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The structure of cyclosporin E was determined by X-ray diffraction methods and compared wi
structure of related cyclosporins. In contrast to cyclosporin A, which crystallizes from aceto
tetragonal dihydrate, cyclosporin E acetone solvate monohydrgi#;6gN;10,,[C;HgOM,0) crys-
tallizes under the same conditions in the monoclinic space gP@upvith a = 15.698(2) Ab =
21.333(3) A,c = 13.224(2) AB = 103.74(1), Z = 2, andV = 4 302(1) &.
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Cyclosporins are natural undecapeptides derived from cyclosporin A (CsA), ¢
(-MeBmtl-Abu?-Saf-MelLeuf-Val®>-MeLelf-Ala’-p-Ala®-MelLew’-MeLeu'%-MeValts-),
where MeBmt = (B)-4-[(E)-2-butenyl]-4N-dimethyl+ -threonine [(&3R,4R,6E)-3-hydroxy-
4-methyl-2-(N-methylamino)-6-octenoic acid)] (Fig. 1), by formal substitution of ¢
or two amino acids. Cyclosporin A is nowadays widely used as immunosuppresa
organ transplantations and treatment of autoimmune dise@sesupref, Galena;
Sandimmuf, Novartis). Although cyclosporins are structurally almost identical, tl
strongly differ in their pharmacological activitySeveral crystal structures of cyclc
sporins were reported including: cyclosporin A dihydt&Ret,), cyclosporin A mono-
hydraté (P2,2,2,), cyclosporin A dimethylisosorbide solv&i@2,), isocyclosporin A
(refd) (C222), iodocyclosporin A (ref) (P2)), thiocyclosporif (P2,), cyclosporin H
(ref8) (12), and [3Q-didehydro-MeBmt Val?jcyclosporir? (P3,21). The aim of this
paper is to evaluate the role of Me¥alemethylation of cyclosporin A on the confo
mation and hydrogen bonding in the solid state.

* The author to whom correspondence should be addressed.
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EXPERIMENTAL

Crystal Structure Determination of Cyclosporin E

Cyclosporin E (440 mg, Galena Co.) was dissolved in acetone (10 ml), and heptane (50
added under vigorous stirring. The solution was allowed to stand in an open flask to slowly
orate. Since the crystals were desolvatation-prone, a suitable single crystal was mounted in
lary with a residual amount of a mother liquor. Cyclosporin E acetone solvate monohy
(Cg1H19gN1101,[CsHEOMH,O, M, = 1 264.7, monoclinic system, space gradep (No. 4), a =
15.698(2) Ab = 21.333(3) Ac = 13.224(2) A = 103.74(1), Z = 2,V = 4 302(1) &, Dye= 0.976 g crT?,
u(CuKa) = 0.53 mm?, F(000) = 1 380. Data collection conditions are given in Table .

The coordinates of atoms from the known structure of cyclosporin A dimethylisosorbide %o
were used as starting model and refined. The position of one water and two acetone moleculs
found from subsequent Fourier series. All non-H atoms of cyclosporin and water oxygen
refined anisotropically by full-matrix least-squares basedrovalues. Positions of acetone aton
were refined with restrained geometry and fixed during the final refinement. The occupancy
for both two acetone molecules was fixed on the value 0.5 because the NMR analysis indicate
cyclosporin E/acetone ratio. Positions of C and N hydrogens were found from expected geome

TasLE |
Data collection and refinement parameters

Crystal dimensions 0.8 0.8x 0.6 mm

Diffractometer and radiation used Enraf-Nonius CAD4, GuK
A = 1.54056 A

Scan technique w/26

Temperature 293 K

No. and6 range of reflections for lattice parameter refinement 22; 21.9%55.0

Range ot, k andl 0-16, —22-22, -14-. 14

Standard reflections monitored in interval; intensity fluctuation 120 min; 13.8%

Total number of reflections measured 10 944

20 range 1-119

No. of observed independent reflections 4 979

Criterion for observed reflections | = 1.960(1)

Function minimized ZW (Fo - Fo)?

Weighting scheme Chebychev weighting (3.

Parameters refined 766

Value of R, WR, andS 8.3,84,1.0

Ratio of max. least-squares shift to e.s.d. in the last cycle 0.17

Max. and min. heights in findlp map -0.30, 0.50 e A

Source of atomic scattering factors International Tables for X-Ray
Crystallography (ret?)

Programs used CRYSTALS (r&,

PARST (ref'¥), SIR92 (ref)

Collect. Czech. Chem. Commun. (Vol. 63) (1998)



Crystal Structure of Cyclosporin E 117

constrained during refinement. The —OH angDHhydrogens were not found from difference Fouri
maps. The same numbering scheme as for cyclosporin A)(veds used for cyclosporin E in orde
to enable easy correlation of related parameters. Since cyclosporin E is the demethylated cycl
A analogue, the corresponding number of the C57 atom was omitted. Tables of observed anc
lated structure factors, final positional and thermal parameters of all atoms can be obtained fr
first author upon request.

RESULTS AND DISCUSSION

Cyclosporin E is a natural analogue of cyclosporin A with the 11th amino acid, M
demethylated ([Vaf]cyclosporin) (Fig. 1). Since additional N—H groups in its structt
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Schematic representation of structure and hydrogen bonds in cyclosporin E acetone solvate monohyc
(top) and cyclosporin A dihydrate (bottom)
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offer new possibilities for hydrogen bonding, its pronounced effect on the cyclos;
conformation was expected. Crystallization of cyclosporin E was attempted from se
solvents. Cyclosporin E crystallized in well developed single crystals either
acetone—diethyl ether or acetone—heptane. First examination of crystals from ac
diethyl ether indicated that the loss of solvent causes considerable decomposi
crystals even in a sealed capillary. Since diethyl ether also contributed to difficult
the manipulation with crystals, the acetone—heptane mixture was choosen as th
convenient alternative. Examination of new single crystals revealed that both cr
have the same cell parameters and might eventually differ only in a solvated mol
Hence, crystals obtained from acetone—heptane were studied in detail.

The final positional and thermal parameters of the non-H are deposited. All
distances and angles are unexceptional and are, therefore, also deposited. F
shows the ORTEP drawing of cyclosporin E molecule in the structure, including
atom numbering. Whereas cyclosporin A crystallizes from acetone as tetragonal dih
cyclosporin E crystallizes under the same conditions in a slightly different confo
tion. This conformation is characterized by the torsion angigbl1C2C3N2) =
159.0(47, Y,(N7C37C38N8) = 12.9(9) @;(C38N8C40C41) = 163.0(8) and by
MeBmt! side chain orientatioy;(N1C2C4C5) = —46.2(8) The side chain orientatior
of Val'ldiffers from related structures kyy;(N11C58C60C61) = —176.8(7{),, = —33(1}
for cyclosporin A dimethylisosorbide solvteThe crystal packing is dictated by the hydrog
bonds: AldNH-Val'’CO, Ab*NH-Val’CO, VaPNH-Abu?’CO, MeBmtOH-SafCO,
and Val'NH-p-Ala®CO, in which the new N-H bond participates (Fig. 1). The’ A
carbonyl group forms a H-bond with the water molecule. This conformation is

C10

Fic. 2
ORTEP drawing of cyclosporin E (thermal ellipsoids at 50% probability)
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however, unknown and is related to the structures of cyclosporin A dimethylisoso
solvaté and thiocyclosporin diethyl ether solva(€g,H;1;N;,0;,0S,[C,H;,0), where

two amide O-atoms were replaced by two S-atorfig®([CS—NH; )8, CS—NH]CsA).

Hence, our results indicate that this cyclosporin conformation is not unique, affect
e.g some exotic solvent or unusual structural modification, but might be the con
conformation of cyclosporins in non-polar solvents. The structural tyg&2p€yclo-

sporin might be also considered as a type of cyclopeptidic clathrate with highly
served backbone conformation creating the cavity in which various solvent mole
are entraped. In the present case of cyclosporin E, the diameters of the cav
roughly 10x 3 x 2.5 A and the internal volume 20C° §Fig. 3). The shape and th
volume of the cavity was determined as the space for arbitrary carbon atoms nof
in van der Waals contacts with another atom. The very low calculated density fo
crystal O.y.= 0.976 g cr) indicates that the presence of an additional disorde

TasLE Il
Important packing constants for individual cyclosporin crystalline folss molecular volume cal-

culated by program GEPOL (r&f) (solvents were not included), Kitaigorodskii packing coefficien
Cyx = Vi ZIV

Compound V,, A v, A3 z (o
Cyclosporin E 1113 4 302 2 0.517
Cyclosporin A dihydrate (réf) 1151 7 896 4 0.583
Cyclosporin A monohydrate (réf. 1156 7 216 4 0.641
Cyclosporin A dimethylisosorbide solvate (f¢f. 1129 4121 2 0.548

Fic. 3
Visualization of the cavity in the structure of
cyclosporin E
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water molecule in the structure cannot be excluded. The tendency of this cyclo
modification to icorporate small host molecules is indicated also by the low vall
Kitaigorodskii packing coefficient in comparison with related compounds (Table |

This work was in part supported by the grant No. VS 96085 of Ministry of Education, and t
grants No. 203/97/0623 and No. 203/96/0111 of the Grant Agency of the Czech Republic.
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