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SUMMARY

N-Bcetylcolchinol, a benzenoid derivative of colchicine, crystallizes
as the monohydrate in space group P27 with a = 14.33hk, b = 7.848, c =
17.63L A, B = 100.6°, Z = 4. The structure was determined from 3978 X-ray
reflections and reflned to R = 0.039. The molecular shape is like that of
colchicine and the crystal shows hydrogen-bonding and hydrophobic regions.
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INTRODUCTION

Colchicine(I) and many of its derivatives are powerful mitotic poisons,
anti-inflammatories, and inhibitors of tumor growth(1,2). Many of colchi-
cine's properties may be associated with its binding to the protein tubulin,
interfering with assembly into microtubules. The colchicine-tubulin inter-
action occurs with approximately 1:1 stoichiometry and has been suggested to
be "hydrophobic" in nature(3). Cortese et al(lk) have shown that the colchi-
cine molecule binds to a site on tubulin with 2 points of attachment, one of

which, involving the trimethoxyphenyl ring (ring A), it shares with the equal-
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1y powerful drug, podophyllotoxin(II). The other site is believed to involve
the troponoid ring of colchicine (ring C). We have found (5-6) in crystals
of colchicine as well as a number of other derivatives that ring C invariably
interacts with other molecules, either water or the colchicine derivative, by
hydrogen-bonds involving the carbonyl oxygen atom and often the ring C methoxy
group. Ring A, however, usually interacts by van der Waals forces in a water-
excluding region of the crystal structure.

N-acetylcolchinol (IIT) has an -OH containing benzenoid ring instead of
& troponoid ring C but still shows much of the same behavior as colchicine.
A crystal structure determination was carried out to settle several structur-
al questions including 1) how the change from a T- to a 6-membered ring C
affects the conformation of ring B and therefore the overall shape of the
molecule 2) how the -OH group can fulfill the same functiomn as the carbonyl

and methoxy groups of colchicine in interaction with other molecules.

METHODS
X-ray diffraction data was collected on a Syntex P27 diffractometer. A
trial structure, requiring location of Sk independent C, N, and O atoms, was
obtained with MULTAN modified to use the magic integer representation of un-
known phases. Hydrogen atoms were located in difference maps and the final
structure was refined by least squares R = 0.039 for 3978 independent non-
zero X-ray reflections.

RESULTS

Crystals of N-acetylcolchinol hydrate, C H23N05-H20, are monoclinic,

20
space group P21, with 4 formula weights per unit cell. Cell dimensions are
a = 14.334 £ 0.008, b = 7.8L8 * 0.005, ¢ = 17.63L + 0.012, f\; B = 100.6 *

0.1°. Table 1 gives positional coordinates of the C, W, and O atoms. Bond
lengths and angles calculated from these coordinates are all within 0.01 X
and 0.5° of expected values. The overall shape of N-acetylcolchinol, best

described by the torsion angles shown in Fig. 1, is very much like that of

colchicine and its derivatives. ZEach of these angles is within 3° of the

corresponding value in colchicine, this in spite of the different kind of
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Table 1. Atomic coordinates of non-hydrogen atoms.¥

Molecule A Molecule B

Atom X N z b's Yy zZ
C1 1.1881 0.4857 0.1885 0.6881 0.8058 0.1510
c2 1.2365 0.6185 0.2282 0.7443 0.9512 0.1511
c3 1.2158 0.6703 0.2988 0.7381 1.0837 0.2004
cL 1.1472 0.5847 0.3294 0.6736 1.0739 0.2509
cs 1.097h 0.L478 0.2910 0.6154 0.9320 0.2513
cé 1.1171 0.397k 0.2187 0.6227 0.7975 0.2009
c8 1.0252 0.3546 0.3255 0.5495 0.9151 0.3080
c9 1.0294 0.1766 0.3330 0.5563 0.7732 0.3561
€10 0.9650 0.0887 0.3690 0.4953 0.7558 0.4089
c11 0.8960 0.1779 0.3985 0.4273 0.8792 0.4137
c12 0.8880 0.3540 0.3889 0.4173 1.017L 0.3639
€13 0.9521 0.kLo2 0.3529 0.4780 1.0353 0.3108
Cc1lh 1.1060 0.0789 0.3024 0.6279 0.6356 0.3488
€15 1.0922 0.0782 0.2139 0.6007 0.5311 0.27h2
C16 1.0595 0.2512 0.1790 0.5608 0.6417 0.2040
c17 0.9707 0.2468 0.0L470 0.4686 0.5526 0.0791
c18 0.8950 0.6648 0.2706 0.3971 1.1458 0.193k
c19 0.8385 0.4917 0.k4920 0.3626 1.2964 0.3869
c20 0.8411 -0.0722 0.4536 0.3657 0.72L8 0.5103
co2 0.97hL 0.24s57 -0.0382 0.4651 0.4391 0.0100
N 1.0533 0.2498 0.0953 0.5L66 0.5426 0.1331
02 1.3050 0.7101 0.2018 0.8066 0.9500 0.0999
03 0.94k27 0.6152 0.3446 0.4666 1.171k 0.2610
ok 0.81k49 0.4403 0.4131 0.3h17 1.1269 0.3629
05 0.8316 0.1051 0.h4373 0.3656 0.8736 0.46k49
06 0.8932 0.2458 0.0698 0.4018 0.6466 0.0846
oW1 0.2262 0.2171 0.0320

owe 0.7118 0.3958 0.0201

*C7, €21, Ol are not used in atomic numbering to be consistent with other de-
rivatives. OWLl and OW2 refer to water oxygen atoms. Estimated standard devi
ations are 0.0002, 0.0005 and 0.0002 for x, y and z coordinates respectively.

05-C6 bond. Whereas colchicine may be described as a roughly planar T-mem-
bered ring single-bonded to a planar G6-membered ring with a twist of 52°, N-

acetylcolchinol may be described as two planar f-membered rings twisted by
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Figure 1. The 2 independent molecules of N-acetylcolchinol with selected tor-
sion angles.

S54L°. The orientations of the methoxy groups on Ring A are also described by
torsion angles (Fig. 1). While the (18 methoxy groups point in the same di-
rection in colchicine and N-acetylcolchinol, the middle group, C19, points in
the opposite direction. The arrangement of methoxy groups found in N-acetyl-
colchinol is, however, exactly like that of the active derivative demecolcine
(Colcemid).

The crystal structure (Fig. 2) shows features typical of colchicine and
its derivatives. The molecules are held together by a complicated network of
hydrogen-bonds in the part of the unit cell near Z = 0. These hydrogen-bonds
involve the —NHCOCH3 group, the -OH group, and water of crystallization. At
zZ = %-is a region in which the trimethoxy rings come together in a hydropho-
bic region of the crystal. Similar regions, H-bonding and hydrophobic, are
found in crystals of every other colchicine derivative studies in this lab-

oratory.
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Figure 2. The crystil structure of N-acetylcolchinol. Hydrogen~bond distances
given in

N-Acetylcolchinol as well as other colchicine derivatives thus show two
ways in which they interact with other molecules--by hydrogen~bonds involving
Ring C and the acetyl group, and by van der Waals or hydrophobic interactions
involving the trimethoxyphenyl ring. The structure of N-acetylcolchinol sug~
gests that hydrogen-bonding must not be dismissed as a method of binding to
other molecules e.g. tubulin. In Fig. 3 a molecule of N-scetylcolchinol is
shown superimposed on a molecule of colchicine projected in the same direc-
tion. Aside from demonstrating the similarities of structure described above

this drawing shows that the ~OH, group of N-acetylcolchinol falls precisely
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Figure 3. A molecule of N-acetylcolchinol (solid lines) superimposed on a
molecule of colchicine (dashed lines).

between the carbonyl and methoxy groups of colchicine. In several structures,
ineluding colchicine {5), we have found bifurcated hydrogen-bonds with the
donor atom almost equidistant from 01 and 02. The -OH group of N-acetylcol-
chinol is in a perfect position to receive a hydrogen-bond from such a donor.
If colchicine should bind to tubulin by hydrophobic interactions with Ring A

and a hydrogen-bond to Ring C, then N-acetylcolchinol has perfect geometry

to bind in exactly the same way.
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