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The macrocyclic pyrrolizidine diestsr alksloi?s knsnl sp far are 

based on four aminoalcohols: retronecino (I), platynecine (II), rosmari- 

necine (III) ana otonecine (IV)lv2. We h&e nor isolated from Crotalaris 

species, two alkaloids which are diesters of a new .miqoslcohol, 68,7fi- 

dihydrolCr-l-hydroxymethyl-l,2-dehydro-&-pyrrolizidine (V), hereafter 

called crotanecine. Madurensine, isolated from Crotslaria maduransis exl I---_-- 

C. watiflora g-rowing in India, aqd anncrotina, isolated froln seed of 

C. aqawroide; obtained from Ceylon, -- arc resyectively the 6@-hydroq 

derivatives of integerrimine (VI) anli seneciocine (VII). Senecibnine is 

also present in C. ana.wroid-3s 394 . -__- 

R 

(1) R=H (II) R= Ii 

(V) R= OH (III) R= OH 
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(VI) R= Ii (VII) R=H 

(IX) R= OH (X) R-O&l 
(VIII) 

Anacrotine, m.p. 191-i92', [o]~ + 3Oo (ethanol), end madureneine, 

m.p. 175-176', were shown by microanalysis and mass spectra to have the 

empirical formula, C,&12506N, one owgen atom more than eenecionine and 

integerrimine. They are not N-oxides since they do not show the approp- 

riate reaot:.on with acetic anhydride5. Their infra-red spectra resembled 

those of eenecionine and integerrimine and had a atron& single carbonyl 

peak at 1720 cm’ (m CC14; the abeorptione of the two ester groups over- 

lap because of hydrogen bonding of the saturated ester carbony16). 

-1 
Enhanced abebrption at 3300-3500 cm indicated that anacrotine and 

medurensine contain an additional hydroxyl group. 

The nuclear magnetic resonance spectra of anacrotine and maduren- 

sine (Fig. la,b), also closely resembling those of senecionine (Fig. lc) 

and integerrimine, exhibit the appropriate multiplets for K-I-O-CO and 

magnetically non-equivalent CH2-O-CO protons (as marked on the spectra); 

these together with the easily recognised signals for the groups, (X3-CH, 

CB3-C-OH and CH3-CA = C(CO)-CH,- , of the esterifying acids (also marked 

on spectra) leave little doubt that the two alkaloids are diesters of a 

pyrrolieidine aminoalcohol with senecic and intecerrinecic acids, respec- 

tively. The presence of two hydroxyl groups is demonstrated by the loss 
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c-cl!@-co 

c-cl+-o-co 

E'EFf Spect;ra (z.t 60 MC/s j, CCC13) of (a> Anacrotina, (b) Nadurensine, 

(12) Senecionint. 
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of signals caltred at 63.22, correepcuding to two protons, cm achasge 

e-ith deuterim oride. 

Alkaline hydrolysis of anacrotine gave senecio acid and a new amino; 

alcohol, crotanecine, CSH1303H, m.p. 202-203-5°. Madureusine similarly 

gave integerrineoio acid and orotanecine. Crotaneoine thus contains the 

additional bydrolryl group and isismerio with hydroxy-retroneoine. 

Signals for ax olefinic proton typical of a 1,2-dehydrc-pyrrolizidine BSB 

apparent in the 66.0 region of the RMR spectra of orotanecine (Fig. 2) aud 

the parent alkaloids. One hydroxyl group is present as the 1-hydrolymethyl 

grouping. It oan be q hcen from the RldR and mass speotra that the other two 

hydroxyle are attached to C6 and C7. 

The RMR spectra of auaorotine and madurensiue (Fig. la,b) differ from 

those of aenwionine (Fig:lc) and integerrimine in having siguals for two 

fewer protone in the 62.0 region, one more proton in the 64.0-4.5 region 

and less comp:Licated H5R (p signifies the upfield, a the downfield multi- 

plet of a geminal pair) and CHOCOR multiplets. The latter are essentially 

simple tripleta indicative of only two, approrimately equal, splittings 

(3.5 c/s), whareae in retronecine derivatives au additional small eplitting 

is evident. The H5p multiplet in the spectrum of anacrotine, 62.60, hsa 

the appearanca of a triplet with 9.5 c/s line separationa. The possibility 

of confusion between these and other signals adjacent upfield was reaoved 

iua multiple-scan, computer-averaged spectnm which also revealed a multi- 

plet due to CROH as a group of eight lines centred at 64.6 with splittinge 

of 9.5, 6.5 c?d 3.5 c/s. This data can be acocmodated only in a 6-byd- 

row-7-acylo~~pyrrolizidine system. The H5 protons have closely similar 

chemical shifts to the H5 protons of retronecine and other pyrrolizidine 

derivatives7'13 and cau therefore be assigned in the same my: H511 - R5R 

and H5& - H5a. The magnitude of the vioinal couplings of H5S and Ii% with 

H6, 9.5 and 6.5 c/s respectively, are consistent only with the proton 



rrmngement (XC) whloh oonmpon& to a 6@-hydroxyl group and an ebuokled 

ring (0.f. dirouaeion of conformation of retroaeolne and hellotridine8). 

w$Jx “:y Hj-$ 
(Xl) * 

N 

(XII) (XIII) 

The H~s,H~ and H7,HS vioiual ooaplinge, each 3.5 o/e, require that the 

proton on C7 be E7a (o.f. diagrame (XII) and (XIII)), i.e. that the aoyl- 

0~ grcrpping is 7p ae In retroneoine. !Zhuo the 8mlnoal0oh01) orotanooiM, 

im 1-~&~ot~l-6g,7~-~&~-l,2-~~o-&-p~oli~i~~ (v). 

In thr epeotw of mdureneine (Fig. lb), the H5= multiplot ia rednoed 

to two liner, 15 o/e apart, indioating J 
Et5B 

- -15 o/e, J58,60CC.5 o/e, 

and oonslatent with a 6p-bjdrox~l group in au ebuokled ring.8 The 

epeotmm of orotarmoino (Fig. 2) ie fully ocnairtent with l truoture (V). 

Hultipletr OUL be mailpled M indicated for the H2, B3 and H5 protone. 

The eignala of the ~6, H7, H8 and H9 protcne form a band mar 64.2; in 

retroneoine, a similar grcap near 64.6 io due to the H7, BE and Hgprotono! 

The near equality in shift of the ~6, H’/ and H8 protons rooults in the 

preoenoe of strong omblnatian linea in the HUE and H54 multlplete. 5-Spin 

ocmputer oalculaticna ahow that the ompling oonatanta, J s,5p -9.5 c/e, 

JN,& 7-C c/.t J5p,60 9.5 o/ I, are in weament with the observed rpec- 

tmm. There ocuetant# are approximately the eame aa in anaorotine and w 

ocnolude that orotaneclne nleo haa an=-taokled oonformation (VIII). 
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FIG. 2 

NMR Spectrum (at 60 MC/S in D20) of Crotanecine. 

The ccnclusion that anacrotine and madurensine have structurea (X) 

and (Ix) respectively, is well supported by their mass spectra. The main 

fraeplentation pathways of the macrocyclic die&era 9,10 leave the saturated 

ring of the nucleus intact until a late stage. In accord with this, the 

spectra of anacrotine and senecionine exhibit parallel series of peaka 16 

masa~numbere apart until the point is reached where ~6 is lost. This is 

illuatrated by the follorine; fragmentation sequences in which tentative 

structures are assigned to the main peaks (S and A indicate peaks in the 

spectra of.selecionine (R = H) and maorotine (R = OH) respectively): 
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+* 
S m/e335 20% 
A m/e 351 3.52 

r R’-C%H 

F0 

L f- 
R’CO- CH3 

CO 

t 

S m/e 119 70% 
A m/e 135 342 

Sm/c 93 62% 
Am/e93 88% 

S m/e 136 30% 
A m/e 152 367, 

S m/e 121 42% 
A t?+ 137 38% 

s m/b 95 38% 

A m/e 95 35% 

S m/e 138 55% 

A m/e I54 187. 
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It is remarkable that the pyrrolisidine ring should be z-buckled 

in crotanecir.e and anacrotine , yet &-buckled in madurensine, and that 

the difference in conformation results in a change in the geminal coupling 

constant, Jga 5S, from -9.5 to -15.0 c/s. 
t 
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