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Abstract- Detads of tk synthesrr m&xi of tk tumor promoters, iyngbyatoxn A (= teleoczdm A-I) (I) and releoctdm 

A-2 (2) from (R)- and (S)-methyl N-[7-(307-dzmethyl-l ,6-octadren-3-yl)-4-mdolyll-N-mclhyl-L-val~~te (3 and 4) are 

presented Other trtled compounds, 6, 70. and 7b, were prepared analogously 

In the previous paper we reported the detads of preparanon of (R)- and W-methyl N-[7-(3,7-&methyl-1,6- 
octa&en-3-yl)-4-mdolyll-IV-methyl-L-valmates (3 and 4) startmg from the readdy avadable methyl N-methyl-L- 
valmate denvatwe 5 Here we descnbe contmuahon of our synthesis to obtam lyngbyatoxm A (= teleocidm A- 
l) (1) and teleocldm A-2 (2) ‘IIus synthesis pathway was also applied to the preparaaon of pendolmycm (6) and 
(R, E)- and (S, /Q-7-(3,7,1 l-mmethyl-l,6,10-dodecatrten-3-yl)-(-)-mdolactams V (7a and 7b) to send them for 
holo@cal evaluation 

With the essential mtermedtates 3 and 4 m hand, the next task was to introduce the ammo propanol side 
cham at the C-3 postuon of the mdole moiety to form 8 and to set the stage to make the nine-membered lactam 
nng to complete the natural product synthesis This was first med by applymg conventionally either the 
Vllsmeler reagent or the gramme formauon (Chart 1) Reaction of 9a Hrlth the Vllsmeler reagent gave the 
expected product 1Oa m 65% yield, but the formahon of a poslhon isomer lla was unavoidable, m 22% yield 
On the other hand, treating 9a, 9b, and an inseparable mixture’ of 9c and 9d (SC + 9d) with N, N- 
&methyl(methylene)ammon~um chlondeZ m tichloromethane at room temperature afforded only the expected 
compounds 12a, 12b, and 12c + 12d m 97%,95%, and 88% ydds, respectively And the gramme compounds 

~!y$&y$; 
1 R’ = vinyl R2 = Me Lyngbyatoxm A 

(= Teleocldm A- 1) 3 R’=vmyl R’=Me 

2 R’ = Me R2= vmyl Teleocldm A-2 4 R’ = Me R2= vmyl 

5 
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6 Pendolmycin 

9 10 R=CHO 11 R=CHO 13 R = ~CHCOOMe 

12 R=CH2NM% 14 R = AcHNC(COOEt)2 

15 R = CH<XOOEt 16 R = CH$XOOEt 

NOH NOH g( 

17 R = H@X-ICOOEt 

18 R = H$WHC&OH 

R’ R2 R3 

a Me vmY1 Me 

b Me Me vmY1 

c t-Bu vmY1 Me 

d t-Bu Me vmyl 

a Vllsmelerreagent B Me&CH2C1- c QNCH&OOMe 

d AcHNCH(COOEt)2, Bug e BrCH$-COOEt, Na$q 

f Al-Hg, THF-H@ g NaB%, EtOH NOH 

Chart 1 

7a R’ = vmyl R2= Me 

7b R1 = Me R2= vmyl 

12b and 12c + 12d were tmnsformed mto a mtrodlester 13b and acetamlde tnesters 14c + 14d m 91% and 49% 
yields, respectively, by a reacnon with methyl mtroacetate3 and &ethyl acetamldomalonate with the aid of 
tnbutylphosphme ’ However, modest yield of 14c + 14d precluded subsequent expenments for trying 
decarboxylaaon Reduction of the mtro group of 13b with alumlmum-amalgams or the cobaltous chlonde - 
sodmm borohydnde reagent6 was unsuccessful 

A satisfactory result was obtained using ethyl 3-bromo-2-hydroxylmmopropanoate.’ The respective 
reaction with 9a and 9b was effected m the presence of sodmm carbonate m hchloromethane at room 
temperature to afford 15a and 15b m 59% and 65% yields, accompamed by the formation of re@olsomers 16a 
and 16b m 20% and 15% yields Reductmn of the oxme funcnon to the pnmary amme group was readdy camed 
out by treatment of 15a and 15b with alummmm - amalgam m aqueous tetrahydrofuran8 to fresh 17a and 17b 
m 92% and 89% yields Judgmg from their proton NMR spectra, each was composed of a 1 1 mixture of 
dlastereomers with respect to the ammo group configuration, and therefore no stereochemlcal control was 
unfortunately operated dunng the reducnon The chemical reactivity of the newly formed ammo ester group was 
different from the N-methylvahnate ester, probably due to &fference m the environmental situation Thus the 

xeductlon of 17a and 17b using sodmm borohydnde m refluxmg ethanol9 afforded 1Sa and 18b III 51% and 53% 
yields 

The final step, the formatlon of a nine-membered lactam ring, was performed as reported by Ley and co- 
workers for mdolactam V synthesis lo The ammo ester 18a was hydrolyzed at reflux for 22 h with 10% 
potassium hydromde m a 4 1 mtxture of methanol and water (Chart 2) The potassium salt of the ammo acid was 
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neutralized with methylamrne hydrochloride, and after removmg the solvent and thoroughly drymg the 
remarnmg solid, the restdue was treated with drphenylphosphoryl ax& (DPPA)” and methylamme m 
dtmethylformamide at room temperature for 17 h. The reactron products were separated and purrfied by the 
usual silrca gel chromatography and subsequent HPLC to afford lyngbyatoxm A (= teleocidm A-l) (I), the 
unnatural enantmuer of teleocidm A-2 (en&2), and an mseparable muttme of Peprlyngbyatoxm A (g-epr-1) and 
9-epr-ent-2 m 2396, cu 4%, and 27% yrekls. respectively The same senes of treatments of 18b afforded 
analogously teleocrdm A-2 (2), the enanaomer of lyngbyatoxm A (ent-1). and an mseparable mrxture of 9- 
epueleocrdm A-2 (9-epi-2) and 9-epr-ent-1 m 21%. cu 4%. and 25% yrelds. respectrvely The two final 
compounds 1 and 2 as well as two by-products ent-1 and ent-2 obtamed here were converted to the (+)-MTPA 
[(+)-a-methoxy-a-tnfluoromethylphenylacetrc acid] esters and then pure states were confirmed by HPLC 
analysrs. The synthetrc compounds 1 and 2 were nienhfied as lyngbyatoxm A (= teleocuhn A-l) and teleocuhn 
A-2 by comparmg then MS, *H and 13C NMR. and CD spectra, and the mob&y on HPLC They also exhrbtted 
the same order of brologrcal acttvmes as the natural products on the tests of mouse ear trntatron, mductron of 
ormthme decarboxylase, mhrbmon of specific 3H-TPA bmdmg, and actrvatron of protem kmase C 

The structures of ent-1 and ent-2 were supported by the antqodal CD curves, together wrth the ulentrcal 
MS, ‘H NMR spectra, and the mobility on HPLC, compared with those of 1 and 2 The orrgm of these 
enantromers ent-1 and ent-2 as well as then C-9 eprmers 9-epr-ent-1 and g-epr-ent-2 was atmbutable to a rather 
drastic treatment with alkali durmg hydrolyses of the methyl ester group m 1Sa and 18b Partral racemrzatton 
took place at the L-valme portion and the combmatton of this mversron (12s + 12R) wrth other chualmes at the 
C-9 and C-14 posrtrons, for mstance (9s. 14R), generated the compound 9-epi-ent-2 This phenomenon was 
mevrtable when the methyl valme ester was used, since tt resrsted the other mild hydrolysis condmons 

Thus the first synthesis of lyngbyatoxm A (teleocuhn A-l) (1) and teleocuhn A-2 (2) was achreved m 

l& 1 R’=t-Pr R’=H 
(9s. 1X, 14R) 

9-ept-ent-2 R’ = H R2 = r-I+ 
(!K, 12R, 14R) 

“,, H 

9-ept-1 R’ = r-Pr R2 = H 
(9R, 1X, 14R) 

ent-2 R’ = H R2 = r-l+ 
(9R, KU?, 14R) 

18b 2 Rt=r-Pr R2=H 
(9s, 12.&S, 14s) 

9-epr-ent-1 R’ = H R2 = r-Pr 
(Xl=, 1AT) 

Chart2 

9-epr-2 R’ = I-F? R2 = H 
(5Y?, 12s, 14s) 

ent-1 R’ = H R2 = I-Pr 
(W, 12R 14S) 
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eleven steps from I-[(4-methylphenyl)sulfonyl]pyrmle The success of dus stra@tforward and relatively short 
synthesis was due to the pemnent selecaon of the startmg mtermedmte 5, wluch made it possible to mtmduce the 
hnalyl side cham 111 a smgle step and to efficiently produce the 7-alkyl-4-ammomdole denvaaves 3 and 4 
Introducaon of the ammopropanol side chain was readdy aclueved and subsequent formaaon of the mne- 
membered nng afforded the final compounds, although some unwanted by-products were unavoidably 
produced 

Thrs synthesis pathway 1s widely applicable to other teleocldms and related compounds So next we 
attempted to synthesize pendolmycm (6), a metabohte of Nocurdropsrs stram SA 17 15, and (R, E)- and (S, E)-7- 
(3,7,1l-mmethyl-1,6,1O-dodecamen-3-yl)-(-)-mdolactams V (7a and 7b), unnatural analogues of lyngbyatoxm 
A (1) (Chart 3). The common startmg mtem~&te was the ketoamlde’ 5 and the Gngnard reacaon of 5 ~th 3- 
methyl-2-butenyl (prenyl) bromide or (E, E)-3,7,11-mmethyl-2,6,10-dodecamenyl (famesyl) bromide” m the 
presence of magnesium afforded mixtures of 19a and 2Oa, and 19b and 20b These were separated and the N- 
tosyl group was reducavely cleaved from 19a and 19b with magnesium in methanol Combmed pyrrole 
denvaaves 20a and 20b were obtamed in 84% and 66% yields, respectively Both were dehydrated without 
trouble m 93% and 91% yields to afford 21a and 21b, whose anude funcaon was changed to the duoam& gmup 
with Lawesson’s reagent gvmg 22a and 22b m 74% and 77% yields The mdole cychzaaon was camed out as 
before by treatmg these thloamldes with mdomethane m dunethylformamlde to yield 23a (66%), 23b (46 5%), 
and 24b (25%), accompanied by the formation of by-products 25a (19%) and 25b (23%) 

The carbon side cham was introduced mto the C-3 poslaon of the mdole denvatlves 23a, 23b and 24b as 
usual by reacang ethyl 3-bromo-2-hydroxylmmopmpanoate. The desired compounds 26a, 26b and 27b were 
produced m 53%,51% and 61% yields together with by-products 28a (Rz = Me, R3= vinyl) (21%), 28b (R2 = 
vinyl, R3= Me) (20%), 28b (Rz = Me, R3= vinyl) (14%), 29a (R* = Me, R3= vmyl) (4%), 29b (Rz = vinyl, R3= Me) 
(40/o), 29b (R* = Me, R3= vinyl) (3%), and dlastereolsomenc mixtures of 30a (R* = Me, R3= vinyl) (4%), 30b (R* 
= vinyl, R3= Me) (2 5%). and 30b (R* = Me, R3= vinyl) (3%) The oxune group m 26a, 26b and 27b was reduced 
with alummmm-amalgam to give ammtiester compounds 31a, 31b and 32b m 92%,95% and 94% yields and 
their unhindered ester group was reduced with sodium borohydnde in the presence of l&mm chloride,“” 
followed by conversion to the mfluoroacetates Dlastereolsomers related to the ammo group stereochemistry 
were separated here, affordmg sets of eplmers 33a (40%) and 34a (37 5%), 33b (40%) and 34b (33%), as well as 
35b (38 5%) and 36b (33%) Among them, the compounds produced m the better yields, I e 33a, 33b and 35b, 
afforded the required products, pendolmycm (37a = 6), and (R,E)- and (S,E)-7-(3,7,11-mmethyl-1,6,10- 
dodecatnen-3-yl)-(-)-mdolactams V (37b = 7a and 39b = 7b) m 54%, 56% and 47% yields by a senes of 
operations 1) alkaline hydrolysis of the methyl vahnate part, 11) neutrahzatlon of the alkaline medium, m) 
complete dryness of the reactlon residue, and iv) treatment with dlethylphosphoryl cyamde (DBPC)‘4 (see Part 3, 
the followmg paper) and tnethylamme m dlmethylformamlde Partial racemlzatlon dunng the alkaline 
hydrolysis gave nse to the formatlon of 38a, 38b and 40b m 9%, 12% and 9% yields 

The tumor promotrng actlvltles of pendolmycm (6) and 7-[(R,E)-3,7,11-mmethyl-1,6,10-dodecamen-3- 
yl]-(-)-mdolactam V (7a) were studied using our specimens and it was shown that the activity of 7a was as 
potent as that of teleocldms A, whereas 6 was moderately active and its potency was somewhere between 
teleocldms A and (-)-mdolactam V Is 

EXPERIMENTAL 

General Procedures - Mass spectra (MS) were recorded on Hitachi RMS-4 and fitachl M-80B 
spectrometers High resoluaon mass spectra (HRMS) were measured on JEOL JMS-DX-300 and Hltachl M- 
80B spectrometers Circular dlchrolsm spectra (CD) were taken on JASCO J-500A Proton magnetic resonance 
(‘H NMR) spectra were recorded on Vanan EM 390 (90 MHz), JEOL FX-2OOA (270 MHz) and JEOL JNM- 
GX-400 (400 MHz) spectrometers m CDCl, with TMS as an internal reference Preparative thin-layer 
chromatography over Al,O, (Al,O, PTLC) was camed out on glass plates (20 x 20 cm) coated with Merck 
aluminum oxide 60 PFu4 (type E) (1 mm duck) Other General Methods were described m the Part 1 l 

Vilsmeler Reaction on 9a to Form 10a and lla - Vllsmeler-Haak reagent (0 5 ml, 0 098 mmol), 
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23 X=H 24 X=H 25 
a ( COOEt 

26 X=x 27 x= x 
COOEt 

b 

( 

‘OH ‘OH 

31 X= yCOOEt 32 X= +$.cooE’ 

C 
NH2 NH2 

33 x= TOH 35 X= TOH 

CF,COHN H CF&OHN ‘H 

34 x= YOH 
H ‘NHCOCF3 

36 x= YOH 
t-i ‘NHCOCF3 

II) Lawesson’s 

Ts 21 x=0 

H 22 x=s 

R2 
28 X=H 

29 X=x 
COOEt 

‘OH 

a Br?CooEt, Na@& CHzClz 
NOH 

b Al-Hg, THF-H@ c I) NaB&, LlCl, EtOH-THF 

II) (CF+ZOhO, Et& CHzClz 

Chart 3 
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prepared from POCl, (60 mg, 0 391 mmol) and DMP (2 ml) with stmmg at OT for 5 mm, was added to a 
solution of 9a (13 mg, 0 033 mmol) m E$O (1 ml), and the mixture was stmed at 0°C for 30 mm Sat NaHCO~- 
%O (4 ml) was added to dus and the whole was stmed v~gomusly at room temperature for 20 mm Extra&on 
with E$O. usual work-up and PTLC [hexane-EtOAc (4 l)] gave 1Oa (9 mg, 65%) and lla (3 mg, 22%) Methyl 
N-[3-Formyl-7-[(R)-3,7-dimethyl-1,6_octa (lOa) Colorless syrup 
MS m/z 424 (M’) IR (CHCl,) cm ’ 1728, 1653 ‘H NMR (90 MHz) 6.0 90 (3H. d, J=6 5 Hz), 109 (3H, d, 
J=6 5 Hz), 1 41 (3H, s), 1 47 (3H, s), 1 61 (3H, s). 2 92 (3H, s), 3 55 (3H, s), 3 66 (lH, d, J= 9 Hz), 4 89-5 16 
(lH, m), 5 29 (lH, dd, J=18,1 5 Hz), 5 32 (lH, dd, J=lO 5,15 Hz), 6 24 (lH, dd, J=18, 10 5 Hz), 7.08 (2H, s), 
7 91 (lH, d, J=3 Hz, changed to s with D,O), 9 25 (lH, br s, NH), 10 60 (lH, s) Methyl N#LFormyl-7-[(R)- 
3,7-dimethyl-l~-octadien-3-yl]-4-indolyl]-~-me~hyl-~-valina~e (lla) Colorless syrup MS m/z 424 (M+) 
IR (CHCl,) cm-’ 1723.1658 ‘H NMR (90 MHz) 6 0 90 (3H, d. J=6 5 Hz), 1 18 (3H, d, J=6 5 Hz), 141(3H, s), 
1 50 (3H, s), 1 61 (3H, s), 3 22 (3H, s). 3 44 (3H, s), 3 59 (lH, d, J= 9 5 Hz), 4 88-5 14 (lH, m), 5 25 (lH, dd, 
J=18,15 Hz), 5 27 (lH, dd, J=lO, 1 5 Hz), 6 19 (lH, dd, J=18,10 Hz), 6 65 (lH, dd, J=3,2 Hz), 7 09 (lH, dd, 
J=3,2 5 Hz), 7 64 (lH, s), 8 78 (lH, br s, NH), 10 50 (lH, s) 

Reaction of 9a, 9b and 9c + 9d with N,N-Dimethyl(methylene)ammonium Chloride to Form 
Gramine Derivatives 12a, 12b and 12c + 12d - Preparation of 12a 1s typical A solution of 9a (37 mg, 0 093 
mmol) in CH.& (2 ml) was steed with NJV-&methyl(methylene)ammomum chlonde (25 mg. 0 267 mmol) at 
room temperature for 1 h 20 nun Sat NaHCO,-%O was added, the whole was extracted with CH$l,, and the 
extract was worked up as usual Punficanon by A40, PTLC [hexane-EtOAc (3 2)] afforded methyl N-[3- 
(dimethylamino)methyI-7-[(R)-3,7-d~methyl-l,6-~adien-3-yl]-4-indolyl]-~-me~hyl-~-valina~ (12a) (41 
mg, 97%) as colorless syrup MS m/z 453 (M’) IR (CHCl,) cm ’ 1727,163O ‘H NMR (90 MHz) 6 0 90 (3H, 
d, J=6 5 Hz), 1 13 (3H, d, J=6 5 Hz), 1 38 (3H, s), 1 44 (3H, s), 1 60 (3H, s), 2 34 (6H, s), 2 86 (3H, s), 3 47 (3H, 
s), 3 58 (lH, d, J=8 5 Hz), 3 85 (lH, d, J=13 5 Hz), 4 12 (lH, d, J=13 5 Hz), 490-5 18 (lH, m), 5 23 (lH, dd, 
J=105,15Hz),524(1H,dd, J=18,15Hz),621 (lH,dd, J=18,105Hz),680(1H,d, J=8Hz),695 (lH.d, J=8 
Hz), 7 08 (lH, d, J=2 5 Hz, changed to s with D,O), 8 53 (1, br s, NH) Methyl N-[3-(Dimethylamino)methyl- 
7-[(S)-3,7-dimethyl-1,6-octadien-3-yl]-4-indolyl]-N-methyl-L-valina~e (12b) Colorless syrup MS m/z 453 
(M+) IR (CHCl,) cm 1 1727,1628 ‘H NMR (90 MHz) 6 0 90 (3H, d, J=6 5 Hz), 1 10 (3H. d, J=6 5 Hz), 138 
(3H, s), 1 43 (3H, s), 1 60 (3H, s), 2 30 (6H, s), 2 83 (3H, s), 3 52 (3H, s), 3 60 (lH, d, J=8 5 Hz), 3 83 (lH, d, 
13 5 Hz), 4 09 (lH, d, J=13 5 Hz), 4 89-5 19 (lH, m), 5 22 (lH, dd, J=lO 5,15 Hz), 5 23 (lH, dd, J=18,15 Hz), 
6 20 (IH, dd, J=18,10 5 Hz), 6 80 (lH, d, J=8 Hz), 6 95 (lH, d, J=8 Hz), 7 06 (lH, d, J=2 Hz, changed to s with 
D,O), 8 50 (1, br s, NH) t-Butyl N-[3-(Dimethylamino)methyl-7-(3,7-dimethyl-l,6-oc~adien-3-yl)-4- 
mdolyll-N-methyl-L-valinate (12~ + 12d) Colorless amorphous compound MS m/z 495 (M+) IR (CHCl,) 
cm ’ 1715 ‘H NMR (90 MHz) of two &astereomers 6 124 (9H, s), 143 (6H, s), 162 (3H, br s), 2 36 (6H, s), 
2 83 and 2 80 (3H, s each), 3 51 and 3 54 (lH, d each, J=lO 5 Hz), 3 94 (lH, d, 14 Hz), 4 13 (lH, d, J=14 Hz), 
4 94-5 18 (lH, m), 5 24 (lH, dd, J=lO 5,2 5 Hz), 5 26 (lH, dd, J=18,2 5 Hz), 6 21 (lH, dd, J=18,10 5 Hz), 6 89 
(lH, d, J=8 Hz), 6 99 (lH, d, J=8 Hz), 7 12 (lH, br d, J=2 Hz, changed to s with D,O), 8 53 (1, br s, NH) 

Methyl N-[7-[(S)-3,7-Dimethyl-1,6-octadien-3-yl]-3-(2-me~hoxy~rbonyl-2-ni~ro)e~hyl~-indolyl]-~- 
methyl-L-valinate (13b) - A solution of 12b (18 mg, 0 040 mmol) and methyl mtroacetate (40 mg, 0 336 
mmol) m toluene (2 ml) was refluxed for 3 h under Ar atmosphere After evaporaaon to dryness, the residue was 
punfled by PTLC [hexane-EtOAc (4 l)] to afford 13b (19 mg, 91%), colorless syrup MS m/z 527 (M’) 
IR (CHCl,) cm-’ 1752,1730,1630,1559,1373 ‘H NMR (90 MHz) of maJor and mmor &astereomers (ca. 3 2) 
6 0 91 and 0 88 (3H, d each, J=6 5 Hz), 104 and 0 99 (3H, d each, J=6 5 Hz), 133 and 138 (3H, s each), 142 
(3H, s), 1 60 (3H, s), 2 73 and 2 76 (3H, s each), 3 41 and 3 48 (3H, s each), 3 79 and 3 67 (3H, s each), 4 88-5 17 
(lH, m), cu 5 90-6 32 (lH, m). 6 18 (lH, dd, J=18,105 Hz), 8 49 (lH, br s, NH) 

t-Butyl N-[3-(2-Acetamido-2,2-diethoxycarbonyl)ethyl-7-(3,7-dimethyl-1,6-octadien-3-yl)-4- 
indolyl]-N-methyl+valinate (14~ + 14d) - A solution of 12c + 12d (6 mg, 0.012 mmol), &ethyl 
acetamldomaloate (8 mg, 0 037 mmol) and 95% n-Bu,P (5 mg, 0 024 mmol) m CH.$N (2 ml) was refluxed 
under N, atmosphere for 1 5 h, After evaporation to dryness, the residue was punfied by PTLC (3% MeOH- 
CH$l,) to gve a crude mixture (10 mg), wluch was further punfied by PTLC [benzene-EtOAc (5-l)] to furmsh 
14c + 14d (4 mg, 49%), colorless syrup MS m/z 667 (M+) IR (CHC4) cm ’ 1730,168O ‘H NMR (90 MHz, 
6OT) 6 1 21 (9H, s), 1 41 (6H, s), 1 61 (3H, s), 1 88 (3H, s), 2 07-2 49 (lH, m), 2 90 (3H, s), 3 49 (lH, d, I=8 
Hz), 3 86-4 34 @I-I, m), 4 92-5 12 (IH, m), 6 17 (lH, dd, J=18.10 5 Hz), 6 83-7 04 (4H. m), 8 40 (lH, br s, NH) 

Reaction of 9a and 9b with Ethyl 3-Bromo-2-hydroxyiminopropanoate to Form 15a, 16a, 15b and 
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16b - Fkparanon of 1% and 16a IS typical. To a solution of 9a (124 mg, 0 313 mmol) m CI-I$l, (6 ml) were 
added successively Na$03 (66 mg, 0.623 mmol) and ethyl 3-bromo-2-hydroxyunmopropanoate (66 mg, 0 314 
mmol) under Ar atmosphere and the nnxtme was s& at WC for 15 h The mixture was filtered through a 
cehte bed and the cehte was lmsed urlth CH.& The combmed orgamc layer was washed with sat NH&l-I-$0 
and worked up as usual Punticanon by PTLC (0 5% EtOH-CI-L$4) afforded the recovered 9a (10 mg, 8%), 
16a (33 mg, 20%) and the crude 15a (99 mg) m the order of mcreasmg polanty The crude lSa was punfied by 
FTLC [hexane-EtOAc (3*1)] to @ve ethyl 7-[(R)-3,7-dimethyl-1,6-octadien-3-yl]-a-~yd~x~~no)~-[[(S)- 
l-(methoxycarbonyl)-2-methylpropyl]methylamino]indol~3-p~pan~te (Ua) (97 mg, 59%) as colorless 
syrup HRMS Calcd for C!seN,O, 525 3202 Four& 525 3222 IR (CHC~) cm 1 1722,1628 ‘H NMR (90 
MHz)8 091(3H,d,J=65Hz),l 11(3Heach,d,J=65Hz),l 18(3H,t,J=7Hz),140(6H,s),160(3H,s),291 
(3H, s), 3.51 (3H, s), 3 66 (lH, d, J=9 Hz), 4 21 (2H, q, J=7 Hz), 4 36 (lH, d, 15 5 Hz), 4 56 (lH, d, J=15 5 Hz), 
489-520(1H,m),520(1H,dd,J=105,15Hz),522(1H,dd,J=18,15Hz),6.18(1H,dd,J=18,105Hz),670 
(lH, d, J=2 Hz), 6 84 (lH, d, J=8 Hz), 697 (lH, d, J=8 Hz), 8 42 (lH, d, J=2 Hz, NH), 10 14 (lH, br s, OH) 
Ethyl 7-[(R)-3,7-DimethyI-1,6-octadien-3-yll-a-(hydroxyimino)-4-[[(S)-l-(methoxycarbonyl)-2- 
methylpropyl]methylamino]indoleJ-propanoate (16a) Colorless syrup HRMS Calcd for C,,H,,N,O, 
525 3202 Found 525 3220 IR (CHCl,) cm l 1720.1630 ‘H NMR (90 MHz, 60°C) 6 0 90 (3H, d, J=6 5 Hz), 
1 16 (3H each, d, J=6 5 Hz), 1 18 (3H, t, J=7 Hz), 136 (3H, s), 1 39 (3H, s), 1 57 (3H, s). 2 28 (lH, dqq, J=9,6 5, 
6 5 Hz), 3 05 (3H, s), 3 43 (3H, s), 3 48 (lH, d, J=9 Hz), 4 12 (IH, d, J=14 5 Hz), 4 17 (2H, q, J=7 Hz), 4 37 (lH, 
d, J=14 5 Hz), 4 87-5 11 (lH, m), 5 17 (1H. dd, J=18,15 Hz), 5 19 (lH, dd, J=lO, 15 Hz), 6 20 (lH, dd, J=18, 
lOHz),647 (lH,dd, J=35,2 Hz),682(1H,s),697(1H,dd. J=35,3Hz), 824-925 (lH,m,OH), 843 (lH, br 
s, NH) Slmdarly lSb (65%) and 16b (15%) were prepared from 9b along with a 9% yield recovery of 9b Ethyl 
7-[(S)-3,7-DimethyI-1,6-octadien-3-yl]-a-(hydroxyimino)-4-[[(S)-l-(methoxy~r~nyl)-2-methylpropyl]- 
methylamino]indole-3-propanoate (1Sb) Colorless syrup HRMS Calcd for C,&,,N,O, 525 3202 Found 
525 3196 IR @I-ICI,) cm ’ 1723,1628 ‘H NMR (90 MHz) & 0 94 (3H, d, J=6 5 Hz), 1 10 (3H, d, J=6 5 Hz), 
1 19 (3H, t, J=7 Hz), 141&H, s), 161(3H, s), 2 89 (3H, s), 3 57 (3H, s), 3 69 (lH, d, J=9 Hz), 4 21(2H, q, J=7 
Hz), 4 38 (lH, d, J=16 5 Hz), 4 56 (lH, d, J=16 5 Hz), 4 86-5 19 (lH, m), 5 19 (lH, dd, J=lO, 1 Hz), 5 22 (IH, 
dd, J=18, 1 Hz), 6 18 (lH, dd, J=18, 10 Hz), 6 70 (lH, d, J=2 Hz), 6 86 (IH, d, J=8 Hz), 6 98 (lH, d, J=8 Hz), 
8 42 (lH, d. J=2 Hz, NH), 10 40 (lH, br s, OH) Ethyl 7-[(S)-3,7-Dimethyl-1,6-octadien-3-yl]-a-(hydroxy- 
~mino)-4-[[(S)-l-(methoxycarbonyl)-2-methylpropyl]methylam~no]~ndole-5-propanoa~e (16b) Colorless 
syrup HRMS Calcd for ($&N,O, 525 3202 Found 525 3203 IR (CHCZ) cm-l 1720,1629 ‘H NMR (90 
MHz, 6O’C) 6 0 90 (3H, d, J=6 5 Hz), 1 18 (3H, d, J=6 5 Hz), 121 (3H, t, J=7 Hz), 1 37 (3H, s), 142 (3H, s), 
1 60 (3H, s), 3 07 (3H, s), 3 42 (3H, s), 4 12 (lH, d, J=15 Hz), 4 39 (lH, d, J=15 Hz), 4 20 (2H, q, J=7 Hz), ca 
4 89-5 15 (lH, m), 5 18 (lH, dd, J=18,15 Hz), 5 20 (lH, dd, J=lO 5,15 Hz), 6 20 (lH, dd, J=18,10 5 Hz), 6 48 
(IH, dd, J=3,2 Hz), 6 83 (lH, s), 6 98 (lH, dd, J=3,3 Hz), 8 42 (IH, br s, NH), 8 78 (lH, br s, OH) 

Aluminium-Amalgam Reduction to Form 17a and 17b - Preparation of 17a IS typical To a solunon of 
15a (86 mg, 0 164 mmol) in THF-%O (9 1) (8 ml) was added Al-Hg prepared from Al (176 mg), and the mixture 
was starred at 18°C for 4 h The whole was passed through a cellte bed and the cehte was washed with CI$Cl, 
Usual work-up of the combined filtrate and punticatron by PTLC (3% EtOH--Cl,) afforded ethyl 7-[(R)-3,7- 
d~methyl-l,6-octadien-3-yl]-4-[[(S)-l-(methoxycarbonyl)-2-methylpropyl]methylamino]tryptophanate 
(17a) (77 mg, 92%), colorless syrup HRMS Calcd for C,&,N,O, 5 11 3409 Found 5 11 3401 IR (CHCl,) 
cm ’ 1723,1628 ‘H NMR (90 MHz) of two hastereomers (cu 1 1) 6 137 (3H, s), 140 (3H, s), 1 58 (3H, s), 
171 (2H, s, q), 2 85 (3H, s). 3.40 (3H, s), 4 07 and 4 15 (2H, q each, J=7 Hz), 4 90-5 19 (lH, m), 5 09-5 41 
(2H, m), 621 (lH,dd, J=l8,10 5 Hz), 6 83 (lH,d, J=8 Hz), 697 (lH,d, J=8Hz), 690-7 00 (lH,m), 8 56(1H, 
br s, mdole NH) Ethyl 7-[(S)-3,7-Dimethyl-1,6-octadien-3-yl]-4-[[(S)-l-(methoxycarbonyl)-2- 
methylpropyllmethylamino]tryptophanate (17b) Colorless syrup HRMS Calcd for C,H,,N,O, 511 3409 
Found 5113391 IR (CHCQ cm ’ 1723,1628 ‘H NMR (90 MHz) of two Qastereomers (cu 1 1) 6 0 94,0 96, 
1 10 and 1 12 (6H, d each, J=6 5 Hz), 121 (3H, t, J=7 Hz), 140 (3H, s), 144 (3H, s), 161 (3H, s), 175 (2H, s, 
q), 2 85 (3H, s), 3 45 (3H. s), 4 09 and 4 16 (2H, q each, J=7 Hz), 4 87-5 23 (lH, m), 5 23 (lH, dd, J=18,1 5 
Hz), 5 23 (lH, dd, J=lO 5,15 Hz), 6 19 (lH, dd, J=18,10 5 Hz), 6 83 (lH, d, J=8 Hz), 6 91-7 01 (lH, m), 6 97 
(lH, d, J=8 Hz), 8 55 (lH, br s, mdole NH) 

Amino Alcohols 18a and 18b - Reducuon of 17a IS typlcal A nuxture of 17a (28 mg, 0 055 mmol) and 
NaBH, (17 mg, 0 447 mmol) m EtOH was refluxed with stlmng under Ar atmosphere for 20 h After cooling, 
bnne was added and the whole was extracted thoroughly with CH$l, Usual work-up and Al,O, FTLC (4% 
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MeOH-CH,Cl,) gave methyl N-[3-(2-amino-3-hydrxypropyl)-7-[(R)-3,7-dimethyl-l,6-~ta~en-~yl]-4- 
indolyl]-IV-methyl-bvalinate (ltia) (13 mg, 51%), colorless film HRMS Calcd for CuH,,NsO,. 469.3304 
Found 469 3303. lR (CHCl,) cm-’ 1727.1628. ‘H NMR (90 MHz) of two drastereomers (ca 1 1) 6.0 90 (3H, 
d, J=6 5 Hz), 1 11 and 1.15 (3H, d each, J=6 5 Hz), 1 40 (3H. s), 145 (3H, s), 1.63 (3H, s), cu 2 64-3 03 [6H, m, 
changed to 2.82 and 2 84 (3H, s each) wtth DzO], 3 40 and 3 44 (3H, s each), 4 90-5 19 (H-l, m), 5.24 (1H. dd, 
J=10 5.1 Hz), 5.26 (lH, dd, J=l8,1 Hz), 6 22 (HI, dd, J=l8,10 5 Hz), 6 80 (Hi, d, J=8 Hz), 6.90-7.01 (H-I, m), 
6 98 (lH, d, J=8 Hz), 8 56 (lH, br s, mdole NH) Methyl iV-[3-(2-Amino-3-hydroxypropyl)-7-[(S)-3,7- 
dimethyl-l,6-octadien-3-yl]-4-indolyl]-N-methyl-L-valinate (18b). Colorless film HRMS Calcd for 
C,,H,,N,O; 469.3304. Found 469.3287 IR (CHCl,) cm ’ 1728, 1630 ‘H NMR (90 MHz) of two 
dlasteteomers (cu 1.1) 6 0 93 (3H, d, J=6 5 Hz), 1 07 and 1 11 (3H, d each, J=6 5 Hz), 1 41 (3H, s), 143 (3H, s), 
162 (3H, s), 2 80 (3H, s), 3 30 (3H, br s, NHr and OH), 3 45 and 3 47 (3H, s each), 4.92-5 21 (lH, m), 5 1@5 40 
(2H, m), 6 20 (lH, dd, J=l8,10 5 Hz), 6 80 (lH, d, J=8 Hz), 6 92-7 04 [lH, m, changed to 6 97 (lH, s) wrth 
DzO], 6 98 (lH, d, J=8 Hz), 8 56 (lH, br s, mdole NH) 

Lyngbyatoxin A (Teleocidin A-l) (1) -A solutton of lt3a (14 mg, 0 030 mmol) m 10% KOH m MeOH- 
HO (4 1) (15 ml, 2 68 mmol) was refluxed wrth stunng under Ar atmosphere for 22 h After coolmg at O”C, 
Et,N HCl(363 mg, 2.64 mmol) was added and the mtxture was stnmd at 0°C for 1 mm and then at 2@‘C for 10 
mm The reactton mixture was concentrated in vacua at room temperature and the residue was dned over P,O, 
m reduced pressure for 1 h It was suspended in DMF (3 ml) and to thts was added successtvely 5% w/v DPPA/ 
DMF (0 20 ml, 0 036 mmol) and 8% v/v E$N/DMF (0 10 ml, 0 058 mmol) at 0°C The mixture was stnred at 
0°C for 1 h and at room temperature for 17 h The reacuon was quenched with sat NaHCO,-$0 , the whole was 
extracted with EGO and worked up as usual PTLC [hexane-EtOAc (2.3)] afforded a crude mlxtme of 1 and ent- 
2 (4 5 mg) as a less polar fractton and a crude mtxture of 9-epi-1 and g-ept-ent-2 (4 mg) as a mom polar fiactron 
Both were punfled respectively by PTLC (5% MeOH-CH$l,) to give a mixture of 1 and ent-2 (3 5 mg) and a 
mtxture of 9-ept-1 and 9-ept-ent-2 (3 5 mg. 27%) The former was separated by HPLC [column YMC A-024, 
SIL, S-5, 10 x 300 mm, mobile phase hexane-CH$l,-2-propanol (85 10 5), flow rate 4 ml/mm] to afford 
lyngbyatoxm A (teleocldm A-l) (1) (3 mg, 238, retention trme 16 8 mm) and (+)-teleccnhn A-2 (ent-2) (0 5 
mg, ca 4%, retennon ttme 18 5 mm) The synthetic 1 Colorless film HRMS Calcd for C,Hr,N,O,. 437 3042 
Found 437 3028 CD (C 1 67 x lW, MeOH, 21°C) [fl],,, 0, [Ol,,, +4600, If&,, 0, [Ol,, -17700, @I,,, 0, [@I,, 
+7200, ]8],, 5 0. ]8],, 5 -9300, [tl],,, 0 IR (CHCZ) cm ’ 1657 ‘H NMR (400 MHz, CDC4-D,O> 6 (maJor 
conformer) 0 64 (3H, d, J=6 5 Hz), 0 92 (3H, d, J=6 5 Hz), 147 (3H, s), 1 51 (3H, s), 1 66 (3H, s), 1 67-2 06 (4H 
mcludmg minor conformer, m), 2 58 (IH, dqq, J=10 5,6 5,6 5 Hz), 2 90 (3H, s), 3 15 (lH, br d, J=l7 Hz). 3 56 
(1H,dd,=l1,85Hz),373(lH,dd.J=ll,35Hz),429-436(lH,m),434(lH,d,J=l05Hz),502-5 11 (lH, 
m), 5 28 (lH, d, J=ll Hz), 5 30 (lH, d, J=l8 Hz), 6 17 (lH, dd, J=l8,11 Hz), 6,47 (1H. d, J=8 Hz), 6 83 (lH, s), 
6 97 (lH, d, J=8 Hz), 8 52 (lH, s, mdole NH), (minor conformer) 0 93 (3H, d. J=6 5 Hz), 125 (3H, d. J=6 5 Hz), 
1 45 (3H, s), 1 49 (3H, s), 1 64 (3H, s), 2 38 (lH, dqq, J=ll, 6 5,6 5 Hz), 2 73 (3H, s), 2 80 (lH, dd, J=l4 5, 1 5 
Hz), 3 39 (lH.dd, J=ll,7Hz), 346(lH,dd,=l1,65 Hz),440-447 (lH, m), 502-5 11 (lH,m),5 33 (lH,d, 
J=llHz),535(lH,d,J=l8Hz),622(lH,dd,J=l8,llHz),696(lH,s),70l(lH,d,J=8Hz),709(lH,d,J=8 
Hz), 8 76 (lH, s, mdole NH) 13C NMR (100 MHz, CDCl,-D,O) 6 17 5. 19 6,21 6,23 1,24 2,25 7,28 5.33 1, 
33 9,38 6,43 3,55 7,65 0,710, 106 5, 112 4, 114 0,118 7, 120 0, 120 9, 1216, 124 6, 1315, 137 6, 146 4, 
148 4, 174 4 (+)-Teleocidin A-2 (ent-2) Colorless film HRMS Calcd for C,&,N,O, 437 3042 Found 
437 3041 CD (c 105 x W, MeOH, 22OC) [ei,, 0, [ei,,, -3200, [ei, 0, reiu25 +14800, [ei,, +14300, [ei,, 
+50500, ]8],,,5 0 IH NMR spectrum (270 MHz) was xlenhcal wtth that of teleoctdm A-2 (2) described below 
9-Epi-1 and 9-epi-ent-2 Colorless film Retention ttme of HPLC [TSK Sthca 60, hexane-CHC4-2-propanol 
(85 10 5), 1 ml/mm] 20 8 mm HRMS Calcd for C,&,N,O, 437 3042 Found 437 3041 IR (CHC4) cm ’ 
1654 *H NMR (270 MHz, CDCl,-D,O) of maJor conformer 6 147 (3H, s), 149 (3H, s), 164 (3H, s), 3 09 (3H, 
br s), 5 02-5 11 (lH, m), 6 17 (lH, dd, J=l8, 11 Hz), 6 81 (lH, s), 8 42 (1H. br s, mdole NH) 

Teleocidin A-2 (2) - The same treatment of 18b (13 mg, 0 028 mmol) as above afforded teleocnhn A-2 
(2) (2 5 mg, 21%), (+)-teleocldm A-l (ent-1) (0 5 mg, cu 4%), and a mtxture of 9-ept-2 and 9-ept-ent-1(3 mg, 
25%) Synthetic teleocidin A-2 (2). Colorless Elm HRMS Calcd for C&I,,N,O, 437 3042. Found. 437.3017. 
CD (c 2 72 x 10-4, MeOH, 23’C) @I,,, 0, [8],,, +3900, [O],, 0, [e],, -17500, @I,, -17000. [S], -58000, 
it& 0 IR (CHCI,) cm ’ 1658 ‘H NMR (400 MHz, CDCl,-D,O) 6 (maJor conformer) 0 60 (3H, d, J=6 5 Hz), 
0 91 (3H, d, J=6 5 Hz), 1 38 (3H, s), 1 45 (3H, s), 1 63 (3H, s), 1 76-2 04 (4H mcludmg minor conformer, m), 
2 58 (IH, dqq, J=10 5.6 5,6 5 Hz), 2 90 (3H, s), 3 03 (lH, dd, J=l7,3 5 Hz), 3 15 (lH, brd, J=l7 Hz), 3 54 (lH, 



Synthesis of teleocnims A, B-II 8553 

dd,J=ll 5.85Hz),372(19dd,J=11.5,35Hz),430-437(1H,m),434(1H,d,J=105Hz),5.07(1HofmaJor 
andmmorconformers, brdd, J=6 5.6 SHz), 5 26 (lH,d, J=ll Hz), 5.30(1H.d, J=18Hz), 6 20 (1HofmaJorand 
minorconformers, dd, J=18,11 Hz), 6.47 (lH, d, J=8 Hz), 6.82 (lH, br s). 6 97 (1H d, J=8 Hz), 8.53 (lH, br s, 
mdole NH), (mmor conformer) 0 94 (3H, d, J=6 5 Hz), 125 (3H, d, J=6.5 Hz), 1.48 (3H. s), 165 (3H, s), 2 39 
(lH,dqq, J=ll,65,65 Hz), 274(3H, s), 280(1H,dd, J=15, l.SHz), 3.38 (lH,dd, J=ll,7Hz). 3.46(1H,dd, 
J=ll,6Hz),4.40-4.46(1H,m).533(1H,d.J=llHz).534(l~d,J=18Hz),7.01(1H,d,J=8Hz).710(1Hd, 
J=8Hz),876(1H,brs,mdoleNH) WNMR (lOOMHz,CDC!$-D,O)& 17 3,194,216,23 1,24.8,25 6,28 5, 
330,34.0,38.0,433,55.5,650,71.0,1060,112.1.1140.1185.1203,120.9,1211,1246,1314,1375, 
146 5, 149.0, 174.2 (+)-Teleocidin A-l (ent-1). Colorless film HRMS Calcd for C&-i_N302 437 3042 
Found 437 3018. CD (c 1.37 x W, MeOH, 2X) [Q,, 0, [Q2 -4600, [Q, 0, [e],, +17500, [e],, 0, [e],, 

-9 100, [e],,5 0, [e], +8800. ‘H NMR spectrum (270 MHz) was ldentlcal ~th that of teleocldm A-l (1) 
described above 9-Epi-2 and 9-epi-ent-1 Colorless film HRMS Calcd for C&&O, 437 3042 Found 
437 3052 IR (CHC$) cm-’ 1655 ‘H NMR (270 MHz) 6 0 67 (3H, d, J=6 5 Hz), 0 74 (3H, d. J=6 5 Hz), 140 
(3H, s), 144 (3H, s), 163 (3H, s), 2 89 (lH, br d, J=15 5 Hz), 3 09 (3H, s), 3 28 (19 br d, J=15 5 Hz), 5 02-5 12 
(lH,m).526(1H,dd,J=ll, 15Hz),528(1H,dd,J=18,15Hz),621 (lH,dd,J=18, llHz).673(lH,d,J=8 
Hz), 6 80 (lH, s), 6 95 (lH, d, J=8 Hz), 7 32 (lH, br s, CONH), 8 44 (lH, br s. mdole NH) 

(+)-MTPA Esters of Teleocidin A-l (l), Teleocidin A-2 (2), (+)-Teleocidin A-l (ent-1) and (+)- 
Teleocidin A-2 (ent-2) - Preparauon of (+)-MTPA ester of teleocldm A-2 (2) 1s typical A solution of 2 (3 5 
mg, 0 008 mmol) m pyndme (0 2 ml) and qcl, (0 2 ml) was stirred ~th the acid chlonde (24 mg, 0 095 
mmol) derived from (R)-(+)-MTPA at 0°C for 1 h Sat NaHCO,-$0 was added, the mixture was extracted 
with EfiO and the extract was worked up as usual Punficatlon by PTLC[hexane-EtOAc (6 l)] afforded a crude 
product (5 mg), which was further punfied by PTLC [hexane-CqC1, (2 3)] to give the (+)-MTPA ester of 2 
(4 5 mg, 86%). colorless film MS m/z 653 (M’) IR (CHCl,) cm ’ 1752, 1667 ‘H NMR (90 MHz) of two 
conformers 6 2 7 1 and 2.83 (3H, s each), 3 5 1 (3H, s), 6 79 (lH, br s). 6.96 (HI, d, J=7 5 Hz), 7 10 (IH, d, J=7 5 
Hz), 8 53 and 8 71 (lH, br s each, mdole NH) The (+)-MTPA ester of 1 Colorless film MS m/z 653 (M+) 
IR (CHCl,) cm 1 1754 1670 ‘H NMR (90 MHz) of maJor and mrnor conformers 6 2 69 and 2 83 (3H, s each), 
3 51(3H, s), 6 79 (lH, br s). 6 97 (IH, d, J=7 5 Hz), 7 09 (lH, d, J=7 5 Hz), 8 76 and 8 53 (lH, br s each, mdole 
NH) In the same manner as above, ent-1 (ca 0 3 mg) and ent-2 (cu 0 5 mg) were converted to tberr (+)-MTPA 
esters (cu 0 3 mg and ca 0 5 mg) 

HPLC Analysis of the Four (+)-MTPA Esters - Column YMC A-314 (ODS, 6 x 300 mm), mobde 
phase MeOH-% (88 12), flow rate 3 ml/mm Retention time of (+)-MTPA esters of 1, 2, ent-1 and em-2 
39 1 mm, 36 4 mm, 40 3 mm and 37 6 mm 

Methyl N-[5~-Dimethyl-4-hydroxy-4-(2-pyrrolyl)-6-heptenoyl]-N-methyl-~-valinate (20a) and 
Methyl N-[(E)-4-Hydroxy-4-(2-pyrrolyl)-5,9,13-trimethyl-5-vinyl-8,12-tetradecadienoyl]-N-methyl-~- 
valinate (20b) - Gngnard reachon of 5 wrth 3-methyl-2-butenyl (pmnyl) bromide or (E, a-3,7,1 l-mmethyl- 
2,6,lO_dodecamenyl (farnesyl) bromide was carned out m the same manner as m the previous reporP at -20°C 
for 20a or 0°C for 20b 20a Colorless syrup MS m/z 347 (M+- OH) IR (CHCJ) cm ’ 1740,1635 (sh), 1620 
‘H NMR (90 MHz) of two drastereomers 6 0 70-O 92 (3H, m), 0 73 (3H, d, J=7 Hz), 0 98 (6H, s), 2 78 and 2 81 
(3H,seach),3.56-37land474(1H,mandd,J=l0Hz),366(3H,s),462(1H,s,OH),571-590(lH,m),604- 
6 22 (lH, m), 6 57-6 73 (lH, m), 8.87 (lH, br s, NH) 20b Colorless syrup 
IR (CHCl,) cm ’ 

MS m/z 482 (M+ - 50) 
1738,162O ‘H NMR (90 MHz) 6 0 75,O 80 and 0 96 (6H, d each, J=7 Hz), 101 (3H, s), 152 

(3H, s), 160 (3H, s), 167 (3H, s), 2 78 and 2 81 (3H, s each), 3 58 and 3 66 (3H, s each), 3 77 and 4 87 (lH, d 
each, J=lO 5 Hz), 4 12-4 35 (lH, m, OH), 5 70-5 88 (lH, m), 6 05-6 21 (1H. m), 6 54-6 71 (lH, m), 8 73 (lH, br 
s, NH) 

Methyl N-[5,5-Dimethyl-4-(2-pyrrolyl)-3,6-heptadienoyl]-N-methyl-~-valinate (21a) and Methyl N- 
Methyl-N-1(3& 8E)-4-(2-pyrrolyl)-5,9,13-trimethyl-5-vinyl-3,8,12-tetrad~trienoyl]-~-valinate (21b) - 
In the same manner as m the previous paper,16 2Oa and 20b were dehydrated with a catalytic amount of p-TFOH 
to yield 21a and 21b 21a Colorless syrup MS m/z 346 (M+) IR (CHCl,) cm ’ 1740, 1635 ‘H NMR (90 
MHz) of maJor and minor rotamers & 0 85 and 0 83 (3H, d each, J=7 Hz), 100 and 0 94 (3H, d each, J=7 Hz), 
1 18 (6H, s), 1 92-2 05 (lH, m), 2 92 and 2 87 (3H. s each), 3 07 and 3 13 (3H, d each, J=7 5 Hz), 3 70 (3H. s), 
4 91 and 3 90 (lH, d each, J=lO 5 Hz), 4 93-5 21 (2H, m), 5 80-6 23 (3H, m), 6 63-6 75 (lH, m), 9 28 (lH, br s, 
NH) 21b Colorless syrup MS m/z 482 (M’) IR (CHCQ cm-’ 1738.1632 ‘H NMR (90 MHz) 6 0 81,O 85 
and 1 00 (6H, d each, J=7 Hz), 1 20 (3H, s), 1 51 (3H, s), 1 58 (3H, s), 1 66 (3H. s), 2 86 and 2 91 (3H, s each), 
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3 06.3 07 and 3 12 (2H, d each, J=7 5 Hz), 3 69 (3H, s), 5 86 (lH, t, J=7 5 Hz), 6 57-6.77 (lH, m), 9 31 (1H. br 
s, NH) 

Methyl N-[5~-Dimethyl-4-(2-pyrrolyl)-3,6-heptadielinate (22a) and Methyl 
N-Methyl-N-1(3& 8E)-4-(2-pyrrolyl)-5,9,13-trimethyl-5-vinyl-3~,12-tetrade~trienthioyl]-~-valinate 
(22b) - Thloamldes 22a and 22b were prepared by the reaction of 21a and 21b wth Lawesson’s reagent as m 
the previous papeLI 22a Colorless syrup MS m/z 362 (M+). IR (CHq) cm-‘. 1740. ‘H NMR (90 MHz) of 
two rotamers 6 0.76,0.91,0 93 and 1 10 (6H. d each, J=7 Hz), 1 16 (6H, s), 2 31 (lH, dqq, J=lO 5,7,7 Hz), 3 04 
and 3 30 (3H, s each), 3 49 and 3 56 (W, d each, J=7 5 Hz), 4 27 and 5 87 (lH, d each, J=lO.5 Hz), 5 03 (lH, d, 
J=12 Hz), 5.05 (lH, d, J=17 5 Hz), 5.73 and 5.76 (1H. teach, J=7.5 Hz), 5 92-6.07 (lH, m), 6.07-6 22 (lH, m), 
6 70-6 77 (lH, m), 8 80 (lH, br s, NH) 22b Colorless syrup. MS m/z: 498 (M+ ) IR (CHCQ cm-’ 1737 
‘H NMR (90 MHz) of two rOtamers 6 0 77.0 90,O 91 and 108 (6H, d each, J=7 Hz), 121(3H, s), 155 (3H, s), 
159 (3H, s), 167 (3H, s), 3 05 and 3 31(3H, s each), 3 71 (3H, s), 4.27 and 6.31 (lH, d each, J=lO 5 Hz), 5 70 
and 5 73 (1H. teach, J=7 5 Hz), 5 86-6 23 (2H, m). 6 56-6 78 (lH, m), 8 81 (lH, br s, NH) 

Indole Cyclization with MeI- In a stmdar manner as m the pnxedmg paper,’ 22a and 22b wm cychzed 
to mdole denvahves 23a, 23b and 24b ~th Me1 111 DMF Methyl N-[7-(I,l-Dimethyl-2-propenyl)-4-indolyl]- 
N-methyl-L-valinate (23a). Colorless needles. mp lOO-103°C or colorless pIlsms. mp 106-107°C (MeOH- 
qO> Anal Calcd for C&N,O, C. 73 14, H, 8 59, N, 8 53 Found. C. 73.00, H, 8 55, N, 8 38 [a],” -44 lo 
(c 0 503, CHC4) MS m/z 328 (M’) IR (KBr) cm-’ 1720 ‘H NMR (90 MHz) 6 0 94 (3H, d, J=7 Hz), 107 
(3H, d, J=7 Hz), 1 50 (6H, s), 2 37 (lH, dqq, J=ll, 7.7 Hz), 3 04 (3H, s), 3.66 (3H, s), 4.08 (H-I, d, J=ll Hz), 5 20 
(lH, dd, J=lO 5.15 Hz), 5.29 (lH, dd, J=18,15 Hz), 6 25 (lH, dd, J=18,10.5 Hz), 6 60 (lH, d, J=8 Hz), 6 71 
(lH, dd, J=3, 2 Hz), 7 03 (lH, d, J=8 Hz), 7 07 (lH, dd, J=3,3 Hz), 8 60 (lH, br s, NH) ‘I-(l,l-Dimethyl-2- 
propenyl)-4-(methylthio)indole (25a) Colorless needles, mp 82 5-83T (MeOH-%O) Anal Calcd for 
C,P,,NS C, 72 68, H, 7 41, N, 6 05 Found C, 72 46. H. 7 54, N, 6 10 MS m/z 231 (M+) IR (KBr) cm ’ 
1630 ‘HNMR(9OMHz)s 150(6H,s),254(3H,s),5 18(1H,dd, J=105,15Hz),5 27(1H,dd, J=18,15Hz), 
621 (lH,dd,J=ll, 105Hz),662(1H,dd,J=3,2Hz),6%(1H,d,J=8Hz),705-720(1H,m),7 11 (lH,d,J=8 
Hz), 8 63 (lH, br s, NH) Methyl N-Methyl-N-[7-[(R, E)-3,7,11-trimethyl-1,6,lO-dodecatrien-3-yl]-4- 
indolyll-L-valinate (23b) Colorless syrup HRMS Calcd for C,H,N,O, 464 3403. Found. 464 3384 
IR (CHC4) cm-’ 1725 lH NMR (400 MHz) 6.0 94 (3H, d, J=7 Hz), 1 10 (3H, d, J=7 Hz), 143 (3H, s), 146 (3H. 
s), 1 59 (3H, s), 1 67 (3H, s), 2 38 (lH, dqq, J=ll, 7,7 Hz), 2 99 (3H, s), 3 59 (3H. s), 4.07 (U-I, d, J=ll Hz), 5 OO- 
5 14 (2H, m), 5 26 (lH, dd, J=ll, 1 Hz), 5 29 (lH, dd, J=18,1 Hz), 6 22 (lH, dd, H=18,11 Hz), 6 57 (lH, d, J=8 
Hz), 6 68 (lH, dd, J=3,2 Hz), 6 98 (lH, d, J=8 Hz), 7 07 (lH, dd, J=3,3 Hz), 8 62 (lH, br s, NH) Methyl N- 
Methyl-N-[7-[(S, E)-3,7,11-trimethyl-1,6,lO-dodecatrien-3-yl]~-indolyl]-~-valinate (24b) Colorless syrup 
HRMS Calcd for C,&IUNZOZ 464 3403 Found 464 3401 IR (CHCl,) cm 1 1725 ‘H NMR (400 MHz) 6 0 93 

(3H, d, J=7 Hz), 1 04 (3H, d, J=7 Hz), 1 44 (3H, s), 1 46 (3H, s), 1 58 (3H, s), 1 67 (3H, s), 2 38 (lH, dqq, J=ll, 
7,7 Hz), 3 02 (3H, s), 3 66 (3H, s), 4 08 (lH, d, J=ll Hz), 5 02-5 13 (2H, m). 5 26 (IH, dd, J=ll. 15 Hz), 5 28 
(1H,dd,J=18,15Hz).622(1H,dd,H=18,11Hz),657(1H,d,J=8Hz),671(1H,dd,J=3,2Hz),697(1H,d, 
J=8 Hz), 7 06 (lH, dd, J=3, 3 Hz), 8 61 (lH, br s, NH) 4-(Methylthio)-7-[(E)-3,7,11-trimethyl-1,6,10- 
dodecatrien-3-yllindole (25b) Colorless syrup HRMS Calcd for C&,NS 367 2334 Found 367 2315 
‘H NMR (400 MHz) 6 1 45 (3H, s), 1 48 (3H, s), 1 59 (3H, s), 1 67 (3H, d, J=l Hz), 2 56 (3H, s), 5 02-5 13 (2H, 
m), 5 29 (lH, dd, J=ll, 15 Hz), 5 30 (lH, dd, J=18,15 Hz), 6 22 (lH, dd, H=18,11 Hz), 6 62 (lH, dd, J=3,2 
Hz), 6 98 (lH, d, J=8 Hz), 7 09 (lH, d. J=8 Hz), 7 14 (lH, dd, J=3,3 Hz), 8 66 (lH, br s, NH) 

Reaction of 23a, 23b and 24b with Ethyl 3-Bromo-2-hydroxylminopropanoate - Accordmg to the 
reported procedure,’ 26a, 26b and 27b were prepared together with some by-products Ethyl 7-(l,l-Dimethyl- 
2-propenyl)-a-(hydroxyimino)-4-[[(S)-l-(methoxycarbonyl)-2-methylpropyl]methylamino]indoleJ- 
propanoate (26a) Colorless syrup MS m/z 457 (M’) IR (CHCQ cm ’ 1725 ‘H NMR (90 MHz) 6.0 94 (3H, 
d, J=7 Hz), 1 13 (3H, d, J=7 Hz), 122 (3H, t, J=7 Hz), 147 (6H, s), 2 00-2 53 (lH, m), 2 92 (3H, s), 3 60 (3H. s), 
3 68 (lH, d, J=9 Hz), 4 22 (2H, q, J=7 Hz), 4 37 (lH, d, J=15 Hz), 4 55 (lH, d, J=15 Hz). 5 12 (H-I, dd, J=lO 5, 
15 Hz), 5 23 (lH, dd, J=18,15 Hz), 6 16 (lH, dd, J=18,10 5 Hz), 6 70 (lH, d, J=2 Hz), 6 85 (lH, d, J=8 Hz), 
7 00 (lH, d, J=8 Hz), 8 38 (lH, br s, NH), 10 14 (lH, br s. OH) Ethyl 7-(l,l-Dimethyl-2-propenyl)-a- 
(hydroxyimino)-4-[[(S)-l-(methoxycarbonyl)-2-methylpropyl]methylamino]indole-5-propanoate (28a) 
Colorless syrup MS m/z 457 (M+) IR (CHCl,) cm ’ 1722 ‘H NMR (90 MHz) 6 0 92 (3H, d, J=7 Hz), 123 
(3I-L d, J=7 Hz), 1 25 (3H, t, J=7 Hz), 146 (6H, s), 2.07-2 56 (lH, m), 3 10 (3H, s), 3 45 (3H, s), 4 12 (lH, d, J=15 
Hz), 4 24 (2H, q, J=7 Hz), 4 43 (lH, d, J=15 Hz), 5 16 (lH, dd, J=lO 5,15 Hz), 5 24 (lH, dd, J=18,15 Hz), 6 18 
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(lH,dd, J=18,105Hz),646(1H,dd, J=3,2Hz),687 (lH,s),7OO(lH,dd, J=3,3Hz), 846(1H,brs,NH),965 
(1H. br s, OH). Diethyl7-(1~-Dimethyl-2-propenyl)~’-bis(hydro)- 
2-methylpropyllmethylamino]indole-3~-bispropanoate (29a). Colorless film MS m/z. 586 (M+) 
IR (CHq) cm ’ 1728. ‘H NMR (90 MHz) 6 0 74 (3H. d, J=7 Hz), 0 97 (3H. d, J=7 Hz), 1.24 (3H, t, J=7 Hz), 
125 (3Y t, J=7 Hz), 1.42 @I, s). 165-2 30 (19 m). 2 97 and 3 Ol(3J-k s each), 3 54 and 3.77 (3H. s each), 5 13 
(lH,d,J=10.5Hz),5.22(1H,d.J=18Hz),6 13(1H,dd,J=18,105Hz),653-6.77(1H,m).6.63and677(1H, 
s each), 8 24 (lH, br s, NH), 9.24 (ZH, br s, OH) Ethyl 9,9a-Dihydro-8-(l,l-dimethyl-2-propenyl)-3- 
(ethoxycarbonyl)-a-hydroxyimino-5-[[(S)-l-(methoxycarbonyl)-2-methylpropyl]methylamino]-l,2- 
oxazino[6,5=b]indoleAa(4Zf)-propanoate (3Oa). Colorless film MS m/z 586 (M’). IR (CHC4) cm-’ 1723 
‘H NMR (90 MHz) 6 0 93 (3H, d, J=7 Hz), 2 68 (3H, s), 3 60 and 3 63 (3H, s each), 5 97 (lH, dd, F18,lO 5 
Hz), 6 5 1 and 6 54 (lH, d each, J=9 Hz), 6 98 (lH, d, J=9 Hz), 8.71 (lH, br s, OH) Ethyl a-(Hydroxyimino)- 
4-[[(S)-l-(methoxycarbonyl)-2-methylpropyllmethylamino]-7-[(R, E)-3,7,11-trimethyl-1,6,10- 
dodecatrien-3-yllindole-3-propanoate (26b). Colorless syrup. MS m/z 593 (M+ ). IR (C!IX&) cm ’ 1730 
‘H NMR (90 MHz) 6 0 92 (3H, d, J=7 Hz), 1 13 (3H. d. J=7 Hz). 122 (3H, t, J=7 Hz), 145 (6H, s), 159 (3H. s), 
168 (3H, s), 2 94 (3H, s), 3 53 (3H, s), 3 68 (1H. d, J=9 Hz), 4 23 (2H, q. J=7 Hz), 4 58 (lH, d, J=16 Hz), 4 89- 
5 23 (2H, m), 5 21 (lH, d, J=lO 5 Hz). 5 23 (lH, d. J=18 Hz), 6 19 (lH, dd, J=18,10 5 Hz), 6 71 (lH, d, J=2 Hz), 
6 85 (H-I, d, J=8 Hz), 6 98 (lH, d, J=8 Hz), 8 41 (lH, br s. NH). 10 09 (lH, br s, OH) Ethyl a-(Hydroxyimino)- 
4-[[(S)-l-(methoxycarbonyl)-2-methylpropyl]methylamino]-7-[(R, E)-3,7,11-trimethyl-1,6,10- 
dodecatrien-3-yllindole-5-propanoate (28b; RGinyl, R3=Me) Colorless syrup MS m/z 593 (M+ ) 
IR (CHCl,) cm * 1720 ‘H NMR (90 MHz) & 0 91 (3H. d, J=7 Hz), 122 (3H. d, J=7 Hz), 122 (3H, t, J=7 Hz), 
1 38 (3H. s), 1 42 (3H, s), 1 57 (3I-k s), 1 65 (3H, s), 3 08 (3I-k s), 3 23-3 56 (1H. m), 3 43 (3H s), 4 17 (2H, q, J=7 
Hz), 4 39 (lH, d, J=15 Hz), 4 86-5 21(2H. m), 5 19 (lH, dd, J=18,15 Hz), 5 20 (1H. dd, J=lO 5.15 Hz), 6 19 
(lH,dd, J=18,105Hz),643(1H,dd, J=3,2Hz), 6.80(1H.s), 696(1H,dd, J=3,3Hz), 8 46 (lH,brs,NH),956 
(lH, br s, OH) Diethyl ~a’-Bis(hydroxyimino)-4-[[(S)-l-(methoxycarhonyl)-2-methylpropyl]methyl- 
amino]-7-[(R, E)-3,7,11-trimethyl-1,6,10-dodecatrien-3-yl]indole-3,5-bispropanoate (29b; R%myl, 
R3=Me) Colorless film MS m/z 722 (M+ ) IR (CHC4) cm ’ 1722 ‘H NMR (90 MHz) 6: 0 71 (3H, d, J=7 
Hz), 0 96 (3H, d, J=7 Hz), 126 (6H, t, J=7 Hz), 1.34 (3H. s), 140 (3H, s), 1 60 (3H, s), 1 69 (3H, s), 2 98 (3H, s), 
3 78 (3H, s), 4 22 (2H, q, J=7 Hz), 4 24 (W, q. J=7 Hz), 5 19 (lH, d, J=lO 5 Hz), 5 21 (lH, d, J=18 Hz), 6 16 (lH, 
dd, J=18, 10 5 Hz), 6 51-676 (lH, m), 6 61 (lH, s), 8 28 (lH, br s, NH), 9 50 (2H, br s, OH) Ethyl 9,9a- 
Dihydro-3-(ethoxycarbonyl)-a-hydroxyimino-S-[[(S)-l-(methoxycarbonyl)-2-methylpropyl]methyl- 
ammo]-8-[(R, E)-3,7,11-trimethyl-1,6,10-dodecatrien-3-yl]-1,2-oxa~no[6~-b]indole-4a(4~)-propanoate 
(30b; P=vinyl, R3=Me) Colorless film MS m/z 722 (M+) IR (CHCl,) cm-’ 1725 IH NMR (90 MHZ) 6 
0 93 (6H, d, J=7 Hz), 133 (3H, s), 151 (3H, s), 161 (3H, s), 167 (3H, s), 2 69 and 2 82 (3H, s each), 3 54 and 
3 57 (3W s each), 4 25 (4H, q, J=7 Hz), 5 97 (IH, dd, J=18,10 5 Hz), 6 49 and 6.52 (lH, d each, J=8 Hz), 6 93 
(IH, d, J=8 Hz), 8 78 (lH, br s, OH) Ethyl a-(Hydroxyimino)-4-[[(S)-1-(methoxycarbonyl)-2. 
methylpropyllmethylaminol-7-[(S, E)-3,7,1l-trimethyl-1,6,lO-dodecatrien-3-yl]indole-3-propanoate 
(27b) Colorless syrup MS m/z 593 (M’) IR (CHC4) cm-’ 1725 ‘H NMR (90 MHz) 6 0 93 (3H, d, J=7 Hz), 
1 11 (3I-k d, J=7 Hz), 1 20 (3I-k t, J=7 Hz), 1 44 (6H, s), 1 58 (3H, s), 1 65 (3H, s), 2 91 (3H, s), 3 57 (3H, s), 3 66 
(lH, d, J=8 Hz), 4 20 (2H, q, J=7 Hz), 4 53 (lH, d, J=15 Hz), 4 86-5 20 (2H, m), 5 20 (lH, d, J=18 Hz), 5 20 (IH, 
d, J=lO 5 Hz), 6 16 (1H. dd, J=18, 10 5 Hz). 6 62 (lH, d, J=2 Hz), 6 83 (lH, d, J=8 Hz), 6.95 (lH, d, J=8 Hz), 
8 38 (lH, br S, NH), 10 06 (lH, br s, OH) Ethyl a-(Hydroxyimino)-4-[[(S)-1-(methoxycarbonyl)-2- 
methylpropyllmethylaminol-7-[(S, E)-3,7,11-tr~methyl-1,6,lO-dodecatr~en-3-yl]~ndole-5-propanoa~e 
(28b; R*=Me, R’=vinyl) Colorless syrup MS m/z 593 (M’ ) IR (CHCI,) cm ’ 1720 ‘H NMR (90 MHz) 6 
0 89 (3H, d, J=7 Hz), 123 (3H, d. J=7 Hz), 124 (3H, t, J=7 Hz), 137 (3H, s), 142 (3H, s), 158 (3H, s), 165 (3H, 
s), 3 08 (3H, s), 3 24-3 56 (lH, m), 3 40 (3H s), 4 08 (lH, d, J=15 Hz), 4 18 (2H, q, J=7 Hz), 4 42 (lH, d, J=15 
Hz), 4 87-5 21(2H, m), 5 19 (lH, d, 10 5 Hz), 5 21 (lH, d, J=18 Hz), 6 17 (lH, dd, J=18,10 5 Hz), 6 45 (lH, dd, 
J=3, 2 HZ), 6 80 (lH, s), 6 97 (lH, dd, J=3, 3 Hz), 8 45 (lH, br s. NH), 9 57 (lH, br s, OH) Diethyl a,a’- 

B~s(hydroxyimino)-4-[[(S)-l-(methoxycarbonyl)-2-methylpropyl]methylamino]-7-[(S, E)-3,7,11- 
trimethyl-1,6,10-dodecatrien-3-yl]indole-3~-bispropte (29b; R*=Me, Rj=vinyl) Colorless film MS 
m/z 722 (M’) IR (CHCl,) cm-’ 1725 ‘H NMR (90 MHz) 6 0 74 (3H, d, J=7 HZ), 0 96 (3H. d, J=7 Hz), 121 
(3H, t, J=7 J-W, 125 (3H, k J=7 Hz), 139 (6I-k s), 156 (3H, s), 165 (3H, s), 2 94 and 3 00 (3H, s each), 3 52 and 
3 76 (3H. s each), 5 18 (lH, d, J=lO 5 Hz), 5 20 (lH, d, J=18 Hz), 6 15 (lH, dd, J=18,10 5 Hz). 6 50-6 76 (lo, 
m), 6 57 (lH, s), 8 26 (lH, br s, NH), 9 15 (2H, br s, OH) Ethyl 9,9a-Dihydro-3-(ethoxycarbonyl)-a- 
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hydroxyimino-S-[[(S)-l-(methoxycarbonyl)-2-methylpropyl]methylamino]-~[(S, E)-3,7,11-trimethyl- 
1,6,lO-dodecPtrien-3-yl]-l~-oxazino[6~-b]indole-~(4~-p~~n~~ (m, R&Me R%vinyl): Colorless 
film MS m/z 722 (M’) IR (CHC4) cm-’ 1722 ‘H NMR (90 MHz) & 0.94 (3H, d, J=7 Hz), 132.1.61 and 
170 (12H, s each), ,2.68 and 2.78 (3H, s each), 3 58 and 3 63 (3H, s each), 4 27 (4I-I, q, J=7 Hz), 5 91 and 5.96 
(lH,ddeach,J=18,105Hz),6.48and651 (lH,deach,J=gI-Iz), 694(1H,d,J=gHz),861 and9.03(1H,brs 
each, OH) 

Aluminium-Amalgam Reduction to Form Amhmdiesters 31a, 31b and 32b - Reducuon of 26a, 26b 
and 27b were camed out as above wrdr 20-30 equrvalents of Al-Hg at 45OC for 1 h Ethyl ‘I-(l,l-Dimethyl-2- 
propenyl)-4-[[(S)-l-(methoxycarbonyl)-2-methylpropyl]methylamino]tryptophanate (31a): Colorless 
syrup MS m/z 443 (M’) IR (CHC4) cm I 1728 ‘H NMR (90 MHz) of two Qastereomers (cu. 1 1) 6 0.94 
(3H, d, J=7 Hz). 1 12 (3H, d. J=7 Hz), 1 22 (3H. t, J=7 Hz), 1 48 @-I, s), 1 66 @I-I, s, Ny), 2 04-2.55 (lH, m), 
2 85 (3H, s), 3 48 (3H, s), 4 08 and 4 15 (2H, q each, J=7 Hz), 5 16 (lH, d, J=lO 5 Hz), 5 23 (lH, d, J=18 Hz), 
6 17 (lH,dd, J=18,10.5Hz),681 (lH,d, J=8Hz),690-7 oO(lI-I, m),698 (H-&d, J=8Hz), 845 (lH,brs,mdole 
NH) Ethyl 4-[[(S)-l-(Methoxycarbonyl)-2-methylpropyl]methylamino]-7-[(R, E)-3,7,11-trimethyl- 
1,6,10-dodecatrien-3-ylltryptophanate (31b): Colorless syrup MS m/z 579 (M+) IR (CHCQ cm I 1725 
‘H NMR (90 MHz) of two dtastereomers 6 0 93 (3H, d, J=7 Hz), 1 12 and 123 (3H, teach, J=7 Hz), 1.17 (3H, 
d, J=7 Hz), 142 (3H, s), 148 (3H, s). 160 (3H, s), 168 (5H, s, changed to 3H, s wrth D,O), 2 89 (3H. s), 3.42 
(3H, s), 4 06 and 4 15 (2H, q each, J=7 Hz), 4 86-5 23 (2H, m), 5 22 (lH, d, J=lO 5 Hz), 5 23 (lH, d, J=18 Hz), 
620(1H,dd,J=18,105Hz),681 (1H,d,J=8Hz),681-706(1H,m),695(1H,~J=8Hz),8.53(1H,brs,lndole 
NH) Ethyl 4-[[(S)-l-(Methoxycarbonyl)-2-methylp~pyl]methylaminoJ-7-[(S,E)-3,7,11-trimethyl-l~,lO- 
dodecatrien-3-ylltryptophanate (32b): Colorless syrup MS m/z 579 @I+) IR (CHC4) cm-l 1725 ‘H NMR 
(90 MHz) of two drasteteomers 6 0 95 (3H, d, J=7 Hz), 1 11(3H, d, J=7 Hz), 1 13 and 121(3I-I, teach, J=7 Hz), 
1 43 (6H, s), 1 56 (3H, s), 1 64 (3H, s), 1 78 (2H, br s. NH& 2 85 (3H, s), 3 45 (3H, s), 4.08 and 4.15 (2H, q each, 
J=7 Hz), 4 85-5 24 (2H. m). 5 22 (lH, d, J=18 Hz), 5 22 (IH, d. J=lO 5 Hz). 6 18 (lH, dd, J=18,10 5 Hz), 6 82 
(lH, d, J=8 Hz), 6 82-7 05 (IH, m). 696 (lH, d, J=8 Hz), 8 52 (IH. br s, mdole NH) 

Preparation of Trifluoroacetamides 33 - 36 - A procedure for 33a and 34a IS typical To a soluhon of 
31a (126 mg, 0 284 mmol) m THF (3 6 ml) and EtOH (4 8 ml) were added LtCl (241 mg, 5 67 mmol) and 
NaBH, (215 mg, 5 66 mmol) at room temperature under Ar atmosphere The mtxture was starred at that 
temperature for 21 5 h Water was added at O’C, tt was saturated wrth NaCI, and the whole was extracted wnh 
CH,CI, Usual work-up afforded a residue (114 5 mg), and to Its solution m CH,Cl, (12 ml) was added 
successtvely at -78’C EGN (120 ml, 8 63 mmol) and tnfluoroacenc anhydnde (0 40 ml, 2 83 mmol) After thrs 
soluuon was stnred at -78°C for 15 mm, sat NaHCO,-H,O was added and the mrxture was extracted with 
CI-I$I, Usual work-up and separanon by PTLC (15% MeOH-CH.$l,) gave crude 33a (61.5 mg) and 34a (63 
mg) Both were purrfied separately by PTLC [hexane-DMB (5.2)] to afford 33a (57 mg, 40%) and 34a (53 mg, 
37 5%) Methyl N-[7-(1,l-Dimethyl-2-propenyl)-3-[(S)-3-hydroxy-2-(trifluoroacetamido)propyl]-4- 
indolyll-N-methyl&valinate (33a) Colorless film MS m/z 497 (M+) lR (CHC4) cm 1 1720 ‘H NMR (90 
MHz) 8 0 95 (3H, d, J=7 Hz), 1 15 (3H, d, J=7 Hz), 149 (6H, s), 2 06-2 70 (lH, m), 2 88 (3H, s), 3 19 (lH, dd, 
J=15,7 Hz), 3 44 (3H, s), 3 90-4 36 (IH, m), 5 18 (lH, dd, J=lO 5,l Hz), 5 24 (lH, dd, 18,l Hz), 6 16 (lH, dd, 
J=18, 10 5 Hz), 6 80 (lH, d, J=8 Hz), 6 98-7 12 (lH, m), 7 00 (lH, d, J=8 Hz), 8 62 (lH, br s, mdole NH) 
Methyl N-[7-(1,1-Dimethyl-2-propenyl)-3-[(R)-3-hydroxy-2-(trifluoroacetamido)propyl]-4-indolyl]-N 
methyl+valinate (34a) Colorless film MS m/z 497 (M+) IR (CHC4) cm-’ 1720 ‘H NMR (90 MHz) 6 0 96 
(3H, d, J=7 Hz), 108 (3H, d, J=7 Hz), 150 (6H, s), 2 04-2 58 (lH, m), 2 85 (3H, s), 3 17 (lH, dd, J=15,7 Hz), 
3 55 (3H, s), 4 06-4 51 (lH, m), 5 16 (lH, dd, J=lO 5,l Hz), 5 23 (lH, dd, J=18,1 Hz), 6 17 (1H. dd, J=18,10 5 
Hz), 6 83 (lH, d, J=7 5 Hz), 6 92-7 03 (lH, m). 7 01 (lH, d, J=7 5 Hz), 7 34 (lH, br d, J=7 5 Hz, NI-ICOCF,), 
8 55 (lH, br s, mdoie NH) Methyl N-[3-[(S)-3-Hydroxy-2-(trifluoroacetamido)propylJ-7-[(~)-3,7,11- 
trimethy1-1,6,10-dodecatrien-3-yl]-4-indolyl]-N-methyl-~-valinate (33b) Colorless film MS m/z 633 
@I+) IR (CHCl,) cm-’ 1720 ‘H NMR (90 MHz) S 0 92 (3H, d, J=7 Hz), 1 17 (3H, d, J=7 Hz), 1 38 (3H, s), 146 
(3H, s), 1 56 (3H, s), 1 65 (3H, s), 2 89 (3H, s), 3 34 (3H, s), 3 85-4 25 (lH, m), 4 25-4 74 (lH, m, OH), 4 80- 
5 22 (2H, m), 5 22 (lH, d, J=18 Hz), 5 24 (lH, d, J=lO 5 Hz), 6 18 (lH, dd, J=18,10 5 Hz), 6 79 (lH, d, J=8 Hz), 
6 96 (IH, d, J=8 Hz), 8 62 (lH, br s, mdole NH) Methyl N-[3-[(R)-3-Hydroxy-2-(trifluoroacetamido)- 
propyl]-7-[(R)-3,7,1l-trimethyl-1,6,lO-dodecatrien-3-yl]-4-indolyl]-~-methyl-~valinate (34b) Colorless 
syrup MS m/z 633 (M’) IR (CHClJ cm ’ 1727 ‘H NMR (90 MHz) 8 0 93 (3H, d, J=7 Hz), 108 (3H, d, J=7 
Hz), 1 38 (3H, s), 1 45 (3H, s), 1 57 (3H, s), 1 66 (3H, s), 2 86 (3H, s), 3 45 (3H, s), 4 00-4 45 (lH, m), 4 87-5 24 
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(W, m), 5 20 (lH, d, J=18 Hz), 5 22 (1H. d, J=10.5 Hz), 6 18 (lH, dd, J=18.10 5 Hz), 6.81 (lH, d, J=8 Hz), 6 90- 
7 00 (lH, m), 6 96 (lH, d, J=8 Hz), 8 56 (lH, br s, mdole NH). Methyl N-[3-[(S)3-Hydroxy3- 
(trifluoroacetamido)propyl]-7-[(S)-3,7,1l-trimethyl-1,6,10-dodecatrien-3-yl]-4-indolylJ-~-methyl-~- 
valinate (35b): Colorless syrup MS m/r 633 @I+) IR (CHClJ cm-’ 1720 ‘H NMR (90 MHz) 6 095 (3H, d, 
J=7 Hz), 1 15 (3H. d, J=7 Hz), 1 36 (3H. s), 1 44 (3H, s), 1.58 (3H, s), 1.66 (3H. s). 2.88 (3H, s), 3 38 (3H, s), 
3 89-4 77 (1H. m. OH), 4.85-5 25 @I-&m), 5 22 (lH, dd, J=18,1.5 Hz), 5.25 (lH, dd, J=lO 5,15 Hz), 6 19 (lH, 
dd, J=18,10 5 Hz), 6 79 (H-I, d, J=8 Hz), 6 97 (1H. d, J=8 Hz), 8 60 (lH, br s, mdole NH). Methyl N-[3-[(R)-3- 
Hydroxy-2-(trifluoroacetamido)propyl]-7-[(S)-3,7,ll-trimethyl-l,6,lO-d~~trien-3-ylJ-4-indolyl]-~- 
methyl-Lvalinate (36b). Colorless syrup MS m/z 633 (M+). IR (CHCJ) cm-‘- 1720 ‘H NMR (90 MHz) 8 
0 98 (3H, d, J=7 Hz), 106 (3H, d, J=7 Hz), 139 (3H, s), 145 (3H. s), 159 (3H, s), 167 (3H, s), 2 87 (3H, s), 3 13 
(lH, dd, J=14,7 Hz), 3 47 (3H. s), 3 98-4 50 (lH, m), 4 86-5 24 (W, m), 5 22 (lH, dd, J=18.15 Hz), 5 24 (lH, 
dd,J=10,15Hz).618(1H,dd,J=18,10Hz),682(1H,d,J=8Hz),690_701(1H,m),698(1H,d,J=8Hz),856 
(1H. br s, mdole NH). 

Pendolmycin (37a=6) and 12-Epipendolmycin (38a) - A solunon of 33a (56 mg, 0 113 mmol) and 
KOH (180 mg, 3 21 mmol) m MeOH (13 ml) and %O (0 5 ml) was refluxed Hrlth stunng under Ar atmosphere 
for 22 h After cooling m an Ice bath, E<N HCl(426.5 mg, 3 10 mmol) was added and the mixture was stmvd at 
0°C for 1 mm and then at 20°C for 10 mm The rnlxture was concentrated m VQCW and the residue was dned 
thoroughly over P,05 In vucuo for 10 h The resultmg sobd was suspended m DMF (3 ml) and to this was added 
successively 5% w/v DEPCYDMF (0 44 ml, 0 135 mmol) and 5% v/v E<N/DMF (0 63 ml, 0 226 mmol) The 
whole was stn-red at 20°C for 45 5 h under Ar atmosphere The reaction was quenched with sat NaHCO,-%O at 
O’C and the mixture was extracted with EGO Usual work-up and separanon by PTLC [hexane-EtOAc (1 2)] 
furmshed crude 6 (=37a) (23 5 mg) and 3& (7 mg) m the order of mcreasmg polanty Both were separately 
punfled by PTL.C (4% MeOH-CI-I$4) to @ve pendolmycm (6) (22 5 mg, 54%) as colorless amorphous powder, 
whose spectral data have been already rep~rted’~ and 38a (3 8 mg, 9%), colorless needles, mp 198-200°C 
(MeOH-%O) HRMS Calcd for C,%,N,O, 369 2416 Found 369 2407 IR (KBr) cm * 1640 ‘H NMR (400 
MHz, CDCl,-D,O) 6 (maJor conformer) 0 73 (3H. d. J=7 Hz), 0 75 (3H, d, J=7 Hz), 1 47 (3H, s), 1 51 (3H, s), 
2 63 (1H. dqq, J=lO 5,7,7 Hz), 2 91 (IH. dd, J=15,2 5 Hz). 3 10 (3H, s), 3 28 (lH, dd, J=15,2 5 Hz), 3 77-3 98 
(3H contammg mmor conformer, m), 3 90 (lH, d, J=lO 5 Hz). 5 21 (lH, dd, J=lO 5,l Hz), 5 31 (lH, dd, J=l8, 
1 Hz),6 18 (lH,dd, J=18.10.5I-i2),675 (lH,d, J=8Hz),683 (lH,d. J=2Hz),698 (lH,d, J=8Hz), 84O(lH, 
br s, mdole NH), (minor conformer) 0 94 (3H, d, J=7 Hz), 1 26 (3H, d, J=7 Hz), 1 53 (6H, s), 2 37 (IH, dqq, 
J=11,7,7 Hz),273 (3H, s),278 (lH, d, J=14Hz), 303 (lH,d, J=ll Hz), 305 (lH,d, J=14Hz), 527 (lH, d, 
El0 5 Hz), 5 38 (lH, d, J=18 Hz), 6 22 (lH, dd, J=18,10 5 Hz), 7 01 (lH, d, J=8 Hz), 7 02 (lH, d, J=2 Hz), 7 13 
(lH, d, J=8 Hz), 8 68 (lH, br s, mdole NH) 

Preparation of 7-[(R, E)-3,7,11-Trimethyl-1,6,lO-dodecatrien-3-yl]-(-)-indolac~m V(37b=7a) and 
38b - Srmilarly 33b (48 mg, 0 076 mmol) was converted to 7a (=37b) (215 mg, 56%) and 38b (4 5 mg, 12%) 
7a=37b Colorless film HRMS Calcd for C,,H,,N,O, 505 3668 Found 505 3661 [alDu -147 2’ (c 0 67, 
CHCJ) IR (CHCV cm ’ 1655 ‘H NMR (400 MHz, CDCl,-D,O) 6 (maJor conformer) 0 65 (3H, d, J=7 Hz), 
0 92 (3H, d, J=7 Hz), 147 (3H, s), 1 50 (3H. s), 159 (3H, s), 1 68 (3H, s), 2 58 (lH, dqq, J=lO, 7,7 Hz), 2 90 (3H, 
s), 3 05 (lH, dd, J=18.3 Hz), 3 15 (IH, d, J=18 Hz), 3 56 (lH, dd, J=12.8 Hz), 3 73 (lH, dd. J=12,4Hz), 427- 
4 39 (lH, m), 4 34 (1H. d, J=lO Hz), 5 01-5 15 (2H contrumng mmor conformer, m), 5 28 (H-I, d, J=ll Hz), 5 30 
(lH,d, J=18Hz).6 17(1H,dd, J=18, 11Hz).647(1H,d,J=8Hz),683(1H,s),697(1H,d,J=8Hz),851 (lH, 
br s, mdole NH), (minor conformer) 0 93 (3H, d, J=7 Hz), 1 25 (3H, d, J=7 Hz), 1 44 (3H, s), 1 58 (3H, s), 2 38 
(lH,dqq, J=ll,7,7Hz),273(3H,s).281 (lH,dd,J=15,2Hz),3OO(lH,d, J=ll Hz),306(1H,d, J=15Hz), 
3 38 (lH,dd, J=11,7Hz), 346(1H,dd, J=11,6Hz), 439-448 (lH, m), 5 33 (lH,d, J=ll Hz), 5 35 (lH,d, J=18 
Hz), 6 22 (lH, dd, J=18, 11 Hz), 7 01 (lH, d, J=8 Hz), 7.09 (lH, d, J=8 Hz), 8 77 (lH, br s, mdole NH). 7-[(R, 
E)-3,7,11-Trimethyl-1,6,lO-dodecatrien-3-yll-l2epi-(-)-indolactam V(38b) Colorless pnsms, mp 148- 
149’C (MeOH-%O) HRMS Calcd for C,,H,,N,O, 505 3668 Found 505 3661 IR (CHC!&) cm 1 1658 
‘H NMR (400 MHz, CDC4-D,O) 6 (maJor conformer) 0 67 (3H. d, J=7 Hz), 0 74 (3H, d, J=7 Hz), 140 (3H. s), 
1 45 (3H, s), 1 58 (3H, s), 1 67 (3H, s), 2 61 (IH. dqq, J=lO, 7,7 Hz), 2.89 (lH, d, J=16 Hz), 3 10 (3H, s), 3 28 
(lH, d. J=16 Hz), 3 91(1H, d, J=lO Hz), 5 01-5 15 (2H contammg minor conformer, m), 5 27 (lH, dd, J=ll, 1 
Hz),530(1H,dd.J=18,1Hz),621 (1H,dd,J=18,11Hz),673(1H,d,J=8Hz),681 (lH,d,J=2Hz),695(1H, 
d, J=8 Hz), 8 46 (lH, br s, mdole NH), (minor conformer) 0 95 (3H, d, J=7 Hz), 2 37 (IH, dqq, J=ll, 7.7 Hz), 
2 72 (3H, s), 2 78 (lH, d. J=14 Hz), 3 03 (1H. d, J=ll Hz), 5 34 (lH, d. J=ll Hz), 5 36 (lH, d, J=18 Hz), 7 00 
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(lH, d, J=8 Hz), 7.01 (lH, d, J=3 Hz), 7.10 (H-I, d, J=8 Hz), 8 73 (lH, br s, mdole NH). 
Preparation of 7-[(S, E)-3,7,1l-Trimethyl-l~,l0-d~e~~i~-3-yl]-(-)-indola~m V(39bz7b) and 

40b - Smularly 35b (47 mg, 0 074 mmol) was converted to 7b (=39b) (17.5 mg, 47%) and 4Ob (3 5 mg, 9%) 
7b=39b Colorless film. HRMS Calcd for C,$-I,,N,O, 505 3668. Founti 505 3668 [a],“’ -206.4’ (c 0 49, 

CHCZ) JR ((=CJ) cm-’ 1655 ‘H NMR (400 MHz, CDC!l,-D,O) 6 (maJor conformer) 0.60 (3H, d, J=7 Hz), 
0 91(3H, d, J=7 Hz), 139 (3H, s), 145 (3H, s), 158 (3H. s), 167 (3H, s), 2 57 (lH, dqq, J=lO, 7,7 Hz), 2 90 (3H, 
s), 3 05 (IH, dd, J=18,3 Hz), 3 14 (1H. d, J=18 Hz), 3 56 (lH, dd, J=12,8 Hz), 3 73 (lH, dd, J=12,3 Hz), 4 28- 
4 40 (IH, m), 4 35 (lH, d, J=lO Hz), 5 01-5 15 (2H contammg mmor conformer, m), 5 26 (lH, dd, J=ll, 1 Hz), 
530(1H,dd,J=18,1Hz),621(1H,dd,J=18,11Hz),647(1H,d,J=8Hz),6.83(1H,s),697(1H,d,J=8Hz), 
8 53 (19 br s, mdole NH), (mmor conformer) 0 94 (3H, d, J=7 Hz), 125 (3H, d, J=7 Hz), 149 (3H, s), 1.59 (3H, 
s), 2 38 (lH,dqq, J=ll, 7,7Hz), 273 (3H. s), 2 80 (lH,dd, J=15,1 SHz), 299 (lH,d, J=ll Hz), 3.37 (lH,dd, 
J=11,7 Hz), 3.45 (lH,dd, J=ll, 6Hz),4.40-4.48 (lH,m),7.01 (lH,d, J=8Hz), 7 lO(lH,d, J=8Hz).876(1H, 
br s, mdole NH) 7-[(S, E)-3,7,11-Trimethyl-1,6,lO-dodecatrien-3-yl]-l2epi-(-)-indolactam V(40b) 
Colorless film HRMS C&d for C,&,NN,Oi 505 3668 Found. 505 3696 IR (CHCl,) cm-‘. 1655 *H NMR 
(400 MHz, CDCJ-DzO) 6 (maJor conformer) 0 72 (3H. d, J=7 Hz), 0 75 (3H, d, J=7 Hz), 147 (3H, s), I 49 (3H, 
s), 1 59 (3H, s), 1 68 (3H, s), 2 63 (lH, dqq, J=lO 5,7.7 Hz). 2 91 (lH, d, J=15 Hz), 3 10 (3H. s). 3 27 (1H. d, 
J=15 Hz), 3.90 (lH, d, J=lO 5 Hz), 5 02-5 14 (2H contammg minor conformer, m), 5 28 (lH, d, J=ll Hz), 5 30 
(lH,d,J=18Hz).617(1H,dd,J=18. 11Hz),674(1H,d,J=8Hz),681(1H,s),696(1H,d,J=8Hz).843(1H, 
br s, mdole NH), (mmor conformer) 0 95 (3H, d, J=7 Hz), 1 26 (3H, d, J=7 Hz), 1 45 (3H, s). 1 50 (3H, s), 2 37 
(1H,dqq,J=l1,7,7Hz),272(3H,s),278(1H,d,J=14Hz),304(1H,d,J=llHz),623(1H,dd,J=18, llHz), 
7 01 (IH, d, J=8 Hz), 7 01 (lH, s), 7 10 (lH, d, J=8 Hz), 8 73 (lH, br s, mdole NH) 
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