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Synthetic Studies with Natural Pyrones, Pyridones, 

Btitenolides and Maleimides 

Gerald Pattenden 

(Department of Chemistry, The University, Nottingham NG7 2RD England) 

Pyrones e-8- citreoviridinol (1) and asteltoxin (2), pyridones, e.g. funiculosin (3) and 

illicicohn H (4), butenolides, e.g. patulin (5) and calycin (6), and maleimides, e.g. 

thiolutin (7) and pukeleimide (8) are families of secondary metabolites that oct ur widely in 

Nature, and several members show profoundly interesting biological properties. 



(5) 
(6) 

4-Oxy-2-pyrones are isomeric with 4.ylidenetetmnic acids; similarly 4-ylide„ete.ramic 

acids are isomeric with 4-oxy.2-pyridones. It is possible that naturally occurring 2- 

pyrones and telrooic acids, and natural 2.pyridones and tetramic acids am interrelated 

biogeneiically as 1,2-shift isomers (Scheme). 

Scheme 

The lecture will summarise some synthetic adventures within these families of natural 

products and also give some consideration to their biogenetic interrelationships. 



ABSTRACT FOR GRASMPPp. M^Y mi 

•FOR MEDICINAL PURPOSES ONLY • SOME SMALL RING HETEROCYCLES' 

Or. Alim Miller, 
Wellcome Research 

The r , n,,d“Ste “> »' u»« anli-viral dhios hea ami-viral prope-Hea »e„era,l, lniM lnhMk,n 0, one ^ o) the ^ ^ ^ 

or l om rn^r*, „ i» «m, DMA „ RNA, M subseqilenl chal„ 0| ^ ^ 

“rlvr Ta^n T“ Chan88S in ,,a“ b““' a"a “nly ““"O «ocos oi ZZZ '2)- WaS “ in ea™S' a"^ ^ ,he sopa, ^ 
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oxygen by sulpbu,, ,o give IhiManes Aahough me co^spomjng a-miatt, anose sriga« have been repode, 

this h e^reH|eXamPleS 0f ,heir trans,orma,ion in,° nucleoskte analogues have been relatively rare In par 
as been due to the lack of robust, general routes to 4 -thianucleosides (4), and the subject of the 

presentation will be the development of just such a route. 
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4'-THIANUCLEOSIDtS (4) 
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s ereocontrolled fashK,n in order to maximise the structural options for synthesis and testing. 
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SYNTHESIS IN THE SHIKIMATE PATHWAY 

Camnbcii* and Malcolm Sainsbury 
ochool of Chemistry, I niversity of Bath, Bath, BA2 7A Y. 

,n 'h' bl»sy"th«is of anjmtic iminoacids in plants and in 

“^Âptaò! „?ÄVn„Ä'fn% T?"“ by EPS\ r'*l; sittrÄ an 

O3PO 

EPSP 
synihâK 

Á„.¡' 

BIOSYNTHETIC PATHWAY AND POINTS OF ATTACK 

Enz rl 

03P0 

uomuic iminoacids 

Scheint I 

biosynthesis or for the inhibition of microbial biosynthetic pathways. P 
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HO 
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Scheint 2 
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S 

^ StCreocontrolled synthetic routes from furan and from pyridine 
leading to substrate mimetics :uch as (6), (7) and (8). Py precursors, 



Temnla.fto 

Bino Syf^mfri 

Thomas S. Livinghouse 
Department of Chemistry 

Montana State University 
Bozeman MT, USA 

available by way^ramenttonar SyStem!:' that are nQt readily 

bo constructed "Sf0"8' 0ftSn 

helero annulations (Scheme 1). This lecture 17 r 
application of this methnrt « „ e Wll‘ focus on the 

mediated by ^ans^meuis f^0“0“"5 
occurring skeletal systems. vnthesis of naturally 

Scheme 1 



Some Novel Pictet-Spengler Cyclisations Using 
Non-Aqueous Reaction Conditions 

Harry Heaney 

Department of Chemistry, Loughborough University of Technology, 

Leicestershire, LEU 3TU 

lon^ion T, llTl S,^hT °f ”?*■**** 1¾. «ult in te rffident roimanon or 1.2,3,4-tetrahydroiSoquinolines. 

^ foration of bis-aminol ethers from primary amines provides reagents that can 
unetton as a dt-cauon equivalent and hence react sequentially either with thfsame or 

different nucleophiles. bis-(^-Me«hcxymethyl).7.4-dimethoxy-ßZyle h^ne is 

^yXsl^T,SWi^Ch^ 
reac^w rrx":a ^ in Wh“ is ^ 

.. °lher examples ^11 include reactions with other hetetocycles and stepwise reactions 
with benzenoto derivatives including p-methoxyphenyltributyl stannane wWch results in 
the foliation of sen<laveri le methyl ether. 

generation of , a -'-"^^yp-pncnyiamine derived carbamates allows 
generano. of .ctivated mnmum species which cyclise readily to afford 1-substituted 

u Ärsoq"lno':n‘<“v“iv's- i,4,J,4-tttrahydiuisor utnoline, in good yields. y 

The method has also been extended to allow 

carbonyl-1,2,3,4-tettahydroisoquinoline. 
the preparation of the related 1-methoxy- 

OMe 

Me02C 0 



SYNTHESIS OF HETEROCYCLES BY RING EXPANSIONS OF 

3-AMINO-2H-AZIRINES 

HEINZ HEIMGARTNER 
Organisch-chemisches Institut der Universität Zürich, 
Winterthurerstrasse 190, CH-8057 Zürich, Switzerland 

The 3-amino-2íí-izirines are three-membered-ring amidines with 

an endocyclic C-N bond. The presence of e. nucleophilic amidine 

group, which is part of the strained a^.irine structure, is 

responsible for the reactivity of these easily accessible 

heterocycles Synthesis and structure of 3-amino-2H-azirines 

will be discussed. 

or 

1,3 -Dipole 
(Nitrile Ylide I 

CHjR © 
R2N 

CHjR’ 

E E 

Aziridine 

O^R1 

Nu 

« “AS - Derivative 1 — Azaallylcation 



Almost all reactions of these aminoazirines proceed by opening 

of the three-membered ring. Thereby, each of the bonds may be 

selectively cleaved, depending on the reagents and the reaction 

conditions. The following reactive intermediates, wnich may be 

used as building blocks for new nitrogen heterocycles, are 

The three types of ring cleavage will be demonstrated with some 

typical reactions leading to five-to-eight-membered hetero¬ 
cycles. 

T e main part of the lecture concerns syntheses of heterocycles 

via cleavage of the azirine C=N bond. Starting materials in 

these reactions are NH-acidic heterocycles, phenols, carboxylic 

acids, and their derivatives. The common feature of all these 

reactions is the activation of the azirine by protonation (E+ = 

H ), followed by a nucleophilic attack on the amidinium C-atom. 

e postulated intermediate is an aziridine which undergoes ring 

opening leading to Q-amino acid derivatives, with a few examples 

it is shewn that activation of the aminoazirine can also be 

accomplished by complexation with Lewis acids (e.g. BF3). 

he term "ring expansion" is used in a rather general context 

or reactions leading to heterocycles which contain the azirine 

ragment as a part of the new ring. Accordingly, W-substituted 

cyclic amidinium systems and C-substituted aziridines as well as 

ring opened building blocks like aminoacid derivatives, which 

may or may not be isolated, are considered as intermediates. 

Review: H. Heimgartner, Angew. Chem. 
press. Jnt. Ed. (E) 1991, 30, in 



Coupling reactions of indole derivatives. 

Jan Bergman 

Department of Organic Chemistry, Royal Institute of Technology 

S-100 44 Stockholm, SWEDEN 

In connection with studies of indolocarbazole alkaloids such as staurosporin (1) 
we have synthesized e.g. 2 by a iodine promoted coupling of the trianion of 
indole-3-acetic acid.1-2 

Couplings promoted by FeCl3 have also been extensively studied. Thus FeCl3- 
(C2H5)2NH and methyl indoIe-3-acetate yields 3, a useful intermediate for 
elaboration to unsymmetrical indolocarbazole alkaloids. Similar treatment of 
indole and 2-methylindole, with FeCl3 -(C2H5)NH, gave, after work-up, 4 and 
5b, respectively. 

Ring-opening and recyclization of the intermediate 6 explains the formation of 5b 
whose structure was proven by addition of CH3U followed by KiFelCN)* to ’ 
calycanin (5a). ; v /0 

References 

1. J. Bergman and B. Pelcman, J. Ore, Chem.. 54, 824 (1989). 

L nooff13"* S- BerSman and J -°- Lindström, Tetrahedron Letters 30, 5337 



anti'iumxjr HGDAZOTETRAZINONES: heterocyclic chemistry in 
THE MAJOR GROOVE OF DNA. 

A. S. Clark, P.R. Lowe, C.E. Sansom, C.H. Schwalbe and 
M.F.G. Stevens, CRC Experimente1 Chemotherapy Group, Phaima- 
oaitical Sciences Institute, Aston University, Birmingiiam B4 

TheX-ray crystal structure of the antitumour imidazotetra- 
zincne tanozoloidde has been determined and reveals a doubly 
hydrogen-bended dimer as the asymmetric unit. In both mole- 
ciües the 8-carboxamide substituent is coplanar with the 
bicyclic heterocycle and forms a weak intramolecular NH.. .N 
hydrogen bond to the imidazole nitrogen atom N(7). The 
energy barrier to rotation of the carboxamide group of 
approximately 20kJmol~i indicates that interconversion 
between rotamers should be possible in solution. In 
tanozoloidde and the related drug mitozolonide, N(7) is more 
negatively charged than N(l), vhich favours the formation of 
hydrogen bonds to the former atom in spite of their poor 
geometry. 

Both tanozoloidde and OTIC are prodrugs and are believed to 
exert their antitumour activity by conversion to 5-(3- 
methyltriazen-l-yl) imidazole-4-carboxami de (MITC). OTIC and 
MTIC offer the same possibilities for carboxamide group 
rotation and an additional opportunity for ^ via 
exchange of a proton between N(l) and N(3) on the imidazole 
ring. In the crystalline state of OTIC both tautomers are 
present but the 3H-tautcmer gains extra stability from a 
weak intramolecular NH...0 hydrogen bond to the f^rhovamjr^ 
O atan. The potential for intact OTIC to bind reversibly 
(i.e. non-covalently) to the same CNA major-groove sites as 
temozolomide and mitozolomide has not been recognised 
hitherto: however, only binding of its active monomethyl 
metabolite (MITC) can have tumour—inhibitory consequences. 

We have proposed recently a new model in which the imidazo- 
tetrazinone prodrugs are preferentially ring-opened to their 
alkylating forms by water "activated" in the nucleophilic 
microenvironment of guanine-rich CNA sequences (A.S. Clark, 
M.F.G. Stevens, C.E. Sansom and C.H. Schwalbe, 1990, Anti- 
Cancer Drug Pesian. 5, 63). The results of the present 
crystallographic and molecular modelling studies, coupled 
with molecular orbital calculations, now allow us to 
rationalise accurately structure-activity relationships in 
antitumour imidazotetrazinones and related bicyclic 
heterocycles. 
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gETEROCYCHC POLYMERS - FROM MICROCHIPS TO THE SPACE SHOTTLE 

J N Hay 
Kobe Steel Europe Ltd 
Research Laboratory 
Surrey Research Park 
Guildford 
Surrey 

Polymers containing heterocyclic groups in the main chain are 
becoming increasingly important commercially due to the often 
excellent balance of properties they exhibit. They are currently 
found in applications as diverse as insulating layers in 
integrated circuits and components in the space shuttle. Their 
use is expected to expand rapidly, but full realisation of their 
potential is likely to be dependent on improvements in their 
synthesis and a deeper understanding of chemical processes 
occurring during their manufacture and use. 

Thu synthesis of polymeric heterocycles is subject to a number 
of considerations which may not be so important in the 
preparation of their discrete heterocyclic analogues. The 
reaction which forms the heterocyclic ring should occur in 
essentially quantitative yield since even a relatively modest 
polymer molecular weight may require more than 50 ring-forming 
reactions to take place in each chain. Purification of an impure 
polymer is not a trivial task. If high molecular weight, or 
tight control of molecular weight, is required then the monomer 
precursors need also to be of very high purity. Many 
heterocyclic polymers are formed via condensation polymerisation, 
with the result that some small molecule(s) is eliminated as a 
by-product. Frequently, this molecule is a volatile such as 
water. This can lead to problems during polymer processing, 
where reaction of any residual functional groups will lead to 
volatile evolution and formation of voids in the component. 

A further complication arises from the fact that many of the 
resultant polymers are insoluble in common solvents. 
Polymerisation reactions are therefore frequently carried out in 
high boiling point polar aprotic solvents which are difficult to 
remove in some cases. Precipitation of the polymer during the 
synthesis usually results in incomplete reaction. The rigidity 
of the polymers, which contributes to their insolubility, also 
means that they tend to have very high viscosities in the molten 
state. 

From the foregoing, it might reasonably be assumed that the 
polyheterocycles have little to commend them! Despite the 
drawbacks, however, these polymers offer a range of desirable 
properties not possessed by any other class of polymers. Perhaps 
their main advantage is their high temperature performance. The 
presence of predominantly heterocyclic and aromatic units confers 
high thermo-oxidative stability on the polymers and also results 
in high glass transition temperatures (softening point). This 
allows them to be used in applications with service temperatures 
as high as 400°C. More widespread application would undoubtedly 
result from the development of improved synthetic routes to the 
polymers. 



r°Utef. currently used to Prepare polymeric 
heterocy_.ies will be discussed and their advantages and 

<nad^anía?eS• highlighted. The basic principles will be 
J^J?St.ratedv W1.th. particulai-‘ reference to polyimides, by far the 
;°®ï..1”portan,t heterocyclic condensation polymer. The main 
synthetic routes described will be 
1) the diamine / dianhydride reaction 

3! 1' ®g 4-“Se °f diisocyanates, thioanhydrides etc. 
3) in-situ polymerisation ('PMR* approach) 
4) polymerisation of preformed bis-imides 

5> aCtiV?-ed aromatic nucleophilic substitution reactions 

ardeLlv^ñv^eS "°irthy °f mention include polybenzimidazoles 
h 1 Soine of the ways in which chemists 

S? 6 prob.leins limiting the practical use of such 
^f®"fation1 Polymers will be outlined. The importance of 
reliable analytical methods wil] also be mentioned. 

Some alternative approaches to heterocyclic polymers will be 
described. These include the hetero Diels-Alder reaction, which 
shoulci be irreversible under the conditions of use of the 

Th;!S Ca1n, be achieved by the first formed product 
AÍn?h2 g a molecule to give the final heterocycle. 

apPi0ach ls h® form the required polymer via a thermally 
induced rearrangement reaction. This is illustrated by the 
isobenzoxazole - aendone rearrangement. 

22iÍv?e^1ÍSed soluti°n to the general problems associated with 
polyheterocycie synthesis will be presented. This so-called 
ligomer approach utilises smaller preformed polymer chains end- 

SSÎ oS™. iStent,',reaCtiVe gro,,ps- « temper Atures, 
p th^. .1^ rearrange to reactive intermediates which 

can either react with each other or other available functional 
f°^n heterocyclic linking groups in the final polymer. 

ideas soíicitídrta9eS °f SUCh 30 approach wil1 be outlined and 



Bridging Nitrogen — Some Variations on an Azabicyclic Theme 

John R Malpass 

Department of Chemistry, University of Leicester 

heptanes/enes™-azantK tornanes/e'nes^bVe'' a<?'membered ring 7-azabicyclo[2.2.1]- 
mvertomer preferences and of stereoelectronk coíffonn'reí3?0"“1 Sta-Í1Íty 31 nis'0gen allov s study of 
dramatic deshielding of the nitrogen and à n^ S VTgen'' N nmr studies show 
determining the properties of Abridging niegen, fn ÆSnment ^ ¡S ^ ^ maj0r faCt0r in 

ÄcTSS 'T'" “r0!*“ ,l,h0“«h ^ aroused ¡„,e„se 
Will be described; observaiions on radic^lcSanriiS'fi'f '‘i/Tf1' holt»'mpanes/enes 
tnono-Zbicyclic tautomeric equ libriuir. in armiic^tones (¾ ^ (4) wjl?also^w fu«emed ^ 

Y 

(3) 
(4) 



"A GUIDED TOUR OF IMIDAZOLE CYCLING" 

P R Birketf, C B Chapleo'1’ and G Mackenzie* 

a Humberside Polytechnic, Hull 

b. Reckitt á Colman Products, Hull 

SYNTHESIS OF a- AND ß-(HYP0XANTHIN-9-YL AND ADENIN-9-YL) CARBOXYLATES 

Purine derivatives, including those possessing the a-(purin-9-yl) carboxylic acid moiety 
are of interest because of their antitumour and antiviral activities1. Additionally a- 
(hypoxanthin-9-yl) carboxylic acids and their ß- and 7-homologues have potential as 
inhibitors of the enzyme purine nucleoside phosphorylase2. Surprisingly it has been 
reported that attempts to prepare ß- and 7-purine-9-yl carboxylate homologues (1) 
proved to be unsuccessful3 ; alternatively fused imidazoles (2) were obtained. 

2 

Utilisation of the Shaw methodology', which provides an efficient route to substituted 
imidazoles and hence to the corresponding purines, has resulted in a convenient synthesis 
of ethyl a- and ß-hypoxanthin-9-yl carboxylates. Reaction of N-carbamoyl (or cyano)- 
cyanomethyl formimidate (3) with the appropriate aminoester salt afforded in good yield 
the imidazole carboxylates (4a-c) derived from glycine, alanine and ß-alanine5. Previous 
attempts to obtain hypoxanthines of type (5) involved direct alkylation of 6-chloropurines3 
or cyclisation of imidazoles3. This latter procedure resulted only in the intramolecular 
cyclisation products (2). In contrast to this earlier study3 use of triethylorthoformate in 
DMF enabled the cyclisation to proceed smoothly io give the hypoxanthines5 (5) in very 
good yield. Similarly the adenin-9-yl derivatives were also obtained in excellent yield. 
When optically active aminoesters are utilised in the synthesis of imidazoles (4) and (6) 
chiral integrity is maintained in the purines (5) and (7)13 

CHOEt 

NC- 

I RT, 2h 
OH-CONH, ELN.CHfN^ 

55-69% > 

Reflux 
HCfOEt), 

PMF ^ 
73 - 82% 

R—CO,Et 
e a 
CIH ,N— R -CO,Et 

R —CO,Et 

5 

CHOEt 
II 
? RT,2h 
1 Et.N.CH.CN 

NC—CH—CN-_ 
_j_3 52-64% 

CIH.N—R-_co,Et 

»<? r i)HC(OEt),,DMF 

ij) NH,, EtOH 

75 ~ 80 0'-> 

R—CÜ.Et 

6 
R—CO.Et 

7 



Intramolecular cyclisations, similar to those already reported3 have been observed with 
t e cyanoimidazoles (6a-c). In contrast to the earlier study3 cyclisation to generate th* 
tused five membered ring products were also observed. 

R —CO,Et 

6a-c 

A. Et,N,EtOH,Reflux (a-c) 
B. 5M NaOH, EtOH, 3h (b) 

A. 73-97% B. 80% 

R 

a CH, 
b (CH,), 
c CHCH, 

Although the above synthetic strategy is general for purines, imidazoles (9) derived from 
N-ethyl-ethylenediamine gave good yields of the novel imidazotriazepines (10) when 
treated with triethylorthoformate; the structures were determined from spectroscopic 
data. However it was recognised that ammonia would effect a ring opening of (10) to 
give the exocyclic amidines which would subsequently undergo the desired cyclisation to 
give the purines; the corresponding purines (11) and (12) were thus obtained in good 
yield directly from the reaction of (10) with ammonia under pressure. 

Formation of the triazepines was successfully avoided by using the imidazoles (9) as their 
hydrochloride salts. Now reaction presumably resulted in the format on of the protected 
imidate (13); intramolecular cyclisation being prevented due to the N-formyl protection 
at the side chain amine function. Further reaction with ammonia resulted in the 
protected purines which were readily deprotected under acid conditions to yield the 
parent purines (11) and (12). 

9.HCI 

HCfOEt),, 

OMF 
■> 

X =CONH, 
or 

CN 

('T 
/N N 

(CH,),NEt 

CHO 

13 

■CHOEt 

NH,, 

EtOH 

49-53% J1 
(CH.),NEt 

CHO 

14 

ï-r,-11 or 12 
•N-X 87-91% - - 

(CHjjNEt 

CHO 

15 
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Mitomycines: A New Approach 

wiHi Flitsch, Stephan Köbbing and Wolfgang Micke 

Universität Münster 

Attempts to synthesize mitomycines and mitosenes have been 

based on a general strategy comprising hexasubstituted benzene 

derivatives A: 

The preparation of A takes about 15 steps rendering these 

syntheses laborious limiting, moreover, the versatility of this 

method. 

A new versatile 2-step route to mitosenes is presented 

allowing a synthesis of hithero unknown derivatives. 

V . i 

— ? a'o»x / 
I 

a* 



Extending Classical Concepts of Reactivity and Conformation 
Theory: 

(a) Spirocyclic Tetrahydrofurans as Chemical Probes and 
Ligands ; 

(b) Furanocembranolide Oyntheois and Interconversion 

Professor L.A. Paquette 
Ohio State University 

The acid-catalyzed dehydration of unsymmetrically substituted 
1.4- diols will be shown tc proceed with high levels of 
stereochemical retention. Furthermore, conversion to the 
spirocyclic tetrahydrofurans occurs with preferential loss of 
the primary rather than the tertiary hydroxyl, as judged by 
suitable l80 labelling. These data reflect a reversal in the 
normal expectations based on commonly observed S^l reactions. 
The remarkable departure from traditional chemical behaviour 
stems from a previously unappreciated kinetic factor and is 
attributed to effective competition from so-called associative 
Sfl reactions. In this context, proximal substitution by an 
electro-negative heteroatom will be shown to be of value as a 
tool for effecting stereocontrolled cyclization under acidic 
conditions. 

This chemistry will subsequently be applied to the preparation 
of a new class of preorganized ionophoric polyethers, the 
belted spirocyclic tetrahydrofurans. The ground-state 
conformational preferences of these molecules, established by 
X-ray crystallography, will be shown to reflect the thermo¬ 
dynamic importance of gauche C-O/C-O sigma bond interactions. 
The coordinative abilities of these ionophores toward alkali 
metal ions will be outlined, with commentary on molecular 
structure as a function of the locus and number of binding 
sites. 

In the second half of the lecture, a retrosynthetic analysis 
and strategy for the total synthesis of pseudopterolide and 
allied pseudopteranes will be presented. The scheme is 
dependent upon the early elaboration of suitably 
2.5- difunctionalised 3-furoate enters and their efficient 
diastereoselective coupling with an aldehydo ester to achieve 
construction of the butenolide subunit. A dual 
selenenylation strategy is next implemented for the oxidation 
of both relevant pendant groups. Following chemospecific 
introduction of the final structural component by palladium 
(0) catalysis, the formidable challenga of macrocyclization 
has been examined. The transition state requirements for 
these reactions will be discussed, as will the requirements 
underlying the ability to transform pseudopterolide reversibly 
into tobagolide. 



Some New Aspects of Oxazolinone and Oxazinone Chemistry 

Wolfgang Steglich 

Institut für Organische Chemie und Biochemie der Universität Bonn 

Oerhard-Domagk-Straße 1, D-5300 Bonn 1, Germany 

•me UK Ol acylumno «ter» and oxaaolinone »nons as kadonic and anionic nlvcine 
equivalents respectively, opens new routes to modified amino acids and neotides me 
combination „öd, «ajenu affords aalacrones of oiamino tricXlfamTiS S 

T*' ““ PKHlUeB ^ ¡«Mii'OTe diobir^^ 
^“snryiamiM- ^—2 - ^ ^ 

Oscsca, 

Rcow?CHco¿Me RCO' 

0-V« 

ft A to Me 

In the last part of the lecture the conversion of N-acylamino acids and peptides int 

5-glycosyloxyoxazole derivatives is described. These novel compounds can be considered a 

masked derivatives of amino acids and peptides which release the parent compounds o 

treatment with glycosidases. During this work the first 3,4-dihydroxyoxazole derivative 
have been prepared. 



Aromata3e Inhibitors baaed on the 
iphtho 12.1 -bJ furan-2-( 1H)one skeleton. 

P.N.Edwards and M.S.Large 

SS™eopSsÆla,larly bMa3t can<:er ^ •»" i* 

s;: ä z™ 
effectively with Ê for hirJ'81L)anduas a phenolic metabolite, competes 

S11 
fail to respond or become tolerant! ’ a sma11 Proportion of ER+ tumours 

aminoglutéthimide (Ki = 600nM ) 
4-hydroxyandrostenedione (Ki - 50nM) 

CGS16949A (Ki«1.5nM) 



THE s YNTOESIS AND fungicidal properties of 
2-CY ANO-4-AROYLIMID AZOLES 

Clive L.Comell, Philip J.Dudfield, GsgffKnggn and Stephen D.Lindell 

Schering Agrochemicals Limited, 
Chesterford Park Research Station, 

Saffron Walden, Essex CB101XL 

2-Cyano-4-aroylimidazoles of type (1) possess potent antifungal properties with 

potential use in agriculture [A.D.Buss, P.J.Dudfield and J.H.Parsons 

EP 88 3022600 (1988) to Schering Agrochemicals Limited], Of particular interest 

is them abihty to control the two commercially important crop pathogens, 

y ophthora infestons (potato blight) and Plasmopara vitícola (vine downy 

R = SOjNMe^ COjEt, SO^Pr 

X = halogen, alkyl, haloalkyl, 
alkoxy 

n = 0-3 

„ ' 0n“‘ °f °Ur 'n"reS'in ,l,is 2-cyano-4-aroylimidazoles 

11.77 ; k 1 '“Cmm A nun,ber 0f syn,h"ic r“KS h»e ten 

Td S Tr 0i,'d ‘hC direC' Cyana,i0n °f 2.p„si,¡on 

5) 277 H rra' K'H",Í',0n' CE'OSbOUr” a"d DJ'S™PS“- (S), 277 (1990)], and these will be described. 

An alternative approach to cotnpottnds (D utilised the Boulton-Katriuky 

rearrangement of the readily synthesised oxadiaroles (2) to the 4-aroylitnidazoles 

Ph 
base 

- 1 

Significtnt, differences in the efficiency of the teanangemen, to Q, were observed 

men 12) H and (2) R = Me, and a mechanistic basis for this observation 
win be discussed. 



SOME INS AND OUTS OF MEDIUM-RING HETEROCYCLES 

c . , . Roger Alder 
school of Chemistry, University of Bristol, Bristol BS8 ITS, U.K. 

heteroatomSÍrÂHHter<íyCJeS’ Acyclic medium ring systems with 

+0.260V vs SCE ¿ \ 
.(.) 

hydrogcSdTng1“ ïia * a,on1' « ¡" ti^sannula, and intrabridgehead 

H N xy H,C. 

«ESSsSSSSSr1™“»" 
,¾¾¾ raPidly ‘0 8. which can be Suced to diphosphine 9; ‘th.Tmay bea uTefu'r’ 

to give níStldÍio“ d0 S0,,'e""n8 dlffer'"1; ■hev pmtonate with P-P bond fomiatio 

Hsv r o p-p u o H3C - P+- P U 
H3C-pk^p H3C 

°' -CH, v_/P-CH3 

çh3 ch3 

H - P — p+ 

10 

1 
2 

^ Alder, Tetrahedron, 1990,46, 683-713. 
K.. Issletb and P. Thorausch, Phosphorus and Sulphur, 1978,4, 137-144. 



NOVEL ENTKY TO THE TROPANE SYSTEM BY REACTION OF RHODIUM(II) 

ACETATE STABILIZED VINYLCARBENOIDS WITH PYRROLES 

Huw M. L. Davies,* Wendy B. Young, Elie Saikali and H. David Smith, 

Department of Chemistry, Wake Forest University, Box 7486, 

Winston-Salem, North Carolina 27109 

The 8-azabicyclo[3.2.1 Joctane stmeture is the basic skeleton of the tropane alkaloids A 

new process to generate this system based on the reaction of rhodium stabilized vinylcarbenoids 

with pyrroles will be described. Vinylcarbenoids have been shown to react with dienes, resulting 

m a direct entry into seven-membered rings. 1-4 The transformation proceeds by a tandem 

cyclopropanat,on/Cope rearrangement, which ensures that excellent stereocontrol is obtained 

urther extension of this chemistiy to pyrroles, would allow a direct access into the tropane 
system. 

Vinylcarbenoids wilh two eleclron withdrawing groups readily form 8- 

azabicyclo[3.2.1 loctadienes on reaction with N.(alkoxyca,bo,,yl)py„„les.< The reaction of 

vinylcarbenoids oossessing a single electron withdrawing gnmp complicated because these 

mtetmedtates ex-ubtt electrophilic character at the vinyl terminus as well as the carbenoid center 

Due to dus unprecedented raactivi». signiftcan, quantities of alkylation prod,« am formed instead 

he btcyclic structures. By appropriate choice of solvent and ligands, however, the bicyclic 

raructure, can be made to become the exclusive products. Recent studies applying this chemistry 

actual natural products as well as compounds of neurochemical interest will be discussed 

C02Me 

LtRhjK 4,Rh-f 
C02Me C02Me 

Ö C02Me C02Me 

COOMe 
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FURTHER ADVENTURES IN N-NITROPYRAZOLE TERRITORY 

C.LHabraken* and P.Cohen-Femandes, 
R.Lammers, R.Vollinga and P.Zandbergen 

Gorlaeus Laboratory, University Leiden 
POB 9502, 2300 RA Leiden, Netherlands 

The chemistry of N-N1troozoles has been extensively studied over the past 

two decades in Leiden’. One of the reactions reported Is a functionalization 

of a CHj group2. Reacting la with amines in alcohol solution gives the 

hydroxymethyl- and alkoxymethylpyrazoles 2a and 3a. We assume that the 

first step is the formation of a dlezafulvene followed by addition of H2O and 

ROM 

N02 

1, #:X»NOî 

2, a:X-N02 3, a:X*NOj 
R-CH3,C2H8 or 

IooCjK; 



We will discuss the reaction of N-NItropyrazoles Ib-d ( X=C1, Br, I ) 

affording the dl-alkylamlnomethylpyrazoles 4 In excellent yields. 

H2C 

4, X-Cl, Br, or I 

RjN- = piperidgl, pyrrolidgl, 

morpholgl or (CjHs)2N- N 

R2N 

We will also present the results of reacting ib-d with an excess of DBU 
and DBN. 

1. loading referenceo: C.LHobroken et el, J.Org. Chem, 36, ( 1971 ) 3081, 3084; 42, ( 1977), 

2893; 44,(1979),4156,- 49, (1984), 2197,3310; 51,(1986), 4VX>ihU. Htterocyclk 

Chem., 24,(1987), 1653. J.G.Buchenan et a1, Progress in the Chemistry of Orgenic Netura! 

Products, 44, ( 1983), 243- 299; J Chem. Soc. Perkin Trens. 1,(1989), 925. 

2. C.LHabrakenendS.M.Bonaer, Heterocyctes, 7, (1977), 259. 



ASYMMETRIC SYNTHESIS VIA THE AZA-DIELS-ALDER REACTION 

Patrick D. Bailey 
Department of Chemistry, University of York, 

Heslington, York Y01 5DD, U.K. 
EMAIL PDB4@UK.AC.YORK.VAXA 

Summary. Optically active pipecolic acid derivatives can be 
prepared by the aza-Diels-Alder reaction of simple dienes with the 
¡mine derived from ethyl glyoxylate and chiral 1-phenylethylamine; 
the cyclo-addition reactions are regio-specific, highly diastereo- 
selective within the heterocyclic ring (>92% exo with cyclic dienes, 
and 100% endo with acyclic dienes), and lead to high asymmetric 
induction in most cases (average d.e. = 72%). 

The piperidine ring system is one of the most commonly occurring heterocyclic 
units in natural products; short, versatile, stereo-controlled routes to substituted 
piperidines are consequently of great value. One of the most attractive synthetic 
approaches is to use aza-Diels-Alder chemistry, and we recently described the 
reaction of PhCH2N = CHC02Et with a range of dienes (Tetrahedron Lfitt 1989 2Û 
6781); for example, in the presence of TFA (1 eq) and H20 (cat.), the adduct’ with 
2,3-dimethylbutadiene could be obtained in 94% yield (Scheme 1), and reactions with 
other dienes enabled us to show that the cyclo-additions were regio-specific and 
highly diastereo-selective. 

D MF/TP A (1 eq)/ 

H20 (ca. 0.03 eq)/ 
RT/35h (94% yield) 

Scheme 1. Reaction between 2,3-dimethylbutadiene and PhCH2N=CHC02Et 

A simple, yet important, extension of this chemistry was to replace the 
achiral benzyl group on the ¡mine by a chiral 1-phenylethyl moiety, in order to 
generate optically active pipecolic acid derivatives. We were hopeful that high 
asymmetric induction might be observed because the chiral carbon of the auxiliary 
would be bonded directly to one of the atoms involved in the cyclo-addition reaction. 

Formation of the chiral ¡mine was readily achieved by condensation of (R)-1- 
phenylethylamine with ethyl glyoxylate, and the Diels-Alder reactions were 
conducted using the standard conditions developed from the achiral work. The cyclo¬ 
adducts were formed as single regio-isomers in all cases, and were isolated in 
moderate to high yields (average 53%, non-optimised), confirming the ease and 
efficiency of this procedure. The dienes employed included cyclopentadiene, 
cyclohexadiene, penta-1,3-diene, 2-methylbutadiene, 2,3-dimethylbutadiene and 
hexa-2,4-diene. 

Me 



It was immediately apparent that the reactions had proceeded with excellent 
^stereoselectivity within the heterocyclic ring, and further studies revealed that 
me exo adducts were favoured using cyclic dienes (92-97% exo ), whilst acyclic 

yieided. Pr?duct® resultin9 exclusively from an endo transition state. 
Moreover the chiral auxiliary had effected high asymmetric induction in most cases 
givmg ready access to a range of optically active pipecolic acid derivatives [average 
diastereomer.c excess (d.e.) = 72%]. Particularly noteworthy wdre the 
oyclopentacJiene adducts, which were obtained in 82% yield; the major exo product 
(preferred over the endo isomer by a ratio of 30:1) was formed with a d.e of 89% - 
see Scheme 2. 

Me 

Ph^^NHj 
+ PhMe/ 20tnin/ 

0. Azeotrope w 
0—C02Et 

H 

^^CHCOjEt 

JdMF/TFA (1 eq)/ 1 
|h20 (cat.)/ 24h/ RTJ 

Scheme 2. The aza-Diels-Alder reaction between the chiral imine [derived 
rom ethyl glyoxylate and (R)-l-phenylethylamine] and cyclopentadiene. 

82% yield 
97% exo 
89% d.e. 

The cyclo-adducts from the Diels-Alder reactions contain a number of valuable 

f°r fUríher e'a^orat,on- ln Particular, the carboxylic ester gives access 
5 ih|! ilt P,pecohc acid derivatives, or to the enormous range of naturally occurring 
2-alkylated piperidines, whilst regio- and siereo-controiled reactions on 4 5- 

didehydro derivatives of piperidine and pipecolic acid are well documented. Finally 
the chiral auxiliary allows continuous monitoring of optical integrity, but can be 
readily removed by hydrogenolysis (H2/ Pd(OH)2-C). 

^ i T^US’ i^e Chira imme denved from optically active 1-phenylethylamine and 
ethyl glyoxylate is an effective dienophile in the aza-Diels-Alder reaction- in the 
presence of TFA (1 eq) and water (catalytic), the cyclo-adducts can be obtained in a 
single step in moderate to high yields, with complete control of regiochemistry and 
with excellent exo/endo selectivity. Moreover, high asymmetric induction is 
observed m most cases (average 72% d.e.) and, as both enantiomers of 1- 
Ph nyiethyiamme are readily available, the method is applicable to the synthesis of 

t(R)' or (S)-pipecolic acid derivatives. We are currently determining the 
absolute stereochemistry of a number of such derivatives, in order to ascertain the 
direction of asymmetric induction, and we are also elaborating key aza-Diels-Alder 
adducts towards natural product target molecules such as carpamic acid. 

In this lecture, I would describe our stereocontrolled route to 
derivatives, discuss the asymmetric induction that can be achieved 
absolute stereochemistry of the products), and present our synthetic 
towards naturally occurring piperidine alkaloids. 

pipecolic acid 
(including the 
work directed 



A NOVEL PYRROLE SYNTHESIS. A MODEL FOR THE 

BIOSYNTHESIS OF PORPHOBILINOGEN? 

A. Meunier, H. Berttschy and R. Neier* 

Institut für organische Chemie 

der Universität Freiburg i. Ue. 

CH-1700 Fribourg, SWITZERLAND 

The importance of pyrroles stems from the fact, that they are the dominant sub-unit in the 

characteristic coloring matters of nature1. The biosynthetic pathway to the universal pyrrole 

building block, the porphobilinogen (PBG) has been used as stimulus for developping a new 

pyrrol synthesis. 

Pyrroles can be obtained using a Lewis acid catalysed cross-aldol reaction. The process can give 

pyrroles via a two step sequence, aldol reaction intramolecular cyclisation, or in some cases 

directly in a one pot procedure2. 

The method allows to obtain alkyl substituted pyrroles in a regiospecific manner. The scope and 

the limits of this method will be presented and the analogy of this chemical process with the 

proposed mechanism for the formation of porphobilinogen by the enzyme 8-aminolevulinic acid 

dehydratase will be discussed. 

To study the mechanism of the enzymatic process a series of inhibitors were synthesized. Three 

categories of inhibitors have been studied: substrate analogues, product analogues and finally 

inhibitors which resemble postulated intermediates of the enzymatic reaction sequence. 

1 Woodward, R.B. in "Die Chemie der PYRROLE", Gosst uer, A.,Springer Verlag, 1974 

2 Meunier, A., Neier, R., Synthesis 1988, 381 


