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Topochemical Studies. IX. The Crystal and Molecular Structure of p-Aminoacetophenone
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Department of Chemistry, Faculty of Science, Okayama University, Tsushima, Okayama 700, Japan

(Received 28 July 1975; accepted 4 September 1975)

The crystal structure of p-aminoacetophenone has been determined from visually-estimated X-ray
diffraction data. The crystals are monoclinic, space group P2,/a, with cell dimensions of a=17-63 (2),
b=518 (1), c=851 (1) A, B=1066 (2)° and Z=4. The final R value was 0-073 for 950 non-zero re-
flexions. The molecule is nearly planar, and the benzene ring takes a quinonoid form. The carbonyl O
atom deviates by 0-128 A from the plane of the benzene ring. The molecules related by a twofold screw
axis are linked by a N-H- - - N hydrogen bond (3-217 A) to form a chain along the b axis. The chains are
held together by a N-H - - - O hydrogen bond (2:905 A) between the molecules related by a c-translation
to form a sheet parallel to the bc plane. The sheets are stacked by van der Waals forces at a spacing of
3-46 A. The structure is similar to that of p-aminobenzamide.

Introduction

Acetophenone is one of the most typical aromatic
carbonyls which show interesting photochemical pro-
perties (Griffin, 1968; Lindqvist, 1972; Tanimoto,
Hirota & Nagakura, 1975; Tanimoto, Azumi &
Nagakura, 1975). From combined X-ray and neutron
diffraction data, O’Connor & Maslen (1974) have
concluded that the carbonyl bond in the acetyl group
attached to the benzene ring is strongly polar. It is of
additional interest that aminoacetophenone derivatives
possess some degree of local anaesthetic activity (Boido
& Di Maio-Cappello, 1974).

As part of the topochemical studies (part VIII:
Haisa, Kashino, Ikejiri, Ohno & Teranishi, 1976), the
structure determination of p-aminoacetophenone was
undertaken to investigate the effect of the occurrence
of an amino group, which has both electron-donating
properties and the ability to form hydrogen bonds, on
the molecular structure and molecular overlapping in
the crystals.

Experimental

The crystals were obtained from an ethanol solution as
prisms elongated along the b axis. Density was
measured by flotation in a mixture of carbon tetra-
chloride and xylene. The crystal data are: p-amino-
acetophenone CgH,NO, M.W. 1352, m.p. 110°C.
Monoclinic, space group P2,/a, a=17-63 (2), b=
518 (1), c=851(1) A, B=106'6 (2)°, U=7447 A3,
D,=120, D,=121 g cm™3 for Z=4, F(000)=288,
u4=66 cm~! for Cu Ko (A=1-5418 A).

Intensity data were collected on equi-inclination
Weissenberg photographs for the layers hk0 to hk6
and A0/ to A4l with specimens of dimensions 0-27 x
0-31x0-41 and 0-30x0-40x0-15 mm, respectively.
Lorentz and polarization, and shape corrections were
applied and intensities of the 950 independent re-
flexions were placed on an approximately absolute
scale by a Wilson plot (B=5-8 A?).

Structure determination and refinement

The structure was solved by the Patterson method and
refined by block-diagonal least-squares calculations.
At the stage of an R value of 0-11 all the H atoms were
located by a difference Fourier synthesis. With aniso-
tropic thermal parameters for the non-hydrogen atoms
and the weighting scheme: w=10 for 0<|F,|] <40
and w=(4-0/|F,])? for |F,| > 40, the refinement reduced
the R value to 0-073.*

The final atomic parameters are listed in Table 1.
The atomic scattering factors were taken from Inter-
national Tables for X-ray Crystallography (1962). The

* A list of structure factors has been deposited with the
British Library Lending Division as Supplementary Publica-
tion No. SUP 31367 (5 pp.). Copies may be obtained through
The Executive Secretary, International Union of Crystallog-
raphy, 13 White Friars, Chester CH1 1NZ, England.

Fig. 1. Projection of the crystal structure viewed down the b
axis. Broken lines show hydrogen bonds, and dotted lines
intermolecular contacts.

Symmetry code:ix,y,z;iid—x, —4+y,1—z;ilix,—1+y,z:
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%'_xs%'*'y’z—z'
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Table 1. Atomic parameters

Positional and thermal parameters for the non-hydrogen atoms ( x 10*) with their e.s.d.’s in parenthesgs. The f’s are defined by:
exp (— i Py — k?* Bz — 1*Bss — hkBrz — hlBis — kiB1s).

X y z Bu
(o] 1113 (2) 5127 (6) 1763 (3) 83 (1)
N 1946 (2) 6820 (6) 9453 (3) 61 (1)
C(1) 1176 (2) 4549 (6) 4519 (4) 38 (1)
C(2) 1705 (2) 6579 (6) 5034 (4) 47 (1)
C@3) 1966 (2) 7322 (6) 6644 (4) 42 (1)
C4) 1687 (2) 6091 (6) 7832 (4) 45 (1)
C(5) 1163 (2) 4024 (7) 7339 (4) 57 (1)
C(6) 916 (2) 3304 (6) 5726 (4) 51(1)
C( 905 (2) 3870 (7) 2773 (4) 54 (1)
C(8) 361 (3) 1621 (8) 2214 (5) 79 (2)

Table 1 (cont.)

Positional (x 10%) and isotropic thermal parameters for the
hydrogen atoms.

x y z B Ay
H(1) 211 (2) 848 (7) 958 (4) 4-8 (0-8)
H(2) 166 (2) 630 (7) 1017 (5) 6-2 (1-0)
H®3) 187 (2) 757 (8) 419 (5) 63 (1-0)
H®4) 228 (2) 892 (6) 697 (4) 3-5(0:7)
H(5) 94 (2) 324 (8) 815 (5) 5-5(0'9)
H(6) 42 (2) 198 (7) 534 (5) 5-2 (0-9)
H(7) 53 (3) 6 (10) 235(7) 89 (1-3)
H(8) 11 (3) 195 (12) 114 (7) 10-7 (1-5)
H(9) -8(@) 161 (11) 272 (6) 9-7 (1-4)

computation was carried out on an NEAC 2200-500
computer at the Okayama University Computer
Centre. The programs used were HBLS-5 and DAPH
(Ashida, 1973).

Results and discussion

Projection of the crystal structure viewed down the b
axis is illustrated in Fig. 1. Bond lengths and angles

122-1(3) 1181(3) .

ne(2 .

102(5)

Fig. 2. Bond lengths (A) and angles (°) with their e.s.d.’s in
parentheses.

B2z Pas Bz Bis Ba
1041 (19) 196 (4) —173(8) 81 (4) 22 (14)
659 (14) 186 (5) —29(7) 37 (4) —36(13)
491 (13) 192 (5) 35 (6) 45 (4) 17 (12)
507 (13) 203(5) —8(6) 67 (4) 55 (14)
509 (13) 223 (5) —22(6) 43 (4) 2 (14)
480 (13) 180 (5) 24 (6) 40 (4) 49 (13)
548 (15) 199 (6) —60(7) 62 (5) 68 (14)
513 (14) 211 (6) —41(7) 47(4) -9(14)
604 (16) 193 (6) 68 (7) 43 (4) -9 (15)
696 (19) 246 (7) —28 (10) 2 (6) —208 (19)

are shown in Fig. 2. The displacements of the atoms
from the least-squares planes of the benzene ring and
the acetyl group are listed in Table 2. The molecule is
essentially planar with the dihedral angle between the
acetyl group and the benzene ring of 4-0°, which is
comparable to 3-4° in acetophenone (Tanimoto,
Kobayashi, Nagakura & Saito, 1973).

Table 2. The least-squares planes and deviations from
the planes
X=ax+czcos B, Y=by, Z=czsin

(I) Benzene ring: 0:7510X—0-6411Y+0-1580Z + 0-1957=0

Atom  Shift (A)  Atom  Shift (A)  Atom  Shift (A)
C(l)*  —0-001 C(7)  —0:040 H() -034
C(2)* —0-003 c®) 0016 H(2) —024
C(3)* 0010 0 —-0128 H(3) —006
C@* —0015 N ~0-000 H@) -011
C(5* 0006 H(5) —008
C6)* 0004 H(6) —019
(II) Acetyl group: 0-7905X—0-6013Y +0-1165Z +0-2165=0
C(1)*  —0-001 o*  —0-001 H(T) 071
C(H* 0003 C) 0054 H(@) —035
C@®)* —0-001 C6) —0-092 H(9 —067

* Atoms used for the calculation of the planes.

The bond lengths, C(1)-C(7), C(2)-C(3) and C(5)-
C(6), are shorter than those in acetophenone and p-
hydroxyacetophenone (Vainshtein, Lobanova & Gur-
skaya, 1974). The angles, C(2)-C(1)-C(6) and C(3)-
C(4)-C(5), are smaller than the sp? angle which in-
dicates through-conjugation (Domenicano, Vaciago &
Coulson, 1975). The shortening of bond lengths and
the narrowing of bond angles suggest that the molecule
takes a quinonoid form because of interaction between
a strong m-donor and a m-acceptor. Such a quinonoid
structure has been found in p-aminobenzoic acid (Lai
& Marsh, 1967), 2-(p-dimethylanilino)-4-phenyl-6a-
thiathiophthene  (Hordvik &  Saethre, 1972),
N,N,N’,N’-tetramethylphenylenediamine radical cat-
ion (de Boer & Vos, 1972) and N,N-dimethyl-p-
nitrosoaniline (Remming & Talberg, 1973). Kim,
Boyko & Carpenter (1973) have shown that p-nitro-
acetophenone takes a quinonoid form and ascribed it to
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the substitution of two electron-withdrawing groups.
A further example has also been reported for
terephthalic acid (Bailey & Brown, 1967).

The molecules related by a twofold screw axis at
x=1%and z=0are linked by N-H - - N hydrogen bonds
between the amino groups to form a chain along the
b axis. The chains are held together side by side through
the N-H-.-O hydrogen bond between the amino
group and the carbonyl group of the molecule related
by a c-translation to form a sheet parallel to the be
plane. The sheet consists of the molecules related by a
twofold screw axis at x=2% and z=13. The benzene rings
make an angle of 79-7° to each other. The sheets are
stacked by van der Waals forces at a spacing of 3-46 A,
their molecular overlapping and stacking mode being
illustrated in Fig. 3.

It is of particular interest to compare the structure
with that of p-aminobenzamide (Alléaume & Decap,
1965). Their cell dimensions and structural features are
similar to each other as seen from Table 3. But in the
present compound the N- - -0"-C(7") angle is close to
the digonal angle rather than the sp? angle. The amide
group in p-aminobenzamide is largely twisted about the
C(1)-C(7) bond by the additional hydrogen bonds.

Table 3. The correspondence of structural features of
p-aminoacetophenone with those of p-aminobenzamide

H,NC,H,COCH; H,NCH,CONH,

Cell constants a=1763 A c=791 A

b=5-18 b=529

c=851 a=8-42

p=106-6° p=108-0°
Space group P2,/a P2,
Dihedral angle between the benzene ring planes related by
the twofold screw axis 79-7° 71-2°
Geometry of hydrogen bonds
Newerooes oY 2:905 (4) A 297 A
Necvooors H(2)---0Y 177 (4)° —
) EEEREREE OY——C(TY) 162-4 (3) 117-7
Neeeeoore Nvi 3-217 (6) A 318 A
N H(1)- - N 154 (3)° —
C(4)———N:------ M 120-5 (2) 122:2
C(@4)———N----- Nvit 120-8 (2) 1162
C(4)———N-+--- N+t 94-0 (2) 954
Ov ....... N.. ..... NVU 115.5 (1) ]07.0
QVeerrore Neeeoos N 868 (1) 101-7
NViieooass N N¥i 1072 () 112-5
Namigey—H:**"+* (o} none 2:95,3-134

Dihedral angle between the benzene ring and acety! (or amide)
group 4:0° 27:2°
Symmetry code is given in Fig. 1.
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