
6908 

(6) (1% incorporation) were synthesized from [14C]tryp-
tamine and secologanin.'5 [Ar-3H] Geissoschizine was me
tabolized into ajmalicine (7.7%) and several other alkaloids, 
the identities of which are under investigation. The forma
tion of akuammicine and stemmadenine was not detected 
under these conditions. 

The following conclusions can be drawn from the data of 
Table I. (a) A complete system of soluble enzymes is 
present in the 37000g supernatant fraction which catalyzes 
the formation of the Corynanthe alkaloids from tryptamine 
and secologanin in presence of NADPH, thiols, and Tris 
buffer, (b) The necessary reductive step between the postu
lated intermediate (4a) (derived in turn from vincoside (4)) 
and ajmalicine (5) or geissoschizine (6) and the later mem
bers appears to depend on NADPH. (c) The role of trypt
amine and secologanin as true precursors has been estab
lished at the cell-free level, (d) The use of callus tissue al
lows the isolation of a particularly active synthetase mix
ture and offers considerable advantages over young seed
lings as the source of biological material; cf. the relative in
corporations of tryptamine into ajmalicine (preparation A, 
1%; preparation B, 18%) and of geissoschizine (6) into 
ajmalicine (whole plants, 0.12%,16 0.22%;5c preparation B, 
7.7%). (e) Large scale, high yielding incubations can now 
be used to define (by isolation) the chemical structure of 
the various intermediates and metabolites already detected 
by autoradiography, (f) Purification and immobilization of 
selected enzymes of the pathway are now feasible. 
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Preparation of an Optically Active Prostaglandin 
Intermediate via Asymmetric Induction 

Sir: 

We describe herein an improved method for the prepara
tion of the key prostaglandin intermediate I1 in optically 
pure form without resolution by a process which utilizes a 
new, readily accessible, recyclable, and efficient chiral con
trolling group (Scheme I). 

Treatment of the optically pure acrylate 2, [a]23D 
+ 16.21° (c 1.68, CH2Cl2), with 0.7 equiv of aluminum 
chloride2 in methylene chloride at —55° for 1 hr followed 
by the addition of 2.5 equiv of 5-benzyloxymethylcyclopen-
tadiene , a at —55°3 affords an 89% yield of the endo adduct 
34-5 as an oil, [a]23D -21.3° (c 2.2, CHCl3). 

That the absolute configuration of 3 is as shown has been 
proven by conversion to the known, optically active iodolac-
tone (1) and agrees with the stereochemical prediction 
made on the basis of Walborsky's work with R-(—)-men-
Scheme I 
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thyl acrylate.2b The addition of the enolate of 3 (1.1 equiv 
of lithium diisopropylamide, —78 to 0° for 1 hr) to an oxy
genated solution of THF at - 7 8 ° containing 2 equiv of 
triethylphosphite6 produced the a-hydroxy esters (4) as an 
oil (ca. 2:1 mixture of exo- and endo-hydroxyl). The hy
droxy esters (4) were directly reduced with excess lithium 
aluminum hydride to a mixture of endo and exo diols (5) 
and the alcohol (6). Filtration of the crude reaction mixture 
through a tenfold amount of silica gel gave the optically 
pure alcohol (6) (eluted with benzenexther, 20:1) as an oil, 
Ja]23D +26.3° (c 2.02, EtOH), and a mixture of endo- and 
exo-diols (5) (eluted with ethenethanol, 20:1) as an oil. 
Since 6 is recovered pure and in high yield, it can efficiently 
be recycled. Treatment of 5 with 1.4 equiv of sodium meta-
periodate in aqueous terr-butyl alcohol (buffered to pH 7) 
gave the optically active ketone 7 as an oil, [<x]23D —365° (c 
1.29,CHCl3).7 8 

The ketone 5 was converted to the known, optically active 
iodolactone ld by treatment with basic hydrogen peroxide9 

to give the acid-sensitive hydroxy acid which was treated 
with 2.5 equiv of potassium triiodide in aqueous sodium bi
carbonate (24 hr, 0°) to give optically pure 1, mp 120-121° 
(from methylene chloride-hexane), [a]23D —33.3° (c 1.3, 
CHCl3) ,1 0 89% yield from 7. 

The optically pure acrylate (2) was prepared in 71% yield 
from optically pure (—)-pulegone. 

CH3 CH3 

6 

87% 

85% 

S-(—)-Pulegone was treated with 1.2 equiv of phenyl-
magnesium bromide in the presence of cuprous chloride to 
give a kinetic mixture (ca. 1:1) of cis and trans ketones (8). 
Equilibration with ethanolic potassium hydroxide gave the 
expected" 85:15 mixture which was directly reduced with 
sodium-isopropyl alcohol in refluxing toluene.12 Since the 
more stable trans-S is reduced to the equatorial alcohol 
more rapidly than cis-&, equilibration occurs, and one ob
tains almost entirely the all equatorial alcohol (6).13 The 
acrylate (2) was prepared by treatment of 6 with 1.5 equiv 
of triethylamine and 1.2 equiv of acryloyl chloride. 

The (—)-pulegone used was prepared by treatment of 
(-)-citronellol, 14 [a]20D - 4 . 1 ° (neat), with 2.5 equiv of 
pyridinium chlorochromate15 in dry methylene chloride for 
40 hr.16 Treatment of the isopulegone with ethanolic potas
sium hydroxide and distillation gave a 70% yield of S-(—)-
pulegone, [a]20D - 2 0 ° (neat).17 

Optically pure (—)-pulegone was prepared by recrystalli-
zation of its semicarbazone from ethanol. Treatment of the 
fully resolved semicarbazone, mp 170-171° (recrystallized 
three times from ethanol), [a]22D - 6 5 . 2 3 0 1 8 (c 2.2, 
CHCl3) , with excess pyruvic acid in glacial acetic acid gave 
S-(-)-pulegone, bp 104-106° (22 mm), [a]23D - 2 2 . 5 ° . I 9 

The chiral alcohol 6 (or, equivalently, its enantiomer 
(—)-6, prepared from (+)-pulegone) is dramatically superi
or to (-)-menthol in chiral directing ability. For example, 
Hamer2a reports the stannic chloride catalyzed Diels-Alder 
reaction of (—)-menthyl acrylate with cyclopentadiene at 
4° in toluene gave, after lithium aluminum hydride reduc
tion and vapor phase chromatography, endo-bicyc\o-
[2.2.1]hept-2-enecarbinol, O]2 5D +31.4° (ethanol).20 

Under identical conditions (+)-e/wfo-bicyclo[2.2.1]hept-2-
enecarbinol, [a]22D +76.1° (c 0.9, ethanol), was obtained 
from the reaction of (—)-2 with cyclopentadiene.2122 
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An Aryltrialkoxysulfurane Prepared from a Cyclic 
Sulfenate. Polarity Rules and Sulfurane Reactivity1 

Sir: 

We report the synthesis of the first cyclic sulfenate, sul-
tene 1, and its conversion to aryltrialkoxysulfurane 2, which 
appears to exist in a conformation with a five-membered di-
equatorial ring. This sulfurane, in contrast to well-studied 
diaryldialkoxysulfurane 3,2r~h reacts with several Afunc
tional alcohols to give stable spirosulfuranes with five and 
six-membered rings. 

No sultenes have ever been reported, although cyclic sul-
fenates have been proposed as reactive intermediates3 and 
suggested to explain mass spectral fragmentation.4 Sultene 
1 is prepared in 85% yield in CCl4 by the reaction of 4 with 
bromine and pyridine at —5°. Recrystallization from pen-
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