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Ab&ut-Cyclobutene, prepared by base-induced elimination from tosyloxycyclobu~ane 19 undergoes cycload- 
ditioo with ethyl propiohtt in the presence of AKh to provide ethyl bicyc~2.2.0]hex-2~cnc-?cPrboxy~1e 20. This 
cycbadduct at rmm temperature and in the presence of MI, undergoes forWden ring opening into ethyl 
cycbbexa-l.3dkoc-2~artn~yLtc 21. ‘The cycloaddition of cycbbuctnc with dichknokctrm provides 3,3di- 
chbro4Gcyclo[2.2_0~xan-2-one 24 and after reductive habgen removal the endo f-chbro bicycl~2.2.0~xan-2- 
one 28 (the first study of this srrained system). However. further dechlorination of 1 results in rearrangement and 
fragmentation reactions. 

Due to its ring strain the bicyclo[2.2.0] hexane system is 
a challenging one; it was first obtained in 1960’ and much 
of its chemistry has been explored (for a review see Ref. 
2). However, in spite of different attempts the bicy- 
clo(2.2.0]hexan2-onc 1 has not been described as far as 
we know. Most of the reactions which might be thought 
to lead to this strained cyclobutanone derivative failed 
because of the occurence of rearrangement or frag- 
mentation reactions. 

Thus for instance, McDonald and Reinekc have repor- 
ted that Oppcnauer oxidation of cxo bicyclo[2.2.0]hcxan- 
2-01 2 resulted in an oxidative rearrangement leadine 
mainly to the bicyclo[2.l.l]hexan-5-one 3 and not to 1. 

On the other hand. t-butyl hypochlorite oxidation of 2 
at room temperature gave uo-bicyclo[2.2.0]hex-2-yl-5- 
hexermate 5 and Shenenoi’c acid 6. presumably resulting 
from ring opening of I and trapping of the intermediate 
ketenc 4 by alcohol 2 and water, respectively. When 
performed at 0”. the oxidation products exhibited in- 
frared absorption at 1782cm-’ suggesting the presence of 
a cyclobutanone moiety, but attempts IO collect the 

expected bicycJoI2.2.O]hexan-2-one I resulted in the 
complete disappearance of the characteristic IR band.’ 

Finally. attempted acyloin ring closure on cir-12- 
dicarbethoxycyclobutane 7 did not give the expected 
a-hydroxy ketone 8 but led. by an apparent frag 
mentation reaction to the 2-carbethoxycyclopentanonc 
9: 

Recently, the lability of the bicylo[2.2.0]hexan-2-one 
system I has been illustrated by Paquette who reported 
the conversion of the txosyclobutanol 10 into the endo- 
isomer I2 from the direct hydride reduction of the oxi- 
dation product of 10 by N-chlorosuccinimide and 
dimethylsulfide. without isolation and description of the 
hypothetical intermediate ketone I I.’ 

In order IO test new pathway to I taking into account 
recent attractive reports of the literature concerning the 
reactions of non-activated alkenes. we have investigated 
the Lewis acid catalyzed cycloaddition of acetylenic 
esterse” and the cycloaddition of reactive kctenes’c” 
with cyclobutene. The achievement of certain of these 
goals is reported in the present paper which includes a 
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new and convenient preparation of cyclobutene and its 
cycloaddition reactions with ethyl propiolate and di- 
chlorokctene which enable us to prepare and describe for 
the first time the 3-chloro and 3.3-dichloro derivatives of 
the bicycu2.2.01 hexan-2-one I. 

Preporotion oj cpclobumc 
The literature contains many different reports of pre- 

paration of cyclobutene but, none of these methods 
appears to be of practical importance for the ready 
preparation of pure amounts of this small ring com- 
pound. Thus. cyclobutene has been obtained (a) by 
thermolysis of cyclobutyldimethylaminc oxide-’ and 
of cyclobutylammonium hydroxide-’ (8 steps from 
malonate esters, 2.0% overall yield); fb) by pyrolysis of 
the cycloadducts of dimethylacetylenedicarboxylate 
with cycIooctatriene’Y’ 
cyclooctatetraene- 

(-32% overall yield) or with 
(%39’S overall yield); (c) by 

photolysis of butadieneR.” (30% yield); (d) by lead tetra 
acetate oxidation” of cyclobutylcarboxylic acid” (11.8% 
overall yield); (e) by triafkylphosphitc fragmentation of 
1,2cyclobutylthiocarbonate” (68% yield based on cis- 
1.2-dihydroxycyclobutane; (f) by ring expansion of 
cyclopropylcarbeneY or from cyclobutylidcne.“.” 

In most cases, cyclobutene is contaminated with 
butadiene, bicyclobutanc or methylcnecyclopropane. So 
for instance, an other alternate pathway involving the 
base induced ring expansion of cyclopropylmethyltosyl- 
ate 13 with potassium t-butoxide in dimethylsulfoxide 
leads to a I: I mixture of cyclobutene 14 and methy- 
lenecyclopropane 15.” 

In a search of a convenient source of cyclobutene, we 
have found that. contrary to 13. the cyclobutyltosylate 19 
can provide. in good yields, cyclobutene 14 free of its 
isomeric impurities.“. The procedure takes advantage of 
Robert’s conversion of cyclopropylcarbinol into cyclo- 
butanol.” Thus, cyclopropylcarbinol 16 which is com- 
mercially available or obtained readily from the hydride 
reduction of cyclopropanecarboxylic acid- or ester 
undergoes. upon treatment by aqueous hydrochloric acid 
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at reflux for 3 hr. ring enlargement into cyclobutanol I7 
in 92% yield (while after refluxing for lOOmn, a 72% 
yield only is reported by Robert’? contaminated with 3% 
of Ebutenol 18. 

Then the tosyloxycyclobutane 19 is obtained by con- 
ventional means through the reaction of the mixture of 
17 and 18 with tosylchloride in pyridine. After usual 
work-up, the pale yellow residue treated under high 
vacuum at room temperature for 3 hr gives the practic- 
ally pure tosylate 19 in about 90% yield; the lack of 
3-buten-l-ol derivatives is shown by the lack of olefinic 
protons in the NMR spectra of 19. Upon treatment with 
potassium t-butoxidc in dimethylsulfoxide at 70” the 
tosylate 19 undergoes base induced elimination to give 
cyclobutenc II. The yield based on pure 1,2_dibromo- 
cyclobutane obtained by adding bromine to the collected 
cyclobutcne fb.p. t”) in a dry ice-cooled trap is 8690%. 
the overall yield from cyclopropylcarbinol 16 is 7&X%. 

The tosyloxycyclobutane 19 is quite stable, it can be 
prepared in large amounts, kept in the fridge to provide a 
convenient source of this gaseous small ring com- 
pound.- 

Cyclooddirion of cyclobutene with ethyl propiolore 
It has been reported recently by Snider that acetyknic 

esters undergo in high yields Lewis acid catalyzed 
stercospccificl2 + Zlcycloaddition reactions with un- 
activated 1,2-disubstituted alkenes: while monosub 
stituted alkenes give mixtures of cne adducts and cyclo- 
adducts.6” We have tested such a cycloaddition with 
cyclobutcne itself. 

As expected, cyclobutene 14 undergoes aluminium 
chloride catalyzed12 + Zlcycloaddition with ethyl- 
propiolate in benzene to provide ethyl bicyclo[2.2.0]hex- 
2-cne-2-carboxylate 20, a potential precursor of 1, along 
with ethyl cyclohexa-IJ-dienc-2-carboxylate 21. But the 
reaction is quite slow; thus, after 3 days at room tem- 
perature and atmospheric pressure 20 and 2lare obtained 
in 20 and 2% yield, respectively. While after 7 days. 21 is 
obtained alone in 3W yield from the ring opening of 20. 
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The same treatment of cyclobutene 14 with ethyl- 
propiolate and AlCI, performed in seakd tube at room 
temperature gives, after 5 days cyclohexadiene 21 (35%) 
along with a mixture of the MS and Alder adducts 22 
and 23 of dicne 21 with ethyl propiolate (IDc/c). After 17 
days the adducts 22 and 23 are formed in 85% yield: they 
are separated by liquid chromatography and identified 
from their NMR spectra. 

I)ue to steric considerations and the nature of the 
cycloaddition’ the junction of the fused bicyclic ester n 
is cis; so, the ring opening of 20 into 21 is disrotatory and 
forbidden by the symmetry ruks. Although it is known 
that ring strain lowers the temperature of the thermal 
ring opening of bicyclo[2.2.0)alkenes to 195”.” it is 
somewhat surprising that. in the presence of AKI,. such 
a rearrangement occurs at room temperature. 

Whatever it may be, this Lewis acid catalyzed cyclo- 
addition of cyclobutene with acetylenic esters does not 
appear to be of practical importance to enter the bicy- 
clo[2.2.0]hexane system. 

Cyclooddirion of cyclobufene wifh dichlorokefcnc. Syn- 
thesis of 3,Edichlorobicyclo[2.2.0]huon-2-one 

More reactive than ketene itself, dichloroketene 
undergoes cycloaddition to various okfinic compounds 
to yield 2,2dichlorocyclobutanones;‘z then, the reduc- 
tive halogen removal provides readily cyclobutanones.n- 
w for which maTy$:;ful transformations have been 
recently reported. . 

The preparation of dichloroketene from dichloroacelyl 
chloride and triethylamine in the presence of cyclo- 
butcne resulted in the[2 + 2)cycloaddition products 24. 

The optimum conditions for this cycloaddition appear 
to be the slow addition of triethylamine IO a dilute 

24 75% L’ 

solution” of dichloroacctyl chloride and cyclobutene in 
ether at -lo”. In these conditions 3.3-di- 
chlorobicyclo[2.2.O]hexan-2-one 24 was obtained in 75% 
yield after purification by liquid chromatography allow- 
ing us IO describe for the first time this system. Its IR 
spectrum in CCL is characterized by a sharp carbonyl 
band at 1815cm”’ and its NMR spectrum by IWO 
multiplets at 3.96 (H) and 3.38ppm (H) for the IWO 
bridgehead protons and by a multipkt at 2.9-2.0 ppm for 
the four other protons of the fused cyclobutane ring. 

Reducrion 01 3.3-dichlorobicyrlo[!.!.O]hexan-!-one. 
Synrhcsis of 3-chlorobicyclo[2.2.0]hexon-2-one 

Usually, chlorine atoms are easily removed from 2,2- 
dichlorocyclobutanones by zinc dust in acetic acid or 
ui-n-butyltin hydride IO produce monochloro or non- 
halocyclobutanones. selectively.“~‘~“b’ Moreover. it 
has been shown that 7.7dichlorobicyclo(3.2.0]hept-2-en- 
bone 25 is reduced IO yield first the tndo-monochloro 
isomer 24 and then the cyclobutanone 27.2e.w, 

With the object of preparing the parent system 1 the 
chlorine atoms removal of the 3,3-dichloro- 
bicyclo(!.?.O]hexan-2-one 24 has been attempted 
by means of zinc in acetic acid. silver-promoted zinc in 
methanol and tri-n-butyltin hydride reductions as also by 
palladium catalyzed hydrogenation. 

Thus, treatment of a solution of dichlorocyclo- 
butanone 24 in glacial acetic acid with excess zinc dust 
affords, after I5 min at 0” as shown by gas chromato- 
graphy. a mixture of monochlorokctone 28 (259) of 
2-cyclohexenone 29 (3%) and of bchloro-S-hexenoic acid 
W (5%); while at room temperature, the mixture of 
products 2g. B and I is obtained in IO. 3 and m 
yields. respectively. 

Dechlorination with zinc dust performed in a mixture 
of acetic acid and water at room temperature following a 
known procedureU gives only the acid 30 in 55% yield. 

Hence, the reduction of 24 enables us to describe the 
3-chlorobicyclo(2.?.O]hexan-2-one t8. Its IR spectrum in 
CCL exhibits a multiplied carbonyl band at 1792, 1802, 
1815 and 1836cm-’ and its NMR spectrum a multipkt at 
6 4.32 ppm for the proton geminal IO chlorine. a multipkt 
at 2.88ppm for the two bridgehead protons and a 
multipkt at 2.4&l.R5 ppm for the four other protons of 
the fused cyclobutane ring, in agreement with an expec- 
ted endo-configuration for the chlorine atom of 
t8.“.D.“.” The chlorocylobutanone t8 appears IO be 
thermally stable in the gas phase since it can be purified 
by GLC at 140”. 

With silver-promoted zinc dust in methanol (zinc-silver 
couple according to ref.=. the dichloroketone t4 
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undergoes rearrangement into methyl cyclopentene-3- 
carboxylate 31.’ and methyl 5-hexenoate 32’ in 50 and 
5% yields, respectively. 

IN_ ;-o- AOOMCI 
24- cozw + fin42 13 

31 50% 32 5% 

The reductive removal of chlorines from a,a-di- 
chlorokctones with tri-n-butyltin hydridcn.,W”.a’ is 
known to proceed in the presence of azo bidisobu- 
tyronitrik). via free radicals@; this hydride reacts with 
24 in benzene or cyclohexane at rcflux for 30min or at 
room temperature for 12 h to give, after aqueous work- 
up, the 5-hexenoic acid 33 exclusively. 

Treatment of 24 with hydrogen and palladium dis- 
persed over carbon in methanol according to Ref. 24, 
gives besides the chloroketal 34 in 25% yield, a mixture 
of non-identified products. 

It could be expected that removal of chlorines from the 

ketal35 and subsequent deketalisation of 36 could offer a 
way to 1, but unfortunately upon treatment with ethanol 
in the presence of pyridinium p-toluene-sulfonate,m 24 
undergoes ring opening into the dichloroestcr 37. 

Such a ring opening of a cyclobutanoae ketal has been 
recently reported.” All the compounds obtained in the 
reductive reactions of 24 have been identified by com- 
parison with authentic samples, by univocal synthesis 
and from their spectroscopic data. 

Cyclobutene undergoes cycloaddition with di- 
chloroketene to provide 3.3dichlorobicyclo[2.2.0]hexan- 
2-one 24 and after reductive halogen removal the endo-3- 
chloro bicyclo[2.2.0] hexan-2-one Zt3. However. although 
thermally stable at 140”, this monochloro-cycloadduct 2g 
does not constitute a convenient intermediate for syn- 
thesis of the parent ketone 1. The formation of the 
products obtained in the different reductive chlorine 
removals attempted from 24 can be interpreted in the 
Scheme 1. 
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Scheme I. The formation of the producrr of reductive chlorine removal from lhe 3,Sdichbro bicyclo(2.!.0]hexm-2- 
OM 24. 
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As shown in this Scheme 1, the products of these 
reductive reactions imply the breaking or migration of 
the central u bond of the 3-chlorobicyclo(2.2.0]hexan-2- 
one 28. Hence, it is formed a biradical 38 kading either 
to the cyclohexan-2 one 29 by chlorine removal (Zn in 
AcOH) or to the methylchlorocyclohexanone ketal 34 
(Hz. Pd/C in MeOH). On the other hand, a retro[2+ 
Z]cycloaddition from 28 or 38 gives the chloroketene 39 
which is readily trapped by water to give the chloroacid 
30 (Zn. AcOH + H,O); while the non-chlorinated acid 
and methyl ester 33 and 32 derive from ketene 39 by 
trapping by water (HSnBu,, H,O) and methanol (ZnlAg, 
MeOH) respectively and subsequent chlorine removal. 
However. the direct formation of 32 and 33 from the ring 
opening of the bicyclo(2.2.0)hexanone 1 itself. cannot be 
excluded. Finally, ionisation of chlorine by silver- 
promoted zinc in methanol induced a ring contraction 
process to the bicyclo[3.l.O]hcxane derivative 40 fol- 
lowed by ring opening of this intermediate cyclopropyl- 
carbinyl cation into the methyl cyclopentene-3-car- 
boxylate 31 (Zn/Ag. MeOH). 

It must be underlined. that in our hands cyclobutcne 
does not undergo cycloaddition reactions with monoch- 
loroketencn.n or with the new ketene equivalents such 
as ketene iminium” or methyl a-methyl-thioacrylate in 
presence of AICI,.” 

To a stirred soln of 600 ml H@ and 57.3 ml (0.68 mol) cone 
HCI was added 5i.68 t0.8mol) of cyclopropykarbinol I6 The 
mixture was rcfluxcd for 3-3.5 h. After cooling in ice the mixture 
wu neutralized (24~. 0.6mol NaOH were added and the MU- 
tralizatkm was completed with NaHC%). The aqueous layer was 
saturated with NaCl and extracted several times with ether (or 
extracted continuously): rhe organic layers were combined. dried 
over MgsO,. to give after removed of the solvent d distillation 
of the residue 51.1529g (9(r92%) of I? b.p. 12G124’. con- 

taminated with 3% of 3-butcnc-I 01.” NMR (CCL): 6 4.46 ts. 
OH). 4.18 quintuplet (IH. J - 7.5 Hz.). 2.5 -0.8 fm. 6H). 

Tosyloxycycloburone I9 
The tosyloxycykbutane I9 was obtained by the reaction of the 

cyclohutanol I7 uith I I cqu~valcnt of torykhbridc in pyridinc at 
tY for 48 h. After usual work up. the yellow pak residue treated 
under high vacuum (3 IO” mm Hg) at room temperature for 3 h. 
gave the pure ~osyloxycyclobutane I9 in 90% yield. without 
impurities. NMR (CCL)~ 6 7.76 (d. J =X.3 Hz. 2H). 7.34 td. 
J - 83Hz. 2H). 4.76 (quintuplet. J = 7.5 Hr. IH). !ds (I. 3H). 
2.8 - I I fm. 6H) 

Cycloburmc I4 
A soln of 6.?8 g (30 mmol) of tosyloxycyclobutane I9 in IO ml 

of dry. DMSO was added dropwise over IOmin to a stirred 
mixture of 8.4gf75 mmot) of I-BuOK in I20 ml of dry DMSO at 
7Cr under argon After stirring and heating for IOOmin the 
evolved gas was carried in argon into a solid CO: trap f-t%‘) and 
1.39- 1.460 (t?&90%) cyclobutenc I4 fb.p. 2? was 
obtained. The yield was based on the pure 1,2dibromocyck- 
butane obtained by addition of bromine IO II. NMR (CCL): 6 
4.47 (m. 2H). 3.1- 2 (m.4H). Mass spectrum. m!t: 216 (22. 
M’ - 2); 214 (M’. 41); and 133 tM’-HBr. 82); 135 fM’-HBr. 62); 
53 (M’ + 2-2HBr. 100). 

The overall yield of cyclobutcnc I4 based on cyclopropyl- 
carbinol I6 was 76?!Q. purily 98-m 

Erhyl bic~clo[?.?.O]hrx-2-mc-2-carbox~lorc 2g 
To a mixture of 254 mg (I 9 mmol) of A~CII (0.5 M) and 230 mg 

(4.25 mmol) of cyclobutcnc I4 prepared as above in 5 ml of dry 
benzene was added dropwise a soln of 373 mg (3 8 mmd) of ethyl 
propiolate in 2ml dry benrcne. The flask was fitted with a 

condenser at -45’. The reaction mixture was stirred for 3 days at 
I? and worked up in the usual manner to yield YJOmg (51%) of 
crude product. Purification by c&ma chromatography f2Og of 
silica gel. ehrting with 97:3 petrdcum ether-Et@) gave 116mg 
005%) of 24 fotlowed by IO mg ( < 2%) of 21. The snectral data of 
ware: NMR (CCL): 66.89fd:J - 2 Hr. IH), 4.14 (q. J = 7.3.2H). 
3.7 - 2.9 (m. 2H). 2.6 - 2 (m. 2H). 2.14 (m. ?H), I.28 (I. J = 7.3 Hr. 
3H). IR (CCL) ydo 17lOcm ‘; We 163Scm ‘. MS m/r (rd. 
intensity) I52 (M’; 38); 79 (M’ - COOEt. 100). 77 (77). 

The reaction described above gave after 7 days at 12’ the 
corresponding ring opening product 21 in 3U% yield after 
chromatography. NMR (CCL): 6 6.82 (I. H). 6.35 (d. of 1. J = 
10.7 Hz. IH). 5.79 fd oft. J = 10.7 Hz. IH).4 l6fq. 2H). 2.24 ft. of 
d. 4H). I.29 ft. 3H). IR (CCL): yc.o 1710; vc.c 161 and 
1626cm ‘. MS me (rd. intensity I52 (M’. 24); 79 (100); 77 (69); 
SI (26) 

f~rthvl bic.!do]. _ _] ’ ’ ’ hero-!.(-dienr-2.6dirorhorvlorr 22 
The reactkm described above performed in a sealed tube at 

room temperature for 5 days, gave after purification by column 
chromatography 21 in 3% yield and IO% of Diels-Alder 
products 22 and U in 40: 60 ratio. Tht reaction performed in the 
same conditions. for I7 days, yields 5% of 21 and 85% of 22 and 
2.3 in do:60 ratio. based on ethyl propiolatc. 

The spectral data of visquour 22 are NMR (CCL): 6 7.17 fd. d. 
2H. J - 2 Hz. J - 6.8 Hz). 4.72 (m. CH). 4.16 (q. 2 CH. J = 7 Hz). 
3.87 (m. CH). l.5!- I.1 (m. s. 4H). 1.3 ft. 6H). IR (CCL): ecu, 
1710; ~c~ 1628 and 16OOcm~‘. MS mir (ret intensity): !%I M’. 
2); 177 fM’-CO:Er. 100): I49 (70) 

fXerh.vl bir~c/o[!.?.?Jhuo-2.5-dinc-23-dicarboxylore 23 
The spectral data of pure 23 recristallized in pentane are: NMR 

(CCL); 6 7.25 (d. d. J = 1.75 Hz. J = 6.8 Hz. 2H): 4.29 (d. d. 
J - 6.gHr. ZCH); 4.13 fq. 2CH:); I.55 - I I (m. 4H); I.27 (I. 
2CHl). IR: W-II 1705 (I): VV_~ 1628 and 16OOcm ‘. MS m/r trel. 
intcnrity) 2% .(M’. o.6): t77 (M’-CO?EI. 100); 149 (M’:2& 
COEt. 91). Calc for CH&; C. 67.18; H. ?.25; 0.2C.56. Found: 
C. 67.35: H. 7.35; 0. 25.31%. 

3.3.-IXchlwobic,wlo[2.2.0]hc_xm-2-onr 24 
Into a soln of 2.48g (0.017mol) of freshlydistilled di- 

chbroacctykhltide (prepared from dichloroacetk acid and 
thknykhkride) in 300 ml of anbydrous ether cookd at -30’ was 
distilkd. under an argon atmosphere. l&l.45 g (2627 mmol) of 
cyckbutem prepared from 6.78 g (30 mmol) of ~osyloxycyck+ 
butane I9 as described above. To the mixture, kept at -IQ’ by 
immersion in a cooling bath, was a&d dropwise over a 67 h 
period a \oln of I R(g tOOIRmol) of trwthylaminc tdi\tillcd 
over CaH:) in IOOml of dry ether. A faster rate of addition 
results in more polymerization of dichloroketcne and lovver 
yields of cycloadducts. After the addition war completed. the 
reaction mixture was stirred at 13” for an additional 14 h. Then. 
! ml of cold water ylas added. the organic phase was decanted 
and the aqueous layer extracted twice with 4Oml of ether. The 
comhmed organic layer\ ucrc washed uith 2ml of N Ht.1 and 
then with I ml of a saturated solution of NaHCW dried over 
MgSO,. filtered. concentrated IO give 2 24 g of cnak product 79% 
yield based on dichloroacetylchkride. Purification by column 
chromatography (500 of silical gel. eluting with 99: I pentanc- 
Er:O) gave 2 log (75%) of 24. NMR (CCL); 6 3.95 td. d. t. 1H). 
3.37 fd. d. I. IH): 3.1 - l.%m. 4H). IR (CCL): Y~.~, lgl!cm-‘. 
MS: m/r (rd. intensity) 164 tM’. 0.1); 6S (12.6); 55 (100). Calc for 
CIH.oCI:. C. 43.67: H. 3 66.0.9 69; Cl. 42.96. Found C. 43. II: 
H. 3.75; 0. 9.79; Cl. 42.94%. Cak 163.979567. Found: 163.9808; 
C&Cl: (M-CO)‘. talc 13!.9tW6!3. Found: 135.9tUI 

Rtducrion oJ 24 by :tnr in o&r orid 
A solution of 600 mg (3.6 mmol) of dichloroketone 24 in 0.4 ml 

of glacial acctk acid was added dropwise under an argon atmos- 
phere to a stirred mixture of I.58 g (24 m atom.g.) of powdered 
zinc in 1.7 ml of gtacial AcOH cookd at P - ?‘. After I5 min as 
shown by G1.C. all the compound was consumed. The cold 



reacrion mixture was diluted with IOml of erher. and the zinc 
residue was filtered off. The eIhereaJ layer was washed with a 
saturated solution of t&CO, IO remove rhc acetic acid and dried 
over MgSO,. and then concemrated by distillation to give 375 mg 
(co. W) of crude product. Purilication either by gas chromato- 
graphy a1 I@’ (cohrmn SE 30) or by liquid chromatography (20 g 
of silica gel. cluting with 95: 5 (pentam-Eta) gave I I7 mg (25%) 
of 3tNorobicyc~2.!.0]hen-?-ooe 28. IOmg (ca. 3%) of 2- 
cyclohexcnone 28 ami 24 mg (co. 5%) of bchloro-S-hexermic acid 
a wiIh the following spectral data: cndo 3_cNorobicr_ 
clo(?.!.O]hexan-?-one 2&N!+fR (CCL): 6 4.32 (1. H). 2.88 (m. 2H) 
and 2.40- I.85 Im. 4H). IR (CCL): YI.~) 1792. 1802. IRIS and 
IEMcm-‘. MS m/e (rel. inIensiIy)~lO4~(~M’-28. 0.8). 67 (M’ - 
CGCI. 100); 55 W). A talc 134lOl85. Found: 130.0195; CIH-CI 
(M-CO) Calc lO!Il?M. Found 10!.023!. C,H-O [M-Cl]’ 
Cak 95.m Found 95.04%. The endo confimuation 
of 2g was determined by comparison with the red&on of 
7.?-dicNorobicyclo[3.2.0] hepI-2-enbone 2.” D !Cyclo- 
hexenom 29: spectral dara (IR. NMR. MS) of 29 were idenbcal 
with the data of an authentical sample of 2-cyclohexenone. trans 
6-Chbro-5-htxermic acid 30: NMR (CCL): 8 I I.47 Is. -COOH). 
6.04 Id. J = ?.3 Hz. H). 5.8 Id. I. J = 7.3 and 6.6 Hz. H). 2.7 - I.3 
tm. 6H). IR (CCL): We, 1715 and VC..~ 1635cm.‘. MS m/e (rd. 
intensity ) I48 (M’. 0.5). II3 (M--Cl. 25); II? tM’-HCI. 22): 60 
1100): 39 1-W. 

Into a sohnion of 228 mg (2 mmol) of 5-hcxenoic acid (prepared 
easily by saponilication of the corresponding nitrile. l or follow- 
ing the procedure d RuboIIomY in I5 ml of CH?CIr was bubbkd 
Cl: a1 room IemperaIure.“ After 30min the reaction was com- 
pktc. as shown by TLC. Then the reaction mixture was poured 
into I5 ml of a 5% sodium IhiosuJfaIe solution and extracted 
Ihree limes with IOOml of CH.CI?. The organic layers were 
combined, washed with 2ml of NaCl saturated solution. dried 
over MgSO,. filtered and evaporakd IO give 35Omg of 5.6 
dichlorohexanoic acid 934 yield. Chromatography of the rcsi- 
dual solid on IS g of silica gel and &ion with 85: I5 penlane- 
erher led to 315 mg of the pure Wdichbrohexanoic acid in 856 
yield. IR (neat): ~c<, 1712cm”. SMR (CCL): 8 II.25 (s. b. 
COOH). 4.3 - 3.3 (m. 3H). 2.7 - 2.2 (m. 2H). 2.2 - I.45 (m. 4H). 

A mixture of I85 mg (I mmok) of S.&dicNorohexanok acid. 
400 mg 17 mmok) of KOH and 5 ml of abs EIOH was stirred a1 
rcflux for 2 h.“ cooled IO V. and acidibed by 2 M HCI. The mixture 
was extracted 3 rimes with Mml of ether. The organic layers 
were combined. dried over MgSG,. lihered and evaporakd. 
Chromatography of the residual oil on 20g of silica gel and 
clution wiIh 85: I5 penIane+ther kd IO 90mg =WZ yield of 
Irans-bchbro-5hexenoic acid. IR (CCL); ~c.o 1715 and ~(4 
1635 cm ‘. NMR (CCL): 6 I I. I8 (s. H). 6.05 Id. J = 7.3 Hz. H). 5.8 
td. I. J - 7.3 Hr. H). 2.7 - 1.3 (m. 6H). MS mie (ml. intensity) I48 
(M’. 0.5); I I3 (M--Cl. 2s). 60 ICHCOOH. 100). 

Reduction of 24 by silcrr-:inc couple in methanol 
To a stirred suspension of silver-zinc couple. prepared as 

described’ from 500 mg of zinc dutr and IS ml of anhydrous 
silver acelate was added dropwix a solurion of I65 mg of U 
(I mmol) in 0.3 ml of methanol. As shown by G1.C Ihe reacbon 
was compkte afIer being vigorously stirred a1 room Iemp for 
30min. The zinc was dlIered off and washed wiIh IO ml of 
mcIhanol. The solvent was Ihen evaporaIcd under reduced pres- 
sure IO give a residue PurihcaIion by gas chromarography a1 
15X (column SE 30) gave 63 mg (WX) of methyl cycbpenlcm- 
3carboxylatc 31. 7mg (SFk) of mclyl-S-hexcnoak 32. Methyl 
cyclopenIenc)_carboxylate 31: NMR (CCL): 6 5.70 (m. 2H). 3.60 
ts. 3H). 3.42 Im. IH) and 2.7 - I.7 (m. 4H). IR (CCL); YW 1745 
and Y‘K 16lRcm-!. MS mic (rd. intensity) I26 (M((‘. 16); 67(M’- 
COOMe. 1001. according IO the IiIcraIurc km McIhyl s.hexcnoate 
32: NMR (CCL): 8 6.?0 - 5.3 (m. IH). 5.06). Im. H). 4.84 (m. H). 
3.6 (s. 3H) and 2.7 - 1.3 (m. 6H). IR (CCL): VC-.~ 1745 and vc.4 
1645 cm ‘. MS m!r (rd. inrcnsity) I28 (M’. 6); 74 (CH&XOMe)i 
69 (M’-HCOOMc. 61) and 43 (92‘X). according IO Ihc IiIcraIurc. 

ReducIion of 24 by Iti-n-burykin hydride 
A solution of IO0 mg (0.6 mmol) of 24. IO mg of azobis(isoobu- 

Iyronitrik) and 528.5 mg (I.8 mmol) of tri-n-lnrtyltin hydride in 
0.35001 of anhydrous benzene or cycbhcxane was relluxed 
under argon. As shown by the formation in the NMR spectra of 
multipkts al 6 6.2 - 5.4 and 5.25 - 4.6 ppm. the reaction was 
compktc within 30 min. After work-up with a solution of potas- 
sium lluoridc in water (IO?&). distiBaIion gave 62 mg (909f!) of 
5hexenoic a&l 3.3. identifkd by comparison of its spectral datr 
with literature.” The reaction performed a1 room temperature for 
I2 h gave 3.3 in IoogC yield. 

Rtducrion oJ U by hydmp in pramct oi palladium 
A mixture of I65 mg II mnml) of 24. Hrng PdlC (10x) in 

3 ml MeOH was hydrogenated under armospheric pressure. The 
reaction was slopped after 2 h. when 45 ml of hydrogen (2 
equivaknts) had been absorbed. Then. Ihe mixIure was fihertd. 
melhanoI evaporated umkr reduced pressure and the residue 
dissolved in I5 ml of ether. The organic phase was washed with 
saturated bicarbonak sohition with water. and dried over 
Mg!Q Removal of solvent under reduced pressure gave I50 mg 
of crude producl. Purilicalion by liquid chromatography (eh~ting 
with 95 : 5 penIamIher) yielded. besides uni&nIifkd products. 
50 mg (25%) of a compound identified as Ihe 2shloro-1.1.3. 
Irimefhoxycycbhexane 34 from iIs spcc~ml data: NMR (CCL) b 
4.22 Id. H). 4.0 - 3.0 (m. H). 3.28 (I. OCHI). 3.18 0. OCH)). 3.13 
(I. OCH,). !.I - I.2 (m. 6H). MS mlt @I. intensity) 193 (M’ - 
CH,. 1.6). IT? IM’-OCH,. 62); I41 (72); IO1 (CH#_H- 
* C(OMe). 100). 

Ethyl 6.6dirhlon).(-htxtnoorc 37 
In a Cml round-bottomed flask fined wiIh a Dean and Starh 

ColkcIor was rclhrxed a solution of I65 mg (I mmol) of U in 3 ml 
of dry benzene and I ml of &and containing 30mg of pyri- 
dinium p-~oluene sulfonaIe.‘O 

The reaction was compkk within I4 h as shown by the absence 
of 24 by GLC. The solvent was removed under reduced pressure, 
and IO ml of ether were added IO the residue. The organk layer was 
washed wiIh saIuraIed aq NaHCOI. dried over MgSO, and 
conccntrakd IO yield. after liquid chromatography on silica gel 
180 mg (85%) of ethyl 6.6dicNoro5-hexenoaoate 37. NMR (CCL): 6 
5.7911. J = 7.3 Hz. H).4.05 Iq. J - 7.3 Hz. 2H). 2.2fm.4H). I.75 tm. 
2H). I.25 (I. J = ?.3Hr. 3H). IR (CCL): WQ 1740 and vc.c 
162!cm-‘. MS m/r (rel. intensiry) 210 (M’. R.S?X). I65 IM’ - 
OCrH,. 26.7): I67 (14.5); 88 (100); 60 (66) 

‘S. Crcmcr and B Srinivasan. Terrohrdron Lcrrrrs 24 (1960). 
‘K. B Wiberg. Adwtcts In Alicyrlir Chnirry. Vol. 2. p, 230. 
Academic Press. Neu- York (i968). 
‘R N. McDonaldandC E. Reinckc.I. Org. Chrm.32. 1888tl967); 
R N McDonald and G. E Davis. Ibid. 34. 1916 IIW9); R. N. 
McDonald anJ C E. Rcinckc. Ibid.. 32. 1878 (I%?). 

‘1.1. Bloomfreld. R. G. Todd and I.. T. Takahashi. Ibid. 2& 1474 
(1963). 

‘L. A. Paquettc ad M. 1. Carmody. Ibid. 43 (I). 12% (1978). 
$. B. Snider Ibid. 41. 3061 (1976). 
‘B. B Snider and N. 1. Hrib. Tcfrohrdron Ltrrers 1725 11977). 
‘B. B. Snider and D M. Roush. J. Am. Chem. Sot. 101. 19% 
(1979). 

*B. B. Snider. D. 1. Rodini. S. E. Corm and S. Sealfon. Ibid. 101. 
5283 (1979). 

‘?J. Fknemann and H. M. R. Hoffmann. J. Org. Chern. 44. 2%2 
(1979). 

“R. D. Clark and K. G. UnIch Ibid. 44. 248 (1979). 
“B. B. Snider amd D. K. Spindell. Ibid.. 48. 5017 (1980). 
“B. B. Snider, D. M. Roush. D. J Rodini. D. Gonrakr and D. 

Spimkll. Ibid.. 4. 2773 W80). 
‘?V. T. Brady. in The Chemisrry 01 Kefenes and Allmcs (Edited 

by S. Patai). InIerscicncc. New York (1980). 



srrlau ring cornpouods-xLI I573 

‘?V. T. Brady, Synfheris 415 (1971). 
“S. M. ti. T. V. Let and S. M. Roberts, Synr)uJis I55 (1977). 
“B. M. Jacobron and P. D. Bariett. 1. Org. Chem. R, 1030 (1973). 
“K. Tanaka and A. Yoshikoshi. Tctrohcdron 27.488!3 (1971). 
‘7. Asao. T. Machimtchi. T. Kitarnura and Y. Kitaham. J. Chem. 
sot. D. 89 (1970). I 

2. 1. Corey. K. C. Nicolaou and D. 1. Beames. Tetrohedrun 
L&rrrs 2439 (1974). 

?‘P. A. Gricco. 1. ckg. Chenl. 37. 2363 (1972). 
“K. E. Harding. 1. W. Trtiter and L M. May. 1. Org. Chtm. 42. 

2715 (1977) 
“L. R. Smith. G. E. Cream and 1. Meinwald. 1. Org. Chern. 42. 

927 (Km). 
“A. D. Baker. D. Wang. S. Lo. M Bloch. G. Horozoghr. N. L. 

Goldman. R. Engel and D. C. Liotta. Tetrahrdron Lctftrs 215 
(1978). 

“J. P. Deprts and E. Gree,, 1. &g. Chem. 48.2036 (I!#@. 
%A. E. Greene and J P. Deores. 1. Am. Chcm. Sot. lOHl4). 6003 

(1979). 
“L. Ghosez. R. Montaignc. A. Rousxl. H. Vadkrdc and P. 

Molle~. Tetrahedron 27.615 (1971). 
-*w. T. Brady and 0. H. Waters, 1. Org. Chem. 32. 3703 (1967). 
“M. Rey. V A. Huber and A. S. Drciding. Tttrohedron Ltlftrs 

3583 (1968). 
?V. T. Brady. E. F. HotI Jr., R. Roe Jr. and F. H. Parry. III. 1. 

Am. Chern .Soc. 91.5679 (1969). 
“D. A. Back and W. T Bra& 1. Om. Chem. 44. I07 (19791 
‘*W. T. Brady. Tetrahedron h (Sup& 17). 2949 (1%;). and refs 

therein. 
‘W. T. Brady and R. M. Lloyd. 1. 0~. Chem. wl4). 2564) 

(1979). 
“A. Hassner and 1. Dillon. Synrhcrir 689 (1979). 
“J. P. Dcprts. A. E. Greene and P. Crabbe. Tetrohrdron 37.621 

(1981) 
2. R Krepski and A. Hassncr. 1. &g. Chem. &X14). 2879 

(1978). . 
“W. T. Brady and R. M. Lloyd. J. Org. Chn. 48.2025 (1980). 
yJ. Fleming ami B. -W. Au-Yeung. Tetrahedron 37 (Suppl. 1). 13 

(1981). 
“R. Willstater and W. von Schmaedel. Brr. 3Ua’. 1992 (1905). 
OJ. D. Roberts ad C. W. Saucr. 1. Am. C7rn. Sot-. 71. 3925 

(1949). 
“G. B. Heisig. 1. Am. Chn. Sot. 0. 1698 (1941). 
” J. L. RiooIl and 1. M. Conh. Bull. Sot. Chim. Fr. 2755 (1965). 
“A. C. Cope and F. A. Hochstein. J. Am. Chn. Sot. n. 2515 

(l9!0. 
“A C. Cope. A. C. Haven Jr., F. C. Ramp and E R. Trumbull, 1. 

Am Chn. !k 74.4867 (1952). 
“H Normant and P. Maittc. Bull Sot-. Chim. Fr. 1424 (1960) 
&A. G. Anderson Jr. and D. R. Fagerburg. Tetrahedron 29.2973 

(1973). 
OM. Avram. C. D. Nenitzcscu and E. Manica. Rcr. Dtsrh. Chem. 

Ga. W. 1857 (1957). 
?V. Rcppe. 0. ScNichting. K. Klager ad T. Toepel. tirbigs 

Ann.. 560. I (1948). 

“R. Srinivasan. J. Am. Chcm. Sot. U(24). 4046 (IW3). 
3”s. R=@=wany. LX Put 3.427. 241 (1969). 
“J. D. B~ha and 1. K. Kochi. Te?rohcdron U. 2215 (1968). 
“G. B. H&g and F. H. Stodola, Org. Synfh.. Cdl. 3.213 (1967). 
‘w. Hartmann. H. M. Fischkr and H. G. H&e. Tetrohdrrm 

tiers 853 (1972). 
“L Friedman and H. Schuhfer. 1. Am. Chcm. Sot. Q. IO02 

(Iwo). 
‘%. W. !%ocller. 1. 0~. Chest 4 2161 (1980). 
w. W. Sculler. 1. Am. Chern. Sot. 101.4811 (1979). 
“W. R. DoIbkr and 1. H. Alonso. 1. C. S.. Chem. Comm. 394 

(1973). 
“J. $&tin and A. Fadel. 0~ Synrhrsir. ‘n press 
Q. C. Caserio. W. H. Graham and J. D. Roberts. Tetrahedron 

11. 171 (I%& 
‘“C. M. MC Closkey pnd G. H. Coleman. Org. Synrh. Cdl. 3.221 

(1967). 
“R. Cricgee. D. Seebach. R. E. Winter, B. Bonetzen and H. A. 

BNM. Chem. Btr. S. 2339 (1965). 
tiFor a compr&nsive review of cyclobutanm. see D. 

Seebach. S. Beckman and H. Geiger, In Houbm-Wcyl 
Methoden drr Orgonisrhen Chaic (Edited by E. Mueller) Vol. 
IVl4. George Thieme Vcriag. Stuggart (1971); bfor exampks of 
the synthetic utility of cycl&utanones me B. Trost. Top. Gun. 
Chem. II. I (1973); B. M. Trost. Acr. Chem. Ra. 7. 85 (1974); 
B. M. Trost. Pun Appl. Chrm. 43. 563 (1975). 

l ‘S. Goldstein. P. Vannes. C. Hounc. A M Frisaue-H&&n. C. 
Wiiux-Zarnar and L. Ghosez. 1. -ti. Chn. !& lU(l5). 4616 
(1981). 

“R. W. Holder. 1. Chn. Educ. q2). 81 (1976). 
*‘P. R. Brook. A. J. Duke and 1. R. C. I)uke. 1. C. S.. Chn. 

Comm. 574 (1970). 
‘R. D. Clark and C. H. Heathcock. 1. Org. Chem. 3b(20). 3658 

(1973): J. M. Denis. C Girard and J M Conia. Svnrhrsir 5. 549 
il972) 

“B. M. Trost and P. 1. Whitman. 1. Am. Chem. !Soc W4). 7421 
(1974). 

UG. M. Ruboltom and 1. L Schreiner. Tetrahedron fnrtn 40013 
(1977). 

“H. G. Kuivila. Act. Chem. Rex 1.299 (1968). 
*M. Miyashita. A. Yoshikoski and P. A. Grieco. 1. Org. Chn. 

42. 3772 (1977); bR. S~erzycki. Synthesis 724 (1981). 
“M. F. Semmclback. S Tomoda. H Nagaoka. S D. Boettgcr 

and K. M. Hurst. 1. Am. Chtm. Sot. Iy(3). 747 (1982). 
“H. G. Hcine and W. Hartmann. Anger. Chem. fnr. Ed. 20.782 

(1981); 1. B. Falmagne. J. Escudero. S. TakbSahraoui and L. 
Ghosez. Ibid 28.879 (1981). 

“L. Stella and I. L. Bouchcr. Tetrahedron Ltftrrs 23.953 (1982). 
“D. 1. Byron. G. W. Gray and R. C. Wtlson. 1. C. S. c 840 (1966). 
“S. Ucmura. 0. Sasaki and M. olrano. Chn. Comm 1064 
(1971). 

“K. 1.. Erickson, J Markstein and K. Kim. I. &g. Chn. X(8). 
1024 (1971). 

FR. C. Rniels and L A. Paquette. 1. Org. Chn.46. 2901 (1981). 


