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Introduction

Since the discovery of sulfonamide antibacterials, 1 sulfonamides have played a key role in medicinal chemistry. The cyclic counterparts of sulfonamide compounds (sultams) display enhanced biological activities compared to their acyclic congeners. [START_REF] Debnath | Sultams: Recent Syntheses and Applications[END_REF] Although not found in nature, these amide surrogates are considered privileged motifs that have found diverse applications in drug discovery such as in sultiame, an anticonlvulsant agent, 3 S-2474, a non-steroidal antiinflammatory drug, [START_REF] Inagaki | Novel Antiarthritic Agents with 1,2-Isothiazolidine-1,1dioxide (γ-Sultam) Skeleton: Cytokine Suppressive Dual Inhibitors of Cyclooxygenase-2 and 5-Lipoxygenase[END_REF] taurolidine, which exhibits antimicrobial and anticancer activities, 5 a naphthyridine derivative that is an HIV-1 inhibitor, [START_REF] Zhuang | Design and Synthesis of 8-Hydroxy-[1,6]Naphthyridines as Novel Inhibitors of HIV-1 Integrase in Vitro and in Infected Cells[END_REF] and an antidiabetes agent developed by Boehringer Ingelheim. In view of this important structural motif, numerous methods for their synthesis have been developed. The carbanion-mediated sulfonate (or sulfonamide) cyclization constitutes a well-known approach to these important scaffolds (Scheme 1, A).
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Scheme 1 Synthetic Routes to γ-Sultams

In this process, the carbanion resulting from deprotonation of the proton located at the -position of the SO 2 group reacts with a suitable electrophile to form various cyclic D). [START_REF] Dibchak | Convenient Access to Conformationally Rigid Sultams[END_REF] Because organofluorine compounds play a critical role in life science and agrochemistry, the judicious introduction of fluorine atoms into organic molecules has become an increasingly dominant research area. [START_REF] Bégué | Bioorganic and Medicinal Chemistry of Fluorine[END_REF] In particular, the gemdifluoro-ene group, a mimic of carbonyl compounds, [START_REF] Meanwell | Synopsis of Some Recent Tactical Application of Bioisosteres in Drug Design[END_REF] and the CF 3 moiety are attractive targets because of their impact on the development of marketed drugs. 17

In view of our previous results on CF 3 -substituted Nallenamides, we anticipated that deprotonation at the position of the sulfonyl moiety of N-sulfonyl-allenamides might initiate an anionic 5-endo-dig cyclization to produce cyclic sulfonamides.

We report herein a n-tetrabutylammonium fluoride (TBAF)promoted cyclization of CF 3 -substituted N-sulfonyl-allenamides for the preparation of trifluoethyl-substituted and difluoro-ene sultams (Scheme 1). Trifluoromethylated N-allenamides were obtained by treatment of terminal ynamides with trifluoromethylated diazomethane according to our previously developed strategy.
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Results and discussion

In consideration of the work of Cui et al., who observed an unusual reorganization divergence on N-sulfonyl ynamides upon basic treatment via a 4-exo-dig cyclization and subsequent 1,3 sulfonyl-migration [START_REF] Zeng | Skeletal reorganization divergence of N-sulfonyl ynamides[END_REF] (Scheme 1, E), we performed our first experiment by treatment of trifluoromethylated N-allenamide 1a with lithium diisopropylamide (LDA) in THF. In this case, only the corresponding ene-ynamide 6 was observed along with some stating material 1, entry 1). [START_REF] Hourtoule | Regio-and Stereoselective Addition to gem-Difluorinated Ene-Ynamides: Access to Stereodefined Fluorinated Dienes[END_REF] By employing weaker bases such as Cs 2 CO 3 , the starting material was totally recovered (Table 1, entry 2). Taking into consideration these results, we wondered whether tetraalkyl ammonium fluoride salts would provide an efficient solution to this problem. When TBAF was employed as a base, we noticed that a mixture of two cyclic unsaturated sulfonamides, a CF 3 -substituted and an ene-difluorinated sultam, 3a and 2a, respectively, were isolated along with some starting material 1a (Table 1, entry 3). By increasing the amount of TBAF, this transformation was exclusively directed toward the formation of CF 3 -substituated sultam 3a (Table 1, entry 4). To guide the reaction solely toward the difluorinated ene product 2a, our objective was to quench the released fluoride ion with an acid to avoid the reintroduction of the fluoride ion on the difluorinated ene moiety. [START_REF] Hourtoule | Regio-and Stereoselective Addition to gem-Difluorinated Ene-Ynamides: Access to Stereodefined Fluorinated Dienes[END_REF] First trials were carried out with a Lewis acid.

Whether with BF 3 •Et 2 O, TMSOTf, or FeCl 3 (Table 1, entries 5-7), the outcome of this transformation led to a mixture of compounds 2a and 3a, albeit the selectivity is poorer with the latter. We then turned our attention to the utilization of a Brønsted acid. Triflic acid (TfOH) and trifluoroacetic acid (TFA) led to a mixture of sultams 2a and 3a, whereas acetic acid provided the desired difluorinated ene-sultam 2a with 69% yield along with traces of the trifluorinated derivative 3a (Table -HF (cat.) --a Reaction conditions: to a solution of 1a (0.25 mmol) in THF (2 mL), was added a solution of TBAF (1 M in THF, 1.25 mmol) at 23 °C, and the mixture was stirred for 18 h. b Isolated yields. c The mixture was stirred from -78 °C to 0 °C for 1 day. The corresponding ene-ynamide 6 was observed in mixture with 1a. d The mixture was stirred for 1 h instead 18 h. e Only degradation of starting material was observed. f 94% of mesylsulfonamide was isolated.

Under the optimized conditions, the reaction scope of this 5endo-dig cyclization was examined. First, we investigated the chemical space of the unsaturated ene-difluorinated sultams. Linear alkyls (2b) and cyclic alkyls (2c-e) were tolerated for this transformation. Aryl substituents (2a-j) were accommodated as well. Pleasingly, functionalized sidechains suitable for latestage transformations could be installed on the sultam ring through this transformation. In particular, unsaturated sidechains (2k-2l), protected aldehydes (2m), di-and trifluorinated sidechains (2n-o), and ferrocenyl derivatives (2p) We then focused on access of the unsaturated sultams to products bearing a CF 3 -tether. Aryl derivatives (3a-e), unsaturated sidechains (3f), di-fluorinated sidechains (3g), as well as tryptamine derivatives (3h) could be adapted, albeit with lower yields because of instability of the targeted compounds (Scheme 5).

Scheme 5 Scope of the synthesis trifluorinated γ-sultams

To gain greater insight into the reaction mechanism, a series of control experiments were performed. When the difluorinated substrate 1a was exposed to the same reaction conditions, i.e., TBAF/AcOH, the corresponding sultam was not observed; the monofluorinated ene-ynamide 5 was exclusively obtained in 88% yield as a 3:1 mixture of E-and Z-compounds. We have recently demonstrated that gem-difluorinated ene-ynamides 6 could be obtained directly through base-induced treatment of trifluoromethylated N-allenamides.
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Additionally, when the difluorinated ene-ynamide 6 was treated under the same conditions (i.e., a mixture of TBAF and AcOH) the corresponding ene-difluorinated sultam 2a was obtained, providing evidence that the ene-ynamide species 6 is an intermediate of the transformation.

It is also possible to achieve the synthesis of CF 3 -substituted sultam 3a directly from the ene-difluorinated sultam 2a, which reinforces the theory that the fluoride ion must be quenched to access to sultams bearing an ene-difluorinated tether. The full computed energy profile reported in Scheme 8 is more complex because of the formation of a larger number of reaction intermediates (refer to SI for Computational Details). Nonetheless, it reveals that the energetically demanding step is the deprotonation, with an energetic barrier of about 29 kcal/mol).

Once the deprotonation has taken place, the reaction proceeds toward the thermodynamically more stable products with barriers all below 20 kcal/mol. From intermediate 3-A, cyclization to yield a four-membered ring was also tested (see ESI). Nonetheless, the associated TS is higher in energy with respect to the corresponding one leading to the formation of the experimentally observed sultam, and the fourmembered ring product is less stable than compound 4-A by about 12 kcal/mol. Calculations performed on the analogous difluorinated substrate (see ESI) show that while the reaction barrier associated with the deprotonation of the proton  to the nitrogen is relatively similar, the transition state for the cyclization step is actually much higher (roughly 40 kcal/mol), thus impeding the formation of the corresponding sultam as experimentally observed.

Conclusions

In conclusion, we have developed a mild and efficient access to trifluorinated-and ene-gem-difluorinated γ-sultams from CF 3substituted N-allenamides. Addition of TBAF allowed the formation of CF 3 -substituted sultams, whereas addition of acetic acid to the ammonium salt led to the formation of cyclic sulfonamides bearing a difluorinated ene moiety. The developed strategy shows broad functional group tolerance and a good substrate scope. Furthermore, DFT calculations corroborated a transformation proceeding by a 5-endo-dig cyclization on the ene-ynamide formed in situ.
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  It is also important to stress the role played by the F-/HF pair in stabilizing the different reaction intermediates and transition states (TS). Analysis of the evolution of the carboncarbon bonds (reported in the ESI) along the molecular skeleton indicates that starting from the allene 1-A (showing two C-C double bonds of 1.306 Å for the allene and single bond of 1.488 Å), a triple-(1.208 Å) single-(1.409 Å) and double bond (1.330 ÅA) are formed in intermediates 2-A and 3-A before the formation of the cyclic product .

  Controlled experiments with Brønsted acids such as TFA and TfOH alone led to degradation of the starting material (Table1, entries 11-12), whereas with acetic acid the starting material was totally recovered (Table1, entry 13). When CF 3 -substituted N-allenamide 1a was subjected to hydrofluoric acid (HF), the corresponding mesylsulfonamide was exclusively isolated (Table1, entry 14).

	Table 1 Optimization.				
	Entry a	Base	Acid		Yield [%] b	
		([equiv])	([equiv])	2a	3a	1a
	1 c	LDA (1.2)	-	-	-	30
	2	Cs2CO3	-	-	-	100
		(1.2)				
	3 d	TBAF (1)	-	14	41	27
	4	TBAF (5)	-	-	57	-
	5	TBAF (5)	BF3•OEt2	55	13	n.d.
			(3)			
	6	TBAF (5)	TMSOTf	43	7	37
			(1.2)			
	7	TBAF (5)	FeCl3 (5)	35	26	n.d.
	8	TBAF (5)	TfOH (4.5)	45	11	-
	9	TBAF (5)	TFA (2.5)	36	26	-
	10	TBAF (5)	AcOH (5)	69	traces	-
	11 e	-	TFA (5)	-	-	-
	12 e	-	TfOH (5)	-	-	-
	13	-	AcOH (5)	-	-	>98
	14 f					

1, entries 8-10).
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