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Abstract — Details of the synthesis method of N-{7-(3,7-dimethyl-1,6-octadien-3-yl)-4-indolyl]-N-methyl-L-valine
esters 19 and 20, essennal precursors for the tumor promoters lyngbyatoxin A (= teleocidin A-1) (2) and teleocidin A-2
(3) are presented Key reaction steps are 1) introduction of the hinalyl side chain into 12 to form 18 and u) successive
indole cychization of 21 by way of thiwanude derivatives 22

Teleocidin A was first 1solated from the mycelia of Strepronyces mediocidicus as a strong skin ymtant and
a fish poison by Takashima and Sakai 1n 19602 Two years later, they obtained an extremely toxic substance,
teleocidin B having a partial structure similar to the above from another strain of Streptomyces and characterized
its chemical behavior by secunng crystalline dihydroteleocidin B* In 1966 Hirata and co-workers studied the
structure of teleocidin B and proposed a structure 1 for dihydroteleocidin B by chemical and X-ray crystallo-
graphy 4 Independently 1n Hawau, Moore and co-workers studied ingredients of the blue-green alga Lyngbya
majuscula Gomont to find the ongin of a severe dermatitis known as swimmers' 1tch, and 1solated a highly
inflammatory and vesicatory compound, lyngbyatoxin A 1 1979 They proposed 1ts structure to be 2 with an
unknown absolute configuration at the chiral center C-14 3

Meanwhile Fujik: er al found that the above sample of dihydroteleocidin B had a strong tumor promoter
activity 1n the screening system of the tests on wrmitation of the mouse ear, induction of ormithine decarboxylase in
mouse skin, and adhesion of human promyelocytic leukemia cells ¢ So the Takashima and Sakai's teleocidins A
and B were remnvestigated extensively using high performance liquid chromatography (HPLC) for efficient and
complete separation of the natural products and 1t 1s now firmly established that the above teleocidin A 1s actually
composed of two compounds teleocidins A-1 (2) and A-2 (3),7 and teleocidin B has been separated nto four
stereoisomers, teleocidins B-1 (4), B-2 (5), B-3 (6), and B-4 (7) ® One of these substances, teleocidin A-1 1s
1dentical with lyngbyatoxin A and the previous dihydroteleocidin B 1s now termed dihydroteleocidin B-4 °
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8536 H MURATAKEand M NATSUME

Recently pendolmycin (8) was 1solated from Nocardiopsis
strain SA 1715, collected 1n the river near Shanghai.'® All
these teleocidins are proved to be potent tumor promot-
ers 1 12

In regard to the synthesis of this class of natural
products, only one report on (3)-teleocidins B-3 and B-4
has appeared’® except our papers concerning teleocidins
A-1, A-2, B-3, and B-4 1n short communications' 4 and
pendolmycin ' In the series of papers starting from this
report, we describe the detals of our syntheses of all of 4 Teleocidin B-1 vimyl - Me 1Pr  Me
these natural products as well as their congeners § Teleocidin B-2 Me vinyl Me 1-Pr

The 1dea of the synthesis came from the previous
finding'® that the Gngnard reaction of 2-[3-(1,3-dioxolan- 6 TeleocdmB-3  Me vyl 1Pr  Me
2-yl)-1-oxopropyl]-1-[(4-methylphenyl)sulfonyl]pyrrole 7 Teleocidin B-4 vinyl  Me Me 1-Pr
(9) with the reagent generated iz situ from magnesium and
(E)-3,7-dimethyl-2,6-octadienyl (geranyl) bromide in tetrahydrofuran afforded regioselectively the allylic
reaction product 10 1n good yield (Chart 1). This produced readily 7-(3,7-dimethyl-1,6-octadien-3-yl)indole
(11) by removal of the nitrogen protecting group, followed by treatment with a catalytic amount of p-
toluenesulfonic acid 1n boiling benzene So a suitable starting compound leading to the natural products was
selected to be eather the methyl or the t-butyl ester of N-methyl-N-[4-[1-[(4-methylphenyl)sulfonyl]-2-pyrrolyl]-
4-oxobutanoyl]-L-valine (12a, 12b) After introducing necessary terpenoid side chains as above to get 13, we
aimed at the indole cychzation reaction to form N-(7-alkyl-4-indolyl)-L-valine denivatives 14 In this report, we
describe the imtial studies in which we established the synthetic pathway for these essential intermediates 14,
which served not only as precursors for the lyngyatoxin A (teleocidin A-1) (2) and teleocidin A-2 (3) but also as
useful compounds for the other teleocidin synthesis With this knowledge, we have now achieved a straight-
forward synthesis of pendolmycin (8) starting from the key intermediate 12b '*

Preparation of 4-[1-[(4-methylphenyl)sulfonyl]-2-pyrrolyl]-4-oxobutynic acid (17) from 1-[(4-methyl-
phenyl)sulfonyl]pyrrole!” by way of the Friedel-Crafts reaction product 16 was described previously '* It was
coupled with methyl" or t-buty]*® N-methyl-L-valinate and methyl or t-butyl L-valinate,” using the mixed
anhydnde method? to obtain 12a, 12b, 12c¢, and 12d 1n 87%, 90%, 92%, and 90% yields 2 Gngnard reaction on
12a - 12d was carned out by sumng with (E)-3,7-dimethyl-2,6-octadienyl (geranyl) bromide and magnesium 1n
tetrahydrofuran at 0°C for 1 -3 5 h The tosyl group was eliminated during the reaction, and 18a, 18b, 18¢c, and
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Synthes:s of teleocidins A, B-1

18d were produced in 80%, 80%, 49%, and 46% yields, respectively.

In search of the cychzation procedure from these amides 18 to the indole denvatives 14, we tned first the
conventional Bischler-Napieralski reaction using phosphorus oxychlonide on the t-butyl esters 18b and 18d
The results were quite disappointing 1n that 18b afforded merely an 8% yield of an inseparable mixture of 19b
and 20b except for 21b in 30% yield, and 18d gave only a trace of 19d + 20d when refluxed with phosphorus
oxychlonde 1n diethyl ether or dichloromethane for long tme Adding pyndine made the yield of 19b +20b a
Inttle better, but 1t was only 19% y:eld at best 1n acetomtrile at 40°C  Other reagents, phosphorus pentoxide,
trichloromethyl chloroformate, polyphosphate ester (PPE),” triphenylphosphine ditnflate,” and trimethylsilyl
polyphosphate® afforded none of the desired products.

So we turned our attention to the synthesizing of 7-alkyl-4-aminoindole denivatives 19 and 20 by
detounng the corresponding thioamides? nstead of the direct and shortest step from the amides 18 (Chart 3)
For that purpose, 18a — 18¢ were dehydrated by refluxing 1n benzene 1n the presence of p-toluenesulfonic acid for
a short period to afford 21a, 21b, and 21c 1n 88%, 91% and 86% y:elds, respectively These were then treated
with Lawesson's reagent® 1n refluxing tetrahydrofuran and thioamide denivatives 22a, 22b, and 22¢ were
obtained 1n 65%, 65%, and 90% yields with an uncertain geometry around the double bond conjugated with the
pyrrole nng The indole formation from 22a — 22¢ was examined 1n those conditions using a variety of the
alkylating agents (1odomethane, 10doethane, 2-10dopropane, allyl bromide, methyl methanesulfonate, ethyl p-
toluenesulfonate) and a metal reagent (silver tetrafluoroborate) in various solvents (dichloromethane, diethyl
ether, tetrahydrofuran, t-butanol, acetomtnle, dimethylformamide) Some of the experimental results were
summarized in Table 1 The reaction from thioamide 22¢ was unsatisfactory (Entries 1 —3) Using 1odomethane
and allyl bromide as alkylating agents, the major products were alkyl 4-indolyl sulfides 23 (A = methyl and allyl)
and the compound 24 Presumably an intermediate 25 arose during the reaction course Exither the sulfur or the
mitrogen substituent from 25 was hberated to afford the indole denvatives 19 and 20 or the sulfide 23 In the
above two cases, the latter path predominated over the desired former step  Compound 24 was formed directly
from 22 by catalysis of hydrogen iodide, which was generated from 22 to 25 dunng the reactions

For the next trial, the substrate was changed to thioamide 22b, and the reaction was tested by using a
variety of alkylating agents and solvents (Entries 4 — 10) Iodomethane afforded the best yield of the requisite
products 19b + 20b (Entries 4 — 6) but a longer reacuon time was required for the completion 1n t-butanol and
tetrahydrofuran compared to acetonitnle Other alkyl hahdes were inferior to iodomethane in demanding
elevated reaction temperature and nevertheless providing poor yields of the products (Entries 7 and 8) Using the
sulfonate ester and the metal reagent was not encouraging, because the reaction did not occur 1n clean states and
the yields had to be only moderate (Entries 9 and 10) The sulfide 23 was not detected 1n all cases of 22b
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Judging from the result of Entry 4, this combinanon of the substrate, alkylating agent, and solvent looked
acceptable, but disadvantage of the use of 22b consisted 1n that the reaction product 19b + 20b were hardly
separable A small amount of only 19b was obtained 1n the pure form by chromatography on a Lobar column
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Chart 3
Table 1 Reaction of the Thioamide 22 with the Alkylatng Agent
to Form Indole Dentvatives 19 and 20
Entry Thio- Alkylating Solvent Temp Time  Product 19 Product 20  Sulfide 23
amide agent A-X °C h Yield % Yield % Yield %
1 22¢ Mel MeCN 28 6 19 12 36,24 26
2 22¢ allyl bromide MeCN 18 24 12 7 30,24 37
3 22¢ AgBF, CH,Cl, 27 15 19 13
4 22b Mel MeCN 26 25 62
5 22b Mel t-BuOH 22 7 62
6 22b Mel THF 24 20 59
7 22b Etl t-BuOH 50-55 8 39
8 22b Me,CHI THF reflux 9 8
9 22b MsOMe CICH,CH,Cl reflux 175 46
10 22b AgBF, CH,CL, 27 3 44
11  22a Mel DMF 24 3 37 25 27
12 22a Mel MeCN 27 35 32 20 4
13 22a Mel t-BuOH 25 6 27 18 11



Synthesis of teleocidins A, B-1

which was not applicable to the prepara-

tion of 19b 1n a large scale. M \Q'I/geo ’Ph \{{*/geo ?Ph
So we examined the reaction with N ‘||>\CF3 Me. \||>\CF3

22a by selecting 10domethane as the o) o]

alkylating agent and tried to find a smtable |

solvent (Entry 11-13) The reaction N

condition of Entry 11 gave a satsfactory 1 A

result, although the methyl 4-indolyl R R2 ﬁ, R?

sulfide was produced in 27% yield. The 27AR!= vinyl R2=Me 28A R'= vinyl R%=Me

resulting 7-alkyl-4-aminoindole deniva- 1 2 1 2
27B R'=Me R°=vmnyl 28B R =Me R°=vinyl

tives were readily separated by the usual
silica gel chromatography to produce 19a and 20a as crystalline substances 1n 37% and 25% yields These
crystals contamned about 4 — 6% of the double bond 1somers having a 3,7-dimethyl-1,7-octadien-3-yl side chain,
which were formed during the dehydration process of 18a with p-toluenesulfonic acid '**° Repeated
recrystallization afforded the pure 19a and 20a 1n 27% and 19% yields, respectively The product 20¢ was
correlated with 20a by methylanon with 1odomethane 1n the presence of sodium bicarbonate 1n 78% yield ' The
ndole denivative 19b was also correlated with 19a by reducing both with lithium aluminum hydnde to give the
same alcohol 26 A 1n 60% and 78% yields The analogous reduction of 20a afforded 26 B 1n 75% yield The
configuration of the linalyl side chain of 19a and 20a was uncertain at this stage, and completion of the natural
product synthesis revealed the chirality as shown

The compounds 26 A and 26 B are good substrates for examiming optical purity There was a little
possibility of partial racemization of the L-valinate chirahty at the stage of the Grignard reaction So the amino
alcohols 26 A and 26 B were converted to their esters 27 A and 27 B with (+)-a-methoxy-a-trifluoromethyl-
phenylacetic acid (MTPA) and tested for punty by HPLC For comparison, enantiomers of 26 A and 26 B (ent-
26 A and ent-26 B) were prepared from methyl N-methyl-D-valinate by tracing all of the reaction steps (17 —
12a — 18a — 22a — 19a and 20a) now established, and transformed them 1nto their (+)-MTPA esters 28 A and
28 B Good separation of HPLC peaks was secured among all of 27 A, 27 B, 28 A and 28 B, and companson of
their charts revealved that either 27 A or 27 B did not contain any trace of 28 A or 28 B, and vice versa
Therefore no racemization had occurred duning the processes to synthesize the amino-alcohols 26 A and 26 B
Thus the requisite N-(7-alkyl-4-indolyl)-L-valine esters 19 and 20 were obtained 1n four steps from the readily
available compound 12 Completion of the natural product synthesis 1s reported 1n the next paper *

EXPERIMENTAL

General Procedures — Meltung points (mp) were determined on a Yanagimoto micro-melting point
apparatus and are not corrected Optical rotations were measured on Perkin-Elmer 241and JASCO DIP-370
polarimeters Mass spectra (MS) were taken on a Hitach1 RMS-4 spectrometer High resolution mass spectra
(HRMS) were measured on a JEOL JMS-DX-300 spectrometer Infrared spectra (IR) were determined on a
Hitachi 215 spectrophotometer Proton magnetic resonance ('"H NMR) spectra were recorded on a Varian EM
390 (90 MHz) spectrometer in CDCI, with TMS as an internal reference unless otherwse specified Column
chromatography was conducted on silica gel Fuj1 Davison BW 200 and preparative thin-layer chromatography
(PTLC) was carned out on glass plates (20 x 20 cm) coated with Merck silica gel 60 PF,, (1 mm thick). "Usual
work-up" refers to washing the organic layers with water or brine, drying over anhydrous sodium sulfate and
evaporating the solvents under reduced pressure

Methyl N-Methyl-N-[{4-[1-[(4-methylphenyl)sulfonyl]-2-pyrrolyl]-4-oxobutanoyl]-L-valinate (12a),
Methyl and t-Butyl N-[4-[1-[(4-Methylphenyl)sulfonyl]-2-pyrrolyl]-4-oxobutanoyl)-L-valinates (12¢ and
12d) — Preparation of 12a1s typical A solution of 17 (128 mg, 0 399 mmol) 1n THF (5 m!) and Et,N (013 m],
0934 mmol) was cooled at -20°C, and to this was added 5% v/v CICOOEt-THF (0 82 ml, 0 43 mmol) After
stirnng at -20°C for 10 min, methyl N-methyl-L-valinate hydrobromide!® (108 mg, 0 478 mmol) was added and
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8540 H MURATAKEand M NATSUME

the mixture was sturred at that temperature for 10 min and then at room temperature for 45 min  Quenching the
reaction with sat NaHCO,-H,0, extraction with CH,CL, usual-work-up and PTLC [hexane-EtOAc (3 2)]
afforded 12a (155 mg, 87%), colorless needles, mp 132-133°C (CH,Cl,-hexane). Anal Calcd for C,H, . N,O,S

C,5891,H,629,N,625 Found C,58 81,H,6.20;N,617 [a] 2-694° (c 101, CH,CL). MS m/z. 448 (M*).
IR (KBr) cm™? 1739, 1672, 1625. 'H NMR of major and minor rotamers 8 077 and 0 84 (3H, d each, J=6 5 Hz),
093 and 0 96 (3H, d each, J=6.5 Hz), ca 1 94-2 37 (1H, m), 2 37 (3H, s), 2.95 and 2 80 (3H, s each), 3 64 and
368 (3H, s each), 4 82 and 3 99 (1H, d each, J=10 5 Hz), 6 29 (1H, dd, J=3 5, 3.5 Hz), 7 13 (1H, dd, J=3.5, 2 Hz),
725and7 84 (A,B,, J=8.5Hz),7 74 (1H, dd, J=3 5,2 Hz) Acidificanon of the NaHCO,-H,0 layer to pH 5 with
30% HOAc-H,0, followed by extraction with CH,Cl,, usual work-up and PTLC (10% MeOH-CH,Cl,)
recovered 17 (8 mg, 6%) 12¢ Colorless prisms, mp 94-95°C (Et,0) Anal Caled for C, H,N,O,S. C, 58 05, H,
603, N, 645 Found. C,5791,H,594,N,636 [a],* ~13°(c091,CH,CL) MS m/z 434 M"). IR (CHC,)
cm’' 1738, 1674. '"H NMR 3 0 83 (3H, d, J=7 Hz), 0.86 (3H, d, J=7 Hz), 2.08 (1H, dqq, J=5, 7, 7Hz), 2 31-2 79
(2H, m), 2.40 (3H, s), 2.79-3 39 (2H, m), 3 69 (3H, 5), 4 46 (1H, dd, J=8 5, 5 Hz), 6 24 (1H, br d, J=8 5 Hz, NH),
631 (1H,4dd, J=3 5,3 5Hz), 7 11 (1H, dd, J=3 5,2 Hz), 7 28 and 7 88 (A,B,, J=8 5 Hz), 7 78 (1H, dd, J=3 5, 2
Hz) The compound 12d was prepared in the same way as 1n the previous report ' 12d- Colorless prisms, mp
100-101°C (Et,0). Anal Caled for C, H,,N.OS C,6048,H,677,N, 588 Found C, 6025,H,670,N,575

[a],? +4 6° (¢ 096, CHCL) MSm/z 476 (M*) IR (CHCL)cm'® 1728, 1675 'HNMR &: 0.84 (6H, d, J=7 Hz),
144 (9H, s), 1 79-228 (1H, m), ca 2 28-2 78 (2H, m), 2 38 (3H, s), 2 78-3 40 (2H, m), 4 36 (1H, dd, J=8 5,4 5
Hz), 6 17 (1H, br d, J=8 5 Hz, NH), 6 28 (1H, dd, J=3 5, 35 Hz), 7 09 (1H, dd, J=3 5, 1 5 Hz), 726 and 7 86
(AB,, J=8 5Hz),7 75 (1H, dd, J=3 5, 1 5 Hz)

Grignard Reaction on 12a-12d — In a similar manner as 1n the previous report,'** 18a-18d were prepared
by the Grignard reaction of 12a-12d with (£)-3,7-dimethyl-2,6-octadienyl (geranyl) bromide 1n the presence of
Mg at 0°C  Methyl N-[5,9-Dimethyl-4-hydroxy-4-(2-pyrrolyl)-5-vinyl-8-decenoyl]-N-methyl-L-valinate
(18a) Colorless syrup HRMS Caled for C,;H,N,O,. 4322988 Found 4322965 IR (CHCL) cm? 1733,
1622 'HNMR & 097 (3H, 5), 1 49 (3H, 5), 1 60 (3H, 5), 2.77 and 2 79 (3H, s each), 3 64 (3H, 5), 5 70-5 86 (1H,
m), 6 04-6 19 (1H, m), 6 55-6 69 (1H, m), 8 80 (1H, br s, NH) t-Butyl N-[5,9-Dimethyl-4-hydroxy-4-(2-
pyrrolyl)-5-vinyl-8-decenoyl]-N-methyl-L-valinate (18b) Colorless syrap MS m/z 474 (M*) IR (CHCL,)
cm' 1729,1620 'H NMR 8 065,076 and 0 84 (3H, d each, J=7 Hz), 0 69, 0 80 and 0 87 (3H, d each, J=7 Hz),
101 (3H, s), 1.34 and 1 44 (9H, s each), 1 52 (3H, s), 1 63 (3H, s), 2 80 and 2 83 (3H, s each), 3 65, 3 68,4 75 and
479 (1H, d each, J=10 5, 10 5, 10 and 10 Hz, respectively), 4 30, 4 36, 4 40 and 4 50 (1H, s each, OH), 5 74-5 90
(1H, m), 6 07-6 23 (1H, m), 6 57-6 73 (1H, m), 8 73 (1H, br s, NH) Methyl N-{5,9-Dimethyl-4-hydroxy-4-(2-
pyrrolyl)-5-vinyl-8-decenoyl]-L-valinate (18c) Colorless syrup MS m/z 400 (M*-H,0) IR (CHCL) cm™
1734,1652 'HNMR & 149 (3H,s), 1 61 (6H, brs), 3 67 (3H, 5),3 91,4 18 and 4 79 (1H, s each, OH), 4 45 and
4 46 (1H, dd each, J=8 5, 5 Hz), 5 70-5 86 (1H, m), 6 06-6 19 (1H, m), 6 22-6 50 (1H, m, CONH), 6 58-6 71
(1H, m), 8 90 (1H, br s, pyrrole NH) The following by-product was obtained in 13% yield along with 19¢
Methy] N-[4-0x0-4-(2-pyrrolyl)-butanoyl]-L-valinate Colorless scales, mp 95-96°C (Et,0) Anal Calcd for
C. H,N,O, C,5998,H,719; N,1000 Found C,5982,H,717,N,999 MS m/z 280 (M*) IR (KBr)cm'
1740, 1635 'HNMR & 087 (3H, d, J=6 5 Hz), 0 89 (3H, d, J=6 5 Hz), 1 84-2 43 (1H, m), 2 47-2 94 (2H, m),
315 (2H, dd, J=7, 7 Hz), 4 55 (1H, dd, J=9, 5 5 Hz), 6 23 (1H, ddd, J=4, 25, 2 5Hz), 6 72 (1H, br d, J=9 Hz,
CONH), 6 88-7 08 (2H, m), 9 83 (1H, br s, pyrrole NH) t-Butyl N-[5,9-Dimethyl-4-hydroxy-4-(2-pyrrolyl)-
S-vinyl-8-decenoyl]-L-valinate (18d) Colorless syrup MS m/z 460 (M*) IR (CHCL,) cm’ 1722, 1653
'HNMR 3 143 (9H,s), 1 49 (3H, s), 1 62 (6H, br s), 4 39 (1H, dd, J=8 5, 4 5 Hz), 4 83-5 30 (1H, m), 5 71-5 87
(1H, m), 6 08-6 22 (1H, m), 6 59-6 72 (1H, m), 8 88 (1H, br s, pyrrole NH) The following by-product was
obtained 1n 29% yield along with 19d  t-Butyl N-[4-ox0-4-(2-pyrrolyl)-butanoyl]-L-valinate Colorless syrup
MS m/z 322(M*) IR (CHCL)cm' 1722, 1668, 1641 'HNMR & 090 (3H, d, J=7 Hz), 092 (3H, d, J=7 Hz),
148 (9H, s), 1 92-2.37 (1H, m), 2 43-3 04 (2H, m), 3 19 (2H, dd, J=7, 7 Hz), 4 53 (1H, dd, J=9, 4 5 Hz), 6 18-
6 34 (1H, m), 6 90-7 11 (2H, m), 7 07 (1H, br d, J=9 Hz, CONH), 10 22 (1H, br s, pyrrole NH)

Indole Cyclization of 18b under Bischler-Napieralski Condition. ¢-Butyl N-[7-(3,7-Dimethyl-1,6-
octadien-3-yl)-4-indolyl}-N-methyl-L-valinate (19b + 20b) — A solution of 18b (29 mg, 0 06 mmol), POCI,
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(0 10 m1, 1.08 mmol) and pyndine (0 3 mi) in CH,CN (3 ml) was heated at 40°C under N, atmosphere for 14 h
The reaction was quenched with sat. NaHCO,-H,0 at 0°C and the mixture was extracted with CH,Cl, Usual
work-up and PTLC [hexane-benzene (1.2)] yielded ca. 3:2 mixture of 19b and 20b (5 mg, 19%) as colorless
syrup MS m/z. 438 (M*). IR (CHCL) cm™. 1714, 1630 'H NMR (300 MHz) of 19b and 20b & 0.96 and 094
(3H, d each, J=6.5 Hz), 1 08 and 1 01 (3H, d each, J=6.5 Hz), 1 35 and 1 38 (9H, s each), 1.64 (3H, brs), 2 98 and
301 (3H, s each), 393 and 3 94 (1H, d each, J=11 Hz), 5 01-5 11 (1H, m), 5 21-5 32 (2H, m), 6 20 and 6 21 (1H,
dd each, J=17.5, 11 Hz), 6.58 and 6 60 (1H, d each, J=8 and 7.5 Hz), 6 70 and 6 75 (1H, dd each, J=3, 2 Hz), 6 97
(1H, d, J=8 Hz), 7 03-7.09 (1H, m), 8.58 (1H, br s, NH)

Dehydration of 18a — 18¢c — In the same manner as in the previous report,’ 21a — 21c were prepared
from 18a — 18c. Methy! N-[5,9-Dimethyl-4-(2-pyrrolyl)-5-vinyl-3,8-decadienoyl]-N-methyl-L-valinate
(21a) Colorless syrap HRMS Calcd for C,;H,,N,O, 414 2882. Found 4142873 IR (CHClL)cm' 1740,
1632 'H NMR &: 1.15 (3H, s), 1 49 (3H, s), 1 60 (3H, s), 2 84 and 2.88 (3H, s each), 2 96-3 21 (2H, m), 3 67
(3H, s), 565 (1H, t, J=7 5 Hz), 6 59-6 74 (1H, m), 928 (1H, br s, NH). t-Butyl N-[5,9-Dimethyl-4-(2-
pyrrolyl)-5-vinyl-3,8-decadienoyl]-N-methyl-L-valinate (21b) Colorless syrup MS m/z 456 (M*)
IR (CHCL)cm! 1730, 1628 'H NMR of major and minor rotamers 8 0 83 and 0 80 (3H, d each, H=7 Hz), 1 00
and 095 (3H, d each, J=7 Hz), 1 18 (3H, s), 1 46 and 1 43 (9H, s each), 1 51 (3H, s), 1 63 (3H, 5), 291 and 2 87
(3H, s each), 3.06 and 3 13 (2H, d each, J=7 5 Hz), 4 78 and 3 76 (1H, d each, J=10 5 Hz), 6 57-6 75 (1H, m),
953 (1H, br s, NH). Methyl N-[5,9-Dimethyl-4-(2-pyrrolyl)-5-vinyl-3,8-decadienoyl]-L-valinate (21c)
Colorless syrup MS m/z 400 (M*). IR (CHCL) cm™ 1733,1660 'HNMR & 086 (3H, d, J=7 Hz), 091 3H,
d,J=7Hz),1 17 (3H, s), 1 48 (3H, s), 1 61 (3H, 5), 2 16 (1H, dqq, J=5 5, 7, 7 Hz), 2 89 (2H, d, J=8 Hz), 3 72 (3H,
s), 4 53 (1H, dd, J=9, 5 5 Hz), ca 4.87-5 19 (1H, m), 5 03 (1H, dd, J=18, 1 5 Hz), 5 07 (1H, dd, J=11, 1 5 Hz),
571 (1H, t, J=8 Hz), 5 88-6 33 (4H, m), 6 64-6 77 (1H, m), 9 44 (1H, br s, NH)

Thioamidation of 21a ~ 21c — In the same way as 1n the previous report,'™ 22a — 22¢ were obtained by
the reaction of 21a — 21c with Lawesson's reagent Methyl N-[5,9-Dimethyl-4-(2-pyrrolyl)-5-vinyl-3,8-
decadienthioyl}-N-methyl-L-valinate (22a) Colorless syrap HRMS Calcd for C,;H,,N,0,S 430 2654
Found 4302654 IR (CHCL)cm™ 1736, 1630 'H NMR of major and minor rotamers 8 087and 074 (3H,d
each, J=6 5 Hz), 1 06 and 0 90 (3H, d each, J=6 5 Hz), 1 18 (3H, s), 1 50 (3H, s), 1 61 (3H, s), 229 (1H, dqgq,
J=105,65, 6 5 Hz), 3 01 and 3.27 (3H, s each), 3 69 (3H, s), 629 and 4 26 (1H, d each, J=10 5 Hz), ca 4 85-
511 (1H, m), 5 04 (1H, dd, J=17, 1 5 Hz), 5 07 (1H, dd, J=11, 1 5 Hz), 5 68 and 5 73 (1H, t each, J=7 Hz), 6 57-
673 (1H, m), 8 85 (1H, br s, NH) t-Butyl N-[5,9-Dimethyl-4-(2-pyrrolyl)-5-vinyl-3,8-decadienthioyl]-N-
methyl-L-valinate (22b): Colorless syrup MS m/z 472 (M*) IR (CHCL) cm? 1731 'HNMR of two
rotamers & 1 16 (3H, s), 1 51 (3H, 5), 1 61 (3H, s), 3 03 and 3 30 (3H, s each), 3 47 and 3 57 (2H, d each, J=7 5
Hz), 5 67 and 5 69 (1H, t each, J=7 5 Hz), 6 59-6 75 (1H, m), 8 97 (1H, br s, NH) Methyl N-[5,9-Dimethyl-4-
(2-pyrrolyl)-5-vinyl-3,8-decadienthioyl]-L-valinate (22¢) Colorless syrup MS m/z 416 (M*) 'HNMR 3
092 (3H, d, J=7 Hz), 097 (3H, d, J=7 Hz), 1 19 (3H, s), 1 52 (3H, 5), 1 63 (3H, 5), 2 33 (1H, dqq, J=5, 7, 7 Hz),
338 (2H, d, J=8 Hz), 3 77 (3H, s), 4 87-5 26 (4H, m), ca 5 64-6 07 (2H, m), 5 94-6 09 (1H, m), 6 07-6 24 (1H,
m), 6 70 (1H, ddd, J=2 5,2 5, 1 5 Hz), 7 69 (1H, br d, J=8 5 Hz, valine NH), 8 92 (1H, br s, pyrrole NH)

Indole Cyclization of 22¢ to Form 19c¢, 20¢, 23 and 24 — The procedure with Mel 1s a representative A
solution of 22¢ (23 mg, 0.055 mmol) in CH,CN (1 ml) was stirred with Mel (0 50 ml, 8 03 mmol) at room
temperature for 6 h. After evaporation to dryness, sat NaHCO,-H,O was added and the mixture was extracted
with CH,Cl, Usual work-up and PTLC [hexane-EtOAc (9 1)] afforded 23 (6 mg, 36%), 20c (2 5 mg, 12%), 19¢
(4 mg, 19%) and 24 (6 mg, 26%) 1n the order of increasing polanty Methyl N-[7-[(R)-3,7-Dimethyl-1,6-
octadien-3-yl]-4-indolyl]-L-valinate (19c) Colorless syrup HRMS Caled for C, H, N,O, 382 2620 Found
3822623 IR (CHCL)cm' 1734 'HNMRSJ 104 (3H, d, J=6 5 Hz), 108 (, d, J=6 5 Hz), 1 41 (3H, 5), 1 45
(3H,s), 1 62 (3H, 5), 2 19 (1H, dqq, J=6 5, 6 5, 6 5 Hz), 3 69 (3H, s), 4 03 (1H, d, J=6 5 Hz), 4 12-4 66 (1H, br s,
valine NH), ca 4 90-5.21 (1H, m), 5 21 (1H, dd, J=10 5, 1 5 Hz), 5 23 (1H, dd, J=18, 1 5 Hz), 6 20 (1H, dd, J=18,
10 5 Hz), 6 20 (1H, d, J=8 Hz), 6 47 (1H, dd, J=3, 2 5 Hz), 6 93 (1H, d, J=8 Hz), 7 02 (1H, dd, J=3, 3 Hz), 8 57
(1H, br s, indole NH) Methyl N-[7-(S)-[3,7-Dimethyl-1,6-octadien-3-yl]-4-indolyl]-L-valinate (20c)
Colorless syrup HRMS Calcd for C,H,N,O, 3822620 Found 3822632 IR (CHClL)cm' 1732 'HNMR
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8 102 (3H, d, J=6 5Hz), 1 08 (3H, d, J=6 5 Hz), 1 41 (3H, s), 143 (3H, 5), 1 61 (3H, 5), 2 19 (1H, dqq, ]=6 5,
65,65 Hz), 369 (3H, s), 4 01 (1H, d, J=6 5 Hz), 4 37 (1H, br s, valine NH), 4 92-5 19 (1H, m), 5 22 (1H, dd,
J=105, 15 Hz), 5 23 (1H, dd, J=18, 1 5 Hz), 6 19 (1H, d, J=8 Hz2), 6 20 (1H, dd, J=18, 10 5 Hz), 6 46 (1H, dd,
J=3, 2 Hz), 6 93 (1H, d, J=8 Hz), 7.02 (1H, dd, J=3, 3 Hz), 8 57 (1H, br s, indole NH) 7-(3,7-Dimethyl-1,6-
octadien-3-yl)-4-(methylthio)indole (23, A=Me) Colorless syrup HRMS Calcd for C ;H,NS: 299 1707
Found 299 1690 IR (CHCL,)cm- 1628 'HNMR 3 143 (3H,s), 1.45 (3H, 5), 1 60 (3H, 5), 2 53 (3H, 5), 4 88-
517 (14, m), 5 24 (1H, dd, J=10 5, 1 5 Hz), 5 25 (1H, dd, J=18, 1 5 Hz), 6.21 (1H, dd, J=18, 10 5 Hz), 6.60 (1H,
dd, J=3,2 5 Hz), 6.95 (1H, d, J=7.5 Hz), 708 (1H, d, J=7 5 Hz), 7 11 (1H, dd, J=3, 3 Hz), 8 64 (1H, br s, NH)
Methyl N-[5-(3,7-Dimethyl-1,6-octadien-3-yl)-5-(2-pyrrolyl)-2-tetrahydrothiophenylidene]-L-valinate
(24) Colorless syrup MS m/z 416 M*) IR (CHCL)cm™ 1733, 1635. 'HNMR & 1 11 (3H, s), 1 50 (3H, s),
163 (3H, 5), 3 69 and 3 72 (3H, s each), 6 56-6.73 (1H, m), 8 34 (1H, br s NH). By use of allyl bromide was
obtamned 7-(3,7-dimethyi-1,6-octadien-3-yl)-4-(2-propen-1-ylthio)indole (23, A=allyl): Colorless syrup
MS m/z 325 (M*) 'HNMR & 142 (3H,s), 147 (3H, 5), 1 62 (3H, s), 3 60 (2H, d, J=7 Hz), 4 87-5 20 (3H, m),
5 12-5 41 2H, m), 5.93 (1H, ddt, J=17, 10, 7 Hz), 6 23 (1H, dd, J=18, 10 5 Hz), 6 67 (1H, dd, J=3, 2 Hz), 7.04
(14, d, J=8 Hz), 7 12 (1H, d, J=8 Hz), 7 13 (1H, dd, J=3, 3 Hz), 8 67 (1H, br s, NH)

Indole Cyclization of 22a to Form 19a, 20a and 23 — According to the reported procedure,'* 22a (740
mg, 1 72 mmol) in DMF (6 ml) was stured with Mel (3 0 ml, 48 mmol) at 18°C for 4 h  After workig up as
before, column chromatography over silica gel (35 g) [hexane-EtOAc (49 1)] afforded 23 (A=Me) (141 mg,
27%), the crude 19a (252 mg, 37%) and the crude 20a (170 mg, 25%) in the order of increasing polanty The
crude 19a was recrystalhized from MeOH-H,O to give methyl N-[7-[(R)-3,7-dimethyl-1,6-octadien-3-yl]-4-
indolyl]-N-methyl-L-valinate (19a) (183 mg, 27%) Colorless needles, mp 58-59 5°C. Anal Calcd for
C,H,N,0, C,7571,H,915,N,707 Found C,7569,H,930,N,698 [a], -1577° (c 0995, CH,Cl,)
MS m/z 396 M*) IR (KBr)cm'® 1727, 1627 'HNMR $ 092 (3H, d, J=6 5 Hz), 1 09 (3H, d, J=6 5 Hz), 1.41
(3H, s), 1 45 (3H, s), 1.62 (3H, 5), 2 37 (1H, dqq, J=11,6 5, 6 5 Hz), 2 98 (3H, 5), 3 57 (3H, 5), 4 04 (1H, d, J=11
Hz), 4 88-5 17 (1H, m), 5 21 (1H, dd, J=10 5, 1 5 Hz), 5 23 (1H, dd, J=18, 1 5 Hz), 6 20 (1H, dd, J=18, 10 5 Hz),
6 54 (1H, d, =8 Hz), 6 65 (1H, dd, J=3, 2 5 Hz), 6 94 (1H, d, J=8 Hz), 7 02 (1H, dd, J=3, 3 Hz), 8 57 (1H, brs,
NH) Smmilarly recrystallization of the crude 20a from MeOH-H,0O afforded 129 mg (19%) of methyl N-[7-[(S)-
3,7-dimethyl-1,6-octadien-3-yl}-4-indolyl)-N-methyl-L-valinate (20a) Colorless scales, mp 75-77°C Anal
Calcd for C,H,N,0, C,7571,H,915,N,707 Found C,7571,H,921,N,691 [a],? -1911° (c 1005,
CH,CL,) MSm/z 396 (M*) IR (KBr)cm' 1725,1628 'HNMRJ 092 (3H,d, J=6 5Hz), 102 (3H,d, J=6 5
Hz), 143 (3H, s), 1 44 (3H, s), 1 61 (3H, s5), 2 37 (1H, dqq, J=11, 6 5, 6 5 Hz), 2 99 (3H, s), 3 63 (3H, 5), 4 05
(14, d, J=11 Hz), 4 91-5.19 (1H, m), 5 21 (1H, dd, J=10 5, 1 5 Hz), 5§ 23 (1H, dd, J=18, 1 5 Hz), 6.20 (1H, dd,
J=18, 10 5 Hz), 6 54 (1H, d, J=8 Hz), 6 67 (1H, dd, J=3, 2 5 Hz), 6 94 (1H, d, J=8 Hz), 7 02 (1H, dd, J=3, 3 Hz),
8 57 (1H, br s, NH)

Transformation of 20c to 20a — To a solution of 20¢ (16 mg, 0.042 mmol) 1n MeOH (2 ml) were added
Mel (2 0 ml, 32 mmol) and NaHCO, (35 mg, 0 42 mmol), and the mixture was refluxed for 48 h under Ar
atmosphere After evaporation to dryness, H,O was added and the whole was extracted with CH,Cl, Usual
work-up and PTLC [hexane-EtOAc (19 1)] afforded 20a (13 mg, 78%)

Reduction of 19b to Form 7-[(R)-3,7-Dimethyl-1,6-octadien-3-yl)-4-[N-[ (S)-1-hydroxy-3-methylbut-
2-yl]-N-methyllaminoindole (26 A) — A mixture of 19b (10 mg, 0 023 mmol) and L1AlH, (16 mg, 0.42 mmol)
in THF (3 ml) was refluxed for 1 h  After cooling, sat Rochelle salt-H,O was added and the resulting mixture
was extracted with Et,0 Usual work-up and PTLC [hexane-EtOAc (9-1)] gave 26 A (5 mg, 60%), colorless
syrup HRMS Calcd for C,,H,,N,O 368 2827 Found 368 2832 IR (CHCL)cm™ 1633 'HNMR & 075 (3H,
d, J=6 5 Hz), 0 83 (3H, d, J=6 5 Hz), 1 44 (6H, s), 1 61 (3H, s), 2 70-3 09 (1H, m, OH), 2 86 (3H, s), 3 60 (1H, dd,
J=12, 12 Hz), 3 66-4 07 (2H, m), 4 93-5 19 (1H, m), 5 22 (1H, dd, J=10 5, 1 5 Hz), 5 25 (1H, dd, J=18, 1 5 Hz),
6 20 (1H, dd, J=18, 10 5 Hz), 6 57 (1H, d, J=8 Hz), 6 81 (1H, dd, J=3, 2 5 Hz), 6 97 (1H, d, J=8 Hz), 7 01 (1H, dd,
J=3, 3 Hz), 8.61 (1H, br s, NH)

Reduction of 19a — Reaction of 19a (18 mg, 0 045 mmol) with L1AIH, (10 mg, 0 263 mmol) in THF (3
ml) was carried out at 18°C for 30 min to give 26 A (13 mg, 78%)
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7-[(5)-3,7-Dimethyl-1,6-octadien-3-yl]-4-[N-[(S)-1-hydroxy-3-methylbut-2-yl]-N-methyl Jamino-
indole (26 B) — The ester 20a (10 mg, 0.025 mmol) was reduced with LiAlH, (6 mg, 0.158 mmol) as above to
give 26 B (7 mg, 75%), colorless syrup HRMS Calcd for C,,H, N,O- 368 2827. Found 368 2806. IR (CHCL,)
cm?! 1627 'H NMR &: 0.69 (3H, d, J=6 5 Hz), 0 80 (3H, d, J=6 5 Hz), 1.37 (3H, s), 1 42 (3H, s), 1.60 (3H, 5),
2 68-3 16 (1H, m, OH), 2.85 (3H, s), 3 60 (1H, dd, J=12, 12 Hz), ca 3 66-4 11 (2H, m), 4 96-5 23 (1H, m), 5 23
(1H, dd, J=10.5, 1.5 Hz), 5 26 (1H, dd, J=18, 1.5 Hz), 6 23 (1H, dd, J=18, 10.5 Hz), 6.58 (1H, d, J=8 Hz), 6 83
(1H, dd, J=3, 2 Hz), 6.98 (1H, d, J=8 Hz), 6 98-7 13 (1H, m), 8 65 (1H, br s, NH)

The MTPA Ester 27 A — A solution of 26 A (7 mg, 0.019 mmol) in pyridine (0 3 ml) and CH,Cl, (03
ml) was stirred with the acid chlonde (20 mg, 0 079 mmol) denived from (R)-(+)-MTPA at 0°C — room
temperature for 1 h The reaction was quenched with sat NaHCO,-H,O and the mixture was extracted with EtO
Usual work-up and PTLC [hexane-EtOAc (12 1)] afforded 27 A (11 mg, 99%), colorless syrup HRMS Calcd
for C,H,F,N,O, 5843225 Found- 584 3237 IR (CHCL)cm' 1747 'HNMR$ 093 (3H, d, J=6 5Hz), 1 04
(3H, d, J=6 5 Hz), 1.44 (6H, s), 1 63 (3H, 5), 2 79 (3H, ), 3 36 (3H, 5), 3 71-3 99 (1H, m), 4 36 (1H, dd, J=11 5,
2 5Hz), 4.64 (1H, dd, J=11 5, 6 Hz), 4.96-5 20 (1H, m), 5 12-5 40 (2H, m), 6 20 (1H, dd, J=18, 10 5 Hz), 6 40
(1H, d, J=8 Hz), 6.47 (1H, dd, J=3, 2 Hz), 6 92 (1H, d, J=8 Hz), 6 98 (1H, dd, J=3, 3 Hz), ca 7 28-7 59 (5H, m),
8 58 (1H, br s, NH)

The MTPA Ester 27 B — The same treatment of 26 B (6 mg, 0 016 mmol) as above gave 27 B (9 mg,
95%), colorless syrup  HRMS Calcd for C, H, F,N,O, 5843225 Found 5843241 IR (CHCL)cm™ 1743,
1626 'H NMR 8. 094 (3H, d, J=7 Hz), 1 02 (3H, d, J=7 Hz), 1 44 (6H, s), 1 63 (3H, s), 2 80 (3H, s), 3 33 (3H,
s), 374-4 02 (1H, m), 4 38 (1H, dd, J=11 5, 3 Hz), 4 67 (1H, dd, J=11 5, 6 Hz), 4 93-5 19 (1H, m), 5 22 (1H, dd,
J=105, 15 Hz), 5 24 (1H, dd, J=18, 1 5 Hz), 6 19 (1H, dd, J=18, 10 5 Hz), 6 39 (1H, d, J=8 Hz), 6 47 (1H, dd,
J=3,2 Hz), 6.89 (1H, d, J=8 Hz), 6 97 (1H, dd, J=3, 3 Hz), 7 20-7 59 (5H, m), 8 56 (1H, br s, NH)

Methyl N-Methyl-D-valinate Hydrobromide — This was prepared from D-valine according to the
literature ** mp 133 5-134 5°C (MecOH-Et,0), colorless needles Anal Calcd for C.H, BINO, C, 37 18, H,
713,N,620 Found C,3713,H,706,N,609 [a] ® -197° (c 2 005, DMF)

Ent-12 — Colorless needles, mp 132-133°C (CH,Cl,-hexane) Anal Calced for C,H,,N,OS C, 5891,
H,629,N,625 Found C,5892,H,627,N,622 [a]® +68 3° (c 1010, CH,CL)

Ent-19a — Colorless needles, mp 62 5-64°C (MeOH-H,0) Anal Calcd for CH,N.O, C, 7571, H,
915,N,707 Found C,7582,H,903,N,707 [a],® +1552° (c 1000, CH,CL)

Ent-20a — Colorless scales, mp 76-78°C (MeOH-H,0) Anal Calcd for C,H,N,O, C,7571,H,9 15,
N,707 Found C,7586,H,916,N,7 15 [a],® +1990° (c 1012, CH,Cl,)

The MTPA Ester 28 A Derived from Ent-19a — Colorless syrup MS m/z 584 (M*) IR (CHCL,) cm !
1745,1628 'HNMR & 096 (3H, d, J=6 5 Hz), 1 03 (3H, d, J=6 5 Hz), 1 44 (6H, s5), 1 62 (3H, 5), 2 73 (3H, 5),
339 (3H, 5), 3 69-4 01 (1H, m), 4 33 (1H, dd, J=11 5, 3 Hz), 4 65 (1H, dd, J=11 5, 6 Hz), 4 93-5 20 (1H, m), 5 22
(1H, dd, J=105, 1 5 Hz), 5 23 (1H, dd, J=18, 1 5 Hz), 6 20 (1H, dd, J=18, 10 5 Hz), 6 43 (1H, d, J=8 Hz), ca
6 43-6 56 (1H, m), ca 6 86-7 04 (1H, m), 6 94 (1H, d, J=8 Hz), 7 12-7 61 (5H, m), 8 57 (1H, br s, NH)

The MTPA Ester 28 B Derived from Ent-20a — Colorless syrup MS m/z 584 (M) IR (CHCL,) cm™
1747, 1630 'HNMR 3 095 (3H, d, J=6 5 Hz), 1 02 (3H, d, J=6 5 Hz), 1 42 (6H, 5), 1 61 (3H, 5), 275 (3H, 5),
339 (3H, s), 3 72-4 02 (1H, m), 4 34 (1H, dd, J=11 5, 3 Hz), 4 67 (1H, dd, J=11 5, 6 Hz), 4 91-5 23 (1H, m), 5 23
(1H, dd, J=105, 1 5 Hz), 5 24 (1H, dd, J=18, 1 5 Hz), 6 20 (1H, dd, J=18, 10 5 Hz), 6 44 (1H, d, J=8 Hz), ca
6 44-6 57 (1H, m), ca 6 87-7 03 (1H, m), 6 94 (1H, d, J=8 Hz), 7 20-7 62 (5H, m), 8 58 (1H, br s, NH)

HPLC Analysis of the Four MTPA Esters 27 A, 27 B, 28 A and 28 B — Column TSK Silica 60, 4 6 x
250 mm, mobile phase hexane — benzene — 2-propanol (95 49 0 1), flowrate 025 mli/min Retention ime of
27 A,27B,28 Aand 28 B 30 2 min, 38 2 min, 29 4 min and 35 5 min
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