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Abstract: The crystal structures of the complexes of the cyclic pentamers from both optically active and racemic 6,8-diox-
abicyclo[3.2.1]Joctan-7-one with acetonitrile or acetone have been determined by the single-crystal X-ray diffraction method.
The former belongs to the orthorhombic space group P2,2,2, with cell dimensions @ = 10.050 {1) &, 5 = 14.764 (1) A, ¢
= 24.268 (4) A, and Z = 4. The final R valuc was 0,112 for all the reflections and 0.083 for nonzero reflections. The space
group of the latter is also P2,2,2, with cell dimensions @ = 9.863 (5} A, b= 14727 (N A, c=24.335 (9 A, and Z = 4.
The final R value was 0.081 for all the reflections and 0.077 for nonzero reflections. The two structures are isomorphous
with each other and the pentamer, which is a nearly regular pentagonal shaped molecule, includes an acetonitrile or acetone
molecule in its cavity. In spite of the differences in shape and size from the previously analyzed tetramer, which is a regular
tetragonal shaped molecule, the present molecule has similar main-chain conformation angles, showing the malecules of this
group have rather rigid main-chain conformation. The solvent molecules are so nhgned that their dipole moments are opposite
to that of the pentamer molecule. But this antiparallel arrangement of dipoles is not so perfect as was seen in the case of

the tetramers.

Cationic ring-opening oligomerization of & 8-d10xab1cyclo—
[3.2.1]octan-7-one yields cyclic oligoesters di-, tetra-, and pen:
tamers'™ (Figure 1). Among them, we have so far stlldled the
crystal structures of the di- and tetramers.’ The dimer 2, which
is produced only from racemic monomer 1, was proved to be a
meso compound having an inversion center in the molecule. On
the other hand, the tetramers, which arc produced from both 1
and IR {{+)-(1R,5R)-6,8-dioxabicyclo[3.2.1]octan-7-one), have
several crystal forms, of which two structures were reported. One
is the optically active tetramer (4R)® from 1R and the other is
an‘ optically inactive tetramer form III crystal (4 form III) from
1.

In this paper, we deal with the structures of the cyclic pen-
tamers. While SR from 1R crystallizes only in one crystal form,
§ from 1 has been known to crystallize in at least two different
forms. Since type I crystals of § are unstable and type I1 are
extremely fine needle, their structures have not yet been solved.
However, recent attempts to recrystallize them from an acetone
solution gave a suitable crystal (form IIT) for X-ray analysis.
Inspection of the X-ray photographs revealed that this crystal was
i hous with the crystal of SR from acetonitrile solution.
(Crystal data are given in Table I.) It is apparent that § from
1i8 not a meso compound but a racemic mixture of SR and 58
and the optical resolution occurs during the crystallization process.
In spite of the isostructural relationship of SR and 5 {form III),
they were expected to include different solvent mofecules, i.c.,
acetonitrile or acetone. Thercfore, we attempted to analyze both
crystals.

One of the most interesting results found in the structure
analysis of the cyclic tetramer was its unique interactions with
polar solvent molecules: the cyclic tetramer forms an inclusion
complex with an acctonitrile molecule by dipole—dipole interac-
tions. It is all the more intercsting to know the complexation mode
of the pentamer, which has a larger cavity and seemingly more
fiexibie conformation.

These molecules, on the other hand, bear a structural resem-
blance to nonactin, a naturally occurring ionophore. Actually,
4(4R) and 5(5R) are known to interact with alkali metals or
alkaline-carth metals in solution,” Establishment of the structural
characteristics, shape, and size of the molecule and molecular
cavity is requisite for better understanding of the ion extraction
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Table I. Crystat Data

SR 5
included molecule acetonitrile acetone
space group £3,2,2, P2,2,2,
a A 10.050 (1) 9.863 (5
b A 14.764 (2) 14.727 (4)
A 24.268 (4) 24.335 (%)
Zz 4 4
Dogleq, gem™® 1.257 1.313
Doheas gem™? 1.28 1.29

properties of these synthetic macrolides.

Experimental Section

SR and Acetonitrile Complex. A crystal of dimensions 0.4 mm X 0.3
mm X 0.2 mm waz used for the X-ray experiment. A Rigaku four-circle
diffractometer cquipped with & rotating anode X-ray generator was med
for the data collection and the w28 continuous scan mode was
by using monochromatized Mo Ka with s scan range of Aw = 1.0° +
035tan0andnmspedd’lo°fm(20s42°)lnd3‘fm{20>
42°). Datamodwuptoﬂ-ﬁ‘fuawulofmm
of which 2355 were nionzero! Imentzmdpohrmmmm
applied, but o absorption correction wis made, -

The structure was solved by the direct methods program MULTAN.*
An E map showed most of the non-hydrogen atoms. The remainitg
atomze were located by suocemive AF synthesis. The strocture was refined
by the block-diagonal least-squares method. Ansotropic temperatirg
faaorsweremgnedtoallthenm-hydmatom Isotropic temper-

175 s oo, Fi Yamamoto, Y. Makromol "““’“’"*
sos(_Z{OOhda M.; Sumitomo, H.; Tajims, I. Macromolecules 1977, 19,
(3) Okada, M.; Sumitomo, H.; Tajima, 1. Polym. Bull. 1978, 1, 41-5;
wl(;&OhhM 3 Sumitomo, H.; Tajima, 1. J. Am. Chem. Soc. 1m IW,
(5) Tanaka, I.; Tajima, ., Hayakawa, 1.; Okada, M.; Bitoh, M_; Aslnda,
T.: Sumltomo,HJAm Chem. Soc. 1900,102 7873—6 Co :
(6) Imaeda, M.; Tanaks, I; Ashida, T.; Tajims, L; Ohda.M.Sunumm
H. Polym. J. 1982, 14, 197203,
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Figwre 2. Stercodrawing of the molecular complex of 5 with an acetone
viewed from the directions parallel to (top) and perpendicular to (bottom)
its noncrystailographic fivefold symmetry axis.

amfamsfwhydrosmatmmhe&dmm.equaltoﬂ of their
carrier atoms. The function minimized was $w{AF)?, with w = 0.0662
for [Fy = omm-[ﬂnw.muw-l-omswﬂ-'fmr # 0 where
a(F) is the standard deviation based on counting statistics. The final R
valuc was 0.112 for all the reflections and 0.083 for nonzero reflections.
The final atomic parameters are listed in Tables IT and T

5 and Acetome Complex, The size of the crystal was 0.2 mm X 0.2 mm
% 0.1 mm. Since preliminary photographic work had shown a substan-
tially high temperature factos, the diffractometer experiment was per-
fu'nndat-M‘C. Manochromatized Cn Ko was used with an w24 scan
mode and a scan speed of 10°/min. Data were collacted up to 28 = 115°
for a total of 2756 reflections, of which 2662 were nonzero.

The atomic parameters of the non-hydrogen atoma of SR, excluding
those of the solvent molecule, were used for the first-phase calculstion.
The acetons molecule and the hydrogen atoms were located on the AF
synthenn. In the least-squares refinement, the weighting scheme was

w{AF), with w = 0,1296 for |F)] = 0 snd w = [o*(F) + 0.1161|F,| +
ooospr,prl for |F,| 0. The final R value was 0.081 for all the
reflections and 0077 for nonzero reflections. The atomic scattering
factors were taken from ref 9. The final atomic parameters are deposited
in the supplementary material.

Resuits and Discussion

Optical Resolstion. We did not determine the absolute con-
figuration of 5, but to make a comparison with SR easy, we

(9) *“International Tables for X-Ray Crystallography”™; Kynoch Press:
1974; Vol. IV, pp 72-3.
(10) Dobler, M. Help. Chim. Acta lm 55 1371-84.
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Tabie lI. The Atomic Positional Parameters and Their Esd’s in
Parentheses (X10*) for the Acetonitrile Complex

atom x ¥y z By A?
ChA  -T23(B) —353 (6) 1613 (3) 4.1{4)
C(HA 1(11) ~-854(7 2075 (4) 5.8(5)
CHa -425Q00) -1834(D 2129 (4) 5505
Ci)A -1933(11) -1858(8®) 2185 (4) 6.1 (5)
C5)A -2620(9) —1304 (6) 1753 (3) 4.6 (4)
Ch)a -3458(9) -1824(7D 9202 (4) 5.0(4)
O(1)A -2140(5) —408 (4) 1701 (2) 4.3(2)
O(2)A -—-2430(6) -1768(4) 1243 (2) 4.8(3)
ONA -4491(8) —147T1(6) 962 (3) 7.7(4)
C(1)B  -3054(8) -2419(6) 412(3) 4.4 (4
C(OB  —-2686 (11) -3345(7) 585 (1) 5.4 (4)
C(3))B  -2400(11) -—3896(6) 51{4) 3.2(4)
CHB -3572(11) -3896 (6) -322{4) 334
C(5)B  -3993(% -2932(6) —~440 (3) 4.6 (4)
Ci6)B -—3288(9) -1870(6) -—1112(3) 4.5@)
OB -4163(6) ~2409(5) 28(3) 4.9 (3)
H{2)B —-2965(6) —2547(4) ~T17(2) 4.6 (3)
O3B -4357(6) ~1491(4) —-1143(3) 5.1(3)
C(1)C -2109(8) -—1629(6) —1476(3) 4.0(3)
CHC -1761(10) -2419(NH -—1854 (5) 5.8(5)
CHC 642100 -2120(9) -—2244 (4) 6.5 (5)
C4)C -1026 (10) —1250¢9 —-2538(4) 6.2 (5)
C5)C -—-1469(9) —-524(6) —2129(3) 4.6 (4)
Ce)C  ~-126 (10) 616 (6) —1708 (4} 5.4 (5)
omcC -2420(6) —825¢) 1753 (D) 4.5(3)
o(2YC 280 (6) -268(4) —1828(®) 5.3(3)
O3HC  -88B5(9) 1186 (5) -—1832(4) 94 (5)
C(nD l1i46 (11) TAB (6) —1390 (4} 54 (5)
C(QD 2372 (10) 383(8) -1725(8) 6.6 (5)
C(3)D 3617(11) 606(8) -—-1406 () 5.8(5)
C{4D 3695(11) 1606 (%) —1295(4) 6.7 (6)
C(5)D 2434 (12) 1928(7) -1011(4) 6.3 (5)
C(6)D 1859 (9 2012 (6) —48 (4) 4.8 (4)
o) 1253 (D 1686 (4) 1287 (3 5.8(3)
oD  2403(7) 1539 (4) —-473(3) 5.6 (3)
oD 1305 (9 2701 (5) -114 (3) 7.6 4)
C(1)E 2066 (8) 1506 (6) 478 (3) 4.3 (4)
C(NHE 3554 (10 1423 (9 601 (4} 6.1 (5)
C(3)E 3728 (1) 1002 (10) 1182 (4) 6.9 (6)
C{4)E 2916 (10} 1514 (8) 1601 (4) 57(5)
C(5)E 1494 (10) 1601 () 1429 (&) 5.6 (5)
CB)E -372(%) 615(T) 1596 (4) 4.8 (4)
O(1)E 1347 (6) 1962 (&) 897 (3) 51(3)
(2)E 922 (6) 696 (4) 1444 (3) 5.2(3)
ONE -1059(D 1245 (35) 1712 (4) 7.6 (4)
C(1)S -—3484 (25) 327(16) —-419(i4) 19.3(20)
C(2)s -2275(18) 135(15) -=300(11) 14.6(14)
NS -1187(19) 116 (16) -292(9H 17.6(16)

@ The B, values are the equivalent isotropic temperature factor.

Figwre 3. Stereodrawing of the molecular eomphofsltmh an ace-
tonitrile molecule.

depicted the absolute configuration of § as identical with that of
5R. Recent X-ray analysis of form Il crystals.of 4 revealed-that
they are also a racemic mixture of 4R and 4S% :
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Table IIl. Hydrogen Positional Parameters and Their Esd's in
Parentheses (X10?) for the Acetonitrile Complex
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atom x y F4 bonded to # f
H(1) —56 (10} —46 (7) 125 (4) C(DA
H(2) —-28(11) -52(D 249 (4) C(D)A ;
H(3) 99 (11) -8 (N 192 (4} C(2}A ] .
H(4) 11(12) =214 (D 252(5) C(DA
H(5) -1 =223(7 185(4) C()A N
H{6} =215(11) ~152(7) 252 (4) C(4HA
H(N —245(11) -259(7 214 (4) C(hHA .
H(8)  -354(10) —122(D  185(4) C(5A Figure 4. Crystal packing of 5.
H(9) =220 (10) =212(N 18 (4) C(1)B
H(10) -329(11) -375(D) 86 (4) C()B It is interesting that only 2 i ) i
gg 3?; _ ?23 3 H _;;g g; }1 E:g gg;g of R-S-R-S or R-R-S-§ type products for cyclic tetra- or pentamer.
K19 -a0an 4O 9@ Co a0 SR with the encousd sovent Tcioonics s s o Eopur
H(16) :4‘?6 g 11} -283 27; :51 54'3 (_{5}3 2and 3. Crystal packing of 8 is given in Figure 4, The bend
HQ7) -134(10) ~149(D -1194) CIX lensthg and angles are givefl in Tables IV and V, and the con-
H(18) -249(11) -255(6) -206{(4) C(2)C formational angles are listed in Tables VI and VII, No significant
H(19) -161(11} -301(7) ~157(4) C(2C difference is detected in bond lengths or angles among oligomers
Hh  naD 11 Cned)  cme SO . T et of e Jow-icmperatre experimant (_§4
HQD  —17201)  —133()  -275¢k) GO0 ta(r:l}o;“h S appeared asa s ning of the intermolecular dis-
3853 —lgg (él) _992 (;) _ggg (:) g(;)g The'cyclic pentamer has, as a whole, a C; symmetry, consisting
H(25) 104 El)l) 45 8 > 54; c£1§n of a trans zigzag chain of C(5)-O(1)-C(1)-C(6)-0(2)-C(5) and
H(26)  237(11) 69(7) -2144) C@)D two consecutive gauche conformations of O(2)-C(5)-O(1). The
H(27) 242 (11} -37(7Y -183 @) C(2)D g'oot-mm-square deviation from the approximate Cy symmetry
H(28) 444 (11) 45(7) -167 (4) C(3)D is 0.30 A for 5 and 0.34 A for 5R.
H(29) 371 (11) 2(7n =100 {4) C(3)D The conformational difference between 4R, whose symmetry
H{30) 389(11) 193( -1771(4) CMH4)D is Cy, and SR is surprisingly small. The largest difference in torsion
H(31) 437 (11) 168(H ~1004) C#HD angles is observed in O(1)-C(5)~0(2)—-C(6) where C(5) makes
gg;; f;g g}; 2’;g g; ‘gg ‘(:3 Eg;g up the corner of the polygons. The mean values of the corre-
HGO AL 198D sBE@)  COE sponding hngles are -92° for SR and ~89° for S, whereas 4R has
Hgssg 473 8 } ; 183 g; 12; 3; 5835 C(5)-C(5) distances, which define the sizes of the polygons,
H(T 353 (11 47 (D 118 (4) C(3)E are 5.99 (2)-6.02 (2) A [mean 6.00 A] for SR and 5.96 (1}-6.04
H(38)  334(11) 211 (D 1624) CM4)E (1) A [mean 6.00 A] for S, which is slightly longer than the
H(39) 294 (11) 117 (D) 196 (4) C(HE corresponding value of 5.96 A for 4R. ‘This is due to the more
H(40) 89(11) 201 (D 167 (4) C(5E perfect trans zigzag chain of C(5}1-0(1)}-C{1)-C(6)-0(2)=C(5)
H(41)  —425(12) -8(7) -9(4) C(S than that in 4R, P
H@42)  -366 (12) 18 (8) -81(5) €S As was cvidenced by the small difference between the con-
H43) —368012) 105 (8) —37@) ca)s formations of the tetramer and the pentamer, the 20- and 25-
Table IV. The Bond Lengths (&) and Angles (Deg) for the Acetonitrile Complex
B C D E means i
C(1)-C(2) 1.53 (1) 148(1) 1.53(2) 157 (2) 1.53 (D) 1.53 i
C(H-C3) 1.52(2) 1.59 (2) 1.54 (2) 1.51 (2) 1.55(2) 1.54 :
C(3)-C(4) 1.52(2) 1.49(2) 1.52{2) 1.50 (2) 1.51(2) 1.51
C{4}-C(5) 1.50 (2) 1.51(1) 1.53 (2) 1.52(2) 1.49(2) 1.51
C(5)-0(1) 1.41 (1) 1.38 (1) 1.39(1) 1.41 (1) 1.41 (1) 1.40
C(1)-0(1) 1.44 (1) L45(1) 1.40(1) 1.41 (1) 142(1) 1.42
C(6)-C(1) 1.53 (1) 1.52(1) 1.51 (2} 1.49(1) 1.47 (1) 1.50
C(5)-0(2) 1.43 (1) 144 (1) 1.45(1) 1.43(1) 1.46 (1) 1.44
C(6)-0(2) 1.33 (1) 1.33(1) 1.35(1) 1.36 (1) 1.36 (1} 1.35
C(6)-0(3) 1.17(1) 1.21{1) 1.18{(1) 1.17 (1) 1.19(1) 1.18
C(1)-C(2)}-C(3) 113.0(9) 108.6 (9) 108.6 (10} 108.1 (9 108.7 (1) 109.4
C(2)}-C(3)-C(4) 108.2 (%) 109.6 (9) 110.3 (10) 110.5 (10) 110.6 (11) 109.8
C(3)-C4}C(5) 1126 (9 111.8(9) 111.2 (10) 1102 (1) 111.9 {10) 111.5
C(6)-C(1)-0(1) 106.8 (T} 107.7(7) 106.4 (9 107.7 (D 107.2(7) 107.2
Ce)-C1-C(D 112.1 (8) 1104 (8) 110.9 (%) 110.1{8) 1121 (8) 111.1
O(1)-C(1)-C(2) 109.5 (T 112.6(8) 114.3 (8) 111.6 (9} 113.4 (8) 112.3
C{4-C(5)-0(1) 114.6 (8) 113.8(8) 113.7(8) 114.1 (10} 113.0(9 113.8
C(1)-0(1)-C(5) 113.8 (6) 115.2(N 115.6 (7 113.4 (8) 115.2(8) 114.6
O(1)-C(5)-0(2) 109.0(7) 109.6 (7) 108.6 (T 108.3(9) 109.3 (8) 109.0
C()-C(5)-0(2) 106.4 (8) 106.2 (T 105.7 (8) 107.9 (10} 107.0(8) 106.6
C(5)>-0()-C(6) 117.8(7) 118.1 (N 117.2 (8) 119.7 (8) 117.8(8) 118.1
O(2)-C(6)-0(3) 1258 (1) 126.9 (9 124.4 {10) 122.2{(9 123.4 (10) 124.5
H{2-C(8)-C(1) 108.3 (8) 110.0(7) 109.5 (8) 109.6 (8) 108.8 (8) 109.2
G(3»-C(6)-C(1) 123.9 (1) 123.1(8) 126.1 (10) 128.2(10) 127.7 (1) 126.2
C(1)8-C(2)S 1.28 (4)
C(2)8-N(1)S 1.09 4)
C(1)8-C(2)8-N(1)8 163.3 (32
_J
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Table V. The Bond Lengths (A) and Angles (Deg) for the Acetone Complex

A B C D E means
CON-C(2) 1.51 (1) 1.53 (1) 1.54 (1) 1.52 (1) 1L.52(1) 1.52
C(2)-C(3) 1.56 (1) 1.53 (1) 1.52(1) 1.51 (1) 1.54 (1) 1.53
C()H-C(H 1.51 (1) 1.54 (1) 1.53 (1) 1.49(1) 1.53 (1) 1.52
C{4)-C(5) 1.52 (1) L53 (1) 1.52 (1) 1.51 {1} 1.50 (1) 1.52
C(5)-0(b) 1.39 (1) 1.39(1) 1.38 (1) 1.41 (1) 137 1.39
C(1)=0Q1) 143 (1) 1.46 (1) 144 () 1.44 (1) 1.44 (1) 1.44
C(6)-C(1) 1.52(1) 1.50 (1) 1.51 (1) 149 (1) 1.51 (1) 1.51
C(5)-0(2) 144 (1) 1.45(1) 1.46 (1) 1.46 (1) 148(1) 1.46
C6)-0(2) 137 (1) 1.35(1) 1.34 (1) 1.36 (1) 1.34 (1) 1.35
C(6)-0(3) 1.18 (1) 119 (1) 1.19 (1) 1.20(1) 1.18(1) 1.19
C1)-C(2)-C(3) 109.9 (6} 109.0 (6) 110.4 (6) 110.2 (8) 110.9 (6) 110.1
C(2)-C(3)-C(4) 107.8 (6) 107.7 (6) 108.2 (6) 110.5 (6} 107.3 {7 108.3
C(3)-C4)-C(5) 111.3 {6} 111.1 (6) 111.3 (D 111.9(N 112.1 (6) 111.6
C(6)-C(1)-0(1) 104.9 (6} 107.9 (6} 106.0 (6) 105.6 (6) 108.6 (6) 106.6
C(6)-C(1)-C(2) 112.2 (6) 112.6 {6} 114.1 (6) 111.9 (6) 111.4 (6) 1124
O(1)-C(1)-C(2) 110.4 (5) 111.7 (6} 110.4 (6} 112.7 (6) 112.7 (6) 111.6
C{4)-C{5y0(1) 113.4 (&) 114.7 (6) 113.6 (6} 114.2(7) 116.4 (6) 114.4
C(1-0(1)-C(5) 114.8 (5) 114.1 (5) 115.9 (5} 113.3 (6) 113.6 (5) 114.3
C(4)-C(5)-0(2) 106.6 (6) 105.3 (6) 106.2 (6} 105.8(7 105.3 (6} 105.8
O(1)-C(5)-0(D) 109.9 (5) 108.8 (6) 107.9 (6) 109.0 (6} 109.9 (6) 109.1
C(5)-0(2)-C(6) 116.6 (5) 115.7 (5) 117.2 (5) 117.6 (6) 117.5 (5) 116.9
0(2)-C(6)-0(3) 124.5(7) 125.5 (6) 125.6 (D 125.7(N) 125.9(7) 1254
O(2-C(6)»-C(1) 106.8 (8) 107.1 (5) 109.2 (6) 108.0 (6) 108.8 (6) 108.0
O(3)-C(6)-C(1) 128.7(D 127.3 (6) 125.2(7) 126.3(7) 1253 (D 1266
C(1)S-C(2)8 1.46 (2)
C(2)5-C(3)S 1.36 (3)
C(s-0(18 1.19 (2}
C(NS-C(H8-0(1)S 117 (1}
C(3)5-C(2)8-0(1)8 125 (2)
C(1)5-C(2)8-C(3)s 118 (2)
Table VI. The Conformation Angles for the Acetonitrile Complex (Deg)
A B C D E means
25-Membered Ring
O()-C6)-C{1)~0(1) =176 (1} ~170 (1) 179 (1) ~-173 (1) =172 (1) —-174
C(6)-C(1)-O0(1)-C(5) =177(1) -179 (1) ~177(1) -177(1) =177 (1) —-177
C(1H-0(13-C(5)-0(2) ~63 (1) —68 (1) —66 (1) -66 (1) —-65(1) —66
O(1)-C(5)-0(2)-C(6) -98 (1} -83{I) =37 =90 (1) —=92(1) -9
C(5)-0()-C{6)-C(1) =175 (1) ~174 (1) 179 (1) =174 (1) ~177 (1) -176
: Tetrahydropyran Ring
O(1)-C(1}-C(2)-C(3) 571 35(1) 54 (1) 57(1) 52 (1) 55
C(1)-C(-C(3)-C(4) =53 -85 (1) =33 (1) =56 (1) -52(1) -54
C(2)-CBR-CH)-C(5) 49 (1) 52(1) 52(D 34(1) 53() 52
C3)-Cid)-C(5)-0(1) ~-51(Q1) =51 (1) =50(1) =53 (1) -53 (D -52
C)-C(5-0(1)-C(1) 54 (1) 51 (1) 31 (1 55(1) 54 (1) 53
C(5)-0{1)-C(1)»-C(2) ~-55(1) =55(1) =54 (1) =56 (1) —55(1) ~55
Table VII. The Conformation Angles for the Acetone Complex (Deg)
A B C D E means
25-Membered Ring
O(2)-C(6)-C(1)-0(1) -178.0(3) -172.6 (5) =179.5 (5) -175.4(3) —175.1 (5} ~176.1
C(6)-C(1)-0(1}-C(5) 179.9 (5) —~176.5 (5) ~177.5 (5) =179.1(6) =175.1 (5) ~177.7
C(1)-0(1)-C(5)-0{2) -64.3(7) -61.3(D —-64.7 () —66.1 (8) -68.4 (7) —-66.2
O(1)-C(5)-0(2)-C(6) -92.9(7) —-85.5(M -93.2(D -87.2(8) -864(7) —89.0
C(5y-0(2)-C(6)-C(1) -178.5 (5) -171.4 (5} -178.8 (5) -173.2(5) -178.0 (5) ~-176.0
Tetrahydropyran Ring
O(1)-C{1)-C(2)-C(3) 57.7(8) 59.1 (8} 53.6 (8) 54.1 (8) 55.4 (8) 56.4
C(1}-C(-C(3)-C4) —56.1 (8) ~58.7(7) —36.4 (8) =53.2(8) ~53.9(9) -55.7
C(2-C(3)-C4)-C(5) 526 (8) 542 (8) 54.1(8) 51.8(9) 51.2(®) 528
C3YC(4-C(5-001) ~52.7(8) =509 (8) -524(9) —51.7 (10} —=51.8(M -51.9
CH#-C(5)-0(1)-C(1) 54.8 (8) 50.4 (8) 5.7 (® 521 (%) 51.1(8) 52,2
C(5)-0(1)-C(1)-C(2) -57.6 (8) =54.7 (8) -53.9(8) -53.7(8) -52.8(8) —54.5

membered rings of these compounds are rather rigid. No large
conformaticnal adjustment seems to be done in including the
solvent molecule. This rigidity of the main chain may be more
clearly understood by comparison with the nactin structures, which
show several different main-chain conformations. The rigidity
of the present cyclic oligoesters may be attributable to the fact

that the main chain consists of two kinds of rigid groups, tetra-
hydropyran ring and ester plane, and no aliphatic C—C bond
intervenes between them.

Complexation of 5 with Acetone and SR with Acetonitrile. As
is shown in Figures 2 and 3, the mode of complexation of 5 and
SR with solvent molecules resembles that of 4R in that they




Crystal Structures of Cyclic Oligoesters
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Figure 5, The position and the orientation of the enclosed solvent molecules with respect to SR, 5, and 4R molecules (left to right), The explanation

is in the text.

arrange their C=0 dipoles on one side of the molecule and the
dipole moment of the enclosed solvent on the other side.

However, a more detailed inspection reveals that there are some
differences in the complexation due to different molecular sizes.
The radius of the molecular cavity, which is approximated by the
inscribed circle of the pentagon consisting of the C(5)-C(5) sides,
is4.13 A. Taking into account the van der Waals radius of the
methylene group, the actual radius of the cavity of the pentamer
is 2.13 A, The corresponding radius in 4R is 0.96 A. Conse-
quently, the temperature factors of the solvent molecules included
in the pentamer are significantly larger.

As shown in Figure 5, in 5 and SR the included solvent moleculke
is not located at the center of the molecular cavity and is tilted
away from the fivefold axis. The niiriic bond in the acetonitrile
molecule is inclined at 41.0° and the carbonyl bond of the acetone
molecule is inclined at 29.5° from the fivefold axis toward the
outside of the ring. In the case of the 4R molecule, the corre-
sponding angle was 8.2°, These shifts in the pentamers are caused
mainly by the van der Waals interactions with the adjacent
molecules. The shortest interactions between the cyclic pentamer
molecule and the solvent molecule are N(1)S—C(6)C (3.67 (3)
A) and C(1)S~O(3)B (3.33 (4) A) in SR and O(1)§—C(6)C
(3.35 (1) A), C(1)S-O(3)B (3.60 (2) A), and C(3)S-O(NA (3.7
(3) Ay in 5. The solvent molecule is included in SR in such a way
that the nitrile nitrogen atom is placed 0.31 (2) A above the
average planc of the C(6)'s and 0.07 (2) A above the average plane
of the O(1)’s and the nitrile carbon atom is placed on the average
plane of the O(3)’s. On the other hand, the acetons molecule is

included in the 5 molecule in such a way that the carbonyl oxygen
atom is placed 0.06 (1) A above the average plane of the C(6)'s
and 0.14 (1) A below the average planc of the O(1)'s and the
carbonyl carbon atom is placed 0.03 (1) A below the average plane
of the O(3)'s. In the case of 4R the acetonitrile molecule sticks
into the cavity to such an extent that the nitrile carbon atom is
0.16 A below the average plane of the O(3)’s.

Thus, the cyclic tetramer and pentamer hold the same molecule
without changing their conformation in spite of the different size
of the cavity. This is caused by the rigidity of the molecule
mentioned before.

Another important point to note about the molecule is that the
molecule consists of repeating units whoee absolute configuration
is fixed, as it is designated as (1R,55), or (1R,58);. This is sharply
oontrastedbythefactthatmnacﬁn,asexpmsedby&synmeﬂy.
has two kinds of units alternately changing absolute configuration,
The repeat of the same absolute configuration and the rigidity
of the molecule combined to make carbonyl bonds align in one
direction, giving a polarity to the molecule. This polarity con-
tributes to the characteristic interaction of the molecules of this
group with the polar solvent molecules.

Registry No. 5, 82977-29-5; SR, 82977-30-8.

Supplementary Material Available: The atomic parameters for
the acetone complex, listing of the observed and calculated
structure factors, and anisotropic thermal parameters of non-
hydrogen atoms (30 pages). Ordering information is given on
any current masthead page.




