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The two inclusion canplexes of guest acetophenooe and Ehloro- 
acetophemne with host deoxycholic acid (DCA) each yielded on W 
irradiation a single diastereaneric photoaddition product at steroid atom 
c5, of configuration S at the generated stereogenic centre 
(D%mH$6H ). Casparisorof the host-guest arrangenent at the sites of 
reaction wit 3 the 2 configuration at the new chiral atan C of the 
photoproducts indicates a net rotation of 180' by the guest acetyl group 
prior to C-C boml formation since 9 e guest molecules expose their Re 
faces to the CS-HS steroid bomds . To elucidate this rotation, 
photo&mica1 and crystallographic studies were performed on four cCA 
canplexes with engineered guest ketone arrangements. 'lhe guests were p- 
fluoroacetophenone and (p-substituted) propiopbenones 
X=H, F, Cl). 

(XCcH C+C2R5r 
Itie crystal structures of two isolated photopr J ucts are 

also reported. Ihe channels of IXA-fluoroacetopbenom contain two 
independent guest molecules G' and G, respectively exposing their Re and 
Si faces to the steroid C5-435 bond vectors at the potential sites of 
reaction. Only one diasteremaric photoproduct was obtained with 
addition at atan C5, with absolute configuration S at the generated 
stereogenic centre, akin to that of the DCA-acetophe&e mnplexes. The 
reaction is interpreted in terms of a 180° rotation of the acetyl group 
of the G' molecule; the absence of the E diastereaner is explained by a 
preclusion of photoaddition of guest G to IXA because of guest packing 
along the channel. The guest arrangenents in the two complexes CCX- 
propiophenone and DCA-pfluoropropiopbenone are almost isanorphous. 
There are two iodeperxdent guest molecules G an3 G related by a pseudo 
centre of inversion. Each of the two guest molecules exposes its Re face 
to a steroid C5-H5 borrd at a site of reaction. 'Thus photoadditiontakes 
place with and without lf30° rotation of the propionyl group since the two 
cmplexes each yield the two diasterecmaric photoproducts at C5. OCA-p- 
chloropropiophemme yields only one diastereaneric photoproduct at C5, 
with absolute configuration R about the new stereogenic centre. The 
crystal structure analysis suggests three independent guest molecules G, 
G' ard G; G and G' are related by pseudo two fold screw symetry along 
the channel axis; G is related to G atxl G' by pseudo centre of inversion; 
once again the guests G, G' and G appear to expose their Re faces to the 
C5-H5 bonds at the sites of reaction. 

- 

I~IDN 

In a preceediq paper1 we described the crystal structures of the channel inclusion 

canplexes 5: 2 deoxycholic acid (labelled DCA)-acetopbenone and 31 DCA-_mchloroacetopheoone 

which yield the single diastereaoeric products & ati lb respectively on W photoirradiation - 

(Schane la). 

*Footnote 
These results in the form of Tables 1~7s have been deposited with the 
Cambridge Crystallographic Data Centre. University Chemical Laboratory, 
Lensfield Road, Cambridge CB2 IEW. 
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At tbe potential site of reaction in the host-guest arrangerrant fSchmaa lb), the prochiral 

-figuration about the guest carbonyl C atan is Re. - After photoreaction, the absolute 

configuration about this C atan, i.e. the newly generated chiral atan of product 1, is 2 -- 

(Scheme 1). This result reveals a net rotation of 180’ of the acetyl group of the guest prior 

to bond formation. The question we pose is whether the rotation is orbital steered or whether 

formation of the missing diastereaner is precluded on steric grounds, 

(a) 

tb) 

hv 
3 

& 
host f 

&I 

This question may be aFproacb& via the following experimental routes: (i) Design of a host- 

guest arrangement in which the prochiral guest ketone exposes its g face to the steroid C5-H5 

bond, instead of face Re as in Schema 1, and which should then yield the diasteremneric product - 

of absolute configuration E at the newly generated chiral C centre if the photoreaction is 

orbital steered. {ii) Inhibition of the 180° rotation of the ketone nu3iety by attaching a 

flexible bulky ketone group to the pbenyl ring or by using rigid guest rrrtlecules such as 

indanone 1. Were photoaddition to ooour in either case (i) or (ii) we could infer that the 

180° rotation in the DCA-acstophenone systems is orbital steered an3 not due to steric forces 

which would preclude the formation of tbe other diasterecmer. 
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Cboioe 0fGuestMol~les: P-P 

We tried to engineer the host-guest arrangenent in which the guest ketone exposes its s 

face to steroid C5-HS both by modifyins the already knawn arranganent of guest ac&opbenone 

m9ecules through atanic substitution. The crystal StKUCtUKe of DCA-aceto@enone contains two 

independent guest acetopbenone mAecules Gand G' forming close-packed pairs G G' within a 

channel (Fig.1). These two paired molecules are almost parallel to each other and separated by 

Eft along the channels axis of length 7.2R. 

Fig.l:m-acetophenone. packing of guest acetophencnermAecules in the &nnel. 
(a) View edge-on to plane of guest molecules; (b) view perpendicular to plane of guest 

molecules. 

The neighbouring closr+packed G G' pairs in a channel are related by a 5g translation plus a 

rotation about the &nnel Zl-axis so forming a a-8e-dimensional superstructure with a SC 

translation repeat. The hc&-guest aKKang_t of CCA-acetophenone at the site of reaction is 

depicted schematically in Fig.2 showing the guest molecules G' and G(oKigina1) separated by 8R. 

We considered the possibility of nxxlifying this arranganent @ inducing a substituted 

acetopbenone nrAecule G to occupy a new position, G(new) approximately 9.28 removed fran G' 

along the -c direction. 

In this way the Si face of a substituted acetophenone may be exposed to the steroid C5-HS bond. - 

We were assisted in this line of reasoning by an energy calculation on CC&acetophenone 

(Fig.10 in Ref.1) according to which, molecule G can be rare easily displaced in the 

-c direction than cdn G' in +c_ fran their respective stable positions. Thus by a suitable p- 

substitution of the guest phenyl King, G would be displaced along the -c direction, G' 

KaMining essentially med. Ws Mp-fluoroacetophenone as an appropriate gue3t. 
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Figure 2 

A schematic arrangenent of host CCA and G' acetophenone molecules in which G has 
been shifted along the c axis fran its original position by a distance sufficient 
to expose the g side of its acetyl group to the steroid CS-HS bond. 

Another approach to generate the "missing" diastereoisaoer would be to make use of a keto 

alkyl group sufficiently bulky to inhibit rotation by 180°, but which would still react with 

the steroid. Conseguently, we chose the propionyl group CCCH2CH3. We considered the ethyl 

moiety large enough to induce prohibitive steric contacts with the neighbouring molecules 

during 180° rotation but sufficiently flexible to permit photoaddition. 

We studied, accordingly, the crystal ~toctmfnistry of IYCA with guest molecules, p- 

fluoroacetophenone, p-H, p-F, and p-Cl-propiophenones (Fig.3). 

x “o: “$++ 
* n n 

(cl 

w.2: Atan nunbering. (a) deoxycholic acid; (b) acetophenones (X=H, F); (c) propiophenones 
o(=H, F, Cl) 
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D-ZA-p-FluoroacetcQhenone 

Crystal structure and guest arrvt: The crystal structure of CCA~fluoroacetophsnone 

was determined by low terperature (1030K) X-ray diffraction (see Experimental). Ths host DCA 

mol~les are arranged in the d-motif (Fig.3 in ref.1). ‘pwo independent guest molecules, 

G and G’, were located in the channel. These two nxAecules overlap in terms of the diffraction 

analysis. G and G’ are almost parallel to each other with very similar z and y coordinates; 

they differ only in z along the channel axis by 1.64R as shown in Fig.4a. Despite the 

pronounced overlap between G and G’ (see Fig.4b) their oxygen and methyl carbon atans were 

clearly located and differentiated (see Experimental). The occqzencies of G and G’, i.e, the 

guest/host molar ratios, were refined freely by structure-factor least-squares to values of 

0.113(4) and 0.258(4), respectively, with a total of 0.371(6). 

(a) 

(b) 

Overlapping pair of guest fluoroacetophencne molecules G(x,y,z) and G’ (x,y,z’). 

Molecular averlap of fluoroacetophenone G and G’ molecules in the channel. The 
arrangement may be derived fran that in Fig.4a by applying 21 symnetry along the 
channel to G and G’. 

we shall deduce that t&s guest molecules are arrangsd along each channel as depicted in Fig.5. 

Figure 4 

These guest molecules form close-packed triplets G’ G G’ as a basic unit. Ths neighbouring 

triplets along the channel axis are related by a translation repeat of 4~. Within the triplet 

the two G’ molecules are related by a translation of 5cc plus a. rotation about the 21-axis 

which passes along the centre of the channel; G at (x,y,z) and G’ at (x,y,l+z’) of the triplet 

are related by a pseudo translation of el.64A” along the channel. This guest arrangement 

ar33odies occqancies of 0.25 for G’ and 0.125 for G mrresponding to a G’/G molar ratio of 2/l 

and a total occupancy of 3/8=0.375. 
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Deduction of the guest arranganent: -- Packing the C ard G' molecules in separate strings 

G G C G G or G'G'G'G'G', would yield a maximm guest occupancy of l/3 as was demonstrated for 

acatophenone (see Fig.6 in Ref.1). Such an occupancy is distinctly less than the X-ray derived 

value of 0.371(6). EWther, for such an arrangement of the guests, the individual occqzancies 

would be equal to each other with maximun valws of l/6=0.1667, which is completely 

iwtible with the cbserved values. MOreover, one would also be hard put to explain the 

presence of two independent G' and G molecules with a relative offset along the channel axis of 

just the right magnitude to yield a reasonable intermolecular contact between such a pair as 

shall be demonstratti below. Indeed, only by assuming this intermolecular cOntact between 

G and G' molecules shall we be able to account for the observed azccplncies. 

d(=,v,-a. .7 

o(%r.-c*) 

b 

9.5: The packing motif of fluoroacetophenone in a channel. only part of the steroid 
molecules forming the channel wall are shown. (The channel 2 
coordinates ~=1/4, -0). \ (a) view edgeon to plane of guest molecu e; 
perpendicular to plane of guest molecule. 

we construct the closest-packed channel motif given the refined positions of the guests. 

t,et the coordinates of G be x,y,z and that of G' be x,y,z', where z'=z+1.64~~. Here G arxl G' 

are referred to the same molecular site (Fig.4a). The molecules closest to G(x,y,z) in the +c 

and -5 directions as shown in Fig.6 are G'(x,y,l+z') and G'(-l/2-x,-y,-3/2+2') respectively, 

with acceptable intermolecular O... F distances of 2.9 and 3.2' respectively, to yield the 

close-packed triplet G'G G'. lhe next-nearest molecule to G'(x,y,l+z') is G(1/2-x,-y,5/2+2), 

follo*red by G'(1/2-x,-y,7/2+2') and then G(x,y,5+2). lhis arsangenent is analogous to the 

acetophenone motif (Fig-l), with a guest occupancy of 0.4 and a G'/G molar ratio of l/1. 'Ihis 

motif (Fig.6) may yield the observed occupancy of 0.371(6) by assuming random guest vacamies, 

with equal cccupanciea of 0.185 for G and G'. But this model is incanpatible with the observed 

G'/?; molar ratio of 0.258(4)/0.113(4)=2.26(9). 



Elucidation ofreaction pathways 1455 

10 ;-a -._... -4 _’ wNtr2-=,-r,-1/2.,~) 

Fig.6 A postulated (incorrect) packing arrangement of fluoroacetophenone molecules G and 
G' in a channel, akin to that of acetotienone (Fig.L), so yielding qua1 guest 
ocwncies of 0.2 for G atd G' (The channel 2L axis passes through x=1/4, y=O). 

Taking the close-packed triplet G'(L/2-x,-y,-3/2+z') G(x,y,z) G'(x,y,L+z') as the basic 

unit an3 generating a string therefrom by a translation repeat of 4~ yields the arrangesent 

shown in Fig.5 which embodies a G'/G molar ratio of 2/L and a total guest occupancy of 

3/8=0.375. lhe observed total occupancy of 0.371(6) is within one e.s.d. of the model value of 

0.375. 'Ihe &served individual cccupancies, 0.258(4) for G' ati 0.113(4) for G, are each 

reasonably close to the corresponding made1 values of 0.25 and 0.125. In this respect wa note 

that the refined occupancy parameters of G' and G are correlated because of the pronouncd 

molecular overlap between G arid G' (see Fig.4b) in the structure-factor Least-squares analysis 

(see EXpKiRWtd) . 

Consequently, the motif shown in Fig.5 with a total occupancy of 0.375 and G'/G molar ratio 

of 2/1 best fits the diffKaCtiOn dIk?lySiS, ard SO in the final stages of refi nement (see 

Kxprimental) the individual occupancies of G' and G were kept fixed at 0.25 atxl 0.125 

respectively. 

We IXJW atteqt to rationalize why the guest molecules do not adopt the closest-packed 

arrangement (Fig.6) with a total occupancy of 0.4 and a Cl/t; molar ratio of L/L. According to 

intermolecular potential energy calculations on DCA-acetophenone', the site of guest G' is more 

stable than that of G by 0.5 KcaL/mol. Moreover, in order to increase the SepKatiOn between 

acetophenone G' and G it costs much Less energy to mwe G along -c than to mwe G' along +c. 

This calculation is compatible with the observed positions of fLuoroaceto@renona G' and G 

relative to the correspording acetophencne pair; fluoroaceto~enone G' occupies almost the sane 

location as acetomenone G', whereas fLuoroaceto@encne G has mwed relative to acetqbenone G 

along -2 by approximately 0.661. Thus there is hardly any doubt that fluoroacetophenone G' 
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Scheme 2 -- cm 

&w . IcJ n 

Fig.7: The photoproduct 2 from IX% ~fluoroacetophenone in its own crystal structure. 

fluormcetophenone molecules yielding a G’/G molar ratio of 2/l appears to be a conpranisa 

between densest guest-Peking in the channel afd favourable host-guest contacts. 

Solid-state photocbmnistryr Irradiation of the crystalline material of DCA-p. 

fluoroacetopbenone for about 30 days, > 3OOnn, yielded a single tolzo&emical addition product 

1 125% yield) (scb+mms 2). Ihe structure of 1 (Fig.?) was assigned fran 13C-NMk and an X-ray 

analysis described in Explrimsntal. According to the chrcxnatographic analysis and 13C~ 

spectra only one diasterecrner of the addition product was formed. The absolute configuration 

is JJ about the newly generated chiral C centre of photoproduct 1. This photoproduct is 

analogous to that obtained from DCA-acetophenonel. In fact the crystal structures of these two 

photoproducts are isanorphous. 

Structure-reactivity relationship in IKX-p-fluaroacetophe The host-goest contacts at 

the sites of reaction are given in Table la. Molecule G’ makes contact with the potentially 

reactive steroid C5-H5 bond (Fig.8), exposing the !$ face of its acetyl group to C5-H5, in 

exactly the Same way as does its counterpart G’ in IX%acetophenone (Fig.13 in ref .l) . Ihe 

G(G’) . ..H5 distance is 2.88, decideily less than that fraa O(G’f to HCeq arrf H6ax of 3.6 ati 

3.7R, respectively. Thus these relative distances are canpletely canpatible with photosddition 

to C5. The fluoroacetophenone C molecule expses mainly the Si face of its scetyl group to a - 

steroid C5-H5 bond, with O(G)...HS and C7(Gf . ..CS distances of 2.6 and 4.07R respectively, and 

exposes partially its & face to another C5-H5 bond, with O(G)...HS and C7(G)...C5 distances of 

3.7 and 4.05~,respectively, (Table la and Fig.8). In contrast, the G guest molecule in IX%- 

aC&Ophmme exposed only its Re face to the steroid C5-H5 bond, - Therefore, on cursory 

inqection of the guest pcking of rXIA_pfluoroacetophenone, one may expect that photo- 

irradiation would yield two diastereaneric products, one fran G’ and the other from G. 
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Photoirradiation, however, yielded the single diastereareric product 2 with an 5 configuration 

at the new chiral centre, (see Fig.71, the same as that of the WA-acetophenone addition 

product. 

On the basis of the topochenical results of CCA-acetophenone, only fluoroacetophenone G' 

should react and G should be inert. But this argunent is flimsy for one might claim that in 

DCA-fluoroacetophenone, G reacts with IX) net rotation of the acetyl group. Ildeed we shall 

demonstrate below that in the DCA-(substitutedjpropiophenone series, WoWaddition also takes 

place with no net rotation of the propionyl group. 

Fiq.g LXA-fluoroacetophenone. Host-guest packing at site of reaction. 'Ihe two guest 
molecules G and G' and ring A of the steroid are shown. (a) view alaq the steroid 
HS-C5 boIXl. (b) view perpendicular to the H5-C5 bond. 

We may attempt to resolve this anbiguity by considering the possible changes in position of 

G and G' on photoaddition to C5. G' would barely change its position along the channel axis 

and so would not incur unfavourable contacts with the neighbourirq guest molecules (see Fig.8). 

On the other hand, G would necessarily be shifted by approximately 2.a along the -c direction 

on photoreaction (see Fig.8), ati so would be sterically too close to a neighbouring G' guest. 

On this basis, only G' should react. This question was fully resolved by determining the 

crystal structure of the partially reacted canplex2. WA-pfluoroacetophenone did not satisfy 

the original aim of yielding the "missing" addition product of absolute configuration g about 

the newly generated chiral C centre. Nevertheless it providrzd a system where the reactivity 

amars to be determined not only by the host-guest geanetry but also by the nearest-neighbour 

arrangenent of guest molecules. 

DCA-(Acetophenone, pFluoroacetophenone) 

The interpretation of the reaction pthway in the canplexes of 5~2 IXX-acetophenone and 8~3 

CCA-p-fluoroacetophenone is directly dependent on determining tiich atcm of the guest acetyl 

group is oxygen and which is methyl carbon. *is distinction was made cn WA-m- 
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chloroacetophenone by X-ray diffraction and on CC4-acetophenone by X-ray and neutron 

diffraction studies and by potential energy calculations, all results matching’. For iXR- 

fluoroacetophecone the differentiation was done by X-ray diffraction. The refined occupancies 

of the guest molecules in these three crystal structures are in excellent agreement with the 

deduced arrangements of guest molecules along the channels. We did not, however, observe from 

roan-temperature X-ray diffraction photographs any evidence of the deduced one-dimensional 

superstructures of the guest molecules, acetochenone an3 fluoroacetophenone. 

The lack of superlattice reflections may be understood in terms of the following argunents. 

In the crystal structure of KU+acetophenone there are five different ways of positioning the 

one-dimensional superstructure along the channel axis with respect to a host molecule on the 

channel wall (see Fig.1, and Fig.7 in ref.1). These five channel structures are energetically 

equivalent. Nearest-neighbour channels are separated by 13.6fi and so the interactions between 

their occluded guests are too weak to fix the relative positions of their superstructures along 

, the channel axes. ‘Ihere are two channels per unit cell and thus 25 different arrangements of 

the one-dimensional guest superstructure in a disordered unit cell. In CGA-fluoroacetophenone 

there are four different arrangements of the superstructure (Fig-S) along a channel axis and 

thus 16 different arrangements in a disordered unit cell. The absence of observed superlattice 

reflections can be attributed to cwnplete disordering of this nature in the crystal. In order 

to provide further sumrting evidence for the correctness of the deduced guest arrangements we 

carried out a low-temperature (103oK) X-ray structure analysis on the ternary complex 

EGA-(acetophenone p-fluoroacetoplenone). If the guest arrangements of the two binary canplexes 

are correct we may expect the following guest structural features of the ternary canplex as 

drawn in Scheme 3. 

+c 

Scheme 3 -- 

G' 

The G’ site may be occupied by either acetophenone, label led G’(H), or 

fluoroacetophenone,labelled G’ (F). If the nearest neightour of G’ along the -c direction is 
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acetophenone G(H), then the clcec-packed pair GIG&i), &own in a 3a, should be identical 

to the GIG(H) pair in DZA-acetophenone (see Fig-l). If 0' is followed along -2 by G(F) then 

this GIG(F) pair, as &own in ScMse 3b, should be arranged as in DCA-pfluoroacato+enone 

(Fig.5). Consequently the ternary ccn@lex should contain three guest sites G', G(H) and GQI 

with an occupancy of 0.2 fOK G', and 0.1 for G(F) and fOK G(H). Moreover the relative 

positions of G', G(H) and G(F) along the channel axis, should match those in tbe crystal 

structures of the two binary nxrplexes. 

6’ Glf1 G’ GlfO 

Figure9 
Ix%-(scetopbeMne, pfluoroscetophenone). 

Packing arranganent, within a channel showing close packed pairs G'G(F) an3 G%(H) 
related by pseudo 2, sysm&Ky. A wJlecule G' which may be either G'(H) or 
G'(F) my be followed along the -c direction by either G(H) or G(P). 

The structure-factor least-squares analysis of this ternary carplex, (see Experimental), 

yield& three sites G', G(H) and G(F), akin to those found in the two binary cunplexes. The 

refined occupancies for G', G(H) and G(F) were 0.20, 0.14 and 0.07 respectively; the molar 

ratio of 0.14/0.07 for G(H)/G(F) is accounted for in the Eerimental section. The guest 

packing arranganent is shown in Fig.9. The least-squares analysis once again -n&rated the 

%mz orientation of the acetyl group for G' as was found in the two binary ccinplexes. All in 

all, there can be no doubt that the atanic positions and molecular arrangements of the guests 

in the two binary carnplexes are correct. 

!ZCJi-(Substituted) Propioph~s 

Solid state photoctwmistry: W-irradiation of IX%propiopbenone under argon gave two 

diasteromeric photoproducts 4a and 4?~, at site CS, and product 4c at site C6 (m 4, X=ii). - - 

Irradiation of CCR-pfluorupropiopbenone under argon yielded the analogous diasteramers a, S&, 

and fJc (S&YBZ 4); * being the major prodti. IX%-pcbloropropio#n?none yielded upon 

irradiation the photoproduct 6b, with traces of the diaSteK_K 6a. - We were however, not able 

to cbtain crystals of products & and 5c sufficiently large ti suitable for an X-Kay - 

molecular structure determination. The absolute configuration of 5b was assigned by an X-ray - 

analysis of 1 (see&tid an3 Fig.17) which was derived by acidic dehydration of 5b in - 

glacial acetic acid. The absolute -figuration about the new cbiral C centre linked to CS for 

each of tbe products 3, Qb, 5a, 5&, k an3 s was assigned by caapirative %-NMR analysis 
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with thephotcprcducts of IxX-acetophenons,andIXX-p-fluoroacetophenons (see*ti) and by 

ccnparative CD rneasurenkants. 'Ihe absolute configuration about this nsw chiral C centre proved 

to ba 2 for products 4+ 5 and *, as in the photoproducts _& and 1 fran DQL - (substituted) 

aceto*ncnes, arrlRfor *,5&and&. 

40 X.” 
+ 

50 X’F 

6a X.CI 

4b X.H 
5b X*F 

6b X.C, 

4c x*n 

SC X.F 

Scheme 4 

Guest packing in RCA-propiqAenone and LXX-p-fluoropropicphen One: The low temperature 

(103°K) crystal structures of these two mlexes were refined to R(F) values of 0.057 and -- 

0.081 respectively (see Experimental). These two crystal structures proved to be essentially 

isanorphous. 

The positions of the guest atans were located by several procedures. We deduced that the 

channels contain two crystallographically independent molecules G arrl E. Tbe wpancies of 

the two propiophenone guest molecules G(H) and E(H) are 0.247(2) and 0.119(2) respectively; the 

corresponding values of p-fluoroprcpiophenone G(F) and c(F) are 0.247(2) and 0.080(2). Their 

total occupancy values of 0.366(3) and 0.327(3) respectively indicate that in the two crystal 

structures all possible guest sites are -pied. This deduction is based on packing 

considerations; only every third consmtive site along a channel can be occupied by a guest 

molecule G or E. Thus, the nkaxinum guest occupancy is l/3. This value fits the observed 

occupancy of 0.327(3) for fluoropropiophenone excellently, but less so for propiophenone with 

a value of 0.362(3). We had constrained the total occupancy of molecules G(H) and Z(H) to a 

value of l/3 in the structure-factor least-square analysis (see Experimental). The agreesrant 

index R(r), refaained unchanged at 0.057; the guest occupancies of G(H) and c(H) converged to 

O-223(2) and O.llO(2) respectively. This model is equally aa good as the unconstrained one in 

terms of structure-factor least-squares, and has the advantage of a total guest occupancy equal 

to l/3. 

The molecular orientations, positions and relative occupancy values of G and z in both 

carplexes indicate that the guest mol~les may pack in the two different chain arrangements aa 

shown in Figs.lOa,b and lla,b. In one arranganent (Figs.lOa and lla) the guest molecules G and 
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GOCCUWCO_ tiue sites generating a chain C ‘; G 8 G etc., the G and 6 molecules being 

relatfd by a pseudo centre of inversion. Since the occupancy of C is greater than that of G, 

the rermining (Figs.lOb a& llb) G molecules form a chain G G G G etc., in which the nearest- 

neighbr mlecul~ are related by twofold screw s-try as stown in Figs.lOb ~IXI lib. The 

interatomic distances between marest-neighbCur ~le~les in all these chains are acceptable 

(sea Figs.10 and 11). 

(b) 

Figure 10: DcR-propicphenme. 
(al Pseudo-centrosymnetricaLly related dinx?rs of G(H) _a& E(H) molecules arranged 

along a channel. Distances between atoms of G and G are 4.1; between methyl C 
atorrs and 3.9 A between the para H atons. 

(b) String of G (H) molecules related by twofold screw symmetry. The interrmlecular 
distance between C(methyl) and C(4) is 4.9 A. 

(c) String of molecules in-which the repeat unit is &. From top to bottan along 
5 is G(x,y,x) G(x,y, xlr follcWs3 then by G(l,‘Z-x,-y,-9/2+z) 
G(l/2-x,-y,-g/2+2), G(L/2-x,-y,-L5/2+2), etc. 

The relatiw occupancies of these two different chains G z G 6? G z ati G G G G G for the pro- 

piophenone arrJ p-f luorc-propiopheoone nOlecULeZ5 are 0.93 [=0.119/(0.247-0.119) 1 ard 

0.97 [-0.110/(0.223- O.llO)] respectively. We have assuu& here that every Z molecule nukes 

contact with a G molecule; otherwise it is difficult to account for tbe presence of two 

molecules G ati C arrazqed just so as to form nicely-pack& pairs. In fact, similar dimzr 
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arrangements were deduced in the fE+methylalkyl ketone ca@exes3. Naturally, it is possible 

to pack the propiophenone or p-fluorcpropiophemne molemles in a chain which is a cmposite of 

the two chain motifs G E G c and G G G G. Such a possibility is highly likely in 

DCA-propiophenone where the guest occupancy ratio G(H)E(H) = 2.0(l). The proposed packing 

arranganent of guest propiophenone molecules given an occupancy ratio of G(H)fi(H) = 2/l., is 

depicted in Fig.lOc; the chain cmprises triplets G(x,y,z), G(x,y,x) and G(x,y,-3 +z) related 

by a twofold screw symaetry with a translation repeat of 9cf.Z. 

(6) 

Figure 11: RCA-p-fluorcprcpicpbenmephenone, 
(a) Pseudo-centrosymetrically related dimers of G(F) _and G(F) molecules arranged 

along a charma 
8. 

Distances between atans of G and G are 4.0 A between methyl C 
atans and 3.0 betweenFatans. 

(b) String of G(F) molemles related by twofold screw symnetry. The intermolalar 
distance between C(methy1) and F is 3.4 8. 

StructurrAIeactivity Relationship in CC&prcpiophenone and IXX-p-fluoropropicphenone: W - - 

iKKadia'&XI of crystalline LEA-propiophenone and C-CA-fluoropKopiophenone yielded the two 

diSSteKcL?aWKiC photoaddition products 4a _, g, 2, and 5b at atan C5 (see scheme 4). The - 

host-guest g-tries at ths sites of reaction are depicted in Figs.12 and 13. Host-guest 

distances are listed in Tables lb and lc. @ G and c nrolecule: exposes its & face to a 

potentially reactive C5-H5 centre. Therefore formation of the products 4a and 5a necessitates - - 

rotation by a net MO0 of the propionyl group prior to photoaddition, as was found in the 

CCA-(substituted) acetophenme seriesI. On the other hand, the products 4b and 2 are formed - 

without rotation of the propionyl group. 
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ii 

b 

Figure l.2: IXX-propfc@enone. 
Host-guest packing at sites of reection for (a) guest nwlecule a(H); (b) guest 
m1ecul.e~ G(H). (i) view along the steroid H5C5 bond; (ii) view perpendicular to 
the W-C5 bond. 

These two results my be explained in tern of the guest packing. The propionyl graps in 

the arrangements shown in Figs.& and Ila cannot easily ti@KgO a rotation of 180* because 

Utat could eventually lead to unfavourable ShOKt contacts between neighbourirtg guest methyl 

CTKW=+ Therefore were reactim involving molecules G OK a to take place at such a site the 

propionyl group would have to bind to the steroid without rotation. In contrast, the prcpionyl 

group in the arrangermts shown in Figs.lOb and 1Lb cold pAmpa urdergo a rotation of MO0 

without. inducing prohibitively short contacta with the nearest-neig&ur guest molecules, 
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Thus we may envisage photoadditioq to take place with or without n Ned rotation of 180” of 

the propionyl group d~pendin8 upon the local environment of the guest molecules. 

Figure l.3: ~-~fluoz~r~i~~. 
Host-guest packing at sites of reaction for fa) a guest molecule G(F); tbj guest 
IlDlecules G fP) . fil View along the steroid S-C5 bond; @) view per~n3.icular to 
H5-‘.25 bxd. 

Guest packin% @ st~ctur~r~ctivity relationshie in DCA pchloropropiophenone: The -- 

results of the structure-factor least-squares analysis (see Experiinental), in tetm of guest 

packiq, are less positive than those of the other two pKopiop~no~ carplexes. This is because 

WB have immked as many as three independent guest n-&xules to produce a Eeasiblc guest 
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packing along a channel. The three guest molecules G(Cl), G(C1) arrd G'(Cl), each have 

occupancy equal to 0.1, yielding a total of 0.3. Tba deduced guest packing arrangement (see 

Experimental) along a channel (Fig.141 is carprised of close packed triplets GE G' related by 

a translation repeat of 5c_, consistent with a total occupancy of 3/lO. Tba nearest-oeighbcur G 

and G' molecules are related by pseudo twofold screw symnetry involving a translation repeat of 

39 + approximately 0.6R. The molemle. E is related to 2 and to G' by pseudo centres of 

inversion. 

The host-guest arrangements at the sites of reaction are depicted in Fig.15 and the 

corresponding distances listed in Table Id. Each guest molecule exposes its Re face to the - 

potentially reactive CS-H5 centre. Therefore formation of the only me diastereamric product 

* at C5, indicates that reaction occurs without rotation of the reacting propionyl group. 

This lack of rotation may be explained in terms of the tightly packed arraoganent of guest 

molecules within the channels. 

Figure 14: lX?q-chlorcprcpicphehme. 
Packing arrangaaent of-guest molecules along a chain. The repeat 
bottan, is G(x,y,z), G(x,y,z), G'(l/2_Xiyyr_7/2+x). This triplet 
by G(x,y,-5+2), G(x,y,-S+z), etc. 

unit, 
&G' 

fran top to 
is followed 
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Figure 15: CC&p-chloropropiophenone. 
Host guest packing at sites of reaction for (a) guest molecule G(Cl), (b) for guest 
molecule G’ (Cl). (i) view along steroid HS-CS bond; (ii) view perpendicular 
to H5-C5 bond. 

CUKLUSIGN 

The crystallographic ard @otochemical results on the cmnplexes presented here indicate 

that photoaddition of the ketone may occur with or without a net rotation of NO0 of the ketone 

group * This rotation alzpaars to be orbital controlled for it takes place in those systems 

where, in terms of steric contacts, reaction may as easily occur without rotation of the 

ketone. In those systems where contacts between the guest molecules appear to strongly inhibit 

rotation, photoaddition of the ketone group still takes place but without rotation. 

We refer to previous papers lS3 in this series for general remarks on chemical procedures, 
X-ray intensity measurements and crystal struct&e refinement. All ECA canplexes were prepared 
by co-crystallization with the guest fran methanol by slow evaporation of the solvent. In 
typical experiments, l-2 g . of canplex were irradiated at roan tanperature through pyrex 
dishes,h>300rm, for about 30 days. ‘Ihe products were separated by chranatography on silica gel 
1: 100 (eluted with a3C1/CH3 OH/AcS+l in a ratio of 94.5: 5.0:0.5), and by preparative 
t.1.c. with the same eluent in a ratio of 90.5: 9.0: 0.5 using U.V. detection and phosphomolytdic 
acid as a colourirq spray. 
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X-ray intensity .neasuraaents On crystals: The X-ray intensity data from the crystals of the 
five deoxvdwlic acid -1cxs cooled to o. 1030K were maasura3 on a CAD-4 diffractaneter 
using W& radiation with a grasite m~txxzhrmhator. The X-ray data fran the two 
photoproducts 2 a& 1 at rocm teqerature were measurgt m the CAD-4 diffractomter using 0% 

radiation. 

Cell dimensions of each crystal (Table 2) were determirwd by least-squares using 25 
reflections. The X-ray intensities of the DCA axfplexes [for details see Table 3) were 
measured with crystals sufficiently small not to be affected tq the inhaqeniety of the X-ray 
beam due tn the graphite norochranator. This was verifird by the excellent agr-nt between 
two sets of X-ray data totalling 9814 reflections frcm SC%-fluoroacetophemne; me set was 
measuruf with a crystal, of dimension 0.3x0.4x0.61~n, mounted on its long edge; the other set on 
its shortest ~Lge. The agreement factor Rn (defined in Table 3) between the -I-I 4907 
qivalent reflections = 0.049. Resorption corrections wclte rW applied to the intensity data 
from the crystals; they would have been negligible for the specimen crystals of tht: DCA 
coqlexes. 

General ranarks on B structure &termination an3 refines%?nt: It was cbvious fran the 
Ntv diffracxon data of all the DCA_cgaplexesthat their host steroid structures are 
iscmorph&s and beLow to the knounat-motif1*3.- This in each case initial refinement involving 
only the host molecule was straightforward. The crystal structure of the photoprcduct 2 from 
IZC.4 pfluoroacetophenone a 

P 
of 1 derived fran the photoproduct 5b of DCR p-fluorcpropiophenone 

were solvgf using ‘SULTAN . The tenparature factors of the s-4 0 atoms of the steroid 
molecules in all structures were refined anisotrcpically anl their H atons isotropically. The 
scattering factors for H, C atrf 0 were taken from rcf.5. 

All least-square refinements were carried cut with .RlFU6. 
Jlere the weight 41 = 

The function refined UJS $Fo-F,)* 
l/02(&$) was c&dined from counting statistics atxl the match between 

-try-related reflections. Overall results on refinement of the crystal structufea are 
given in Table 3. 

5 p (S) (1-p-f luorophenyl ethanol) 
-@%ot~~uct 31: 

z;grhl icW +gtaging DCA-&f l~~~~~~~~o~f 
The complex was 

p-f luoroacetcphenone from absolute alcohol solution. Irradiation axl separation as described 
above. 

PhOt XX.iUCt 3: ‘4 op _ r-f. 0.65 vilica gel, eluted with CH Cl /C2H OH/AcOH in a ratio of 
4.5:5.0:0.5, m-p. 215-221%. H txnr 0.71 (3H, ss 18-H) , O.&I hH, c?, 21H) , 1.24 (3H, s, 19H), 

1.72 (3X, s, (CH-C(CXi)A) 3C MW. (C03Q, D) 32.4 (Cl), 30.9 (C2) , 69.4 (C3), 38.0 (cl4), 49.2 
(S), 29.7 (~67 28.5 (C!7), 37.5 (C8), h.4 (C9), 41.7 (CLO), 30.6 (Cll), 75.2 (ClZ), 46.7 
(Cl3), 49.1 (C14), 24.7 (ClS), 23.4 (Cl6), 47.8 (Cl7), 13.0 (CLB), 20.5 (C19), 36.4 (C20), 17.6 
(C21), 31.6 (C22), 31.6 (C23), 85.0, [ C(OH)Mel, 28.8 1 C(Qi)Hel 114.6, 114.9, 129.5 (phenyl 
o,m,p) . 

X-rJy structure determination af photoproduct 3: Althatgh the cell constants a& X-ray 
diffraction intensities of the rbotcoroduct 3 from~~p_fluorwctrtoRhenone are very similar to 
those of the solved @z$oprodu& f&n IX%-acbphenone’~ the C,O anl‘ f atoms uE 2 w&e reveal& 
independently by MJLTN . H atoms belonging to groupi )C-H and CH2 were then attahed to the 
carbon atoms of the molecular skeleton. Least-wres refimnt and subsequmt electron 
density maps yielded the positions of all the ;nethyl and hydroxyl H atons The R(F) 
factor convergsd to 0.062 @Ml 

Y 
3). The crystal structures of 1 and of the analcgazs 

photoprcduct from OCA-acetophenone are wletely isanorphous. 

Refinement of the lcw-Wnperature (1030K) structure of DC&p-fluoroacetenone: The guest -- 
molecules were locatarl as foll&K - As cutlined- in the Introduction. we exuecta3 
Eluoroacetophenonc would pack in a lFanner similar to aa&ophenone? (Fig.L); but wi;h an 
increased separation of proximately 1.3R between the close-packed molecules G and G’. This 
exp?ctcd irrrease in separation of 1.313 was deiuad as follows: The C-H . ..O distance between 
close packed G arrl G’ acetophaone molecules is 3.1R (see Fig.1). l%e correspc&ing C-F...0 
distance shculd be approximately 4.4% TINS we initiated the least-quare refinement of 
tX%-fluoroacetoph~one with the refined positionaL ti them-& parameters of DCA-acetcpher0ne 
(the EH atom of acetcphemne was not inserted). The occupancies of G and G’ were asslrmerl to 
be 0.2 as in DCA-aceto@- and initially kept fixed. 

AfteK several cycles an eiectron-density difference synthesis display& two peaks far stronger 
than any other. These two peaks corresponded very nicely to the fluorine suhstituefits - which 
had not beon inserted into the refinement - in tctrms of F-C(4) m Length and F-C-C bond 
angle. At this stage R was 0.090. The fluorine suhstituents were attached to G an3 G’ with a 
C-F bard length taken-q-1 to 1.33 8 baaed on an average weighted value take, from several 
reported crystal structures. The guest molecules Were refined positionally as rigid bodies. 
The occupancies of G and G’ were refined freely, an3 both molecules were assigned a single 
isotropic teqerature factor. 
proved to be surprising. 

The resulting refinement in which EJ(Ff=O.066 ard &(F)=O.O68, 
The G’ and G guest arrlecules Wjelded occupancy factors of 0.$58(41 

and O.L13(4t reqectimly ard a temperature factor=O.Ofi . consequently, the occupancies of 
C and G’ were mt equal to 0.2 as for ace-one, rx~r were they equal to each other. The 
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total guest-host ratio of 0.371(6) is almost equal to 0.375 which corresponds to a guest-host 
ratio of 3/8. Aamrding to r* analysis of the possible packing arrangeamts of G ati G' (see 
RE!XlL%II on DOl-p-fluoroacetophemme), we fixed the occup~cy of guest G' at 0.25 ahd guest G at 
0.125 in the least-squares refinemmt which yielded an overall the~ml parameter of 0.07A2 for 
both guests, and final valusj of R(F)=0.065 and R,(Ff=0.068. 

In order to asoztain that the oxygen atd methyl carbon atoms of gUest 
E placed, we carried ait a refinement as was done on DC%-acetophenons . 
and G' were correctly 

The @-fluoropbeoyl 
groups were constrained rs rigid bodies and the atoam of the acetyl group (i.e. C7, 01, CR) 
were refiti freely tut restraints were inposed on the h of Cl-C7 of 1.4942 alxf on 
the (1 . ..3) nonborrded distance between 01 ard methyl C8 of The resulting bond lengths 
an3 angles of the aoetyl groups of G and G' (Fig.16) irxlicate that the oxygen ad methyl carbon 
atcm, as originally inserted in tha rigid body refinemant, are in their correct sites. An 
R(F) value = 0.064 was obtained. 

Fiqme 16 
ROhd lehgtbs and bond arIgk% of the acetyl groups of fluoroacetophemone G ard G' 
after constrained refinesant in which the gugrt molecules were each refined as two 
rigid groups, EC7H4 an] O...C(mthyl). 

Refinement of the low-temperature (103'Y) structure of the Ternary tqolex -- enone, 
p-fluoroacetoph enone): 

-- DC&(acetoph 
In accordan%-with arguments presented on this cqm structure in 

Results, the detemunation of the guest mlemlar arraugenxmt was initiatd by inserting the 
guest mlecules G'(H), md G(H) of the binary asnplex WA-acetophetxme and the guest molecules 
G'(F) and G(F) of DQI-~fluoroac%&ophenone into their corresponding positions in the ternary 
ccqlex. Thus the starting structure contained three guest sites, two occupied by the 
completely overlapping molecules G'(H) and G'(F), and the other two ty G(H) and G(F) 
separately. Each of these three mlecules was refined as a rigid bcdy with a separate 
occupancy factor and the sane overall therm1 parameter. The final cycle of refinesent yielded 

The guest occupancies converged to 0.205(4) for the overlapping G'(H) 
for G(H) and 0.075(3) for G(F), with an isotropic 0 value of 

We tested a second model in which the guest structure was axrposed of close-packed pairs 
G'(F)G(H), akin to the guest arrangemnt in DC%-acetophemne which mntains the pairs 
G'(H)G(H). Refinement of this tie1 yielded R(F)-0.067, I&(F)=0.069, p ozcuparx3ies of 
0.199(5) for G'(F) and 0.19?(5) for G(H) and a guest U valuevf 0.065(2)x . The third model 
tested cceprised sites G'(H) and G(F) as in DC?+p-fluor&cetophelDne. Least-squares refinemnt 
yielded R(i?)=0.066 and (F) 
and an o%rall U value 

0.071 with occupamies of 0.285(5) for G'(H), 0.124(4) for G(F) 
0.079(2)k2 The Hamilton test7 definitely precludes these two mXle1 

in cmparison wzh the first. 

The refined teqerature factors,positions and occupancies of G', G(H) and G(F) of the first 
model are wletely cmqmtible with the deduced guest arrangements in DC+acetopherme ard DCA 
pfluoroacetophemne. The total guest omupancy is 0.415(6). The occupancy value 0.205(4) of 
G' is almost equal to the total cccupancy of GEO.135+0.075 = O-210(4), each being close to 0.2. 
These results indicate a molar ratio of G'/G equal to l/l md a total occupancy of 0.4. The 
refined arupanoies of G(H) ahd G(F) indicate a higher tendency for 
thm G(F), in -rdanlx with atom-a&m potential energy o&zulations 

yite G(H) to be occupied 
according to which the 

potential emgy of the site occupied by G(H) is lower than that of G(F). 
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Figure 17 
Molecular structure of carpound 1, which is a derivative of photoprcduct sb derived 
from solid state photoreaction between CCA and p-fluorcpropiophenone. 

CCA-p-chloro-propiopbmme : A 3:1 cmplex was prepared by crystallization of DCA with excess 
of ~chlorcpropiophmone fran a solution of absolute ethanol, (np 171%). UV irradiation for 

and separation of the products by flash chranatography on silica gel with eluent 

%Z%mer~a 
5oH &+I in the ratio of 91:7:2 yields one major product & sod traces of the other 

--a 

Photoproduct 6b: rf: 0.40 uv:Rmax (EQH) 25lmn, d 533. 13C tmr (Cl+IW) : 32.4 (Cl), 28.6 
(c2), 69.5 (CT, 33.8 (c4), 51.4 (CS) 30.7 (C6), 28.7 (C7), 38.2 (CE), 36.1 (C9), 41.5 (ClO), 
29.7 (cll), 75.1 (C12), 46.8 (C13), 49.2 (C14), 24.6 (ClS), 28.4 (C16), 47.9 (C17), 12.9 (C18), 
20.8 (C19), 36.3 (C20), 17.6 (C21), 31.6 (C22), 31.6 (C23), 180.8 (C24), 132.9(Ar,p), 
127.8-128.1(Ar,m), 131.6(Ar,o), 145.7 [~(Ar)-C!(OH) Et], 86.5 [C(Ar)C( ) Et], 28.4 [C(Ar)C(OH) 

--X). _o12CIi31, 8.7 [C(Ar)C(OH)CH2.CJi31. C.D. As 266, 2,2 = +0.3 (~~5.5 10 

Low-temperature (103OK) structures of LXX (p-substituted) prc@ophenmes: The guest 
arrangmsnts in th~ti~ee crystal stnZur~of bCA with (p_substituted) propiopheuones were 
analysed in the order given beluv. 

CCA-p-fluoroprcpiophenone: We first tried to determine the guest arrangenkant of 
CCA-propiophenone. The host CCA structure was refinsd to yield R(F)=O.ll. The resulting 
electron density difference synthesis yielded five strong and distinct peaks within the channel 
(Fig.18). lbese peaks are coplanar to within 0.a aml their heights range fran 2.0 to 2.4 
eB . The electron-density distribution exhibits pseudo 21& symnatry. This symnetry irrplies 
a pseudo centrosynetric arramgemnt of the guest molecules, where the pseudo centre of 
symmtry lies on the crystallographic twofold screw axis. This pseudo symnetry my ocmr in 
several ways as depicted in S&ens 5. The channsl my contain two iodepemdent guest molecules, 
say G and G related by a pseudo centre of symnetry (Schms 5a). As shown there are two possible 
ways-of generating these pseudo centrosymnetric dimers , namely themolecular pairsGa,zrc and 
G/),Gf . 

A second possibility is provided by-a guest molecule of only one orientation with respect to a 
channel c axis, nanaly either G or G, where a molecular pseudo centre of synmatry is induced by 
conforma~ional diErde_r of the propionyl groups (either Schms 5b or 5c) to form disordered 
pairs (Gd ffi/3 or Gd +G,u). 

This molecular pseudo centre of symnetry, i.e. the centre of the C(phenyl)<(carbonyl) bond, 
mst tend to coincide with the channel 2l axis to produce an electron density distribution of 
pseudo 2/m -try. Such a constraint 
C(phenyl)-&&bonyl) bond of guest G' 

is possible since the centre of the 
in LXX-acetophenone (Fig.1) almost coincides with the 

pseudo centre of synmetry in Fig.18. Moreover, the centre of the acetophenom ring of G' also 
coincides with the centre of the five peaks forming a ring in Fig.18. Although these 
considerations indicated starting models for propiophenone guest, the ambiguities in deciding 
between the different models in Schema 5 were too nmerous. 

In order to sumnt these mbiguities we decided to use ~fluoropropiopheneone with the 
expectation that its arrangement in the crystal would be isanorphous to that of propiophenone. 
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_ CHANNEL AXIS 

Figure 18: DCA-propiqbenone. 
Electron-density difference section along the cb 

nn? 
1, 

five and strongest peaks. Contour interval 0.34 e/A0 . 
in the best plane of the 

This was supported by the observation that the two crystal structures yielded analogous 
photqmducts (smene 4). Thus, X-ray diffraction data were measured fran a crystal of 
uCA-~fluoropropiopbsphenone at low temperature (103oK). Ths least-squares refinsmant of the host 
structure yielded an R(F) factor ~0.11 and an electron difference density map (Fig.19) very 
similar to that fran IX%propiophemne (Fig.18). The primary difference between these two mps 
is that one of ths peaks in Fig.19 is a distinct doublet. 

‘He concluded that the guest arrangenent in the above two crystal structures were sufficiently 
isanorphous to enable location of the fluorine atan via a O,@(s) synthesis, using as Fourier 
coefficients the observed structure factors of the two amplexes and phases based only on the 
two host structures. The map contained me outstanding peak which corresponded to a peak of 
the doublet in Fig.19 ard is obviously that of the fluorine atom. A guest mlecule was easily 
fitted to the difference map (Fig.191 using the fluorine atanic position as an anchor point. 
The molecule, which we label Go(, had a location similar to that of G’ in 
CCA-fluoroacetopbencme. We asp tbe coQI2 moiety of tbs propionyl group to adopt the sama 
conformation as that of guest G in CCA-fluoroacetophenone, 

Insertion of this guest Ga with an isotropic twperature factor into least-squares yielded 
reliability indices R(F) ard 
Table4a(i). The resulting el 3 

(F) and a guest omupamy and tmperature factor as listed in 
rm density difference map of this model (i) displayed several 

strong peaks sane as high as 0.9e/A3 None of these peaks *re located in that pition which 
would have corresponded to a propionyl methyl carbon atan of tbs alternative conformation 
corresponding to Gp Nevertheless we tested m&l (id by inserting Gf, instead of G4 for 
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WA 0 - C-L AXIS 

Figure 19: DCA-pfluorcpmpi~, 
ElecLl?n-density difference section along the channel in the plana 0f the five independent 
and strongest independent peaks. Outline 's given of symmetry related positions of iominant 
molecule GQ . Contour interval 0.34 e/X3. 

refinenent with results given in Table J&ii). The strongest peak of 1.9 e/A3 in the resulting 
map was located at the position of the methyl carbon ofnx&cule GIG We then inserted both Go( 
and G/1 as in Schema 5b. They were each given initial accupancies of 0.17. The pertinent 
results of the refinement of model (iii) are given i 

9 
Table 4a(iii). The resulting map yielded 

several peaks in the channel sane as high as O.Ee/A which indicated that the nxxlel could not 
be wholly correct. In this model the refined locations and orientations of Gd and G/3 were 
distinctly different, in fact their respective fluorine atmns were separated by approximately 
0.7& This result seemed unlikely since one might have expr?cted that Gd a& G,#would almost 
coincide but for their methyl groups. At this stage we were certain of the dominant presence 
of a G molecule, and that G&was mOre daninant than GPbut that the model was still lacking. 
On re-examination of the electron-density difference ma derived fran refinement of model (i) 
in which only Gdwas inserts&we f0und thatamo+cule &4 , as in Schmne Sa, fitted much better 
to the peaks than G@ Thus we inserted G&and GO& as in Scheme 5a. This model (iv) yielded 
results shown in Table 4a(iv). In order to ascertain the conformation of the propionyl group 
of Q w_ inserted the alternative model (v) containing the other possible conformation of E, 
namely Gp, Ths results of refinement are given in Table 4a(v). 

We cxqare m0dels (iv) with the others using the Hamilton test , the results of which are listed 
in Table 4a. Model (iv) containing molecules G&and GAis clearly preferred over the other 
four at a signific 

Rce 
level >99.5%. 

sr&zules (=0.045 in Table 4a) is 
The refined isotropic temperature factor 2 of ths yest 
reasonable and cmxpares well with acetophen0ne or 

pfluor0acetcphenone in their amplexes. The total guest 0ccupancy of O.327(3) is very close 
to the maxisum value of l/3 as derived in IUEIULTS on guest packing, 

DCA-propiophenolle: We used an ansl0gous procedure to determine ths packing arrangsment Of 
guest propiophenone molecules. Namely, the five p_fluoraprqpiopheno mxiel structures, just 
described, were refined using the F(cbs) of lXZA-propiophenone. Naturallyi the fluorine 
substituent was replaced by a hydrogen atax. The results of these structure-factor 
least-squares refinements are given in Table 4b, the models of which follow the aroma order as 
those in Table 4a for CCA-~fluo~oprcpio@enone. According to a Hamilton test, mcxlel (iv), 
containing propiophenone Got and G*,molecules, is the preferred structure at a significance 
level >99.5%. The total guest occupancy of model (iv) is 0.362(3). According to packing 
considerations of the guest m0lecule presented in RESULTS , tbetotalguestcccupancy cannot bs 
greater than l/3. We therefore continued refinemen t of this model (iv), but constrained the 
total guest 0ccupancy to a value of l/3. The results of this moclel, labelled (iv'), are given 
in Table 4b. There is no difference between the E(g) and 

"lir 
(F) values of mzdels (iv') and 

(iv). Moreover, their isotropic guest ttqxarature factors, 0. 5iT and O-05* respectively (see 
Table 4b), are almost ths sama. Therefore we may safely assuma that the total guest 0ccupancy 
is1/3. 

IX!& p-Ghloroprcpic&encne: &fin-t of the host DC.A mlecule yielded an electr0n density 
difference map which displayed a pattern of five peaks in the channel as shown in Fig. 20. 
These pesks are coplanar to within 0.2513. This peak distribution, exhibits pseudo symnetry 
2 4, 
Ji 

as in the other two propiophenone wlexes (Pigs.18 and 19). The strongest peak lies on 
e 1qeud0 mirror plane. which mast corresp0nd to a chlorine atom. The 

V 
do centre of 

synmetry suggests the motif cmuprises two independent guest molecules G and related by a 
pseudo centre of synmetry 00 the 21-axis. Naturally the molar ratio of G to 8! need not be 
m. 
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Figure 20: ECA-p-chloropropi~ne. 

Electron-density differena section alon s3the channel in the best plane of the 
strongest peaks. Contour interval 0.21 e/A . 

We followed a procedure to determine the p-chlorcpropiophenone guest structure analogms to 
that of the other two propiophenone complexes, but the guest molecules were refined with six 
overall anisotrqic thermal parameters. The results are listed in Tables 5a and 5b. 

It is obvious from the values of the reliability indices R(F) _ _ , s(E) and i&(x12 listed in Table 
5a that nclecule G is nore dominat than Cl, and thatG4 and 4 are maze dominant than the 
corre_stiing Gd ad cp molecules. Of the sevan models (i)-(vii), model (vi), containing G& 
md GA as in the other two propiophenone complexes, 
indices and the Hamilton test values. 

is preferred in terms of the reliability 
But the "theriml motion" of guests Gd and Fti of model 

(vi) is too high according to the anisotrcpic tenperature factors vi. of the guest atonm (Table 
5b); in fact thaiij values of all seven models (i)-(vii) are too hi &. 

Packing considerations exclude the first fizz models (i)-(v) since a string of G, or E, 
molecules that occuw every third consecutive site along a channel via twofold screw symmetry 
(as depict& in Fig.lOb or lib) wcllld be precluded by intermolecular contacts; the 
C(methyl)... Cl distance wculd be too short at 2.98. Moreover, the guest occupancy for such 
models waild be l/3 which does not mstch the observed values (Table 5a). An alternatiw 
arrangement in which every fourth consecutiw site is cccupiazl by translation of 2c is 
unreasonable for it is too loose with a maximnn occupancy of 0.25. This leaves us with &ls 
(vi) and (vii). We first focus on model (vi), preferred in ternra of the Hamilton test. 

A packing arrangement containing molecular diners Gd ati & of ardel (vi) as in Fig.lOa or 
lla, is forbidden because the distame between the Cl atoms of G and E is too short at 2.6R, 
evan though the distance between the nethyl C atcms of neighbouring G ard F molecules is 
reasonable at 4.0% The ratio of the occupancies of Ga/c& for model (vi), =0.215/0.09S, is 
2.2(l) which is sufficiently close to the integer 2 that we may assume a third arrangement of 
guest molecules sit$lar to that depicted in Fig.lOc for propiophenone, nm=lY, a string of 
triplets G(x,y,z) G(x,y,z) G(x,y,-3+z) as shu.+n7 in Fig.21a. But this arrangement still 
enbodies the deficiencies of too short Cl...Cl at-d Cl . ..C(methyl) distances and a total 
occupancy of l/3 conpared to the least-squares value of 0.300(4) as listed in Table 5. We may 
correct sane drawbacks of this arrangement by assuming the motif shown in Fig.21b which 
incorporates the repeat triplet G(x,y,z) E(x,y,z) G(1/2-xry,-7/2+z). This arrangement has the 
advantage of an ocm~pancy of 0.3 which fits the lest-squares value of 0.300 and, also does not 
incorporate the short Cl . ..Cl distance between G(x,y,z) and G(x,y,-3+z). But there still 
renains the 2.9R separation between the Cl and C(methy1) at- of neighbouring G molecules. 
This short contact may be avoided bjr taking advantage of the 68 separation between the Cl atons 
of molecules G (x,y,z) and G (1/2-x, -y, -7/2 +z) in tba n&if of Fig.21b. If the latter 
molecule is brought closer to the formar by about 0.68, 
reasonable contact of 2.9 

its nmthyl C atoms will make a 
l 0.68 with the Cl atom of G(x,y, -5 +z). Naturally these two G 

molecules of the triplet waild no longer be related by crystallographic symnetry. We label tha 
molecule originally at G(1/2 -x, -y, -7/2 +z) as G'(x,y,z). 
(vi) also ac 

This modified arrangement of tmdel 
ynts for the high therael motion along the c axis of the guests of model (vi) 

(%3 = 0.19951 , Table Sb). The individual occupancies of G, G' and G wculd each equal 0.1. 
The packing arrangemant of such a model is shown in Fig.14. This model was not coxpared with 
the original model (vi) via structure-factor least-squares refinemant, the measured X-ray 
diffraction data hardly warrant it. At this stags we may reject the remaining nxdel (vii) for 
the follming reascns although its guest mlecules G and E cm easily fit into the 
arrangerrent shown in Fig.14. Most irrportant the ratio of cccupacies of W for this model 
= 0.240/0.046 = 5.2 doffi mt fit the required value of 2 and so it is rpt 
a feasible packing arrangement. 

2 sible to generate 
Also the Hamilton test (Table 5a) disfavours this model as 

against (vi). 
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Figure 21 
LZA-pchloropropiophenone. 

(a) tlpacking arrangenent of guest molecules in the channel. The intermolecular 
. ..Cl distance is 2.661 and the Cl...C(methyl distance is 2.9R. 

(b) Modification of arrangement (a) in which a spacer of c/251 (by virture of 
t-fold screw synmetry) is inserted between molecules G and G so that the 
short Cl . ..Cl distance is avoided. 

Results of refinement: Details on refinement of the crystal structures of the complexes of 
DCA-p-fl~oacetophenorxz, ICA-(acetophenone, pfluoroacetophenone), ECA-propiophenone, IXA-e 
fluoropropiophenone, LCA-pchloropropiophenone, the photoprc&Lt 2 and compound L are given in 
Table 3. Atomic ordinates and equivalent thermal parameters of the crystal structures of 
CCA-p-fluoroacetophenone, CCA-propiophenone, LXX-pfluoropropiophenone, CCA-pchloropropiophe 
none are listed in Tables 6-9. lbe atomic coordinates of DCA-(acetophenone, p-fluoroacetophe- 
none), photoproduct 2 and compound 1 are listed in supplementary material, together with the 
anisotropic temperature factors, bond lengths ard bond angles of the other crystal struc- 
tures (Tables ls-7s). 

We are grateful to Prof. M.D. Cohen for a critical reading of tba manuscript. This research 
was supported by grant No. 2660/U from the United States-Israel Binational Science Foundation 
@9?), Jerusalen, Israel and by the Israel Acadeny of Sciences. 
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