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The Crystal Structure of Cycloserine Hydrochloride* 
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(Received 10 April 1956) 

The hydrochloride of cycloserine, 4-amino-3-isoxazolidone, is orthorhombic, P212121, with four 
molecules in a Lmit cell of dimensions a ---- 9.72, b ---- 10.34, c ---- 5-73 A. A successful X-ray analysis 
was accomplished by means of (h/c0) and (hOl) projections, and three-dimensional syntheses were 
used to refine atomic coordinates. Bond distances are normal, with the five-membered ring ap- 
pearing nearly planar. Each chlorine atom forms three weak hydrogen bonds with amino nitrogens, 
and the ring nitrogen and oxygen have a close approach to the slightly enolized ketone oxygen. 

I n t r o d u c t i o n  

Cycloserine is a new broad-spectrum antibiotic pro- 
duced by Streptomyces orchidaceus. The compound was 
discovered by R. Harned and E. Kropp, and isolated 
and crystalhzed by a research team of the Commercial 
Solvents Corporation (Welch, Putnam & Randall, 
1955; Harned, Hidy & Kropp la Baw, 1955). Subse- 
quent chemical and chnical studies on the material 
have been carried out jointly by groups at the Com- 
mercial Solvents Corporation and Eli Lilly and Com- 
pany. (The name for the compound used by the latter 
group is Seromycin.) 

Cycloserine is an unusual antibiotic, dissimilar in 
chemical structure with any previously identified, and 
the culture which produces it is different from any 
previously known. I t  is active against both gram- 
positive and gram-negative bacteria, and seems to 
differ in its mode of action from other antibiotics 
presently known. Contrary to in vitro results, it has 
a high degree of in vivo efficacy, and is equally effec- 
tive by oral and subcutaneous routes (Cuckler, Frost, 
McClelland & Solotorovsky, 1955). 

The investigation of the crystal structure of this 

* Taken from work submitted by J. W. Turley in partial 
fulfillment of requirements for the degree of Ph.D. 

compound was suggested by Dr Jerome Martin of the 
Commercial Solvents Corporation, and crystalline ma- 
terial was furnished by him and by Dr Harry Rose of 
Eli Lilly and Company. 

The X-ray analysis completely confirms the chem- 
ical elucidation of the antibiotic structure, and pro- 
vides accurate measurements of bond lengths and 
angles. 

E x p e r i m e n t a l  

Weissenberg photographs of cycloserine reveal the 
space group as P212121, with cell constants 

a = 9 . 7 2 ,  b =  10-34, c = 5 - 7 3 • .  

The crystal density, measured by the displacement 

method using cyclohexane, is 1.598 g.cm. -a, from 
which calculation shows four molecules per unit cell. 

X-ray intensity data for the (hkO) projection, the 
(hO1) projection, and five layers along the c axis, 
were obtained from Weissenberg moving-film photo- 
graphs taken with Cu K s  radiation; 616 symmetry- 
unrelated reflections were recorded with the multiple- 
film technique, and intensities were estimated visually 
by comparison with a scale made from a reflection 
from the same crystal. The c-axis layers were scaled 
to each other using (hO1) data. Lorentz and polariza- 
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tion factors were applied, and the data  were placed 
on an absolute scale at a later stage of the analysis  
by comparison with calculated values. All structure- 
factor calculations were made using McWeeny scat- 
tering-factor data  (McWeeny, 1953). 

D e t e r m i n a t i o n  of  the  s t r u c t u r e  

The (hkO) projection (114 reflections) was examined 
first. A Patterson synthesis suggested a position for 
the chlorine atom, but a Fourier synthesis based on the 
signs of this atom did not show well-defined peaks, 
and left considerable doubt about  the position of the 
molecule. Because of uncer ta in ty  in choice of this 
chlorine position from the Pat terson map,  Sayre's  
method (Sayre, 1952) was applied in an effort to 
determine enough signs to confirm or reject these 
coordinates. Uni tary  structure factors were calculated 
using the Wilson curve correction, and all Uh~ o > 0"28 
were tested. Out of 29 Uh~0, 20 signs were determined. 
Adding 14 reflections of ampli tudes 0.25 < Uh~ o < 0.28, 
the signs of all 43 reflections were determined. These 
were used for a Fourier map, which clearly showed 
seven resolved peaks for the molecule, and confirmed 
the previously-chosen chlorine position. 

At this time, al though there was evidence for the 
presence of a carbonyl oxygen, an amino nitrogen and 
a f ive-membered ring, the chemical structure of the 
compound was unknown. Therefore, the first structure- 
factor calculations were made by assigning a nitrogen 
weight to all atoms, with the hope tha t  in an Fo-Fc  
Fourier synthesis errors due to wrong weight assign- 
ment  would be large enough to show carbon atoms in 
holes and oxygens on peaks. Carbon atom positions 
were chosen in this way;  but  nothing definite could 
be said about the other positions. This left four pos- 
sible structures, and a structure-factor calculation was 
done for each. These structures are shown below, 
together with the resulting agreement factors R~--  
~[IFo[-[F~[[--~[Fol and R~ = ~([Fo[-IF~[)~--~IFo[~ 
(Booth, 1948). 
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On this basis, structure I was chosen and the projec- 
tion was refined by means of successive difference 
maps to an agreement factor of R~ = 0.108. Fig. 1 (a) 
shows the final electron-density map. 

Next,  a t tent ion was turned to the b-axis projection. 
The Pat terson synthesis located the chlorine a tom;  

Y~ 
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Fig. 1. Cycloserine hydrochloride: final X-1RAC electron-den- 
sity map (a) of the (001) projection with one molecule 
drawn, (b) of the (010) projection with two molecules 
drawn to show overlap. 

but, again, the Fourier synthesis based on the chlorine 
atom was of no help. In  addit ion to difficulties arising 
from wrong phases, two molecules overlap in this 
projection. However, the chemical structure was now 
known and the problem reduced to tha t  of f inding the 
z coordinates of the atoms. A one-dimensional ap- 
plication of Fourier- transform principles led to a solu- 
tion, which was refined to an agreement factor of 
1/1 = 0.162. The final electron-density map is shown in 
Fig. l(b). 

Two three-dimensional  structure-factor calculations 
were done using the IBM 604 calculating punch, and 
two three-dimensionM Fourier  syntheses were done on 
X-RAC (Pepinsky, 1952). Both the F c and Fo syn- 
theses were done for sections along the x and z axes. 
The f inal  agreement factor in three dimensions is 
R 1 = 0.159. 

R e s u l t s  of the  a n a l y s i s  

Atomic coordinates corrected for series-termination 
and phase-lag errors are listed in Table 1, bond lengths 
and angles in Table 2, and some short intermolecular 
distances in Table 3. The s tandard  deviations of the 
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Fig. 2. Cycloserine hydrochloride: schematic projection (a) on (001), (b) on (010). 
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Table  1. Final  atomic coordinates for cycloserine.HC1 

x y z 

C 1 0-535 0.410 0.130 
C z 0.381 0.440 0.082 
C a 0.525 0.311 0.331 
N 4 0.612 0.350 0.934 
Iq 5 0-390 0.304 0.382 
O 6 0.622 0.266 0.445 
O~ 0.304 0.367 0.231 
C1 0.415 0.104 0.869 

Table  2. Bond lengths 

C1-Ca-N5 105-0 ° 
C1-C3-06 126"6 
Oe-Ca-N 5 127.4 
Ca-C1-C z 101.8 
C3--C1-N4 108.7 
C~-C1-N 4 115.8 
C1-C9-O ~ 107"9 
Cz-OT-N 5 109.0 
O,-Ns--C 3 115"6 
N~'-C1-N 4 140-6 
:N4-CI-N; 1o4.o 
I~-CI-N~' I 13. I 

and angles in cycloserine. HC1 

C:-C 2 1.55/~ 
C2-O 7 1.36 
O,-N 5 1.37 
Ns-C 3 1.35 
C3-C 1 1.54 
Ca-O 6 1.24 
C1-N 4 1.48 

~2Q/~x~ is t he  cu rva tu re  of t he  peak  in  t he  xi direc- 
t ion,  and  ~ indica tes  s u m m a t i o n  over  all p lanes  in- 

3 
c luded in t he  series. Since th is  express ion is de r ived  
for c e n t r o s y m m e t r i c  s t ructures ,  and  P2~212 x is non-  
c e n t r o s y m m e t r i c  bu t  conta ins  some zones which  are 
cen t rosymmet r i c ,  values  ob ta ined  f rom the  above  ex- 
pression are mu l t ip l i ed  by  a fac tor  of 1.6, r a t he r  t h a n  
the  fac tor  of 2 which  has  been  shown to  app ly  to  
comple te ly  n o n - c e n t r o s y m m e t r i e  s t ruc tures  (Cruick- 

Table  4. Standard deviations of coordinates 
in cycloserine . HC1 

a(x) a(y) a(z) 

C 1 0"014 A 0"013 -&. 0"022 A 
C9 0"021 0-014 0"021 
C a 0.016 0.013 0.019 
N 4 0.008 0-008 0.014 
N 6 0.011 0.010 0.013 
O 6 0.010 0.010 0-011 
O~ 0.010 0"010 0.013 
C1 0.003 0.003 0.005 

Table  3. Short intermolecular distances 
in cycloserine. HC1 

N4-C1 3.15/~ 
N~-C1 3.18 
N~'-01 3.23 
OT-N 5 2.89 
O6-O 7 2.92 

coordina tes  were e s t i m a t e d  using the  expression 
(Cruickshank,  1949) 

1 2:m { :  ~ ~2~ 
a(xr/) = ~-~ j  h:AF2} 7~x~. , 

where  xrj is t he  j t h  coord ina te  of t he  r t h  a tom,  a i is 
t h e  cell side, h i are p lane  indices,  /1F = [Fo]-lFcl , 

Table  5. Probable errors in angles and bond lengths 
in cycloserine . HC1 

C1-Ca-N5 i 2 .20 C1-C 2 ± 0.026 A 
C1-C~-O 6 ± 3-4 C2-07 ± 0"022 
06-Ca-N 5 ±2.9 07-N 5 ±0.016 
C6-Cx-Cg. ± 2.2 N6-C a ± 0.019 
Ca-Ca-N 4 ± 3"3 C3-C 1 ± 0.026 
Cg-C1-N 4 ± 2"6 C3-O 6 ± 0"019 
C1-C2-O? ± 2"2 C1-N 4 ± 0"022 
Cg=O?-N 5 ± 2"3 
O 7 - N 5 - C  3 -~- 2.3 

shank,  1950). Table  4 lists these  results.  Us ing  t he  
genera l  error  fo rmula  

E~ = (~f/~a)2E2a+ (~f/~b)~Z~+ (~f/~c)2E~-t- . . . , 
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where f(a, b, c, . . .  ) is the function, E! is the probable 
error in the function, and E a etc. are the probable 
errors of the independently measured quantities, the 
probable errors in the bond lengths and angles have 
been calculated and are listed in Table 5. Finally, 
Table 6 shows the comparison of some 630 calculated 
and observed structure factors for the final three- 
dimensional IBM calculation.* 

Fig. 2 shows the general features of the packing. 
The three N-C1 distances indicate weak hydrogen 
bonds, and the calculations of N-C1-N angles show 
that  the four atoms lie nearly in a plane. An interest- 
ing point in this structure is the close approach of both 
the ring oxygen and the ring nitrogen to the carbonyl 
oxygen of the next molecule. I t  seems at least possible 
that  a bifurcated hydrogen bond exists here. The plane 
of atoms 1, 3, 5, and 6 was calculated and found to be 

0.009075x + 0.1987y + 0.1577z - 1 = 0 .  

Of the ring atoms, the oxygen was found to lie furthest 

* Table 6 has been deposited as Document No. 4852 with the 
ADI Auxiliary Publications Project, Photoduplication Service, 
Library of Congress, Washington 25, D.C., U. S. A. A copy may 
be secured by citing the Document number and by remitting 
$2.50 for photoprints, or $1.75 for 35 mm. microfilm. Advance 
payment is required. Make checks or money orders payable to: 
Chief, Photodupllcation Service, Library of Congress. 

from this plane, at a distance of 0.06/~. Thus the ring 
is very nearly planar. 

This analysis was accomplished under Grant No. 
A-228 from the National Institutes of Health, and 
computations on X-RAC were supported by Contract 
No. N6onr-26916, T.0. 16, with the Office of Naval 
Research. We are extremely grateful for the assistance 
of Dr P. F. Eiland at various stages of the analysis. 
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A Method for Converting Exper imenta l  X-ray  Intensit ies  to an Absolute  Scale 
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A relationship between the density of a sample and an integral over the scattered X-ray intensity 
is derived. The relationship is shown to be useful in adjusting experimental X-ray intensities to an 
absolute scale. 

In nearly all X-ray work the scattered intensity is 
observed on an arbitrary relative scale. I t  is often 
desirable to obtain the intensities on an absolute scale. 
In the case of an X-ray amorphous scatterer, this has 
usually been done by assuming that  the observed in- 
tensity converges at large scattering angles to the sum 
of the squares of the atomic form factors and inco- 
herent scattering. This procedure is not quite satis- 
factory, as it requires accurate measurements of the 
low intensity scattered at large angles. In addition, 

* Present address: Department of Ceramics, The Penn- 
sylvania State University, University Park, Pa., U.S.A. 

the observed intensity will still have appreciable un- 
dulations in this region, making a curve-fitting proce- 
dure somewhat ambiguous. The purpose of this paper 
is to develop an analytical method, primarily intended 
for liquid scattering, but which may also be adapted 
for crystalline powder patterns. The equations are 
derived for a system containing one kind of atoms, 
but the generalization to complex systems is straight- 
forward. 

A pair distribution function a(r) is defined by 

a ( r ) =  f f O(p)~(p+r)d fdV ,  (1) 
r ! 


