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Abstract: The treatment of bicyclic and tricyclic ketones with lithium ethynyl acetylide, followed by the
addition of a catalytic amount of CSA or p-TSA, affords the corresponding exocyclic olefinic ester in good
yields, and geometric ratios up to 13:1 favoring the cis olefin. This procedure represents an addition to the
repertoire of olefination methods and can readily be extended to other cyclic and acyclic systems.
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The formation of olefins from carbonyl compounds is undoubtedly one of the cornerstones of
synthetic organic chemistry.3 Since the introduction of the Wittig reaction in the early fifties,many reagent-
based variations have successfully emerged as powerful methods which enhance reagent reactivity and
geometrical selectivity in olefin formation.* More recently, the asymmetric olefination of prochiral ketones
also has been pioneered.5 Despite such progress, the preparation of the less thermodynamically favored, but
often desired cis -olefins remains a difficult process to achieve. In our research toward developing novel
polyene retinoids for dermatological and cancer therapy,6 we sought methods for the formation of
constrained olefinic linkages that mimic various conformations of vitamin A carboxylic acid isomers, such
as 9-cis- and all-trans-retinoic acids.” We wish to describe herein an improved method for achieving good
to high levels of selectivity in the formation of cis exo-olefins for some carbocyclic and heterocyclic
systems. In our attempts to convert a-tetralone-like ketones such as 1 (Scheme 1) to the exocyclic cis-
olefinic esters, several methods were investigated without initial success." Whitehurst ez al. have reported
that the addition of ethylethynyl ether anion to a-tetralone followed by treatment with carbon dioxide in
ethanol affords the corresponding exocyclic olefinic esters as a ~2.4:1 cis:trans geometric mixture.”
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We have found that while this transformation is useful, the reaction is sluggish (>24 h for ~70%
conversion), it requires continuous exposure to CO,, and give moderate geometric selectivities (Table 2).
Accordingly, olefination of tricyclic ketone 1, using the above conditions, produced the corresponding
exocyclic olefinic esters 2 and 3 in 70% yield and a 4:1 cis:trans ratio. In order to increase the ratio in favor
of the highly geometrically restricted cis isomer, we evaluated a variety of acid catalysts and temperatures to
facilitate this transformation. We found that using catalytic amounts (~5 mol%) of bulky suifonic or
phosphonic acids generally improved the yields to above 85%, gave cis:trans selectivities in favor of the
desired cis olefins of up to 13:1 (GC or Iy NMR), and enhanced the reaction rate (between 30 min at =78°C
to ~1 min at 25°C). The results, summarized in Table 1, indicate that a combination of low temperature (-
78°C to 25°C) and the use of camphorsulfonic (CSA) or p-TSA afforded higher geometric selectivities.
While there appears to be a general trend for higher selectivities with some sulfonic acids, the results
obtained with 1-NSA and 2-NSA are not clear at the present time. It is noteworthy that using bulky
trisubstituted ammonium halides such as dihydroquinidine hydrochloride (24 h. at RT), gave an olefinic
ratio of 6:1 in favor of the cis isomer.

Table 1
Entry | Catalyst | Temp. Cis: Trans || Entry Catalyst Temp. Cis: Trans
1 HCI 25°C 1:1 7 CSA -78 to 25°C 13:1
2 HCl -78 t0 25°C 2:1 8 I-NSA ~78 t0 25°C 2:1
3 Co, 25°C 4:1 9 2-NSA —78 to 25°C 3:1
4 p-TSA | 0°C 6:1 10 DHQD.HCI | 25°C 6:1
5 CSA 25°C 8:1 11 Binap-PA —78to 25°C 8:1
6 CSA 0°C 10:1 12 DP-PA -78 to 25°C 11

Ratios were determined by GC or IH NMR (400 Mhz); p-TSA (p-Toluene Sulfonic Acid); CSA
{Camphor Sulfonic Acid); NSA (Naphthyl Sulfonic Acid); DHQD (Dihydroquinidine); Binap-PA:
Binaphthyl Phosphonic Acid; DPPA (Diphenyl Phosphonic Acid.

The observed dramatic increase in selectivity as a function of the size and acidity of the catalyst is
indicative of a regioselective kinetic protonation of the allene intermediate as proposed earlier by
Whitehurst and Tankard, Scheme 2.°
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Such intermediates, presumably formed through acid catalyzed dehydration-hydration, are then
protonated from the less hindered side of the allene (path a) to give rise to the corresponding cis olefin.
Formation of the thermodynamically favoredrrans olefin (path b) is minimized during the protonation step,
due to strong steric interactions with both the pericyclic hydrogen and the geminal dimethyl group.
Additionally, the results for the olefination of several bicyclic and tricyclic ketones, are depicted in Table 2.
Table 2

Entry Ketone % Olefin Yield2 Cis: Trans ratio®
Catalyst: CO3 CSA
1 (R=H) 7 2411 5:1
2 (R=OMe) & 41 4.6:1
Ry
Ra
3 R y=Rp=H 7590 41 134
4 R1=H; R=Me 78 51 71
5 R 1=R2=Me 7 31 5:1
O
6 ii@:g 7 25:1 6:1
7 = 2511 5:1

O
8 ‘ 61 14:1 231
s

a) Yield of isolated total olefins (mixture Z:E); b) Ratios determined by 'H NMR or GC.

The olefination of a-tetralone (Entry 1) under cat. CSA conditions gave a 5:1 cis:trans ratio as
compared to 2.4:1 using CO,.” In the case of 7-methoxy-tetralone (Entry 2), no pronounced difference in
selectivity was observed using CO, or CSA as catalysts. Several tricyclic substrates containing various
substituents on the a-methylene (Entry 3, 4, 5), or with an altered ring size pattern (Entry 6, 7), were
evaluated under the above olefination conditions. In these cases, increased selectivity was observed and this
is consistent with the proposed selective protonation approach favoring the formation of cis olefins.
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Finally, olefination of naphthothiopyranone (Entry 8), a sterically challenging substrate for this

reaction, gave a 2.3:1 ratio in favor of the cis olefin under our optimized CSA conditions. In all the tricyclic
systems studied herein, excellent selectivities were obtained under acid catalysis. In summary, an improved
method for the rapid preparation of geometrically defined cis- exocyclic olefins has been devised. This
procedure represents an addition to the repertoire of olefination methods and can readily be extended to

other cyclic and acyclic systems.

' We are presently utilizing this methodology for the synthesis of novel

retinoids which will be the subject of subsequent reports.
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