
T&&&on Vol 41. No 44. pp 9131-9166.1991 oo4o-4020/91 $3 OLh 00 
Rmtcd m Great Bntam Pnganlon Press plc 

TETRAHEDRON REPORT NUMBER 301 

Medium Ring Nitrogen Heterocycles 

P. Andrew Evans and Andrew B. Holmes* 

Unwenuy Chenwal Laboratory. Lensfield Road, Cambridge,, CB2 lEW, U K 

(Recetved 17 June 1991) 

Contents 

Introducnon 
Natural and Unnatural Azepmes, Amtnes and Azomnes 

2 1 Azeptnes 
2 2 Azocmes 
2 3 Awmnes 
A Survey of the Syntheses of Me&urn Rmg Azacycles 
3 1 Intrcducnon and General Methods 
3 2 The Synthesis of Azepmes and Denvauves 
3 3 The Synthesis of Azocmes and Denvauves 
3 4 The Synthesis of Azonmes and Denvauves 

Summary 

9131 
9132 
9132 
9135 
9137 
9139 
9139 
9141 
9149 
9157 
9162 

1. Introduction 

Monocychc m&urn nng mtrogen heterocycles are an extremely Important class of compounds, which 
occur m a range of natural and unnatural products The medmm sized rings,, m par~ular the eight- and nme- 
membered rmgs, are generally the most difficult to prepare using conventtonal cychsation methods ’ Current 
synthetic methodology for the preparanon of this class of compounds sail remams very speafic. with llrmted 
&tentmn havmg been pad to stereocontrol 2 

The term medium nng, mtroduced by Prelog and Brown,’ 1s usually applied to allcycllc compounds 
having a nng size m the range 8 to 11 However, 7-membered and 12-membered rings are often included for 
comparison purposes, pamcularly when analysmg the conformahonal effects w&m these systems 

Ploneenng work by Ruzlcka4 and Ziegle2 in the twenties and thlrtles provided the foundations of our 
present knowledge of macrocycllsatlon reactions The search for synthetic methods for the preparanon of such 
systems has been a major ObJectlve ever smce Most of the evidence available regarding the dlfficultles 
associated with the formanon of me&urn rings comes from preparative studies 1*3 

The rate of cychsahon 1s obviously determined by the actlvatlon energy for the process This ~111 be 
controlled by the ground state energy of the acyclic precursor and the energy of the transmon state whose 
conformanon can reasonably be expected to resemble that of the cychc product. The relattve ease of cychsanon 
1s therefore also determined by the probabdtty of end-to-end encounters The acnvatlon energy will also reflect 
the stram energy of the nng to be formed It was pre~lously thought that the strain m both small and large nngs 
was determmed by the Baeyer angle stram However, smce larger nngs do not have to be planar, there was no 
Justification for applying this theory to these nngs A real understandmg of the strain of medium sized nngs 
evolved only after It was reahsed that three factors were involved ‘9’ (1) torsional effects in single bonds (Pltzer 
stram), (2) deformation of nng bond angles from their preferred angles (Baeyer strain), and (3) transannular 
stram (non-bonded mteractlons) which occurs when atoms across the nng are forced mto close proxnmty This 
sham wdl be reflected m the enthalpy of acavahon for the cychsahon 

9131 
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An entropic conmbuuon to the acttvatton energy for cychsatlon emerges m the probablhty with which 
atoms placed at the chain termnu will come wlt!un bondmg Qstance There 1s a negahve AS conmbutton from 
the reductton in rotattonal freedom of the open chain smgle bonds when they approach the ring-like transttton 
state The ftquency of such stenc mteractlons WI!! decrease ra!nd!y wn!~ &am length This effect wtl! thus tend 
to lower the cychsabon rate, as the number of medtylene groups separaang the reaction centres Increases 

The entropic factor promotmg mtermolecular father than mtmmolecular cychsation in large rings can be 
counteracted in part by utlltstng high-dilution condmons This was first described by Ziegler ’ However, 
medmm nng formatton IS m many mstances the most Qfftcult to achieve, even under high dtlunon condmons, 
w!nch supports the wew that this 1s manly a consequence of an enthalplc factor MMcattons of the structure 
of the chain, with the mtroductton of other structural features such as genr-dimethy! groups, heteroatoms, or 
ammat~c nngs profoundly affects the ease of these reactions 

Me&urn rmg stereocontrol emerges as a rea!lsnc posnblllty m determtnmg the relaave stereochermsay of 
non-adjacent stereocentres m meduun rings,, and m acycbc target molecules derived from them, largely due to the 
ploneenng work of St111 and Galynker 7 RegcF and stereochermca! Eansannular reacttons occur @XJastondlY m 

medmm rmgs, and are often synthetically useful ’ 
In this Report we detail the occurrence of medmm nng mtrogen heterocycles (Secclon 2) and then 

sumtnanse the syntheac methods (Sectton 3) w!uch have been apphed to theK constructron 

2. Natural and Unnatural Azepines, Azocines and Azonines 

The senes of azepmes, azocmes and azomnes which consntute the parent nng systems of the seven-, eight- 
and rune-membered azacycles2 respecttvely are the pnmary concern of t!us rewew The azeptnes are the largest 
class in the senes which 1s probably due to their relative ease of formation, and usefulness as both syntheac 
mterme&ates and therapeutic agents Owing to the &fficulties associated w& the preparation of such systems, 
there 1s an almost exponential decay m knowledge through the senes In particular, mformatton on saturated 
rune-membered rings is almost non-existent 

2 1 Azeprnes 
There are four tautomenc forms, dewgnated as lH-, 2H-, 3H- and 4H-azepme, which may be drawn to 

represent azacycloheptatnene lH-Azeplne (1) IS a very unstable red 011 (even at -78 “C in CDCl3 solution) 
which rearranges m the presence of acid or base to the margmally more stable colourless 3H-azepme (2) The 
stablhty of lH-azepmes 1s enhanced by electron-withdrawing substltuents, especially at the 1-posmon as these 
decrease the electron density m the 87t anharomattc nng system Owing to the mstabrlmes of such systems, 

reduced and partly reduced azeptnes are more common IL(a) 

0 I 
c1 

- 
0 N' 

(1) (2) 

Caprolactam (3) 1s without doubt the most useful and unportant azepme denvatlve T!IIS seven-membered 
lactam has &en used extensively as a precursor in the manufacture of nylon 6 9 Interestingly, simple C- 
substnuted caprolactams are known to possess slgnlficant CNS actlvtty,” and hexahydroazepm-4-o! denvauves 
have useful analgesic properttes For example proheptazme (4) has twice the analgesic effect of morphine and 
1s only marginally addictive ” Stmllarly, N-substituted hexahydroazepmes have found use as antitusstves, 
mydnattcs, anhspasmtics and oral hypoglycaenucs 2(a) 
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Noteworthy are the mhrbrtors of angtotenston-converttng enzyme, whtch mcorporate the azepm-2-one 
nng Thus the tricyclic product (5) 1s a potent m vrtro annhy-pertenstve agent. l2 

The pharmacologtcal value of benzazeptnes however, 1s not as ngnificant as their aza-analogues, the 
benzdtazepmes Annconvulsant, anttarrhythmrc, ana-mflammatory and analgesic acttvtty has been noted for 
several l-, 2- and 3benzazepmes t3 

A novel class of dopamme receptor antagomsts and neurolepttcs IS represented by the 7,8-drhydroxy- 
1,2,3,5-tetrahydro-3H-3-benmines (6). Interestmgly, the 1-phenyl denvative (6b) IS a potent antagomst of 
both centtal and peripheral dopamme receptors l4 

(~)aR=SPhR=H 
CR=H R=Pb 

The most useful pharmacologtcal agents based on the azepine nucleus are the 10.1 l-dibenz@flazepmes, 
such as destpramme (7a), tmrpramme (7b) and clomtpramme (7c), which are wufely used as 
antKleptessantS t5 

(7)aR=H R=H 
bR=MeR=H 
c R=MeR =Ci 

The dtversity of azepme-contamtng natural products whrch have been &a&d has snmula@consrdesable 
attentron Wthtn thus area These can be sutivrded mto two classes, monocychc and @ycycltc azepines 
Mormcychc azepmes made a somewhat late appearance. however they have proved to be an mteresting class of 
compounds. 

Muscatlavm (8) 1s a yellow prgment whrch was Isolated from the highly coloumd poisonous mushmom 

Amarttita?PUWtWbyMMussot6 
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The bengarmdes A-E (9a-f) and lsobengarmde E (10) (Figure 8) were isolated by Crews17 from an 
undescnbed Jaspldae sponge which predominates throughout FIJI m the coral reef communmes The 

bengarmdes are based on the azepm-2-one rmg, which 1s derived from cychsed lysme and &hydroxylysme 

units Bengamldes A-D (9a-d) are dlsubsntuted truns-lo-ammo-13-hydroxy-azepm-2-ones denvatlves The 
ammo and hydroxyl side chams are acylated The N-acyl side cham m each case 1s the 2-methoxy-3,4,5- 
tnhydroxy-8-methyl-non-6(E)-enoyl group The azepm-2-one may also be N-methylated In the lsobenganude 
(10) the N-acyl group 1s on the nng mtrogen to form an unsymmemcal lmlde 

The seven-membered lactam (+)-acaclalactam (11) was recently isolated by Sekme” from the seeds of 
Acacra concmna DC (Legummosae) These seeds are used as a source of folk medlcme for skm diseases in 

Tha&nd and the tropical counmes The structure was assigned as an azepm-Zone, containing a quaternary 

carbon bearmg vinyl and methyl substltuents at the 7-posmon Another interesting feature 1s the a$- 

unsaturated anude The absolute stereochermstry and blologcal achvlty are currently under mveshganon 

\ 

S 

cH, 

’ N 
CH, H 

0 

(10 

Polycychc azepmes are more abundant than the correspondmg monocyclic azepmes The following 

examples therefore constitute only a representation of the array of such molecules which occur v.&un this class 

Peceyhne (12) was isolated by Cav6 and Wenkert” from the Apocynaceae plant Petchm ceylunrcu Wlght, 

which 1s mdlgenous to the lowlands of Sn Lanka They assigned its structure as a &menc mdolme alkaloid 
contammg two seven-membered azacycles burled m complex polycychc structures which are fused to a 
dlbenzofuran system The structure of peceyhne (12) was proposed to be as deplcted or the isomer with the 
epoxlde and double bond interchanged The related natural products peceylamne and pelankme were also 

isolated and dssigned 
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(12) 

The alkaloid cephalotaxme (13a) was isolated by Paudlep from Cephalotaxus fortunel and drupacea, 

and the structure was asslgned by Powell *’ C drupacea, a small tree which IS found predominantly m China 
and Japan, IS commonly known as cow’s tail pine or Japanese plum-yew C fortuner IS known as the Chinese 

plum-yew and IS found m northern China Cephalotaxme (13a) possesses a unique structure, having two 
splro-fused five membered nngs, both of which are annelated to a benzazepme system While the parent 
compound cephalotaxme (13a), IS blologlcally macuve, a range of naturally occunng ester denvanves such as 
hamngtomne (13b) and related senu-synthenc denvanves, were found to exhlht promlsmg anmumour acuvlty 

o / 

< 0 \ 
I N 

14$ 

H 0” 2 * 

HO 

Ok 

OH 
v 

b K = i-P(ClWOH)Mez 

OCHfl02Me 

2 2 Azocrnes 
The azocmes are d diverse class of compounds The many methods utlhsed to prepare such systems, 

especially the highly unsaturated azocmes, are specific and often consist of a single example Only a limited 

systemahc or comparative study of azocmes as a class has been conducted However, the relauve stability of the 

eight-membered nngs and their blcychc valence tautomers, and the potential aromatlclty of the l&t-electron 

systems has been assessed The fully unsaturated azocmes are x-equivalent heterocychc analogues of 

cyclooctatetraene Ad&non of two electrons to this system or the removal of a proton from (a CH2 posmon of) a 

dlhydroazame leads to dlamon or monoamon formahon respectively, each of which IS an aromatic lti-electron 

system 2(b) 

FVP -190 T 

-HCN 

(14) (15) 

The parent azocme (15) was Isolated at -190 “C from the flash vacuum pyrolysis (FVP) of the 
‘dlazabasketene’ (14), it IS unstable and decomposes to a coloured tarry matenal at -50 “C, and must be 
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handkd in KOH-coated glassware 22 Therefoie, the more commonly encountered axocmes are substituted and 
fully or partly reduced Even so, the axocbres have not been as extensively stuM as the corresponding 
azepmes, probably owing to the drfficulaes associated with therr prepamtron They have also found considerable 
utibty as synthetic intermedrates and thempeuhc agents. 

The azocin-2-one (16a) may be polymerised to nylon 7 Pyrolysis of this mater4 in the presence of 
KOH rn vacua at 300-350 ‘T slowly regenerates the monomeric lactam zo The axocm-2-one (If&) and its 
derivatives have also been employed in the synthesis of homopo@nei~,*~ copolymet~,~ and as polymensaaon 
catalysts *’ 

(16j*X=O 
bX=S 

Interesttngly, the azocin-2-one (16a) and its thiolactam derivative (16b) possess significant CNS 
acuvity X2’ Simple N-subsmuted octabydroazocsnes such as [2-(octahydro-l-axocmyl)ethyl]guamdine (17) 
and its salts, especially the s~iphate.~ extbit anti-hypertensive acavity. Other arm-hypertensive agents am those 
based on the azocin-2-one ring system iiS) 29 The N-substituted octahydroazocmes also have srgntficult uahty 
as anmnalartals,~ anutussives,31 nasal dozongestants,” calcmm channel antagonuts33 and analgesics 38 

(16) 

The csxmen~ phannawlo~cal knowledge of the benxomnones IS stdl very much III its rnfancy Hvwever~ 
the I-bemaz0cindrone (19) has been utdased as a s&tive and anticonvukant.35 

(19) H=lI Cl 

There are only a Iimited nwmber of naturdl products which incorporate the azocine ring Most of these am 
complex pdycyelic mokeules 

The alkaloids IGhydroxy- (ulb) and Wmethoxyapparacme (24%) were rsdated from the leaves of 
Ochrma oppos~t4fiilu.~ The strwture ccmsasts of a Edged arocme fused to dip indole The mokeule also 
eontains two exocyck dot& bonds. with the ethyMene group at the W-posumn having the (E)-configur&on 
Assrgnment of the double bond configurauon in the parent apparacine (29a) followed from these studies 
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The alkaloid magallanesme (21), the first naturally occumng lsomdolobenzazocme, was isolated from 
Berbens durwrntr Hook m southern Chde, and had its structure assigned by Shamma 37 However, tt has 
recently been suggested that magallanesme (21) may have been obtamed as an artefact of the lsolanon 38 

Magallanesme (21) consists of a pentacychc nucleus with a charactenstlc benzazocme nng system m which the 
mtrogen IS present as a vmylogous lmlde The D and E nngs constst of a dmethoxyphthalarmde unrt fused to 
the benzazccine 

2 3 Azomnes 

(22)aR=CO$! 
bR=COMc 
c R=SO$‘h 

(23)aR=H 

bR=L* 

’ R=N.+ 

(24) aR=Mc 
bR=Ei 
c R=Rz 

The rune-membered famdy of x-excessive heterocycles IS commonly referred to as the hereronrns They 
have been extensively studed with Interest centered on thev potennal toward 101~aromatic propemes A variety 
of azonmes IS known and has been classified as antlaromatlc (22), aromanc (23) and non-aromauc (24) The 
parent system (22a) may be prepared m a photomduced electrocychc opemng from its blcychc valence tautomer 
(25) There are five tautomenc forms, designated as lH-, 2H-, 3H-, 4H- and SH-azonme which may be drawn 
to represent azocyclononatetraene IH-azonme (23a) IS known as a very unstable 011 Hence, azonmes are 
more abundant m subsmuted, reduced and partly reduced form 3’) 

Owmg to the Qfficultles encountered dunng the preparation of these systems there IS conslderably less 
knowledge avrulable compared with the azepmes and azocmes However, a llmlted number of azonmes have 
found some utlhty as synthetic IntermedIates and therapeutic agents 
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i;O,Et 

(25) (22a) 

The azomn-2-one (26) and its denvatlves have been employed as homopolymers,23 c~polymers~~ and as 

polymensatlon catalysts 4o The azomn-Zone (26) also possesses srgmficant CNS acuvity 26 

(26) 

Inhlbltors of anglotensIon-convertmg enzyme which incorporate the azonm-2-one nng (27) and possess 

significant antlhypertenslve actlvlty are also notable 29 The N-substituted octahydroazonmes also have 

stgmficant uahty as an~malaru@ and analgesics 34 
The azomnes have found considerable utlhty in the area of agrochemlcals m the form of herblcldes The 

carboduolates (28) have been used as selective herblcldes agamst grasses m cabbage and nce fields 41 

(28)R=H,Cl 
R=Me E&R ac 

There are only a limited number of natural products whch incorporate the azocme nng, most of which are 

complex polycychc molecules (see Sechon 3 4) 

(29). R’=R2=R’=Me 

b R’=R)=Me,R’=H 

b R’=R*=Mc,R’=H 
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The alkalotds launfonme (29x1), launfine (29b) and launfinme (294 were isolated m In&a from the 

leaves of Coccufus luunfolra DC and the structure was assigned by Bhakum 42 The alkaloids demonstrated 
hypotenslve actlvlty, Indeed it was this factor which led to theu isolation The natural products consist of a 
dlbenz[d&onme base havmg the same substituaon pattern, but tifermg only m which groups are mthylated 

The alkaloids vmblastme (30a) and vmcnshne (30b) were Isolated from Cutharanthus rows by 

Svoboda43 and the structures were assigned by Neuss 44 They possess sign&ant anntumour acnvlty and have 

been widely used chnlcally As with other members of the f&y, the stn~turcs are &menc 

3. A Survey of the Syntheses of Medium Ring Azacycles 

3 1 Introduction and General Methods 
The followmg review concentrates on some of the methods described for the formation of azepines, 

dzocmes and azonmes, and emphaslses the dlfficultles encountered A small number of general methods exists 
for the preparation of such systems, and these are discussed together for brevity 

n=l 23 

The Beckmann rearrangement IS the acid mediated lsomensatlon of oxlmes to amides, and was first 

reported by Beckmann m 1 886,45 and comprehensively revIewed most recently by Gawley 46 The lactams (32) 
are obtained from the rearrangement of the allcyclic oxlmes (31) This process has been successfully 
demonstrated for cases where n = 1,2,3 and has proven a highly efficient and frurly versaule process Indeed, 
the transformanon through to lactams 1s unproblematic m simple substrates 
The problem arises In the case of unsymmetrical oxlmes (33), owing to the posslhhty of two pathways, which 
often result m a mixture of products Although the unto-rearrangement 1s favoured, with the more substituted 

carbon mlgratmg [path (a)], both pathways can occur There IS some evidence to suggest that bulky subsutuents 

(e g benzyl) at the a-powtlon exert stereocontrol on the rearrangement 47 This forms the less hlndered oxlme, 
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(34) 

anrl to the benzyl group, promotmg path (a), and the formauon of (34) The choice of reagents to facilitate the 
process IS also important, smce this affects the selectivity Strmlarly, 1-benzazepmones (36) and then 

homologues may also be prepared using this reaction Generally, aryl mtgration IS preferred, due to the 

formation of a delocabsed canon as a reacnve intermediate 48 However, many cases are known m which 

substantial allcyl nugraaon also occurs, resulang in a nuxture of benzazepmones 

N.N, E HCI 

(39) 
(37) (33) 

The Schmidt reacaon49 of ahcychc ketones (37) to lactams (32) IS also noteworthy The process IS agam 

highly efficient, but unsymmemcal ketones often give a mixture. of products However, a-substituted cycbc 

ketones (38) mvanably yield 3-substituted lactams (35), mvolvmg mlgraaon of the less subsatuted carbon (see 

39) 5o This process complements the Beckmann rearrangement, which favours the alternative rearrangement 
products 

N&4,, c IlCl 

(39) 

Although these processes are on the whole fairly efficient and versatile, the 1lmlte.d selectivity and the 
inherent lack of flexlbthty m the nng expansion has created the need for d more flexible process 

Gallagher and co-workers5’ have recently reported a general approach to this class of compounds which 
mvolves a novel mtramolecular cychwtlon mvolvmg displacement of an allybc uxhde by an N-sulphonyl amine 
Addmon of Iodine to the N-sulphonyl allemc ammes (40) afforded the allyhc todldes (41) m essentially 
quantnative yield, as a 1 1 mixture of(E)- and (Z)-Isomers Treatment of the sulphonamlde (41) with sodium 
hydnde m the presence of NJV-dlmethylpropylene urea (DMPU) resulted m cychsatron to give the ‘exo’ 
product (42) and/or the ‘endo’ product (43) In the case of (41a), the pyrrohdme (42a) WJS favoured over 
the azepme (43a) However, the azocme (43b) wds the predominant product in the Lase of (41b), with no 
strong preference for the 6- over the g-membered azacycle The (E)-alkene \tereahenustry 111 both the azepme 
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(43a) and the azocme (43b) was exclusrve However, in the renmnlng example, the azonlne (431~) was 
formedasanequaitmxtureof(E)-and(Z)-isomers Thrsmethodologyprovtdesaccessinmoderateyreldsto 
-sedmmocyclxcmednlnllmg~c~~g~ntfunca~ 

3 2 The Synthem of Azeprnes and Denvatwes 
The synthettc methodology that has evolved for the preparauon of azepmes can be subdrvrded mto two 

classes, the monocychc and polycychc systems The inherent problems assocrated wtth the preparatton of such 
systems is clearly illustrated m the follo\krmg survey 

Intramolecular nucleophrlrc displacements of halogens from w-halohexyl ammes are the most drrect route 
to saturated azepmes Hexamethyleneumne was first prepared by tins route This method has been to some 
extent superceded, although it IS sdl used for hrghly subsmuted denvauves and for benxaxepmes.Xa) 

A general route to axepin-2-ones IS the mtramolecular cycbsauon of c-ammohexanotc acids 15’ For 

caprolactam (3) the ytelds are low and supenor methods are avatlable These methods have very httle uuhty in 
higher homologues Suprrsmgly, only lnmted methodology ts known for the preparauon of C-substrtuted 
axepm-Zones 

The thermally or photochermcally induced nng expansion of oxaxmdmes to azepm-Zones is farrly well 
documented. Thus flash pyrolysts of the oxaztndme (44)53affords caprolactam (3) tn 88% yreld 

0 \ CF NH bVRA 
88% 

-Q+ 
10 

(44) (3) 

The mgration tendency was poorly understood for a long tune, and IS now thought to be under stereoelectromc 
control rather than dependent on nugratory preferences In both the thermal and photochemrcal processes rt has 
been demonstrated that the subsutuent tram to the nitrogen lone pan of the brcyclic oxazrrrdme pmferenually 

undergoes trugrauon to a fotmally electron deficient mtmgen atom 54 This is clearly illustrated II) the following 
examples In the 2-aryloxaztndme (45) actd amide formatron proceeds under nnld conditions Heatmg the 
oxaxindme (45) (75 ‘C, 45 mm) ts sufftctent to convert tt to the 3-subsututed lactam (46) m 7590% yields 2(a) 
This reaction can be thought of as a supplement to the Beckmann rearrangement in which rt IS often the more 
subsmuted carbon that rmgrates to form the. alternatweiy substituted lactams 

Me 

CY- y A -Qr 
Me 

& 
75-90% 

: 0 
k 

(45) (46) 
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The photochemrcai oxazmdme to amtde reactton was proneered by Lattes and coworkers 5455 This has 

been supplemented by the work of Aub6 56 on the stereoselectrve preparatron of azepm-Zones A senes of 

prochrral ketones (47) was converted mto a serves of oxaztndmes (48) under standard condrtrons The 

oxazmdmes (48) were obtamed as a mtxture of four posstble stereorsomers whrch were then subiected to the 
photochemical rearrangement The drastereorsomenc lactams (49) and (50) were obtamed as a nuxture which 

+ -F?2zzg$:;;gC_ tj”- + phJj$ 

R 58.94% R R 

(47) (45) (49) (50) 

R = MC, Et. ku Pb 

(Sl)nR=¶u 

bR=Pb 

was separable by flash chromatography The ratio of oxawndmes (48) was highly dependent on rmme 

sterochemrstry For tmmes derived from cyclohehanone and a-methyibenzylanune, there IS a clear preference 

for equatonal dehvery of oxygen to an rmme wtth approach anrr to the phenyl substrtuent m a conformatron 

having the benzyhc hydrogen m the “mstde” postton The oxazmdme relattve stereochemtstry drctates the 

formation of a parttcular dtastereotsomenc lactam The tnmnsrc selecuvrty of the rearrangement was determuted 

by the photolysls of the major oxazmdme stereotsomer (51) The correspondmg lactams (49) and (50) were 

obtamed m a ratto of 93 7 (R = ‘butyl) and 94 6 (R = phenyl) Thus represents a 13 1 preference for the 

nugratton of the methylene group anrt to the lone pair on mtrogen, m accord wtth the stereoelectrontc theory 
proposed by Lattes 

A more recent addttton to this work57 has reahsed dtrect regmchemtcal control m the nng expansron 

Oxrdatton of the tmme denved from the enanttomencally pure ketone (52) and (R)-a-methylbenzylamme wrth 

monoperoxycamphonc actd [(+)-MPCA] affords the oxazmdme (53) as a single isomer The dlasteteomenc 

tmme denved from ketone (52) and (S)-a-methylbenzylamme gave the oxaztndme (54) also as a single 

Isomer Photolysrs of the oxazmdme (53) was reported to grve the lactam (55), while rearrangement of (54) 
was reported to grve mainly (56) (5 3 1) However, these results are contrary to the stereoelectromc theory of 

the nng expansion (It 1s the bond anti to the nttrogen lone pair whrch migrates), and the uansformauons ought to 
be interchanged, the oxazmdme (53) should lead to lactam (56) and (54) to (55) The vutues of such a 

protocol are three-fold It effects remote regmchemrcal control, tt 1s posstble to obtam either regtotsomer by a 
simple change In reagent stereochemntry, and n stmultaneously allows opucally acttve lactams to be obtamed 
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from racemlc ketones The methodology IS clearly useful, even though It has not been applied to higher 
homologues 

X 
Me 

05 0 1 
H 

(52) 
x = acH&!H20 

(2) (+) MFCA 

(1) hv MeLPI, 2h 

(2)NaINfh 
-0 

54% 

42% 

cjiza, 2h 
(2) Na / NH, 

X 

The reactlon of a catalyuc amount of vanadlum(IV) with the oxygen of the oxazmdme (44) leads to a 
related N-O cleavage The radical species (57) then recombmes, with ehmmanon of the metal Ion m a nng 

expdnslon reactlon, to afford caprolactam (3) m almost quanntatlve yield 58 

The thermal rearrangement of an lsoxazohdme denvanve (60) to the azepm-Cone (62) m moderate yield 

was recently described by Got1 and Brand1 59 The Isoxazohdme (60) was prepared as the sole regioisomer 
from the cycloaddmon redctlon of the mtrone (58) with methylenecyclobutane (59) The cycloadduct (60) 
was then SubJected to FVP condmons to faclhtate N-O bond cleavage and generate the duadlcal (61) 

0 

I3 . . 
Ph 

f 
Ph 

(61) 
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Recombmatmn of (61) furmshes the azepm-cone (62) m moderate yield and the 1-benzazonm-Cone (63) 

through rad~cal recombmatlon at the orzho posmon of the N-phenyl nng The former process IS IZlatNely faCde, 
although its mayor lnmta0on IS its specific nature 

Paquette” nng expanded a benzenoid spectes to an azepm-Zone (66) m 55% yield The azmdme 
reactive intermediate (65) undergoes rearrangement to afford the lactam (66) The substrates used are 
symmemcal and aromatic, which IS a lumtatlon on the development of such a process 

OH 

Me 

(64) 

Ma 

42 \- Me 
Me CI 0 

(66) 

The photomduced nng expansion of the azldocyclohexenone (67) WI the mtrene (68) and its msemon 

product (69) to the azepmdione (70) was described by Sato 61 The reacaon was found to proceed more 

efficiently when It was camed out m wet benzene rather than aqueous THF ” The nature of the solvated 
intermediate in the thermolysls and photolysts of aryl avdes IS however an unresolved Issue This method has 
also been successfully apphed to the preparation of benzazepmes from naphthyl andes, and pyndoazepmes from 

qumolyl and lsoqumolyl andes 63V64 

(37) 
c 

Klta and co-workers65 have reported the use of a novel slla-Pummerer rearrangement of W- 

amldosulphoxldes (71) to generate the reacttve mtermedlate (74) which cychsed to the a-phenylthloamlde (75) 

In moderate yield This IS a particularly good reactron, owmg to tts mild nature, since it overcomes the problems 
assalated with the more conventmnal method The role of the ketene acetal (72) IS that of a mild sllylatmg 
agent to produce the qda-Pumrnerer intefrnedldte (73) 

P 

G 
SXPh Ma 

0 

,*$;y <f----, (+i$i - NH4Ph B 

57%J 
(71) (73) (74) 
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The Cope rearrangement of cyclopropane denvattves (76) beanng cu-subsmuted vinyl and lsocyanate 

groups has also been used to good effect m prepanng azepm-2-ones (77) 66 More highly substituted 

cyclopropanes may be used with comparable yields Wd) Owmg to the amount of unsaturanon present m the 

products and the dlfflculnes associated wtth the tsocyanates ths reacuon has not been exploIted any further 

(76) (77) 

Alper has developed the cobalt-medlated carbonylatlon of 2-vmylazetldmes (78) to afford nng- 
expanded seven-membered lactams Treatment of the 2-vmylazendme (78) with co$O), m benzene under 

pressure resulted in the formatlon of an lomc dlcobah complex (79), which was followed by the loss of carbon 

monoxide and ff-complexatton of the vinyl group to form the adduct (80) Rmg opening forms a x-ally1 

complex (81) which then cychses to with migratory msemon of CO to form the metallocycle (82) Reducnve 

ehmmanon affords (83) This IS a relauvely new method, which pronuses substantial synthenc uullty 

A, 24 h 

86.93% 
(78) 

W = CHCHKX&CH,, 
CH*CHflN 

The preparation of benzazepmes IS generally more straightforward, owmg to the ngld effect of the aql nng 
on the mode of cyclisatlon One such method cap&&es on the reactlvlty of an ortho-metaliated oxazohne to 

promote displacement of A methoxy group by an wammoalkyl side cham 68 Treatment of the amine (84) with 

LDA at -45 ‘C! afforded the benzazepme (87) m 48% yteld The reactmn was proposed as being a nucleophdlc 

displacement of the o-methoxy group on the aryloxazohne (84) WI an addmon-ehmmation process The srde 
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(94) I (99) (99) J (97,” 

cham must therefore be long enough to approach the aryl rmg from an angle close to tetrahedral This enables 
the metal Ion to coordmate both to the methoxy group and to the two mtmgen atoms (Ss) 

The cycloaddttton-cychsaaton reactton, developed by Padwa@ to prepare the benzazepm-Cone (91), 1s an 
elegant approach to thts class of compounds The dtpolarophde (88) was treated with the N-phenyl-C- 
phenyhutrone (58) to afford the cycloadduct (89) m 92% yield as a single stereotsomer The high pressure 
technique was parttcularly rewardmg, owing to the commonly encountered reverslblltty of such cycloaddmon 

reacnons at high temperatures 7o The hrgh pressure also reverses the selecnvtty m the cycloaddmon reaction 
The cycloadduct (89) was treated with DBU to afford a 1 2 mixture of CIS and rrans-1,2,3,5-tetrahydro-2- 
phenyl-5-phenylsulphonyl-4H-1-benzazepm-4-one (91) presumably vra a hetero-Cope rearrangement of the 5- 

methylene tsoxazohdme (90) 71 

if ph 
PhON+xO- 

Ph 

-(;y;pph*Ph 
A 

‘0 UBU 

36h ’ 
‘cc 

wIS02Ph 

CH2S02Ph 

(99) (99) 

Intramolecular N-acyl lmmtum ion cychsatlons can be employed to form seven-membered nngs Thus 

Flynn12 cychsed the enamlde (92a) at room temperature usmg tnfhc acid This was followed by re- 
estenficatton of the acldlc product with Ph2CN2 to furnish the required optlcally pure benzhydryl ester (95), a 

tncycltc dlpepttde mtmtc The stereoselecttvlty of the cychsatlon may result from a preference for a 

pseudoequatonal ortentatlon of the phthalamtde moiety (94) m the transmon state Interestmgly, the 

dtastereomenc enamtde (92b) was resistant to the cychsatton under stmtlar condmons 

(99bR-COIMcR-H (93) 
bR=,,R=CfJfdC 

194) (99) 
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Employmg an aztndme m a nng expansion reacuon IS not a new concept, it was described earlier m this 

section Pfister’l’ recently demonstrated the utlhty of dus reacaon m the pparahon of an annhypertensive agent 

(98) Treatment of the ammo alcohol (%) under Mltsunobu condluons73 wltb concomitant mverslon of 
stereochermstry at C2 afforded the azmdme (97) Selecave hydrogenolysls of the more activated Cl-N bond 

with Raney nickel gave the 3-benzazepme (98) Enanaomencally pure 3-benzazepmes may also be prepared 

The mtramolecular azlde cycloaddltlon of (99) to generate the seven-memberd cychc mune (100) formed 

the bagis of Kozlkowskl’s total synthesis of clavlclpmc acid 74 Dlpolar addmons of azldes to olefins are well 

precedented, and the mtermedlate mazolmes generated m the mmal [3+2] reaction have been shown to lose 

nitrogen with the formation of azmdmes and/or lmmes 75 The nnme (100) was catalytically hydrogenated to 

afford the amtne (101) The fact that none of the azmdme was produced was atmbuted both to the strain 
associated with generatmg such a three-membered nng fused to a fatly constramed seven-membered nng and to 

a hydrogen mlgratlon made favourable by benzyhc stablhsatlon 76 The regmchemlstry of the [3+2] 

cycloaddltlon reacnon was explamed by the geomemc and stenc constraints imposed on the reaction as a 

consequence of its intramolecular nature 77 

o-ddkmckav~ 

190 195 “C 8 h 

4 W/C 

\ 
Cephalotaxme (13a) has $nmulated considerable attention, owmg to its unique structure and the blologlcal 

acnvlty associated with its esters Wemreb’18 closed the seven-membered nng of the precursor (102) by an 
elegant Lewis acid-catalyd electrophlhc aromatic subsntunon reacnon to @ve the crystalhne tetracychc enamide 
(103) The intermediate carbmol was not observed, neither was any of the or&o cychsed product 
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Semmelhack’l’ effected the same bond closure with a key S RN~ reaction The aryl ketone (104) was 

suspended m hqmd ammoma at reflux and potassmm rerr-butoxtde (7 mol eqmv ) was added There was no 
apparent change but, upon external trrtiaaon the solunon turned fatntly yellow Mason was contuuted for 1 
hour to afford cephalotaxmone (106) m 94% yield. It was determmed that the large excess of base was 
required III order to mamtam the htgh equh~brmm concentratton of the amon (MS), smce decreasmg the amount 

of base led to a reducnon m cyclisation product 

The mtramolecular cychsatlon of the amide aldehyde (108) was the method of seven-membered nng 

construcbon m Bryce’s synthetn?approach to cephalotaxme (13a) This was based on a slmllar strategy used 

by Gshl*’ to prepare the key polycychc azocme m the total syntheses of (Q-austarmde Treatment of the lactam 
ester (107) with DIBAL (2 2 mol equlv ) at -78 “C fumlsbed the N,O-hemlacetal(lO9) m excellent yield The 

,,,“A, II IIll IXM 

-xi “C 2 h 

91% 

I 
0 xi3 < 1 

\ > 
N 

0 / 0 
%, 

(100) OH 
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stereoselecavtty observed m the cychsahon was atmbuted to the involvement of the alurmmum complex (108) 
(either monodentate or b&ntate) Such a complex would activate the aldehyde oxygen to nucleophtic attack by 
the lactam mtrogen and control the stereochemtsny 

Damshefsky and co-workers82 developed an elegant approach to various benzazepme substructures by the 
sulphtde contracnon method Treatment of the hydrazone (110) wth rhodmm(II) acetate duner m refluxmg 
toluene gave the key tetracychc mtennedlate (111) m good peld The cychsanon 1s hkely to have occurred by 
msertlon of a carbenold mto the thm-amtde to yteld a thmcarbonyl yhde species, which would extrude sulphur 
with formatton of the double bond This 1s a pamcularly elegant approach, and has been used for the synthesis 
of other benzazepme natural products 83*M 

(110) (111) 

X-N-N 

3 3 The Syntheses of Azoctnes and Denvattves 
The most thoroughly mvesttgated azocmes are the 2-methoxydenvattves (114) which were first prepared 

and studed by Paquette 85 These molecules were prepared by thermally Induced nng-opemng of the 
corresponding blcycllc valence tautomers (e g 113) which can be prepared by a 
brommanou/dehydrobrommanon sequence This method proved to be a reasonably good and versatde route to 
2-methoxyazocmes (114) 

(1) NBS CO, 6. 

c 

A related electrocychc ring-opemng strategy was reported by Acheson 86 The [2+2] cycloadchtlon of 
dlmethyl acetylenedtcarboxylate to 1 -phenyl- 1,2-dlhydropyndme (115) gave 1,2-hhydroazocme (117) via 

(116) 





Medmm nng mtrogen heterocycles 9151 

sodmm borohydnde, can undergo slgmatroplc rearrangement to the thermodynarmcally more stable umnomum 

ion (124) This then hydrolyses to the amme (126a) In the presence of s&urn borohydnde however, the 

lmmonmm ion (123) 1s reduced before rearrangement can occur, enabling azocme (12%) formation A smular 

fragmentation has been utlhsed for the preparatmn of azepmes 
Cychsatlon reactions have been used to prepare heptamethylenemune (128b) and Its denvanves Thus, 

treatment of the 7-bromoheptylsulphonamlde (127) m amyl alcohol, under high dllutlon condmons with 

potassium carbonate, afforded azocme (12&), this can then be hydrolysed to the free base (128b) 9o 

P KzCq. amyl ak&ol A 

60% 
HN -@ N 

Br \ 
SO& 

\ 
R 

(137) 

Other Lychsatlons of open-chain precursors include the work of Tyson” on the cyclisafion and 

dechloromethylatlon of the acychc to-chloro-amme (129) When a solutton of the this compound (129) was 

heated m 2,6,8-tnmethylnonan-4-01 at 225 “C, I-methyl-4-phenyl-4-cyanoazacyclooctane (130) was produced 

In modest yield In fact, this 1s half the yield obtained m the preparation of the correspondmg seven-membered 
mtnle by a %lmllar process This serves to demonstrates the dlfficultles encountered m cychsaaon reacnons 

leadmg to eight-membered nngs 

2 6 8-cm1ahylnmn4-ol 

The Dieckmann cychsation was ploneered by Leonardg2 as a route to medium nng heterocycles 
Treatment of the dlester (131) with potassmm rerr-butoxlde under high ddutlon condmons, followed by 

hydrolysis and decarboxylatlon afforded the ammo ketones (132) m moderate yields The N-methyl compound 
has an unusually low carbonyl stretchmg frequency, which can be ascribed to a transa~ular mteractlon between 

the carbonyl group and the nitrogen lone pan as deplcted m (133) 

RN 

,(CH,),CO,Et (UKO’Bu xylcnc A 

‘(CH,),CO,E, (2) eonc HCI A 

Ma 

R 

(132)aR=Me 
bR=pTd 
.ZR=Bll 
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Garst93 developed a tandem hydroboratton and carbunylaaon of the NJV-hs ally1 amme denvattves (134) 

to form the etght-membered amino ketones (135) This method complements the neckmann cycltsa~on for the 
preparatton of s~mtlar substrates, but suffers from the &&vantage that the mtramolecular hydroborahon 

kmettcally favours formation of the stx-membered cycltc borane whtch necessanly leads to more of the seven- 

membered product (136) than (135) 

(134)aR=CO* (135) (134) 
bR=SOph 

The pteparanon of pepade surrogates has become an important area of mterest, and lactams are parncularly 

attractive as they can contain a guaranteed amtde conformatton Barlos and co-worke# prepared an etght- 
membered ether lactam (139) by mtramolecular alkoxlde dtsplacement of a sulphomum salt (138) Treatment 
with sodmm hydnde m dunethylfotmarmde at -10 ‘C or potassium ten-butoxlde III THF at -15 OC gave the 1,4- 

oxazocm-5-one (139) m excellent yteld The surpnsmg feature of thts process 1s the relattve ease of 
cychsauon, and tt 1s hkely that the armde behaves as a conformattonal restraint to facthtate the cychsatton 

ii 

)r,,R(2)NWMF,-10DCn 

KO’Bu. THF, -15 “C 

70.86% 

(137,.R=Mc 
b R = (H$XMq 
cR=ClIMq 

(139) 

The mltomycms are dn important class of qumonold compounds, which exhtbtt potent annblotlc and 

antttumour activity Many of the approaches to the pyrrolo[1.2-a]mdole nng system have involved a 

transannular cycltsatton of an eight-membered nng Ktsh19’ was the first to devise such an approach 
Hydrogenolysls of the masked hydroqumone (140), followed by treatment with oxygen under pressure, gave 
the erght-membered qumone (142) m good yield The cycllsatlon clearly mvolves the formation of the 

benzoqumone (141), followed by mtramolecular ‘Michael-type’ cychsaaon onto the qumone moiety The 

Michael redctlon wa$ rather efficient for eight-membered nng form&on m this special case This appropch 

formed the basis of the tint total syntheql\ of the mltomycms 94(b) 
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In a sumlar eight-membered precursor approach to the rmtomycms Koz&owsk~% demonstrated the ut&y 

of an mtramolecular mtnle oxide cycloaddmon to prepare the key l-be nzazocme system (145) Ox&m of the 

(E)/(Z)-rmxture of oxlmes (143) generated the mmle oxide (144) m suu This underwent cycloaddxaon to 

afford the lsoxazolme (145) m mcderate yield 

,(CH,),C-NOH 

TS 

N&Cl. FAN. RT 

12 h 

45% 

(143) 

-0 c \ i d-3 ‘, 
/” 

TS 

(144) 

Ban9’ also adopted the ‘medium nng strategy’ to the mltomycms Electrochemical detosylahon of an N- 

tosyl group gave the 1-benzazocme (150) A cnss-cross annulanon pathway was proposed m which nng 

closure of the anion (147) gave the mcycle (148) followed by fragmentation (149) to the medium nng This 

seems a rather circuitous route to a target which IS actually a fused 5/5 nng system 

mtlrrar. ascmba md DMF, 

EtNBF, -17m-19VvsXB 
c 

(146) (147) 

Bll ill / 
(146) (146) (160) ‘” 

b 
The benzazocmone (154) was prepared by Wltkop9* utlhsmg a novel fragmentation of the dloxetan 

(153) denved from hydroperoxtde (152), the product of oxygenation of the mdole (151) The conversions 

are highly efficient processes, making them uieal for the synthesis of such systems 

@E?$Yj$L& *f-J-J 
(151) (152) (153) 0 

(164) 
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Gott’s azepmone (62) syntheses by thermolys~s of lsoxazohdmones derived from methylenecyclobutane 
has already been menttoned A side reactton ntvolves radtcal recombmanon through the orrho posltlon of the N- 
phenyl substttuent This mtnor pathway can also produce eight-membered nngs fmm the major adduct (157) 
(which IS not isolable) derived from the cycloaddttton of the mtrone (58) to methylenecyclopropane (155) 59 
hng to the very modest yields this route 1s mamly of acadermc Interest 

In an approach to the core nucleus of the anhneoplastlc agents FR900482 and FK973, Rapoport99 
employed the 1-benzazocm-Sone (160) as the precursor This was prepared by an mtmmolecular acylatlon of a 
tolyl group by an ester tethered through nitrogen Intramolecular condensahons to form eight-membered nngs 
are generally meffictent proc&ses However, the severe conformatlonal constramts Imposed by the fused 
benzene and azm&ne nngs serve to faclhtate this pamcular example 

KHMDS, lHF, -LO T 
NPhFl NPhFl 

10 5 T 

52% 

PhiO, Ph.&$ 

(156) (166) 

The three atom nng expansron of a mcychc oxaztndme (161) to afford the 2-benzazocmone (St), was 

accomphshed by Black loo Photorearrangement of the mtrone (161) gave a mixture of CIS- and trans- 
oxazmdmes (162) These underwent an tron(I1) sulphate-Induced fragmentation vra the alkoxy radical (163) 
The reactton does not proceed to completion unless a stolchlomemc amount of Iron sulphate 1s present 

(161P (162) (153) J (164) 
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A complex senes of rearrangements of the azmdme-mune (165) was used by Padwatot to prepare the 2- 

benzazocme (167) Presumably nng-opemng of (165) gave an azomethme yhde which underwent 1,3-d~polar 
cycloaddltlon to form an unme which hydrolysed on alumma to the ketone (166). Them-d cycloreversion of 

this mtermdate would generate a ketene which could reclose via an aght-electron eleclrocychc pathway to gve 
(167) At present the pathway 1s of mechanistic interest only as Its preparative value cannot be assessed 

(165) 

q,J - 
c I 

N) 

a \ 
WI 0 C&I 

(167) 

In the course of the total synthesis of (f)-austanude Klshl8t prepared the key polycychc azocme (169) VKI 

an mtramolecular cychsation of an amldo-aldehyde generated by oxidation of the alcohol (168) with excess 

manganese dioxide in acetommle The ease of the cychsatlon was certainly enhanced by the number of 

conformanonal constraints m the substrate (168) This particular approach has been widely used for a variety 
of polycychc natural products 

MnOb ~cto~mle RT 

65% 

Moody lo2 applied a novel mtramolecular photocychsatlon of a haloacetyl tryptophan denvatlve (170) to 

give the 7-substituted pyrrolobenzazocmone (171) m the total syntheses of (-)-mdolactam V The displacement 

of the mmally formed 7-chloro-denvatlve occumng under the reachon condmons When the photolysls xeacnon 
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was worked up m the presence of other nucleophdes such as methanol and hydroxylamme, tbe correspondmg 
denvanves (171b) and (171~) were formed m good yield The results obtamed for the monochloro denvattve 
were mfenor Also no competmg cycllsatton to the mdole 2-pos1tton was observed Tbe reacaon etihts a 
remarkable degree of stereoselecavtty at the 7-pos1tmn, smce the mcommg nucleophde 1s exclusively frans to the 
ester group 

254 m. MeCN 

5163% 

aR=OH 
b R=OMc H 

(170) cR=NHOH (171) 

Several years before Shamma had isolated magallanesme (21) from natural sources,37 he had obtamed It 

as a rearrangement product of the dlchlorocarbene adduct of oxyberbenne lo3 Thus treatment of the 
dlchlorocarbene adduct (172) m aqueous pyndme gave the natural product (21) Presumably cyclopropyl nng 
opening of (172) led to the ally1 alcohol (173) which fragmented the central bond to afford an eleven- 

membered nng (174) This in turn reclosed in a Michael sense, followed by ehmmatton of chloride, to furnish 
the keto-lactam (21) 

Damshefskys3 also synthesl$ed magnallanesme (21) using an mtrdmolecular aldol condensation of the 
chemoselectlvely acavated thlo-phthabmlde 
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3 4 The Syntheses of Azonrnes and Denvanves 

The novel three atom nng expansion of cychc oxazmdmes (162) developed by Black (Secnon 3 3) can 
also be applied to the preparation of azonmones (178) ‘00 Treatment of the CIS- and trans- mixture of 
oxazvldmes (176) with a stolchlomemc amount of Iron(U) sulphate gave the azomndlone (178) m moderate 
yield Thus demonstrates the &fflculues encountered m the preparauon of these systems. 

(179) (179) 

Dunng the total synthesis of (f)-mdohzomycm. Danlshefsky’04 prepared the key azonmone nucleus 
(181) by a novel fragmentation sequence Treatment of the dlhydropyndone (179) with mmethyloxomum 
fluoroborate afforded the lmmmm salt, which was reduced dtrectly with s&urn borohydnde to gve the enol 
ether amme (180) Acylatlon with 2-(mmethylsdyl)ethyl chlorofonnate m benzene at room temperature 
acuvated the nitrogen to leave m a fragmentanon reacuon to yield the azomnone (181) m 30% overall peld The 
poor yreld for the tmnsformatlon agam illustrates the mtnnslc dlfficunes associated wtth the preparatmn of these 
systems 

Leonard and coworkers9’b,c have demonstrated the synthenc utility of the acylom condensauon of the 
dlesters (127) to produce l-azonm-S-oWones (182) Although a relatively moderate yield was obtamed for 
the transformation, the procedure 1s direct and simple The extent of transannular mteractlon between N and 
C=O for the N-tolyl compound (182b) was considerably less than for the simple N-methyl compound (18221) 
This may be due to stenc Interference of the aryl group, or by the delocahsmg ablhty of the aryl group, or a 
combmauon of both these factors 
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HO 
0 

R-N 
,(‘W,COzE~ N% xyk=, A 

‘(CH&CQEt -ti 
I 

(127) (182)aR=Mc 
b R = pTdy1 

The azomn-5-one (184) may be prepared from a NJ’-propenyl-butenyl-amtde (183). by the novel 

hydroboratton-CO msertlon process9* discussed earlier m Secnon 3 3 Agam. the modest yields reflect the 

ticulty m cychsmg such acychc precursors 

7 (3) KOH-Hz01 
-0 ; 

CO&H7 2.5% WC+‘7 

(133) (134) 

The Wltkop hydropemxlde fragmentation of the mdolenme (UK), prepared by oxygenauon of the mdole 

(US), 1s as equally effective m preparmg the I-benzazonme (187) as the lower homologue (154), and 

indicates the preparaave value of this route to benz-fused medmm “ng mtrogen heterocycles lo5 

(185) (186) (187) 

Ito%howed that the Sml nng closure 1s also an effective route to the alkaloids neodlhydrothebnne and 

bractazonme Subshtutton takes place at the orrho- as well as the para-posmon with respect to the phenobc 

(13f,,,R=HR=OH 
bR=OH.R =H 
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functlon tn rmg A lrradlatlon of the amide (188) m sodmm hydroxide and methanol gave the 
dlbenz[d,/‘jazonm-l-o1 (189a) m 19% yield, and the dlbenz[d& azomn-3-01 (189b). in 38% yield This 
example illustrates the dlfficuloes associated with the formauon of unsymmemcal azonmes, where there 1s the 
possibility of more than one pathway for cychsanon 

The total synthesis of the alkaloids launfonme (29a) and launfine (29b) was achieved by Bremnerlo7 
using a chloroformate-medlated fragmentatton Treatment of the erythrman-3-one (190) with potassium 
carbonate and methyl chloroformate m refluxmg benzene, afforded the &benzazonme (192) In good yield The 
fragmentation was a model for the Damshefsky procedure already reported 

Wentlandlm recently prepared novel macrocyclic tsoxazolo[4,5-g][3]benzazonme denvatlves (195) by a 
quatemlsatlon-elrmlndnon sequence This approach IS sun~lar to that used by Bremner above Quaternlsatlon of 
the lcoxazohne denvanve (193) with an excess of methyl iodide gave the quatemary salt (194) Base-catalyzed 
ellmmdtlon 1s dnven by the aromatlsatlon of the heterocycle, and delivers the tune-membered nng (195) III 

excellent yield This 1s an extremely efficient process, provldmg latent funcnonallty In the form of an 
I\oxdzolme, and thus enabling further mampulanon of the system 

Ph Ph 

(193) (194) 

Ph 

McONa, &OH 

92% 
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Pot&@ applied a modified Polonovskt reaction ‘lo m the synthesis of the vmblastme famtly of alkaloids 
This allowed the constructton of the dtmenc mdole-tndolme skeleton (199a) by aromatic eleetrophtltc 
substitution Induced by a fragmentation reactton Treatment of the N-oxide of catharanthme (1%) with 
mfluroacenc anhydnde and vmdolme (200) m sztu gave, after reductmn wtth sodmm borohydnde, the dnnenc 
mdole-mdolme skeleton (Ma) m 40% yield The epunenc product (199b) was also Isolated, wtth the ytelds 
and relative proporuons of the two very much dependent on the expenmental condtttons Although only a 
moderate yield was obtamed for this process, tt IS clearly an elegant and effecttve method of consuuctmg this 
complex and clinically important class of molecules 

(196) 

(196) 

The Beckmann rearrangement hn\ been apphed to the \ynthesls of rune-membered lactams It1 It worked 

- 

Q 

- 
1 Tsll 

H 

w, 2 Sk.~d N 

* 6) 

‘0, 

\ 69% 
P N 

-Ofi P 0 

(20t) (202) 
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surpnsmgly well for the expansion of the arm-oxtme (201) to the lactam (202) which has been constructed as 
a drpeptrde component of a novel B-turn mtmic * l2 

The rn~~nes are an inm~ng famdy of complex polrcychc antibrotic alkaloids isolated from manne 
sponges Manzamme A (203) contammg an etght-membered nng was the fust compound to be reported tt3 
Thts was quickly followed by reports of manzammes B (204) and C (205) contammg eleven-membered 
nngs,’ l4 and manzammes E and F which are related to manzamme A 115,116 Substantm~ synthettc effort has 
been devoted to me “mcychc heart” of manz~nes E and F, 117 but only one group has so far concerned Itself 
with the syntheses of the medmm nng portron 

(303) (204) (305) 

Manzamme C (205) was prepared by Nakagawa and Hmo 118 The key nng closure reacuon of the Z-brs 
tosylate (206) was conducted under phase transfer condnions to produce the eleven-membered rmg product 
(207) remarkably effictently This closure cannot be due to the template effect of the Z-double bond as the 
correspondmg E-isomer closed with almost equal efficiency 

(206) (307) 

Very recently we have extended the Clarsen nng expanston approach to mclude medrum nng nitrogen 
heterocycles Thus pyrolysts of the selenoxrde (208) tn refluxing xylene generated the ketene ammal (209) 
(not isolated) whtch underwent Clatsen rearrangement m situ to produce the seven-membered lactam (210) tt9 
The moderate yrelds m the seven-membered senes anse from the strained transmon state involved, but early 
mdrcattons are that thts approach can be applied to efficient syntheses of larger srred medmm nng lactams 120 
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DBU. m-xylme 4 
16 h 

* 
ZN fk 
)_ 0 

(209) 

1 38% -a i O 

(210) 

4. Summary 

Although there are many methods for the preparaoon of azepmes, azocmes and azomnes, as llustrated, 
they remam speclfc and often mefficent There are only two reacnons which can be considered as being truly 
general for this class of compounds, the Beckmann and Schmidt rearrangements Therefore, the need for 
general, versatile and stereoselecttve methods sttll remams 
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