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Abstract - A new and e5cient synthesis of substituted 5,6,7,8,13,13bhexahydro- 

benz[a]indolo[2,3-h]quinolidnes (5b.d) via lactamisation of dihy&opyrano[3,4- 

blindol-1-one (3), cyclisation with phospholus oxychloride and reduction with 

sodium borohydride is described. The unsubstituted 5,6,7,8,13,13h-hexahydro- 

benz[a]indolo[2,3-hlquinolizine (5) is prepared by analogy starting with the lac- 

tamisation of isochromanone with tryptamine. The unsuhstituted 5,6,7,8,13,13h- 

hexahydrc-14H-hisindolo[3,2~][2,3-h]quinoIiine (9) is synthesized by lactami- 

sation of 3 with tryptamine, cyclisation and again reduction of the intermediate 

immo~um salt. The stereochemistry of the unsuhstituted quinoline derivatives is 

investigated by 'H-; 13C-MU-, NOE spectroscopy and by X-ray analysis. 

The preparation of the hexahydro-2,3-dimethoxybenz[a]indolo[2.3-h]quoine (5d) was described by 

Sugasawa and DeguchiZ in 1960, their synthesis comprising twelve steps: We now succeeded in reducing the 

required reaction steps by half and in introducing a more general method. Several authors repolted on the 

syntheses of the unsubstituted hexahydrobenz[a]'mdolo[2,3-h]quinolkine (5),'-' hut except for elementary 

analyses and uv spectra most of these accounts lack analytical details elucidating conformational facts. Only 
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van Binst quotes some "C-shifts and states a cis1-conformation for 5." The hexahydrobisindol0[3,2~][2,3-h]- 

quinoline skeleton (9) is still unknown 

SYNTHESES 

The lactamisation of the pyranoindolone (3) is the crucial step in the formation of the required P-carboline deri- 

vates. There are two different ways to synthesize 3 and its substituted derivatives (Scheme 1). The starting 

compound of the first method is the &lactone (la) which gives 3-phenylhydrazonotetrahydro-W-pyran-2-one 

(2) with phenyldiazonium chloride and finally 3 via the' Fischer synthesis 6.7 Method two differs in the genera- 

tion of 2.8 Treatment of the y-lactone (lb) with hot, dilute sulphuric acid induces ring cleavage and decarboxy- 

lation yielding a mixture of compounds with 2-hydroxytetrahydrokan-2-carboxylic acid as a main product. 

Adding phenylhydradne to that mixture also gives 2. 

Scheme 1. Preparation of pyranoindolone (3) 

The lactone (3) can either be converted to 2-unsubstituted P-carboline~~-~ or to the required lactams (4) using 

various qlethylamines Cyclisation of 4 by Bischler-Napieralski reaction in the presence of phosphorus 

oxychloride results in the formation of qu ino l i um salts. These are reduced by sodium borohydride to yield 

the hexahydroquinolizines (5b.d) (Scheme 2). Accordingly, we managed the cyclisation and reduction of 3- 

methoxy- and 3,4-dimethoxyphenylethyl lactams, whereas the 2-methoxy- and 4-methoxyphenylethyl analogues 
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as well as the unsubstituted derivatives of 4 proved inert even after refluxing them in phosphorus oxychloride 

for 7 days 

Similar cyclisations are described for the preparation of hexahydrodibenzo[qh]quinolidnes,9 but they diier in 

reaction conditions and working up methods. 

Scheme 2: Preparation of substituted benzindoloquinolizines (5) 

The fact that only 3-methoxylated and 3,4diietoxylated, that is to say in position 6 of the phenyiethyl moiety 

activated, derivatives of 4 can be transformed to quinolizines by the route mentioned above (this being valid for 

hOexahydrodibenzo[a,h]quinoLidnes, tooq), led us to look for a more suitable strategy for preparing unsub- 

stituted 5 

The lactamisation is carried out using isochromanone (6) and tryptamine. After treatment of 7 with phospholus 

oxychloride and reduction of the intemiediate with sodium borohydride 5 is obtained (Scheme 3). Recrystalli- 

sation from methanol leads to the formation of colourless thick needles, which were taken for X-ray analysis 

The 1-isochromanone itself results from the oxidation of isochroman with selenium dioxide.IQJ1 

The bisindoloquinoliine (9) is synthesized in a similar way by reacting 3 with tryptamine followed by 

cyclisation and reduction of the intermediate (Scheme 4). 
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Scheme 3: Preparation of 5,6,7,8,13,13b-hexahydrobenz[a]indolo[2.3-h]quinolidne 

Scheme 4: Preparation of 5,6,7,8,13,13b-hexahydro-l4H-bis-indolo[3,2~][2,3-h]quinoli~e 

STEREOCHEMISTRY 

It is an intriguing question of stereochemistry whether quinolidne rings in quinolidne derivates are &am- or 

c ~ s - C O M ~ C ~ ~ ~ .  Many authors dealt with this question before.12-l9 

In principle, quinolidne systems can exist in three different conformations. The hmconformation can change 

into a cis1-conformation by nitrogen-inversion, the latter can change into another cisz-wnformation by ring- 

inver~ion.l'-~~ A W hint to the conformation can be drown &om the ir spectra as f r a m - ~ ~ ~ e c t e d  systems 
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exhibit Bohlmann bands (2550 - 2850 cml) in contrast to cis-connected ones.z1 Conformational information is 

also deducible from 1'C-nmr data in dibenzo[a,h]quinolidines and in benzo[a]quinolidines, especially . from 

the "C-shifts of the alicyclic carbon atoms CJ and C6. In cis-comected rings there is a distinct up field shift for 

these atoms19 

C&p 30 ppm 

CIlp 28 ppm 

Generally speaking, the 1'C-shifts for the above mentioned carbon atoms in the trans series are larger than 

those in the CIS-series, the difference ranging from 2 ppm to 11 ppm.181n addition in ~ i ~ - C O ~ e c t e d  systems the 

C-H coupling of the methine-carbon (in S and 9 P b )  is larger (2132 Hz) than in trans-connected ones (<I22 

&).I9 Based on W-nmr studies, a trans-conformation is generally deduced for the yohimboid ring- 

~ystem.~2~0.22 For dibenzoquinoliies a rapid equilibrium between two cis-conformations is stated.14JJJ8 For 

benzoindolo-quinolizines one cis-conformation without equilibrium is declared," although one should be 

car&l in drawing conclusions by comparing model values with nmr shifts. In one case the crs-conformation 

was proved by a low temperature nmr spectrum. It was shown, that the "C-shifts at room temperature are the 

observed averaged "C-shifls of a low temperature nmr spectrum." 

An attempt to elucidate the conformation of the quinolizine rings by INEPT lJN-nmr spectroscopy failed 

because of the similarity of the coupling constants between N-HI" and between N-HJ" entailing their mutual 

extinction due to interference. 

A direct way to get an information about the conformation of quinolizines is an X-ray analysis, although this 

information is only valid for the solid state and is not comparable with the conclusions drawn from an MU- 

spectrum (solution). 

Results: The ir spectra of the penta- and hexacyclic compounds (S), (Sb,d) and (9) synthesized do not show 

any Bohlmann bands which is an indication for cis-connected quinolizine rings. The "C-shifts of the prepared 

sub-stances suggest a cis-conformation too (Table 1). Furthermore the CH-coupling of the 13b-position (158 

Hz) in the hexacycle (9) indicates a cis-conformation The X-ray analysis of 5,6,7,8,13,13b-hexahydrobk[a]- 

indolo[3,2-b]quinolizine (5) and hexahydrobisindolo[3.2a][2,3-h]quinoI'ine (9) proves that both systems are 

cis-comected (Figures 2 and 4). This does not necessarily mean, that the corresponding nmr spectrum is that of 

one cis-conformation. The nmr spectrum of the symmetric molecule (9) shows only four signals for the eight - 
aliphatic methylene protons. This might be considered an indication for trans-connected rings, because in the 
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hm-conformation the protons HJ and Ha, HJ' and w', H6 and W as well as the protons H6' and H" are 

chemical and above all magnetically equivalent. But let usremember that the measured 13C-shitis suggest a cis- 

conformation By combining these resulk it becomes clear that in dimethyl sulfoxide solution there must be an 
I 

equilibrium between the two cis-conformations, perhaps including the f r m - ~ ~ n f ~ r m a t i ~ n  formed by nitrogen 

inversion as well. The question, whether the equilibrium is only between the two cis-conformations or between 

the CIS-conformations and the frm-conformation can unambigiously be answered by NOE experiments. 

While emitting the frequency of the H13b-proton in the hexacycle (9), we notice a distinct NOE effect on the 

proton H: in the crs2-conformation and H: in the cisl-conformation (that means on the protons, which are 

directed to the lone pair of the N6.-Atom) and the two NH-protons. The hm-conformation or an equilibrium 

between the frm- and the two cis-conformations would reveal themselves giving only one NOE effect on the 

protons H: in the crs2-conformation and in the cis1-conformation or an enhanced NOE effect on these 

protons respectively. So there is no doubt that the equilibrium is only between the two cis-conformations 

(Scheme 5). There is no nitrogen inversion. These thoughts apply for the pentacyclus as well: The NOE 

experiments entailed the same results (NOE effect on the protons H& and NH, respectively HI and HL) 

meaning an equilibrium between the two CIS-conformations only. 

cis' 

Scheme 5: Conformations of bis-indoloquinolizine (9) 

ring inversion 
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Interestingly van Binstls states only one cis-conformation (no equilibrium) for the benzindoloquinoliine (5) 

(measured in deuterochloroform) based on the I3C-shifts of atoms Cs-C8. If this wue the case there would be 

only one NOE effect either on the proton H1 or on the NH-proton HI3. 

To give a short of our results: Based on NOE experiments we could exclude the presence of the 

trans-conformation of 5 and 9 in solution, X-ray analyses exclude trans-conformations in solid state as well. 

For the hexacyclus 'H-nmr data suggest a rapid equilibrium of the two possible cis-conformations. The 

equilibrium between the two cis-conformations of the pentacyclus can be proved by a s i d e  NOE experiment. 

NMR-DATA and X-RAY-DATA 

Table 1. 'H-Nmr shifts of prepared quinolines ( sk i s  in ppm, couplings (in brackets) in Hz) 

13-H 10.35 s 10.37 s 10.28 s 10.62 s 

13b-H 5.25 s 5.18 s 5.18 s 5.35 t (1.3) 

14-H - 3.87 s see 13-H 

15-H - 3.72 s 3.72 s 

'= interchangeable 
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Table 2: lH-Nm shifts of aliphatic protons in 9 from NOE experiments 

H,, means. axial in the 
cis1-conformation 

H,, means: equatorial in 
the cis-conformation 

Table 3 .  L3C-Nm shifts of prepared quino l i e s  (shifts in ppm) 

*= interchangeable 
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Figure 1 Data ofthe X-ray analysis: a) binding angles ["I b) bond lengths [A]) of  5,6,7.8,13, 13b-hexahydro- 

benz[a]indolo[2,3-h]quinolidne (5) 

Figure 2: The structure of 5 resulting from X-ray analysis 



520 HETEROCYCLES, Vol. 38, No. 3.1994 

Figure 3: Data ofthe X-ray analysis: a) binding angles ["I b) bond lengths [A]) of 5,6,7,8,13,13b-hexahydro- 

14H-bisindolo[3,2-a][2,3-hlquinolizine ( 9 )  

Figure 4: The structure of 9 resulting from X-ray analysis 
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EXPERIMENTAL 

Melting points are uncorrected and are measured in open capillary tubes, using a Gallenkamp melting point 

apparatus. Spectral data are obtained on the following instruments: ir: Perkin-Elmer 1420; lH-nmr: Varian 

XL300 (300 MHz) and Bmker AC 200 (200 MHz); 13C-nmr: Varian XL300 (75.43 MHz) and Bruker AC 200 

(50.32 MHz); Mass spectroscopy: MS-30 and MS-50 of A.E.I., Manchester, England. The ionisation energy 

was 70 eV and the source-temperature was 180°C. 

General procedure for preparing substituted 5,6,7,8,13,13b-herahydrobenz(o]indol0[2,3-h]quiuoI'aines 

a) Lactamisation 

20 Mmol of the lactone (3)6,8and 35 mmol of phenylethylamine are stirred at 190°C for 22 h. The water formed 

during the reaction is absorbed in a dropping h e l  filled with molecular sieve. The mixhue is cooled to 100°C 

and 10 ml of ethanol are added. At room temperature the tarry remainder is d i e d  with as much ethanol as 

necessary to generate a dispersion which can be stirred easily. Atter one night in the refrigerator the solid is 

filtered and washed with ethanol. 

2-12-12-Methox~henvlkthvll-2.3.4.94- (4a) 

Yield: 4.0 g (62.5 %); sand wloured powder; mp: 195.5" - 198'C; ir (KBr): 3210 m1 (NH), 1630m1 (CO), 

lH-nmr. 11.5(NH),6.6-7.6(m8H),3.8(~,3H),3.68(t,ZH,J=7Hz),3.57(t,2H, J=7Hz),2,85(1,4H, J =  

7 Hz); ms: 321 (lo%), 320 (45%), 100 (low), exact mass: 320.1517 (calcd for C1&,N2O2: 320.1525) 

2 - I 2 - ( 3 - M e t h o x v ~ h e n v 1 h % h v l l - 2 . 3 . 4 . 9 - t e t r - l - o n e  (4b) 

Yield: 4 54 g (71 %); sand coloured powder; mp: 167" -168.5"C; ir Wr): 3250 cm1 0, 1630cm1 (CO); 

lH-nmr: 11.55(NH), 6.7-7.6 (q 8H), 3.72 (s, 3H), 3.70 (t, 2H, J = 8 Hz); 3.65 (t, 2H, J = 7 Hz), 2.9 (t, 2H, J 

= 7 Hz), 2.85 (t, 2H, J = 8 Hz); ms. 320 (24%), 200 (16%). 199 (loo%), exact mass: 320.1517 (calcd for 

C2&ON201: 320.1525) 

2 - I 2 - ( 4 - M e t h o x w h e n v l ~ e t h v l l - 2 . 3 . 4 . 9 - t e t r o I - l - o n e  (4c) 

Yield: 3.3 g (51%) sand wloured powder; mp: 208" - 21 1°C; ir (KBr): 3220 cm-I (NH), 1630m1 (CO); 

'H-nmr: 11.5(NH),6.7-7.6(m,8H),3.7(~,3H),3.6(t,4H, J=7Hz) ,2 .87(t ,2H,J=7Hz) ,2 .82@,2H,  J =  

7 Hz); ms: 320 (33%), 200 (25%). 199 (IWh), 186 (55%), exact mass: 320 1516 (calcd for C&&Ol: 

320.1525) 
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2-12-(3.4-Dimethomhenvl~ethvll-2.3.4.9-tetrvdro~dol3.4-bldol-l-one (4d) 

Yield. 4 33 g (61 %); sand wloured; mp: 199.5'- 201°C; ir (KBr): 3200 cm-1 (NH), 1630cm1 (CO); 

IH-nrnr: 11.5(NH),6.6-7.6(m,7H),3.70(s,6H),3.60(t,4YJ=7Hz),2.87(t,2Y J=7Hz),2.82(t,ZK J 

= 7 Hz); ms. 350 (33%), 336 (9%), 199 (loo%), 186 (60%), 164 (75%), exad mass: 350.1629 (calcd for 

Cll~,N,O,: 350.1630) 

b) Cvclisation and reduction to substituted 5.6.7.8.13.13b-hexahvdrobenzlalindolol2.3-hlanoline (Sb, 5d) 

5.6.7.8.13.13b-Hexahvdro-3-methoxvbenzIa1ind01ol2.3~h1auinolizine (5b) 

5 Mmol of lactam (4b) (1.6 g) in 15 ml of phosphorus oxychloride (0.16 mol) are stirred at 100°C for one day. 

The hrther preparation is performed analogous to the cyclisation and reduction of 5. Yield. 0 69 g (45%); 

colourless rhombic crystals, mp: 130°C (decomp.); ir W r ) :  3320 cml (NH), 1610 cml (aromatic); 'H-nmr. 

see Table 1; IT-nmr. see Table 3, ms: 305.16 (8.2%), 304.16 (70.5%). 303.15 (100%). exact mass: 304.1575 

(calcd for Cl&oN,O: 304.1576). 

5.6.7.8.13.13b-Hexahvdro-2.3-dimethombenne (5d) 

7.8 Mmol of lactam (4d) (2.75 g) in 30 ml of phosphom oxychloride (0.32 mol) are stirred at 1 lS°C for 1 h. 

The flask is cooled in an ice water bath and 100 ml of a 10% sodium hydroxide solution are verv slowly added 

through a dropping funnel. The resulting solution is stirred overnight and filtered The dried residue is dissolved 

in 40 ml of methanol. At ODC 2 g of sodium borohydride (53 mmol) are added during a period of half an hour. 

The solvent is evaporated in vacuo below 40°C. The residue is dissolved in 60 ml of water and worked up as 

usual (see cycl. of 5). Yield: 0.67 g (37%), sand colowed powder; mp: 225-227T (decomp.); ir p r ) :  3360 

cml (NH), 1610 cmL (aromatic); 'H-nmr: see Table 1; I3C-nmr: see Table 3, ms: 334.16 (87%), 333.16 

( l ow) ,  exact mass: 334.1671 (calcd for C,,H,N,O,. 334.1681). 

Procedure for preparing 5,6,7,8,13,13b-hernbydrobc~~[a]iudolo[2~h]quinolkie (5) 

a) Oxidation of isochrornan to isochromanone (6)IOJl 

260 Mmol of isochroman (35.44 g) and 260 mmol of selenium dioxide (28.86 g) in 160 ml of xylene are 

refluxed overnight. After cooling the solid is filtered off Again 260 mmol of selenium dioxide (28.86 g) are 

added to the filtrate and the mixture is refluxed for another 12 h After cooling the solid is filtered off and the 

solvent is evaporated in vacuo. The residue is purified by distillation (bp 117T at 0.07 Torr; lit.,lo 165" 1 14 

Torr C) to yield 22.3 g (76 %) of a bright yellow liquid. Ir (KBr): 1725 cml, 1710 cml, IH-nrnr: 7.92 (dd, W, 

7Hz, J=2Hz),7.8-7.4(3H),4.5(t,2W,l=6Hz),3.4(t,2W, J=6Hz).  
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b) Lactamisation to 2-i2-(3-indolvl~hvIl-3.4-dihvdroi~0~hinolin-W~1~-one (7) 

30 Mmol of isochromanone (4.44 g) and 75 mmol of tlyptamine (12.02 g) are heated to 195°C overnight 

During this period the reaction water is absorbed in a dropping funnel filled with molecular sieve. Consequently 

the mixture is cooled to 90°C and 5 ml of methanol are added. At room temperature another 13 ml of methanol 

are added. After standing for a few hours the solid is filtered off Yield: 5.2 g (65 %), white grey powder, mp: 

156.5 OC; ir (KBr): 3360 cm-I 0, 1630 cm-I (CO); IH-nmr: 7 92 (dd, W, J = 7 HZ, J = 2 Hz), 7.8-6.9 (8H), 

3.8 (t, 2 Y  J = 7 Hz), 3.5 (t, 2% J = 7 Hz), 2.97 (t, 2 Y  J = 7 Hz), 2.92 (t, 2 Y  J = 7 Hz) ; ms: 290 (27%), 160 

(45%), 143 (IWh), 130 (51%), exact mass: 290 1429 (calcd for Cl&ll,N20. 290.1419). 

c) Cvclisation and reduction to 5.6.7.8.13.13b-hexahvdrobenzlolindolol3.2-blauinoe (5) 

20 Mmol of lactam (7) (5.8 g) in 60 ml of phosphorus oxychloride (0.64 mol) are stirred at 45°C for 29 h. The 

flask is cooled in an ice water bath and 280 ml of a 10% sodium hydroxide solution are verv slowly added 

through a dropping funnel. The resulting solution is stirred overnight and filtered. The dried residue is dissolved 

in 100 ml of methanol. At 0°C 10 g of sodium borohydride (265 mmol) are added during a period of half an 

hour. After stirring for 15 min the solvent is evaporated in vacuo. The residue is dissolved in 160 ml of water 

and thereafter extracted exhaustively with ether. The combined organic layers are washed with little water, 

dried with magnesium sulfate and evaporated in vacuo. The residue is crystallised from methanol to give 3.05 g 

(56 %) of colourless crystals, which change to bright yellow when exposed to daylight; mp: 167°-168"C; ir 

(KBr): 3440 c m - 1 0 ,  1575, 1610 cm-'(aromatic); IH-nmr: see Table 1; 13C-nmr: see Table 3; ms: 275.15 

(10.09%), 274 14 (85.04%), 273.14 (IWA), exact mass 274.1463 (calcd for C&,,N,: 274.1470) 

Procedure for preparing 5,6,7,8,13,13b-hernbydr0bisiudolo[3~-a~[2~h]quiuoliziue (9) 

a) Lactamisation 

20 Mmol of pyanoindolone (3) (3.74 g) and 50 mmol of tlyptamine (8.00 g) are heated overnight at 220°C in 

the analogous manner to the preparation of 7. The flask is allowed to cool entirely before 4 ml of ethanol are 

added. The resulting sticky solid is heated to 100°C and ethanol was added to complete solution (about 2 ml). 

After cooling to room temperature, m h e r  6 ml of ethanol are added, the flask is shaken for a short time and 

filtered. The residue is washed with ethanol. 3.75 g (57%) of greyish white powder, which turns to light yellow 

on exposure to daylight; mp: 189-190°C; ir (KBr): 3380 cm-I 0 , 3 2 2 0  cml 0, 1630 cm-' (CO); 'H-nmr: 

1 1.6 (s, indolylethyl-Ny D20 exchangeable), 10.8 (s, NH), 7.8-6.8 (9H), 3.7 (t, 2 Y  J = 7 Hz), 3.6 (t, 2 Y  J = 
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7 Hz), 3.0 (t, 2H, J = 7Hz), 4.85 (t, 2H, J = 7 Hz); ms: 329 (61%), 199 (72 %), 143 (100%). 130 (45%), exact 

mass: 329 1522 (calcd for C,,HI9N,O: 329 1528). 

b) Cvclisation and reduction to 5.6.7.8.13.13b-bexahvdro-14H-bisindolo13.2-a112.3-hlanoe (9) 

20 Mmol of lactam (8) (6.6 g) and 60 ml of phosphorus oxychloride (0.64 mol) are refluxed for lh. While 

cooling the flask on an ice bath 160 ml of water are very slowly added through a dropping funnel, which entails 

the formation of hydrogen chloride. The solid is filtered and the residue is dried. The crude product is solved in 

100 ml of methanol and cooled on an ice bath. 10 g of sodium borohydride (265 mmol) are added during a 

period of half an hour. The resulting dispersion is d u x e d  for 1 h. The solvent is then evaporated and the 

residue is dissolved in 160 ml of water followed by extraction with ether. Atter us& working up, the solvent is 

removed in vacuo and the residue is recrystallised from methanol to give white needles, which are stable in the 

refigerator. Yield. 2.28 g (37%), mp: 170°C (decomp.), mp (hydrochloride): 270-271°C. For X-ray analyses 

crystals were formed in dimethyl sulfoxide over a saturated methanolic atmosphere (exsiccator). Ir W r ) :  3520 

cml; 'H-nmr. see Table 1 and Table 2; "C-nmr: see Table 3; ms: 313 16 (100%). 312.15 (98%); exact mass: 

313.1577 (calcd for C,,H,&: 313.1579). 

X-ray analysis of 5 

Diffiction data were collected on a Emaf Nonius CAD4 - diffractometer at 293 K with graphite mono- 

chromated CuKa radiation ( h  = 1.54178 .&) The crystals (coloreless blocks, 0.35 x 0.40 x 0.50 mm3) are 

triclinic, space group Pi with 2 formula units C1&3,9N2-2 CH30H in the unit cell: a = 9.945 (1) A b= 10.021 

(1) 4 F 10.18 (I) a = 97.74 P = 107 87 ( Ip ,  y = 106.50 (I)", V= 945.4 (I)  A3, p (calcd) = 1 19 g 1 

cm3, p (CuKa) 0.60 mml, F(000) = 364 There were 6341 reflections (20 1 o-scan, scan range (0.42+0.22 tan 

e)", 20 ,,= 14W) collected with 3587 independent (Rint = 0.024) and 3031 observed reflections (F > 4.0 o 

(F) ). The structure was solved with SHELXTL PLUS by direct methods and refined with full matrix-least 

squares refinement on F (236 parameters to R = 0.053 CR, =0.068, W-I = 02 (F) + 0.0005 Fz) The non- 

hydrogen atoms were refined anisotopically, H-atoms by using a riding model. The H (N) were refined free. An 

extinction correction was applied. 
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Table 4. Atomic coordinates (x 104) and equivalent isotropic displacement coefficients (A2 x lo3) of 5 U(eq) is 

defined as one third of the trace of orthoganlized U,i tensor 

Table 5: H-Atom coordinates (x104) and isotropic displacement parameters (A3) of 5 
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X-ray analysis of 9 

Difiction data were collected on a Nicolet R3mdifi?actometer at 293 K with graphite monochromated CuKa 

radiation (h = 0.71073 A). The crystals ( 0.90 x 0.70 x 0.40 mm3) are orthorhombic, space group PnaZ, with 4 

formula units CzlHl&3- DMSO - CH30H in the unit cell: a = 21.365 (6) .&, b = 11.494 (2) .&, c = 9.030 (2) .&, 

V= 2218 (1) A3, p (calcd) = 1.27 g I cm3, p ( C W )  0.17 mm" F(000) = 904. There were 4025 reflections (w- 

scan, scan range 1.20' + 2 Om= 50') collected with 3883 independent (Rint = 0.039) reflections. The structure 

was solved with SHELXTL PLUS (VMS) by direct methods and refined with IXl matrix-least sgwes  (281 

parameters, 3 restraints) refinement on F (SHELXL-93) to wRZ = 0.11 1 (wl=  d (FoY + (0.0758P)z with P = 

(F0+ 2 Fc2) 1 3;RI = 0.040 for 1 > 20 (1)). The non-hydogen atoms were refined anisotopically, H-atoms by 

using a riding model. The absolute structure was determined by refining the Flack parameter (X = -0.09 (8)). 

The H (N) were refined free. 

Table 6: Atomic coordinates (x I@) and equivalent isotropic displacement coefficients (AZ x 1P) of 9. U(eq) is 

defined as one third of the trace of orthoganlized Uil tensor 
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Table 7: Hydrogen coordinates (x 104) and isotropic displacement parameters (A2 x I@) of 9. 
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We would like to dedicate this paper to Prof. Dr.H.J. Roth. Tiibingen, on the occasion of 
his 65m birthday. 
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