
[ntroductio~ . . _ _ _ . _ . _ _ * _ . . _ _ . _ _ _ . . 305 

~f~~~~~~e of Bijwet’s method _ . _ _ _ _ . _ . _ . e . _ . . . 306 
Absolute conf’igura tion and circular dichroism . . _ . _ . .* . . . . . 309 

lhble of absolute configurations of metal complexes determined by X-ray analysis . 320 
Metal index . a . _ . . , . . . _ _ _ . _ . I _ . _ . . 331 
Author index . _ _ _ _ 1 _ _ _ . + + . _ . _ e _ _ . , 332 
Remarks OR ~U~~~ proposal for des~~~atj~~ of absolute ~o~~g~rati~~ _ _ . _ . 333 
A~~~~~~ed~~~e~t . _ 1 . c , _ _ . e . . . _ . _ . _ a . 335 

References . . p a . . . . _ . . . _ . . . . . . . . . . 3 36 

A. INTRODUCTfC9N 

The ab~o~~t~ c~~~~~ration of the (+)sss- tzis(ethylenediamin)~~~=~~~~’ ion [ I (i)] + 

was determined in 1955 by 3ijvoet”s anomalous dispersion technique’. This was the 

first complex ion of which the absolute configuration was established by means aP 

X-rays. Since that time the number of complexes studied in this way has been 

~~~~ng ac an ~~~r~a~in~ rate. ent article is a ~i~~iu~r~~ y of the absoiute 
c~~~~~ra~io~s of 59 metal co d~~~rrn~n~~ by mean-s of X-rays_ ft includes 
those papers which were pub1 submitted for publication by the end of 1972- 

The X-ray determination of the absolute configuration of transition metal corn- 

plexes is an elegant means of evaluating many of the assignments of complex ion 
chirality on the basis of circular dichroism. Another purpose of such an ~nvesti~~~i~n 
is ta provide basic data for constructive a theoretics model For optkal activity. 

~~w~edge of the obsolete ~~~~~ura~io~ is also of great help in ~~derstand~n~ ratio- 
nally, various aspects of the stereospecific behaviour of optically active complexes. 

* References indicated by [ ] are included in the bibtio aphy fpp. 321-331). Those indicstted 
by ~~pe~sc~pt refer to the literature tisted at the end of this axtick 
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A crystal is a three-dimensional array of atoms in which the interatomic distances 
are about 2 X 1QW8 cm on average. When the incident beam of X-rays passes over the 

atoms in a crystal, each atom scatters the incident X-rays. Owin 
~~rangerne~~ of atoms ~onst~~~t~ve jnt~rfere~~~ between scattered wavelets takes 
place to give diffracted beams. The diffraction condition is given in a very simple 
form by Bragg’s law, 

Thus djffr3~tjo~l takes place as if the X-ray beam were reflected by t 

crystal planes. The angle of incidence is equal to the angle of reflection, so both are 
designated as 8. However, the value of 0 cannot be arbitrary as in the case of reflex- 
tion of light by a plane but is strictly restricted by eqn. (I). where dlfki is tht: spacing 

between su~~~ss~v~ atomic planes with Miller index f&l and h is the ~vavele~~~~~ of 
X-rays. The ~x~~~irn~~~t~~ data obtained from an X-ray diffractions study, after ap- 

plication of the various correctisn factors appropriate to the ~~rt~cu~ar experiment. 
are in the form af reduced intensities /(Jzki) of the diffracted beam from the array of 
atomic planes (Ml). I(lzkl) is proportional to the quantity ~F(?tkZ)12, where F(hkZ) is 

given by 

In this equationjj is called thtl atomic scattering factor and xprcsents the scattering 

amplitude of the j-th atom in terms of the scattering amplitude of a free electron 

under the same experimental conditions_ xi, -17 2nd zj are the fractiona coordinates 

of the j-the atom in the unit cek ~~~~k~) is rtsuatfy a complex number and is catkd 
the structure tictar. ft gives the amplitude and the phase of the diffracted beam 

from one unit cell. The atomic coordinates can be deduced by the various methods 

of X-ray crystallography on the basis of cqn. (2). since ;F(/tkl)l can be obtained 

fium observed I(H). However, it is not possible by the normal X-ray method to 
decide whet~~~r the optimally active co~~~ple~ as a partj~u~ar &~~~~~uratjo~ or its 

terror ~~~a~~. This is because X-ray diffraction patterns are usually obtained under 
such conditions that ‘FricdeI’s rule” is obeyed: the X-ray wavelength used is rIowhere 
near the absorption edge of any of the atoms in the crystai. In such casefi in eqn. 
(2) is real, Consider a dissymctric structure D and its inverted (enantiomorphic) 
~tru~t~i~~ L. The st ructurc factors for the I&i and ~2~~ re~e~~~~~s can be writ ten 



where 

Accordingly we have 

From eqns. (3) we find 

This is called Friedel’s rule. Equation (5) means the two enant~~rner~~ structures, 

E and L, give the same set of intensity data. Act ngly we cannot tell the absolute 
ration. However, if the wavelength of the incident X-rays is chosen to lie 
(but necessarily shorter than) an absorption edge of one atom in the cry&& 

waft we denote M, X-rays are scattered ~noma~o~s~y and the ~~ornal~us phase shift 
on scat tt:ring has e effect of advancing the wave from relative to the wave from 

the rest 3f atoms. The scattering f&tar for the atom M is represented by a complex 
quantity : 

Afil and A&; are small ~orre~tiun facturs. t can be easily seen that this mQdi~ca~ 
tion of the scatteri factor gives rise to a s all difference in intensities between 

hkl and hkl, when n. (6) is inserted in eqn. (2). However, the relations (4) still 
hold even after this correction. Consequently we obtain the followin 
re~at~~nsh~p. 

Ff rcf ~~~~ 2 ID , then It ~~k~~ 5 IL ~~k~~. co 

In other words, the ~~~~ua~~t~ relations observed for clne structure are the reverse of 
those found for its enantiomorph. This is the basis of the determination of absolute 

ration by anomalous scattering technique. The intensities can be calculated 
by ~s~urn~ng a particular enantiomorphic configuration for the complex and the 
result can be ~orn~a~~d with the ub~~~a~~o~. If the ~~te~s~ty relations are the re- 
verse of those obse~~d, then the inverted ~on~gurat~on represents the correct 
absolute configuration. Figure 1 (a) and (b) show the effect of anomalous scattering. 
These are Weissenberg photographs of (-++I- [Co(S,S-chxn)J Cf3. 5Hz0 taken 
with two different radiations [8]. Figure I(a) was taken with Fe K%Y radiation (h =: 
1.93’9 A)- Since this wavel~n~h is away from the K ~bsu~t~o~ edge wavelength of 
c&aft (XK = I.608 IQ, omalous s~a~~e~~g is ubse~e 
tributions of a number of diffraction spots on a characteristic U shaped row-line are 



Fig. 1. ~~~~~sc~~~~~ ~h~~~~~p~s, showing the effect of anomalous scattering_ (-)s~~-~-[Co- 
(S,S-chm)3] CIB. 5H#, a-axis rotation, O-th layer. (3) Taken with Fe Kar radiation (A = 1.937 A) 
(b) Taken with Cu Ka radiation (X = 1.542 A). 

symmetric with respect 80 its centre. A pair of r~~ect~o~s located symm~tric~~~y on 
a row-line c~~~e~~o~ds to a r~~~ct~u~ hi3 and its ~~u~~~~ r~~~~t~~~ itkf (or its equiv- 

alent). Therefore Friedel’s rule is obeyed. On the other hand, (b) was taken by Cu 

Ka radiation (X = 1.542 a) whose wavelength lies close to and a little shorter than 

the absorption edge of cobalt. X-rays are then scattered anomalausly by the cobalt 

atom. Copicus fluorescent radiation darkens the background of the film. The corre- 

s~o~d~~g re~~~t~~~s en 3 row-line are no Ers r equal in ~~te~s~t~ and Friedef”s rule 

is violated. If a crystal of A-isomer is used u er the same e~per~m~~~a~ co~di~~o~s, 

the observed intensity relations will be inverted, 
Bijvoet first determined the absolute con II of d-tartaric acid by this 

method and showed that Emil Fischer’s con s correct * _ The reversal of in- 

equality relations for a pair of ~~ant~o~or~h~~ str~~~tur~s was first demonstrated 

Saito and his c~l~~b~rators for crystals of (t),,,- and (-)S89 -~~~~o(e~~~] zCf7 + 6 

and such inequality relations were shown to be certainly due to the effect of anam- 

aloes scattering and not to some other effect such as differences in secondary cxtinc- 

tion or absorption [ I (i), (ii)] + 



is chosen appropriately. Most of the absolute configurations tabulated in the bibli- 

ography were determined in this way. No other physical method is at present capable 

of determining the absolute c ration unambiguously. 

~su~ly the determination olute ~on~~~~~tion is carried out by ern~ioyi~~ 

eom~letely resolved opticaI isomers- owever~ in f~vo~rabIe cases, it is ~ussibIe to 

attain the purpose, even if the resolution is incomplete. The absolute configuratisn 

of (--)54,-tris(acetylacetonato)cobalt(III) was determined for quasiracemic crystals 

[38]. [Cofacac) j ] was partially resolved by column chromatography on D-(+)-lactose. 

C~y~t~~~~~at~on of 2 mixture of partially resolved ~~u(acac)~ J and raeemic 

[Al(acae),] gave ~~asi~a~erni~ crystals which ~o~t~i~ an excess of ~-~~~~-~Co~a~~~)~~. 

The cefi dimensions are nearly identical with those for the i~om~r~ho~s racemic 

[Co(acac),] and [AI( acac),] _ However, the space group of the quasiract?mic crystal 

is different from centrosymmetric .KZ1/c of racemic crystals and is non-centrosym- 

metricPZt. This is certainly due to unequal substitution of cobalt atom in the two 

~~l~~lat~o~ revealed that the model with excess 

in the crystal gave e best fit to the observes valves. The A a~s~~~~~ 
as further supported by calculation of 19 Friedel pairs (2 reflection 

ny biologically important cheIating molecules such 

as ~-amigo acids were determined by Bijvoet’s rn~th~d. ~e~efore, a known absolute 

ovation of am centre in a cctmpfex can be rttilized to deduce that of other 

centres. in this case the whole absolute configuration of the complex can be deter- 
mined by normal X-ray diffraction”. Such was the case for a-(+),,,-tris(L-alaninato)- 

cobalt(III) (ref. [40] ) and (+)496- lutaminatobis(ethyienediamine)cobalt(III) per- 

~~~r~t~ (ref. f 18) ). 

A few words will be giver to the theoretical back mund of eqn. (6). The theory 
omaious dispersion was developed by I-En1 classically3 and quantum mcchan- 
(semi-classical theory)4. More advanced quantum field theoretical treatment 

gives essentially the same result 5. Calculated values of Afbf* and Afhlce are tabulated 
in International Tables for X-ray ~rysta~~o~raphy6~ which are rna~~~y due to Dauben 

v~r~~~a~i~~ of these values are rather frag 

where experimental values e except very 

istic calculations of Af’ and ” improved the 

agreement with the experimental values considerably 8. Recent measurements of 
A_f” and Af” by ener y dispersive detector also showed very good agreement with 

the tb~or~ti~al ~~l&~~aFions’ _ 

C. CIRCULAR DICHROISM AND ABSOLUTE CONFIGURATION 

The origin of the optical activity ~~ibited by dissymmetr~~ transition metal corn- 
plexes may be classified into two ~i~~~~~~ cases. Qne is that of the ~ymrnetr~c 
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ehromophore in a dissymmetric molecular field and the origin of optical activity in 

this case is ascribed in a number of theories 1*-16*18 to a certain kind of distort&m of 

the l&and or their orbitals from regular dispositions such as octahedral or tetragonal 
~rr~~gerne~t. In knotted ljmit~ng case, an o~t~c~IIy active complex is regar~g~ as a 

~ssymrnet~~ ensemble of symmetric ~~~orno~hor~~ forbad f‘iv ~oordi~a~iQ~ tu a 

central metal atom lgV2*. The complexes listed in the bibl.+,.U ‘+n-“a?hv mostly possess a 

symmetric chromophore placed in a dissymmetric environment. A dissymmetric en- 

sembie of individual chromophores is exemplified by (-)58~~[~(~t)3]- (ref- [X2] ), 

(~~~~~-~~~(~~~n~~]*+ (ref. [49]) and (-)s89-rf;e(phen)3]2*(reT. [46])_ The optically 

active polyamide complexes sf cob~~t~~’ bronze a particularly corn~re~e~s~v~ series 

af stable coordination compounds in which a symmetric chromophore is located in 

$ d&symmetric environment. About eighty percent of the absolute configurations 

included in the bibliography are cobalt*‘I complexes. Optical properties of these 

~mpl~xes have been extensively studied both in solution and as singEe crystals23-2g. 

re 2 shcws the circufar dic~~oism of four ~ris~~jd~~~~~~~ complex ions in zs 

QUS solution. They uil have the absolute con ration A(666). T 

spectra of these: compicxes consist of two we lligand fieid bands, one in the visible 

and the other in the near ultra-vioIet, and a strong ligand-to-metal charge transfer 

band in the far ultra-violet. The ligand Id band in the visible region is called the 
first absor~t~~~ band and is a poIe ~~~~w~d d-d t~a~s~tio~. In solution 



the circular dichroism associated with the first absarption band consists of twO cir- 

cular dichroism bands of unequal magnitude and opposite signs. A11 the longer wave- 

length bands shown in Fig. 2 have positive rotatory strength, reflecting A absolute 

~~~~g~r~t~~11. ~cCaffery and Masonz6 measured the circufar d~~hr~isrn of single 

crystals of ~a~~~~~~ - Co@&] zC1:r +6&O and assigned the longer wavelength band 

to that 0fEsymmet and the shorter wavelength component to that of A2 sym- 

metry. The circular dichroism spectra of (+)Ss~ - [Co(+pn)s] 3c and (-)589 - 

Ku+ch=)3 1 3' can be assigned in the same way as those of (+)5s9-[Co(en),] ‘“, 

since the circular d~~hroism spectra resemble those of (+)sSs - [Co(er1)~1 3’. The crys- 

tal m~as~r~rne~ts safe that the intrinsic rotationaE strength oft f: E component of 

the octahedral Ir’rg transition in (+) Sg9 - [cO(en)af ‘+ is positive and substantiaify 

er than that of the solution circular dichroism. Accordingly the intrinsic rota- 

tional strength of the Az component must be almost as large and negative, the two 

r~~~t~on~ strengths overlapping and mutually cancelhng to within a few percent 

when the complex is orbited ra~d~rn~y in ~o~ut~~~. The band origins of the E and 

AZ ~ompone~lts ~~iR~id~ in frequency and the a~~~aran~~ of each circular ~i~~r~is~ 

band in the solution spectrum arises from the different distribution of rotational 

strength over the and A2 vibronic progressions . ” Thus the observed circular di- 

chraism is residu or in other words, it is in the resultant of two large rotational 

sign and with nearly equal fr~~~en~y. Act ding@ a small dif- 
ric en~ru~rn~~t may produce a major cha 

chroism spectra 0 erred in solution. The circular dichroism sp 

[Co(+cptn),] 3+ is somewhat different: the longer wavelength band has smaller 

rotatory strength than the shorter wavelength band, whereas the longer wavelength 

band predominates in the first t ree members of the series. Gegen-ion effect and 

a~~sotr~py in absorption of polarized tight of sin e crystals i~di~~t~ that the longer 

wavelength band is assignable to E (ref. [7] ). St r ture analyses of these complexes 
revealed that the shape and size of an octahedron formed by six nitrogen atoms 

around the cobalt atom as weh as those of the five-membered chelate ring is practi- 

cally the same throughout the series of the complex ions. The octahedron is slightly 

escorted around the threefold axis; the upper tri e forward by three nitrogen 

atoms is rotated c~~nter~~ockwis~ by about 5” wi respect to the lower triangle of 

the three _ _ g nitrogen atoms. No appreciable strain is introduced in bond 

angles on a chelate ring far the complex ions, (+),89-[Co(en),]3*, (+)589- 

[Csl(+pn),] 3’ and (--)589-fCoffchxn)3] “*_ In the case of (-),,9-[Go(+cptn)s]3*, 

however, the N-N distance of 3.14 A decreases in length to I!.?6 J% when a strairr 

free ~~gand rno~~~~~e would form a &elate ring and some bond angles in the ehelate 

ring as well as in the cyclopentane ring are significantly smaller than the normal 

tetrahedral angie. Such a strain in band angles due to fused-ring formation might 

affect tile ligand field. This change in the ligand field would cause the shifts of the 

circular dichroism s~~~trurn as observed. The reversal of the ratio of the rotatory 



and A2 components of the cilcufar dichroisrn might also be attrib- 
nge in the l&and field. 

Thus correlation crf stereochemistry with optical activity requires some prudence- 
Various rules, purely ~rn~i~~~~~ or with t~~~~~t~~~~ ba~kgru~~d~ have been proposed 

to correfate the circular d~c~~~~~rn and the absolute co~~gu~~t~on (see reverences 

given in ref. 32). Notably two rules are known: one is Hawkins and Larsen’s octant 

sign rule 3o and the other is the ‘“ring pairing method” of Legg and DouglasS f Both 

methods are e$sentialiy empirical and equivalent. They cover the main symmetry 

types of ~ob~~t~” and other metal ~o~~pig~es and the sign of the Cotton effect due 

to a ~arti~~~ar com~o~~Fnt descended from the Q~t~~~dra~ rrs transition in a tr~go~a~~ 
tetragonaf Or urthorhombic environment is correlated with octant sign or net chiral- 

ity. Where the configurational and the vicinal effects are op osed the former appears 

to be generally dominant. Usually substitution on the chelate ring is accompanied 

s in ring conformation and distortion of the chelating atoms, which 

may give rise to a change in the circuiar d~c~~~~srn spectra. s the vieinal effects 

may be rather indirect. All the cobaftIf’ complexes with r-n dentate polyarnines 
containing five-membered chelate rings of which the absolute configurations are 
established by X-ray method [ 11- 13, 15A, 15l3,30-321 predominantly give a pos- 
itive circular diehroism in the region of the first absorption band for the net chiral- 

ity R for ~~s~t~ve outact sign), or ~~~~t~~~ for the net chirality d (or ~~~gat~v~ octant 

sign). 

Mason devised regional rules correlating the position of a substituent to tetra- 

gonaI chromophores, [CoAS IS] and ~urzs- ]CoA4B2] and octdedral chromophore 
[CoAe] fief. 32). These rules are founded on the general symmetry aspects of the 
theory of tIte metric ~~r~mophore in ssymmetri~ ~~vir~nment dev~~o~ed by 

~~be~~rnan a’. e theory shows that the i ted rotatory power may be related to 
the substitution pattern by means of the symmetry properties of the unperturbed 
chromophore, In the case of_ccntrosymmetric chromophore such as those with 
octahedral or tetragonal geometry, the zero-order rotational strength vanish, but the 

~rst-~rd~r r~t~t~un~~ strength may be non-z if tk ~~rt~rb~tiun ~~te~t~~~ due to 
the sLibst~t~ent grouts around the ~~rorno~ 

which transforms like a pseudo-scalar in the point group to which the symmetric 
chromophore beIongs. There is an infinite number of those potential functions 
which transform as a pseudo-scalar under the symmetry operations of the point 
group. Amo them, only the simpler potential functions may useful for the re- 

onal rules, tant sign can be obta~~ed by emp~oy~ng the 600 ate f~~ct~o~ 

z(x*-J~~) for each s~bstitu~~t~ The coordinate axes are riot-handed and t 
directed along the metal-h and bonds. X-ray study of tetragonal complexes, 

(-)ses-ICoC~2(N-Meen)*l+ (ref, [25]) and (-)589-rCoC12C_‘pn)2]+(ref. [23]) 
showed that the coordinate function XJZ Q? -JT”) must be used to accommodate 
the observed circular dj~~r~is of these ~~~~~~xes~~3s, which is the simplest 
~eud~-s~~~~r potential fu~c~~~n for a point group L&n _ The simplest ~seudQ-s~~~ar 



for Oh has a fcrmxyz(x’-y2)Cy2-z2)(z2- x2). The functional forms of the simplest 

pseudo-scaIar potential are Iisted for most of the common point gro~ps~~. 
esented a regional rule fo he optical activity of the 
ional isomers of octahed compiexes, It is based 

upon a more intuitive argument utihsing ex~e~~menta~ fat The space hmrcatim 
derived is the simplest pseudo-scalar representation of the point roup oh l The did 
ai donor atom distortion and the contributions of the amino hy rogen atom, which 
were ignored in previous regional rules are taken into account. Such donor atom 

d~stortjQ~ was i d observed in crystals of (+) ~~*~~o(~~~)~ (3,2,3-tet)] Br (ref, 

m The four donor ~jtr~g~~ atoms of the tetrarn~~~ ~iga~ds in the eq~at~~~~~ 
of the coordination octahedron showed alternate deviation from the plane. 

ese deviations generate two non-orthogonal skew lines, wlGch define a helical sys- 
tem at the cobalt atom. 

Shinada ~~~c~~ated the optical rotatory dispersion of & complexes by rn~~~s of 
a purely ionic ode1 rS. Q~a~~~~~~v~ ~g~~~rn~~~ was obtained for ,JX-(+)~~~- [Cr(o~)~f ‘- 
(ref- f41CJ). Fsr [Co(en)a]‘*, the effect of coordinated nitrogen atoms was re- 

placed by the paint dipoles and the rotatory strength was shown to depend upon 
the direction of these dipoles with respect to the average planes of the chelate rings. 

Piper and Karipides c~le~l~t~~ the rotatory strength of some trigonal corn 
by a static o~e~~~ectro~ rnod~~ r4. Al this model is opriate for accu- 
rate quantitative calculations of the y strength, it a simple and cor- 

rect representation of the nodal structure in the electronic states of a symmetric 
chromophore in a dissymmetric moiecular environment. It is particularly attractive 
in making correlations between circular dichroism spectra and absotute stereochem- 
isal co~~g~rat~o~ of the corn~~exes* In their t~~~trne~t the sign of rotatory strength 

does not depend upon the absolute c~~~~g~r~~~~~ of the chefate ring around the 
metal ion but is determined by the displacem t of the coordinating atoms from the 
apices of a regular octahedron, Wing and Eiss termined the absolute configuration 
of bis(tribenzo [b,fJ] -[I ,5,9] triazacyuioduo ne)cobalt(lII) ion (ref- [14])* It is 
a ‘sand~~h’ type corn~~~x like ferrocene with two parallel p hgand molecules. 

The octahedron ~~~rn~d by the six nitrogen atoms possess a s twist d~stu~t~o~ 

about the threefold axis. This is in the CountercIockwise direction as in the case of 

A-(+),,,-Ico(en),13: which has a remarkably similar circular dichroism in the region 
of the first absorption band. This correspondence may indeed constitute experi- 
mental support for Piper’s model for optical Mty in trigonal metal complexes. 

~cb~ffer f6 discussed the ~~t~c~~ activity complexes of CdIf and CE-“I in 
terms of the angular overlap model of bondi coordination compounds first 

proposed by Yamatera _ ” The effects of th mmetric environment were repre- 
sented in terms of the SITII.IU a, lar parameters representing displacements of li- 
gating atoms away from the r ar disposition+ Observed mofeeular geometries of 
11- [CO (en)sf 3+ etc. were ~n~ys~d. 
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Richardson I8 examined the optical activity of trigonally distorted ML6 duster 

sn the basis of ionic model. The perturbation expansion of the wave functions was 

rried out to the second order, The results obtained to first order in perturbation 

theo~ are s~rni~a~ to those obta’ d by Piper and ~ar~~id~s and others “*’ ’ *E4S bc- 

cording to this ~~~o~* the trigo $~~~lFi~~ ~a~~~~~~~ Kc= YE---P&~) of the ‘AZ9 -3. 

4T;g(Cr Ill) and of the ‘AI9 + I T,g(Cos’l ) transition may be controlled by whether 

an angle 8 is greater or less than the octahedral value of 54.75”, where 19 is one sf 

the spherical coordinates of the 1 ting atom and is measured from the trigonal axis 

of ttre c~rnp~~x (see Fig- 3). Vatu of 6 can be easily calculates from the atomic 

~~~r~j~~~~s and 

nately the numb of structure determinations accurate enou 

values is still Iimited, The angIes characterising structures of e trisbiden tate corn- 

plexes of CrrrI and Corl’ are iisted in Table 1, of which the crystal structures were 

d~t~r~~~ed with ~~f~&~ent accuracy, It is known that the sign of the%’ ~~rn~~~~~~ 

inverts from the ~~~~~~a~ d~~~~~~s s~~~~r~~~ of ~*~~)~~~ - pzr @x)3] 3 - to 

.&-(f)589- [Cr<rm$13f j- (refs. 37,323). This is consistent with the observed 

0. The reversal in camponent energies between h-(+)5ss-jCo(thiox)313- and 

A-(-),,,-ICo(oxM’- are also in accord with the theoretical prediction. The ob- 

served distortions of the Co&, chrsmophore in the complex ions with five-mem- 

bered chefate rings are tr~g~~a~ c~m~~~ssio~ (0 > 54,75>, ~h~r~~~ that of 

~-~co~~,~-pt~)~] 3+ is a trigonal elongation at 3 ~o~v-s~gn~~ca~ce level. Tabie 2 lists 

the angular parameters of each ligating atom in A-[Co (tn)B] 3T The angles were 

caIculated from the atomic parameters of (-)5gp-[Co(tn)3] Cl3 _ 0, which is 
iscltypic with its bromide analogue arld the fin4 R value was 0.0 for 2806 sb- 
served r~~ect~~~s colfected by the d~ffr~cton~~t~~ methods f4 ( )f_ The values of@, 

u and Q indicate that the d~vjati~ns frcrm a refuter oct~~dr~~ e rather ~rre~~la~_ 

In mmtrsst tu this, the individual angles in the latter three complex ions listed in 

Table I were in accord with the expected Da symmetry and by assuming this sym- 
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A 89.3 Cl) 6O.ia 
56.7 

125.5 (54S$ 

N(3) SS*I 
B 

?-x4) 
89.9 (11 58.2 

126.9 (5%E) 

c Nf5) 
N(6) 

92.0 

90.4 59.9 

%ee Fig. 5. h 1,80” - 8. 

metry the averaging muid be j~sti~ed_ The general trend of the d~s~~r~~~~ observed 
for [C~(tn)~j~” appears ta be trigonal elongation, implied by four out of six 0 values 
less than 54.7’. The bromide monohydrate of A-(+)Ss9- [Co(tn), J 3+ shows a single 
positive peak in a potassium bromide matrix, and A-(-)sluj-[Co(R,R-ptn)3j 3* shows 
a single negative peak in s ~rne~ts of the symmetry of the circular 
~c~o~srn band of (-+)sss - ~ri~~~e. Those based on a single crystal 
study assign the high-energy component as that ofE symmetryx9, while g~~en-~o~ 
effect suggests that this is the Aa component 4*-42. The assignment of symmetry of 
the circular dichroism band of [Co(R,R-ptr&J3’has not yet been made. 

It may be worth~~e to note here that the conformation of the chelate rings 
~bse~~d in the crystal wiff not always be ~~t~~~ed in soi~t~~~~ One sb~u~d not over- 
look this point in correlating the solution circular dichroism with the absofute 

c3 

Fig. 3. Angles characterising a Iris-bidentate complex, 



Fig. 4. View of thermal motion ellipsoids of ;1 Co-en ring. 

configuration. Such an indication can often be obtained by the study of anisotropic 
Thurman ~ararn~t~r~ of the ~t~~~ in rhe chelate ring. The thermal elIipsoids af a 

cobalt ~thy~e~~d~am~ne ring which lie on ;f t~~ufo~~ axis in the crystals of (+jSgg- 

[Co(en)JCl, _ i-i20 (ref. [I (iv)] ) ig. 4. Whereas the vibrations af the 
cobalt atom are nearly isotropic, the two carbon atoms appear ta oscillate with 
large amplitudes nearly perpendiculariy to th C-C bond with a mean amplitude of 

ese features of the anisotropic thermal vibrations of the carbon 
pport the existence OF a ~~ck~~i~g motion af the chelate rin 

solution. A six- mbered chelate ring such as cobalt-l ,3-diaminopr~pane ring is 
more flexible, thermal motion ellipsoids cllf A-(-)sss-rco(tn)3]3’in crystals of 
its chloride monohydrate is presented in Fig. 5 (ref. [S(Z)]). The three chelate 
rings have the chair conformation. In one of the chefate ri 
thermaI rnoti~~ of two barber attics is parti~~IarI~ ~t~~k~~~. 

ma1 motion is primarily pgr~e~di~ular to the plane formed 
bonds fur each atom. In fact the chelate ring containing th 
the most loosely packed in the crystal. Such thermal motion suggests a change in 
conformation of the Co-tn ring from chair ts skew-boat form in solution at room 
temperature, resulting in a co~format~o~~ e~~~~ibr~~rn ong different ~~n~~~ers 

of [C~(t~~~~ ‘*. U+)SW -~~~(in~~~~r~. HzCI stxows a si e ~~s~~~~e peak (LIE = 0.35) 

in a microcrystalline form in ;f potassium bromide matr ‘. This is different from 

the corresponding spectrum of a solution of the complex ion. At room temperature 
the circular dichroism spectrum of (+)ss9-[Cs(tn)B] 3+ in solution consists of two 

ite sign, the io~ger ~vavelengt~ band being negat e, On I~~~~~in~ the 
circular di~~~isrn ~h~ges ~r~g~e~~iv~I~ towa that of the corres- 

ponding spectrum in potassium bromide matrix. The circular dichroism spectrum 

of (-)s,,-[ColR,R-ptn)31 3’, in water shows a negative peak (Aes2s = -0.5 1) (ref. 
lex ion has the absolute configuration A(MX) and the three chelate 

ain@ take skew-boat fornz [6]- The observed solution circular dichroism spectrum 
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Fig. 5. View of thermal motion ellipsoids of [Ca(tn)aj3+_ 

between a tr~s~skc~v-boat and a tris-chair form, If it is assumed that the ~r~~cip~ con- 

form~rs of f-k) s gg-~~o~t~~~ ] Se in so~~t~on are the ~-tris-c~~~r and ~-~~~-tris-slew-boot 
form, an analysis of the observed temperature variation of the circular dichroism 
spectrum indicates that the t&chair form is the more stable by OS Kcal mof’ in 
aqueous solution. At 20% the tris-chair population is 70% in solution. 

The next topic is the no -empirieaI det~rrn~R3tio~t of the absolute confi 

from the obsenred circular ~c~r~i~rn ~~ectr~~~* The ~bs~~~t~ ~~~~~~r~ti~ 
optically active metal complex can be determined ~~~-~~~ir~~a~ly by the study of 
its circular dichroism, when it can be regarded as a dissymmetric ensemble of sym- 
metric chrornophores. In a tris-chelated coordination cornpound containing unsatu- 
rated ligands a major source of optical activity is the Coulombic coupling of the 

allowed z.“*n* transitions in the ~nd~vid~a~ Ii ~o~~~o~e~t t r~~~sitio~s 

are determined by the phase relationships of the individual transition dipoles. The 

X-ray method and this non-empirical method shouId give the same result for one 

particular complex. The X-ray determinations of the absolute configurations of 
~-)~a~-A-[Fe(phen)3f~’ (ref, [46] )_ ~~)*~~-A-~Ni~phcn~~~ ‘* (ref. [49] ) and 

~-~~~~-~As~~~t~~~ - (ref. f52 veined that both methods can give an i 
ca.l conclusicn. Studies on fAs(cat&]’ will be briefly explained4s (ref. f52] ). 

f,2-Benzene&al exhibits three electronic absorption bands in the ultravicrlet region. 
In Fig. 6 its absorption spectrum is drawn by broken line wirh the intensity scale 

rnu~ti~~~~d by a factor of three urve 2). The spectrum of ~-~ss~-K~~~~t~~~ also 
consists of three bands with sli tly different f~~~~~~~~es, which is shown by thick. 
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Fig. 6. The absorption spectrum of ~,2-be~zened~~~ in an aqueous ~~~~i~~ (2) (with the intensity 
scale multiplied by a factor of three) and the absorption spectrum (1) and the circular dichroism 
spectrum (3) of (-1589 -KfAs(cat)s] . 1.5HzO in an aqueous soIution. 

transitions of the figand, I ,2-benzenediol, which has the transition dipole moment 
either parallel (x; long axis) or perpendicular Cy; short axis) to the oxygen-oxygen 
direction_ They-polarised transition cannot produce zero-order rotatory power in 

tris-chelated ~~mplexes, since it fias no rn~g~~tic moment. OR the other hand, the 

_~-po~ar~se~ tra~s~t~o~s of the three ~iga~ds in 

two electronic transitions, A 1 + A2 and A, -+ It was found that the A, -+E band 
appears at longer wavelength than the A 1 +A* bandMy4’. A negative circular di- 
chroism band appears in the region of band f1, and a strong negative and a strong 
positive peak was observed from longer to shsrter wavelengths in the region af band 

III, whereas bard I e~~bited very weak optical activity_ ~~~se~~ently band f may 

be designatedy-polarised, and bands iI and III x-polarised. The fact that in the 

region of band III the AI --t E transitions at longer wavelength have a negative rota- 
tory strength and the AI + Al transition at shorter wavelength has a positive rota- 

tory strength indicates that the absolute ~~~~~~~atio~ of (-)sss-[As(cat)sf- is A, in 

~~r~~~~~~ with the result by X-ray analysis. 
Recent improvements in ~x~~r~rnent~ and comp~tat~o~~l tec~~~~~es in X-ray 
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crystallography have made it possible to determine the atomic charges as WCII as 

distribution of bonding electrons based on accurate X-ray diffraction data. Perhaps 

the most challlcn ng result is the de~erm~~at~un sf ~~~b~~ of electrons around the 

centrd metaf atom of complexes. Let us consider a CoN6 cluster- If the Co-N 

bond is purely ionic the cobalt atom bears a charge 3+ and if t 

completely covalent, then the charge on the central cobalt ato 

to donation of an electron from eachpf the six coordinating atoms. An accurate 

d~~er~~~~io~ of ~~e~rro~ density dis~rib~~~~~ in ~rys~~~s of ~~~(~~~~~~ [Co&IN),] 

was carried out4’, c3 direct i~te~rat~o~ ofr e electron densjty 3rou~ld the cobalt 

atom within a sphere of radius I .3,2 a (covalent radius of sobaIt atom) showed that 

each metal atom has largely neutralized resultant charges: [Co(NH& J3: 26.3 2 0.3 e 

and fCb(CN)J J-, 26.8 I 0.3 e. The positive charge in [Co(NH,),. ‘+is mainly 

~stributed on the eighteen hydro n atoms of the six ammonia molecules, Likewise, 

the negative char on ~~o~C~~~~~- is d~s~r~bu~ed on the six ~ya~o groups and the 

metal atom has a zall positive charge. In ($-I ~ss-[Co(R,R-chXn)3f3+ (ref. f9]), the 

number of electrons around the cobalt atom was estimated ta be 25.8 +0.7. This 

latter value is lt?ss accurate because the intensity data were not ood enough to war- 

ram such detailed analysis. A recent electron by Coppcns et a1.49 

for GHAN’-di-(2-aminoetIryl)malondiamidato~ ~i~ke~( f ~r~ydr~~e has sh~~vl~ that 

the nic!cel atom has a small positive charge of about .5 e, which is in good agree- 

ment with the values obtained far the cobaItiil ccrrnplexes. All these results imply 

that the ionic character of a metal-ligand bond is about 50%. In the difference 

I+MJI+~:* synthesis of [Co(NH& ] fCo(GI’&] ~~s~~bu~~o~ of bonding eIectrons ~3s 

~~~~~~~ ~~S~~r~j~~~. ft iS clear t&It 2 large a~~~~~ of ~~f~r~at~~~ can be ub~~~~d 

from these accurate d~~er~j~a~~~~s of ~~ec~ru~ struct a ~heor~~~~~ 

made1 for optical activity. 

e, optical activity may be classified as a second-order optical prap- 

erty and its extreme sensitivity ta the details of the electronic structure of the over- 

alI system requires very ac~ur~~~ srru~~~ra~ perimeters as well as very accurate wave- 

fu~~~t~~~s for ~~~o~~t~~a~ ~~~c~~~t~~~~. At present, in the absence ~~a~~~~r~~~ IVLZW= 

functions, a theoretical analysis of the optical rotatory properties may be best 

accomplished by determining the symmetry-controlled aspects sf the problem, The 

need for accurate structural data deserves special empksis in this respect. As dis- 
cerned from the petal Index (p. 331) the paucity of absolute ~~n~gurations of 

~~rnF~~xes o~-~~erne~~~ other than cobalt is stilX a d~s~~~~~ handicap and it is ~~~~d 

that more extensive work will be done in this area. Secondiy, accurate de~e~m~~~- 
tians of positional coordinates and electron density distributions are highly desirable. 

Such accurate determinations are difficult and are still small in number, 
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D. TABLE OF ABSOLUTE CCINFIGURATIONS OF METAL COMPLEXES D~TERILIINED 

BY X-RAY ANALYSIS 

This tabfe wontons the absolute mnfi rations of ~~ordinat~o~ compounds deter- 
mined by means of X-rays. It includes those papers wlxich were p~b~~~~d or sub- 

mitted for publication up to 32st December, 1972, but cannot claim completeness. 
The author should very much appreciate receiving suggestions for new entries to 
this table, so that possible later editions would be more comprehensive. 

The symbols to denote the absolute configurations of metal complexes in 
the text are according to the IUPAC proposal (1968)*, while those used in the titles 
of papers are the same as those adopted by the authors in the original papers. 

No. of complex 

acac 

ala 

3% 
ate 

bigua 
eat 
chxn 

cptn 

dien 

3,~-di~et~~~~ 
en 

@ut 

N-meen 
rn~~ent~~ 

5-me trien 

a~ety~~~~tonate 
a~anin~t~ 
argina te 
acetylc%mphora:e 
biguanide 
I ,2-benzencdiolate 
~~LBZS- .I ,2-diaminocycIohexane 

(~~~~~~- I ,2_cycIohexanediamine) 
trans- I ,2-diaminocyclopentane 
(trurts- 1 ,Z-cycIopen tanediamine) 
diethylenettiamine 

3,8_dimethyftrietftylenetc3tramine 
etby~e~ediamine 

glutamate 
malonate 
~metbyfethyfenediarnine 
N,N,N:Nttetrakis(2’-aminoethyl)-f ,2- 
diaminopropane 
5-methyhriethylenetetramine 

7 

22A, 22B, 27, 
41,48,54 

30 



OX 

phen 
penten 

oxalate 

1 I 1 O-phenan tholine 

~,~,fV~~~t~tra~s(2’-ami~oethyi)-l,Z- 

d~~rni~~~t~~~~ 

P* 
Pro 
Pt l-l 
(s&-bmp 

sar 
3,2,3-tet 
tetraen 
tiOX 

tn 
trdta 
TRl 
trier-i 

2,4-diaminopentane 
2,2~bis(salicy~ideneimin~~~)-6~6’-dimethyl- 
biP~cny1 
sarcosi~at~ 
I,1 O-diamino4,7-diazadecane 

tetramethylenepentamine 
1,2-dithiooxalate 
I ,3-d~~i~opruPa~e(trimet 
t~m~thyl~~~diami~~tetra~c~tate 
tribenzo [b,fj] -f i ,5,9] triaza-cycloduodecine 

N&V’-bis(2’-aminoethyl)-l J-diamino- 
ethane(trimethylenetetraamine) 

321 

36,41 C, 49B 

46,49 
12 

2,3,23,24, 51 
19, 2O,S3 

536 
44 

17 
34 
ISA, 15 
39 
4, 10,16,28 
37 
14 

19,26 

(i) ~e~er~Ra~ion of the absolute co~~~~ratio~ of optically active complex ion, 

[Wen)#4 by means of X-rays. 
Y. Saito, ICI. Nakatsu, M. Shiro and H. Kursya, Acta iB-ystali~g~, 8 (1955) 729. 
(ii) Studies on crystals of metallic tris-ethylenediamine complexes. Iii, 
ovation of the absolute co~~g~rat~~~ of o~tica~~~ active complex ion 
by means of X-rays. 
Y. Saito, K. Nakatsu, M. Sh,iro and H. Kuroya, Brrll. C7tem. Sot. .Tiq_, 30 (1957) 
79s. 
* (+)589-2[Co(en3)&& . NaCl _ 6HZ0, trigsnal, P3, u = 1 l-47 A, c = 8.06 A, Z = I, 

~~~~~ ). 
(iii) The crystal structure sf -tris-ethyl~~~d~ami~e-cob~~t(~~ ) bromide ~o~o- 

hydrate, D-[Co(en),] Brj. I-L&l, and the absolute configur tion of the Dtris- 
ethylenediamine-cobaIt(U1) ion, D-[Co(en)s ] 3’. 
E$Nakatsu, Btrli. Otem. Sot_ Jap., 35 (1962) 832. 
*:(+)ses - ~~~(~n~~~~r3 .H&, t e ragonal, P+Zr 2, CI = 9.95 a, c = 16.73 A, Z r= 4, t 
A.(SSS )* 

fir) The crystal structure of (i)D-tris(ethylenediamine)cob t(IIi) chloride mono- 

hydrate, (+)D-[Co(en)3]C13 _H#. 
M- Iwata, K Nakztsu and IL Saito, Acta Crystaliogr. SW. ,25 (1969) 2562. 
* (+)Ssg- fCo(en)&L3.HJ?, tetragonal, P43212, a = 9.682 &, c = 16.287 &, 
z=4, ~~(~~~~_ 
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3 
a. 

3. 

4. 

5. 

(v) The crystal structure of (+)D- tris(~thyienediamine)c~balt(IIl) nitrate. 
D. Witiak, J-C. Clardy and D-S. Martin Jr., Acra Crys~&qy-. Sect. B, 28 (1972) 
2694; Cixwd_ Chm. Rev., I 1 (1973) 80. 

* t+~589”I~~~~~~3loIs~3~3, ~~t~~r~o~~~~~f 2*&2*,a - 14.570 A, b, = 12.607 A, 
c = 8.7% & Z = 4, A(%‘5 )_ 

Gh9’C~Q t-P4 
(i) The absolute c uration of the tris-propylenediamine-cobalt(II1) ion, 
L- [Co t-pn] 3+. 

Y_ Saito, )-I_ Iwasaki and H_ Ota, Bt& cltcr?z. Sec. Jq., 36 (1963) 1543. 
(ii) The crystal stricture of tris(J-propylenediamine3cs I) bromide and the 
absolute co~~~~ur3tioll sf the complex ion, [Co f-prlgf ? 

H. lwasaki and Y. Sajto, Bttfl. Chenz. SQC_ hp., 39 (I 966) 92. 

* (-hw [Cd-P@, J &I P fl exagonal, P6,, LT = 11.08 & c = 8.59 & 2: = 2, A(XhX), 
-pn, R. 

(-)589” fCo(+ P”O3 f 3+_ 
Cited in CStructure and &bsolute Confi oration of C~balt~~II) eomp 
Y. Saito, Acre at& Apple. C’hn., I7 (1968) 2 1. 

* (-)sss-[Co(+pn)3] [Co(CN),] .3Hz0, cubic,P213, a =L- 13.643 A, Z=4, 
A(665 )s 

(-)~~~~~Cu(tn)~]3+* 
(i) The absolute cun~~~r~tion of the tris(trimcthyle~~ iami~e)coba~t(I~I~ ion, 

Nomura and F. Marumo, Bull, C&m. SQC. &zP_ ,41 (1968) 530. 
(ii) The crystal structure of (-)D-tris(trimethylenediarnine)cobalt(III) bromide 
monohydrat~. 

monoclinic, P2i ,a = 16.274 A, b = 7.863 A, c= 

(iii) The crysral structure of (-) ,8,-tris(trimethylenediamine)cobalt(III) chloride 
monohydrate, (-)589-fCo(tn)g]Cls .I%#. 

(i) The structure and the absoIute configuration of (+)546-tris(R,R-2,4-diamino- 
p~~t~n~~~ob~lt(IlI) ion, (+)546’CC~(R,jR-2,4-pt~)g]3+. 
-4, Kobay~sI~i~ F_ Marumo, k”_ Saito, .I. Fujita and I?, ~i~~~arni, .Inqg ~~&~ c7rep11, 

Lett, 7 (1971) 777. 
(ii) The crysta1 structure of (+) +,&ris(R,R,-2,4-diaminopentane)cobalt(III) _ 

chloride monohydrate, (+) W6-[C~(R,R-ptn)3]C13_HZO_ 
A. K~h~yas~, F. Marumu a Y. Saito, Ac?a ~~?ul~~~ Sect. B, 28 (1972) 3591. 
* ~*)~~[C~(R,~-pfll)~]Cl~. 20r orth~~h~rnbi~, PZ1 Z1 ZZg 7 a = 17.5 16 13, b = 

13-537 & c = 11.048 a, 2 = 4, A( Xhh), Cab), - 



6. (-j546-[Co(R,R-ptn)J]3+. 
The crystal structure of (-) s,,-tris(R,R-2,4-diaminopentane)cobalt(III) chloride 
~hydr~te, (I--) ~~~~~~o(R~R-~tn~~] Cl3 -21-Iz0- 

G. Koba~as~, F. ~ar~mo an y- Saw Rcra C~~~f~~~~~* &XL B, 29 (f9?3) 2443. 
* (-)5~6-CCo(R,R-ptn),]C~~ I 2&O, tetragonal, P4s2r2, a = 11.369 js, c = 20. I93 

&2=4,A(Ahh). 

7. (-)ssg-[co(~cptn)~13+ 
(i) The structure and the absolute configura 

ion, (--)5f#- [Co (* cpt n-j 
~~~~0 and Y s Saito, iixorg, Mzcl CRem. Lea, fi (1970) 5 191 

tructure of (-)sss- tris[(+)-fraw 1,2-diaminocyclopentane] cobalt(II1) 
chloride tetrahydrate, (-)s~p-fCo(+cptn)jfGlJ..4H~0. 
M. tto, F. Marumo and Y, Saito,Acta C~~stalkgr. Seer. B, 27 (1971) 2187; 
coord. 67ren?. &kv_ , 8 ( 1972) 285- 
* f-)sss-ICcl(~cptn)3fC1, .4&O_ h~xa~o~a~, P6,22, CI = I1 -8 I a, c = 3Q.803 a, 
Z’= 6, A(S6S ), +cptn, S,S. 

8. (-)589-[Co(+shxn)3]3*. 
The crystnl structure of (-) 589-tris I(+)-trans- 1,2-diaminocyclshexane] cobalt(II1) 
~hlur~de pentah ate, (-)589-ICo(‘tchxn)3]C13 SH20. 
F_ ~~rumo, Y. umi and Y. S&o, Acta ~~~~~~~~~_ Sg~f. B, 26 (I 970) 1492; 
Coord. Ckm. Rev., 6 (197 1) I3ibl. 13. 

* (-)SS9-[COI”tchxn),JCl,.~I-1,0, hexagon&P6,.a= 12.34 &c=33.52 &Z=6, 
n(sss), +chxn, s,s. 

9. f+-)~~~- [Co (--chxn)3 1 3+* 

tire of f-t-Sss~-tris[(--)-trazls- 1,7”-diaminocyclohcxane3 cobalt 

rate, (“ob’ isomer). 

Marumo and Y_ Saito, Acta GlystuZZogr_ Sect. B. 28 (1973,) 
2709; cuorc+!* Gkl?L Reu., 

* (+)589-[CO(-&hxn)3]C13- monoclinic, C2, R = 13.922 a, b = J 0.720 a, c = 
8.777 a, 0 = I @X93”) % = 2, Xh], -chxn, R,R. 

EQ* W589 fefozft~~l3+- 

The St we and absolute cunfiguration of bis(ethyIcnediamine)trirnethylene- 
diaminecobalt(II1) bromide. 
H.V.F. Schousboe-Jensen, Acta Ckm. Smr~d_, 26 ( 1972) 3413, 
* (+)s~Q- ~~u(~n~~~t~~~ BrJ, ~~~h~~ho~~i~~ P212l Z1 1 Q = f 8.629 A, I, = 10.774 a. 
c=8.719 A, 

11. (-) sa9-+f@C- 

The crystal structure of (-1 ,sB-n-facial-bis(diethylenetriamine)cobalt(lII) hexa- 
cyanocobaitate(IlL) dihydrate, (-) ss9-u-faciaZ- [Co(dien)z] [Co (CN)d ] . ZHZO. 
M- Konno, IF”. Marumo and Y. Saito, Acra ~~~?~~~~~~~ Sect. B, 29 (1973) 739- 
* (-)ss~-zr-&c- ~~~(die~~~ ] ~~o(~~~~] _ X&0, ~~~~~~~~~~~~~ 2212, a 3 13-942 
A,b=32.370A,c=9.4I$A,Z=8,A(sx),A(xh). 
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12. 

13 _ 

(ii) The crystal structure of (+)o-[N.IV,N:N’-tetrakis-(‘,‘g~minoethyl)-1,2- 

diaminoethane] cobalt(IIf) hexacyanocobaltate(II1) diSrydrate. 

A. Muto, F. Marumo and Y. Saito, Acta Crptaikpr. Sect. B, 26 (1970) 226,. 

* (+)sss-[Co(penten)] ~Co(CN),] .2HzU, arthorhombic,P2,2121.a= 15.471 Bi, 

b=16.036W,c=9.253a,Z=4,AA/\,(A>. 

(-)540- ~~~(-rnep~nte~~~ ‘+. 

(i) The absolute configuratian of cobalt(W) complexes of pentcn and its methyl 

derivative. 

Y. Saito, A. Muto and FL. bfarumo, fisce~&zgs of tire XII hternatiottal Cmfer- 

(ii) The crystal str~~t~r~ of (-)Ssg -~~,~~i~~~~t~ t rak~-(2~-a~~inoet 

diaminopropane cobalt(Ili) h~xacyarl~c~baltate(~~r) d~ydrate. 

A. Kobayashi, F. Marumo and Y. Saito, Aeta C~yst&qg. Sect. B, in press. 

* (-),,o-[Co(--menpenten)] [Co(CN)~,j ,2H#, orthorhombic, P2 12 1.21, CI = IO.84 

-76 A, c = 8.59 a, Z =4, dAA, (A), -mepenten, R. 

Bis(tribenzo [b,f,j J -[I ,5,9] triazacyc~~d~~decine~cob~~t(l~I~ ion, (~)~~~-~Co(TR~)~ 

evidence for Piper’s model of optical activity. The structure and absolute con- 

figuration of(+) 546,-bis(tribenzo [b,f,j] -[I ,5,93 triazaduadecine)cobalt(IIIj 

iodide, 

R&1. aide and R. Eiss, ~e~~~. SDC_ * 92 (IWO) f 929. 

* ~~~~~-r~~~~RI~~~r~. orthorh~mbic, P2, 21 21, a = 19.592 &6 = 

14.609 a, c= 14.508 &Z=6, A. 

M-R. Snow, D.A. Buckingham, P.A. Marzilli and A.M. Ssrgeson, C&m! Corw 

I?L?fIL ) (19ts) 89 1 - 

(ii) Structure and confclrmational analysis of coordination complexes. 

A diast~r~oisumeric pair of ~~-c~oro(t~t~~ethylen~pe~tamine~cobait(l~~) cations. 

Michael R. S~~~Y~ J. ~~~~~. Sot. ~~~Pu~~~ (1972) 1627; C~~~~. ~~~~~. IliTer?. ) IO 

(1973) 430. 

* (+)540- apS-[CoCl(tetraen)](C104)2, orthorhombic, Pzl z1 21, a = i 7.37 16, b = 

12.44&e==8.43A,2==4, A. 

-(+)540-~flR- [CoCl(tetrac?n~](C104)2, orthorhombic, P21 2 L 21, a = 17.26 A, b = 

x2.03 W,e=8.72 &Z--4, It. 

(+)ss9- [Co (penten)] 3+. 
(i) The structure and the absolute confi 
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I6. (-&- [Co (a~ac)(tn)* ] a*. 

H. Kawaguchi, K. Matsumotq H. Kuroya and S. Kawaguchi, clhem. Lett. 1 (1972) 

125. 
* (-)s89- [Cofacac)(tn)z ] [As-(+)-tart] 2 . I&Q, monoclinic, P21, f7 = 12.02 A, b = 
13.73 &c=9.02 A, $= 107.46,Z=2, A. 

v-)436- [Co (saris 3)4 1 f+* . 
The absolute configuration of the (+) ~~-s~r~osinatotetraammine-cobait(~I~) ion. 
S. Larsen, KJ. Watson, A.M. Sargeson and M-R. Turnbull, C&m. Currtmujr. s 

f 1968) 84-7, 
* (+)436-fCo(~r)fNH3)4ECN03)21 orthorhumbic, P&212, f a = 1 i .865 t8c, & = 

14.88 A, i? = 7.279 A, Z = 4, S, h* 

(+)&x’~C~(e~)~(L-~~t)~ +- 
Crystal and molecuiar structure of (+) 4&Y.,-@utamatobis(ethylenediamine)- 
cobaIt(III) perchlorate: the product of a kineticahy stereoselective reaction. 
RD. Gillard, N.C. Payne and G .I% Robertson,J. C&em. See, A, (1970) 2579; 

~~~~~ ~~~~ ,b ~~~~~~ Bibf. 15. 

* ffhs- fCQ( ie,P2~2~2,,a= I3.54A, b= 12.08 
&c= 10.06 A,Z=4, A(FiS). 
(-)584-j31-RRS- [Co (S-pro)(trien)] 2+_ 
The crystal structure and absolute configuration of L(-)5a9-&-RRS-(trietbyl- 

ete;tramine-S-ptofinato)c 
C. ~r~ern~~ and IX, &Ia 

* w%9-P,- Cc@-pro)(trien)f I, .2H&, orthorhombic, P2r 2r 2r, a = 

9.12&b= a, c = 14.98 a, 2 = 4, A @ah), asymmetric N atoms: R,R. 
(+)se&-SSS- [Co@-pro)(trien)] 2+_ 
The crystal structure and absolute ~on~gur~tion of D-Pz-SSS-(triethylenetetra- 
mine-S-profinato)cobalt(III) t~t~a~~~~~~~~~~t~- 

H-C. Freeman, L.G. Mar&h and I.E. Maxwell, I~zurg. C?zrrm, 1 9 (1970) 2408; 
Coord. C7wn. Rev., 6 (197 I) Bibl. 9. 

SS- [Co (S-pro)(t tien)] [ZnCllr ] 7 monoclinic, P 21 2 P = 7.0 1 A, li = 
15.58 a, c = 9.66 _& j3 = 109.!?“, 2 = 2, f\(YUS), asymmetric N atoms: S,S. 

(~)s~~~~C~C~~(en)~~ *. 
The crystal structure of (+)589~ichlorobis(ethylenediamine)cobaItCIII) 
chIoride monohydrate. 
K. Matsumota, S. Ooi and Kuroya, &r/l. C7zem. sot. &q?*, 43 (1970) 3801. 
* (&,- [CoC&(er& f CI .&Cl, monoclinic, .PZr , a = 12.07 f(r, b = I I .52 A., c = 

8.33 &, @=96*9”,2= 2, A(~~)* 

The crystal structur: of (-),8tl--dinitrobis(ethylenediamine)cabalt(IlI) (+)5a-bis- 
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29. 

30. 

3r. 

32. 

33. 
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Absolute configuration of. sodium (-) 546-bis(rr~~lS-N-methyl(S)-alaninato)- 
oxafatocabaitate(III) dihyd te by an X-pay crystal structure dererm~nat~~n. 
G.W. ~v~tjc~~ A.A. AQUA, J. Bru~~rn~~~~ and E-2. periods, L’%Ew. ~~~~~~.. 

I(E972j 705. 

* NaC--hi-l Co ( C,HBNQ&(oxj] .2H#, hexagonal, P6,, a = 13.752 A, c = 

15.546 A, 296, A, asymmetric nitrogen atom: R. 

37. (-)546-[Ga(trdta)] -. 

The crystal s~ruck~re of potassium f-)545 -trimethylenediaminetetraacetato- 

cob~tat~~~~ij dehydrate. 
R*Nagao,F.Mnrumo and Y. Saito,Acta Gystallagr. Zi'ect, B,28(1972) 1852. 

* K(-)546-[Co(trdta)j . Z-i&l, orthorhsmbic, B22i 2, Q r= f 0.984 A, b = 
16.638 a, c = 8.851 A, Z=4, AA A, conformation of the six-membered cheIate 
ring is 6 ~s~&~-bo~t}. 

38. ~-)~~~-~C~~~c~cj~~. 
X-ray determination of the absolute configuration of metat complexes in quasi- 

racemic crystals. A-(-) 5415-eobaif(I11) acetylacetonate. 
R.B. van Dreele and R.C. Hay, J.. Amer. fl.Xerrz. Sot., 93 (197 1) 4936. 
* (--jsQ6- ~Co(~c~cj~~ . [AIfacacj3 J , monoclinic, P2, r a = i 3.96 A, b = 7.53 a, c = 
16.32 a, fl= 98.66O, Z = 2, A. 

39. (~)s~~~~C~~th~oxj~~ 3-. 

The structure and absolute configuration of the (+)589-t&(1 ,?-dithiaoxalato)- 
cobaltate(III) ion. 

K.R. Butler and MR. Snow, Iwrg Ntrcl, C&WL Lett., 8 (1972) 541; Coord. 
~~~~~~* Rev., 9 {f 9~2~3j 414. 
s KCaC~)S,-[Co(~iox)Jp *4H#, ort~~~ho~bi~, P2t3,f2t,a= 12.381 a, bi= 
12.791 &c=11.801 &F=4,A. 



42. 

43. 

44. 

Piper5 model for optical activity: absolute configuration of the complex ions, 

(+),,,-[Cr(malonate),13: (-%I~- [Co(malonate)z(ethylenediamine)] -, and 
3- f+)sss-[Cr(oxalate)3: . 

Establishment of absolute configuration in tris-$diketonatocheIate complexes 

by X-ray methods. The structure of A(+) ,,,-r~~~ls-trisaf(+)-3-acetylcamphorato1- 

Horroeks Jr,, D.L. Johnston and D. MacInnes, J. Amer. 0zem. SW.., 92 

D.C. Hodgkin, J. Kamper, J. Lindsey, N. Mackay, J. Pickworth, J.H. Robertson, 
C.B. Shoemaker, J.G White, R.J. Prosen and K.N. Trueblood, &DC. Roy. SGT. 

SW. A, 242 (1957) 2 

Issolute configuration of a dissymmettic pseudotetrahedral coordination 
compound containi a restricted biphenyl, Molecular structure of &2,2’-bis- 

)D(R)-6,6’-dimethyibiphenyl-cobalt(II). 
. ~~r~~~~~ Jr., J- Amer, eT%m. sole e 91 





(i) The absolute configuration of (-) s8g -tris( 1 ,Zbenzenediolate)arsenate(V) 

ion, (-)ssg-[As(cat)& 

T, Ito, A, Kobayashi, F. Marumo :rnd Y. Saito, Irzorg N&. Ckettz_ Let&. , 1 (1971) 

1097. 

(ii) CryStZ3~ S~~~Gt~F~ of P~t~SS~~~ f-+89 -tris(1,2-benzenediolato)arsenate- 

(V) sesquihydrate, (--)589X[As(cat)3]. 1.5Hz0. 

A. Kobayashi, T. Ito, F. Matumo and Y. Saito, Acfa C~~str;rllogr, Sect. B, 28 
(1972) 3441. 

* U-he- PWaM . 1.5H20, orthorh~mb~c, P2,2121,a = 12.901 A, b = 

of bis(L-prolinato)palIadium([l). 

T. Ito, F. Marumo and Y. Saito, Acta Crysf~llogr_ Sect. B, 27 (197 1) 1062; 

Ccrord. Ckm. Rev., 7 (’ 1972) 418. 

* (+I589 - Pd @-Pr+ I * o~t~or~ombie, B2212,a= 10.31 A, b = 12.17 

A, 2 = 4, praline: s. 

54. (+)sso-cis- [PtC12(en)2] ‘+. 

The structure and absolute configuration of (+) 450-cis-dich.lorobis(ethylenedi- 

amine)platinum(IV) chloride, [Pt(C2HsN& C12]C12 _ 

As 

CO 

cr 
cu 
Fe 

Ni 

Pd 

Pt 

52 

1,2, 3,4, 5,6,7,&g, 10, 11, 12, 13, 14, 15A, lSB, 16, 17, 18, 19,20, 

21,22A, 22B, 23,24,25,26,27,28,29,30,31,32,33,34,35,36,37, 

3&,39,40,41 B, 43,44,49B 

41A, 41C, 42: 45 

Sl 

46,47 

48,4!JA, 50 

53 

54 . 
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Tr~ebluod, K.N. 43 
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G. REMARKS ON IUPAC PROPOSAL FOR DESGNATION OF ABSOLUTE CONFIGURATION 

Almost all the absolute configurations listed in the bibliography can be designated 

according to IUPAC prop~~~~ (1~68)*. ~~w~v~r, there are some ~x&ePtiu~~. For 
cxamp~e the I AC ~ch~rn~ cannot be strai for a~~~g~i~g a label 

to the absolute configuration of (-)546-cisI 
cobalt(II1) ion (ref. [35] ), c&(N)-trons(OS)-bis(L-aspartato)cobaltate(IIi) and cis- 

@&frans(O&bis(L-aspartato)cobaltate(III) ions. The 1 two complex ions are 

e 7 (ref. 50,s I). In all these complex ions chelate rings join on a 

* See references on p- 320. 
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isomer, (b) cis- 
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Fig. 8. Two chair conformers of Co-tn rings. The upper ring is the **p” conformer and the lower 
ring is the “~3’~ form. 

face of an octahedron at non-coordinating carbon atoms so that the rings do not de- 
fine edges of an octahedron, Even if number of skew chelate pairs could be counted, 

it is impossible to obtain net chirality, Such a difficulty generally arises when a mul- 

estate fias a b~a~~~ with a coor~~~at~~g atom at its end and t is branch is bedded 
atom. On the other hand a rn~~t~d~nt~t~ ~~~a~d like edta, trdta 

or penten, does not: ve rise to such difficulties- 

A sandwich type complex ion, I[=+),,- [Co (TRQ, ] 3+ provides another example 

[ 141. In this case the absolute configuration can be designated as A, providing that 
the h&city is d~~~~d by the d~st~~t~u~ of an act edron formed by six ligating 
~~t~oge~ atop, as d~~~~s~~d in ~~~t~~~ C. A t~i~~~~~ bj~yram~da~ camprex SIX& as 

[NiC42H421NFs]+ (ref. [SO]) cannot be properly desi nated. This complex ion has 

pproxima te three foid axis of rotation and the handedness of propeller shaped 

system should be deened. In fact, a pseudotetmhedral coordination compound, 
(~)~~~-~~o(s~)~-(~)-bmp] has been designated as A (Cz) (ref. f&4] ). 

inally a few words will be added co~~er~~~~ the sax-membered c 

form of a six-membered chelate ring is nut chiral and there is n 

name in the WPAC scheme. ver, when three, say, 1,3_diaminopropane mok- 

cules are coordinated to a m om and three chelate rings with chair conforma- 

tion are formed, chirality is generated. It can be seen from Fig. 5 that the complex 

ion, (-)SS9-A- (tnj3]“’ (ref. [4f ), has left handed c~tir~~t~ when viewed alon 

e chair ring may then fold in such a way that the central carbon 
atoms define a direction paraiiel or antiparallel to the direction defined by the three 

chelate rings. Raymond ‘* designated the two conformations as p and a, respectively 

(SW Fig. 8). The fold direction is determined by the orientation of the C-C-C plane- 

Thus the complex can be designated as A ppp according to his s~~erne. The 

boat conformer is chiral and its c~~format~~~ can be deemed based on the I 

proposal (for example see [S] an 
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