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and spiro[3.3]heptane.@1997 !dsevier Science Ltd.

The historyof the insertionof methyleneinto the carbon-hydrogenbondgoes backto the

workof Meerwein,Rathjen,andWerner,who, in 1942,foundthat a solutionof diazomethanein

diethyletherwas deodorizedby Bavariansunshineto givesmall amountsof ethyl propylether

and ethyl isopropylether.l Labelingexperimentsestablishedthat the reaotionwas the resultof

carbon-hydrogen,not carbon-oxygeninsertion.2$3Norwas an oxygenatom even necessary;

methylenewas later foundto insert into the availablecarbon-hydrogenbondsof hydrocarbonsin

statisticalfashion.4’5Indeedit wastheseexperimentsthat led to the famousdescriptionof

methyleneas “the most indiscriminatereagentknownin organicchemistry.d

This samework4reportedthat cyclopentanegave no detectableamountsof cyclohexane

(e 0.1%),and concludedthat “withinmuchincreasedIimits...methylenedoes not reactwith the

carbon-carbonbond.”One maysurelybe pardonedfor wonderingwhy not, especiallyes a naive

bondstrengthanalysiswouldarguein the otherdirection.Moreover,this kind of observationhas

alwaysservedas a challengein organicchemistry,and one is provokedto seekout systemsin

whichcarbon-carboninsertionmightbe found. Indeed,over the last forty yearsa few examples

of carbon-carboninsertionhaveappeared. For instance,it mightseemthat intramolecular

versionsof the carbon-carboninsettionreactionare quitecommon.Irradiationof ten-butyl

diazomethaneor tefi-butyldiazirineleadsto about50% of 2-methyl-2-butene,for example.6
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clearthat somethingwas awry,because,as notedby Freyand his

collaboratorsvery early on,7and explicitlyrecognizedby Shechter,6the thermaldecompositions

of theseprecumorsgavethe sametwo productsin a verydifferentratio (-10:90). It is nowclear

that the productsof “carbon-carboninsertion”formedthroughintramolecularreactionsin simple

photoiysesof diazo compoundsowetheir existencemainlyto reactionsof photo-exciteddiazo

compounds.6-10Still, in the caseshownabove,about 10%of the productapparentlycomes

from a genuinecarbon-carboninsertion.Other intramolecularinsertionshave undergonea

similartransformation,and are no longerthoughtto be carbenereactions.For example,the

typical reactionof cyclopropylcarbeneshas long beenthoughtto be ring expansion- a carbon-

carboninsertion- to give cyclobutenes.ll It is nowknownthat much- perhapsall - of the

cyclobutenesare also the resultof ringexpansionsin precursormolecules,not carbenes.12~13

Still other intramolecularcatt)cn-carboninsertions,such as the ring contractionof cyclobutyi-

idenesto methylenecyclopropanes,and the ring openingof cyclopropylidenesto allenes,await

reinvestigation.

In specialcases,even intermolecularcarbon-carboninsertionscan be found.

Bicyclo[l.1.O]butanescommonlyundergothe reaction.In fact, there aretwo differentkindsof
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carbon-carboninsertionin such molecules.The first involvesthe rareformationsof

bicyclo[l.1.I]pentanes throughinsertioninto the zero bridge.The parentcompoundgives at

mostabout IYobicyclopentaneon reactionwith methylene,14~15but somesubstituted

bicyclobutanesyield substantialamountsof dichlorobicyclopentaneson reactionwith

dichlorocarbene.16In mostbicyclobutanes,however,the majorproductcomesfrom a double

carbon-carboninsertionto give 1,4-pentadienes.There is nowstrongevidencethat the 1,4-

pentadienesare formed in a concertedprocessin whichthe centralbondand a side bondare

cleavedsimultaneously.l7

-lYO 21Y0

Anotherspecialcase involvesbenzocyclopropenes.In at leasttwo cases,these are

knownto undergoring expansion,a formalcarbon-carboninsertion,to give benzocyclo-

butenes.18’19 The mechanismof this processis by no meansclear,and it maywell not involve

carbenechemistry.

Theoryagreesthat carbon-carboninsertionshouldbe difficult. For example,insertionof

methyleneinto the carbon-carbonbondof ethaneis calculated[MP4/6-31G(d)//6-3lG(d)] to

requirethe overcomingof an activationbarrierof 46 kcal/mol.20;21Strikingly,this papergoeson

to calculatethat the barrierdropsprecipitouslyas strainappears.Thus,the transformationof

cyclopropaneinto cyclobutaneis estimatedto requirea mere2.3 kcal/mol.20The reactionof

methylenewith cyclopropanehad beeninvestigated,of course,and no cyclobutanefound.22

Naturally,this remarkableprediction20led to a rapidreinvestigation.Onceagain, no

cyclobutanewas found,and an upperlimit of 40,000:1was reportedfor the methylcyclo-

propane/cyclobutaneratio.22Althoughthis resulteffectivelyshowsthat ringexpansionin
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cyclopropanedoes not occur,we thoughtit appropriateto reportour earlierwork on related

systems,as well as some newexperimentson the subject.

We haveexaminedthe reactionof methylenewith spiropentane,in whichthe strain

energyhas been increasedand in whicheverycarbon-carboninsertionwould lead to the same

product,spirohexane.

Spiropentanewas producedby Applequist’smodificationof Murrayand Stevenson’s

treatmentof pentaetythrityltetrabromidewith zincdust.23J24Unfortunately,evenApplequist’s

improvementsdo notsufficeto removethe last tracesof methylenecyclobutanefrom the product

mixture.Of coursemethylenecyclobutaneis lethal to our proposedexperimentas it will inevitably

leadto spirohexanethroughadditionto the doublebond.

We used preparativegas chromatographyto producespiropentanein which less than

0.1% methylenecyclobutanecould havebeeneasilydetected.Authenticspirohexanewas

synthesizedthroughthe cyclopropanationof methylenecyclobutaneas shownabove,and

shownto be identicalto authenticmaterial.25Irradiationof diazomethanein spiropentaneleads

to methylspiropentaneand severalothervery smallpeaks,one of which matchesspirohexanein

retentiontime. This peakcorrespondsto 0.1%of the remainingspiropentaneand 0.4’Yoof the

methylspiropentaneproduct.However,a capillary1H NMRspectrumof the collectedpeakshows

no signalat 82.1 ppm.Thus, it cannotcontainsubstantialamountsof spirohexane,whichdoes

showsuch an absorption.There is essentiallyno spirohexaneproducedin the reaction,and

therefore,increasingthe strain energyfurtherdoes not openan avenuefor carbon-carbon

insertion.

Despitethe calculations,it mightbe reasonablyarguedthat the relief in strain in

expandinga cyciopropanering to a cyclobutaneis minimal.Giventhe non-reactionwith both

cyclopropaneand spiropentane,perhapsa bettertest wouldbe the ring expansionfrom a

cyclobutaneto a cyclopentane,in whichstrain reliefshouldbe substantial.
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Onceagain, Becerraand Freyhavestudiedthe prototypereactionwith cyclobutaneand

found no carbon-carboninsertionby methylene.22We haveexaminedthe reactionof spiro-

[3.3]heptane,seekingring expansionto spiro[3.4]octane.Diazomethanegeneratedfrom

N-nitroso-N-methylureawas bubbledinto spiro[3.3]heptanewith a streamof argonand

irradiatedwith a Sylvania300 w projectionbulb.Analysisby GC/MSand analyticalGC revealed

two majorproductsin exactlythe 2:1 ratioexpectedfor the unselectiveinsertionof methylene

into the two kindsof availablecarbon-hydrogenbondsto give a pair of methylated

spiro[3.3]heptanes.4j5In addition,therewas a forestof minorproductsappearingat longer

retentiontimes. Mostof theseappearedto be the resultof two insertionreactions,as they

showeda basepeak in their massspectraof 109(124- 15). In orderto be certain,we

synthesizedauthenticspiro[3.4]octane.Althoughits retentiontime placedspiro[3.4]octane

amongthe manyCg productsof diaddition,we were mostfortunateto find conditionsunder

whichit fell squarelyin the onlyemptyregionof the chromatogram.We see no traceof this

compoundin the reactionmixture,and a one-percentyieldwould havebeeneasilydetected.

There is no diecemablering expansion.

00‘0+’”3 +CA‘ot:wl
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Experimental Section:

Spiropentane.23~24 In a three-neckedflask equippedwith a mechanicalstirrer,water

condenser,and solidsadditiondevicewas placed37 g sodiumhydroxidein 64 mL water,184g

95% ethanol,2.6 g sodiumiodide,and 107g disodiumdihydrogenethylenetetraacetate.The



9918 G. WU et al.

condenserled to two trapscooledby Dry-iceacetone.The mixturewas heatedto reflux.

With nitrogenbubblingthroughthe system,26.7 g zincdust wes added,followedby 40 g

pentaerythrityltetrabromideaddedin portions.After the additionwascomplete,the mixturewas

allowedto stir at refluxfor 1 h. The crudehydrocarbonproduct(5.5g) wascollectedfromthe

traps and analyzedby GC on a 15’ x 1/4”columnpackedwith 15%Dow-Corning550 siliconeoil

on crushedfirebrick(ColumnA). Analysisrevealedonly 0.2’Yemethylenecyclobutane,whichwas

removedby preparativeGC on columnA and a 5’ x 1/4”columnpackedwith 1% silver nitrateon

crushedfirebrick.Reanalysison columnA showedno detectablemethylenecyclohexane.

Spirohexane. (a)A mixtureof 1 g methylenecyclobutane,1.96g methyleneiodide,

0.75g zinc-coppercouple,and 5 mL anhydrousetherwas refluxedfor 9 h. The etherwas

removedby carefuldistillationand spirohexanecollectedby preparativeGC on columnA.

(b) Diazomethaneliberatedfrom 20 g N-methyl-N-nitrosoureawae blownby a streamof nitrogen

into a mixtureof 60Y0 methylenecyclobutaneand 20%spiropentanein a water-cooledflask

attachedto a Dry-ice/acetone-cooledcondenser.Continuers irradiationwas providedby one

GeneralElectricSunlampfor 9 h. The etherwas removedby distillationand spirohexane

collectedby preparativeGC on columnA.25 For furlherdetailssee the procedurefor the

irradiationof diazomethanein spiro[3.3]heptane.

Irradiation of Diazomethane in Splropentana. Diazomethaneliberatedfrom 30 g

N-methyl-N-nitrosoureawas blownby a gentlestreamof nitrogeninto 2 mL of purespiropentane

in a water-cooledflask. Continuousirradiationwas providedby one GeneralElectricSunlamp

for 9 h. The productswereanalyzedby GC on columnA. Thesingle majorproductwas assumed

to be methylspiropentane(NMR),and it wascertainthat no signof spirohexanecouldbe found.

For furtherdetailssee the procedurefor the irradiationof diazomethanein spiro[3.3]heptane.

Spiro[3.3]heptane. This materialwas preparedfrom teti-butylspiro[3.3]heptane-3-

peroxycarboxylatethroughthe methodof Roberts,Walton,and Maillard.26

Spiro[3.4]octane. A mixtureof 0.2 g spiro[3.4]octan-5-one,273 mL ethylenegiycol,0.2

mL 90% hydrazinehydrateand 0.3 g powderedKOHwas placedin a 10 mL round-bottomed

flask fitted with a refluxcondenser.The mixturewas warmedslowlyuntil the KOHdissolvedand

then heatedunderrefluxfor 2 h. The mixturewascooledto roomtemperatureand the reflux
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condenserremoved. Afterthe additionof 10 mLwater,the solutionwassteamdistilled.The

condensatewascollecteduntil the temperatureof the mixtureroseto 175‘C, and was washed

with 2 x 5 mL ether.The ether layerswerecombined,driedover Na2S04, and the ether removed

at the water pumpto leaveresidualspiro[3.4]octane.28

Irradiation of Dlazomethane in Spiro[3.3]heptane. This procedurewas modelled

on that of Doeringand Rothfor the catalyticdecompositionof diazomethane.29In the right-hand

side of an efficientfume hood,0.5 mLspiro[3.3]heptanewas placedin a 5 mL pear-shapedflask

cooledwith a streamof water,and fitted with a Y adapteranda watercondenser.A carefullyfire-

polishedPyrextube led beneaththe surfaceof the spiroalkane.The entry tube wasshieldedwith

aluminumfoil and attachedthroughsimilarlyshieldedTygontubing to the diazomethane

generatorin the left-handsideof the hood.The lightsourcewas aimeddirectlyat the flask and

pointedawayfrom the diazomethanegenerator.Thegeneratorconsistedof a 100 mLtwo-

neckedflask (no groundglassjoints) equippedwith a magneticstirringbar and attachedthrough

aluminumfoil-wrappedPyrexand Tygontubingto the flaskcontainingthe spiroalkane.A

carefullyfire-polishedPyrextube ledto the bottomof the generatorflask. In the generatorwas

placed20 mL of a 50% KOHsolutionand 10mL decalin.The flaskwascooledto O‘C with an

ice-waterbath. Boththe generatorand irradiationflask were placedbehindexplosionshields,

and the hooddoors keptclosedas muchas possible.All manipulationsbehindthe shieldswere

carriedout by handswell protectedby thick gloves.As argonwasslowlybubbledthroughthe

system,ca. 0.1 g portionsof N-nitroso-N-methylurea (NMU)wereaddedto the generatorflask

with a spatula.Whena slightyellowcolordevelopedin the spiro[3.3]heptane,the lampwas

lighted,and kepton throughoutthe addition.A total of ca. 8 g of NMUwasaddedover3 h. After

the additionwas complete,the contentsof the irradiationflaskwere analyzeddirectlyby GC and

GC/MS.The two majorproductswereisolatedby preparativeGC on a 2 m x 1/4” 10%OV-101on

80/100 Supelpottcolumnoperatedat50‘C, andthe mixtureanalyzedby GC on a 30 m x 0.25

mm HP-1701column (14%cyanopropylphenyl- 86Y0dimethylsiloxaneCOpOlymer)operatedat

50 “c.
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l-Methylspiro[3 .3]heptene. 1H NMR(CDC13)5 (ppm)0.97 (d, 3H), 1.30(m, IH), 1.66

(m,2H), 1.63(m,6H),2.06 (m,2H).

2-Methylspiro[3 .3]heptene. IH NMR(CDC13)6 (ppm)1.01(d, 3H), 1.51(m,2H), 1.85

(m,4H), 1.97(m, IH), 2.11(m, 4H).

CAUTION! In a variantof this procedurein whichthe watercondenserhad been

replacedby a Dry-Ice-acetonecondenserin an attemptto reducespiroalkaneloss,

diazomethaneapparentlywas collectedon the surfaceof the condenser.A fierceexplosion

occurredon warm up.
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