C,;H;;N,S ET C,,H(N,S

Un angle endocyclique des phényles différe peut-étre
significativement de 120°: c’est 'angle C,—C(7)-C,
dont le sommet est le carbone C(7) lié a I’'azote N(6). Il
vaut 118,3 (3)° dans le composé (I) et 117,5 (4)° dans
le composé (II). De telles déformations dans le cycle
benzénique par rapport a la géométrie hexagonale
idéale ont été mises au compte du pouvoir électro-
capteur du pgroupement attaché au benzéne
(Domenicano, Vaciago & Coulson, 1975).
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Abstract. C;H,0,, monoclinic, P2,/n, a =5-402 (3),
b=18-693 (11), c=17-973 (4) A, f=198-28 (2)°, V =
796-8 A%, Z = 4, D,, = 1.395, D, = 1-388 Mg m~?,
M,=164.2. R=0.072 for 1236 reflections.
O—H:--0 hydrogen bonds link the molecules to form
dimers. The interplanar angle between the phenyl ring
and the carboxyl group is 6-5 (8)°.

Introduction. The spatial relationship between the ring
and the side chain is an important factor in the activity
of auxin molecules. After a study of structure and
activity, it was suggested (Veldstra, 1944) that, for an
auxin molecule to be active, the ring and the carboxyl
group should lie in different planes. The crystal
structure of 3-coumaric acid (3-hydroxy-trans-
cinnamic acid) was investigated as part of the project
on the structure and function of plant hormones.
Cinnamic acid exists in cis and trans forms. cis-
Cinnamic acid demonstrates good auxin activity and its
trans isomer does not.

* Contribution No. 544.
0567-7408/81/061299-03%01.00

Crystals were obtained by evaporation from a
mixture of chloroform, hexane and ether. The cell
parameters were refined by least squares (Main &
Woolfson, 1963) from 24 reflections. Intensities for
1236 reflections with 26 < 130° were measured with
a 6/26 scan, Ni-filtered Cu Ka radiation (A = 1-5418 A)
and a 2° min~! scan speed. The scan range was 2° and
the background was measured on either side of the
peak for 10 s. The data were corrected for Lorentz and
polarization factors but not for absorption. Each
reflection was assigned a weight (o,) by calculating the
reciprocal of the variance of observation (Stout &
Jensen, 1968).

The structure was solved by symbolic addition
(Karle & Karle, 1963). 158 reflections with 1E| > 1.5
were used to generate triplets and phase propagation
was carried out by hand with the 2, formula
(Hauptman & Karle, 1953). An E map revealed all 12
non-H atoms (R = 0-45). Block-diagonal least-squares
refinement of these atoms (Shiono, 1968), with iso-
tropic temperature factors, reduced R to 0-17. A
difference synthesis computed at this stage revealed all

© 1981 International Union of Crystallography
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Table 1. Fractional positional parameters (x10%) and
equivalent isotropic temperature factors for the non-H
atoms with e.s.d.’s in parentheses

B, =%42i, 2. (a.9) By (B =42., 2], (a;-9) 0(f)).

x y z B (AY)
0(3) 1396 (5) 3646 (2) 10168 (3) 2.96 (11)
0Q2) —2535(5)  4530(1)  821(3)  2:98(11)
o(1) —5472 (4) 4977 (1) 2209 (3) 3-13(9)
C(n —3392 (6) 4621 (2) 2147 (4) 2.70 (7)
C2 —2222 (6) 4354 (2) 3813 4) 2-89 (11)
CcC@3) —134 (6) 3978 (2) 3979 (4) 3-09 (8)
Cc4) 1243 (6) 3679 (2) 5545 (4) 3-69 (12)
C(5) 546 (6) 3817 (2) 7140 (4) 3.67(12)
C(6) 1939 (7) 3527 (2) 8572 (4) 3.00(11)
C(D 3989 (7) 3094 (2) 8458 (4) 3.10(15)
C(8) 4660 (7) 2956 (2) 6876 (5) 3.71(10)
Cc) 3321 (6) 3253 (2) 5428 (4) 3.72(1D)

Table 2. Fractional positional (x10% and isotropic
thermal parameters of the H atoms, with e.s.d.’s in

parentheses
x y z B (AY
H(C2) —293 (6) 444 (2) 479 (4) 1.7
H(C3) 43 (7 385(2) 309 (4) 2-9
H(C5) —104 (6) 414 (2) 718 (4) 4.4
H(C?) 511 (6) 287 (2) 960 (5) 2.6
H(CB) 592 (6) 266 (2) 667 (4) 2.3
H(C9) 395 (7 310(2) 430 (4) 3.1
H(O1) —637 (6) 511(2) 97 (4) 7-2
H(03) -9 (7 389 (2) 1019 (4) 6:2

* The average e.s.d.in Bis 1-1 A%

eight H atoms which were assigned the isotropic
temperature factors of the atoms to which they were
bonded. Full-matrix least-squares refinement was car-
ried out (Gantzel, Sparks & Trueblood, 1961) with
isotropic temperature factors for H, anisotropic
temperature factors for the non-H atoms and weight
w = 1/02for each reflection giving a final R of 0-072.

Scattering factors for C, O and H were taken from
International Tables for X-ray Crystallography (1962).
The final positional parameters are listed in Tables 1
and 2.*

Discussion. The bond lengths and angles are shown in
Fig. 1. The average e.s.d.’s in the bond lengths and
angles not involving H atoms are 0-004 A and 0-2°
respectively. The average bond length in the benzene
ring is 1-388 (5) A. C(1)—C(2) and C(3)—C(4) exhibit
partial double-bond character with lengths 1-473 (4),

* Lists of structure factors and anisotropic thermal parameters of
the non-H atoms have been deposited with the British Library
Lending Division as Supplementary Publication No. SUP 35890
(8 pp.). Copies may be obtained through The Executive Secretary,
International Union of Crystallography, 5 Abbey Square, Chester
CHI1 2HU, England.

3-COUMARIC ACID

Fig. 1. (a) Bond lengths (A) and (b) angles (°) with e.s.d.’s in
parentheses.

1.468 (4)A. To minimize steric interaction,
C(4)—C(3)—C(2) expands (Zabel, Watson, Cassels &
Langs, 1980) to 127-6 (3)° consistent with those in
p-coumaric acid (126-1°) (Utsumi, Fujii, Irie, Furusaki
& Nitta, 1970) and 2-coumaric acid [126-1 (3)°]
(Raghunathan & Pattabhi, 1979).

Least-squares planes are given in Table 3. The angle
between the two planes is 65 (8)°. This is comparable
to the angle between the ring and the carboxyl group
planes in other related structures such as p-coumaric
acid (5°) (Utsumi et al., 1970), 2-coumaric acid (4-8°)
(Raghunathan & Pattabhi, 1979) and p-chloro-trans-
cinnamic acid (11-7°) (Fillipakis, Leiserowitz, Rabino-
vich & Schmidt, 1972) but differs significantly from
that in S-chloro-cis-cinnamic acid (65-4°) and -
methyl-cis-cinnamic acid (83°) (Fillipakis et al., 1972).

C(4) is trans to C(1) with torsion angle C(1)—C(2)—
C(3)—-C(4) =179-4 (3)°. Table 4 lists the corre-
sponding torsion angle and the interplanar angle
observed in other plant hormones. The table shows that

Table 3. Equations of least-squares planes and atomic
deviations (A)

(i) Phenyl ring
Plane through C(4), C(5), C(6), C(7), C(8), C(9)
0-5836x + 0-8066y + 0-0930z = 5-9782

C4) 0-003 (3) C(D 0-001 (4)
C(5) 0-004 (3) C(8) 0-007 (4)
C(6) —0-006 (3) C(9) —0-009(3)

(i) Carboxyl group
Plane through O(1), O(2), C(1), C(2)
0-5040x + 0-8495y + 0-1554z = 6-5570

o(1) —0-001 (3) C(D) 0-003 (3)
0(2) —0-001(2) C(2) —0-001(3)



3-COUMARIC ACID

Table 4. Torsion angle and the interplanar angle
observed in some plant hormones (°)

Angle

Torsion between

Molecule angle* planest
3-Coumaric acid® 179-4 6-5
2-Coumaric acid® —-179-2 4.8
4-Coumaric acid® 179-0 50
2-Naphthyloxyacetic acid? 176-5 4.2
2-Chlorophenoxyacetic acid® —173-2 6-8
2,4,5-Trichlorophenoxyacetic acid” —174-6 4.1
2,4-Dichlorophenoxyacetic acid® —80-5 85.2
2,4,5-Trichlorophenoxypropanoic acid* -71.3 77-8
2—(4—Cploro—2—methylphenoxy)propanoic 78-6 85-5

acid

2,4,6-Trichlorophenoxyacetic acid/ —152.3 32.0
2,5-Dichlorophenoxyacetic acid* —-72-4 81-2

References: (a) Present study, (b) Raghunathan & Pattabhi (1979),
(¢) Utsumi et al. (1970), (d) Pattabhi, Raghunathan & Chacko
(1978), (e) Chandrasekhar & Pattabhi (1977), (f) Smith, Kennard
& White (1976b), (g) Smith, Kennard & White (1976a), (k)
Smith, Kennard, White & Hodgson (1977), () Smith, Kennard,
White & Hodgson (1980), () Smith, Kennard & White (1977), (k)
Smith, Whitnall & Kennard (1976).

* Torsion angle about the bond connecting the benzene ring and
the carboxyl group.
1 Angle between the benzene ring and carboxyl group.

the interplanar angle is always close to 0° when this
torsion angle is trans, probably due to steric inter-
actions. On the other hand the carboxyl group takes a
perpendicular conformation when this angle is close to
gauche.

Fig. 2. The crystal structure of 3-coumaric acid viewed down
[100]. Hydrogen bonds are shown by broken lines.

Table 5. Hydrogen-bond lengths (A) and angles (°)

D-H...4 D-H DA H-eA D-H---4
O(1)-H(01)---0(2) 106 (7) 2:65(1) 1-60(7) 169-3(2-1)
0(3)—H(03)---0(2)" 0-94(7) 2-80(1) 1.89(7) 163-0(2-1)

Symmetry code: (i) —1 — x, 1 — y, —z; (i) x, p, 1 + z.
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The packing of the molecules is illustrated in Fig. 2
as viewed down a. The molecules translated along ¢ are
cross-linked by O-—H.--O hydrogen bonds
[2-80 (1) A] involving the terminal carboxyl O(2) and
the central hydroxyl O(3) to form an infinite zig-zag
chain. These chains are linked by O—H- - - O hydrogen
bonds [2-65 (1) A] around the centre of symmetry
forming dimers involving O(1) and O(2) of the
carboxyl group. The hydrogen bonds help the chains to
form a set of parallel sheets which are held together by
van der Waals forces. The hydrogen-bonding scheme is
given in Table 5.

One of us (SR) thanks the University Grants
Commission and the CSIR, India, for financial
assistance.
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