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Abstract: - Total synthesrs of a tumor promoter pendolmycrn (I) was accomphshed rn the 
stereospecijic manner using a D-sew&? derivative 7 and an L-valtne denvatwe I6 as chwal sources 
Methyl 2-(bromomethyl)bente was used for the crttuxzl step of the lndole cychzatton 25 ~~26 and 
28 

Pendolmycm (1) IS a metabohte of Nocardtopsts stram SA 1715 It was first isolated as an mhlbitor of 

EGF (epidermal growth factor)-mduced phosphatldylmosltol turnover.’ But the structural resemblance of 1 to 

teleocldms A suggested that 1 IS one of the tumor promoters of the teleocidm class The tumor promotmg 

actlvlty of 1 has been shown to be moderate and its potency 1s somewhat between teleocldms A and (-)- 

mdolactam V * 

Syntbesls of 1 was achieved by us only m thuteen steps startmg from l-[@-methylphenyl)sulfonyl]- 

pyrrolee3 But this had a drawback of co 1 1 production of ammodxsters 3a and 3b m the reduction of the oxune 

group of 2 (Chart 1) Therefore formation of an unnecessary mater& 9-epqxndohnycm (4). was unavoxiable m 

an equal amount along with the desired 1 at the final stage of the synthesis To improve this unfavorable fact and 

establish a stereospeclfic synthesis of the tumor promoters of the teleocldm family, we planned an alternative 

syntheuc pathway for pendolmycm (1) by usmg a pyrrole denvanve such as 5 for the key stamng mtenntiate 

2 
1 

R’, R’=NOH 
Pendolmycm 3a R1=NH2, R2=H 4 5 

3b R’=H, R2=NH2 

Chart 1 
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Hexe compoutxl 5 carnes the reqms~te side chain of a chiral amlnWllcuholgroupingikomthebegmmngandalso 

a protected aldehyde group for anchormg various funcnonahtres and bmkhng up the 7-alkyl-4-aminomdole 

portion later on. 

The starting compound 6 was prepared from 4-bromo-2-formylpyrrole’ by sulfonylaaon vvlth benzene- 

sulfonyl chlcmde m the presence of sodmm hydnde m teaahydrofuran m 89% yield, followed by acetahzatmn 111 

the usual manner m 98.5% yield (Chart 2). Condensaon of a chual aldehydes 7 with 6 was camed out by 

metallanon of 6 with n-butylhthmm m tetrahydrofuran and the subsequent addmon of 7 at low temperatme to 

afford 8 as an mseparable mlxtum of two dmstereomers m 53 5% yield, accompamed by the fonnauon of 9 and 

10 1n 6.5% and 26% yields A by-product 9 was formed by a poor metal-mqrahon reaction from the C-3 to C- 

2 posltlons on the pyrrole ring” and 10 was a protonatlon product of 3-hth10 pyrmle, by abstracting the acidic 

proton from 7 durmg the above condensation 

The next step was talang off the hydroxy group m 8 to convert mto 5. However, thus was unsuccessful at 

present, probably due to both stenc hmdrance and mtramolecular parhcqanon of t-butoxycarbonyl group Thus 

the catalytic hydrogenolysls @, W-C, MeOH), tosylatlon (TsCl, Et,N, CH$lJ, and chlormation (P&P, Ccl,) 

ended up with the recovery of 8 ’ Mesyla&on of 8 afforded a chloro denvatlve 11 and a cychc carbamate 12 m 

38 5% and 57% yields, respectively, while the unstable 11 tended to be transformed spontaneously on standmg 

to 12 The emstence of the benzenesulfonyl group at the py-rrole mtrogen enabled the hydroxyl funmon to resist 

the reduction with sodnun cyanoborohydnde m an acidic m&m So the removal of the hydroxy group was 

postponed to a later stage. 

A mixture of acetates 13 derived from 8 in 97% yield was treated with a catalytic amount of p- 

toluenesulfomc acid m anhydmus acetone to gave 14 m 86% yield Elongauon of thus aldehyde group to get the 

well-expenenced 4-oxo-4-pyrrolylbutyrarnide side cham3*‘*9 as 1n 19 was camed out using an acetylene 

11 R=Cl 
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denvaave 16 pmpad from t-butyl IV-methyl-L-valmate (15) and ptop~obc acid untb ZV,N’-d~cyclohexylcarbod~- 

mu& III 79% yield. The teagent 16 was lithiated unth n-butyllithium III tetrahydrofman at cu. -8OT and the 

aldehyde 14 was coupled wtb thy at the same temperamse to affoni 17 m 92.5% yteld. The manganese &ox& 

ox&tmn of 17 m benzene, followed by cataly@c hydrogenation of the unstable keto-ynamlde denvatwe 18, 

pmduced 19 11191% ylekl. 

Gngnard reaction of 19 wtth 3-methyl-2-butenyl (prenyl) bromide m the presence of magnesmm m 

tetrahydrofuran proceeded w&out trouble and the reaction mtxtme was duectly treated with magnesium m 

methanol wltb the ation of ammomum chkmde to make the reaction rnmtme a httle acI&c for the purpose of 

actlvauon of the magnesmm surface (Chart 3). The dlol denvatlve 20 was obtamed m 78% ylekl, where 

ehmmatmn of the secondary hydroxy group was tried usmg sodmm cyanoborohydnde The reaction quued an 

acidic soluaon, but the usual combmatlon of hydrochlonc acid and methanol afforded the over-reduction 

product 22 m a considerable amount as exemphfied by an expenment m whch 20 was reduced with sodmm 

cyanoborohydnde (10 molar eqmvalent) m methanol conmmng a 3 6 molar equivalent of 3 5% aqueous 

hydrochlonc acid to yield 21(51%) and 22 (25%) The loss of the rest of the compounds might be ascribed to 

concomitant deprotectlon of the ammo-alcohol moiety due to a strong acldrc medmm So the polanty of the 

L 

19 NaBH$N 20 R1 =R2=OH 23 R=O 
CSA 

CC 
21 R’=H,R’=OH 25 R=S 

MeOH-THF 22 R1=R2=H 
24 R’=H,R2=SH 

=jf”+ :@f;C +2@ 

I 2- 

M~~l~~~~~~~ 

Chart3 
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solvent was dtmrmshed usmg a 1.1 mrxture of tetrahydrofuran and methanol, the mineral acid was changed to 

orgamc acrds such as acettc actd aud oxalic acrd, and an actd was added porttonwtse to keep the solunon sbghtly 

acldtc. Using lO-camphomulfomc acrd (4.6 molar eqmvalent) wrth the same amount of the reducing agent as 

above gave the best formation of 21 m 76% yteld, accompamed by 22 and the recovered 20 in 10% yield each. 

The mdole formatron reacttons from 21 a~ crucial steps m the present synthests. At first a problem 

occurred at the dehydratton step of the ternary alcohol In the previous study thts was only possrble by reflux m 

benzene m the presence ofp-toluenesulfomc acnLeg But thrs procedure IS not appbcable to 21 owmg to the teady 

loss of the pro&ctmg group. An effort to find an effective alternattve method was pursued hem and it was found 

that s&ring 21 m benzene wrtb the freshly prepared Lawesson reagentlo at room temperature afforded 23 m 63% 

yreld, accompamed by a by-product 24 m 22% yteld. The amide 23 was converted to the throamrde 25 as usual 

using the Lawesson reagent in refluxmg tetrahydrofuran. in 69% yteld with the recovery of 23 m 5% yteld. 

The second and more serious problem was that the ptevtous method for the formation of 7-alkyl-4 

ammomdole denvattves, 1 e treatment of 25 wtth methyl mduie m dlmethylformamtde, affotxied only a 19% 

yreld of 26 Mayor products wem a methyl sulfide 27 m 24.5% yield and the tecovemd matenal m the form of the 

amide 23 m 33% yreld These results are clearly due to the effect of a spatially congested side chant (R”) at the 

mtennedtate 30 The recovery of 23 may ongmate m a retarded cychxaaon from 30 to 31 as a consequence of 

stenc repulsion between the R” and the teacaon center Thrs brought about migranon of the double bond m part 

to the conjugated locanon as m 32, whose work-up yielded 23 by hydrolysis Even rf 31 was formed as an 

essenttal mtermedtate, the bulky stde chant R” made tt easy to ehmmate another bulky vahnate functton and 

produce 27 m a considerable amount A solutton for obtammg 26 as the major product IS to look for such an 

appropriate alkylatmg agent RX to mcrease the leavmg abthty of RS group m 31 

So the reported step3 33 + 34 was studed agam only to find a new alkylahng agent, whtch afforded the 

Table 1 Indole Cychzatron Reactton of 33 with Alkylatmg Agent RX to Form 34 

RX (Mol Eqtuv ) React Temp 

Me1 (20 513 20°C 

PhfX&Br (15 5) 4o”c 

4-OJW!,H,qBr (15) 40°C 

2-MeO,CC$~~Br (10) 45-5o”c 

React Tune Yield of 34 Yield of 35 

18h 739b3 1423 

(R=Me-) 

21 h 73% 75% 

(R=PhfX-$-) 

9h 79% 7% 

(R=4-O,NC!,H,q-) 

105h 72% 5% 

(R=2-MeO,CC,H,CX$-) 
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minimum formauon of the by-products 35 (Table 1) 4-Nltrobenxyl bromide and methyl 2-(bromomethyl)- 

benxoate seemed to be equally apphcablc. but the former compound was m as the alkylauug agent 

because of its sparingly soluble nature m the solvent. So the mdole cychxauon reactum of 25 m question was 

tested usmg methyl 2-(bromomethyl)benxoate as an alkylatmg reagent 1n warmmg dimethylfornuumde. A 

consxlerable amount of the mater& dwappeamd dunng the reacuon, probably due to cleavage of the pmtectmg 

groups sensiuve to the acidic amdiuons Therefore Zmethyl-Zbutene was added to trap hydrogen bromii and 

finally to produce the &sued compounds 26 and 28 m 24 5% and 10% yields, together wnh the formation of 23 

and 29 1n 6% and 5% yields, respecuvely 

The last step was the removal of the protectmg groups from 26 and 28, followed by the formauon of the 

rime-membered lactam ring. Both 26 and 28 were stmed m tnlluomaceuc acid at mom tempemture to cleave all 

of the pmtecung groups and the resnlue was treated wn.h dtcthylphosphoryl cyamde (DEPC) as before to afford 

pendolmycm (1) m 58% and 57% yields, respectively. Thus the stereospectfic synthesis of 1 was successful 

stamng from the chual compound 8, where the requisite absolute stereochemistry of the amino group was 

mamtamed from the begmning The second chnahty of the vahne xesldue was introduced by the reaction of 1ts 

acetylene denvauve 16 wth the aldehyde 14, and the unnecessary ep1meric secondary hydroxyl groups were 

effecuvely removed at the stage of the compound 20 Therefore we could achieve the mrtial ObJechve wrth 

regard to the stexeospeclfic synthesis, although we had to increase 1n some way the yield of the key reacuon step 

to form 1ndole denvauve 26 or 28 

EXPERIMENTAL 

General Method - Meltmg points were measured on a Yanagmmto rmcro-meltmg pomt apparatus and 
are not cormcted. High resoluuon mass spectra (HRMS) and mass spectra (MS) were taken on Httachl RMS-4 
and M-8OB mass spectrometers Lxpud SIMS (LSlMS) were measured at Huach1 M-90 mass spectrometer IR 
spectra were determined on I-htach1215 spectrophotometer ‘H NMR spectra were measured at Vanan EM 390 
spectrometer (90 MHz) and JEOL JNM-GX-409 (400 MHz) 1n CDCJ with TMS as an internal reference 

Column chromatography was conducted on silica gel FUJI Davison BW 200 and preparative thin-layer 

chromatography (PTLC) was carned out on glass plates (20 x 20 cm) coated wrath Merck ahca gel 60 PF% (1 
mm thick) “Usual work-up” refers to washing the organic layers ~nth water or bnne, drymg over anhydrous 

s&urn sulfate, followed by evaporauon of the solvents under reduced pressure 
4-Bromo-2-(l~-dioxolan-2-yl)-l-(phenylsulfonyl)p~role (6) -To a soluuon of 31 5 mg (0.18 mmol) 

of 4-bromo-2-formylpyrrole’ 1n THF (2.5 ml) was added 18 mg (0.45 mmol) of 60% NaH at OOC, and then 0 28 
ml (0 22 mmol) of 10% v/v PhSO,Cl-THF at the same temperature The mixture was stured under Ar 
atmosphere at O’C for 0 5 hr and at 20°C for 1 hr Quenching with sat NH4Cl-$0 , extracaon with EGO, usual 
work-up and PTLC [hexane-EtOAc (5 l)] afforded 50 5 mg (89%) of 4-bromo-2-formyl-l- 
phenylsulfonylpyrmle as colorless pnsms, mp 102-103 5’C (CH.#&-hexane) Anal Calcd for C,,YBrNO,S C, 
42 06, H, 2 57, N, 4 46 Found C, 42 00, H, 2 59, N, 4 38 MS (4~) 313 and 315 (M+) IR (KBr) cm-‘. 1675 
‘H NMR (90 MHz) 6 7 08 (1H. d, J=1.5 Hz), 7 40-8 11 @I, m), 9 92 (1H. s) A soluuon of 110 mg (0.35 mmol) 
of 4-bmmo-2-fonnyl-1-phenylsulfonylpyrrole and ethylene glycol(0 5 ml) 1n benzene (16 ml) was mfluxed wnh 
a catalyuc amount (8 mg) of p-TsOH %O using a Dean-Stark apparatus for 1 hr After coohng at 0°C. sat 
Nal-lCQ-%O was added and the mixture was extracted with C!H.$J Usual work-up and PTLC lhexaue-EtGAc 
(9 2)] gave 123 5 mg (98 5%) of 6 as colorless needles. mp 83-84’C or colorless pnsms. mp 114.5-115’C 
(CH.$l,-hexane) Anal Calcd for C,,H,,BrNO,S C, 43 59, H, 3 38, N. 3 91 Found. C, 43 45, H. 3.51, N, 4 07 
MS (m/l) 357 and 359 &l+) ‘H NMR (90 MHz) 6 3 90 (4H, s), 6.34 (lH, s), 6 38 (lH, d, J=2 Hz), 7 24 (lH, d, 



7620 
K OKABE and M. NATSUME 

J=2 Hz), 7.29-8.13 (5H, m). 

t-B@1 (R)4_~5-(l~Dioxolon-2-yl)-l-(phenylsullo- 
oxazolidinecarboxylate (8) - A solntloll of 108 mg (0.30 mmol) of6 III THP (3 6 ml) was allowed to cool at - 
85’C for 6 mm under Ar atmosphuc and 0.39 ml (0.61 mmol) of 15% n-BuLi-hexane was added to ttus The 

mucture was sturcd at -85 - -82°C for 5 min. and to dus was a&led 153 mg (0.67 mmol) of t-b@ @Q-4-fannyl- 
2,2-dunethyl-3-oxa~)hdh~uboxyh& (7) m toluene (1.8 ml). After kecpmg this nuxtme under AT atmosphere 
at -82 - -70°C for 25 mm, the -on was quenched unth sat. NH,C!l-%O Extrachon with EtOAc, usual work- 

up and &ca gel column chromatography @exan&tOAc (3:2)] affo&d 51 mg of the crude lo,15 mg of the 
crude 9, and 90 mg of the crude 8. punficaaon of the crude 10 by PTLC [hexanc-CH$4 (1:2)] gave 22 mg 

(26%) of 10, mp 55-56“C as colorless prisms (CH$!4-hexane). Anal. Calcd far C,,q,NO,S: C, 55.90; H, 4.69, 
N, 5 02. Found: C, 55.97; H, 4 70; N, 5.16. HRMS Calcd for C,,H,,NO,S: 279.056 Found: 279.058 

‘HNMR (90 MHz) 6. 3.90 (411, s), 6.17 (1H. dd, J=3.5,3.5 Hz), 6.41 (1H. dd, J=3.5, 1.5 Hz), 7.23 (lH, dd, 
J=3 5.1.5 Hz), 7.30-8.08 (JH. m). The crude 9 was purified by FTLC (2% MeOH-C!H.$Q to gwe 10 mg (6.5%) 
of 9 as colorless syrup. HRMS Calcd for C!,Y,NzO,S: 508.188. Found: 508.187. IR (CHCl,) cm-l: 1694 
‘HNMR@OMHz)& 1.44.1.45and 1.48(15H, seach),3.90(4H,s).5.45 (lH,dd, J=6,2Hz,,changedtod, J=2 
Hz vvlth D,O), 6 38 (lH, s), 7.28-7 67 (3H, m), 7 67-8.12 (W. m). The crude 8 was pun&d by PTLC (2% 
MeOH-Cyq) to gave 82 mg (53.5%) of8 as colorless syrup. HRMS Calcd for C$,,lu,o,S: 508.188. Found: 
508.190 IR (U-Xl,) cn+1692,1680,1655 LHNMR(90MHz,WC)6. 1.35,137,1.42.143,1.46and1.48 
(15H, s each), 4.56-4.99 (lH, m), 6 28-6.33 (H-I, m), 6.35 and 6 43 (lH, d each, J=2 Hz), 7.14-7 23 (lH, m), 
7 28-7.68 (3H, m), 7 73-8.04 (W, m) 

Mesylation of 8 to Form 11 and 12 - A soluhon of26 5 mg (0.052 mmol) of 8 and 58 pl(O.42 mmol) of 
E$N m CI$q (2 5 ml) was treated wltb 16 pl(O.21 mmol) of MsCl under Ar atmosphere at 0°C for 5 mm and 
at 2oOC for 75 mm. After coolmg at OY!, sat. NaHCO~-YO was added and the mixture was extracted with 
CH& The orgamc layer was washed with sat. CuSO,-YO and worked up as usual. PTLC @cxane-EtOAc 
(3 2)] gave 10 5 mg (38.5%) of 11 and 10 mg (44%) of one dmstereomer 12a and 3.5 mg (13%) of the other 
drastereomer 12b. 11: Colorless syrup MS (m/l) 526 and 528 @I+). IR (CHq) cm-” 1695,168O. ‘H NMR (90 
MHz) 6 5.00-5.51 (lH, m), 6.27 and 6 34 (lH, s each), 6 36-6.54 (lH, m), 7 08-7 29 (lH, m), 7.29-7.70 (3H, 
m), 7.70-8.06 (2H, m) l2a: Colorless syrup MS @I/Z> 434 (M+) IR (CHq) cm-‘: 1760. *H NMR (90 MHz) 

6 1.42 (3H, s), 1.74 (3H, s), 3.91 (4H, s), 5.08 (lH,d, J=6Hz),6.34 (HI, s), 6.45 (lH, d, J-1 5Hz),7.32 (lH,d, 
J=l 5 Hz), 7.37-7.74 (3H, m), 7.79-8.07 (2H, m). 12b: Colorless syrup. MS (m/z)* 434 (M+) IR @ICI,) cm-‘. 
1760. ‘H NMR (90 MHz) 6.1.43 (39 s), 1.68 (3H, s), 3.28 (LH, dd, J=9,9 Hz), 3.68 (ZH, dd, J=9,6 Hz), 3 91 
(4H,s),445(1H,ddd,J~,9,6Hz),5.52(lH,d,J=9Hz),6.28(1H,d,J=2Hz),632(1H,s),725(1H,d,J=2 
Hz), 7 33-7.73 (3H, m), 7.73-8.04 (2H, m) 

t-Butyl (R)-4-[5-(1~-Dioxolan-2-yl)-l-(phenylsulf~yl)py~l-3-yl]a~tox~~yl~2~-dimethyl-~ 
oxazolidinecarbuxylate (13) -A solution of 102.5 mg (0.20 mmol) of8 and A@ (2 ml) m pyndine (5 ml) was 
stured at 20°C for 3 hr mdme was evaporated m vacua, sat. NaHms-%O was added to the residue, and the 
mixture was extracted ~th CH&!& Usual work-up and punficatlon by Fl’LC [hexane-EtOAc (3:2)] gave 107 5 
mg (97%) of 13 as colorless syrup HRMS Calcd for (&H,,N*O$* 550 198 Found 550.197 IR (CHCl,) cnr 
1 1745.1695 1HNMR(90MHz.500C)6 1.37,1.43,1.47and1.50(15H,seach),200and2.11 (3H,seach), 
6 26 and 6 31 (lH, s each), 7.02-7.28 (lH, m), 7 31-7 67 (3H. m), 7.76-8.04 (2H, m) 

tdutyl (~)-4-[5-Formyl-1-(ph~y~u~onyl)pyrrd- 
carboxylate (14) - A solution of 121.5 mg (0.221 mmol) of W andp-TsOH %0(21 mg) m anhydrous acetone 
(11 ml) was stumd under Ar atmosphere at 0°C for 6 5 hr Sat NaHCOs-&O was added and the whole was 

extracted with CX$q Usual work-up and punficaaon by FTLC [hexane-EtOAc (2-l)] afforded 96 mg (86%) 
of 14 as colorless syrup MS (mlz) 264 (M+- FWO, - t-Bum ) IR Q-I(&) cm I* 1728,1694. ‘H NMR (90 
MHz. 50°C) 6 141,145,150 and 152 (15H, s each), 2 04 and 2 ll(3H. s each), 3 75-4.36 (3H, m), 6 07-6.25 
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(lH, m), 6.96-7.14 (19 m). 7.32-7 74 (4H. m), 7.77-8.04 (2H. m), 9.86 W-I, s). 
Preparation of tButy1 N-Methyl-N-propynoyl-Gvrrllnatc (16) -To a solution of765 mg (1.09 mmol) 

of pmpiohc scld and 204 mg (1.09 mmol) of t-butyl N-methyl-L-valinaoe (U) m CH$$ (4 ml) was ad&d 225 5 
mg(1O9mmol)ofDCCatOOCandthemixtmewassMedatOY!for0.5hr Itwasfilteredonaceli~bed,the 
cehte was washed with CH&Zls, and the combined qq solution was evaporated m vac~. The &due was 

purdkd by silica gel column chromatography [hexane-EtOAc (5:1)] to gwe 206 mg (79%) of 16 as colorless 
syrup MS (m/z): 239 (IW). IB (CHq) cm-‘: 2115,1730,1634. ‘H NMB (90 MHz) 6: 0.86.0.90 and 102 @-I, 

d each, J=7 Hz), 1.48 (9H, s), 1.94-2.62 (H-I, m), 2.91 and 3.18 (3H, s each), 3.13 and 3.18 (lIi, s each. The 
chemical sh& of this acetylemc proton vmes depending upon concenhation of the mater&), 4 45 and 4 71 

(lH, d each, J=lO 5 Hz). 

t-Butyl (R, ~)-~-[4-[4-(3-t-Butoxy~r~nyl-2~-di~b~o~lidin-~yl)a~tox~etbyl-l-(phenyl- 
sulfonyl)pyrrol-2-yl]-4-hydroxy-2-butynoyl]-iV-methylvalinate (17) - A soluaon of 880 mg (3.68 mmol) of 

16 in THF (9 ml) was stmed under Ar atmosphexe at -85 - -84“C for 8 mm, 2 2 ml (3.44 mmol) of 15% n-BuLi- 

hexane was added to thus, and the mlxhae was stumd at -84 - -82°C for 7 mm A solution of 267 mg (0 53 mmol) 

of 14 m THF (6 ml) was ad&d to the mmtuxe and shmng was cont~ued at -82 - -73Y! for 16 mm The reachon 

was stopped wttb sat NH,Cl-I$O, the whole was extracted with CH.$&, and the orgamc layer was worked up as 
usual. Separaaon of the residue by column chromatography over silica gel using hexane-EtOAc (4 1) and then 
EtOAc affoxded 735.5 mg of the recovered 16 and 405 5 mg of a nuxnue of 17 and 14. T~u rnu(m was further 

separated by PTLC [hexane-EtOAc (2.1)] to @ve 377 5 mg of the crude 17 and 21.5 mg of the crude stamng 

mater& 14. P’lLC (2% MeOH-- of the crude 17 gave 363.5 mg (92.5%) of 17 as colorless syrup. LSIMS 

(m/z)* 746 (WI+) IR (CHC&) cm-l* 1730,1694,1632 lH NMR (90 MHz, 50°C) 6 0 85,0.87 and 103 (6H. d 

each, J=7 Hz), 1.45 and 1.49 (lSH, s each), 2.01 and 2 09 (3H, s each), 2.92 and 3 16 (39 s each), 3.6(14 33 (3H, 
m).364(1H, brs,OH),445,447and469(1H,deach, J=lO5Hz),583-6 15 (lH,m),640-666(1H,m).705- 

7 32 (lH, m), 7.32-7 72 (3H, m), 7 72-8 00 (2H, m) The crude 14 was punfied by PTLC (0 5% MeOH-C!H$l.$, 
followed by PTLC [hexane-DME (7 2)] to eve 11 mg (4%) of 14 

t-Butyl (R, S)-N-[4-[4-(3-t-Butoxycarbonyl-2,2-dimethyloxa~lidin-4-yl)acetoxymethyl-l-(phenyl- 
sulfonyl)pyrrol-2-yl]-4-oxobutanoyl]-N-methylvalinate (19) - A mixture of 363 5 mg (0 49 mmol) of 17 and 

424 mg (4.88 mmol) of MnO, m benzene (35 ml) was s& under Ar atmosphere at 21°C for 25 mm It was 

filtered through a cehte bed, the cehte was washed with CH$!lz, and the combmed orgamc soluaon was 
evaporated an vucuo to afford 356 mg of the crude 18, which was used without further punficauon due to Its 

unstable natum The above matenaIl m EtOAc (37 5 ml)was hydrogenated catalyacally m the presence of 
10% W-C (60 mg) at 21’C for 2 hr 45 mm The catalyst was filtered off through a cehte bed, the cehte was 
washed with EtOAc, and the combined EtOAc soluaon was evaporated IR vucuo Punficaaon by sihca gel 

column chromatography [hexane-EtOAc (3*2)] afforded 347 mg of the crude 19. which was fkrther punfied by 
PTLC (0 8% MeOH-CI-I$&) to gve 3315 mg (91%) of 19 as colorless syrup LSIMS (m/z) 748 (MH+) IR 

(CI-ICJ) cm-’ 1728,1695,1646. ‘H NMR (90 MHz) 6 0 78.0 85,0 97 and 0 99 (6H. d, each, J=7 Hz), 145, 
148,150 and 154 (15H, s each), 2.08 and 2 18 (3H, s each), 2 47-2 90 (2I-I, m), 2 80 and 2 99 (3H, s each), 2 90- 
3 25 (2H, m), 6 13 and 6 20-6 38 (IH, d, J=7 Hz and m), 6 92-7 24 (lH, m), 7 31-7 61(3H, m), 7 61-7 81 (lH, 
m), 7.81-8 10 (lH, m) 

t-Butyl (R, S)-N-[4-[4-(3-t-Butoxycarbonyl-2~-dim~hyloxazolidin-4-yl)hydroxyme~yl-l-phenyl- 
sulfonylpyrrol-2-yl]-5~-dimethyl4-hyd~xy-6-heptenoyl]~-methylvalinate (20) - To a solution of 115 
mg (0 154 mmol) of 19 and 75 mg (3 09 mmol) of Mg m TI-W (4.5 ml) was added 0 28 ml (2 43 mmol) of 3- 
methyl-2-butenyl (prenyl) bromide at OT and the nuxtuxe was stmed under Ar atmosphenz at O°C for 40 nun It 

was quenched with sat. NH&l-&O and extracted ~th CI$C!~~. Usual work-up and PTLC (1 5% MeOH- 
CH$4) afforded 100 mg of the N-phenylsulfonyl denvaave of20. This was dissolved m MeOH (10 ml) and 
stmed vlgomusly ~th Mg (235 mg) and NH$l(235 mg) at 20°C for 15 hr The reactlon was stopped w& sat 
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NH,Cl-YO and the whole was extracted wrth CH& Usual work-up and punficatton by PTLC (2% MeOH- 
CH$!lr) affotded 76 mg (78%) of 20 as colorless syrup. MS (ndz): 617 (M+- I-$0). IR (CHCl,) cm-*: 1728, 
1692,162O. ‘HNMR(9OMHx)6: 0.76andO.81 (3Hdeach. J=7Hx),O.98(6H,s). 1.38, 1.44and 1.53(15H, s 
each), 2.82 (3Ii, s), 3.45-4 40 (4H, m), 4 72 and 4.78 (lH, d each, J=lO.S Ha), 4.80 and 4.88 (HI, s each, teruary 
OH) 5 66-5.89 (HI, m), 6 10 (HI, dd, J=l7,11 Hz), 6X-6.70 (HI, m), 8.65 (Hi, br I) 

t-Butyl (S, S)_~-[4-[4_(~t-B~y~y~2~~4yl)~~-l-(p~ny~lf~yl~ 
pyrrol-2-yl3-5&lhnethyl4bydroxy-6-heptenoyll-Mnethylvatinate (21) - To a soluhon of 71 mg (0 11 
mmol) of 20 and 74 mg (1.12 mmol) of 95% NaRH$N m ‘H-IF (3.1 ml) and MeOH (3.1 ml) was added 64 pl 
(0 128 mmol) of 2M lO-camphorsulfomc actd (CSA) m MeOH at 20°C and the mrxture was stured under Ar 

atmosphere for 10 mm. The same amount of CSA-MeOH solutton was added three trmes at the mterval of 10 
mm durmg stunng. After coolmg at 0% the mactton was quenched wtth sat. NaHCO,-HsO and the whole was 
extracted wrth CI$C!lr. Usual work-up and separatmn by PTLC [hexane-EtOAc (7:2)] afforded 54 mg of the 
cru&21,7.5mgofthecrude22and8mgoftkctuie20. Fku&auonoftkcrude21byRTIC(l.5%MeOH- 
CIi$$) gave 52 5 mg (76%) of21 as colorless syrup MS @t/z): 601 @I+- %O) IR (CHCQ cm-‘* 1730,X90, 
1620. *H NMR (90 MI&, 5OV) 6: 0.66-0.88 (3H. m), 1.00 (6H, s), 1.44 and 1.53 (15H, s each), 2.55 (U-I, dd, 

J=l35, lOHz),281(3H,s),297(lH,br~J=l3.5Hz),3.67,4.7land4.75(lH,brd,dandd,J~l0.5Hz),3.67- 
4 11(3H,m),4.56(lH, brs,OH),4%(lH,dd, bl8,15Hx),5.01 (lH,dd, J=lO.J, 15 Hz), 5.58-5.78 (IH, m), 
6 07 (lH, dd, J=l8,10.5 Hz), 6 32-6.49 (lH, m), 8 45 (Hi, br s). PI’LC (1 5% MeOH-CI-$Cl.r) oftlte crude 22 
afforded 6 5 mg (10%) of t-butyl (S, S)-N-]4-[4-(3-t-butoxyaubonyl-2&dimetbyloxaxoRdin4yl)ntethyl-l- 
(phenylsulfonyl)pyrrol-2-ylE5J-dirnathyl-6-beptenoylJ-~-matbylvaliite (22) as colorless syrup. HRMS 
Calcd for C,,I&N~O; 603.425 Found: 603 427. IR (CHCl,) cm -‘: 1728,1692,1632. ‘H NMR (90 MI-Ix) 6. 

0.92andO.95 @I-I, seach), 142, l&and 1.50(15H,seach).2.50(1H,dd, 5=13.5,10.5Hz),2.73, 2.77 and2.82 
(3H, s each), 3 55.3.59.4 72 and 4 82 (IH, each, J=lO 5 Hz), 3 69-4.25 (3H, m), 4.92 (lH, dd, J=l7, 1.5 I-Ix), 
4 97 (HI, dd, J=ll, 1.5 I-Ix), 5.60-5 87 (lH, m), 5 86 (lH, dd, J=17,11 Hz), 6 31-6 50 (lH, m), 7.92 and 8 08 
(lH, br s each) The crude 20 was punfled by PTLC [hexane-EtOAc (2:1)] to recover 7.5 mg (10%) of the 
starang material. 

t-Butyl (S, S)-N-[4-[4-(3-t-Butoxycarbonyl-2~di~h~~lidin~-yl)m~h~-~-(~ny~f~yl~ 
pyrrol-2-yl]-5~-dimthyl-3,6-hep~dienoylJ-~-~thylv~inate (23) - To a soluaon of 42.5 mg (0 069 
mmol) of 21 m anhydrous benzene (4 ml) was added 22 mg (0 054 mmol) of the Lawesson reagentlo and the 

mixture was sttrred under Ar atmosphere at 18Y! for 2.5 hr. Sat NaHCO~-HO was added and the whole was 
extracted wnh CI-I.$& Usual work-up and PTLC [hexane-EtOAc (7 2)] afforded 27 mg of the crude 23 and 10 
mg of the crude 24 PTLC (15% MeOH-CH&) of the crude 23 gave 26 mg (63%) of 23 as colorless syrup 
HRMS Calcd for C,,H,,N,O; 601409 Found 601409 IR (CHCQ cm” 1730,1692,1628 ‘H NMR (90 
MHz) 6 0 82,0 84,0 96 and 102 (6H, d each, J=7 Hz), 1.14 @I, s), 144 and 150 (15H, s each), 2.90 and 2 96 
(3H, s each), 3.06 and 3 13 (2H, death, J=7.5 Hz), 5 00 (lH, dd, J=lO 5.1 Hz), 5.03 (HI, dd, Jr18 1 Hz), 5 62 
and 5 65 (lH, teach, J=7.5 Hz), 5.86-6.06 (lH, m), 5 94 (lH, dd, J=l8, 10.5 Hz), 6.42-6 60 (lH, m), 9 22 and 
9 42 (lH, br s each) PTLC (1.5% MeOH-CH$4) of the crude 24 afforded 9 5 mg (22%) of t-butyl (S, S)-iV-[4- 
[4-(3-t-butoxycarbonyl-2~-dimethy~o~~iidin~-yl)methyl-l-(phenyl~~onyl)p~l-2-ylJ-S~-di~~yl- 
4-mercapto-6-heptenoyll-N-methylvalinate (24) as colorless syrup HRMS Calcd for C,H,,IU~O,S 635 397 
Found 635.397. IR (CHC4) cm-’ 1728,1693,1632 ‘H NMR (90 MHz) & 1.08 and 1 10 (6H, s each), 145 and 
154 (15H. s each), 1.93 (lH, s, SH), 2.86 and 2 88 (3H, s each), 3 72-4 26 (3H. m). 4.99 (1H. dd, J=l7, 15 Hz), 
5 05 (IH, dd, J=10 5.15 Hz), 5 82-6.03 (lH, m), 5 90 (IH, dd, J=l7,10 5 Hz), 6 35-6.55 (lH, m), 8 53 and 8 62 
(lH, br s each) 

t-Butyl (S, S~-~-~4-~4-(3-t-Butoxycarbonyl-2~-di~hylo~~lidin~-yl)~thyl-l-(phenylsulfonyl)- 
pyrrol-2-yll-5~-dimethyl-l-thioxo_3C-hep~~enyll-~-~thylvalina~ (25) - A solutron of 263.5 mg (0 44 
mmol) of 23 in THF (23 ml) was heated at 70-75’C for 8 mm To thts heated solutton was added 310 mg (0 77 
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mmol) of the Lawesson reagent and the mucture was St&d under Ar atmoqkm at 70-7YC for 25 mm. After 

coolmg to 0% sat. NaHCO,-$0 was added and the whole was extracted w& EGO. Usual work-up gave 321.5 

mg of the crude teachcm mixtme, which was at first separated by sihca gel chnmatogmphy [hewure-EtOAc (9 2) 
~~~E~Ac(l:l)]toaffad191mgofthecnde25and40mgdtheaudtstarttngmatcclol23. Thefarmer 
was further punfied by s&a gel chromatography [hexane-CH$l, (1:4)] to gve 185.5 mg (69%) of 25 as 
colorless syrup. HRMS Calcd for C,,sN,O,S 617.386 Found 617.387. IR (CHCl,) cm-l. 1730, 1692 
‘H NMR (90 MHz) 6: 0.75.0.89 and 1.02 (6H, d each, J=7 Hz), 1.14 (6H, s). 1.42,1.45 and 1.51 (15H, s each), 
2 11-244 (lH, m), 2.36-2.73 (H-I, m), 2.73-3.17 (H-I, m), 3.05 and 3.32 (311, s each), 3.47 and 3 57 (2H, d each, 
J=7 5Hz). 3.71-4.16(3H, m),4.16and6.13 (lI-I,deach, J=10.5Hz),5.00(1H,dd,J=10.5, 1.5 Hz), 5.02 (lH,dd, 
J=18,1.5 Hz), 5 65 (lH, t, J=7.5 Hz), 5.76-5 96 (lH, m), 5.93 (lH, dd, J=18,10.5 Hz), 6.36-6.57 (H-I, m), 8 63 
and 8.82 (H-I, br s each). PTLC [hexane-EtOAc (4:1)] of the crude 23 gave 13.5 mg (5%) of the recoverd startmg 
matenal. 

t-Butyl (S, s)-N-[3-[(3-t-ButoxycPrbonyl-2~~ylo~i~~~~yl]-7~~m~h~-~but~- 
2-yl)4indolyll-N-metethylvalnate (26) and t-Butyl (S, S)-iV-[3-(2-t-Butoxycarhonylamin&-hydroxy. 
propyl)-7-(2-me@yl-3-buten-2-yl)4indolyll-N-methylvalinate (28) - To a soluaon of 106 5 mg (0 17 
mmol) of 25 m DMF (11.5 ml) was added 1.6715 g (7.30 mmol) of methyl 2-(bromomethyl)ben and 0 37 
ml (3.50 mmol) of 2-methyl-Zbutene. This soluaon was warmed at 45°C for 6 h 40 mm under Ar atmosphere 
After cooling at WC, sat. NaHCO,-%O was added to the reacnon mature and the whole was extracted with 
Es0 Usual work-up gave 1.753 g of the rcsnke, wbch was chmmatographed over s&a gel (40g) After 

removal of methyl 2-(bromomethyl)benzoate with hexane-EtOAc (24-l). the solvent was changed to hexane- 
EtOAc (7.3) to elute 117 mg of a crude mixture, wluch contamed 26,29 and 23. Further elutlon with 10% 

MeOH-C!I-$cL, gave 13 5 mg of the crude 28 The crude mixture (117 mg) was punfied by PTW [hexane- 

EtOAc (4 l)] to @ve a mixture (7 1 mg) of 26 and bls(2-methoxycarbonylbenzyl) sulfide, the crude 29 (5 5 mg) 
and the crude 23 (24 mg) The above mlxtme (7 1 mg) was separated by FTLC [hexane-qc1, (1 2)] to afford 
32 mg of the unpure sulfide and 25 mg (24 5%) of 26 as colorless syrup HRMS Calcd for C&,N,O, 583 398 

Found. 583.398 IR (CHC~) cm-’ 1712.1690 ‘H NMR (90 MHz, 5oOC) & 0.96 (3H, d, J=7 Hz), 1.14 (3H, d, 

J=7 Hz), 123 (9H, s), 1.44 (9H. s), 151 (9H, s). 163 (3H. s), 2 00-2 48 (1H. m), 2 89 (3H, s), 3 25 (lH, br dd, 
=15,3Hz),345(1H,d,J=9Hz),354(1H,dd,J=15,9Hz),3724.00(2H,m),4~.34(1H,m),5 13(1H,dd, 
J=105, lSHz),521 (lH,dd, J=18. 1.5Hz),6.17 (lH,dd, J=18, 105Hz),6.70-685 (lH,m).686(1H,d, J=9 
Hz), 6 96 (lH, d. J=9 Hz), 8 33 (lH, br s) The impure sulfide (32 mg) was punfed by PTLC [hexane- 

DME (9 l)] to afford 25 5 mg (45%) of bis(2-methoxycarbonylbenzyl) sulfide as colorless syrup 
HRMS Calcd for C$,,O,S: 330 093 Found 330 092 IR (CHCV cm ’ 1724 IH NMR @MHz) 6 3 81(6H, 

s), 4 01(4H, s), 7 07-7 50 (6H. m). 7 68-7 95 (2H, m) Punficatlon of the crude 29 (5 5 mg) by PTLC [hexane- 

CI-I$~ (12)] afforded 5 mg (5%) of 29 as colorless syrup HRMS Calcd for C,,H,,N,o,S. 578 28 1 Found 

578 284 IR (CI-Q) cm-’ 1720.1683 ‘H NMR (90 MHz. 5O’C) 6 128 (9H, s), 152 (9H, s), 1.62 (3H, s), 3 23 

(lH, dd, J=15,6 5 Hz), 3 48 (lH, dd, J=15,7 Hz), 3 84 (3H, s). 4 15-4 44 (lH, m), 4 52 (2H, s), 5 15 (lH, dd, 
J=lO 5,15 Hz). 5 22 (lH, dd, J=18,15 Hz), 6 16 (IH, dd, J=l8,10 5 Hz). 6 85 (lH, d, J=2 Hz), 7.05-7 37 (3H, 
m), 7 71-7 94 (lH, m), 8 41 (lH, br s) The crude 23 (24 mg) was puntied by FTLC (1% MeOH-CH.$&) to give 
6 5 mg (6%) of 23 as colorless syrup. The most polar fraction (13 5 mg) contauung 28 was pun&d by 
PTLC [hexane-EtOAc (2 l)] and further by PTLC (15% MeOH-CH$J) to gve 9 mg (10%) of 28 as colorless 
syrup HRMS Calcd for C,,H,&O,: 543 367 Found- 543 366 IR (CHC4) cm l 1714 IH NMR (90 MHz, 

50°C) 6 0 99 (3H, d, J=7 Hz), 106 (3H. d, J=7 Hz), 122 (9H, s), 143 (9H, s), 148 (6H, s), 2.06-2 50 (lH, m), 
293(3H,s),3M(lH,dd, J=15.7Hz),3.37(l~dd,J=15.7.5Hz),3.47-400(1H,m).354(1H,~J=9Hz),5 15 
WI, d, J=lO 5 Hz), 5 20 (lH, d. J=18 Hz), 5 23-5 69 (19 m, mOC), 6 15 (lH, dd, J=18.10 5 HZ), 6 85 (1H. 
d, J=g Hz), 6 87-6 99 (lH, ml, 6 97 (lH, d, J=8), 8 42 (lH, br s) Usage of Me1 as the alkylaMg agent afforded 

26 (19%) and 27. colorless syrup HRMS Calcd for C,I&N,O,S 444.245 Found 444.246 IR (CI-ICQ cm-’ 
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1683. *H NMR (90 MHz, 5oOC) 6: 1 31 (9H, s), 149 (9H, s), 1.63 (3H, s). 2.52 (3H, s). 3.22-3.50 (2H, m), 3.78- 
3 99 @I-i, m), 4.12-4.53 (1H. m), 5.16 (lH, dd, E10.5,1.5 Hz), 5.25 (lH, dd, til8.1.5 Hz), 6.19 (lH, dd, J=18, 
10.5 Hz), 6.86 (lH, d, J=3 Hz), 6.90 (lH, d, Jo7.5 Hz), 7.07 (lH, d, J=7.5 Ha), 8.43 (lH, br s). 

Pendolmydn (1) from tlutyl (S, S)-N-[3-[(3-t-Butoxycrubongl-25_dimetbylox~lidin~-yl)- 
methyl]~7-(2-meulyl-3-buten-2-yl)~yl]-~-~~~~ (26) - A solution of 45 mg (0.077 mmol) of 
26mmfl uoroacem aud or]FA) (2.8 ml) was stied under Ar atmosphere at 24OC for 17.5 h. After evaporatton 
of TFA VI vacua at room temperatute, four operations of CH.& (3 ml) addition followed by evapomaon of 
CI-I$l, wem carried out for thomugh mmoval of TFA. The resultmg mixtum was completely dried OVQ PzOs for 
2 h, and to dus was added DMF (25 ml), 1.1 ml (0.395 mmol) of 5% v/v Et.,N/DMF and 0.38 ml (0.12 mmol) of 
5% w/v DEeC/DMF successively. The solution was stirred under AT atmosphere at 24OC for 17.5 h. The 
reaction was quenched by ation of sat NaIla,-$0 and the whole was extracted wth E$O Usual work-up 
and separation by PTLC [hexane-EtGAc (l-2)] gave 18 mg of the crude 1, whuzh was purified by PTLC (4% 
MeOH-q) to grve 16.5 mg (58%) of pendolmydn (1) a8 colorless amorphous powder, whose spectral data 
IHRMs, [a],, IR, ‘H NMR (400 MHz), “C NMR (100 MHz)] were identical mth those in the previous paper ’ 

Pendolmycin (1) from t-Butyl (S, S)-N-[f(2-t-Butoxyc~bonylamino-3-hydroxypropyl)-7-(2- 
methyl-3-buten-2-yl)4-indolyl]-N-methylvalinate (28) - A solution of 28.5 mg (0.052 mmol) of 28 m 
TFA (2 ml) was stvred under Ar atmosphere at 24“C for 17.5 h. After the same treatment as above, the restdue 
m DMF (17 ml) was shrred w& 0.73 ml (0.26 mmol) of 5% v/v E$N/DMF and 0.26 ml (0.08 mmol) of 5% w/ 
v DEPC/DMF under Ar atmosphere at 24°C for 21 h The same work-up as above affosded the residue (30 mg), 
which was separated by PTLC [hexane-EtGAc (1:2)] to give 12.5 mg of the crude 1. This was purified by 
PTLC (4% MeGH-U-I&&) to afford 11 mg (57%) of pendolmycin (1) as colorless amorphous powder, which 
was identical w& our previous synthetic pendolmycm in all respects. 
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