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Zinc dicarboxylate complexes having Z-glycine and Z-oligopeptides as functional units in the 

ligands were prepared. Molecular aggregation of these complexes was investigated using 

several spectral techniques. The interaction of these complexes with ammonium salt etc. was 

also investigated using 1H and 13C NMR spectra. 
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1. IN1RODUCTION 

Recently, it has been clarified that metal complexes can be 

associated together and can make specific molecular aggregates. 

Among them several porous skeleton structures have been reported 

[1-5]. These porous skeleton structures contain micropores in nano 

meter size, and lhey can be applied to store, enclose and transmit 

specific small molecules in the pores. Meanwhile it is well known 

that hydrogen bonding plays an important role for several 

biological materials such as proteins and nucleic acids to maintain 

their higher otder structure and to evaluate lheir functions. On lhe 

other hand amino acids lhemselves as building blocks of proteins 

are multifunctional molecules and can play as functionalligands as 

amino and/or catboxylato [6]. Consequently we attempted to 

prepare a specific aggregate of transition metal complexes having 

Z-glycine and Z-oligopeptides as ligands furough intermolecular 

hydrogen bonding. 

2. EXPERIMENTAL 

2.1 Preparation of:ln(ll) complexes with Z-oligopeptide 

General synthetic melhod is as following; zinc oxide (1.0 mmol) 

was suspended in CH3CN under N2• Z-Amino acid or 

Z-oligopeptide (2.0 mmol) was added to the suspension with 

stirred at 80 °C. After the reaction, precipitates were filtered off and 

the complexes were obtained as coloroless solids. 

2.2 Characterization 

IR spectta were measured with a SIDMADZU FT-IR DR8500 

using KBrpellets. 1H and 13C NMR spectta were recolded with a 
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Varian UNITY 300 FT NMR apparatus (300MHz) at 29.0 ± 0.1 

se. Concenttations of the complexes and the additives weere 

fixed as 0.42 mol dm"3 using DMS0-4; as a solvent 

3. RESULTS AND DISCUSSIONS 

3.1 Preparations and identification of zinc complexes 

The reactions of zinc oxide wilh Z-glycine or Z-oligqx:ptides 

in acetonitrile suooessfully gave zinc(ll) dicatboxylate type 

complexes, which was confumed with lheir elemental analysis 

(CHN) data; the range of the deviations funn the calculated values 

OOsed on :ln[OC(O)R];t. where R is Z-NHCH2 or Z-oligopeptides, 

were within ± 0.04%. Ylelds and mps of the complexes 

prepared in 1his study are summarized in Thble 1 Unfortunately, 

we can not obtain good single CJYstals of them for X-:ray 

crystallogrnphy. 

Thble I Preparations of lhe Zn(ll) dicaJ:boxylate complexes 

complexes 
[Z-GlyO]~ 

[Z-GlyGlyO]~ 

[Z-GlyGlyGlyO]z:ln 
[Z-GlyGlyGlyGlyO]~ 

[Z-GlyAlaO]~ 

[Z-GlyValO]~ 

[Z-GlyLenO];l.n 
[Z-AlaGlyOJ~ 
[Z-Val.GlyO];l.n 
[Z-LenGlyOlz?.n 

time/h 
24 
24 
48 
72 
24 
24 
24 
24 
24 
24 

%-yields 
84 
95 
71 
73 
81 
38 
63 
68 
75 
72 

mp/"C 
>300 

240.0-241.0 
247.0-248.0 
225.5-226.5 
218.0-219.0 
205.0-206.0 
189.0-190.0 
212.0-213.0 
221.0-222.0 
190.5-191.5 

Reactions were canied out at 80 o C in acetonitrile. All 
elemental analysis data were well coinsided to calculated values. 
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Table 1I Selected vibrational modes of 1he ligands and 
complexes a) 

wavenumbers I cn11 

ligands ligands complexes 

v(COOH) v,.(COOln) V/.COOln) 
Z-GlyO 1730 1570 1400 

z.GlyGlyO 1736 1564 1395 

Z-GlyGlyGlyO 1703 1553 1400 

z.GlyGlyGlyGlyO 1703 1551 1390 

z.GlyAlaO 1708 1552 1392 

z.GlyValO 1700 1538 1398 

Z-GlyLeuO 1695 1530 1406 

Z-AlaGlyO 1702 1535 1399 

Z-ValGlyO 1704 1543 1399 

Z-LeuGlyO 1710 1535 1407 

a) Measurements were done using solid samples. 

Selected vibrational absolption bands of the tree ligands and the 

complexes are also summarized in Thble II. Z-Glycine and 

other Z-oligopeptides showed cbaracteristic v(COzH) band at 

around 1695-1730 cm·1• This range of the absolption maxima 

should indicate that 1hese carboxylic acids exist as dimers [7]. 

The condensation of these acids wi1h zinc oxide resulted in the 

disappearance of the above v(COzH) band and in the appearance 

of two carboxylate bands; 1530-1570 cm'1 [v .. (C(h)] and 1400 

cm'1[v.(CO~] [7,8]. Elemental analysis data showed that two 

acids are bonded to a central zinc atom. Additionally, the 

presence of two absolption bands assignable to bidentate 

carboxylate suggested that 1he linkages between zinc and 

carboxylate are anisobidentate. 

Consequently we concluded n:asonablly that these zinc 

complexes with Z-glycine or Z-oligopeptides shonld be 

four-coordinated dicarboxylates and have Td synnnetty similar to 

zinc diacetate molecule. Futfuer we conld detect slightly higher 

wavenumber shifts ofv(N-H) of ca:rbamoyl and/or amide that may 

be derived from 1he formation of some kinds of aggregates 1hrough 

an intennolecular hydrogen bonding. Significant coalescence of 

these v(N-H) bands was, however, observed and we could not 

assign these bands to the identical N-H sites. 

Next, we attempted to identiJY NMR signals to the 

corresponding protons and carbons of the complexes. Selected 

results of identifications are illustrated in Fig. I, focusing Z-glycine 

and Z-oligoglycines and their zinc complexes. These 

assignments appeared in Fig.I for the acids were coincided to the 

literature data [9]. Then the assignments for the complexes 

shonld proceed based on those of 1he acids and 1he coupling 

constants in 1H NMR spectra between methylene protons and 

N-H. From Fig. I, the signals of 13CO:rZn in the complexes 

appeared at lower fields 1han 1hose of 13COzH in 1he acids, which 

again supported the presence of bidentate carboxylate linkage [9]. 

Signals relating to Z group and neighboring ca:rbamoyl N-H did 

not move with bonding to zinc atoms. In contrast, both &..CH~ 

and &..N-H) of the nearest glycine unit from zinc were shifted to 

higher fields in ea 0.1 and 0.3.{)5, respectively. Such higher 

field shifts may be influenced by an induction effect from COOZn 

moiety in part and may indicate that the complexation with zinc 

shonld decrease the streng1h of intennolecular hydrogen bondings 

among 1he ligands. Significant line broadening was observed for 

signals of three amide units from c -tenninal especially in 

Z-GlyGlyGlyGlyOH and its complex, which suggested 1he 

fonnation of aggregates of this Z-protected tetrapeptide unit 

through hydrogen bonding. 

Z·Giy-OH 
7.36m S.02s ~ 

\ _,.( A 3.66d 1-6.0 Hz 

(Z·Giy.0)2Zn <.O.Jl) 

7 .35m 5.01s ~ 3.541 J-6.0 Hz 

~h~A 6/ozn 
\~\~rrlso .. l17r;::1-~lll [174.81 

Ph. 0 N~OH 
165.41 [156.51[142.11II117I.ol 

H 0 
7.601 1=6.0 Hz 

(.0.2.) 1·0.2) H (+1.3)0 1+3.2) 

7 .25t J-6.0 Hz 
.0.35 

Z·GlyGiy-OH3.65d 1=6.0 Hz spt J= 5.0 Hz 

S.03sJL'\1169.511~ (Z·GiyGIJ~?)•Zn (.0.33) 
7 ·3:~0 N~Nf43·41 [171.21 1.64d)1=6.0Hz 7.82t 1=5.4Hz 

165.51[Iso.511[41,1JII OH 
504 

~"- /ft.~l71~ 10) (+3.0) 
H 0 7.35~ s ............. "' · N[43.4] [174.21 

7.5\t 1=6.0Hz 3.75d 1=5.0Hz Ph[M.4'0 N~ OZn 
(·O.tj' [156.4][ ]41.8111 

(.O.l) H (+0.7)0 3.66d 1•5.4 Hz 
J.[8f/-6.0 Hz 1·0.09) 

Z.GlyGiyGiy-OH (Z·GiyGiyGI~.OJfZn 
(.0.03) fj2t 1=5.7 Hz 

3 67d 1=6 0 Hz8.17t 1=5.1 Hz 3.64d ~6.0 Hz 
. '- ' . H,, .,~ .. 3.77d 1=5.0Hz (-1.1) H(-MJ.J) (.0.11) 
Z,N ,1169.51~~6931( ~OH z ... N 168.4]~[41.9] 3.66d 1=5.b~n· 
1~ 3.75d 7t43.61JIT171.2\ 1~ /1169.3~~174,1] 
H O 1=5.1 Hz H O H(+l.2)0 (-Kl.l) H (.0 nO 1+2.9) 

7.501 1=6.0 Hz 8.19t 1=5.0 Hz 7.49t 1=6.0 Hz 3.73d 7 901. 1=5 1Hz 
(.0.01) 1~gi; Hz (.0.29) · 

Z·GiyGlyG1yGiy-OH --------~:.;::._ ___ _ 

3.68d 1=6.0H•w• 
0 

-s.24-~16m 

z~rt69.sJ~~ 142.1 ~~71.21 
7~ 169JI7 [169.31 OH 
H 0 H 0 t 

751 t 1=6.0Hz l.SQ.l.7lm (Z·GlyGiyGiyGiy·0)2Zn 

{ 
8.36 bt (+c~O.'J 

3.741•0.06) 7.61! 1=5.1 Hz 
1=6.0Hz d~s7~ 1 H.<+2.3)() <.O.Jl H<-o.J) o1-MJ.7J 
z ... ' ·-~~~ t42.o] ~~71.91 
7~ (H>9.s~\Yr169 .. l]\ OZn 

7.56t J..t6.o Hz0 I+O.~ 3~ bt o <Ol 
(+0.05) • 3.55·3.80b 

Figure I NMR assigmnents of ligands and Zn complexes. 
Chemical shifts o of 1H and rt3Cl are displayed around 
the molecular formulae and 1he differences of the 
chemical shifts between the ligands and complexes are 
also represented in parentheses. 
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3.2 Specific interaction of (Z-GlyGlyGlyGlyOhZn with 
methylammonium salts 

We attempted to investigate on an interaction of the complexes 

with some active hydrogen compounds using NMR spectra in 

older to evaluate molecule recognition ability of these complexes. 

The active hydrogen compounds employed are as following; 

alkylamides such as butyramide, isobutyraminde, benzylamide, 

N-methylpropionamide, or N·ethylacetamide, urea and 

Conditi·ons of methylammonium [(CH3)nNf4n1 salts. 

measurement were as following; complexes (0.25 mmol) and the 

active hydrogen compounds (additives, 0.25 mmol) were dissolved 

together in 0.6 Cl1i ofDMS~ (concentration 0.42 mol dm"3 for 

each components). Among these active hydrogen compounds 

employed, trimethylammonium hydrochloride specifically 

lowered the signals of O(N-H) in the nearest glycine unit of 

(Z-GlyGlyGlyGlyOh.Zn as shown in Fig. n. and m . 

(-0.04) (-0.01) (;.0.17) 
3.70bd 1=5.7 Hz 8.35 bt 7.78!..!:_5.1 Hz 

9 "-.. H (·0.7) 0 (0) ~(:~~~~I /0) 

7.3~~~0~N~~~Nl~42.0] N~~~-~J 
[65.5] [156.6] 1[~~,.6111[168.4 [169.6]1 [169.2] " 

H (O) (j;.0.2) (-02) H o<-0.1) 
7.57t 1=5.7 Hz · 8.35 bt 3·76d 1=5·1 Hz 

(-0.09) (-0.01) 
,_____ __ 3.50-3.80b 

Figure II Olemical shift data of (Z-GlyGlyGlyGlyOhZn in the 
mixture system with trimethylammonium 
hydrochloride. Olemical shifts o of 1H and [13C] are 
displayed around the molecular formulae and the shifts 
from the free complex are represented in parentheses. 

0.2 r-------------, 

..... ------- ..... 
..... 

.... 
,;""' 0.15 

0.1 
@' 0.05 

I 0 ~----------------~.~----j 
~-0.05 ~ 
<I -0.1 

-0.15 
-0.2 

-0.25 
-0.3 L----------------------~ 

Figure m 

2 3 

n in (CH3)nNH4-n 
_ (Z.GiyO)zZn _ •• (Z.GlyGlyGiyO~Zn 

• • - • (Z.GlyGiyO)zZn -- (Z.GlyGiyGiyGlyO~Zn 

Olemical shift changes of O(N-H) in the mixture of 
(Z-GlyOhZn, (Z-Gl)'GlyOhZn. (Z-Gl)'Gl)'Gly0h.Zn 
or (Z-Gl)'Gl)'Gl)'GlyOhZn with (CH3).,NH4., n=l,2 
and 3. L1 O(N-H) means the difference of the 
chemical shifts ofN-H of the nearest glycine unit from 
zinc in free ligands and the complexes. Lower field 
shifts are represented by positive values and higher 
field shifts negative values. fu the following figures, 
the tenn LIO(N-H) indicate the same meanings. 

Such a significant chemical shift change could not be observed 

in any other mixture systems consisting of (Z-GlyOhz.n, 

(Z-Gl)'GlyOhZn, (Z-GlyGl)'GlyOhz.n or 

(Z-GlyGl)'Gl)'GlyOhZn with (CH3)nNI4., where n = 1,2 and 3, 

and other active hydrogen compounds. Thus, 

(Z-Gl)'GlyGlyGlyOhz.n may recognize trimethylammonium 

among several active hydrogen compounds employed, . which 

should be detected by NMR. Although the scheme for such 

molecular recognition is not clear in this stage, it can be said that 

(Z-Gl)'Gl)'GlyGlyOhZn should detect the presence of 

trimethylammonium by the change of the mode of molecular 

aggregates. The balkiest ammonium (CH3hNH pethaps has 

largiest effi:ct to change such molecular aggregates. 

3.3 Molecular recognition behavior of zinc complexes having 

dipeptide chains. 

fuvestigations for similar molecular recognition behavior of 

Zn(ll) dicarboxylate complexes having dipeptide chains as ligands 

towa:n:ls (CH~ where n=1,2 and 3, were canied out and the 

results obtained are shown in Figure N and V. These complexes 

of dipeptides are four-coon:linated complexes, which was also 

confirmed by elemental analyses and 13C NMR spectra as 

descnbed above. At first the effi:ct of substituents at outer amino 

acid units was investigated using (Z-AlaGlyOhZn, 

(Z-ValGlyOhz.n and (Z-LeuGlyOhz.n together with 

(Z-Gl)'GlyOhz.n.. Figure N represents the relations of L1 O{N-H) 

of the nearest glycine unit to zinc atoms with the class of 

methylammonium. salts . 

0.2 r---------------, 
0.15 

0.1 
0.05 

~ -0.~ 1---::-.-:--_-~. -::.= .......... =--~.:=~-.... --:::;;:,r---( 
v -0.1 
t-0 <I -0.15 

-0.2 
-0.25 
-0.3 ..1-------------' 

Fig. N 

2 3 
n in (CH3) 0 NH4-n 

_ (Z..OlyGlyO~Zn -(Z.AlaGly0)2Zn 

•••••(Z.VaiGlyOhZn -- (Z.LeuGly0)2Zn 

Chemical shift changes of O(N-H) in the mixture of 
(Z-Gl)'GlyOhZn, (Z-AlaGlyOhZn, (Z-ValGlyOhZn 
and (Z-LeuGly0hZn with (CH3)nNH4-o, n=l,2 and 
3. 
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No specific change of 1he chemical Shifts was detected in 1he 

mixture systems of 1hese complexes of dipeptide chains wifu 

methylannnonium salts. The presence of alkyl substituents at 

fue outer amino acid units perllaps prevents 1he fonnation of 

self-aggregation and 1he interaction wifu arrnnonium ions. 

Next 1he effect of substituents at inner amino acid units was also 

investigated using (Z-GlyAlaOf.!Zn, (Z-GlyValOhln and 

(Z-GlyLeuOhln . Figure V shows 1he relations of .d O(N-H) of 

1he nearest amino acid units to 1he zinc atoms with 1he class of 

me1hylannnonium salts. 

$ z 
'-" e-o 
<l 

0.2 
0.15 

0.1 
0.05 _ .... ~ .... ..: 

0 
··~ --~ 

-0.05 ,I 
,1' 

-0.1 
,; 

,; 

-0.15 / 
/ 

-0.2 
/ 

/ 

-0.25 
__ / 

-0.3 
2 3 

n in (CH3)nNH4-n 
- (Z.GlyGlyO),Zn -(Z.GlyAla0)2Zn 

··•••(Z.GlyVal0)2Zn -- (Z.GlyLeu0)2Zn 

Fig. N Cllemical shift changes of O{N-H) in fue mixture of 
(Z-GlyGlyOf.!Zn, (Z-GlyAiaOhln, (Z-GlyValOhln 
and (Z-GlyLeuOhln wifu (CH3)nNI:4, where n::::l,2 
and3. 

fu these cases it was expected 1hat an intermolecular association 

was strongly prevented by 1he inner alkyl substituents. Further a 

weak interaction wifu arrnnonium ions were also expected. 

However, leucine derivatives showed specific behavior. Thus, 

O(N-H) ofleucine should move to higher field in 1he mixture with 

methylarrnnonium and dimethylammonium chlorides. This 

phenomenon should be explained as following; because of low 

degree of association of (Z-GlyLeuOf.!Zn, me1hylamonium and 

dimethylammonium ions, 1he smaller anunonium ions among 

(CH:J)nNI:4, where n=1,2 and 3, can readily replace any 

intermolecular hydrogen bonding between (Z-GlyLeuOhln 

molecules at 1he outer glycine unit Hence, (Z-GlyLeuOhln 

can recognize me1hylamonium and dimethylammonium ions. 

4. CONCLUSION 

Zfuc oxide can react with Z-glycine and Z-oligopeptides such as 

Z-GlyGlyOH, Z-GlyGlyGlyOH, Z-GlyGlyGlyGlyOH, 

Z-GlyAia,OH, Z-GlyValOH, Z-GlyLeuOH, Z-AiaGlyOH, 

Z-ValGlyOH, and Z-LeuGlyOH to give zinc dicatboxylate 

complexes. Molecular recognition behavior was detected for 

(Z-GlyGlyGlyGlyOf.!Zn and (Z-GlyLeuOhln toWlllds 

trimethylanunonium hydrochloride and me1hylarrnnonium or 

dimetylanunonium chlorides, respectively, by 1he change of fueir 

molecular aggregation .. 
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