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ABSTRACT:  Direct meta-C−H alkylation of azaarenes largely remains an unsolved challenge and typically requires multi-step 

synthesis protocols to circumvent the inherent ortho/para-reactivity. Recent progress for direct meta-C−H functionalization has been 

reported, but alkylation remains elusive due to the 

low reactivity of alkyl halides compared to the 

other successful electrophiles. We developed a 

new approach to “dock” the alkyl groups on iso-

quinoline nitrogen for their phosphite-mediated 

migrations to C2 carbon for an overall ortho-C−H 

alkylation with complete recovery of the phos-

phite. Tuning the phosphite-mediated protocol to 

switch the site selectivity would expedite direct 

and diverse multi-C−H bond functionalization. 

Herein, we report a switch to meta-C−H alkylation 

via developing photochemical [1,3] migration of 

the alkyl group followed by rearomatization. This 

docking strategy for dual nitrogen activation and 

C−H functionalization led to a net-zero carbon 

waste method. The docking and migration proto-

col works with primary, secondary, and all carbon tertiary alkyl halides, leading to unprecedented success with sterically demanding 

alkylations. The phosphite-mediated transportation of the alkyl group from nitrogen to ring carbon makes the nitrogen of the meta-

alkylated isoquinoline product ready for dock again. Here, for the first time, we showed consecutive re-docking of different functional 

groups on the free isoquinoline nitrogen for their sequential regioselective migrations at ortho-position. The change in phosphite-

mediated methods and the docking order led to derivatizations of the meta-alkylated isoquinoline products, including regiodivergent 

multi-C−H alkylations of isoquinolines. 

INTRODUCTION 

Azaarenes with alkyl substitution at different positions are 

important synthetic goals owing to their frequent occurrence in 

pharmaceuticals, agrochemicals, chiral ligands, catalysts, and 

materials.1 Direct C−H alkylation of abundant and inexpensive 

azaarenes is the most attractive approach for sustainable and 

waste-free synthesis.2 Among them, isoquinoline core is present 

in one of the largest numbers of bioactive natural products.3 

Substitution at each carbon of the isoquinoline core is prevalent, 

including meta-functionalized bioactive compounds with sub-

stituted alkyl groups.4 Among different C−H bonds, ortho- and 

para-alkylation were achieved successfully with a broad range 

of electronically and sterically diverse substituents.5 However, 

the meta-C−H alkylation remained a formidable challenge due 

to its inertness towards both electrophilic and nucleophilic rea-

gents. As a result, most of the isoquinoline natural products con-

taining meta-alkyl substitution were synthesized from their al-

kyl substituted acyclic precursors.6  

In a more direct approach, Minter and Re in 1988 showed a 

one-pot multi-step operation for effective meta-C−H alkylation 

of isoquinolines with aldehydes (Figure 1A).7a This strategy is 

based on reductive hydroboration, followed by electrophilic 

functionalization of the resulting enamine, and finally, dehydra-

tion-tautomerization for the overall meta-alkylation. The reac-

tion was shown to work only with aldehydes, limiting it to the 

installation of primary alkyl groups.  

In 2022, the Wang group developed an improved Lewis acid 

catalyzed reductive hydroboration to enamine and its electro-

philic functionalization at meta-C−H. The catalyst activation 

led to successful reaction with activated ketones and imines, 
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along with aldehydes. Additionally, a second equivalent of elec-

trophile oxidized the C3 functionalized enamine intermediate 

for an overall meta-C−H amino and hydroxyl alkylations (Fig-

ure 1B).7b In 2023, the Wang group followed up with an asym-

metric meta-allylation with reactive chiral iridium and palla-

dium π-allyl electrophile.7c,d In 2022, the Kuninobu group uti-

lized a similar approach with silane as the reductant for meta-

selective trifluoromethylation.7e In these redox approaches, 

both pre-reduction and post-oxidation steps require extra cata-

lysts and stoichiometric reagents, leading to waste generation. 

More importantly, activated electrophiles were required for suc-

cessful meta-functionalization, and no reaction was reported 

with simple alkyl electrophiles such as alkyl halides.   

In 2022, Studer and co-workers reported a meta-selective 

radical fluoroalkylation of azaarenes via a redox neutral reac-

tion sequence.7f In 2023, the Donohoe group developed an ex-

cess benzoic acid-mediated one-pot meta-alkylation of isoquin-

olines with unsubstituted vinyl ketones, leading to primary al-

kyl group installation.7g These elegant methods avoid the reduc-

tion and oxidation of azaarenes for their meta-C−H alkylation. 

However, they are limited to strong alkylating electrophiles 

only, owing to a similarly reactive enamine intermediate devel-

oped via reduction.7a-e The requirement of stoichiometric rea-

gents to form dearomatized adducts and their removal after al-

kylation led to waste generation (Figure 1C). A direct and 

waste-free meta- C−H alkylation with unactivated and sterically 

demanding alkyl halides remains elusive.  

One of our research programs focuses on docking functional 

groups on pyridine nitrogen for their phosphite-catalyzed mi-

grations to the ring carbons (Figure 1D). The “docked” allyl and 

alkyl groups were successfully migrated to the C2 position for 

overall ortho-allylation and alkylation.8 A switch in site selec-

tivity to regiodivergent C−H alkylation from the same N-alkyl 

pyridinium salts under tunable reaction conditions would be 

highly advantageous for diversity-oriented synthesis. Re-

giodivergent switch between ortho- and para- has been 

achieved due to their similar electrophilic reactivity pattern. 

The switch is usually accomplished by taking advantage of the 

nitrogen coordination to either direct the nucleophile to the or-

tho-position, or sterically block the ortho-position with bulky 

nitrogen-coordinating additives.9 However, switching the same 

functional group between ortho-/para- and meta-C−H bonds is 

very challenging due to their differential reactivity. Transition 

metal catalyzed ortho-/para- and meta-C−H activation fol-

lowed by borylation, arylation, and alkenylations of azaarenes 

were established recently. The switch in selectivity was 

achieved via different catalysts with precisely designed lig-

ands.10 A more attractive electrochemical carboxylation was re-

cently reported by Yu, Lin, and co-workers, where the switch 

from meta- to para-carboxylation was achieved simply by using 

either divided or undivided cells.11 In 2023, the Studer group 

reported an elegant switch to para-C−H alkylation from their 

previous meta-C−H fluoroalkylation via a simple change in pH 

of the reaction. However, para-alkylation needs a nucleophilic 

alkyl radical coupling partner, while meta-fluoroalkylation 

works with electronically opposite electrophilic radicals.12 To 

the best of our knowledge, a switch between ortho- and meta- 

by electronically similar alkyl groups has not been reported.        

Herein, we report that direct photochemical irradiation at 365 

nm LED to the phosphite adduct (2) of N-alkyl docked isoquin-

olinium (1) resulted in meta-C−H alkylation. The unique fea-

ture of our approach is the dual role of the docking group to act 

as a nitrogen activator to facilitate phosphite adduct (2) for-

mation, followed by its migration from nitrogen to ring carbon. 

The migration from nitrogen deactivates it, which triggers the 

in-situ phosphite elimination for an overall C−H functionaliza-

tion. The recovery and reuse of phosphite after work-up make 

the overall transformation net-zero in carbon waste. The one-

pot method starts with either bench-stable N-alkylisoquinolini-

lum salt 1 or directly from isoquinoline and alkyl halide. Exper-

imental and computational evidence was presented for a plausi-

ble mechanism for this unprecedented meta-C−H alkylation 

with primary, secondary, and tertiary alkyl groups. Further-

more, consecutive docking and transportation under the same 

phosphite-mediated tunable reaction conditions allow for selec-

tive and regioisomeric ortho, meta-di-C−H functionalization 

with chemically equivalent alkyl halides. The utility of phos-

phite-mediated methods via nitrogen docking was further 

demonstrated for the derivatization of meta-alkylated products. 

 

Figure 1. meta-C−H alkylations of isoquinolines.  

RESULTS AND DISCUSSION 

“Docking” of Alkyl groups on Isoquinoline Nitrogen. 

First, we screened conditions for a direct “docking” of alkyl 

groups on isoquinoline nitrogen. A simple solvent-free mixing 

of isoquinoline with primary, secondary, and tertiary alkyl hal-

ides at ambient to moderate temperature led to the correspond-

ing N-alkyl isoquinolinium halide salt formation with good to 

excellent yields.13 Some of the halide salts are hygroscopic in 
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nature and form color impurities when stored for months. Liter-

ature-modified ion exchange methods were employed to the 

corresponding tetrafluoroborate salts that are not hygroscopic 

and are bench stable for years without degradation. A direct tet-

rafluoroborate salt formation was also achieved via stirring 

isoqunolines and corresponding alkyl halide in acetone with six 

equivalents of sodium tetrafluoroborate as an additive.14   

Development of Phosphite mediated photochemical meta-

Alkylation. We envisioned that the phosphite-adduct 2 of N-

isoquinolinium salt could be perceived as an N-alkylated aryl-

conjugated enamine or amine-conjugated styrene derivative. 

The [1,3] O-to-C rearrangement of an O-alkylated aryl-conju-

gated enol is well-established via both ionic and radical path-

ways.15 The corresponding aza-version with N-to-C migration 

is rare, with only one thermal migration known to occur from 

l,4-dialkyl-l,4-dihydropyrazines via stereoinversion.16 We plan 

to explore a similar N-to-C [1,3] alkyl shift, owing to our pre-

vious success with other phosphite-mediated aza-migrations 

around azaarenes.8 Thermally heating the phosphite adduct 2 

did not result in any migration product.  

Next, we explored the possibility of photochemically exciting 

the amine-conjugated styrene part of the adduct 2 for a possible 

photochemical aza-[1,3] migration. Our photophysical studies 

of adduct 2 showed that it could be excited with 365 nm light. 

A fluorescence emission study with excitations at different 

wavelengths established better absorption at 365 nm with the 

highest fluorescent emission (see SI). Therefore, we explored a 

one-pot phosphite addition, followed by its direct excitation for 

aza-[1,3] shift and subsequent base-mediated phosphite elimi-

nation for the meta-alkylation of isoquinoline (Table 1). De-

lightfully, the one-pot reaction sequence with stoichiometric 

phosphite additive in p-xylene with four equivalents of potas-

sium carbonate as base led to the meta-benzyl isoquinoline in 

60% yield with complete regioselectivity (entry 1). Starting 

with docking to N-benzyl bromide and its one-pot transporta-

tion also yielded the product with comparable efficiency (entry 

2). Catalytic amounts of phosphite resulted in lower yield with 

no trace of unreacted starting material or intermediate (2a) in 

the crude reaction mass (entry 3). On the other hand, phosphite 

was regenerated quantitatively. Therefore, we chose to proceed 

with stoichiometric phosphite to complete 2a formation under 

dark, followed by its photochemical meta-alkylation. Dieth-

ylphosphite can be separated from the product and other impu-

rities via a simple aqueous work-up protocol (see SI). Reaction 

in other solvents also formed the product, but the p-xylene re-

mains the best (entry 4, see SI for details). Changing base equiv-

alents or other bases led to lower yields (entries 5-7). As antic-

ipated from our photophysical studies, different light sources 

with higher and lower frequencies led to a drop in reaction effi-

ciencies (entries 8-10). The light intensity is important, with 

low power light (18W) leads to lower yield (entry 11). No meta-

benzyl isoquinoline formation was observed without light, and 

trace amount of product formation was observed without base 

(entries 12-13).  

Table 1. Optimization study of meta-C−H Alkylation  

 

Entrya deviation from standard  

conditionsa 

yieldb (%) 

1 none 60 

2c One-pot with 1a-bromide 58 

3 50 mol% phosphite 35 

4 Other solvents 5-44  

5 3 equiv. of K2CO3 54 

6 5 equiv. of K2CO3 60 

7 Other bases 10-50 

8 λmax = 320 nm <5 

9 λmax = 380 nm 40 

10 λmax = 395 nm 29 

11 λmax = 365 nm, 18W 34 

12 no light n.d. 

13d no base <5 

a0.2 mmol scale. b isolated yield. n.d. – not detected. cone-pot dock-

ing and meta-alkylation. dfor second step   

 

    Substrate scope 

Under the optimized reaction condition, we screened the sub-

strate scope, focusing on the migrating alkyl group first. A 

chloro substituent on ortho-, meta-, and para- to the phenyl ring 

(4b,c,d)  worked better than the unsubstituted benzyl migrating 

group. These results indicate that the steric crowd is tolerant 

around the aryl ring. Other halides at the meta-position were 

equally efficient (4e,f,g). The compatibility of all halides at dif-

ferent positions of the aryl substituents is significant since a 

transition metal catalyzed meta-alkylation could be problematic 

for these substituents. Both electron-deficient groups such as 

cyano (4h) and ester (4i), and electron donating methyl (4j) and 

methoxy (4k) were well tolerated at the meta-position. How-

ever, electronically different groups on para-position of the 

phenyl ring drastically affect the reaction outcome. Mildly elec-

tron-donating methyl group led to a low 24% yield (4l), while 

strong electron-donating methoxy substitution (4m) led to al-

most no product formation. On the other hand, electron-defi-

cient cyano substitution in para-position led to better yield (4n). 

Overall, the electron-neutral and electron-deficient aryl rings 

resulted in good yields, while electron-rich phenyl groups led to 

lower efficiencies. With this trend, we tested other non-phenyl 

aryl groups on migrating benzyl carbon. An electron neutral β-

naphthyl (4o) and electron-deficient 3- and 4-pyridines gave 

products (4p,q) with good yields, while electron-rich furan (4r) 

and thiophene rings (4s) led to lower yields. The better efficien-

cies with electron-poor group migrations prompt us to try a non-

aryl ester substitution on migrating alkyl carbon (1t). As antic-

ipated, docking methylene ester group on isoquinoline nitrogen 

led to the corresponding meta-alkylated product (4t) in 58% 

yield. Methyl and tert-butyl groups on nitrogen did not form 

any meta-alkylated product. While the N-methyl adduct (2u) 

was unreactive under the optimized reaction condition, the N-

tert-butyl adduct (2v) was completely consumed with only a di-

mer of tert-butyl detected. The scope of our method with sub-

stitution on isoquinolines was examined next. We tested a few 

electron-rich isoquinolines as substrates due to their prevalence 

in natural products. Methoxy or dimethoxy substitutions on the 
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Figure 2. Substrate scope.  All reactions were performed on 0.2 mmol scale. All yields are isolated. a1ah (0.2 mmol), Diethylphosphite 

(0.24 mmol), Et3N (0.3 mmol) and 2.5 ml DCM, 24 h, -40 °C; K2CO3 (0.5 mmol), p-Xylene (0.1 M), 30W LED (λmax = 365 nm), 24 h, 15 

°C.

fused benzene ring of the isoquinoline successfully yielded the 

corresponding products with similar efficiencies (4w,x,y). 

Many of the bioactive isoquinolines with meta-alkyl substi-

tution are tertiary alkyl groups.4,17 Therefore, we tested our 

method for the docking and migration of secondary alkyl hal-

ides. The more substituted tertiary alkyl docked starting mate-

rials (1) with alkyl and aryl substitution led to better yields than 

the parent benzyl group. A methyl and phenyl substitution on 

the migrating carbon led to a 66% yield of the tertiary alkylated 

isoquinoline product (4z). Expectedly, a methyl and electron-

poor aryl substitution resulted in slightly better yields (4aa,ab). 

An ethyl instead of methyl as the alkyl substitution is equally 

efficient (4ac). Interestingly, cyclopropyl as the alkyl substitu-

tion led to normal cyclopropyl product formation (4ad) without 

any detectable ring-opening product. The success of a wide va-

riety of substituents on the migrating carbon makes this method 
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attractive as a general meta-C−H alkyl protocol. The better re-

sults with sterically demanding substituted alkyl groups com-

plement the known meta-C−H alkylation methods where steric 

crowding led to poor yields or failed reactions.7 Migrations of 

dibenzylic groups were studied next, which led to the highest 

78% yield for diphenyl substitution (4ae). Other diarylmethyl 

groups also worked well to form the triarylmethane products 

(4af,ag) in good yields. We also tested the docking and migra-

tion of an α-oxy aryl lactone (phthalide) substituted alkyl group 

due to their prevalence in natural products.18 Docking an alkyl 

group containing heteroatom is tricky due to its instability.19 A 

modified docking and photochemical transportation protocol 

with a milder triethylamine base at a lower temperature resulted 

in the successful migration of this sensitive group with 68% 

yield (4ah). A methyl and ester substituted alkyl also migrates 

successfully (4ai). Finally, we tested the migration of a tertiary 

alkyl group at the meta-C−H position. The dimethylphenyl sub-

stituted substrate successfully formed the product (4aj) with a 

40% yield. Although the yield is lower, a quaternary carbon 

center formation at meta-C−H with an all carbon alkyl group 

has not been achieved previously. The increase in steric and nu-

cleophilicity of tertiary alkyl group due to the extra methyl sub-

stitution might be the cause for moderate yield with substantial 

dimerization of migrating group.  

Mechanistic Studies 

Although photochemical aza-[1,3] migration is not known, 

various other photochemical [1,3] migrations are reported to 

undergo via a concerted pericyclic pathway20 and dissociative 

mechanism with radical recombination21 or radical chain prop-

agation.22 To understand our reaction path, we carefully ana-

lyzed our reactions to detect any intermediate and side-products 

formed in the reaction. In that effort, we found a 5-20% dimer 

(5) of the migrating alkyl group depending on their reactivity. 

Electron-rich benzyl radicals and tertiary alkyl radicals were 

more prone to dimerization. The degree of dimerization is in-

versely correlated to the yields of meta-alkylated product for-

mation. This dimer formation suggests a homolytically dissoci-

ative mechanism for our meta-alkyl migration. We also isolated 

small amounts (5-10%) of ortho-phosphonate isoquinoline (6). 

We presume this might be formed via the single electron oxida-

tion of the other radical partner (R1) (Figure 3A). The classical 

TEMPO trapping experiment led to the benzyl-TEMPO adduct 

(7a), further supporting homolytic C−N dissociation as the re-

action initiation step (Figure 3B). A direct photochemical exci-

tation of the adduct 2 excites it to the singlet state, and therefore, 

the C−N bond dissociation from either a singlet or triplet state 

is feasible. To experimentally distinguish between these two 

possibilities, we set to attain singlet and triplet excited states 

selectively to study their reactivity. A triplet quencher like 

naphthalene diminish the product formation by only 7%.23 

However, iridium based triplet photosensitizer with higher tri-

plet energy than the adduct 2 (calculated to be 53.6 kcal/mol) 

led to 10% product formation under 450 nm light irradiation 

(Figure 3C).24 No reaction occurred with direct 450 nm light 

excitation without iridium photosensitizer. These results indi-

cate a major reaction path from singlet excited state with a mi-

nor triplet state component. 

To shed light on the reaction mechanism, we conducted 

TDDFT and DFT computations with model dimethylphosphite 

adduct 2a bearing a benzyl as the migrating group. We trun-

cated the ethyl groups present on the phosphite to methyl groups 

in order to reduce the computational cost. The first singlet ex-

cited state (S1) was found to be the bright state, and the S1 opti-

mized intermediate 2S
* lies at 77.7 kcal/mol above the adduct 

2a (Figure 3E). The activation total energy (ΔEo
‡) for the C−N 

bond dissociation at S1 surface was estimated to be +5.7 

kcal/mol above the Franck-Condon geometry on the S1 surface. 

The ΔEo
‡ from S1 equilibrium was found to be +14.8 kcal/mol. 

Alternatively, 2S
* could undergo inter-system crossing (ISC) to 

its triplet state T1 forming intermediate 2T
*. To check whether 

ISC is feasible, we computed the spin orbit coupling matrix el-

ements (SOCME) at the CASSCF level including 3 singlets and 

2 triplets at S0, S1 and T1 geometries (see SI for details). Since, 

all the spin orbit coupling matrix elements have paultry values 

(< 1 cm-1) the rate for ISC is expected to be significantly slow, 

making the dissociation at S1 surface as the favored pathway.25 

This observation is expected according to El-sayed’s rule26 as 

the photoexcitations involved in 2a are of only π-π* nature (see 

SI). In order to obtain further insights into the photoexcited 

bond dissociation process, we performed relaxed potential en-

ergy scans considering the singlet ground state (S0) and two 

most important excited states, namely, first excited singlet (S1) 

and triplet states (T1) using DFT/TDDFT (M062X/6-

31++G(d,p)) (See SI for details). The density functional studies 

rather suggested a substantial barrier to dissociation on the S1 

surface.  

Since, the chemical transformation involves a bond breaking 

scenario under photoexcitation, for obtaining more reliable es-

timates on energetics proper treatment of static and dynamic 

electron correlation is needed.27 Hence, we carried out single 

point calculations on relevant DFT optimized geometries with 

strongly contracted n-electron valence state perturbation theory 

(SC-NEVPT2)28 (see SI). According to the computed NEVPT2 

energetics the barriers associated with the desired C−N bond 

cleavage are similar on both S1 and T1 surfaces. The NEVPT2 

studies revealed that the TS lies just 4.6 kcal/mol above the 

Franck-Condon region on S1 excited state surface (see SI). 

Hence, it can be expected that a significant fraction of photo-

excited molecules will undergo C−N bond dissociation, while a 

larger fraction will relax to the S1 minimum leading to fluores-

cence (which we experimentally observe). Furthermore, we the-

oretically studied the congener of 2a having p-CN substitution 

at migrating phenyl group (4n, see SI) that gives higher experi-

mental product yield. It was found that the TS for C−N photo-

dissociation lies below the Franck-Condon geometry on the S1 

surface and only 2.6 kcal/mol above the S1 minimum. Based on 

these observations and low computed SOCME values we pro-

pose this channel at S1 to be the dominant pathway for C−N 

photo-dissociation.  

Next, we tried to understand the C−C bond formation mech-

anism from the bis-radical intermediacy (R1 & R2). Most pho-

tochemical [1,3] rearrangements were proposed to form C−X 

bonds via a radical-chain propagation mechanism.22 However, 

photoexcited aryl enamines with bicyclic N−O substituted com-

pounds are reported to undergo [1,3] shift via intramolecular 

radical recombination.21 For our [1,3] alkyl shift, either the ben-

zyl-benzyl (R1 & R2) radical recombination to intermediate 3, 

or a benzyl radical (R2) addition to the electron-rich enamine 

(2) for chain propagation could be kinetically challenging (Fig-

ure 3D). Both mechanistic pathways explain poor yields with 

electron-rich migrating alkyl radicals while better results with 

electron-deficient ones. We performed a crossover experiment 

with 1h and 1x to gain experimental evidence. The recombina-

tion mechanism should predominantly produce only normal  
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Figure 3. Mechanistic investigation. All reactions were performed on 0.2 mmol scale. Isolated yields are given. aMore than 95% inter-

mediate remaining. b15% intermediate remaining. n.d. – not detected.  
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products (4h and 4x), provided the concentration of the radicals 

is low at any point. On the other hand, the chain mechanism 

would generate all four products, including 4a and 4y (Figure 

3F).22 The fact that we obtained major normal products with 

significant cross-products indicates the possibility of both path-

ways operating at variable degrees. The radical trapping exper-

iment with TEMPO (Scheme 2B) did not completely shut down 

the product formation, which also suggests partial radical re-

combination via solvent-trapped intermediates (R1 & R2).29,15b 

The feasibility of radical chain propagation path was calculated 

next. The electrophilic migrating radical R2 generated via C−N 

bond dissociation can attack another electron-rich adduct 2a at 

the meta-position to form intermediate 2-R2. The activation 

barrier for such addition is 16.0 kcal/mol with benzyl radical. 

Subsequent N−benzyl bond dissociation would form the aza-

[1,3] migrated product (3) with another benzyl radical (R2) for 

chain propagation (Figure 3G). The activation barrier for the 

C−N bond dissociation from 2-R2 was calculated to be 27.7 

kcal/mol, making it feasible at reaction temperature of 40 °C. 

Similar to the bon dissociation from 2, the energy requirement 

from 2-R2 is also expected to be substrate dependent.  

The final meta-alkylation product formation from the aza-

[1,3] alkyl shifted intermediate 3 is proposed to undergo via a 

base-mediated 1,4-phosphite elimination. We exposed adduct 

2a to 365 nm light without any base to trap intermediate 3a, but 

it resulted in very little product formation with no detectable 

intermediate. Quenching the reaction at different times and the 

analysis of the crude reaction mixture also failed to detect inter-

mediate 3a via mass or NMR. However, we could isolate 

around 9-13% of 8a, which might form via aerobic oxidative 

aromatization of the dihydroisoquinoline intermediate 3a. To 

validate this hypothesis, we ran the reaction in presence of air, 

and that lead to a higher amount of 8a formation (20%) along 

with 4a (Figure 3H).   

Phosphite mediated sequential docking and region-selec-

tive C−H functionalization. Sequential and regioselective 

C−H bond functionalization of isoquinolines is immensely at-

tractive for the derivatization of the bioactive isoquinolines to 

improve and expand their potential drug candidacy. For exam-

ple, ortho, meta-dialkyl isoquinolines are frequently screened 

for SAR studies in bioactivity assessment.30 The synthesis of 

these regioselective double alkylated isoquinoline requires mul-

tiple steps with different alkylating reagents and catalysts. With 

our previous ortho-alkylation method from the same starting 

material 1 in hand,8b we tested the feasibility of sequential dock-

ing and transfer of multiple alkyl groups regioselectively.  In 

our first sequence, we docked meta-fluoro benzyl group (1g) for 

its photochemical transportation to meta-position of isoquino-

line to 4g. Subsequently, meta-chloro benzyl was docked on 4g 

nitrogen to form the corresponding N-docked salt 9gc. We 

treated 9gc under our ortho-alkyl transportation method, suc-

cessfully generating the ortho, meta-dialkylated product 10gc 

with 45% yield. It is significant to note that benzyl docked on 

nitrogen can be selectively transported to either ortho- or meta- 

position via the same phosphite adduct 2, only by varying basic 

vs photochemical reaction conditions. To further demonstrate 

the utility of this consecutive regioselective approach, we re-

verse the sequence of meta-fluoro and meta-chlorobenzyl dock-

ing. As a result, the regiodivergent dialkyl isoquinoline 10cg 

formed successfully with complete selectivity. This unprece-

dented regiodivergency via a common phosphite adduct of N-

alkyl docked isoquinoline gives us great control in functional-

izing multiple C−H bonds to access densely functionalized iso-

quinolines (Figure 4A).  

      

 

Figure 4. Phosphite mediated sequential docking and regio-selective multi-C−H functionalization of isoquinoline.  
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To further demonstrate the synthetic utility of the meta-alkyl-

ated product 4, we attempted an unreported phosphite-mediated 

docking and ortho-transportation of an acyl (benzoyl) group.31 

To our delight, the corresponding phosphite adduct underwent 

base mediated benzoyl migration to ortho-position smoothly to 

form ortho-acyl-meta-alkyl isoquinoline 11aa with 68% yield. 

Next, we docked a second benzyl group on 4a, and the docked 

intermediate was oxidized in air via another phosphite-medi-

ated method to form N-benzylated isoquinolone 12aa in good 

yield (Figure 4B).14b 

CONCLUSIONS 

In summary, we have developed a new photochemical 

method for the transportation of a nitrogen-docked alkyl 

group on isoquinoline to its meta-position. This meta-C−H 

alkylation of isoquinoline works with all primary, 

secondary, and tertiary alkyl migrating groups to form 

sterically demanding secondary, tertiary, and an all carbon 

quaternary substitution. A variety of functional groups on 

either migrating carbon or isoquinoline were tolerated. 

Sequential docking of alkyl groups on nitrogen, followed 

by phosphite-mediated method manipulations, led to 

double C−H alkylation to regiodivergent ortho,meta-

dialkylation of isoquinoline. Other phosphite-mediated 

methods were also developed and utilized for further 

docking and functionalization of meta-C−H alkylated 

products. Both experimental and computational 

mechanistic studies were conducted to establish a probable 

reaction mechanism. Currently, we are studying the 

docking of other functional groups for their meta-

migrations as a general waste-free strategy for meta-C−H 

functionalization of azaarenes.    
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