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Ah&W-Experimental P~W&IWS are dcscrii for the synthetically useful reaction by which okfinic acids are 
converted into lactooes carrying a be ozeneseleno-group. Data are presented to detke some of the mechaoistic 
details of this type of cyclofu&on&&o sod kbxtic ~IKI thermodynamic factors relevant to the Rules for Riog 
Closure are discussed. A nomeaciature is introduced for a treatment of riog-fusion stereochemistry. 

The recognition’ of selenoxide Fenton (e-qn I) as a 
mild and efticient route to otefins genera&d a require- 
ment for synthe-ticatly attractive methods of introducing 
the benzeneseleno-group.2 Gne of the hrst pMcedures 
to be studied in detail is the addition to olefhrs of 
reagents represented formally as PhSe-GCGCR’ and 
PhSe-GAc’ (eqn 2). The stereochemistry of reaction (2) 
is cleanly antarafacial but experiments with unsym- 
metrical olefins estabMred3 that the regioselectivity is 
poor. An improvement in this respe4zt was likely to be a 
useful ~n~bu~n to synthetic ~~010~ because the 
selenoxide f~~en~tion (eqn I) had been accepted 
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rapidly as a standard method.- In principle, a partiahy 
intramohziu&tr process (eqn 3) might be sutIicienUy 
regioselective so that only one of the pathways shown 
(eqn 3) would, in general, be followed. Such a reaction 
involves not only stereo- and regiochemical control but 
also accomplishes a more substantial elaboration of the 
molecular framework than is possible with a totally 
intermolecular process. Reaction (3) conforms to a 
general pattern of intramolecular ring closure in which 
one terminus of the double bond involved in ring-for- 
mation becomes attached to a pup (here PhSe-) that 
shows’ further muons at that site. The term 
cyc~f~cf~nu~~u~n’ describes this type of synthetic 
operation. 
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An example of cyclofunctionalisatioon in selenium 
chemistry was providd by experiments in which the 
acid 1, deliberately chosen for the presence of the IY- 
substitucnts (whose r61e is to facilitate ring closure) was 
treated with the reagents 2 in boiling acetic acid. The 
la&ones shown (eqn 4) were obtained in good yields but 
the potential utility of these experiments does not seem 
to have been appreciated for many years. Recently, the 
discovery represented by (e.qn 4) was clearly recognised 
and was developed explicitly as a mild and routine 
synthetic method.” 

In our initial experiments’” we converted the acids 3,4 
and S (Table 1) into the corresponding lactones and we 
reported the fact that although the unsaturated acids 
react very quickly with benzencselenenyl chloride 
(PI&Cl), formation of the y-lactone product is com- 
paratively slow. We report now experimental data for the 
preliminary work as well as for a number of additional 
examples. We also describe some mechanistic details of 
these cyclofunctionalisatioons and we discuss kinetic 
effects relevant to the Rules for Ring C10sure.~ 

Cyclofnnclionolisal 
The general experimental procedure calls for dropwise 

addition of a solution of commercial (Aldrich) PhSeCl to 
a stirred solution of the acid. Usually, only 1 equivalent 
of the reagent is used and suitable solvents,$ chosen 
arbitrarily, are EtOAc, Et&, CHCI,, CHIC&, and CCL. 
It is often convenient to conduct these reactions at about 
2tP for an overnight period but, occasionally it is neces- 
sary to increase the rate of ring closure by using a higher 
temperature. For example, refluxing EtOAc was ap- 
propriate for acids 3 and 5. The preparative results are 
summarised in the Table which shows the starting acids 
and the materials obtained by treatment with PhSeCI. 
y&Unsaturated acids are an accessible compound class“’ 
and all of the samples used are known compounds that 
were prepared by the literature methods. 

The lactone nature of the reaction products (Table 1) is 
evident from IR measurements and the structures could 
usually be deduced from NMR data. For compounds 
4&a additional chemical evidence in support of the 
stereochemical assignments was obtained by heating the 

*It is appreciated that &tails of the mechanism may depcad on 
the nature of the solvent. 

lThe colour changes occur more slowly for the stifbcne acids 
12 and 13. 

Sampks were removed from preparative runs or were 
generated directly in an IR cell by a simple stopped-flow ap- 
paratus. 

lactones with Ph,SnH in boiling toluene. This treatment 
caused the replacement” of the benzeneselen&group by 
hydrogen and the reduction products were identified by 
comparison with authentic samples. Similar reduction of 
lla and 12a gave the expected lactones. 

In the case of the products obtained from the stilbene 
acids, 12 and 13, the NMR data do not allow the stereo- 
chemistry to be assigned in an unambiguous fashion; that 
shown is expected by analogy with our other examples.” 

Lactones 10s and leb are not clearly differentiated by 
NMR measurements and an examination of I)reiding 
models.” The assignments made are tentative. 

We have occasionally noticed that a reaction which is 
incomplete as judged by the presence of substantial 
carboxyl IR adsorption can still afford a good yield of the 
required lactone if work-up involves chromatography 
over silica gel. We have found that silica gel can play an 
important r81e in some cyclofunctionalisations. For 
example, yields in the cyclisation” of urethanes (eqn 5) 
are raised M-2596 by running the reactions in the 
presence of dry silica gel.” However, we did not study 
the effect of this additive on the reactions of carboxylic 
acids because acceptable yields were usually obtained by 
control of reaction time and temperature. 

We investigated briefly several alternative procedures 
for cyclofunctionalisation of acids and their derivatives: 
The ester 16” does not give a lactone under our usual 
conditions and the acid salt 17 failed to react appreciably 
on treatment with PhSeCl in THF or MeCN; it readily 
affords the lactone 4a on reaction in AcOH. The free 
acid 3 (Table 1) was converted into the lactose 3a by 
treatment with PhSe+NEt2;16 however, this reaction is 
not as clean as the normal process. Lactone formation 
was detected spectroscopically (IR) when acid 3 was 
treated with PhSeClp.” 

Mechanisric considemtions 
All of the starting materials react rapidly with PhSeCI. 

The orange colour of the selenium reagent is quickly 
discharged, especially at the beginning of the addition 
and the solution assumes a lemon-yellow coloration 
which, particularly when Et20 is the solvent, then fades 
slowly to a barely perceptible level.1 

During early stages of the reaction, examination by 
TLC (silica gel) suggests that the starting material has 
disappeared but that little of the final y-lactone has 
formed. Corresponding IR measurements confirm that 
lactonisation is incomplete because substantial carboxyl 
absorption is still present. The IR spectra taken1 during 
the course of these reactions usually reveal the rapid 
development of absorption at about 1740cm-’ which is 

Jg + X_&e__&--J (4) 

1 2 (X = N02; Cl) Arke 

PhSeCl 
Scl'h (5) 
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Table 1. (&I@ 

Starting Acid Product (a)_ 

l4 moH . .._ 30% 

0 Q 1Sa -_- 

bePh 

-760 

‘A 1: 1 mixture of isomers is formed. See Bartlett, P. A.; Myerson, J., J. An Chms. Sot. lm8. la, 3950. 
%%: uHrKtcd for impurity in a. 
Ihestartiseacid9wasanimpmityin8and~pouad91wastolatedin-8046yidd(basedontheamountof9 

in8anda.ssumingmisomcrisatioa,8+9). 
Comb&d yield. Initially isolated proportions were: ldr:llb:4: 1. 
‘See Adams, T.; Moriarty. R. hf.. 1. Am C’hun. Sx. 1973,95,&71. 
‘Combined yield. Initially isolated proportions were: lh: 12b:2:3. 
Tombimdyield.lnitidyisolatcdpropoftionswm: lL:Ob:3:1. 

then replaced by the +ctone band of the 6nal product. 
Evidently, several intermediates are king formed and 
the following observations serve to elucidate some im- 
portant details of the reaction pathway: 

With the stilbene acid 12, IR measurements showed 
fast production (in Et&) of a S-la&me and slower 
formation of the +somer. When the process was moni- 
tored by NMB (2OOMHz) the methine signals of the 
b-lactone were observed immediately. They then 
decreased (with respect to the total aromatic signals) and 
there was a corresponding &ease in the signals 
characteristic of the y4actone 1% when the pure 6- 
lactone was treated with HCl (-1 equivalent) in dry E&O 
it was converted into the +somer. Bearrangement was 
also observed by using BK * EM. 

Acid 10 gave two products, lb and ldb. On storage in 

CD& the individual lactoncs were each converted into 
a mixture of both isomers, presumably under the 
intluence of traces of acid. 

The initial event in several other examples (34, that 
we examined by NMB, is the immediate disappearance 
of the olefinic protons with retention of the carboxyl 
proton, and it is probable that a B&loroselenide is 
formed in each case. For the acid 3 the spectra were the 
easiest to interpret and they suggest that a kinetically 
formed fl-chloroselenide is produced. It then rearranges 
to the therm&namic isomer (eqn 6).” The signals for 
theterminalCHrof180ccurasaquartetcentredat 
3.89 6 (Ccl,; 200 MHZ) and a triplet centred at 3.6 8. The 
intensity of these multiplets gmdually decreases and they 
are replaced by corresponding signals for 19: a quartet 
centredat3.2OSar~Ianotherat3.126. 

17 .,- 

n L (6) 
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None of our NMB spectra was amenable to more 
detailed interpretation and reactions nm in chlorinated 
solvents in an NMB tube do not readily go to com- 
pletion. Possibly tbe presence of HCl retards ring 
closure. 

In contrast to the reactions of the stilbene acids, we 
could not isolate a b&tone from experiments with 3-6. 
However, a spacimcn of compound 28 was prepared by 
the method shown in Scheme 1 and its properties were 
examitmd. Lactonisation of the hydroxyester 21 was not 
aneasyprocessandhadtobeeffectedinthemanner 
shown.‘* On treatment (under anhydrous conditions) 
with HCI in Et20 the Ma&one 28 underwent substantial 
rearrangement to the r_lactooe 3a. As observed with the 
stiibene series (lfp), BKnEt20 also caused rearrange- 

we did not detect &cbioroscknide formation with the stilbcnc 
acids. 

**It is appreckted that adv&itious traces of water, acting in a 
dytic manner, may cause bydroiysis of the iacktnc to S- 
h~xy~~yi~~n~k acid wbicb then becomes the 
precursor to the s&en&&m ion shown. 

ttWc r&r hen, to di&mination, by kinetic factors, between 
modes of cyclisation (see followin discussion) that arc borh 
allowed by the rules for riq closure. 

#OTbis is an exampk of rcgbsclectivity where both tmnini of 
tbedoubkbundanequalysubstitutcd.Tbckbxtkpnxiuctis 
2!LFatqn%tbtk&tkp.aductis26, 

mete. 
The above observations can be summarised as follows: 
(i) PhSeCl usually adds to the double bond faster than 

lactonisation occurs. A mixture of kinetic and 
thermodynamic /Schloroselenides can be formed.! 

(ii) In the case of the stiIbene acid 10 a S-lactone is 
produced and it is formed faster than the y-isomer. 
The latter is the ~~~y~ic product. 

(iii) Isolation or detection (NMB) of a S-la&one from 3, 
4.5, or 6 was not achieved but the S-lactone 28 was 
shown to marrange under the influence of acid. 

One chemically reasonable mechanism for the rear- 
rangement 28+3a assuming anhydmts conditions is 
shown in scheme 2.** 

The observation of kinetic and thermodynamic 
products (e.g., from 12) is the third instance of such a 
result in cyclofunctio~isations with selenium 
reagents.+? The first case’ is shown in (eqn 789) and a 
more recent exampIeS in (eqn 8). 

It is not yet clear whether cyclof~ctio~i~tions, 
for any particular heterocyclic system, occur via an 
~isele~urn ion” (e.g. 2% and 2%) or by a concerted 
processp (e.g. 2&r and 2%). It is likely that open ions are 
not involved because of the clean antarafacial addition of 
selenenyl reagents to disubstituted double bonds. In 
terms of the rules for ring closure9 the bend0 processes 
27a and 28a and the 5~x0 closures 27b and ZBb are all 
allowed. 
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The examples of (qns 7 and 8) and the stereospecific 
cyclisation of the stilbene acid 12 are reactions where the 
structmes of the thermodynamic products disguise the 
kinetic preference between format 5-cxo- and bendo- 
pathways.= 

Rkg-fusion stemchemistry 
The bicyclic lactones 4a4a all have the ci.r ring-fusion 

shown. Presumably, the selenium reagent approaches 
from the face of the molecule rren.r to the carboxyalkyl 
side chain as this is likely to be favoured on steric 
grounds. However, attack from the other face can also 
Iead to the observed products if formation of the /3- 
chloroselenide is easily reversible and evidence for such 
reversibility is provided by the experiment summarised 
by (qn 9). The step leading to the observed products 

27a 27b I-- --- 
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PhSe Cl 
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can, therefore be pictured as in 29 or 20 (which arbi- 
trarily show the process for 2cyclopenten-l-acetic acid). 
Such reactions can be described (in the case of 29 and 
26) as S-cxo-5 processes. The first two symbols (i.e. 
“S-exe”) have the usual meaning and indicate the for- 
mation of a j-membered ring by an cxo-trigonal closure. 
The numerical suffix (i.e. “5”) specifies the size of the 
ring in which the double bond is initially located. An 
examination of Dreiding models and a consideration of 
the appropriate approach vectors for ring closure suggest 
that formation of tmns fused products by a S-exe-5 
reaction is extremely unfavourable. This is not so for a 
5-~~0-7 reaction (see acid 6). We did nqt however, detect 
any mm-fused lactone from 6,= possibly as a result of 
the facile reversibility of some of the stages leading to 
the final product. 
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partitioned between ether and 5% w/v NaHC&aq. The ether soln 
was dried and evaporated. Chromatography of the residue over 
silica gel (60 x 2 cm) using 2:3-EtOAc: 22&rimethylpcntane 
gave, after removal of solvent and Kugelrohr distillation, Sa 
(975 mg, 82%) as a homogeneous (TLC, silica gel, 1: I-EtOAc: 
2G?,4-trimethylpent) oil: bp L?Y(O.Ol mm). (Found: C, 56.86, H, 
5.47; 0,10X8. C&d. for Ci&O&: C, 56.96; H, 5.46: 0,10.84). 
Pure material from another experiment had: ‘H NMR (100 MHz, 
CD&) 6 1.~2.83 (m, 9H). 3.68 (9, J = 4 Hz, lH), 4.40 (1, J = 4 Hz, 
IH), 7.15-7.39 (m, 3H), 7.39-7.65 (m, 2H); IR (Ccl,) 179Ocm-‘; 
exact mass 296.0317 [calcd. for Ci,Hi#?Ie, 2%.0315]. 

Reactions were conducted under enhvdrous conditions in a sea- 

under a slight static pressure of Ns. All solvents were distilled 
before use: dry CHsCls from CaHs; dry CHCls and EtOAc from 
PsOs (CHCIs under N& dry Et20 from metallic Na. During product 
isolation solns were evaporated under water pump vacuum at room 
temp. Where compounds were isolated simply by evaporation of 
their solns (without subsequent distillation or crystallisation) the 
residues were kept under oil pump vacuum and checked for 
constancy of weight. Unless indicated to the contrary isolated 
products were submitted directly for combustion analysis without 
need for additional purilkatiin. Plates for PLC were 60 x 20 x 
0.1 cm and were heated at 1 lo” for 1 h before use. Silica gel for PLC 
and TLC was Merck type 60-PF-254. silica gel for column 
chromatography was Merck type 60 (70-230 mesh). Mass spectra 
were run at an ionixin8 voltage of 70 eV. B.Ps quoted for products 
distilled in a Kugehobr apparatus refer to the oven temp. AII chiral 
products were obtained as racemates. 

LXhydro - 5 - [(phenylsdcno)mtihytJ - 2(3H) - funznonc, 3a 

Benxeneselenenyl chloride (955 ins, 5 mmol) in EtOAc (12 mL) 
was injected drop&e into a cold (co -m soln of 4pentenoic 
acidss (5Mt ma. 5 nunol) in EtOAc (10 mL). A futther oortion of 
EtOAc‘(3 mLj.was usei to rinse &dual P&Cl into the reaction 
vessel. The cold bath (and lmnce the mixture) was allowed to attain 
room temp. After an overnight period a sample still showed 
carboxyl absorption (IR). The soln was retluxed 3.5 hr to complete 
formation of 3a (IR control). The solvent was evaporated and the 
product was isolated by chromatography over &ca gel (60x 
2.5 cm) using 1: ZEtOAc: 2,2&trhnethylpentane. Evaporation of 
the ehmte gave k (l.#)og, 94%) as a pale yellow, homogeneous 
(TLC, silica gel, I : 2-EtOAc: 2f&rimethylpentane) oil: ‘Ii-NMR 
(4ooMHz, CDCI,) 81.88-1.98 (m, centered at 1.93, lH), 2322.60 
(m, 3H), 3.03 (dd, J = 15.2,9.6 Hz, lH), 3.26 (dd, J = 15.2.7.2 Hz, 
IH), 4.58-4.72 (m, centered at 4.63, lH), 7.227.32 (m, 3H), 
7.48-7.57 (m, 2H): IR (l&n) 1770 cm-‘; exact mass 256.84lU2 [calcd. 
forC,,H,24’DSe,~.0].FOTanBlySisaSBmpkWBSdis~~~a 
Kugehohr: bp 120°C (O.lMSmm). (Found: C, 51.88: H, 4.75; 0, 
12.79. Calcd. for CIIH1&8e: C, 51.78; H, 4.74; 0, 12.54). 

(3aa. 6a, 6ao) - Haahydm - 6 - (phylsdcno) - 2H - cyclo- 

(a) Use of the fm acid With the exception noted below the 
parla[b~umn-2-0~3.a 

procedure for 3a was followed using2cycl&ntene-l-acetic acidss 
(252 mn, 2 mmol) in EtOAc (5 mL) and PhScCl(384 ma. 2.0 mmol) 
in Et& (5 mL+ 5 mL rinse). After 24 hr at rcom temp (i.e. no 
reflux period) the reaction was complete (IR control). Chromate 
graphy over silica gel (60 x 1 cm) musing I :ZEtOAc: 2,2&tri- 
methylpentane gave 41 (412mg. 73%) as a homoaeneous (TLC. 
silica gel, 1: 2-FtOAc: 2,2,4t&ethylpentane) pal; yellow oil: ‘II 
NMR (270 MHz, CIXIs) 8 1.56 (m, lH), 1.82 (m, III), 2122.38 (m 
incorporating dd at 2.32, J = 19.3, 2.9 Hz, 3H), 2.80 (dd. J = 19.3, 
10.4Hx, IH), 3.09 (m, 1II). 3.87 (m, Hi), 4.88 (d. J=6.4Hx, ]I#), 
7.20-7.32 (m, 3H), 7.44-7.56 (m, 2H); IR (tilm) 1773 cm-‘; exact 
mass 282.0148 [calcd. for CisH&‘DSe, 282.0159]. Material from 
another experiment was distilled in a Kugelrohrz b.o. 135” 
(0.001 mm). (Found: C, 55.61; H, 5.07, O,-11.39. G&d. for 
C,,H,,O&: C, 55.53: H. 5.02: 0.11.38). 

(b) USC of poh~sium Salt. Benkeselenenyl chloride (382 mg. 
1.9 mmol) in AcOH (5 mL) was injected dropwise into a soln of 
potassium 2cyclopentene-l-acetate (265 m, 1.61 mmol) in AcOH 
(5 mL). More AcOH was used to rinse all PhSeCl into the mixture. 
Formation of 4r appeared to be complete after 15min (TIC 
control). The solvent was evaporated and isolation as descrii for 
3a afforded pure (TLC) 4s (340 mg, 75%). 

(3Q.T:) - Hexahylilu - 7 - (Phatyfsdato) - OH) - bar- 

Benzenesekoenyl chloride (764 a, 3.99 mmol) in EtCAc (10 nU 
was injected into a soln of 2cyclohexene-l-acetic acids’ (500 q g, 
3.99 mmol) in EtOAc (10 mL). More EtOAc (5 mL) was used to 
rinse all the Ph8eCl into the reaction vessel. The mixture was 
refluxed for 7 hr. the solvent was evaporated and the residue was 

(3aa, 8a. 8aa) - htahydm - 8 - (phenylsdaro) - 2H - cycle- 

heptu[blfwan - 2 - one, (a 
Renxeneselenenyl chloride (176.6 me, 0.92 mmol) in ether (3 mL) 

was injected into a soln of 2cyclohepteoe-l-acetic acid& 
(142.Omg, 092mmol) in ether (3 mL). Additional ether (3 mL) 
was used to transfer residual Ph8eC.I. The mixture was stirred 
overnight at room temp. The solvent was evaporated and the 
residue was chromatographed over silica gel (60 x 2 cm) using 
1: l-heptanez EtOAc. Evaporation of appropriate fractions 
alforded 6a (277.Om.g, 97%) as a viscous, homogeneous (TLC, 
siliia gel, 1: l-heptane: EtOAc) oil: ‘H NMR (400 MHz, CD&) 8 
1.10-2.34(m,9H).2.40-3.@2(m,incoq~ratingddat2.84,1=16.8, 
9.5 Hz, 2H), 3.40 (1, J = 9.5,8.8 Hz, lH), 4.68 (dd, J = 10.0,6.2 Hz, 
III), 7.15-7.36 (m, 3H). 7.42-7.68 (m, 2H); IR (film) 1785 cm-‘; 
exact mass 310.0473 I&d. for C~sHi&~!k., 310.0473]. (Found: 
C, 58.16; H, 5.78; 0, 10.51. Calcd. for CuH&!Ie: C, 58.25; H, 
5.87; 0, 10.35). 

Reduction of (s with ph&H. Triphenyltin hydride= (344.4 mg, 
0.98 mmol) was added from a syringe in three equal portions at 
30 min intervals to a refhminn soln of C (202.3 ma. 0.65 mmol) in 
toluene (3 mL). Relluxing was continued‘ for 16 c after the iast 
addition. The mixture was applied to a column of silica gel 
(60x 2cm) and chromatography, using 1: l-heptane: EtOAc, 
gave (3au. 8ao) - cctahydro - 2p - cyclohepta[blfuran - 2 - one 
(82.8 mg, 82%) as a homogeneous (TLC, silica gel. 1: l-heptane: 
EtOAc) oil: ‘H NMR (loOMHz, CD&) 8 1.80-3.04 (m, 13H), 
4.65 (m, 1H); IR (film) 178Ocm-‘. No tmns lactone* was 
Obbimd. 

The method for C was followed using 3-methyl4pentenoic 
acid” (5CO.Omg. 4.38nunol) in ether (6mL) and Ph8eCl 

cis- and bans - LXhydro - 4 - methyl - 5 - [@heny/sdkno)methy/] - 

(839.0 mg, 4.38 mmol) in ether (7 mL + 7 mi rinse). Aftet a reac- 

2(3H) - furan* 7a 

tion period of 60 hr chromatography over silii gel (60 x 3 cm) 
using 1: I-hcptaw: EtOAc gave 7a(821.0 me, 69%) as a horn& 
geoeous (TLC, silii gel, 1: Meptane: EtOAc) oil: ‘H NW 
(2OOMHs CDCI,) 6 1.01 (d, J=8.4, MI), 1.13 (d, J =7.2Hx, 
1.5H), 2.12-2.58 (m, 1.5H). 2.62-2.84 (m, LSH), 2.90-3.32 (m, 2H), 
4.24 (q. J = 6.0 Hz, O.SH), 45c4.68 (m, OSH), 7.20-7.36 (m, 3H), 
7.48-7.63 (m, 2H); IR (film) 1775cm-i; exact mass 270.0169 
[calcd. for Ci,H&m8e., 270.0159). Found: C, 53.57; H, 5.26; 0, 
11.93. Calcd. for C1~HI@3e: C, 5354; H, 5.24; 0, 11.89. 
LXhydro - 5 - methyl - 5 - [@hatytsdeno)mcthyrl - 2(3H) - 

fwanone, L and dihydtv - 5.5 - dimethyl - 4 - (phenyt..&no) - 

Y3W - fwwne, 9r 
The meuIod for (0 was followed usti 4-methyM-pentenoic 

acidw’ (M.Omg, 1.32mmol) in ether (3mL) and Ph!kCl 
(252.0 mg, 1.32 mmol) in ether (3 mL t 3 mL rinse). After a reac- 
tion period of 17 hr chromatography over silica gel (60 x 2 cm) 
using 1: l-heptane: EtOAc gave two lactones as homogeneous 
(TLC, silica gel, 1: l-heptane: EtOAc) oils: & [301.0 mg, 85% 
(95% after correction for presence of 9 in the startinn material)1 
and k (38 mg, 10%). 8a: ‘H NMR (100 MHz. CLQj 8 1.47 (s, 
3H), 1.81-2.78 (m. 4H). 3.16 (s. 2H). 7.14-7.32 (m. 3IB. 7.42-7.64 
(m, 2H); IR (film) 1775 cm:‘;. exact mass 276.6156 ‘Icalcd. for 
C,sH,,C&“Se, 27O.OlS91. (Found: C, 53.43; H, 5.21; 0. 12.08. 
Calcd. for CisH&!k: C, 53.34; H, 5.22; 0,11.84). h: ‘H NMR 
(lOOMix, CD&) 8 1.45 (s, 3H), 1.49 (s, 3II). 2.5lL3.10 (m, 
centered at 2.85,2H), 3.59-3.78 (m, centered at 3.68, HI). 7.22- 
7.40 (m, 3H). 7.47-7.70 (m, 2II); IR (tRm) 1775 cm-‘; exact mass 
270.0153 [cakd. for CisHi&m!Se, 270.0159]. 
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la, 5/3, 6a) - 5 - ( P h e n y l s d e n o )  - 7 - o x a b i c y c l o [ 4 . 2 . 2 ] d e c a n  - 8 - 

one ,  lOa a n d  la,4fl,Sa) - 4 - ( p h e n y l s e l e n o )  - 6 - o x a b i c y -  

c l o [ 3 . 3 . 2 ] d e c a n  - 7 - one ,  10b 
The method for 6a was followed using 4-cyclooctene-l-car- 

boxylic acid 36 (127.0 mg, 0.82 mmol) in ether (3 mL) and PhSeCI 
(157.5 mg, 0.82 mmol) in ether (3 mL + 3 mL rinse). After a reac- 
tion period of 17 hr chromatography over silica gel (60 × 2 cm) 
using l:l-heptane: EtOAc gave a mixture of 10a and 10b 
(223.4 mg, 88%) in a ratio of 80:20 (NMR) respectively. Enri- 
ched, crystalline samples of 10a and 10b, each containing not 
more than 15% of the other isomer, were obtained by PLC over 
silica gel using 1: l-heptane: EtOAc. 10a: mp 51-56°; ~H NMR 
(200 MHz, CDCI3) ~5 1.44--2.44 (m, 10H), 2.92-3.07 (m, 1H), 3.74 
(dt, J = 11.1, 4.08 Hz, 1H), 4.72-4.86 (m, 1H), 7.24-7.34 (m, 3H), 
7.46-7.60 (m, 2H); IR (CHC13) 1772cm-~; exact mass 310.0476 
[calcd. for C~sH~sO2~°Se, 310.0472]. 10b: mp 35-48°; ~H NMR 
(200 MHz, CDCI3) 8 1.44-2.34 (m, 10H), 3.12-3.26 (m, IH), 3.50- 
3.i2 (m, 1H), 4.53 (dt, J = 7.5, 3.1, 2.5 Hz, 1H), 7.20-7.36 (m, 3H), 
7.44-7.59 (m, 2H); IR (CHCI3) 1715cm-~; exact mass 310.0476 
[calcd. for C~5H~sO~S°Se, 310.0472]. A mixture of 10a and 10b 
was used for combustion analysis: (Found: C, 58.28; H, 5.84; O, 
10.27. Calcd. for C~H~aO~Se: C, 58.25; H, 5.87; O, 10.35). 

3 - endo - H y d r o x y  - 2 - exo - ( p h e n y l s e l e n o )  - 5 - endo - 
c a r b o x y b i c y c l o [ 2 . 2 . 2 ] o c t a n e  l a c t o n e ,  l la 

The method for 6a was followed using bicyclo[2.2.2]octa-5-ene 
- 2 - e n d o  - carboxylic acid 37 (152.0 mg, 1.0 mmol) in ether (3 mL) 
and PhSeCI (211.0 mg, 1.1 mmol) in ether (3 mL + 3 mL rinse). 
After 18 hr the solvent was evaporated from the resulting sus- 
pension and the residue was crystallised twice from cyclohexane 
to obtain l la  (234.1 mg, 76%) as a pure (TLC, silica gel, 3:2- 
heptane: EtOAc), crystalline compound: mp 114-115°; JH NMR 
(100MHz, CDCI3) 8 1.10-2.80 (m, 9H), 3.54-3.68 (m, IH), 4.56- 
4.74 (m, IH), 7.18-7.75 (m, 5H); 13C NMR (90MHz, CDCI3) 8 
180.07, 133.03, 129.46, 128.66, 127.57, 83.19, 45.52, 36.46, 34.70, 
29.29, 28.86, 22.01, 15.26 ppm; IR (CH2C12) 1775 cm-l; exact mass 
308.0316 [calcd. for CtsH~602S°Se, 308.0316]. (Found: C, 58. 76; 
H, 5.27; O, 10.35. Calcd. for CtsH~602Se: C, 58.64; H, 5.25; O, 
10.41). 

R e d u c t i o n  o f  l la  with  P h 3 S n H .  Triphenyltin hydride (380rag, 
0.90mmol) was added to a refluxing soln of l la (183mg, 
0.60 retool) in toluene (2 mL). Refluxing was continued for 6 hr 
and the cooled mixture was applied to a column of silica gel 
(60 × I cm). Chromatography, using 3:2-hexane: EtOAc followed 
by sublimation (100 °, 0.005mm) gave 6 - e n d o  - hydroxy- 
bicyclo[2.2.2]octan - 2 - e n d o  - carboxylic acid lactone (64.8 rag, 
70%): mp 203-204 ° [litfl mp 205-206°]; ~H NMR (100MHz, 
CDCI3) 8 1.38-2.12 (m, 9H), 2.38-2.78 (m, 2H), 4.56-4.76 (m, 1H); 
13C NMR (90 MHz, CDCI3) 8 181.31, 78.49, 37.44, 34.41, 33.27, 
27:67, 26.11, 23.57, 15.74 ppm; IR (CH2CI2) 1770 cm-~; exact mass 
152.0833 [calcd. for C9HI202, 152.0835]. 

3,4 - D i h y d r o  - 3 - p h e n y l  - 4 - ( p h e n y l s e l e n o )  - IH - 2 - 
b e n z o p y r a n  - 1 - one ,  12a a n d  1,3 - d i h y d r o  - 1 - [ p h e n y l ( p h e n y l -  

s e l e n o ) m e t h y l ] i s o b e n z o [ u r a n ,  12b 
The method for 6a was followed using t r a n s - s t i l b e n e - 2 - c a r -  

boxylic acid 39 (200.0 mg, 0.84 mmol) in ether (3 mL) and PhSeCI 
(160.7 rag, 0.84 mmol) in ether (3 mL + 3 mL rinse). After a reac- 
tion period of 18 hr chromatography over silica gel (60 x 2cm), 
using 5:l-heptane: EtOAc, gave a mixture of 12a and 12b 
(284.6mg, 89%) in a 40:60 ratio (NMR). Enriched, crystalline 
samples of 12a and 12b, each containing not more than 5% 
(NMR) of the other isomer were obtained by PLC over silica gel 
using 5:l-heptane: EtOAc. 12a: mp 121-126°; ~H NMR 
(200 MHz, CDCI3) 8 4.86 (d, J = 2.4Hz, IH), 5.85 (d, J = 2.4Hz, 
IH), 6.98-7.78 (m, 13H), 8.05 (m, IH); IR (CCL0 1738 cm-~; exact 
mass 380.0317 [calcd. for C2tHtrO2S°Se, 380.0316]. 12h: mp 120- 
127°; JH NMR (200 Hz, CDCI3) 4.65 (d, J = 4.4 Hz, IH), 5.87 (d, 
J=4.4Hz,  IH), 7.02-7.81 (m, 14H); IR (CC14) 1780cm-1; exact 
mass 380.0315 [calcd. for C21Hl602S°Se, 380.0315]. 

R e d u c t i o n  o f  12a with  P h 3 S n H .  Triphenyltin hydride (265 mg, 
0.75retool) was added to a refluxing soln of 12a (189.5mg, 
0.5 mmol) in toluene (3mL). After 45 rain (TLC control) the 
solvent was evaporated and chromatography over silica gel (60 × 

1 cm) using 7:3-heptane: EtOAc gave 3,4 - dihydro - 3 - phenyl - 
1H - 2 - benzopyran - 1 - one (90 mg, 80%) as a white, crystalline 
compound: mp 89-90°; ~H NMR (200 MHz, CI)C13) 8 3.06-3.46 
(m, 2H), 5.57 (dd, J = 12.4, 4.4 Hz, 1H), 7.24-7.64 (m, 13H), 8.16 
(m, 1H); IR (CC14) 1735cm-~; exact mass 224.0837 [calcd. for 
C~5Hj202, 224.0837]. The material was identical to an authentic 
sample. 4° 

3,4 - D i h y d r o  - 3 - p h e n y l  - 4 - ( p h e n y l s e l e n o )  - IH - 2 - 
b e n z o p y r a n  - 1 - one ,  13a a n d  1,3 - d i h y d r o  - 1 - [ p h e n y l ( p h e n y l -  

s e l e n o ) m e t h y l ] i s o b e n z o [ u r a n ,  13b 
The method for 6a was followed using cis  - stilbene - 2 - 

carboxylic acid 4~ (199.1mg, 0.89retool) in ether (3mL) and 
PhSeCI (170.0 mg, 0.89 mmol) in ether (3 mL + 3 mL rinse). After 
a reaction period of 48 hr chromatography over silica gel (60 × 
2 cm) using 5 : 1-heptane: EtOAc gave a mixture of 13a and 13b 
(267.3 mg, 79%) in a 75:25 ratio (NMR): mp 99-116°; ~H NMR 
(200MHz, CDC13) 8 4.60 (d, J=5.1Hz,  0.25H), 4.68 (d, J=  
2.7 Hz, 0.75H), 5.86 (m, 1H), 6.85-7.65 (m, 13H), 7.85 (m, 0.25H), 
8.03 (m, 0.75H); IR (CC14) 1740 cm- ~ (major), 1779 cm-~ (minor); 
exact mass 380.0319 (calcd. for C21H~602S°Se, 380.0316]. 

3aa, 6aa) - H e x a h y d r o  - 3a - ( p h e n y l s e l e n o )  - 2H - c y c l o -  

p e n t a [ b ] / u r a n  - 2 - one ,  14a 

Benzeneselenenyl chloride (192 mg, 1.0 retool) in CH2C12 (3 mL) 
was injected over 3 rain into a stirred soln of l-cyclopentene-l- 
acetic acid 42 (126rag, 1.0 retool) in CH2CI2 (3 mL). More CH2C12 
(1 mL) was used to rinse the residual contents of the syringe into 
the reaction vessel. After 16hr the reaction was worked up 
although it was still incomplete (IR control). The solvent was 
evaporated and 14a was isolated by chromatography over silica 
gel (60 x lcm) using CHCI3. Removal of the solvent gave 14a 
(94 mg, 33%) as a homogeneous (TLC, silica gel, CHCI3) oil: IH 
NMR (100Hz, CDCI3) ¢5 1.45-2.22 (m, 6H), 2.57-3.02 (dd, J=  
18.5, 2.8Hz, 2H), 4.9 (t, J=3.5Hz,  IH), 7.18-7.48 (m, 3H), 
7.48-7.79 (m, 2H); IR (film) 1770cm-~; exact mass 282.0151 
[calcd. for C~3Hj4OzS°Se, 282.0159]. (Found: C, 55.64; H, 5.02; O, 
11.26. Calcd. for Ct3Hi402Se: C, 55.53; H, 5.02; O, 11.38). 

(la, 4fl, 5a) - 4 - ( P h e n y l s d e n o )  - 6 - o x a b i c y c l o [ 3 . 2 . 2 ] n o n  - 7 - 

one ,  15a 
The method for 6a was followed using 4-cycloheptene-l-car- 

boxylic acid 43 (250.0 rag, 1.78 mmol) in ether (3 mL) and PhSeCI 
(341.6 rag, 1.78 mmol) in ether (3 mL + 3 mL rinse). After a reac- 
tion period of 24 hr chromatography over silica gel (60 × 2 cm) 
using 1 : l-heptane: EtOAc gave 15a (400.0 rag, 76%) as a homo- 
geneous (TLC, silica gel, l:l-heptane: EtOAc) oil: ~H NMR 
(100 MHz, CDCI3) 8 1.56-2.40 (m, 8H), 2.66-2.88 (m, IH), 3.42- 
3.70 (m, IH), 4.56 (broad d, J=4.6Hz,  IH), 7.16-7.36 (m, 3H), 
7.40-7.64 (m, 2H); IR (film) 1742cm-J; exact mass 296.0320 
[calcd. for C14H1602S°Se, 296.0315]. 
5 - ( P h e n y l s e l e n o )  - t e t r a h y d r o p y r a n  - 2 - one ,  20 

Ozone was passed through a cold ( c a  -78 °) soln of 1-methoxy- 
cyclopentene 44 (12.78 g, 130.2 mmol) in MeOH (190 mL) until the 
soln became blue. The excess of 03 was removed by a stream of 
N2 and Me2S (16.15 g, 260 retool) was added dropwise to the cold 
soln. The cooling bath was removed and the mixture was left 
overnight. Evaporation of the solvent gave a residue which was 
dissolved in CH2CI2 (150 mL). The soln was washed with water 
(3 x 50 mL), dried (Na2SO4), and evaporated. Distillation using a 
spinning band apparatus gave 21 (4.79 g, 34%) as a pure (vpc) 
liquid: IH NMR (60 MHz, CDCI3) 8 1.58-2.72 (m, 6H), 3.63 (s, 
3H), 9.75 (t, J=  1.4Hz, IH); IR (film) 2820, 2720, 1735 and 
1720 cm -~ . 

To a soln of 21 (3.25 g, 25 retool) in EtOAc (100 mL) was added 
PhSeCl (5.79g, 30retool) in EtOAc (120mL)? 5 Conc HCI (2 
drops) was added and the mixture was stirred for 17 hr. The 
solvent was evaporated and the yellow residue was chromato- 
graphed over silica gel (60 × 2.5 cm) using 1 : 1-heptane: EtOAc to 
give 22 (1.93 g, 22%) as a homogeneous (TLC, silica gel, l : l -  
heptane: EtOAc) liquid: IR (film) 3060, 2820, 2720, 1730 and 
1700 cm -l . 

NaBH4 (600 rag, 15.9 retool) was added in portions to a stirred 
soln of 22 (1.1 g, 13.85 retool) in MeOH (15 mL). 15 Min after the 
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last addition the mixture was poured into sat NaHCO3aq (15 mL) 
and extracted with CHzCI2 (3 x 15 mL). The organic layer was 
dried (Na2SO4) and evaporated. Chromatography of the residue 
over silica gel (60× lcm) using l:l-heptane: EtOAc gave 23 
(580 rag, 52%) as a pure (TLC, silica gel, 1 : l-heptane: EtOAc) 
liquid: ~H NMR (100 MHz, CDCI3) 8 1.62-3.82 [m (including a 
sharp singlet at 3.67), llH], 7.15-7.40 (m, 3H), 7.42-7.72 (m, 2H); 
IR (film) 3450, 1732cm-~; exact mass 288.0264 [calcd. for 
C12H16038°Se, 288.0265]. 

The ester 23 (213mg, 0.74mmol) was converted into the 
hydrazide 24 by the addition of 85% w/w NH2NH2"H20 (180 rag) 
in MeOH (2mL). After stirring the mixture for 40 hr (TLC 
control) the solvent was evaporated to afford 24 (178 rag, 83%) as 
a pale yellow oil: Jl,i NMR (100 MHz, CDCI3) 8 1.64-2.52 (m, 
4H), 2.92--4.06 (m, 7H), 7.16-7.65 (m, 5H); IR (film) 3400, 
1640cm-' (broad); exact mass 288.0386 [calcd. for 
CliHirN202a°Se, 288.03771. 

A soln of 24 (70 rag, 0.24 mmol) in CH2CI2 (2 mL) was added 
slowly from a syringe to a stirred suspension of PhSeO2H 46 
(94mg, 0.50retool) in CH2C12 (I mL). The rate of addition was 
controlled so as to maintain a steady rate of N2 evolution. When 
N~ evolution had ceased the mixture was stirred for an additional 
30 rain. The solvent was evaporated and the residual yellow oil 
was chromatographed over silica gel (30 × I cm) using 1 : 1-hep- 
tane: EtOAc to give 20 (33 rag, 54%) as a yellow, homogeneous 
(TLC, silica gel, 1:1-heptane: EtOAc) oil: ~H NMR (200 MHz, 
CDCI~) 8 1.80-2.08 (m, IH), 2.20-2.42 (m, IH), 2.46-2.80 (2H), 
3.50 (heptet, J = 4.9 Hz, IH), 4.25 (dd, J = 11.6, 9.6 Hz, IH), 4.47 
(qd, J=  11.6, 4.8, 1.SHz, IH), 7.22-7.48 (m, 3H), 7.52-7.72 (m, 
2H); IR (CHICle) 1735cm-~; exact mass 255.9994 [calcd. for 
CHH~O2~°Se, 256.0002]. 

Exchange reaction between trans - 1 - chloro - 2 - (phenyl- 
seleno)cyclopentane and 2 - cyclopentene - 1 - acetic acid 

Benzeneselenenyl chloride (150 mg, 0.78 retool) in ether (5 mL) 
was added dropwise from a syringe to a soln of cyclopentene 
(106.7mg, 1.57mmol) in ether (5mL). The resulting faintly 
colored mixture was stirred for 30 min at room temp and then 
2-cyclopentene - I - acetic acid (98.8 rag, 0.78 mmol) in ether 
(5 mL) was added. After a further period of 17 hr the solvent was 
evaporated and the residue was chromatographed over silica gel 
(60x2cm) using 5:l-heptane: EtOAc to afford a mixture 
(146.2 mg) of trans - l - hydroxy - 2 - (phenytseleno)cyclopentane 
[formed by hydrolysis of trans - 1 - chloro - 2 - (phenyl- 
seleno)cyclopentane] and 4a in a 60:40 ratio (NMR). The mixture 
had: IH NMR (100 MHz, CDCI3) ~ 1.20-2.40 (m, 5.8H), 2.60-3.24 
(m, including a q centered at 2.81, J = 18.3, 10.6 Hz, 1.2H), 3.38 
(m, 0.4H), 3.87 (m, 0.6H), 4.12 (m, 0.4H), 4.88 (d, J =6.3, 0.6H); 
IR (film) 3460, 1772cm -1. 
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