Published by the Chemical Society of Japan

CHEMISTRY LETTERS, pp. 283-286, 1973,

PYRROLIZIDINE ALKALOIDS. SYNTHESIS AND CONFIGURATION OF FULVINIC AND CRISPATIC ACIDS
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Stereochemistry of the Reformatsky reaction of 3-phenyl-2-butan-

one with methyl a-bromopropionate has been studied. Subsequently,

fulvinic and crispatic acids have been synthesized and their configu-

rations have also been assigned.

Pyrrolizidine alkaloids, fulvine and crispatine (I) which differ only in the con-
figurations of necic acid moieties, have been isolated from Crotalaria plants.a'u)

Alkaline hydrolyses of fulvine and crispatine gave, in each case, retronecine and a
different necic acid C8H1405’ respectively named fulvinic and crispatic acids, From
the physical and spectral data, the structures of these acids were deduced to be 3-

hydroxy-2,3,4-trimethylglutaric acids which can exist in the optically active enantio-

mers (IIa and IIb) and the two optically inactive meso forms (III and IV). Since

both necic acids showed no optical activity Culvenor and Smitha)proposed the meso forms

for fulvinic and crispatic acids. In 1967, the present authors synthesized fulvinic

acid, racemate, and crispatic acid in approximately 10:50:40 ratio by the Reformatsky

HiC OH HO, SH3
ROZC > COzR ROZC COZR
s G s s A
Ita R=H b
ocI: ;CH—C—CH—CO XIl R=CHjy
o |
0 CHo—0 Ho_ SH3
RO2C COzR
H CHy H CHy
It R=H IV R=H

Xl R=CHz XI R=CHg



284 . Chemistry Letters, 1973

reaction of ethyl a-methylacetoacetate (V) with ethyl a-bromopropionate, followed by
alkaline hydrolyses of the resulting qthyl esters. On the basis of chemical shifts
of methyl signals in the published NMR spectra and application of Cram’s rule of asym-
metric induction (open-chain model),s)the authors tentatively proposed6) (R) -meso (IV)
for fulvinic acid and (S)-meso configuration (III) for crispatic acid. However, it
seemed to be necessary to confirm the configurations of these necic acids by another
unambigous method. In this communication we wish to report on the new synthesis and
revised configurations of fulvinic and crispatic acids.

The Reformatsky reaction of 3-phenyl-2-butanone (VI) with methyl o-bromopropionate
in dry benzene in the presence of zinc gave a mixture of diastereomeric methyl 2,3-di-
methyl-3-hydroxy-4~phenylvalerates (64%) which can exist in the four racemic modifica-
tions (VIIa-VIId). The separation of these esters was carried out by repeated column
chromatography on silica gel to give, in the order of elution, three (VIIa, VIIb, and
VIIc) of four racemates in approximately 15:75:10 ratio. NMR in CClu; VIIa: 1.07 (4,
J=7 Hz, -CH(CH;)CO,CH5), 1.13 (s, -¢cg_3), 1.28 (d, J=7 Hz, c6H5éHcf_i3), 2.38 (q, J=7 Hz,

-c':gcoZCH ), 2.70 (q, J=7 Hz, cénség-), 3.22 (bs, -OH), 3.57 (s, -CO,CH3), 7.20 (s,

Celg-) 3111:: 0.93 (s, -(:1053), 1.1% (d, J=7 Hz, -CH(CH;)CO,CH;), 1.31 (&, J=7 Hz, CgHs-
éHc_gB), 2.48 (a, J=7 Hz, -CHCO,CH,), 2.79 (q, J=7 Hz, CeH5CH-), 3.32 (s, <OB), 3.64 (s,
~00,CHs), 7.12 (s, Cghg-); VIIe: 1.03 (s, -§cH,), 1.21 (4, J=7 Hz, -CH(CH;)C00,0H;),
1.28 (4, J=7 Hz, 06H56ch_;3>, 2.41 (q, J=7 Hz, -él_{co2CH3), ca. 2.4 (overlap, -OH), 2.93
(a, J=7 Hz, CgH,CH-), 3.60 (s, -C0,CHy), 7.19 (s, Cgg-). To elucidate the configura-
tions of VIIa-VIIc, the B-hydroxy esters were reduced with lithium aluminum hydride to
the corresponding diols, VIIa, VIOIb (mp 119.5-120°C), and VIOc (mp 56.5-58°C) which
were then subjected to tosylation with p-toluenesulfonyl chloride in pyridine to afford
the monotosylates, IXa, IXb, and IXc respectively. Subsequent reduction of IXb or IXc
with lithium aluminum hydride gave the same alcohol, 2,3-dimethyl-4-phenyl-3-pentanol
(Xp). Therefore, it is clear that VIIb and VIIc possess the same configuration at the
C-~3 and C-4 positions. However, a similar treatment of IXa gave another alcohol, Xa.

Alternatively, a mixture of these epimeric alcohols (Xa and Xb) was also obtained by
the Grignard reaction of VI with isopropylmagnesium bromide in dry ether at -15~v-10°C

in low yield (7%7)) due to side-reactions, and the mixture was then separated by column

chromatograﬁhy on silica gel into Xa and Xb in 23:77 ratio. While the modified Grig-

nard reactionS)of VI and isopropyl bromide in dry tetrahydrofuran in the presence of
pixture of Xa and Xb (4:96 ratio) in moderate yield (54%77)

5!9’10)

1ithium at 5~15°C afforded a

Since the stereochemistry of the Grignard reaction is well known as Cram’s rule
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of asymmetric induction, the configurations of the C-3 and C-4 positions in Xa and Xb,
and therefore, those in VIIa, VIIb, VIIc, and VIId (unisolated) were established.
Ozonizations of VIIa, VIIb, and VIIc in acetic acid at room temperature, followed by
methylation of the resulting acids with diazomethane, gave dimethyl 3-hydroxy-2,3,4-
trimethylglutarates, XI, XII, and XIII respectively. Hydrolyses of XIII and XI in meth-
anol with aqueous barium hydroxide afforded the corresponding acids, III (mp 109-110°C)
and IV (mp 134-i35°c) which were identical with natural fulvinic and crispatic acids
respectively. On the other hand, a similar treatment of XII gave a new acid, II (mp
118-11900). These diastereomeric acids, II, III, and IV, were respectively methylated
back into XII, XTI, and XI with diazomethanse. This proved that there was no configu-
rational change during the alkaline hydrolyses. If fulvinic and crispatic acids are
meso-isomers as have been proposéd by Culvenor and Smith,a) the - new acid (mp 118-119°C)
should be a racemate. This was undoubtedly confirmed by the following experiments.
Alkaline hydrolysis of VIIb gave the corresponding acid (XIV) which was resolved by
means of cinchonidine, and one of diastereomeric salts (mp 188-189°C,pﬂn-81° (EtOH))
was decomposed with dilute hydrochloric acid to give (-)-XIV, [aJD - 41° (CHClB).
(-)-XIV was methylated with diazomethane to give (-)-VIIb, @dD - 51° (CHClB), the IR

spectrum of which was identical with that of (%)-VIIb. Ozonization of (-)-VIIb,
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followed by methylation gave an optically active (-)-XII, [“]D - 63° (CHClB), which was
further converted to (-)-II, mp 128-129°C, [«lp - 42° (MeOH). On the basis of these
experiments the relative configurations of the C-2 to the C-3 position in VIIb and its
C-2 epimer VIIc could be assigned. The configuration of VIIa was also established
from the result of its ozonization reaction described above. Thus, the configurations
of fulvinic and crispatic acids were identified as (S)-meso (III) and (R)-meso (IV)
respectively.
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