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The zinc complex chemistry of the tridentate thiol ligand N- 
(2-mercaptophenyl)(2-picolyl)amine (MPPAH) differs consi- 
derably from that of the aliphatic analogue N-(2-mercapto- 
ethyl)(2-picolyl)amine reported previously. This is due to the 
lower basicity and hence bridging tendency of its aromatic 
thiolate function. With zinc salts of 0x0 anions the 1:l com- 
plexes (MPPA)ZnX (la-c: X = ONO,, OAc, OBz) are formed 
which according to spectroscopic data are monomeric while 

the halide (MPPA)ZnBr (2) seems to be polymeric. In the ab- 
sence of coordinating anions the monomeric 2 : l  complex 
(MPPA),Zn (3) results which according to a crystal structure 
determination contains tetrahedral zinc coordinated by one 
MPPA ligand in a tridentate fashion while the other is only 
monodentate and sulfur-bound. A similar NzS2 coordination 
can be deduced for the 1:l:l complex (MPPA)Zn(STrt) (4) 
resulting from ZnEt,, MPPAH and triphenylmethanethiol. 

The purpose of our investigations into the zinc complex 
chemistry of chelating ligands with N and S donors is two- 
fold. Firstly we want to gain an understanding of the fac- 
tors controlling their coordinative behaviour (stoichio- 
metries, coordination numbers, thiolate bridging, stabilities, 
etc.). Secondly, we want to learn how to construct structural 
and possibly functional models of enzymes containing zinc 
in a ZnN,S, environment like liver alcohol dehydroge- 
nase"], spinach carbonic anhydraseI21, or bovine aminolae- 
vulinate dehydrataset31. In order to do th s  we screen known 
or newly synthesized polydentate amine-thiol ligands for 
their ligation behavior toward various zinc salts. 

In the previous paper of this seriesL41 we outlined our 
main objectivcs and the synthetic approach used to obtain 
zinc complexes in which the metal is placed into the right 
steric and electronic environment of N and S donors, the 
desirable ligand combinations being ZnN2SX, ZnN3SX, or 
ZnNS2X. In these combinations the N and S donors are 
meant to be provided by one chelating ligand while the 
group X represents a labile coligand or the substrate of a 
possible enzyme model. While many chelating ligands exist 
with the appropriate number of N and S donor functions it 
must be said that their use for the modelling of the above- 
mentioned enzymes is still an open challenge, despite some 
impressive results obtained with alcohol dehydrogenase mo- 
dels r5 3 6]. 

This paper reports on our investigations with another li- 
gand suitable for the ZnN2SX combination. This ligand, N- 
(2-mercaptophenyl)(2-picolyl)amine (MPPAH) is the aro- 
matic analogue of the aliphatic thiol N-(2-mercaptoethyl)(2- 
picoly1)amine (MEPAHjr4'. We foundL41 that MEPAH yields 
a puzzling variety of zinc complexes, a dominating feature 
of which is the tendency of thiolate bridging and hence 
oligomerization. We hoped that the more rigid nature of the 
aromatic NCCS unit in MPPAH and the lower basicity of 

its thiolate function would help to suppress this unfavor- 
able property. 

MEPAH MPPAH 

Ligand MPPAH was first described by Corbin and 
They reduced the zinc complex of the correspond- 

ing picolylimine, described by Livingstone and Lindoy[s], 
and actually obtained complex 3 (see belowj as an inter- 
mediate without subjecting it to a detailed characterization. 
The coordination chemistry of MPPAH has not been devel- 
oped yet to any extent. To our knowledge only some gold 
complexes have been 

Syntheses 

The reported synthesis of ligand MPPAH is a multistep 
process involving zinc complexes as intermediates[''. We 
found a direct process more convenient. using the procedure 
of Liso et al.""] with a large excess of NaBH4 for the re- 
duction step. In this way the easily accessible 2-(2-pyridyl)- 
benzothiazolineLX] could be reduced directly to MPPAH. 
MPPAH which is a greenish-yellow viscous oil, insoluble in 
water and only moderately soluble in methanol, was ob- 
tained in almost quantitative yield. 

MPPAH was first treated with zinc salts of 0x0 acids with 
the aim of obtaining complexes with a ZnNzSO ligand en- 
vironmcnt which would be similar to that in enzymes with 
zinc bound to tu7o histidine units and one cysteine unit like 
in bovine aminolaevulinate dehydrataseL3I. The reaction 
worked with zinc nitrate, zinc acetate, and zinc benzoate. It 
did not require the presence of a base to deprotonate the 
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ligand. In all three cases the 1:l complexes (MPPA)ZnX 
(la-c) were formed. Their good solubility in organic sol- 
vents like ethanol or acetonitrile and their spectroscopic 
data (see below) make us assume (although not with high 
certainty) that they are mononuclear molecular entities with 
the shown constitutions. 

Ib:  OAc 

O--X 1 c: OBz 

In contrast, zinc halides seem to form polymeric com- 
plexes with MPPA, as evidenced by reactions of depro- 
tonated MPPAH with ZnClz and ZnBr2. While the use of 
ZnC12, as before with MEPAr41, leads to impure precipitates 
of the presumed compound (MPPA)ZnCI, an analytically 
pure complex of composition (MPPA)ZnBr (2) was ob- 
tained with ZnBrz in good yield. The solubility of 2 in water 
and organic solvents is only a fraction of that of the com- 
plexes 1. We therefore assume that 2 is a thiolate-bridged 
oligomer. In analogy to the crystallographic results for the 
(MEPA)ZnHal complexes[4] we therefore suggest the shown 
constitution for 2. 

/ 

2 

I n  

The binary compound (MPPA),Zn (3) is accessible in 
many ways. As mentioned above, it was first obtained from 
a precursor zinc complex as an intermediate in the synthesis 
of MPPAH"]. We observed that it is accessible, although in 
low purity, like the binary compound (TVIEPA)~Z~[~] by the 
solvolysis of molecular zinc compounds like Zn[N- 
(SiMe3)2I2 or ZnEt, with MPPAH. The most efficient 
method for the preparation of 3 is the reaction of Zn(C104)2 
with deprotonated MPPAH, a reaction which in the case of 
MEPAH leads to the multiple thiolate-bridged trinuclear 
cation [(MEPA)4Zn3]2'[4]. This is the clearest demon- 
stration of the different donor capacities of MEPA and 
MPPA, and it is underlined by the fact that the following 
molecular constitution, obtained from the structure deter- 
mination (see below), is principally different from that of 
(MEPA)2Zn[41. 

3 

Complex 3 shows the tetrahedral ZnN2S2 coordination 
which is the most common one for zinc complexes with 
sulfur and nitrogen ligands["l. In this way the donor ca- 
pacity of two suitably placed nitrogen donors is lost. This 
indicates that a plain monodentate thiolate ligand might be 
incorporated in place of the monodentate MPPA unit of 3. 
The realization of this idea was possible by using the steri- 
cally demanding triphenylmethanethiolate: treatment of di- 
ethylzinc in toluene with MPPAH and triphenylmeth- 
anethiol yielded @lPPA)Zn(STrt) (4). The high solubility 
of 4 in aprotic solvents supports its monomolecular consti- 
tution, as derived from that of 3. 

4 

Spectra and Constitutions 
As crystal suitable for a structure determination were 

only obtained of 3, the constitutions of the other complexes 
had to be deduced by indirect means. An important one of 
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these is the solubility of the compounds, as mentioned 
above. In the cases of polymeric 2 and monomeric 4 where 
supporting spectroscopic information is missing the assign- 
ments rest on the solubilities alone. In the cases of l a  and 
l c  the EI-mass spectra support the monomeric formulation 
although they do not prove it since breaking up of possible 
dimers in the mass spectrometer cannot be ruled out. Both 
spectra show the parent ions (mlz = 343 for l a  and 403 for 
l c )  with very small intensity, both show the MPPA . Zn 
cation (mlz = 281) with good intensity, and the MPPA li- 
gand ion (mlz = 212) with the highest intensity. 

The IR, lH-, and I3C-NMR data of the compounds are 
listed in the experimental part. While the 13C-N1LIR shifts 
are mainly of diagnostic value the 'H-NMR shifts provide 
relevant information. With respect to the bonding of the 
MPPA ligand the resonances due to the NCH2 group and 
the para-H atom of the pyridine ring (H,) give the clearest 
indications. The NCH2 signals move upfield, those of H, 
downfield upon coordination. The coordination shifts 
amount to ca. 0.4 ppm except for the binary complex 3 
where they are 0.26 and 0.15 ppm, respectively. This latter 
observation corresponds to the fact that the two MPPA li- 
gands in 3 which are nonequivalent in the solid state give 
r i se  to only one set of NMR resonances. The simplest expla- 
nation for this is a fluxional behavior of 3 in solution con- 
sisting in an intramolecular exchange of the tridentate and 
monodentate MPPA ligands. Thus the 'H-NMR reson- 
ances of 3 would represent an average of the coordinated 
and the noncoordinated mode of the picolylamine part of 
MPPA. 

Further support for the monomeric nature of the 0x0 
anion complexes 1 can be derived from the NMR data of 
the carboxyhtes l b  and l c .  If these were dimeric or oligo- 
meric, the substituents of the carboxylate ligands (methyl 
for lb,  phenyl for l c )  would be exposed to the upfield-shift 
ring-current effects of the aromatic N,N,S ligand on the 
other zinc ion (for an understanding of the spatial arrange- 
ment cf. the formula drawing of Z), and in the case of l c  
the reverse effect should be visible for the MPPA NMR 
resonances. We have found that such effects can amount to 
6 = 0.5-0.7 for the acetate 'H-NMR They 
are absent in the case of l b  and l c  (see Experimental). In- 
stead, the 'H-NMR shift of the OAc group of l b  corre- 
sponds to that of other Zn-OAc groups in an aliphatic 
en~ironment[~~"]. This and the general similarity of all spec- 
tral data and physical properties made us assign the mono- 
meric nature to all three complexes 1. 

The simplest information obtained from the IR data is 
the absence of a v(SH) band (2519 cm-l for free MPPAH) 
for all complexes, proving the thiolate bonding of the 
MPPA ligand. Likewise, the pyridine bonding is evident 
from the characteristic highfrequency shiftti41 of the inten- 
sive ring vibration band by 15-20 cm-', compared to that 
at 1588 cm-' in free MPPAH. While the v(NH) band is 
shifted erratically in the IR spectra of the complexes the 
'H-NMR resonance of the NCH2 group (see above) proves 
the coordination of the amine donor function, thus certify- 
ing the tridentate nature of the MPPA ligand. An exception 
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to this rule occurs for the ZnL2 complex 3 showing two 
strong ring vibration bands at 1606 and 1582 cm-' fitting 
the coordinated and the non-coordinated pyridine donors. 

The only further significant IR information comes from 
the absorptions due to the 0x0 anions. The v(C0) bands of 
the acetate (1595 and 1394 cm-') as well as of the benzoate 
complex (1624 and 1387 cm-') are indicative of monoden- 
tate coordinati~n['~], supporting a truly tetrahedral 
ZnN2S0 environment. The nitrate bands of l a  (1475 and 
1292 cm-]) indicate neither a clearly monodentate nor a 
clearly bidentate coordinati~n['~], and it seems to us that 
they are generally of little value in this respect['6]. 

Structure Determination 

The ZnL2 complex 3 containing six donor functions of- 
fers a rich variety of possible structures including one which 
would be analogous to that of (MEPA),Znr41 containing 
zinc in a tetrahedral ZnN2S2 environment with both pyri- 
dine donors being unused. The actual structure, depicted in 
Figure 1, must be considered a surprise due to the complete 
disparity of both MPPA ligands in terms of their geometry 
and mode of attachment. 

Figure 1. Molecular structure of (MPPA),Zn (3) in the solid state[a! 

La] Selected bond lengths [A]: Zn-N1 2.068(2), Zn-N2 2.099(2), 
Zn-S1 2.261(1), Zn-S2 2.246(1); selected bond angles ["I: 
NI-Zn-N2 82.58(7), N1 -Zn-SI 11 1.50(5), N1 -Zn-S2 
109.52(5), N2-Zn-SI 91.87(5), N2-Zn-S2 124.48(5), 
SI-Zn-S2 127.74(3). 

One of the two MPPA ligands is attached to zinc in the 
"normal", i.e. tridentate, fashon while the other is mono- 
dentate and bound like a simple thiolate. The resulting 
ZnN& coordination is very far from being ideally tetra- 
hedral. The intra-ligand bond angles at zinc are near or 
below 90" as usual for five-membered chelate rings. As a 
compensation for this two of the angles involving the non- 
chelating thiolate are near or above 125". The distortion is 
so severe that the complex approaches a pseudotrigonal- 
bipyramidal geometry with N2 at one apex and the other 
apex being vacant. This is puzzling as the donors to fill 
the vacancy are available and ZnN3S2 complexes are not 
u n k n o ~ n [ ' ~ . ' ~ ] .  But rather than occupying a coordination 
position, the free donor atoms prefer to be not involved 
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(N4) or get engaged in a hydrogen bond (between N3 and 
the NH function on N2). 

The Zn-N and Zn-S bond lengths in 3 are very close 
to the average values obtainable from a large number of 
ZnN2S2 comple~es[~~’~] .  This holds for other bond lengths 
or angles within the MPPA ligands as well. Thus, there are 
no unusual features of the ligands which might explain the 
observed zinc-MPPA combination, and except for the pecu- 
liar and unsymmetrical choice of the donor atoms complex 
3 represents another example of the strict preference of zinc 
to adopt a N2S2 environment when surrounded by N and 
S donors, in classical complexes[11~191 as well as in many zinc 
fingers[20,211. The fact, however, that MEPA and MPPA usc 
different donor atoms to generate the ZnN2S2 combination 
and that several other arrangements (monomeric or oligo- 
meric) of MEPA or MPPA ligands around a zinc ion pro- 
ducing the ZnN2S2 combination can be envisaged points 
once more to the subtleties (like the hydrogen bond in 3) 
which govern the coordinative behavior of zinc and which 
we have yet to understand. 

Discussion and Conclusions 
Almost all differences in the zinc complex chemistry of 

MEPAL41 and MPPA can be related to the difference in ba- 
sicity of their anionic thiolate functions. The main result of 
this is that Zn-MEPA complexes are in general oligomeric 
containing bridging thiolate while those of MPPL4 seem to 
prefer the monomeric state containing only terminally 
bound thiolate. This of course has to be reflected in differ- 
ent coordination modes (N2S2X vs. N2SX) or coordination 
numbers ( 5  vs. 4). The most noticeable difference in the 
chemical behavior shows up in the reactivity towards zinc 
salts containing weakly coordinating anions: Zr1(C10~)~ or 
Zn(NO& and MEPAH, irrespective of the stoichiometric 
ratio, produce the cations [Zn3(MEPA)4]2f in which two 
octahedral Zn(MEPA)2 molecules offer four thiolate func- 
tions to coordinate the central zinc ion while NO, or 
(210, remain uncoordinated. With MPPAH, in turn, 
Zn(C10& provides only the zinc ion for the formation of 
the (MPPA),Zn complex 3 which is not further converted 
into a species like [Zn3(MPPA)4]’t, even in the presence of 
excess Zn(C104)2, and Zn(NO& provides the zinc ion and 
one nitrate ion for the generation of the 1:l complex 
(MPPA)ZnON02 (la). In both cases the possible inter- 
mediate (MPPA)*Zn is unable to function as a donor: it 
exists as such [3 from Zn(C104)2] or it surrenders to the 
donor abilities of the nitrate ion [ la  from Zn(N03)’]. 

The similarity between MEPA and MPPA shows up in 
their halide complexes L . ZnHal which seem to be of the 
same polymeric nature. The seemingly similar nature of the 
binary compounds (MEPA)2Zn and (MPPA)2Zn has been 
shown by the structure determinations to exist only in their 
compositions. It seems, however, that an unexploited simi- 
larity between MEPA and MPPA can be utilized by study- 
ing the reactivity of the two binary compounds. As they 
contain unused donor functions they should be able to act 
as ligands for other transition metals thereby producing 
new types of polynuclear ligand-bridged complexes. So far 
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this has been proven for Z I I ( C ~ O ~ ) ~  to be successful with 
Zn(MEPA)2r41 and to fail with Zn(MPPA)* (see above). It 
can be predicted that hard Lewis acids will pick up the free 
nitrogen donors of Zn(MPPA): while soft Lewis acids will 
make use of the bridging capacity of the thiolate functions 
in Zn(MEPA)2. 

The prospects of ligand MPPAH for the coordination 
chemistry of zinc are twofold: (i) it promises to be a reliable 
N,N,S coligand L for functional tetrahedral complexes L . 
ZnX, and (ii) the binary compound (MPPA)’Zn promises 
to be the starting point for a derivative chemistry based on 
the donor capacity of the two uncoordinated nitrogen func- 
tions. 

This work was supported by the Deutsrhe Fovschimgsgemern- 
schuft. We thank Dr. JX Deck for NMR measurements, Mr. M.  
Ruf for assistance with the X-ray work, and Mr. M. Gelinsky for 
the mass spectra. 

Experimental 
All experimental techniques and the standard IR and NMR 

cquipmcnt were as described previously[22]. EI-mass spectra were 
recorded with a Finnigan-MAT 8230 spectrometer. Starting mate- 
rials were obtained commercially. All sulfur-containing materials 
were handled and kept under prepurificd nitrogen. All organic sol- 
vents were dried and degassed, water was deionized and saturated 
with nitrogen. 2-(2-Pyridyl)benzothiazoline was prepared according 
to the published procedure[x]. 

N-(2-rnercuptophenyl) (2-picoly1)arnine (MPPAH): To a solution 
of 5.00 g (23.3 mmol) of 2-(2-pyridyl)ben~othiazoline[~I in 200 ml 
of methanol 8.83 g (233 mmol) of NaBH4 was added in small por- 
tions with stirring. After completion of the strongly exothermic 
reaction and cooling of the mixture to room temp. the solvent was 
removed in a rotary evaporator. The solid residue was suspended 
in 250 ml of ice water and the suspension neutralized carefully with 
glacial acetic acid. The greenish-yellow emulsion was extracted four 
times with 50 ml of dichloromcthane cach. The combined extracts 
were washed with 50 ml of water and dried with Na2S04. Then the 
solvent was reduced in vacuo and the residue kept in vacuo with 
slight warming for 5 h. 4.76 g (94%) of chemically pure MPPAH 
remained as a greenish-yellow viscous oil. A solid sample for el- 
eniental analyses was obtained with big losses by crystallization 
from ethanol. - IR (film, cm-I): i. = 3360 m, N-H; 3063 w, 3009 
w, aryl C-H; 2923 w, 2852 w, alkyl C-H, 2519 w, S-H; 1588 vs, 
1568 s, pyridiiie C=N; 1501 vs, 1472 vs, 1445 s, 1427 s, pyridine 
and phenyl C=C;  1353 w, 1319 s. 1286 m, 1246 w, 1231 w, 1212 w, 
1183 w, 1162 w, 1147 w, 1138 w, 1109 w, 1088 w, 1040 w, 994 w, 
958 w, 907 w, 823 w, 786 w, 746 vs, 713 w, 667 sh, m, 641 sh. - ‘H 
NMR (CDC13): 6 = 4.53 [s, 2H,  CH,], 6.58 [dd, 3J = 7.8 Hz, 4J = 

1.5 Hz, 1 H, phenyl H6], 6.66 [dt, 3J = 7.5 Hz, 4J = 1.5 Hz, IH, 
phenyl H4], 7.15 [dt, 3 J =  7.8 Hz, 4J = 1.7 Hz, lH ,  phenyl HS], 
7.19 [t, br, 3J = 7.2 Hz, 1 H, pyridine Hp], 7.32 [d, br, 3J = 7.2 Hz. 
IH, pyridine Hs], 7.43 [dd, 3 J =  7.5 Hz, 4J = 1.7 Hz, lH,  phenyl 
H3], 7.65 [dt, 3J = 7.2 Hz, 4J = 1.7 Hz, 1 H, pyridine H,], 8.61 [d, 
br, ‘J = 7.2 Hz, 1 H, pyridine HG]. - I3C NMR (CDCI,): 6 = 48.9 
[CH,], 110.5 [phenyl C6], 111.4 [phenyl CZ], 117.0 [phenyl C4], 
121.0 [pyridine Cp or C8], 121.8 [pyridine C, or C8],  129.1 [phenyl 
CS], 134.9 [phenyl C3], 136.3 [pyridine C,], 147.8 [phenyl Cl], 148.9 
[pyridine C$, 157.8 [pyridine C,,,,,]. - CL2Hl2N2S (216.3): calcd. 
C 66.63, H 5.59, N 12.95; found C 66.79, H 5.32, N 12.87. 

(MPPA)ZnON02 (la): A solution of 339 nig (1.57 mmol) of 
MPPAH in 35 ml of ethanol was treated dropwise with stirring 
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with 41 1 ing (I .57 mmol) of Zn(NO& 4 H20  in 30 ml of ethanol. 
The solution was reduced in vacuo to 10 ml and allowed to stand 
for 2 d. Filtration yielded 87 mg (16%) of l a  as colorless crystals, 
m.p. 192°C (dec.). - Selected IR bands (KBr, cm-I): 5 = 3183 m, 
N-H; 1609 m, 1585 w. pyridine; 1475 vs, 1292 vs, nitrate. - 'H 
NMR ([D,]DMSO): 6 = 4.13 [d, br, 3 J =  6.7 Hz, CH,], 6.16 [t, 
' J =  6.7 Hz, lH ,  NH], 6.87-7.03 [m, 2H, phenyl H4 and H5], 
7.23 [d, br, 3J = 7.2 Hz, 1 H, phenyl H6], 7.40 [dd, 3J = 7.7 Hz, 
4J = 1.9 Hz, IH, phenyl H3], 7.61-7.73 [m, br, 2H, pyridine H8 
and Hp]: 8.14 [t, br, 3J = 7.9 Hz, 1 H, pyridine H,], 8.71 [d, br, ' J  = 
5.3 Hz, l H ,  pyridine Ha]. - I3C NMR ([D6]DMSO): 6 = 52.8 
[CHz], 122.3 [pyridine Cg or C8], 123.8 Lpyridine C, or C6], 124.2, 
124.7, 126.0, 132.0, 141.0 [aromatic], 141.9 Lpyridine C,], 142.6 
[phenyl CI], 148.0 [pyridine Ca], 156.5 [pyridine C,,,]. - 

C ~ ~ H I  IN303SZn (342.7): calcd. C 42.06, H 3.24, N 12.26; found C 
42.00, H 3.32, N 12.09. 

(MPPA)ZnOAc (lb). A solution of 1.13 g (5.21 mmol) of MPPA 
in 20 ml of ethnol was treated with 1.14 g (5.21 mmol) of Zn(OAc)2 
. 2 H20  with stirring. The resulting brownish solution was stirred 
for 1 h. Dropwise addition of 20 ml of diethyl ether produced a 
precipitate which was filtered off, washed with diethyl ether, and 
dried in vacuo to furnish 683 mg (39%) of l b  as an off-white pow- 
der, m.p. 140°C (dec.). - Selected IR bands (KBr, cm-'): 0 = 3259 
w, N-H; 1607 s, 1583 sh, pyridine; 1595 s, 1394 m, acetate. - 'H  

[dt, ' J  = 7.3 Hz, 4J = 2.1 Hz, 1 H, phenyl H4], 6.95 [dt, 3J = 7.4 
Hz, 4J = 1.7 Hz, 1 H, phenyl H5], 7.16 [dd, 3J = 7.3 Hz, 4J = 1.9 
Hz, 1 H, phenyl H6], 7.43 [dd, 3J = 7.4 Hz, 4J = 2.3 Hz, 1 H, phenyl 
H3], 7.54-7.63 [m, br, 2H, pyridine Hp and Ha], 8.07 [dt, ' J =  7.8 
Hz, 4J = 1.7 Hz, 1 H, pyridine H,], 8.74 [d, br, 3J = 4.8 Hz, 1 H, 
pyridine HA. - 13C NMR (CD30D): 6 = 23.1 [CH,]. 54.7 [CH,], 
124.6 [pyridine Cp or C6]. 125.1 [pyridine C, or C6], 125.7, 127.4, 
134.1 [aromatic], 141.9 [pyridine C,], 144.5 [phenyl CI], 149.4 [pyri- 
dine Ca], 158.1 [pyridine Cquat.]. - CI4HI4N2O2SZn (339.7): calcd. 
C 49.49, H 4.15, N 8.25; found C 48.82, H 4.08, N 7.92. 

NMR (CD3OD): 6 = 1.92 [s, 3H, CH31, 4.23 [S, 2H, CH,], 6.90 

JMPPA)Zn(OBz) (lc): To a solution of 224 mg (1.04 mmol) of 
MPPAH in 15 ml of acetonitrile 319 mg (1.04 mrnol) of Zn(OBz), 
was added and the mixture was stirred for 8 h. The resulting pre- 
cipitate was filtered off, washed with a small amount of acetonitrile 
and dried in vacuo to afford 293 mg (700/0) of l c  as a greenish- 
white powder, m.p. 225°C (dec.). - Selected IR bands (KBr, cn-'): 
0 = 3139 w, N-H; 1608 s, 1566m, pyridine; 1624 sh, 1387 s, benzo- 
ate. - IH NMR ([D,]DMSO): 6 = 4.26 [d, '5 = 7.4 Hz, CHI], 6.20 
[t, ' J =  7.4 Hz, IH, NH], 6.83 [dt. 3 J =  7.3 Hz, 4 J =  1.5 Hz, IH, 
phenyl H4], 6.90 [dt., 3J = 7.0 Hz, 4J = 1.7 Hz, lH ,  phenyl H5], 
7.24 [dd, 3 J =  7.3 Hz, 4 J =  1.7 Hz, lH ,  phenyl H6], 7.31-7.40 
[m, 4H, phenyl H3, benzoate HpCa and H,,,,), 7.58-7.66 [m, 2H, 
pyridine H, and Hs]. 7.91 [dd, ' J  = 8.2 €12, 4J = 1.8 Hz, 2H, ben- 
zoate Hortho], 8.08 [dt, ?J = 7.8 Hz, 4J = 1.7 Hz, IH,  pyridine H,], 
8.80 [dd, 3J = 5.6 Hz, 4J = 1.3 Hz, 1 H, pyridine Ha]. - I3C NMR 
([D,]DMSO): 6 = 52.9 [CH,], 121.6, 123.2 [aromatic], 124.0 [pyri- 
dine C, or Cs], 124.1 [pyridine Cp or CE], 125.4, 127.7, 129.3, 130.6, 
131.9, 135.6, 137.8 [aromatic], 140.2 [pyridine C,], 143.5 [phenyl 
CI], 148.3 [pyridine Ca], 156.6 [pyridine Cquar], 170.9 [benzoate 
COO]. - CI9Hl6N2O2SZn (401.8): calcd. C 56.79, H 4.01. N 6.97; 
found C 57.06, H 3.83, N 6.55. 

(MPPAjZnBr (2): 278 mg (1.29 mmol) of MPPAH was dis- 
solved in a solution of 52 mg (1.3 mmol) of NaOH in 10 ml of 
methanol. To this solution, a solution of 289 mg (1.29 mmol) of 
ZnBrz in 4 ml of methanol was added dropwise with stirring. 
Within a few minutes precipitation of the product began which was 
complete after 2 h of stirring. The precipitate was filtered off, 
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washed with methanol and dried in vacuo to afford 307 mg (66%,) 
of 2 as an ocherous powder, m.p. 275°C (dec.). - Selected IR 
bands (KBr, cm-I): P = 3163 s, N-H, 1608 s, 1583 m, pyridinc. - 

[t, br, ' J  = 6.9 Hz, 1 H, NH], 6.83 [dt, 3J = 7.4 Hz, 4J = 1.7 Hz, 
1 H, phenyl H4], 6.89 [dt, ' J  = 7.3 Hz, 4J = 1.7 Hz, 1 H, phenyl 
HS], 7.15 [dd, ' J  = 7.3 Hz, 4J= 1.7 Hz, IH, phenyl H6], 7.33 [dd, 
' J =  7.3 Hz, 4J= 1.8 Hz, IH, phenyl H3], 7.56-7.67 [m, 2H, 
pyridine Hp and HB], 8.08 [dt, ' J  = 7.7 Hz, 4J = 1.6 Hz, 1 H, pyri- 
dine HY], 8.75 [d, br, ' J  = 4.9 Hz, 1 H. pyridine Ha]. - ''C NMR 
([DGIDMSO): 6 = 52.8 lpyridine CH,], 121.7, 123.3 [pyridine C, or 
(261, 123.7 [pyridine CD or C6], 124.2, 125.2, 131.8, 140.3 [aromatic], 
142.4 [pyridine C,], 143.4 [phenyl Cl], 148.1 lpyridine Ca], 156.5 
[pyridine Cquat]. - CI2H1 lBrNzSZn (360.6): calcd. C 39.97, H 3.07, 
N 7.77; found C 39.72, H 2.95, N 7.69. 

(MPPA/2Zn (3): Solutions of 457 mg (2.1 1 mmol) of MPPAH 
in 20 ml of dichloromethane and 279 mg (4.22 mmol) of KOH in 
7 ml of methanol were combined. A solution of 789 mg (2.12 
mmol) of Zn(ClO& . 6 H20 in 10 ml of methanol and 10 ml of 
dichloroniethane was added dropwise with stirring. After 1 h of 
stirring the solution was filtered and the filtrate reduced to 15 ml 
in vacuo. Within 2 days a precipitate of 3 was formed which was 
filtered off and dried in vacuo to yield 137 mg (26%) of 3 as color- 
less crystals of X-ray quality, m.p. 148°C (dec.). - Selected IR 
bands (KBr, cm-I): 3 = 3329 w, N-H, 1606 s, 1582 s, 1569 sh, 
pyridine. - 'H NMR ([D,]DMSO): 6 = 4.27 [s, 4H, CH21, 6.04 [s, 
br, 2H, NH], 6.57 [dt, 3 J =  7.7 Hz. 4J= 2.3 Hz, 2H, phenyl H4], 
6.68-6.82 [ni, 4H, phenyl H5 and H6], 7.24-7.38 [m, 6H, phenyl 
H3, pyridine H, and Ha], 7.80 [dt, ' J  = 7.9 Hz, 4J = 1.8 Hz, 2H, 
pyridine H,], 8.35 [dd, 3 J =  4.9 Hz, 4J = 1.8 Hz, 2H. pyridine 

[aromatic], 122.7 [pyridine C, or CsJ, 122.9 [pyridine Cp or C6], 
133.0, 134.9 [aromatic], 138.2 [pyridine C,], 145.4 [phenyl CI], 
148.3 [pyridine C a], 157.5 [Cquat]. - C14H2,N4S2Zn (496.0): calcd. 
C 58.12, H 4.47, N 11.30; found C 58.21, H 4.50, N 11.33. 

'H NMR ([D,]DMSO): 6 = 4.09 [d, 3J = 6.9 Hz, 2H, CHZ], 5.88 

HA. - "C NMR ([D,]DMSO): 6 = 51.2 [CHJ, 116.5, 120.8, 122.1 

jMPPA)ZnjSTrtj (4): To a solution of 619 mg (2.87 mmol) of 
MPPAH and 791 mg (2.86 mmol) of triphenylmethanethiol in 50 
ml of oxygen- and water-free toluene, stirring with 3.80 ml (3.80 
mmol) of a 1 M solution of diethylzinc in toluene was slowly added 
dropwise. Then 4 ml of ethanol was added to destroy excess ZnEta 
and the mixture was stirred for 30 min. The solution was reduced 
to 10 ml in vacuo and the precipitate of 4 filtered off. Recrystalli- 
zation from hot acetonitrile yielded 853 mg (54%)) of 4 as an ocher- 
ous powder, inp. 158°C. - Selected IR bands (KBr, cm-'): P = 

3281 w, N-€1; 1602 ni, 1585 w, pyridine. - IH NMR (CDCl,): 
6 = 3.08-3.21 [s, br, lH,  NH], 4.17 [d, 3 J =  7.4 Hz, CHz], 
6.78-6.90 [m, 2H, phenyl H4 and H6], 6.97 [dt, ' J  = 7.8 Hz, 4J = 
1.8 Hz, 1 H, phenyl HS], 7.03-7.12 [m, 9H, trityl Hpara and H,,,,], 
7.17 [d, ' J =  7.7 Hz, IH, phenyl H3], 7.33-7.52 [m, 8H, trityl 
Hortho, pyridine H, and H6], 7.81 [dt, 3J = 7.7 Hz, 4J = 1.8 Hz, 
1 H, pyridine H,], 8.56 [d, br, 3J = 5.4 Hz, 1 H, pyridine Ha]. - 
The I3C NMR spectrum (CDCI') was so dominated by the aro- 
matic carbon signals that the aliphatic signals could not be assigned 
with certainty. - C3,H26N2S2Zn (556.1): calcd. C 66.96, H 4.71, N 
5.04; found C 66.77, H 4.74, N 5.22. 

Structure Deterrninali~n[~']. Crystals of 3 were obtained from the 
reaction solution: C24H22N4S2Zn, mol. wt. 496.0, colorless, crystal 
size 0.5 . 0.4 . 0.3 mm, space group P-I, Z = 2, a = 8.650(2), h = 

11.543(2). c = 11.839(2) A, a = 79.89(3), p =  83.26(3), y = 

78.90(3)", V =  1137.7(4) A3, dcalcd. = 1.45, dcIcxp. = 1.48 g/cm3, 
p(Mo-K,) = 12.8 cm-'. Diffraction data were recorded with the w/ 
2 0  technique in the 2 0  range 5-53' with a Nonius CAD4 dif- 
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fractometer with molybdenum radiation (h  = 0.71073 A) and a 
graphte monochromator, for the index ranges - 10 s h s 0, - 14 
G k < 14, -14 1 6 14. 4937 reflections were recorded of which 
461 8 were independent (Rint, = 0.01 l), and 4075 with I 3 2 4 4  
were used. After an empirical absorption c ~ r r e c t i o n ~ ~ ]  the struc- 
ture was solved with direct methods and refined anisotropically. 
Hydrogen atoms were included at fixed positions (C-H = N-H = 
0.96 A), their isotropic temperature factors were fixed at 1.2 times 
the value of the C or N atoms attached to them. The final un- 
weighted R value was 0.033 for 280 parameters. The residual elec- 
tron density extrema were t0.6 and -0.7 e/A'. All crystallographc 
computations were performed with the SHELX program system["], 
the drawing was produced by using SCHAKAL[261. 
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