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The Crystal and Molecular Structure of 2-Acetyl-3-indazolinone, CoHsN>O>

By DougLAs L.SMITH AND EILEEN K.BARRETT

Research Laboratories, Eastman Kodak Company, Rochester, New York 14650, USA

(Received 31 December 1968)

The molecular structure of the unstable, low-melting (175-177°C) isomer of acetyl indazolinone,
CoHgN,0,, has been determined from single-crystal, X-ray intensity data collected with an automated
diffractometer. The crystals are monoclinic, space group P2;/n, with four molecules in a unit cell of
dimensions a=11-354, b= 5-683, c=13-088 A; §=107-44°. The structure was solved by direct phasing
of the structure amplitudes by the symbolic addition procedure and refined by full-matrix least-squares.
Hydrogen atoms were located and refined. The final value of the discrepancy index is R=0-039 for
1283 reflections. The results show that the unstable isomer is 2-acetyl-3-indazolinone.

Introduction

The use of 3-indazolinone and certain substituted 3-
indazolinones as coupling agents for the production of
color photographic images has been the subject of seve-
ral patents (Barr, Henn & Salminen, 1962; Jennen
& Eerdekens, 1954, 1960; Jennen, 1953, 1954). In
particular, acetylation of 3-indazolinone under certain
conditions leads to either of two isomers, l-acetyl-3-
indazolinone (4) or 2-acetyl-3-indazolinone (B) (Jen-
nen, 1957; Jennen & Eerdekens, 1954). The lower
melting isomer (hereafter called AIU) is unstable and
is converted to the higher melting isomer (hereafter
called AIS) in alkaline solution at room temperature
or by heat (Young, 1965; Jennen, 1957). Reports in the
literature (Janssen, 1962; Jennen, 1957) have supported
the view that 2-acetyl-3-indazolinone (B)is the unstable
isomer, AIU. However, some work in our laboratories
(Young, 1965), involving direct synthesis of the couplers
and the nature of the dyes formed on development,
would be more easily explained if 2-acetyl-3-indazoli-
none (B) were the stable isomer, AIS.
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To resolve this ambiguity in structure assignment,
we have determined the crystal and molecular struc-
ture of AIU by single-crystal, X-ray diffraction tech-
niques. The structure ultimately found for this isomer
is 2-acetyl-3-indazolinone.

Experimental
Samples of both isomers were supplied by D.V.Young,
of these laboratories. The sample of AIU already con-
tained suitable single crystals; recrystallization of AIS

Table 1. Crystal data for AIU

CyoHgN,O2,
2-Acetyl-3-indazolinone.
Colorless, irregular plates.

Monoclinic (Cu Koy =1-54051 A),

M.W. 17618,

Volume of unit cell, 805-7+0-3 A3,

Density, calculated (Z=4)

measured (flotation)

m.p. 175-177°
a=11-354+0-001 A
b= 5-683+0-001
¢=13-088 +0-001
B=107-44 +0-01°
1-452 g.cm™3
1-44 g.cm—3

Linear absorption coefficient, z=28-9 cm~! (Cu Ka)
Total number of electrons per unit cell F(000)=2368
Absent spectra: A0/ for £+ odd, 0kO for k odd

Space group P2;/n (C52r)

General positions: +(x, y, z; 3+x, ¥ —», ++2).
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from acetone yielded satisfactory crystals. Small crys-
tals of both materials were attached to thin glass rods
with Canada balsam. Space group extinctions and pre-
liminary lattice dimensions were obtained from pre-
cession photographs.

(A4), AIS

The colorless acicular (b) crystals (m.p. 213-216°C)
are monoclinic with cell parameters:

a=17-02+ 003, 5=529 + 001, c=9-02 + 0-02 A, =
100-4 +0-1°.

Systematic absences are 40!/ for A+ odd and 0kO for
k odd. These absences are consistent with space group
P2;/n (C3,). Four molecules per unit cell give a calcu-
lated density of 1-46 g.cm—3 in agreement with the ob-
served density of 1-47 g.cm—3 obtained by flotation. No
further work has been done with this isomer since the
crystals are small and of generally poor quality.

(B), AIU

Some difficulty was experienced in finding untwinned
crystals of ATU, but eventually an untwinned, irregular,
platy crystal approximately 0-57 x 0-:34 x 0-05 mm was
chosen for intensity data collection on an automatic
Picker four-circle goniostat. Narrow source, open-
counter « scans (Furnas, 1957) through several re-
flections showed the mosaicity to range from 0-15° to
0-25° for various directions in the crystal. Twenty-five
reflections at moderately high Bragg angles (Cu Ko radi-
ation) were accurately centered through very narrow
vertical and horizontal slits at a take-off angle of 0:5°,
These observations were used as input to the computer
program PICK?2 (Ibers, 1966) which refined the cell and
orientation parameters by the method of least-squares
and generated the cards to control the automated gonio-
stat. The refined cell parameters as well as other crystal
data are given in Table 1.

Intensity data were collected with Ni-filtered Cu radi-
ation at a take-off angle of 2:0°. A scintillation detector
-was used and the pulse-height analyzer was set for an
approximately 90% window. All 1377 unique reflec-
tions for 20<130° were measured by the 6-26 scan
technique (Furnas, 1957) at a 26 scan rate of 1:0°
min~!. The scan range varied from 1:6° at low 20
to 3-7° at high 26. Stationary crystal-stationary counter
background counts. were taken for 40 sec at each end
of the scan. For count rates above 13,000 c.p.s. brass
attenuators (~ 68% attenuation) were automatically in-
serted in the diffracted beam by the Picker system.

To check electronic and crystal stability during the
period of data collection, the intensity of the 216 re-
flection was measured every 50th reflection. The small
(~2%) systematic decrease observed in this standard
intensity over the period of data collection was not
considered to be significant. The standard deviation
of 216, calculated from 31 observations, was 2:7 times
what one would expect on the basis of counting statis-
tics alone.
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The reduction of the intensity data to structure am-
plitudes was accomplished with the computer program
DACQOR written by one of us (DLS). The background
for a reflection was approximated by a straight line
between the two measured background points. The in-
tensities, corrected for background, were next corrected
for Lorentz and polarization effects but not for absorp-
tion. Standard deviations ¢(I) were based on counting
statistics and were corrected to o(F). Of the 1377 meas-
ured reflections, 110 were less than 20(7) and were con-
sidered as unobserved. The intensities of these unob-
served reflections were then set equal to 2¢(J) and cor-
rected to structure amplitudes, Fiim.

Determination and refinement of the structure

The structure was solved by the direct phasing of the
structure amplitudes by the symbolic addition proce-
dure of Karle & Karle (1966). The magnitudes of the
normalized structure factors, |Ey|, were computed
from

N
E%;=F%1/8j§lffn

where ¢=2 when H is A0/ or 0k0, é=1 otherwise, N
is the number of atoms in the unit cell, f}y is the atomic
scattering factor for the jth atom, and the FZ have been
placed on an absolute scale and corrected for thermal
motion by means of a least-squares fit of a Wilson
(1942) plot. ’

The computer program ESORT, written by one of us
(DLS), was used to calculate the statistical averages
shown in Table 2 for the normalized structure factors.
Comparison of these values with theoretical values
(Hauptman & Karle, 1953) confirmed the centric space
group. Unobserved reflections were included in the
Wilson plot and in the statistical averages as EZ,/3
(Hamilton, 1955). The same program listed all triplet
interactions Ey, Ex, and Ey_g for all |E| > 2-0 and also
thoseinteractions of | Ey|>1-6 with |Eg| and |Ey_g|>1-4
to facilitate the application of the X, relationship,

$Ey~s X Eg Ey_x
of Hauptman & Karle (1953) used in the symbolic ad-
dition procedure.

Table 2. Statistical averages of |E|

Theoretical
Experimental Centric Acentric
{E) 0-811 0-798 0-886
{JE2—1]) 0-995 0-968 0-736
{E2]) 1-034 1-000 1-000

Three linearly independent reflections with large E
magnitudes and many interactions were assigned posi-
tive signs to specify the origin. Later phases @,b and ¢
were assigned in sequence to three additional reflec-
tions in order to proceed with the phase determination.
With these six assignments (Table 3) the phases of 218
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of the 237 reflections with |E| > 1-4 were expressed in
terms of +, —, or functions of a,b, and ¢. No phase
indication was accepted unless the probability that it
was correct was greater than 0-97, as calculated from
Woolfson’s (1954) formula,

Fig.1. Configuration, labeling, and interatomic distances and
angles for AIU.
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P+(Ey)=1%+13 tanh (03/0,°%) |Ey| 2 Ex Ey_x»
K

N
where o,= 2 Z". From interactions among the signs
i=t

it soon became evident that a was probably —. Later
evidence indicated that both & and ¢ were probably +.
The three-dimensional E map (Karle, Hauptman,
Karle & Wing, 1958), calculated with this most consis-
tent set of phases, yielded all 13 heavy atoms for which
the discrepancy index R;=2ZX ||F,|—|F¢*||/Z|Fs| was
0-27.

Table 3. Starting set of phases

h |E| Phase
3-82
298
2:54
2:90
3-09
2-29

N BN 00 L
- O e N = R
il oo~
oo +++

A full-matrix least-squares refinement was then made
with the use of all observed reflections plus those un-
observed reflections for which |F¥| > Fiim. The quantity
minimized was X w(|Fo| —|F¥[)? where

4
Fil= KEAL+ g (oo Simg ) FTV = KFJG,

(1+cos?26) sin 26

in which K is the scale factor, g is the extinction param-
eter (Zachariasen, 1963; Larson, 1967), and F, is the

Fig.2. [010],projection of the structure.
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usual calculated structure factor. The weights were de-
fined as

w=[02(F,)+(0-03 Fo)?]-1 .

Two cycles of least-squares refinement with iso-
tropic temperature factors followed by two cycles with
anisotropic temperature factors reduced R; to 0-080.
A difference Fourier synthesis clearly showed the 8
hydrogen atoms. The hydrogen atoms were assigned
isotropic temperature factors and refinement was re-
sumed with all parameters except g allowed to vary.
Four cycles resulted in R;=0-044 with only small
(<0-80) parameter shifts on the last cycle. Up to this
point, g had been held equal to zero. Two refinement
cycles in which only K and g were varied reduced R, to
0-039 and two more cycles in which all parameters were
varied concluded the refinement. For the last cycle of
refinement only three of the 151 parameters shifted
more than 0-1 ¢ and the maximum shift was 0-29¢. The
final discrepancy indices for the 1267 observed re-
flections plus the 16 unobserved reflections with
|F¥| > Fiim were R;=0039 and R,=[Zw(F,—|F¥)?/
ZwF?212=0-059. The standard deviation of an obser-
vation of unit weight was 1-79. Of the 16 unobserved
reflections with |F¥|> Fim, none had |F¥|>1-5Fiin.
It is interesting to note that all 218 phases originally
derived from the 2, relation were correct.

A final difference Fourier synthesis contained values
between —0-20 and +0-30 e.A-3 and thus verified the
structure. However, the difference electron density was
generally > 0 in the vicinity of the mean molecular plan-
es, particularly between atoms, and <O in the regions
between the molecules. This systematic distribution of
residual density is undoubtedly caused by the neglect
of bonding effects on the atomic scattering factors; it
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has been observed by Cady (1967), Fritchie (1966) and
Hanson (1966), among others, and is discussed in detail
by Hirshfeld & Rabinovich (1967), O’Connell, Rae &
Maslen (1966), Rae & Maslen (1965), Dawson (1965)
and Stewart, Davidson & Simpson (1965).

The final positional and thermal parameters, with
standard deviations estimated from the full-matrix
least-squares process, are given in Table 4. The average
standard deviations of the positional parameters ex-
pressed in A are 0-0013 for O and N, 0-0015 for C, and
0-022 for H. Two other parameters refined in the least-
squares process were the scale factor, K=8-013 + 0.038,
and the extinction coefficient,* g=(0-269 +0-031)+
104, The final values of the observed and calculated
structure amplitudes are compared in Table 5.

The Fourier computer program used in this analysis
was obtained from Professor J. Trotter (1965). The full-
matrix least-squares refinement utilized a modification
of the Busing, Martin & Levy (1962) program ORFLS.
The atomic scattering factors used for all atoms were
obtained from International Tables for X-ray Crystal-
lography (1962). All computations were performed on
an IBM System 360 computer.

Description and discussion of the structure

The structure determination has shown that AIU is
2-acetyl-3-indazolinone. Thus AIS, the stable isomer,

* A referee has noted that there has been an overcorrection
for the extinction effect (see 202 and 212). This is undoubtedly
a result of our method for determining g. We used a least-
squares procedure in which all reflections were included and
which was biased against the stronger reflections by the
weighting scheme. Thus g was probably determined mainly by
the reflections which were least affected by extinction.

Table 4. Final atomic parameters with their estimated standard deviations in parentheses
Thermal parameters are defined by the expression:

Ti=exp [—2(B11h2a*2 + Byrk2b*2 + B33l2c*2 4+ 2 Byshka*b* + 2 Byshla*c* + 2 Baskib*c®)] .

x y z By, B>, B33 B2 B3 B3
O()  034275(11) —0-28796 (19) 079572 (9)  444(5) 2:69(5) 432(5) —072(4) 145() —063 (4)
O(2) 031809 (13) 024484 (21) 101240 (10) 651 (8) 459(6) 477(6) —123(5) 325(6) —174(5)
N(1) 046770 (11) 025925 (20)  0-89409 (10)  3-53(6) 246 (5) 3-02(5) —0-51(4) 100 (4) - —025(4)
N(2) 038670 (10)  0:06660 (18)  0-88906 (9)  2:94(5) 2:42(5) 274(5 —026(3) 076(8) —011(3)
C(1) 039437 (12) —0:09686 (23) 0-81098 (10) 2:90(6) 2:44(6) 272(6)  021(4) 045(8) —0-11(4)
C(2) 047678 (12) 001186 (24) 075836 (10) 2:80(5) 2:63(6) 269(5)  038(4) 046(4) 006 (4)
C(3) 051562 (14) —0:06125 (28) 067234 (12) 369 (7) 338(D) 331(6)  060(5) 103(5 —027 (5
C(4) 059377 (14) 008456 (29)  0-63865 (13)  3-65(7) 466(8) 327(6)  068(5) 142(5 010 (5)
C(S) 063411 (14) 029745 (33) 069181 (12)  3-46(6) 4-42(8) 3-62() —001(6) 1:19 (5) 0-64 (6)
C(6) 059648 (14) 037145 (27) 077726 (12) 3-52(6) 331(D 330(6) —035(5) 091 (5 019 (5)
C(1)  051577(12) 022491 (23) 080915 (11) 2:89(6) 2:57(6) 2:53(5)  027(8) 045(4) 014 (4)
C(8) 031131 (13) 007519 (26) 095528 (11) 3-46(6) 3-48(7) 2:63(6) —001(5) 083 (5) —001 (5
C(9)  022537(16) —0:12557 (33) 094959 (14) 370 (7) 442(8) 372()) —079(6) 143(6) —0-34(6)
H(1) 0-4267 (17) 0-:3971 (32) 0-8914 (14) 1-88 (36)
H(3) 0-4906 (17) —0-2194 (33) 0-6386 (14) 1-64 (33)
H(4) 0-6237 (19) 0-0365 (37) 0-5784 (16) 2-82 (40)
H(5) 0-6956 (19) 0-3944 (34) 0-6666 (17) 2:83 (41)
H(6) 0-6232 (18) 0-5227 (36) 0-8129 (16) 2:66 (38)
H(@1) 0-2701 (22) —0-2715 (40) 0-9629 (17) 3-42 (48)
H(2) 0-1748 (22) —0-1411 (41) 0-8761 (19) 3-80 (49)
H@3) 0-1708 (21) —0-0951 (40) 0-9968 (19) 4-54 (55)
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must be l-acetyl-3-indazolinone. Fig.1 shows the
labeling, configuration, and interatomic distances (un-
corrected for thermal motion) and angles for the AIU
molecule. Estimated standard deviations for the dis-
tances and angles were calculated from the coordinate
standard deviations obtained in the least-squares pro-
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cess. The e.s.d.’s are less than 0-003 A for heavy-atom
separations and 0-03 A for distances involving hydro-
gen atoms. The e.s.d.’s for the angles (Darlow, 1960)
are less than 0-2° for heavy-heavy-heavy, 1-5° for
heavy-heavy-hydrogen, and 2:0° for hydrogen-heavy-
hydrogen.

Table 5. Observed and calculated structure factors for AIU
The column headings are 4, /, 10G|Fo|/k and 10F.. An asterisk designates ‘less than’.

ss00e Kn 0 e 10 =4 52 56 4 2 85 81 9 & 59 58
10 6 82 64 4 -2 585 623 9 -4 103 101
0 2 496 491 10 -6 23 25 6 3 261 254 9 5 18 20
0 4 126 U7 10 -8 35 38 “=-3 31 38 9 -5 141 140
6 6 170 169 10-10 11 9 4 4 453 456 9 6 43 a5
0 8 9t 84 10-12 13 13 4 -4 153 153 9 ~6 Be 1
010 156 152 11 e 39 4 5 48 47 9 7 8e 7
012 95 97 1 -1 s 57 4 =5 167 155 9-7 18 18
016 98 99 113 30 31 “ 6 8 5 9-8 22 22
11 221 229 11 -3 113 116 4 -6 286 286 9-9 41 &7
1 -1 584 671 11 -5 169 170 “« 7 21 19 9-10 24 26
1 3 398 424 11 =T 198 196 4 =T 174 164 911 42 44
1 -3 193 202 11-9 &3 39 “ 8 26 21 9-12 28 29
15 15 86 =11 10 10 4 -8 e 4 9-13 21 17
1 -3 360 258 12 0 8e 4 4 9 37 36 10 0 9% 5
1 7 260 255 12 2 86 86 “ -9 32 3 1001 13 12
1-7 218 258 12 =2 44 45 410 10 6 10-1 70 73
19 293 287 12 =6 104 99 4-10 134 139 10 2 45  4s
1-9 230 219 12 -6 8e 0 4 11 105 102 10-2 17 20
ta 8 6 12 -8 42 38 11113 121 10 3 46 4l
=11 66 68 12-10 20 21 “12 86 86 10 -3 26 2%
113 44 45 13-3 19 18 4-12 133 137 10 « 76 77
1-13 115 116 13 -5 64 &3 4-13 96 97 10 -4 8 &
2 0 3l 359 13 -7 43 43 -l 21 21 10 5 16 2
2 21932 1512 4-15 16 13 10-5 28 29
2 -2 T 12 5 0 8 7 10 6 L
2 4 58 65 1 S 1 101 98 10 -6 203 196
2 -4 703 725 5 -1 29 26 10 -7 138 141
2 6 43 <0 0 1 303 321 5 2 126 123 10 -8 82 80
2 -6 147 140 0 2 31 33 5 -2 120 114 -9 17 1s
2 8 132 134 0 3 251 258 5 3 46 48 tg-10 37 3y
2-8 18 18 0 & 168 166 S -3 218 221 lo-11 50 s2
210 81 82 0 5 48 49 5 4 268 262 10-12 20 21
2-10 46 45 0 & 293 102 5 -6 184 184 11 o0 81 81
212 13 19 0 7 128 117 5 5 81 sa o1 15 17
2-12 172 178 0 8 130 130 5 -5 182 113 1 -1 39 37
2-14 167 170 0o 9 18 4 5 6 91 90 12 s1 ss
31 152 160 0 10 8% & 5 -6 65 68 11 -2 110 109
3 -1 33 354 011 14 12 s 7 32 33 o3 2 12
303 17y 7S 012 13 11 5> =7 102 105 -3 38 27
3 -3 95 108 013 95 97 5 8 36 31 14 1+ 5
3 s 126 122 014 26 26 5 -8 31 34 11 -4 58 55
3 -5 416 461 1 0 648 650 5 9 12 11 11 -5 50 52
37 125 127 1 1 608 595 5 -9 193 194 11 -6 62 62
3 -7 319 327 L-1 155 176 510 55 52 -7 31 32
3 9 10 67 1 2 571 568 5-10 82 83 11 -8 58 59
3-9 16 85 1 =2 239 259 5 11 9 3 -9 33 3
311 40 4l L 3 377 385 s-11 8¢ 11 1-10 18 20
3-11 96 92 L=-3 25 20 5-12 8e 12 -1 8e 10
313 715 715 1 4 284 282 5-13 10 8 12 0 8s 5
3-13 101 105 1 -4 o0 S-14 as 10 12 1 78 80
3-15 26 271 1 5 114 116 5-15 55 58 12-1 23 22
4 0 193 203 1-5 46 43 6 0 330 327 12 =2 4«1 47
2 1 L6 29 24 6 1 99 101 12 -3 38 35
4 =2 406 432 1 -6 99 101 6 -1 86 89 12 -4 29 28
4 4 66 T4 1.1 14 69 6 2 65 62 12 -5 81 86
4 -6 278 211 1 -7 397 401 6 -2 52 52 12 -6 62 42
4 6 148 144 18 13 13 6 3 9 98 12 -1 18 18
4 -6 375 387 1-8 18 77 6=-3 18 18 12-8 23 21
4 8 36 34 19 8e 5 6 4 64 6l 12 -9 8¢ 0
4 -8 62 68 1L-9 81 79 6 -4 60 1 12-10 76 72
4 10 111 108 110 88 86 6 5 82 19 13 -2 36 31
4~10 1le 120 1-10 s 4 6 -5 107 95 13 -3 715 13
412 42 39 111 93 93 6 6 25 2% 13 -6 53 54
4-12 155 158 -1 8 6 -6 123 130 15 -5 83 80
4=14 19 L 12 45 45 6 7 5 25 13 -6 36 35
1 156 152 1-12 15 13 6 -1 25 25 13-7 18 18

S -1 12 68 113 8e 1 6 8 21 28

5 3 39 37 1-13 ge 3 6 -8 112 113

S -3 351 374 1i4 32 32 6 9 38 39 sesas k= 2

5 5 49 48 1-14 101 104 6 -9 153 155
S ~5 256 254 2 0 268 2¢6 610 28 25 0 0 267 268
S 7 109 110 2 1 589 589 6-10 147 148 0 1 146 151
s =1 21 18 2 -1 39 6-11 181 185 0 2 63 55
S 9 46 47 2 21372 1185 6-12 14 1T 0 3 18« 180
5 -9 119 128 2 -2 289 6-13 28 27 0 4 14l 137
5 11 7¢ 3 2 3 1118 6-14 30 33 0 5 10 65
5-11 44 42 2-3 94 4 6-15 26 26 0 6 165 159
5-13 69 64 2 4« 15 151 7 0 83 84 0 T 163 161
5-15 9 31 2 -4 34 31 T 1 86 83 0 8 69 72
6 0 233 235 2 5 107 107 7 -1 14l 146 09 19 78
6 2 66 68 2 -5 109 108 T 2 81 A7 010 219 216
6 =2 191 192 2 6 40 41 72 170 164 011 20 19
6 4 21 26 2 -6 226 221 7 3 101 98 012 36 38
6 -4 338 362 27 v 3 7-3 193 196 013 23 24
& 6 104 104 2 -1 61 6l 7T 4 20 21 016 26 29
6 -6 61 60 2 8 110 110 T-4 87 84 1 0 113 113
6 8 51 48 2 -8 308 299 T 5 60 57 1 1 209 208
6 -8 83 87 2 9 159 149 7-5 45 S0 1 -1 223 263
& 10 ae 2-9 18 172 7 6 65 o8 L2 5z 45
6-10 129 125 210 41 39 T-6 22 21 1 -2 217 204
6-12 31 35 2-10 15 78 17 8e 3 13 24 21
614 &3 38 211 26 2% T-1 39 38 -3 243 203
71 53 sl 2-11 104 104 7 8 3 35 1 &« 76 81
7 -1 146 148 2 12 107 105 1-8 74 15 1 -4 53 54
73 23 23 2-12 31 31 7 9 18 18 1 5 147 138
7-3 122 121 213 8s 2 7-9 113 112 1 -5 7 3
7 5 108 111 2-13 50 51 7-10 60 65 r s 2y 21
7-5 81 713 2-16 33 30 1-11 25 21 1-6 10 72
L SR 41 2-15 40 4l 7-12 8s 4 17 8L Tl
7 -7 219 219 3 0 208 195 7-13 28 28 1-1 29 28
T 9 42 a7 3 1 349 355 7-14 8e 0 18 21 22
7-9 103 101 3.1 36 e 8 0 8e & 1-8 8 15
-1 92 92 3 2 589 598 8 1 43 43 1 9 49 <9
7-13 99 104 3 -2 56 1 8 -1 &6 46 1-9 371 34
B 0 150 17 3 3 94 92 8 2 3% 136 110 8e 5
8 2 201 202 3-3 70 72 3.-2 32 32 1-10 95 95
8 -2 186 185 3 4 333 335 8 3 59 59 111 83 81
8 & 55 58 3 -4 9% 104 8-3 33 %2 1-11 49 &7
8 -4 129 131 3 05 211 211 8 4 sg s7 112 20 16
3 & 55 S5 3 -5 354 369 8 -4 55 55 1-12 80 8l
8 -6 144 149 3 6 113 108 8 5 64 o8 113 12 10
8 8 18 16 3-6 61 66 8 -5 18 20 1-13 60 59
8 -8 232 223 37T 5T 49 8 6 46 48 1-14 8s 0
8-10 80 81 3-7 58 52 8 -6 as 3 2 0 158 lé4&
8-12 41 40 3 8 55 53 8 1 25 29 2 1 178 178
8-14 21 26 3-8 106 106 8 ~7T 59 59 2 -1 297 310
9 1 85 84 3.9 62 b6 8 8 47 48 2 2 157 154
9 -1 11 13 3-9 74 72 8 -8 131 129 2-2 32 3
9 3 52 53 310 58 54 8 -9 194 197 2 3 91 98
9 -3 65 b6 3-10 39 38 8-10 53 sl 2-3 12 m
9 5 38 36 311 67 65 8-11 44 42 2 4 50 4s
9 -5 11 7 3~11 149 154 8-12 18 13 2 ~4 458 475
9 7 104 108 312 49 48 8-13 4«8 50 2 s 62 s
9 -1 231 232 3-12 93 94 8-14  S1 48 2-5 152 147
9 -9 186 188 313 8s 1 9 0 93 93 2 6 135 134
9-11 55 59 3-13 70 74 9 1 s 58 2-~6 16 17
9-13 24 21 3-16 19 19 9 -1 123 120 2.1 26 29
10 0 133 139 3-15 31 27 9 2 2 24 2-1 22 71
10 2 61 65 4 0 143 139 9 -2 111 109 2 8 8s 11
10 -2 40 43 4 1 133 133 9 3 & 43 2 -8 196 194
100 6 19 21 4 -1 40 38 9 -3 28 28 2 9 100 97

2-9 49 48 7 -9 147 151 2 0 &2 35 7-5 166 166
210 95 93 7-10 88 83 2 1 17 s 7 6 59 60
2-10 e 1 -1 18 82 2-1 60 60 7-6 95 97
211 115 116 712 43 46 2 2 165 159 7 7 156 155
2-11 130 133 7-13 24 26 2-2 110 111 7-7 83 83
212 55 57 714 20 18 2 3 70 s 7 8 10 11
2-12 61 63 8 0 31 29 2 -3 137 139 7-8 11 5
213 7e 1 8 1 98 9 2 4 38 40 7 -9 108 107
2-13 35 36 8 -1 45 46 2 -4 36 34 7-10 54 54
2-14 46 43 8 2 100 99 2.5 73 715 711 54 50
3 0 108 104 8 -2 64 b6 2-5 38 36 7-12 8s &
31 130 125 8 3 36 38 2 6 90 92 7-13 30 29
3 -1 se 3 8 -3 ge 5 2 -6 62 54 & 0 88 A7
3 2 80 715 8 & 8s 9 2 7 8 2 8 1 100 100
3-2 19 83 8 -« 9 12 2-7 34 40 B -1 6l 59
3 3 331 330 8 5 9 “ 2 8 32 32 6 2 141 142
3 -3 155 160 8 -5 81 80 2 -8 112 111 8 -2 186 190
3 4 31 33 8 6 50 54 2 9 Be 2 8 3 100 101
3 -4 262 203 8 -6 49 53 2-9 63 6l 8-3 19 19
3 5 101 103 8 1 12 a2 210 26 28 8 & 32 30
3 -5 211 222 8 =7 116 116 2-10 49 51 8 -4 86 81
3 6 127 126 6 8 17 21 211 63 64 8 5 62 66
3 -6 95 88 8 -8 197 193 2-11 46 44 8 -5 8y 1
3.7 25 24 8-9 20 21 212 87 9 8 6 8s 5
3-7 37 38 8-10 8 9 2-12 21 23 8 -6 205 208
3.8 35 3] 8-11 49 49 2-13 23 25 8~1 12 15
3-8 21 21 8-12 17 19 3 0 9 100 8 -8 32 33
3 9 102 9% 8-13 23 271 3 1 206 201 8-9 32 35
3-9 64 62 9 0 26 25 3 -1 346 345 8-10 21 22
310 21 23 9 1 8e 10 3 2 66 59 8-11 12 15
3-10 % 59 9-1 15 74 3-2 115 121 8-12 8s &
31 713 T 9 2 25 23 3 3 ar 7 9 0 23 20
3-11 64 63 9 -2 69 70 3-3 210 207 9 1 16 713
312 1 9 9 3 nt 3 4 76 10 9 -1 8 11
3-12 2t 7 9 -3 120 120 3 -6 36 37 9 2 22 22
3-13 127 129 9 &« 26 21 305 126 124 9-2 16 15
3-16 54 51 9 -4 137 a1 3-5 13 72 9 3 16 715
4 0 3% 28 9 5 12 10 3 6 45 48 9 -3 5T s2
& 1 132 121 9 -5 8s & 3.6 49 52 9 « 15 17
4 -1 132 132 9 6 e 5 3.7 26 26 9 -4 67 I
4 2 219 08 9-6 91 91 3 -7 169 175 9 5 60 b5
4 -2 131 129 9 -1 21 21 3 8 19 716 9 -5 74 15
4« 3 211 212 9-8 13 15 3-8 107 109 9-6 18 20
4 ~3 181 185 9 -9 82 B84 3 9 21 30 9 -7 106 97
4 4 416 413 9-10 37 40 3-9 19 21 9-8 24 27
4 -4 18 22 911 26 24 310 58 54 9-9 16 20
4 s e 0 9-12 8 2 3-10 99 101 9-10 36 31
4 -5 143 140 9-13 36 34 3In 90 9 9-11 38 41
4 6 28 25 10 0 95 96 =11 50 50 10 0 S& 61
4 -6 101 101 o1 29 29 3-12 83 8 o 1 18 15
« 7 87 82 10 -1 27 28 3-13 30 30 10 -1 28 29
4 -1 21 21 10 2 26 2% 4« 0 167 162 10 2 24 2
« 8 17 a7 10 -2 264 25 4 1 a1 3 10 -2 10 10
4 -8 121 127 10 3 106 106 4 -1 88 85 10 3 20 22
4 9 16 16 10~3 42 38 “ 2 61 62 10 -3 17 14
4 -9 170 175 10 &« 32 29 4 =2 206 217 10 -4 73 714
410 39 38 10 -4 112 113 4 3 31 38 10 -5 34 35
4-10 115 117 10 5 52 53 “=3 32 34 10-6 18 To
4 11 8e 3 10 -5 68 65 4 & e 7 10 -7 44 44
4-11 38 33 10-6 10 13 4 -4 108 110 10 -8 9 8
=12 10 12 10 -7 3 38 “ 5 6 10 -9 52 52
4-13 81 6l 10-8 53 51 4 =5 49 48 10-10 36 31
416 11 11 10 -9 43 43 4 6 43 42 1o 30 29
5 0 19 188 10-10 10 12 4 -6 123 125 1o 19 20
S 1 208 204 10-11 29 23 4 7 8 83 -1 27 2
S -1 176 175 10-12 66 59 4 -7 50 50 11 -2 9 10
5 2 143 143 11 o o 9 4 8 140 139 1 -3 8e 7
5 -2 233 235 11 T4 T4 4 -8 57 59 1} -4 9 7
5 3 308 304 -1 67 &8 . 9 8s 5 11 -5 52 46
5 -3 122 126 12 15 14 4 -9 14 11 -6 29 20
5 4 93 91 -2 56 56 410 25 23 H -7 49 4B
S -4 136 129 113 61 66 4-10 100 106 -8 3 37
5 5 136 133 -3 36 36 4-11 9e 17

5 -5 6s &7 11 -4 «8 51 4-12 160 153

5 6 149 149 11 -5 26 22 4-13 35 35 evese Xz & wsese
S -6 185 177 11 -6 9 1 5 0 10 13

s 7 8e 3 11 -7 19 20 5 1 162 15 0 0 146 137
s -7 11 11 1 -8 22 22 s -1 22 26 0 1 16 15
5 8 68 66 -9 10 12 s 2 51 se o 2 28 26
5 -8 18 17 11-10 8e 9 5-2 18 23 0 3 187 188
5 9 26 25 12 o 8e & 5 3 8s s 0 4 4B 49
5 -9 106 105 12 -1 8s 1 S =3 113 114 0 5 58 58
510 19 17 12 -2 68 67 S & 13 14 06 1N 5
5-10 9 9 12-3 13 a3 5 -4 50 50 0 7 115 111
511 2 67 12 -4 95 93 5 5 194 192 0 8 67 66
5-11 203 205 12-5 31 32 5 -5 81 80 2 9 116 18
5-12 1264 124 12 -6 711 69 5 & 62 57 010 7« 78
5-13 16 21 12 -7 8e s S -6 98 102 o1l 25 23
5-14 42 40 12 -8 17 15 S 7 141 140 1 0 50 48
6 0 211 21e S -7 100 97 L1 68 7
6 1 85 82 5 8 9 8 1 -1 122 129
6 -1 66 65 seese Kx 3 sense s -8 12 12 L 2 141 138
6 2 49 50 5 9 17 1% 1-2 129 126
6 -2 76 3 0o 1 32 31 5 -9 48 &9 13 15 718
6 3 8e 2 o 2 o6 2 510 44 46 L -3 116 113
6-3 202 200 0o 3 22 23 5-10 60 &4 1 « 80 80
6 & 140 141 0 & e o 5-11 47 46 1 -4 165 166
6 -4 142 142 0 s 3 30 512 10 12 15 8e 4
6 5 173 169 0 6 148 148 5-13 36 35 1-5 56 s6
6-5 92 90 o 7 38 35 6 0 8e 3 1 6 123 125
6 6 191 192 [ ] 8 2 6 1 78 78 1=-6 11 1«
6 -6 124 115 0 9 129 132 6-1 16 78 17 103 101
6 7 8e 2 010 10 71 6 2 20 17 1-7 17 8
6 -1 126 128 011 58 55 6 -2 125 128 1 8 66 66
& 8 18 19 012 11 7 6 3 b4 b4 1-8 36 38
6-8 81 8 013 44 46 6 -3 20 21 19 45 s
6 9 100 98 Lo 217 211 6 &« 39 39 1-9 37 38
6 -9 49 52 11 719 719 6 -4 134 132 L1011 a2
610 63 b4 1-1 21 20 6 5 62 o4 1-10 58 60
6-10 197 197 1 2 248 230 6 -5 91 39 11T e
6-11 41 38 1-2 86 86 & & 109 109 =11 1 a3
6-12 39 40 1 3 68 &8 6 -6 64 60 1-12 8 s
6-13 8s & 1 -3 180 174 6 1 17 1 2 0 121 121
6-14 31 31 L 4 157 148 6 -7 13 14 2 1 60 59
7 0 15 0T 1 -4 9 1% 6 8 24 23 2-1 119 120
71 38 38 s 8e 6 -8 241 241 2 2 35 13
7-1 80 78 1-5 259 252 6 9 13 14 2-2 24 20
7 2 100 96 1 6 110 106 6-9 10 “ 2 3 8e 1
1.2 66 67 1-6 51 50 6-10 121 116 2-3 15 15
7 3 91 9 17 130 129 6-11 21 21 2 4 25 22
7-3 13 15 1-7 81 718 6-12 11 9 2-4 76 T4
7 4 115 115 1 8 63 65 6-13 10 3 2 5 115 112
7 -4 197 197 1-8 27 2 7T 0 24 24 2 -5 131 128
7 5 122 123 19 147 144 7 1 133 136 2 6 108 109
75 17 9 1-9 154 158 7 -1 g 2 -6 55 56
7 6 59 58 110 15 12 7T 2 119 118 2 1T 64 b5
7 -6 106 105 1-10 11 9 7-2 31 30 2 -7 188 17«
77 13 8 111 el 65 7 3 40 44 2 8 65 6
T -7 148 143 1-11 63 65 7 -3 8e 6 2 -8 106 108
7 8 91 94 112 29 30 7 4 48 48 2 9 44 4
7-8 41 39 1-12 55 s6 7 -4 36 34 2 -9 8s 1
7 9 40 <0 1-13 45 43 7 5 146 149 210 49 48
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Table 5 (cont.)

2-10 ae S 4 9 So 53 610 “8 46 9 -4 39 42
oh oS o ar 89 T 6 e Sl a1 a7
3 0 48 “4 4-11 13 12 7T 1 55 ST 9 -7 36 38
HIE A 5% e an TThowoa 338 5
HE S 3o 168 a0 T BB -0 e %
3 3 129 131 5 2 a7 4“6 T -3 51 46 10 -2 58 58
370 aa H LSO - e & e
373 i s HF L 0 e i
TR R innag it woouwow
3 -6 93 95 5 -5 128 128 T -7 92 92 ceens kx5 seses
SRR EEEER S BEE S vy
3 -8 85 1 5 =T 144 146 11 8 - 0 2 125 127
3 9 45 48 5 8 14 13 8 o 10 13 o 3 23 22
S 10 i HES o s
TR A on HES 0% 3% o
3-12 14 13 5-12 17 13 8 3 14 16 o 3 8e 3
P R S HE
PRI S S S N O O S
4 3 116 120 6 3 41 40 ::: ;; Z: : -E ll;z :;:
I O R I N L I
PRI I S B o 178 h
T s s c-6 3% 3 S & 3 176 o a
PRI PO 53 ol . R I
PR I e s a1 53 s 1
Table 6. Short intermolecular contacts
Hydrogen bond
N(1)---0(1%) =0(1)" - - N(11) 3033 A
H(1)---0@1YH =0(1)---H1Y) 2-228
Heavy atom contacts <3-5 A
O(1)- - - N(2it) =N(2)- - -O(1+v) 3-089
O(1)- - - C(11ih) =C(1) - O(1iv) 3167
N(1)---C(8v) =C(8) - -N(1v) 3-291
O(1)- - - C(8iiY) =C(8):+-0(11v) 3-318
N(2)---N2v) 3-339
o(1)- - - C(7) =C(7) -+ - 019 3369
N(1)- - -N(@2V) =N(2): - -N(1v) 3377
0(2)- - - C(6vY) =C(6) - - - 027 3417
0@2)---C(1v) =C(1) - -0(2v) 3-491
Heavy atom-hydrogen contacts <3-0 A
C(7): - -H(921v) =H(92)- - - C(71li) 2:83
O(2): - *H(91%) =H(91)- - - O(2i) 2-84
C(2): - - H(921v) =H(92)- - - C(21i1) 2-85
0(2): - *H(4viv) =H(4) - - - O(2vii1) 2-88
0(2) . .H(Svli) =H(5) .« .0(2viﬂ) 2.88
O(1)- - - H(921i1) =H(92) - - O(1%v) 298
Hydrogen-hydrogen contacts <29 A
H(3)- - -H(6Y) =H(6)" - - -H@3Y) 275
H(4)- - -H(6'%) =H(6) - - -H(4*) 2-80
H(4)- - - H(93x) =H(93)- - - H(4%i}) 2-84
i x 1+y z
ii x —1+y z
iii I—x —3+y 3-z
iv +—x +y 32—z
\ 1—x -y 2—z
vi 1—x 1—y 2—z
vii —3+x -y 1+z
viii 34+x -y ~3+z
ix 3—x  —i+y -z
X 3—-x 4y 3-z
xi ++x —3—-y —i4z
xii —3+x —3—y ++z

The shorter intermolecular contacts, listed in Table 6,
are consistent with van der Waals radii (Pauling, 1960)

CoHsN>0:2

1-8 42 4l ‘1 8e 7 6-6 13 7 15 28 21
19 9 9 4-1 23 23 6 -7 32 31 1-5 8
1-9 25 25 4 2 8 - 6 -8 15 12 1 6 T2 T
1-10 63 61 4=2 130 134 6-9 26 25 L=6 S1 4S
2 0 99 98 4 3 62 60 T 0 29 25 20 21 2a
2 1 131 13 4-3 15 19 TLo19 19 21 21 21
2-1 31 30 4 & 8T BT T-1on 9 2 8¢ 1C
2 2 119 117 4=-s 17 13 T2 76 & 2 2 98 94
2-2 30 33 4 s 19 20 T -2 46 48 2-2 58 6l
2 3 31 39 4~5 81 82 T 3 58 s 2 3 4T 48
2-3 13 15 46 8 9 T3 12 76 2-3 33 35
2 4 58 59 4 =6 131 133 T-4 39 19 2 4 19 717
24 66 64 47 32 32 T-5 44 46 2-4 88 91
2 5 8 83 4-1 30 29 T-6 29 24 2 5 8+ 2
2-5 40 40 4-8 88 2 T-T 43 42 2-5 11 1
2 6 43 & 4 -9 58 59 7-8 21 21 2-6 9 &
2-6 8 & =10 29 28 8 0 17 1l 3 0 ar 4
2 1 12 10 5 0 88 90 8 1 Te 1 31 S1 50
2-1 15 715 S 1 10 10 8-1 30 27 3-1 16 16
2 8 12 14 5 =1 14 10 8 -2 8 10 32 3 N
2-8 15 sl s 2 79 19 8-3 54 54 3 -2 [
2-9 28 27 5-2 20 23 8 -6 8s 4 3 3 43 4
2-10 40 38 5 3 43 4s 8-5 53 51 3-3 8 5
3 0 157 151 5 -3 45 48 8 -6 8v 9 3 4 1. 9
31 59 63 s 4 19 21 3 -4 42 s
3 -1 32 3l 5 -4 T6 7 3 -5 59 61
3 2 22 22 5 5 11 13 0000 K= 4 ssnae 3-6 29 29
3 -2 192 202 5 =5 a8 90 4 0 2% 23
33 84 8e 5 6 29 25 0 0 169 168 4 1 42 a1
3-3 29 28 $-6 T3 13 0 1 9 97 4-1 15 16
3 4 52 49 S=T 17 19 0 2 42 4 2 23 20
3 -4 143 149 5-8 29 29 0 3 40 43 4 =2 44 45
3 5 21 25 5 -9 44 a4 0 4 69 68 < 3 29 2
3 -5 100 106 6 0 16 18 0 5 .48 49 4 -3 30 30
36 [ 7 6 1 3 %2 0 6 48 49 4-4 16 13
3-6 9 10 6 -1 38 41 1 0 84 86 4 -5 ST 59
301 22 2 6 2 53 55 11 26 24 4-6 22 25
3-7 2 27 6-2 19 13 1-1 89 93 s o 359 38
3 8 &0 58 6 3 19 16 1 2 88 67 5 1 &l 58
3-8 8y 2 6 -3 &l 38 1-2 19 80 s-1 9 1
3-9 82 85 6 & 36 35 13 3% 13 5 -2 54 54
3-100 1 AN 6 -4 52 S5 1-3 s 4 5-3 14 75
4 0 22 26 6 5 9 6 1 s 193 5-4 21 20

6 -5 46 44 1= 99 101 $-5 18 15

with the exception of H(1)...O(1!) where a normal
hydrogen bond occurs.The oxygen atom O(2) has several
short intermolecular contacts but none short enough
to be a hydrogen bond. Intramolecular hydrogen bonds
which involve O(2) are ruled out since none of the
intramolecular O...H distances is less than Bartell’s
(1960) hard-shell distances. Fig.2 shows the packing of
the molecules in the [010] projection of the structure.
The hydrogen bonds join molecules in chains along b.

The bond distances and angles in ATU appear nor-
mal when compared with similar structures (Smith,
1969; Karle & Karle, 1967). The C-O bonds agree well
with known ketonic C=O distances (Sutton, 1965). The
fact that C(8)-O(2) is shorter than C(1)-O(1) is con-
sistent with the hydrogen bonding. The C-H distances
average 0-99 A and N-H is 0-91 A, both about 0-1 A
shorter than the true values but both agreeing with
typical X-ray results. The C(8)-C(9) separation is nor-
mal for this type of single bond and the C(1)-C(2) bond
(14455 A) is only slightly shorter than is considered
normal (Lide, 1962). The N(1)-N(2) bond (1-419 A) is
somewhat shorter than the 1-45 A for the N-N single
bond in hydrazine (Sutton, 1965). The C-N bonds are
all shorter than the unconjugated C-N single-bond
length of 1-47 A (Sutton, 1965) but are consistent with
the observations of Karle & Karle (1967) for C-N
bonds which involve trigonal carbon.

The C-C distances in the benzo ring average 1-:388 A
and the C-C-C angles average 120-00°, both values in
excellent agreement with the accepted values of 1:394 A
and 120-00°( Sutton, 1965). However, there is some
systematic variation in these distances and angles. The
bonds C(3)-C(4) and C(5)-C(6) (average 1-378 A) are
shorter than the bonds C(2)-C(3), C(6)-C(7) and C(7)-
C(2) (average 1390 A), which are in turn shorter than
C(4)-C(5) (1-402 A). Likewise, the C—-C-C angles at
C(3) and C(6) are smaller than the other four angles of
the benzo ring.



DOUGLAS L. SMITH AND EILEEN K. BARRETT

2361

Table 7. Equations of least-squares planes and distances (A) of atoms from these planes

X, Y and Z are expressed in A units relative to the Cartesian axial system defined by the a, b and c* axes. The planes were
calculated by the method of Schomaker, Waser, Marsh & Bergman (1959) as modified by Blow (1960).

Plane A4: —0'6160X +0:4694Y —0-6326Z = —7-4456

B: —06235X+04636Y—0-6296Z= —7-4476

C —0-5115X+0-4640Y —0-7233Z= —8-3148

D: —06221X+0-4646Y — 0:6302Z = —7-4473

E —0:6038X+0-4746Y —0-6405Z = —7-5062

F —0-5376X+0-1410Y—0-8313Z = —9-6608
Plane A4 Plane B Plane C
N(1) 0-036 C(7) —0:002 C(2) 0-003 *O(1) 0-047 0(2) —0-001
N(2) —0-044 *O(1) 0-083 C(3) 0-005 *C(1) —0-009 N(1) —0:002
C(1) 0-018 *C(8) —0-231 C4) —0-009 *C(8) —0:269 N(2) 0-001
C(2) 0-015 *H(1) —0633 C(5) 0-004 *H(1) —0-646 C(8) 0-005
C(3) 0010 *H(3) 0:073 C(6) 0-005 *H(3) 0-062 C(9) —0-004
C4) —-0017 *H(4) -0-010 C(7) —0-007 *H(4) 0-004 *C(1) —0-072
C(5) —0011 *H(5) 0-022 *N(1) 0-022 *H(5) 0-047 *C(7) —0-229
C(6) —0-003 *H(6) —0-025 *N(2) —-0071 *H(6) —0-012 *H(1) —0-622
Plane D Plane £ Plane F
C(1) —0-003 *O(1) 0-054 N(1) 0-034 *O(1) 0-099 N(2) 0:000
C(2) 0:006 *N(1) 0:026 N(2) —0-030 *C(3) —0-022 C(7) 0-000
C(3) 0-006 *N(2) —0-065 C(1) 0-024 *C(6) —0:044 H®1) 0-:000
C(4) —-0010 *H(3) 0:064 C(2) —0-001 *C(8) —0-198 *N(1) 0-382
C(5) 0-002 *H(4) 0-002 C(7) —0022 *H(1) —0-634
C(6) 0-005 *H(5) 0-043
C(7) —0-005 *H(6) —0-013

* Not included in the calculation of the plane.

The overall pattern of bond lengths points to ex-
tensive conjugation of the molecule. Thus, it is not
surprising to find that the atoms N(1), N(2), C(1)...
C(7) which form the fused ring system all lie within
0-05 A of a plane (4, Table 7). Consideration of the
surrounding angles shows that C(1) and N(2) are co-
planar with their immediate neighbors but that N(1
is tetrahedrally coordinated. In fact, N(1) lies 0-38
out of the plane (F, Table 7) of its neighbors, a value
close to that for an ideal tetrahedron. Consequently, a
better description of the molecule is given by two
planes. The benzo group plus C(1) form a good plane
(D, Table 7) and the group N(1), N(2), C(8), C(9), O(2)
also form a good plane (C, Table 7). The dihedral angle
between these planes is 8-3°.
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