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Abstract. 6,8-Dihydro-6-(5,6,7,8-tetrahydro-6-me- 
thyl- 1,3-dioxolo[4,5-g]isoquinolin-5-yl)furo[3,4-e]- 
1,3-benzodioxol-8-ol, C20HI9NO6, Mr=369.4,  tri- 
clinic, Pi ,  a =  10.833 (2), b =  13.184(3), c =  
13.375 (3) A, a=89 .73 (3 ) ,  # = 7 4 . 5 2 ( 3 ) ,  9'= 
71.95 (3) °, V = 1744.0 (5) A 3, Z = 4, Ox = 
1.407 g cm -3, A(Cu Ka) = 1.54178 A, # = 
8.30cm -1, F(000)= 776, room temperature, R =  
0.051 for 3375 observed reflections. The relative con- 
figuration of the hemiacetal C atom is established. 
The heterocyclic fragment of isoquinoline exhibits a 
half-chair conformation; all five-membered rings 
show envelope conformations. There is one intra- 
molecular hydrogen bond, closing a seven-membered 
ring. 

Introduction. (+) -Egenine ,  one of the representatives 
of the phthalideisoquinoline hemiacetals, was 
isolated from Fumaria vaillanti Loisel (G6zler, 
G6zler & Shamma, 1983). The molecule has three 
asymmetric centres [C(1), C(14) and C(16)]. The 
configuration of C(1) and C(14) has been established 
on chemical grounds (G6zler, G6zler & Shamma, 
1983), yet the stereochemistry around the anomeric 
centre C(16) was not determined. 

We have prepared (_)-egenine by Dibal-H reduc- 
tion of (---)-bicuculline (Rozwadowska & Matecka, 
1991). The reduction appeared to be a highly stereo- 
specific process leading exclusively to one of the 
anomeric hemiacetals. We presumed (Rozwadowska 
& Matecka, 1991) that the anomeric form which is 

0108-2701/93/030517-03506.00 

stabilized by the intramolecular hydrogen bond is 
formed. 
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Experimental. Crystals (colourless prisms) were 
obtained from a methanol and chloroform mixture 
(1:1). The space group was determined from Weiss- 
enberg photographs. A crystal of dimensions 0.1 × 
0.15 x 0 .2mm was used for measurements on a 
Syntex P21 diffractometer, with 0-20 scans. Cell 
parameters were determined from least-squares treat- 
ment of the setting angles of 15 reflections with 16 - 
20___ 27 °. No absorption or extinction corrections 
were applied. 4622 reflections with sin0/,~ ___ 0.55 A-  l 
were measured in the range h 0----14, k -  11---,11, 
1 -  14---,14. Two standard reflections (3i2 and 311), 
recorded every 98 measurements, showed intensity 
variation of ---6%. 3375 reflections were observed 
with I_> 40-(/); peak profile analysis was according to 
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Lehmann & Larsen (1974). The structure was solved 
by direct methods using the SHELXS86 (Sheldrick, 
1986) program. Full-matrix least-squares refinement 
[function minimized: Y.w(Fo - Fc) 2 with w-1 = tr2(Fo) 
+ 0.00005Fo 2] used anisotropic displacement param- 
eters for the non-H atoms. Two H(27) atoms, at 
O(27), were found from a AF map, remaining H 
atoms from standard geometry; isotropic dis- 
placement coefficients of H atoms were refined. R = 
0.051, wR = 0.056, A/tr <_ 0.15, ( A p ) m a  x = 0.21, 
(Ap)mi n = -0 .20  e A-3 

Computer programs used: SHELX76 (Sheldrick, 
1976), SHELXS86 (Sheldrick, 1986), CSU88 (Vieko- 
vi~, 1988) and local programs (Jask61ski, 1982a). 
Scattering factors used were those stored in 
SHELX76. Molecular illustrations were drawn using 
ORTEPII (Johnson, 1976). 

Discussion. Atomic parameters are given in Table 1 
and molecular geometry in Table 2.* The labelling 
sequence and a view of molecule A are presented in 
Fig. 1. The molecule consists of an isoquinoline 
fragment with the hydrogenated heterocyclic ring (I) 
condensed with the 1,3-dioxolo ring (II) and linked 
with the hemiacetal of phthalide derivative [five- 
membered ring (III)], also condensed with the 1,3- 
dioxolo ring (IV). There is one methyl group bonded 
to N(2), and a hydroxyl group on C(16). There are 
two independent molecules of egenine in the asym- 
metric unit. 

Bond lengths and angles do not deviate signifi- 
cantly from standard values. Aromatic rings are 
planar and the normals to their planes form angles of 
60.4 (1) ° in molecule A and 66.5 (1) ° in molecule B. 
Others are puckered showing a half-chair conforma- 
tion (I), with C(3) below the ring plane (to the 
phthalide fragment), or an envelope [(II), (III) and 
(IV)] conformation, with C(12), O(15) and (very 
slightly) C(24) out of the respective planes. Asym- 
metry parameters: (I) ACE 2'3= 13.26 (molecule A) 
and 14.26 (molecule B); (II) ACs ~2= 0.67 (molecule 
A) and 0.15 (molecule B); (III) ACs ~5= 3.91 (mole- 
cule A) and 1.07 (molecule B); (IV) AC, 24= 0.06 
(molecule A) and 1.50 (molecule B) (Duax & Norton, 
1975). The sum of valence angles around N(2) 
(336.1 ° in molecule A and 335.3 ° in B) shows its sp 3 
hybridization, with a lone electron pair participating 
in an intramolecular hydrogen bond between 0(27) 
and N(2), closing the seven-membered ring [0(27)-- 
H(27) 0.96 (5) (molecule A) and 1.09 (6) A (molecule 

* Lists of structure factors, anisotropic displacement coefficients 
and H-atom coordinates have been deposited with the British 
Library Document Supply Centre as Supplementary Publication 
N o .  S U P  5 5 5 8 6  (37  p p . ) .  Copies may be obtained through The 
Technical Editor, International Union of Crystallography, 5 
A b b e y  Square, Chester CH1 2HU, England. [CIF reference: 
SE1008] 

Table 1. Atomic coordinates (× 10 4) and equivalent 
isotropic displacement coefficients (A 2 x 10 3) 

U~q = (1/3)[U~(a*a)2 + U22(b*b)2 + U33(c*c) 2 
+ 2(U~2a*b*abcos), + U13a*c*accosfl + U23b*c*bccosol)]. 

x y z U~ a 
Molecule A 
C(1) 2939 (3) 10948 (3) 9904 (3) 40 (1) 
N(2) 1749 (3) 10648 (2) 10466 (2) 44 (I) 
C(3) 554 (4) 11135 (3) 10078 (3) 50 (1) 
C(4) 133 (4) 12351 (3) 10101 (3) 53 (1) 
C(5) 1072 (4) 13773 (3) 9308 (3) 46 (1) 
C(6) 2154 (4) 14124 (3) 8942 (3) 48 (1) 
C(7) 3454 (4) 13489 (3) 8888 (3) 49 (1) 
C(8) 3725 (4) 12473 (3) 9175 (3) 43 (1) 
C(9) 2632 (3) 12075 (3) 9557 (3) 38 (1) 
C(10) 1318 (3) 12728 (3) 9629 (3) 41 (1) 
O(11) 2165 (3) 15108 (2) 8589 (2) 74 (1) 
C(12) 3523 (5) 15100 (4) 8413 (6) 109 (2) 
O(13) 4346 (3) 14042 (2) 8508 (2) 76 (1) 
C(14) 3881 (3) 10102 (3) 9001 (3) 40 (1) 
0(15) 4414 (2) 9101 (2) 9419 (2) 48 (I) 
C(16) 3729 (4) 8371 (3) 9268 (3) 43 (1) 
C(17) 3203 (3) 8778 (3) 8364 (3) 37 (1) 
C(18) 2694 (3) 8334 (3) 7706 (3) 40 (1) 
C(19) 2234 (3) 8911 (3) 6936 (3) 45 (1) 
C(20) 2241 (4) 9942 (3) 6803 (3) 51 (1) 
C(21) 2774 (4) 10395 (3) 7457 (3) 46 (1) 
C(22) 3244 (3) 9815 (3) 8223 (3) 37 (1) 
0(23) 2570 (3) 7332 (2) 7668 (2) 56 (1) 
C(24) 2107 (5) 7259 (3) 6770 (3) 64 (1) 
0(25) 1797 (3) 8289 (2) 6373 (2) 64 (1) 
C(26) 1435 (5) 10880 (4) 11594 (3) 69 (1) 
0(27) 2711 (3) 8376 (2) 10173 (2) 53 (1) 

Molecule B 
C(1) 6972 (3) 7475 (3) 5024 (3) 42 (1) 
N(2) 8194 (3) 6565 (2) 4506 (2) 46 (1) 
C(3) 9339 (4) 6456 (3) 4946 (3) 54 (1) 
C(4) 9756 (4) 7441 (3) 4945 (3) 55 (1) 
C(5) 8786 (4) 9351 (3) 5711 (3) 49 (1) 
C(6) 7694 (4) 10252 (3) 6043 (3) 50 (1) 
C(7) 6421 (4) 10270 (3) 6052 (3) 49 (I) 
C(8) 6164 (4) 9390 (3) 5758 (3) 46 (1) 
C(9) 7259 (3) 8444 (3) 5403 (3) 39 (1) 
C(10) 8561 (3) 8427 (3) 5377 (3) 41 (1) 
O(11) 7671 (3) 11239 (2) 6401 (2) 69 (1) 
C(12) 6338 (4) 11937 (4) 6444 (4) 78 (1) 
O(13) 5508 (3) 11282 (2) 6418 (2) 72 (I) 
C(14) 5981 (4) 7098 (3) 5888 (3) 47 (1) 
O(15) 5508 (2) 6357 (2) 5444 (2) 55 (1) 
C(16) 6194 (4) 5288 (3) 5631 (3) 52 (1) 
C(17) 6659 (3) 5449 (3) 6564 (3) 41 (1) 
C(18) 7171 (4) 4761 (3) 7233 (3) 47 (1) 
C(19) 7552 (4) 5125 (3) 8030 (3) 53 (I) 
C(20) 7463 (4) 6175 (4) 8185 (3) 62 (1) 
C(21) 6937 (4) 6893 (3) 7504 (3) 55 (I) 
C(22) 6549 (3) 6523 (3) 6715 (3) 42 (I) 
0(23) 7412 (3) 3674 (2) 7236 (2) 63 (1) 
C(24) 7756 (5) 3400 (4) 8193 (4) 78 (2) 
0(25) 8026 (3) 4287 (3) 8593 (2) 74 (1) 
C(26) 8596 (6) 6634 (4) 3373 (3) 76 (2) 
0(27) 7282 (3) 4787 (2) 4750 (2) 64 (1) 

0(27) Q ~ J  

/ N(2 ~ ~ ( 4 )  

0(13) C(12} 

Fig. 1. View of ( - ) - e g e n i n e  (molecule A) .  
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Table 2 Molecular geometry (A, o) 

C(1)---N(2) 
C(1)--C(9) 
C(1)--C(14) 
N(2)--C(3) 
N(2)---C(26) 
C(3)--C(4) 
C(4}--C(10) 
C(5)--C(6) 
c(5)--c(10) 
c(6)--c(7) 
C(6)----O(11) 
C(7)~C(8) 
C(7)--O(I 3) 
C(8)---C(9) 
C(9)--C(10) 
0(I I)--C(12) 
C(12)--0(13) 
C(14)--0(15) 
C(14)--C(22) 
O(I 5)--C(16) 
C(16)--C(17) 
C(16)--O(27) 
C(I 7)---C(18) 
C(17)--C(22) 
C(18)---C(19) 
C(18)--O(23) 
C(19)--C(20) 
C(19)--O(25) 
C(20)--C(21) 
C(21 )---C(22) 
O(23)--C(24) 
C(24)--O(25) 
O(27)~H(27) 

N(2)--C(I )--C(9) 
N(2}--C(1)--C(14) 
C(9)--C(I)--C(14) 
C(1)--N(2)--C(3) 
C(I)--N(2)--C(26) 
C(3)--N(2)--C(26) 
N(2)---C(3)---C(4) 
C(3)--C(4)--C(1 O) 
C(6)---C(5)--C(I0) 
C(5)--C(6)---C(7) 
C(5)--C(6)--O(11 ) 
C(7)--C(6)---O( 11 ) 
C(6)~C(7)---C(8) 
C(6)--C(7}--O(13) 
C(8)-----C(7)----O(13) 
C(7)--C(8)---C(9) 
C( I )--C(9)--C(8) 
C( 1 )--C(9)~C(10) 
C(8)--C(9)--C(10) 
C(4}--C(10)---C(5) 
C(4)---C(10)--C(9) 
C(5)--C(10)--C(9) 
C(6)---O(11)--C(12) 
O(11)--C(12)--O(I 3) 
C(7)---O( 13 }---C(12) 
C( I }----C( 14)-----O(I 5) 
C(I )---C(14)---C(22) 
O(15)--C(14)--C(22) 
C(14)--O(15)---C(16) 
O(15) - -C(16) - -C(I  7) 
O( 15)---C(16)--0(27) 
C(17)---C(16)--O(27) 
C(16)---C(I 7)--C(18) 
C(16)--C(17)--C(22) 
C(18)--C(I 7}--C(22) 
C(I 7)--C(18)--C(19) 
C( 17)-----(2(18)--0(23) 
C(19)--C(18)--O(23) 
C(18)--C(19)--C(20) 
C(18)--C(19}--O(25) 
C(20)---C(I 9)--O(25) 
C(I 9)---C(20)---C(2 I) 
C(20)--C(21)--42(22) 
C(14)---C(22)--C(17) 
C(14)--C(22)---C(2 I) 
C(17)--C(22)--C(21) 
C(18)--O(23)--C(24) 
O(23)--C(24}--O(25) 
C(19)--O(25)--C(24) 

C( l ) - - N ( 2 ) - - C ( 3 ) - - ~ ( 4 )  
C( 1 )--C(9)--C( I 0)---C(4) 

Molecule A 
1.476 (5) 
1.518 (5) 
1.547 (5) 
1.482 (5) 
1.467 (5) 
1.523 (5) 
1.501 (6) 
.362 (6) 
.408 (6) 
.380 (5) 
.381 (5) 
.356 (5) 
.376 (6) 
.413 (6) 
.395 (4) 
.423 (7) 

1.430 (6) 
1.442 (5) 
1.500 (6) 
.429 (6) 
.499 (6) 
.402 (5) 
.373 (6) 
.392 (6) 
.385 (6) 
.371 (5) 

1.372 (6) 
1.379 (6) 
1.394 (7) 
1.387 (6) 
1.434 (6) 
1.430 (5) 
0.96 (5) 

I 15.4 (3) 
I 11.7 (3) 
I 11.9 (3) 
I 12.8 (3) 
Ill.2 (3) 
111.8 (3) 
114.0 (3) 
I 11.6 (3) 
I 17.8 (4) 
121.8 (4) 
128.3 (4) 
109.9 (3) 
121.7 (4) 
109.9 (3) 
128.4 (4) 
118.3 (4) 
118.0 (3) 
122.3 (3) 
119.7 (3) 
118.7 (3) 
120.6 (3) 
120.6 (4) 
105.3 (4) 
108.7 (4) 
105.3 (4) 
109.4 (3) 
116.6 (3) 
104.0 (3) 
l l0.4 (3) 
102.7 (3) 
110.7 (3) 
I 13.6 (3) 
132.4 (4) 
109.9 (3) 
117.7 (3) 
120.5 (4) 
129.1 (3) 
110.4 (3) 
122.4 (4) 
109.4 (3) 
128.2 (4) 
117.6 (4) 
120.0 (4) 
107.7 (3) 
130.5 (4) 
121.8 (4) 
105.4 (3) 
108.4 (3) 
105.8 (3) 

- 56.0 (4) 
2.6 (6) 

Molecule B 
1.485 (4) 
1.524 (6) 
1.549 (5) 
1.478 (6) 
1.471 (5) 
1.501 (6) 
1.505 (4) 
1.364 (5) 
1.411 (6) 
1.369 (7) 
1.379 (5) 
1.357 (6) 
1.388 (4) 
1.406 (4) 
1.395 (5) 
1.438 (5) 
1.433 (7) 
1.431 (6) 
1.498 (6) 
1.431 (4) 
1.503 (6) 
1.413 (4) 
1.370 (6) 
1.395 (6) 
1.378 (7) 
1.375 (5) 
1.370 (7) 
1.378 (5) 
1.409 (6) 
1.377 (6) 
1.440 (6) 
1.429 (7) 
1.09 (6) 

114.8 (3) 
II1.1 (3) 
112.4 (3) 
113.1 (3) 
111.1 (3) 
111.1 (3) 
114.7 (3) 
111.8 (3) 
117.7 (4) 
121.7 (4) 
127.8 (4) 
110.5 (4) 
122.2 (4) 
109.7 (3) 
128. I (4) 
118.2 (4) 
117.9 (3) 
122.3 (3) 
119.8 (4) 
118.9 (3) 
120.6 (3) 
120.5 (4) 
104.3 (3) 
107.8 (4) 
104.5 (3) 
110.1 (3) 
116.0 (3) 
104.9 (3) 
109.9 (3) 
103.1 (3) 
110.2 (3) 
112.5 (3) 
132.8 (4) 
109.6 (3) 
117.6 (4) 
120.8 (4) 
129.0 (4) 
110.2 (4) 
122.4 (4) 
109.9 (4) 
127.8 (4) 
117.5 (4) 
119.7 (4) 
107.3 (3) 
130.8 (4) 
122.0 (4) 
104.8 (3) 
107.9 (4) 
105.3 (4) 

- 55.8 (4) 
1.3 (6) 

Table 2. (cont.) 

Molecule A Molecule B 
C(I)--C(14)--O(15)--C(16) 103.3 (3) 102.9 (3) 
C(1)--C(14)--C(22)-----C(21) 71.8 (5) 70.5 (6) 
N(2)----C(1)--C(14)-----O(15) - 63.5 (4) - 62.9 (4) 
N(2}--C(3)--C(4)-----C(10) 48.4 (4) 48.3 (5) 
C(3)--C(4)--C(10)--C(5) 161.5 (4) 161.9 (4) 
C(4)--C(3)---N(2)--C(26) 70.2 (4) 69.9 (4) 
C(6)--O(1 I)--C(12)--O(13) 9.1 (5) 17.4 (4) 
C(8)--C(7)--O(13)--C(12) - 175.4 (5) - 170.8 (4) 
C(8)---C(9)--C(1}---C(14) -61.3 (4) -61.1 (5) 
O(I I)---C(6}---C(7)--O(13) 0.5 (5) 0.2 (5) 
C(14)--O(15}--C(16)--C(17) 23.6 (4) 22.8 (4) 
C(14)--O(15)---C(16)--O(27) -98.1 (3) -97.5 (4) 
C(14)--C(22)---C(17)---C(16) 3.3 (4) 1.0 (4) 
C(16)---C(17)--C(22)--C(21) - 178.0 (4) - 178.5 (4) 
C(17)---C(18)---O(23)---C(24) - 174.3 (4) - 171.7 (4) 
C(18)---C(19)-----O(25)--C(24) -4.7 (4) -7.5 (5) 
O(23)---C(18)---C(19)---O(25) -0.1 (4) - 1.4 (5) 
C(22)---C(14)---C(I)--H(1) 168 171 
C(8}----C(9)-----C( I }---H( 1 ) 56 56 
C(9)---C( 1 )----C( 14)---H(14) 41 45 
C(21 )---C(22)---C( 14)---H (14) -44 -45 
C(22)--C(17)---C(16)---H(16) - 140 - 137 
C(18)---C(17)---C(16}---H(16) 42 44 
C(14)--O( 15)--C(16)---H(16) 145 145 
C(l 7)--C(16)---O(27)---H(27) - 65 - 72 
O(I 5)--C(16)----O(27)~H(27) 50 43 

B); H(27)...N(2) 1.92(5) (A) and 1.73(6)A (B); 
O(27)...N(2) 2.841 (4) (A) and 2.799(4)A (B), 
O(27)--H(27)...N(2) 162 (4) (A) and 164 (5) ° (B)]. 
The hydrogen-bond AHA parameters, describing the 
shortening of the H..-A distance with respect to the 
sum of their van der Waals radii (Jask61ski, 1982b), 
are 23 (molecule A) and 31 (molecule B). Thus the 
hydrogen bonds range from medium weak to 
medium. Four diastereoisomers might occur as prod- 
ucts of the reduction reaction (RSR, RSS, SRS and 
SRR), but because of hydrogen-bond formation, 
only one pair of enantiomers is observed: C(1) R(S), 
C(14) S(R) and C(16) R(S). They are almost mirror 
images of each other. 

There are no unusual intermolecular contacts 
between molecules. 
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