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1,4-Aminomethylcyclohexanecarboxylic Acid

P. GROTH

Universitetets kjemiske institutt, Blindern, Oslo 3, Norway

The crystals are orthorhombic with lattice parametersa = 6.27, A,
b= 17.89, A, ¢ = 16.70, A. The space group is P2,2,2, and the cell
contains four molecules. The phase problem was solved by a computer
procedure based on direct methods. Full-matrix least squares refine-
ment gave the R-value 4.5 9% for 1070 reflections. The structure
consists of zwitterions, each of which is linked to six others by approxi-
mately linear hydrogen bonds of lengths 2.79;, A, 2.79, 4, and 2.72, A,
respectively. The hydrogen bonding system forms infinite double
layers normal to the c-axis. One oxygen atom of the COO™ group is
engaged in the two longer hydrogen bonds, and the corresponding
C—O distance, 1.26, A, 1s significantly longer than the C—O distance,
1.22, A, for the O-atom associated with the shorter bond. The arrange-
ment around the nitrogen atom is approximately tetrahedral, and
the C—N bond length is 1.49, A.

One of the two stereo-isomers of 1,4-aminométhylcyclohexanecarboxylic
acid exhibits a strong antifibrinolytic activity, the other almost none.!
In order to establish which of the two isomers is the cis and which the trans

CHy—CHy
NH'y— CH,—Cil “cH—co0”
3~CHy—CH P
CH;—CH,

form, the crystal structure of the hydrobromide of the amino-acid which is
“inactive’” as an antifibrinolytic agent was determined.? It was found that the
“inactive’” amino-acid is the cis isomer with the carboxylic group in the axial
position. Consequently the “active’” amino-acid is the érans form. The X-ray
crystallographic investigations® of #rans-1,4-aminomethylcyclohexanecar-
boxylic acid hydrobromide and cis-1,4-aminomethylcyclohexanecarboxylic
acid hydrochloride show that the ‘“‘active’” form of the amino-acid has the
di-equatorial conformation, and that also the hydrochloride of the “inactive”
form has the carboxylic group in the axial position.

In order to obtain more precise informations regarding the ¢trans isomer of
the amino-acid itself, a crystal structure determination has been carried out.
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144 P. GROTH

CRYSTAL DATA

1,4-Aminomethylcyclohexanecarboxylic acid belongs to the orthorhombic
system. From systematic absences the space group is found to be P2,2,2,. The
cell parameters were found by means of A0l- and 0kl-Weissenberg photographs
taken with unfiltered Cu-radiation. Powder diagrams of BaF, (a = 6.2001 A)
were superimposed on the films for calibration purpose. The 26-values of 139
reflections were used in a least squares refinement of the lattice parameters.
The programme used has been written by R.A. Sparks at UCLA. With the
wave-lengths for CuK-radiation taken as a = 1.54178, «, = 1.54051,
ay = 1.54433, and f = 1.39217 A, the following cell parameters with their
estimated standard deviations resulted:

a= 62794 a(A) = 0.002
b= 17.895 » a(A) = 0.002
¢ = 16.706 » o(A) = 0.004

The number of molecules in the unit cell is Z =4 (geac = 1.26 g-cm™3,
Oobs = 1.25 g-crn™3).

The intensity material was obtained from photometric measurements of
integrated Weissenberg diagrams corresponding to Okl, 1kl, ...., 5kl, and
ROL, R1l, ...., k6l (CuKa-radiation). The number of reflections accessible from
these diagrams is 1070, 1034 of which were strong enough to be measured.

No corrections have been made for absorption or secondary extinction
effects.

DETERMINATION OF THE STRUCTURE

The phase problem was solved for the Okl-reflections by a computer pro-
cedure based on direct methods.4® The set of programmes has been written
in FORTRAN 1V for UNIVAC 1107 by the author and may handle two-
dimensional as well as three-dimensional data.

The |U|-distribution of the Okl-projection (plane group pgg) is listed in
Table 1. In order to specify the origin S(0 9 8) and S(0 7 1) were chosen to be

Table 1. |U|-distribution of the Okl-projection.

Range of |U| Number of reflections
0.00—0.01 8
0.01—0.02 18
0.02—0.03 6
0.03—0.04 13
0.04—0.05 11
0.05—0.10 48
0.10—0.15 17
0.15—0.20 17
0.20—0.25 14
0.25—0.30 7
0.30—0.35 4
0.35—0.40 2
0.40—0.50 2
0.560—1.00 1
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STRUCTURE OF AN AMINO ACID
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146 P. GROTH

positive, and the programmed systematic application of Harker-Kasper
inequalities gave the indication S(0 2 9) = 4. Further, F(0 0 4) being the
largest structure factor of this zone and F(0 0 2) very small, and taking into
account the size of the molecule, the conclusion S(0 0 4) = — could be drawn.
15 of the largest unitary structure factors were selected for sign permuta-
tion. Among the 19 signs thus involved in the y-expression
x= g hZ UnUnw-Untw (1)
24 relationships could be found. 20 “small” U’s (|JU| < 0.04) resulted in 80
products for the zero-check expression

o= 212 UnUnsil (2)
kK h

Xe given by
Yo = hz g|Uh.Uh,-Uh+h,1.tam(N.|U..-U..'-U..wl) (3)

where N is the number of equal atoms in the cell, was calculated, and found to
be y. = 0.485. The 15 sets of signs satisfying y > 0.9-y. produced by the
machine are nisted in Table 2. The y-criterion points out set number 14 as
being the most probable, while the zero-check favours number 7. However,
all the sets, with the exception of the less probable sets 4, 8, and 12, have 7
signs in common. Regarding these as fixed and adding 7 unknown signs,
the application of the permutation programme was repeated.

Table 3. Probable sign sets produced by the second application of the permutation

programme.
Sign set number 12 61

X 0.904 0.808

Vo 6.282 4.586
hkl S S
06 4 + +
06 8 — —
0218 — —_
0212 + +
0513 + +
0517 — —
0418 + +
08 7 — —
0811 + —
08 7 + -
06 5 + +
0215 - +
07 2 -+ +
07 6 — +
0510 — —
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STRUCTURE OF AN AMINO ACID 147

The number of terms involved in the y- and y,-expressions were 47 and
171, respectively, and y, = 0.818. 65 sign sets satisfying y > 0.9 - y, resulted
when 215 combinations were tested. Number 12 was strongly indicated by
the g-criterion while number 61 was the most probable, even more expressed,
according to the zero-check. The two sets are listed in Table 3, and it will be
noted that they differ only in three signs.

Excluding these, 23 signs had now been obtained, and were used as basis
for evaluation of 39 additional signs using the relationship

S(U) = 8(3 UnUniw) @
in a somewhat special way; the signs being accepted in the order of decreasing
probabilities given by

P, (k)=%-+ —%-tanh(N-lUk[-% UnUn+x) (5)

and being redetermined until no further sign shifts occur.

Table 4. Fractional coordinates for oxygen, nitrogen, and carbon atoms.* (Estimated
standard deviations in parantheses).

x y z
0, —0.3067 —0.0081 0.1133
(0.0003) (0.0003) (0.0002)
0, 0.0013 —0.0973 0.0662
(0.0003) (0.0002) (0.0001)
N 0.3995 0.7478 0.0803
(0.0003) (0.0002) (0.0001)
C, 0.2897 0.4538 0.1206
(0.0004) (0.0003) (0.0001)
C, 0.3321 0.3131 0.1809
(0.0004) (0.0003) (0.0001)
C, 0.2300 0.1466 0.1537
(0.0004) (0.0003) (0.0001)
c, —0.0097 0.1651 0.1394
(0.0004) (0.0003) (0.0001)
C, —0.0545 0.3143 0.0830
(0.0004) (0.0003) (0.0002)
c, 0.0499 0.4784 0.1114
(0.0004) (0.0003) (0.0002)
c, 0.4070 0.6155 0.1442
(0.0004) (0.0003) (0.0001)
C, —0.1133 0.0059 0.1045
(0.0004) (0.0003) (0.0001)

* For numbering of atoms, see Fig. 1.
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148 P. GROTH

The Fourier map corresponding to the 62 signs thus established could easily
be interpreted,’ the trial parameters gave an Rou-value of 32.8 9 which was
reduced to 12.1 9, using a programme based upon the “minum residual
method” .8

Checking with the signs corresponding to Ry = 12.1 9, revealed that 2
of the 62 signs had been obtained incorrectly, both of which were determined
in the last step of the process.

Using the established z-parameters, approximate x-coordinate wvalues
were obtained by allowing the AOl-projection of the molecule (determined
from a model) to move in small steps parallel to the x-axis and calculating
the R-factor for each step. The parameters corresponding to the minimum
R-value (32.0 9%,) were chosen as starting coordinates for a full-matrix least
squares refinement.

REFINEMENT OF THE STRUCTURE

With the coordinates obtained by the two-dimensional analysis as starting
parameters, a three-dimensional full-matrix least squares refinement was

Table 5. Anisotropic thermal vibration parameters. (Estimated standard deviations in

parantheses).
By, h B,, By, B, By, B,,
0, 0.0180 0.0136 0.0070 —0.0133 0.0024 —0.0047
(0.0005) (0.0003) (0.0001) (0.0008) (0.0004) (0.0003)
0, 0.0198 0.0106 0.0047 0.0041 —0.0042 —0.0048
(0.0005) (0.0002) (0.0001) (0.0007) (0.0004) (0.0002)
N 0.0151 0.0079 0.0035 —0.0045 0.0007 —0.0010
(0.0005) (0.0003) (0.0001) (0.0006) (0.0003) (0.0002)
C, 0.0145 0.0081 0.0024 —0.0056 —0.0001 0.0006
(0.0005) (0.0003) (0.0001) (0.0007) (0.0003) (0.0003)
C, 0.0177 0.0103 0.0029 —0.0054 —0.0040 0.0010
(0.0006) (0.0004) (0.0001) (0.0009) (0.0004) (0.0003)
C, 0.0164 0.0083 0.0033 —0.0032 —0.0025 0.0014
(0.0006) (0.0003) (0.0001) (0.0008) (0.0004) (0.0003)
C, 0.0137 0.0079 0.0026 —0.0057 0.0009 —0.0001
(0.0005) (0.0003) (0.0001) (0.0007) (0.0003) (0.0003)
Cq 0.0146 0.0073 0.0037 —0.0039 —0.0044 0.0007
(0.0006) (0.0003) (0.0001) (0.0008) (0.0004) (0.0003)
C, 0.0171 0.0067 0.0039 —0.0049 —0.0031 0.0001
(0.0006) (0.0003) (0.0001) (0.0008) (0.0004) (0.0003)
C, 0.0196 0.0094 0.0029 —0.0066 —0.0024 —0.0008

(0.0006)  (0.0003)  (0.0001)  (0.0009)  (0.0004)  (0.0003)

C, 0.0147 0.0067 0.0030  —0.0020  —0.0009 0.0004
(0.0005)  (0.0003)  (0.0001)  (0.0008)  (0.0003)  (0.0003)
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STRUCTURE OF AN AMINO ACID

carried out using a programme written by Gantzel, Sparks and Trueblood ?
(revised for UNIVAC 1107 by cand.real. Christian Remming at this university).
The weighting scheme No. 1

for Fy < FB,
for Fy > FB,

was adapted by taking

Table 6. Fractional coordinates and isotropic thermal vibration parameters for hy-

W = AL(F,)™

drogen atom.* (Estimated standard deviations in parantheses).

x
H,, 0.342
(0.004)
H, 0.493
(0.004)
H,, 0.270
(0.003)
H,. 0.253
(0.004)
H,, 0.300
(0.004)
H,, —0.080
(0.003)
H,, —0.212
(0.004)
H,, 0.014
(0.004)
H,, 0.025
(0.005)
H,, —0.010
(0.004)
H,, 0.341
(0.004)
H,, 0.565
(0.004)
Hy 0.430
(0.004)
Hye 0.515
(0.004)
Hys 0.255
(0.004)

* Referring to Fig. 1, the hydrogen atoms H,, and H,, are, respectively, equatorially and

y
0.419
(0.003)

0.293
(0.003)

0.353
(0.003)

0.057
(0.003)

0.102
(0.003)

0.190
(0.003)

0.328
(0.003)

0.289
(0.003)

0.573
(0.004)

0.521
(0.003)

0.674
(0.003)

0.589
(0.003)

0.692
(0.003)

0.841
(0.003)

0.808
(0.003)

2z

0.069
(0.001)

0.188
(0.001)

0.234
(0.001)

0.196
(0.001)

0.104
(0.001)

0.194
(0.001)

0.074
(0.001)

0.025
(0.001)

0.072
(0.002)

0.165
(0.001)

0.197
(0.001)

0.151
(0.001)

0.031
(0.001)

0.095

(0.001)

0.075
(0.001)

B (A2

1.8
(0.5)

1.3
(0.5)

0.4
(0.4)

1.2
(0.5)

1.0
(0.5)

0.2
(0.4)

0.5
(0.4)

1.6
(0.5)

3.2
(0.6)

1.0
(0.5)

2.1
(0.6)

1.0
(0.5)

1.9
(0.5)

1.1
(0.5)

2.0
(0.6)

axially bonded to C,. H,, and H,, are bonded to C,, and Hy1, Hy2 and Hys to N.
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150 P. GROTH

Table 7. Calculated and observed (and uncbserved) structure factors. The unobserved
F.values correspond to Iyy,.

.
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Table 7. Continued.
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Table 7. Continued.
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Table 7. Continued.

A kL IR IR cose  slna k Rk { 1Rl 0l cosx sing h kL IRl IRl e ek
© 2 3 349 3.5 45977 «.8017 0 7 & 1.3 L5 =.0000 -1.0000 7 0% 1 e L.l 9828 L1847
6 ¢ 5 7.3 6.7 =,0782 =,9969 o 6 1 1.2 «0 =1.0000 =,0000 T 6 2 Sl 3ee =TT =,629%
® 2 6 T T.u =.9875 L1578 U B 3 L2 o2 1.,0000 L0000 T 6 3 2eb 2.8 49972 L0783
e & T 9.8 5.8  +9927 ~,1207 3 8 9 1.0 «d =1.0000 L0000 7T e u 5.3 Se6 512 8409
° 2 8 25 2.3 =.9997 0225 39 1l oo =.0000 1.0000 7T 6 5 3.8 3.6 =.9529 ~-,3032
e 2 9 S.8 9.3 =,1887 ,9820 7 o 13 w.l We& <0000 11,0000 7T e« 6 “.? 4.5 8368 5082
o 2 10 22  2.¢ =.0006 1.0000 7 0 2z 5. 4.5 1.,0000 =.0000 7 05 0 2.9 2.7 ,0000 =1.0000
6 2 AL ST 4.5 =.9203  .3818 7 0 3 6.9 6.7 0000 1.0000 7 05 1 3.9 3.5 6553 =,7553
° & 12 201 2.5 29076 L4203 7 0 3.3 3.6 1,0000 =.0000 s 0 1 3.7 3¢& 40000 1.0000
6 2 13 29 2.7 =.2%20 =901 7 0 5 1.5 1.5 =.0000 =1.,0000 4 1 0 7. 7.2 1.0000 =,0000
o 3 0 1.0 49 =1,0000 ~=,0000 7 U 6 2.2 2.0 =1.0000 .0000 9 v <0 34 9 ~1.0000  .0000
© 3 1 6w 6.5 =,3293 =.94u2 7 0 7  4ul 4.l =.0000 -1.0000 3 1 e .7 o6 =.0000 1.0000
6 3 2 2.5 2,0 =.8256 =,5663 7 U 8 1.6 1.3 1.0000 L0000 [ S U O ec =e0U00 1.0000
© 3 3 3.9 3o ~.8666 =.4990 7 0 9 w5 9,0 »0000 13,0000 4 3 18 16 «3 =.0000 13.0000
5 3 4 6.8 4,6 =.0860 =.9963 7 0 10 &.4 2.4 ~1.0000 =.0000 [T S 1 o1 ©1.0000 0000
6 3 5 &9 b L8759 4825 7 1 0 3ie Sy <0000 =1.000U Vo5 12 «9 40000 =1,0000
w3 o 5.0 > L7723 L6352 7 1 1 %6 k.o  .BBTZ =.e6lb 0 % 18 1.0 ol 23U00  1,0000
© 3 7T 8.4 8.3 L9599 8280 7 1 2 5.0 5.1 9708  .2400 0 o 17 Y o7 1.0000 <0000
o 3 A 3T 3.0 .9%6 .2913 T 103 1.7 luw  .7906 =.5126

o 3 9 w7 Yoo =oT741 6330 7T 1 o« “.0 3.0 #6751 7378

© 3 40 2.3 2,3 =.00l4 =,7989 7 1 05 3.5 3o =.9985 =.0556 . U%OB3HRV4D REPLKCTIONS

6 3 a1 .7 9.5 =,8337 =.5522 7 1 e 2.5 2,4 JBub8  =,5319

° 3 12 “eu Sk =.7090 L7052 7T 1 7 3.9 w0 =.9872 ~.1%9%0 PO Y ) i1 let =.0006 =1,0000
o & U 3.6 3,1 -1.0000 0000 7 1 8 2e6  2e¢ =.593¢ =.8050 1w o1 1 o5 1,0000 <0000
6 4 L 7.2 6.0 =.0180 7 1 9 3.2  3ic  .038% 9993 [ C R o5 +0U00 =1,0000
o 8 2 b 4.9 =.9279 3729 7 1 10 9.5 S.4 =.9914 =131 1 o 47 o5 1e% 9052 2610
6 4 3 6.2 4, J9073 =,2537 T 2 1 5.5 5.3 5026 3267 1 6 1) o5 w7 =792 .6567
© 4 @ 2.5 2.1 =038 .9992 T 2 2 Te2 0.5 =.9860 ~,154% 2 o use o5 =e7987 6017
o 4 5 8.9 8,7 L2197 =,97% 7 2 3 7.7 Teé =.8571 45152 3 v 8 o o7 =1,0000 0000
6 4 o Bal 7.7 J9e35 L3NS 102 6 Tae 7,0 =,9%91 =,2831 CO N T I Y o3 1.0000 =.0000
6 8T wwg w.b =.bb8H  =,8315 T2 9 25 2.6 .609% =,7927 3 6 3 M o8 =el063 9903
B4 B k3 Wl L9106 =.6l3e 72 6 3.3 3. 9413 337 3 8 9 o> v o620 (6704
6 & 9 0.5 6,0 43530 L9355 7 e 7 5.7 S.4 49732 =,2299 « v n ded 0 +0U0U =1,000v
6 & 10 “ou 4sb =009 ~,7928 T o2 8 “et 4.7 49138 .06} “ 0 1le 7 oo =1,000U 0
b4 Al %l .z =708 8822 7 2 9l l.b =.9799 =.1993 “ 118 .7 o7 ele22 =,9898
6 5 0 35 3.3 1.0000 =,0000 7 3 v 1.0 «2 40000 1,0000 “ o i3 o o0 Ze0llu -.85%
b5 1 3 3.6 =.9619 L2735 T3 1 la L. =.9962 059 N M © 1,000 40000
o 5 2 1.7 24 117 =,9502 7 03 2 3z 2.7 4129 =.9108 S U b 1.0 «0 +1.0000  =,0000
6 5 3 5.6 5.8 =.9227 ,38% 7 3 3 a4 ot 8319 .5569 vl g ©  +2983 L9661
v 5 & 5.2 3.0 =.8450 5367 7 03 @ 1.9 1.5 8970 .4e20 ® v U dee v 1.0000  ,0000
© 5 5 2.6 2,4 =.459% =,8882 7 3 5 2w <ln 22956  .9608 o 0 2 lee o8 =1.0000 ~.0000
v 5 6 4ot 4o =.0101 =,9999 7 3 o 3.7 3.9 W27l 9624 LU ] o7 e 0000 =1,0000
6 5 7 5.3 S04 L0471 =,7624 Ty 1 1.6 1.7 .2967 prrees v 2 1.0 v =e2960 9067
© 5 B 26 2.5 43189 «,978 7 3 8 2.2 2.2 719 =.00%b 7 ¢ U o® W% =.0000 13,0000
o 5 9 e 3.7 2 =,1071 7 e U 7.5 7.5 =.0006 =1,0000 e v 0 .o ec 1.0000 L0000

Al = 10.0, A2 = 15.0, B1 = 0.0, B2 = —0.5, and FB = 2.0.

The form factors calculated by Hanson, Herman, Lea and Skillman were
used.1®

After 3 cycles of isotropic refinement anisotropic temperature factors were
introduced for the oxygen, nitrogen, and carbon atoms. The C-bonded hydro-
gen atom positions had been calculated assuming tetrahedral C—H bonds
of lengths 1.05 A. The H-atoms of the NH,+-group were localized from a
difference Fourier map, and reflections corresponding to sinf/A < 0.45 were
included in the refinement of hydrogen atoms.

The R-value arrived at for all data (the 36 accidentally absent reflections
included with F, = }(F,)min) was 4.5 9,.

A final difference Fourier map, calculated with the observed data and
with phases determined by the parameters corresponding to R = 4.5 9,
contained no larger density fluctuations than 0.23 e.A-3, the E.S.D. of the
electron density I being o(g) = 0.06 e-A-3.

The fractional atomic coordinates and the thermal vibration parameters
arrived at are given in Tables 4, 5, and 6. The expressions for anisotropic and
isotropic vibrations, respectively, are:

exp[—By,h? + Bygk® + Bygl? + Bohk + Byghl + Bygkl]

and exp(—B sin20/22).
A comparison between calculated and observed (and unobserved) data is
presented in Table 7 (the unobserved F-values correspond t0 Ipin).*

* Eight unobserved reflections have by accident been placed above the heading.
Acta Chem. Scand. 22 (1968) No. 1
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THERMAL MOTIONS

The principal axes of the thermal vibration ellipsoids for the oxygen,
nitrogen, and carbon atoms were calculated from the temperature parameters
given in Table 5. Root mean square amplitudes for the atomic anisotropic
thermal vibrations along the principal axes as well as the components of
these axes along the crystal axes are given in Table 8.

Table 8. The principal axes of the thermal vibration ellipsoids given by the components
of a unit vector in fractional coordinates, e,, e,, e;; the corresponding r.m.s. amplitudes,
and the B-values.

Atom e, ey e, (udt (A) B (42
0.025 —0.036 0.057 0.324 8.28

0, 0.101 —0.089 —0.019 0.226 4.03
0.120 0.083 0.004 0.149 1.75

0.050 0.046 —0.052 0.277 6.04

0, 0.151 —0.009 0.019 0.188 2.80
0.009 —0.118 —0.022 0.164 2.11

0.021 —0.021 0.059 0.223 3.94

N 0.134 —0.064 —0.012 0.182 2.62
0.083 0.108 0.004 0.145 - 1.67

0.093 —0.068 0.036 0.188 2.79

C, 0.085 —0.038 —0.047 0.182 2.63
0.097 0.099 0.007 0.141 1.56

0.096 —0.044 —0.043 0.227 4.08

C, 0.039 —0.099 0.035 0.179 2.53
0.121 0.066 0.023 0.159 1.99

0.062 —0.031 —0.053 0.224 3.96

C, 0.135 —0.036 0.027 0.175 2.42
0.057 0.118 —0.006 0.155 1.91

0.060 —0.031 0.053 0.193 2.95

C, 0.104 —0.077 —0.027 0.180 2.56
0.104 0.095 —0.004 0.137 1.49

0.062 —0.015 —0.055 0.241 4.57

C, 0.111 —0.077 0.022 0.165 2.15
0.096 0.099 0.009 0.141 1.56

0.053 —0.008 —0.056 0.242 4.61

C, 0.136 —0.052 0.020 0.184 2.68
0.064 0.115 0.005 0.136 1.46

0.117 —0.032 —0.037 0.218 3.75

C, 0.066 —0.071 0.043 0.198 3.09
0.085 0.100 0.018 0.152 1.83

0.028 —0.010 —0.059 0.209 3.44

Cy 0.151 —0.032 0.011 0.172 2.34
0.042 0.122 —0.002 0.143 1.62
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Since the oscillations of the whole molecule are dependent on the hydrogen
bonding system, a rigid-body analysis of translational and librational motion
has not been carried out.

DISCUSSION

Interatomic distances and angles of the zwitterion may be found in Fig. 1.
The distances and angles between carbon atoms and hydrogen atoms, and
those concerning the hydrogen bonding system are presented in Tables 9
and 10. Standard deviations have been calculated from the E.S.D.’s given in

Table 9. Interatomic distances and angles between carbon and hydrogen atoms with
their estimated standard deviations (Fig. 1).

Bond (&) o (A)
C,—Hy 095  0.02
Cy—H,e 103 0.03
C,—H,, 1.02 0.02 Angle ©) o (°)
Cy—Hye 1.01 0.02 o
Cy—Hay, 100 0.02 Pae—Co—Haa 106 2
C,—H, 103 0.02 oo e !
C,—Hi 1.00  0.03 = G o !
Ci—H, 1.07 0.02 R 108 1
C,—H,e 1.01 0.03 oo 108 1
Ci—Hao 1.03 0.02 G 199 1
3
C—Ho 108 0.02 P . !
4 5 5A
C,—H,, 1.02 0.03 s 107 :
) o e -

Angle ) o (®) Hoa C—Co 105 1
C,—Cy~Hyq 108 1 Cl 0, H,e 111 2
C,—C,—H,, 109 1 Ci—Ci—Hy 113 1
C,—C,—Hu 106 1 H,.—Cp—Ha 106 « 2
Ci—Cy—H,e 111 1 Hee—C,—C,; 108 2
C,—C,—H,, 106 1 Hipe—C,—C, 108 1
He—C,—Hy 109 1 Ciic,tH,, 109 1
Hp—C,—C; 108 1 Ci—C,—H.s 113 1
H,,—C,—C, 111 1 H,,—C,—H,, 111 2
CoZ 0o~ H,, 109 1 H, —C—N 105 1
Ci—C,—H,, 111 1 H —C—N 106 1

Tables 4 and 6 without taking into account the standard deviations of the
cell parameters.

Fig. 1 shows that all C—C distances are equal within probable limits of
error, the average value being 1.529 A. Regarding the distances as independ-
ently determined, the corresponding estimated standard deviation is 0.0011 A.
The angles C,—C;—C, and C,—C;—C; are significantly larger than the four
other angles of the six-membered ring.

The C,C30,0,~ group is almost planar. Perpendicular distances from the
least-squares plane through these atoms are:

C, —0.015 A
C, 0.003 »
0, 0.005 »
(0] 0.006 »

Acta Chem. Scand. 22 (1968) No. 1
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Fig. 1. Schematical drawing of the zwitterion.

The least squares plane defined by the atoms C,, C;, C;, Cq gives the follow-

ing fit:
C, —0.004 A
G, 0.002 »
C —0.002 »
C, 0.002 »

Cs b —=1/4
Pros C AN 7
2702 S N .02
Cq /-—————\ Ce'
lll
?
401 ! L

Fig. 2. Part of the structure viewed along [001].
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The angle between these two planes is 51.5°, corresponding closely to the
value obtained for the hydrobromide.3

The significant difference between the two C—O bond lengths may pos-
sibly be explained 12 by the fact that O, is engaged in one, and O, in two
hydrogen bonds. The C—N bond length, 1.49, A, agrees with the standard
value, found in the terminal C—NH;* bond .18

Each zwitterion is linked to six others by hydrogen bonds from N to O
forming infinite double layers normal to the c-axis. A fragment of one such
layer is shown in Fig. 2, where the structure is viewed along [001]. The two
hydrogen bonds in which O, is engaged do not differ significantly in length
(2.795 A and 2.79, A), while the single hydrogen bond to O, is considerably
shorter (2.72, A). The arrangement around the nitrogen atom is approximately

Table 10. Interatomic distances and angles concerning the hydrogen bonding system, and
their estimated standard deviations (Fig. 2).

Bond (4) o (A) Angle ©) o ()

N-0, 2.795  0.002 C,—N—Hy, 106 1

N—0,” 2.794  0.003 C,—N—Hy, 107 1

N-0,” 2.724 0.003 C,—N—Hpys 114 1

N—Nx, 0.95 0.02 Hx;—N—Hp, 113 2

N—Hy, 1.06 0.02 Hy,—N—Hx;s 109 2

N—Hys 1.03 0.02 Hy,—N—Hy, 107 2
N—Hy;---0," 176 2

Angle ©) o (%) N —Hy,--0y’ 175 2

C,—N—0,’ 108.7 0.1 N—Hyy--0, 177 2

C,—N—0," 113.3 0.1

C,—N—-0,"” 109.2 0.1

0,/—N—0,” 108.5 0.1

0,/—N—-0,"” 108.9 0.1

0,”"—N—0," 108.3 0.1

N-0,—Cy’ 126.0 0.2

N—0,"—C," 138.6 0.1

N—0,"~Cy” 135.1 0.2

N—0y—N’ 95.3 0.1

tetrahedral and the hydrogen bonds nearly linear, the N—H---O angles being
176°, 175°, and 177°, respectively.

The hydrogen atom, Hy,, associated with the shorter hydrogen bond, seems
to be situated closer to the nitrogen atom than the H-atoms of the two longer
bonds. According to the large standard deviations, this cannot, however,
be stated with confidence.
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