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play an important role in the molecular packing. There 
are five intramolecular contacts between the ring N 
atoms and the O atoms of the ester groups: N(3)... 
O(18) 2.601 (7), N(4)...O(22) 2.560 (8), N(7)...O(21) 
2.814 (9), N(12)...O(26) 2.627 (6) and N(13).,.O(29) 
2.633 (8),/k. In addition there is a short contact 
between O(17) and 0(30) [3.182 (6)A] of the ester 
groups of rings A and C respectively. 
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Abstract. Mr=432 .46 ,  orthorhombic, Pnma, a =  
10.644 (2), b = 10.106 (3), c =  3.9348 (4),/~, V =  
423.27 ,/k 3, Z = 4, D m = 1.66, D x--  1.697 g cm -3, 
2(Mo Ka) = 0.7093 A, g = 5.89 cm -1, F(000) = 224, 
T =  298 K, R = 0.046 for 562 observed reflections. 
The C - S  bond length 1.8615 (4) ,/~, close to that of the 
previous investigation, is much longer than that in 
thiourea at 123 K [1.716 (8) A]. This indicates weaken- 
ing of the C - S  bond upon the oxidation of thiourea. 
The two crystallographicaUy independent N - H . . . O  
hydrogen bonds are roughly equal [2.84 ]k]. 

Introduction. The structure of the title compound has 
been determined by Sullivan & Hargreaves (1962) 
using Weissenberg photographs. This work presents the 
redetermination using a CAD-4 diffractometer in order 
to obtain better parameters. We are interested in the 
rather long C - S  bond length, - S O  2 conformation and 
the intermolecular hydrogen bondings. 

Experimental. Sample prepared by oxidation of 
thiourea using hydrogen peroxide. Crystals grown from 
water, 0.4 x 0.47 x 0.13 mm, CAD-4 diffractometer, 
unit cell: 20 reflections, 20 range 15 to 40 °. Dm by 
flotation (CHC13/CHBr3). 20ma x = 60 °. Two equivalent 
sets hkl, hkl averaged to yield 649 unique reflection 
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data with Z(AI/i)  of 0.6%,_where A1 indicates the 
difference between the sets, 1 the arithmetic average 
intensity of the equivalent sets; the summation is over 
all the reflections measured, h < 14, k < 14, l < 4 .  
Three standard reflections monitored every 0 .5h;  
variation 2%. 562 observed with 1 > o(/). Empirical 
absorption correction based on ~, scans from four 
reflections with 28 values from 8 to 42 °. H atoms (from 
AF map) refined isotropically, remainder aniso- 
tropically, function minimized ~,W(Fo-F~)Z; R =  
0.046, R w = 0.027, S = 3.89; weighting scheme from 
counting statistics. (A/O)max = 0.9 (for H atom). Peaks 
on final Ap map 0 . 9 5 c A  -3 (around S atom). 
Secondary-extinction coefficient 0.241 (length in ~ma). 
Atomic scattering factors from International Tables for  
X-ray Crystallography (1974). Computing programs: 
NRCC SDP PDP-11 package (Gabe & Lee, 1981). 

Discussion. The atomic coordinates and isotropic 
temperature factors are shown in Table 1.t The bond 
lengths and angles are approximately the same as those 
of the previous work (Sullivan & Hargreaves, 1962). 
The only significant differences are in the hydrogen 

t Lists of anisotropic thermal parameters and structure factors 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 39624 (7 pp.). Copies may be 
obtained through The Executive Secretary, International Union of 
Crystallography, 5 Abbey Square, Chester CH 1 2HU, England. 
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Table 1. Atomic coordinates and isotropic temperature 
factors (A 2) of thiourea dioxide 

Beq = ~Tt2~'l~jUija~a~ai.aj. 

x y z Beq/B 
S 0.45975 (l) 0-25 0.36497 (3) 3.02 (1) 
C 0.11194 (3) 0.25 0.9019 (1) 2.57 (2) 
N 0.16367 (2) 0.13639 (2) 0.8390 (I) 3.43 (1) 
O 0.40051 (1) 0.12865 (2) 0.50769 (4) 3.48 (1) 
H(I) 0.2533 (2) 0.1306 (2) 0.7437 (6) 6.4 (1) 
H(2) 0-1206 (2) 0.0680 (2) 0.8816 (6) 3.2 (1) 

bonds where the two crystallographically independent 
N.- .O distances are roughly equal (2.84 A). The 
N--H(I ) . . .O bond is believed to be stronger than 
N - H ( 2 ) . . . O  from the closer value of the N - H ( I ) . . . O  
angle to 180 ° and the lengthening of the N-H(1 )  bond. 
A comparison between this work, the previous one and 
the structure of thiourea at 123 K (Mullen & Hellner, 
1978) is given in Table 2. The C - S  bond is obviously 
lengthened in the title compound which indicates 
single-bond character in the dioxide. 

The authors would like to express their appreciation 
for the support of this work from the National Science 
Council for both the research grant and the use of the 
CAD-4 diffractometer. 

Table 2. Comparison between thiourea dioxide and 
thiourea 

Thiourea dioxide Thiourea (123 K) 
(Sullivan & Thiourea dioxide (Mullen & 

Hargreaves, 1962) (This work) Hellner, 1978)* 
C-S 1.85 (2) A 1.8615 (4) A 1.716 (8) A 

1.712(8) 
S-O 1.49 (8) 1.4890 (4) 
C-N 1.310 (8) 1.2972 (4) 1.332 (6) 

1.334 (8) 
N-H(2) 1.27 (9) 0.846 (2) 0.80 (6) 

0.93 (6) 
N-H(I)  1.09 (8) 1.027 (2) 1.00 (6) 

0.93 (5) 
N...O 2.85 (2) 2.8392 (5) 
/_N-H(I)...O 166 (7) ° 170.4 (2) ° 
H(l)...O 1.8 (I)A 1.821 (2)A 
H(2)...O 1.6 (1) 2.060 (2) 
N...O 2.84 (2) 2.8429 (9) 
/N-H(2) . . .O 161 (6) ° 153.5 (1) ° 

* Two independent molecules. 

References 

GABE, E. J. & LEE, F. L. (1981). Acta Cryst. A27, C339. 
International Tables for X-ray Crystallography (1974). Vol. IV. 

Birmingham: Kynoch Press. 
MULLEN, D. & HELLNEI~, E. (1978). Acta Cryst. B34, 2789-2794. 
SULLIVAN, R. A. L. & HARGREAVES, A. (1962). Acta Cryst. 15, 

675-682. 

Acta Cryst. (1984). C40, 1938-1941 

Structure of the tert-Butyl-ortho-tolylearbinol, 2,2,4,4-Tetramethyl-3-(2-methyl-4- 
methoxyphenyl)pentan-3-ol, C17H2sO2 

BY EDWARD HOUGH 

Department of Chemistry, University of Tromsa, PO Box 953, N-9001 Tromsa, Norway 

AND JOHN S. LOMAS 

Institut de Topologie et de Dynamique des Syst~mes, Universitd de Paris (Paris 7) associd au CNRS, 1 rue Guy de 
la Brosse, F-75005 Paris, France 

(Received 10 January 1983; accepted 4 May 1984) 

Abstract. Mr=264 .41 ,  triclinic, Pi ,  a = 8 . 2 5 9  (3), 
b = 7.888 (3), c =  13.493 (3) A, ~t= 102.2 (3), # =  
96.8(3), ) ,= 110.1 (3) ° , V =  789.2(5)A a, Z = 2 ,  O x 
= 1.113 (1), Din= 1 .12(1)gcm -a, 2 ( M o K a ) =  
0.70926 A, /~=0.763 cm -~, F(000) = 292, room 
temperature. Final R = 0.05 for 1736 observed reflec- 
tions. The geometry indicates severe overcrowding at 
the alcoholic C atom. The molecular geometry agrees 
quite well with that predicted by the molecular- 
mechanics method. The molecule has the synperiplanar 

conformation with the hydroxyl group rotated 11.6 ° 
out of the plane of the phenyl ring. 

Introduction. Over the last few years much attention 
has been given to steric effects and, in particular, to 
their influence upon reactivity. One aspect of this work 
is concerned with highly congested molecules, contain- 
ing usually one or more tert-butyl groups, which show 
interesting and often unexpected behaviour. Crystal- 
lographic studies of such compounds, though not 
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