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Abtncf-The absolute cordiguhon of mokcules cowining two cbromopbores of he type -NH&C-C=0 
bridged by && hve been studied in solution by UV absorption and circth dichroism. The spectrp hvc been 
simulated by means of component curves shpod as skew gaussinns. l’be drl~ have been intcrpprctcd by means of 
exciton theory for coupkd chromoptiores lo give information about lhe rclalive orientation of lbe cbromopho. 
The result is compared wilh UK reruh of an X-my slruc~ure delamination of N.N’-b9(Coxo-2-pentcn-2-yl)-R-l.2- 
dhminopropanc. 

Circular dichroism (CD) has for some lime bun used to 
obtain information about the secondary structure of pro- 
teins in solution. The basis for such analyses is a dcs- 
cription of the protein CD as a sum of CD components 
from the various structural types for a polypcplide each 
of which being a sum of at kast two exciton components 
of the n + I* transitions ad a CD component from the 
n +u* manifold of transitions. There is no general 
agreement of how IO do the analysis or to the evaluation 
of the quality of the analysis.‘-’ This is partly a con- 
sequence of the complexity of the probkm involving 
some one hundred interacting peptides and for some 
hinds of analyses tk results may be influenced by the 
additional assumption that each absorption or CD com- 
ponent is approximated by a Gaussian shaped curve.’ In 
this paper we discuss a simple case where two chromo- 
phores couple to give two exciton split II+ P* tran- 
sitions at nearly the same energy as where an n + P* 
trensilion is found. lJtc mokcuks are dimeric of the type 

R A 

‘c= 0 o=c’ 

H-C’ H H ‘C-H 

‘C- N( b-CT 

R= CH, , CF, 

C/H, C-C' CH3 
AA 

and their stereockmistry has formerly been studied by 
‘H NMR, UV absorption and CD.” The obtained results 
have kad to a qualitative description of the structure in 
solution showing that the nitrogen atoms are gduc/u in 

‘This group of molecules has often betn used as ligbas for 
transition metal iom and a&Gations composul by a symbol 
for tbc xmine (en = I~dmnedixmine. R-pn = R-l&wopxaedi- 
amine. pAam - t-propad-l-amine) xad fbe dkecoar (acacH - 
rc~lylacc~oac. dacacH = I.l.l-tdhoro-2.Cpntanedion) are in 
common use. 

the dimeric mokcuk derived from, e.g. elhykncdiaminc. 
Wkn the bridge contains a chiral mbon atom as in 
mokcuks derived from R-I&propane&mine it has fur- 

ther been possi&k lo a+ the absolute configuration of 
the gauche arrangement. The combined information in 
the absorption spectra of R-pn(acacHh’ and 
pohm(acacH) and in the CD spectrum of UK former 
compound interpreted by means of cxciton theory 
should be sulIlcient for a very detailed determination of 
the relative orientation of the two halves of the dimeric 
mokcule. We shall show that assuming a certain band 
shape this is only in part possibk. Unfortunately. there is 
no otkr method available providing an independent 
check of the structural results obtained for molecules in 
solution. Instead we have used X-ray diffraction tech- 
niques to determine the crystal structure of R- 
pnfacacH)t. The structure in solution could very well be 
different since the molecule should have rotational 
freedom in the NC and CC bonds of the diaminc. 
However. we shall show that the spectroscopic results 
are best understood if the molecular structure in solu- 
tion is the same as in the crystalline state and if it 
possesses a high degree of rigidity. 

NMR nrulrz An earlier investigation of the ‘H NMR 
of pnfacacHb and its nickel(H) compkx concluded that 
the methyl group on the ethylene bridge in [Ni pntacacl,] 
is an axial substituent on the five-membered &late ring 
I.’ The free ligand was postulated IO be in the other 
govcht conformation II.’ 

A determination of the crystal structure of the cop 
pertID cotnpkx with this ligand revealed that tk con- 
formation is I.’ and the present X-ray investigation of the 
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free ligand proves the existence of II in the crystalline 
state. It would be desirable to apply ‘H NMR through a 
Karplus’ equation for the coupling constants for the 
protons on the bridge to determine the dihedral angks of 
II. This would quantitatively show this structural feature 
in solution. However. the influence of the extended n 
systems makes such an application very doubtful and it 
is therefore only possible to reach the crude result 
depicted as structure II. 

The two compounds pn(acacHh and pn(tfacac)ol 
have identical coupling constants (given in Ref. 7) for the 
protons on the bridge and we thus infer that the two 
compounds have identical conformation in solution and 
that it is close to the one found by X-ray crystallography. 

Circular dichrokm study 

The CD and absorption spectra of R-pnfacacHh and 
R-pn(tfacacH)* are shown in Fig. I. The absorption of 
R-pn(acacH), is typical for an exciton coupled dimeric 
molecule. The splitting is a measure of the distance 
between the center of the two transition momcnls 
located in each ketocnamin and approximately parallel to 
the line connecting N and 0 through the relationship 

AE = 2fP,,P./r:n - Wx_4r&P~r,B)/r:& 

where P,. Pp are the two local electric transition 
moments and rAe is the vector connecting the center of 
gravity for the two P vectors. The numerical value for 
PA’ = P.’ is the transition dipole strength D of a 
monomeric molecule such as the condensation product 
between methylamine and acctylacctonc. Assuming a 
twofold axis of symmetry in the dimcric molecule as 
indicated from the ‘H NMR and also from the X-ray 
structure the above expression contains information 
about the angle 13 between P, and Pg, the angle cp 

cm-l 

Fig. I. Absorption and circulu dichroism spcc~ra for R- 
pn(aucH), t-----j and for RqmNfaucHh (-_). 

between PAr, and r,,,, and the distance rAn. The resulting 
in-phase(+) and out-of-phase(-) transitions of the mok- 
cules with two chromophores have an intensity ratio 
D-/D+ = tan’(tVZ), where B is the angle between the 

chromophores. When the dimcric molecuk is chiral the 
rotatory strengths R, and R- give geometric information 
through R 2 = ; aE r (PA x P,)Re where E 2 are the 
component excitation energies and Rr, is the vector 
connecting the chromophoric center of gravity with the 
center of Pr,. Experimentally a transition dipole strength 
of an absorption band is measured as an integral over the 
band: 

D=91.8x IO’” fdvergcm’ 

= 46.2 x 10 2’ 
I 

fdvcm-‘cm’ 

and similarly the rotatory strength is obtained from 

where the integration is over ths CD band. Thus in 
principle absorption and circular dichroism spectra of 
chinl, dimeric chromophorcs can give detailed infor- 
mation about the distance and the relative orientation of 
the two parts of the total chromophore. However, only in 
favourabk cases where additional information abut the 
relative structure is present or where the experimental 
curves are yielding especially good information is it 
possible to draw conclusive information about UK struc- 
ture. The main reason for this pessimistic statement is 
that AE most often is small relative IO the bandwidths 
and so the determination of D and D. is ambiguous. 
The rotatory strengths R. and R_ have opposite signs 
but they should have the same numerical magnitude. The 
experimental CD curve will be a result of a sum of two 
CD components which partly cancel. The degree of 
cancellation and thus the magnitude of R, is impossible 
to estimate from the experimental curve alone. However, 
by means of simultaneous simulation of absorption and 
CD spectra it may be possible IO derive at reliable 
estimates for D ID.. R., and AE and in this way des- 
cribe the structure in solution. This proposition is in- 
vestigated in the following section. 

Simulation of sprcfra. To test the above discussed 
relationships we have simulated absorption and CD spcc- 
tra of R-pn(acacH), and R-pn(tfacacH),. The absorption 
spectrum of the latter compound has an unusual ap- 
pearance showing clearly three components. Two of 
these peaks are assumed to be the exciton components 
of the 3n-r4a transition. A third peak could be an 
n +4n transition or possibty an unsplit 3n +4a band of 
the molecule in the anti conformation. The absorption of 
the compounds in the crystalline state is similar to the 
solution spectra and this rules out the latter possibility. 

The absorption spectrum of the monomeric 
polam(acacH) can be described fairly well as a skew 
gaussian curve 

c = r,, x [exp - (fv. - vo)‘/d,‘) + exp - NV.. - vo)‘/d\‘)l 

where r. is the maximum absorbancy at VO. d. and d. 
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are the two half widths at energies kss than (v,) and 
higher than (85.) that of the max~um, respectively. The 
cxpcrimental spectrum can be simukted even better if a 
smalkr absorption curve rtprescnting the n+rP Van- 
sition is added. However, there is no unique way of 
constructing the sum curve because the experimental 
curve is too uncharacteristic. Thii fact initiated the 
search for a derivative where the separation between the 
3a-+4~ and the n-+ba transition is noticeabk. For such 
a spectrum there will be a unique way of simulation, e.g. 
as a result of a least squares procedure. We have prefer- 
red a subjective simulat~n because the used analytical 
function has obvious, systematic shortcomings which arc 
not easily compensated for in a minim~tion procedure, 
The composite absorption band of the dimtric mokcuk 
can then be synthesized as a sum of three skew gaussian 
curves: (t(y)= c.(v) t t.(~)+ r&v) where the suffix f 
refers to the forbidden n-+4a transition and t -to the 
in-phase and out-of-phase exciton components. A CD 
curve was constructed from these functions as Ae(v) = 
i - c tu) + <.(Y) x D /D. - r&vH - c (v) t r,(r) t 
dv) X k X swhcreDI aretheekctricdipokstren@hs,kisa 
weight factor for the CD of the n +4a transition and s is a 
scale factor. 

Figures 2 and 3 show how it is possible to simulate the 
absorption spectrum of R-pn(tfacacHJ1 by two very 
diffcrcnt sets of parameters. The simulation shown in 
Fig. 2 and 4a was made to give a good fit for both 
absorption and CD and without reference to theoretical 
predictions. The values for 8, e and rAR which are 
deduced from the simulation are reasonable except that B 
corresponds to rhc complement of the value determined 
by crystallography. Another objection may be the 
different half widths used for the two exciton com- 
poncnts. 

Theoretical considerations’ concerning the vibronic 

S.1t-F 
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Fig. 2. Simulntion of absorption and circular dichroism rpccUr 

of R-pn@frcacH~ by RICaM of three skew G~uishn curves of 
different half widths. 

Fi. 3. Simulation of absorption and circular dichroirm spectra 
of R-p&frucH~ by means of IWO skew Gaussinns shaped as 
the main absorption of the monomer nnd P third, much less 

iatcnsc skew Gaussian. 

Fii 4. The component rad sum curves in the circular dichroism 
simuktioa. In a the intense Gausfians arc of different hall widths 
and 8&o* the 61 We abo Fii 2) is very good the result is 

considered bad. In b the Gaouians of Fe 3 arc used. 

coupling of dimers have nor indicalcd that component 
absorption bands in a dimer should become much 
sharper than the band of tk monomer and in spite of the 
good fit we reject the simulations of Figs. 2 and 4a. 

With the additional constraint on the simulation that 
the c t curves shouhl have approximately the same half 
widths as the monomer it is also easy to generate an 
accept&k absorption curve (Fii. 3) and now B comes 
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out right. Instead dimcuhks are introduced in the simu- 
lation of the CD curve where the component CD curves 
in tlk simulation are too broad for a good likeness. The 
probkms are serious for the tail of each component. 
However, in the tail regkn the vibronic coupling could 
produce CD contributions of both signs resulting in an 
apparent shrinking and we therefore find that the simu- 
lation is satisfactory (Pii. 3 and 4b). TIk resulting 
parameters for simulation are given in Table 1 where also 
parameters for pokm(acacH) and pnfacacH)l are in- 
cluded. The parameters are very similar and the mere 
fact that it is pouibk to do such simulations suggests that 
the compoumis khave as if they have large barriers to 
rotation. 

From the atomic coordinates (oidt in/m) we have 
c&dated a set of vectors and distances of relevance for 
the CD study. The electric transition dipole moment, P. 
for tlk 3ar-+4a transition of the oxoenaminc moiety has 
been approximated by the unit vector connecting N and 0 
of this group. This is not strictly correct since the direction 
of P is only paralkl to this vector when the chromophorc 

is symmetric (e.g. the anion of 2.Cpentanediork). Judged 
from Hitckel MO calculatkns the error is minor. The 
position of P in the plane of the oxoenamine is not 
defined (but it must of course lie within the dimension of 
the molecuk) ad tkrcfore the distance between the 
P-vectors of each o system is uncertain. However, this 
choke of P connecting N and 0 produces an energy 
splitting very close to the one reached by the simulation, 
see Tabk 2. The experimental values for the rotatory 
strengths for the negative~arnl positive CD components 
are - 60 x lOmU cm-’ cm’ and 48 x lOmU cm-’ cm’, res- 
pectively. From the two unit P-vectors and the cxpcri- 
mentally obtained dipok strength for the dimer (2.02x 
IO-“cm-’ cm’) we calculate R, = 102 x lOmU cm-’ cm’. 
This result is in accord with the simulation of the CD 
shown in Pii. 4b where nearly half of tbt rotatory 
strength of each exciton component cancel. Thus the 
simulation (Figs. 3 and 4b) is consistent with the stntc- 
ture as we know it is in the crystalline state. The mere 
fact that it is possibk to simulate the absorption of the 
dimeric mokcules with only three components of the 

TaMc 1. Paramctrn used in he rimuhtion of F&S. 24 

lo-3 -1 -1 
(0 

vOcm d>ca 10190 cm-lca3 

l 
I-R 19400 31.75 1100 3400 1.08 

I 
l 

n-n 1200 32.50 500 500 0.015 

out-or-phsm 17600 29.90 640 1170 0.432 

II n-r* 1700 31.10 500 600 0.025 

in-phase 26100 32.15 1990 2440 1.46 

out-of-phane 26900 30.25 1050 3400 1.56 

III n - R* 1200 31.20 400 450 0.013 

in-pbSe 88oQ 32.60 1050 3400 0.47 

out-of-phna. 30700 31.15 1050 3400 1.73 

IV 
l 

El-- 1200 30.95 400 450 0.015 

ln-phaa. 8800 33.45 1050 3400 0.46 

I ~a for polam(ococll). II as shown In fig. 2. III . . shown In fig. 3 

and IV 1. for R-pn(ocacH)z. 

T&k 2. Spectral properties for R-pnWcacH~ in methanol 

txp*rimenta1 Calculated 

Total D 2.02 x 10-19 c.-lcsJ 2.04 x 10-19 cm-1cP3 rG----.'-- 

AE 2.35 Y 103 er -1 2.13 Y 103 cm-l Cb) 

e 126.8O ('I 123 0 (a) 

n -61 x 10'~' cm-lcm' -102 x 10 -24 cm-lcm3 (b) 

(a) 

(b) 

(c) 

Result of the l lmulatlon based on the paramotern of tabl* I. 

Calculated from (1) ualng PA I PD m m. and using the 

poaitiona of 0xyg.n and nitrosen to define the unit vector*. 

Rem~lc from the X-ray str”ct”re dctcrmLrutlon letting the 

poaltlon of oxy‘.n and nitrogen daflne the direction of the vector. 
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same sbnpe as found for a monomeric mokcuk s-t 
that the dimcric ones arc of a distinct geometry. This is a 
surprising result in view of tbc force Beld calculations 
performed by Brcsciani-Pahor et ~1.” Their force field 
does not contain ekctrostatk contributions to the energy 
function and this may be the r-0 for the appearance 
of a number of flat minima at approximately equal 
energy for ea(acacHh. This result is not in agreement 
with the absorption spectrum which is very similar to 
that of pn(acacH)2 and we should therefore expect a 
similar conformer distribution for the two compounds in 
solution. 

X-ray ~rdy. The molecular structure of NN-bir(4 - 
0x0 - 2 - pcnten - 2 - yl) - R - I.2 - diaminopropanc is 
illustrated by Lhe ORTEP drawings in F+. 5 and 6. For 
clarity the molecuk is shown correctly with only one 
methyl group on the diaminocthane moiety in spite of the 
crystal symmetry which implies that the molecule pos- 
sesses a two-fold axis of symmetry. Fire 5 demon- 
strates how the two O- systems are related by the 
two-fok axis. As predicted by the spectroscopic 
methods the co~ormation of the molecuk is guuche. 
The dihedral angle N~($~(~~N’ is - 65.7”. Figure 6 
depicts the molecule almost oriented in a Newman pro- 
jection along C(6KW). 

The bond lengths and bond angles are listed in Table 3 
and the results from the calculation of a least squares 
plane of the ketoenaminc ore shown in Tabk 4. From 
thfse results it is apparent that the ar-system is planar 
and that the bond lengths show a pronounced con- 
jugation within the system. The hydrogen atoms H(I) 
and H(3) are in the plane of the a-system with H(l) 
forming an intramolecular hydrogen bond between 0 and 
N(H(l)--- 0 = 1.93 A, N---O = 2.67 A). The planes of 
the P systems of a mokcuk form an an& of 40”. 

The positions of all the hydrogen atoms were clearly 
located and this crystal st~ct~e therefore confirms that 

Fii 6. An ORTEP dnwiag of RgdacacHb &owing he COD- 
fomhoa of tbc m dimiae. 

the molccuk exists as the ketocnaminc tautomcr and not 
as a SchY base. 

The overall structure of R-pn(acacHb is very similar 
to that of tn(acacHk.‘O The latter molecule is known to 
possess a two-fold axis of symmetry in solution” but it 
does not crystallize with the molecuk on the site of a 
two-fold axis. However, considering the standard devia- 
tions cdacacHh has an effective two-fold symmetry also 
in the crystal. A difference in the bond distances C(Z)- 
C(3MlMA) and CWC(4Ml.39A) was observed in the 
structure of en(acacHh, This is even more pronounced 
in the structure of R-pn(acacHh where C(2W3) = 
1.434 A and C(3&C(4) = I.376 A. This variation does not 
seem to occur in an amine condensation product with the 
thio az&gue of acctylacctonc where the corresgxxiing 
bond lengths are reported to lx almost identical. 

Fib: 5. ASI ORTEP dnwk d R-&xxH~ S~DW& tbe rvo-fold symmetry &at&g to tbc two r-systems. 

RlXA Vd )1. Ho ‘4-F 



T8bk 3. Crys~ d&I8 

C$,lbrh’rO?I H = 298.991 P 3,X from l yetcirmtfc l bnancsm 

d obr * 1.0s &/lcJ, a? = 3; dCLl = i.oH n/eJ 

F(ooo) * 390; u(HolJCT) * 0.74 ca-l (23 OC) 

296 K 90 K 

. 8.129(B) I 7.959(6) k 

c 19.23(9) A 19.109(15) A 

Y 1100.7 &3 1048.2 1' 

*c*n rata a.50 ain -1 z” nin-1 

A l.o” l.o" 

u 1.20 l.c" 

2e-m 47O 55* 

Vnlqw tsflsctlons 954 1000 

Obwrvad reflectiona 326 806 

Tsbk 4. Fnctiistl coordii~es’ with erhwtd rmdd deviations in tit of tht h.st d&r in pwea~s ._ 

*tom x Y s hpul.tioa 

Cflf 

a2t 

C(3) 

C(4) 

C(S) 

c(6) 

C(7) 

w 

0 

WI) 

H(9) 

Hfll) 

H(12) 

Ml31 

HOI) 

w52t 

H(53) 

X(61) 

H(621 

X(711 

W72) 

W73) 

-hs6?6(53 

-0.3&5(51 

-O.bOll(#) 

-0.2462(c) 

-0.2780(S) 

0.1109lSl 

0.2458(12) 

-0.0680(C) 

-0.2283(11 

-0.060te) 

-0,526(9) 

-0.60918) 

-0.678(9) 

-0.543(81 

-0.21!5(9) 

-0*415(8) 

-0.215(9) 

O.o?9(8f 

0.192 

0.183(181 

0.2SSf17) 

0.390(17) 

-0.2570(8) 

-0.1313(6) 

-0,1122(5) 

0.0030(4) 

o.w6(5) 

0.2213(5) 

0.4178(10) 

0.1127(4) 

-0.0451($) 

0.100~8~ 

-0.18718) 

-o.l72(9, 

-0.353(81 

-0.325(9) 

-0.056(9) 

-o.o66(9) 

o.l54(9t 

0.234(8) 

0.349 

o.C95(18f 

0.394f161 

0.500(17) 

0*y2608(17) 

0.36720(13) 

0.44117(13) 

0.48378(12) 

0.56179(13) 

0.49817(lS) 

0.4734(3) 

0.45827(11) 

0*33530(91 

0.411(3) 

0.461(3) 

0.29913) 

0.354(3) 

0.292(3) 

0.5860) 

0.57213) 

0.579(3) 

0.546(3t 

0.481 

0.47116) 

0.429(6) 

0.498(6) 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

0.5 

1.0 

1.0 

1.0 

A.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

0.5 

0.5 

0.5 

0.3 
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l*m7(Sf 

k.Wi4) 

L.2#5(4) 

X.376(4) 

X.511(4) 

1.332(b) 

1.4.%8(4; 

1.465(f) 

1.525(t) 

1.02(8) 

0.99(S) 

0.93(7) 

O-95(61 

0.97fB) 

0.9616; 

1.0&6) 

0.9lt6; 

0*96(6f 

0.97t17; 

o.walt) 

1.10(11) 

C(l) - C(2) * 0 

C(L),- ct2; - C(3) 

C(3) - C(2) - 0 

C(2) - C(3) * ix%) 

C(3) - C(4) - c15; 

C(5) - C(k) - N 

Ci'Jf - C(4) - N 

Cf#$ - N - ct6; 

N - C(6) * C(7) 

H - C(6) - c(6)' 

C(7) - C(6) - c(6;i 

C(2) - cc')t * w3; 

C(4) * C(3) - H(3) 

C(l) - N - H(l) 

C(6) - w - H(l) 

w * C(6) f H(61) 

C(7) " C(6) * Hf61) 

t(6)'- ~(6) - H(61) 

118.6(3$ 

118.6(3; 

122,7(5; 

123.9(3) 

ll9.5f2) 

118.8(2) 

l21.7(2; 

12?.0(2; 

x16.2(4; 

110.8(3) 

lo7.8(5) 

ll7(3) 

ll9(3! 

lk4(3) 

119(k) 

xw3; 

1060; 

lO615) 

Tabk 6. Distances (A> from a lea spuarer p&e, llte atoms 
marked with l arc those used to d&c tbc phDe 

Acorn *tom 
__ 

C(l) 0.08s N* 0.014 

a2;' 0.011 C(6) -0,171 

c(3)* 0.005 ct7; 0.717 

c(b)* -0.ol8 H(IJ! -0.006 

C(5) -O.oe? Htlf 0.027 

0* -0,013 
. 

1.2-proplnedhmine was resolved by precipiUtion of the d- 
tartr8tes’ rod the condensation products were prepared rcc5rd- 
irtg to the known sirnpk proce$ure~?~~~ The identity of tbe 
compounds were tstMi&ed from cbemial rnrlyser xnd ‘H 
NHR spectroqy. 

SpKIrpr iru4arrmrmfs. The UV spectra were recoided on a 
Cuy f I8 spectropbotomcter and the CD spectra were measured 
on I RouuetCJuur Dkbrogrepb fIlS iaterfrfed with a Tektrooix 
4051 minianputer. ‘H NHR was ok&red by a Bruker HX-2% 
spectrometer. 

Cqstel ekamcfwisik-s. N.N’ - bit(1- 0x0.2 - ptntca - 2 - yl) - 
R. 13 - dieminopropane was rccrystaihzed from dietbyktber to 
obulin crystair Wited for X-ray &&action woh The crystals UC 
trxn-lparent, prismatic needles cfo~~lted in the direction of the 
E-axis. Prelimirury WeiSeakrg end preceG5a pb5togrqks 
showed that the cfystrtr are *arf. Ilw symmetry of the 
diffraction pattern is Jm and the space group was determined 

from tJSe Sydney &sent reSections to be one of the 
enxntiomrr pair P 3,2f or P 3r21. Tbc density of tbe crystak was 
measured rt 23’ by fbtation in (I saturated aqueous solution of 
tbecompouadTbecfysul&ta hgkea infrble 3. 

ikta cokti~~ and dota r&r&n.Two sets of data wtre 
c&ctul for this unrrpamd. tr&ixlIy the iateasities were 
measured et 2Y but u the resofution is very limited and tbe 
tbemal diiuse scattering is iqe at this temperature rnotber set 
of detr vu cdkcted rt 90K. In both cases the measurements 
were performed with a Picker FACS-I diiractomcter utilizing 
MoKrt radhtion from a b&My mosaic gnphitc crystal. A 
modii End-No&us low-temperature device was used to coot 
tbc cryA. Tbc temperatut was kept constrnt within &SK 
duriw tbe teat. 

l%e sett& a@er for 27 (296 K1 and Ii (90 Kf retkctiorts were 
determined rutomrtically on the d~~cto~~r. llusc 
~mtn~ were used in 8 tust squxres reliant of the 
orienittion matrix end the ccli constants. The data were 
measured by openting the diUractomcter in a 8 - 26 scan mode. 
Tbcsun~wUuymmc~fram28,~2~-A-O.U6~n8 
to 24 = 2S, + B +0.346 tea (I, where 24, ir the calculated peak 
position. T& c5mtent.s A and B are listed with other experimen- 
W amditions in Tab& 3. Rackground counts were made et each 
tad of tbe scan range for 20s. Three standard refkctionr were 
meorured after every 30 (2% K) or 50 (50 K) rdkctions. lkt 
iatcasitics of these rttctions remained constant 8t 90K but 
decread with tbe exposure time at 296K. ‘flu room tem- 
perature data were corrected for this deterioration using a resale 
function iiaear in the exposure time. Tbc reflections were 
muturwd in tire hemispberc I t 0. T&e datx set wu corrected for 
Lorentz and pohriation effects end tbe symmetry related 
ref!tctioos were rverrpd. 

Tbt Luw symmetry 3m implies that tire mokcuk is on x 
*Ofold nxi5 of symmetry and t&us forces tbe crystal rtnacture to 
be disordered in a reguixr way. To MI wbetkr tbe vhuaiiy 
determined f.aue symmetry is comet tbc data reduction was Jut 
Wformed Usurning t&e Laue symmetry T corrtspondirrg to a 
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mdered structure. A residual 

was calculated for eachof tk data reductions. /F,&p reprtscn~s 
the averaged and /F&p the iodividuaI mcasuremcnts of the 
squared structure amplitudes. The ~siduals were virttbahy idea. 
tkal for tk data reductions in 3 m and 3. R(296 K) =0.08. 
R(%K) =0.03. contirmin8 the visually estimated Lauc sym- 
metry. 

The rtlkctions were considered observed ii Ia Zo(D where 
o(l) is the standard deviation cakulatcd from counting statistics. 

Srnrc~un dtwminafion and rqinncnt. ‘TIK structure was 
solved by direct methods from tIm room temperature data using 
tht prognm assembly MULTAN. A standard run showed all the 
non-hydrogen atoms in the structure exCCpl the methyl carbon of 
tk R-propyknc moiety. The position of this atom was found 
from a difference Fourier. The 8Wuclu~ wu r&cd by the 
method of least squares rni~~~ Tw(jFrj - jF&r usin the 
space group P3r21 in order to obtain Ihe cOrr~cl, known ab 
s.otu~e configuration.’ For tlm room temperature data tk con. 

tributions from the hydro8cn atoms were included bul not refined 
mod anisotropic lemperalure factors were introduced for the 
methyl carbon atoms. Despite these efforts the conveationaI 
Rvaluc converged at 0.12 and the standard deviations were very 
lary. In the refinement of the low temperature data anisotropic 
temperature factors were 8raduaIly introduced for all the non 
hydropn atoms. The positions of all tk hydrogen atoms even 
the half populated otms were determined unambiguously from a 
diflerence Fourier. The hydrogen atoms were 8iven a fixed 
isotropic temperature factor. exp(- 0.79 sins IA’). but their posi- 
tional parameters were included in Use refinement. However. tbc 
parameters for I&: haIf pop&cd hydro8cn atom, H(621, refined 
to physical unrealistic values and thy were correlated with the 
parameters for the methyl carbon atom. In the ftrmI cycks of 
kast squares refinement the positional parameters were fixed at 
the idealized calcukted values. There wu 110 indkation in tk 
dilTerence Fourier that tk mokcular symmetry deviates from Ct. 
So the population factor for tbc rppropriate rtoms was fixed to 
0.5. Lhuin8 the firmI cycks of the kut squares rehtmment the 
weights used folbw tbc expression w’ ’ = 
1.0 +O.~U(~ - O.OC(F t O.@l3Sf - 1.3 sin CYA. In tk last cycle 
the max~um shift of parameters was 0.6s u for 0Dc of tbc partly 
popuktcd H atoms and the &ml residtsak were R = 0.044 and 

R, = 0.060. 

Tk atom scatteriv factors used in the calculations were those 
of Cromcr and Mann” except for hydrogen wbrre the vllucs of 
Stewart et 0l.r‘ weft used. During the computations the following 
computer programs were cmpbytd. The VANDERBILT system. 
MULTAN. the X-RAY svstem. sod ORTEP IL”-” 

The results reported here are those derived from the data 

colkctcd at 90 K as tksc obviously arc the most rtliablc. The 
final positional parameters are shown in Tabk 4. The anisotropic 
tkrmal parameters and lists of observed and calculattd structure 
amplitudes are available from the authors on request. 

ffore adddcd in pro@. Computer resolution of the overlapping 
ekctronic absorption bands by means of a kast squares procedure 
for log-normal curves havt been performed on Tektronix 4051 
inspired by a recent paper.” These computations lead to the same 
conclusions as those reported here. 
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