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present; it is occupied only on a statistical basis (occu- 
pancy of 22 %) by sodium atoms. This cation could be 
said to be attached to the cavity wall, while the surface 
still exposed is coordinated by water molecules. This 
type of coordination is usual in zeolites and has been 
found, for instance in harmotome (Sadanaga, Marumo 
& Tak6uchi, 1961), jugawaralite, and has also been 
noted in gismondite and levinite (Kerr & Williams, 
1969). 

Note added in proof: Since the acceptance of this pa- 
per another study on the refinement of stilbite has been 
published (Slaughter, 1970). Differences between the 
two papers are slight: Slaughter examines cation po- 
sitions < 5 % occupancy; he suggests a different inter- 
pretation of the distribution of Si/A1 atoms; tempera- 
ture factors are slightly different. 

The author wishes to thank G. Gottardi for his help- 
ful comments and critical reading of the manuscript. 
This research was supported by the Consiglio Nazionale 
delle Ricerche, Roma. 
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The Crystal Structure of L-Dopa Hydrochloride, 
3-(3,4-Dihydroxyphenyl)-L-Alanine Hydrochloride, CaH1204NCI* 
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The crystal structure of L-dopa hydrochloride. 3-(3,4-dihydroxyphenyl)-L-alanine hydrochloride, was 
determined from three-dimensional data collected manually with a General Electric XRD6 diffracto- 
meter using Cu Ka radiation. The crystals are monoclinic, P2~, with a = 6.261 + 0.007, b = 5.821 +_ 0.001, 
c= 15.646+0.003/~, and fl=112.66+0"02 °. The structure was refined to a conventional R value of 
7.9%. Extensive intermolecular hydrogen bonding is present. The aromatic ring forms an angle of 
of 39.1 o with the plane of the carboxyl group. 

The compound 3-(3,4-dihydroxyphenyl)-L-alanine (L- 
dopa) (Fig. l) has been used for the treatment of Par- 
kinson's disease. Slowly increasing oral doses of L-dopa 
have been reported to induce at least partial improve- 
ment of some of the manifestations of Parkinson's 
disease, and in some cases the improvement has been 
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dramatic (Cotzias, Papvasiliou & Gellene, 1969). Be- 
cause of the interest in this compound as a promising 
therapeutic agent, the study of the crystal structure of 
the hydrochloride of this amino acid was undertaken. 

Experimental 

Crystals of the hydrochloride of L-dopa were obtained 
by the evaporation of a solution of L-dopa in concen- 
trated hydrochloric acid. The L-dopa was obtained 
from Nutritional Biochemicals Corporation. The crys- 
tal was aligned with the unique b axis parallel to the tp 
axis of a General Electric XRD6 diffractometer single- 
crystal orienter. The space group was determined to 
be P21 by searching for reflections with the diffracto- 
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meter. The following dimensions of the unit cell were 
determined by a least-squares fit to 20 values measured 
with Cu Ks radiation and the diffractometer with a 
0.02 ° slit in the receiving aperture: 

a=6.261 +0.002 A, b=5.821 + 0.001, 
c =  15.646 + 0.003 A, t =  112.66 + 0.02 °. 

There are two formula weights in the unit cell, and the 
calculated density is 1.478 g.cm -3 as compared with 
1.477 g.cm -3, measured by flotation in carbon tetra- 
chloride and benzene. 

The data were measured by the stationary-counter 
stationary-crystal technique with Ni-filtered Cu Ks 
radiation, and 880 of 903 independent intensities were 
considered observed. The unobserved reflections were 
assigned intensities equal to 0.5 times the intensity of 
the minimum observable intensity. The intensity data 
were converted to structure amplitudes by the applica- 
tion of Lorentz and polarization factors, a factor to 
correct for ~lc~z splitting, and a factor to approxi- 
mately correct absorption as a function of the diffracto- 
meter ~0 setting. 

Determination of the structure 

The x and z coordinates of the chloride ion were 
determined from a three-dimensional Patterson func- 
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Fig. 1. Structural formula of L-dopa. HC1. 
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Fig.2. Bond distances with e.s.d.'s x 103 in parentheses. 

tion, and an arbitrary y coordinate was assigned. A 
three-dimensional Fourier synthesis was calculated 
with the phases determined by the chloride position. 
The spurious mirror plane in this map did not prevent 
the correct determination of the positions of all non- 
hydrogen atoms of the molecule. 

Table 1. Atomic positions 

E.s.d.'s x 104 are given in parentheses. 
x/a y/b z/c 

CI- 0.4075 (4) 0.4118 0.0587 (2) 
N 0.4707 (13) 0.4150 (26) 0.8683 (6) 
C(1) 0.8470 (18) 0.4658 (23) 0-8529 (8) 
C(2) 0.5808 (17) 0.4412 (31) 0.7986 (7) 
C(3) 0.5269 (18) 0.2407 (28) 0.7348 (8) 
C(4) 0.2693 (18) 0.2163 (25) 0.6781 (7) 
C(5) 0.1506 (19) 0.0269 (25) 0.6962 (8) 
C(6) 0.0912 (21) 0.0033 (25) 0.6401 (8) 
C(7) 0.1997 (18) 0.1595 (25) 0.5732 (8) 
C(8) 0.0835 (19) 0.3521 (23) 0.5552 (8) 
C(9) 0.1576 (19) 0.3741 (28) 0.6115 (8) 
O(1) 0.9135 (12) 0.4117 (27) 0.9369 (5) 
0(2) 0.9642 (13) 0.5279 (21) 0.8100 (6) 
0(3) 0.2206 (14) 0.1750 (19) 0.6518 (7) 
0(4) 0.4332 (12) 0.1204 (18) 0.5205 (6) 

After four molecules of full-matrix least-squares re- 
finement with isotropic temperature factors, the R 
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index (~[IFol--IFcll)/(~lFol) was 12.8%. Three cycles 
of  least-squares with anisotropic temperature  factors 
reduced the R to 8.8 %, and a difference density was 
then calculated. The hydrogen atoms were identified 
in this map  and were included in three cycles of  full- 
matr ix least-squares with isotropic temperature  factors 
of  2.0 A z. All hydrogen parameters  were held constant,  
and all reflections were weighted equally; the final R 
value is 7.9 %. The scattering factors used are those 
found in International Tables for X-ray Crystallo- 
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Fig.3. Bond angles in degrees with e.s.d.'s in parentheses. 

CI- 

I 
E "  

, 

io 
t 
t 

~N 0(4) 
i 

~)" ~ o(1) :, 

A ..~"8,C 

CI- 

Fig. 4. A projection along the b axis. The broken lines indicate 
probable hydrogen bonds identified by labels A through H, 
which are described in Table 4. 

graphy (1962). The fractional coordinates of  the atoms 
are given in Table 1, and anisotropic temperature  fac- 
tors are listed in Table 2. Table 3 lists the observed and 
calculated structure amplitudes and the phase angles, 
with unobserved reflections followed by 'U ' .  

Discussion of the structure 

The bond lengths and angles are shown in Fig. 2 and 
3 respectively. The aromat ic  ring is planar,  with all 
six of  the carbon atoms less than 0.01 A from the best- 
fit plane of  the ring. C(3) and 0(4)  are 0.04 A from this 
plane, and 0(3)  is less than 0.01 A from it. The four 

Table 2. AnL~otropic temperature factors × 10 3 

The form of the expression is exp [ -  {h2flll + k 2 f 1 2 2 + 1 2 f 1 3 3 + 2 h k f l 1 2 + 2 h l f l 1 3 + 2 k l f 1 2 3 } ]  . E.s.d.'s range from 0.1 x 10-4 to 6 × 10-3. 

B11 P22 B33 ~12 B~3 P23 
CI- 12.8 11.2 2.9 0.5 1-5 0.0 
N 9.4 17.6 2.6 -2.3 3.1 - 1.1 
C(1) 8.1 17.3 2.8 2.2 1.1 -0 .7  
C(2) 6.8 21.9 2.7 -2 .2  2.7 -0 .9  
C(3) 6.2 28.2 2.2 - 1.8 0.9 -4-0 
C(4) 7"4 20.6 1.9 3.0 0.9 - 0.5 
C(5) 11.1 17.6 2.6 3.5 1.3 0.3 
C(6) 14-4 13.6 2.6 -0.3 2.5 -2.3 
C(7) 7.4 17.7 2.4 1.1 0.7 - 1.8 
C(8) 11.3 19.6 2.7 - 0.7 1.7 0.5 
C(9) 11.1 22-3 2.7 - 5.7 1-7 - 0.9 
O(1) 6.9 35.6 3-0 -4-4 0-7 1-6 
0(2) 6.6 37.8 4.2 0.1 3.2 4.2 
0(3) 10.5 16.6 5.3 - 1.5 2-6 1.7 
0(4) 7.1 21.0 3.7 -0.3 0.9 0 9 

A C 27B - 9* 
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atoms O(1), 0(2),  C(1) and C(2) form a plane with each shown in Fig. 4 in a projection along the b axis and 
of the four less than 0.01 A from the plane. The plane are identified in Table 4. The chloride ion in the type 
of the benzene ring forms an angle of 39.1 ° with the A interaction (see Fig. 4 and Table 4) is equidistant 
carboxyl plane, and the angle between the C(1)-C(2)- (2.6 A) from each of the hydrogen atoms involved in 
O(1) plane and the C(1)-C(2)-N plane is 14.0 °. the hydrogen bonding labeled B and C, and bifurcated 

As in many amino acids, the intermolecular hydrogen hydrogen bonding is suggested. The chloride-hydrogen 
bonding in L-dopa HC1 is extensive. The short inter- attraction in types B and C is stronger than in type A, 
molecular distances and probable hydrogen bonds are with C1-H distances of 2.3 and 2.1 A respectively, and 

Table 3. Observed and calculated structure factors 
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Table 3 (cont.) 

t lOl~eo[ lO f fc [  ~o I 1O17o1 lO~c [  o ° ~ lOlFol lOiFcl  0o z lOlyo l  lOlFc l  a o L IOIFol zOIrcl a ° .t lOWol lOiTcJ • ° 

-~  sz  6 lna 
- ~  5~ no 3Z~ 

o ?07 ?or 301 

, ,I ~ 00 
o 51  5~  l r t  
7 

- t ?  a t  
- 1 1  1 5  t ?  ?e l  
-to ? t  ?e ?~t  

- ~  1 2 3  1 ~ 3  1 9 5  

- ,  o ~  72 2 ,?  

- 2  
- I  t a ~  1 ~ 7  72 

0 
t 21 z? , ~  
z 4 ,  3~ 1 7  

1o ?o 
5 , r  ~o ? , z  

- a  , z  ? r  8 "  
. . . .  ~ ~, 
- 5  ~ ?  l Z 9  

- ~  ~5  2 5  1 0 2  

- t  ~ ~ 77 .  

% 
o e o  25 r  

- i t  o a  
- 1~  1o 7 180 u 
- 1 ~  t o  2 o u 
- t ~  t o  1 9  1 8 o  
- 1 2  , ?  ~? 180 
-17  ~ 2~ o 
- 1 1  t o  o u 
- i o  1 2 3  1 3 6  l e o  

- o  t~s l ~ O  1 8 o  
- a  l a b  l a ~  t ao  
- r  55 ~ ,  1Be 
-6 l?h  115 o 

o 

-~ Z5 i~ i n  ° o - )  9 o 

1 5 ~  1 5 5  
o 1 o |  ~7 o 
? 11e i t ,  o 

4 ? '  1 7  o 

a 5  l uo  
? 1 1 o  l ~ b  1 a o  
a ~ ~ 9  'HO 

51t 
- 1 ~  5 .  5~  199 

i 12 '  172 2 ,5  

-IZ 1 1 2  I 72  250  
- i t  5 3  a I ?20 
- t O  63 67 i 9Z B 

- a  5 0  5 0  ~97 
- 7  5 ~  5~  2 2 ~  
- o  5 a  57 ,~3  
- 5  30~ 20~ 8a 

3 a  

1 1 2 1  1 1 9  190 
? 90 q l  268 
3 1 6 1  ~1~ 2~  4 ,o~ ,~; ?,, 

8~ s~ 71o 

% 
- 1 5  9 3 1 9  

- | ~  ?? 76 
- 1 7  15  l r  1 , o  
- I t  73 7~ 6~ 

- 5  9 ,  9 8  1 5  
-.~ 1~1  1 5 8  31  
- ~  ? o r  ? o 8  3 2 0  
- ?  1 2 7  1 ~ ?  i s  
- 1  9 9  ~? ??? 

o ~ . . . . . .  
i s 109 1 ~ 2  

2 81 s a  ?05 
3 9 1  9 ,  177 

5~  

- o  i ~a  
- 5  I 0 0  102  2 7 ,  

-s 27 , 77  
-~ 1 1 7  1 1 ,  2 3 1  ~ 

-? 8~ Bq 115 
- I  1 ~ 3  l a l  210 

o 5~ 4 a  2Z~ 
1 ~ 78  ?a~ 

• ~ 5 0  ~7 a~a 

?~ ?7 1 3 a  

~g  

- l ~  ?~ ?~ 1 9 3  
- i ?  9 5  9O ? t o  

- v  ? o  15 a l  

1 3 ~  ~ tao 
18o 

z o 105 180 
3 , ,  ~7 . o  
. , R  5 4  t a o  
5 4~ 5S o 

-13 56 ~It5 352 
-i? 37 o 7e 

- 1 3  tO9 I t o  q 
- 9  ~ l  9 7  1 8 T  

1 1 2  1 1 9  255 
- ~  5 s  2 5  1 7 9  
- 5  6 2  ~ 6  73  
- ~  l O ~  I 0 2  ZOO . . . .  ~; ,5, 
- t  6 ' )  5 ? 3 5  
o z ~  2 9  l a ~  

o 27 ~3 1 ~  

- 1 7  2 2  ? !  1 8 0  - I 1  I I  3 ]  
- t ~  6 0  ~ s  l e o  - 1 o  ~e ~1 ? ~ 1  

. . . . . . . . . . .  o ii . . . . . . . . .  
- 1 4  7 ,  8 b  1 6 0  121  1 5 1  289 
- 1 3  I ~  l ~  | 80  u I o a  t ~ a  3 5 8  

- i t  t , )  |B~ u :  - 5  I 0  I 0  63 
- 1 o  i s ?  1 ~  o I - ~  ~ z  5 ,  2 1 0  

: x  . . . . .  i i i  . . . . . . .  
- 5  ' 180 I o aG i 1 1  
- ~  2~ ~B 1 8 o  i i 1 1 ~  1 2 ~  I 1 1  

- t  a e  ~q - 9  2~  ? o  1 9  

6~t 

: !i . . . . .  - 6  5? 1 5 ,  

*? 71 2o~ 
o 3a 38 11b 

o 76 6~L91 ~a, 

7or 
. . . . .  ~0 -o  
- 1 3  1 5 e  1 o 
- I t  ".3 5 3  18  O 
- t o  6~ a z  o 

- 9  9 2  i o 5  t a o  
1 9  2 5  l e o  

IT  1 8 0  
- 5  5 7  61  l a O  
- ~  5 3  64 1 8 0  

- 1  ; '3 15 0 
~ 3 6  5 2  

3 7  39 0 

71t  

o ,,1 55 o 

72 t  

o , o  6' 

Table 4. Description of probable hydrogen bonding shown in Fig. 4 

Molecules I and II are the (xyz) and (.~,½+y,,~) molecules. 
E.s.d.'s in distance are from 0-010 to 0.015. 

Type of Probable 
interaction donor 
shown in (molecule I, 000) Acceptor Acceptor 

Fig. 4 Acceptor molecule translation Distance 
A N CI- I (001) 3-16/~, 
B N CI- II (101) 3.10 
C N CI- II (1T1) 3 . 1 3  

O N 0(2) I (TOO) 3.02 
E O(1) CI- I (101) 2.94 
F 0(3) O(2) I (]-10) 2.87 
G 0(4) 0(3) II (10T) 2.98 
H 0(4) 0(4) II (101) 3.03 
H '  0(4) 0(4) II (171) 3.03 

the type A C1-N interaction may be only the result of donor in type H and an acceptor in type H' in the 
ionic attraction. The intermolecular interactions of  the probable hydrogen-bonding system mentioned above. 
hydroxyl groups bonded to the phenyl group (types 
G, H, and H') are exceptionally long for oxygen to The authors wish to acknowledge the programming 
oxygen-hydrogen bonding (2.98 and 3.03 A). The posi- assistance of Professor James Stewart and the Univer- 
tion of the peak in the difference density corresponding sity of Maryland Computer Center. 
to the hydrogen bonded to 0(4) indicates that it is 
attracted to both 0(4) and 0(3) of the molecule re- References 
lated by the screw axis, and again a bifurcated system COTZIAS, G., PAPAVASILZOU, P. & GELLENE, R. (1969). New 
is indicated. It should be noted that the intermolecular Eng. J. Med. 280, 337. 
distances identified as H and H' are the same type of International Tables for X-ray Crystallography (1962). Vol. 
interaction, but for a given molecule 0(4) acts as a III. Birmingham: Kynoch Press. 


