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formed into one another by changing the temperature.
By lowering or increasing the temperature one should
cause differences in the energy state of the nitrato
groups or of the water molecules in a way similar to
that operated by changing the central metal atom.

(3)

2) O

H20 ON

Fig. 5. Hydrogen bonds pointing towards oxygen atoms of
nitrato anions.
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STRUCTURES OF NITRATES OF DIVALENT HEXAQUOCATIONS. III.

Fig. 6. Packing of cations and anions, viewed down [001].
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The Structure of Phragmalin : An X-ray Analysis of Phragmalin Iodoacetate
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The molecular structure of phragmalin, the methyl ester of a C,3H340,1 terpenoid constituent of the tree
Entandrophragma caudatum (a member of the Meliaceae family), has been determined by means of an
X-ray study of phragmalin iodoacetate. The crystals of phragmalin iodoacetate are orthorhombic with
space group P2;2:2; and 4 molecules in the unit cell of dimensions a=15-70, 5=19-59 and ¢=11-25 A.
An orthoester linkage spanning a cyclohexane ring results in an atomic arrangement which is unique

for this class of natural product.

Introduction

The major alkaloid isolated from the tree Entandro-
phragma caudatum of the plant family Meliaceae was
found to be an ester of nicotinic acid (Baarschers,
1967). On alkaline hydrolysis of the Entandrophragma
alkaloid, the products isobutyric acid and nicotinic acid

were readily identified. A larger fragment, the acid
C,3H340y;, was converted into its methyl ester which
was subsequently named ‘phragmalin’ (Baarschers,
1967).

Several compounds showing a marked resemblance
to limonin (II) (Arnott, Davie, Robertson, Sim & Wat-
son, 1961) have in recent years been found to occur
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in many species of the Meliaceae family. The name
‘meliacins’ was later proposed to characterize these
compounds (Bevan, Ekong & Taylor, 1965).

Chemical and spectroscopic data (Baarschers, 1967)
showed the presence of the following functional groups
in phragmalin: (i) three hydroxyl groups (vicinal), (ii)
a f-substituted furan ring, (iii) a d-lactone, (iv) a methyl
ester, (v) four tertiary methyl groups.

This evidence, together with the botanical origin of
phragmalin, is suggestive of a possible relationship with
the meliacins.

Experimental

Samples of phragmalin iodoacetate were supplied by
Dr R. R. Arndt of the National Chemical Laboratories.
Colourless, well defined, needles of the material were
obtained by recrystallization from methylene chloride.
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The crystals thus obtained, however, rapidly decayed
to a white powder. When sealed in a Lindemann capil-
lary tube this decomposition was retarded to such an
extent that the intensity of a reference reflexion
dropped by only 5% over a period of two weeks.
With the aid of oscillation, Weissenberg and preces-
sion photographs, the crystals were determined to be
orthorhombic with space group P2,2:2, (hkl, no con-
ditions; 400, h=2n; 0kO, k=2n; 00/, /=2n). Using a
least-squares method, the unit-cell dimensions were
calculated from the spot positions measured on a Hil-
ger and Watts four-circle automatic diffractometer.

Crystal data:
a=1570 £ 0-01
b=19-59 + 0-02
c=1125+001 A

Table 1. Final atomic parameters (fractional coordinates and isotropic temperature factors)

Standard deviations are given in parentheses.

x y z B(A?)
I 04373 (3) —0-1631 (2) 0-6243 (5) 9-87 (15)
CI(1) 0-2857 (9) 0-2338 (8) 0-2657 (14) 8-17 (39)
Cl(2) 0-2958 (10) 0-2349 (9) 0-0113 (15) 8-68 (43)
o(l) 0:5251 (20) —0-1718 (18) 0-3746 (35) 8:55 (87)
0(2) 0-4743 (17) —0-0711 (15) 0:3046 (26) 5-01 (65)
0@3) 0-6872 (14) —0-0610 (12) 0-3044 (21) 3-14 (52)
0O(4) 0-6048 (14) —-0-0142 (12) 0-4924 (20) 2:97 (51)
0O(5) 0-6353 (18) 0-0490 (16) 0-7806 (28) 5-67 (70)
O(6) 0-5248 (16) 0-0908 (13) 0-6962 (24) 4-27 (60)
o(7) 0-2850 (31) 0-1827 (26) 0-7108 (47) 6:80 (123)
0O(8) 0:3172 (17) 0:0467 (14) 0-2215 (25) 4-75 (61)
0(9) 0-2788 (22) 0-0449 (18) 0-0347 (32) 7-94 (88)
0(10) 0-7267 (15) 0-0497 (13) 0-1657 (22) 4:13 (58)
o(11) 0-7212 (14) 0-0777 (11) 0-3611 (22) 3-44 (51)
0(12) 0-6872 (13) 0-1594 (12) 0-2347 (19) 292 (47)
C(1) 0-4002 (29) —0:1183 (23) 0-4545 (43) 597 (113)
C2) 0-4675 (23) —0-1270 (20) 0-3681 (38) 4-42 (87)
C(3) 0:5461 (24) —0-0655 (19) 0-2268 (35) 4-03 (88)
C(4) 0-6194 (26) —0-0198 (22) 0-2730 (38) 4-41 (97)
C(5) 0-5915 (17) 0-0246 (15) 0-3753 (30) 2:09 (64)
C(6) 0-6281 (18) 00945 (16) 0-3791 (32) 2:27 (65)
C(7) 0-6209 (22) 0-1392 (19) 0-4866 (33) 3-21 (82)
C(8) 0-6685 (19) 0-1120 (16) 0-6050 (30) 2-:23 (67)
C(9) 06113 (28) 0-0854 (23) 0-6966 (43) 4-99 (109)
C(10) 0-4808 (22) 0-1085 (18) 0-5780 (31) 3-03 (81)
C(11) 0:5334 (21) 0-1626 (20) 0:5107 (32) 3:43 (79)
C(12) 0-4842 (20) 0-1785 (17) 0-3901 (34) 2:73 (75)
C(13) 0-5528 (24) 0-1948 (18) 0-2844 (34) 3-97 (86)
C(14) 0-6087 (25) 0-1302 (20) 0-2635 (36) 3-64 (91)
C(15) 0-5773 (22) 0-0846 (17) 0-1527 (31) 2:96 (76)
C(16) 0-4893 (20) 0-0452 (17) 0-1543 (32) 7-82 (85)
Cc(17) 0-5171 (22) —0-0272 (18) 0:1030 (35) 3-32 (84)
C(18) 0-6098 (25) —0-0194 (22) 0-0589 (37) 4-13 (94)
C(19) 0-6377 (22) 0-0257 (18) 0-1663 (32) 2:91 (78)
C(20) 07410 (25) 0-1042 (20) 0-2394 (36) 3-83 (90)
C(21) 0-8320 (24) 0-1209 (20) 0-2463 (37) 4-16 (90)
C(22) 0-4537 (27) —0-0667 (23) 0-0364 (38) 5-54 (107)
C(23) 0-4184 (34) 0-0867 (19) 0-0774 (33) 3-84 (89)
C(24) 0-3348 (26) 0-0574 (22) 0-1070 (41) 4-82 (96)
C(25) 0-2342 (30) 0-0209 (23) 0-2551 (43) 6:05 (116)
C(26) 0-5940 (27) 0-1284 (22) 0-0357 (38) 4-93 (102)
CcQ@7) 0-5420 (23) 0-2308 (19) 0:5829 (33) 4-08 (90)
C(28) 0-4005 (22) 0-1374 (19) 0-6237 (40) 4-05 (85)
C(29) 0-3676 (27) 01699 (23) 0-7190 (41) 539 (99)
C(30) 0-2553 (21) 0-1584 (18) 0-6095 (33) 7-88 (82)
C@31) 0-3226 (27) 0-1263 (23) 0-5595 (40) 4-87 (100)
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o (experimental)=1-57 (flotation)
o (calculated)=1-56

Molecular weight=813-44

Z=4

The single crystal selected for the intensity measure-
ments was cylindrical in shape with a diameter of 0-2
mm and a length of 04 mm. Using Mo K« (Zr, g-
filtered) radiation, the intensities of 1322 independent
reflexions were recorded on the diffractometer using the
w-scan technique. A reference standard, the strong
102 reflexion, was measured after each set of 10 reflex-
ions. Two readings of the background were taken at
points 4° apart in w on opposite sides of each reflexion
maximum. Each measured intensity was corrected for
background by subtraction of the mean of the back-
ground readings on each side of the spot. The standard
Lp corrections were applied but the low value of uR~
0-10 obviated absorption corrections.

Structure refinement

Three-dimensional Patterson and Fourier techniques
were used to establish the trial structure. With the aid
of the ORFLS full-matrix, least-squares program (Bu-
sing, Martin & Levy, 1962), which minimizes the func-
tion >w(|Fo| —|kF,|)?, the trial structure was refined
to R=142%, (R=(Z||Fol—I|Fcl|)/Z|Fol), with indi-
vidual isotropic thermal parameters for ‘all atoms.
Refinement with individual anisotropic thermal param-
eters for the three heavy atoms, viz, I, Cl(1) and CI(2),
reduced the R-value to 11-4%. The form factors of
Hanson, Herman, Lea & Skillman (1964) were em-
ployed in the calculations.

The refinement was carried out with equal weights
for all reflexions of magnitude larger than three times
the background count. All others (the unobserved)
were omitted as suggested by Dunning & Vand (1969).
The refined positional and thermal parameters are lis-
ted in Table 1. Interatomic distances and bond angles
were calculated using the crystallographic program
ORFFE of Busing, Martin & Levy (1964). The values
are given in Tables 2 and 3. The observed and calcul-
ated structure factors are listed in Table 4.

Table 2. Bond distances (A)
Standard deviations in parentheses.
C=0 bond lengths C-C bond lengths

C(2)—01) 1:26 (2) C(1H)—C@®) 1-46 (2)
C(24)-0(9) 1-22 (1) C(3)—C4) 1-54 (1)
C(9)—0(5) . 124 (2) C(3)—C17) 1-64 (3)

C(4)—C(5) 1:51 (1)
~(C)-O bond lengths C(@H—C19) 1:52 (1)

C(5)—C(6) 1-49 (2)
C(3)—0(2) 1-43 (1) C(6)—C(7) 1-50 (1)
C(4)—0(3) 1-38 (1) C(6)—C(14) 1-51 (1)
C(5)—0(4) 1-:53 (2) C(DH—C(8) 1-61 (3)
C(6)—O0(11) 1:51 (3) C(7)—C(11) 1-47 (2)
C(10)-0(6) 1-54 (2) C(8)—C(®) 1-46 (2)
C(14)-0(12) 1-40 (2) C(10)-C(11) 1-54 (2)
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Table 2 (cont.)
C-C bond lengths

C(19)-0(10) 1-47 (1) C(10)-C(28) 1-47 (2)
C(20)-0(10) 1:37 (2) C(11)-C(12) 1-59 (1)
C(20)-0(11) 1-49 (2) C(11)-C(27) 1-57 (2)
C(20)-0(12) 1-37 (2) C(12)-C(13) 1-63 (3)
C(25)-0(8) 1-45 (2) C(13)-C(14) 1-56 (1)
C(14)-C(15) 1-61 (2)
—(C)-0O bond lengths C(15)-C(16) 1-58 (2)
C(2)—0(2) 1:31 (2) C(15)-C(19) 1-50 (1)
C(9)—0(6) 1:36 (2) C(15)-C(26) 1-59 (2)
C(24)-0(8) 1:33 (2) C(16)-C(17) 1-59 (2)
: C(16)-C(23) 1-62 (3)
C(17)-C(18) 1-54 (1)
Furan ring C(17)-C(22) 1-47 (2)
C(29)-0(7) 1-32 (2) C(18)-C(19) 1-56 (1)
C(30)-0(7) 1-32 (2) C(20)-C(21) 1-47 (2)
C(28)-C(29) 1-35 (1) C(23)-C(24) 1-47 (2)
C(30)-C(31) 1-35 (1)
C(28)-C(31) 1-44 (2) C-halogen bond lengths
C(1)—I 218 (1)
C(32)-Cl(1) 1-77 (2)
C(32)-Cl(2) 1-79 (2)
Discussion

The stereoscopic diagram in Fig. 1 illustrates the molec-
ular geometry while the atomic numbering used is
shown in (I). A comparison with the structure of limo-
nin (II) demonstrates that phragmalin possesses the
structural features which typify the meliacins.

(1) (Im)

The furan ring is a substituent group of the J-lac-
tone which joins a decalin skeleton similar to limonin.
The three oxygen atoms on the carbon atoms 6, 14 and
19 are bonded in the form of an orthoester of acetic
acid. In this way a tricyclic system is generated con-
sisting of a seven-membered, a six-membered and a
five-membered ring, each having two oxygen atoms in
its ring structure.

The respective C-O bond lengths, viz, 1-51+0-03
[C(6)-O(11)], 1-4740-01 [C(19)-O(10) 1-37+0-02
[C(20)-O(10)] 1-49+0-02 [C(20)-O(11)], 1-37+0-02
[C(20)-O(12)] and 1-4040-02 [C(14)-0(12)] give
an average value of 1:43+0-02 A which compares fa-
vourably with the value of 1-426 +0-005 A reported for
the C-O distance in saturated heterocyclic compounds
(Sutton, 1965). The average sp3-carbon—oxygen bond
length in the lactone and ester functional groups is
1-47 + 0-02 A while the average sp2-carbon—-oxygen bond
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in the case of esters and lactones and is attributed to
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1-C(1)-C(2)
C(1)——C(2)—O0(1)
C(1)—C(2)—0(2)
O(1)—C(2)—0(2)
C(2)—O0(2)—C(3)
0(2)—C(3)—C(4)
0(2)—C(3)—C(16)
C(4)—C3)—C(17)
C(3)—C(4)—0(@3)
C(3)-—C(4)—C(5)
C(3)—C(4)——C(19)
0(3)—C(4)—C(19)
0(3)—C(4)—C(5)
C(5)—C(4)—C(19)
C(4)—C(5)—0(4)
C(4)—C(5)—C(6)
O(4)—C(5)—C(6)
C(5)—C(6)—C(7)
C(5)-—C(6)—C(14)
C(5)-—C(6)—O(11)
C(14)—C(6)—C(7)
C(14)—C(6)—0(11)
C(7)—C(6)—O0(11)
C(10)—O0(6)—C(9)
C(6)—C(7)—C(8)
C(6)—C(7)—C(11)
C(8)—C(1—C(11)
C(29)—0(7)—C(30)
C(24)--0O(8)—C(25)

C(15)—C(16)-C(17)
C(17)—C(16)-C(23)
C(15)—C(16)-C(23)
C(3)—C(17)-C(22)
C(3)—C(17)-C(18)
C(3)—C(17)-C(16)
C(16)—C(17)-C(18)
C(16)—C(17)-C(22)
C(18)—C(17)-C(22)
C(17)—C(18)-C(19)
C(15)—C(19)-C(18)
C(15)—C(19)-0(10)
C(15)—C(19)-C(4)

0O(10) —C(19)-C(18)
0(10) —C(19)-C(4)

C(4)-—C(19)-C(18)

Table 3. Bond angles (degrees)

Standard deviations in parentheses.

110-2 (4)
124-5 (3)
109-0 (4)
1239 (3)
119:3 (2)
1151 (4)
109-6 (4)
103-1 (3)
108-8 (4)
1119 (3)
1024 (4)
1134 (3)
1114 (4)
108-5 (5)
109-3 (6)
116:2 (4)
112:2 (3)
122:3 (2)
108-9 (2)
99:8 (3)
114-2 (5)
100-4 (2)
107-9 (1)
117-9 (2)
1159 (5)
113-7 (1)
112:5 (4)
1097 (2)
119-5 (1)

1009 (3)
1161 (4)
110-4 (4)
112:3 (3)

933 (3)
100-1 (4)
1066 (2)
1179 (3)
1219 (4)

94-1 (5)
100-3 (3)
110-7 (4)
1143 (2)
1163 (2)
111-7 (1)
103-0 (6)

C(7)—C(8)—C(9)

C(8)—C(9)—O(5)

C(8)—C(9)—0(6)

0O(5)—C(9)—O(6)

0(6)—C(10)-C(11)
0(6)—C(10)-C(28)
C(11)-C(10)-C(28)
C(19)-0(10)-C(20)
C(7)—C(11)-C(10)
C(7)—C(11)-C27)
C(7)—C(11)-C(12)
C(10)-C(11)-C(12)
C(10)-C(11)-C(27)
C(12)-C(11)-C(27)
C(6)—O(11)-C(20)
C(11)-C(12)-C(13)
C(14)-0(12)-C(20)
C(12)-C(13)-C(14)
0(12)-C(14)-C(15)
0(12)-C(14)-C(13)
0(12)-C(14)-C(6)

C(6)—C(14)-C(15)
C(6)—C(14)-C(13)
C(13)-C(14)-C(15)
C(14)-C(15)-C(19)
C(14)-C(15)-C(26)
C(14)-C(15)-C(16)
C(16)-C(15)-C(26)
C(16)-C(15)-C(19)
C(19)-C(15)-C(26)
0(10)-C(20)-C(21)
0(10)-C(20)-0(12)
0(10)-C(20)-0(11)
C(21)-C(20)-0(12)
C(21)-C(20)-0(11)
0(12)-C(20)-0(11)
C(16)-C(23)-C(24)
C(23)-C(24)-0(9)

C(23)-C(24)-0(8)

0(9)—C(24)-0(8)

C(10)-C(28)-C(29)
C(10)-C(28)-C(31)
C(29)-C(28)-C(31)
C(28)-C(29)-O(7)

0(7)—C(30)-C(31)
C(28)-C(31)-C(30)
Cl(1) -C(32)-Cl(2)

1144 (5)
1236 (4)
1256 (3)
1104 (2)
109-8 (4)
99-7 (4)
1114 (3)
1136 (1)
112:0 (3)
1063 (2)
1109 (4)
1070 (4)
1122 (4)
108-4 (3)
104-3 (1)
109-7 (6)
102:1 (4)
108-8 (3)
108-5 (3)
101-5 (4)
1022 (2)
1182 (5)
1111 (3)
1133 (3)
98-8 (3)
1069 (5)
1219 (2)
114:5 (2)
100-1 (4)
1132 (2)
111-4 (1)
1193 (3)
104-4 (5)
1151 (3)
1034 (2)
1004 (2)
107-2 (4)
1247 (4)
1177 (1)
1175 (4)
1417 (2)
1197 (4)
98-3 (4)
1142 (2)
104-6 (4)
112-7 (4)
1067 (5)

Fig. 1. Stereoscopic drawing of the molecule of phragmalin iodoacetate.
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the important contributions made by (III) to the elec-
tronic structure (McPhail & Sim, 1966).
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The formation of the orthoester is unique among the
known meliacins and furthermore explains the origin
of the two ‘extra’ carbon atoms which distinguish
phragmalin from the meliacins. The meliacins all pos-
sess a maximum of 26 carbon atoms in their ring skele-
tons, whereas the free acid from which phragmalin is
derived has 28.

Another unexpected feature of the structure of
phragmalin is the presence of a norbornane skeleton
which is defined by the carbon atoms 3, 4, 19, 15, 16,
17 and 18. The value of 94-1° for the bond angle
C(17)-C(18)-C(19) is typical for a methylene bridge
angle in this bicyclic arrangement (Wunderlich, 1967;
Williams, 1969). The methylene bridge constrains the
cyclohexane ring in a boat conformation. A similar
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situation is observed for the cyclohexane ring con-
sisting of the carbon atoms, 4, 5, 6, 14, 15 and 19 in
which case it is the orthoester which imposes the higher
energy boat conformation.

The third cyclohexane ring, containing the carbon
atoms 6, 7, 11, 12, 13 and 14, is also present in the boat
conformation. The atoms C(7) and C(13) are rigidly
held by the orthoester bridge and four adjacent carbon
atoms in the latter cyclohexane ring are thus con-
strained to an almost coplanar arrangement. This
permits the existence of the boat conformation alone.

Steric considerations appear to play an important
role in this instance. The angular methyl group, C(27),
occupies a position which involves less steric hin-
drance from the orthoester than would be the case if

Table 4. Observed and calculated structure factors

The columns

are k, I. Fox10 and F;x 10.

Heo 14 159 205 8 -5 226 227 30
145 278 226 8 -4 79 864 4 =10
0 -8 1175 1009 4~ 9 1)) € =) 130T 4 9
0 -4 359 M =3 147 209 8 -2 601 602 4 -8
0 -2 1519 2512 14 2 121 56 8 -1 I 323 4 T
1 -9 19 89 4 -1 206 364 8 0 1102 1309 4 5
1 -7 869 7125 14 0 303 219 9 8 18 207 4
1 -6 10 56 15 =2 34 490 9 -7 352 342 4 -
1 -5 1 214 15 -1 13 100 9 -6 169 192 4 23
1 -4 562 b4 16 -4 179 269 9 -5 320 332 4 -2
1 -3 376 440 16 -1 197 218 9 4 56 547 4 -1
1 =2 2405 2201 16 0 13 205 9 -3 300 408 a0
1 -1 1040 1118 17 -3 222 251 9 -2 281 292 5 =9
2 -9 a1 6 17 =2 123 1 9 =1 264 395 5 8
2 -8 420 406 9 0 224 341 5 %
2 1 702 634 H=1 10 -9 124+ 17 3 -5
2 6 35 308 o -0 62 312 10 -8 194 92 5 2
2 =5 5% 41 0 -9 176 195 0 -7 18,7 20 5 -2
2 -4 24 1R 0 =T 408 46 0 -6 14 46 50 -1
2 -3 380 308 0 -6 M4 34 10 -5 228 258 50
2 2 569 63 0 -5 &) 53 10— 356 38 6 -9
2 -1 1056 1078 0 -t 380 290 10 -3 454 358 6 -8
2 0 19 816 0 =3 4 443 10 -1 126 84 6 =5
3 ~10 404 271 0 <2 1887 1752 10 0 537 s12 6 4
3 -9 169 106 0 -1 1009 763 11 -8 156 118 6 =
3 -8 224 250 1 -10 349 223 1 = 27 241 6 -2
3 -7 292 a0 1 -9 407 N 1 = 254 323 6 -1
3 6 470 395 17 k125 1n -2 229 a4l 6 0
3 =5 668 498 1 -6 %8 7118 11 -1 361 40) T -8
303 104 943 1 =5 188 152 10 330 98 T -7
3 =2 1345 15 1 - 194 197 12 -8 1321 144 7 =6
4 -0 18 5K 1 -3 969 789 12 -7 17 14 7
4 9 168 179 1 =2 1059 992 12 =6 e 19 74
4 8 23 19 1 -1 1163 145 12 .5 221 239 7093
4 7 16 1 1 0 1058 96 12 4 229 322 T =2
4 <6 29T 329 2 -0 259 186 12 -3 341 30 7 -1
4 =5 513 439 2 -8 535 36l 12 -2 352 417 7 4
4 = 1306 2261 2 -7 436 365 12«1 294 408 8 -9
4 =3 453 450 2 % 411 30 13 -7 207 19 8 -8
4 -1 1518 2 -3 610 608 13 6 392 49 8 -7
4 0 1521 1515 2 -4 999 997 13 =5 165 105 8 -6
5 -8 190 215 2 -3 1126 1080 13-4 162 8 -5
5 T M5 17 2 -2 291 AT 13 3 20 36 8
S -6 388 347 2 -1 1511 1548 13 -2 384 406 L
5 =5 1395 1337 2 0 a0 21 13 -1 11 2€2 8 -2
5 93 e 59 3 <10 180 162 ¥ -5 221 178 8 -1
5 -2 119 M7 3 -9 615 503 4 -4 18 140 [ ]
S -1 226 38 3 8 ur R 4 -1 268 259 9 -8
6 =9 7 20 3 -6 362 418 15 -5 150 247 9 -7
6 -8 610 600 3 -5 815 862 15 -3 200 108 9 %
6 =T 139 66 3 -4 996 1021 15 -1 258 243 9 =5
6 =5 293 411 3 =3 1575 1605 16 4 164 237 9 =4
6 -4 887 o4l 3 -2 8% 91 16 =3 23 180 9 =3
6 -3 785 663 3 -1 219 2666 1 -1 16 23 9 -1
6 -2 467 4% 3 0 1256 1329 17 - 29 150 9 0
6 =1 155 252 4 210 128 146 170 157 2% 10 -7
6 0 M9 5% 4 -9 18 161 18 -1 193 197 0
7 -6 386 403 4 8 20 212 18 0 25 184 10 -
7 -5 11 128 4 -7 391 302 10 -3
7 - 1 28 4 =6 403 369 H=2 o -2
7T = 1379 11 4 -5 556 429 0 -10 206 2M4 10 -1
7T -2 196 862 4 -4 amT 175 o -9 282 270 10 o©
7T -l T84 842 4 L 35T 438 0 -6 139 150 1 -7
8 -8 200 209 4 2 414 578 0 =5 170 649 n -
8 -6 223 284 4 -1.1108 1109 0 -4 2016 1912 n -
8 -5 568 501 40 T66 109 0 -3 1167 1130 n -
8 -4 658 724 S -9 285 177 0 -2 1262 98} n -2
8 2 ;:g 2 5 -8 305 276 0 o 880 B2 n =
-2 5 -1 28 291 1 -9 387 283 i o
8 -1 680 783 5 & 435 418 1 -8 238 229 12 -
3 0 513 534 5 =5 1521 144l 1 -1 xm 270 12 -3
9 -7 133 12 5 = ST3 495 1 6 359 297 12 -2
9 -6 2 30 3 -3 1008 1031 1-5 984 962 12 -
9 -5 620 515 5 =2 449 1417 1 - 924 @7 120
9 4 240 220 5 -1 17125 1522 1 -3 138 17 13—
9 -3 9 20 5 0 1084 1138 1 -2 705 666 132
9 -2 661 900 6 -9 381 28 1 -1 1132 140 13 -2
9 -1 33 359 6 % 188 163 1 o .86 urs M-
10 -§ 182 211 6 -5 536 535 2 -9 453 332 FERE)
10 -1 449 379 6 3 im o 2 -7 N7 229 4 -2
10 -6 217 102 6 .33 82 86 2 -6 556 460 [T
10 -5 474 s0T 6 -2 682 6n 2 -5 803 707 15 =3
10 =3 1303 1406 6 -1 535 760 2 -4 89T 862 15 -2
10 -1 14 104 2 -3 116 1209 15 0
6 0 9 u
100 139 14 7 <9 245 251 2 =2 557 526 16 =5
N 6 252 28 1 8 205 2 -1 551 600 16 -2
1 =5 3T 476 T -1 498 471 2 0 191 233 16 0
11 -4 225 32 7 % 34 M 3 -9 216 135 17 -1
1=y sss 65 T -5 07 36 3 8 o o 182
1 -1 388 509 T 41291 122 3 =T 700 648
12 -8 218 180 T -3 240 266 3 -6 54T 44 "
12 4 253 369 T -2 129 1350 3 =5 499 483 o -1
12 3 M0 12 7T -1 996 120 3 o 18 7 032
12 0 6o 62 T 0 144 207 3 -3 360 369 0 7
[ERE Rt T T 8 -9 18 18 3 -z 439 4 o -8
1B -3 241 309 8 -8 28 225 3 -1 1253 1300 °

1218 1218 0 = 212 246 | 10 -2 380 547 6 -4 698 7126
266 197 0 -2 8 o944 10 <1 4% 4 6 =) 407 554
206 128 0 1 515 703 1u -8 118 108 6 2 29 2%
325 235 1 -l0 178 147 1 -1 180 256 6 -1 60 506
309 307 1 8 11 et 1 % m2rs 6 0 615 B43
721 630 1 7 w90 a4 no-s 38 82 7 -9 288 312
31 251 1 28 no—=4 o2 28 7 8 18 105
ar 1 s 818 732 o ke an T o1 19 16
24 1406 1248 U -l a4 632 T =% 157 64
1088 1141 HE 1250 1061 1m0 265 39 T -5 55T 522
2090 2036 1 -2 615 565 12 -6 136 144 7 -4 TIB 818
17311766 1 1 sa 628 12 -5 18 10 T -3 61 T4
124, 105 1 o 52 480 12 4 449 492 7 =2 1 &
418 M9 2 210 144 5y 12 - 115 15 T -l 469 499
247 267 2 -9 36 208 2 -2 26 22 8 -8 147 161
301 389 2 8 i 38 12 -1 2 210 8 & 28 330
394 d2a 2 3 28 11 20 381 ST 8 — 175 180
596 453 2 -6 128 172 13 -5 184 14 8 -3 31 478
2011 1937 2 5 318 39 13 - 188 281 8 -2 151 665
1658 17l 2 4 sstosi 1B 230 22 8 -1 s 179
2 5 a8 17 1 =2 1 10 8 0 88 820
109 el 2 -2 a5t 596 Lo 6 9 -8 185 216
2 a1 4 -5 298 3 9 -1 26 29
565 610 2 o 23:3 ;3;3 14 - 139 189 9 -6 153 18
720 867 3 <10 165 54 14 =2 38 215 9 =5 45 o7
)3;; 1:;1 3 -9 260 213 :; _2 32 l;i 9 =3 600 678
3 -8 598 a6 9 -2 1 26
1253 1410 3 7 328 3 15 -5 1 271
B 3 -6 182 ;:9 s —; 3;‘; 2:; 1 -2 ar 333
35 340 384 - -
9 12 303 e o 16 -3 220 155 w3 om
10 -4 155 138
383 395 3 15 T 16 -1 292 24
7 10 3 a7
273 6 3 5 oan s 17 -1 21 289 10 2 69 852
67 383 31 108s 100 170 e ue | o T30 B2
250 218 3 o 1891 1859 18 -1 120 155 10 o 213 o1
015 |4 9 asd ae 0T e 0
4 -7 40 3B B=4 11 -6 166 1«
nrom P4 s om o -9 285 1 | 1 -5 a3 o
acoar |3 3G 3| oo o omiosw | no s
383 359 o -5 851 762 -
21 214 bl :z; S 0 -4 560 471 no-2 262 1
a1 o7t 4 -1 106 1059 ¢ -3 %1 M6 :; 1° §§§ Z?;
18315 5 9 2m an PO £ s R A 1
M A 5 s 155 158 0 -1 1616 1622
8 TL | s 7 e g |90 82 oss | B2 S 2D W7
S0z s23 A G <4 1 <10 168 145 23w
174 1715 5 =5 551 401 1 -9 29 a5
B 28 L 1 7 652 600 12 -1 149 160
20 at0 5 1 % 32 280 12 0 22 27
a8 22 5 -3 308 s13 Vo oeroser | 3 BN
195 167 5 2 405 a2 - =
125 187 5 -1 1057 1084 1 -1 462 469 | 13 4 23 285
554 625 5 01047 810 10307 o5 130 -2 221 a2
253 206 6 <10 296 220 e IO IV S 4
268 214 E 60 159 2 -7 680 618
119 192 P A 2 -6 592 s | 14 -5 ol 296
1) 450 | 6 % 42 a0 2 -5 311 3w | 243 29 358
526 557 6 -5 195 182 2 4 X0 36 L -2 ;Z“ 21
405 503 6 -4 652 615 2 -3 513 500 0 3 141
328 541 6 -3 598 S¢0 2 -2 1270 1180 15 =5 }" 189
S 267 6 -2 1216 1317 2 -l ;g o e §§;
182 1715 6 -1 420 374 2 24 15 0 131 6
a4 436 6 0 353 3l 3 -0 261 160 3 -1 1L
1;5 ,3; 7 -9 192 204 3 -9 225 107 :: -; -:; 161
556 618 7 -8 26 296 3 -8 280 239 R : . 9
m 208 7 7 264 250 37 e 199 | AT 2 b
321 444 7 -6 178 186 3 =6 340 2M 33196
189 374 7 -5 306 37 g =5 :g; ;g e
20 213 7 - 370 162 - =
;s? ;;; 7 -3 618 7167 3 -3 T T6S g I )20‘;: ::3
132 100 7 -2 1012 937 3 -2 a8T 563 M + 3
155 1712 7 -1 781 891 3 -1 869 871 S j 720 594
a1 555 70 150 275 3 0 16 23 70 565
569 549 8 -8 168 10 4 -9 153 182 9 3 4 %6
285 23 8 -7 481 493 4 -8 186 107 o 'i :?‘1 :53
313 s2¢ 8 -5 493 603 4 7385 295 9 b les aar
130 421 8 1 486 454 4 % 612 50 : -g :1; )Z;
B =) a42 436 4 -5 627 629 =
2o 28 | 8 2 42 e | 4 4 oz 20 | 1 8 1w s
us 10 8 -1 665 662 4 -3 998 946 1 -1 455 416
19 180 8 0 58 e 4 -1e 5o - O
251 200 | 9 -9 219 265 4 0 62 N n2 2
8 217 187 4 -2 2121 174 1 -3 129 557
106 182 M 12 196
156 21 9 =% 149 139 5 -9 264 2w 13 mom
132 191 9 -5 27 257 5 -8 23 192 1o e 12
15710 9 -4 202 341 5 -7 213 166 FEY SZ iy
15 168 9 -3 29 3% 5 6 162 44 Fr <A1
121 164 9 -2 236 305 5 -4 967 1005 -9 3 1
9 -1 416 43 5 =3 430 401 2 3 25 2
PR 9 0 1170 1205 5 -2 18 2 2 :Z ’:: 2152
168 308 10 -8 28 9% 50 127 214 2 . ;) ;u
350 301 10 -6 280 265 5 -1 537 6% P
los 110 10 -5 154 194 6 -8 216 8 2 o 8 707
887 706 10~ 361 280 g i §02 l;‘; 2 52 796
28 28 | 10 -3 112 10 ¢ 2 3 G s
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Table 4 (cont.)

) ) 1 6 <6 335 295
2 0 &7 e 0 13 0 -7 28 118 N 6 & 102 181
39 136 68 o 1 0 =5 2711 158 1 6 -2 38 33
3 ° 15 0 - 256 169 1 6 -1 215 a2
3 N 15 o -3 8. 718 1 6 0 174 280
3 L 10 0 -2 447 408 H 7 -4 16 203
3 ! 16 o -1 763 782 1 T <) 16) 266
3 H 16 2 7 0 419 405
3 1 3 B -3 216 266
3 L 2 8 -2 160 250
4 2 ° 3 8 0 15 les
4 - ° 2 9 -4 150 141
4 2 ° 2 9 -2 169 199
4 H H 5 9 0 366 38
4 H ° 3 10 -1 z0) 265
a M 1 3 00 17 14
4 1 3
b H h 3
4 3 1 3 M= 12
s 3 1 4 0 5 265 305
5 3 1 4 0~ 201 354
3 3 1 4 0 -3 405 36
S 3 1 4 0 -1 18 178
s 4 1 M 0 0 258 313
5 4 2 H 1 s 31 e
5 4 2 3 1 - a8 39
S ‘ 2 3 1 -2 163 256
6 4 2 s 1«1 285 218
3 4 2 . 10 31 29
© s 2 H 2 -5 283 185
6 4 3 6 252 268
6 5 3 ¢ 2 w105
6 5 3 6 2 -3 206 220
6 5 3 6 2 -2 w7 5
6 5 3 7 20 239 26
6 5 3 T 3 -5 185 18
7 s 3 7 3 -3 380 3a
7 5 3 7 3 -1 21 28
7 6 3 7 3 0 28 238
7 6 3 7 4 -6 169 163
7 6 4 1 4 -1 2
7 6 4 7 4 0 21 281
7 6 4 8 5 -4 326 350
7 6 4 8 S =) 293 198
7 6 4 8 S =2 25 314
7 6 a 8 5 -1 103 2
8 7 4 8 6 -5 198 1¢4
s 7 4 8 6 -l 266 217
8 7 5 9 70 371 452
8 7 3 9 8 -3 182 17
8 7 3 9 B -2 263 297
8 7 3 Ll 8 -1 126 120
8 T & 10
9 3 4 10 H=13
9 8 4 0 =) 25 218 0 -3 160 200
9 8 6 10 -2 212 240 1 =5 169 200
9 8 6 10 -1 131 13 1«3 160 B9
9 8 6 -5 155 u7 1ol 252 23
9 8 6 12 -4 222 200 2 -5 297 252
9 8 7 12 2 257 38 2 -4 212 178
10 9 7 124 322 289 2 2 19 am
10 9 7 12 o 1o 94 2 a1 298 214
19 5 7 -2 20 nus 3 -3 a1 148
1o ° 7 13- 21 210 322 301 309
1o 9 v o 318 2 30 241 2n
10 9 & 4 -3 2 239
10 9 8 4 -2 23 27
n 9 8 o 4 -1 211 em2
u 10 3 0 4 0 @2 s
n 10 8 o’ 5 -4 129 113
1n 10 & o s -3 2 o4z
1 10 9 1 5 =2 156 23
1 10 9 1 5 -1 219 205
12 n ° 1 50 21 2
12 11 9 1 6 -3 192 ja2
12 1 9 2 6 -1 15 259
12 1 9 2 6 0 21 232
12 1 9 2 T 0 1 219
13 11 10 2 9 0 123 s
B 1n 10 2
1 12 10 2 H=14
13 12 10 2 0 —t 62 268
13 12 10 3 14 136 151
13 ” 10 3 1 -1 a2l 228
14 12 10 3 10 26 79
14 12 0 3 2 9 42 m8
14 12 1 ) 2 -l 265 213
4 1 1 4 2 0 s 192
14 1 11 a 3 9 n2 6
15 n 1 4 3 -1 25 207
15 B 11 ] 5 -1 14 sy
16 B 12 a 5 0 360 285
16 o 12 4 6 -1 e 222
12 s 70 221 a2t
14 i2 5
0 3% 1 o
0 14 H s R=13
. le B 5 2 0 12 19

the cyclohexane ring reverted to the alternative boat  Table 5. Aromic deviations (¢) from the least-squares
conformation. planes defined by equations
The furan ring is flat with the least-squares plane (1), (2), (3) and (4) respectively
through the atoms involved given by the equations: )
o(A) Equation of plane

0-18767 X+0-86034 ¥—0-47391 Z—0-13920=0% (1) o) 001 o

. . . . -0-0
Deviations from this plane are given in Table 5. The Sf§§§ _0.0‘2‘ 8;

values of 1-32+0-02 and 1-32+0-02 A for the Cc-0 C(30) 0-03 150!
bond lengths in the furan ring show good agreement C@31) 0'8‘21 1)
with corresponding literature values; this also applies 8215?) _8:01 8;
to the distances C(28)-C(29), C(30)-C(31) and C(28) o(6) —~0-01
~C(31), viz, 1-35+0-01, 1-35+0-01 and 1-44 +0-02 A C(8) —~001 2
(Grant, Hamilton Hamor, Robinson & Sim, 1963; 8% 8:8? g;
McPhail & Sim, 1966). 002) 001 3
~ c(1) 0-01 E3g
* X, Yand Z (in A units) refer to the crystallographic axes Q2) —0:03 3
a, b and c respectively. O(8) 0-01 4)

A C27B - 11*
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Fig. 2. Stereoscopic diagram of the molecular packing in the unit cell viewed along the ¢ axis.

Table 5 (cont.)
o(A) Equation of plane

0(9) 0-01 (C))
C(23) 0-01 €]
C(29) —0-02 (€]

A total of three carbonyl functions are incorporated
in the structure of phragmalin iodoacetate showing
C=0 bond lengths of 1-:26 £0-02 [C(2)-O(1)] 1-22 +
001 [C(24)-0(9)] and 124+0:02 A [C(9)-O(5)]
which fall within the accepted range for this distance
(Sutton, 1965). The best planes passing through each
trigonally hybridized carbonyl carbon atom and its
three bonded neighbours are given by the following
equations:

0-09514 X +0-83289 Y +0-5452]1 Z—6-54674=0% (2)
0-58055 X+ 0-47265 Y+0-66300 Z—5-93134=0 (3)
—0:36677 X40-92598 Y +0-08971 Z+0-76306=0 (4)

Deviations from these planes are listed in Table 5
and show each carbonyl group to be coplanar with the
two carbon atoms bonded to it. The average sp3C-
spC single bond length is 1:55+0-02 A which is in
good agreement with the value of 1-545 A in diamond.

Fig. 2 shows the molecular packing in the unit cell
viewed along the ¢ axis. One molecule of methylene
chloride is incorporated in the unit cell for each mole-
cule of phragmalin iodoacetate. The rapid decay of the
crystalline material is a probable consequence of the
loss of these CH,Cl, molecules from the crystal lattice
on exposure to the atmosphere.

The closest approach of two atoms in neighbouring
molecules is 328 +0-02 A and occurs between the

atoms C(1) and O(9), the parent molecules of which are
related by a c-screw axis at a=0-25. The closest ap-
proach of a chlorine atom to an atom in the molecule
of phragmalin iodoacetate is 3-53 + 0-03 A and is found
between CI(2) and O(7). The latter oxygen atom belongs
to an asymmetric unit displaced by one unit-cell trans-
lation in the ¢ direction with respect to the chlorine
atom in the tabulated asymmetric unit.
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