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has been an important method for the study of carbonium 
ion react,ionsZ but has been applied less frequently to reac- 
tions leading to the formation of free radicals3 

The substrates chosen for study were the tert  -butyl per- 
esters of aliphatic acids completely substituted at  the 2 po- 
sition with alkyl groups that were expected to lead directly 
to the corresponding tertiary radicals in one-step unimolec- 
ular decompositions. Ionizations leading to the correspond- 
ing carbonium ions were known to involve sizable rate ac- 
celerations attributable to steric effects. The peresters, 
their rates of decomposition, and the derived activation pa- 
rameters are reported in Table I.4 Rates for the corre- 
sponding carbonium ion reactions are presented in Table I1 
for comparison, along with data for formation of radicals 
from azo compounds.3f 

The rates for the peresters provide compelling confirma- 
tion of the mechanism in eq 1 for the reaction of peresters 
where the group R is a tertiary radical. The rapid rate of 
tert  -butyl triisopropylperacetate relative to the less crowd- 
ed peresters must be largely due to relief of steric strain on 
fragmentation of the molecule. The inductive effects may 
make a small contribution to the observed rate increases, 
but the nonlinear dependence of the rates on the degree of 
/3 substitution shows this is a minor factor. Models suggest 
negligible steric interaction between the developing alkyl 
radical and the departing tert  -butoxy group. Therefore the 
possible sources of the steric acceleration are (a) rehybridi- 
zation a t  the quaternary carbon to relieve “B” strain be- 
tween the isopropyl groups, and (b) relief of “F” strain be- 
tween the alkyl groups and the carboxy group by stretching 
the connecting bond. The latter effect is analogous to the 
steric repulsion of the leaving group which has been pro- 
posed to contribute to steric acceleration of carbonium ion 
f o r m a t i ~ n . ~ ~ ~  It is not yet possible to define the specific 
contribution of these two effects to the observed rate in- 
crease, but it is clear the bond between R and the CO2 
group in 1 must be stretched for either effect to operate. 

Comparison of the radical and carbonium ion forming 
reactions (Table 11) shows that all are accelerated by bulky 
groups. The total effects are largest in the azo compounds, 
but these have two bulky groups present which each con- 
tribute to the observed acceleration. 

Another conceivable contributing factor to these effects 
is a polar enhancement of reactivity due to rehybridiza- 
tion.ld As we have discussed for carbonium ion formation,2 
bulky groups may increase the p character in the carbon or- 
bital bonded to the leaving group, and this rehybridization 
may enhance the formation of electron-deficient transition 
states. Since the generation of carbon free radicals is often 
assisted by the same electronic factors which favor carboni- 
um ions,l strain-induced rehybridization would equally 
likely be a factor in perester decompositions as in ioniza- 
tion reactions. 

Other effects which have been ascribed to steric factors 
in free radical formation include small increases in the rate 
of formation of secondary alkyl radicals from peresters3a 
and reactivity increases of 15-30 in hydrogen abstraction 
reactions where relief of back-strain is p0ssible.3~ Bulky 
ortho substituents also increase the rates of decomposition 
of tert  -butyl perbenzoates.3e It is becoming clear that the 
atom rehybridizations and bond stretchings which lead to 
steric acceleration can make substantial net contributions 
to observed reactivities in formation of both radicals and 
carbonium ions from various types of precursors. 
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A New Polyketide Synthon 

Summary:  A phosphonium ylide derived from triacetic 
acid lactone has been prepared and used in the synthesis of 
tetraacetic acid lactone and other acetogenins. 

Sir: Although Collie’s hypothesis of the “multiple keten 
group” lay fallow for decades in the literature, its resur- 
rection as Birch’s “Acetate hypothesis” has proven of im- 
mense significance in fungal me tab~ l i sm.~  Of special inter- 
est are derivatives of 4-hydroxy-2-pyrone and, in particu- 
lar, triacetic acid lactone 14,5 and tetraacetic acid lactone 
2,j as these compounds represent the closest approxima- 
tion of true “polyketides.” A number of related pyrones 
have been biomimetically transformed into phenols of nat- 
urally occurring types.6-9 

After repetition of reported syntheses of 2 from I via 3,9 
the 6-carboxy derivative of 4 via carboxylation of the 6 -  
methyl anion,8 and 5 from 3 via 6,1° it became clear to us 
that none of these were readily adaptable to isotopic label- 
ing studies, in addition to their other drawbacks. 

This report deals with the preparation of a reagent which 
produces polyketide-related materials under relatively 
mild and selective conditions from carbonyl substrates 
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OH 
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(stereochemistry uncertain) 
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available commercially with a variety of substituents and/ 
or isotopic labels. 

Allylic bromination of 41l (NBS, CC14, reflux, di-tert-  
butyl peroxide initiator) gave as the major product 7,12 mp 
93-95' [nmr 6 (CDC13) 3.85 (3 H, s, -OCH3), 4.13 (2 H, s, 
BrCH2-), 5.51 (1 H, d, J = 1.5 Hz, vinylic), 6.12 (1 H, d, d 
= 1.5 Hz, vinylic); ir (CHC13) 1724 (C=O), 1655, 1572 cm-1 
(C=C)], together with minor products due to ring bromi- 
nation. 

Since the starting material and minor products were all 
unreactive toward Ph3P, it was most efficient to treat the 
bromide mixture directly with Ph3P (PhH, reflux, under 
Nz) to give a 70% yield of the phosphonium salt 8,13 mp 
224-226' dec: nmr 6 (F3CCOzH) 3.95 (3 H, s, CH30-), 4.75 
(2 H, d, broadened, d = 14 Hz, Ph3P+-CH2-), 6.00 (1 H, d, 
1.5 Hz, vinylic), 6.45 (1 H, m, vinylic), 7.65-7.89 (15 H, m, 
C6H5); ir (KBr) 3030,2816,2739 (C-H), 1715 (C=O), 1639, 
1552 cm-l (C=C). As no special storage precautions are 
necessary with salt 8, it  represents a convenient source of 
the ylide, which is readily generated from 8 in THF at am- 
bient temperature (n- BuLi, 1 hr). 

Although direct acylation of the ylide from 8 was not 
useful, tetraacetic acid lactone 2 was readily approached 
via treatment of the ylide with an equivalent of ketene14 
and letting the reaction stand 2-3 days to give 68%15 of the 
allene 9, mp 115-116': nmr 6 (CDC13) 3.86 (3 H, s, 
-OCH3), 5.33-6.03 (5 H, complex, vinylic and allenic);l6 ir 
(KBr) 3415 (C-H), 1945 (allene), 1706 (C=O), 1629, 1550 
cm-l (C=C); uv A,,, 310 nm ( e  10,000). Hydration of 9 
(80% HzS04, ambient temperature, 20 hr) gave a 90% yield 
of 3, identical with material synthesized by the recently re- 
ported method of Scott.3 This material has been demethy- 
lated by ourselves and othersg to tetraacetic acid lactone 2. 

A particularly effective application of our reagent was to 
the synthesis of 5,  a syntheticlo and possibly biogenetic1? 
precursor of radicinin. The only previous synthetic ap- 
proach to 5, which proceeded uia demethylationlO of 6, in- 

volved several steps from the difficultly accessible 3. Using 
our method, acetaldehyde can be converted into 6 in one 
step in 80% yield1* by generation of the ylide from 8 by 
lithium diisopropylamide at  -20-0' over 2 hr, followed by 
an equivalent of the carbonyl, gradual warming to ambient 
temperature, and standing 2-3 days. Since acetaldehyde is 
available with a number of isotopic labels, this process rep- 
resents a most effective labeling process for 5. 

By similar reactions we have prepared a series of phos- 
phonium salts 10-12;19 however, none of these systems has 
proven useful in direct synthesis of the enolic forms of po- 
lyketides. Attempts to produce 13 in pure form have not 
been successful. We note that the methoxy series of com- 
pounds is of interest p e r  se, owing to the recent isolation of 
the Penicillium metabolite 1420 and the gibberellin syner- 
gist pestalotin (15).20,21 Synthetic approaches to 14 via 16 
are in progress, as well as extensions of our studies to poly- 
pyrones, dialdehydes, branched polyketides, and pyri- 
dones, whose N -  ribosyl derivatives are of current interest 
as cytotoxic uridine analogs.22 Yields of compounds 6 and 9 
were for material chromatographed on silica gel (activity 1, 
CHC13 eluent). Satisfactory analytical and/or mass spectral 
data were obtained for all new compounds reported. 
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