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ABSTRACT 

The structure of crystals of meta-aminobenzoic 

acid hydrochloride has been determined by tvm 

two-dimensional Patterson projections and refined 

by three-dimensional least-aquares techniques. The 

crystals are triclinic, space group Pl, with unit 

cell dimensions: a=4.562, b=5.823, c=l4.724, 

<i. =98°39 1 , ~ =91°12', ~ =95°45'. There are two 

molecules in the unit cell. The R ~~dex of the 

refined structure is 11. 267s 'Ni th 1507 reflections. 

Pairs of molecu·les are linked together to forn 

dimers through two 0-H• •O hydrogen bonds arranged 

about a center of symmetry; and the amino and benzene 

ring fall in the s2.::ne plane, with the oxygens in the 

carboxyl groups tilted. out of the plane by 0.12 

angstroms. 
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INTRODUCTION 

Amino acids occur L~ certain biological 

processes vvhich makes them of some interest to the 

investiga tion of molecular biology. As a continuing 

project regarding the structure of amino acids in 

this lab, we have undertaken the investigation of 

meta-aminobenzoic acid because of its biological 

interest and for the sake of comparing the meta-

to the para- form which has previously been determined 

and reported in t he literatur e. (Ref. 1) 

Meta-aJninobenzoic acid is a stable g£a y powder. 

Attemp ts to crystallize the pure comp ound fro:n common 

inorgan ic and organic solvents proved to be un~uccessful; 

crystals of tte hydrochloride form were, however, 

prepared and used for this i nvestig&tion. The 

hydrochloride wa s formed by dissolving the coBpound 

in hot, concentrated hydrochloric acid. Then 

t he solut i on was allowed to slovrl y cool, cry?te.lliz ing 

out the hydrochloride. The cryst2ls v,ere the!1 

left to dry i n the air. The crystals were long 

n eedl es of a few .milli-:;1eters in length with some 

t winning ariA cracking present. The cryst2-l s were 

found to be very soluble in water, bu t they vrnre 

sta ble for long periods of time in air . 
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EX:?ERD.1ENT.!~L 

Two crystals were used for the determination 

of the unit cell dimensions and f or the collection 

of intensity dats., one aligned ?'i th the a axis and 

the other with the b axis, parallel to the rotation 

axes. Unit cell dimensions were determined from 

zero-level precision Weissenberg photographs a l ong 

the axes of both crystals. From these, the three 

re c iprocal space lattice distances ( a*, b"'<-, c"·) 8.nd 

the two reciproc2.l space lattice angles ( oz-x-, e-;(-) 

were determined~ The third reciprocal space lattice 

angle ( }( * ) was taken from an hkO precession 

photog-.caph. The cell di.rnensions v,ere t:hen calculated 

and are S1.LTu7larized in the su bseq_ue:n.t tab:le: 

a = 4.562 (\ a- = 0 .0004 _ .... 
b = 5.823 J\... CF = 0 .0006 

C = 14. 724- A,, 0- = 0 00011 

CA= 98° 39. <T = 0.7' 

i = 91°12• (r = 0.2 1 

o= 95° 45 I CT= l' 

The molecule forms a triclinic lattice, space 

group Pl 9 with two molecules i_r1 tha unit cell being 

related by an inversion center. 
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Intensities were esti..--nated visually from 

multiple-film eq_ui-i...'1clir1ation Weissenberg 

:photographs usi...YJ.g CuKc( radiation. Films were taken 

of layers Oto 3 about the a axis and layers Oto 4 

about the b axis. A sta...YJ.dard deviation was assigned 

to each reflection according to an expression given by 

S:iarma and McConnell (Ref. 2) and was used in 

obtaining film and pack factors for each set of 

photographs. These standard deviations were also 

used for deter:nining an aver2,ge intensity and assiglling 

a stand2rd deviation to the reflections. These and all 

subseq_l1ent ca lculations used the CRYRL1 system. (Ref. J) 

-on an IBI,1 7094--70L~0 co::nputer. Intensities vrere 

corrected for Lorentz-polarization but not for 

absorption. The resulting list of reflections ( Ts.ble 4) 

was co:GJ.prised of 1507 reflections, of which 248 

were too we2.k to be observed above the b2.ckground., 

The heavy atom :9ara.meters vrnre first determinec. 

fron zero-layer data about the two axes. Tvm-dimensional 

Patterson EJ.2.ps were riade, and the chlorine coordina tes 

·were taken from these Pat-~ersons. The coordinates 

of the rema ining he e.vJ atoms were found using 2. F01.J_rier 
,:J., 

n2.p c a lculated fror.'l the phases,, bases upon t 1.1e chlorine 

coordina tes. 



- 5-

The s e t rial p2.r2..711eters were t hen used in a 

structure-fac tor ar1d least- squares cycl~ f or the 

c o:nplete three-dL"Tiensional data. The struc ture 

vms refined to an R factor of 11. 8% with the addition 

of t he hydrogen e.toms in their expected positions. 

The intensities of 290 refle c tions whose 

o b servcd 8nd. CEclcul2. ted:. structure f 2. c tors sho1;ved 

marked disagree.:nent were re-eva luated. We-readi..ng 

o f intensities and changes in the weighting scheme 

were used to corre c t these reflections. Refinement 

o f the structure then yielded an R fac tor of 11,26% 

with the hydrogen atoms not included in the refinement. 

Further ev2.lu2.tion of the data is still in progress. 

Fourier ( H'i a-
j_ -o. 1) and dirr·erence F ourier n1a.ps 

s how the existenc e of no other heavy atoms in the 

u nit cel l. Tables 1, 2j and 3, deraonstrate the 

res1.,1.l ts of the least-squares refine.oent. 
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CONCLUSIONS 

An interesting feature of the structure 

arises from the chlorine to chlorine distance 

across the Tu::.'.and c axes. These distances G.re 

3. 82 and 3. 60 2..ngstror:1s respectiv.ely. This 

configuration is unfavorable by the chlor:i&e-

chloride colum.b rep11lsion; h.ovrever, this is balanced 

by the chloride-amine colV11Db attractions. Another 

fs.cet of the stru.cture which is a connnon fe s.ture with 

carboxyl groups is the dimerization of the c arboxyl 

groups with its 2.ssoci2.ted hydrogen bonding. The 

difference tet·s-2-s n t ?le C-0 bond dist2.nces is ,_01r.·,47 
' ~-.)-

angstroms* ( 1. 271 versus 1. 224 angstroms) The 

conditions around the oxygen atoms are therefore 

quite similG.r. The question then arises of the 

possibility of tautomerism of the protons in the 

dimerized c 2.rboxyl groups. A difference Fourier 

map shov/8 the presence of 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 structure, vre c2.n say tha t 

probab ly no more thE,n 20;(, t auto;ner ism occurs. 
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The carboxyl g..coups are tilted out of the 

plane of the benzene ring with the oxygen atoms 

beLDg 0.12 angstroms above and below the pl211e 

respectively. The amine group and the benzene 

ring are co-planar to vii thin the accuracy of 

these calculations. 

The carbon to c~rbon distance from the 

benzene to the C8.rboxyl g..coup compe.res favorEbly 

to the B structure of the para-aminobenzoic 2cid 

(Ref. 1) ,.:md to that of 2-a..rn.ino-3-methylbenzoic 

acid, (Ref.$) The carbon to nitrogen dist2nce 

is larger thc"'....D in the o:bher two cs1.ses cited probably 

due to the 2.bsence of resonance forms resulting 

from the protona tion of the amine group. It is 

also noted-that several of the carbon to carbon 

bond distances are found to be smaller than would 

normally be expected for meta- substitution. 

The differences LD the ce.rbon to carbon bond 

distances in the benzene ring are about 0.04 angstroms; 

this difference exceeds the standard deviation fu 

these values a..Dd is even greater than the differences 

found LD the par~- and the 2-amino-3-methyl-. 

Our knov,ledge of this effect is inconclusive . 
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Table 1 

BOND DISTANCES 

Atom Atom Distance 

1 2 3.167 

2 3 1.464 

3 4- 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 

BO :•JD ANGLES =- = 

Atom Atom A to::u ii.a.J.">'l t~le 

1 2 3 · 101.2 

2 3 4 120.2 

2 3 8 120.7 

8 3 4 119.1 

3 4. 5 120.1 

4 5 6 120.2 

4 5 9 120.3 

6 5 9 119. 5 

5 6 7 118.8 

6 7 8 120.9 

7 8 3 120.7 

5 9 10 116. 7 

5 9 11 120.1 

10 9 11 123.2 



Table 3 

The He avy-Atom Par ame ters 

And Their St2nd2rd Deviations ( in 12arentheses) 
C0 0RDHJJi,.·TZS 

Atom X Ji. z 

Cl- ( 1) .1436(4) .2747(3) .0668(1 ) 

:N. ( 2) • 4077( 13) .807 3( 9 ) • 09 23( 4) 

C ( 3) .5529 (15) .8352(11 ) .1835(5) 
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) 
C ( 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) 

A toms 2.re l abe led on Fig. 2 

ANISOTRO:PIC T:2~?l?:2}L\.TURE FACTOR 

Atom bll b22 b33 bl2 bl3 b2d --
61- ( 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 ) 

C ( 3) 513(49 ) 227 ( 2 3) 34( 4) 64(52) 38(21) - 33(14) 

C ( 4) 486 (44 ) 198(22 ) 41 ( 4-) 218(48) -19(20 ) 24(14) 

C ( 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) L1r (l5) 

C (7) 633(53) 313( 28) 41(4) 358(61) 19 ( 24) 3(17) 

. c ( 8) 611(50) 208 ( 23 ) 46 ( 4 ) 247 ( 54) 35(24) -25(15 ) 

C ( 9 ) 508(50) 278 ( 26) 31(4) 118 ( 56 ) 13( 21 ) -33(16) 

. 0 ( 10) 737(38) 359(20) 43(3) 441(45 ) -49 (17) -89(12) 

0 ( 11) 7 55(36 ) 404 ( 21 ) 44 ( 3 ) 391(45) - 129 (17) -94(13) 

. ( ( 2 2 2 ex:press2d j_n t he for::n exp - b11h +b22k +b
33

1 +b12h~-{:+b13hl+b23kl)) 

all anisotro1.J ic tempera ture factors are mul tiplied by 104 



Table 4 
&::J~ -, 

Observed and Calcul2.ted Structure Factors 

vVi thin each g.coup ar e given t he vaJJm.e s 

of 1 , 100 F(obs.), a..~d 100 F(calc.). Reflections 

indicated with en aster isk were omitted from 

the least-rrquares refinement. A minus sign 

prece dL7.g F( obs.) signifies 'less than '; 

these reflectio::1s 1--~ave b 0 cn o;,1i tte ,::. fro:n 

t he r efine8 en t unless the value F(calc,) 

exceeds the threshold val ue of F(obs.). 
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