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Abstract.- The crystal structures of la, l.MeOH, lb, l.EtOH, lc, l.iPrOH and Id, _ . ._ - - - - - . 
1.2-tBuOH, 1 being 7-benzoyl-6-phenyl-6,7-dihydro-l-methyl-3-mcthylthio-5H- __ 
-1,2,4-triazolo[ 3,4-b:(1,3,4]thiadiazinium bromldc, have been _. studied by X-ray 

dlffractlon. They crystal?ize ln the space groups P21,c, P21,c, CZ/c and Pi, 

respect ivcly, the ccl1 constants being: 11.8790(6), 15.1735(14), 12.6975(9) i, 90, 

98.036(4), 900 for la; 11.9894(2), 15.2223(4), 13.0151(3) i, 90, 96.631(2), 90° .._ 
for lb: 20.1583(6), 12.2180(3), 20.8012(6) ;, 90, 105.017(2), 90=’ for lc; _. 
12.2747(4), 14.0487(5), 10.1274(3) i, 94.861(2), 113.728(3), 90.087(3)” for id __* 
The four cystals build up with units of “l.alcohol”, quite similar In the four 

compo*lnds. The host-guest packing schemes are also analyzed. The geometries, 

lncludinq the conformation, of the guest alcohols are compared with experimcnt.al 

and chcorct:cal datd from the literature. Some discrepances are observed, but the 

x-ray analysis of structures containing jnclusion compounds, which are llqulds at. 

room temperature, seems t.o be a useful approach, within some stated limits, for 

study anq such compounds. 

Intre_Wtion.- Experimental molecular geomctrles provide the most secure basis for - . _ 
structural chemistry. Of all the techniques which have been used to obtain this 

information (nicrowavc spectroscopy, electron diffraction, n.m.r. in nematic 

phases.. . 1, X-ray crystallography alone has contributed with more structures than 

all the other methods together. The only condition required for an X-ray analysis 

is the ohtention of suitable single crystals. Normally, t.his has limited the 

structures .to compounds mcltlng above room temperature. Comparatively few struc- 

tures of compounds meltlnq below 25OC have been determined (by low-temperature 

X-ray crystallography) as can be noticed from a search in the CDF’ (1986 version). 
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This situation encouraged us to study the possibility of determinrng the 

structure of molecules, liquid at room temperature, included in crystalline 

cavities. There are many compounds which crystallize with one or more solvent 

molecules. Usually, these molecules of solvent (water, chloroform, methylene 

chloride...) are considered more as a nuisance than as a source of useful 

information. We propose to reverse this situation and to draw the attention to the 

guest. The idea is to change the nature of the guest, keeping the host constant. 

Usually, this change produces modification5 in the arrangement of the so called 

host molecule, although the “host-guest” terminology is not strictly describing 

the co-crystallization processes, where both entities are able to rearrange more 

freely their relative positions, without the cavity limitations of true inclusrons 
2 compounds or cavities . For lattice-type inclusion5 compounds (no host cavity) the 

influence of the solvent crystallization molecules on the whole structure can vary 

from dramatic to almost unnoticeable. So it is worth studying on the one hand the 

conformation of guest compounds of low molecular weight, and on the other hand the 

variation of the host lattice and the conformation of the host molecule. - __ .--_ - 

5, CH3OH 

b, C2HSOH 

c_, 1-C3H,0fi 

cj, t-C&OH 

Scheme 1 

In order to evaluate the possibilities of these ideas, we have selected as 

host 7-benzoy1-6-pheny1-6,7-dihydro-1-methy1-3-methy1thio-S~-1.,2,4-tria~olo 

[3,4-b_][l,3,4]thiadiatinium bromrde 1, a molecule which we have already 

established, that crystallized wrth 0.5 dioxanc molecules3. As guests, the 

claosical sequence, methanol, ethanol, i-propanol and t-butanol, was selected 

since the geometries of these compounds are well-known both from an experimental 

and a theoretical point of view. 

xt must be emphasized that there are very few examples of ionic ho5ts2, 

although the stability of the ionic host lattice is certainly of significance for 

the clathrate properties. In Weber nomenclature’ lattice type-inclusion alcohols 

in an ronic guest lattrce belong to the “coordrnatoclathrate’ class. 

-_r_e_ntal. - Compound J , carefully dried under vacuum at 12OQC to eliminate 

crystallrzation 
3 

dioxane , was dissolved in the corresponding alcohol. By slow 

evaporation, crystals of la, lb, lc and Id were obtained. --- - 
Differential scanning calorimetry (DSCf and thermogravimetry (TG) studies 

vere carried out under nitrogen on a Mettlcr DSC-20 calorimeter and a nettler 

TG-50 thcrmobalance. The rosults are gathered in Table 5. 

Proton n.m.r. spectrn were recorded at 300 MHz on a Var ian XL-300 

supraconducting spectrometer. 
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Host- grrst compousds 5121 

Crystal Data at Rocnn Temperature. e: .- .___- C19H19NqOS2Br.(CH,01. Monoclinic, P21,c, 

214, 
3 Dxnl.449 Hg.m- , a=ll.8790(61, b=l5.1735(141, c-12.6975(91 i, a-98.036(41°, 

(from least-squares fit of the 2 8, values of 84 reflections with 0 up to 4S” with 

CuK o radiation), Ur=494.44, V=2266.2(31 i3, F(0001=1012, u=4.374 nun-l (Mx. and 

min. transmission factors 1.209-0.80314. A colourless transparent square prism of 

0.27x0.08x0.07 mm was used in the analysis. 

lb: ClgHlgN40S2Br.(C2H60)r Monoclinic, P21,=, 2x4, Dx=l.434 klg.m-‘, _ a-11.9894(21, 

b=l5.2223(41’, ~~13.0151(31 i, 6w96.631(21° (94 reflections), t4r-509.48, 

V=2359.5(1) i3, ?‘(0001=1048, v=4.216 mm 
-1 (Hx and min. 1.202-0.743). Colourless 

transparent square prism of 0.40x0.27x0.10 mm dimensions. 

lc : ClgHlgN40S2Br.(C3H80)r Monoclinic, C2/c, 218, Dx-1.405 14g.mw3, 

b=12.2180(3), _ 

a=20.1583(6), 

c=20.8012(61 ;;, a=105.017(21° (82 reflections), Mr-523.51, - 
V-4948.3(2) i3, ~(0001-2160, v-4.034 mm -l (Mx. and min. 1.143-0.7031. Colourless 

transparent hexagonal plate of dimensions (0.30x0.17x0.301x0.07 mm. 

Id: -__ ClgHlgN40S2Br.2(C4HloOl, Trrclinrc, Pl. 2=2, Dx-1.276 Mg.ms3, e=l2.2747(41, 

b=l4.0487(5), __ c=lO.l274(31 ;;, o=94.861(21°, e-l13.728(31°, T=90.087(31° (92 2e 

values for the fit), Wrm611.65, V-1591.8(11 i3, F(OOOl=640, u=3.226 nun-l (Mx. and 

min. 1.215-0.749). Colourless transparent square prism of dimensions 

0.40x0.23x0.10 mm. 

DTta Collection and_Processinq. --_------. .._ Philips PWllOO diffractometer, u/20 scans, width 

1.50 , graphite monochromatcd Cu-K 
0 radiation, e up to 6S”, about 1 min/reflx. 

Stability checked every 90 min. using two standard reflections. Lorcnt z dnd 

polarization correction applied. 30(I) critcr>.on for the unobserved reflections. 

These were the conditions for the four cases. The number of total independent (and 

observed 1 rcflcctions were 3838(24701, 399@(34561, 4205(30821 and 5405(4684) 

rcspectivcly for the fo*Jr compounds. The (h, k, 11 ranges were [+14. O-18, O-151, 

;*14, O-18, O-151, [?19, O-14, O-23 ] and [+14, _+17, O-111. 

Analysis and Refinement of the Structure. Patterson and Direct Difference Methods’ -. _ _ -. -_....-- -._ --- 
and weighted full matrix least-squares refinement’ were used together with 

empirical absorption correction 4 . Anitropic model for the non-hydrogen atoms and 

!.sotropic one for the hydrogen atoms were used. Hydrogen atoms were located from 

difference synthesis, some of them could not be located (see below). Weights are 

chosen with empirical functions on F. and sin e/r as to give no trend in 

CW~~F> vs __* CF > and <sine/A>. 
9 

la : _. The methanol compol*nd is pscudoisomorphous of lb, - the hydrogen atoms of the 

methanol group could not been located and were not included in the calculations, 

388 parameters, final R and R 

0.90 eis3, 

factors were 0.069, 0.071, final rcsidudl density 

maximum thermal val:e U22[C(301] 0.32(41 i2, dnd la?t medn shift/error 

was 0.27. 

lb: - The ethanol molecule presents twofold dtsorder but with coincident carbon 

positions, so two hydrogen atoms (those along the C-O bond, see Fig. 1 .b) could 

not be located, and neither the hydroxyl hydroqens; none of them were used for the 

structurd! factors calculation: the populations were estimated as 0.52(21 and 

0.48(21. 374 Variables, final R’s 0.047, 0.054, final residual density, 0.35 ci-‘, 

maxrmum thermal value U22(C(3011 O.?O(ll i2, last mcdn sh!ft/crror 0.06. 

lc : 388 vdrlablcs, find? R and R factors were 0.052 and 0.050, final residual 

density was 0.46 eim3 
W 

and a maximum thermal factor of 0.14(l) “A2 for the 

U,,lC(33,!. last mean shift/error 0.21. 

Id: There arc two t-butdnol independent molecules, .- one of them appears two fold 

disordered with assigned populations of 0.50 each. 486 variables, the hydrogen 

atoms of the disordered groups being fixed at their calculotcd positions. Final P 
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0.4S620~117) 
O.S4375( 60 
0.39454( 71) 
0.45415( 65) 
0.55%2( 67, 
0.4?29?(2201 

0.16?1?( 0 
0.246551 t(l) 
0.32646( 20 
0.416111 27) 
0.36?69( 22) 
0.46692( 26) 
0.49094( 30) 
0.34015( 3kl 
0.21947t 6) 
0.26365( 26) 
0.13340( 46) 
0.55209( 6) 
0.532101 62) 
0.59222( 30) 
0.55065( 35) 
0.?30?( 37) 
0.?6666( 4s) 
0.63101( 42) 
0.646%( 43) 
0.36SU( 32) 
0.4407Sf 30) 
0.36095( 32) 
0.26411( 42) 
0.26400( 59) 
0.31956f 65) 
0.395?2( 64) 
0.416?6( 46) 
0.03216( 40) 
0.03636( 40 
-0.01322( W) 
0.1?15?( 46) 
0.01916( 69) 
0.19?45( 46) 
0.2?593( 65) 
0.19041(171l 
0.05092(125, 
0.30320(152) 
0.10199(131) 
0.341?6(110) 
0.16444(190) 
0.14560(355) 

u9@04 

(I..( 2) 
S16( 9) 
S27( 9) 
44?( 9) 
426l 7) 
4?0( 0 
461( 10) 
4??( 10) 
563( 31 
461( 9) 
626f 15) 
52.f 3) 
995( 200) 
464( 10) 
604I t2> 
646( 10 
I%( I?) 
IW &I) f 
?21( 15) i 
$24( 11) B 
7lOf 111 B 
s39i 11) 
6661 10 c 

i2li 21) 
tOOl( 24) 
1043( 26) 
606( 1.) 
666( 14) 
1002(a6) 
1221( 20 

66S( 1’)) 
1067( 2s1 
994c 25) 
1127f 42) 
1096f 62) 
l/46( 59) 
1662~109) 
1363( SO) 
1110( SO 
A3?9( 61) 
1926il76f u 

_ _. __ __ __ . - -. - -- __ _- .- _ 
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and Rw were 0.042 and 0.047, and final residual density 0.38 c;-3 and maximum 

thermal factors of Ull C(39) 0.33(Z) ;*, last mean shift/error 0.15. 

The scattering factors were taken from the International Tables’. All the 

calculations were performed on .a VAXl1/750 computer. 

Results. Final atomic coordinates for the nonhydrogen atoms are given in Tables 1, 

2, 3 and 4. according to the numbering given in Fig. 1 and being the same for all 

four compounds7. 

Results and Discuesion.- --- -- Stoichiomet9 of the inclusion coqounds. _- -_--- - .-.._ __--. The proton 

n.m.r. spectra show the superimposed patterns of heterocycle l3 and the - 
corresponding alcohol. The integral leaves no doubt that the stoichiometry is 1:l 

for &, lb and lc, but that Id contains two molecules of t-butnnol for each - -- - 
molecule of the heterocyclc. The method is general and reliable and shows that the 

host guest ratio is 2:l for dioxane’ and tetrahydrofuran and 1:l for fluorocthanol 

and methyl-t-butylketone. 

Salient features of the thermal dccomposltion processes of compounds la-ld -- 
are given in Table 5. Compounds la-lc are stable up to c.a. 12OoC and decompose - .- 
through a well defined stage with a maximum decomposition rate at 140-15ooc. 

Elimination of t-butanol from the less stable compound Id takes place through a - 
complex process with involved three overlapped stages. In the first stage between 

45 and 72OC, a weight loss occurs corresponding to l/3 mol of t-butanol per 

formula unit. The two final stages are overlapped with the decomposition point of 

the host molecule near 170°C. The weight loss at 16S°C is slightly smaller than 

that expected for two molecules of t-butanol because the release of t-butanol is 

overlapped with the decomposition of ,T, but under constant heating at llO°C the 

overall weight loss (24.188) is close to the theoretzcal one (24.220. 

In all cases, the value obtained for ti by differential scanning calorimetry 

(DSC), is higher than the corresponding molar heat of vaporization 0 . In compound 

Id the lower thermal stability, the complexity of the decomposition process and 

the low value of AH (12.4 kcal.mol -1 ) could be explained by the presence of two 

different types of t-butanol molecules in the Id crystal. - 

host g_comctry . - The constitution of ligand 1 in all four crystals is the same as .__. ___-.. 
that of its previously reported structure with dioxane as crystallization solvent, 

TABLE 5. Data on Thermal Decmposition of Compounds la-ld -- 

Conpound Thermogravimetry Differential Scanning 
Calorimetry 

Teuqerature Am(%) DSC peaksa AH 

Range ("Cl Found Required ("Cl Kcal. ml 
-1 

la 117-160 6.48 6.46 149 13.6 

lb 118-159 8.91 9.04 146 13.9 - 

lc 123-162 11.88 11.47 140 17.3 - 

ld 45-168 22.95 24.22 77, 90. 141 24.gb -- 

'Endothermic processes 

____ -___-- 

b Value for 2 molecules of the guest 
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Table 6. Selected geometrical parameters describing the cation (i,O). The values 
corresponding to the DIDXANE contalnfng compound are including for 
comparison purposes (lo). 

- 

10 la - - 

C6-C7 1.536(4) 
MS-Cd 1.483(4) 1::::; 

Cd-C?-58 l12.6(21 111.8( 
S8-C7-Cl9 104.4(2) 106.6( 
C6-C7-Cl9 113.6(2) 107.2( 

lb - 

11) 1.558 
10) 1.474 

5) 111.7 
107.8 
107.1 

lc - 

5) 1.529 
5) 1.479 

2) 115.8 
2) 102.6 
3) 112.7 

ld - 

8) 1.547(4) 
7) 1.467(4) 

31 113.412) 
3) 107.9(2) 
4) 108.1(2) 

S8-C7-C19-020 104.413) 55.8(g) 54.0(4) 108.6(5) 59.6(3) 
H6-C6-C7-H7 -171(3) -163(6) -176(Q) 166(10) -177(3) 
HS-N5-Cd-H6 174(4) 163(7) 172(4) 17016) 168(3) 

--_ -_--_ _-_.- ___---_ .----.------ 

1D3. For instance, H(5) 1s cls with respect to H(7) and trans with respect to --- --_ .- 

H(6), as shown in Fig. 1, and the positive charqe is mainly located around N(1). 

However, the conformation of the host molecule is slightly different, as reflected 

by the values of the S(8l-C(71-C(191-0(201 torsion angles (Table 61. In 15 and ID, 

O(201 1s almost czllpslng C(6), with slgniflcantly different values of the two 

angle5 at C(7), S(8)-C(71-C(191 ‘ C(6)-C(7l-C(191. For thcsc two compounds there 

is also il shortening of C(6)-C(7) and a lengthening of F;(5)-C(6), with regard to 

the values measured in the other three compounds. 

The geometrical characteristics of the alcohol molecules arc gathered in 

Table 7 and will bc discussed subsequently. 

Table 7. Geonetrlcal characteristics of the alcohol molecules Ci,O) 

--.--___- -- 

la: c30-031 1.326(39) - 

lb: 8r.. .031-C31-C32 52.3(10) 031-C30-H30A 115(7) - 
S8v.. .033-C32-C30 15.015) 033-C32-C30 107.9(9) 
031-C30-H308 119(6) 031-C30-C32 112.0(8) 
;;;I;;~-""'" 124(6) 03.3-C32-H32A 9119) 

1.284(12) C3?-030 1.204(15) 
C30-C32 1.474116) 

lc: H31-031-C30-H30 65(g) 031-C30-H30 112(5) - 
031-C3D-C33 113.2(71 031-C30-C32 107.7(7) 
C30-031-H31 105(6) C32-C3D-C33 116.6(9) 
031-C3D 1.42719) 031-H31 1.20(12) 
C3D-C32 1.484112) C3D-C33 1.475(15) 

Id: H31-031-C30-C32/C33 -68(4)/52(4) 031-C30-C32 108.6(4) ___ 
031-C3D-C33 109.4(4) 031-c30-C34 103.9(4) 
C32-C30-C33 110.5(4) C32-C3D-C34 114.4(4) 
C33-C3D-C34 109.9(4) C3D-031-H31 105(4) 
c30-031 1.438(5) 031-H31 1.00(7) 
C30-C32 1.503(8) c30-c33 1.496(5) 
c30-c34 1.505(7) 

.- -_--_- --_-__- 

No values are given for la.as the hydrogen atoms could not be located. For the lb 
compound the torslon ang=s are given with the 8r and S8v atoms as It is supposGJ 
that the unlocalized H31 and H33 atoms are 
experimental part. 

forming hydrogen bonds, see 
In Id case no values for the dlsordered molecule are given. 

(Symmetry operation v:-Ti-;1/2+y.1/2-2) 

- 



0 x (gr.cn-3) 

v (i3, 

Table 8. Lattice packlng characteristics 

la lb lc Id - - - - 
-- 

1.449 1.434 1.405 1.276 

2266.2(3) 2359.5(l) 4948.3(21 1591.8(l) 

4 8 2 

120 240 74 

2 

number of 
atoms In V 

Number of atoms 
in the alcohol 
molecules in 
the unit cell 

Numbqr of 
I 10 per It 

30”s 

V (i31 correspon- 
ding to one alco- 
hol molecule 

4 

116 

8 
(4.21 

5.119(1 

39.1(l) 

12 32 
(4.31 (8.4) 

~0,~‘~;‘“’ 
+ 

1 5.086(1 1 5.012(l) 4.649(l) 

59.0(l) 

*Two independent t-BuOH molecules are present. 

79.8(l) 107.6(l) 

5126 C. Fans-Focm et d. 

Packing.- The overall packing characteristics are given in Table 8, where it can 

be noticed that going from G to 3 there is in the first three compounds a smooth 

change in density and thus, in its proportional number of atoms per L3, while the 

presence of 2 independent t-BuOH molecules gives in g a more swollen structure. 

This is also reflected in the amount of volume per alcohol molecule, which for the 

first three compounds gives an estimation of that volume, as close spheres, of 

about 20 x3 per atom (sequence 40, 60, 60 i3, , whereas in e there is a change of 

about 30 ii’. 

Considering the main interatomic hydrogen contacts’, around the bromide ion, 

Table 9, it can be noticed that it is fundamentally attached to one molecule of 

the heterocyclic cation through a Br...H(Sl-N(5) bridge. On the other hand, the 

next nearest molecule (see symmetry operations in Table 91 displays contacts 

corresponding to different entourage of the bromide anion in different space 

groups, one type for the two pseudoisomorph P21,c crystallizing compounds and 

another different type for the other two symmetry groups. The positron of the 

alcohol molecules (only one of them in ethanol and t-butanol cases) is quite 

similar, in the four crystals, with respect to one host molecule (see Fig. 11. All 

this packing characteristics are intended to be described in the stereopairs of 

Figure 2. 

Alcohol~ometries.- In order to compare X-ray results wB.th those previously ____ _ ._ .-_-- 
reported from thcorctical and experimental values (cf. Table 101, rhe following 

points (apart of those due to the method itself) have to be considered: the 

thermal factors for methanol atoms are too high (see Table 11, the ethanol 

molecule appears disordered (see experimental part in Table 2) and the disordered 

t-butanol molecule have not been considered. Surprisingly enough only the X-ray 

structures (Table 101 of the two lowest melting point alcohols have been 

dctcrmlncdlO’ll. Table 10 shows the geometrical characteristics for those four 

alcohols. 
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In the cases of methanol an& ethanol the C-O bond length is clearly 

underestimated, however, the C-C bond length and the CCC angle in ethanol arc in 

better agreement with literature values. On the other hand, the geometry of 

i-propanol is acceptable and that of t-butanol, which have not been previously 

determined, is in good agreement with theoretical calculations (Table 101. 

Table 9. Selectc_d common interatomic contacts Ci,“l of less than 4 i, involving 
the Br anion. Itallics refer to the bellow given symmetry operations, 
relating the second atom. Asterisk stands for the letter naming the 
hydrogen involved in the contact. Values for the Dtoxane containing 
compound (1Dl are included for comparison purposes. - 

Atoms 10-i la-i lb-i lc-i Id-i - - - - - 

Br . ..N5 3.486(3! 3.506(31 
Br . ..H5 2.8115) :x; 

;.W;;' ;.;;;;;I 
2.75131 

Br . ..HS-N5 144(4I 161181 166i4I 155(61 154(2I 
Br . ..c7 3.469(3) 3.630(4) 
Br . ..H7 2.75(4) i433i61 ;436(4I 2.84141 
Br . ..H7-C7 147(31 132(5I 137i4I 13913) 

Atoms IO-ii la-ii lb-ii lc Id - - - - - 

Br...C6 3.99213) 3.907(B) 3.918(4) >4 >4 
Br . ..H6 3.13(31 2.92181 3.05(51 >4 >4 
Br . ..H6-C6 152(2I 159(51 14B(31 

Atoms lo-iii la-iii lb-iii lc-iv Id-v - - - - - 

Br . ..ClO. 3.85614) 
Br . ..HlO. 2.93(6)8 ;4141131c 

16Oi9I 
i427(B)C 

3.657(71 3.772(41 
3.3BlB)A 2.95151c 

Br . ..HlO -Cl0 161(5I 157(51 103(61 14B(41 

i: x.y.2; li:x,l/2-y,z-l/2; 
vi: -x.-y.l-2; vii: x,y,z-1 

iii:-x.y-1/2,1/2-r; iv: l/2-x.3/2-y,l-r; v: -X,-Y.-Z; 

Alcohol conformations.- As the hydrogen atoms of the disordered ethanol molecule 

in compound l& have not been located and since the Sr...0(31)-3.lBB(71 i, 

SBiii... 0(33)-2.787(11) i distances (see Table 11) are less thdn the sum of the 
B 

van der Wdals radii (3.37 and 3.32 i, respectively) , the following torsion angles 

have been CdlCUldted Br.. .0(31)-C(301-C(321-52.3(101° and 

S . . . . ..0(331-C(321-C(301-15.0(5)0. 
8111 

These angles would suggest either a “gauche” 

conformation for both molecules of ethanol or an “eclipsed” one for the second 

(see, for example 
12 

, ethanol solvate at 111 K , H-O-C-C-+601. Theoretical 

calculations on the isolated ethanol molecule indicate that, generally, the 

“trans* conformer”’ l4 is fdVOUred, but a 4-3lC calculation 15 concluded that both 
-1 

conformers differ only by 0.1 Kcal.mol . It is worth of notice that crystals of 

pure ethdnO1” are SO:50 mixtures of “trdns” and “gduchc” forms. 

EtOH l trens. EtOH l gauche= iPrOH ‘gauche’ 

Scheme 2 
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TABLE 10. Geometrical comparison of the alcohol molecule structures (i,O) 

Alcohol This Work X-Ray Experimental Theoretical 
(Tabla 7) (pure conpound) (microuave) 

Man01 a c-o: 1.33(4) C-O: l,42(31b C-O: 1.425(2)d c-o: 1.4299 

m.p. 175 K 

Etanol b c-o: 1.20(2)-1.28(l) C-O(t): 1.431(21' C-O(t): 1.425(2je 
C-C: 1.47(2) C-O(g): 1.422(2) C-O(g): 1.427(6) 

n.p. 156 K MC: 112(1)-108(l) C-C(t): 1.499(3) C-C(t): 1.530(P) 
torsion: 52.3110) C-C( ): 1.512(3) C-C{ 1: 1.530(2) 
torsion: 15.0(5) <OCc t1: v 108.8(2) (OCC t): 9 107.2(l) 

<W(g): 112.0(2) <OCC(gl: 112.2(3) 
torsion(t): 179(3) torsion(t): 180 
torsion(g): 63(3) torsion(g): 54(6) 

C-O(t): 1.451h 
C-O(g): 1.452 
C-C(t): 1.533 
C-Cl 1: 1.526 
<OCc t1: 9 106.3 
<OCC(g): 111.7 
torsion(t): 180.0 
torsion(g): 61.5 

i-Propanol c C-O: 1.427(g) 
- C-C: 1.47505)-1.484(12) 

m.p. 184 k <OCC:,107.7(7)-113.2(71 
<CCC: 116.6(g) 
torsion: 65(9) 

c-o: 1.434f C-O(t): 1.550' 
C-C: 1.523 C-O(g): 1.555 
WC: 110.9 C-C(t): 1.549 
<CCC: 112.3 c-C( 1: 1.550 

COCC t1: 9 110.9; 
<OCC(g): 112.8 

<CCC(t): 113.0; 
~CCC( ): 113.0 

torsion t): 9 179.9 
torsion(g): 61.4 

t-Butanol d c-o: 1.438(516 
- c-c: 1.4%(5)-1.505(7) 

m.p. 2% k <OCc: 103.9(4)-109.4(3) 
<ccc: 109.9(4)-114.4(4) 
torsion: 52(4)-68(41 

c-o: 1.441j 
CCC Ls;o;1.555 

<ccc: 11o:o 
torsion: 60 

'The disordered molecule has not been considered; bRef. 10; ':Ref. 11; dRefs. 13, 14; eRef 14; 

fRef. 13; g4-31G, Refs. 14, 27; h4-21G, Refs. 15, 30; 'MMXI, Ref. 13; 'STO-3G, Refs. 13, 31. 

Romanowski et al. 13 summarized the experimental and theoretlcal evidence 

concerning the i-propanol molecule, concluding that both l trans” and “gauche’ 

forms exist in the gas phase, the latter being the most stable. In lc crystal, - 
only this conformer is present (Table 10) 

Finally, t-butanol is in a staggered conformation (averaged torsion angle, 

600) in agreement with theoretical calculations. The t-butyl tilt, the angle 

between the local C3, ax18 and the c(30)-O(31) bond, is 3.4(31° comparable with 

the methanol methyl tilt, 3.26O (mrcrowave 161 , 2.890 (theoretical calculation 14) . 

Table 11. Selected common OH contacts (ii,' 1 of less than 4 il. Symmmetry operations 
correspond to those of Table 9. Asterisk stands for that in lb the 
hydroxyle involved is 033 instead of the 031 referred in the lab> for 
the other compounds. 

a.-lasic unit la-i - lb-i - ld-i - 

031 . ..Br 
Ii31 . ..Br 
031-H31...8r 

3.376(21) 3.452(10) 3.571(3) 

Dioxane geometry and conformation.- Since in our preceding paper 3 the data on - 
dioxane geometry and conformation wcrc not discussed, a brief summary will be 

presented here. The values of Table 12 show a very good agreement between our 

results on 1D and literature data. - This situation is probably related to the fact 



that dioxane molecules in 1D are placed at symmetry centers, which constrains it - 
to adopt a chair conformation. 

Table 12. Geometrical corparlson of dloxane molecule structures Ci,0) 

Our worka X-Ray (pure conpoundIb Experimental 
10 Phase I (279K) Phase II (153KI (electron diffractionIc - 

c-o 1.419(5) 1.425(2) 1.431(l) 1.423(3) 
c-c 1.480(E) 1.478(3) 1.513(2) 
<occ 111.2(31 111.2(l) 110.9(l) 

1.523(5)d 

<cot 108.6(4) 109.0(2) 109.9(l) 
109.2(5)d 
112.4(5) 

torsion 57.8(4) 57.5(2) 57.2(l) 57.9(5) 

‘Ref. 3; bRef. 32; ‘Refs. 19, 33, 34; dTheoreticsl calculations35 lead to the 
conclusion that the angle is larger than the COC angle. 

Concluding remarks.- The approach we advocate to study the molecular structure of 

compounds liquid at room temperature (or, for that matter, gases) requires: 

i) A suitable guest molecule capable of forming inclusion compounds with a 

great varrety of host molecules. 

ii) A particular molecule which cocrystallizcs with the guest. 

iii) Suitable crystals excluding defects and twins. 

1vI Finally, host molecules should not be disordered. 

This series of exclusive conditions limits the scope of the method we 

propose. The molecule we have found seems to fulfill the first condition. So far, 

all the alcohols and ethers we have tried give crystalline compounds (2nd. 

condition) that arc suitable for X-ray determination (3rd. condition). However, 

the fourth condition is not always fulfilled. In addition to the ethanol problem, 

tctrahydrofuran inclusion crystals are pseudoisomorphs with those of dioxane and 

thus , they correspond to a disordered structure. 

However, the other experimental methods used to determinate the molecular 

structure of liquids also have some drawbacks, for instance, in the five guest 

molecules whose structures we have determined as inclusion compounds: 1) the 

methanol structure has been determined only by microwave spectroscopy (Table lOI, 

with ncmatic phase n.m.r. studies it has been possible to determine only the H-C-h 

angle of the methyl group 17 ; ii) the ethanol structure has been determined only by 

microwave spectroscopy (Table 101, ncmatic phase n.m.r. 

rotation barrier’*; iii) 

studies afford only the 

the only data on the isopropanol structure are the 

microwave results reported in Table 10; iv) nothing experimental was known about 

tert-butanol before structure Id was determined; v) the dioxane structure has been -. 
determined only by gas electron diffraction 19 since its permanent dipole moment is 

zero, nematic n.n.r. studies have made possible the determination of the 

chair-chair interconversion barrier, but not of the geometry 20 . Finally, regarding 

the case of tetrahydrofuran, that’ is disordered in the lattice of our quest 1, 

neither with electron diffractron 21,22 microwavn spectroscopy 23,24 nor n.m.r. in a 

nemat lc phase 25 was it possible to determine its geometry, but only to study Its 

pseudorotation. Finally, X-ray crystallography at -170°C of the pure compound 

solved the problem 26 . 



5130 C. Foaa-Focm CI al. 

AcknowledcJaonto 

We thank Prof. S. 
Prof. P. 

Garcfa-Blanc0 (Wadrid) for the facilities provided, and 
Diehl (Base11 and Prof. C.L. Khetrapal (Bangalore) for references and 

comments on the use of liquid crystal n.m.r. spectroscopy. 

Reference8 

1. 

2. 

3. 

4. 
5. 

6. 

7. 

8. 

9. 

10. 
11. 
12. 
13. 

14. 
15. 

16. 
17. 

18. 
19. 
20. 
21. 
22. 
23. 
24. 

25. 

26. 
27. 

28. 
29. 
30. 

31. 

32. 
33. 

34. 

F.H. Allen. S. Bellard. M.D. Brice, B.A. Cartwright, A. Douday, H. Higgs, T. 
Husanelink, B.C. Hurnaelink-Peters, 0. Kennard, W.D.S. Wotherwell, J.R. Rodgers 
and D.C. Watson, Mta Cry8t. B, 35, 2331 (1979). 
E. Weber, 
E. Ed.), 

I(oleculu In~lusioa and lblecular Recognition Clathrates I (Weber, 
Springer Verlag, Berlin, l-20, (19871. 

P. Wolina, H. Alajarfn, W.J. Perez de Vega, C. Focee-Faces, F.H. Cano, R.W. 
Claramunt and J. Elguero, J. char. Sot., Perkln Tram 1, 1853 (1987). 
N. Walker and D. Stuart, 'Difabs" Acta Crynt. A, 39, 158 (1983). 
J.H. Stewart, P.A. Machin, C.W. Dickinson, H.L. Ammon, H. Heck and H. Flak, 
Ybe X-Ray System., Technical Report TR-446, Computer Science Center, 
University of Maryland, (19761; P.T. Beurskens, W.P. Bosman, H.W. Doesburg, 
R.O. Gould, M. van der Hark, P.A.J. Prick, J.H. Noordik, G. Beurskens, V. 
Parthasarathi, H.J. Bruin6 Slot, R.C. Haltiwanger and J.H.H. Smits, Dirdif 
System, Crystallography Laboratory, Toernoovel, Nijmegen (1984). 
International Table8 for X-Ray Crystallography, Vol. IV, Birmingham: Kynoch 
Press, England (Present distributor D. Reidel, Dordrecht) (1974). 
Atomic coordinates for these structures have been deposited with the Cambridge 
Crystallographic Data Centre. 
The Director, 

The coordinates can be obtained on request from 
Cambridge Crystallographic Data Centre, University Chemical 

Laboratory, Lendsfield Road, Cambridge CB lEW, U.K.. See Notice to Authors 
Tetrahedron, 40(2), ii(19841. 
CRC Bandbook of Chemistry and Physica, (R.C. Weast, Ed.), 65th Edition, CRC 
Press, Boca Raton, Florida, p. C-694 (1984). 
B.K. Vainshtein, V.M. Fridkin and V.L. Indenbon, 
Springer Verlag, Berlin, p. 87 (19821. 

Mcdern Crystallography II, 

K.J. Tauer, W.N. Lipscomb, Aota Cryst.. 5, 606 (19521. 
P.G. Jbnsonn, Acta Cryst. 0, 32, 232 (1976). 
G.J. Van Driel, W.L. DrieS6en and J. Reedijk, Inorg. Chem., 24, 2919 (19851. 
S. Romanowski, T.M. Pietrzak, L. Wojttak and S. Taniewska-Osinska, J. Isol. 
Struct. (Theocha), 137, 217 (19861. 
K.J. Truax and H. Wieser, char. Sot. Rev., 5, 411 (1976). 
C. Van Alsenoy, J.N. Scarsdale, J.O. Williams and L. Schafer, J. Ml. Struct. 
(Theocha), 66, 365 (19821. 
R.W. Lees and J.G. Baker, J. Char. Phys.. 48, 5299 (19681. 
P. Diehl, M. Reinhold, A.S. Tracey and E. Wullschleger, Mol. Phye., 30, 1781 
(1975). 
J.W. Emsley, J.C. Lindon and J. Tabony, cbl. Phys., 26, 1485 (1973). 
W.1. Davis and 0. Ha6Sel. Acta Char. Stand., 17, 1181 (1963). 
f4.E. Moseley, R. Poupko and 2. Luz, J. Magn. Reson., 48, 354 (19821. 
H.J. Geise, W.J. Adams and L.S. Bartell, Tetrabadron, 25, 3045 (19691. 
A. Almeningen, H.H. Seip and T. Willadsen, Acta Char. &and., 23. 2748 (19691. 
P. Andersen and 0. Hassel, Phys. M&h. Beterocycl. Char., 3, 27 (19711. 
C.G. Engerholm, A.C. Luntz, W.D. Gwinn and 0.0. Harris, J. char. Phys., 50, 
2446 (19691. 
A.L. Esteban, M.P. Galache, E. Dies, J. San Fabian and J. Guilleme, J. Wol. 
Strut., 142, 375 (19861. 
P. Luger and J. Buschmann, Angw. Chem., Int. Ed. Engl., 22, 410 (19831. 
C.K. Johnson, gORTEP*, Report ORNL-3974, Oak Ridge National Laboratory, Oak 
Ridge, Tenne66ee (19651. 
S. Motherwell, -Program Pm*, University of Cambridge (19761. 
B. Brakaspathy and S. Singh, J. llol. Struct. (Thsocha), 133, 83 (19851. 
K. Siam, J.D. Ewbank, L. Schafer, C. Van Al6enOy and N.L. Allinger, J. Mol. 
Struct. (Theochar). 139, 83 (19861. 
K. Nakanishi, S. Ikari, S. Okazaki and H. Touhara, J. Cham. Phys., 80, 1656 
(1980. 
J. Buschmann, E. Huller and P. Luger, Acta Cryst. C. 42, 873 (19861. 
C. Romers, C. Altona, H.R. Buys and E. Havinga, Top. Stereochar., 4, 39 
(1969). 
G. Schultz, I. Hargittai and L. Hermann, J. Wol. Struct., 14, 353 (19721. 

35. U. Burkert, Tetrahedron, 35, 1945 (19791. 


