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ABSTRACT 

Cycloheptaamylose has been crystallized wth 2,5dllodobenzolc acid as guest 

The X-ray crystal structure at I 2-A resolution wth space group C2 and cell dlmen- 

slons a = 19 192 (13), b = 24 759 (20), c = I5 739 (13) A, and p = 109 6 (3)” was 
solved by usmg rotation-translation functions Comple\es of other meta-substituted 

guests were found to be Isomorphous, and were solved by usmg the phases of the 
cycloamylose of the 2,Sduodobenzolc acid complex The complex wth 2-bromo-5- 
twt-butylphenol hawng n = 19 235 (1 l), b = 24 662 (17), L = 16 018 (11) A and 
p = 108_9 (2)O was determlned at 1 0 8, resolution and the complexes with III- 
bromobenzolc acid, fir-lodobenzolc acid, r,z-lodophenol, ,Iz-tolulc actd, and 2-bromo-4- 
tel t-butylphenol were determmed at 2 0-A resolution In all cases, the guest molecule 
was dlsordered However, by usln, 0 mformatlon from all the structures, It may be 

concluded that the functionally Important carboxyhc acid group hes In the pnmnry- 
hydroxyl end of the cycloheptaamylose molecule As studies In solution have shown 
that the hydrogen-bonding groups of guest molecules Interact with the secondqf- 
hydroxyl end of the cycloheptaamylose molecule, It IS concluded that the structure 
seen m the crystals here does not correspond to a catalytically active species Cyclo- 
heptaamylose exists as a dlmer m the crystal by means of extensive hydrogen bondmg 
across the secondary-hydroxyl ends of two cycloheptaamylose molecules A contlnu- 
ous channel throughout the crystal IS achieved by the stachmg of these dlmer units 

INTRODUCTION 

The cycloamyloses (Schardlnger dextrms) are cyclic ohgosacchandes contalmng 
6-12 D-glucopyranosyl residues hnhed c1-( I -+4), the most common have 6, 7, or S 
residues They are produced’ from starch by exoenzymes of Bmrlh ~ICIL~VCNIJ or 
Bacrllus ttzegatetum The cycloamyloses form complexes with lodIne, as does starch, 
which gives the well-known blue coloration From hnoktledge of the structure of the 

cyclohexaamylose-lodme complex, a structure has been proposed for that of the 

starch-lodme complex’ 
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The cycloamyloses are able to form mclus~on complexes wrth a wade variety 
of “guest” molecuIes, provrded that the guest IS smaI1 enough to fit Into the central 
cavrty of the cycloamyIose3 In addrtron the cycloamyloses have been shown to cause 
a remarkabty stereoselecttve acceleratton of the cleavage of phenyl esters and phospho- 
rrc esters m homogeneous aqueous solutrons3. and It was found that cyclohexa- and 

cyclohepta-amylose (prevrously also called rl-dextrm and /I-dextrrn) were the best 
catalysts, but often havmg different spec&ltres 3 a The mechamsm of hydrolysis _ 

of phenyl esters was shown to Involve the complexed ester molecule and the alkoxrde 
Ion derrved from the secondary hydroxyl groups of the cycloamylosea These observa- 

trons have led to the cycloamyloses bemg used as models for enzyme catalysrs 
Recent research has shown that structural modrficatrons of the cycloamyloses 

can Improve the catalytrc abrhtres’ and has expanded the scope of the reactrons 
catalyzed by the cycioamyloses’ In addrtron, these studtes’ ’ have made It clear that 
the effectiveness wrth whrch the cycloamyloses catalyze a reactton IS related to the 
posrtron of the guest m the cavrty of the cycloamylose and LO the strength ofthe brndrng 
of the guest In an effort to Improve the brndmg and catalytrc efficrency of the cyclo- 
amyloses, “capped” derrvatrves of cycloamyloses have been synthesrzed’ 6 These 
caps are hydrophobrc molecules. covalently bound to one or more of the hydroxyl 
groups at one end of the cycloamylose molecule The functron of the cap 1s to restrrct 
access of water to one end of the cycloamylose molecule and thereby to rmprove the 
stabrhty of the hydrophobrc guest It was the observatrons of Bender* and Breslow’ 
on these _geometrrc factors and the knowledge that the best catalytrc rates have been 
shown to be obtamed wrth cycloheptaamylose and l?z-substrtuted phenohc esters’ 
that prompted us to undertake d study of cycloheptaamylose complexes wrth M- 
substrtuted aromatrc guests 

The first X-ray crystal structure of a cycloamylose, that of cyclohexaamylose 
with the drsordered guest potassmm acetate. was determmed by Hybl, Rundle, and 
Wrlhamsg m I?65 Smce then, the X-ray crystal structures of several other complexes 
wrth cyclohexaamylose have been determmed by Saenger and co-workers” and by 

Harata” The first X-ray structure of cycloheptaamylose, that wtth the guest 2,5- 

duodobenzorc acrd_ was reported m a prehmmary announcement by usr2 The 
present work descrtbes results on an rsomorphous serves of seven drfferent guests 
wrth cycloheptaamylose &%duodobenzorc acrd, In-tolurc actd, m-bromobenzorc 
acid, In-rodobenzoic actd, ,w-rodophenol, 2-bromo-4-&j t-butylphenol, and 2-bromo- 
5rer t-butyiphenol Whrle these guests are not substrates for cycloheptaamylose, 
they can be products (nz-chlorophenyl benzoate has been used as a substrate) and 
all are mhrbrtors of catalysrs by cycloheptaamyloses 

E\PERIhlENTAL 

The crystal data for the compleves wrth 2,.5dnodobenzorc acrd and wrth 

2-bromo-4-tert-butylphenol are gtven m Table I All crystals were prepared by the 
method grven prevrouslyr3, data for all other crystal forms are to be found therem 
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TABLE I 

CR\STAL DATA OF C~CLOHEPTAABIYLOSE COUPLEYES 

_‘,i-Dirodo- 
bmzoorc ncd comple 1 

2- BI omo-+ter t- 
but) Ipbcrrol comple 1 

Crystal system 
Space group 
Z 
Observed density (g/cm7) 
Cell dlmenslons (A) a 

b 

f7 
C~II \ oiume (A?, 

monochmc 
C2 
4 
1 60 
19 19x131 
24 759(20) 

15 109 739(13) 6(3)” 
7045 4 

monochmc 
C2 
4 
1 41 
19 235(11) 
24 662(17) 
1601S(ll) 
10s 9(2) - 
715s s 

Crystals became opaque through loss of water and therefore had to be sealed In 

quartz capllfary tubes Complete three-dlmenslonal data, consisting of 4 400 uruque 

reflectIons, were collected For the 2,5-dllodobenzorc acid cornpIe\ XL Ith a Nontus four- 

cu-cle dlfTractometer wth CuKr radlatlon at the Unwcrs~ty of Leeds (England) 
Of these, the f,SS3 observed reflectIons evtcndlng to I 2-A resolution were used In the 
structure determination and refinement, reflectIons beyond that resolution were too 
ileak to be observed 

DIffractIon data from the 2-bromo4ter t-butylphenol complex consIs.tIng cf 
3,287 observed unique reflectIons eutendln, m to I O-8, resolution were collected on r~ 

Syntex PZ, diffractometer wth CUKY r,tdlatlon Data to 2 0-A resofutlon for the 
other compfe\es were collected wth ‘t Supper-Pace dlffractomcter wth MOKY radl- 
atIon In all cases, cdre was taken to choose ‘t small nearly spherIca crystal to 

rn~rurn~ze errors due to absorption no correctlow for absorption were therefore 
applied 

The 2 0-A data were collected first and were Intended to be used fol ‘L structure 

determmatlon by lsomorphous replacement However, d study of the data revealed 
that the series W‘IS not suItable for application of the Isomorphous-replacement 
method because of extensive dlsorderlng of the guest molecules The data In con- 

JUnCtIOn wth the solved complex of 2,5-duodobenzo!c acid, later allowed us to dlaw 
conclusions as to the posItIon of the guest molecules In the c‘~\~ty 

STRUCTURE DETERbllY4TION 

Chemlcaf analyses of the cycloheptaamylose comple\es were consistent wth 
I 1 complexes wtfi the guest mofecufes13 However, the Patterson and dtfl-erencc- 
Patterson maps \\eere totally umnterpretabfe III terms of any reasonable occupancy 

of d lImIted number of heavy-atom sites We therefore concluded that the guest 
molecules, and conscquentfy the heavy atoms themselves, were highly dlsoldcrcd 
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makmg the heavy-atom methods and the Isomorphous-replacement methods not 

apphcable At this pomt, our strategy was shlfted to the rotation-translation search 
methods13 1 ’ 

The orlentatlon 
the determmatron of 

of the cycloheptaamylosr molecule m the unit cell requres 
three translatIona variables and three rotatIona variables 

R6 

FIN 1 Numbermg scheme of the qcloheptaamylose molecule RI, RI!, R7 denote the residue 
numbers 

b 
i 

FIN 2 Stereographtc proJectIon of the rotatton function Only reflectton~ to 4 O-8, resolution were 
used III this calcularron 
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c/2 

FIN 3 The >t’cttort at 0 = 37 S” and F = 0’ shoa mg the hghest peak. in the R-factor search u hlch 
g~\es the posItton of the c>clohepta-amylose molecule tn the untt cell 

mtntmum of 0 5s dt Y = 0 470, 2 = 0 260 0 = 37 S”, and v = 0’ (Fig 3) The 

rtelr mtnrmum R~S 0 70 dnd the bachground average 1~2s 0 75 

R~~IZ~I~ZCH~ - The coordinates of all atoms corttrtbuttng to the R-tndeu mtnt- 

mum IR the tradatton search Just described were then subjected to block-dtagonal, 

least-squares refinement wtth all observed data The dtfference-Fourter map showed 

the prtmary hydroxyl oxygen atoms and a number of watet molecules of both full 

and parttal occupancy The subsequent dtfference-Foutter map showed the todtne 

sttes of the YLdttodobenzotc actd guest to be dtsordered around the seven-fold 

a\tb (see Ftg 5) Dtfference-Fourter tnaps calculated from rhe 2 0-A data of the IU- 

todobenzotc actd the /wbromobenzotc ‘tctd, and the wtolutc actd complexes of 

cycfoheptaamylose showed the prttnary hydroxyl and water ovygerl atoms comctdent 

wtth those obtatned from the data for the dttodobenzotc actd cornpIe\ Several cycles 

of least-squares refinement, combtned wtth dtfference-Fourter tnaps ustng the com- 

plete c} cloheptaamylose molecule 10 partly occupied lodme site5 and S water 

mofecules tn the phastng calculattons, brought rhe R-Index to 0 19 for the I SS5 
reffecttons observed for the dttodobenzotc actd complex 

The quanttty mtntmtzed tn the least-squares refinement WLS 

The atomtc scattet tng-factors and anomalous-dtspet-ston correcttons for the todtne 

atoms were taken from the lnternattonal Tables for X-Ray Crystallog-aphy” The 

X-ray 72 system of computer ptogratns was used for least-squares refinement and 

Fourter synthests 

The refined cootdtnates of the cycloheptaamylose molecule (eucludtng the 

prtmary hydrolyl oxygen atoms) from the foregomg determtnatlon were used 10 

provtde a starttng model for the refinement of the data for the complex wtth 2-bromo- 

4-rrl r-butylpbenol Several cycles of least-squares refinement, combmed wtth dtffer- 

ence-Fourier maps. were used co locate the pr:mary hydroxyf and water oxygen 



STRUCTURE OF CYCLOHEPTAAXIYLOSE COMPLEXES 39 

TABLE II 

FRACTIONAL COORDI\ATES A\D THERMAL PAP \WITERS” OF ho\-I<\ DROCEB XTO\LSb ALL V\LIJf\ ARL 

WJLTIPLIED BY lo-’ 

-_-_ _- - 

Atom I 1 z u AroJ?l t I -’ u 

n 2-Bromo4-rer r-but! Iphenol-c)cloheptnam\ lose cornpIe\ 
c-11 7183(14) 
c-12 7015(14) 
c-13 6206(15J 
C-14 5760(14) 
c-15 5973(14) 
C-16 5636(18) 
O-12 7460(1 I) 
O-13 6011(1 I) 
O-14 4986(10) 
O-15 674.Y 9) 
O-16 573H12) 
c-2 1 -n40( 17) 
c-22 -1017(15J 
c-23 3599(14) 
C-24 3 I26( 15) 
C-25 3563(15) 
C-26 3054(23) 
o-22 4545c1 I) 
o-23 3178(10) 
o-24 2722( 9) 
O-25 3946(10) 
O-26 2599( 17) 
c-31 1947(17J 
C-32 1647(17) 
C-33 1942(16) 
c-34 1643(15) 
C-35 1977(16) 
C-36 1697(22) 
o-32 1885(12) 
o-33 1573(11) 
O-34 1976( 9) 
o-35 1715(10) 
O-36 945(16) 
c-71 SOOO(17) 
c-72 8241(17J 
c-73 7747( 15) 
C-71 7614(15) 
c-75 7274( 19) 
O-76 723 l(33) 
o-72 S391(12) 
o-73 8045( 13) 
o-74 7032( IO) 
o-7.5 7891(13) 
O-76 5123(21) 

lZ9(10) 
2012(1 I) 
19m I 1) 
2157(10) 
ISS7(1OJ 
2136( 13) 
1556( 5) 
2270( S) 
2015( 7) 
1921( 7) 
2715( 5) 
2473(12) 
2526(1 I) 
1991(10) 
1900(11) 
lS33(10) 
1754( 17) 
26OW SJ 
2065( 7) 
13SO( 7) 
2339( 7) 
2155(12) 
13SO(l2J 
1154(12J 
53S(lI) 
232(10) 
5OO(lI) 
228( 16) 

1474( S) 
313( SJ 

-29-q 7) 
1037c 7) 

194(1 I) 
-359(lZJ 

- 17(12) 
-t56(1 I) 
790(11) 
422( 14) 
742(25) 

-323c 9) 
SO2( 9) 

1170( 7) 
-32( 9) 
951(15) 

3147(15) 3 4 
3575(17) 4 3 
3796(17) 45 
2899(15J 3 3 
214-l-1(16) 3 8 
1264(21) 6-i 
4723(12) 5 1 
4d55(12J 53 
27X( 11) 45 
2331(11) -12 
1246(13J 6 7 
24OS( 19) 56 
3100(16) -t 3 
3130(16J 35 
226S( 17) I5 
1606(17) 4 I 
625(26) 9 S 

4009( 12) 5 s 
3767( 12) 5 I 
7270( 10) 3 6 
1644(11) 5 I 
313(1S) II 6 

1897(19) 5 2 
2x4(19) 5s 
2517(18) 4 s 
1915(16) 3 9 
132S(IS) 5 1 
352(24) s 6 

3377113) 6 3 
3429(12) 5 5 
2167tlO) 4 0 
1124(11) 47 
--15(17) IO I 
3342(19) 5 7 
4095(1S, 5 7 
4OS4( 17) 15 
327-l( 17) 42 
2127(21) 7 I 
1555(3SJ 156 
4SS1(13) 6 6 
4553(14) 7 I 
3215(ll) 45 
2566I 14) 7 4 
1755(23) I5 2 

C-41 
C-4’ 

c43 
C-44 
c-45 

C-46 
O-42 
o--L3 
044 
O-35 
046 
c-5 1 
c-52 
c-53 
c-5-i 
c-55 
C-56 
O-52 
O-53 
0-5-l 
O-55 
O-56 
C-61 
C-62 
C-63 
C-6-l 
C-65 
C-66 
O-62 
O-63 
0-6-t 
O-65 
0-6h 
O-WI 
O-W2 
O-W3 
0-Wl’l 
O-W5 
O-W6 
o-w7 
0-WX 
o-w9 
Br-1” 
Br-2 
Br-3 
Br-4 

1444(16) 
1679(16) 
2-i26( 14) 
X37(17) 
2332( 16) 
2319(16) 
1514(1 I) 
2579( IO) 
3290( IO) 
I565( IO) 
1753(13J 
3-!66( 17) 
3946( 16) 
471S(l-l) 
5075( 16) 
4503(20) 
3775(24) 
3653(1 I ) 
5201(11) 
56SI(I I) 
3527( 11 j 
494S(21) 
6395( 16) 
6933(16J 
7091(16) 
7331(13) 
673X17) 
6901(23) 
6717(10) 
7679( I I J 
733ot I I ) 
6600( I I) 
7506(37J 
5000( 0) 
3967( 19) 
4531(11) 
4071~19) 
1431(26J 
74U29) 

9113121) 
8433I40J 
909S(33) 
5oooc OJ 
5000( 0) 
3677(27J 
3415(2-i) 

-7S6( I I) 
-IIW(11) 
- 1324(1OJ 
- 1636(12) 

1255(1 I) 
--154S(Il) 

-S815( SJ 
--1699( 7) 
- 171% 7) 
- 1056l 7) 
-19991 h) 
-229-u 12) 
- 2&9( 12) 
-22ooc 10) 
-2219(12J 
- IB(iS(l5) 
- 1957(18) 
-2-!S7( SJ 
-2116( 9) 
- ISS6( S) 
-23ost S) 
-X99(17) 
-2109c1 I) 
-203st II) 
- 1420( 12) 
--1216( 9) 
- 13%(12) 

-1,X17) 

--7Xi( 7) 
- 1332( S) 

-623( S) 
--191S( S) 
- 1474(29) 

4362( 1 S) 
3916~15) 
3-!45( 9) 
31SO( I-I) 
25W21) 
I526(23) 

-29(1AJ 
1551(32) 
l-t\0(25) 
79-MlOJ 

I190(15) 
752(22) 

-257(18) 

iSS7~1S) 
2730(19J 
2992(15) 
2241(1S) 
1395(18) 
509( IS) 

3437(13J 
370% I 1) 
Z-t?-t( 11 J 

1207(1 I) 
3-M(13J 

2313(19J 
3141( IS) 
X-l2( I61 
27001 IS) 
I b50(22) 
1031(27) 
3S26( 1 ‘J 

4217f13) 
2959( 12) 
1632( I i) 
1027Q5) 
2916(17) 
3SOh( I SJ 
3913(18) 
3220(15) 
2325( 19) 
1129(26) 
-k526( I I ) 
1759( I 3 ) 
329-3(13) 
2247( 12) 
1197~12) 
00001 0) 
ZOo26(, I ) 

SOl(13) 
-IS2-I(22) 

6S9(3 I J 
35\7(31) 
1719(23) 
689(16) 

4590(37) 
OOOO( 0) 
5000( 0) 
4828(3 I) 
47X(27) 

3 9 
5-l 
31 
60 
4s 

51 
61 

51 
15 
4s 
64 
5s 
55 
35 
52 
77 

IO 3 
61 
67 
56 
6 6 

16 7 
16 
51 
51 
37 
56 

17 5 
5 0 
61 
59 
55 

20 9 
I’ I 
13 5 
6 9 

1-I 2 
II b 
23 6 
I6 I 
32 4 
26 1 
20 3 

97 
25 3 
II 5 
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AtonI 1 1 z I/ Atom 1 1 I u 
- 

b Z,S-Dtrodobenzoic actd-qcloheptaam>Iose cornpIe\ 
C-l I 706609) 1673(X) 
C- I2 6959124) 2041(1S) 
C-13 6156(27) 1969(21) 

C-14 X06(27) 2162(21) 

c- I5 5979(30) IS70(23) 
C-l 6 5569(27J 2156(21) 
O-12 7421(1SJ I S35( 14) 
O-13 5950(19) 2276( 15) 
O-14 4907(13) 2023( 12) 
O-15 6669(19) 191 l(14J 
O-16 5761(25J 2699(19) 
C-2 1 4436(2SJ 2397(21) 

c-22 4010(35J 2543(28) 
C-23 3625(X) 203S(lSJ 
C-24 3056(32) IS79(25J 

c-25 343 I(29 J 1551(22J 

C-26 29543(49J 1785(37J 
c-22 1509(2 1) 2605( 17) 
o-23 3141(19J 2060(15) 
O-14 26S2( 19) 1410(15) 
o-25 3SSL(19) 2369(15) 

O-26 2469(29) 2287(22J 

c-3 1 1924(s) 1351(20) 
C-32 1604(2SJ 1155121) 

c-33 lS99(3IJ 595(24J 
c-34 1574(2SJ X4(22) 
c-35 1981(41J 527(32J 
C-36 164S(32J 235(25) 
o-32 1777( 19) I-?75( 15) 
o-33 1525( 17, 329(13) 
o-34 i SS?(22, -231(ISJ 
O-35 1695C19) 1032( 15) 

O-36 lOO-u24J 191(19) 
c-71 7842(33) -341(26) 
C-72 S i 65(30) - 37(25-, 
C-73 7667(29) 459122) 
c-74 7535(28) SO2(22J 
c-75 7 I S7(33) 39425) 
C-76 6976(5OJ 689140) 
o-72 S366f21) - 294( 17) 
o-73 SOO2(2OJ 790116) 
o-74 696l(lPJ 1163(15J 
o-7.5 7749(27) OOOO(23J 
O-76 7756(39J IO74(3 I J 

3121(34J 4 2 
3908(27) 1 0 
3764(32) 2 9 

2846(32) 2 7 
2146(37) 4 3 
1150(32J 3 0 

4719(21) 3 3 
44761223 4 I 
2695( 1 SJ 15 
2240(23J 43 
1220(30) S 6 
23SO(34) 21 

3053(42) 6 1 
3146(X3) 1 1 
2224(39J 5 6 

1499(34) 4 2 
570(59J 1 I 3 

3956(26J 5 9 
3786(23J 4 4 
225H23) 4 0 
1592(23) 4 5 

338(33J 10 5 

1567(31~ I9 
2562(34) 3s 

2726(36) 4 4 
1904(33J 3 9 
1292149) 97 
0355(3SJ 4 9 
3309(23J 4 6 
3.412120) 3 0 
2 l65(27) 7 0 
1055(23) 3 9 

-0022(2SJ 7 5 
3195(4OJ 5 9 
3978(36J 4 S 
4121(34J 32 
3092(34J 3 3 
2341(3SJ 5 6 
1226(60) I3 S 

3775(26) 5 6 
4808(24) 5 6 
3 190(X) 5 1 

C41 1476(42) -0746(32) 1963(53J 9 2 
c-42 1677(32J --1151(24) 2751(39) 5 0 

c-43 2365(32) - 1298(26) 3043(40) 6 ! 
C-44 2520(25) -1651(20) 2244(30) 1 3 
C-45 2149(26) - 1198(20) 1348(32) 2 5 
C-46 2205(37) -1555(31) 498(48) 8 7 
O-42 1542(24) --877(19) 3482(29) 7 5 
o-43 2wqlS) - 1695( 15) 3662(22) 4 3 
o-44 3244( 16) - 1769(13) 2435(20) 2 9 
045 1491(19) - 1071(14) 1156(23) 4 0 
046 1715(21) - 1994( 16) 358(26) 5 9 
C-51 3455(30) -2246(23) 2349(36) 3 8 
C-52 4023(28) -2601(22) 3325(34) 3 4 
c-53 4706(29) -2175(22) 3450[34) 3 0 
c-54 5038(33) -2244(25) 2688(40) 4 6 
c-55 4366(32J - 2060(24) 1770(3S) 4 4 
C-56 47522(37J -2076(27) 926(44) 7 6 
O-52 3637(19J --2474<15) 3847(23) 4 1 
o-53 5204( 15) -2376(12) 4207(19) I6 
o-54 5596( 17) -1929(12) 2515(20) 2 2 
o-55 3734(19) -2353C15) 1602(24) 4 8 
O-56 4879(34) -2607(26) 979(40) 16 3 
C-61 6293(26) -21 lS(20) 2778131) 1 4 
C-62 6951(27) - 1996(20) 3759(33) 21 
C-63 7024(26) - 1415(21) 3871(32) 24 
C-64 7207(30) -1170(22) 3093(37) 4 I 
C-65 65 lO(2S) - 1306(22) 2208(35) 3 6 
C-66 6651(41) - 1105(32) 1147(50) 9 0 
O-62 6687(19J -2254(14J 4405(22) 42 
O-63 7586(21) - 1289(17) 4645(26) 6 2 
O-6-l 7275(Z) -624(16J 3155(28) 5 4 
O-65 6474(21) -1907(16J 2163(26) 5 3 
O-66 7227(50) - 1404(39) 133(62) 22 8 
O-WI 5200(3S) 4442(24) 84(60) 4 6 
O-W2 4003(32) 3985(25) 2054(39) 13 2 
o-w3 4532(23) 3449(17) 755(27) 7 5 
o-w4 -?069(36) 3426(28) 4698(&I) 17 2 
o-w5 9873(51J 729(40) 492(60) 10 6 
O-W6 4919(46) 4060(36) 3505(56) 20 7 
o-w7 9190(35) 51(3OJ 1791(41) 77 



STRUCTURE OF CYCLOHEPTAAMYLOSE COVPLEWS 41 

I-l= 
I-2 
I-3 
I-4 
I-5 
L-6 
I-7 
I-8 
I-9 
I-10 

4609( 9) 
372S(IO) 
4687(30) 
3695(24) 
4172(26) 
4106(23) 
5123(24) 
3895(20) 
4740(36) 
3702(45) 

676( 5) 994( 9) 048 201 I 1469 1161 
-249( S) 4612(12) 0 39 13s7 1330 I399 
- 6 I O(20) 964(26) 021 3421 1956 I340 

270(19) 4420(22) 0 10 1340 707 167 
759(17) 4957(29) 0 16 IS65 974 15-l-1 

-671(17) 4738(26) 0 25 2501 1639 247 I 
362(17) 1007(23) 0 13 1195 101 I 0905 

-413(16) 1026(23) 0 2s 2100 2127 2102 
989(21) 49985(5S) 0 10 1309 075s IS89 
206(33) 769(-!6) 0 OS 1742 I so5 0952 

-16s 
-244 

16-1s 
-FZS 

-94 
-501 
-169 

‘20 
-26 
1484 

517 -S6 
1M - 304 
69-i 314 
2-H 21 I 
547 -509 
915 125 
lb2 -91 

1311 510 
1560 -I67 
1175 1016 

‘Thearusotropx temperature-parameters are of the lorm e\p[2-r-(/r-a*-U11 - X-b*‘U_A -- I-c*~U I s 
2lrXa*b*U1% L Zda*c*U~J I .Xlb*~*U~~)] “The numbcrrng IS defined as AOII II) 1, here A IS the atom 
type, ))I 1s the residue number and II IS the atom number wthm d rcsldue (see also Fig I) ‘W - 
water molecule *‘The population parameters of Br-I Br-2 Br-3 and Br-4 dre 0 55 0 16 0 23 and 
0 13 respectwell e1 = dlsordered lodme atoms, PP = populwol par.unetcr 

atoms The guest molecule, however. still showed disorder but of ‘1 type different from 

that seen before Also, the water molecule (W-l) situated on .L crystdllogclphlc, two- 
fold a\ls was more clearly seen to be dIsordered 

The final R-Index wth 77 non-hydrogen atoms of the cycloheptaamylosc 

molecule, 9 water molecules, and 4 dlsorderrd bromine atoms, wits 0 IS with 3 257 

reflectlons The final dtomtc coordln‘ttes and temperature factors for both the 2 5- 
duodobenzolc acid complex and the 2-bromo-4-rcr t-butylphenol cornpIe\ ‘u-c gven 
In Table II 

RESULTS AND DISCUSSION 

Ct~~ral sft uctlrt e - The cycloheptaamylosc molecule5 arc stacked together 
iIke coins m a roll, with alternatmg heads and tails up (FIN 4) The crystallographic 
two-fold axts runs perpendicular to the seven-fold CLXIS through the head-to-head md 

tall-to-tall connectlons The secondary hydroxyl ends of two cycloheptaamylose 
molecules are bonded du-ectly together by hydrogen bonds The primary ends dre 
farther apart and are connected by hydrogen-bonded water molecules The cyclo- 
heptaamylose columns dre connected side-by-side by water molecules, which form 
narrower columns parallel to the cyc~oheptadmyIose columns WIthIn the cyclo- 
heptaamylose column IS a contmuous channel wherein the dIsordered guests ‘Lre 
found The tight contact between the secondary ends gives the appearance of rl dlmer 
of cycloheptaamylose This dlmenzatlon has the effect of ekcludtng all water from 
the secondary-hydroxyl end, and IS In fact quite contrary to wh‘lt would be expected 

m solution 
The crystallographic refinement wds severely hmlted by the disorder of the 
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FIN 4 (0) Stereo wew of the cycioheptaam>lose molecule loolrng do\\n the cawty (b) Stereo view 
of channel formatIon b> the cycloheptaamylose molecules m the crystal 

guest molecules It was not posstble to obtam a good fit even for the heavy atoms 
Because of this, the accuracy of the determmatlon of the atoms of the cyclohepta- 
amylose and the water molecules IS lower than usual for a structure of this size Data 
for the 2-bromo-4tel t-butylphenol complex are better than those for the 2,5-dnodo- 

benzolc acid complex. and so bond lengths, bond angles, and dihedral angles are 
given for the former only Bond distances and angles are given m TabIe III These 
are m general agreement with the values observed for the cyclohexaamylose struc- 
tures’“*‘s_ The seven-Fold symmetry of the molecule IS mamtamed wlthrn the expert- 
mental hmlts of accuracy, which explams why our use of the rotation function was so 
successful The dihedral angles are given m Table iV The seven D-glucosyl residues 
are m the conventlon 4C1 chair conformation All of the primary hydroxyl groups 

pomt away From the center of the molecule and are related by the seven-Fold axls 
(Fig 4) Tables V and VI give mtra- and Inter-molecular hydrogen-bond data 

OrIentatrotl of the guests - The difference maps usmg the independent data- 
sets from each cf the seven Isomorphous complexes of cycloheptaamylose, with the 

contnbutlon of qcloheptaamylose and the water molecules subtracted, show exten- 
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TABLE III 

BO\D LENGTHS (A) Ai\D AhLES DEGREES OF THE CI CLOHEI’TA \\I\ LOSE hlOLECULC 

43 

Lengths 
C-L-C-2 
c-1-0-5 
c-2-c-3 
c-2-o-2 
c-3-c-4 
c-3-o-3 
c4c-5 
c-4-0-4 
c-5-o-5 
C-5-C-6 
C-6-O-6 
o-4-c - 1u 

Artgles 
C-I-C-2-C-3 
C-l-C-2-0-2 
c-2-c-3-c-4 
c-2-c-3-o-3 
o-2-c-2-c-3 
c-3-c-4-c-5 
c-3-c40-4 
o-3-c-3-c-4 
o-4-c-4-c-5 
c-4-c-5-0-5 
C-4-C-5-C-6 
C-5-C-6-O-6 
C-5-0-5-C-l 
O-5-C-5-C-6 
0-5-C-l-C-2 
c-4-04-c’- 1* 
0-4-C’- l-C’-2 
04c’- l-O’-5 

I 4Sf4) 
I 39(3) 
1 53[4) 
I 40(3) 
1 50(3) 
1 42(4) 
1 .55(4) 
1 47(3) 
1 42(3) 
I 4%-t) 

1 4w 
I 64(3) 

I 12(2) 
I14(2) 
I OS(Z) 
1 I l(2) 
I lO(2) 
113(2) 
109(2) 
I IO(2) 
106(l) 
1 IO(?) 
115(2) 
114(2) 
I 17(2) 
106(2) 
ill(2) 
121(2) 
106(2) 
107(2) 

1 44(5) 
I 26(3) 
1 55(4) 
1 50(3) 
1 40(3) 
l 50(-F) 
I 56t.5) 
1 50(3) 
1 4-K3) 
1 57(d) 
1 37(5) 
1 42(3) 

IOS(2) 
116(2) 
106(Z) 
I OS(Z) 
106(2) 
1 I l(2) 
IOS(2) 
11212) 
lOS(Z) 
105(2) 
113(3) 
113(3) 
114(2) 
107(2) 
120(3) 
I lSI2) 
107(2) 
11 l(2) 

1 48(j) 

1 44(3) 
I 63(4) 
I 46(d) 
1 56(4) 
I 49(4) 
1 46(4) 
I 44(3) 
I 42(3) 
I 53(5) 
I 3S(5) 
I 56(3) 

1 lO(3) 
11 l(7) 
103(l) 
IOS(2) 
107(2) 
10612) 
lOl(2) 
lOS(2) 
1 iO(2) 
112(3) 
I IO(3) 
117(3) 
ill(2) 
101(2) 
lOS(2) 
I 15(2) 
102(2) 
I lO(2) 

I 56(3) 
I 36(4) 
1 43(4) 
I 46(4) 
1 50(-l) 
1 42(3) 
I 59(-l) 
1 -II 
1 49(4) 
I 59(4) 
I 52(4) 
I -l2(-tJ 

I l-1(3) 
I OS(Z) 
109(2) 
I I I(2) 
113(2) 
109(2) 
llO(2) 
105(2) 
10-t(3) 
109(2) 
115(2) 
107(2) 
Il4(2) 
10-t(2) 
I lO(2) 
IiS(2) 
lOS(2) 
IOY(2) 

1 43(-t) 
I 47(4) 
I 58(4) 
1 39(-l) 
1 35(S) 
1 39(3) 
I 57(4) 
1 38(4) 
I 49(4) 
I 56(6) 
I 3S(6) 
I 50(4) 

Il3(3) 
I I5(3) 
111(2) 
I13(2) 
1 lO(2) 
107(3) 
107(2) 
IlO(2) 
I OS(‘) 
107(3) 
1 l-l(3) 

98(a) 
113(2) 
IOSf3) 
I I l(3) 
I IS(Z) 
IO6(2) 
I I j(2) 

I -s(3) 
1 3-%(-1) 
I 55(4) 
I 45(-r) 
I 43(-t) 
I 47(3) 
I 55(3) 
I47(3) 
I 4S(3) 
I 59(6) 
I 29(9) 
I 42(4) 

106(2) 
I16(2) 
I1 l(3) 
I OS(2) 
I I2(3) 
109(2) 
10612) 
109(2) 
103(2) 
lOS(2) 
l’O(1) 
107(-i) 
I I l(2) 
99(3) 

116Q) 
116(2) 
I I I(3) 
109(2) 

“The primed numbers refer to atoms on naghbormg ~es~ducs 

we electron density only wthm the cawty, usually at locatrons quite reasonable 
for guest molecules dlsordered Into seven posIttons related by rotation about the 

seven-fold axis but possibly contmuously dlstnbuted through a volume of sp,lce 
Based on the assumption that the heavy Cltoms of the guests would dommate III the 

electron density of the dlsordered region, It was possible to establish the genel.11 
features of the guests Although we could not determIne the possible onentatmns of 

the guest molecule In the cawty by loohmg at a single dlfferencc-Founcr map, WC 
could make defimte conclusions about the location of the catalytwally Important 
carboxyl group when we compared difference Fourier-maps usmg all of the m- 
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-I-ABLE 1V 

DIHEDR,%L 4\GLES OF THE CYCLOHEPTA4WYLOSE VOLECULE 

DtJredral arrgJe (deg ) GI G2 G3 G3 GS G6 G7 

c-1-c-2-c-3-c+ 
c-2-c-3-c-4-c-5 
c-3-c4c-5-o-5 
c-4-c-5-0-5-C-l 
C-5-0-5-C-l-C-2 
O-S-C-I-C-2-C-3 
C-L-C-5-C-6-0-6 
0-5-C-5-C-6-0-6 
0-2-c-2-c-3-0-3 
0-2-c-2-c-3-c--l 
0_2-C_2_C_1_0_5 

o-3-c-3-c404 
0-3-c-3-c-4-c-5 
0-3-C-3-C-2-C-l 
0-7-C-2-C-I-O 4” 
o-5-c-I-0’4C -1 
c-2-c-I-0’4C-4 
C-I-O 4c’4c -3 
c-I-0’4C’4c’-5 

-55 -53 -60 -58 -52 -56 
52 61 61 5s 55 59 

-51 -61 -67 -56 -60 -5s 
53 55 66 57 64 58 

-57 -57 -60 -55 -60 -61 
57 53 59 56 52 57 
52 61 54 59 54 51 

--7o -54 -65 -60 -65 -66 
57 63 6-I 64 54 59 

177 183 179 179 177 178 
153 172 17s IS2 180 ts1 

--7o -63 --71 -70 -64 -71 
173 179 175 177 IS0 178 
185 187 185 I87 184 185 
6-1 50 59 65 61 -_ 

115 114 115 107 119 1;; 
-125 -117 -127 - 136 -120 -126 

124 129 129 130 130 130 
-119 -119 -111 -119 - 114 -115 

-55 
57 

-58 
63 

-62 
55 
56 

-54 
55 

178 
183 

-67 
181 
183 
62 

114 
-126 

126 
-119 

“The prlmed numbers refer to atoms on nelghbormg restdues 

TAEILE V 

I~TRAUOLECUUR, HYDROGEX-BOhD LEhGTHS AND AhGLF.3 

Hydrogen board 4ngIe (deg ) 

o-12 o-73 281 c-12-o-12 o-73 115 
o-22 o-13 2 86 c-22-o-22 o-13 115 
o-32 o-23 2 77 C-32-O-32 o-23 119 
042 o-33 2 86 c-42-042 o-33 119 
o-52 043 2 80 c-52-o-52 o-43 115 
O-62 O-53 2 82 C-62-O-62 o-53 117 
O-72 O-63 282 C-72-O-72 O-68 117 

c-13-0-13 o-22 115 
C-23-O-23 o-32 115 
c-33-o-33 O-42 114 
c-43-0-43 o-52 118 
c-53-o-53 O-62 117 
C-63-O-63 -0-72 114 
c-73-o-73 o-12 116 
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TABLE VI 

MTERMOLECULAR, H\ DROCEh-BOXD LElGTHS AhD 4\GLES 

Bottd Dtuatrce At&e Boml Do rata \ Angle 

(4 (&? ) ( 4 (k? I 

c-12-0-12 
c-12-0-12 
c-13-0-13 
c-22-o-22 
C-23-O-23 
c-32-o-33 
c-33-o-33 
c-42-o-42 
c-43-o-43 
c-53-o-53 
C-62-0-62 
C-62-0-61 
C-63-O-63 
c-73-o-73 
c-73-o-73 
C-160-16 
C-26-O-26 
C-46-O-46 
C-16-0-46 

o-23 
O-62 
O-23 
o-13 
o-13 
o-73 
o-73 
O-63 
O-63 
O-53 
O-12 
O-t3 
O-13 
o-33 
o-33 
046 
O-16 
O-16 
O-36 

3 09 116 
2 74 107 
2 so 119 
3 14 115 
2 so 119 
3 2-I I14 
2 57 116 
3 05 111 
2 Sl 116 
2 56 119 
2 7-t 111 
3 04 115 
2 Sl 117 
3 11 117 
2 87 IIb 
2 57 I I’ 
2 75 113 
2 57 131 
2 7.5 107 

O-W3 O-WI O-36 
O-66 O-W, O-W3 
O-66 O-W? o-w7 
o-w3 o-w2 o-w7 
O-16 O-W3 o-w 1 
O-16 O-W3 O-W? 
0- 16 0-\V3 O--i6 
o-w1 o-w3 O-W? 
o-w 1 o-w3 046 
o-w3 o-w3 0-K 
O-37 O-W4 O-63 
O-26 o-w5 O-56 
o-33 O-W6 O-53 
O-32 O-W6 O-49 
O-76 O-W7 O-36 
O-76 O-W7 O-ii’1 
O-36 O-W7 O-W2 
O-26 0-WS O-76 
o-52 o-w9 o-73 
O-52 O-W9 O-W6 
o-73 0-\V9 O-W6 

2 s9 2 75 106 
253 77s 103 
253 2 s7 116 
2 7s 2 57 101 
2 b-l 2 s9 105 
3 S-I 3 7s 12-t 
3 s-t z 7s 113 
2 s9 27s 10-i 
2s9 2 75 111 
2 7s 2 7s 99 
2 52 269 126 
2 65 3 07 159 
2 57 2 93 120 
2 57 2 36 119 
297 2 75 95 
297 2 Y7 12s 
275 2s7 10s 
265 2 52 115 
2 S4 7 76 11s 
2S-t 2 36 109 
2 76 7 36 7-I 

dependent data-sets In the case of the 2,idliodobenzolc acid cornpIe\ there ~~1s ‘L 
torus of heavy electron densrty at eclch end of the cavity, parallel to each other <md 
normal to the seven-fold axls of cycloheptaamylosc (FIN 5) One torus W‘LS .lt the 
level of O-2 and O-3 and the other at the C-6 level Only ‘1 single such torus, at the 
secondary-hydroxyl end of cycloheptaamylose, was observed III the dzfference map 

of the nz-zodobenzozc aczd, jzz-bromobenzozc nczd, nz-zodophcnol, and 2-bromo-5- 
rerr-butyiphenol complexes As expected, no such prominent density WLLS obscrvcd 

wth the nz-tolulc acid complex Thus clearly Identtfied the common lodme atom 
between the duodo- and monolodo-benzolc acids Thus, smiple model-bwldmg wth 
the two lodme atoms of duodobenzolc acid occupymg d site on each torus of density 
(Fig 5) showed the carboxyhc acid group of the guest molecule to be near the prunary- 
hydroxyl end of the cycloheptaamylose molecule The carboxyl group of the guest 
molecule IS not In a posItion to accept any hydrogen bonds wtth the primary hydroxyl 

groups This was also mdlcated by the observation that all of the C-6-O-6 bonds are 
In gauche-gauche dlsposltlon, meanm g that the primary hydroxyl groups point away 

from the center of the cycloheptaamylose (Fig 4) It IS obwous that a prlmary 

hydroxyl group would have to pomt mwards of zt were hydrogen-bonded to the guest 
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FIN 5 Stctkons (a) Z -= 5145 and (b) Z = 72plS 01 the dHcrence electron-density map showmg the 
disordered heavy-atom sktes The hea\ contmuou lrnes hght contmuous Imes and dashed hncs 
correspond to 2 5-dllodobenzolc acld m-bromobenzolc acld, and nt-lodobenzox aad respect~rcl~ 

molecule, as was observed for cyclohe\aan7ylose10 The posItIons for the lodIne 
atoms of the dIsordered guest would place the c‘u-boxyhc acid goup near the level 

of the prunary-hydrolyl oxygen atoms, allowmg, but not provmg, that the only 
posstble hydrogen bond between guest nnd host IS that ofthe carboxyhc acid hydrogen 
to a primary-hydroxyl oxygen atom 

Drsor &I - In spite of the extenswe disorder of the guest molecules, some 
anaIysis can be made of the heavy-atom peaks m the two torus sectIons of the X,.5- 
duodobenzolc acid complex It should be noted that the two tori are 5 9 8, apart 
The torus at the secondary-hydroxyl end IS common to five heavy-atom-contanung 
guests The electron densltles of the three benzolc acid difference maps were super- 

Imposed, and the sectton contammg the torus at the primary and secondary ends are 

shown m Fogs 5a and b_ respectwely It IS relatwely easy to observe seven sites In the 
torus at the secondary end The torus on the primary end IS present only for the 3,.5- 
duodobenzolc acid guest and IS somewhat less regular Several of the distances between 
the four most promment peaks of the torus at the secondary end and those of the 
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primary end are 6 S-7 5 A, which are reasonably close to that expected In 2,5-d!- 

lodobenzolc acid (7 1 A) However, many of the distances mvolvmg the prominent 
peaks at the primary and secondary ends, and their two-fold related counterparts, 
are conslderably less than the Iodine-lodme contact-distance (4 3 A), prowdmg a 
basis for the disorder of the guest molecules It IS obwous from the peaks on the two 

tori that the plane of the dnodobenzolc acid cannot be parallel to the seven-fold 
axls of the cycloheptaamylose, the amount of tilt may be estimated to be In the range 
20-30 o 

It 15 very common for monocarbo\yhc acids to assocrate In non-aqueow 

envtronments. comparable to the hydrophobic mterlor of the cyclohepta-amylose 
channel m the crystal, by formmg the doubly hydrogen-bonded dlmer For such cl 
dlmer of the ?,5duodobenzotc acid guest, the closest lodire-lodIne distance would 

be 6 2 fi across the two-fold axIs relatmg the two monomer residues Smce, as d~s- 
cussed prewously, the carboxyhc acid of the guest was shown to be at the pnmary 

end, distances between peahs of the torus .lt the prtmary end and those of Its counter- 
part generated by the nearest two-fold Cows were calculated These distances ranged 
from 4 1 to 6 2 A, wth the hgh-occupancy lodIne sites In the lower end of the range, 

dnd usually fClr less thCm the expected 6 2 A for dlmcr formdtlon Thlb result ehnnnatt’b 

the posslblhty of the hydrogen-bonded dwner <ls the predommant conform,ltlon of the 
guest\ 

There ‘ire dwmct differences between the electron dcnsltleb In\lde the c,i\lty 

for the phenol compleves (Fig 6), alI of which have been shown by chemical analyst> 
to be I I complexes The electron density of the nz-Iodophenol complex S~OMS 
considerable sImllanty to that of nt-lodobenzolc acid The replacement of hydroxyl 
for carboxyl ewdently has httle eR?ct on the posltlon of bIndIng of the guest On the 
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Frg 6 Photographs of the electron densrty 1n the cavrtyof thecycloheptaamylosecorrespondmg to 
(a> 2-bromo-dtert-butylphenol, (6) 2-bromo-5-fert-butylphenol, and (c) nz-lodophenol The outlme 

of fhe cyctoheptaamylose LS achieved by drawrng crrcles correspondmg to the posmons of the oxygen 
atoms Open nrcles represent the primary and secondary hydroxyl-group oxygen atoms and the 
cross-hatched ctrcles represent the gIycosrdrc oxygen atoms 
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other hand, the electron denslty of the 2-bromo-4-rerl-butylphenol cornpIe\ aI\0 
shows some of the sites of the torus at the secondary end of the cawty Thus reqmres 

the WI!-butyl group to be at the primary end and the bromo and hydlo\yl groups at 

the secondary The electron density of the 2-bromo-5-rcI r-butplphenol cornpIe\ 

shows no peaks at the site of either torus Ewdently this complex has ‘1 dlfl elent Llnd 

of disorder, possibly an up-down rather than rotatIona disorder 

The usual convention for descrtblng the posItion of the guest has ‘normal 

onentatlon‘ wth the most polar group at the secondary end of the cnwty and ‘rebersc 

orlentatlon wth the most polar group at the pnmary end Therefore, wc clawfy 

the 2 5dllodobenzolc acid, nz-bromobcnzoic acid nl-Iodobenzolc <wd, wlodophcnol, 

and probably the nr-tolulc acid guests as hawng reverse oncntatron, whereas the 2- 

brorno-4re, r-butylphenol guest has noI n-d orlentdlon and the 2-bromo-S-ret t- 

butylphenol guest powbly has both We conclude that, encrgctmlly, there IS httlc 
to choose between normal and revcrsc orIentalIon 111 the cycloheptaamylosc c,lvlty 

for this type of guest 

In most early blndmg-studies 111 solution, It WAS concluded that meta-subgtltuted 
guests enter the cawty from the secondary-hydroxyl end, wth the more hydrophobic 

end of the guest going deeper and the more hydrophlhc eqd remamlng nt the surf‘lcc 

of the secondary end In close contact with solution wvater’ Ho\\ ever Bergeron 

conducted n m r studies on the bmdlng of a series of c&u-bouyllc acids to cyclohew- 

amylose’ ’ The guests were chosen so that only one-to-one complcxcs would iemlt 
He found that benzolc actd Itself binds In the cyclohc\aamylose cawty S7 ttmes more 

tightly than the corresponding benzoate amon and that the cdl bouyllc acid group 

was down In the cawty at the pnmary-hydrolyl end Hc &o concluded from 111s 

study that solvatlon of the polnr groups was the most ~mpot tant facto1 111 the posrtlon- 

Ing and stablhty of the guest m the cyclohc\aamylose cawty In OLII cryst,tl structure, 

contact of the guest wth water through the secondary end 15 protltblted by the fat ma- 

tlon of the cycloheptaamylose dlmer Thus, m solution the wdcr (5econd,try) end 

offers most contact wth water than the narrower (PI rmary) end whereas the ICLC‘ISC 

IS true m our crystal structure Therefore, we might Indeed evpcct to find the hydro- 

phlhc group of the guest at the primary hydroxyl end In all cases 

Straub and Bender” mvest+ted the aqueous decarbo\ylatlon of bcnzoyl- 

acetlc acids m the presence of cyclohexa- .md cyclohepta-amyloses Dec,u bo\yklon 

LS accelerated by cycloheptaamylose but InhIbIted by cyclohcxaamylosc They con- 

cluded that this lnhlbltlon arlses from d conform&tonal constraint on the included 

acid, resultmg m non-productwe bmdmg Although the benzotc dcld denv&ve\ 

used here resemble products rather than substrates, presumably the dlmenzatlon of 

cyclohepta-amylose would sumlarly donllndte the orientalIon of analogous substlateb 

and thus iead to non-productive brndlng 

Crystal studies on cyclohexaamylose wth d number of phenyl-subWtutcd guest\ 

also exhlblt a structural component that results In non-productive bInding’” ” rn 

all of these crystal structures, the polar group of the guest molecule, n,tmely the 

carboxyl group m the phenyl esters and the hydroxyl group In the phenols, clots not 
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for-m any hydrogen bonds with the secondary hydroxyl groups of the cycloamylose 
as would be expected from the functlonal mechamsm In fact, the polar groups are 

usually found near the pnmary-hydrouyi side of the cycloamylose In cyclohexa- 
amylose complexes, the groups attached to the phenql ring are often hydrogen bonded 
to symmetry-related cyclohexaamylose molecules m the umt cell”, bonds which, If 

present m solution, would be furmshed by water molecules Indeed, the hydroxyl 
groups of all of the cycloamylose structures m crystals thus far mvestlgated are exten- 

slvely hydrogen bonded to the symmetry-related cycloamylose molecules” I1 The 
strength of the rntermolecular mteractIon through the hydroxyl groups IS revealed 

by the observation that the crystal structures of the uncompleted cyclohexa- and 
cyclohepta-amyloses are lsomorphous to at least one complex crystal form, and Indeed 
were solved by means of comparison with the lsomorphous complex The hydrogen 
bondmg between cycloamylose molecules appears to be a dommatmg force m the 

crystal structures and prohlblts the mteractlon expected between the guests and the 
secondary hydroxyl groups 

The concept of non-productrve bmdmg and the lsomorphlsm behveen com- 

plexed and uncomplexed cycloamylose crystal structures does not support the 
Induced-fit mode1 proposed by Saenger and co-workersz6 Their model IS based on 
their X-ray structure determmatlon of the uncomplexed cyclohexaamylose They have 
described this conformatlon as bemg rn stram because one of the glucosyi residues IS 

rotated toward the cavity, whereas the other five retam nearly srx-fold symmetry 
It IS not clear why this rotation should be a function of a lack of guest, because this 
structure IS lsomorphous to that of the cyclohexaamylose-hydrogen lodlde complex 
from whrch It was solvedZ6 The Induced-fit theory IS further weakened by the findmg 

that uncomplexed cycloheptaamylose In the crystal structure shows Itttle devlatlon 

from seven-fold symmetry 
We conclude that the only Important factor that determlnes strength and 

dlrectron of bmdmg m the crystal structures mvestlgated IS the hydrophobic mter- 
actlon of the benzene rmg and Its substltuents, subject to the constramt of dImeI 
formatlon by the secondary-hydroxyl ends of the cycloheptaamylose molecules 

CjcloheptaaniJ lose driner - It would seem to us that the function of the 
head-to-head dlmer of cycIoheptaamylose m the crystal form IS slmllar to that of the 
capped denvatlves already descrlbeds 6 dlmerlzatlon restricts the access of water 
at the secondary end and thereby mfluences the orlentatlon and stablhty of the guest 
The dlmer formatlon also brings the secondary ends very close together and restricts,, 
to tne pomt of overcrowdmg the guests, the amount of room avaIlable Complexes 
mvolvmg two moiecules of cycloamylose and one or two molecules of guest are being 
found with mcreasmg frequency m solutron studies Guests Include Methyl 
OrangeZ7 “, Orange I”, 6-p-tolu~dmonaphthalene-2-sulfonate30, heptane3’, cycle- 

hexane3’, Cblphenyl carboxylate amon”, and p-methylclnnamate anlon32 
Crystal structures of cyclohepta-amylose with l-propano133, p-Iodopheno13”, 

and p-rutroacetamhde3’ have recently been reported Although they crystalhze m 
different space-groups, these structures have the head-to-head dlmer formatron and 
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crystal packmg very slmrlar to that of the structures reported here Head-to-head and 
also tall-to-tall contacts m the complex of cyclooctaamylose \\~th I-propanol have 

recently been announced3 6 Functlondi~y, the head-to-head dlmerlzatlon restricts the 
access of water to the secondary end of the cycloamylose m the crystal and thereby 
Influences the onentatlon and stablhty of the guest 

Ware/ molecules - The water molecules were reddlly located during the 
structure refinement Comparison of the temperature parameters of the water 
molecules In the phenol complexes (Table II) wth those of benzolc acid complr\es 

showed the former to be conslderably hqher This result shows that, despite the fact 
that most sites are m common, the water molecules nre less tightly bound rn the 
phenol complexes Indeed, there was a notIceable difference In the rate of drying-out 
of the crystals of these complexes when left exposed to dir Cryst‘ds of the 2,5-dl- 

lodobenzolc acid complex m fact gave a good dlffracnon pattern after drymg whereas 
those of the 2-bromo-4-re/ f-butylphenol complex did not 

There IS no mvolvement of water molecules wth the lnterlor of the cavity 
The hberatlon of unfavorably bound (stralned) water from the cawty hds been cited 

as one of the drlvmg forces for complex-form&on 26 As expected, Increasmgamounts 
of cawty water were found In the crystal structures of uncomplexed cyclohew- 
amyloseZ6, cycloheptaamylose3’, and cyclooctaamylose3’, hawng respectively two 
water molecules, approximately SIX water molecules m eight sites, and an unspecified 
number of water molecules m twelve sites mslde the cawty This trend rmght well be 
reflected m the thermodynamics of bmdmg In solution 

CONCLUSIONS 

The most important result from this crystallographic lnvestlfatlon IS the head- 

to-head dtmer formatlon by the cycloheptaamylose molecules Thus feature dommates 
the orlentatlon of the guest molecules 111 the cawty and acts rather IrLe the capplng ’ 

dchleved by chemical modlficatlon Two consequences of the capping by dlmer 
formatIon are the exclusron of water contacts at the wcondary-hydroxyl end of the 
cycloheptaamylose, aqd the creation of overcrowding condltlons for the guests 

Neither condltlon would be expected to be present In solution 

The well-ordered, tightly bound, water molecules between the cyclohept.t- 
amylose duners are a promment feature of the crystal structure, and dre responstble 
for holding the structure together The guests are always highly dIsordered, and are 
found m posmons that are reasonable for products or lnhlbltors of catalysis by cyclo- 

heptaamylose 
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