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Abstract - A large scale synthesis for (-l-3-PPP has been developed. 
The racmfc methoxy cwound 1 was prepared In a three step procedure 
In 63% yleld. This was resolved as a dfasterecfnerfc salt by crystal- 
lfratfon of the (-l-df-p-toluoyltartrate. Two crystallfratfons gave 
the pure (-I-enantfomr 2 In 50X of the theoretical yield and with 
an enantfoncrfc excess of>95%. Desfethylatfon using aqueous HBr gave 
I-l-3-PPP. (3). Colloound 2 was also oreoared In a stereoselectfve 
synthesis-f&n S-(-l- N-prEpyl-2- chlbr&thylpyrrolfdfne 4. By 
X-ray crystalloyraphy It was show that (-l-3-PPP has the z-con- 
figuration at the chfral carbon. 

Recently Hjorth et al.' described the phamacologfcal properties of 3-(3-hydroxy-phenyll- N- 

propylpfperfdfne (3-PPP, UH 106). The compound was characterized as a selective dopamfne (DA) 

autoreceptor agonist devoid of any appreciable postsynaptic DA-nlmetfc actfvfty. After resolu- 

tfon2 of the racenfc compound, further studies3 proved that this selectivity was confined to the 

I-) enantionr of 3-PPP. 

In this paper we describe a method for large scale synthesfs of the (-1 enantfmr and determfna- 

tlon of the absolute conffguratfon of the active enantfowr via a stereoselectfve synthesis and 

by X-ray crystallography. 

Large scale synthesis 

Raceafc 3-PPP was orfgfnally synthesized by Hacksell et al 4 but alternative preparation methods 

have also been publIshed 6. Resolutfon nefhods have been reported by Wfkstriim et al2 and Arnold 

et al'. 

The fnftfal step In our large scale synthesis Is a Nf-catalyzed coupling of the Grfgnard reagent 

from 3-bronoanlsole ufth 3-bromopyrfdfne (Schm 11 fOl1oufnq essentially the lpthod described by 

Hacksell et al'@. The crude product was converted to the quaternary pyrfdlnfu, salt usfng l- 

browpropane followed by catalytic hydrogenation. The rawafc 3-(3_mthoxyphenyl)-N-propyl- 

pfperfdfne CA1 was obtained In an overall yfeld of 63%. 
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In the following resolution the I-ldf-p-toluoyl-L-tartaric acid salt of l was recrystallfzed 

twice from aqueous ethanol giving the desired enantlomer 2 In !50% yield. The compound has an 

enantlomerlc excess of >95% determined by comparing the optical rotation of the salt with known 

mixtures of the two pure enantlcmers (Fig. 1). The final step involves the deaethylatlon 

in hydrobroaic acid followed by isolation of (-)3-PPP (3) as the hydrochloride salt. 

Since the resolution mathods 2 ' so far reported appear to be either too laborious or too expen- 

sive for large scale synthesfs. the above method offers a short efficient large scale synthesis 

with good econoilly. 

Preparation of (-)3-PPP via stereoselective synthesis 

As an alternatfve to the resolution method for the preparation of (-1 3,PPP us attempted a 

stereoselective synthesls. 

S-(-)-N-propyl-Z-chlomnethylpyrrolidioe hydrochloride (2) (Schems 2) can be conveniently ob- 

tained from naturally occuring L-prollne (+onflguratlon) in analogy with the method described 

by Haacr et al*. The free base of thls type of structure is knom to undergo molecular re- 

arrangement to its corresponding I-alkyl-1-azabicyclo [3.1.0] hexane derfvatlvee'10 2. The 

atlrldinfua ion can react with a nucleophlle to form a 3-plperldine or a e-methyl-pyrrolidine 
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derivative. Namer et ala have proven that the nucleophile attack is 100% stereospecific and the 

ring opening of the intendfate azfrfdfnim ion with nucleophlles at both tfw primary and 

secondary posftfons proceeds only by an S,,2 mechanism. 

schfme2. 

Inspection of a molecular node1 of 5 indicated no difference in steric hindrance for reaction at 

the carbon-atoms in positions 2 or 3. Using an appropriate Grignard reagent as a nucleophile we 

therefore expected to obtain the desired product 1 in an acceptable yield. 

The azirfdinfun intemediate was formed from the hydrochloride of 1 using one mole of 3methoxy- 

phenyl magnesia bromide as base. Addition of another mole of the Grignard reagent gave no 

coupling products. Also the use of 3-methoxyphenyl1Ithiun as base and nucleophfle failed. How- 

ever, by adding a catalytic amount of cuprous cyanide or cuprous iodide to the reaction mixture, 

the nucleophile attack was successfully initiated. This method gave the two expected products in 

a total yield of 82%. The major isomer in the mixture turned out to be the pyrrolidine deriva- 

tive 5 in 82% yield while the desired compound 2. was present In 18%. 

Deteminatfon of optical purity 

Pure enantiosms of the secondary amfnes 1 and 8 (Scheme 3) were prepared as described by Wfk- 

strifm et al2 and thefr purity was estimated with a capillary gas-chrwatographlc method using the 

dfasterecmeric 5-(+)-0-mthyl-mandelfc acid amfdes 2 and lo. The optically pure mines ware 

propylated2 yielding 2 and its corresponding (+I-enantiomer fi. Two dlasteremeric salts were 

then prepared using the two enantiomers 2. and 11 viz f-I-di-p-toluoyl-L-tartrate of 1 and (+I-di- - 
p-toluoyl-D-tartratc of 11. lhe optical rotation was then deterafned for known mixtures of the - 
two salts and the rotation was plotted in a dfagra against the molar fraction of the two salts 

(Fig. 1). This diagram was used for determination of the optical purity during the large scale 

resolution procedure. After two crystallizations, the (-)-df-p-toluoyl-L-tartrate of 2 had a 

[al:' - -95' indicating an optical purity >g5%. 
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The X-ray crystallographic description of (-)-3-PPP. 

The structure and the absolute configuration detenninationr were carried out as described In the 

experimental section, using the hydrochloride salt of (-)-3PPP. Two independent molecular con- 

fornations (A and 5) uere Identified In the crystals as rhovm In Fiq. 2. The detenination of 

the absolute configuration was shown that (-I-3-PPP has the 2 configuration at the chiral carbon. 

All observed values of bond lengths and bond angles in the two conformations agree with each 

other within experimental error and generally also confon to the expected values with two 

exceptions. At the end of the propyl side chain of mol A, two neighbourlng C - C bond distances 

refined to the values of 1.395(10) and 1.574(10) A, probably depending on the rather high thermal 

nobility in this region. The respective bond lengths in mol 5 have the values of 1.504(B) and 

1.520(9) A. 

A B 

Figure 2 

Views of the two crystallographically independent molecular con- 

formations in the crystal structure of S(-)-3-(Z+Hydroxyphenyl)- 

N-propylpiperidine hydrochloride(3). with atoms numbered as in 

the text. 

The a-tic rings are flat to within 0.025 and 0.020 A in ~01 A and B, respectively. The 

piperidine rings have chair conformation in both raolecules. the molecular conformations. how- 

ever, are different. The big differences between special torsion angles in mol A and B 

(cf Table 31 suggest that the rotation around C(4) - C(8) and N(10) - C(141 bonds are relatively 

soft parameters which may be easily influenced by the crystal or by packing forces. 
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Table 3. Selected torsfon angles wlth e.s.d.'s In parentheses, showing 

significant dlfferent values in the two crystallographlcally 
Independent molecules. 

Atoms Involved 

C(3) - C(4) - C(8) - C(9) 

C(3) - C(4) - C(8) - C(13) 

C(5) - C(4) - C(8) - C(9) 
C(5) - C(4) - C(8) - Cl131 

Torsion angles ('1 

Ml. A Mol. B 

60.4(7) 32.8(7) 
-175.3(8) 156.2(7) 
-123.3(7) -150.5(7) 

0.9(8) -27.1(7) 

C(9) - N(10) - C(14) - C(15) -60.5(8) -171.9(6) 

C(11) - N(10) - Cl141 - C(15) 177.2(9) 64.2(6) 

In the crystal structure of the present hydrochloride salt each chlorine anion Is a proton 

acceptor In two H-bonds from two dlfferent molecules, one from the phenollc oxygen and one from 

the N atun. The O....Cl . . ..N angles are 102.0(2)' In mol A and 105.9(2)* In ~01 B. The bond 

distances and anqles In the hydrogen bonds are llsted In Table 4. 

Table 4. Hydrogen bond distances (A) and angles ('1. 

The e.s.d.'s, where given, are In parentheses. 

Atoms involved X-H H...Cl X...Cl x- H...Cl 

O(1) - H(l).....Cl(l) 1.14 1.99 3.078(4) 158.4(2) 
N(lO) - H(10) . . ..Cl(l) 1.00 2.13 3.125(6) 174.6(3) 
O(211 - H(21)....C1(2) 1.09 2.02 3.066(4) 158.6(2) 
N(30) - H(30) . . ..C1(2) 1.03 2.07 3.097(5) 172.4(2) 

EXPERICYNTAL 

'H-M spectra ware recorded in C8C.1, (TRS as Internal standard 6 - 0) at 200 ML using a 

Jeol FX 200 Instrument. ChcRIcal shlft data are reported In pp~ downfleld from lMS where s, d, 

t, m deslgnate slnglet, doublet, trlplet and multlplet respectively. Mass-spectroRetry was per- 

fond on an LXB WOO lnstrwnt at 70 eV. OptIcal rot&Ions were measured on a polarlmeter type 

AA 100 (Optical actlvlty LTB). H.p:s were taken on a Mettler FP61 apparatus. All n.p:s are 

uncorrected. 

The eleaental analysls were performed by Analytlsche Laboratorles Elbach, Nest Beruany. 
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3-_(3-Hethoxyphenyllpyridlne 

135 

3-WMoxyphenylmagnesirrm bromide. prepared fm 3-brmoanfsole (50.5 kg, 270 mol) and l4~ (9.7 kg, 

399 ~~11 in dry THF (61 1) under N2, was added to a solution of 3-brollopyridfne (32.5 kg, 

158 mall. dichlorobis(triphenylphosphfneln1ckel (III (2.1 kg, 3.2 1~11. in dry THf (100 1). The 

reaction vessel was ivrsed in an ice-water bath, and the addition rate was adjusted so that the 

temperature could be kept below 1O'C. When the addition was complete. the reaction mixture was 

allowed to each poem tcllperature and then stirred under N, for 24 h. The resulting mixture was 

poured into ice cold dilute HCl and extracted with toluene. The aqueous layer was neutralized 

with a saturated K,CO, solution and extracted with toluene. Drying (K,CO,I and evaporation of 

tba toluene afforded the product as an oil. The product uas fdentified by TLC and 6C. Yield: 

29 kg (76.5%) GC purity: >91%. 

3-(J-Methoxyphenyll-N-propylpiperidfne (1) - 

3-(3-HethoxyphenylIpyrfdfne (29 kg, 156 mol) and 1-b-propane (38 kg, 309 mol) were dissolved 

in dry acetone (45 1) and heated at 1OO'C in a high pressure steel vessel. After 20 h the reac- 

tion was interrupted and the solvent was evaporated. The residual quaternary 3-(3-mathoxy- 

phenyl)-1-propyl-pyridiniun bromide was hydrogenated with 5% PtO, on carbon (3 kg) in methanol 

(400 1) at rooa-temperature and atmospheric pressure. Tha hydrogen uptake ceased after 24 h. 

The catalyst was filtered off and the solvent was evaporated. The residual crude hydrobromfde 

was dissolved in water, made alkaline and extracted with toluene. The organic-phase was dried 

and evaporated. The crude product is a light yellou oil. The product was identified by TLC and 

GC. Yield: 30 kg, 83%; 5C purity: 

93-94s. 

(-I-3-(3-MthoxyphenylI-N-propylpiperidftn? (2) - 

To a solution of the racemfc base of 3-(3-methoxyphenyll-1-propylpiperidfne (AI (25 kg; 107-1~1) 

in aqueous ethanol (300 1; 70%) at 50'. was added a solution of (-l-Di-p-toluoyl-L-tartaric acid 

1 H,O (42.5 kg; 105 mol) in aqueous ethanol (300 1; 70%). The warn solution was alloued to cool 

to room-temperature, then it was seeded and left at 8-10. overnight. The isolated salt was 

recrystallized twice from a 10x solution in aqueous ethanol (701). The collected salt was 

treated with 131 NaOH and extracted with ether. The ether-phase was dried and evaporated. The 

desired compound was obtained as a colourless 011. Yield: 6.3 kg (50% of the desired enantimr) 

I4.p. (HCl) 199-201-C 

[a]20 = -6.5’ (c = 2.6; CH,OHI. (Lit.2: m.p. 200-202-C; [a120 - -6.7'1. 

0 D 

(-I-3-(3-HydroxyphenylI-1-propylpiperidfne (3) - 

(-I-3-(3-MethoxyphenylI-1-propylpiperfdfne (2) (6.3 kg; 27 no11 in 48% H8r (33 1) was heated at 

120.C for 4 hours under nitroqen. The mixture was cooled and evaporated. The residue was made 

alkaline with a saturated solution of NaHCO, in water and was extracted four tirs with toluene. 

The organic phases ware collected. dried and evaporated. The residual 011 uas converted into the 

hydrochloride salt and was recrystallized once from ethanol-ether giving colourless needle-shaped 

crystals. Yield: 5.2 kg (75%) l4.p.: 185-187-C [g&a - -6.8' (c - 2.1; HaOH. (Lft.2: q .p. 187- 

188'C; [lX]F = -7.1'). 
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S(-)-3-(3_aethoxyphenyl)-1-propylpfperfdfne (2) and 

S(-)-2-[(3nethoxy-phenyl)nethyl]-l-Propvl-p~rrolfdfne (6) ((Scheme 2) 

A Grfgnard-reagent was prepared from 3-broamanfsole (6.33 g; 0.039 ~1) and magnesfun (0.79 g; 

0.0328 mol) In tetrahydrofuran (25 ml). The reagent was dfvfded In two equal parts. One part 

was added dropwfse to a suspensfon of S(-)-P-chloromethyl-1-propyl-pyrrolfdfne hydrochlorfde 1s) ’ 

(3.2 g; 0.0162 mol) In tetrahydrofuran (16 ml) at -1O'C. Cuprous fodfde (0.3 g; 0.0016 mol) 

was added to the other part and stfrrfng was contfnued at roc+n temperature for one hour. The two 

parts were conbfned and stfrrfng contfnued at rm temperature for further 2 hours. The mfxture 

was poured on Ice - hydrochlorfc acfd and washed wfth ether. The aqueous phase was made alkalfne 

and extracted with ether. After dryfng (NazSO,) and removal of the solvent In vacua, a colour- 

less of1 was obtafned. Yfeld: 3.1 g (82%). GC-analysfs (10 m, SE-54: 175'C) fndfcated two 

products In a ratfo of 82 to 18. The compounds Yere separated by preparatfve HPCL chromatography 

[Maters prep-PAK-5OO/sflfca; CH,Cl,:NH, 4M In ethanol (loo-311. The amfnes were transferred to 

thefr correspondfng hydrochlorf de salts 

elemrntary analysfs. 

and characterfred by MR. MS. [a]i”, meltfng pofntS and 

Compound z(M): Ha (COCl,) 6 0.89 (t ‘L 3H); 6 1.50 (m. 3H); 6 1.73 (m. 2H); 6 1.95 (m, 3H); 6 

2.80 (m, 1H); 6 3.0 (m. 2H); 6 3.79 (5, 3H); 6 6.77 (m, 3H); 6 7.26 (m. 1H) PP. MS (70 d) m/Z 

233 (6.2%). 204 (lOO%), 121 (9.1%). 70 1’ 8%) H.p.: 200-201'C [ala5 : -6.5.C (C m 2.1; MeOH) 

Compou~ 5 (821): M (COCI,) 6 0.93 (t, 3H); 6 1.58 (n, 6H); 6 2.12 (m. 2H); 6 2.39 (W 2H); 6 
2.81 (m, 1H); 6 3.03 (d, 1H); 6 3.20 (t, 1H); 6 3.79 (s, 3H)i 6 6.75 (m, 3H); 6 7.19 (m. 1H)ppm. 

6 (70 ev) m/z 233 (0.14%), 204 (1%). 121 (3%). 112 (100%) 70 (22%) 
M.p.: ill-111.5.C [ali : -16.25' (C * 2.3; MeOH) 

Elementary analysfs: C H N 0 Cl 

Calculated : 66.7 8.9 5.1 5.9 13.1 

Found : 66.7 8.8 5.1 6.0 13.0 

~+~-3-~3-~tho~phenyl~-l-(-~-O-nethyl-mandeloylpfperfdfne amfde (2) (Scheme 3). 

(+I-3-(3-methoxyphenyl)pfperfdfne hydrochlorfde (L) (2 mg) was mfxed wfth water (2 ml). CH,Cl, 

(2 ml) and 5% NaOH (0.5 ml) under vfgourfous stfrrfng. _ R(-)-0-Methyl-mandeloyl chlorfde (10 ~1) 

(prepared froR correspondfng acfd and thfonyl chlorfde at 0') was added and analysfs was per- 

formed on the CH,Cl,-phase after 15 mfn. GC (50 m SE-54 cross lenked fused sflfca 270'. 

FI-detector) fndfcated a purfty of 99.2% for compound 1. and 99.4% for compound 8. 

(-I-3-(3-methoxyphenyll-N-propylpfperfdfne. (-)-Df-p-toluoyl-L-tartarfc acfd salt (12) and (+)-3- 

(3-methoxyphenyl)-N-propylpfperfdfne. (+I-df-p-toluyl-D-tartarfc acid salt (131.. - 

The tw, enantfomers (1) and (g) were-propylated and precfpf tated as salts from 70% aqueous 

ethanol as descrfbed earlfer for compound (21. Compound (11): [alis = -100'. compound (2): 

[a]65 = +102'. (c = 1.5, ethanol). 

Experfmental for structure determfnatfon of (?I 

Colourless, needle-shaped crystals of 2 were obtafned as descrfbed above. A sfngle crystal wfth 

approxfmate dfnensfons 0.14 x 0.10 x 0.75 nn was selected for data collectfon. The fntensftfes 

of 2875 reflectfons wfth ~65' yere measured on a Phflfps PU 1100 computer-controlled 

dfffractometer at room temperature, wfth graphfte-monochrolaatfzed CuK radfatfon and U-2e scan 

technfque. The net fntensftfes were corrected for Lorentt and polarfiatfon effects but not for 

absorptfon (px_ray ca,c = 21.8 cm-'). 
. . 
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The unit cell is orthorhonbic, P2,2,2, with a = 20.464(10). b = l&367(8), c = 7.442(31 A and TV 

molecules per asynwtric unit. The cell dimensions were refined by least-squares fitting of the 

preliminary cell parameters measured on the dfffractornter to powder data from a Guinier photo- 

graph, taken with strictly aonochronatized CuK, radiation (A n 1.5406 Al and using Si 

(a = 5.4309 A at 298 Kl as an Internal standard. 

The structure was solved by direct method using the MULTAH 8011 proqrun system and refined by 

full matrix least-squares procedure of the SHELX12 system. The positions of the non-hydrogen 

atons were refined together with their anisotropic temperature factors. The hydrogen positions 

were calculated geometrically after each cycle of the refinement, except for two H atoms in each 

molecule (H(1) in the phenol -OH group and H(10) attached to N(10) 1 which were located from 
difference Fourier maps and kept fixed during the subsequent calculations. The refinement of the 

structural model against 1949 reflections, all with F = 6 d (Fl and unit weights, converged to a 

final R value of 0.0465. The fractional atomic parameters are listed in Table 1. 

Oetennination of the absolute configuration of 3 

The absolute configuration of (-l-3-(3-hydroxyphenyl)-N-propyl-piperidfne (3) was determined by 

the Bijvoet method13. The Bljvoet ratio Xh = 2(Ih - I_hl/(Ih + I,h) was calculated from observed 

atomic positions for each Friedel pair with W35'. Fifteen Friedel pars exhibiting large Bijvoet 

differences and Bljvoet rations were selected for measurement. For each unique hkJ, the intensl- 

ties of eight s-try related reflections were measured and the average net intensities of the 

four equivalent reflections for Ih and I_h respectively, ware used. The good agreement between 

calculated and observed Bijvoet ratios (cf. Table 21 confirms that the studied molecules have the 

absolute configuration shown in Fig. 2. The anomalous scattering factors were taken from Inter- 

national Tables for X-ray Crystallographyl'. 

Table 2. Calculated (Xc) and observed (X0) Bljvoet ratios. 

Cu K, radiation was used. 

H K L 

211 0.97 9.75 7.75 893 
2 12 -5.55 -5.25 12.97 1277 
611 -7.84 -8.30 14.60 548 
4 2 2 -14.28 -16.43 15.64 357 
6 61 14.20 13.61 20.73 520 
2 8 1 -20.77 -22.17 21.06 300 
8 12 -49.38 -40.29 21.60 206 
6 3 3 10.24 11.29 23.85 592 
3 8 2 14.64 13.88 24.23 502 
2 14 -19.13 -26.27 25.04 277 
7 81 11.15 10.13 26.06 583 
4 2 4 20.45 30.83 26.67 181 
814 -26.42 -23.72 30.94 206 
3 8 4 -19.64 -17.35 33.04 257 
8 8 3 21.47 24.92 33.22 267 

xC xO 
0 to) Fobs (x10) 
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Table 1. Fractlonal ataalc parameters (xl@) and equivalent lsotroplc 

temperature factors (xl@) for the non-hydrogen atoms and 

fractional atmlc parameters (xl@) and isotropic temderature 

factors (xl@ 1 for the hydrogen atoms involvlng In the H- 

bonds. IE.s.d.'s. where given. are In parentheses). 

Atom 

Cl(l) 

O(l) 

C(2) 
C(3) 
C(4) 
C(5) 

C(6) 
C(7) 

C(8) 
C(9) 

N(lO) 

C(11) 

C( 12) 

C(13) 

C( 14) 

Cl151 

C(l6) 

Cl(2) 

O(21) 

C(22) 

Cl231 
Cl241 

Cl251 

C(26) 

C(27) 

C(28) 

C129) 

N(m) 

C(31) 

C(32) 

C(33) 

C(U) 

C(35) 

Cl361 

H(1) 
HlO 

lit211 
HI301 

REFERENCES 

X 

8451(l) 

7701(2) 

8021(3) 

771213) 

7988(3) 

8594(2) 

8904(2) 

862812) 

7657(3) 

6974(3) 

6621(3) 

7004(3) 

7669(4) 

8043(3) 

5949131 

5528(3) 

4811(3) 

5778( 1) 

5216(2) 

5626(3) 

5380( 3) 
5781(3) 

6449( 3) 

6692(3) 

629513) 

5493(2) 

4881(31 

457912) 

5041(3) 

566613) 

5986( 3) 

3937(3) 

354313) 

2079(3) 

807 
658 

552 
445 

Y 

12451(l) 

11015(2) 

10380(3) 

973013) 
906313) 

906613) 
9718131 
10397(3) 

8354131 

8321(3) 
7638(3) 
6969(3) 
6988(3) 

7674(3) 

7568(4) 

8137(4) 

7999(5) 

5556(l) 

4097(2) 
353313) 

2839(3) 
2229(31 
2343(3) 
3036(4) 
3639(3) 
1464(31 

1436(31 
698(2) 

14113) 

138(3) 

89213) 

71613) 

2813) 
127(4) 

1148 
765 

455 

6.0 

Z 

5107(2) 

6146(6) 

5692(8) 

6113(8) 

5653(8) 

477419) 

4409(8) 

4867(8) 

6196(8) 

5350( 10) 

591418) 

5380(12) 

6215(12) 

5731(11) 

5075113) 

5525116) 

4839( 13) 

6773(2) 

5537(9) 

5563(g) 

534719) 

5426(7) 

5676(g) 

5889(10) 

5851(9) 

5342(8) 

4162(8) 

4198(6) 

3470(9) 

4532(9) 

4673(g) 

3209(9) 

3376( 10) 

2498(12) 

601 140(32) 

725 62(2) 
588 181(40) 

552 105126) 

1. S. Hjorth. A. Carlsson, H. Yikstr&, P. Llndberg, 0. Sanchez, U. Hacksell, L.E. Arvidsson, 

U. Svensson and J.L.G. Nflsson. Lffe Sciences 28, 1225 (1981). 

2. H. Yikstriin, 0. Sanchez. P. Llndberg, U. Hacksell, L.E. Arvfdsson, A. Johansson, S.-O. 

Thorberg, J.L.6. Nllsson. K. Svensson, S. Hjorth, 0. Clark and A. Carlsson. J. &led. Chem. 

in press (1984). 



Large scale synthesis and absolute configuration of (- )-3-PPP 139 

3. 

4. 

5. H.J.J. Loozen and F.T.L. Brands. J. Roy. Neth, Chem. Sot., 100 333. 1981. - 

6. 8.J. Langhw, R.G. Shephend and A.C. Uhfte Chew 6 Ind., 168 (1983). 

7. Y. Arnold, J.J. Daly, R. Imhof and E. Kyburr. Tetrahed. Lett. 24, 343 (19831. 

8. C.F. Haner and J.D. Ueber. Tetrahedron 37, 2173 (1981). 

9. 

10. 

11. 

C.F. H-r. M. McCarty All and J.D. lfeber. Tetrahedron 29, 1767 (19731. 

C.F. Hamer, S.R. Heller and J.H. Craig. Tetrahedron 2. 239 (19721. 

P. Nafn, S.J. Fiske. S.E. Hull, L. Lessfnger, 6. Gemafn, J.-P. Declercq and M. M. Uoolfson 

(1980). 

MULTAN 80: A system of computer programs for the automatic solution of crystal structures 

frm x-ray diffraction data. Department of Physics, Univ. oc York, York, England. 

12. G.M. Sheldrfk (1976) 

SHELX 76: Program for crystal structure detemfnatfon. Univ. of Cambridge, Callbrfdge, 

England. 

13. J.M. Bfjvoet, A.F. Peerdmn and A.J. van 8amel (1951). Nature, Lond. 168. 271-272. 

S. Hjoorth, A. Carlsson. II. Clark, K. Svcnsson, H. Ylkstriir, 0. Sanchez, P. Undberg, U. 

Hacksell, L.E. Arvfdsson, A. Johanssoo and J.L.6. Nilsson. Psychopharmacology c, 89-99 

(19831. 

Il. Hackscll, L.E. Arvfdsson, U. Svensson. J.L.S. Nflsson, D. Sanchez, H. Wfkstrifa, P. Lfnd- 

berg, S. Hjorth and A. Carlsson. J. l&d. Chem. 2Q, 1475 (1981). 

14. Internatfonal Tables for X-ray Crystalloqraphy (1974) Vol. IV. Birdngham: Kymch Pnss. 


