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(+)-13-epi-Dicrotaline 1 
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Treatment of (+) -retronecine (1 ) with the trimethylsilyl ether of 3-hydroxy-3-methylglutaric anhydride 
gave a mixture of the 7- and 9-monoesters of (+)-retronecine (1). Lactonisation of this mixture was 
achieved using the corresponding pyridine-2-thiol esters to give (+) -dicrotaline (1 3p- hydroxy-I 3a- 
methyl-I ,2-didehydrocrotalanine) (2) and (+) -1 3-epi-dicrotaline (3). The absolute configuration at 
C-13 in both compounds was established by a sequence of selective reactions on each epimer to yield 
opt ica I I y active meva lo no lacto ne. 

More than 200 pyrrolizidine alkaloids have been charac- 
terised.2 These alkaloids are important for their widespread 
occurrence, and because they exhibit a broad range of bio- 
logical activities, particularly hepatot~xicity.~ Many of these 
alkaloids contain (+)-retronecine (1) as the base portion 
(' necine '). In order to exhibit hepatotoxicity, the necine must 
contain a 1,Zdouble bond, and it must also be esterified at 
C-9.4 The most toxic pyrrolizidine alkaloids are those in 
which a necine diol is linked to a diacid to form a macro- 
cyclic dilactone. About 20 of these dilactones are known which 
contain substituted glutaric acids esterified to (+)-retronecine 
giving rise to 11-membered macrocycles, as in dicrotaline (2). 

Most of the synthetic work in pyrrolizidine alkaloids has 
been directed towards the n e c i n e ~ , ~ * ~  including retronecine (1): 
The total synthesis of natural macrocyclic pyrrolizidine dilac- 
tones has been the outstanding challenge in this area. The 
first step in the resolution of this problem was taken by 
Robins and Sakdarat when they constructed an unnatural 11- 
membered dilactone with (+)-retronecine.' Treatment of 3,3- 
dimethylglutaric anhydride with (+)-retronecine (1) gave a 
mixture of the 7- and 9-monoesters of (+)-retronecine. 
Lactonisation was achieved by the Corey-Nicolaou double 
activation method using the pyridine-2-thiol esters.8 The 
pyrrolizidine alkaloid analogue, 13,13-dimethy1-1,2-dide- 
hydrocrotalanine (4) was formed in an overall yield of 84%. 
Subsequently, a range of 13,13-disubstituted 1,2-didehydro- 
crotalanines was prepared.l0 Recently, Huang and Meinwald 
managed to prepare the 0-acetyl derivative (6) of crobar- 
batine together with a diastereoisomer.ll Unfortunately, they 
could not complete their synthesis of the alkaloid, nor could 
they decide which of their two products was a derivative of 
natural crobarbatine (7). 

We chose dicrotaline (2) as our synthetic target for a 
natural macrocyclic pyrrolizidine alkaloid since this is the 
simplest of the 1 1-membered macrocyclic diesters of (+)- 
retronecine. Dicrotaline was reported as a constituent of 
Crotalaria dura Wood and Evans and C. globifera E. Mey 
(family Leguminosae) by Marais in 1944.12 There were no 
spectroscopic data available on dicrotaline, nor was the 
stereochemistry at C-13 in the acid portion known. We there- 
fore decided to synthesise both C-13 epimers of dicrotaline 
and to identify it by comparison with natural material. The 
stereochemistry at C-13 in both epimers would then be 
established by degradation of each acid portion to a com- 
pound of known absolute configuration. 

Results and Discussion 
A sample of (+)-dicrotaline (2) was isolated from CrotaIaria 
dura seeds in 0.5% yield. This material was initially obtained 

(61 R = A c  
( 7 )  R = H  

as an oi1,'V6 and so solid derivatives were prepared. Subse- 
quently, both natural and synthetic dicrotaline have been 
crystallised from acetonitrile, m.p. 134-1 35 "C. 

Preliminary experiments on the formation of dicrotaline 
were carried out with (+)-retronecine (1) and 3-hydroxy-3- 
methylglutaric anhydride (8). The (+)-retronecine used in our 
work was obtained by alkaline hydrolysis of retrorsine, which 
is the principal alkaloid found in Senecio isatideus ~1ants.I~ 
3-Hydroxy-3-methylglutaric acid was prepared by the method 
of Klosterman and Smith,14 and it  was converted into the 
anhydride (8) with thionyl chloride. Treatment of (+)-retro- 
necine (1) with the anhydride (8) gave a mixture of the 9- (9) 
and 7- (10) monoesters of (+)-retronecine (100% yield) in a 
ratio of ca. 2 :  1 as judged from the 'H n.m.r. spectrum 
(Scheme l)." This mixture of monoesters was converted into 
the corresponding pyridine-Zthiol esters in dimethylform- 
amide.' Attempted lactonisation of this mixture by heating 
at reflux in dilute dimethylformamide solution gave an oily 
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Me OH dicrotaline (2) was typical for a macrocyclic pyrrolizidine di- 
ester. In particular, the ion at m/z 136 is characteristic for 
pyrrolizidine die~ters.~ The key feature in the 'H n.m.r. 
spectrum of dicrotaline is an AB system due to the non- 

+ C-7 monoester equivalent protons at C-9. The chemical shift difference 
between these protons is 1.24 p.p.m. This is the largest value 
so far observed for an 11-membered macrocyclic diester of 
(+)-retronecine, but it is the same value as that recorded for 
the related pyrrolizidine alkaloid analogue (4).'O 

The second component of the cyclisation reaction, obtained 
in 36% overall yield, RF 0.61, was identified as (+)-13-epi- 
dicrotaline (3). This material could not be crystallised and 
was characterised as the hydrochloride salt. The mass spectrum 
of the epimer (3) was very similar to dicrotaline, while the 
major difference in the 'H n.m.r. spectrum of (3) was the 
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Scheme 1. 
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Scheme 2. Reagents: i ,  H2-Pt0,-AcOH; ii ,  Na-liq. NH3; i i i ,  Ph2CHNH2; iv, Ba(OH)2 

product. The major component of this mixture was separated 
by preparative t.1.c. (31% yield) and was shown to be a mixture 
of the diastereoisomeric 9- (1 1) and 7- (12) senecioate mono- 
esters of (+)-retronecine by the following spectral data. A 
molecular ion at m/z 237 in the mass spectrum indicated the 
loss of carbon dioxide and water from the starting mono- 
esters [(9) and (lo)]. The presence of the a$-unsaturated ester 
was apparent from bands at 1 700 and 1 650 cm-' in the i.r. 
spectrum, and from at 220 nm ( E  10900) in the U.V. 

spectrum. The two methyl groups attached to unsaturated 
carbon were observed in the 'H n.m.r. spectrum at 6 1.90 and 
2.18. 

The facile decarboxylation and dehydration observed led 
us to protect the t-hydroxy group in the anhydride (8) by 
formation of the trimethylsilyl ether. Reaction of the pro- 
tected anhydride with (+)-retronecine gave the expected 
mixture of 9- and 7-monoesters, which was cyclised in chloro- 
form using the pyridine-2-thiol esters. The crude products were 
purified by acid-base recycling, which also removed the tri- 
methylsilyl protecting group. The two main components 
(75% yield), present in ca. equal amounts, were separated by 
preparative t.1.c. The less polar component, RF 0.68, obtained 
in 32% overall yield was shown to be (+)-dicrotaline by com- 
parison with authentic material (undepressed mixed m.p. and 
almost identical [a], i.r., 'H, and n.m.r., and mass spectra). 
The fragmentation pattern observed in the mass spectrum of 

smaller chemical shift difference of 0.98 p.p.m. for the protons 
at C-9. 

In order to establish the absolute configuration at C-13 in 
(+)-dicrotaline (2) and (+)-13-epi-dicrotaline (3), a sequence 
of two selective reactions was carried out on each epimer to 
yield optically active samples of mevalonolactone (Scheme 2). 
Thus, hydrogenolysis of the allylic ester in (+)-dicrotaline (2) 
gave the retronecanyl ester (13). The structure of this 
monoester was established by basic hydrolysis of part of 
the sample to (-)-retronecanol (16) and 3-hydroxy-3- 
methylglutaric acid. [A comparison sample of (- )-retronec- 
anol was prepared by hydrogenolysis of (+)-retronecine ( l ) . ]  
The retronecanyl ester (1 3) was reduced with sodium in liquid 
ammonia or lithium borohydride Is to give (R)-(-)-mevalono- 
lactone (14), characterised as its benzhydrylamide (1,l- 
diphenylmethylamide) (I  5).16 Since both these reducing agents 
are known to reduce esters in the presence of acids, it follows 
that the stereochemistry at C-13 in dicrotaline is S. 

The optical purity of the benzyhydrylamide (15) of (R)-(-)- 
mevalonolactone obtained by degradation of ( 4-)-dicrotaline 
was shown to be >98% as follows. In its 'H n.m.r. spectrum, 
the racemic benzhydrylamide of mevalonolactone shows 
doubling of the signals on addition of the chiral shift reagent 
Eu(hfc),. Previous determinations of the optical purity of the 
benzhydrylamide (1 5 )  have utilised the benzhydrylic 
but we found that on addition of ca. 0.1 equivalent of Eu(hf& 
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the methyl signals of the diastereoisomeric complexes were 
well separated in the 'H n.m.r. spectrum recorded at 90 MHz. 
The sample of amide (15) from the degradation of (+)- 
dicrotaline (2) displayed only one signal in this region of the 
'H n.m.r. spectrum at 6 1.82 in the presence of E~(h fc )~ .  
Addition of 4% of the racemic material (15) and rerunning of 
the spectrum gave an extra detectable signal at 6 1.88. Thus, 
the limit of detection of the enantiomeric amide is ca. 2%, 
and no detectable racemisation has occurred during the 
degradation sequence performed on ( + )-dicrotaline (2). 

In a similar manner, (+)-13-epi-dicrotaline (3) was degraded 
to (S)-( + )-mevalonolactone by hydrogenolysis and [eduction 
with sodium in liquid ammonia. The 'H n.m.r. spectrum of the 
benzhydrylamide again showed the presence of a single 
enantiomer in the presence of the same chiral europium shift 
reagent. Thus (+)-13-epi-dicrotaline (3) has the (13R)- 
absolute configuration. 

An alternative degradation of ($)-dicrotaline was also 
feasible, since diborane preferentially reduces carboxylic acid 
in the presence of esters.la However, it has been reported that 
reduction of a (3S)-3-hydroxy-3-methylglutarate monoester 
[as in (1 3)] with diborane afforded (R)-mevalonolactone.15 
These workers found it necessary to reduce the 3-acetoxy 
derivative with diborane to produce the expected (S)-mev- 
alonolactone. Accordingly, (+ )-dicrotaline (2) was converted 
into its 13-0-acetyl derivative (5). Hydrogenolysis of this tri- 
ester (5) gave the 0-acetyl derivative of (13). Treatment of 
this material with diborane, followed by basic hydrolysis 
yielded (S)-( +)-mevalonolactone, with an optical purity of 
ca. 95%, estimated from the 'H n.m.r. spectrum of the benz- 
hydrylamide recorded in the presence of Eu(hfch. This con- 
firms the (1 3S)-absolute configuration for (+)-dicrotaline (2). 

Total syntheses of other macrocyclic pyrrolizidine alkaloids 
can now be attempted. Recently Japanese workers have 
reported the synthesis of a 12-membered macrocyclic diester 
of retronecine, integerrimine (1 7), in racemic form.I9 

Experimental 
M.p.s were measured with a Kofler hot-stage apparatus. 
Organic solutions were dried with anhydrous MgS04, and 
solvents were evaporated off under reduced pressure below 
40 "C. N.m.r. spectra were recorded with a Perkin-Elmer R 32 
spectrometer operating at 90 MHz or, where indicated, at 
360 MHz with a Bruker WH-360 spectrometer. Spectra were 
recorded for solutions in deuteriochloroform unless otherwise 
stated, with tetramethylsilane as internal standard. Mass 
spectra were obtained with A.E.I. MS 12 or 902 spectro- 
meters. Optical rotations were measured with an Optical 
Activity Ltd. AA-100 Polarimeter. T.1.c. of the bases was 
carried out on Kieselgel G plates of 0.25-mm thickness 
developed with chloroform-methanol-conc. ammonia 
(80 : 15 : l), and the bases were located by oxidation with 0- 
chloranil, followed by treatment with Ehrlichs reagent. 

Natural (+)-Dicrotaline (1 3p-Hydroxy-13 a-methyl-l,2-di- 
dehydrocrotalanine) (2).-Finely ground seeds (5 g) of 
Crotalaria dura were extracted repeatedly with methanol until 
the extracts were colourless. The combined methanol extracts 
were concentrated, and the residue was dissolved in 2% citric 
acid (10 ml). The acidic solution was washed with chloroform 
(4 x 10 ml), and basified with conc. ammonia (2 ml). The 
basic solution was extracted with chloroform (4 x 10 ml). 
The chloroform extracts were dried, filtered, and concentrated 
to a colourless oil, which contained one major component, 
RF 0.68. Separation of this component by preparative t.1.c. 
yielded dicrotaline (2) (24 mg, 0.48%) as crystals, m.p. 134- 
135 "C (CH3CN); [aIDl8 f8.1" (c. 1.18 in CHCI,); vmx. (CHCl,) 
3 690, 3 610, 1 730, 1 445, 1 260, 1 168, and 1 075 cm-'; 6, 
(360 MHz) 1.41 (3 H, s, Me), 2.10 (1 H, m, 6-H), 2.19 (1 H, dd, 
J 6 and 14 Hz, 6-H), 2.43 (2 H, ABq, J 16 Hz, 12-H2 or 14-H2), 
2.56 (1 H, m, 5-H), 2.58 (2 H, ABq, J 12 Hz, 12-H2 or 14-H2), 
3.31 (1 H, t, J 6 Hz, 5-H), 3.43 (1 H, m, 3-H), 3.82 (1 H, brs, 

4.34 (1 H, brs, 8-H), 4.99 (1 H, brs, 7-H), 5.41 (1 H, d, J 12 
Hz, 9-H), and 5.92 (1 H, brs, 2-H); (90 MHz) 29.0 (Me), 
34.0 (C-6), 43.8 and 47.1 (C-12 and C-14), 53.4 (C-5), 60.7 
(C-9), 62.0 (C-3), 71.0 (C-l3), 75.7 and 76.7 (C-7 and C-8), 
131.0 (C-2), 132.4 (C-1), and 1'10.0 and 172.2 p.p.m. (2 x 
G O ) ;  m/z 281 ( M + ) ,  238, 222, 179, 138, 137, 136, 120, 119, 
94,93, and 80 (Found: M+, 281.1274. C14H19N05 requires M, 
281.1263). The hydrochloride had m.p. 210-21 1 "C (decomp.) 
(lit.,l2 m.p. 200 "C (decomp.)]; [&18 +25.7" (c 2.06 in H,O) 
(Found: C, 52.75; H, 6.62%. Cl4H2,C1NO5 requires C, 52.91 ; 
€3, 6.34%). 

OH), 3.92 (1 H, d, J 14 Hz, 3-H), 4.18 (1 H, d, J 12 Hz, 9-H), 

(+)-Retronecine (l).-Extraction of Senecio isatideus plants 
as described previously yielded retrorsine, from which (+)- 
retronecine (1) was obtained by alkaline hydr01ysis.l~ 

3-Hydroxy-3-methylglutaric Anhydride (8).-3-Hydroxy-3- 
methylglutaric acid was prepared by the method of Kloster- 
man and Smith, m.p. 108-109 "C (lit.,I4 m.p. 108-109 "C). 
The acid (1.62 g, 10 mmol) was dissolved in dry diethyl ether 
(75 ml) and redistilled thionyl chloride (4.76 g, 40 mmol) was 
added. The mixture was stirred at room temperature for 16 h. 
3-Hydroxy-3-methylglutaric anhydride (8) was filtered off and 
recrystallised from benzene as needles (1.28 g, 89%), m.p. 
99-100 "C; vmax. (KBr) 3 570, 1 810, 1 768, and 1755 cm-'; 
6" [(CD3),CO] 1.50 (3 H, s Me), 2.90 (4 H, s, 2 x CH,), and 
5.10 (1 H, s, OH); m/z 144 (M'), 129, 100, 85, 72, 57, and 55 
(Found: C, 49.85; H, 5.5. C,H804 requires C, 50.00; H, 
5.60%). 

9- and 7-O-(Hydrogen 3-Hydroxy-3-methylglutary1)retro- 
necine [(9) and (lo)].-Solutions of 3-hydroxy-3-methyl- 
glutaric anhydride (8) (46.8 mg, 0.325 mmol) in dry acetone 
(5 ml) and (+)-retronecine (1) (50.38 mg, 0.325 mmol) in dry 
acetone (5 ml) were mixed and stirred at room temperature 
for 24 h under argon. The solvent was removed and the oily 
residue was triturated with acetone to give a mixture of 9- 
and 7-O-(hydrogen 3-hydroxy-3-rnethylglutavyl)retronecine ((9) 
and (lo)] as a gum (97.0 mg, 100%); vmax. (film) 3 400, 3 000, 
and 1 735 cm-'; 6, (CD30D), 1.4 (3 H, s, Me), 2.0-4.8 
(complex), 5.72 (3 H, m, 2-H of C-7 ester), and 5.85 (3 H, m, 
2-H of C-9 ester); m/z 299 ( M + ) ,  155, 139, 138, 137, 120, 113, 
95,94, and 80 (Found : M + ,  299.1 368. C14H21N06 requires M, 
299.1 369). 

9- and 7-0-(3-Methylbut-2-enoyl)retronecine [( 1 1) and (1 2) 1. 
-Triphenylphosphine (104.8 mg, 0.4 mmol) and 2,2'-di- 
thiodipyridine (88 mg, 0.4 mmol) were added to a solution of 
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the 9- and 7-monoesters [(9) and (lo)] of (+)-retronecine (97 
mg, 0.325 mmol) in dry dimethylformamide (15 ml) under 
argon, and the mixture was stirred for 24 h. The resulting 
solution was diluted with dry dimethylformamide (10 ml), 
and added over 6 h by syringe to dimethylformamide (1 5 ml) 
heated at reflux under argon. Heating at reflux was continued 
for a further 20 h. The cooled solution was concentrated to an 
oil, which was dissolved in 1h4-H,SO4 (10 ml). The acidic 
solution was washed with chloroform (2 x 10 ml), and basified 
with conc. ammonia (10 ml). The basic solution was extracted 
with chloroform (4 x 20 ml). The combined chloroform 
extracts were dried, filtered, and concentrated to give an oil 
which contained one major component, RF 0.3. Purification 
of this component by preparative t.1.c. gave a mixture of 9- 
and 7-0-(3-methylbut-2-enoyl)retronecine [(l 1) and (1 2)] as an 
oil (24 mg, 31%); Amax. (EtOH) 220 nm ( E  10900); vmX. 
(CHC13) 3 450, 1 720, 1 700, and 1 650 cm-' ; 6H 1.90 (3 H, s, 
Me), 2.18 (3 H, s, Me), 1.84-4.4 (complex), 5.70 (3 H, m, 
2-H of C-7 ester), and 5.82 (3 H, m, 2-H of C-9 ester); m/z 237 
( M + ) ,  155, 154, 138, 137, 117, 111, 106, 94, 93, 83, and 80 
(Found: M+, 237.1367. C13H19N03 requires M, 237.1360). 

3-Methyl-3-trimethylsilyloxyglutaric Anhydride.-Solutions 
of chlorotrimethylsilane (108 mg, 1 mmol) in dry diethyl ether 
(1 ml) and pyridine (79 mg, 1 mmol) in dry diethyl ether (1 ml) 
were added to a solution of 3-hydroxy-3-methylglutaric 
anhydride (8) (144 mg, 1 mmol) in dry diethyl ether (10 ml). 
The mixture was kept at room temperature for 10 h. The pre- 
cipitated pyridinium chloride was filtered off, and the filtrate 
was concentrated to give 3-methyl-3-trimethylsilyloxyglutaric 
anhydride in quantitative yield as a colourless oil, vmX. (film), 
1 800, 1 750, 1 250, and 1 070 cm-'; SH (CsDsN) 0.10 (9 H, s, 
Me&), 1.32 (3 H, s, Me), and 3.13 (4 H, ABq, J 16 Hz, 
2 x CH2) (Found: M+, 168.0818. GH160Si requires M, 
216.0813). 

7- and g-O-(Hydrogen 3-Methyl-3-trimethy1silyloxyglutaryl)- 
retronecine.-Solutions of 3-methyl-3-trimethylsilyloxyglutaric 
anhydride (216 mg, 1 mmol) in chloroform (5  ml) and (+)- 
retronecine (1) (155 mg, 1 mmol) in chloroform (5 ml) were 
mixed and stirred at room temperature for 12 h. The pre- 
cipitated oil was a 1 : 1 mixture of 7- and 9-O-(hydrogen 3- 
methyl-3-trimethylsiZyloxyg1utaryl)retronecine (370 mg, loo"/,) ; 
v,,,. (film) 1 737 cm-'; S (CsD5N) 0.1 (9 H, s, Me3Si), 1.35 
(3 H, s, Me), complex signals for retronecine, 4.7 (0.5 H, s, 
9-H of C-9 ester), 5.1 (0.5 H, m, 7-H of C-7 ester), and 5.7 
(1 H, s, 2-H of C-7 and C-9 esters); m/z 371 ( M + ) ,  356, 155, 
139, 138, 137, 120, 95, 94, and 80 (Found: M+, 371.1752. 
C17H29N06Si requires M, 371.1756). A small portion of this 
mixture of monoesters was stirred in methanolic ammonia 
solution for 4 h. Removal of the solvent gave 7- and 9-0- 
(hydrogen 3-hydroxy-3-methylglutary1)retronecine [(lo) and 
(9)] with similar spectroscopic and chromatographic proper- 
ties to the mixture prepared previously. 

Dicrotaline (2) and 13-epi- Dicrotaline (3).-A suspension of 
7- and 9-O-(hydrogen 3-methyl-3-trimethyIsilyloxyg1utaryl)- 
retronecine (148 mg, 0.4 mmol) in chloroform (25 ml) was 
stirred vigorously under argon. After 4 h, triphenylphosphine 
(262 mg, 1 mmol) and 2,2'-dithiodipyridine (220 mg, 1 mmol) 
were added to this suspension, and vigorous stirring was con- 
tinued for 8 h. The resulting homogeneous solution was 
added dropwise by syringe during 4 h to chloroform (30 ml) 
heated at reflux under argon. When the addition was com- 
plete, heating at reflux was continued for 8 h. The cooled 
solution was concentrated to a clear red gum which was 
subjected to acid-base recycling [as described for com- 
pounds (11) and (12)] to give an oil, which contained two 

major components in equal amounts at RF 0.61 and 0.68. 
These compounds were separated by preparative t.1.c. 

The less polar component was dicrotaline (2) (36 mg, 32%), 
obtained as crystals, m.p. 134-135 "C (CH3CN); undepressed 
mixed m.p. with natural (+)-dicrotaline; [aIDr8 + 8.0" (c 1.0 
in CHC13); i.r., 6H, &, and mass spectral data were almost 
identical with natural (+)-dicrotaline (Found: M+, 281.1238. 
C14H19N05 requires M, 28 1.1263). The hydrochloride had 
m.p. 21 1-212 "C (decomp.); undepressed mixed m.p. with 
the hydrochloride of natural (+)-dicrotaline; [bi]D2' + 25.2" 
(c 0.20 in H20) (Found: C, 52.85; H, 6.3; N, 4.65. C14H20Cl- 
NO5 requires C, 52.91; H, 6.34; N, 4.41%). 

The more polar component of the cyclisation mixture was 
13-epi-dicrotaline (3), obtained as an oil (41 mg, 36%), 
+43.3" (c 0.72 in CHCL); vmax (CHC13) 3 700, 2 915, 2 830, 
1 730, 1 600, 1 260, and 1 170 cm-'; tiH (360 MHz) 1.42 (3 H, 
s, Me), 2.09 (2 H, complex, 6-H2), 2.51 (2 H, ABq, J 15 Hz, 
12-H2 or 14-H2), 2.54 (2 H, ABq, J 14 Hz, 12-H2 or 14-&), 
2.62(1 H, m, 5-H), 3.34(1 H, t, J 7  Hz, 5-H), 3.44(1 H, d, J 1 5  

9-H), 4.40 (1 H, brs, 8-H), 5.15 (1 H, d, J 12 Hz, 9-H), 5.35 
(1 H, brs, 7-H), and 5.92 (1 H, brs, 2-H); 6c (90 MHz) 29.4 
(Me), 33.8 (C-6), 44.5 and 46.7 (C-12 and C-14), 53.7 (C-5), 
59.7 (C-9), 61.7 (C-3), 70.7 (C-13), 74.7 and 77.4 (C-7 and C-8), 
131.9 (C-2), 132.5 (C-1), and 169.6 and 172.5 (2 x G O ) ;  m/z 
281 ( M + ) ,  238, 222, 179, 137, 136, 120, 119, 94, 93, and 80 
(Found : M +  , 28 1.1254. C14H19N05 requires M, 28 1.1263). 
The hydrochloride had m.p. 158-161 "C (decomp.), [ollD2O 

+29.6" (c 0.1 in H20)  (Found: C, 53.15; H, 6.45; N, 4.1. 
C14H20CIN05 requires C, 52.91; H, 6.34; N, 4.41%). 

Hz, 3-H), 3.94 (1 H, d, J 15 Hz, 3-H), 4.20 (1 H, d, J 12.H2, 

Assignment of Stereochemistry a t  C-13 of Dicrotaline (2). 
7-O-[Hydrogen (3S)-3-Hydroxy-3-methylglutary~retronecanol 
(13).-Platinum oxide (5 mg) was added to a solution of (+)- 
dicrotaline (2) (50 mg, 0.18 mmol) in acetic acid (10 ml), and 
the mixture was stirred for 24 h under hydrogen. The catalyst 
was filtered off, and the filtrate was concentrated to give 7-0- 
[hydrogen (3S)-3-hydroxy-3-methylglutaryl]retronecanol (1 3) 
as an oil, (51 mg, loo%), v,,, (film) 3 200 and 1 730 cm-'; 6 
(CD30D) 1.14 (3 H, d, J 7 Hz, Me), 1.33 (3 H, s, MeCO), 
5.37 (1 H, m, 7-H), plus complex signals for retronecanol; 
m/z 285 ( M + )  (Found: M+, 285.1557. C14H23N05 requires M, 
285.1 570). 

3-Hydroxy-3-methylglutaric Acid and (- )-Retronecanol (1 6). 
-A solution of the retronecanyl ester (1 3) (285 mg, 0.1 mmol) 
in h-barium hydroxide (1 ml) was heated at reflux for 1 h. 
The cooled solution was diluted with water (4 ml), and solid 
carbon dioxide was added. Barium carbonate was filtered off 
and the filtrate was acidified to pH 3 with lwhydrochloric 
acid. The acidic solution was extracted continuously with 
diethyl ether for 24 h. The ethereal extracts were dried, filtered, 
and concentrated to yield 3-hydroxy-3-methylglutaric acid as 
crystals (12 mg, 7473, m.p. 108-109 "C (diethyl ether-light 
petroleum). This material was identical (i.r., 'H n.m.r., and 
undepressed mixed m.p.) with a synthetic sample of 3-hydroxy- 
3-methylglutaric acid. 

The acidic solution (above) was basified with conc. ammonia 
(1 ml) and continuously extracted with diethyl ether for 3 days. 
The ether extracts were dried, filtered, and concentrated to 
give (-)-retronecanol (10 mg, 70%) as crystals, m.p. 95-96 "C 
(light petroleum) (lit.,*' m.p. 94 "C); [alDZo -91" (c 1 in EtOH) 
(Found: C, 68.15; H, 10.8; N, 10.0%. C8H15N0 requires C, 
68.04; H, 10.70; N, 9.91%). This sample of (-)-isoretro- 
necanol was identical ([a], i.r., 'H n.m.r., and mass spectra, 
undepressed mixed m.p.) with a sample prepared by hydro- 
genolysis of (+)-retronecine (1). 
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(R)-Meualonolactone (1 4).-Liquid ammonia (10 ml) was 
added to a vigorously stirred solution of 7-O-[hydrogen (3s)- 
3-hydroxy-3-methylglutaryl]retronecanol (1 3) (28.5 mg, 1 
mmol) in methanol (1 ml). A small piece of sodium was sus- 
pended in the solution until the mixture was dark blue, The 
sodium was then removed, and the solvents allowed to 
evaporate. The residue was dissolved in 1 M-hydrochloric acid 
(10 ml), and the acidic solution was extracted with dichloro- 
methane for 48 h. The organic extracts were dried, filtered, 
and concentrated to yield (R)-mevalonolactone as an oil 
(10 mg, 76%); [alDZo -20" (c  0.14 in EtOH) (lit.," -23"); 6 
1.35 (3 H, s, Me), 1.90 (2 H, m, 4-H,), 2.45 and 2.70 (2 H, 
ABq, J 18 Hz, 2-H,), 3.45 (1 H, brs, OH), and 4.47 (2 H, m, 
5-H2). The i.r. and 'H n.m.r. spectra were identical with those 
of an authentic sample of (+)-mevalonolactone. 

Alternative reduction of the retronecanyl ester (1 3) with 
lithium borohydride in tetrahydrofuran gave (I?)-( -)- 
mevalonolactone (40%). 

The benzhydrylamide l6 of (R)-mevalonolactone had m.p. 
99-100 "C (lit.,22 m.p. 98-99 "C); [.IDzo -2.7" (c  0.5 in 
EtOH); (lit.,22 -2.7"); 6 1.30 (3 H, s, Me), 1.60 (2 H, m, CH,), 
2.17 and 2.49 (2 H, ABq, J12  Hz, CH,), 3.71 (2 H, m, CH20H), 
6.12 and 6.20 (1 H, 2s, benzylic H, rotamers), and 7.18 (10 
H, s, 2 x Ar). Addition of E ~ ( h f c ) ~  (0.05 + 0.35 equiv.) 
gave no detectable doubling of the signals in the 'H n.m.r. 
spectrum. 

Stereochemistry at  C-13 of 13-epi-Dicrotaline (3).-7-0- 
[Hydrogen (3R)-3-hydroxy-3-methylglutary~retronecanof was 
prepared by hydrogenolysis of 13-epi-dicrotaline as described 
for dicrotaline and obtained as an oil (loo%), vmx. (film) 
3 200 and 1 735 cm-'; 6 (CD30D) 1.20 (3 H, d, J 7 Hz, Me), 
1.32 (3 H, s, Me), 5.38 (1 H, m, 7-H), plus complex signals for 
retronecanol; m/z 285 ( M + )  (Found: M+, 285.1558. ClrH2,- 
NOs requires M, 285.1570). Hydrolysis of a portion of this 
sample with barium hydroxide gave 3-hydroxy-3-methyl- 
glutaric acid and (-)-retronecanol(l6). The remainder of the 
sample (28.5 mg, 1 mmol) was treated with sodium in liquid 
ammonia as described above to yield (S>mevalonolactone as 
an oil (9 mg, 69%); [aID2O + 19" (c 0.18 in EtOH) (lit.,22 +23"). 
The benzhydrylamide had m.p. 99-100 "C (lit.,22 m.p. 98- 
99 "C); [alDZo $2.7" (c. 0.6 in EtOH) (lit.,22 +2.7"). Addition 
of E ~ ( h f c ) ~  gave no detectable doubling of the signals in the 
'H n.m.r. spectrum. 

Alternative Method for Assignment of Stereochemistry at 
C-13 in Dicrotaline (2). 13~-Acetoxy-l3a-methyl-l,2-didehydro- 
crotalanine (5).-Acetic anhydride (5 ml), triethylamine (5 ml), 
and (4-dimethy1amino)pyridine (5  mg) were added to a solu- 
tion of dicrotaline (100 mg, 0.356 mmol) in dichloromethane 
(20 ml), and the mixture was stirred at room temperature for 
4 days. The solution was concentrated to an oil, which was 
dissolved in lwcitric acid (10 ml). The acidic solution was 
washed with chloroform (4 x 10 ml), and basified with conc. 
ammonia (5 ml). The basic solution was extracted with chloro- 
form (4 x 15 ml). The combined chloroform extracts were 
dried, filtered, and concentrated to yield an oil which con- 
tained one major component, RF 0.8. The oil was purified by 
column chromatography on basic alumina using dichloro- 
methane as eluant to give 13P-acetoxy deriuatiue (5) (65.5 mg, 
5773, as fine needles, m.p. 208-210 "C (CHCl,-light pet- 
roleum); [aID1' f23" (c 0.3 in CHC13); vmax. (CHC13) 1 740sh, 
1 710,and 1 590cm-'; 6,1.75(3 H , s  Me),2.00(3 H,s, MeCO), 
1.95-2.25 (2 H, complex, 6-Hz). 2.3-2.8 (1 H, complex, 
5-H), 2.25 and 2.62 (2 H, ABq, J 11 Hz, 12-H2 or 14-H2), 
2.78 and 3.00 (2 H, ABq, J 13 Hz, 12-H2 or 14-H2), 3.20-3.65 
(2 H, complex, 3- and 5-H), 3.88 (1 H, m, 3-H), 4.12 and 5.37 
(2 H, ABq, J 12 Hz, 9-H2), 4.35 (1 H, m, 8-H), 5.25 (1 H, m, 

7-H), and 5.96 (1 H, brs, 2-H); 6c 22.5 (CH3CO), 26.5 
(CH3COH), 34.6 (C-6), 42.3 and 44.6 (C-12 and C-14), 54.3 
(C-5), 60.8 (C-3), 62.5 (C-9), 76.1 and 77.7 (C-7 and C-8), 
80.3 (C-l3), 132.3 (C-2), 134.1 (C-1), 169.6, 170.4, and 171.1 
p.p.m. (3 x G O ) ;  m/z 323 ( M + ) ,  220, 167, 136, 119, 93, and 
83 (Found: M + ,  323.1357. C ~ ~ H Z ~ N O ~  requires 323.1368). 

(S)-Meoafonofactone.-The 13P-acetoxycrotalanine ( 5 )  was 
hydrogenolysed as described above to give 7-0-hydrogen 
[(3S)-3-acetoxy-3-methylglutaryl]retronecanol as an oil in 
quantitative yield. A solution of this monoester (37.1 mg, 
0.11 mmol) in tetrahydrofuran (5 ml) was treated with 1 ~ -  
diborane in tetrahydrofuran (0.25 ml, 0.25 mmol) at 0 "C for 
5 min, and 1 h at room temperature. Methanol (0.5 ml) was 
added and the solution was concentrated. The residue was 
hydrolysed with barium hydroxide (160 mg, 0.5 mmol) in 
water (15 ml) for 12 h at room temperature. The solution 
was acidified with lwhydrochloric acid (Congo Red) and 
extracted continuously with chloroform for 4 days. The chloro- 
form extracts were dried, filtered, and concentrated to give 
(S)-( +)-mevalonolactone as an oil (1 1.1 mg, 78%). The benz- 
hydrylamide had m.p. 99-100 "C, [aIDl8 +2.4" (c 0.34 in 
EtOH). Addition of E ~ ( h f c ) ~  gave a small amount of doubled 
signals in the lH n.m.r. spectrum corresponding to ca. 5% of 
the (R)-isomer. 

Acknowledgements 
We are grateful to Mr. B. D. Schrire, Curator, Natal 
Herbarium, and Dr. C. H. Stirton, Botanical Research 
Institute, Pretoria, for obtaining seeds of Crotalaria dura. We 
thank the S.E.R.C. for financial support. 

References 
1 Preliminary report, J. A. Devlin and D. J. Robins, J .  Chem. Soc., 

Chem. Commun., 1981, 1272. 
2 D. J. Robins, Fortschr. Chem. Org. Naturst., 1982, 41, 115; 
' The Alkaloids,' Specialist Periodical Reports, Chem. SOC., 
London, 1971-1982, vols. 1-12. 

3 L. B. Bull, C. C. J. Culvenor, and A. T. Dick, ' The Pyrrolizidine 
Alkaloids,' North-Holland, Amsterdam, 1968. 

4 A. R. Mattocks, ' Phytochemical Ecology,' ed. J. B. Harborne, 
Academic Press, London and New York, 1972, p. 179. 

5 D. J. Robins, Ado. Heterocycl. Chem., 1979, 24, 247. 
6 T. A. Geissman and A. C. Waiss, J .  Org. Chem., 1962, 27, 139; 

J. J. Tufariello and G. E. Lee, J.  Am. Chem. SOC., 1980,102,373; 
G .  E. Keck and D. G. Nickell, ibid., p. 3632; E. Vedejs and G. R. 
Martinez, ibid., p. 7993. 

7 D. J. Robins and S. Sakdarat, J.  Chem. SOC., Chem. Commun., 
1980,282. 

8 E. J. Corey and K. C. Nicolaou, J.  Am. Chem. SOC., 1974, 96, 
5614. 

9 The scheme used for numbering the macrocyclic pyrrolizidine 
diesters is that proposed by C. C. J. Culvenor, D. H. G. Crout, 
W. Klyne, W. P. Mose, J. D. Renwick, and P. M. Scopes, J .  
Chem. SOC. C, 1971, 3653. 

10 J. A. Devlin, D. J. Robins, and S. Sakdarat, J .  Chem. Soc., 
Perkin Trans. I ,  1982, 1117. 

I 1  J. Huang and J.  Meinwald, J .  Am. Chem. SOC., 1981,103, 861. 
12 J. C. S. Marais, Onderstepoort J .  Vet. Sci. Anim. Ind., 1944, 20, 

61. 
13  D. J. Robins and J. R. Sweeney, J .  Chem. SOC., Perkin Trans. I ,  

1981,3083. 
14 H. J. Klosterman and F. Smith, J .  Am. Chem. SOC., 1954, 76, 

1229. 
15 F. C. Huang, L. F. H. Lee, R. S. D. Mittal, P. R.  Ravikumar, 

J. A. Chan, C. J. Sih, E. Caspi, and C. R. Eck, J .  Am. Chem. 
SOC., 1975,97,4144. 

16 D.  E. Wolf, C. H. Hoffman, P. E. Aldrich, H. R. Skeggs, L. D. 
Wright, and K. Folkers, J.  Am. Chem. SOC., 1957, 79, 1486. 



1824 J. CHEM. soc. PERKIN TRANS. I 1983 

17 E. L. Eliel and K. Soai, Tetrahedron Lett., 1981,22,2859. 
18 N. M. Moon, C. S. Pak, H. C. Brown, S. Krishnamurthy, and 

T. P. Stocky, J .  Org. Chem., 1973,38,2786. 
19 K. Narasaka, T. Sakakura, T. Uchimaru, K. Morimoto, and T. 

Mukaiyama, Chem. Lett., 1982, 445. 
20 H. J. Huizing, F. De Boer, and T. M. Malingrb, J.  Chromatogr., 

1980,195,407; R. J. Molyneux and J. N. Roitman, ibid., p. 412. 

21 D. J. Robins, N. M. Bale, and D. H. G. Crout, J.  Chem. SOC., 

22 R. H. Cornforth, J. W. Cornforth, and G. Popjak, Tetrahedron, 
Perkin Trans. 1, 1974, 2082. 

1962,27,2272. 

Received 24th January 1983 ; Puper 31096 




