
1286 C17H22NO~.Br- 

Siemens (1994). XSCANS. X-ray Single Crystal Analysis System. 
Version 2.1. Siemens Analytical X-ray Instruments Inc., Madison, 
Wisconsin, USA. 

Thomson, T. & Kelwitz, H. (1990). Life Sci. 46, 1553-1558. 
Williams, D. J. & Rogers, D. (1964). Proc. Chem. Soc. p. 357. 

Acta Cryst. (1997). C53, 1286-1288 

A n  A s s e s s m e n t  o f  I o n i c  a n d  H y d r o -  

gen  Bonding in the C r y s t a l  S t r u c t u r e  of 
( D L - S e r i n e . H  +)2.SO42-.HzO 

HONG ZHANG, a* XIMIN WANG, b XIENAN CHANG, b 

WEIQIANG XIAO, b KECONG ZHANG b AND B o o n  K. TEO a* 

aDepartment of Chemistry, University of Illinois at Chicago, 
Chicago, IL 60607, USA, and b Department of Chemistry, 
Beijing Polytechnic University, Beijing 100022, People's 
Republic of China. E-mail." hzhang @ uic.edu 

(Received 9 Januar)' 1997; accepted 8 May 1997) 

Abstract 
The crystal structure of DL-diserinium sulfate hydrate, 
2C3HsNO~-.SO42-.H20, consists of sulfate-containing 
'ionic complexes' interconnected by extensive hydro- 
gen bonds to form a complex network, creating channels 
which are filled by water molecules. 
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The asymmetric unit of the crystal structure of 
the title compound, (I), consists of two serine.H + 
monocations, one sulfate anion and one water mol- 
ecule (Fig. 1). The two crystallographically independent 
serine.H + ions exist as a DL racemic mixture. The O 
atom of the water molecule in the asymmetric unit 
is disordered in two positions, O1W and O2W, each 
with an occupancy factor of 0.5. The O1W-..O2W 
distance is 0.7 A. It is interesting to note that, despite 
the coexistence of a racemic mixture of D and ~. 
serine.H + ions in the crystal, the compound crystallizes 
in a non-centrosymmetric space group. We believe 
this is caused by strong ionic and hydrogen-bonding 
interactions between the tetrahedral SO4 2- anion and the 
serine.H + cations. 

All intramolecular bond lengths and angles are nor- 
mal (Table 1). The two serine.H ÷ (one D and one L) 
cations are related by a pseudo-mirror containing S1, 
O3s and O4s of the sulfate ion. The crystal lattice is 
held together by strong ionic interactions between the 

Comment 
In its fully protonated form, the amino acid serine, 2- 
amino-3-hydroxypropionic acid, is a dibasic acid with 
pKa values of 2.21 and 9.15 for the ~-COOH and 
the ~-NH~ moieties, respectively (Lehninger, 1975). 
Under normal conditions, the hydroxy side chain (/3- 
OH) of serine is not active during titration since 
it is both weakly acidic and weakly basic (pK~ = 
16). All three functional groups in serine in its fully 
protonated form, however, can function as proton donors 
in hydrogen bonding. Judging from the pK~ values, the 
proton-donating power of the three functional groups 
follows the trend ~-COOH >> ~-NH~ >> /3-OH. In 
addition, the charged c~-NH~ group is expected to be 
involved in electrostatic interactions (ionic bonding). In 
order to assess the relative effects of ionic and hydro- 
gen bonding on the crystal packing (Aakeroy et al., 
1995; Kinbara, Hashimoto, Sukegawa, Nohira & Saigo, 
1996), we have determined the molecular and crystal 

+ 2 structure of (DL-serine.H)2.SO4-.H20, (I). The crystal 
structure is dictated by strong ionic and/or hydrogen- 
bonding interactions among the charged (c~-NH¢ and 
SO42-) and uncharged (o~-COOH and fl-OH) groups, 
forming channels which are filled by the solvated H20 
molecules. 
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Fig. 1. Molecular structure of (I) showing 50% probability ellipsoids. 
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o~-NHJ- groups and the sulfate anions, augmented by 
extensive hydrogen-bonding interactions. The shortest 
D - - H - . . A  hydrogen-bonding contacts are listed in Ta- 
ble 2. All three H atoms of the two o~-NHJ groups per 
asymmetric unit are hydrogen bonded to O ls, O2s and 
O3s atoms of different sulfate anions. Each sulfate an- 
ion is surrounded by nine strong hydrogen bonds: six 
from o~-NHJ groups of six different serine.H ÷ cations 
(three D and three L, related by 21 along c at a/4), 
one from the 3 -OH group (O6---H16 from one of 
the serine.H+), and two from two different water mol- 
ecules (also related by 21 along c at a/4). The preva- 
lence of hydrogen-bonding networks in which ammo- 
nium cations and carboxylate anions are aligned around 
a 2~ screw axis can also be found in the crystal struc- 
tures of the salts of chiral primary amines with achiral 
carboxylic acids (Kinbara, Hashimoto, Sukegawa, No- 
hira & Saigo, 1996). As a result, the SO ] -  anion may be 
considered to be encapsulated in a cage of nine (donor) 
H atoms ( H 5 . . . O l s ,  H l l . . . O l s ,  H3 . . .O2s ,  H12 . . .O2s ,  
H4 . . .O3s ,  H13. . .O3s ,  H18. . .O3s ,  H16 . . .O4s  and 
H17 . . .  O4s), forming a sulfate-centered 'ionic com- 
plex'. The hydrogen bonds ( D - - H . . - A )  range from 1.73 
to 2.17 ,~, in length (H-. .A)  with D - - H . . . A  angles from 
149 to 177 ° (see Table 2). An alternative description 

of the 'coordination sphere' of the SO42- anion is that 
of a highly distorted cuboctahedron with three 'missing 
vertices'. This latter description emphasizes the fact that 
each O atom of the tetrahedral sulfate anion has three 
lone pairs capable of forming hydrogen bonds (as pro- 
ton acceptors). The three lone pairs (one each on Ols ,  
O2s and O4s) pointing toward the 'missing vertices' 
form three weak and highly bent hydrogen bonds ( N 2 - -  
H 1 3 . . . O l s  2.54 A and 121 °, N 1 - - H 4 . . . O 2 s  2.64 A and 
116 ° , and N 2 - - H l l . . . O 4 s  2.38A, and 127°; see Ta- 
ble 2). 

The sulfate-centered 'ionic complexes' are linked by 
o~-COOH..-3-OH and 3-OH.-.SO42- hydrogen bonds 
into an extensive network (Table 2) (Aakeroy et al., 
1995; Feeder & Jones, 1993, 1996; Gorbitz & Gunder- 
sen, 1996; Kinbara, Hashimoto, Sukegawa, Nohira & 
Saigo, 1996; Swenson, Habermann & Murphy, 1996). 
The result of these strong interactions is the observed 
layered structure shown in Fig. 2. The network structure 
(in the ab plane) has parallelogram-shaped channels that 
run along the c axis and are filled with water molecules. 
The water molecules also form strong hydrogen bonds 
to the sulfate anion and the 3-OH groups (Table 2). 
Work is in progress to further the understanding of the 
crystal packing forces in amino acids and polypeptides. 
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Fig. 2. Unit-cell diagram viewed approximately down the c axis. S and 
C atoms are shown as shaded ellipsoids, with other non-H atoms 
as boundary ellipsoids (25% probability). Only non-H atoms in the 
asymmetric unit are labeled. 

Experimental 

All reagents were purchased and used without further purifi- 
cation. DL-Serine was of BR grade and H2504 of AR grade. 
Water was doubly distilled. Crystals suitable for X-ray mea- 
surement were grown from a saturated aqueous solution of a 
mixture (2:1 molar ratio) of DL-serine and H2504. 

Crystal data 

2C3HsNO~.SO42-.H20 Mo Ko~ radiation 
Mr = 326.27 A = 0.7107 
Orthorhombic Cell parameters from 25 
P2~ 2~ 2~ reflections 
a = 10.597(2)~, 0 = 13.5-15.0 ° 
b = 21.337 (2) A /,t = 0.3041 mm -~ 
c = 5.855 (1) ,~, T = 296 K 
V = 1323.9 (3) ,~3 Prismatic 
Z - - 4  0.60 x 0.45 x 0.38 mm 
Dx = 1.627 Mg m -3 Colorless 
Om not measured 

Data collection 
AFC-7R diffractometer with 

rotating-anode X-ray 
generator 

w/20 scans 
Absorption correction: 

refined from AF 
(DIFABS; Walker & 
Stuart, 1983) 
Train = 0.78, Tmax = 0.89 

1618 measured reflections 
1557 independent reflections 

1495 reflections with 
1 > a(/) 

Rim = 0 . 0 0 8  

0max = 26 ° 
h = 0 ---* 13 
k = 0 ---~ 26 
l=  0---~ 7 
3 standard reflections 

every 150 reflections 
intensity decay: 2.50% 
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Refinement 

R e f i n e m e n t  on  F 

R = 0 .034  

wR = 0 .032  

S = 1.950 
1483 ref lec t ions  
181 pa rame te r s  
All  H a toms  re f ined  
Weigh t ing  s c h e m e  based  

on  m e a s u r e d  e .s .d . ' s  

(m/O')max - -  0.003 

T a b l e  1. Selected 

Apmax = 0 .296  e ,~-3  
Apmin = - 0 . 2 5 0  e ,~-3  

Ex t inc t ion  cor rec t ion :  

Za c ha r i a se n  (1968)  type  
2 Gauss i an  i so t ropic  

Ex t inc t ion  coeff ic ient :  
1.09 (2) × 10 -5 

Sca t te r ing  fac tors  f r om Inter- 
national Tables for X-ray 
Crystallography (Vol. IV) 

geometric parameters (,4, °) 

S1--Ols 1.457 (2) O5--C4 1.322 (3) 
SI--O2s 1.469 (2) 06---426 1.432 (4) 
S I--O3s 1.485 (2) N 1---C2 1.480 (4) 
SI--O4s 1.477 (2) N2~C5 1.493 (3) 
O1--CI 1.207 (3) CI--C2 1.510 (41 
O2--C 1 1.324 (3) C2---C3 1.529 (4) 
O3---C3 1.414 (4) C4---C5 1.513 (4) 
O4---C4 1.194 (4) C5--C6 1.524 (4) 

Ols--SI--O2s 111.5(I) N 1--C2--C3 111.2(3) 
Ols--S1--O3s 109.9(1) C1---C2--C3 111.2 (3) 
Ols--S l--O4s 108.8 (1) O3---C3--C2 110.8 (3) 
O2s--S l~O3s 108.0 ( 1 ) O4--C4---O5 125.6 (3) 
O2s--S1---O4s 109.1 (I) O4---C4--C5 123.7 (3) 
O3s--S I--O4s 109.6 ( I ) O5---C4--C5 110.6 (3) 
O1--C1---O2 124.8 (3) N2---C5---C4 108.2 (2) 
OI--C I--C2 124.0 (3) N2--C5--C6 110.8 (2) 
O2----C 1---C2 111.2 (3) C4---C5 --C6 111.0 (3) 
N 1---C2---C1 107.7 (2) O6---C6--C5 112.3 (3) 

o 

T a b l e  2.  Hydrogen-bonding geometry (A, o) 

D ~ H -  - -A D - - H  H- - -A D- - -A D--H.  • .A 
N I--H5. • .O I s 0.81 2.17 2.923 (4) 155 
N2--HI 1. • .Ols i 1.03 2.02 3.02 (I) 163 
N l--H3. • .O2s i 0.97 1.90 2.839 (4) 161 
N2--H 12. • .O2s 0.89 1.95 2.822 (3) 163 
N I--H4. • - O 3 s  ii 1.03 1.85 2.873 (4) 172 
N2--H 13- • . O 3 s  ii I. 10 1.73 2.831 (4) 168 
O 1W--H 18. • .O3s 1.04 1.84 2.82 ( 1 ) 154 
O6---H 16. • • O 4 s  i 0.78 1.90 2.683 ( 3 ) 177 
O1W--H17..-O4s iii 0.87 1.98 2.76(1) 149 
N2--H13" • . O 1 s  ii 1.10 2.54 3.25 (1) 121 
N l--H4- • . O 2 s  ii 1.03 2.64 3.23 ( 1 ) I 16 
N2--H 11. • . O 4 s  i 1.03 2.38 3.1 I0 (4) 127 
O2--H 1. • -06 '~ 0.96 1.66 2.613 (3) 17 I 
O5--H9. • -03' 0.92 1.67 2.589 (3) 176 
O3--H8. • .O1W '~ 0.89 1.71 2.59 (1) 167 
O3--H8. • .O2W "~ 0.89 1.75 2.60 (1) 159 
OIW--HI7. • -O2W ~i' 0.87 2.68 2.840(4) 134 

Symmetry codes: (i) v t - x, 1 - y, z 
3 _ I - ( i v ) - x ,  J + y , -  ~ x, 1 - y , z -  ~_, ~_ 

x - -  l , y , z ; ( v i i ) _ ~ - x , l - y , z -  ~. 

_ ~,l'(ii) ~l _ x ,  1 - . v ,  ½ + z ; ( i i i )  
i ( v ) - x , v -  - - z; ~ ~ - -" (vi) 

All  H a toms  were  found  via d i f f e rence  Four i e r  syn the-  

ses and ref ined.  T h e  co r rec t  e n a n t i o m o r p h  unde r  the non-  
c e n t r o s y n u n e t r i c  space  g roup  was  d e t e r m i n e d  by  inver t ing  the 

coord ina tes  dur ing  the final cyc l e s  o f  l eas t - square  re f inement .  

In the final cyc l e s  o f  r e f inement ,  n o n - H  a toms  were  re f ined  
aniso t ropica l ly ,  whi le  H a toms  were  fixed. T h e  wa te r  m o l e c u l e  

was  t rea ted  as a d i so rde red  m o d e l  wi th  an o c c u p a n c y  fac to r  

o f  0.5 fo r  bo th  O 1 W  and O2W,  and was  re f ined  isotropical ly .  

Da ta  co l lec t ion:  MSC/AFC Diffractometer Control Software 
( M o l e c u l a r  S t ruc tu re  Corpora t ion ,  1992). Da ta  reduc t ion :  

MSC/AFC Diffractometer Control Software. P r og r a m( s )  used  
to so lve  s t ructure:  TEXSAN ( M o l e c u l a r  S t ruc ture  Corpo ra t i on ,  
1992). P r o g r a m ( s )  used  to ref ine  s t ructure:  TEXSAN. 

T h e  a u t h o r s  t h a n k  t h e  N a t i o n a l  S c i e n c e  F o u n d a t i o n ,  

U S A ,  a n d  M i n i s t r y  o f  H i g h e r  E d u c a t i o n ,  B e i j i n g ,  P e o -  

p l e ' s  R e p u b l i c  o f  C h i n a ,  f o r  f i n a n c i a l  s u p p o r t .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: TAIl  55). Services for accessing these 
data are described at the back of the journal. 
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A b s t r a c t  

T h e  p y r r o l o  r i n g  in  t h e  t i t l e  c o m p o u n d ,  C t 4 H ] 8 N 2 O S ,  

e x h i b i t s  a f l a t t e n e d  e n v e l o p e  c o n f o r m a t i o n ,  w h i l e  t h e  

b e n z o d i a z e p i n e  r i n g  e x i s t s  as  a t w i s t e d  b o a t .  T h e  
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