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ABSTRACT: The fluorinated entities are considered as privileged structure class in the field of medicinal chemistry because of the amplified bioactivity they exhibit. In this regard, developments of CH fluorination and trifluoromethylation have been mostly targeted. The -fluoro olefins also show potential applications as bioisosteres of amides and are also prevalent in drug candidates, but their synthetic accessibility by a CH activation strategy remains an elusive domain. The assistance of directing group (DG) does enable the fluoroalkenylation, but also constrains the scope in terms of expansion of chemical space for drug development programs. The non-directed strategy is a ‘one-shot’ solution to the existing issues on the use of DGs. With this perspective, we herein report the non-directed protocol on Pd catalyzed CH/ CF coupling for accessing -fluoro olefins in a regioselective fashion. The transformation is governed by the dual control of a pyridine and amino acid based ligands, which dictates the complementary selectivity achieved. The protocol allows for the late-stage derivatization of drugs, natural products and also enable the conjugation of drug with the natural product by means of a fluoro-olefin bridge. The incorporation of this fluorinated moieties can potentially modulate the parent bioactivity of drugs. Mechanistic investigation and DFT calculation suggest	 the vital role of mono-protected amino acid (MPAA) ligand in the C–H activation step through concerted metalation deprotonation, which is the overall turnover-determining state of the catalytic cycle.
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1. Introduction
[bookmark: _Hlk101118236]The endeavor of CH activation in organic synthesis has evolved with the perspective of streamlining the process development of various target molecules.1 Since the inception of this research area, its potential has been explored in numerous fields.2 The dominance of directing group (DG) assisted CH activation is evident in this aspect.3 Despite DG being beneficial in achieving regioselective functionalizations, its very use strains the practicality of the transformation due to added steps, the requirement of engineered DGs or of functionalities to tether a DG. The non-directed CH activation is a ‘one-shot’ solution that could herald the present phase of CH activation in restructuring the drug development and diversification processes without compromising the regioselectivity.4 
The dawn of Pd catalyzed non-directed CH activation was witnessed through the traditional Fujiwara-Moritani reaction, but was limited to electron rich arenes employed in solvent quantity.5 Striving towards regioselective functionalizations by Pd catalyzed non-directed strategy, ligands have had an immense role in enabling regioselective functionalizations alongside encompassing diverse arenes used as the limiting reagent.6 Very recently we have demonstrated the importance of ligand in a photo-induced strategy to effectuate olefination in a highly regioselective fashion.7 Also, dual ligands have been found effective in achieving regioselective chalcogenation under thermal conditions.8a These ligands assisted protocols have made a significant contribution in effecting late-stage functionalizations of drugs or performing short-stepped synthesis of small molecule drugs. 
Pertaining to the drug diversification/development process, introduction of fluorine or fluorine-containing structural motifs is an indispensable part of the program.9 Fluorine modulates the bioactivity and imparts unique chemical and physical properties to the molecule that has widespread application in the pharmaceutical and agrochemical sciences.10 In particular, the -fluoro olefins constitutes a privileged structural class owing to their applicability as stable bioisosteres of amides and enols and their existence in pharmaceutically relevant molecules (Scheme 1a).11  The synthetic accessibility of -fluoro olefins by CH activation strategy has however, remained an elusive form of chemistry compared to the developments made towards analogous fluorination and trifluoromethylation.12 Prior precedence on the synthesis of -fluoro olefins involves DG assisted metal catalyzed CH/CF coupling leading to the incorporation of fluoro olefin at the ortho-position of arenes.13 In both the protocols, gem-difluoro olefins served as the coupling partners. Reports have also emerged regarding the C–H/C–Br or C–H/CO2H couplings for the synthesis of same class of -fluoro olefins from heteroarenes.14
Gem-difluoro olefins display unique reactivities because of the chemical properties of the fluorine substituents.15 In the presence of nucleophile, one of the fluorine is substituted by addition-elimination mechanism with favorable formation of the carbanion at the -position followed by fluoride elimination stemming from the repulsion effect of its unpaired electrons (Scheme 1b). The CH activated complex which behaves analogous to the nucleophile is expected to follow a similar path to lead to -fluoro olefins, making use of the putative carbocationic character which is the regio-determining factor in the 1,2-metal migration step (Scheme 1c). In this regard, a Pd chemistry for the execution of CH/CF coupling remains an uncharted territory.16 A fluoride elimination to oxidatively form a CC bond is a rare occurrence with Pd catalysis because of the high dissociation energy of the CF bond.17 Herein, we unveil the domain of Pd catalysis in CH/CF coupling via a non-directed strategy. The present protocol does not require any prefunctionalized arenes or added synthetic steps for tethering or removal of DG; thus a step and atom economic approach in comparison to the prior reports on the synthesis of a-fluorinated olefinated arenes. The transformation provides access to the synthesis of -fluoro olefins in a regioselective fashion. Furthermore, the protocol can also be utilized in late-stage functionalizations of various drug molecules and conjugate a drug to natural product by a fluoro-olefin 
[bookmark: _Hlk110104069]Scheme 1. Pd Catalyzed Non-Directed CH/CF Coupling


bridge (Scheme 1d). Such non-directed diversification process helps expanding the chemical space and gives provision for modulating the parent bioactivity of the drug candidates, which is a limitation in case of directing group strategy.
2. Results and Discussion
We proceeded to investigate the palladium catalyzed non-directed CH/CF coupling strategy of naphthalene (having two distinct reaction sites,  and ) with 2,2-difluorovinyl 4-methylbenzenesulfonate (a). Unlike the traditional Fujiwara-Moritani reaction that involves a -hydride elimination at the termination stage, the present transformation for CH/CF coupling is likely executed by a -fluoride elimination. We ventured into optimizing the reaction parameters that could be crucial in forging such an elusive 
Table 1. Optimization of the non-directed C-H/C-F olefination of arenesa


	Entry
	Alteration from standard conditions
	Yield of 1 (%)
	Selectivity ( :α)

	1
2b
	None
L1 instead of L8
	58
15
	5:1
5:1

	3b
4b
5b
	L4 instead of L8
L6 instead of L8
L7 instead of L8
	18
trace
26
	3:1
-
4:1

	6b
	L8
	43
	5:1     

	7
8
	N-Ac-L-proline
N-Ac-Phe-OH
	trace
18
	-
4:1

	9
	TFE instead of HFIP
	35
	4:1

	10
11
	C6F6 instead of HFIP
THF instead of HFIP
	trace
n.d.
	-
-

	



aReaction conditions: arene (0.1 mmol, 1 equiv.), gem-difluoro olefin (0.2 mmol, 2 equiv.), Pd(OAc)2 (10 mol%), N-Ac-Gly-OH (20 mol%), 6-bromo-pyridine-3-ol (30 mol%), Cu(OAc)2 (2 equiv.), AcOH (2 equiv.), HFIP (0.6 mL), 80 C, 24 h. bReaction performed without adding N-Acetyl glycine.
[bookmark: _Hlk131716896]form of transformation. In the field of Pd catalyzed nondirected C−H functionalizations, ancillary ligand is a pre-requisite, influencing both the energy barrier and the regioselectivities under thermal or photochemical conditions.6-8 The pyridone class of ligand stands out in this aspect to impart assistance in the C−H cleavage path in a highly regioselective fashion.6a,6g,7 At the initial trials, 2-hydroxy-3-trifluoromethyl pyridine in conjunction with Pd catalyst was utilized to effectuate the synthesis of -fluoro olefin. The details of the optimization studies are provided in the supporting information (see section 2.2 of the supporting information). However, the ligand assistance of pyridone (L1) proved to be less effective as was observed with other substituted pyridone ligands (L2-L7) as well. Intriguingly, a 3-hydroxy pyridine (L8) afforded an improved yield (43%) of the (Z)--fluoro-olefinated naphthalene (1) with preferential  selectivity of 5:1. Such a preference for -site selectivity contrasts the conventional -selectivity by electrophilic palladation pathway.6l,6m It may be noted that there are precedences where the dual-ligand (combination of MPAA-pyridine) approach has had immense influence in availing good yields and selectivities for non-directed CH functionalizations.6b,6e,6f,6g,6j With 3-hydroxy pyridine (L8) as the optimal choice of ligand we next delved to examine if the dual ligand approach in combination with a mono-protected amino acid (MPAA) would serve the purpose of yield and selectivity augmentation in the present transformation. The implementation of dual ligand approach was found beneficial in improving the yield of the desired product 1. The fluorinated solvents viz. HFIP and TFE were found to have tremendous role in the execution of the transformation, with HFIP giving superior yields. During the optimization studies we observed the use of less expensive copper salt is favorable over the commonly employed silver salts. The olefin stoichiometry also played a pivotal role, with the highest achievable yield (58%) obtained with 2 equivalents of the olefin. Stringent optimizations led to an optimal conditions that require only stoichiometric arene as substrate to access (Z)--fluoro olefinated arenes in good selectivity via non-directed CH/CF coupling strategy with gem difluoro-olefin using combination of Pd(OAc)2 / dual ligands / copper salt. 
Attaining the optimal conditions was subsequently followed by interrogating the generality of the scope that can be encompassed with the present protocol. Initially, a range of diversely substituted arenes were explored towards CH/CF coupling with gem-difluoro olefins having OSO2pC6H4Me (a) or OSO2Ph (b) substituents (Scheme 2). Naphthalene upon reaction with olefin b afforded the desired product 2 in slightly improved yield and -selectivity in comparison to its reaction with olefin a. The product structure of 2 with -selectivity was characterized and con- firmed by X-ray crystallography (CCDC 2162416). With benzene as the substrate, the reactions with both a and b gave the (Z)--fluoro-olefinated products 3 and 4 in synthetically useful yields. The CH/CF coupling with toluene and ethyl benzene proceeded with the preference for ortho-selectivity (5 and 6, Scheme 2). Similar observations were made with electron-rich arenes such as anisole (9), ethoxy benzene (10) and long chain alkyl ethers (11 and 12) for which the ortho-site was favored over other available distant positions. The possible reason to favor olefination next to alkyl group may be due to the electron-releasing nature of the alkyl substituents (such as in toluene substrate), which tend to be ortho- and para-directing, which resulted site selectivity for the position of the alkyl substitution of arenes rather position.8b,8c However, there was a transpose of selectivity from ortho to meta in case of tert-butyl benzene (7 and 8) and diphenyl methane (13). This observ- ation indicates the intrinsic steric influence in controlling the regioselectivity of the transformation; bulkier substituent favoring palladation at the distant positions,8b,8c in which the steric influences dominate over the electronic influences of the ortho- and para-directing nature of the alkyl-
Scheme 2. Scope of Arenes for Non-Directed CH/CF Coupling

Reaction conditions: arene (0.2 mmol, 1 equiv.), gem-difluoro olefin (0.4 mmol, 2 equiv.), Pd(OAc)2 (10 mol%), N-Ac-Gly-OH (20 mol%), 6-bromo-pyridine-3-ol (30 mol%), Cu(OAc)2 (2 equiv.), AcOH (2 equiv.), HFIP (1.2 mL), 80 C, 24 h. Isolated yields are reported.
[bookmark: _Hlk130846394]substituents. Computational studies on the regioselectivity outcomes for toluene and tert-butylbenzene corroborated well with this observation (SI section 8.4): for toluene substrate, ortho-site is predicted to be preferentially activation (Figure S3) whereas for tert-butylbenzene, the meta-site will be preferentially activated (Figure S4). With ortho-disubstituents in arenes as in ortho-xylene (14 and 15) and ortho-methyl anisole (16 and 17), the -selectivity predominated along with decent yields of the olefinated products. Interestingly, with benzo[d][1,3]dioxole a reversal of selectivity was observed with a predominance of -selectivity in products (18 and 19). This may potentially be attributed to that difference in the sterics around -position for the substrates; the fused structure of benzo[d][1,3]dioxole may not hinder the activation of the -C–H bond whereas in ortho-methyl anisole (16 and 17), the conformationally fluxional methyl group of the methoxy may increase the steric congestion at the -position therefore favoring -selectivity. For ortho-bromo toluene (20) having four distinct CH sites to be activated, the CH/CF coupling prevailed majorly at the- site (ortho to Me group). Additionally, the bromo substituent remained intact. meta-Xylene as substrate gave good yields of the corresponding fluoro olefinated products (21 and 22) with high preference for -selectivity. Alike naphthalene, 1,2,3,4-tetrahydronaphthalene under the present reaction conditions exhibited -selectivity in products (23 and 24) upon reaction with gem-difluoro olefins a and b. The protocol was also amenable with tri-substituted arene viz. propofol methyl ether providing -isomer 25 in a near explicit manner. Propofol, known for its anesthetic properties, could thus be diversified in the form of it’s -fluoro olefin analogue employing the present non-directed strategy. The structure of the major isomer was also confirmed via its X-ray crystallography (CCDC 2178502). We also tried to functionalize various electron deficient arenes employing the current reaction protocol by screening different ligand entity. Unfortunately, we failed to functionalize cyano, ester, nitro, aldehyde and halogen containing arenes (see SI section 3 for details).
Scheme 3. Scope of Gem-Difluoro Olefins for Non-Directed CH/CF Coupling

Reaction conditions: arene (0.2 mmol, 1 equiv.), gem-difluoro olefin (0.4 mmol, 2 equiv.), Pd(OAc)2 (10 mol%), N-Ac-Gly-OH (20 mol%), 6-bromo-pyridine-3-ol (30 mol%), Cu(OAc)2 (2 equiv.), AcOH (2 equiv.), HFIP (1.2 mL), 80 C, 24 h. Isolated yields are reported.
In view of the important significance of sulfonyl compounds in drugs, agrochemicals, and materials due to the strong electron-withdrawing nature of the sulfonyl group, we next inspected the effect of the substituents present in the gem-difluoro olefin on the selectivity of the present transformation by varying the aryl groups of OSO2Ar (Scheme 3). The gem-difluoro olefin with 2,4,6-trimethyl (c) and 2,3,4,5,6-pentamethyl (d) substitution, the -selective products (26 and 27, Scheme 3) were obtained almost exclusively. This distinctly illustrates that the substitution pattern at the arene ring, although placed distantly, have profound effect in governing the selectivity of the products. The 2,4-dimethoxy arene derivative in gem-difluoro olefin (e) also underwent efficient CH/CF coupling with o-xylene to provide useful yields of desired product 28 with high degree of -selectivity. We further proceeded to examine the influence of different halogen substituents at the arene. All the halogen derivatives (f-k) were found compatible in this methodology, serving as effective coupling partners of o-xylene without hampering the selectivity. The yields of the products for fluoro (29 and 30, Scheme 3) and chloro (31) derivatives were moderate, however for the bromo (32) and iodo (33 and 34) derivatives, synthetically useful yields were obtained; with a high -selectivity (>10:1) of the products being favored in all cases except for the ortho-iodo derivative (/ 5:1 for 33). Reaction of 2,2-difluorovinyl 4-(trifluoromethyl) benzene sulfonate (l) occurred efficiently almost with the formation of an exclusive regioisomer 35 (:α>20:1). Interestingly, the heterocycle containing difluoro olefin, such as 2,2-difluo vinyl thiophene-2-sulfonate (m), also proved to be a viable substrate leading to expected product 36 with a -selectivity being favored (:α 15:1). The naphthyl variant of gem-difluoro olefin (n) could also be accommodated in this transformation affording the -fluoro olefinated product 36 in moderate yields but with high -selectivity. A tetra substituted gem-difluoro olefin, 1,1-difluoroprop-1-en-2-yl benzenesulfonate (o) was synthesized using general procedure 2 and reacted with o-xylene (see SI section 2.1 for details). However, the standard reaction condition was not compatible enough to yield the desired product. Apart from the OSO2Ar substituent in gem-difluoro olefins, electron-deficient arene as substituent in olefin was also found compatible for the reaction with o-xylene (38), benzene (39) and naphthalene (40). The structure of the compound 38 was confirmed by X-ray crystallography (CCDC 2130309). On the contrary, halogen and naphthyl derived gem-difluoro olefin devoid of aryl sulfonates remained unreactive with o-xylene.
       The development of the present transformation towards regioselective CH/CF coupling by non-directed approach gave the opportunity to expand its potential in conducting late-stage functionalization of drug molecules (Scheme 4). Three strategies were applied to enable the diversification process: (a) CH/CF coupling of drugs with gem difluoro olefin; (b) CH/CF coupling of arene with gem difluoro olefin tethered to natural product and (c) CH/CF coupling of drugs with gem difluoro olefin tethered to natural product to form drug-natural product conjugate. Such approaches provided the fluorinated molecules which are expected to modulate the bioactivity of the parent molecules and can be harnessed in various applications. The late-stage functionalization of nonsteroidal anti-inflammatory drugs like flurbiprofern (41) and naproxen (42) led to the corresponding -fluoro olefinated derivatives with moderate yields and ortho-selectivity. Even complex natural product such as -tocoferol tethered to gem-difluorovinyl moieties could be incorporated with high regioselectivity at the -position of o-xylene (43). Propofol methyl ether (an anesthetic drug derivative) could be conjugated to fluoro olefin tethered to -tocoferol (44) and vitamin E (45) at -position in an almost completely regioselective fashion. The present CH/CF coupling thus allow for the expansion of chemical space that are synthetically inaccessible or complementary to the directing group strategy. Further, the CH/CF coupled product 14 could be converted to vicinal diaryl substituted (Z)-fluoro olefin by Pd catalyzed arylation of CO bond (Scheme 5a). 
        The development of the present transformation towards regioselective CH/CF coupling by non-directed ap-

Scheme 4. Late-Stage Functionalization by Non-Directed CH/CF Coupling


Reaction conditions: arene (0.2 mmol, 1 equiv.), gem-difluoro olefin (0.4 mmol, 2 equiv.), Pd(OAc)2 (10 mol%), N-Ac-Gly-OH (20 mol%), 6-bromo-pyridine-3-ol (30 mol%), Cu(OAc)2 (2 equiv.), AcOH (2 equiv.), HFIP (1.2 mL), 80 C, 24 h. Isolated yields are reported.
proach gave the opportunity to expand its potential in conducting late-stage functionalization of drug molecules (Scheme 4). Three strategies were applied to enable the di- versification process: (a) CH/CF coupling of drugs with gem difluoro olefin; (b) CH/CF coupling of arene with gem difluoro olefin tethered to natural product and (c) CH/CF coupling of drugs with gem difluoro olefin tethered to natural product to form drug-natural product conjugate. Such approaches provided the fluorinated molecules which are expected to modulate the bioactivity of the parent molecules and can be harnessed in various applications. The late-stage functionalization of nonsteroidal anti-inflammatory drugs like flurbiprofern (41) and naproxen (42) led to the corresponding -fluoro olefinated derivatives with moderate yields and ortho-selectivity. Even complex natural product such as -tocoferol tethered to gem-difluorovinyl moieties could be incorporated with high regioselectivity at the -position of o-xylene (43). Propofol methyl ether (an anesthetic drug derivative) could be conjugated to fluoro olefin tethered to -tocoferol (44) and vitamin E (45) at -position in an almost completely regioselective fashion. The present CH/CF coupling thus allow for the expansion of chemical space that are synthetically inaccessible or complementary to the directing group strategy. Further, the CH/CF coupled product 14 could be converted to vicinal diaryl substituted (Z)-fluoro olefin by Pd catalyzed arylation of CO bond (Scheme 5a). 
Scheme 5. Applications and Mechanistic Studies of Non-Directed CH/CF Coupling

[bookmark: _Hlk142752526] 
3. Mechanistic Studies
In order to probe the mechanistic pathway underlying the present protocol, preliminary investigations were carried 
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Figure 1. DFT studies on the mechanism of palladium-catalyzed C–H/C–F coupling.
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Figure 2. DFT optimized transition state structures of C–H activation step involving different ligands. All Gibbs energies were quoted with referece to the common zero reference, herein the monomeric Pd(OAc)2.

[bookmark: _Hlk142752608][bookmark: _Hlk142752510][bookmark: _Hlk142752555][bookmark: _Hlk142752584]out. The kinetic isotope effect (KIE) studies carried out with benzene and its deuterated analogue gave a kH/kD value of 3.12 (Scheme 5b). A high ratio obtained due to kinetics difference suggests that the CH activation is likely the turnover-frequency determining step of the overall catalytic cycle.6m For further affirmation of this observation, order determination were carried out with benzene and gem-difluoro olefin (a). The reaction kinetics followed first order for the arene while it was observed to be 0.11 with respect to the olefin. This clearly indicates that arene is the only species involved in the rate determining step while the olefin does not participate in it. However, a small but mechanistically relevant 0.11 value of olefin order suggests that although olefin does not take part in the rate determining step, but a small fraction of product may undergo conversion to the starting material while C-H activation is the key step of the observed reaction.6d Kinetic experiments were also performed to understand the role of ligands in accelerating the reaction rate (see SI section 5 for details). We also get a unity order in palladium varying the loading of catalyst component keeping the ratio of ligand constant.6d The combination of dual optimal ligands showed a two-fold increase in the rate compared to the mono-protected amino acid ligand system. Further the reaction was also found to be adequately hindered when performed with ligands singularly. This demonstrates the role of the dual ligand in executing the CH/CF coupling via non-directed strategy. 
Density functional theory (DFT) calculations were performed to gain further insights into the reaction mechanism of the catalytic cycle (see SI section 8.1 for details). The solvent corrected Gibbs free energy profile is shown in Figure 1. Following the works of Liu,18 Bull,19 Musaev,20 Macgregor21 and Maseras,22 where monomeric Pd species were considered in the catalytic cycles involving Pd(OAc)2, we herein considered mononuclear Pd species, as we anticipate that the more stable trimeric [Pd(OAc)2]3 will be in equilibrium with Pd(OAc)2 that acts as an active catalyst. In addition, Musaev and co-workers showed that in general, dinuclear complexes have higher C−H activation barriers than mononuclear complexes.23 From DFT studies, the reaction proceeds first with the tandem N–H and O–H activation of the N-acetylglycine ligand, giving a 5-membered N,O-bound palladacycle coordinated to two molecules of bromopyridinol ligands, INT3, which is -3.4 kcal mol-1 thermodynamically downhill compared to Pd(OAc)2. We note that INT3, with MPAA activation and two ancillary ligands coordinated to the Pd-center, is similar to the proposed resting state in a related DFT study performed by van Gemmeren and co-workers.6d This is followed by the displacement of one ligand by the arene substrate, which then undergoes C–H activation by the amide oxygen atom via TS2, a [5,6]-palladacyclic transition state shown to be conducive for C–H activation.24 The C–H activated complex INT5 then undergoes imidic acid to amide tautomerism (energetically favored, SI section 8.3), leaving a vacant side for olefin coordination. Upon complexation of gem-difluoro olefin substrate, INT6 undergoes carbopalladation via TS3, forging the C–C bond. Intermediate INT7 then undergoes a conformational change (i.e., rotation) and allow one of the F atoms to coordinate to Pd-center before subsequent β-F elimination can occur, via TS4, to yield the final product that is coordinated to the Pd, INT9. It is worth noting that the β-F elimination of either of the two different F atoms gives rise to either E or Z stereochemistry across the C=C double bond. Our computational studies (SI section 8.5) suggest that the formation of Z-product over E-product will be favored by 1.0 kcal mol-1 using benzene substrate (to yield product 4) and by 5.3 kcal mol-1 using 1,3-diisopropyl-2-methoxybenzene substrate (to yield product 25). Product dissociation from INT9 then gives INT10. A possible ligand exchange of the fluoride ion by bromopyridinol ligand from INT10 and the deprotonation of the amide N–H may regenerate INT3, thereby continuing the catalytic cycle. (See the supporting information Computational Section- Part II Figures S.1 and S.2 for DFT optimized structures of other conformations of the TSs).
The carbopalldation step via TS3 has a relatively low barrier of 13.4 kcal mol-1 from the C–H activated complex INT5. This process is highly exergonic and irreversible, forming carbopalladated intermediate INT7 which undergoes β-F elimination, with a barrier of 16.7 kcal mol-1. Note that each catalytic cycle is favorably exergonic at -17.8 kcal mol-1 (INT3 to INT3). The possible role of copper(II) acetate could be acting as scavenger of fluoride ions or providing as source of acetate ions, much like silver ion additives in Pd-catalyzed C–H functionalization.26 
From the calculations, the bromopyridinol ligand plays important roles in coordinating to the Pd center, giving catalytic species INT3, as well as in product release. The MPAA ligand has demonstrated importance in the C–H activation step; the participation of other ligands in C–H activation give higher activation barriers: the usage of Pd(OAc)2 in C–H activation has a higher barrier at 25.8  kcal mol-1 (TS2-ac, Figure 2), whereas the addition of the bromopyridinol ligand lowers this barrier by 1.8 kcal mol-1   to 24.0 kcal mol-1 (TS2-ac-L, Figure 2). Comparing TS2, at 18.4 kcal mol-1, and TS2-ac-L, both with one molecule of the bromopyridinol ligand coordinated, we see that the TS using MPAA has a lower barrier than the TS using acetate ligands, by 5.6 kcal mol-1 , potentially because the release of two acetate ligands by one MPAA ligand is entropically favorable.
From the overall energy profile, the turnover-frequency determining intermediate (TDI) is the activate catalyst in the form of complex INT3 while the turnover-frequency determining transition state, TDTS, is the C–H activation step (TS2). The overall energy span25 is thus 21.8 kcal mol-1. C–H activation of the arene substrate is irreversible and the TDTS of the overall cycle, in agreement with the experimental kinetic studies with a kH/kD value of 3.12 for this step as well as a measured first order dependence on the concentration of the arene. As the olefin enters the reaction after the TDTS, there is no dependence of the rate on its concentration, consistent with experimentally observed measurement. 
4. Conclusions
In summary, we have devised a Pd catalyzed system to enable the first CH/CF coupling by a non-directed strategy. The dual ligand system plays a pivotal role in enabling the -fluoro olefination of diverse arenes in moderate to high regioselectivities, guided by the innate steric and electronic properties. The substituents present in the olefin had a fair control on the regioselectivity of the product. The importance of the transformation can be underscored by the accessibility it provides in conjugating drug with a natural product through a fluoro-olefin bridge. The incorporation of fluorine containing olefinic moiety creates new avenues of drug diversification process with modulated bioactivity. The kinetics experiments and order determination studies provide insights about the probable mechanism operative in this transformation. Combined experimental and computational mechanistic studies with dual ligands and mono-ligand system underscore the importance of the ligand systems in accelerating the non-directed CH/CF couplings. 
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Experimental Section
General Procedure for Non-Directed C-H/C-F Coupling. In an oven-dried screw cap reaction tube charged with a magnetic stir-bar was added arenes (0.2 mmol, 1 equiv.), Pd(OAc)2 (10 mol%), N-Ac-Gly-OH (20 mol%), 6-bromo-pyrdine-3-ol (30 mol%), Cu(OAc)2 (2 equiv.) and gem-difluoro olefin (2 equiv.). After that 1.2 mL HFIP was added followed by AcOH (2 equiv.) with a microlitre pipette under aerobic condition. The tube was tightly capped and placed in a preheated oil bath at 80 C and the reaction mixture was stirred for 24 h. After completion, the reaction mixture was then cooled to room temperature and filtered through a celite pad with ethyl acetate. The filtrate was concentrated and the desired compounds were purified by column chromatography using silica gel (100-200 mesh size) and ethyl acetate/petroleum ether as the eluent.
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