
@
Pergamon

Tetrahedron.Lwters,Vol. 38, No. 43, pp. 7565-756s, 1997
01997 ElsevierScienceLtd

Allrightsreserved.Printedin GreatBritain
PII: SO040-4039(97)01738.3 oo40-4039/97$17.00+ 0,00

Rhodium-Catalyzed Reaction of N-AcyIpiperazines with CO and Ethylene.
Carbonylation at a C-H Bond Directed by an Amido Group
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Abstract: The reaction of N-acylpiperazineswith CO (15 arm) and ethylene at 160 ‘C in the
presenceof Rh4(CO),2results in dehydrogenationand carbonylationat a C-H bond. This ceaction
representsthe first exampleof carbonylationat a C-Hbondpromotedby an oxygenfunctionalgroup.
@ 1997Elsevier Science Ltd.

We ~enfly reporteda carbonylationat a C-H bond’ in the benzenering in the Ruj(CO),2-catalyzed

reactionof pyridylbenzeneswithCOandethylene.2”3Thecarbonylationwasobservedto take placeselectively
at an or-h C-H bond in the bertzenering and it was also observedthat the pyridinering is a necessary
directing group in promoting this reaction. In addition, we also reported that the reaction of
N-pyridylpiperazineswithCOandethylenein thepresenceof Rhq(CO)12resultsin new type of carbonylation
reaction,whichinvolvessuccessivecleavagesof first sp3C-H bond and then secondsp2C-H bond.4 This
reactionis proposedto proceedviadehydrogenation,followedbycarbonylationat theC-H bond thus formed.
In bothcases,the presenceof a pyridinering as in, for example,pyridylbenzenesandN-pyridylpiperazines,
appearsto be essentialfor the reactionto proceed. Althoughthe pyridyl group works well, it is not a
particularlyuseful substituentin terms of syntheticorganicchemistry. We have examinedvarious other
functionalgroups5”8regardingtheirabilitytopromotethecleavageof a C-Hbondandfortheeaseof removal,9

and recentlyfoundthat an N-acyl groupeffectivelypromotesthe reactionof piperazines. This reactionis
significant,since it representsthe first exampleof carbonylationat a C-H bond which is directedby a
functionalgroupotherthana C=Nmoiety.’-4In thispaper,wewishto reportan amide-directedcarbonylation
at a C-Hbond,whichis outlinedineq 1
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Whenl-abetyl+me.thylpiperazine(la, 1 mmol)was reactedwith CO (15 atm at 25 T in a 50-211L
stainlesssteel autoclave)andethylene(10atm)in thepresenceof RhJCO)lz(0.04mmol)in tolueneat 160‘C,
carbonylationtook place smoothlyto give l-(l-acetyl-4-methyl-l,4,5,6-tetrahydro-2-pyrazyl)-l-propanone
(3a)in71%isolatedyield(eq 1).’OBenzoylandpicolinoylsubstrates,lb-d, workedwell, but trifluoroacetyl
le did not. Carbamatelf did not undergocarbonylation,and, instead,a dehydrogenationproduct2f was
obtainedin lowyield. Attemptsto react la (1 mmol)withCO(15atm)andolefins(10mmol),suchashexene
and tert-butylethylene,at 160 T failed to proceed. We believethat the reactionproceeds via an initial
dehydrogenationleadingto 2 andthencarbonylationat theC-Hbond in the resultingenamide2, in a manner
similarto thepreviouslyreportedIV-pyridylpiperazines.4Amongthe transitionmetalcarbonylcomplexeswe
haveexaminedthusfar,Rh4(CO)12is theonlyactivecatalystforthis transformation.

Similarto the previouslyreportedN-pyridylsystem,’ the presenceof a secondnitrogenatom in the
six-memberedringis importantforthecarbonylationtoproceed. No reactionwas observed,when substrates
havingnoadditionalnitrogenatom, such as N-benzoylmorpholineandN-benzoylpiperidine,wereexamined.
Thereactionof 4 withCOandethyleneresultedindehydrogenationto give5 in 30%yield,alongwith69%of
unreacted4 (eq2), althoughno reactionhadbeenobservedin thecaseof thecorrespondingpyridylsystem.4
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The replacementof an N-Me group by an N-Ph group, as in 6a, failedto affordthe corresponding
carbonylationproduct and the startingmaterialwas recovered(eq 3). In contrast, the reaction of the
o-methoxyphenylcompound6b gave ketone7b, albeitin low yield, alongwith 5870of recovered6b. The
reactionof benzylisomer6Cgave the correspondingcarbonylationproduct7C in a goodyield, similarto the
methylisomer lb, as shownin eq 1.
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Aninterestingobservationwasmadefor the reactionof a substratehavingMe groupsin the ring. The
reactionof ci$-1-benzoyl-3,4,5-trimethylpiperazine(8)didnotgivetheexpectedcarbonylationproduct10 and
instead, gave a mixture of the dehydrogenationproduct 9 and l-benzoyl-3,4-dimethyl-8-ethyl-1,2,3,4-
tetrahydroquinoxaline(11) intowhichtwo moleculesof ethyleneand one moleculeof CO were incorporated
(eq 4).

8 9 43% 10 o% 11 34%

A possiblemechanismforthe formationof 10 and 11 is shownin Scheme1. A primaryproduct9 is
formedby hydrogentransferfrom8 to ethylene.” Theproduct,9, is convertedto the expectedproduct10
via carbonylationat a C-H bond. The DieIs-Aldermction of an enol form 12’2 with ethyleneunder the

reactioncondition,as shownin eq 4, givesan adduct13, whichundergoesdehydrationand arornatm“ tion to
form a quinoxalinering. Alternatively,these conversioncan proceedas the reactionsin the ligand 12,

coordinatedto therhodium.Thepathwayleadinghorn 8 to 10 containstwo typescleavagesof C-H bonds,
first an sp3 C-H bond and then an sp2 C-H bond. The formationof 3 and 7 can be accountedfor by
assuminga similarscenario.

9

10 12 13 11

Sehemel

In summary,an amidefunctionalitycanserveasdirectinggroupfor carbonylationat a C-H bond. The
reacioninvolvescleavagesof C-Hbonds,firstan SP3C-Hbondandthenan sp2C-H bond, in succession. A
searchforotherfunctionalgroups,whichamabletopromotecarbonylationat a C-Hbondis nowunderway.
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