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A, INTRODUCTION: PURPOSE AND SCOPE OF THE SURVEY

It 15 exactly 100 years since Blau first reported [1] the preparation of
2.2'-bipyridine (bpy) and described the first transition metal complex of this
important ligand. Since then bpy and the related ligand 1.10-phenanthroline
(phen) have been continuously and extensively used in both analytical and
preparative cocrdination chemistry [2]. It is only relatively recently. how-
ever, that systematic sindies of substituted derivatives of bpy and other
a-diimine ligands have becn undertaken. Much of this work has been
initiated by the intense current interest in the redox and photocatalytic
properties of the Ru(bpy)3™ cation [3].

Although substituents in the pyridine rings can significantly modify the
physical and chemmcal properties of complexes containing bpy ligands, much
greater changes can result from the replacement of one. or both, of the
pvridine rings by other nitrogen-containing heterocveles. Such changes are
explained by the very different electronic properties of the various nitrogen
heterocyeles [4]. Not anly are there large vaniations in the o-donating ahility
of the nitrogen donor atom but also there cxist large differences in the
w-acceptlor / donor properties of the higand. Most importantly the six-mem-
bered nitrogen heterocycles, being w-deficient. are excellent w-acceptors
while the w-deficient five-membered heterocyveles are much poorer w-accep-
tors and berter w-donors, Such factors have important consequences in
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Fig. 1. Heterocyelic components of N, A “-chelating ligands.

attempts to tene the ground and metal-to-ligand charge transfer (MLCT)
excited stale properties of the Ru(bpy)3* cation [3].

The purpose of the present report is to survey the known N, N’-chelating
ligands which consist of two directly linked heterocycles from those shown
in Fig. 1. Although the cholce of heterocvelic components in Fig, 1 is
somewhat arbitrary, this selection does represent the most commonly en-
countered heterocycles in coordination chemistry and represents a wide
range of electronic properties for the ligands. Nevertheless, it has been found
necessary to exclude some heterocycles (e.g. isoquinolines, triazoles) which
are excellent ligands for transition metals. Since only aromatic heterocycles
are considered, this also excludes the fully or partially saturated heterocyceles
such as imidazolines and thiazolines, Ligands formed by the direct linkage
of two components from Fig. 1 form five-membered chelate rings on
coordination 10 a metal. A number of other ligands exist which form
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six-membered chelate rings and which consist of two heterocyceles linked by
a CH,, CO, NH. O or § group. Of these, dipyridylamine, dipyridyl ketone
and the dipyrazolyimethanes are the most well known {2] but are also
excluded from the present survev. Ligands consisting of one heterocyclic
ring with a pendent nitrogen donor, such as an amine or imine mitrogen. are
also not considered [2]. Furthermore, the discussion helow is confined to
N, N’-chelation of the ligands, some of which have been shown in recent
years to be also capable of N, C’-chelation as ¢yclometallated complexes (2]

Of the 153 possible combinations of two components from Fig. 1,
approsimately one-hall are presently known. However, only a small fraction
of these has been extensively employed as ligands in coordination chemistry.
It is hoped that the present survey will signal to coordination chemists the
availability of many potentially important ligands the chemistry of which
has vet 1o be exploted. Tt is certin also that there s nich, untouched
chemistry in the syntheses of the many remaining ligand combinations and
in a systematic study of their coordination chemistry.

B. LIGANDS CONTAINING A PYRIDINE RING

The coordination chemistry of bpy (1) has been well reviewed elsewhere
[2.5] In the comext of ruthemum{ll} chemistry, many 3-. 4-. 5- and
&-substituted derivatives of bpy have been synthesized and their complexes
prepared [3]. In addition wo significant changes resulting from the electronic
effects of substituents, substitution in the 6-position can impose severe sterc
constraints on coordination. Many 3.3"-bridged Jderivatives 2 are known of
which phen (2a) and its substituted derivatives are the most well studied [6]).
Others include the readily prepared diazafluorenone 2b [7], the alkyl-bridged
derivatives 2¢ [§], the highly m-deficient aza-bridged ligand 2d [%) and the
heleroatom-bridged derivatives 2e [10,11). The coordination chemistry of
2b-2d has recently been investigated. Chiral derivalives of bpy and phen
have recently been svnthesized for potential application in asymmetric
catalysis [12,13].

X
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All but two of the 16 possible ligands formed by replacing one of the
pyriding rings of bpy with another of the listed heterocyeles are known.
2-(2'-Pyridvliguineline (3) has been much studied, with complexes of
manganese [14], iron [15}, ruthenium [16-18), osnuum [18]. copper [19] and
gold [20] having been reported. As with other 6-substituted bipyridines,
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fusion of the benzo ring makes the ligand 3 sterically more demanding than
bpy. X-ray structures of manganese and gold complexes have shown a
significant elongation of the metal-nitrogen hond to the guinoline ring
relative 1o that to the pyridine nitrogen [14,20]. Tn contrast to Fe(bpy)3®,
which is low spin. the analogous comples of 3 is essentially high spin [15].
The additional electran delocalization and lowering of the ligand = * orbitals
from fusion of the benzo ring is manifested in the absorption spectra of the
ruthenium and osmium complexes [18].

(3 (4]

(5) ) (7}

(6}

Although 3-(2’-pyridyl)pyridazine (4) itself is not known, 3.6-bis(2"-pyri-
dvl)pyridazine has attracted much attention because of its ability to act as a
binucleating ligand [21,22]. Very little work has been done with the other
pyridyl diazines 5-7. Reports describing the preparations of 5 and 6 make
brief mention of the absorption spectra of their iron complexes [23.24]. while
ruthenium complexes of a methyl-substituted derivative of 5 have been
reported [25.26]. The coordination chemistry of 7 is completely unexplored,
in contrast to 2,3- and 2.5-bis{2’-pvridvl)pyrazine and 2,3.5.6-tetrakis(2’-
pyridylypyrazine which have been wecll studied as binucleating ligands
[27 32}

In recent years, there have been a numbher of reports of complexes of
2-(1"-pyrazolyl)pyridine (8a) and its dimethyl derivative 8b. Complexes of 8a
with tin [33]. mercury (including an X-ray structure) [34] and ruthenium [33]
have been reported. """ Hg NMR wus used 10 demonstrate that the pyrazole
ring is a better o-donor for mercury than 1 pyridine [36]. Complexes of 8b
with nickel. cobalt. cepper [37]. ruthenium {38]. palladium, platinum [39],

{8a} R=H (#a) R=H (10} X -MNKE
{8b) F=Me {3h) A=W 11y xX=C
{¢gy FR=Fh {12) ¥=15
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gold [40], tin [41] and uranium [42] have all been described. Mixed-ligand
Ru** complexes of 8a and bpy have been studied. from which it was
deduced that 8a 1s a much weaker s-acceplor than bpy [38]. Although the
unsubstituted 3-pyrazolyl ligand 9a is not known. the methyl and phenyl
derivatives 9b and 9c have been reacted with a variety of metal ions [43,44)
including ruthenium [45]. These ligands can also act as anionic bidentate
ligands after deprotonation of the {non-coordinating) N-H nitrogen and
both (neutral and anionic) modes of coordination are known [43],

There have been numerous studies of complexes of various metals with
2-(2'-imidazolyl)pyridine (10}, which can also act as both a neutral and
anionic hgand [46-53]. Much of the interest in this ligand has been gener-
ated by the unusual magnetic properties of the Fe?' complex of 10 which
exhibits spin cross-over behaviour in the protonated form only [48.52,53].
From a study of mixed-ligand Ru®* complexes of 10, it was concluded that
the deprotonated form of 10 is a stronger w-donor than the protonuted form
which in turn s stronger than bpy [30]. Although the 2-oxazolyl analogue 11
has been known for some time [54], the first coordination chemistry of this
ligand has only recently been reported [55]. In contrasi. the 2-thiazolyl
ligand 12 has been much studied. with complexes of iron, vobalt. nickel
copper, zinc and ruthenivm having been described [55-58]. Interestingly,
this ligand has similar w-acceptor pruperties to bpy. which has been atui-
buted to back-bonding into the vacant J orbitals of the sulphur [37]. No
spin cross-over behaviour was observed for the Fe® ' complex of the tvpe
mentiongd above {or the analogous complex of 10

The three benzo fused analogues 13-15 are all known. Being commer-
cially available. the benzimidazole 13 has been much studied as a ligand for
numerous transition metals [40,48-50.59 61]. The Fe™* complex exhibits
magnetic properties similar (o those described above for 10, From studics of
Ru’* complexes of 13, it was concluded {50] that this ligand has #-donor
properties inlermediate between those ol bpy and the imidazole ). The
benzoxazole 14 has not been used as a ligand, although complexes with
numerous metals bave been reported for a methyl-substituled derivative
[62 65]. From studies of nickel und iron complexes of the benzothiazole 15,
it was concluded [66] that this is a weaker lizand than the corresponding
thiazole 12, Again numerous complexes of a methyl-substituted derivative
have been prepared [62-635].

{13 X=NH (18} x=NH (18] X =N
(14) X=0 (17} X=0 {20) x=%
(15) X=5 {18] Xx=8
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Although the 4-imudazolyl ligand 16 has been shown [67] to form maore
stable complexcs than the 2-imidazoly]l isomer 10, there are only two early
reports of its use as a ligand for five first row transitton metals [67,68]. 1t
was shown that this ligand is a weaker w-acceptor than bpy. The corre-
sponding oxazole 17 is not known, while the thiazole 18, like its tsomer 12,
has been shown [69] to have similar electronic properties to bpy. X-ray
crystal structures of nickel and iron complexes of 18 have been determined
[69]. 3.5°-Bridged derivatives of 16 and I8 are known. Complexes of ligands
containing the imidazoloquinoline moiety 19 have been reported [43), while
the triazolo analogue 20. although known for almost 50 vears [70]. has not
been employed as a ligand.

C.LIGANDS CONTAINING ANOTHER AZINE

A number of ligands are known which contain the 2-gquinelinyl moiety. Of
these the commercially available ligand 2.2'-biquinoline (21) is by far the
most well studied and has been complexed with numerous transition metal
tons [13.71--80]. This is a very bulky ligand, as is exemplified by its
reluctance 1o form tris complexes with Fe* ' [15,72] and by the lability of
such complexes. Scveral X-ray structurcs of complexes containing 21 have
been determined [73- 75] and detailed spectroscopic and electrochemical
studies of ruthenium complexes reported [79,80]. Ruthenium complexes of
several 3,3"-hridged derivatives of 21 have been described [81] and metal
complexes of a derivative of 21 posscssing additional pendent nitrogen
donors have recently heen reported [82].

{213 (22

Of the four possible diazinylquinolines, only the 2-pyrazinv] derivative 22
is known [83]. although a trisubstituted derivative of 2-{(2"-pyrinudinyljquin-
oline has becn prepared [84). The coordination chemistry of such com-
pounds 1s complelely unexplored.

Although 2-(2"-pyrazolyl)quinoline (23a) is not known, scveral substituted
derivatives have been prepared [85,86]. Iron. cobult. nickel and copper
complexes of the sterically hindered dimethyl derivative 23b have been
prepared and the X-ray structure of g cobalt complex determined [87]. All
three 2,2"-substituted higands 24-26 are known [88-90). yct none has been
used as ligands in coordination chemisiry. Of the benzo-fused derivatives
27 29. the benzimidazole 27 has been complexed with iron., cobalt, nickel
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(27} X=NH (30) X =NH
{28) X=0 (11} X=0

(29) X-$ (32) x-=3

and copper [91-93]. Substituted derivatives of 27- 29 have also been reacted
with various transition metals [62-6593]. Of the 2,4"-linked ligands 30-32,
only the imidazole 30 is known {94], although derivatives of 32 possessing
additional substituents have been prepared [95.96]. Again no coordination
chemistry of these compounds has been reported.

Of the ten possible chelating bidiazines, only the four symmetrically
coupled isomers 33-36 are known. Although weaker a-donors than bpy,
these ligands are all stronger w-acceptors. Indeed the relative m-acceptor
properties of these ligands have been determined hy spectroscepic studies of
their complexes wilh vatious ¢© and 4% (ransition metal ions [97 -100], and
the spectroscopie and electrochermcsl properties correlated with LUMO
energies derived from extended Hickel melecular orbital ealenlations [80].
The ligands 34 and 36 arc both now commercially avallable, the former
having been extensively studied because of its ability 10 act as a bis-biden-
tate binucleating ligand for the formation of both homobimetallic and
heterobimetallic complexes [27.97,101-105). 2.2"-Bipyrazine (36) has at-
tracted considerable attention in recent vears [3] principally owing o reports
that its ruthenium complex is a superior photocatalyst to Ru(bpy)3*.
Ruthenium complexes of the 3.3"-bridged derivative 37 have also been
reporied [106].

Ligands formed by coupling a diazine to an azole are less common and
their coordination chemistry has not been systematically studied. Only a few
pyridazine-containing ligands are known. Although the parent 1-pyrazolyl
lipand 38a has been prepared [107], the only coordination chemistry re-
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ported is of substituted derivatives. Rhodium complexes of the dimethyl
derivative 38b have been reported [108] and a palludium complex prepared
[109] from the phenyl-substituted derivative 3%a. The related dipvrazo-
lylpyridazine 39b has been employed as a binucleating ligand for copper
[110] and several X-ray structures of such complexes have recently been
reported [111.112]. The 3-pyrazolyl compound 40 and the benzimidazole 41
are also known [113,114].

Numerous substituted derivatives of 2-(1"-pvrazolyljpyrimidine 42a have
been synthesized for pharmaceutical evaluation [115-117]. Cobalt, nickel
and copper complexes of the tetramethyl derivative 42b have been prepared
[118], while there have been several reports [119-123] of complexes of the
important anti-inflammatory agent mepirizole 42¢. including two X-ray
structure determinations of copper complexes [119.123]. Some substituted
denivatives ol the 2-timidazolvl- and 4-thiazolyl-pyrimidines 43 and 44 are
also known [124,125]. The henzimidazole 45, which could potentially act as a
moneanionic binucleating ligand, has also been prepared [114]. Many sub-
stituted derivatives of 4-(1’-pyrazolylipyrimidine (46) are known
[115 117.126] und rhodium complexes of  4.6-bis{3,5-dimethyl-1-
pyrazolylpyrimidine have heen reported [108]. The 4-substituted pyrimi-
dines 47-50 arc all known [127-129] buc have yet to be employed as ligands.
Substituled derivatives of the pyrazines $1-56 are known [130-132] but the
only coordination chemustry of such compounds which has been published is
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a very recent report [58] of a ruthenium complex of the thiazole 54 in which
detailed 'H and '"C NMR studies of the RuL?" complex led to full spectral
assignments of both the meridional and facial isomers. The benzimidazole
57 has also been prepared as a bpy analogue [114.133)].

L0 LIGANDS CONTAINING TW(O AZOLES

Of the 66 ligands possible from coupling two of the azole components in
Fig. 1, almost one-half are known, Although the majority ol these have been
synilhesized for the screening of their biochemical activities. il is nevertheless
surprising Lhat only four of these have been commonly used as ligands in
coordination chemistry. In view of the inleresting chermustry that has been
reportied for these ligands in recent years, it is likely that future studies of
related ligands will provide equally interesting results.

Of the three possible bipyrazoles 58-60 the N. N -linked isomer 58 has
not vet been prepared, although substituted derivatives have recently been
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reported [134]. The N,C'- and (.C'-linked isomers 59 and 6l are both
known [135,136] but complexes of these ligands have yet to be reported.
However, all three isomers 58—60 have been incorporated into metal-com-
plexing macrocyclic ligands [137-139]

C\’N—N‘/j E\”‘@ @—ﬁ
N N W g THH HN. \N,NH

(58} (59) (60)

Although the 2-substituted imidazole 61 has been described as unstable
towards hydrolysis [140]. some substituted derivatives have recently heen
reported [141). Numerous substituted derivatives of the thiazole 62 and the
benzazoles 63-65 have been prepared and screenced for hiological activity
[142 152]. The 3-pyrazolyl compounds 66 and 67 and substituted derivatives
of 68 are all known [153-155), as are the 2-(3'-pyrazolyl)benzazoles 69 and
70 [156,157]. However. the coordination chemistry of all these potentially
interesting ligands (61-70) remains unexplored.

In contrast, 2.2"-biimidazole (71) has becn extensively used as a ligand for
many vears. This readily prepared {158,159] ligand can act in a neutral
bidentate mode or, after deprotonation, as an anionic or dianionic ligand.
Furthermore, the doubly deprotonated [orm can act as a bridging bis-biden-
iate ligand in binuclear complexes. All these forms of coordination have
been reported and complexes with numerous metals described [57.102,159-
163]. X-rav crvsial structures of the free ligand [164] and several mono-
nuclear and both homobinuclear and heterobinuclear metal complexes have

<0 O<T0 D)
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been reported [163-170). Studies have shown that the acidity of the NH
protons increases substantially on coordination and that, as cxpected. the
ligand is a stronger w-donor than the imidazolylpyridine 10 or bpy [171].
Complexes of the tetramethyl and the 7-deficient tetracyano derivatives of
71 have also heen described [172-176]. Other substituted derivatives of 71
have been prepared, including N, N’'-bnidged denvatives [177-178].

The onlv coordination chemistry reported for the bioxazole 72 or bithia-
zole 73 is in very early descriptions [179.180] of iron, mickel and copper
complexes of 73 and 1n very recent reports of its complexes with ruthenium
[55,58]. A number of aryl-substituted denvatives of 72 and 73 have been
prepared [181-183] and an X-ray structure of a dimethyl derivative of 73
reported [184]. The partially saturated 4.4.5.5'-tetrahvdro derivatives of
71-73 have also frequently been employed as ligands in recent vears [185].
The unsymmetrical 2,2"-biazole 74a, its benrzothiazole analogue and the
substituted biazole 74b have recently been prepared [90,186].

The three monobenzo 2,2'-biazoles 75 77 are all known [90.187], as ure a
number of subsututed derivatives [188,189]. (GGiven the current interest in
complexes of 2.2"-biimidazole (71) and bibenzimidazole (see below), it is
surprising that the related ligand 75 has not been similarly investigated. Of
the 2,4"-biazoles, substituted derivatives of 78 and 79 and the parent higands
80 and 81 have all been prepared [190-194].

{75) X=Y=HNH (78) X=Y=NH

{76} X =S.Y-NH (79) X=NH ¥=5

(77) X=Y=5 {BO) X=5Y-0
(81) X=Y=%5

All six 2,2"-bibenzazoles 82-87 have been known for some time and are
available from several different synthetic routes [187.195-200]. Curiousty,
however, only 2,2'-bibenzimidazole (82) has been used as a ligand for
coordination to metal ions. Like 2.2°-biimidazole (71), this ligand can
coordinate in a variety of modes and both mononuclear and binuclear
complexes with numerous transition metals have been reportled
[159.160,168,171,201-205]. An important recent paper {210} described de-
tailed spectroscopic and electrochemical properties of homobimetallic and
heterobimetallic ruthenium, osmium, cobalt and nickel complexes bridged
by the dianion of 82. In combination with molecular orbital calculations, it
was shown that this lipand is both a strong e-donor and w-donor and that
these complexes are considerably more stable than analogous complexes
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bridged by 2,2-bipyrimidine {34), The greater stability of the 2,2"-bibenz-
imidazolate-bridged complexes was attributed to a combination of the
superior donor properties of the ligand and a reduction in electrostatic
repulsion between the two positively charged metal centres when bridged by
the diamome ligand [201].
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The 24"-linked compounds 88 91 are all known but have not yet been
used as ligands [206-209]. In contrast, thiabendazole (92), which is a widely
used anthelmintic and fungistatic agent, has been extensively studied and
complexes with numercus metals reported [210-217]. X-ray crvstal struc-
tures of the free hgund 92 [218] and of cobalt {211] and copper [214]
complexes have been determined. The ligand generally acts in an N, N'-
chelating mode, although one recent report [217] has suggested that in a
complex with mercuric chloride the ligand is #-bonded through the im-
idazole ring.

Of the 4,4’-biazoles, only the symmetrical 4.4"-hithiazole {93) has been
studied. Although iron, nickel, copper and platinum complexes of 93 were
described almost hall a century ago [175,180], this ligand was subsequently
ignored until relatively recently when a mixed-ligand ruthenium complex
containing 93 was reported [219]. In connection with magnetic studies, X-ray
crystal structures ol iron and mickel complexes of 93 have been reported
[215]. Substituted derivatives of 93 are also known [220)].

F. APTENDIX: LIGAND SYNTILESES

The [ollowing list gives references to the best and most convenient
method for preparation of the lipands discussed above: 2b [7], 2¢ [8], 2d
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[10.11], 3[15.20]. 5[23], 6 [221], 7 [222]. 8a [223]. 8b [38]. 9b [44]. 9 [224]. 10
[48]. 11 [54], 12 [225], 14 [199], 15 [226], 16 [227]. 18 [228]. 20 [70]. 22 {33].
23b [85]. 24 [88], 25 [89), 26 [90], 27 [229]. 28 [199], 29 [230], 30 [94], 33 [23],
35 [231], 37 {232], 38a [107]. 38b [108], 39a [109], 39b [233], 40 [113]. 41 [114].
42h [118]. 42¢ [234], 45 [114]. 47 [127), 48 [128], 49 [120]. 50 [129], 54 [58]. 57
[114], 59 [135]). 60 [136,229,235]. 66 [153], 67 [134], 69 [156]. 70 [157]. 71
158,159, 73 [193,236]. Tda [90], 74b [186], 75 [187]. 76 [187], 77 [90], 80
[192], 81 {193,194}, 82 [159]. 83 [197], 84 [196.200], 85 [187]. 86 [198.199], 87
[198.199], 88 [206], 8% [207]. 90 [208]. 91 [209], 92 [237]. 93 [193.238].
Ligands 1, 2a, 13, 21, 34, 36 and 92 are commercially available.

REFERENCES

—

F. Blau, Ber. Dtsch. Chem. Ges., 27 (1888) 1077,

1. Reedijk. in G. Wilkinson, R.D. Gillard and J.A. McCleverty (lids.), Comprehensive

Coardination Chemistry, Vol. 2. Pergamon, Oxford. 1987, p. 73,

3 Al Juris, V. Balzani, F. Barigelletti. 8. Campagna, P. Belser and A, von Zelewsky, Coord.

Chem. Rev., 84 {1988) 85, and relersnces therein.

V.P. Mamaev, O.P. Shkurko and $.G. Baram, Ady. Hewerocyel Chem., 42 (19873 1.

E.C. Constahle, Adv, Inarg. Chem,, in press.

W. Sliwa, Heterooycles, 12 (1979 1209,

I.F. Eckhard and L.A. Summers, Aust. ). Chem., 26 {1973y 2727,

R.P. Thummel. F. Lefoulon and 1D, Korp, Tnorg. Chem., 26 (1987 2370

A. Juris, P Belser, F. Barigelletti, A, von Zelewsky and V. Balzani. Inorg. Chem,, 25

{1986) 256.

10 F. Outurquin and C, Paulmier, Bull. Soc. Chim. Fr., (1983) 1549,

11 L. Kaczmarek, P. ™antka-Namirski, L. Swefaniak. G.A. Webb, D, Davoust and 1.5
Basselier, Magn. Reson. Chem, 23 (1985 853,

12 C. Botteghi. G. Chelucci. (5. Chessa. . Delogu, 8. Gladiali and F. Soccolini. J.
Organomel. Chern., 304 (14936) 217.

13 8. Gladiali. G. Cheluced, G Chessa, (. Delogu and F. Soccolini. J. Organomet. Chem.,
327 {1987 C15.

14 R.J. Butcher and E. Sinn, I. Chem. Soc., Dalton Trans., (1976) 1186,

15 C.M. Harris, 8. Kokot, R.H.R. Padl. E. Sinn and H. Wong, Aust. ). Chem., 25 (1972}
1631,

16 DM, Klassen, Chem. Phys. Leit., 93 (1082) 383,

17 AT, Cocks, R.I>. Wright and K.R. Scddon. Chem. Phys. Lett., 85 (1982} 369, and
references therein.

1% .M. Klassen, lnorg, Chem., 15 {1976) 3166,

13 D). Rehorek and U, Witzenhausen, Z. Anorg. Allg, Chemn., 47 (1978) 221,

20 ). O'Connor and L. Sinn, lnorg, Chem.. 17 (1978} 2067,

21 A M. Manotti Lanfredi, A. Tiripicchio, F. Lgozzoli. M. Ghedini and F. Neve, . Chem.,
Soc.. Dalton Trans., (1988} 851, and references therein.

22 M. Ghedini, F. Neve and M.C. Bruno, [norg. Chim. Acta, 143 (1988) 89,

23 1), Lafferty and F.H. Case, J. Org. Chem, 32 {1967} 15491,

24 ). Haginiwa and Y. Higuchi. Yakugaku Zasshi. 94 (1974} 12,

23 N. Kitamura, Y, Kawanishi and 8. Tazuke, Chenu Leu, (1983) 1145,

(=]

Lo g houh B



218

26
27
28
29
30
H
32
33

34

i5

36
37
38
39
40
41

58
59
60
61

62

o
¥l

-

N. Kitamura, Y. Kawanishi and 8. Tazuke, Chem. Phys. lett., 97 (1983) 103,

K.} Brewer, W.R. Murphy and 1.D. Petersen, Inorg. Chem., 26 {(1987) 3376,

R.R. Ruminski and 1. Wallace. Polyhedron, & {1987y 1673, and references therein,

W. Kaim and S. Kohlmann, Inorg. Chem,, 25 (1986} 3306,

W. Kaim and S. Kohlmann, Inorg. Chem,, 26 (1987) 68,

M. Shoup, B. Hall and R.R. Rumndnski, [norg. Chem., 27 {1988} 200.

T.8. Akasheh, D. Mani and Z.M. Al-Ahmed. Inorg. Chim. Acta. 141 {1988) 125.

R. Visalaski. V.K. Jain, S.K. Kulshreshtha and G.5. Rao. Inorg. Chim. Acta. 118 {1986)
1145,

AJ. Canty, C.¥. Lee, N. Chaichit and B.M. Gatchouse, Acta Urystallogr., Sect. I3, 3%
(1982} 743.

R, Haga, R. Prins, J.G. llaasnoot. J. Reedijk and J.(5. Vos. ). Chem. Soc.. Dalton Trans.,
{1987y 1389,

AJ. Canty and C. V. Lee, Organometallics, 1 {1982) 1063,

I, Saha and S.K. Kar, | [norg. Nucl. Chem., 39 {1977} 1236.

P.J. Sieel, F. Lahousse, D. Lerner and €. Marzin, Inorg. Chem.. 22 (1983) 1488,

. Saha, D. Bhattacharyva and 5.K. Kar, [norg. Chim. Acta. 67 1982y L37.

K.C. Dash, Indian J. Chem.. Sect. A, 25 (1986) 352,

A.D. Garnovskin, Yo V. Kolodyazhnyi, S A Alieva, N.F. Krokhina, L. Grandberg, O.A.
Osipov and ‘T M., Presnyakova, Zh, Obsheh, Khim, 40 (19703 1114,

S.C. Nayak, V. Chakravortty and K.C. Dash, Indian J. Chem., Sect. A, 23 (1984) 602.
H. Hennig, Z. Chem.. 11 {1971} 1. and relerences therein.

B. Chiswell, Inorg. Chim. Acta, 6 (1972) 629,

C. Marzin. F. Budde, F.J. Steel und D. Lerner, New ). Chem.. 11 (1987 33,

R.K. Boggess and R.B. Martin, Inorg. Chem., 13 (1974) 1525, and references therein.
R.J. Dozscr and A E. Underhull, J. Chem. Snc., Dalton Trans., (1972) 611,

K.A. Reeder. L.V, Dase and L.J. Wilson, Inorg. Chem,, 17 (197¥) 1071,

FG.DM. Atton and R.D. Gillard, Transition Met. Chem.. 6 (19813 351,

M. Haga, Inorg. Chim, Acta, 75 (19833 29,

AJ. Canty, K. Mills, B.W. Skelton and A.H. Whitc, J. Chem. Soc., Dalton Trans., (1986)
939,

K.H. Sugiyarto and H.A. Goodwin, Aust. J. Chem., 40 {1987 775,

1) McGarvey, [ Lawthers, K. Heremans and H. Toftlund, ). Chem. Soc., Chem.
Commun., (1984) 1575, and referonces therein.

M. Tadkhah and B. Prijs, Helv. Chim. Acta, 45 (1962) 375,

G, Orellana, M.L. Quiroga and AM. Brown, Heb, Chim. Acta, 7 (1987) 2073

L. Fizpatrick and H.A. Goodwin, Tnorg. Chim, Acia. 61 {1982 229,

L.J. Fitzpatrick, H.A. Goodwin, A. Launikonis, A.W.H. Mau and W.H.5, Sasse, Aust, ].
Chem., 36 (1983) 2169,

G, Orellana, C.A. Ibarra and L. Santoro. Inorg. Chem., 27 {1988) 1025,

M. Haga and T. Tanaka, Chem. Lett., 863 {1979),

R. Uson. T.A. QGro and 1A, Cabera, 1 Organomet. Chem.. 247 (1983) 105, and
references therein.

AW, Addison, 8. Burman, C.G. Wahlgren, O.A. Rajan, T.M. Rowe and E. Sinn, J.
Chem. Soc., Dallon Trans., (1'987) 2621,

M. Massacesi, M. Biddau, G. Devoto, E. Barni and P, Savarino, Inorg. Chim. Acta, 82
(1984) 27.

M. Massacesi, R. Pinna, ;. Devoto, E. Barni, P. Savarine and L.S. Erre. Transition Met.
Chem., 9 {1984) 351,



[£]

6o
&7
68

=3

o =

i

F T s

-1
> A

=1 -1
B

50

El
R2

B3

84
85
80
87
88
aw
an

91
92

93

94
85
6
97
98
99

219

M. Massacesi, G, Ponticelll. G. Devoto, G, Miccra and P, Piu. Transition Meat. Chem.. 9
{1984y 362,

G. Coni, M. Massacesi, G Ponticelll, G Puggioni and €. Putzolu, Transition. Met.
Chem.. 12 (1987) 374,

AT, Baker and H A, Goodwin, Auast. T, Chem., 37 {1984y 1157

W.1. Eilheck, F. Halmes. G.C. Phillips and A.E. Underhill. . Chem. Sov. A, (1967 1161,
F. Holmes, .M. Jones and E.G. Tomible, . Chem. Soc. (1961 47940,

AT, Baker, ILA. Goodwin and A D, Rae, Aust. J, Chem., 37 (1984) 2431, and references
therein.

H. Erlenmever and H. Ueberwasser, Helv, Chim. Acta, 23 (19407 3258,

C.M. Harris. H.R.H, Paiil and E. Sinn. Inarg. Chem.. 6 (1967} 1102,

B.W. Dockum and W.M. Reifl, Inorg. Chim. Acla, 120 (19861 &1,

E. Sinn, J. Chem. Soc.. Dalton Trans., (1976} 162,

R.J. Butcher and E. Sinn. [norg. Chem., 16 (19773 2334,

G, Dessy, V. Jares, P Imperatori and G.0. Morpurgo, J. Chem. Soc., Dalton Trans.,
(19853 1285,

R. Uson, J. Vicente, M.T. Chicote, P.G. Jones and G.M. Sheldrick, J. Chem. S,
Dxalton Trans., (1983 1131, and relerences therein,

A, Seminara, A, Musumect and A. Chisari, Inorg, Chim. Acta, 82 (1984) 173,

P. Belser, A, von Lelewsky, A, Juris, F. Barigellett and V. Balzani, Gaze, Chim 1tal., 113
(1033) 731,

C.D. Tait. DB, MacQueen. R.). Donohoe, MK, DeAarmond. K.W. Hanck and DWW,
Werlz, ) Phys, Chem, 90 (1986) 1766,

F. Barigelletti, AL Juris, ¥. Balzani. P. Belser and A, von Zelewsky, Inorg. Chem, 26
{1987) 4115,

P. Belser and A, von Zelewsky, 1elv. Chim. Acta. 63 (19803 1675,

L-¥. Chung, E.C. Constable, P.T. Kaye, I Lewis and P.R. Raithby, J. Chem. Soc.
Dalton Trans.. (1988) 2121,

T. Koyama, T. Hirota, C. Bashou, T. Manha, 5 Ohmoeri and M. Yamoto, Chem. Pharm.
Bull., 25 {1977y 1523,

F. Krohnke, E. Schrudt and W. Zecher, Chem. Ber., 97 (1984) 1163,

F.L. Scott. K.M. Crowley and J. Reilly, . Am. Chent. Soc.. 74 (1952) 3444,

V. K. Abluwaliz, N. Kailia and 5.B. Singh. Monatsh. Chem. 117 (1986) 875,

A.T. Raker. NI Ferguson and H A, Goodwin, Aust. ). Chem.. 37 (1984) 2421,

A P. Smirnoll, Helv. Chinu Acta, 4 (1921} 802

M. Dadkhah and B. Prijs, Helv, Chim, Acta, 45 (1962) 375,

A Dondani, T. Dall'Oceo, G. Galliani, A. Mastellari and A. Medici, Tetrahedron Lett.,
25 (1984) 3637,

AA Schilt and K R. Kluge, Talanta, 1S (19863 1085,

NN Bogashev, A D, Garnovskli. O.A, Ostpov. V.P. Grigorev and N. M. Gontmakher,
Zh. Qbshch, Khim,, 46 {1976) 675,

Al Gershuns snd AN Brizitskaya, [zv. Vyssh, Uchebn. Zaved.. Khim. Khim. Teknol..
17 {1974} 1628; Chem. Abs., 83 (1973) 3495(p.

A Jordaan, ¥.P. Joynt and B R. Arndt, J. Chem. Soc., (19653 3001

(. Kempter, H. Schaefer and 5. Sarodnick. Z. Chem.. 9 (1969) 186,

A, Taurins and A, Blaga, ). Heterocyel, Chem ., 7 (19707 1137,

S Ernst and W. Kaim, J. Am. Chenu Soc.. 108 (13861 3578, and references therein.

S. Ernst. Y. Kurth and W, Kaiu, ). Organomet. Chem., 302 {19563 211,

M. Ghedini. M. Longeri and 1, Neve. Inorg. Chim. Acta. 132 (1987 223,



220

100
101
102

163
104
105
106

107

108

109
1o

120
121

122

123
124

125
126
127
128
124
130
131
132
133
134

R.J. Crutchley and A.B.P. Lever, Inorg. Chem., 21 (1982) 2276,

1.D. Scott and 1. Puddephatt, Organometallics, § (1986 2572,

Y. Fuchs. 5. Lofters, T. Dieter. W. Shi. R. Morgan. T.C. Strekas. H.D. Gafney and A.D.
Baker. ). Am, Chem. Soc.. 104 (1987} 2641,

N.C. Thomas, Inorg. Chim. Acta, 131 (19873 151.

Q. Jaradar, K. Bargawi and T.5. Akasheh, Inorg, Chine Acta, 116 (1986) 63,

V.F. Sutcliffe and G R, Young, Polyhedron, 3 {1984) K7,

ALK -D. Mesmaeker, R, Nasielski-Hinkens, D. Mactens. D, Pauwels and J. Nasielski,
Inorg. Chem,, 23 (1984) 377, and refecences therein.

G Szilagyi. E. Kasztreiner, L. Tardos. L. Jaszlits. E. Kosa. G. Cseh. P. Tolnay and 1.
Kovacs-Szabo, Eur, J. Med. Chem -Chinn Ther, 14 (1979) 439

R. Uson, L.A. (o, M. Fstehan. D Carmona. R.M. Claramunt and J. Elguero.
Polyhedron, 3 (1484) 213,

G.B. Caygill and P.J. Steel, unpublished resuls, 1987,

1.K. Thompson, 5.K. Mandal, L. Rosenberg. F. Lee and EJ. Gabe. [norg. Chim.
Acta, 133 {19873 B1, and references therein,

L.K. Thompson, T.C. Woon, D.B. Murphy, E.1. Gube, F.L. Lec and Y. Le Page. Inorg.
Chem., 24 {1985y 4719,

LK. Thompson, §.K. Mandal, EJ. (Gabe, I.L. Lee and AW, Addison. lnorg. Chem., 26
(1987) 657,

(G.P. Sokelov and 5. Hillers, Khim. Geterotsikl. Soedin.. (1967) 556,

F.H. Case, I lteterocycl. Chem., 5 {1968) 223,

K. Shirakawa and T. Tsujikawa. Taked:s Kenkyusho Nempo. 22 (1963) 19, 27: Chem.
Abs., 60 (1964) 12009h.

T. Naito, T. Yeshikawa, S Kitahara and N, Acki, Chem. Pharm. Bull., 14 {1969) 1792,
Y. Miyashita, T. Seki. ¥. Yousui, K. Yamazaki. M. Sano. H. Abe and S. Sasaki, Bull.
Chen, Soc. Jpn., 55 (1982) 1484,

M. Saha and 12, Mukhegee, Polyhedron. 2 (1983} 47,

M.C. Molla, J. Garcia, ). Borrus, €. Foves-Foces, PN Cano and MM, Ripoll,
Transition Met. Chemn.. 10 (1983 460,

). Garcia, M. Moila and J. Borres, Polyhedron, 4 (1985 757.

M.C. Malta, J. Garcia and 1. Borres, Svath, React. Inorg. Met-Crrg. Chem., 15 (1983)
353,

J.G. Tormos, M.C. Moliz and ). Garcia, Svath. React. Inorg. Met-Org, Chem., 16 (1986)
521

L. Soto. LP. Legros. M.C. Molla and J. Garcia, Acta Crystallogr., Sect. B, 43 (1987) B34,
K.M. Baker, M. Cuerezza, L. Del Corona, A, Frigerio, G.G. Massaroli and G. Sekules, .
Pharm. Sci.. 63 (19743 293

D). Brown, W.B. Cowden and L. Strekowski. Aust. J. Chem,, 35 {1982) 1204,

G.8. Tsatsaronts, £ Mikromastoras and 11, Halivepoulos, Chim, Chrontka, 31 (1966) 57
H. Bredereck, R. Gompper and H. Berlinger, Chem. Ber.. ST (1958) 2832,

E.B. Krebs and F. Bondi, Helv, Chim. Acta. 62 (1979} 497,

M. Bredercck and W, Jentzsch, Chem. Ber., 93 (1960 2410,

F. Walter, German Patent 1,133,385; Chem. Ahs.. 6] (1964) B324b,

H. Foks and J. Sawlewicz, Acta Fol. Pharm., 25 (1968) 137,

G B. Barlin, Aust. J. Chem., 37 (1984) 1047,

. Foks and M. Janowiec, Acta Pol. Pharm., 35 (1978) 281,

). De Mendoza. MR, Gonzaler-Muniz, M. R. Martin and J. Elguero. Heterocycles, 23
(1985) 2619,



136
137

138
139
140
141

142

143

144

146
147
148

14%
150
15

152
153
154
155
156
157

158
158
160

161
162

163
164
165
166

167
168

221

P. Cohen-Fernandes, €. Erkelens. C.G.M. van Eendenburg, FJ. Verhoeven and C.L.
Habhraken, J. Org. Chem.. 44 (1979) 4156,

", Wille and W. Schwah, Monatsh, Chenm., 109 (1978 337,

0. Juanes, J. de Mendoza and J.-C. Rodriguez-Ubis. ). Chem. Soc.. Chem. Commun.,
(1983) 1763,

A, Ramdam and G. Tarrago. Tetrahedron, 37 (1981) 987,

. Lupo and G. Tarrago, Bull, Soc. Chim. Fr.. (1984) 473

(3. Losse, A Banth and R. Sachadac, Chem. Ber.. %4 (1961 467,

K. Nagarajan, V.P. Arya. R.K. Shah, 5.1 Shenoy and GeaL Bhat, Tndian J. Chemo. Scet
B, 21 (1932 845,

S.P. Singh, N.R. Kodal. (.S, Dhindsa and SN, Sawhney. Indian I, Chem. Sect. B, 21
{1982y 30,

S.P. Singh, P. Diwaker, 5 Sehgal and R.K. Vuid, Indian J. Chem.. Sect. B, 25 (1986)
10354,

S.P. Singh. 8. Sehgal. L. Singh and 8.5, Dhawan. Indian 1. Chem.. Sect. B, 26 (1987)
154,

5 AP Novikova, LY. Postovskil. S.M. Puchkova and LA, Chechulina. Khim.-Farm. Zh.,

14 [1980) 6.

N.P. Peet and S, Sunder, J. Heteroevel, Chem., 23 (1986) 593,

M. Bianchi, F. Bonacina, A, Osvaldo and . Pirola. Farmaca, Fd. Sei., 25 (1970) 592,
NAL Klyuey, MLV, Povstyanoi, G.G. Aleksandrov and V.P. Gumennyi. Khim, Geterot-
sikl. Soedin., (1983) 8R.

T.P. Sveheva, 1T, Kiseleva and MM, Shchokina, Khim, Geterotsikl. Soedin., (1967) 43,
E. Klingsherg, 1. Am. Chem. Soc., 83 {1961) 2934,

T.P. Sawhney, 1D, Kiscleva and M.N. Shehukina, Indian J. Chem. Sect. B, 20 (1981}
314,

A, Rutavicious and 5. Tokubaitite, Khim. Geterotsik!, Socdin., {1982 40,

A. Pollak, S. Polane, B. Stanovnik and M. Tisler, Monatsh, Chem., 103 (19723 1591,

B. Koran, B. Sranovnik and M. Tisler, ). Heteroeyel. Chem,, 11 (1974} 471,

D. Rosenburg and P. Strehlke, Justus Lichigs Ann. Chem.. (1976) 13

E.M. Essassi and J. Fifani, Buil. Soc. Chim. Belg.. 96 (1987) é3.

G.N. Doarofeenko, A V. Koblik, B.A. Tertov and T.1. Polvakova, Khim, CGeterotsikl.
Scedin., (1973) 1016,

D.P. Matthews, 1.P. Whitien and J.R. McCarthy. Synthesis. (1986} 336

B.F. Fieseleman, D.N. Hendrickson and G.B. Stacky. [norg. Chem.. 17 (1978) 2078,
M.P. Gamasa, E. Garcia, 1. Gimeno and C, Ballesteros, J. Organomet. Chem., 307 {19868)
39,

R. Sahai, W.R. Murphy and J.D. Petersen, Inorg, Chin. Acta. 114 (1986) 137,

L.A. Oro, M.T. Pinillos, C. Tejel. C. Foces-Foces and F.H. Cano, £ Chem. Soc., Dalton
Trans., {[986) 2193

L.A. Oro. D. Carmona, M.P, Lamata, A Tiripicchio and FJ. Lahoz, J. Chem. Soc.,
Dialtem Trans., (19863 15,

D.T. Cromer, R.R. Byan and C.B. Storm. Acta Crystallogr., Sect. O 43 (1987) 1435,
A.D. Mighell, C.W. Reimann and F.A. Mauer, Acta Crystallogr.. Sect. B. 25 (1969) 60.
S W. Kaiser, R.B. Saillant. W.M. Butler and P.G. Rusmussen, Taorg. Chem., 15 {1976)
26R%.

M.5. Haddad. E.N. Duesler and DN. Hendrickson, Inorg Cheme, 18 (1979) 141,

1.GG. Dance, A.8. Abushamleh und H.A. Goodwin, Helv. Chim. Acta. 43 (1980) 217, and
references therein.



169

170}
171
172
173

174
175

176
177
178

179
180
181
182

183
184

183
186

187
188
183
190
193
192
193
194

185
196

197
198
199
200
2011
202
203
2004
205

206

R. Uson. J. Gimeno, LA, Oro. 1M, Martinez de Darduva., LA, Cahesa, A, Tiripiechio
and M. Tiripicchio Camellini. J. Chem. Soc¢.. 12alton Trans.. (19833 1729,

C. Kirchner and B. Krehs, inorg, Chem., 26 (1987) 2569,

M. Haga. Inorg. Cham, Acta. 75 (1983) 29.

R. Llson, ). Gimena. ). Fornies and 17 Martinez, Inorg. Chim. Acta, 80 (1981} 173
E.E. Bernadueci, P.K, Bharadwaj. R.A. Lalancette, K. Krogh-lespersen, 1A Potenza
and H.A. Schugar, [norg, Chem, 22 (1983 3911,

P.G. Rasmussen. O.H. Bailey and J.C. Bayon. [norg. Chem,. 23 (1984) 338

M. Tamres, O.H. Bailey. J.E. Anderson and P.G. Rasmussen, Spectrochin, Acta, Part A,
42 {1956) 741, and references therein.

1.C. Bayvon. L.B. Koelowich and P.G. Rasmussen. Polyhedron. 6 (1987} 341,

1P Whitten, D.P. Matthews and I R. McCarthy, J. Grg. Chem,. 51 (1986) 1891

P. Melloni, 13, Fusar-Bassim, L. Dradi and C. Confaloniceri, I Heteroeyel, Chem.. 11
(1974} 731,

1i. Ertenmeyer and H. Ueberwasser. Helv. Chim. Acta, 23 {1940) 1268,

H. Erlenmeyer and E.H. Schmid. Helv. Chim. Acta, 24 (1941) 869,

1. Heinze and H. Baurngartel, Chem. Ber.. 103 (1970} 1572,

R. Schroder, L. Schollkopf. L. Blume and 1. Hopper. Justus Liebigs Ann. Chem., {1873)
833

P. Karrer and F. Forster, Flelv, Chim. Acta. 28 (1945 313, and relerences thereit.

A. Bolognesi. M. Catellani, 5. Destri and W. Portzio, Acta Crystallogr. Sect. C, 43
(1987} 1171,

M.G. Burnett, V. McKee and S.M. Nelsun, J. Chem. Soc.. Dalton Trans. (1981) 1492,
A. Shafige, T. Ebrahimi-Bibalan, M.E. Bakhshi-Dezfouli and A. Ghanbarpor. 1. Hetera-
cyel. Chom.. 26 (1987) 28635,

B.C. Ennis, G. Nolan and E.L. Samuel, J. Chem. Soc. C, ¢1967) 33,

S.N. Sawhney and O.P. Bansal, Indian J. Chem., Sect. B. 15 (1977 121,

;. Weber, 14, Buccheri and F. Maggio. 1. Heteroevel, Chem, 9 (1972 107

G. Shaw and B.M. Smallwood. 1. Chem. Soc. €0 1970) 2206

1.1, Baldwin and 1'.C. Novello, German Patent 2,061,515 Chem, Abs 75 ¢1971) 98568n.
T. Rinderspacher and B. Prijs, Helv. Chim. Acta. 43 (1960} 1522

A. Dondani. M. Fagugnolo, A, Medici and E. Negrini. Svathesis, (1987) 185,

H. Erlenmever. O Weber, P. Schmidt. G. Kung. C. Zinsstag and B. Prijs. Helv, Chim,
Acta, 3 (1948 1142,

1. Jerchel, M. Kracht and K. Krucker, Justus Lichigs ann, Chem., 390 (1954) 232,

S. Hunig, I. Scheutzow, 1. Schlaf and H. Quast. Justus Lickigs Ann, Chem., 765 (1972
110

M. Yoshifuji, R. NMagese and N. Inamoto, Bull. Chem. Soc. Jpn., 55 (1982} 875,

H. Schaefer and K. Gewald, Z. Chern.. 16 (1976) 272

T. Hisano, M. Ichikawa, T. Tsumoto and M. Tasaki. Chem. Pharm. Bull., 30 (1932) 2996.
H. Weideringer and J. Kranz, Chem. Ber., 97 (1964) 1269,

M. Haga, T. Matumura-Inouc and 5. Yamabe. [norg. Chem.. 26 {1987) 4148,

M. laga. Inorg. {'him. Acta, 45 {1980y L183.

A.M. Bond and M. laga, Inorg. Chem., 25 (1986) 4307,

R. Uson, A. Laguna and J A, Abad. 1. Organomet. Chem.. 246 (1983) 311.

R. Uson, J. Giimeno, J. Foruies, F. Martinez and €. 'ernandez, Tnorg. Chinm. Acta. 63
(19823 91.

K. Takahashi, T. Suzuki, Y. Suzuki, H. Takeda, T. Zaima and K. Mitsuhashi. Nippon
Kagaku Kaishi, {1974 1396 Chem. Abs., 81 (1974) 169478y,



207
208
209

210
211
212

213
214
215
216
217
g

210
220

[ s
[o¥]
at

M.R. Chandramoban and 8. Seshadn, Indian Y. Chemc 11 {19733 1112,

SN Bawhney and ) Smgh, Indian 1 Chem 8 (19700 882

SN Sawhney, 1L Kodali, €G.8. Dhindsa and 5.1 Singh, Indian I Chem.. Scer. B 22
(1983} 584,

C. Kowala, K.5. Murray. 1M, Swan and B.O. Woest, Aust. L Chemo 24 (19713 13649,

C. Kowula and JA. Wunderlich, Inorg. Chim. Acta. 7 (1973 331,

R.C. ¥an Landschool, 1A M. Van Hest and 1. Reedijk. 1. Inorg. Nucl, Chem.. 38 (1976)
155,

R.C. Vap Landschoot, J.A M. Van Hest and J. Reedik. 1. Inora, Nucl. Chem.. 39 (1977}
1813,

M.R. Udupa and B. Krebs, Tnorg. Chin Acea, 32 (1979 1.

A.T. Raker and H.A. Goodwin, Aust. J. Chem., 38 {1985) #51.

B.I. Zitzev, V.V, Tavvdov, MUY, Palishkin, L.P. Kazanskil, (.Y, Sheban, 8.8, Kukalenko.
G.A. Novikova and S0 Shestakova, Russ, L Toorg, Chem.. 31 (19863 539,

G.AL Novikova, 85, Kukalenko, AF. Vasil'ev, LY. Bogel'fer. S Shestakova, AK.
Molodkin and N.¥Yiu. Esina, Russ. J. Inorg, Chom., 31 {1986) 1757,

B.L. Trus and R.E. Marsh, Acta Crystallopr., Scet, B, 29 (1473 2298,

R.A. Krause and K. Krause, Inorg, Chem,., 21 114982y 1714,

M.H. Elnagdi. M.AL Kihauhifa, MK AL Torahenn and MCH. Rlmoghavar, J. Hetero-
eyl Chemn. 18 {16813 §77.

R.E. van der Stoel, H.C. van der Plag and H. Jongejan. Rec. ). R Neth, Chem, Soc,, 102
{1983) 3d,

22 M. Hasebe, K. Kogawa and T Tsuchiva, Tetrahedron Lett, 25 (19843 3887

223 M A. Khan and J.B. Polya, 1. Chem, Soc, O, (1970) &5

224
225
226
227
228
229
230
131
232

232
134
233
236
237
23y

H. Hennig, ). Prakt, Chem. 34 {1966) 64

E. Glover and T.R. Thomas . Chem. Soc. O (1967 63,

AW, Addison, TN, Rao and C.GL Wahlgren, J. Heterocyel, Cheme. 240 (19837 1481,
O.R. Clemo, T, Holmies and G.C. Teiteh, 1 Chem. 8oL 1938y 753,

1. Menasse, B Prigs and H. Erlenmeyer, Helv, Chim Acro, 40 (1937) 354,

17 H. Case. 3. Heteroeyel. Chern. 4 (19673 157,

T. Hisano and M. Ichikawa. Chem. Pharm. Bull. 22 (1974 20151,

F. Effenberger. Chem. Rer.. 98 (19657 2260,

R, Nasielski-Hinkens and M. Benedek-Vamos, J. Chem. Sec., Perkin Trans. 1 (1975
1229,

AW, Addison and P.J. Borke. J. Heteroeyel, Chem.. 18 (1981 803,

T. Naito. T. Yoshikawa, 8. Kiahara and N, Acki. Chem, Pharme Bull, 17 (19687 1767,
H. Pavi and A. Kausmaon, Chem, Ber., 101 (1968} 370

H. Erlenmeyer and E.H. Schmid. Helv. Chim, Acta, 22 (1939) 698,

V.J. Grenda, R.E. Jones. G. Gale and M. Sletzinger. 1. Org. Chen., 3} (1963) 259

H. Erlenmeyer and H. Ueberwusser, Helv, Chinn, Acta, 22 (1939) Y3IK,



