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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-0,y-Diaminobutyric Acid Monohydrochloride

By HirosHr HinazuMi AND TosHIO Mitsur*
Department of Physics, Faculty of Science, Hokkaido University, Sapporo, Japan

(Received 22 March 1971)

The crystal structure of L-a,y-diaminobutyric acid monohydrochloride, NH; (CH,),CH NH; COO-.Cl -,
has been determined using three-dimensional intensity data obtained with Mo K« radiation. The crystal
is monoclinic with the space group P2,. There are two formula units in a cell of dimensions a=8-355,
b=8-267, c=5-316 A, f=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-a,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-NHj distances are equal within experimental errors, the average value being 1-495 A. The side chain
with y nitrogen atom is of an extended, nearly planar configuration, and the average C-C distance is

1-530 A. )

Introduction

L-a,y-Diaminobutyric acid, NH,(CH,),CH NH,COOH,
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-o,)-
diaminobutyric acid monohydrochloride is determined
by X-ray diffraction, and the bond lengths obtained
are compared with those of lysine and ornithine.

Experimental

L-a,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 & odd suggested that the space group is either
P2, or P2;/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? f,,—sin? 0.,,.)>. Values of 26
for 25 reflexions, measured on a diffractometer, were
used and the weight assigned was proportional to
1/sin?26. The confidence limits are subjectively set to
be three times the estimated standard deviations obtain-
ed from the least-squares calculation.

Crystal data

L-o,y-Diaminobutyric acid monohydrochloride
Formula: C,H,,N,0,. HC1

" M.W. 1546

Monoclinic
a=8355+0-004, b=8-267 + 0-004, c=5-316 + 0-003 A
B=109-37 £ 0-06°; U=346-4 A3
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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.A-3 beginning at 2e¢.A-3 for the light atoms, and at
intervals of 4 e.A-3 beginning at 2 e.A-3 for the chlorine
atom.

D,=145g.cm™3
D,=1:48 gcm™3
F(000)=164, Z=2
A(Mo Ka)=0-71069 A

(by flotation)

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 w—26 scan technique.
The dimensions of the crystal were 0-20 x 0-20 x 0-25
mm. The scanning speed was 2° per minute and the
scan range 420 was varied according to the relation
420=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 sinf/A < 1-0 A~! were meas-
ured. Reflexions with |F,| <30(|F,|) were assigned zero
intensity, where o(JF,|) was estimated from counting
statistics. In view of the small linear absorption coef-
ficient (u=4-8 cm~*! for Mo Ka radiation), the absorp-
tion correction was not made. In the structure deter-
mination, 2012 independent reflexions with sin 8/A
<09 A~ were used.

Structure determination and refinement

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 Com-
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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 reflexions 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 C1—, 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, o( x 10%)

x a(x) y a(y) z a(2)
Cl 0-0587 1 02500 - 0-0067 1
o) 04368 3 06313 3 12007 5
0(2) 06743 3 04851 4 1-2862 4
N(1) 06611 3 04579 4 07901 4
N(Q) 00416 3 04684 4 0-4980 5
C(1)  0-5445 3 05563 4 11321 3
C2) 05162 3 05458 4 08315 5
C3) 03502 3 04574 4 06842 5
C@4) 01980 3 05685 4 06128 6
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Table 2. Thermal parameters and their standard deviations ( x 10%)
The thermal parameters are of the form: exp [— (81142 + B22k2 + B3312+ Bi2hk + B13hl + Baskl)].
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J:3%} G B2 a B33
Cl 105 1 104 1 219
o(1) 94 3 114 4 178
0(2) 89 3 166 5 116
N(1) 54 2 118 4 116
N(2) 58 3 118 4 201
c) 66 3 80 3 121
C(2) 53 3 86 4 105
C@3) 49 3 80 3 171
C4) 55 3 95 4 228

Table 3. Final parameters of the hydrogen atoms

The thermal parameters, B, are of the form: exp[-B(sin §/1)2].

X y z B Bonded
to
H(1) 0-663 0-471 0-620 1-7 N(1)
H(2) 0-753 0-511 0-895 1-7 N
H(@3) 0-662 0-358 0-842 1-7 N(1)
H4) 0-046 0-399 0-358 20 N@)
H(5) -—0-055 0-533 0-426 2:0 N@)
H(6) 0-027 0-395 0-627 20 N(@2)
H(7) 0-522 0-662 0-771 1-5 C(2)
H(8) 0-360 0412 0-499 1-7 C(3)
H(9) 0-336 0-365 0-811 17 C(3)
H({10) 0-201 0-649 0-449 2:3 C(4)
H@{11) 0189 0-628 0-780 C4)

2:3
{a(x))=0-006,  {a(y))=0-007, (6(2))=0-010.

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-NHj;" 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-NHj" 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-
tically 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-a,y-diaminobutyric acid
molecule are as a whole quite similar to those found
in lysine and ornithine.

o fz o By o P23 o
2 4 2 91 2 -3 3
7 26 6 112 7 -27 9
5 73 7 51 7 57 9
6 7 6 65 6 14 8
8 6 6 33 8 1 10
6 —11 6 75 7 -4 8
6 3 5 47 6 12 8
7 -9 [ 28 7 —-31 9
10 19 7 10 9 9 11

Fig. 2. Composite drawing of the final difference Fourier
synthesis viewed along the b axis. Contours are at intervals
of 0-1 e.A-3 beginning at 0-3 e.A-3.

H@4)

Fig. 3. Bond lengths and angles in the molecule.
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Table 4. Final observed and calculated structure factors ( x 10)

Reflexions indicated by an asterisk (*) were omitted from the final least-squares calculations.

H FO FC H FO H FO FC H Fo FC n Fo FC K FO FC H Fo FC H FO FC H Fo FC H FO FC
Kel® 0 0 12 17 12 1 265 264 3 21 22 3 0 9 -13 18 17 =2 9 9 2 27 25 =8 A5 A8 -5 35 A0
1 92 73 Kew 8§ 0 2 148 146 4 63 67 4 18 18 =12 22 23 -1 117 120 3 36 30 =7 67 &6 4 21 28
2 312 337 0 63 59 3 108 116 5 113 109 5 21 23 =11 30 30 0 138 131 K,Le 12 2 =6 90 86 3 18 20
3 2a0 248 1 91 87 4 183 146 6 15 11 6 13 3 <10 350 52 1 76 70 =5 0 1 5192192 <2 62 67
A 21 27 2 63 59 5121 116 7 51 49 7 2% 26 -9 22 22 2 98 98 -4 )] 6 -4 112 {07 =1 75 7Ta
5 60 59 3 94 88 6 139 145 8 29 30 8 23 17 -8 49 46 3 9 8% =3 O 7 =3 124 123 0 70 70
6 59 56 4 32 3 7 3 33 9 49 43 Kele 11 1 -7 lag 150 4 39 A0 =2 23 29 -2 157153 1 42 a1
7 153 153 s 21 18 8 21 30 lo 7 10 =g 15 14 «6 87 57 8 24 24 1 1a 13 =1 61 38 2 A9 A7
8 149 150 6 65 60 9 39 40 11 13 17 =7 3% 41 =5 3& 35 6 350 51 0 44 33 0o 2% 27 3 3 An
9 0 3 7 23 25 10 0 7 Kelm o 1 =6 23 34 =4 171 1g3 7 31 30 1 0 & 1 54 53 4 15 1%
lo 89 &8s 8 a1 39 1 30 27 =12 321 2% =5 29 30 <3 241 236 8 50 49 2 0o 6 2 156 153 5 38 3
11 21 22 9 38 29 12 26 29 =11 22 25 -4 21 28 -2 127 126 9 aa 43 3 23 16 3 9 9% 6 17 18
12 13 10 10 28 23 13 28 32 ~10 45 48 =3 30 36 =1 127117 10 5 1 Kie 13 A4 93 92 7 A3 37
13 35 35 11 28 23 Kel® 2 1 =9 43 45 =2 29 32 0 309 310 11 20 21 =6 14 17 5 90 9 Ki= 9 3
1 0 1 Kib= 9 ©0 =la 1a 11 =g 40 &2 =1 1¢ 22 1113113 Kelme 7 2 =5 5 8 6 4l @ -8 20
Kl 1 0 1 25 24 213 29 31 -7 50 50 0 13 15 2138133 12 25 19 =& 20 20 T 60 60 7 21 24
1 32 37 2 75 68 =12 13 "6 -5 %2 e 1 30 28 3110107 -11 21 18 =3 15 20 8 34 34 <6 3% 3%
2 303 317 3 53 50 =11 42 aa -5 78 83 2 26 2% 4 19 16 =10 20 23 -2 13 10 9 18 19 =5 25 3
3 204 208 4 63 %9 <10 43 43 -4 8% 96 3 38 38 5 1a0 145 =9 22 20 1 11 10 10 39 40 =4 22 34
4 263 257 5 58 56 “9 88 A7 =3 51 56 4 16 20 6 A4 ap -8 21 24 o 0 9 Keilw & 3 =3 28 34
5 159 135 6 65 62 =g 110 111 =7 107 1ll3 5 43 39 7T 69 68 -7 0 9 1 0 5 =11 31 3 -2 35 37
6 152 152 7 23 22 -7 71 69 -1 106 106 6 36 31 8 73 77 =6 41 40 2 17 14 =10 31 32 -1 58 59
7T 58 57 8 0 12 =& 72 70 0 139 129 7 19 17 9 36 30 =5 55 66 18 13 =9 30 32 0 20 22
8 69 67 9 17 12 -5 23 23 1100 93 KeL= 12 1 10 24 26 =4 A3 50 K,® 14 2 =8 83 81 1 24 26
9 21 25 10 21 16 =-a 22 2% 21241 -7 20 17 11 18 12 =3 61 68 =2 10 6 =7 2 21 2 30 28
10 4p 49 11 0 3 -3 2¢8 Ja4 3 79 15 =6 0 5 Ki®m 3 2 =2 5 59 -1 17 16 <6 68 10 3 51 as
11 15 17 K= 10 0 =2110 121 4 40 4l -5 0 10 ~-14 16 11 -1 4 7 ] 8 9 -5 24 25 4 22 23
12 4 49 0 123 108  ~lxaea 521 5 21 25 =4 O =13 15 20 0o 27 28 1 1a 15 «a 32 30 s 1y 13
13 32 3a 1 18 13 0 371 388 6 31 32 =3 15 22 ~12 16 18 1 a0 36 2 22 17 =-3102 97 6 9 13
18 16 9 2 60 56 1 758 266 7 61 37 =2 18 20 =11 39 236 2 41 46 KiL= 3 =2 58 %% 7 21 22
KiLe 2 3 13 219 2 293 786 8 49 45 -1 32 36 ~10 58 55 3 73 69 ~la 13 2 =1 101 10 3 22 21
0 368 319 4 0 3170 163 9 82 43 0 20 21 =9 3& 35 4 35 34 -1y 11 0 145 142 K l® 10 3
13810 442 5 17 13 4 47 a1 10 &1 39 1 41 36 =8 61 63 S 68 64 =12 22 18 1 98 101 «10 18 1a
2 202 201 6 21 19 5 50 a9 11 17 16 2 15 1T =7 19 83 6 0 9 -11 0 1% 2 13 70 -9 22 19
3 304 293 7 45 a2 6 ST %8 Kelw 7 1 3 26 20 <6 95 93 7 1a 17 =10 11 13 3 as 41 7
4 104 95 8 23 22 7 110 110 ~12 10 8 4 1s =5 65 63 8 27 25 -9 81 84 A 42 a6 =T 29 3a
5 38 39 9 9 9 8 710 71 -11 33 34 5 13 7 =& 132 126 9 8 -3 3 35 5 50 49 -6 0o 1
6 192 191 10 26 24 9 46 &5 =10 22 22 6 15 =3 135140 10 29 26 -7 120 120 6 29 34 <5 0 6
7 39 40 Kil= 11 0 10 52 82 =9 26 21 K= 13 1 =2 170 168 Kit= 8 2 =6 10 16 7 42 A3 s 6
8 4g o1 1 ls 10 11 23 21 =g 22 23 -7 18 11 =1 66 69 =11 284 25 =5 49 &9 8 49 50 3 2% 31
9 86 87 2 1 % 12 32 29 =1 55 56 =5 1 17 0110 105 «10 24 22 -5 58 58 9 8 -2 18 22
10 25 23 3 39 37 13 0 2 -6 6% 72 =5 10 12 1139 134 =9 36 383 =3108 103 10 27 23 -1 46 A9
11 19 17 4 33 27 Ket= 3 1 =5 53 58 ~a 24 2% 2 149 144 -8 16 17 <2 63 60 11 (] 0 14 14
12 19 19 5 29 26 =14 21 24 =4 135 151 -3 0 8 3 65 65 =1 53 56 =1 224 224 KL= s 3 1 ¢3 s8
13 25 30 6 13 10 -13 27 74 -3 28 37 =2 3 8 4 92 85 -6 35 a2 0 20 20 =11 48 A6 2 0 3
4 14 12 7 17 9 =12 22 26 =2 88 96 =1 13 16 5 116 119 =5 16 17 1 207 207 =10 21 16 3 29 271
Kil® 3 0 8 10 9 -11 61 #2 =1 60 65 0 9 1s 6 36 37 =& 43 49 2 62 65 =9 0 2 4 27 24
1218 216 Kile 12 0 <10 46 a7 0 63 63 1 o 9 7 53 52 =3 59 69 3122 122 -8 o 5 5 7
2 223 218 0 36 27 -9 38 37 1 50 a7 2 19 1a 8 a6 a5 =2 35 a3 4129135 -7 3 23
3 90 89 1 53 a6 <8 62 63 2 51 ay 3 22 20 9 18 16 =1 75 13 5 16 11 =6 7 6
4 105 107 2 7 9 =1 52 60 3 126 118 4 15 10 40 39 0 66 62 6 21 33 -5 8 n
5 54 5% 3 11 9 =6130129 4 87 B4 Ki=1a 1 11 11 12 1 78 70 7 A a6 -s 3
6 133 13¢ 4 8 9 -5119 na 5 %9 56 =3 3 12 29 33 2 85 19 3 a8 a8 -3 22
7 a1 a9 5 0 1 -4 300 100 6 87 80 -2 5 9 K= a 2 3 21 25 9 25 26 =2 23
8 a8 47 6 27 20 -3 152 155 7 16 16 =1 9 15 =12 36 34 4 22 26 10 4 -1 20
9 69 67 7 0 4 =210l 10 8 3% 32 0 14 12 =11 30 sa 5 54 48 Ki= 1 [ 39
10 0 13 8 18 15 =1 208 213 9 la 19 1 8 12 =10 62 57 6 36 32 =14 24 23 1 22
11 36 38 Xil=13 O 0138 134 10 22 21 K= 0 2 <=9 88 59 7 43 42 =13 20 20 2 13 12 -2 34 3
12 19 12 1 15 8 1 82 46 Kite 8 1 =14 36 35 -8 96 97 3 13 1la =12 13 17 3 %% %3 =1 15 17
13 25 22 2 23 19 ? 187 128 -12 15 13 <13 20 1 -7 3 3 9 27 28 11 51 %0 a4 108 106 0 1a 11
KL= a0 3 15 12 3260 268 ~11 9 13 =12 a2 39 -6120122 10 24 22 -10 0 7 5 15 13 1 18 1a
0 285 281 4 21 18 4 157 131 <10 20 17 <211 38 41 -5 23 18 Ki= 9 2 <9 39 39 6 71 1% 2 31 23
1 199 193 5 16 13 5115 114 -9 35 32 <10 19 15 =4 135 157 =11 24 21 =-p 113 117 7 39 M 3 22 22
2 89 87 6 21 17 6 89 A5 =b 45 4% =9 144 148 -3 21 19 =10 13 T -7 36 55 8 0 & 4 24 29
3 294 287 Kkil=la O T 46 41 =7 34 37 -8 104 102° -2 197198 =9 & 8 =6 97 95 9 9 11 5 28 23
a 93 92 0 30 21 6 20 22 -6 28 30 =T 19 15 1222221 -8 0 15 =-51091084 10 O 2 6 17 18
5 81 &9 1 15 12 9 45 a3 =5 30 32 -6 113 113 152 148 =7 47 53 -4 1a2 140 11 32 29 Kil=1312 3
6 30 36 2 21 16 1) a6 46 =4 41 &> =5 0 139 137 -6 24 27 =3 160 156 KiLe 6 -8 17 17
7 114 113 3 24 18 11 24 26 =3 52 58 -4 lal 139 230 226 -5 43 53 ~2111 106 =11 39 33 -7 0
8 57 56 4 7T 7T 12 14 17T =2 2 30 =3 32 32 86 88 -4 37 48 -1 g1 81 =10 36 32 -6 13 13
9 62 61 =9 37 37 -5 1%
10 66 67 =14 0 KL= & 1 88 83 -1%672 763 a0 45 ~2 30 3a 72 66 -8 A5 AN -4 0 15

4
5 196 193 =5 14 -6 23 25 23 2 0 8 =12 3% 37 12 11 10 a8 a6 1 141 139 15 12
6 29 29 -4 46 4% =3 69 70 Kil= 9 1 81 86 =11 15 18 21 1o 11 28 27 2 41 46 Kik» 13 3
T 69 64 =3 T6 16 =4 73 74 =10 28 24 10 22 1ls =10 25 23 17 14 Kele 2 313 13 1 12 6
8 21 20 -22% 2% -3 a3 a4l <9 8 9 11 19 20 9 18 19 K.il= 10 2 -la 16 15 A 12 7 2 18 20
9 @5 45 =1 126 114 =2 181 202 =8 23 15 12 44 40 =8 20 20 -1l 13 =213 0o 7 5 21 25 Kil= 14
10 32 3a 0180 192 -1 102 304 -7 36 39 K= 1 2 T T1 71 -lp 7 & -12 15 18 6 3% 38 .2 16 11
1 10 14 1 98 86 0144 139 =6 30 32 =la 28 27 =6103 107 -9 22 23 =11 a2 &40 T 27 32 «1 0o 1
12 21 19 2 250 251 1195 195 =5 45 51 =13 33 34 -5 92. 92 =B 33 36 ~10 67 61 2 4> 4 18 12
13 25 20 3133119 2106 99 -4 28 32 =12 26 29 -4 183192 -1 0 11 -9 86 82 9 3% 32 Kel= 0 A
KeL® 6 O 4« 19 19 3 63 62 =3 38 4b <11 46 a6 =3 T3 75 -6 0 17 =8 79 TT K.~ 7 ~14 17 20
0 139 134 5 160 157 « 15 17 -2 24 27 =10 38 38 =2 5 63 =5 11 17 -7 79 sl =lp 2s 25 <13 30 31
1 119 111 6 50 a5 9 21 2% =1 35 4y =9 1l9 15 =1 a8 86 -4 17 2> -6 59 56 =9 @ 13 <12 o0 3
2 81 88 7 12 18 6 15 71 0 46 46 =8 20 20 0O 48 59 =3 26 32 -5 33 33 -3 39 37 =11 29 28
3123 122 & 58 80 7 a8 46 to21 1p -7 1os 09 1 19 72 =2 28 33 -4 69 =7 41 2 <30 | 90
4 137N 9 43 a5 8 81 42 2 50 47 =6 111 106 2129125 =1 72 76 =3 56 51 -6 48 &9 .9 76 T8
5 1% 1s 10 26 32 9 52 %4 3 37 36 =5 233 228 3 99 96 0 27 25 ~2 282219 -5115127 -3 21 17
6 44 a1 1 o 0 1o 22 15 4 67 58 =4 229 223 4 lab 147 1 5 49 <1 169 165 =& 30 35 <7 12% 125
7 65 61 12 17 20 11 18 21 5 18 17 =3 214 218 5 30 30 2 29 29 0200197 =3 95101 =6 0 1
8 49 44 13 11 10 K= 5 1 6 20 24 =2 106 108 6 74 T4 3 13 12 1 186 183 =2 58 63 =5 10
9 44 4 Xel= 1 1 =13 17 1% T .0 3 -115 152 T 40 39 4 9 .5 2110170 =} 70 13 =4 46 35
10 aa 43 =la 31 32 12 20 19 8 16 17 0 70 8 al aa 5 26 23 3 63 61 0 23 26 <3 134 132
11 14 8 =13 34 33 -11 11 15 9 15 18 1 184 183 9 22 22 6 a4 a2 a4 98 99 1 17 16 =2 281 236
12 22 18 -12 24 28 <10 68 70 Kil=1lo 1 2 85 83 10 8 7 7 lo 10 5 68 68 2 83 80 =1 43 oaa
Ket® 7 0 =11 13 14 =9 11 11 =9 1lg 16 3200 196 11 27 27 8 19 12 6 5% 35 3 15 12 0 144 137
1 40 39 =10 55 61 -8 o -8 29 26 4 146 146 K,Le 6 2 9 20 2u 7 49 33 4 43 4a 1 206 210
2 10 65 =9 A&7 49 =7 3@ 31 =7 13 12 5103105 =12 Q0 1 Kile1l 2 8 29 2 5 b8 8A 2 41 32
3 62 62 .8 69 T1 <6 57 45 <6 2% 26 6 68 68 -11 al 44 ~r 0 &4 9 49 48 6 0 9 3 169 154
4 113 106 =7 191 193 =5 103 105 =5 1l 23 7 M 17 -10 a6 46 =6 18 20 10 26 22 T 4% 50 4 0
5 54 50 ~6 17 76 =a 28 30 =4 171 22 8 46 48 =9 a6 50 =5 19 27 K.e 3 3 s 21 19 S 64 66
6 61 b1 =5 161 159 -3 175 188 =3 1o 1« 9 38 41 <8 59 57 =4 26 32 =la 21 14 K= & 3 6 39 a2
7 13 11 s 102 108 -2 62 =2 38 46 10 11 7 o7 32 34 -3 0 1z =13 3¢ 32 =10 16 21 7 0 3
8 0 =3 206 206 -1 67 7 =1 31 36 11 49 48 -6 29 31 -2 18 21 -12 al a0 -9 33 3% 8 72 72
9 38 31 -2 282 287 0 24 21 0 62 %8 12 36 33 -5 38 40 -1 0 3 =11 28 27 -8 al 39 9 0 &
10 0 & =113 138 1 75 61 1 26 23 Kel® 2 2 -4 52 62 0 la 13 =10 30 36 =7 15 17 10 22 2
1 26 25 0131 130 2123 120 2 54 47 14 36 36 =3 38 38 1 9 12 -9 21 13 ~ 0 6 K= 1 2

AC27B-8
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Table 4 (cont.)

Fo FfC H FO FC

[
b

~6 29 28 1 32 3 0 31 32 2 A3 43 Ke= 12 17 18
=5 60 61 2 35 3 1 1s 1% 3 60 58 <2 18 1a A9 A7
-4 aB a7 3 .20 15 2 713 7% A 16 14 -1 14 18 40 36
=3 132 132 4 26 2% 3 a9 51 5 51 52 o 10 10 36 37
=2 117 11a 5 32 3 A T4 T4 6 1a 1% 1 28 18 46 46
=1 11711y ¢ 32 26 5 31 32 Kile ¢ 5 Kelw o 6 28 26
0 150 151 T 12 14 6 19 18 =11 26 28 =12 o 35 3%
1133 139 20 20 7 15 22 =10 2] 1T <~11 68 &5 S 6
2 23 24 Kile 9 & 8 9 8 «9 52 51 =10 27 23 =11 31 29

3 a1 37 -11 13 10 9 38 35 -8 54 5 -9 33 31 =10 0
4 53 52 =10 13 10 K= 2 S =1 46 93 =3 84 83 =9 1§ 21
5 64 65 «9 17 17 <la 21 18 -6 17 19 =7 0 2 -8 18 16
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Table 5. Bond lengths and angles in the molecule

Bond Angle

C(1)-0(1) 1:244+0-012 A O(1)-C(1)-0(2) 126:2+1-0°

C(1)-0(2) 1-:269+0-015 O(1)-C(1)-C(2) 117-1+09
0(2)-C(1)-C(2) 116:7+0-9

C(2)-N(1) 1-491 +0-015 C(1)-C(2)-N(1) 109:1+0-8

C(4)-N(2) 1-499 +0-015 C(3)-C(2)-NQ) 109-3+0-8
C(3)-C(4)-N(2) 108-1+09

C(1)-C(2) 1-538 £ 0-012 C(1)-C(2)-C(3) 111-1+0-8

C(2)-C(3) 1-536 £ 0-015 C(2)-C(3)-C(4» 112:2+0-8

C(3)-C4) 1:515+0-015
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Table 6. Bond lengths and angles involving the hydrogen atoms

Bond d(X-H)
N(1)-H(1) 092 A
N(1)-H(2) 091
N(1)-H(@3) 0-88
N(2)-H(4) 0-95
N(2)-H(5) 0-94
N(2)-H(6) 095

(N-H) 093
C(2)-H(7) 1-03
C(3)-H(8) 1-08
C(3)-H(9) 1-06
C(4)-H(10) 1-10
C(4)-H(11) 1-04

{C-H) 1-06

{a(X-H))= 006

Angle

C(2)-N(1)-H(1)
C(2)-N(1)-H(2)
C(2)-N(1)-H(3)
C(4)~N(2)-H(4)
C(4)-N(2)-H(5)
C(4)-N(2)-H(6)

N(1)-C(2)-H(7)
C(1)-C(2)-H(7)
C(3)-C(2)-H(7)
C(2)-C(3)-H(8)
C(2)-C(3)-H(9)
C(4)-C(3)-H(8)
C(4)-C(3)-H(9)
N(2)-C(4)—-H(10)
N(2)-C(4)-H(11)
C(3)-C(4)-H(10)
C(3)-C(4)-H(11)

(o(§-X-H)) =

GX-H
112°
104
110
113
111
111

107
105
115
108
107
107
110
105
108
109
112
33

Angle

H(1)-N(1)-H(2)
H(2)-N(1)-H(3)
H(3)-N(1)-H(1)
H(4)-N(2)-N(5)
H(5)-N(2)-H(6)
H(6)-N(2)-H(4)

H(8)-C(3)-H(9)
H(10)C(4)-H(11)

(a(H-X-H))=

2157

H-X-H

105°
111
115
106
111
103

113
114
5

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 (4) N(2)---Clviii, 3-449 A; (B) N(2)---Clix,
atoms are given in Table 8.

Table 7. Comparison of the average bond lengths with

those of lysine and ornithine

Lysine*

Present
molecule
(C-NH3*) 1495A
{(C-C)t 1:526
{(C-C)§ 1:530
(N-H) 0-93
(C-H) 1-06

* Wright & Marsh (1962).
1 Chiba et al. (1967).

1-482 A
1-522
1:524
0-94
1-06

Ornithinet

1-491 A
1526
1:530
0-95
1-05

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.

A C27B -8*

3-814 A. Positions of these chlorine

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

0-5412X 4+ 0-8386Y +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:

0(1),—0-002; O(2),—-0-002;
C(1), 0-006; C(2),—0-002 A.
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Table 8. Dimensions of the proposed hydrogen bonds and other close contacts

Donor Acceptor N---A /C-N--*A /N-H--*A /H-N:---A
C(2)-N(1)-H(1)- - -O(2) 2727A 113-8° 176° 2°
C(2)-N(1)-H(2)- - -Cl1 3-297 96-5 151 21
C(2)-N(1)-H(@3)- - -O(1i1) 2-839 1024 152 8
C()-N(1)++-++-+- Cliv 3-580
C(2)-N(1)+++seve 01 3.394
C(4)-N(2)-H@4)- - -CI¥ 3-223 112-1 176 1
C(4)-N(2)-H(5)- - - O(27Y) 2-901 143-1 134 33
C(4)-N(2)-H(6)" - - Clvit 3:220 100-4 164 -5
C(A)-N(2)++++=«+- C]viit 3-449
C(4)-N(2)++++= -+ Clix 3-814

@) x,y, —1+z () 1—x,%+y,1-2 (i) 1-x, —%+y, 2-:z
(lV) 1+xa Vs 1+z (V) X, s z (Vl) _1+x) s —1+z
(vii) x,y, 1+z (vili) —x,3+4+y, -z (ix) —-x, 3+y, 1-z

The o nitrogen atom N(1) lies 0-067 A out of the plane.
The side chain with y nitrogen atom N(2) has a fully
extended configuration, in which the three carbon atoms
and the terminal nitrogen atom are approximately co-
planar. The least-squares plane of these atoms is:

—0-4135X—0-5191Y+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 network in the
crystal. The arrangement of the hydrogen atoms proves
that the L-«,y-diaminobutyric acid molecule exists as a
zwitterion, and thus the formula is to be written as
NH; (CH,),CHNH; COO~.Cl~.

The authors wish to thank Dr A. Chiba for his en-
couragement. They are indebted to the Computing
Centre of the University of Tokyo and Hokkaido Uni-
versity Computation Center for making the HITAC
5020E and the FACOM 230-60 computers available
to them.

Fig. 5. Structure viewed along the ¢ axis. The molecules shown
are those existing in the region —0-5<2z<0-5.
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