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Foreword

Part of the charm of synthetic organic chemistry derives from the vastness of the
intellectual landscape along several dimensions. First, there is the almost infinite variety
and number of possible target structures that lurk in the darkness, waiting to be made.
Then, there is the vast body of organic reactions that serve to transform one substance
into another, now so large in number as to be beyond credibility to a non-chemist.
Further, there is the staggering range of reagents, reaction conditions, catalysts, elements
and techniques that must be mobilized in order to tame these reactions for synthetic
purposes. Finally, it seems that new information is being added to the science at a rate
that outstripped our ability to keep up with it. In such a troubled setting any author, or
group of authors, must be regarded as heroic if, through their efforts, the task of the
synthetic chemist is eased.

The field of heterocylic chemistry has long presented a special problem for
chemists. Because of its enormous information content and variety, it is not well taught
to chemistry undergraduate or graduate students, even in simplified form. There is
simply too much material for the time available. And yet, the chemistry of heterocyclic
compounds and methods for their synthesis form the bedrock of modern medicinal
chemical and pharmaceutical research. It is important for medicinal chemists to be
broadly knowledgeable across a wide swath of heterocyclic chemistry. Those who
specialize narrowly do so at their own peril. If you grant me the accuracy of all of the
above, you likely will share my conviction that there is a need for high-quality, up-to-
date, and authoritative books on heterocyclic synthesis that are helpful for the
professional research chemist and also the advanced student. This volume, Name
Reactions in Heterocyclic Chemistry is a model of what such books should be. Written
concisely and with great skill and care by Dr. Jie Jack Li and a distinguished group of
experts in the field of heterocyclic chemistry, this is a book that will be tremendously
useful and helpful to synthetic and medicinal chemists, on whose shelves it will surely
find a place. On behalf of these users, myself included, I send thanks and

£ ) ey

E.J. Corey
May 1, 2004

congratulations.
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Preface

Since the infancy of organic chemistry, the practitioners in the field have often associated
reactions with the chemists who discovered it. Even with the advent of IUPAC
nomenclature, name reactions are still intimately intertwined with our profession,
becoming a part of our daily language. Therefore, getting acclimated with this jargon is
an integral part of the training to earn proficiency in organic chemistry.

On the other hand, heterocycles are of paramount importance to medicinal and
agricultural chemists. This comprehensive and authoritative treatise provides a one-stop
repository for name reactions in heterocyclic chemistry. Each name reaction is
summarized in seven sections:

1. Description;

. Historical Perspective;
. Mechanism;

2
3
4. Variations and Improvements;
5. Synthetic Utility;

6. Experimental; and

7. References.

I also have introduced a symbol [R] to highlight review articles, book chapters and books
dedicated to the respective name reactions.

I have incurred many debts of gratitude to Prof. E. J. Corey of Harvard
University, who envisioned this project in the summer of 2002. What he once told me:—
“The desire to learn is the greatest gift from God.”—has been a true inspiration.
Furthermore, it has been my greatest privilege as well as a pleasure to work with a stellar
collection of contributing authors from both academia and industry. Some of them are
world-renowned scholars in the field; some of them have worked intimately with the
name reactions that they have written; some of them even took part in the discovery of
the name reactions that they authored in this manuscript. As a consequence, this book
truly represents the state-of-the-art for Name Reactions in Heterocyclic Chemistry. We
will follow up with the second volume to complete the series on heterocyclic chemistry.

Jack Li
April 24, 2004
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Acronyms and Abbreviations

T B D e e o ultrasound

.............................................................................................................. polymer support
AL o vesunessasons s mrsuanmamavasn snmasmnn s e sasnen o mtessans anmssnssesn e sbmnbsnerbe s RassEEA TR RS HFH SR RS RVRRAS Y acetyl
BB ... v vevan cusasnnmsniunssancsinsnmesomvass cumsasmsossvis o nsesonsanmse umsonssensannses smmensasmanon assnssodiss acetic acid
T R s adenosine diphosphate
g asymmetric epoxidation reaction
ATFO ..ottt ettt Algar-Flynn—Oyamada
ATBN ..ottt st 2,2’-azobisisobutyronitrile
Alpine-borane® ..........ccccocoevvrrerrinnnnn. B-isopinocamphenyl-9-borabicyclo[3.3.1]-nonane
L T acetyl malonic ester
AMINT . cicns 0o i snsos swossass susssssmsssnssisssosssaessvavessnssnissss aminomalononitrile p-toluenesulfonate
AT 10 cennnegamnnensssnnsansnsmmmass s ssssmonssn ntssmsun sasnsh srmiinantsssoms iiinn dns siiNes FoATHR 5557 SRR AR RIS TRV RER STTRA RO RA PR aryl
ATP oo adenosine triphosphate
e P ST area under curve
e —— generic base
Q=BBN s ssussnsnss vassmesnsnsssnssn e cves s easns avmsss sressis savsss aEspassessnans 9-borabicyclo[3.3.1]nonane
B v asisosie ovas snesssassss 48 sams s sasuss o o34 £86 VAR 05 T4 B3 S TAHE V55 R SHHE UAVER BT T SATS benzofurazan oxide
1151 = § tert-butyl hydrogen peroxide
BINAP....oo ottt 2,2’-bis(diphenylphosphino)-1,1-binaphthyl
B0ttt et b ettt e et e bt e ae e sanesanenanenae benzyl
BOC 1ttt sttt b et b st naesneen tert-butyloxycarbonyl
BOP........... benzotriazol-1-yloxy-tris(dimethylamino)-phosphonium hexafluorophosphate
BP O o ssscaivsnssussmmssssosivmssvsssnsssnsssssssvass ssenss s sessommssssesssis sxsvas sssnespsessessssssnssen benzoyl peroxide
B0 v o e R S SR S 8 S RS S S S eSS BT S RS VRS o SR butyl
B T ACH ONY s 5 s s s 5 5000550440 45530 535 5434 335 A58 430 S5 400 T 5 S Barton—Zard reaction
CAN e ceric ammonium nitrate (ammonium cerium(IV) nitrate)
CTAB ... cetyl trimethylammonium bromide
e cannabinoid receptor-1
S — benzyloxycarbonyl
T central nervous system
C OS2 essesmmmsssisnessssssmssisssiomssss smsmin snmassnsvsesmsssvnssnisnaassnsvamsvanvs s s Ra s os cyclooxygenase 11
S 20 5 o i w03 5063 5 5 % 5 B S 505 K B S A AR 85905 SRS Hi 53 R 45405 SR camphorsulfonic acid
CUTC e copper thiophene-2-carboxylate
DABCO...cciieeeetee ettt 1,4-diazabicyclo[2.2.2]octane
D8 v rsvecarssssessmssssassvmvsnesesressrvssvessssassassssvs e syses sssssssssseressssavasinssavsssivasas dibenzylideneacetone
) L 1,8-diazabicyclo[5.4.0]Jundec-7-ene
L dichlorobenzene
DICE osusimsscsssnmmusmsnssmssuovens srssssssnisss sassasevss s ssisass sas smansuosnsasons 1,3-dicyclohexylcarbodiimide
DEM. sisvies sramoss s simorin s soiisisns 8 sissri 3 s37uie 58l 3 65800 5 H55T63 A080S 8 SIS0 ¥ SR 8 RARHE 5 85 dichloromethane
DDQ s cmimssmmmmamissnsanmsmmmis st 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
DAY 5 o5 5rwnase 5 55,560 25,505 55050 555 58688 iaa 85 s 550554 sini 95 mema mamio s mns s manamnos s diethyl azodicarboxylate
DIEPI ....cocoinsossomnsssssssnsasonsssmssnsssssammtsnsssnrsnssssuosnsssmassssransanssssnss diethyl phosphorocyanidate
DE T e e diethyl tartrate

A\ et et t e e e e e e e e e e e aaaeaaaaaaaaaan solvent heated under reflux
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3] S N LSO T IR 7 S diisopropylcarbodiimide
) T O e e 3,4-dihydropyrimidin-2(1H)-one
(DHQ)-PHAL usissasissnsmmsssossosssssssssemssessssssansonss 1,4-bis(9-0O-dihydroquinine)-phthalazine
(DHQD)3-PHAL .ciiciiviccssssvisenssmsinssivesmessaessis 1,4-bis(9-0O-dihydroquinidine)-phthalazine
) G 18 KOOSO O PP Sa-dihydrotestosterone
DIBAL ..ottt ettt diisobutylaluminum hydride
VA e e e N, N-dimethylacetamide
1 T N, N-dimethylaniline
IDIVEAIP.. .. s ne - e s st v s e s S T3 5755 854S SR SRS EAR AFS S AT e N, N-dimethylaminopyridine
DDIVIE....c. cocvnn covronssenssnnensnnusen smmons s mnsns nmssmsmasanas ssinses s /b 85EKESn 2 54 SEHBETSSATERTATLS 1,2-dimethoxyethane
DIME ..ottt eb e ettt dimethylformamide
DMEDMA ...ttt dimethylaminoformaldehyde dimethyl acetal
I T e dimethylsulfide
DS O csmsasas smsseas snssssuvans s5amsaenssngs s s s paPREsoHs s 05 SEEESE s (S TAE S RSOGO s T i dimethylsulfoxide
IDIVISY s suusvwisnssssnasonsnsssnssssssssasssta s oses suses souvoss vises S84 as s dimethylsulfoxonium methylide
)1, O OO e e S dimethoxytrityl
DINA Lottt deoxyribonucleic acid
DINP... ettt ettt sbe e s 2.,4-dinitrophenyl
T () 3,4-dihydroxyphenylalanine
AOPD smssmersansssssems sassmn dheoss oo e vsasstaws s eSS S RIS B 1,4-bis(diphenylphosphino)butane
APDE s svusussmsassssves asasssasaasss s sss S8 S5 AaRREERHi S SRS A TS SR RS 1,2-bis(diphenylphosphino)ethane
AAPDE i isinmm i i i 66556 o T SRR S S TR T e SRS 1,1’-bis(diphenylphosphino)ferrocene
APPP e erveemrerrenrert et 1,3-bis(diphenylphosphino)propane
B L e s unimolecular elimination
L S T p T — bimolecular elimination
BLC . cannsimonmesninsivonisinsnsintinse hao i iisa5a s EFoT55 2-step, base-induced B-elimination via carbanion
EDG ottt electron donating group
€ .eeereeee et et e et et e bt a e b e ae ettt e baeht e h e et e e e a e e he e ae e st e beenheesaaes enantiomeric excess
EMME ..o ssvsiossmsessssmersusssosssssssssnssusssvesvassnss sis vssansssss sessussnmseainssss ethoxymethylenemalonate
T enantiomer
EPPL.. i iz sovs o n st i e e R s e o TR SR R RS S E SRR ethyl polyphosphate
X [PPSR equivalent
B ettt et h e et e e e s e e e aa e et e e be e heaeseeeseenteenseenteanaen ethyl
) A S ethyl acetate
EPR (FESR).ccccciiiiiericeeeeieeceeectvecie e electron paramagnetic resonance spectroscopy
ESR{F EPR Voussuimsmveinssmsnemssismrims movsimsssmissimssasispsinnsss electronic spin resonance
EWHE 50 s s voman s sesmes § s s 3 5esies sesis & S0 REHS LAE61 L ge electron withdrawing group
FIMIO cssssssvvossasimossmsisisn srassessmnmesinsanssssnisnssosssisss asininnssssessassssarangss frontier molecular orbital
BVP ocsnsmsmemnsmmmsimsssnsmssmssmmmasssmsmit s s g amas s st s e igeis omano e st frmpnss flash vacuum pyrolysis
e WP y-aminobutyric acid
O e mre e e e e Rt e o e gas chromatography
(O TEACTION .« 50 s s 45355 5a58s5wnsanneassnsanessansaness snsssnmanssesnsenns sunessmessnsassres Gabriel-Colman reaction
o e R O R Y hours
HIS e et enaeeeree s histidine
HIV e human immunodeficiency virus

HMDS et enes hexamethyldisilazine
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L o e e o e e e hexamethylphosphoric triamide
HOM O e o s highest occupied molecular orbital
HPLC cocosecusiumssmsssamsssvesss sounns ssvamass sismsmsons sonswssavmsssss high performance liquid chromatography
IBICE s sus 55555 senssas soaassnssssninnsss s5557sve s5a0mre 84405509340 SoveTFBFE4Po T8 s¥T 0T s s o R SRS isobutylchloroformate
T o eemresnsi s s mosmmssms s sms e mamsnsms s s s St imsienba S48 F5E98 H5R SR SRS 8505 4 B SRS 455 imidazole
TP A ettt st aae e isopropanol
o OO USSP U PP PR RPPTPP isopropyl
) potassium channel opener
KHENIDIS o messsummpsmammmumvonmims s e potassium hexamethyldisilazide
KR e Kostanecki—Robinson
LAH oo lithium aluminum hydride
1 O S O lithium diisopropylamide
LUHMIDS v vussmmsmvesyssnmssinsvessmsmssisss sevs ssusssossis a8 samsss e smesmassanss lithium hexamethyldisilazide
EAHIIVIDIS - v ssssesssoionsssss s amss soissssnssis sosssmsiedsas sanss s o b oo o lithium hexamethyldisilazide
L TEVAP s srssns ssniss o masmss 355 oss s ani s SRR sessto insiosis 5 lithium 2,2,6,6-tetramethylpiperidine
LUMO ittt lowest unoccupied molecular orbital
IV e e e i s e i . 1 A SR A B e S S metal
D T e T R e O S e K O O Lt ey e e moles per liter (molar)
IICR: < s ¢ somior s samroen 5 shoaes § mpsis 5 S50 5 597 4 SORTS HAels § S X Salefs 33 multi-component reaction
L m-chloroperoxybenzoic acid
IVIE 5o s Aeomoms Smem 457 0,000 S S B 9R A S AR A0 R SR AR s Smmn i A €5 i S R i S i R g methyl
IMIES .ttt ettt n mesityl
L e bbbttt ens milliliters
MMPP ..o magnesium monoperoxyphthalate hexahydrate
(110010 s o e e b e e e millimoles
IVID s 5 cummsonmsmmismesnmsies s B SR W50 65 44 03 AR SRR R A B SV T molecular orbital
IVIOE s mnssionsis sesss oo avssns 445 1530 S e s 5 53 333 SR SO AT T 55 mechanism of action
IVEOINVE: s 25 55585558550 55468t nsms s i Sasmnassmemsasamnansmass srssnssnses semsens s memas sassanasion methoxymethyl
MRSA oo methicillin-resistant Staphylococcus aureus
I e e T T LT e e e methyl vinyl ketone
MWIL(IV). e microwave irradiation
NAD <o, nicotinamide adenine dinucleotide (oxidized form)
NADH ..ottt nicotinamide adenine dinucleotide
L N-bromosuccinimide
I e e e o e e et e e T Ty ot e N-chlorosuccinimide
INES sousosuonesess samessensssnssiussssninsmsesns sisssammamassssss s esisinins sevursenasnassvonesamomsrars N-iodosuccinimide
INIVIID AL s svissuinns sionsnsisss ssmssinsssssiavasssRmsianss nsdo none sonsa sms vnanonas susne sy asmmnia N-methyl-D-aspartate
INIMIO) s+ cfsoin s s & 5005 4 S50 3 505575 5 5rime » asmis . vemsvmnrn s s -uteaims N-methylmorpholine-N-oxide
IUIVIP 6 svvosinsanmnisnsnsssussiss sisesanmnsnns sasensns sasnmesusasnssnt sosoasas sasvares aneseses I-methyl-2-pyrrolidinone
INIVIR. 1545555335555 656s55smanens nesannsnsm semmnss smosssnsstsmurssesennesssanssessssaaranss nuclear magnetic resonance
IN ULtz 53553 h0sien 2n s mnanswens s sams am o oms emsesos ami e ea Vs oeai 45 45058 AR EARH SR SRT SRS SRR SRS S S FH R nucleophile
NP Y 505 i o siomince wmsooimies « susosms o araacusa asaacki  acaessss & B3 sPoEHFS & oTAES'S §-SHSRR S s 5 i i i neuropeptide Y
NSAIDS ..o non-steroidal anti-inflammatory drugs
e AU USSR SO U USSP O DAV osteoarthritis
(SISO S O pyridinium chlorochromate

o e e T S pyridinium dichromate



PEIE ¢z cissivnessscssnstsssan sussmmesevsmsvensassneesvemmmmensasysssnspnnesibinsoh 35 SHRRESAToROR T ovs phosphodiesterase
P i rsvesismarsmssisssnsvma vasuns e s savs e aamnevan s oo s ssnes e vt s S e S IBAEEES prostaglandin
] Ly R, PR pyroglutamic acid
PR, v sy o oH 3 3 SR G PN S YA B S h A eSS VRS WSS S o s phenyl
S pharmacokinetics
DICH ss i iriians smesmissssensosssmpnassussnsssmssssnsantssssnassssnsonsonsestssysnssbsonsanssasssonsan —Log acidity constant
PRUC ciseu0vemsiosesmmsussinsmmiassesssss sissssss ssasm st samasssssaossan s ons sussonsassmsanuss sanserasssvsssans protein kinase C
PP A o s ninns et e SR S e e S S S polyphosphoric acid
20 NP TP, polyphosphate ester
o proton pump inhibitor
[ I WO M RO U e 4-phenylpyridine-N-oxide
PPP s anomnssmnsnaonsssssss sasssssssramyssss sauvgens 3-(3-hydroxyphenyl)-1-n-propylpiperidine
L o ATV~ polyphosphoric acid trimethylsilyl ester
PP sivenmnsons ovess vonssssnns saaas inesss 545 565088 SRaassns P Hs s aTARRORR RS RO SN b0 pyridinium p-toluenesulfonate
P05 x5 58 5 m 05 5 500 b T AR SO SR A6 408 08 R AT T R W R F A ARV R F A SR proline
P ccinasiascsnmaesssisnsnssnessinsssns vass oniss SEaaRsss oA s To 3 e LA SRS e F R T VAR R o0 pounds per square inch
RITE . i ssivmts i asmsiinc o Sismsmi siagomsas iese i iostass i ot SR S SR b BSTIEE awias phase transfer catalyst
L e O S SIS R paratoluenesulfonic acid

L R pyridine
YT oo s itmas somvussnssss oo es e s oo oS £33 SRR SN S ¥ S R R SR AR S eSS S S oA s pyridine
BRI, s simiissimons o3a 98594 55 05 08 HA T84 RS TS e SR VAR RO SO T R AR e SH AP T S RS rheumatoid arthritis
RN 5 s550055 o vmsssinnssssasnasia sm i i 55 S0 59455 ARRAH O S EH5 BRSSO oS T VAT oS SR S v ribonucleic acid
Bl arvsvennsnsassvonsivanavmsion s suns masuiosssonnumnnssssnssnonsnssunasrnssnoss fnssronssss on eiotis SEEs SHESR RS 058 room temperature
SAICIIL s vioimirin & sioreriin s orcomns s wiorusmis sisisteie.s simsmietn sraiopsse's sispeseie sismad N,N’-disalicylidene-ethylenediamine

SET oot o, s sssssversssrive s susisussass sissensstssersssys ekt semvesntassns os single electron transfer
Nt L s nucleophilic substitution on an aromatic ring
SN s2stvissss tosmmmasssnsss sossurasssondissasssssmsesossnss uasiassvasnsoss unimolecular nucleophilic substitution
. bimolecular nucleophilic substitution
S R T T tert-butyl
B 2 D U S tetrabutylammonium fluoride
5] B o s U S 1,5,7-triazabicyclo[4.4.0]dec-5-ene
TBIDMS o iitusisirevmnbonimmsessensshrinsnios svsssvsussrassint esssssssssisssoasioessnnss tert-butyldimethylsilyl
EBIDPS v cainsion osmsnensnpissseas sasbisvssessss saase ss s s e S S S SRS SRS tert-butyldiphenylsilyl
EBEP c om ssmsts st siominn sms s s oue s s 5 e SRR s tert-butylhydroperoxide
BB riiiiiniinsiinnansassiisesions v snsronsassnsnsannsssnnkonissn o5 RN AR RN AVNSE AT TS tert-butyldimethylsilyl
LT 5 s v et v s sekteiagete tesstortsieiarelattere i mtetouse e e eptntage NG i Sl e triethylamine

A[OE s vt ety chvssaiames onne sy tmamsas v e eyonmseaisamis ovee v s awsa smas s trifluoromethanesulfonyl (triflic)
BT S s inrvyisnnnsiess svmvesn s ssimasns sinns sesyvenasnsssuns sy suss eusunsy s orsos st anen s sa v aessmesass trifluoroacetic acid
TBAAR o5 s svsemiremmpessussessnsats sussssasssessms satonseasmssnss sasssuessssasnnsaninsnsn trifluoroacetic anhydride
TROH 555 snisssvnsssnsmoshossasnsorsessssisasnssss sasssasnsssessss s asassasvaessassssusssasossnsessssssessssseusavionss triflic acid
LB it chsscvvesvass csames sonsmss ounsnsansusses suaussss ousssseasss ssarossdsssmssssvs ssaeinto s e ST o3 tri-o-furylphosphine
TES Al fovuvmsnomansans sumsiss s susssass sSesssomsios st S3oR58e ¥ S5 aN R eSO a AR S EAE trifluorosulfonic acid
5 tetrahydrofuran
) 5 A v P T 4,5,6,7-tetrahydroisoxazolo[5,4-c]pyridin-3-ol
LB it ccs e tomisimnesms S mnsmensseasasasmmnsssnas smsessassmensas rassassa smessas s srenssss astanasnss triisopropylsilyl

] O o i U O e e DR thin layer chromatography
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TNIEDA . oot aiesvoiivaviosnsemanson sassmsosnssessonsasapsnsasssises N,N,N’,N’-tetramethylethylenediamine
VA s crvie et ot s st bedarsoinsanmmis nsesanewas womeon wesesommae ommmmtgas s s TS TEES S5 tetramethylguanidine
LIV o oineviimsss s einsesos saa s ne s anasens e vias setaomueianmas s n name s e o e AR R tetramethylpiperidine
VIS ot e omenneorsiren rosvrnnesor enmts e crsann et aes oo mwaavin soie et m s oa s SR seamamam n A i trimethylsilyl
TMSCLL oo srmnisstim smsmromss s esmssssms sy e vessasrasssssn seswsssessanto v svass trimethylsilyl chloride
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