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Abstract: Expansion of a molecular cavity is described by using elongation of the side chain of a bile acid
host compound. Bishomocholic acigl){ which has a side chain that is longer by two methylene unit than
cholic acid (), includes many organic substances at 1:1 host:guest ratios. X-ray crystallographic studies revealed
that2 has two types of open host frameworks: a bilayer type and a crossing type. Both of them are isostructural
to those ofl, indicating that they are robust against the elongation of the side chain. In the former type, the
increment of the width of the host channel corresponds to that of the length of the molecular structures. Larger
aromatic guest components such as 1-methylnaphthalene and 1-tetralone, are incRjdmdt imot in1.

Introduction coordination polymer8.In particular, expansions of spacers
) . . ~_ between connectivities of the open host frameworks often lead

Precise control of host-cavities-directed guest recognition is tg 3 change in the host frameworks themselves or the multiplicity
one of the ultimate goals for supramolecular chemistry. Chemi- of interpenetratiof. This induces an unpredictable deformation
cal transformations of known host compounds are basic strate-of sjze and shape of the host cavities. Increments of the spacers
gies for designing and controlling the host cavities. For example, in the molecular structures hardly correspond to those of the
expansions of ring sizes in macrocyclic host compounds enlargenost cavities. As a result, there have been only a few reports on
sizes of the host cavities, which exhibit expected guest recogni-controlled expansion of the host cavitied® A classical

tion On the other hand, in crystalline inclusion compouds, example, the transformation of urea to thiourea, affords the wider
it is still hard to manipulate open host frameworks because of

the impossibility of prediction and control of crystal structutes, (5) (a) Yaghi, O. M.; Li, G.; Li, H.Nature 1995 378 703-706. (b)
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SeSpltel th? rehcednt progrsssgs(j)f deSIQr;kOf open hIOSt ];ramzworkid. Engl.1995 34, 1895-1898. (c) Venkataraman, D.; Gardner, G. B.;
y multiple hydrogen-bonded netwofker metal-to-ligan Lee, S.. Moore, J. SJ. Am. Chem. Sod995 117, 11600-11601. (d)
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Figure 1. Typical host frameworks ot in crystalline state, (I) a bilayer-type structure and (ll) a crossing-type structure, respectively.

molecular cavities in the same honeycomb host frameworks asfeature of the molecular structure is facial amphiphilicity from
a result of the bond distance that is longer in thiocarbonyl than three hydroxy groups directed to one faeeféace) and two

in carbonyl? Helical tubuland diol host compoun8®ianin’s methyl groups to the other facg-face) on the steroidal plane.
compounds, porphyrin-sponge hosts®10 and diamond-type In the side chain of the steroidal skeleton, a carboxylic acid is
host framework® 12 with various spacing units and connec- attached at the terminal, and tetramethylene links, between the
tivities have been reported to control the size of the host cavities. steroidal nucleus and the carboxylic acid. X-ray crystallographic
Recently, in the sandwiched-type host frameworks of guani- studies illustrated that forms two major types of the host
dinium disulfonates, the width and the height of the host cavities frameworks: a bilayer tygé and a crossing typ¥,as shown
were precisely controllable by changing the spacing groups of in Figure 1. The common structural motif in both types is a
disulfonate anion&® We reported that alkylammonium deoxy- tape structure formed by hydrogen bonds among the three
cholates have the fine-tuned molecular cavities by changing thehydroxy groups. The hydroxy group at the C3 position in one
alkyl parts of the ammonium catiod$More recently, variable molecule links the two hydroxy groups at C7 and C12 in the
host cavities based on 3-fold symmetric cyanphenylacetylene other two molecules related by a 2-fold screw axis, which

silver salts with the pendant groups have been repdtted. connects the host compounds in@ifiace-toe-face fashion to
Cholic acid @) is one of the classical host compounds that yield the tape structure. The remaining carboxylic acid at the
form inclusion crystals with various organic compou/gls’A side chain takes part in the hydrogen bond networks from two
different directions (I and Il), shown in Figure 1. The former

10) For modified porphyrins, see: (a) Byrn, M. P.; Curtis, C. J.; Khan, . i . .
S. (| %awin‘ P. A Tpsur%n{i, R.: Stmu(sg, (3;/ E.Am. Chem. Sod.990Q yields the bilayer-type structure, and the latter yields the crossing

112 1865-1874. (b) Byrn, M. P.; Curtis, C. J.; Goldberg, Y.; Hsiou, Y.;  type. In the former type, the tapes are arranged parallel to the

ngfvlsl-a'~é§2¥gég~7A(-é)T§”fn'Cﬁ SﬁJ Kc S:{igu?:e’JC-JEﬁ}gh %h_e% fnocé steroidal plane, thus constructing the layer structure. The layers
I.; Sawin, P. A.; Tendick, S.)/K.’; Terzi’s, A étrousé, C.EAm. Chem. stack by |nterd|g.|tat|0n.of the methyl groups to Y'eld mplecular
So0c.1993 115 9480-9497 (d) Goldberg, I.; Krupitsky, H.; Stein, Z.; Hsiou, ~ channels, one-dimensional void spaces, in which a wide range
\é.; tStrogsg, C|3_| I_ESur\)(rarEtrJ]I. Chsen|119s95 4, 233;22%- (e) l?/m,stM- P.; c of guest components are included. In the latter type, the tapes
urtis, C. J.; Hsiou, Y.; Khan, S. I.; Sawin, P. A,; Terzis, A.; Strouse, C. ; ; ; ; ;
E., inComprehesie Supramolecular Chemistry, Solid-State Supramolecular are arranged I_n. a herringbone fashion, Wh!Ch yleld.s cage-ty_pe
Chemistry: Crystal EngineeringlacNicol, D. D., Toda, F., Bishop, R., molecular cavities. Small alcohols and nitriles are included in
Eds.; Pergamon: New York, 1996; pp 74B32. (f) Krishna Kumar, R.; the crossing-type structure.
Balasubramanian, S.; Goldberg,lhorg. Chem.1998 37, 541-552. (g)
Krishna Kumar, R.; Goldberg, Angew. Chem., Int. EA.998 37, 3027
3030. (h) Diskin-Posner, Y.; Krishna Kumar, R.; Goldberdyéw. J. Chem.
1999 23, 885-890.
(11) (a) Ermer, OJ. Am. Chem. So4988 110, 3747-3754. (b) Ermer,
O.; Lindenberg, LHelv. Chem. Actal991, 74, 825-877.
(12) For tecton-type host compounds, see: (a) Simard, M.; Su. D.; Wuest,

I'ICOZH

J. D.J. Am. Chem. Sod991 113 4696-4698. (b) Wang, X.; Simard, HOY “1OH
M.; Wuest, J. DJ. Am. Chem. So2994 116 12119. (c) Brunet, P.; Simard,
M.; Wuest, J. DJ. Am. Chem. S0d.997, 119, 27372738.
(13) (a) Russell, V. A.; Evans, C. C.; Li, W.; Ward, M. Bciencel997, =2 - cholic acid (1
276, 575-579. (b) Holman, K. T.; Ward, M. DAngew. Chem., Int. Ed. n=2; cholicacid (1)
200Q 39, 1653-1656. n=4 ; bishomocholic acid (2)
(14) sada, K.; Shiomi, N.; Miyata, MJ. Am. Chem. Sod 998 120,
10543-10544. Our design of the expansion of the host cavity relies on

19%5)3%) ?g‘;ﬂr}gg_e(b? kgﬁgkfi}fﬁ_mggrghyog_reéf'Lse'éLg':’!ﬁ;'?l’jez__ elongation of the spacing of methylene between the steroidal

Lobkovsky, E. B.J. Am. Chem. Sod.999 121, 8204-8215. nucleus and the side-chain terminal. For example, in the bilayer-
(16) For reviews on inclusion compounds of bile acids, see: (a) Giglio, type structures, the elongation is expected to expand the host

E. In Inclusion Compounds#twood, J. L., Davies, J. E. D., MacNicol, D.

D., Eds.; Academic Press: London, 1984, Vot3; Oxford Press: Oxford, (18) (a) Miki, K.; Masui, A.; Kasai, N.; Miyata, M.; Shibakami, M.;

1991: Vol. 4-5. pp 207229. (b) Miyata, M.; Sada, K. IComprehesie Takemoto, KJ. Am. Chem. S0d988 6594-6596. (b) Nakano, K.; Sada,

Supramolecular Chemistry, Solid-State Supramolecular Chemistry: Crystal K.; Miyata, M. Chem. Commuril996 989-990.

Engineering MacNicol, D. D., Toda, F., Bishop, R., Eds.; Pergamon: New (19) (a) Johnson, P. L.; Schaefer, J.Atta Crystallogr.1972 B28

York, 1996; pp 147176. 3083-3088. (b) Jones, E. L.; Nassimbeni, L. Rcta Crystallogr.199Q
(17) (a) Miyata, M.; Shibakami, M.; Goonewardena, W.; Takemoto, K. B46, 399-405. (c) Shibakami, M.; Sekiya, Al. Inclusion Phenoml994
Chem. Lett1987 605-607. (b) Nakano, K.; Sada, K.; Miyata, NLhem. 18,397-412. (d) Nakano, K.; Tani, K.; Sada, K.; Miyata, Mrog. Colloid

Lett. 1994 137-140. Polym. Sci1997 106, 249-251.
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Figure 2. Schematic drawing of an expanded host cavity by elongation of the molecular structure of

cavity along the directions of the layers, but in the crossing  Preparation of Inclusion Crystals. The host2 (20 mg) was
type, the expected host cavity spreads between the lipophilic dissolved with warming in the liquid guest (usually-2 mL), and the
faces, as shown schematically in Figure 2. To direct the resulting solution was allowed to stand at room temperature. In the
carboxylic acid toward the same mannerlaand preserve the case of the solid guest, acetone was used as the solvent. The needlelike
cyclic hydrogen bond networks, we designed a host compoundcrystals were collected and dried on filter paper. Inclusion crystals were
that has two more methylene units in the spacer as a result ofcharacterized by TG and XRD. Weight losses in TG, aficaigles

the ever-odd rules of alkyl chain packing in the crystalline with relative intensity in par_entheses of XRD patterns are summarized
state?® Indeed, elongation and shortening by one methylene from 2S follows.2-methanol: weight loss, 5.84%(1.1); XRDP, 6.96 (154),
1 change the orientation of the carboxylic acid and deform the 236 (90). 1330 (230p-ethanol: weight loss, 8.34%(1:1); XRDP, 7.00
hydrogen bonding! This causes a change in the host frame- (3°6): 942 (123), 13.60 (136)-1-propanol. weight loss, 14.70% (01:
works, the host cavities, and the inclusion phenomena. In this 11)j 1)(332’[)%4‘;(27:3)5'317'&%217153;2");3‘3?”2" "i’el;g:';:]%sl_s’ V%Iifﬁt/"
report, we describe that bishomocholic ac&) fas the same I(oés)’ls 87%’ (1'_1)_ (XR)bP' - 3(2 (23’5) 1'0 ézs?l'%)u 14 8(') (15%
host frameworks asl and the expanded host cavities. In o 7 L ‘o o :

X ) ' butanol: weight loss, 14.20% (1:1); XRDP, 6.82 (41), 9.46 (167), 14.14
particular, the bilayer structure has the expanded host cavity m(lG?).Z-l-pentanoI: weight loss, 16.27% (1:1): XRDP, 8.50 (252),

W'dth’ and2 'nC|Ude_S Iarger_guest components thnThe 17.04 (116).2-acetophenonec): weight loss, 21.27% (1:1); XRDP,
increment of the Wldth precisely corresponds to that of the g gg (1499), 8.86 (152), 13.24 (328), 14.50 (121P-methylacetophe-
expanded spacer in the molecular structure. none: weight loss, 19.91% (1:1); XRDP, 5.88 (107), 9.34 (37), 11.86
. . (34),12.58 (65)2-0-xylene: weight loss, 17.36% (1:1); XRDP, 6.14
Experimental Section (107), 9.50 (36), 12.56 (1723-1'-acetonaphthone: weight loss, 41.96%

General Methods. Bishomocholic acid Z) was prepared by the (1:1); XRDP, 5.72 (220), 10.30 (192), 11.52 (162), 12.54(221)-
previously reported methad.All chemicals and solvents were com-  tetralone B): weight loss, 35.7% (1:1); XRDP, 5.86 (341), 9.34 (406),
mercially available and used without any purification. Infrared spectra 11.84 (331), 12.40 (72p-1-methylnaphthalena]: weight loss, 27.9%
were recorded on a JASCO IR-Report-100 or JASCO IR-810 spec- (1:1); XRDP, 5.84 (98), 9.66( 59), 11.74 (59), 12.70 (18%cetonitrile
trometer. Thermal gravimetry (TG) was performed on a Rigaku TAS100 (d): weight loss, 7.45% (1:1); XRDP, 6.70 (158), 9.22 (330), 13.52
system; using-5 mg and heating from 40 to 23 at a heating rate  (102). 2-acrylonitrile €): weight loss, 9.20%(1:1); XRDP, 6.54 (80),
of 5°C _min*l. X-ray powder diffraction (XRD) patterns were measured g 19 (107), 13.46 (47). The following compounds yielded guest-free
by a Rigaku RINT-1100 at room temperature. crystals of2 by recrystallization: acetone, 2-butanone, 2,4-pentadione,

(20) (a) Shimizu, T.; Masuda, M. Am. Chem. Sod997, 119, 2812- 2'-methylacetophenone, isovalerophenone, THF, benzene, toluene,
2818. (b) Thalladi, V. R.; Boese, R.; Weiss, H.#&hgew. Chem., Int. Ed. naphthalene, 2-naphthol, coumarin}-aZetonaphthone, chalcone,
200Q 39, 918-922. . 2-acetylfluorene, anthraquinone, anthrone, 2-bromofluorasexyl
29551) Sugahara, M.; Sada, K.; Miyata, i@hem. Commuri999 293~ benzoate, ethyl acetate, isobutyl benzoate, and dibenzyl @ttgrest-

(22) Kobayashi, N.; Hagiwara, C.; Morisaki, M.; Yuri, M.; Oya, I.;  free): weight loss, 0.5%; XRDP, 4.62 (252), 9.34 (329), 16.08 (221),

Fujimoto, Y.Chem. Pharm. Bull1994 42, 1028-1035. 17.58 (211).
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Table 1. Crystallographic Parameters of Crystals of 2

J. Am. Chem. Soc., Vol. 123, No. 19, 2@d389

compd 2a 2b 2c 2d 2e 2
form Cs7H5405 Cs6H5206 Cs4H5:06 CogHa70sN CaoHa70sN Ca6H4405
form wt 578.83 580.80 556.78 477.68 489.69 436.63
crystal syst monoclinic monoclinic orthorhombic orthorhombic orthorhombic orthorhombic
space group PZ]_ P21 P212121 P212121 P212121 P212121
a(A) 14.02(1) 14.101(2) 14.718(3) 17.829(10) 17.784(3) 9.886(1)
b (A) 7.933(2) 8.036(2) 26.610(5) 18.906(4) 19.166(4) 37.500(4)
c(A) 15.804(4) 15.75(1) 8.294(1) 8.282(3) 8.400(1) 6.5844(7)
p (deg) 109.07(5) 114.144(4) 90 90 90 90
V (A3 1660(1) 1628.3(9) 3247.3(8) 2791.0(1) 2863.1(7) 2441.0(4)
z 2 2 4 4 4
D. (g/cn¥) 1.137 1.185 1.139 1.132 1.136 1.188
No. of unique reflections 1886 1832 2584 2228 2158 1970
No. of observed reflections 1573 1637 2394 2115 2011 1734
Ry, WR2 0.096; 0.254 0.101; 0.250 0.085; 0.229 0.060; 0.155 0.115; 0.260 0.067; 0.115
GOF 1.02 1.40 1.22 1.30 2.20 1.55
2 0 max (deg) 49.9 50.0 50.0 50.0 50.0 50.0
R/P 5.62 4.32 6.63 6.89 6.55 6.19
temp CC) —63.4 —60.0 —60.5 15.0 15.0 —60.4
host framework bilayer | bilayer Il crossing(Cll) crossing(Cl) crossing(Cl) GF

awR; = [ = W(Fo 2 — FAYZ w(F,?)3Y? (for all data).

(a) w(b) %j;%r% %‘%T
A

RN TR

(o) \jf (@ , B ,
S e Y
sy v ¥

(f)

Figure 3. Molecular packing diagrams of (2p, (b) 2b, (c) 2¢, (d) 2d, (e) 2e, and (f) guest-fre@, respectively. The figures are viewed down along
the crystallographit-axis. Carbon, nitrogen, and oxygen atoms are represented by open, filled, and filled circle, respectively. Hydrogen atoms are
omitted for clarity.

Crystal Structure Determinations. X-ray diffraction data were Molecular Graphics. Cross sections of host channels were depicted
collected on either a Rigaku RAXIS-IV diffractometer or a Rigaku by using the MODRASTE? The atomic radii of hydrogen, carbon,
RAPID diffractometer equipped with a 2D area detector with graphite- nitrogen, and oxygen in the cross-sectional views are fixed at 1.20,
monochromatized Mo ¥ radiation. Lattice parameters were obtained 1.60, 1.50, and 1.45 A, respectively.
by least-squares analysis from 3 oscillation images in the 2D area
detector. Direct methods (SHELEX86 or SIR92) were used for the Results and Discussion
structure solution. The structure was refined by the full matrix least- . .
squares procedure using the program TEXSANon-hydrogen atoms The hos includes many organic guest components. We have
were refined using anisotropic displacement parameters. HydrogenStructurally characterized five hesguest complexes d and
atoms were placed in idealized positions, and no further refinement One guest-free crystal. The crystallographic data and the packing
was applied. The measurement condition and structural details are listeddiagrams are summarized in Table 1 and Figure 3. Hydrogen
in Table 1. bond networks are depicted in Figure 4. The crystal structures
of the five host-guest compounds might be classified into two

(23) TEXSAN, X-ray structure analysis package; Molecular Structure
Corporation: The Woodlands, TX, 1985.

(24) Nakano, HMolecular Graphics Science House, Tokyo, 1987.
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®0(12) \\\(00(12) @"0(12) Figure 6. Cross sections of the host channels, sliced perpendicular to
the direction of the channel, of (&k, (b) 2d, and(c)2e, respectively.
® The guest molecules are omitted. Carbon, hydrogen, and oxygen atoms
o(ne are represented in white, gray, and black, respectively.
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Figure 4. Hydrogen bond networks of (&g, (b) 2b, (c) 2¢, (d) 2d,

(e) 2e and (f) guest-fre@. Carbon and oxygen atoms are represented
by open, and filled circles, respectively. Hydrogen atoms are omitted
for clarity.

(a) (b)
Figure 7. Cross sections of the host channels, sliced perpendicular to
the direction of the channel, of (d)c and (b) 1e respectively. The
guest molecules are omitted. Carbon, hydrogen, and oxygen atoms are
represented in white, gray, and black, respectively.

structure of1,6 as shown Figure 1, is similar to those &f
They have the same cyclic hydrogen bond networks in the

Figure 5. Cross sections of the host channels, sliced perpendicular to hydr(_)philic_ _Iayer arllétl the same form of the interdigitation _in
the direction of the channel, of (@a and (b)2b, respectively. The  the lipophilic layer® although the length of the spacer is
guest molecules are omitted. Carbon, hydrogen, and oxygen atoms ardlifferent. To compare the steric dimensions of the host cavities,
represented in white, gray, and black, respectively. the cross section of with acetophenonec)!® is shown in
Figure 7a. The host has an irregular square cross section of
types on the basis of their molecular arrangements; a bilayer9.0 x 5.9 A. This indicates thaa has a cavity that is 2.5 A
type and a crossing type. Large aromatic compounds arewider thanlc. It is because the side chain extends parallel to
included in the former group, and small aromatic compounds, the direction of the steroid plane. On the other hand, the depth

nitriles, and alcohols are included in the latter. of the host channel in the unit cells is 7.93 A @, which is
Expanded Channels in Bilayer Type Structuresinclusion  close to that ofl.c (8.09 Ay®@because the depth is restricted by
crystals of2 with 1-methylnaphthalenea) and 1-tetralonek) the width of the steroid rings. Moreover, the incremen2(5

are of the bilayer type, as shown in Figure 3. The common A) of the Width_co_rresponds to that _of the molecular structre.
structural feature is the bilayer structure that consists of the These results indicate that elongation of the spacer between the
alternating stacks of the lipophilic and the hydrophilic layers. hydrogen bond functional groups gives rise to precise elongation
The tape motif constructed by the intermolecular hydrogen bond Of the host cavity along one direction. The increments are
networks among the three hydroxy groups is arranged para||e|pred|ctable from the transformation of the molecular structure
to the steroid plane to yield the layer structures in both of the from1to 2.

host frameworks. Molecular cavities are formed in wavy Expanded Cage in CrossingType Structures. Acetophe-
lipophilic layers as a result of the interdigitation of the methyl none €), acetonitrile §), and acrylonitrile €) are included in
groups in the lipophilic faces. Although they have similar bilayer the crossing-type host framework Bf as shown in Figure 3.
architectures, there is some variation in the conformations of The latter two nitriles have the identical host frameworks, termed
the side chain. The torsion angles at GZ23—C24—C25 for Cl, but the other has CIl. The common structural feature is the
2aand2bare—51 and 173, respectively. This conformational herringbone arrangements of the host compounds and intermo-
difference deforms the host cavities. Cross sections of the hostlecular hydrogen bonds among three hydroxy groups that
channels are shown in Figure 5a,b. The steric dimensions ofconnect the host compounds in a face-to-face manner. Differ-
the host cavities oPa and 2b are the irregular rectangular ences between them are a variation in the geometry of the
channels measuring 908.4 A and 9.0x 7.3 A, respectively. ~ hydrogen bond networks and the crossing angle of the her-
This deformation leads to a change of the orientation of the ringbone arrangement. CI type has helical hydrogen bond
aromatic guest components in the host cavities; however, in bothnetworks, and Cll type has the same cyclic hydrogen bond as
of the host frameworks, the cross sections are suitable only for those of the bilayer type structure. The former has much wider
the naphthalene ring. Therefore, the bilayer structures areCrossing angles than that of the latter. This leads to a shift in
suitable for inclusion of the large aromatic compounds at 1:1 the stacking manner between the lipophilic faces. As the result,
host:guest ratios. the latter have much larger host cavities. Figure 6 shows the

Comparison of the host cavities in the bilayer structure ™ (2s5) The expanded distance in the molecular structure can be calculated
betweenl and 2 yields the fruitful discussion. The bilayer by the following equation; 2.5 A= 2 x 1.5 A x sin(109.02).
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Figure 8. Closing of the void space in the crossing-type host framewor&. of

cross-sections dlc, 2d, and2e The steric dimensions are 9.4 Table 2. Guest Compounds fd2

x 7.4 A, 7.2x 4.9 A, and 6.6x 4.9 A for 2¢, 2d, and 2e, guests H:G ratid host framework
respectively. The smaller CI type is suitable for small nitriles, methanol 11 crossing
and Cll is for aromatic compounds. However, both of them are  gihanoal 11 crossing
much smaller than those of the bilayer types. 1-propanol 1:1 crossing
The ClI structure o is same as the crossing-type structures  2-propanol 11 crossing
of 1.181°Figure 7 shows the cross-sectionslefsliced at the 1-butanol 11 crossing
same position as in Figure 6. The steric dimension of the host i:bgﬁgggl 1111 ‘é’;%ssss'iﬂg
cavity of 2e (6.6 x 4.9 A) is slightly larger than that dfe (5.7 ac?atophenone 11 crossir?g
x 4.9 A). This indicates that the elongation of the spacer is not 2-methylacetophenone 1:1 bilayer
effective for expansions in the crossing-type structures. In the  o-xylene 11 bilayer
hypothetical host framework as shown in Figure 8, the large  1'-acetonaphthone 11 bilayer
void space would form between the lipophilic faces; however, ~ 1-tétralone 11 bilayer
. . . 1-methylnaphthalene 1:1 bilayer
this ill packing causes the tape motifs to rotate to close the large  ; otonitrile 11 crossing

void space in the similar host arrangementlofhe effect of acrylonitrile 11 crossing
the expanded spacer is canceled by this modification of the host
framework. On the other hand, Cll type structure has a much
larger host cavity than that d The herringbone arrangement
and the slide between the lipophilic faces expand the host cavity
along two directions. This is in good contrast to expansion along
one direction in the bilayer structures.

Crystal Structure of the Guest-Free Form of 2.Recrys-
tallization from ethyl acetate gives guest-free (GF) crystals of
2. The cystal structure is depicted in Figure 3f. This form has
the similar tape motif created by the hydrogen bonds among
the three hydroxy groups. The most striking structural feature
is the fold-back conformation of the side chain. The character-
istic torsion angle at C20C22—C23—-C24 is 75 in GF form,
but those of other types df are located around 174This Conclusion
directs the side chain terminal to tAdface and forms the unique
monolayer-type structure that has no more amphiphilic layer We demonstrated the inclusion abilities and the crystal
structures and no void space between the layers. This is a goodstructures of2. X-ray crystallographic studies revealed ti2at
contrast to the similarity between the GF féfrand the crossing ~ has the two types of open host frameworks and the guest-free
form18.19 of 1. The elongation of the spacer increases the form. It is noteworthy that each of the open host frameworks
flexibility of the side chain, which changes the GF form. of 2 is isostructural to the corresponding host frameworl.of

Inclusion Compounds.Comparison of the inclusion proper- This indicates that both of the host frameworks are robust against
ties betweenl and 2 suggests the importance of guest this chemical modification. To our knowledge, this pair of the
components. Table 2 summarizes the guest compounds, théost compounds is the first example that shares the two common
host-guest ratios, and the classification of the host frameworks. robust open host frameworks. This indicates that the guest-
In a series of aliphatic alcohols as guests, both of the hostsdependent isomerizations of the open frameworks do not always
construct the crossing host frameworks at constant 1:1 host:become an obstacle to designing host cavities and host
guest ratio2é however, the ranges of the included alcohols are frameworks. Guest components suitable for the steric dimensions
different: 1 includes methanol, ethanol, and 1-propanol, of the designed host cavities should be required to realize the
selectively!®® and 2 includes various alcohols from methanol designed host frameworks.
to 1-pentanol. The larger host cavity ®fallows the including Moreover, the isostructural host frameworks afford the
of the larger alcohols, and hesguest hydrogen bonding might ~ expansion of the width of the host cavities frdro 2. It should
stabilize to form the small alcohols in the relative large host be noted that the increment of the width in the bilayer type
cavity. On the other hand, small aliphatic compounds with weak corresponds to the expansion of the molecular length. Although

(26) Miki, K.; Kasai, N.; Shibakami, M.; Chirachanchai, S.; Takemoto, (27) Caira, M. R.; Nassimbeni, L. R.; Scott, J.1..Chem. Sa¢Perkin
K.; Miyata, M. Acta Crystallogr.199Q C46, 2442-2445. Trans. 21994 623-628.

apetermined by TGP Determined by XRD, see Experimental
Section.

hydrogen bond donors such as ketones and esters are mostly
included in the channel-type host frameworkigf-27but they

are not included ir2 and give guest-free crystals by recrystal-
lization. Large aromatic compounds are included in the channel-
type host frameworks of the two hogf;however, the host:
guest ratios ofL are 2:1 and those ¢ are 1:1. These results
indicate that both of the open host framework2adre larger

than that oflL and that the guest compounds are included in the
suitable host cavities.
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this strategy appears to be simple at a glance because of a simpléhe robust host frameworks against the chemical modifications
modification of the molecular structure, it is very hard to by using hydrogen bond networks as connectivities.

preserve the host frameworks and hydrogen bond networks )
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directions, which prompts the formation of the identical
hydrogen bond networks. The robust interdigitations between
methyl groups in the lipophilic layers enablethe formation of
the robust motifs in the lipophilic layéf:1®*Therefore, orienta-
tion of the hydrogen bond functional groups, as well as design
of the lipophilic parts, plays an important role for designing JA0038528
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