
1520 C21H27N303 

for the sequence N18A---C17A--C16A--C15A 
C 2 0 A - - C 1 9 A .  For the sequence N 1 8 B - - C 1 7 B - -  
C16B--C15B---C2OB--C19B a phase angle 02 = 
4.2 (14) ° , ~o = 179 (22) ° and Q = 0 . 5 5 6 ( 1 4 )  are 
obtained. 

Intermolecular hydrogen bonds (Taylor & 
Kennard,  1982) are formed between the pyridazinyl 
hydrogen H7A of  molecule A and the pyridazinyl 
nitrogen N23B of  molecule B: H7A...N23B ' =  
2-58 (3)A.  Hydrogen bonds are also found between 
the pyridazinyl hydrogen H7B of  molecule B and the 
pyridazinyl nitrogen N23A of  molecule A: 
H7B...N23A ii = 2.62 (3) A [symmetry codes: (i) - x ,  
- y -  1, - z  + 1; (ii) - x -  1, - y ,  , z  + 1]. No other 
contacts shorter than the sums of  the van der Waals 
radii are observed. 

We thank Dr  P. A. J. Janssen (Janssen Pharma- 
ceutica, B-2340 Beerse, Belgium) for providing the 
R77975 sample. The authors also wish to thank Mr  
J.-P. Vancuyck for his help with the preparation of  
the figures. 
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Abstract. C6H9NOs, Mr = 175-14, monoclinic, P21, a 
=5-526(1) ,  b = 9 . 5 4 3 ( 1 ) ,  c = 1 3 " 7 6 9 ( 2 ) A ,  / 3 =  
93.74 (1) °, V = 724.6 (2) A 3, z = 4, Dx = 
1.60 g cm -3, A(Cu Kay) = 1"54051 A, /~ = 
11-8 cm-1,  F(000) = 368, T = 293 K, R = 0-031 for 
1575 observed reflexions. There are two independent 

* Author to whom all correspondence should be addressed. 

0108-2701/91/071520-04503.00 

molecules of  the title compound in the asymmetric 
unit. The puckering parameters show that the 
pyranoid ring is significantly flattened at C(11) and 
C(21), respectively, in both molecules. 

Introduction. Treatment of  aldoses with potassium 
cyanate in the presence of  sodium dihydrogenphos- 
phate or ammonium chloride gives 1,2-cis-cyclic car- 
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bamates of glycosylamines of in most cases furanoid 
structure (Kovfics, Pint6r, Lendering & K611, 1991). 
Only D-mannose and D-lyxose prefer to form 
pyranoid derivatives. Due to difficulties in estab- 
lishing the structure of these compounds unambig- 
uously from their I H N M R  spectra, the title 
compound derived from o-lyxose was subjected to 
X-ray analysis. To our knowledge this is the first 
structure determination of such a cis-fused carbo- 
hydrate carbamate, though the structure of a compa- 
rable thiocarbamate (Briard, Roques, Gosselin, 
Imbach, Montero, Declercq & Germain, 1982) and 
the structures of two analogous trans-fused com- 
pounds (Cano, Foces-Foces, Jim6nez-Barbero, 
Alemany, Bernab6 & Martin-Lomas, 1987) have 
been published. 

Experimental. Crystals of the title compound were 
obtained by slow evaporation from ethanol solution. 
A colorless crystal of dimensions 0.4 x 0.3 × 0.3 mm 
was used for data collection on an Enraf-Nonius 
CAD-4 diffractometer with graphite-mono- 
chromated Cu Ka radiation. The cell parameters 
were determined by least-squares refinement of the 
setting angles of 25 reflexions within 78.2__ 20 <_ 
95.5 ° . Intensity data were measured by 0/20 scans 
(4.5___20<153 °, 0_<h___6, 0___k_<12, -17___l__ 
17). There was no significant decay in the intensity 
for three standards monitored after every 2 h. 1830 
data were measured, of which 1594 were symmetry 
independent (Rint=0"0198). 1575 intensities were 
considered observed [IFol > 3tr(Fo)]. The data were 
corrected for Lorentz and polarization but not for 
absorption effects. 

The structure was solved by direct methods. All H 
atoms were localized in theoretical positions (sp 2 
hybridization for the two N atoms and sp 3 hybridi- 
zation for all other C atoms) except for H130, H140, 
H230 and H240 which were taken from a difference 
map. The structure was refined by full-matrix least- 
squares procedures on F, assigning anisotropic ther- 
mal displacement parameters to all non-H atoms. 
The refinements converged at R = 0.031 and wR = 
0-035 with 289 parameters including scale factor. The 
ratio of observations to number of variables is 5.5. 
The function minimized was Y.w(IFol- IF~I) 2 with 
weights w = 1/tr2(lFol). Maximum shift/e.s.d, was 
0.37 in the final cycle; maximum and minimum 
heights in final Ap map 0.23 and -0 .15 e ~-3 .  The 
complex neutral-atom scattering factors were taken 
from SHELX76 (Sheldrick, 1976). Programs used 
were SHELXS86 (Sheldrick, 1986), SHELX76 and 
PLATON88 (Spek, 1982) on MicroVAX II and 
VAX 3200 computers. 

Discussion. Final atomic parameters are given in 
Table 1, bond distances and angles are reported in 

Table 1. Final fractional coordinates with equivalent 
isotropic thermal parameters (A 2) and of H atoms with 

general isotropic thermal parameters (•2) 

E . s . d . ' s  a r e  g i v e n  in  p a r e n t h e s e s .  

Ueq = ( 1/3)Y.i Y-j Uijai*aj*ai .aj. 

x y z Ucq 
Molecule  (I) 
O(1 I) 0.8491 (4) 0.19085 (0) 0.2667 (1) 0-0351 (5) 
O(12) 0.3906 (3) 0.3302 (3) 0.3121 (1) 0.0317 (5) 
O(13) 0.4427 (4) 0.2416 (3) 0.5071 (1) 0-0377 (6) 
O(14) 0.7697 (4) 0.0066 (3) 0.4958 (I) 0-0407 (6) 
O(16) 0.2522 (4) 0.3856 (3) o. 1607 (1) 0.0422 (6) 
N(I I) 0.6597 (4) 0.3906 (3) 0.2088 (1) 0.0344 (6) 
C(I I) 0.8029 (5) 0.3334 (3) 0.2896 (1) 0.0302 (7) 
C(12) 0.6215 (5) 0.3485 (3) 0.3675 (1) 0.0274 (6) 
C(13) 0.6510 (5) 0.2452 (3) 0.4511 (I) 0.0289 (6) 
C(14) 0.7079 (5) 0.0992 (3) 0-4162 (I) 0.0304 (7) 
C(15) 0.9180 (5) 0.1080 (3) 0.3504 (I) 0.0361 (8) 
C(16) 0.4207 (5) 0-3708 (3) 0-2196 (I) 0.0304 (7) 
H(1 I) 0.948 (6) 0.388 (3) 0.310 (2) 0-034 (8) 
H(12) 0.632 (6) 0-444 (4) 0.396 (2) 0.042 (9) 
H(13) 0-797 (5) 0.282 (3) 0.492 (I) 0.027 (6) 
H(14) 0.575 (5) 0.061 (3) 0.380 (I) 0.024 (6) 
H(111) 0.708 (6) 0.417 (4) 0.150 (2) 0-042 (9) 
H(130) 0.364 (9) 0.324 (6) 0.504 (4) 0.10 (I) 
H(140) 0.868 (7) 0.057 (4) 0.542 (2) 0.06 (I) 
H(151) 0.953 (5) 0.008 (4) 0.330 (2) 0.040 (8) 
H(152) 1-062 (7) 0.143 (4) 0-384 (2) 0.043 (9) 

Molecule  (II) 
0(21 ) 0-5264 (4) 0.4078 (3) 0.7830 (I) 0.0439 (7) 
0(22) 0.9404 (,3) 0.2070 (3) 0.8100 (I) 0.0346 (5) 
0(23) 1.0117 (5) 0.2703 (3) 0.9993 (I) 0.0560 (7) 
0(24) 0.7469 (4) 0.5303 (3) 1.0251 (I) 0.0359 (5) 
0(26) 0.9915 (4) o. 1574 (3) 0.6536 (1) 0-0470 (7) 
N(21) 0.6136 {4) 0.1992 (3) 0.7091 (1) 0-0356 (6) 
C(21) 0.5308 (5) 0.2602 (3) 0.7961 (1) 0.0341 (8) 
C(22) 0.7322 (5) 0.2122 (3) 0.8684 (1) 0.0291 (7) 
C(23) 0.7790 (5) 0-3051 (3) 0.9565 (1) 0-0309 (7) 
C(24) 0.7526 (5) 0.4593 (3) 0.9340 (I) 0.0303 (7) 
C(25) 0.5164 (7) 0.4813 (4) 0-8738 (2) 0.0437 (9) 
C(26) 0.8578 (5) 0.1863 (3) 0.7168 (I) 0-0339 (7) 
H(21) 0-356 (6) 0.225 (4) 0.812 (2) 0.041 (8) 
H(22) 0.702 (5) 0.126 (3) 0-888 (2) 0.030 (7) 
H(23) 0-663 (7) 0.284 (4) 0.998 (3) 0.05 (1) 
H(24) 0.905 (6) 0.487 (4) 0.891 (2) 0.06 (I) 
H(211) 0.542 (6) 0.203 (4) 0.646 (2) 0-038 (9) 
H(230) 1.052 (9) 0.312 (5) 1.049 (3) 0.09 (I) 
H(240) 0.831 (8) 0.601 (5) 1.019 (3) 0.06 (I) 
H(251) 0.485 (7) 0.581 (4) 0.860 (3) 0.06 (1) 
H(252) 0.369 (6) 0-444 (4) 0.912 (2) 0-05 (I) 

Table 2.* Fig. 1 shows a view of molecule (I) and 
illustrates the atom-numbering scheme chosen. The 
atom numbers of molecule (II) follow the same 
scheme, but the atom numbers all start with the digit 
2. The corresponding distances and angles of the two 
independent molecules compare very well; the aver- 
age deviations are 0.005 (4),~ and 0.8 (5) °, respec- 
tively. 

The title compound contains four 'stereogenic 
centers' at the C atoms C(ll) ,  C(12), C(13) and 
C(14). Both independent molecules display the same 
absolute o-configuration at C(14) and C(24), respec- 
tively, which is unambiguous, because the title com- 

* T a b l e s  o f  s t r u c t u r e  f a c t o r s  a n d  a n i s o t r o p i c  t h e r m a l  p a r a m -  
e t e r s  h a v e  b e e n  d e p o s i t e d  w i t h  t h e  B r i t i s h  L i b r a r y  D o c u m e n t  
S u p p l y  C e n t r e  a s  S u p p l e m e n t a r y  P u b l i c a t i o n  N o .  S U P  53787  (17  
p p . ) .  C o p i e s  m a y  b e  o b t a i n e d  t h r o u g h  T h e  T e c h n i c a l  E d i t o r ,  
I n t e r n a t i o n a l  U n i o n  o f  C r y s t a l l o g r a p h y ,  5 A b b e y  S q u a r e ,  C h e s t e r  

C H 1  2 H U ,  E n g l a n d .  
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Table 2. Bond lengths (1~) and angles (o) 
Molecule  (I) Molecule  (II) 

O(1 l ) --C 0 l) 1.423 (3) 1.420 (5) 
O(1 l)---C(15) 1-429 (3) 1.438 (4) 
O(12)---C(12) 1.454 (3) 1.447 (3) 
O(12)---C(16) 1.351 (3) 1-349 (3) 
O(13)--C(13) 1.428 (3) 1.418 (4) 
O(14)---C(14) 1.432 (3) 1-428 (3) 
O(16)--C(16) 1-203 (3) 1.209 (3) 
N(ll)---C(l 1) 1.431 (3) 1-433 (3) 
N(l I)---C(16) 1-352 (4) 1-352 (4) 
C(I l)--C(12) 1-522 (4) 1-515 (4) 
C(12)--C(13) 1.515 (4) 1.512 (4) 
C(13)--C(14) 1-513 (4) 1-509 (4) 
C(14)--C(15) 1.521 (4) 1-514 (4) 
O(13)--H(130) 0.90 (6) 0.81 (4) 
O(14)---H(140) 0.94 (3) 0.83 (5) 
N(I I)----H(111) 0.90 (3) 0-93 (3) 
C(1 l)---H(I 1) 0"98 (3) 1"06 (3) 
C(12)--H(12) 0.99 (4) 0.88 (3) 
C(13)--H(13) 1.02 (3) 0-91 (4) 
C(14)--H(14) 0-93 (3) 1.09 (3) 
C(15)--H(151) 1.02 (4) 0.98 (4) 
C(15)----H(152) 0.95 (4) 1.06 (3) 

C(1 l)--O(11)----C(I 5) 113"l (2) 112.0 (2) 
C(12)--O(12)---C(16) 107-6 (2) 107-5 (2) 
C(11)--N(I I)--C(16) 110.8 (2) 110.1 (2) 
O(1 l ) - -C0  I)--N(I l) 106.9 (2) 107.5 (2) 
O(l l ) - -C0  I)--C(12) 112.5 (2) 112.9 (2) 
N(l I)--C(I l)--C(12) 99.0 (2) 99.5 (2) 
O(12)--C(12)--C(1 l) 102-4 (2) 102.8 (2) 
O(12)--C(12)---C(13) 111.6 (2) 111-4 (2) 
C(l I)--C(12)--C(13) 115"5 (2) 115-5 (2) 
O(13)--C(13)--C(12) 112-1 (2) 107-4 (2) 
O(13)--C(13)--C(14) 109-9 (2) 112"7 (2) 
C(12)--C(13)--C(14) 111-9 (2) 113"4 (2) 
O(14)--C(14)--C(13) 111"7 (2) 106"8 (2) 
O(14)--C(14)--C(15) 109-7 (2) 110.3 (2) 
C(13)--C(14)--C(15) 108-7 (2) 108-4 (2) 
O(l l)--C(15)--C(14) 109.7 (2) 109-I (3) 
O(12)--C(16)--O(16) 122.1 (2) 122.2 (2) 
O(12)--C(16)--N(l 1) 109-0 (2) 109.5 (2) 
O(16)--C(16)---N(l l) 128-9 (2) 128-2 (2) 
C(13)--O(13)---H(130) 111 (3) 116 (4) 
C(14)--O(14)--H(140) 107 (2) 105 (3) 
C(1 l ) - -N(l  1)--n(l  I l) 128 (2) 129 (2) 
C(16)---N(I l)--H(111) 119 (2) 116 (2) 
O(l 1)--C(I I)---H(I 1) 115 (1) 109 (2) 
N(1 I)----C(1 l)---H(11) 115 (I) 113 (1) 
C(12)---C(l I )~H(I  l) 10S (1) 114 (l) 
O(12)--C(12)--H(12) 110 (1) 108 (1) 
e(1 I)--C(12)--H(12) 110 (I) l l0 (l) 
C(13)--C(12)--H(12) 107 (1) 109 (1) 
O(13)--C(13)--H(13) 110 (1) 110 (3) 
C(12)--C(13)--H(13) 104 (1) 107 (3) 
C(14)--C(13)---H(13) 109 (1) 106 (2) 
O(14)---C(14)--H(14) 108 (1) 115 (I) 
C(13)--C(14)--n(14) l l 1 (l) 106 (2) 
C(15)---C(14)--H(14) 108 (1) 110 (l) 
O(l 1)--C(15)---H(151) l l0 (1) 109 (2) 
O(11)---C(15)--H(152) 112 (2) l l0 (1) 
C(14)---C(l~H(151) 106 (1) l l2 (2) 
C(14)--C(15)---H(152) liE (1) l l0 (l) 
H(151)---C(15)--H(152) 107 (3) 107 (3) 

t2 H 
111 

H 
14[ 

F i g .  1. S C H A K A L 8 8  d r a w i n g  ( K e l l e r ,  1986)  of  molecule (I) of  
fl-D-lyxopyrano[1,2-d]oxazolidin-2-one. 

Table 3. Puckering parameters (Cremer & Pople, 
1975) (A, °) 

Five-membered ring 

q2 ~2 
Molecule (1) 
O(12)--C(12)--C(l l )--N(I 1)--42(16) 0-320 (3) 55.4 (5) 

Molecule (II) 
O(22)---C(22)---C(21)--N(21)--C(26) 0.307 (3) 56-4 (5) 

Six-membered ring 
Q 8 ~, 

Molecule (I) 
O(11)---C(11)--C(12)--C(13)--C(14)--C(15) 0'536 (3) 16-5 (3) 293.2 (10) 

Molecule (II) 
O(21)--C(21)----C(22)--C(23)--C(24)--C(25) 0.538 (3) 20.1 (3) 301.9 (9) 

Table 4. Geometry of the hydrogen bonds (A, o) 
Symmetry 

D - - H . . . A  D - - - H  D . . . A  H-- -A  D - - - H . . . A  operation* 
N(II)----H(III)-.-O(24) 0.90(3) 2-926(3) 2.05(3) 162(3) x , y , - l + z  
O(13)----H(130)...O(14) 0-90 (6) 2.787 (4) 1.89 (6) 173 (5) 1 - x, ~ +y ,  1 - z 
O(14)---H(140).--O(26) 0.94 (3) 2.818 (3) 1.90 (3) 165 (3) x,y,  z 
N(21)----H(211).-.O(13) 0.93 (3) 2.907 (3) 1.99 (3) 168 (3) x, y, z 
O(23)---H(230)...O(16) 0.81 (4) 2.745 (3) 1.97 (4) 161 (5) 1 + x,y ,  1 + z 
O(24)----H(240)--.O(23) 0-83 (5) 2.683 (4) 1.86 (5) 174 (4) 2 - x, ~ + y, 2 - z 

* The symmetry operation is performed on the acceptor atoms. 
D indicates donor and A aeceptor. 

pound has been synthesized from enantiomerically 
pure D-lyxose. 

Table 3 gives the puckering parameters (Cremer & 
Pople, 1975). As also indicated by the ring torsion 
angles, the pyranoid ring is significantly flattened at 
C(11) and C(21) in both independent molecules. The 
O and ~ values for the six-membered rings indicate a 
conformation between the perfect 4C 1 chair (ideal 
value: O = 0 °) and the envelope E5 (ideal values: O = 
45, ~ = 300°). The @2 values close to 54 ° for the 
five-membered rings indicate a rather pure 2T~ con- 
formation (K611, John & Kopf, 1982). 

The conformational distortion of the pyranoid 
ring is also shown by the unusually small torsion 
angles of 35(3) ° for H(l l)--C(l l)---C(12)--H(12) 
and of - 4 7  (3) ° for H(12)---C(12)--C(13)--H(13) 
which are in good agreement with the corresponding 
J11,~2 and J12,13 coupling constants from the IH 
NMR spectrum of the title compound (Kovfics, 
Pinttr, Lendering & K611, 1990). 

As in all carbohydrates with free hydroxyl groups 
the molecules (I) and (II) are interlinked in the 
crystal by a complicated hydrogen-bonding network. 
N--H-..A bonds are also included in this network. 
Only the strongest interactions are summarized in 
Table 4. In these hydrogen bonds both N - - H  as well 
as all O--H bonds act as donors and O(13), O(14), 
0(23), 0(24) as well as O(16) and 0(26) (carbonyl 
oxygens) act as acceptors. Oxygen atoms O(11), 
O(12), O(21) and 0(22) are not involved in this 
network of hydrogen bonds. 
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Structure of 1-Acetyl-7,8-dimethoxypyrrolo[2,3,4-ij]isoquinolin-2(1H)-one 

BY JONATHAN D. STREET, OWEN S. MILLS AND JOHN A. JOULE* 
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Abstract. CI4HI2N204 ,  M r = 272"3, monoclinic, 
P21/c, a = 10.385 (2), b = 16.419 ~!~ c = 7.539 (5)/k, 
/3=106-73(4) °, V =1231"0(9) Z = 4 ,  Dx= 
1.47 Mg m -3, a(Mo Ka) = 0-71069/k, /x = 
1-19 cm-~, F(000) = 568, T = 295 K, R = 5.9% for 
1363 observed [I/o-(I)>_ 3] reflexions. The title tricy- 
cle is essentially flat, the 12 atoms of the ring system 
lying within 0-05 A of their least-squares best plane. 
The two carbonyl groups of the imide functional 
group are oriented anti, with the substituent planar 
acetyl group making a dihedral angle of 18 ° with the 
five-membered ring. This close planarity forces the 
adjacent methoxy methyl out of the plane to the 
extent of 80°; the other methoxy lies essentially in the 
plane of the molecule. The structure of this tricyclic 
imide confirms that nitration of 6,7-dimethoxy-1- 
methylisoquinoline takes place at the more hindered 
benzene ring carbon, C8. 

Introduction. In acid solution isoquinolines typically 
undergo electrophilic substitution via the isoquino- 
linium cation (Brown & Harcourt, 1960); nitration 
occurs at C5 and C8 with the former predominating 
to the extent of 9:1 (Dewar & Maitlis, 1957). Using 
6,7-dimethoxy-l-methylisoquinoline (la) (Spath & 
Polgar, 1929) as starting material and requiring from 
it an intermediate with a nitrogen substituent at C8, 
we initially assumed that the intrinsic isoquinoline 5 
> 8 positional electrophilic substitution tendency 
would, if anything, be enhanced, in the undesired 
sense, by the presence of the 1-methyl group and 
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therefore that direct nitration of (la) would lead 
predominantly to a 5-nitro derivative. Accordingly 
we explored the possibility of reversibly blocking the 
5-position and indeed bromination did give (mainly) 
the 5-bromo derivative, which via subsequent 8- 
nitration and hydrogenolytic removal of halogen 
allowed entry to the desired series. However, we 
subsequently found that low temperature direct 
nitration of (la) gave (mainly) a mononitro deriva- 
tive (lb) (Balczewski, Street, Mallon & Joule, 1990) 
which did not have the predicted 5-nitro structure. It 
was shown to be the 8-nitro isomer by spectroscopic 
means, and by a chemical sequence which culmi- 
nated in a tricyclic imide, shown by the X-ray crys- 
tallographic study described herein to have structure 
(2). One other compound with this ring structure has 
been reported (Kubo, Saito, Nakahara & Iwata, 
1982). 

M e O ~  M e O , , ~ ~ , , ~  

R M e o ~ N  
M e O ~ ~ ~ H ~  A c,,,,,, N ........._~0 

(1) 
R a H b NO2 c NH2 d NHAc (2) 

Experimental. Nitration of 6,7-dimethoxy-1- 
methylisoquinoline (la) with fuming nitric acid at 
223 K gave a mononitro derivative which was 
proved to be (lb). Thus, reduction of 6,7-dimethoxy- 
1-methyl-8-nitroisoquinoline (lb) gave the corre- 
sponding amine (lc) which, after N-acetylation 
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