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The isomeric cyclopropanes 7 and 8 exhibit quite dif-
ferent 'H and *C NMR spectra.®> Compared to 7, 8 shows
much more fully resolved and interpretable signals for the
cyclopropyl protons; thorough decoupling experiments
permit us to make peak assignments that are in accord
with earlier data for related cyclopropanes.232

Of significance is that the stereochemistry of the in-
tramolecular cyclopropanation to give 7 is not only the
opposite of the alternative intermolecular cyclopropanation
routes shown above, but it is also the opposite of closely
related cases of intramolecular cyclopropanations of diazo
compounds.**?27  We tentatively rationalize the ste-
reochemical outcome of our reaction by hypothesizing a
chair-like transition state 10 leading to 7.2

q
{ rrase
]_Cp(CO)z*Fe J

10

The trans stereochemistry of 7 coincides with formerly
proposed structures of the natural product cycloeudesmol
(the structural assignment of which has been revised re-
cently)®® and with key intermediates in syntheses of other
compounds.?® Of potential importance is that our reaction
may provide an approach to angularly alkylated, fused ring
systems of defined stereochemistry,”®%! a point which we
are continuing to pursue in general.
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P.R.; Knox, J. R.; Scaf, B. Aust. J. Chem. 1973, 26, 2199. (g) Payne, T.
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the absence of other ring substituents in substrate 6 compared to earlier
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3245.
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Stereocontrolled Total Syntheses of (-)-Hobartine
and (+)-Aristoteline via an Intramolecular
Nitrone-Olefin Cycloaddition

Summary: The Aristotelia alkaloids (-)-hobartine and
(+)-aristoteline have been synthesized from indole and
(S)-1-p-menthen-8-ylamine (7) in 11 steps (19%) via an
intramolecular nitrone-olefin 1,3-dipolar cycloaddition.

Sir: Several species of plants from the genus Aristotelia
contain a series of novel, structurally similar Cy,N, indole
alkaloids.! Distinguishing characteristics of these bases
include tryptamine and nonrearranged geranyl subunits
that have been functionalized and cyclized to varying
degrees. (+)-Aristoteline (1), the major component in
many species,'®? (-)-hobartine (2),!2 and (+)-makomakine
(3)Xf are representative examples.
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Of the previous synthetic entries into this class of al-
kaloids,'®® two reports describe syntheses of hobartine and
makomakine and the conversion of each to aristoteline by
treatment with concentrated hydrochloric acid.®®® Al-
though these routes to makomakine were both direct and
enantioselective, the hobartine produced by each approach
was necessarily racemic even when optically active starting
materials were used. More recently, an asymmetric syn-
thesis of (-)-hobartine was achieved via a biomimetic im-
inium ion cyclization.%

(1) (a) Anderson, B. F.; Robertson, G. B.; Avey, H. P.; Donovan, W.
F,; Bick, I. R. C.; Bremner, J. B.; Finney, A. J. T.; Preston, N. W.; Gal-
lagher, R. T.; Russel, G. B. J. Chem. Soc., Chem. Commun. 1975, 511-512,
(b) Bick, I. R. C.; Hai, M. A,; Preston, N. W.; Gallagher, R. T. Tetrahe-
dron Lett. 1980, 545-546. (c) Hai, M. A.; Preston, N. W.; Kyburz, R.;
Schopp, E.; Bick, I. R. C.; Hesse, M. Helv. Chim. Acta 1980, 63,
2130~2134. (d) Bick, I. R. C.; Hai, M. A. Tetrahedron Lett. 1981,
3275-3276. (e) Chaichit, N.; Gatehouse, B. M.; Bick, I. R. C.; Hai, M. A,;
Preston, N. W. J. Chem. Soc., Chem. Commun. 1979, 874-875. (f) Bick,
I. R. C,; Hai, M. A. Heterocycles 1981, 16, 1301-1303. (g) Kyburz, R.;
Schopp, E.; Bick, I. R. C.; Hesse, M. Helv. Chim. Acta 1979, 62,
2539-2546. (h) Bick, I. R. C.; Hai, M. A,; Preston, N. W. Heterocycles
1983, 20, 667-669. (i) Bick, I. R. C.; Bremner, J. B.; Preston, N. W.;
Calder, L. C. J. Chem. Soc., Chem. Commun. 1971, 1155-1156. (j) Ros,
H.; Kyburz, R.; Preston, N. W.; Gallagher, R. T.; Bick, I. R. C.; Hesse,
M. Helv. Chim. Acta 1979, 62, 481-487. (k) For a recent review of the
Aristotelia alkaloids and their biogenesis, see: Saxton, J. E. In “Indoles”;
Saxton, J. E., Ed.; Wiley: New York, 1983; Part 4, Chapter 11, pp 47-62.

(2) Bhakuni, D. S, Silva, M.; Matlin, 8. A.; Sammes, P. G. Phyto-
chemistry 1976, 16, 574-576. Zabel, V.; Watson, W. H.; Bittner, M.; Silva,
M. J. Chem. Soc., Perkin Trans. 1 1980, 2842-2844.

(3) (a) Mirand, C.; Massiot, G.; Lévy, J. J. Org. Chem. 1982, 47,
4170-4171. (b) Stevens, R. V.; Kenney, P. M. . Chem. Soc., Chem.
Commun. 1983, 384~386. (c) Darbre, T.; Nussbauer, C.; Borschberg, H.
J. Helv. Chim. Acta 1984, 67, 1040-1052.
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% (a) Br,, propylene oxide, room temperature, 83%; (b)
t-BuLi, BF,, ethylene oxide, 87%; (¢) CBr,, Ph,P, room
temperature, 94%; (d) NaHCO,, CH,CN, 15 h, 69%; (e)
m-CPBA, 0 °C, CH,Cl,; (f) O,, Cu(OAc),, 0 °C, 20 min;
(g) A, PhCH,, 5 h, 64% from 12; (h) 6% Na(Hg),
Na,HPO,, 0 °C, 40 min, 91%; (i) Zn, AcOH/H,0, 50 °C,
1.5 h, 96%; (j) TFA, A,12 h;77%.

In our approach to the hobartine ring system (shown
retrosynthetically in Scheme I), we envisioned an intra-
molecular nitrone—olefin 1,3-dipolar cycloaddition as the
key step (i.e., 6 — 5). This would subsequently produce
alcohol 4 as the precursor to the target alkaloids. The
requisite isoxazolidine ring (5) was predicted from Dreiding
models to be the major product from a regioselective and
stereospecific (Z)-nitrone-olefin cycloaddition.* It was
anticipated that a nitrone such as 6 would be available in
optically pure form from (S)-1-p-menthen-8-ylamine (7)
and a tryptophyl unit.

The successful realization of this strategy is shown in
Scheme II. Amine 7 was prepared in two steps (62%)
from (-)-a-pinene as reported,’ [«])®, —64 + 4° (neat) [lit*
[a]®p -106° (¢ 2.1, EtOH)]. Bromination of N-(phenyl-
sulfonyl)indole (8)% gave the C-3 bromo derivative 9%°
(83%), mp 122-123 °C. Treatment of 9 with zert-butyl-
lithium (Et,0, -105 °C) followed by the rapid sequential
addition of boron trifluoride etherate’ and ethylene oxide

(4) For recent, leading references on intramolecular nitrone-olefin
cycloadditions in the synthesis of natural products, see: Oppoizer, W.,
Ed. “Tetrahedron Symposia-in-Print”; Pergamon: New York, 1985; Vol.
41, No. 21, pp 3447-3568. Schwartz, M. A.; Willbrand, A. M. J. Org.
Chem. 1985, 50, 1359-1365.

(5) Pancrazi, A.; Kabore, L; Khuong-Huu, O. Bull. Chim. Soc. Fr. 1977,
162-164.

(6) Saulnier, M. G.; Gribble, G. W. J. Org. Chem. 1982, 47, 757-761.

69(;I) Eis, M. J.; Wrobel, J. E.; Ganem, B. J. Am. Chem. Soc. 1984, 106,
3693-3694.
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afforded N-(phenylsulfonyl)tryptophol (10)% (87%; oil).
This was efficiently converted to bromide 11%° (94%), mp
117-118 °C, with carbon tetrabromide/triphenyl-
phosphine.l® Alkylation of amine 7 with bromide 11 was
accomplished in boiling acetonitrile in the presence of
sodium bicarbonate to give amine 12%° (69%), mp 78-78.5
°C, []2p —32.8 + 0.6° (c 6.12, EtOH).

The crucial oxidation of amine 12 to nitrone 14 was most
efficiently carried out in two stages. Thus, treatment of
12 with m-chloroperbenzoic acid (m-CPBA)!! gave hy-
droxylamine 13,8 characterized as the oxalate salt (mp 172
°C dec).? Further oxidation of 13 was achieved by bubbling
oxygen through a solution of 13 (CH,Cl,, 0 °C) containing
a catalytic amount of cupric acetate!® to yield nitrone 14.%
This appeared to be a single geometric isomer, predicted
to be Z, as evidenced by the clean triplet at § 6.95 (J =
5 Hz) in the 'H NMR spectrum. The intramolecular cy-
cloaddition of 14 proceeded smoothly in refluxing toluene
(5 h)*3 to afford a single cycloadduct 15%° (64% from 12),
mp 134-135 °C, [a]®p —51 £ 2° (¢ 3.74, CHCl,), as judged
by TL.C and NMR spectroscopy.

(8) 9: IR (CDCl,) 1605, 1585, 1445, 1370, 1265 cm™'; 'H NMR (CDC),)
67.15-8.15 (¢, 9 H), 7.63 (s, 1 H); 1*C NMR (CDCl,) § 137.5, 134.1, 134.0,
129.6, 129.3, 126.7, 125.7, 124.6, 123.9, 120.0, 113.4, 99.7. 10: IR (CDCl,)
3605, 3450, 1610, 1450, 1370, 1280, 1180, cm™’; 'H NMR (CDCl,) &
7.17-8.17 (¢, 10 H), 3.87 (t, J = 6 Hz, 2 H), 2.90 (t, J = 6 Hz, 2 H), 2.05
(br 5, 1 H); 3C NMR (CDCl;) 6 137.9, 135.0, 133.6, 130.8, 129.1, 126.5,
124.7,123.4, 123.1, 119.7, 119.4, 113.5, 61.4, 28.1. 11: IR (CDCly) 1605,
1450, 1370, 1175, cm™; 'H NMR (CDCly) 6 7.15-8.05 (c, 10 H), 3.60 (m,
2 H), 3.23 (m, 2 H). 12: IR (CDCly) 3480, 1605, 1445, 1370, 1175 cm™;
'H NMR (CDCly) é 7.00-8.10 (¢, 10 H), 5.30 (br m, 1 H), 2.80 (br s, 4 H),
0.90-2.10 (c, 8 H), 1.58 (br s, 3 H), 0.91 (s, 6 H); *C NMR (CDCly) 6 137.7,
134.9, 133.2, 130.5, 128.7, 126.1, 124.3, 122.7, 121.0, 120.5, 119.1, 113.3,
53.6, 40.5, 39.9, 30.7, 26.2, 25.9, 23.8, 23.7, 23.3 , 22.9; mass spectrum [no
M* (m/e 436) was seen at normal magnification], m/e 341, 284, 253, 166,
130, 81, 71, 57 (base). 13: IR (CDCl,) 3600, 3495, 1610, 1455, 1370, 1180
em™’; 'H NMR (CDCly) 8 7.05-8.05 (c, 10 H), 5.30 (br m, 1 H), 4.55 (br
8, 1 H), 2.90 (br s, 4 H), 0.90-2.10 (c, 7 H), 1.61 (br s, 3 H), 0.97 (s, 6 H);
13C NMR (CDCly) 6 138.2, 135.1, 133.9, 133.5, 131.1, 129.1, 126.6, 124.5,
123.0, 122.9, 121.6, 120.9, 119.4, 113.6, 63.2, 50.4, 40.9, 31.2, 26.8, 24.1, 23.3,
18.5,18.2. 14: IR (CDCl,) 1670, 1635, 1605, 1575, 1450, 1370, 1175 cm™;
H NMR (CDCl,) 8 7.20-8.20 (c, 10 H), 6.95 (t, J = 5 Hz, 1 H), 5.32 (br
m, 1 H), 3.90 (d, J = 5 Hz, 2 H), 1.0-2.1 (¢, 7 H), 1.63 (br s, 3 H), 1.42
(s, 3 H), 1.38 (s, 3 H). 15: IR (CDCl,) 1450, 1370, 1215, 1175 em™}; 'H
NMR (CDCly) 6 7.17-8.15 (¢, 10 H), 3.63 (t, J = 7 Hz, 1 H), 2.92 (dd, J
= 7,5 Hz, 2 H), 1.0-2.2 (¢, 8 H), 1.33 (s, 3 H), 1.23 (s, 3 H), 1.00 (s, 3 H);
13C NMR (CDCl,) 6 138.0, 135.0, 133.5, 131.0, 129.0, 126.5, 124.5, 123.3,
123.0, 121.3, 119.6, 113.6, 83.8, 67.0, 62.7, 46.3, 36.7, 31.1, 28.7, 28.6, 27.4,
26.7, 22.5; mass spectrum, m/e 450 (M*), 365, 309, 297, 270, 180 (base),
81,77, 56. 5: IR (CDCly) 3490, 1460, 1380, 1240 cm™}; *H NMR (CDCl;)
5 8.30 (br s, 1 H), 6.90-7.80 (¢, 5 H), 3.87 (t, J = 6 Hz, 1 H), 3.12 (skewed
d, J = 6 Hz, 2 H), 1.0-2.3 (c, 8 H), 1.42 (s, 3 H), 1.28 (s, 3 H), 1.13 (s, 3
H); 3C NMR (CDCly) 6 136.2, 127.5, 122.3, 121.6, 119.0, 118.8, 113.7,
111.2, 84.0, 67.8, 62.9, 45.8, 37.0, 31.3, 29.1, 28.9, 27.6, 27.0, 26.8, 22.6; mass
spectrum, m/e 310 (M*), 295, 267, 225, 210, 196, 180, 157, 130 (base). 4:
IR (CDCl;,) 3610, 3490, 3420, 3300, 1620, 1460, 1380, 1340, 1255 cm™; 'H
NMR (CDCly) 5 8.35 (br s, 1 H), 6.90-7.85 {c, 5 H), 3.10-3.80 (c, 3 H),
1.00-2.80 (c, 10 H), 1.28 (s, 3 H), 1.02 (br s, 6 H); *C NMR (CDCl,) 6
136.4, 127.5, 122.3, 121.6, 119.0, 118.9, 114.1, 111.1, 74.6, 57.2, 53.5, 42.9,
36.1, 35.9, 32.2, 31.0, 30.4, 29.1, 26.4, 24.6; mass spectrum, m/e 312 (M*),
311, 310, 297, 294, 279, 255, 200, 182 (base), 164, 130, 56. 2: IR (CHCl,)
3490, 1625, 1610, 1460, 1430, 1420, 1385, 1340, 1080, 1010 cm™'; 'H NMR
(CDCly) 4 8.35 (br s, 1 H), 6.80-7.80 (c, 5 H), 5.65 (br s, 1 H), 3.50 (br t,
J = 8 Hz, 1 H), 0.80-3.00 (c, 9 H), 1.80 (br s, 3 H), 1.13 (s, 3 H), 1.07 (s,
3 H); 13C NMR (CDCl;) & 136.3, 133.4, 127.4, 124.7, 122.4, 121.5, 118.8,
113.2, 111.0, 54.5, 53.6, 38.1, 35.0, 31.6, 29.9, 29.2, 27.8, 25.76, 25.68; mass
spectrum, m/e 294 (M*), 279, 237, 222, 199, 180, 164 (base), 130. 1: IR
(CHCIy) 3480, 1610, 1465, 1385, 1295, 1175 em™; *H NMR (CDCl,) § 7.85
(br s, 1 H), 6.95-7.65 (c, 4 H), 3.60-3.80 (br d, 1 H), 1.0-3.3 (c, 10 H), 1.41
(s, 3 H), 1.26 (s, 3 H), 1.05 (s, 3 H); 1*C NMR (CDCl,) § 142.6, 136.0, 128.1,
120.9, 119.0, 118.1, 110.4, 104.3, 53.2, 50.4, 39.3, 356.9, 35.6, 33.1, 29.1, 28.6,
217.8, 27.6, 25.4, 25.1; mass spectrum, m/e 294 (M¥), 279 (base), 237, 222,
211, 194, 182, 167, 143.

(9) A satisfactory elemental analysis (C, H, N, and S, Br, if present,
+0.15%) was obtained for this new compound.

(10) Chen, 8. Y.; Joullie, M. M. Synth. Commun. 1984, 14, 591-592.

(11) Bachi, G.; Luk, K. C.; Kobbe, B.; Townsend, J. M. J. Org. Chem.
1977, 42, 244-246.

(12) Hamer, J.; Macaliso, A. Chem. Rev. 1964, 64, 473-495,

(13) Black, D. 8t.-C.; Crozier, R. F.; Davis, V. C. Synthesis 1975,
205-221.
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Although the regioselectivity of the cycloaddition could
not be established solely from the 'H NMR spectrum of
the product, an off-resonance *C{!H} NMR experiment!*
clearly established the structure of 15 to be as shown in
Scheme II. This was deduced from the three nonaromatic,
relatively low-field '3C NMR resonances at 6 62.7, 67.0, and
83.9 assigned to (hobartine numbering) C(2), C(4), and C(6)
(or C(5) had cycloaddition proceeded in the other sense).
Thus, the resonances at 6 62.7 and 83.9 were found to arise
from quaternary carbons, a result consistent only with
structure 15. The carbon « to oxygen in the other possibie
cycloadduct would not have been quaternary, and only one
quaternary downfield resonance would have been observed.

The next task was the reductive cleavage of the isoxa-
zolidine ring. The N-O bond of 15 was completely inert
to all neutral and basic reducing systems investigated.!®
Upon treatment with buffered sodium amalgam, 15 was
smoothly converted!” to isoxazolidine 5° (91%), mp
210-210.5 °C, [«]® —41 * 2° (¢ 3.36, CHCl;). The re-
luctance of similar isoxazolidines toward reduction has
been noted by others.!®* However, 5 was cleanly reduced
to the desired alcohol 48° (96% ), mp 145.5-146.5 °C, [«]%®,
+65 £ 2° (¢ 3.64, CHCl;), by using zinc/aqueous acetic
acid.’® Treatment of 4 with p-toluenesulfonic acid
(benzene, reflux, 30 min) afforded a mixture of (-)-ho-
bartine (2) (50%) and (+)-aristoteline (1) (28%), separated
by radial thick layer chromatography. Dehydration of 4
with neat trifluoroacetic acid (reflux, 12 h) produced
(-)-hobartine (77%) exclusively. The (~)-hobartine ob-
tained, mp 152.5-153.5 °C, [a]®p —27 * 3 (¢ 1.69, CHCly)
[lit.!6 mp 149-150.5 °C, [a}*°p =20 % 3° (¢ 1.66, CHCly);
lit.% mp 151 °C, [«]?p —28° (¢ 1.2, CHCL;)] gave spectra
(IR, 300-MHz 'H NMR, *C NMR, mass spectrum) iden-
tical with those of the natural product. In addition, our
synthetic (+)-aristoteline (1)3% was identical with a sample
of the natural product (TLC, IR, 'H NMR, *C NMR, mass
spectrum).

Attempts to convert alcohol 4 to (+)-makomakine (3)
were only partially successful. Thus, treatment of 4 with
phosphorus oxychloride (pyridine, 3 h, 70 °C) gave a
mixture (68%) of (-)-hobartine (2) and makomakine (3)
in a ratio of ca. 88:12 (‘H NMR).

To summarize, we have described a convergent, stereo-
controlled synthesis of (-)-hobartine in which a single
chiral center (7) was elaborated into three through a highly
regioselective and stereospecific intramolecular nitrone—
olefin 1,3-dipolar cycloaddition. The synthetic sequence,
while somewhat longer than the previous syntheses of
hobartine, compares quite favorably in its overall effi-
ciency.
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The Synthesis and Relative Configuration of
(%)-Lirionol

Summary: The synthesis of C-9 epimers 1 and 2 of the
natural lignan lirionol is described. The relative configu-
ration of the natural material is thereby established as 2
contrary to the previous assignment.

Sir: Lirionol, an unusual tetracyclic bridged lignan, was
isolated from the bark of Liriodendron tulipfera and as-
signed! the structure and relative stereochemistry 1 from
spectroscopic and biogenetic considerations. The bicy-
clo[3.3.1]nonadienone feature, constituting the central BC
rings of lirionol, betrayed its probable biogenetic origin
from a 1-aryl tetralin precursor and invited an attempt at
synthesis by simple Friedel-Crafts cyclization to form the
3,4-bond of the molecule. Such a plan requires an efficient
means for the stereocontrolled elaboration of an all-trans
1,2,3-substituted tetralin (e.g., 12, Chart I) and we ad-
dressed this problem by application of the methods pre-
viously developed in our laboratory for the synthesis of (£)
podophyllotoxin.>® We now report the successful cutcome
of these efforts, the synthesis of both C-9 epimers 1 and
2 and the revision of the relative sterecchemistry of lirionol.

Deprotonation of 2,3,4-trimethoxy-N,N-diethylbenz-
amide with sec-butyllithium-TMEDA and quenching the
resultant 6-lithio species with 2,3,4-trimethoxybenz-
aldehyde was followed by lactonization of the amide-al-
cohol to provide* the phthalide 3 in 62% overall yield.
Reduction with DIBAL-H in methylene chloride produced
a mixture of diastereomeric lactols 4, used after purifica-
tion but without separation to generate the l-aryliso-
benzofuran 5, which was reacted® in situ with dimethyl
acetylenedicarboxylate to yield (61% from 3) the bicyclo
adduct 6. Thus all the carbon atoms of lirionol were as-
sembled by this short sequence in 38% overall yield and
in a convergent fashion.

Hydrogenolysis of 6 with 5% Pd/charcoal in ethyl
acetate at 60 psi provided the all-cis tetralin 7 in 74% yield
with no trace of any C-1 epimer. This was a surprising
result, contrary to previous experience?® with palladium-
catalyzed hydrogenolysis. We are investigating the
structural and stereochemical dependence of this reaction
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