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At

;3"‘;7(;-1CZH7NZOSSZNa, monoclinic, P2,/c,Z =4, a

‘-98(4)57 ), b= 17043 (3), c = 9-654(5) A=
,D. = 1-90 (1), D, = 1:90 g cm™>, A(Mo

| = Q.

'fCliOns7’lr(}),'7 :A’ R = 0-033 for 2045 observed

‘“”'0not-”2 1S 15 th? product of a bisulfite addition
-thiouracil at pH 8. The sulfonate group 18

d att -
‘?‘Jracil.aChed axially at the 6-position of the

odueti .
N,uo:n(;’f" ‘biTshleﬁ title compound was prepared by
ts5ion photu te ion to 2-thiouracil. Preliminary
Soluﬁoogfaphs of the crystgls obtained from
<ittion Pattern showed monoclinic symmetry and
“Mectipn ES (OKO reflections absent when & odd,
2 group P221 /sent when [ odd) consistent with the
4 with thl ¢. The calculated density for Z = 4
An in 5 me experimental density obtamed by
mall c,ySta10nobromoethane—chloroform mixture.
“Medona§ 04 x 0-2 x 0-2 mm) was then
“Msiong Wercy?jtex P2, diffractometer. Accurate cell
5.0and 41 etermined from a least-squares fit o
“OMated Mg Igr 15 reflections with graphite-mono-
L I (A = 0-71069 A). Data
" have bee“h a 826 scan technique, the details of
2642 reﬂn reported (Seccombe, Lee & Henry,
“hich 2045 ections were measured with 26 <
‘?:«')‘sls. The dhad I > 30(I) and were used for data
fab’ that wag at;l were then corrected for the 1-8:6
% amplity do served, and 'redgccd to the structure
Liatiop CO:S by the application of the Lorentz
iption Coefﬁl'e'cuon. Because of the small linear
2aystal, g cient, 3-39 em™", and the small size ol
A » N0 absorption or extinction correction was

0T to w —_—
hom correspondence should be addressed.

The positions of the S and Na atoms werc found
from a Patterson map. All other atoms, including H,
were found in subsequent electron density and dif-
ference electron density maps. For the refinement, all
non-hydrogen atoms Wwere treated with anisotropic
thermal parameters and all H atoms with fixed isotropic
thermal parameters. The final discrepancy indices were
R, =ZlF, - \FWEIF) = 0.033 and R, = [Z w(IF,}
—\F)YE wiF 12V = 0-042.

The positional and isotropic thermal parameters arc
given in Table 1 with their estimated standard

; for H x 10%) and isotropic

Table 1. Positional (x 10°
h e.s.d.’s in parentheses

thermal (A?) parameters wit

B
S(1) 15760 (4) 73961 (8) 11856 (6) 1-24 (6)
S(2) 35651 (4) 23543 (7) —4964(5) 1:93(9)
Na 49649 (7) 1112 (11) 25919(9)  1:94(9)
o 36431 (12) 5781 (22) —12501(16) 1:72(17)
0(2) 43941 (11) 25652 (21) 7689 (14) 2-13(15)
0Q@3) 34528 (12) 39906 (23) 14219 (16) 2:35(17)
o4 4164 (12) 32891 (25) _29360 (15) 2-24 (18)
o) 40357 (13) 76443 (25) 12326 (17 1-50 (18)
N(1) 22447 (13) 39237 (26) 9063 (17) 1-84 (18)
N(3) 10175 (14) 50569 (27) _9873(18) 1-34(19)
C() 16249 (15) 53378 (29) 3377 (21) 147 (20
C4) 9205 (15) 33624 31) —~17239 (20 1.57 2D
C(5) 14085 (16) 16806 (30)  —9085 (22) 1-58(21)
C(6) 23815 (16) 21612 (29) 1978 (20) 2.08(19)
H(w,1) 341(3) 763 (5) 1154 3.29
H(v,2) 408 (3) 774 (5) 48 (4) 3.29
H(1) 258 (3) 414 (5) 163 (3) 2-12
H(2) 63 (3) 609 (5) —136 (3) 2-85
H(S, 1 87(3) 137(5) —43(3) 2-34
H(5,2) 154 (3) 72(4) —154 (3) 2-34
H(6) 251 (2) 112(5) 89 (3) 2:06
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Fig. 1. Stercoview of DHTUS anion. The 50% probability thermal
cllipsoids are shown for non-hydrogen atoms.
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Fig. 2. Bond lengths (A) with e.s.d.s in
the figure: O(s)—H(w.1)0-81 ).
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Fig. 3. Bond aneles () with a « 4 -

the figure: O(H)-S(2-0(3)

13.3(2)
R

108(2)

)

112.5 (1),

10301, C(5)~C(6)-5(2) 14,0 (1),

110 (2). H(S.I)—C(S)—C(G)
110 (2), H(u'.l)—O(lr)—H(w,Z) 10

108 (2),
1(4).

H(52)

parentheses; not shown on
O(n)-

H(1%,2)0.74 (4),

X2 0w

9% sy

H(5.2)

parentheses; not shown on

O(2)~-S(2)~C(6)
H(6)-C(6)-N(1)
H(5.2)-C(5)-C(4)

deviations.* A stereodrawing of the molecule and it
atom numbering scheme are shown in Fig. 1 and the
bond lengths and angles are given in Figs. 2 and 3.

Discussion. The common bisulfite ion modifies nuclei
acid bases such as uracil under mild conditions (roor
temperature and neutral pH):

+ HSO;

) ey

The product of this reaction has been identified and
characterized by means of various spectroscopic
techniques (Shapiro, Servis & Welcher, 1970). The title
compound was obtained by a similar reaction of 2
thiouracil. The elemental analysis and its IR and NMR
Spectra are consistent with the expected structure bul
its UV spectrum shows a large absorbance (loge =
4-14) at 2 — 274 nm. This was unexpected since (1)
shows only end absorption at this wavelength. The
Structure shown in Fig. 1, however, clearly shows‘th.al
the reaction went as expected. Apparently, the shift i
the UV absorption spectrum is caused by the
substitution of S for O at position 2.

The structure of the anjon (DHTUS) is in general
similar to that of the 5,6-dihydro-2-thiouracil molecule
(DHTU) (Kojic-Prodic, Ruzic-Toros & Coffou, 1976)
except, of course, that one H at the 6-position 1s
replaced by a sulfonate group. The differences in bond
lengths and angles in these two structures are mostly
minor with one notable exception: the C(5)—C(6) bond
length of 1-522 (3) A in DHTUS is much closer to the

Lists of structure factors and anisotropic thermal parameters
nave been deposited with the British Library Lending Division 25
Supplementary Publication No. SUP 33138 (14 pp.). Copies ma
be obtained through The Executive Secretary, International Unios
of Crystallography, 13 White Friars, Chester CH1 1NZ, England

Table 2. Dihedral angles (°)

- L . . ' g
The positive sense of rotation is clockwise while looking aloni

the BC bond.

A—B—C—p DHTUS DHTU
C(6)=N(1)--C(2)-N(3) -4:5(3) - :j:
N(D-C(2)--N(3)-C(4) -6:6 3) '5'8 *
C(2)-N(3)--C(4)-C(5) —8:6 (3) ‘54 4
NQ)-C(4)- c(5)-c(6) 32.3(2) 2/'9 tl
C()—C(5)~-C(6)-N(1) -40-1(2) -3

C(5)-C(6)- N(1)-C(2) 279 (2) 286
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ml C-C single bond length than the corre-
=ding bond length of 1-474 (5) A in DHTU. A less
:{rkabltfz gifference that may be noted is a slight

xmng of about 1° of each of the rin
o, g bond angles at
The sm-rpembered ring is puckered in both struc-
The ring in DHTUS is, however, somewhat more
ered tl}an that in DHTU. The following may be
3d'as evidence for this conclusion. (1) The sum of
:dhedral angles within the ring is greater for
jTUS (120°) than for DHTU (111°) (Table 2). (2)
:786110111 of the ring bond angles is less for DHTUS
* .) as compared with DHTU (709-7°). (3) The
J)s.rdlsplace.mem of the atoms N(1), C(2), N(3), and
D}ﬁ%thelr'mean plane is greater for DHTUS than

e as discussed bqlow.

tboth structures the six-membered ring is puckered
iC(4a manner that the four atoms N(1), C(2), N(3),
) lie closely on one plane but the atoms C(5)
are substantially displaced from this plane on

Table 3. Na ion interactions

Distances are in A, angles in degrees.

0(y 2:358 (2) O(w)—Na—O@3)" 92-34(6)
=0t a
08)): 2:360 (2) O(w)i—Na—O(2)" 99-38(6)
~0(3yi 2:423(2) O(w)l—Na-0(2)  82-49 (6)
=0() 2:452(2) O(w)i—Na-O(1)* 90-25 (6)
0(g 2:469 (2) O(w)'—Na—O(3)" 91-75 (6)
F-Ngoo o2 394 Q) 0(2)'—Na—0(1)* 90-20 (6)
oy O(2)" 83:52 (6) 0(2)'~Na-0(@3)" 97-80 (6)
oy @) 94-25 (6) 0(2)-Na-0@3)"  86-94 (6)
#=0(1)" 85-19 (6) 0(2)-Na—O(l)¥ 8495 (6)

Code for superscripts
None
0 xy- I,z
(i) l-x,G+p—1,1—;

(iii)
(iv)

| —x, -y, —z
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either side (the ‘pseudo-chair’ form). The r.m.s.
deviation of N(I), C(2), N(3), and C(4) from their
least-square-displacement plane is 0-021 A in DHTUS
as compared with 0-016 A in DHTU. The two struc-
tures are substantially different in the manner in which
the atoms C(5) and C(6) are displaced from this plane.
In DHTU these two atoms are about equally displaced
from the plane, with out-of-plane displacements of
0-226 and 0-238 A respectively for C(5) and C(6). In
DHTUS, however, C(5) is much more displaced than
C(6) since the corresponding distances are 0-323 and
0-198 A, respectively. This trend is also reflected in the
values of the dihedral angles N(3)—C(4)—C(5)-C(6)
and C(2)~N(1)-C(6)—C(5). Since N(1), C(2), N(3)
and C(4) lie nearly on one plane, these two dihedral
angles essentially define the conformation of the ring.
They are nearly equal in DHTU, but in DHTUS the
former is substantially larger than the latter (Table 2).

The sulfonate group is attached to the ring axially.
The dihedral angle around the C(6)—S(2) bond is such
that the three sulfonate O atoms are nearly staggered
with respect to the substituents around C(6). The O
atoms are arranged tetrahedrally around S but the
average S—O distance of 1.46 A indicates the existence
of significant 7-bond character in these bonds
(Cruickshank, 1961). Consistent with this inter-
pretation are the observations that all 0—S—O bond
angles are somewhat larger and all C—S—O angles are
somewhat smaller than the tetrahedral angle of 109-5°.
A similar phenomenon occurs in 2-amino-1-methyl-
pyrimidinium 6-sulfonate (Pitman, Shefter & Ziser,
1970) and other sulfonate structures (Hall & Maslen,
1967).

The crystal may be considered to consist of sheets
which are two anions thick and stacked parallel to the
be plane. Each sheet occupies the space between x = —}
and +4 The two surfaces of these sheets are lined with
sulfonate groups. The interface between these sheets,
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Table 4. Hydrogen-bond parameters

X-H - Y X---Y(A) H--Y(A)
N(1)—H(1)---0(1)! 2-988 (2) 2:23(3) 173 (3)
N(3)-H(3)---0O@4)" 2.997 (2) 2.09(4) 172 (3)
O(w)—H(w,1)---S(1) 3.218 (2) 2:41(4) 172 (4)
O(w)—H(Ww,2)---O(1) 3-125(2) 2-59(4) 130 (4)
O(w)—H(w.2)---0O("™ 3-104 (2) 2-54 (4) 134 (3)
Symmetry code for superscripts

None x,v,z (i) x,1+yp,z
(1) Ni-ptrz @(iv) lI-x1-p —z
(ii) X3+ (E—2)—

occurring at x — 5, is largely hydrophilic and is where
the Na ion and the water molecule are found. The Na
atom is nearly on the crystallographic 2, screw axis and
is surrounded by six O atoms in an octahedral array,
with O—Na—O angles ranging from 82.5 to 99-4°
(Table 3). The equatorial plane of this octahedron is
made by four sulfonate O atoms. The axial positions
are occupied by water O atoms. One H of this water
molecule is involved in a hydrogen bond with S(1)
(Table 4). The other appears to be involved in a
bifurcated hydrogen bond, being close to both O(1) of
one DHTUS and O(2) of another (Table 4).

Each sheet, in turn, may be considered to be made of

long chains. These chains run parallel to b and possess
crystallographic 2, symmetry at x = 0, z = 4 The

Acta Cryst. (1978). B34, 930-932
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DHTUS anions in a given chain are connected to or
another by a strong hydrogen bond between N(3) (
one anion and O(4) of its neighbor (Table 4
Neighboring chains in each sheet are related to on
another by crystallographic c-glide symmetry (o
equivalently, by crystallographic center of inversio
symmetry). There are numerous van der Waal
interactions between chains, but also there is one stron
hydrogen bond per anion connecting these chains. Thi
hydrogen bond occurs near the surface of the shee
between N(1) of one DHTUS and O(1) of another.

This work was supported in part by NIH Researcl
Grant No. GM 18348 to Ian H. Pitman and T
Higuchi.
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Calcium Di(hydrogen maleate) Pentahydrate
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Abstract. Ca(C,H,0,),.5H,0, orthorhombic, Pnam,
a=11-137(2),b=6-477 (1), c=19-593 (2) A, Z = 4,
D, = 1-590, D, = 1-586 g cm™3, y = 1.40 cm~!, final
R(F?) of 0-060. Ca is seven coordinate with distorted
monocapped trigonal prismatic geometry (Ca—O
ranges from 2-359 to 2.469 A). The hydrogen maleate
lon is coordinated to Ca through one O and possesses a
short intramolecular O---O hydrogen bond [O--.0
2:426 (1), O~H 1-13 (3) and 1-31 (3) A|.

prepared by
aqueous solution of maleic acid

wi Icium hydroxide to pH = 3-95. Solvent was lhig
removed hv <law evaporation at room temperature .
produce crystals suitable for diffraction studies- Pr,
cession photographs gave the systematic absences *™
k+ 1= n+1,and hOl, h = 2n + 1, which indlCi}r‘he
that the space group was either Pnam or Praly e
former was indicated by statistical examination of i
distribution of E values and was confirmed by t

m)
refinement n Pnam. A crystal (0-7 x 0-6 x 0:3 [‘nlrclﬁ
was mounted on a programmed Picker four€



