Sulfide Catalysts, Their Properties and Applications",
Pergamon Press, New York, 1973.

Rakowski DuBois, M. Chem, Rev, 1989, 89, 1.

Casewit, C. J.; Coons, D. E.; Wright, L. L.; Miller, W. K.; Rakowksi DuBois, M.
Organometallics 1986, 5, 951.

Rakowski DuBois, M.; VanDerveer, M. C.; DuBois, D. L.; Haltiwanger, R. C.;
Miller, W. K. J._Am, Chem, Soc, 1980, 102, 7456.



54.
55.
56.

57.

58.
59.

60.
61.
62.
63.
64.

65.
66.
67.

68.

69.

70.
71.
72.
73.

74.

241

Kubas, G. J.; Ryang, R. R. J. Am. Chem. Soc, 1985, 107, 6138.
Rakowski DuBois, M. J. Am. Chem, Soc, 1983, 105, 3710.

Waeberg, R.; Haltwanger, R .C.; Laurie, J. C. V.; Rakowski DuBois, M. J, Am.
Chem, Soc, 1986, 108, 6242.

Vidal, J. L. Fiato, R. A.; Cosby, L. A.; Pruett, R. L. |norg, Chem, 1978, 17,

. 2574.

Vidal, J. L.; Walker, W. E. |norg. Chem, 1980, 19, 896.

Cosby, L. A.; Fiato, R. A.; Vidal, J. L. U.S. Patent U.S. 4,155,433; Chem, Abstr,
1979, 90, 10338Ss.

Kubiak, C. P.; Woodcock, C.; Eisenberg, R. Inorg., Chem, 1980, 19, 2733.
Bianchini, C.; Mealli, C.; Meli, A.; Sabat, M. |norg, Chem, 1986, 25, 4617.
Bogdanovic, B.; Gottsch, P.; Ruback, M.Z. Naturforsch B 1983, 38, 599.
Bogdanovic, B.; Gottsch, P.; Rubach, M. J,_Mol, Catal, 1981, 11, 135.

Gilmour, D. I.; Luke, M. A.; Mingos, D. M. P. J._Chem, Soc., Dalton Trans, 1987,
335.

Inoue, H.; Suzuki, M. Qh_eni._ngmnnJQ&O. 817.
Inoue, H.; Nagoo, Y.; Haruki, E. Chem, Express 1986, 1, 165.

Gordon, A. J.; Ford, P. A. "The Chemists Companion”, John Wiley and Sons, New
York, 1972, pp. 445-447.

Kharasch, M. S.; Seyler, R. C.; Mayo, F. R. J. Am, Chem, Soc, 1938, 60, 882.

Hartley, F. R.; "The Chemistry of Palladium and Platinum®, Wiley, New York,
1973, p. 482.

Goerner, G. L.; Hines, W. G. J,_ Am. Chem, Soc, 1948, 70, 3511.
Spencer, H. K.; Hill, R. K. J,_Org, Chem, 1976, 41, 2485.

The synthesis of this complex have been reported in reference 48.

Cromer, D. T.; Wabe, J. T. "International Tables for X-ray Crystallography”, Vol
IV, The Kynoch Press, Birmingham, England, 1974.

Frenz, B. A. "The Enfra-Nonius CAD 4 SDP - A Real-time System for Concurrent
X-Ray Data Collection and Crystal Structure Determination” in Computing in
Crystallography, Schenk, H.; Olthof-Hazelkamp, R.; Vankonigsveld, H.; Bassi, G.
C.; Eds, Delft University Press. Delft, Holland, 1978, pp. 64-71.



75.

76.

77.

78.

79.
80.

81.
82.
83.
84.

85.

86.
87.
88.
89.

90.

91.
92.
93.

94.

9s.

242

Okoroafor, M. O.; Ph.D. Thesis, Michigan State University, East Lansing, MI
1985.

Honeychuck, R. V., Ph.D. Thesis, Michigan State University, East Lansing, MI
1984.

Perevalova, E. G.; Ustynyuk, Y. A.; Nesmeyamov, A. N. 1zv, An SSSR Otd, Khim. n,
1963, 1036.

Perevalova, E. G.; Ustynyuk, Y. A.; Nesmeyanov, A. N. [zv, An SSSR, Otd. Khim n,
1963, 1045.

Schiogle, K. Top, Stererchem, 1967, 1, 39.
Bosnich, B.; "Asymmetric Catalysis", Martinus Nijhoff Publishers, Boston,

~1986.

Onishi, M.; Hiraki, K.; Iwamoto, A. J. Organomet., Chem, 1984, 262, C11.
Rausch, M. D.; Siegel, A. J._Qrganomet, Chem, 1969, 17, 117.
Slocum, D. W.; Ernst, C. R. Adv. Organomet, Chem, 1972, 10, 79.

Slocum, D. W.; Emst, C. R. Qrganomet. Chem, Rev, A 1970, §, 337.

Koridze, A. A.; Petrovskii, P. V.; Mokhov, A. |.; Lutsenko, A. I. J, Organomet,
Chem, 1977, 136, 57.

Bailey, R. T.; Lippincott, E. R. Spectrochim, Acta 1965, 21, 389
Rosenblum, M. Chem, Ind, (London) 1958, 953.

Rosenbium, M. J, Am. Chem, Soc, 1959, 81, 4530.

Rosenblum, M.; Howells, W. G. . Am, Chem, Soc, 1962, 84, 1167.

Rosenblum, M.; Howells, W. G.; Banerjee, A. K.; Bennett, C. J, Am, Chem, Soc,
1962, 84, 2726.

McCulloch, B. Ph.D. Thesis, Michigan State University, East Lansing, Ml, 1983.
Shen, L.-H., Ph.D. Thesis, Michigan State University, East Lansing, Ml, 1985.
Rausch, M. D.; Moser, G. A.; Meade, C. F. . Organomet, Chem, 1973, 51, 1.

Silverstein, R. M.; Bassler, G. C.; Morrill, T. C. "Spectrometric Identification of
Organic Compounds”, 4th Ed., Wiley, New York, 1981, Chap. 4, p. 190.

Ovoryantesva, G. G.; Portno, S. L.; Grandberg, K. I.; Gubin, S. P. Dokl, Akad, Nauk,
SSSR. 1965, 16Q, 1075.



243

96. Sokolov, V. |.; Troitskaya, L. L.; Reutov, O. A. J. Organomet, Chem, 1979, 182,
537.

97. Hayashi, T.; Kumada, M.; Higuchi, T.; Hirotsu, M. J,_Qrganomet. Chem, 1987,
334, 195.

98. Plusec, J.; Westland, A. D. J, Chem. Soc, 1965, 5371.
99. El-Dissouky, A.; Refaat, L. S. |norg. Chim, Acta 1984, 87, 213.
100. Crociani, B.; DiBianca, F. |lnorg. Chim. Acta 1988, 253.

101. Hartley, F. R.; Murray, S. G.; Levason, W.; Soutter, H. E.; McAuliffe, C.A. |norg.,
Chim, Acta 1979, 35, 265.

102. Goggin, P. L.; Goodfellow, R. J.; Haddock, S. R.; Reed, F. J. S.; Smith, J. G.;
Thomas, K. M. ,L.C.S. Dalton 1972, 1904.

103. Woollins, J. D.; Grinter, R.; Johnson, M. K.; Thomson, A. J. ,.C.S. Dalton 1980,
1910.

104. Roundhill, D. M. |norg, Chem, 1980, 19, 553.

105. Czemuzewicz, R. S.; Nakamoto, K.; Strommen, D. P. Inorg, Chem, 1980, 19,
793.

106. Battistoni, C.; Giuliani, A. M.; Paparazzo, E.; Tarli, F. J.C.S. Dalton 1984,
1293.

107. Murray, S. G.; Hartley, F. R. Chem, Rey, 1981, 81, 365.

108. Busetto, L. J, Organomet, Chem, 1980, 186, 411.

109. Callahan, K. P.; Piliero, P. A. |norg. Chem, 1980, 19, 2619.

110. Sangar, A. R.; Weiner-Fedorak, J. E. Inorg., Chim. Acta 1980, 42, 101.

111. Sindellari, L.; Faraglia, G.; Zarli, B.; Cavoli, P. [norg, Chim, Acta 1980, 46,
57.

112. Alkins, J. R.; Hendra, P. J. J, Chem, Soc.. A 1967, 1325.
113. Goates, G. E.; Parkin, C. J. Chem, Soc, 1963, 421.

114. Pauling, L. "The Nature of the Chemical Bond", Cornell University Press, 3rd,
1960.

115. Seyferth, D.; Hames, B. W.; Rucker, T. G.; Cowie, M.; Dickson, R. S.
Qrganometallics 1983, 2, 472.

116. Goggin, P. L.; Goodfellow, R. J.; Knight, J. R.; Norton, M. G.; Taylor, B. F. J,
Chem, Soc.. Dalton Trans, 1973, 2220.



117.
118.
119.

120.

121.

122.

123.

124.

125.
126.
127.

128.
129.
130.
131.

132.

133.

134.

135.

244

Harmon, R. E.; Gupta, S. K.; Brown, D. J. Chem, Rev, 1973, 73, 21.

Strukul, G.; Carturan, G. m[g._gnm_mwn, 35, 99.
Airoldi, M.; Deganello, G.; Dia, G.; Gennaro, G. |norg. Chim, Acta 1983, 68, 179.

Sakali, M.; Harada, F.; Sakakibara, Y.; Uchino, N. Bull, Soc, Chim. Jpn, 1982,
85, 343.

Checkashin, G. M.; Shuikina, L. P.; Parenago, O. P.; Frolov, V. M. Kinet, Katal.
1985, 26, 1110.

Frolov, V. M.; Parenago, O. P.; Shuikina, L. P.; Novikova, A. V.; EI'Natanov, A. |.;
Cherkashin, G. M.; Kliger, E. G.; Mirskaya, E. Y. Homogeneous Heterog, Catal, Sth
1986, 587.

Choukroun, R.; Basso-Bert, M.; Gervais, D. J. Chem, Soc.. Chem. Commun,
1986, 1317.

Fragale, C.; Gragano, M.; Ravasio, N.; Rossi, M.; Santo, |. Inorg, Chim. Acta
1984, 82, 157.

Hirai, H.; Chawanya, H.; Toshima, N. Bull, Chem, Soc, Jpn, 1985, 58, 686.
Kurokawa, Y. Japan P. 62-74938 (1987).
(a) Spencer, M. S.; Dorden, D. A. U.S.P. 3, 1961, 009, 969; (b) Kondo, H.;

. Miyake, Y. Japan P. 44-12126; 45-21484; (¢) Aaki, K.; Miyake, Y. Japan P.

45-21284.

Tayim, H. A.; Bailar, J. C., Jr. J, Am, Chem, Soc, 1967, 89, 4330.

Lai, C. K.; Naiini, A. A.; Brubaker, C. H., Jr. Inorg, Chim, Acta, in press.

Lai, C. K., Ph.D. Thesis, Michigan State University, East Lansing, Mil, 1988.

(a) Yamashita, M.; Kato, Y.; Suemitsu, R. Chem, Lett, 1980, 847; (b) Nishio,
T.; Omote, Y. J. Chem, Soc, Perkin | 1981, 934; (c) Dincan, E.; Loupy, A.
Tetrahedron 1981, 37, 1171.

Coliman, J. P.; Finke, R. G.; Matlock, P. L.; Wahren, R.; Komoto, R. G.; Brauman,
J. I. . Am, Chem, Soc, 1978, 100, 1119.

(a) Tsuda, T.; Fuhii, T.; Kawasaki, K.; Saegusa, T. J. Chem, Soc, Chem, Commun,
1980, 1013; (b) Ashby, C.; Lin, J. J.; Goel, A. B. J,_Org, Chem, 1978, 43,
183.

Hayashi, T.; Yamamoto, K.; Kumada, M. Tetrahedron Lett, 1974, 4405.

(a) Reger, D. L.; Habib, M. M.; Fauth, D. J. J, Org, Chem, 1980, 45, 3860.



136.

137.
138.
139.
140.
141,
142.

143.
144.

145.

245

Tsuda, T.; Hayashi, T.; Satomi, H.; Kawamoto, T.; Saegusa, T. . Org. Chem,
1986, 51, 537.

Cortese, N. A.; Heck, R. F. J,_Org, Chem, 1978, 43, 3985.
Fort, Y.; Vanderess, R.; Caubere, P. Chem, Lett, 1988, 755.

Bosnich, B.; Fryzuk, M. D. Top. Stereochem, 1981, 12, 119.
Consiglio, G.; Botteghi, C. Hely. Chim, Acta 1973, 56, 460.
Kumada, M. Proceeding of the Okazaki Conference, Okazaki, Japan, Nov. 1981.

Lemire, M.; Buter, J.; Vriesema, B. K.; Kellog, R. M. J, Chem. Soc, Chem,
Commun, 1984, 309.

Ali, H.; Brubaker, C. H., Jr. Unpublished results.

McCreary, M. D.; Lewis, D. W.; Wernick, D. L.; Whitesides, G. M. . Am, Chem,
Soc, 1974, 96, 1038.

Cullen, W. R.; Kim, T.-J.; Einstein, F. W. B.; Jones, T. Qrganometallics 1985,
4, 346.



