
TcfrabdronVol 49,No 3.p~ 639-648.1993 oo40420/93 $500+00 
Prmted m Gfut Bntam 8 1993 Paganon Press L&l 

Prediction and Structure of Polymorphic Lattice Inclusion 
Compounds of 2,7-Dimethyltricyclo[4.3.1.03,8]undecane- 

syn-2,syn-7-diol 

Alison T. Ung, Roger Bishop,* Donald C. Craig, Ian G. Dance, and Marcia L. Scudder 

School of Chemistry, The Umversty of New South Wales, Kensmgton. New South Wales u)33. Austim 

(Recewed m UK 26 October 1992) 

Abstract: The host molecule 2,7-drmethylmcyclo[4 3 1 03~a]undecane-syn-2,rysyn-7-diol 1 is 
known to fotm two d&rent structural types of latuce mcluaon compound dependent on the 
guest molecule chosen Guests, mcludmg 1,Zdlchlorobenzene 2, have now been predated 
ihrch result in the formatron of both lattice types accordmg to the crystalhsaaon conditions 
emuloved. Crvstal structures of the ellmsordal clathrate tvue. (Racemic-1)4.( 1.2- 
~&loroben&~e), space group I4llacd; and the helical tubulate hype ‘(Resolved-i)3 (1,2- 
Dxhlorobenzene), space group P3121 are presented The latter polymorph 1s transformed into 
the former on heatmg m a sealed system 

Ahcychc drol 1 IS a versatile host molecule1 fonmng lattrce mclusron compounds2 of two drsanct 

types Mono- or Q-subsututed benzenes, and small guests, tend to favour a host structure composed of racemrc 

1 and contauung elhpsordal cavmes (the elbpsotdal clathrate type, space group Ml&f) In contrast, elongated 

or abphatrc guests, and alkylbenzenes, generally result m a conglomerate3, crystals of whrch have a host 

structure of enanuomencally pure 1 contamlng parallel helical canals (the helical tubulate type; space group 

P3121 or enanuomorph)4~S Since rt 1s not usually possible to predict crystal structures of pure substance&g, 

and the design of latuce mclusron compounds 1s in us infancy - 9 12, the dual behavrour of this host 1s especrally 

mmgumg Them are only van der Waals mteracuons between hosts and guests m both types of structure, and 

the nature of the guest 1s the factor contmllmg which 1s adopted 

C(1) 

A C(61) *I Cl(l) 

C(7) Cl7’) 1 2 
Crystallographrc numbenng systems used for dtol 1 and 1,2dlchlorobenzene 2 
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Crystal polymorphtsm IS a moderately ftquent phenomenon, one recent esttmate suggestmg that about 

3% of organic compounds exhibtt this property l3 Its prevalence amongst lattice mclusion compounds is less 

clear. However Chatani has shown 14.15, for example, that urea clathrates of certam small organic guests 

(which exist at room temperature wrth the usual hexagonal space group P6122) wrll undergo a reversible 

change on coohng to structures wrth the orthorhombtc space group P212121 These phase transitions are 

caused by the guest molecules taktng up specific onentanons tn the host canals and occur over a narrow range 

of temperature. Utea-polyethylene mcluston compounds behave s1mt1arlyl6J7 

It 1s axtomattc that the occurrence of polymorphic forms ts an unwelcome comphcahon m the ah-eady 

tificult area of destgn and syntheses of new organtc solid matenals Equally, m order to gam further msrght 

mto the potenttal of crystal engmeenng, rt 1s one whtch cannot be ignored 

In the present case, since the two lamce types must have almost rdenucal fkee energms, we constdered 

that m appropnate cases tt mtght be possrble for the same guest molecules to extst w&m errher host lamce type 
as a stable combmatton Target guests were rdenttfied by constdenng groups of related guests whose lattrce 

types were different, and by modelling expenments based on guest stze and shape. As a result, the guest 1,2- 

&chlorobenxene appeared to be a hkely &date 

Racemtc 2,7dimethylmcyclo[4 3.1 03~a]undecane-syn-2,syn-7-dtollg 1 was crystalhsed from 1,2- 

&chlorobenzene ustng the Method A dcscnbed m the Expertmental Secaon Inclusion of guest molecules was 

confiied by 1~ NMR and IR specttoscopy. and by elemental analysts which supported the composmon 

(1)4 (1,2drchlorobenxene). The crystal lamce type of the inclusion compound was provrstonally detenmned 

by companng the X-ray powder drflkactron pattern of the matenal (Figure 1) wrth the charactertsttc patterns of 

examples stu&ed earhet4 whtch m&cated formatton of the ellipsoidal clathrate lamce !ypc. 

- 

Figure 1. X-Ray powder dtffractton pattern of the tncluston compound (1)4.(1,2-Qchlorobenzene) The 

peak pattern 1s charactensuc of the elhpsotdal clathtate type 
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This structural assrgnment was confirmed by a full single crystal X-ray structure determmation (see 

Expenmental Sectron). Numerical detads of the soluhon and refinement of this structure are shown m Table 1 

Ftgure 2 shows the tetragonal arrangement of four dtol molecules around one molecule of guest m the 

elhpsordal cavrty. Addmon of a fmther turn of four dtol molecules III Frgure 3 shows how the guest is sealed 

withm the clathrate stmcture. Atomtc posruonal parameters for the structure are gtven m Table 2, bond lengths 

and angles are presented in Table 3 (see Expemnental) 

Figure 2. Part of one canal only of the mcfusron compound Cl)4 (1,2-dtchlorobenzene) showmg how four 

molecules of the host create an elhpsotdal cavtty whrch IS occupted by the guest The top surface has been left 

open to expose the 1.2-dtchlorobenxene molecule to vrew Oxygen and chlonne atoms are shaded 

Figure 3. Addiuon of a further four molecules of 1 to Frgure 2 showmg the 1,2drchlorobenxene guest 

trapped as a clathrate wnlun a typical canal of the inclusion compound Only a small pomon of the guest 1s now 

vtsrble rn the centre of the figure 
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Table 1. Numerical Deals of the Solution and Refinement of the Crystal Structures. 

Fotmula 

FamulamasS 

Ckystal descnpaon 

Space group 

a.blA 

CIA 
v/A3 
Teq. / “C 

z 

&alc. 1 g cm-3 

Radtation, h I A 
p/cm-l 
clystal dlalcns1ons / mm 

Scan mode 

28-j o 

oscananglel” 

No of mtenstty measurements 

Giterion fez observed reflectton 

No. of independent obsd nflecttons 

No of &kcttons (m) and vanables 

(n)lnfinal&inement 
R = ~Y~‘nlFol 

R, = [zmwwi2EmwlFot2]1J2 

s = [CmwW12/(m-n)] lJ2 

Crystal decay 

Max , mm transrmssion coefftctents 

Largest peak m foal dtff. map / e A-3 

R for reflecaons (no ) measd twtce 

R for multtple measurements (no ) 

(c13H22@)4 (c6H4c12). (c13%202)3.(~~~2) 

988 27 777.96 

@01)(010)~1~) (OO-l)(lOl)(-lll)( lOO)( I-lO)(OlO) 

I4&cd (Ongln at 7) P3121 

23 442(4) 13 3717(6) 

18.928(4) 6 9045(4) 

10401(3) 1069.14(8) 

21(l) 21(l) 
8 1 
126 1 21 

CuKa, 1 5418 CuKa, 15418 

15.5 19 75 

009x009x051 0.17 x 0 15 x 0.35 

8120 W20 
120 140 

0 50 + 0 15 tan 8 0 60 + 0.15 tan 8 

4194 4048 

I/o(l) > 3 I/0(0 > 3 

992 1260 

992,160 
0 065 

0081 

3 18 

1 too.70 

0 88, 0 78 

071 

0 019 (1654) 

1260.93 
0047 
0 062 

3 66 

1 too93 

078, 060 

0.35 

0 013 (3665) 

In the second expenment, racemlc dtol 1 was crystalhsed from 1,2dtchlorobenzene usmg the Qfferent 

condmons (Method B) described tn the Expertmental Sectton Guest tncluston was confvmed as described 

previously by 1H NMR and IR spectroscopy Combustion analysts mdtcated the comPoslnon (1)3 (1,2- 

dtchlorobenzene) The powder &ffractton pattern of this sample belonged to the helical tubulate type (see 

Figure 4), and thts was venfied by smgle crystal X-ray structural determtnauon. A proJection vtew of the guest 

molecule tn one canal only of the tncluston compound IS shown in Ftgure 5 
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I 

LO 35 30 25 15 10 5 

Figure 4. X-Ray powder dlffracaon pattern of the mcluslon compound (1)3 (1.2-dlchlorobenzene) The 

peak pattern is typical of helical tubulate mcluslon compounds (Mixtures of the two substances result tn 

powder patterns compnsmg superposmon of the peaks m Figures 1 and 4) 

Figure 5. A sltce across one canal only of the mgonal inclusion compound showmg the trefoil-shaped 

unobstructed cross-secttonal area of the host dlof 1 lamce with the 1.2dtchlorobenzene guest located centrally 

in the canal. 
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Numerical detads of the solunon and refinement of thts structure ax shown m Table 1 Fractronal 

coordmates am bsted ut Table 4; bond lengths and angles ate gtven m Table 5 (see Expenmental) 

The 1H NMB spectra of the two inclusion compounds were very s~mtlar, each compnsing an addttton 

of the spectra of 1 and 2 though m dtffering rattos Both IB spectra showed the presence of tire guest by means 

of the strong absorption at 755 cm-l. More tmportantly. however, these spectra reveal a number of detailed 

dtffetences which can be used to idenhfy whtch polymorph 1s present (Ftgure 6) 

I I I I I I I I , I I I 

1600 1200 800 cm-t 1600 1200 800 cm-t 

Figure 6. IR spectra (paraffin mull) of the two mcluston compounds m the fingetpnnt regton. Left: the 

elbpsotdal clathrate type (1)4 (2) , and nght. the hebcal tubulate type (1)3 (2) Dtfferences m detatl are present 

tn a number of locattons 

The present results are s~gntficant because both structures are stable at room temperature and thetr existence 

could be predtcted To mvesagate this phenomenon further, samples of each crystal form were sealed tn 

separate cap&try tubes and heated at 60-65oC for 20 hours The newly-measured powder dtffractton patterns 

showed that the elhpsoldal clathrate sample remamed unchanged, but that the hehcal tubulate matenal had been 

almost completely transformed mto the altemauve polymorph These expenments tndtcate that the elbpsotdal 

clathrate structure ts of lower energy and the one preferred when allowed by constramts of guest size and 

shape 

Further predtcttons of appropnate guests mdtcated that chloroform and bromobenxene probably would 

be suitable. Once agatn, dtol 1 produces both types of polymorphtc mcluston compound with either of these 

substances and the ellipsoidal clathrate type was favoured dunng slow or higher tempetature crystalltsattons19 

We conclude that, although the phenomenon of polymorphtsm 1s a compbcatmg factor m the debberate 

destgn, syntheses, and apphcatton of organtc solid matenalsl3, It may be predictable and even controllable in at 

least some systems 
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EXPERIMENTAL 

1H NMR spectra were mcorded m CDC13 using a Bruker AC3OOF and IR spectra using a Hitachr 260-10 

msmtment X-Ray powder diffractron analysis was made using a Stemens DSOO X-ray ddfractometer ; scan 
mode 8.28, scan rate 20 mm-l, scan range 28 = 20 to 400 Combusnon analyses were camed out at 

UN.S.W by Dr HP Pham 

(2.7-Dtmethyltrrcyctb[43 107~]undccane-syn-2,syn-7-d~ol)4 (1,2-Dichlorobenzene) 

Method A Racemtc &01118 (ca 40 mg) was drssolved tn 1,2dtchlombenzene (cu. 2 ml) at about 

KKPC m a sample tube. The tube was capped and allowed to cool slowly to mom temperamm After 3 days, 

the crystals produced were collected by sucnon filtratron and au dned, m p 116118oC [Found: C, 70.90, H, 

9 12 (Ct3H@3)4 (CQI4Cl2) requrres C, 70 49, H, 9 38%] 

(2,7-Dmethyltrtcyclo[43 1 (_?8]un&cane-syn-2,syn-7-dlol)3 (I ,2-Dtchlorobenzene) 

Method B Racemrc &ol 1 (ca 40 mg) was slowly drssolved under warming m l,2~chlombenzene 

(ca. 2 ml) ur a sample tube. The capped tube was allowed to cool rapidly m a refngerator (OoC) After storage 

for about 2 hours, the crystals were filtered off and an dried, m p 119-12ooC lFound: C, 69.80; H, 9.00. 

(C13H3302)3 @&H&12) requnes C, 69 48, H, 9 07%] 

Data were recorded for both mcluston compounds using an Enraf Nomus CAD4 X-ray drffractometer. 

Numerical deuuls pertammg to the collectron of data, data processing, and solunon of the snuctures are given m 

Table 1 Procedures adopted for data collectton and processmg have been descnbed20 

SO1UtlOIl and Refinement Of the %74CtlUe (c]#i2202)4 (C6H4C12) 

The posmonal parameters for the dtol m the mcluston compound (1)4 (C&Hu) were used as mput for 

the mitral Founer calculahons 5921 The 1,Zdrchlorobenzene guest was located by careful constderation of the 

peaks m this and subsequent difference Founer maps Unlike the included benzenes, the guest could not 

conform to the 222 symmetry of tts site A single representanon of the disordered molecule was included and 

refined as a ngrd group22 wtth occupancy l/4 of that of the dtol molecule, and C-Cl dtstances set at 170A 

The posmon and onentanon of the guest were allowed to vary Its thermal mouon was described as a 12 

parameter TL group (where T 1s the translation tensor and L the libranon tensor). The atoms of the host drol 

were refmed m the normal way wtth arusotroptc thermal parameters. Refinement converged wrth R = 0 065 

(wrth that for data wtth smefi<O lequal to 0 049) The hydroxyl hydrogen atoms were mcluded m then map 

positrons and thetr posmons were refined All other H atoms were included m calculated posmons and were not 

refined Ail hydrogen atoms were assigned temperature factors equal to those of the atoms to which they were 

bound The largest peak m the final drfference map was 0 7 1 eA-3 m the vtcmlty of one of the Cl atoms of the 

guest 
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Table 2. Fractional Coordmates for Non-CH Atoms of Structure (1)4 (C&$X2) 

x 

0 0 4632(2) 

0’ 0.291 l(2) 

C( 1) 0.4054(3) 

C(2) O&52(2) 

C(3) 0 4264(2) 

C(4) 0.364X3) 

c(s) 0 3244(3) 

C(6) 0.4351(3) 

C(7) 0.3553(3) 

C(2’) 0 3453(3) 

C(3’) 0 3469(2) 

C(4’) 0 3913(2) 

C(5’) O&87(2) 

Y Z 

0.0350(3) 0.1828(3) 

0.1516(2) 0.0562(2) 

0.0486(2) -0.oOlq3) 

0.0564(3) O&510(3) 

0.0205(3) 0.1240(3) 

0.0329(3) 0.1460(3) 

0.0337(3) 0.0807(4) 

-0.0434(3) 0.1089(3) 

0.0852(3) 0.1917(3) 

0 0706(3) 0.0183(3) 

0 1339(2) 0.0322(3) 

0 1501(2) 0.0885(3) 

0.1203(3) 0.0750(3) 

X 

C(6’) 0 3586(3) 

C(7’) 0 3718(3) 

HO 0 4816(40) 

HO’ 0 2857(30) 

Cl( 1) 0 5070(9) 

Cl(2) 0.435 l(5) 

C( 11) 0.5127(7) 

C(21) 0.4796(6) 

C(31) 0 4843(g) 

C(41) 0 5220(12) 

C(51) 0 5550(11) 

C(61) 0 5503(g) 

Y 
0.1665(3) 

0.1431(3) 

0.0227(42) 

0.1877(28) 

0 2453(S) 

0 3182(2) 

0.2369(6) 

0.2703(4) 

0.2634(g) 

0.2231(11) 

0 1897(11) 

0 1966(g) 

Table 3. Bond Lengths (A) and Angles (0) for 1 m Structure (1)4 (C&I&12) 

o-c(3) l&8(8) C(4)-C(7) 1 517(8) 

C(l>c(2) 1.519(7) C(2)-C(5’) 1 524(8) 

C(2)-c(3) 152q8) C(7)-C(7’) 1 501(8) 

C(3W(4) 1 536(8) O’-C(3’) 1 444(6) 

C(4M5) 1 554(8) C( l)-C(2’) 1 547(8) 

C(3)-C(6) 1 539(8) C(2’)-C(3’) 1 506(8) 

C(2)-C( 1)X(2’) 109.2(5) 

C( 1)X(2)-C(3) 1114(5) 

C(l)-C(2)-C(5’) 106 7(5) 

C(3)-C(2)-C(5’) 114 9(5) 

O-C(3)-C(2) 107.4(5) 

o-C(3)-C(4) 108 l(5) 

0-C(3)-C(6) 107.0(5) 

C(2)-C(3)-C(4) 112 4(5) 

C(2)-C(3)-C(6) 110 7(5) 

C(4)-C(3)-C(6) 111 l(5) 

C(3)-C(4)-C(5) 111 O(5) 

C(3)-C(4)-C(7) 116 3(5) 

C(5)-C(4)-C(7) 110 9(5) 

C(4)-C(5)-C(2’) 1150(5) 

C(4)-C(7)-C(7’) 119 8(5) 

C(l)-C(2’)-C(3’) 110 5(5) 

C( l)-C(2’)-C(5) 106 7(5) 

C(5)-C(Z)-C(3’) 115 2(5) 

O’-C(3’)-C(2’) 108 5(5) 

O’-C(3’)-C(4’) 108 9(5) 

C(3’)-C(4’) 

C(J)-C(5’) 

C(3’)-C(6’) 

C(4’)-C(7’) 

C(Z)-C(5) 

o’-C(3’)-C(6’) 

C(Z’)-C(3’)-C(4’) 

C(2’)-C(3’)-C(6’) 

C(4)-C(3’)-C(6’) 

C(3’)-C(4)-C(5’) 

C(3’)-C(4)-C(7’) 

C(5’)-C(4)-C(7’) 

C(2)-C(5’)-C(4’) 

C(7)-C(7’)-C(4) 

Z 

-0.0360(3) 

0x44(3) 

0.1954(48) 

0x&22(39) 

0.0181(3) 

-0.0790(6) 

-0.0708(3) 

X).1161(3) 

-0.1892(3) 

-0 2169(4) 

-0.171q6) 

-0 0985(5) 

1 538(8) 

1 537(7) 

1 524(8) 

1 516(8) 

1.545(8) 

106 6(5) 

112 3(5) 

110 5(5) 

109.9(5) 

111.5(5) 

115.2(5) 

111.9(5) 

115.3(4) 

120.1(5) 

.!?OhtlO?l ilId Refinement Of the StrUCtUW (c13&&?)3 (c&&12) 

The pubhshed positional parameters for the dlol III the mcluslon compound (1)3 (ethyl acetate) were 

used as input for the inittal Founer calculations 18 The largest peak In a &fference map was taken to be one Cl 

atom A subsequent Founer map revealed a second peak at a sultable distance from the fist @a 3 OA) Study 
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of subsequent Fourier map8 gave an approximate position for the benzene ring of the guest. The 1,2- 

dichlorobenzene was refined as a ngtd grounds, with the C-Cl distances set at 1.70A. The position and 

ortentanon of the guest were allowed to vary. Its thermal motton was described as a 15 parameter TLX group 

(where T 1s the. translation tensor, L ts the libranon tensor, and X the origin of librauon). The atoms of the host 

dial were refined amsotroptcally m the usual way Refinement converged wtth R = 0.047 (wtth that for data 

with s&k0 1 equal to 0.079). The hydroxyl hydrogen atom was included 111 tts map position and its 

position was Mined. All other H atoms were assigned temperature factors equal to those of the atoms to whtch 

they were bound Refinement of the other enanttomer gave an mdtstmgutshable R factor R for the host 

structum alone was 0.082 (wtth that for the 6 reflections wtth stn8/kO 1 whtch am most senstttve to otmtted 

electron denstty, equal to 0.37) The guest must be dtsordered and its occupancy depends on the length of canal 

which it occuptes. The guest occupancy refined to a value close to l/6, represenbng one gW8t molecule per unit 

cell volume. It was therefore fixed at l/6 for the final refinement The largest peak ut the difference map was 

0 35 eA-3 111 the vmmty of the Cl atoms of the guest 

Table 4. Fractional Coordutates for Non-CH Atoms of Structure (1)3 (C&I4C12) 

0 

C(l) 
C(2) 
C(3) 

C(4) 

C(5) 

C(6) 

C(7) 

HO 

X Y 
-0 2395( 1) 0 3946( 1) 

-0.0005( 1) 0 7017(3) 

-0 1005(l) 0 5847(2) 

-0 1467(l) 0 5021(2) 

-0 0513(2) 0 4850(2) 

0 0601(2) 0 6021(2) 

-0 2007(2) 0 5455(2) 

-0 0274(2) 0.3984(2) 

-0 2772(25) 0 3498(27) 

Z 

0 1321(2) 

0 1667(O) 

0 2301(3) 

0 0576(2) 

-0 0355(3) 

-0 0686(3) 

-0 0929(3) 

0 0667(3) 

0 0428(48) 

X 

Cl(l) -0 1151(16) 

Cl(2) 0 1323(17) 

C(11) -0 0740(16) 

C(21) 0 0401(19) 

C(31) 0 0738(U) 

C(41) -0 0065(33) 

C(51) -0 1205(29) 

C(61) -0 1543(20) 

Y 
-0 1433(9) 

0 0470(27) 

-0 0704(9) 

0 0176(16) 

0 0774( 18) 

0 0492( 16) 

-0 0388( 18) 

-0 0986(15) 

Z 

-0.1915(40) 

-0.1378(64) 

0 0220(43) 

0 0484(54) 

0.2238(58) 

0.3729(49) 

O-3465(39) 

0 171 l(38) 

Table 5. Bond Lengths (A) and Angles (0) for 1 In Structure (I)3 (C&$12) 

o-C(3) 1444(2) C(3)-C(4) 1 545(2) C(4)-C(7) 1 519(3) 

C(l)-C(2) 1 529(3) C(4)-C(5) 1 547(3) C(7)-C(7’) 1.519(4) 
C(2)-C(3) 1 529(2) C(WC(6) 1 535(3) O-HO 0 83(3) 

C(2)-C(l)-C(2) 108 4(2) 0-C(3)-C(6) 106 6(l) C(3)-C(4)-C(7) 115.0(2) 

C(l)-C(2)-C(3) 110 3(l) C(2)-C(3)-C(4) 111 4(l) C(5)-C(4)-C(7) 112.2(2) 
C(l)-C(2)-C(5’) 108 3( 1) C(2)-C(3)-C(6) 110 5(2) C(4)-C(5)-C(2) 115 7(l) 
0-C(3)-C(2) 106 l(1) C(4)-C(3)-C(6) 110 7(2) C(4)-C(7)-C(7’) 119 9(l) 
o-C(3)-C(4) 111 3(2) C(3)-C(4)-C(5) 111 l(2) C(3)OHO 11 l(2) 

Equivalent Posmon Indtcators ’ -x, y-x, 1/3-z 
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Supplementary mater& avadable Thrrmal parameters, fractional coordmates for the CH atoms, and structure 

factors for both structums. See Notme to Authors, Tetrahedron, 1984,40(2), 11. 

Acknowledgment We thank the Australtan Research Counctl for financtal support of thts work. 
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