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the proposed initially-formed tbp’s analogous to 4 (e.g., 8'!) suffer
from a severe steric interaction between an alkyl group on the
ligand and an apical substituent within the tbp. In other words,
though the corresponding transition structures for aldol reaction
of § and 6 with benzaldehyde seem reasonable, there appears to
be no low-energy pathway for their formation. Further consid-
eration of structure 8!! suggests that a viable intermediate might
be produced by epimerization of the methyl-bearing carbon, a
proposal supported by experiment. (1S,25)-Pseudoephedrine-
derived ketene N,O-acetal 9 undergoes smooth aldol condensation
with benzaldehyde at 60 °C to form the (25,3R)-anti aldol product
10 (mp 156-158 °C) in 70% yield. X-ray analysis of 10 shows
the structure to be analogous to 2, supporting, though certainly
not proving, a common reaction mechanism,

In summary, it is proposed that attack of benzaldehyde on 1
produces 4, which then undergoes pseudorotation and (rate-de-
termining) C—C bond formation to afford 2. The formation of
other tbp isomers by attack on a different tetrahedral face of 1
with subsequent pseudorotational isomerizations to 4 (at least two
are required) is not ruled out; however, the proposed mechanism
is simpler. This mechanism follows rationally from consideration
of the experimental data and appears to correlate results obtained
with several different substrates. Finally, in addition to providing
mechanistic insight, the pseudoephedrine-derived O-silyl ketene
N,O-acetal 9 is anticipated to be of value in the synthesis of
enantiomerically pure anti aldol products.
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(10) Structures 3 and 4 may represent energy minima or simply points
along the surface leading to 2; the data available at this time do not allow
resolution of this issue.

(11) The enantiomer is depicted for visual comparison of homochiral
structures.
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Quinocarcin (1)! is an antitumor antibiotic isolated from
Streptomyces melanovinaceus whose structure was deduced from
the X-ray analysis of quinocarcinol (2), an inactive homologue
which lacks the hemiaminal function. Quinocarcin itself is rather
labile but can be converted to a more stable amino nitrile derivative
DX-52-1 (3) by treatment with CN-, and 1 can be regenerated
with AgNO,; or strong acid.2 The antitumor activity of 1 appears
to be tied to the inhibition of DNA and/or RNA synthesis.’
Quinocarcin’s absolute configuration was not determined, but a
computational study suggests that the enantiomer shown may be
preferred for binding to DNA.* Although total syntheses of
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racemic 1 and 2 have been reported,’ recent work has focused on
developing enantiospecific approaches to these molecules.® We
now report the first asymmetric synthesis of (-)-1.

The synthesis begins with (R)-phenylglycinol derivative 4,
which is converted to the aziridine imide 5% in 31% overall yield
via a five-step sequence analogous to one used in our model
studies.” Building on our previously elaborated strategy,'® an
auxiliary-controlled 1,3-dipolar cycloaddition reaction would be
used to assemble the 3,8-diazabicyclo[3.2.1]octane moiety of 1.!!
In the event, portionwise addition of (+)-acryloyl sultam 6% to
an irradiated (2537 A, quartz) solution of § in 1,4-dioxane resulted
in a very clean reaction to give 7 (X* = (+)-sultam), the cyclo-
adduct resulting from addition of the intermediate azomethine
ylide to the exo-si face of the dipolarophile 6, in 61% isolated yield.
At this juncture, the free hydroxyl function was masked (MOMCI,
i-Pr,NEt, CH,Cl,, 86%) to give the MOM ether 8.
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Benzylic bromination of 8 (0.01 M, NBS, CHCl,, Av) afforded
the monobromide 9, which was directly converted to the phos-
phonium salt 10 (Ph,P, CHCl,, 56% over two steps). Treatment
of 10 with #-BuOK resulted in the formation of a phosphonium
ylide, which, upon heating (DMF, 120 °C), cyclized to give the
required dihydroisoquinoline 11 in 79% yield.!*> The regiose-
lectivity of this intramolecular imide olefination can be ascribed
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J. J. Ibid. 1988, 110, 5196.
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1990, 31, 2105.
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(Evans, D. A.; Britton, T. C.; Ellman, J. A.; Dorow, R. L. J. Am. Chem. Soc.
1990, 112, 4011) of the (1S,2R)-norephedrine derived oxazolidine imide of
2-methoxy-6-methylbenzeneacetic acid followed by reduction. Details will be
provided in the full account of this work.

(8) All of the compounds depicted in this paper exhibited satisfactory
spectral and/or analytical data.
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5 N HCI, THF; (4) MeN,, toluene; (5) Av (Hg, Pyrex), 1,4-dioxane. (See
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isoquinoline systems is, to our knowledge, unprecedented.
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to a transition state conformation that places the benzylic methine
(rather than the CH,OMOM group) in the imide plane so that
the ylide approaches the pro-R imide carbonyl from the exo face.!4
Hydrogenation of 11 (1400 psi of H,/Raney Ni (W2), EtOH,
65-70 °C) occurred from the exo face to afford nearly equal
amounts of 12 and the overreduced byproduct 13 in 64% combined
yield. Saponification of 12 (LiOH, THF-H,0) produced the
carboxylic acid 14 in quantitative yield. Alternatively, the sultam
auxiliary could be removed from 11 (LiOH) and the resulting acid
esterified (CH,N,, 63% overall) to provide 15, which underwent
clean hydrogenation to 16 in 67% yield. Select NOE experiments
on both 15 and 16 served to confirm our structure assignments
at this stage.

Following the protocol that Evans used in his cyanocycline A
synthesis,'® the hindered lactam of 14 could be partially reduced
with Li/NH; and the resulting hemiaminal converted directly to
the stable amino nitrile 17 (NaCN, H,0, 60% overall). The
racemic version of 17 was an intermediate in Fukuyama’s synthesis
of (&)-quinocarcin. Deprotection of 17 (Nal, TMSCI, MeCN,
72%) afforded a compound corresponding to 3, which was then
converted to (—)-quinocarcin (1) (AgNO;, MeOH, H,0, 89%).
The 'H and *C NMR data obtained for synthetic 1 matched those
reported in the literature!® as well as those of an authentic sample.
Comparison of the optical rotation of synthetic 1 ([a]?’p -30°
(c 0.2, H,0)) with that of natural quinocarcin (lit.'* [a]?*, -32°
(c 0.50, H,0)) confirms that the absolute configuration of the
natural product is as shown.
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Chiral Lewis acid catalysis is emerging as a powerful tool for
enantioselective synthesis.! One potentially useful class of re-
actions has heretofore proven elusive. The asymmetric cleavage
of meso epoxides exemplified by eq 1 simultaneously establishes
two contiguous stereogenic centers.?. We now report a successful

(1) Furuta, K.; Shimizu, S.; Miwa, Y.; Yamamoto, H. J. Org. Chem. 1989,
54, 1481-1483, Maruoka, K.; Yamamoto, H. J. Am. Chem. Soc. 1989, 1]1,
789. Review: Narasaka, K. Synthesis 1991, 1-11,
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Table I. Effect of Catalyst and Promoter on Enantioselectivity

of Eq 1¢

enantiomeric excess (%) and sign of rotation

catalyst/

promoter none HOAc? HO,CCFy* Me;SiO,CCF,¢
1 6 (+) 19 (-) 13 (+) 3(+)
2 3(+) 2(+) 19 () 11 (=)
3 19 () 70 (-) 87 () 86 ()

?All runs contain cyclohexene oxide (1.2 mmol), Me;SiN; (1.2
mmol), and catalyst (0.1 mmol of Zr) in 1,2-dichlorobutane (3.0 mL),
18 h, 25 °C. ®Additionally contains 1.0 uL of 50% aqueous acetic
acid. °Additionally contains 1.0 uL of 50% aqueous trifluoroacetic
acid. ¢ Additionally contains 3.0 uL of trimethylsilyl triflucroacetate.

approach to this problem utilizing a novel type of chiral Lewis
acid.

\OSiMey
) Catalyst -
O + MgsSiNy —————3 (1
N3

It has been reported®* that eq 1 proceeds in modest enantiomeric
excess in the presence of a stoichiometric amount of titanium
isopropoxide/dimethyl tartrate. However, use of a catalytic
amount of the titanium alkoxide resulted in essentially racemic
product.® This suggested to us that the chiral ligand was being
lost in the presence of excess azidotrimethylsilane and that this
might be overcome by use of a tightly binding multidentate ligand.
Trialkanolamines seemed an especially advantageous choice as
ligand; they are easy to prepare, and the parent triethanolamine
is known to form stable alkoxides with many early transition
metals.> To test this notion, (+)-(S,S,S)-triisopropanolamine’”’
(88% de) was prepared quantitatively by the reaction of com-
mercially available (S)-(+)-1-amino-2-propanol (Aldrich, 91%
ee) and s(S)-(—)-propylene oxide (Aldrich, 98.6% ee) according

toeq 2.
O  toluene
NN L2 NT 2
H; C:)H + /Q F(J_» f\c_):>3 (2

Treatment of zirconium tert-butoxide in THF with this tri-
alkanolamine (LH; in eq 3) followed by distillation of the solvent
affords 1 as a white powder. As expected,’ the spectroscopic

THF 7
N(v) + 2108y, e (L-Zr-0BuY, @)
OH /3 1
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