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ABSTRACT

by

The structure of crystals of meta—aminobenzoic
acid hydrochloride has been determined by two
two~dimensional Patterson projections and refined
by three-dimengional least-squares techniques. The
crystals are triclinic, space group Pl, with unit
cell dimensions: a=4.562, b=5,823, c=14.724,
<x=98039', B =91012', ¥ =95°45', There are two
molecules in the unit cell, The R index of the
refined structure is 11.26% with 1507 reflections.
Pairs of molecules sre linked together to form

dimers through two O-He¢e0 hydrogen bonds arranged
about a center of symmetry; and the amino end bengene
ring fell in the same plane, with the OXygens in the
carvoxyl groups tilted out of the plane by 0,12

angstroms.
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Amino acilds occur in certzin biologiczl
processes which makes then of some'interést to the
investigation of molecular biology. As a continuing
project regasrding the structure of amino acids in
this lab, we have undertaken the investigation of
mete~amninobenzoic acid because of its biologicel
interest and for the sake of comparing the meta-
to the para- form which has previously been determined
and reported in the literature. (Ref. 1)

Meta~eminobenzoic acid is a stable gray powder.
Atﬁempts to crystellize the pure compound from common
inorgenic and organic solvents proved to be unsuccessful;
crystals of the hydrochlcoride form were, however,
prepared aﬁé uged for this invesiigetion. The
hydrochloride was formed by dissolving the compound
in hot, concentrated hydrochloric acid, Then
the solution was allowed to slowly cool, crystellizing
out‘the hydrochloride. The crystals.were then
left to dry in the air. The crystals were long
needles of a few millimeters in length with sone
twinning an@ cracking present., The crystals were
found to be very soluble in watér, out they were

stable for long periods of time in air,
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EXPERIMENT AT,

Two crystals were used for the determination
of the unit cell dimensions and for the collection
of intensity date, one aligned with the a axis and
the other with the b axis, perallel to the rotetion
axes, Unit cell dimensions were determined from
~zero—1eve1 precision Weilssenberg photogrephs along
the axes of both crystéls. From'these, the three
reciprocel space lattice distances (a%,b¥,c*) and
the two reciproczl space lattice angles ( «*, §%)
were determined, The third reciprocal space lattice
angle ( ¥*) was taken from an hkO precession
photograph. The cell dimensions were then calculated

and are summerized in the subseguent tehle:

= 4,562 4, o = 0,0004
b = 5,823 A, o = OfOOOC
c = 14.724 A, o = 0,0011
o= 98939 o= 0.7
g = 91°%12¢ o= 0,21
y= 95°5" o= 1

The molecule forms a triclinic lattice, space
group Pl, with two molecules in the unit cell being

related by en inversion center,



Intensities were estimated visually from
multiple-film egui~inclination VWeissenberg
photographs using Cuk« rediation, Films were taken
of layers O to 3 about the a axis and layers O to 4
about the b axis., A standard deviation was assigned
to each reflection according to an expresgssion given by
Sherma and McConnell (Ref, 2) and was used in
obtaining film and pack factors for each set of
photographs 'These standard devigtions were also
used for deteraining an averege intensity and assigning

a

0

tandzrd deviation to the reflections., These and all
subsequent calculations used the CRYRM system (Ref, 3)
on an IBM T7094-7040 computer, Intensities were
corrected for Lorentz-polarization but not for
absorption., The resulting list of reflections (Table 4)
was comprised of 1507 reflections, of which 248 _

were too wezk to be observed above the background,

The hesvy atom parsmeters were first determined
from zero-layer data about the two axes, Two~dimensional
Patterson meps were made, and the chlorine coo dinates
were taken from these Patiersons. The coordinates
of the remaining hezvy atoms were found using a Fourier

A
nep calculated from the phases based upon the chlorine

coordinates.
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These trial paremeters were then used in a
structure-factor and leastsquares cycles for the
conplete three-dimensional data.. The struciture
wes refined to an R factor of ll.8%lwith the addition
of the hydrogen atoms in their expected positions.

The intensities of 290 reflections whose
observed and czlculated structure facitors showed
marked disagreement were re-evaluated., Re-rezding
of intensities and changes in the.wéighting scheme
were used to correct these reflections, Refinement
of the structure then yielded an R factor of 11,26%
with the hydrogen atoms not included in the refinement,
Furfher eveluetion of the data is still in progress.

Fourier (Fig. 1) and difference Fourier maps
show the existence of no other heavy atoms in the
unit cell. Tebles 1, 2, end 3, demongtrate the

o

results of the least-squareg refinement,
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CONCLUSIOKS

An interesting feature of the structure
arises from the chlorine to chlorine distance
across the brand ¢ axes., These distances sre
3,82 and 3.60 angstroms resﬁectiﬁely. This
configurstion is unfavorable by the chlorigde-
chloride columb repulsion; kowever, this is balanced
by the chloride-amine columb attractions., Another
fecet of the structure which is & common fezture with
carboxyl groﬁps is the dimerizstion of the cerboxyl
groups with its associzted hydrogen bonding., The
difference betwsen the C-0 bond distances is, 0047
engstroms. (1.271 versus 1.224 angstroms) The
conditions around the oxygen stoms are therefore
guite similsr. The guestion then arises of the
possibility of tautomerism of the »protons in the
dimerized carboxyl groups. A difference Fourier
map shows the presence 0F the ‘electron in the position
associated.with the longer C-0 bond length, but none
in the second position., At the present level of
refinement of the sitructure, we can say thet

probebly no more than 20% tautomerism occurs,



The carboxyl groups are tilted out of the
plane of the benzene ring with the oxygen atoms
being 0.12 angstroms above and below the plane
respectively. ‘The amine group and the benzene
ring are co-planer to within the accuracy of
these calculations,

The cerbon to carbon distance from the
benzene to the carvoxyl group comperes favorsbly.
to the B structure of the para-sminobenzoic ecid
(Ref., 1) and to that of 2-amino-3-methylbenzoic
acid, (Ref. 4) The carbon to nitrogen distaence
‘is larger then in the obher +two cases cited probably

du

()

to the sbsence of resonance forms resulting

from the protonastion of the amine group. It is

also noted- that several of the carbon to czrbon

bond distances are found 1o be smaller than would
normally be expected for meta- substitution.

The differences in the cerbon to carbon bond

distences in the bengene ring are about 0,04 angstroms;
this difference exceeds the stendard deviation in
these values and is even greater than the differences
found in the para~ and the 2-amino-3-methyl-.

ur knowledge of this effect is inconclusive,
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Table 1

- BOND DISTANCES

Atom Aton Distance

1 2 3,167
> 3 1.464
3 & 1.403
3 8 1.367
4 5 1.398
5 6 1. 359
5 9 1.472
6 7 1.413
7 8 1.363
9 10 1,271
9

11 1,224



Table 2

BOXD ANGLES

Atom Atonm Atom
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101, 2
120, 2
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Table 3

The Hegvy-Atom Zarameters

And Their Stenderd Deviations (in parentheses)
' COORDINATES

Atom X X oz
g1~ (1) «1436(4) «2747(3) .0668(1)
B (2) «4077(13) .8073(9) .0923(4)
¢ (3) «5529(15) .8352(11) .1835(%)
c (4) 5038(15) 1.0240(11) +2506(5)
c (5) « 6315(15) 1.0442(11) «3389(5)
c (6) . 8154(15) .8875(13) .3590(5)
c (7) .8646(16) .6996(12) «2904(5)
¢ (8) .7328(17) .6756(11) . 2050(5)
c (9) «5749(17) 1,2391(12) .4102(5)
0 (10) . 3789(12) 1,3662(8) «3907(3)
0 (11) .7176(12) 1,2750(8) . 4831(3)
Atons are labeled on Fig., 2

: ANTSOTROPIC TEMPERATURE FACTOR
Aton P10 Pee P33 Pz Pay o Pes
e1- (1) 567(13) 229(6)  39(1)  275(12) =-67(5) -51(3)
N (2) 603(38) 248(19) 34(3) 273(43) =36(17) -34(11)
¢ (3) 513(49) 227(23) 34(4) 64(52)  38(21) ~33(14)
¢ (4) 486(44) 198(22) 41(4) 218(48) -19(20) 24(14)
¢ (5) 405(42) 224(22) 36(4) 161(47) -4(19) -8(14)
c (6) 397(43)  342(26) 34(4) 190(55) -19(19) 4(15)
¢ (7) 633(53) 313(28) 41(4) 358(61) 19(24)  3(17)

. ¢ (8) 611(50) 208(23) 46(4) 247(54) 35(24)  -25(15)
¢ (9) 508(50) 278(26) 31(4) 118(56) 13(21)  -33(16)
0 (120)  737(38) 359(20) 43(3) 441(45) =-49(17) =89(12)
C (11)  755(36) 404(21) 44(3) 391(45) -129(17) ~94(13)

eX

o]

2

2

resszd in the form exp(~(bllh2+b22k +0351 +b12hk+b13hl+b23kl))

21l anisotropic tempersture factors are multiplied by 1O4



Teble 4
=gy

Observed and Czlculeted Structure Factors

Within each group are given the valmes
of 1, 100 (obs ), and 100 F(c lc.). Reflections
indicated with en asterisk were omitted from
the least-squeres refinement, A minus sign
preceding F{obs.) signifies 'less than';
these reflections have besen omitted from
the refinement unless the value F(ealc,)

exceeds the threshold value of F(obs.).
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