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The Total Synthesis of (A)-Tabersonine 

Sir: 
Tabersonine (l), isolated from Amsonia taber- 

naemontana in 1954 by Le Men,' has since been 
found to play a critical role in the biosynthesis2 of 
catharanthine (Iboga) and vindoline (Aspidosperma), 
a progenitor of the oncolytic dimeric alkaloids vin- 
blastine (VLB) and vincristine (VCR)., To date bio- 
synthetic experiments on Vinca rosea involving the 
feeding of tabersonine have been conducted by 
labeling the naturally occurring levorotatory enan- 
tiomer. The conspicuous absence of the dextrotatory 
enantiomer from natural sources suggests a possible 
primary metabolic role and necessitates the preparation 
of the racemate by a synthetic route. 

Modification of Czuba's procedure for the oxida- 
tion of 5-bromonicotinamide4s5 (2a) with sodium hypo- 
bromite provided 3-amino-5-bromopyridine (2b, 79 % 
yield), mp 66-67' ( l k 6  66-67'). Diazotization of the 
amine followed by decomposition of the resultant dia- 
zonium salt with hot aqueous sulfuric acid gave rise 
to the known 3-bromo-5-hydroxypyridine (2c, 98 % 
yield), mp 166.5-167.5' (lit.' 166.5-167.5'). Exposure 
of the hydroxypyridine to diazomethane8 in ether- 
tert-butyl alcohol at - 15' afforded 3-bromo-5-me- 
thoxypyridine (2d), mp 30-32 ' (lit.g 33.5-34"). Trans- 
formation of halide 2d into its Grignard reagent by 
entrainment with ethyl bromide, and subsequent addi- 
tion of dry acetaldehyde, provided 3-(~hydroxyethyI)- 
5-metho~ypyridine'~ (2e, 79% yield): bp 113-120" 
(30 p);" mp 44545.5 ' ;  nmr 6 (CDCI,) 1.45 (3 H, 
J = 6.5 Hz, d), 3.82 ( 3 H, s), 4.70 (1 H, broad s, 
concentration dependent), 5.10 (1 H, J = 6.5 Hz, q), 
7 . 1 5 ( 2 H , J =  3 H z , d ) , a n d 8 . 1 2 ( 1 H , J =  3Hz, t ) .  

Quaternization of secondary alcohol 2e with benzyl 
chloride in refluxing acetone afforded pyridinium salt 
3, mp 149.5-150' (98 yield). Employing selective 
conditions'* to cause 3-a-hydroxyalkylpyridinium salts 
to undergo reductive elimination, pyridinium salt 3 
was transformed into a mixture of enol ethers 4 by 
reduction with lithium aluminum hydride in tetrahydro- 
furan at room temperature. Hydrolysis of the enol 
ether with aqueous methanolic hydrochloric acid pro- 
vided enone 5a previously prepared by an alternate 
route. l 3  

Reduction of enone 5a with lithium aluminum hy- 
dride in tetrahydrofuran produced the allylic alcohol 
5b as an oil: ir (CHCIJ 3550-3100 cm-'. 
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Exposure of 5b to ethyl orthoacetatel4 (pivalic acid 
catalyst) at  140' for 48 hr effected a Claisen rearrange- 
ment providing unsaturated ester 6a (74.5 % yield): bp 
127-129' (0.01 mm); nmr 6 (CDCI,) 0.80 (3 H, J = 7 
Hz, t), 1.16 (3 H, J = 7 Hz, t), 1.52 (2-H, J = 7 Hz, 
q), 2.28 (1 H, J A B  12 Hz, d), 2.44 (2 H, s), 2.54 (1 
H, J A B  = 12 Hz, d), 2.78 (1 H, J A B  = 17 Hz, d), 
3.00 (1 H, J A B  = 17 Hz, d), 3.52 (2 H, s), 4.05 (2 
H, J = 7 Hz, q), 5.62 (2 H, s), and 7.26 (5 H, s, 
broad). Facile cleavage of the benzyl group was 
achieved with ethyl chloroformate in refluxing ben- 
zene,I5 giving rise to the carbamate ester 6b (90% 
yield): bp 133-134'(1 mm); ir(CHC1J 1730(-C02Et) 
and 1695 (-NC02Et) cm-'. 

The carbamate 6b was transformed as previously 
reported employing the following sequence of rea- 
gents: (a) potassium hydroxide, methyl Cellosolve at 
reflux, (b) methanolic hydrogen chloride, (c) 3-in- 
doleacetyl chloride, (d) saponification, and (e) poly- 
phosphoric acid at 85 ', thus yielding the tetracyclic 
unsaturated keto lactam 7a.I3 Reduction of the keto 
lactam with lithium aluminum hydride in tetrahydro- 
furan at room temperature provided a mixture of 
diastereomeric amino alcohols 7b, which, upon treat- 
ment with methanesulfonyl chloride-pyridine at 0', 
gave rise to the crude quaternary salt 8.16 Subjection 
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cyclohexane ring in these molecules assumes, 
dominantly, conformation Ia, IIa, or IIIa in which the 
phenyl ring is axially oriented in order to minimize the 
Ph-Ph or Ph-OR interaction, as the case may be, in 
conformation Ib, IIb, or IIIb. With regard to C 

of the aforementioned salt to potassium ~yanide'~", '~ 
in hot dimethylformamide'6br18 produced the ring 
cleaved CY and p nitriles 7c in a 4: 1 ratio, respectively 
(58% yield).Ig The nitriles could also be prepared 
Diu the chloroindolenine r o ~ t e ' ~ ~ ' ~ ~  from 14,15-de- 
hydroquebrachamine (7e). ' 3  Acid hydrolysis of either 
nitrile provided 14,15-dehydroquebrachamine, locating 
the nitrile function at (2-16. The respective CY and /3 
esters 7d were prepared from the corresponding nitriles 
by saponification and subsequent esterification with 
diazomethane.'6b The same mixture of esters could 
be obtained (tlc comparison) by reduction of (-)- 
tabersonine according to Le Men.*O Oxidation of 
the major isomer, wester 7d, with platinum-oxygen 
in ethyl acetate according to Schmidzl afforded 
(*)-tabersonine (hydrochloride, mp 187' dec), whose 
identity with an authentic sample of ( -)-tabersonineZz 
was demonstrated by comparative thin layer chroma- 
tography and solution infrared, ultraviolet, and mass 
spectroscopy. 

Whereas allocatharanthine (9) is produced from 
tabersonine in hot acetic acid solution, no sign of al- 
locatharanthine was observed (tlc) in the oxidative 
cyclization. 2 3  Similar selective oxidations with plati- 
num-oxygen have recently been reportedz4 in related 
systems. 
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A l l y l i ~ ( ' ~ ~ )  Strain. A Defense 

Sir: 
In 1965 we published' two stereochemical theorems 

dealing with allylic strain in six-membered rings. These 
ideas were applied2j3 among other ways in explaining 
(a) the preferred conformation in the ground state of 
molecules such as I, 11, and I11 and (b) the stereochem- 
ical consequences of C protonation of I, 11, and I11 
(R = H or metal). In essence we contended that the 
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protonation of the enolic forms of these molecules we 
suggested that protonation occurs "axially" (i.e., from 
the least-hindered side4) and produces largely the cis 
isomer of benzoyl- or nitro-2-phenylcyclohexane. 

These ideas have been criticized recently (a) by 
Zimmerman and Mariano,j who have cast doubt on the 
validity of the nmr data that formed the experimental 
underpinning of the A(1,3) strain concept, and (b) by 
Bordwell and his coworkers,6-8 who have carried out 
extensive kinetic studies on the protonation of acinitro 
compounds such as I11 (R = alkali metal) and on the 
deprotonation of the related nitro compounds. These 
results, together with ultraviolet data, and an exami- 
nation of molecular models, led the latter workers to 
concludes that (1) the ground state of I11 (R = alkali 
metal) is IIIb and (2) the preferred transition state for 
the C protonation of I1 (R = alkali metal) does not 
have geometry around C-1 similar to  that of 11. 

Whereas we reserve comment on the second con- 
clusion, our recent results, which are discussed below, 
lead us to reject the first contention, completely. 

In connection with the conformational preference of 
I (R = Ac) and 11 (R = Ac), we have compared the nmr 
values of their benzylic protons with those of a series of 
model compounds in which the orientation of the 
corresponding hydrogen atom is known (Table I). 

The results indicate that our original suggestion is 
correct, i.e., that the sum of two gauche coupling 
constants ( J A ~  + JBX) as observed for an equatorial 
benzylic proton is significantly less than the sum of a 
gauche and trans coupling required for the correspond- 
ing axial proton and thus the width at half-heightg for 
the benzylic proton is a valid probe for assessing the 
conformational preference of I and 11, and also un- 
doubtedly of 111. 
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