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Abstract: Tetrahydropyrenophorol, an interesting macrodiolide, was isolated
from the plant Fagonia cretica. The total synthesis of (—)-1-tetrahydropyr-
enophorol was achieved in an elegant and linear manner from readily an acces-
sible racemic epoxide. The archetypal reactions include regioselective opening
of the epoxide, Sharpless asymmetric dihydroxylation, and Mitsunobu cyclo-
dimerization to construct the requisite 16-membered bis-lactone. The synthetic
approach demonstrated here is very simple and could be used for the syntheses
of related compounds in an economic and highly stereoselective way.

Keywords: macrodiolide; sharpless asymmetric dihydroxylation; Mitsunobu
reaction; stereoselectivity.

INTRODUCTION

The synthesis of natural products is one of the most enthralling and exigent
areas of research in chemistry.! Macrodiolides are well represented in nature as
both homo and heterodimers and proffer a wide variety of skeletons, ring sizes,
and functional groups. Macrocyclic dilactones also have a range of biological
activities, e.g., antifungal, 24 antihelmintic,>~7 phytotoxic®-10 and antileukemic!!
activity. (-)-Tetrahydropyrenophorol (Fig. 1), a new macrodiolide, isolated from
the plant Fagonia cretica exhibits good herbicidal and moderate fungicidal act-
ivities. The structure of the (—)-tetrahydropyrenophorol (1) is a 16-membered bis-
-lactone having four asymmetric centres. It was explicated by spectroscopic
methods and X-ray analysis.!2 Originally, (-)-tetrahydropyrenophorol was syn-
thesized by Oh and co-workers!3 starting from a-D-glucopyranoside using the
Yamaguchi protocol as a key step. Later Pratapreddy et al.!4 accomplished the
concise synthesis of tetrahydropyrenophorol from chiral epoxide. Recently,
Mahesh et al.15 achieved the synthesis of tetrahydropyrenophorol from p-meth-
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oxybenzyloxy-epoxide while Trost and Quintard reported the synthesis of its (+)-
-congener. 1 In continuance of efforts on the synthesis of natural products, espe-
cially macrocyclic systems,!7-18 a fastidious and stereoselective total synthesis of
(-)-tetrahydropyrenophorol is described. The Sharpless asymmetric dihydroxyl-
ation and Mitsunobu cyclodimerization were adopted as crucial steps, as des-
cribed in earlier methods.!4:!5 Sharpless dihydroxylation is very simple and use-
ful for the construction of new stereogenic centres and in the present case, the
yield was very good. For the cyclodimerization, the standard Mitsunobu reaction
was used in the penultimate step, but, overall, the presented synthetic strategy is
diverse and elegant. The present approach is simple and efficient compared to
other methods and could be useful for the syntheses of related compounds.

OH Fig. 1. Structure of (-)-tetrahydropyrenophorol (1).

EXPERIMENTAL
General methods

All chemicals and reagents, obtained from Sigma—Aldrich, Merck or Lancaster, were
used without further purification. All solvents were distilled and dried prior to use. Reactions
were monitored using Thin Layer Chromatography, performed on silica gel glass plates con-
taining 60 F-254, and visualization was attained by UV light and/or iodine indicator. !H- and
I3C.NMR spectra were recorded at 300 and 75 MHz, respectively, using CDCI; as the sol-
vent. Chemical shifts () are reported in ppm downfield from the internal TMS standard. J are
coupling constant between the multiplet (interaction between a pair of protons). ESI spectra
were recorded on a Micromass, Quattro LC using ESI+ software and ESI mode positive ion
trap detector. Melting points were determined using an electrothermal melting point appa-
ratus. The FT-IR spectra were taken on a IR spectrophotometer using NaCl optics. Optical rot-
ation values were recorded on a digital polarimeter at 25 °C.

Spectral and analytical data of the synthesized compounds are given in Supplementary
material to this paper.

Experimental procedure for the synthesized compounds

(R)-5-(4-Methoxybenzyloxy)-1-(2-vinyl-1,3-dithian-2-yl)pentan-2-ol (3). To a stirred sol-
ution of 2-vinyl dithiane (3.3 g, 22.7 mmol) in dry THF (30 mL) cooled at -78 °C, a 1.6 M
solution of n-BuLi in hexane (22.9 mL, 37.82 mmol) was added dropwise. The reaction mix-
ture was stirred at —20 °C for 1 h. After cooling to —78 °C, a solution of epoxide 5 (4.2 g,
18.91 mmol) in THF (10 mL) was added dropwise, and the mixture was kept at =30 °C for 2
h. The reaction was quenched with water (50 mL), and the mixture was extracted with Et,O
(2x100 mL). The combined extracts were washed with brine (100 mL), dried (Na,SO,), and
concentrated. The residual oil was purified by column chromatography on silica gel chroma-
tography (60—120 silica gel, 10 % EtOAc in petroleum ether) to give 3 (5.6 g, 81 %) as a col-
ourless oil.
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(R)-tert-Butyl(5-(4-methoxybenzyloxy)- 1-(2-vinyl- 1, 3-dithian-2-yl)pentan-2-yloxy)di-phenyl-
silane (6). To a stirred solution of alcohol 3 (5.1 g, 13.85 mmol) and imidazole (1.41 g, 20.77
mmol) in dry CH,Cl, (30 mL) was added TBDPSCI (4.57g, 16.63 mmol) at 0 °C under a nit-
rogen atmosphere and stirred at room temperature for 4 h. The reaction mixture was quenched
with aq. NH4CI solution (10 mL) and extracted with CH,Cl, (2x50 mL). The combined ext-
racts were washed with water (30 mL), brine (30 mL), dried (Na,SO,) and concentrated. The
residue was purified by column chromatography (60—120 Silica gel, 5 % EtOAc in petroleum
ether) to furnish 6 (6.6 g, 79 %) as a colourless liquid.

(S)-1-(2-((R)-2-(tert-Butyldiphenylsilyloxy)-5-(4-methoxybenzyloxy)pentyl)-1,3-dithian-
-2-yl)ethane-1,2-diol (7). A mixture of AD-mix-f (7.1 g, 9.07 mmol) in 50 mL of #~BuOH/
/H,0 (1:1 volume ratio) was stirred at room temperature for 15 min, and then cooled to 0 °C.
To this solution was added silyl ether 6 (5.0 g, 8.25 mmol). The reaction mixture was stirred
at 0 °C for 48 h and then quenched with Na,SO;5 (7.5 g) at 0 °C within 0.5 h. EtOAc was
added to the reaction mixture, and the aqueous layer was further extracted with twice EtOAc.
The combined organic layers were dried over Na,SO,4 and the solvents were evaporated. The
crude product was purified by column chromatography on silica gel (hexanes/EtOAc 1:1) to
give the corresponding diol 7 (4.33 g, 82 %) as a colourless oil.

The 'H-NMR spectrum of the crude dihydroxylated compound 7 was recorded to predict
the diastereoselectivity. The spectrum depicted distinctive singlets at 0 values 3.68 and 3.58
ppm with a ratio of =9:1 corresponding to the —-OCHj; group of the PMB protection. Another
set of signals could be identified as triplets related to —CH of the secondary hydroxyl group at
o0 values 3.48 and 3.32 ppm, integration ratio 9:1. From this, the diastereoselectivity of dihyd-
roxylation was assigned as 9:1.

(S)-1-(2-((R)-2-(tert-Butyldiphenylsilyloxy)-5-(4-methoxybenzyloxy)pentyl)-1,3-dithian-
-2-yl)ethanol (8). To a stirred solution of diol 7 (4.1 g, 6.40 mmol) in dry dichloromethane (30
mL), triethylamine (1.74 mL, 12.8 mmol) and Bu,SnO (catalytic amount) were added. After 5
min, p-toluene sulfonyl chloride (1.21 g, 6.40 mmol) was added and the mixture stirred at
room temperature for 30 min. The reaction was monitored by TLC. After completion of the
reaction, the mixture was quenched by adding water (10 mL). The solution was extracted with
DCM (3x20 mL) and then the combined organic phase was washed with water, dried
(Na,SO,), and concentrated to give tosylate 7a.

To a stirred suspension of LAH (0.3 g, 7.68 mmol) in dry THF (5 mL), the above crude
tosylate 7a in dry THF (20 mL) was added dropwise at 0 °C under a nitrogen atmosphere and
the mixture stirred for 12 h at room temperature. The reaction mixture was cooled to 0 °C,
treated with saturated aq. Na,SO, solution, filtered and the filtrate was dried (Na,SO,4) and
concentrated. The residue was purified by column chromatography (60-120 Silica gel, 15 %
EtOAc in petroleum ether) to give 8 (3.0 g, 77 %) as a colourless syrup.

tert-Butyl((R)-1-(2-((S)-I-(tert-butyldimethylsilyloxy)ethyl)- 1, 3-dithian-2-yl)-5-(4-meth-
oxybenzyloxy)pentan-2-yloxy)diphenylsilane (9). A stirred solution of alcohol 8 (2.8 g, 4.48
mmol) and imidazole (0.6 g, 8.96 mmol) in dry CH,Cl, (30 mL) was treated with TBSCI
(0.80g, 5.38 mmol) at 0 °C under a nitrogen atmosphere and stirred at room temperature for 4
h. The reaction mixture was quenched with aq. NH4CI solution (10 mL) and extracted with
CH,Cl, (2x50 mL). The combined extracts were washed with water (30 mL), brine (30 mL),
dried (Na,SO,) and concentrated. The residue was purified by column chromatography (60—
—120 silica gel, 5 % EtOAc in petroleum ether) to furnish 9 (2.7 g, 81 %) as a colourless liquid.

(4R, 7S)-7-(tert-Butyldimethylsilyloxy)-4-(tert-butyldiphenylsilyloxy)octan-1-ol (10). Com-
mercially available Raney nickel (20.0 g with water, Grade: Raney 2800 nickel from Aldrich)
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as a slurry in water was weighed into a 100 mL round-bottomed flask and washed with anhyd-
rous ethanol (10 mL) three times under a nitrogen atmosphere. Compound 9 (2.4 g, 3.25
mmol) in 25 mL ethanol was added via a syringe to the slurry mixture before hydrogen gas
was bubbled through for 20 min. The mixture was heated to 80 °C and kept at that tempe-
rature for 15 h with stirring under a hydrogen atmosphere before it was allowed to attain room
temperature. The liquid phase was transferred carefully using a pipette to separate it from resi-
dual flammable Raney nickel and washed with ethanol (4x8 mL). The combined liquid was
concentrated and purified by column chromatography (Silica gel, 60—120 mesh, 20-25 %
EtOAc in petroleum ether) to give acid 10 (1.3 g, 78 %) as a colourless oil.

(4S,75)-7-(tert-Butyldimethylsilyloxy)-4-(tert-butyldiphenylsilyloxy)octanoic acid (11).
To a stirred solution of 10 (1.2 g, 2.33 mmol) in CH,Cl,:H,0 (1:1, 1 mL) TEMPO (0.12 g,
0.77 mmol) and BAIB (2.25 g, 6.99 mmol) were added at 0 °C and the mixture stirred for 2 h.
The reaction mixture was diluted with water (5 mL) and extracted with CH,Cl, (2x20 mL).
Organic layers were washed with brine (10 mL), dried (Na,SOy), evaporated and purified the
residue by column chromatography (Silica gel, 60—120 mesh, 20-25 % EtOAc in petroleum
ether) to give acid 11 (0.92 g, 75 %) as a colourless gummy oil.

(4S, 75 )-4-(tert-Butyldiphenylsilyloxy)-7-hydroxyoctanoic acid (2). To a solution of 11
(0.85 g, 1.60 mmol) in ethanol (3 mL), PPTS (0.48 g, 1.92 mmol) was added and the mixture
stirred for 3 h at 50 °C. The ethanol was removed and the reaction mixture extracted with
ethyl acetate (2x20 mL). The organic layers were washed with water (2x10 mL), brine (10
mL) and dried (Na,SO,4). The solvent was evaporated and the residue purified by column
chromatography (60-120 silica gel, 10 % EtOAc in petroleum ether) to furnish 2 (0.60 g,
91 %) as a colourless liquid.

(5S,8R, 13S,16R)-5, 1 3-Bis(tert-butyldiphenylsilyloxy)-8, 1 6-dimethyl-1,9-dioxacyclo-hexa-
decane-2,10-dione (12). To a solution of 2 (0.5 g, 1.2 mmol) and Ph;P (1.22 g, 4.8 mmol) in
toluene: THF (10:1, 550 mL), DEAD (3.0 mL, 18.0 mmol) was added at —25 °C and the mix-
ture stirred under a N, atmosphere for 10 h. The solvent was evaporated under reduced pres-
sure and the residue purified by column chromatography (60—120 silica gel, 10 % EtOAc in
petroleum ether) to afford 12 (0.28 g, 56 %) as a colourless oil.

(—)-Tetrahydropyrenophorol (1). To a cooled (0 °C) solution of 12 (0.2 g, 0.25 mmol) in
dry THF (2 mL) under a nitrogen atmosphere, TBAF (0.4 mL, 0.38 mmol) was added and the
mixture stirred for 3 h. The reaction mixture was diluted with water (5 mL) and extracted with
ethyl acetate (2x10 mL). The organic layers were washed with water (2x10 mL), brine (10
mL) and dried (Na,SO,4). The solvent was evaporated and the residue purified by column
chromatography (60—120 Silica gel, 55 % EtOAc in petroleum ether) to furnish 1 (69 mg) in
87 % yield as a white solid.

RESULTS AND DISCUSSION

The retrosynthesis of 1 envisioned that it could be produced from the hyd-
roxy-acid 2 via cyclodimerization under the Mitsunobu reaction conditions fol-
lowed by deprotonation of silyl ethers. Hydroxy-acid 2 is the vital fragment
could be attained by a short sequence involving Sharpless asymmetric dihydro-
xylation of alcohol 3 followed by reductive elimination using lithium aluminium
hydride. The alcohol fragment 3 could be obtained from (+)-epoxide 4 through
regioselective ring-opening with 2-vinyl-1,3-dithiane (Scheme 1).
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Scheme 1. Retrosynthetic analysis of tetrahydropyrenophorol.

From the retrosynthetic analysis, it was envisaged that hydroxy acid 2 is the
crucial fragment for the synthesis of tetrahydropyrenophorol. Consequently, the
synthesis of the hydroxy acid segment 2 was instigated from the known (£)-epo-
xide 4 (Scheme 2), which was converted into enantiopure epoxide 5 using a
literature protocol.!?
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Reagents and conditions. a) 2-vinyl-1,3-dithiane, n-BuLi, dry THF, —78 °C, 3 h, 81 %; b)
TBDPSCI, imidazole, CH,Cl,, rt, 4 h, 79 %; ¢) AD-mix-B, +-BuOH/H,0, 0 °C to rt, 32 h,
82 %; d) p-TsCl, Bu,SnO, Ei;N, rt, 30 min; e) LAH, THF, 0 °C to rt, 3 h, 77 %; f) TBSCI,
imidazole, CH,Cl,, rt, 3 h, 81 %; g) Raney Ni, EtOH, 80 °C, 4 h, 78 %; h) TEMPO, BIAB, ag
CH,Cl,, 0 °C, 2 h, 75 %; i) PPTS, EtOH, 50 °C, to rt, 3 h, 91 % j) Ph3P, DEAD, toluene:THF
(10:1) 25 °C, 10 h, 56 %; k) TBAF, THF, 0 °C to rt, 3 h, 87 %.

Scheme 2. Synthesis of (-)-tetrahydropyrenophorol.

After having the requisited epoxide 5 that upon regioselective ring-opening
with 2-vinyl-1,3-dithiane in the presence of #n-BuLi in dry THF at —78 °C for 3 h
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provided alcohol 3 in 81 % yield, which on ensuing silylation with TBDPSCI
gave silyl ether 6 in 79 % yield. Next, the terminal olefin in silyl ether 6 was then
subjected to Sharpless asymmetric dihydroxylation!420 with AD-mix-8, afford-
ing diol 7 (dr 9:1) in 82 % yield. The diastereomeric ratio was assigned based on
the crude 'H-NMR spectrum of 7 (Supplementary material). The mechanism of
the sharpless dihydroxylation originates through the generation of OsO4—ligand
complex. The alkene on cycloaddition with the osmium complex creates the cyc-
lic intermediate and upon basic hydrolysis liberates the requisite diol. The ligand
in AD-mix-f (DHQD),PHAL used as chiral ligand) accelerates the reaction and
transfers the chirality.21,22

Monotosylation of diol 7 was attained with tosyl chloride in the presence of
BuySnO and Et3N in CH,Cl; furnishing the corresponding primary tosylate 7a in
quantitative yield. Next, tosylate 7a was subjected to reductive elimination using
lithium aluminium hydride in dry THF, producing the secondary alcohol 8 in 77
% yield. Subsequent silylation with TBSCI and imidazole in CH,Cl; gave 9 in 81
% yield. In the next stage, the dithiane moiety and PMB group in compound 9
were removed in a single step using Raney Ni23 to provide alcohol 10 in 78 % yield.

The resulting alcohol 10 was then treated with 2,2,6,6-tetramethylpiperidin-
yloxy (TEMPO) and [bis(acetoxy)iodo]-benzene (BAIB)?# in aq. CH,Cl, at 0 °C
to room temperature for 2 h to obtain the desired acid 11 in a single step. Select-
ive desilylation of 11 with PPTS in ethanol afforded hydroxy acid 2 in 91 % yield.

After completion of the synthesis of fragment 2, the focus shifted to macro-
lactonization and further transformations to complete the synthesis of the target
compound. Accordingly, hydroxy-acid 2 on cyclodimerization under standard
Mitsunobu conditions25 (Ph3P and DEAD) at —25 °C for 10 h furnished 12 in 56
% yield. Desilylation of 12 with TBAF in dry THF achieved (-)-tetrahydropyr-
enophorol 1 in 87 % yield, the spectral and optical rotation data were comparable
with reported data.!2

CONCLUSIONS

In the study, total synthesis of (-)-tetrahydropyrenophorol macrodiolide was
consummated in a simple and divergent way starting from racemic epoxide.
Sharpless asymmetric dihydroxylation and Mitsunobu cyclodimerization were
used as typical reactions. Good yields, smaller number of steps, and readily avail-
able materials are the salient features of the synthetic approach. The syntheses of
related macrodiolides are underway in our laboratory and will be reported in due
course.

SUPPLEMENTARY MATERIAL

'H- and '3C-NMR spectra and spectral data for the synthesized compounds are available
electronically at the pages of journal website: https://www.shd-pub.org.rs/index.php/JSCS/
index, or from the corresponding author on request.
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H3BOJ
CTEPEOCEJIEKTUBHA CUHTE3A (—-)-TETPAXUIPOIIMPEHO®OPOJIA

VYASABHATTAR RAMANUJAN, SHAIK SADIKHA u CHEBOLU NAGA SESHA SAI PAVAN KUMAR

Division of Chemistry, Department of Sciences and Humanities, Vignan’s Foundation for Science, Technology
& Research (VFSTR) University, Vadlamudi, Guntur 522 213, Andhra Pradesh, India

TetpaxugponupeHodopon je 3aHUMJBMB MaKpOJIWA H30y0BaH U3 Oubke Fagonia cretica.
ToTanHa cuHTe3a (—)-1-TeTpaxumponvpeHodopona je IOCTUrHyTa Ha eleraHTaH M JIHHeapaH
Ha4MH M3 JIaKO AOCTYITHOI paleMCKOr ernokcuza. IlocTynak ykbyuyje peakuuje peruoceeKTUBHOT
oTBapama enokcuza, lllaprecose aciMeTpUYHe JUXUAPOKCHIaLMje 1 MULyHODY LUKIOIUMEDH-
3auyje na ou ono dopmupaH 16-4iaHu OUC-TaKTOHCKH NpcTeH. ONUCcaH CHHTETHYKH MPUCTYTI je
jemHocTaBaH ¥ MOke OWUTH KopHUIheH 3a CHHTE3y CPONHHX jeNUiera Ha €KOHOMHUYAH M BHUCOKO
CTepoceeKTHBaH HauuH.

(ITpummeno 23. aBrycra 2019, pesupupaso 22. jyHa, npuxsaheHo 6. jyna 2020)

REFERENCES

1. K. C. Nicolaou, S. A. Snyder, Proc. Natl. Acad. Sci. U.S.A4. 101 (2004) 11929
(https://doi.org/10.1073/pnas.0403799101)

2. Z.Kis, P. Furger, H. Sigg, Experientia 25 (1969) 123
(https://doi.org/10.1007/BF01899073)

3. W. Zhang, K. Krohn, H. Egold, S. Draeger, B. Schulz, Eur. J. Org. Chem. 2008 (2008)
4320 (https://doi.org/10.1002/ejoc.200800404)

4. S.Nozoe, K. Hira, K. Tsuda, K. Ishibashi, J. F. Grove, Tetrahedron Lett. 6 (1965) 4675
https://doi.org/10.1016/S0040-4039(01)84033-8

5. R.Kind, A. Zeeck, S. Grabley, R. Thiericke, M. Zerlin, J. Nat. Prod. 59 (1996) 539
https://doi.org/10.1021/np960083g

6. E. L. Ghisalberti, J. R. Hargreaves, B. W. Skelton, A. H. White, Aust. J. Chem. 55 (2002)
233 https://doi.org/10.1071/CHO01197

7. C. Christner, G. Kullertz, G. Fischer, M. Zerlin, S. Grabley, R. Thiericke, A. Taddei, A.
Zeeck, J. Antibiot. 51 (1998) 368 https://doi.org/10.7164/antibiotics.51.368

8. M. A. Kastanias, M. Chrysayi-Tokousbalides, Pest Manage. Sci. 56 (2000) 227
https://doi.org/10.1002/(SICI)1526-4998(200003)56:3<227::AID-PS115>3.0.CO:2-A

9. M. A. Kastanias, Chrysayi-Tokousbalides, J. Agric. Food Chem. 53 (2005) 5943
https://doi.org/10.1021/jf050792m

10. F. Sugawara, G. A. Strobel, Plant Sci. 43 (1986) 1 https://doi.org/10.1016/0168-
9452(86)90099-3

11. K. Shimomura, M. G. Mullinix, T. Kakunaga, H. Fujiki, T. Sugimura, Science 222 (1983)
1242 DOI: 10.1126/science.6316505

12. K. Krohn, U. Farooq, U. Florke, B. Schulz, S. Draeger, G. Pescitelli, P. Salvadori, S.
Antus, T. Kurtan, Eur. J. Org. Chem. (2007) 3206
https://doi.org/10.1002/ej0c.200601128

13. H.-S. Oh, H.-Y. Kang, Bull. Korean Chem. Soc. 32 (2011) 2869
DOI: 10.5012/bkes.2011.32.8.2869

14. B. Pratapareddy, R. Sreenivasulu, T. Pradeepkumar, I. Hatti, M. V. B. Rao, V. N. Kumar,
R. R. Raju, Monatsh. Chem. 148 (2017) 751 https://doi.org/10.1007/s00706-016-1754-2

Available on line at www.shd.org.rs/JSCS/

(CC) 2020 SCS.



1 1 3 6 RAMANUJAN, SADIKHA and KUMAR

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

M. Mahesh, B. Raman, K. V. Sastry, M. Sridhar, G. Sridhar, Arkivoc iii (2018) 112
https://doi.org/10.24820/ark.5550190.p010.316

B. M. Trost, A. Quintard, Angew. Chem. Int. Ed. 51 (2012) 6704
https://dx.doi.org/10.1002/anie.201203035

V. B. Ramanujan, R. Sreenivasulu, M. Chavali, Ch. N. S. S. P. Kumar, Monatsh. Chem.
148 (2017) 1865 DOI: 10.1007/s00706-017-1947-3

V. B. Ramanujan, Ch. N. S. S. P. Kumar, 4Arkivoc vii (2018) 332
https://doi.org/10.24820/ark.5550190.p010.703

1. V. P. Raj, A. Sudalai, Tetrahedron Lett. 49 (2008) 2646
https://doi.org/10.1016/].tetlet.2008.02.064

H. C. Kolb, M. S. Van Nieuwenhze, K. B. Sharpless, Chem. Rev. 94 (1994) 2483
https://doi.org/10.1021/cr00032a009

K. B. Sharpless, W. Amberg, M. Beller, H. Chen, J. Hartung, Y. Kawanami, D. Liibben,
E. Manoury, Y. Ogino, T. Shibata, T. Ukita. J. Org. Chem. 56 (1991) 4585
https://doi.org/10.1021/j000015a001

M. M. Heravi, V. Zadsirjan, M. Esfandyari, T. B. Lashaki. Tetrahedron: Asymm. 28
(2017) 987 https://doi.org/10.1016/].tetasy.2017.07.004

L. Huang, N. Teumelsan, X. Huang, Chem. Eur. J. 12 (2006) 5246
https://doi.org/10.1002/chem.200600290

J. B. Epp, T. S. Widlanski J. Org. Chem. 64 (1999) 293
https://doi.org/10.1021/j0981316¢g

H. Gerlach, K. Oertle, A. Thalmann, Helv. Chim. Acta 60 (1977) 2860
https://doi.org/10.1002/hlca.19770600838.

Available on line at www.shd.org.rs/JSCS/

(CC) 2020 SCS.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




