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Microwave assisted carboxymethylation of anilines and phenols

Irena Zrinski Antonac, Pavle Troelj, Davor Margeti¢, Zoran Glasovac and Mirjana Eckert-Maksi¢”

Laboratory for Physical Organic Chemistry, Division of Organic Chemistry and Biochemistry, Ruder BoSkovi¢
Institute, Bijenic¢ka c. 54, 10000 Zagreb, Croatia.

Abstract. Carboxymethylation reactions of aromatic amines and phenols with dimethyl carbonate were studied using
microwave irradiation.

Introduction. Environmental concerns have put great pressure on chemical industry to develop green reagents for
organic synthesis. Dimethylcarbonate (DMC) was found to be very suitable reagent as substitute for phosgene, alkyl
halides and dimethyl sulfate.[1] DMC readily reacts with primary amines to form carbamates at room temperatures,

however at elevated temperatures (over 130 °C) DMC reacts as N-methylating agent and often mixtures of several
products are obtained.[2] In order to increase selectivity, reactions at low temperatures using various catalysts were
explored.[3] High pressure carboxymethylations of primary amines were also examined.[4] On the other hand,
microwave irradiation (MW) has not been employed for carboxymethylations with DMC and there is single report on
MW use for methylations with DMC.[5] All these methods were employed in order to prepare carbamates, which are
widely used in plastics industry, they are common components of pesticides[6] or drugs used for treatment of
Alzheimer’s disease.[7]

Our objective in this work was to investigate reaction of DMC with aromatic amines and phenols under microwave
irradiation[8] with the aim of increasing the yields of carboxymethylation reactions and preparation of novel products.
In this study, carboxymethylations of various aromatic amines and phenols have been conducted and results are
collected in Tables 1-6. In all experiments, 1,5,7-triazabicyclo[4,4,0]dec-5-ene (TBD) was used as a base catalyst,
unless otherwise stated.
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Results and discussion. Firstly, reaction of DMC with 2,4-dimethoxyaniline 1 was investigated in detail, in order to
optimize reaction conditions. These results are summarized in Table 1. Under MW irradiation catalyzed by TBD two
products were detected: N-methyl-3,4-dimethoxyaniline 2 and N-carbmethoxy-N-methyl-3,4-dimethoxyaniline 3.
Influence of reaction temperature, time, ratio of reagents, amount of catalyst, solvent and change of catalyst was
analyzed. Elongation of reaction time from 5, 10, 15 to 20 minutes (Entries 3-6) leads to the increased formation of
product 3, while the yield of N-methylated product 2 decreases. Similar conclusion can be drawn from the results of
reactions with 1:1 ratio of DMC:amine (Entries 10-12). Ratio of reactants: DMC:amine 10:1, 5:1, 1:1, 1:5 (Entries 13,
4, 10 and 14) shows that by increasing the ratio, more product 2 is formed. Amount of catalyst (1:0.05, 1:0.5 and 1:1,
Entries 4, 13, and 14), the best conversion was obtained for 1:0.5 ratio. The replacement of TBD catalyst by 1,8-
diazabicyclo[5.4.0]lundec-7-ene (DBU) (Entries 7-9) does not lead to significant change in reaction outcomes.
However, addition of one equivalent of Al,O4 to reaction mixture causes a sharp drop in yield of products (Entry 1).

Table 1. Reaction of DMC with 2,4-dimethoxyaniline under MW irradiation

Entry  Substrate Conditions Ratio Products
DMC:amine
HHz HHz HHCHS HCHCOOCHS
OCHg
OCHy OCHy OCHS
tcHy 1 OCHz 4 CH: 3 OCHy 3§
% 150 °C 10 min® éi gg g
0 H .

3 155 € 10min 5:1 37 2 41

4 1707C 5 min 5:1 24 22 54

5 170 °C 10 min 5:1 9 15 76

6 170 °C 15 min 5:1 3 1 96

; 170 °C 20 min gi (13; %g ég

0 H- | .

9 1707C 5 min 5:1 10 19 70

10 170 °C 10 min® 1:1 24 37 37

11 170 °C 20 min® 1:1 29 29 40

12 170 °C 10 min 1:1 14 19 66

13 o : 10:1 29 18 53

14 L7 €29 min 15 100 : :

15 170 °C 30 min 5:1 10 22 62

17 170 °C 10 min 5:1 _ 8 57b

170 °C 5 mind
170 °C 5 min®

170 °C 20 min
appU; P sideproducts detected; “Al,O3; d50 % catalyst; © 100 % catalyst; 59 TBD catalyst, unless otherwise stated

The effect of solvent was investigated in the reactions summarized in Tables 2-6. In general, addition of acetonitrile as
solvent does not significantly change reaction outcome.

MW assisted reactions of DMC with aromatic amines such as aniline 4, benzylamine 5 and naphthylamine 6 are
depicted in Table 2. In the case of aniline (Entries 18-20), two products were obtained: N-methylaniline 7 and N-
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carbmethoxy-N-methylaniline 8. At higher reaction temperature (170 C), significantly more products were obtained.
The use of acetonitrile as solvent increases the formation of product 8. On the other hand, reaction of DMC with
benzylamine gave in all cases (Entries 21-23) single product 9 in high yield. Finally, reactions of 1-naphthylamine
(Entries 24-26) gave N-methylated product 10 exclusively.

Table 2. Reactions of DMC with aromatic amines under MW irradiation?

Entry Substrate Conditions Products
NHz MHz MHCHy MCHSCOOCHy
b
4 | |4 Q 7 8
ig 150 °C 10 min 28 18 76
o )
20 170 °C 10 m!n 10 i 90
160 °C 10 min CH4;CN
CHzMNHz CHAHz CHzNHC OOCHy
I 5 @ 5 (j 9
g% 150 °C 10 min - igg
o ) .
93 170 °C 10 min 5 95

160 °C 10 min CH;CN

a
MH MHz NHCHy

- e O
gg 150 °C 10 minP gg gg
o .
26 170 °C 10 min 16 84

160 °C 10 min CH3CN

2 presence of non-identified side-product in quantity 5 %; b 9o product

Results of reactions of DMC with aromatic alcohols are depicted in Table 3. Reactivities of phenol 11, benzylalcohol
12 and 1-naphthol 13 were investigated. The examination of results shows that phenol reaction conditions gave O-
alkylated product, anisol 14 exclusively, while carboxymethylation product 15 was not detected (Entries 27-29). On the
other hand, benzyl alcohol produces both products, O-alkylated benzylmethylether 16 and carbomethylated product 17
in approximately equal amounts (Entries 30 and 31). Reaction with 1-naphthol gave only O-alkylated product, 1-
methoxynapthalene 18 (Entries 32-34), which is the outcome similar to results obtained for phenol.

Table 3. Reactions of DMC with aromatic alcohols under MW irradiation

Entry  Substrate Conditions Products
oH OH OCHy OCO0CH;
@ 1 @11 @14 @ 14
g; 150 °C 10 min f_35 1130 )
29 170 °C 10 min ] 100 ]

160 °C 10 min
CH4CN



CHZOH CHzOH CHOCH, CHAOCO0CH,

5. SHNHE

30 170 °C 10 min 10 45 35
31 160 °C 10 min ° 45 40

CH4CN

OH oH OCHa
O COe T
gg 150 °C 10 min 5132 éi
o .

34 170 °C 10 min . i 100

160 °C 10 min

CH4CN

Influence of substitution of aromatic amines was studied in reactions of o-phenylenediamine 19, o-anisidine 20,
m-anisidine 21 and p-anisidine 20 (Table 4). Substitution with additional amino group in 19 leads to the formation of
bis-N-alkylated product 23 in high yield (Entries 35-37). On the other hand, substitution of aromatic ring with methoxy
group, either in ortho-, meta- or para- position leads to exclusive formation of N-carbomethylated products 24-26
(Entries 38-40). Furthermore, substitution of aromatic ring by two methoxy groups in 1, leads to formation of several
products, as described previously in Table 1.

Table 4. Reactions of DMC with substituted aromatic amines under MW irradiation®

Entry Substrate Product Temp Time Yield %
E L
z 3 min
| 1 C[ 23 170°C i
37 CENHZ NHCH, 160 °C 10 min 100
MeCN
HH2 HHCOOCH,
38 0CH; 0CH;
20 | 24 175 9C 10 min 50
NHz NHCOOCH3
pid :
39 QDEHa ohy 25 175 OC 10 min 63 a
MH= NHCOOCHS
OCHy OCH5

DMC:bis-amine ratio 10:1 (5:1 for each amino group), 2after chromatography starting amine was isolated, Pyields

estimated by TH-NMR spectroscopy, °GC analysis

Mixed aminophenols 27-30 were investigated in order to establish relative reactivity of amino and phenol group
towards DMC reactions (Table 5). For all investigated substrates, mixture of several products was obtained, which are
the result of N- alkylation, O-alkylation or N-carboxymethylation. For instance, depending on reaction conditions,
p-aminophenol 27 gave products od O-alkylation (31), or combined O- and N-alkylation (32 and 33) and finally
combined O- alkylation and N-carboxymethylation-N-alkylation (34), (Entries 41-43). It may be concluded that



oxygen atom is more reactive towards alkylation than nitrogen atom.

Table 5. Reactions of DMC with aminophenols under MW irradiation?

Entry  Substrate Conditions Products
OH OH OCHS OCHS OCHS OCH5
| 27 er Qm 32 33 34
e NH NH; NCHz  NHCH:  NCDOCH
CHy
41 155 °C 10 min 36.7 338 9.0 9.6 -
42 0 . - 26.1 31.2 243 11.7
43 torelomn s - 227
160 °C 10 min
CH3CN
OH OCHg OCHg
A, G2 Az, D20 O
HH, Wi Hk WHCHy WHCOOC Hy NCOOCH
CHy
44 155 °C 10 min - 724 168 - -
45 0 . - 45.6 24.3 - 26.8
46 vorelomn g3 w2 - :
160 °C 10 min
CH3CN
OH OCHg QG Hg
HH; NH; H, N Hgio HHCHg NHCOOC Hg
" :j O O ftr s
47 155 °C 10 min - 13.4 75.4
48 0 . - 7.3 22.2 9.6 57.8
49 170 °C 10 min _ i 973 i _ £9.4
160 °C 10 min
CH3CN
OH OCH;
SOk Q:@ m X e
i MHCHy o CO0CH
50 155 °C 10 min 30.5 500 -
51 0 . 1.8 53.8 18.9 24.0
52 170 °C 10 min _ 503 497 i i
160 °C 10 min
CH3CN

Reactions of dihydroxybenzenes with DMC (Table 6) were studied on three derivatives: pyrocatechol 46, resorcinol 47
and hydroquinone 48. Two products (O-alkylated and O,0-bisalkylated) were obtained for 47 and 48, while 46 gives
only monoalkylated product, 2-methoxyphenol 49. This result could be explained by steric reasons. In reactions

conducted at lower temperature (155 °C) monoalkylated product dominate (Entries 56 and 59), while in reactions

conducted at elevated temperature (170 °C) dominate bis-alkylated products 50 and 52, (Entries 56 and 58). Reactions
conducted in acetonitrile lead to preferential or exclusive formation of monoalkylated products 49, 51 and 53 (Entries

55, 58 and 61).

Table 6. Reactions of DMC with dihydroxybenzenes under MW irradiation?



Entry  Substrate Conditions Products %

oH oH OCHS
OH aoH OH
[ as | a2 | 19
53 155 °C 10 min 76.5 19.2
54 o : 135 77.3
55 170°C 10min 80.6 12.4
160 °C 10 min
CH5CN
aH OH OCHg OCHg
o @ . @ @ &j .
OH OH OCH3 oH
56 155 °C 10 min 63.4 - 20.7
57 o : ; 63.2 35.9
58 170°C 10min 66.0 28 31.2
160 °C 10 min
CH5CN
oH OH OCHy OCHy
oL Be e
oH aH 0CH5 b
59 155 °C 10 min 65.0 3.1 32.6
60 o : ; 94.0 -
61 170°C 10min 63.2 ) 351
160 °C 10 min
CH5CN

These results indicate that MW reactions gave high yields of products in significantly shorter reaction times than
reactions conducted in classical conditions. For, instance, there is a report in literature for the reaction of DMC with
aromatic amines, catalyzed by Yb(OTf)3. Aniline, p-anisidine and p-nitroaniline gave corresponding carbamates in 96,

88 and 61 %, yields, respectively (by heating at 80 °C, for 8 hours).[9] On the other hand, experiments conducted in
MW conditions in this study usually take place within 10-20 minutes. In most of the studied reactions, depending on
reaction conditions, several products were obtained.

General procedure. Mixtures of DMC (5 mmol), substrate (1 mmol) and TBD (0.05 mmol) were subjected to MW
reaction. Reactions were conducted in CEM Discover®LabmateTH/ExplorerPLS® single mode microwave reactor
using closed reaction vessel technique (power = 125 W). Excess of DCM was removed in vacuo and products

analysed by either GC or 1H-NMR spectroscopy. Varian 3300 gas chromatograph, on DB1701 capillary column (15
m). Injector temperature = 250 °C, detector temperature = 300 °C, starting temperature = 100 °C (for 2 min), final
temperature = 220 °C (for 2 min), with temperature gradient of = 40 °C/min. N, flow = 30 mL/min, O,/H, flow ratio

= 10/1. Radial chromatography was used to isolate pure products and all new compounds gave satisfactory
spectroscopic data.
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