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The Crystal and Molecular Structure of 1-Thiacyclobutane-
3-carboxylic Acid-1-oxide

SIXTEN ABRAHAMSSON and GUNNAR REHNBERG

Crystallography Group, Swedish Medical Research Council Unit for Molecular Structure
Analysis, University of Goteborg, P.O.B., S-400 33 Gaiteborg 33, Sweden

The high melting isomer of 1-thiacyclobutane-3-carboxylic acid-
l-oxide (C,HyO3S) 18 orthorhombic (Pnra2,) with a=9.89+0.05,
b=5.41+0.02, and ¢=10.81+0.08 A. The molecule has the trans
configuration and shows a puckered four membered ring (dihedral
angle 153°). The molecules are held together by hydrogen bonds
between the carboxyl and sulphoxide groups.

1-Thiacyclobutane-3-carboxylic acid-1-oxide (C;H40,S) was prepared by
Allenmark.! He found that the synthetic product had a diffuse melting
point and interpreted this as due to the presence of the geometric isomers
which are possible because of the ring system. A separation of the two forms
was possible by repeated recrystallization from ethyl acetate or acetone.
One modification melted at 130.5 — 133.0°C whereas the other (isolated from
the mother liquor) melted between 133°C and 138°C. Crystals from the high
melting form were used for a crystal structure determination.

EXPERIMENTAL

Crystals of C,;H,O,;S are orthorhombic (Pra2,) with the following unit cell dimensions:
a=9.89+0.05, b=5.41+0.02, and ¢=10.8140.08 A
The intensity data were collected with the Weissenberg technique using CuKea radiation.
Rotation about the b-axis gave layers 0 —4, and about the c-axis layers 0— 7. The film
intensities were measured on the automatic film scanner * developed at this institute.
They were then scaled 3 together to a set of 532 independent reflexions. The intensities
were corrected for the Lorentz and polarization factors but not for absorption.

STRUCTURE DETERMINATION

The sulphur atom was found from a sharpened Patterson series and the
remaining atoms were then located from successive electron density and
difference syntheses. The hydrogen atom of the carboxyl group was found at
the expected position but was poorly defined. This has been the case in rather
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Table 1. Observed and calculated structure factors. The phase angles are given as fractions
of one revolution.
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Table 1. Continued.
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any structures with hydrogen bonding both with film scanner and diffractom-
meter data. All hydrogen atoms were, however, included in the following
structure factor calculations at their calculated positions with isotropic
temperature factors corresponding to those of the parent atom. The refinement
was performed by least-squares using anisotropic thermal parameters for all
non-hydrogen atoms. The hydrogen parameters were not varied. The final
R-value is 0.097 for all observed independent reflexions. In the refinement
the residual Jw (|F | — |k|F ) was minimized where the weight w was

1
]Fol — 4'42IFminl 2
“’( 6.19F )
The form factors of the International Tables for X-Ray Crystallography 4

were used. The calculations were performed with the program system of
Abrahamsson et al.’

min!

RESULTS

A list of the final set of observed and calculated structure factors is given
in Table 1, the atomic parameters in Tables 2 and 3. The interatomic distances
and angles are shown in Fig. 1, and with standard deviations in Table 4. There
are no unexpected features in these values.

Table 2. Fractional coordinates for the atoms of the structure. The standard deviations
(within brackets) are multiplied by 10* for z, y, and z, respectively.

@ o(@) Yy aly) z o(z) B (A2
S (1) 0.08491 (2) 1.07513 (4) 0.00041 (0)
C (1) 0.26706 (13) 1.03379  (27) —0.03464 (12)
C (2) 0.29227 (11) 0.94342 (19) 0.09476 (14)
C (3) 0.14365 (11) 0.87000  (22) 0.12383 (14)
C (4) 0.33843 (11) 1.14552 (22) 0.18207 (1
0 (1) —0.00559 (9) 0.93981 (15) —0.09174 (11)
0 (2) 0.42151 (9) 1.06842 (18) 0.27195 (12)
0 (3) 0.30000 (11) 1.35747 (16) 0.17275 (11)
H(11) 0.29060 0.88400 —0.10610 4.07
H(12) 0.32570 1.19440 —0.06200 4.07
H(21) 0.37100 0.80740 0.10340 3.17
H(31) 0.12250 0.67040 0.10820 3.65
H(32) 0.10930 0.91590 0.21710 3.65
H(24) 0.46140 1.20030 0.33960 4.65

Table 3. Anisotropic thermal parameters exp[— 2a%(U,h%a*?+ U,ok?b*? 4 Ugylic*? +
2U ykib*c* + 2U 5 lhe*a* + 2U  hka*b*)].

Ull U22 U33 U23 U31 U12
S(1) 0.03491 0.04201 0.03670 —0.00296 0.00085 0.00291
C(1) 0.04208 0.07829 0.03735 —0.02307 0.00522 —0.00529
C(2) 0.03381 0.03960 0.05260 —0.00706 0.00351 0.00145
C(3) 0.03776 0.04641 0.05848 0.00060 —0.00309 —0.00084
C(4) 0.03748 0.04711 0.03179 —0.00663 —0.00362 0.00374
O(l) 0.03306 0.06287 0.06432 —0.01514 —0.00061 —0.00235
0(2) 0.05733 0.05710 0.06293 —0.00645 —0.01754 0.00870
0(3) 0.07737 0.03495 0.06616 —0.00076 —0.02431 0.01350
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Table 4. Interatomic distances and angles with e.s.d.’s.

S(1)=C(1) = 1.85¢ A (0.012)
—C(3) = 1.830 (0.013)
—0(1) = 1.526 (0.010)

C(1)—C(2) = 1.503 (0.017)

C(2) —C(3) = 1.555 (0.014)
—C(4) = 1.515 (0.015)

C(4)—0(2) = 1.339 (0.015)
-0(3) = 1.212 (0.014)

O(1)—8(1)—C(1) = 112.2° (0.6)
O(1)—S(1) — 0(3) = 111.8 (0.5)
C(1)—~8(1)—-C(3) = 76.6 (0.5)

S(1)-C(1)—C(2) = 90.6 (0.7)

(1) — ¢ 2)—0(3) = 06.6 (0.9)

C(1)—C(2)-C(4) = 113.3 (0.9)

C(3)—C(2)—C(4) = 110.1 (0.9)

8(1)-C(8)-C(2) = 89.8

C(2)-C(4)-0(3) = 1224 (1.0)

C(2)-C(4)-0(2) = 114.3 (0.9)

0(2)-C(4)—0(3) = 123.2 (1.1)

From the stereoscopic drawing given in Fig. 2 it is obvious that the high
melting form of C,HgO,S has the trans configuration.

The four membered ring is non-planar. The dihedral angle between the
planes defined by C(1), S(1), C(3) and C(1), C(2), C(3) is 153°, which agrees well
with the values usually found in puckered cyclobutane rings.® The carboxyl
group is roughly perpendicular to the four membered ring. The angle between
the planes C(1), C(2), C(3) and 0(2), G(4), O(3) is 98°.

The packing of the molecules is shown in Fig. 3. The molecules are linked
together by hydrogen bonds between the carboxyl and the sulphoxide group.
The I O(1) and III O(2) distance is 2.63 A. The other intermolecular contacts

oM

153

S(1) Hm) 1.8 [ 12.2

H(24)

Fig. 1. Interatomic distances and angles of C,H O;S. The atomic numbering is also
indicated.

Acta Chem. Scand. 26 (1972) No. 2



STRUCTURE OF CHO,S 499

Fig. 2. Stereoscopic pair of C;H,0,S.

c/2

Fig. 3. Molecular packing of C,H,O;S. Some short intra- and intermolecular contacts
are shown.

as well as the nonbonded intramolecular distances indicate normal packing
conditions.
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