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trahydroisoquinoline 3a, trifunctional 

synthetized. 
1,2,3,4-tetrahydroisoquinolines 

zroxymethyl- 
From the N-ethoxycarbonyl derivative of 3a, (r-llb,c-1)-l- 

trahydro-2H [l, 3] 
(8) and ~~~llb,t-l~-l-chloromethyl~~jl0-dimethoxy-l,6,7,llb- 

were formed in unex- 
petted reactTons. 

oxazino[4,3-a]Tsoquinolin-4-one 
High-resoluTion NMR revealed that the tetrahydroisoquino- 

line-fused C-l epimer oxazinone derivatives 8 and 9 have different conforma- 
tions in solution. The first X-ray diffraction evidence of the 
two different 

presence of 
conformation5 of oxazinoisoquinolines 8 and 9 in the sol id 

state is provided. 
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A simple synthesis of 1-[~ihydroxymethyl~-methy1]-6,7-dialkoxy-1,2,3,4- 

-tetrahydroisoquinolines 3a,b was recently2 developed. In the base-catalysed 

reaction of 1-methyl-6,7-dialkoxy-3,4-dihydroisoquinolines 1 with 2 mol of 

formaldehyde, the l-[bis(hydroxymethyl)-methy1]-3,4-dihydroisoquinolines 2a,b 

were obtained, and, on reduction with sodium borohydride or by catalytic re- 

duction, these furnished the trifunctional isoqu in01 ine 1,3-aminoalcohols 

3a,b. Compounds 3a,b are readily available, versatile, inexpensive starting 

material5 for the synthesis of substances of interest from both chemical and 

pharmacological points of view. 3-6 
In this paper, some transformations of ami- 

noalcohol 3a are described. 

1 4 OH OH 3 OH OH 
= = 

4039 
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Results and discussion 

Compound 3a reacted with ethyl chloroformate to give the corresponding 

urethane ba. The N_-ethoxycarbonylmethyl derivative bb was obtained from amino- 

alcohol 3a with ethyl bromoacetate. The ethoxycarbonyl ethyl derivative bc 

was formed from aminoalcohol 3a by ethyl acrylate addition (Schemes 1 and ‘2). 

The reduction of esters bb and bc with lithium aluminium hydride yielded 

the corresponding hydroxyalkyl derivatives 7b and 7c. Similar reduction of 

urethane ba, as anticipated, 
7 

resulted in the N-methyl derivative IO. 

The N-hydroxyethyl derivative 7b was synthetized directly from 3a too, by 

addition of ethylene oxide. This reaction could be carried out under milder 

conditions than those described’ for the similar addition of ethylene oxide 

to 1-phenyl-1,2,3,4-tetrahydroisoquinoline (24 h, 75 ‘C, in an autoclave). 

On treatment with ammonia or methylamine, compounds ba-c yielded the ex- 

pected amides 5 and 6 only in the reactions of esters bb and bc. Treatment of 

urethane ba with methylamine did not furnish urea derivative 6a. Compound 6a 

was prepared in another way: from aminoalcohol 3a by methyl isocyanate addi- 

tion. Treatment of urethane ba with either ammonia or methylamine yielded the 

same unexpected oxazino[4,3-.?]isoquinoline derivative 8. 

Besides the I H NMR spectroscopic evidence, the structure of oxazine 8 

was confirmed chemically. Melting of ester ba with sodium methylate similarly 

afforded 8. Reduction of oxazine 8 with lithium aluminium hydride led to the 

corresponding N-methyl-substituted tetrahydroisoquinoline 10 through ring- 

opening. This reaction is also characteristic of 1,3-oxazines. 
9 

In 1,3-oxazino[4,3-a_ isoquinoline syntheses, mainly 1,3-difunctional iso- 

quinolines are used. 
la-1 \ The other well-known method is the cycloaddition of 

ketenes to 3,4-dihydroisoquinolines. 
18-21 In a recent paper, the synthesis of 

an oxazolo(4,3-a]isoquinolin-3-one derivative is described 
22 , starting from an 

N-ethoxycarbonylisoquinoline derivative, using alcoholic potassium hydroxide. 

However, when this type of cyclization was attempted for ester ba in the pre- 

sent case, only the starting aminoalcohol 3a could be isolated. 

Thionyl chloride treatment of urethane ba resulted in a mixture of oxa- 

zines 0 and 9. The attempted OH-c Cl exchange of oxazine 8 failed to give com- 

pound 9, even on refluxing for 3 h in thionyl chloride. 
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Scheme 2 

The relative configuration of oxazine 9 was 

and X-ray evidence, but also by preparative means. 

proved not only by the NMR 

Erythro-l-[l’-(hydroxymeth- 

yl)-ethyl]-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline 13 was prepared from 

the l-ethoxycarbonylmethylene derivative 12 by the known method4: C-alkylation 

with methyl iodide and subsequent catalytic and lithium aluminium hydride re- 

duction. Aminoalcohol 13 reacted with ethyl chloroformate (similarly as in re- 

action >a--4a) to yield the corresponding urethane, which on lithium alumin- 

ium hydride reduction gave the N-methyl derivative 11. The lithium aluminium 

hydride reduction of oxazine 9 (similarly as in reaction E-10) gave the same 

N-methyl compound 11 as was formed from the erythro-aminoalcohol 13. These 

chemical reactions did not affect the asymmetric carbon atoms of compounds 13 

and 9, so oxazine 9 has the (r-llb,t-1) configuration. 
1 

H NMR spectroscopic investigations on oxazinoisoquinolines 8 and 9 

250 MHz lH 10 and 20 NMR studies allowed a complete analysis of the spec- 

tra and determination of the full set of coupling constants. The data listed 

in Table 1 lead to the only configuration corresponding to the spectroscopic 

results and the favoured conformation of the oxazinoisoquinoline ring system. 

From the spectra of compounds 8 and 9, it 

the possible diastereomers is formed under the g 

most important coupling, which gives information 

two saturated rings, is Jl lib, which has typica 1 

and 3.0 Hz, respectively. ihe nuclear Overhauser 

s obvious that only one of 

ven reaction conditions. The 

about the connection of the 

axial-equatorial values 4.4 

effects (NOE) found between 
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protons 
Hllb’H6 and Hllb,H2’ respectively, in 8 show that all these protons 

are axial and that they are close to each other (1,3-diaxial connection). 

This means that, similarly as from the X-ray results on compound 8, the two 

saturated rings are trans-annelated to each other, the hydroxymethyl axial -* 

and H1 is equatorial. 

The lack of a NOE between protons H llb,H2 shows that the hetero ring is 

connected to the tetrahydroisoquinoline moiety. The coupling constants in 

8 and 9 differ only slightly, indicating that the saturated rings have similar 

conformations. In both cases the CH2X group is axial and Cl is equatorial. 

The difference in the saturated ring annelation is that the CO group attached 

to the nitrogen is quasi-equatorial in 8 (cis connection of the two hetero 

rings), while in 9 it is quasi-axial (trans connections of the two hetero 

rings). Because of the lack of a proton at the annelation position, the sets 

of coupling constants are very similar. 

These results are supported by the fact that couplings J1 2ax and J -1,2e3 
do not have trans-diaxial values (>lO Hz). The saturated heteiocycle of the 

isoquinoline part of the molecule is twisted, because J -6e3,7e3 has a 
small 

value, suggesting a 90’ dihedral angle between these atoms. The anisotropic 

shielding effect of the carbonyl group on H 
6g 

in 9 and the NOE effect prove 

the inversion of the nitrogen. 

Table 1. Chemical shifts (ppm> and coupling constants (Hz) for compounds f3 and 9a 

“l %a “2~ %a “~2 ‘!‘a “7e “lib "A ‘b ’ ‘b “II ‘k’e ‘k 
Jqti 2.58 3.65 4.41 2.59 2.82 3.63 2.91 5.09 3.26 3.52 2.11 6.64 6.61 3.86 3.87 

2.11 4.27 4.15 2.62 3.10 4.55 3.02 4.65 3.88 3.m - 6.66 6.61 3.88 3.88 

Y 6.4 4.2 3.0 1.7 4.4 3.0 4.4 J.1 5.9 3.0 

9 44:: -11.0 -11.4 -1 1.0 

“283 3.0 1.7 -11.4 -11.0 

%a -11.8 -12.0 

CHjO 

10.7 2.8 2.4 
CH30 

0 

“fY.8 -1l.B -12.0 0 0 4.0 3.9 

%a 10.7 0 0 -11.9 -11.1 X 

‘se 2.4 2.8 4.8 3.9 -11.1 -11.9 

-I 
%b ::i 1.0 

“A 4.4 3.7 -11.5 -lo.e 5.1 

‘b 6.E 5.9 -10.8 -11.5 5.5 

X 5.1 5.5 
- - 

aUpper trace compound 8. lower trace compound 9. 
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X-ray analysis of B and 9 

The perspective views of the X-ray structures (Figure 1) computed from 

the atomic coordinates listed for 8 and 9 in Table 2 show the principal differ- 

ences in their conformations and configurations. The C-l epimers are characte- 

rized by the different chirality of C(1) with respect to the permanent chiral 

centre C(llB), chosen deliberately in both drawings with R configuration. Ac- 

cordingly, the CH20H group of 8 assumes the d-axial position, whereas the 

CH2Cl moiety is bound fi-axially. The B/C rings fused along the C(llB)-N(5) 

bond exhibit further conformational differences. 

Figure 1. Perspective view of the molecular structures of 8 and 9 with atomic 
numbering. The bare numbers are for carbon atoms unless indicated otherwise. 
The hydrogen atoms are shown but not labelled. 

The 1,3-oxazine CC> ring conformation, assuming a transition state be- 

tween an envelope (lE), skew-boat (lSllB) and half-chair (lHllB) in B, is 

shifted towards an almost perfect half-chair (*H,) in 9. This motion is accom- 

panied by simultaneous pseudorotation in the tetrahydropyridine (B) ring, 

which represents a shift from a distorted envelope shape with C(6) in the 

flap towards an also nearly perfect half-chair c5H6). In the course of these 

pseudorotations, the fairly planar N(5) gains some pyramidality 26 (x,,= -0.06-~ 

-0.23 rad). The corresponding pseudorotation can be expressed by the follow- 

ing puckering parameters27, the ring numbering startiny from O(3) towards 

C(4) and from N(5) towards C(6), respectively. 

Ring C Ring B 

B 9 0 9 

0 0.525(3) 0.498(3) 8 
90.6(4)’ 

0 0.487(3) 

: 
223.3(4) 71.8(3) 

o.;;2;:0,j 

55.6(3) 128.6(3)’ : 61.4(3) 52:5(3)’ 

The molecules of 8 are hound together by centre of symmetry-related hy- 

drogen-bond pairs, thereby forming dimer associates. The parameters of these 

hydroyen-bonds are: 
0 . . . . ..O H . . 0 0 , , . ,, 

0(14)-H........0(12) 2-x,1-y,l-z 2.745(2)’ 1.712(2)’ 172.6(2)’ 
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Experimental 

The 1H NMR spectra were measured in CDC13 solution at room temperature on 
a Eruker AC 250 SY spectrometer, with TM5 as internal standard. The magnetic 
field was locked on the deuterium signal of the solvent. The 20 measurements 
(COSY and NOESY) were carried out with the standard software written for the 
Aspect 3000 computer of the spectrometer. Size of the matrix: 2K x 512 W; 
spectral width: 2748 Hz; scans 32, experiments 512. 

The spectral data on compounds 4-7, 10 and 11 are in accordance with the 
structures given in the Schemes. 

Melting points were determined on a Eloetius micro melting point hot stage. 

l-[bis(Hydroxymethyl)-methyl]-2-ethoxycarbonyl-6,7-dimethoxy-1,2,3,4-tetrahy- 
droisoquinoline (4a). Method A 

Compound 3a (8.02 g, 0.03 mol) was suspended in a solution of NaHCO 
(2.51 g, 0.03 mol) in water (30 ml), 
mol) 

and ethyl chloroformate (3.26 g, 0.03 
was added. The mixture was stirred at room temperature for 1 h, and then 

extracted with EtOAc. After drying and evaporation, ba was obtained as crys- 
tals. 

l-[bis(Hydroxymethyl)-methyl]-2-(ethoxycarbonylmethyl)-6,7-dimethoxy-l,2,3,4- 
tetrahydroisoquinoline (bb). Method I3 

To a suspension of K2CO (12.44 g, 0.09 mol) in abs. acetone (50 ml), 
comoound 
added. 

3a (8.02 a. 0.03 mol 3 and ethvl bromoacetate (5.01 a. 0.03 mol) were 
After stir:ing for 4 h at room’temperature, the inorganic salts were 

filtered off and washed with abs. acetone, and the filtrate was evaporated. 
Compound bb was obtained as an oil, which was converted to the hydrochloride 
with ethanolic HCl. 

l-[bis(Hydroxymethyl)-methyl]-2-(d-ethoxycarbonylethyl)-6,7-dimethoxy-l,2,3,4- 
tetrahydroisoquinoline (bc). Method C 

Compound 3a (8.02 g, 0.03 mol) was refluxed for 4 h with ethyl acrylate 
(3.00 g, 0.03 mol) in methanol (50 ml). After evaporation, compound bc was ob- 
tained as an oil, which was converted into its derivatives 5c, 6c and 7c with- 
out purification. 

l-[bis(Hydroxymethyl)-methyl]-2-(aminocarbonylmethyl)-6,7-dimethoxy-l,2,3,4- 
tetrahydroisoquinoline (5b). Method 0 

Compound bb (1.06 g, 3 mmol) was dissolved in methanol containing 20% 
ammonia (25 ml), and the mixture was left to stand at room temperature for 2 
weeks. The solution was then evaporated, and amide 5b was obtained as an oil, 
which was converted to the hydrochloride with ethanolic HCl. 

1-[bis(Hydroxymethyl)-methy1]-2-(~-aminocarbonylethyl)-6,7-dimethoxy-1,2,3,4- 
tetrahydroisoquinoline (5~). 

Compound 5c was prepared from ester bc by Method 0. 

l-[bis(Hydroxymethyl)-methyl]-2-methylcarbamoyl-6,7-dimethoxy-l,2,3,4-tetra~- 
droisoquinoline (6a). Method E 

Methyl isocyanate (0.40 g. 7 mmol) was added to compound 3a (1.87 g, 7 
mmol) in benzene (25 ml). After stirrino and refluxinq for 2 h, the mixture 
was evaporated and urea derivative 6a was-obtained as crystals. 

1-[bis(Hydroxymethy1)-methy1]-2-[(methy1aminocarbonyl)-methyl]-6,7-dimethoxy- 
1,2,3,4-tetrahydroisoquinoline (6b). 

Compound 6b was prepared from ester bb with methanol containing 20% 
methylamine by Method U. 

1-[bis(Hydroxymethyl)-met~~y1]-2-[6-(methylaminocarbony1)-ethy1]-6,7-dimethoxy- 
1,2,3,4-tetrahydroisoquinoline (6~). 
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Compound 6c was prepared from ester 4c with methanol containing 20% meth- 
ylamine by Method 0. 

(r-1lb,c-l)-1-Hydroxymethy1-9,1O-dimethoxy-1,6,7,11b-tetrahydro-2H~1,3~oxazino- 
x4,3-alisoquinolin-4-one (8). 

Compound 8 was prepared from urea derivative da by Method 0, using metha- 
nol ic ammonia or methylamine solution. After evaporation of the reaction mix- 
ture, oxazine 8 was obtained as crystals. 

Method F 
Compound 4a (3.39 g, 0.01 mol) was heated with sodium methylate (0.1 g) 

at 130 OC for 30 minutes. Hot EtOAc was added to the mixture and the sodium 
methylate was filtered off. The filtrate was dried and evaporated, and crystal- 
line oxazine 8 was obtained. 

Reaction of 4a with ethanolic KOH. Method G 
Compound 4a (1.70 g, 5 mmol) was refluxed in 10% ethanolic potassium hy- 

droxide solution (30 ml) for 1 h. Following evaporation, the residue was dis- 
solved in water and extracted with CHC13. After drying and evaporation, amino- 
alcohol 3a was obtained as crystals. 

(r-llb,t-l)-l-Chloromethyl-9,lO-dimethoxy-l,6,7,llb-tetrahydro-2H~l,3~oxazino- 
[4,3-a]isoquinolin-4-one (9). Method H 

Compound 4a (5.35 g, 15.8 mmol) was refluxed in thionyl chloride (10 ml) 
for 30 minutes. After evaporation of the mixture, a brown oil was obtained, 
which was crystallized by the addition of ethanol and ether. On recrystalliza- 
tion from EtOAc, only compound 8 (0.3 g) crystallized out. The mother 1 iquor 
was evaporated and the residue was recrystallized from EtOH, when pure oxazine 
9 was obtained. 

l-[bis(Hydroxymethyl)-methyl]-2-(8-hydroxyethyl)-6,7-dimethoxy-l,2,3,4-tetrahy- 
droisoquinoline (7b). Method I 

LiAlH4 (0.76 g, 0.02 mol) was suspended in abs. THF (100 ml), and com- 
pound 4b (2.34 g, 6 mmol) was added. After stirring for 15 minutes at room 
temperature, the mixture was decomposed with 1.5 ml water under ice cooling. 
After stirring for 1 h, the inorganic material was filtered off, and the fil- 
trate was dried (Na Sg4) 
which was converted P 

and evaporated. Compound fb was obtained as an oil, 
o the hydrochloride with ethanolic HCI. 

Method J 
Compound 3a (2.67 g. 0.01 mol) was dissolved in methanol (40 ml), and 

ethylene oxide (0.66 g, 0.015 mol) was added. After standing for 24 h at room 
temperature, the mixture was evaporated. Compound 7b was obtained as an oil, 
which was converted to the hydrochloride with ethanolic HCl. 

l-[bis(Hydroxyn~ethyl)-methyl]-2-(~-hydroxypropyl)-6,7-dimethoxy-l,2,3,4-tetrahy- 
droisoquinoline (7~) 

Compound 7c was prepared hy LiAlH4 reduction of ester 4c, as described 
in Method I. 

l-[bis(Hydroxymethyl)-methyl~-2-methyl-6,7-dimethoxy-l,2,3,4-tetrahydroisoqui- 
noline (10) 

Compound 10 was prepared from urea derivative 4a by LiAlH4 reduction, as 
described in mettlod I. The mixture was stirred and refluxed for 3 h. Product 
10 was obtained as an oil, which was converted to the hydrochloride with etha- 
nolic HCl. 

Compound 10 was also prepared from oxazine 8 by LiAlW4 reduction, as 
described in Method I. The mixture was stirred under reflux for 1 h. 

Erythro-1-[1’-(Hydroxymett~yl)-ethyf]-2-metttyl-6,7-dimethoxy-1,2,3,4-tetrahydro- 
(11) isoquinoline 
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From aminoalcohol 13 
Compound 

A, 
13 was converted into its tj-ethoxycarbonyl derivative by method 

in 45% yield. Mp: 73-76 OC (diisopropyl ether), Cl7H25NO5 (calcd/found) C 
63.14/63.10, H 7.79/0.03. N 4.33/4.37%. 

The product of the above reaction was reduced wih LiAlH 
in Method I. The mixture was stirred and refluxed for 1 h. Ckpiind 

described 

obtained as 
11 was 

an oil, 
HCl. 

which was converted to the hydrochloride with ethanolic 

From oxazine 9 
Oxazine 

and ref luxed 
9 was reduced with LiAlH4 by Method I. The mixture was stirred 

for 2 h. Compound 11 was formed as an oil, which was converted 
to the hydrochloride with ethanolic HCl. 

The products obtained by these two methods were identical. 

Table 2. Physical and analytical data on prepared tetrahydroisoquinolines 4-11 

Com- Yield (%I M.p. ('C) 
pound (Method) 

Formula (M.W.) 
(Solvent) 

Analysis, Calculated/Found (%I 
C H N 

4a 

4JJa 

5ba 

5ca 

6a 

6ba 

6c 

7ba 

7c 

0 

9 

1Oa 

lla 

75 (A) 114-117 
(EtOAc) C17H25N06 (339.30) 

79 (El> 178-181 
(EtOH-ether) C10H20C1N06 (309.86) 

65 (O>b 213-217 (96% EtOH-ether) C16H25ClN205(360~04) 

60 (0) 212-217 
(EtOH-ether) C17H27C1N205(374.87) 

72 (E) 176-179 
(EtOH) C16H24N205 024.37) 

60 (0) 211-213 
(EtOH-ether) C17H27ClN205(374.07) 

64 (Olb 147-140 
(EtOH) C18H28N205 (352.42) 

74 (I) 219-221 
00 (J) (EtOH-ether) C16H26C1N05 047.04) 

65 (I>b 130-140 
(EtOAc) C17H27N05 (325.40) 

45 (0) 30 (F) 100-192 

5 (H) 
(EtOAc) C15H19N05 (293.31) 

15 (H) 155-157 
(EtOH) C15H10C1N04 (311.76) 

35 (IjC 199-201 
20 (Ijd (EtOH-ether) C15H24C1N04 (317.01) 

55 (I)f 
32 (A,I)b’e (E:~~I~~~er) C15H24C1N03 (301.81) 

60.16/60.57 7.43/7.02 4.13/4.20 

55.45/55.42 7.24/7.25 3.59/4.20 

53.25/52.07 6.90/7.19 7.77/7.31 

54.46/54.43 7.2617.22 7.47/7.15 

59.24/59.60 7.45/7.27 0.63/0.42 

54.46/54.19 7.26/7.61 7.47/7.26 

61.34/61.73 0.00/7.79 7.95/7.00 

55.24/55.40 7.54/7.60 4.03/4.29 

62.74/62.31 0.37/0.24 4.31/4.23 

61.42/61.60 6.52/6.73 4.70/4.06 

57.70/50.05 5.02/5.93 4.49/4.&T 

56.60/56.40 7.61/7.43 4.4114.23 

59.69159.32 0.01/0.31 4.64/4.50 

aHydrochloride. 
b 

Overall yield. ‘From 4a. dFrom 0. eFrom 13. 
f From 9. 

Crystal structure determination of 0 
Crystal data: C15H19NO5. M = 293.31 monocl ini a = 11.140(2) b = 9.104(l) 
c = 14.763(2) 8, fi= 106.33(1)O, V =‘1437.7(7) g3 Thy least squ;res refinemen; 
on diffractometer angles for 25 automatically centred reflexions), space group 
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P2l/n (No 14) from systematic absences as3h + 1 = 2n + 1 in h01 and k = 2n + 1 
b; !k;.;ez;ey;o;;Gsfa; ;I,fl;is;o;;36 g cm- 

: 0.25 x i.30 x 0.70 mm 
F(OO0) = 6243.u(Cu-K,-, A= 1.54184 

Oata 
1.5<9~75.oo 

collection was carried out with a CAO-4 diffractometer in the range 
withw/26 scan-using graphite monochromated Cu-Kz radiation. Three 

standard reflexions (270, 7 2 10, 2 0 12) were monitored every hour and showed 
no detectable deviation. 2961 unique, non-zero and independent observations 
were recorded, of which 2640 with 1~3.0(J(I) were u 
and refinement Th structure was solved by MULTAN, 
lized the 2 w{AF)!!. Final R = 0.048 wR I 0.049 

the last cycle of refinement, 

R~l”~‘a~~~~~‘~~~‘~~~~~~~~~ 

the iargest shifi-error was 
1 

3i65, while the 
highest peak in the final difference Fourier map was 0.22 e. . 

Table 3. Fractional atomic coordinates for compounds 8 and 9 with 
their e.s.d.’ s in parentheses. 

Atom x/a 

8 

y/b z/c 
9 

y/b Atom x/a 

C(1) 0.1186(3) 

C(2) 0.3079(4) 

O(3) 0.4893(2) 

C(4) 0.5182(3) 

N(5) 0.3568(2) 

C(6) 11.3949(3) 

C(7) 0.3974(3) 

C(7a) 0.2160(3) 

C(8) 0.1680(3) 

C(9) 0.0026(3) 

C(10) -0.1309(3) 

C(11) -0.0826(3) 

C(lla) 0.0936(3) 

C(llb) 0.1437(3) 

O(12) 0.6081(2) 

cc131 0.0817(3) 

Cl(l4) 0.0455(l) 

O(15) -0.0516(2) 

C(16) 0.0969(4) 

O(17) -0.2986(2) 

C(l8) -0.4432(3) 

z/c 

C(1) 

C(2) 

O(3) 

C(4) 

N(5) 

C(6) 

C(7) 

C(7a) 

C(8) 

C(9) 

Cl01 

C(11) 

C(lla) 

C(llb) 

O(12) 

C(13) 

U(14) 

O(15) 

Cc161 

O(17) 

C(l8) 

0.8517(l) 

0.8514(2) 

0.9765(l) 

1.0770(2) 

1.0611(l) 

1.1707(2) 

1.1614(2) 

1.0412(l) 

1.0332(2) 

0.9242(2) 

0.8197(l) 

0.8267(l) 

0.9372(l) 

0.9353(l) 

1.1794(l) 

0.8926(2) 

0.8033(l) 

0.9079(l) 

1.0155(2! 

0.7166(l) 

0.6144(2) 

0.4891(2) 0.2955(l) 

0.6007(3) 0.3716(l) 

0.6433(Z) 0.4242(l) 

0.6220(2) 0.3921(l) 

0.5720(2) 0.3042(l) 

0.5451(2) 0.2708(l) 

0.3344(2) 0.2264(l) 

0.X96(2) 0.1489(l) 

0.2912(2) 0.0692(l) 

0.2817(2) -0.0023(l) 

0.3643(2) 0.0024(l) 

0.4512(2) O.O8G2(1) 

0.4578(2) 0.1545(l) 

0.5516(2) 0.2388(l) 

0.6508(2) 0.4470(l) 

0.3376(2) 0.3342(l) 

0.2670(2) 0.3708(l) 

0.1981(l) -O.Ofl21(1) 

0.1298(3) -0.0959(l) 

0.3538(2) -0.0746(l) 

0.4474(3) -0.0752(2) 

0.6211(l) 0.5808(l) 

0.5906(l) 0.5366(l) 

0.6004(l) 0.5947(l) 

0.6808(2) 0.6355(l) 

0.7379(l) 0.6384(l) 

0.8326(l) 0.6622(l) 

0.8889(l) 0.5806(l) 

0.8650(l) 0.5184(l) 

0.9231(l) 0.4489(l) 

0.9081(l) 0.3920(l) 

0.8345(l) 0.4061(l) 

0.7757(l) 0.4738(l) 

0.7887(l) 0.5294(l) 

0.7217(l) 0.6032(l) 

0.6979(l) 0.6686(l) 

0.5673(l) 0.6623(l) 

0.44835(4) 0.63940(4! 

0.9613(l) 0.3217(l) 

1.0266(l) 0.2970(l) 

0.0277(l) 0.3491(l) 

0.7574(l) 0.3618(l) 

At the end of the least-squares treatment of the non-hydrogen atoms with 
isotropic temperature factors, 

an empirB 
al absorption correction was per- 

formed through the use of program OIFABS. Relative transmissicn coefficients 
ranged from 0.633 to 1.313, with an average value of 0.984. At this stage, 
the positions of hydrogen atoms bound to carbons were generated from assumed 
geometries, while H(014) was located in a difference Fourier map. The hydrogen 
positions were rot refined, but only added to structur factor calculations 
with mean isotropic temperature factors (B. 
Atomic scattering factors were taken from l!rom~~X~~di~abe~. 82 T Be~~o~r~mC ~~s~~~ 
applied: Enraf-Nonius Structure Oetermination Package. with local modification 
adapted to i POP-11/34 minicomputer. 
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Crystal structure determination of 9 
Crystal 

14.646(l) c ~a:~15~~~~~8~tN~r~93~3~(~~~;7~~= l~~~~~tt;i@3 Fb; “i~lft!~~“aPe, 
refinemen; on diffractometer angles for 25 automatically centred reflexions) 
space group P’Ll/n (No. 14) from systematic absences as h + 1 = 2n + 1 in h01 
and k = 2n + 1 in Ok0 reflexions, Z = 4, D = 1.41 g cme3, 

A,.= 1.54184 8) = 24.6 cm-l. 
F(OO0) = 656, 

“(CU-k ( 
Data collection, structure determination and refinement were basically 

similar as for 8. Of 3069 unique reflexions, 2760 were taken as observed with 
I* 3.08(I). MULTAN 82; minimum and maximum relative transmission coefficients: 
0.778 and 1.338, with an average value of 0.979. The H positions were refined 
in isotropic mode. Full matrix refinement. Final R = 0.049, R 

0.72. The highest peak in the final difference 
~.2~i~S3~.a~,=(d/o)max 0.026. 

? 
= 0.044, Rtot 

ourier map was 
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