J. Org. Chem. 1983, 48, 1129-1131 1129

Students of the Brigham Young University are gratefully
acknowledged.

Registry No. 1, 19172-47-5; 2, 84877-69-0; 3, 54129-84-9;
PhC(0)OCH,CH,;0Ph, 4173-59-5; C1(CH,);C(O)OEt, 3153-36-4;
PhCH=CHC(O)OEY, 103-36-6; PhC(S)OCH,CH,0Ph, 52772-15-3;
PhCH—CHC(S)OE}, 73818-80-1; PhCH,;0CH,CH,OPh, 84877

methyl thionobenzoate, 5873-86-9; toluene, 108-88-3; benzyl
mercaptan, 100-53-8; 1,2-diphenylethane, 103-29-7; stilbene,
588-59-0; coumarin, 91-64-5; 2-cumaranone, 553-86-6; 2-thio-
coumarin, 3986-98-9; 2(3H)-benzofuranthione, 84877-71-4; chro-
man, 493-08-3; 2,3-dihydrobenzofuran, 496-16-2; 2,6-bis(meth-
oxymethyl)pyridine, 64726-18-7.

Communications

Pyrrolizidine Alkaloid Synthesis. (£)-Supinidine

Summary: Synthesis of the Al2-unsaturated pyrrolizidine
alkaloid supinidine proceeding via regioselective N1-C2
vicinal annulation of a 1,3-dihaloalkane onto a 3-(hy-
droxymethyl)-3-pyrroline system is described.

Sir: The pyrrolizidine alkaloids have a broad distribution
within the plant kingdom.! The over 100 constituents of
this alkaloid class, which possesses the 1-azabicyclo-
[3.3.0]bicyclooctane skeleton 1 often functionalized by

CH, CH,0H

|—=

2

hydroxyl or carboxylic ester moieties at a variety of
structural sites, demonstrate a broad range of pharmaco-
logical activities. The Al2-unsaturated subgroup of the
pyrrolizidine alkaloids has been associated with severe
pneumovascular- and hepatotoxicities and with carcino-
genic, mutagenic, and teratogenic activities at sublethal
doses.'? In addition, Al2-unsaturated pyrrolizidine al-
kaloids have been examined by the National Cancer In-
stitute as potential agents against neoplastic diseases.?
Due to their intriguing chemical structures and their
pharmacological activities, the pyrrolizidine alkaloids have
witnessed considerable synthetic attention.® Our labo-
ratory has been engaged in developing synthetic entries

(1) For reviews of the pyrrolizidine alkaloids, see: (a) Robins, D. J.
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into the pyrrolizidine and the structurally homologous
indolizidine ring systems, which proceed via 1,2-vicinal
annulation of an appropriate three-carbon (pyrrolizidine)
or four-carbon (indolizidine) unit onto a suitably substi-
tuted five-membered 1-azaheterocyclic ring.® We describe
here the utility of this strategy in a direct entry into the
Al2.unsaturated pyrrolizidine alkaloids as illustrated by
the synthesis of supinidine 2.5

Our initial studies on the viability of this strategy in the
synthesis of fused pyrrolidine systems employed a-alkyl-
ation of the dipole-stabilized pyrroline anion 3 in the

Li® CH,OH CH,OLi
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central carbon—carbon bond-forming step of a synthesis
of the indolizidine gephyrotoxin 223AB.6 Adaptation of
this strategy to the synthesis of the eight carbon-containing
Al2.ynsaturated pyrrolizidine alkaloid skeleton required
the use of an unsymmetrical 3-alkyl-substituted pyrroline
anion precursor. 3-(Hydroxymethyl)-3-pyrroline (4) was
selected as the pyrroline synthon because of the common
presence of a C-1 hydroxymethyl substituent or a derived
carboxylate ester in these alkaloids and the capability of
the hydroxyl function to assist in regioselective pyrroline
deprotonation. In an unsymmetrical 3-pyrroline system,
pyrroline anion formation might be anticipated to occur
a priori at either or both the C-2 and C-5 positions. We
envisioned that regiospecific 2-pyrroline anion formation
would occur in pyrroline 4 as a consequence of two possible
and nonexclusive factors, which are a function of com-
plexation with the proximate pro-C-9 hydroxy! (or alk-
oxide) function. Thus, complexation of the pro-C-9 alk-
oxide moiety with the metalation base prior to ring-proton
removal might act to direct pyrroline deprotonation to the
proximate C-2 position via a seven-membered transition
state (e.g., primarily an entropic effect). An additional
feature of pyrroline 4 that might act to reinforce regiose-
lective pyrroline deprotonation was postulated to be alk-
oxide complexation of the incipient C-2 organolithio de-
rivative via a five-membered internal chelate as illustrated
in 5 (e.g., primarily an enthalpic effect). Regioselective
alkylation of the derived allylic organometallic (e.g., 5) at
the C-2 (rather than the C-4) position was anticipated on
the basis of our and Lapierre Armande and Pandit’s’
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earlier studies. These expectations have been realized.

QOur synthesis of supinidine 2 proceeded by selective
reduction of N-(methoxycarbonyl)-4-(ethoxycarbonyl)-3-
pyrrolidone (6)% with sodium cyanoborohydride in meth-
anol to afford a mixture of epimeric alcohols 7 (~85:15)
[sodium cyanoborohydride (1.2 equiv), MeOH, pH 3, 20
°C; 77%].%2 Epimeric alcohols 7 were benzoylated [ben-
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zoyl chloride (1.2 equiv), pyridine, (dimethylamino)-
pyridine (catalytic), 20 °C; 65%],%° and the derived ben-
zoates were (-eliminated with diazabicycloundecene (DBU)
in refluxing benzene to afford crystalline N-methoxy-
carbonyl pyrroline 9% [DBU (1.5 equiv), benzene, reflux;
67%; mp 75~77 °C]. The ester moiety in pyrroline 9 was
selectively reduced with lithium aluminum hydride in ether
to afford the desired 3-hydroxymethyl pyrroline interme-
diate 4 as colorless crystals® [lithium aluminum hydride
(1.0 equiv), ether, 78 °C; mp 81-83 °C, 75%]. Treatment
of hydroxymethyl pyrroline 4 with a slight excess of lith-
iotetramethylpiperidide in tetrahydrofuran generated a

(7) (a) Lapierre Armande, J. C.; Pandit, V. K. Recl. Trav. Chim.
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(¢) IR 1710 (s), 1690 (s), 1620 (m) cm™}; 'H NMR (CDCl;) 4 6.70 (s, 1 H),
4.35 (s, 4 H), 4.25 (q, J = 8.0 Hz, 2 H), 3.70 (s, 3 H), 1.35 (t, J = 8.0 Hz,
3 H); 1C NMR (CDCl,) 162.4, 155.0, 136.1, 132.3, 60.6, 54.03, 52.4, 52.4,
51.8, 14.08 ppm; MS (70 eV), m/e 199 (26)), 171 (54), 126 (100). Anal.
Caled for CgH 3sNO,: C, 54.27; H, 6.58. Found: C, 54.41; H, 6.74. (d) IR
3450 (s), 1705 (s), 1660 (m) cm™; 'H NMR (CDCl,) é 5.80 (s, 1 H), 4.28
(s, 4 H), 3.84 (s, 3 H), 2.28 (s, 1 H, OH); 3C NMR (CDCl;) 155.2, 139.5,
119.9, 59.5, 53.3, 52.9, 52.3 ppm; MS (70 eV), m/e 157 (13), 126 (100).
Anal. Caled for C;HgNOs: C, 53.50; H, 7.06. Found: C, 53.49; H, 7.06.
(e) IR 3400 (m), 1700 (s), 1660 (m) cm™; 'H NMR (CDCl,) 6 5.80 (br s,
1 H),4.82 (brd,J = 1.5 Hz, 1 H), 4.28 (br d, J = 2.0 Hz, 2 H), 4.20 (br
s, 2 H) 3.82 (s, 3 H), 3.60 (t, J = 6.0 Hz, 2 H), 2.10-1.75 (m, 5 H including
OH); 5C NMR (CDCl) 155.4, 141.7, 120.7, 63.5, 59.1, 53.3, 52.3, 45.0, 28.2,
14.7 ppm; MS (70 eV), m/e 233 (12), 202 (100), 156 (85). Anal. Calcd
for C,oH;,CINQ;: C, 51.38; H, 6.89. Found: C,50,99; H,6.96. (f) IR 3310
(m), 1595 (m) cm™Y; 'H NMR (CDCl;) 5 5.82 (br s, 1 H), 4.24 (br 5., 2 H),
4.10-3.00 (m, 5H including OH), 2.5 (m, 1 H), 1.20-2.20 (m, 4 H); 1*H
NMR (CDCl,) 144.1, 120.5, 71.2, 61.8, 59.5, 56.6, 30.2, 25.8 ppm; MS (70
eV), m/e 139 (65), 80 (100).
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deep red species postulated to be dianion 5 [LiTMP (2.2
equiv), THF, -78 °C, 15 min], which was immediately
quenched by alkylation adjacent to the nitrogen dipole in
high regioselectivity (=97%) with a variety of agents
[RCH,X (5.0 equiv), THF, -78 °C; 30-82%]. However,
unambiguous establishment of the site of alkylation (either
C-2 or C-5) in these structurally homogenous adducts by
spectroscopic methods proved difficult. Proton NMR
spectroscopy indicated that both the pyrroline methine
hydrogen (J = 1.5 Hz) and the pyrroline methylene hy-
drogens (J = 2.0 Hz) were coupled to the pyrroline vinyl
hydrogen; little long-range coupling of either pyrroline
alkane protons to the hydroxymethylene protons (J < 1.0
Hz) was observed. Analysis of 3C NMR spectra of al-
kylated products of pyrroline 4 supported the proposed
C-2-alkylation regiochemistry, although this analysis rested
upon correct assignment of the carbon resonances in 4.
The postulated C-2 regiochemistry of the alkylation was
confirmed by conversion of the 3-chloropropyl alkylation
adduct (10) into supinidine 2. Thus, in situ generation of
the dianion of pyrroline 5 followed by alkylation with
1-bromo-3-chloropropane gave 2-(3’-chloropropyl)-3-(hy-
droxymethyl)-3-pyrroline (10) as a light yellow oil® [1-
bromo-3-chloropropane (5.0 equiv), THF, -78 °C; 48%].
Subsequent N-decarbomethoxylation of pyrroline 10 by
treatment with methyllithium in tetrahydrofuran and
spontaneous cyclization of the released lithioamide by
nucleophilic displacement at the internal alky! chloride site
afforded supinidine 2, which was identical by spectroscopic
analysis with authentic supinidine [MeLi (4.2 equiv), THF,
0°C; 91%].%610 N.Decarbomethoxylation with methyl-
lithium, while enabling direct in situ cyclization in high
yield, was, in addition, the only successful method exam-
ined for N-decarbomethoxylation. Alternate methods for
urethane removal [trimethylsilyl iodide, thiophenoxide,
methanolic hydroxide] proved to be incompatible with the
additional functional groups in 10. Interestingly, metha-
nolic hydroxide treatment of chloropropyl pyrroline 10
afforded the cyclic ethers 11 or 12, depending upon the
extent of base treatment.

This entry into Al2-unsaturated pyrrolizidine alkaloid
construction can be conceptually viewed as proceeding via
vicinal annulation of a bifunctional alkylating agent at the
nitrogen and a-nitrogen molecular sites in a preformed
pyrroline system. The approach possesses synthetic
flexibility to generate a variety of natural and analogue
pyrrolizidines via substitution of a suitably adjusted bi-
functional electrophilic component into the convergent
scheme. We are currently examining the implementation
of this approach to the construction of more structurally
complex fused pyrroline and pyrrolidine ring systems.

Acknowledgment is made to the donors of the Petro-
leum Research Fund, administered by the American
Chemical Society, and to the National Institutes of Health
(ES00267) for support of this research. Timothy L.
Macdonald is a Research Fellow of the Alfred P. Sloan
Foundation.

Registry No. ()-2, 23185-51-5; 4, 84731-29-3; 5, 84731-30-6;
(*£)-6, 80616-42-8; (£)-7 (isomer 1), 84731-31-7; (£)-7 (isomer 2),

(10) We have been unable to obtain a sample of authentic supinidine.
Our synthetic material has 'H NMR, IR, and mass spectra identical with
spectra of authentic supinidine kindly provided by Dr. J. J. Tufariello
of SUNY Buffalo. The *C NMR spectrum of our synthetic material was
in accord with the reported spectrum of supinine,!! the 2,3-dihydroxy-
2-isopropy! butyrate ester of supinidine.

(11) Mody, N. V.; Sawhney, R. S.; Delletier, S. W. J. Nat. Prod. 1979,
42, 417.

(12) Address correspondence to Timothy L. Macdonald at Department
of Chemistry, University of Virginia, Charlottesville, VA, 22901.



dJ. Org. Chem. 1983, 48, 1131-1133 1131

80633-42-7; (£)-7 (R = CgH;CO) (isomer 1), 84731-32-8; ()-7 (R
= CgH;CO) (isomer 2), 84731-33-9; 9, 84731-34-0; (£)-10, 84731-
35-1.

Supplementary Material Available: Full experimental
details and spectral data for the synthesis of supinidine 2 from
pyrrolidone 6 are available (5 pages). Ordering information is
given on any current masthead page.

Timothy L. Macdonald,*!? B. A. Narayanan

Department of Chemistry
Vanderbilt University
Nashville, Tennessee 37235
Received July 26, 1982

An Unusual Migratory Aptitude in a
Cyclopropylcarbinyl-Cyclobutyl Rearrangement.
Synthesis of 2,4-Disubstituted Cyclobutanones

Summary: The inductive effect of an (acyloxy)methyl
substituent encourages migration of the less substituted
carbon in the Grignard adducts of (E)-2-(hydroxy-
methyl)-1-(phenylthio)cyclopropane-1-carboxaldehyde.

Sir: The utility of cyclobutanones as synthetic interme-
diates surges as their accessibility increases.'? [2 + 2]
Cycloadditions of ketenes®® and ketene iminium salts*
provide ready access to 2,3-disubstituted cyclobutanones.®
Sprioannulation with diphenylsulfonium cyclopropylide®
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Table I. Synthesis of 2,4-Disubstituted Cyclobutanones

5,9
entry Grignard reagent 4,% R, yield, % yield, %
1 CH,MgBr CH,, 76 48
2  n-C,HMgBr n-C,H,, 77 59
3 i-C,H,MgBr i-C,H,, 70 46
4 CH,=CHCH,CH,MgBr CH,=CHCH,CH,,75 38
5 PhCH,CH,MgBr PhCH,CH,, 82 55
6 CH,=CHMgBr CH,=CH, 70 ND?
7  PhMgBr Ph, 74 ND?

¢ All new compounds have been fully characterized by
spectral means and elemental composition determined by
high-resolution mass spectroscopy and/or combustion
analysis. ® ND = not determined.

and 1-lithiocyclopropyl phenyl sulfide’ as well as the ox-
ygen® and selenium® analogues of the latter generates
1,1-disubstituted cyclobutanones. We record a facile ap-
proach to 2,4-disubstituted cyclobutanones that derives
from an unusual migratory aptitude in a cyclopropyl-
carbinyl-cyclobutyl rearrangement in which a remote
substituent diverts the normally preferred migration of the
more substituted carbon in 1 (i.e., bond a)!® to the less
substituted carbon (i.e., bond b) (see eq 1). The magni-

b . _b9
e L
!
tude as well as the direction of this reversal is particularly
surprising considering the normal migratory aptitudes
reported for such reactions.'?

Addition of Grignard reagents to the lactol 2!! in THF
at 0 °C provides the diol 3 in virtually quantitative yield.
Chemoselective acylation of the primary alcohol occurs
smoothly with pivaloyl chloride (DMAP, C;H;N, CH,Cl,,
0 °C) to give the hydroxypivalates 4 in 70-82% overall
yield from 2 (see Table I and eq 2). The IR spectra

H, H
Pn Fh . gph
0H —> o R > oA KX @
H W"‘boa“a

2 3 4

showed characteristic absorptions at 3580 x 20 cm™ for
the hydroxyl group and 1725 + 5 cm™ for the ester car-
bonyl group. The 270-MHz NMR spectra showed H; and
H, as doublet of doublets at & 4.48 £ 0.12 (J = 12.1, 5.5
+ 0.25) and 6 4.00 = 0.25 {(J = 12.1, 9.9 £ 0.6 Hz), H; as
a multiplet at § 3.64 £ 0.36 (except for 4, R = Ph, at 6 4.71),
H, as a multiplet or doublet of doublets at 6 1.30 & 0.06
(J=94%0.2,5.4 % 0.3 Hz), and H; as a triplet at § 0.94
£ 0.18 (J = 5.8 £ 0.4 Hz). In each case 4 existed as a 1:1
to 2:1 diastereomeric mixture, which normally was not
separated.

(7) Trost, B. M,; Keeley, D. E.; Arndt, H. C.; Bogdanowicz, M. J. J.
Am. Chem. Soc. 1977, 99, 3088. Also see: Cohen, T.; Matz, J. R. Synth.
Commun. 1980, 10, 311. Tanaka, K.; Uneme, H.; Matsui, S.; Tanikaga,
R.; Kaji, A. Chem. Lett. 1980, 287.

(8) Cohen, T.; Matz, J. R. Tetrahedron Lett. 1981, 22, 2455,

(9) Halazy, S.; Krief, A. Tetrahedron Lett. 1981, 22, 4341.

(10) (a) Schleyer, P. V. R.; Van Dine, G. W. J. Am. Chem. Soc. 1966,
88, 2321. Julia, M.; Noel, Y. Bulil Soc. Chim. Fr. 1968, 3756. Roberts,
J. D.; Watson, T. M. J. Org. Chem. 1970, 35, 978. Shono, T.; Nishiguchi,
I; Oda, R. Ibid. 1970, 35, 42. Also see: Wiberg, K. B.; Hess, B. A,, Jr.;
Ashe, A. J. In “Carbonium Ions”; Olah, G. A., Schleyer, P. v. R., Eds.;
Wiley-Interscience: New York, 1972; Vol III, Chapter 26. (b) Poulter,
C. D.; Spillner, C. J. J. Am. Chem. Soc. 1974, 96, 7591.

(11) Trost, B. M.; Ornstein. P. L. J. Org. Chem. 1982, 47, 748.

0022-3263/83/1948-1131801.50/0 © 1983 American Chemical Society



