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Abstract - Three macrocyclic pyrrolizidine alkaloids have been isolated 
fnm the flowers of CrotaZaria roeenii, Ike of them , madurensine 1 and 
7-acetylmadurensine 2 are rare but known alkaloids for which full spectro- 
scopic data have been generated and some erroneous ~QMR data in the litera- 
ture corrected. Crotaflorine 3, an alkaloid previously given a “probable” 
structure has been subjected to detailed spectroscopic analysis and shown toal 
have structure 3. The recently introduced Y0LCC’ N4R technique has been 
used to distinguish between the two alternative structures 1 and 4. 

‘lbe v CrAaZoria represents sam 600 species thnxgbcut the tropics and subtropics of tiich 500 

species occur in Afrioal. In Ethiopia the genue is representred by 85 species1 of ahioh only 10 

have been subjected to varying degrees of chemical imestigation. Crotuhria rosenii ia one of the 

15 ends&c species and is reported to be one of the toxic plants’ causing livestock poisoning. We 

hawa recently examined the various parts of the plant and identified the macrocyclic pyrrolizidine 

alkaloids mdurensine 1, ‘I-acety lmduremine 2 and crotaflorine 3. me first tan alkaloids are 

rather ram and have been fauxl cmly in C. mdureneis and C. agatiflora 394 . me stnxturee of 

these m alkal01d.e were detezmined cm the basis of IR, KY and %NMR data only. Wehavencw cmd- 

uoted detailed NblR studies inoluding +I-+I and 13C-lH shift correlated as well as NE spectra which 

have enabled us to m&e unequiwxml aseQpm3nts of the protoo aed carbon them loal shifts and also 

to revise sloe ermneous assigneemte made reoently by other workers5. 

‘Ihe third alkaloid, crotaflorine 3, has been isolated fmn C. agatiflora by Gulvemr and &ith6 

as one of eight alkaloida and a “probable structure” assigned to it on the basis of partial NMR and 

Ibs data. We have also subjected this caqxnmd to rigorous PMR epectmscopic studies and confixmd 

tbe structure to be 3. 

1 R1 = R2 - H 
4 

2 Rl = &It2 = Ii; 3 Rl=H, R2=iYI 
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Ihe application of the recently introduced "CXX.X!" NW technique (conrelation spectroscopy via 

lcmg range cmplings), tich is used to investigate stall-range hetemrruclear ca~plings, has also 

been used to establish the nods of attachmxt of the esterifying diacid to the crotanecine base as 

shawn in structure landnot asin 4. 

PESULTS AND DISCUSSION 

Alkaloid 1 showed m.p. 174-175°C and a molecular fonrula of C18B251D6 (IiBW 351.1687). The 

proton NBB spectra at 60 and 90 Miz were not sufficiently resolved to allow ccnplete assignments 

of the various protons. lbe 400 b2Iz spectrum, hoaever shcwed clearly all the protons (Fig.1) and 
the suggested assignumnts in Table 1 vxxe cnnfirnmd by the 'H-lII shift correlated studies (Pig.2). 

?. 0 6-O 5'0 b.0 5.0 1.0 

Fig.1 %K%Ki spectrum of madurenslne 1 at 400 MUz in UXX3 

Table 1 +lNMB (400 BUs. CDCl,, 6 'IX3 = 0 ppn) chemical shifts of 1,2 and 3 

Proton 1 2 3 

c2-H 

u=cx 
-73 

C5-H, 

-% 
C6-II, 

C7-% 
C8-Ho 

8-H 

-H 

c12-H 

c13-Ba 

-)6 
ClG-bk 

CIG-CII;! 

c17-w 

C18-S 

ClS-Be 

-cm 

6.17 b 

4.02 &I, (J=14.4) 

3.42 dd, (J~14.4) 

3.45 dddd(J~l4.4, 6.2) 

2.77 d(J=14.4) 

4.98 t(J=2.36) 

4.55 m 

4.26 m 

5.81 d(J=l0.3) 

4.19 d(J=10.3) 

1.91 m 

1.73 d(J=11.7) 

2.26 t(J=11.7) 

1.38 s 

- 

D.86 d(JF6.7) 

7.12 q(J=6.7) 

1.28 dd(J=6.7, 1.8) 

3.05-3.1 

- 

6.20 b 

3.92 d(J=ll.7) 

3.85 m 

3.49 ckf (J=16.2,2) 

2.85 d(JE14.4) 

5.23 t (J-4.2) 

5.35 q 

4.45 m 

5.60 d (J=10.8) 

3.95 d(J=10.8) 

2.10 m 

1.73 d(J=11.3) 

2.25 t (J=l2.0) 

1.39 s 
- 

0.83 d(J=6.8) 

7.06 q(J=6.8) 

1.78 d(J=7.4) 

3.2-3.3 

2.15 s 

6.19 b 

4.04 c&l (J=l6.8) 

3.44 dd(J=14.7,3.3) 

3.46 dddd(Jd14.4,2) 

2.78 d(J=14.7) 

4.99 t (J=2.7) 

4.56 m 

4.28 m 

5.83 d(J=11.5) 

4.25 d(J=11.4) 

1.98 m 

1.73 d(J=12.3) 

2.29 t (J=12.3) 

3.75'dd(J=21.6,10) 

0.81 d(J=8.6) 

7.14 q(J=8.6) 

1.78 d(J=7.9) 

3.0-3.1 

C21-I& 

NCEexperiaentswere also doneon lto establish the stereochemistryoftbs necine base atC-6, 

C-7 andC8. Irradiation of C7-Ea (4.54 ppn) showed WE enhancanent of C5-Ha, C&B and C8-B 

protons, which requires that these protons be on the same side of C7_Ho. NOE experirrents also 

confirm the configuration of the ethylidene group of the esterifying acid. Irradiation of C18-E 
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(7.12 m) &nwxI NCE enhanmt of ClS-ble but not of the Cl3-protans. This ia consistent with the 

location oftheCl&proton away fmmtheClJ-hydxgens as xuldbs expected inthetrans configura- 

tion. lhe position of the quartet observed at lcwsr field than expected for the C18-Fi is due to 

the anieotIopic effect of the Cl5 -carbonYl&ww. FUtherKErxperiawtswithlpxwwl theco- 

nfiguration at Cl1 and Cl2 as well as the connation of the diester part in the IIucrocyclic~ringl' 

Fig. 2 

The ClS-hy-ns are close to C13-I$,, which is antiperiplanar to CI2-H, s+ce its triplet-type 

signal indicates athre+bondaxpling constant Of 11-12 H!z in ccQtrast to c13-Ea signal Rhicb is 

a tiblet. Wreover, the C17-hydxqens are near neigh- to the Cl& as well as the ClS-hm 

gens and, finally, irradiating the ClG-protoas gave a significant WE at Cl2-E. Dreiding models 

clearly show that all these NE findings are consistent only with the one configuration depicted in 

Fig.2. For all others "iqcesible" ccnfonmtions wuld have to be assuwd. llus, not only the 

configuration of 1 is determined to be exactly as reported earlier7 ; wz even ccllld arrive at a good 

estinrrte of the preferred confonration of the macrccyclic ring. It was further noted that the (I) 

spectrum of 1 is in excellent agFeanent with literature data7. 

'Ihe chemical shifts of the fcurteenoutofthe eighteencarbon resonancesignals In the 13c.N& 

spectnrmof lwere unequivccally assigned by Nnsional 13ClIi shift correlated andDELT 

spectra. Ibe~res3nances~softheremainingfourquaternary carbonswzreassignedby 

ccmparing chemical shift values with those of similar ccnpoun ds in the literature8". FEently 

aaody et al have reported the 13CNbiR qzectrtnn of u&urensine5. Ccqmrisnofthevaluesv+ecbtained 

by 2IXecbniques with those of Mody et al revealsthatthe report ofthesewtiers contains in- 

rrect assignments for C-3, C-5, C-6, C-7, C-8 and C4 carbons. 

Fig.3 +i-+I ax&Cal shift correlated 2-D (c&y 45) NdR SpectrWI of 
nxxhuensine1inCJX13 at400 Miz. 

Alkaloid 2 &xxed q .p. 157-160°C and a mlecular fomula of CaOQ,W7 (BROS 393.1787). Treat- 

ment of 1 with acetic anhydride and pyridine led to 2, 7-acetyti adurensine, identical in all 
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respects With the natural product isolated fxun the plant. TheNRspectral data for 2 are given 

in Tables 1 and 2. 

Alkaloid 3, cmtaflorine, shc+s~I q .p. 178-181°C and a molecular fomula of C181i25NC7 (I%45 

367.1631). lbe lIEMRspectmmclosely resenbledthatofnsdurensine I. lbe spectmmhcnyemr 

differed by the absence of the ED-C-Me signal at 1.38 Pam and the appearance of a da&let of &&- - 
let of two protons at 3.75 ppn, with a geminal coupling constant of 21.6 IIs, appropriate to a 

QX-CE2-C?I group of retronecic acid (Fig.4). Since the chemical shift of C5-II8 hydrogen in crota- 

florine is a doublet at 2.78 ppn (J=14.7&,), the nscrocyclic ring is forned through C+14. The 13C- 

M!R data for crotaflorine was assigned by the application of lb-techniques and by canparing With 

chemical shift 

flora only. 

values for fn&rensine 1. This md has so far been reported fraa C. agati- 

Fig.4 %KMK spectrum of crvtaflorine 3 at 400 His in UC13 

Table 2 13C.NR (100.61 MU , CD&, 6 ?ys = Cppn 1 chanical shifts of 1,2 and 3 

carbon No. 1 2 3 

1 135.5 135.4 135.4 
2 136.2 136.1 136.3 

: 86.4 61.5 ,61.1 66.5 66.4 61.4 
6 75.1 74.5 75.2 
7 74.7 76.8 74.6 
8 73.7 71.5 73.7 
9 59.5 58.9 59.8 
10 177.1 178.0 174.9 
11 76.3 75.9 81.2 
12 40.5 39.6 37.2 
13 27.5 27.2 27.3 
14 129.7 1 31.8 129.1 
15 167.0 167.3 166.9 
16 24.5 24.3 66.5 
17 10.8 10.6 11.5 
18 142.6 142.1 143.0 
19 15.0 15.0 15.0 
20 - 170.3 
21 -- 20.8 __ 

&mz of the IIE% intriguing asps&s of the structure of rmcrocyclic diesters is the difficulty 

to distinguishbetWeen a stmcturelikethatofmadurensine land an alternative structure repre- 

sented by StNCtUlY? 4. These alternative structures reeult frun the consideration that the sane 

esterifying diacid nery be linked to the C-9 and C-6 alcohols of the necine base in two different 

Ways. lbe usual spsctroswpic techniques do not avail thesselves to enable unequivocal distinc- 

tion between these tv~structures. A lot of spectroscopic data presented for wcn~yclic pym 

lizidine alkaloids in the literature, except those backed by x-my studies do wt. infact rule out 

such alternative structures. Ihe current knmledge in biosynthesis of these alkaloids &es not 

also enable us to make such distinctions. 

We have found that the "CDI.E' NbfR technique, recently proposed by Kessler and makers 
10 

, 
to be specially suitable to the solution of such problens. The UXLC te&nique is a heteronuclear 

2D-NMR experinkant which is perfomsd by optimizing the pulse sequences in such a way that the 

la.rgz coupling wnstants are ignored and couplings of relatively -11 values, say, 4-6 Ks are 

observed. In contrast to other heteronuclear wrrelation spectra, cross peaks can be observed in 

tbeU.XCCspectmmeven for signalsof quatemarycarbons. 13C-'H correlated spec tra of this type 

nmry enable cmetoobservelong-range wuplingswhichmayexist even~benthereareoxygen or other 

heteroa~inbetaRenthemvpliogcarbonandhydragenatcas. 
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TheccuX:apectrmnof llmdUweineliagiven inFig.5. lbuatodistinguiahbetaeentbetao 

stn&uree I and4, one!v,uKtdneedto establiehwlthnhich of the tar0 carbonylp;rroupsoftbe 

esterifying diacid the CSprotcsm couple. The c&stiicaI shifts of the tm carbrmyls (177.1 and 

167.0 ppa) are easily asei~ed since odly one of the two ie a ccnjugated carbonyl. In the CcLoc 

epectrumacrosspeak iacbeervedfortheC9-protone andtbe non-conjugatedcarbcnyl (177.1p1&, 

Ibie enableeueto axelude that nmdweneinebastbe etxucture represantedbylandnot4. 

Fig.5 wxx?' apectIumof nmdweneine 1, couplinge optimizgi at 6 Hz. 

EXPERIMENTAL 

CeneraIBqerinxrtalPmce&res 

Meltingpointsweredete~~onhotstageBockMcaoecope apparatueandareuncorrected. IR 
epectraweredetemni_nedoaaFerkinKlnmrmDdel727instrument. c@tic&l x-chtions wxe me- 
an aFerkinEW?ramde1241polarin&er. NdllepectrawerecbtainedueingaBrukerAMOOapectro- 
meter. LIassspectraaere~fdedonaVarian~5and(8_7spect~ter. 

plant Material: C. roeenii was collected in Lepie forest, ca 25Okm South of Addis Ababa, in April 
1995. 

Extraction: 400 gof dry andpoardered flcwere, afterdefattingwithbexane, wereextractedwith 
aethanol (eoxhlet) to give 155 g of extract. Thiswsseubjectedtotheusualacld(2.5%BC1)-base 
(anmnia) extraction to give 3.01 g (0.75%) of alkaloidal extract. 

S 
3.0 g of the alkaloidal extract was put on 100 g silica gel Wxls 60) and aubj- 
l-cblorofonn gradient elution. 33, 5% and 30% methanol in chloroform eluted 35, 

250 and256 mgof abut CrystallFnealhaloids~~tively. lbeee were pvified by several 
micro-columchxwRt~y, lhe first fraction (35 ag) gave, after such pu‘ificaticn, 15 ng of 
7-acetylnrrdurensine 2 (0.004%). lbe second fraction (250 a@ gave 110 ng of madurensine 1 (0.027%). 
The third fraction (250 ug) gave 150 mg (0.038%) of crotaflorine 3. 

Acetylation of M&reoaine1:Aanxture of 10 ag of aadureneine, 1 ml of acetic anhydride and 2 
WIx3 of pgridinewasst~atmamtemperaturefor3days. 10 g of ice wae added and the eolu- 
tiar stirred for 2l~~rs, neutralizedwitb 25ml of saturatedsodiuwbicarbmateandextractedl~th 
1OOml ofdichlorcrmetbane,driedandthe eolventevaporatedtogive 8 ngof 7-acetylmadureneine 2. 

E#ysic.al andSnectroscopicI&taof Alkaloida: 
kWurensine+l, m.p. 174175*C (Lit. 175-17603); IR III& cm-': 1720, 3420: MS, &atz (Rel.Int.): 
351.1667 (M, 23), 307(49), 264(17), 137(56), 136(64), 135(100), 93(40), 80(731. Fbr NQ( data 
eeelpablee la& 2. 
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'I-AcetyIasdurensine 2; m.p. 158-160°C; IR KBr cm-': 
349(37), 307(13), 

1740, 3550; B'S, 3s (ReIiInt.) 393.1787 Cbl;3,, 
153(43), 93(10), 81(17), 80(14), 43(100). For I&I. data see Tables 1 and 2. 

Crotaflorin$-3: m.p. 178-181°C (Lit. 179-18006); IR KBr cn-': 1730, 3570; KS Mfz (Bel.Int.) 
367.1631 (b4 
'IWbles 1 and'2. 

67), 336(29), 323(26), 137(56), 136(76), 135(100), 93(49), 80(;6). For Nbp. data see 

@tical Rotations: sokvent: chloroform; concentration c=2 

Alkaloid 
Wavelength in nm 
589 578 546 436 365 

Badurensinel +190 +17 +21 +40 +74 
'I-AcetyInsdurensine 2 + 66 +68 +79 +138 +206 
Crotaflorine 3 + 32 +35 +39 +74 +129 
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