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Abstract—The palladium-catalyzed cross-coupling reaction of ethyl 3-bromo-1-tosyl-
indole-2~carboxylate (9} with a variety of substituted allylic acetates or carbonates
(10} in the presence of hexa-n-tutyidistannane (6) gave 3-allylated indotes (11) in high
yields.

There are numercus reports2

concerned with palladium-catalyzed cross-coupling reaction using
organostannane (1} as a coupling partner (A in Schame 1}. Although these reactions have
advantage of taking place under mild conditions to tolerate a wide variety of reactive functional
groups, the starting organostannyl compounds {1} are not always prepared conveniently. Re-
cently, we have rer:)or'cec:l3 a new type of cross-coupling reaction, in which aryl bromides (4)
directly coupled with ally! acetate (5) in the presence of palladium catalyst (8) and hexa—mbut-
yldistannane (6) (B in Scheme 1). The feature of this reaction is an in sty formation of orga-

nostan nane.4'5

Since it has a possibility to be a useful synthetic tocl to construct a carbon
skeleton, we further investigated this reaction to establish the scope and limitation. Here we
wish to report the results of this direct allylation of ethyl 3-bromo-1-tosylindole-2-carboxyiate

(9) with a variety of substituted allyl acetates and carbonates.

paltadium R = alkyl, aryl, allyl, etc.
A : R-SnBug + R'-X ————» R-R’ R'= acyl, aryl, vinyl, etc.
] s catalyst 3 X = halogen
@-F‘Ph3
Bu.SnSnBU. (6) Fe _FPAC,
S u,5nSnBu - - : o
B : Ar-Br + S Noac 3 3 > Ar NS ErPRh,
PdC1,(dppf) (8)
4 5 7 8 PdCl dppt)
Scheme 1
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Br
@E—/\[ \l, Bu35n8n8u3 (6)
co E‘t‘ 2 R4 F’dCiz(dPPf) (8)

Ts o
DMF 120°C
10a—1
melar ratio; 8 :10:6 :8=1,0:15Hh: 1t 5 : 0. 1
Table Allylation of the Indole (9) with Allyl Acetates or Carbonates (10)
aj ; a) ; )
Run Ally1 ester (10) Reaction Products (11) Yiald (%)
* Ry - Ry time (min) rY - R

1 DAc R' = (CHyipMe (10a) 270 RE = (CHyioMe (11a) 19¢)

2 Ohc R4 = Me (10B) 90 RE = Me {1ib) 59

3 DAC rR' = Ph (10c) as R or % = Ph (110) 5od)

4 DAC RY = RZ = Me (10d) 150 R =prE = Me (1) 78)

§  OCO0EL R = (CHy),Me (10e) 100 R? = (CHy)oMe (11a) 72

6  DCODEL  RZ = (CHy)pMe (10F) 120 11a 70

7 0CO0Et  RY = (CHy)pMe (10g) 170 Na 62

8  OGOGEL  RY = Me (10h) 80 RS = Me (110) 93

9 CCO0Et  R¥ = CHyPh (104) 150 RE = CHPh (111) 73

10 0Co0Et  R' = RZ = Me (103) 100 R = R® = Me (11d) 35f)

11 10j 1009) 11d 54

12 10j goh’ 11d 45

13 0C00EL R - RY = —(CHy)- (10k) 110 RO - RS = —(CHy ), (11K a3')

14 10k 110" 11k 43

15 0co0Et  R' = RY = Me  (10M) 309) RP=gB=Mme (11D} 60

al Substituents which are not indicated in the Takle are hydrogen. b) Isolated yield. c¢)

Accompanied by 9 {35%), 12 (30%), and 13 (9%). d) Accompanied by 16 (38%). &) Accompanied by
12 {24%) and 13 {32%). f) Accompanied by 12 (15%) and 13 (13%). g) 2.0 eg of AcONa were
added to the reaction mixture. h) After heating the mixture of 10, 6, and palladium catalyst (8)
for 20 min at 120°C, 9 was added to the reaction mixture. Then the whole was heated for the
period of time as indicated in the Table. i) Accompanied by 12 (36%).

~ h

X
: l @L/ = SnBu F’h\é\/l\&
¥ CO.Et SI’!BUB \r\/ 3
5

2

12 X =H 14 15 16
13 X = SnBuy
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Ethyl 3-bromo-1-tosylindcle-2-carboxylate (8} was allowed to react with various aliylic acetates
or carbonates (10a - 1) according to the reported rnethod,3 and the resuits are summarized in
Table I. The effect of leaving group was obvious, for the reactions with carbonates (10e and
10j} gave better yields than those with acetates (10a and 10d) (Run 1 wvs. 5 and Run 4 vs. 10).
Tsuji reported5 that allylic carbonates were more reactive than acetates on the palladium-cat—
alyzed allylation of C-nucieophile such as fS-keto ester., The reactions proceeded regio- and
stereoselectively, since ethyl carbonates of (£)- and (Z)-2-hexen-1-ol (10e and 10f), and
1-hexen-3-ol (10g) which are geometrical or regio isomers with each other, gave the same
product (11a) in good vields (Runs 6, 6, and 7). Acetate of 1-buten-3-ol (10b) alsa gave the
£-olefin (1tb). These results indicated that the substitution occurred at the less substituted
end of the allyl moiety with formation of £ isomer as a resuit of isomerization or allylic rear-
rangement of the double bond. The geometry of the preducts (11a and 11bh) was determined on
the basis of the coupling constant of vinylic protons (J = 15 Hz). Symmetrical allyl carbonates
having an alkyl substituent at R3 {10h and 10i} reacted smoothiy to give the products (Runs 8
and 8) in high yieids. Conjugate allyl ester, such as cinnamyi acetate (10c), also gave the ally-
lated product (11c) in 52% yield (Run 3), although the dimeric product (16) was formed as a by-
product in appreciable amount (38%).?

On the contrary to the monosubstituted carbonates (10e - i}, disubstituted carbonates such as
prenyl (10)) or cyclic allyl carbonate (10k) did not give the desirad product {11d or k) in satis-
factory yield under the usual condition (Runs 30 and 13). In the case of the reactions giving
the allylated products (11) in iow vyields, appreciable amount of the debrominated (12) and the
stannylated indele (13) were formed (Runs 1, 4, 10, and 13).8 The yield of 11d was slightly
improved by adding sodium acetate in the reaction mixture (Run 113, The yields of 1td and
11k were also improved by preparing the allylstannane (14 and 15) in sinﬁ prior to the addition
of the 3-bromoindote (9} (Runs 12 and 14). a -Branched ailyl group could also be introduced
to the indcle (9) by the use of 1,3-dimethylally! carbonate in good yield by the modified proce-
dure (Run 15}, It is worth toc note tnat the present results show the possibility for direct
introduction of the prenyl or a-branched allyl group to aromatic ring from corresponding aryl
bromide, since there are many natural preducts carrying these groups as a side chain on aro-
matic or heteroaromatic r‘ing.g
Further investigation for the application of this direct allylation to various aromatic or heteroar-

omatic bromides s now N progress.
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EXPERIMENTAL

Melting points were determinegd on a Yanagimoto micro—melting hot-stage apparatus and are
uncorrected. Ir spectra were recorded in Nujol mulls (unless otherwise stated) on a Shimadzu
IR-400 spectrophotometer, 1H—Nmr spectra were recorded on a Hitachi R-24B (60MHz) (unless
otherwise stated} and a JOEL GX-400 (400 MHz) spectrometer with tetramethylsilane as an inter—
nal reference. Following abbreviations are used: singlet {s), broad singlet (br s), doublst (d)},
double triplet {dt), triplet (1), quartet (g), and muttiplet (m). Mass spectra (ms) were measured
with a JEQL JMS-01-SG-2 spectrometer using a direct inlet system. For column chromatogra-
phy, Merck Kieselgel 60 was used. Allyl acetated (10a—d} were commercially available. Allyl
carbonates except for 10i and 10k were prepared from corresponding commercially available atlyl
alcohols. A detailed procedure is exemplified as the preparation of 10i,

2-Benzylaliyl aicohol: Toluene solution {1.5 M) of diisobutylaluminium hydrigde (CIBAL) (87 ml, 131

mmo!) was slowly added to a sclution of ethyl ZMDeWZYIacrylatem

(10.3 g, 54 mmol) in dry toluene
(100 mi} at -78 °C during 30 min. and the resulting solution was stirred for i h. The reaction
was quenched at -78 °C by careful addition of HEO (2.5 ml} and saturated MNH,C! (10 ml}, and
warmed to room femperature with continuous stirring. Then the mixture was diluled with ether
(80 ml) and dried directly by adding powdered Mg50,. The organic layer was collected by
suction and the residue was thoroughly washed with ether. The combined organic lavers were
evapeorated to give 2-benzylaliyl alcohol as a pale yellow off (7.99 g), which was used directly in
the next reaction. Ir (fiim): 3330 (OH) cm™ 1. 1H—Nrnr (CDCI3](?: 2.34 (1H, br s, OH}, 3.38 (ZH, s,
CH,Pn}, 3.98 (2H, s, CH,0), 4.87 and 5.10 (each 1H, 2 x s, C=CH,), 7.18 (5H, s, aromatic protans).
Ms m/z 148 (M7, B.3%), 130 (100%).

2-Benzylaily| ethyl carbgnate (10i): To an ice-cooled mixture of the above alcohol (5.29 g, 35.7

mmol) and pyridine (8.66 ml, 107 mmol) in dichloromethane (40 mi), was slowly added ethyl chlo-
roformate (8.53 ml, 89.3 mmol}. The resulting pale yeilow suspension was stirred for 2 h at room
temperature. Then the mixture was diluted with dichtoromethane {200 ml)} and washed successive-
ly with 5% HCI, saturated NaHCO3. and saturated NaCl, and dried over MgS0,. After evaporation
of the solvent, the resulted pale orange oil (7.90 g} was chromatographed on silica gel with
benzene-hexane (1:5) to give the carbonate (10i) as colorless oil (7.12 g, 91% overall), which was
distilled under reduced pressure, bp 102 9C (0.4 mmHg), Ir (fiim): 1745 (C=0; em . TH-Nmr
(CEBClg)&: 1.30 (3H, t, J = 7 Hz, CHaCHy), 3.40 (2H, s, CHpPh), 4.18 (2H, g, J = 7 Hz, CHpCHg), 4.50
(2H, s, CH,0), 496 and 5.13 (each 1H, s, C=CH,}. 7.i8 (8H, s, aromatic protons). Ms m/z 220
(M+,2.4%), 130 (100%). High resolution ms: Caled for Cystyg0y: 220.1099. Found: 220.1098.

1-Cyvclohexenylmethy! £thy! Cacbonate (10K}

Ethy! 1 —cyclcﬁ’xexenc—:—1—cart:\oxylate1 1

was reduced with DIBAL, and esterified with ethyl chloro-
formate as described above to give the title carbonate (10k) as a colorless oil (72% overail), bp
109-112 O¢ (18 mmHg). Ir (film}): 1745 (C=Clem™ ', "H-Nmr (CDClg) &t 1.28 (3H, t, J = 7 Hz, CH,CHg),
1.2-1.8 and 1.8-2.3 [each 4H, m, (CHp),l, 4.18 (2H, q, 4 = 7 Hz, CHyCHy), 4.45 (2H, s, CH,0), 5.72

(1H, br s, CH=C). Ms mn/z 84 (M*-a0, 66%), 79 (100).
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General Procedure for_Allyiation of Ethyl_3-Bromo—i-tosviindale—2-carboxylate (9}

A mixture of the 3-bromcindole (9, 0.5 mmol), the distannane (6, 0.75 mmol), allyl carbonate (or
acetate) (10, 0.75 mmol), and PdCly{¢ppf) (8, 0.06 mmol} in dimethylformamide (DMF, 1 mi) was
heated at 120 °C for the indicated time in the table.  After cooling to room temperature, the
reaction mixture was directiy subjected to short chromatography on silica gel with benzene-he-
xane n order tc remove stanny! compound and DMF. The mixture of allylated product (11),
debrominated indole (12), stannylated indoie (13), and trace amount of unknown stannyl com-
pounds was separated by column chromatography on silica gel with hexane-berzene to give the
pure allylated product (11) and by-products (12 and 13). Physical and spectral data of allylated
products (11} and by-products {12 and 13) are as follows.

Ethyl.__ 3-[(E)-2-hexenyi]l-1-tosvlindole-2-carboxylate _ (11a): Colorfess oil. Anal. Calcd for
024H2?NO4S: C, 67.70; H, 6.40; N, 3.29. Found: C, 67.82; H, 6.47; N, 3.38, Ir: 1718 (C=Q) Cm_w.
1H—le‘ (400 MHz, CDCI3) &:0.81 (3H, t, J = T Hz, CHECHZCH3), 1.29 (2H, g, J = 7 Hz, CHECﬂECH3),
1.47 (3M, £, J = 7 Hz, OCH2C53), 1.90 (2H, 9, 4 = 7 Hz, CHZCHECHB)' 2.29 (3H, s, SOZPth!3), 3.45
(2H, d, J = 5 Hz, indole-CHy), 4.45 ( 2H, q, J = 7 Hz, OCH,CHj), 5.3-5.5 (ZH, m, CH=CH), 7.15 (2H,
d, J=8Hz, 2 x 3-H), 7.22 (iH, br t, J = 8 Hz, 5 or 6-H), 7.36 (1H, br t, J = 8 Hz, 5 or &-H),
7.47 {1H, d, 4 = 8 Hz, 7-H}, 7.75 (2H, d, J = 8 Hz, 2 x 2'-H}, 8.02 (1H, d, 4 = B Hz, 4-H]. Double
irradiation of two methylene protons at 1.90 and 3.45 ppm changed the spectrum of vinylic
protons from multiplet to two sets of doublets (J = 15 Hz). Ms: m/z 425 (M*, 43.2%), 270 (100%),
Ethy! 3-[{£1-2-butenyii-1-tosylindqle-2—carboxylate {11k): Colorless prisms from ethanol, mp 55-61
OC. Ir: 1710 (C=0) cm™'. TH-Nmr (400 MHz, CDCly) &: 1.42 (3H, T, J = 7 Hz, OCH5CHg), 1.59 (3H, or
d, J = 6 Hz, CHCHg), 2.31 (3H, s, SO,PhCH3), 3.44 (2H, br d, J = 5.0 Hz, indole-CH3), 4.46 (2H, g,
J = 7 Hz, OC_HZCH:B), 5.4-5.8 (2H, m, CH=CH), 7.16 {2H, d, J = 8 Hz, 2 x 3'-H), 7.23 (1K, br t, J = &
Hz, 5 or 6-H), 7.36 (1H, br t, J = 6 Hz, 5 or 6-H), 7.47 (i1H, d, 4 = 7 Hz, 7-H), 7.75 (2H, d, J = 8
Hz, 2 x 2'-H), 8.01 (3H, br d, J = 7 Hz, 4-H}. Double irradiation of methyi and methylene protons

at 1.59 and 3.44 ppm changed the spectrum of vinyiic protong from multiplet to two sets of
doublets (J = 15 Hz). Ms m/z 397 {M', 46.1%), 168 (100%). High resolution Ms: Caled for
C22H23NO4S: 397.1350. Found: 387.1322.

Ethyl 3-(a-cinnamyl)-1-tosylindole~2-carboxylate (11¢): Colorless prisms from methanci, mp
126-128 °C. Apal. Calcd for 027H25NO4S: C, 70.57; H, 5.48; N, 3.05. Found: C, 70.49; H, 5.46; N,
2.99. Ir: 1720 (C=C) cm™'. TH-Nmr (CDCIg) &: 1.35 (3H, t. J = 7 Hz, OCH,CHg), 2,13 (3H, s,
SOEPhC_H3), 3.62 (2H, br d, J =5 Hz, indo1e~CH2), 443 ( 2H, q, J = 7 Hz, OCHECHS}. 5.9-6.5 (2H, m,
CH=CH}, 6.9-7.5 (10H, m, aromatic protons) 7.70 (2H, ¢, J = 8 Hz, 2 x 2'-H}, B.00 (1H, br d, J = 6
Hz, 4-H). Ms m/z 459 (M', 0.14%), 258 (100%).

Cthyl_3-prenyl-1-tosylindole-2-carboxylate {11d): Cclorless prisms from ethancl, mp 60-61 %c.
Anal. Calcd for 023H25NO4S: C, 67.77; H, 6.13; N, 3.41. Found: C, 67.03; H, 6.12; N, 3.41, Ir: 1710
{C=0) em . TH-Nmr (CDCly) &: 1.41 (3K, t, J = 7 Hz, CHyCHy), 1.68 and 1.76 [each 3H, 2
C=C(CH3)2], 2.30 (3H, s, SQEPhCﬂg), 3.48 (2H, br d, J = 6 Hz, indole—CHz), 4.45 (2H, o, J = 7 Hz,
OCHZCHB}, 5.1-5.3 [1H, m, Cﬁ=C(CH3)2], 7.0-7.5 {BH, m, aromatic protons), 7.75 (2H, d, 4 = 8 Hz, 2
x 2'-H3, 8.00 {1H, br d, J = 6 Hz, 4~H). Ms m/z 411 (MT, 11.4%), 255 (100%).

Ethy! 3-(2-methylaliy}l)-1-tosylindole-2-carboxylate (11h): Colorless leaflets from methanol, mp
73-74 °C. Anal. Calcd for C22H23NO4S: C, 66.48; H, 5,83; N, 3.52. Found: C, 66.20; H, 5.74; N, 3.51.
Ir: 1720 (C=0) cm™'. TH-Nmr (CDCly) &: 1.40 (3H, t, J = 7 Hz, CH,CH3), 1.62 (3H, s, C=CCHg), 2.28
(3H, s, SOzPhCI;~I3), 3.45 {2H, s, indole—CHz), 4.44 (2H, q, J = 7 Hz, Cf:I_ZCHB), 4.68 (2H, br d,
CH2=C), 7.0-7.5 (54, m, aromatic protons), 7.68 (2H, d, J = 8 Hz, 2 x 2'-H), 7.98 (iH, br d, 4 = 6
Kz, 4-H). Ms m/z 397 (M+, 46.1%), 168 (100%).

X br s,
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Ethyl 3-(2-benzylallyl)-i-tosylindole-2-carboxylate__ (#1i): A colorless oil. Anal. Calcd for
CogHaND4S: C, 71.01; H, 5.75; N, 2,86, Found: G, 70.94; H, 5.72; N, 2.98. Ir (film): 1720 (C=0) em™ 1.
TH-Nmr (CDClg) &: 1.33 (3H, 1, J = 7 Hz, CH,CHy), 2.23 (3H, s, SO,PhCHg), 3.24 and 3.43 (each
2H, 2 X s, '\hdole*CﬂZCCij_E—phenyl), 436 ( 24, q, J = T Hz, CHECHa), 4,61 and 4,72 (gach 1H, 2 X s,
C:CHZ), 6.9-7.5 {10H, m, aromatic protons), 7.64 (?H, d, J =7 Hz, 2 x 2'-H), 7.95 (1H, br d, J = &
Hz, 4-H). Mg m/z 473 (M*, 13.2%), 272 (100%).

Ethy! _3-{i-cyclohexenylmethyl)-i-tosylindole-2-carboxylate (11k}: Colorless prisms from hexane,
mp 94-95 ©C. Anal. Calcd for 025H27NO4S: C, B8.63; H, 6.22; N, 3.20. Found: C, 68.55; H, 6.20; N,
3.28. Ir: 1730 (C=0) em™'. TH-Nmr (400 MHz, CDCly} &: 1.42 (3H, t, J = T Hz, CHpCHy), 1.40-1.55
(4H, m, CHyCH5CH,CHg), 1.76 and 1.91 (each 2H, 2 x m. C=CCH,CH, and CHCHoCH,), 2.31 (3H, s,
$0,PhCHA), 2.38 (2H, s, indole-CHp), 4.45 (2K, a, J = T Hz, CHyCHg), 5.36-5.38 (1H, m, CH=C), 7.14
(2H, d, J = 8 Hz, 2 x 3-H), 7.22 (1K, dt, = 7 and 1 Hz, 5- or 6-H}, 7.36 {(1H, dt, = 7 and 1
Hz, 5 or 6-H), 7.47 (1H, d, J = 8 Hz, 7-H}, 7.70 (2H, d, 4 = 8 Hz, 2 x 2°~H), 803 {1H, d, v = 8 Hz,
4-H). Ms msz 437 (M*, 5.0%), 235 (100%).

Ethyl _3-[{E£}-1-methvi-2-butenyl]-1-tosylindole-2-carboxylate (111): Coloriess prisms from hexane,
mp 74-77 9C. Anal. Calcd for CoqHagNO,8: C, 87.17; K, 613 N, 3.41, Found: C, 67.09; H, 6.20; N,
3.41. Ir: 1680 (C=0} Cm_1. 1H~Nmr (CDC13) & 1.38 (3H, d, 4 = 7 Hz, imdo\e—CHCL13), 1.43(3H, t, J =
7 Hz, CHyCHg), 1.83( 3H, dt, J = 6 and 2 Hz, C=CHCHy), 2.32 (3H, s, B0,PNCH3), 3.77-3.87 (1H, m,
indole-CH), 4.48 (2H, @, J = 7 Hz, OCH,GHy), 56.37-5.48 and 5.62-5.72 (each 1H, 2 x m, CH=CH), 7.6
(2H, d, J = 8 Hz, 2 x 3'-H), 7.20 (1H, dt, J = 7 and 1 Hz, Cg- or Cg—H), 7.34 (1H, dt, 4 = 7 and 1
Hz, C5- or Cg=H), 7.55 (1H, d, J = 8 Hz, Co=H), 7.75 (24, &, J = 8 Hz, 2 x 2°-H), 8.01 (1K, d, J = 8
Hz, C4—H). Double irradiation of methy! and methine protons at 1.63 and 3.87 ppm changed the

spectrum of vinylic protons from muitiplet to two sets of doublets (J = 15 Hz). Ms m/z 411 {M*,
11.4%), 256 (100%).

Ethyl__1-tosylindole-2-carboxylate (12): Colorless needles, mp 98-99 9C. Anal. Caled for
CygH 7NO4S: C, 62.96; H, 4.89; N, 4.08. Found: C, 62.98 H, 4.92; N, 3.89. Ir: 1735 (C=0) cm™ .
YH-Nmr (CDCly) &: 1.39 (3H, t, J = 7 Hz, CHyCHs), 2.35 (3H, s, SO,PhCH4), 4.40 (2H, a, J = 7 Hz,
CHoCH4), 7.1-7.7 {64, m, aromatic protons), 7.8-8.2 (3H, m, 2 x 2'-H and 4-H). Ms m/z 343 (M%,
12.2%), 143 (100).

Ethyl _1-tosyl=-3—(tributylstanny!)indole—2-carboxylate (13): Coicrless leaflets, mp 6883 °C. Anal
Calcd for CSOH43NO4SSH: C, 56.88; H, 6.85; N, 2.21. Found: €, 58.72; H, 6.79; N, 2.12. Ir: 1715
C=0) em™, TH-Nmr (CDcls} & 0.6-1.9 (30H, m, Sn,Elga, and OCHZCHS), 2.28 (3H, s, SOzPhC__H3), 4.40
{ 2H, g, J =7 Hz, CHyCH,}, 7.0-7.6 (5H, m, aromatic protons}, 7.71 (2H, d, J = 8 Hz 2 x 2'-H), 8.00
(1H, br d, J = 6 Hz, 4~H}). Ms m/z 576 {M-C Hg, 100%).
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