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The cularines are isoquinoline alkaloids which contain a
dihydrooxepine ring system! and occur mainly in the Fumaraceae
family.22 Some members are muscle relaxants.2® A number of
syntheses of (+)-cularine (1a)? and of the isomeric (+)-
sarcocapnine?#4 have appeared. (+)-Sarcocapnidine (2b) and
O-demethyl-1 (1b) were obtained in very low yield by the Kj-
Fe(CN) oxidation of crassifoline (3).24f We now report a new
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and better route to these alkaloids using arylnitrenium or -oxenium

ions, and a new diastereoselective reductive methylation of the

imine precursors which yields very high enantiomeric excesses of
the desired alkaloids.

Thestarting materials were appropriately substituted 1-benzyl-
8-(benzyloxy)-7-methoxy-3,4-dihydroisoquinolines (4), whose
preparation by a novel method is described elsewhere.5. The
nitroderivatiave (4a) was converted to the azide (5) via the amine
(4b), and the arylnitrenium ion was generated at the same time
that the benzyl group was removedS using CF;SO;H in CCl, at
-5 °C7 to give the intramolecular trapping product (6)8%2 para to
the nitrenium ion, having the desired dihydrooxepine structure.’
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The presence of the primary arylamine function opens up the
possibility of preparing a wide variety of substituted derivatives
via diazonium ion chemistry. Thus, 6 was converted to the
corresponding phenol, which was methylated (CH,N,) to give
(£)-didehydronorcularine 710 [the spectral data were similar to
those for 6 except for the bands corresponding to the NH, group
and the presence of an additional OCHj; group: 'H, 6 3.89; 13C,
6 58.6; m/z 325 (M**, 35.9), 310 (100), 294 (69.7)]. Arylni-
trenium ions have previously been used to prepare seven-membered
rings,!! but this is the first example of oxepine formation by this
route. The yield of the cularine-type ring system so produced is
appreciably higher than has been reported for other ring-closure
methodologies.

A shorter, more convenient and novel approach involves using
4c (R = OCHj;)’ as the starting material and converting it to the
corresponding aryloxenium ion, a species known to lead to inter-
12 and intramolecular®1314¢ C~O-C bond formation. Oxidation
of phenols by hypervalent iodine compounds has been reported
recently 81415 As far as we can tell, intramolecular arylations
have involved only C-C bond formation, and these in low yields.
The present report emphasizes C—O-C bond formation in which
electrophilic aromatic substitution by the oxeniumion takes place.
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To generate a free aryloxenium ion from Ar-OX* it is necessary
that X bea very good leaving group. Also, any counterion present
should be a very weak nucleophile if it is not to intercept the very
reactive ArO*. To that end, we choose to use C¢FsI(OCOCF;),
(8):1¢ not only is the C¢FsI*(OCOCEF;) group a good leaving
group and CF3CO;~a poor nucleophile, but also C¢F's is not likely
to undergo intramolecular C-C bond formation:

R
R
CF,CO; Q, 9 .
i xocock, — 0 4 CFl + 2CFCO;
A

While it has occasionally been used as an oxidizing agent, no
reports of its use in the oxidation of phenols were found. In the
event, 4¢ was debenzylated and the phenol treated with NaH
followed by 8at-10 °Ctogive (£)-7(87%) (this and the examples
below appear to be the highest yields reported for intramolecular
cyclizations of phenols using hypervalent iodine compounds). A
similar reaction with 4d (R = OBn) gave 9b (R = OH) (89%),
mp 127128 °C (quite stable; cf. ref 17 concerning the instability
of anisomer of 9b), which was converted to a mixture of 10 (36%)
and 11 (58%) (isolated yields).!® The somewhat preferred attack
ortho to the phenolic group over that para to it is noteworthy.!?

(%)-7was N-methylated with CH;I and the methiodide reduced
(NaBH,) to give (x)-cularine (89%), mp 113-114 °C.!% The
optically active compound was prepared by treating (£)-7 with
a chiral auxiliary, (+)-8-phenylmenthyl chloroacetate, in metha-
nol, with stirring at room temperature for 10 h, followed by the
slow additon of NaBH, and stirring for 4 h, to give (+)-cularine
(1a) (94%), mp 114115 °C, [a]?p 284.3° (¢ 0.8, MeOH) [lit.20
[«]?5p285° (0.8, MeOH)], corresponding toanee >99% (based
on optical rotation values). (z)-Phenol 10 could be reductively
N-methylated similarly to yield (+)-O-demethylcularine (1b)
(95%), mp 127-128 °C (lit.*¢ mp 126-127 °C), [«]?%p 323.5°,
which, on methylation, gave 1a (98%), [«]?’p 283.8° (¢ 0.8,
MeOH). Finally, (£)-11 was converted to (+)-sarcocapnidine
(2b) (93%), mp 125-126 °C, [«]?5p 384° (c, 0.0696 MeOH)
(1it.4f 126-127 °C; 385.4°), ee >99%,!° which was O-methylated
to (+)-sarcocapnine (2a) (97%); hydrochoride mp 212-213 °C,
[]?%p 217° (¢ 0.3, EtOH) (lit.2! 213215 °C; 218°), ee >99%.1°
The high yield of (+) products, starting from racemic imine,!?
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requires a highly diastereoselective reduction and prior or
subsequent kinetic resolution, followed by an unprecedented facile
hydrolysis and decarboxylation.22 Clearly the (+)-8-phenyl-
menthyl group must shield one side of the dihydroisoquinoline
much more efficiently than the other. Molecular modeling of
12a23 suggests that the heat of formation of the minimum energy
conformer shielding the convex side (which results in hydride
approach to give the desired .S configuration) is 3 kcal/mol lower
than that of the one shielding the concave side. A ball and stick
model is shown in 12b.

The methodology described here should have applicability to
many other systems, some of which we are currently studying.

Acknowledgment. The work in Brazil was supported by a
grant from CNPq to J.A.R.R. and by a FAPESP scholarship
(90/0232-5) to J.D.F.S., while the work in the United States was
supported by NSF Grants CHE-9015972 and INT-8902803 to
R.A.A., for which we are grateful.
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nitrogen takes place, which may facilitate decarboxylation. We are in the
process of isolating the phenylmenthyl byproduct and will report the results
in the full paper.
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