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TOTAL SYNTHESES OF (+)-CRININE AND (1)-BUPHANISINE#

Stephen F. Martin*! and Carlton L. Campbell
Department of Chemistry, The University of Texas, Austin, TX 78712
The concise total syntheses of the Amaryllidaceae alkaloids (+)-crinine (1) and (+)-buphanisine

Abstract.
(2) have been completed by a strategy that features the application of a general procedure for the elaboration of a
quaternary carbon at a carbonyl center for construction of the key intermediate 4,4-disubstituted cyclohexenone 7.

The Amaryllidacege family of alkaloids constitutes an important class of naturally occurring bases, which
continues to elicit the interests of synthetic organic chemists.2 Previous accounts from these laboratories® have
revealed a general entry to several classes of the alkaloids of the Amaryllidaceae family, and we wish to disclose
the extension of this strategy to the facile total syntheses of (+)-crinine (1)4-5 and (+)-buphanisine (2). The key
tactical element of the approach involves the practical application of a general methodology for the construction of
quaternary carbon atoms bearing differentially functionalized alkyl appendages at a carbonyl center.6

The opening move in the syntheses of (+)-crinine and (+)-buphanisine required the construction of the 4,4-
disubstituted cyclohexenone 7 from the monoprotected 1,4-dione 3, which was readily available from
piperonal.3¢ In the event, reaction of 3 with diethyl N-benzylideneaminolithiomethylphosphonate (1.2 equiv,
THEF, -78 °C +reflux, 3 h) followed by regioselective addition of n-butyllithium (1.1 equiv, -78 °C, 1 h} to the 2-
azadiene thus produced in situ afforded the metalloenamine 4. Subsequent alkylation of 3 with allyl N-benzyl-N-
(2-bromoethyl)carbamate (5)7 followed by treatment with aqueous acid provided the 8-ketoaldehyde 6.
Cycloaldolization and dehydration [pyrrolidine-33% aq. AcOH-MeOH (1:3:30)] of 6 afforded the key

intermediate cyclohexenone 7 in 60% overall yield from 3. The conversion of 7 into the cyclohexadienone 8 was

#This paper is dedicated to Professor Rudolf Gompper on the occasion of his 60th birthday.
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then easily achieved in 70-80% overall yield by sequential bromination (PhNMe3Brj, EtOAc, 25 °C, cat. HySOy,
RT, 3 h) and dehydrobromination (DBU, C¢Hg, reflux, 10 h).

The palladium (0)-catalyzed3 [Pd(PhsP)4, PhsP, Bu(EtYCHCO,H, CH,Cl,, RT, 48 h: 85%] removal of the
allyloxycarbony! function from 8 was accompanied by the spontaneous cyclization of the intermediate secondary
amine to deliver the hydroindolenone 9. Hydride reduction of 9 furnished mixtures of the allylic alcohols 10 and
11 that varied depending upon the hydride reagent employed. Namely, when the enone 9 was treated with
DIBAL, a mixture of 10 and 11 (1:10) was obtained, whereas reduction of 9 with alane in THF provided a
mixture of 10 and 11 wherein the diastereomer 10, which has the correct configuration at C(3) of the target
alkaloids, was slightly preferred (1.3-1.5:1). Although a number of experimental variants were explored to
increase the relative amount of the allylic alcohol 10, which was required for the synthesis of (+)-crinine (1),
formed upon reduction of 9, no significant improvement of the ratio of 10/11 was observed. Nevertheless, the
configuration at C(3) of the undesired allylic alcohol 11 could be conveniently inverted in a straightforward
fashion to give 10 [(1) Ms,0, Et;N, CH,Cly; (2) CsOAc, DMF, RT; (3) MeOH, K5COj3, RT: 74%]. On the
other hand, the problem of accessing an intermediate for the synthesis of (+)-buphanisine (2) was more readily
solved since it was discovered that methanolysis (MeOH, RT) of the mixture of mesylates obtained from 10 and
11 led to the formation in 75% overall yield of the single C(3) epimeric allylic ether 12, bearing the configuration
at C(3) corresponding to that present in 2.

Removal of the N-benzyl protecting group from 10 to give the secondary amine 13 was smoothly effected
through the agency of ACE-CI® according to either of two protocols: (1) [(2) TBDMSOTY, Hunig's base,
CH,Cl,, 0 °C; (b) ACE-Cl, CICH,CH,C], reflux, 3 h; (c) MeOH, reflux, 2 h: 93%]; or (2) [(a) ACE-Cl,
CICH,CH,Cl, Proton Sponge, reflux, 3 h; (b) MeOH, reflux, 2 h: 63%]. N-Debenzylation of 12 was achieved
according to Method 2 above to provide 14 (>95%). The crude secondary amines 13 and 14 were then
transformed directly into (&)-crinine (1) and (+)-buphanisine (2), in 85% and 70% overall yields from 10 and 12,
respectively, by a Pictet-Spengler reaction [40% aq CH,O, MeOH, RT, 10 min; 6N HCL, RT, 3 h]. The synthetic

crinine and buphanisine thus obtained were identical (1H and 13C NMR, IR, MS, TLC) with authentic samples.10
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