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Chapter 7 

Studies toward an enantioselective 
Matsuda-Heck reaction 

 

This chapter details our studies towards an enantioselective version of the 
Matsuda-Heck reaction. While our efforts to this end did not bear fruit, we studied 
potential substrates for a diastereoselective version of the reaction. Our results led 
us to speculate that the reaction also involves a radical pathway leading to 
unselective product formation. 
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Chapter 7 

 

7.1 Introduction 

Within a few years following the initial reports of Heck1-6 and Mizoroki7,8 on the use 
of aryl iodides for palladium-catalyzed coupling with alkenes, the group of 
Matsuda9 reported use of aryldiazonium salts in place of aryl halides for this highly 
effective coupling reaction. In a series of publications,10-24 the group laid the 
foundation for what would become the Matsuda-Heck reaction,25,26 exploring its 
scope, reaction parameters and application. Important contributions to this field of 
study, in recent years, have been made by the groups of Correia27-43 and Felpin,44-

50 among others. 

Disappointingly, however, the reaction escaped the interest of most of the synthetic 
chemists, most probably due to the supposed instability of diazonium salts. 
Nonetheless, the reaction regained popularity in the nineties, with the emergence 
of stable and dry diazonium salts in organic synthesis and catalysis.51 These 
developments of the Matsuda-Heck reaction have been the focus of several 
excellent reviews.25,26,51 

7.1.1 Aryldiazonium salts 

Aryldiazonium salts have been known for over 150 years, since their discovery by 
Griefs.52 However, their application in organic chemistry has been limited, owing to 
their reputation of being unstable and explosive. This reputation arises partly from 
the fact that the first reports of aryldiazonium salts were concerned with their 
chloride salts, which are unstable above 0 oC, and even explosive when subjected 
to shock or stress.26 In fact, they can rarely be prepared in a dry from. 

However, the stability of these species varies significantly with the nature of the 
counterion. Aryldiazonium tetrafluoroborates53 are generally considered stable and 
are most commonly employed, while the corresponding disulfonimides,54 
tosylates55 and carboxylates56 have also been reported to be stable. Despite their 
stability, only few aryldiazonium salts are available commerically and therefore 
most of them are required to be synthesized in-house. 

An alternative and practical approach to address this issue of instability is to form 
them in situ. Aryldiazonium salts with BF4

–, ClO4
–, CF3CO2

–, F– and CH3SO3
– as 

counterions have been prepared in situ and found to be very effective for Matsuda-
Heck reactions.26 However, the yields obtained in those cases are often inferior to 
reactions in which crystalline aryldiazonium salts have been employed.25 For this 
reason, we chose to perform our studies with crystalline aryldiazonium 
tetrafluoroborates. 
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7.1.2 Diastereoselective Matsuda-Heck reactions 

Following the revival of interest in the Matsuda-Heck reaction, and parallel 
developments in stereoselective Mizoroki-Heck reactions, reports of 
diastereoselective Matsuda-Heck reactions have been published. 

A particularly successful example of a diastereoselective Matsuda-Heck reaction is 
the one using 1-tert-butylsulfinylcyclopentene (1) as the substrate.57 High 
diastereoselectivities (dr’s up to 96:4) were obtained, though the products were 
obtained in moderate yields (72-79%) and a high catalytic loading (20 mol %) was 
necessary. The authors demonstrated that the products could be reductively 
desulfonylated to the corresponding alkene (Scheme 1). Interestingly, the Mizoroki-
Heck reaction on the same substrate with 4-iodoanisole did not work, and a 
complex mixture of products was obtained, most probably due to thermal instability 
of the alkyl sulfoxide. In spite of the attractiveness of this approach, the high 
catalytic loading combined with the moderate yields limit the application of this 
strategy. 

 
Scheme 1: Matsuda-Heck on 1-tert-butylsulfinylcyclopentene. 

The arylation of substituted dihydropyrroles was also found to proceed in a highly 
stereoselective manner (Scheme 2).40 The best selectivities in favor of the trans 
product were obtained when both the pyrrole nitrogen and the substituent on the 2’ 
position bore sterically bulky entities. The arylation of dihydrofurans also followed a 
similar trend. 

 

Scheme 2: Dihydropyrroles as substrates for the Matsuda-Heck reaction. 

The synthesis of C-aryl glycosides via Mizoroki-Heck reaction often results in a 
mixture of isomers due to undesired double-bond isomerizations at higher 
temperature.58 However, employing the mild conditions of the Matsuda-Heck 
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arylation on glycal 7 gave the desired product in good yield and as a single 
diastereomer (Scheme 3).59 

 

Scheme 3: Synthesis of aryl-glycosides via Matsuda Heck reaction. 

The high facial selectivity obtained towards the trans isomer (“trans selectivity”) in 
the Matsuda-Heck reaction was exploited in an efficient total synthesis of (–)- 
isoaltholactone (11).34 The good yield obtained in this key step allowed the 
completion of the synthesis of the natural product in only 7 steps, with an overall 
yield of 25% (Scheme 4). 

 

Scheme 4: Diastereoselective Matsuda-Heck reaction on a 2’-substituted dihydrofuran. 

Recently, the group of Correia studied the role of directing groups embedded in the 
substrate for Matsuda-Heck reactions60 on cyclopentene 12 (Scheme 5). The 
selectivity obtained was rationalized as a result of chelation of the aryl-Pd species 
by the Boc group of the substrate, directing the arylation (15). This strategy was 
exploited in a concise total synthesis of the sphingosine 1-phosphate receptor 
(S1P1) agonist VPC01091. 

 

Scheme 5: Chelation directed diastereoselectivity. 
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7.2 Goal 

The goal of this study was to develop and demonstrate the first examples of an 
enantioselective Matsuda-Heck reaction. Despite being known for more than 30 
years, at the time of our study, there were no examples of an enantioselective 
Matsuda-Heck reaction in literature. Nonetheless, there were several examples of 
enantioselective reactions known for the closely related Mizoroki-Heck reaction.  

This may, in part, might be due to the fact that the most common route to render 
palladium catalyzed reactions enantioselective is to replace achiral phosphines 
with an appropriate chiral phosphine. However, with the Matsuda-Heck reaction, 
this poses a difficulty as the diazonium compounds readily react with the 
phosphines,61 as depicted in Scheme 6, making them poor ligands. 

 

Scheme 6: Reaction of phosphines with aryldiazonium salts. 

Our strategy to address this issue was to assay chiral nitrogen based ligands (such 
as bisoxazolines) or -accepting ligands such as phosphoramidites, and chiral N-
heterocyclic carbene (NHC) ligands. Further, we chose substrates that were highly 
successful for the enantioselective Mizoroki-Heck reaction. 

7.3 Results and Discussion 

7.3.1 Synthesis of aryldiazonium salts 

The limited commercial availability of aryldiazonium salts led us to search for a 
convenient method to obtain them in multigram quantities in a pure and dry form. 
Realizing the importance of the appropriate counterion in synthesis and stability of 
the salt,26 we chose to work with aryldiazonium salts with tetrafluoroborate 
counterions. The synthesis was adapted from a report of Doyle et al.62 (Scheme 7).  

 
Scheme 7: Synthesis of aryldiazonium tetrafluoroborates in a dry form. 

While the method is highly effective for the synthesis of the aryldiazonium salts, we 
consistently observed colored impurities along with the formed products, which are 
otherwise usually described as off-white solids. The side products were also 
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observed by 1H-NMR, and estimated to be present in 5 - 10%. The color persisted 
despite the use of freshly distilled anilines The colored impurities could be a result 
of side reactions such as the azo-coupling, which are known to produce brightly 
colored dyes.63 

In order to decolorize and purify these diazonium salts, various methods were 
attempted. Trituration with pentane, ether or dichloromethane did not decolorize 
the salt, and the salts did not survive column chromatography. After careful 
observation, it was found that decolorized diazonium salts could be obtained by 
dissolving the colored diazonium salts in acetone and precipitating them by 
dropwise addition of ice-cold diethyl ether. The precipitates were filtered, washed 
with additional diethyl ether and dried under vacuum. Once dry, the salts could be 
stored up to 2 months at –18 oC (See experimental section of details). Four 
diazonium salts were prepared and purified with this procedure (Figure 1). The 
purity of these salts was assayed by 1H-NMR to be > 95%. 

 

Figure 1: Diazonium tetrafluoroborates synthesized for this study. 

7.3.2 Reaction parameters 

To ascertain the quality of the synthesized diazonium salts, we performed a 
benchmark Matsuda-Heck reaction on butyl acrylate (Scheme 8), under standard 
reaction conditions.  

 

Scheme 8: Matsuda-Heck reaction with butyl acrylate. 

Once we were convinced that the reaction could be performed as reported in the 
literature, we proceeded to test pro-chiral substrates. 
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7.3.3 2,3-Dihydrofuran 

We investigated different substrates that could be employed for the 
enantioselective Matsuda-Heck reaction. Our initial study involved 2,3-
dihydrofuran, a substrate employed extensively in the enantioselective Mizoroki-
Heck reaction.64,65 The results are summarized in Table 1. 

In the majority of the cases (except entry 3), the de-diazotized product was 
observed. The formation of this formal reduction of the aryldiazonium salt was 
found to be independent of the electronic nature of the substituents on the 
aryldiazonium salt and the nature of the solvent, suggesting that it proceeded via a 
radical pathway.66,67 However, when Pd2(dba)3 was employed as the catalyst for 
the reaction between 4-methoxybenzenediazonium tetrafluoroborate (2b) and 2,3-
dihydrofuran (18) in the presence of NaOAc as base, 19 was obtained in 66% yield 
(entry 3). Disappointingly however, other diazonium salts assayed under the same 
conditions only gave the de-diazotized product (entries 5, 7).  

Table 1: Matsuda-Heck reaction of 2,3-dihyrofuran.a 

 

Entry R Catalyst (mol%) Solvent Base Product 

1 OCH3  Pd(OAc)2 (1) CH3OH - anisole 

2 OCH3  Pd(OAc)2 (1) CH3CN - anisole 

3 OCH3  Pd2(dba)3 (0.5) CH3CN NaOAc 19, 66%b 

4 H  Pd(OAc)2 (1) CH3CN - benzene 

5 H  Pd2(dba)3 (0.5) CH3CN NaOAc benzene 

6 Br  Pd(OAc)2 (1) CH3CN - bromobenzene 

7 Br  Pd2(dba)3 (0.5) CH3CN NaOAc bromobenzene 

a Reaction conditions: 2,3-dihydrofuran (1 mmol, 70 mg, 1 equiv), Pd precursor (5 mol%), Base (2 
equiv), arylbenzenediazonium tetrafluoroborate (0.5 mmol, 0.5 equiv), solvent (4 ml), rt,14 h.b Isolated 
yield. 

Subsequently, we attempted to make this reaction enantioselective with the 
addition of a chiral ligand (Table 2). Due to the inapplicability of chiral phosphines 
in this reaction (see introduction) we employed chiral nitrogen based ligands, L1 
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and L2. As observed previously, anisole was the only product obtained, implying 
that the reduction took place much faster than the Matsuda-Heck reaction (entries 
1, 2). To ascertain that the formation of anisole was not limited to L1 and L2, we 
also studied the reaction with 2,2’-bipyridine (L3) as the ligand (entry 3). 
Additionally, Pd-NHC (C1) was also tested as a catalyst (entries 5 - 8). Further, 
different bases were also tested to validate their role in the reaction (entries 7, 8). 
To our dismay, in all cases the expected Heck product was not observed. 

Table 2: Attempted asymmetric Matsuda-Heck reaction of 2,3-dihydrofuran.a 

 

Entry [Pd] (mol%) Ligand (mol%) Base Product 

1 Pd2(dba)3 (2.5) L1 (7) NaOAc anisole 

2 Pd2(dba)3 (2.5) L2 (7) NaOAc anisole 

3 Pd2(dba)3 (2.5) L3 (5) NaOAc anisole 

4 Pd2(dba)3 (2.5) L1 (7) KOAc anisole 

5 C1 --  anisole 

6 C1 -- NaOAc anisole 

7 C1 -- i-Pr2NEt anisole 

8 C1 -- DABCO anisole 

a Reaction conditions: 2,3-dihydrofuran (1 mmol, 70 mg, 1 equiv), Pd precursor (5 mol%), Ligand (7 
mol%), Base (2 equiv), 4-methoxybenzenediazonium tetrafluoroborate (0.5 mmol, 0.5 equiv), CH3CN (4 
ml), rt, 14 h. 
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7.3.4 Methyl 1-cyclopentene-1-carboxylate 

Table 3: Attempted asymmetric Matsuda-Heck on cyclic ester. 

 

 [Pd] (mol%) Ligand (mol%) Base Yieldb eec 

1 C1 (1) - - 60% - 

2 Pd(OAc)2 (2) - - 61% - 

3 Pd2(dba)3 (1) - - 9% - 

4 Pd(OAc)2 (2) - CaCO3 38% - 

5 Pd2(dba)3 (1) - CaCO3 27% - 

6d Pd(OAc)2 (2) - - 57% - 

7d Pd2(dba)3 (1) - - 14% - 

8 Pd(OAc)2 (2) L1 (5) - - - 

9 Pd(OAc)2 (2) L2 (5) - -  

10 Pd(OAc)2 (2) L4 (5) - 70% 0 

11 Pd(OAc)2 (2) L5 (5) - 47% 0 

12 Pd(OAc)2 (2) L6 (5) - 50% 0 

13 Pd(OAc)2 (2) L7 (5) - 54% 0 

a Reaction conditions: 20 (0.5 mmol, 63 mg, 1 equiv), Pd precursor ligand, base (2 equiv), 2b (0.6 mmol, 
1.2 equiv), DMF (1 ml), rt, 14 h. b Isolated yield. c Determined by chiral HPLC. d Reaction performed at 
40 oC.  



 

 

192 

Chapter 7 

 

Next it was chosen to study methyl 1-cyclopentene-1-carboxylate (20) as a 
substrate for the Matsuda-Heck reaction. Jung and coworkers had previously 
studied this substrate, for application in the enantioselective oxidative-Heck 
reaction.68 20 Proved to be a good substrate for the Matsuda-Heck reaction as well 
(Table 3). Pd-NHC (C1) and Pd(OAc)2 gave the highest yields. Surprisingly, 
Pd2(dba)3 gave a poor yield (9%, entry 3), while it gave the best yield with 2,3-
dihydrofuran. The addition of a base to the reaction led to lower yields (entries 4, 
5).  

Performing the reaction at a higher temperature (40 oC) did not affect the reaction 
significantly (entries 2 vs. 6; 3 vs. 7). Encouraged by these results, we tested 
various chiral ligands in this reaction. Ligands L1 and L2 proved to be detrimental 
to the reaction (entries 8 and 9). Interestingly, ligand L4, a chiral secondary 
phosphine oxide, gave an improved yield of 70%, though without any 
enantioselectivity. Next we assayed phosphoramidites (L5-L7), taking the risk that 
these could be oxidized under the reaction conditions. Our rationale in assaying 
these was that since phosphoramidites are less electron rich ligands than 
phosphines in general, they might withstand oxidation. However, the yields from 
these reactions (entries 11 - 13) were only lower compared to reactions where no 
ligand was added (entry 2). In addition, no enantioinduction from these ligands was 
observed.  

In view of the lack of enantioselectivity observed, along with the frequent 
observation of de-diazotization to the corresponding arenes, it was decided to 
concentrate our efforts on studying diastereoselective versions of the Matsuda-
Heck reaction instead of the enantioselective version. This takes away the 
necessity to use chiral ligands. 

7.3.5 Diastereoselective Matsuda Heck reactions 

Despite being known in literature for nearly a decade, most examples of 
diastereoselective Matsuda-Heck reactions are limited to cases in which the 
stereodirecting groups were attached irreversibly (or reversibly with difficulty) to the 
substrate. Therefore, we attempted to develop a convenient route in which a chiral 
auxiliary is easily attached to the substrate, and easily removed as well after the 
diastereoselective reaction (Scheme 9).  



 

 

  193 

Matsuda-Heck Reaction 

 

Scheme 9: Proposed route for diastereoselective Matsuda-Heck reaction. 

To this end, we chose to install chiral auxiliaries based on (1R,2S,5R)-menthol (A1) 
and (1R,2S)-camphorsultam (A2), as these can be easily appended and cleaved. 
The substrates 23, 25 were synthesized from commercially available 20, which 
upon hydrolysis gave 22, and subsequently were coupled to the corresponding 
auxiliary (Scheme 10). 

 

Scheme 10: Synthesis of substrates 23 and 25. 

The results of the attempted Matsuda-Heck reaction of 23 and 25 are presented in 
Table 4. The reactions did not proceed to completion even after 24 h and yields 
remained below 50%. The use of Pd-NHC C1 resulted in product formation in trace 
amounts (entries 3, 6). Unfortunately, no diastereoselectivity was observed in the 



 

 

194 

Chapter 7 

 

reactions with either of the substrates. We reasoned here that the chirality was 
located remote from the double bond, plausibly resulting in poor chirality transfer. 

Table 4: Diastereoselective Matsuda-Heck reaction with substrates 23 and 25. 

 

 Pd (mol%) Substrate Product  Yield (%)b drc 

1 Pd(OAc)2 (2.5) 23 24 38 1:1 

2 Pd2(dba)3 (1.25) 23 24 47 1:1 

3 C1 (1.25) 23 24  traces 1:1 

4 Pd(OAc)2 (2.5) 25 26 30 1:1 

5 Pd2(dba)3 (1.25) 25 26 36 1:1 

6 C1 (1.25) 25 26 traces 1:1 

a Reaction conditions: 23 / 25 (0.5 mmol, equiv), Pd precursor, 2b (0.6 mmol, 1.2 equiv), DMF (2 ml), rt, 
14 h.b Isolated yield.c Determined by 1H-NMR and GC analysis of the crude reaction mixture. 

As we observed no diastereoselectivity in the above approach, it was surmised to 
design novel substrates wherein the stereodirecting group was present in closer 
proximity to the Michael acceptor, such as chiral bicyclic enones. Substrate 35 was 
designed this objective. 

Synthesis of 35 has been previously reported69 from 2-carene (30). However, 2-
carene is considerably more expensive than its readily available isomer, 3-carene 
(29). In order to have sufficient starting material for our study, at an affordable 
price, we chose to synthesize 2-carene. For this, we elected a strategy based on 
the base-mediated isomerisation70 of 3-carene into a thermodynamic mixture 
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(55:45) of 3-carene and 2-carene (Scheme 11). As 29 and 30 are extremely difficult 
to separate by column chromatography or other means, we chose to continue the 
synthesis with this mixture and then isolate the products. 29 And 30 were oxidized 
into the corresponding diols (31 and 32), and subsequently oxidatively cleaved by 
NaIO4 into ketoaldehydes 33 and 34. The ketoaldehydes were found to be unstable 
to column chromatography and therefore were carried forward to a subsequent 
aldol condensation. Finally, 35 and 36 could be separated from one another by 
column chromatography. On occasion, a side product (37) was also formed during 
the aldol condensation step (Scheme 12), making isolation by column 
chromatography difficult. In this case, 37 could be converted to 36 by treating the 
reaction mixture with DBU, simplifying the separation (Scheme 12). 

 

Scheme 11: Synthesis of 35. 

Scheme 12: Formation of 37, and conversion to 36. 

Subsequently, we proceeded to investigate 35 as a substrate for the Matsuda-Heck 
reaction (Table 5). Discouragingly, the reaction did not proceed to full conversion, 
even at a higher temperature (40 oC), and an inseparable mixture of the Heck 
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product and the conjugate addition product were obtained. An improved yield of the 
mixture was obtained using K2CO3 as the base in acetonitrile (entry 2). The ratio of 
Heck product (38) to the conjugate addition product (39) seemed rather constant 
(3:1) for most of the bases tried (determined by GC), except for tributylamine, that 
led to a 1:1 ratio of the Heck product and conjugate addition product. This was 
interpreted as a consequence of the reductive nature of tributylamine (Chapter 2).  

Table 5: Matsuda-Heck reaction of 35.a 

 

 Base  Solvent Yield (%)b Ratio (38:39)c 

1 K2CO3 DMF 20 3:1 

2 K2CO3 CH3CN 60 3:1 

3 i-Pr2NEt DMF 6 3:1 

4 i-Pr2NEt CH3CN 18 3:1 

5 KOAc CH3CN 44 3:1 

6 NBu3 CH3CN 43 1:1 

7d K2CO3 CH3CN 68 3:1 

8e K2CO3 CH3CN 70 3:1 

9f K2CO3 CH3CN 80 3:1 

a Reaction conditions: 35 (0.5 mmol, 75 mg, 1 equiv), Pd2(dba)3 (1 mol%, 4.5 mg), base (1 mmol, 2 
equiv), 4-methoxybenzenediazonium tetrafluoroborate (1 mmol, 2 equiv), solvent (2 ml), 40 oC, 14 h.b 
combined yield of 38 and 39. c Determined by GC analysis of the crude reaction mixture. d 3 Portions of 
Pd2(dba)3 (0.3 mol% each) were dosed every 3 h. e 3 Portions of 2b, (0.3 mmol each) were dosed every 
3 h. f 8 Portions of a mixture of Pd2(dba)3 (0.13 mol% each) and 2b (0.13 mmol each) were added every 
1 h. 

Dosing additional quantities of catalyst and 4-methoxybenzenediazonium 
tetrafluoroborate (2b), individually and together, led to considerable improvements 
but full conversion could not be attained (entries 7 – 9). The best combined yield of 
38 and 39 (80%, entry 9) was obtained when 8 portions of a mixture of Pd2(dba)3 
(0.13 mol%) and 4-methoxybenzenediazonium tetrafluoroborate (2b, 0.13 mmol) 
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dissolved in CH3CN were added every 1 h, for the first 8 hours of the reaction and 
the reaction was then allowed to stir overnight (entry 9). 

Due to the inseparability of the formed products, it was difficult to determine the 
diastereoselectivity of the formed Heck product, though only a single peak was 
observed on GC. Further studies with this substrate and catalyst system became 
impractical due to the long dosing procedures, and thereby, reproducibility of this 
procedure was not satisfactory. 

The above considerations, combined with the fact that each substrate presented 
herein required its own optimization, with difficulty in reproducing yields, lead us to 
discontinue our study. 

7.3  Mechanistic insights and the Meerwein arylation. 

In spite of the growing importance of this reaction to modern synthesis and 
chemical industry, to date, only one study of its mechanism of the Matsuda-Heck 
reaction has been reported. In 2004, Eberlin and Correia disclosed their 
investigation39 on the mechanism by ESI-MS/MS (Scheme 13). Using 4-
methoxyphenyldiazonium tetrafluoroborate and 2,3-dihydorfuran in the reaction, 
they were able to identify species B, C D and F. The authors found that a series of 
ligand exchanges took place on the metal during the reaction. 

.  

Scheme 13: Proposed catalytic cycle for Matsuda-Heck reaction by ESI-MS/MS. 
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They propose that the dibenzylideneacetone (dba) ligand in Pd2(dba)3 is replaced 
by acetonitrile, forming species A, which undergoes oxidative nitrogen extrusion to 
give cationic species B. A ligand exchange on species B affords species C, into 
which, the alkene inserts, forming species D. Subsequent syn -hydride elimination 
(involving a disposition of the double bond) expels the product and affords 
palladium hydride E. The base deprotonates E to give F, which undergoes ligand 
exchange to form species A, a species that re-enters the catalytic cycle. This 
mechanism is largely consistent with the well-studied mechanism of the Mizoroki-
Heck reaction. 

While trying to rationalize the poor yields and selectivities observed for the 
Matsuda-Heck reaction in our study, especially when compared to the Mizoroki-
Heck reaction, we looked for alternative routes that could lead to the same product. 
A reaction that is very similar to the Matsuda-Heck reaction in terms of the starting 
materials and the product is the Meerwein arylation71 (Scheme 14), which is 
mediated by radicals,72 and is promoted by CuII salts. Though Matsuda, in his initial 
work ruled out such a possibility based on the high yields of the product and 
substrate scope exhibited by the reaction,9 one is left to wonder if a radical 
pathway also contributes to the product formation.  

 

Scheme 14: A Meerwein arylation reaction of aryldiazonium salts. 

In fact, it has been observed, on occasion, that the “Matsuda-Heck” reaction is 
enhanced in presence of Cu salts.73 However, control experiments performed in 
the absence of Pd resulted in poor yields or no reaction, making it difficult to 
conclude if the reaction proceeded via Meerwein arylation or Matsuda-Heck 
reaction. 

It might be of interest to note that the currently accepted experimental evidence for 
the mechanism of Matsuda-Heck reaction comes from ESI-MS/MS analysis of 
intermediates and disintegration products.39 As the method is not quantitative and 
dependent on charged species (or species that can be ionized under the conditions 
of the measurement), it is questionable if it may be held as unequivocal evidence 
for a two-electron transfer process. In fact, Pd and other group 10 metals are also 
known to promote one-electron radical processes.74 This might also account for the 
difficulty of making the reaction enantioselective. This is further supported by the 
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fact that there is a significant solvent effect on the reactivity (Table 5). DMF is 
known to form hydrogen radicals in the presence of a radical source, while CH3CN 
does not. This could perhaps explain the improved results observed when CH3CN 
is used as a solvent. Studies designed to ascertain the presence of radicals might 
shed more light into this. 

7.5 Recent Developments 

Following the discontinuation of our study, a report appeared in literature which 
marked the first example of an enantioselective Matsuda-Heck reaction.75 The 
combination of Pd/bisoxazoline ligand L8 was found to be the best ligand for the 
system, delivering ee’s up to 84% (Scheme 15). Though the catalyst loading is 
quite high (10% Pd), and the substrate scope demonstrated was limited, this report 
sets the path for further investigation in the area. 

 

Scheme 15: The first example of an enantioselective Matsuda-Heck reaction. 

7.6 Summary 

During the course of this study, a straightforward protocol to obtain pure 
aryldiazonium salts via crystallization was developed. Butyl acrylate was found to 
be a very good substrate for the Matsuda-Heck reaction. 2,3-dihydrofuran (18) and 
methyl 1-cyclopentene-1-carboxylate (20) were also moderately successful for the 
reaction with yields of 66% and 60% respectively, though no enantioinduction was 
observed. Attempts towards a diastereoselective Matsuda-Heck via easily affixable 
chiral auxiliaries such as menthol and camphorsultam proved to be unsuccessful, 
and the corresponding products were isolated only in low yields. Substrate 35 
resulted in an inseparable mixture of the Heck product and conjugate addition 
product, making the accurate determination of diastereoselectivity rather difficult. 

Overall, it may be concluded that the Matsuda-Heck reaction for internal alkenes is 
very sensitive to minor changes in the reaction conditions. Yields vary drastically, 
and it seems plausible that competing radical reactions contribute the poor yields. 
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7.7. Experimental  

7.7.1 General  

All experiments were carried out in flame dried or oven dried (150 oC) glassware, in 

an atmosphere of nitrogen, unless specified otherwise, by standard Schlenk 

techniques. Schlenk reaction tubes with screw caps, and equipped with a Teflon-

coated magnetic stir bar were flame dried under vacuum and allowed to return to 

room temperature prior to being charged with reactants. A manifold permitting 

switching between nitrogen atmosphere and vacuum was used to control the 

atmosphere in the reaction vessel. Once charged with all the reactants, the 

reaction vessel was cycled through at least 3 cycles of nitrogen-vacuum-nitrogen to 

ensure the atmosphere was inert. Reaction temperature refers to the temperature 

of the oil bath. Flash Chromatography was performed using Merck silica gel type 

9385 (230-400 mesh), using the indicated solvents. 

All solvents used for extraction, filtration and chromatography were of commercial 

grade, and used without further purification. Reagents were purchased from 

Sigma-Aldrich, Strem or Acros and used without further purification. Pd2(dba)3,C1 

was purchased from Sigma-Aldrich and stored in a nitrogen filled glove-box. 

TLC was performed on Merck silica gel 60, 0.25 mm plates and visualization was 

done by UV and staining with Seebach’s reagent (a mixture of phosphomolybdic 

acid (25 g), cerium (IV) sulfate (7.5 g), H2O (500 ml) and H2SO4 (25 ml)). 1H- and 
13C-NMR were recorded on a Varian AMX400 (400, 100.59 MHz, respectively) 

using CDCl3 as solvent, unless specified otherwise. Chemical shift values are 

reported in ppm with the solvent resonance as the internal standard (CHCl3:  7.26 

for 1H,  77.0 for 13C). Data are reported as follows: chemical shifts ( ), multiplicity 

(s = singlet, d = doublet, t = triplet, q = quartet, br = broad, m = multiplet), coupling 

constants J (Hz), and integration. 

GCMS analysis was performed on a Agilent HP-6890 series with HP-5 ((5%-

phenyl)-methylpolysiloxane) or HP-1 (dimethylpolysiloxane) column (25 m x 0.25 

mm x 0.25 μm). HRMS (EI) were obtained with a Thermo Scientific LTQ Orbitrap 
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XL spectrometer. Enantiomeric excess determination was performed by HPLC 

(Shimadzu LC-20 AD) analysis using UV detection. 

7.7.2 General procedure for the synthesis of aryldiazonium tetrafluoroborate 

salts. 

CAUTION! Diazonium compounds are potentially explosive and should be handled 

with care. It is advisable to prepare them in small quantities. 

 

Procedure adapted from literature62. A three-necked round bottom flask with 

condenser and addition funnel was charged with BF3•OEt2 (22.5 mmol, 2.78 ml) 

and cooled to -10 °C. Aromatic amine (15.0 mmol) in dry CH2Cl2 (30 ml) was 

added, additional solvent (usually 5 ml) was added when stirring was hampered. 

To the cooled solution was added dropwise a solution of t-BuONO (18.0 mmol, 

2.14 ml) in dry CH2Cl2 (15 ml). After the addition was complete the reaction was 

stirred for 30 min at the same temperature. Then the reaction was allowed to warm 

to rt and stirred for 30 min. During this, the diazonium compound precipitated from 

the reaction. Dry pentane (40 ml) was added and the precipitate was collected, 

washed with ice cold dry Et2O (3 x 15 ml), and dried under vacuum. 

Impure diazonium salts were dissolved in as little acetone (or acetonitrile) as 

possible and then carefully precipitated with ice cold dry Et2O. The diazonium salt 

was collected by filtration and washed with ice cold dry Et2O, and dried under 

vacuum.  

Note: All diazonium salts prepared were stored under nitrogen, at -18 °C. 

Benzenediazonium tetrafluoroborate (2a): Prepared according 

to the general procedure above and purified by crystallization. 

Obtained in 87% yield, as a yellow solild. Product is commercially 

available (CAS # 369-57-3). 

N2BF4
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4-Methoxybenzenediazonium tetrafluoroborate (2b): 

Prepared according to the general procedure above and 

purified by crystallization. Obtained in 73% yield as an off-white 

solid. 1H-NMR (400 MHz, DMSO-d6) 8.72 (d, J = 9.3 Hz, 2H), 7.51 (d, J = 9.3 Hz, 

2H), 4.02 (s, 3H). 13C-NMR (101 MHz, DMSO-d6)  169.2, 136.5, 117.69, 103.6, 

57.9. Characterization matches literature62  

4-Nitrobenzenediazonium tetrafluoroborate (2c): Prepared according to the 

general procedure above and purified by crystallization. 

Obtained in 92% yield as a gray solid. 1H-NMR (400 MHz, 

DMSO-d6)  8.91 (d, J = 9.2 Hz, 2H), 8.70 (d, J = 9.2 Hz, 

2H). 13C-NMR (101 MHz, DMSO-d6)  153.6, 134.9, 126.4, 122.2 

2,4,6-Trimethylbenzenediazonium tetrafluoroborate (2d): Prepared according 

to the general procedure above and purified by crystallization. 

Obtained in 95% yield as an off-white solid. 1H-NMR (400 MHz, 

CD3CN)  7.43 (s, 2H), 2.67 (s, 6H), 2.53 (s, 3H). 13C-NMR (101 

MHz, CD3CN)  155.3, 144.8, 131.2, 117.5, 22.0, 17.9 

7.7.3 Matsuda-Heck reaction on butyl acrylate. 

 

To an oven-dried Schlenk tube, under nitrogen, was added the aryldiazonium 

tetrafluoroborate salt (1.2 mmol), palladium acetate (5 mol%, 11.3 mg in 0.5 ml 

MeOH), and butyl acrylate (1.0 mmol, 128 mg, 143 μl). Additional MeOH (2.5 ml) 

was added. The reaction mixture had a clear brown color and started to evolve 

dinitrogen. The reaction mixture was stirred at room temperature for 16 h. The 

reaction mixture was diluted with diethyl ether (25 ml) and extracted with 10% HCl 

(3 x 10 ml). The aqueous layer was extracted with diethyl ether (2 x 10 ml). The 

combined organic layers were washed with 5% NaHCO3 (3 x 10 ml), dried over 

N2BF4

O

N2BF4

N2BF4

O2N
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MgSO4 and concentrated in vacuo. The crude was purified by column 

chromatography (n-pentane : ether 20%). 

(E)-Butyl cinnamate (17a): Prepared by the procedure described above. 17a was 

obtained as a pale yellow oil in 73% yield (149 mg). 1H-NMR (400 MHz, CDCl3)  

7.68 (d, J = 16.0 Hz, 1H), 7.53 (dd, J = 6.5, 2.8 Hz, 2H), 7.45 –  7.32 (m, 3H), 6.44 

(d, J = 16.0 Hz, 1H), 4.21 (t, J = 6.7 Hz, 2H), 1.77 –  1.60 (m, 

2H), 1.52 – 1.33 (m, 2H), 0.97 (t, J = 7.4 Hz, 3H). 13C-NMR 

(101 MHz, CDCl3) : 167.1, 144.5, 134.3, 130.2, 128.8, 

128.0, 118.3, 64.4, 30.8, 19.2, 13.7. HRMS (ESI+): 

Calculated for C13H17O2 [M+H]+: 205.1229, found: 205.1223. 

Characterization matches literature.76 

(E)-Butyl 3-(4-methoxyphenyl)acrylate (17b): Prepared by the procedure 

described above. 17b was obtained as a pale yellow oil in 

58% yield (136 mg) 1H-NMR (400 MHz, CDCl3)  7.64 (d, 

J = 16.0 Hz, 1H), 7.49 (dd, J = 11.7, 8. 8 Hz, 2H), 6.91 (t, 

J = 5.8 Hz, 2H), 6.31 (d, J = 15.9 Hz, 1H), 4.20 (t, J = 6.7 

Hz, 2H), 3.84 (s, 3H), 1.69 (dt, J = 14.6, 6.7 Hz, 2H), 1.44 

(dq, J = 14.6, 7.4 Hz, 2H), 0.96 (t, J = 7.4 Hz, 3H). 13C-NMR (101 MHz, CDCl3)  

167.3, 161.3, 144.1, 129.6, 127.2, 115.7, 114.3, 64.2, 55.3, 30.8, 19.2, 13.7. 

Characterization matches literature.77 

7.7.4 Matsuda-Heck reaction of 2,3-Dihydrofuran. 

To an oven-dried Schlenk tube was added Pd2(dba)3 CHCl3 (1 mol%, 5.18 mg in 

1.0 ml CH3CN) and ligand (2.5 mol%). The mixture was stirred 

for 45 min. NaOAc (2.0 mmol, 164 mg), and CH3CN (4 ml). To 

the resulting mixture was added 2,3-dihydrofuran (1.0 mmol, 

70 mg, 75.6 μl), and the diazonium compound (0.5 mmol). The reaction started to 

evolve dinitrogen and was stirred at rt overnight. The reaction was diluted with Et2O 

(10 ml) and filtered over a small plug of silica. The organic layer was concentrated 

in vacuo and purified by column chromatography (ether : n-pentane = 1:10) to 

afford 19 as a pale yellow oil (66%, 117 mg). The product was checked for 

O

O
n-Bu

O

O
Bu

O

O
O
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enantioselectivity by means of chiral HPLC. 1H-NMR (400 MHz, CDCl3)  7.23 (d, J 

= 8.7 Hz, 2H), 6.88(d, J = 8.7 Hz, 2H), 6.04 (dd, J = 4.1, 2.1 Hz, 1H), 5.90 – 5.83 

(m, 1H), 5.75 (s, 1H), 4.85 (dd, J = 12.9, 6.0 Hz, 1H), 4.74 (d, J = 12.8 Hz, 1H), 

3.80 (s, 3H). 13C-NMR (101 MHz, CDCl3)  159.3, 134.1, 130.0, 129.0, 128.4, 

127.9, 126.7, 113.9, 87.5, 75.5, 55.3. HRMS (ESI+): Calculated for C11H13O2 

[M+H]+: 177.0916, found: 177.0910. TLC: Rf 0.35 (ether : n-pentane 1:10). Chiral 

HPLC: Chiracel OB-H; n-heptane : i-PrOH 90:10; Rt = 19.4 and 30.4 min.  

7.7.5 Matsuda-Heck reaction of Methyl Cyclopent-1-enecarboxylate. 

To an oven-dried Schlenk tube was added palladium acetate (2 mol%, 2.25 mg), 

ligand (5 mol%) and DMF (1 ml). To the resulting mixture 

was added methyl 1-cyclopentene-1-carboxylate (0.5 mmol, 

63 mg, 61 μl) and 4-methoxybenzenediazonium 

tetrafluoroborate (0.6 mmol, 133 mg). The reaction evolved 

nitrogen and was stirred at rt for 15 h. The mixture was diluted with CH2Cl2 (10 ml) 

and extracted with H2O (2 x 10 ml), washed with brine (20 ml), dried over MgSO4 

and concentrated in vacuo. The crude was purified by column chromatography 

(ether : pentane 7.5 to 10% gradient). The product was checked for 

enantioselectivity by means of chiral HPLC. 21 Was obtained as a brown oil in 61% 

yield (132 mg). 1H-NMR (400 MHz, CDCl3)  7.13 – 7.03 (m, 2H), 6.99 – 6.90 (m, 

1H), 6.85 – 6.75 (m, 2H), 4.10 (d, J = 9.6 Hz, 1H), 3.77 (s, 3H), 3.61 (s, 3H), 2.65 

(ddd, J = 12.5, 10.9, 5.9 Hz, 1H), 2.58 – 2.40 (m, 2H), 1.97 – 1.79 (m, 1H). 13C-

NMR (101 MHz, CDCl3)  165.3, 158.0, 144.5, 139.49, 137.2, 127.9, 113.8, 55.2, 

51.3, 49.2, 34.1, 32.1. TLC: Rf = 0.5 (ether : n-pentane= 1:10). Characterization 

matches literature.68 Chiral HPLC: Chiracel OD-H; n-heptane : i-PrOH 99:1; 230 

nm (226 nm): Rt = 19.1 and 21.4 minutes. 

7.7.6 Synthesis of substrates 23 and 25. 

Synthesis of Cyclopent-1-enecarboxylic acid (22). 

To a suspension of LiOH•H2O (44.59 mmol, 1.87 g) in CH3OH : H2O (3:1; 10 ml) 

was added methyl 1-cylcopentene-1-carboxylate 20 (8.9 mmol, 1.12 g, 970 μL). 

O
H3CO
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The reaction was stirred at rt until TLC showed full conversion. The methanol was 

removed under reduced pressure. 

 

To the residue was carefully added 10% HCl (15 ml) followed by extraction with 

Et2O (3 x 10 ml). The organic layer was washed with H2O (3 x 25 ml), dried over 

MgSO4 and concentrated in vacuo, to afford 22 (800 mg, 80% yield) as an off white 

solid. 1H-NMR (400 MHz, CDCl3)  6.93 (t, J = 2 Hz, 1H), 2.50 – 2.60 (m, 4H), 1.91 

– 2.06 (m, 2H). HRMS (ESI+): Calculated for C8H9O2 [M+H]+: 113.0603, found: 

113.0597. Characterization matches literature.78 

2-Isopropyl-5-methylcyclohexyl cyclopent-1-enecarboxylate (23). 

 

To a solution of cyclopentene carboxylic acid 22 (5.25 mmol, 588 mg), (l)-menthol 

(A1, 5.16 mmol, 806 mg), and DMAP (1.24 mmol, 158 mg) in CH3CN : CH2Cl2 (1:1; 

5.2 ml) was added DCC (5.70 mmol, 1.18 g) in CH2Cl2 (850 μl) at –5 °C. The 

reaction was stirred at this temperature for 15 min before it was warmed to rt and 

stirred overnight. The white precipitate was filtered through a plug of Celite and 

washed with CH2Cl2 (3 x 10 ml). The organic layer was washed with 1 M HCl (2 x 

20 ml), sat. NaHCO3 (2 x 25 ml), H2O (2 x 20 ml) dried over MgSO4 and 

concentrated in vacuo. The crude product was purified by column chromatography 

(n-pentane : ether = 95:5), to afford 23 (800 mg, 62% yield) as an off-white solid. 
1H-NMR (400 MHz, CDCl3)  6.79 – 6.70 (m, 1H), 4.73 (td, J = 10.9, 4.4 Hz, 1H), 

2.56 (ddd, J =8.7, 4.7, 2.2 Hz, 2H), 2.49 (ddt, J = 10.4, 7.9, 2.6 Hz, 2H), 2.08 – 1.81 

(m, 4H), 1.67 (ddd, J = 9.2, 6.5, 3.3 Hz, 2H), 1.59 – 1.34 (m, 2H), 1.17 – 0.93 (m, 

2H), 0.93 – 0.81 (m, 7H), 0.77 (d, J = 7.0 Hz, 3H). 13C-NMR (101 MHz, CDCl3) 
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165.0, 143.1, 137.1, 73.8, 47.2, 41.0, 34.3, 33.3, 31.4, 26.4, 23.7, 23.1, 22.0, 20.7, 

16.5. HRMS (ESI+): Calculated for C16H27O2 [M+H]+: 250.1933, found: 250.1938. 

TLC: Rf 0.8 (n-pentane : ether  = 95:5). 

Cyclopent-1-en-1-yl((3S,6S)-8,8-dimethyl-2,2-dioxidohexahydro-1H-3,6-

methanobenzo[c]isothiazol-1-yl)methanone (25). 

 

To a solution of cyclopentene carboxylic acid 22 (2.14 mmol, 240 mg) in CH2Cl2 (2 

ml) was added thionyl chloride (6.86 mmol, 500 μl). The reaction was refluxed for 

2h after which the reaction mixture was concentrated in vacuo. The crude 

cyclopentene carboxylic acid chloride 28 was obtained as a pale-orange oil. To a 

solution of (+)-camphorsultam A2 (2.0 mmol, 431 mg) in THF (7.5 ml) was added 

CH3MgBr (3.0 M solution in THF, 670 μL) at -5 °C. After 1 h a solution of the 

cyclopentene carboxylic acid chloride 28 in THF (2 ml) was added dropwise. After 

stirring for 1 h and allowed to warm to rt, the reaction was quenched with aqueous 

NH4Cl (45 ml) and extracted with EtOAc (3 x 20 ml). The organic layer was washed 

with 2 M NaOH (2 x 15 ml), H2O (1 x 20 ml) dried over MgSO4 and concentrated in 

vacuo. The crude reaction mixture was purified by column chromatography (n-

pentane : EtoAc = 4:1), to afford 25 (443 mg, 72%) as an off-white solid. 1H-NMR 

(400 MHz, CDCl3)  6.71 (dd, J = 4.9, 2.6 Hz, 1H), 4.05 (dd, J = 7.6, 4.8 Hz, 1H), 

3.44 (dd, J = 41.5, 13.6 Hz, 2H), 2.86 – 2.67 (m, 1H), 2.67 – 2.41 (m, 3H), 2.10 – 

1.80 (m, 7H), 1.48 – 1.30 (m, 2H), 1.24 (d, J = 9.9 Hz, 3H), 0.99 (s, 3H). 13C-NMR 

(101 MHz, CDCl3)  167.2, 144.2, 137.8, 65.5, 53.5, 47.9, 47.7, 45.2, 38.3, 34.0, 

33.1, 32.5, 26.5, 22.5, 21.2, 19.9. TLC Rf 0.75 (n-pentane : EtOAc = 4:1). HRMS 

(ESI+): calculated for C16H24NO3S [M+H]+: 310.1477, found: 310.1789. 
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7.7.7 Synthesis of substrates 35.Isomerisation of 3-carene. 

 

Procedure adapted from literature70. To a solution of KOtBu (200 mmol, 22.4 g) in 

dry DMSO (100 ml) was added 3-carene 29 (200 mmol, 27.2 g, 31.5 ml). The 

reaction mixture was heated on a pre-heated oil bath at 100 °C for 4 h. The 

reaction was cooled to rt and H2O (20 ml) was carefully added followed by pentane 

(40 ml). The aqueous layer extracted with pentane (3 x 150 ml) and the combined 

organic layers were washed with H2O (1 x 100 ml), dried over MgSO4 and 

concentrated in vacuo. The mixture was obtained in a combined yield of 77%, and 

was carried forward without further separation or purification.  

The ratio of the isomers was determined by 1H-NMR (CDCl3) by determining the 

ratio of the olefin signals at 5.55 ppm (2-carene) and 5.24 ppm (3-carene). The 

ratio was found to be 45:55. 

3,7,7-Trimethylbicyclo[4.1.0]heptane-3,4-diol (31) and          

3,7,7-Trimethylbicyclo[4.1.0]heptane-2,3-diol (32). 

 

To a solution of a mixture of 2-carene and 3-carene (183 mmol, 25 g) in t-

BuOH/H2O (375/150 ml) at 0°C was added dropwise a solution of KMnO4 (215 

mmol, 34 g) and NaOH (150 mmol, 6 g) in H2O (625 ml). After the addition the 

reaction was stirred at 0°C for 15 min. The reaction was filtered over a glass filter 

(por.3) and the filtrate was saturated with NaCl. An oil separated from the aqueous 

layer and it was collected. The aqueous layer was further extracted with EtOAc (3 x 
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150 ml). The oil and the organic layer were combined and washed with H2O (2 x 

100 ml), dried over MgSO4 and concentrated in vacuo to afford a mixture of 31 and 

32 as a yellow oil (20.6 g, 64% yield). The products were inseparable on TLC. 

HRMS (ESI+): Calculated for C10H18NaO2 [M+Na]+:193.1204, found:193.1201. 

2-((1S,3R)-2,2-Dimethyl-3-(2-oxopropyl)cyclopropyl)acetaldehyde (33) and 

(1R,3S)-2,2-Dimethyl-3-(3-oxobutyl)cyclopropanecarbaldehyde (34). 

 

NaIO4 (180 mmol, 38.5 g) was dissolved in as little H2O as possible at 80 °C. To 

the solution was added SiO2 (150 g) with vigorous manual shaking until all the 

water was absorbed by the silica. The NaIO4 on SiO2 was stored at rt in the dark. 

This procedure was carried out in 2 separate batches. 

To a suspension of the above NaIO4 on silica in CH2Cl2 (500 ml) was added the 

diol mixture 31/32 (121 mmol, 20.6 g) in CH2Cl2 (200 ml). The reaction was stirred 

until TLC showed full conversion. The silica was removed by filtration and washed 

with CHCl3 (3 x 100 ml). The combined organic layers were dried over MgSO4 and 

concentrated in vacuo, to afford the mixture of 33 and 34 as a yellow oil (19.8 g, 

97%) TLC: Rf 0.8 (n-pentane : EtOAc = 1:1). (Note: The compounds are unstable 

and should be used directly in a subsequent step)  

1-((1R,5S)-6,6-Dimethylbicyclo[3.1.0]hex-2-en-3-yl)ethanone (35) and 

1-((1R,5S)-6,6-Dimethylbicyclo[3.1.0]hex-3-en-2-yl)ethanone (36). 
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To a solution of the mixture of keto-aldehydes 33 and 34 (117 mmol, 19.8 g) in 

methanol (500 ml) was added 10% NaOH (125 ml). The reaction turned red and 

after TLC showed full conversion the reaction was concentrated in vacuo. The 

residue was filtered over a small column of silica to remove byproducts. The crude 

yield of the mixture of products was 82%. 

The crude was then subjected to repeated column chromatography (up to 3 times) 

to separate 35 and 36. 35 Was obtained as a pale yellow oil (6.14 g, 35%). 1H-

NMR (400 MHz, CDCl3)  6.65 (d, J = 1.5 Hz, 1H), 2.61 (dd, J = 18.2, 7.9 Hz, 1H), 

2.47 – 2.31 (m, 1H), 2.25 (s, 3H), 1.87 – 1.76 (m, 1H), 1.58 – 1.45 (m, 1H), 1.10 (s, 

3H), 0.78 (s, 3H). 13C-NMR (101 MHz, CDCl3)  196.1, 145.8, 145.0, 38.5, 31.1, 

30.5, 26.6, 26.4, 23.7, 13.2. HRMS (ESI+): Calculated for C10H15O [M+H]+: 

151.1123, found:151.1117. TLC: Rf = 0.3 (n-pentane : TBME = 95:5). (NOTE: The 

compound has to be stored in the freezer). 

7.7.8 Matsuda-Heck reaction of substrate 35: 

 

To an oven-dried Schlenk tube was added 35 (0.5 mmol, 75 mg) in CH3CN (0.5 

ml). Pd2(dba)3 (1 mol%, 4.5 mg), K2CO3 (1 mmol, 138 mg) were added together 

with 4-methoxybenzenediazonium tetrafluoroborate (1 mmol, 222 mg). The 

reaction was heated on a pre-heated oil bath at 40 °C. Every hour a portion of 

catalyst (0.13 mol%, 0.57 mg, 250 μL from a 2.5 M stock solution) and diazonium 

compound (0.13 mmol, 28 mg) were added for a period of 8 h. After all the 

additions were complete, the reaction mixture was stirred overnight. The reaction 

was diluted with CH2Cl2 and extracted with H2O (3 x 10 ml). The organic layer was 

dried over MgSO4 and concentrated in vacuo. The crude was purified by column 

chromatography (n-pentane : ether = 93:7). 38 and 39 were obtained as a mixture 

in a 3:1 ratio (determined by GC).  
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The separation of 38 and 39 proved to be difficult, and required multiple columns. 

As a result of the incomplete conversion of the starting material, poor separation on 

TLC and multiple separation steps, the product was isolated in a poor yield (19 mg, 

15% yield).  

1H-NMR (400 MHz, CDCl3)  7.11 (d, J = 8.6 Hz, 2H), 6.87 – 6.77 (m, 3H), 3.76 (d, 

J = 5.6 Hz, 4H), 2.18 (s, 3H), 2.06 – 1.90 (m, 1H), 1.47 (t, J = 9.4 Hz, 1H), 1.14 (s, 

3H), 0.90 (s, 3H) 13C-NMR (101 MHz, CDCl3)  195.9, 158.1, 148.2, 144.1, 135.9, 

128.6, 113.8, 55.2, 47.5, 39.9, 37.8, 27.1, 26.5, 26.4, 13.8. TLC Rf = 0.5 (n-pentane 

: ether = 10:1). (NOTE: The compound has to be stored in the freezer). 
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