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Functionalized Nitrones. A Highly Stereoselective
and Regioselective Synthesis of dI-Retronecine

Sir:
The use of nitrones in organic synthesis has developed quite

rapidly in recent years;' however, while the use of functionally
modified cyclic nitrones (e.g. 1) appears to offer an increased
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synthetic potential, the fact that such nitrones have not been
so utilized reflects the problems associated with their prepa-
ration.? One objective of this report is to note that certain ni-
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trones of this type can be produced in good yield by rational
chemical pathways and, moreover, that they are relatively
stable and undergo the 1,3-dipolar cycloaddition reactions
characteristic of their nonfunctionalized counterparts. We have
been particularly concerned with the efficient generation of
cyclic a-keto nitrones or their functional equivalents.

A motivating influence on our interest in cyclic a-keto ni-
trones stems from a desire to design a synthesis of d/-retro-
necine,? the most widely occurring? of the necine bases,® which,
because of its center of unsaturation, exhibits marked hepa-
totoxic and antitumor properties.®’

Indeed, the macrocyclic lactones (e.g,, senecionine) derived
from this base display the most profound antitumor activity
in the entire Senecio class of alkaloids.” It should be noted that
the most important physiological activity rests with those
pyrrolizidine alkaloids derived from necine bases having a
double bond between C-1 and C-2 (e.g., supinidine (2a),
retronecine (2b), and heliotridene (2¢)).

Although we have previously demonstrated!® that di-
supinidine (2a) can be assembled from a simple, unfunction-
alized nitrone precursor, the synthesis of d/-retronecine (2b)
demands the involvement of a functionalized nitrone in order
to make provision for the hydroxyl group at C-7. Clearly, 3-
keto-1-pyrroline 1-oxide (1) could provide a point of departure
for our synthesis of 2b. Unfortunately, we were aware from the
outset of the possible isomerization of 1 to its hydroxypyrrole
tautomer 3. Thus, we chose to circumnavigate this potential
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difficulty by focusing our initial efforts on a functional
equivalent of 1, namely the nitrone ketal 4. We considered that
efforts to generate 4 from the corresponding hydroxylamine
6 must confront the problem of regiochemistry (i.e., the pos-
sible production of mixtures of 4 and 5); however, we expected
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that the desired nitrone would predominate.® Thus, we trans-
formed N-ethylpyrrolidin-3-one® into the corresponding di-
methyl ketal (methyl orthoformate, HCl, MeOH), and thence
into the hydroxylamine 6 according to the usual N-oxidation,
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Cope elimination sequence.'? To our pleasant surprise, the
mercuric oxide mediated oxidation of 6 proceeded regiospe-
cifically to give nitrone 4 (97%), which exhibits typical ab-
sorptions at 6.25 and 7.2 u (IR). The NMR spectrum (CDCl3,
100 MHz) displays signalsat 6 7.12 (t, 1 H, J =~ 1.5 Hz), 4.06
(dt,2 H,J =7 Hz, 1.5 Hz), 3.28 (s, 6), and 2.4 ppm (t, 2 H,
J =7 Hz) entirely consistent with the structural assignment.
This remarkable selectivity may be related to a diminution of
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cclipsing interactions (i.e., to a more favorable dihedral angle
relationship) in proceeding from 6 to 4 (cf. 4a).!0

Although it was envisaged that steric factors might retard
the addition of 4 to methyl y-hydroxycrotonate, in fact this
reaction proceeds smoothly in chloroform at 45 °C to provide
isoxazolidine 8a in 86% yield!! (Scheme I).

The regiochemical assignment is consistent with those
previous}y observed for various crotonate-nitrone cycloaddi-
tionslu.l-
the isoxazolidine's derived from 1-pyrroline 1-oxide and the
same dipolarophile. Isoxazolidine 8a exhibits the expected
three singlets (NMR) at § 3.20, 3.68, and 3.76 ppm, attributed
to the three methyl groups. Conversion of 8a into the corre-
sponding mesylate 8b (MeSO,Cl, EtsN, CH,Cl,) in 99% yield
is accompanied by the loss of hydroxyl stretching absorption
(~3 w) with persistence of carbonyl absorption (5.77 i) in the
IR spectrum. Moreover, an additional methyl resonance ap-
pears at 6 3.10 ppm (NMR). While the NMR spectra of 8a
and 8b suggest the presence of a diastereomeric mixture of
adducts, this factor in no way complicates our synthetic ob-
Jectives since the chirality at both C-2 and C-3 is subsequently
annihilated.

The hydrogenolysis of the nitrogen-oxygen bond at 8b
(Pd/C, H,, MeOH) leads to the formation 9a (84%) by the
concomitant displacement of the mesylate by the newly lib-
erated secondary amine function. The pyrrolizidine 9a, IR
(CHCI;) 2.84 (OH) and 5.78 u (C==0), incorporates three
three-proton singlets at 6 3.19, 3.22, and 3.71 ppm in the NMR
spectrum. The mass spectrum exhibits a molecular ion at m/e
245,

Conversion of the 5-hydroxy ester 9a into the corresponding
mesylate 9b was followed by triethylamine-mediated elimi-
nation to give the «,G-unsaturated ester 10 (98%). The car-
bonyl absorption of 10 appears at 5.80 u (IR}, while its NMR
spectrum contains the vinyl signal at 6 6.64 ppm (brs, 1} and
three methoxyl signals at 6 3.75 (s, 3, CO>Me), 3.20 (s, 3,
OMe), and 3.36 ppm (s, 3, OMe). The ketone (81% yield)
derived from 10 by hydrolysis (37% hydrochloric acid, DME)
shows pronounced thermal lability even at 0 °C and was
therefore rapidly reduced to the corresponding alcohol ester
11, mp 122-123 °C, with sodium borohydride in methanol.
This alcohol exhibits spectral properties identical with those
recorded by Culvenor,!? who obtained 11 from natural d-
retronecine.

The hydroxy ester 11 was converted into d/-retronecine by
reduction with alane in THF.!* The d/-retronecine (mp 130
°C, 1it.? mp 130-131 °C) so obtained possessed IR and NMR
spectral properties identical with those of an authentic sample
of d/-retronecine.

In an effort to provide the efficient synthesis delineated
above with even further economy, we attempted to generate
the a-keto nitrone 1 from the ketal 4. Indeed, exposure of 4 to
1% hydrochloric acid at 0 °C for | h resulted in the generation
of the nitrone as indicated by an absence of the methoxyl sin-
glets, and the presence of the nitrone proton at C-2,6 7.15 ppm
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and is reinforced by the spectral similarity of 8a to.

(s, 1), in the NMR spectrum; however, the solution containing
this a-keto nitrone darkened rapidly. Clearly, the ketal nitrone
4 offers the greater synthetic potential.
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Structural Dependence of '30 Isotope Shifts
in 13C NMR Spectra
Sir:

Isotopic substitution with 130 causes shifts in the NMR
resonance positions of attached nuclei such as >Mn, **Mo, and
3IP which are useful in mechanistic studies.! Recently Risley
and Van Etten confirmed? theoretical prediction® of an '*O
isotopic effect on '*C NMR spectra by observing an upfield
shift for ['80]-zert-butyl alcohol. We now report that the
'8Q-induced upfield shift in natural-abundance '*C NMR
spectra appears to be a general phenomenon, and that its
magnitude is dependent on structure.

The '8Q-labeled compounds listed in Table I were prepared,*
and their natural-abundance '*C NMR spectra were measured
on a Bruker WH 400 instrument at 100.6 MHz in the Fourier

© 1980 American Chemical Society



