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Abstract

4-Amino-4-carboxylithiapyran hydrobromide crystallizes in the monoclinic
space group P2,/m, with a=9.72 A, b=6.60A and ¢=7.104, §=948°
and Z = 2. The structure was solved by the heavy atom method with 786
observed reflections and refined to an R of 0.076. There is an interesting
weak interaction which the hetero sulfur atom of the thiapyran ring makes
with a symmetry related amino nitrogen (N ... S distance 3.34 A) which
significantly affects the “puckered-chair’ conformation of the thiapyran ring.

Introduction

Structural determinations of a series of compounds of l-aminocycloalkane
carboxylic acids have already been reported with a view to understanding the
packing and conformational features of these systems (Chacko et al., 1971a,
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1971b; Srikrishnan et al., 1971; Mailikarjunan et al., 1972). X-ray investiga-
tion of the hydrobromide dervative of 4-amino-4-carboxylthiapyran
(hereinafter called 4-THIA HBR) was carried out to understand the con-
formational and packing changes that are introduced into the cyclohexane
system when a hetero atom like sulfur replaces a methylene group in the ring.
One such study has already been reported, the five-membered thiazolidine
ring system, thioproline, where it has been observed that thioproline (Chacko,
1974) and proline (Kayushina and Vainshtein, 1965) have marked differences
in their packing features.

Experimental

Rotation, Weissenberg and precession photographs were taken with Cu Ka
radiation (A = 1.5418 A). The crystal data are given below: .

Crystal system Monoclinic

Unit-cell dimensions a=972(1)A
b=6.60(1)A
e=710(DA
B =94.8(5)°

Space group P2y/m

Molecular formula CsH12BrNO,S

Z 2

D, 1.77 gem ™

D, 1.77

w(Cu Ka) 84 cm™

F(000) 244

The intensities were collected about b for hKI (K, 0 through 5) and about«
for Hk! (H, 0 and 1) by the multiple-film equi-inclination method. The crystal
used for the b-axis data had a cross section of nearly 0.2 x 0.2 mm and for
the c-axis 0.25 x 0.2 mm. The intensities were measured visually and
corrected for Lorentz and polarization factors and for spot shape. The
common reflections were used to put the data on to a single scale (Rollett and
Sparks, 1960) and there was a total of 786 reflections.

Structure determination and refinement

The cell dimensions of 4-THIA HBR are nearly the same as those of
l-aminocyclohexane-1-carboxylic acid hydrochloride (hereinafter called
I-HEX HCL) reported by Chacko et al. (1971b), and the space group was
initially assumed to be P2, asin 1-HEX HCIL. [It was later found necessary to
reinvestigate 1-HEX HCL in the space group P2,/m (Chacko et al., 1975).]
The three-dimensional intensity data were used to compute a Patterson
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Table 2. Coordinates of the hydrogen atoms

X y z B(A%) Bonded to

H(1) 0.876 0.250 0.398 1.36 N

H(2) 0.772 0.374 0.526 1.36 N

H(3) 0.335 0.250 0.296 2.85 O(1)
H(4) 0.823 —0.099 —0.005 2.03 C(2)
H(5) 0.907 0.040 0.185 2.03 C(2)
H(6) 0.603 0.052 0.056 1.80 C(3)
H(7) 0.679 -0.073 0.258 1.80 C(3)

map to locate the heavy atoms bromine and sulfur. The bromine
coordinates were close to the chlorine coordinates of 1-HEX HCL (Chacko et
al. 1971b). The Patterson analysis* also indicated that the sulfur was on the
same plane as bromine (¥ = 1/4) from the bromine—sulfur interactions. A
heavy atom-phased Fourier analysis revealed the rest of the atoms in the
structure, which gave an initial R-value of 0.35 for all the nonhydrogen atoms
in the structure.

Full-matrix least-squares refinement (Gantzel et al., 1961) with isotropic
temperature factors for all atoms in the noncentric space group P2, gave
highly unreasonable bond lengths and angles for the structure. Further
refinement was therefore carried out in the centric space group P2;/m (the
molecules could have a mirror plane passing through the carboxyl group,
nitrogen and sulfur atoms which fall on the space group mirror aty = 1/4) to
an R-value of 0.11. The hydrogens were located from a difference Fourier
synthesis computed at this stage. The structure was further refined with
anisotropic temperature factors for all the nonhydrogen atoms and inclusion
of hydrogen atom parameters, which were not refined. The weighting scheme
employed was that of Cruickshank et al. (1961), given by w = 1/(4 + [F,l +
ClFo [2y where the constants 4 and C were set values equal to 30.0 and 0.02
respectively. After three cycles of refinement R dropped to a final value of
0.076.

Scattering factors were taken from the International Tables for X-ray
Crystallography (1962). Anomalous dispersion correction factors applied to
Br~ and S are those given by Cromer and Liberman (1970). The final
positional and thermal parameters are given in Table 1 and Table 2 lists the
hydrogen atom coordinates. The b,, components of the anisotropic para-
meters of oxygen atoms correspond to rms displacements of about twice that
of C(5) (0.25 A vs 0.15 A). A difference Fourier synthesis was computed

* The Patterson sections close to V' = 0 were used for locating peaks corresponding to
the bromine-light atom vector interactions for those atoms that are expected to fall on
the mirror for the space group P2;/m. The Patterson clearly indicated the peaks on the

V=0 section itself. This proved conclusively that the correct space group is P2,/m
rather than P2,
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(excluding the oxygen atoms from the structure factor); it did not show
disorder and hence the large displacements are merely thermal effects on
these atoms.

Discussion of the structure

Intramolecular features. Bond lengths and angles listed in Table 3 agree fairly
well with the standard values found in the literature. The average C—C bond
length of the thiapyran ring of 1.527 A is close to the value of 1.533 A,
which is the average C—C bond length observed in n-alkanes (Bartell and
Kohl, 1963). The C(2)—S distances of 1.798 A agree closely to the value of
1.81 A (sum of the covalent radii of carbon and sulfur as given by Pauling,
1960). The C—S—C angle of 98.7° agrees well with the corresponding angle
of 99.0° in the structure of 1,4-dithiane (Marsh, 1955) and 97.5° in the
structure of 4-amino-4-carboxylthiapyran (hereinafter called 4-THIA) of
Bhattacharjee et al.,, 1975. The average C—C—C bond angle of 113.1° of the
thiapyran ring shows that it is larger than the value of 111.5° for cyclohexane
chair conformation (Bixon and Lifson, 1967). The slight increase in the mean
value of the C—C—C bond angle seems to be a compensating feature for the
small value of the C—S—C valency angle. A similar feature is observed in the
structure of 4-THIA (Bhattacharjee et al., 1975).

The carboxyl group exists in this structure in the unionized form with the
amino nitrogen in the NHJ state; the amino nitrogen is in the plane of the
carboxyl group and the C(4) atoms (space-group symmetry demands that it
be so0). The C(4)—N distance of 1.515 A is within the 20 level of significance
from the value of 1.487 A for the C*—N distance observed in amino acids
(Marsh and Donohue, 1967). The C(5)—C(4)—N angle of 104.8° is
significantly smaller than the expected tetrahedral angle.

The thiapyran ring in this structure exists in a “puckered-chair”
conformation as indicated by the torsion angles about bonds given in Table 4.
It is expected that substitution of a hetero atom like sulfur would enhance

Table 3. Bond lengths (A) and bond angles (deg)

S-C(2) 1.798(10) C(2)-S—-C(2) 98.7(6)
C(2)-C(3) 1.523(13) S—C(2)-C(3) 113.5(7)
C(3)-C4) 1.531(11) C(2)-C(3)-C(4) 114.1(7)
C(4)—-C(5) 1.497(17) C(3)—C(4)-C(3") 112.1(7)
C(4)—-N 1.515(1%) C(3)—C(4)—-C(5) 110.0(7)
C(5)-0) 1.301(16) C(3)-C(4)—-N 108.9(7)
C(5)-0(2) 1.202(15) C(5)-C(4)-N 104.8(7)

C(4)—C(5)-0(1) 112.5(7)

C(4)-C(5)-0(2) 126.5(8)

0(1)-C(5)-0(2) 121.0(T)
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Table 4. Torsion angles (deg) of the
thiapyran ring

C(3")-C(4)—-C(3)~C(2) 57.0(9)
C(4)-C(3)-C(2)-S -59.2(9)
C(3)-C(2)-S—-C(2") 52.4(7)
Mean torsion angle (¢,y) 56.2

the puckering of the ring which is a consequence of the well-known small
value of the C—S—C valency angle (Romers, et al., 1969). The mean torsion
angle (¢,,) of 56.2° indicates enhancement in puckering as it is larger than
the value of 54.7° expected for the chair form of cyclohexane (Bixon and
Lifson, 1967). However, the puckering is expected to be larger than that
observed in this structure, with a value of about 59°. In the structure of
4-THIA (Bhattacharjee et al., 1975) the value of ¢, for the thiapyran ring is
58.9°. The C(2), C(3), C(2"), and C(3") atoms of the thiapyran ring in this
structure form a plane with the C(4) and S atoms displaced on opposite sides
of the plane by 0.66 and 0.85 A respectively. The corresponding deviations in
the structure of 4-THIA are 0.66 and 0.92 A respectively, which also indicate

Fig. 1. Projection of structure down b axis.
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that the puckering in the present structure is significantly less than the
expected amount. The reason for this is probably because of a weak
N—H...S interaction of 3.34 A which the hetero sulfur makes with a
symmetry-related amino nitrogen, as discussed in the following section.

Intermolecular features. The structure projected down b is given in Fig. 1.
The protonated amino group (NH3) takes part in three hydrogen bonds with
symmetry-related bromine ions (Br(ii), Br(iii) and Br(iv) at distances of
3.45 A, 3.52 A and 3.52 A respectively, two of which are mirror symmetry
related hydrogen bonds. The hydrogen bond distances and angles are given in
Table 5. Figure 2 gives the projection down the C(4)—N bond showing the
hydrogen bond directions. A possibility of bifurcated hydrogen bonds is
considered which the amino hydrogen H(2) makes with Br(iii) and sulfur
S(v), the corresponding H(2) ... Br and H(2) ... S(v) distances being 2.67
and 2.93 A respectively. Because of mirror symmetry at y = 1/4, hydrogen
H(2') also has identical contacts with Br(iv) and S(v). However, the hydrogen
to sulfur distance of 2.93 A shows that it may not be strictly called a
hydrogen bond as it is only 0.02 A less than the sum of the van der Waals
radii of sulfur and hydrogen, which are assumed to be 1.75 and 1.2 A
respectively [Pauling’s (1960) value of sulfur of 1.85 A is considered to be an
overestimated value (see Srinivasan and Chacko, 1967)]. However, since
sulfur has contacts with two protons which are mirror related, the possibility
of a weak interaction between N ...S cannot be ruled out. It is also
worthwhile to point out that the N ... S distance of 3.34 A is less than the
average value of 3.4 A for N—H...S type of hydrogen bonds reported by
Srinivasan and Chacko (1967). Figure 2 shows that nitrogen has,
interestingly, a highly symmetric environment. The hydroxyl oxygen atom

Table 5. Hydrogen bond lengths (A) and angles (deg)

D-H...A D...A H...4 C-D...4 D-H...A H-D...4
O(1)—-H(@3) ... Br(i) 3.20 2.18 116.6 176 3
N-H(1) ... Br(ii) 3.45 2.51 126.4 157 16
N—H(2) . . . Br(iii) 3.52 2.67 110.1 143 27
N—H(2') ... Br(iv) 3.52 2.67 110.1 143 27
N-H(2)...S(v) 3.34 2.93 146.2 106 57
N-H(2') ... S(v) 3.34 2.93 146.2 106 57

Symmetry code

i  x ¥y z
G) 1+x y z
(iii) 1—x 12 +y 1-z
(iv) 1-x y—1/2 1-z

vy x y 14z
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mirror at
Y=1/4

Fig. 2. Projection down C(4)—N bond.

O(1) forms a hydrogen bond of 3.20 A with Br(i). From the nature of the
hydrogen-bonding scheme, one also comes to the conclusion that the packing
of the structure favours a ceniric space-group symmetry rather than a
noncentric one. The packing of 4-THIA HBR is very similar to that in
I-HEX HCL (Chacko et al., 1975) and, as expected, the maximum deviation
in packing between these structures is for atoms C(4) of 1-HEX HCL and
sulfur of the thiapyran ring and also for the immediate neighbor atoms of S.
The N and O(2) also show significant positional displacements in both these
structures.
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