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Abstract - More than 200 aliphatic and aromatic N-cxides have been
individuated among nabmral-ccowrring alkaloids. The struchures of these
copourts as well as the role that N-oxides have in the synthesis and the
chemical modification of alkaloids are reviewed.

I, INTRODUCTION

Tre presence of N-cddes in nabure is a relatively recent discovery. Trus, in 1909 it was reparted that
trimethylamine N-oxide is present in the muscles of a shark (Acanthus vulgaris).l In 1917 the structure of
N-oxide was uncarrectly attributed to en alkaloid, geneserine from Physostigma venam.mz {this molecule

wes later shown to contain a tetrehydro-1,2-oxazine ring rather than a pyrazole N-cxide lr'in.g).3 The first
authentic alkaloid N-oxides, which were isolated are oxymatrine from Sophora sp.4 and iodinine from
Chramobacterium sp., were both reparted in 1938.5 The discovery of an antibiotic, aspergillic acid from
Aspergillus Sp.6 fostered activity in the specific field, but for some years N-oxides remained a curiosity
suspected to be an artifact {see below). After 1970, bowever, reports of the isclation of alkaloids
N-oxides began to increase in mumber, and in due time they were recognized as autenthic natural products,
ot artefacts, and hypotheses were formulated sbout their role(s) in metabolism. At the same time, the
chemistry of the N-oxide function was being developed, and a rumber of useful reactions of such compounds
have been applied to alkaloid chemistry. Both these aspects will be discussed in this review. After a short
outline of the general chemical properties of these compounds, of their occurrence and of the problems
related to their isclation, the main classes of alkaloid N-oxides will be discussed, with regard both to

the structure of the natural products isolated and to the related chemical syntheses.

Ta. Classification
. : + - .
The N-oxide finction ( SN—0 or 3N—0 ) occurs in different compounds, the chemical behaviour of which
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depends on the nature of the nitrogen atom. Thus, the N-oxddes of aliphatic tertiary amines are very polar
substances not much unlike the corresponding quatemary salts as far as solubility and chromatographic
behaviour go. Aliphatic N-oxides are easily obtained from the amines, and likewise are easily deoxygenated.
They ungergo a number of useful reactions (Scheme 1, Polonovski reaction with acyl anhydrides, resulting in
rearrangement to amides, functiommlization in the chain or cleavage of a carbon-carbon bond, paths a—<c,

7,8
Meisenheimer rearrangement to O-substituted hydroxylamines, path d, Cope elimination, path el '
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Nitranes as well as hetercaromatic N-oxides contain a sp2 hybridized nitrogen. The latter class of
compounds is characterized by a susceptivity to electrophilic aromatic substitution much greater than for
the carresponding azines (Scheme 2, path a), by the easy nuclecphilic substitution (path b), by the typical
deoxddative substitution occurring under mild canditions in the presence of an andliary electrophile (path

c), by (cyclo)addition of dipolarophiles and photochemical rearrangement (paths d, e).9
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Nitrile oxides have a sp hybridized nitrogen. Neither these compounds ror nitrones (as well as their
deoxygenated anglogous, imines) are usually present among alkaloids {for an exception see Sec. Vb). A good
mmber of hetercarcmatic N-oxides have been isclated, but by far the largest part of knuown alkaloid
N-cxides are derivatives of aliphatic amines, ‘and usually the N—=0 finction is located at an angular
position between fused rings. Thus, this review is concermed with aliphatic and aromatic N-axides ccoarring
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as alkaloids innaumeandwiﬂqﬂmeirchemistry,aswellaswimﬂ)emeofali;iﬁticandarunatlcg—md.des
in the gmthesis of alkaleids. On the other hand nitrones are not present in nature and their chemistry is
markedly different from the other N-oxides. They are largely used in synthesis, including that of
alkaloids, but in view of the sbove-mentioned difference and of the fact that their role in synthesis has

10
been recently reviewed, they are not discussed here.

Ib. Ccarrence.

More then 200 individual alkaloid N-oxides have been reported so far, This figure might seem low, since it
anounts to only a few percents of the known allaloids, but it may well be that many of these compounds
have gane undetected up to now (see below). In fact, the isolation and recopnizment as natural products of
N-cxdides face two opposite sources of errors. On me hand amines are easily oxidized and their N-oxides may
be formed during the extraction procedures rather than being originally present in the tissues. As an
exaple, considersble N-oxidation occurs in chlarofarm solutions of strychnine or hrucine on standing,ll
andwi:radiaﬁmhasbﬂfamdtocauseﬂ-oﬁdatimofglaucine.m Such reactions are a problem of
industrial significance; thus, during hydrogenation of ergot alkaloids to the pharmeceutically active
9,10dihydro derivatives some N-oxidation ocours, and was shown to be effected by the hydroperoxides
matmﬁﬁdimusedasﬁesolmt.la

On the other hand, aliphatic N-oxides are essily reduced, and this also may occcwr during isolation.
Moreover, the non-basic, water soluble N-oxides are quite different from the corresponding amines in their
properties and mgy be overlooked when using standard extraction and partitioning procedures. Furthernore,
although a complete exsmination should certainly reveal the  New O finction (e.g. easy deoxypenation,
charecteristic downfield shifts of the neighbaring hydrogen and carbon absorptions in the nmr spectra) and
eagy tests, swch as the color test for indolizine Q@ddeﬁ,ld are available in some cases, a limited
investigation may lead to overlock the presence of the additional oxygen or mistake its nabure, since the
molecular pesk is usually very low or absent in the mass spectrum. As an example anadoline, which is
actually a derivative of retronecine N-oxide, was initially thought to be the hydrate of a didehydro
derivative of reizu-;ecine.lS Likewise, the first proposed struchmre for macrodaphnine contained a tertiary
alechol rether then the N-oxide function (see Sec. Vb).la

In arder to simplify extraction problems, in some cases the procedure has been chosen, of titreting the
N-eddes present in the first extract, and then redicing them, before separation (see Sec. IVa).

Only in a limited rumber of cases it has been checked that the reparted alkaloid N-oxddes are germine
natural products. However, in view of the previcusly mentioned problems, their occurrence in nature might
be more widespread that it appears from the present literature. The distribution of the reported N-oxides
anng the verious classes of alkaloids is wnifarm, the main groups being those of indole and isoguinoline
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alkaloids. Perhaps not unexpectedly, in view of the fact that the N—=0 flumetion is most often at an
angular position, an exception is found among izidine alkaloids, where the ratio of the N-oxides versus the
total rmumber of alkaloids is much larger then in the other groups, and particularly in the class of
pyrrolizines where the majority of the alkaloids present in nabure are N-oxdides.

The non planarity of the N—=0 group gives rise to stereciscmerism. In most cases, a single isomer has been
isolated from matural sources, though only in a few instznces the stereochemistry has been determined. When
both iscmers have been obtained by extraction, this is mentioned in the text. Chemical oxidation of the
corresponding tertiary bases usually, but not necessarily, gives a mixture of stereciscmers.

IT. INDOLE ALKALOTDS

The indole nitrogen is cbvicusly not involved in N-ceddation, which rather takes place at the other (basic)
nitrogen in the moleaules. Tus, ﬁnsecmpcmdsareallgb—o:dd%, often with the N-—=C finction at an
angular position.

ITa. Simple indoles and oxindoles.

17
N-Oxides of simple indole alksloids occwrring in nabire imclude those of gremine from Arunde sp.,

2,4,5-tritromo-1-methylgramine from Zochotryon sp,18 N,N-dimethyltryptamine (1, RH), (es well as its
S-methoxy derivative) from Desmodium sp.lg-ﬂ The tryptamine N-oxide (1) undergoes Cr- cB cleavage by
trveamerit with trifluorcecetic anhydride {"modified Polonoveki reaction}, yielding skatole in low yield
and with the 2phenyl analopiie the amine (2) is obtaJ'.ned.22
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A sizesble group of N-axides are spiro-indolizincoxindoles, such as riynchephylline (3) and its 7-iso
au'].':nlsc:g.me,23—'24 mtzmdifol]’.wea5 and Vﬁlwhmﬂjfolﬂ)ezﬁ from Mitragyna sp., as well as related alkaloids
cantaining an additional oxygenated ring, such as the N-odides of pgelsemine from Gelsemium sp.,27
stereoisameric (iso)ptercpodine, speciopylline and uncrine ¥ as well as mitrephylline from Unoaria sp™
(ﬂnﬁlﬂmd&ﬁmwm.),mmﬂbﬁeﬁm@@@.,mmmmﬁm

3 34 )
Vi.masp.,az_sasuell as the N-oxide of gardneramine (from Gerdneria sp)  of closely related structure,
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Finally, an alkaloid with spyroindoxyl structire, flucrocarpamine N-oxide (4) has been isolated from

34
Catharanthus sp.

ITb. Carbazole derivatives

35
M aromatic N-oxide of carbezole type, ellipticine N-oxide, has been iso].atﬂd from Ochrosia sp.

Interestingly, the correspording base (5) can be prepared by thermolysis of the pyridine N-oxide (6) (ar of
36 3&h
the pyridinium bromide) ar much better and wder mild conditions from the aliphatic N-oxide (7).

H MC 7 .Aczo
Another large group is that of indolizino[8,1-cd]carbazoles (aspidospermine alkmloids). This includes the
37 :2)
N-cxides of vincadiffarmine from Amsonia sp, ibophyllidine from Tabermaemontana sp.,  (epi)vindoline
34,39 . o - A0 s
from Melodimigs and Catharanthis sp., 1,2-dehydroaspidospermidine from Bhazya sp., (pseudo)kopsinine
from Virca sp.,4l and kopsidasine from Kopsia sp.,‘12 2 well as biopemetically related alkeloids such as

a3 44 27
ﬁueg-mddesofmazidi@jxnfmmspidmperm and Rhazya sp., and keomine from Gelsemium sp.

Likewise, alkaloids with the indolizino[7,l-bed]carbezole skeleton (condylocarpine type) include the
N-oxides of condylocarpine from Tebernaemontana sp..45 vincamine fram Virca sp.,46 fubotaiwine from
MEM47 and Tebermasmortana sp.:ﬁa and retuline MM@.AQ

A useful access to the aspidospermine skeleton is cbtained by cyclization of the N-cxdde (8) when submitted

to the Polonovski reaction.
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Related conditions have been used in the interesting skeleton rearrengements of vobesine and some related
Noxides (9) to the corresponding ervatamine derivatives (10).51 The ocarring of suwh fragrentations
depends n structure however; e.g. they are not cbserved with uleine Neoxide (11), where treatment with
TFAA leads to rucleophile addition anto position 13 (finally oxidized by 02 to dasycarpidone), and
treatment with AcCl to 13-chlorouleine. The corresponding 1,13-dihydro derivative when acetylated and
reduced with Namdmder'goescleavage to an allwllWMlmﬁm.&Asynﬂ'esisladﬁgtoﬂ'euleme
skeleton (e.p. deethyldasycarpidwe (12)) irvolves the decxydative addition of the methyl ester of

53
dpyridinecarboxylic acid l-axdides to indolylmagnesium bromide.
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As Tor the Strychos grop of alkaloids, the Neoxides of strychnine, brucine, 1'4::&!0'13’\13,54
Q—mmw—ll—neﬁ’mwsuydxﬁm,ss and B—oolubrine%a have been isolated from Strychos sp., and the related
skuarmicing N-oxides from Alstonia sp.56

Interesting transformations of the skeletan are cbtained via the N-oddes: thus a new ring is formed when

7
the N-oxide(13) iz treated with TFAA (note that anly ane of the possible cyclizations takes place),5 but
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wen stemedenine N-oxide (14) is simmrhrwmdca4BMﬂﬂ'ag1mmﬁm fo]J.bwedbylossofame
carbon nit and reclosure to ifs 'nor' analopue, vallesamine (15) takes place. The last result arose the
suggestion thatﬁ]isned’:axﬁ.smviaﬁ-oodd%wbeoper‘aﬁnginmum,aﬂﬂ!atsmealkaloidsarising

58
through this path should be considered” natural artifacts".
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On the other hand heating disboline N-oxide (15) with K (r0, or Fe(m3)3 caverts it to natirally ccourring
59

3hydrogydisboline (16) as the main product.

IT¢. B-Carboline derivatives

Scmeaxmaﬁcﬁ-md.d%pertairﬁ.ngtoﬁﬁsgru.phavebemisolatedfmnaﬂnalmces,vizttmeof

harmine from Banisteriopsis sp.,eo of l-ethyl- and 1-{3-ethoxycarbaylethyl)-R-carboline from Hamoa
sp.,61 and of canthin6-cane (18) from Ailanthus sp.62 In the other cases, the aliphatic N—=0 finction is
at an angular nitrogen, generslly part of a quinolizidine moiety. These include N-oxides with corynan {or
related) skeleton, such as those of (epi)isositsirikine and of dihydrocorynantheol from Aspidosperma sp.,63

64-65
(epi)pleiocarpamine from Vinca and Rauvolfia spp., cabucraline and 10-methoxyvincamedine from Alstonia

66-67 | . 68 . . 63 | s
SDs strictamine from Fhazya sp., and O-methylnormacusine from Rauvolfia sp.; with heteroyhimbane
7071

skeletan, such as those of akuammigine (both epimers) and tetralydroalstonine (19) from Uncaria sp.;

72
with yohimbane skeleton, such as twse of reserpine from Melodinus sp., of reserpiline fram Octirosia
73 74
sp., ard of B-ychimbine from Aspidosperma sp.
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Several atterpts to build up the indolo|2,3-blquinclizine skeleton of these alkaloids by electrophilic
attack of the tetrahydro(er dihydro)pyridinium ions in tum obtained from the corresponding N-oxides by
Polonovsld reaction have been carried out (e.g. 20,21}, The reaction can be effected also by previous
cawversion of the N-oxide to a a—cyancamine and treatment of the latter withﬁ.g!i'.l?d).?&'_'BO Altough there
are other methods of generating the key imminium cation, the N-oxide approach may give some advanteges in
terme of regio- ar sterecselectivity.

Other N-oxide based elaborations include formation of an oxyeenated ring {(again via trepping of the iminium
cation), as in the cawersion of 14,15-didehydrovincine gb-mdde {22) into crmpidaspemﬁma) and of
demsthylhirsutine N —oxide (23) into ditydromencimine. . Formation of the iminium icn and intremolecular
trapping are ggain put to use in the corversion of vincadiffarmine (24a) into (16-epi)vincamine via the
non-isolated  hydroxyindolenine N-oxide (25);82 in the analopous conwversion of tebersonine {24b) into
(epi)-14,15-didehydrovincanine a minor product is a 7,8-didehydrorhazinilam derivative, arising from the
cleavage of the 02-07 bcnd.sg

& H
22 COzMC Et
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g CoM CO,Me Et R
24a(R R=H),b(RR=bond) 25
Catharenthine N-oxide (26) undergoes an interesting set of skeleton rearrangements: thus, upon heating

B84
above 40°C a Meisenheimer rearrangement tekes place and leads to  the isoxazoline - (27)

(21-cyawcatharanthine, when treated with MCPA gives directly a nitrone arising from the oxidative cleavage
of the corresporkling isoxazoline, in turn formed from the non—isolated E—osxide).as Treating 26 with Ac20
causes 05-06 bond cleavege to give the pyrimidincindole (28) (which in tum under acidic conditions
recpens to the ion (29) and loses cﬂao to yield norcatharenthire (30));85 when TFAA is used a different
band cleavage (Clﬁ_CF’_‘L) ocours and trepping of the intermediate cation {(31) with cysnide leads to
2—cyarnocatharanthine (32).86

Finally N-oxidation and treatment with Pc20 is useful for the introduction of a double bond between

B7
positions & and 8 to a basic nitrogen as in the case of norlysergic acid derivatives.

Iid, Other indole derivatives.

Arong, moncmeric alkaloid Neoxides, one should still mention pyrrolincindoles. These include flustramine D
(33} mﬁddwdroﬂusﬁmﬂnCH—oﬂd&sﬁm%sp.eeﬂmmmbemisolatedﬁmﬁem
source and have an oxazimpindole structure. Treatment of compound (34) with H202 cawerts it to 35,
reasonably via the H—oxide.go Flustremines and flustrarines stay in the same relation as physostigmine and
geneserine; as it has been mentioned in the introduction, an N-axide structire had been initially
attributed to the latter alkaloid. ™"

Dimeric indole alkaloids are importat in this discussion, both because several N-axides of such structure
have been isclated from natural sources, and because important hemisynthetic methods for obtaining dimers
via M-oxides have been devised. Thus, alkaloids arising from the formal coupling of two Strychnos wmities

include the N-cxides of longicaudatine, 9% matopensine, % bisnordihydrotoxiferine (mono and di—ﬂ—md.des)ga_%
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and caram:rim,% all isolated from Stryctmos sp., vhile the N-oxides of vobtusine (ﬁﬂﬂ\f@ﬂsp.},%
voacamine (from Tabernasmontana sp.)w and leurosine (from Catherentiws sp., this one exceptionally active
against melanoma 1310)9B contain indole units of the aspidospermine and (seco)- ibogamine type.

Since several dimeric alkaloids from Catharanthus sp. are in pharmecological use as antitumoral, much work
has been devoted to the search of a covenient hemisynthesis ﬁmmahxﬂmtnaumicaﬂcaloids.a)m
important (and probably bicmimetic) patiwey involving N-oxides hes been found., Thus, catharenthine N-cxide
{26) when ueatedwimwmmﬂepmsaneofmmmgoesmcis4ﬂbaﬁﬁegmmﬁm
{comare Scheme 3) and condensation to yield, after in situ reduction of the primarily formed immanium
salts, avhydrovinblastine and its 16'R epimer (36) as the main products, along with a minor amont of the

9
dimeric alkalaid arising from the altermative (o°Cy cleavage (37).
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TFAA

Z- = 10-vindolinyl

This approach has been applied to several substrates including dihydrocatharanthine and other catharanthine

100-102
derivatives, e.g. 15 R-acetoxydihydrocatharanthine (in this case direct acetic acid elimination

yield anrwdr'oca’d]axmttﬁne),loa gsynthetic Z)—deeﬂvlcaﬂlarmﬁﬁ.mlm and 2l-cyanocatharanthine (in the
last caselﬂie (35—06 bond cleavage predmﬁ.nates).aﬁ Rurther synthetic elsbaration of the obtained dimeric
alkaloids 05 made available a large variety of vinblastine, vincristine and lewosidine type bisindoles.
Anhydrovinblastine l‘_wlb'—qxide (36) gives the corresponding B~nor derivative when treated with TFAA (compare
28-=-30 in Scheme 3).106

A different coupling reaction takes place from same vincamine N-oxide derivatives, e.g. 38, and yields

dimers such as $.107

IIT ISOQUINOLINE ALKALCIDS

Over fifty N-oxides pertaining to this class have been reported. This is the only large alkaloid class
vhere the Noxide function is rot at an anguler position between fused rings (except fur berberine and
Erythrina alkaloids). Most compounds are N-oxides of N-methyltetrahydroisoquinoline derivatives.

ITIa Simple isoquinolines

18
This group includes an aromatic N-oxide, that of nigellimine (42) from Nigella sp., ag well as varicus

tetrahydroisoquinoline MN-oxides, whether Nemethyl, such as  tehuanine  from Pachycereus sp. and

. 110
deglucopterocareine from Pterccereus sp.,loe N-benzyl, swh as sendaverine from Corydalis sp., or
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111 112
1-benzyl-2~methyl, such as reticuline from Pachygone and Corydalis spp., roemecarine from Roemeria

110
sp.,llaa and yuziphine from Corydalis sp. The spircbenzylisoquinoline fumaritine N-oxide has been
11%
isolated from Fumaria sp. The phthalideisoquinoline a-narcotine N-oxide (40) undergoes thermal

Meiserheimer rearrangement to the spiro derivative (11,1).114

Me
Me

ITIh Aporphines
Tmlmgestmmerofhmisoquﬂnlmeaﬂmloidswddespﬂmmmﬂﬁsclass.Nb:wexarplashavea

hydroxy or methoxy finction in position 7, as in the N-oxides of oliveroline and guatterine from Guatteria
115 116
sD. (the latter oe also from Pechypodanthium sp.), sukhodianine, ushinsunine, and stephadiolamine

117
fran  Stephania  sp., of oliverine, oliveridine, N-methylpachypodanthine, found @ in variocus

118121
Amonaceas, in particular from Duguetia gp., a species very rich in N-oxides, where the specific

122
N-oxides of pachyconfine, spixiamine, and duguedne have been found. Other aparphines are the N-oxides
123 124-105
of corydine from Glaucium sp., ispcarydine and O-methylcorydine from Berberis sp., remerine from

Lill.oderuirm?s and Papaver spp.,127 Nemethyllaurotetanine (44) from Glossocalyx Sp.,128 pukateine (43)
from Laurelia sp.,129 preccoteine from Thalictrum sp.,lao and lirinine from Liliodendron -sp. 18l Related
sthmepmmthﬂemoepmﬂﬁmbi@ﬁ:ﬁ_@-mddeﬁunWsp.,mzﬁ and the
hemoproaporphine collutine from Colchicum sp.

Ring closure of 1-benzylisoquinolines to apoarphines is conveniently obtained via the N-oxides (see Sec
IIIc:).lBaa Homoaparphines are analogously cbtained from 1henylethylisoquinoline g—c»x:lc'i&t:.lagb

Interestingly, sewveral aporphines are demethylated by treatment of the carresponding N-cxide with 502 (e.g-

45 —=A6; this is a procedure that in some cases yields valuable alkaloids from largely available
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134
precrsors) . However, bulbocapnine N-oxide {45, R=CH, R'=OMe, R'=H) e.g. undergoes CSa_C7 dehydration
by treatment with Ac20; reduction of the product has been used to obtain rac-bulbocapnine (and the (R}

iscmer from it) from the natural (6aS) compound. On the other hand, aporphine N-oxides undergo thermal
Cope elimination to yield- 4-phenenthreneethylhydroxylemires (47), a path which may have biomimetic
. 13%

significance.

IITc Berberines and related allmloids

136b
This group includes the N-oxides of xylopinine from Stephenia Sp',lsea and of tetrahydropalmatine and

ophiocarpine from Corydalis sp.  Protopine N-cxide has been obtained from Bocoonia sp. e

Fran the synthetic point of view, it may be noticed that while 1-benzyl-2-methyltetrahydroisoquiroline
N-oxides cyclize to aparphines under conditions favaring phenolic coupling (e.g. reticuline N-oxide (48} -
corytuberine (49)), the same substrates, when treated with FaSOdunder neutral or acidic conditions undergo
the alternative cyclization to berbines via iminium cation {e.g. 48 to careximine (80) + scoulerine
(52,190

Thermolysis or photolysis of protopine and allocryptemine N-oxides result in a Meisenheimer rearrvangement
as the main path, accompenied by products from Cope elimination (orseocmarypmcmtsﬁmﬂm).m

Protolysis of trans—canadine (52) or trens-xylopinine N-oxide causes ring cleavage, possibly via
cyclization to an oxaziridine and raarranga'rﬂ\t.me Birch type reduction of the same substrates (followed

143-144
by air recxidation) leads either to ring cleavage or to simple decxygenation.
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ITId Cther monomeric isoquinolines

The N-oxides of morphine, thebaine, and codeine {both sterecisamers for the first two allmloids, only e
for the last one) have been isolated from Papaver sp,i%1% (ne of the thebaine N-oxides (58) is thermally
wnstable and undergoes Cope fragmentation to finally yield 54, also present in the same specieﬁ.l% The

stsreoiscnm‘ofﬂiissmblesi:neﬂmeN——Oﬂmﬁcnistoofarﬂmﬂ'xengrUJp.
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7
Othernatn'alg-ooddesimludetl'nseofﬂ’lepavinesargermine(ﬁmmﬁsp.)14 end eschscholtzine

148 149
{fran Eschscholtzia sp.), some Erithrina alkaloid N-axides, viz those of erytrosine, erythrartine

1 151
aﬂu—&mﬂwmma]jm,masmuas&ﬁmWMIrEjaﬁneﬂ-mddefmmﬂmsp. An
useful approach to cherylline type alkaloids {95) has been developed, based on the regioselective
Polonovald cleavage of H—o:d.deasu:hasﬁﬁ.lsjb

OH OH

OCH,Ph

MeO | CICO4Ex
52—’- e Me()

‘0 PhCH;0O

56

Fheaden derivatives are selectively demethylated when treated by TFAA, e.g. bicuculline N-oxide is

canverted to papaverrubine E.ma'a n the other hand, N-oxides of gimilar struchmre, e.g. alpinigenine
N-cxide, underge thermal ring enlargement through a Meisenheimer rveaar'r-.an‘c_;,ema'ﬂ:.152b
OMe OMe MeO
® FOOQEE
X M
o : (?I o] ¢
' H H O
I OMe : 57 a, X=NMe-0, X’=NMe OH g
I1Te. Dimeric alkaloids b. X=NMe, X'=NMe-O §7c

A large rumber of mono N-oxdides of dimeric benzylisoguinoline alkaloids have been reported. These include

products with a single ethereal bridge, suwh as the N-oxides of neothalibrine, thalrugosaminine,
thaligosine, thaliphylline, and thalidasine and its S5-hydroxy derivative from Thalictrum sp.,l53 of
O-methyldauricine from Popowia sp.,154 of thalicarpine from Hermarklia sp.;155 with a C-C arx] ane ethereal
bridges, such as fimiferine N-oxide fram 'I‘i]_wuaccrr-.asp.;l58 with two ethereal bonds, such as the N-oxddes of

130 157 124
Haliemidine and hemandezine from Thalictmm sp., (the famer ame also from Berberis sp.}, of

53

1 159
berbamine and calafatine (in this case both stersoisomers) from Berberis sp., of pheanthine from

160
Pycnarrhena sp., and of cepharanthine from Stephania sp.,lsl and limecine (S7a,b, the two regioisomeric
162
E—md@s,b\:tasﬂmglestereoimofeadmme)fmn&x‘amasp.; with a p-dibenzodioxdn struchare such

163 164
as the N-oxides of cocsuline (S%&) from Cocoulus sp., isogilletine frem Triclisia sp., and

165
tiliacarine from Tiliacora sp.
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Trachelantus, Cynoglossum, Paracynoglossum, Echium, Trichodesma, Castilleja, Limdelofia, Bhesa and Hackelia

2038
sp. Absculine (from Hugenia sp.) is the N-owide of a l-ecyleminopyrrolizidine,  Macrocyclic diesters of

176~ 204 168,205 1
dicarboxylic acids inchde the N-axides of senecianine, 177, platyphyllire, sceleratine, 7

7 206 168 207
merenskine, nemorensine, roamarinine, and retrarsine (58) 2 from Senecio sp., again

10
ad 176,190,207

retrm’sinelsg and senecipl'wllinelm from Erechites sp., crosemperine
Crotalaria sp. (the latter‘cnea.'lsof‘rcm_jSmE:j.gsp.).

As with other perhydro heterocycles, treatment of pyrrolizidine N-oxides with trifluorcecetic anhydride
serves to introduce a domble bond in the ring. Thus, the N-axide (60), the ethyl homologue of the allmloid
chysine, yielded the 1,7a-didehydro der‘J‘.\J'r.-n:i.\.'es.2(:‘3 A general reaction for this class of alikaloid N-oxides
ig the trensfamation into pyrroles by ueatmtwimFeSD4atImntamatm {the reaction works betber

209
in the presence of fluoride ions).

IVb Quinolizine and indolizine derivatives

N-Oxides are largely present also among quinolizine allmloids. Examples are found among all the structure
types which form this class of alkaleids, e.g. simple quinolizines such as the N-owddes of epilupinine from
Lpinus  sp. ,ZLO_H ep:iJ.arl:tn:)lob:i.ne,Z12 and ma'rmﬁ.nezla frem Sophvra sp.;  the characteristic
furylquinolizine N-oxide mpharidine (61), from Nuphar ep.;- " the tricyclic derivative cytisine N-cxide
frem Spartium sp.;215 tetracyclic N-oxides both of the sparteine type, suwh ag those of pachycarpine frem
Armodendron sp.gl6 and of aphylline from Ansbasis sp.,217arldofﬂ:erratt'ine type, such as those of matrine
from Sophora sp., lel'lnami.nea,22&t and 5,17-dehydromatrine from Euchresta :-:q:x.;225 Lythraceus alkaloids such
asly&mmeﬂ-oxldeﬁungeiom_@_sp.%ﬂooci:mlm, a repulsive alkaleid from Coccirella sp., is a
pertydropyrido [2,1,6-de]quinolizine N-cdide.
Among indolizine alkalocids, Mnm&m@ﬁm%sp.marﬁlom&oﬁdeﬂm_m_h;@
gp. shouid be mentioned.
Treatment of N-oxides with acetic anhydride has been used far introducing a dowble band into the ring, e.g.
for cawerting npharidine (6la) inmto dd'wdmdemmmrharidire;zzg similar reactions have been reparted for
lupanine [\l_—()x:'.dez30 ad for related compounds, in view of the synthesis of lycopodinoid derivatives. 2la
On the other hand, heating rupharidine J'n[MF‘causeﬁal'vbisenheirrerrem-r'angansnttoyieldGlb.229b A

23
synthesis of allomatridine (62) begins with a deaxidative addition to pyridine N-oxide. 1o

V. OTHER ALKALOIDS

There are sparse examples of Neoxides amng the other groups of alkaloids, For the present purpose, they
are first subdivided according to the nature of the N-+0 finction, whether aromatic or aliphatic.
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H
AcNMes
—> oM
reflux '

-
f ! s |
N t H
H,COEt H
" H —
: N
PhCOCI 1.NH4Br 1HCLA;ZNER, A 62
2.CHoBICO,EL 3.NaBH44.Hy, P10y

Va Aramtic Noxides

These include various hydrogypyrezine and quinoline N-oxides (actually present as the tautomeric hydroxamic
acids) such as aspergillic acid and related derivatives from Agpergillus sp.?’zaaandﬂ'iesocaJled "Byt
substances obta:i.nedf‘mm1:".:191.u:i':rrxnas13[:1.,23\3 as well as the bipyridineN-oxide crellsnine from Cortinensis
sp.,234ﬂﬁpfﬂﬁzﬁﬁsiodimnﬂﬂnﬁﬁnmmimspﬁmﬂwmmﬁdiwmof
eupolauridine from Cleistopholis sp.,235uhem a naphthyridine nucleus is present.

An example of how the typical chemistry of arcmatic N-oxides is exploited for the gynthesis of nabmral

236
products is that of revenine (63, easy nitration, mucleophilic substitution, photorearrangement).

'\yL /\)’
OH © o
X HNO; >_/- N hv =

N™ “Me N? Me KOH N" “Me N"Ng
6 1&3 63

Vb Aliphatic N-axides

This is a heterogmeous grap, with alkaloids of varios structure. Ths, dendrobine N-oxide (fram
Densdrcbivm sp.)zs’? contains a pyrrolidine mucleus; pyrrolidine N-oxides are those of l-metlvlpyrmlidine
(from Vandopsis sp.),%> f-skytanthine (from Skytanthus sp.), %™ gibirine (fram Nitraria sp.); > both cis
241

and trens nicotine 1'-oxide (but rot the aromatic l-oxide) have been obtained from Nicotiena sp. There




1992 HETEROCYCLES, Vol. 34, No, 10, 1992

242 -
are several tropaw N-axides, such as those hycecyamine from Atropa sp- {ard] the s-hydroxy derivative

243 242
from Prysochlaina sp.}, of hyoscine from Datura and Hyoscyams  ap., of 3 a-tigloyloxytropane from

244 245 .2
Physalys sp., and of covolamine from Convolwulus sp. Twy quinoline allmlioids, rhazicine and

247
epimeloscine N-oxides have been cbtained from Melodinus sp.

These ‘are several examples amang diterpene and stercidal alkaloids. The first group includes the N-oxides

of enopterimine (64) from Ancpterus sp. {me of the few cases where a nitrone finction, rather then en
248 249 250

aliphatic N-oxide, is present) as well as of songorine, napelline, and zeraconine (66) from

Aconitum sp.

hmﬂmﬁdmmwmwmmmawmi@lskelem,Masﬂme

; . qs 252 . 253 . 24 . . 255
of imperialine (66) from Petilium sp., of korsine, severine, and sevedine from Koralkovia sp.,

257

of veratramine from Veratrum sp.,256 and of verticine and verticinone from Fritilleria sp.

Alimloids of characteristic polycyclic struchmre isolated from Dephniphyllum sp. include some N-cxddes, viz
16 258

macrodaphnine”  and {desacetyl)dapimitei jsmine. A few non-heterocyclic alkaloid N-oxides are know, but

they are not discussed here.

VI. CONCLUSIONS

The significance of N-cxides in bicgynthesis is largely wilnown, and at any rate dees not come within the
scope of the present discussion. However, two facts should be pointed out viz 1) that in some cases
, Noxides and not the tertisry bases are the target of biochemical paths, e.g. it has been demnstrated that
pyrrolizidine N-cxddes are the primary produict of biosynthesis in root cultures of some Senecio sp., and
are apcumulated as such, and 2} that Neoxides are very different from the tertiary bases in their

174, 259

,  pysico-chemical properties (e.g. permeation of biological membranes) and this their formation
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specifically controls the translocation and storage in the cell of substances, such as the alkaloids, which
have a findamental role in life.
On the other hand, reactions via the N-oxides often affords adventageous paths in the chemical synthesis

ad transformation of alkaloids.
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