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and goodness-of-fit = 0.042, 0.031, 1.82; maximum 
A/tr--0-51; maximum and minimum values in final 
difference map of 0.23 and -0 .23  e/~-3.  The pre- 
liminary crystallographic calculations were per- 
formed on a UNISYS 1100/92 computer with the 
XRAY76  system (Stewart, Machin, Dickinson, 
Ammon, Heck & Flack, 1976); final calculations 
were carried out with the T E X S A N  program system 
(TEXSAN,  1989) on a Digital Equipment Corp. 
MicroVAX II computer. Atomic coordinates and 
isotropic temperature factors are listed in Table 1; 
bond lengths and angles are given in Table 2.* An 
ORTEP drawing (Johnson, 1965) is shown in Fig. 1; 
the P L O T M D  program (Luo, Ammon & Gilliland, 
1989) was used to label the drawing and prepare a 
file which was printed on a Hewlett-Packard Laserjet 
II printer. 
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Structures of 8-Chloro-l,2,3,4-tetrahydrocinnolin-4-one and its 2-Chloroacetyl 
Derivative 

BY MAREK L. Gt~6WKA AND IWONA IWANICKA 

Institute o f  General Chemistry, Technical University o f  Lrdd, Zwirki 36, 90--924 L6dl, Poland 

(Received 15 December 1989; accepted 23 May 1990) 

Abstract. (1) C8H7C1N20, m.p. 39%398 K, Mr = 
182-6, orthorhombic, Pbca, a = 4 . 8 7 ( 1 ) ,  b = 
13.438 (2), c = 25.526 (3) A, V =  1671.5 A S, Z =  8, 
D,, = 1.451 Mg m -3, A(Cu K a ) =  1.54178 A, g = 
3-7 m m - l ,  F(000) = 752, T--  293 K, final R = 0.045 
for 1479 observed reflections. (2) CIoH8C12- 
NzO2.~H20, Mr = 268"1, orthorhombic, Pbcn, a = 
18.740~!i b=8 .839(2) ,  c =  14.124 (2) A, V =  
2339.5 Z = 8, Dx = 1.522 Mg m -3, A(Cu Ka) = 

1.54178 A, iz = 5.05 mm-1,  F(000) = 1096, T =  
293 K, final R = 0.051 for 1941 observed reflections. 
The structures were solved by direct methods. 
Enhanced conjugation of N(1) lone-pair electrons 
with the benzene rr system in (1) is evidenced by 
shortening of the C(benzene)--N(1) bond to 
1.370(2) compared with 1.400(3)A in (2). The 
hybridization state of the N(2) atom in (2) is sp 2 [the 
sum of appropriate bond angles at N(2) is 359-2 °] 

0108-2701/91/010196-03503.00 © 1991 International Union of Crystallography 
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Table 1. Atomic coordinates and equivalent isotropic 
thermal parameters for non-H atoms for (1) 

B~q = (87r2/3)Y.~Y.j U~jai*aj*a~.aj. 

Table 3. Selected bond lengths (A), bond angles (°) 
and torsion angles (°) with their e.s.d. 's in parentheses 

x y z B~q(/~, 2) N(I)--N(2) 
N0) - -CO)  

CI 0.1606 (2) 0.3709 (1) 0.1771 (1) 5.92 (2) N(2)---C(3) 
N(1) 0.2947 (4) 0.2518 (1) 0.0815 (1) 4.23 (4) C(3)---C(4) 
N(2) 0.3019 (3) 0.2147 (2) 0.0296 (1) 3.72 (3) C(4)--O(4) 
C(3) 0.3577 (4) 0.1086 (2) 0.0304 (1) 4-08 (5) C(4)--C(10) 
C(4) 0.1561 (4) 0.0512 (1) 0.0642 (1) 3.99 (5) C(8)--C(9) 
0(4) 0.1105 (4) -0.0365 (1) 0.0562 (1) 5.44 (5) C(8)--C1(8) 
C(5) -0.1423 (4) 0.0612 (2) 0.1431 (1) 5.09 (6) C(9)--C(10) 
C(6) -0.2343 (6) 0.1106 (2) 0.1868 (1) 6.01 (7) N(2)---C(I 1) 
C(7) -0.1387 (5) 0-2066 (2) 0.1968 (I) 5.52 (7) 
C(8) 0.0382 (4) 0.2529 (2) 0.1629 (1) 4.40 (5) 
C(9) 0.1233 (3) 0.2059 (1) 0.1165 (1) 3.62 (4) 
C(10) 0.0362 (4) 0.1074 (1) 0.1079 (1) 3.88 (4) 

Table 2. Atomic coordinates and equivalent isotropic 
thermal parameters for non-H atoms for (2) 

Beq = (8rr2/3)Z,Zj Uijaflaj*ai .aj. 

x y z Beq(/~ 2) 
C1(8) 0"3928 (1) 0"1795 (1) 0"8167 (1) 7"46 (3) 
C1(12) 0"5030 (1) 0"1550 (1) 0"4008 (1) 6'72 (3) 
N(I) 0"3890 (1) 0"3617 (3) 0"6434 (1) 4'76 (5) 
O(1) 0"5000 (1) 0'5051 (4) 0"7500 (1) 5"09 (8) 
N(2) 0"3872 (1) 0.4347 (3) 0"5551 (1) 4"56 (5) 
0(4) 0"2149 (1) 0'5839 (4) 0"5340 (2) 7.86 (8) 
C(3) 0.3406 (2) 0.5647 (4) 0.5439 (3) 5-65 (8) 
C(4) 0-2664 (2) 0.5232 (4) 0-5714 (2) 5.40 (8) 
C(5) 0.1949 (2) 0.3862 (4) 0.6920 (3) 6-57 (10) 
C(6) 0.1897 (2) 0-2991 (6) 0.7704 (3) 7.66 (12) 
C(7) 0.2503 (3) 0.2363 (5) 0-8107 (3) 7.54 (12) 
C(8) 0.3170 (2) 0.2599 (4) 0.7695 (2) 5.60 (8) 
C(9) 0.3223 (1) 0.3467 (3) 0-6869 (2) 4.56 (6) 
C(10) 0.2604 (1) 0.4130 (4) 0.6492 (2) 4.97 (7) 
C(I 1) 0.4197 (1) 0-3689 (3) 0.4805 (2) 4.40 (6) 
O(11) 0.4179 (1) 0.4266 (3) 0.4023 (1) 6.25 (6) 
C(12) 0.4573 (2) 0.2219 (4) 0.5023 (2) 5.44 (8) 

owing to conjugation with the adjacent carbonyl 
group of the chloroacetyl substituent. Hydrogen- 
bonding networks in the structures consist of two 
intermolecular contacts, N(1)..-O(4) and N(2)...N(2) 
in (1), and N(1).-- O(water) and O(water).--O(acetyl) 
in (2). 

Experimental. The compounds were synthesized by 
Dr A. Staficzak of the Pharmaceutical Chemistry 
and Drugs Analysis Department of the Medical 
Academy in L6d~ and recrystallized from 
chloroform-methanol (1/1) [(2) from ethanol] solu- 
tion. Data collection: crystal size 0-35 x 0.14 x 
0.12 mm for (1) and 0.22 x 0-18 × 0.09 mm for (2), 
CAD-4, Cu Ka, cell parameters from 25 reflections 
(21 ___ 0 ___ 28°); 1712 (1) and 2405 (2) unique reflec- 
tions measured [hmax = 6, kmax = 16, /max = 31 for (1) 
and 11, 17, 23 for (2), respectively] in w/20 scan 
mode, 0max = 75°; three standard reflections moni- 
tored every hour, less than 5% change in intensity 
during data collection; 1479 observed reflections 
[1941 for (2)] with Fo>2or(Fo), Lp correction, 

(1) (2)* 
1.415 (2) 1.405 (3) 
1.370 (2) 1.400 (3) 
1.452 (2) 1.451 (4) 
1.519 (3) !.491 (5) 
1.217 (3) 1.225 (4) 
1.467 (3) 1-472 (5) 
1"404 (3) 1'400 (4) 
1'732 (2) 1723 (4) 
1407 (2) 1'404 (4) 

- 1-349 (3) 

N(2)--N(I)--C(9) 117.8 (2) i14.3 (2) 
N(I)--N(2)--C(3) 109.8 (2) 118.4 (2) 
N (  I ) - - N ( 2 ) - - C ( I  1 ) - 119 .0  (2 )  
C(3)--N(2)--C(1 l) - 121.8 (2) 
N(2)--C(3)---C(4) 112.7 (2) 109.7 (3) 
C(3)--C(4)--C(10) 115.3 (2) 115.4 (3) 
C(3)--C(4)--O(4) 121.0 (2) 121.0 (3) 
O(4)----C(4)--C(10) 123-7 (2) 123.5 (3) 
C(4)--C(!0)---C(9) 118.9 (2) 119.8 (2) 
N(I)---C(9)---C(10) 120"3 (2) 122'1 (2) 
C(9)--C(8)--C1(8) 119.1 (2) 119.3 (2) 

C(9)---N(I)--N(2)--C(3) - 53.5 (3) - 40.5 (3) 
N(I)--N(2)--C(3)--C(4) 54.9 (2) 54.4 (4) 
N(2)--C(3)---C(4)---C(10) - 28-3 (3) - 34.1 (4) 
C(3)--C(4)--C(10)--C(9) -2 .8  (3) 4.7 (4) 
C(4)--C(10)---C(9)---N(I) 6.8 (3) 10.9 (4) 
C(10)--C(9)--N(I)--N(2) 22.3 (3) 6.1 (3) 
N(1)--C(9)---C(8)---CI(8) - 1.7 (3) - 1.9 (4) 
H(I)--N(I)--C(9)--C(8) - 20  (2) 52 (2) 
H(1)--N(I)--N(2)--H(2) - 77 (2) - 
H(I)--N(1)--N(2)--C(I 1) - - 93 (2) 
N(I)--N(2)---C(I 1)---O(11) - 178.2 (2) 

* Signs o f  torsion angles for (2) calculated from parameters  
listed in Table  2 have been reversed for easier comparison.  

absorption neglected; direct methods (Sheldrick, 
1986), anisotropic refinement on F (Sheldrick, 1976), 
all H atoms from AF isotropic, final cycle for (1) had 
138 parameters, (A/Or)max----0"l, R--0.045,  wR = 
0-059, S = 0.58, w-~ = or2(Fo) + 0.0032F f ,  isotropic 
extinction parameter (Larson, 1967) g =  0.011 (2), 
Apmax = 0"14 e A-3  near C(3) and Apmin = 

-0 .17  e A-3. Final cycle for (2) had 187 parameters, 
(A/or)m.,x = 0"02, R = 0"051, wR = 0"062, S = 0"94, 
w-~ = o'2(Fo) + 0"0008(F f ) ,  isotropic extinction g -- 
0"009 (2)' Ap-m~XeA = 0"14 e A -3 near C(10) and glPmin 
= -0 .18  . Atomic scattering factors used were 
those in SHELX76. All calculations were performed 
on an Amstrad 1512 PC microcomputer. 

Final atomic parameters are given in Tables 1 and 
2.* Bond lengths and angles are given in Table 3. 
Fig. 1 shows the two structures with their atom 
labelling. 

* Lists o f  structure factors, anisotropic  thermal parameters  and 
H-a tom parameters  have been deposi ted with the British Library 
Document  Supply Centre as Supplementary  Publicat ion No.  S U P  
53162 (20 pp.). Copies may be obta ined through The Technical 
Editor,  International Union of  Crystal lography,  5 Abbey  Square,  
Chester  C H I  2 H U ,  England. 
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Fig. 1. Overall views and atomic labelling schemes for (1) and (2) 

(Johnson, 1976). 

Related literature. Some cinnoline derivatives show 
interesting biological activity and they are used as 
anti-inflammatory (cinnopentazon, cinnofuradion), 
analgesic (diftalon) and antibacterial (cinoxacin) 
agents. Cinnoline-type structures have also been used 
in the search for new non-narcotic analgesic drugs 
(Staflczak, 1987), which resulted in the prepara- 
tion of a series of 6,7- or 8-substituted 1,2,3,4- 
tetrahydrocinnolin-4-ones (Groszkowski & Staflczak, 
1989) and their 1,2-dichloroacetyl derivatives 
(Kwapiszewski, Staflczak & Groszkowski, 1990). 

The authors wish to thank Dr A. Staflczak for the 
compounds and the Ministry of National Education 
for financial support under project RP.II.10. 
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Structure of a Synthetic Tricyclic Dione* with an Ingenol-Like Ring System 

BY MARY JANE HEEG,t TERRY L. MOORE AND JAMES H. RIGBY 

Department o f  Chemistry, Wayne State University, Detroit, Michigan 48202, USA 

(Received 11 July 1989; accepted 15 June 1990) 

Abstract. C15H1602, Mr=228"29,  orthorhombic, 
Pbca, a = 7.8945 (5), b = 12.652 (2), c = 24.118 (5) A, 
V = 2408.9 (5) A 3, z = 8, Dx = 1.259 g cm-3, 
,~(Cu Ka) = 1.5418 A, /z = 6.17 c m - l ,  F(000) = 976, 
T = 298 (2) K, R = 0.046 and wR = 0.022 for 940 
unique observed reflections. This structure consists 
of a tricyclic molecule with two exocyclic carbonyl 
groups and an exocyclic methyl substituent. The two 
seven-membered rings have three C atoms in 

* IUPAC name: 8,9,10,11-tetrahydro-10-methyl-(3aa,8a,10a)- 
3a,8-methano,3aH-cyclopentacyclodecene-2,12(3H)-dione. 

? To whom correspondence should be addressed. 

common creating a bicyclo ring system. The unsatu- 
rated cycloheptenone ring is in a diplanar conforma- 
tion with the atoms C7-C10 planar to within 0-003 A 
and the remaining three ring atoms (C6, C4, C11) 
defining a plane at 32.4 (3) °. The cycloheptanone 
ring is in a distorted twist-chair conformation; the 
asymmetry parameter for a twofold axis passing 
through C10 and the midpoint of C3--C15 is ACE = 
4"2 °. At the C3--C4 juncture a cyclopentenone ring 
is fused in an envelope conformation with the 
C2--C3 double bond at the base of the envelope and 
C5 on the flap. The dihedral angle between the body 
and the flap is 11.8 °. The exocyclic O1 atom lies 
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