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Abstract

A facile and convergent approach for the total Bgsis of 14-membered resorcylic acid lactone
paecilomycin F is described. The synthesis emarfaigsthe readily available inexpensive (+)-
diethyl L-tartrate. Mitsunobu etherification, Stilcoupling and ring-closing metathesis are key
steps in the synthesis.
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Introduction

The impressive biological properties i.e., antifalfgantibiotic? inhibition of ATPase activity of
HSP90? exhibited by the first resorcylic acid lactone (BAradicicol (Figure 1f a 14-
membered benzannulated macrolide, has attracteifisigt attention to the related RALs
(both synthetic and natural RALs) which have emeérgeer the last two decades. The resorcylic
acid lactones with unique structural architecture also found to exhibit potent biological
activities ranging from antimalariflantiviral, antiparasiti¢,antifungal® cytotoxic? estrogenit?

to nematocidaf activities. Over the years, these molecules leaverged as common targets for
total synthesis and have led medicinal chemistsldsign analog programmes leading to a
number of clinical trial$?*® Chenet al. have recently isolated six new resorcylic acitdaes,
namely paecilomycin A-¥*8 (Figure 1) along with other known RALs from the eeial solid
culture ofPaecilomyces fungus SC0924. Interestingly, when these compowete subjected to
screening for plasmodicidal activity, paecilomy€&invas found to display antiplasmodial activity
againstPlasmodium falciparum line 3D7 with an |Gy value of 20.0 nM and moderate activity
againstP. falciparum line Dd2. Eventhough, the structures of these aamgs were determined

Page 123 °ARKAT-USA, Inc.



by extensive NMR analysis and chemical correlatiomsr own investigation for the total
synthesis of paecilomycin E and F lead to the siratreassignmefit'®for these two molecules
and was however later reconfirmed by total synthésim Mohapatraet al*® and also our
group?! In continuation of our work on the total synthesfisactonic natural product$;?” herein
we present a facile and convergent strategy fotata synthesis of paecilomycin?E.

Radicicol 1

OH O

H,CO

H3CO ~ -
OH OHR* R'  OH

Paecilomycin C 4 : R1=H, R2 =OH Paecilomycin E 6 : R1=OH, R2 =H

Paecilomycin D 5: R1=OH, RZ =H Paecilomycin F 7 : R'=H, R2 =OH

Figure 1. Structures of radicicol and paecilomycins A-F.

Results and Discussion

Our retrosynthesis is based on a convergent appraad involved two key intermediates, an
aliphatic chiral chair8 comprising a double bond and a secondary alcaimal,an aromatic acid
(9). These two compounds can be coupled in an estrdn followed by a ring closing
metathesis to provide the precursor skeleton fertéinget molecule. The aromatic aBidan be
synthesized from 2,4,6-trihydroxybenzoic acid wefknown steps, and the aliphatic side cl&in
can be synthesized from the alcoliglby a four step sequendes. oxidation, allylation, MOM
protection of the resulting allyl alcohol, and deection of the TBDPS moiety (Scheme 1). The
alcohol 11 can be synthesized from alkyd@ in a one-pot reaction through hydrogenation,
which in turn can be synthesized by a coupling treacof terminal alkynel3 with triflate 14.
The triflate is easily accessible from the comnadlgi available (+)-diethyl L-tartrate
(L(+)-DET).

Page 124 °ARKAT-USA, Inc.



OMOMO  OH OH O

H,CO
O H,CO |
" OH 8 9
Paecilomycin F 7 M M
O._OH
OTBDPS 0 OTBDPS

o HO OH
o =y
BnO/\‘/ o)
o) 12 1 OH 49

OTBDPS

0]
OTf
///k + Bno/\orf\V —— L(+)-DET
14

13

Scheme 1Retrosynthesis of paecilomycin F.

The synthesis began with isopropylidene proteétiof the readily available (+)-diethyl-
tartrate to get the corresponding acetonide prod&dbllowed by the diester reduction with
lithium aluminium hydride to deliver 1,4-didl6. The diol16 was sequentially protected as the
corresponding benzyl ethé&7 by treatment with benzyl bromide and NaH and attidas the
triflate 14 by triflic anhydride in presence of 2,6-lutidireeget up the stage for coupling with the
terminal acetylen&3. The alkynel3 (obtained from the commercially availab®-put-3-yne-2-

ol after protection with TBDPSCI) was metalated hwitn-BuLi in presence of
hexamethylphosphoramide (HMPA) and treated witllate 14 to furnish the di-substituted
alkyne12.3° One pot benzyl deprotection and alkyne reductias achieved smoothly with Pd/C
under hydrogen atmosphere to provide the primasghall 11 in good yield (Scheme 2). The
alcohol 11 was oxidized under Swern conditidhso yield the aldehyde and then subjected to
allylation with allyl bromide in presence of Ziffand NHCI and further treated with MOM-CI
to furnish the corresponding MOM ethers. The prodintained after allylation was a mixture of
diastereomers, which were inseparable and werectljiréreated with MOM-CI to get the
corresponding MOM ethers (9:1) which were easilpasable by column chromatography.
Based on the earlier experience for the allylatieaction'®*! we proceeded further with the
major diastereomet8. Thus, treatment of the major diastereot@with TBAF resulted in the
formation of8, the key side chain fragment with the requiredestehemistry.
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The other key fragment aromatic acidl was synthesized starting from 2,4,6-
trinydroxybenzoic acidlO (THBA) following known protocols as shown in Sche®eThus,
THBA 10 was treated with trifluoroacetic acid (TFA) andl@oroacetic anhydride (TFAA)
following Danishefsky’s protocdt to get the acetonide protected prodil@t The regioselective
methylation of19 at para- position to carboxylic functionality was easilyhéeved with MeOH
under Mitsunobu conditiof$to yield 20 in 85% yield. The free hydroxyl group 20 ortho- to
carboxylic acid functionality was activated by certing it to the corresponding triflagd with
triflic anhydride and later subjected to Stille pting® with n-tributyl(vinyl tin) to furnish the
vinylated aromatic est&22 (Scheme 3). Ester hydrolysis 2 with LiOH at room temperature
provided the aromatic acllin 86% yield, which can be used for coupling reactowards the
target synthesis.

O OH 2,2-DMP o O
TsOH OEt
Ll CeHe, 90 °C o\ o THF, 40 THF, 400C 1
15 h, 90% 5h, 95%
L(+)-DET 15

NaH BnBr P
Bno/\r szo 2 6-lutidine BnO/Y
THF, 1t CH,Cl,, -78 °C, 30 min,

3 h, 80%

OTBDPS OTBDPS
O OTBDPS
FZ Z Ha, PAIC, THF
> BnO /Y — > HO
n-BuLi, HMPA, THF 12 rt, 24 h, 90% 3

-78°C, 3 h, 75% over 2 steps ON 11
. o OMOMO  OTBDPS OMOMO  OH
i) Swern Oxidation : TBAF, THF, rt :
i zn, allylbromide 2" 7 g “snow . 2 Y M3

THF/NH,CI, 1t, 5 h o) o)
iii) MOM-CI, DIPEA 18 8

CH2C|2, rt, 6 h

63% overall for 3 steps

Scheme 2Synthesis of aliphatic chiral key intermedi8te
With the two key intermediatésand9 in hand, the stage was set to proceed furthezdopling

to get the macrocyclic core skeleton. This was quaréd under Steglich esterification
conditions® to furnish the este?3 in 67% vyield. Although, our initial attempts ahgi-closing
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metathesis o023 with Grubbs first generation catalyst did not sext and ended up with the
recovery of starting material, the reaction wascessful with Grubbs second generation
catalyst’ in CH,Cl, at room temperature to provide the desired cotetstre24 exclusively in
85% yield (Scheme 4). The geometry of the produas wharacterized based on the coupling
constant value of 14.9 Hz for the olefinic protorghe compoun@4 when exposed to 2N HCI
for 15 h underwent complete deprotection of MOM awdtonide functionalities furnishing the
target molecule paecilomycin F. The spectroscdaita of the synthesized product was in full
agreement with the reported dat# of the natural product (See table 1).

COOH oyo P

O O
HO OH
TFA, TFAA o PPhs, DIAD Tf,0, Py
—_— —_— A .
acetone, rt MeOH, THF o 0°C, 3 h, 95%
48 h,55% HO OH rt, 3 h, 85%

H3CO OH
OH 10 19 3 20
M B( OH O
0”0 ZsnBuy; 0o LIOH.H,0
o Pd(PPh3), o _THFEHO (2:1) OH
LiCl, PPhs 100, 86%  .co
HsCO OTf  DMF 1t H4CO
0,
o 4h.90% ’? 9

Scheme 3Synthesis of aromatic acd

DCC, DMAP Grubbs-II catalyst

8+ THF, 1t, 12 h, 67%  H3CO CH,Cl,, 48 h, rt, 85%
2N HCl
—_——
HaCO THF,15 h

rt, 87%

Paecilomycin F 7

Scheme 4Conclusion of synthesis of paecilomyci?.F
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Table 1.ComparativéH and™*C NMR data of natural and synthetic paecilomycin F

Position Isolated paecilomycin F Synthetic paeciloim F
'H NMR e NMR 'H NMR e NMR
(CDCl;, 400 (CDCl;, 100 (CDCl;, 500 (CDCls, 75
MHZz) MH2z) MHz) MHz)

1 103.3 103.3

2 1226 br s 164.0 12.22 S 164.0
(phenolic-OH) (phenolic-OH)

3 6.38 s 100.2 6.38 s 100.2

4 165.9 165.9

5 6.38 s 109.0 6.38 s 109.0

6 142.9 142.9

7 171.4 171.4

1 7.11 dd (15.4, 127.3 7.12d (14.8) 127.3
1.7)

2’ 5.68 ddd (15.4, 134.1 5.64-5.70 m 134.1
11.2, 3.3)

3 2.47 dt (14.4, 38.7 2.44-252 m 38.7
11.2), 2.67 m 2.66-2.69 m,

4 4.12-4.18 m 76.1 4.13-4.19m 76.1

5 3.52brs 68.9 3.52s 68.8

6’ 4.12-4.18 m 66.9 4.13-4.19m 66.9

7 1.90 m, 30.9 1.78-1.96 m, 30.9
1.33m 1.28-1.34 m

8’ 1.44 m, 20.9 1.41-1.64 m, 20.9
1.28 m 1.28-1.34 m

9 1.81m, 1.61 m 35.2 1.78-1.96 m, 35.2

1.41-1.64 m

10’ 494 m 73.7 4.90-5.00 m 73.7

11 1.39d (6.1) 21.2 1.38d (5.9) 21.2

4-OMe 3.79s 55.4 3.79s 55.4

Conclusions

We have achieved a total synthesis of paecilomifcfrom the readily available (+)-diethit
tartrate. Ring closing metathesis and standard DQIGAP coupling (Steglich esterification)
have been once again pivotal for constructing tlaerocycle core. The synthesis involved 12
steps with an overall yield of 14 %. Synthesisotiier paecilomycins are currently being
investigated in our laboratory.
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Experimental Section

General. Column chromatography was performed using silela6§-120 mesh. All the solvents
were dried and distilled prior to use. IR speatrare recorded on a Perkin-Elmer Infrared
spectrophotometer as neat or in CH&s$ a thin film or as KBr wrafersH and**C NMR were
recorded on a Bruker Avance 300 MHz instrument giSiMS as internal standard. Mass
spectra were recorded on Micromass VG 7070H masstrgpneter for El, VG Autospec mass
spectrometer for FABMS and micromass Quatro LQdrguadrupole mass spectrometer for ESI
analysis. The optical rotations were recorded &GP 200 modular circular polarimeter(+)-
DET, PTSA, LAH, BnBr, THO, (§-but-3-yn-2-ol, HMPA, and vinylstannane were pwaséd
from Sigma-Aldrich. 2,6-Lutidine, allyl bromide, F:TFAA, TPP, DIAD were purchased from
Spectrochem, and all these reagents were direttliged for the reactions.

Diethyl (4R,5R)-2,2-dimethyl-1,3-dioxolane-4,5-dicarboxylatg15). A solution of (+)-diethyl
L-tartrate (20.0 g, 97.08 mmol) apetoluenesulfonic acid (184 mg, 0.97 mmol) in bere€0
mL) and 2,2-dimethoxypropane (17.8 mL, 145.63 mma}y heated under reflux for 15 h. The
mixture was allowed to cool to ambient temperatlitee reaction mixture was washed with aqg.
saturated sodium bicarbonate solution (50 mL),dddeer anhydrous N8O,. The solvent was
evaporated and the residue was purified by colunmarsatography (hexane/EtOAc 8:2) to give
product15 as a colorless liquid (21.5 g, 909%.0.7 (hexane/EtOAc 7:3)a*’s +42.9 € 1.0,
MeOH); Lit*® [0]*% +41.2 € 1.0, MeOH). IR (neat): 2990, 2942, 1758, 1450, 51311255,
1211, 1111, 1026, 856 ¢n'H NMR (300 MHz, CDCJ): & 4.66-4.62 (m, 2H), 4.20 (§, 7.5
Hz, 4H), 1.42 (s, 6H), 1.27 {, 7.5 Hz, 6H)*C NMR (75 MHz, CDCJ): 6 169.6, 113.0, 76.7,
61.4, 26.4, 14.0. MS (ESl/z 269 [M+Na]. HRMS (ESI): calcd for gHigNaOs 269.1001,
found 269.0992.

(4S,59)-(2,2-Dimethyl-1,3-dioxolane-4,5-diyl)dimethanol (16). A solution of compoundl5
(10.0 g, 40.65 mmol) in THF (50 mL) was slowly adde a suspension of LiAlH(3.08 g,
81.30 mmol) in THF (50 mL) at &C over a period of 30 min. The resulting mixturesweated
at 40°C for 5 h to complete the reduction. The reactias warefully quenched with saturated
aqueous N#50O; (10 mL) at 0°C and the resulting suspension was stirred forb@fore it was
filtered through a pad of silica gel. The filtrateas dried over N&QO,, the solvent was
evaporated and the residue purified by column chtography (hexane/EtOAc 1:1) to give diol
16 as a colorless liquid (6.25 g, 959R.0.3 (hexane/EtOAc 6:4)u[*%> +11.2 ¢ 1.0, MeOH);
Lit.*" [a]®%> +10.8 € 0.5, MeOH). IR (neat): 3401, 2988, 2935, 288176131251, 1218, 1165,
1108, 1053, 844 cth 'H NMR (300 MHz, CDCJ): § 3.97-3.89 (m, 2 H), 3.76-3.65 (m, 4H),
1.39 (s, 6H)*C NMR (75 MHz, CDCY): 5 109.2, 78.3, 62.0, 26.8. MS (ESt)z 185 [M+Na].
HRMS (ESI): calcd for @H14NaQ, 185.0789, found 185.0786.
(4S,59)-[5-(Benzyloxymethyl)-2,2-dimethyl-1,3-dioxolan-4¢llmethanol (17). A solution of
diol 16 (5.0 g, 30.86 mmol) in THF (30 mL) was slowly addever a period of 30 min to a
suspension of NaH (1.35 g, 30.86 mmol) in THF (30 @t 0°C and the resulting mixture was
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stirred at ambient temperature for 1 h until theletton of gas had ceased and then cooled to O
°C. To this mixture was added a solution of bermgimide (3.6 mL, 30.86 mmol) in THF (30
mL) dropwise over 30 min and the resulting mixtwas stirred for 3 h. The reaction mixture
was poured into crushed ice (300 mL) and extraeatithal EtOAc (120 mL). The organic layer
was washed with brine (50 mL), dried over anhydrNasSQ,, filtered and concentrated under
reduced pressure. The resulting residue was padififjecolumn chromatography (hexane/EtOAc
8:2) on silica gel to afford compourdd as a pale yellow coloured liquid (6.27 g, 80% djeRs
0.6 (hexane/EtOAc 6:4)p]*’, +8.3 € 1.0, CHCY), Lit.*® [a]*;, +8.2 € 1.0, CHC}). IR (neat):
3466, 2988, 2932, 2872, 1453, 1375, 1250, 1216711635, 847, 741, 699 ¢hn'H NMR (300
MHz, CDCk): 6 7.34-7.24 (m, 5H), 4.56 (s, 2H), 4.02-3.96 (m, 1BiP2-3.86 (m, 1H), 3.74-
3.63 (m, 3H), 3.54-3.48 (m, 1 H), 2.18 (br s, 1HR9 (s, 3 H), 1.38 (s, 3H).

13C NMR (75 MHz, CDCJ): § 137.4, 128.3 (2C), 127.6, 127.5 (2C), 109.2, 79843, 73.4,
70.2, 62.2, 26.8, 26.7. MS (ESlwz 275 [M+Na]. HRMS (ESI): calcd for fzH,oNaQ,
275.1259, found 275.1249.

(9)-(But-3-yn-2-yloxy)(t-butyl)diphenylsilane (13). TBDPSCI (4.4 mL, 17.14 mmol) was
slowly added to a solution of)-but-3-yn-2-ol (1.0 g, 14.28 mmol) and imidazo&76 mL,
35.7 mmol) in CHCI, (20 mL) at 0°C and the resulting mixture was stirred for 15 hcam
temperature. After 15 h, GBI, (10 mL) and HO (20 mL) were added. The layers were
separated and the aqueous phase extracted witRICEB x 20 mL). The combined organic
phase was washed with brine (20 mL), dried oveiS concentrated under reduced pressure,
and purified by silica gel column chromatographgx@ne/EtOAc 98:2) to afford3 (3.87 g,
94%) as a colorless oiR; 0.8 (hexane/EtOAc 95:5)p*% -61.20 € 2.0, CHCH). IR (neat):
3302, 2958, 2934, 2859, 1428, 1107, 1058, 975,ch03 *H NMR (300 MHz, CDCY): § 7.77-
7.73 (m, 2H), 7.70-7.66 (m, 2H), 7.46-7.34 (m, 6845 (qt,J 6.5, 2.1 Hz, 1H), 2.34 (d] 2.1
Hz, 1H), 1.39 (d,J) 6.5 Hz, 3H), 1.08 (s, 9H}*C NMR (75 MHz, CDC}): § 135.9 (2C), 135.7
(2C), 133.6, 133.4, 129.7, 129.6, 127.6 (2C), 12205, 127.4, 86.0, 71.5, 59.7, 26.8 (3C), 25.1,
19.1. MS (APCI)mvz 309 [M+H]". Anal. calcd for GoH»40Si: C 77.87, H 7.84; found: C 77.55,
H 7.68 %.
[[(S)-5-[(4S,59)-5-((Benzyloxy)methyl)-2,2-dimethyl-1,3-dioxolan-4yl] pent-3-yn-2-yljoxy](t-
butyl)diphenylsilane (12). To a solution of compounti7 (700 mg, 2.78 mmol) in Ci€l, (20
mL) was added a solution of trifluoromethanesuléoanhydride (0.5 mL, 3.05 mmol) at -78 °C
over 5 min, and the resulting solution was stifi@d30 min. To the reaction mixture was added
saturated NECI (5 mL) with CHCIl, (40 mL). The organic layer was washed with brih@ (
mL), dried over Ng&SOy, and concentrated under reduced pressure to lggvertide produdp.9

g) as pale yellow oil. The product was passed tmoshort pad of silica gel column
chromatography (hexane/EtOAc 9:1) to afford cradg1.01 g, 95%) as a colorless d#. 0.8
(hexane/EtOAc 7:3). A solution of n-BuLi (1.46 mE® 1.6 M solution in hexane, 2.34 mmol)
was added dropwise to a solution of compoi8d0.818 g, 2.6 mmol) in THF (15 mL) over 5
min at 0°C. Once addition was complete, the reaction mixtuas warmed to rt for 1 h, then
recooled to -78°C. HMPA (1.6 mL, 9.36 mmol) was addefh syringe, and the resultant
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solution was stirred for 10 min. A solution of cooumnd 14 (0.6 g, 1.56 mmol) in THF (10 mL)
was added dropwise over 5 min. The mixture wasestiat rt for 6 h, then quenched with
saturated aqueous NEI (10 mL). The layers were separated, and agqupbase was extracted
with EtOAc (3 x 20 mL). The combined organic phases washed with brine (20 mL), dried
over anhydrous N&Q,, filtered and concentrated under reduced presdure.crude product
was purified by silica gel column chromatographgxg@ne/EtOAc 9:1) to afford2 (0.760 g,
75%) as a colorless ofR 0.4 (hexane/EtOAc 9:1)¢[*% -59.0 € 2.0, CHCH). IR (neat): 3540,
3069, 2932, 2859, 1457, 1429, 1373, 1246, 121581802, 738 cm. *H NMR (500 MHz,
CDCl): 6 7.74-7.66 (m, 4H), 7.43-7.26 (m, 11H), 4.59-4.688, RH), 4.41-4.40 (m, 1H), 3.97-
3.94 (m, 1H), 3.82-3.78 (m, 1H), 3.69-3.51 (m, 2B)49-2.40 (m, 2H), 1.40 (s, 3H), 1.39 (s,
3H), 1.33 (dJ 6.3 Hz, 3H), 1.06 (s, 9H}*C NMR (75 MHz, CDCJ) & 138.0, 135.9 (2C), 135.7
(2C), 134.8, 133.8, 133.7, 129.6, 129.5, 128.3 (22Y.6 (2C), 127.5 (2C), 127.4 (2C), 109.2,
84.9, 79.6, 79.1, 75.6, 73.5, 70.6, 59.9, 27.10,226.8 (3C), 25.3, 23.0, 19.1. MS (ESI) for
C34H4204SiNa: m/z 565 [M+Na]
(4S,59)-5-[[2-[(tert-Butyldiphenylsilyl)oxy]propyl]-2,2-dimethyl-1,3-di oxolan-4-ylJmethanol
(11). The compound 2 (0.55 g, 1.2 mmol) was dissolved in THF (20 mL) aodmercial Pd/C
(55 mg, 10% w/w) was added. The resulting suspensis stirred under an atmosphere of H
for 15 h until complete conversion of the substmateurred. The suspension was filtered through
celite which was rinsed with EtOAc (150 mL). Theartaoned filtrates were washed with brine
(30 mL), dried over anhydrous p&O,, filtered and concentrated under reduced pressiihe
crude product was purified by silica gel columnarhatography (hexane/EtOAc 8:2) to afford
11 as a colorless liquid (414 mg, 9098).0.3 (hexane/EtOAc 8:2)p]*% -17.50 € 1.2, CHC}).

IR (neat): 3463, 2932, 2859, 1428, 1374, 1242, 12187, 1049, 703 cm'H NMR (300 MHz,
CDCl): 6 7.69-7.66 (m, 4H), 7.44-7.33 (m, 6H), 3.88-3.63 @Hl), 3.69-3.63 (m, 1H), 3.58-
3.50 (m, 1H), 1.53-1.32 (m, 12H), 1.07 (s, 3H),51(8, 9H).*C NMR (75 MHz, CDC)): &
135.8 (4C), 134.8, 134.5, 129.4, 129.3, 127.4 (2@2),.3 (2C), 108.5, 81.4, 76.8, 69.3, 62.0,
39.3, 33.0, 27.3 (2C), 27.0 (3C), 23.1, 21.5, 1M3 (ESI):m/z 479 [M+Na]. HRMS (ESI):
calcd for G/H400,SiNa 479.2593, found 479.2612

tert-Butyl-[[( S)-1-[(4S,59)-5-[(S)-1-(methoxymethyloxy)but-3-en-1-yl]-2,2-dimethyl-13-di-
oxolan-4-yllpropan-2-ylloxy]diphenylsilane (18). To a solution of oxalyl chloride (0.11 mL,
1.14 mmol) in CHCI, (5 mL) was added a solution of DMSO (0.19 mL, 2n&3o0l) in CHCI,

(2 mL) at -78°C, and the resulting solution was stirred for 10 mi the same temperature. A
solution of the alcohdl1 (0.3 g, 0.657 mmol) in CiLI, (3 mL) was added dropwise over 5 min.
After the solution had stirred for an additional @, EgN (0.548 mL, 3.942 mmol) was added
and the reaction mixture was allowed to warm tonrdemperature. The reaction mixture was
poured into HO, extracted with CkCl, (2 x 10 mL). The organic layers were washed witheb
(10 mL), dried over Ng&5Oy, and concentrated under reduced pressure to lypvertide aldehyde
(2.3 g) as pale yellow oil. To a pre-cooled (10 &y well-stirred mixture of crude aldehyde
(0.3 g, 0.657 mmol) in THF (5 mL), zinc dust (0.1§22.64 mmol) and allyl bromide (0.112
mL, 1.32 mmol) in THF (5 mL) was added a saturaqdeous solution of N)&I (0.1 mL) in
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portions over a period of 10 min. The reactiontsthvigorously soon after the addition of the
first portion of the salt solution. The mixture wstared for 5 h till the complete disappearance
of the aldehyde (TLC). The reaction was quencheat WiOM-CI| (0.084 mL, 1.058 mmol) at O
°C and the resulting mixture was stirred for 6 omm temperature. The mixture was filtered
and washed with EtOAc (50 mL). Solvent removal undeduced pressure and column
chromatography of the residue (hexane/EtOAc 98f@yded 18 as a colorless liquid (0.205 g,
63%). R 0.8 (hexane/EtOAc 9:1)p]*% -18.63 ¢ 0.8, CHC}). IR (neat): 3453, 2932, 1635,
1399, 1217, 1107, 1037, 760 ¢mH NMR (300 MHz, CDC}): § 7.69-7.67 (m, 4H), 7.41-7.33
(m, 6H), 5.94-5.80 (m, 1H), 5.16-5.08 (m, 2H), 488 2H), 3.94-3.82 (m, 2H), 3.74-3.65 (m,
2H), 3.37 (s, 3H), 2.39-2.36 (m. 2H), 1.60-1.43 @H), 1.36 (s, 6H), 1.07 (s, 3H), 1.04 (s, 9H).
13C NMR (75 MHz, CDCY): § 135.8 (4C), 134.8, 134.5, 134.4, 129.4, 129.3,424C), 127.3
(2C), 117.5, 108.5, 96.2, 81.5, 78.4, 77.1, 6948,539.3, 35.6, 34.4, 27.4, 27.0, 26.9 (3C), 23.0,
21.7, 19.2. MS (ESI)m/z 563 [M+Na]. HRMS (ESI): calcd for £H4505SiNa 563.3163, found
563.3148.
(9)-1-[(4S,59)-5-[(9)-1-(Methoxymethyloxy)but-3-en-1-yl]-2,2-dimethyl-13-dioxolan-4-yl]-
propan-2-ol (8). To a solution ofl8 (0.2 g, 0.37 mmol) in THF (5 mL) at &, was added
TBAF (1 M solution in THF, 0.74 mL, 0.74 mmol). Aft stirring for 5 h at room temperature,
the mixture was diluted with EtOAc, washed withkCH(10 mL) and brine (10 mL), dried over
Na&SOy, concentrated under reduced pressure. The residgepurified by silica gel column
chromatography (hexane/EtOAc 8:2) to gi8eas colorless liquid (0.108 g, 97% 0.2
(hexane/EtOAc 8:2):x]*% -1.17 € 0.6, CHC}). IR (neat): 3447, 2927, 2855, 1737, 1461, 1377,
1216, 1103, 1038, 761 ¢m'H NMR (300 MHz, CDCJ): § 5.91-5.83 (m, 1H), 5.15-5.08 (m,
2H), 4.69 (q,J 6.6 Hz, 2H), 4.0-3.94 (m, 1H), 3.84-3.78 (m, 1H){83.70 (m, 2H), 3.38 (s,
3H), 2.40-2.38 (m, 2H), 1.70-1.48 (m, 6H), 1.383), 1.37 (s, 3H), 1.19 (d,6.1 Hz, 3H)*C
NMR (75 MHz, CDC}): 6 134.2, 117.5, 108.5, 96.2, 81.5, 78.5, 77.2, 6338, 39.1, 35.6,
34.2, 27.4, 27.0, 23.4, 22.3. MS (ESWH/z 325 [M+Na]. HRMS (ESI): calcd for fgHzoNaG;
325.1990, found 325.1999.
(9)-5-{(4S,59)-4-[(9)-1-(Methoxymethoxy)but-3-en-1-yl]-2,2-dimethyl-1,2dioxolan-4-
yl}pentan-2-yl 2-hydroxy-4-methoxy-6-vinylbenzoatg23). To the solution of compourgi(50
mg, 0.165 mmol), aci®@'**! (32 mg, 0.165 mmol) and DMAP (22 mg, 0.182 mmplTHF (5
mL) was added DCC (37 mg, 0.182 mmol) &X0) allowed to stir about 12 h till the complete
disappearance of the starting materials (TLC). Afi2 h, EtOAc (10 mL) and # (10 mL)
were added. The layers were separated and the ugjpb@ase extracted with EtOAc (2 x 10
mL). The combined organic portions were washed woitime solution (10 mL), dried over
NaSOy, concentrated under reduced pressure, the residgepurified by silica gel column
chromatography (hexane/EtOAc 95:5) to gi®@ as colorless syrup (52 mg, 67%3% 0.4
(hexane/EtOAc 8:2);01°b +7.5 € 0.8, CHC}). IR (neat): 3448, 3168, 2921, 2851, 1647, 1609,
1573, 1385, 1257, 1209, 1159, 1036, 916, 770.¢i NMR (300 MHz, CDGJ): & 11.80 (s,
1H), 7.27 (ddJ 17.2, 10.8 Hz, 1H), 6.47 (d,2.6 Hz, 1H), 6.40 (dJ 2.6 Hz, 1H), 5.92-5.78 (m,
1H), 5.40 (ddJ 17.1, 1.6 Hz, 1H), 5.22-5.14 (m, 2H), 5.10-5.06 M), 4.67 (qJ 6.8 Hz, 2H),

Page 132 °ARKAT-USA, Inc.



3.96-3.90 (m, 1H), 3.81 (s, 3H), 3.74-3.66 (m, 2Bi89-3.35 (m, 1H), 3.33 (s, 3H), 2.39-2.35
(m, 2H), 1.78-1.48 (m, 6H), 1.37 (s, 3H), 1.3634), 1.35 (s, 3H)**C NMR (75 MHz, CDC}):

6 170.7, 164.9, 163.9, 143.7, 138.6, 134.2 (2C),.4,1715.3, 108.6, 108.2, 100.2, 96.1, 81.5,
78.5, 77.2, 72.6, 55.8, 55.3, 35.7, 35.6, 34.13,277.0, 22.0, 19.9. MS (EShvz 501 [M+Na].
HRMS (ESI): calcd for gHsgNaO; 501.2464, found 501.2452.
(3aS,7S,17S,17aS,E)-10-Hydroxy-12-methoxy-17-(methoxymethyloxy)-2,2frimethyl-3a,-
4,5,6,7,16,17,17a-octahydrot®-benzof][1,3]dioxolo[4,54][1]oxacyclotetradecin-9-one

(24).*°

A solution of compoun@3 (50 mg, 0.104 mmolin CHyCI, (75 mL) was treated with 5 mol%
of Grubbs second generation catalyst and allowestitofor 48 h. The reaction mixture was
filtered through a pad of SgOwashed with ChCl, and concentrated under reduced pressure.
Purification by silica gel column chromatographgxXhne/EtOAc 9:1) gav24 as a white solid
(40 mg, 85%)R;: 0.3 (hexane/EtOAc 8:2); mp 128; [0]*% -131.49 ¢ 1.16, CHCY). IR (KBr):
2982, 2933, 1647, 1608, 1574, 1445, 1376, 13570,18457, 1211, 1159, 1103, 1034, 967, 864,
757 cm. *H NMR (300 MHz, CDGJ): § 11.92 (s, 1H), 7.15 (dd}, 15.8, 2.2 Hz, 1H), 6.40 (s,
2H), 5.80-5.70 (m, 1H), 5.17-5.06 (m, 1H), 4.79J6.7 Hz, 2H), 4.30-4.26 (m, 1H), 4.16-4.08
(m, 1H), 3.87 (ddJ 8.3, 1.5 Hz, 1H), 3.82 (s, 3H), 3.42 (s, 3H), 22189 (m, 1H), 2.39-2.26 (m,
1H), 1.84-1.53 (m, 6H), 1.42 (d,6.0 Hz, 3H), 1.38 (s, 3H), 1.32 (s, 3HC NMR (75 MHz,
CDCl): 6 171.1, 165.2, 163.8, 142.6, 133.9, 128.4, 12308,6, 100.2, 96.9, 78.9, 74.9, 74.1,
73.2, 55.5, 55.3, 36.5, 35.5, 32.5, 27.2, 26.81,208.9. MS (ESI)m/z 473 [M+Na]. HRMS
(ESI): calcd for GsHzsNaG; 473.2151, found 473.2151.

Paecilomycin F (7) A solution ofcompound24 (40 mg, 0.067 mmol)n THF (5 mL) was
treated with 2N HCI (5 mL) and allowed to stir b h, then EtOAc (5 mL) and.B® (5 mL)
were added. The layers were separated and the usjpbase was extracted with EtOAc (2x 5
mL). The combined organic portion was washed watturated sodium bicarbonate solution (10
mL) followed by brine solution (10 mL), dried ov&aSO,, and then concentrated under
reduced pressure, the residue was purified byasgel column chromatography (hexane/EtOAc
4:6) to give paecilomycin ¥ as white solid (21 mg, 87% 0.4 (EtOAc 100%); mp 166-168
°C: [o] %% -93.83 € 0.12, MeOH). (Lit™*[o] %% -96.4 € 0.28, MeOH), (Lit* [o] %% -94.0 €
0.28, MeOH) ; IR (KBr): 3448, 2926, 1616, 1595, 850367, 1264, 1153, 1087, 1012, 964,
778, 691 crit. *H NMR (500 MHz, CDCY): 6 12.22 (s, 1H), 7.12 (d] 14.8 Hz, 1H), 6.38 (s,
2H), 5.70-5.64 (m, 1H), 5.00-4.90 (m, 1H), 4.1934(in, 2H), 3.79 (s, 3H), 3.52 (s, 1H), 2.69-
2.66 (m, 1H), 2.52-2.44 (m, 1H), 1.96-1.78 (m, 2H/4-1.41 (m, 2H), 1.38 (d,5.9 Hz, 3H),
1.34-1.28 (m, 2H)*C NMR (75 MHz, CDCJ): & 171.4, 165.9, 164.0, 142.9, 134.1, 127.3,
109.0, 103.3, 100.2, 76.1, 73.7, 68.8, 66.9, 583847, 35.2, 30.9, 21.2, 20.9. MS (ESt)z 389
[M+Na]. HRMS (ESI): calcd for gH2sNaO; 389.1576, found 389.1591.
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