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Abstract-Topsentin (11, which was isolated from marine sponges and has 

antiviral and antitumor activities, was synthcsizcd vin a cross coupling reaction in 

the presence ol' palladium catalyst at the 5-position and an acylaGon at thc 2-position 

of imidazolc ring. 

Topsentins (1) were isolated from marine sponges and show antitumor and antiviral aclivity.? Rinehart r t  

(11. rcported a total synthesis of l a  v i o  condensation of 3-glyoxalylindole with h-hen~yloxy-3-  

glyoxalylindole in the presence of ammonia in 1988, but this synthesis was low yield and non- 

regioselective2h We have hccn developed the methods for regiosclccdvc introduction of carbogenic or 

functional group at 2-, 4.- or 5-position of imidazole ring, and lotal synthesis of scvcral rnarinc products 

containing i~nidazolc ring was performed hy the application of thcsc mcthods.3 Rcccnlly, we reported thc 

first total synthesis of nortopsentins (2), having a characteristic 2,4-his(indolyl)imidx~i~le skeleton, vio 

arylation of the imidazole 1 in~3d.f  The structure of topsentins (1) resembles that of nortopsentins (2). In 

this paper, we describe a total synthesis of l a  by successive introduction of indolyl and indolylcarbonyl 

groups on imidazolc ring. 

2a : Nortopsentin A X = Y = Br 
l a  : Topsentin 2b : Nortopsentin B X = H, Y = Br 
I b : Bromotopsentin X = Br 2c : Nortopsentin C X = Br, Y = H 

26 : Nortopsentin D X = Y = H 

Figure 1 

A rctrosynthctic roulc is shown in Schcmc I .  The indolyl gmup (AS])  would be introduced a t  the 5 -  

position of the imidazole by a cross coupling reaction in the presence o l  palladium catalyst. Two 
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combinations of the starting materials are possible for the cross coupling. One is condensation of thc 

indolyl halide with imidazolylhoronic acid (Route l ) ,  and the other is condensation of the imidazoyl halide 

with indolylboronic acid (Route 2). Introduction of the indolylcarbonyl group (~12-CO)  would be done by 

acylation of 2-lithioimidazole with an appropriate 3-indolecarboxylic acid derivative. 

[ A  = w] [ A ?  = PG40 
] M X PG =Metal = = Protecting Halogen atom Group 

bG3 6 ~ 3  

Scheme 1 

First, we tried Route I .  After lithiation of the 1,2-protected imidazolc (314 with n-BuLi, addition of 

trimethyl borate followed by hydrolysis afforded the imidazolylboronic acid (5). 

Scheme 2 
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The boronic acid (5) was subjected to the Suzuki reaction5 without further purification. The 3-bromo-l- 

(rert-butyldimethylsi1yl)indole (616 was treated with the horonic acid (5) in the presence of a catalytic 

amount of tetrakis(tripheny1phosphine)palladium. However, the cross coupling product (7a) was obtained 

only in 7% yield (Scheme 2). This low yield might be attributable to the instability of 6.7 

Next, we tried Route 2. The 1,2-protected imidazole (3) was halogenated by the methods shown in 

Scheme 3, and the corresponding halogenoimidazoles @a - c) were obtained in moderate to good yields. 

x2 
Conditions 

3 
SPh 

Product 
Run Conditions X I  x2 Yield (%) 

2 NBS (2 eq.) / O°C 8b Br Br 54 

3 I )  n-BuLi 8 c I H 98 

2) 12 (1 eq.)l-78°C 

Scheme 3 

1 9 '  

TBS 

x2 

X' x .  I SPh 

SEM @sph Substrate Product 
8 8a 7 a : x 2 = H  79% 

8b 7 b : x 2 = B r  39% 
Pd(PPh3)4 8c 7 a : x 2 = H  79% 
Na2C0, I 

TBS 

Scheme 4 

The compound (6) was lithiated with n-BuLi,h and then the lithio compound was treated with trimethyl 

borate followed by hydrolysis to afford the indolylhoronic acid (10). The halogenated imidazoles (8) were 
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treated with 1 0  in the presence of a catalytic amount o l  tetrakis(triphenylphosphi~~e)palladi~~~n. As shown 

in Scheme 4, the reaction of the 5-hrotno- and the 5-iodoimidazoles (8a and 8c) gave the dcsircd 5-(3- 

indolyljimidazole (7a) in high yields. In the case of the 4.5-dihron~oin~idazolc (7b). however, thc desired 

product 7 b  was obtained in low yield (39%) (Scheme 4).  

To introduce the indolylcarhonyl group to the 2-position of imidazole ring, we examined the acylation of 

the I-protected imidazoles (11) with the 3-indolecarhoxylic acid derivative as a model rzactiou. It has been 

known that tertiary amides arc good acylation agcnts lor the itnidazole ring.g The 2-lithioimdazoles (12) 

was prcpared hy trcatmcnt of 11 with lithiating agcnts such as 17-BuLi and LDA. and treated with the 3- 

amidoindolc (141, which was prepared by protecting thc 1-position of thc amide (13)') with TBS group in 

the usual manner. Interestingly. the TBS groups on the indole ring were lossed prohably during isolation 

step to give 1 5 a  and 1 5 b  The results are shown in Scheme 5. When n-BuLi was used as the lithiating 

agent, the yields of 15a  and 15b were relatively good. W e  selected 17-BuLi as the lithiation agent lor the 

acylation. 

, Lithiating Agent 

N 
R 

. . 
I 
TBS 

14 

15a: R =  SEM 
1 5 b : R = M e  

Substrate Lithiating Agent Temp. ("C) Product : Yield (70) 

I l a  n -BuLi -78 to rt 15a : 5 8  

I l a  LDA -78 to rt 15a:  42 

I l b  n -BuLi -78 to rt 15b : 87 

I l b  LDA -78 to rt 15b : 69 

Scheme 5 

Next, the 6-methoxyindolecarhoxamidc was prcparcd as follows. The 6-methoxyindole ester (19) was 

prcparcd according to the Amat's method.6 The I-position of the 6-mcthoxyindolc (16)'o was protected 

with TBS group and the product (17) was hnminated with NBS to givc the 3-bromo compound (18). 

The 3-hromo compound (18) was lilhiated with tert-BuLi followed by trcatlnetlt with methyl chlorofonnate 
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to give the indolecarboxylale (19). In order to transform the ester (19) to the amidc ( 2 Q  1 9  was treated 

with dimethylamine solution. Disappointedly, Lhc obtained product was not the desired one (20) hut the N- 

dcprotcctcd one (21, 97%'). On the other hand. thc ester (19) could be transformed to the corresponding 

Wcinreh amide (22) in 69% yield hy treatment with N,O-dimethylhydroxylalnine hydrochloride in the 

pt-esence of trimethylaluminum (Scheme 6).11 

M e 0  (89%) ~~0 CIC0,Me 
I I 
R TBS (79%) 

C 1 6 : R = H  18 
n-BuLi 
TBSC1 17 : R = TBS (98%) 

TBS 
19 

CONMe, 

Me0 
TBS 

22 
Scheme 6 

Desullbrizati~in of 7a  with sodium horohydride in [he presence of nickel(I1) chloride aCCordcd 2 3  in 79%, 

yield.12 

Moreover, 2 3  was ohtained through another routc starting from the 2,4,5-triiodoimidarole (24). The 

2,4,5-triiodoimidazoLr (24) was protected with SEM group, and the ohtained 25 was treated with the 

boronic acid (10) in the presence oC a catalytic amount oC tcuakis(tripheny1phosphine)palladium to give 26 

in 75% yield and 26  was dchalogenated by treatment with ethylmagnesium bromide to give 2 3  in 84% 

yield. For the preparation of 23, this route is shorlcr than the Former route starling from 3. 

Lithiation o f 2 3  with 17-BuLi followed by addilion of the Weinreh amidc (22)11 afforded a mixture of 27a, 
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2 7 b ,  and 27c  in 34, 33, and 6% yields, 

respectively. 

The struclurcs of  27a,  27b and 27c w e r e  

determined on the basis of thcir spectral data. In 

the NOE experiment of 27b, NOE (3.710) was 

observed between 2'-H of the indolyl group a1 

the 5-position of the imidazolc ring and 

methylene protons on SEM group as showil in 

Figure 2. 
Figure 2. Observed NOE of 27b 

10 

I x l R 1 -  I I Na2C03 I 

R (75%) TBS 

(43%) 

NaBH, 
7a - 

(79%) TBS 

23 

- 2 4 : R = H , R 1 = l  26 

d2W N I OMe 

A' R3 

SEMCl 

25 : R = SEM, R' = H 

. . 

27a : R' = SEM, R' = R3 = TBS (34%) 
27b : R' = SEM, R' = TBS, R3 =H (33%) 

20% HCI 27c : R' = SEM, R' = R3 = H (6%) 

1) EtMgBr 
2) H,O 

(84%) 

L 27d : R' = R' = R3 = H (66%) 1 BBr3 

l a  (Topsentin, 69%) 

Scheme 7 
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A mixture of these three products (27a  - c )  was treated with 20% HC1 in ethanol to give theO- 

methyltopsentin (27d) in 66% yield. Finally, topsentin ( l a )  was obtained in 69% yield by treatment of 

26d with BBr3.13 The structure of the synthetic l a  was confirmed by comparison of its spectral data with 

those of the natural p d ~ c t . ~ b  

EXPERIMENTAL 

Melting points wcrc rncasurcd with a Yanaco MP micro-melting point apparatus and are uncorrected. IR  

spectra were taken with a Shimadm 1R-435 spectrophotometer. NMR spectra were measured on a Varian 

XL-300 ( IH:  300 MHz, 1 3 ~ :  75 MHz) with tetramethylsilane as an internal standard and chemical shifts 

are reported in ppm. MS were recorded with a JEOL JMS-SX 102A QQ spectrometer. Silica gel 6 0  

(Merck) for column chromatography and Silica gel 60  PF254 (Nacalai Tesque Inc.) for preparative TLC 

(PTLC) were used. All extracts were dried over anhydrous sodium sulfate and evaporated under reduced 

pressure. 

5-[1-(tert-Butyldimethylsilyl)indol-3-yl]-2-phenylthio-l-[2-(trimethylsilyl)ethoxy]- 

methyl- lH-imidazole  (7a): To a solution of 2-phenylthio-l-[2-(trimethylsilyl)ethoxy]methyl-lH- 

imidazole (3 : 153 mg, 0.50 mmol) in THF (I mL) was added dropwise 17-BuLi (0.38 mL, 1.6 M solution 

in n-hexane, 0.60 mmol) at -7X°C under an nitrogen atmosphere and the whole was stirred for 15 min at the 

same temperature. A solution of trimethyl borate (208 mg, 0.23 mL, 2.0 mmol) in THF (2 mL) was added 

to the mixture and the whole was stirred for additional 1 h a t  -7X°C. After addition ofMe0H-H2O (1 : 1) 

(0.25 mL), the whole was stirred for 1 h a t  rt. H 2 0  (5 mL) was added and the mixture was extracted with 

ether. The combined organic extracts wcrc washed with H 2 0 ,  dried, and evaporated to give crude 2- 
phenylthio-1-[2-(trimethylsilyl)ethoxy]methyl- IH-imidazolylboronic acid (5). which was used i n  the next 

reaction without further purification. A mixture of 6 (155 mg, 0.50 mmol), 5, Pd(PPh3)d (58 mg. 0.05 

mmol), 2M Na2C03 aqueous solution (0.5 mL), methanol (2 mL). and benzene (10 mL) was refluxed 

under stirring for 8 h. The mixture was dried and evaporated. The residue was chromatographed on PTLC 

(ethyl acetate I it-hexane =I / 2) to give 7 a  (20 mg, 7 %) as colorless oil. IR (CHC13) : 2941, 1449, 1255, 

1080 cm-I .  'H-NMR (CDC13) 6 : -0.06 (s, YH), 0.64 (s, 6H). 0.85 (t, 2H, J = 8.2 Hz), 0.96 (s, 9H), 

3.51 (t, 2H, J = 8.2 Hz), 5.37 (s, 2H), 7.18 - 7.27 (m, 7H), 7.49 (s, IH), 7.54 - 7.57 (m, IH),  7.69 (s, 

IH), 7.74 - 7.77 (m, IH). 1 3 ~ - N M R  (CDC13) 6 : -4.0, -1.5, 18.1, 19.4, 26.3, 66.0, 73.2, 107.4, 

114.1, 119.4, 120.7, 122.3, 126.6, 127.9, 129.1, 129.2, 129.7, 130.6, 131.3, 135.5, 137.9, 141.2. 

HRMS iiih : Calcd for C2yH41N30SSi2,535.2510. Found, 535.2514 (M+). 

5-Bromo-2-phenylthio-l-[2-(trimethylsily)ethoxy]methyl-lH-imidazole @a): T o  a solution 

of 3 (919 mg, 3.0 mmol) in THF (30 mL) was added dropwise 11-BuLi (1.9 mL, 1.6 M solution in n-  

hexane, 3.0 mmol) at -78°C under an nitrogen atmosphere and the whole was stirred for 30 min at the same 

temperature. A solution of bromine (476 mg, 155 pL, 3 .0  mmol) in THF (9 mL) was added to the mixture 

and the whole was stirred for additional 2 h at -7X°C. After addition of 5% Na2S203 aqueous solution, the 

mixture was extracted with ethyl acctate. The combined organic extracts were washed with H 2 0 ,  dried, 
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and evaporated. The residue was chromatographed with ethyl acetate I n-hexane (I 1 8 )  to give 8 a  (971 

mg, 84 %) as colorless oil. IR (CHCI3) : 2941, 1478. 1247, 1086 cm-1. IH-NMR (CDC13) 6 : -0.06 (s, 

YH), 0.81 (t, 2H, J =  8.2 Hz), 3.46 (t, 2H. J = 8.2 Hz), 5.41 (s, 2Hj, 7.18 (s, IH), 7.20 - 7.28 (m, 5H). 

1 3 c - ~ M ~  (CDC13) 6 : -1.5, 17.8, 66.6, 74.1. I06.0, 127.2, 1289,  129.3, 131.3, 133.9. 140.2. LRMS 

IWZ : 384 (M+), 386 (M+2)+. HRMS m/; : Calcd for C15H21N20BrSSi. 384.0347. Found. 384,0337 

W + ) .  

4,5-Dihromo-2-phenylthio-l-[2-(trimethylsilyl)ethoxy]methyl-lH-imidazole (8b):  To  a 

solution of 3 (1 10 mg, 0.36 nnnol) in THF (6 mL) was addcd portionwise NBS (128 mg, 0.72 mmol) at 

0°C under an nitrogen atmosphe1.e and the wholc was stirred for 3 h at the same temperature. After addition 

nf ethyl acetate and H20 ,  the mixture was extracted with cthyl acetate. The combined organic extracts were 

washed with H 2 0 ,  dried, and evaporated. The residue was chromatographed on PTLC (cthyl ace tat el^^ 

hcxanc = I  I 10) to give 8 b  (90 mg, 54 %,) as colorless nil. IR (CHC13) : 2941. 1477, 1247, 1089 cm-1. 

IH-NMR (CDC13) 6 : -0.08 (s. YH), 0.79 (1. 2H. J = 8.3 Hz). 3.44 (1, 2H. J = 8.3  Hz), 5.39 (s, 2H), 

7.21 - 7.31 (m, 5H). I ~ c - N M R  (CDC13) 6 : -1.5, 17.8. 66.9, 75.2, 107.0, 118.6, 127.6. 129.2. 129.4, 

133.1. 140.0. HRMS !I?/; : Calcd lor C ~ ~ H ~ O N ~ O B S ~ S S ~ ,  463.9412. Found. 463.9418 (M+2)+. 

5-Iodo-2-phenylthio-l-[2-(trimethylsilyl)ethoxy]methyl-lH-imidazole (8c): The reaction 

was carried out in a similar manner to that used fur the above-mentioned preparation o l 8 a  except for use of 

iodine instead of bromine. Purification by the column chrnmatograpy with ethyl acetate I mhexanc (I / 10) 

gave 8c  (98 %)) as colorless oil. IR (CHC13) : 2948. 1475, 1246, 1084 cm-1. IH-NMR (CDC13) 6 : 
-0.05 (s, 9H), 0.82 (t. 2H. J = 8.2 Hz). 3.46 (1. 2H. J = 8.2 Hz)_ 5.42 (s, 2H), 7.22 - 7.32 (m, 6H). 

I- 'C-NMR (CDC13)6  : -1.4, 17.8, 66.5. 75.6, 127.2. 128.1, 128.5, 128.9, 129.3, 134.0, 138.4. 

HRMS r~i/?  : Calcd for ClgH21N201SSi , 432.0190. Found, 432.0174 (M+j. 

5-[l-(tert-Butyldimethylsilyl)indol-3-yl]-2-phenylthio-l-[2-(trimethylsilyl)ethoxy]- 

methyl-1H-imidazole (7a): To  a solution of 6 (186 mg, 0.60 mmol) in THF (2  mL) was addcd 

dropwise frrt-BuLi (0.76 mL, 1.57 M solution in n-pcntaue, 1.2 mmol) at -7X°C under an nitrogen 

atmosphere and the whole was stirred for 15 min at the same temperature. A solution of trimethyl borate 

(250 mg. 0.27 mL. 2.4 mmol) in THF (4 mL) was added to the mixturc and the whole was stirred for 

additional I h at -7X°C. Alter addition of MeOH-Hz0 ( I  : 1) (0.5 mL), the wholc was stirred fnr I h at rt. 

H z 0  (5 mL) was added uld the ~nixture was extracted with ether. The combined organic extracts were 

washed with H20 .  dried, and evaporatcd to give l-(trrt-hutyldin~ethylsilyl)i11d~1lyl-3-bnr1ic acid ( l o ) ,  

which was used withi~ut further purification. The mixture of 8 a  (77 mg, 0.20 mmol), 10, Pd(PPh3)4 (35 

mg, 0.03 mmol), 2M Na2CO3 aqueous solution (0.2 mL). methanol (0.8 mL). and hen7.cne (4 mL) was 

refluxcd under stirring lor 15 h. The mixture was dried and evaporated. The residue was 

chlwnatographcd 011 PTLC (ethyl acetate 1 n-hcxanc = I  1 10) to give 7 a  (85 mg, 79 3%). which was 

identical with the product prepared above. 
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When the reaction was carried out using 8c  instead of 8a,  7a  was obtained in 79 '74 yield. 

4-Bromo-5-ll-(tert-butyldimethylsilyl)indol-3-yl]-2-phen~lthio-l-[2-(trimethylsilyl)- 

ethoxylmethyl-1H-imidazole (7b): The rcaction was camicd out in a similar Inantier to that used ror 

the ahove-mentioncd preparation of 7 a  cxcept for use d 8 b  instead of 8a .  Purificatiun by PTLC (cthyl 

acetate I 11-hexane = I 120)  gave 7 b  (39 %) as colorless oil. IR (CHCI3) : 2942, 1449, 1254, 1081 cm-1. 

IH-NMR (CDC13) 6 : -0.1 I (s, YH), 0.64 (s, hH), 0.72 (1, 2H, J = 8.3 Hz), 0.95 (s, YH), 3.33 (t, 2H, J 

= 8.3 Hz), 5.25 (s, 2H), 7.15 - 7.36 (m, 7H), 7.48 (s; IH). 7.50 - 7.57 (m, 2H). 1 3 ~ - N M R  (CDC13) 6 : 
-4.0, -1.5, 7 . 9 ,  19.4, 26.3, 66.3, 73.8. 105.3. 114.3, il6.X. 120.7, 2 0 . 5  122.2, 127.0, 128.5, 

128.8, 129.3, 129.5, 133.3, 134.5, 138.3, 141.0. HRMS to/; : Calcd f i r  C 2 q H q o N 3 0 B r S S i 2 ,  

613.1620. Found, 613.1599 (M+). 

N,N-Dimethyl-l-(tert-butyldimethylsilyl)indole-3-carboxamide (14):  To a solution of 13 

(941 mg, 5.0 mmol) in THF ( I 0  mL) was added dropwise wBuLi (3.5 mL, 1.6 M solution in n-hexanc. 

5.5 mmol) followed by addition of rerr-butyldimethylsilyl chloride (829 mg, 5.5 mmol) at O°C under an 

nitrogen atmosphere and the wholc was stirred for 2 h at rt. Acter addition of H 2 0  (10 mL), the mixture 

was extracted with ethyl acetate. The combined organic extracts were washed wilh H20 .  dried, and 

evaporated to give solid. The solid was chromatographed (cthyl acetate / whexane =S I I )  to give 1 4  

( l . l l g ,  73 70) as colorless crystals. mp 126.5 - 12X.0°C (n-hexane). IR (CHC13) : 2912, 2847, 1605, 

1448 cm-I .  'H-NMR (CDC13) 6 : 0.61 (s, 6H), 0.94 (s, 9H), 3.15 (s, hH), 7.16 - 7.22 (m,  2H), 7.45 

(s, IH), 7.49 - 7.52 (m, IH), 7.73 - 7.76 (m, IH). Anrrl.Calcd for C17H2hN20Si : C, 67.50: H, 8.66: 

N, 9.26. Found: C,  67.04: H, 8.76: N, 9.49. 

2-(3-Indolyl)-l-[2-(trimethylsilyl)ethoxy]methyl-lH-imidazole (15a): To a s o l u t i ~ ~ n  of 1 l a  

(238 mg, 1.2 ~nmol)  in THF (3 mL) was added drupwise wBuLi (0.83 mL, 1.6 M solution in 17-hexane. 

1.32 mmol) at -7X°C under an nitrogen atmosphere. A solution of 1 4  (454 mg, 1.5 mmol) in THF (3 mL) 

was added to the mixture and the whole was stirred ovcrnight at an ambient temparature. After addition o C  

H 2 0  (3 mL), the mixture was extracted with cthyl acetate. Thc combined organic extracts were washcd 

with H20 ,  dried, and evaporated. The rcsiduc was chr~~rnatographcd with PTLC (ethyl acetate / n-hexane 

= 3 / 2) to give 15a (240 mg, 58 as colorless oil. IR (CHC13) : 3439. 2941, 161 1.  1440 cm-1. IH- 
NMR (CDC13) 6 : -0.05 (s, YH), 0 9 4  (t. 2H, J = 8.3  Hz), 3.63 (t. 2H, J = 8.3  Hz), 5.92 (s, 2H), 7.21 - 

7.38 (m, 5H), 8.50 - 8.53 (m, IH), 8.83 (d. IH, J = 3.2 Hz), 9.35 (hr s, I H )  HRMS ln/z : Calcd Ibr 

C I X H ~ ~ N ~ O ~ S ~ ,  341.1560. Found, 341.1563 (M+). 

The rcaction was carried out in a similar manner to that used Tor the rcaction o i15a  cxcept for use of LDA 

instead o1.n-BuLi as hasc. Yield: 42 5%. 

2-(3-1ndolyl)-1-methyl-1H-imidazole (15b): The rcaction was carried out in a similal- manner lo 

that used for the rcaction oC 15a except Cor use of l l b  instead of l l a .  Purification of the crude product by 
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PTLC (ethyl acetate) gave 15b (87 70) as colorless crystals. mp 232.0 - 233.0°C (ethyl acetate I 17-hexane). 

IR (KBr) : 3117, 2870, 1604, 1450 c n - l .  IH-NMR (DMSO-dg) 6 : 4.02 (s, 3H), 7.13 (s, IH), 7 1 9  - 

7.26 (m, 2H), 7.46 (s. IH), 7.50 - 7.53 (m, IH). 8.34 - 8.37 (s, IH), 12.02 (br s ,  IH). A17nI.Calcd for 

C13H I 1N30:  C, 69.32: H, 4.92; N,  18.66. Found: C, 69.47; H, 5.06: N, 18.71. 

The reaction was carried out in a similar manner to that used for the reaction of 15a except for use of LDA 

instead of 11-BuLi as base. Yield: 69 %. 

1-(tert-Buty1dimethyIsilyl)-6-methoxyindoe (17) : To a solution o r  6-mcthoxyiudole (16) (1.47 

g, 1 0  mmol) in THF (100 mL) was added dropwise n-BuLi (6.25 mL, 1.6 M solution in 11-hexane, 10 

mmol) at 0°C under an nitrogen atmosphcrc and the whole was stirred for 15 min. trrt-Butyldi~nethylsilyl 

chloride (1 3 1  g, 10 mmol) was added to the mixture and the whole was stirred for additional 10 h at rt. 

After addition of H 2 0  (10 mL), thc solvent was concentrated under reduced pressure and the residue was 

extracted with ethyl acetate. The combined organic extracts were washed with H20,  dried, and evaporated. 

The residue was chromatographed (ethyl acetate I n-hexanc =I 1 50) to give 1 7  (2.55g, 98%) as colorless 

oil. IR (CHC13) : 2918, 1612, 1480, 1131 cm-I. IH-NMR (CDC13) 6 : 0.59 (s, 6H), 0.94 (s, YH), 3.84 

(s ,3H),  6.53 (d, IH, J = 3 . 2 H z ) , 6 . 7 9  (dd, IH, J = 2 . 2 , 8 . 6 H z ) , 7 . 0 4 ( d ,  IH, J = 2 . 0 H z ) , 7 . 0 7  (d, 

IH, J = 3.2 Hz), 7.49 (d, IH, J =  8.7 Hz). 13C-NMR (CDC13) 6 : -4.0, 19.6, 26.4, 55.8, 98.5, 104.6, 

IO9.1, 120.8, 125.7, 129.9, 141.8, 155.7. HRMS I I ~ Z  : Calcd for C15H23NOSi, 261.1550. Found, 
261.1566 (M+). 

3-Bromo-l-(tert-butyldimethylsilyl)-6-methoxyindole (18) : To a solution of 1 7  (2.61 g, 10 
mmol) in THF (100 mL) was added oneportion NBS (1.78 g, 10 mmol) at -78°C under an nitrogen 

atmosphere and the whole was stirred for 3 h at the same temperature. The solvent was evaporated and the 

residue was chromatographed (ether / n-hexanc = I  1 100) to givc 18 (3.03 g, 89 %) as colorless crystals. 

mp 62.0 - 63.0°C (EtOH-H20). IR (CHC13) : 2921, 1616. 1480, 1127 cm-1. IH-NMR (CDC13) 6 : 0.59 

(s, 6H),0 .95 ( s ,9H) ,  3.85 (s ,3H),6 .87 (dd, IH, J = 2 . 2 , 8 . 8 H z ) ,  6.98 (d, IH, J = 2 1  Hz), 7.05 (s, 
IH), 7.43 (d, IH, J =  8.6 Hz). I ~ c - N M R  (CDC13) 6 : -4.0, 19.5. 26.2, 55.8, 93.5, 98.5, 109.9, 119.5, 

124.4, 128.5- 141.0, 156.6. A17nl.Calcd for ClsH22NOBrSi:  C, 52.94; H, 6.52: N, 4.12. Found: C ,  
53.05: H, 6.30; N, 4.19. 

Methyl l-(terf-ButyldimethyIsilyl)-6-methoxyindole-3-carboxylate (19) : To a solution of 18 

(1.46 g, 4.28 mmol) in THF (17 mL) was added dropwisc tert-BuLi (5.45 mL, 1.57 M solution in n- 

pentanc, 8.56 mmol) at -7X°C under an nitrogen atmosphere and the whole was stirred for 15 min. A 
solution ol-methyl chloroformatc (809 mg, 0.66 mL, 8.56 mmol) in THF (5 mL) was added to the mixture 

and the whole was stirred Tor additional 2 h at -7X°C. After addition of H 2 0  ( I 0  mL), the mixture was 

extracted with ether. The combined organic exuacts were washed with H20 ,  dried, and evaporated. The 

residue was chrnmatographcd (ether In-hexanc = I  I 10) to givc 19 (1.08g, 79%) as colorless crystals. mp 

78.0 - 80.0°C (ether-n-hexanc). IR (CHC13) : 2942, 1689, 1531, 1189 cm-I.  IH-NMR (CDC13) 6 : 0.63 

(s, 6H), 0.95 (s, YH), 3.85 (s, 3H), 3.90 (s, 3H), 6.93 (dd, IH, J = 2.2, 8.8 Hz), 7.01 (d, IH, J = 2.2 
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Hz), 7.79 (s, IH), 8 .04(d,  IH, J = 8 . 8  Hz). 1 3 C - ~ M R  (CDCI3)G : -4.0, 19.3, 26.3, 51.0, 55.7, 

98.8, 110.5, 110.7, 121.9, 123.0, 137.3, 142.2, 156.3, 165.6. HRMS 1idz : Calcd for C I ~ H ~ ~ N O ~ S ~ ,  

319,1600. Found, 319.1584 (M+). Aiid.Calcd for C17H25N03Si: C, 63.91; H, 7.89: N, 4.38. Found: 
C,  63.89: H, 7.92: N, 4.49. 

Methyl 6-Methoxyindolyl-3-carboxylate (21) : A solution of 19 (37 mg, 0.12 mmol) and 50% 
dimethylamine solution (116 WL, 1.2 mmol) in THF (I mL) was stirred for 3 h at rt under an nitrogcn 

atmosphere. The solvent was evaporated to give solid. The solid was dissolved in ether and washed with 

H 2 0  The organic extracts were dried, and evaporated. The residue was chromatographed (ether) to give 

21 (23 mg, 97%) as colorless crystals. mp 144.5 - 146.0'C (etherln-hexane). IR (CHC13) : 3442,2934, 

1689,1531 cm- l .  IH-NMR (CDC13) 6 : 3.83 (s, 3H), 3.91 (s, 3H), 6.87 (d, IH, J = 2.0 Hz), 6.93 (dd, 

IH, J = 2 . 3 ,  8.7 Hz), 7.80(d,  IH, J = 2 . 9  Hz), 8.04(d,  IH, J =  8.7Hz), 8 .66(br s ,  1H). H R M S i d z :  
Calcd for C I   HI IN@, 205.0740. Found, 205.0747 (M+). 

N-Methoxy-N-methyl-1-(tert-butyldimethylsilyl)-6-methoxyindole-3-carboxamide (22) : 

Trimethylaluminum solution (0.16 mL, 2.0 M in ii-hexane, 0.32 mmol) was added dropwise lo a 

suspension of N.0-dimethylhydroxylamine hydrochloride (32 mg, 0.32 mmol) in benzene (0.5 mL) at 0°C 

and the whole was stirred for 2 h at rt. To the mixture, a solution of 19 (5 1 mg, 0.16 mmol) in benzene (2 

mL) was added and the whole was refluxcd for 3 h. After addition of H z 0  (I mL), the mixture was 
extracted with ether. The comhined extracts were washed with H20 ,  dried, and evaporated. The residue 

was chromatographed (ether 1 17-hexane = 2 I 3) to give 22 (39 mg, 69 9%) as colorless oil. IR (CHC13) : 

2919, 1615, 1520, 1179 cm- l .  IH-NMR (CDC13) 6 : 0.63 (s, 6H). 0.96 (s, YH), 3.39 (s, 3H), 3.68 (s, 

3H). 3.85 (s, 3HL 6.91 (dd, IH, J = 2.2, 8.8 Hz). 7.00 (d, IH, J = 2.2 Hz), 7.86 (s, IH), 8.24 (d. IH, 

J = 8.8 Hz). 1 3 c - ~ M R  (CDC13) 6 : -4.0, 19.3, 26.2, 33.2, 55.7, 60.6, 98.3, 110.2, 110.7, 122.7, 

124.8, 135.5, 141.3, 156.2, 165.8. HRMS r i d ?  : Calcd for C l g H 2 8 N 2 0 3 S i .  348.1870. Found; 
348.1858 (M+). 

5-[l-(tert-Butyldimethylsilyl)indol-3-yl)-l-[2-(trimethylsilyl)ethoxy]methyl-lH- 

imidazole (23) : Sodium borohydride (672 mg, 17.9 mmol) was added po~rionwise to a solution oS7a 

(450 mg, 0.84 mmol) and nickel(I1) chloride hexahydrate (1.40 g,  5.89 mmol) in THF (6 mL) and MeOH 

(18 mL) at 0°C and the whole was stirred for 10 min. The mixture was passed through a Celite column and 

the filtrate was evaporated. The residue was chromatographed (CHC13 I MeOH = 40 I 1) to give 23 (284 

mg, 79%) as colorless crystals. mp 118.0 - 120.0 8C (cthyl acetatelrz-hexane). IR (CHC13) : 2942, 1451, 

1255, 1082 c m - l .  IH-NMR (CDC13) 6 : -0.02 (s, 9H). 0.64 (s, 6H), 0.92 (t. 2H, J = 8.3 Hz), 0.97 (s, 

YH), 3.53 (t, 2H, J = 8.3 Hz), 5.25 (s, 2H), 7.16 - 7.25 (m, 2H), 7.30 (d, IH, J = 0.8 Hz), 7.53 - 7.54 

(m, IH), 7.56 (s, IH), 7.69 - 7.70 (m, IH), 7.72 (d, IH, J = 0.8 Hz). I ~ c - N M R  (CDC13) 6 : -4.0, 
-1.4, 17.8, 19.5, 26.3, 65.9, 73.9, 107.1, 114.0, 9 5  120.5. 122.2, 126.9, 128.0, 129.9, 130.7, 
137.9, 141.3. HRMS ink : Calcd for C23HyN30Si2 ,  427.2480. Found, 247.2459 (M+). 
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4,5-Diiodo-l-[2-(trimethylsilyl)ethoxy]methyl-lH-imidazole (25) : To a mixture of 2,4,5- 

triiodo-IH-imidazole (892 mg, 2.0 m1no1),'4 triethylaminc (304 ing, 3.0 nimol). and DMAP (244 mg, 2.0 

mmol) in DMF (5 mL) was added dropwise 12-(trimethylsilyl)ethoxylmethyl chloride (367 mg, 2.2 mmol) 

at rt and the whole was heated at 100 "C for 2 h. After addition of H20 ,  the mixture was extracted with 

ethyl acetate. The combined extracts wcrc washed with H20 .  dried, and evaporated. The residue was 

chromatographed (ethyl acetate I n-hexanc = I 13)  to givc 25 (383 mg, 43%,) as colorlcss oil. IR (CHC13): 

2965, 2940. 1242, 1093, 1041 c n - I .  I H - N M R  (CDC13) 6 : -0.18 (s. 9H), 0.92 (1. 2H, J = 8.4 Hz), 

3.52 (1, 2H, J = 8.4 Hz). 5.29 (s. 2H). 7.72 (s, IH). 1 % - N M R  (CDC13) 6 : -1.4. 17.7. 66.8, 77.7. 

8 I ,  9 7 0  141.6. HRMS UI/Z : Calcd for CyH [ 6N2012Si, 449.9120. Found, 449.9 124 (M+). 

5-[l-(tert-Butyldimethylsilyl)indol-3-yl)-4-iodo-l-[2-(trimethylsilyl)ethox)):]methyl-lH- 

imidazole (26) : The reaction was cal~icd out in a similar manner to that used lor the reaction of 7 except 

lor use of 2 5  instcad o f 8 .  Purification of the crude product by PTLC (ethyl acetate I n-hcxane = I I 3) 

gave 26 (75 7c) as colorlcss oil. IR (CHC13) : 2948, 1447. 1243. 1089, 838 cni-1. IH-NMR (CDC13) 6 : 
0 . 0 8  (s. OH), 0.65 (s, 6H1. 0 8 1  (1. 2H, J = 8.3 Hz). 0.06 (s. YH), 3.37 (1, 2H. J = 8.3 Hz), 5.16 (s, 

2H), 7.14 - 7.25 (m, 2H). 7.37 (s, IH). 7.45 (dd, IH, J = 1.2, 6.8 Hx). 7.57 (d, IH. J = 8.0 Hz), 7.76 

(s, IH). 1 3 C - ~ M ~  (CDC13) 6 : -3.9, -1.5, 17.8, 19.4, 26.3, 66.4, 74.7, 105.7, 114.3, 120.2, 120.5, 

122.2, 125.1, 129.8, 130.1, 133.2, 139.4. 141.2. HRMS m/z : Calcd lor C23H36N30ISi2,  553.1440. 

Foundl 553.1426 (M+). 

5-[l-(tert-Butyldimethylsilyl)indol-3-yl)-l-[2-(trimethylsilyl)ethoxy]methyl-lH- 

irnidazole (23) : To a solution of 26 (374 ing. 0.68 mmol) i n  THF (30 mL) was added dropwise a 

solution o1cthyl1nagncsium bromide (1.5 mL. 1.67 mmol, 0.9 M in THF solution) at rt and thc whole was 

stirred for 30 mi11 at rt. Aftcr addition of H20,  the mixture was extracted with ethyl acetate. The combincd 

cxtracts were washed with H20. dried, a id  evaporated. The residuc was p u r i k d  with PTLC (ethyl acetate 

In-hcxane = I I 1) to give 23  (243 mg, 8491). 

6"-O-Methyl-l',l"-di(tert-butyldirnethylsilyl)-l-[[(2-trimethylsilyl)ethoxy]methyl]- 

topsent in  (27a), 6"-O-Methyl-l'-(ter~-butyldirnethylsilyl)-l-[[(2-trimethylsilyl)ethox)):]- 

methylltopsentin (27b), a n d  6"-O-Methyl-1-[[(2-trimethylsilyl)ethoxy]methyl]topsentin 

(27c) : wBuLi (0.17 inL. 0.28 mmol, 1.6 M solut~on in n-hexanc) was added dropwise to a solution of 

23 (107 mg, 0.25 nimol) in THF (2 mL) at -78°C under a nitrogen atmosphere and the whole was stirred 

for 15 min at -7X°C. A solution of 22 (108 mg, 0.31 mmol) in THF (1 mL) was added dropwise to the 

mixture at the same tcmpcraturc and the whole was stirred for 12 h at an ambient temperature. Alter 

addition of H 2 0 ,  the niixturc was extracted with ethyl acetate. The combined extracts were washed with 

H20,  dried, and evaporated. The residuc was chromatographed (ethyl acctate I mhexane = I I 10) to givc 

27a (61 mg, 34.0%. Rf = 0.5) as colorlcss oil, 27b (49 mg. 33%. R1 = 0.3) as colorlcss oil, and 27c (7 

mg. 6%. R1= 0.  I) as colorlcss oil. 
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27a : IR (CHC13) : 2943, 161 1, 1511, 1450 cm- l .  IH-NMR (CDC13) 6 : -0.07 (s, YH), 0.67 (s, 6H), 

0 .69(s ,  6H) ,0 .93-  1.01 (m,20H),3 .73 (~,2H,J=8.3Hz),3.88(s,3H),5.94(~,2H),6.98(dd, IH, J 

= 2.2, 8.7 Hz), 7.06 (d, IH, J = 2.0 Hz), 7.20 - 7.29 (m, 2H), 7.47 (s, IH), 7.57 - 7.60 (m, IH), 7.80 - 

7.83 (m, 2H), 8.45 (d, IH, J = 8 . 7  Hz), 8.79 (s, 1H). I ~ - N M R  (CDC13)6 : -4.0, -1.5, 18.1, 19.3, 
19.4, 26.3, 26.4, 55.6, 65.8 ,  73.0, 98.8,  106.7, 110.5, 114.1, 118.6, 119.5, 120.7, 122.3, 122.9, 

124.2, 127.9, 129.9, 131.9, 132.1, 141.3, 142.1, 143.0, 144.4, 156.4, 178.9. HRMS I ~ Z :  Calcdfor 
C39H58N403Si3, 714.3820. Found, 714.3831 (M+). 

27b : IR (CHC13) : 3442, 2944, 1612, 1518 cm-1. 1 ~ - N M R  (CDC13) 6 : -0.10 (s, 9H), 0.67 (s, 6H), 

0.91 - 0.98 (m, I lH) ,  3.67 - 3.73 (m, SH), 5.90 (s, 2H), 6.76 (d, IH, J = 2.1 Hz), 6.93 (dd, IH, J = 

2.3, 8.8 Hz), 7.20 - 7.29 (m, 2H), 7.46 (s, IH), 7.57 - 7.60 (m, IH), 7.77 - 7.80 (m, 2H), 8.39 (d, IH, 

J = 8.8 Hz), 8.56 (d, IH, J = 3.1 Hz), 9.88 (br, IH). I ~ c - N M R  (CDC13) 6 : -3.9, -1.5, 18.1, 19.4, 
26.3, 55.5, 65.9, 73.0, 94.9, 106.5, 112.0, 114.2, 116.5, 119.4. 120.8, 120.9, 122.4, 123.1, 127.5, 

129.9,  132.0, 132.3, 135.5,  137.0, 141.3,  144.3, 157.2, 178.8. HRMS ~ n / z  : Calcd Tor 

C33H44N403Si~ .  600.2950. Found, 600.2963 (M+). 

27c : IR (CHC13) : 3447, 2988, 1609, 1516 c m - l .  IH-NMR (CDC13) 6 : -0.10 (s, YH), 0.93 (t, 2H, J = 

8.3 Hz), 3.74 (1, 2H, J = 8.3 Hz), 3.85 (s, 3H), 5.98 (s, 2H), 6.90 (d, IH, J = 2.2 Hz), 6.97 (dd, IH, J 

= 2.3, 8.7 Hz), 7.21 - 7.32 (m, 2H), 7.46 - 7.49 (m, 2H), 7.79 - 7.82 (m, 2H), 8.43 (d, IH, J = 8 7  

Hz), 8.54 (hr, IH), 8.77 (d, IH, J = 2.9 Hz), 8.79 (hr, IH). 1 3 ~ - N M R  (CDC13) 6 : -1.5, 18.0, 55.5, 

66.1, 72.9, 94.9, 104.5, 111.5, 112.0, 116.5, 119.5, 120.8, 120.9, 123.0, 123.1, 125.0, 126.6, 127.6, 

132.3, 135.5. 136.1, 137.0. 144.4, 157.2, 178.9. HRMS ~ n / z  : Calcd for C27H30N403Si.  486.20YO. 
Found, 486.2068 (M+). 

6"-0-Methyltopsentin (27d) : A solution of 27a-c (33 mg, 0.051 mmol) in EtOH (3 niL) and 20 % 

HC1 (3 mL) was refluxcd for 1 h. Aftcr neutralization with saturated NaHC03 aqueous solution, the 

mixture was extracted with ethyl acetate. The comhined extracts were washed with H 2 0 ,  dried, and 

evaporated. The residue was purified with PTLC (ethyl acetate 1 n-hexanc = I 1 2 )  to givc 27d (12 mg. 

66%~) as pale yellow crystals. mp 304 - 3 0 6 T  (ethyl acetate-n-hexane). IR (KBr) : 3396, 2903, 1582. 
1516 cm- l .  IH-NMR ((CD3)lCO) 6 : 3.79 (s, 3H), 6.84 - 6.87 (m, 2H), 7.08 - 7.20 (m, 2H), 7.41 - 

7.48 (m, 2H), 7.67 (s, IH), 8.18 (d, IH, J = 7.3 Hz), 8.29 - 8.33 (m, 2H), 10.96 (hr. IH), 12.00 (br. 

IH). IH-NMR (DMSO-d6 + 1% TFA) 6 : 3.82 (s, 3H), 6.92 (dd, IH, J = 2.2, 8.7 Hz), 7.06 (d, IH, J = 

2.6 Hz), 7.13 - 7.23 (m, 2H), 7.48 (d, IH, J = 7.4 Hz), 7.86 (s, IH), 8.03 (br d, IH, J = 7.0  Hz), 8.04 

(br, IH). 8.21 (d, IH, J = 8.7 Hz), 8.93 (br, IH), 11.51 (br, 2H). HRMS ,n/i : Calcd for 

C21H16N402~356.1270.  Found, 356.1249 (M+). 

Topsentin ( la )  : To a solution of 27d (30 mg, 0.08 mmol) in CH2C12 (10 mL) was added dropwisc a 

solution of BBr3 (2 mL, 1.0 M solution in CH2C12, 2.0 mmol) and the whole was refluxcd for 8 h. Aftcr 

neutralization with saturated NaHC03 aqueous solution, thc mixture was extracted with ethyl acetate. The 

combined extracts were washed with H 2 0 ,  dried, and evaporated. The residue was purified with PTLC 

(ethyl acetate) to givc l a  (20 mg, 69%) as pale yellow crystals. mp 265.0 - 2h8.0°C. IR (KBr) : 3336, 
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3193, 1622, 1582, 1519, 1156 e n - [ .  IH-NMR (DMSO-d6 + I% TFA) 6 : 6.80 (dd, IH, J = 2.2, 8.7 

Hz), 6.92 (d, IH, J = 2.2 Hz), 7.15 - 7.25 (m, 2H), 7.50 (d, IH, J = 7.4 Hz), 8.01 (hr d,  IH, J = 7.6 

Hz), 8.02 (s, IH), 8.06 (d, IH, J = 8.5 Hz), 8.09 (br, IH), 8.65 (d, IH, J = 2.5 Hz), 11.63 (br, IH), 

12.14 (hr, 1H). HRMS ndz : Calcd for C20H14N402, 3421  120. Found, 342,1108 (M9.15 
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