NALIDIXIC ACID

Fig. 2. Numbering scheme and thermal ellipsoids (enclosing 50%
probability) of nalidixic acid.

With increased precision, both pyridine rings show
significant deviations from planarity: the more-
substituted ring toward a twist-boat shape, and the
other ring toward a boat shape. Equations of mean
planes and deviations from them are given in Table 2.

As shown in Fig. 2, the plane of the N-ethyl group is
approximately perpendicular to the naphthyridine ring
system; the C(1)—C(2)—N(3)—C(4) torsion angle is
—99.0°.

Programs used in the analysis were from the NRC
crystallographic program set (Ahmed, Hall, Pippy &
Huber, 1973) and the IISc crystallographic programs
(Shiono & Reddy, 1968).

We wish to thank Professor M. A. Viswamitra and
Drs S. Ramakumar and V. Sudhakar, Indian Institute

Acta Cryst. (1980). B36, 499—502

499

of Science, Bangalore, for their helpful suggestions. We
thank Professor K. N. Kuchela, Department of
Physics, Bangalore University, for his interest in the
work. DSSG is indebted to the Indian Council of
Medical Research, New Delhi, for the financial support
of that part of the research carried out in Bangalore.

References

AcCHARL, A. & NEIDLE, S. (1976). Acta Cryst. B32, 600—
602.

AHMED, F. R., HALL, S. R., Pipry, M. E. & HUBER, C. P.
(1973). NRC Crystallographic Programs for the
IBM/360 System. Accession Nos. 133-147 in J. Appl.
Cryst. 6, 309-346.

CZUGLER, M., ARGAY, G., FRANK, J., MESzAROS, Z.,
KuTscHABSKY, L. & RECk, G. (1976). Acta Cryst. B32,
3124-3126.

DECLERCQ, J. P., GERMAIN, G., MAIN, P. & WOOLFSON, M.
M. (1973). Acta Cryst. A29, 231-234.

GALE, E. F., CUNDLIFFE, E., REYNOLDS, P. E., RICHMOND,
M. H. & WARING, M. J. (1972). The Molecular Basis of
Antibiotic Action. London: John Wiley.

GELLERT, M., MizuucHi, K., O’'Dea, M. H,, Itoy, T. &
Tomizawa, J. (1977). Proc. Natl Acad. Sci. USA, 74,
4772-4776.

International Tables for X-ray Crystallography (1974). Vol.
IV. Birmingham: Kynoch Press.

SHIONO, R. & REDDY, S. (1968). IISc crystallographic
programs.

Sugmo, A., PeeBLes, C. L., KrReuzer, K. N. &
CozzARELLIL, N. R, (1977). Proc. Natl Acad. Sci. USA,
74,4767-4771.

Methyl Phenyl[syn-a-(tosylhydrazono)benzyllphosphinate — A Short Intramolecular
N—H-...0 Hydrogen Bond

By G. Maas*
Fachbereich Chemie der Universitdt, Postfach 3049, D-6750 Kaiserslautern, Federal Republic of Germany

AND R. HoGE
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Abstract. C,,H,,N,0,PS, M, = 428-43, triclinic, PI,
a=11-877(8), b = 10-234 (7), ¢ = 10-000 (7) A, a =
107-30 (2), § = 109-52 (2), y = 70-54 (2)°, V' = 1009
A} Z =2, D, = 1410 Mg m~3, y(Mo Ka) = 0-271
mm-~!, The syn configuration around the C=N double

* To whom correspondence should be addressed.

0567-7408/80/020499-04$01.00

bond supports the formation of an intramolecular
N—H---0O hydrogen bond which closes a part of the
molecule to a six-membered ring: N—H.--O 2.660 (7),
O---H1.70 9) A, /N—H...0 143 (9)°.

Introduction. The title compound (I) was obtained by
benzophenone-sensitized irradiation of the known anti

© 1980 International Union of Crystallography
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isomer (II) (Felcht & Regitz, 1975) [Philips HPK 125
high-pressure mercury lamp, 3 h, separation of the
photoequilibrium mixture by column chromatography
over silica gel, m.p. of (I) 413 K].

/C6H5

N=C hv, sens.
/ \ /OCH] 1
— P —_
HJC’<§>-Ozs N.d eHe T
H...0

(In O

Suitable crystals were obtained from ether. A crystal
0-12 x 0-12 x 0-12 mm was used for data collection
on a Philips PW 1100 four-circle diffractometer (Zr-
filtered Mo K radiation, 6/28 scan, scan speed 0-025°
s71). 1151 reflections up to sin §/4 = 0-5040 A-! were
measured. Three reference reflections, monitored every
hour, revealed no systematic changes in intensity. The
intensities were corrected for Lorentz and polarization
factors, but not for absorption. The centrosymmetric
space group was confirmed by E distribution tests. The
structure was solved by MULTAN 74 (Main,

Table 1. Coordinates (x10% of the non-hydrogen
atoms

E.s.d.’s are in parentheses.

X y z
P 7831 (2) 1490 (2) 6017 (2)
S 5535(2) 1768 (2) 8911 (2)
o(1) 7807 (4) 212 (4) 6404 (5)
0(2) 7661 (4) 1362 (4) 4360 (4)
0(3) 5579 (4) 342 (4) 8834 (5)
0(4) 4457 (4) 2876 (5) 9070 (5)
N(1) 5882 (4) 2988 (5) 7267 (5)
N(2) 5820 (4) 1695 (5) 7373 (5)
C() 6577 (6) 942 (8) 3301 (7)
C(2) 9234 (5) 2027 (6) 6864 (6)
c@3) 9515 (6) 2497 (7) 8364 (7)
C@4 10616 (6) 2872 (8) 9096 (8)
C(5) 11442 (6) 2762 (1) 8304 (8)
C(6) 11149 (6) 2302 (8) 6841 (8)
C(7 10042 (6) 1931 (7) 6095 (7)
C(8) 6640 (5) 3013 (6) 6600 (6)
C(9) 6631 (5) 4462 (6) 6559 (6)
C(10) 6766 (6) 4735 (7) 5348 (7)
C(11) 6764 (6) 6095 (7) 5347 (8)
C(12) 6631 (6) 7160 (7) 6537 (8)
C(13) 6503 (6) 6914 (7) 7754 (8)
C(14) 6488 (5) 5568 (6) 7758 (1)
C(15) 6819 (5) 2223 (6) 10245 (6)
C(16) 6768 (6) 3620 (6) 10932 (7)
C(17) 7835 (6) 3959 (7) 11876 (7)
C(18) 8934 (6) 2954 (7) 12149 (7)
C(19) 8972 (6) 1562 (7) 11488 (7)
C(20) 7922 (6) 1178 (7) 10524 (7)
c@n 10120 (7) 3356 (9) 13158 (8)

METHYL PHENYL[syn-a-(TOSYLHYDRAZONO)BENZYL]PHOSPHINATE

Table 2. Final coordinates (x 10%) of the H atoms

X ¥ z
H(N2) 657 (6) 76 (8) 711(8)
H(1.1) 686 (8) 32(9) 246 (9)
H(1.2) 632 (7) 25(9) 378 (9)
H(1.3) 604 (9) 178 (10) 302 (10)
H(3) 886 (7) 262 (8) 888 (8)
H(4) 1081 (8) 324 (9) 1017 (9)
H(5) 1154 (9) 308(11) 884 (11)
H(6) 1169 (7) 226 (8) 612 (8)
H(7) 981 (5) 161 (6) 501 (6)
H(10) 688 (6) 392(7) 440 (7)
H(11) 685 (6) 620 (7) 438 (7)
H(12) 664 (6) 818 (6) 651 (7)
H(13) 643 (6) 769 (8) 864 (8)
H(14) 641 (6) 533(8) 874 (7)
H(16) 583 (6) 437(7) 1073 (7)
H(17) 775 (6) 494 (7) 1241 (7)
H(19) 976 (8) 77 (9) 1149 (9)
H(20) 787 (6) 13(7) 1000 (7)
H(21.1) 79 (8) 252 (9) 1314 (10)
H(21.2) 30(7) 398 (9) 275 (9)
H(21.3) —10(7) 404 (8) 405 (8)

Woolfson, Lessinger, Germain & Declercq, 1974) with
240 E’s = 1-51. Refinement of the structure was by
block-diagonal least squares (Bartlett, 1972), iso-
tropically and anisotropically with 1134 reflections [ F,
> 30(F,)l and unit weights. H atoms were located in a
difference map. With the heavy atoms treated aniso-
tropically, and H atoms isotropically with the fixed B
value of their bonding neighbour, refinement con-
verged to R = 0-037. Final coordinates are given in
Tables 1 and 2, and details of the molecular geometry
in Table 3.*

Discussion. From 'H NMR spectra, the existence of an
intramolecular NH-.-.O hydrogen bond with the
phosphoryl O atom as hydrogen acceptor was known,
because the NH proton resonance is independent of
concentration; this fact does not hold, on the other
hand, for the NH resonance of the anti isomer (1I). The
structure analysis of (I) was carried out to gain
information about the geometry of this intramolecular
hydrogen bond. The molecular structure is shown in
Fig. 1. As the NH:-.O bond closes part of the
molecule to a six-membered ring, no linear arrange-
ment of the hydrogen bond was to be expected. In fact
(Fig. 2), N(2)—H---0O(1) is found to be 143 (9)°. The
short distances N(2).---O(1) [2:660(7) A] and
O(1)---H [1-70 (9) Al seem to be typical for intra-
molecular N—H.--O hydrogen bonds, although ex-

* Lists of structure factors and thermal parameters have been
deposited with the British Library Lending Division as Supplemen-
tary Publication No. SUP 34770 (9 pp.). Copies may be obtained
through The Executive Secretary, International Union of Crystal-
lography, 5 Abbey Square, Chester CH1 2HU, England.
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Table 3. Bond distances (A) and angles (°) with e.s.d.’s in parentheses

0()—C(1)  1-466 (9) P—C(2) 1.786 (7)
P-0(1) 1-482 (6) C(2)-C3)  1-391(9)
P—0(2) 1.571 (5) C(3)-C4) 1.386(12)
P—C(8) 1-820 (6) C(4)—C(5) 1-412(15)
C(8)-N(I) 1.298 (11) C(5)—C(6)  1-358 (10)
N(2)-N(1)  1.386 (10) C(6)-C(T)  1392(11)
S-N(2) 1.658 (1) C(H—CQ)  1.381(13)
S—0(3) 1-422 (6)

S—0(4) 1-419 (5)

O(-P-0(2)  1153(3) P—C(2)-C(3)  116:8(7)
O(—P—C(2)  1148(3) P—C()-C(T)  122:4(5)
O()—P—C(8)  110-3(4) C3)-C(-C(7) 120-7(7)
O—P-C(2)  1031(4) C(I—C(T—C(6) 119-1(7)
02)-P—C(8)  108:0(3) C(T)—C(6)~C(5) 121.2(10)
C(8)—P—C(2)  104-5(3) C(6)—C(5)—C(4) 119-9 (8)
P-O(2-C(1)  119-1(6) C(5)—C(#)—C(3) 119-3(7)
P_C(8)-C(9)  119-6(6) C(4)—C(3)—C(2) 119-7(9)
P_C(8)-N(1)  124.9(5)

C(9)—C(8)-N(1) 114-6 (5)

C(8)-N(1)=N(2) 119-3 (5)

N(D)-N@2)-S 1128 (4)

N(2)—S-0(3) 1036 (3)

N(2)-S—O(4)  108-8 (3) b H 4
N(2)-S—C(15)  103.5 (4) N(2)—H(N2)- --0(1)
0(3)-S—0(4)  120-8 (4)

0(3)—S—C(15)  109-5 (3)

O(4)-S—C(15)  109-2(3)

Fig. 1. ORTEP plot (Johnson, 1965) of methyl phenylisyn-a-
(tosylhydrazono)benzyllphosphinate. Thermal ellipsoids are at
the 50% probability level.

perience on this subject is rather limited (Olovsson &
Jonsson, 1976). We have found a similar geometry in
3-diazo-2,3-dihydrophenalene-1,2-dione  1-[(4-bromo-
phenylsulphonylhydrazone], where N—-H..-O =
2:56 (1), H---O = 1-94(13) A and /N-H---0 =
113 (9)°. As can be seen from the torsion angles (Table
4), the six-membered ring is not quite planar.
Deviations come from N(2) and, to a minor extent,
from the H atom; distances of these two atoms from a
least-squares plane through the other ring atoms are
—0-21 and —0- 14 A respectively.
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C(8)—C(9) 1-492 (11) S—C(15) 1.751 (7)
C(9)—C(10) 1-390 (13) C(15)—C(16)  1-381(9)
C(10)—-C(11)  1-391(13) C(16)—C(17)  1-384(11)
C(11)-C(12)  1-367 (11) C(17)—C(18)  1-368(10)
C(12)—-C(13)  1-378(15) C(18)—-C(21) 1536 (12)
C(13)-C(14)  1.385(12) C(18)-C(19)  1-373(11)
C(14)—C(9) 1397 (9) C(19)—C(20)  1-392(11)
C(20)—C(15)  1-392(9)
C(8)—C(9)—C(10) 121.3 (10)  S—C(15)—-C(16) 120-4 (5)
C(8)—C(9)—C(14) 119-6 (7) S—C(15)—C(20) 119-3 (5)
C(10)—C(9)—C(14) 119-1(7) C(16)—C(15-C(20) 120-2 (6)
C(9)-C(14)—C(13) 120:5(8) C(15)—C(20)—C(19) 119-2(6)
C(14)—C(13)-C(12) 119:3(7) C(20)—C(19)—C(18) 120-9 (6)
C(13)-C(12)—C(11) 121-1(8) C(19)—-C(18)—-C(17) 118-8(7)
C(12)-C(11)—C(10) 120-0(10) C(18)—C(17)—C(16) 122-1(7)
C(11)—C(100—C(9) 119:9(7) C(17)—C(16)—C(15) 118-8(6)
C(19)—C(18)—C(21) 119-8(6)
C(7)-C(18)—C(21) 121-4(7)
Hydrogen bond
D..-4 D-H H...4 (DHA
2-660 (7) 1-10 (8) 1.70 (9) 143 (9)

1.298(1)

Fig. 2. Geometry of the six-membered ring formed by the intra-
molecular N—H- - -O hydrogen bond (distances in A, angles in deg).

Table 4. Torsion angles (°) and a least-squares plane
in the six-membered ring containing the N—H...-O
hydrogen bond

Torsion angles
H(N2)—-N(2)=N(1)-C(8)
N(2)-N(1)-C(8)-P
N(1)-C(8)-P-O(1)
Least-squares plane defined by N(1)-C(8)—P—-0O(1)

5-6091x + 1-8802y + 6-4865z = 8-5737

137 (4-2)
-10-2(8)
0-4 (6)

C(8)—-P—O(1)-H(N2) 4.6 (2-6)
P—O(1)-H(N2)—N(2) -1 (10)
O(1)-H(N2)-N(2)-N(1) -9(11)

Deviations (A)

N(1) 0-001 (2) C(8)
o(1) —0-001 (2) N(2)

0-001(2)
—0-14.(8)

—0-002 (2) P
—0-21(5) H(N2)
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Abstract. C,H/NO,, orthorhombic, Fdd2, a =
10-845 (9), b = 30-204 (7), ¢ = 10-575 @) A, V =
3464 A3, D, = 1.378, D, = 1.36 Mg m~® (by
flotation), Z = 16. The final R = 0-064 for 799
reflexions and 118 variables. The molecules are inter-
bonded by hydrogen bonds through the O(1) of the
carboxyl group and O(3!) of the acetamide group
forming chains on alternating planes approximately
parallel to (301) and (301).

Introduction. The strong triboluminescence (TL) of N-
acetylanthranilic acid and of many other compounds
was observed by Zink, Hardy & Sutton (1976). From
their experience they suggest that the presence or
absence of TL is probably a function of the crystal
structure. The crystal structure determination of the
title compound was undertaken to provide the
necessary information needed to test such a possibility.

N-Acetylanthranilic acid was obtained by refluxing
anthranilic acid and acetic anhydride with subsequent
hydrolysis. Colorless platelets of single crystals with
melting point 461-462 K were obtained by recrystal-
lization from a solution of acetic acid and water. The b
direction is perpendicular and the a and ¢ directions are
parallel to the flat surface of the platelets. The optical
study was carried out on a polarizing microscope and

* Present address: Instituto de Matematica e Fisica, Universidade
Federal de Goias, Caixa Postal 597, 74000 Goiania, GO, Brazil.

0567-7408/80/020502-03$01.00

the refractive indices, determined by the immersion
method, are:

n,=1-449 2V =30°
n, =1.726 optical character = biaxial (—)
n, =1.775 birefringency = a — y=0-32,

where the a, £ and y directions correspond respectively
to the crystal b, a and ¢ directions. Intensities were
measured at room temperature on an Enraf-Nonius
CAD-4 diffractometer with the 8-26 scan technique up
to 8 = 75°, using graphite-monochromatized Cu Ka
radiation and a scintillation counter. Systematic ab-
sences were found when the following conditions were
not obeyed: hkl: h + k, k + I, (I + h) = even; Okl: k + |
=4n (k,l = 2n); hOL: | + h = 4n (I,h = 2n); hkO: h,k =
2n; h00: h = 4n; 0kO: k = 4n; 00!: | = 4n, from which
the space group Fdd2 was inferred. Of the 866
measured independent reflections, 799 with I > 3¢(I)
were considered as observed, where o(J) is the
standard deviation of the intensity on the basis of
counting statistics. As the crystal used was a triangular
platelet with a largest dimension of 0-3 mm, 4 = 0-888
mm~', no absorption or extinction correction was
made. The structure was solved with MULTAN
(Germain, Main & Woolfson, 1971). Scattering factors
were from Cromer & Waber (1974) for C, O, N and H.
The coordinates of all atoms, except hydrogens, and
the respective anisotropic temperature factors were
refined by full-matrix least-squares minimization of
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