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Abstract: New synthetic methodology has been developed for the synthesis of [1,2-a]fused imidazoles
and benzimidazoles using intramolecular homolytic aromatic substitution. In the intramolecular
substitution, N-{w-alkyl) radicals are generated using Bu,SnH from N-(®-phenyiselanyl)aikyl side
chains. Phenylselanyl groups are used as radical leaving groups to avoid problems in the N-alkylation of
imidazoles and benzimidazoles. Arylsulfones for imidazoles, and phenylsulfides for benzimidazoles, are
used as the leaving groups in the homolylic substitutions. @ 1999 Eisevier Science Ltd. All rights reserved.

The synthesis of heterocycles using radical cyclisation has become of steadily increasing importance in
recent years." Aromatic radical ipso substitution provides an attractive route to bicyclic heterocyclic
compounds. Caddick er al’ have recently developed a novel regioselective methodology for the synthesis of
[1,2-alindoles using intramolecular homolytic aromatic substitution in which SPh, SOPh or SO,Ar groups on
the indole-2-position act as radical leaving groups. Whereas bimolecular homolytic aromatic substitution is
relatively unselective and therefore of limited synthetic application, ipso substitutions have proved useful and
selective,” e. g for substitution at the C-2 position of bCﬂZO[hleOle The use of intramolecular aromatlc lpso
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Scheme 1. Synthesis of [1,2-a]fused imidazoles and benzimidazoles using radical ipso-cyclisation

Non-radical syntheses have been reported for [1,2-a]-fused benzimidazoles which have antitumour
activity’ and for [1,2-a]-fused imidazoles which have antiulcer, antidepressant and antimicrobial aclivity.8
There are three general routes for the synthesis of fused bicyclic heterocycles using radical cyclisation with
heteroarenes. The first route involves the cyclisation of heteroaryl radicals, generated from heteroaryl halides
using Bu,SnH, onto N-(w-alkenyl) side chains, e.g. cyclisation of N-(3-butenyl)imidazol-5-yl radicals
generated from the 5-bromo precursor yields the [1,2-c] fused imidazole.” Analogous cyclisations with bromo-
indoles'® and -pyridinium salts'' have also been reported. A second route involves radical cyclisations of N-
(w-alkyl) radicals onto heteroarenes with oxidative re-aromatisation, e.g. onto the C-2 position of indoles,'*"*
pyrroles,'*" and pyridinium salts'® and onto the C-5 position of imidazole-4-carbaldehydes ."* Cyclisation onto
the C-4 position of pyrrole with suitably attached aryl radicals proceeds by the same mechani ism.'® The third
route is intramolecular ipso-homolytic aromatic substitution, the subject of this paper.
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Synthesis of radical precursors

The radical leaving groups were added using standard methodology (Scheme 2). Imidazole and
benzimidazole were protected using triphenylmethyl groups and treated with n-BuLi to form the anion at C-2.
Treatment with tosyl fluoride® gave the 2-tosylimidazole (33%), whereas treatment with the cheaper tosyl

chioride gave the 2-chloro analogue A better yield was obtained in the reaction with diphenyl disulfide to
yield the 2-(phenylsulfanyljimidazole (46%). The triphenylmethyl groups were removed in high yieid to give
1 and 2. 2-(Phenylsulfanyl)imidazole 2 was also converted to 2-(phenylsulfo y‘)'“mdazm. 3 using oxone™

A
The C-2 anion of 2-(triphenylmethyl)benzimidazole could only be quenched with tosyl fluoride in poor yield
di ide (68%) ollowed bv
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(11%) so 2-tosylbenzimidazole was not further used. The reaction with di
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hydrolysis (70%) gave 2-(phenylsulfanyl)benzimi
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Scheme 2. Synthesis of 2-tosyl- and 2-(phenylsulfanyl)-imidazole
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required imidazole and benzimidazole radical precursors, 5 - 8, were readily synthesised (Scheme 3).
/N.\ NaH, THF NaH, THF /\/N\
e ] E.
I >z R LI D-sen
L [ M [ H-sen o~
1 NN ¥ SePh
56,7 H H 8
5,Z=Ts;a,n=1;b,n=2,¢n=3; §,Z=SPhun=1; 7,Z=PhS0,,n=1;
8,Z=SPh:a,n=1;b,n=2;¢,n=3

Scheme 3. Synthesis of radical precursors
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Phenylselanides were used in piace of iodine or bromine and are excellent radical leaving groups but are
poor leaving groups in S.2 reactions.'’ Caddick ez al’ used 1-[w-bromo(or iodo)-alkyllindoles as radical

........... L ma Aol 2 Lotitiitimm sanntinne asravar wa fannd tha analagnane henzimidazala and
precursors ror radicat L 3 SUOSLILULICIT IC€ACUOIIS, NOWCVCL, WO 1Uulll v alldivguus vtiizinnudazuiv auu
iridazala nerannrenre tranhlacame ta nranare hacance of the cecand hacie nitrogen in diazoles which (‘?H]Q_Pd
HHUUQZUIC PILlUidULY LUBUIVOULIIL U PIVPAIL ULLAUSE Ul UWIV SVLVULGW UBSIE 1MW VR 411 BaRalrabs Traastas S amoy
dialkylation and other side reactions. Alkylation of 2-tosylimidazole 1 with 1,3-dibromopropene gave a single
Glaikyiauion and Otich 5140 1CaCilOns, ALXYIiallVnn L1 LOSY 25 el

product, 1-(3-bromo-2-propenyl)-2-tosyl-1H-imidazole. However, alkylation of 1 with 1-br omo-3-chlor0-
propane and 1-chloro-3-iodopropane gave alkylation on both nitrogens. When an excess of 1 was used,
mixtures of the mono- and di-alkylated products 9 and 10 were obtained (Scheme 4). N-(3-lodopropyl)-2-
tosylimidazole, the target radical precursor, was prepared from 9 by treatment with Nal in a Finkelstein
reaction, but rapidly polymerised on standing by SN2 substitution between the imidazole-3-N and the pendant
iodoalkane. Similar problems were encountered with alkylation reactions of 2-(phenylsulfanyl)benzimidazole.
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Cyclisation of N-[w-(phenylselanyl)alkyl]-imidazoles and benzimidazoles

The radical precursors, N-[w-(phenylselanyl)alkyl}-imidazoles and -benzimidazoles 5, 6, 7 and 8 were
reacted under standard radical conditions with Bu,SnH using a syringe pump (see Table 1). The 2-tosyl-
imidazoles 5a-c¢ and the 2-(phenylsulfonyl)imidazole 7 gave reasonable yields of cyclised material with no
uncyclised reduced products. Purification was aided by extraction of the basic products into acidic solution to
remove the normally troublesome tributyltin residues. As expected no difference was observed for the
reactions of the tosyhmldazole S5a (11a, 52%) and the 2-( henylsulfonyl)umdazole 7 (11a, 51%).
d
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were not omlrmsed but the reaction 1nd1cates that the phenylsulfanyl group is nc

withdrawing to facilitate complete attack at C-2 by the weakly nucleophilic alkyl radical. In comrast, lhe 2-
(phenylsulfanyl)-1H-benzimidazole precursors 8a-c gave reasonable yields of cyclised [1,2-a]fused-
benzimidazoles 12a-c. The imidazole ring in benzimidazole is less aromatic than in imidazole and therefore
addition of the intermediate radical in cyclisation is more facile and the more weakly electron withdrawing 2-
(phenylsulfanyl) group is sufficient to facilitate cyclisation over reduction. The yields are comparable to the
non-radical protocols reported in the literature for imidazoles® and benzimidazoles.'®

Table 1. Radical cyclisation of N-[w-(phenylselanyl)alkyl]-imidazoles and -benzimidazoles
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I\N/— PhMe, reflux LNM Sb,Z=Ts,n=2 11b, 48%
\4)n 5¢,Z=Ts,n=3 11c, 63%
57 n SePh 11 7,Z=PhSO,,n=1 11a,51%
Z N\ BusSnH, AIBN N 8a,n= | 12a, 49%
| >—SP 8b,n=2 12b, 54%
X N PhMe, reflux _ . e
)n 8¢, n=3 12¢, 17%
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We propose the mechanism shown in Scheme 5 which is based on our results and those of Caddick et
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The intermediate radicals 13 are weakly nucleophilic and add to the electronhilic C-2 carbon in the diazoles.
1cals 12 are weakly nucieophilic ang ad P

This addition is assisted by electron withdrawing groups at C-2. Cyclisation onto the C-2 position of indoles is

facilitated by phenyl-sulfonyl, -sulfinyl or -sulfanyl groups’ and by phenylsulfanyl groups in benzimidazoles.
In the more aromatic diazole, imidazole, the stronger electron withdrawing phenylsulfonyl group is required
to ensure selective cyclisation over reduction. Elimination of the radical leaving group (Ze = Tse, PhSO,e, or
PhSe) from intermediate 14 and aromatisation yields the cyclised products. The radical leaving group (Z¢) is
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strongly electrophilic and react rapidly with the nucleophilic Bu3SnH to yield nucleophilic Bu,Sne radicals
which complete the radical chain reaction. This rapid interchange between sulfanyl radicals and Bu,Sne
radicals is well documented in the polarity studies of Roberts er al.”
Attempted cyclisation of 1-(3-bromo-2 —propenyl) -2-tosyl-1H-imidazole 1S via vinyl radicals failed and
a I products was obtained. '"H NMR spectroscopy of the proauc[ mixture indicated that

1 £ vrne O | ) hene NI cn

azole 16 was 1011eq, but that it uc&.uuipoacu mpluly and that a number of other
products had been formed in the reaction (Scheme 6). Imidazole 16 has been synthesised by a non-radical
route but is nnstabiei 0

u The corresponding pvrrolol 1.2-alindoles have been svnthesised bv radical cvelisation
p g py [1,2-alindoles have been synthesised by radical cyclisation
and by non-radical routes®' but rapidly isomerise to the 9H-analogues
\ BuaSnH, AIBN \ N\
| Ts - I >——Ts — | >\ |
N PhMe, reflux N N { unstable
F pa
15 \/‘L‘Br \/ 16

1enyiseianyl)ailkylijbenzimid:
enylsulfan | a

. > with 1,3-dibromopropane also gave
Droblems of a mixture of mono- and di-al lauon and therefore a Dhen Iselanyl precursor was used again.
When an excess of benzimidazole was used, 1-{3-(1H-benzo[d]imidazol-1-yl)propyl }-1H-benzo[d]imidazole
17 was the main product and when an excess of 1,3-dibromopropane was used, 1,3-di(3-bromopropyl)-3H-
benzo[d]imidazol-1-ium bromide was obtained. Both products were synthesised for characterisation. The
required radical precursor, 1-[3-(phenylselanyl)propyl]-1H-benzimidazole 18 was prepared by alkylation of
benzimidazole using |-bromo-3-chloropropane and replacement of the chloro group by phenylselanide.

AN ST
l\) 17

Reaction of 1-[3-(phenylselanyl)propyl]-1 H-benzimidazole 18 using standard Bu3SnH conditions gave
largely the uncyclised 1-propyl-1H-benzimidazole 21 (89%) and a small amount of the cyclised product 2,3-
dihydro-1H-benzo[d]pyrrolo[1,2-a]imidazole 12a (5%). The phenylsulfanyl group is required to facilitate
selective addition of the intermediate alkyl radical to the C-2 position of benzimidazole (Table and Scheme 5).
The cyclisation reaction yields 12a, but loss of hydrogen (He) from the cyclised intermediate 22 is unlikely,
i.e. the mechanism shown in Scheme 5. A possible mechanism could involve reduction of the intermediate
radical 22 with Bu,SnH to yield the dihydro product which subsequently is oxidised in air during work-up to
yield 12a. This is unlikely because these dihydro benzimidazoles are stable to air oxidation over the time
required for work-up and analysis.

Oxidative steps have been observed in a large number of Bu3SnH mediated reactions™'*'**** and a
mechanism involving single electron transfer (SET) steps has been proposed.'422 We propose that the
mechanism as shown in Scheme 7 m(nlmnc the formation of 12a. The Q_\/CllSt:d radical 22 loses a proton to
yield a stable radical anion (12a)~* wh1ch undergoes SET to the starting materml 18 The radical anion
(12a)~" is stable because the unpaired electron resides in a ©* molecular orbital, i.e. delocalised over the

whole aromatic system, but the canonical form 23 would be a major contributor. Proton loss would directly
yield the ©* radical anion and not a radical anion with the negative charge on C-2 of the benzimidazole
system.
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Scheme 7. Oxidative radical cyclisation of 1-[3-(phenylselanyl)propyl}-1H-benzimidazole 18

The unpaired electron in (18)~* could reside in a ©* molecular orbital (MO) of either the benzimidazole

ring or the pneny15e1any1 group Reversibie mtramolecular bbl between tne benzmnaazole n:*‘ MO and tne

nions and alkyl radicals is well known™ from S;! reactions. Therefore, the dissociation of (18)~* to
phenylselanide anions and alkyl radicals 19 should also be fast. In this dissociation the unpaired electron
maoves from the * MQ (ac< chown in 24) to the lecq ctahle alkvi-celaninm o* MO (ac chawn in 2 8 nriar to
aiaNT WP AANSAAA Vaa ~ dw AVASS T AV VY I aia -"I WS VAW IWJID DRV “AI\JA OWwANWILLVLIL N\ AVANS \“J WDAAN/ VY R4 11 ‘.’/ tJllV& W
dlSSOCiHUOﬂ (Qohame RY The X ) and % MO are nrthnonnal and Avarlan i¢ nat allawad The machanicm
\WIWaaviilw (7). 1 W b IS ANIVRIVERY ) AVING divw \JLlllUEUllal aliu UV\/LlukJ 1D 11Ul Aliuvvod, 1L 11w iialiioiig
of transfer remains unknown® but SET between separate molecules is possible
A A l!bllﬂl,\./ 1LIVZIVvA ALV D 1D VAWM ] R 9 L9
et At e e . SET . ... dissociation .
[PhSe-CHoR] (Phn* MO) ——= [PhSe-CH3R]™ (CH2-Se c*MO) ——— = PhSe~ + RCHy
fast fast
24 25
Scheme 8. Dissociation of n* radical anion 24
A possible explanation for the high yield of |-propyl-H-benzimidazole could be hydrogen abstraction

of the benzirmdazole H-2 to yield the 2-benzimidazolyl radical 19. In order to determine the amount of 1,5-
hydrogen abstraction, two expenments with deuterium were carried out. Reaction between Bu3SnH and
2-deuterio- 1-[3-(phenylselanyl)-propyl]- 1 H-benzimidazole gave 2-deuterio-1-propyl-2-benzimidazole (66%,
with no measurable deuterium on the side chain) and 2,3-dihydro-1H-benzo[d]pyrrolo-[1,2-a]-imidazole 12a
(16%). Reaction between Bu,SnD and 1-[3-(phenylselanyl)-propyl]-1H-benzimidazole 17 gave 1-(3-deuterio-
propyl)-benzimidazole (57%, with no measurable deuterium on the benzimidazole ring) and 2,3-dihydro-1H-
benzo[d]pyrrolo-[1,2-a]-imidazole 12a (17%). The results clearly show that no measurable 1,5-hydrogen
abstraction is taking place. Therefore, the relative yields of the two products, 12a and I-propyl-1H-

benzimidazole, is determined by the relative rate of cyclisation of intermediate radical 18 and the raie o
trapping of 18 by Bu3SnH.
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uld btained in syntheses using this methodology. Our results, and the re&,ults of Ca dle show that
mtramolecular aromatic homolytic ipso substitution provides a valuable new protocol for the synthe51s of
nitrogen heterocycles.
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General

Commercial dry solvents were used in all reactions except for light petroleum and ethyl acetate which were
distilled from CaCl; and dichloromethane which was distilled over phosphorus pentoxide. Light petroleum
refers to the bp 40-60 °C fraction. Sodium hydride was obtained as 60% dispersion in oil, and was washed
with light petroleum, and a 2.5 M solution of n-butyl lithium in hexane was used in all stated cases. Melting

points were determined on a Leica Galen IIT hot stage melting point apparatus and are uncorrected. Elemental
analyses were determined on a Perkin Elmer 2400 CHN Elemental Analyser in conjmction with a Perkin
Elmer AD-4 Autobalance. Infrared spectra were recorded on a Perkin-Elmer Paragon 1000 FFT-IR
spectrophotometer on NaCl plates. 'H (250 MHz) and '3C (62.5 MHz) NMR spectra were recorded on a
Bruker AC-250 spectrometer as solutions of CDCl3 with TMS as the internal standard for 'H NMR spectra
and deuteriochloroform the .\tanda-(_ for 13C NMR spectra unless otherwise specified. Chemical shifts are

given in parts per million (ppm) and J values in hertz (Hz). Mass spectra were recorded on a Kratos MS80
spectrometer or carried out by the EPSRC MS Service at University of Wales, Swansea. GCMS was carried
out on Fisons 8000 series GCMS using a 15 m x 0.25 mm DB-5 column and an electron impact low resolution
mass spectrometer. TLC using silica gel as absorbent was carried out with aluminium backed plates coated
with silica gel (Merck Kieselgel 60 Fz54), and TLC using alumina as absorbent was carried out with
aluminium backed plates coated with neutral aluminium oxide (Merck 150 F,;, TypeT). Silica gel (Merck
Kieselgel 60 H silica) was used for column chromatography unless otherwise specified. Column
chromatography using alumina was carried out with Aldrich aluminium oxide, activated neutral, Brockmann

a2l SV /‘k

i, STD Grade, 150 mesh size. l’rep-lLL was carried out using aluminium oxide (Merck 60 rrzw T ype E).

Synthesis of radical precursors

1-(Triphenylmethyl)imidazole. Imidazole (10.2 g, 0.150 mol) was dissolved in dichloromethane (200
ml). Triphenylmethyl chloride (46.0 g, 0.165 mol) was added over 20 min and the mixture stirred until the
dissolution was complete. Triethylamine (42 ml, 0.300 mol) was added slowly to the stirred solution and the
stirring was continued overnight at room temperature. The soiution was evaporated to dryness and the residue
was recrystallised from absolute ethanol and dried to give 1-(triphenylmethyl)imidazole as colourless needles
(42.0 g, 90%), mp 229-230 °C (lit.25 mp 229-230 °C) with consistent spectroscopic data.

Py ANy B imi

i PR . 1Y Y e . 1 - R |
1-(4L7 H(:’H_/VH lCI!l_)%/UCIl(,HIHu 4 .

General procedure for functionalisation at C-2.
2-Tosyl-1-(triphenylmethyl)-IH-imidazole 1- (Tnphenyl methyl)1m1dazole (9.0 g, 27 mmol) was
s . M A 1
{ ¢ a

T sANnA TRAATTTY

dissolved in THF (300 ml) and TM u:uA

PR, L T T ~F
lCIIlp(‘JIdlU[C TG lClll[)leLulC Ol

172 b 29

L1531, S2 < W 1€

solution of p 81 mmol) in THF (50 ml) was added dropw1sc and the stlrrmg
was continu ther 2 h. The solution was evaporated to dryness and saturated

ammonium chloride and water added to the residue. The aqueous mixture was extracted with

dichloromethane, the organic extracts dried, and the solution evaporated to dryness. The crude solid was
purified by column chromatography with light petroleum and dichloromethane as eluent. Evaporation of the
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eluates containing the second component gave colourless crystals of 2-tosyl-1-(triphenylmethyl)-1H-imidazole
(4.1 g, 33%), mp 175-176 "C (Found: C, 75.3; H, 5.4; N, 5.4. Cp9H24N20;S requires C, 75.0; H, 5.2; N,

6.0%); Umax /el 1594, 1493, 1447, 1337, 1233, 1174 and 1148; 8y 6.93-7.93 (3 H, m), 7.08-7.13 (4 H, m),
7.17-7.19 (6 H, m) and 7.24-7.26 (9 H, m); §¢c (62.5 MHz) 75.90 (CPhjy), izs 64, 126.83, 127.58, 127.82,
170 10 17%0 41 10 O 1 1N 1N s ral s Aann/hl ot 141 M TR M N e B it ) 47 o4
1406.19, 1£40.41, 149.92 and 15U.1U (dromd[lC-Lﬂ), 33.90 (Fh-C), 141.935 (¥h- )ana 142.23 (£-L); m/Z 404
IANA+ QRO 2Q7 /1M 1QQ /AN 1NE 71NN Q1 7N "I"I /:‘)\ ,....J f\o ffv-l\
(ivi ', OO/ ), D07 \LUU), 100 U}, 1V LUV, FL1 47 ), 17 \I3)dllU L0 (L]},

2-(Phenylsulfanyl)-1-(triphenylmethyl)-1H-imidazole. 1-(Triphenylmethyl)imidazole (8.0 g, 25.8 mmol)

and dmhenv! disulfide (16.9 g, 77.4 mmnl\ gave colourless ¢ rvsmk of 2- fnhprmlcnlfnrml) 1- {tr 1nI11)n\ Imethvl.

coe iz Vo LAl Vi VUL Lol Yediiyg I yerniii ye g

IH-zmtdazale (5.0 g, 46%), mp 172-174 C (Found: C, 80.2; H 5.2; N, 6.3. ngngNaS 1equ1resC 80.4; H,
5.3; N, 6.7%);umax/cnr! 1580, 1492, 1479, 1446, 1415, 1233, 1112, 753, 705, 689 and 640.

2-(Phenylsulfanyl)-1-(triphenylmethyl)benzimidazole. 1-(Triphenylmethyl)benzimidazole (4.0 g, 11
mmol) and diphenyl disulfide (7.3 g, 34 mmol) were reacted for 3 h instead of 2 h to give colourless crystals
of 2-(phenylsulfanyl)- 1-(triphenylmethyl)benzimidazole (3.5 g, 68%), mp 182-184 °C (Found: M+ 469.1734.
C32H25N2S requires M, 469.1738); vmax/cm! 1581, 1492, 1440, 1267 and 745; 6y ; 6.00-6.02 (1 H, d, J 4.9,
7-H), 6.79-6.84 (1 H, ddd, J 0.8, 5.3, 5.3, 6-H), 6.94-6.96 (2 H, dd, J 1.0, 5.0), 7.05-7.09 (1 H, ddd,J 0.8, 5.3
5.3, 5-H), 7.12-7.18 (3 H, m), 7.27-7.33 (9 H, m), 7.48-7.50 (6 H, m) and 7.56-7.58 (1 H, d, J 5.1, 4-H); &
(62.5 MHz) 75.90 (CPhj3), 115.08, 119,61, 122.00, 122.31, 127.99, 123.23, 128.32, 129.18, 130.47 and 132.58
(aromatic-CH), 134.06, 137.15, 142.79, 144.24 and 153.93 (aromatic-C); m/z 469 (M*, 31%), 243 (100), 225
(33), 165 (37) and 31 (27).

General procedure for the removal of the triphenylmethyl group.

2-tosyl-1H-imidazole 1.2-Tosyl-1-(triphenylmethyl)-1H-imidazole (3.00 g, 6.5 mmol) was dissolved in
methanol and conc. hydrochloric acid (10 ml, 31-34% w/w solution) added. The solution was heated under
reflux for 2 h. After cooling the solution to room temperature, most of the solvent was evaporated and the
residue added to water, The acidic aqueous mixture was extracted with dichloromethane to remove the
triphenyimethyiaicohol. The acidic aqueous layer was evaporated to ca. 30-40 mi and neutralised with soiid

sodium carbonate. The prempimté was Ill[CrC(l dried and recrybmiusea from absoluie ethanol to yu:lu

colourless needles of 2-tosyl-1H-imidazole 1 (0.63 g, 44%), mp 200-202 °C (lit.”’ mp 182-184 °C), (Found: C,

53.7; H, 4.1; N, 12.4. C|gHoN203S requires C, 54.0; H, 4.5; N, 12.6%); Umax/cmr! 1333, 1152, 1107 and
1082; 8y ({2He] Tv'ezSO) '.Z 36 (3 H, s, CHa), 7.22 (2 H, brs, Im-4, 5-H), 7.40-7.43 2 H,d,/ 7.5, Ar-H) and
e L e Ya e 10 8 § 1 Y~ - TN 1 R A I atNsla eV 1AN ™7 19" N~ 190N NL 1A VA A AL £, /. 150
1.07-1.80(41,4,J /.0, Ar-11); OC H_"H6J lVle”!bU) L2290, 14Y.47, 12404, 157.V0, 140.04 dlA 40.07, N/ 100
: 27
(M, 100%), 131 (31), 91 (48), 77 (5), 65 (24) and 39 (12). Although the mp is different to the reported mp
i n cmantenl Aot i i v st Dtaratiiee yanliiec?? and tha anmbhiiotinm analucic 3 wra
tne spectral aata are i accora witn iterature vaiues™ ana tne Comoustion anarysis is COIrect,
Y A Phonvlenfanvi 1 H. imidasnle ? I{Phanvlienlfanvi. 1 _(trinhenvimethv-1 H_imidazole (4 67 o. 112
L-{ 4 ’LC"J‘JL‘(J(‘«’LJL/ LLLLITHUULULC & &™\L ll\rll!lsull“ll'y ij7a \lllyllbll]llll\/tll]l] LELTHIMMALVIV \TFV P my 4 Lk
mmol) ogave colourless needleg of 2_(nhpn_\/!cnlfnnv}\- 1H-imidazole 2 (1.61 ¢. 85%), mn 175-176 °C, ('FQLJDL:
106 2aVe COI0ULICSS NICCUICS O vpaehiyisiaiallyl - L -nealon L8 o 7y 22:p EIRN
MH*, 177.0486. CoHgN»S + H requires M, 177.0486); Umax/cm! 2625, 1582, 1479, 1441, 1416, 1326, 110
964, 751 and 739; 84 ([?Hg] Me2S0) 7.10-7.35 (7 H, m, Im-4(5)-H and Ar-H) and 12.81 (1 H, bs, NH); 50

([2Hg] MeaSO) 124.54, 125.40, 126.38, 128.30, 133.65 and 134.96; m/z 176 (M*, 43%), 175 (92), 77 (88), 72

1 61 LIS ) 1250 146 I

(73), 69 (35), 65 (48) and 51 (100).

2-(Phenylsulfanyl)-1H-benzimidazole 4. 2-(Phenylsulfanyl)-1-(triphenylmethyl)benzimidazole (0.95 g,
2 mmol) gave colourless needles of 2-(phenylsulfanyl)-1H-benzimidazole 4 (0.32 g, 70%), mp 201-203 °C
(lit.28 mp 201.5-202.5 °C), (Found: C, 68.7; H, 4.3; N, 12.4. C13H NS requires C, 69.0; H, 4.5; N, 12.4%);
Umax/err ! 1618, 1477, 1442, 1413, 1349, 1266, 1235, 978, 740, 686; m/z 226 (60%), 225 (100), 167 (5), 155
(8), 90 (5), 77 (8) and 51 (10).

2-(Phenylsulfonyl)-1H-imidazole 3. A solution of 2-(phenylsulfanyl)-1H-imidazole 2 (0.440 g, 2.5
mmol) in THF-methanol (25 ml, 1:1) was added dropwise to a solution of oxone™ (3.380 g, 5.5 mmol) at 0
°C in THF-methanol (25 ml, 1:1) and the solution was stirred at room temperature for a 48 h. The solution
was filtered on a celite bed, the filtrate added to water and extracted with dichloromethane. The organic
extracts were dried and evaporated to dryness to yield a solid. The residue was purified by column
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y with ethyi acetate as eluent to yield colourless needles of 2-(phenylisuifonyi)-1H-imidazole 3

1AN 9

188-190 °C, (Found: M*, 208.0307. CoHgN207S requires M, 208.0306); Upax/cm-i 2764,

330 (803), 1155 (SO3) and 1107; 8y ([2H6]Me250) 7.33 (2 H, m, Im-4(5)-H), 7.64-7.68 (2 H, m, Ar-
7.7 H, m, Ar-H) and 7.94-7.97 (2 H, m, Ar-H); &c ([?Hg] Me2S0O) 134.14, 136.56, 140.94,
2; m/z 208 (M*, 15%), 144 (100), u/ (48), 90 (10), 77(62) and 51 (23). Further elution with
/ methanol yielded white needles of 2-(phenylsulfinyl)-1H-imidazole (0.101 g, 21%); mp 160-

M, 192.0357);Umax/cm-! 2628, 1441, 1330, 1086 and

£
< O
- o0
[ C I SN
é)
. ~

[SEV S — ﬂ{i [V,
2 O O

h h w— =

A%

N

General procedure for the synthesis of w-(phenylselanyl)alkyl iodides.)”

3-lodo-1-(phenylselanyl)propane.!’ Diphenyl diselenide (3.70 g, 11.9 mmol) was dissolved in absolute
ethanol (600 ml) at room temperature. Sodium borohydride (1.00 g, 26.4 mmol) was added slowly to the
stirred solution at 0 “C. After 30 min, l-chloro-3-iodopropane (4.85 g, 23.7 mmol) added dropwise and the
mixture was stirred at room temperature for 16 h. The solution was evaporated to dryness, 2 M hydrochloric
acid added and the solution extracted thh dlethyl ether The orgamc extracts were washed w1th sodlum

Tnant to vield 2_ohlaes 1-{shenvlselanyDo
1UCIIL 10 YiC1a 5-CiiiOro-1-(Pieily1s€iadiyi)

PIropaie as
710. CoH |ClSe requires M, 233.9714); Umax/cm! 3072, 2956, 2940, 1579,
H 2.07-2 H, m, 2'-CH>), 3.02-3.07 (2 H,t,J 7.1, CH

L (2 B ) NSS4

. 18 1,Se
(2H t, J63 CHaCI) 726730(3H m, Ph-H) and 7.49-7.53 (2 H, m, Ph-H); 8¢ 24.16 (
(PhSeCH>), 43.88 (CICHj3), 126.72, 128.76, 129.13 and 132.48. 3-Chloro-1- (phenvlselanvl)pror)ane (2 50 g,
10.7 mmol) and sodium iodide (16.00 g, 0.107 mol) were added to dry acetone (250 ml) and heated under
reflux for 18 h. The precipitated sodium chloride was removed by filtration on a celite bed and the solution
evaporated to dryness. The residue was triturated with diethyl ether and the solution filtered a second time.
The ethereal solution was evaporated to dryness to yield 3-iodo-1-(phenylselanyl)propane as a yellow-orange
oil (2.69 g, 77%) which required no further purification;(Found: M*, 325.9071. CoH;ISe requires M,
325.9072); umax/cnr! 3058, 2931, 1579, 1477, 1282, 1072, 1022 and 734; 8y 2.09-2.20 (2 H, m, 2'-CHpy),
2.95-3.01 (2 H,t, J 7.1, CHSePh), 3.26-3.31 (2 H, t, J 6.8, CH3I), 7.26-7.28 (3 H, m, Ph-H) and 7.49-7.51

(2H, m, Ph-H); 8¢ 4.83 (CH,l), 27.07 (2'-CH3), 32.22 (PhSeCH3), 126.08, 127.99, 128.39 and 131.96.

4-Iodo-1-(phenylselanyl)butane. 17 [-Chloro-4-iodobutane (2.79 g, 12.8 mmol) gave 4-chioro-1-(phenyi-
selanyl)butane!7 as a yellow oil (1.97 g, 63%); 8y 1.82-1.94 (4 H, m, 2' and 3'-CHp), 2.91-2.96 (2H, t, J 6.8,

MIT. QADLY 2 &1 2 &£ /M IX &+ T£D LIy T4 72N 1 e D LN and 7 A4 7 87 () L DL _II\. 8~ /AD &
Cri2oerj, 3.51-3.50 (< 1, 1, v 0.2, Lr1pLl), 7.24-7.0U (0 1, M, ri-rj) ana /.40-/.54 (< n, Iii, £i-11j; oC {v<.J
MHZ2Y 26 Q1 27 10 27 24 (PhQaHAY 44 27 (CICHAY 126 R6 127 66 172007 120 1% 131 44 and 132 .65
WITIA] &0 71y &1.17, J&.059 \(FIWSUUTLY ), ¥4/ \NICT10 ), 12U.0U) 147UV, 1&7.ULy 147,10, 1271590 QUG 2J&.VUY
A-Chlara.l inhenvlcalanvithutana (1 R0 723 mmnl) cave Ad.indn-1-(nhenvicelanviYhint ac a vellow-
TN LLINLA T ) \l}ll\tll 10w illl llvulull\/ \J-UV y i et ALJJIAUAI &uvu T IV \ AAwix A\J\/A“AAJ iy g s Jw -----

g ‘ i-pheny
orange oil (1.92 g, 78%); (Found: M+, 339.9227. CoH3lSe requires M, 339.9227). Th
ter 2sis. IR

consistent thh hterature values for both comnounds

5-lodo-1-(phenylselanyl)pentane. 1-Chloro-5-iodopentane (2.98 g, 12.6 mmol) gave 5-chloro-1-(phenyi-
selanyl)pentane as a yellow oil (2.94 g, 89%) which required no further purification; Umay/cm-! 1579, 1477,
1436, 1300, 1073, 1022, 735 and 691; 6y 1.61-1.64 (2 H, m, 3'-CH3), 1.75-1.83 (4 H, m, 2' and 4'-CH>), 2.94-
2.97 (2 H,t, J 7.3, CH3SePh), 3.53-3.56 (2 H, t, J 6.5, CH;Cl), 7.27-7.32 (3 H, m, Ph-H) and 7.52-7.55 (2 H
m, Ph-H); 8¢ 27.26 (3'-CH»), 27.68, 28.29, 32.54 (PhSe CH»), 45.17 (CICHy), 127.11, 129.17, 129.43, 130.74
and 133.01. 5-Chloro-1-(phenylselanyl)pentane (1.80 g, 6.9 mmol) gave 5-iodo- 1-(phenylselanyl)pentane as a
yellow-orange oil (1.56 g, 64%); (Found: M*, 353.9384. CH,sISe requires M, 353. 9385)'1)nm,dcm'1 2253,
1478, 1438, 1199, 1023, 909, 733, 692 and 650; &y 1.49-1.58 (2 H, m, 3'-CHj), 1.67-1.86 (4 H, m, 2' and 4'-

CH»), 2.88-2.94 (2 H, t, J 7.3, CH,SePh), 3.14-3.19 (2 H, t, J 7.0, CHzI), 7.25-7.31 (3 H, m, Ph-H) and 7.43-
7.52 (2 H, m, Ph-H); 8¢ 7.42 (CH2zD), 28.55, 30.09, 31.65, 33.95 (PhSeCHz) 7.76 , 130.05, 132.52, 133.55
76)

127
£0 r\"r\
(o)

~An om0 o Ya Yor BVZs Tor AN 1 -t A A QN '1'1 NNy

and 133.59; m/z 354 (M+, 6%), 227 (37), 171 (18), 157 (87), 91 (48), 77 and 41 (100)

\..

>
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General method for alkylation of imidazoles and benzimidazoles.
1-[3-(Phenylselanyl)propyl]-2-Tosyl-1H-imidazole 5a. 2-Tosyl-1H-imidazole 1 (0.121 g, 0.55 mmol)
was added to a suspension of sodium hydride (16 mg, 0.66 mmol) in acetonitrile (150 ml). The mixture was
stirred and heated under refiux for i h and 3-iodo-i-(phenylselanyl)propane (0.180 g, 0.55 mmol) was added.
The mixture was stirred and heated under reflux for a further 2 h. The salts formed were removed by filtration
ution was evaporated 10 dryness. The resulting crude product was punucu by

column chromatography with diethyl ether and light petroleum as eluent to yield yellow crystals of /-/3-

Aan a ralita had anmd tha )

(phenylselanyl)propyl]-2-tosyl-1H-imidazole 5a as a yellow oil (0.110 g, 48%); (Found: M+, 420.0413,
C19H20N20,8Se requires M, 420.0410); va/cm ! 1596, 1579, 1478, , 1332, 1293, 1266, 1148 (SQ»),

Vl
ol
I
-../
v
00 .
I\)
1w [yey
o0

Pra vl
736 and 658; ‘213~224(2Hm2CHo)240(3 3) t, J 7.
(2H,t, J7.1, NCHy), 6.94 (1 H, s, Im-4(5)-H), 7.08 (1 H s, Im-4(5) H), 7 7 28 (3
7.33(2H,d, J7.5, Ar-H), 7.46-7.50 (2 H, m, SePh-H) and 7.87-7.90 (2 H, d, J7.5, Ar H), ESC (62.5 MHZ)
21.63 (CH3y), 23.84 (2'-CH3), 31.35 (PhSeCHy), 47.49 (NCH>), 124.15, 127.25, 128.19, 129.21, 129.66,
129.87, 132.87, 136.67, 143.33 and 146.00; m/z 265 (100%), 155 (13), 108 (17), 91 (72), 41 (21) and 65 (66).
1-[4-(Phenylselanyl)butyl|-2-tosyl-1H-imidazole Sb. 2-Tosyl-1H-imidazole 1 (0.195 g, 0.88 mmol) and
4-iodo-1-(phenylselanyl)butane (0.289 g, 0.88 mmol) gave I-[4-(phenylselanyl)-butyl]-2-tosyl-1H-imidazole
Sb as cream coloured crystals (0.156 g, 41%), mp 105-107 °C (Found: M+, 434.0567. C20H22N20,SSe

requires M, 434.0567); Umax/cm! 2915, 1598, 1478, 1463, 1430, 1330 (SO2), 1296, 1148 and 788; 5y 1.67-
1.74 (2 H, m, 3-CHp), 1.91-1.98 (2 H, m, 2'-CH>), 2.43 (3H s, CHy), 2.86-2.92 (2 H, t, J 7.1, CHaSePh),

4.30-4.36 (2 H, 1, J 7.3, NCH»), 6.95 (1 H, s, Im-4(5)-H), 7.11 (1 H, s, Im-4(5)-H), 7.25-7.28 (3 H, m, SePh-
IINn 77272 77 2£ /Y 1Y A r1 c A TTI\v 7T AL 1 &EN 7N e QDL - TTY .1 T OO0 "T Y)Y /N LT 1 IT77 £ A~ ITN, o
H), 7.33-7.36 (2 H, d, /7.5, Ar-H), 7.46-7.50 (2 H, m, SePh-0-H) and 7.89-7.92 (2 H, d, /7.5, Ar-H); é¢c
(AT S NMMHEH2Y 21T AR (CHAY 24 R (V_CLIAY DA QS /Y'_CLIAY 21 NO (DhQal AN A7 AA (IN/MHAY 12202 174/ QR
QUL T IVITRL ) &12UT \X13), 4U.01 (J-Ual) )y QU TJ \& i), JL.UT (THSCUI1) ), /.77 (UNCI1) ], 1£0.70, 14U.70,
127.97, 128.13, 129.62, 129.87, 132.76, 132.79, 136.80, 143.60 and 145.14; m/z 434 (M*, 4%), 279 (30), 22
(12). 157 (20). 122 (21) and 91 (100)
(12), 157 20, 122 (21) and 91 (100),

1-[5-(phenviselanvl)pentyl]-2-tosyl-1H-imidazole Se. 2-Tosvl-1H-imidazole 1 (0.130 g, 0.59 mmol),

and 5-iodo-1-(phenylselanyl)pentane (0.208 g, 0.59 mmol) gave /-[5-(phenylselanyl)pentyl]-tosyl-1H-
imidazole as Sc¢ colourless crystals (0.132 g, 50%), mp 83-85 °C (Found: M+, 448.0724. C21H24N>0,SSe
requires M, 448.0723); Umax/cm! 2937, 1578, 1477, 1460, 1432, 1326 (SO3), 1174 (SO;7), 1074, 813 and 796;
8y 1.32-1.45 (2 H, m, 3-CH>), 1.68-1.81 (4 H, m, 2" and 4-CH3), 2.38 (3 H, s, CH3), 2.85-2.88 (2 H,,J 7.3,
CH;SePh), 4.27-4.31 (2 H,t,J 7.4, NCH»), 6.95 (1 H, s, Im-4(5)-H), 7.10 (1 H, s, Im-4(5)-H), 7.22-7.27 (3 H,
m, SePh-H), 7.30-7.32 (2 H,d, J 7.5, Ar-H), 7.46-7.48 (2 H, m, SePh-H) and 7.88-7.90 (2 H, d, J 7.5, Ar-H);
3¢ 21.93 (CH3), 26.93 (3'-CH3), 27.67 (4'-CH»), 30.21, 31.15, 48.37 (NCH3), 124.50, 127.23, 128.44, 129.24,
130.30, 130.64, 132.81, 137.44, 143.49, 145.52 and 153.18; m/z 448 (M*, 16%), 293 (29), 223 (49), 157 (30),
136 (28) and 91(100).

1-[3-(Phenylselanyl)propyl]-2-(phenylsulfanyl)-1H-imidazole 6. 2-(Phenylsuifanyl)- 1 H-imidazole 2
(0.470 g, 2.67 mmol) dnd 3-iodo- 1-(phenylselanyl)propane (0.870 g, 2.67 mmol) gave 6 as a yellow oil

I a N~~~ AN A 1 ANDO 1 AMND 1NN 1NN A LN, ANL Y TT o)
(0.555 £, 30‘7'0) vmax/cm 494U 1580, 1478, 1458, 1438, 1428, 1027, 1023 and 690; 8y 1. 95-2.06 (2 H, m, 2'-
MIT N AT Y TELE LY o TN T DLY ANO A 1A ML ¢+ TN NOLIN "TNA D) LT emn m_ARSN_TIY 7 140
Uy, 2./ 1-2.i0 {4 1, {, 4 /.U, Cripdlriij, 4.U7-4.149 \« I, L, J /.U, INUI12), /.UF (£ I, 1L, UH-J)-11), /.15
7.29 (8 H, m, Ar-H) and 7.42-7.46 (2 H, m, Ar-H); 8¢ 23.98 (2'-CH3), 30.80 (PhSeCH3), 46.36 (NCH),
177247 126 A1 127722 12202 170 16 13052 and 132 Q7
LLL.TTOy LLUJL, LAl by 1L&OU Ty 1bd kiVWVy 1 JV e QL L Jdn 7 1 e

1-[3-(Phenylselanyl)propy! [-2-(phenylsulfonyl)-1H- imidazole 7. The imidazole 3 (0.136 g, 0.65 mmol)

and 1-(phenylselanyl)-3-iodopropane (0.212 g, 0.65 mmol) gave 7 as a yellow oil (0.214 g, 81%), (Found:
M+, 406.0254. CgH 18N202SSe requires M, 406.0254); &y 2.10-2.21 (2 H, m, 2'-CH»), 2.80-2.86 (2 H, ¢, J
7.1, CH;SePh), 4.40-4.46 (2 H, t, J 7.1, NCH»), 6.95 (1 H, m, Im-4(5)-H), 7.09 (1 H, m, Im-4(5)-H), 7.25-
7.27 (3 H, m, SePh-H), 7.45-7.49 (2 H, m, SePh-H), 7.50-7.53 (2 H, d, J 7.5, Ar-H), 7.57-7.63 (1 H, m, Ar-
H), 7.97-8.00 (2 H, d, J 7.5, Ar-H); 8¢ (62.5 MHz) 23.92 (2'-CH>), 31.50 (PhSeCH2»), 47.68 (NCH3), 124.55,
127.38, 128.14, 129.22, 129.35, 130.00, 132.99, 134.10, 139.93, 142.79; m/z 406 (M*, 100%), 376 (30), 329
(14), 305 (41), 284 (45), 265 (100), 157 (23) and 77 (66).
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1-[3-(Phenylselanyl)propyl]-2-(phenylsulfanyl)-1H-benzimidazole 8a. The benzimidazole 4 (0.650 g,
3.0 mmol) and 1-(phenylselanyl)-3-iodopropane (0.730 g, 2.3 mmol) gave 8a as a yellow oil (0.560 g, 44%)
(Found: M+, 424.0525. C22H2()N2SSC requires M, 424.0525); Umax/cm! 1579, 1478, 1423, 1355, 1248, 1023,

o ~ s ~rr ~ O i~ TT

909, 739 and 690; éy 2.04-2.15 (2 H, m, 2'-CHy), 2.81-2.86 (2 H, t, J 6.9, CHSePh), 4.31-4.37 2 H, t, J 7.1,
NIMLY N T NA 7T 232 70 1T A TIN 77T A1 ™ AD 74 TT A T e e Lo B | s~ XY e N e L ) & Y
NCri2), 71.24-7.33 (8 H, m, Ar-Ad), 7.41-7.45 (4 H, m, Ar-H), 7.77-7.81 (£ 1, m, Ar- ri), el 23.48 (2'-CHy),
28.79 (PhSeCHy), 43.27 (NCHjy), 108.68, 119.07, 121.49, 122.33, 126.31, 129.94, 128.36, 129.66, 131.07,
132.04, 134.86, 144.48 and 146.61; m/z 424 (M, 34%), 315 (43), 267 (88), 239 (50), 157 (26), 129 (33), 109
(48), 77 (100) and 51 (75

anvDbutyl]-2-(phenylsulfanyl)- 1 H-benzimidazole 8b. The benzimidazole 4 (0.265 g,
1.17 mmol), c;odlum hvdnde 42 mg, 1.76 mmol) and 1-(phenylselanyl)-4-iodobutane (0. 300 g, 0.88 mmol)
gave 8b as a yellow 011 (0.228 g, 44%); (Found: M*, 438.0069. Cy3H22N7SSe requires M,
438.0668); Umax/cm ! 1581, 1479, 1462, 1438, 1424, 1360, 1279, 1024, 907 and 733; 8y 1.24-1.57 (2 H, m, 3'-
CHy), 1.60-1.75 (2 H, m, 2'- CH»), 2.68-2.74 (2 H, t, J 7.1, CH;SePh), 4.06-4.11 (2 H, t, J 7.2, NCH>), 7.11-
7.21 (8 H, m, Ar-H), 7.27-7.33 (4 H, m, Ar-H), 7.65-7.69 (2 H, m, Ar-H); &¢c (62.5 MHz) 27.08 (3'-CHy),
27.16 (2'-CHy), 30.35 (PhSeCHj3), 44.11 (NCHjy), 109.66, 119.94, 122.33, 123.19, 127.01, 129.39, 129.67,
130.43, 132.91, 135.67, 143.40; m/z 438 (M, 54%), 281 (100), 239 (46), 225 (70), 171 (50), 157 (43), 109
(48),91 (58), 77 (94) and 51 (47).

1-[5-(Phenylselanyl)pentyl]-2-(phenylsulfanyl)- 1 H-benzimidazole 8¢c. The benzimidazole 4 (0.661 g,

2.92 mmol) sodium nydnae (0. 103 g, 4.39 mmol) and 1- (pnenylselanyl) -5- lodopcntane (1.034 g,292 mmoi)
gave 8¢ as a yellow oil (0.992 g, 75%); (Found: M+, 452.0825. Co4H24N2SSe requires M, 452.0825); Umax/

~T Y

2]
3
o
~

9, 1478, 1422, 1355, 1266, 1023, 738, 690; 6y 1.41-1.44 (2 H, m, 3'-CH»), 1.65-1.71 (4 H, m, 2' and
4'-CH>), 2.80-2.86 (2 H, t, J 7.3, CH»SePh), 4.18-4.24 (2 H, t, J 7.4, NCHy), 7.25-7.31 (8 H, m, Ar-H), 7.39-
7.49 (4 H, m, Ar-H), 7.77-7.79 (2 H, m, Ar-H); 8¢ (62.5 MHz) 26.84 (3'-CHj), 27.34 (4'-CH3), 29.00 (2'-
CH»), 29.64 (PhSeCH>), 44.53 (NCH,), 109.70, 119.85, 122.29, 123.19, 126.79, 129.03, 130.52, 132.52,
135.70. 143.25. 147.43: m/z 452 (M+. 6%). 295 (16). 225 (28). 206 (12), 158 (35). 157 (35) and 91 (43)

Addef Ny LTI dady LTI U ITH L, Tl \AVE  y ViU Jy dad o (A )y dmdad \ Dy LUV L afy LU\l )y 4 A\~ Gaaa F i (.
1-(3-Bromo-2-propenyl)-2-tosyl-1H-imidazole. 2-Tosyl-1H-imidazole 1 (0.600 g, 2.7 mmol) and 1,2-

dibromopropene (mixture of cis and trans isomers, 1.620 g, 8.1 mmol) gave yellow crystals of 1-(3-bromo-
2-propenyl)-2-tosyl-1H-imidazole (0.920 g, 77%), as a mixture of cis and frans isomers in a ratio similar to
that of the starting dibromopropene, mp 99-100 °C [Found: (M+H)*, 340.9825. C3H3N2BrO3S requires M,
340.9825]; Umax /cm-! 1624, 1594, 1329 (SO3), 1152, 1147 (SO3) and 782; 8y 2.40 (3 H, s, CH3), 4.92-4.94 (2
H, d, J 5.0, 1'<cis CHp), 5.09-5.12 (2 H, dd, J 1.5 Hz and J 6.5, 1'-trans-CHy), 6.24-6.33 (1 H, m, 2'-cis and
trans-H), 6.43-6.47 (1 H, m, 3'-cis and trans-H), 7.04 (1 H, d, J 0.8, Im-4(5)-H), 7.10 (1 H, d, J 0.8, Im-
4(5)H), 7.31-7.35 (2H, d, J 7.5, Ar-H) and 7.87-7.90 (2 H, d, J 7.5, Ar-H); & 22.08 (CH3), 47.30 (1'-cis -
CH»), 49.56 (1'-trans-CHy), 111.57, 112.96, 124.18-124.37 (Im-CH), 128.71, 129.48 (2'-cis and trans-H),
130.37 and 130.47; m/z 341 (M*, 5%), 277 (77), 197 (100), 155 (5), 119 (12), 106 (46), 65 (20) and 39 (33).
1-(3-Iodopropyl)-2-tosyl-1H-imidazole. 2-Tosyl-1H-imidazole 1 (0.260 g, 1.17 mmol) and I-bromo-3-
chloropropane (0.35 ml, 3.51 mmol) gave 1-[3-chloropropyl]-2-tosyl-1H-imidazole 9 as a yellow needles

(0.348 g, 68%) mp 68-69 °C (Found: M+, 298.0543. C3HsN2ClO2S requires M, 298. 0543); Umax/c ! 3137,
2922, 1328 (SO9), 1145 (SOy), 658 and 600; 8y 2.32-2.39 (2 H, m, 2'-CHj), 2.44 (3 H, s, CH3), 3.51-3.58 (2
H,t, J 6.3, CH,Cl), 4.51-4.56 (2 H, t, J 6.3, NCH,), 7.07 (1 H, 5, Im-4(5)-H), 7.12 (1 H, 5, Im-4(5)-H), 7.34-
7.37 (2 H, d, J 7.5, Ar-H) and 7.90-7.93 (2 H, d, J 7.5, Ar-H): 8¢ 20.15 (CH3), 32.07 (2'-CHy), 39.75
(CH,Cl), 43.72 (NCH>), 123.08, 126.81, 128.18, 128.23, 135.25, 141.79 and 143.81 (q-C); m/z 299 (MH",
3%), 249 (3), 199 (34), 172 (100), 152 (15), 91 (94) 77 (13), 65 (48) and 41 (39); and 1,3-di-(2-tosyl-

imidazolyl)propane 10 as colourless needles (87 mg, 15%); on 2.44 (6 H, s, CH3), 2.47-2.50 (2 H, m, 2'-
CHy), 4.41-4.47 (4 H, t, J 7.5, NCHy), 7.04 (2 H, s, Im-4(5)-H), 7.14 (2 H, s, Tm-4(5)-H), 7.35-7.38 (4 H, d, J
7.5, ArH) and 7.88-7.91 (4 H, d, J 7.5, ArH). When 1-chloro-3-iodopropane was used in place of 1-bromo-3-
chloropropane yields of 1-[3-chloropropyl]-2-tosyl-1H-imidazole 9 (53%) and 1,3-di-(2-tosylimidazolyl)-
propane 10 (40%) were obtained.
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1-[3-Chloropropyl]-2-tosyl- 1 H-imidazole 9 (0.110 g, 0.36 mmol) and sodium iodide (0.270 g, 1.80
mmol) were added to dry acetonitrile (50 ml) and heated under reflux for 6 h. The precipitated sodium
chioride was removed by filtration on a celite bed, and the solution was evaporated to dryness. The residue
was added to saturated sodium sulfite solution and extracted with dichloromethane. The organic extracts were

el + i oo L

dried and evaporated io dryness. The residue was purified by column chromatography with ethyl acetate and
liocht natralanm ag alnant ta viald Aalanirlace naadlac AL 1T 72 3T a1V M enne, ] TEF S ot X o1 7 A o ANOLN
LELL PUUUICULLL ad CIUCIIL WU YICIU CULUULITSD HICCUICS U1 1-(0-10U0pil pyl}-a-wayl 1I1-1IT1AAZ0IE (< 111g, JVU70),
{(Fannd: MU+ 16N QQ 77 . AT AN TNAQ1IT vaqnirac A 220 QQT7QN: 2y far-1 2111 2098 12Q4 122N QN
ALUULIG. IVREE S DZVULT 77 1, M AR RNV OTIL ICHUNICD IV, JOT7.77 77 ), Umax/elll " D111, 2720, 1070, 123U OV ),
1293, 1186, 1147 and 1082; 8y 2.34-2.42 (2 H, m, 2'-CH3), 2.45 (3 H, s, CH3), 3.12-3.17 (2 H, t, J 6.3, CH3I),
4.45-4.51 (2 H,t,J 7.5, NCHy), 7.09 (1 H, s, Im-4(5)-H), 7.12 (1 H, s, Im-4(5)-H), 7.36-7.39 (2 H, d, J 7.5,

Ar-H) and 7.91-7.94 (2 H, d, J 7.5, Ar H): 8¢ 0.00 (CH2I), 20.03 (CHa3), 32.62 (2'-CHj3), 46.67 (N

a7

122.66, 126.69, 128.06, 128.27, 141.63 and 143.69; m/z 391 (MHy*, 38%), 265 (8), 223 (9), 111 (16), 109
(100) and 69 (8). The iodide rapidly darkened to unidentifiable products on standing at room temperature.

%
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Cyclisation of N-{w-(phenylselanyl)alkyl]-imidazoles and -benzimidazoles
Standard procedure for radicai cyciisation reactions.

() /-umyafo .)n-pyrrowu ajlmzaazme 1 1a. All I‘ﬁdLllUHb WeEre UCUXygEHdlCU Dy pdbblﬂg a Stredam O

nitrogen through the solutions for 30 min. Reactions were carried out under an atmosphere of nitrogen. A
solution of BusSnH (0.1 ml, 0.35 mmol) and AIBN (30 mg, 0.18 mmol) in toluene (30 ml) was added to 1- [3-

AT QD 2520300 VL 1 AR, R A DA 12121 el LAV ) 1

-8

=

{r)hf_-nvlgela_nvl}nrnnvll 2- mqvl 1H-imidazole 5a (95 mg, 0.23 mmol) in toluene (100 ml) at reflux over S h
The solution was stirred and heated under reflux for a further 1 h. After cooling to room temperature, thc
solution was evaporated to dryness and hydrochloric acid (2 M, 50 ml) was 1mmed1ately added. The aqueous
solution was washed thoroughly with light petroleum and basified to pH 8 with saturated sodium carbonate
solution followed by basification with aqueous sodium hydroxide solution (2 M) to pH 14. The aqueous
solution was extracted into dichloromethane and the organic extracts dried and evaporated to dryness to yield
a brown oil residue which was placed under an atmosphere of nitrogen. The residue was analysed using TLC
and 'H NMR spectroscopy which showed a complete conversion of the starting bromide. Further purification

of the colourless crystals of 6,7-dihydro-5H-pyrrolo[1,2-ajimidazole 11a was not required (13 mg, 52 %), mp

-
>

~
J
n

T ME v 204D

O /ANATY 7~ e} an M +

72-73 °C (lit. 872.5-75. 5 L) 4 2.57-2.68 (2H, m, 6-CHp), 2.83-2.85 (ZH,t, J 7.5, 7-CH3), 3.94-3.99 (2 H, i,
F N NOIT. Y £ 07 /1t LY Teoe A LIV and T NAA 71 LT o Tenn 2 IV, S0 N2 A1 (4 OLT N DA 77 (7_CHIAY A8 NN
J 7.0, NCH2), 0.6/ (1 1, s, 1m-2-r1) ana /.04 (1 r1, §, lN-3-11); oC £3.41 {(0-Lr1g), £0./7 (/-L112), 430U
(NCH>), 114.88 (C-2), 133.41 (C-3) and 155.10 (C-7a)

Tlcing tha ctandard nmracadnrae far radiral rvuerlicatinn I A.inhenvlealanvDinronv!1-2_(nhenvienlfonvl)-

Ubllls LI dldalivaiu l,uuu\.«uux\.« iUl rauival u'y\.nouuuu, LY T\ PV YISVIQU Y 1 Pa VP J 1 7T (pPlivil ydSuiiviiy 17
imidazole 7 oave §a (51%) as a colourless oil which reguired no further purification.
1MIGazole 7 gave > a (01%) as a Colouriess on which requirec no uriner puriiicatio

5,6,7.8-Tetrahydroimidazo[ 1,2-aJpyridine 11b. 1-[3-(Phenylselanyl)butane]-2-tosyl-1H-imidazole 5b
78

0.42 0.98 mmol) was reacted usmg the standard conditions for radical cyclisation for 10 h to yield
5,6,7,8-tetrahydroimidazof 1,2-alpyridine® (57 mg, 48%) as a colourless oil which required no further
purification: §u 1.89-1.97 (4 H. m. 6 and 7-CH»). 2 QANMIRIT MBI ¢+ TEN R.CH-Y 20N_205 (2 t J56
puiiricauoll, OH 1. “L.Z 0 \5 I, H, U alil 7= a1 ), L.0474.G7 \& X1, 4y J UlUy OTIL)J, Jo7VTO W (& ik, 4 v Y,
NCH3), 6.75 (1 H, s, Im-3-H) and 6.94 (1 H, s, Im-2-H); & 21.21 (C-7), 23.54 (6-CH3), 24.95 (8-CH3), 45.09
(NCH>), 118.27 (C-2), 135.57 (C-3) and 145.21 (C-8a)

6,7,8,9-Tetrahydro-5H-imidazo[1,2-aJazepine 11c¢. 1-[5-(Phenylselanyl)pentyl]-2-tosyl-1H-imidazole

5¢ (0.125 g, 0.28 mmol) was reacted using the standard conditions for radical cyclisation for 10 h to yield

6,7,8,9-tetrahydro-5H-imidazo[1,2-aJazepined 11¢ (32 mg, 63%) as a colourless oil which require

further purification; 8y 1.64-1.80 (6 H, m, 6, 7, 8-CHy), 2.87-2.92 (2 H, m, 9-CHy), 3.90-3.94 (2 H, m,
d y (C-7), 26.11 (C-8), , 3

Iy

Radical cyclisation of 1-[3-(phenylselanyl)propyl]-2- ( phenylsulfanyl)-1H-imidazole 6. 1 (
selanyl)propyl]-2-(phenylsulfanyl)- lH-umdazole 7 (0.547 g, 1.46 mmol) yielded a mixture of 6,7-dihydro-
O7- N\«

-~ 1 1 . ~___ ______ Ty S 1.~ la F1Q070. S N QN_N QA
5H-pyrrolof1,2-ajimidazole 11a (16%) and 2-(phenylsuifa yi)-l-nupyl»in-muuaw;c (18%); 64 0.80-0.86
IR Al AIT N T EY 1T IAMIT o MY 2079204 M0 ¢+ TAR NOCOHAY and 700-7 856 (7 m_ Im-

(o2, LJ /. 4, wny), 1.0L-1./V e 11, M, « -2}, 3.72-3.70 (£ I, L, v U0, INGIID ) allll FLUL= .00 (7 4k, ik, LR E

=
")
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and Ph-H); The vields were measured
standard.

2,3-Dihydro- IH -benzo[d|pyrrolo[1,2-a]imidazole 12a . 1-[3-(Phenylselanyl)propyl]-2-(phenylsulfany!)-
1 H-benzimidazole 8a (0.450 g, 1.06 mmol) gave 12a as colouriess crystais (83 mg, 49%), mp 105-107 °C

4 oEppr I8 \14- €O NOAA M TFT AT -t
(COUMA: V17, 100.U044. \_.101’1101\12 rcqmrcs M, 138. (0844); OH 2.66-2.78 u H, m, C- J)

A 142U I"1{\ NI 7 e
a4 {2, t RSP AN § A PR AN l—' —’ 33 (3 H, i11, Al-H) 7 68 7 72 (i H, 1L,

e {
1 L bt \ )
.89 (3'-CH»y), 26.48 (2'-CHj), 43.12 (NCHz) 109.86, 119.99, 122.05, 122.14, 132.79, 149.30 and
8 %), 157 ( 1 ) 103 (24), 102 (15), 86 (25), 84 (38) and 51 (3

1VL sy, OV

1,2,3,4-Tetrahydrobenzo[4,5 Jimidazo[ 1,2-a]pyridine 12b. 1-[4-(Phenylselanyl)butyl]-2-(phenylsulfanyl)-
I H-benzimidazole 8 b (0.184 g, 0.42 mmol) yielded colourless crystals of 12b (39 mg, 54%), mp 98-100 °C
(lit.18 mp, 99.8-100.1°C) which required no further purification; (Found: M+, 172.1000. C|1H 2N requires

1719 1NNy, T lirsman 13 aman 3 aa0

WI, /L 0UAY)G B, D INIVIIG, U INIVIR ana v prC[I'dl daia were consistent.

7,8,9,10-Tetrahydro-6H-benzo[4,5 Jimidazo[l,2-a]azepine 12¢. 1-[5-(Phenylselanyl)pentyl]-2-(phenyl-
sulfanyl)-1H-benzimidazole 8¢ (0.465 g, 1.03 mmol) was reacted using the standard conditions for 10 h to
yield colourless crystals of 12¢ (31 mg, 17%), mp 124-125 °C (lit.!8 mp, 124-125 °C); &y 1.73-1.95 (6 H, m),
3.07-3.11 (2 H, m), 4.14-4.18 (2 H, m, NCH>), 7.18-7.28 (3 H, m, Ar-H), 7.65-7.69 (1 H, m, Ar-H); 8¢ 27.53,
30.71, 31.85, 32.87, 46.51, 110.66, 121.17, 124.08, 124.47, 137.76, 144.21 and 150.29.

Antempted cyclisation of 1-(3-bromo-2-propenyl)-2-tosyl-1H-imidazole 1 5. 1-(3-Bromo-2-propenyl)-2-
tosyl-1H-imidazole was reacted using the standard conditions to yield and intractable brown oil residue. TLC
and 'H NMR spectroscopic analysis showed full conversion of the starting material to unidentifiable products.

Cyclisation studies of N-[w-(phenylselanyl)alkyl]lbenzimidazoles

Standard nrncedum for the alkylation of benzimidazole. 1-[3-(1H-benzo[d]imidazol-1- yl)propyl]-1H-
benzo[d]imidazole. Benzimidazole (5.00 g, 42.3 mmol) was added slowly to sodium hydride (1.22 g, 50.8
mmol) in THF (350 ml). The mixture was stirred and refluxed for 1 h, and 1,3-dibromopropane (2.1 ml, 21.1
mmol) was added dropwise. The mixture was heated under reflux for a further 2 h. The salts formed were
removed by filtration on a celite bed and the solution was evaporated to dryness to yield a tan solid which was
purified by column chromatography using neutral alumina as absorbent with ethyl acetate/methanol as eluent
to yield 1-[3-(1H-benzo[d]imidazol--yl)propyl]-1H-benzo[dlimidazole, as a white solid (5.14 g, 44%); mp
119-121 °C (1it.29 mp 120-121 °C); 8y 2.50-2.59 (2 H, m, 2'-CHp), 4.18-4.24 (4 H, t, J 6.9, NCHy), 7.28-7.35
(4 H, m, Ar-H), 7.84-7.88 (4 H, m, Ar-H), 8.10 (2 H, s, H-2).

1,3-Di(3-bromopropyl)-3H-benzo[d]imidazol-1-ium bromide. Using the standard procedure for the
alkylation of benzimidazole, benzimidazole (1.00 g, 8.5 mmol), sodium hydride (0.25 g, 10.2 mmol) and 1,3-
dibromopropane (8.6 ml, 84.6 mmol) gave 1,3-di(3-bromopropyl)-3 H-benzo[d]imidazol-l-ium bromide, as a
colourless solid (0.31 g, 10%); mp >300 °C (Found: M+, 358.9758. C3H7N,Br2 requires M, 358.9758); oy
2.53-2.71 (4 H, m, 2'-CH>), 3.50-3.70 (4 H, t, J 6.0, CH2Br), 4.67-4.84 (4 H, t, J 7.0, NCHp), 7.57-7.64 (2 H,
m, Ar-H), 7.81-7.88 (2 H, m, Ar-H), 11.15 (1 H, s, Im-2-H); 3¢ 29.94 (2'-CH3), 32.35 (CH2Br), 42.05
(NCH>), 113.57, 113.62, 127.68, 127.83, 131.73, 131.86, 143.42 (C-2); m/z 361 (M, 37%), 317 (100), 271
(87), 235 (23), 208 (9) and 131 (11).

1-[3-(Phenylselanyl)propyl]-1H-benzimidazole 18. Using the standard alkylation procedure for
benzimidazoles, benzimidazole (2.00 g, 16.9 mmol) and I-bromo-3-chloropropane (1.3 ml, 13.0 mmol)
yielded 1-(3-chloropropyl)-1H-benzimidazole as an oil (1.80 g, 55%), (Found: M+, 194.0614, CjoH1N2Cl
requires M, 194.0611); Upax/cm! 1614, 1496, 1459, 1384, 1366, 1331, 1286, 1246, 1203, 767 and 745; 8y
2.28-2.38 (2 H, m, 2'-CH»), 3.46-3.51 (2 H, t, J 5.9, CH,Cl), 4.40-4.45 (2 H, t, J 6.5, NCHy), 7.27-7.36 (2 H,
m, Ar-H), 7.43-7.47 (1 H, m, Ar-H), 7.82-7.85 (1 H, m, Ar-H) and 7.95 (1 H, s, Im-2-H); 3¢ 32.50 (2'-CHp),
41.60 (CHCl), 41.96 (NCHy), 109.86, 120.91, 122.75, 123.55, 134.00, 143.46 (C-2) and 144.21; m/z 194
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(M*, 37%), 131 (100), 104 (14), 77 (23), 51 (9) and 39 (11). Diphenyl diselenide (0.500 g, 1.6 mmol) was

dissolved in absolute ethanol (300 mi) at room temperature and sodium borohydride (0.132 g, 3.5 mmol) was

PIPEETS TR a2

added slowly to the stirred solution at 0 "C. The solution was stirred for a further 10 min at room temperature,
and a solution of 1- (3 -chloropropyl)-benzimidazole (0.623 g, 3.2 mmol) in absolute ethanol (50 ml) added

After stirring for 3
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solution (100 ml) added, and the acidic solution washed with light netroleum. The solut
LS 5 a s a EX VY SATRANNE -\lsllt yvtxulvull . 1 L

8 with saturated sodium carbonate solution followed by the addition of 2 M sodium hydroxide solution until
the aqueous solution was at pH 14. The hydroxide solution was extracted with dichloromethane, and the
combined organic extracts dried and evaporated to dryness to yield 1-[3-(phenylselanyl)propyl]-1H-
benzimidazole 1 8 as a yellow oil (0.617 g, 61%) which required no purification; (Found: M+, 316.0481.
Ci6H16N25e requires M, 316.0478); Umax/cm! 1615, 1579, 1495, 1478, 1459, 1438, 1367, 1287, 1260, 1228
and 741; 3y 2.17-2.29 (2 H, m, 2'-CH3), 2.81-2.87 (2 H, t, J 6.8, PhSeCH3), 4.29-4.35 (2 H, t, J 6.8, NCH>),
7.28-7.39 (5 H, m, Ar-H), 7.47-7.49 (3 H, m, Ar-H), 7.79-7.81 (1 H, m, Ar-H), 7.84 (1 H, m, 2-H); 5c 23.24,
28.62 (SeCHjy), 43.10 (NCH3), 108.58, 119.47, 120.94, 121.16, 121.94, 128.00, 128.28, 131.86, 132.65,
141.95 and 142.92; m/z 316 (M+, 8%), 160 (38), 131 (100), 104 (7), 77 (25) and 51 (20).

Attempted radical cyclisation of 1-(3-phenylselanylpropyl)-1H-benzimidazole 18. Using the standard
radical cyclisation procedure, 1-[3-(phenylselanyl)propyl]-1H-benzimidazole 18 (0.600 g, 1.89 mmol) gave
2,3-dihydro- 1 H-benzo[d]pyrrolo[ |,2-a]imidazole 12a (5%) and 1-propyl-1H-benzimidazole (89%); (Found:
M+, 160.1000. CjgH|2N2 requires M, 160.1000); Umax/cmr! 1615, 1498, 1459, 1384, 1287, 1259, 1213 and
743; 84 0.86-0.92 (3 H, t, J 7.3, CH3), 1.77-1.92 (2 H, m, 2'-CH}>), 4.02-4.07 2 H, t, J 7.0, NCHy), 7.21-7.29
(2 H, m, Ar-H), 7.32-7.37 (1 H, m, Ar-H), 7.77-7.81 (1 H, m, Ar-H) and 7.82 (1 H, s, Im-2-H); ¢ 11.67

(CHz), 23.47 (2'-CHy), 47.03 (NCHy), 109.89, 118.89, 120.67, 122.33, 123.90, 134.23, 143.36, 144.28; m/z
160 (M+, 66%), 131 (100), 118 (10), 104 (10) and 77 (22). The yields of products were determined by

rr wTa

'H NMR spectroscopic analysis using 1,4-dimethoxybenzene as internal standard.

2-Deuterio-1-[3-(phenylselanyl)propyl]-1H-benzimidazole. Deuteriation at C-2 was achieved using the
standard procedure for functionalisation at C-2. 1-(Triphenylmethyl)-benzimidazole (6.00 g, 16.5 mmol) and
deuterium oxide (1.0 ml, 50.0 mmol) gave 2-deuterio-1-(triphenyl-methyl)benzimidazole. Without further
purification the triphenylmethyl group was removed using the standard procedure for deprotection to yield
crude 2-(deuterio)-1H-benzimidazole (1.19 g, 61% D measured by MS) as colourless crystals. The general
procedure for the alkylation of benzimidazoles was followed; 2-(deuterio)-iH-benzimidazoie (1.19 g, 10.0

7a%a Yo TN FaY N P <1 PR £ AT o~ T & onme A1) Aaxia Y

rnm01), sodium nyﬂrme (U.LT g, 12.0 mmou and 1-iodo-3- \pnc yiselanyl)-propane (£.4> g, /.0 mmol) gave <Z-

ot~ (mhanvlealamoNmennmol1_ 1L Wwaneimidarala ag volln 1¢140 o 470, 610, I meagured hy
UCULCHU 1 [J \plu:ll_ylb 1allypiopyij-iri-oCliZinnuazoice as yeuw B 170 1/ 1icasul

N / 54 / 3l
MS) (Found M+, 317.0541. C16H5N2DSe requires M, 317.0540); the 'H and !3C spectra were the same as
00 .
(!

Radical eyclisation of 2-deuterio-1-[3-(phenylselanyl)propyl]-1H-benzimidazole. Using the standard
conditions for radical cyclisation, 2-deuterio- 1-[3-(phenylselanyl)propyl]- | H-benzimidazole, AIBN (0.268 g,
1 63 mmol) and 1-[3-(phenylselanyl)propyl]-1H-benzimidazole 18} (0.455 g, 61% deuterium) yielded an oil

ATR AT .

(0.189 g). Analysis by GCMS and 'H NMR bp(,ur()bl.opy showed a mixture of 2-deuterio-1-propyl-2-
i 2 1
1
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standard conditions for radical cyclisation, Bu3SnD (1.04 mi, 3.91 mmol) an p—(p

/M N0N0 malirete

1
1H-benzimidazole 17 (1.030 g, 3.26 mmol) gave an oil (0.389 g). Analysis by GCMS and *
spectroscopy showed a mixture of 1-(3-deuteriopropyl)-benzimidazole (and 1-propyl-2-benz-imidazole)

(870 anals AF tha mace enae < vad <50, denteriim on the henzimidazole moietv and ca. 90% on the
{0 /%, anary sis of the mass spectrum showed <53% geuterium on {ne benzimidazoie morely and ca. 2V

cide chain) and 2 3-dihvdro-1H-henzoldInvrrolo-f1 2-al-imidazole 12a (17%)
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