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Among the multitude of heterocyclic small molecules1 that 
affect the central nervous system are an important class 
comprising piperidine2 and piperazine3 core structures. A classic 
example is haloperidol (Haldol) (Figure 1), with a rich history of 
antipsychotic activity, especially for the treatment of 
schizophrenia.4 Haloperidol is known to act on therapeutically 
relevant dopaminergic receptors5 such as D26 and D47, which are 
responsible for its antipsychotic effects among other properties 
related to a variety of psychiatric disorders.8 It is also well known 
that the in vivo formation of the quaternary  4-(4-chlorophenyl)-
1-[4-(4-fluorophenyl)-4-oxobutyl]-pyridinium salts resulting 
from metabolism of the piperidine subunit in haloperidol in 
addition to reduction of the ketone function to the corresponding 
benzylic alcohol are responsible for its toxicity and 
extrapyramidal side effects.9,10 

A large number of studies have been directed at understanding 
the complex interplay between efficacy, selectivity, and toxicity 
using haloperidol as the time-tested prototype among 
antipsychotic drugs. Among these studies are scholarly examples 
of the use of constrained azabicyclic analogs starting from readily 
available materials such as tropinone10-12 and piperazines.12  

Recently, a new class of N-propyl piperidine D2 ligands has 
been disclosed acting as dopaminergic stabilizers. 13,14 The most 
advanced is pridopidine (Figure 1) which has reached phase 3 
clinical development for the symptomatic treatment of  

____________________ 
* Corresponding author. Tel.: +1-514-343-6738; fax: +1-514-
343-5728; e-mail: stephen.hanessian@umontreal.ca. 

Huntington's Disease (HD). It has been shown that pridopidine’s 
adverse effect profile is similar to that of placebo unlike classical 
D2 receptor antagonists such as haloperidol which are associated 
with severe adverse effects such as acute extrapyramidal 
symptoms in patients with HD.9,10  

We therefore conceived a series of carbon and oxygen bridged 
bicyclic compounds related to pridopidine and derivatives such 
as A and B (Figure 1)15 incapable of undergoing metabolism to 
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We have developed versatile methods toward the synthesis of a variety of piperidine/piperazine 
bridged isosteres of pridopidine . The compounds were assessed against the D2 receptor in 
agonist and antagonist modes and against the D4 receptor in agonist mode.   hERG Binding and 
the ADME profiles were studied. 
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Figure 1. Haloperidol and targeted scaffolds. 
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quaternary pyridinium-type salts. Accordingly, we report on the 
synthesis of representative members of bridged piperazines and 
piperidines relying on stereoselective methods of C-arylation for 
the latter class. In addition to the D2/D4 activity, we were 
particularly interested in analogs having favorable ADME and 
off-target (hERG) profiles. 

Synthesis of analog 4 started by reaction between known 
tropinone-derived ketone 116 and lithium bis(trimethylsilyl)amide 
(LiHMDS) in the presence of N-phenyl-
bis(trifluoromethanesulfonimide) (PhN(Tf)2)17 to generate the 
corresponding triflic enol ether. This subsequently underwent a 
Suzuki coupling18 with 2-methoxyphenylboronic acid, thus 
delivering unsaturated intermediate 2 in 28% over two steps 
(Scheme 1). Catalytic hydrogenation furnished the endo-aryl 
azabicycle 3 as the sole isomer. It should be noted that at this 
stage, a variety of reduction conditions (including the use of 
different catalysts such as Raney nickel or diimide, while varying 
temperatures, and solvents) all failed to produce the exo-C-aryl 
isomer.  A sequence consisting of hydrolysis of the carbamate 3 
under basic conditions, followed by N-propionylation of the free 
amine and reduction of the resulting amide function with LiAlH4 
led to the desired 3-endo-(2-methoxyphenyl)-8-propyl-8-
azabicyclo[3.2.1]octane 4 in 30% over four steps. A single-
crystal X-ray analysis of the HCl salt of 4 allowed us to ascertain 
its structure and stereochemistry (Scheme 1).  

As mentioned above, our efforts to generate an exo-C-aryl 
compound through hydrogenation reactions were unsuccessful. 
To circumvent this problem, we envisaged a cobalt-based 
coupling inspired from the work of Cossy and coworkers.19 To 
this end, the known alcohol 520 was first reacted with PPh3 and I2 
in the presence of imidazole to afford the iodide 6 (Scheme 2). 
Treatment of 6 with 2-methoxyphenylmagnesium bromide in the 
presence of a catalytic amount of CoCl2 and trans-N,N,N’,N’-
tetramethyl-1,2-cyclohexanediamine led to the exo-aryl 
azabicyclic compound 7a in 38% yield over two steps. Finally, a 
sequence consisting of deprotection of the amino group, followed 
by propionylation and reduction of the amide led to the desired 
azabicycle 8a in 34% yield over the three steps. 

Other alternative strategies can be applied to the 
functionalization of bridged piperidines.21 For example, we used 
a Ni-based coupling from the tosylate 10 according to Molander 
and coworkers22 to generate intermediate 7a (Scheme 3).  

However, more steps were required to reach alcohol 923 in an 
effective manner. 

To study the effect of the aryl pharmacophore, we varied the 
position of the methoxy group on the aryl moiety. Compounds 
8b-e were prepared from 6 under the same conditions as for the 
preparation of 8a (Scheme 2). 

Compound 12, incorporating an endo- tertiary alcohol, was 
prepared from the known ethyl 3-hydroxy-3-(2-methoxyphenyl)-
8-azabicyclo-[3.2.1]octane-8-carboxylate 1112c as described 
below in 15% yield over the three steps (Scheme 4).  

A similar approach as the one adopted to obtain 4 was used 
for the synthesis of 7-endo-(2-methoxyphenyl)-9-propyl-3-oxa-9-
azabicyclo[3.3.1]-nonane 16. Ketone 1324 was first reacted with 
LiHMDS and PhNTf2 to generate a triflic enol ether, which was 
submitted to Suzuki coupling, yielding the unsaturated azabicycle 
14 in 23% over two steps (Scheme 5). Catalytic hydrogenation of 
the double bound led to 15 as the sole isomer. Interestingly, a 
single-crystal X-ray analysis revealed that 15 adopted a chair-
boat conformation. Finally, the targeted 7-endo-(2-
methoxyphenyl)-9-propyl-3-oxa-9-azabicyclo[3.3.1]-nonane 16 
was obtained after N-Boc removal, acylation of the free amine 
and LiAlH4-mediated reduction of the amide to the 
corresponding tertiary amine in 74% over four steps. We assume 

Scheme 1. Reagents and conditions: (a) LiHMDS, PhN(Tf)2, THF, – 78°C 
to r.t., 2h; (b) 2-methoxyphenylboronic acid, PdCl2(dppf)·CH2Cl2, 2N aq. 
K2CO3, DMSO, 100°C, 1h, 28% (2 steps); (c) H2, Pd/C, EtOAc, r.t.; 12 h 
(d) KOH, H4N2·H2O; (HOCH2)2, 150°C, 60h; (e) EtCOCl, 5N NaOH, 
CH2Cl2, r.t., 12h; (f) LiAlH4, THF, r.t., 12h, 30% (4 steps). 
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Scheme 2. Reagents and conditions: (a) PPh3, I2, Imid., CH2Cl2, rt., 2h, 90%; 
(b) Ar-MgBr, CoCl2, trans-N,N,N',N'-tetramethyl-1,2-cyclohexanediamine, 
THF, 0°C to r.t., 3h-16h, 38-90%; (c) KOH, H4N2·H2O, (CH2OH)2, 160°C, 
12h; (d) EtCOCl, 5N NaOH, CH2Cl2, r.t., 12h; (e) LiAlH4, THF, r.t., 12h, 34-
46% (3 steps). 

Scheme 4. Reagents and conditions: (a) KOH, H4N2·H2O, EtOH, reflux, 
48h; (b) EtCOCl, 5N NaOH, DCM, r.t., 12h; (c) LiAlH4, Et2O, r.t., 12h, 
15% (3 steps). 
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that the chair-boat conformation is maintained based on NMR 
data.  

The Cossy cobalt-based coupling strategy was also applied to 
the synthesis of exo-C-aryl 3-oxa-9-azabicyclo[3.3.1]nonane 
bicyclic morpholine 20. The known alcohol 1724 was first 
converted into the corresponding exo-iodo intermediate 18 under 
Appel conditions (Scheme 6). A cobalt-mediated coupling 
between 18 and 2-methoxyphenylmagnesium bromide led to 
compound 19 in 42% yield. Finally, TFA-mediated deprotection 
of the N-Boc group followed by N-propionylation and reduction 
of the intermediate amide led to the azabicycle 20 in 39% yield 
over three steps.  

We then focused on a prototypical  bridged piperazine analog 
(Scheme 7). The known dichlorinated morpholine 21, prepared 
according to Revesz and coworkers,25 was first submitted to an 
SN2 reaction involving 2-methoxyaniline. A subsequent 
hydrogenation in the presence of Pearlman’s catalyst delivered 
the amine 23 in 39% over two steps. Finally, a sequence 
comprising allylation of the amine using allyl iodide and 
potassium carbonate as a base, followed by catalytic reduction of 
the allyl group led to the desired 7-(2-methoxyphenyl)-9-propyl-
3-oxa-7,9-diazabicyclo-[3.3.1]nonane 24 in 64% yield over the 
two steps  

To the best of our knowledge, the synthesis of 7-aryl-2-oxa-5-
azabicyclo[2.2.2]octanes have not been previously reported. The 
synthesis commenced with the known intermediate 25 which 
could be prepared from D-glucose, according to Herdewijn and 
coworkers26 (Scheme 8). We first reduced the azide to the 
corresponding primary amine by catalytic hydrogenation. 
Nosylation of the free amine provided the protected compound 

26. Aqueous acidic conditions served to hydrolyze the acetal 
(78% over 3 steps). An intramolecular Mitsunobu reaction 
allowed us to selectively obtain the bridged bicyclic morpholine 
analog 27. PCC-mediated oxidation furnished ketone 28 in 86% 
yield over 2 steps, whose structure was ascertained by single-
crystal X-ray analysis. At this stage, the 2-methoxyphenyl moiety 
was introduced through a Grignard addition, leading to a 2:1 
mixture of benzylic alcohols 29a and 29b in 99% yield. After 
separation of the two isomers by chromatography, the nosyl 
group was removed according to Nargund and coworkers27 and 
the propyl chain was installed as described above, yielding 
alcohols 30a and 30b in 66% and 59% yield respectively over 
three steps.  

 Finally, a reductive dehydroxylation performed on 29a in the 
presence of BF3·OEt2 and triethylsilane, followed by the 
deprotection of the amine yielded intermediates 31a and 31b in 
67% global yield in a ratio of 1.5:1 in favor of 31b (Scheme 9). 
Installation of the propyl chain provided the bridged bicyclic 
morpholines 32a and 32b in 76% and 78% yield respectively 
over the two steps.  

All compounds synthesized were tested at two doses (0.1 and 
10 µM) on the dopamine D2 receptor for agonist and antagonist 
activity as well as on the dopamine D4 receptor as an agonist (see 
Table 1; Supporting Information).  The compounds were also 
tested against hERG, on Caco-2 cells for passive diffusion and 
efflux, and on human, rat, and mouse microsomes for metabolic 
stability. 

Scheme 7. Reagents and conditions: (a) 2-methoxyaniline, diglyme, 165°C, 
1h (b) H2 (60 psi), Pd(OH)2/C, 2N HCl, MeOH, rt, 15h, 44% (2 steps); (c) 
Allyl iodide, K2CO3, MeCN, rt, 15h; (d) H2 (1 atm), Pd/C; MeOH, rt, 15h, 
63% (2 steps). 
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  Reference compounds A and B from Pettersson and 
coworkers15 were active as agonists on the D2R at the two doses 
consistent with the literature data. We then tested the two 
compounds against hERG and found that only the piperazine 
derivative B significantly blocked the K channel at the 10 µM 
level. Both A and B proved to be permeable on Caco-2 cells, 
were not prone to efflux and were found to be stable in the 
presence of human microsomes. However, they were 
significantly metabolized in rat and mice microsomes (see Table 
1, Supporting Information) 

Unfortunately, the tropane analogues 4, 8a-e and 12 were all 
inactive on D2 and D4 receptors as agonists and antagonists. As 
depicted in the ORTEP representation of 8a (Scheme 2), the 
tropane bridged-ring is projecting the aromatic and propyl 
substituents in a pseudo trans-diequatorial orientation mimicking 
the conformation of the corresponding piperidine or piperazine 
derivatives. The ethano bridge may thus be responsible for 
abolishing the agonist activity on the D2 receptor. The tropane 
derivatives 8a-e, 12 showed an unfavorable profile vis-à-vis 
hERG at 1 µM. Passive permeability was maintained, while the 
microsomal stability tended to significantly erode across species 
for 8a-d vs A. Interestingly, both 8a and endo-hydroxy 
containing tropane 12 improved human microsomal stabilities 
compared to A and B, while maintaining adequate permeability 
and efflux profiles. 

The bicyclic morpholine analogues 20 and 24 were also 
devoid of activity on the D2 and D4 dopaminergic receptors. 
Significantly, the bridged morpholino-piperazine 24 ADME and 
hERG profiles compared favorably to piperazine B. 

The new 7-aryl-2-oxa-5-azabicyclo[2.2.2]octane derivatives 
30a-b and 32a-b were not active on either D2 or D4 receptors. 
Importantly, the four analogs maintained exquisite permeability 
and acceptable microsomal stability, with the exo- analogs 30a 
and 32b offering complete stability on human microsomes. 

In conclusion, we have developed versatile synthetic methods 
to access a variety of constrained oxabicyclic piperidine and 
piperazine isosteres related to pridopidine. While none of the 
isosteres offered favorable profiles against D2 or D4 receptors, 
we identified the novel 2-oxa-5-azabicyclo[2.2.2]octanes as 
attractive piperidine or piperazine surrogates with potential to 
reduce first path clearance and/or lowering hERG liability. 

Acknowledgments 

We thank NSERC for financial assistance. We also thank 
Michel Simard from the X-Ray diffraction laboratory of the 
Université de Montréal for X-Ray analyses. 

References and notes 

1. For relevant reviews, see: (a) Vitaku, E.; Smith, D.T.; Njardarson, J.T. 
J. Med. Chem. 2014, 57(24), 10257-10274. (b) Taylor, R. D.; 
MacCoss, M.; Lawson, A.D.G. J. Med. Chem. 2014, 57(14), 5845-
5859. (c) Zhang, T.Y. Adv. Heterocycl. Chem. 2017, 121, 1-12. 

2. For recent monograph about piperidine in medicinal chemistry, see: 
Vardanyan, R.S. Piperidine-Based Drug Discovery. 
Elsevier:Amsterdam. 2017. 

3. For recent reviews on piperazines in medicinal chemistry, see: (a) 
Rathi, A.K.; Syed, R.; Shin, H.S.; Patel, R.V. Expert Opin. Ther. Pat. 
2016, 26(7), 777-797. (b) Shaquiquzzaman, M.; Verma, G.; Marella, 
A.; Akranth, M.; Akther, M.; Akhtar, W.; Khan, M. F.; Tasneen, S.; 
Alan, M. M. Eur. J. Med. Chem. 2015, 102, 487-529. (c) Al-Ghorbani, 
M.; Begum, A.B.; Zabiulla; Mamatha, S.V.; Ara Khanum, S. J. Chem. 
Pharm. Res. 2015, 7(5), 281-307. (d) Patel, R.V.; Park, S.W. Mini-Rev. 
Med. Chem. 2013, 13(11), 1579-1601. (e) Wu, Y.J. Progress in 
Heterocyclic Chemistry 2012, 24, 1-53. 

4. For recent reviews on haloperidol, see: (a) Tyler, M.W.; Zaldivar-Diez, 
J.; Haggarty, S.J. ACS Chem. Neurosci. 2017, 8(3), 444-453. (b) Li, P.; 
Snyder, G.L.; Sanover, K.E. Curr. Top. in Med. Chem. 2016, 16(29), 
3385-3403 (And references cited herein). (c) Dold, M.; Samara, M.T.; 
Li, C.; Tardy, M.; Leucht, S.; Cochrane DB. Syst. Rev. 2015, (1), Art. 
N° CD009831. 

5. For recent reviews, see: (a) Beaulieu, J.M.; Gainedinov, R.R.; 
Pharmacol. Rev. 2011, 63(1), 182-217. (b) Maramai, S.; Gemma, S.; 
Brogi, S.; Campiani, G.; Butini, S.; Stark, H.; Brindisi, M. Front. 
Neurosci. 2016, 10, 451. (c) Ayano, G. J. Ment. Disord. Treat. 2016, 2, 
120. (d) Löber, S.; Hübner, H.; Tschammer, N.; Gmeiner, P. Trends. 
Pharmacol. Sci. 2011, 32(3), 148-157. (e) Abrol, R.; Goddard III, 
W.A. J. Nutr. 2007, 137(6), 1528S-1538S.  

6. See for example: (a) Seeman, P. CNS Neurosci. Ther. 2011, 17(2), 
118-132. (b) Madras, B. K. J. Hist. Neurosci. 2013, 22(1), 62-78. 

7. Sanner, M.A. Expert Opin. Ther. Pat. 1998, 8(4), 383-393. 
8. (a) « Haloperidol ». The American Society of Health-Systems 

Pharmacists, Jan. 2, 2015. 
(http://www.drugs.com/monograph/haloperidol.html). (b) Schuckit, 
M.A. New England J. Med. 2014, 371(22), 2109-2113. 

9. Lyles-Eggleston, M.; Altundas, R.; Xia, J.; Sikazwe, D.M.; Fan, P.; 
Yang, Q.; Li, S.; Zhang, W.; Zhu, X.; Schmidt, A. W.; Vanase-
Frawley, M.; Shrihkande, A.; Villalobos, A.; Borne, R. F.; 
Ablordeppey, S. Y. J. Med. Chem. 2004, 47(3), 497-508. 

10. (a) Sikazwe, D.M.; Li, S.; Mardenborough, S, L.; Cody, V.; Roth, B. 
L.; Ablordeppey, S. Y. Bioorg. Med. Chem. Lett. 2004, 14(23), 5739-
5742. (b) Sikazwe, D.M.; Nkansah, N.T.; Altundas, R.; Zhu, X.Y.; 
Roth, B. L.; Setola, V.; Ablordeppey, S. Y. Bioorg. Med. Chem. 2009, 
17(4), 1716-1723. 

11. (a) Etukala, J.R.; Zhu, X.Y.; Eyunni, S. V. K.; Onyameh, E. K.; Ofori, 
E.; Bricker, B. A.; Kang, H. J.; Huang, X. P.; Roth, S. Y.; 
Ablordeppey, S. Y. Bioorg. Med. Chem. 2016, 24(16), 3671-3679. (b) 
Sampson, D.; Bricker, B. A.; Zhu, X. Y.; Peprah, K.; Lamango, N. S.; 
Setola, V.; Roth, B. L.; Ablordeppey, S. Y. Bioorg. Med. Chem. Lett. 
2014, 24(17), 4294-4297. (c) Paul, N.M.; Taylor, M.; Kumar, R.; 
Deschamps, J. R.; Luedtke, R. R.; Hauck, A. J. Med. Chem. 2008, 
51(19), 6095-6109. (d) Lu, Z.; Tata, J.R.; Cheng, K.; Wei, L.; Chan, 
W. W. S.; Butler, B.; Schleim, K. D.; Jacks, T. M.; Hickey, G. 
Patchett, A. A. Bioorg. Med. Chem. Lett. 2003, 13(10), 1817-1820. 

12. (a) Bedürftig, S.; Wünsch, B. Bioorg. Med. Chem. 2004, 12(12), 3299-
3311. (b) Peprah, K.; Zhu, X.Y.; Eyunni, S. V. K.; Etukala, J. R.; 
Setola, V.; Roth, B. L.; Ablordeppey, S. Y. Bioorg. Med. Chem. 2012, 
20(5), 1671-1678. (c) Paul, N.M.; Taylor, M.; Kumar, R.; Deschamps, 
J. R.; Luedtke, R. R.; Hauck, A. J. Med. Chem. 2008, 51(19), 6095-
6109. 

13. Mattsson, C.; Andreasson, T.; Waters, N.; Sonesson, C. J. Med. Chem. 
2012, 55(7), 9735-9750. 

14. de Yebenes, J. G.; Landwehrmeyer, B.; Squitieri, F.; Reilmann, R.; 
Rosser, A.; Barker, R. A.; Saft, C.; Magnet, M. K.; Sword, A.; 
Rembratt, A.; Tedroff, J. Lancet Neurol. 2011, 10, 1049−1057.  

15. Pettersson F.; Svensson P.; Waters S.; Waters N.; Sonesson C. Eur. J. 
Med. Chem. 2013, 62, 241-255. 

16. Grunewald, G. L.; Sal, D. J.; Monn, J. A. J. Med. Chem. 1988, 31, 433-
444.  

17. Watson, R.J.; Allen, D.R.; Birch, H.L. Bioorg. Med. Chem. Lett. 2008, 
18, 147-151. 

18. (a) Ramachandran, S.; Hameed P., S.; Srivastava, A.; Shanbhag, G.; 
Morayya, S; Rautela, N.; Awasthy, D.; Kavanagh, S.; Bharath, S.; 
Reddy, J.; Panduga, V.; Prabhakar, K. R.; Saralaya, R.; Nanduri, R.; 
Raichurkar, A.; Menasinakai, S.; Achar, V.; Jiménez-Díaz, M. B.; 
Martínez, M. S.; Angulo-Barturen, I.; Ferrer, S.; Sanz, L. M.; Gamo, F. 

Scheme 9. Reagents and conditions: (a) BF3.OEt2, Et3SiH, CH2Cl2, – 78°C, 
4h (b) 3-mercaptopropionic acid, LiOH·H2O, DMF, r.t., 4h, 31a/31b: 1.5:1, 
67% (2 steps); (c) EtCOCl, 5N NaOH, CH2Cl2, r.t. 12h; (d) LiAlH4, THF, 
r.t., 12h, 76 % for 32a, 78% for 32 b (2 steps). 

a, b

O
NH

H

31a

c, d

O
NNsHO

29a

MeO

OMe

31b

O
NHH

MeO

O
NH

32b

MeOO
N

H

OMe

32a



  

J.; Duffy, S.; Avery, V. M.; Waterson, D.; Lee, M. C. S.;  Coburn-
Flynn, O.; Fidock, D. A.; Iyer, P. S.; Narayanan, S.; Hosagrahara, V.; 
Sambandamurthy, V. K. J. Med. Chem. 2014, 57(15), 6642-6652. (b) 
Carroll, F.I.; Runyon, S. C.; Abraham, P.; Navarro, H.; Kuhar, M. J.; 
Pollard, G. T.; Howard, J. L. J. Med. Chem. 2004, 47, 6401-6409. (c) 
Dodson, J.W.; Mcatee, J.J.; Terrell, L.R.; Washburn, D.G. 
WO2012037351, 2012.   

19. Gonnard, L.; Guérinot, A.; Cossy, J. Chem.-Eur. J. 2015, 21, 12797-
12803. 

20. Kim, Y.H.; Won, D.Y.; Oh, C. Y. Arch. Pharm. Res. 2002, 25, 45-48. 
21. For recent methods of transannular C-arylation, see: Cabrera, J.C.; Lee, 

M.; Sanford, M.S. J. Am. Chem. Soc. 2018, 140(16), 5599-5606 
22. Molander, G.A.; Traister, K.M.; O’Neil, B. T. J. Org. Chem. 2015, 

80(5), 2907-2911. 
23. Daum, M. J.; Martini, C. M.; Kulling, R. K.; Clarke, R. L. J. Org. 

Chem. 1972, 37(10), 1665-1669. 
24. (a) Dai, X.; Stamford, A.; Liu, H.; Neustadt, B.; Hao, J.; Kowalski, T.; 

Hawes, B.; Xu, X.; Baker, H.; O’Neill, K.; Woods, M.; Tang, H.; 
Greenlee, W. Bioorg. Med. Chem. Lett. 2015, 25(22), 5291-5294. (b) 
Tsuyoshi, E.; Daisuke, S.; Toshihiro, K. WO2011078306(A1). 

25. Revesz, L.; Blum, E.; Wicki, R. Tet. Lett. 2005, 46(33), 5577-5580. 
26. (a) Goulioukina, N.; Wehbe, J.; Marchand, D.; Busson, R.; Lescrinier, 

E.; Heindl, D.; Herdewijn, P. Helv. Chim. Acta 2007, 90(7), 1266-
1278. (b) Andersen, M.W.; Daluge, S.; Kerremans, L.; Herdewijn, P. 
Tet. Lett. 1996, 37(45), 8147-8150. 

27. Liu, J.; Jian, T.; Sebhat, I.; Nargund, R. Tetrahedron Lett. 2006, 
47(29), 5115-5117.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.

 


