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Abtract-llx mass spcc~tm of alkalolh bclon@ng IO the bcnzopyranol3.4g)odok scna arc prcscnrcd 

and dwxsscd. If 1s shown thaw the fragmcntetlon pattern foe ISIS prmcular carbon skcktoa IS quote 

chanclcr~stlc and can be ratiooallxd In krms of slmpk mahamsms. Tha pcrm~~s rhc tdcntlf~tlon 

and location of various subs~~~ucnu wthm dlffcrcnr pans of thr molaulc. 

ALKALOIDS of the Amaryllidaceae family have enjoyed much active investi- 
gation,’ resulting in the complete characterization of many bases of considerable 
structural variety. A mass spcctrometric study at this time, based on a great number 
of different systems would appear desirable since it should yield a set of independent 
data of advantagc to future structural work. 

Our interest in the chemistry and biochemistry of these alkaloids led us to under- 
take a relatively broad and detailed studf of all structural types. We wish to present 
here the results obtained for one group of these bases-the benzopyrano[3.4g]indolc 
series-represental by structures I-XV. 

In an earlier paper.& some characteristic features of the decomposition patterns 
of alkaloids of the crinine class were commented upon and Duffield er ol..’ surveying 
the mass spectrometric behavior d several types of Amaryllidaceae aIkaloi4 have 
presented mechanistic interpretations of some of the dominant fragmentation modes. 
Very recently. a brief note6 discussed, in part. the salient points d the mass spectra 
of several lactone alkaloids also included in the present report. A few applications 
to structural problems**’ indicate the potential utility of the technique. It would 
appear from this study that future chemical investigation of these lactone alkaloids 
should derive great benefit from the application of mass spectral methods, since the 
dominant modes of fragmentation of these compounds is readily interpretabk in 
terms of skeletal type and substitution pattern Furthermore, the generalizations 
derived from the mass spectra of such Iactones appear equally applicable to relatively 
more compkx structures, as has been demonstrated recently by confirmation of the 
structure of the alkaloid clivimine.’ 
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Both low and high resolution* mass spectra of the following substances have 
been obtained: the A”.‘-5-hydroxy compounds hippeastrinc (I), neronint (II) and 
krigeine (III) the corresponding 3a,4dihydro derivatives, adihydrohippeastrine 
(IV). adihydroneronine (V), clivonine (VI), O-acetylclivonine (VII) and adihydro- 
candiminc (VIII). as well as the 5desoxy derivative& masonine (IX), dthydro- 
krigenamine (X). krigcnamine (XI). homolycorine (XII), albomaculine (XIII). lycorc- 
nine (XIV) and deoxilycorenine (XV). 
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l In the high rcsolul~oa mass spozlra pracnted here. peaks arc ploltcd m separate graphs accordmg to 

thclr iso-hcteroatormc cootent The number of hetcroatoms 1s indicated on each indwidual plot and the 

carbon-hydrogen ratlo u gvcn by the abscissa The maJor dwisions indicated on the abscissa corrapond 

to the composition of saturated fragments A fragment contammg fewer hydrogcns than the saturated 

Ions thus appean &low the maJor diwsions and its composition 8s determined by countmg down from the 

saturated posctlon For example. peak h III Fig. 10. drawn m the C:H NO plot five UIIIIS to the left of the 

dlvislon correspondmg IO the saturated monomtrogcncontammg fragment, C.H,,. ,NO. C,H,,NO. 

has :hc compo,ltion C,H,, NO A peak marked by a short vertical lmc above it mdvzata more than 

seven degrees of unsaturallon. Its lruc composition is determined by adding one carbon and substracting 

IWO hydrogcns from the cornposItIon indicated by its posirlon on the graph A detailed description of this 

method u m preparation (D H Smith and A L Burlmgame. Terrahrdron Uccrs in preparation) 
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All lactone alkaloids of the Amaryllidaceae conform to the gross structural 
pattern illustrated by formulae I-XV (except for macronine’ which, although a 
lactone. exhibits the skeletal arrangement of the tazttine class of alkaloids) and the 
compounds thus differ only in substitution pattern, degree of oxygenation and 
unsaturation. The mass spectra reflect these differences only in tbe mass-shift of 
peaks and not in the fundamental modes d fragmentation, which appear notably 
indifferent to peripheral structural modifications. One mode of decomposition 
dominates : cleavage of tbe labile bonds in ring C with fragmentation of the molecule 
into two parts, one representing the pyrrolidine ring (plus substitucnts), the other 
(a less abundant fragment) encompassing tbe aromatic lactonc moiety. A further 
general and noteworthy feature is the low abundance of the molecular ion in the 
spectra of all Ah** compounds. Ions corresponding to loss of one. two and three 
hydrogen atoms are usually more intense than the molecular ion. This somewhat 
unusual elimination of hydrogen (partially thermal in nature) would generate 
A”.*-conjugation (or aromatization of ring C). In addition, the Ah*‘-bond is 
expected to enhance the lability of ring C also resulting in molecular ions of low 
abundance. Such conclusions are corroborated by the mass spectra of the 3a.4- 
dihydro derivatives, all of which show quite prominent molecular ions. 

The dominant fragmentation sequence of the A3’**compounds is conveniently 
illustrated by the spectrum of hippeastrine (1. Figs. 1 and 10). It shows very intense 
peaks at m/e 125 (b. C,H,,NO) and 96 (b,, C,H,,N) Such Ncontaining fragments, 
comprising the pyrrolidine nucleus, are the most characteristic feature of all alkaloids 
in the lycorenine series. All other ions are by comparison minor contributors, although 
the sequence of peaks 8 (CLOH60.. m/e 1%). 81 (C9H603, m/e 162). I~ (C,,H,O,) 
and 83 (C,H,O,) are significant because they convey important structural informa- 
tion. The peaks at m/e 125 and 190 completely account for the two parts of the molecule 
(i.e. 125 + 190 = 315 = M’), and an explanation for their genesis is reasonably 
apparent : a retto-Diels-Alder reaction would conveniently generate both fragment 
8 (CeH60r, m/e 190) and b (C,H, ,NO. m/e 125). This fragmentation can be thought 
of as a concerted reaction of tbe retro-Diels-Alder type but, d course, a stepwise 
sequence, i.e. cleavage of the 11 b.1 lc-bond following that of 5.54 is equally feasibk. 
In Scheme I, the fragmentation is illustrated as a concerted process, yielding either 
ion 8 or b. 

Subsequent elimination of carbon monoxide from 8 is unexceptional and results 
in the benzofuranyl fragment 8, (C9Hb05). Elimination of neutral carbon monoxide* 
and the formyl radical from ion 8, yields species 8z (C,,H601r m/e 134) and 83 
(C,H,Oz, m/e 133). respectively. This process is best formulated as involving the 
ether oxygen of the benzofuranyl ion radical since the methylenedioxy moiety dots 
not appear to undergo this fragmentationt in analogous systems. The absence 
d metastable peaks does not permit a distinction between the possible pathways 
r-CO-H and r-CHO for the generation of ion 8,. 

The elimination of a formyl radical (*CHO) from fragment b may proceed by the 
pathway outlined in Scheme I. Transfer of tbe hydroxyl hydrogen atom is established 

l Data frc4n rbe literature [W. H Pi&k. J. Am Chcm Sec. 87.3022 (1%7)] coaaraiq the elimination 

of CO from 2-pyronc would suggest other pos.wblh;~a for the formulatton of fragment aI 

t A. L Bwlingamt and 8. R. Sunone& unpublubtd rcsulcr fran thh labccatory. 
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by the retention of a dcuterium atom in fragment b, (CeH,,N) in the spectrum of 
hippeastrine-OD. A metastable ion at m/e 74.1 (talc. 73.7) confirms the transition 
from b to b,. The postulated sequences appear to be quite general and essentiahy 
invarient for all compounds of this tm The fragmentation pattern thus readily 
permits the location of substituents in both moieties of the mokcuk. For exampk, 
in the spectrum of ncronine (II, Fig 2) the peak corresponding to fragment a is 
shifted by 30 m.u. (m/e 220, C,,H,,O,) due to the presence of an additional OMc 
substituent. Hydroxyl substitution at C-5 is immediately evident from the mass and 
composition of fragment b. In the case of the 5desoxy derivatives (IX-XV), an ion 

1. 
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. 
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b GH, ,NO) 

1 -HCO 

)I Cd&N) 

of type b gives rise to an intense peak at m/e 109, of the expected composition 
C,H,,N(cf.Fig.s4,5and6). 

Substances with OMe substituents in the aromatic ring (d. neronine, Fig 2; 
albomaculine. Fig 5) show some additional peaks, since now the loss of Me radicals 
is superimposed upon the general pathway. Such eliminations should, of course, be 
facile, since they contribute to the stability of the ions formed ; for neronine (II, Fig. 2) 
one observes peaks corresponding to the sequence sketched in Scheme II. 
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It is to bc noted that the loss of a Me radical gcneratcs another carbonyl oxygen 
function which might now partake in the expulsion of carbon monoxide. 

Whik the significant fcaturas d tbc fragmentation pattern of the hcmiacctyl 
members (cf. III, XI, XIV) of this scrics are readily ascertain4 in the light of the 
forcgoing discussion, they arc less suited to mass spcctrometrk analysis due to 
thermal lability toward elimination of water. The spectrum of krigcine (III, Fig. 3) 

l (C, ,H,W I - Me •~ GHsW ~-MC (C,H,O.) 

I \ -co - CHO 

r-Me (C,oH,W aa WW,) l ~GH,O,) 

may serve as an example. In this cast, two OH functions are availabk for the elimi- 
nation of water. Since the loss of water in the cast of the 5-hydroxy lactoncs is a minor 
process, the facile elimination of water in the hctniacctals can bc ascribed to the 
hcmiacctal OH function. Specks resulting from elimination of the clcments of water 
either upon ckctron impact or thermally would give rise to quite diffcrcnt fragmenta- 
tion patterns. Fig 3 illustrates this point. Most notably, the M-H,0 peak (m/e 329) 
is very intense and, while the usual and expcctcd fragments are easily rccognizablc 
(e.g the intense peaks h m/e 125; b,, m/e 96, as well as a, m/e 222; a-OH, mJe 205; 
a,, m/e 194). other ions arising probably from the M-HI0 species arc now also quite 
abundant. 

The mass spectrum of the ether, dcoxylycoreninc, XV, Figs 6 and 11, exhibits the 
usual fragmentation pattern leading to ions a (C,,H,,O,) and b (C,HiiN). The 
fur&r decomposition of a is interesting because elimination of the ckmcnts of 
carbon monoxide occurs even though no carbonyl function is originally prcscnt. 
Scheme III depicts formulation of the prominent fragments of the a group (cf. Fig. I 1) : 

1 -CM, 
i 

,/‘&H; q (C,d,A) 
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In the spectra of the saturated lactoncs, adihydrohippcastrine (IV, Fig 7), a- 
dihydronaoninc (V, Fig 8). adihydrocandiminc (VIII), clivonine (VI, Fig 9) and 
O-acctyklivoninc (VII), the more intense molecular ion peaks arc notabk. This 
feature, as suggested above, may reflect a grcatcr stability of the mokcular ion, both 
with respect to hydrogen atom loss and the tcndcncy towards ring C clcava~ rc- 
actions. The latter still predominate, however, as evidenced by the appearanct of 
fragments of type a and b, which arc readily accountad for by concerted or stepwisc 
cleavages of ring C. The expcctcd ionic products derived from decomposition of 
udihydrohippeastrine (IV, Fig 7) arc shown in Scheme IV. The dcpktcd scqucncc 
results in the elimination of the 4,5-bridge and yields the abundant ion b (m/e 83, 
C&N), typical for all dihydro derivatives Loss of a hydrogen atom leads to It’. 

lhc spectra of the dihydro compounds furnish some evidcncc that a stepwisc 
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rather than conccrtcd process should bc considered for the decomposition of ring C. 
Peak a, (C,,HeO& for example, is accompanied by a peak one mass unit higher 
(a’, CIOH,OJr indicating that fragmentation with hydrogen atom transfer does 
occur. In !Schcme IV, intermediate A would provide the opportunity for such transfer 
reactions, and it is suggested that a hydrogen atom from C-3a is transfencd to the 
radical site. Subscqucnt cleavage of the 4,Sbond would yield the nitrogen containing 
fragment c (m/e 96, CeH,,,N), a very abundant ion. Ckavagc of the 5,5a-bond with 
subqucnt loss of the hydroxyl hydrogen (path c) would yiek peak d (m/e 126. 
C,Hi,NO), a sequence corroborated by the fact that in the spectrum of dihydro- 
hippcastrine-OD, ion d does not retain the dcuterium atom. l’bs altcrnativc 
decomposition, i.e. rupture of the S.Sa-bond followod by 3a,4-ckavage, results in 
the base peak b (C,H9N) already mentioned (path a). Of course, loss of an acctaldc- 
hyde radical from d would also account for the genesis of b and, likcwisc, a 
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“McrAffcrty” rwmangemtnt involving the carboayl function of 1 could be thought 
of as the soura of Y (C,H,N). Unfortunately, metastabk ions are not observed in 
these spectra and, therefore, a more precise delineation of pathways is not possibk. 

Only the alkaloid clivonine (VI, Fig 9) differs in stereochemistry (crun.s B/C 
ring juncture) from the other compounds of this series, such that possible stereo- 
chemical effects on the fragmentation pattern could not be investigated extensively. 
The sptctrum of clivonine is almost indistinguishabk from that of its isomer dihydro- 
hippeastrine (IV, Fig 7), suggesting the absence of steric influence on the course of 
the decomposition. Such a result might be expected since all proposed pathways 
involve simple homolytic cleavages of labik bonds-reactions which should be 
unaffected by stereochemical detail. 

The compounds appear, however, quite sensitive to instrument operating con- 
ditions. Whik tbe gross fragmentation pattern is unaffected, differences in detail 
can be noted between successive runs, implying that some of the fragmentation 
sequences discussed above (e.g. loss of hydrogen, H,O) may represent partial thermal 
degradation. . __. 
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EXPERIMENTAL 

Low raduth spectra wee &cminal aa a modhi CEC. 21-103C auu rp0ctrosm-t~ [ionizing 

vdt8gc:7OeV;io&hgcum!ll t:tOCu;ioclwouratcmp:2WPEHi~~utioamu~rcrrobbiDad 

with a dou& focmiq mau ,pcctqmpb (CE.C 21-IlOB) [ioe vm: 7OcV; ioniziq current: 

1sOpB;tanprt minimlcmv~uc nauutytowioabam)hbotb- bnmpkawaeintmduad 

dimtly into tbc ica wulu dlamlxr. 
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