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Abstract: A synthetic sequence has been developed for the preparation of 9,10-
di-O-diacetyl-4-desmethylene-44-(3-butenyl)-4a-hydroxy-5-O-mesyltaxicin =~ |-
-1,2-carbonate 3, an intermediate in an attempted synthesis of a cyclobutane
paclitaxel analogue. A series of reactions of 3 were investigated, including the
protection of the sterically hindered C-4a-hydroxy group and the oxidative
cleavage of the terminal double bond. Cyclization of 13 to the cyclobutane-
containing intermediate failed due to the unexpected instability of the dime-
thylsilane protecting group under basic conditions.

Keywords: taxoids; taxanes antitumor agents; radical allylation; silyl protecting
groups.

INTRODUCTION

Over the past 25 years, structure—activity relationships (SAR) studies on the
antitumor agent paclitaxel have been thoroughly conducted, identifying the major
sites involved in its microtubules stabilizing activity.l Among these numerous
studies, considerable research efforts were directed toward the understanding of
the role of the oxetane D-ring in the cytotoxic activity of paclitaxel.2 The contri-
bution of this ring to the biological activity of paclitaxel is not clear and two
hypotheses have been proposed as explanations.2df The inflexible oxetane ring
may force the molecule to adopt a biologically active conformation through its
rigidifying effect on the taxane skeleton,2k or the oxetane oxygen atom might
be involved in the stabilizing dipolar or hydrogen bonding interactions with the
tubulin protein.2b.c.h

In the course of our studies on D-modified 7-deoxypaclitaxel analogues,2n3
we wished to synthesize analogue 1 in which the oxetane ring would be replaced
by cyclobutane, according to the retrosynthetic plan presented in Scheme 1. Ana-
logue 1, as compared with paclitaxel, possesses a conformationally rigid four-
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1530 FERJANCIC, MATOVIC and SAICIC

membered D-ring without the electronegative oxygen atom in it. This modifica-
tion should allow us to determine whether the oxetane ring exerts its influence to
the biological activity of taxoids through conformational or electronic effects.

Scheme 1. Retrosynthetic analysis of cyclobutane paclitaxel analogue 1.

RESULTS AND DISCUSSION

As the starting material for the preparation of analogue 1, we chose triol 4,
one of the intermediates in our synthesis of 7-deoxy-C,D-seco-paclitaxel from
taxine B (Scheme 2).2.n Mesylation of the free C-20 and C-5 hydroxyl groups af-
orded 5 in good yield. Exposure of 5 to the action of the Hunig's base in reflux-
ing toluene furnished epoxymesylate 6, which was converted to bromohydrin 7
by Lewis acid induced nucleophilic opening of the 4(20)-epoxide. Finally, alco-
hol 3 was obtained by a free radical allylation of compound 7 with alyltributyl-
tin, using AIBN as initiator. This protocol for elongation of the C-44 alkyl chain
had already been successfully applied in our synthesis of the C,D-spirolactone
analogue of paclitaxel.20 It is interesting to note that radical allylation of com-

AcO OAc
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o
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Scheme 2. Conversion of triol 4 into the DM S-protected alcohol 10. Reagents, conditions and
yields: a) MsCl, pyridine, rt, 72 h, 70 %; b) DIPEA, PhCHs, 120 °C, 3 h, 87 %; c) BusNBr,
BF3-OEt,, DCM, rt, 15 min, 84 %; d) alyltributyltin, AIBN, PhH, reflux, 3 h, 357 % and 8

15 %; €) DM SCI, imidazole, DMF, 55 °C, 67 % f) MOMCI, Nal, DIPEA, DME, 86 °C, 26 %.
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SYNTHETIC STUDIES TOWARDS PACLITAXEL ANALOGUES 1531

pound 7 requires the use of a large amount of the initiator: when the standard
reaction conditions (catalytic quantities of AIBN) were applied, only the starting
material was isolated. However, performing the reaction with 3-4.5 equivalents
of the initiator allowed us to obtain alcohol 3 in 57 % yield. Use of such alarge
amount of the initiator resulted in the formation of side product 8 (15 % yield),
probably by reduction of the intermediary C-20 radical with AIBN.

All attempts to protect the tertiary hydroxyl group in 8 were unsuccessful,
undoubtedly a direct result of a considerable steric hindrance. For example, treat-
ment of 8 with TMSCl/imidazole in DMF, NaH/Mel in THF or lithium hexame-
thyldisilazide/methyl chloroformate in THF2C led only to the recovery of starting
material. Attempted acetylation under forcing conditions with excess AcyO/
/DMAPZi in toluene at 60 °C also failed to provide the desired product. Interest-
ingly, application of reaction conditions for the protection of tertiary alcohol as a
methoxymethyl (MOM) ether (MOMCI, Nal, DMF, N,N-diisopropylethylamine,
reflux)4 caused only the elimination of C-5 mesylate and the formation of com-
pound 9. Finaly, we found that treatment of 3 with chlorodimethylsilane and
imidazole in DMF at 55 °C afforded the dimethylsilane (DMS) protected com-
pound 10 in 67 % yield. Chlorodimethylsilane is a small and reactive reagent and
it has already been successively used as a “ specific” protecting group for the C-1
tertiary hydroxyl group of taxoids.>

We next turned our attention to the oxidative cleavage of the terminal double
bond in the silyl ether 10 (Scheme 3). Some preliminary experiments indicated
that during the reaction of 10 with a mixture of osmium tetraoxide and sodium
periodate in THF/water, oxidation of the DMS protecting group also occurred,
resulting in the formation of 11. The H-NMR spectrum exhibited two singlets
for the methyls from the DM S group (instead of two doublets) and the absence of
the DMS hydrogen atom. The desired transformation could be accomplished by
ozonolysis. exposure of 10 to the action of ozone, followed by treatment with
dimethy! sulfide to furnish aldehyde 12. Oxidation of aldehyde 12 with oxone8 in
DMF and subsequent esterification of the carboxylic acid afforded compound 13
in 61 % yield (over two steps). The crucial ring-closure step in the synthesis —
formation of the cyclobutane ring — was planned to be effected by the treatment
of methyl ester 13 with potassium hexamethyldisilazide in THF at low tempera-
ture. However, these conditions proved conducive to the loss of the DMS pro-
tecting group and cyclization of thus obtained C-4 acohol into lactone 14. The
outcome of this reaction was quite unexpected bearing in mind previous work
from Chen,5P in which the DMS protecting group was unaffected under similar
reaction conditions. Alternatively, lactone 14 could also be obtained directly
from alcohol 3 by the action of OsO4 and NalOg4 followed by oxidation of the
intermediary hemiacetal with Jones reagent.2° Finally, according to the previ-
ously observed elimination of the C-5 mesylate in alcohol 3, we tried to form a
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1532 FERJANCIC, MATOVIC and SAICIC

A>6 double bond in 14. The presence of a 5,6-double bond in the analogue with a
C,D-spirolactone moiety could induce a conformational change of the C-ring
which positiones the essential C-2, C-13 and C-4 ester groups in the appropriate
spatial orientation for the improved biological activity of this type of taxoids.10.c
We have previously shown that the C,D-spirolactone paclitaxel analogue was the
first D-ring-modified analogue to show significant cytotoxicity, as a result of a
different mechanism of action in comparison with paclitaxel, involving mTOR
inhibition-dependent autophagy instead of Go/M cell cycle arrest-dependent
apoptosis.20 Therefore, elimination of C-5 mesylate in 14 was attempted with
several bases (N,N-diisopropylethylamine, DBU): unfortunately, these experi-
ments led only to the recovery of starting material. Treatment of 14 with a nuc-
leophile, such as the thiophenoxide anion, resulted in the formation of a complex
mixture of polar products. The difference in reactivity between compounds 3 and
14 suggests that neighboring free C-4 hydroxyl group in 3 activates the C-5 me-
sylate toward elimination by intramolecular hydrogen bonding.

AcO

:\OAC AcO OAc AcO OAc

“"OMs

“"\ COOMe

13

Scheme 3. Preparation of intermediate 13 and conversion of 3 and 13 into 14. Reagents and
conditions: @ OsO,4, NalOy4, THF, H,0, rt, 3 h, 42 %; b) O3, DCM, —80 °C, then Me,S, 18 h,
58 %; c) oxone, DMF, rt, 1 h, then CH,N,, THF, 0 °C, 1 h, 61 %; d) KHMDS, THF,
—78°C, 30 min, 77 %; €) OsO,, NalO,4, THF, H,O, 1t, 1 h;

f) Jones reagent, acetone, 0 °C, 49 % from 3.

EXPERIMENTAL

General experimental. All chromatographic separations’ were performed on silica, 10-
18, 60A, ICN Biomedicals. Standard techniques were used for the purification of the reagents
and solvents.® The NMR spectra were recorded on a Varian Gemini 200 (*H-NMR at 200
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MHz, 13C-NMR at 50 MHz, for samples in deuterated chloroform), and on a Bruker Avance
[11 500 (*H-NMR at 500 MHz, 13C-NMR at 125 MHz). The chemical shifts are expressed in
ppm (6) using tetramethylsilane as an internal standard and the coupling constants (J) are in
Hz. The IR spectra were recorded on a Nicolet 6700 FT instrument and are expressed in cml.
The mass spectra were obtained on Agilent Technologies 6210 TOF LC/MS instrument (LC:
series 1200).

Compound 5. To a solution of 4 (65 mg; 0.13 mmol) in pyridine (4 mL) at 0° C was
added mesy! chloride (222 mg; 1.95 mmol; 15 eq). The reaction mixture was stirred at 0° C
for 15 min and then allowed to warm to rt. After 24 h, a second batch of mesyl chloride (222
mg) was added and stirring of the reaction mixture was continued for 24 h. The reaction
mixture was diluted with CH,Cl, and the resulting solution was washed successively with ice-
cold 2.5% HCI, ag. NaHCO; and water and dried over anh. MgSO,. After removal of the
solvent under reduced pressure, the residue was purified by dry flash chromatography (eluent:
benzene/ethyl acetate = 1/1) to give 5 (60 mg, 70%) as a colorless film. IR (film, cm™): 3489,
2998, 2937, 1812, 1750, 1686, 1412, 1354, 1237, 1175, 1026; "H-NMR (200 MHz; CDCl3, 6/
/ ppm): 6.04 (1H, d, J = 10.3 Hz), 5.63 (1H, d, J = 10.0 Hz), 4.92 (1H, bs), 4.89 (1H,d, J= 3.7
Hz), 4.62 (1H, d, J = 11.4 Hz), 4.48 (1H, d, J = 11.4 HZ), 3.99 (1H, 5), 3.90 (1H, d, J = 19.4
Hz), 3.15 (3H, s), 3.00 (3H, 3), 2.91 (1H, d, J = 3.67 Hz), 2.86 (1H, d, J = 19.1 Hz), 2.26 (3H,
s), 2.11 (3H, s), 2.10-1.60 (4H, m), 2.05 (3H, ), 1.67 (3H, 5), 1.34 (3H, 9), 0.97 (3H, 3); °C-
-NMR (50 MHz, CDCls, ¢ / ppm): 197.04 (C), 170.17 (C), 169.19 (C), 152.41 (C), 149.83
(C), 143.35 (C), 88.90 (C), 79.58 (CH), 79.13 (CH), 75.00 (CH), 73.70 (C), 72.58 (CH), 68.52
(CHy), 43.74 (CH), 43.24 (C), 41.44 (C), 40.80 (CH,), 38.73 (CHs3), 37.27 (CH3), 32.68 (CHy),
24.78 (2xCH,), 20.59 (CH3), 20.50 (CH3), 19.92 (CHs), 18.95 (CHs), 13.68 (CH3); HRMS
(ESI-TOF high acc) calcd. for CyHz0015S, (MH') 667.1725, found 667.1727.

Compound 6. A solution of 5 (134 mg; 0.20 mmol) and DIPEA (181 mg; 1.4 mmol; 7
eq) in anhydrous toluene (21 mL) was heated to reflux with stirring for 3 h. The solvent was
removed under reduced pressure and the residue was purified by dry flash chromatography
(eluent: benzenelethyl acetate = 1/1) to give compound 6 (100 mg; 87%) as a colorless film.
IR (film, cm'l): 2994, 2939, 1815, 1746, 1688, 1435, 1371, 1236, 1175, 1036; ‘H-NMR (200
MHz; CDCl;, 6 / ppm): 6.09 (1H, d, J = 10.3 Hz), 5.72 (1H, d, J = 10.3 HZ), 4.75 (1H, d, J =
= 4.4 Hz), 4.20 (1H, bs), 3.45 (1H, d, J = 4.0 Hz), 3.23 (1H, d, J = 4.4 Hz), 3.11 (1H, d, J =
=19.4Hz),3.04 (3H, s), 2.94 (1H, d, J = 19.4 Hz), 2.73 (1H, d, = 4.0 Hz), 2.31 (3H, 5), 2.13
(3H, 5), 2.13-1.60 (4H, m), 2.05 (3H, ), 1.63 (3H, s), 1.33 (3H, 5), 1.08 (3H, ); *C-NMR (50
MHz, CDCl3, é / ppm): 196.20 (C), 170.02 (C), 169.33 (C), 152.12 (C), 150.10 (C), 143.98
(C), 87.78 (C), 85.54 (CH), 77.96 (CH), 74.85 (CH), 72.43 (CH), 59.36 (C), 51.76 (CH,),
44.30 (C), 41.44 (C), 40.88 (CH,), 38.69 (CH3), 37.93 (CH), 32.59 (CHs), 26.98 (CH,), 25.33
(CHy), 20.67 (CHa), 20.50 (CHa3), 19.92 (CHa3), 17.52 (CH3), 14.29 (CH3); HRMS (ESI-TOF
high acc) calcd. for C,sH3s01,S (MH®) 571.1844, found 571.1834.

Compound 7. To a solution of 6 (280 mg, 0.49 mmol) and Bu,NBr (630 mg, 1.96 mmol,
4 eq) in CH,CI, (25 mL) was added BF3*Et,O (139 mg, 0.98 mmol, 2 eq) dropwise at rt under
an argon atmosphere. The reaction mixture was stirred for 15 min and diluted with CH,CI,,
washed successively with water and brine, dried over anhydrous MgSO, and concentrated
under reduced pressure. Purification by dry-flash chromatography (eluent:benzene/ethyl ace-
tate = 7/3) gave compound 7 (255 mg, 80%) as white powder. m.p. 256 °C with decompo-
sition. IR (film, cm™): 3467, 2928, 1812, 1750, 1686, 1360, 1233, 1173, 1027; "H-NMR (200
MHz; CDCl3, é / ppm): 6.04 (1H, d, J = 10.2 Hz), 5.63 (1H, d, J = 10.2 Hz), 5.03 (1H, bs),
483 (1H, d, J= 4.7 Hz), 4.16 (1H, d, J = 11.7 HZ), 3.87 (1H, d, J = 19.3 Hz), 3.79 (1H, d, J =
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= 12.0 Hz), 3.11 ( 1H, ), 3.07 (1H, d, J = 4.4 Hz), 3.00 (3H, ), 2.86 (1H, d, J = 19.3 Hz),
2.27 (3H, s), 2.12 (3H, 5), 2.12-1.60 (4H, m), 2.06 (3H, s), 1.67 (3H, s), 1.34 (3H, ), 1.02
(3H, 5); ®*C-NMR (50 MHz, CDCl3, 6 / ppm): 196.95 (C), 170.29 (C), 169.20 (C), 152.12 (C),
149.59 (C), 143.49 (C), 88.82 (C), 80.52 (CH), 79.33 (CH), 75.09 (CH), 73.27 (C), 72.54
(CH), 43.83 (CH), 43.44 (C), 41.48 (C), 40.84 (CH,), 38.67 (CH3), 38.33 (CH,), 32.77 (CH3),
25.00 (2xCH,), 20.68 (CHs), 20.63 (CHa), 20.05 (CH3), 19.43 (CH,3), 13.78 (CH3); HRMS
(ESI-TOF high acc) calcd. for C,sH3sBrO,S (MH") 651.1105, found 651.1094.

Compound 3. A deaerated solution of 7 (220 mg, 0.34 mmol), alyltributyltin (1.68 g,
5.08 mmoal, 15 eg) and AIBN (83 mg, 0.51 mmol, 1.5 eq) in benzene (44 mL) was stirred at
80 °C under an argon atmosphere. After 1 h, AIBN (83 mg) was added and stirring and
heating of the reaction mixture were continued for 1 h. After removal of the solvent under
reduced pressure, the residue was purified by dry-flash chromatography (eluent: benzene/ethyl
acetate = 8/2) to give compound 3 (120 mg, 57%) and compound 8 (29 mg, 15%) as a color-
less films. Compound 3: IR (film, cm'l): 3542, 3439, 2946, 1812, 1750, 1684, 1349, 1234,
1172, 1034; *H-NMR (500 MHz, CDCl3, § / ppm): 6.04 (1H, d, J = 10.5 Hz, H-10), 5.86-5.78
(1H, m, H-22), 5.62 (1H, d, J = 10.5 Hz, H-9), 5.11 (1H, broad dd, J = 1.0 and 17.0 Hz, H-23),
5.06 (1H, dd, J = 1.0 and 10.0 Hz, H-23), 4.88 (1H, d, J = 4.5 Hz, H-2), 4.79 (1H, bs, H-5),
3.79 (1H, d, J = = 19.0 Hz, H-14), 2.97 (3H, s, Ms), 2.90 (1H, s, OH), 2.84 (1H, d, J = 19.0
Hz, H-14), 2.78 (1H, d, J = 4.5 Hz, H-3), 2.32-2.23 (1H, m, H-21), 2.26 (3H, s, H-18), 2.23—
—2.13 (2H, m, H-20 and H-21), 2.11 (3H, s, Ac), 2.05 (3H, s, Ac), 2.06-1.98 (1H, m, H-6),
1.91-1.85 (1H, m, H-6), 1.78-1.68 (3H, m, H-20 and 2xH-7), 1.67 (3H, s, H-16 or H-17), 1.33
(3H, s, H-16 or H-17), 1.03 (3H, s, H-19); ®*C-NMR (125 MHz, CDCls, 6 / ppm): 197.18 (C,
C-13), 170.45 (C, Ac), 169.38 (C, Ac), 152.53 (C, CO), 149.71 (C, C-11), 143.45 (C, C-12),
137.66 (CH, C-22), 116.60 (CH,, C-23), 89.38 (C, C-1), 81.74 (CH, C-5), 80.41 (CH, C-2),
75.70 (C, C-4), 75.60 (CH, C-9), 72.88 (CH, C-10), 45.23 (CH, C-3), 43.82 (C, C-8), 41.50
(C, C-15), 41.16 (CH,, C-14), 38.82 (CH3, Ms), 35.34 (CH,, C-20), 33.02 (CH;, C-16 or
C-17), 28.24 (CH,, C-21), 25.52 (CH,, C-6), 25.44 (CH,, C-7), 20.90 (CH3, Ac), 20.81 (CHs,
Ac), 20.27 (CH3, C-16 or C-17), 19.18 (CH5, C-19), 13.99 (CH3, C-18). HRMS (ESI-TOF high
acc) caled. for CyHy 01,8 (MHY): 613.2313, found: 613.2318. Compound 8: IR (film, cm'l):
3500, 2965, 1811, 1750, 1685, 1348, 1237, 1171, 1026; ‘H-NMR (500 MHz, CDCl3, 6 / ppm):
6.04 (1H, d, J = 10.5 Hz, H-10), 5.63 (1H, d, J = 10.5 Hz, H-9), 4.88 (1H, d, J = 4.5 Hz, H-2),
4.57-4.55 (1H, m, H-5), 3.78 (1H, d, J = 19.5 Hz, H-14), 2.98 (3H, s, Ms), 2.85 (1H, d, J =
= 19.0 Hz, H-14), 2.79 (1H, d, J = 4.5 Hz, H-3), 2.27 (3H, s, H-18), 2.11 (3H, s, Ac), 2.05
(3H, s, Ac), 2.05-2.00 (1H, m, H-6), 1.92-1.85 (1H, m, H-6), 1.76-1.69 (3H, m, 2xH-7), 1.68
(8H, s, H-16 or H-17), 1.57 (3H, s, H-20), 1.34 (3H, s, H-16 or H-17), 1.03 (3H, s, H-19); **C-
-NMR (125 MHz, CDCls, ¢ / ppm): 197.00 (C, C-13), 170.28 (C, Ac), 169.21 (C, Ac), 152.42
(C, CO), 149.52 (C, C-11), 143.40 (C, C-12), 89.21 (C, C-1), 84.93 (CH, C-5), 80.23 (CH, C-
2), 75.43 (CH, C-9), 73.38 (C, C-4), 72.68 (CH, C-10), 44.11 (CH, C-3), 43,57 (C, C-8),
41.33 (C, C-15), 40.89 (CH,, C-14), 38.69 (CH3;, Ms), 32.82 (CH3, C-16 or C-17), 26.42 (CHj,
C-20), 25.46 (CH,, C-6), 25.25 (CH,, C-7), 20.72 (CHs, Ac), 20.64 (CH3, Ac), 20.08 (CHa,
C-16 or C-17), 18.57 (CH3, C-19), 13.83 (CH3, C-18). HRMS (ESI-TOF high acc) calcd. for
C26H370125 (M H+): 573.2000, found: 573.1992.

Compound 9. A mixture of sodium iodide (12.5 mg, 0.084 mmol) and MOMCI (8.4 mg,
0.104 mmol) in DME (0.2 mL) was stirred for 10 min at rt. Then a solution of 3 (6.4 mg,
0.010 mmol) and DIPEA (14.8 mg, 0.114 mmol) in DME (0.5 mL) was stirred for 20 min at rt
and overnight under reflux. A second portion of sodium iodide (25 mg,), MOMCI (17 mg) and
DIPEA (30 mg) were added and stirring of the reaction mixture was continued for additional
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24 h. The reaction mixture was quenched with saturated NaHCO; and water and extracted
twice with methylene chloride. The combined extracts were washed with brine, dried over
MgSO, and concentrated under reduced pressure. The residue was purified by column chro-
matography (eluent: benzenelethyl acetate = 6/4) to give compound 9 (1.4 mg, 26%) as a
colorless film. *H-NMR (200 MHz; CDCl3, 6 / ppm): 6.02 (1H, d, J = 10.4 Hz), 5.89-5.66
(2H, m), 5.70 (1H, d, J = 10.0 Hz), 5.60-5.52 (1H, m), 5.12-4.97 (2H, m), 4.92 (1H, d, J = 6.6
Hz), 3.75 (1H, d, J = 19.1 Hz), 2.83 (1H, d, J = 19.5 Hz), 2.40-1.92 (6H, m), 2.33 (1H, d, J =
=6.3Hz),2.10 (3H, s), 2.08 (3H, s), 2.06 (3H, 9), 1.67 (3H, s), 1.31 (3H, 5), 1.03 (3H, 9).

Compound 10. To a solution of 3 (150 mg, 0.245 mmol) and imidazole (166 mg, 2.45
mmol, 10 eq) in DMF (1.2 mL) was added chlorodimethylsilane (231 mg, 2.45 mmol, 10 eq)
dropwise at 0 °C, under an argon atmosphere. The reaction mixture was stirred at 0 °C for 15
min, and then at 55 °C for 1 h. After this period of time, imidazole (166 mg) and chlorodi-
methylsilane (231 mg) were added and the reaction was stirred at 55 °C for another hour. The
reaction mixture was diluted with CH,Cl,, washed with water, dried over anhydrous MgSO,
and concentrated under reduced pressure. Purification by dry-flash chromatography (eluent:
benzene/ethyl acetate = 7/3) gave compound 10 (110 mg, 67 %) as a colorless film. IR (film,
cm’): 2964, 1811, 1750, 1685, 1342, 1233, 1173, 1027; *H-NMR (500 MHz, CDCl3, J / ppm):
6.02 (1H, d, J = 10.0 Hz, H-10), 5.77-5.69 (1H, m, H-22), 5.62 (1H, d, J = 10.0 Hz, H-9), 5.05
(1H, broad dd, J = 1.5 and 17.0 Hz, H-23), 5.02 (1H, dd, J = 1.0 and 10.5 Hz, H-23), 4.87—
—4.85 (2H, m, H-5 and Si-H), 4.82 (1H, d, J = 4.5 Hz, H-2), 3.75 (1H, d, J = 19.0 Hz, H-14),
3.02 (3H, s, Ms), 2.80 (1H, d, J = 19.0 Hz, H-14), 2.72 (1H, d, J = 4.5 Hz, H-3), 2.29-2.24
(2H, m, H-21 and H-20), 2.29 (3H, s, H-18), 2.22-2.10 (2H, m, H-6 and H-21), 2.10 (3H, s,
Ac), 2.05 (3H, s, Ac), 2.03-1.99 (1H, m, H-20), 1.78-1.73 (3H, m, H-6 and 2xH-7), 1.66 (3H,
s, H-16 or H-17), 1.33 (3H, s, H-16 or H-17), 1.09 (3H, s, H-19), 0.32 (3H, d, J = 3.0 Hz,
Si-CH3), 0.29 (3H, d, J = 2.5 Hz, Si-CH5); *C-NMR (125 MHz, CDCl3, 6 / ppm): 196.99 (C,
C-13), 170.44 (C, Ac), 169.42 (C, Ac), 152.78 (C, CO), 150.63 (C, C-11), 142.90 (C, C-12),
136.91 (CH, C-22), 116.03 (CH,, C-23), 88.83 (C, C-1), 81.13 (CH, C-5), 79.89 (C, C-4),
79.78 (CH, C-2), 75.92 (CH, C-9), 73.20 (CH, C-10), 45.53 (CH, C-3), 44.75 (C, C-8), 41.50
(C, C-15), 41.29 (CH,, C-14), 39.99 (CH;, Ms), 35.69 (CH,, C-20), 33.20 (CHs, C-16 or
C-17), 28.76 (CH,, C-21), 25.37 (CH,, C-7), 25.16 (CH,, C-6), 20.94 (CHjs, Ac), 20.86 (CHj,
Ac), 20.27 (CH3, C-16 or C-17), 19.64 (CH3, C-19), 13.80 (CHs;, C-18) 1.04 (CH3;, DMS),
0.95 (CHs, DMS). HRMS (ESI-TOF high acc) calcd. for CyH,01,SSi (MH'): 671.2552,
found: 671.2530.

Compound 11. OsO, (30 pL of a2.5% solution in t-BuOH) was added to a solution of 10
(9.6 mg, 0.015 mmol) in a mixture of THF (0.6 mL) and water (0.3 mL), followed by the
addition of NalO, (16 mg, 0.075 mmol; 5 eq). The reaction mixture was stirred for 1 h at rt,
then sodium dithionite (50 mg) was added and stirring was continued for 20 min. The reaction
mixture was diluted with CH,Cl,, washed with ag. Na,S,0; and water, dried over anhydrous
MgSO, and concentrated under reduced pressure. The crude product was roughly purified by
dry-flash chromatography (eluent: petrol ether/ethyl acetate = 1/1) affording 11 (4.3 mg; 42 %)
as a colorless film. "H-NMR (200 MHz, CDCl3, § / ppm): 9.81 (1H, s), 6.00 (1H, d, J = 10.0
Hz), 5.63 (1H, d, J = 10.0 Hz), 4.83 (1H, d, J = 5.0 HZ2), 4.82 (1H, bs), 3.73 (1H, d, J =19.2
Hz), 3.10 (3H, s, Ms), 2.84 (1H, d, J = 19.2 Hz), 2.99-2.67 (2H, m), 2.66 (1H, d, J = 4.6 Hz),
2.49-2.35 (1H, m), 2.26 (3H, s, H-18), 2.25-2.11 (2H, m), 2.11 (3H, s, Ac), 2.06 (3H, s, Ac),
1.90-1.66 (3H, m), 1.68 (3H, s), 1.35 (3H, ), 1.13 (3H, s), 0.26 (3H, ), 0.23 (3H, 9).

Compound 12. Into a cold (-80 °C) solution of 10 (45 mg, 0.067 mmol) in CH,Cl, was
bubbled ozone gas until the solution became light blue. Excess ozone was purged from the
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reaction by bubbling argon through the cold reaction mixture for 10 min, followed by the
addition of dimethyl sulfide (0.2 mL). The reaction mixture was stirred at room temperature
overnight and concentrated under reduced pressure. Purification of the residue by column
chromatography (eluent: benzene/ethyl acetate = 7/3) gave compound 12 (27 mg, 58 %) as a
colorless film. IR (film, Cm'l): 2965, 1810, 1750, 1685, 1341, 1233, 1174, 1031; 'H-NMR
(500 MHz, CDCl3, 6 / ppm): 9.80 (1H, s, CHO), 6.01 (1H, d, J = 10.5 Hz, H-10), 5.63 (1H, d,
J=10.0 Hz, H-9), 4.87 (1H, d, J = 4.5 Hz, H-2), 4.82 (1H, m, Si-H), 4.73 (1H, bd, J= 2.5 Hz,
H-5), 3.67 (1H, d, J = 19.0 Hz, H-14), 3.04 (3H, s, Ms), 2.82 (1H, d, J = 19.0 Hz, H-14),
2.80-2.75 (2H, m, 2xH-21), 2.75 (1H, d, J = 5.0 Hz, H-3), 2.46-2.39 (1H, m, H-20), 2.29 (3H,
s, H-18), 2.25-2.22 (2H, m, H-6 and H-20), 2.11 (3H, s, Ac), 2.05 (3H, s, Ac), 1.90-1.83 (1H,
m, H-6), 1.76-1.74 (2H, m, 2xH-7), 1.67 (3H, s, H-16 or H-17), 1.33 (3H, s, H-16 or H-17),
1.10 (3H, s, H-19), 0.31 (3H, d, J = 3.0 Hz, Si-CH3), 0.30 (3H, d, J = 3.5 Hz, Si-CH,). *C-
-NMR (125 MHz, CDCl3, 6 / ppm): 199.99 (C, CHO), 196.54 (C, C-13), 170.15 (C, Ac),
169.17 (C, Ac), 152.29 (C, CO), 150.44 (C, C-11), 142.53 (C, C-12), 88.66 (C, C-1), 81.14
(CH, C-5), 79.45 (C, C-4), 79.19 (CH, C-2), 75.56 (CH, C-9), 72.88 (CH, C-10), 45.30 (CH,
C-3), 44.39 (C, C-8), 41.20 (C, C-15), 40.99 (CH,, C-14), 39.81 (CH3, Ms), 39.75 (CH,, C-21),
32.93 (CHs, C-16 or C-17), 28.46 (CH,, C-20), 25.24 (CH,, C-7), 24.77 (CH,, C-6), 20.65
(CHs, Ac), 20.56 (CH3, Ac), 19.99 (CHs, C-16 or C-17), 19.05 (CH3, C-19), 13.53 (CHs, C-18),
0.83 (CHz, DMS), 0.65 (CH3, DMS). HRMS (ESI-TOF high acc) calcd. for CyHys015SS
(MH™): 673.2345, found: 673.2335.

Compound 13. To asolution of 12 (22 mg, 0.032 mmol) in DMF (0.6 mL) oxone (60 mg,
0.098 mmol, 3 eq) was added in one portion and the reaction was stirred at rt for 2 h. The
reaction mixture was diluted with ethyl acetate washed with water, dried over anhydrous
MgSO, and concentrated under reduced pressure. The residue was dissolved in THF at 0 °C
and ethereal solution of diazomethane was slowly added. The reaction mixture was stirred at 0
°C for 1 h and concentrated under reduced pressure. Purification by column chromatography
(eluent: benzenelethyl acetate = 7/3) gave compound 13 (14 mg, 61%) as a colorless film. IR
(film, cm™): 2959, 1809, 1743, 1682, 1373, 1339, 1234, 1174, 1024; 'H-NMR (500 MHz,
CDCls, 6 / ppm): 6.01 (1H, d, J = 10.0 Hz, H-10), 5.63 (1H, d, J = 10.0 Hz, H-9), 4.85-4.82
(2H, m, H-2 and Si-H), 4.76 (1H, bd, J = 2.0 Hz, H-5), 3.70 (3H, s, CO,Me¢), 3.68 (1H, d, J =
=19.0 Hz, H-14), 3.04 (3H, s, Ms), 2.82 (1H, d, J = 19.5 Hz, H-14), 2.74 (1H, d, J = 45 Hz,
H-3), 2.57-2.52 (2H, m, 2xH-21), 2.49-2.44 (1H, m, H-20), 2.29 (3H, s, H-18), 2.29-2.24
(2H, m, H-6 and H-20), 2.11 (3H, s, Ac), 2.06 (3H, s, Ac), 1.92-1.85 (1H, m, H-6), 1.76-1.72
(2H, m, 2xH-7), 1.67 (3H, s, H-16 or H-17), 1.33 (3H, s, H-16 or H-17), 1.12 (3H, s, H-19),
0.33 (3H, d, J = 2.5 Hz, Si-CH,), 0.30 (3H, d, J = 2.5 Hz, Si-CH5); *C-NMR (125 MHz,
CDCl;, J / ppm): 196.66 (C, C-13), 172.93 (C, CO,Me), 170.21 (C, Ac), 169.25 (C, Ac),
152.37 (C, CO), 150.49 (C, C-11), 142.62 (C, C-12), 88.65 (C, C-1), 80.99 (CH, C-5), 79.48
(C, C-4), 79.26 (CH, C-2), 75.60 (CH, C-9), 72.94 (CH, C-10), 52.01 (CH3, CO,Me), 45.33
(CH, C-3), 44.43 (C, C-8), 41.23 (C, C-15), 41.01 (CH,, C-14), 39.87 (CH3, Ms), 33.00 (CHs,
C-16 or C-17), 31.82 (CH,, C-20), 29.83 (CH,, C-21), 25.27 (CH,, C-7), 24.83 (CH,, C-6),
20.74 (CHs, Ac), 20.65 (CHs, Ac), 20.05 (CHs, C-16 or C-17), 19.19 (CHs;, C-19), 13.59
(CH3, C-18) 0.82 (CH,, DMS), 0.66 (CHz;, DMS). HRMS (ESI-TOF high acc) calcd. for
Ca1H46014SSiNa (MNa"): 725.2270, found: 725.2259.

Compound 14. OsO, (20 puL of a 2.5% solution in t-BuOH) was added to a solution of 3
(7 mg, 0.0011 mmol) in a mixture of THF (0.6 mL) and water (0.3 mL), followed by the
addition of NalO, (12.1 mg, 0.057 mmol; 5 eq). The reaction mixture was stirred for 1 h at rt,
then sodium dithionite (40 mg) was added and stirring was continued for 20 min. The reaction
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mixture was diluted with CH,Cl,, washed with ag. N&,S,0; and water, dried over anhydrous
MgSO, and concentrated under reduced pressure. The crude product was roughly purified by
dry-flash chromatography (eluent: petrol ether/ethyl acetate = 1/1) affording hemiacetal (3.7
mg) that was used in the next step. Jones reagent (25 pL, 0.009 mmol; 1.5 eq) was added to a
solution of hemiacetal (3.7 mg, 0.006 mmol) in acetone (0.5 mL) at 0 °C, and the resulting
mixture was stirred for 15 min, when isopropanol (100 plL) was added. The reaction mixture
was diluted with CH,Cl,, washed with brine, dried over anhydrous MgSO, and concentrated
under reduced pressure. Purification by coloumn chromatography (eluent: benzene/ethyl
acetate = 1/2) gave compound 14 (3.5 mg, 49% over two steps) as a colorless film. IR (film,
cm™): 2993, 2937, 1816, 1746, 1685, 1370, 1353, 1233, 1174, 1024; 'H NMR (500 MHz,
CDCl3, 6 / ppm): 6.06 (1H, d, J = 10.5 Hz, H-10), 5.67 (1H, d, J = 10.0 Hz, H-9), 4.85 (1H,
bd, J=5.0 Hz, H-2), 4.67 (1H, bt, J = 2.5 Hz, H-5), 3.54 (1H, d, J = 19.5 Hz, H-14), 3.06 (1H,
d, J = 5.0 Hz, H-3), 3.01 (3H, s, Ms), 2.94 (1H, dd, J = 19.5 Hz, H-14), 2.82-2.74 (1H, m,
H-21), 2.67-2.58 (2H, m, H-20 and H-21), 2.27 (3H, s, H-18), 2.14-2.10 (1H, m, H-6), 2.12
(3H, s, Ac), 2.06 (3H, s, Ac), 1.97-1.91 (2H, m, H-6 and H-20), 1.81 (1H, ddd, J = 2.5, 4.0
and 14.0 Hz, H-7), 1.74 (1H, dd, J = 3.5 and 13.5 Hz, H-7), 1.68 (3H, s, H-16 or H-17), 1.35
(3H, s, H-16 or H-17), 1.003 (3H, s, H-19); *C-NMR (125 MHz, CDCls, 6 / ppm): 196.44 (C,
C-13), 173.12 (C, C-22), 170.07 (C, Ac), 169.17 (C, Ac), 151.45 (C, CO), 149.82 (C, C-11),
143.32 (C, C-12), 88.65 (C, C-1 or C-4), 85.16 (C, C-1 or C-4), 81.66 (CH, C-5), 78.63 (CH,
C-2), 74.59 (CH, C-9), 72.49 (CH, C-10), 43.89 (C, C-8), 41.60 (C, C-15), 41.51 (CH, C-3),
40.53 (CH,, C-14), 39.10 (CHs;, Ms), 32.79 (CH;, C-16 or C-17), 28.99 (CH,, C-20), 27.41
(CH,, C-21), 24.84 (2xCH,, C-6 and C-7), 20.71 (CHs, Ac), 20.58 (CHs, Ac), 20.07 (CHa,
C-16 or C-17), 18.38 (CH3, C-19), 13.86 (CH5, C-18). HRMS (ESI-TOF high acc) calcd. for
CasH37015S (MH™): 613.1949, found: 613.1922.

CONCLUSIONS

In conclusion, triol 4, a versatile starting compound in the synthesis of seve-
ral taxane analogues, was converted into ester 13 — an advanced intermediate in
the attempted synthesis of cyclobutane taxane analogue 1. However, the cycliza
tion failed, due to the unexpected instability of the DMS protecting group in 13
under basic conditions. In addition, useful information was acquired on the reac-
tivity of the obtained taxoid intermediates, as well as on the dimethylsilane (DMYS)
protecting group. Observation that alcohol 3 has the propensity for elimination of
Cs mesylate and the formation of the A58 double bond provides a possibility for
a future investigation of 5,6-dehydro-C,D-spirolactone analogues. The synthesis
and biological evaluation of a novel taxane analogue with a C,D-spirolactone
moiety would be of considerable interest, bearing in mind the fact that this type
of taxoids show mechanistically different cytotoxic action as compared to pacli-
taxel.

Acknowledgments. Financial support of the Ministry of Education, Science and Techno-
logical Development of the Republic of Serbiais acknowledged (Project No. 172027).

Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS



1538 FERJANCIC, MATOVIC and SAICIC

U3BOJ

CHUHTETUYKE CTYOUJE AHAJIOTA TTAKJIMTAKCEJIA CA
MOJHU®HNKOBAHHUM D-ITPCTEHOM

30PAHA !bEPJAH‘{I/IE1, PAIOMHP MATOBHE’ 1 PAIOMHP H. CAWYMR'

1Xemujcrcu paxynitew Yrnusepsuttietia y beoipagy, Cuygeniticku wipil 12—16, 6. up. 158, 11000 Beoipag u

2HXTM — Henwmap 3a xemujy, Fbetowesa 12, 11000 Beotpag

Pa3ByjeHa je cuHTeTHYka cekBeHLA 3a mobujame 9,10-mu-O-anetun-4-mecMmeTuneH-44-

-(3-0yrenunn)-4a-xunpokcu-5-0O-mesuntakcuuud 1-1,2-kapdonara (3), UHTepMenujepa y mo-
KyLIaHOj CHHTE3M LMKJIODYyTaHCKOT aHajiora nakauTakcena. McnutusaHa je MoryhHoCT pasbe
XEMUjCKe TpaHC(OpMauHje jenumena 3, Kao IITO je 3allTUTa CTEPHO M3Pa3HUTO 3alITHheHe
C-4a XUIpOKCUIIHE TpyNe U OKCUIATHBHA (pparMeHTallja TEpMUHAIHE OBOCTpYyKe Bese. Llu-
KIK3anvja jequmena 13 HUje nana »Ke/beHW pesynTaT — UHTEPMEAUjep ca UUKI00yTaHOBUM
IPCTEHOM, LITO je Tocjiefula HeoueknBaHe HecTadmmHOocTH DMS-3amrTuTHe rpyme y 6a3HUM
PeaKLMOHUM yCIIOBUMa.

1

(ITpumrbeHo 26. jyna 2012)

REFERENCES

For reviews on taxoid chemistry and SAR studies, see: a) D. G. I. Kingston, P. G. Jagtap,
H. Yuan, L. Samala, Prog. Chem. Org. Nat. Prod. 84 (2002) 53; b) F. Gueritte, Curr.
Pharm. Des. 7 (2001) 933; ¢) D. G. I. Kingston, J. Nat. Prod. 63 (2000) 726; d) The Che-
mistry and Pharmacology of Taxol and its Derivatives, in Pharmacochemistry Library,
Voal. 22, V. Faring, Ed., Elsevier, Amsterdam, 1995; €) D. Guenard, F. Gueritte-Voegdlin,
P. Patier, Acc. Chem. Res. 26 (1993) 160

a) G. Samaranayake, N. F. Magri, C. Jitraugsri, D. G. I. Kingston, J. Org. Chem. 56
(1991) 5114; b) R. Marder-Karsenti, J. Dubois, L. Bricard, D. Guenard, F. Gueritte-V oe-
gelein, J. Org. Chem. 62 (1997) 6631; c) A. L. Gunatilaka, F. D. Ramdayal, M. H. Sarra-
giotto, D. G. I. Kingston, D. L. Sackett, E. Hamel, J. Org. Chem. 64 (1999) 2694; d) T. C.
Boge, M. Hepperle, D. G. Vander Velde, C. W. Gunn, G. L. Grunewald, G. |. Georg, Bio-
org. Med. Chem. Lett. 9 (1999) 3041; €) J. Dubois, S. Thoret, F. Gueritte, D. Guenard,
Tetrahedron Lett. 41 (2000) 3331; f) M. Wang, B. Cornett, J. Nettles, D. C. Liotta, J. P.
Snyder, J. Org. Chem. 65 (2000) 1059; g) L. Barboni, A. Datta, D. Dutta, G. . Georg, D.
G. Vander Velde, R. H. Himes, M. Wang, J. P. Snyder, J. Org. Chem. 66 (2001) 3321; h)
L. Merckle, J. Dubois, E. Place, S. Thoret, F. Gueritte, D. Guenard, C. Poupat, A. Ahond,
P. Potier, J. Org. Chem. 66 (2001) 5058; i) P. H. Beusker, H. Veldhuis, J. Brinkhorst, D.
G. H. Hetterscheid, N. Feichter, A. Bugaut, H. W. Scheeren, Eur. J. Org. Chem. (2003)
689; ) V. Deka, J. Dubois, S. Thoret, F. Gueritte, D. Guenard, Org. Lett. 5 (2003) 5031;
k) L. Barboni, G. Giarlo, M. Ricciutelli, R. Balini, G. I. Georg, D. G. Vander Velde, R.
H. Himes, M. Wang, A. Lakdawala, J. P. Snyder, Org. Lett. 6 (2004) 461; |) Z. Ferjancic,
R. Matovic, Z. Cekovic, J. P. Snyder, R. N. Saicic, Tetrahedron Lett. 46 (2005) 5049; m)
S. Thoret, F. Gueritte, D. Guenard, J. Dubois, Org. Lett. 8 (2006) 2301; n) Z. Ferjancic,
R. Matovic, Z. Cekovic, Y. Jiang, J. P. Snyder, V. Trakovic, R. N. Saicic, Tetrahedron,
62 (2006) 8503; 0) M. Trmcic, R. Matovic, G. Tovilovic, B. Rigtic, V. Trajkovic, Z. Fer-
jancic, R. N. Saicic, Org. Biomol. Chem. 10 (2012) 4933

3. Z. Ferjancic, R. Matovic, Z. Cekovic, R. N. Saicic, J. Serb. Chem. Soc. 71 (2006) 705

Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS



SYNTHETIC STUDIES TOWARDS PACLITAXEL ANALOGUES 1539

K. Narasaka, T. Sakakura, T. Uchimaru, D. Guedin-Vuong, J. Am. Chem. Soc. 106 (1984)
2954

a) S.-H. Chen, J. F. Kadow, V. Faring, C. R. Fairchild, K. A. Johnston, J. Org. Chem. 59
(1994) 6156; b) S.-H. Chen, Tetrahedron Lett. 37 (1996) 3935; c) T. Dai, S. Fuse, S.
Miyamoto, K. Nakai, D. Sasuga, T. Takahashi, Chem. Asian J. 1 (2006) 370; d) M. E.
Ondari, K. D. Walker, J. Org. Chem. 74 (2009) 2186

B. R. Travis, M. Sivakumar, G. Olatunji Hallist, B. Borhan, Org. Lett. 5 (2003) 1031

For a description of the technique of dry-flash chromatography, see: @) L. M. Harwood,
Aldrichim. Acta 18 (1985) 25; b) A. I. Vogel, A. R. Tatchell, B. S. Furnis, A. J. Hanna-
ford, P. W. G. Smith, Vogel’s Textbook of Practical Organic Chemistry, 5 ed., Long-
man, London, 1989, p. 220; c) An account which includes some improvements of the
separation technique: D. S. Pedersen, C. Rosenbohm, Synthesis (2001) 2431

D. D. Perrin, W. L. F. Armarego, Purification of Laboratory Chemicals, 3" ed., Perga-
mon Press, Oxford, 1988.

Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) 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




