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Abatract = The literature concerning 1,10-phsnanthrolins and
its complexss has been reviewed with respect to their reactivity
and propertiei.'

1,10-PHENANTHROLINE

Chemical reactivity

Among reactions of 1,10=-phenanthroline (phen), at first its protonsation
ought to be mentionad. This process can be performed in ﬁucl aqueous solutions.
Pratonation constants have been deterainated potentiomstricaelly. Activity cona-
tants of phen and pheniuvm ion are given 1, Aleo the protonation of phen in

Cl50,H 4s reported. In this totally anhydrous medium the protonation involves

Two protona.2

In the sgindy of substituted phens, the oxidation of 2=methyl- and

3

2=chloro-phens was carried out. 2=Mathyl=-phen rsacte with H 0, in ACOH to give

216 mixture of two mono=N=oxides:

%/ This paper is a conténuation of s former one (Heterocycles 1973, 12, No.4,529)
dealing with polyszaphesnanthrenes.
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while Z-chloro-phan in @ similar reaction yields a hydrolysis product (1)

The n NMR spectral data of synthesized compounds are g:l.van.3

To 1investigate oxygen atom transfer reactions in enzyme systems, the di-
rect oxidation of arenee and azaarenes was ntudiod.4 The epoxide le wae prepa-
red under mild conditions in ' high yield by treating phen with agqueous sodius
hypochlorite in the presence of 2 phase transfer catalyst. In this novel epoxi~

dation reaction none of the corresponding N-oxides could be detscted.

NaOCl, catalyst
95% yield

The mechanism of the above resction is of interest, arene oxides being iwm-

plicated as intermediates reesponsible for caercinogenicity end sutagenicity of po-

lycyclic sromatic hydrocarbona.4

In gpite of & resiastancy of phen tomards electrophiles, methods of its direct

chlorination ® and bromination ® under ®11d conditions have been reported.
Chlorination performed with a mixture of thionyl and sulfuryl chloride, at

65-656°, resulted 1in 22) and (4):

cl

N (:)
O 1

cY cl
Cl" g1

4

P

Treatment of (3) with conc. sulfuric acid yielded {gl, which reacted with
o=-phenylenediamine to give (6}, and with slkalies to give (7) vie a benzilic acid

typs rearrangement.
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cl
5 ]
@)
The 14 NMR and mass spsctra are reported. cl jL

The direct bromination of phen was carried out with bromine in thionyl chlo-
ride to glve as producte 3-bromo-, 5=brome-, 5,6-dibromo, 3,5,6-tribromo-

14 MR spectra are reported.

end 3,5,6,8=-tetrabromo~phens, The
In the quaternizetion reaction of S-methyl-phen, there wes obtasined a mix-

ture of two methiodides (8) and (9}, in the 213 ratio.7

MeI 1in ¢Nog

reflux

The 14 nMR spectral data are preeented,

In the reaction of phen-N-8xide with the carbanion of dimethyl sulfoxide,

azaphenantivenas were formed 81

R! « RZ = H
1 2
SO, NaH @ R = Ms, R" m H
—-—-—_—-’
O Rl = H , R = Me
2
16

The reectivity of phena, free, end in the presence of some metsl ions
{Ru IX, Fe II, Co 1I, Co III) has been compered; there was shown the alteration
of reaction profile by metal 1ona.9
E.g., coupling of benzenediezonium ion eccurs with [Fe(phen)3]3+, and not
with the free phen, Nitration of [Co(phan)ala* was found to be about one hun-
dred times faster than that of free ligand.l® Nitration of [CO(Qn)zfphon)]a*

{(en = athylensdiamine)
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occurs in & few seconds. During this resction, the oxidation of phen to B,B-dione

also took place, especielly in the presence of bromide 1ono.11

The reduction of S-nitro-phen can be carried out with sodium borohydrida:g

lNaBH4

WO Oy 0 O\l
NH, NO H=-NH ON NO N=N On

In the study ef reactivity of phen-5,6-dions, it was oxidized by "202 to give

2,2'=dipyridyl=3,3"-dicarboxylic acid,

O
0 H,0 N coo™
%o N coo™
O

Other reactions of phen-6,6=-dione are:

Conversion of phen<G,6~dione by OH™ ion to 4,8-diazafluoren-9-one (13)

Pt

occurs via (10), (11) and (12), a route which is essentially the same as that

known for phensnthrenequinons, i.e. a benzilic rearrengement,followed by decarbo~

xylation and concurrent oxidation, all eccuring in solution,
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In the case of the heterocyslic (13), the decarboxylation is spontaneocus.

Chemicel reactivities of phazrg,s-dione and g&g) were investigeted in the
presance and sbeence of metal ilons. The results for the chemical interconversion
of opticelly active phen complexes are pregsented and UV, CD end mass spectra
discussaed,

New cyclic ligand. involving phen units bridged in the 2,9 positions have
been eynthea:zed.1 The bridges involva chsina af different lenghts and crown
ether type oligo{ethyleneglycol)units. Ag* end ng* complexes have bessn iscleted.
The synthesis proceeds as follows:

cl
(:)N diol or dithiol (:)N
in the presence of NaOH
in 3-methyl-butanol-1 the bridge
N > N
() reflux ()
cl

For inestence, the new cyclic ligande shown in the following chart were obtalned:

Sy G L BTl o\
s E% x) ) o] ) (cH,),,
oL, oL,y LS W/

X=0,8

Thermal dimerization of phen derivatives gives rise to macrocylic cospounds,
8.0.12

Me C
O N nO 260°
R 03,6% yisld I‘ ‘
Q c1 S
Ma

Similar condensations of 2,9~-diamino-phen alone or as a mixture with 2,9=di=

chloro-phen have been parformed, Above reactions were studied by differential

thermal analysie.13
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Properties

Crystal and molecular structures of phen and its hydrete were determined by
the R map method aend refined by least oquaree.14 Mass spectra of phen derivati-
Mes are reported g, The IR 18 end far IR spectra of phen at liquid helium
temperature 16 are described.

In the study of photoreduction of phsn, the affects of solvent polarity on
the fluorescencs properties of phen indicate the close proximity of the (n.jr')
and (77, 7") excited singlet states, the lowest triplet state being (77, 7™) in
all solvents.1?

There were investigated variations of quantum yields of fluorescence of the
singly charged cation and neutral species derived from phen with pH.18

In the studyefphoto=Fries rearrangement, the SCF-SC ({3')-LBI calculations of
the absorption and fluorescence mexima of phen were performed,

The effect of zinc lons on the luminescence, fluoreacence and phosphores-
cence of phen was sxamined 20,

Investigetions ¢f NMR epectra of substituted phene included calculations of
sslong range?’® effecta, such as magnetic anisotropy and electric field eaffect of
atoms and atom groups on ring protons. The results have been spplied to detsrmine
the T electron densitias,2®

The electron spin density at the alkali nucleus in ion pairs with hetercaro-
matic radical ion was examined by measurement of ESR epectra of phen, reducsd
with Na in MaOCHz-CI-izOHo.22
In the study of x«ray photoelectron spectroscopy (ESCA) of monoprotoneted phen,
the nitrogen 1s binding energy wee measured.2? The pelaregraphic behavieur of
phen is described .

Dissociation constants of phenium ifon in different squeous solutions were
deterained spectrophotometrically asnd pH-metrically, snd the role ef solvent has
been discussed.?

Two empirical equatiome describing the variation of PKg with temperature
were compared for 2.9-d1nothyl-phen.2s

Acid dissociation constents of mono- and diprotonated polyalkyl phens were
determined opoctrophotometrically.27 The close proximity (2,6 R) of the two N
atoms in the fused ring syetsm favours addition of one proton, but discourages
addition of second one, therefore in eerlier research phen was considered ae a
monoacidic base.

Now there exist many evidences of diprotonsted species of phen in strongly
scidic media (s.g. 22:2%) ne polyalkyl substitusnts enhance both protonation
steps. For 2,9-dialkyl~phens, the mode of protonation is different than for other
substituted phens. 27

Dissociation constants for S=-nitro-phen in aq. MeOH and EtOH were determi-~
ned spactrophotomstrically. Solvent effecte on the dissociation constents are
discussed in the light of ion-solvent interactions.?

Phen can coagulate and reverse the charge of a AgBr sol, The mechaniem of
interactions is discussed.3?
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Biological activity

32, and the scree-

Antibacterial ectivity of phen compounds is reported
ning data for antitumor activity of G-mothyl-phen-N-methiodides are glven 7,
There wes studied the inhibition of photosynthetic electron transport by phen 1in

33. and by bathOmphon" in isolated chloroplaeta.34

Euglena gracilie
The effect of prolongated action of phen se a photosynthetic inhibitor,
affecting the connection between carotenoid content and chlorophyll in Euglena
cells, has been described.® In the study of hydrogen metabolism by Rhedemiorobium
venielli, the inhibition of the photoassimilation by phen has been shown.36
Effecte of batho-phen as an inhibitor of some enzyme activities in membra-
nee from straine of Escherichia coli carrying mutations, weare axamined.37 In the
study of chemotherapestic agents there were measured effects of combination of
phen with nalidixic and piromidic acids on the growth of Escherichia coli. Phen
was antagonistic to both acids.38
Inveetigations of propertise of T 4D bacteriophage grown on Escherie coli B in

synthetic media containing zn2*, co2* or N12*,

have ehown, that the gen-
sitivity of the nonradicactive phage particles to phen ss the divalent metal co=-
tion chelating agent, varied greatly with the metal ions edded to the growth me-
diu“osg

Hydrochlorides and methtodides of subastituted phen,

R a B, Mo, Cl, NO,, #

1 2

R, R2, R°a H or Me

and their chelates with transition metals were shown to heve the lethal effects

on dermatophytes and Candida slbicans.*?

Activatien of D-glyceralsldehyde~3-phosphate dehydrogenase by phen is des-
cribed 9%, The binding of two inhibitor molecules, phen and imidazole, to

horse=liver alcohol dehydrogenase was studied by crystallegraphic methods . 42

x Batho=-phen = 4,7~diphenyl-phen,
neocuproine = 2,9-dimethyl-phen,
bathocuproine = 2,9-dimethyl-4,7-diphenyl-phen
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Inhibitor studies on particulate gn-glycerol-3~-phosphate oxidase from Try=

pancsoma brucel showsd that phen inhibited the dehydrogenase conponont.43 Phen

inhibite peroxidesse incorn coleoptile aactions.44

Phen hydrochloride is an antikininsse agent3 injected with bradykinin into

the rat paw potentiates the bradykinin induced edems. Phen also potentiates the

edema produced by carrageenin and celuloss sulfata.45

The effect of phen on ONA binding, formation of & termary ODNA-nucleatide-
-enzyme complex, and pyrophoephate exchange by yeast RNA polymerase B was exemi-

ned. There was found the relatively nonspecific inhibition of template and nu-

cleotide binding by phen.46

A7

The action of Armillaria mellea protease and of rat kidney neutral pep-

tidase “® was inhibitsd by phen. Phen increased the activity of prolyl hydroxy~

lase in 3T3 fibroblaste.49

In the kinetio-studies of the removal of Zn2* from bovine carbonic anhydrase,

50

phen and G-Me-phen were wused ss chelating agents.>- Phen was found to

stimulate the lipid peroxidation in rat liver microsomes due to its chelating

properties.s1

Inveatigationsa of the affect of phen on fluorescence spectra of sub-
membrane particles <f chloroplasts ere dacribeds> The effects of phen, es the me-
tal chelating agent, on the cell progreseion of CCRF-CEM lymphoblasts were stu-
died by flow microfluorometry.53

The binding of chick oviduct progosterone to nuclsai wes inhibited by phen.
This fact is discussed in relation to the effecte of phen on nucleic acid poly-

merasaa.S‘ Phen was found to inhibit the light~induced oxygen uptake by chroma-

tophores and subchromatophore-pigment complexes of Rhodospirillum rubrum.55

Applications

In oxidaticne, the molecular oxygen is activated by monovalent copper salts.

A resrrangement of alcohols into aldehydes by the cuprous chloride-phen~oxygen
system was studied . The alcohol RCH,OH (R = ¢, @CHuCH-) gave 83-6% RCHO,
vhile, when instead of phen the pyridine was used, the yield dacreased to
35-56%. 56

The effect of phen as an additive in catalyzed liquid-phase oxidation of

alkylaromatic hydrocarbons wae examined. Action of phen involves formation of

1

complexes with catalyste. 7 Phen inhibite the copper=-catalyzed oxidation of

ascorbic acid, this fact being dus to the formed Cu(l) complex of phen.58
—l1214—
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Drying properties of ceatinge and paints containing drying or semi-drying

oils are improved by phen or S=-methyl«phen addition.sg

Polypropylene with an
0,6% addition of phen was blended at 90° to give o degradable, hot melt adhesi-
VQ?OUtilization of phen ae s vulcanization accelerater of vinylidene-fluoride-he-
xafluoropropene copolymers ie described Gi.

Phen can be applied as a etabilizer of eliphatic dienes, e.g. the dimeri-
zation of 1,3-butadiene end isoprene, containing NaNO,, ae polymerization inhi-~

bitor was strongly raduced by adding phen (1-50 ppm).sz

In study of effects of the
nature of ligands in ion exchangers, the application of phen ae a N-ligand is re-
ported.63 Phen makes the extraction of Zr and Hf from solutions by < -buty-
ric acid in CHCl, more efficiant.s4
The effect of phen addition on electroreduction of metsal complexes was in-~
vestigated for copper electroplating in baths composed of CuCl, KSCN or CuCl,
65

Nazso3 « and for silver electropleting in baths composed of AgCl and Nézszos,

baths baing cyanide free. 66
Orgesnic-electrolyte batteries with MnO, as the cathode active ingredient
and organic electrolyte contaeining phen are described Gt Phen improves the
cathode efficiency.
Inveutigations of pressure sensitive copying materisls compoeed of a sube-
trats member coated with colour former and @ transfer member coated with Fe com-
pound and 4,7-R,R’-phen (R,R' = H, OH, @, pyridyl), &pe described.68

Substituted phens

N R, R! = lower alkyl
1
N R RZ = lower alkyl, ﬂ. NO,, oxo, halogen
Rx X, Y, 2 =0 =~ 2
R2
4

are microbicides for industrial liquids, such as hydraulic fluide, metal cutting

fluids, heeting oile and others.%?
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1,10~PHENANTHROLINE COMPLEXES

Syntheses

The number of phen complexes is enormous, among those formed in the reacw-
tion of phen with metal halides, some will be mentioned.

Phen gives with SnCl, the complex [Sncl4-phen]. with the excess of HCl, the
(phenH)25n016 1e formed.’® The syntheses of (phenH)209c14 71 and
[Tlcla-phen] 72 are reported.

SiHCI3 reacts with phen to form [51H613'phen]. In this process the eide
reaction resulting in 1,2,3,4-tetrahydro-phen occura.73 Complexes of the type
[31RR1(phen)2]12
R = R* » H,Cl,Me,¥
and R = Me, R' m Cl, OMe

were prepared in the reaction of phen with RRtSilz. 74

Phen«N-oxide reacts with SiXx, togive the following complexss of halosilanes:75

SiF,-L S1Br,*2L (L = phen = N > 0)
$1C1 L SiI,-2L
8iC1,-2L 51I,+3L

Phen forms with hexachloroplumbate (phenHz)PbCI2 76’ and with KziRecls]
the complex Ha[(phen)zReCIB] results.’’
Addition of phen to a conc. HBr sclution of HzReBrs(NO) gives (phean H,)

[ReBrS(NO)]. which on heating forms [RoBraphen(NO)] 7,

Syntheses of 2,9-dimethyl-phen complexes of the type CuL2012 and
CuLCI2 {L = 2,9-d1metyl-phen), are reported.79

Rhodium complexes , such as

Rh[phens]3+

Rhlphenx, ] X = Cl or B8r

Rh[phen(HZO)Xa]

+
Rh[phen X, ]

are described 80.

Recently the @8ynthesen of carbonyl rhodium(1) complexes of phen and
ite derivatives: [Rh(co)zL][thé(co)zl (L = phen; 2,9-dimethyl-phen; 4,7-diphe-

nyl-phen; X = Cl, Br}, have been reportad.a1
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Heterotrischelated (Rh III) complexes: [Rh{b py)zL]:3+ and [Rh(b py)L2]3+
(bpy) = 2,2'-bipyridine ; L = phen, 2,6-dimethyl-phen) were synthesized and
characterized by exponential luminescence dec:aaye:.a2

The reaction of ner[RuCla(PMozﬂ)a] with 2,9-dimethyl~phen (L) gives

d 31 3

RuCl_ L JCl_.; the complex was characterize y *H an P NMR spectroscopy.
[RuCl,Llcl,; th 1 h d by 1 py .8
The syntheses of [Pt(E-NOZ-phen)]X2 84 (x = €1, €10,), and of (phonHz)Ucl6 85
are reported.

Among nitrate complexes of phen ought to be mentioned (phenH)ZCe(N03)6°

.6H,0 26

87
2 and Mn(NOa)a'phen.

Syntheses of complexes:
Ru(phan)3°(CN)2'6H20
Ru(ﬁ-Noa-phon)s'(CN)2'2H20

and Fa(phan)a(CN)z'Hzo have been reported.88

Synthesie of a 6-coordinsted spin triplet (5 = 1) ferrous complex,

Fe(phen)z-(NCBF3)2 ise described and its Moessbauer epectra are given.89

Complexes of the type
Zn(SCN)sz L = phen ; 5-N02-phen

and  Zn(SCN),L’ 90

L' = 2,9~diMe=phen
as well as Ga(NCS)s‘then
Ga(NCS) 5" 1,6phen
and Ga(Ncs)aophen-MeOH

were prepared and characterized by their IR spectra and thermal stasbility. 9

There ere known complexes of scendium thiocyanate, nitrate end chloride

with phen: 92
Scx3-2phen
and (phenH)a[Sc(Ncs)BJ X = NCS™, NOE . €17

To compounds of the ,,Reinecke salts’’ type belong the complex anions

[Cr(NCS)4phen
3

., formed in the substitution reaction of Ka[cr(Ncs)GJ with

phon.9 Ln chloride reacts with KSeCN and phen to give Ln{phen),:(NCSe); com-

ploxos?4

96 . .
The syntheses of ﬂnzoz(phan)4-(clﬂ4)4 and Mn(232-N5)(0104)z 21,0

96

'phen-%EtOH were reported.

Reaction of phen in HF solution with UOF, gives (phenH)[uozFal 97

and with Nb,O., MoO, and VO0'50,°3H,0 the complexes (phentH ) [NbOF ] %,

3 2
(phenH)[Mo0,F,1-2H,0, %2 and (phent) [VOR, (1,01, 1% ragpectively
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The syntheeis of phenium oxopentabromomolybdate(v), (phenHz)[MoOars] was
reported, By hydrolyzing the parent salt, M02038r4(phan)2 and M0204Br2(phen)2
were 1solatad.1°1 In the etudy of atranes, the synthesis of
(phenH*) (NH,)-N(CH,C00) ;Mo0, (OH); haa been reported.10?

Oxodipereoxovanadate(V) complex of phen,

H[VO(Oz)phan]¢nH20 M = Ne, K, NH,

n m 2=5
wag prepared from H2°2 solutions of vo; in the presence of phen.103 The
eynthaeis of (phonﬂ)(Hcr04) 1s described in 194,

Tripyrogellyl and tricatechyl germanates of phen were obtained by reacting
pyrogallyl or pyrocatechyl esters of germanic ecid with phen.105

The complex of phen with nitridoocemium (phenH)[OaNx4](H20)] X = Cl, Br
is formed in the reaction of phen with K[t)sl«lx“(ﬂzm)].:l"'.“6

The synthetic appuoach.io $he complex of phen with imido bis{eulfurylchloride),
phen -HN(§0,C1),, is described. 07

The 1:1 complexes of phen end G-methyl-phen with iodine ars reported, snd

their associstion constants determined.l%® Synthesea of alksli metal
comaplaxes of phen and orgenic anions, 109 of the type

MA phen

MA (phon)2 M = Na, K

M{A_HA) (phen)} A = benzoate, 2-OH-benzoate

M(A, ) (phen), | have been performed.

Studying stereochemistry of Co(III)complexes, compounds

[CoA(phon)210104-2H (o] A = me-tart, D-malato

2

heve besn prepared end characterized by CD, IR end 14 NMR spectra. 1
111

o

The syntheeis of apmonium cowplexes NH,*A*phen,
A m @—c6u4(on)2
2,4~dinitrophenol
2,4,6-trinitrophenol

and of (phenH)*[Rezal“ 112 HyZ » toluene-3,4~dithiol is reported.
Aryl mercury halides form with phen 1:1 adducta, 113 Diphenylmercury
reacts with phen, 2,9-dimethyl-phen and 2,4,7,9-tetramethyl-phen {L) to give

114

the @,Hg:2L adducte. (RCzC) ,Hg when stirred with phen or 2,9-dimethyl-

phen (L) in EtOH, vyields a donor-acceptor complex (RCE ClaHgL 115,,!2 = Ma, clcng.
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VCla reacts with phen, B6-chloro-phen, 5-methyl-phen and 4,7-dimethyl.phen

(L) in EtOH to give vCl,L-Etod, 110

117

The synthesis of Cd phen(CH,SiMe,), 1is

reported

In the study of dimethyl compounds of Pt, there were obtained complexes

of the type PtMazx(HgX)L L n 2,9-dimethyl-4,7-diphenyl=phen
X = Cl, Br, I, OAc
from PtMezL and ng2 118; and the reaction of PtMezL with G°Rnx4-n

118 X=Cl, ReMe, n=1,2,3

resulted in PtMe X(GeR X5  JL.
X=Cl, R=» ¢ ., n =23

X = Br, R-MB.ﬁ. n=3

To carbonyl complexes of phen belong K[Craﬂ(co)io(phen)al and
Bu4N[Cr2H(co)1ophen]. These compounds are formed in reactions of phen as a

N-donor bidentate ligand and M[Crzﬂ(c0)1°] 120 M= K, Bu,N

4
Phen forms salts with complex anicns [Cr(NCS)4(N-benzylan111ne)2]-

and [Cr(NCS)4(N-d1mothy1aniline)2]-. e

Chemical rectivity

Phen complexes with Li, Na and K exchange ‘thelr hydrogen with

122

geseous D. The ESR spectra are diecussed. The effect of ligand substitu~-

tion on the kinetice of aquation of complexes FeL, L = phen; 5-chloro-phen;
S«nitro-phan; 4,7-dime~
thyl-phen

is described in 1%

In the kinetic studies of acid hydralysis of oxalatobis{phen)chromium(III)ione,

[Cr(0204)(phan)2]+, the sctivation parameters were meagured, Enthalpies of ac-

tivation aere the same as those reported for the recemigation of the same come~

plaxee.124

The kinetice of CN~ seubstitution for phen derivetives in complexesi

biscyanobis(5~chlore-phan)iron(II) eand tstracerbonyl{S5-nitro~-phen)molybdenum

{0} have bsen determined and found to be coneistent with 2-stage mechaniem with

the CN  ion first attaching to & 2- or S-position intramolecularly to the

metal ion, A repid second step substitutes CN~ for the second phen N atom %25

In the spectroecopic study of the reasction of [Ru(S-NOz-phen)a]s+ with

MeO~ and EtQ0" lones, there was shown the addition of alcoxile ion to the
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2-position of each heterocyclic ligand. 128
Fea(phen)40014 reacts with oxelic acid to give (phenH)a[Fe(6204)3L5H20. 127
The oxidation of the [F9L3]3+ ion (L = 4,7-dihydroxy~-phen) by air or KgFe(CN)g
geve the Fe(IIl) compound; the vie spectra of complexes are prasented. 128
Reactions of PtMe, L. L = phen
2,9-dimethyl-4,7-diphenyl-phen
with SnR,Cl, . . Pb@,Cl, end PbP.Cl, in which R = Me, ff§ u = 0-3 ,
proceed via an oxidative addition invelving the Sn-Cl or Pb-Cl bond to give
PtMe,CIL(SAR Cly ) and PtMa,Cli(Pbg,cL, ) *2° ® 1,2
w(CO) sohen rescts with [NO][PFs]. and  Mo(CO),phen with no* in Me,CO
to yield mer-[W(CO)zphen(ND}][PFg] end fac-[Mo(CO),phen(NO)]*. resp. 13°
(PhenH)zfnacls(NO)] thermally decomposes at 220° to give [RaClaphen(NO)]}az
Thermal decomposition of (phonHz)(CoGIA), (phen H,){(ZnCl,) and (phen 1-12)(Mnt:15)"3z
as wall as of phan-Hg(CN)2 133 4nd of {phen H)z(u02014) 134 Lee alec studied.
Photoreduction of mono L Cu(lI) catien (L = 2,9-dimethyl~phen)
observed during the irradiation of this compound produces the corresponding
Cu(I) complex: 135 CulX,, —=» CulX (X = C1, Br)
The intermediate radicals were derected by ESR spectroscopy, using a epin
trap technique, in the photoraeduction of diphenylacetato LCu(Il) 138

(Lt = 2,9 -dimethyl-phen).

Properties

Numerous publications are dealing with the determinetion of crystal struce
ture of phen salts and complexes. In most cases the determination is based on
the x-ray diffraction, refined by least squares procedurae to e final conventio-
nal R index.

Crystel atructures of phen hydrochloride and hydrobromide, dinitrate, sul-

137 138 were determined as

fate, psrchlorate, diperchlorate and perrhenate
well es crystal etructures cof complexes:

Cu{gg)L-8H,0 139 gg = glycyl glycine

L = 2,9-dimathyl-phan

[cu(H,0) (phen), Jar, 140
{CUECS(NHE)ZPhoq} I*phen 141

142
(phenH, ) (MClg)
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[M(phen)2(0H2)4][0104]2-2phon 143 M = Sr, Ba
[Zn(cN),+(2,9-diMowphen}] 244
146
(phan)zﬂg(no3)2
(phen)-(TcNg) 146 TCNQ = 7,7,8,8-tetracyenoquinodimethane
In the study of photophysical behaviour of complexes

cie-Irl,Cl3 L = 2,9-dimethyl-phen

their absorption and emieeion epectra are reported, 147
The oxidation state and coordination numbar of metal ions in some halogen

phen complexss of Mn(IXII), Co(II}, cCr{III), 2Zn(II), cCd(IXI) and Fe(III)

148
were determined by oxamining metal-halogen stretching frequencies tn IR spectra.

IR spectra of (phen H)[Ga(Ncs)4phen], 149 .nd far IR spectra of
(phont), [mx, Jonx 150 M= Zn, Cd
X =Cl, Br, I
as well as of (phenk)(Fex4)'HX and FephenCl, 151, have been reported,

IR spectra of phen-N-oxide salte with HCl, HBr, HI, Hclo4 end HBF4,

and of their deuterated analoguee have been recorded. The type of hydrogen bond

in these compounds, as well as the changes in spectra of protonated epecies are

discussed. 162

Study of vie spectroecopy sllowed to examine the ability of p-, d= and

f-elemente to form complexes with hydroxy derivatives of triarylmethene in the

presence of phen.153

Electronic spectra of (phenH)a(Moxg) ¥aCl,Br are given 154. Luminescence of
(phcnﬂ)+(1rcl4)' 155 ,nd chemilusinescence ocouring during interaction of co-

balt phen complexes with H,0, 186 pave been studied.

Recently the mechanism of quenching of the emission of [RuLala’

complex { 1. = phen; 8-chloro-phen; 4,7-dimethyl-phen) by syropium(IX) 157 as

well es the applicetion of the continuous variation method to the Ni{II) com-

166

plex of phen » Bave been described.

Relation between magnetic and structural properties of complexes NitX,
L = 2,9-dipethyl-phen ;3 2,9-dimethyl-4,7-diphenyl-phen

X=Cl,Br, I

was investigated; setructure of complexes was determined by x-ray diftraction®®?

14 MR end IR spectra were used to determine structure of complexes

PAL(CN), and PdLX, 160

L = 2,9=dimethyl~phen
X=scCl, Br, 1
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14N ﬁQR spectra of PAd(II) complexes pf phen are reported. The 14N NQR data

cen be utilized to order the monodentate X ligende in phen de2 or bidentate li-
gend Y in phen PdY in terms of electron donation toward Pd(II). The obtained
order 16 ON” = I” > SON™ = NO; > Br™ > C€1” > NO; ~ phen, position of

phen et the end of the series being rather enomalous. 161

ESR spectra of Cul,Br, { L e 2,9-dimethyl-phen) are described 162
Optical activity of [Ru(S-NHZ-phen)3]2+ is discussed, and ite CD, IR and elec=
t}onic spectra are preaented.9

Ap an exopple of application of MICE (magnetically induced circular poleri=-
zation of emission) to metal complexes, the analysis of MICE of
Ru(4,7-d1¢phen)3012. dispersed in a polymethscrylate matrix, ie reported.153

The calculation of ensrgy profiles and of electronic structure of phen-TCNQ
coup}ex hes been performed by HMO method, Calculations of intermolecular over-
leps involving the lowest vacent MO of TCNQ and one or more highest occupied
orbitals of each of donors have been correleted with the doner=TCNQ geometricel
configurations.164
In the study; of complex [Co(phen)2(0204)]+, electronic structurs of phen ligend
was celculated by NODDO method. The lone-pair densitiee are a2 suitable measure
for a @ -donor cepability of ths ligand.1%%

Structure of phen complexes with p~- and f-elements and pyrocsatechol violet
wes studied by UVe-vie spectroscopy and by HMO calculetions, 166

Moessbauer parameters were determined for [FeLa]x2 L = phen, phen-N+O

X = c1o4, I, Iil()3
and the results interpreted by a model based on the MO picture of the cetion.
87

167

The varisble-temperature Fe Moessbauer spectra of

[Fe(2-Me0-phen),1(C10,),"H,0 15? and [Fe(2-Me-phen),](BF,], 169

wers studied,

£ 57

Mosssbauer emission spectra of 57co 1abeled Co(phon)z(ﬂcs)2 and o Co

doped Fo(phen)zfﬂcs)2 were determined and compared with the absorption spectrum
of Fe{phen),(NCS),. 170

In paper electrophoretic study of ion-pair formation, ‘the electrophoretic
behaviour of [COL3]3‘ L = phen ; 4,7-dimethyl-phen; 5,6-dimethyl-phen
in the presence of halide, NCS™, NO, and No; ions wae examined. 73
In investigation « hydrophobic and charge-dipole interactions, selting effects
of metel chelsts electrolytest Fe(phen}aarz. co(phen)aar2 and cO(phen)aar3

on the solubilities of nitrebenzene and toluene have been studied. 172
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2+ 173
Electrochromic display devices were preparsd by using eolutions of [ColL,]

{ L = phen derivatives)

Polsrographic catalytic currents in solutions of Ni and Co complexss with phen

174
are described .

Spectral sensitization of single-crystal n-type T102 electrodes by rhute=
nium(II) complexes RuLacl2 L = 5-chloro~-phen; 4,7-dimethyl-phen

hae been etudied as a function of pH of solution. Iaplication of results for a

solar energy conversion system is diecussed. 176

Stability constente of phen complexes of Cu(1I), Zn{(II), Mg(II) and Ca(II)

176 177

with adenine or adenosine=5‘«triphosphate wore determined by potentiome-

tric titration, Also the stability constants of CuZphen ( Z = bie[carboxynethyl]—

dithiocarbamate) are reported.17a

There ware calculated formation enthalpies for the iodine complexes of phen

and S-methyl-ghen 179, as well as the rate constants and ectivation parsmeters

for formation of complexes of Ni(II) ion with phen, B-chloro-phen, BS-methyl-phen

80

and 6,6=-dimethyi-phen,®® and of those of Ni(H,0)2 or NINTA(H,0)7 (NTA = ni-

trilotriacetete) with phen, 4,7-dihydroxy=-phen end phen-z-carboxylato.181

For the manganese complexes of phen, [Mn phen]z*. [Hn(phen)z]z+ and

[Mn(phon)3]2+, there were celovleted formation constants end catalytic coeffi~

cients in a hydrogen peroxide decompoeition reaction.182

The enthelpy data for formation of adducts of phen with RSSiCI, RSiGls and

183 (R = Mo, g) or with @,sn(COMe),, Bu,Sn{COMe),, 184 46 well ae

185

s1Cl,,
with Cu(II) complexes of fluorinated (3 -diketones

Investigations of the kinetice for the reaction of ¢asbw(co)5 with
186

. are reported,

phen, resulting in [Wphen(CO),], are described.

Biclogical activity

Complexees ﬁ2+-phen—a<-au1no acid (M = Ni, Zn, Cd) were found to be of in-
terest in relation to biological aystemn.187 In the resesch of antineoplastic

agents, the transition metal complexes of phen have been studied with regard to

their antitumor activtty.lsa

2+ 2+

Hydrolysis of acetyl phosphate, catalyzed by Cu™", 002+. Niz+ or ¢n® was

examined by addition of phen. Mechanism of catalysie 15 discussed in relation to

metal=enzyme bond:l.ng.199
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Phen complexes of Co(II) were studied in relation to respiratory metallo-

proteins.igo There were investigated the kinetice of oxidation of horse heart

ferrocytochrome ¢ and Pseudomonas aserugincss ferrocytochrome cgey. by

[COL3]3+ tons 191 ( L = phen; S-chloro-phen; 5,6-dimethyl-phen; 4,7-dime-

thyl-phen).
The action of phen transition metal complexes on the rat isolated diaphragm

182
muscle=phrenic nerve preparation is reported . Phen and its Zn complex

have been found to yield skeletal defact in m1c0.193

Investigations of the effect of phen Fe(IIX) complex on the kinetics
of iron accumulation and excretion in muasel Mytilus edulis (L) are deseribed.194
Phen complex of Cu(l)} wae found to be a potant reversible inhibitor of Escheri-

chis coli DNA polymeraae%gs

Also therg was studied the vee of nonradiative phen cowplex of Ru in a digest

merker syetem for the measurement of nutritial flow at the proximal duodenum of

calvaa.196

Applications

e —————————

Complexeas of the typs [Rh{phen)(1,5-hexadiene)]X (X = PFE . B¢: )

197

were found to be good catalyste for hydrogenation of ketones. Catalytic scti-

vity of Cu, Mn and Co phen complexes was studied, e.g. in the oxidation of

198 199

arsenic trioxide solutions, or in the oxidation of tiron by H20 .

Phen salts with H2Cr04 ars wat or atmospheric corrosion inhibitors of

steel, brass and coppar.200

An importent application of phen complexes is their use in anslytical che=-
mistry. Numerous anelytical methods for metal determination with use of phen in~
volve a formetion of coloured complex, ite extraction to the organic solvent, and
the epectrophotometric study of the extract.

For instance, Cd(II) was detectsd in zinc by selective extraction with di-

thizone 1in CHCI3 in the preasence of phen, followed by the spectrophotomatric ana-

lysis of the extract.zo1

3+ 3+

Thenoyltriflucroacetone (HTTA) and phen reacted with Eu end Sn~" to form

complexes Eu (TTA)aphen and Sm(TTA)aphen, which were extracted with benzene,

202

and their fluorescence spectra were measured. In an analogous manner, using

thiothenoyltrifluoroascetons, Ag in lead metale 20% or Cd in tin metals 204

can bese determined.

—1224—



HETEROCYCLES. Vol 12, No.9. 1979

There was reported the extraction of Cu from aq, tartartc acid by solutions

206

of PrCo,H and EtCHBrcozH, containing phen. Eu can be determined by ex-

traction of its complex with 1-naphthoic acid and phen, followaed by luminescen-

ce spectroscopy of the axtract.206

3+ 2+

Au wan determined spectrophotometrically by reduction with Co“" in the

presance of phen.207 Chromatography on phen tungstosilicete impregnated paper

2+ 3+ As d2+ 208

can be used to resolve mixtures of Ca<’, Ag*, Au Pt and P

Besides phen, also betho=-phen, neocuproine and bethocuproine are useful sna-
lytic agents., For instance, thereis describedq a number of 1ons (FPb, HgIY, B1,
Cd, SnII, Ni, £oIl, MnII, Ca, Sr, Ba, Mg, Zr and others)}, precipitated by batho-

phen, and number of ions (Ag, HgI and II, Cul and IX, Cd, Fell) giving coloured

soluble complexes. The pD values are presented. 209

A simple method for rapid colorimetric determination of Cu with & polyvinyl
240
chloride film, impregnated with bathocuproine is described . U ¢an be indi-

Tectly determined spectrophotometricelly by reducing uU(Vl), oxidizing by excess of

cu{Il) and complexing the produced Cu(I} with neocuproino.211

By the formation of CulL,(Re0,), L « 2,9-dimethyl-phen

from [Cul..z]2+ and Rooz , the determination of rhenium can be accomplished, 212

213

Batho=phen ie used for determination of iron or for identification of eubmi-

cro quantities of iodide :lona.z14

4,7-Bis[p~phenylazo)-anilino]-phen was found to ba a sensitive reagent for

215

the determination of Fe 3 Ag reacts with phen and 2,4-dinitropyrocatechol to

form 8 complex, used for the Ag determination 21?V¢an be analyzed by its com-

plexes with phen and pyrocatechol violet.217

Co,Ni , Cd and Zn complexes of phen form with acsine, erythrosine,

Bengal Pink, fluorescein and Bromophenol Blue complexes, extracted by CHCla.

Metals are determined cpectrophotometrically.218

4Atso investigutions of the phen complexee of Zn, Cd end Hg with Bromophenol

219

Blue or Bromocresol Green, a8 well as phen coamplaxes of Zn and Cd wicth Erio~-

chrome Black T or Eriochrome Red B 220, have been performed.

pd 221 and  Sc 222

cen be determined by forming complexes with phen and
eosine. The fluorometric determination of Cd by its complex with thioxime was
extended by using the cooperative effect of phen. 223

Cu can be determined spactrophotometrically by complexation with phen and

224

phloxine. In the formation of the complex of Ag*. phen and @Bromopyrogallol

Red, there was observed the inhibitory effect of S" i1one; this fact cen be

5
applied for the spectrophotometric determination of trace amounte of sulfide 1og?
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3+

to solutions containing phenothiazine, the formed Fe<'* is
226

Adding Fe
complexed with phen, aend phenothiazine is determined spectrophotometricsally.
Phen wes found to accelerate the rate of colour changa of Xylenol Orange {(X0)

indicator in Cu(II} - EDTA titrations (EDTA = ethylenedisminetetrascetic acid)

due to the formation of the {Cu phen) X0 complex.227

Phen can be used ss a precipitant of [65014]', forming(phonH)Gacl4.22B

Phen complexes of Fe(II) were studied as pH-markers for gel isoslectric focue=

9

a:.ng.22 The use of insoluble coemplex f.!d(::ohen):r_‘lz to determine Cot iy conducto=

metric titratien wag reperted . 230, Ce(IV) can be determined in solution of

ite salts by application of a8 cobalt electrode to coulometric titration in the

presence of phen.231

Te ie separated from Se from Molten Salt Reactor fuel fiseilon products by

precipitation with phen 232; the analysis of low levels of peroxides in PVC is

made by formation of coloured phen complex with Fe{(III). 233

Ionic detergents in water can be determined by complexation of an anionic

detergent, e.g. Na diocetylsulfosuccinete with Cu and phen, followed by spec-

234 The determination of gilicie acid content in deter-

23§

troscopic analysis.
gente with the use of H481M012040(phenlrnﬁzo complex, is described
Serum iron concentration can be determined using batho-phen sulfonate in a

formate system, without prior protein praclpitation.za6

Reducing sugars, such as
galactose, glucoee, mannose, are detected by the measurement of colour formed
with neocuproine hydrochloride-Cuso4 treatment of sugers separated on a column

of anion exchanger.237
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