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rntroduction

                                                     '
     :n the broad fieid of the structural chemistry ot coordi--

nation compounds, many works have been done by means of tech-

niques sueh as spectrosoopy, magnetic susceptibUity and Xeray

difÅíraction. Among these teehmigues the X-ray dAffraction may

be one of the strongest approaeh to the Åíield.
     Recently, Mngefelter and his conaboratorsl'2,3 in the

U,niversity oÅí Washington reported many structural'work on metal

(ilpelates of salicylaldtainates ligands to ciarify the molecuiar

d"mensions of the ligand molecules and the eoordination bonds.
on the other hand, Ereeman and his coneagues4,5,6,7,8 in the

University oÅí Sidney worked out the struetures of the metal

complexes oÅí gZycine-oligopeptides to find oUt the role of metal

ions in the Uving organisms. Both of the groups presented

very interesting coordination configurations around the metal

ions with respect to the numbers oÅí' ligand atoms and their

specifie coordination geometry by X.ray diffraction method.

Especially in the latter eomplexes, penta-coordination configu-

ratlon around the eopper(ZZ) ion was commonly found, which ls
now apparent to pervade the periodie Table9.

     rn the decade of ninteen-Åíifties, Metzler and snenlO,11,

12,IS     had made an intenslve work on the metal chelates of

Schift bases derived from amino acids and vitamin B6 and had

)pened the Åíield which conpects the chemistry of the eoordlna-

bion compounds and biochemistry; some evidences suggested that

bhe chelation ot the Schift bases to metaZ ions may play an
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 important role in the noneenzymatic transamination reaction of

the SchiÅíf bases prepared from vitamin B6 and amino acSds.

These bases are of mueh interest as model compounds for the

transamihaSe enzymes. Zt was also proved that the coordina.

t•ion of copper(XI) ion with Sehiff base derived from salicyl-

aldehyde and glycine results in stabiUzation oÅí the double

bond, >C=N-, under condttions that would promote its rupture
in the absenee oÅí the metal ioni4. Recently, Nakahara and his

             15                reported a clear-cut non-enzymatio transamina-collaborators

tion reaction, in which the migration oÅí the double bond was

taken place;' they proved that the complex isolated in the erys-

taXline state from the copper(::)-glyoxalate-alaninate system

was in faet pyruvideneglycinatoaquocopper(ZZ) lnstead of gly-

oxylidenealaninatoaquocopper(Z:). ALso they came to a conclu-•

sion that no transaminatien reaction was observed in case of

copper(ZZ)-pyruvate-P-alaninate and copper(=)-glyoxalate-P-

alaninate system.

     The moZecular structure analyses of these complexes may

be an interesting approach to make the reaction mechanism of

transamination reaetiong clear since these complexes are exe

pected to be the catalytic intermediates in the reacttons.

Hence the structure anaZyses of these were planned to obtain

a considerable precision an the accuracy ot molecuZar dintene

sions by means oÅí X-ray diÅífraction method. With an aim to

find the coordination configuration of copper(ZI) ion, the

different types of eomplexes with respect to the ligand molee
                                                       'cules were selected.•
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     rn this thesis the crystal structures of three complex

crystals are described and these are:.

  Z. N-salieylideneglycinatoaquoeopper(U) hemihydrate
      [Cu(egH7N03.H20)] .bH20 (abreviated as EStSllCH hereatter),

 :Z. N-salicylideneglycinatoaquocopper(ZZ) tetrahydrate
      [CU(CgH7N03.H20>).4H20 (abTeviated as .Egt2!!Cr hereafter),

ZZr. Pyruvidene-P-alaninatoaquocopper(::) dthydrate
      [CU(C6H7N04.H20)] .2H20 (abreviated as l\ALgJ2CD hereafter).

     All of these eomplexes are the type of 'three--coordinatedt

complexes, and : and ZZ contain planar fivet and six-membered

chelate rings, while IZ: has a non.pianar six- and a planar

fiveemembered rings. rn crystals : and U the substantiaX

part of the moiecuZe are t)Le•Bame, though the crystal struc-

ture may be compZeteZy different from each other. The com-

plexes I and Zr are closely reiated to the transamination re-

actions, with the >a=N- double bond migration expeeted, and

the third complex does not show the migration.

     The moleeules oÅí these complexes are shown ln ?igs. 1, 3

and 5 wlth the molecular da.mensions obtained in the present

analyses.

e Se



;E!usRg22,-g!xerimental

     Crystals of EStis2UcH, Egtgz:cT and 21As12cD were prepared16,17 and

kindly supplied by ?rofessor A. Nakahara oÅí the Osaka'Untver.

sity. The appearance and the color of them are:

          .SgtgSICH dark green prisms,

          .SgtgXCT bright green needles(unstable at the

                   room temperature),

          PACD deep blue prisms.
     rhe erystaZs used throughout the experiments have the

dimensions O.20xO.20xO.10mm in EgGSSICH, O.12xO.07xO.22mm in .SSGS[!CT

and O.11xO.15xO.19mm in 2AASi120D crystal, respectiveZy. The b

axes were mounted along the spindle axis of the goniometer

head for ali the erystals, although the needZe axis of EgtS21!CT

crystal is parallel to the c axis. Oscillation and Weissen-

berg photographs were taken with Cu Kct radiation(nickel filte

ered) to determine the approximate cell dimensions and space

groups for eaeh of them. The erystals were then set on a

goniostat on a General Electric XRD.5 apparatus eguipped with

a lu7ypton-fllled proportional eounter. The eell dimensions

were redetermined on the goniestat, using Mo Kct radiation(N=
       oO.71069A) monochromatized by zircon'ium' foU.

     :ntensities of the reflections were measured'for each

independent refZeetion within the sphere oÅí radii s(a2sine/X)

by the stationary-crystal stationary-counter technique. The

fixed time method was applied for each refleetien and the backe

ground eorrections were made by using a background curve ob-

                            •-IF-



tained in advance to the data eollection. :n ease o:r SGCT

the experiment was carried out beZow 15"C because ot its un.

Stability at the higher temperature. The numbers of reÅílece

tions exclusive of space group extinctions and the numbers
oLf refzectlons recotded as zero are Zisted bezow:

                                     SGCH SGCT PACD
                                    --1..edk-) t-ny--e--P-- e-------d-
radii of the sphere x(=2sinelX) 1.278 O.962 1.190

2e(max.) corresponding tos 54.o 40.0 50.0
fixed time(seconds> 20 10 20
total no. of reflections 2,093 1,245 1,759
no. of reÅílections recorded as zero 212 164 148

the Zargest eounts 10,902 10,365 7,978
     No correetion was made for the absoTption effect, though

it is not negligible. The extlnetion effect was not observed

notieably at the final stage oÅí the reÅíinement and the corre-.

etlen for it was ignored. Thus, tl;ese two eÅífects are the

Xirniting factors in the accuraey of the intensity data.

     eaicuiation for the goniostat setting angles and usual

borentz and polarization corrections were made on an NEACe

2101 computer at the Xnstitute for Pretein Research, Osaka

University, with a program written by the author.
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3Ci:zsugE.-llsl]istalData

     The crystallographic data of the erystalB, .SStigllCH, .Sgtg!:CT

and 2AA,gl2CD, are listed below.

                          SGCH SGCT PACD                          -----t --.---.
crystal system monoclinic monoclinic monoclinic
    a(X) 17•16Å}O.03 10.721Å}O.OIO 6.860Å}O.O05
    b(X) 6.84Å}o.o2 17.76gÅ}o.oo6 11.sg8Å}o.oos
      o    e(A) 17.57 Å}o.ol 13.895Å}o.oo6 13.358Å}o.oo3
    B(O) 111.29Å} O.05 9Zl-.71Å}O.05 106.9JÅ}O.05

    u(a3) i,g2o 2,638 999
    dm(g.cm"'3) 1.88 - 1.821
    dx(g.cm- 3) 1. 85 1.744 1. 823
    p(cm-1)(Åíor Mo Kcz) 22 18 23
space group C2/c C2/c P21/c
     The space groups possible tor .SgtSSICH and .SStSl!CT crystals are

Cc and C2/e. Mhe test for the alternative choice of the space

groups was carried out for the SGCH erystal; no pyroelectrl-
city was observed and further, a statistical N(z) testi8,

applied to all the three-dimensional data, indicqted conclu-

sively the existence of a cehter of symmetry in the crystal.

Therefore, the structure analysis of sutiS2!ICH was started by

assuming the centrosymmetric space group, C2/c, and this

assumption was later Justified by the success of the structure

determination. Por .EStA2:CT crystal the space gro.up was aZso
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assumed as C2/c and conÅíirmed by the successful structure

analysis. The space group tor l:AiS212CD was uniquely determined

as P211c from the systematic absenses.

Determinatien oÅí the Structure

     Rrom a three-dimensional Patterson funetion, calculated

after the corrections for borentz and polarization eactors,

the positions oÅí the oopper(ZI) ion were easUy determined.

For SGCH and PACD the suecesSive Fourier calculation witn
             "
phases based on the heavy atom, copper(Z:) ion, revealed all

the nonehydrogen Xight atoms. For .Sgtg2:CT +.he mintaum function

superposed on copper(Z:) ion clearly showed the non-hydrogen

light atoms, though there were seven possible positions for

the crystallization water molecules.

     Further refinement of the crystal structure were carried

out by the block•-diagonal leastctsquares method as follows;

                                    SGCH SGCT PACD                                    --tP--pt "-b--- e-----
isotropie thermal parameters O.09S O.071 O.110
anisotropic thermal parameters O.075 O.061 O.079
including hydrogen atems O.069 O.050 O.071
     The above-mentioned numbers are the discrepancy index R,

which is expressed by XllFol - fFell/XIFol. The isotropie refine-

ment is the one with isotropic thermal parameters applied for
the atoms of the Åíorm exp-(Bsine2/x2), and in anisotropic

refinement the parameters are of the term exp-(Pllh2+B22k2+
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 P3:i2+B12hk+P13hl+P23kl). The positions of hydrogen atoms

 were Åíound in the diÅíference Fourier maps with the coefficients

 (Fo-•Fc) after the anisotroplc refinement. :n the least-squares

 calcuiations a unit weight was assigned for eaeh reflection,
and the minuns ized function is x(AF)2.

      Mhe einai atoMie parameters are listed in Tables 1 and 2

for .Sgtg ICH, in Mables 3 and 4 for .Sgtg:!CT and in Tableg 5 and 6 for

PACD. The observed and calcuiated structure tactors are listed

 in Tables 7, 8 and 9, for SGCH, SGCT and 2AAEEI2CD, respeetively.

The atomic scattering factors for copper(=) ion and for neu-

tral C, l", O, H atoms were taken from the rnternational Tables,
so xRa c tn hi9. Acorrection for the anomaious
dispersion effect20 oÅí copper(zz) ion, Ai=o.3, was included

                                       'in the structure factors calculations.

     The caXculations of the structure analyses were made by

t.he programs as folZows; the Zeast-squares ealculation, Fourier

sumation, Ulstanees, angles and best planes calculation were

made by the program written by Dr. r. Ashida ot the rnstitute

2'or Protein Research, Osaka University, on H:TACe5020 com-•

puter at the Mokyo University. rhe calcuiation of the Patt.

erson function was carried out partly. on NEAO-2206 computer

of the Osaka University by the program written by Dr. T. rakano

of the Znstitute for ]?rotein Research, and also on HZTAC-5020

computer by the program written by M)7. N. Yasuoka ot the

FacuZty of Engineering, Osaka University as well as the pro-

gram oÅí minimun funetion for HZMAC-5020 eomputer.
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,D29E9!YXS-,911-9JLi9Sl9NS2!rc99Y:9eitiOnOftheStrUtre

 r. Molecular Strueture.

a. N--saMeylideneglycinatoaquocopper(I:) hemihydrate(.SgtgilCH)

    and tetrahydrate(ESGSI!CT).

     The bond lengths and angles in the molecules of EStSIICH and

sutE:SCre. are shown in Figs. 1, 2 and 3, 4, respectively. rhey

are aiso Msted in Tables 10 and 11 with thelr standard devi-

ations. The least-squares planes(best planes) ot these mole-

cUZes are listed in Table 16 with the normal distances from

the planes.

     Both oÅí the complexes "e approximately on the planes

described by the equations P(1) in Table 16. rhe pZane for

.ESt-EICH is reughly perpendicular to the b axis(61') and that oÅí

.SStig2CT nearly perpendicular to the c axis(180). The largest

deviations of atoms from these pianes are O(2) in .EgGgllCH by
o.326X and w(1) atom in sGeT by o.25321. :n sGcH several atoms
                       p------..- --e--.-
have the normal distances from the piane P(1) by more than
   oO.2A as can be Seen in Table 16, and this Åíact shows that the

plane of .SStiS22:Cor has the bet'ber planarity than that of SGCH.

Since the eomplexes are not on complete planes they can be'

better deseribed by two planar groups, one being salicylale

diminatocopper group which forms the plane P(4), and the ether

t.he glycinatocopper group which forms the plane P(3) in Table

16, although several atoms still deviate trom the plqnes by

significant amounts. OÅí these pZanes the better tit is ob-
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 served Åíor the plane oÅí glycinatocopper group in sutlS:!CT than in

 .SgtSUi[CH since the nitrogen atom deviates from the plane by oniy

 a halÅí of the amount observed in the former than the latter.

 This difference may be explained by the rotation around the

 C(1)--C(2) bond and hence the rotation around thSs bond from

 the carboxyl plane is less in the foriner than that ot the

 iatter. Mhe planes of salicyZaldiminatocopper groups tn both

.SgGggCH and in .SgGg2:Cr are Åíairly good planes and eouid• not Se de"

 tected any significant dtLÅíterenees between these two. The '

deviations of the nitrogen atoms Åírom these planes P(4) are

O.07A in SStiSUCH and O.06A in .EgtgZCT, respectively. These values

can be compared with the s'imilar values observed in bis-(5-
ehZorosaZicylaldoximato)eopper(ZZ)(O.1Oa)3, bis(saMeylald-

doximato)eopper(rl)(o.o4g)2 and in complexes with the same

kind of ligand moleeules. This devlation Åírom the plane may

be due to the distortion caused in the tormation of the six-.

membered rings between copper(ZZ) ion and salieylaldiminato

Mgands. The dihedral angles between these two planes, J?(J)
and P(Z"), is 16.5" in ESGSIICH and 9.5Oin EKG2:!CT. rhese angles

aZso indicate the better planarity ot the complexes as a

whole in SGCT than in SGCH.
         e-.------pe k-e-.t
     The bond distanees in the benzene rings both in SGCH

and EgtgglCT are signiÅíicantly fluctuated as can be seen in Table

10. The fluotuation ot them are O.o2a from the mean,1.4o3a,

                ooin .SgtgS!CH and O.05A from the mean, 1.400A, in .Sgtgg:CT. The con-

tribution of the quinone type resonance structure seems

rather smaU in these eompZexes whiie it is appreciable in
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               21                 . 14e amount ot the tluetuation is toe big salicylic acid

 to be accounted Åíor by the values calculated by a si.mple molee
 cuiar orbitax approximation given by mngatelter and Brauni,

 as fellows;

                                     'MO mean(.ESGISIICH-.SgGS221CT>                SGCH                               b.B.                       SGCT
               -v--e---- --------pt
   C(4)-C(3) 1.457 1.450 1.430 1.42 '1.453
   C(4)-C(5) ,1 .420 1.389 1.425 1.4o 1.405
   C(4)-C(9) 1.409 1.409 1.415 1.42 1.409
   c(6)-c(s) 1.s8g 1.3g4 1.367 1.38 1.392
   c(6)-e(7) 1.s7g 1.3gl 1..s84 1.3g 1.s8s
   c(8)-e(7) 1.4og 1.s67 1.s88 1.38 1.388
   C(8>-C(9> 1•412 le!447 le415 1•40 le429
  C(9)-O(5) 1.337 1.550 1.312 1.51 1.343
  where L.B. are the values Åírom the experiments by Mngafelter
  and Brauni as mentioned below.

     Even by eonsidering the standard deviations of these

bonds the diÅíferenee in C(8)-C(9) in .Sgtg:!!CT from the value of

MO ealeulation is too big, and rather the consistency between

average oÅí EgGgUCH-.Sgtg2CT and L.B., which are the averages of nine

salicylaldiminato ligands of compZexes Åírom the list given by
l)ingafelcer and Braun1, are exceuent. ungafelter and Braun

also indicated that the three bonds(C(5)-C(6)•, C(6)--C(7), C(7)-

e(8)) which are comparatively farther from the metal have the

                             oaverage length less than 1.39A, while the four bonds(O(3)-

c(4), c(4)dtC(5), C(4)-c(9), C(8>-C(9)) which are nearer to the

metal all have an average lengths greater than 1.41a. These

"'11-



vaiues were taken from the nine complexes as stated, and they

proved that this difterence was significant by means ot a

 simple MO calculation guoted above. These two kinds of the

averages are "sted below;

     compiex nearer four farther three
                                         oe      SGCH 1.424A 1.S84A     w      SGCT 1.425 1.592     nv
    values by MO calculation 1.41 1.38
     From the Zist the differences between the nearer four

and the farther three in both SGCH and SGCT are eonsidered
                              "t-db--eO e------b
significant. Mhis effect is aXso observed in manganese(ZZ)
cheiate of pyridoxyiidenevaline22. The angzes in benzene

rings have the averages of 120.00 both in EgtggCH and .Sgtgg:Cr. The

planarity ot these rings, as expressed by the equations P(5>

in rable 16, are exceZlent within the standard deviations.
     rhe bond distanee of e(9)-O(5) is 1.337A and 1.5soa for

SGCH and SEgt:g21CT respectively in the present analyses, and this

                                                 oelongated bonds, eomparing with the value, 1.312A, given by

1)ingaÅíelter 'and Braun, may be reasonable lf the Coodination

bonds, Cu-O(3), are taken into account, where the coordination

bonds are signifieantly shorter ln the present analyses than

those by J)ingaÅíelter and Braun.

     Mhe glycine residues oÅí these compiexes have the normal

bond distances and angles as in usual amino aelds, though the

shifts oÅí the nitrogen atoms from the carboxyl planes are

-12-e



 O.55A in EStS!ICH and O.12A in Egtg:gCT. These amounts of shiÅíts
from the planes are compared with the values, o.44a, o.s8a,

 o.3ia in oe-, B- and y-gzycine23'24'25. mhis vaiue usuaiiy

has more variety in otheti amino aeids. Mhe smalZ amount,
     oO.12A, in Egtg2:CT eorresponds to the better planarity of P(J),

and reZates to the rotation around the bond e(1)-O(2) from

the cd'rboxyl plane as stated previously.

      The coordination of copper(:Z) ion is not the usuai dis-

torted octahedron observed ln the copper(ZZ) cempiexes with
                                          'the salicylaldiminato ligands, but is a square pyramid in the

present anaiyses, which is now the grawing class of the con"

figuration ot five-coordinated eopper(ZZ) ion. The distances
                                                   oof eopper(ZZ) environment are Cu-W(1) 2.016, 1.965A, Cu-O(1)
 1.gss, 1.g5ga, cu-N i.g4g, 1.gl321 and cu•-o(3>(phenolic) 1.g28,

      e1.936A for .SgGggCH and SGCT, respectively. These distances are

shown in Pigs. 7 and 8. The eueO(carboxyl) distances are the

quite eommonly Åíound values and coincide with the distances

in metal peptide complexes. The average value Åírom the metal
                           epeptide compZexes is 1.96'5A. The Cu-O(phenolic) bonds have
                                            oa shorter distances thqn the average, 1.902A, given by Linga-

felter and Braun, and thas may have something to do with the

longer C(9)e-O(3) bonds. Thls was the case both in SGCH and
                                                    N
SGCT. Mhe Cu-N bond distanee of Egtgl!CT is signieicantZy shorter

than that in petS2SIOH. However, these two values have the pro-.

perty similar to the metal peptide eomplexes rather than

metaZ saZicyZaldimine cornplexes since our vaZues are closer

                            - 1 5•-•



 to the distanceB oÅí metal peptide complexes with Åíive•.inember-
 ed rings, the average value being 1.963X.

      The angles, O(1)•-au-N and O(3)-eu-N, Åíor ESGiS2 ICH and .EStS:!CT

are 83.90 , 83.40and 93.4e , 94.6" . The former angles are the

 same as those in metal peptide complexes wlth five-.membered

rings and the latter coincide with those in metal saiieyl-.

aldtLmine compZexes with six"membered rings.

     Mhe major difference between EStiS2gCH and .EStS::CT in its coordi-

nation configuration is the fifth coordinat,Son ligand atoms,

and this difÅíerence is• also the major faetor in the diÅíference

of their crystai struetures of ESGÅíZICH and .Sgtg!!CT. :n .Egt91i!CH the

copper(ZZ) ion is also weakly coordinated by the O(2ii) atom

of the adjacent complex related by the two-.told screw axis.
The weakly coordinated atom O(2"> Zies at the apex of the

square pyramid of whieh corners of the approximately square

base are oceupied by the strongly eoordinated Zigand a-toms.
The bond distance of Cu-•O(2ii) is 2,3S4X and is significantly

shorter distanee than the van der Waals contacts. In .Egtg21CT

the fifth coordination atom W(2) also Zies at the apex of the'
                                  osquare pyramid at a distance, 2.552A, from the copper(:Z) ion.

Mhese coordination eonfigvtrations• are shown in Mgs. 7 and 8.

b. Pyruvidene-P-alaninatoaguocopper(ZZ) dthydrate(X2ASI2CD).

     Bond lengths and angZes in the complex of l:AS]2CD are shown

in Figs. 5 and 6, and aZso listed in Table 12 with their

                                '
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standard deviations,

     The eompiex almost Ues on the plane described by the

equation P(1) in Tabie 17 whieh is nearly perpendicular to

the e axis. However, the P-"alaninate atoms deviate from the

P(1) as 'expected: O(1>, C(2) and C(3) atoms are out of the
    '                               eplane by eO.20, O•.61 and "O.22A, respeetiveiy. The pyruvi-

dene atoms are planar, expressed by the equation P(4), and
                                       othe largest deviation from it is O.O12A oÅí C(4) atom. Mhe
                                       ocopper(Zr) ion is oÅít erom it by O.067A. Six atoms around

the >e=N- dauble bond are also eoplanar and a(6)• atom devi-
                                         oates from the plane, P(5), by oniy O.020A, though the strain
in the complex tormation, if'  exists, might be detected in

some oÅí these atoms.•Hence no twist around the double bond
                      '

     The carboxyl group oÅí B.aianinate grou'p is expressed by

the pZane i?(3). Mhe dihedrai angle between P(S) and the one

eontain.ing C(1), C(2) and C(3) atoms is 52.40 and this vaiue
is different from those found tn B-alanine(g,3e)26 and nickel

p-azanine dihydrate(so.30)27, whne the angle between thB

plane passing through e(1), e(2), C(3>, and the one contain-
ing C(2), C(3) and N atoms is 68.50<83.80 in B-alanine, 73.7e

in nickel P-aianine dihydra.te and 700 in copper P-alanlne
           28             ). From the,dthedral angles the conformationhexahydrate

eÅí the P-ptalaninate group in the present work Å}s diÅíÅíerent

from those quoted above wlth respect to the rotation around

C(1)-C(2) bond and the deviation is mainly observed in C(3).
                                                 oThis atom deviates Åírom the plane, P(5>, by 1.12A.-

                           '       '
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      rn' tihe two oarboxyl groups of P-alaninate and pyruvate

groups the e-O(eoordinated) bond distanees are 1.282 and 1.278
.&, and the 'free' C--O bonds have 1.2Sl and 1.23ZFa. These

                                                    ovalues are in good agreement with the values, 1.277A, which
                                                          o-corresponds to the OOH or a-.O-•e"eMe distances, and 1-.232A

for tfree' CfoO distance, averaged in the amino acid hydro.

halides"and metaZ compiexes of amino acids. The angZes<OCO
in carboxyl groups, 121.50 , 124.90 , are eonsistent with the

values found in amino acids, and the C•-C bond distances in

this complex are aZZ reasonable.

     The earbon-nitrogen double bond, N-O(4), has a bond
                  edistance oÅí 1.247A and this value is considered abnormally

short, even for the pure double bond distance( the sunun of
the double bond radii50 of carbon and nitrogen atoms is

    o1.29A). This distance corresponds to the shortest in the

bond distanees table of metal salicylaldimine complexes given

by Lin.gafeker and Braun. rhis short distance can be compared

with the vaZues in i2gtgSICH and EStS2:CT, including the single bond,

C(S>-N, in relation to the transamination reactions. Mhis

wUl be diseussed in the last seetion of this thesis.

     The copper(Zr) ion forms a square pyramidal conEigurae

tion coordinated by two carboxyl oxygen atoms, O(1), O(4),

the nitrogen atom and two water molecules, of which one is

strongly coordinated and the other weakly. The eoordination

eontiguration is shown in Mg. 9, and bond lengths and angies
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 of these bonds are listed in Table 12. rhe Cu-O(earboxyl)
 distances are 1.906 and 1.963a, and the longer one which is

 Å}nvoived in five-membered ring formation is consistent with
                      o the mean value, 1.96SA, found in the complexes of square

 pyramidal eonfiguration with fivedmembered rings(quoted in

 the section oÅí moleeular sPruetures of .SgtgUCH and EStSg!CT). On

.the other hand, the shorter distance is significantly shorter

than this average. Mhis may be the character of the less
 stable .six-membered ring. There are few reports28,29 oÅí this

                     'type oÅí six-membered ring, and they are inadequate to discuss

srnall amount of differences. At this point one can find a
xist ot copper(zr) ehelatesl oÅí salicylaldimine ligands as

quoted in the previous section. They gave four chelates in

the Zist from whieh one can obtain that the Cu.O distance in
                                                osix-membered rings have the mean value of 1.902A, although

the eheiate rings form nearly pXanar eonfiguration and the

oxygen atoms are the phenoMc. Hence it is not fully aecept-

able to eompare the distances with the diÅíferent type ot

cheiate rings, but the agreement is very good.
                                                              o     As regards the Cu-N bond the present analysis gave 1.963A
which lies between two means, 1.932X from the complexes of

                                         osquare pyramidal configuration and 1.970A given by Lingafelter

and Braun. The former is from the tive-membered and the
                     'latter is from the six-membered chelate rings. Mhe Cu-N bond

in the present work haB the nature closer to the six-membered
                             'chelate ring.

     The strongZy coordinated water moZecule Mes in the
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 square of the coordination pXane and the Cu-W<1) distance,
 1.946a, is signiÅíicantly shorter than the value, 2.016a, in

.SgtgllCH. arhe fifth coordination bond Åíormed by the weakly bound

water molecuie, S•V(5), which Ues at the apex of the square
pyramid. The distance, 2.413a, is a reasonable vaiue, con-

sidering the other eomplexes of square pyramidal configura-
                                         o'tion in whieh the vaXues range from 2.30A in eopper(ZZ) mono-
glyeylglycine trthydrate33at the shortest to 2.4sX in (B-

aianyi-1-•histidinato)copper(zr) dthydrate8. The distance oÅí

this fifth coordination bond is usually shorter than those

in the complexes of oetahedra- 1 configuration.
     Mhe angles, O-Cu-N, are 82.2e and 96.60 aror the five•-

and six-membered ring, respectively. Mhese values agree with

the mean values, 85.5e and 9J.80 taken from the eompZexes pf

square pyramid.

     From the above-•mentioned discussion gives rise to a eon.•

clusion that the copper(II) cbelates to the organic iigand

molecules of square pyramidaZ configutration can be described

by a tairly uniform eonfiguration model, with four short and

one long coordination bond.
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Zr. erystal StrucSure .
a. N-salicylideneglycinatoaguocopper(ZZ) heMthydrate(EgGSglCH).

                                                        '                                            '                                                '                                                     '
     A strong interaction between moleeules exists in the

crysCal; the Åíifth coordination bond to copper(ZZ> ion is

'formed between the adjaeent cornplexes so that the complexes

are connected by this bond in an endiess ehain along the b

axis. In this ehain the next complex is related by the twoe•

told serew axis. Mhere are severai very short intermolecular

atomic eontaets as can be seen in ' Table IS. Of these the
shortest carbon-carbon contact is C(4)-C(4i>, 3.276X, and

Åíour other short contacts are observed between the moZeeules

related by the center ef symmetry. Therefore, the complex

molecules censtruct a thick plate of eomplexes along the

(loT) pZane. ALl of the abnormaily short eontacts are in-

ciuded in this plate structure, and this plate is connected

to the next by a fairZy strong hydrogen bond between W(1) and
o(siii> atoms with the distanee of 2.6421. There is also a

weak hydrogen bond between these plates via the erystallthza"
                                               otion water moiecule. This hydrogen bond is 2.95A iong.

     T]Lus, by the coordination bond, short intermolecuZar

atomie eontacts and two hydrogen bonds are the major faetors

to construct the rigid structure. The packing oÅí the eomplex

mQieeules in the crystal is shown in the Mg. 10, loaking

dov;n along the b axis.-and is shown ln Ms. 11, along the

aaxis. '                        '
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b. N-sa"cylideneglyeinatoaguocopper(IZ) tetrahydrate(Egtg2:eT).

                                       tt.

      Zn spite oÅí the similarity oÅí the molecular structure to

that of SgtS211CH, the crystal struetvLre oÅí EStig!:CT is eompletely

ditÅíerent Åíro!n tlzat of SGCH. A part of the packing oÅí the

eomplex mblecules and the hydrogen bending system is shown

in .Mg. 12. The major cause of the difference oÅí the crystal

structure is the difference of the f2tth coordination bonds

in SGCH and SGCT. rn SGCT t]te fiÅíth coordination 'bond is
            ---h-.- --N.--
Åíormed by one of the water molecules, and no coordination

bonds are invoZved in constructing the crystaZ structure.

     Mhe planar complex molecules lie neariy perpendicular

to the c axis and four molecuies are piUed up along the c

axis. Between these there are several intermolecuiar short

eontacts as listed in Table 14. Since two water moleeules

are eoordinated to copper(XZ) ion the residual water'mole-

cules are located between the molecules as the crystalZiza-

tion water. OÅí the ten possibUities of hydrogen bonds

eight hydrogen bonds are observed with the distanees from

    oo2.74A to 3.13A. Via the crystallization water molecules the

eomplex molecules are joined together, though the packing

is not as rigid as tltat in .SStSSICH, and henee corresponds to

the eomparatSveZy large thermal vibrational parameters ob-

tained in the tinal stage of the structure determination.
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c. Pyruvidene-B-aZaninatoaquocopper(::) dihydrate(2:ASI2CD).

      The crystaZ structure along the two crystaXlographic

axes are shown in Figs. 12 and 13. rhe eomplex plane is

neariy perpendieular to the e axis and four complex mole-

eules are piLZed up along the c axis as in .SgGg2!CT crystal, al-.

though the area of overlap between molecules are not to such

an extent as the case of SGCT. Between these complex mole-

cules there are some short intermolecuZar, atomic contacts,
Åíor instance, C(5)-C<4i) is 5.43X as Zisted in Tabie 15.

     More important than this is the hydrogen bonds between
the complex moleeules. The two hydarogen bonds, W(3)•-O(3ii)

and O(2)-'N(3ii), have the distances of 2.85A and 2.73a, and

these two connect direetly the complex molecules which are
related by the two-Åí61d screw axis along the b axis.

     Therefore, the complex molecules are constructing a

ehain along the b axis by hydrogen bonds, and some van der

WaaZs contacts,as Zisted above, hoZd them aZong the c axis.

The crystalUzation water moZecule is located in the room

between the complex molecules and is connected to them by

a hydrogen bond.
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 Diseussions

                                                      '
 :. The Coordination Contiguration of Copper(Z:) Zon.

      The eopper(::) eheZates of N--alkyZsalicylaZdimine

usually show the six-coordinated octahedral eonfiguration

wit"n small number of exceptions sueh as tetragonal and tetra-
hedraz3i'32 coneigturation. xn its octahedron four short

coordination bonds with distances, 1.9.2.0A, make the' square

base and two "gand atoms Zocate on lts each side at the dis-

tance oÅí 2.6-3.0a. On the other hand, the metal chelates

oÅí pept:des' construct mostly the square pyramidal configu-•

ration with Åíour short and one long bond(the distance of the
                  olatter A.s 2.3-2.5A).

     From the ligand molecule, thereÅíore, the structure of

PACD is easily considered to have the latter type of the co-

ordination configuration. However, the coordination con-

flguration of the EgGgSlaH and SGCr molecules could have the

either ot the structures since their ligand moleeule has the

charaeter in between these two eases. As a result both of

SGCH and Egtg::CT complex moleeuies have the eoordination con-

figuration similar to that oÅí the latter type. However, the

bond distances and angles give more complicated conclusion;

the dimensions oÅí the six-membered rings have the nature oÅí

the former compZexes, eopper(XZ)-N-alkylsalieyXaldtLmine, and

those of the five-membered rings have, in eontrast to the

six-membered rings, the property of the latter type oÅí the

                      '                                     '
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eomplexes. Hence, in this sense, bot]i SStSEICH and ESG!9:gCM eornplex

moXeeuXes have the eoordination conÅíiguration oÅí the mlddle

oÅí these two cases.

     One of the nature of the square pyramid conÅíiguration

is the appreciable amount of slLiÅít of the copper(:r) ion

toward the apieal iigand atoms, and this is the commonly

Åíound structures in metal chelates with peptides. The best

planes oÅí the sguare bases in .EigtgllCH and .SStS2:CT are described

by the eguations ]?(2) in Mable 16, and that in 2AtSEI2CD is given

by the equation P(2) in Table 17.

     :n EgtgllCH the copperCIr> ion is shifted towad the apical
o(2M) atom by o.227a, in .EsGs2:CT toward the apical W(2) atom

by O.135A, and in 2AEE2CD toward W(3) atom by.O.125A, each trom

the pZane P(2) as deseribed. These values are in good agree-

ment with the vaiues Åíound in some metal peptides eomplexes:
o.17a in (gzycyz-z-histidinato)eopper(u) sesquthydrate7,

o.i3a in (p-alanyz-l--htstidinate)copper(zz) dihydrate8, o.13k

in giycyiglycyiglycino eopper(xz) chloride sesquihydrate4

and o.115a in sodium glycyXgiycylglycino euprate monohydrate5.

From these, the shift is the eommon feature oÅí the five-•coe

ordinated copper(XZ> ion eomplexes to peptides in the cryst-

alline state. More generai information about the other metal
ions may be obtained elsewhere9. The another Åíeature oÅí the

configuration is Åíound by the careÅíul investigation of the

structure; Åírom the leastesquares plane oÅí the square bases
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 the normaZ distances from them impZy the tendency that the

 Xigand atoms are Zoeated so as to take a 'very flattened'

 tetrahedraZ configvtration. Of course, this tendency was ob"

 served more or less in many five-eoordinated compZexes with

 square pyramidai configuration. As can be seen in Tables 16

and 17, this etÅíect is not negligible in SStS2:OT and PACD mole-

cuies where two ligand atoms are above the planes and the
                                        oother two are below it by mo;e than O.05A, in the tetra.

hedrai mauner. rehe more apparent example, as pQinted out

by lt"reeman et al., is the crystal oÅí (P-alanyl-Z-histidinatb)
copper(::) dihydrate8 in which the amount is o.2sZ.

     Zn the broad sense 'the square bases can be described

as planar, but these amovtnts are very significant and can

not be ignored.
 '

IZ. Mhe Relation ot the Complexes to the Transamination

     Reactions.

     The dotzbie bond character of the bonds around the r;itro-

gen atoms in these complexes is of much interest in reiation

to the non-enzymatie transamination reactions. The bond

Zengths around the nitrogen atoms in these three compZexes
                                        'are listed below:

                                     '       compzex >C= N-- ).e- N-p
       '                                   oo      .IEStiElllCH 1.282A 1.446A
      .SStitSill:CT 1.302 1.461
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    mean(ÅítgtgUCH-•.SSGÅí2cte) 1.292 1.4s3

       PACD 1.247 1.48o
     The sum of the double bond radii30 Åíor C=N is 1.2gX and

                                              othat for the single bond radii for C-N is 1.49A. Zn ilgtgilCH

and EgtSt!!CT the values are similar so that the average of these

two are taken to compare with the values in 2AAS[PCD and the cale

culated values from the bond radii.

     :n SGCH and SGCr the C=N double ,bonqs have the normal

double bond lengths, whiZe the C-N have the lengths shorter
                                                  othan the normal single bond distanee by about O.04A. On the

other hand, in PACD the C=N ]Las a very shert distance than
                                    othe usual double bond length by O.04A and the C-N bond has

the normai single bond distance. From these, Åíirst of all,

there must be eZectrons flowing into the site of nitrogen

atoms in these complexes so that the distances around the

nStrogen atoms are somewhat slaorter than the normal distances,

whetin.er they are the single bonds or the double. .rhis might

be due to the hyperconjugation oÅí CH2 or eH3 groups, or

mi.rrht have something to do with the coordination bonds to

the copper(:I) ions. In the latter case the structure of

non-coordinated ligand molecules must have the normai dimen-

sions, whUe in the former case they must have the sA.milar

abnormaZ dimensions as stated above even before the coordi-

nation to the metai ion.

     These two cases oÅí the bond lengths around the nitrogen

atoms are in the opposi'te situation and these results suggest
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 thaV the doubXe bonds in EStSllOF. and Sgtgil:CT are partialiy migrated

Coward the single bonds and henee the slngle bond show a

 sZaghtZy shorter distance in each case, even it the double

bond lengths seem normal, Thus, the transamination reaction

eould be observed in these compiex system as reported by
snezl et ai.15 on the other hand, the double bond in ?ACD

                                                     ed----.,--..--...
does not shew the partial migration and also the single bond

length is normal, these faet indicating that the eXeetrons

are Zoealized around the double bond. Hence no, transamina-
tion reaetion was observedi5.

     n"rom the reaction in the soXution the eoordination to

the metal ion is the essential Åíactor in aeeeZerating the
                                    'reectio]t, so the migration oÅí the double bond.toward single

must have a substantial correlation to the' Cu-N coordination

bonds in these complexes and the dimensions of non-coordi-

nated Mgand moleeules have to be found for the Åíurther dis-

cussions.

     The erystal strueture of manganese(ZI) cheXate oÅí pyri-
doxylidenevaMne was established by 'rlulstadter et al.22

whieh is aiso related'to the eatalytic intermediate-in the

reaction oÅí non•-enzymatic transamination. Mn its structure
the bonds in question have the distanees, >C=N- 1.27a and

>.C-N- 1.45a. This situation is very similar to the present

resuZts.
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 =z. The Cxystal Structures oÅí .EStlS2IICH and .Sgtg2:CT.

                                                         '
     Since the crystals oÅí SGeH was Prepared above 50eO and

SGcnÅ} crystals were obtained below 100C, the behavioitr of the

SGCr crystaZs at the temperature between them is another

"interest. After the structure anaZysis ojr SGOT we found a
high isotropic thermal parameter for W(s> oxygen atom, 7.sa2,

when the experiment was carried out between 100C to 150c.

This rather high temperature Åíactor, consideri.ng the other

four water oxygen atoms with the normal temperature factors,

implies a Xarge thermal vibration or the existence of the

disorderness on this site in the crystai.

     1]Le crystal used in the experiment was kept Åírom 150C

to 25eC. in the air. After six months the crystal showed a

powder pattern which coineided neither SGOH no]r .SgGg!:CT crystals.
     Kishita et al.i6 had prepared a eompiex in this tempera-

ture range and found the complex to be the mixture-ot .SgtgllCH

and SGCT. However, the present anaiysis of the powder pat-

tern did not coincide either to the mixture of them. The

guantitative anaZysis of eiements about the nontransparent

crystals which were kept in the air as stated above resulted

that the crystals obtained are N-salicylidenegZycinatocopper

(ZZ) hemihydrate, whieh must have a completely diÅíferent

moleeular structure and, oÅí course, the crystal structure

from botlL SGCH and SGCT.
          t--p---m -
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TabZe 1. PosiVional parameters of atoms and their
deviations(s.d:s in a) in the molecule of
idenegiyeinatoaquocopper(ZI) bemihydrate.

standard
 N- salicyX-

Atom

cu
O(1)
O(2)
O(3)
;e;(1)

'w'' (2 ) se

N
C(1)
C(2)
C(3)
C(4)
C(5)
C(6)
C(7)
C(8)
C(9)

H(1)
H(2)
H(3)
H(4)
H(5)
H(6)
H(7)
H(8)
H(9)
H(10)

 o.
 o.
 o.'

 o.
 o.
 o.
 o.
 o.
 o.
 o.
 o.
 o.
 o.
 o.
 o.
 o.

 0.o48
 O.089
 o.o47
 O.285
 O.246
 O.1SO
-• O.OO1
-O.13S
"O.205
-O.141

  x
12172
2287
3421
oo68
o943
oooo
1530
2745
24oo
1025
O141
4704
5865
3446
11S5
0282

    yz
 O.09512 O.20439
 O.9576 O.2457
 O.8799 O.2162
 O.1730 O.1500
 O.9756 O.2962
 O.5964 O.2500
 O.14SO O.1099
 O.9673 O.2018
O.0987 O.1262
O.1887 O.0382
O.2352 O.O168
O.2075 O.4546
O.1570 O.4081
o.1582 o.462o
o.2840 O.4563
O.2287 O.428o

O.06o O.319
.O.857 O.299
O.499 O.251
O.204 o.14o
O.O12 O.077
O.211 -O.O07
O.296 -•O.105
O.384 -O.139
O.417 -O.045
O.265 O.078

o.

o.

o.

o.

o.

o.

.o.

o.

o.

o.

o.

o.

o.

o.

o.

0.0081

O.12
O.12
O.10
O.11
O.10
O.10
O.10
O.11
O.09
O.11

 6(x)

ooo94
oo54
O058
O055
O059
oooo
o066
o078
O088
oo82
O078
O089
O094
O094
O082

o.

o.

o.

o.

o.

o.

o.

o.

o.

o.

o.

o.

o.

o.

o.

o.

0.12
O.IS
O.11
O.11
O.11
O.10
O.10
O.12
O.09
O.11

 6(Y>

oO108
oo66
Oo68
O062
oo65
O1o6
O072.
o083
O088
O084
O084
O091
O093
O092
O097
O082-

   6(z)

o.ooo94
O.O057
O.O061
o.oo54
o.Oo58
o.oooo
o.o068
O.O077
O.O095
O.O080
O.O075
O.O082
o.O085
o.O089
o.o085
O.O080

O.12
O.12
O.11
O.11
O.10
O.10
O.10
O.11
O.09
O.11

ec' The standard deviations, C(x)
  estimaeed since W(2) Zies on a
  z parameters have restrictions

and 'c(z)

 two-fo1d
.

of 'N(2)

 axis so
can not
 that x

be
and



TabXe 2. Thermal parameters in the molecule of
glycinatoaquocopper(ZZ) hemihydrate.

N- saUcyl idene-

Atom

Cu
O(1)
O(2)
O(3)
Itl(1)

W(2)N
N
C(1)
C(2)
C(5)
C(4)
C(5)
C(6)
e(7)
C(8)
C(9)

H(1)
H(2')

H(5)
H(4)
H(5)
H(6)
H(7)
H(8)
H(9)
H(10)

   Pl1

O.OO157
O.OO18
O.OO19
O.OO19
O.O025
o.eo43
O.OO18
O.OO19
O.Oo24
O.O022
O.OO19
O.O028
O.O051
O.O030
O.OO17
O.O021

2.8
3.3
2.1

2.0
1.2
1.1

1.0
2.1

O.3
1.9

   P22

O.O1825
O.0224
O.0228
O.O195
O,0202
O.O187
o.O169
O.o144
O.O14o
o.o145
O.O155
o.oa)71

O.'o164

O.O151
O.0214
O.O127

   Bszs

- .Oo156

-o

o

O.O020
O.Oo24
O.Oo16
O,O021
O.O057
 .O021
O.OO17
o.ooso
O.OO19
O.OO16
O.OO17
O.OO18
O.O022
O.O021
O.O020

-o

-o

-o

o.

0.0009
o.oo4o
O.Oo18
O,OO09
   -
O.OO1S
 .ooo4
O.OO1S
O.OO1O
O.OO02
 '. OO 1 2

O.Oo18
 .Ooo8
o.ooi6

O.OO11

 P12

OO107

   P13

•O.OO121
•O.oo16
O.Oo14
O.OO1O
O,Oo24
e.eess
O.OO17
O.OO12
O.OO19
O.OO14
O.OO09
o

o

o

o
o

.OOI1

.OO03

.OOO1

.OO03

.OO1O

-o
-• O

   B2ls

O.Ooo61
o.ooo8
O.O021
O.O020
O.OOJ1

   w
O.OO08
o.ooo4
o.ooo6
O.O058
 .OO06
 .O025
o.OO03
O.OOo8
O.O020
O.OOI1

ec` Pi2 and B2s Åíor
  on the two-fold
MhermaZ parameters

W(2)

axis.
 for

are zero since this

hydrogen atoms are

atom is

isotropic

restrieted

B vaiues    otin A`



Table 3. Positional parameters of atoms and their standard
deviations(s.d:s in g) :n Vhe rnoZecuie of N.saUoyl-
ideneglycinatoaquocopper(ZI) tetrahydrate.

Atom

cu
O(1)
O(2)
(,) (5)

Irl(1)

Ii (2)

W(5)
Ikr ( zi. )

W(5)
N
C(1)
e(2)
c(s)
C(4)
C(5>
C(6)
C(7)
C(8)
C(9)

.H. (1>

H(2)
H(3)
,ff<4>

ti:(5)

l:,(6)

K,(7)

}:••(8)

:,-.(9)

H(10)
H(11)
H(12>
h(13)
H(14)
H(15)

H(16)
H(17)

     xy
 O.12566 O.14374
 O.J028 O.1636
 O.4953 O.1"6
-O.0487 O."72
 O.0749 O.2405
 O.1471 O.2020
 O.4o18 o.2541
 O.2965 O.3127
 O.0550 O.S410
 O.1830 O.o441
 O.S782 O.1088
 O.5195 O.0575
 o.1167 -o.o167
-O.O191 -O.O185
-O.0771 -O.0878
-O..2065 -O.0953
-O.2790 -O.0306
-O.2275 O.0588
-O.0929 O.0468

 O.355
 o . Z547'

 O.171
-• O.023
-O.245
-O.390
-O•275
 O.250
 O.099
 o.O42
 O.118
 O.382
 O.J85
 Oe I575

 O.244
 O.124
 O.073

 o.o36
-O.Ol5
-O.061
"o.IS6
-o.145
-o.050
o.o96
O.212
O.166
O.276
O.275
o.263
O.200
O.537
O.564

O.532
O.280

z

O.09551
o.o8o6
O.1O07
O.1031
O.0361
o.2479
O.3115
O.4566
O.S606
O.1264
O.1028
o.1S67
O.1S27
O.1261
O.1344
O.1325
O.1201
O.1078
O.1122

-o

O.213
O.116
o.146
O.146
O.137
O.112
O.098
O.251
O.289
o.068
 .O16
O.558
Oe288
O.495
o.466

o.4og
O.32S

6(x)

O:OOI1
O.O057
o.oo6o
O.O057
O.O061
O.Oo61
o.oo65
o.oo63
O.O079
o.oo68
o.o085
O.O088
O.O087
O.O088
OtO097
O.O102
o.o098
O.O091
o.O085

O.08
O.10
O.12
O.12
O. 08

O.08
O.09
o.08
O.13
Oe12
O.09
O.IS
O.12
O.13
O.14

O.12
O.12

  6(y)

  O.OO11
  O.O061
  O.Oo67
  O.O059
  O.O062
  o.oo6S
  o.oo69
  o.oo67
  O.O088
  O.O072
  O.O097
  O.O095
  O.O092
  o.o083
  O.O094
  O.O099
  O.O097
- O.O091
  o.o085

O.08
O.10
O.12
O.15
O.09
O.08
o.09
o.o8
O.13
O.12
O.09
O.14
O.15
O.13
O.14

Oe12
O.12

q(z)

O.OO11
O.O059
o.oo74
O.O056
O.O06o
O.O059
o.Oo67
o.oo6s
O.O097
O.o065
O.O091
o.oo96
O.OO87
O.O081
O.O090
O.O1OO
O.O087
o.o087
o.O078

O.08
O.10
O.12
O.12
O.08
O.08
O.09
O.08
O.15
O.12
O.09
O.IS
O.12
o.IS
o.IS

O.12
O.12



Tabie 4.

Atom

cu
O(1)
O(2)
O(3)
W(1)
W(2)
vr(3)

W(4)
W(5)
N
C(1)
C(2)
C(3)
c(4)
C(5)
c(6)
C(7)
C(8)
C(9)

H(1>
H(2)
H(3)
H(4)
H(5)
g,(6>

H(7)
H(8)
H(9)
H(10)
H(11)
H(12)
H(IS)
H(14)
H(15)
H(16)
H(17)

T]termal

Thermal parameters in the molecule of
glycinatoaquocopper(ZZ) tetrahydrate.

   Pl1

O.oo61
o.oo64
O.O058
o.oo68
O.O090
o.oo87
O.O090
o.oo86
O.Ol14
o.oo62
O.O052
O.O058
o.O067
o.O085
O.O098
O.O107
O.O103
O.O081
O.O072

1.0

3.9
7.4
6.9
1.7
l.Z"

2.6
O.4
8.1

5.5
2.7
8.6

7.0
8.1

9.5
7.0
9.0

  P22
O.oo26
O.O030
o.oo34
O.O029
O.O029
o.oo34
o. O k0 39

O.O057
O.O057
O.O029
o.oos4
O.O030
O.O029
O.OO19
O.O028
O.O028
O.O033
O.Oo26
O.Oo26

   P5S

o.oo44
O.O051
O.O097
O.O041
o.O049
o.oo44
o.oo66
o.O055
O.O137
o.oo2g
o.o049
O.O057
o.oo4o
O.O027
O.O039
O.O059
O.O030
O.O059
O.O023

-o
-o

-o

•- o

-o
-o
•- o

   P12

O.OO02
O.OO12
O.OO17
o.Ooo8
O.OO09
 .O025
 .OO12
O.OO02
 .ooo2
O.oOo8
 .ooo4
o.oooo
o.oooo
O.OOI1
 .OO15
 .oo46
 .OO11
O.OO05

•t o. oo24

parameters Åíor hyctrogen atoms are

-o

N•- saMcy1 idene pt

-o

   P13

O.OO15
O.OOI1
o.Oo34
O.OOI5
O.O021
O.OO18
O.OO14
 .OO12
O.Oo24
O.OO02
O.OO15
 .Ooo4
O.O025
O.Ooo6
O.OO05
o.oo08
O.OO07
O.OO19
O.OO13

isotropic

   P2S
 O.OO07
 O.OO03
 o.oooo
 O.OO12
 O.OO17
-O.OOO1
-O.O031
-O.OO18
 O.O055
 O.OO15
-o.oo15
 O.OO16
 o.oooo
 O.OO05
-o.OO19
do.ooo8
-O.OOO1
 o.DOo8
 o.oooo

B values    oin A2
.



Table 5. Positional pararneters oÅí atoms
                     o   deviations(s.d:s in A) in the
   dene-P-alaninatoaquocopper(ZX)

 and their
moZecule of
 d thydrate.

standard
 pyruvi-

Atom

cu
;•1(1)

iif(2)

TV(3)

O(1)
O(2)
o(s)
o(4)
NT

C(1)
vny (2)

C(5)
C(4)
C(5)
C(6)

H(1)
H(2)
H(S)
H(4>
H(5)
H(6)
H(7)
H(8)
H(9)
H(•1O)

H(11)
H(12)
H(l5)

    xy
-O.21146 O.16314
-O.4958 o.18o4
 o.4186 o.1081
-O.2475 O.1596
-O.1960 O.3299
-o.o445 o.501S
•-• O.O1')'1 -O.1631

-O.21935 -O.O079
 o.o824 O.1357
-O.OS80 O.3950
 o.1605 O.3590
 O.2247 O.2325
 O.1334 O.0285'
-o.o445 -O.0565
 O.3424 -o.0243

-O.593
-O.555
 O.527
 O.312
-O.184
-O.182
 O.170
 O.280
 O.216
 O.S93
 O.326
 O.384
 o.445

O.114
o.245
O.101
O.085
O.224
O.Io6
O. 510

o.4o4
O.252
O.225

-o.o65
-o.085
 O.029

   z
o.o961o
o.o149
O.4512
O.2705
O.1051
O.1552
O.1108
O.0777
O.1551
o.1184
O.1150
O.1891
O.153S
O.1115
o.1946

O.O02
o.ooo
O.391
O.383
O.276
O.291
O.038
O.131
O.277
o.165
O.264
O.110
O.202

  6(x)

o.ooog4
O'. o06 1

O.Oo66
O.O061
O.O057
O.O064
o.oo6js

O.O055
O.O061
o.o087
o.o089
O.OP78
o.o074
O.O079
O.O081

O.12
O.11
O.11
O.11
O.15
O.12
O.10
O.13
O.09
O.12
O.10
O.11
O.12

  5(y)

o.ooo94
O.O057
o.oo68
O.Oo61
O.O055
o.oo6o
o.O055
O.O057
o.o065
O.O081
O.O081
o.oo82
O.O078
o.oo76
O.oo86

O.12
O.12
O.11
O.11
O.15
O.12
O.10
O.15
O.09
O.12
O.10
O.11
O.12

  g(z)

O.OO109
o.oo69
O.O072
O.O079
o.oo67
O.O075
o.oo67
o.oo64
o.oo65
o.oog1
O.O102
O.O099
O.O077
O.O08o
o.oo94

O.12
O.12
O.11
O.11
O.13
O.12
O.10
O.13
O.09
Oe12
O.10
O.11
O.12



Tab Le -6. MlLermal parameters in the
B- alan inatoaguo copper < U )

molecule of
dthydrate.

pyruvldene"

Atom

Cu
TAr (1)
str (2)

W(3)
O(1)
O(2)
O(5)
O(4)

N
C(1)
C(2)
C(5)
C(4)
C(5)
O(6)

H(1)
H(2-)

H(5)
H(4)
H(5)
H(6)
H(7)
H(8)
H(9)
k'di(10)

'1{ (1 1 )

g(i2)
H(13)

   Bl1

O.Ol10
O.O152
o.O199
O.O145
O.O141
O.O191
O.0207
O.O124
O.O105
O.O181
O.O179
O.O090
O.Ol16
O.O142
O.O120

5.4
4.1

3.3
4.0
6.7
S.6
1.4

5.7
O.5
5e ]5

1.6

3.2
5.1

   B22

O.O058
O.O047
o.oo78
O.O051
O.oo41
o.oo45
O.O036
O.O050
O.O053
O.oo42
O.O059
O.oo46
O.O055
o.oo42
o.oo56

   P33

o.oosg
O.O078
O.O078
O.Ol10
O.O079
O.O095
O.O075
O.O070
o.oo4o
O.O058
o.o083
O.O079
O.O038
o.oo42
o.oo63

    B12

-O.OOO1
-O.OO1O
-O.Oo24
 O.OO02
-O.O022
-O.OO12
 O.OO15
-O.OO08
-O.OO15
-O.OO17
-O.O028
-O.O039
 O.OO12
-O.OO07
 O.O022

 o
-O
 o
-o
 o
 o
-o
-o
 o
 o
 o
-o
 o
 o
-o

  B1 :s

.O021

.o049

.OO02

.O054

.OO17

.OO18

.oo49
•. OOO1

.OOI8

.O027

.O102

.OO03

.oo43

.O030

.OO05

-o
-o
pO
-o
•- o

-o
 o
-o
•- o

•- o

o

o

-o
o
o

  P23

.OO05

.OOo6

.O028

.OOo8

.ooo8

.OO07

.OO07

.Ooo8

.Ooo6

.ooos

.oooo

.OO02

.OO08

.ooo6

.OO1O

[ffherma1
in a2.

parameters Åíor hyd'rogen atpms are isotropie B vaZues
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I"(1)
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2S8(12)

509(14)

461(12)

302(12)

450(1J)

S89(1S)

409(12)

394(14>

391(14)

367(13)

447(13)

350(1O)

2

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

.

.

.

.

.
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.

 moiecules
deviations.

.ESGiSiE!ICH

O16(06)

953(06)

949(07)

928(06)

284(1O)

249(1O)

531 (12)

446(11)

282(11)

457(11>

420<12)

409(11)

389(13)

379(13)

409<12)

412(11)

337(1O)

oÅí SGCH and  "
.SSGIS2.lllCT

Bonds to hydrogen atoms
in sGcH.  paW(1)-H(1),H(2) o.81, 1.

W(2)-H(S) 1.04
C(2)•-H(4),H(5) 1.05, 1.

C(3)-H(6) 1.07
C(5)-H(7)• O.96

C(6)-H(8) O.82
e(7)-H(9) O.96
c(s)-H(lo) o.go

in SGCT
   nv
Il<1)-H(10),H(11)

W(2 )•-•H(8) ,H(9)

W(S)•-•H(12),H(13)

W(4)-H(14>,H(15)

W(5)-H(16),H(17)

C(2)-H(1),H(2)

C(S)-H(3) 1.01
C(5)-H(4) 1.06
C(6)-H(5) O.98
C(7)•--H(6) 1.20

C(8)-H(7) 1.15

O.88,

O.91,

O.86,

1.09,

1.01,

1.11,

17

08

1.1

1.0

O.7

1.1

1.2

1.0

The standard deviations for the bonds are listed in parentheses.



Table 11. Bond angles in SGeH and sGcr.

.i

Ang1e

W(1)-• dw -O(1)
k"(i)- cu -o(3)

O(1)•-} Cu -• N
'b(s>- cu -• N

W(1)- Cu - N
O(1)- Cu -•O(S)
 Cu -•O(1)••C(1)
o(1)-c(1)-•o(2)
o(2)-c(1)-c(2)
O(1)-C(1)-C(2)
c(1)-c(2)- N
C(2)-• N -• Cu
C(3)•• N - Cu
C(2)- N eC(5)
  N -C(5)-C(4)
C(S)-C(4)-e(5)
C(3)-C(4)-C(9)
C(5)•-C(4)-C(9)
c(4)-e(s)-c(6)
C(5)-C(6)-C(7)
C(6)-e(7)-C(8)
O(7)-C(8)eC(9)
C(8)-C(9)-O(5)
C(4)-C(9)-O(3)
C(8)-C(9)-C(4)
e(9)-O(3)- Cu

 sGcr

 92.0
 89.8
 83.9
 93.4
168.0
174.8
115.7
124.8
119.1
116.1

110.0
11J.4
128.1
118.3
124.3
117L7
122e9
119.4
122.4
117.9
122.3
119.7
116eZl

125.4
118.2
125.4

 SGCH

 88.0
 91.0
 83.4
 94.6
165.3
166.3
116.5
125.S
119.5
115.2
109.8
112.S
125.5
121.8
125e1
116.1
124.3
119.6
120.7
120.2
120.0
121.1
117.4
124.3
118.4
125.8

Angles with hydtogen atoms;
SGCM
  O(2) with H(1), H(2)
   102, 121, 99, 111, 112
  C(3) with H(3)
   111 124      '
  C(5) with H(4)
   120, 118
  C(6) with H(5)
   121, 121
  C(7) with H(6)
   125, 113
  C(8) with H(7)
   131, 109
 H(IQ)-W(1)•-•H<11) 99
 H(8)-W(2)-H(9) 127
 H(12)t-•W(3)-H(13) 139
 H(14)-W(4)-H(15) 89
 H(1 6-)-• ll (5)-H(17) 86

SGCH
c(2) with H(4),
  112, 123, 117
C(5) with H(6. )

  116, 118
C(5) with H(7)
  120, 120
C(6) with H(8)
  114, 125
C(7) with H(9)
  113, 124
O(8) with H(10)
  117, 122
H(1 )- W(1 )-H (2)

H(5)
, 89,

112

107



Mab1e 1`"O. Bond lengths and angles
    deviations for lengths.

in PAUD  - with their standard

Bend
 Cu -W(1)
    -O(1)
    •e N
    -O(4)
o" ( 1 )-O(1 )

    -O(2)
    "C(2>
e(3)e•C(2)

    -N
C(4)-• N

    -C(6)
e(s)-c(4)
    -O(3)
    •-O(4)

.W(1>-H(1)
    -H(2)
W(2)eH(3)
    -H(4)
W(3)•-H(5)
    -H(6)
C(2)-H(7)
    -H(8)
C(3>"H(9)
    •-H(1O)
CC6)-H(11)
    -H(12)
H( -H(13)

1.946(06)
1.906(06)
1.963(06)
1.963(06),
1.282(10)
1.2sloe)
1.516(12>
1.547(12)
1.480(1O)'
1.247(1O)

Jl.504(12)
1.531(12)
1.254(1O)
1.278(1O)

O.99
O.81
i.03
O.86
O.84
O.76
1.09
1.08
1.22
1.29
1.07
1.41
O.91'

Angle
o(4)- cu "W(1)
W(t)- eu •-o(1)
o(1 )- eu •- N

O(4)- Ou - N
W(1)- Cu ee N
eo)- eu -o(k)
 eu -O(1)-C(1)
 Cu - N -C(3)
 Cu •-} N -C(4)
 eu -O(4)-C(5>
O(1)-C(1)-O(2)
o(1)-c(1)-c(2)
o(2)-•c(1)-c(2)
c(1)-C(2)-C(J)
C(2)•-•C(5)- N
C(3)-• N -C(4)
 N •-c(4)-c(6)
 N -•C(4)-O(5)
C(5)eC(4)-C(6)
c(4)-c<5)-o(3)
c(4)-e(s)-o(4)
o(3)e•c(s)-o(4)

around C(2) with
  117, 110, 106,
around O(3) with
  114, 121, 115,
around e(6) with
  99, 107, 11S,
H(1 )-W(1 )-H (2)

H(3)-W(2 )-H(4)
H(5)-W(3)-H(6)

 92.5
 87.9
 96.6
 82.2
168.3
i,rs,'r

127.9
1.20. 1

115.1
1IJ.3
121.5
118.9
119.6
115.7
110.0
124.8
128.6
114.3
117.0
120.S
114.8
124.9

H(7), H(8)
 111, 98
H(9), H(10)

 105, 91
H(11), H(12),

125, 118, 94
 111
 1OO
 116

H(13)

Mhe gtandard devisttons ior the bondg are listed in parentheses.



rable IS. Hydrogen bonds
in neighboring

and some
molecules

closest contacts ot
,insstggoH.

atoms

Hydrogen

    W(2)

    W(1)

bonds
- O(2ii)

- O(3iii)

     o2.952A

2.637

Close eontacts
    O(Ll:)dpC(6i)

      N -e(6i)

    C(1)-C(6i)

    C(2)-C(7i)

    O(S)•-C(4i)

    d(s)-c(gi)

    O(4)-c(4i)

     CU -O(1ii)

     Cu -o(2ii)

     Ou -c(1ii)

    W(1)"o(2ii)

    o(1 )-o(1M)

Code

  i

 "
"i
-iv

v

ot atbms less
     o'3.398A

J.382

3.458

5.456

3.456

3.424

'3.276

3.444

2.344w

3.200

3.021

IZ5e488

for- ,superserlpts

.x,' -yt -z

k-x, e+y, "-z

-xt ys kez

x, 1+y, z

-b+x, S+y, z

        othan 3.5A
    O(1)-o(2ii)

    O(J)•-O(2ii>

      N -O(,1;i>

      N -O(2ii)

    C(1)-O(1ii)

    e(2)-o(1ii)

   W(1)-W(1iii)

   W(1)-e(8iii)

   W(1)eo(giii)

   O<3)-W(2iii)

   W(2)"W(1iV)

   a(s)-o(2V)

     o3.295A

3.134

5e :582

3.432

5.481

3.24o

J.048

3.444'

3. 4o6

5.41o

2.996

3.448.

" This contact is
   copper(=) ion

 taken
in the

as the fttth
orystal.

coordination bond to



TabLe 14. Hydrogen
contacts

bonds and some
in neighboring

close intermoleeular
mo1eoules, in EgGS2:!CT.

atomic

Hydrogen

    W(2)

    W(2)

    W(J)

    w(4)

    W(1)

    W(2)

    W(1)

    w(4)

bonds

.. W(3)

- W(5)

- W(4)

- W(5)

- w(sli)

' O(sii)

- o(1lii)

"' O(3V)

    o2.86A

3.13

2.77

2.86

2.74

2.85

2.76

2.79

(within

(within

(wlthin

(withln

the original set)

the original set)

the original set)

the orSginal set)

eXose'contacts ot
     CU - C(5i)

     Cu - c(6i)

    C(5) - o(gi)

    a(7) - c(li)

    O(1) e e(61)'

    C(4) - e(4ii)

   W(5) - W(sii)

    W<2) - c(gii)

Code tor,

  i

 ii

iii

 iv

  v

vi

atoms   iess
    o3.35A

3.46

3.43

J.48

3.29

3.44

.3.20

3.45

superscripts

e.xt -ys -z

-x, y, b-z

b-x, e-y, -z

k-x, k+y, k-z
          ttS+x, "-y, i+z
            '
1+x, y, z

than 3.5a

C(5) - c(sii)

O(2) - w(liii)

W(1) - c(liii)

W(4) - c(3iV)

W(4) - c(sV)

W(4) - c(g")

W(4) - w(IV)

O(2) - o(sVi)

    o3.49A

3.29

3.36

3.4S

S.4o

J.45

,3.24

S.26



Table 15. Hydrogen
    contacts

bonds
in the

and some•close lntermolecular atomic
 neighboring molecuies, in 2{tSl20D.

Hydrogen

    O(2)

    W(3)

    O(2)

bonds
- W(2ii)

" O(3ii)

ct W(3ii)

    o2.74A

2.85

2.73

Olose contaets ot
    O(3) - Ni
     '    O(4) - c(4i)

    C(5) - c(4i)

    C(5) - c(si)

    O(1) - w(2ii)

    O(2) - c(4ii)

Code for superseriptg

    1 -x, dy, -z
   ii "x, k+y, "-z

  iii 1+x, y, z,
  iv x, "ey)."+z

atomg    less
    e3.41A

J.31

3.43

5.46

3.49

5.10

than S.5A

 C(1) -

 O(2) -

 O(2) -

 C(6) -

 O(3) -

W(2) -

W(2ii).

 Nii

C(5ii)

W(J"i)
W(1iii)

U(2iv)

    o3.49A

3.53

3.35

J.42

S.47

3.47



rable 16. Equations
distanees

ot least-squares
trom the planes

 planes and normal
in SGCH and SGCT.
  -M-. -----d-.-.

P(1) Plane oÅí complex O.S529x+O.9065y+O.2318zzl.8856
                       -o.o48ox+o.227oy+o.9727z=1.67J5
P(2) Four about Cu(:r) O.1769x+O.8712y+O.4581z=2.o112
                       "o.ooo4x+o.15394y+o.94o4z=1.9752
P(3) Ou-glycinato O.2802x+O.8267y+O.4880z=2.S668
                        o.o148x+o.2962y+O.955ez=1.9981
P(4> au-•saiicylaidtalne O.1627x+O.9525y+O.2575z=1.6428
                       -o.o5o2x+O.1479y+o.9877z=1.699S
P(5) Benzene ring O.1827x+O.9511'y+O.2489z=1.6172
                       -o.0412x+O.1517y+O.9904zis1.6907

No.rmal distances from the planes(Å~lo3a)

Atom

 cu
O(1)
O(2)
O(5)

 N
e(1)
e(2)
C(3)
a(4)
C(5)
C(6)
C(7)
e(8)
C(9)
.nf(1)

,SStiS2!ICH

 24.3

 101

 S62
-155
-254
  83
-316
 -77
  -2
 124
 183
  91
 -25
 -64
 205

P(1>
 ,SStigl!cm

 -1J4'

  79
 115
-195
-120
  39
-162
   6
  33
 170
 159

 29
 -58

-•81

255

    ?(2)
sGeH sGcT     "
:aaZ :21=25

SGCH

  24
  16
 -60

?(3)

  sGcr

-5 -60

e- 5

5

5

-52
•63

54

142
et19

-55

    P(4)
SGOH SGCT     -
 -S4 77

SGCH

.EStS!Ei!CH

.SSGS:!CT

.E!GZ!2UCH

.E!GS:!CT

SGCH
SGCT
SGCH
SGCT

"-p-.-.-.b

SGCH
--.-.v--h

SGCT

P(5)

 $OT
-4o
 24
  2

=/

 67
  8
-55
;U12

243

-)21 -26
-65 -•55

    =.1:y205

 -6 -17
-•18 6
-27 43
-19 19
 29 -20
 29 dn6
 -3 •'• 15

    ga/1

  6
  3
-10
  8
  2
 -9

1

-45
e.-.-----

 -9
 IS
 ..1

-- 14

 16
 -4

tlimose which are underlined

equares calculations. The
Po orthogenal axes, a, bt

 were not included in the
 eoordin.ateg (x,y,z) are
and e".'

 leaste
reterred



Mable 17. Equations of least-squares planes and the normal
           distanees from the planes in 2ASJ20D.

P(1) plane oÅí complex O.3B55x+O.O097y-O.9226+1.6774=O

P(2) four abeut eu(=) O.4607x+O.07S5y-O.88-'5z+1.6651=O

?(3> CuaeP-•alaninato O.0447x+O.1601yd•O.9861z+O.8014=O

P(4) Cu-pyruvate O.40S9x+O.078ly-O.9115z+1.64S7=O

p(5) >c=N- o.S925x+O.o897y-•O.9153z+1.6565=o

                 eNormal distanees(A) Srom the planes.

Atom

 ou
W(1)

O(1)

O(2)

O(3)

O(4)

 N
C(1)

C(2)

C(5)

C(4)

C(5>

e(6)

 P(1)

-O.141

 O.188

-O.201

-O.156

 O.152

 O.064

-o.o98

 O.o48

 O.611,

-O.215

-O.O05

 O.072

-• o. oo6

  P(2)

(-O.125)

 o.054

-O.054

-o,O52

 Oi059

  P(5)

(-O.19J)

O.OO1

O.OO1

 P(4)

-O.O17

(-•o.o1O)

( O.051)

 O.O17
 -O.O02

  o.oeo ( o.gls)

(-1.121) -O.OOI

           O.O17

           O.O05

          -O.020

  P(5)

(-o.067)

e• o.o02

 o.oos

-O.O07

(-O.026)

 O.O12
.o.oo4

-o.oo2

rhe

and

was

coordinates(x,y,z)

c".' A distanee in

not included in the

are reterred to orthogonai axes,

 parentheses indicates that the

 least-squares calculation.

 aJ bs

atom
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