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[Co(2，3一tri)(men)C1][ZnC1 ]体系中三个经式异构体的晶体结构 

陶 朱 祝黔江 薛赛凤 罗绪强 张广义 

(贵州大学应用化学研究所，贵阳 550025) 

周忠远 周向葛 

(中国科学院成都有机化学研究所．成都 610041) 

在【c。(2，3一tri)(men)CIjfZnCh1(2，3-tri：N一(2．氨己基卜1，3一丙二胺：men：N一甲基己二胺)体系中可能的几何异掏体 

的数目多达二十个，其中经式异构体八个，面式异构体十二个。用单晶 x一射线衍射分析方法解析了三个获得单晶的经式异构 

体， ff3的晶体学参数_c1)m3一[ZnC1 】(monoclinic P2一／‘ 8 0874(1 8】，b=15．135(3)，c：1 5．426(4)̂ ，口=99 3O3(6 

Z：4)，【2)m4一【ZnCI ](orthorhombic P2l2I2l_n：9 348【4】，6：i2 437(6)， 15 666(8) ，̂Z=4)and (3)m4’一【ZnCh1 

[orthorhombic P2I2 2 ㈣ 9 302(4】， =12 393(9)．㈨ 15 621(9)̂，z：4)。 
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The Crystal Structures of three mer_『Co(2．3-tri)(men)CÏ ZnCI|】Isomers 
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Among the twenty isomeric forms which are possible for【Co(2，3-tri)(men)C1IlZnCh]system (2，3-tri=N一 

(2-Aminoethy1)一i，3-propanediamine； n：N—metbyle&3．-lenediamine)，the stmetures of three reeF-isomers have 

been determined by single eD,stal x—my diffractions．crystal data：for(1)m3一【ZnCh](monoelinic P21／c，a： 

8．0874(18)，b=15．135(3)，c=15．426(4)A，卢：99．303(6)。，Z=4)，f0r(2)m4一【ZnC1 ](orthorhombie 

P212t21，n=9．348(4j．b=12．437(6)，c=15．666(8)A，Z=4)andfor(3)In4 ．【ZnCI4】(orthorhombic P2】2】2l， 

0=9．302(4)，b=12．393(9)，c=15 621(9)A．z=4) 

Keywords： Co衄 complexes geometric reeF-isomers crystal structures 

0 Introduction 

Amine complexes of cobalt㈣ invaiiably unde~o 

base catalysed substitution reactions in aqueous solu— 

tion，and the source of the catalysis is via deprotonation 

of a bound amine；the resulting aminate ion is a potent 

labilizer for an3．,potential leaving group 。 。and leads to 

the rate law： 

k(obsd)=kK[OH一]=ko．[OH ] 

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

traamine and pentaamineeobah㈣ species ．trsually 
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chloride as a leaving group． House has pmvided an 

immense amount of kinetic data on these systems ⋯， 

while Tobe has provided a detailed consideration of 

the important factors in the mechanism i 2j Sargeson， 

Jackson，Buckir gham and Many and eoworkem have 

concentrated on the stereoehemical aspects which have 

elueidated some of the subtleties of the process， and 

some significant papers in this quest not covered in the 

recent rev Jews acre citedt‘ ∞1
．  

Outstanding problems in the complete under- 

standing of the mechanism ape (i1 the effective site of 

deprotonation，and(ii)，the factors controlling the re- 

activity of the aminate intermediate species．The latter 

shows a remarkable and enoFnlotls range in reactivity； 

rate enhancement up to 15 orders of magnitude relative 

to the parent amine complex is observed． Such an 

enorIIlOUS rate acceleration is the key to the intense 

interest in the base eatalysed 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 to the effective site of 

deprotonation directly，and(ii)to deal with systems in 

which the complex and its isomers are aU chira1．Thus． 

careful investigations of reactant chirality and stereo- 

chemistry have to led a better understanding of the 

chemistry． 

The【Co(2，3-tri)(men)CI】『ZnC141 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)C1][ZnC14] 

system corresponding to m3，m4 and m4 in Fig．1． 

1 Experimental 

1．1 Synthesis 

The isomers were prepamd as described procedure 

0f Du曲 and House⋯ ．and Gainsford and House on 

the safne scale．An aqueous solution(50mL)of 2，3-tri 

(3．40g，29．1×10。mo1)and an equimolar amount of 

men(2．15g．29．1×10。mo1)were added to a stirred 

solution of Co(NOs)：‘6H．O (7．5g)and sodium per- 

chlorate(17g)in water(70mL) A rapid stream of air 

was passed through the stirred solution at room tem— 

perature for four hr； during this period a grey'-brown 

precipitate formed． The suspension V,qtS left at 4℃ 

overnight and collected by'filtration The dark brown 

crystalline complexes (peroxo—his【(men)(2，3-tri) 

cobalt【皿])were decomposed by heating in excess 

concentrated HCl for an hour． then loading onto a 

Dowex column，and eluting (HC1)in the usual way． 

Five well—separated bands developed，and the band-I． 

2 and 4 proved to be the m4一CI， m4'-C1 and m3-C1 

species respectively, The ratio of five bands WaS 15 

(m4) 35fm4 )：20：20(m3) lO． 

1．2 X-ray Crystal Structure Analysis 

Single crystals of the isomers m3， m4 and m4 

suitable for X-Pay,crystal structural determinations were 

obtained by gradually adding“H2ZnCl4"(2mol·dm一 ) 

to an aqueous solution of the chloride salts at room 

temperature． Crystals of the three mer-iszm~ers are 

red—pink and air stable． Diffraction data were collected 

at ambient temperature on a Bruker P4 X-ray' 

Four-circle Difiractometor with blo胁 ．Radiation The 

details of the data collection and c~stallographic data 

are summarised in Table 1． 

The crystal structure WaS solved by,direct method 

(SHELXS一97)which yielded the positions of part of 

non-hydrogen atoms and subsequent difference Fourier 

syntheses were employed to locate all of the remaining 

non-hydrogen atoms which did not show up in the initial 

structure All of non-hydrogen atoms were refined 

anisetropically．and all of hydrogen atoms were located 

basing on difference Fourier Syntheses．A1l of atoms 

were refined by Least Square methods 【by SHELXL- 

97)to convergence． The final atomic coordinates of 

non-hydrogen atoms are given in Table 2 and selected 

bond lengths and an gles in Table 3 Perspective views 

are shown in Figs 2～4 respectively Particularly，the 

packing arrangement in unit cell of the m4_【ZnCld]is 

shown in Fig 5 where the cations are enantiomorph 

2 ResulIs and Discussion 
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静NNH~H常NNH~Me 
C】 C【 

f【2’ 

G2 f32‘ 

Fig．t Twenty possih]e geometric isamem for IOn(2，3- )(men)C1]“ s~tem 

Fig 2 A general view of the cation(m3)and[ZnCh] 一 

2．1 Description of the Structures of the 

【Co(2，3-tri)(men)C1]“ Isomers 

The【Co(2，3-tri)(men)C1] system appears to 

be the first one which contains twenty possible geo— 

Fig 3 A general view of cation(m4 )and【ZnC]4】 

metric isomers (Fig 1)while a large number of [Co 

(trlame)(diamine)C1]“ systems have been synthe— 

sized and studied ．For the【Co(2，3-tri)(asy— 

mmetrie diamine)C1]“ system，three factors could lead 
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to increase the number of the isomers in the system． 

First．a R group replacing a-NH2-or—CH2-nf en(= 

ethylenediamine1 offers two possible end-to-end a 

rangements of the asymmetrical diamine chelate，such 

asinthe oases ofml andm3 orfl andt3．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．．m4一．and m4 -[Co(2，3-tri)(men)Cl̈ ZnCh 
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Fig 4 A general view of cation(m4)and[ZnC] 

Fig 5 Packing arrangement in unit cell(m4-[ZtGI ]) 

to the five-or six—membered 2，3-tri chelate ring for the 

facial jsomers． such as in the cases of f1 l and fl2 or 

f3 l and t32．Last．the two possible orientations of the 

replaced R(here is methy1)in asymmetric diamine 

could be closer to the five—or six—membered 2． 3-tri 

chelate ring．such as in the cases ofml and ml orfl1 

andfll 

Table 3 shows selected bond lengths and angles of 

the title isomers．Co—C1 bond length has been consid— 

ered to be related to the substitutional reactivity of a 

complex and some controversy has been arisen 

The recent works，we also noted that the sum of bond 

lengths of the isomers are almost the same~ ．It is the 

case in this work，the order of the total bond length is 

m3> m4> m4 ． and there is only slight difference 

between the isomers；0．5A between m3 and m4 ：0，1 

A between m4 and m4 ．the differences are less than 

2％ of the total bond lengths (referring to Table 3)． 

Thus， it is suggested that the bond length or sum of 

b0nd lengths is no obvious link with the reactivities 

However,if we consider the deviations (absolute va1． 

ue】from the idealised octahedron or standard angles 

such as 1O9o28 and 120。． for the different isomePg． 

the obviously different total deviations or distortions 

may tell some stoD" In the early works．the distortions 

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

drolysis at least qualitatively【 -3ol It is suggested that 

the total distortions of an isomer could link with the 

reactivity of this isomer． 

Although we have not obtained all the geometric 

isomers，even aU mer-isomers of[Col2，3-tri)(men) 

c1]“，deviations of angles for the three mer-isomers 

listed in Table 3 are considered to predict the behavior 

of them in base hydrolysis Th e order of the distortions 

js m4> m4 > m3．and there is 1．4。difference be． 

tween the two mer-isomers(m4 and m4 )，but there is 

about a 40。difference between m3 and m4 or m4 ．the 

m4 or m4 forms showing the larger deviations If 

ground state distortions are correlated with reactivity， 

the more severely distorted species should be more re． 

active In base—hydrolysis．the m4 or m4 species are 

expected to be more reactive， whereas within each 

pair，m4 is more reactive than m4 ． 
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