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the size of the 1-alkyl substituents and is correlated 
with the size of the folding angle as in other 
phenothiazines. All the C - H  bond lengths and C - C - H  
and H - C - H  bond angles are within reasonable ranges 
of magnitudes. The packing of 1-ethylphenothiazine in 
the crystal is shown in Fig. 3. There are no inter- 
molecular contacts less than van der Waals distances. 

This research was supported by grants (N-495 and 
Y-484) from the Robert A. Welch Foundation, 
Houston, Texas. The authors wish to thank Dr R. 
Shiono of the University of Pittsburgh for making the 
OR TEP plots. 

References 

CHU S. S. C. t~. VAN DER HELM, D. (1975). Acta Cryst. B31, 
1179-1183. 

CHU, S. S. C. & VAN DER HELM, D. (1976).Acta Cryst. B32, 
1012-1016. 

CHU, S. S. C., NAPOLEONE, V., TERNAY, A. L. JR & CHANG, 
S. (1982). Acta Cryt. B38, 2506-2508. 

CREMER, D. • POPLE, J. A. (1975). J. Am. Chem. Soc. 97, 
1354-1358. 

JOHNSON, C. K. (1965). ORTEP. Report ORNL-3794. Oak 
Ridge National Laboratory, Tennessee. 

Acta Cryst. (1982). B38, 2511-2513 

M ethyl 4,6-Bis(O-p-ehlorob enzoyl)- 2,3-dideoxy- 3- C-(metho xy e arb onylmethyl)-a-D-r/bo- 
hexopyranoside 

BY DAVID L. HUGHES,* RICHARD A. PAUPTIT, EASWARA SUBRAMANIANt AND JAMES TROTTER 

Department o f  Chemistry, University o f  British Columbia, Vancouver, BC, Canada V6 T 1 Y6 

(Received 20 November 1981; accepted 7 April 1982) 

Abstract. Crystals of the title compound, C24H24C1208, 
Mr = 5i 1.35, are monoclinic, P21, a = 5.752 (3), b = 
15.436 (3), c = 13.698 (3) A, fl = 93.74 (3) °, D m = 
1.43, D x -- 1.40 Mg m -3, Z = 2. The structure was 
determined from Cu Ka diffractometer data (with great 
difficulty), and refined to R = 0.042 for 898 reflexions. 
The six-membered pyranose ring is in the chair 
conformation, with the bulkier 4,6-p-chlorobenzoyl 
substituents equatorial, and the 1-OMe and 
3-CH2COEMe groups axial. Bond lengths and angles 
and intermolecular distances are normal. The ex- 
tremities of the p-chlorobenzoyl groups exhibit large 
thermal librations [r.m.s. displacement as large as 
0.56 (1) A for one CI]. 

Introduction. The title compound [(1), R = 
C1C6H4CO-] is a branched-chain sugar which was of 
interest because of possible antibiotic properties, and an 
X-ray crystal analysis was undertaken to verify 
structural assignments based on NMR data (Rosenthal 
& Catsoulacos, 1968). The X-ray study was begun in 
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1967 (by DLH shortly after arrival in Vancouver from 
Antarctica, after a journey by Land Rover through 
South America). 

R O ~  0 

CHzCOzCH B OCH3 
3' 

The unit-cell dimensions were obtained by least- 
squares refinement based on 28 values for 30 reflexions, 
and intensities were measured on a Datex automated 
GE XRD-6 diffractometer with nickel-filtered Cu Ka 
radiation and a 0--28 scan technique. The scan speed 
was 1 ° min -~, with 40 s background measurements 
before and after the scan. The intensities exhibited a 
rapid decrease with increasing 8, so that the data set 
was rather limited. Of 1028 reflexions in the range 0 < 
0 _< 45 °, 898 had I / a ( I )  > 2.0, where tr(I) = S + B + 
(0.02S) 2, S = scan and B = normalized background 
count. Crystal dimensions were 0.25 x 0.05 x 0.04 
mm, and no absorption corrections were considered 
necessary (# = 28 cm-~). 

Early attempts to determine the structure involved 
Patterson methods and efforts to pack the p-chloro- 
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benzoyl groups in the (103) plane, 103 being the most 
intense reflexion, and despite long periods of study of 
the sharpened three-dimensional Patterson function 
and the weighted reciprocal lattice (by DLH and JT), 
all efforts to solve the structure were unsucessful. 
Direct methods with tangent refinement also failed to 
yield a solution, and at that stage (1970) the analysis 
was abandoned. 

Several subsequent attempts to determine the struc- 
ture also failed. More recently, various applications (by 
RAP) of M U L T A N  with as many as 500 E's  failed to 
produce any solution. The structure was finally solved 
(by ES) with the use of M U L T A N 8 0  (Main, Fiske, 
Hull, Lessinger, Germain, Declercq & Woolfson, 
1980). It was noted that previous M U L T A N  runs 
always involved choice of a low-ranking E as one of the 

Table 1. Positional (fractional, x 10 4) and equivalent 
isotropie thermal (,4, z, x 10 3) parameters 

x y z U~.q* 

El(l) 408 (11) -2322+ 6160 (3) 185~ 
C1(2) 5271 (7) 6067 (4) 4487 (3) 1265 
O(1) -2207 (11) 3526 (5) 8974 (5) 67 
0(2) 1147 (14) 3580 (6) 9998 (5) 68 
0(3) 100 (11)  1122(7) 11837(5) 90 
0(4) 3668 (13) 1133 (7) 11349 (5) 97 
0(5) -2011 (12) 1215 (6) 8498 (5) 69 
0(6) -5397 (15) 571 (6) 8705 (6) 95 
0(7) -1419 (13) 3467 (6) 6936 (6) 74 
0(8) 1313 (15) 2517 (8) 6618 (6) 95 
C(1) -1282 (22) 3566 (8) 9950 (9) 68 
C(2) -2107 (18) 2811 (10) 10556 (8) 69 
C(3) -1724 (15) 1941 (8) 10085 (7) 53 
C(4) -2643 (17) 1989 (8) 9029 (8) 61 
C(5) -1641 (14) 2745 (8) 8487 (7) 56 
C(6) 2094 (23) 4285 (8) 9489 (10) 88 
C(7) 818 (17) 1635 (7) 10214 (8) 59 
C(8) 1396 (19) 1276 (7) 11226 (8) 58 
C(9) 4443 (20) 751 (11) 12262 (10) 108 
C(10) -3509 (22) 565 (9) 8375 (8) 64 
C(ll) -2518 (23) -135 (8) 7832 (8) 62 
C(12) -3657 (22) -926 (11) 7777 (9) 81 
C(13) -2745 (37) -1600 (9) 7235 (11) 104 
C(14) -731 (38) -1477 (13) 6801 (10) 109 
C(15) 374 (29) -711 (14) 6861 (10) 106 
C(16) -472 (24) -36 (9) 7375 (9) 81 
C(17) -2635 (18) 2821 (10) 7454 (8) 75 
C(18) 529 (24) 3234 (11) 6550 (8) 70 
C(19) 1624 (20) 3960 (10) 6037 (8) 62 
C(20) 3640 (22) 3794 (8) 5558 (9) 74 
C(21) 4721 (24) 4450 (12) 5095 (10) 91 
C(22) 3818 (24) 5255 (10) 5100 (9) 79 
C(23) 1851 (25) 5443 (9) 5558 (12) 99 
C(24) 782 (21) 4780 (11) 6024 (10) 85 

* Ueq is one-third the trace of the diagonalized anisotropic 
temperature factor matrix. 

t Fixed to define origin. 
Anisotropic parameters (/~2 x 103); 

Ull U22 U33 U~2 
CI(1) 311 (7) 117 (3) 123 (3) 107 (4) 
Cl(2) 124 (3) 117 (3) 135 (3) -39 (3) 

UI3 U23 
-7 (4) -33 (3) 
-4  (2) 35 (3). 

origin-determining reflexions (usually 113, ranked 
number 86 in the list). Phase determination was there- 
fore initiated with only the 170 highest E 's  (i.e. only 
five E 's  per atom), 50 of which were eliminated from 
the phase-determining process; the 43 lowest E 's  were 
used for a 71(0) test. The origin-determining reflexions 
were 103, 106, and 136 (rank 1, 6, and 5), four symbols 
were used, 023, 16J,, 123, and 103 (rank 2, 3, 7, and 
125), and the 206 reflexion (rank 8) was assigned phase 
zero from "~~ relations. 18 sets of phases were 
generated; one set had the lowest R factor and the 
lowest 7/(0) value, and the E map calculated with these 
phases revealed 27 of the 34 non-hydrogen atoms in 
the molecule. After 14 years the structure was solved! 

A difference map revealed the remaining seven 
atoms, and refinement then proceeded by full-matrix 
least-squares methods. At R = 0.094, a further 
difference map revealed 18 of the 24 hydrogen atoms; 
all 24 H atoms were included at calculated positions, 
but their parameters were not refined. Each enantiomer 
was then refined separately, with inclusion of aniso- 
tropic thermal parameters and anomalous-dispersion 
corrections for all non-hydrogen atoms. Scattering 
factors were from International Tables for  X-ray 
Crystallography (1974). The function minimized was 
x- w(IFol -- iF  c I) 2, with final weighting scheme V/W = 
IFol/5 for IFol < 5, 1 for 5 < IFol < 25, and 25/IFol 
for I Fol > 25. For the enantiomer with the chemi- 
cally-known configuration, final R and R w were 0-042 
and 0.048, respectively, for the 898 reflexions with I > 
2a(I)  (307 parameters), and 0.053 and 0-048, re- 
spectively, for all 1028 measured reflexions. [The 
opposite enantiomer had R and R w of 0.044 and 0.050 
for the 898 reflexions, and may be rejected at the 
99.5% significance level (Hamilton, 1965).] Final 
positional parameters are listed in Table 1.* 

Discussion. The molecule (Fig. 1, correct absolute 
configuration shown) contains a six-membered 
pyranose ring in the chair conformation, with the 
bulkier 4,6-p-chlorobenzoyl substituents equatorial, 
and the 1-OMe and 3-CHECOEMe groups axial. The 
ring is slightly fattened, the magnitudes of the internal 
torsion angles ranging from 49 to 61". Within the 
rather limited accuracy of the analysis, bond lengths (a 
= 0 .011-0 .02 /~)  and angles (tr-- 0 .7 -2  °) are normal. 
Mean values for the lengths of the various types of 
bond are: C(sp3)-C(sp  3) = 1.51, C(sp3)-C(sp  2) = 
1.51, C(spE)-C(ar)  = 1.47, C(sp3)-O = 1.42, 

* Anisotropic thermal parameters, hydrogen atom parameters, 
ring torsion angles, bond lengths, bond angles, packing diagram, 
and structure factors have been deposited with the British Library 
Lending Division as Supplementary Publication No. SUP 36814 (9 
pp.). Copies may be obtained through The Executive Secretary, 
International Union of Crystallography, 5 Abbey Square, Chester 
CH 1 2HU, England. 



C24H24C120 8 2513 

C1(2)(~C(23 ~ C1(2)(~.~C(23) 
C ( 2 2 ) 0 ~  C(22)(~t'~ 

C(2 l) , ~  ~K~(24) c(2qa~ )z~C(24) ~r~ ~[~C(19) . " " ~ C  (19) 

O(5~ O!5~'"~-- ~:}C (3) 
c..(~0)c¢-~...,~ c(8) c,)6),d ~ ~ ) "ctT)~)-~ ' 

c(t4)~.- Mlbc. ~ ) -, 

Fig. I. Stereoview of the molecule; 50% probability ellipsoids for 
non-hydrogen atoms. 

C(sp2)-O = 1.32, C(sp2)=O = 1-19, C(ar ) -C(ar )  = 
1.37, C - C I  = 1.74 A [where C(ar) is in an aromatic 
ring]; the ranges of the values of bond angles (and 
means) are" angles at C(sp 3) = 106-113 (111), at C(ar) 
= 118-123 (120), at O = 113-120 (116), and for 
carboxyl groups, C - C = O  = 125-128 (126), C - C - O  
= 110-112 (111), O - C = O  = 123 ° . 

The molecules are held together in the crystal by van 
der Waals forces, with no very strong intermolecular 
attractions. The extremities of the molecule exhibit 
considerable thermal motion, particularly the p-chloro- 
benzoyl groups. The largest thermal parameter is U~ = 
0.311/~2 for CI(1), corresponding to a large root- 

mean-square displacement of 0.56 (1)A;  this might 
indicate some disorder in the position of that p- 
chlorobenzoyl group, although a description in terms of 
large thermal vibration seems not unreasonable. The 
high thermal parameters for CI might be the reason for 
the difficulties encountered in interpretation of the 
Patterson function. The planes of the p-chlorobenzoyl 
groups lie close to (103), but otherwise none of the 
early models show any correspondence to the true 
structure. 

We thank the Natural Sciences and Engineering 
Research Council of Canada for financial support, Dr 
A. Rosenthal for crystals, the University of British 
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other colleagues who made suggestions and con- 
tributions to the structure solution. 
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Abstract. C 1 ~H ~0BrNsO2 . C H40,  M r ----- 356.07, mono- 
clinic, P2~/n, a = 11.943 (t), b = 16.252 (2), c = 
7.253 (2)A, /? = 93.43 (2) ° , U = 1405.2 (6)A 3, 
z = 4, D x = 1.69 g cm -3, 2(Cu Kct) = 1.54178 ]k, 
~(Cu Ka) = 46.1 cm-L The structure was solved by 
the heavy-atom method and refined to an R value of 
0.042 for 1997 independent observed reflexions. The 
molecule contains a seven-membered ring in an 

approximate boat conformation. The packing is gov- 
erned by a network of intermolecular hydrogen bonds, 
involving also the methanol O atom. 

Introduction. The title compound (I) is a new metab- 
olite containing Br; it was separated by chromatog- 
raphy from the butanolic extract of the Red Sea sponge 
Acanthella Aurantiaca (Cimino, De Rosa, De Stefano, 
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