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ABSTRACT: A variety of enantioenriched fluorinated 6H-cyclopenta[c]pyridin-6-one bicycles, a scaffold present in several classes 

of monoterpenic alkaloids with varied biological activity, were synthesized in just five steps starting from simple aldehyde starting 

materials. The synthesis presented wide functional group tolerance and moderate to high yields and diastereoselectivities, and could 

be carried out at gram-scale. These products were suitable for further transformations, such as hydrogenation and deprotection of the 

tert-butyl sulfonyl protecting group. 

Nitrogen-containing heterocycles are highly prevalent in 

pharmaceuticals and agrochemicals, as well as in other bioac-

tive molecules. This is immediately apparent when considering 

the alkaloid class of natural products; morphine, caffeine, nico-

tine, and atropine all belong to this diverse family and present a 

wide range of biological activities. A somewhat understudied 

scaffold is the cyclopenta[c]pyridin-6-one bicycle, present in 

various natural products such as Tecomanine, Tecostanine and 

certain compounds belonging to the Kinabalurine series (Figure 

1).1,2 Both Tecomanine and Tecostanine are present in the 

leaves of Tecoma stans, a species of bush native to Latin Amer-

ica, infusions of which have long been used in Mexico to treat 

symptoms of diabetes. In fact, extracts of this plant have been 

shown to exert a significant hypoglycemic response in both rab-

bits and dogs, attributed to the action of these two monoterpenic 

alkaloids.3,4 Given this activity, compounds presenting this bi-

cyclic structure could be useful in the search for new antidia-

betic compounds; a class of pharmaceuticals that is increasingly 

important in the modern world.5 

In terms of synthesis, racemic Tecomanine has been synthe-

sized through a variety of synthetic methods, including a Pau-

son-Khand reaction which allows the prior introduction of all 

necessary substituents directly into the precursor, creating the 

bicyclic molecular complexity in just one reaction (Scheme 

1a).6 Series of enantioenriched products with similar structures 

have been prepared by both Gais7 and Evans,1 again through the 

use of a Pauson-Khand reaction as the key step to form the bi-

cyclic scaffold.  

 

 

Figure 1. Structures of monoterpenic alkaloids bearing the target 

bicyclic structure.  
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On the other hand, fluorine has become increasingly im-

portant in several key industrial fields, including but not limited 

to medicinal and pharmaceutical chemistry, agrochemistry and 

materials science. The strategic incorporation of fluorine into 

biologically active molecules can improve the drug-like prop-

erties of a given compound, such as the metabolic stability or 

lipophilicity.8-10 However, given the scarcity of natural products 

containing fluorine atoms, any advance in this field relies on the 

development of new methodologies to synthesize new fluorine-

bearing structures. A recent trend in medicinal organic chemis-

try, denominated the escape from flatland, refers to a shift from 

the more common aromatic and similar Csp2 tethers towards Csp3 

carbon centers in an attempt to provide greater 3D molecular 

diversity.11 In particular, after approximately a decade of ex-

haustive research on the formation of Csp2—F and Csp2—RF 

bonds,12 the asymmetric introduction of fluorine or fluorinated 

groupings into sp3 carbon centers is gaining more attention in 

recent years.13 Regarding this objective, perhaps the most chal-

lenging is the selective construction of a quaternary stereogenic 

carbon center containing a C—F bond. In fact, pharmaceutical 

drugs containing a stereogenic C—F bond constitute just 1% of 

the drugs currently on the market as a direct result of this prob-

lem. 

We recently reported the first Pauson-Khand reactions using 

enyne substrates containing a vinyl fluoride moiety as the olefin 

coupling partner, an effective way to construct molecular com-

plexity and the coveted quaternary C—F group in one step, al-

beit in a racemic manner.14 Owing to the complete diastereose-

lectivity observed in this process, we foresaw that enantiopure 

products bearing a stereodefined quaternary C—F unit within a 

similar monoterpenic skeleton could be obtained by using a 

suitable enantioenriched substrate. 

  

Scheme 1. a, b) Previous related work; racemic synthesis of 

Tecomanine precursor and other trifluoromethylated de-

rivatives via the Pauson-Khand reaction. c) This work; the 

synthesis of enantioenriched fluorinated Tecomanine ana-

logues. 

 

We were surprised to find that fluorinated examples of this 

class of structure had not yet been studied, the only example in 

the literature being a single racemic analogue based on the same 

6H-cyclopenta[c]pyridin-6-one scaffold bearing a trifluorome-

thyl substituent, which was also synthesized using the Pauson-

Khand reaction (Scheme 1b).15  

Therefore, we decided to apply our method to the synthesis 

of enantioenriched compounds presenting the same bicyclic 

skeleton as seen in the aforementioned natural products, bearing 

an all-important C—F bond at the bridged stereogenic center 

(Scheme 1c). 

We first carried out a retrosynthetic analysis of our target 

structures (Scheme 2). The bicyclic core could be constructed 

via fluoro-Pauson-Khand reaction of the N-tethered fluoro-

enyne precursor. The vinyl fluoride could be introduced using 

a suitable building block for the alkylation of the amine group, 

which could in turn be synthesized through stereoselective pro-

pargylation to the corresponding imine. 

 

Scheme 2. Retrosynthetic analysis of target bicyclic struc-

tures. 

 

We then decided that Ellman’s tert-butane sulfinyl imines 

would be suitable starting materials for our goal of synthesising 

Tecomanine analogues, since they can be used as electrophiles 

in many diastereoselective addition reactions with a variety of 

nucleophiles such as organometallic reagents.16,17 Specifically, 

the diastereoselective addition of propargyl magnesium bro-

mide to this class of imines is well documented. Therefore, we 

followed the procedure reported by Zhang et al. to obtain a va-

riety of sulfinylamide intermediates 2 in good yields and high 

diastereoselectivities.18 Aromatic, heteroaromatic and aliphatic 

aldimines participated in the propargylation step uneventfully 

with the exception of pyridine-based substrate 1j¸which re-

sulted in a lower yield (See Supporting Information for details). 

From there, the final step to form the precursors for the Pau-

son-Khand reaction was the introduction of the fluoroallyl 

group via alkylation of the nitrogen atom. Unfortunately, the 

direct alkylation of the sulfinylamides resulted in unsatisfactory 

yields (<20%). However, we found that after oxidation to the 

corresponding sulfonamides, the reaction took place much more 

successfully.19 In this way, a series of N-tethered fluorinated 

enynes 4 was synthesized in good to high yields (Scheme 3). 

 

 

Scheme 3. Synthesis of fluoro-Pauson-Khand precursors 4. 
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Yields refer to the isolated yields of the final fluoroallylation step.a Reaction 
carried out as described by Zhang et al.18 Standard conditions for the pro-

pargylation step: aldimine 1 (1 equiv), freshly prepared propargyl magne-

sium bromide (1.5 equiv), dichloromethane (0.1 M), -48 °C, 16 h. b Stand-
ard conditions for the oxidation step: 2 (1 equiv), m-CPBA (1.2 equiv), di-

chloromethane (0.1 M), 0 °C – r.t., 2 h. c Standard conditions for the fluoro-

allylation step: 3 (1 equiv), NaH (3 equiv), 5 (2 equiv), DMF (0.2 M), 0 °C 
– r.t., 16 h. d Mesylate 5 prepared following the procedure described by 

Mykhailiuk et al.20 e An extra reduction step was necessary for the synthesis 

of 4j (see Supporting Information for details). 

 

   We then applied our fluoro-Pauson-Khand procedure to the 

desired precursors 4 (Scheme 4).14 However, our previously re-

ported conditions using dichloromethane at 40 °C for the sec-

ond reaction step were unsuccessful for these substrates. In-

stead, we found we had to switch the solvent to dichloroethane 

and increase the temperature slightly to 65 °C. The final bicy-

clic products were obtained in moderate to good yields and ex-

cellent diastereoselectivities (dr >20:1). The reaction was toler-

ant of a variety of electron-neutral and electron-rich aromatic 

rings with several substitution patterns (6a-e). The presence of 

a halogen atom on the aromatic ring was also tolerated (6f). Het-

eroaromatic substituents at the stereogenic center resulted in in-

teresting scaffolds combining two potential pharmacophores 

(6g-j). However, pyridine-based 6j resulted in a low yield. Sub-

strates derived from aliphatic aldehydes, both linear and cyclic, 

were also successfully used (6k-n). The absolute stereochemis-

try of product 6a was determined to be (S, R) by X-ray crystal-

lography (see Supporting Information for details) (Scheme 4).22 

   The double bond in the resulting bicyclic products 6 could be 

efficiently and diastereoselectively (dr >20:1) hydrogenated us-

ing palladium over activated charcoal under an atmosphere of 

hydrogen.23 However, it is worth noting that the resulting satu-

rated product 7 was unstable in acidic conditions, and rapidly 

lost HF during column chromatography using both standard sil-

ica gel and aluminum oxide (Scheme 5a). 

 

Scheme 4. Scope and limitations of the fluoro-Pauson-

Khand reaction 

  

 

Nonetheless, using FluoroFlash® silica gel we were able to pu-

rify the desired saturated cyclopentanones 7 successfully, with 

no loss of HF. Furthermore, the tert-butyl sulfonyl group could 

be removed through treatment of the resulting Pauson-Khand 

adduct with trifluoromethylsulfonic acid in the presence of ani-

sole to form 8 (Scheme 5a).24 The resulting amine was isolated 

as the hydrochloride salt, as the intermediate free amine was 

found to be unstable. A gram-scale synthesis of 6a was carried 

out successfully in good yield and no detectable decrease dia-

stereoselectivity (Scheme 5b).  

    In summary, the power of the intramolecular Pauson-Khand 

reaction for the stereoselective construction of enantioenriched 

bicyclic cyclopentenones has been showcased by the concise 

asymmetric synthesis of fluorinated Tecomanine derivatives. 

Noteworthy is the use of vinyl fluorides as olefin counterparts 

in the Pauson-Khand reaction, allowing the stereoselective in-

troduction of a fluorine atom in an otherwise synthetically chal-

lenging bridgehead quaternary stereocenter.   Several synthetic 

transformations have been carried out on the obtained products, 

including hydrogenation of the unsaturated bicyclic system to 

generate the corresponding saturated derivative, and the re-

moval of the Bus protecting group. A gram-scale synthesis has 

also been successfully achieved in five steps starting from the 

corresponding aldehyde. 

Scheme 5. a) Examples of further modifications to the final 

Pauson-Khand adducts. b) Gram-scale synthesis of 6a 
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