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Abstract: The syntheses of IO-15 membered a-methylene macrocyclrc lactones from the 
fincttonaltsed allylstannanes @$-a) IS described Attempts to synthestse analogour 6-9 membered 
lactones proved unsuccessful, resultrng tnstead tn the productton of dtlactones and AIBN derived 
aaiiucts 

The apphcauon of free radial cham processes to construct macrocyclic nngs was first shown to be 

synthencally viable by Porter, who ldenafied the smctural cntena for successful alkyl radial macrucychsanon 

reactionsI. Bnefly. he demonstrated that radical nng closure should be feasible if it occurs onto stencally 

unhindered, electromcally activated double bonds, leadmg to nng sizes greater than ten Thus 1 l-20 membered 

rmgs were isolated (1576% yield) by means of the illustrated macrocyclisatlon, followed by subsequent 

reduction (Scheme 1, path a) However, m all cases some du-ect reduchon before cychsatlon occurred (Scheme 

1, path b) Attempts to cucumvent this by either the tn sttzt generation of m-n-butyltmn hydnde from m-n-butyltm 

chlonde and sodmm cyanoborohydnde or by the slow addmon of m-n-butyltm hydnde into the reaction vessel 

chd lead to a decrease m the yield of reduced product, but this was generally at the expense of the yield of cychc 

product 1 More recently, the direct reduction (path b) has been essentially eliminated by the use of 

msmmethylsllyhlane m place of m-n-butylhn hydnde2 

Bu$n* Path b c 
Bu$nH 

X=0, CH2 

Scheme 1 

I Path a 

0 

X a Bu3SoH 

n 
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Keck3 and Damshefsky4 have uuhsed allyllc stannanes to syntheslse five membered rings,, the cham 

carrying R~S~P being generated in SI?U by the rapid fragmentation of the tm-carbon bond m radxal (j_) (Scheme 

2) 

Usually 5 membered nngs 

Scheme 2 

Based upon these observations we proposed that the (o-alkyl radtcal) 2-(trl-n- 

butylstannylmethyl)ate ester (2) should undergo an mtramolecular SHY’ reaction to yield the a-methylene 

macrocychc lactones @ (Scheme 3) As such a cham process would only requuz catalyttc Bu$nH/AIBN for 

uutiation, competmg red~hon of the radxal Q) should be essenaally ehmmated (Scheme 3) 

Bu3Sn 

Scheme 3 

The cntenon for macrocychsahon 1s satlslfled by the substrate (4> since the P-carbon 1s stencally 

unhmdered while the ester functionality provuies electromc acavatlon, and 111 ad&Don the m-n-butylstannyl group 

has itself been shown to effect achvauon of an allyltm double bond relative to an unsubstltued alkenesa Another 
attractive feature was the degeneracy of a potentially undesirable side reaction of ally1 stannanes, namely the rn 

sm reachon of substrate (4) with malkylstannyl radxals5b 

The ra&cal precursors (za)-a) were convemently prepared by a DCC/DMAP mechated couphng between 

the stannyl-acid (53 and the ophenylselenoalkanols (&a)-@), followmg a mod&d hterature procedure6 (Scheme 





Cychsanon to the lo-15 membered ol-methylene lactones @e)-c&) occurred cleanly m moderate to high 

yield when the substrates (ze)-(a) were subjected to high ddutlon (5mM) free radical conditions [cat 

azoblslsobutyrommle (AIBN), cat Bu$nH, benzene, reflux, 48h] Product lsolatlon was effected by removal 

of the solvent zn vucuo followed by standard flash chromatography on slhca gel (Table 1) Dnect reducnon of the 

tical centre was not observed 
Table 1 

0 n=2 sa n=8 &g 

n=7 sf 

Substrate Product Rmg sue ??J Yield 
I I I 

E 
61 

ii 
I 72 

Attempts to syntheslse analogous 6-9 membered lactones were unsuccessful, substrates (za)-(zc) 

affordmg the dkxones (12)-o m low yield and in addmon a variety of mmor AIBN denved adducts, while the 

only isolable product from (zd) was the AIBN adduct cle> (Table 2) 

Table 2 

Pmdnrtc 

+ umdennfied mmor adducts 

0 SePh 
+ unldennfied minor adducts 

Footnotes a Isolated yield, b Yield esumated from ‘H NMR spectrum after chromatography 
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In the case of substrate Ua). the &mer species (212) was isolated 24 hours after mihatlon of the ra&cal 

reaction On m-exposure to free raduA condmons @J) was smoothly converted to the dllactone u2) In a 

separate expenment the &&tone cL2) was obtamed duzctly. 48 hours after mmanon of the cham process The 

timer species was observed by t 1 c 24 hours after startmg the reaction, but was completely consumed after 2 

days (Scheme 7) 

0 SePh 

0 SePh 
0 /J 

24 hours 
$ ) ) 2 0 

2 

Bu$n 

48 hours 
Scheme 7 

12 

The fiulure to effect these nng closures can be accounted for m terms of both the tradmonal problem of 

slow rate of cycllsatlon to the 7-9 membered lactones due to conslderble Rtzer and transannular strain m the 

cychsed product, coupled to the reqmrement that substrates (2a)-(Zd) must adopt the unfavourable s-E 

conformatlon to accommodate the reqmred radial transitton state geometry Only for the longer alkyl chains, 

presumably n>5, can the desued dtsposltton of reacuve centres be adopted while the preferred s-Z conformation*3 

IS mamtamed (Figure 1) Consequently intermolecular processes compete effectively for the 6-9 nng closures, 

even under the high dunon condmons employed, to afford the observed ddactones and AIBN adducts 

s-z 

Possible for ~5 

s-E 

Smular mmator denved adducts have been observed dunng a ra&cal nng expansion study14, while O- 

Yang ef al has reported the formatlon of mono, dl, and mlactone denved species m varymg yields when a range 

of 5 and 6-endo-mg atom transfer radlcal cycllsatlons were attempted l5 In contrast to our findmgs, Boger et al 

fiuled to effect a l@endo-mg nng closure, only a &lactone denved species was isolated m low yleldt6 
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In summary we have synthesised 10 membered or larger a-methylene lactones under free ra&cal condmons, 

generatmg the cham carrymg m-n-butyl stannyl radical by means of an mtramolecular S&Z fragmentation 

reacaon Smaller nng lactones cannot be made m this fashlon due to the effective competltton from mm-molecular 

processes over the cycbsation reaction 

EXPERIMENTAL SECTION 

Infrared (IR) spectra were recorded on a Perkm-Elmer 681 spectrometer with only selected absorbtions 

being recorded Absorbtlon maxuna were recorded m cm-l Nuclear magnetic resonance (NMR) spectra were 

recorded on a Vanan Germm-200 spectmmeter Spectra were taken usmg CDC13 as solvent wrth chenucal shifts 

quoted m parts per mdhon (6 p p m ) using the residual solvent peak as an internal reference Couplmg constants 

Q are quoted to the nearest 0 5Hz l3C spectra were recorded on a Vanan Gemuu-200 spectrometer, using 

DEPT e&tmg when m&cated Mass spectra were recorded on a V G Wcromass ZAB 1F (IBEI/EI/DCI), a V G 

20-250 @CI/CI) or a V G TRIO 1 (GCMS) spectrometer, ~th only major isotope peaks for stannanes and 

selemdes being assigned Bulb to bulb &stdlatlon refers to dlstlllatlon at reduced pressure usmg a honzontal 

Kugelrohr apparutus, the temperature quoted bemg that of the heatmg bath Meltmg points were obtamed usmg a 

Buchl5 10 capillary meltmg point apparatus and are uncorrected Wcroanalyses were performed m the Dyson 

Perrms Laboratory 

Flash chromatography was accomplished on slhca gel using SorbsllW C60 Preparative plate 

chromatography (PLC) was camed out on glass plates @cm x 2Ocm) coated with silica gel (Blend 41) and wth 

a Kleselgel band Thm layer chromatography was performed on alummlum sheets pre-coated with Merck slllca 

gel 60 F254, plates bemg vlsuahsed by either the quenching of u v fluorescence @max=254nm) or by staining 

with potassium permanganate solution or lO%w/v ammomum molybdate in 2M sulphunc acid, followed by heat 

All solvents were &stilled before use, tetrahydrofuran (TI-IF) was obtamed dry and oxygen free by 

tistlllatlon from sodmm/benzophenone ketyl ‘Petrol’ refers to the fraction of light petroleum ether bollmg 

between 40-60°C Solvents were evaporated at 30°C or below on a Buchl RllO Rotavapor Tn-n-butyltm 

hydnde was standardlsed by comparison of the 1H NMR mtegrauon of the tm hydnde resonance and the n-butyl 

resonances All other reagents were used as obtained from commercial sources 

Methyl 2-zodo-2-methyl-3-(toluene-p-sulphonyl)propanoate. Ce, A solution of methyl 

methacrylate (25 lml, 23 5g, 0 24mol), sodmm toluene-p-sulphmate hydrate (lOOg, 0 51mol), and mdme (68g, 

0 27mol) m methanol (500ml) was stmed at room temperature for 2 5 hours using a mechanical stirrer The 

solvent was removed zn vacua from the resulting viscous brown solution and the residue dissolved m 

cbchloromethane (1OOOml) The resulting solution was washed with water (5OOml), saturated aqueous sodmm 

bicarbonate (25Oml), aqueous sodmm thlosulphate (0 5 M, 5OOml), dned (MgSOa), and the solvent removed zn 

vacua to yield methyl 2-lodo-2-methyl-3-(toluene-p-sulphonyllp ce> (67 24g, 75%) as a yellow solid, 

m p 127-133’C (as needles from dlchloromethane/petrol) (lit l7 129-131°C, from &chloromethane/hexane), 8~ 

(2OOMHz) 2 44 and 2 46 (2 x 3H, 2 x s, C& and Arc&), 3 81 (3H, s, OcH_3), 3 92 (lH, A part of AB, J 

14Hz, SCll), 4 48 (lH, B part of AB, J 14Hz, SCB, 7 37 (2H, d, J 8Hz, aromaocs), and 7 77 (2H, d, J 8Hz, 

aromatics) 
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Methyl 2.((toluene-p-srlphonyl)methyl)propenoate. up) To a solutmn of the lodo-sulphone 

Ce, (67 2g, 0 18mol) 1n dichloromcthane (6CUhnl) was added methylamme (61.7g, 85ml, 0.6lmol) and the 

solution heated at reflux for 8 hours After coolmg, the solution was washed vnth tiute aqueous hydrochlonc 

acid (45Oml). saturated aqueous sodmm bcarbonate (23Oml). and aqueous sodmm thiosulphate (0 5 M; 230ml) 

The combmed aqueous washmgs web back extracted with tihloromthane (2OOml), washed unth saturated brme 

(15Oml), and the combmed orgamc phases dned (MgS@) to yield a wscous red ml after removal of the solvent in 

vacua Flash chromatography @I@. 2:l petrol/ether+1 lpetrol/ether+2*1 ether/petrol as eluant) afforded 

methyl 2-((toluetu-p-sulphonyl)methyl)propenoate up) (35g, 78%) as a buff coloured sol@ m p 39-43°C 

(ht l8 41°C from &chloromethane/hexane). v ,,,= (CHC13) 303O(s, C-H), 296O(m, C-H), 1725(vs. C=O), 

1635(m. C=C), 1600(s), 1440(s), 132O(vs), 1148(vs), and 814(s); 6~ (2OOMHz) 2 45 (3H. s, ArCH& 3 60 

(3H, s, OC&), 4 14 @I-I, s, allyhc I$, 5 89 (IH, s. olefm1c H), 6.50 (1H. s, olefimc H), 7 33 (2H, d, J 8Hz, 

aromatics), and 7 73 (W, d, J 8Hz, aromatics), m/z [CI(NH3)] 274 (9%), 273 (2O), 272 (m+, lOO), 255 

(MI-I+, 42). 190 (8). and 108 (10) 

Methyl 2-(tri-n-butylstannylmethyl)propenoate. UL) To a degassed soluuon of methyl 2- 

((toluene-p-sulphonyl)methyl)propenoate QQ) (10 Og, 39mmol) 1n toluene (1OOml) was added m-n-butyltm 

hydnde (20 7g, 19 lml, 15 eqmv ) VIU syrmge and AIBN (646mg, 0 1 equ1v ) The rnlxture was heated at 

reflux under an argon atmosphere for 1 hour, followed by removal of the solvent 1n vczcuo to yield a viscous 

yellow 011 Flash chromatography (S102. 5% ether/petrol as eluant) afforded methyl 2-(trr-n- 

butylstannylmethyl)propenoate 0 as a colourless 011 (12 97g, 84%) (Found C, 52 46, H, 9 06 

C17H3402Sn requires C, 52 47, H, 8 81%), v max (thm film) 2950(m, C-H), 285O(w. C-H), 1733(vs, C=O), 

1630(m, C=C). 1435(s), 1335(s), 1310(s), 1198(s), and 1170(s), 8~ (2OOMHz) 0 70-l 02 (15H, m, 

Sn((CH2)KX$!H3))3, 1 18-l 60 (12H, m, Sn(C!&$&Et)$, 1 98 (2H, s, allybc H, this resonance shows t1n 

isotopomer satellites 2J SnCH 58Hz), 3 75 (3H, s, CoZC&). 5 30 (lH, d, J 1 OHz, olefinlc H, this resonance 

shows un isotopomer satellites 4J Sn 17 5Hz), and 5 83 (lH, d, J 1 OHz olefimc H, this resonance shows tm 

isotopomer satellites 4J Sn 17 OHz), 8~ (50 4MHz, DEPT) 168 5 QO), 141 2 c=CHz), 118 8 (C=cH2), 

51 7 (OU-Ig), 13 5 @XI3(CI-W$n), 28 6, 27 7,14 8, and 9 5 (CHjGH&@n, and allyhc C), m/z [EII 337 

(170/o), 335 (22). 334 (16), 333 (M+-n-Bu, 120Sn, lOO), 332 (34), 331 (74), 330 (25), 329 (41), 219 (15), 179 

(27), and 177 (26) 

2-(Tri-n-bufylsfannyImethyZ)propenoic acid. &) To a solution of htlnum hydroxide 

monohydrate (1 lg. 2 equiv) 1n an 8 1 THF/water mixture (30ml) was added methyl 2-(tn-n- 

butylstannylmethyl)propenoate (11) (5 OOg, 13mmol) and the solution heated at reflux wth efficient stmmg for 

36 hours After cooling, the solution was diluted with saturated aqueous ammomum chlonde (8Oml) and &lute 

hydrochlonc acid was added dropwise until a pH of 6-7 was attamed The resultmg mixture was extracted with 

ether (3 x 15Oml), dned (MgSOd), and the solvent removed in vacua to yield a yellow ml Flash chromatography 

(S102, 2% ether/petrol + neat ether as eluant) afforded 2-(trl-n-butylstannylmethyl)propenolc acrd CJ) (2 85g, 

59%) as a colourless 0l1 Vmax (thtn film) 3500-276O(br, vs., OH), 262O(s, C-H), 251O(m, C-H), 169O(vs, 

C=O), 1608(vs, C=C), 146O(vs), 1095(s), 1070(s), 958(s), and 915(vs), 6~ (2OOMHz) 0 70-l 03 (15H, m, 

Sn((CH2)2C&C&)3), 1 18-l 60 (12H, m, Sn(Ci&C&Et)3). 1 98 (2H, s, allyhc H, this resonance shows tin 

isotopomer satellites 2J SnCH 57 5Hz), 5 42 (lH, s, olefimc H, this resonance shows tm lsotopomer satelhtes 43 

Sn 19Hz), and 5 96 (lH, s, olefinic H, this resonance shows tin lsotopomer satellites 4J Sn 16 5Hz), & 

(50 4MHz, DEPT) 174 1 c=O), 140 9 (c=CHz), 120 8 (C-<Hz), 13 4 (cH3(CH2)3)3Sn), 28 8,27 2, 14 4, 
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and 9 5 ((CH3(C&)3)3Sn, and allyhc C), m/z [CI(NH3)] 319 (M+-n-Bu, lzoSn, 14%). 317 (lo), 312 (19), 310 

(16), 309 (15). 308 (100). 307 (49), 306 (79), 305 (38). 304 (47), 293 (15), 291 (40), 290 (16), 289 (29), 287 

(16), and 138 (15). 

General Procedure for the preparation of w-phrnylselenoalkanols. &a)-(a) Sodium 

borohydnde (1 lequiv.) was added in porhons to a stmed soluaon of dlphenyl &selemde (0.55 eqmv.) m ethanol 

(=8ml/mmol of &phenyl hselemde) at O’C To the resulang colourless soluaon was added a soluaon of the 

appropnate to-haloalkanol &ssolved m the mmimmn quanaty of ethanol The mtxture was stated overnight at 

either room temperature (in the case of o-bromoalkanols) or at WC (in the case of t0-chloroakanols) under an 

argon atmosphere. The soluaon was dtluted Hrlth an equal volume of Qstdled water, extracted thoroughly ~th 

ether and dned (MgSO4). The solvent was removed m vucuo and the residue subjected to flash chromatography 

(S&)2,2 1 petWether as eluant) to yield specmxco~cally pure o-phenylsekwoal~~ &a)-@) 

2-Phenylselenoethanol (a). The standard procedure wth dlphenyl Qselemde (2 06g, 6 6mmol) 

and 2&romoethsnol(l5Og, 12mmol) afforded the product as a pale yellow oll(1 39g, 58%). vmax (dun film) 

3650-31OO(br, vs, OH), 306O(s, Ar-H), 2925(vs, C-H), 287O(s, C-H), 1578(vs), 1478(vs), 734(vs), and 

688(vs), 8~ (2OOMHz) 2 10 (lH, t, J 6 OHz, Om, 3 10 (2H, t, J 6 5Hz, C&SePh), 3.78 (W, ca. quar , J 

6 5Hz, CH$Z,&OH), 7 21-7 39 (3H, m, aromatics), and 7 49-7 61 (2H, m, aromaacs), SH (2OOMHz) (+l drop 

D20) 3 10 (2H. t. J 6 5Hz, CfIzSePh), 3 78 (2H, t, J 6 5Hz, C!H2C&OH), 7.21-7.39 (3H, m, aromaacs). and 

7 48-7 61 (2H, m, aromatics), m/z [CI(NH3)] 220 (Mm +, 8oSe, 15%). 202 (43). 200 (22), 187 (19). 185 

(lOO), 183 (49), 182 (la), 181 (21), 91 (15), and 78 (30) 

3-Phenylselenopropanol (4b). The standard procedure wth &phenyl dlselemde (1 85g, 5 9mmol) 

and 3-bromopropanol (1 5Og, 10 8mmol) afforded the product as a pale yellow 011 (1.79g. 77%) vmax (thin 

film) 3640-31OO(br, vs, OH), 3058(m, Ar-H), 293O(s, C-H), 287O(s, C-H), 1575(s), 1475(vs), 73O(vs), and 

688(vs), 8~ (2OOMHz) 145 (lH, br s, OH), 198 (2H, ca qum, J 7 5Hz, CH2C&CH2), 3 20 (2H, t, J 7 5Hz, 

CkSePh), 3 69-3 83 (2H, m, C&OH), 7 19-7 35 (3H, m, aromatics), and 7 45-7.59 (2H, m, aromaacs), m/z 

[CI(NH$] 234 (MN&+, 8oSe, 54%), 232 (29), 219 (18), 218 (21), 217 (MH+, 8(&e, lOO), 216 (80), 215 

(57), 214 (56), 213 (35), 212 (16), 199 (25), 157 (18), 94 (26), 78 (48), and 56 (17) 

49henyZseZenobvtanol (6~). The standard procedure with dlphenyl dtselemde (1 73g, 5 Smmol) 

and 4-chlorobutanol(1 OOg, 9 2mmol) afforded the product as a pale orange oll(1 63g, 77%) vmax (thin film) 

3640-31OO(br, vs. OH), 3078(m, Ar-H), 2938(s, C-H), 287O(s, C-H), 1581(m), 1480(s), 1440(s), 737(s), and 

691(s), 8~ (2OOMHz) 1 30 (lH, br s, OH), 1 61-1 91 (4H, m, PhSeCH2(CfL2)2CH2OH), 2.96 (2H, t, J 

7 OHz, C&SePh), 3 68 (2H, t, J 6 5Hz, C&OH), 7 18-7 34 (3H, m, aromatics), and 7 42-7.58 (2H, m, 

aromaacs), m/z [CI(NH3)] 248 (MN& +, 8oSe, 18%), 231 (MH+, 8oSe, 15), 215 (17), 213 (lOO), 211 (49), 

210 (18), 209 (21), 94 (21), 78 (23), 72 (38), 71 (18), and 70 (29) 

5-Phenylselenopentanol (fid). The standard procedure Hrlth dlphenyl Qselemde (2 24g, 7.2mmol) 

and 5-bromopentanol (2 OOg, 12 Ommol) afforded the product as a pale yellow 011 (2 24g, 77%) vmax (dun 

film) 3640-31OO(br, m, OH), 3078(w, Ar-H), 2938(s, C-H), 286O(m, C-H), 1580(m), 1480(s). 1440(m), 

746(s), and 691(s), 8~ (2OOMHz) 1 30 (lH, br s, OEI), 1 40-l 86 (6H, m, PhSeCHz(C&)3CHzOH), 2 94 

(2H, t, J 7 5Hz, C&SePh), 3 65 (2H, t, J 6 OHz, C&OH), 7 18-7 36 (3H, m, aromatics), and 7 41-7 57 (2H, 

m, aromatics), m/z [CI(NH3)] 264 (17%), 262 (MN& +, 80Se, lOO), 260 (48), 258 (21), 245 (MH+, Qe, 63), 

244 (48), 243 (49), 242 (32), 241 (29), 227 (43), 225 (20), 78 (35), and 58 (17) 
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64henylselenohexunol (be). The standard prom&m wtb &phenyl Qselemde (1.37g. 4.4mmol) 

and 6-chlorohexanol (l.OOg, 7.3mmol) affonled the product as a pale orange ofi (1.85g. 98%). vmax. (CHC13) 

3628(s, OH), 3600-318O(br, s, OH), 3078(m, Ar-H), 3018(vs, C-H), 2938(vs, C-H), 286O(vs, C-H), 

158l(vs). 148O(vs), 144O(vs), 1023(vs), and 691(vs), 6~ (200MHz) 1.17-1.82 (8H, m, 

PhSeCH2(C&)&H20H), 2 93 (2H, t, J 8.OHz, C&SePh), 3 64 (2H, t, J 6 5Hz, aOH), 7 18-7.34 (3H, 

m, aromatics), and 7 42-7.56 (2H, m, aromahcs); m/z [CI(NH3)] 278 (19%), 276 (MNHs+, *oSe, lOO), 274 

(53). 272 W), 271 (23). 259 @@I+, 80Se, 37). 258 (37). 256 (26). 255 (28), 253 (15), 241 (45). and 239 (24) 

7-Phenylselenoheptunol 0. The standard procedure with &phenyl Qselemde (1.92g. 6 2mmol) 

and 7-bromoheptanol(2.OOg, 10 3mmol) afforded the product as a pale orange od wkch sobtied on standmg 

(2 46g, 88%) m p. 33-34’C; vmax KI-Kl3) 362Qs. OH), 3600-31OO@r, s, OH), 3078(m, Ar-H), 3OlO(vs, C- 

H), 293O(vs, C-H), 286O(vs, C-H), 1579(s), 1479(s), 1244(m), 1073(s). and 691(vs); 8~ (u)(IMHz) 123-l 82 

(lOH, m, PhSeCH2(C&)5CH20H), 2 04 (IH, br s, OU, 2 92 (2H, t, J 7 OHz, C&SePh), 3.61 (2H, t, J 

6 5Hz, CbOH), 7 21-7 35 (3H, m, aromatics), and 7 43-7 57 (2H, m. aromatics), m/z [CI(NH3)] 290 

(MNti+, 8oSe. 69), 288 (39), 286 (17), 273 (MH +, 8oSe, 41), 272 (36), 271 (29), 270 (24), 269 (19). 255 

(22). 114 (36), 112 (U), 94 (40). 78 (lOO), and 58 (18) 

8-Phenylselenooctanol &g). The standard procedure with &phenyl dlselemde (0 33g, 1 lmmol) 

and I-bromooctanol (0 4og, 1 9mmol) afforded the product as a colourless solid (0 52g. 96%). m p. 35-38C, 

Vmax (CHW 3628(m, OH), 3560-33OO(br, W, OH), 306O(w. Ar-H), 3015(s, C-H), 2935(vs, C-H), 286O(s, 

C-H), 1581(m), 1480(s), 1440(s), 1025(s), and 690(s), 6~(20OMHz) 132 (8H. br s, PhSe(CH&- 

(C&)4(CH2)2OH). 149-l 80 (4H, m, PhSeCHzC&(CH2)K&CH20H ,2 92 (2H, t, J 7 5Hz. C!&SePh), 

3 65 (2H, t, J 6 ~Hz, C&OH), 7 21-7 35 (3H, m, aromams), and 7 43-7 56 (2H, m, aromaacs), m/z 

[CI(NH$] 304 (MNH@, NSe, 22%), 287 (MH +, 80Se, 22), 285 (20). 172 (16). 146 (21), 129 (19). 128 (18). 

127 (30). 126 (17), 125 (17), 124 (16), 112 (24), 109 (18), 95 (17), 94 (80), 93 (37). 81 (20), 80 (20), 79 (15), 

78 WO), 77 (24), 71 (28), 70 (18), 69 (19), 58 (31), 56 (29), 55 (18), and 54 (26) 

9-PbEnYkelenononunol @I). The standard procedure with dphenyl dlselemde (1 log, 3 Smmol) 

and 9-bromononanol(2 OOg, 9 Ommol) afforded the product as a colourless sohd (1.89g, 70%) m p 46-47OC, 

Vmax (CHW 3628(m, OH), 3560-346O(br, w, OH), 3018(s, C-H), 2934(vs, C-H), 286O(vs, C-H), 1580(m), 

1480(s), 1440(s), 1024(s), and 691(s), 8~ (2OOMHz) 1 31 (lOH, br s, PhSe(CH2)2(CH&(CH2)flH), 1 50- 

1 80 (4H, m, PhSeCH2C~(CH&CLWH2OH), 2 93 (2H, t, J 7 5Hz, C&SePh), 3 65 (2H, t. J 7 OHZ, 

C&OH), 7 20-7 35 (3H, m, aromancs), and 7 43-7 57 (2H, m, aromancs), m/z [CI(NHj)] 318 (m+* WSe, 

44%). 316 (19), 301 (MH, 8oSe, 21%), 300 (17), 283 (64), 282 (21), 281 (31), 94 (24), 93 (21), 78 (loo), and 

58 (18) 

lo-Phenylselenodecunol 6% The standard procedure vvlth &phenyl dlselemde (0 29g, 9 3mmol) 

and 1O+romodecanol(O 4Og, 1 Smmol) afforded the product as a colourless solid (0 48g, 90%). m p 52-53*C, 

vmax (CHCl3) 3628(m, OH), 3078(w, Ar-H), 3015(m, C-H), 2938(vs, C-H), 286O(s, C-H), 1582(m), 

1480(s), 1440(m), 1025(m), and @l(m), 8~ (2OOMHz) 1 29 (12H, br s, Phse(CH&#&)6(CH2)2OH), 1 50- 

178 (4H, m, PhSeCH2C&WWC&CH2OH), 2 93 (2H, t, J 7 5Hz, C&SePh), 3 65 (2H, quar , J 6 OHz, 

C&OH), 7 21-7 35 (3I-k m, aromatics), and 7 43-7 57 (2H, m, aromahcs), m/z [IBEI] 314 (M+, WSe, 65%), 

312 (33), 160 (17), 158 (loO), 157 (37), 156 ~55)~ 155 (29), 154 (23), 97 (19), 91 (18). 83 (34), 78 (25), 69 

(57), 55 (73), and 43 (23) 



ll-PirenyZ~eZuAoundcu~oZ (43). The standard procedure with dlphenyl &selemde (1 16g, 

3 7mmol) and 1 1-bromoundecanol(1.7Og. 6 Bmmol) afforded the product as a pale yellow sobd (2.2Og, 98%) 

m p 54-55’C; vmax (CHCl3) 3628(m, OH), 3580-31OO(br, w, OH), 3078(w, Ar-I-I), 3OlO(s, C-H), 2934(vs, 

C-H), 286O(vs, C-H), 1582(m), 1480(s), 1440(s), 1024(s), and 691(s), 8~ (2OOMHz) 1.28 (14H. br s, 

PhSe(CHz)z(C&)7(CH2)2OH), 1 50-1.81 (4H, m, PhSeCH2C&(CH&C&CHflH), 2.92 (2H, t, J 7 5Hz,, 

C&SePh), 3 66 (2H, t, J 6.5H2, CHzOH), 7 20-7.32 (3H, m, aromattcs), and 7.45-7.58 (2H, m, aromattcs), 

m/z WWI-I3)] 348 (20%), 347 (20), 346 (MNIQ +, 8oSe, 96). 344 (54), 343 (26), 342 (22), 330 (29), 329 

(MI-l+, 80Se, 74), 328 (lOO), 327 (43), 326 (63). 325 (34), 324 (21). 311 (30), and 272 (27). 

General Procedure for the preparation of o-phcnylsclcnoalkyl 2-(tri-n- 

butyZstunuyZmethyZ)propenoute esters. Q&-Q) To a rmxture of the desred lu-phenylselenoalkanol 

tia)-(&) (1 1 eqmv ). 2-(m-n-butylstannylmethyl)propeno~c acrd 0 (1 eqmv.), and DMAP (0.1 eqmv ) stunng 

m dry THF (=3ml per mm01 of stannyl-acid) under an argon atmosphere was added a solution of DCC (1 1 

eqmv ) m dry THF (=2ml per mm01 of stannyl-acid) dropunse, VU syringe After stmmg overnight at room 

temperature the resultmg whte preclpttate of &cyclohexylurea was filtered off, thoroughly washed wtth ether and 

the collected fitrate washed with saturated aqueous sodium lncarbonate and saturated aqueous brme The solvent 

was subsequently removed rn vucuo to yield an 011 which was punfied by flash chromatography (St%, 1% 

ether/petrol as eluant) to affoxd spectroscopically pure esters Ua)-Q) 

t-Phenylselenoethyl 2-(trr-n-butylstannylmethyl)propenoate (la). The standard procedure 

afforded the product as a pale yellow oll(0 66g, 72%) from 2-phenylselenoethanol (&) (0 35g, 173mmol) and 

the stannyl-acid c5) (0 6Og, 16Ommol) (Found C, 51 75, H, 7 38 C24fio02SeSn requu-es C, 5164, H, 

7 22%), Vmax (thin film) 306O(w, Ar-H), 2955(vs, C-H), 292O(vs, C-H), 287O(s, C-H). 2850(~, C-H), 

1714(vs, GO), 1613(m, C=C), 1162(vs), 1090(s), and 689(s), 8~ (2OOMHz) 0 68-l 08 (15H, m, 

Sn((CH2)2C&C&)$, 1 16-1 68 (12H, m, Sn(CXLC&Et)j), 198 @I-I, s, allyhc H, this resonance shows tm 

isotopomer satellites 2J SnCH 59 5Hz), 3 13 (2H, t, J 7 OHz, C&SePh), 4 35 (W, t, J 7.OHz, C@C!&), 

5 30 (IH, s, olefimc H, this resonance shows an rsotopomer satelhtes 45 Sn 18 OHz), 5 81 (lH, s. olefmlc H, 

this resonance shows tm tsotopomer satellites 4J Sn 16 5Hz), 7 20-7 36 (3H, m, aromatics), and 7 48-7 62 (2H, 

m, aromat~s), 8~ (50 4MHz, DEPT) 167 7 GO), 141 1 (jZ=CHz), 133 0 (arornat~), 129 3 (aromattc), 127 4 

(aromatic), 119 1 (C=cH2), 63 9 (OcH2). 25 2 (CHzSePh), 28 9, 27 2, 14 7, 9 5 (Sn(cH2)3CH3)3 and 

allyhc C), and 13 5 (Sn((CH&cH3)3), m/z [DCI(NHs)] 507 (15%), 505 (30). 504 (MI-I+-n-Bu, 8OSe, 1aSn, 

30), 503 (87), 502 (43), 501 (lOO), 500 (52), 499 (78), 498 (26), 497 (33), 475 (23), 473 (24), 471 (19), 403 

(35), 401 (27), 399 (16), 308 (41), 307 (15). 306 (33), 305 (19), 185 (71), 184 (35). and 113 (22) 

3-Phenylselenopropyl 2-(tri-n-butylstannylmethyl)propenoate (2b). The standard 

procedure afforded the product as a pale yellow 011 (0 52g, 55%) from 3-phenylselenopropanol Gb) (0 38g, 

1 73mmol) and the stannyl-acid (5) (0 6Og, 1 6Ommol) (Found C, 52 69, H, 7 69 Q$-Q202SeSn reqmres 

C, 52 47, H, 7 40%), Vmax (thin film) 3062(w, Ar-H), 295O(s, C-H), 292O(s, C-H), 2865(m, C-H), 2850(m, 

C-H), 17 15(s, GO), 1615(m, C=C), 1170(s), 1092(m) ,735(m), and 690(m), 8~ (2OOMHz) 0 70-l 05 (15H. 

m, Sn((CH&C&C&)$, 1 20-l 68 (12H, m, Sn(C&C&Et)3), 198 (2H, s, allyhc H, this resonance shows 

tm lsotopomer satelhtes 2J SnCH 59 OHz), 2 00-2 12 (2H, m, CO$H2C&CH2SePh), 2 98 (2H, t. J 7 OHz, 

C&SePh), 4 23 (2H, t, J 6 5Hz, COzC&), 5 32 (lH, d, J 1 OHz, olefimc H, this resonance shows tm 

lsotopomer satellites 4J Sn 19 OHz), 5 81 (lH, d, J 1 OHz, olefintc H, thus resonance shows tm lsotopomer 
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satelhtes 45 Sn 16SHz), 7.21-7.35 (3H, m, aromatics), and 7.47-7 58 (2H. m, aromatics); 6~ (50 4MHz, 

DEPT) 167 9 Q&O), 1413 a=CHz), 132 9 (aromatic). 129.9 (QeCH2). 129 2 (aromatic), 127 1 (aromat~), 

118 7 (C=QIz), 63.9 (KHz), 29.1,23.8 UZI-I&H&Ph). 28 9, 27 2, 14.7,9 5 (Sn((!ZHMJH3)3 and allyhc 

C), and 13 5 (Sn((C!H2)&H3)3), m/z [DCI(NIi3)] 519 (35%). 518 (MH+-n-Bu, WSe, 120Sn, 27), 517 (91), 

516 (43), 515 (100). 514 (53), 512 (27). 511 (34), 199 (93), 197 (47), 196 (18), and 195 (20). 

4-Phenylselenobutyl 2-(tri-n-butylstannylmethyl)propenoate UC). The standard procedure 

afforded the product as a colourless 011(0.38g, 59%) fnm~ 4-phenylselenobutanol &c) (0 27g, 1 17mmol) and 

the stannyl-acid Q) (0.4Og. 106mmol). vmax (thin film) 3078(w, Ar-H), 2958(vs, C-H), 2928(vs, C-H), 

2878(s. C-H), 2858(s, C-H), 1714(vs, GO), 1615(m, C=C). 117O(vs), 1093(s), 737(s), and 690(s); 8~ 

(2OOMHz) 0 70-l 07 (15H, m. Sn((CH2)z)zC&Ck&), 1 17-1 68 (12H. m, Sn(C!&C&Et)3), 172-l 88 (4H, 

m, OCH2(C&)2CHzSePh), 1 98 (2H. s, allyllc H, thts resonance shows tm lsotopomer satellites 25 SnCH 

58 OHz), 2 94 (2H, t, J 7.OHz. C&SePh), 4 13 (2H, t, J 6 OHz, mcH_2), 5 29 (lH, d, J 1 SHz, olefimc H, 

this resonance shows tin isotopomer satelbtes 45 Sn 19 5Hz), 5 78 (lH, d, J 1.5Hz. olefimc H, this resonance 

shows tm isotopomer satelhtes 4J Sn 17 OHz), 7 20-7 33 (3H, m, aromatics), and 7 44-7 56 (2H, m, aromatics), 

6~ (50 4MHz, DEPT) 168 0 @O), 1414 G=CHz), 132 8 (aromatlc), 129 2 (aromatic), 127 0 (aromanc), 

118 6 (C=GH2), 64 0 (O!ZH2), 28 6,26 5 cH2), 28 9, 27 2, 14 7,9 5 (Sn(gH2)3CH3)3 and allyhc C), and 

13 5 (SnUCH2)3GH3)3), mlz [IBEI] 533 (35%), 532 (33), 531 (M+-n-Bu, 92), 530 (50). 529 (lOO), 528 (51), 

527 (72), 526 (30), 319 (60), 317 (36), 315 (31), 277 (23), 273 (20), 235 (37), 233 (31), 179 (62), 177 (64), 

69 (40), and 55 (48) 

S-Phenylselenopentyl 2-(tri-n-butylstannylmethyl)propenoate ad). The standard 

procedure afforded the product as a colourless of (0 26g, 41%) from 5-phenylselenopentanol (j&i) (0 28g,l 20 

mmol) and the stannyl-acid ($) (0 4Og, 106mmol) v mBx (thin film) 3078(w, Ar-I-l), 2958(vs, C-H), 293O(vs, 

C-H), 2875(s, C-H), 285% C-H), 1713(vs, C=O), 1613(s, CX!), 1172(vs),1094(s), 736(s), and 690(s), 8~ 

(200MHz) 0 70-l 04 (15H. m, Sn((CH2)2C&C&)$, 1 18-1 81 (28H, m, Sn(C&C&Et)3 and 

CO~CH~(CHZ)~CH~). 1 98 (2H, S, allyltc H, this resonance shows tm lsotopomer satellites 25 SnCH 59 OHz), 

2 93 (2H, t, J 7 5Hz, CiWePh), 4 12 (2H, t, J 6 5Hz, COzC&), 5 30 (lH, d, J 1 5Hz, olefimc H, this 

resonance shows tin isotopomer satelhtes 4J Sn 18 5Hz), 5 81 (lH, d, J 1 5H2, olefinlc H, this resonance shows 

tm lsotopomer satellites 4J Sn 17 OHz), 7 21-7 37 (3H, m, aromatics), and 7 45-7 57 (2H, m, aromancs), 8~ 

(50 4MHz) 168 0 (ca), 1414 @Z=CHz), 132 7 (aromatic), 130 5 CSeCHz), 129 1 (aromatic), 126 8 

(aromatIc), 118 6 (C=iLHz), 64 5 (OiZH2), 29 6, 28 0, 27 5, 26 1 (~Hz), 28 9, 27 2, 14 7, 9 5 

(Sn((iZH2)3CH3)3 and allyhc C), and 13 5 (Sn((CH2)3CH3)3), m/z [IBEI] 545 (M+-n-Bu, Qe, t2oSn, 9%), 

543 (ll), 541 W, 235 (18), 229 (28), 228 (18), 227 UOO), 225 (65), 224 (24), 223 (29), 179 (26), 177 (23), 

17’5 (18), and 69 (18) 

6-Phenylselenohexyi 2-(tri-n-butylstannyImethyl)propenoate (ze). The standard procedure 

afforded the product as a colourless 011 (0 41g, 61%) from 6-phenylselenohexanol (6e) (0 3Og. 1 16mmol) and 

the stannyl-acid (5) (0 4Og, 106mmol) (Found C, 54 46, H, 8 04 C2&&2SeSn recpnres C, 54 74, H, 

7 88561, vmax (thm film) 3078(w, Ar-H), 296O(vs, C-H), 293O(vs, C-H), 2859(s, C-H), 1714(vs, GO), 

1617(m, C=C), 1582(w), 1172(vs), 736(m), and 691(m), 8~ (200MHz) 070-l 06 (15H, m, 

Sn(W2WkbCti)3), 1 19-l 81 (2OH, m, SnKkkzC&Et)3 and c@!C&(C&)4c!H2), 198 (2H, s, allyhc H, 

this resonance shows tm lsotopomer satellites 2J SnCH 53 OH& 2 93 (W, t, J 7 OHz, C&SePh), 4 12 (2H, t, 

J 6 OHz, CO$ZLfi), 5 30 (lH, d, J 1 OHz, olefinlc H, this resonance shows tm lsotopomer satellites 45 Sn 
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17 OH& 5 81 (lH, d. J 1 OHz, olefiic H. this resonance shows an tsotopomer satellttes 4J Sn 17 OHz). 7 20- 

7 32 (3H, m. aromattcs), and 7 457.55 (2H, m, aromattcs), 8~ (50 4MHz) 168.1 c=O), 141 5 (C=CHg), 

132 6 (aromatic), 130.6 GSeCH2). 129.1 (aromauc), 126 8 (aromatrc), 118 5 (C-2). 64 6 (XHg), 29 9, 

28 4, 27 7, 27.6, 25.4 (C.H2), 28 9, 27 2, 14 7, 9.5 (Sn((QH2)3CH3)3 and allyltc C), and 13.5 

(Sn((CH&cH3)3), m/z [IBEI] 559 (M+-a-Bu. *OS,, ImSn, 19%), 557 (19). 555 (15), 319 (19). 317 (16), 243 

(18), 241 (NO), 239 (56), 237 (23). 235 (27). 233 (21), 179 (47), 177 (44). 175 (26). and 55 (42) 

7-Phenylselenoheptyl 2-(tri-n-butylstannylmcthyl)propenoate Uf). The standard 

procedure afforded the product as a colourless 011 (0 48g, 72%) from 7-phenylselenoheptanol ($f) (0 32g, 

1 2mmol) and the stannyl-acid Q) (OAOg, 1.06mmol) v max (thin film) 3078(w, Ar-H), 2958(s, C-H), 

293O(vs, C-H), 2858(s, C-H), 1713(s, GO), 1613(m, C-C), 1172(s), 738(m), and 691(m), 8B (2WMHz) 

0 70-l 04 (15H, m, Sn((CHz)zC&C&)3), 1 18-1 81 (22I-b m, Sn(C&C&Et)3 and CO$H2(C&)$H2), 

198 (2H, s, allyltc H. this resonance shows un tsotopomer satellites 25 SnCH 58 5Hz). 2 94 (2H, t, J 7 5Hz, 

CbSePh), 4 12 (2H, t, J 6 5Hz, CO2C&), 5 30 (lH, d, J 1 5Hz, oletintc H, this resonance shows tm 

tsotopomer satellttes 4J Sn 18 5Hz), 5 81 (lH, d, J 1 5Hz, olefinic H, thus resonance shows M rsotopomer 

satellnes 4J Sn 17 OHz), 7 22-7 34 (3H, m, aromaucs), and 7 46-7 57 (2H, m, aromatrcs), 8~ (50 4MHz) 168 1 

GO), 1415 G=CHz), 132 5 (aromatic), 1307 (QSeCHz), 129 1 (aromatic), 126 7 (aromatrc), 118 5 

(C=CH2), 64 7 (KHz), 29 9, 29 5, 28 6, 28 5, 26 8, 25 7 GH2). 28 8, 27 2, 14.7, 9 5 (Sn(cH&CH3)3 

and allyhc C), and 13 5 (Sn((CH2)3CH3)3). m/z [IBEI] 575 (28%), 574 (25). 573 (M+-n-Bu, NSe, 12cSn, 84), 

572 (43), 571 (lOO), 570 (59), 569 (67), 567 (21), 391 (23) 389 (34), 388 (33), 319 (78). 317 (39). 315 (27), 

277 (25), 275 (40), 273 (22) 255 (71), 253 (32), 235 (45), 233 (29), 205 (22), 179 (73), 177 (53), and 175 

(32) 
8-Phenylselenooctyl 2-(tri-n-butylstannylmethyl)propenoate Q). The standard procedure 

afforded the product as a colourless or1 (0 47g, 67%) from 8-phenylselenooctanol @jg) (0.33g, 1 15mmol) and 

the stannyl-acid @) (0 4Og, 1 06mmol) v max (thin film) 296O(m, C-H), 293O(s, C-H), 286O(m, C-H), 

1715(m, C=O), 1618(w, C=C), 1465(w), 1175(m), 1093(w), and 738(w), 8~ (2OOMHz) 0 70-l 06 (15H, m, 

Sn((CH2)2C!&C&&), 1 18-1 79 (24H, m, SW&C&Et)3 and CC,?CH2(C&)&H2), 198 (2H, s, allyhc H, 

this resonance shows ttn isotopomer satellites 2J SnCH 58.OHz), 2 91 (2H, t, J 7 OHz, C&SePh), 4.12 (2H, t, 

J 6 OHz, CO2C&), 5 29 (lH, d, J 1 OHz, olefintc H, this resonance shows tm tsotopomer satellrtes 4J Sn 

18 OHz), 5 82 (1H. d, J 1 OHz, olefinic H, this resonance shows hn rsotopomer satelhtes 4J Sn 17 OHZ), 7 18- 

7 32 (3H, m, aromatics), and 7 42-7 54 (2H, m, aromattcs), 8~ (50 4MHz, DEPT) 168 1 c=O), 141 5 

(C=CH2). 132 5 (aromatic), 130 8 (CSeCHz), 129 1 (aromatrc), 126 7 (aromatrc), 118 5 (C=cHz), 64 7 

(OCHz), 30 0, 29 6, 29 0, 28 5, 28 0, 27 7, 25 8 GHz), 28 9, 27 2, 14 7, 9 5 (Sn(GH2)3CH3)3 and allyhc 

C), and 13 5 (Sn((CH2)3CH3)3), m/z [IBEII 587 (M+-57, 8oSe, 12u Sn, 18%) 585 (20), 583 (15). 513 (20), 

511 (68), 510 (37) 509 (lOO), 508 (42) 507 (61) 505 (25), 319 (43), 317 (35) 315 (20), 235 (32). 233 (22), 

179 (40), 177 (37), and 175 (29) 

9-Phenylselenononyl 2-(tn-n-butylstannylmethyl)propenoate ah). The standard procedure 

afforded the product as a colourless or1 (0 36g, 50%) from 9-phenylselenonanol (6h) (0 35g, 1 17mmol) and the 

stannyl-acid 0 (0 4Og, 106mmol) (Found C, 56 35, H, 8 65 C3lH&$eSn requres C, 56 59, H, 8 29%), 

vmax (thm film) 3078(w, Ar-H), 296O(s, C-H), 293O(s, C-H), 286O(m, C-H), 1714(m, GO), 1617(w, C=C), 

1175(m), 1092(w), and 738(w), 8~ (2OOMHz) 0 70-l 04 (15H, m, Sn((CH&C&C&)$, 1.18-1 80 (26H, m, 

Sn(C&C&Et)3 and CO2CH2(C&)$H2), 1 98 (2H, s, allylrc H, this resonance shows tm rsotopomer 
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satelhtes 2J SnCH XOHz), 2.91 (W, t, J 7SH2, QIzSePh), 4 12 (W, t, J 7.5Hz. CO#&). 5.29 (lH, d, J 

1 OHz, olefmlc H, this resonance shows tm tsotopomer satellttes 4J Sn 17.5Hz), 5.81 (19 d, J l.OHz, olefintc 

H, tis resonance shows tm tsotopomer satclhtes 4J Sn 18SHz). 7.18-7.32 (3H, m, ammat~cs), and 7.42-7 53 

(2H, m. aromatxs), 8~ (504MHz) 168.1 c=O), 141.5 c=CH2), 132.5 (aromatic), 129.1 (aromattc), 1267 

(aromattc), 118 5 (C=w2), 64.8 (wz), 30 0, 29.6, 29.2, 29 0, 28.5, 27.7, 25.8 m2). 28.9, 27.2, 14 7. 

9 5 (Sn((iZH2)3CH3)3 and allyhc C), and 13 5 (Sn((CH&&H3)3). m/z [IBEII 603 (34%). 602 (32). 601 (M+. 

8oSe. 12oSn, 98). 600 (53), 599 (100). 598 (54), 597 (71). 596 (28). 595 (32), 391 (24), 389 (27). 387 (22), 

322 (67), 319 (59), 317 (42), 315 (25), 292 (22), 277 (23). 275 (23), 273 (19). 235 (41), 233 (32). 179 (61). 

177 (61), 175 (43), 91 (38), 86 (99). 85 (67). 84 (38), 83 (43), 69 (35). 57 (27). 55 (52). 51 (39), and 49 (51) 

IO-Phenylselenodecyl 2-(tri-n-butylstannylmethyl)propenoate (zi). The standard 

procedure afforded the product as a colourless otl (0.32g. 44%) from IO-phenylselenodecanol &I) (0.37g, 

1 18mmol) and the stannyl-acid (5) (0 4Og, 106mmol) (Founti C, 57 25, H, 8 72 &Hs&SeSn requues C, 

57 33, H. 8 42%). vmax (thm film) 293O(s, C-H), 286O(m, C-H), 1712(m. C=O), 1615(w, C=C), 1175(m), 

738(w) and 690(w), 8H (2OOMHz) 0 70-l 06 (15H, m. Sn((CH&C&C&)3), 1 20-l 80 (28H, m, 

Sn(C&C&Et)3 and C@$H2(C&)&H2), 1 98 (2H, s, allyhc H, this resonance shows un lsotopomer 

satellites 2J SnCH 58 OH& 2 94 (2H, t. J 7 OHz, C&SePh), 4 12 (W, t. J 7 OHz, CO2C&). 5 30 (lH, d, J 

1 OHz, olefimc H, thts resonance shows tm lsotopomer satellites 45 Sn 19 OHz), 5 82 (lH, d, J 1 OHz, olefmlc 

H, dus resonance shows tm lsotopomer satellites 4J Sn 18 OH@, 7 21-7 33 (3H, m, aromatics), and 7 43-7 54 

(W, m, aromatics), 6c (50 4MH2, DEPT) 168 1 c=O), 1415 g=CH2). 132 5 (aromatic), 129 1 (aromauc). 

126 7 (aromatic), 118 5 (C!=GH2). 64 8 (O!ZHz), 30 0,29 7, 29 3, 29 1.28 5.25 8 cH2), 28 9.27 2, 14 7. 

9 5 (Sn(GZH2)3CH3)3 and allyhc C), and 13 5 (Sn((CH2)&H3)3), m/z [IBEI] 617 (50%). 616 (49). 615 (M+-n- 

Bu, *OS,, 120Sn, lOO), 614 (67), 613 (98). 612 (64), 611 (80), 610 (42). 609 (47), 319 (56), 317 (44), 315 

(32), 291 (30). 235 (41), 233 (36), 231 (23), 205 (24), 179 (50), 177 (48), 175 (33), 69 (24 ). and 55 (26) 

ll-Phenylselenoundecyl 2-(tn-n-butylstannyZmethyl)propenoate a). The standard 

procedure afforded the product as a colourless 011 (0 42g, 56%) from 1 1-phenylselenoundecanol ($J) (0 38g. 

1 16mmol) and the stannyl-acid @) (0 4Og, 106mmol) (Pound C, 57 67, H, 8 79 C!@5802SeSn requres 

C, 57 91, H, 8 54%). Vmax (thin ftlm) 306O(w, Ar-H), 292O(vs, C-H), 285O(vs, C-H), 17lO(vs, GO), 

1610(~, C=C), 1460(s), 117O(vs), 1090(s). 730(s), and 688(s), 8~ (200MHz) 0 70-l 03 (15H, m, 

Sn((CH2)2WK!Y3)3). 1.18-l 79 (3OH, m, Sn(CWZ&Et)3 and CO$X-l2(C&)9CH2), 1 98 (2H, s, allyhc H, 

this resonance shows hn lsotopomer satellites 23 SnCH 58 5Hz), 2 94 (2H. t. J 7 5H2, axSePh), 4 12 (2H, t, 

J 7 OHZ, CQ$!&), 5 29 (lH, d, J 1 5Hz, olefimc H, this resonance shows tm lsotopomer satellites 4J Sn 

18 OHz), 5 81 (1H. d, J 1 5Hz. olefimc H, this resonance shows tm lsotopomer satelhtes 4J Sn 17 5Hz), 7 21- 

7 35 (3H, m, aromatics), and 7 46-7 56 (2H, m, aromams), 6~ (50 4MHz) 168 1 c=O), 141 5 c=CH2), 

132.5 (aromatx), 130 9 GeCHz), 129 0 (aromatx), 126 5 (aromatic), 118 5 (C<H2), 64 7 (KHz), 29 8, 

29 5, 29 0, 28 5, 28 3, 27 5, 25 3 ~Hz), 28 9, 27 1, 14 5, 9 5 (Sn(cH2)3CH& and allyhc C), and 13 5 

(Sn((CH2)GHW m/z WWI-b)l 686 (MH +, 80Se, 120Sn, 22%), 685 (23), 684 (16). 631 (27), 630 (19), 

629 (MH+-n-B& 8oSe, *20Sn, 54), 628 (29), 627 (52), 626 (30), 625 (35), 624 (15), 623 (17). 312 (20). 310 

(16). 309 (16), 308 (100). 307 (38). 306 (70), 305 (32), and 304 (48) 

General Procedure for the preparation of 2-methylene alkanolides. (se)-(a) To a 

degassed solution of the desired o-phenylselenoalkyl 2-(m-n-butylstannylmethyl)propenoate ester ue)-a) IXI 
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and 818(C=C, w); 8~ (2OOMHz) 120-l 59 (14H, b s, C=cCH2(C&)7), 1.60-1.78 @I-& m, -2(3&d, 2.32 

(W, t, J 8 OHz, C=CC!&), 4.20 (2H, ca.t, J 5.OHz, OC&), 5.48 (lH, d, J l.!Wz, olefimc H), and 6.14 (1H. 

d, J 1 5Hz, olefimc H); &J (50.4MHz. DJZPT) 168 2 @D), 141.9 c=CH2), 125.7 (C=CI32). 65.4 @!32). 

31 8, 27 4, 26 6, 265.25 1, 24 8, 24 6, and 24 2 (-=2-); m/z [CI@JH3)] 228 @iNH4+. 47%), 212 (11) and 

211 (MI-i+, 100). 

L-Mcthylenc tridecan-13-oli& (a). The standard procedure was followed using lo- 

phenylselenodecyl2-(m-n-butylstannyhnethyl)propenoate a) (47Omg. 0 70mmol) and m-n-butylnn hydrae 

(U&l, 0 04mmol). The residue was purdied by flash chmmatography (&a; 1% ether/petrol as eluant) followed 

by bulb to bulb &stdlation (b.p. ~lWc/o.O5mmHg ) to yield wically pure 2-methylene mdkcan- 13- 

olrde @I) (125mg. 80%) as a colourless otl. v - (thm film) 293O(vs, C-H), 286O(s, C-H), 1722(vs, GO), 

1635(w, C=C), 1463(m), 1302(s), 1170(s), and 818 (C=C. w), &.I (2OOMHz) 1 20-1.59 (16H, m, 

C=C(C!&)g), 1 60-l 78 (2H, m, OC!H$&), 2 33 (2H, t, J 7 OHz, C=CtZW, 4.26 (2H, cat. J 6 OHz. 

OC&), 5 47 (lH, d, J 2.OHz, olefinlc H), and 6 09 (lH, d, J 2 OHz, olefimc H), &J (50.4MHz) 167.9 c=O), 

141 8 c=CH2). 125 1 (C=CH2), 63 8 (OCHz), 32 7. 27 4, 26 5, 26.1. 25 8. 25.5, 25 1, 23 9, and 22 8 (- 

m2-). m/z [CI(NH3)] 242 (MNH@, 38%). 226 (12), and 225 (MH+. 100). 

2-Methylene tetradecan-14-elide (m). The standard procedure was followed using ll- 

phenylselenoundecyl2-(m-n-butylstannylmethyl)prope.noate a) (42Omg, 0 6lmmol) and m-n-butyltm hydmle 

(lOfl, 0 04mmol) The residue was puntied by flash chromatography (SQ, 5% ether/petrol as eluant) followed 

by PLC (&a, neat petrol as eluant) to yield analyucally pure 2-methylene-tetradecun- 14-okie (81) (1 lOmg, 72%) 

as a colourless 011 (Found C. 75 40, H, 11 27 C15H2& requu-es C, 75 58, H, 10 99%); vmax (thin film) 

292O(s, C-H), 2855(m, C-H), 1721 (s, GO), 1630(m, C=C), 1460(m), 1303(m), 1175(s). and 82O(w, C=C), 

8~ (2OOMI-k) 1 20-l 55 (18H, br s, C=CCH$&)9), 1 62-l 78 (2H, m, OCH$J&), 2.34 (2H, f J 7 OHz, 

C=CC&), 4 22 (2H, ca t. J 5 OHz, OC&), 5 48 (lH, d, J 1 OHz. olefimc H), and 6.15 (lH, d, J 1 OHz, 

olefinic H), 6~ (50 4MH2, DEPT) 168 2 (GO), 141 5 G=CH2), 125.5 (C=GI-I$, 64 5 (OCHz), 32 5, 28 1, 

26 3, 26.1, 24 8, and 24 6 (-cH2-), m/z [CI(NH3)] 256 (MNQ+, 44%), 240 (14), 239 (MI-I+, lOO), 109 

(15), 95 (24), 8 1 (25) and 58 (27) 

Attempted preparation of 2-Methylene pentanJ-oZide @a). The standard procedure was 

followed using 2-phenylselenoethyl2-(tn-n-butylstannylmethyl)propenoate ua) (5OOmg, 0 89mmol) and m-n- 

butylhn hydnde (10~1,O 04mmol) After 24 hours t 1 c of the reaction rmxture revealed an intensely stauung 

spot at Rf 0 6 (10% ether/petrol) A portion of the mixture was removed and subjected to PLC (10% 

ether/petrol), whence the spot was identified as the dlmer species QQ) To a degassed soluaon of the dlmer @Q) 

(4Omg, 0 06mmol) in benzene (2Oml) was added m-n-butyltm hydnde (2fl, 0 008mmol) WI syrmge and AIBN 

(lmg, 0 lequlv ) The rmxture was heated at reflux for 3 hours, and the solvent subsequently removed in vucuo 

The residue was subjected to PLC (10% ether/petrol) whence the ddactone 1,7-d~oxu-2.8-d~oxo-3,9-dunethylene 

cyclododecwte u2) (5mg) was isolated 

In a separate expenment the standard procedure was followed using 2-phenylselenoethyl 2-(m-n- 

butylstannylmethyl)propenoate (la) (488mg, 0 87mmol) and m-n-butylan hydnde (10~1, 0 04mmol) The 

intense spot correspondmg to the timer species QQ) was observed after 24h, but had &sappeared after a further 

24 hours, bemg replaced by a spot Hnth Rf 0 2 (10% ether/petrol) corresponding to the ddactone u2) The 

solvent was removed m vucuo and the residue SubJected to flash chromatography (S@; 10% ether/petrol as 

eluant) to yield the dllactone 1,7-dloxu-2,8-dzoxo-3,9-drmethylene cyclododecone (12) (33mg, 34%) as a 
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colourless od vmax (thm film) 295O(s, C-H). 2925(s, C-H), 287O(m, C-H), 172O(vs, C=O), 1630@, C=C), 

129O(vs), 12OO(vs), 116O(vs), 948(s), and 812(m), 8~ (2OOMHz) 1.81-198 (4H, m, 2 x C=CCH#&), 2.54 

(4H, t, J 6 5Hz, 2 x C-CC&), 4.20 (4H. ca.t , J 5 5Hz, 2 x OC&), 5.51 (2H, d, J l.OHz, 2 x olefimc H). 

and 6 08 (2H. d, J l.OHz, 2 x olefimc H); m/z [CI(NH3)] 243 (12%). 242 (MNHP, lOO), 225 (MH+, 11). 

132 (ll), 130 (39). and 113 (31) 

1-Pherylseleno-3,9-dioxa-4,10-dioxo-5,11-dinethylene-12-(hi- n -butyZstannyZmethyl) 

do&cane (2p). vmax (liquid film) 306O(w, Ar-H), 295O(vs, C-H), 2865(s, C-H), 285O(s, C-H), 1716(vs, 

C=O), 163O(w, C=C), 1611(m, C=C), 1318(s). 1298 (s), 1169(s), 810(m), and 732(s); 8~ (2OOMHz) 0.70- 

104 (15H, m, Sn((CH&CWZ&)3), 1 16-1.68 (12H, m, Sn((C&)2Et)3), 178-l 95 (2H, m, 

OCH2C!&CH$=C), 198 (2H, s, Bu#nC&, this resonance shows tm lsotopomer satellites 2J SnCH 61Hz). 

2 39 (2H, t, J 7SHz, C=CC&), 3.14 (W, t, J 7.OH2, C!&SePh), 4.16 (2H, t, J 6 5H2, OC&(CH2)2C=C), 

4 40 (2H, t, J 7 5Hz, OC&CH2SePh), 5 30 (lH, d, J 1 OHz, olefimc H. this resonance shows tm lsotopomer 

satelhtes 4J Sn 18Hz), 5 58 (lH, d, J 1 OHz, olefinlc H), 5.83 (lH, d, J 1 OHz, olefimc H, this resonance 

shows tm lsotopomer satellites 45 Sn 17.5Hz), 6 17 (lH, d, J 1 OHz, olefimc H). 7 22-7 34 (3H, m, aromatics), 

and 7 51-7 63 (2H, m, aromatics). m/z [DCI(NH$] 615 @I+-n-Bu, *OS,, lmSn. 33%). 614 (18). 613 (36). 

612 (19). 611 (29), 447 (17), 408 (34), 407 (20), 406 (35), 405 (25), 404 (30). 403 (40). 402 (26), 401 (28), 

400 (22), 393 (23), 391 (70), 390 (26), 389 (70), 388 (34), 387 (55). 389 (19), 385 (24), 308 (100). 307 (38). 

306 (80), 305 (33). 304 (50), and 185 (29) 

Attempted preparation of 2-Methylene-hexan-6-elide (&b). The standard procedure was 

followed using 3-phenylselenopropyl2-(m-n-butylstannylmethyl)propenoate Ub) (356mg. 0.62mmol) and m-n- 

butyltm hydrtde (low, 0 04mmol) Exammation of the reacaon nuxture by t 1.c after 24 and 48 hours revealed 

analogous behavlour to that described for the attempted preparanon of 2-methylene hexan-dollde @a) The 

solvent was removed UI vacua and the residue subjected to flash chromatography (Slot; 10% ether/petrol as 

eluant) to yield a mature of the Qlactone 1,8-dloxu-2,9-dtoxo-3,lO-&methylene cyclotetradecane u2) (25%)t 

and the co-runnmg AIBN adduct u) (5%)t (combmed mass 21mg) as a colourless 011. The flash column was 

subsequently flushed with ethyl acetate to yield a complex nnxture of unldentfied AIBN adducts (5Omg) 

l,S-dioxa-2,9-dioxo-3,10-dimethyzene cyclotetradecane (m vmax (thin film, mixture of 

dllactone and AIBN adduct 0) 2945(s, C-H), 2870(m, C-H), 2238(w, C=N), 1715(br, vs, Cd), 1632(s, 

C=C), 13OO(vs), 1265(s), 1195(vs), 1050(s), and 820(s), 8H (200MHz) 1.59-1 79(8H, m, 2 x 

C=CCH2(C&)2), 2.36 (4H, t, J 6 5Hz, 2 x C=CC&), 4 24 (4H, ca t , J 5.OHz, 2 x OC&), 5 48 (2H, d, J 

1 OHz, 2 x olefmlc H), and 6 13 (2H, d, J 1 OHz, 2 x olefinlc H), 6~ (50 4MHz) 167 5 (c=O), 141 9 

c=CH2), 126 1 (C=QH2), 63 3 (~Hz), 32 8,28 0, and 25 2 ~Hz), m/z [CI(NH3), GCMS] 270 (m+, 

lOO%), 253 (MH+. 33), 127 (28) and 109 (17) 

4-oxa-5-oxo-6-methylene-8-cyano-8-methyZ-~onane (l-5). vmax (thin film, mixture of 

Qlactone u2) and AIBN adduct) as previously recorded, 8~ (2OOMHz) 0 98 (3H, t, J 7 OHz, C!H&!&), 1 36 

(6H, s, (C&3)$), 2 03 (2H, ca sex J 7 OHz, OCH2C&&!H3). 2 60 (2H, s, allyhc H), 4 14 (2H, t, J 7 OHz, 

OC&), 5 88 (lH, s, olefimc H), 6 43 (lH, s, olefimc H), m/z [CI(NH3), GCMS] 214 (1 1%), 213 (m+, 

lOO), 196 (MH+, 8), and 153 (8) 

Attempted preparation of 2Methylene heptan-7.oldie (SC). The standard procedure was 

followed usmg 4-phenylselenobutyl2-(tn-n-butylstannylmethyl)propenoate (zc) (3OOmg, 0 Slmmol) and m-n- 

t Yield estmated from lH NMR spectrum 
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butyltm hy&de (lOpl, 0.04mmol). Examinaoon of the remon rmxture by tl c. after 24 and 48 hours revealed 

analogous behavlour to that prewously described for the attempted preparation of Zmethylene hexan-bohde 

@a) The solvent was removed m VIICKO and the rcsuiue subjected to flash chromatography (Sl@, 10% 

ether/petrol as eluant) to yield a nnxnnt of the ddac&me l,9&~2JO-&xo-3.1 l-fiin&vkne cyclohexadeane 

(14) (3O%)t and the co-running AIBN adduct U.6) (5%)t (combmed mass 27mg) as a colourless od. The flash 

column was subsequently flushed ~th ethyl acetate to yield a mixture of AIBN adducts (108mg). which were 

subsequently separated by PLC (SQ. 20% ether/petrol as eluant) to afford the two pmducts uz) (5%)t and CLS) 

(5%) 
1,9-dioxa-2,10-dioxo-3,ll-~~me~~yZe~e cyclt?~exadecanc u4). Vma (thin film; rmxture of 

blactone and AIBN adduct u6)) 2938 (m. C-H), 2865 (w, C-H), 224O(w, (XV), 1721 (s, C=O), 1631 (w. 

C=C), 1183 (s) and 818 (w), 8~ (2OOMI-k) 123-1.85 (12H, m, 2 x C=CCH~(C&)3), 2.39 (4H, t, J 6.5I-k 2 

x C=~),4.18(4H,cat,J5OHz,2x~),549(2H,d,J1OHz,2xolefimcH),and611(2H,d,J 

1 OHz, 2 x olefimc H), m/z [CI(NH3), GCMS] 299 (18%), 298 (MNH4+, 100). 281 (MH+, 28). and 95 (13) 

5-oxo-6-oxo-7-mefhyZene-9-cyano-9-methyl decene ud). vmax (thin film, mixture of 

dllactone u4) and AIBN adduct) as previously recorded, 8~ (2OOMHz) 1 35 (6H, s. (C&&C). 2 46 (2H, 

ca quar , J 6 5Hz. CH2=CHCfI2), 2 61 (2H, s, allyhc H), 4 24 (2H. t, J 6 5H2, aC&), 5.05-5 21 @I-I, m, 

C&=CH), 5 70-5 86 (lH, m, CHz=CtF), 5 88 (1H. s, olefimc H), 6 46 (lH, s, olefimc H); m/z [CI(NH3), 

GCMS] 226 (13%). 225 (MNIQ+. lOO), 208 (MH+, 16), and 54 (13) 

I-Phenylseleno- 513 -dioxa-6,14-dioxo-7,lS-dimethy~ene-l7-cyano-l7-methyl 

octudecune uz). Vmm (thin film) 2932(m, C-H), 2858(m. C-H), 2238(w. GN), 1718(s, C=O), 1632(m, 

C=C), 1180(m), 783(m), and 691(m), 8~ (200MHz) 120-l 88 (lOH, m, PhSeCH2(C&)2 and 

CO~CHZ(CH~)~CH~C=C). 136 (6H, s, (C&)2C), 2 31 (2H, t, J 7 5H2, CH$Z~C=C), 2 60 (2H. s, 

(CH3)2(CN)CC&), 2 97 (2H, t , J 6 OHz, CHZSePh), 4 18 (4H, t, J 6 OHz, 2 x CO$Z&), 5.53 (1H. d, J 

1 OHz, olefinic H), 5 88 (IH, d, J 1 OHz, olefimc H), 6 12 (lH, d, J 1 OHz, olefimc H), 6 43 (lH, d, J 1 OHz, 

olefimc H), 7.21-7 33 (3H, m, aromancs), and 7 46-7 56 (2H, m, aromaacs) 

l-PhenyZseleno-5-oxa-6-oxo-7-methylene-9-cyano-9-methyZ decane us). vmax (thin film) 

2938(m, C-H), 2238(w, -N), 1716(s, C=O), 1630(m, C=C), 1181(m), 783(m), and 691(m), 8~ (2OOMHz) 

1 35 (6H, s, (C&3)2C), 1 82 (4H, m, OCH2(CH2)2), 2 59 (2H, s, allyhc H), 2 95 (2H, t, J 6 5I-k CfizSePh), 

4 19 (2H, t, J 6 5Hz, CG$&). 5 77 (lH, d, J 1 OHz, olefimc H), 6 49 (lH, d, J 1 OHz. olefiilc H), 7 22- 

7 32 (3H, m, aromatics), and 7 47-7 56 (2H, m, aromancs) 

Attempted preparation of 2-Methylene-octan-8-elide (ad). The standard procedure was 

followed usmg 5-phenylselenopentyl2-(tn-n-butylstannylmethyl)propenoate ud) (236mg, 0 39mmol) and m-n- 

butyltm hydnde (6~1, 0 02mmol) After 48 hours there was no evidence of the formation of the tiactone by 

t 1 c , although the startmg matenal had been consumed The mbutyltm phenylselemde was removed by flash 

chromatography (S@, 1% ether/petrol as eluant) and the polar residue flushed off the column wnh ethyl acetate 

(85mg) This was SubJected to PLC, whence the adduct cle, was isolated (3Omg, 21%). The remamder of the 

residue conslsted of umdennfied AIBN adducts 

l-Phenylseleno-6-oxa-7-oxo-8-methylene-lO-cyano-lO-methyl undecane Ue, 8~ 

(2OOMHz) 1 38 (6H, S, (C&&C), 1 40-l 86 (6H, m, OCH2(C&)3), 2 60 (2H. s. allyhc H), 2 93 (2H, t. J 

7 5Hz, CkSePh), 4 18 (2H, t, J 7 OHz, C@C&), 5 87 (lH, oletimc H), 6 42 (lH, s, olefimc H). 7 22-7 31 

(3H, m, aromatics), and 7 47-7 55 (2H, m, aromatics) 
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