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Abstract-The allylsilane 7.7-dichloro-4-exo-trimethylsilyl-bicyclo[3.2.0]hept-2-en-6-one (6) reacts regio- 
selectively with a variety ofelectrophiles, and the product (28)ofmethoxymethylation can be converted into 
prostaglandins. Elaboration of the cyclobutanone ring of 6 in seven steps gives the allylsilane (43). which 
reacts regioselectively with chlorosulphonyl isocyanate. The product of this reaction can be converted into 
loganin aglucone acetate (48). a known intermediate in the synthesis of loganin (49). 

In a brief paper in 1948, Sommer, Tyler and 
Whitmore’ proposed that aliyltrimethylsiiane reacts 
with electrophiles in the general sense (1 -+ 2). At 
about the same time, it was being established that allyl- 
metal compounds, such as the crotyl Grignard reagent, 
also react in this sense,’ but that they appeared to be 
allyli~ally unstable (3+4). In the intervening years, 
the allylic instability of metals has been well 
established, and many allyl-metal compounds even 
adopt. as their stable arrangement, a n-ally1 structure 
which is related to the transition state for the allylic 
rearrangement. Because of this allylic instability, 
unsymmetrical allyl-metal compounds cannot be 
relied upon to give a single product, and there is little 
control over which product they will give. However, 
almost uniquely among metal compounds, allylsilanes 
are comparatively stable with respect to allylic 
rearrangement.3 If, then, they can he relied upon to 
react in the sense (1 -P 2), they should be useful 
synthetic intermediates. Furthermore, since they are 
~omparativeiy unreactive, they might be expected to 
possess a second useful property: unlike other 
allyl--metal compounds, they should be able to survive 
a wide range of reaction conditions before their 
reactivity in the sense (1 -2) is put to use. In this 
paper, we describe in full how these ideas have been 
combined in highly controlled syntheses of loganin 
(49) and of a well-known inte~~iate (29) in 
prostaglandin synthesis.4 

Before we began this work, and during it, we and 
others established that unsymmetrical allylsilanes did 
react in the sense (I - 2) with such electrophiles as the 
proton-” and, in the presence of Lewis acids, acetyl 

NuSiYIe, + w E 

chloride ‘.* acetone ’ acetais i” t and t-alkyl halides.* 
However, although’ unsymmetrical allylsilanes are 
evidently as regiochemically well-behaved as one 
could have hoped, there is a severe shortage of ways in 
which they can be synthesised regioselectively.’ ’ When 
they can be made easily, as here, they work well. 

THE GENERAL CHEMISTRY OF THE ALLYLSILANE (6) 

The crystalline allylsilane (6) used in this work was 
prepared in 70”/, yield by cycloaddition of dichloro- 
ketene to trimethylsilylcyclopntadiene (S),’ 2 which is 
known” to be largely (>90‘>; at room temperature) 
the 5-isomer, as shown. The stereochemistry of the silyl 
group in the product (6) was judged to be EXO because 
the PMR signal of the C-4 hydrogen is a narrow 
multiplet. The C-4 rxo hydrogens in bicyclo- 
[3.2.0]hepten-6-ones are usuallyi coupled by 6-9 Hz 
with the hydrogen on C-5. The similarity in chemical 
shift for the C-l and C-S hydrogens established that 
the regioisomer produced was the same as that for 
cyclo~ntadiene itself. ” This was confirmed by 
protodesilyiation (6 -t 7) followed by dechlorination, 
which gave the known bicycle [3.2.0]hept-2en-7-one 
(8) much more conveniently than by the earlier 
syntheses.‘h The alternative order of events- 
dechlorination (6+31) followed by proto- 
desilyation--- failed in the second step. Although 
sulphuric acid in methanol was the best method for 
protodesilyation in this case, toluene-p-sulphonic acid 
also worked, and we used the latter to investigate the 
stereochemistry of the reaction. Using deuterated acid, 
we got a product (9) in which the PMR signal of the 
exo proton on C-4 was much diminished in intensity 
(cu. 70% d, ), and the signal of the endo proton was at 
full intensity. The reaction was therefore syn. Because 
of the exe bias in the bicyciic system, we are unable to 
say whether this is the inherently preferred stereo- 
chemistry for this type of S,2’ reaction, but Wetter et 

(3) 

tNo reprints available. 
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d. have recently shown that acylative desilyation in an 
open-chain allylsilane is also .s~n.” 

Careful, low temperature bromination of the 
allylsilane (6) gave the known’* bromide (10) in 63 “/” 
yield, but equilibration to its allylic isomer (11) was 
rapid and sometimes hard to avoid. Benzene- 
sulphenylation of the allylsilane (6) gave the addition 
product (12) (go’;/,), which reacted with fluoride ion to 
give the allylsulphide (13) (93 “/,). The allylsulphide 
could be converted by the Mislow-Evans procedure to 
the ally1 alcohol (14) (50’;b). the stereochemistry of 
which was evident from the PMR spectrum, which 
showed a tzurrow multiplet from the hydrogen on C-4. 

The reactions of these three electrophiles were 
therefore uneventful. Our results with oxygen electro- 
philes were not so straightforward. Although we were 
able, eventually. in this series, and in our earlier work,’ 
to convert an allylsilane to an allylically rearranged 
ally] alcohol, this deceptively simple transformation 
should not always be expected to work easily. In the 
first place, nt-chloroperbenzoic acid (MCPBA) alone 
gave, as the only isolable compound, the addition 
product (15) (30-38 9:). The addition ofa peracid to an 
olefin is. of course, known,‘” but was somewhat 
surprising in this case in view of the ease with which a 
silyl group is usually lost. Presumably the elimination 
step is not easy because of the sytr relationship of the 
silyl and epoxy groups, and because they are present in 
a 5-membered ring. Other pet-acids were no better. 
Buffered perdcids gave, as expected, the 
BaeyerrVilliger product (16), which was most easily 
made, in 82 ‘:‘, yield, using hydrogen peroxide in acetic 
acid. Hydrogen peroxide and ~nzonitrile” in 
methanolic potassium carbonate also gave a small 
amount of the lactone (16). but the major product this 
time was the ring-cleaved” ester (17). Our last attempt 
with the ketone (6) was to oxidise it with osmium 

17) R = :I 

(8) R = H 
H 

Zn. AcOH 
H,O, r.t.. 
24 h 75 “<# 

(91 

tetroxide. The PMR spectrum of the product showed 
that it was the diol (18), but neither acid” nor basez3 
was effective in converting 18 into an allylic alcohol. In 
view of the difficulties caused by the presence of a 
ketone group in 6, we turned to the Iactone (16). 

This lactone also reacted with MCPBA alone to 
give, as a minor component of a complex mixture, the 
addition product (19), which could also be prepared by 
Baeyer-Villiger oxidation of the ketone (15). Finally, 
buffered MCPBA converted the lactone (16) into a 
very sensitive epoxide (20). Merely on standing, it 
rearranged to the silyl ether (21), which was easily 
hydrolysed to the alcohol (22). By avoiding the 
isolation of the epoxide, we found that we could 
convert the allylsilane (16) to the allylic alcohol (22) in 
73 ‘I;, yield. Endo epoxidation was reasonable, since 
the lactone (33), which lacks both the silyl group and 
the chlorines, was known to give largely the endo 

oxide.z4 The stereochemistry was suggested by the 
PMR spectrum of the alcohol (22), and was confirmed 
by dissolving it in aqueous ammonia and evaporating 
off the solvent. The PMR spectrum of the residue (23) 
in DMSO-d, showed a sharp singlet (2 H, 5 5.91). a 
sharp doublet (2 H, 54.46, J = 6Hz), and a sharp 
triplet ( I H, 6 3.12, J = 6 Hz). ascribable to the olelinic, 
allylic, and C-4 hydrogens, respectively. The simpiicity 
of this spectrum is a result of the plane of symmetry 
present in the salt (or possibly amide) (23). To get a 
spectrum as simple as this from the diastereoisomer 
with the C-5 hydroxyl /I would need no fewer thanfour 
coincidences, two of chemical shift and two of coupling 
constants. The lactone (16) also reacted with 
benzene- sulphenyl chloride on what appears, from the 
PMR spectrum described below, to be the endo face, in 
contrast to the corresponding reaction of the ketone 
(6). The allyl-sulphide (25), produced by 
desilylchlorination of the first-formed adduct (N), 
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showed in its PMR spectrum a large (6 Hz) coupling 
between the hydrogen r to the sulphur and the 
bridgehead hydrogen, and there was a similarly large 
coupling (7Hz) in the PMR spectrum of the 
dechlorinated lactone (26). Unlike the endo selectivity 
shown in the epoxidation, the er~do sulphenylation 
cannot have been caused by hydrogen-bonding of the 
electrophile to the lactonc group. It seems likely. 
therefore, that therndoselectivity iselectronic in origin. 
implying either that the silyl group encourages attack 
anti to itselfor that the oxygen atom encourages attack 
syn to itself. In contrast, the lactone (16) gave the exe 
diol (27) with osmium tetroxide, but we were again 
unable to convert this product, either with acid or base 
(or with fluoride ion on the derived diacetatc), into an 
allylic alcohol. In conclusion, in this section on oxygen 
electrophiles, we note that the successful epoxidation 
of an allylsilane and the subsequent formation of an 
allylic alcohol (16 + 20 + 22) took place only under 
acidic conditions, as was the case with our other 
example of this type of reaction.’ It seems likely that 
thiswill prove to be a general requirement, especially in 
view of the entirely different course taken in a reaction 
observed by Hudrlik et al.,” where an allylsilane 
epoxide was a likely intermediate in a base-promoted 
reaction. Hudrlik also draws attention in this paper to 
the unsatisfactory level of characterization of those 
p;-epoxysilanes which have been reported in the past. 
Except for those derived from 3-silacyclopentenes,2h 
20 is the first well-characterized [fi;-epoxysilane. 

THE S\XlHESIS OF THE PROSTA(~I..ANI~lh 
IN~IERMEDIATE (29) 

Having established that a proton and various 
heteroatom electrophiles reacted cleanly with our 
allylsilane, we turned to carbon electrophilcs, of which 
the most interesting was chloromcthyl methyl ether. It 
was known that alkenes react with chloromethyl 
methyl ether in the presence of Lewis acids to give 
addition, but that vinylsilanes give substitution.27 We 
found that the allysilane (6) reacted cleanly with 
choromethyl methyl ether and stannic chloride to give 

the ether (28) in 78”” yield. Other Lewis acids. such as 
aluminium chloride, boron trifluoride and titanium 
tctrachloride, gave, in this case at least, inferior yields 
and mixtures of unidentified products. The ether (28) 
was converted in two steps into the knownZB.2q lactone 
(29). which was identical with an authentic sample.” 
The conversion by oxidation followed by reduction 
without isolation (62Id overall) was better than the 
alternative, reduction (81 74) followed by oxidation 
(66 “/a). Other variations in the order of events. such as 
methoxy-methylation of 16 or 31 or 32 were 
unsuccessful.30 The overall yield of the lactone (29) 
from cyclopentadiene was 25 q$. This lactone has been 
converted29 to the Corey lactone (30)3’ in 80”/, yield, 
and hence into A and F prostaglandins. The overall 
yield of the Corey lactone (30) by our route is 20 %, bv 
Ranganathan’s routc2’ 45 I’<,. and by Corey’s.” 40”,. 
Plainly ours is inferior in this respect. Its strength. 
however, is that none of our intermediates is so delicate 
that it demands immediate use after preparation. 
Scaling up should therefore be easier in our case. As it 
happens, a Prins reaction on the readily available 
lactone (33) has been reported32 to give the derivative 
(34) stereo- and regioselectivity, thus doing away 
altogether with the need for the silyl group. 

We tried to extend our route to prepare analogues of 
prostaglandins by using other electrophiles on the 
allylsilanes (6,16,31, and 32). Except for acylation of6. 
which gave the appropriate ketones (35) in yields up to 
40 I’“’ none of the usual carbon electrophiles which 
react with allylsilanes’ ’ gave identifiable products3’ 
(we tried acetals. methyl orthoformate, aldehydes and 
cnones, with a variety of Lewis acids). 

THE SYSTHESIS OF LOGASKS 

Most of the reactions discussed above are reactions 
directly on the allylsilane group in 6. However, this 
group should be stable to many reaction conditions 
which would allow elaboration of the cyclobutanone 
ring. For the synthesis of loganin we wanted to expand 
this ring regioselectively by one carbon atom, using 
diazoalkanes, and we hoped that the r-halogen atoms 

R-Me MY_R-Et zO% 
and R=n-C,H,,U)% 
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would give us the regioselectivity we wanted. This 
feature of our work has since been taken up and 
exploited in other ways. 33 The best order of events in 
our case took some working out. When we used the 
dichloroketone (6) itself and diazoethane in a mixture 
of ether and methanol, the first-formed product (36) 
was unstable. We therefore dehalogenated the crude 
mixture of products immediately and got the mixture 
of ketones (37) in, at best, 52 ‘YO yield. However, we also 
got variable amounts of the dehalogenated starting 
material (31), and we could discover no convenient and 
reliable way of monitoring the reaction to make sure 
that all the starting material has been used up. The 
reaction was also troublesome, because the diazo- 
ethane polymerized faster than it attacked the ketone, 
and it had to be added in excess in batches throughout 
the reaction period. It was no use avoiding this 
problem by generating the diazoethane in situ, because 
the base used to generate the diazoethane would have 
opened the cyclobutanone ring (6 -+ 17). We therefore 
turned to the dehalogenated ketone (31). where we 
could generate the diazoethane in situ in methanol 
without trouble. The reaction with the ketone was now 
faster, and yields were good, but the ring expansion 
showed little regioselectivity, giving the mixture of 
ketones (37) in 42’1/, yield and the mixture of ketones 
(38) in 37 ‘!)L yield. The preference for migration by the 
more-substituted carbon, slight though it was. was 
agreeable. and unexpected, in view ofseveral reports34 
of higher proportions of migration by primary than by 

NIOMC MeOH 
f.,, 7 h I 

L (rn) Me EWP ~.xo 

Me,Si 0 

ti + \ 

(38) 37% 

secondary alkyl groups. Although this route gave us 
material to work with, it was hardly satisfactory. 
Fortunately, the monochloroketone (39). easily 
prepared in 94% yield from the dichloroketone (6) by 
reduction with one equivalent of zinc, reacted fast 
enough with preformed diazoethane in ether and 
methanol so that only one equivalent of diazoethane 
was needed. The regioselectivity was reasonably high: 
the required ketones (40) were formed in 721’5 yield, 
and the by-product (41), from migration of the z- 
chloromethylene carbon, was formed in 27:); yield. 
This was slightly disappointing in view of the report3’ 
that 2-chlorocyclohexanone and diazomethane gave 
only 2-chlorocycloheptanone. 

Zinc removed the chlorine from the mixture of 
ketones (40), and the product (37) could then be 
separated chromatographicaliy from 41. Treatment of 
the mixture of stereoisomers (37) with sodium 
methoxide in methanol converted the minor isomer 
(37a), which had an ettdo methyl group, into the major 
(37b). in which the methyl group was exe. Sodium 
borohydride attacked the ketone group from the exo 
direction to give the endo alcohol (42), and the 
mesylate ofthis alcohol reacted with acetate ion to give 
the exo acetate (43). This reaction sequence was closely 
modelled on that used by B&hi in his synthesis of 
loganin.3h 

The right hand side of the molecule was now 
complete; the allylsilane function had dutifully 
survived seven steps. and it was time for it to perform 

I /n. 4~011. H&l t, M)h (40, 72”,, (41) 27 

I 

? ‘UOMc Md)li., I. 7 h 

(37b) (42 I 48 ‘:$; from 39 l43J 
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to order. We needed a carbon electrophile which 
would act overall as a methoxy~arbonyl cation 
synthon, because we wanted the product to be the ester 
(47). Chlorosulphonyl isocyanate (CSI) appeared to 
have the right properties: it was known to react with 
alkenes; and, although the major products are usually 
fl-lactams (70 I’:, with isobutene, for example),“’ 
substitution products are also formed. The presence of 
the silyl group ought, therefore, to tip the balance in 
favour of substitution, because of the ease with which 
the silyt group will be displaced in the zwitterionic 
intermediate (44, arrows). The model allylsilane (6) 
reacted with CSI cleanly, and the PMR spectrum ofthe 
product was entirely compatible with the structure 
(45), but we were unable to find hydrolytic conditions 
which gave a clean or recognisable product. With the 
allyls~lane (43), the reaction with CSI was again clean, 
as judged by PMR, and, this time, with a lot of effort, 
we found conditions for the hydrolysis which were 
reasonably high-yielding. Simple treatment with dilute 
hydrochloric acid gave the amide (46) in 55 ‘5, yield, 
and the amide could be converted to the ester (47) in 
69 ‘;:, yield by nitrosation, hydrolysis and esteri~~tion 
with diazomethane. By not isolating any of the 
intermediates between the allylsilanc (43) and the ester 
(47), we got an overall yield of 617;. Dunogues er al.” 
have also found that allylsilanes react with CSI, and 
they used a pyridine work-up to get [b-unsaturated 
nitriles. This did not work in the case of45; nor did the 
procedure just described.30 

The oxidative cleavage of the double bond of 47 
could be done by ozonolysis or by osmium tetroxide 
followed by periodate. The dialdehyde was not 
observed, but the hemiacetal (48) was isolated in 47 “I 
and 46’:; yields respectively. Our racemic sample was fi 

143) 
1 (‘Sk <‘Cl,. T-I. 2.5 h / 
2 ilc‘l. fi,O. Mc,~‘O. i I l G O/k 

3Sh 
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tThts synthesis, however. was of optically acttve loganm 
aglucone acetate. 

i 

i 

identical with an authentic, optically active sample of 
oganin aglucone acetate” prepared from loganin (49) 
itself. 

This product was an intermediate in B&hi’s3 and 
in Uskokovic’s40 syntheses; the glycosidation step has 
jince been improved by Tietze.” We have therefore 
zompleted a total synthesis ofloganin; theoverall yield 
2f the intermediate (48) based on cyclopentadiene is 
5.3 ‘PO, double that of Blchi’s synthesis,3b and slightly 
Gghert than Uskokovic’s” (4?;), both of which also 
oegan with cyclopentadiene. Our route, however, is 
>rincipally interesting not for the overall yield, but for 
.he control which the allylsilane chemistry has 
ntroduced. 

7,7-Dichloro-4-exo-rrimcrhffsii~~~i~~~io- 
[3.2.0]hepr-Z-rfi-6-one (6). A solution of dichloroacetyl 
zhloride (29.5 g, 0.2 mol) in dry hexane was added dropwise 
aver 2 hr to a stirred mixture of S-trimethylsilylcyclo- 
aentadiene” (20.6g, 0.15 mol) and triethylamine (20.2g. 
).Zmoi) in dry hexane (3OOml) at 0 C under nitrogen. After 
zirring at 0 5 for an additional 3 hr, the mixture was poured 
nto water (5OOml). The hexane layer was separated, dried 
MgSO,) and the solvent evaporated. Distillation gave the 
rdduct (6) (26.1 g; ?O:‘,), b.p. 71-3 :0.3 mm Hg (Found: C. 
1X.0; H. 5.7. C,,,H,.,CI,OSi requires: C.48.2; H. 5.7”,,), I’,_ 
film) 1 XO4s and 1594w cm - ‘, 6 (Ccl,) 0.02 (9 H. s, SiMe, ), 
1.46 (I. H. m. Me,S&‘H ). 4.0 (2 H, m. bridgehead H’s). and 5.65 
tnd 5.96 (each 1 H. m. CH=CH). 

6.6-Di~~lorohic~cfo(3.2.0]hepr-2-rtt-7-nrr~ (7). A solutton of 
.he stlane (6) (3.5 g) in a mtxture of sulphuric actd (50 ml) and 
nethanol (SOml) was kept at room temperature for 36 hr. The 
nixture was poured into cold water (300mI) and extracted 
with chloroform (3 x 4Oml) to give the ketone (7) (1.7g 
i9”;,), b.p. SSd’/0.65mm Hg (Found: C. 47.35; H. 3.6. 

COOMe 

(47) 61 I’,, from 43 

GluO 
H w OH 

\ 

H 
COOMe 

(49 I 
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C,H,CI,O requires: C, 47.5: H. 3.4”,), v,,, (film) 1800s and 
l604& cm- I. ,i(CCl,) 2.62 2.8X (I H, ddm;/ 19 and 8 Hz. C-4 
e.xo H 1.2.Y5-3.16 (1 H. dm. J 19 Hz. mdo C-4 H). 3.48 t 1 H. dr. 
J Oand ZHz,C-SH),4.54(1 H. m. C-l H).and’563and 5.90 

(each 1 H. m. CH=CH). 
Bicxclo [3.2.0]11epr-2-en-?-onp (8). The ketone (71 (1.7 g) 

wassttrred with zinc powder (7g.excess) in a mixtureofacetic 
acid (40 ml) and water (5 ml) at room temperature for 24 hr. 
The morganic solids were filtered off and washed with 
chloroform (50 ml). The combined filtrate and washings were 
washed with water (3 x 150ml) and then with sodium 
hydrogen carbonate solution. The chloroform layer was 
separated, dried (MgSO,), and evaporated, and the residue 
distilledtog~vcthe ketone(8~(0.8g,75’~~,). b.p.56 il5mm Hg 
(Found:C,77.5: H,7.4.Caic.forC,H,O:C,77.75:H,7.5”,,), 
rmar (lilm) 1775sand 1602~ cm-’ (lit.” 1780cm ‘),j(CCl,l 
2.2 3.5 (5 H, m), 4.2 (I H, m, C-l H), and 5.6 and 5.85 (each 
I H. m, CH=CH), i,,, (cyclohexane) 296, 306, and 317nm 
(t 128. 142, and 100). [lit. ‘“297,306,and 317nm (~142, 160, 
and 112):,m:z 108 (M-)and66(base; M--CH,CO)(lit.‘b. 
same observations) 2.~dinitrophenylhydrazone. needles 
(from ethanol). m.p. 149.-150” (ht.“’ 14Y.-151”). 

6,6-Dlchloro-4-t,.uo-dellleriobi~~clo [3.2.O]hept-2-m-7-o,te 
(9). The water of crystallisation of toluene-p-sulphonic acid 
monohydrate (0.8 g, 4 mmol) was first removed by azeotropic 
distillation with dry cyclohexane. Deuterium oxide (2g) was 
added to the dry mixture and stirred for 5 mm. The acid was 
dried again by azeotropic removal of water usmg dry 
cyclohcxane. Another 2 g of deuterium oxide was again added 
and the removal of water repeated, until about 1Oml of 
cyclohexane finally remained. The silane (6) (0.15g. 
0.6mmol) was added and the mixture heated under reflux 
with stirring for 4 days. The charred substances and excess 
acid were filtered OR The liltrate was washed wtth water and 
then evaporated. The restdue, after purification by tlcon silica 
gel (bemzene, R, 0.4). gave an oil (54mg. 51”,,) in which the 
PMR signal at j2.62 2.88 was much reduced in intensity, 
tndtcating a composition ofabout 70”,, of(9) and 30”,, of (7). 

4-exo-Brool(,-6.6-ri~,/l/f~~~)bf~~~~(~[3.2.0]Irepr-2-~n-7-o,lt~ 
(IO). Bromine (1.6g. IOmmol) in dry hexane (4 ml) was added 
dropwtse over 0.5 hr to a solution of the stlanc (6) (2.5 g. 
IOmmol) in hexane (11 ml) at - 70 , and the mixture stirred 
for an addittonaI0.5 hr at - 70 The prectpttate was qurckly 
separated from the cold solutton and washed wtth 5 ml ofcold 
hexane ( - 70 ) to give pure bromtde (IO) (1.6 g: 63 “,,f. A 
sample was rccrystallised to gave prisms, m.p. 71 2 (from 
hexanc) (Found: C. 32.8: H, 2.3. C,H,BrCI,O requires: C, 
32.9: H, 2.0”,,), rmaX (KBr) 1805s and 1594~ cm“, d (Ccl,) 
3.88(lH,d,J6.5Hz.C~SH).4.XO(IH.m.C-I H)5.33(lH. 
m. BrCH). and 5.92 and 6.18 (each I H. m. CH=CH). 

2-exo-Phet~~/rhio-3-endo-7,7-trf~~~~~r~~-4-exo-rri~~~r~~~- 
si~~~bi~~~~~- [3.2.0]fi~prun-6-orre (It). Phcnylsulphcnyl ch- 
loride (15Og. 10mmol) was added to a solution of the silane 
(6) (2SOg. IOmmol) in dry dtchloromethanc (4Oml). and the 
mixture kept at (&3 for 20 hr. After evaporation of solvent. 
the residue was crystallised from light petroleum (b.p. 404 ) 
to give the adduct (12) (3.2g. 80”,,) as needles, m p. 85-6 
(Found: C.48.7; H.4.7. C,,H,,CI,OSSi requtres: C.48.8; H, 
4.9’:,), rarer (KBr) 1804scm-‘. &(CCI,)O.l0 (9H. s. SiMe,). 
1.74(1 H,m, Me,SiCH),3.18 (1 H. m).3.65 (3 H, mkand 7.32 
and 7.53 (3 H + 2 H, m, ArH). 

6.6-I)i~hIorD-4-exo-ph~tr~Ifhiohi~~~/o- 
[3.X) !/11,pl-2-c,,1-7-r,rrt’ (1.31. Sodium fluoride (X(X) mg) tn 

water (ISml) was added IO a solutton of the adducr (12) 
(1.36g) in methanol (50ml) and the mixture stirred at room 
temperature for 22hr. After evaporating off most of the 
methanol. the residue was extracted with ether (4Oml). the 
etherdried(NazSO,).andevaporatcdtogtvethesulphidct13) 
(0.9Og Y3”,,) as prisms, m.p. 56-7 (hght petroleum. b.p. 
40-60 ) (Found: C. 54.5; H, 3.4; Cl, 24.9; S. 11.0. 
C,,H,,CI,OS requires: C, 54.75; H. 3.5: Cl, Z4.Y; S. 1 I.Z”,,), 

(KBr) 1800s and 1602wcm I A(CCI ) 3.58 (I H. d. J 
pk. C-5 H), 4.28 (1 H, m. C I H’). 4.62 (1 H. m. PhSCH) 
5.70 and 5.96 (each I H. m, CH=CH J. and 7.30 (S H. m. ArH 1: 

7,7-Dich/oro-J-exo-l1~drus?hi~~clo [3.2.0]hrpf-2-en-6-ar1e 
(14). Sodium metaperiodatc (0.71 g. 3.3mmol) in water 
( IOml) was added dropwise to an ice-cold solution of the 
sulphide (13) (O.Yg, 3.2mmol) in methanol (4Oml). The 
mixture was strrred at 0 for 2hr and then at room 
temperature overnight. Methanol was evaporated off and the 
aqueous residue extracted with ether (20 ml). The extract was 
washed with water, dried (Na,SO,). evaporated, and the 
residue purilied through a column (SiO,: 308) eluting with 
dichloromethane-ether (I: I) to give a mixture of two 
diastcreoisomers of the sulphoxidem;0.86g, 90’!,; R, (ether) 
0.331, v..... (WI,) 1814sand 1058scm~‘.6(CL)CI,~3.80(1 H. - .~.“_ 

m). 4.2 4.7 (2 H. m), 5.60. 6.04 (totai 2 H.‘m, C&H),‘and 
7.56. 7.64 (total 5 H, s, ArH), rn’-_ 304. 302, 300 (M‘). The 
sulphoxtdc (0.58g. 1.9mmol) was heated with trtmcthyl 
phosphate (0.2X g. 2.2 mmol) in methanol (10 ml) under reflux 
for 5 hr. After evaporatton of solvent, the residue was purified 
by tic (SiO,; ether: R, 0.7) to give the alcohol (14) (0.191~ 
Sb ‘I(, ). liquid, v,,,~~ (CCI,) 35Ycm. 34OObr, and 18lt)cm ?, 
&(CCI,) 2.80 (I H. br. OH). 4.12 (2 H, m, bridge-head H’s), 
4.93 (1 H. m, HOCH). and 6.13 (2H. m. CH=CH). The 
alcohol (14) was characterised as tts dimethyl(trityl)silyl 
ether,“prisms(hexane).m.p 140-l (Found: C,68.0; H,5.3; 
Cl. 14.1.C2,H,,,CI,0,Sirequires:C.6X.2;H,5.3;CI, 14.4”,;). 
r,,,, (Ccl,) 1808s and 15Y5m cm ‘, d (CCI,) 0.26 (6 H. sm. 
SiMe,), 3.35 (I H. d, J 6.SHc C 5H). 3.94 (I H. m, C -I H), 
4.64 (I H. m, SiOCij), 5.55 and 5.82 (each I H. m. CH=CH), 
and 7.12 (15ti. m. Arti). 

7.7-~rcltbi~o-‘-cxo-/f~dro.~~-h-o.\tJ-4-c~o-lrrnrer/~~l.,tl~lbi- 
c!,rk, [3.X) ;hapt-3cndo-!l-3-~~l~~~rf)b~~tl:~~~r~, (15). A solution 

of6(250mg. I mmol)andm-chloroperbenzoicacid (300mg) m 
carbon tctrachloride (201111) was stirred at room temperature 
for 9 days. The resultant mixture was washed with 5 “,, sodium 

hydroxtde solutton and water. The organic layer was 
separated, dried (Na,SO,) and evaporated. and the residue 
separated by tic on silica gel (CH,CIZ). Besides 36mg 
recovery ofthe startmg siiane. thoonly identified product was 
the benzoate (15) (137 my, 3X”,, based on consumed starting 
silane). prisms, m.p. 126 7 [from hght petroleum (60 80 )] 
(Found: C,48.4: H,4S;CI, 25.2. C, ,H,,CI,,O,St requires: Ci 
48.4: H, 4.5: Cl. 25.2”,,,). I’,,, (KBr) 34YOs. 1810s. and 
1692scm. ’ d(CCI,) 0.15 (9 H, s, SiMe,), 1.98 (1 H, dd, J 3 
andZHz, Me,\SitH).3.38 (1 H,d,J 8.5Hz.C I Hk3.65 (I H, 
d.J3H~OHl.4.03(1 H.dd.J8.5and3Hz.C 5HI.4.6211 H. 
m,C-2H),5.26(l~.t.J3H~C-3Hl,and7.1 7.7(4H.m, 
aromatic). 

8,H-D~c/r/o,o-6-u.ua-4-cxo-~ri~~er~~~.s~~~/hic~clo [3.3.0]ocr-2- 
rrr-7-0~ (16). A mixture of 6 (Sg, 20mmol). hydrogen 
peroxide (4.5ml. l(x)vols) and water (IOml) in acetic acid 
(70ml) was kept at 0.5 for 3 days, then poured into water 
(XOOml). and extracted with ether (lOOmI). The ethereal 
extract was washed with sodium hydrogen carbonate 
solution. dried (Na,SO,). and evaporated to give the lactone 
(16) (4.38g X2”,,) as prisms, m.p. 69 70 (from light 
petroleum. b.p. 60 80 ) (Found: C. 45.5. H. 5.4. 
CIUH,,C120,Si requtres: C, 45.3; H, 5.3”,,), vmd, (Ccl,) 
IXO%cm-‘. d (Ccl,) 0.03 (Y H, s. SiMe,), 2.42 (1 H, m, 

Me,SiCH), 3.85 ( I H. m. CCI,CH ), 5.02 (I H. d, J 4.5 Hz, 
CO,CHl. and 5.55 and 5.94 (each I H. m. CH=CH). 

,~e~b~~ 2-( Ltichlorottlerh!l)-5-frj~I~~f~~~~i~~~~~~/#~~~r-3- 
ewcurhusyfazu (17). A mixture of 6 (0.25g. I mmol), 
benronitrile (103mg, I mmol). hydrogen peroxide (30mg. 
IOOvols) and potassium hydrogen carbonate (20mp) in 
methanol (Sml) *as stirred under nitrogen at room 
temperature for 48 h. The moraanic solid was filtered off and 
the filtrate evaporated. The residue (0.208) was purified by tic 
on silica gel (CH,Cl,) togive. among other products, theester 
to which we ascribe, by analogy,2’ the structure 17, rrnax 
(CCL,) 1736scm I. d (XI,) -0.4 (9 H, s, SiMe,), 2.26 (1 H, 
m. Me,SiCH). 3.08 (I H. dd, J Y and 5 Hz). CLI. 3.4 (1 H. m), 
3.58 (3 H. s. CO,Me), 5.58 and 5.80 (each 1 H, m. CH=CH), 
and 6.01 (I H. d. J 8 HI. CHCI,) 
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and osmium tetroxide (0.2Og 0.8 mmol) in benzene ( 10ml) 
were mixed with a catalytic amount of pyridine and stirred at 
room temperature for 3 hr. The benzene was evaporated off 
and the residue was taken up in ethanol (10 ml). A solution of 
sodium metabisulphite (1.5 g) in water (IO ml) was added and 
the mixture stirred at room temperature for 1 hr. diluted with 
water (lOOmI) and extracted with ether (3 x 4Oml). The 
residue from the extracts was purified by tic on silica gel 
(ether) to give the dial (la), I’,,, (film) >70&3050br and 
1805scm-‘. 6(CCI.)O.10 (9H. s. SiMe,). 1.38 (1 H. dd. J 8 
and 3 Hz, Me, SiCfi j, 3.36 (3 H; br m, Oh: C- I h), 3198 (1 H, 
t, J 8 Hz, C-3 H), and 4.27 (2 H, m, C-2 and C-5 H), m/z 283 
(M+, not detectable), 265 (M’-H,O). 

Reaction 01 the m-chlorob&zoure (15) with hydrogen 
peroxide. A solution of 15 (69mg)and hydrogen peroxide 
(0.2ml. 1OOvols) in acetic acid (Zml) was kept at room 
temperature for 4 days. The mixture was taken up in ether and 
washed with water. The ether layer was separated and 
purified by tic on silica gel (CH,CI,) to obtain a product 
(23 mg, 32 X) which was assigned structure (19), Y,.. (KBr) 
364@33ODbr, 1805s. and 171-5scmm I, 6 (Ccl,) 0.%“(9 H, s. 
SiMe,), 1.94 (I H, m, Me,SiCH), 3.25 (IH, t, J 6Hz, 
CCIrCH), 3.35 (I H, br. OH), 4.35 (1 H, m), 4.94 (I H, dm, J 
6 HZ), 5.18 J I H, t, J 5 Hz), 7.3-7.9 (4 H, m, aromatic), m,/z 
440.438.436 (M +. weakk425.423.421 (M ‘-CH.). The same 
product’was obtained in”< IOr/, yield from the re&ion of 16 
with MCPBA alone. 

8,8-Dichforo-2,3-endo-epoxf-6-oxa-4-cxo-frjmet~~~si~~~- 
bicycfo[3.3.0]octan-7-one (20). The lactone (16) (500mg 
1.9mmol) and m-chloroperbenzoic acid (650mg) in dry 
dichloromethane (20ml) were stirred with sodium hydrogen 
carbonate (8 g, large excess) at room temperature for 3.5 days. 
The salts were filtered off and washed thoroughly with dry 
dichloromethane (stirred with sodium hydrogen carbonate 
before use). The filtrates were evaporated and purified by tic 
on silica gel (benzene) (R, 0.22; 0.15 g, 28 %). An analytical 
sample was obtained by recrystallization from ether-hexane 
at room temperature, to give the epoxide (20) as leaflets, m.p. 
7&l” (Found: C. 42.7: H. 4.8. C.,H,,Cf,O,Si reauires: C. 
42.7; I-i, 5.0 “/) 0, v,,, (KBrj 1798~&r-~:cj;Cdl,)O.i2 (9H.s. 
SiMe,), 2.08 (1 H, s, Me,SiCH), 3.38 (1 H, dd, J 5.5 and 2 Hz, 
CC&H), 3.56 and 3.70 (each 1 H, m, OCH), and 4.82 (1 H, d, 
J 5.5 HI CO&H). The mother liquor was composed mainly 
of two components. After separation by tic on silica gel 
(CH,Cl,),theslowerrunningcomponent (R,aboutO.l5)was 
identified by PMR as the alcohol (22); the fastest running one 
(R, about 0.6) was the trimethylsilyl ether (21), a liquid, v,, 
(film)1805scm~‘,6(CCI,)O.12(9H,s,SiMe,),3.14(1H,t,J 
5.5 Hz, CCI,CH), 4.78 (1 H, dd, J 5.5 and 2 Hz, Me,SiOCY), 
5.18 (1 H, dd, J 5 and 2 HI CO&H), and 6.27 (2 H, m, 
CH=CH). 

6,6-Dichloro-4-endo-hydroxy-8-oxabicyclo[3.3.0]oct-2-en- 
7-one (22). The lactone (16) (530mg, 2mmol) was treated 
with m-chloroperbenmic actd (680mg) in dry dichloro- 
methane (20ml) in the presence of sodium hydrogen 
carbonate (8g), as in the preparation of the epoxide (20) 
above. The epoxide was not separated but the crude residue 
was stirred with dilute sulphuric acid at room temperature for 
1 hr. The resultant mixture was extracted with dichloro- 
methane (SOml), washed rapidly with sodium hydrogen 
carbonate solution, quickly separated, dried (Na,SO,), and 
evaporated. The residue was stirred in sodium hydrogen 
carbonate solution (30ml) for 2 hr and the insoluble 
substances were filtered otT. The aqueous filtrate was acidified 
and then extracted with ether (2 x 20 ml). The ether layer was 
separated, dried (Na,SO,), evaporated and distilled 
(0.05 mm; bath temp 80-90“) to give the alcohol (22) as an oil 
(306mg, 73%) (Found: C, 40.0; H, 3.1; Cl, 34.1 C~H,Cl,O, 
requires:C,40.2; H, 2.9;Cl,33.9”/,), Y,,, (film~3~.3l~brand 
18~s~~‘.~(C~Cl~~2.48(lH,br,OH~,3.29(1 H,t,JSHz 
CCI,CH),4.94(1 H, dd, J 5.5 and 2.5H2, HOCH), 5.32 (1 H, 
dd, J 5 and 2.5H2, COJH), 6.35 (1 H, dm, J 5.5H7., 
Clj=CH), and 6.72 (1 H, dd, J 5.5 and 2.5 HI CH=CH). The 
lactone (22) was dissolved in aqueous ammonia and the 

solvent evaporated. The residue of the ammonium salt (23) 
(or possibly the corresponding amide) showed 6 (DMSO-d,) 
3.12 (1 H, t, J 6 HG CHCCi,i 4.46 (2 H, d, J 6 Hz, CHOH) 
and 5.91 (2 H. s. CH=CH). 

6,6-Dichloro-8-oxabicycIoL3.3.0]oct-2-cn-7-one (50). This 
lactone was prepared from 7 (107 mg) in the same way that 16 
was prepared from 6. The product (85 mg, 72 ‘;‘,) was distilled 
(0.05 mm; bath temp45-50°) to give the iacrone (50) (Found: 
C, 43.4; H, 3.25; Cl; 36.6. C,H,r?l,O,.requires: C, 43.55; H 
3.1; Cl, 36.7 “/6), v,,,_ (film) 1890s and 1615wcn~‘, d(CCI,, 
2.68 and 2.82 (each I H, m, CH,), 3.61 (1 H, dt, J 8, 8, and 
6 HZ, CCI,CH), 5.42 (1 H, dm, J 6 Hz, CO&H), and 5.98 and 
6.22 (each I H, m. CH=CH). It was prepared as a model 
compound, to give us coupling constants from the bridgehead 
proton on C-5 to each ofthe protons on C-4. We hoped to use 
these values in the assignment of configuration at C-4 of 22, 
where the coupling constant between the protons on C-4 and 
C-5 was about 5.5 Hz. However, the PMR spectrum of SO, as 
reported above, shows a remarkable example of airtual 
coupling, giving the impression that the coupling constant 
both to the exo and the endo protons on C-4 is 8 HZ. 

(SO) 

6,6-Dichloro-8-oxa-4-exo-phenylrhiobicycIo [3.3.0]oct-2- 
en-7-one (25). Phenylsulphenyl chloride (300mg, 2 mmols) 
was added to a solution of the silane (16) (530mg, 2 mmols) in 
dichloromethane (5 ml)and themixture kept at 0-3’for 18 hr. 
The resultant solution was evaporated to give the adduct (%I), 
6 (Ccl,), 0.32 (9 H, s, SiMe,), 2.38 (I H, m, Me,SiClj), 3.85 
(1 H, d, J ?Hz)m 4.15 (1 H, t, J 7Hz),4.8-5.2 (2H, m), and 
7.42 (5 H, m, ArH). The adduct was kept in methanol (30 ml) 
and water (IOml) with sodium fluoride (4OOmg) at room 
temperature for 20 hr. After removal ofmost of the methanol, 
the residue was extracted with ether. The ether layer was dried 
(Na,SO,) and evaporated, and the residue was purified by tic 
(SiO,; benzene; R,0.3) to give the sulphide (25) (0.39 g 65 %), 
Y,, (Ccl,) 1805cm-‘, and 1585wcm-‘, ci(CCI,) 3.70 (1 H, 
dd, J 7.5 and 6Hz, C-5 H), 4.36 (1 H, dm, J 6 HI PhSCH), 
5.30 (lH, dm, J 6Hc CO&H), 5.9 (IH, dm, J 6H2, 
CH=CH), 6.24 (1 H, dd. J 5.5 and 2 HL CH=CH), and 7.3 
(5H, m. ArHX m/z 304.302.300 (M’). 

8-Oxu-4-exo-phenyffhiobicyclo[j.3.0]oct-2-en-7-one (26). 
The sulphide (25) (3OOmg, 1 mmol) was stirred with zinc 
powder (2g) in a mixture of acetic acid (IOml) and water 
(0.5 ml) at room temperature for 24 hr. The inorganic solid 
was removed by filtration and washed with ether (3Oml). The 
combined filtrate and washings were washed with water (2 
x 70ml), dried (Na,SO,) and evaporated to give the 
sulphide (26) (19Omg. 83 %) as leaflets, m.p. 63-5” 
(CH,Cl,-hexane) (Found: C, 67.0; H, 5.3; S, 13.7. 
C, #, &S requires: C, 67.2; H, 5.2; S, 13.8 %), Y,, (CHCI,) 
178Oscm’. b(CCI,) 2.45 (I H. dd. J 10.5 and l8Hr 
CkJ,H,CO). and 2.t% (1 H, db, J’7 and 18 Hz, CH,H,,CO), 
3.38(1H,m,C-5H),4.42(1H,dm,J7Hz,SCH),5.32(1H, 
dm, J 7.5 Hz, CO&H), 6.00 (2 H, s, CH=CH), and 7.26 (5 H, 
m, ArH). 

8,8-Dicllforo-2,3-exo-dihydrox~-6-oxu-~exo-rrimethyl 
bicyclo[3.3.0]octan-Fone (27). The procedure was the same 
as that in the preparation of the diol (18). The lactone (16) 
(100 mg) reacted with osmium tetroxide (100 mg) to give the 
diol(27) (IOOmg lOO”,/,) as leaflets, m.p. 155’ (from CC!, or 
ether-hexane) (Found: C, 40.4; H, 5.3; Cl, 23.8. 
C,,H,,Cl,O$i requires: C, 40.14; H, 5.4; Cl, 23.7’;;), Y,, 
(KBr) 3650-3250br and 1798scn-‘. 6 (CDCI,) 0.17 (9 H, s, 
&Me;), 1.64 (1 H, dd, J 10 and 3.5 Hr., Me,SidH), 3.67 (I H, 
dd,J5and3.5Hz,CCI,CH),3.23(2H,s,OH),4.07(1H,dd,J 
IOand 3.5 Hz, C-2 H). 4.28 (I H, t, J 3.5 Hz, C-3 H), and 4.76 
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(1 H, dd, J 5 and 3.5 Hz, CO&H). The dtol was further 
characterised as its diacetatc, 2,3-exe-diacetoxy-7,7-dichloro- 
4-exo-trimethylsilyl[3.2.0]hcptan-6-one (90 ?;) as plates, m.p. 
124-6 (hexane) (Found: C. 45.55; H, 5.4: Cl. 19.5. 
C,,H,,CI,O,Si ‘requires: C, 45.8: H, 5.5; CL, 19.3’:,,), I’ ,,,” I 
(CCL) 1804s and 1746scm-‘. d(CCI,) 0.0 (9H. s. SiMe,). 
i.57 ii H, dd. J 8 and 4 Hz, Me,SiC<j, 1.88‘and 1.92 (each 
3H,s.OAc).3.30(1H.dd,J9.5and7.5Hz,C-lH).3.96(tH. 
t, J9.5Hz,C-5H),5.18(1 H.dd,J7.5and4Hz.C ZH).and 
5.44 (1 H, I. J 4Hz3 C 3H). 

6,6-Dich/uro-4-exo-nlef~~x~~fefh~~~i~~~/~~[3.2.0]hepf-2-(,n- 
7-one (28). A mixture of 6 (5.Og. 2Ommol), chloromcthyl 
methyl ether (2.Og, 25mmol). and stannic chloride (IOml, 
excess) in dry dichloromethane (70ml) was heated under 
rcflux under nitrogen for 60 hr. The mixture was poured into a 
mixture of crushed ice and cont. hydrochlonc acid and the 
organic layer dried (Na,SO,) and evaporated. The residue 
was taken up in carbon tetrachloride, filtered and the filtrate 
distilled to give the ether (t8) (3.45g, 7X”,,), bp. 
65-8’/0.03mm (Found: C. 4X.6; H_. 4.6; Cl, 32.45. 
C,H, &1202 requnes: C, 48.9; H, 4.6; Cl, 32.1 ‘Q. F,,, (film) 
1805s and 1604wcm ‘, d (CC!,) 3.15-3.60 (7 H, m, with a 
singlet at 3.35), 4.55 (1 H. m, C 1 H), and 5.82 (2 H. m, 
CH=CH). The use of the harmless dimethoxymethanc in 
ptace ofchloromethyl methyl ether gave the same product but 
in only IS”,; yield (R. V. Williams). 

4-exo-,~ethoxvmerh~/bi~~~~~~ [3,2.0]hrp,-2-m-7-o,le. The 
ether (28) (2.5Og) was stirred wtth zmc powder (log) in an 
acetic acid-water mixture (Mml: 2ml) at room temperature 
for 30 hr. The inorganic solids were filtered off and washed 
with ether. The combined filtrate and washings were washed 
with water (2 x 2OQml) then with sodmm hydrogen 
carbonate sotutton. The ether layer was drted (Na,SO,). and 
evaporated. and the residue disttlled to give the ether (1.4og. 
81 ‘I(,), b.p. 45 8 ;‘0.25mm (Found: C, 71.0; H. 8.0. C,,H, ,O, 
requires:.C, 71.0; H, 8.O”,,). c,,,~~ (film) 1775sand 16oOw cm ‘: 
~(CCl~)2.50-3.45(9H.m.withasin~ietat3.26).4.18(1 H.m, 
C-1 Hj and 5.74 (2 H, m, CH=CH).- 

4-exo-iMerhoxymefh!I_8-o,~u~jc~~~~[3.3.0 Jocr-2-en-7-one 
(29). ~Mrfhod A. The ketone described tmmediately above 
(880mg. 5.8 mmol), hydrogen peroxide (I ml. l(X) vols), and 
water (2 ml) were kept in acetic acid (15 ml) at 0 3 for 72 hr. 
The mixture was taken up in ether (30ml) and the solution 
washed with water (3 x lOOmi). The residue from the dried 
(Na,SO,) ether layer was crystalhsed to give the lactone (29) 
(64Omg. 66 ‘PO) as plates, m.p. 29 30 (cold hcxane) (Found: 
C, 64.1: H, 7:2. C&c. for C;H,,O,: C, 64.3; H. 7.2”,), Y,,,~~ 
(CHCI,) 177Osmn I. d(CCI,) 2.40 (1 H. m). 2.90 (3H. m). 
3.36 (S’H. m, with a sin&t ai 3.36, MeOCH;), 5.55‘( I H, m, 
CO&H) and 6.02 (2 H, m, CH=CH), mi: 168 (M ’ ). This 
compound was identical (PMR, solution IR, tic) with an 
authentic sampIP of opltcally active lactone. 

Method E. The ketone (28) (47Omg. 2.1 mmol), hydrogen 
peroxide (0.9ml. 1OOvols). and water (2ml) in acetic acid 
(15 ml) were kept at 0 -3 [or 3 days. The mixture was taken up 
in ether (2Oml) and the solution washed with water (3 
x 70ml). The ether layer was dried (Na,SO,), and 

evaporated to give the lactone. I’_.. (film) 18(X)s and 
162.&cm-‘. 3 (Ccl,) 3.0553.65 (7 H:‘%I. with a singlet at 
3.40). 5.50 (I H. m. CO,CH). and 6.00 and 6.20 (each 1 H. m. 
CH=CH 1. which was then stirred with zinc powder (6g) in an 
acetic acid water mixture (15ml: 0.5 ml) at room 
temperature for 40 h. The inorganic solids were filtered OR 
and washed with ether. The combined filtrate and washings 
were washed with water (3 x 70ml). dried (Na,SO,). and 
evaporated. The residue was crystalhsed from cold hexane to 
give the lactone (29) (220 mg, 62 “A), identical with the sample 
prepared by method A. A distillafion of the crude product 
(0.02 mm, bath temp 70 85. ) was found to be helpful when 
crystallisation was difficult. 

4-exo-~rimerh~lsi/~lbic)c/(~[3.2.0]h~pr-2-en-6-one (31). The 
ketone (6) (lO.Og, 0.04mol) was stirred with zinc powder 
(20g)m amtxtureofacetic acid (1Otjml)and water (5ml)at 
40’ for 36 hr. The inorganic solids were filtered off. and 

washed with ether (2Otlml). The combmed filtrate and 
washings were washed with water (3 x 25Oml) and with 
sodium hydrogen carbonate solution. The ether layer was 
dried (Na,SO,) and evaporated and the residue distilled to 
gtve the -ketone (31). (6.1 g. 85 T,), b.p. 43-5”;0.05 mm, 
72-3 :3mm (Found: C. 66.9: H.9.1. C,,H,,OSi reouires: C. 
66.6: H. 9 0 ‘:,,), Y,, (6im) 1776s and ‘l?9% cm-‘,‘6 (CC!,) 
.-O.O4(9H,s,SiMe,). 2.30(1 H,m. Me,SiCH),2.5-2.85(1 H, 
m,C-lHk3.15 3.45(2H,m),3.64(1H.m),and5.68(2H,m, 
CH=CH). The ketone was also charactcrised as its ethylene 
glycol aLetal, 4-cxo-rrimefhJ:l.si/~~/~i~~~/o[ [3.2.0]hepf-2-m-6- 
me efh,dene&col aceral: the ketone (31) (3.24g. 18mmolk 
trrethyl orthoformate (2.7g. 18 mmol) and toluene-p- 
sulphomc acid (0.1 g) in dry ethylene giycol(35 g) were kept at 
room temperature for 24 hr ; potassmm hydroxide was added 
and the mixture poured into water (15Oml) and extracted 
with chloroform (3 x 4Oml) to give the acetal (3.3g. 82%), 
b.u. 646’:0.7mm (Found: C. 64.5: H. 8.8. C,.H,,O,Si 
requires: C. 64.2: H:9.0”,,,), rmnr (film) 1596~ cn-‘I &iCC~,) 
-0.10 (YH, s. SiMe,), 1.95-2.15 (ZH, m), 2.4 2.7 (IH, m), 
292 (2H. m). 3.72 (4H. m, OCH,), and 5.58 (ZH, m, 
CH=CH ). 

6-Oxa-4-exo-frimerh~~s~/~~bi~~tfo[3.3.0]oct-2-en-7-one 
(32). The ketone (31) (I .35 g, 7.5 mmol), hydrogen peroxide 
(15 ml, 20 vols) and sodium hydroxide (0.4g. IOmmol) in 
methanol (5Oml) were kept at room temperature for 2 hr. The 
mixture was actdified and most of the solvent was evaporated. 
The restdue was taken up m ether, washed with water and 
evaporated to give the lactone (32) (1.31 g. 83 ?;k as plates. 
m.p. 52-3” (from hexane) (Found: C. 61.1; H, 8.2. 
C,,,H,,O,Si requires: C, 61.2: H, 8.2”;). Y,, (KBr) 1775s 
and 1596~ cm- I, (i (CCI,) -0.07 (9 H,s,SiMe,),Z.ZO(l H,m. 
Me,SiCH), 2.16-2.33 (I H. dm. J 18Hz., CH,H,CO), 
2.47 2.73 (I H. dd. J 18 and XHz, CH,H,,CO), 3.26 (I H. m, 
C I H),4.82(1 H,d,J5.5Hz,CO,CH),5.34(1 H,dt,J5and 
2 Hz, CH=CH), 5.68 (1 H. m. CH=CH). 

4-exo-A(ef~l-6,6-dfchlorohi~~ttc~~3.2.0]hepr-2-en-7-one 
(35, R=Me). Stanmc chloride (7ml) was added dropwise to a 
solution of the silane (6) (5.Og) in acetyl chloride (20ml) at 
room temperatureand kept at 0 3 ‘for 24 hr. The mixture was 
then poured into an ice-water mixture and extracted with 
light petroleum (60 -80 ). Column chromatography on silica 
gel eluting with light petroleum (40-60 )-dichtoromethane 
(3:l) removed a mixture of by-products, and elution with 
light petroleum (40-60 )-dl~hloromethane (1: 1) then gave 
the kctonc (35, R=Me) (1.6g. 36 I’,,) as prisms, m.p. 66 7 (cold 
hexane) (Found: C, 49.4; H. 3.7; Cl, 32.5. C,H,CI,02 
requ~res:C,49.35:H,3.7;CI,32.4’~,),r,,,,(KBr)l805~,1712~, 
and 1605~ cm ’ 6 (Ccl,) 2.27 (3 H, s. COMe), 4.05 (2 H, m, 
MeCOCH and C-5 H), 4.60 (I H, m, C-l H), and 5.08 and 
6.08 (each I H. m. CH=CH). 

6.6-D~cltforo-4-cxo-pmpan~~~bi~~~lo[3.2.0]hegf-2-e~-7-one 
(35. R=Et). In a similar preparation (by R. V. Williams), the 
allylsilane (6) (0.25 gj, propanoyl chloride (0.5 ml)and stannic 
chloride (0.5 ml) were kept at 0 for I week to give the ketone 
(35. R=Et) (0.4Xg, 20”“). \‘md, (Ccl,) 1815 and 1725cm ‘-I, 
ci(CC‘1,) 1.05 (3H, t, J 6Hz. CH,), 2.55 (2H. q. J 6Hz. 
CH,CH?CO), 4.0 (2 H, m, other ring protons). 4.55 (1 H, m, 
CHCOEt), 5.X0 and 6.15 (each I H, m, HC=CH). (Found: 
M ‘, 232.0047, C,OH,,O,‘SCI, requires M. 232.0058). m/z 
232 (7.5 ” I,, y ’ ), 203 (IO, M-Et), 175 (73. M-EtCO) and 57 
(100, M-C,H,OCI,). 

6.6-Dich/oro-4-exo-~~~f~,~~,~,/bi~~~lo[3.2.0]hepf-2-en-7-one 
(35. R=n-C?H, .). In a similar nrenaration (by R. V. 
Wtlliams), the’ allylsilane (6) gave the ketone (35, 
R=n-C-H ) (40”‘) (, , I’,,, (Ccl,) 1820 and 1725cm-‘, 60.5 
(3 H. t,CH:), 1 15--1.80 (IOH. m, remainingCH,‘s), 2.5 (2H, 
t, CH,CO-). 3.9-4.1 (2 H, m remaining ring protons), 4.6 
(1 H, m, CHCOCH,-), 5.78 and 6.04 (each 1 H, m, HC=CH) 
(h’ound: &I-. 302.0842. C,,H,,O,‘sCI, requires M 
302.0840) m:~ 302 (M’. 12”,,). 175 (16, M-octanoyl) and 127 
(100. M C,H,OCI,). 

6-cxo-.tlefh~l-4-exa-rri~~efh~/,si/~/~~~~~~/~~[3.3.0]ocr-2-en-F 
mte (37). Merhod A. An ethereal solution of diazoethane 
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(50 ml, prepared from 4.5 g of N-ethyl->-nitrosourea, washed 
with water before use) was added IO an Ice-cold solution of6 
(1.0~. 4mmol) in methanol (IOml) and kept a1 0 for I hr. 
Most of the solvent was evaporated off, the rcsiduc was 
dissolved in methanol (IOml) and ethereal diaroethane 
(40 ml, from 4g of N-ethyl-N-nitrosourca) was agam added 
and the mixture kept at 0’ for I hr. The solvents were 
evaporated and the residue taken up in light petroleum 

(40-60 ) and the insoluble polymers filtered OK The residue 
from the filtrate, [36, v,,, (film) 17XOcm- ‘1 was stirred with 
rinc powder (3 g) and water (I ml) m acetic acid (20ml) at 
room temperature for 2Oh. Simdar work-up as in previous 
dechlorinations and chromatography on a silica gel column 
gave the mixture of diastereoisomers (37) (430mg. 52”,). 
After eqmhbration with sodium methoxide, this mixture gave 
37b, identical with a sample prepared hy Method B. 

MerhodB. Aqueous potassium hydroxide (50ml. 30”,) was 
added to a mixture of N-ethyl-a-nitrousourea (IXg) and the 
ketone (31) (5.6g, 31 mmol) in methanol (3OOmI) at -65 
The mixture was stirred at - 65 for I5 min. then at - 40 to 
-45” for I hr. and finally allowed to warm IO room 
temperature. Most of the solvent was evaporated OK the 
residue partitioned between ether and water, the ether layer 
dried (Na,SO,), evaporated, and the residue chromato- 
graphed on a column (silica gel, 1809). eluting with light 
petroleum (4060 )-dichloromethane (5: I) to give the 
mixture ofdiastereoisomersof7-mcthyl-4-exo-trimethylsilyl- 

bicycle [3.3.0 ]oc1-2-en-6-one (38). (2.4 g. 37 “,,), b.p. 
52-5 :O.O2mm (Found: C. 69.4; H. 9.96. CILHzoOSi 
requires: C, 69.2; H, 9.7’:“). r,,,_ 1740s and 164Mhvcm-‘. 
J(CCI,) -0.04 (9H. s. SiMe,), I.0 (3H, d, .I 6.5 Hz, Me), 
1.42.6 (5 H. m). 3.26 (1 H. m. C I H), and 5.4 and 5.6 (each 
I H, m,’ CH=CH). Further elution with light pelroleum 
(4060 )-dichloromethanc (3:1) gave the mixture of 
diastereoisomers (37). which was stirred under nitrogen in a 
solution of sodium mcthoxidc m methanol (0.7 M. IOOml) at 
room temperature for 7 hr. The mixture was neutralised 
under nitrogen at 0 with ddute hydrochloric acid and the 
solvent evaporated. The residue was taken up in ether. 
washed wiih water, dried (Na,SO,), and evaporated. 
Distillation of the residue gave the ketone (37b) (2.7 g. 42 ‘I,,), 
b.p. 55-X ;O.O2mm (Found: C. 69.3; H. 9.9. C,ZH,,OSi 
requires C, 69.2; H. Y.7”,,), \I_~ 1740s and l6OOw cm ‘. 
6(CCI,) -0.12 (9H.s.SiMc,).0.96(3H.d, J 7Hz. .Mel, 1.X5 
(~H,~~,2.24(3~,m),3.18(1”H,m.C-lH).and5.50and6.65 
(each I H. m, CH=CH). 

7-endo-Ch/oro-4-exo-rrir~~rr/~~/si/~/hi~~~c/~~ [3.2.0]hepr-2-en- 

6-one (39). The ke1one (6) (lO.Og, 40 mmol), lint powder 
(2.9 g. 44 mmol), and water (2 ml) in acetic acid (50 ml) were 
stirred at room temperaturc for 22 hr. The Inorganic salts were 
filtered off and washed with ether (50ml). The combined 
liltrate and washings were washed with water (3 x 25Oml) 
and then with sodium hydrogen carbonate solution. 
Distillation pave the ketone (39) (X.Og, 94”,,). h.p. 
60 3 :O.Ol mm (Found: C, 56.47; H. 6.95: C,,,H,,OCIS 
requires: C, 55.93; H. 7.04”,,), v,,,_ (film) 1800s and 
16OOwcn~‘, 6(CCI,) -0.05 (Y H, s. SiMe,), 2.35 (I H. m. 
Me,SiCH). 3.5-3.9 (2 H, m. bridgehead H’s). 4.9X (I H. dd. J 
8. 3.5 H7, C-7 H). and 5.60 and 5.80 (each I H. m, CH=CH) 

6-exo-Merh~/-4-exo-rri,,l~,rh~/s~/~/~i~~~/(~[3.3.0]o~~r-2-e,1-7- 
endo-ol (42). rMerhod A. Sodium horohydrlde (450mg, 
12mmol) was added to a solution ofthe ketone (37b) (2.4og. 
I I.5 mmol) in methanol (l(X)ml) a1 0 After stirring at 0 for 
2 hr. the mixture was acidified with acetlc acid. The solvent 
was evaporated OR and the residue taken up in ether. The 
solution was washed with water. dried (Na,SO,), and 
evaporated. The residue was crystallised from cold aqueous 
methanol lo give the alcohol (42) (2.1 g, X8 ‘:,,), needles. m.p. 
746 (Found: C. 6X.4; H, 10.X. CILH,,OSi rcquircs: C. 6X.5; 
H, 10.5 7;). \*,_. (nujol) 3300hr cm -‘.J(CCI,) -0.05 (911. S. 

SiMe,).0.97(3H,d.J6,5Hz. Me), l.l-1,5(2H,m), 1.6 2.35 
(3 H, m). 2.X3 (I 11, m, C- I H), 3.42 (2 H. m, CHOH), and 5.51 
(2 H, s. CH=CH). A further l2Omg (4”,,) was obtained from 

the mother liquor after preparative tic (SiO,. CH,Clz. H, 
0. I5 1. 

~Uerhod B. Ethereal dlazoethane (0.04 H. I50 ml) was added 
IO an ice-cooled solution ofthc ketone (39) (1.08g. 5 mmol) in 
methanol (20ml) and the mixture kept at 0 for 5 hr. Excess 
diazoethane was decomposed with acetic acid and thesolvent 
was evaporated. The rcsiduc was dissolved in light petroleum 
(40 60 ), liltered. and washed with water. After evaporation 
of solvent. the rcsiduc was stirred with zmc powder (I .5 g) and 
water (I ml) in acetic acid (20ml) at room temperature for 
6Ohr. The inorganic solids were filtered otTand washed with 
ether (25 ml). The combined filtrate and washings were 
washed with water (3 x 70ml) and sodium hydrogen 
carbonate solution. and then evaporated. The residue was 
purdicd by column chromatography on silica gel. Elution 
with light petroleum (4060 )-dichloromethane (6: I) gave a 
compound assigned as 41 (280mg, 27’,>“), vmrl (film) 1712s. 
1640~. and 1608~ cm I, d(CCI,) 0.0X (9 H, s, SiMe,), 1.74 
(3 H, 1.J I.5 Hz, 1Mek2.05 (I H, m, Me,SiCH), 2.75 (I H,ddm, 
J 6.5 and4Hz. HCCO), 3.71 (I H, m,allylic H). 5.56 (2H.m. 
CH=CH), and 7.24 (I H, m, CMe=CH), m/c 206 (M’). 
Further elution with light-petroleum (40 60 )-dichloro- 
methane (3:l) gave the mixture of ketones (37) (76Omg. 

72”“). which was equilibrated with sodium methoxide (1.2~) 
in methanol (4Oml) at room temperature to give the ketone 
(37b). The crude 37b was reduced with sodium borohydride 
(I 50 mg) in methanol (30 ml) at 0 as described under Method 
A. above. and the product crystallised from cold aqueous 
methanol IO give the endo alcohol (500 mg, 4X ‘I,,, based on 39) 
identical to the sample prepared above. 

6-exo-Mefh~i-4-rritnefh~isii~/~i~~cio[3.3.0]o~r-2-en-7-exo- 
yi Acekuc’ (43). Methanesulphonyl chloride (l.6g) was added 
dropwise IO a solution of the alcohol (42) (2.58 g. 12.3 mmol) 
in dry pyridine (2Oml). The mixture was stirred at room 
temperature for IX hr and then dduted with dry ether (40ml). 

The salts were removed by filtration and washed wnh dry 
ether. The combined filtrates were evaporated and the residue 
was filtered through a silica gel column (3Og) with 

dlchloromethane IO give the methanesulphonate, Y,,, (film) 
1602~. 135Os,and ll65scm ‘.d(CCI,) -0.1 (9 H. s,SiMe,), 
l.O(3 H,d,J5.5Hz,Me). l.3-3.0(6H,m),2.X(3H.~.O,SMe), 
4.3 (1 H. m. SO,CH), and 5.5 (ZH, m, CH=CH). The 
methanesulphonate was heated with tetraethylammomum 
acetate (23g) in dry acetone under retlux under a dry 
atmosphere for 30hr. The solvent was evaporated and the 
reslduc taken up m dichloromethane. The solution was 
washed twice with water(2OOml) containing a few ml ofacetic 
acid, dried (Na,SO,). and evaporated. The residue was 
chromatopraphcd on a silica gel column. After the separation 
ofa small amount ofa by-product (R,O.Y. CH,CI,) by elution 
with light pe1roleum (40 60 ). a major fraction was eluted 
with dlchloromcthane and distilled to give the acetate (43) 

(2.46g. X0”,,), b.p. 65 8 :O.Ol mm (Found: C, 66.8; H. 9.65. 
C,,HL,O,Si rcquircs: C. 66.6; H.Y.6’:,,). v,,,,(film) 1742s and 

I605w cm I, d (CCI,) -0.04 (9 H, s, SiMe,), 0.90 (3 H, d, J 
7 H/. Me), 1.6 (3 H. m), 1.X8-2.26 (4 H. m, with a singlet at 
2.00). 3.12 (I H. m. C-l H). 5.06 (I H. m. AcaCH). and 5.42 
(2 H, m. CH=CH). 

Rrtrctwtl o/ cltioro.s~tipho~~~i rtocyonare with rhe aiiylsiiane 
(6). (R. V. Williams) CSI (0.1 ml) was added to the allylsilane 
(6) (0.25 g) in dry carbon tetrachloride (0.5 ml) under nitrogen 
and the mixture kept at 65 for 72 hr. The PMR spectrum of 
the mixture now indicated the clean formation of 45: JO.35 
(9 H, s. SiMe,), 3.55-4.25 (2 H. m. remaining ring protons), 
4.50 (I H. m. -CHCO-), and 5.90 (2 H. m, HC=CH). 

2-~xo-C‘urhumo~i-6-exo-me~h~/~i~~~io[3.3.0]ocf-3-en-7- 
exe-yi Acetafe (46). Chlorosulphonyl isocyanate (I ml. 
I I mmol) was added dropwise IO a solution of the allylsilane 
(43) (2.34g, 9.3 mmol) m dry carbon tctrachloride (5 ml) at 0 
The mixture was kept at 0 for 15min and then al room 
temperature for 2.5 hr. The reaction was observed (PMR) to 
gnc the analogous adduct, do.3 (9 H. s, SiMe,), I.0 (3 H, d, J 
7 Hz). 1.2-3.0 (X H, m. with a singlet at 1.9). 4.3 (1 H. m), 4.65 
(I H. m). 5.5 and 6.0 (each I H, m, CH=CH). The solvent was 
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evaporated off. the residue dissolved m a mixture of acetone 
(25 ml), water ( IOml) and 3N hydrochloric acid (2 ml), kept at 
room temperature for 3.5 h, and then extracted with 

dichloromethane (6 x 15ml). The residue from the extracts 
was crystallised from diisopropyl ether, to give the amide (46) 

(1.14~5S’~~,~rn.p.I30 6 .(Found:C,~.25:~,7.6S;N,6.05. 
C,,H,,NO, requires: C. 64.55: H, 7,68; N. 6.27Q. vmJI 
(CHCI,) 3525. 3410, 172%. and f68Os cm-‘, 6(CDCI,) 1.0 
(3 H, d. J 7 HL Me), 1.45-2.35 (7 H, m. with a singlet at 2.02). 
3.02 and 3.15 (each I H. m, allylic H), 5.12 (I H, q. J 8 Hz, 
4.5 Hz, AcOCH). 5.60,5.85 (each 1 H, m. CH=CH), and 6.05 
(2H,hroad,NH,),m,:~,223(M’.weak)and206(M~-NH,). 

2-exo-Corhomerho.u~-6-exo-~er~~~~~c~~~o[3.3.0]o~r-3-en- 
7-cxo-.vl orerufe (47). ‘hereon A. Sodium nitrite (4~) was 
added m small portions over 1.5 h to the amtdc (46) (560mg) 

in acetic acid (2.5 ml) and acetic anhydride (12 ml) at 0” and 
the mixture kept at O-3 for 16hr. Cold saturated aqueous 
sodium acetate solution (20ml) was added to the 
precipitated solid and the mixture stirred in an ice bath for 
0.5 hr. and then at room temperature for 2 hr. The mixture 
was extracted with dichloromethane (5 x 2Oml). and the 
extracts evaporated. The residue was dissolved m methanol 
and excess ethereal diazomethane added. After 0.5 hr at room 
temperature, the excess dtazomethane was decomposed with 
acetic acid, the mixture was washed with water. dried 
(Na,SO,), and evaporated. The carbon tetrachloride-soluble 
part of the residue was purified by tic (SiO,, ether, R, 0.6) 
followed by distillation (bath temperature (13@ 140 . 
0.07mm) to give the ester (47) (4iOmg, 69”“) (Found: C, 
65.44; H, 7.85. C,,H,,O, requires: C, 65.5; H. 7.6”,,), vmrx 
(film) 1740kcm ’ 8 (CCI,)O.96 (3 H. d, J ‘7 Hz, Me), 1.3x-2.24 
(7 H, m. with a singlet at l.96), 2.95, 3.08 (each I H, m. allylic 

H ), 3.60 (3 H, s, OMe). 5.03 (I H. q. J 8 and 4 Hz. AcOCH). 
5.52 and 5.75 (each I H, m, CH=CH). 

Merh& 5. Chlorosulphonyl isocyanate (5OOmg. 3.5 mmol) 
was added dropwtse to the silane (43) (715 mg, 2.8 mmol) in 
carbon tetrachloride (1.2mI) at 0 After keeping at 0 for 
IOmin and then at room temperature for 2.5 hr, the solvent 
was evaporated off. The residue was stirred at 0 with acetic 
acid (3ml) m acetic anhydride (15 ml), and sodium nitrite 
(4.5~) added in portions over I hr. The mixture was kept 

under nitrogen at 0 3 for 16hr. and the precipitate 
separated. Sodium acetate (log) m water (25ml) was added 
at 0 to the precipitate the mixture was stirred at 0 for 2 hr. 

then at room temperature for 3 hr, and then extracted with 
dichloromcthane (5 x 25mf), and the residue treated with 
diazomethane and purified as above to give the ester (47) 

(4lOmg, 61 “,,1. 
Merh~/ 62-AcrroxJ,-7r-merh~I-l -hJdruxy-I ,4az,5,6,7,7az- 

hrsah~(iroc~c~openra[c]p~rurhox) 
Iute W). Merhod A. The diester (47) (4 mg, 0.04 mmol) was 
stirred with osmium tetroxtde (1OOmg. 0.4mmol) in benzene 
(4ml) al room temperature for 3 hr. After evaporation of 
solvent. the residue was taken up in 9.5’:” ethanol (1Oml). 
Sodium metabisulphitc (1.5g) in water (5 ml) was added and 
the mixture was stirred at room temperature for 3 hr. The 
mixture was extracted with ether (6 x 15 ml) and the extracts 
wcrc dried and evaporated to give the crude diol, vmXr (film) 
344&r and 1730scm . ’ ~i(CDCl,)1.04(3H.d.J6H~.Me). 
1.4 2.7 (7 H. m, with a smglet at 2&t), 3.22 (1 H, m). 3.70 (3 H, 
s,CO~Mc);3.~O(~H.m).4,37(lH,m),5.l~(4H,m,CHOH). 
The diol was dissolved in 70’:; aqueous dtoxan. (6ml) and 
this solution added dropwtse over 1Omin to an ice-cold 
solution ofsodium metaperiodate (95 mg, 0.44 mmol I in 509,, 
aqueous dioxan (6 ml), and starred at 0 for 4 hr. The solvent 
was evaporated and the residue dissolved m chloroform 
(tOmI). washed with water (Smil. drted (Na,SO,), and 
eva 

8” 
rated. 

Et 
The residue was purified by ;Ic -[SiO 

Ac-lxnzene (1:2)] to give loyanm aglucone acetate (4(ij 

(50mg. 46”,,). a viscous hquid, I~,, (CHCI,) 36OOm. 3495br. 
1735s. 1710s. and 164(k cm I, j(CDCIT, I.07 (3H, d, J 
6SH7, Me). l-2.5 (4H.m). 2.06 (3H.s. OAc), 3.12 (I H. m), 
3.71 (3H.s,CG,Me),4.4 (1 H, br,OH),5.00(1 H, d,J SHz), 
5.20 (I H, m). and 7.41 (1 H. dm, J 1 Hr. C=CH). This 

compound was identical (tic, solution IR, and PMR) with 
loganin aglucone monoacetate.” which WC prepared from 
logamn. 

Merhod B. The diester (47) (120mg OSmmol) in dry 
dichloromethane (20ml) was cooled to -65’C. Dry ozone 
was bubbled through this solution at a Row rate of ca. IO I:hr 
until the solution became faintly blue. Dry oxygen was then 
passed through the solution to flush off any excess ozone. 
Dimethyl sulphide (1 ml) was then added dropwise and the 
mixture kept at - 65 for 2 hr. then at 0 for 1 hr. and room 
temperature for I hr. The solvent and excess reagent were 
evaporated and the residue purified by tic to give 48 (79 mg, 
47 ?,,). 

A~~~~~~~~~d~~rn~~r.s We thank Dr. Gandolfi for sending us a 
sample of the lactone (29), Dr. M. Thompson and Prof. 
Battersby for giving us the loganin, Christ’s College, 
Cambridge for a studentship to B.-W. A.-Y.. and R. V. 
Williams for several experiments identified in the 
cxpcrimental section with his name. 
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