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The Crystal Structure of Lucidusculine Hydriodide

By AKIE YOSHINO AND YOICHI IITAKA

Faculty of Pharmaceutical Sciences, University of Tokyo, Hongo, Tokyo, Japan

(Received 2 October 1965)

Crystals of lucidusculine hydriodide (C24H3504N . HI) are orthorhombic, with space group P2:2;2;
and lattice parameters a=15-94, b=14-29, ¢c=10-20 A, containing four molecules in the unit cell. The
structure was solved by the heavy atom method using three-dimensional Fourier and difference Fourier
syntheses. The refinement was carried out by full-matrix least-squares calculations including isotropic
temperature factors. The final R index for 1092 nonzero reflexions was 0-133. The absolute configura-
tion was established by the anomalous dispersion method.

The molecule is composed of four six-membered rings, three of which have the boat configuration
and one the chair configuration. The iodine atom lies between the two alcoholic hydroxyl groups of the
same molecule, and a hydrogen-bonded chelate structure is suggested. Within the crystal, the molecules
are linked together by hydrogen bonds in the a direction, forming a chain which is packed sideways

bv van der Waals forces.

Introduction

The diterpene alkaloid lucidusculine was extracted from
Aconitum lucidusculum by Majima & Morio (1931,
1932). Later, the chemical structure of this compound
was studied by Suginome, Amiya & Shima (1959) who
suggested the presence of an allyl acetate group, a
secondary hydroxyl group and an N-ethyl group.
Amiya (1960, 1961) obtained a phenanthrene derivative
by selenium oxide reduction and proposed a partial
structure. Further study by chemical methods was sus-
pended owing to difficulties in getting enough of the
sample. The present X-ray study is therefore under-
taken in order to determine the molecular structure
of lucidusculine.

Experimental

We isolated lucidusculine from Aconitum yoesoensis
Nakai and purified it in the form of the quaternary
ammonium perchlorate. In order to determine the
molecular structure, a heavy atom salt, the hydriodide,

was prepared by exchanging the anion ClO; with the
I- anion over the ion exchange resin Amberlite IRA~
410. The crystals of lucidusculine hydriodide were re-
crystallized from aqueous methanol. They are colorless
prisms with well developed {110} planes and elongated
along the ¢ axis. The density was measured by the
flotation method with a mixture of benzene and carbon
tetrachloride. The cell dimensions and space group were
determined from rotation and Weissenberg photo-
graphs taken with Cu K« radiation.

Crystal data

Lucidusculine hydriodide C;;H3504N . HI.

Mol.wt. 529-0

m.p. 249-250°C

Orthorhombic

a=1594+002, b=1429+002, c=1020+0-015A
U=2349-8 A3
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Dp=1478 g.cm3, Dy=1-496g.cm=3, Z=4

Linear absorption coefficent for Cu K« radiation, =
128-5 cm!

F(000) = 1088

Absent reflexions: #00 when £ is odd,
040 when k is odd,
00/ when / is odd

Space group P2,2,2,

The three-dimensional reflexions of 40/~hA3! and
hkO ~ hk6 were recorded with Cu Ko radiation on equi-
inclination Weissenberg photographs taken about the
b and c axes using the multiple-film technique. The
intensities of reflexions were visually estimated by using
a standard scale. The ¢ axis X-ray specimen prepared

LUCIDUSCULINE HYDRIODIDE

for the intensity measurements was a cylindrical rod
crystal elongated along the ¢ axis and 0-133 mm in
diameter. Since the uR value was about 1:0 the ab-
sorption correction was not applied. During the expo-
sure of X-rays, the thin rod-like specimen bent plastic-
ally under its own weight, so that the sizes of the re-
flexion spots varied with the reflexion position of the
crystal. A spot size correction was therefore necessary
for the measurement of integrated intensities. All in-
tensity data were then corrected for Lorentz and po-
larization factors. The resulting values were put on a
single scale and a total of 1803 structure factors were
finally evaluated. A Wilson plot was then made using
the hkO reflexions, which gave an approximate scale
factor and an overall temperature factor B with the
value 4-5 A2,

Table 1. The final fractional atomic coordinates, temperature factors and their standard deviations

x/a o(x/a) y/b o(y/b) z/c a(z/c) B(A2) oB(A2)
(/2 0-10914 0-00042 0-38553 0-00049 —0-05255 0-00081 4-93 0-18
12)/2 0-09944 0-00042 0-37845 0-00049 —0-11443 0-00081 4-85 018
Cc(1) —0-09094 0-0023 —0-01131 0-0023 0-12176 0-0039 427 0-84
CQ) —0-12206 0-0023 0-06468 0-0025 0-23438 0-0041 467 0-92
C(3) —0-04376 0-0023 0-11828 0-0032 0-28657 0-0043 5-53 0-92
C@) 0-01704 0-0021 0-15714 0-0022 0-19301 0-0039 3:55 073
C(5) 0-18458 0-0025 0-17035 0-0028 0-11569 0-0047 5-46 1-05
C(6) 0-27718 0-0022 0-16472 0-0024 0-05919 0-0045 536 0-89
C(n) 0-28521 0-0019 0-11261 0-0026 —0-07640 0-0041 4-43 0-74
C(8) 0-19952 0-0020 0-11146 0-0028 —0-14068 0-0038 4-48 078
C(9) 0-06685 0-0019 0-00257 0-0021 —0-09856 0-0041 3-55 072
C(10) 0-03675 0-0023 —0-07588 0-0025 —0-00707 0-0042 4-73 0-93
e/¢})) 0-00655 0-0021 —0-02105 0-0022 0-12189 0-0039 3-51 0-76
C(12) 0-04446 0-0020 0-08348 0-0023 0-10060 0-0044 3-98 0-81
C(13) 0-14234 0-0017 0-06783 0-0019 0-09611 0-0039 2:40 0-64
C(14) 0-15749 0-0022 0-03358 0-0025 —0-05764 0-0045 4-99 0-90
C(15) —0-13656 0-0020 —0-09975 0-0025 0-15297 0-0038 4-07 0-86
C(16) —0-11886 0-0023 0-02456 0-0024 -0-00954 0-0039 4-19 0-86
c(17) 0-02773 0-0019 0-09842 0-0022 —0-05975 0-0040 4-11 0-98
C(18) 0-30491 0-0022 0-01236 0-0024 —0-04900 0-0041 4-77 0-89
C(19) 0-22423 0-0021 —0-04788 0-0024 —0-06498 0-0044 4.88 0-83
C(20) 0-37926 0-0026 —0-02051 0-0027 0-00734 0-0041 601 1-02
(e[v3) ~0-08435 0-0019 0-11055 0-0024 —0-22658 0-0036 374 0-75
C(22) —0-04517 0-0030 0-20015 0-0035 —0-27756 0-0052 771 1-34
C(23) 0-23414 0-0032 —0-21005 0-0037 —0-00595 0-0061 7-96 1:37
C(24) 0-24133 0-0019 —0-26823 0-0021 0-11705 0-0037 4:06 0-72
N(1) —0-07036 0-0014 0-10209 0-0018 —0-08114 0-0032 3-92 0-60
o) —0-02475 0-0015 0-23260 0-0016 0-12346 0-0025 4-20 0-57
oQ) 0-29335 0-0015 0-26603 0-0017 0-03270 0-0026 552 0-64
0(3) 0-22072 0-0013 —0-11519 0-0018 0-04484 0-0024 4-97 0-53
0(4) 0-22297 0-0022 —0-22619 0-0026 —0-11384 0-0042 977 0-99
Mean standard deviations
o(x/a) a(y/b) a(z/c)
1 0-00042 0-00049 0-00081
o(x) (00064 A) a(y) (00056 A) o(z) (0:0081 A)
C 0-0022 0-0026 0-0042
(0-035 A) (0-040 A) (0-035 A)
N 0-0014 0-0018 0-0032
0-022 A) (0-025 A) (0-032 A)
0 0-0016 0-0019 0-0029
0-025 A) 0:027 A) 0-029 A)
1 a(r)=0-006 A C o(r)=0-038 A
N a(r)=0027 A 6] a(r)=0027 A
Mean estimated standard deviations in bond lengths
a(C-C)=0-05 A a(C-N)=0-04 A a(C-0)=0-04 A

Mean estimated standard deviations in tetrahedral bond angles
o(C-C-C)=2-8°
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Determination of the structure

The positions of iodine atoms were determined by the
calculation of the three-dimensional sharpened Patter-
son sections at u=%, v=% and w=1. The first three-
dimensional Fourier synthesis utilizing the phase angles
given by the contributions of the iodine atoms revealed
twelve light atoms as well-defined peaks. The electron
density map also showed a pronounced anisotropic
thermal vibration of the iodine atom. A Wilson plot
using the 0/ data gave a large B value of 6:5 A2 com-
pared with that obtained from the 440 data and, this
fact suggested a kind of anisotropy of the iodine atoms.
The effect of such an anisotropy in thermal vibrations
on the structure factor calculation was allowed for by
placing two iodine atoms of one half multiplicity along
the ¢ axis. The above mentioned twelve peaks were then

Table 2.
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included in the next structure factor calculation as-
suming all were carbon atoms, and thus we found four
more atoms in the second Fourier map. A third set of
calculations showed a further ten atoms. However, a
subsequent difference Fourier synthesis, including the
contributions of the above twenty-six light atoms be-
sides two iodine half atoms, indicated that one of these
atoms was improperly located. The fifth set of similar
calculations showed two further atoms and the sixth
set showed the last one. On the basis of peak height
considerations and the result of chemical investigation,
it was possible to distinguish all oxygen atoms from
carbon and nitrogen, except the O(4) atom of the ace-
tate group, which was tentatively identified because of
the shorter interatomic distance. Later, in the course
of least-squares refinement, fairly large changes took
place in the bond lengths C(23)-0(4) and C(23)-C(24),

Observed and calculated structure factors
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and the assignment of C(24) and O(4) was therefore
changed as described later. The nitrogen atom was
identified from the chemical consideration that the nitro-
gen atom is to be bonded to an ethyl group.

Refinement of the structure

Further refinement of the structure was carried out
on an IBM 7090 computer using the full-matrix least-
squares program ORFLS (Busing, Martin & Levy,
1962). Since the main purpose of the present deter-
mination was the elucidation of the molecular structure
of lucidusculine, the refinement with individual an-
isotropic temperature factors was considered to be not
necessary except for the iodine atom. The jiodine atom
was therefore divided into two atoms of one half multi-
plicity separated by 0-5 A from each other. The struc-

LUCIDUSCULINE HYDRIODIDE

ture now contains 31 atoms in an asymmetric unit
(excluding hydrogen atoms) and the number of param-
eters came out to be 125. The program was then modi-
fied to vary blocks of parameters successively during
each cycle of refinement. The parameters were divided
into two blocks, the first containing one scale factor
and the parameters of 24 atoms (constituting the A,
B, C and E rings), and the second containing those of
other atoms. The experimentally unobserved reflexions
were not included in the refinement. The hydrogen
atoms were also excluded from the calculation. The
weighting system was chosen so that the program gave
unit weight to each observation. After three cycles
of refinement with 1092 reflexions, the R value drop-
ped from 0-222 to 0-133. Comparison with the initial
values showed that a few parameters had changed by
amounts about 2-3 times their final estimated standard

Table 2 (cont.)
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deviations and consequently some of the bond lengths
changed by amounts of about 0-10 A.

At this stage, the final Fourier synthesis was com-
puted. The resulting superimposed contour sections,
illustrating the three-dimensional electron density dis-
tribution, drawn parallel to (010), are shown in Fig. 1.
The final fractional atomic coordinates and temper-
ature factors are given in Table 1, together with their
standard deviations.

The averages of the standard deviations of the posi-
tional parameters in A may be estimated as: for iodine
atoms o(r)=0-006 A, for carbon atoms a(r)=0-038 A,
for oxygen atoms o(r) =0-027 A and for nitrogen atoms
o(r)=0-027 A. The observed and calculated structure
factors are listed in Table 2. The atomic scattering
factors used for the present structure determination
were: for iodine, those of Thomas & Umeda (1957),
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and for oxygen, nitrogen and carbon, those of Berg-
huis, Haanappel, Potters, Loopstra, MacGillavry &
Veenendaal (1955).

Determination of the absolute configuration

The absolute configuration of lucidusculine has not
yet been studied by chemical methods. The present
study has determined the absolute structure, using the
anomalous dispersion method (Bijvoet, Peerdeman &
van Bommel, 1951). The dispersion correction for the
iodine scattering factor for Cu Ko radiation was given
by Dauben & Templeton (1955) as Af'=—1-1 and
Af"" =17-2. The structure factors were calculated from
the atomic parameters of Table 1 by assuming a right
handed set of axes. Of the 48 pairs of reflexions in Akl
and hk2, for which the intensity differences in I(hkl)

Table 2 (cont.)
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Table 2 (cont.)
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Fig.1. (@) Composite electron density map of the molecule viewed downwards along the b axis. Contours are drawn at 2, 3,
4,... e.A-3. (b) A molecule viewed downwards along the b axis.
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and I(hkl) are expected to be measurable, 44 pairs
showed significant differences in the c-axis Weissenberg
photographs of the first and the second layers. Some
of the results are shown in Table 3. A comparison of
the observed and calculated intensity differences led to
the absolute configuration shown in Fig. 1.

Table 3. Comparison of the observed and calculated in-
“tensity differences used for the establishment of absolute

configuration
F2(hkl) Io(hkl)
hkl Fe2(hkl) Lo(hkl)
111 0480 <1
211 0-726 <1
311 0-755 <1
611 1-608 >1
811 0-520 <1
521 1-577 >1
621 1-938 >1
112 1-754 >1
612 1-447 >1
1012 0-760 <1
322 1-706 >1
332 0-726 <1
832 1-493 >1
442 0-546 <1
252 2:252 >1
652 0-752 <1
762 2-364 >1
272 0-534 <1
472 1-938 : >1

Discussion of the structure

The molecular structure

Intramolecular bond distances and angles, calculated
from the coordinates given in Table 1, are shown in
Figs.2 and 3. The mean estimated standard deviations
in the bond distances are 0-05 A in C-C and 0-04 A

in C-N and 0-04 A in C-O bonds, and those in bond
angles are 2-8° in tetrahedral C-C-C bonds. In Table 4,
the bond distances and angles are listed in groups of
similar type, together with their average values.

As seen in the table, the C-C single bond distances
vary from 1-47 A [C(3)-C(4)] to 1-67 A [C(12)-C(17)].
The mean value of the twenty-five C-C bonds found
in the molecule, 156, A, is slightly longer than the
normal carbon—carbon single bond distance, but the
difference is within the limit of experimental error.

Table 4. The bond distances and angles arranged in
groups of similar type

C-~C single bonds C=C double bond

C(H—CQ) 1-66 A C(18)-C(20) 1-40A
C(2)—C(@3) 1-56

C(3)—C(4) 1-47 C-~O single bonds
C(4)—C(12) 1-48 C(4)—0() 1-49A
C(5)—C(6) 1-59 C(6)—0(2) 1-50
C(5)—C(13) 1-62 C(19)-0(3) 1-48
C(6)—C(7) 1-58 C(23)—0(3) 1-47
C(H—C(8) 1-52 Mean value 1-485
C(7)—C(18) 1-49

C(8)—C(14) 1-55 C-N single bonds
C(9)—C(10) 1-54 C(16)-N 1-54 A
C(9)—C(14) 1-57 C(17)-N 1-58
C(9)—C(17) 1-56 C(21)-N 1-50
C(10)-C(11) 1-61 Mean value 1-54¢
C(11)-C(1) 1-56

C(11)-C(12) 1-63 C=0 double bond
C(12)-C(13) 1-58 C(23)-04) 1-14
C(12)-C(17) 1-67

C-C single bonds

C(13)-C(14) 1-66

C(14)-C(19) 1-58

C(15)-C(1) 1-49

C(16)-C(1) 1-50

C(18)-C(19) 1-56

C(21)-C(22) 1-52

C(23)-C(24) 1-51

Mean value 1-56,

Fig.2. Bond lengths of the lucidusculine molecule found in the hydriodide.
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C-C-C
C(11)-C(1)—C(2)
C(11)-C(1)—C(15)
C(2)—C(1)—C(16)
C(15)-C(1)-C(16)
C(2)—C(1)—C(15)
C(11)-C(1)—C(16)
C(1H—C(2)—C(3)
C(2)—C(3)—C(4)
C(3)—C(4)—C(12)
C(13)-C(5)—C(6)
C(5)—C(6)—C(7)
C(6)—C(N—C(®)
C(6)—C(7)-C(18)
C(8)—C(7)-C(18)
C(7—C(8)—C(14)
C(10)-C(9)—C(14)
C(14)-C(9)—C(17)
C(9)—C(10)-C(11)
C(10)-C(11)-C(12)
C(H—C11)-C(12)

C-C-N

C(1)—C(16)-N
C(12)-C(17)-N
C(9)—C(17)-N
C(22)-C(21)-N

C-C-O0

C(3)—C(4)—0O(1)
C(12)-C(4)—0(1)
C(5)—C(6)—0(2)
C(N—C(6)—0(2)
C(18)-C(19)-0(3)
C(14)-C(19)-0(3)
C(24)-C(23)-0(3)

C-N-C

C(16)-N-C(17)
C(16)-N-C(21)
C(17)-N-C(21)

C-C=C
C(1)—C(18)-C(20)
C(19)-C(18)-C(20)

Table 4 (cont.)

110-9°
114:2
107-8
109-6
105-2
109-1
1086
119-5
109-9
107-2
114-7
108-2
107-8
105-1
99-3
109-4
93-0
103-6
103-2
106-7

121-4°
107-3
113-0
110-2

107-5°
111-6
100-2
106-6
108-2
114-7
103-1

114-1°
116-9
106-6

125-3°
1239

C-C-C
C(10)-C(11)-C(1)
C(11)-C(12)-C(13)
C(11)-C(12)-C(4)
C(4)—C(12)-C(13)
C(10)-C(9H—C7)
C(13)-C(12)-C(17)
C4)—C((12)-C(17)
C(11)-C(12)-C(17)
C(12)-C(13)-C(5)
C(5)—C(13)-C(14)
C(12)-C(13)-C(14)
C(9)—C(14)-C(13)
C(13)-C(14)-C(8)
C(8)—C(14)-C(19)
C(9)—C(14)-C(8)
C(9)—C(14)-C(19)
C(13)-C(14)-C(19)
C(9)—C(17)-C(12)
C(7)—C(18)-C(19)
C(14)-C(19)-C(18)
Mean value

C-0-C
C(19)-0(3)—C(23)

0-C=0
0(3)—C(23)-0(4)

C-C=0
C(24)-C(23)-0(4)

110-0°
104-0
117-3
114-3
111-3
98-5
119-0
100-9
106-2
108-8
102-3
101-6
111-6
102-2
117-1
113-6
111-1
94:2
1097

98-3 Fig.4. A view of the molecule along the ¢ axis.

107-5

109-2°

120-4°

134-7°

292 A

Fig.5. Stereographic projection showing the distribution of
atoms around the nitrogen atom. For oxygen atoms, the
distances from the nitrogen atom are given. The direction

0(2)H

of the C(21)-N bond is taken as the polar axis and the sug-

gested N-H directions are indicated.

Fig.3. Bond angles.
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Some of the bond distances and angles involved in
the B ring differ significantly from the normal values
and indicate a considerable strain existing in the ring.

OR;

Fig.6. Chemical formulae of lucidusculine, songorine, and
luciculine, together with their absolute configurations.
I. R;=O0H, R,=H, R3=COCHj;, lucidusculine.
II. Ry, R;=0, R3=H, songorine.
III. R;=0H, R,=H, R3=H, luciculine.

A bridge between C(9) and C(12) probably causes such
deformations. The angle at the bridgehead [C(9)-C(17)-
C(12)] is 94-2°, which is of the same order of magnitude
as that found in the tricyclo-octane nucleus (Macdonald
& Trotter, 1965).

As for the structure of the molecule of lucidusculine
found in the crystals of its hydriodide, the following
points are well established (Fig.4):

(a) The conformation of ring A4 is a boat form.

(b) The conformation of ring B is a boat form.

(¢) Rings A and B are trans-fusion.

(d) Ring C has a boat form.

(e) The ring-juncture of B and C is cis.

(f) C4)-O(D)H is axially oriented from the A4 ring,
i.e. O(1)H takes the a-alcohol conformation.

(g) C(6)-O(2)H is equatorial and takes the a-alcohol
conformation.

(h) The bonds C(7)-C(18) and C(14)-C(19) are beth
axially oriented from ring C.

(i) C(19)-0(3) is a f-conformation.

Fig.7. Projection of the structure along the ¢ axis (¢ axis upwards). Hydrogen bonds are shown by broken lines.

AC21-5
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(j) The C-C=C group formed by C(7), C(18), C(19),
|

C
C(20) and the acetyl group C(23), C(24), O(3), O(4)
both have planar configurations.

(k) Ring E has the chair form and the ring-juncture
of B and E is cis-fusion.

(/) The angles subtended at the apex of the pyramid
formed by N-R;R,R; are 106+6, 114:1 and 116-9°,
and the N-ethyl bond turns to the trans side of the A
ring. The nitrogen atom takes a tetrahedral coordi-
nation HN-R;R,R; with a hydrogen atom attached
through the fourth bond. In Fig. 5, the arrangement
of electronegative atoms around the nitrogen atom
is shown by the stereographic projection, in which
the direction of the C(21)-N bond is taken as the
polar axis and a suggested N-H direction is also
indicated. It is seen that the hydrogen atom is
situated on the line nearly bisecting the angle
O()++-N---0(2) and forms a bifurcated hyd-
rogen bond. The present structure analysis on the
HI salt has shown that the A ring is in the boat
form and C(4)-O(1)H is axial. This axial OH group
should be situated at a shorter distance than would
be observed if the A ring were in the chair form
and C(4)-O(1)H were equatorial. It is clear that
the boat conformation is stabilized by the hydrogen
bonding between N and O(1)H.

Absolute configuration

Recently, the absolute configuration of some of the
diterpene alkaloids such as lycoctonine (Przybylska,
1961), aconitine (Przybylska, 1961) and hetisine (Przy-
bylska, 1963) has been determined by X-ray methods.
The present study has provided direct evidence that
lucidusculine (Fig.6, I) takes the same absolute con-
figuration as that found in the above mentioned diter-
pene alkaloids, and, besides, important information on
the absolute configuration of an aconite alkaloid, son-
gorine (Fig.6, II). For years the structure of songorine
(C22H3,0;N, m.p. 198 ~202°C) had been a subject of
intensive investigations (Yunsov, 1948; Kuzovkov,
1953; Sugasawa, 1956; Wiesner, Ito & Valenta, 1958).
In 1956, Sugasawa proposed the structural formula
except for its absolute configuration. Upon completion
of the present study, Okamoto, Natsume, Iitaka, Yo-
shino & Amiya (1965) showed that the reduction prod-
uct of songorine is really identical with luciculine
(C;,H3;0;N . H,0, m.p. 117-118:5°C, Fig.6, III), a
hydrolysis product of lucidusculine, and established
the structural relationship between them together with
the absolute configuration of songorine.

The crystal structure

The projection of the structure viewed along the ¢
axis is shown in Fig. 7, where suggested hydrogen bonds
are represented by broken lines. Fig. 8 is another pro-
jection of the structure viewed along b, in which some

of the intermolecular short distances less than 3-80 A
are shown by broken lines.

As seen in the figure, the I~ ion lies between the two
alcoholic hydroxyl groups of the same molecule [O(1)H
and O(2)H]. Chelation to the I~ ion may be suggested
by the formation of the hydrogen bond system,
O(DH - -I-- -+ HO(2), the hydrogen bond distances
being 3-61 A and 3-64 A respectively.

There is another hydrogen bond between the mol-
ecules, i.e., NH -+ O(2") of 292 A, which links the
molecules in the a direction to form a chain of the
molecules. Within the crystal, these chains are bound
together sideways by van der Waals forces.

As noted in the previous section, the plastic de-
formation of the crystal often disturbed the exper-
imental work. This deformation seems to occur by a
slip on the (001) plane. The pronounced anisotropic

Fig.8. Projection of the structure along the b axis (b axis
downwards), showing the packing of the chains of molecules.
Some of the shorter intermolecular interatomic distances
less than 3-80 A are shown by broken lines.
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thermal vibrations of the iodine atoms were also ob-
served along c. These facts indicate that the structure
of the crystal has no strong intermolecular force in the
¢ direction.

The authors would like to express their sincere grat-
itude to Professor T.Okamoto for suggesting the
problem, and for much helpful discussion and encour-
agement throughout the work. They also wish to
express their thanks to Professors M.Tsuboi and M.
Natsume for their valuable discussion. Heartiest
thanks are also due to the Hoansha for their financial
aid and to the Mitsubishi Chemical Industries for use
of an IBM 7090 computer.
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Restraints on phases are imposed when a molecule crystallizes in different crystal forms or occurs
more than once per asymmetric unit. These restrictions are expressed by the equations

, U +=
|Fpl exp {za,,}:v z

h=—o

N
|[Fnl exp {ian Z Gnpn €Xp {ipnpn}.

n=1

Here |Fpl, ap, |Fr|, and an are the structure factors and their phases at the reciprocal lattice points
p and h in either the same or different crystals. Grp» and grpn are simple functions of the rotation and
translation parameters relating the molecules in the structures concerned. These equations have been
tested in both one and three dimensions. In the one-dimensional case the same arbitrary electron
density distribution was repeated several times at irregular intervals within the unit cell. All chosen
distributions led to equations that could be solved correctly, suggesting that in general there is a unique
solution. Refinement of initial approximate translation parameters during phase solution was also

successful.

Introduction

When there are chemically identical molecules in dif-
ferent crystallographic environments, the phase prob-
lem may be approached in three distinct stages. The
first stage involves determining the three rotation pa-
rameters that relate any two molecules. The rotation
fuction (Rossmann & Blow, 1962; Sasada, 1964) has
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proved successful for this purpose in a number of cases
{Blow, Rossmann & Jeffery, 1964; Prothero & Ross-
mann, 1964 ; Dodsen, Harding, Hodgkin & Rossmann,
1966 ; Palmer, Palmer & Dickerson, 1964). The second
stage involves determining the translation parameters
that relate these molecules. A method of determining
these parameters has been worked out in a special situa-
tion when the independent molecules are within the



