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Abstract 

4-Amino-4-carboxylthiapyran hydrobromide crystallizes in the monoctinic 
space group P21/m, with a = 9 . 7 2 A ,  b = 6 . 6 0 A  a n t i c  = 7 . 1 0 A ,  /3=94.8  ~ 
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 1-aminocycloalkane 
carboxylic acids have already been reported with a view to understanding the 
packing and conformational features of these systems (Chacko et at., 1971a, 
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1971b; Srikrishnan et al., 1971; Mailikarjunan et al., 1972). X-ray investiga- 
tion of the hydrobromide derivative 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 Kct 
radiation (X = 1.5418 A). The crystal data are given below:. 

Crystal system Monoclinic 
Unit-cell dimensions a = 9.72(1) 

b = 6.60(1) A 
c = 7.10(1) A 
/3 = 9 4 . 8 ( 5 )  ~ 

Space group P21/rn 
Molecular formula C6H12 BrNO2 S 
Z 2 
Drn 1.77 gcm -a 
De t.77 
/J(Cu Kct) 84 cm -1 
F(000) 244 

The intensities were collected about b for hKl (K, 0 through 5) and about a 
for Hkl (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 
1-aminocyclohexane-l-carboxylic acid hydrochloride (hereinafter called 
1-HEX HCL) reported by Chacko et al. (1971b), and the space group was 
initially assumed to be P21 as in 1-HEX HCI.. [It was later found necessary to 
reinvestigate 1-HEX HCL in the space group P21/rn (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 2) Bonded to 

H(I) 0.876 0.250 0.398 1.36 N 
tt(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 a toms  b r o m i n e  and  sulfur.  The  b r o m i n e  
coo rd ina t e s  were close to  the  ch lor ine  coord ina tes  of  1-HEX HCL (Chacko  et 
al. 1971b) .  The  Pa t t e r son  analysis* also ind ica ted  t ha t  the  sulfur  was on  the  
same p lane  as b r o m i n e  (y = 1/4) f rom the  b r o m i n e - s u l f u r  in te rac t ions .  A 
heavy  a tom-phas ed  Four i e r  analysis  revealed the  rest  of  the  a toms  in the  
s t ruc tu re ,  wh ich  gave an ini t ia l  R-value  of  0.35 for  all t he  n o n h y d r o g e n  a toms  

in the  s t ruc ture .  
Fu l l -ma t r ix  least-squares  r e f i n e m e n t  (Gan tze l  et  al., 1961)  wi th  i so t rop ic  

t e m p e r a t u r e  fac tors  for  all a t o m s  in the  n o n c e n t r i c  space g roup  P2a gave 
highly u n r e a s o n a b l e  b o n d  leng ths  and  angles for  the  s t ruc ture .  F u r t h e r  

r e f i n e m e n t  was t h e r e f o r e  carr ied ou t  in the  cent r ic  space group P2x / rn  ( t he  
molecules  could  have a mi r ro r  p lane  passing t h r o u g h  the  ca rboxy l  group,  
n i t rogen  and  sul fur  a t o m s  which  fall on  the  space group mi r ro r  at  y = 1/4) to  
an R-value  of  0.11. The  h y d r o g e n s  were loca ted  f rom a d i f fe rence  Four i e r  
synthes is  c o m p u t e d  at this  stage. The  s t ruc tu re  was fu r t he r  re f ined  wi th  

an i so t rop ic  t e m p e r a t u r e  fac tors  for  all t he  n o n h y d r o g e n  a toms  and  inc lus ion  
of  h y d r o g e n  a t o m  paramete r s ,  wh ich  were n o t  ref ined.  The  weight ing  scheme  
e m p l o y e d  was tha t  of  Cru i ckshank  et al. (1961) ,  given b y  w = 1/(A + [Fot + 
CIFo 12) where  the  cons t an t s  A and  C were set values equa l  to  30.0 and  0 .02 
respect ively.  Af te r  t h r ee  cycles of  r e f i n e m e n t  R d r o p p e d  to a f inal  value of  

0 .076.  
Sca t t e r ing  fac tors  were t a k e n  f rom the  International Tables for  X-ray 

Crystallography (1962) .  A n o m a l o u s  d ispers ion  co r r ec t i on  fac to rs  appl ied  to  
B r -  and  S are those  given by  C r o m e r  and  L i b e r m a n  (1970) .  The  final  
pos i t iona l  and  t h e r m a l  pa rame te r s  are given in Table 1 and  Table  2 lists the  
h y d r o g e n  a t o m  coord ina tes .  The  b22 c o m p o n e n t s  of  the  an i so t rop ic  para- 
me te r s  o f  oxygen  a t o m s  c o r r e s p o n d  to rms d i sp lacemen t s  of  a b o u t  twice  t h a t  

of C(5) (0 .25 A vs 0 .15 A) .  A d i f fe rence  Four ie r  syn thes i s  was c o m p u t e d  

* 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 P21/m. The Patterson clearly indicated the peaks on the 
V = 0 section itself. This proved conclusively that the correct space group is P21/m 
iather than P21 
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(excluding the oxygen atoms from the structure factor); it did not show 
disorder and hence the large displacements are merely thermaI effects on 
these atoms. 

Discussion of the structure 

IntramoIecular 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 welt 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 1 t3.1 ~ 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 NH~ state; the amino nitrogen is in the plane of the 
carboxyl group and the C(4) atoms (space-group symmetry demands that it 
be so). 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)-C(4) 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(15) C(3)-C(4)-C(5) 110.0(7) 
C(5)-O(1) 1.301(16) C(3)-C(4)-N 108.9(7) 
C(5)-O(2) 1.202(15) C(5)-C(4)-N 104.8(7) 

C(4)-C(5)-O(1) 112.5(7) 
C(4)-C(5)-O(2) 126.5(8) 
O(1)-C(5)-O(2) 121,0(7) 
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Table4. 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 (%0 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 (~av) 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 ~av 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 

/ 

C 

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 (NH~) 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 Meg) 

D - H . . . A  D . . . A  H . . . A  C - D . . . A  D - H . . . A  H - D . . . A  

O(I)-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 

( i i )  1 + x y z 
( i i i )  1 x 1 / 2  + y 1 - z 
(iv) 1 - x  y -  1/2 1 - z  
(v) x y 1 +z 
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~ m i r r o r  at 
Y= l /4  

O . . s  (.v) 

/ "-, 

... l /  ,o~" H/2'~ s~ i,v) Br Clil) - - -  H ( ~ ) ' ~ l i ~  . . . . . .  - - - 0  

L,r  ~ . . . .  " ,d  c {3') 

i 
I 
I 
1 2 . 51  

I 

O Br (ii) 

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 cen,tric space-group symmetry rather than a 
noncentric one. The packing of 4-THIA HBR is very similar to that in 
1-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 0(2) also show significant positional displacements in both these 

structures. 
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