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and the next homologous methyl ether .ﬁ:ﬁ would then be tried,

Depending upon the results obtained above, the compound‘ﬁ;ﬁ'should
be studied to determine whether endo addition would occur at all, and
whether only one, or both of the endo-alcohols’é;§ and‘é;g would form
(reflecting on the possible transition states A-5 and f_:.?)- Positive
results at this stage might indicate investligation of further homologs
,ﬁ;? (n=2,3,etc,), to determine the effects of chain lengthening on the
regio- and stereospecificity of the reaction, If ether;&:} does indeed
lead to alcohol A-3, then the C-6 methyl compound A-10 (n=0, or 1)
should be studied to see whether the intramolecular complex can reverse
the normal position of hydroboration to give tertiary alcoholfé;é&.

At this stage, other ether functions (especially the readily cleaved
benzyl ether) might be investigated, and possibly the unprotected al-
cohols as well, Although more convenient than the ether, the alcohol
function introduces complicating features by virtue of its reactivity
towards borane, which is why ether functions were selected for the in-
itial proposed study, Finally those compounds studied should be hydro-
borated in ethereal solvents as well, to ascertain the significance of
any observed directive effect,

Whether intramolecular complex addition is observed for the nor-
bornene ethers or not, at least one other system might be studied to
insure that the results are not unique to the somewhat strained bicyclo
(2,2,1) heptene structure, Sondheimer and Wolfe (15) have observed
that the octalene system 19 (R=H) on hydroboration/oxidation affords a

mixture of both alcohols 20 and 21 (R=H), However, when R=Ci,, only
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the ﬁ#addition product'éi occurs, presumably since the axial o methyl
sterically hinders this face of the double bond, Compounds 23 and 24

(n=1 and 2) are both readily synthesized from the easily made ex,8 -

R RW R
R R HOH R e
OH
L] 20 2

unsaturated ketone‘gg. In accord with the results from 19 (R=CH3),

hydroboration/oxidation of these molecules in the absence of intramo-

CH, CH; Cls
Lo ©H)), OCH,
22 23 24

lecular complex addition, would be expected to give only the secondary
p-alcohol, analogous to 21, Addition via an intramolecular complex,
however, would be expected to give ®™¢-adducts instead, It should be
possible by simple chemical manipulation and by nmr techniques to de-
termine the position and stereochemistry of the alcohol function in the
products, The results from this study would shed additional light on
the question of intramolecular complex additicn; and taken along with
those from the norbornene system should allow some conclusions to be

drawn as to the nature and generality of this process,
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The experiments suggested above could provide some interesting
insights into the nature of the ether catalized hydroboration reaction,

and might also afford a valuable new tool for stereospecific synthesis,
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Proposition 3

It is proposed that a molecular system be constructed that may
promote and will unambiguously show the presence of intramolecular

(7725 + 4r2a) cycloaddition between a pair of olefins,

Orbital symmetry considerations for the concerted (2 + 2) cyclo-
addition process for olefins indicate that for the thermal reaction
only the (1Y25 + 1f23) process should be allowed (1), The geometry of
such a reaction is at first somewhat difficult to envisage, but one can

see that the mode of addition shown in Fig, 1-a is indeed that required,

¢, a a -
2 C —
wn Q
\-_ — = —
A L
\ LT
c;N b —d d
b

FIGURE 1

The lower olefin forms both new sigma bonds to the same side of the old
Pi bond (25), while the upper olefin forms one new sigma bond to each
side of the old pi bond (Za). It should be noticed that the two olefins
are not equivalent in this process; and that groups which are cis in
the 2S component will remain cis in the product, while groups which are

cis in the 2a component will become trans in the product (Fig, 1-b).



227

One may validly argue that overlap between the orbitals involved
in such a transition is poor at best, and that the activation energy
for such a process may thus be quite high (even though it is symmetry
"allowed“), In addition, the rigid geometric requirements are entro-
Pically quite unfavorable, and so the frequency factor for the reaction
should tend to be rather low, One might therefore expect to observe
little cyclization via this pathway,

It would appear that this is actually so, for the (1723 + m,Za)
cycloaddition has been shown to occur definitely only in cases of rather
unusual olefins, such as ketenes, allenes, and isocyanates (2). Only
one case has been reported in the literature in which evidence indicates
a thermal (25 + Za) process for a noncumulated double bond; this in-

volving the very strained trans olefinaay dimerizing at room temperature

¢~ 00

P o~

to givezi(B). While this certainly seems to be an example of the con-
certed thermal reaction, it is rather discomforting that no other such
additions have been found for noncumulated olefins,

Simple olefins will not undergo thermal (2 + 2) additions, but
various gem difluoroolefins and especially tetrafluorocethylene, readily

undergo reaction with themselves and other olefins to give substituted
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cyclobutanes (5), Several such reactions have been investigated, and

at least for some tetrahalo olefins, addition appears to proceed via a
diradical mechanism (6)., In other cases, where radical stabilization
should not be as great, the answer seems less clear, In a recent study
of the cycloaddition of tetrafluoroethylene to pure cis and pure trans
dideuteroethylene, it was found that both isomers give the same product
mixture (7); it was argued that this result indicates a biradical mech-
anism must be operative, to account for this scrambling, Such may not
be the case,

Earlier in this discussion, it was noted that the stereochemistry
of the 2a component is reversed in a concerted thermal process, while
that of the 2s component is retained; ®But no prediction is made as to
which olefin will be which, For example, with c¢is dideuteroethylene
and tetrafluoroethylene, one would get trans-1,2-dideuterocyclobutane
from each addition in which the dideuterocethylene were Za, and cis-1,2-
dideuterocyclobutane from each addition in which the dideutercethylene
were 25. If there were no preferred mode of addition, then a 1:1 mix-
ture of products would result; a similar argument leads to the same
conclusion for the trans starting olefin, Thus a (2s + 23) process
could be consistent with the observed results,

The authors who performed this study, contend that since a CF2
group has a larger moment than a CHD group, then tetrafluorcethylene
should be much less prone to 2a addition, lMaking such assumptions about
a reaction pathway that has never been observed in such a system (much

less well characterized) seems unwarranted, Unless systems are employed
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in which the mode of addition of both components can be clearly deter-
mined, then such studies cannot be used to rule out the (ZS + Za) pro-
cess; nor can they hope to reveal it, unless some preference for one
addition mode does indeed exist, Hence it is possible that the concerted
reaction is occurring in these simple cases,

The obvious experiment to be performed is the thermal cycloaddition
of two compounds such as'élandib Formation of principally isomersiz
and‘é'would strongly indicate a (25 + 2a) process, while the occurrence

of large amounts of 7 and‘g_as well, would be inconsistent with a con-

A B A B A B A A
+[—»A 8 BWB
L (7 [ 2
B A A 8
2 2 - L % g

certed mechanism, Unfortunately, as mentioned above, only gem difluoro-
olefins readily undergo such cycloadditions; +this makes the desired
experiment impossible in simple systems, as there is no way in which to
determine the addition mode of the fluorocolefin component, A possible
solution to this problem would be to design a system in which steric
contraints would allow only a single geometry for the (ZS + Za) addition,
In such a system, a gem-difluoroolefin could be employed for the 2S
component, and a cis or trans substituted (deuterated) olefin for the

23 component, The relative stereochemistries in the product of the

substituents from the Za component would allow determination of whether

the concerted process had occurred,
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Constraining the olefins such that each can assume only one of the
two possible addition modes can best be achieved by attaching them both
to the same molecule, In doing so, it might also be possible to struc-
ture the system so that the (ZS + Za) geometry of approach would be
more favored than for free olefins approaching totally randomly, The
unfavorable entropic effects associated with concerted addition might
thus be somewhat countered, and the likelihood of observing this process
increased,

One such system which could easily be synthesized is the molecule
ﬁ;é. Treatment of the known bicyclolactone_ﬁ;l (8) with one equivalent
of 2-butynyl Grignard at -30° should result in the lactol A-2 (9).
Wolff-Kishner reduction of this would produce the alcohol‘é:g (10).
which upon metal ammonia reduction of the triple bond and Jones oxidation
of the alcohol should result in the trans olefinic ketone.é:ﬂb Conver-
sion of the ketone to a difluoromethylene can be accomplished via a
Wittig reaction (11), which should give the desired diolefin in only
five steps from‘é;i.

Examination of molecular models of ﬁ;é shows that there is only
one possibie way in which the two olefinic fragments can interact with
the (Zs + Za) geometry; that mode is shown as:t;é'. Only one product,
é;é, can result from such a concerted process, and thus upon heating
ﬁ:é in dilute solution one should obtain principally one product (ézé)
if the (ZS - 23) addition predominates, Fortunately, the product A-§
should be available from the alcohol;&:}; Jones oxidation, difluoro-

methylene Wittig treatment, and cyclization would produce the cyclo-
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butene A-7, which after hydrogenation from the least hindered side should
afford the desired.ézé. This could then be compared to any product(s)
formed on heating ﬁ:é, and also tested under the reactlon conditions
to determine its stability,

The cis olefin corresponding to.ﬁ:é should be cyclized as well,
This product should be available from hydrogenation of the acetylene
ﬁ;g followed by a difluoromethylene Wittig reaction, Assuming é;é is
found to be stable to the cyclization conditions, then if on cyclization
the cis olefin produces the same product mixture as the trans, then one
of the cyclizations (and probably both) cannot be occurring via a con-
certed pathway, If, however, the trans olefinnﬂsé does yield principally
‘§:§, while the corresponding cis olefin does not, then this would be
strong evidence for the occurrence of the (ZS + Za) cycloaddition among

these nonstrained, noncumilated olefins,
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Proposition 4

It is proposed that the thermal rearrangements of methyl and allyl
carbonates and sulfites derived from enolate anions be investigated, as

a possible means of regiospecifically monoalkylating enolate anions,

The alkylation of enolate anions is an important synthetic tool
which has received a great deal of study (la, 2). For many unsymmetrical
ketones, methods have been developed which allow selective formation of
either of the two possible enolate anions, Treating a ketone (e.g.Al)
with acetic anhydride under acid catalyzed, equilibrating conditions

generally affords the more high substituted enol acetate (2) (3);

o ooL® ®oL®
HaC o;j HAC TAC H,C, i Hacﬁj
| 2 3 4

~ ~ —~ ~

from this, the more highly substituted enolate anion Qz) can be generated
under conditions which preclude any equilibration to the isomeric eno-
late g&) (4). Treating ketones with an excess of strong base under
nonequilibrating conditions produces the kinetic enolate, which usually
consists of the less substituted isomer gﬁ) (5).

These methods, along with dissolving metal reductions of c(,p-
unsaturated ketones (e.g.‘é:zé) (6) provide an excellent source of

specific enolate anions, In view of the excellence of these procedures,
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it seems unfortunate that regiospecific monoalkylation of such enolates
frequently occurs in only poor to moderate yield, The principal reason
for this problem seems to be equilibration of the enolates during alky-
lation, and reenolization of already alkylated material which leads to
polyalkylation (1b),

For example, a 1199 mixture of anions ”3~and .ﬂi on treatment with
benzyl bromide only affords between 54 and 61% yields of the monoalkylated

ketone mixture ’Z_ + 8; although only 1% of the enolate mixture was rep-

= o
CHy CHy CH, Ph
PhCHy:
- £

resented by 3, between 10 and 14% of the product mixture consisted of
the corresponding alkyl ketonenzv(?). A similar although more extreme
case is exemplified by alkylation of enola.tesiand 3‘9 (7). The former
anion affords an acceptable 70% yield of monobenzylated ketone ‘1‘&' ;
while alkylation of a mixture of a 16184 mixture of enolates 9 and 10

D

affords at best only a 27% yield of ketone 12, Longer reaction times
A
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in this instance lead to increased amounts of ketone‘il and polyalkylated
material,

Numerous other situations have been found in which a specific eno-
late anion could be generated but not regiospecifically monoalkylated
in acceptable yield, As a result of this, a number of procedures in-
volving activating or protecting groups (1c), enamines (1d), metalo
enamines (le, 8) and cyclopropylation (9) have been employed to circum-
vent the problem, While all of these methods have merit, they often
involve extra steps, sensitive intermediates, and reaction conditions
incompatible with functional groups which are stable to normal enclate
alkylation conditions, Enolate anions are the most readily obtained
and most frequently encountered group for such alkylation reactions,
and thus it would be valuable to find a good direct method of regio-
specifically alkylating specific enolate anions,

Both the polyalkylation and enolate equilibration problems encoun-
tered during these alkylation reactions can occur as a result of ketone
(product) formation in the presence of unalkylated enolate anion (a
strong base). The product ketone acts as an acid promoting enclate
anion equilibration, and at the same time generates a new enolate which

leads to polyalkylation, In view of this inherent problem with alkylation
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on carbon, it might be better to attack the enolate anion (e,g. 13) on
A

oxygen to provide an enol intermediate (14) capable of rearrangement
A

BL® SR 0
R R R R/(X)
——— e
13 14 5

under neutral conditions to the alkylated ketone (}2‘) or its equivalent,
Since no ketone would ever be formed in the presence of enolate anion,
the problems normally associated with alkylation reactions would be
precluded,

A possible choice for an intermediate such as }_lf_ would be enol
carbonate }é. Enolate anions do indeed react with alkyl chloroformates
on oxygen, to afford enol carbonates (10), Many pyrolytic studies
have been performed on the analogous saturated carbonates }E, which
have been shown to undergo thermal decarboxylation when one of the
alkyl substituents bears hydrogens on the carbon A to oxygen (11).
Such reactions appear to be concerted processes, probably occurring
through a symmetry allowed, six electron transition state (6.2s + &2,
G > G—ZS), In an enol methyl carbonate such as ‘1—§, however, abstraction
of a hydrogen from a A carbon would require formation of an allene or
acetylene in a six-membered ring; such a process should be most un-
favorable,

Another rearrangement pathway might exist for the enol carbonate
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OQ & 1,9

1&, proceeding through an allowed six electron, six center transition
state (9r25 + 5-25 o 6-25) and resulting in the methylated ketone'lz.
A rough calculation of the enthalpy change for this process is shown
in Table 1, Using values from S, W, Benson's tables (12), this calcu-
lation indicates that 11H298 for transforming carbonate lé'into ketone
17 should be ~r 2l keal/mol, Since carbon dioxide is released as part
of the reaction, the entropy change for the reaction should be favor-
able as well, Thus, both mechanistic and thermodynamic considerations
indicate that rearrangements of methyl enol carbonates such as }é'to
methylated ketones such as iz might indeed be realizable, ©Should this
prove true, then in effect it would represent a means of reglospecifi-

cally methylating enolate anions,
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TABLE 1

Enol Carbonate 16 Methyl Ketone 17 + CO,

Atom or Group | Substituents .:\Hg Atom or Group| Substituents AH‘IZ
1 ¢ (e)(cy)(H), - W76 1 C  (C)y(H), - 4,95
2 ¢y (c)(H) + 8,59 2 ¢ (c),(co)(H) - 1.8
3 ¢y (0)(c) +10,3%| 3,5 co  (c), -31.5
b c  (cc(m), - w26| 4 ¢ (co)(c)(H), - 5.0
5 o (cy)(co) b4t | 6,7,9  CO, -9k 1
6,9 co (o)2 34,9 8 2. (c:)(H)3 -10,8
7 0 (c)(co) “h4 1
8 c (o)(H)3 -10,8

for pertinent atoms AH; -124.5 |for pertinent atoms AH, -143,2

AHg980 = (-148.2 - (-124,5)] kcal/mole = -23,7 keal/mole

A survey of the past literature has revealed no attempts at such
rearrangements, DMost recorded carbonate pyrolyses were done on systems
in which an alkyl group bearing hydrogens on the pB-carbon was present
(11), As discussed above, such systems on thermal rearrangement afford
olefin and alcohol products, Several aromatic methyl carbonates such

as 22 have been pyrolyzed, but were found to yield aromatic ethers (52)

OH 0 0~ 0 OCH;
CH 3 H cua/
20 23

21 22
P P~

e
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and carbon dioxide as products (11, 13), Such a result is not entirely
surprising, as rearrangement to the of-methyl phenol (gg) would involve
a nonaromatic intermediate (Ei) from a concerted six center cyclic pro-
cess, The loss of aromaticity in such cases might cause other pathways
to predominate,

The only enol methyl carbonate which could be found in the litera-
ture which might have served as a good model for this rearrangement is

carbonate‘ég (10&), Unfortunately, aside from its preparation, the

0-\T;(}

0
cHy”
o
2%

only significant data reported for this compound which relates to our
discussion is its boiling point, At this temperature, 120° (14 mm),
apparently no thermal rearrangements are observed; higher temperatures
may thus be anticipated for the proposed transformation,

In view of the scarcity of information concerning the rearrange-
ments of such enol methyl carbonates, and the possible synthetic utility
of the proposed six center process, the thermal rearrangements of these
species should be investigated, The initial study should be attempted
on some simple enol carbonates such aslzé andﬂzé, and the pyrolysis
products should be carefully identified, If the major reaction pathway
does indeed lead to the desired methylated ketones, then a number of

other carbonates (such as‘EZ’.Eg and 29) could be studied as well, All
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of these compounds correspond to enolate anions which are normally very
difficult to regiospecifically monomethylate; demonstration of a good
yield carbonate rearrangement procedure would be most significant in
these cases,

Regardless of the outcome of the above experiments, cne or more of
the allyl carbonates corresponding to methyl carbonates 22122 should be
studied as well, Enol carbonatelzg, for example, could conceivably
pyrolyze by three pathways, A simple ene elimination reaction would
generate allene and ketoneﬂi, A rearrangement pathway corresponding

to that proposed for the methyl carbonates above would lead directly
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to allyl ketone;zk. Finally a third six center, six electron process
might lead to the allyl enol ether'zg, which could then rearrange it-
self to the ketone 31 in a normal Claisen reaction (1£]),
If allyl rearrangements such as.zg—fzg could be effected in good
yield for the "difficult to alkylate" species discussed above, this
too would be significant, The terminal olefin of this group essentially
functionalizes it for further transformations (or degradation), If the
methyl carbonate rearrangements proceed as desired, they cannot be gen-
eralized to higher saturated homologues (ethyl, propyl...) as such
groups would undergo the ene elimination reaction, The allyl rearrange-
ment would thus provide entry into these homologous and functionalized

alkylated species,
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It should also be noted that the ideas and experiments discussed
above apply just as well to the closely analogous but 1little studied

enol sulfites (e,g. 33) (14), Depending upon the outcome of the pro-
o
S
0

cH, ll(

33

I~

posed carbonate studies, the generally more labile sulfites might be
similarly investigated, in hopes of improving yields or observing the
desired rearrangements at all, If the proposed rearrangements can in-
deed be shown to occur smoothly in any of the above systems, then they
should provide a synthetically useful means for regiospecifically

monoalkylating enolate anions,
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Proposition 5

A total synthesis of the sesquiterpene dilactone dl-vernolepin

is proposed,

Several naturally occurring sesquiterpene lactones have recently
been isolated and shown to possess significant in vivo tumor-inhibitory
activity against carcinoma in rats (1a), Such compounds, if available
in greater quantities and possibly in modified forms (i,e, syntheti-
cally), could be investigated further in the search for clinically
valuable anti-cancer agents, Unfortunately, these molecules combine
abundant, sensitive functionality with complex stereochemistry, result-
ing in quite challenging and as yet unrealized synthetic goals, The
object of this proposed research is the total synthesis of one of these
tumor-inhibitory lactones, vernolepin (1, 17) Qﬁ;}).

In considering synthetic approaches to vernolepin, it is important
to recognize the high reactivity of both exocyclic methylene groups
(1b, ¢). Such sensitive functionality should be introduced (or un-
masked) at a very late stage in the synthesis to avoid problems during
other transformations, Grieco and Hiroi have recently developed a
method for introducing such o¢-methylene groups on o¢-unsubstituted
lactones (2a), While this method should indeed be applicable to the
vernolepin lactones, it proceeds in a rather disappointing 50% yield
when applied to a model for the vernolepin J-lactone (2b), Other

previously developed methods for introducing such ol-methylene groups,
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Chart A

7

.“.OH
NaHCO4 :

A

CH, X

x* °
2 &) X+ NMe,

- ®
b) X : S ~Me
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or for forming o¢ -methylene lactones in general (2c-j), appear even less
promising for use on vernolepin,

Two methods have been demonstrated, however, which do an excellent
job of regenerating protected of-methylene groups in natural o<-methylene
lactones, Kupchan has shown (ic) that the di-n-propyl thiol adduct of
vernolepin gﬁ;gy) can be methylated to the sulfonium salt ﬁ;&k, and
converted to vernolepin in high yield by treatment with saturated sodium
bicarbonate solution, McCloskey has utilized the dimethylamino group
for the same purpose in his dehydrosaussurea lactone g&) partial syn-
thesis (3), Quaternization of the amine‘EJ followed by bicarbonate

promoted elimination according to the method of van Tamelen (2j), pro-

CH, CH,
/"u,’ l) Me I /"l'
N 2) NaHCO,4 S CH,NMe,
0 (o]
A 2

duced an almost quantitative yleld of exocyclic methylene lactone 1,

Pl
In view of the simplicity of these procedures and their proven high
yields in generating sensitive o¢-methylene lactones in actual sesqui-
terpenes, these methods make compounds A-3a and A-3b appear most attrac-

L A

tive as intermediates for vernolepin, For these reasons and others to
be discussed shortly, the bis-dimethylamine A-3a has been selected as
an intermediate for this synthesis, Its transformation to vernolepin

via the quaternized species A-2a would be expected to proceed well
P —
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according to the method of licCloskey,

Since the trans- ¥ -lactone in vernolepin appears more sensitive
than the & -lactone (1b), formation of the ¥ -lactone ofﬁ:_g_a would
probably best be performed late in the sequence, The possibility of
lactone formation between the C-8 zlcohol function and C-12 also sup-
ports this reasoning, The isomeric lactone vernomenin (ia, b) gg)

actually does occur naturally along with vernolepin; the formation of

such isomer mixtures should be avoided in a directed synthesis, however,

A possible method of introducing the desired ¥ -lactone in inter-
mediate‘é;gg represents the principal key to this entire approach to
vernolepin, It is proposed that this lactone be constructed by the
intramolecularly directed attack of an ester enolate anion upon an epox-
ide, to insure both stereo- and regiospecific formation of the X¥-lac-
tone and C-8 alcohol function, Ester.ﬁzﬂg is the required intermediate
for this step, The attack of enolate anions upon epoxides is well-known
L (8 4), and it seems likely that the conversion of ﬁ;ﬁg to‘ﬁzgi will
work, provided the bis-ester-enolate anion of A-ba g&) can be formed
and is stable long enough for the reaction to occur,

A number of factors having a bearing on this situation appear fav-

orable, Comparison of the conditions necessary for non-nucleophilic
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base catalyzed opening of epoxides (5) (two hours in refluxing ether/
hexane using lithium N-isopropylcyclohexylamide as base) with those
needed for the formation of ester enolate anions (6a) (ten minutes at
--?8o in THF, using lithium N-isopropylcyclohexylamide as base), almost
insure enolate formation in our system before epoxide cleavage, Once
the enolate dianionlﬂ;does form, it could conceivably undergo intramo-
lecular attack of the I position upon the epoxide at the 8 position

(}_@_) to give intermediate 5 (7). Such an attack is highly unlikely,
P ad

however, since conformation 4b, necessary for this reaction to take
S

place, requires a 1,3-dlaxial interaction between the vinyl and ester
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groupings, as well as a boat like conformation of the cyclohexane ring,
At the low temperatures which would be utilized for this reaction, con-
formation 4a (which leads to the desired product A-3) should be greatly
A AAA
preferred,
Another possible difficulty concerns the nature of the R groups in

dianion‘&_. Ideally, one would desire R=CH,S-n-Pr or R=CH2N1'Iez for

2
reasons already considered; forming an anion A to sulfur or nitrogen,
however, might lead to direct elimination, While there is certainly
evidence for elimination of sulfur anions (8), it would appear that
lithium enolate anions of B amino esters are stable in THF at low
temperatures, This stability has recently been demonstrated by Schles-
singer and co-workers (9) who treated ethyl 2-butenocate gz? with 1ithium

diisopropylamide in an effort to generate the ester enolate anion 6,

CO,E+ Toﬂit aH 5
e:"—( Nt T ()7l N—"® '—-’( A
1
L ® Zu@ I/ i @
£ - 2 2

When they carried this reaction out in THF under a variety of tempera-
ture conditions (-400 to -1000), they obtained after quenching,nearly
quantitative ylelds of the liichael adduct’g: This implies not only
that the Michael addition is faster than proton removal from estar;z,
but also that the intermediate anion‘é'is stable under these conditions

and is not in rapid equilibrium with the starting ester 7 and diisopro-

P
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pylamide anion, If such an equilibrium existed, eventually only the
anion‘éLwould be present since its formation is certainly not reversible
under these conditions,

While the above considerations indicate the transformation of‘é:ﬂg
to ﬁ;é? should be possible, this intramolecular epoxide opening is such
a crucial part of the proposed synthesis that it should first be estab-
lished on a model, Esterification of the readily prepared epoxy alcohol
251(10) with 3-(N,N-dimethylamino)-propionyl chloride (i&a} Célso easily

prepared (Iij] would produce an ideal model compound 12z, The first

Y o
o
10 7]

a-= CHZNMCZ
step in the realization of this proposal would be preparation of this
model and study of the formation and reaction of its enolate anion,
If the lactone alcohol 13a can indeed be formed from epoxy ester 12a,
AnAA, I~

this would provide strong indication that the transformation of ester
A-la to lactone A-3a should be realizable,

If the ﬁ-amino anion proves unsuitable in the above study, then
a parallel study should be performed using the simple acetate ester of
12 (R=H), If the anion of ester 12 (R=H) can be formed and cyclized
A P eaad
to lactone 13 (R=H), then the overall synthetic plan could easily be

directed towards producing lactone A-3 (R=H) via cyclization of ester
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fﬁfﬁ (R=H), The method of Grieco and Hiroi could then be employed to
convert A-3 (R=H) to vernolepin Qﬁ;&), It should be noted throughout
the remainder of this discussion that merely by changing the acid chlor-
ides employed in this scheme, one should be able to produce lactone;5:2
with a variety of R groups,

Assuming the model study justifies our use of the g -amino ester,
then the problem at hand becomes one of synthesizing the alcohol é:é
for esterification (as per model) to giveiﬁ:ﬁg, While one might ap-
proach‘£;2 by more conventional means, it might be of great advantage
to utilize the methodology established in the model sequence at this
point as well, The ester'ﬁ;é, if subjected to the conditions used for
the model, should generate the enolate anion; +this would be expected
to close, giving the six-membered ring cis-lactone (stereospecifically)
rather than the less favorable seven or eight-membered ring bicyclo-
compounds (the possible result of attack at the 6, 7, or 8 position),
Again an intramolecular reaction would be employed to establish neces-
sary stereochemistry,

The key intermediate‘ﬁ;é,‘which by this route essentially defines
all the asymmetric centers in vernolepin, may be approached analogously
to Berchtold's irans-benzene trioxide synthesis (12a), Singlet oxygen

addition to 14 yields the epoxy epidioxide 15, which rearranges in

P

P
", ; 02 @ o, A L "l,'
QO — o —— "0
: 45° "
H o %
int /5 A
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quantitative yield upon heating to give trans-benzene trioxide..&é.
This thermal rearrangement of epidioxides has been performed in other
systems as well (12b, c), and it seems likely that the diepoxide;&:é
should result on heating epidioxide E:l.

Although lack of stereospecificity may be a problem, epidioxide
E:é should be produced on sensitized photooxygenation of diene EZEJ
Singlet oxygen participation in 4 + 2 cycloaddition reactions is well-
known to be a fascile process (13a), quite subject to the directing
effects of steric hinderance (13b). In the case of diene E;é, since
there are only trigonal centers B to the quaternary carbon, one would
expect no pseudo-axial or equatorial preference for either the ester
or vinyl side chain, Any steric shielding then, of the sort which
would accompany a rigid axial group, will not be present here; in this
case, the length and bulk of each side chain must directly determine
the amount of shielding on each face of the molecule, How significant
this effect will be in the outcome of singlet oxygen addition is un-
certain, yet for ester B-2 the effect must be at least operative in
the proper sense; and one might thus hope to obtain a preponderance
of addition from the side bearing the vinyl grouping,

For initial experiments, even a 111 mixture of isomers (if separ-
able) would be acceptable, If subsequent steps should prove workable,
then other ester chains might be examined on4§;2 to better direct the
stereochemistry of photooxygenation, Recent efforts of Corey (14)
have demonstrated that intramolecular gr-4 interactions of conjugated

systems with aromatic ester side chains can be used to effectively
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shield one side of a molecule and thus induce stereospecificity in re-
actions of the conjugated system, If the alcohol E:; were esterified
with the appropriate aromatic grouping, then shielding of the type ob-
served by Corey should result in photoaxygenation predominantly from
the side bearing the vinyl group, as desired, After rearrangement of
the epidioxide to the diepoxide, the aromatic ester could then be re-
placed by the aminopropionate to afford-ﬁ:é.

The synthesis then reduces to the preparation of the alcohol_E:g,
devoid of stereochemical problems, which may then be esterified to give
E:g, Simple lithium aluminum hydride reduction of the ester E;& would
be expected to yield the desired alcohol, and this unsaturated ester
should be the result of non-nucleophilic base induced cleavage (15)
of the tosyl hydrazone‘g:é, The hydrazone would be prepared under mild
conditions from the keto ester E:é, which would itself result from
acetylation, by the method of Rathke and Dietch (6, 9), of the enolate
anion of ethyl-2,5-dihydrobenzoate QE:Z) (16),

In twelve steps it may thus be possible to synthesize dl-vernolepin

from trivial starting material,
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