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AbrbK(- The preparations of cyclopropanonc (I). mcthylcycloproprnonc (2). 2,2dlmcthylcyclo- 

propaoonc (3) and tctramcthylcyclopropanonc (4). arc drxnbcd. The spectral propcrucs of theK 

molcculcs demonstrate unambguously the nng closed structure for cyclopropanona. Tbc reactions of 

cyclopropanoncs wtth methanol. dmromcthanc and furan arc employed as chcmuxl means of 

charactcnzauon 

INTRODUCTlOh’ 

NIJM~ROL’S alleged isolations of cyclopropanoncs previously reported in the hterature 
have not withstood the criteria of reproducibility or the scrutiny of spectral analyses.4 

On the other hand, a large body of experimental work strongly implicates cyclo- 
propanones as intermediates in various reactions such as the preparation of cyclo- 
propenones,& the Favorskii rearrangement,4b and the reactions of cyclopropanonc 
derivatives.& 

Thus, at the advent of this work, there appeared to be no general and useful 
methods available for the preparation of cyclopropanones. This family of molecules 
had evaded unequivocal characterization, even though cyclopropanones were 
invoked as reaction intcrmcdiates bcforc the turn of the century.’ 

The syntheses and characterimtion of cyclopropanoncs IS of importance because 
the physical and chemial manifestations of the unique strain involved in these 
systems should lead to a better understanding of bonding in small ring compounds. 
In addition, the expected reactivity of these compounds makes them attractive 
intermediates for organic syntheses. There has not been universal acceptance of the 
ring closed form as the equilibrium structure of cyclopropanoncs. Burr and Dewar.6 
for example, have proposed that the energy content of the open “dipolar” formji’ 
of cyclopropanone (5) might be comparable to that of cyclopropanonc itself. 

* The generous support of this research by the Au Force Oflice of Sclcnrlfic Research (Grant AFOSR- 

lOW66) and the National Socna Foundatum (Grant NSF-GP4280) is gratefully acknowledged 

t Alfred P. Sloan Fellow l%&l%g. 

: National Sclcnoc Foundauon Prdoctoral Fellow. I%4-lW7. 

0 For cxamplc. the reported ox&lion d a bkyclk cyclopropanol to 8 cyclopropanonc b was shown 

to be mcorrcct.” Stmilarly the structure prcof of the alleged cyclopropanonc from the dcgradauon of 

malcrial bcl~cvcd to be the PCOW pcincipk of the cockroach sex attractant~ has been qucsuoncd M 

1 The dip&r form 5 is complc~cly planar and m a xorbital system rclatod IO rnmcthylcnc 

methane.’ 
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Hoffmann” has come to similar conclusions on the bases of extended Hiickel calcula- 

tions. Furthermore, the chemistry of z-bromoketones in basic medium (Favorskii 

rearrangement conditions) may be rationalized by assuming that a dipolar ion’ 
either precedes cyclopropanone formation” or that the ion is in equilibrium with 

the cyclopropanone.’ ’ ’ ’ Finally, the 1,3cycloadditions of cyclopropanones to 
dienes” and olefins” are most easily explained in terms of a dipolar ion inter- 

mediate.” 

Synthesis oj cyclopropanones. Because of their high reactivity, especially toward 

nucleophiles, the use of mild neutral, non-nucleophilic solvents is required for 

preparation of simple cyclopropanones.‘* Three general schemes which we have 
employed are (a) photolytic elimination of a small molecule” (b) addition of diazo 

compounds to ketenes.” (c)extraction of a cyclopropanone from an equilibrium.“* IQ 

0 

R, & R, 
hr 

R2 x R. 1. 

R,R,<: .=C=:.O - R,R,<:N2 -y- R, R.4 
* 

R, R, 

R, R, 

Phorolpsis 01 cyclohurune- l,3-diones. The photodecarbonylation of cyclic ketones 

is a general reaction 2o if the (presumed) biradical intermediate is resonance stabilized 

and undergoes rapid loss of CO. Thus, photodecarbonylation” of the readily 
available tetraalk ylcyclobutane- 1.3diones’ ’ offers a potential path to tetraalkyl- 

cyclopropanones. 
Irradiation”.” 24** oftetramethylcyclobutane-1,3-dione.6, in methylenechloride 

results in rapid evolution of carbon monoxide (@ = @30)” and formation of tetra- 
methylcyclopropanone. 4. The formation of 4 is easily mnitored by IR spcctro- 
scopy. the photolysis being terminated when the characteristic carbonyl doublet of 

4 ( 1843 and I823 cm ’ 1 reaches a constant lntenslty (I(& 20”~ conversion of 6). Some 
dimethyl ketene and tetramethyl ethylene” are also formod. Higher conversions are 
precluded by the secondary photodecarbonylation of4 to tetramethylethylene ONE). 

l Hanovra 4SGwatr LmmerSlon photolyru reactor. aqueous mckel sulfate T~ltcr (rmnsmlrrlon maxtmum 

3203A) Some care should be taken to avod excus~vc contact of the photosa~e with mr. sina 4 undergoa 

rapld oxidation.” 



6019 

Coolmg of the photosatc (- 78 ) removed most of the unreacted dione by rc- 

crystallization. Vacuum distillation of the supematant liquid ( 10D/20 mm) afforded 
a I&15~0 solution of 4 along with minor amounts of TME and 6 (NMR). The 

spectral properties of mcthylene chloride solutions of 4 produced in this manner 

are given in Table 1. 

T~eu! I. SPECIIAI. r~opmnd w ~YC~~PROPASOVIS t. 2.3 AF.-~ 4 

Cyclopropanone IR(C ~0) IJV NMR’ 
-. - - - - - - - - -. - _. 

1813cm-’ 3100 A (c - 23) 6 I 65 (s) 
330OA(sh) 

1822cm ’ 33c0A(c - IX) 6 I.9(m. I) 
I8SOcm-’ 609 17(m.S) 

IglScm-’ .WA(c - 27) d 1.40(s. 61 
0 I.20 (5.2) 

IM3cm-” ~Atc. 20) 6 1.19(<1 
1g23 cm- ” 

’ Metbykoe chlondc solvent. 
’ Doubkt collapses to smglct at Ig2S cm _ ’ In pentanc 
’ TMS external standard 

Compound 4 was found to react quantitatively with methanol to yield the hemi- 

ketal’7*z* 7. In refluxing furan, 4 yields the adduct 8 in good yield. Reaction of 4 
with diazomcthane yields 2.2.3.3-tetramcthylcyclobutanonc 9. 
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Tetramethycyclopropanone is stable for weeks in methylene chloride at - 78’. 
but is destroyed in several hours at 25,. The ketone apparently polymerizes to yield 
a mixture of dimers and higher oligomers.” 

Irradiation of 2.2dimethylcyclobutane-l,3dione.’6 10,2,4dimethyl-2,4diphenyl- 
cyclobutane-1,3-dione. , a 11 and tetraphenylcyclobutane-l,3-dione,” 12, results in 
formation of the corresponding cyclopropanones, but in low yields (IR). Instead a 
number of complex photoreactions occur.“. z6 

The photolytic elimination of carbon monoxide thus appears to be of limited 
synthetic value for the preparation of cyclopropanones.* 

Addition of diatomerhunes to ketenes. Evidence exists3s that the addition of diazo- 
methane to ketene yields cyclopropanone. at least as a transient intermediate. We 
have verified and extended these results.‘**” 

A cold methylene chloride (-78’) solution of diazomethane”*” was added to a 
4 6 fold excess of ketene at - I30 Nitrogen was rapidly evolved. The excess ketene 
was removed (- 78 ) on a conventional vacuum line.” and the remaming solution 
was then flash distilled and maintained at -78”. It was possible, in this manner, to 
prepare 04 to 08M methylenechloride solutions of 1. The spectral propertics of 1 
are listed in Table 1. 

Cyclopropanone reacts quantitatively with methanol to yield the hemiketal 13s. 
Addition of diazomethane to 1 yields cyclobutanone in good yield. Attempts to add 
furan to 1 at -78 were unsuccessful. At room temperature rapid polymerization 
of 1 occurs to the exclusion of adduct formation. 

CH*CI, 
CHx==J l C&N, y-p 

CH,OH OH 

78 

/- 

[)6 cti,co OAC 

CH, - DC OCH, 

138*lwn* 134.1007, 

Addition of a cold (- 78’) methylene chloride solution of diazomethane to a 4-5 
fold excess of cold ( - 78“) dimethyl ketene in methylene chloride results in formation 
of 22dimethylcyclopropanone 3 in excellent yield. The excess dimcthyl ketenc is 
removed by vacuum distillation. The resulting methylene chloride solution, after 
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flash distillation, contains only a few percent impurities (NMR). Spectral properties 
of 3 are given in Table I. 

CHIN, + ICH,),M =o 
CH,ci, 

- ?A’ 

*2.2-Dimethylcyclopropanone (3) reacts quantitatively wnh methanol to yield the 
hemiketal 16. Furan and diazomethane react with 3 to yield the adduct 17 and the 
cyclobutanones 18, respectively. 

HO OCH, 

P 
16. IOO”,;, 

2.2-Dimethylcyclopropanone possesses moderate stability at room temperature 
(209, solution in CH,CI, shows a half life of several days) and is stable for months 
at -78 . 

Addition of diazoethane” to ketene, in the manner described above, yields 
methylcyclopropanone, 2. The spectral properties of distilled methylene chloride 
solutions of 2 are listed in Table I. The NMR integration indicates some impurities 
are present. 

Analogous”*zb to 3 and 4. methylcyclopropanone reacts with methanol, furan 
and diazomethane. 

CH,CI, 
CH,dI=t) + CH,CHN, -78’ 

2 

Methylcyclopropanone in methylene chloride is moderately stable at room 
temperature (t 4 = several hr). 

Attempts to make methylcyclopropanone from methylketene3’ and diazomethane 
have been unsuccessful so far because of the rapid polymerization of the kctene. 
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However, 2- and 3-methylcyclobutanones were isolated, which indicates that methyl 
cyclopropanone was formed. 

CH,CH-T 0 + Cll,N, 
78 [A] - b@qY 

Attempts to prepare cyclopropanones derived from methylchloroketcne” also 
have been unsuccessful. It appears that this ketene must be trapped in situ and was 
not isolable, in our hands, even at - I IO”. 

Extracrion of cyclopropunones from un equilibrirun. The hemiketals of cyclo- 
propanoncs are presumable in mobile equilibrium with the corresponding cyclo- 
propanonc. I’* ‘* The position of the equilibrium is far in favor of the hemikctal, such 
that no C--O stretch is observable when the IR spectra of hemiketals are measured. 

However, cyclopropanones are enormously more reactive than their hemikctals 
towards many reagents. Thus, addition of appropriate reagents should utilize the 
cyclopropanone from its equilibrium with the hemikctal. Several examples of the 
effect are known. ‘* The most convincing evidence for a free cyclopropanone in 
cquthbrtum wtth IIS hemtkctal is probably the reactton of the methylhemtketal of 4 
with furan which yields the furan adduct 8 

V \O/ 4 - 8 

We have described three potentially general syntheses of cyclopropanones. Of 
these methods, the addition of diazoalkanes to ketenes at low temperatures is the 
most promising. 

The data in Table I coupled with the reactions of cyclopropanones leaves little 
doubt that these compounds arc best represented as ring closed structures rather 
than the dipolar species. However, the dipolar structure nicely rational&s the 
formation of adducts with furan and other dienes,' ‘* ” although the addition of the 
C2-CJ siwle bond to a dime may occur in a concerted fashion.“** 

The position of the infrared c----O stretching frequency of cyclopropanone may 
be predicted from consideration of the known frequencies of 6,5,4 and 2-ring ketones. 
Extrapolation from these numbers (Table 2) yields a value of 1815 cm-’ (5.52 u) 
for the expected position of the C=O band for 1. This is also in good agreement 
with the value of 1815 cm- ’ assigned to cyclopropanone produced by the photolysis 
of CH,N, in a nitrogen matrix (77 ‘K) containing ketcne.‘b 

The NMR spectra of cyclopropanones 14 seem unexceptional. Compound 3 was 
found to possess a J:.:, coupling of 160 c/s, a value consistent with a cyclopropane 
structure.” 

l Ihc thra carbon rysmn d the &polar IOO u conr&ral as an ally1 cai~on l uachal IO an alkoxy 

anlon. 



6023 

n 
- - - -. 

I’ 

2 (cak.) 

r (round) 

3’ 
4’ 

5’ 

- _-. - 
Y (C d3) 
- - -. .- 

21.ulcm- 

-I8lScm-’ 

1813cm’ ’ 
1775cm ’ 

174ocm- 

171ocm ’ 

’ L. G. Drayton ad H W Thompson. J. Chn SM. 

1416(1958). 

’ This work. 
’ D. H. WilT~m and H W. Thompson. I Chm. Sor 1005 

(1946). 

The UV spectrum of the cyclopropanones 14 all show an n,n+ transition near 
3300 A. It is interesting to note that this band falls between that of ketene? and 
alkyl ketones38b (380&3400 A) hur is closer ro rhe tdue,fiw kerenes. A formal analogy 
of the properties of ketenes and cyclopropanones is possible. Indeed. the chemistry 
of cyclopropanone is much more similar to that of ketene than it is to that of cyclo- 
butanone. 

Definitive evidence” for the ring-closed form of cyclopropanone in the vapor 
phase has been obtained from the microwave spectrum of 1. 

The mechanism of the photochemical formation of4 has been discussed.” Although 
the addition of diazomethane IO ketenes is formally a simple methylene transfer 
reaction, the mechanism is far from clear since the decomposition of azo com- 
pounds to yield carbenes generally requires either high temperature, or a catalyst.” 
Although 1.3-cycloadditions of diazomethane and kctene to yield 19, 20 or 21 may 
occur, that any of these compounds should spontaneously evolve nitrogen requires 
documentation. Indeed, compound 22 was found* IO be exceedingly stable to 

thermolysis. 

a 
N=N 

19 

$ c 
N 

20 

B & 
II 
N- 22 
21 

It may be, therefore, that a zwitterion intermediate such as 23 is formed. 
-b 

CHaZ_Cz_O 
I 

l Sa foornotc l on paw 6020 

CH, 

Aa l d 

23 
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tn CHxCI, (IOml) at -95 An NMR spectrum at -SO of the rcsultmg soln showed an 8%; yield of 

cyclopropanonc (s d 1.65). Adbtton of one equivalent of M&H to the N.WR tube convcrtcd 1 quanti- 

tattvely to 13a (s. 15 0 8) Upon wartnmg. 13 slowly (5 mm) dtsappcarod wbtk a new broad absorptton dc- 

velopcdat 6 I I about quantttattveyteld No AcOMecould bcdetccted In the NMRtS”,ormorccould have 

ur~ly been observed). Tbc rcmamtng soln was trca~cd wtth McOH (044 ml II mm&s) for I hr at - 78 

then warmed to 25”. The rcsulttng soln was concentrated and analyzed by VPC on a 4 ft. HP,_ 1.2.3trts- 

cyancrthoxypropanc on Chromosorh P tggfl) column at I50 tlml’uc flow of He): thts IS the standard 

flow rate tn the followmg scctmn~. The mayor product [relentton tune 3 mm) was colkctcd and tdcnttficd 

as 13b by the lollowtng spectral propcrbcs. IR c: (cm ‘) 2883 (CH ,(1 ), I760 (C ak I240 (acetate); 

SMRtC<‘I,)ci IOXtbroad s.4H1. 2091s. x)0 t4XIs. !I(). massspcc rnr’ I”,). It~tt) xxl)?l ‘1 17) 

5703k43(100,Ac’)2L((2?). 

Rracuon oJ I virh drazomrrhanr. rycloburanorv (14) Cyclopropanonc (6 I mmolcs tn I I ml CH,CI,) 

was rcactad wtth diazomcthanc (8.8 mmola) tn CH,CI, (8 ml) at - 95 After warming to room tcmp 

and removing the solvent by dtstillation. I4 was obtamcd in W, yield lcsttmated by VPC on a IO It. 20”, 

ggg column at I I5 using cyclopcntanonc as an internal standard) 

C ~uc~cs$uI or~cmprs to prrpurr I.~Y&LcY~ 01 I Compound I (5 mm&s) In CH,<‘I,. It) ml) was dlloued 

to react wtth furan (SO ml) ovcrntght at 25 The NMR showed a broad singlet at 6 0 9 to I 0 (polymer). The 

concentrated soln wns resolved Into many components on a 4 II. 20”,, gflg column at I55 Only one corn. 

portent was present tn sufTtctcnt qurnttty to tdcnttfy as proptonyloxyacctonc by comparison wtth a known 

sample. 

When acctyl chlondc was added to mhtbtt polymcruatton no furan addua was detected after 3 days 

Slow polymctvatton of I occurred dunng thts time. Stmtlar results were obtained with cyclopcntadtcnc. 

frrparotlon of merhy/cyc/opropc~o~ (21 )n a typlczd preparation. cthylnttrosourca* (5 8 43 mmolcs) 

was added to a magnetically stirred mixture of CH,CI, (40 ml) and KOH aq (I2 5 8 tn enough water to 

make 25 ml) cooled to 0 The rcsultmg mtxturc was cooled to - 78 and the red soln of diarocthanc 

decanted from the frozen aqueous layer and stored at - 78’ over KOH pellets t 

‘To kctcnc (8 ml 100 mmolcs) at - 1.w was added dtazocthanc (21 ml) prcparod as dcrrtbcd above. 

N, was cvolvat and the soln faded to a pale orange. The excess kctcnc was removed at - 78 on the high 

vacuum lmc and the resulting soln Rash dtsttllcd to give an 04M soln of 2 tn CH,CI, (NMRk 2 showed 

the followmg spectral propcrt~cs IR ~:c’~ (cm ‘) IA22 lXS0(stratncdC~J). NMR (CHICI,) IgJ 2.1 

(m IHk 09..I,R (compkx. 3.3 3,910; IJV c”ti’*IU 330 mu. On addttton of methanol the UV and IR 

absorptions dtsappcarcd The NMR of the raultmg hcrmkctal 2 showed a complex absorptton at 6 I OS 

and a multtplct at 5 03 in the relative areas of (6.2 7 3 IO I) The methyl hcmtkctal of 2 was formal tn 85 

to 9S”, ytcld. 

I’#, ,h,, ‘,,,#8ll ,,I I.!~dlrrrc~rlr\ Ic ,‘ Icrprlrp,rmlw 13, : I)tmcthylhctcnc w.r\ Prcp.rrcd h! p!rol~\~~ ol 1c1r.1 

methyl-I.Jcyclobutanaitonc over d hot fiktmcnt tn an apparatus described by Hanford and Saucr.‘” 

The dtmcthylkctcnc was collcctcd and stored at - 78‘ It was stabk at - 7X for prolonged periods of 

tune and dimcrtzal only slowly at 0 The prcduct collcctcd from the gcncrator contamai as much as lo”, 

tctramcthykthylcne along wtth luscr amounts ol htghcr boding matcrtals One contammant appeared 

to be U-dimcthyl-I-pcntcn-3-one from the NMR of crude product ‘The receiver for the dtmcthylkctcnc 

was connected dtrcctly to the htgh vacuum lute and the matcnal was dtsttllcd Into the system as II was 

needed The amount of dtmcthylkctcne used in a reaction was mcasurtJ by distllltng II into a cold fmgcr 

of known volume at - 7X A wc~ghcd amount of methanol was then added and after wannmg slouly to 

room tcmp the ratto of rcmatnmg MeOH to methyl tsobutyratc was measured by NMR (ca I5 mmolcs 

per ml at - 78’). 

Compound 3 was rcad~ly handlal on a conventtonal vacuum lute Dtmcthylkctcnc was. stored on the 

line at - 78’ In a typical prcparatton a reaction vcsscl was conncetal to the line and dimcthylkctcnc 

(2 I g. 30 mmolcs) was distilled into a calibrated cold linger The dtmcthylkctcnc was dtlutal with CH,CI, 

(5 ml) and the rcactton vcsscl was removed from the line under N, at - 78 Addition of dtazomcthanc 

II 5 mmolcs) tn cold CH,CI, (-7X , I5 ml) produced tmmcdtatc cvolutton of N, and 3 was found m high 

’ tthylnttrosourca w& prcparal according to the procedure of Org Syn.. Cal. Vol II. p. 461, for 

mcthylnnrosourca. Ethylamine was substttutal for mcthylamtnc 

t Dtarocthanc should be prcpared fresh bcforc use smcc II is known to be lc~ stabk than dtazomcthanc 

: CAL’ T/ON : Care myY hr rakrn lo krrp dimrfhylkrrrnr/rom contact wrh o tyqrn scncr II rrnddy Jormr 

w9 r rplornr per0 rdr. 
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yield ( >9@, NMR). The rcsultmg soln was transferred under N, to a round bottomed flask conuinmg a 

magnate sttrrcr and co~cctcd IO the vacuum lute. The syslcm was evacuatal to less than 01 mm and the 

cxccu dimcthylkctenc removed by co-dtsttllatton wtth CH,CI, a~ -45’ (chlorobcnxcnc slurry) When 

the volun~ had been reduced to ca 2 ml dtsttllatton was stopped and CH,CI, (5 IO 10 ml) was added. 

Tbc resulting soln of 3 contatnad small amounts of dimethylketene (6 1.5s). tetramethyknc (6 I @o). and 

dtone 6 (d I 28). 

Compound 3 shows the following spectral propcrtrcs. IR. iz;‘u (cm I) 3050 (C.‘- H stretch. cycle 

propane). 1815 (C-0) stretch stratned. 1380 1387 (doublet. grmdrmethyl). NMR (CHtCl,) d I.20 

Pr I<. 6H). I 40 (5. 2H). ultravrolct iz.“” 337 mu I; - 27) 

C” Sutrlltrr~ q/ 3 A soln of 3 prepared ds dexrrbcd dbovc rnd conccntrdtcd IO cd. 2 mL was dtstrllcd 

into IWO NMR tubes which were scaled The tirst tube contatncd a soln of 3 (14 mole%) tn CHICl, and 

the second fubc contamcd a 42 mok Y0 soln of 3 in the same solvent (measured by NMR). The NMR at 
high amphtudc of each tube showed small but reprodunbk peaks separated by 1.w c:s and 160 c/s sym- 

metr~lly disposed about rhc methyl and mcthykne hydrogens of 3 rerpccttvcly These peaks were 

assigned IO the C” sa~elhks of 3 

Prcpmmun oj 16. I-m~rhoxy-I-hydtoxy-~2-d~mtrhy~~y~~~~ropo~nr. Addttmn of excess McOH IO a 

soln of 3 produces the methyl hcmtkctal 16 of 3 In quantttattvc yield (analysts by NMR). 16 shows the 

followmg spectral propcrttcs. IR. e (cm - ‘) 3330 (OH strctchL 2850 ( OMcL I I SO (Ca<. broad); 

NMR (CH><‘I,) 6 047 (A of AB. J = 5~:s. IH). DSS (B of AB. J = 5~s. Iii). I.12 (s, 3HL I 17 Ir 3HL 

~4lt~.!H).3ASt~.I~fI.ma~~rpct mrll6(W’.<‘,H :O:) 

Prcpuratrun oJ 2.2.dmrrhykyc lohutunonr (l&la) ud 3.3.drmrrhylt yclohut~~ulonr (Mb) A CH,CI, soln 

(20 ml) of dtmcthylkctcnc (106 mmolcs) and draromcthanc (I 7.4 mmoks) in CH,CI, (20 ml) were allowed 

IO li.l\I .,I 7x The IR ,h,l\t<..J )x,11. <II L.I iqu.11 IIIIC‘II.,I> .,I 1831 (31 I ‘X< I~~Cl~,hUl.lll~,llCt alul 1’2t) 

(acetone) cm ‘. The soln rematncd yellow on addttton of more duu.omcthanc (X 7 mmoks tn IO ml of 

CH,CI,) The raultmg soln was concentrated by distillatton through a short column and the rcsduc was 

analyrcd by VPC on a IOR gf?# column at 100 Two cyclobutanoncs I& and It3b were formed tn the 

ratro of I :3 and were dcntthcd by their spectral propcrttcs: 2.2dtmcthykyclobutanonc (I&):” IR 

e (cm ‘) 1785 (U). 1380. 1365 (gcmdimcthyl). NMR (Ccl,) b I68 (5. 6HL I.78 (A of ArB,. 2HL 

3a (B ofA,B,. 2H); mass spcc m.'r98(M'.23',,~ 7O(IC,H,, 9S",L 70 (mctastabk (98 g3L 56 (98%L 

55 (66’,L 5@5 (mctastabk. 9X 70). 43 3 (mctastabk. 70. 55). 42 (7l”,L 41 (IOO“~,). 39 (54-P:“:). .30 (mctastabk. 

(56 41). 33dmctbykyclobutanoae (ItJb)~ IR. c 1785 an’ ’ (C===); NMR (CCI,) d I.38 (s, 6HL 2.73 

(a 4H); truss spec. m!r 98 (M'. 3.39;). 83 (2%). 70 (7Y,;L 56 (1003/,). 55 (M”,;). 42 (S6%). 41 (61%). 39 

(33%). 3O(mctastabk. S&41) 

Prrporofion o~rrt~~uthylcycfopro~~ (4) Md irs hcm~lurcr/. 7. Compound 6 (SOg) tn CH,Cl, (250 ml) 
was cnadrated for 4 hr. in a Pyrex vessel usmp a 450 watt Hanovra immcnron lamp The lamp was cookd 

by CIKU~.MIII~ .I ctr., U,SO..iq+ IhroutTh the Pvrcv I.tmp a.arkci .~nd .I 2llft copper heat crchanpc cotI 

tmmcrscd tn ICC After rcplacmg the lamp ~ackct wnh 4 l~rt~c stopper. lhc soln of 4 and 6 was cooled lo 

- 78 IO prcctptta~c most of the unphotolyscd drone 6 The CH,CI, soln was separated from the sold dtonc 

by a siphon and concentrated IO ca 15 ml by slow vacuum dtsttllatton (200 mm) at a. IO The rcmammg 

soln was flash dtsttlkd Into a receiver at - 78 .: Ths soln contamcd 4 along with small nmounts of dtonc 

6. tctramcthykthyknc and dtmcthylkctcnc. Compound 4 showed the followmg spectral properties. 

NMR6 109(s); IR e;(“I 1X43. 1823cm ’ strained C - 0. CJV co1 350 mu Addttton of McOH IO 4 

converted II rapidly to 7 tdcnttcal with authentic matcrtal”.” 

Prcpororton ojrk/urcn addurr 8 To a soln of 4 (ca I(Pg) tn pcntcnc was addal 5 ml of furan at - 78.. 

The resulting soln was warmed IO 25 and showed no IR absorption at 1843 cm- ’ charactcrtstic d 4. 

Tbc soln was concentrated to an 011 under vacuum and analyrcd by VPC on a 6 ft silicone gum rubber 

column at 75’. A product was isolated with rctcntton ttmc and IR spectrum idcnttcal to that of authcnt* 

I I adduct (8).“.” 

Prrpororion oj 9. A soln of 4 (ca 7~) in tolucnc (I 5 ml) was treatal with dtaromcthanc until a yellow 

l The formation of 4 was followed by Infrared. 4 shows a chdraclcristnz doublet at 1843 and IX23 cm ’ 
which reaches a maximum conocntratton after 4 hours. 

t ‘Ihu solutton tn pyrcx transmits hght between 300 and 34U mu with a transmttana maxtmum at 

320 mu 

$ AU operations with 4 were done under a mtrogcn atmosphere since 4 uxl dimethylkctcnc arc both 

sensitive to oxygen 
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color persisted. The rcsultrng solo was concentrated by duollatlon to a Icw ml and enalyscd by VPC on 

a JO R 1.2.3-tru~~ysnocthoxy) propane colur~ C&38) at 150 The mabr product was ~dcnulicd as 9 by 

itx spectral properties: IR e (cm ‘A 1790 (C-0). 1390. 1378 (gcmdimctbyl); NMR d 195 (s. 3HL 

1.18 (s. 3Hk 2.72 (s IH); mass spcc m;r 126 @I’). 84 (C,H,‘,), 70 (C,H,O’L 69 (C,H;A 567 (mctastabk 

84 69) No U4.6lelromerhylcyclobutanonc could be detectal by VPC analysis on rbc crude rcactlon 

mixture” 

Rcccrum o/ hcmi&cral7 wtrh bra ro yirLI r)u 4ddyt19. Compound 7 (I g) was refluxai m furan for one 

week and Icfr at 25” for 4 days before rcmovmg the furan under vacuum A small amount of I I adduct of 

4 and furan was isolated by prep. VPC on a 6 mch SE 30 column II 100” and idcnufwd by comparison 

of its retention IIIX, mlrarad and mass spectrum with authcmic matcnal9 
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