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Absiraci: The synthesis and radicai cyclisations of 2-bromoindoies carrying an unsaturated N-alkyl group is
described.  © 1998 Elsevier Science Ltd. All rights reserved.
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tumours. It has long been known that mitomycins are not

> - b |
6 Indeed, it is now believed that it is a mitosene that is the reactive intermediate in this process and which binds
DNA, and so the chemistry and synthesis of these compounds has also received considerable attention.”
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The chemical literature contains many examples of the syntheses of these compounds ,y a wide variety
of methodologies. For our approach, we decided to employ the new heteroaryl radical cyclisation methodology
developed within our group. Whilst the generation and subsequent reactions of radlcals 10rmed from aryl
halides using tri-n-butyltin hydride and azobisisobutyronitrile (AIBN) is now well documented®® and several
natural product syntheses bascd on aryl radical cyclisations have heen reported,!?!2 little work has been
published on the generation of radicals in heteroaromatic systcms. Apart from our work,!314 there are only
two reported examples of an indolyl radical: by Sundberg, in his synthesis of Iboga alkaloids,!® where the
radical is generated at the indole C-3 position and by Srinivasan, who also generated an indolyl radical at the C-
3 position.!® There are, however, several examples of radical addition into indolyl systems, notably by
Ziegler!” and Caddick.!8-20  As our preliminary results have shown, heteroaryl (and particularly indolyl)
radicals react in a similar way to aryl radicals presumably because the lone electron is in an orbital orthogonal to
the aromatic m-system and hence the nature of the m-system (n-¢xcessive or w-deficient) has little effect on the

reactivity of the radical,!3:14-21
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Our synthesis of the mitosene skeleton required a 2-halogen substituted indole as the main starting
material. Aithough a number of methods exist for the preparation of such compounds, the method of
Bergman?2 (based on the work of Katritzky?>24) gave the best yields of 2-bromoindoles. Both methods
employ carbon dioxide as a temporary protecting group for the nitrogen while introducing the bromine at the C-
2 position using 1,2-dibromotetrafivoroethane. This method worked equally well for substituted indoles,
provided the substituents toleraied the reaction conditions {(Scheme 1 and Table 1). (For example, reaction of
indole—3—carboxylic acid tailed to give any 2-bromo product, even when using an extra equivalent of

butyllithium for deprotonaiion of the carboxylic acid).
Various mcmods were explored for the N-alkylation of the 2-bromoindoles. Using either poiassium
_______ 21 I1Q s £17 R Lo Ao ot I ATNRACIY 28 Ol s Wl a o d L
terr—nuu):uut:/ 18-CTOWI-! 0 or pUl.db lUIIl nyuroxia CILIIVIDU), T1OHOWINE ICTdiure preCcuciil, g4ave very poor
yields of N-alkyl-2-bromoindoles. However simply reacting 2-bromoindole and its derivatives with a 3-5
molar excess of potassium carbonate in acetone and a similar excess of a bromoalkene (or bromoalkyne) gave
PR TR SR T | Tlantimm wmoamiinanse 10 osmnd ialde fQakaran 1 momd Tabkla 1Y (AT 4Ly 21L T heceoan s An avmnnlon v d
LI UOMIUU CYULINALIUIL PLUCULNULD 1T EUUU YICIUDS LOCHIUHIC 1 dlll 1dDIC 1) (ALL UIC alkyl DIVHIIACS THIPILVYCU
were either commercially available or prepared simply from the corresponding commercially available alcohol
by reaction with carbon tetrabromide and triphenylphosphine?®)
n2 . i n2 n2
Rl i) MBuLi R r R I
N G0 N Alkyl Bromide A
| | Y | Br - I Br
NN iii) Buli NFN K2C03 (excess) NN
H iv) BrCF,CF,Br H Acetone \ )
Reflux k(-\n\ R*
24 hours 3’\(
R RS
Scheme 1
Table 1: Synthesis of a Range of N-alkylated-2-bromoindoles.
Entry Starting Indole % Yield Alkyl Bromide %Yicld
Rl R2| (2-Br) n R3 R4 RS
1 Indole H H 87 4-Bromobutene 1 H H H 81
2 " ! " 5-Bromopentene 2 H H H o4
3 " " " 6-Bromohexene 3 H H H 86
4 " " " 5-Bromo-2- H Me Me 83
methylpentene
5 " " " 4-Bromo-2- 1 M H H 72
methylbutene
6 " " ! 4-Bromobutyne 1 - - - 61
. " " " 1-TMS-4- 1 - - - 59
bromobutyne
8 3-Methylindole H Me 81 4-Bromobutene 1 H H H 79
9 " ) ! 5-Bromopentene 1 H H H 74
10 | 5-Methoxyindole OMe H 68 4-Bromobutene 1 H H H 81
11 ! " " 5-Bromopentene 1 H H H 78
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The radical precursors were then subjected to normal radical reaction conditions of tri-n-butyltin hydride
(1.2 equivalent; ca. 0.02M) with catalytic AIBN as the initiator in refluxing toluene for 12 hours (Scheme 2).
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also found with aryl radical cyclisal

detected. This may be caused by the bond angles involy mbered rin e indole. 1 th

chain length was extended to a N-pentenyl chain, a mixture of 6-exo cyclised product and reduction product
dp ere

C
roduct being the major one (ratio ¢a. 3.5:1); no seven-mem

= - Sesse D)

was observed, with the cyclise
formation was observed (entry 13) Extension of the chain length even funher in N-hexenyl-2-bromoindole
(entry 14) gave no cyclised material at all, only reduced product. Alkynes have been used as acceptors in
radical cyclisation reactions but usually require silylation to prevent stannylation of the triple bond. The
protected alkyne underwent cyclisation but only in low yields and it was impossible to isolate any other
products. This could result from decomposition of the vinylsilane product either under the reaction conditions
or during the work-up. The presence of substituents around the indole ring seemed to have little effect on the
radical cyclisation with good yields being obtained with substituents in both the 3- and 5- positions of the indole
nucleus. (Table 2; entries 19 and 20 (3-Me substituent) and 21 and 22 (5-OMce substituent)). In both these
cases, the 5-exo cyclisation of the N-butenyl precursors proceeded smoothly (entries 19 & 21) whilst the 6-exo
cyclisation of the N-pentenyl precursors was always accompanied by reduction (entries 20 & 22).

The role of the halogen in the radical precursor was also interesting. While the bromide was the
generally used radical precursor, using the ortho-lithiation technique it was also possible to prepare the 2-
chloro- (using 1,2-dichloroethane to quench the reaction) and 2-iodoindoles (using iodine). The reaction of 2-
iodoindole was very rapid and could also be initiated photochemically (although giving a far more complex
mixture of products, not all of which were isolated or characterised) while only starting material was obtained
even after prolonged heating and repeated addition of initiator of 2-chloroindoles (mass spectrometry clearly
showed the presence of chlorine still in the molecule). This would appear to reflect the relative strengths of the
carbon-halogen bonds in the radical precursors, with the C-I being the weakest and thus most readily cleaved to
give the indolyl radical.

In summary, we have shown that radicals at the C-2 position of indole can be made and used in
cyclisation reactions to generate structures closely related to the mitosene skeleton and this work is being
extended to the total synthesis of such systems, which will be reported in due course.
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General Details:
All reactions were carried out under argon using a vacuum/argon line dual manifold. Diethyl ether,
tetrahydrofuran (THF) and toluene were distilled from sodium benzophenone ketyl immediately before use.
Column chromatography was performed with silica gel (Merck 7734) using the tlash chromatography
technique. Thin layer chromatographic analysis was performed using plastic-backed silica platcs (Merck 5735).
Components were visualised by UV. All melting points were recorded on a Gallenkamp melting point
apparatus and are uncorrected. Infrared spectra were recorded on a Perkin Elmer 1605 FT-IR
spectrophotometer. TH and 13C NMR spectra were recorded on cither a Bruker AM 360 spectrometer operating
at 360 MHz for proton and 90 MHz for carbon (KCL) or a Bruker AMX 400 instrument (SB). Chemical shift
values are reported as parts per million (ppm) from an internal tetramethylsilane reference for 1H speetra and
from the solvent peaks for 13C spectra. TH NMR spectra are recorded in the form 8y (integration, multiplicity,
coupling constants, assignment). Multiplicities are given as s: singlet, d: doublet, t: triplet, q: quartet, m:
multiplet and br: broad signal. Coupling constants (J values) are quoted to one decimal place w1th values in Hz.
13C spectra are given in the form 8¢ (assignment). High resolution mass spectra were performed at the

a Joel AXS05W with Jeol complemcm data systeu.

General Preparation of 2-bromoindoles: (illustrated for 2-brsmoindole)

= 3 1v3 T 2] o~ P e xxrno oA P N TR R I T, £ 211 D 2
;—Batylhthium (8.4 ml (2.5 M hexane solution), 21.00 mmol) was added dlupwnc to a solution of indolc (2.34
a 1O O7 cnens ~1) S TELID 720 o IV e Ao e v oo TQOM f‘\_ Az An_ R PRI T P e
& 17.77 1IHUUL) 11 1110 {OU HiL) ulldll al gOll at-/6"C. UTNCE auuu Il WdS UUIIlplC , LG SUIUI.IUH wds b[lmd dl

this temperature for 30 min. before bubbling carbon dioxide gas through the mixture for 10 min. The resulting
clear solution was stirred for a further 10 min. before removing the solvent in vacuo. The white crystailine
residue was dissolved in THF (30 mi) and cooled to -78 °C and r-butyllithium (12.4 ml (1.7M hexane solution),
21.00 mmol) slowly added. The pale yellow solution was stirred at -78°C for 1 hr. before adding 1,2-
dibromotetrafluoroethane (6.52 g, 2.38 ml, 20 mmol) dropwise. The reaction mixture was stirred at -78°C for
a further hour before gradually warming to room temperature. Water (5 ml) was added carefully to the reaction
mixture before pouring into ammonium chloride (saturated, aqueous solution, 60 ml). The resulting solution
was extracted with diethyl ether (2x100 ml) and the organic layer washed with brine (2x100 ml), dried over
magnesium sulphate and evaporated. The solid residue was puritied by flash chromatography (hexane:diethyl
ether, 4:1) to yield the fitle compound.

2-Bromoindole: Yicld: 3.47 g, 89% as a white solid; mp 81-83°C (1it.27 mp 82 - 84°C). The product was
unstable, decomposing rapidly to a dark green solid at room temperature, but could be stored in dilute solution,
in diethyl ether, at -20°C in the dark. The reaction was repeated on scveral different scales, all with comparable
yields. Rf (.54 (hexane:diethyl ether 4:1). Found (M, 81Br)* 196.9671. Cgli7N8!Br requires 196.9664;
Found (M, 7°Br)* 194.9683. CgH7N79Br requires 194.9684; vmax (nujol) 3373 (N-H), 783 & 740 (C-Br);

- FEE R 9N VLT Q) O

oy (360 MHz; CDCl3) 6.50 (1 H, dd J 0.7 and 1.3, C(3)H), 7.13 3 H, m, C(5)H, C(6)H, C(HH), 7.52 (1
H, dd, J 6.7, 1.1, C()H), 7.85 (1 H, br s, NH); 8¢ (90.6MHz; CDCI3) 104.8 (C(3)H), 108.7 (C(2)Br),
1103 (C(DH), 119.6 (C(OH), 120.5 (C(4)H), 122.2 (C(5HH), 128.7 (C(3a)). 136.3 (C(7a)); m/z 197.0
(M, 81Br)*, 98.4%], 195.0 [(M, 7Br)*, 100%], 116.1 [(M-Br)*, 49.3%]

2-Bromo-3-methylindole Yield: 2.57 g, 81% as a white solid, mp 88°C (1it.2® mp 88-90°C), which
could be stored in ethereal solution at -15°C. Ry 0.57 (hexane:diethyl ether 9:1). Found (M, 8!Br)* 211.0852
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O LI NBID v iiene 911 NOLER. Ennind /A 79D+ 2NQ NQLO 4 LT NT79D 0 con il e AN NOMIE PN
LOrIgINT - of ICQUIITS £11.U00J; FOUNG (v, DI 4LUZ.UoUY. Lorigiv’' “DI IEHUIICS 2U¥.U0 75, Vmax (cat)
2201 AT I "TO0L O "TAE 4 M. S FALN RALE . T NPT N 7T 1A AT e FVENNY MO\ 3 £ PR P oAy
3371 UN—11), /60 & /33 (LD} Of (OO0 MIZ; ULALI3) /.Ul-7.14 {0 O, m, CQO)H, L{0)1 ana U{/)), /.42
(1H,d, 7.6 C(4)H) 7.96 (1 H, br s, N-H); 8¢ (90.6MHz; CDCl3) 9.9 (-CH3), 110.1 (C(3)-Me), 112.1
(C(2)Br), 118.0 (C(6)H), 119.i (C(HH), 121.5 (C(3)H), 127.8 (C(3a)), 135.7 (C(Ta)); m/z 211.1 [(M,

8iBn)+, 52 %] 209.1 [(M, 79Br)*+, 49%], 130.1 [(M-Br)*, 100%].

2-Bromo-5-methoxyindole:  Yield: 3.47 g, 68% as a clear oil; R¢ 0.35 (hexane:ethyl acetate 9:1). The
product was unstable, decomposing to a dark green solid after several hours at room temperature, but could be
stored in solution, in diethyl ether, at -20°C in the dark. Found (M, 81Br)* 227.0841. CoHgN8!Br requires
227.0849; Found (M, 79Br)* 225.0858. CoHgN79Br requires 225.0869; viax (neat) 796 & 733 (C-Br); 8y
(360 MHz; CDCl3) 3.77 (3 H, s, OCH3), 6.38 (1 H, s, C(3)H), 6.79 (1 H, dd, J 8.8 and 2.4, C(6)H), 6.95
(1H,dJ 24, C(4H), 7.03 (1 H, d, J 8.8, C(T)H), 8.65 (1 H, br s, N-H); 8¢ (90.6MHz; CDCl3) 55.8
(OCHs3), 101.6 (C(3)H), 104.4 (C(7)H), 109.2 (C(2)Br), 111.4 (C(6)H), 112.2 (C(4H)H), 129.2 (C(3a)),
131.8 (C(7a)), 154.3 (C(5)0Me); m/z 227.1 |[(M, 81Br)*, 97.5%], 225.1 [(M, 79Br)t, 100%], 146.1 [(M-
Br)*, 52%).

General Preparation of N-alkenyl-2-bromoindoles: (illustrated for N-(But-3'-ene)-2-
bromoindole (1)):

Potassium carbonate (1.58 g, 11.46 mmol) was added to a solution of 2-bromoindole (0.75 g, 3.82 mmol) in
acetone (785 mD and heated to rafluxy A-Rromohut-1_ene (077 ml 7 64 mmol) wae added ta the reaction
\bJ lll‘/ AN JAWRRLWAE LU AViRUAN T OAFAVAMIVUML & vl \U-l 7 Elki,y i «\J7T ll‘ll‘\]‘} AAZ IS BN *AVAVAVAY BtV RS SL I S ST FL A S AV S
mivinra and tha enenancinn crirrad nndar rafluiy for 19 r A ftar thic timea o furthar amannt af nataccinm
MiXwWic andG uil suspension sdittl unGly réinux 107 12 Of. AIRCT uils Uld, a4 1urfuilt amiount 01 piudassiuin
carbonate (1.05 g, 7.64 mmol) and 4-bromobut-1-ene (0.77 ml, 7.64 mmol) was added and the mixture
___________ ~ PR T L bcamamn e furthe

P P,
I

continued to be heated under reflux until tlc showed u)m[} ete consumption of the 2-bromoindole - a fur i
hr. After cooling, the solvent was removed under reduced pressure and the residue taken up in water (100 mi),
extracted with diethyl ether (2x100 ml) and the organic layer washed with water (2x50 ml), dried (magnesium
sulphate) and concentrated. The product was purified by flash chromatography (hexane:ethyl acetate 9:1) to
yield the title compound (103, 0.78 g, 81%) as a yellow oil; R 0.98 (hexane:ethyl acetate 9:1). Found (M,
81Br)* 251.0062. C12H2N81Br requires 251.0134; Found (M, 79Br)* 249.0160. C12H12N79Br requires
249.0154; Found C-57.5, H-4.9, N-5.7. C12H12NBr requires C-57.62, H-4.84, N-5.60. vpax (neat) 1641
(CH=CH3y), 772 & 742 (C-Br); 8y (360 MHz; CDCl3) 2.46 (2 H, td, J 7.3, 7.2, C(2"H2), 4.17 (2 H, t, J
7.4, NC(1)H32), 5.06 (2 H, m, =C(4)H3), 5.77 (1 H, tdd, J 6.9, 10.1 and 13.8, C(3)H=), 6.54 (1 H, s,
C(3)H), 7.14 (3 H, m, C(5)H, C(6)H, C(7)H), 7.50 (1 H, dd, J 6.2, 0.9, C(HH); 3¢ (90.6MHz; CDCl3)
34.1 (C(2)Hjp), 44.2 (NC(1")Hj), 104.0 (C(3)H), 109.5 (C(7)H), 112.8 (C(2)-Br), 117.5 (=C(4")H3),
119.7 (C(6)H), 120.0 (C(4)H), 121.6 (C(5)H), 128.0 (C(3a)), 134.2 (C(3"H=), 136.2 (C(7a)); m/z 251.0
(M, 81Br)*, 63.6%], 249.0 [(M, 79Br)*, 53.1%]1, 210.0 [(M, 81Br—-CH,CH=CH>)*, 86.2%], 208.0 [(M,
79Br-CH,CH=CH2), 86.7%], 170.1 [M-Br)*, 100%].

N-(Pent-4'-ene)-2-bromoeindole (2): Yield: 0.64 g, 64 % as a yellow oil; Rf 0.97 (hexane:ethyl acetate

: v..,,“.( nea [) 1641 ((“_(“\ 772 & 742 (C- Rr\ Su(%ﬁﬂ MH7 (“D(“la\ .86 (2

AT = == bl S P B ¥ AR O S5 RS

SN4 (M m =C(S"YH. SQI (1T H ¢dd J 1 AN 1 <. C(3IYH). 716 (3

JOATT e L kg DL, NS JARZJy /.01 (1 L1y WU, v V., - Q@Qix Uy T JRR 1 KLy 39 N\ JJRR Sy ToAVU I K2
- C(RYIY O OYHIY 7 R1 (1T A 77 C(AYHY 8§~ (00 AMH7 CDC12Y 2R R (C{IYHLY 20 R
i, A IJJER, AU EE, ./ JRE ), .71 \1 1k, Uy J J.74 VATTJIR )y U, \ZVUIVILEA, s L 4] &G0 \Ne (& JLE7 J, V.0
FEVIAINLT N AA D N INIT Y INAN (NI 1008 (O NEIY 1100 (OCOY R 118 8 (C_ O (S\HT.Y 1107
LU )112), 9.2 UINU UL JI12 ), 1UAY (VI WOIL), 1UT. 0 (/)1 ), 1147 \C\L)-Dl), L1J.J0 \L—=C\J iy, 117,17
(C(6)H), 120.0 (C(4H), 121.6 (C(5)H), 128.1 (C(3a)), 136.3 (C(7a)), 137.3 (C(4")H=CHy); m/z (EI)
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e n A RIna+ 10 €1 2621 1iaxr TODA+ 10 2071 AN aa Rl Ay HiT_ 1y v+ QN1 AnA 1
£LUJ.V [\ivl, DL)", 17.07], &U3.1 [\ivi, """ DI}, 10.D70], 444.\J |UVl, Y*DI-CUrLn=uwri)p) ', FUbj, L£44.1
g 7Om_ MY AT OIT v O NOLT T0A N TAAA T3+ 1A Y. 100 A A Tona TON . TIvE 10\ NAL D T/Ag
[uvl, "“DI-UIILr=|wry)’, o.unj, 104.U |(\ivi—DI1) ', 1UJ7c], (L1) 204.U [(iVl, '“DIr+01) ', 1UU%], Z00.U (M,

81Br+H)*, 94%].

N-(Hex-5'-ene)-2-bromoindoie (3): Yicld: 0.64 g, 64% as a yellow oil; Rf 0.97 (hexane:ethyl acetate
9:1). Found (M, 81Br)* 279.0458. C 4H6N81Br requires 279.0447; Found (M, 79Br)* 277.0468.
Ci4H16N Br requires 277.0467; vpax (neat) 1639 (C=C), 771 & 744 (C-Br); &y (360 MHz; CDCl3) 1.35 (2
H, ddd (appears as q), J 7.3, C(3"H3), 1.67 (2 H, ddd (appears as q), J 7.4, C(4)H32), 1.98 (2 H, dd, J 7.3,
7.0, C(2"H3), 402 2 H, t, J 7.3, NC(1"H3), 493 (2 H, m, =C(6"'H3), 5.69 (1 H, tdd, J 6.7, 10.2 and
16.9, C(5"H=), 6.51 (1 H, s, C3)H), 7.02-7.18 (3 H, m, C(5H, C(6)H, C(MHH), 7.46 (1 H, d, J 7.7,
C(4)H); dc (90.6MHz; CDCl3) 25.8 (C(2' or 3)H>), 29.1 (C(2' or 3)Hp), 33.2 (C(4')H>p), 44.4
(NC(1")H;), 103.8 (C(3)H), 109.4 (C(T)H), 112.9 (C(2)Br), 114.8 (=C(6"“H3), 119.7 (C(6)H), 119.9
(C(4)H), 121.5 (C(5)H), 127.9 (C(3a)), 136.1 (C(7a)), 138.0 (C(5"H=); m/z 279.1 [(M, 81Br)*, 25.8%],
277.0 [(M, 79Br)t, 25.3%], 198.1 [M-Br)*, 100%].

N-(4'-Methylpent-3'-ene)-2-bromoindole (4): Yield: 0.65 g, 83% as a yellow oil; Ry 0.96
(hexane:ethyl acetate 9:1). Found (M, 81Br)* 279.2058. C14H¢N81Br requires 279.2040; Found (M, 79Br)+
277.2041. C14H16N79Br requires 277.2060; vmpax (neat) 1723 (C=C), 772 & 741 (C-Br); 8y (360 MHz:

CDCl3) 1.45 (3 H, s, one of C(5' )H3) 1.64 (3 H, s, one of C(5"H3), 2.39 (2 H, q, J 7.5, C(2)H2), 4.10

(2H,t,J 7.5, N-C(1"H2), 5.14 (1 H, t, J 7.5, C(3") (Me)2), 6.53 (1 H, 5, C(3H), 7.02-7.28 (3 H, m,
C(5)H, C(6)H, C(T)H), 7.49 (1 H, d, J 7.2, C4H); 8¢ (90.6MHz: CDCl3) 17.5 (C(5)H»), 25.7
AV ] 032, AR )), 197 % » O,/ ASJER ), OU \PU.LOIMNMGZ, LR 1100 AR\ 1Y), L2
(C(5"YH1). 287 (C(2"YH,). 44 6 (NC(1"YH,). 1030 (C(3YH). 1005 (C(7YHY. 1120 (C(ReY. 110
\Xr (& JX3 )y &Uei \No\d JiiJ )y TTNU ONANNAR JRRT )y AUTLT \N\JJEL), LUZ.T \No\ IR j, L1000 \\&jiklj, 1170
(C(3HH), 119.7 (C(6)H), 119.9 (C(4H)H), 121.2 (C(5)H), 128.1 (C(3a)), 135.1 (C(7a)), 136.3 (C(4")CH3);
s/ (BTY 7O N0 ITAAM RIDAAF 108071 2770 M T9RA+ 21 0T 2100 T SIn . LI O o rT V4
Ty \LLl) &1 2.0 |[\1vl, Dp1) , 17,070, &7 17.U [\ivl, P}, &£1.U70), &41U.\J [Vl DiI—Lrjyuern=uviyvriy)z)’,
1NN N7 1 ANO N T/RA 7Qn.= el S VAl i SValyal & S \ - nNo Nz 1NOG N /R A Dy -4 gz 1Y T/ A T
100.0%], 208.0 [(M, “Br-CHyCH=C{CH3)2)™, 98.0%], 198.0 {(M-Br)™, 85%], 129 [(M-Br-
Pl s WAl s BNATZald PRV n/m1 Ty AN oA RIn Ty OmMar 1 Amo o o) TN 1NN Nor
CH,CH=C(CH3)2)™, 86%]; (CI) 280 [(M, 81Br+H)*, 97%], 278 [(M, 79Br+H), 100.0%]

N-(3'-Methylbut-3'-ene)-2-bromoindole (5): Yield: 0.78 g, 81% as a yellow oil; Ry 0.98
(hexane:ethyl acetate 9:1). Found (M, 81Br)* 265.0303. C13H14N81Br requires 265.0290. Found (M,
79Br)* 263.0274. C13H14N79Br requires 263.0310. viyax (neat) 1650 (C=C), 773 & 738 (C-Br); 8y (360
MHz; CDCl3) 1.75 (3 H, s, -CH3), 2.34 (2 H, t, J 7.3, C(2)H3), 4.25 (2 H, t, J 7.3, NC(1"H3), 4.68 (2
H, d, 2J 16.0, =CH3), 6.52 (1 H, s, C(3)H), 7.12 (3 H, m, C(5)H, C(6)H, C(7)H), 7.51 (1 H, d, J 6.2,
C(4HH); 8¢ (90.6MHz; CDClI3) 21.6 (-CH3), 31.4 (C(2)H3), 44.1 (NC(1)H>), 104.2 (C(3)), 109.1
(C(7)), 112.5 (C(2)-Br), 114.4 (=C(4"Hp), 119.8 (C(6)), 120.2 (C(4)), 121.3 (C(5)), 128.3 (C(3a)), 135.8
(C(7a)), 140.2 (C(3)=); m/z (EI) 265.0 [(M, 81Br)*, 94%], 263.0 [(M, 79Br)*, 100%], 196.9 [(M, 31Br—
CsHo)™t, 63%], 194.9 [(M, 7Br-CsHo)t, 65%], 184.1 [(M-Br)t, 57%].

N-(But-3'-yn)-2-bromoindole (6): Yicld: 0.39 g, 61%) as an unstable dark yellow oil; R¢ 0.90
(hexane:ethyl acetate 9:1). Found (M, 81Br)* 249.1338. C12HoN81Br requires 249.1344; Found (M, 79Br)*
247.1369. C12H1oN79Br requires 247.1364; Vmax (neat) 2173 (acctylene), 786 & 740 (C-Br); &y (360 MHz;
CDCl3) 208 (1 H,t,J 2.7, C(4MH), 2.59 (2 H, dt, J 2.7 and 7.0, C(2"H), 4.08 (2 H, t, J 7.1, NC(1)H3>),
6.53 (1 H, s, C(3)H), 7.08-7.31 (3 H, m, C(5)H, C(6)H, C(7)H), 7.51 (1 H, d, J 7.2, C@4)H); m/z (EI)
2491 [(M SlBr)"‘, 12.5%], 247.1 [(M, 19Br)*, 12.0%], 168.1 [(M-Br)*, 85%]; (CD 250 [(M, 81Br+H)*,
M 79B.I'+H\ 100.0%

OR9%1. 248 I(

FO gy, &50 3L,

1.Trimethvlsi \:L.d-hrnmnhut- I-vno: n-Rutvilithinm (17.8 ml (1.6 M <olution). 28 6 mmol) was added
F a4 L4 Py eI YT U I VUG BT A" yen ULy IR (1 G 1l (1.0 SLIBui;, 20.0 LU Was qullU
Aranurica tn a ctirrad ecnliitinn nf ALhitun_ 1Al (1T YT ml 1M o 1477 mmaly in THE (20 mh at IR uned the
UIUPWLD\/ W QA Jtilivid Suviiuniumn v o UuLJ 11 17\l \I'UI LIRS TUNS S VAV 5 A ™ Wadw 1 lﬂllll\ll’ 1i1i 1 x11 \‘1\’ lllll “i U N dliu uiiw
resultant solution stirred at -78°C for 2 hours. After this time, trimethylsilyl chloride (3.1 g, 3.63 ml, 28.6
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U A Y oo alddad and tha anbictinen nllasrind $4 seramesn $4 s vova $aerasnana ser TETiita Wi Fvenalalindn At d 7MY sn 1) vvinn
HIHIUL) Wadd dUUCU altld e SO1UOn anowea 10 walinii ) 1rooii wilperdaidl LJUHUIC ITYUOVHIVLIC dCIU L2V T Wad
FE I S g e d at room temperature for a further 30 minutes Tl csorrebirm o P
4dUuGcu d.ﬂu i€ recacuon \urlcu at room WINPCIdiuic 101 4 TUUIics g uuuutt;'s 1HC ITCAULIL llll)&LulC was extracted

with diethyl ether (200 ml), the ethereal layer washed with water (2¥100 ml), dried (magnesium sulphate) and
concentraied under reduced pressure to give 4-(irimethyisiiyi)-3-buiyn-i-ol as a clear oil (1.97 g, 97%),
without further purification. The reaction was repeated on several different scales, all with comparable yields.
Found (M)* 142.0731. C7H40Si requires 142.0814; vpax (neat) 2213; 81 (360 MHz; CDCl3) 0.16 (9H, s,
3xCH3),249 2 H, t,J 6.7, C(2)H3), 3.38 (1 H, 5, -OH), 3.70 (2 H, t, J 6.7, C(1)H20H); 8¢ (90.6MHz;
CDCl3) -0.13 (3xCH3), 23.9 (C(2)H»), 60.6 (C(1)H,OH), 86.2 (C(4)TMS), 103.4 (C(3)); m/z 142.0
[(M)*+, 0.5%], 127.1 [(M-CH3)*, 49.1%], 83.0 [(M)*, 100%], 73.1 |(TMS)*, 32.5%].

To a stirred solution of triphenylphosphine (13.80 g, 0.053 mol) and carbon tetrabromide (17.48 g,
0.053 mol) in diethyl ether (60 ml) at room temperature was added 4-trimethylsilyl-3-butyn-1-ol (6.82 g, 0.048
mol) and stirring continued at room temperature for two days. The resulting yellow suspension was filtered,
dried (magnesium sulphate) and the solvent removed in vacuo, to give a yellow oil which was purified by
distillation (Kiigelrohr, §7-89°C @ 1.5 mmHg) to give the ritle compound as a clear liquid (111, 9.47 g,
96.3%); Vmax (neat) 2217; 8y (360 MHz; CDCl3) 0.59 (9H, s, 3xCH3), 3.20 (2 H, t, J 7.5, C(3)H3), 3.85 (2
H, t, J 7.5, C(4H2Br); 8¢ (90.6MHz; CDCI3) -0.09 (3xCH3), 24.2 (C(3)H2), 60.9 (C(4)H,Br), 87.0
(C(1)-TMS), 103.2 (C(2)); m/z (too volatile for high resolution mass spectrum); (EI) 206.0 [(M, 81Br)*,
4.0%1, 204.0 (M, 9B+, 4.0%], 163.0 [(M+H;, 81Br—3CH3)*, 34.0%], 161 [(M+H>, 79Br-3CH3)*,

vvvvv ’ ERLI S 101

33.5%], 127 [((M-Bn)t, 26.0%]

‘=/Rnf=?'=uu=A'=fr;mafh\ylnr'\|’\=7=hrnmn;nllnlo (7 Yield- 0 00A o SO0, ac an nnatahle vallnw
4L ‘uui Y4 J'l e or llll!’:lr'l.,ldlrlrjb, o TUTERTIIO OIEAU VT ‘I ’ A IwiNd. V.U SY 9 oSS IV AT lL UIloW U ‘V\Jll\,’"
oil; Rf 0.90 (hexane:ethyl acetate 9:1). Found (M, 81Br)* 321.3159. C;5HgNSi3!Br requires 321.3164.
Tiind (MM 790004+ 210 212N . L. N79D . wniiieae 210 2108 fanat) IV (anatlana) TOK L T72Q (O
rOuild vk, DI 7 317.510U. UISIIRIN 7D TCQUIITsS 51¥.5105. Vpgx WCdAt) £445 (@CCYICIC), /105 &K /30 (L—
i 5 AN < FILIN RATY . TN NN NN N1y ~ LI al § 1§ \ [o B WA o B A § a r 1 rarees 10% & BN A 17 M I s T 71
Br); og (360 MHz; CDCli3) 0.09 (Y o, s, 3xCH3z), 3,16 2 0, t, 7 7.1, CZ)A), 415 (2 0o, 1,4 7.1,
NC(1HH3), 6.54 (i H, s, C(3)H), 7.04-7.33 (3 H, m, C(5)H, C(6)H, C(T)H), 7.55 (1 H (4)H

H
m/z (ED 321.3 [(M, 81Bn)t, 63%]1, 319.3 [(M, 79Br)*, 64%], 240.3 [(M-Br)*, 100% ; (CI 322 [(M,
5'Br+H)"' 94%], 320 [(M, "’Br+H), 100.0%].
N-(But-3'-ene)-2-bromo-3-methylindole (8): Yicld: 0.49 g, 79% as a ycllow oil; Ry 0.70
(hexane:ethyl acetate 9:1). Found (M, 81Br)* 265.0357. C3H4N81Br requires 265.0290; Found (M, 79Br)*
263.0331. C13H14N79Br requirces 263.0310; vmax (neat) 1641 (C=C), 784 & 730 (C-Br); Sy (360 MHz;
CDCl3) 2.22 (3 H, s, C(3-CH3), 2.35 (2 H, td, J 7.3 and 7.2, C(2)H2), 4.03 (2 H, t, J 7.4, NC(1"H3),
498 (2 H, m, =C(4)H3), 5.68 (1 H, tdd, J 6.9, 10.2 and 13.8, C(3"H=), 7.00-7.14 (3 H, m, C(5)H,
C(6)H, C(7)H), 7.42 (1 H, d, J 7.6, C(4)H); 8¢ (90.6MHz; CDCl3) 9.8 (C(3)-CHz3), 34.1 (C(2")H»), 44.1
(NC(1"H>3), 109.1 (C(7)H), 110.3 (C(3)-Me), 112.1 (C(2)-Br), 117.1 (=C(4")Hjy), 118.2 (C(6)H), 119.3
(C(4)H), 121.6 (C(5)H), 127.8 (C(3a)), 134.3 (C(3")H=), 135.9 (C(T7a)); m/z 265.0 [(M, 81Br)+, 11.2%],
263.0 [(M, T9Br)*, 10.1%], 184.1 [(M-Br)*, 28.9%], 223.9 [(M, 81Br-CH,CH=CH;)*, 18.3%], 221.9
(M, Br-CH,CH=CH,)*, 17.8%], 129.9 [(M-Br—CH,CH,CH=CH,)*, 22.7%].
N-(Pent-4'-ene)-2-bromo-3-methylindole (9): Yield: 0.48 g, 74% as a yellow oil; Ry (.74
(hexane:ethyl acetate 9:1). Found (M, 81Br)+ 279.0473. C4H,N81Br requires 279.0447; Found (M, 79Br)*
277.0491. C14HsN79Br requires 277.0466; vmax (neat) 1615 (C=C), 783 & 733 (C-Br); oy (360 MHz;
98 (2 H, m, C(3)H3), 2.24 3 H, s '

o Aidy

l

“'l
&b .
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(M {ENLIAY 11 N (ORI 110 1 (ALY 101 A (O /R\LIN 177 £ (49722 128 O (VT 12£ A 74 ANTI_\
U—AT JEL ), 110U (U)LY, 1050 (G ), Lo 9 (U oad), 147.0\(0C Dd)), 120.0 (L /d), 120.4 (L4 )I=);
s/ 700 M IR+ 2ANTT 277 1 T4 79D N+ NC L£07T AA N T/AA RIT .. ATY ~IT /HIT_ ey v
M/L 4£17.U [\Uvl, Di)", D9V /0), &11.1 |[\IVl, " DI)", J2.07f, L24.U [(iVl, ¥*DI-Linpuripun=ery)’,

20.1%1, 222.0 [(M, 79Br-CH,CH,CH=CHj)*, 19.5%], 198.1 [(M-Bn)*, 100.0%)].
N-(Bui-3'-ene)-2-bromo-5-meihoxyindoie (10): Yicld: 0.51 g, 82% as a yeilow oil; Ry 0.96
(hexane:ethyl acetate 9:1). Found (M, 81Br)* 281.1759. C13H14NO81Br requires 281.1766; Found (M,
79Br)t 279.1779. C13H14NO9Br requires 279.1786; vmax (neat) 1620 (C=C), 794 & 730 (C-Br); &y (360
MHz; CDCl3) 2.42 (2 H, td, J 7.3, 7.3, C(2")H3), 3.77 (3 H, s, OCH3), 4.10 (2 H, t, J 7.3, NC(1)H3),
501 2 H, m, =C(4)H3), 5.73 (1 H, tdd, J 6.8, 10.3 and 13.8, C(3"H=), 6.43 (1 H, s, C(3)H), 6.81 (1 H,
dd, /2.4 and 8.8, C(6)H), 6.94 (1 H, d, J 2.4, C(4)H), 7.10 (1 H, d, J 8.8, C(7)H); 8¢ (90.6MHz; CDCl3)
34.2 (C(2")H3), 44.4 (NC(1")Hp), 55.7 (OCH3), 101.6 (C(3)H), 103.6 (C(T)H), 110.2 (C(6)H), 111.7
(C(4HH), 112.8 (C(2)Br), 117.4 (=C(4")H3), 128.3 (C(3a)), 131.5 (C(7a)), 134.2 (C(3)H=), 154.3
(C(5)0Me); m/z (ED) 281.0 [(M, 81Br)*, 23.5%], 279.0 [(M, 79Br)*, 20.5%], 240.0 [(M, 81Br-
CH,CH=CHjy)*, 80.0%], 238.0 [(M, 79Br-CH,CH=CH>)*, 79.0%], 200.0 [(M-Br)*, 100%]; (Cl) 282.0
[(M, 81Br+H)+, 98%], 280.0 [(M, 79Br+H)*, 100%.

N-(Pent-4'-ene)-2-bromo-5-methoxyindole (11); Yield: 0.76 g, 78% as a pale yellow oil; Ry
0.8 (hexane:ethyl acetate 9:1). Found (M, 81Br)+ 295.2029. C4HsNO8IBr requires 295.2034; Found (M,
T9Bry* 293.2060. C14H1sNO79Br requires 293.2054; vmax (neat) 1615 (C=C), 797 & 730 (C-Br); 8y (360

MHz; CDCl3) 1.76 (2 H, m, C(2"H3), 1.98 (2 H, m, C(3"H32), 3.71 (5 H, s, OCH3), 399 2 H,t,J 7.3

NC(1'YH,), 491 (2 H m, =C(53"H,). 569 (1 H. tdd. J 64. 10.1 and 12.7. C{A"YH=) 2% (1 H ¢
N2 J2R2) .24 4 i3, i, S\ JRRZ /s SUF (4 KR, WU, b UVT, 1ULL QU L &ady AT jRE=), U.JU 1 11, 3,
C(RAYH). 673 (1 H. dd. J 89 and 2.4, C(6YH) 687 (1 d J2A CiAVHY 70401 H d 780 (Y(7\H\- &
\TJREJy Vel (4 kdy VU, v U/ QLU £.77 AVJRRJ, VU7 1 1E, Uy F L0577 TR, 7.UT (L 11, U, J 6.7, 7 x1), V(
(OD EMU 7 COTY LY 2R Q (CY(INEILY 20 Q (O (2VYHAY AA 2 (NOC/INLTY &8 7 OWCLI-Y 1N & (/NI 1N2 4
\FVULVAL L,y SIS ] &40.7 \Nl & JiLT ], DV.0 (D JL1T ), 9.0 UL JI1D ), I (UL T13 ), 1UlL.0 (UJ)n), 1U3.0
(C(MHH), 110.2 (C(6)H), 111.7 (C(4)H), 112.9 (C(2)Br), 115.4 (=C(5")H3), 128.3 (C(3a)), 131.5 (C(7a)),
1277 2 FAVAANTT_\ TEA N 74NN, STy AnEnt/aa RIn.ad 14071 A nraa 7100 AL 1 4no1 A1 4n
1L37.0 (WG )IN=), 129.£4 \AIJUNIC), M/Z (L) 2700 [(IVl, 7*DT) ', 14070, £Y3.0 [V, '“DBr) ", 14.U%], £14.U
AL Dy Ad 1NN s A raxr RIn oyl Aamgrr Ananroaxr 70 Tyl PaVa vy s |
{(M-Br)™, 100%]; (CI) 296.0 [(M, ®iBr+H)™, 97%], 294.0 [(M, ""Br+H)™, 100%]

General Radical Cyclisation Methodology (as illustrated for 2,3-Dihydro-1-methyl-1H-
pyrrolof1,2-ajJindole (12)):

Tributyltin hydride (0.94 ml, 1.02 g, 3.5 mmol) was added to a solution of N-(but-3'-ene)-2-bromoindole (0.5
g, 2.92 mmol) in toluene (25 ml) and after being heated to 100°C under argon, AIBN (a few crystals, ca. 10
mg) was added and the mixture continued to be refluxed under argon for 12 hr. After cooling, the toluene was
removed under reduced pressure and the residuc taken up in diethyl ether (100 ml), which was washed with
20% aqueous ammonia solution (4x100 ml), water (100 ml), dried (magnesium sulphate) and solvent removed
under reduced pressure. The crude product was purified by flash chromatography (hexanc followed by
hexane:ethyl acetate 9:1) to yicld the fitle compound (118, 0.39 g, 79%) as a yellow oil. Rf 0.9 (hexane:ethyl
acetate 9:1). Found (M)* 171.2403. C12H13N requires 171.2419; Found C-84.0, H-7.6, N-8.2. C12H 3N
requires C-84.17, H-7.65, N-8.18; vmpax (neat) 2958, 1458; 6y (360 MHz; CDCl3) 1.26 (3 H, d, J 6.9,

—CHs3), 2.09 (1 H, m, one of C(2)H2), 2.68 (1 H, m, C(1)H), 3.33 (1 H, m, one of C(2)H2) 391 (1 H, m,

one of C(3)Hj3), 4.05 (1 H, m, one of C(3)H>), 6.13 (1 H, s, C(9)H), 7.03-7.30 (3 H, m, C(5)H, C(6)H

C(T)H), 7.62 (1 H, d, J 7.7, C(8)H); 8¢ (90.6MHz; CDcm 19.4 (CH3), 32.0 (C(l)H), 36.8 (C(2)Hp)

43 .0 (C(3YH»), 1023 (C(OYH), 1109 (C(5YH), 1196 m(mm 1206 (C(RYHY, 121 R (C(7TYHY. 1277
eV NN SRR L)y AL Al S LR A I \Rr e Riyy & - \VJEL), L&Y \A\UJRd)y &L \Nr\7 JRE)y L&ided
(C(8a)), 131.0 (C(9a)), 135.8 (C(4a)); m/z (ED)171.0 [(M)*+, 73.0%], 170.1 [M-H)*, 48.0%], 156 [(M-
O QY RGL1 (CNY 17 DV INMAENY 1NNV

\.,Llj} y OL.J IUJ, \blj 171 &.JU L\lVl‘T"ll} s LUV I(J
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MV e B2 mdlnns B A (D aued M nsna)l P hamnvsssndsadnla mmarn fern mwandeende £aaeduees 72\

LyCl anon J YT CRI~“9 ~CRECJ~&4~DIoOmMuInev EUVE WU proauly (cng 1L.0)

£ ~ O N mMm_a__L_ . I__ 60H __ _aL__7_____*1__r¥7 Y _¥:__. _F__¥_ D N0 L. s -1 P 0. 1Y) ) P |

o, /,0,7'1 zranya U',"mﬂll’yl ynau[(,&-a}&nuuu’ Kf U7 UICXdHl l,Llly]. dllildic ~.1). rounu

(M)* 185.1217. Cy3H 5N requires 185.1204; vpax (neat) 2962, 1451; 6y (360 MHz; CDCl3) 1.41 (3 H, d, J

6.8, —CH3), 2.49 (1 H, m, one of C(8)H2), 2.88 (1 H, m, one of C(8)H32), 3.01 (1 H, m, one of C(7)H2),
377(1 H,dt,J 5.2 and 11. 3, one of L(l)l‘.lz) 4.07 (l H, m, NL(b)l'lz) 6.52 (1 H, s, L(l)H) 7.04-7.36 3

H, m, C(3)H, C(4)H, C(5)H), 7.57 (1 H, d, J 7.9, C(2)H), C(9)H signal too weak and obscurred by other
signals; 8¢ (90.6MHz; CDCl3) 22.7 (-CH3), 29.1 (C(7 or 8)Hz), 30.6 (C(9)H), 31.2 (C(7 or 8)H2), 45.6
(NC(6)H;), 99.2 (C(1)H), 109.9 (C(5)H), 119.7 (C(HH), 120.6 (C(2)H), 121.3 (C(3)H), 128.4 (C(1a)),
132.6 (C(%a)), 136.0 (C(5a)); m/z 185.1 [(M)*, 100%], 170.1 [(M-Me)*, 43%]; (CI) 186.0 [(M+H)T,
100%].

N-(Pent-4'-ene)indole: Found (M)* 185.1217. C13H 5N requires 185.1204; vmax (neat) 1640 (C=C);
oy (360 MHz; CDCl3) 1.86 (2 H, m, C(29H3), 2.03 (2 H, m, C(3)H3), 4.06 (2 H, t, J 6.9 NC(1")H3),
5.06 (2 H, m, =C(5"H3), 5.79 (1 H, «dd, J 6.1, 10.2 and 16.8, C(4)H=), 6.28 (1 H, d, J 8.6, C(3)H),
7.05-7.36 (4 H, m, C(2)H, C(5)H, C(6)H and C(7)H), 7.66 (1 H, d, J 7.9, C(4)H); 5¢ (90.6MHz; CDCl3)
28.3 (C(2")H,), 30.8 (C(3")H;), 44.3 (NC(1")H;), 101.1 (C(3)H), 109.6 (C(7)H), 115.6 (=C(5')H,),
119.8 (C(6)H), 120.1 (C(4)H), 121.4 (C(5H), 126.2 (C(2)H), 128.0 (C(3a)), 136.4 (C(7a)), 137.5
(C(@" H=); m/z 185.1 [(M)T, 100%], 116.1 [(M-pentene)™, 27%).

T

3-Dihvdro-1-(1-methvlet h 1)-1H-pyrrolo[1,2-a]indole (15): Yield; 0.35 g, 71 % as a pale

5 b =EEES il ot NS

yellow oil; Rf 0.98 (hexane:ethyl acetate 9:1). Found (M)* 199.2923. C14H 17N requires 199.2956; vmax
8- )

(neat) 2857 145 drr (360 MHz: CDC12Y096 (3 H.d. J6.7. one of C(CH2)). 098 (3 H. d. J 6.7, one of
Vil L0607, 1500, U \JVUV Laxid, A1) VeFU D K5, Uy O U7, VD UL ARAR5) 07, V. FO D A5, By v VL7, VAU U
COH-ASY TOY T H m aneof COOYHAL 224 (1T H deont 71 Qand 67 CHICHAA) 257 (1 H m. one of
ANARY ) o7& (L LRy Ly VIIU VL A& JRRZJ, L™ \(1 11y USL P, o 1.7 GQIIW Ve i g NrREA\NCL1 Y/ 7 )y &ea/ 1 (1 31y 1y VLIV VL
CNET N 2N0 /1T T Add T 10N L4 and 7D C/INHHY 202 A06 (D v NOC(AVHLY A 1A (T T o (C(OYHY
L4 jrr2 ), J.UO \1 11, UUl, v 1L.U, V.U dAlll /.4, L LJIR), J.00°59.UU (4 11, 1, INCARO)ERDZ )/, U.1U (1 11, 5, L\ 7)11),
6.99-7.19 (3 H, m, C(5H, C(6)H, C(7)H), 7.52 (1 H, d, J 6.7, C(8)H); d¢ (90.6MHz; CDCl3) 20.2
JENTT NI N N M4 D SaNIANTYT 0 SN INTIN A SATLNAANTT N AA A ANTTRA A R N7 ar it A A R Fa s N 7 ar e 4% & 5
(LHU-“I%)Z)’ 31.8 (C(2)Hy), 31.9 (C(1)H), 43.2 U LU) 2), 44.4 \Lnl\’162), J3.2 (L) (3)H),

H), 168.3 (C
119.2 (C(6)H), 120.2 (C(8)H), 120.4 (C(HH), 127.8 (C(8a)), 132.4 (‘“‘(Qa)), i33.1 (C{da)); m/z (ED)
199.0 [(M)*, 26%], 156.0 [(M-CH(Me)2)*, 49%]; (CI) 201.0 [((M+2H)*, 69%), 200.0 [((M+H)*, 100%].
157.0 [M-[CH(Me);]+H)*, 37%].

2,3-Dihydro-1,1-dimethylpyrrolo[1,2-ajJindole (16): Yield: 0.11 g, 73% as a yellow oil. R¢ 0.9
(hexane:cthyl acctate 9:1). Found (M)* 185.2671. C13H15N requires 185.2682; vpux (neat) 2968, 1682; oy
(360 MHz; CDCl3) 1.51 (6 H, s, C(1)-(CH3)72), 2.44 (2 H, t,J 7.0, C(2)H32), 3.98 (2 H, t,J 7.0, C(3)H3),
6.14 (1 H, s, C(OH), 7.00-7.24 (3 H, m, C(5)H, C(6)H, C(T)H), 7.57 (1 H, d, J 7.7, C(8)H); &¢C
(90.6MHz; CDCl3) 21.8 (2xCHj3), 35.8 (C(2)H»), 43.0 (C(3)Hy), 102.3 (C(9)H), 109.3 (C(5)H), 119.9
(C(6)H), 120.5 (C(8)H), 121.4 (C(7)H), 128.0 (C(8a)), 132.7 (C(Ya)), 137.2 (C(4a)); m/z (EI) 185.2
[(M)t, 84%], 155.0 [M—(CH3)2)t, 37%]; (CI) 186.0 [M+H)*, 100%].
1,9-Dimethyl-2,3-dihydro-1H-pyrrolo[1,2-alindole (19): Yield: 0.23 g, 73% as a pale ycllow
oil; R¢ 0.9 (hexanc:ethyl acetate 9:1). Found (M)t 185.1204. C13H;sN requires 185.1204; vipax (neat) 2885,
1457; 8u (360 MHz; CDCl3) 1.59 (3 H, d, 7 7.0, C(1)-CH3), 2.32 (1 H, m, onc of C(2)H3), 2.54 3 H, s,
C(9)-CH3), 2.90 (1 H, m, C(1)H), 3.57 (1 H, m, one of C(2)H3), 4.07 (1 H, m, one of NC(1)H3), 4.22 (I

H, m, one of NC(1)H3), 7.26-7.40 (3 H, m, C(5)H, C(6)H, C(7)H), 7.43 (1 H, d, J 7.1, C(®)H); 8¢
(90.6MHz; CDCl3) 8.3 (C(3)-CH3), 19.1 (-CH3), 31.3 (C(1)H), 3 8 (C(2)Hy), 42.4 (NC(3)Hy), 100.3
(C(9)-CH3), 109.0 (C(5)H), 118.2 (C(6)H)), 120.0 (C(®)H)), 121.2 (C(7)H)), 131.9 (C(8a)), 133.1
(C(9a)), 144.9 (C(4a)); m/z 185.1 [(M)*, 100.0%], 170.1 [(M-CH3)*, 73.7%]
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Cyclisation of N-(Peni-4'-ene)-3-methyl-2-bromoindole gave two products (entry 20):

1,9-Dimethyl-6,7,8,9-tetrahydropyrido[1,2-afindole: Ry 0.8 (hexane:ethyl acetate 9:1). Found
(M)t 199.1332. C4H 7N requires 199.1361; 8y (360 MHz; CDCl3) 1.26 (3 H, d, J 7.1, C(9)-CHj3), 2.29
(3 H, s, C(i)—CHg), 2.37 (1 H, m, one of C(8)H3), 2.78 (I H, m, one of C(8)H3), 3.23 (1 H, m, one of
C(7)H3), 3.68 (1 H, dt, J 4.8 and 11.0, one of C(7)H2), 3.98 (2 H, m, NC(6)H2), 7.00-7.22 3 H, m

C(3)H, C(4)H, C(5H), 748 (1 H, d, J 7.8, C(2)H), C(9)H signal weak and obscurred by other signals; m/z
199.1 [(M)t, 93.7%], 184.1 [(M-CH3)*, 27.5%].

N-Pent-4'-ene-3-methylindole: R¢ 0.8 (hexane:ethyl acetate 9:1). Found (M)* 199.1394.
C14H 7N requires 199.1361; 8y (360 MHz; CDCl3) 1.72 (2 H, m, C(2)H3), 1.98 (2 H, m, C(3)H3), 2.24
(3 H, s, C(3)-CH3),3.97 2 H,t,J 7.1, N-C(1"H3), 4.97 (2 H, m, =C(5"H3), 5.73 (1 H, tdd, J 6.4, 10.1
and 12.7, C(4"YH=), 6.98-7.14 (4 H, m, C(2)H, C(5)H, C(6)H, C(7)H), 7.42 (1 H, d, J 7.9, C(4)H); dC
(90.6MHz; CDCl3) 9.7 (C(3)-CH3), 28.7 (C(2")H3), 30.6 (C(3")H>), 43.9 (NC(1)H>), 108.9 (C(71)H),
110.0 (C(3)-Me), 112.0 (C(2)-Br), 115.1 (=C(5YH2), 118.0 (C(6)H), 119.1 (C(4)H), 121.4 (C(5)H).
127.6 (C(3a)), 135.8 (C(7a), 136.4 (C(4"H=); m/z 199.1 [(M)+, 94%], 130.1 [(M-pentene)t, 14%].

7-Methoxy-2,3-dihydro-1-methyl-1H-pyrrolo[1,2-alindole (21):  Yield: 0.26 g, 91% as a pale
vellow oil; Ry 0.8 (hexane:ethyl acetate 9:1). Found (M)* 201.2662. Cyj3H;5NO requires 201.2682; vmax
(neat) 2954, 1233, 1164; & (360 MHz, CDCl3) 1.32 (3 H, d, J 6.9, -CH3), 2.05 (1 H, m, one of C(2)H3).

2.65 (1 H, m, one of C(2)Hz), 3.30 (1 H, ddd, J 1.1, 6.9 and 7.4, C(1)H), 3.79 (3 H, s, -OCH3), 3.89-
4.05 2 H, m, NC(3)Hy), 6.04 (1 H, s, CO)H), 675 (1 H, dd, J 2.4 and 8.7, C(6)H), 701 (1 H, d, J 2.4
C(8)H), 7.06 (1 H, d, J 8.7, C(5)H); 8¢ (90.6MHz; CDCl3) 19.6 (-CH3), 32.4 (C(1H), 36.9 (C(2)Hp)
43.3 (C(3)Hy), 55.9 (OCH3), 91.2 (C(9)H), 102.8 (C(5)H), 109.9 (C(6)H), 110.0 (C(8)H), 128.3 (C(8a)).
131.7 (C(9a)), 134.6 (C(4a)), 153.9 (C(TYOMe)); m/z (EI) 201 [(M)*, 100%], 186 [(M-Me)*, 93%]; (CI)
202 [(M+H)*, 100%]

Cyclisation of N-(Pent-4'-ene)-5-methoxy-2-bromoindole gave two products (entry 22):
3-Methoxy-6,7,8,9-Tetrahydro-9-methylpyrido[1,2-ajindole: R; 0.9 (hexane:ethyl acetate 9:1).
Found (M)* 215.2963. C14H7NO requires 215.2950; vmax (neat) 2928, 1484, 1236; dy (360 MHz; CDCl3)
1.19 3 H, d, J 6.8, -CH3), 2.28 (1 H, m, one of C(8)H32), 2.73 (1 H, m, one of C(8§)H3), 2.89 (1 H, m,
one of C(7)H3), 3.53 (1 H, dt, J 4.9 and 11.4, one of C(7)H3), 3.67 (3 H, s, -OCH3), 3.83 (2 H, t,J 6.8,
C(6)H3), 6.21 (1 H, s, C(1)H), 6.70 (1 H, dd, J 8.9 and 2.4, C(4)H), 6.84 (1 H, d, J 2.5, C(2)H), 7.17 (1
H, d, 7 8.9, C(5)H), C(9)H signal too weak and obscurred by other signals; m/z (EI) 215.0 [(M)*, 100%],
200.0 [M-Me)t, 97%]; (CI) 216.0 [(M+H)*, 100%].

N-(pent-4'-ene)-5-methoxyindole: Ry 0.9 (hexane:ethyl acetate 9:1). Found (M)* 215.2963. C14H;7NO
requires 215.2950; Vpax (neat) 1617 (C=C); dy (360 MHz; CDCI3) 1.78-1.90 (4 H, m, C(2")H2 and
C(3)H3), 3.66 (3 H, s, -OCH3), 391 (2 H, t, J 7.3 N-C(1)H3), 4.87 (2 H, m, =C(5")H3), 5.57 (1 H, tdd,
J 6.4, 10.1 and 12.7, C(4"H=), 6.00 (1 H, d, J 8.9, C(3)H), 6.73 (1 H, dd, J 8.9 and 2.4, C(6)H), 6.83-
6.92 (2 H, m, C(2)H and C(4)H), 7.08 (1 H, d, J 8.9, C(7)H); m/z (EI) 215.0 [(M)*, 100%]; (CI) 216.0

[(M+H)*, 100%).
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