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Abstract-The ‘H NMR spectra of three pyrrolizidine alkaloids of the macrocyclic diester type, retrorsine, 
seneciphylhne and seneczonine, plus their three N-oxzdes have been assigned. Previous zH NMR studies of these 
pyrrolizidine alkaloids have stressed the difficultzes of spectral intrepretation. The results reported here will provide a 
useful resource for analysis of tertiary structure m these and related compounds. 

INTRODUaION 

Retrorszne, seneciphyllzne and senecionzne (Fig. 1) are 
members of a large group of phytotoxins known as 
pyrrolizidine alkalozds (PAS) that are native to Seneczo 
uuIgarts [l]. These three PAS are potent hepatotoxins [l, 
21 and have exhibited genotoxiczty [3, 41 as well as 
carcinogeniczty [S]. 

In our attempt to isolate varzous zn uztro hepatzc 
metabohtes of these complex macrocyclic PAS, we ob- 
served that the ‘H NMR data appeared to be somewhat 
lacking. Earher revzews detailed the spectra of many of the 
nonesters, monoesters and dzesters of PAS [6, 71. 
Although an excellent ‘H NMR study of seneczonzne was 
recently published [S], many pubhcations are somewhat 
zncomplete in detazlzng the entire proton spectra of the 
macrocyclzc PAS. This zs quote often due to the dzfficultzes 
zn distznguzshzng the protons of overlappmg or obscured 
signals. In addztzon, there are scattered reports of NMR 
data for the N-oxides which generally are the macrocyclic 
compounds found zn the greatest abundance zn the 
Seneczo species [9]. 

Retrorszne, seneczphyllzne and senecionzne are some of 
the most common PAS, as usually one and quite often two 
or more are found n-z many Seneczo speczes [ 1). They vary 
zn the substztutzon (Me or CH,OH) at the C-18 posztzon 
(R,) and their degree of unsaturatzon at the C-19 positzon 

19 
R, OH 

Retrorsme R, = CH,OH, R2= Me 

Seneaphylltne R, = Me, R2 = CH, 

Seneclome R, q Me, R,= Me 

Fig. 1 Macrocychc pyrrolizldme alkaloid numbered according 

to the Chenncnl Abstracts method. 

(R,). Consequently, it was felt that the ‘HNMR of 
macrocychc PAS should be carefully examined under high 
resolution conditzons. 

RESULTS AND DISCUSSION 

The ‘HNMR spectra obtained zn these studzes ex- 
hibited the typical pattern of 12-membered macrocychc 
PAS [lo] with pertinent data reported zn Tables 1 and 2. 
Complete asszgnments for all protons of senecionme were 
established by connectzvzty of nuclear spm coupling 
patterns and were found to agree with previously pub- 
lished spectra [8]. Additional assignments of the related 
compounds senecionzne N-oxide, seneciphylline, senecz- 
phyllzne N-oxide, retrorsine and retrorszne N-oxide, have 
been achieved by szmzlar homonuclear decouphng experi- 
ments and comparzson wzth the assignments of sen- 
ecionine. Detailed simulatzons of complex spzn multzplets 
were not performed Prevzous reports have expressed 
difficulty with assignments of H-3, H-5 and H-6 m the 
necine base due to Insufficient spectral dzsperszon Hzgh 
resolutzon condztzons at 360 MHz permztted the establish- 
ment of the connectivity for each band of resonances for 
these hydrogens. Comparison of spectra for seneczonme, 
seneczphyllzne and retrorszne exhibited distinct varzatzons 
in shzeldmg of H-13, H-14, H-18 and H-19, which are 
characterzstzc of the substztuent induced perturbations of 
the local magnetic environment. Sznce seneczonzne retains 
methyl groups at positzons 18 and 19, we refer to Tables 1 
and 2 for comparzsons of spectral data relative to the 
seneczonme model. Introductzon of a hydroxyl sub- 
stztuent at C-18 (retrorsine) produced a nonequivalence of 
the two remaming H-18 protons and a decreased shzeldzng 
effect of 6 2.4 relative to seneczonzne All other hydrogens 
of retrorsine exhibited identical shielding patterns and 
couphng constants when compared to seneczonzne, wzth 
the szngle exception that H-3 exhzbzted a simple first order 
pattern of vzcznal couphng. The more drastic reduction of 
C-19 to a vinyl substztuent (seneciphyllme) produced 
perturbations to the shielding of H-14, H-18 and H-19. A 
characteristzcally small geminal couphng constant was 
observed for the two vinyl protons (2.0 Hz), as well as a 
decrease zn shteldmg of 64 relatzve to seneczonme. A 
szmzlar decreased shielding of S l-l.8 was observed for the 
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Table 1 ‘H NMR data for retrorsme, seneclphylhne and seneclonme 

Retrorsme 

Proton 6 (ppm) 

Seneclphylhne 

Proton 

2 6 20 

3a 3 94 

3b 3 39 

5a 3 26 

5b 2 53 

6a 2 38 

6b 2 15 

7 500 

8 4 27 

9a 5 49 
9b 4 09 

13 1 64 

14a 2 19 

14b 

18a 
18b 
19a 

19b 

20 

1 73 lH, m 

3 74 lH,d,J=112Hz 
3 62 lH,d,J=112Hz 
0 85 3H,d,J=64Hz 

5 71 

21 1 83 

lH,d,J=16Hz 

lH,d,J=159Hz 
lH, ddd, J = 15 9 Hz, 
J=63Hz,J=18Hz 
lH,t,J=87Hz 

lH, m 

1 H, dd, J = 14 0 Hz, 

J=58Hz 

lH, m 

lH,t,J=33Hz 

lH, m 
lH, d, J = 11 8 Hz 

lH,d,J=llgHz 
lH, m 

6 18 lH,d,J=15Hz 6 18 lH,d,J=lXHz 

393 lH,d, J = 157 Hz 3 93 1H. m 

3 38 lH,d,J=20Hz 3 38 lH, m 

3 26 
2 53 
2 34 

2 09 

495 
4 24 

5 39 
401 

lH, d, J = 13 1 Hz 2 94 

lH,q,J=73Hz, 
d, J = 1 1 Hz 

3H, dd, J = 7 1 Hz, 
J=16Hz 

2 74 

1 53 

5 23 

504 

5 83 

1 87 

lH, I, J = 80 Hz 

1H. m 

lH, dd. J = 13 7 Hz, 

J=56Hz 

1 H,m 

lH,t.J=30Hz 
lH, m 
lH,d,J=112Hz 

lH,d,J=112HL 

lH, d, J = 169 Hz. 

r,J=20Hz 

lH, d, J = 169 Hz, m 

3H, 5 

lH,d,J=20Hz 

lH,d,J=20Hz 

lH, y, J = 72 Hz, 

d, J = 10 Hz 

3H, dd, J = 6 8 Hz. 
J = 12 H7 

Seneclonme 

d (ppm) Proton 

3 25 

2 53 

2 37 

213 

500 
4 27 
5 48 
403 
1 64 

3 16 

1 75 

131 

090 

5 71 

I x2 

lH,t,J=19Hr 

lH, m 

I H, dd. J = 14 1 Hz. 

J=58Hz 

IH, m 

IH, ,n 
lH, nt 
lH,d,J=119Hz 
lH,d,J=119Hz 

IH, m 

lH, dd. J = 12 0 Hz 

IH, m 

3H, > 

3H d, J = 6 5 Hz 

1H. m 

3H. dd. J = 7 2 Hz, 

J = 18 Hz 

Table 2 ‘H NMR data for retrorsme N-oxide, seneclphylhne-N-oxrde and seneclonme N-oxide 

Retrorsme N-oxide Seneclphyllme N-oxide 
~,*.v^;L?‘li’s;’ _~ 

on carbon 

No 6 (ppm) Proton 6 (ppm) Proton 

2 6 28 

3a 461 

3b 451 

5d 404 lH, m 3 93 lH, m 3 99 

5b 3 68 1H. m 3 63 lH, m 3 67 

6a 2 97 

6b 2 47 

7 

8 

9a 
9b 

13 

14a 

14b 
18a 

1% 

19a 

:9b 

20 

21 

5 45 

4 94 
5 51 

421 
1 no 

2 18 

1 80 

3 74 

3 6-8 

0 84 

5 84 

1 86 

lH, m 

lH, d, J = 17 1 Hz, m 

lH, d, J = 17 1 Hz, m 

lH, m 

lH, dd, J = 144 Hz, 

J=56Hz 

lH, m 

lH, m 

lH,d,J=122Hz 
lH,d,J=122Hz 

lH, m 

lH, d, J = 13 9 Hz 

lH, m 
lH,d,J=112Hz 
:-If, d. a[ = 1;. 2 Hz 

3H,d,J=67Hz 

lH,d,J=74Hz, 

y,J=05Hz 
3H, dd, J = 7 1 Hz, 

J=l4Hz 

6 28 lH, m 6 25 

4 55 lH, m 4 62 

4 55 lH, m 4 52 

2 97 lH,d, J = 170Hz 2 98 

2 47 1H. m 246 

544 lH, m 

4 79 lH, in 
542 1H. m 
4 12 lH, m 

290 lH, d. J = 16 1 Hr 

2 72 lH, m 
1 23 3H, Y 

5 50 

4 89 

5 53 

4 16 

1 60 
2 14 

I 78 

1 31 

5 23 lH,d,J=15Hz 

5 0: :H,d.J=::Hi 

5 94 lH,q,J=69Hz 

090 3H.d J=67Hz 

5 84 

1 89 3H,d,J=70Hz 1 85 

Seneclonme N-oxide 

6 (ppm) Proton 

lH.d,J=15Hz 

lH.d.J=62Hz.m 

1H d.J=62Hz. 

r,J=24Hz 

1 I-I. “I 
lH, d. J = 120 Hz, 

r,J=60Hr 
1 H, ,,I 

IH. m 

lH, m 

lH, ,n 
lH.d.J=125Hz 

lH.d.J=125H~ 

IH. m 
lH, d, J = 13 7 Hz 

IH. m 
3H. \ 

1H.d J=70Hz, 

q. J = 1 2 Hr 
3H. dd. J = 7 5 Hz. 
J = 16 Hz 
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H-14 protons of seneclphylme, as well as an Increased H- 
14 geminal couphng constant 

As reported previously [ 11, 121, the chemical shifts of 
the necme base hydrogens of the retronecme moiety are 
important parameters for the analysis of primary and 
tertiary structure m related compounds Furthermore, 
characteristic patterns m the deshleldmg of hydrogens m 
the retronecme moiety were recognizable m all of the 
N-oxides The H-3 resonances were the most strongly 
deshlelded, shifting ca 6 1 5 relative to the reduced parent 
compound. In the parent PA the H-3 gemmal pan yielded 
nonequivalent resonances, which exist m measurably 
different magnetic environments, whereas, m the 
N-oxides, the H-3 gemmal pair of resonances were nearly 
unresolved at 360 MHz The H-5 gemmal pair were 
deshlelded by ca S 0 8 relative to the parent compound 
with retention of the nonequivalent magnetic envlron- 
ments for each of the gemmal protons The remammg 
hydrogens of the retronecme moiety H-&H-8 all ex- 
perlenced deshleldmg effects of ca 6 0 5 when the N-oxide 
was formed. Other hydrogens, H-9 and components of the 
seneclc acid moiety were virtually unaffected by oxldatlon 
of the mtrogen The significant perturbation to the H-3 
resonances m the N-oxides indicated a slgmficant re- 
structurmg of the magnetic environment of the un- 
saturated rmg. It was noteworthy that H-5, H-8 and H-3 
are all one bond removed from the nitrogen and yet H-3 
was most strongly perturbed m the macrocychc dlester N- 
oxides. This 1s m marked contrast to the 13C NMR of the 
macrocychc dlester N-oxides where C-8 exhibits the 
largest change m shielding upon oxldatlon of the nitrogen 

[I31 
The ‘H NMR analysis of these macrocychc PAS have 

been a great aid m the ldentlficatlon of toxic metabohtes 
A recent UI I/UTO mlcrosomal study performed m our 
laboratory identified the compound 19-hydroxy- 
seneclonme, heretofore not previously reported m the 
literature [ 141 

EXPERIMENTAL 

Pyrrolmdme alkalouis Retrorsme, seneclphylhne and seneclo- 
rune were extracted and isolated from S vulgarry using methods 
developed m our laboratory [15, 161 Standards of retrorsme N- 
oxide, seneclphyllme N-oxide and seneclomne N-oxide were 

prepared by pubhshed procedures [ 17-201 
360 MHz ‘H NMR spectra Spectra were recorded at 21-23” 

Optlmzatlon of the magnetic field homogeneity was achieved by 

computer adJustment of the room temp shim colk Spectral 
resolution IS less than 6 0 002 All chemical shifts were referenced 

to TMS = 60 (residual CHCl, = 67 240 m CHCl,-d) 

Resolution enhancement was achieved by double exponential 

apodlzatlon [21] All spectra were time-averaged for nommally 

100 90” pulses Field-frequency lock was mamtamed by a time- 
shared ‘H heteronuclear lock 
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