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A review of ferrocenylcartocztions has beer included in
1 lic Chemistry Library

nding in Organic Ircn

ties" and "Optical

soid patterns

s
nal-ellip

i
npatible with pure rotational
S h

were obtained that were n o
cdisorder of tne cyclopentadienyl rings. The diffraction patterns
o rs hi temperature monoclinic structure (HT) and the low-

c

inic structure (LT), indicated that
¢ molecule in the disordered HT phase
€

tne formalily centrosymmetri

czn be described aprrroximately as an averaged superposition of
the four moleculeses prrassni in tne primative LT cell. On this
basis, the molecular cenire of symmetry for the HT space group
is only statistical in nature and the crystallographic evidence
for the ent of the cyclopentadienyl rings

ene will reguire revision [5]. The low temperature
o



crystallography at 101, 123 and 1489%. Assuming a centro-

2
symmetric space group Fi, the asymmetric unit consisted of two
ferrocene molecules with almost regular pentagonal cyclopenta-
dienyl rings. The rings were rotated by~90 from the eclivpsed
orientation [6].

The crystal and molecular structure of the ethyl ester of
(Z)-2-ferrocenyl-2-methylcyclopropanecarboxylic acid has been
determined by X-rzy anzlysis. The n-cyclopentadienyl rings were
almost parallel and twisted approximately 5,80 from the eclipsed
conformation [7]. The ferrocenylcyclopropanes (2.1 and 2.2;

X = OMe, Br) were formed by castalytic thermolysis of the aprrop-
riate ferrocenylpyrazolines. The crystal and molecular structure
of one of these cyclopropanes (2.1; X = OMe) has been determined
by X-ray crystallography [8]. The molecular structure of

decamethylferrocene has been determined by gas phase electron
diffraction. The Fe-C and cyclopentadienyl C-C distances were
similar to those determined for ferrocene. The eguilibrium
conformation of decamethylferrocene was staggered by comparison
with the eclipsed conformation for ferrocene. The ring C-
methyl C bonds were bent out of the plane of the cyclopentadienyl
group by 3.4° away from the metal atom [9].

The crystal and molecular structure of the paramagnetic
1:1 decamethylferrocinium ?,7,8,8-tetracyano-p-quinodimethanide
dimer salt has been determined by X-ray analysis. The crystalline
lattice consisted of isolated units of (7—05Me5)2Fe/TCNQ/TCNQ/_
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1yl rings were displaced approximately 0.03A out
on atoms [13]. The crystal and
phenylglyoxyloyl)ferrocene has

lography. The two ligands were
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centrosymmetric wi € to one another with the iron at the
centre of symmetry [14]. The crystal and molecular structure of
diferrocenyltitanocene (2.4) has been determined by X-ray crystall-
ogravhy. Each of the ferrocenyl groups and the titanocene group
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=

2.k

had an eclipsed conformation of the two cyclov
The titanium-carbon ¢-bond length was 2.193 [1
intercalation by
that Van der
approximately 53

oxychloride underwent direct
ocene. X-ray studies showed the
the FeOCl layers expanded by
metallocene [16].

3. STEREOCHEMISTRY OF FERROCENES

The (R)-form of the ferrocenylalkylamine
acid, iso-butyraldenhyde and t-butylcyanide hav
four-component re

together in a stereospecific

entadienyl rings
5]. Iron

ferrocene and cobalt-

Waals gap between

to accomodate the

(3.1), venzoic
e been condensed

action to give a

i;HCi‘ZMea (|JriC-.:vIez
NH, NCH(CHMe,, ) CONHCMe
Fe Fe (IZOP‘n

W
W
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mixture of the (R,S)~ andéd (R,R)-diastereoisomers of the derivative
3.2). Tne (R.S)-diastereoisomer was separated by chromatography
and subjected to acidolytic cleavage with trifluoroacetic acid
and tnioglycollic acid to form PhCO—Val—NHGMeB [izi. The
ondensation of Fformylferrocerne with diethyl glutarate under
T n rotassium t-butoxide gave the
rY = mt, R = H) which
L. Et, R® = Me) with diazo-
nments made for the compounds
lar acylation of the unsaturated
cycloheptadienone (3.4) and
rated ester to the diacid (3.3;
3.5) and finally to the
¢
c

~ 2
e CO;RI “OZR Fe
O 3ok
N
3.3
CHMeNMep
\ o

Pd
\
@)

3.6

and molecular structure of the palladium

.6) has been determined by X-ray analysis. The chiral.

m had the R-configuration and the substituted ferrocene



group had the S-configuration.

Tae
1

the palladium atom was nonplanar [19].
palladated ferrocene (3,7) has been transformed into chiral

five~membered ring containing

The optically active

— cﬁa——Ngea 7 CH,—Nie,,
Td——c (::) R
Fe Fe
2
3.7 3.8
Z-substituted (dimethylamino)methylferrocenes with good retention
of optical activiity. Treatment of the palladium comdlex (3.7)
with CHZ:CHAC afforded the vinylferrocene (3.8; R = CH=CHAC)
which subseguently was reduced with EtBSiJ—FBCCOZ" to the outyl-
ferrocene [3.8; R = (CHa)jMe)]_ Carbonylation of the palladium
h R =

complex (3.7) in methanol gave the m
The optically active

cozme) [20].
(3.9) combined ¥

3.9
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optically active 2-substituted aminomethylferrocenes such as the

complsx (3.10) [21].
ntaneous conversion of the

A study has been mad
3-ferrocenyl-l-phenylpro 1 (3.11) into the ferroceno-
phanyl cation (3.12) fcll versible deprotonation to
give the cycloalkene (3. concluded that the cation
(3.11) was converted to i ation (35.12) by an inter-ionic
1,3-shift of an rn-cyclop ~-ring proton toC(2) of the
homoannular bridgse. Thse (3.12) then underwent
deprotonation by stereocsps f the exo-proton adjacent
+ . . - .

to C° [22]. Two crystallin c isomers of 1,1'-bis(X-—

—-hydroxyethyl)ferrocene ated and these were
D>
U S n P
CD_.CD=CPn
re =~ ~
S Fe
3.11 3.12 3,13

& e
addition of ethyl-, cyclohexyl-, benzyl-, and phenyl-magnesium
halides to 1,1'-diacetylferrccene (3.14) gave the erythro-diols
(3.16) as the major vprcducts, while the diketones (3.15) under-

C
went addition with methylmagnesium bromide to give the threo-diols
.17) as the main vroducts. The stereoselectivity was ascribed
1 n attack by the Grignard relative

orf
mediate hydroxy-ketone [24].
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OH
-----R
M
= e srythro
3.16 e
OH
-~--- Me
major minor
COMe product R product COR
Fe Fe
OH
. . COR
COHe minor major OR
procuct ---=R sroduct
3.1k 5.15
threo
4. SPECTROSCOPIC AND PHYSICO-CHEMICAL STUDIES
Moessbauer spectroscopy has been used to study the vibrational
and thermodynamic properties of crystalline ferrocene and dilute
soluticons of ferrocene in the liguid crystals 4'-n-propylaniline,
1

L-n-hexyloxybenzylidene and terephthaloyl-bis-butylani

Moessbauer spectra have been reccrded for several bridg

ferrocenes that contained one tetramethylene or pentamethylene
rimes

bridge and ferrocenes that contained two bridges, one trimethylene
and one tetramethylene, or both tetramethylene. It was shown

that there was a linear correlation between the change of the iron
t0 ring distances and the change of the Moessbauer parame [26].

t
ter
The Debye model nag been used in a theoretical study of the
temperature dependence of the Moessbauer free fraction in 1i

crystal systems. Debye temperatures were obtained for ferrocene
and diacetylferrocene and for their solutions in L,4'-diheptyl-

oxyazoxybenzene, L,4'-dioctyloxyazoxybenzene, cholesteryl

References p. 268
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myristate, and cholesteryl myristate with cholesteryl oleate.
The mean sguare displacement of a Moessbauer probe inserted into
the liguid crystal system has been determined [27].
The mass spectra of a series of methylferrocenes have been
methylferrocenes

recorded and discussed, The fragmentation of
e} urred mainly by elimination

e initial methylcyclo-

e cal octa- and
ragments that corresvonded to

8]. The mass specira
hyl-, 1,1'-diethyl-,
n

2
;1-, 1,1'-di-n-butyl-, 1,1'-di-t-

,i'-di-n-propyl-, 1,i'-diisopropyli-, 1,1 buty
-butyl- and tetra-t-butyl-ferrccene have been recorded and discussed
in detail [29]. The mass specira of some ferrocenyl-chalcones
(4.1; X = H, Br, OMe) and the corresponding cymantrenyl-
chalcores have been recorded. The nmain processes of fragmentation
of tnhe ferrocsenyl-chalco ne me 1o~

Hy
[0)

mrlexes was an important factor
tion mode under electron impact [30].

I_l
[\
o
Q
&}
(o]
)
?
[¢]
o]

cnrotrenyl-, cymantrenyl- and
1s have been recorded. Water was eliminated
on of the molecules by a 1,2-elimination
E3 ved transier of the nydroxyl group to the
metal atom [31]
The low-lying electron resonances in ferrocene, benzene and



dure [52]. Ferrocene, adsorbed on the surface on an organo-

¢ compound, has been investigated by IR spectroscony [33].

The “H NMR and electronic spectra of a seriss of alke nylferrocenes,
c ng (E) and (Z) stercoisomers of some styrylferrocsnes

have been used to elucidate the structures of thess molecules.
e cr €

crystal and molecular structure of the ethsnyl-ferrocen

|_|.

(4.2) was determined by X-ray analy
molecule (4.2) indicated that there was minima
through the trans-stilbene and cis-styrylferrocene moietie

» The conformation of the
1

9]
[ e
\N
=
—
1]

temperature range 5- 30 c ha re been used to determine the ensrgy
barriers to rotation about the iron-cyclopentadienyl bond,
Values obtained for the disubstituted ferrocenes at 10°C were as
£ £ 1 moi™t; 1,1'-dibromo-

=z
= . 2. .
[35]. The photonuclear reaction *FeCK,an)D Fe nas Dbeen
investigated for ferrocene in the solid phase and in solution
=
and for solid ferrocinium picrate. The distribution of ““Fe

Cc
products was measured. For ferrocene, the retention was
dependent on the polarity of the solvent, in hexane the proportion
of ferrocene was 37.6% while in diethyl ether the proportion was
10.2% [36].
The oxidation potentials of a series of ferrocene

References p.268
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t
voltammeiry and cyclic voltammetry with a platinum electrode
in methyl cyanide. Some of the molecules nad two ferrocenyl
moieties present and the formation of monoccations and dications
n these species was discussed [37]. Cyclic voltammetry with a
four~clecircde system nas been used to investigate a charge
r immiscible liguids:
5 S Fe(CN)64-(W)
noferrate redox cou31° was in water (w) while the
was in nitrobenzene (n). A gualit-
omena was obtained [38, 39].
nzs been used to study the electrochemical

W
H
o
o]
]
4]
you }
Q
+)
<
<
o)
o
[5)
.
]
o3
[
l_h
'3
l.l.
<l
14
@
|_l

the previously derived theory
ar layers of solid. The dissol-
iffusion controlled [40O]. Cleaned

i
L2
W

d in an agueous solution of

hloric acid. This gave a platinum-
3)e Voltammetric measurements
modified electrodes and the behaviour
of the platinum-ferrocene electrode towards reactions involving

ies was examined. It was concluded that, under the

C
conditions chosen, charge transfer occurred with the reactant at
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a distance from the electrode where surface structural variations
were not important [41].

Tin (IV) oxide, ruthenium (IV) oxide and vplatinum/platinum
(II) oxide electrodes have been treated with L4-(methyldichlorosilyl)-
butyryl chloride and then p-aminophenylferrocene to give surface
ccated electrodes (4.4; M = Sn, Ru, Pt). Tre electrochemical

behaviour of the immobilized ferrocene molecules was investigated
[42]. Plat

|.h

o
nus and gold electrode surfaces have been prestreated

\\"*i‘\\\
\/

I\

I
)

AN

L2 4]
-0

iz

h
o)
I
o

by anodization and eriva
o

[

T
dichlorosilane. Photoelect

tize
n speactrosc
3/2 -

showed Fe 2p

bands with binding ene
ferrocene Fe and with large companion
basis of a layer model. Relative Fe 2p and electrode
substrate intensities, platinum or gold were correlated with
ferrocene coverage of the surface determined by cyclic voltammeiry.
It was shown that electrochemical char

through silylferrocene layers more than 100 c
Pyrolytic graphite electrodes spontaneously bind ~-ferrocenyl-
ethylamine at the surface. The coatings were regarded as roly-
meric condensation products between the amine groups and oxygen
functions on the graphite and contained several monolayers with
electroactive iron centres, The nature of the solvent containing
the B-ferrocenylethylamine was important in determining the amount
of electroactive material bound to the electrode [L4]. Trichloro-
-s~triazine (cyanuric chloride) was bound to a pyrolytic graphite

electrode via surface hydroxyl groups. The electrode was then
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ctrode was characterised by cyclic
ential pulse polarograrhy [45].
cene has been immobilized on a reactive, deoxy-
glassy carbon surface formed by mechanical abrasion under
e} Vinylferrocene was

ymer on glassy carvon

[N

e
4 because of
1 thermal analysis
and the heat capacity
ew low-temperature
K [49]. It was
s

s The thermal decompos-—
, chromocene, manganocene, ferrocene,
nickelocene nas besen investigated. Kinetic

the process is both homogeneous and heter-

t
mposition products showed activity as catalysts,

ogeneous and tne deco
The thermal stability of the Group VIII metallocenes was determined

the
by electronic structure rather than by thermodynamic factors,
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alumina has investigated.

1, -

adsorbed on alumina with

ferrocinium ck decomposed to

the reaction vias supersaturated with

iron was formed [52)}. The enthalpies of inte

in benzene solution with number of
. o}
measured at 2983.15°K
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adiabatic
measured chloride,
, arsenic (
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cyclopentadiene, dissolve

T
nce of [ 8]c*ovn-6 as a phase tran

n the presence 0f gluminium
and 5.3). The ketone

e o]

using formaldshyde and a thiol as reagents in the presence of

perchloric acid, The ferrocenylmetbylsulphides (5.,4; R =
2
The reaction of fer

CH,0H, CH,CO,E, CH, .0-CO,H) were obtained by this method [60].
rocene, aniline and aluminium chloride gave the

P-aniline complex (5.5) which was isolated as the hexafluorophos-
vhate salt. Depro»onation of the cation (5.5) was most conveniently
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effected with sodamide in dichloromethane to give the air sensitive
complex (5.6) [61]. Ferrocene underwent ligand exchangs with
+
Fe o

5.6 5.5 5.6
carbon monoxide in the presence of aluminium chloride to give the
tcharbony107~cyclop ntadienyl)iron cation (5.‘7)° Several ferro-—

cts of the

cenophanes weres isolated in low Yyields as minor odu
reaction [62]. Ferrocene underwent successive lig
io)

with arenes and carbon dioxide substitution in t©

aluminium chloride. Arenes used were benzene, 2,4, 6 trim

benzene, hexamethylbenzene and naphthalene. One of the
(5.8) has been used as a catalyst in the electrochemical
of nitrate to ammonia [63].

nd exchange

ligand exchange between ferrocene and naphthalenes or anth-—
racenes has been studied. In addition to the expected excha

References p. 268
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+
COZ
Fat
e
coY .-
(c )J
5.7

1tadienyl)i

ge
a gand
underwent ligand exchange with pyrene in the presencs of aluminium
and aluminium chloride to re the (7—pyrene)(q—cyclopentadienyl)-
ron

e

on
(o]

catalyst [67]. The formation
activity was achieved conveniently by
errocene éontaining 2hpe [68]. A solution of

or cne of its derivatives in vetrol was added to cozl
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at 150~3250. Tnis treatment increased the magnetic susceptibility
of the impurities in the coal [69].

6. FERROCINIUM SALTS

-

. Redox potentials for the ferrocen
:ave been deter e (o}

cene

X gtylferrocene
was completely oxidized to Fe2+ by two eguivalents of cerium (IV)
while 1,1'-diacetylferrocene required three ecuivalents of
cerium (IV) for complete oxidation to Fe3+. Tne intermediate
ferrocinium ions were increasingly stable in solutions of higher
cidity and in the presence of the oxidizing agent [73]. Ferro-
tetrafluoroborate decomposed undsr agueous

e
ions. Thne stoichiometry of the r
ounter anion associated th ©

cation. The mechanism involved a rapid pre-equilibrium betwesen
3 0104“ or
oducts were

ferrocinium and added inorganic anions (Cl™, Br™, 1
5042_) followed by attack of hydroxide ion. The p
iron (III) hydroxide and an oxidized cyclopentadienide [74].
Ferrocene residues have been attached to the surfaces of
n-type gallium arsenide semiconductors by using (1,l'-ferrocene-
diyl)dichlorosilane (6.1) as the reagent. The surface attached
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with light of energy srea

arsenide. 50% conversion was achieved in the photcoxidation a
= iC3
r'e S—C—Z

€.l

&
dependent [76]

The charge-transfer complex 1,1'-dimethylferrocinium bis-
~(tetracyanoguinodimsethan), (TCNQ), has been characterized by
X-ray crystallography. The structure consisted of chains of
stacked TCNQ molecules and stacked ferrocinium ions. There were
no intermolecular interactions in the ferrocipium chains. The
magnetic znd electrical properties of the complex were reported
[77]- Decamsthylferrocene (DMeFc) combined with TCNQ to give
se reen metamagnetic substance (DMeFct)

this salt was determined by X-ray
o llel one-dimensional chains

T para
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contalning alternating DMeFc? cations and TCNQT anions. The
cyclopentadienyl rings of the ferrocinium cation were eclipsed
and the anion had suffered partial oxidation to xX,x-dicyano-p-
-toluoylcyanide [78]. Moessbauer spectroscopy has been used

to show that the monocation derived from diferrocenylacetylene was
a mixed valence species while the monocation obtained from
[2.2]ferrocenophane-1,13-diyne was an averaged valence species

[791.

7. FERROCENYL CARBENIUM IONS

Reaction of the alcohols (7.1; R' = OH, R® = NMe,,OMe) with

sodium tetraphenylborate in acetic acid gave the corresponding

carbenium ions. Treatment of the carbenium ions with piperidine

gave the piperidine derivatives (7.1; Rt = piperidino, R® =

NMeZ, oMe) [80]. Ferrocenylacetylene was hydrolysed under acid
1

1§ e
o

by

(]

conditions 160 times faster than (p-methoxyphenyl)acetylene, the
products were acetylferrocene and p-methoxyacetophenocne. The
acid hydrolysis of ferrocenyl(p-methoxyphenyl)acetylens (7.2)

gsave ferrocenyl(p-methoxybenzyl)ketone as the only product. These
results confirmed the stability of the X-férrocenylcarbenium ion
[81]. The divinylferrocene (7.3) has been converted to the
ferrocenedicarbenium ion (7.4) witnh fluorosulphonic acid in ligquid
sulphur dioxide at -80°C. 4An 'H and 17C NMR analysis of the
dication (?7.4) indicated that charge localization on the &-carbon
atoms was appreciably greater than in the ceorresponding tertiary
monocarbenium ions. The structure proposed for the dication

References p. 268
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2+

N

electrostatic repuisions [¢

The spontaneous deccmposition of ferrocenyldiarylmethylium
. 1 T i - ,
ions (7.5; RY = R® = E, OMe; R® = H, R® = OMe, CF:) to

ner t
ocn the ionic sirengtn of the medium. Steric factors were
implicated in control of the degradation but carbenium ion
stability was not important [83]. The ferrocenylmethylcarbenium
tstrafluorooorates [7.6; ﬂl = R; = H; Rl = H, R2 = Me; )

1 . i 2

two types of

o
[»]
o
'_J
B
<
1=
O
]
g ]
o’
0]
=]
' . Jy
CJ
1=
Q
i3
4]
'3
[« B
[y}
2!
=&
(4}
a
ot

vation. One involved one molecule of ether per molecule of

s0
caticn and had a large asscciation constant whilst the other
was a much weaker interaction [84].

Secondary (-hydrogen kinetic isotope effects in nucleophilic
additions to ferrocenyl stabilized carbenium ions have been
investigated. The results obtained from the solvolyses of the
carbenium ions (7.7 and 7.8) in water and water-organic solvent
mixtures suggested that there was apprreciable C....0 bond formation

[=3=~]
in the transition state for carbenium ion solvolysis [85]. The
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ri
+
Rl +
: g :RZ
Fe Fe X~
e @
7.5 7.6

crystal and molecular structure of ferrocenyldiphenylcarbenium

tetrafluoroborate has been determined by X-ray crystallograbvhy.

O O |

F

Zi:f:jx 2 OMe
. —

70?‘ 708

7y
]
Q +
m

[t

The structure was regarded as an (7—cyclopentadienyl)(q—fulvene)—
iron cation (7.9) with the fulvene exocyclic double bond bent

towargs the iron at an. angle of ZO.?O and an Fe—CeXO distance of
2.715A [86]. Ferrocenylcarbinols have been treated with

'.l

sulphuric acid and then ammonium hexafluorophosphate to form
ferrocenylcarbenium salts such as the compounds (7.6; Rl = H,
R® = Me, Ph, ferrocenyl; R’ = Ph, R® = Me, Pa; X = PF). The
salts (7.6) were attacked by nucleophiles including cyanide ion,
azide ion and acetate ion to give the corresponding neutral

X-substituted ferrocenes, Thus the salt (7.6; R' = H, R® = Me)
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give X-methylferrocenylacetonitrile

ct
e]

was attacked by cyanide

[87].

8. FZRROCENE CHEMISTRY
) otochemistry

& triplet energy transfer Irom biacetyl to ferrocene has
been studied in a range of solvents, The intensity of the phos-
scence was measured as a function of the ferrocene concen-
ation, From the results it was concluded that resonance energy

fer did not take place but ordinary exchange methods occurred.

kinetics of energy transfer followed a Stern Volmer model and

o
o
A
b

e was incomplete transfer per encounter in the less viscous
vents [88]. The mechanism of the reaction between t-butyl
cyanate and methanol photocatalysed by ferrocene and iron (III)
ide in carbon tstrachloride-dichloromethane mixtures has been
ed by kinetic, spectroscopic and quantum yield measure-
t was concluded that the ferrocene was involved in the
m
2+
Fe + Feo [(? C g )aFe] + Fe
c e ted the active Fe5* [89] The following halogenated
'mpounds;CClk, PnCOCHZBr, E—BPC6H COCH Br and C73CCO Me were
enated by irradisztion of alcohollc solutions containing
ene or iron (III) chloride. It was suggested that
adicals from the alcohol solvent were involved in the reaction

Vinylferrocene and iso-propylferrocene have been irradiated
in methanol and ethanol tc give ferrocenylethers by way of ferro-
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@- CMeRCMeR \

Fe Fe Fe

Cr

cenylcarbocation intermediates. Vinylferrocene formed tho ether
(8.1; R - H, RZ = Et) while isopropylf
vroducts (8.1; R = Me, R®
were themselves labile under the conditions used and gave the
alkylferroceﬁes (8.2; R = E and R = Me) respectively. Binuclear
products (8.3; R = H and R = Me) respectively were also formed in
the secondary reactions [91]. The photosensitized oxidation of
the vinylferrocenes (8.k; R = Me, Pa, R = CMe=CH,; Rt = pn,
R = CPh:CHa) in dichloromethane in the presence cf sodium
copper-chlorophillin sensitizer and oxygen gave the ferrocenophane
diols (8.5; RY = Me, Ph, R® = Me; RY = RS = Ph). However, the
vinylferrocene (8.4; Rl = Ph, Rr® = H) dimerized under the same
conditions to give the diol (3.6). Singlet oxygen was implicated
in the reactions [92].

The photolysis of several ferrocenyl ethers in methanol has
been investigated and the products isolated were formed from

&-ferrocenyl free-radicals and k—ferrocenyl carbocations. For

errocene forme&d the

= Me, Et). These compounds (8.1)

example, for 2-ethoxy-2-ferrocenylpropane (8.7) it was postulated
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Scheme 8.1

vl fforded an excited state (8.8) which
between two reaction paths (Scheme 8.1) [93].
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Irradiation of 3-ferrocenyl-l-p-methoxyphenylprop-l-ene (8.9) in

methanol gave 3-ferrocenyl-p-methoxypherylpropane,

3-ferrocenyl-

-l-methoxy-l-p-methoxyphenylpropane and 3-ferrocenyl-3-methoxy-
—1-p-methoxypropane. The mechanism of the reaction was investigated

[oul.
Fe
OMe
809
(ii) Derivatives containing other metals (metalloids)
The reaction of chloromercuriferrocene with trimethylaluminum
in =a aled tube gave the ferrocenylalane (8.10 X-ray crystallo-

e ).
graphic characterizationof the ferrocenylalane (8

the two dimethylaluminum units were linked t

SF
chlorine atomand one carvon atom Of a O—C?Clopentadie_yl ring
en en n

The angle of tilt of the two np-cyclopentadi yi ri
Mea
Al\\
Cl
Al//
Me |
Fe 2 Fet B
8.10 8.11
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and there was no significant iron-aluminum interaction [95].

The reaction of excess ferrocenyllit 1ium with tri-n-butylborane

or boron trifluoride gave tris(ferrocenyl)borane and the zwitterion
(8.11). The structure of the zwitterion (8.11) was determined

by X-ray analysis, It was found that there was one sterically,
distinct ferrocenyl group and one electrcnically unigue ferrocenyl
moiety and these were not coincident. The electironic absorption
spectrum of the molecule (8.11) indicated the presence of an
intervzlence el transition and it was suggested that the

h-space mechanism [96].

slectrc r proceede ugn
The interaction of ferrocenyllithium witk [CuanPnB] gave ferro-
cenylcopper. Treatment of the fer nylcopper with iodobenzene

¥
ne and benzoylferrocene
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the product was reduced to give the bridged biferrocene (8.14)
Several halide complexes have been treated with 1,1'-dichl-
—2-lithioferrocene to form the corregponding ferrocenyl
tives [8.15; X = he(CO)2(7 05"f), AuPP h3 Mn(CO)B,

A binuclear derivative (8.16) was formed in the
e compounds (8.15 and 8.16) were characterized by
spectroscopy [99]. The treatment of ferrocene

nd 1,5- cyc1OOCtad1e e (COD) gave the lithio species
alt

3

€.
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OD)Ii which was converted to the zinc

COD)]ZZn with zinc chloride. This salt was in turn

1 ethylene and then lithium to give the derivative

ZB JLi [100]. Metallation of ferrocene in the

T et thene gave the complex (CZdQ)AFELlZ which was

zed as the tetram tbylethy1enedvam1ne adduct [101].
ferrocenyl-silane (8.1 R = H) was chlorinated with
(II) chloride to give the chloro-silane (8.17; R =Cl).




Sy

%@
@,Jn
o
I-;-_‘
o
}_-I
1
OO0~
o
e
]
=1
‘_I

8.14 8.15

lens gave the diferrocenyl derivative (8.18) [102]. The hydro-
silylation of the ferrocenylacetylenes (8.19; n = 1, 2; R =
Me, Et, Ph) with triethylsiléne in the presence of a Speiers
catalyst has been examined. The triethylsilyl group added to
the carbon in the &-position to the ferrocenyl group in the
acetylenes (8.19; n =1, 2; R = Me, Et) and to the B-carbon
in the acetylenes (8.19; n =1, 2; R = Ph). The addition

of triphenylsilane under the same conditions took place in the
opposite sense [103]. Hydrosilylation of the organogermanium

243

ferrocenylacetylene (8.20; X = GeEtB) with HSiPh, in the presence

of a Speiers catalyst gave the adduct (8.21; X = GeEtB).
Cleavage of the carbon-germanium bond also occurred to form the
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ferrocenylacetylens (8.20; X = SiPZB) and the disilylolefin
(8.21; X = SiPhS), other related transmetalation and addition
S1iPh=z
[ — ] __
e —— e \\
X
Fe SiRh_n Fe Fe
o |
- ]
8.19 8.20 8.21

prcducts were isolated from the reaction [104].

Treatment of trimethylstannylferrocene with [Pt(COD)ClZJ

where COD = cycloccta-l1l,5-diere gave the ferrocene-platinum
complex (8.22). A similar reaction with 1,1'-bis(trimethyl-

stannyl)ferrocene gave the ferrocenyl platinum complex (8.23)
[105]. The ferrocernyl-phosphine (8.24) catalysed the hydro-
formylation of l-hexene to give complete conversion with nigh
selectivity to n-hexanal [106]. Homogeneous catalytic asymmetric
hydrogenat

I"'
Q
!

of olefins, ketones and imines by some rhodium-

-complexes of the ferrocenyl-phosphine (8.25; R = H, OH, NMe )
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?t(COD) Tt(COD)
ci C1
Fe Fe
Tt(COD)
CL
8.22
8.23
has veen investigated. For example, the hydrogenation of the

(o]
etones RTCORZ (Ql Me, Bt; RZ = Ph, Me
-100% S- and R-R Ch(OH)R Gepending on t

-
P F (:::) CF, PPh,
3
L de
Fe Fe 1
CH(Me)R
P CF PPh,
| S -
8.24 8.25

Dichloro[1, l'—bls(alnhenylnnOSDhlno).erroc-“e]palLaq1um (II) has
been used as a catalyst for the cross-coupling of sec-butylmagnesium
chloride with bromobenzene, B-bromostyrene and 2-bromopropene to
give the corresponding sec-butyl derivatives in very good yields
[108]. The bis(ferrocenylmethyl)phosphonic acid (8.26; X = H)
has been treated with bis(dimethylamino)methane to form the
phosphonate (8.26; X = CH2NMe2) in 99% yield. The formation of
twelve other phosphonates (8.26) was reported [109].

The ferrocenylfﬁra (8.27) has been formed by treatment of
pentacarbonylf ferrocenyl(methoxy)carbene]chromium with tolan in
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8.26 4 8.27

butyl ether. The crystal and molecular structure of the
complex (8.27) has been determined by X-ray crystallography [110].
eatment oT the ferrocenyl-silver compounds (8.28; R~ = C1,

R® = H; R = H, RZ = C1) with iodine gave the biferrocenyl
derivatives (8.29 and 8. 30) Y‘especw vely [111]. The reaction of
rrocene with (Ph_,PAu) O BF, 1in the presence of hydrogen tetr
uoroborate gave tne comnlex cation (8.31) [112]. The reactio
mercury (II) acetate with several alkylvinyl-substituted

S~
on

y o)
Hy =0

Te Fe Fe

8.28 8.29 8.30



AuPPh + H—p-H
o7 3 ‘ 7 \Bl
:“\ "u H/? /\H
AuPPhy -~ 3—5 =
Fe Héb
8.31 8.32
ferrocenes has been investigated. Two reactions occurred, adcition

to the olefinic linkage (methoxymercuration) and aromatic sub-

stitution of tne 7—cvc103entad~en ¥yl ring. Addition was the only
reaction with vinyl- and o-methylvinyl-ferrocenes and ring-
-substitution was the only reaction with «-t-butylvinyl- and
B;R-dimethylvinyli-ferrocenes. Both methoxymercuration and ring
substitution occurred with trans-f-methylvinylferrocene. Addition
vas of the Markownikov type and substitution occurred in the
unsubstituted np-cyclopentadienyl ring. Kinetic data was obtained
for these reactions [113]. The cyclopentadienide ion, B5H8-

and ferrous ion in THF at —7800 combined to give a ferraborane
whicn was converted by thermal isomerization to the ferrocene

analogue (8.32) a violet air-sensitive solid [114].

(iii) Complexes of ferrocene-containing ligands

Complexes of the f-diketone ferrocenoyl fluoroacetone
(FTFH) were obtained by reaction with the bis
metal dichlorides, (7—C 'B)ZMCIZ’ where M = Ti, Zr, Hf, Nb, Two
FTFH ligands were 1pcorporated to give the complexes (7—0 “5)M
(FTF),Cl, where M = Ti, Zr, Hf, Nb [115]. Ferrocenoylacetone,
formed by treatment of acecyllerrocene with ethyl acetate in the
presence of strong bases, was used as a bidentate ligand towards
copper (II) and iron (III) salts [115]. The metalation of
(dimethylamino)methylferrocene with sodium tetrachloropalladate (II)
in the presence of optically active N-acetyl-L-valine gave the
optically active planar chiral 2-(dimethylamino)methylferrocenyl-

O7—cy010nv"tad1eny1)-
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— CHé____TMea -
Pd—cC1
|

Fe Fe Fe
2 i ~N

ethyl— and 5 af

methylferrccene with manganese (II1I) acetate in acetic acid gave
the diferrccenylmetnane (8.3L) together with the 3-methyl and
1'-ne Ct ene (DMeFc) combined

oc

e e (TCNQ) to form three

t mplexes, green (DMeFc)(TCNQ), purple

c)(TCNQ) and (DMch)(TCNQ)Z. The two monoclinic 1:1

mplexes were analyzed by X-ray methods, the green complex was

t0 have a one-dimensionzl structure while the purple form
solated dimers. The green complex contained

®
()]
3 o
0
Q. cf
[19]
=i
s}
o]
P
|_l-

(D:e?c)+ and (TCNQ) sgroups and showed cooperative
ractions [121]. The enoclate salt (8.35), derived
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o sponding B-ferrocenyl-ketcne, has been acylatsd with
hloride to form the binuclear ferrocenyl-ketone (8,.36)
S

ture of diastereoisonmers. A dibenzoyl intermediste was
d e reaction [122].

—

he ferrocenyl-ketone (8.37) with NaM(COC). (q CrH

T
where M = Mc, W, Fe; n = 2,3 gave the corresyonding rrocenoy1—
erivatives (8.38) [123]. Acetylferrocenes have been
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8.40 8.4 8.42

1,1'-Bis(glyoxalyl)ferrocene has been prepared by the selenium

(IV) oxidation of 1,1'-diacetylferrocene and 1,l'-bis(phenylgly-
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oxalyl)ferrocene was prepared by a similar route. The ferrocene
bisglyoxalyls were condensed with 3,3',4,4'-tetraaminobiphenyl

and 1,2,4,5-tetraaminobenzene to give polymers, for example

(8.43 and 8.44). The properties of the polymers were investigated
[126]. The reactions of 1,1'-bis(acetoacetyl)ferrocens have

been examined [127]. Formylferrocene and some ferrocenyl-

ketones (8.45; R = ClmlB alkyl, aryl, C1CH,, ClZCE) have been
prepared by oxidation of the corresponding ferrocenyl alcohol
(8.46), ether (8.47) and olefin (8.48) with (R5510),Cr0,

(R=2¢C alkyl, Pn). For example, the oxidation of ferrocenyl-
1-4 ? 2
methanol with (Ph,Si0)_ CrO, gave formylferrocene in good yields
3 2 2 =
[128]. A relsted pztent described the oxidation of 2,2,2-tri-

chloro-l-ferrocenylethanol to give trichloroacetylferrccene [129].
Formyl—-, acetyl- and benzoyl-ferrocene have been condensed
with diethylsuccinate under the conditions of the Stobbe reaction

to give mixtures of the E and Z forms of the unsaturated ester

0 0H B R ]
? R Q R @ ’
Fe Fe Fe 0
8.45 ) 8.46 8.47

48 ’ 8.49 8.50
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(n-CH=CH.C5H, )Fe(N~C5Hs)

0)5]. Some related aromatic
ried [131]. Cryclization of
R = p-MeOC_ %, . p-BrC.H ,

= g, B 551
INHZ, wnere R = H, Ph,
ferrocenylpyrazolines (8.52)

t1j
W
2y

3.51 8.52

L
8 t

[135]7. Formylferrocsne was condensed with the acetophenone

Gerivative (8.57; RY = RS = H, Me; RY = H, R® = Ms, OMe, C1,

Br; Rl = Ms, OMe, AZ = H) tc give the trans form of the chalcone

arzlozue (8.58) [136]. Ferrocenyl carbinol ethers (8.59;

R = ethyl-octyl, allyl) were obtained by conversion of (dimethyl-

amino)msthylferrocene teo a guaternary salt and then nydrolysis of

this salt. Thus dichloroethane combined with the amincferrocene



8.56

to form the salt (8.60) which was then hydrolyzed [137]. Ugi

and Herrmann have reported a convenient "one-pot" synthesis of

0 Og

8.57 8.58
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+
Q ——CH,0R ©— CH,NMepCHCHaCL G17
F F

re 54
8.5¢9 8.60
X-ferrocenylalktylaminss. Ferrocene and a ketcne or aldehyde,
1.2
RR o} m I

a
and the mixture
oho

and zcetic acid, fluorosulphuric acid was added
vias zdded to the amine, R3R4NH, in isopropyl alcohol at -78O

OAc
J.Z;RBRL.- o S
R
OAc

1y

(4]
Loy
O

8.61 8.62
tc give the corresvonding ferrocenylalkylamine (8.61: RT = H,
2 i—Er, t-Bu, cyclohexyl, Ph; R3 = H, Me, Rbr = H,

ferrocenylmethyldimethylammoniun

e
vestigated [139]. The
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ES
and picrate has been in
roup has been introduced as a substituent in gluco-

i) s errocenylcarbonyl chloride combined with
2;3,4,6-tetra-0-acetyl~l-thio-f3-D-glycopyranose to form the
r (8.62). A similar amino-sugar, 1,3,4,6-tetra-O-acetyl-



—-2-amino-2-deoxy-B-D-glycopyranose, was attacked by (N,N-dime
amino)methylferrocene methiodide at the nitrogen atom to give
diferrocenylmethyl derivative [140].
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thyl-
a

Q. BIFERROCENES, FERROCENOPHANES AND ANNELATED FERROCENES
Reaction of 1l,1'-dilithioferrocenes with phenyl- or metbhyl-
dichlorophospnine and phenyldichloroarsine gave the {1]lferroceno-
phanes (9.1, R = Ph, Me and 9.2) resvectively. Treatment of
the ferrocenophanes (9.1; R = Ph and 9.2) with phenyllithium gave
MPh
Q 2
Fe R Fe AsPh Fe
i
9.1 9.2 9.3
the lithio-ferrocene derivatives (9.3; M = P, As),. These l1-1ithio-

1t'-phosphino- (or -—arsino-) —ferrocenes were treated with =z

series of electrophiles to give heteroannularly disubstituted

ferrocenes in good yields [141]. Ferrocene-1l,1'-dithiol (9.4)
n

has been treated with dimethyl-silicon, -germanium and

.
[
dihalides in the presence of two moles of triethylamine to form

the corresponding 1,3- thhwa[E]Terrocenopnanvs (9.5; M = s5i,

rre

Ge,

Sn) in good yields. Variable temperature ‘h NMR spectroscopy

has been used to elucidate the fluxional behaviour of the compounds

and to determine limiting conformations [1z2].

The equilibrium constants for the protonation of [L]ferroceno-
phan-7-one (9.6) and -6-one and for the ionization of [4]ferroceno-

phan-7-0l1 and -6-0l in aqueous sulphuric acid have been determined.

The behaviour of these compounds as acid-base indicators has been
studied and the resulis obtained indicated that the [4]}ferroceno-
phane 7-carbenium ions were efficiently stabilized by the ferro-

cenyl group although the positive centre was remote from the
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determined by X-ray analysis. The planes of theq—cyclonenta—
i 1 ura-—

e ¥y planar and the molecular config
there was considerable steric strain in the
r b

ain was thought to occur &t the carbonyl

@)

unction between the bridge and the 7—cyclopenfadienyl group [144].
1,1'-tetramethyleneferrocene and
ferrocene (9.8) have been recorded.

H o

Moessbauer specira of
,1',3,3'-bis(tetrametayle
The crystal and molecular structures of this ferrocenophane (9.8)
and of 1,1',2,2',4,4'~tris(trimethylene)ferrocene were determined
. by X-ray crystallograrhy. The Moessbauer rasults were compatible

\-J

l-‘CD

with the ring tilting and 1ron—cyclopentad1eny1 ring bond



onfirmed by the X-ray analysis [145].
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wn ethers (9.11, 9.12, 9.13 and G.14;
h ferrocenes gave

nd sodium perchlorates [148].
e ( s formed by cyclization
TiICl./LiAlH, . The dialdehyde

e

c

i,I'-dijiodoferrocene

witn p-vinylbenzaldehyde, & diacetylene cloferrocenophane
was foramed in the sams way [149]. Reaction of 1,1'-ferrocene-
dicarboxaldehyde with 1,1'~diacetylferrocene in the presence of
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e Fs
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2~ 'III! 2=
9.18 9.19
Fe Fe Fe Fe
9.20 9.21
base gave the ferrocenophane (9.17)[150]. The dianions (2.18 and
9.19), formed from the appropriate hydrocarbons by treatment yith
n-butyllithium, were converted to the binuclear ferrocenophanes
(9.20 and $.21) on the addition of iron (II) chloride. The
alternative polymeric products were not observed [151].
10. FERROCENE--CONTAINING POLYMERS
The electrical conductivity of plasma polymerized ferrocene
films has been investigated. The results indicated the presence
of an electron trap 0.45 eV below the conduciion band [152].
The electrical properties ¢f polyferrocene filas deposited by
glow-discharge polymerization have been investigated. The photo-

current was higher than the dark current and higher values of
the photocurrent were obtained when the iliuminated electrode
was negatively biased. The effect of temperature on the dark
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pyrolysis of crosslinked ferrocenss with continuous
carbide fibres has been surveyed [158].
Radical copclymerization of vinylferrocene (10.

1

2-vinylnaphthalene gave a copolymer the composition

indicated Mayo-Lewis reactivity ratios of 0.C8 and

respectively. Fluorescence spectroscopy has shown emission

from excited naphthalene monomer and nachthalene exc

decrease in total ictensity as the ferrocene coantent

(o]
This was rationalized in terms oi extensive intramolecular ener

traasfer from naphthalene to ferrocene groups and dy
of excited naphthalene mono e

formaticn [159]. Polyme
platinum electreodes from ra
of methyl cyanide, water or agueous sthancl on e
of the thin polymer films has been investigated. I
that the redox properties could be modifi

The polymerizations of methyl methacry

'_h

in the dark, The polymerizations proc
‘and they were terminated by attack of a polarized m
te

DOWy(VWnylLerroce 1e)—~carbon trachloride charge tra
[161].

ck

ient than

la
1itated by the system poly(vinylferrocene)-carbon tet
e

silicon

1) anad

of wnich

5.5

imer with

increased.,
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rhamic guenching

c
ene vas apprlied tc

Trhe effects

excimer

lectrocheriiscry

t was concluded

The ¥-radiation initiated free radical copolymerization of
n

cenylmethyl methacrylate (10.2) with styrene, n
and ethyl acrylate in benzene has been investig
reactivity ratios were calculated by 1
@ and e values octained from the copo
0.97 and 0,55 respecti y [162]. T

COoMe
Fe
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izations of ferrocenylmethyl methacrylate (10.2) and 1l,1t'=ferro-
cenyldi(methyl methacrylate) have been investigated. Polymer-—
izations of the monomers were eifected in the crystalline and
amorphous states and also in benzene. Electron spin resonance
spectra 0f the ¥-irradiated monomers showed that ferrocene radicals

znd methacrylic radicals were formed sinultaneously at low
r

temreratures and with increasing temperature the ferrocene radicals
3

hat the ferrocene group behaved as

C in the presence

to form poly(ferrocenylacetylene) in 80%

O
O
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yield. The polymer had a paramagnetic conrcentiration of

10"38_10"19 spins gt and electrical conductivity 107 20 ~tem ™

[167]. Ferrocenylaniline, ferrscenylphenol, diacetylferrocene
oxime and bis(hydroxyethyl)ferrocene underwent polycondensation

with disulphur dichloride at 25—80°C in benzene to form poly(ferro-
ceryl disulphides) ich contained the linkages -NHSS~ and -0SS-,.
The polymers were stable in a;r to 200—25OOC, had a paramagnestic
centre concentration of IO“7 10 spin g—l and electrical

-1 - - P
conductivity of 10”10-107120 lcm 1 at 20% [168].

11. APPLICATIONS QOF FERROCENE
(i) Ferrocene stabilizers and improvers

Low—density polyethylene has heen stabilized by the addicion
of 2,2-bis(1,1 t_diethylferrocenyl)provane (1l.1) in the presence
of other additives [169]. The reaction of chlorinated polythene

Fe CMe

2
Et
L Jd2

11.1

fiim with ferrocene proceeded by a fast substitution step followed
by a slower diffusion controlled step. The photooxidation
resistance of the ferrocene modified film was improved, The
modified film was a good clear shiéld for the protection of
vulnerable substrates against photodegradation [170]. The
addition of 0.3-1 weight % ferrocene or a ferrocsnyl k=tone to
petroleum-base cutting fluids increased the durability of cutting

tools lubricated with the fluids [171].

(ii) Ferrocene in analysis
Selenium (IV) has been estimated by reduction to selenium
with ferrocene in acetic acid, The resulting ferrocinium ion
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then determined by colorimetry or by atomic absorption spec-

was
trophcicmetry,. The technigue was subjectto interference by
oxidizing agents [172]. The oxidation of ferrocene with
tellurium (IV) has been studied in order to evaluate tThe rezaction
for the guantitative determinztion of tellurium, The reaction
procseded via the formaticn of tellurium (IT) and the final product
was metallic tellurium, A syectrephotometric procedure was
devised for the determination of tellurium in cadmium telluride [173].
Ferrocene nas been used in the electrochemical determination of
molybderum and vanadium in steel [174]. The electrochemical
provertiss of the coppsr (II)-copper (I) and the ferrocene-

c

orper (II) were
edure was developed
th ferrocene [175].

(]
hy
[

tz]
[}

ot
|
°

n

Substituted ferrocenes [11.2; X = Me, Bu, CH,0H, CHOHMe,

CHE,OM 5H 2 0615(ﬁ02)2, I] nave been evaluated in
sulphuric acid as redox titrants. The formal oxidation potentials
vere strongly dependent on the acid concentration with only very
smz11 substituent effects [176]. An =isctrochemical study has
been mzfe 0f carbon paste elecirodes which contzined an insoluble
electroactive compound, such as iron (III) oxide and ferrocene,
together with ar slectrolytic pasting liquid. The factors which
affzcted the chronoamperometric and voltamperometric curves were
gvaluated. The electrodes were useful for the qualitative and
guantitative analysis of solids [177].



265

u c
The addition of ferrocene, mixed with an aliphatic alcohol
and an organic hydroperoxide, to gasoline improved the octane number
[178]. The effectiveness of mixtures of ferrocene and tricarbonyl-
oxen enyl) s a ntikno r
e s
o

0.1%

l..l
|._l

2-Ferrocenylethanethiol was treated with hydroxyl terminated
polybutadiene and 2,2'-azobis(2-methylpropionitrile) to give a
polymeric material that was useful as a binder for c mposite
t

e
[183]. The efficiency of dibromotetrafluoroethan

o
rropellants. The propellants nad stable burning proprerties
e
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l.h

extinguisher was enhanced by the addition of a small proportion
e 1

(0.05-0.50 weight %) of diethylferrocene [

d with acyl chlorides to give the

erroc . oe te
ketones [11l.4; R = CE(CH,Me (C"Z) zMe, CHMeCH,CH,Me, (Cua DMe,
(CHE)7he, (CIE)QCEMeZ, CILeCH»CMGB, CmeZCHMeE] wonich have bsen used
in the treatmest of iron deficiency anzemia [185]. 1,1t'_Ferro-

e Fle [¢]
:i:j Z:::jg~\u”<§b
11,4 11,5

cenediacstic acid arhydride (31.5) was nrepzred by treatment of

the correspornding diacic with dicyclohexylcarbediimide, Reaction
of the anhydride (11.5) with amines gave the corrssronding amides
(11.6; R = NH,, PhCHaNE, C6Hl”y’ morrholino). In & similar
reaction, the anhydride (21,5) was treated with 6-aminopenicillgznic
acid (6-APA) or 7-aminocephalosporanic acid (7-ACA) to give the
ferrocenyli-peniciliin (11.7) and -cephalosporin (11.8) respectively.
The annydride (11.2) was zalso prepared and its reactiocns with

6-AP2 and 7-ACA were investigated [186]. The metabolism of
ferrccene has been studied in vivo using rats and in vitro using
rat liver microsomes. The biological activity of D,L-B-ferrocenyl-
-X-zalanine (11,10) has been investigated znd it was tested for

its ability to: (i) supporit or innibit the growth of L. mesenter—
oides, a phenylalanine requiring organism, (ii) inhibit the growth
of CHO cells in culture and (iii) function as a substrate or
inhibitor of phen Y hydroxylase and aromatic L-amino acid

e
he growth of L. mesenteroides, in tne absence

of phenylalanine, was not supported and there was no inhibition
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1
H,COR CH_CONE S
2 2
4/r——N
Fe Fe 0
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2
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i1.6 11.7
S
)51 g2
CH,CONH
N A 0
- jof N
e o CHp0COMe Fe
0
CO B
2
CH_CO.H
2 2 0
11.8 11.9
of growth in the prssence of phenylalanine, The ferrocenyl-
—alanine was: (i) toxic to the CHO cells at a concentration of
0.45 mM, (ii) a noncompetitive inhibitor in the phenylzlanine
hydroxylase system and (iii) a competitive inhiditor of aromatic
i-aminoacid decarboxylase with respect to phenylalanine [138].
Tre biological activity m nonro
ferrocene succinate in mics i e
amine analogue. In vitro the co b
of aminopyrere and p-nitroanisole but had ne effect on the oxidation
of N,N-dimethyloctylamine [189]. The metabolism and cytostatic
effects of N-methyl-N—f3-chloroethyihydrazones of formyl-ferrocens
and —-ruthenocene have been investigated. Botn the hydrazones
exhibited cytostatic effects similar to those of the corresponding
hydrazone of benzaldehyde [190]. A fertilizer containing 0.5%
3,5,5-trimethylhrexanoylferrocene mixed with surfactantz was used
for supplying plants with iron. Treatment of chrysanthemums
with the fertilizer controlled iron cunlorosis and increased the

References p. 268



268

|_J

N

(03]

e

1=
]
°

[
O

D. Seyfertn, Journal of Organometzilic Chemistiry Liovrary,
Vol, 7, Elsevisr, 1879,

E.A.K. von CGustorf, Tne Organic Chemistry of Iron, Vol. 1,
Academic Press. 1973.

F. Takusasawa and T.F. Koetzle, Acta Crystaliogr., Sec. B,
3 35 (1979) 1074.

G. Cisc'n, G. Cglvarin, J.F. Berar and D. Andre, C.R. Hebd
Seances Acad. Sci., Ser. C, 287 (1973) 523.

P, Seziler znd J.D. Dunitz, Acta Crystallosr., Sect. B,

3 35 (1579%) 1063.

P. Seiler znd J.D. D.nitz, Acta Crystallogr., Sect .B, B 35
(187¢) 2020.

Z. Xaluski, E. Skrzypczak-Jankun and ¥, Cygler, Acta
Crystallogr, Sect. B, 35 (197%) 269¢S.

A N. HNesmegyanov, E.I. Klimova, Yu, T truchkov, V.G.

o W

Andrianov, V.N. Postnov and V.A. Sazonova, J. Organometal.
e 1 (

and, S. Samd2al, J. Brunvoll, J.L.

.
e
[
i3
1]
[n]
1
Jde
¥
A
oy
o
[a
M
=
L]
E
M
[

?
Robbins and J.C. Smart, J. Crganometal. Chem., 173 (1979)

s, L.D. Preston, J.M. Williams, S.W. Peterson,
G.A. Candela, L.J. Swartzendruber and J.S. Miller, J. Am.



11

22.

25

24

25
26

27

28

269

Chem., Soc., 101 (1979) 2756.

G.A. Candela, L.J. Swartzendruber, J.S5. Miller and M.,J.
Rice, J. Am. Chem. Soc., 101 (1979) 2755.

S5.R. Wilison, P.Jd. Corvan, R.P. Seiders, D.J. Hodgson,

M. Brookhart, W.E. Hatfield, J.S. Miller, A.H. Reis and
P.K. Rogan, NATO Conf. Ser., (Ser.) 6 (1978) L07; Chen.
Abstr., 91 (1979) 174588,

F. Takusagawa and T.F. Koetzle, Acta Crystallogr., Sect. B,
B 35 (1979) 2888.

K. Szulzewsky, I. Seidel, S. Kulpe, E. Hoehne, H. Raubach
and U. Stoffer, Krist. Tech., 14 (1$79) 37.

L.N. Zzkharov, Yu. T. Struchkov, V.V. Sharutin and O.N,
Suvorova, Cryst. Struct. Commun., 8 (1979) 439,

T.R. Halbert and J. Scanlon, Mater. Res. Bull., 14 (1979) 415,
R. Urban, D. Marquarding and I. Ugl, Hoppe-Seyler's Z.
Physiol. Chem., 359 (1978) 1541,

M. Lacan and V. Rapic, Croat. Chem. Acta, 51 (1973) 273,

L.G. Xuz'mina, Yu. T. Struchkov, L.,L. Troitskaya, V.I.

Sokolov and O.A. Reutov, Izv. Akad. Nauk SSSR, Ser. Khim.,
(1979) 1528.

V.I. Sokolov, L.L., Troitskaya and O.&A. Reutov, Dckl. Akad.
Nauk SSSR, 246 (1975) 124.

A. Kasahara, T, Izumi and H., Watabe, Bull., Chem. Soc. Jpn.,

52 (1979) 957.

W. Crawford and W.E. Watts, J. Organometal. Chem., 135

(1980) u43.

D.C. Van Landuyt, Diss. Abstr., Int,
Chem. Abstr., 92 (1980) 21920.

P. Canonne, G. Foscolos and R. Harder, J. Organometal. Chem.,
178 (1979) 331.

R.C. Hill, Diss. Abstr. Int. B. 39.(1978) 2332.

M. .Hillman and A4.G. Nagy, J. Organometal. Chem,, 184 (1980)
L35,

V. Ya. Rochev, N.K. Kivrina and 0.P. Kevdin, Acta Phys.

Pol. A, A56 (1979) 137.

E.I. Mysov, I.R. Lyatifov, R.B. Materikova and N.S. Kochetkova,
J. Organometal. Chem., 169 (1979) 301.

B.V. Zhuk, G.A. Domrachev, N.M. Semenov, E.I. Mysov, R.B.

3]

» 36 (1976) 3973,

Materikova and N.S. Kochetkova, J. Organometal. Chem.,

184 (1980)231.



\
N

(VYRR RR Y} N W
~1 N\ 4= W

N
[55)

L7

L8

A.N. Nesmeyanov, D.,V., Zagorevskii, Yu. S. Nekrasov, V.F.
Sizoi, V.M, Postnov, A.M, Baran and E.I. Klimova, J.
Organometal, Chem., 169 (1579) 77.
Vu. S. Nekrasov, V.F. Sizoi, D.V. Zagorevskii and N.I.
Vasyukova, Org. Mass Spectrom., 14 (1979) 22.
E.P, Fesenko and L.P. Togansen, (USSR), Deposited Doc.
1977, VINITI, 857; Chem. Abstr., S0 (1979) 102929.
V.G. Kuleshov, R.V. Zhuk and G.A. Domrachev, Khimiya
Elementoorgan. Soedin., (Gor'kii), (1978) 88; Chem.
Abstr., 91 (1979) 163456.
Co.Jd. Cardin, ¥. Crawiord, W.E. Wa
: rans., (1979) §70.
em., 179 (1979) 205.

c
° =3
r and J.C. Kavteyn, Radiochim, Acta, 26 (1979) 97.
m

tts and B.J. Hathaway,

V. Rapic, I, Tadbakovic, B. Skundric and M, Lacan, Croat,
Chem. Acta, 51 (1978) 333.

Z. Samec, V. Mzarecek and J. Weber, J. Electrcaznal. Chen.
Interfzcial Electrochem., 103 (1979) 11,

Z. Szamec, V. Marecek and J. Weber, J. Electrcanal, Chen.
Interfzcizl Electir

ochem., $6 (1978) 245.

troc
R. Gavasso and &, Laviron, J., Electroanal. Chem. Inter-
facial Electrochem,, 102 (1979) 245,
M. Sharp, M. Petersson and K. Edstrom, J. Electroznal. Chen,
Interfacizl Electrochem,, 95 (1979) 123.

i1im d

R.W. Murray, J. Electro-
nem., 25 (1979) 217.

n, M. Umana and R.W. Murray,

. AD-AQ66631; {rom Gov. Rep.

«Co Anson, J. Electiroznal. Chem. Interfacial
ctrochem., 100 (1979) 233.
¥. Yacynych and T. Kuwana, Anal. Chem,, 50 (1978) &40,
R. Howak, F.A. Schultz, M., Umana, H. Abruna ard R.W. Murray,
Report iG678, TR-6, Order No. AD-A0€1427, from Gov. Rebv.
Announce. Index (U.S.), 79 (1979) 90; Chem. Abstr., 91

(1979) 29547.
A A, Pendin, P.K. Leonttevskaya znd E.F. Korobchenko,
Zh., Fiz. Khim., 53 (1979) 2228.

J.R. Chipperfield, J.C.R. Sneyd and D.E. Webster, J. Organo-
metal. Chem., 178 (1679) 177.



49

50

51

52

\n
=

\Ji
\Ut

57

58

59

60

62
63

64

66

67

68

69

271

K. Ogasahara, M. Sorai and H, Suga, Chem, Phys. Lstt.,

68 {1979) 457.

J.W. Edwards, G.L. Kington and R, Mason, Trans. PFarada

Soc., 56 (1960) 660' J.W.Bd.sards and G.L. Kington, Tr .
Faraday Soc., 58 (1962) 133h

L,M, Dyagileva, V.,P. Mar'in, E,I. Tsyganova, J. Organometal.

Chem., 175 (1979) 63.

B.,V. Zhuk, E.M. Semenov and G.A. Domrachev, Zh. Obshch.
Khim., 48 (2978) 2562.

V.G. Tsvetkov, L.M, Dyagilsva, M.,K. Safonova and Yu. 4,
Aleksandrov, Koord. Knim., 5 (1979) 772,

N, Cully ard W.E. Watts, J. Organometal. Chem.,, 182 (1979)
99.

N. Cully, J. Park and W.E. Watts, J. Chem. Soc.,, Perkin
Trans. 2, (1979) 947.

M. Salisova and H. Alper, Angew. Chem.,, 91 (1579) &538.
L. Poncini and J. Cook, Sch, Sci. Rev., 61 (1979) 9l.
L. —C. Song, Hua Hsueh Tung Pso, (1979) 315; Chem. Abstr,,

G2 (1980) 6653,

L. -C. Song, Bua Hsueh Tuang Pac, (1979) 313; Chem. Abstr.,
%2 (1980) 6652. ’

A, Ratajczak and B, Misterkiewicz, J. Organometal. Chem.,
179 (1979) 131

+Fo Helling and W.,A.Hendrickson, J. Organometal. Chern.,
(1979) 8&7.

E. Roman and D, Astruc, Inorg. Chem., 18 (1979) 3284,

E. Roman, R, Dabard, C, Moinet and D. Astruc, Tetrahedron

Lett., (1979) 1433,

W.J. Pannekoek, Diss. Abstr. Int. B, 38 (1978) 3200,

C.C. Lee, K.,J. Demchuk and R,G. -Sutherlani, Can. J. Chem. ,

57 (1979) 933.

A, Javworska-Augustyniax and J. Wojtczak, Transition Met,

Chem., (Weinheim, Ger.), 4 (1979) 207.

V.N. Setkina and T. Orlova, Izv. Akad. Nauk SSSR, Ser. Khim,,

(1979) 2399.

L. Lindner and J.C. Kapteyn, Nuklearmedizin, Suppl

(stuttgart), 16 (1978) 819; Chem. Abstr., 91 (1979) 165264,

Hazen Research Inc., Neth. Pat., 7800726, 1973, Jul. 25;

Chem. Abstr., 90 (1979) 140022. -

£y B e R o

a]

=



272

70 V.A, Baiusov, Yu, D. Koreshkov, V.T. Solomatin, S.P. Gubin,

and V.4&. Drozdov, Izv. Akad. Nauk SSSR, Ser. Khim,, (1979)
L57.

71 E. Pelizzetti, Inorsg. Chem,, 18 (1979) 1386.

72 J.R.3. Hanna and S.R. Logan, J. Photocham., 10 (1979) 267.

73 Jda. Holecek, X. Handlir and J. Klikorka, Collect. Czech.
Chem. Conwn,, 44 (1979) 1060.

74 J. Holocek, K. Handlir, J. Klikorka anrnd D.3. Nguyen, Coll
Czech. Chem. Commun., L& (1973) 1379,

75 .M. Bolts and M.S. Wrighton, J. Am. Chem. Soc., 101 (13979)

~]
o)}

D.J. Hodgson znd
cer No. AD AQ64163;
(

77 S.R. Wilson, P.J. Corvan, R.P. Seiders,
r

¥M. Brooknart, Report 1979, TR-5, O
frcm Gov. Rep. Announcs. Index (UGS), 7S (1979) 86; Chem.
sbstr., 91 (1979) 14%5656.

78 A.H. Reis, E. Gebert, J.S5. Miller, J.J. Ritsko, W.R. Solaneck,
L. XKovnzt, T.W. Cane and R.P. Van Duyne, J. Am. Chem. Soc.,

jiims, 1. Motoyama and H. Sano, J. Physa.,

3 J
80 A.H. Nesmeyanov, V.A. Sazonova, V.N. Postnov, N.M,
alina and V.V. Stekol'nikov, Izv. Akad., Nauk SS5R

3076,

32 C.R, Jablonski, J. Organometal. Crem., 174 (1979) C3.

83 . Cully, W.D.Quail and W.E. Watts, J. Chem, Soc,, Psrkin
Trans, 2, (1379) 1148,

8. A. Ceccon, G. Giacometiti, A. Venzo, P. Paolucci and D.
Eenozz;, J. Organometal. Chem., 185 (1980) 231

(1
sco and W.E, Watts, J. Chem. Soc.,

86 U. Behrens, J. Organomatal. Chem,, 182 (1979) 89.

87 G. Ortaggi and R. Marcec, Gazz. Chim. Ttal., 109 (1979) 13.

88 V., Carassiti, C.&., Bignozzi and F. Scandola, Atti Accad. Sci.
n Fis., Rend 1976, 13 (1977) 123;



100
101

102

107

108

109

273

L, Wilpucte-Steinert, Tetrzhn
o}

ed ) 4183,
L. Wilputte-~Steinert, Proc., IUPAC Symp. Photoch

hem., 7 (1978)

3
C. Bzker and W.M. Horspool, J. Chem. Soc., Perkin Trans,
1

»(1979) 1862,
M. Hisatome, T, Hashiyama and K. Yamakawa, Tetrahadron

Lett., (1978) 3759.
Baker aad W.M, Horspool, J. Chem. Soc,, Perkin Trans. 1,

1979) 2294,

C

(

C. Bzker and W.M. Horspool, J. Chem. Soc., Perkin Trans., 1,
(

R

g

.D. Rogers, W.J. Cook and J.L. Ltwood, Inorz, Chem., 13
(1s79) 279.
D.,0. Cowan, P, Snu, F.L. Hedbsrg, M. Rossi, T.J. Kistesnmacher,
J. Am. Chem. Soc., 101 (1979) 1304,
AN, Nesmeyanov, N.N. Sedova, V.A. Szzonova and S.XK.

) o}
Mociseev, J. Organometal. Chem., 1385 (1G80) C6.
4. Davison and A.W. Rudie, J. Orgaznometal. Chen.,, 169 {1957%)
69.
A.G. Osbhorne and R,H. Whiteley, J. Organomstal, Chem,, 181

(1979) 425.

K. Jonas and L, Schieferstein, &Angew, Chem,, S1 (1979) 590.
K. Jonas, L. Schieferstein, C. Krueger and Y. -H. Tszay,
Angsw. Chem,, 91 (197S) 590.

LoP, &satiani, D.S. Zurabishvili gnd I.M, Gverdisitel:i,

Zh. QObshch. Khim., 48 (18723) 2386.

L.P. Asatiani, D.S. Zurabishvili and I.M. Gverdit=zileli,

Zh. Obshch. Khim., 49 (1$79) 788.

L.P. Asatiani, D.S. Zurabisnvili and I.M. Gverdisiteli,
Zn, Obshch. Xhim., 49 (1979) 1297.

2. Dawoodi, C. Eaborn and A. Pidcock, J. Orzaacmetal,
Chem., 170 (197%) 95.

J.D. Unruh (Celanese Corp.) Ger. Pat,, 2334742, 1679, Mar.
1l; Chem. Abstr., S0 (1579) 203487.

M. Kumada and T. Hayashi, Symp. Rhodium Homogeneous Catal.,
[Proc.}; (1978) 157.

T. Hayashi, M. Konishi and M. Kumada, Tetrahedron Lett.,
(1979) 1371,

V.I. Boev and A.V, Dombrovskii, Zh, Obshch. Khim,, 49
(1979) 1246,



274

110 K.H. Doetz, R. Dietz and D, Neugebauer, Chem., Ber,, 112
(1979) 1u86.

132 AN, Nesmeyanov, V.,A, Sazonocva, N.N. Sedova and E.N.
Stakheeva, Izv. Akad. Nsuk SSSR, Ser. Khim., (1979) 2141,

iiz A.N. Nesmeyanov, V.P, Dyachenko, K.I. Grandberg, A.N,
Red'kin and Z.G. Perevalova, Izv, Akad. Nauk SSSR, Ser.
Knim,, (1979} 2050.

113 2. Floris and G. Illuminati, J. Organometsl. Chem., 168
(297g) 203.

114 R. Weiss and R.N. Grimss, Inorg. Chem., 18 (1979) 3291,

115 O.N. Suverova, V.V, Sharutin and G.A. Domrachev, Str.,
Svoistva Primen. 3-Diketonatov Met., [Mater. Vses. Semin.],
5rd 1977 (Pub. 1973) 132; Chem. Abstr,, 91 (1979) 157339.

1ig A.M, Shevchik, Yu. P. Losev and Ya. M. Paushkin, Str,,
Svoistva Primen [3-Diketonatov det.,[Mater. Vses. Semin.],
3ra 1977 {(Pub, 1978) 136; Chem. Abstr,, 91 (1678) 157358.

117 VoX. Scokeclov, L.L., Troitskaya and O.A. Reutov, J. Organo-
metal, Chem., 182 (1979) 537.

118 M, Nonoyamaz znd M. Sugimoto, Inorg. Chim. Acta, 35 (1979) 131.

1i¢g A%, Nesmeyanov, G.A. Razuvaev, R.B. Mzterikova, G.&.
Domrachnav, V.D. Zinov'ev, N.P. Palitsyn and N.S. Kochetkova,
Zbh. QObshch. Knim., &8 (1578) 2132.

120 T, Izumi, Y. Saton, Y. Yoshida and A. Kaesahara, Bull, Chem,

T 1

is and G.A. Cadela, Lect. MNotes Phys.,
13; Chem. Abstr., 91 (1979) 193389.
nova and A.N. Pushin, Dokl,

123 A.N. lilesmeyanov, RE.G. Parevalova, L. I. Leont'eva and S.A.

125 R.E, zak and B. Wilson, Synth. React. Inorg. Met. -Org.
Chem., 9 (197%) 51i3.
125 M. Vernois and H.L. Williams, J. Appl. Polym. Sci., 23
1601.

o Vrublevskii, P.,N, Gaponik, A.I. Lesnikovich and Yu.
G. Orlik, 13 Vses. Chugaev. Soveshch. po Khimii Kompleks.,
Srcedin., 1978, (1$78) 91; From Ref, Zh. Khim. (1979)



129

152

'.J
N
N

= [
R W
i =

(=t
W
N

Abstr, No. IV160; Chem, Abstr., 90 (1979) 20L221,

J. Holecek, J. Klikorka, K. Handlir ans V. Mraz, GCzech,.
Pat., 175857, 1979, Jan. 15; Chem. Absir., 90 (1979)
138026,

J. Holecek, J. Klikorka, K, Handlir ancd V, Mraz, Czech.
Pat., 175900, 1$79, Jan 15; Chem. Abstr., 90 (1979)
138027.

M. Lacan and V. Rapic, Croat. Chem. Acta, 51 (1973) 325,
(published 1979).

A_N. Nesmeyanov, V,A, Sazonova, V.N. Postnov zand 4,M, Baran
Izv., Akad. Nauk SSSR, Ser. Khim., (1979) 902.

A.N, Nesmeyanov, Z,I. Klimova and V.A. Sazonova, Izv. A.:ad,
Naule SSSR, Ser. Knim,, (1979) 239,
A.N. Nesmeyanov, A.M., Baran, L., Ez
Sazonova, N.B. Bespalova, E,D. Babi
Izv. Akad, Nzuk SSSR, Ser, Khim,, )

K.M. Hzssan, M.M, Aly and G.M. Bl-Naggar, J. Chem. Technol,
Biotechnol., 29 (1979) 515.

K.M. Hassan, Z. Naturforsch., B; Anorg. Chem., Orsg. Chen.;
33B (1978) 1508.

I.G. Marchenko, A.V. Turo
Nauk Ukr., RSR, Ser. B; G

rt, V.,N. Postnov, V.A,
n ard V.M, Vdovin,

ol., Khi
43; Chem., Abstr., 90 (1979) 152330.
V.A. Mironov, N.I. Verona and I.A. D'yakonova (Moscow

Technological Institute of the Msat and Dairy Industry),
USSR Pat,, 667541, 1979, May 30; Chem. Adbstr., 91 (1979)
108090,

R. Herrmann and I. Ugi, Angew. Chem., 91 (1979) 1023.
P.,N. Gaponik, V.G. Guslev, K.K. Kovalenko and 4,1,

Khim. Tekhnol.,, (1973) 114; From
Abstr. No. 23B1165; Chem. Abstr.,

—t

Lesnikovich, Khimiyz i
Ref. Zh. Khim,, (1978)
90 (1979) 121767,

M.J. Adam and L.D. Hall, J. Chem, Soc., Chem. Commun., (1979)
365,

D. Seyferth and H.P. Withers, J. Organometzl. Chem. 185
(1980) ci.

A. Davison and J.C. Smart, J. Organometal, Chenm., 174 (1979)

321.



[
4=
Nel

et
Q

A\

[~

U \n
AV

[

l._J
0
AV

~

|t

4

=
\Ut
N

ft

U\
N

o

=

S. Toma, M. cva and E. Sclcaniova, Acta Fac. Rerunm
Hat. Univ. Comenianae, Chim., 26 (1973) 61; Chem. Abstr.,
90 (1979) 1379:c6.

G. Oepen and F. Voegtle, Liebigs Ann. Chem., {1979) 109%4.
A, Kaszahars, T. Izumi zad I. Shimizu, Chem., Lett., (1979)
111G,

L. Kasahara, T. Izumi znd I, Shimizu, Chem. Lett., (1979)

T,J. Katz and W. Slusarek, J. Am. Chem. Soc., 101 (197%) 4259.
S.D. Phadie, Indian J. Phys., 534 (1979) 389.

5.D. Phadke, R.N. Karskar and K. Sathianandan, Proc. Nucl.
Pnys, Solid State Fhys. Symb., 20C (1977) 146; Chenm.
Abstr,, 90 (1979) 96350.

£.W. Neuse and L. Bednarik, Transition Met. Chem. (Weinheim,
Ger.), 4 (1979) 87.

Z.W. Neuyse and L, Bednzrik, Transition Met. Chem. (Weinhseim,
Ger.), 4 (197S) 104,

Z.W. Hsuss and L, Begnarik, Macromolecules, 12 (197¢%) 187.
E.A. Kelennikov, ¥z. S. Burvsl, A.K. Zaloznyi, S.P. Gubin,
R. Joonas, A. Ratser and B.I. Kozyrkin, USSR Pat., 647315,

1 i Fr ret., Prom. Obraztsy,

obret
Chem. Abstr., 0 (1979) 187625.
mi, S. Iwabuchi and K. Kojima, Makromol.

c 3
P, Daum and R.W. Murray, J. Electroanal. Ciem, Interfacial
h

K. Tzubakiyama, T. Matsuo, T. Sasaki, K. Yoshida and K.
Arzgki, J. Polym. Sci., Polym. Chem. Ed., 17 (1979) 1829.

b



277

163 K., Tsubakiyama, T, Matsuo, T, Sasazki, K. Yoshida, T.
Fujimura and K. Araki, J., Polym. Sci,, Polym. Chem, Ed.,
17 (1979) 173,

164 C.U. Pittman and C.,C, Lin, J. Polym. Sci.,, Polym. Chem, Ed.,
17 (1979) 271.

165 A. Nishikawa and H. Suzuki (Hitachi', Jpn. Pat., 7941991,
1979, Apr. 03; Chem. Abstr., 51 (1$79) 40409

166 V.S. Sukhinin, Zh. Vses, Khim, O-va, 24 (1973) 400; Chen,
Abstr., 91 (1979) 193391.

167 C. Simionescu, T. Lixandru, L, Tataru znd I, Mazilu
(Institutul Politechnic Iasi), Rom. Pat. 63714, 1978.Jun.

5; Chem. Abstr., 91 (1979) 212018.

«EB. Vodop'yanova, Yu. P. Losev, Ya., M. Pzaushlkin and M.A.

'_J
(o)
oo
B

Y
senofontov, Dokl. Aka

K d. Nauk BSSR, 23 (1979%) 453.
169 E.A. Kalennikov, U.S. Yuran, R.I. Dashevskaya and L. Ya,
Belyavskaya, Khim. Khim, Tekhnol (Minsk), 14 (197%) 90.
E 1

170 A, Gzl, M. Cais and D.E. Kohn, J., Arrl, Po
(1978) 3449,

171 V.N. L'vov, P.A. Rutman, V.G. Safronov, E.B. Sckolova and
G.P, Chalykh (All-Union Scientific-Research Insti o}
Natural Diamonds and Tools), USSR Pat. 649737, 1
Chem. Abstr,, 91 (1979) 60044,

172 V.A. Balusov, V.T. Solomatin, S.P. Gubin, A.P. Ryse
G.P. Tikhonov, Izv. Akad. Nauk SSSR, Ser. Khim., (187¢) 921,

173 V.I,
Knim., 34 (1979) 1544

174 V.T, aoWOmatv V.4, B

"“ =]
T

gnatov, V.T, Solomatin and A,&. Nemodruk, Zn, Anal,

1, alusov and T.F. Rybina, Metody
strumenu, Anzliza Mate lov, M, (1979) 75; Chenm. Abstr.,
(1979) 1156780,

175 VQI. Ignatov, V,T. Solomatin and A,A., Nemodruk, Zn, Anal,
Khim,, 33 (1978) 2328,

176  S.P. Gubin, A.A. Pendin, V.A.
Dokl. Akad. Nauk SSSR, 248 (1579) 385.

177 M. Lamache, Electrochim. Acta, 24 (1979) 79.

178 T.S. Chao and E.H. Owston (Atlantic Ricnfield Co.) US Pat
4104036, 1978, Aug. 1; Chem. Abstr., 90 (1979) 74214,

179 D.H. Payne (du Pont de Nemours, E.lI., and Co.) US Pat,
4139349, 1979, Feb. 13; Chem. Abstr., 90 (1979) 1895%2,

180 T. Ueda, K. Hata, N. Kagawa and M. Tsuchiya (Nippon Zeon Co.),

Jdpn. Pat., 7925904, 1979, Feb. 27; Chem. Abstr., 91



278

ot
[e 3N
O 00

(1979) 60102.

A, Pakahashi and T. Takeyama (Toray Industries), Jpn,

Pzt. 79 13510, 197G Feb. 0l; Chem. Abstr., 91 (1979)
oL252.

C.I. Ashmore, C.S. Combs and W.D. Stephens (Thiokol Corp.)
US Pat., 410869, 1978, Aug. 22; Chem. Abstr., 20 (1979)
74071

C. Gotzmer and M.J. Cziesla (US Dept. of the Navy) US Pat,.,
L168362, 1979, Sep. 18; Chem. Abstr., 92 (1980) 8526.

x

L.D. Petrova, E.E. Kondenko, V.V. Azatyan, A.N., Baratov

znd S.G. Gabrielyan (A11-Union Scizantific-Research Institute
cf Fire Prevention)}, USSR Pat., 652944, 1979, Mar, 24; Chemnm,
Abstr,, 91 (1979) 7177.

R. Lattrell, H, Kief and H. Baehr (Hoecnst), Ger. Pat.
2742201, 1979, Mar. 2G; Chem. Abstr,, 91 (1979) 57182.

Z.I. Edwarcs, R. Erton and G. Marr, J. Organometal. Chenm.
168 (1979) 25G.

R.P. Hanzlik, P. Soine and W.H. Soine, J. Med. Chem., 22

(

¥.H. Soine, Diss., Abstr,., Int. B, 39 (1979) 3849.

R.P. Hznzlik, V. Kishore and R.E. Tessel, Xenobiotica,
8 (

eider znd E, Liss, Z. Naturforsch., C;

M. Wenzel, M, Schneide
Biosci., 34C (1979) 670.
V. Mues znd J. Nig

Cn

gemann (Bayer A. -G.) Ger. Pat., 2815930,
e tr., 92 (1979) 21467.



