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The Crystal Structures of three mer-[Co(2, 3-tri) (men)Cl11[ZnC\l] Isomers
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[ Instirute of Apphed Chemistry.  Guizhou University, Guiyang 550025)
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Among the twenty isomeric forms which are possible for [Co(2, 3-tri) (men) Cl] [ZnCL] system (2. 3-tri = N-
2-Aminocethyl} -1, 3-propanediamine; men = N-methylethylenediamine), the structures of three mer-isomers have
been determined by single crystal X-ray diffractions. crystal data: for {1) m3-{ZnCli] (monoclinic P2,/ ¢, a=
8. 0874{18), b=15.135(3), c= 15.426(4) A, B8=99.303(6)° Z=4), for (2) md-[ZnCl.] {orthorhombic
P2,2.2,, ¢ =9.348(4). b =12.437{6), ¢ = 15. 666{8)A.Z =4) and for (3)m4'-[ZnCl4] (orthorhombic P2,2:2,,
a= 9.302(4), 5=12.393(9), ¢ = 15.621(9)A. Z =4},
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[1,2]

0 Introduction labilizer for any potential leaving group"-*! and leads 1o

the rate law:
klobsd) = EK[OH ] = kou[OH ]

Most of the studies of this reaction have centred on te-

Amine complexes of cobalt (Il invariably undergo
base catalysed substitution reactions in agueous solu-

tion, and the spurce of the catalysis is via deprotunation el
A, 4

traamine and pentaaminecobait Il species'™ *!. usually

of a bound amine; the resulting aminate ion is a potent
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chloride as a leaving group. House has proviled an
immense amount of kinetic data on these systems!* '),
while Tobe has provided a detailed counsideration of

1212 g,
. Surgeson,

the important factors in the mechanism
Jackson, Buckingham and Marty and cowarkers huve
concentrated on the stereochemical aspects which have
elucidated some of the subtleties of the pmwcess, and
some significant papers in this quest not covered in the
recent reviews are cited!* >0

Qutstanding problems in the complete under-
standing of the mechanism are (i) the effective site of
deprotonation, and (ii}, the factors comrolling the re-
activity of the aminate intermediate species. The latter
shows a rematkable amd enormous range in reactivity;
rate enhancement up to 15 orders of magnitude relative
to the parent amine complex is ohserved. Such an
enormous rate acceleration is the key to the intense
interest in the hase catalysed reaction.

The tools of trade to probe the details of the
mechanism are (i} to produce complexes with a single
acidic proton in a specific position (e. g. cis or trans to
the leaving group) which relate tu the effective site of
deprotonation directly, and (i} to deal with systems in
which the complex and its isomers are all chiral. Thus,
careful investigations of reactant chirality and steren-
chemistry have to led a better understanding of the
chemistry.

The [Coi2, 3-tri} {men) C1]{ZnCls] system in this
paper is such a system where the isomers are all chiral
due to no any symmetric element in complex cation,
and there are twenty possible geometric Isomers
(referring to Fig. 1), this paper describes the structures
of three isomers of [Co(2, 3-tri) {men) Cl] [ZnCl,]

system corresponding to m3, md and m4’ in Fig. 1.
1 Experimental

1.1 Synthesis

The isomers were prepared as described procedure
of Duffy and House™, and Gainsford and House™! on
the same scale. An aqueons solution {50mL} of 2, 3-tri
{3.40g, 29.1x 10 *mol} and an equimolar amount of
men(2. 15g. 29.1x 10 "mal) were added to a stirred

solution of Co(NOs) : » 6H:0 {7, 52) und sodium per-
chlorate (17g} in water (70mL). A rapid streum of air
was passed through the stirred solution at rvom tem-
perature for four hr; during this perind a grey-brown
precipitate formed. The suspension was lelt at 4°C
The dark brown
3-ti)

cobalt (' ]) were decomposed by heating in excess

overnight and collected by filtration.
crystalline complexss [ peroxo-his{ (men} (2,
concentrated HCI for an hour, then loading nnte a
{(HCl} in the vsual way.
Five well-separated bands developed, and the baml-E.

2 and 4 proved to he the m4-Cl, m4'-Cl and m3-Cl

Dowen colummn, amd eluting

species respectively.  The ratio of five bands was 15
{rmd):35(m4’}:20: 20{m31: 140
1.2 X-ray Crystal Structure Analysis

Single crystals of the isomers m3, m4 and m4’
suitable for X-ray erystal structural determinations were
ohtained by gradually adding “HaZnCL™ (2mol * dm~*)
1o an aqueous solution of the chlonde salts at room
temperature.  Urystals of the three mer-isomers are
Diffraction data were cullected
on a Bruker P4 X-ray

Four-circle Diffractometor with Mo KA. Radiation. The

red-pink and air stable.

at ambient temperature
details of the data collection and crystallographic data
are summarised in Table 1.

The crystal structure was solved by direct method
{(SHELXS-97) which vielded the positions of part of
non-hydrogen atoms and subsequent difference Fourier
syntheses were emploved to locate all of the remaining
non-hydrogen atoms which did not show up in the initial
structure.  All of non-hvdrogen atoms were relined
anisotropically, and all of hydrogen atoms were located
basing on difference Fourier Syntheses. All of atoms

(by SHELXL-

The final atomic cuordinates of

were refined by Least Square methods
97} to convergence.
non-hydrogen atoms are given in Table 2 and selected
hond lengths and angles in Table 3. Perspective views
are shown in Figs. 2 ~ 4 respectively. Particularly, the
packing arrangement in unit cell of the m4-[ZnCl.] is

shown in Fig. 5 where the cations are enantiomorph.

2 Results and Discussion
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Fig. 2 A general view of the cation (m3) and [ZnCl]*~
2.1 Description of the Structures of the
[Co{2, 3-tri) (men)Cl1]** Isomers
The [Col2, 3-tri} {men) C1]*" system appears to

be the first one which contains twenty possible geo-
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Twenty possible geometric isomers for {Co(2, 3-ri) (men)C1]2* system

CH

Fig.3 A general view of cation {md°) and [ZnCla]*-

metric isomers {Fig. 1) while a large number of [Co
(triame) (diamine} Cl] ** systems have been synthe-
sized and studied' ™' %} For the [Coi2, 3-tn} { asy-

mmetric diamine)Cl]** system, three {actors could lead
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Table 1  Crystal Datz and Data Collection Details for m3-, md-and md"-[Cot2, 3-tri) {men ) C1 [ZnCL, ]

isomer m3 mé m4’
forowle CsHasNsClsZnCo CullssMaCliZnCo CalHa»N:Ll:Zula
{ w. 492, 88 492, 88 492 By
iemperaiure 29412)K 204[2)K 294K
wave length 0. 710734 0. 710734 0 710734
crystal system munuelinee orthorhambne orthorhambie
spACE ETobp P21/ ¢ 2Ly P21,
ash 8 DB74{18 9 348i4) 9 302041
brA (5. 13513) 12.437(6} 12.39319)
e/ 15 426(4) (5 BE6(E} (5.62119)
e/ °) 90 M0 90
8715 99, 30316) 90 90
AN o 90 0
v/ R 1863 417 1821, 3/15) 1800, 7118}
D/igs em™) 1.757 1. 798 [.818
¥ 4 4 4
Fom 1000 1000 1000
scan lechnique w-18 w-28 w28
scan range{ &/ (")) 2.55~217.65 2.09 ~27.66 2 10~27.81
no. unigue 1430 7064 14978
ne. observed 4308 4186 4160
no. variubles 182 168 157
R 0.0573 0. 0767 0 0699
R 0. 1307 0. 1774 0. 1864

R=ZI1El -VFlls Z IR R = [Zwll Bl =1 Fl P/ owl R’ P =1r 01 Fu)l
Table 2 Selected Atomic Coordinates and Equivalent Isotropic Thermal Parameters for
m3-, m4-, and m4’-[Co (dien) (ibn)}C1I[ZnCL]

m3-[ZnCl] md-[ ZnCl] md'-[ ZnCl.]
atom X Y X lieq k¢ v X Uey X ¥ X Uey
Coll) 1803(1) 3B08(1) 228271 33(1) -1423(11 326701} 7526(%) 48(l) -142711) -3269/1) -7528i1) SOIL1)
CLI1)  213(1) 3023(1) 207171}  38(1) —455(2) 491871} 7756(1) BEil) —460(2) -4924(1) —7756(1) 8911}
N{L) 2997(4) 4186(21 3375(2) 4711) S48(3) 2673131 7545(3) 730N 56704) -264213) -754413)  7511)
() 3572(4) 4368(2) (72502)  4611)  -1132¢3) 3409(3} 6317(21 6O(Lt -115414) -3436(3% -6324/2) 62
K(3)  6B5(4) 3335(21 (145(2)  4371)  -3321¢41 2963 7458020 66(1) - 33100S) -395413) -743013)  77(2)
K(41  3033(3) 2696(2) 2458(2) 4101) -2254(3) 186102) 738B4(2) S5B(11  ~2254(4) -186%(3) -740513) 66(1)
K(5) 148(4) 3219¢21 2914(2) 4611) -1664{5} 30L5(3} 874213) 89(21 - 1662(6) -3011(4) -8722(3) L0ON2)
Cl1) 4704(51 4582(3) 3275(3) 5712) L2075y 283474} 668513}  82(2) 1218(6+ -2831(S) -670313) 73
Cl2y  4516(6) 3018(3) 2370(3) 7112) 106{5) 279013} 5985(3)  72(2) 164(5) -2798(4) -5991(3) 73
Ci3)  3130{61 4759(3)  843(3) 66(2) -233414} 335413) S558313) 67(1) -2370(5F -3333(4) -35692(31 6&7(1]
Ci4)  2267(5) 4126(3) 183(31 64(2) -35800/6) 413314) 592774) 128{2) -13566(7+ -4088(51 -5926(41 84
C(5)  397(5) 3854(3) 3al(}  56(1) -417415) 391114) 6589(3)  93(2) -4193(7F -3B22(6) -670Q(41 [1L(1)
C(6)  1914¢51 1991{2) 2667(3) 65(2) -257816) 1417/4) 8225(3) 102{2) -2586(8) - 1407(51 -8228(4) 113
C(7)  852(6} 2357(3) 3241(3)  72i21  -2618/6) 2154r4) &881(4) 95{2) -2614(7) -2137(5} -888N(4I 105
C(B) -496(5} 3703(3} 3636(31 75(2) —-99517) 3552(4) 93A92(3] 11012} - 1033(11) -3564(7F —M1B(4) 157
Znll) 3934{1} 7142{1} 45921(1) 52(L) 94211) 5249(1) 4316il)  58(1) 942¢1} -5245(1} —-4316(11 60{1)
CI{2) 332502y g19911) 3522(1) 110(1) 1430(1) 6681(11 3489(1)  7511) 144071) -6681(1F -34B8I1)  8{1)
CI13) 1888(2) a1&3(1) 4316(1} 92(1) 2885(1) 452601) 4913(1) 80/1) -261(2) -3992(1) -3544(1} 78{1}
Cl(4) 6566(1) 6656/1) 4483(1) 58(t) —357(1) 3988(1) 354L(1)  74(1) 288501) -4526(1) -4915¢1+ &311)
CL(3) 4034(2) 7809(1) 58991} 6&7(1} —619(21 S814(11 5341(1) 106(1) -608(2) -5820{1) -35338(1} 10611)

to increase the number of the isomers in the system.

First. a R group replacing a -NH:- or -CHa- of en ( =

ethylenediamine) offers two possible end-to-end ar-

rangements of the asymmetrical diamine chelate, such

as in the cases of m1 and m3 or fl and 3. Second. one

correlated end of the asymmetric diamine could be close
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Table 3 Selected Bond Distances(A), Bond Angles () and Deviations of Angles for

m3-, md-, and m4’-[Col2, 3-tri Vimen)C1] [ZnCL ]

alom-alom
Ca(L-CIMY
Cu{1}-N(1)
Cal1)-N(2)
Col1)-N{3]
Coll)-N{d)
Cull)-N135}
% bunds
NiL)-CiL L)
N(21-Cr2)
N(Z)-C(3!}
N{3}-C(5)
N{4}-C{O)
N{5}-C{7)
N(5)-C18)
C{I1-Ci2}
C(3)-Ci4)
Ci4)-Cit5)
Cig)-C(M)
3 bands

alonr-olom-glhoem
N{LI-Co[1)-N{2)
N{1)}-Col1)-N(4}
N{1)-Co{11-MN135)
N{2}-Cof1HN(3)
N12¥-Cot{ 11-N141)
N(3)-Col1)-Ni4)
N(3)-Col1)-N(5}
N(4)-Col1)-N(5}
NIi1)-Col1)-CI{1}
N{2I1-Col1)-C1{1}
N{3)p-Col1)-C1(1)
N{§}-Co(1)-C111)
N{1}-Cul1)-Ni3)
N{2)-Col 1H-N(5)
N{4}-Col1i-CL01)
tolal distomsicns®
N(1)-C11)-C)2)
N(2)-C12)-C(1)
N(2)-C131-C(}
N{3)-C(51-C{d}
Ci7)-C(6)-N{4}
Cle)-C17)1-N{5)
CL1)-N{1-Col I}
C(2)-M{2)-Col1}
C(3)-Ni2)-Coil}
C(5}:N(3)-Coll)
Ci6}-N14)-Col1)
C{7)-N(5)-Call)
Cl8)-N(5)-Coll)
C(3)=N{2}-C(2)
C(T)-N{5)-C{8)
Ci5)-Cl4)-C(

tolal distorsions™ "

angle{ )

85.
91,
a1.
91,

9z

87,
9L,
85.
18
91,

89

al.
177,

175
175

103.
106.

112
111

107

[RR

111,

108

119,
1240.
109.

108

119,

111

109,
114,

o0 oo Wt B W o O oD

103

28.

23

.942
L976

Q74
Q52

2
1

1

1

1

1. 989
1070
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1
1
J
1
J
1
1
l
1

515
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46

. 468
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3
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—_ th
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Fig 5 Packing arrangement in unit eell (m4-[ZnCl.})

to the five- or six-membered 2, 3-tri chelate nng for the
facial isomers. such as in the cases of 11 and f12 or
f3]1 and f32. Lask, the twu possible nrientations of the
replaced R(here is methvl) in asymmetne diamine
could be closer to the five- or six-membered 2. 3-tri
chelate ring, such as m the cases of ml and m[" or {11
and f11",

Table 3 shows selected bond lengths and angles of
the title isomers. Co-Cl bund length has been consid-
ered to be related to the substitutional reactivity of a
complex and some controversy has been arisen!®- 1,
The recent works, we alse noted that the sum of bund

C# Tt js the

lengths of the isomers are almost the same
case in this work, the order of the total bond length is
m3 > mé4 > m4’, and there is only slight difference
between the isomers; (. A between m3 and m4'; O, |
A between m4 and m4’, the differences are less than
2% of the total boud lengths (referring to Table 3) .
Thus, 1t is suggested that the bond length or sum of
boud lengths is no ohvious link with the reactivities,

However, if we consider the deviations (absvlute val-
ue) from the idealised octahedron or standard angles,
such as [09°28" and [20°, for the different isomers,

the obviously dillerent total deviations or distortions

may tell some story. In the early works. the distortions

of the isomers are consistent to their rates of hase hy-

drolysis at least qualitatively!® -

. It is suggested that
the total distortions of an isumer could link with the
reactivity of this isomer.

Although we have not obtained all the geometric
1isomers, even all mer-isomers of [Col2, 3-tri) (men)
Cl]°*, deviations of angles for the three mer-isomers
listed in Table 3 are considered te predict the behavior
of them in base hydrolysis. The order of the distortions
ismd > md’ > m3, and there is [, 4° difference be-
tween the two mer-tsomers (m4 and m4'), but there is
about a 40° difference between m3 and m4 or md’. the
md or m4' forms showing the larger deviations. T
ground state distortions are correlated with reactivity,
the more severely distorted species should be more re-
active. Iun base-hydrolysis. the m4 or m4' species are
expected to be more reactive, whereas within each

pair, md is more reactive than m4'.

2 % x W

[1] Jackson W.G., Sargeson A. M. fn Rewrrangemens in
Ground end Exied States. De Mayo P. (Ed ), Academe
Press, 1980, p273.

[2] Tobe M. L. fn Adiances in fnorgame and Bnnorgunic
Mechanisms, Sykes AL G, (Ed. ], 1983, 1.

[3] Hetherington M. J.
Canberrn, Thesis, 1995,

[4] Wentworth R. A. Do, Felion J.]. J. Am.
1968, 90, 621.

[5] Couldwel! M. €., House D. A., Penfold B. R, fnorg. Chim
Acte, 1975, 13, 6].

[6] Cainsford A. R., House D. A. [fnorg. Chim. Acta., 1972,

University of New Sowh Wales,

Chem. Suve.,

6, 227.

[7] Gainsford A. R., House D. A. [fwrg. Chim. Actu. 1982,
74, 205,

[8] Ha F. C., House D. A., Blunl J. W. teorg, Chim. Acta.
1979, 33, 269.

[9] Holloway R. ., House D. A., Penfold B. R. Cryst. Struct.
Cummun., 1978, 7, 139,

[10]House D. A., Treland P. R., Maxwell 1. A. el al Inorg.
Chim Acta, 1971, 5, 397,

[11]Walson A. A, Prnsep M. R., House D. A. fnorg. Chim.


http://www.cqvip.com

Holy

£ OO0 http://www.cqvip.com|

By %% {Col2.3-m) lmen)C [ZnCL & B P =TSR BWEA AR + 153 -

Acta, 1986,115.95.

{12]Tobe M. L. Ir Comprehensive CUoordinatiorn Chemusiry,
Wilkinson G. [Ed. ). Pergamon: N.¥., 1987.281.

[13]Comba P. C., Jackson W. G., Marty W. et al Helo. Chim.
Acta, 1992,75. 1130,

[14]Comba P, C., Jackson W. C., Marty W, et al Helr. Chim.
Acta, 1992, 75, 1172,

[15]Fabws B., Geue R. 1., Hazell R. G, et al frorg. Cheme.,
1968, 7,314

[16iJackson W. G., Spencer P. B.. Walsh R.J. frorg Chin
Acea, 1999, 284, 37.

[17]House D. A., Jackson W.G. frorg. Chim. Acwe, 1998,
274, 42.

[18]Jackson W G. frorg. Chem.. 1990, 30, 1595,

[19]Jackson W. G., Walsh R.J. faorg. Chem.,
4815,

[20]Jacksen W. G. Inorganic Rearrangements and Mechunisms,
New Developments. 1n Abs. 1£'92, 1992,

[21]1Duffy D. L., House D. A., Well ]. A, J. fnorg. Nuck

1991. 25,

Chem.. 1970, 32.21 14,

[23]Gansfurd A, R., House I A, fCA. 1969, 31, 367

{33]Gainsford A. R., Honse D. A., Robinson W. T. fuwg.
Chim. Acta, 1971, 5, 5935,

{24 Tanner U., Manty W. Jnorg. Chem., 1981, 20, 3750.

{25]Derwahl A., Dickie A.J., House D. A, et al Fnorg. Chem.
Acta. 1997,257, 179,

[261Comba P, C., Jackson W. G.. Marty W. et al Helr. Chim.
Acta, 199275, 1147,

[27]House D. A Comments Inorg. Chem., 1997,190(6), 327,

[28]1ZHU Qian-Jiang{ L E ), TAO Zhu(Fg %), XU
Yuan-Zhi (£ JCHH | Huaswe Yuebao( Acte Chimica Sinica ),
2000, 581111, 1434,

{29]TAQ Zm (M ), ZHU Qian-Jrang({ #LEIL), XUE
Sai-Feng { BETE R} o al Wiyi Huazue Xuebao ( Chinese
Journal of Inorganic Chemiseryl, 2001,1741),63.

[30]1ZHU Qian-Jiang [ B {L), TAD Zhul B %K), Jackson
W.C. Wuyi Huaxue Xuebao( Chinese Journal of Inergame
Chemisery), 2001.17(5).647.



http://www.cqvip.com

