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Table 4 (cont.) 
C. Ba-O polyhedron 

Interatomic distances (A) 
Ba-O(la+ c) 2.85 (1) 
Ba-O(3c) 3.02 (1) 
Ba-O(la) 2-88 (1) 
Ba-O(3) 2.78 (1) 
Ba-O(4) 2.85 (1) 
Ba-O(2c) 2.81 (1) 
Ba-O(2a+ c) 2.88 (1) 
Ba-O(4c) 2.92 (1) 
Ba-O(5b) 3.22 (1) 

D. Hydrogen bond 
O(4)-O(3c) 2-86 (1) A 

A more satisfactory distribution might be obtained 
by assigning some arbitrary small value to the bonds 
between barium and bridging oxygen atoms; this would 
tend to equalize the electrostatic bond strengths of the 
A 1 - O  bonds and to reduce slightly those of  the re- 
maining Ba-OH bonds. 
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The title compound, C21H12NzO3, crystallizes in the orthorhombic space group Pbca with unit-ceU 
dimensions of a = 14.45, b = 8-22 and c = 25.58 A, and with eight molecules per unit cell. Three-dimen- 
sional X-ray diffraction data were recorded on equi-inclination Weissenberg films using Cu Ke radia- 
tion, and the 2196 intensities were visually estimated. The structure was solved with the symbolic addi- 
tion method and has been refined with fuU-matrix least-squares to an R index of 0.10; anisotropic 
temperature factors were used for the carbon, nitrogen and oxygen atoms and the hydrogen atoms were 
included with isotropic temperature factors. The molecule is reasonably planar and structural require- 
ments have produced two close intramolecular contacts, O. • • H and CH3" " "O. Bond distances in the 
heterocyclic portion of the molecule show the effects of n-electron delocalization. 

I n t r o d u c t i o n  

The reaction of 1,4-naphthoquinone (I) with hydrazine 
hydrate does not occur in the usual way to yield the 

* Address inquiries to this author at the University of 
Maryland. 

familar ketonic hydrazone derivative. Hand & Cohen 
(1967) have reported that the naphthoquinone 'hydra- 
zone' and the compound isolated from the reaction 
of hydrazine hydrate with 2,2'-di-(1,4-naphthoquinone) 
(II) are identical, and they have shown that the material 
is the cinnoline derivative (IIIa). Our investigation of  
the structure of (III) was stimulated by some recent 
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work on the crystal structure of compound (II) (Am- 
mon, Sundaralingam & Stewart, 1969). The 'hydrazone' 
must be held in a rigid, planar configuration by the 
heterocyclic ring and the nonbonded interactions 
caused by such an arrangement should give rise to some 
interesting structural features. A determination of the 
crystal and molecular structure of the of the N-methyl 
derivative (IIIb), 6-methylbenzo[g]naphtho[1,2-c]- 
cinnoline-7,12,14-trione, is reported in this paper. 
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(IIIa) R = H ;  (IIIb) R = C H 3  

Experimental 

A generous sample of (IIIb) was obtained from Dr 
T. Cohen. The compound crystallized from anisole as 
blue-black, rectangular prisms. The crystals appeared 
to be constructed of small, but clearly visible, blocks 
and were somewhat fragile. Although recrystallization 
from anisole and other organic solvents was tried, in 
addition to high vacuum sublimation, we were not able 
to improve the crystal quality or grow larger speci- 
mens. 

Cell constants were measured from rotation and 
Weissenberg photographs (Cu K~, 2 =  1.5418 t~., cali- 
brated with NaCI, a = 5.6396 .~,) of a sample mounted 
parallel to the long prism axis (b). The compound 
crystallizes in the orthorhombic system and unit cell 
parameters are 

a =  14.451, b=8.221, c=25.581/~. 

For C21H12N203, mol. wt. 328.3 and Z = 8 ,  cOx-ray = 
1"487 g.cm-3; cOmeas=l'485 g.cm-3. * Systematic ab- 
sences, Okl absent for k odd, hOl absent for l odd and 
hkO absent for h odd, were consistent with space group 

* This density was measured by Dr H. Berman, who also 
made an initial determination of the cell parameters and space 
group (see Hand & Cohen, 1967). 

Pbca. None of the specimens examined proved to be 
suitable for diffractometry: the crystals suffered from 
a substantial mosaic spread (peak widths of 5-6 ° in 
20 were observed at low 20) and all of the specimens 
were multiple crystals. 

Intensity data subsequently were recorded using Ni- 
filtered Cu Ke radiation on equi-inclination Weissen- 
berg photographs. The hOl-h7l levels were recorded 
with a crystal that was 0.1 mm square by 0.2 mm long, 
the Okl-2kl  levels were recorded with a crystal that 
was ca. 0.08 mm square by 0.1 mm long, and the inten- 
sities were visually estimated by comparison with a 
calibrated film scale. Although the crystal splitting was 
quite evident in certain regions of the a-axis photo- 
graphs, we were able to estimate intensities in one 
octant where the spots were not noticeably split. Ex- 
tended spot shape corrections (Lonsdale, 1964; the 
crystal to source distance was measured in the way 
described by Singh & Ramaseshan, 1967) were applied 
and the data were reduced using a set of IBM 1130 
programs (Ammon, 1967). The data from the a and b 
axes were scaled together using the 'shortest path'  
method of Fox & Holmes (1966). Of the 2196 data 
(ca. 3473 data within the Cu sphere) measured out to 
a sin 0 of ca. 0.86, 1263 (58%) were observed; the 
unobserved data were coded as such and given an in- 
tensity equal to the smallest observable intensity on 
the appropriate photographic level. 

Table 1. Starting set of  reflections for construction 
of the phase pyramids 

Reflection E Phase 
9,0,14 3.123 + 
0,2,29 3.120 + 

11t3,18 3.524 + 
0t0,26 3.750 a 

14,0, 0 3"340 b 
012,20 3.167 c 

12,3,19 4.279 d 
0,6,13 2.939 e 
0,4,16 2.896 f 

origin 

arbitrary 

Table 2. Summary criteria for the two best 
phase solutions 

Criterion No. 6 No. 16 
No. of + signs 93 97 
No. of - signs 101 100 
No. undetermined 14 11 
No. correct Z2 triples 1998 2092 
No. incorrect Z2 triples 274 174 

The data were scaled and normalized structure- 
factor amplitudes (IEI) were computed using the X-ray 
67 (1967) subprogram DATFIX. The structure was 
solved by the symbolic addition procedure (Karle & 
Karle, 1966), using the PHASER system of programs 
(Ammon, 1964) modified to run on an IBM 360/40 
computer. We first used the 155 IEl 's>2"0 (1128 ~2 
triples) and the 'symbolic' phase pyramid generated by 
PHASER. The starting set of reflections necessary for 
the phase pyramid construction was readily narrowed 
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Tab le  3. Structure fac to r  list 
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down to the nine reflections shown in Table 1. Sub- "ff~2 triples. Of the 64 solutions, nos. 6 and 16 were 
sequent calculations utilized the 208 [E['s> 1.805 (this superior to all of  the others, and of  these two, the 
number of reflections gave 2400 ~2 triples, the storage latter appeared to be the single 'best' solution (Table 
limit of PHASER on a 131K by the IBM 360/40 corn- 2). Using the PHASER subprogram ADDPHAS, the 
puter). Although there were some strong relationships initial set of  197 signs from no. 16 was expanded to 
which could have been used to reduce the number of 850 signs ([E[ >0.5);  an E map computed with these 
'arbitrary' signs (Table 1) to three, we chose to treat phases did not reveal the structure. 
all six as unknowns and 64 (26 ) sign pyramids were Frequently, the starting sets of  phases for the few 
computed. It had been our previous experience (e.g. 'best' solutions differ from each other only in the 
A m m o n  & Jensen, 1967; A m m o n  & Sundaralingam, phases of  one or two reflections, and the generated 
1966) that the correct solution often could be pin- sets of phases are virtually identical. A comparison 
pointed by the use of several simple criteria: e.g. of the 194 phases common to solutions 6 and 16 re- 
relative number of + and - phases, number of unde- vealed that the sets of signs were different for 106 re- 
termined phases, and number of correct and incorrect flections. The 194 signs from no. 6 were then expanded 
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to include the IEl 's f rom 1.8-1.3. F r o m  these 204 
addi t iona l  data,  171 new signs were accepted according 
to the p robab i l i ty  criteria, and  an  E m a p  was calcu- 
lated with the 365 terms. All  26 of  the carbon,  n i t rogen 
and  oxygen a toms were clearly discernible  f rom this 
synthesis a n d  a subsequent  structure factor  ca lcula t ion  
gave an R (R=Y[FoI-IFcII/YJFol) of  0.31. A compa-  
r ison of  the or iginal  de te rmined  phases  wi th  those 
obta ined  f rom the fully refined structure showed that  
3 o f  the or iginal  194, and  9 o f  the second set o f  171, 
were incorrect.  

Al l  least-squares computa t ions  were done using the 
X-ray 67 (1967) subp rog ram ORFLS, which  collects 
the full  mat r ix  of  the no rma l  equat ions.  A l t h o u g h  all 
of  the carbon,  ni t rogen and  oxygen paramete rs  could 
be var ied s imul taneous ly  wi th  the p r o g r a m  in the iso- 
t ropic  t empera ture  factor  mode,  compute r  storage l imi- 
ta t ions  permi t ted  s imul taneous  ref inement  of  only 12 
a toms  wi th  anisotropic  tempera ture  factors. Thus  one 
overal l  'cycle '  of  anisotropic  ref inement  was achieved 
by three ind iv idua l  cycles of  ref inement  in which  the 

posi t ional  and  thermal  parameters  for 12 a toms were 
var ied dur ing  each cycle. The quant i ty  min imized  was 
r,w(Fo-Fe) 2. D u r i n g  the final cycles of  ref inement ,  a 
Hughes  (1941) weight ing scheme was appl ied (4Fmin = 
36"0); the unobserved  data  were given uni t  weights  i f  
Ifcl > Ifol and  zero weights if  IFc] < ]Fol. Hydrogen  
a toms were located f rom a difference synthesis  and  
were refined wi th  indiv idual  isotropic t empera tu re  
factors. The average and  m a x i m u m  paramete r  shifts 
f rom the last cycle o f  heavy a tom ref inement  were 
0.119a and  0.409a and  the R index was 0.10. For  73 
of  the 933 unobserved  reflections, the calculated struc- 
ture ampl i tudes  were larger that  the cor responding  
m i n i m u m  observed ampli tudes .  The a tomic  scat tering 
factors used were carbon,  ni t rogen and  oxygen (Berg- 
huis, Haanappe l ,  Potters,  Loopstra ,  M a c G i l l a v r y  & 
Veenendaal ,  1955); hydrogen  (Stewart, Dav idson  & 
Simpson,  1965). The  measured  and  calculated structure 
factors are given in Table  3. 

The a tomic  coordinates  and  thermal  parameters  are 
given in Table  4; b o n d  lengths and  angles between the 

Table  4. Fractional coordinates and temperature factors (A 2) for the carbon, oxygen, nitrogen and hydrogen atoms 

Estimated standard deviations are given in parentheses. 

The anisotropic thermal parameters are in the form exp [--0'25(h2Blla*2... 2klB23b*e*)]. 

X y g B Or B11 B22 B33 B12 BI3 B23 
0(7) 0.0081 (3) 0.2192 (9) 0.4510 (2) 2"6 (2) 16"9 (6) 9.2 (4) -0 .2  (3) 0.8 (2) -6 .7  (4) 
O(12) 0-3744 (2) 0.2656 (5) 0-4414 (2) 2.9 (2) 7"1 (3) 3"8 (2) -0.1 (2) 0.2 (1) 1"6 (2) 
O(14) 0-5080 (2) -0.0936 (6) 0.3213 (2) 2-3 (2) 9"2 (3) 4.8 (2) 0.0 (2") 1"1 (2) -2.1 (2) 
N(5) 0.1384 (3) -0-0272 (6) 0.3220 (2) 3-2 (2) 4-7 (3`) 3.9 (3) 0-0 (2) -0 .9  (2) -0-1 (2) 
Y(6) 0"0972 (3) 0.0541 (6) 0"3717 (2) 2-7 (2) 5-5 (3`) 4"0 (3) 0"2 (2) -0-2  (2`) -0"5 (2) 
C(1) 0-4016 (4) -0.2296 (8) 0.2400 (3) 4.8 (3) 4-5 (3) 4.7 (3) 0.3 (3) 1-1 (3) -0-3 (3) 
C(2) 0-3441 (5) -0.2902 (9) 0-2017 (3) 6.2 (4) 5.8 (4) 3.5 (3) -0-3 (3) 0.9 (3) - 1-0 (3) 
C(3) 0-2492 (5) -0.2621 (9`) 0.2041 (3`) 5-7 (3`) 6.2 (4) 3.7 (3) -0-1 (3) -0.1 (3`) -0 .7  (3) 
C(4) 0.2104 (4) -0.1796 (8) 0.2450 (3) 4.3 (3) 4.7 (3) 3.7 (3) 0.1 (2`) -0 .8  (2) -0-5 (3`) 
C(4a) 0.2672 (4) -0.1136 (7) 0.2848 (2) 3-9 (3) 4.0 (3) 2.7 (3) 0.2 (2) -0 .3  (2) 0.0 (2) 
C(4b) 0-2292 (3) -0.0249 (7) 0.3285 (2) 3.0 (2) 4.1 (3) 3.2 (3) -0 .2  (2) 0.2 (2) -0-0 (2) 
C(6) -0.0061 (4) 0.0227 (10) 0.3698 (3) 2.1 (2) 9.1 (5) 9.1 (5) -0-4  (3) 0.6 (3) -3 .4  (4) 
C(6a) 0-1439 (4) 0.1369 (7) 0.4083 (2) 3.2 (2) 4.0 (3) 4.0 (3) 0.2 (2`) -0 .7  (2`) 0-4 (2) 
C(7) 0-0926 (4) 0.2223 (9) 0-4494 (3) 3.9 (3) 6"6 (4) 4.7 (4) 0.4 (3) 0-3 (3) 0.2 (3) 
C(7a) 0.1430 (4) 0.3098 (8) 0-4904 (2) 4-1 (3) 5-0 (3) 3.2 (3) 0.8 (2) 0.4 (2) 0"3 (3) 
C(8) 0.0939 (4) 0.3865 (8) 0.5307 (3) 4"2 (3) 5.2 (5) 4.3 (3) 1-0 (3) 0.8 (3) 0.7 (3) 
C(9) 0.1437 (5) 0.4687 (9) 0.5690 (3) 6-3 (4) 5.7 (4) 4.0 (4) 0.9 (3) 1-1 (3) 0-1 (3) 
C(10) 0.2405 (5) 0.4789 (8) 0.5678 (2) 6.3 (4) 5-5 (4) 3.4 (3) 1.2 (3) 0.6 (3) 0.6 (3) 
C(l l )  0-2874 (4) 0-4011 (8) 0.5270 (2) 4.8 (3) 4.6 (3) 2-8 (2) 0.0 (3) 0.4 (2) -0-2  (2) 
C(l la)  0-2389 (4) 0.3222 (7) 0.4883 (2) 4"1 (3) 4.1 (3) 3.1 (3) 1.1 (2) 0.4 (2) 0-2 (2) 
C(12) 0-2915 (3) 0.2407 (8) 0.4444 (2) 2.8 (2) 5.1 (3) 3.7 (3) 0.3 (2) -0 .2  (2) 0.8 (3) 
C(12a) 0-2417 (4) 0.1426 (7) 0.4060 (2) 3"0 (2) 4"1 (3) 2.5 (2) 0.7 (2) 0"5 (2) 0-8 (2) 
C(12b) 0.2885 (3) 0.0538 (7) 0"3662 (2) 2.9 (2) 3"6 (3) 3.3 (3) -0.1 (2) 0.0 (2) 0.2 (2) 
C(14) 0.4248 (4) -0-0662 (8) 0.3219 (2) 3-4 (2) 5.0 (3) 4-0 (3) 0.5 (2) 0.3 (2) 0-1 (3) 
C(14a) 0.3632 (4) -0.1371 (7) 0.2814 (2) 3"7 (3) 4"3 (3) 2.5 (3) -0 .2  (2) 0.6 (2) 0.1 (2) 
H(1) 0.463 (3) -0.256 (5) 0.237 (2) 3-0 (2) 
H(2) 0-389 (4) -0-381 (8) 0.181 (2) 8.0 (1) 
H(3) 0-209 (4) -0.360 (9) 0.188 (3) 8.0 (2) 
H(4) 0.133 (5) -0"158 (9) 0.248 (3) 10.0 (3) 
H(6a) -0.003 (3) 0.028 (6) 0"316 (2) 5"0 (2) 
H(6b) -0.048 (6) -0.067 (11) 0-379 (3) 12-0 (2) 
H(6c) -0.045 (5) 0.104 (10) 0.377 (3) 10.0 (1) 
H(8) 0.017 (5) 0-371 (9) 0.529 (3) 9.0 (2) 
H(9) 0-100 (4) 0.499 (8) 0-599 (2) 8.0 (3) 
H(10) 0-269 (7) 0-544 (12) 0.591 (4) 15"0 (2) 
H( l l )  0.348 (5) 0.420 (10) 0.506 (3) 10-0 (1) 
H(13) 0"422 (3) 0"095 (6) 0"381 (2) 4-0 (2) 
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carbon, nitrogen and oxygen atoms are shown in Fig. 
1; bond lengths and angles involving the hydrogen 
atoms are reported in Tables 5 and 6. 

Table 5. Bond lengths and est imated standard 
deviations to hydrogen 

Length e.s.d. 
C( 1 )--H( 1 ) 0-92 A, 0"04 A 
C(2)--H(2) 1"12 0"06 
C(3)--H(3) 1.08 0"07 
C(4)-- H(4) 1.13 0.07 
C(6)--H(6a) 1.39 0.05 
C(6)--H(6b) 0.98 0.09 
C(6)--H(6c) 0.89 0.08 
C(8)--H(8) I. 12 0.07 
C(9)--H(9) 1.02 0.06 
C(10)-H(10) 0.89 0.10 
C(1 I)-H(11) 1.04 0.07 
C(13)-H(13) 0.90 0.05 

Discussion 

With the exception of O(12), O(14) and the methyl 
carbon, all of the atoms in a molecule are reasonably 
coplanar and deviate on the average 0.073 A from the 
mean molecular plane. Least-squares planes were cal- 
culated for each of the six-membered rings and for 
several combinations of rings, and in all cases e×amined 
the groups of atoms showed significant deviations from 
planarity.* Of the six-membered rings, the atoms in 

* The least-squares planes were computed with the pro- 
grams of Ahmed, Hall, Pippy & Saunderson (1967). The Z 2 

quantity (Z 2 = ~. d~2/a~2, where d; and ai refer to the ith atom's 
i = i  

distance from the plane and the standard deviation of the 
distance) was computed for each plane and used as a statistical 
test of coplanarity. 

the two benzene rings showed the highest degrees of 
coplanarity. 

Bond lengths in the central portion of the molecule, 
depicted by structure (IV), differ substantially from 
the idealized values for single and double bonds. With 
the expection of the C(14)-O(14) length of 1.223 A., 
which is normal for a ketonic carbonyl group, all of 
the bonds written in (IV) as formal double bonds are 
longer than one would expect for these bond types. 
In a similar way, all of the formal single bonds appear 
to be shorter than structure (IV) would predict. It is 
tempting to speculate that canonical forms (V) and 
(VI) may make a large contribution to the ground state 

0 O- 0 -  
I 

<- - -e  

i I +  i-l- 
R R R 

(w) (v) (vt) 

resonance hybrid and thus are responsible for these 
bond length discrepancies. The distances found for 
the C = N - N - C  moiety are close to those observed in 
other molecules which show substantial rc-electron de- 
localization, e.g. 1,2,4-triazole (Goldstein, Ladell & 
Abowitz, 1969) and 2-methyl-3-aza-5-trifluoracetyl- 
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Fig. 1. Bond lengths (A, larger numbers) and angles (°) for the carbon, oxygen and nitrogen atoms. Two close intramolecular 
approaches are also shown. E.s.d.'s in lengths and angles range from 0"006-0.010 ,~ and 0.5-0.6 °, respectively. 
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2H-2-pyrindine.1" Correction of the C(14)-O(14) bond 
length for the riding motion of one atom upon another 
(Busing & Levy, 1964), increased the distance from 
1.223 to 1.248 A. 

Most of the other bond lengths in (IIIb) have normal 
values. The average distances in the two benzene rings 
are 1-396 A and 1.393 A. 

Perhaps the most interesting structural feature in 
this molecule arises from the juxtaposition of the 
methyl and oxygen substituents on the cinnoline moiety 
This arrangement is responsible for the C(6).. .O(7) 
approach of 2.64 A, which is c a .  0.8 A shorter than 
the sum of the van der Waals radii of methyl and 

t Bond  distances in this pyrindine derivative suggest that  the 
dipolar structure shown below is impor tan t  to the g round  
state structure of  the molecule (Ammon,  Watts, Anderson,  
Forkey,  Grina & Johnson,  1970). 

N ~ O  N O- 
CF 3 OF3 

The ultraviolet and visible spectral properties of compounds  
like (IV) have been at tr ibuted to transitions involving dipolar  
structures (e.g. (V) and (VI); Hand  & Cohen,  1967). 

oxygen (3.4 A). The strain created by this interaction 
is evident in the two exocyclic angles at N(6) (127-3 ° 
and 108.9°); an increase in the C(6)-N(6)-C(6a) angle 
by 9.2 °, and concomitant decrease in C(6)-N(6)-N(5), 
from the conformation with two equal exocyclic an- 
les of 118.1 °, has permitted an increase in the methyl- 
oxygen distance of 0.24 A (from 2.40 A). This close 
approach is probably also responsible for the 0.13 A 
displacement of the methyl group from the mean plane 
of O(7)-C(7)-C(6a)-N(6)-N(5) and for the CH3-N 
bond length, 1.515 A, which is about 0.04 A longer 
than the values usually found for the C(sp3)-N linkage. 

The bond length and angles of the carbonyl group 
appear to show little effect of the methyl-oxygen inter- 
action. However, the magnitude of B22 for O(7), 16.9 
A z, is considerably larger than the B's for any of the 
other atoms. This observation, in conjunction with 
the relatively small angle between the b axis and the 
normal to the molecular plane, suggests that the size 
of the term is not due to any large thermal motion 
of the oxygen atom, but to a positional disorder of 
the atom.* The disorder could be caused by the methyl- 
oxygen interaction which forces the oxygen atom to 
lie above the methyl group in some molecules and 

* We are grateful to a referee for point ing out  this possib- 
ility. 
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Fig.2. A drawing of  a por t ion of  the unit cell viewed along the b axis. The nine hydrogen atoms which are l inked to trigonal car- 
bon are shown at their idealized positions. The observed positions of H(11) and H(2) are also shown with dashed lines f rom 
C(11) and C(2). O. • • H intermolecular contacts discussed in the text are designated with dashed lines. The relative posit ions of  
the molecules are: A at x, y, z; B at ½+x,  ½ - y ,  1 - z ;  C at 1 - x ,  ½+y,  ½ - z ;  D at ½+x,  y, ½ - z .  The dashed line separating C 
and D shows one posit ion of the b-glide plane. 
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Table 6. Bond angles and estimated standard deviations to hydrogen 

Angle E.s.d. Angle E.s.d. 
H( 1 )--C( 1 )-C(2) 116.0 ° 3.0 ° H(6a)-C(6)--H(6c) 101.0 ° 5.0 ° 
H(1)--C(1)-C(14a) 124-0 3.0 H(6b)-C(6)--H(6c) 97.0 7.0 
H(2)--C(2)-C(1 ) 103"0 3"0 H(8)--C(8)--C(7a) ! 15.0 4.0 
H(2)--C(2)-C(3) 134-0 3.0 H(8)--C(8)--C(9) 126.0 4.0 
H(3)--C(3)-C(2) 113.0 4.0 H(9)--C(9)--C(8) 109.0 4.0 
H(3)--C(3)-C(4) 116.0 4.0 H(9)--C(9)--C(10) ! 28.0 4.0 
H(4)--C(4)-C(3) 123.0 4.0 H(10)-C(10)-C(9) i 19.0 6.0 
H(4)--C(4)-C(4a) 117"0 4.0 H(10)-C(10)-C(I 1) 122.0 6.0 
H(6a)-C(6)-N(6) 90-0 2.0 H(I 1)-C(I 1)-C(10) 137.0 4-0 
H(6b)-C(6)-N(6) 137.0 5"0 H(I 1)-C(I 1)-C(1 la) 97.0 4.0 
H(6c)-C(6)-N(6) 119.0 5.0 H(13)-C(13)-C(12b) 119.0 3.0 
H(6a)-C(6)-H(6b) 106.0 5.0 H(I 3)-C(I 3)-C(14) 118.0 3-0 

below the methyl group in other molecules. The r.m.s. 
amplitude of vibration of 0(7) normal to the 0(7) -  
C(7)-C(6a)-N(6)-C(6) plane is 0.5 A. 

Another short intramolecular distance is observed 
between H(13) and O(12). The H . . . O  separation of 
2.20 A, which is appreciably less than the 2.6 ,~ sum 
of the hydrogen and oxygen van der Waals radii, is 
decreased to the very low value of 2.12 A when the 
observed C(13)-H(13) distance of 0.90 A is corrected 
to the more normal C-H length of 1.05 A. In view 
of this short H . . . O  approach and the fact that the 
hydrogen atom is linked to carbon, the question can 
be raised whether the H . . . O  interaction is attractive 
(i.e. a hydrogen bond) or repulsive. Unfortunately, the 
standard deviations in the C - C - H  angles are so large 
as to make any conclusions based on these angles 
extremely tenuous. The difference in the distances of 
H(13) and O(12) from the mean plane of the three 
central rings is 0.5 A and the C(13)-H(13). . .O(12) 
angle is 124 ° . 

Fig. 2 shows part of the unit cell viewed along b. 
The average molecular plane intersects the ae plane at 
an angle of about 33 °, and the long axis of the mo- 
lecule is almost parallel to the be plane. The mole- 
cules are located at ca. ¼ and ¼ in x, and thus are 
cut by the b-glide plane which is approximately normal 
to the molecular plane. The b glide transforms one 
molecule (at x,y,z)  into a second molecule (at ½--x, 
½+y,z), which is almost directly above the first one 
(e.g. C and D in Fig. 2), and leads to an arrangement 
in which the closest intermolecular contacts along b 
are between parallel rings. Assuming that the length 
of the b axis is solely dictated by these contacts, and 
taking into account the 33 ° angle between b and the 
plane of the molecule, the van der Waals 'thickness' 
of the molecule was computed as 3.45 A. 

The intermolecular contacts between hydrogen and 
oxygen were evaluated using (a) the hydrogen posi- 
tions obtained from least-squares refinement, and (b) 
idealized hydrogen positions for the nine atoms linked 

shorter than the 2.6 A sum of the hydrogen and oxygen 
van der Waals radii: O(14) . . .  H(9) and O(12) . . .  H(8) 
were both 2.54 A (between molecules A and B in Fig. 
2). The observed O(14) . . .H(2)  distance of 2.30 ,~,, 
between molecules A and C, was calculated at 2.63 ,~ 
for the idealized case. 
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