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The crystal structure of cysteic acid, C;H;NO;S, has been determined.

The crystal is

-orthorhombic with a space group of P2,2,2,, and four molecules are in a unit cell with these

dimensions:

a=8.35, b=10.16, and ¢=7.44 A. The molecule is a zwitter ion, ~O;SCH,CH-

(NH;+)COOH; its dimensions are generally similar to those found in other amino acids and
sulfonic acids. The acidic groups occupy the trans positions with respect to the C,—Cj; bond,
while the amino group is in a gauche position to the sulfonic group and forms an intramolecular

hydrogen bond between them.

The X-ray crystal structure analysis of some
.@-amino acids and peptides has long been in pro-
gress in this Laboratory; the present work on
cysteic acid was undertaken as part of this program.
This amino acid is, in nature, found normally in
sheep’s fleece.

Recently, Hirota and Izumi®® employed cysteic
acid as a resolution reagent in the optical resolution
-of 2-amino-2'-nitro-6,6'-bitolyl; they obtained an

*1  Present address: Shinto Paint Co., Ltd.,

Komatsu-Kitadoori, Higashi-yodogawa-ku, Osaka.
. K. Hirota and Y. Izumi, private communica-
fon,

optically highly pure compound. Izumi and
others have also studied the asymmetric hydrogena-
tion of methyl acetoacetate into methyl 2-hydroxy-
butyrate with catalysts modified with 2-amino
acids or 2-hydroxy acids.?2 A characteristic result
has been found in the asymmetric hydrogenation
with the catalysts modified by cysteic acid.?® In
connection with the mechanisms of these resolu-
tions and asymmetric reductions, it is worthwhile
clarifying the ionic state of cysteic acid in the

2) Y. Izumi, Yuuki Goosei Kagaku Kyookai-shi (].
Soc. Org. Synth. Chem., Japan), 25, 1013 (1967).
3) Y. Izumi, private communication.
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crystal, since two types of zwitter ions are possible
for this amino acid.

Experimental

Cysteic acid, C3H;NO;S, prepared from cystine by
treatment with aqueous bromine was supplied to the
authors by Professor Yoshiharu Izumi. Colorless,
transparent, and prism-like crystals were obtained by
recrystallization from a methanol-water solution. They
showed a pronounced cleavage perpendicular to the
b axis. The lattice constants were obtained by oscilla-
tion and Weissenberg photographs taken around the
b and ¢ axes. More accurate values of the unit cell
dimensions obtained on a single crystal diffractometer,
using MoKa radiation (1=0.7107 A), are: a=8.35+
0.01, $=10.16+0.01, ¢=7.44+0.01A. The crystal
belongs to the orthorhombic system; the absence of all
(h00), (0%0), and (00/) reflections having odd wvalues of
h, k, and [ respectively showed the space group to be
P2,2,2,. The observed density of the crystal obtained
by the flotation method in a mixture of CH;I and CCI,
is 1.77 g cm~3, while the calculated value is 1.77 g cm 32
(assuming four molecules in a unit cell).

The diffraction was measured on an AFC-model-1
(Automatic Four Circle) diffractometer made by Rigaku
Denki Co., Ltd. The intensities in the 0<20(MoKa)
< 55° range, which corresponds to the limiting sphere of
CuKa radiation, were collected. Zr-filtered MoKa
radiation was used with the pulse-height analyzer.
The diffractometer was operated in an “‘open-loop”
manner by a NEAGC-2101 electronic computer. The
w[20-scan method was adopted for measuring the
integrated intensities. The background was estimated
from the measurements at the starting and end points of
the scan. The programs designed by Tatzuo Ueki
were used for the goniostat setting and the data proces-
sing.

The intensities were corrected only for Lorentz and
polarization factors. In this way the integrated intensi-
ties of 1044 independent reflections were recorded, of
which 121 (11.6%) were observed to be zero.
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Structure Determination

The coordinates of the sulfur atom were deduced
from the Patterson function. The first electron
density map was synthesized by the use of the
phases estimated from the coordinates of the S
atom. Since the z parameters of S is nearly
1/4, the resulting map revealed the pseudo mirror
plane on z=1/4. However, all the non-hydrogen
atoms except for two carboxyl oxygen atoms
could be located on the basis of the knowledge of
the bond lengths and angles. In the succeeding
Fourier map, all the non-hydrogen atoms of a

Fig. 1. A composite drawing of the final electron
density map. Contour intervals: sulfur, 5e.A-3
starting at 2e.A~3; other atoms 2e.A-% start-
ing at 2e.A-3,

Fig. 2. Bond distances and angles.
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TasLE 1(a). THE ATOMIC COORDINANTES AND THEIR STANDARD DEVIATIONS
xfa 1b zfe o(x) a(y) a(z)
S 0.5579 0.3430 0.2640 0.003 A 0.003 A 0.003 A
C(1) 0.0701 0.3756 0.2642 0.014 0.012 0.012
C(2) 0.2324 0.3121 0.2951 0.011 0.012 0.012
C(3) 0.3585 0.3797 0.1801 0.012 0.012 0.012
N 0.2261 0.1660 0.2564 0.010 0.010 0.011
O(1) 0.0474 0.4901 0.3068 0.011 0.009 0.011
0(2) —0.0360 0.3012 0.1905 0.009 0.010 0.012
0(3) 0.5612 0.2007 0.3019 0.010 0.009 0.012
O4) 0.6682 0.3819 0.1221 0.009 0.012 0.010
O(5) 0.5765 0.4212 0.4272 0.012 0.012 0.010

TasLe }(b). THE ANISOTROPIC THERMAL PARAMETERS AND THEIR STANDARD DEVIATIONS (X 104)
The thermal parameters are of the from
T=exp (— (By1h? + Byok? + Buyl2 + Byohk + Byghl -+ Bagkl))

By a Bgo a By a By, g By g By T
S 84 3 77 3 117 4 5 6 36 8 —45
G(1) 137 18 67 10 87 17 4 25 -7 38 30 25
C(2) 78 14 68 11 104 19 -1 21 31 29 13 25
C(3) 92 16 69 11 118 20 -27 23 85 32 71 26
N 121 14 61 9 128 18 —29 21 —25 31 —-13 27
O(1) 148 16 70 9 219 23 5 22 39 37 96 25
0(2) 88 12 91 10 316 30 12 20 164 34 83 31
0O(3) 108 13 75 9 276 27 5 20 46 38 —88 27
o) 84 12 140 14 156 18 48 23 -5 28 —85 29
O(5) 189 20 134 13 110 16 —49 31 97 36 5 26

TasLE 1(c). THE COORDINATES OF THE HYDROGEN ATOMS AND THEIR ISOTROPIC THERMAL PARAMETERS

Bonded to xla /b zle B
H(1) C(3) 0.345 0.462 0.187 3.5Az
H(2) C(3) 0.379 0.352 0.040 0.7
H(3) Cc(2) 0.260 0.322 0.423 2.6
H(4) 0(2) —0.154 0.335 0.173 1.2
H(5) 0o(5) 0.196 0.127 0.355 7.1
H(6) 04) 0.212 0.147 0.129 4.5
N(7) o(3) 0.317 0.161 0.243 5.2

a<(x)>=0.174 e<(y)>=0.17A e<(z)>=0.18A e<(B)>=4.4A

molecule were clearly defined. The final Fourier
map is given in Fig. 1.

The positional and thermal parameters were
refined by block-diagonal least-squares calcula-
tions, which minimize 3w(|F,|—|F,|)?%. The
weighting scheme was: w=0 when F,=0 and w=1
when F,50. The scattering factors for all the atoms
were taken from “International Tables for X-Ray
Crystallography (1959)”. After several cycles of
the least-squares calculation, the R index reached
15.6%. In the next calculation, all the hydrogen
atoms were included. Their coordinates were
assigned so that they are consistent with the tetra-
hedral bond angles and the optimum hydrogen
bonding. Then, the maximum shift of the para-
meters (0.007 A) became less than a half of the
estimated standard deviation. It was, there-

fore, felt that further refinement would not improve
the accuracy of the final parameters. The R
index was 14.29, (R=17.2% with F,=0). The
mean value of the e.s.d.’s of the atomic coordinates
of C, N, and O was 0.011 A (0.009—0.014 A).
Difference-Fourier synthesis was carried out to
confirm the hydrogen positions, but there still
remained a little ambiguity about their positions,
for there were many false peaks at other than the
hydrogen atom positions. The atomic parameters
are listed in Table 1, while the observed and
calculated structure factors are listed in Table 2.

The computations were made on a NEAC
2200-model 500 in the computing center of this
university. The program for the Patterson func-
tion was written by Noritake Yasuoka, and the
others, by one of the authors (T. A).
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TaBLE 2, OBSERVED AND CALCULATED STRUCTURE FACTORS ( X 5)
L -FO_FC L_F2 FC L_FO FC L L_E2_°C L_ED_FC L_FD_FC L _F0_Fc i_Fn_FC __FO _EC

Hykz 0 O 0 83 s§9 0 271 214 3 116 108 669 64 7 33 30 084 94 3_57_én 3
Z T T T &% 17 T 156 153 & 137 124 T 28 21 B 5§ 53 1 7% 78 & 45 47 2 B4 76 17 25
4 202 198 2 108 119 2 25 26 5 7% 66 8 5% 51 9 2T 29 2 85 66 5 15 23 3 6047 Hikz 8
& 115 127 T 155 1+9 3163 150 AT HL 55T 9 19 6 Hak= 3 5 3748 &1 6 22 3L & 57 45 0 1L
L) T 4. TR TT & 79 34 T 42 39 Hskz > & a) 9 14 & 331 78 TR 5 37 30 HeKs

27 19 5 50 &7 5 %5 78 LT T ] T 130 143 5 55 54 ﬂ.x-"‘r T & 26 19 20 10

HeK= | O 6. B& ER 6 T8 B2 9 _11_2n 153 83 27466 6 24 16 o_o T 10__9
TIS3TTY TR G0 1 vk 2k 7 29 36 3 iR 138 7 ;’2’“‘5 1 2—6-?;——_‘72_—2%—%— 18 8
2 TI T2 8 39 4& 8 79 74 3 é 1 & 37 45 8 31 23 2 _16_19 n__ o l& 10 2
3 &5 3% I 12 AT 0T & 72 17 S 5& 62 Hak= 5 6 3 44 4B 1T 29 31 o 1
= &5 &2 1013 15 10 19 14 5_+3 60 A 7318 0_19 21 & 15 11 2_31 271 & 0 1
To95 100 FaRE 2 L AwRE 2 2 856 51 T a0 a5 1 &7 65 5 43 35 3 58 50 Heks 1 Il
s 15 1 0 295 312 0 313 13 T_A5 A4 8_»23 27 2 24 & 31 1p & 26 1% 0_ o _ 2
75T 5% TFIT% 173 T2 T B0 22 9 34 27 3 & Hik= 8 7T 5 46 39 1 17 13
8 o 9 2 179 150 2_T1_73 G T4 &0 M= & 0§ & 0_11 011 6. 18 14 2 28 18
P TV £ EREERRY] 3155 180 & &0 59 Hak= 3 & 0 53 62 5 35 30 0 33 7. 33 21 3 25 12

15 3% 18 & 73 712 4 3T 43 7_B4_ A 0 a1 1359 &4 & 0 1 3 s

Ay B o [ 5 557 o S 133 137 8 29 In 1 5i 58 2 1T 123 T 14 19 3 0 5 0 T0 B4 5 29 14
W 3R0 211 & _BA__ 9T &A1 82 9 33 35 ?_AT 4R A3z 3n B 1] 8 6 &) &) 1 &

T I55 163 BRI 795 &0 10 30 27 3 90 B3 4 106 110 Hek= & & . ¢ 6 2 62 63 rwk= 2 11
2 189 190 B8 4h 57 B 33 35 HeKs 3 3 437 34 5 0 1% 0 4B 66 HeK= 9 7 a_ 05 036

3 Ihd 157 ¥ 0 d0 ¥ 7B 34 0 125 125 5 53 54 6 5T 55 1 o 22 0 18 1o & 35 3§ 1 o

4+ 107 106 10 25 40 W 9 g 151 123 & __n_39 7_21 33 2_72 81 101 % 0 s 2 21

5 I8 137 k= 3 1 FPek= 3 2 2 127 120 T 07 & a7 &0 3 73 Bz 2 29 22 6 & 18 3 o0 8
& &3 &2 0 & & 0oL 174 3 140 140 81421 9 a6 74 4 4T % n_1& 7 37 25 4 27 26
79T vZ 1 w033z T IS0 150 & 5& 82 9 24 15 Hik= 5 5 _ZHTEE 0 8 Hdak= & 9 5 0 7
8 o 5 2 196 16k 2 BB 49 5 46 54 MWKT & & 0 _23 23 19 0_12_1 0,36 45 28,15,
T Ta ATIVTLIE T s6 Chy h 3k 3t 0 73 7o 165 &7 2% ) 5‘2“'\ 54 ;, Hek= 3 11

13 27 21 & 77 8% 4 LIB 138 7_15 2% 1 _&h 56 ?__©0_1a 6 2_0__& 2 _&T %9 Q

e 3 595 1:: : gg ll‘u g 16 11 2 4b 44 3 A0 RQ 0 355 72 3734 3 1 3% 5
i 931 8) & 4s . 58 T a7 __ 9 412 26 &3 &__37 20 15
Z 133 125 T3l T 38 38 Hak=s a._‘!‘a % 31 &2 T 38 3z 23 5 AH? 5 27 §{— ENTREL]
3 R 100 8__R_1F 8 17 17 n__76 B4 5_18_325 &__aR_ 37 39 6013 6__9%_ R & _ 69
Ik Eaay IS I EEL I 136, 34 626 &3 7T 12 9 23 7T 2L 16 7 2% 31 5 3z ar
5 94 106 10 18 9 Hwkz & 2 247 47 T 7173 A_&1 45 29 80 3 _da¥= 5§ o uWyE= & 17
& 53 B9 FHik= & T 0 10l 94 3 124 125 B 17 18 HeKz & 5 12 Hsk= | a 0 &7 T8 o 10 24
737 3L 0_12& 153 66 59 & 5% 9_22_ 13 69 T 23 99 _92 1 9 3 1 _o_1o
B4z 39 ITISL 167 "~ 2 TRiTTI9™7 " 5106 117 Hak= 5 & 1 22 a’g 8 & 1 36 36 2 57 61 2 14 16
9 _20_15 2 13T 134 335 32 & _1n_ 3% a ] 5 2 107 104 0_28 &3 L

0 9 5 3 IUS LU & 16 1% T T2 18 1 36 &1 3 30 27 &1 3 &2 35 4 &3 45 4 9 15

Hyk= & O & 136 125 5 27T 2% B _n_1a 7z ST 52 4 _ThH 75 LTS 4 105 B8 5 17 14 S 9 1
[T T ) T 161 105 6 7. 24 § a4z 4% 3?6 30 5 79 74 29 5 56 44 6 45 41 HeK= 5 11
1} _2n6 184 & _5R 6% T 013 Hsg= 8 a & 2?4 b 4T 42 &1 656 51 -.K= & ] p_23 15
Z 12o L1T LT LEERET 0 117 136 5 78 23 7 Pe 19 19 T 21 19 o 19. 3o 1 0 22
3 le7 151 8 _28_ 20 9 18 12 141 34 6 2z 20 8 18 25 8_37_29 1 0 I8 2 1z 17T
+ T4 0= 13 12 Hek= > 2 2 166 149 T 0 B Heks T 5 HeKz 9 & HeK= 2 8 2 w 27 3 17 a8
S hb& 52 Hek= S 1 [+] @ 12 214 18 8 _2n 27 n n ] & 0 0 & 317 17 & __ 0 9
o 12 T -0 23 2% 1L Tl &8 & 10% 108 H.E= & & t 76 TIT 51 1 100 106 & 1T 12 Heks & 11
T 5z &5 1 160 137 2 0_18 5 2 5 n_12 _1& Z?_24__20 22 2 5 11 21 023 19

=% Iz LI & 0% 3 &9 58 & 42 &z 1 2L 25 3 57 S 3 B9 TE daX= T @ 1 2T 9
9 _3& 35 3 108 94 4 43 36 7_17_16 4 ]

Fens 50 % &0 58 5 %3 z 3 54 51 5 33 & 5 &5 45 1 10 3 13 15
L 126 176 5 ST S2 & T 6 9 18 14 4 7T T3 618 36 a& & 0 18 227 23 d.K=s T 31
< 11 1L & 39 3% § 13 12 Heka & 3 5 18 13 T % 13 18 T 37 24 3 13 & o 9 2
3 AT &l T 16 T 8 14 16 n_51 Qg & 463 &5 HyK= 8 36__39 8 2T 11 & 073 1 011
- B& B9 ) 0 14 9 24 24 i 51 & T o o o F HeK= 3 B H4K= 8 9 Hek=z 0 12
5 2T 32 9 05 Hekz & 2 2_55 4T 8 32 25 1 o 0_ &1 5o 011 P 015, 1%
= R 20 HRE &. ] [] L o 3 &8 45 H.KE 7 & 2 0 9 1 &3 &n 119 15 1 8 2
P 0 150 1&7 T3 27 & 29 23 o o Y F_h o an T a9 TT
I8 1o T 121 11T 2 10 65 5 56 &7 1 L) & 2 19 % 111 10 23 2% 3 26 23 3 26 18
F_C_ & 2 167 138 3 TE &9 613 _1n ? &) &3 5 346 28 5_49 38 & 15 20 WaX= 0 1n & _&T a1

Hyw = 87 U 37T a & 45 4% ¥ 35 28 3 30 2% & 11 21 & &5 51 5 19 3o o 16 12 5 39 29
© 131 130. & @R T8 5_AT_ &1 8 _0_16 4 56 4T HK= 9 5 7_3r 11 6__0 2% 1 18 23 ks 1 32
L &7 &4 5 &1 40 b &2 40 Hwke 7 3 5 38 33 o 12 19 8 15 25 T 15 18 2 o mn 0 53 &8
2 131 117 6 42 &2 T_2?% 30 81 111 & 4R &b 115 10 9 9 9 B 37 20 312 12 127 2n
S 9¥5 od T 2% 3T 816 T 19 2 10 S HeK= L T Hekz & 8 & 58 44 2 54 36
& 13% 123 B 35 25 HsE= T 2 2 T6_Hsk= B & 3 lg 16 0 _38 &g 0 48 67 S_ 0 13 331 24
T B5 W% AKE T 1 U 7L 23 3 25 18 n a3z 31 & 7z 27 1 49 &7 1 9 6 6 65 &6 & 34 24
& T3 79 n_2R 37 1_3% &8 & 2h 20 125 §j S5 _0 T 2 39 57 2 35 &n d 0 5 S _ 45 3%
T 55 &0 LTI Z 25 29 5 5 B 2 4l 2 Hak= 10 5 3 1 3 23 20 HeK= 1 10 HeEs 2 12
81 242 3T 3_ 4B 35 & 19 9 356 &5 0 14 20 & 63 &6 & &0 42 052 &9 oo 13

A= El & = & 37 33 1 20 15 5 23 18 5 0 14 1 &9 64 1 27 28
P 015 4 1313 5_31 3z B_0__2 [ ig g: 2 74 0.1
P 5 21 20 & 4% 5o Hek= 8 3 & 3 ] 3 30 & T 0 T o0 7 3 80 S6 3 29 25
3 24 13 6 1T 1 T_-28 29 n_26 15 Hak= 9 & M¥s 0 & 8 37 22 MKz 5 8 4 &7 37 4 0 3
0] LR E] T &1 4 79 29 113 1 o o 17 0 265 255 9 17 16 o 19 7T 5 &4 29 5 30 22
547 &% B 27 13 Hekz & 2 2z _1& 31 1 46 58 1 108 & WKz 27 1_&2 39 665 37 u.Eg 3 12
@ 37 43 Hek= A [ 23 3 1T & 2 3L 29 2 298 267 0 40 &1 2 16 13 T M 17 o 16 28
¥y 25 n_2R_ 39 173 Ta & 1 3 3 19 g 3 47 &0 1103 108 3 &40 33 d.Xz 3 1o 1 028
b 28 26 1 [ 2 30 33 5 3 25 & 31 3 4 171 157 2 9 91 & 10 9 o o 1 2 21 17

Hakz @ u 2_ &0 38 3 63 54 6 0 1o 5 23 23 5 _26 24 3100 BT 5 &1 33 1 014 3 17 19
u 125 13 3 37 21 4 54 39 T & 33 HeK= 10 4 & &7 5T 4 105 102 & & 1n 2 11 7 & 0 8
i_9 3 & 16 23 5_75 = =
< 103 93 5 3 23 & 27T 27 o o & T 29 34 8 a5 a7 & AL S1 Hikz & a 4 32 29 o & 22
5 29 2?5 & 25 24 T_S80 47 115 15 2 29 _.3n 9 38 1% 018 33 514 17 11334
« 19 af 7 6 LT Hekz 9 2 2 17T 21 3 42 31 Hek= 1 & 8 37 32 1 21 39 & 34 21 2 0-1%
S &1 &1 MeE= 9 ) o_4T_5a 3 16 20 P N 1A9 182 MaK= 3 T 2 16 21 71917 3. 6T
& 53 57 o o 20 1 55 52 & 23 16 Hek= 11 % 1 3 28 o o 20 3 27 33 K= 3 1n HaK= 5 12
A B 1 H 15 2 36 34 5 &7 3. 0 313 6 2.1 4 B 23 0 33 &3 n_331 3

CITEEE] ) Z 1% 3 51 8 6 0 5 1 15 21 3 129 118 2 3% 32 5 0 12z L 43 4s 1 9 17
1115 99 3 26 |2 43T 22 My¥= 1p 3 M= N8 4 0 10 3 108 109 A 0 In 2 22 23 2 3% &
3 9 1% & & 3T 5 & 19 0 26 23 1 82 75 5 Sn 92 4 1T 23 HeK= T° B 3 27 23 Heks 0 13
3 T3 59 5 22 16 6 .30 2] 1 £ 5 %4 58 038 57 & 1A 11 1 & 3
A0 b 6 4% 35 Hak= L0 2 2 &6 10 3 7T 3 7 ST S8 & 26 24 1 23 29 5 8 7 2 40 24
5 &5 38 H.K= 10 1 n__23 29 3 n__19 & &4 35 8_on a5 2 13 A1 £ Ol 113 3
& [] 0 &3 43 1 73 &2 & 0 3 5 81 To 9 3z 32 8 24 28 3 0 14 K= & 1n HiK= 1 13

Harz a 14833 2_ &6 36 M6z 11 03 6 5 19 HykKs 2 & H.¥y & T & 51 _an o215 029 33
[ 0 103 2 3% |B 3 5 “a n 0 1% T &0 &3 o0 &2 70 o 21 3% 5 9 & 1 15 1s 1 o 11
1 10 1é& 3 B8 % 3 2i 115 4 8B_18 10 1 33 40 1132 155 H.Kg 8 B 2 11 e 2 &2 30
Z 95 83 L 5 5 30 2% 2 15 1 9 54 &b 2 A5 85 2 48 4% o o 2 3 12 8 3. 31 10
ENETY ] 2 18 HeK= 1 2 _Hy€= 0 & M.z 1 5 ATl _8S 3 141 1345 162 4O PR TN 2 313
A B0 43 HeK= ) 1 o 2 15 0 315 307 o 8% Tn % %8 53 & 21 1T 2 12 7 5 19 =& o 13 9
5 & 5 0 17 13 119 T

Hsk= 11 [ L 17T 24 2 19 22 2 139 117 2 32 29 & 3T 42 & 13 16 4 0 3 4Kz 5 1o 2 13 18
1 o1 2 9 & Hik= 0 3 3 138 124 33z 21 ¥ 27 2n T 15 29 M.E3 9 @ O 1ée 11 3231 1%
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Discussion

The bond distances and angles given in Fig. 2
are generally in good agreement with those pre-
viously reported for a-amino acids and sulfonic
acids. The estimated standard deviations of the
bond distances and angles are: 0.01 A for S-O and
S-C, 0.02 A for other bonds, and 1.0° for the angles.
In the molecule O(4)-S-C(3)-C(2)-C(1) possesses
a trans-zigzag conformation, and N and S have a
gauche form around the C(2)-C(3) methylene
linkage (see Fig. 3).

The asymmetry about the C(1)-C(2) bond in
the carboxyl group (G(2)-C(1)-O(1), 120°; C(2)-
C(1)-0(2), 115°) is in good agreement with the
foregoing findings. The two C-O distances, 1.22
and 1.28 A, are significantly different from each
other. The longer one is that of the oxygen atom
with a hydrogen atom. The carboxyl group and
C(2) are coplanar, and the equation for the best
plane is;

0.2922X — 0.2990Y — 0.9061Z + 0.7324 = 0,

where X, ¥, and Z are in the A unit. The devia-
tions of the individual atoms from the plane are:

o(1), 0.002; O(2), 0.001
C(1), —0.004; C(2), 0.001 A.

The N atom also lies nearly on the plane, its
deviation from the plane being —0.20A. The
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projection along the C(1)-G(2) bond is shown in
Fig. 3.

The bond distances and angles of the sulfonic
group are compared with those of other related
compounds*:®> in Table 3. The shape and size of
the sulfonic group are substantially the same as in
other compounds. The three S—-O bonds seem to
be nearly equivalent to each other, showing that
there is no hydrogen atom bonded to this group.

Around the amino group there are four close
N-O contacts (I, II, III, and V in Fig. 4) available
for hydrogen-bond formations. Considering the
configuration around N, the I, II, and III contacts
are favorable for hydrogen bonds (see Table 4);
of these, the I contact is an intramolecular hydrogen
bond. Such a bond has also been found in taurine.*>
If V is assumed to be a hydrogen bond, an un-
favorable conformation occurs around N. The
three hydrogen atoms, H(7), H(6), and H(5), as
refined by least-squares calculation, lie nearly on
I, I1, and III. These three are, therefore, favorable
for hydrogen bonds. The cleavage perpendicular
to the b axis can be well interpreted by taking
V not to be a hydrogen bond. The fourth hydrogen
bond (IV in Fig. 4) was found between O(2) of
the carboxyl group and O(4) of the sulfonic group.

In the sulfonic group, each oxygen atom forms
an NH-O hydrogen bond. In addition, O(4)
accepts the OH-O hydrogen bond from the carboxyl
group.

In view of the configurations of the carboxyl

¢z
Haw N 03
3 (c”\/oz H3\/—-\2/N 05“‘(, V4
U &)_H pd “
ol ] H‘/ HI \—-(\He
c3 04

(c)

Fig. 3

(a) A view down the C(1)-C(2) bond.
(b) A view down the C(2)-C(3) bond.
(c) A view down the C(3)-S bond.

TaeLe 3. COMPARISON OF THE DIMENSIONS OF THE SULFONIC GROUPS
Taurined Po‘aiséﬁ';{gl‘gg;‘t’y'” Cysteicfacid
+ - ), - +
NH;+CH,CH:50, CeH;CH({OH)SO,;-K *+ 0O3SCH,CH(NH;+)COOH

£0S0O 110.9°—113.7° 111°—114° 1126—113°
ZCSO 105.8°—106.9° 106°—108° 106°—107°
S-C 1.78, A 1.83 A 1.82A
S-0 1.445—1.465 A 1.42—1.45A 1.46—1.47

4) Y. Okaya, Acta Cryst., 21, 726 (1966).

5) T. Kuroda T. Ashida, Y. Sasada and M. Kakudo,
This Bulletin, 40, 1377 (1967).
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Fig. 4(a). The crystal structure viewed down the b axis. Chain lines show
the close contacts available for hydrogen bonding.

Fig. 4(b). The crystal structure viewed down the ¢ axis. Some van der
Waals contacts are shown by dotted line.
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TABLE 4. THE HYDROGEN BONDS

(a) Short N:--O, and O-:-O contacts.

Hydrogen
No. From To Distance atom
involved
I N O(3) 2.8¢A H(7)
11 N O(4) 2.90 H(6)
111 N O(35) 2.81 H(5)
v O(4) 0O(2) 2.66 H(4)
A" N o(l) 2.93
{b) Configuration around N.
Angle between C-N and 1 80°
C-N 1I 111
C-N 111 110
C-N v 131
I II 107
1 11T 112
11 II1 133
1 A" 150
1I Vv 67
111 v 66

and sulfonic groups, together with the hydrogen-
bond system in the crystal, the cysteic acid molecule
can be said to have the zwitter ion form:

The Crystal Structure of I-Cysteic Acid
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-0,SCH,CH(NH,+)COOH .

This could be expected from the difference between
the dissociation constants of the carboxyl and the
sulfonic groups. On the other hand, it has been
expected, in the study of the optical resolution,!?
that cysteic acid is weaker than usual sulfonic acid.
This seems reasonable if the molecule takes such
a zwitter ion structure. It is also expected that,
in an asymmetric hydrogenation,® this acid will
be absorbed on the Raney nickel catalyst in a
fairly different manner from common amino acids.
This would explain the characteristic result obtained
in the hydrogenation with the catalyst modified
by this acid.

Fairly close van der Waals contacts are shown in
Fig. 4(b). The molecules are at nearly z=1/4,
and form a sheet parallel to the (010) plane by
the three hydrogen bonds, II, III, and IV. No
hydrogen bond seems to contribute to the contacts
among these sheets.
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