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Abstrack Tk rug closure of a senes s/ tv-(bensyl~sekno)alkyl radtcals (I) has been studted Thwhydroxamtc 
esters dertvedfrom aF(kn+eleno)alkano~c actds decottqmse smoothly. upon trradtahon, mth tk loss of carbon 
dto& to @ord 5- and 6- membered selenatm-contatntng rtngs tn 78 - 95% yteld Tk thtohydro~c ester derived 
from 7_(knsylseleno)kptanocpraMIc actd @ords tk irmembered kterocycle. selenopane II! approxmately 50% yteld 
Tkse reacttons presamably tnvolve tntramolectdar free radual homolyttc sttbstttntton at selentttm and appear to 
proceed readtly for both pnmary and secondary carbon-untred radtcals Tk S-(knsylseleno)kx-2-yl radtcal (IjJ 
appears to rrng close wtthottt stereoselecttvtty, to pve a I I mixture of a- and trpns-2,4- 
&methyltetmh_+oselenqokne, afindtng tn k@putg wrth molecakzr mechamcs (MM2) calctdahons I 

In recent years there has been a rap4 expausron m the use of free-radtcal techmques for the for-matron of 
carbon-carbon bonds. In pamcular, synthetic chenusts have pmvnled many elegant examples of the uuhty of 
uuramolecular free-radrcal ad&tton reacuons as key steps m the overall strategy for the preparatron of a wade 
range of complex molecules2-10 In atton, mtramolecular Iiee-radtcal homolyttc substuuhon reactrons at the 
sulfur atom m alkyl sulfides and sulfoxrdes have been shown to be effecave m the formauon of carbon-sulfur 
bonds aud have been employed m the synthesis of sulfur-contauung nng systemstt-17. 

Recently, work 111 our laboratones has been drrected toward the development aud understaudurg of fme- 
radical methods of forming carbon-hetematom bonds in synthesis In tlus context we reported that carbon- 
centred radrcals undergo uuramolecular homolytrc substuutron at the selenium atom ut alkyl selemdes to afford 
saturated and unsaturated selemumcontauung nngs m good yreld1W 
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la n=l,R=R’=H 
b n=2;R=R’=H 
c n=3,R=R’=H 
d n=l,R=Me,R’=H 
e n=l,R=Et,R’=H 
f n=i,R=Mo,R’=Me 

Ab mno molecular orbital theory provrdes strong evrdence that mactrons at the selemum atom m alkyl 
selemdesm and selenoxnles21 most probably involve transraon structures m which the attackmg and leavmg 
groups adopt a co&near arrangement. as opposed to hypervalent (9-Se-31 mtermedrates These data are to be 
compared with those for radical attack at the sulfur atom in sulfides and sulfoxrdes which suggest the 
mvolvement of a hypervalent mtermedrate when radical stalnlrxmg groups are present on sulfurs-m; and for 
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rtical attack at the tellurmm atom in alkyl tellundes which pre&ct the existence of a short-lived hypervalent 
IntemEdlate~ 

In order to further estabhsh the syntheac u&y of free-tical homoly&c substmmon at selemum and to 
determme the factors controlling these reactions, we chose to examine the nng closure of substituted and 
unsubshtuted o-(benzylseleno)alkyl radials (1) We repart that pnmary and secondary alkyl radicals undergo 
rapd, efficient and non-steteoselecttve homolyttc substitutton at selemum to afford saturated selemum-contauung 
heterccycles m good yield These data are consistent urlth molecular mechanics and ub ozuzo calculations 
performed on these reacaons 

Results and Discussion 

1 Effect of nng stze 

Pnor to the commencement of this work, we were aware of only two examples m which carboncentred 
radials had been used to attack a selemum centre ~nth the fmtmn of a carbon-selemum bond Newcomb et 
al used diphenyldtselemde to trap alkyl radicals 26 while Byers and co-workers demonstrated that 
phenylselemdes become mvolved m atom transfer reacnons27 

In order to estabhsh the synthet~ u&y of mtramolecular homolytlc substmmon at selemum, we chose 
uuaally to examine the reaction of the S-(benzylseleno)pent-l-y1 tical (la) with the 81m of prepanng 
tetrahydroselenophene. To that end, the thtohydroxamtc ester denvatwe28 (2) of S-(benzylseleno)pentanolc 
acid29 (3) was prepared accordmg to Scheme 1 Thus, S-bromopentanoic acid was treated with dlbenzyl 
dlselemde-sodmm bomhydrtde m ethanol to gwe 3 whtch was converted to the lmght yellow thlohydmxarmc 
ester (2) by the acaon of N-hydmxypyndme-2-t and dtcyclohexylcarbodumde (DE) m tihloromethane 
m quanmatrve yield 

Scheme 1 
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We chose to use the tiohydroxannc ester tical precursor% developed by Barton, Inch and 
Motherwell in this study, as the radical (1) could be generated without the need for cham carriers such as m-n- 
butyltm or tris(trlmethyl&yl)silyl radtcals, species known to attack both alkyl seiemdes and alh/l brormdes~~1 
Indeed, it has been our experience that tn-a-butyltm hydnde and as(tnmethylsllyl)alane reduce molecules 
containing both the phenyl&mde and bmmtde moiety with httle dmmmmahon 
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When the thtohydmxarmc ester (2) was blved m Q-benzene m an NMR expenme& and the sample 
mathated with a l!iOW tungsten lamp, the solution became colourless after 5 mmutes 270 MHz tH NMR 
spectroscopy m&cated the formation of tetrahydmselenophene (4) (‘H NMR 6 2.6 (m, 4H). 16 (m. 4H), 773, 
NMR 6 174) 11179% yield, demonstratmg that mtramolecular homolync subsmutton at selemum 1s an efficient 
process Unfoxtunately, when ti procedure was repeated on a preparahve scale we were unable to isolate the 
selenophene (4) ather by Qsttllaaon or preparative GC, as 4 appeared to co-&stil with the reaction solvent or 
decompose on the column Tetrahydroselenophene (4) 1s well known to azeotrope with solvents33 We 
eventually chose to charactenze 4 by conversion to the stable crystalhne 1, l~bmmotetrahydmselenophene~~~ 
(5) Thus, the crude reacbon muture was poured onto a flash chromatography column and the selenophene (4, 
Rf = 0 15) eluted with hexane Brommahon was achieved by the dropwse ad&tton of bromme m carbon 
tetrachlonde Removal of the solvent gave 5 in 74% yield Thus represents the quickest and highest yteldmg 
procedure for the preparahon of tetrahydroselenophene and demonstrates the versahhty of homolync substttuhon 
in synthesis 

6a n=l 
b n=2 

6 

In sun&r fashion 6-(benzylseleno)hexanonolc acid29 (6a) was converted to selenane35 (7a) in 78% yield 
and characterized (in the usual way) by conversion to 1,1-&bmmoselenane35 @a) m 69% yield 

In an attempt to prepare selenopane (7b). 7-(benzylseleno)heptanolc acld29 (6b) was converted to the 
corresponding yellow thiohydroxarmc ester m the usual way In an analogous NMR expenment to that 
previously described for 2, the duohydroxatmc ester was dated and converted to selenopane36J7 (7b) m 
approximately 50% yield. When the preparatton of selenopane was repeated on a preparattve scale, extensive 
formatton of a whtte precipitate was observed. Attempted Isolation of 1,l dibromoselenopane (8b) III the usual 
way yelded no product. Selenopane 1s known to polymenze readdyxJ7 

Clearly, pnmary carbon-cent& &cals readdy undergo homolync subshtuhon at selenium to produce 
selemum-contammg hetemcycles 

In order to gam further insight mto the factors mvolved m these mtramolecular homolytlc substmmon 
reacaons, we chose to model the lowest energy conformers of the ground and translhon states mvolved 111 the 
nng closure of the 4-(ferr-butylseleno)but-1-yl. 5-@err-butylseleno)pent-l-y1 and 6-(zert-butylseleno)hex-l-y1 
radials (9) m a smular manner to that pubhshed for mtramok!cular free-nubcal &noon rcacnons (Beckwlth- 
Schlesser model)38 To that end the array of reactmg centres was fixed at the geometry of the transmon state 
detemnned by ub ituno molecular orbital calculations for attack of methyl tical alt rer&utylselenol~ (wz r(1.2) 
= 2 39A. r(2,3) = 2 33A, 6(1.2,4) = 87.4’; 6(3.2,4) = 89.2’) The remammg structure (1Q) was opamtzed 
usmg molecular mechamcs (MM2) m the usual way3839 The rrrt-butyl group was employed as the leavmg 
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Figure 1. Calculated ‘IYausnion Structures and Achvauon Energlesa @Es) for the Burg Closure 
of uKGW-butylalkyl Bad&s (9). 

11 AE,= 117 

13 AE,= 207 P 

%oergm m kcal mol-1 For defimtlon of AE,, sea text. 

group m thts study as no data are avatlable for transition states mvolvmg the benzyl radrcal, reactions mvolvmg 
the rerr-butyl group are likely to proceed readily16 and the benzyl group is resonance stabihzed and not eastly 
accommodated w&m the MM2 framework. 

The stram energy component of the acuvatton energy (Al&) was determmed by subtractton of the energy 
associated wtth the close approach of the attacking radical, the interaction of the leavmg group (these are 
compensated for by favourable bondtng mteracuons) and the strain energy associated with the ground state from 
the total stratn energy of the translaon state In tlus fashon, the stram energies @Es) involved m the formation of 
the transtuon structures (10) leadmg to tetrahydroselenophene (4). selenane (7a) and selenopane (7b) were 
calculated to be 11 7, 13 8 and 20.7 kcal mol-l respecttvely Figure 1 displays the optimized structures and 
calculated values of AEs for the uausmon states m this study 

The calculated values of AEs are somewhat higher than expected on the basis of the energies mvolved m 
umamolecular free radtcal addmon reacttons (f5-10 kcal mol-1)3*, however, tt should be remembered that these 
calculahons make no allowance for the favourable bondmg occunng in these transmon states Nevertheless, 
these data provide a sound quahtattve picture of the trends observed m these reacttons 

As observed for mtramolecular addittoS, our calculations predict that, mtramolecular homolyuc 
subsututron by carbon-centred radrcals at selemum proceeds most efficiently m the formatton of Smembered 
nngs Inspectron of Figure 1 provides a rauonale for this observatton Clearly, structure 11 resembles the chatr 
conformer of cyclohexane wnh a carbon-selemum separation of 2 39A, smu~ar to the transannular distance of 
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2 sA, m cyclohexane Structure 12 nsembles a distorted cyclohexane chrur wble 13 1s calculated to have 
mcreased angle stram due to the requuements of&e geow of the reactmg cenhes 

On the basis of our calculaaons, cychzauon to aff& the ‘I-membemd rmg (7b) 1s predated to be about 9 
kcal mol-t less favourable than that leadmg to the Gnembered ring (4) and therefore, would be expected to 
proceed somewhat less etienely than the other n5acWms stied 

2 Effect of Substmnon 

In order to further explore factors operating in these mtramolecular homolyuc subsatunon reactions, a 
senes of substituted (benzylseleno)pentanmc acids (14) were prepared by an extension of the method of 
Schlessmger and co-worker.@ (Scheme 2) 

Z’ert-butyl propionate or tert-butyl butanoate was treated w-~th hthmtn dusopmpylanude (IDA) m THF at 
-78“ followed by 1,3-Qbromopropane or 1,3-dlbromobutane to afford the bromo-ester (15) m yields of 20- 
56% This reaCtton was comphcated by competitive self-condensatmn of the ester to produce the ketoester (16) 
m varymg quantmes. The ester (l5) was then deprotected and further reacted ~th &benzyl dselemde - sodmm 
borohydnde m ethanol to give the required (benzylseleno)pent acid (14) m moderate yield The acid (15) 
was then converted to the thiohydroxanuc ester and photolysed m the usual way to afford the substituted 
tetrahydroselenophene (18) m yields m excess of 90% m each case (NMR) In the usual manner, 18 was 
converted to the &bronude (19) and isolated as a yellow crystalline sohd m all cases except 1,1-dlbromo-Z 
ethyltetrahydroselenophene (19b) which was Isolated as an orange ml wtuch refused to crystalhze 

Scheme 2 
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18a R=Me,R’=H 
b R=Et,R’=H 
c R=Alle,R’=Me 
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These results clearly indicate that secondary alkyl radials become mvolved m mtramolecular homolyac 
subshtuaon at selenmm to afford subsmuted tctrahydroselenophenes wrth sin&r efficiency to the amespondmg 
pnmary radical (la) It is mtereshng to note that ub 1tun0 calculaaons suggest that the nature of the attackmg 
carbon-cenhed tical has htde Mportance m homolyac subsatution at selenium~. 

Finally cychzatlon of the 5-(benzylseleno)hex-2-yl radical (If) gwes me to the question of 
stereoselectivlty m homolymz substituhon. When the required precursor (17~) was photolysed in the usual 
f&on and the crude reaction nurture subJected to 77Se NMR spectroscopy, two slgnak of appro~mately equal 
mtenslty were observed at 6 407 6 and 395 2 (benzene) ppm The existence of appromately equal propotions 
of both Isomers of UC was further estabhshed by tH NMR spectroscopy which revealed two doublets of 
approximately equal mtenslty at 6 135 (J=6 6 Hz) and 138 (J=6 6 Hz) ppm &-benzene) correspondmg to the 
equrvalcnt pan of methyl groups m each isomer 

Chromatography, brommation and isolahon in the usual manner gave nse to a 1.1 mtxture of ELS- and 
m- 1.1~dkomo-2.5~dnncthyltetrahydroselenophene (19c) as a crystalline solid, as evldent by the appearance 
of two, appronmately equal, signals in the %e NMR spectrum at 7 16 3 and 750.5 ppm and two doublets m the 
1H NMR spectrum at 1 23 (J=7 0 Hz) and 137 (J=7 0 Hz) p$m 

Figure 2. Calculated Transmon Structures and Acuvaaon Energesa (AE,) for the CU- and Trans- Modes of 
Rmg Closure of the 5-Tert-butylhex-2-yl Radial 

21 m,= 114 22 AE,= 117 

*Energy III kcd mom-1 For defininon of A&, see text. 

Fortunately, slow recrystalhzahon of tis nuxure gave nse to predommately one Isomer This Isomer was 
assigned to be m-l,l&bromo-2,5-Qmethyltetrahydroselenophene m- 19c) on the basis of a tH NMR 
double mtion experiment. lrradtauon of the methyl doublet at 6 1 37 ppm resulted in the collapse of the 
mulnplet at 4.4 ppm, correspondmg to the proton on the carbon adJacent to selenmm, to a doublet of doublets 
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wrth couphng constants of 4 0 and 12.1 Hz. These couphng data are consrstent with the ax&equatorial and 
axral-axral couphngs expected m &ulg- 1,l drbromo-2,4dimethyltetrahydroselenophene (runs- 1%) Indeed, 
applrcatron of the Karplus equatron41 to the MM2- optrmrzed structure of w-2,4- 
dmWhyltemthydmselenophene (20) grves nse to pmdrcted couphng constants of 5.6 Hz (&-Hb) and 11.6 Hz 
(H&Q, m good agreement wrth our observaaons 

Further msrght mto the stereochemmtry of thrs reactron was obtamed by modelhng the ground and 
transitton states (21,22) mvolved in the two modes of cychzahon of the tert-butyl analogue of lf, namely the 
5@err-butylseleno)hex-2-yl nuhcal, as prevrously described.. The calculated structural data and stram energres 
(Al?& am drsplayed m Figure 2 The ctdculatrons pmdmt httle stemoselechvny m thrs reactron wrth them mode 
of cychzatmn preferred over that for the m by only 0 3 kcal/mol wrth Al& values of 114 and 117 kcalmol-1 
respectrvely. Clearly then, the calculated data are in agreement wtth the expenmental observatron that lf rmg 
closes without stereoselecuvlty 
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Experimental 

5-Bmmopentanorc acrd and 6-bmmohexanorc acrd were purchased from Aldrich or Tokyo Kaser and were 
used without further punficatron 7-Bromoheptanom acrd 42, 5-bromo-2-ethylpentanorc acrd41, and 
drbenzykhselemde43 were prepared as pmvrously described.. 

NMR spectra were recorded on a JBOL JNM-GK270 or PMX-60 spectrometer usmg deutenochloroform 
(CDCl3) as solvent, unless otherwrse stated Mass spectra were recorded on a Hewlett Packard 5890 senes II 
Gas Chromatograph/Mass Spectrometer Infrared spectra were recorded on a Brorad FTS-7 FT-IR 
Spectrophotometer Meltmg pomts were determmed on a Rerchert hot stage meltmg pomt apparatus and are 
UUCOlTeCted 

5-Bromo-2,5-dimethylpentanoic acid Followmg the general procedure of Schlessmger40, a solunon of 
hthmm tirsopropylamide &DA) in tetrahydrofuran was prepared by the addmon of a 2 OM soluhon of n- 
butylhthmm m cyclohexane (14 mL, 28 mmol) to a soluhon of dusopropylamme (3 8 mL, 27 mmol) m dry THF 
(40 mL) at 4” After 20 mm the soluhon was cooled to -78’ and reti-butyl propronate (3 0 g. 23 mmol) was 
added over a per-rod of 5 mm The soluuon was stured for 30 mm at -78’ after whrch 1,3drbromobutane (7 3g, 
34 mmol) was added raprdly followed by dry hexamethylphosphorar (HMPA) (12 mL, 7 4 mmol). The 
machon was stnmd at -78’ for 30 mm, after which tt was strrred at 5” for lh The reacnon was acnhiied wrth 5% 
hydmchlonc acrd and extracted wrth hexane (3 x 30 mL), dned (MgSO4) and the solvent removed tn vucuo The 
resultmg orl was separated by flash chromatography (1 1 drchloromethanejether) to grve teti-butyl Sbromo- 
2,Sdimethylpentanoate as a colourless or1 and a rmxture of drastereorsomers (6 Og, 56%), bp - 
75O10 75mm (Kuegeh-ohr). lH NMR (CC4) 6 106 ( d, 3H, J = 7Hz), 136 (s. 9H), 166 (d. 3H, J = 7Hz), 
16 - 19 (m, 4H), 2 0 - 2 6 (m, lH), 3 7 - 4.2 (m, 1H) IR vmax 1730 cm-* MS m/e 264/266 (lo%, M+ ), 
247/249 (9%), 191/193 (100%). 163/165 (42%) CtlHzl@Br reqmres C, 49 8, H, 7 9% Found C, 49 7, H, 
8 1% 

The ester was added to a solution of p-toluenesulfomc acid (14 g. 7 5 mmol) m dry benzene (150 mL) 
and the solution heated at reflux overmght After coohng, the solution was washed \Klth water (150 mL) and the 
aqueous phase extracted ~nth ether The combmed orgamc phases were washed with water, dried (MgSO4) and 
the solvent removed m vucuo to grve the trtle acrd (2 8 g, 60%) of sufficient punty for further use lH NMR 6 
1 17 (d, 3H, J = 7Hz), 1.66 (d, 3H, J = 7Hz), 16 - 19 (m, 4H), 2 2 - 2 7 (m, lH), 3 8 - 4 3 (m, 1H) l3C 
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NMR 6 16.86, 26.26, 26 35, 31.30, 31.56, 38 17. 38.49, 38.60, 39.00, 50.80, 51 02, 74.52, 78 22, 182 73, 
182.80. 

5-Bromo-2-methylpentanoic acid. The htle acid was prepared by the above procedure, usmg 
dusopmpylamme (3 8 mL, 27 mmol), THF (40 mL), 2 34M n-bntylhthmm m hexane (14 mL, 27 mmol), ten- 
butyl pmponate (3.45 mL, 23 mmol), 13-dbromobutane (4 1 mL, 34 mmol) and HMPA (1.3 mL, 7 3 mmol) 
Teti-butyl J-bromo-2-methylpentanoate was molated as a colourless oil (1 8g, 20%), bp - 650/O 75mm 
(Kuegeh&r) tH NMR (CC4) 6 1 1 (d, 3H), 14 (s, 9H), 1 5-2.6 (m, 6H), 3 2-3 5 (m, 1H) IR vmax 1727 
cm-1 Ct$I19O2Br C, 47 8, requtres H, 7 6% Found C, 48 2, H. 8 0% 

The ester was chssolved 111 &chloromethsne (15 mL) and 70% aqueous perchlonc acid (15 mL) added 
The two-phase rmxture was stured at mom temperature for 20 h and the phases sepamted. The organic phase 
was washed with water and the combmed aqueous phases extracted with dchloromethane. The combined 
organic phases were dned (MgS04) and the solvent removed to gwe the atle acid4 as a colourless oll(1 2g, 
84%) tH NMR 6 0 7-l 1 (m. 2H), 12 (d, 3H, J = 7 Hz). 14-2 9 (m, 4H). 3 2-3 6 (m, lH), 12 0 (s(br), 
1H) 

Standard procedure for the preparation of o-benzylselenoalkanoic acids (3,6,14) 

6-Benzylselenohexanoic acid (6a). Sodmm borohydnde (900 mg. 24 mol) was added, m portions, to a 
soluaon of d&enzyl&selemde (3 4 g, 10 mmol) in dry ethanol (50 mL) After the evolution of hydrogen had 
ceased &. 1 h), 6-bromohexanolc actd (4.0 g, 20 mmol) tn ethanol (10 mL) was added with the mate 
preclpltaaon of a White sohd The mutture was stmed at room temperatuxe, under mtrogen, for 15 h after which 
& sodmm bcarbonate (10 mL) was adde$ The product nnxture was poured into water (30 mL), washed with 
2 1 etherfiexane (2 x 30 mL) and ac~&fied with 6N hydmchlonc actd The resultmg solution was extracted v&h 
2 1 ether/hexane (3 x 30 m.L). the combined orgamc phases dned (NazSO4) and the solvent removed in vacua to 
gwe the title acid as a pale sohd of sufflclent punty for further use (5 9 g, 94%), mp = 45-48’ (lit29 mp = 40- 
41’) tH NMR (&-acetone) 6 12 - 2 6 (m, lOH), 3 80 (s, 2H), 7 27 (m, 5H), 8 20 (s(br), 1H) 77Se NMR 
(C&j) 6 256 0 

S-Benzylselenopentanoic acid (3) was prepared from 5-bromopentanoic acid followmg the standard 
procedure as a yellow sohd in 85% yield, mp = 40-41“ (ht29 mp = 45-46 5”). 1H NMR &acetone) 6 15 - 2 8 
(m, 8H), 3 80 (s, 2H), 7 23 (m, 5H), 8 17 (s(br), 1H) “Se NMR (C6H6) 6 255 6 

7-Benzylselenoheptanoic acid (6b) was prepared from 7-bromoheptanozc acid followmg the standard 
procedure as a pale sohd m 46% yreld, mp = 44 - 46” (ht29 mp = 49 5 - 50 5’) tH NMR &-acetone) 6 12 - 
19 (m, 8H), 2 1 - 2.6 (m, 4H), 3 73 (s, 2H), 7 13 (m, 5H), 8 73 (s(br), 1H) MS m/e 300 (6%, M+ ). 91 
(100%) 

5-Benzylseleno-2-methylpentanoic acid (14a) was prepared from 5-bromo-2-methylpentanolc acid 
followmg the standard procedure m 50% yield as a pale 011 1H NMR 6 1 15 (d, 2H, J = 7 Hz), 1 4-l 8 (m, 
4H), 2 4-2 6 (m, 3H), 3 77 (s, 2H), 7 21-7 35 (m, 5H) 13C NMR 6 16 84, 23 47, 26 96, 27 71, 33 55, 
38 91, 126 61, 128 43, 128 75, 183.04 77Se NMR 6 253 

S-Benzylseleno-2-ethylpentanoic acid (14b) was prepared from 5-bromo-2-ethylpentanolc acid 
followmg the standard procedure m 47% yield as a pale 011 tH NMR (CQ) 6 0 87 (t, 3H, J = 7 Hz), 1 1 - 1 8 
(m, 6H) 2 0 - 2 5 (m, 4H), 3 65 (s, 2H), 7 13 (m, 5H), 119 (s(br), 1H) 13C NMR 8 116,23 4,25 0,26 8, 
27 9, 316,46 6, 126 5, 128 3, 128 7, 139 3, 182 6 MS m/e 300 (8%, M+ ), 129 (lo%), 91 (100%) 
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S-Benzylseleno-2-methylhexanoic acid (14~) was prepared from S-bromo-2-methylhexanolc acid 
followmg the standard procedure m 52% yield as a rmxture of &astereolsomers 1H NMR (CC4) 6 10 - 2 5 
(m, llH), 3 71 (s, 2H), 4.0 - 4.5 (m. 1H). 706 (m, SH). 10 8 (s(br). 1H) l3C! NMR 8 166, 167, 21 9, 
22 0, 22 1, 22.3, 26.0, 28.0, 30 6, 31.2, 31 3, 31 5, 34 6, 34 8, 35 0, 38 8. 38 9, 126 3. 128 2, 128 5, 
139 2, 182 4. 182 5 77Se NMR 6 350 3, 350 9 

Standard procedure for the preparation of the cyclic selenides (5, 8, 19) 

l,l-Dibromotetrahydroselenophene (5) S-Benzylselenopentanolc acid (3) (1 0 g, 3 7 mmol), N- 
hydroxyppdme-2-throne (0 48 g, 3 8 mmol) and &cyclohexylcarbodumtde @CC) (0 80 g, 3 8 mmol) were 
smred m dlchloromethane (10 mL) under nitrogen at So, shielded from background light, for 1 5 h The 
precipitate was filtered off and the solvent removed m vucuo, at mom temperature, shlelded from background 
hght The yellow residue was dissolved 111 dry benzene (25 mL) and the solution dated, under teflux, with a 
12SW tungsten lamp at a &stance of SO mm unhl the yellow colour had disappeared and the evolution of carbon 
&oxide had ceased a 45 mm) The sohmon was poured onto a flash chromatography column and eluted with 
hexane The fracaons contammg tetrahydroselenophene (Rf - 0 15) were combmed and a soluaon of bromme 111 
carbon tetrachlorule added unhl the bromme colour persisted The solvent was removed PI vucuo to gwe the title 
compound as sohd which was recrystalhzed from ethanol as yellow needles (0 8 g, 71%), mp = 91-91 SO (lit33 
mp = 92”) tH NMR 6 2 82 (m, 4H), 4 12 (m, 4H) t3C NMR 6 32 7,63 3 

l,l-Dibromoselenane @a) was prepared from 6-benzylselenohexanolc acid (6a) followmg the standard 
procedure as orange pnsms 111 69% yield, mp = 119-1200 (ht35 mp = 117-1180) ‘H NMR 6 1 80 (m, 2H), 
2 28 (m. 4H), 3 94 (m, 4H) l3C NMR 6 20 3,216, SO 7 

l,l-Dibromo-2-methyltetrabydroselenophene (19a) was prepared from S-benzylseleno-2- 
methylpentanolc acid (14a) following the standard procedure as yellow needles m 87% yield, mp = 73-750 
(h@ mp = 73-75’ 1H NMR 6 182 (d, 3H, J = 4Hz). 2 2-2 8 (m. 4H), 4 OS (m, lH), 4 39 (m, lH), 4.64 (m, 
1H) 77Se NMR 6 643 0 MS m/e 148 (65%, M-BrZ+). 135 (82%). 69 (100%) HRMS Calcd for 
CSHloSeBq M-Brz+ = 147 9956 Found 148 0098 

l,l-Dlbromo-2-ethyltetrahydroselenophene (19b) was prepared from S-benzylseleno-2-ethylpentanolc 
acid (14b) followmg the standard procedure as a yellow 011 (which refused to crystalhze) m quantltatlve yield 
lH NMR 6 1 17 (t, 3H, Hz), (m, 6H), (m, 2H) J = 7 3 2 l-2 9 4 O-4 6 l3C NMR 6 14 25 77, 41, 30 96, 
37 81,63 11,86 40 77Se NMR 6 627 1 MS m/e 243 (8%, M-BrC), 135 (97%), 91 (100%) HRMS Calcd 
for C&Il$eBr2 M-Br+ = 242 9289 Found 242 9333 

l,l-Dibromo-2,5-dimethyltetrabydroselenophene (19~) was prepared from S-benzylseleno-2- 
methylhexanolc acid (MC) following the standard procedure in 91% yield as a 1 1 rmxture of dlastereolsomers 
*HNMR6123(d,15H,J=6Hz),187(d,15H,J=6Hz),15-17(m,2H),18-20(m,2H),43-44 
(m, 2H) l3C NMR 6 18 43,20 27, 39 11.39 75,79 24,79 66 77Se (C5H6) NMR 6 716 3,750 5 MS m/e 
243 (20%, M-Br+), 164 (100%) HRMS Calcd for C&I12SeBr2 M-BrZ+ = 164 0104 Found 164 0083 

A sample was slowly recrystallized from ethanol to gve predommantly one Qastereolsomer assigned to be 
m-l,l-dibromo-2,5-dimethyltetrahydroselenophene (rrans/Els - 10 1, see text) mp = 89-940 tH 
NMR(C~D~)8187(d,3H,J=6Hz),15-17(m,2H),18-20(m.2H),43-44(m,2H) 13CNMR6 
18 43, 39 75, 79 66 
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