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Abstrui-A number of rcacnons of bicyclotnrtylidenc (I) and 1.3.bis(rrimcthyltne)propadrenc (2). directed towards 
the preparation of compounds in whrch conjugated and sterk cffec~s of the cyclohu~ane ring could bc cvahrarcd. 
are dcscrrbcd l’rrsplrol).0.3.0.!.01 undecanc 14) was prepared from I. and I-cyclobutylidcncsprro(3.2]hcxanc @h) 
from 2. Thermolysrr of 8b gave 9-mcthykncdispiro[3.0 3 ljnonane (141. Oxidation of I with singkt oxygen gave the 
“enc” product If. and an attempted lwo srcp conversion IO the dioxcranc via rhc hromohydropcroxide I9 also gave 
17. Oxidation of 2 wrth pcroxyacids gave producrs whrch probably arosz from either Ihe allene oxide or the 
bauxirane. The cyclobutar~ ring does not appear to afford any stcric protection IO allow lhc tsolalan of rhc 
dloxctane or allenc oxide Three unsuccssful routes directed towards IIK synthesis of bicyclobutcnyl (U) are 
described. and rhc syntheses of brcyclohutyldene-2,~dione 09) and !Ydionc (0) arc reported. 

We have recently described the preparation of bicy- 

clobutylidene (I) and 1,3-bis(trimethylcne)propadiene 
(2); and we now discuss some chemistry of these 
compounds directed towards elucidating the conjugative 

and stcric effects of the Cmcmbered ring. The con- 
jugative character of the cyclopropane ring has been 

widely explored.’ and the theoretical basis for its in- 

teraction is reasonably secure.‘.’ The corresponding 
conjugative interaction of the cyclobutane ring is predic- 
ted to be much smaller,’ and there is little convincing 

evidence for its operation.” The cyclopropanc ring 

would not be expected to be a particularly good protec- 
ting group owing IO its high reactivity. but the lesser 

reactivity of the cyclobutanc ring might enable this group 

to be uwd to block an otherwise reactive ccntre. Al- 

though the synthesis of higher homologues of 2 did not 
indicate any great protection of the unsaturated terminus 

by the cyclobutane ring,’ this might be due IO the co- 

planarity of the ring and the n-system. and a cyclobutane 
ring at a potentially reactive sp’ carbon might afford 
more steric protection. 

with sodium methoxide.” However, in accord with pre- 

vious experience, we were unable to isolate any of the 
desired trispiro[3.0.3.0.3.0)dodecanc (6) under these 

conditions. 

3 6 

Both 1 and 2 have been shown to react with dihalo 

carbencs.’ 2 being prepared from 1 by the Skattebol 
allene synthesis.‘ Reaction of I with cyclopropylidcne 

and cyclobutylidene would provide a simple synthesis of 
cyclobutyl substituted cyclopropanes. compounds of 

which there are few examples. Hicyclobutylidcne (1) 
reacts with cyclopropylidcne. prepared from N-nitroso- 

N-cycbpropyl urea (3) and sodium methoxide.” to give 
trispiro[3.0.3.0.2.0]undecane (4). a colourless liquid. in 
32% yield. The N.MR spectrum (CDCI,) showed a mul- 
tiplct at T 7.80-8.44 for the cyclobutyl protons (I? H) and 
a singlet at T 9.46 for the cyclopropyl protons (4 H). and 
the IR spectrum exhibited a weak cyclopropane ab 
sorption at 3030 cm ‘. Compound 4 was thermally stable, 
a property in common with related rotanes.’ 

Although 2 reacts with dihalocarbene. we were unable 
to obtain the methylene addition product by either reac- 

tion with diazomethaneP or by the Simmons-Smith reac- 
tion” and its modifications.” The decrease in reactivity 

of the allene compared to the corresponding alkcne is m 
agreement with the observations of Rahman and 
Kuivila.‘.* who obtained but a low yield of the alky- 
lidcnecyclopropanc on reaction of 2-methyl-2,3-pen- 

tadienc and Z.Epentadiene under the Simmons-Smith 

conditions. In order to prepare the desired cyclopro- 
pylidenecyclobutane 8b. the mono-dibromocarbene ad- 
duct 7’ was treated with tri-n-butyltin hydride. II was 

found that using commercial (nBu),SnH only one 

bromine could be replaced and & was obtained. but 
reaction of 7 with excess freshly prepared (nRu)SnH for 
5 days gave 8h in 58% yield. The NMR spectrum of 8b 
shows a multiplet at T 7.02-7.50 (4 H) assigned to the 
ahylic protons, a multiplet at T 7.58-8.34 (8 H) assigned 
to the remaining cyclobutyl protons, and a triplet at 
I 8.90-9.10 (2 H) assigned to the cyclopropyl protons. 

It has so far been impossible IO rrap cyclobutylidcne The thermolysis of cycbpropylidenespiropentanc (9) 
from its potential precursors with olctins. but the high at 210” gave a mixture of 10 and 11,’ while cyclopro- 
reactrvity of 1 encouraged us IO examine its reaction with pylidenccyclobutane (12) dimerised in the liquid phase at 
cyclobutoxylhydrarone (5). which IS believed IO give 210” to give 13.” Either mode of reaction appeared ac- 
cyclobutylidcne via the diaro derivative on treatment ccssible to 8b, although attempts to dimerise I had not 
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been SU~CCSS~UI.” Pyrolysis of 8b in a flow syslem’.” at 

4W. 0.1 mm gave a mixture which, after separation by 
preparative CLC, yielded 14 (17%) and 8b (51%). In the 

NMR spectrum (CDCII). 14 shows a singkt at ~4.66 

(2 H) assigned to the methylene protons and a multiplet 
at r 7.70-8.10 (I? H) assigned 10 the cyclobutyl protons. 
The IR spectrum shows a weak band at 179Ocm ‘, 

attributed to the methylenccyclopropane group.” Ai- 

tempts to increav the yield of I4 by prolonging the 
reaction time were unsuccessful, and 8h and I4 may be 

in equilibrium under these conditions. No products 

which might result from rearrangement of 14 were ob 
served. 8b was recovered unchanged afrcr heating at 200” 

in the liquid state. and no evidence for dimer formation 

wac obtained. 
If the cyclobutane ring could act as a steric blocking 

agent. then II might be possible 10 isolate the dioxctanc 15 
derived from I and the allene oxide 16 derived from 2. 

IS I6 v 

The oxidation of 1 with mchloroperoxybenzoic acid 
had been shown to give the oxirane.’ and controlled 
oxidation thus appeared possible. Reaction of 1 with ‘O>, 

produced from H202 and sodium hypochlorite, gave the 
“ene”-product 17, a colourkss liquid, in 40% yield. The 
NMR spectrum (CCL) showed a broad singkt at T 2.06- 

2.36 (I H) characteristic of the hydroperoxy proton. a 
sin& at I 4.09 (I H) assigned to vinylic proton and a 
multiplet at T 7.4-8.0 (IO H) assigned to the cyclobutyl 
protons. Reduction of 17 with sodium borohydridc gave 

the alcohol 18. 

Since direct reaction with ‘02 had given the not unex- 
pected “enc” product,‘6 an alternative route to 15 was 
investigated. Reaction of I with I.3 - dibromo . 5.5 - 
dimcthythydantoin and excess 86% hydrogen peroxide al 
-70”” gave the bromohydroperoxide 19 in 36% yield. 

the spectral properties being in accord with the assigned 

structure. Reaction of 19 with KOtBu in THF gave I7 and 

18 in 18% and 20% yield, respectively. identical in all 

observed respects with the previously prepared samples. 
Reaction of 19 with sodium methoxide gave 

spiro[3,4]octan-5-one (u)).“ a compound previously ob- 

tained by pyrolysis of 9-oxatrispirol3.0.3. I jnonane.’ 
which ma be an intermediate in this present trdns- 
formation. 

Y7 
Reaction of 19 with methanolic sodium 

metboxide and EDTA at - Up,” or with silver acetate in 

dichloromethane at various lemperatures.m also gave 20. 

The allene 2 was oxidixd with I.5 equivalents of 
mchloroperoxybenzoic acid in dichloromethane at 0”. 
when 22, a colourless liquid (6%). and Us. white 

crystals. m.p. 98-W (46%). were obtained. The NMR 

spectrum (CDCI,) of 22 showed a multiplet at 7 1.90-2.73 
(4 H) asigned to the aromatic protons, and a multiplet at 
~7.10-8.25 (I3 H) assigned 10 the cyclobutyl protons. 

while the IR spectrum showed a strong absorption at 

1710 cm-‘. The NMR spectrum UXI,) of 23a again had 
a multiplet in the aromatic region. T 1.9-2.7 (4 H). to- 
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gcther with a multiple1 for the cyclobu~yl and hydroxyl was treated with bromine to give the tetrabromide 28. but 

proton, T 6908.36 (I 3 H), and the IR spectrum showed a again all attempts at debromination failed. 

broad hydroxyl 0405cm-‘) and a strong carbonyl A second route to &I from the alcohol 18 was in- 

(1710 cm ‘) absorption. vest&ted. Reaction of 18 with acetic anhydride gave the 

22 f?: m%tI,CO, 239 R.MX H CO 
b Q. ,W6&,:, 

Compounds 22 and 2h can arise by acid catalysed ring acetate 29 as a colourless liquid in 60% yield. Row 
opening of 16 and 21 respectively, a process previously pyrolysis of 29 al 450” and 0.1 mm gave unrcacled 29 
observed by Crandall and co-workers in the epoxidation 
of tetramethylallene.” In an attempt to circumvent this 

(28%) and 3,4dielhylene-1.5-hexadiene (30) (23%). The 
1ctraenc 38 was identical in all observed properties with 

I 

ring opening, 2 was treated with mchloroperoxybenzoic 

acid in the presence of anhydrous sodium carbona~c.” 
hut only smaller yields of 22 and 23a were obtained. 

Oxidation with p-nitroperoxybenzoic acid under buffered 
conditions gave only 23b in 26% yield as white crystals. 
m.p. 79-W. 

Thus the cyclohutane ring does no1 appear IO afford 
stcric protection IO the dioxctane or ahene oxide, and in 
the first case the observed alterna1e mode of reaction 
may be favoured by the relief of cyclobutyl ring strain. 

A compound of considerable potential for the 
synthesis of polycyclobutyl systems would be hicy- 

clobutenyl (t(), and we have explored a number of 

routes to the compound. Bromination of 1 in CHCI, at 0” 
gave 1he dihromide 25 in almos1 quantitative yield, but 
decomposition occurs rapidly if 25 is stored above -. 78’. 
Attempts IO dehydrobrominate 25 under a variety of 
conditions were unsuccessful. either polymeric products 
or I being obtained. The reaction of I with N- 
bromosuccinimide gave a mixture of 25 and the allylic 
bromides 26 and 27. Reaction of the mixture of allylic 
bromide with a varic1y of dehydrohromination again was 
unsuccessful. only polymeric materials being formed. 
Consequently the mixlure of allylic bromides 26 and 27 

those reported by Skattebel and Solomon.” Compound 
38 may arise by thermal cleavage of 24, and a similar 

ckavage has been observed with the diacetate of I,2- 

di(hydroxymethyl)cyclobutane.2’ Heating 29 a1 lower 
temperature led to its recovery unchanged. 

29 30 

As a third possible route IO 24 we have examined 
mctfmds of preparing the diols 37 and 38, which are also 
potential intermediates IO the diones 39 and 40. The 
Barton-Kellogg reaction”‘*’ of 2-acetoxycyclohutane 

(31) gave the thiirans 33 W%) and 34 (31%) via 32. The 
thiirans were separated and each dcsulphurised with 

triphenylphosphineU IO the corresponding alkcncs 35 
and 34. Compound 38. colourless crystals, m.p. 43-44”. 
was obtained in co. 50% yield.- The NMR spectrum 
showed a two proton triplet a1 T 4.43-4.67 and a fourteen 
proton multiple1 at ~7.30-8.15, and the IR spec1rum 
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showed a strong band at 1725cm ‘. Co,npound 36, 
colourkss crystals, m.p. 45-46’, was obtained in similar 
yield.= and showed similar NMR aml IR spectra. 
Hydrolysis of 35 and 36 with mcthanolic sodium 
methoxide or potassium carbonate in methanol gave the 
corresponding diols 37 and 38. The stereochemical as- 
signments shown for the thiirans and acetates are largely 
based on the properties of these dials and the diones 
derived from them. 

Diol 37. m.p. 131- 132”. showed in the NMR spectrum 
(CD& saturated) a signal at 78.03 ass&d to the 
hydroxyl proton which shifts on dilution (SO%) IO T 8.28. 
The IR spectrum of 37 as a 0.27 M solution in CHCI, 
showed two OH absorptions. the stronger of which we 
assigned IO free OH and the weaker to hydrogen bonded 
OH. The free OH band remained dominant on dilution to 
0.07 M. In contrast, dial 38. m.p. 6>w. has its hydroxyl 
proton at T 5.81 in the NMR spectrum (CDCI,). which is 
shifted only to 7 5.88 on dilution, and ia the IR spectrum 
(0.27 M. CHCI,) the free OH band is weaker than the 
hydrogen bonded OH absorption and virtually disappears 
on dilution. Diol37 was consequently assigned the franr 
structure shown, in which intra-molecular hydrogen 
bonding could no1 occur. and diol38 was assigned the cb 
structure, in which it could. 

Oxidation of 37 with chromium trioxide pyridine 
compkxn give the dione 39 in M% yield, and a similar 
oxidation of 38 Save 40. 26%. In the IR spectra only 40 
showed a band at 1670cm-‘. attributabk to the C=C 
stretch, and in the electronic spectra compound 39 ab 
sorbed at a slightly longer wavelength with higher intcn- 
sity than 40, both observations being in accord with the 
stereochemistry assigned to the diols. 

Q= 0 . 
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No attempt was made to transform the dials into 24 
because of our experience with the thermolysis of the 
monoacetate 29. The low yield of the oxidation step 
precluded an investigation of the chemistry of the 
dioncs. which may have interesting photochemical 
properties and could also act as precursors for other 
cyclobulyl systems. 

In a preliminary investigation to determine if the Wit- 
tig reaction might be an alternative route to the diones. 
31 was treated with cyclobutyltiphenylphosphonium 
bromide and n-butyl lithium when a 5% yield of the 
acetate 418 was obtained, which was character&d by 
conversion to the known ketone 4Zm via the known 
alcohol 41b.m The low yield is probably due to increased 
steric interference by the acetate. since hindered alkenes 
are difhcult to prepare by the Wittig method. and the use 
of this reaction to prepare 35 was therefore not ex- 
amined. 

+? +? 
OR 0 

410 R AC 
b R.h 

42 

-AL 

NMR spectra were okained on either a Varian TbO or HA-100 
rpeclrometer and are recorded in I unrls with Me& as internal 

Undard. Mass spectra were taken on e&r an AEI MS.12 or 
MS9 spectrometer. IR spectra were recorded on a U&am 
SP-200 spectromcler. only strong and medium bands being rc- 

ported. Ebxtronic mtra were recorded on a Unicam SP800 

w 
Ok OAc 

134 t 
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AcO OAc 
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recording spectromctcr. .M.Ps were taken on a KoRcr hot stage 

microscope and arc uncorrcclcd. GLC was curkd out on either 
a Hcwktt Packard F and M 5750 or 776 chrornaIograph. 

Silica for preparative TLC was Merck Kieselgcl PFx,,. and for 

column chroma~ograpby Hopkins and Wfliams MFC silica gel. 
Solvents were purilkd by standard mcth&. Petrokum ether is 
lhal fraclion boiling below @. 

Bulb IO bulb distillations were carried out at a persure < I x 
IO ’ mm on a vacuum line. 

Synthesis of Irispiro[3.0.3.0.2.0]undecune (4) 

Ricyclobutylickm (1) (MOmg, 1.3Ommok) was added IO dry 

penti (2Oml) and tfk soln coded IO 0” umkr Nr sod stirred. 
N-nitroso-Ncyclopropylurea (0.48 g. 3.7 mmole) was then ad&d. 
followed by NaOEI (2.7 g, SO mmok) and the mixture was stirred 
for 6.5 hr. T~K insolubk material was removal by filtration. and 

lhc pp~ wash with pcntanc (2 x 5 ml). The combined fitra~e and 
washings were reduced in volume by distillation. and the re- 
maining solvent then removed by distillation under rcduczd 

pressure. The rcslduc was then purifkd by bulb IO bulb dis- 
tillation u&r reduced pressure IO give ftipim(3.0.3.0.2.0]u~I- 

decone (4). 6omg (31%). MS m/r 11.1242 (C,,H,, required 
l48.12s2). 148(83%). 132. 131. 130.129.I20.119(10@%).NMR.scc 
Discussion; IR (liquid film) 2920. 1440. 1010 and %Xlcm-‘. 

Reduction of the dibmmide 1 

(i) With commercial rti-n-bufylrur hydride. The dibromidc 7 

(0.58. 1.7mmolc) was introduced into a 3necked round bol- 
Iomcd 8ask fimd with a dropping funnel. stirrer and a condenser. 
and cookd in an ice bath. Tri-n-butyltin hydride (l.Og. 

34mmok. commercial) was added over 2hr under Nr with 
slirring. The mixture was healed lo 35_4(P and st&rcd for 3 days. 

Preparalivc TLC on silica of UK orange mixture. etuting with 
pctrokum ether, gave. after extraction. a pak yellow oil. which 
was purified by bulb IO bulb distillation IO give the cdourkss 

?-cycloburylidmr-3-bromoqiro]3.2]huanc #a). 92 mg (26%). 
MS mie 212.0193 (C,&i,,Br requires 212.0201). 214.212 (6%. I: I. 

MC(‘). 186. I84 (12%. I: I. M-CrH,). 171. 169. 133. 131. II7 (100%). 
105. 104. 103. 96. 91 (100%); NMR (CDCI,). 6.46660 (q, I H. 
cyclopropyl). 7.0-7.3 (m. JH. allylic). 7.54-8.20 (m. 8H..CH3; 

IR (liquid film) 2980. 1780. 1440. 1420. I I70 and 67S cm ‘. 

(ii) -With insMy prepared fri-n-bury/fin hydtie. 7%~ di- 
bromide 7 (0.89g. 3 mmok) was put in a 3-necked flask fitted as 

for (il. and freshly preoaredm (nBuhSnH (2.2 a. 7.S mmole) was 
added dropwise &r 2 hr IO Ihc v&ously &red com&nrnd 

under S*. The mixlure was then slirrcd vigorously al 40-4S’ 
under N: for S days. and the mixture was then distilled under 
reduced pressure IO give I-cyc/oburylklme~pspin,(3.2]hu~e (8b). 

23Omg (SS’k). bp 85’. IOmm; MS 134.1076 fC,d,, required 
134.1095). 134 (1%) II9 (14%). 117. I06 (21%. M-CrH,). IOS. 104. 
103.93.92.91 (100%); NMR see discussion; IR (liquid film) 29S0, 
1790. 1440. 1420. II18 and IOlOcm ‘I_ 

Pyrolysu of I-cyc/obuylidmr~pipiro]3.2]huMe (gb). Synrhtsic oj 

9-mohy/n~dirptm]3.0.3.I]nonone (14) 

Compound gLi (I60 mg. I.2 mmok) was put into a 5 ml round 
bottomed tlask which was then connected IO a pyrex column 
(IO mm x HX)mm) contaming glass hclkcs, which was passed 
through a honrontal cylindrical furnace. The other end of rhc 

tube was connected IO a Aa\k and an outlet IO vacua. The 

furnace was heated IO 430’ (Ihcrmocoupk in well). the sys- 

Icm evacuated IO 0.1 mm and the colkction flask immersed m 
lquid S). Compound fi dlrtillcd through the furnace and the 

products were collected in thc tlask. Prcpara~ive GI,C on &one 

rubber (6 ft xi in.) at 80+ gave. in order of incrcaxing rctentin 

time: (I) 9+nahylmedtip(m]3.0.3.I]nonone (14). 27-&g (17%). 
colourkss liquid; MS m/e 134.1090 (C&l,. requires 134.109S). 

134 (7%). 133 (19%). 131. 119. 117. IiS. ‘107; 106(31%. M-C,&). 
IOS. 103. 93. 91 (100%): NMR. see discussion; IR (liquid Mm). 
3000, 14SS and 90Scm ‘; ” (II) I-cyc/oburylidenespim]3.2]haone 

w. 81 mg (SIZ). 
When a IO mm x 320 mm furnace tube was used at 41~ and 

0.1 mm rhcn the ralio of I4:gb was I:4 (G1.C) and some 

decomposition products were found in tbc NMR spectrum of the 

crude product. 

Reacrion of bicycloburylidme wifh hydrogen pemxide and sodium 

hypochlorire 

Synfhesis oj I . (I - hydmpemxycycloburyl)cycloburene 

(II). Bicyclobutylidene (I2Omg. I.1 mmok) was dissolved in 
McOH (3Oml). the soln cooled IO 0” sod H,O, (30%. 2 6ml. 
002mok) was added. The soln was stirred. cooled and NaOCI 
(SI. 10.8ml. 7 mmok) was added dropwise over 3Omin. The 
mixture was stirred for a further 2 hr at (P. water (3oml) was 

added and the mixture extracted with CHCI, (2 x 20 ml). The 

combined extracts were dried (MgSO.) and the solvent removed 
under reduced pressure IO give a pale yellow liquid, which on 

bulb IO bulb distillatmn gave I-(I-hydm~mxycyclobuIyl)cyclo- 
burette (17). colourkrs liquul. 60 mg (40%): MS m/e I40 (30%. M’ ). 
123 (20%. M-OH). 122. 120. I12 (20%. M-C,H.). 107. IOS. 96.95 
(20%. M-C,H,O). 91.87.81. 79.77.67 (45%. M-C.H.0). 65. SS. 
53 (I@?%); NMR. see discussion; IR (liauid film) 34SO.2980. 1670. 
1270. IISS. 1110. BBO and nocm-‘. (Pound: C. 68.lC; H. 8.66 

Cak for C,H,,O,: C. 685: H. 8.63%). 

Reduction of 17 with sodium bornhydride 

Sywhesis oj I . ( - hydmxycycloburyl)cycloburene (IS). The 

hydropcroxidc I7 (60 mg, 4.3 mmok) wu dissolved In abs EtOH 

(3 ml]. Ibe soln stirred and NaBH. (SO mg. I 5 mmok) added in 
one portion. The mixture was stitred at room temp. for 3hr 
under N,. amA water (3 ml) was then ad&d The soln was made 
just acidic with SO% HClaq and ex~racrcd with CHCI, (2 x 

IOml). The combined organic extracts were dried (MgSO.) and 
the solvent removed by evaporation. The residual oil was purified 
by bulb IO bulb distillation IO give I_(l-hydroxycyclobuIylkycb- 

butene (18). colourlcsr oil. 4l~mg (7S%);-MS m/e 124 (8%. M’). 

122. 112. I07 (S7%, M-OH), 104.96 (26%. MC,H.). 9S. 81.80.79 
(S2%. MI’,H,O). 77. 70.67. 65. S7. SS. 53. 43. II (IO@%): NMR 
(CCL). 4.12 (s. I H, okfitucl. 7.2G.03 (m. II H. OH and cycb 

bu~yl]; IR (liquid film) 3450. 2980, 17X), 1270. 1160. 1090. 980. 
930.880.820 and 77Ocm I. 

Reaction oj bicyclobu?ylidme (I) nifh hydrogen peroxide ond 

1.3.dibnrmo-SJ-dimerhylhydantoin 
Synrhcsis o/ I hydmperoxy - 2’ bmmobtcycloburyl 

(19). Bkycbbutylidcnc (0.228. 2 mmok) and H,O, (86%. I.Mg. 
40 mmok) were added IO dry ether (20 ml) at - 70” under N,. The 
solution was stirred and I.3 . dibromo - S.5 - dimethylhydantoin 

(O.Sg. Zmmol) was added in small portions over IOmin. The 
mixture was stirred at .- 70” for a further 30 min and then allowed 
IO warm IO room temp. The soln was ex~rackd with cold sag 

NaHCO,aq (7 ml) and then water (2 x IO ml). The ethereal layer 
wm dried (MgSO.) and rhc solvent removed under reduced 

pressure IO give a colourkss liquid. Preparative TLC on silica, 
eluung with petroleum ethcr-cther (3: I) gave. in order of 

increasing R values: (I) I-hydmpemxy-2’.bmmobicyc/oburyI 

UP). cdourkss liquid, 16Omg (36%); MS m/e 220.1068 
(C,H,,O,Br requires 220.1078). 222. 228 (I : I. 4%). 205. 203 (I : I. 
la9E. M-OH). 178. 176. 163. 161. ISI. 149. 141. I35 (80%). 133 
(I: I. M-C.H,O,). 124. 123. 121. 87 (100%); NMR (CDCI,). l.27- 

I.57 (bs. 1 H. hydropcroxy). 7.0-7.9 (m. I? H. cyclobutyl): IR 
(liquid film) 34%. 2970. 1470. I260 and RlOcm ‘. (ii) 1.1’.dr. 
bmmobicyc~ohutyl (25). IOmg (2%). idcntkal in all obxrvcd 
respects IO an authentic sample (see below). 

Rmction o/19 rirh pOlassium I-buroxide 

Compound I9 (9om.g. 0.4mrnok) was dissolved in dry THF 

(Rml) and the solution s~irrcd under N,. I-BuOK (220mg. 

2 nunok) was added in one portion and the mixture stirred at 
room temp. for 1.S hr. Water (5 ml) was added and the mixture 
extracted with ether (2~8rnl). The combined ethereal layers 

were dned (MgSO,) and the solvent removed by evaporation IO 
give an oil. Preparative TLC on silica. elu~mg with petroleum 

ether-elbcr (4: I) gave in order of increasing h value: (i) the 

alcohol 18. IO mg (20%). identical in all observed respects IO the 
prcvmus sampk; (ii) the hydropcroxide 17. 10 mg (18%). identical 
in all observed respects IO the previous rampk. 
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Rcacrion of I9 nirh sodium mcrhoxidc 

li) Compound I9 (100mg. 0.4s mmok) was dissolved in dr) 

ether (2Oml). the soln cooled IO 0” under h’: and stlrred. NaOMc 

(0.5 g. 9 8 mmok) was &dcd m one portion and the mixture then 

stirred for 2 hr al 0”. A ppt formed which was removed by 

Warion and washed with ether (IO ml). The combined ether 

layers were reduced by cvaporalmn IO give spim(3,4]orfan-5. 

one. 2Omg (36%). idcntlcal in all obscmed respects wlrh an 

authentic sample. 

(ii) Compound I9 (60 mg. 0.27 mmole) was dissolved m dry 

McOH (2ml) and stirred at - W under N:. Freshly prepareb 

NaOMe in McOH (I ml. 0.63 M. 054 mmok) containinn EDTA 

(2 mol% based on NaOMe) was added over IO min and ~hc 

mixture then stincd al - 30” for a further 2 hr. Ice cold water 

(2 ml) was added and the soln was ex~rac~cd with cold CCI, 

(2 x 7 ml). The combined organic layers were dried (MgSO,) and 

evaporafcd under reduced pressure IO grvc an oil (2Omg). The 

NMR and IR spectra indrcatcd the presence of 20 and unchanged 
19. 

Rtacrion oj 19 with rilrrr acctart~ 

A soln of 19 (Is0 mg. 0.68 mmok) in CHJI: (2 ml) was added 

to a rapidly stirred slurry of AgOAc (0.44 g, 2.6 mmok) in CH:C12 

(2 ml) at - lo” under N:. The mixture was stincd at - l(P for 

I5 mm and the solds removed by filtration. Tbc Ware was 

washed with ice water (3ml) and Na?CO,aq (I@%. 3mI) and 

dried (MgSD,). The solvent was removed at Oc under reduced 

pressure IO give an oil. identified as rpim[3,4]~ran~S-onr (20). 

60 mg (71%) by comparison with an authentic sample. Reaction 

at other temps. gave essentially the same result. 

Rtacfion oj 1.3-hu(fn’mrrhyl~e)propodirnr (2) with rn. 

chlompemsybmzoic acid 

(i) The allenc 2 (I3Omg. I.1 mmok) was dissolved m dry 
CH?CI: (15 ml). the soln stirred. cooled IO (P under h’> and a 

soln of m.cNoropcrox)bcn7oic acid (3Mmg. 1.9mmolc) m dry 

CH:CIz (6 ml) was added dropwisc over IO min. The mixture was 

then allowed IO warm IO room tcmp and stirred for a further 

I2 hr. The mixture was ex~rac~cd with sal Xa:(‘O,aq (2 x IO ml). 

water (3 x IO ml) and dried (MgSO,) The solvent was removed 

h) evaporation IO give an oil which, by preparative TLC on 

sdrca. eluting wllh pe~rokum&cr-c~her (4: I) gave. in order of 

incrcamg R, value: (i) I (m . Chlombmzoxy) . I.3 . 
bis(rrimethyl) 3 hydmxypmpan ? - onr Wa). I5Omg (45%). 

whirc cryslills. m.p. 98-W: .WS m/c 310 (2%. 9’). 308. 292. UIO 

(44%. WZ:H.). 252. 238 (100%). 210. 209. 1x1. IS3 fIOO%. 

M-CO&H,mCl): NMR see Discussion: IR (KBr) 3405. 2!W. 

1710. 157s. 1430. l3tW. 1250. II35 and 68Ocm II (Found: C. 

62.08; H. 5.38. Cl. 11.23. Calc. for C,,,H,.O,CI: C.62.24: H. 5.55; 

Cl. 11.48%); (Ii) I (m . rhlorobcn:oxyI . 1.3 bisWimnhv- 

Imc)pmpan 2 one (22). 20 mg (6%). od; .WS m/r 293, 292 IM”. 
43%). 23i. 222. 209. 181. 156. 153 (100%): NMR. see Discussion; 

IR (hquid film) 2Wl. 1710. 1575. 1430. 1300. 1250. 1135.982. BIB. 

760 and Wcm ’ (Found: C. 65.999; H. 604. Cl. 11.61. Cak. for 

C,,H,,O,CI: C. 65.65; H. 5.85; Cl. I2 11%); (iii) A mixture of 2 

(I20 mg. I.0 mmolel. m-chloropcroxyhmzoic acid (I30 mg. 

0.76mmok) and a&d. NaJ’O, (16Omg. I.5 mmok) in dry 

CHKI: (3001) was stirred a! room temp. under N, for 2days. 

The insoluble material was removed by filtration. and the fillrate 

evaporated under reduced pressure IO give an oil. Preparative 

TLC. as for (i). gave Ua. I I mg (fi) and 22. 2 mg (1%). together 

with the alknc 2. 60 mg tY?%) 

Rrarrion oj I.3-bir(rrim~h~l~,r)pmpodirnr (2) and p-nirm. 

pcmrybn:oic acid 

A mixture of 2 (60 mg. 0.5 mmole). p-nitroproxybenzotc acd 
I IRO mg. I.0 mmole) and anhyd. h’a,CO, (IO0 mg. I.0 mmolc) in 
dry CH.a: (30 ml) was stirred under Nl al room temp. for 1.5 hr 
The msolubk maferial was then removed by tthration. and the 

filtrate evaporated under reduced pressure IO give an od Pre- 

para~c TLC on silica. cluling wcth CH& gave I (p - 
nirmbtn:oxy) 1.3. bis(rnmcthy/cnc) 3 . hydmxypmpan 2 

one CW. 40 mg (26%). white crysfak. m.p. 79-80”: MS. m/r 319 
(3%. M’,,. 2991 (9%. MX,H.). 2SO. 249. 219. 218. 191. 153. 152. 

151. I50 (1004t); NMR (CDCI,). 1.51-l 97 (m. 4H. aromauc). 

6.91-8.35 (m. 13H. cyclotn~fyl and hydroxyl); IR (KBr) .34W. 

2WS. 1720. 1605. l?38. 1350. 1300. 883. 850 and 722cm ‘. 

(Found: C. 59.82; H. 5.32; N, 4.27 Cak. for CIa,&N: C. 60.18; 
H. 5.37: N. 4.3%). 

Bmminafion oj bicyclubutylidinc (1) 

A soln of Br2 (1.6Og. IOmmde) in dry CHClt (IOml) was added 
dropwrx over 30 mm lo a vigorously stirred soln of I (I OA g, 

IO mmole) in dry CHCI, (IO ml) at (P under N,. After completion 

of addition Ihc solvent was removed under reduced pressure and 

the residual od was bulb IO bulb distilled at M IO give 1.1’. 

dibmmobicyclobufp/ (2.5). colourksc liquid. l.63g (61%. 

pure by GLC (silicon rubber. 6ft x;m.); MS. 270. 268 (3%). 

266(1:2:1):242.240(~~U8(1:2:IM(C~~t);214.212(7R).210 

(1:2:1. M&Ha). 189. I87 (7%. 1:I. M-Br). 79 (100%); NMR 

(CCL). 7.1 l-7.94 (m. IO HI. 8.20-8.39 fm. 2 H); IX (liqurd film) 2950. 

I4.30.I250,IlOOand1035cm ‘.(Fou~~:C.~~.~I;H.~.M;B~.S~.P~. 

Calc. for C,HIjBrI; C. 35.86; H. 4.51: Br. 59.14%). 

Rracrion of btcycl~vrylidme (1) t&h N-bmmmuccinimidt 

Rec~stallised bcnznyl pcroxlde (0.05 g. 0.2 mmok) was added 

IO a vigorously stirred suspension of N-hromosuccinimidc (3.5 g. 

20 mmok) and I fl.08g. IO mmok) in boiling benctne I IO ml). 

Heating was continued until SBS was no longer detectable 

(Kl/starch). the mlxrure was cooled. rhe msoluhk marenal 
removal by hltratton. and the residue washed with cold benzene 

(2~ 5 ml). ‘DK combined Wares were evaporated under rc. 

duced pressure IO give a brown mass which was tntuatcd with 

ether @ml) and filtered; the residue hcing washed with 

petroleum ether (3~ 5 ml). The combined filtrates were 

evaporated under reduced pressure IO give an oil wblch on bulb 

IO bulb disUatcon gave a pale yellow oil. Prcparali\e GLC on 

silicon gum rubber SE-30 (IO It x 4 in.) at 145” gave, in order of 
increasing retention time. (11 bromobcnzcnc (0.3g); (II) l.I’-di- 

bmmobicycIobufyl (25). 1.29 (48%). identical in all respects with 

an authentic sample; (iii) 2.2’. (26) and 2.4’.dibmmobicyclobu- 

rylidtnr (27). 0.74g (2&S). pak yellow oil: MS. 268. 266 (12%) 

264 (I:!: I. M*); 242. 240 (7%) 238 (1:2: I. !.W:H:): 214. ?I! 

(8%). 210 (I;2;1. M&H,); 187. IRS (I:I. M-Br. 3@Z). 79 

(100%); NMR (CCL,) 4.80-5.26 (m. 2 H. mcthine) 6.50-7 90 cm. 

R H. methyknc): IR (liquid film) 2950. 1430. 1250. 1205. II70 and 

870cm-‘. (Found: C. 35.75; H. 3.71; Br. 59.64. Cak. for 

CsH,,,Br?: C. 36.13; H. 3.79; Br. 59.94%). 

Bmminarlon of fhr mixrun oj 26 and 27 
The mixture of 26 and 27 (S3 mg. 0.2 mmok) was dissolved in 

dry CHCI, (I ml). rhe soln stirred and cooled lo 0” under S?. A 

soln of Br: (32 mg. 0.2 mmok) in dry CHCI, (0 5 ml) was added 

dropwise over 3Ommm. and the mixture stirred at 0” until the 

brown colour wti discharged. The solvent war removed by 

distillation under reduced pressure IO give a brown oil. which on 

hulh IO bulb distillation gave rdrabmmobicyclobafy/ (z8). pale 

yellow oil. II5 mg (100%). which contain&J% of. (26. 27i by 
GLC; MS m/r 42S.7436 (CrHlaBr, requires 425.7417); 430. 428. 

4260%~424.422~l:4:6:4~1) 349.347(62%:).~5. 343(1.3:3:1. 

M-Br). I05 (100%); NMR (CCL) 4.60-S.68 (m, 2H. methincj; 

6.3&7.88 (m. 8H. merhylenc); IR G&d film) 29SO. 1435. 1250. 
1195. 1065. 870 and 84O;m ‘_ 

Acrrylarion of I - (I - hydrr~rycycloburylkyclobuf~nr (18) 
Ac,O (I 5 ml. I5 mmok) was added IO 18 WI mg. 0 3 mmok) 

and the mixture was heated to reflux for I hr. Preparative TLC 

on silica, eluting with petroleum crhcr-cther (4: I) gave I-(1. 

acaoxycycloburyl)cyclobulcnr (29) colourkss liquid. 30 mg 

WI%). MS m/r I66 (4%. M’). 157. I38 (11%. MCO). 124. I23 
(II%. M-CH,CO). 109. 107. 106. 105. 96 (100%). SMR (CCL) 
4.3F4.69 (m. I H. oktini-c). 7.09-8.06 cm. I3 H. CH,CO. cyclo- 

buryI); IR (hquid film) 2980. 1740. l4W. 1395. 1260. 1090 and 

103Ocm I 

Pyrolysis oj rht acttare 29 
The acetate 29 (50 mg. 0.3 mmok) was pul into a 5 ml flask 

which was attached IO a Pyrex column (IO mm x 200 mm) filled 
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with glass hclices. The column was passed through a cylindrical 

funnel and a collection flask ullh a vacuum oulkl fitted IO the 
end. The furnace was healed IO 4W (thermometer in well). the 
appararus evacuated IO 0. I mm and lhc colkcring llask cookd in 

liquid S?. The pyrolysate war, colkcted and purifird by pre- 
pamlive GLC on &wax (611 x ! in.) at IOU’ lo give. in order 
of mcreasmg relenlion llmc: (I) 3.Cdtmrrhyl~e-IJ-~~udi~e 
(w))“? 7 mg (22%); NMR (CDCI,) 3.60 fq, 2 H. vinyl). 4.67-5.06. (3 

multiplcts. RH. mcthyknc); IR (CCL) 990. 917 and 898cm ‘: 
A CU, 216 nm; (ii) acellc acid; (I$ accIale 29 (14 mg. ZRC). Using 
3Omg of 29 under Lhe same condilions resulted m compkle 
conversion lo 30. Thcnnolysis al 310” or W al 0.1 mm gave 

unchanged 29. 

Prcporafion 01 the rhiadio:oline 32 

Hfi was passed through 31 (9.2Og. 72mmok) al 25” for 

I5 min. Aqueous hydrazinc (6 ml. 7.5M. 37 5 mmole) was then 

added dropwix over 45 mm IO I~W vigorously surrcd soln at 

- 25’. lhc pusage of Ha being continued. After compklion of 
addition HJ was passed for a further I5 min. and Ibe mixture 
was Ihen extracted with CHIC): (50 ml). Sal NaClaq (IO ml) was 
added IO the aqueous layer. and this was then exuac~cd further 
with CH$I: (2 x 25 ml). The combined organic extracts were 

drtcd CMgSO,). and rhe solvent removed under reduced pressure 
IO give a pak yellow oil. The oil was dissolved in e&r (25 ml). 

poured through a short silica (506) packed column and elutcd 
with ether QOOml). ‘ll~c combined ctherea) cluanl was 
evaporated under reduced pressure at (P IO give 32. a nuxturc of 

isomers. 9.4~ (91%). colourfess od; MS m/r 252.11 I3 (M-HzS). 
(C,?H,,ti:O, requires 252.1110); 252 (I5’kL 226. 210. 200. 166. 

160. I%. ISI. I50 (UN%); NMR KDCI,) 4.44-5 38 (m. 2H. 
mcthine). 5 50-6.43 cm. 2 H. XH). 7.58-X.32 (m. I4 H). IR (hquid 
film) 3280. 2940. 1785. 1730. 1440. IUIO. 1240. 1070. 1020. WOand 
82Ocm ‘_ 

Oridarion o/ 32 rnirh dierhyl ozidocarhox~lafr 

l’hc lhiadiazolldlne 32 (6.7~ 0.023mol) was dissolved in dry 
bcn?cnc (2Oml). ~hc soln stvrcd and cooled IO 0” under N:. A 
sdn of dicthyl arod~arbxylak (4 0 8, 0.023 mob In dry brnzenc 

(CO ml) was then added dropwisc over 30 min. and after addition 

rhe soln was stirred al 0” for 3 hr. The mixture was then hcakd IO 

40” for Ig hr and finally heated IO reilux for 30 min The mixture 
was allowed IO cool. petroleum ether (40 ml) was added and the 
mrxturc srood for 2 hr ar 0”. when a white crystalline ppl of 
diethy hydrarinodlcarboxylale formed. This was removed by 

filtration. the ppr washed with pctrokum ether (2 * IO ml) and Ihe 
combmcd hl~rak~ were evaporated under reduced pressure IO 
grve an orange od. Cdumn chromatography of ~hc OII on silica 

cluting with petroleum ether-ether (3.2) gake in order of In- 

creasing It, value. (I) I.8 diacefoxy . 9 fhiadu- 

piro[3.0.3.l]nonanr (34). white crystals. m p 75-76”. 1.7 g CM): 

hlS m/r 256 (6%). 213. 171. 170. 154. 153. 129. I2tl (IWX). NMR 
(CCL) 4.60-4.7X Im. !H, mcthme). 7.40-7.92 (m. RH. methy. 

km). 808 (s. 6H. C’yU.B; IR IKRr) 2950. 1735. 1720. MO. 
1385. 1240. 1105, IOtlnS~ 1050, 970. 93C and 9Wcm ’ (Found. C. 
56 I I: H. 6 33. 0. 2b.93. S. I! 46. (‘ale. for (‘,,H,,O,S~ C. 56.24: 
H. 6 29: 0. 24 97: S. 12.51%). (ii) A mixture of 34 and 33. I.5 g 
(25% and (iu) 1.6. diardoxy 9. fhiadisptm[3.0 3,llnonanc (33). 
whlrc crystals. m.p. 71-72. 1.3g. (22%); MS m/r 256 (M(‘. 20%). 

213. lil. l?O. 154. 153. 129. I28 (100%). SMR CCCl., 4.68-4.77 (I. 
2 H. mcthine). 7.46-798 (m. 8 H. merhykncl. g 09 (s. 6H. 
CH,(‘O); IR (KHr) 2950. 17X1. 1435. 13&I. 1240. 1215. 11X0. 1090. 
Yi5. 945. Y20 and 891, cm’ ‘. (Found: C. 56.23; H. 6 33. 0. 24 87; 
S. I!.% Calc. for C,?H,,O,S: C. 56.24; H. 629: 0. 24.97; S. 

I! 5I?iJ. 

fksulphutixafton of 33 and 34 
Compound 33 (0 77 g. 3 mm&) was added with dry mphcnyl. 

phosphlne (1.3 g. 5 mmok) and the mixture was stIrred and 
hcatcd IO IW for 3hr under N:. The cooled mixture u-as 
tnrurated with petroleum ether (2 x IO ml). the insolubk material 
removed by filtration. rhc ppl washed with pcrrokum ether 
(2 x IO ml) and the combmcd Male cvaporalcd under reduced 
prcssurc lo a volume of ca. 2 ml Column chromatography on 

silica gave. In order of increasing H,: (i) triphenylphosphine 

sulphide. 40 mg; (ii) 2,4’.diacefoxybicyclobufy/idene (35). 0 57 g 

(S5%).B colourku crystals. m.p. 4L44’ (petroleum ethcr<ther): 

MS m/r 224 (M’. 3%). Ig2. ISI. 164. 140, 139. 138. 122. 121. 79 

(UN%); !GMR (CCl,). 4.43-4.67 (1. 2 H. merhine). 7.30-8.15 (m. 
I4 H. merhyknc. CWH,); IR (KBr) 1725. 1380. 1240. I I IO. 107s 
and 945cm ‘. (Found: C. 63.95: H. 7.13. Cak. for C,?H,,O,: C. 

64.27: H. 7.1%). A similar procedure with compound W gave 
2.2’.diacaoxybi~y~/oobYlylid*lr 06) WXL’ cok~~ricss crysfak 

m.o. 45-W (nctrokum erhcr-cthcr); MS m/r 224 tM’. 5%). 182. 

ISi. 164. 140: 139. 138. 122. 121. 79 (llW%): SMR (CCI,) 4.51- 

4 74 (m. 2H. mcthinc). 7.33-8.18 (m. l4H. mcrhyknc. CoCljt): 
IR (KBr). 2950.1725. 1375. 1250 and 1065 cm ‘. (Found: C. 64.57. 
H. 7.25. Cak. for C,~H,&~ C. 64.27; H. 7.19%) 

Hydrolysis 01 35 and W 

A freshly prepared soln of NaOMe in MeOH (0.2 hf. I5 ml) 
was added IO an ice-cold. slured soln of 35 (224 mg. I mmolc) in 

M&H (5 ml) under N,. The sdn was stmed at 0’ until Iwnc of 

35 could bc detected (2 hr) and soln of AcOH (O.!Sg. 4 mmdc) 

in EIOH (2ml) was then added. The mixture was evaporated 
under reduced pressure, sal !GaClaq (5 ml) was added and the 

mixture extracted with CHZCI: (5 ml) The aqueous fraction wa\ 
decanted from the solid and ex~rackd with CHICI: (5 ml). and 
rhe combined organic layer were dried (Sa>CO,). E\aporaUon of 

the solvent under reduced pressure gave hiryclobufyl~~nr-2.4’. 
dloI (37~whitc crystals. lSSmg(69%). m.p. l3l-13?‘. MS m;c IJO 

CM’. 0.6%). 139. 12s. 123. I22 (M-H& 35%). 121. II I. IO:. 9:. 96 
(100%): NMR (CDCI,) 5.10-5.40 (m. 2 H. merhine). 7 OR-II.36 (m. 

IOH. methyknc. OH): IR (KBr) 3320. 3245. 2990. 2945. 1435. 
1325. 1235. 1185. 1125. 1095. 1075 and Wcm”. (Found- (‘. 
6R.70; H. 8.66. Cak. for CrH&?: C. 68.54; H. 8.63%). Similar 

hydrolysis of 36 gave bicyclohufyl~rnr-2.2’.d;ol (38). W%k 

white cryslak. m.p. 61-64’; MS m/r I40 (M’. 0.3%) 139. 125. 123. 
I22 (M-H>O. I@%); NMR (CDCI,) 496-C 34 cm. 2 H. mcrhmc): 
Ul (\. 2H. OH). 7 3LX.24 (m. XH. meth,knc,: IR IKBr) 3250. 
?900.1440.1230.1I15.I110and820cm ’ (F~~nd:C.6849;H.X.65. 

Cdc. for CIH,:O:: C. NI.54: H. 8.63%L 

0xidafion 01 37 and M 

Finely ground Cr0, (0.24 g. 24 mmok) was slowly added IO a 
vigorously stirred soln of dry pyridinc (0.38 g, 4.8 mmolc) m dry 
CHjCI1 (6ml) at 2t?’ u&r N?. Tbf resulting soln was stirred at 

2@’ for I hr. then cookd IO 0” and a soln of 37 (28 mg. 0.2 mmolc) 

in CH?CIl (I ml1 added. The mixture was stirred at 0” under dr) 
N, for 2Omm. the mixture filtered through Klculguhr. the 
residue rnturared uirh CH:CI, (2x IOml) and the comhincd 
filrra~c refiltered The resulting hlrra~e was washed wlrh SaOHaq 
(20 ml. I Ml and waler. (20ml). and dried Preparative ‘I’I.C on 
silica. elutmg with pcrrokum ether-ether (1:9) gate hlry- 

cfohufulidPne.!.J’-Cone (391. 9.8 mg tM%l. yellow cr)sral’r. m.p. 

121-125”: MS m/r 136.0521 ((‘,H,& requires 13605241; IM (ML. 
lW?i). IO& Ml. 79 (100%); NMR (CDCIJ 6 74-7.2? (m). IR tKHrb 

2Y20. 1735. 1230. 109.5 and 1075cm I; Au. (f-NH) 2!5\hnm 

(e X303). 266 ~lO.?oo). 274 sh (9120). Simdar oxldarmn of )R gare 
h#yclohufy/fdene~!.T~d~one (40) (26%). yellow cr)\lals. m.p. 
107-108”. MS m/e I36.0520 (C,H,O: requires 136.0224): IM 01’. 
10%). IWI. 80. 79. 77. 66 (100%): SMIt UXI,) 67~?.On (m. 
4H). 7.2F7.52 (m. 4H): IR (KBr) 29W 1745. 1670. II20 and 

1070cm ‘: A,.. (I’lOlf). 252shnm (t 61301. 263 (‘WI). 2-I \h 
t:0500). 

Hcarfion o( 31 wrh c-vc-lobufylfriphmylphorphonium bmmidr 

Cyclobutyl~nphcnylphosphomum bromide (54.7 g. 0.09 mm&) 
was. suspended in dry THF (600 ml). slured. and n-H&i (68 ml. 
I.97 M m n-hexane. 0 I3 mmok) was added. After I5 min all of 
UK bromldt had dissolved. and a soln of 31 (I I.5 g. 0 09 mmole) 
in dry THF (200 ml) was then added dropwisc over 45 min IO the 
deep red soln. The mixture was stirred for a fur&r 30min at 
room Icmp. and then heated IO 60-65’ with sllmng for I! hr. The 
soln was coded. filtered and CH+Il? (25Oml) added to rhc 
fil~ra~c. ‘Ihe mixture uas ex~rackd with water (! x IOOml) and 
~hc organic layer dried (Mg!XI,) The solvent was removed hy 
evaporation under reduced pressure IO give a dark oil which uas 
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Iriturakd with petroleum ether (2OOmlJ. The pp1 of IriphcnyC 
phosphine oxide which formed was removed by filtration. the ppt 
washed with pctrokum et&r (2x I5ml) and the combined 

fihraks concentrated by evaporation. Fractional distillation of 
the residue gave 2-occroxybicyc/obufy&fare Ola). colourkst oil. 
0.74~ (5%): MS mlr 166 (3%. M-l. 161. 157. 139. 138. 123 
(20%). 55 (100%); NMR (CDCI,) 4.21-4.63 (m. I H mchinc). 
7.09-8.30 (m. 13Hl; IR (liquid blm) 29%. 1730. 1380. 1240 and 
lO&lcm-‘. (Found: C. 68.13. il. 8.59. Calc. for Cl&Or: C. 
72.26; H. 8.49%). 

Hydrolysis of 41s with freshly prepared sodium m&oxide 
in mclhanol gave 2-hydmxybicyclobufy/idrrIe (4lb) IS7%l;” MS. 
m/e 124 (8%. M’); tiMR (CDCI,) X06-5.42 tm. I H. mcthinel. 
6 84-8.21 (m. I1 H); IR (liquid film) 3350, 2950. 1700. I440 and 
I I10 cm-‘. Oxidation of 4lb with chromium Irioxide-pyridirk as 
for the dials gave bic,yr/obufylidenr~2_onc (42) (21N having 
identical NMR. IR md ekctronic spectra to Ibose reported.” 
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