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Introduction 
 
Indoles 
In biological systems is are indoles very common. It is for example found in 
tryptophan which is an essential  amino acid, but even the human hormone 
melatonin includes the indole structure1. Because it is very common in 
biological systems is indole chemistry often used in medical synthesis of 
drugs1. Not only is it widely distributed in medical compounds, it is even 
broadly used in other industries. For example is it used in the agriculture, is it part of dyes and 
pigments, dietary supplements, perfumes and essential oils1,2.  Because it is such a well used 
compound is it very interesting to work out new methods around indolechemistry. That is the reason 
even this project is build around modifying and attaching new groups to indoles.  
 
Catalysts  
In organometallic chemistry are a lot of metals used as transition metal catalyst. 
Metals in the d-block as palladium and ruthenium can have a number of 
different oxidation states, which makes them common used as transition metal 
catalyst. The metal can coordinate to a number of ligands in different ways 
(figure 2). A chloride ion can donate its free electrons to the metal and form a 
σ-bond. An alkene can coordinate to the metal by donating its π-electrons so 
that both carbons are involved and coordinating to the metal3. If we look at the 
(dimer-)catalyst which is used in this project (figure 3) can we see that there are both  π-bonds and 
σ-bonds to the metal ruthenium. The oxidation state of the metal is depending on the ligands that 

are bonded to the metal. A metal without any ligands has an oxidation 
state of 0. Ruthenium has eight valence electrons. In the case of the 
ruthenium catalyst in figure 3 is every chloride donating two electrons 
and the ring is donating six electrons to the ruthenium. That makes a 
total amount of 18 electrons bonded to the ruthenium, which makes a 

very stable compound3. To get the catalyst to react with the substrate it 
needs to be activated by base, but more on that later. !
!

Similar reactions 
Suzuki-reaction 
Making carbon-carbon bonds is an important part in organic chemistry, specially if you want to 
make larger molecules. An amount of Nobel-Prizes have been given to researchers that have 
developed reactions that make new carbon-carbon bonds. One of them is the Suzuki-reaction that 
was developed in the seventies4. The reaction is a coupling between a halide (ex bromide) and 
boronic acid which is catalyzed by palladium (figure 4). The first step is called oxidative addition 
(A), which is when the palladium-complex coordinates to both the halide and R2. When this 
happens is the palladium oxides and the oxidation state of the palladium is changed from 0 to II. 

Figure 2. Different ways 
of coordination between 
the ligand and the metal. 

Figure 3. The catalyst used in 
this project. 

Figure 1. The structure of indole



The ligands (the halide and the R2) are donating electrons to 
the palladium and the palladium is now bearing two ligands 
(see 3). In step B is the halide eliminated by a base. In the 
next step, transmetalation (C), coordinates R1 to the 
palladium. In this step is the oxidation state for the palladium 
not changing, because it has still the same number of ligands 
bonded. Before the transmetalation step can occur must the 
boronic acid be activated by a base, so that the boronic acid is 
an even more nucleophilic complex. This speeds up the 
transmetelation, which is the rate-determining step. The last 
step is called reductive elimination (D), which is almost the 
opposite of the oxidative addition (A). When reductive 
elimination occurs are R1 and R2 bonding to each other and 
the palladium is reduced back to oxidation state 0. The new 
bond between R1 and R2 is formed and the palladium is ready for a new cycle6.  !
Ackermann 
Earlier have Lutz Ackermann and Alexander V. Lygin made ruthenium-catalyzed C-H bond 
arylations of inter alia indole7 (figure 5).  By using [RuCl2(p-cymene)]2 they let bromide-side react 
and made a new bond between an aryl group and the C2 on the indole. The catalyst was activated 
by acid and a base whereupon the hydrogen was eliminated by base assisted metalation. Oxidative 
addition and reductive elimination are the last steps in the reaction, just like the Suzuki-reaction 
described above. The catalyst can than continue with another cycle. This final product has 
unfortunately no other functional groups that can react further on. !!!

 

!
Earlier project in the group 
The Pilarski group has earlier worked on a project that is about reacting a boronic acid instead of a 
bromide which Ackermann used as described. It is suspected that it has an different metalation 
mechanism than Ackermann’s base assisted reaction. In this case is silver used to activate the 
catalyst (figure 6).  !
!!!
 

K2CO3 , 120℃, o-xylene 
 ———————————> 

[RuCl2(p-cymene)]2 ,  
(1-Ad)CO2H, 18 h

Figure 5. 2-phenyl-1-(pyrimidin-2-yl)-1H-indole, according to Ackermann 2011 8. 

Figure 4. The mechanism of the Suzuki reaction 
which makes a new carbon-carbon bond using a 

halide and a boronic acid, catalyzed by palladium 5. 
Some parts of compounds are highlighted for 
clarification. The steps oxidative addition (A), 

transmetalation (C) and reductive elimination (D) 
are shown. 

Figure 6. Earlier project in the Pilarski-group. R2 stands for different functional groups, for example an 
bromide so that the compound that reacts is 2-bromo-phenyl-1-(pyrimidin-2-yl)-1H-indole.



My project 
We have seen that both a bromide and a boronic acid can be used for C-H activation of indole. It is 
even possible to make the bromide survive while using a boronic acid for the C-H activation. My 
project is about to use the same difunctional compound with both a bromide and a boronic acid on it 
(figure 7). The goal is to react the bromide, but keep the boronic acid still on the resulting product.  
When Ackermann7 reacted a bromide with indole there wasn’t an interesting functional group left 
on the final product (figure 5). If it is possible to get the boronic acid to survive the reaction it might 
be able to react even further later on and give it it the possibility to make larger molecules. In the 
beginning are the same conditions are used as Ackermann’s reaction (figure 7). Later on different 
conditions and halides are used to see of it is possible to make the target molecule as shown in 
figure 7.  

Another part of the project is to try to react an alkyne with the same indole, using C-H-activation on 
the C2-position. In the beginning is only 3-hexyne used to see if this type of reaction even is 
possible (figure 8). Later on it may be possible to try react boronic-acid-3-hexyne with the indole 
and try to get the boronic acid to survive the reaction so that it still is attached to the final product 
(figure 9). This functional group may give it the opportunity to react further on. Reaction conditions 
for the first reaction are compiled according to the literature8,9,10 and different solvents and acids are 
tried out (figure 8). If the target molecule is achieved it is possible to change the reagent to 
bromide-acid-3-hexyne instead and try the second reaction, but this is also depending on the 
projects time schedule.  

Figure 7. Reaction scheme for the target molecule 2-phenyl-boronic-acid—1-(pyrimidin-2-yl)-1H-indole

K2CO3 , 120℃, o-xylene 
 ———————————> 

[RuCl2(p-cymene)]2 ,  
(1-Ad)CO2H, 18 h

Figure 8. The reactions between 1-(pyrimidin-2-yl)1H-indole 1a and 3-hexyne 2c according to the literature 8,9,10 . 
Different solvents and acids are tried. (Observe that it is unclear if the product 4 is an E or Z isomer)

AgSbF6 (25 mol%)
—————————> 

Acid 
[RuCl2(p-cymene)]2 

AgSbF6 (25 mol%)
—————————> 

Acid 
[RuCl2(p-cymene)]2 

Figure 9. The reactions between 1-(pyrimidin-2-yl)1H-indole 1a and boronic-acid-3-hexyne according to the 
literature 8,9,10 . Different solvents and acids are tried. (Observe that it is unclear if the product 5 is an E or Z isomer)

4

5
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1a

1a

2c
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Directing groups and protecting groups  
Indoles have two different hydrogens on the 5-member-ring. The C3 hydrogen will 
mostly react because it gives a more stabile product11. The electron density is 
increased and therefore is the intermediate more stabile11. To get direct C-H 
functionalization on the C2 instead is a directing group needed. In this project is 
pyrimidine used, which is an electron-donating and ortho-directing group. 
This directing group can coordinate with the catalyst and in that way get 
C2 to react instead of C3. When base is used in the reaction, it might 
activate the boronic acid for a C-H functionalization on the indole. We want to  prevent this to 
happen, because we want the bromide to react instead. Different protecting groups can protect the 
boronic acid and might help prevent it to take part in the reaction. It makes the boronic acid less 
reactive than the bromide and will hopefully the bromide react instead. In this project are both 
pinacol and MIDA used (figure 11). Pinacol makes the boronic acid less reactive because it gets 
more bulky. When MIDA is bonded to the boronic acid (figure 12) the free electron pair of nitrogen 
is coordinating to the empty p-orbital of boron so that there are no p-orbitals left on the boronic acid 
to react. This way it gets less reactive. To deprotect the MIDA is base used, which also is in the 
reaction mixture. This can cause problems because the base could come in and deprotect the 
boronic acid again, which may get the reaction to fail. Different conditions are tried out to find out 
what works best.  

!
 
 !!!!

Figure 11. Protecting groups MIDA and pinacol

Figure 10. 1-(pyrimidin-2-yl)1H-
indole 1a with the C2 and C3 

marked out

Figure 12. MIDA as a protecting group on 4-
bromo-phenyl-boronic-MIDA-ester 2a

2a



Results and discussion 
Synthesis of the starting material and the catalyst  
The [RuCl2(p-cymene)]2 -catalyst was made according to the literature7 shown in figure 13. 1H-
NMR shows a pure product (0.909 gram, 72% yield).  
 !

   
    !!!!

The starting material 1-(pyrimidin-2-yl)1H-indole 1a is made according to the literature7 shown in 
figure 14.  !

 !
 !!!

The product 1a was purified by column chromatography on SiO2-gel, TLC (1 EtOAc/9 pentane) 
and 1H-NMR showed a impure mixture with an unknown impurity. The purifying procedure is 
repeated but with a wider column. 1H-NMR-analyses showed still an impure product. To save time 
is already synthesized and purified starting material used for further reactions.  !
Synthesis of the protecting groups on the boronic acid 
The 4-bromide-phenyl-boronic-acid is protected with two different groups according to the 
literature12,13. For the protection with the MIDA-group shows 1H-NMR a pure product 2a (0.484 g, 
62% yield). The same procedure is repeated with 4-iodo-phenyl-boronic-acid 2b and after 
purifcation showed 1H-NMR a pure product (0.431 g, yield 48% ). !

 !
 !!!

The 4-bromide-phenyl-boronic-acid is also protected by pinacol as shown in figure 16.  
(0.643 g, 91 % yield). The same procedure is repeated with 4-iodo-phenyl-boronic-acid 3b. 
 
 !
 !!

RuCl3·H2O EtOH reflux 80 ℃ 3h 
———————>

Figure 13. Reaction-scheme for the synthesis of the catalyst [RuCl2(p-cymene)]2. 

NaH, DMF, 130℃ 15.5 h  
———————>

Figure 14. Reaction-scheme for the synthesis of the starting material 1-(pyrimidin-2-yl)1H-indole 1a

Dean-stark, 130 ℃, 19 h
———————> 

Toluen:DMSO (5:1)

Figure 15. Reaction-scheme for the synthesis of the MIDA protecting group on 4-bromide-phenyl-boronic-
acid 2a according to the literature12

Figure 16. Reaction-scheme for the synthesis of the pinacol protecting group on 4-bromide-phenyl-boronic-
acid 1c according to the literature 13

3a

2a

NaSO4, THF, 
———————> 

room temperature, 3h

72 % yield

48 % yield

91 % yield

1c

1c

1a



!
Synthesis of 2-phenyl-boronicacid-1-(pyrimidin-2-yl)-1H-indole 
According to the literature7 the 2-phenyl-1-(pyrimidin-2-yl)-1H-indole 1b was synthesized after the 
reaction-scheme shown in figure 17.  The product was analyzed by 1H-NMR and it shows that the 
desired product is formed.  

 
           
       
   !!!

The same procedure (with the same conditions) is repeated with 4-bromo-phenyl-boronic-MIDA-
ester 2a instead of the bromobenzene (see figure 18). The same procedure is also repeated with 
different protecting groups and conditions (see table 1).  

 

!

K2CO3 , 120℃, o-xylene 
 ———————————> 

[RuCl2(p-cymene)]2 ,  
(1-Ad)CO2H, 18 h

K2CO3 , 120℃, o-xylene  
————————————> 

[RuCl2(p-cymene)]2 , (1-Ad)CO2H 
20,5 h

Figure 18. Reaction-scheme for the synthesis of  2-phenyl-boronic-acid-MIDA-ester-1(pyrimidin-2-yl)-1H-indole 2b

1b

2b2a1a

K2CO3 , 120℃, o-xylene  
————————————> 

[RuCl2(p-cymene)]2 , (1-Ad)CO2H 
20,5 h

Figure 19. Reaction-scheme for the synthesis of  2-phenyl-boronic-acid-pinacol-ester-1(pyrimidin-2-yl)-1H-indole 3b

Figure 17. Reaction-scheme for the synthesis of 2-phenyl-1-(pyrimidin-2-yl)-1H-indole 1b according to 
Ackermann, 2011. 

Table 1. The reactions between the indolpyrimidine and the boronic acid as described in figure 15 and 16. The 
protecting group is attached to the boronic acid which also has a halide on it. For the 1H-NMR-spectra see appendix.

Entry Halide Protecting 
group

Base Temperature 
℃ 

Solvent Reactiontube Result

1 Bromide MIDA K2 120 o-xylene Flask  No target product

2 Bromide MIDA K2 120 THF Microvial  No target product

3 Bromide MIDA K3 100 toluene Flask  No target product

4 Bromide Pinacol K2 120 o-xylene Young’s tube  No target product

5 Bromide Pinacol K3 100 toluene Young’s tube  No target product

6 Iodide! MIDA K2 120 toluene Young’s tube  No target product

7 Iodide Pinacol K2 120 toluene Young’s tube  No target product
a   1 : 2,4 equivalents of 1a : 2a!
b   For the first 5 hours is the thermometer not in the oil bath which gives a temperature of 150 ℃. For the rest of the    !
     experiment the temperature is as described. 

1a

1a 3a 3b



For the reactions with the pinacol-protectinggroup 3a is product 2-phenyl-boronic-acid-pinacol-
ester-1(pyrimidin-2-yl)-1H-indole 3b the target-molecule, according to the reaction shown in figure 
19. The 1H NMR-results are shown in the experimentals. At entry 6 and 7 is 4-iodo-phenyl-boronic-
acid used with the respective protecting groups.  !
Bromide and MIDA 
The result of the first entry doesn’t show the target product 2b. It shows that most of the 
startingmaterial 1-(pyrimidin-2-yl)1H-indole 1a still is left. The TLC shows a spot around the same 
area as 2-phenyl-1-(pyrimidin-2-yl)-1H-indole 1b which was synthesized according to the paper of  
Ackermann, 2011. The 1H NMR does show a weak doublet ca around 8,05 ppm (see appendix for 
the whole spectra), and a weak singlet around 6,8 ppm. This is quite similar to the peaks that are 
shown by 2-phenyl-1-(pyrimidin-2-yl)-1H-indole 1b, but it is hard to know what that might be and 
the peaks are very small. Therefore is the reaction repeated with double as much 4-bromo-phenyl-
boronic-MIDA-ester 2a. This result does not either show any target product 2b or the same 
unknown peaks as in entry 1.  
In entry 3 is a lower temperature and a weaker base tried, but without any results that shows that the 
target molecule 2b is formed (see appendix for the NMR-spectra).   !
Bromide and pinacol 
The 1H NMR result of entry 4 shows a singlet around 6,81 ppm which can indicate that something 
has bonded to the C2-carbon. There is still a doublet around 6,71 ppm which is from the starting 
material 1-(pyrimidin-2-yl)1H-indole 1a. Because there are no peaks that show that the pinacol and 
the bromide are left can we from the singlet expect that about 24% of the starting material is 
converted to 2-phenyl-1-(pyrimidin-2-yl)-1H-indole 1b. At entry 5 is a lower temperature and a 
weaker base used which leads to an 1H NMR result that shows about 34% 2-phenyl-1-(pyrimidin-2-
yl)-1H-indole 1b in the product, but still not the target product 3b !
Iodide 
The reactions between 1-(pyrimidin-2-yl)1H-indole with the iodide halide and the protecting groups 
MIDA or pinacol does not give the target molecule 3b or 2b. The 1H NMR results shows that 
mostly the starting material 1a is left.  !
Synthesis of the 2-3-hexene-1-(pyrimidin-2-yl)1H-indole 
According to the literature8,9,10 was 1-(pyrimidin-2-yl)1H-indole 1a reacted with 3-hexyne under the 
conditions shown in figure 20 and table 2.  
 !

 !
 !!

1a
4

AgSbF6 (25 mol%)
——————> 

(1-Ad)CO2H,  
[RuCl2(p-cymene)]2,  

THF 
130 ℃, 91 h

Entry 19  
>99% yield

Figure 20. The reactions between 1-(pyrimidin-2-yl)1H-indole 1a and 3-hexyne 2c according to the literature 8,9,10 
Observe that it is unclear if the product 4 is an E or Z isomer. 

2c



 !!
The spectroscopic yields where calculated by integration of the peaks of the product and the starting 
material 1a. According to the literature14 should the product give a characteristic singlet around 6,54 
ppm for the C2-hydrogen and a triplet around 5,59 ppm for the alpha-hydrogen on the double bond. 
Even the coupling scheme was compared with the literature14 and because of the similarity was it 
assumed that the correct product 4 was formed.   !
Different solvents, temperatures and acids where tried. It shows that an bulky acid as adamantane 
carboxylic acid gave a higher yield. Changing the acid to different bulky acids as ferrocene- or 

Entry Acid Solvent Temperature 
(℃) 

Time 
(hours)

Catalyst "
(5 mol %)

Spectroscopic 
yield  
(4)

1 - H 100 17 [RuCl -

2 - Isopropanol 100 17 [RuCl -

3 AcOH Dioxane 100 17 [RuCl -

4 Pivalic acid Dioxane 120 17 [RuCl 15 %

5 (1-Ad)CO Dioxane 120 17 [RuCl 21 %

6 (1-Ad)CO Dioxane 130 17 [RuCl 10 %

7 (1-Ad)CO THF 130 17 [RuCl 30 %

8 TFA THF! 130 17 [RuCl -

9 Ferrocene carb 
acid

THF 130 17 [RuCl 27 %

10 Mesityl carb acid THF 130 17 [RuCl 29 %

11 (1-Ad)CO THF 130 66 [RuCl 50 %

12 (1-Ad)CO THF 130 17 [RuCl -

13 (1-Ad)CO THF 130 17 [RhCl 45 %

14 (1-Ad)CO DCE 130 17 [RuCl 30 %

15 (1-Ad)CO DCE 130 17 [RhCl 33 %

16 (1-Ad)CO THF 150 17 [RhCl 47 %

17 (1-Ad)CO THF 130 66 [RhCl 48 %

18 (1-Ad)CO THF 130 66 [RuCl 31 %

19 (1-Ad)CO THF 130 91 [RuCl >99 %

20 (1-Ad)CO THF 115 29 [RuCl 24 %

a    1:3 eq of indolpym : 3-hexyne!
b    No AgSbF6, but KPF6 (40 mol%)!
c    40 mol % AgSbF6!
d    No aquarius workup (washing with water and extracting with eter)!
e    Microvial with a pointed top

Table 2. The reactions between the 1-(pyrimidin-2-yl)1H-indole and 3-hexyne as described in figure 1. Al the 
spectroscopic yields are calculated by the results of 1H-NMR spectra. For the 1H-NMR-spectra see appendix.



mesityl carboxylic acid didn’t really improve the yield compared to the adamantane carboxylic acid. 
Even the solvent THF showed to be the best solvent.  !
Changing the catalyst to [RhCl2Cp*]2 did increase the yield from 30 % to 45% (entry 7 and 13), but 
when it was used for the longer reactions with a time of 66 hours (entry 17) didn’t it show an 
improvement compared  to [RuCl2(p-cymene)]2  (entry 11). !
Entry 11 shows that a longer reaction time gives a higher yield. When the reaction was put on for 
only 17 hours was the yield around 30 % (entry 7), but it increased to 50 % when it was put in for a 
longer time, about 66 hours (entry 11). When the same reaction was put on for even a longer time, 
about 4 days (entry 19), was the yield increased even more. On the 1H NMR was no peak left for 
the starting material 1a. The product from entry 19 was purified by column chromatography (0.064 
g, yield 73 % but not totally pure) and after the fractions where collected was shown that two 
different products where formed. They had about the same peaks in the spectra, but with different 
shifts (see appendix for the spectra). It could be so that the product contains an E- and Z-isomer, but 
this is not analyzed so it is hard to say if this might be true.  !
Using different directing groups  
With two more directing groups was tried to synthesize 2-3-hexene-1-(pyrimidin-2-yl)1H-indole 
(figure 18). N,N-dimethyl-1H-indole-1-carboxamide and  
1-acetylindole were used in the same reaction as before (table 
2, entry 11). 1-acetylindole 7 gave no target product 4, but on 
the 1H-NMR gave the product of N,N-dimethyl-1H-indole-1-
carboxamide  6 about the same peaks as 2-3-hexene-1-
(pyrimidin-2-yl)1H-indole 4. Because of the small amount of 
product was it hard to isolate the it and see if it really was the 
expected product.  !!
!!!!!!!!!!!!

Figure 21. N,N-dimethyl-1H-indole-1-
carboxamide 6 and 1-acetylindole 7

6 7



Conclusion and outlook !
• A reaction between 1-(pyrimidin-2-yl)1H-indole 1a and 3-hexyne 2c was successful under certain 

conditions and made  !
• The reaction needed a high temperature around 130 ℃, a long reaction time around 4-7 days, and 

an bulky acid as adamantane carboxylic acid.  !
• N,N-dimethyl-1H-indole-1-carboxamide 6 did also seen to work as an directing group, but it was 

a to smal amount of product to isolate and analyze futher !
• A reaction between 1-(pyrimidin-2-yl)1H-indole 1a and 4-bromo-phenyl-boronic-MIDA-ester 2a 

did not give the target molecule 2-phenyl-boronic-acid-MIDA-ester-1(pyrimidin-2-yl)-1H-indole 
(2b) !

• Changing the protecting group from MIDA to pinacol didn’t improve the result.  !
• Not either did changing the bromide to an iodide make any difference. !
Along the results of this project can further reactions between 1-(pyrimidin-2-yl)1H-indole 1a and 
3-hexyne 2c be done under different conditions. It shows that the reaction needs a long reaction 
time under high temperatures. Because long reaction times not always are optimally can the 
reaction be tried under heating with microwaves. This makes the heat more evenly distributed in the 
mixture than thermal heating which may improve the reaction rate. But because of the time limit 
was it not possible to try this and see if it worked better.     



!
Experimental !
Synthesis of the catalyst !!!!
25 ml 95% Ethanol was degassed with argon under a few minutes, RuCl3·H2O (0.988 g, 4.09 mmol) 
was added and stirred until it dissolved. α-terpinene (6.7 ml, 40.9 mmol) is added to the mixture and 
a condenser attached so that the reaction refluxes under tree hours.  After filtration under reduced 
pressure and washing with a few ml ethanol the solvent is evaporated and the product dried under 
reduced pressure (0.909 gram, 72% yield).  
1H NMR (400 MHz , CDCl3) δ 5.43 (d, J = 5.9 Hz, 2H), 5.29 (d, J = 5.8 Hz, 2H), 2.87 (dt, J = 
13.7 , 6.8 Hz, 1H) !
Synthesis of 1-(pyrimidin-2-yl)1H-indole !

 !!!!
In a flask adds indol (1.506 g, 12.8 mmol) and under argon adds 50 ml DMF. NaH (0.611 g, 15.36 
mmol) adds and the mixture is stirred until everything is diluted. 2-cloropyrimidine (1.761 g, 15.36 
mmol) adds and the mixture warms up to 130 ℃. After 15.5 hours cools the mixture to room 
temperature and a few ml distilled water adds. After extraction with dietyleter (3x) and washing 
with water dries the mixture over MgSO4 and the mixture is filtered under reduced pressure. The 
solvent evaporates and after TLC (1 EtOAc/9 pentan) redissolves the product in EtOAc and a few 
small spoons SiO2 adds whereafter EtOAc evaporates again until a powder is remaining. The 
product was purified by column chromatography on SiO2-gel (ca 1 liter 1/100: EtOAc/dry pentane, 
then 1/50: EtOAc/dry pentane). Al the fractions where analyzed by TLC and the similar fractions 
where collected. TLC (1 EtOAc/9 pentane) and NMR show an impure mixture. A new column 
chromatography on SiO2-gel but with a wider column (1/100: EtOAc/dry pentane). All the fractions 
were analyzed by TLC and the similar fractions where collected. !!!!!!!!!

RuCl3·H2O EtOH reflux 80 ℃ 3h 
———————>

NaH, DMF, 130℃ 15.5 h  
———————>

72 % yield

1a



!
Synthesis of 4-bromide-phenyl-boronic-MIDA-ester 12 !

 
 !!!

4-bromide-phenyl-boronic-acid 1c (0.5 g, 2.5 mmol), MIDA (0.367 g, 2.5 mmol) and a 24 ml 
mixture of 5:1 toluen/DMSO is added to a flask. Under Dean-Stark warms the mixture to 130 ℃ 
under 19 hours. The solvent is evaporated and the mixture is stored in the fridge over night. The 
mixture is recrystallized with acetone and pentane. The pentane is taken away with a pipette and the 
product is recrystallized again. The product is transfered with EtOAc to a vial, is evaporated and 
dried under reduced pressure (0.484 g, 62% yield).  
4-bromidephenylboronicacid (0.5 g, 2.5 mmol), MIDA (0.367 g, 2.5 mmol) and a 24 ml mixture of 
5:1 toluen/DMSO are added to a flask. Under Dean-Stark is the mixture warmed up to 130 ℃ and 
kept on that for under 19 hours. Solvent evaporates and the mixture is stored in the fridge over 
night. The mixture is recrystallized with acetone and pentane. The pentane is taken away with a 
pipette and the product is recrystallized again.  
1H NMR (400 MHz , CDCl3) δ 7.55 (d, J = 8.1 Hz, 2H), 7.39 (d, J = 8.1 Hz, 2H), 3.90 (d, J = 16.4 
Hz, 2H), 2.57 (s, 3H) !
The same procedure is repeated with 4-iodo-phenyl-boronic-acid (0.620 g, 2.5 mmol) giving the 
product 4-iodo-phenyl-boronic-MIDA-ester. The mixture is recrystallized with acetone and pentane, 
filtered under reduced pressure and washed with pentane (0.431 g, yield 48%).  
1H NMR (400 MHz , dmso) δ 7.71 (d, J = 7.9 Hz, 2H), 7.21 (d, J = 7.9 Hz, 2H), 4.31 (d, J = 17.2 
Hz, 2H), 4.09 (d, J = 17.2 Hz, 2H), 2.49 (s, 1H) !
Synthesis of 4-bromide-phenyl-boronic-pinacol-ester13 !
 !!!
4-bromidephenylboronicacid 1c (0.502 g, 2.5 mmol), pinacol (0.443 g, 3.75 mmol), Na2SO4 (0.355 
g, 2.5 mmol) and 2 ml THF are added to a 25 ml flask and stirred at room temperature for tree 
hours. TLC (1Et2O/9 pentane) and the product is filtered under reduced pressure. After evaporation 
of the solvent, the products is redesolved in EtOAc and washed with distilled water (3x) whereafter 
the product is dried over MgSO4. The mixture is filtered under reduced pressure, the solvent is 
evaporated and the product is transferred to a vial where a NMR-sample is taken and it is dried 
under reduced pressure over night (0.643 g, 91 % yield). 

Dean-Stark, 130 ℃, 19 h
———————> 

Toluen:DMSO (5:1)

NaSO4, THF, 
———————> 

room temperature, 3h

62 % yield

91 % yield

2b1c

1c



1H NMR (400 MHz , CDCl3) δ 7.65 (d, J = 8.0 Hz, 2H), 7.50 (d, J = 7.9 Hz, 2H), 1.34 (d, J = 0.4 
Hz, 12H) !
The same procedure is repeated with 4-iodo-phenyl-boronic-acid (0.615 g, 2.5 mmol) giving the 
product 4-iodo-phenyl-boronic-pinacol-ester (0.742 g, yield 89%).  
1H NMR (400 MHz , CDCl3) δ 7.72 (d, J = 7.9 Hz, 2H), 7.51 (d, J = 8.0 Hz, 2H), 1.33 (d, J = 0.5 
Hz, 12H) 
 
Synthesis of 2-phenyl-boronicacid-1-(pyrimidin-2-yl)-1H-indole 7 !

 !!!
1-(pyrimidin-2-yl)1-H-indole 1a (0.060 g, 0.3 mmol), bromobenzene (157.01 g, 0.36 mmol), 
[RuCl2(p-cymene)]2 (0.005 g, 0.0075 mmol), K2CO3 (0.128 g, 0.9 mmol) and (1-Ad)CO2H (0.017 
g, 0.09 mmol) are added to a flask. Under argon adds 1.2 ml o-xylene, the mixture stirs and warms 
on a oilbad. When the mixture reaches temperature 120 ℃ the argon switches of and a stopper 
replaces the septum whereafter the stopper is sealed with parafilm. The reaction continues on the 
120 ℃ oil bad for 18 hours. The mixture is cooled to room temperature, 75 ml EtOAc adds and the 
mixture is washed with 2x30ml H2O. The combined water phase is extracted with new 2x30 ml 
EtOAc. The combined organic phase is dried over Na2SO4, filtered under reduced pressure and the 
solvent is evaporated. The product is redissolved in a few ml 1:10 EtOAc/dry pentane and one small 
spoon of SiO2 is added. The solvent is evaporated so that a grey-brown powder is remaining. The 
product is purified by column chromatografi with SiO2-gel (1:10 EtOAc/dry pentane). The fractions 
are analyzed by TLC and the similar fractions are collected, evaporated and dried under reduced 
pressure. !
Synthesis of 2-phenyl-boronic-acid-MIDA-ester-1(pyrimidin-2-yl)-1H-indole 

1-(pyrimidin-2-yl)1-H-indole 1a (0.059 g, 0.3 mmol), 4-bromide-phenylbronicMIDAester 2a 
(0.116 g, 0.36 mmol), [RuCl2(p-cymene)]2 (0.005 g, 0.0075 mmol), K2CO3 (0.113 g, 0.9 mmol) and 
(1-Ad)CO2H (0.016 g, 0.09 mmol) are added to a small tube. o-xylene (1.2 ml) is added under 
argon, the mixture is stirring and warmed on a oilbad. When the mixture reach 120 ℃, argon is 
deconnected and the septum is replaced with a stopper which is secured with parafilm and a clamp. 
The reaction continues on the same temperature for 20.5 hours. The mixture is removed from the oil 

K2CO3 , 120℃, o-xylene 
 ———————————> 

[RuCl2(p-cymene)]2 ,  
(1-Ad)CO2H, 18 h

K2CO3 , 120℃, o-xylene  
————————————> 

[RuCl2(p-cymene)]2 , (1-Ad)CO2H 
20,5 h

1b1a

2a 2b1a



bad and cooled to room temperature. EtOAc (50 ml) is added and the mixture is washed with 
distilled water (ca 75 ml). No clear separation occurs so a saturated NaCl-solution is added (2x3 
ml). The product is dried over Na2SO4, and the solvent evaporated. The reactions with pinacol and 
iodo instead of bromide according to table 1 are repeated by the same procedure.  !
Synthesis of  2-3-hexene-1-(pyrimidin-2-yl)1H-indole 8,9,10 

!!!
 
 !!

1-(pyrimidin-2-yl)1H-indol 1a (0.059 g, 0.3 mmol), [RuCl2(p-cymene)]2 (0.009 g, 0.015 mmol), 0.6 
mmol (1-Ad)CO2H, AgSbF6 (0.026 g, 0.075 mmol) are added to a microvial and under argon adds 1 
ml solvent and 3-hexyne 2c (0.068 ml, 0.6 mmol). The vial is closed, the mixture is shaken, warmed 
up on a oil bath while stirring and left for at least 17 hours (according to table 2). The mixture is 
cooled to room temperature and analyzed by TLC. For some entry’s (see table 2) is an aquarius 
workup done. The mixture is then diluted with EtOAc (10 ml) and washed with distilled water (3x3 
ml). If no separation appears 1-2 ml brine is added. Finally the mixture is washed with brine, dried 
over MgSO4, filtered under reduced pressure and the solvent is evaporated. The product is analyzed 
by 1H NMR and a spectroscopic yield is calculated. Yield for entry 19, as shown in the reaction 
scheme above, is >99 %.  !
Entry nr 19: 
1H NMR (400 MHz, CDCl3) δ 8.77 (d, J = 4.8 Hz, 1H), 8.75 (d, 1H), 8.24 (d, 1H), 8.17 – 8.11 (m, 
1H), 7.57 (dd, J = 1.6, 0.9 Hz, 1H), 7.56 – 7.54 (m, 1H), 6.55 (d, J = 0.7 Hz, 1H), 5.54 (t, J = 7.3 
Hz, 1H), 4.12 (dd, J = 14.3, 7.2 Hz, 1H), 1.78 – 1.66 (m, 8H), 0.98 (t, J = 7.5 Hz, 2H), 0.92 (t, J = 
7.6 Hz, 2H) !
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AgSbF6 (25 mol%)
——————> 

(1-Ad)CO2H,  
[RuCl2(p-cymene)]2,  

THF 
130 ℃, 91 h

Entry 19  
>99% yield

1a 2c 4
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Appendix 1. Synthesis of the catalyst 

Appendix 2. Reference spectra of 1-(pyrimidin-2-yl)1H-indole 1a, not my reaction but the 
compound used in further reactions !



 !
 !!

Appendix 3. Result of second entry of the synthesis of 2-phenyl-boronicacid -MIDA-1-(pyrimidin-2-
yl)-1H-indole 2b, but shows not the target product.  !!!



 

Appendix 4. Result of entry 19 - synthesis of 2-3-hexene-1-(pyrimidin-2-yl)1H-indole 4


