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1-O-(p-Bromobenzenesulphonyl)-4,5,7-tri- O-acetyl-2,6-
anhydro-3-deoxy-D-glucoheptitol
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(Received 14 February 1964)

Hydroformylation of tri-O-acetyl p-glucal yields two isomeriec products, and to establish the
configurations X-ray analysis of the p-bromobenzenesulphonyl derivative of one of these has been
carried out. The crystals of the derivative, C,;,H,;0,,SBr, are orthorhombic, with four molecules
in a unit cell of dimensions @ =13-71, b=29-37, ¢ =5-79 A, space group P2,2,2. The intensities of
the reflexions were measured with a scintillation counter and Cu K« radiation. The bromine and
sulphur positions were determined from the three-dimensional Patterson function, and the carbon
and oxygen atoms were located from three successive three-dimensional Fourier summations. The
positional and thermal parameters were then refined by seven cycles of differential syntheses, and
five cycles of least squares, anisotropic temperature factors being introduced in the final cycles for
the bromine atom and for the atoms of the acetyl groups. The final R value was 0-090. The derivative
studied is 1-O-(p-bromobenzenesulphonyl)-4,5,7-tri-0-acctyl-2,6-anhydro-3-deoxy-D-gluco-heptitol,
and this establishes the structures and configurations of the triacetyl derivatives and of the
parent polyols. The sugar ring is in the chair conformation with all the substituent groups in
equatorial positions; the absolute configuration is established since the compound is derived from
D-glucose. The bond distances and valency angles are all normal, and the intermolecular separations
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correspond to van der Waals interactions.

Introduction

Hydroformylation of tri-O-acetyl-p-glucal yields two
isomeric products, which can be deacetylated, and
the parent polyols then separated by paper chromato-
graphy. The fast running fraction has m.p. 138 °C,
[x]®=—1° and the other isomer m.p. 153 °C,
[x]®¥ = 4+60°. Rotation rules and proton magnetic
resonance spectra suggest the tentative structures (I)
(Ri=Re=H) for the lower-melting isomer, and (II)

H CH,OH
0

for the higher-melting isomer, that is the compounds
are isomeric anhydrodeoxyheptitols which differ only
in the configuration of the hydroxymethyl group at
C(2) (Rosenthal & Koch, 1964).

To establish the structures conclusively an X-ray
analysis of the p-bromobenzenesulphonyl triacetyl
derivative of the lower-melting polyol was under-
taken. This derivative was prepared by treatment of
the mixture of triacetylanhydrodeoxyheptitols with
p-bromobenzenesulphonyl chloride, and the required
compound preferentially crystallized out of the reac-
tion mixture. It was subsequently deacetylated, and
the p-bromobenzenesulphonyl group was removed,
to yield a pure sample of the lower-melting polyol.
The analysis described in this paper shows that the
derivative has structure (I) (Ri=CHs;.CO-, Ro=
BrCsH4.S02-), so that the tentative structural as-
signment was correct. The systematic name of the
derivative examined is 1-O-(p-bromobenzenesulpho-
nyl)-4,5,7-tri-0-acetyl-2,6-anhydro-3-deoxy-D-gluco-
heptitol.

Experimental

Crystals of the p-bromobenzenesulphonyl triacetyl
derivative from methanol-water are needles elongated
along ¢ with (100) and (010) developed. The unit-cell
dimensions and space group were determined from
rotation, Weissenberg and precession films, and the
density was measured by flotation in aqueous caesium
bromide.
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Crystal data
(M(CuKua)=1-5418 A, A(Mo Kx)=0-7107 A)
ClgHzaoloSBl‘ .
M=523-4, m.p. 104 °C.
Orthorhombic,
a=13-71 + 0-03, 5=29-37 +0-08, ¢c=5-79+0-01 A.
U=2331 As,

Dp~15g.em-3, Z=4, D,=149 g.cm-3,
Absorption coefficients for X-rays,

A=15418 &, p=39 cm-1,
A=0-7107 A, x=20cm-1.

F(000)=1072.
Absent spectra: 200 when % is odd, 0k0 when £ is odd.
Space group P2;2;2.

The intensities of all reflexions with 20 (Cu K«) < 90°
(corresponding to a minimum interplanar spacing
d=1-09 A) were measured on a G.E. XRD 5 Spectro-
goniometer with Single Crystal Orienter, using a
scintillation counter, Cu Ko radiation (nickel filter
and pulse height analyser), and the moving-crystal

moving-counter technique (Furnas, 1957). All the
intensities were corrected for background, Lorentz
and polarization factors were applied, and the structure
amplitudes were derived. The ecrystal used was
mounted with ¢ parallel to the ¢ axis of the goniostat,
and had a small uniform cross-section, so that absorp-
tion corrections were not considered necessary. 851
reflexions were observed, 74% of the total number in
the range 0 <26 (Cu Ku) < 90°.

Structure analysis

The bromine and sulphur atom positions were deter-
mined from the three-dimensional Patterson function,
and a three-dimensional Fourier series was summed
with phases based on the Br and S atoms. On the
resulting electron-density distribution fourteen peaks,
in addition to the bromine and sulphur peaks, were
chosen as atomic sites without any regard for chemical
considerations. A second Fourier synthesis, phased
on these sixteen atoms, revealed positions for 24 atoms
in all, the general structure of the molecule now being
clear, and a third Fourier showed all 31 atoms in

Fig. 1. Superimposed sections of the three-dimensional electron-density distribution, taken through the atomic centres parallel
to (001). Contours start at 2 e.A~3 and are at intervals of 1 e.A-3, except for Br(1) and S(2) which start at zero and are at
intervals of 2:5 e.A-3. A perspective drawing of the molecule is also shown.
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Table 1. Measured and calculated structure amplitudes

Unobserved reflexions, which are listed as 0-0, have threshold values in the range 5-17

F 085 F CALC " 3 L FOBS F CALC " I3 L FO8S F CALC " K L FO0BS F CALC
T4.8 62.0 “ 22 0 0.0 1462 10 1 [ 0.0 13,1 2 22 1 215 1643
5346 5le8 4 23 ° 0.0 1.6 10 2 0 a6 “148 2 23 1 040 11.2
97,2 10347 “ 2 0 2244 2245 10 3 0 16e0 2048 2 2 1 040 705
404t 35.7 « 25 0 0.0 “e9 10 “ o 0.0 0e2 2 25 1 boes 2l.6

21049 22647 5 1 0 9.9 640 10 5 0 16e7 1407 2 2 1 040 10.8
5240 5643 5 2 0 3065 3248 10 6 0 16e7 1646 3 0 1 a4e3 4440
2002 1249 5 3 0 040 11.1 10 7 0 23.1 2301 3 1 1 2de2 3542
6le9 6442 5 o 0 25.0 1944 10 8 0 48es 4845 3 2 1 719 7304

3 5 5 (] 0.0 Te9 10 9 [ 2241 2640 3 3 1
5 6 0 3606 3546 10 10 0 37.2 3443 3 4 1
5 7 0 5944 600 10 11 o 2640 2647 3 5 1
5 8 0 179 2052 10 12 0 24e4 18,5 3 6 e
5 9 0 523 5249 10 13 0 224 21.0 3 7 1
5 10 0 6249 67.2 10 16 0 18.6 1542 3 8 1
5 11 0 11.5 9.9 10 15 o 27.2 23,4 3 9 1
s 12 0 1643 17,7 10 16 0 22.8 2248 3 10 1
5 13 0 32.4 32.0 11 1 0 32.7 32.0 3 1 1
5 14 0 7043 72.2 11 2 0 040 lel 3 1 1
5 15 0 0.0 566 11 3 0 0.0 043 3 13 1
5 16 0 16.0 2143 1 4 0 040 304 3 14 1
5 17 0 2948 28.8 11 5 0 040 6ol 3 s 1
5 18 0 24.0 2848 11 6 0 040 5.3 3 16 1
5 19 0 040 3.3 i1 7 0 2640 23.8 3 a7 1
5 20 o 020 1501 11 [ 0 0.0 0.1 3 18 1
5 21 0 1746 1546 11 Y [} 2546 2544 3 19 1
5 22 0 0e0 10.7 11 10 ] 39.8 395 3 20 1
s 23 0 29.5 2640 . u o 0.0 2e5 3 a1 1
5 24 0 1945 1740 11 12 ] 221 218 3 22 1
6 ° 0 112.0 99.0 u 13 o 3 23 1
6 1 0 18,3 19.5 12 o [ 3 24 1
6 2 0 1148 243 12 H o 32 1
6 3 0 040 1.3 4 < o 4 ] 1
6 “ 0 6043 6740 12 3 o 4 1 1
6 5 0 3646 3541 12 o 4 “ 2 1
6 6 0 6946 71.0 12 5 o “ 3 1
6 7 0 1245 6.9 12 6 o o “ 1
6 8 0 9244 99.2 12 7 0 “ 5 1
6 9 0 24.0 20.8 12 8 ° “ 6 1
6 10 0 18.3 1440 4 ° 1 “ 7 1
6 11 0 3l.1 29,9 4 H H 4 8 1
6 12 0 0.0 12.3 0 2 1 o M 1
6 13 0 0.0 645 4 3 1 4 10 H
6 14 0 472 4645 o 4 1 N 11 1
6 15 0 1849 21.8 o 4 1 4 12 H
6 16 0 0.0 0et o 4 H “ 13 1
6 17 ° 1846 1602 9 7 H “ 16 1
6 18 0 25.3 25.0 o & H b 15 1
6 19 0 0.0 6e5 0 2 H 4 16 1
6 20 0 0.0 13.2 o 10 H o a7 1
6 21 0 28.5 33,4 ° 1 H 4 18 1
6 22 0 0.0 2.4 o 12 1 o 19 1
6 23 0 0.0 7.9 0 13 1 4 20 1
7 1 0 150 1149 9 1 1 o 21 1
7 2 0 1001 86e2 o 15 1 o a2 1
7 3 0 22.8 27.8 o a8 1 o 23 1
7 “ 0 99.2 9244 o =4 1 o 26 1
7 5 0 2440 21.8 0 18 1 4 25 1
7 6 0 1640 1448 o 19 1 5 0 1
7 7 0 33.3 32.1 o 20 1 5 1 1
7 [ 0 0.0 648 0 21 1 5 2 1
7 9 0 0.0 3.2 o 22 1 s 3 1
7 10 0 2646 27.4 o 2 1 5 “ 1
711 0 19.2 1645 o 24 1 s 5 1
7 12 0 27.6 2949 o 25 1 5 6 1
713 0 3l.1 31,9 9 2% H s 7 1
7 14 0 6946 71.0 1 1 1 H 8 1
715 0 22.1 21.2 1 2 1 H ? 1
7 16 0 18.9 2045 1 3 1 5 10 H
7 17 0 040 1743 1 e 1 2 1l H
7 18 0 040 10.8 1 s 1 5 12 N
719 0 0.0 345 1 e 1 5 1
7 20 0 17.6 17.5 1 H 1 5 1 1
7 21 0 19.9 19.0 1 8 1 5 15 1
T 22 0 18.3 1244 H 9 H 5 16 1
8 [ 0 48l 4645 1 10 1 L 34 1
8 1 0 109 13.8 1 o1 1 > 18 1
8 2 0 253 28.6 1 12 1 FHE 4 !
8 3 0 324 3044 1 13 1 - H
8 4 ] 13e4 13.6 1 14 1 5 22 1
8 5 0 545 5841 1 1s 1 FA-+4 1
8 6 0 10.9 4e5 1 16 h FO-4 h
8 7 0 2248 2548 1 17 1 . p h
8 8 0 4Beb “8e2 1 18 1 o 1 1
8 9 0 0.0 2.0 1 19 H M 2 h
8 10 0 13.4 602 1 20 1 M H h
8 11 0 47.8 53,4 T 21 1 4 . h
8 12 0 16.7 13,7 1 322 1 M M 1
8 13 0 28,9 31.9 1 23 1 bt H h
8 14 0 4044 “1e9 1 24 1 6 7 1
8 15 0 20.8 2101 1 25 1 M 8 H
8 16 0 0.0 9.7 1 %6 1 M M h
8 17 0 040 1144 2 ° ) e 10 h
8 18 0 0.0 8.3 3 1 1 e 1 1
8 1y 0 040 1340 2 2 1 6 12 1
8 20 0 040 6.2
9 1 0 040 47 3 3 1 6 13 1
9 2 0 20.2 18.8 3 “ H 6 16 1
9 3 0 1843 20.1 2 4 H 6 15 1
9 4 0 17.0 1646 2 & 1 6 16 1
9 5 0 3les 3049 2 7 1 6 17 1
9 6 0 1647 16405 2 4 H 6 18 1
9 7 0 4549 49.4 2 4 1 6 19 1
? 8 0 0.0 0ed 2 10 1 6 20 1
9 9 0 1344 8.0 2 11 H 6 21 1
9 10 0 5040 5149 2 12 1 6 22 1
9 11 0 17.9 2249 2 13 1 6 23 1
9 12 [ 3848 3847 2 14 1 7 o 1
9 13 0 427 “le3 2 15 H 7 1 1
9 14 o 1348 1045 216 H 7 2 1
9 15 o 17.0 1249 2 17 1 7 3 1
9 16 0 0.0 15.8 2 18 1 7 ‘ 1
9 17 o 0.0 17.3 N 19 1 7 5 1
9 18 o 0.0 8.2 2 20 1 7 e 1

0.0 14a2 10 o 0 2749 23.0 2 21 1 7 7 1 2842 28.8
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Table 1 (cont.)

L] [3 L F 0kS  F CALC " 3 " F 0d> F CALC n 3 L F 0BS F CALC H 3 L F OBS F CALC
7 8 1 1643 1443 [ 24 2 0.0 1346 5 14 2 1341 1242 [ 3 3 2543 2640
7 9 1 o3 37,8 1 [ 2 8242 65.0 5 15 2 0.0 05 0 7 3 3045 3241
7 10 1 l4e? 1247 1 1 2 7843 719 5 16 F 0.0 3.0 o 8 3 3.7 3244
7 1n 1 0.0 1.0 1 ¢ 2 4542 4le2 5 17 2 2248 2045 0 9 3 19.2 105
7 12 1 4243 4142 1 3 2 10945 10444 5 18 F 2942 2742 0 10 3 17.9 1942
7 13 1 2742 2703 1 “ 2 5349 5245 5 19 2 040 842 [ 11 3 0.0 4ol
7 14 1 0.0 8ok 1 5 2 33.7 3245 5 20 2 2347 <1.0 0 12 3 040 8e5
7 15 1 353 3645 1 6 2 542 5748 5 21 2 0.0 11e2 0 13 3 3.1 3le8
7 16 1 0.0 4o 1 ? 2 6040 6945 5 22 2 1643 1843 [ 14 3 0.0 1.0
7 17 1 040 S 1 8 2 23.1 17.9 6 0 2 0.0 2.3 0 15 3 2248 2743
7 18 1 “3.0 4242 1 v 2 3le1 2841 6 1 2 150 1642 [ 16 3 1843 1741
7 19 1 0.0 “el 1 10 2 21e> 2045 6 2 2 34eb 2844 0 17 3 1945 2le2
7 20 1 0e0 8.3 1 11 2 4lel 40e7 6 3 2 27.2 2743 0 18 3 Qe0 0.2
7 21 L 2404 21.8 1 12 2 3842 3649 6 4 2 1945 17.3 0 19 3 2008 2242
8 [ 1 3005 294 1 13 2 3.8 4242 6 5 2 39.1 4040 0 20 3 2546 2502
8 1 1 0.0 7.9 1 14 2 218 2043 6 6 2 2244 1845 0 21 3 000 1249
8 2 1 lees 1049 1 15 2 2948 2840 6 7 2 2045 21e4 0 22 3 040 8.2
8 3 1 6548 6642 1 16 2 1544 12.3 6 8 2 1843 1604 1 [ 3 4lel 37e2
8 “ 1 2945 3846 1 17 2 0s0 11.5 6 9 2 2643 2645 1 1 3 T4e5 6343
8 5 1 1843 1440 1 18 2 0.0 leed 6 10 2 1348 746 1 2 3 542 4504
8 6 1 1945 2243 1 19 2 0¢0 10.4 6 1 2 1846 1642 1 3 3 1245 2140
8 7 1 0.0 748 1 20 2 2540 3042 6 12 2 2048 1645 1 “ 3 5343 5lel
8 8 1 1846 2040 1 21 2 2347 2449 6 13 2 2643 2447 1 s 3 1341 9e2
8 9 1 27.9 2743 1 22 2 0.0 17.1 6 16 2 282 2642 1 6 3 2446 2245
8 10 1 2546 2840 1 23 2 19.9 2342 6 15 2 040 1047 1 7 3 3845 4lel
8 n 1 1949 1648 1 24 2 0.0 8e6 6 16 2 1643 17.0 1 8 3 2746 2848
8 12 1 3340 3247 2 [ 2 50.7 4945 6 17 2 35.0 33.8 1 9 3 3646 37.1
8 13 1 39.1 374 2 1 2 34eb 3049 6 18 2 7.0 1 10 3 1846 2348
8 14 1 31e1 3047 2 2 2 1344 1248 6 19 2 3645 1 11 3 17.0 3846
8 15 1 18,3 1541 2 3 2 4343 4240 & 20 2 . .8 1 12 3 2404 2543
8 16 1 laok 1642 2 4 2 1341 11.5 L3 21 2 0s0 lael 1 13 3 1l.8
8 17 1 1945 2049 2 5 2 3540 32.9 7 4 2 0.0 343 1 le 3 1640
8 18 1 0.0 3.6 2 6 2 11.8 940 7 1 2 38.2 3445 1 15 3 1440
8 19 1 17.0 1407 2 7 2 50e4 4546 7 2 2 15.0 12.7 1 16 3 1841
8 20 1 17.0 14.8 2 8 2 0.0 Te? ? 3 2 3244 34.8 1 17 3 2943
9 [ 1 27.2 2546 2 9 2 3642 3540 ? “ 2 4549 “7e7 1 18 3 3l.1
9 1 1 2l.1 1743 2 10 2 83,8 8143 7 5 2 2742 3lel 1 19 3 24e7
9 2 1 0.0 93 2 11 2 4346 4642 7 6 2 272 23.4 1 20 3 2240
9 3 1 15.0 1248 2 12 2 3241 32.6 7 7 2 4240 4201 1 21 3 29.2
9 3 1 37.5 3541 2 13 2 1846 1949 7 8 2 040 1 22 3 7.0
9 5 1 134 lle1 2 14 2 2845 2549 7 9 2 17.0 2 o 3 29+8
9 6 1 32.1 39,2 2 15 2 040 11.1 7 10 2 0.0 2 1 3 280
9 7 1 2440 27.0 2 16 2 2546 29.8 7 11 2 5841 2 2 3 4347
9 8 1 2148 1946 2 17 2 3247 3744 7 12 2 0.0 2 3 3 33.7
9 9 1 “lel 4241 2 18 2 1643 9.9 7 13 2 0.0 2 4 3 6246
9 10 1 4300 4243 2 19 2 1849 1841 7 14 2 2145 2 5 3 5942
9 11 1 0.0 “e2 2 20 2 1640 1549 7 15 2 2407 2 6 3 2048
9 12 1 0.0 1407 2 21 2 1643 1946 7 16 2 0.0 2 7 3 246
9 13 1 0.0 11.6 2 22 2 3347 3448 ? 17 2 0.0 2 8 3 3.6
9 14 1 0.0 845 2 23 2 0.0 7.3 7 18 2 0.0 2 9 3 11.0
9 15 1 375 3845 2 24 2 3948 39.7 7 19 2 040 2 10 3 23a1
9 16 1 2746 2342 3 ) 2 4346 442 8 [ 2 00 2 11 3 2840
9 17 1 1540 97 3 1 2 1843 1843 8 1 2 207 2 12 3 7.3
9 18, 1 040 342 3 2 2 1846 2644 8 2 2 0.0 2 13 3 1443
10 0 1 2749 3047 3 3 2 33.3 31.0 8 3 2 2942 2 14 3 2741
10 1 1 15¢4 1641 3 o 2 83.8 11940 8 4 2 3347 2 15 3 3046
10 2 1 0.0 3.9 3 5 2 1344 1445 8 5 2 0.0 2 16 3 3246
10 3 1 0.0 11.8 3 6 2 9148 9940 8 6 2 0.0 2 17 3 640
10 4 1 1640 1241 3 7 2 3048 8 7 2 040 2 18 3 laes
10 5 1 21a1 27.9 3 8 2 0.0 8 8 2 0.0 2 19 3 17e4
10 6 1 17.9 1346 3 9 2 5246 8 9 2 2048 2 20 3 2604
10 7 1 040 2.5 3 10 2 4340 4449 8 10 2 3343 2 21 3 2l.5
10 8 1 272 2541 3 11 2 311 3543 8 11 2 2244 3 0 3 31.6
10 9 1 37e5 3644 3 12 2 laet 1304 8 12 2 040 3 1 3 849
10 10 1 0.0 948 3 13 2 040 97 8 13 2 17e6 3 2 3 3846
10 11 1 1846 19.8 3 14 2 5648 5644 8 14 2 2640 3 3 3 4604
10 12 1 3041 2646 3 15 2 1540 1846 8 15 2 040 3 “ 3 2243
10 13 1 000 2.1 3 16 2 1547 14e6 8 16 2 “0e7 3 5 3 3045
10 14 1 4449 38.7 3 17 2 1743 2043 8 17 2 0.0 3 6 3 2849
10 15 1 0.0 1448 3 18 2 040 9.6 8 18 2 040 3 7 3 32.8
1n [ 1 1643 17.6 3 19 2 l4a7 1645 9 0 2 2649 3 8 3 2449
n 1 1 2849 2843 3 20 2 040 1343 9 1 2 2048 3 9 3 2947
1 2 1 1540 14s4 3 21 2 35,3 3603 9 2 2 221 3 10 3 35.7
Y 3 1 0.0 11.6 3 22 2 1504 1640 9 3 2 18,3 3 11 3 6eT
1 4 1 1547 12,9 3 23 2 040 1.6 9 b 2 18.¢ 3 12 3 546
n 5 1 19.2 15.8 3 2 2 0.0 13.5 ? 5 2 138 3 13 3 3702
n 6 1 2440 2546 4 0 2 1145 1le6 ? & 2 2340 3 14 3 2103
1 7 1 040 1541 4 1 2 2607 1947 4 7 2 298 3 15 3 3042
1 8 1 2546 2744 4 2 2 4les 37.8 9 4 2 1640 3 16 3 2044
1 9 1 2440 2449 . 3 2 11.5 1l.9 9 9 2 23.1 3 17 3 8e5
1n 10 1 las7 8e6 “ “ 2 2604 32.0 ? 10 2 2le5 3 18 3 6e8
11 11 1 2543 206 “ 5 2 12.8 9.8 9 11 2 0.0 3 19 3 10e3
11 12 1 040 12.3 “ 3 2 2404 2446 9 12 2 19.2 3 20 3 11.6
12 0 1 0.0 8.2 4 7 2 21.1 1042 9 13 2 3642 3 21 3 10.2
12 1 1 0.0 8.3 “ 8 2 3948 3840 9 16 2 17.6 “ o 3 10e4
12 2 1 1647 1447 “ 9 2 2942 2607 9 15 2 0.0 o 1 3 3le4
12 3 1 0.0 49 “ 10 2 4941 “8.9 1o o 2 8.6 “ 2 3 2246
12 4 1 0.0 1546 “ 11 2 37.8 395 10 1 2 0.0 “ 3 3 17.3
12 5 1 1647 2045 “ 12 2 2045 2140 10 2 2 0.0 “ - 3 ¢34
12 6 1 040 3.8 “ 13 2 2244 2041 10 3 2 0.0 “ 5 3 ¢3el
o o 2 2849 2845 - 14 2 3les 3040 10 s 2 1540 “ 6 3 3447
o 1 2 1344 2002 o 15 2 19.2 17.0 10 5 2 15.7 “ 7 3 33.4
o 2 2 2048 2845 “ 16 2 17.9 2042 10 e 2 22,1 “ 8 : 3243
[ 3 2 1046 2649 “ 17 2 199 206 1o 7 2 3406 “ 9 3 1448
° 4 2 040 1048 4 18 2 1909 1848 0 ¢ ¢ ITe0 ¢ 10 3 25,1
[] 5 2 6604 6148 “ 19 2 0.0 6ot 10 b4 2 1aea “ 1 3 11.9
0 6 2 2842 3048 “ 20 2 2244 2740 10 10 2 €942 “ 12 3 31.3
0 7 2 35.6 32,2 « 21 2 2042 2146 1o 11 H 176 “ 13 3 2503
0 8 2 17.9 849 4 22 2 0.0 5.8 1o i 2 0.0 “ 1 3 1949
0 9 2 T6et 7044 o 23 2 0.0 6.8 u o ¢ 0.0 “ 1> 3 2545
0 10 2 2241 22.1 5 0 2 000 5e4 i 1 2 19e3 4 Le 3 16e2
0 11 2 5548 5540 5 1 H 66e7 7142 1 2 2 0.0 o 17 3 3244 EPIS
0 12 2 0.0 0.8 5 2 2 1849 207 11 3 2 0.0 . 18 3 0.0 8ot
0 13 2 2440 29.7 5 3 2 39,5 387 11 “ 2 1ea7 “ 1y 3 0.0 Tet
° 14 2 12.8 1045 5 4 2 2546 2846 n 5 2 1749 4 20 3 1547 1241
° 15 2 3440 35,3 5 5 2 2742 2740 11 6 ¢ 0.0 5 0 3 “841 5049
0 16 2 17.3 17.5 5 6 2 37.8 39.8 11 7 2 040 5 1 3 38.5 17.8
] 17 2 12.8 1646 5 7 2 4346 “le? 11 b 2 lae? 5 2 3 2248 23.0
0 18 2 2304 2347 5 8 2 4240 “lot ° [ 3 1640 5 3 3 1803 2340
) 19 2 68,7 7640 5 9 rs 4566 4o o 1 3 5040 5 “ 3 040 1548
0 20 2 0.0 9.7 5 10 2 2344 2043 0 P 3 tlet 5 5 3 0.0 1.9
[ 21 2 32.7 3345 5 11 2 5847 S4eb [ 3 3 173 5 6 3 3le1 39.0
(] 22 2 0.0 1549 5 12 2 0.0 1443 0 o 3 lael 5 7 3 0.0 “e2
o 23 2 2ty 33,2 5 13 2 1743 13.1 0 ° 3 40k 5 s 3 l1ee0 1541
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Table 1 (cont.)

" 13 L F 0BS F CALC H 3 L F 085 F CALC H X L Fo0BS F CALC H K L F 085 F CALC
5 9 3 2045 2241 9 [ 3 2603 22.0 2 [} 4 250 2741 6 o “ 18.3 9.7
5 10 3 2646 27.0 9 1 3 17.6 17.8 2 9 4 0.0 15.3 6 5 o 0.0 6o
5 11 3 040 Te? 9 2 3 0.0 bobe 2 10 “ 23.4 2402 6 6 “ 0.0 12.9
5 12 3 1846 2341 9 3 3 laet 6.8 2 11 “ 0.0 1347 6 ? “ 18.3 2041
5 13 3 0.0 98 9 4 3 1507 1409 2 12 - 3446 3540 6 8 “ 279 34,5
5 14 3 0.0 Te? 9 5 3 0.0 95 2 13 b 00 8.0 6 9 “ 150 13.0
5 15 3 0.0 3.3 9 6 3 4047 4145 2 14 “ 29.2 2649 6 10 4 1843 12.2
5 16 3 30e1 32.3 9 7 3 2244 2049 2 15 “ 23.7 2648 6 11 “ 0.0 6ot
5 17 3 0.0 3.1 9 8 3 2440 2042 2 16 “ 040 1504 6 12 “ 0.0 9.7
5 18 3 0.0 1340 9 9 3 3l.1 2843 2 17 “ 0.0 703 7 0 “ 21.1 2500
5 19 3 040 10.7 9 10 3 1746 1840 3 ° 4 0.0 1.7 7 1 “ 16.0 12.7
6 [ 3 0.0 let 9 11 3 2604 2447 3 1 4 3543 33.7 7 2 “ 2607 23.3
6 1 3 2344 1745 10 [ 3 1945 19.5 3 2 “ 17.3 17,4 7 3 “ 205 9.1
6 2 3 3546 365 10 1 3 0.0 1le6 3 3 “ 2048 19.8 7 4 “ 30.1 31.6
6 3 3 léel 11.0 10 2 3 179 1648 3 4 4 040 18,3 7 5 “ 21e8 1946
6 4 3 2644 2143 10 3 3 0.0 942 3 5 “ 144 23,7 7 6 4 1846 1949
6 5 3 240k 3062 10 “ 3 1647 648 3 6 “ 19.9 25¢4 7 7 4 1647 11.2
6 6 3 1640 846 10 5 3 0.0 1006 3 N - 040 10.1 7 8 “ 0.0 6ed
6 7 3 2304 2545 o 0 4 1091 10547 2 8 o 2248 2240 7 9 “ 0.0 6e9
6 8 3 040 1446 ] 1 “ 1341 2040 3 9 “ 0.0 1065 8 0 “ 16.0 12.9
6 9 3 3406 3643 0 H 4 2640 2249 3 10 “ 19.9 272 8 1 “ 2543 2542
6 10 3 2002 2043 ] 3 “ 0.0 4ol 3 11 “ 27.9 31e5 8 2 “ 3241 29.5
6 11 3 0.0 343 o 4 ) 040 1145 3 12 “ 0.0 Te4 8 3 “ 21.8 2008
6 12 3 3001 2949 0 5 4 0.0 2.2 3 13 “ 23.4 21.2 8 “ “ 29.5 2744
6 13 3 0.0 9ek ° 6 o 2201 2208 3 164 “ 21.5 2042 0 ° 5 26e4 23.2
6 14 3 0.0 6e6 0 7 4 33.7 32.1 3 15 s 2742 22.2 [ 1 5 2802 2546
6 15 3 33.3 3346 0 8 “ 040 8.0 3 16 4 0.0 7.2 [ 2 5 15.0 12.6
6 16 3 0.0 Gob 0 9 - 3244 27.2 o o 4 491 “he5 4 3 5 0.0 3.5
6 17 3 1945 1746 [ 10 . 3244 3249 4 1 s 234 210 [ “ 5 19,9 17.7
6 18 3 040 443 0 11 “ 000 6e2 “ z “ 2942 2944 [ 5 5 19.9 1645
7 0 3 040 Tet 0 12 “ 040 0.6 4 3 s 0.0 1443 0 6 5 0.0 11.8
7 1 3 14k 1747 [ 13 “ 040 13,9 o s 4 1643 1646 [ ? s 2344 1643
7 2 3 27.9 31.7 [ 14 [ 040 13,3 e 5 . 20.0 20.5 [ 8 5 0.0 12.2
7 3 3 39.5 3946 [} 15 4 2842 2647 o 6 & 18.6 22.9 1 0 5 17.3 548
7 & 3 040 0.6 0 16 “ 157 1642 & 7 “ 19.5 29.0 1 1 5 0.0 15.0
7 5 3 1667 845 0 17 - 2.1 1701 “ 8 “ 17.3 1846 1 2 5 0.0 2.5
7 6 3 1743 1243 1 [ - 1248 1.9 . 9 “ 040 1744 1 3 5 0.0 13.8
7 7 3 2640 2642 1 1 4 2244 1742 - 10 4 250 2649 1 “ 5 0.0 145
7 8 3 20.2 1546 1 2 L3 237 2640 “ 1 “ 1407 234 1 5 5 0.0 O
7 9 3 2201 2644 1 3 “ 2649 39.5 “ 12 “ 0.0 3.1 1 6 5 3leb 2947
7 10 3 040 1001 1 . 5 0.0 45 o 13 - 0.0 12.7 1 7 5 19.9 1941
7 11 3 1846 1840 1 5 . 1846 1640 “ 14 “ 040 547 1 8 s 1407 10e1
7 12 3 040 9e2 1 6 & 321 3140 & 15 - 2002 2047 2 [} 5 040 5e6
7 13 3 27e2 2605 1 7 3 l4e7 171 5 o &4 369 3149 2 1 5 1945 1646
7 14 3 0.0 5.5 1 8 N 1743 10e2 5 1 “ 147 9.6 2 2 5 0.0 1001
7 15 3 2506 2601 1 9 &4 000 1546 5 2 L 3440 33,3 2 3 5 2040 2001
7 16 3 1540 1043 1 10 . 1640 1443 5 3 “ 040 13.8 2 o 5 0.0 7.7
8 0 3 0.0 8ol 1 i1 “ 14e1 13.7 5 . 4 0.0 1043 2 5 5 2842 25.1
8 1 3 2600 23.3 1 12 . 0.0 842 s 5 . 0.0 1645 2 6 5 1643 9.3
8 2 3 2400 2364 1 13 “ 1846 1501 5 6 4 00 1849 2 7 5 0.0 79
8 3 3 1607 1748 1 14 L3 2148 2244 5 7 - 0.0 o7 3 o 5 040 3.0
8 - 3 040 Tel 3 15 - 1643 13,4 5 8 4 2646 3945 3 1 5 0.0 10.8
8 Y 3 2546 2504 1 16 o 1746 1346 5 9 4 17.3 1940 3 2 5 1640 10e2
8 6 3 2244 22,9 1 17 - 040 3.0 5 10 & 264 2502 3 3 5 2540 25.2
8 7 3 040 1649 2 [ 4 3048 2401 s 1 . 0.0 1142 3 “ 5 1643 1646
8 8 3 1643 1046 2 1 “ 308 2749 5 12 “ 15.0 8+9 3 5 5 0.0 1744
8 9 3 2640 2602 2 2 4 040 Yok Ed 13 “ 040 15.7 3 6 5 0.0 105
8 10 3 040 2.0 2 3 4 40 3847 s 16 . 1746 1745 . [ 5 0.0 7.5
8 11 3 0.0 4ol 2 “ [y 21e1 152 [3 4 - 3642 3945 [ 1 5 1647 13.9
8 12 3 3646 35.3 2 5 - 0.0 95 6 i b 40e4 “1.8 “ 2 5 195 1601
8 13 3 040 9.9 2 6 “ 1843 2149 6 2 bé 0.0 649
8 14 3 040 Tet 2 7 “ 1846 13.0 6 3 . 15.7 9.0
Table 2. Final positional (fractional) and Table 2 (cont.)
thermal parameters Atom z y 2 B (A?)
Atom x Y z B (A?) C(28) 0-0915 0-3360 0-8141 4-93
Br(l) 0-1680 0-7398 0-3841 — C(29) 0:0595 0-2844 07754 —
S(2) 0-4027 0-5633 0-0728 2.89 C(30) 0-4009 0-3457 0-8857 3-30
0(3) 0-4032 05624  —0:1658 463 C31) 0-4080 0-3243 1-1279 —
0(4). 0-4935 0-5620 0-1894 4-26 X .
0(5) 0-3378 0-5231 0-1556 3.99 Anisotropic thermal parameters ( x 10%)
0O(6) 0-1981 0-4635 0-4232 313 Atom [ bys bag bys bys by
O(7) 0-0093 0-4453 0-5960 3-33 Br(l) 136 20-0 861 2 240 44
0O(8) 0-1464 0-3490 0-6387 4-22 0(10) 57 16-9 353 47 80 13
0(9) 0-3165 0-3729 0-8797 3-93 o(11) 128 25-3 420 —45 178 —18
0(10) 0-4513 0-3406 0-7308 — 0(12) 84 27-2 453 15 —19 14
o(11) 0-0573 0-3604 0‘?489 — C(27) 41 21-3 398 —48 43 18
0(12) —0-1373 0-4161 0-5335 — C(29) 102 9-4 604 13 —51 =17
C(13) 0-2424 0-6844 0-3009 4-40 C(31) 77 10-4 258 —19 —62 9
C(14) 0-3135 0-6714 0-4465 4-55
C(15) 0-3664 0-6321 0-3931 3-28
C(16) 0-3363 0-6121 0-1639 2.57 the molecule, although the acetyl groups were rather
c(17) 0:2676 0-6285 0-0085 413 poorly resolved at this stage. Throughout this struc-
C(18) 0-2150 0-6691 0-0828 5-36 ture determination, the scattering factors of Interna-
C(19) 0-3393 0-5099 0-3942 2:99 tional Tables for X-ray Crystallography (1962) were
C(20) 0-3042 0-4604 0-4035 2-21 d ith B—4-5 Azf 1at d N
c(21) 0-3356 0-4397 0-6429 3-73 used, with b= or all atoms, and oXygen atoms
C(22) 0-2952 0-3920 0-6588 1-88 were distinguished at the final stage; R, the usual
C(23) 0-1808 0-3967 0-6470 2-96 discrepancy index, decreased from 0-46 for Br and S
C(24) 01563 0-4184 0-4240 806 only to 0-26 for all 31 atoms.
C(25) 0-0480 0-4230 0-3852 4-08 Refi t of th it 1 d isot ic th 1
C(26) —0-0865 0-4417 0-6564 4-03 ermmement o € positional an 1sotropic erma

C(27) —0-1166 0-4646 0-8576 — parameters then proceeded by computing successive
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Table 3. Bond lengths (A) and standard deviations,
and valency angles

o varies from 0-9° for O-8-O angles to 2:6° for angles
in the acetyl groups

Bond l o Bond l G
Br(1)-C(13) 1980 0-027  O(5)-C(19) 144  0-029
S(2)-C(16) 1777 0-021  O(6)-C(20) 146  0-026
S(2)-0(3) 1-381 0019  O(6)-C(24) 144  0-024
$(2)-0(4) 11416 0018  O(7)-C(25) 1-48  0-033
Mean S=0 1-399 0-013  O(8)-C(23) 1-48  0-025

0(9)-C(22) 143  0-028
$(2)-0(5) 1-553 0-015  Mean O-Cgpz 145  0-01,
C(13)-C(14) 1-3¢  0-039
C(14)-C(15) 140 0033  O(7)-C(26) 1-36  0-030
C(15)-C(16) 1-51 0-036  O(8)-C(28) 1-32  0-036
C(16)-C(17) 139 0034  0(9)-C(30) 1-41  0-026
C(17)-C(18) 1-46 0-037 Mean O-Cgpz  1:36  0-01,
C(18)-C(13) 1-39  0-044
Mean 0(10)-C(30)  1-14 0-032
Car—Car 141 001,  O(11)~C(28) 116 0-038
0(12)-C(26)  1-25 0-034
C(19)-C(20) 1-53 0-027 Mean C=0 0-02,
C(20)-C(21) 157  0-036
C(21)-C(22) 1-51  0-030  ((26)-C(27) 141 0-042
C(22)-C(23) 1-58 0-030 C(28)-C(29) 1-59  0-038
C(23)-C(24) 1-48 0-034 C(30)-C(31) 134  0-040
C(24)-C(25) 151 0033
Mean egn C 1-51  0-02
2— 3 N N

Cops~Csps 153 0-01, SRR s
BeC._c.. | Range C(25)-0(7)-C(26) 1215
s o | 110-0-132-4 C(23)-0(8)-C(28) 1156
i i (10 angles) C(22)-0(9)-C(30) 1144

AT ) Mean 1178 Mean Cyps-0-Cypz  117-2
0(3)-3(2)-0(4) 118-2 O(7)-C(26)-0(12) 1160
0(3)-8(2)-0(5) 107-3 O(8)-C(28)-0(11)  124-7
cusealy o ool s
0(4)-S(2)-C(16) 109-3 Mean O-C=0 121-4
0(3)-8(2)-C116)  103-2 O(7)-C(26)-C(27)  117-3
Mean at S 109-3 0(8)-C(28)-C(29) 1089

0(9)-C(30)-C(31)  107-8

8(2)-0(5)-C19)  119-6 Mean O-C-CH,  111-3
C(20)-0(6)-C(24)  109-9

Range 0(12)-C(26)-C(27) 1266

O-Csp3—Csps 103-1-113.1  O(11)-C(28)-C(29)  124-9

Cyp3~Cepa—Cip [ (15 angles) 0(10)-C(30)-C(31) 1286

Mean 107-2 Mean O=C-CH, 126-7

observed and calculated differential syntheses, and
after seven cycles R was reduced to 0-183. At this
stage a three-dimensional Fourier series was summed,
and superimposed sections of the resulting electron-
density distribution taken through the atomic centres
are shown in Fig. 1. There was no spurious detail,
so that the structure appeared to be essentially correct.

Refinement of the atomic parameters, and an overall
scale factor, was completed by (block-diagonal) least
squares. The function minimized was Zw(|F,|— | F,|)2,
with Jw=|F,[/40 when |F,| <40, and }w=40/|F,|
when [Fo| = 40. Refinement was complete in five
cycles, during which R was reduced: from 0-183 to
0:090, and Zw.AF? from 26 x 103 to 6 x 103, In the
final cycles anisotropic thermal parameters were
introduced for the bromine atom and for the outer

CONFIGURATIONS OF HEPTITOLS

atoms of the acetyl groups (our 40K IBM 1620 could
not accommodate all the atoms anisotropically, and
the atoms treated were those whose thermal vibration
seemed most anisotropic).

The measured structure amplitudes are compared
in Table 1 with the values calculated from the final
parameters, those from the fifth least-squares cycle
(B=0-090 for the 851 observed reflexions).

Atomic parameters and molecular dimensions

The final positional and thermal parameters are
given in Table 2. z, y and z are fractional coordinates
referred to the crystal axes, B are isotropic tempera-
ture factors and by are the anisotropic thermal
parameters in the expression:

exp {— (b11h2 + bosk® + basl2 + boskl + byghl + biohk)} .

A perspective drawing of the molecule, with the
atom numbering used, is shown in Fig. 1, and the
bond distances and valency angles are given in
Table 3, together with their standard deviations
calculated from the least-squares residuals. All the
intermolecular distances less than 4:0 A were cal-
culated, and the shorter contacts are listed in Table 4.

Table 4. Shorter intermolecular distances

All contacts < 4:0 A between a standard molecule (1) and
neighbouring molecules were calculated, but only the most
significant crystallographically independent separations are

listed
Atom to Atomm in Molecule d
(Molecule 1)
Br(l) 0(10) 6 3-45 A

Br(1) C(30) 6 3-61
0(4) 0(5) 11 3-41
O(4) C(19) 11 3-34
0(4) C(20) 11 311
0(4) C(21) 11 3-52
0(10) C(15) 11 3-27
0O(11) C(24) 7 3-51
0(11) C(25) 7 3-13
C(15) 0(3) 7 3-31
C(19) 0(3) 7 3-10
C(31) 0(10) 7 3-57
C(14) C(17) 7 3-55
Molecule 1 x Yy 2

6 t—x ity l—2z

7 x Yy 1+2

11 l—a l—y z

Discussion

The analysis has established that the derivative
investigated is 1-O-(p-bromobenzenesulphonyl)-4,5,7-
tri-O-acetyl-2,6-anhydro-3-deoxy-D-glucoheptitol. The
tentative assignment of structures to the two anhydro-
deoxyheptitols is therefore correct; the lower-melting
isomer is 2,6-anhydro-3-deoxy-D-glucoheptitol (I, R;=
R:=H), and the higher-melting isomer is 2,6-anhydro-
3-deoxy-p-mannoheptitol (II).

The sugar ring is in the chair conformation with all
substituent groups in equatorial positions, as is clear
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from Fig. 1. Since the compound is derived from
D-glucose the absolute configuration is established:
the parameters of Table 2 referred to a right-hand set
of axes give the true absolute configuration. Fig. 1
also depicts the correct absolute configuration.

The bond distances and valency angles in the
molecule (Table 3) are all quite normal, and require
no special comment.

All the intermolecular separations (Table 4) cor-
respond to normal van der Waals interactions. The
shortest distances are three C - - - O contacts of 31 A,
equal to the sum of the van der Waals radii of carbon
and oxygen (Pauling, 1960). The shortest Br-O and
Br-C contacts are 3-45 A and 3-61 A respectively
(sum of van der Waals radii 3-35 A and 365 A
respectively). The shortest O-O contact is 3-41 A,
and the shortest C—C separation is 3-55 A.

Acta Cryst. (1965). 18, 203
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The Crystal and Molecular Structure of 5-Iodo-2'-deoxyuridine

By N. CameERMAN AND J. TROTTER
Department of Chemistry, University of British Columbia, Vancouver 8, B.C., Canada

(Received 28 February 1964)

Crystals of 5-iodo-2’-deoxyuridine and 5-bromo-2’-deoxyuridine are isomorphous; the compounds
are triclinic with one molecule in the unit cell, space group P1, with dimensions a =4-98, b =6-83,
c=9-60 A, x=101°40", $=109°18", »=98°20" for the iodo-compound, and «¢=4:87, b=6-72,
c=956 A, a=100°10", B=107°24", y=98°31" for the bromo-derivative. The detailed structure
of 5-iododeoxyuridine was determined from Mo K« scintillation counter data. A three-dimensional
Fourier synthesis with all phases zero (based on the I atom), although it contained a false centre of
symmetry, revealed all the atoms in the molecule. The positional and isotropic thermal
parameters were refined by least squares to an R value of 0-142; further refinement with aniso-
tropic temperature factors indicated no further significant shifts in positional parameters, but
reduced R to 0-054.

The atoms attached to the pyrimidine ring show small deviations from exact planarity. The
deoxyribose ring is puckered with C(2’) displaced 0-59 A from the plane of the other four atoms.
The angle between the planes of the two rings is 81°; the conformation about the glycosidic C-N
bond, as defined by the angle formed by the trace of the plane of the base with the projection of
the C-O bond, is —67°. The bond distances indicate that the pyrimidine base is in the keto form
(both carbon-oxygen distances 1:22 A); the C(4)-C(5) bond (1-34 A) is a double bond, C(5)-C(6)
is a single bond (1-49 A), and the C-N distances in the pyrimidine ring all measure 1-37 A. The
glycosidic C-N bond length is 1:-49 A. The distances and angles in the deoxyribose ring are all
normal.

The most significant intermolecular distance is an I+ O (carbonyl) separation of 2:96 A;
this is very considerably shorter than the usual van der Waals contact (3:55 A), and suggests charge
transfer bonding involving donation of oxygen lone-pair electrons to vacant 5d orbitals of the
iodine atom. A strong intermolec¢ular attraction of this type may be the explanation for the antiviral
activity of 5-iodo-2’-deoxyuridine. The other short intermolecular separations correspond to
O-H:--0and O ---H-N hydrogen bonds.

Introduction

5-Todo-2'-deoxyuridine (IDU) (Fig. 2) has been used
in the treatment and cure of herpes simplex keratitis

(Kaufman, Nesburn & Maloney, 1962; Kaufman,
1962), and this is the first clear-cut demonstration
that true viral disease can be effectively treated
without obvious harm to the host. It is postulated



