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but no attempts were made to estimate the extent of 
disorder in the crystal. 

It is a pleasure to thank Ingrid Hacksell for making 
the drawings. The work has been supported by the 
Swedish Medical Research Council (Projcet No 
B71-13X-144-07B) and the Swedish Delegation for 
Applied Medical Defence Research (Project No 278). 
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The Crystal Structure of L-~t,7-Diaminobutyric Acid Monohydrochloride 
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1 + . The crystal structure of L-Ct, y-diam'nobutyric acid monohydrochloride, NH 3 (CH2)2CH NH + COO- CI -, 
has been determined using three-dimensional intensity data obtained with Mo Kct radiation. The crystal 
is monoclinic with the space group P21. There are two formula units in a cell of dimensions a = 8.355, 
b= 8.267, c= 5.316 A, t =  109.37 °. The structure was solved by the heavy atom method and refined by 
the method of block-diagonal least squares. The final R value was 0.057 for 1858 observed reflexions of 
non-zero intensity. The L-Ct,y-diaminobutyric acid molecule exists as a zwitterion, each nitrogen atom 
having an extra proton and forming a three-dimensional network of the hydrogen bonds. All the bond 
lengths and angles in the molecule are as a whole similar to those found in lysine and ornithine. The two 
C-NH + distances are equal within experimental errors, the average value being 1-495/~. The side chain 
with ? nitrogen atom is of an extended, nearly planar configuration, and the average C-C distance is 
1.530 ]k. 

Introduction 

L-ct,?-Diaminobutyric acid, NH2(CH2)2CH NH2COOH, 
is a synthetic amino acid. In connexion with the mol- 
ecular structure of lysine (Wright & Marsh, 1962) and 
that of ornithine (Chiba, Ueki, Ashida, Sasada & Ka- 
kudo, 1967), it seems worth while to determine the 
molecular structure of this compound. 

In the present study, the crystal structure of L-Ct, 7- 
diaminobutyric acid monohydrochloride is determined 
by X-ray diffraction, and t h e  bond lengths obtained 
are compared with those of lysine and ornithine. 

Experimental 

L-Ct,y-Diaminobutyric acid monohydrochloride, synthe- 
sized at the Department of Polymer Science of Hok- 
kaido University, was supplied to us. The single crys- 

* Present address: Department of Biophysical Engineering, 
Faculty of Engineering Science, Osaka University, Toyonaka, 
Osaka, Japan. 

tals, grown from aqueous solutions at about 5 °C, were 
colourless plates elongated along the b axis. The space 
group was determined from Weissenberg and preces- 
sion photographs. Systematic absence of reflexions for 
0k0 with k odd suggested that the space group is either 
P21 or P21/m, and the former was adopted since the 
compound is optically active. The unit-cell parameters 
were obtained from a least-squares procedure by mini- 
mizing the quantity ~w(sin 2 0obs--Sin 2 0eale) 2. Values of 2 0 
for 25 reflexions, measured on a diffractometer, were 
used and the weight assigned was proportional to 
1/sin220. The confidence limits are subjectively set to 
be three times the estimated standard deviations obtain- 
ed from the least-squares calculation. 

Crystal data 
L-Ctw-Diaminobutyric add  monohydrochloride 
Formula:  C4H10N202. HC1 
M.W. 154.6 
Monoclinic 
a =  8.355 + 0.004, b = 8.267 + 0.004, e--- 5.316 +_ 0.003/~ 
t =  109.37 _+ 0.06°; U=346.4/~3 
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Fig. 1. Composite drawing of the final electron-density map 
viewed along the b axis. Contours are drawn at intervals of 
2 e./~-3 beginning at 2 e.A,-3 for the light atoms, and at 
intervals of 4 e.~ -3 beginning at 2 e.~ -3 for the chlorine 
atom. 

Dm = 1.45 g.cm -3 (by flotation) 
Dx = 1.48 g.cm -a 
F(000) = 164, Z =  2 
2(Mo Kct)=0.71069 A 

Intensity data were measured on a Rigaku automatic 
four-circle diffractometer, controlled by a FACOM 
270-20 computer with Mo K~ radiation monochro- 
mated by a LiF crystal, using the o9-20 scan technique. 
The dimensions of the crystal were 0.20 x 0.20 x 0.25 
m m .  The scanning speed was 2 ° per minute and the 
scan range A20 was varied according to the relation 
A20 = 2 ° + 0.8 °tan 0. The background was measured for 
twenty seconds at the beginning and the end of each 
scan. As a check of the stability of the crystal and the 
instruments, the three standard reflexions were moni- 
tored every 50 reflexions: no significant variation in 
their intensities was noticed. 2727 independent re- 
flexions corresponding to sin0/2 < 1.0 A -1 were meas- 
ured. Reflexions with 11:ol < 3a(IFol) were assigned zero 
intensity, where a(IFol) was estimated from counting 
statistics. In view of the small linear absorption coef- 
ficient (/z = 4-8 cm-1 for Mo Kc~ radiation), the absorp- 
tion correction was not made. In the structure deter- 
mination, 2012 independent reflexions with sin0/2 
< 0.9 A_ -1 were used. 

S t r u c t u r e  d e t e r m i n a t i o n  a n d  r e f i n e m e n t  

The coordinates of the chloride ion were deduced from 
a three-dimensional Patterson function. A three-dimen- 
sional Fourier synthesis based on the coordinates of 
the chloride ion revealed the approximate structure, 
and an R value of 0-37 was obtained. All calculations 
were performed on HITAC 5020 E and FACOM 230-60 
computers using the Universal Crystallographic Corn- 

puting System (1967). The structure refinement was 
then carried out by a series of the least-squares cal- 
culations, including four cycles of the block-diagonal 
least-squares calculations with individual isotropic 
temperature factors, and three cycles of the full-matrix 
least-squares calculations with anisotropic temperature 
factors. As a result, the R value reduced to 0.11. A 
three-dimensional difference Fourier synthesis was cal- 
culated at this stage in order to locate the hydrogen 
atoms. Peaks with heights ranging from 0.5 to 0.8 e.A -3 
were observed at the expected positions for all the 
hydrogen atoms except for H(3) and H(6). These hy- 
drogen atoms were included in the subsequent struc- 
ture factor calculations and the least-squares refine- 
ment, where the isotropic temperature factor for each 
hydrogen atom was assumed to be the same as that 
determined for the atom to which it was bonded. 
Throughout the following least-squares calculations, 
however, the temperature factors of the hydrogen atoms 
were not further refined. Four other cycles of the block- 
diagonal least-squares refinement including these hy- 
drogen atoms led to the R value of 0.065. The three- 
dimensional difference Fourier synthesis was then cal- 
culated, and the positions of the two hydrogen atoms, 
H(3) and H(6), clearly showed up. 

In the final least-squares calculations, several reflex- 
ions affected by extinction were omitted. At the last 
cycle, the maximum parameter shift for the non-hy- 
drogen atoms was less than one-third of their standard 
deviations, and that for the hydrogen atoms less than 
their standard deviations. The final R value was 0.057 
(or 0.068 if reftexions of zero intensity are included). 
In these calculations unit weight was applied to all 
reflexions, except for those of zero intensity to which 
a weight 0.1 was given. Atomic scattering factors used 
for CI - ,  O, N, C, and H are those listed in International 
Tables for X-ray Crystallography (1962). 

The final atomic parameters for the non-hydrogen 
atoms together with their standard deviations are listed 
in Tables 1 and 2, those for the hydrogen atoms in 
Table 3, and the observed and the calculated structure 
factors in Table 4. Fig. 1 shows the composite electron- 
density map, and Fig. 2 shows the composite difference 
Fourier synthesis using the calculated structure factors 
which contain only the contributions from the non- 
hydrogen atoms. 

Table 1. Final atomic coordinates and their 
standard deviations, a( x 10 4) 

x ~(x) y a(y) z a(z) 
Cl 0.0587 1 0 .2500 - 0.0067 1 
O(1) 0"4368 3 0"6313 3 1"2007 5 
0(2) 0"6743 3 0"4851 4 1-2862 4 
N(1) 0"6611 3 0.4579 4 0"7901 4 
N(2) 0.0416 3 0"4684 4 0"4980 5 
C(1) 0.5445 3 0.5563 4 1.1321 3 
C(2) 0.5162 3 0.5458 4 0.8315 5 
C(3) 0.3502 3 0-4574 4 0"6842 5 
C(4) 0.1980 3 0.5685 4 0.6128 6 
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Table 2. Thermal parameters and their standard deviations (× 10 4) 

The thermal parameters are of the form: exp [ -  (flllh 2 +f122k 2 +fl3312 +fl]zhk +f113hl+f123kl)]. 
f i l l  (7" fl22 (7 fl33 (7 i l l2 (7 il l3 17" fl23 (7 

CI 105 1 104 1 219 2 4 2 91 2 -3  3 
O(1) 94 3 114 4 178 7 26 6 112 7 -27 9 
0(2) 89 3 166 5 116 5 73 7 51 7 57 9 
N(1) 54 2 118 4 116 6 7 6 65 6 14 8 
N(2) 58 3 118 4 201 8 6 6 33 8 1 10 
C(1) 66 3 80 3 121 6 -11 6 75 7 - 4  8 
C(2) 53 3 86 4 105 6 3 5 47 6 12 8 
C(3) 49 3 80 3 171 7 - 9 6 28 7 - 31 9 
C(4) 55 3 95 4 228 10 19 7 10 9 9 11 

Table 3. Final parameters o f  the hydrogen atoms o a 

' H2o" 
The thermal parameters, B, are of the form: exp[-B(sin 0/2)2]. 

x y z B Bonded H(5) H(4) 
to ) H(8) 

H(1) 0"663 0"471 0"620 1"7 N ( 1 )  ~ ~ H  
H(2) 0"753 0.511 0.895 1"7 N(1) 
H(3) 0.662 0.358 0.842 1.7 N(1) (1) 
H(4) 0.046 0-399 0.358 2.0 N(2) 
H(5) -0.055 0.533 0.426 2.0 N(2) 
H(6) 0.027 0.395 0.627 2.0 N(2) 
H(7) 0-522 0-662 0-771 1-5 C(2) / / H(11) H'~9~ L _ ~ L ~ ~ H ( 2 )  
H(8) 0.360 0.412 0.499 1.7 C(3) c 
H(9) 0.336 0.365 0.811 1.7 C(3) 
H(10) 0.201 0.649 0.449 2.3 C(4) 
H(ll) 0"189 0"628 0"780 2"3 C(4) 
(a(x))=0"006, (a(y))=0.007, (tr(z))=0.010. Fig. 2. Composite drawing of the final difference Fourier 

synthesis viewed along the b axis. Contours are at intervals 
of 0"1 e./~-3 beginning at 0.3 e.A-3. 

Description of the structure 

The bond lengths and angles in the molecule are given 
in Table 5 and shown in Fig. 3, while those involving 
the hydrogen atoms are given in Table 6. The e.s.d.'s 
of the bond lengths and angles among C, N, and O 
atoms are about 0.005 A and 0.3 °, respectively. 

In Table 7 the average bond lengths are compared 
with those of lysine and ornithine. The average of two 
C-NH + bond lengths, 1.495 A, is longer than the 
normal single-bond length between the carbon and ni- 
trogen atoms, and practically equal to the average value 
of the C-NH3 + distance, 1.493 A, of the amino acid 
hitherto investigated (Kakudo, 1966). The length of 
two C-C bonds, C(1)-C(2) and C(2)-C(3), are prac- 
ficaUy the same, while the bond C(3)-C(4) is a little 
shorter than these two C-C distances. The first two 
are close to the standard value commonly accepted. As 
shown in Table 7, however, the average of the two 
C-C bond lengths in the side chain, 1.526 A, is close 
to the average of the C-C bond lengths in the side chain 
of lysine and that of ornithine. The average value of six 
N - H  bond lengths, 0.93 A, and that of five C-H's, 
1.06 A, are also very close to those found in lysine and 
ornithine. It is concluded, therefore, that the bond 
lengths and angles in the L-e,y-diaminobutyric acid 
molecule are as a whole quite similar to those found 
in lysine and ornithine. 

H(4) 
H ( 5 ) ( ~  H~0) H(8) 

// ? " , ' ,  

/1"538 

• N ( 2 ) ~  0(1)_,7 "~ C ( 1 ) , , ~  
- ~ k_6(2) 

C(4) ' ~ ~  
112'2 ~ ~ N  (1) 

111"1.,. ~ 109"1 

~-0(2) 

Fig. 3. Bond lengths and angles in the molecule. 

H(2) 
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T a b l e  4 .  Final observed and calculated structure fac tors  ( × 1 O) 
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T a b l e  5 .  Bond lengths and angles in the molecule 

1 . 2 4 4 _ + 0 . 0 1 2  A 
1-269 _+ 0 . 0 1 5  

1"491 + 0"015 
1"499-+ 0"015 

1"538 _+ 0"012 
1"536_60"015 
1"515+0"015 

A n g l e  

O(1)-C(1)-O(2) 
O(1)-C(1)-C(2) 
O(2)-C(1)-C(2) 

C(I)-C(2)-N(1) 
C(3)-C(2)-N(1) 
C(3)-C(4)-N(2) 

C(1)-C(2)-C(3) 
C(2)-C(3)-C(4) 

126.2_+ 1.0 ° 
1 1 7 - 1 _ + 0 . 9  
116"7_+0"9 

109"1 ___0.8 
109"3 -+ 0"8 
108"1 -+ 0"9 

1 1 1 . 1 - + 0 . 8  
1 1 2 . 2 _ + 0 . 8  



H I R O S H I  H I N A Z U M I  A N D  T O S H I O  M I T S U I  2157 

Table 6. Bond lengths and angles involving the hydrogen atoms 

Bond d(X-H) Angle C-X-H Angle H-X-H 

N(1)-H(I) 0.92 ~ C(2)-N(1)-H(1) 112 ° H(I)-N(1)-H(2) 105 ° 
N(1)-H(2) 0 . 9 1  C(2)-N(I)-H(2) 104 H(2)-N(I)-H(3) 111 
N(I)-H(3) 0 . 8 8  C(2)-N(1)-H(3) 110 H(3)-N(1)-H(1) 115 
N(2)-H(4) 0 . 9 5  C(4)-N(2)-H(4) 113 H(4)-N(2)-N(5) 106 
N(2)-H(5) 0.94 C(4)-N(2)-H(5) 111 H(5)-N(2)-H(6) 111 
N(2)-H(6) 0 . 9 5  C(4)-N(2)-H(6) 111 H(6)-N(2)-H(4) 103 

(N-H) 0.93 
N(1)-C(2)-H(7) 107 H(8)-C(3)-H(9) 113 

C(2)-H(7) 1 . 0 3  C(1)-C(2)-H(7) 105 H(I 0)C(4)-H(11) 114 
C(3)-H(8) 1 . 0 8  C(3)-C(2)-H(7) 115 (tr(H-X-H)) = 5 
C(3)-H(9) 1 . 0 6  C(2)-C(3)-H(8) 108 
C(4)-H(10) 1 . 1 0  C(2)-C(3)-H(9) 107 
C(4)-H(1 I) 1 . 0 4  C(4)-C(3)-H(8) 107 

(C-H) 1 . 0 6  C(4)-C(3)-H(9) 110 
@(X-H)) = 0 . 0 6  N(2)-C(4)-H(10) 105 

N(Z)-C(4)-H(11) 108 
C(3)-C(4)-H(10) 109 
C(3)-C(4)-H(11) 112 

( o ' ( C - X - H ) )  = 3.3 

/ 
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Fig. 4. Structure viewed along the b axis. The proposed hydrogen bonds (broken lines) and other close contacts (dotted lines) 
are shown. Close contacts are (A) N(2)...CI viii, 3-449A; (B) N(2)-..C1 ix, 3.814 A. Positions of these chlorine 
atoms are given in Table 8. 

Table 7. Comparison o f  the average bond lengths with 
those o f  lysine and ornithine 

Present Lysine* Ornithine1" 
molecule 

(C-NH3 +) 1"495 A 1"482 A 1.491 A 
(C-C)~ 1.526 1.522 1.526 
(C-C)§ 1.530 1.524 1.530 
(N-H) 0"93 0"94 095 
(C-H) 1.06 1.06 1.05 

* Wright & Marsh (1962). 
I" Chiba et al. (1967). 
.I:. The average of the C-C bond lengths in the side chain. 
§ The average of all the C-C bond lengths in the molecule. 

The L-~,7-diaminobutyric acid molecule is described 
by two planar  groups, one being the carboxyl group 
and the other the side chain terminat ing at the 7 ni- 
trogen a tom N(2). The equation of  the least-squares 
plane of  the carboxyl group and the C(2) a tom is: 

0.5412X+ 0.8386 Y+ 0.0615Z = 5.6056, 

where the direction cosines are referred to the ortho- 
gonal  axes a, b, and c*, and X, Y, and Z are expressed 
in A. The deviations of  the atoms from the plane are" 

O(1 ) , -0 .002 ;  O ( 2 ) , -  0.002; 
C(1), 0.006; C(2 ) , -0 .002  A. 

A C 27B - 8* 
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Table 8. Dimensions of the proposed hydrogen bonds and other close contacts 

Donor Acceptor 
C(2)-N(1)-H(1)' ' '  0(20 
C(2)-N(1)-H(2) • • • CI tt 
C(2)-N(1)-H(3)-.- O(1 ~)  
C(2)-N(1) . . . . . . . .  CUv 
C(2)-N(1) . . . . . . . .  O(19 
C(4)-N(2)-H(4).-. C1 v 
C(4)-N(2)-H(5)... 0(2"0 
C(4)-N(2)-H(6)' ' '  C1 v~ 
C(4)-N(2) . . . . . . . .  C1 vm 
C(4)-N(2) . . . . . . . .  CF x 

( i )  x ,  y ,  - 1 + z 
(iv) l + x , y ,  l + z  

(vii) x ,y,  l + z  

(ii) 1 
(v) 

(viii) 

N "  • " m  

2.727 A 
3.297 
2.839 
3.580 
3.394 
3.223 
2.901 
3.220 
3.449 
3.814 

- x ,  ½+y, 1 - z  
x, y, z 

--X, ½+y, --z 

L C - N ' " A  Z N - H ' " A  L H - N - ' - A  
113.8 ° 176 ° 2 ° 
96"5 151 21 

102.4 152 8 

112.1 176 1 
143-1 134 33 
100.4 164 5 

(iii) 1 - x, - ½ + y, 2 -  z 
(vi) - l + x ,  y, - l + z  
(ix) - x ,  ½+y, 1 - z  

The e nitrogen a tom N(1) lies 0.067 A out of  the plane. 
The side chain with y nitrogen a tom N(2) has a fully 
extended configuration, in which the three carbon a toms 
and the terminal  nitrogen a tom are approximately co- 
planar.  The least-squares plane of  these atoms is: 

- 0.4135X- 0.5191 Y+ 0.8965Z= 1.8012, 

and the deviations of the atoms from the plane are" 

C(2), 0.038; C(3),-0.041 ; 

C(4),-0.035; N(2), 0.038 A. 

The dihedral  angle between the two plane is 72.4 ° . 
Figs. 4 and 5 illustrate the crystal structure viewed 

along the b and c axes, respectively. They show the 
packing of  the molecule, the proposed hydrogen bonds 
(broken lines) and other close contacts (dotted lines). 
The dimensions of  the proposed hydrogen bonds and 
other close contacts are listed in Table 8. These hydro- 
gen bonds make  a three-dimensional ne twork in the 
crystal. The ar rangement  of  the hydrogen atoms proves 
that  the L-e,?-diaminobutyric acid molecule exists as a 
zwitterion, and thus the formula  is to be written as 
N H  + ( C H 2 ) z C H N H  + C O O - .  C1- .  

The authors  wish to thank  Dr  A. Chiba for his en- 
couragement.  They are indebted to the Comput ing 
Centre of  the University of  Tokyo and Hokka ido  Uni- 
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5020E and the F A C O M  230-60 computers  available 
to them. 
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Fig. 5. Structure viewed along the c axis. The molecules shown 
are those existing in the region -0.5_<z_< 0.5. 
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