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Quinazolinediones and imidazolidinones consisting of urea moiety displayed
a wide range of biological activities. Quinazolinediones, hexacyclic urea, were
synthesized from 2-iodobenzoic acids and carbodiimides via copper-catalyzed domino
reactions. The domino processes include rearrangement of O-acylisourea and
intramolecular C(aryl)-N bond formation. The electronic effect on aromatic ring of
benzoic acid affected the product yields. A variety of quinazolinedione derivatives
were synthesized in 22-80% vyields. Imidazolidinones, pentacyclic urea, were
synthesized from a-chloroaldoxime O-methanesulfonates and (E)-ethyl 4-(4-
methoxyphenylamino)but-2-enoate via N,N-dimethylpyridin-4-amine (DMAP)-catalyzed
reaction under mild conditions. The mechanism consisted of Tiemann rearrangement and
intramolecular Michael addition to provide corresponding imidazolidinones in 4-65%
yields.
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CHAPTER 1

Synthesis of 2,4-Quinazolinedione Derivatives

via Copper-Catalyzed Domino Reactions

1.1INTRODUCTION

1.1.1 Introduction

N-containing heterocyclic compounds are one of the most important targets
for organic chemists because of their applications in agrochemicals, pharmaceuticals,
and special materials. Among known heterocycles, quinazolinediones have an
interesting organic framework containing urea moiety in molecules. Their derivatives
have shown attractive biological activities including several drugs. Moreover, related

structures have been applied in therapy (Li et al., 2014).

Quinazolinediones are one of the important classes of N-containing
heterocycles. They are found in alkaloid natural products, and commonly used
in medicinal chemistry because of their pharmacological properties, such as
antimicrobial, anticonvulsant, anti-inflamatory, and antidepressant activities
(Li et al., 2009). 1-Methyl-3-(2’-phenylethyl)-1H,3H-quinazoline-2,4-diones (1)
and  1-methyl-3-[2’-(4’-methoxyphenyl)ethyl]-1H,3H-quinazoline-2,4-diones  (2),
isolated from seed husks of Mexican Zanthoxylum species, showed antihypertensive
activity (Rivero et al., 2004). Wuchuyuamide 1V (3), isolated from the fruits of
Evodia officinalis, showed the cytotoxicity against Hela and HT1080 cell lines (Jin et
al., 2008). The quinazoline-2,4-dione 4 exhibited antidiabetic activity (Willis et al.,
2006). In addition, 3-aminoquinazolinediones 5, 6 and 3-hydroxy- quinazolinediones
7 displayed antibacterial activity (Ellsworth et al., 2006). Furthermore, N-substituted
methylquinazolinedione-2,4-diones derivatives, such as methylquinazolinedione-2,4-
diones 8, 9, 10, and 11 have been used in the application of medical treatment as an
antioxidant, and they also exhibited anticonvulsant activity (Prashanth et al., 2013). 3-

Ethyl-1-(3-nitrophenyl)quinazoline-2,4(1H,3H)-dione (12) exhibited as a promising



agent for the treatment of asthma (Piaz and Giovannoni, 2000). 1-Ethyl-3-
phenylquinazoline-2,4(1H,3H)-dione (13) showed progesterone receptor agonistic
activity. Quinazolinedione 14 was a potential target for medical intervention in
diseases such as systemic lupus erythematosus (Buckley et al., 2005). In addition,
quinazoline-2,4-dione 15 was considered as potential immuno-suppressive and anti-
inflammatory agent in nuclear factor of activated T-cells-1-regulated p-galactosidase
expression (Michne et al., 1995) (Figure 1).

Figure 1 Examples of quinazolinedione derivatives
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Moreover, quinazolinediones were used as a key intermediate for production of
medicine. For instance, 6,7-dimethoxyquinazoline-2,4(1H,3H)-dione (16) was
transformed to al-adrenergic blocker drugs such as alfuzosin, prazosin, terazosin,
doxazosin, and IAAP. These drugs were useful for antihypertensive activity (Figure
2) (Jiarong et al., 2009). Consequently, over the last decade many researchers became

interested in the synthesis of quinazolinedione derivatives.

Figure 2 6,7-Dimethoxyquinazoline-2,4(1H,3H)-dione is a key intermediate of

alfuzosin, prazosin, terazosin, doxazosin, and IAAP preparations
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In 2000, Azizian and co-workers reported 2,4-quinazolinediones synthesis
from rearrangement of 4-amino-(1H,4H)-3,1-benzoxazine-2-ones (17) via an
isocyanate carboxamide intermediates 19. The target products 20 were synthesized
from imine 17 with m-chloroperoxybenzoic acid (m-CPBA) in dichloromethane at
0 °C via Baeyer-Villiger oxidation followed by the rearrangement of 18. The desired
products were obtained from recrystallization of the crude mixture with methanol,
affording carbamates 21. Then the carbamates 21 were heated at their melting points,
resulting in ring closure to provide quinazolinediones 20 in 80-93% yields
(Scheme 1) (Azizian et al., 2000).

Scheme 1 The 2,4-quinazolinediones synthesis via an isocyanates carboxamide

intermediate

¢ ? i
/ 1.2 equi l A
.2 equiv. m-CPBA o N
O - > H
H CH,ClI,, 0 °C, 45 min. 'I\l o N

In 2004, Rivero and co-workers synthesized quinazoline-2,4-dione derivatives
26, which were known to exhibit potential anti-hypertensive property. They
accomplished the synthesis of these compounds in 3 steps. The quinazoline-2,4-dione
backbone was constructed from isatoic anhydride 22 and amines 23 to give
the corresponding 2-aminobenzamides 24. Subsequently, they used triphosgene
as carbonylating reagent to form the amides 25 followed by methylation to give

products in good yields (Scheme 2) (Rivero et al., 2004).



Scheme 2 Rivero’s synthesis of 2,4-quinazolinediones
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(83-96%)

Mizuno and co-workers achieved the development of a new method for the
synthesis of 1H-quinazoline-2,4-dione derivatives. They used 2-aminobenzonitriles
27 as starting materials reacting with supercritical carbon dioxide in a catalytic
amount of DBU (0.1equiv.) at 80 °C for 4 hours to afford the desired products 28
in 54-97% vyields (Scheme 3).

The plausible pathway for the formation of 28 from 27 and carbon dioxide
assisted by catalytic amount of DBU was demonstrated in scheme 3. The
carbonylation of 27 with CO, formed a carbamate salt | in the presence of catalytic
DBU. Then, nucleophilic cyclization of I to provide Il followed by rearrangement of
Il to form isocyanate intermediate 111. Then, cyclization of 111 gave IV. Finally, the

isomerization of 1V gave more stable products 28 (Scheme 3) (Mizono et al., 2004).



Scheme 3 Mizono’s method of quinazolinedione derivatives synthesis
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Li reported the simple synthesis of quinazoline-2,4-dione derivatives in 2
steps. He achieved the quinazolinediones 31 in excellent yields via carbonylation of
substituted anthranilamides 29 with Boc anhydride as a carbonylation reagent. The
reaction involved the generation of Boc-protected anthranilamides 30 followed by

cyclization in the presence of the sodium methoxide as a base (Scheme 4) (Li, 2009).
Scheme 4 The 2,4-quinazolinediones synthesis by using Boc strategy

@) 1.1 equiv. N32CO3
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\’< (85-96%)

In 2012, a new approach for the synthesis of 2,4-quinazolinediones in one-pot

29

manner was discovered by Kolkeshvandi and Nikpoure. Their reaction involved

cyclization reaction of anthranilic acids 32 with potassium cyanate (KOCN) and



acetic acid. Simply, the reaction was heated in polyethylenegylcol (PEG) to provide
products 33 in high yields, in short reaction times (10-90 min.) without the use of any
catalyst (Scheme 5) (Sharafi-Kolkeshvandi et al., 2012).

Scheme 5 A new approach for one-pot synthesis of 2,4-quinazolinediones by
Kolkeshvandi and Nikpoure

o}
AN - PEG X
R-C O 4 KOo—=N + cHCOH R j:
Z  NH, (1.3equiv.) (2.0 equiv.) 90-60°C, 10-90 min 7 N"“o
32 33
(78-95%)

Recently, microwave irradiation was selected as a synthetically useful method
to accurate the organic reactions. In 2003, Azizian and co-workers attempted to
synthesize quinazolinediones 35 under microwave irradiation. The quinazolinediones
derivatives 35 were obtained in excellent yields from condensation of isotoic
anhydride 22, with primary amines 23 (1.2 equiv.) and urea 34 (1.0 equiv.) in N,N-
dimethylacetamide (DMAC). This reaction was conducted in open vessels under
microwave irradiation, and completed in several minutes (Scheme 6) (Azizian et al,
2003).

Scheme 6 The synthesis of 2,4-(1H,3H)-quinazolinediones under microwave irradiation

o) o)
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Nikpour and Paibast were also interested in the synthesis of quinazolinedione
derivatives under microwave irradiation in one-pot fashion. They reported the

condensation of anthranilic acid derivatives 36 with KOCN in the absence of any



catalyst to obtain corresponding quinazolinediones 37. Interestingly, they found that
when the reaction was carried out in water, the urea was more reactive than KOCN
(Scheme 7) (Nikpour et al., 2005).

Scheme 7 The 2,4-(1H,3H)-quinazolinediones synthesis from anthranilic acid 36

and KOCN or urea under microwave irradiation
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In 1996, Gouilleux and co-workers adapted Gadekar’s method for the
quinazolinediones derivatives synthesis. They began the synthesis with anthranilic
acid (38), which was converted to N-urethane derivatives 39 using alkylchloroformate
in 1 M NaOH. Then, coupling of the N-urethanes 39 with primary amines provided an

intermediates 40 followed by cyclization to complete the products 41 in high yields
(Scheme 8).

Scheme 8 The synthesis of quinazoline-2,4-diones 41 via urethane protected

anthranilamides 40
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Interestingly, they applied solid phase synthesis to their quinazolinedione
formation. The reaction started with hydroxymethyl polystyrene resin 42, which
was easily converted to its N-urethane 43 by using N-methylmorpholine (NMM) and
p-nitrophenylchloroformate. Then, coupling of urethane 43 with anthranilic acid 38
(5.0 equiv.) in the presence of HOBt (3.0 equiv.) and N,N-diisopropylethylamine
(DIPEA) (6.0 equiv.) in a mixture of DMF:CH,Cl, (1:2 ratio) as a solvent afforded
resin compound 44. The amino molecules (or C-terminal protected amino acid
derivatives) reacted with 44 to provide amide 45. Treatment of the resin intermediate
45 with NEt; (10.0 equiv.) in methanol at 60 °C for 24 hours gave desired products 46
in 22-72% vyields (Scheme 9) (Gouilleux et al., 1996).

Scheme 9 The solid phase synthesis of quinazoline-2,4-diones
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In 2000, Larksarp and Alper used palladium as a catalyst to synthesize
quinazolinedione derivatives from aniline 47 and isocyanate 48 in the presence of CO.
The reaction mechanism involved the in situ generation of urea V followed by
palladium-catalyzed carbonylation to provide desired quinazolinediones 49 (Scheme
10) (Larksarp et al., 2000).



Scheme 10 Palladium-catalyzed cyclocarbonylation of o-iodoanilines with

isocyanates
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In 2006, Willis and co-workers were interested in the application of

palladium-catalyzed C-N and C-O bond formation in sequence process for

heterocycle synthesis. They used o-halobenzoates 50 and monoalkylureas 51 to

construct 3-alkyl quinazolinediones 52. The formation of product involved tandem

regioselective palladium-catalyzed arylation of urea followed by and intramolecular

amidation reaction in one step to provide desired products 52 in 33-99% vyields

(Scheme 11) (Willis et al., 2006).
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Scheme 11 Palladium-catalyzed arylation-ester amidation of o0-halobenzoates 50

and monoalkyl ureas 51

) 2.5 mol% Pd,(dba)s,
. Y "OMe , H N/U\N,R 5.0 mol% Xantphos /J§
R'— 2 H
& X 2.0 equiv. Cs,CO4
50 51 dioxane, 100 °C
X=Cl, Br (33- 99%)

Moreover, quinazoline-2,4-diones were synthesized from several metal-
catalyzed reactions, such as zinc, titanium, and selenium. In 2009, Jiarong and co-
workers discovered the preparation of quinazoline-2,4-diones via Zn-catalyzed
domino reactions. The domino process involved a condensation of aromatic o-
aminonitriles 53 and N,N-dimethylformamide (54) in the presence of ZnCl, in sealed
reactor to produce the corresponding products 55 in 24-91% vyields at high
temperature (Scheme 12) (Jiarong et al., 2009).

Scheme 12 The condensation of aromatic o-aminonitriles 53 and N,N-

dimethylformamide (54)
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1 R']
R CN . O>\_ Me 10 mol% ZnCl, NH
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(24-91%)

In 2009, Dou and co-workers reported the use of low-valent titanium reagent
(TiCla/Zn) to synthesize quinazoline-2,4(1H,3H)-dione derivatives via the novel
reductive cyclization from substituted ethyl-2-nitrobenzoates 56 and isocyanates 57
(Scheme 13) (Dou et al., 2009).

Scheme 13 One-pot synthesis of quinazoline-2,4(1H,3H)-diones with the aid of

law-valent titanium reagent

0
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OEt TiCly/Zn
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R3 57

(75- 94%)
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In 2010, Wu and Yu were interested in applying transition metal catalyzed
reaction to synthesize of 1H-quinazoline-2,4-diones. They used selenium as a catalyst
for carbonylation of o-nitrobenzamides 59 with carbon monoxide. The reaction began
with the generation of carbonyl selenide from selenium and CO. Then, reduction of
59 by carbonyl selenide occurred to give nitrene VIII, subsequently reacting with
another molecule of carbonyl selenide to form isocyanates IX. The last transformation
was intramolecular cyclization of 1X to give desired products 60 in 14-95% vyields
(Scheme 14) (Wu et al., 2010).

Scheme 14 The selenium-catalyzed carbonylation of o-nitrobenzamides 59
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Based on searched literatures mentioned above, most of starting materials
for quinazolinedione syntheses were N-substituted aryl derivatives, and some of these
procedures had drawbacks, such as involving multistep reactions, long reaction time,
the use of toxic reagents, and harsh reaction conditions. We are therefore in finding a
new reaction by applying a different o-substituted starting material for construction of
a new C—N bond.
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Domino reactions have been one of the most powerful procedures for the
synthesis of complex organic molecules from simple substrates in a single reaction
preparation (Tietze et al., 2004). Copper-catalyzed domino reactions were widely
used in the construction of carbon-heteroatom and carbon-carbon bonds in the organic
synthesis due to their high reactivity, low toxicity, and easy handling. In conclusion,
we herein present an alternative method in the synthesis of quinazoline-2,4-diones 63
via copper-catalyzed domino reactions from 2-iodobenzoic acids 61 and
carbodiimides 62 (Scheme 15).

Scheme 15 The copper-catalyzed domino reaction from 2-iodobenzoic acid 61
and carbodiimides 62

(0]
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R1—'\ OH Cu-catalyzed R1'—\ N
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|
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63 R?

61 62

1.1.2 Objective

To find a new procedure for the synthesis of quinazoline-2,4-diones via

copper catalyzed domino reaction under mild condition in one step.
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1.2 RESULTS AND DISCUSSION

Our study toward Cu(l)-catalyzed domino reactions for the synthesis of
quinazolinediones started with optimization reaction consisting of equivalent of 62a,
catalysts, bases and solvents. The reaction of 2-iodobenzoic acid (61a) and N,N’-
carbodiimides 62a were selected as a model starting material study (Table 1).

Table 1 Optimization of reaction conditions of 2-iodobenzoic acid 61a and
carbodiimides 62a®

9] 0

SOIPU B
OH copper, base N 'Tj H/Cy N/Cy
| + Cy-N=C=N-Cy —— """ N,&o + Cy + | H
solvent, 90 °C,
61a 62a 18 h @ 63a 64a 65a

Entry | Equiv. mol%: Cu Base Solvent Yield
of 62a (%" of 63a)

1 1.1 10: Cu,0O K2CO3 DMSO 31
2 1.1 10: Cul K2CO3 DMSO 21
3 1.1 10: CuBr K2CO3 DMSO Trace®
4 1.1 10: Cu(OACc);, K,COs3 DMSO Trace®
5 1.1 10: Cu,0O K2CO3 CH3CN 27
6 1.1 10: Cu,0O K2CO3 DMF 22
7 1.1 10: Cu,0 K>COs Toluene 0
8 1.5 10: Cu,0O K2CO3 DMSO 35
9 2.0 10: Cu,0O K2CO3 DMSO 38
10 3.0 10: Cu,0O K2CO3 DMSO 36
11 2.0 10: Cu,0O K3PO4 DMSO 21
12 2.0 10: Cu,0O Cs,CO3 DMSO Trace®
13 2.0 10: Cu,0O t-BuOK DMSO Trace*
14 2.0 10: Cu,0O NEt; DMSO 47
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Table 1 Optimization of reaction conditions of 2-iodobenzoic acid 61a and
carbodiimides 62a® (continued)

Entry | Equiv. mol%o: Cu Base Solvent Yield
of 62a (%" of 63a)

15 2.0 30: Cu,0 NEt; DMSO 64

16 2.0 50: Cu,0 NEt; DMSO 64

17 2.0 - - DMSO 0

18 2.0 - NEt; DMSO 0

19 2.0 50: Cu,0O - DMSO 75

20 2.0 30: Cu,0 - DMSO 63

21 2.0 20: Cu,0 - DMSO 50

22 2.0 10: Cu,O - DMSO 37
#Reaction conditions: 62a (0.50 mmol), base (1.5 equiv.), solvent (0.2 M) at 90 °C
for 18 h in sealed tube.
® Isolated yield.
® Trace amount of product observed from the *H NMR spectrum of the crude
reaction mixture.

An initial study began with screening of a variety of copper catalysts (entries
1-4). The reaction with Cu,O gave the yield of quinazolinediones 63a in 31% (entry
1). Then changing copper catalyst to Cul and CuBr, the yield was decreased to 21%
and trace amount, respectively (entries 2-3). Furthermore, copper(ll) was also tested
in this reaction. However, with copper acetate (Cu(OAc),) the reaction gave the
desired product in trace amount (entry 4). From these results, the Cu,O was the most

reactive and suitable copper catalyst for the reaction.

Next, we examined a variety of solvents. Polar solvents provided the desired
product although the yields were low. Acetonitrile and dimethylsulfoxide gave 27%
and 22%, respectively (entries 5 and 6). On the other hand, toluene, non-polar solvent,

gave 0% yield of product (entry 7).
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Next, we moved our variable to equivalent of N,N’-carbodiimides 62a.
Interestingly, increasing amounts of carbodiimides gave better yields of a desired
quinazolinediones. When equivalent of carbodiimides was 1.5, the quinazolinediones
was obtained in 35% vyield (entry 8). With 2.0 equivalents, the product yield was
improved to 38% (entry 9). However, with 3.0 equivalents of 62a, the yield of product
was not increased (entry 10). Therefore, a suitable equivalent of carbodiimides in this

reaction was 2.0 equivalents.

Next, various bases were investigated. The reaction using KsPO, as a base
gave product in 21% (entry 11). Attempts changing base to Cs,CO3 and t-BuOK were
failed. Both gave trace amount of the desired product (entries 12 and 13). Different
result was found when using an organic base, triethylamine, resulting in moderate
yield of product, 47%, (entry 14).

We tried to improve the yield of product by increasing amount of Cu,O. With
30 mol% or 50 mol% of Cu,0, the yield was increased to 64% (entries 15 and 16).

Based on these results, the amount of copper catalyst was crucial.

In addition, we found that reaction provided the N-acylurea 64a in the absence
of copper catalyst and base (entry 17). Our result was similar to the report from
Khorana in 1953 (Khorana et al., 1953). They showed that the carboxylic acid 66
could smoothly react with carbodiimides 67 to generate O-acylurea 68, and then

rearrangement took place to provide N-acylurea 69 without any catalyst (Scheme 16).

Scheme 16 The N-acylurea 69 was constructed from carboxylic acid 66 and

carbodiimides 67

(0] O N rearrangement O O
JJ\ + RN=C=NR —> J\ R R
R OH R O N R N N
H ! H
R
66 67 68 69

The desired quinazolinedione was not obtained from the reaction without
copper (entry 18). Instead, N-acylurea 64a and an amide by-product 65a were

obtained. The result suggested that base caused an elimination of 64a to obtain the
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amide by-product. Based on the result, we applied the condition without external
base. Significantly, the yield of product was dramatically increased to 75% in the
presence of 50 mol% of copper (entry 19). Trying to low catalyst loading to 30 mol%,
20 mol%, and 10 mol% decreased the yield down to 63%, 50%, 37%, respectively
(entries 20-22). These results suggested that the high amount of copper loading was

crucial.

Base on the above results, we conclude that the suitable conditions of the
reaction were 2.0 equivalents of N,N’-carbodiimides , 50 mol% of Cu,0 as a catalyst,
in DMSO as a solvent at 90 °C for 18 hours (Scheme 17).

Scheme 17 The optimal conditions for the synthesis of quinazolinediones

i 2 O
@OH 50 mol% Cu,0 N
+ Cy—N=C=N-Cy ———»
| N/J*o

0.2 M DMSO
61a 62a 90°C,18h 63a
(75 %)

With the optimal condition in hand, we next studied an efficiency of the
reaction by exploring various starting materials. Firstly, we focused on the study of
2-iodobenzoic acid derivatives 61 which have electron donating group, electron
withdrawing group, and halogen group substituent on aromatic ring (Figure 3). The
results of the reaction with different substituents on aromatic ring of 61 were shown in
Table 2.

Figure 3 The various starting materials of 2-iodobenzoic acid
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| MeO | MeO | |
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o) o] o]
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Table 2 The synthesis of quinazolinediones from 2-iodobenzoic acids 61 and

carbodiimides 62a*

(6]
i @
50 mol% Cu,O N N
L QoD i €
1 + N=C=N
R @6\ 0.2 M DMSO Ao
I 90 °C, 18 h 63

Yield
Entry 2-lodobenzoic acid Quinazolinediones (%)"
o}
: CL
1 75
CL” .
|
61a 63a
: 2,0
MeO
' N’go
61b
63b
: 2,0
OH
MeO ' MeO N" 0
61c
63c
: 2,0
MeO OH MeO N
4 P 58
MeO ' MeO N" 0
61d
@ 63d




Table 2 The synthesis of quinazolinediones from 2-iodobenzoic acids 61 and

carbodiimides 62a (continued)

Yield
Entry 2-lodobenzoic acid Quinazolinediones (%)"
Q o)
N2O\@OH NZO\Cf‘\N/O 22
5
' N/go
61e
@ 63e
i 2,
OH
6 /@fL d“ 7
N2O : O,N N’go
61f
@ 63f
o o)
' N/&O
61g
i 2,0
OH
8 @ ﬁ” 67
cl ! cl N’go
61h
@ 63h
O 2,
OH N
9 80
@&. Qﬂo
Me Me
61i © 63i
& Reaction conditions: 61 (0.5 mmol), 62a (1.0 mmol).
> Isolated yield.

19
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The reaction with 2-iodobenzoic acid (61a) without a substituent group as
shown in table 2, provided the desired product, 1,3-dicyclohexylquinazoline-
2,4(1H,3H)-dione (63a), in 75% vyield (entry 1.). Then the reaction of 2-iodobenzoic
acid derivatives containing electron donating substituent provide the corresponding
quinazolinediones in good yields, for examples, 2-iodo-5-methoxybenzoic acid (61b)
and 2-iodo-4-methoxybenzoic acid (61c) which provided quinazolinediones 63b and
63c in 67% and 77% vyields, respectively (entries 2 and 3).

Different result was found when 2-iodobenzoic acid with two methoxyl
substituents, 4,5-dimethoxy-2-iodobenzoic acid (61d), also gave moderate yield, 58%
yield (entry 4). On the other hand, 2-iodobenzoic acid containing the electron
withdrawing group provided low vyield of the desired product. Both 2-iodo-5-
nitrobenzoic acid (61e) and 2-iodo-4-nitrobenzoic acid (61f) gave quinazolinediones
63e and 63f in 22% and 7% yields, respectively (entries 5 and 6). We observed the
corresponding N-acylurea as major products from both benzoic acids. Based on the
results, the benzoic acid bearing the electron withdrawing group preferably

underwent to non-catalyzed reaction.

The benzoic acids with halogen substituent on benzene ring were suitable to
the reaction. The 5-bromo-2-iodobenzoic acid (61g) provided the corresponding
quinazolinedione 63g in a good yield, 74% yield (entry 7). Similar result was obtained
when 4-chloro-2-iodobenzoic acid (61h) was used giving the corresponding product
63h in 67% yield (entry 8). Moreover, benzene ring containing methyl group next to

iodine provided product 61i in high yield (entry 9).

Next, we focused on the scope of carbodiimides 62 including symmetric

carbodiimides with alkyl or aryl substituent and asymmetric carbodiimides (Table 3).



Table 3 The synthesis of quinazolinediones from 2-iodobenzoic acid 61a and

carbodiimides 622

0
oH 50 mol% Cu,O N’
*  R™-N=C=N-R? >
| 0.2 M DMSO N/&

90°C,18h

61a 62 63
Yield
Entry Carbodiimide Quinazolinediones (%)°
0
N=C=N NJ\
1 == J 65
62b )N\ ©
63
i
N=C=N N
2 Q @ d 30
62c N/&O
84
22

62d

)

63l

& Reaction conditions: 61a (0.5 mmol), 62 (1.0 mmol).
® Isolated yield
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Symmetrical alkyl carbodiimides, (N,N'-methanediylidenedipropan-2-amine;

(62b)) provided the quinazolinediones 63j in high yield at 65% vyield (entry 1). On the

contrary, diarylsubstituted carbodiimides, N,N'-methanediylidenedianiline (62c gave

63k in low) yield, 30% (entry 2). A major product of this reaction was the amide by-

product. We proposed that amide by-product 65k was obtained from the elimination

of N-acylurea 64k (Scheme 18).
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Scheme 18 The elimination of N-acylurea generated amide by-product
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Moreover, with asymmetric carbodiimides, N-((ethylimino)methylene)-
aniline, (62d), the reaction afforded only 1-ethyl-3-phenylquinazoline-2,4(1H,3H)-
dione (63I) in low yield, 22 % (entry 3). We did not obtain another regioisomer, 3-
ethyl-1-phenylquinazoline-2,4(1H,3H)-dione (66). The amide by-product 67 was
found to be a major product. In addition, 2-iodo-N-phenylbenzamide (68) was also
obtained from this reaction. Based on the result, aryl-substituted carbodiimides were
not applicable to the reaction giving low yield of corresponding quinazolinediones.
Amide by-product always was found as major products resulted from elimination

presumably due to acidicity of amide proton (Scheme 19).

Scheme 19 The result of benzoic acid 6la and carbodiimides 62d under optimal

conditions
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+ N=C=N _— /g + +
I )N o I I
61a 62d 67

68

66
not obtained



23

Next, we focused on a possible reaction mechanism. Since we did observe 1,3-
dicyclohexylurea 69 from the *H NMR spectrum of the crude reaction mixture. We
proposed that urea 69 was possibly obtained from the moisture in the solvent
(Scheme 20).

Scheme 20 The possible pathway of the generation of 69

o] o] o) Cy
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+ N N
| H H
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We expected the first possibility of the mechanism involving a coupling
reaction of 2-iodobenzoic acid 6la and the urea 69, generated in situ from
carbodiimides 62a with moisture in the reaction. Then benzoic acid intermediate 70

underwent condensation to form the desired product (Scheme 21, Pathway A).

The second plausible pathway to obtain the desired product was a coupling of
2-iodobenzoic acid (61a) and carbodiimides 62a to provide intermediate XII followed
by intramolecular copper coupling to form C(aryl)-N bond giving an intermediate
oxazinone XVIII. The last transformation was the rearrangement of XVIII to

generate the desired quinazolinedione 63a (Scheme 21, Pathway B).



Scheme 21 Possible reaction mechanisms
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Our last proposed possible reaction pathway involved the intramolecular
copper coupling of N-acyl urea intermediate 64a to form the desired product. The
reasons were that 64a could be isolated, and we also proved that the generation of 64a
was a non-catalyzed reaction. Moreover, 64a could undergo an elimination to give

amide by-product 65a considering as a competitive reaction.

We tried to prove those plausible pathways of the reaction mechanism from
our control experiments. Initially, we focused on condensation of benzoic acid 70
(Pathway A). We designed the experiment by subjecting 2-iodobenzoic acid 61a and
1,3-dicyclohexylurea 69 to optimal conditions. The desired product 63a was not
obtained. We observed the remaining starting materials from the *H NMR spectrum

of the crude reaction mixture (Scheme 22).
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Based on this control experiment, we could conclude that the generation of
product was not from pathway A.

Scheme 22 The first control experiments
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Next, we focused on the pathway C involving the N-acylurea intermediate 64a
under optimal conditions. The result showed the intermediate 64a. The N-acyl urea
64a was subjected to the optimal conditions. The result of reaction showed that
formed with 1:1 ratio of the product 63a and N-acyl urea 64a (Scheme 23, eg. (1)).
The result showed that 64a could be converted to product 63a. Since our optimal
conditions required two equivalents of DCC, we added one equivalent of DCC to the
reaction (Scheme 23, eq. (2)). The 64a was completely consumed providing product
63a and by-product amide 65a in 3:1 ratio. The result displayed that the excess DCC
could act as a based to eliminate the N-acylurea 64a to give the amide byproduct.
Based on these results, the quinazolinedione 63a could be synthesized through N-

acylurea intermediate which was shown in the pathway C.

Scheme 23 The control experiments
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Next, attempts to investigate pathway B by finding an oxazinone intermediate

via *H NMR spectrum of the crude reaction mixture were failed. Although we could
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not rule out the pathway B, based on the results from the control experiments we
believed that the desired product was highly obtained from N-acylurea intermediate
(Scheme 21, Pathway C).
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1.3 CONCLUSION

We achieved to synthesize quinazolinedione derivatives via copper-catalyzed
domino reaction from 2-iodobenzoic acids and carbodiimides under simple conditions
in one-pot manner. The domino procedures consisted of intramolecular C(aryl)-N
formation and rearrangement. The non-catalyzed pathway was the generation of the
N-acylurea. We also found that in the presence of base, N-acylurea intermediate could
undergo elimination to give amide by-product. Furthermore, a variety of 2-
iodobenzoic acids with electron-donating group provided good vyields whereas
electron-withdrawing substituent gave low yield. Moreover, the category of
carbodiimides was also explored. The good yields of products were obtained from
dialkyl symmetric substituent. On the other hand, the reactions provided the low yield
of product in diaryl symmetric or asymmetric substituents carbodiimides. In addition,
although we could not clarify the mechanism, based on control experiments we

suggested that the quinazolinediones were obtained from N-acylurea intermediates.
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1.4 EXPERIMENTAL

1.4.1 General Information

DMSO was used for reaction from commercial AR grade solvent. Solvents for
extraction and column chromatography were distilled at their boiling point ranges
prior to use. Thin layer chromatography (TLC) was performed on silica gel 60 GFs4
(Merck) and were visualized by fluorescence quenching under UV light. Column
chromatography was performed on silicaFlash® G60 (70-230 Mesh). *H NMR (300
MHz) and **C NMR (75 MHz) were recorded on a 300 MHz Bruker FTNMR Ultra
Shield spectrometer using tetramethylsilane (TMS) as an internal standard. Chemical
shifts are expressed in parts per million (ppm) downfield from TMS (6 0.00) and
coupling constant are reported as Hertz (Hz). Splitting paterns are indicated as
follows: br, broad; s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet. Infrared
spectra (IR) were measured on a Perkin Elmer Spectrum GX FT-IR system and

recorded on wave number (cm™).
1.4.2 Preparation of Starting Materials

1.4.2.1 Synthesis of 2-lodobenzoic Acids

O

H;CO
|

61b
CgH7103
M.W. = 278.0439 g/mol

2-iodo-5-methoxybenzoic acid (61b). Prepared according to literature procedure
(Uyanik et al., 2009). A solution of 2-amino-5-methoxybenzoic acid (835.8 mg, 5.0
mmol) in water (10.0 mL) and conc. H,SO4 (5.0 mL) was stirred at 0 °C. The solution
was white-yellow. Then a solution of sodium nitrite (414.0 mg, 6.0 mmol) in water
(5.0 mL) was added slowly. The reaction mixture changed to orange brown and was

allowed to stir at 0 °C for 1 hour, followed by a slow addition of potassium iodide



29

(2,490.0 mg, 15.0 mmol) in water (7.5 mL). The reaction became dark brown and
stirred at 90 °C for 2 hours. After that, the mixture was quenched with sat. NH4Cl and
extracted with EtOAc. The iodine in organic extracted layer was moved by sat.
Na;S,0s. The organic layers were washed with brine, dried over anhydrous Na;SOy,
filtered and concentrated to obtain a violet-orange solid. The residue was purified by
column chromatography (4:1, hexanes:EtOAc) to obtain a desired product as an
orange solid. '"H NMR (300 MHz, CDCls) & 7.90 (d, J = 8.7 Hz, 1H), 7.55 (d, J = 3.0
Hz, 1H), 6.80 (dd, J = 8.7, 3.0 Hz, 1H), 3.84 (s, 3H); *C NMR (75 MHz, CDCls) &
171.2, 159.6, 142.5, 113.9, 120.5, 117.3, 83.1, 55.6. Other data were identical to the
literature values (Nguyen et al., 2007).

0]

/@f‘\OH
HCO |

61c
CgH7103
M.W. = 278.0439 g/mol

2-iodo-4-methoxybenzoic acid (61c). Prepared according to literature procedure
(Uyanik et al., 2009). A solution of 2-amino-4-methoxybenzoic acid (501.5 mg, 3.0
mmol) in conc. HCI (4.0 mL) was stirred at 0 “C. Then a solution of sodium nitrite
(310.5 mg, 4.5 mmol) in water (1.0 mL) was added. The reaction mixture became
orange yellow. After that a solution of potassium iodide (996.0 mg, 6.0 mmol) in
water (2.4 mL) was added slowly. The reaction mixture was stirred at 0 °C for 30
minutes. The reaction mixture changed to dark brown and was stirred at room
temperature, and heated at 90 °C for 2 hours. The reaction was completed then cooled
at room temperature. The mixture was diluted with water and extracted with EtOAc.
The organic extracted layers were washed with sat. Na,S,03 and brine. The resulting
extract was dried over anhydrous Na,SQO,, filtered and concentrated to afford orange
solid. *H NMR (300 MHz, DMSO-d6) & 7.82 (d, J = 8.7 Hz, 1H), 7.56 (d, J = 1.9 Hz,
1H), 7.08 (dd, J = 8.7, 1.9 Hz, 1H), 3.89 (s, 3H); *C NMR (75 MHz, DMSO-d6) &
166.9, 161.4, 132.1, 127.2, 126.2, 113.7, 96.0, 55.7. Other data were identical to the
literature values (Nguyen et al., 2007).
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0

Hacojdk o

HsCO [

61d
CoHqlO,

M.W. = 308.0698 g/mol
2-iodo-4,5-dimethoxybenzoic acid (61d):
Step 1: Preparation of 2-iodo-4,5-dimethoxybenzaldehyde.
2-lodo-4,5-dimethoxybenzaldehyde. Prepared according to literature procedure
(Hathaway et al., 2007). A solution of 3,4-dimethoxybenzaldehyde (369.0 mg, 2.2
mmol) in MeOH (13.0 mL) was added silver nitrate (377.0 mg, 2.2 mmol) and iodine
(650.0 mg, 2.6 mmol). The reaction was stirred at room temperature for overnight
under argon. The yellow participate of silver iodide was filtered off and washed with
methanol. The filtrate was evaporated and diluted with EtOAc, then washed with sat.
Na,S,03. The organic layer was washed with brine, dried over anhydrous Na;SOy,
filtered and concentrated. The crude mixture was purified by column chromatography
(4:1 hexanes:EtOAC) to afford a yellow solid (660.0 mg, 93%). *H NMR (300 MHz,
CDCls) § 9.84 (s, 1H), 7.38 (s, 1H), 7.29 (s, 1H), 3.96 (s, 3H), 3.91 (s, 3H); *C NMR
(75 MHz, CDCl3) 6 194.7, 154.4, 149.7, 128.3, 121.7, 111.0, 92.7, 56.5, 56.0. Other

data were identical to the literature values (McGill et al., 2007).

Step 2: Preparation of 2-iodo-4,5-dimethoxybenzoic acid (61d).

2-iodo-4,5-dimethoxybenzoic acid (61d). Prepared according to literature procedure
(Su et al., 2008). A solution of 2-iodo-4,5-dimethoxybenzaldehyde (584.0 mg, 2.0
mmol) in t-BuOH (12.0 mL) was added 2-methyl-2-butene (2.0 mL, 20.0 mmol).
Then added the mixture solution of NaHPO, (1,440.0 mg, 12.0 mmol) and sodium
chlorite (542.6 mg, 6.0 mmol) in water (6.0 mL). The yellow white reaction mixture
was stirred at 0 °C to room temperature for overnight. The mixture was quenched with
1M HCI, then extracted with EtOAc. The organic layer was washed with brine, dried
over anhydrous Na,SO,, filtered, and concentrated to provide 61d as white solid.
'"H NMR (300 MHz, CDCls3) & 7.61 (s, 1H), 7.44 (s, 1H), 3.94 (s, 3H), 3.92 (s, 3H);
3C NMR (75 MHz, CDCls) & 170.5, 152.7, 148.8, 124.5, 124.4, 114.8, 85.5, 56.4,

56.1. Other data were identical to the literature values (Llangovan et al., 2016).
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General Procedure for the Synthesis of 2-iodo-4-nitrobenzoic acid (61f).

/©:COOH
O,N |

61f
C;H,4INO,
M.W. = 293.0154 g/mol

o COOH
/@\/ Ac,0, AcOH /@( 1 KMnO,, H,0 O
O,N NH, rt, 30 min, 96 %  O,N N 80°C,2h,47% O,N NJ\
b

H

a

COOH  NaNO,, KI COOH
20%HCI /@[ Conc. HyS04: Hy0 (1:2) /@[
reflux,1h,99 %  O,N NH, 0°Ctort 2h - O,N I
g then 90 °C, 3 h, 89 % 61t

Step 1: Preparation of N-(2-methyl-5-nitrophenyl)acetamide (b).

Prepared according to literature procedure (Al-Rawi et al., 2014). To a solution of 2-
methyl-5-nitroaniline (a) (1,521.5 mg, 10.0 mmol) in acetic acid (12.0 mL) was added
slowly the acetic anhydride (3.8 mL, 40.0 mmol) at room temperature for 30 minutes.
The acetic acid was removed under vacuum at 50 °C to afford a white solid of N-(2-

methyl-5-nitrophenyl)acetamide (b) in 1,873 mg (96% vyield).

Step 2: Preparation of 2-acetamido-4-nitrobenzoic acid (c).

Prepared according to literature procedure (Al-Rawi et al., 2014). To a solution of
acetamide b (1,941.8 mg, 10.0 mmol) in water (33.0 mL) refluxed at 80 °C. Then
KMnO4 (8,691.6 mg, 55.0 mmol) was added in eight portions. The mixture was dark
brown and then stirred at the same temperature for 2 hours. After that the mixture was
cooled at room temperature. The black solid of MnO, was filtered with suction
funnel. The orange eluted liquid was cooled in ice bath and was acidic with 4M HCI.
The orange liquid became yellow solid and filtered with suction funnel to provide a

yellow solid of 2-acetamido-4-nitrobenzoic acid (c) in 1,058.8 mg (47% yield).
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Step 3: Preparation of 2-amino-4-nitrobenzoic acid (d).

Prepared according to literature procedure (Heppell et al., 2014). To a solution of  2-
acetamido-4-nitrobenzoic acid (c) (1,000 mg, 4.46 mmol) in 20% v/v HCI (15.0 mL)
was refluxed at 120 °C for 1 hour. The reaction mixture changed orange yellow to
orange. After that the mixture was cooled at room temperature, then cooled at 0 °C,
and followed by addition of a solution of NaOH to neutralize the reaction mixture.
The reaction mixture was crystallized with ethyl ether and filtered through the suction
funnel to provide red orange solid in 810.9 mg (99 % vyield).

Step 4: Preparation of 2-iodo-4-nitrobenzoic acid (61f).

Prepared according to literature procedure (Uyanik et al., 2009). To a solution of 2-
amino-4-nitrobenzoic acid (d) (445.3 mg, 2.5 mmol) in conc. H,SO4 (2.5 mL) stirred
at 0 °C for 15 minutes. Then a solution of sodium nitrite (431.2 mg, 6.25 mmol) in
water (3.5 mL) was added to appear a yellow orange mixture. The reaction mixture
was cooled at 0 °C to room temperature for 2 hours. After that a solution of potassium
iodide (1,245.0 mg, 7.5 mmol) in water (2.5 mL) was added to provide black mixture.
The mixture was cooled at room temperature and heat at 90 ‘C for 1 hour. A
completion of reaction cooled the mixture to room temperature. After that, the
mixture was quenched with sat. NH4CI, extracted with EtOAc and washed sat.
Na,S,03. The organic layer was washed with brine, dried over anhydrous Na;SOy,
filtered and concentrated with vacuum that to obtain yellow-orange solid in 649.9 mg
(89 % vyield). *"H NMR (300 MHz, DMSO-d6) & 8.64 (d, J = 2.1 Hz, 1H), 8.28 (dd, J
= 8.5, 2.1 Hz, 1H), 7.86 (d, J = 8.5 Hz, 1H). *C NMR (75 MHz, DMSO-d6) & 167.6,
148.1, 143.4, 134.3, 130.1, 123.1, 93.5. Other data were identical to the literature
values (Cui et al., 2011).

0]

B
r\@f‘\OH
|

61g
C;H4BrlO,
M.W. = 326.9139
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5-bromo-2-iodobenzoic acid (61g). Prepared according to literature procedure
(Valois-Escamilla et al., 2011). A solution of 2-iodobenzoic acid (1,240.0 mg, 5.0
mmol) in Conc. H,SO4 (10.0 mL) was heated at 60 °C for 20 minutes. The solution
was yellow orange. Then N-bromosuccinimide (1,668.0 mg, 6.0 mmol) was added in
three portions each during 15 minutes. The mixture was brown and allowed to stir for
2 hours. After the reaction was completed, filtered and wash with cold water. A white
solid was obtained. The aqueous eluted was extracted with EtOAc, the organic
extracts were washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated that to obtain white solid. *"H NMR (300 MHz, CDCls) § 8.12 (d, J = 2.4
Hz, 1H), 7.90 (d, J = 8.4 Hz, 1H), 7.33 (dd, J = 8.4, 2.4 Hz, 1H); *C NMR (75 MHz,
CDCl3) 6 169.7, 143.2, 136.6, 134.9, 134.7, 122.4, 92.7. Other data were identical to

the literature values (Valois-Escamilla et al, 2011).

O

CHj3

61i
CgH/IO,
M.W. = 262.0445 g/mol

2-iodo-3-methylbenzoic acid (61i): Prepared according to literature procedure
(Moorthy et al., 2011). A solution of 2-amino-3-methylbenzoic acid (453.5 mg, 3.0
mmol) in conc. H,SO4 (1.70 mL) and water (3.4 mL) was stirred at 0 °C for 15
minutes, then added slowly a solution of sodium nitrite (271.0 mg, 3.90 mmol) in
water (1 mL) to afford orange yellow mixture. The reaction mixture was maintained
at 0 °C for 1.5 hours, then added slowly a solution of potassium iodide (2,490 mg,
14.99 mmol) in water (3.0 mL) to appear brown mixture. The mixture was stirred at
room temperature for overnight, then diluted with H,O and extracted with EtOAc.
The extracted mixture was washed with sat. Na,S,03 and brine, dried over anhydrous
Na,SQ,, filtered and concentrated. The crude mixture was purified by column
chromatography (7:3 hexanes:EtOAC) to afford 2-iodo-3-methylbenzoic acid (61i) as
orange solid. *H NMR (300 MHz, CDCls) & 7.62 (d, J = 7.5 Hz, 1H), 7.40 (d, J = 7.5
Hz, 1H), 7.31 (t, J = 7.5 Hz, 1H), 2.55 (s, 3H); **C NMR (75 MHz, CDCls) & 173.2,
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143.9, 136.2, 132.9, 128.4, 127.8, 100.7, 30.1. Other data were identical to the

literature values (Imbos et al., 2002).

1.4.2.2 Synthesis of Carbodiimides

¢ Ynmon—)

62c
Cq3H10N2
M.W. = 194.2319 g/mol

N,N*-methanediylidenedianiline (62c): Prepared according to literature procedure
(Chaudhari et al., 2010). To round bottom flask was added IBX (560.0 mg, 2.0 mmol)
in CH,Cl, (9.0 mL) at 0 °C followed by addition of triethylamine (506 pL, 4.0 mmol).
A 1,3-diphenylthiourea (456.0 mg, 2.0 mmol) was added to the mixture. The reaction
mixture was maintained at 0 “C for 30 minutes to provide a light yellow mixture, then
filtered the white solid with cotton and concentrated with vacuum. The crude mixture
was diluted with hexanes and then sucked up a hexanes layer. The hexanes layer dried
over anhydrous Na,SO,, filtered and concentrated. The crude mixture was purified by
column chromatography (100% hexanes) to provide coloress oil in 100 mg (25%
yield). *H NMR (300 MHz, CDCls) & 7.35-7.29 (m, 6H), 7.19-7.17 (m, 4H); *C
NMR (75 MHz, CDCls3) & 138.4, 136.2, 129.2, 125.2, 124.0. Other data were identical

to the literature values (Akamanchi et al., 2010).

N=C=NJ

62d
CoH1oN2
M.W. = 146.1891 g/mol

N-((ethylimino)methylene)aniline (62d):

Step 1: Preparation of 1-ethyl-3-phenylurea.

Prepared according to literature procedure (Houlden et al., 2008). To stir a solution of
ethylamine (676.0 pL, 12 mmol) in CH,Cl, (44.0 mL) at 0 °C for 10 minutes was
added slowly phenylisocyanate (1,100 pL, 10.11 mmol). The reaction mixture was

stirred at 0 °C to room temperature for 16 hours to provide coloress mixture, washed
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with 2M HCI 2 times, then extracted with CH,Cl,. The organic layer was washed with
brine, dried over anhydrous Na,SQy, filtered and concentrated. The white solid of 1-
ethyl-3-phenylurea was obtained in 1,620 mg (98% yield). 'H NMR (300 MHz,
CDCls) 6 7.28 (d, J = 4.2 Hz, 3H), 7.10-7.02 (m, 1H), 6.91 (s, 1H), 5.16 (brs, 1H),
3.26 (q, J = 7.2 Hz, 2H), 1.71 (brs, 1H), 1.12 (t, J = 7.2 Hz, 3H). Other data were
identical to the literature values (Lee et al., 2004).

Step 2: Preparation of N-((ethylimino)methylene)aniline (62d).

Prepared according to literature procedure (Yu et al., 2008). To round bottom flask
was added a solution of 1-ethyl-3-phenylurea (821.0 mg, 5.0 mmol) in CH,Cl, (40
mL), then added PPh; (2,885.1 mg, 11.0 mmol) and NEt; (2,810.8 uL, 20.0 mmol),
followed by a solution of CBr,4 (3,647.9 mg, 11.0 mmol) in CH,Cl, (12.5 mL) was
added slowly to provide light yellow mixture. The reaction mixture was stirred at 0 °C
to room temperature for 16 hours and concentrated with vacuum. The crude mixture
was purified by column chromatography (4:1 hexanes:EtOAc) to afford N-
((ethylimino)methylene)aniline (62d) as a colorless oil. *H NMR (300 MHz, CDCl5) &
7.31-7.22 (m, 2H), 7.12-7.04 (m, 3H), 3.44 (q, J = 7.2 Hz, 2H), 1.34 (t, J = 7.2 Hz,
3H); °C NMR (75 MHz, CDCls) § 140.7, 136.6, 129.4, 124.7, 123.5, 41.8, 17.0.

Other data were identical to the literature values (Katritzky et al., 1990).

1.4.3 Synthesis of 2,4-Quinazolinedione Derivatives

General Procedure A: Synthesis of Quinazolinedione Derivatives

0 o}
2
X oH 50 mol% Cu,0, e
R + R2-N=C=N-R2 - R A
[ 0.2 M DMSO, NS
90 °C, 18 h |
61 62 63 R2

The reaction of 2-iodobenzoic acids (61a) and N,N'-methanediylidenedicyclo-

hexanamines (62a) is representative: A round bottom flask was added with 2-
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iodobenzoic acids (61a) (0.50 mmol), N,N'-methanediylidenedicyclohexanamine
(62a) (1.0 mmol), Cu,0 (0.25 mmol), in DMSO (2.5 mL). The reaction mixture was
allowed to stir at 90 °C for 18 hours. After completion of reaction, the dark-brown
reaction mixture was cooled to room temperature, quenched with 1M HCI, extracted
with EtOAc, and DMSO was moved by distilled water. The combined organic layers
were dried over anhydrous Na,SO,, filtered and concentrated. The residue was
purified by column chromatography (4:1 hexanes:EtOAc) to provide 63a as a white
solid (122.4 mg, 75% yield).

oo™
O

63a
CaoH26N20;
M.W. = 326.4326 g/mol

1,3-dicyclohexylquinazoline-2,4(1H,3H)-dione (63a). Prepared according to general
procedure A from 2-iodobenzoic acid (61a) and N,N'-methanediylidenedicyclo-
hexanamine (62a). Yield 122.4 mg (75 %) as a white solid. '"H NMR (300 MHz,
CDCly) 6 8.20 (dd, J = 7.7, 1.5 Hz, 1H), 7.60 (td, J = 8.5, 1.5 Hz, 1H), 7.34 (d, J = 8.5
Hz, 1H), 7.19 (t, J = 7.7 Hz, 1H), 4.89 (m, 1H), 4.42 (brs, 1H), 2.50-2.45 (m, 4H),
1.96-1.65 (m, 8H), 1.46-1.25 (m, 8H); *C NMR (75 MHz, CDCls) & 162.3, 150.4,
140.5, 134.2, 129.2, 122.3, 116.8, 113.9, 58.1, 54.8, 29.1, 28.8, 26.6, 26.5, 25.4, 25.3;
IR (thin film) v 2931, 2855, 1703, 1659, 1608, 1481, 1375, 1309, 759 cm-1; HRMS
(ESI) m/z: [M+Na]+ calcd. for CoH26N20, 349.1892, found 349.1893.

MeoCﬁ‘NLiO()
O

63b
C21H2gN203
M.W. = 356.4586 g/mol
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1,3-dicyclohexyl-6-methoxyquinazoline-2,4(1H,3H)-dione (63b). Prepared
according to general procedure A from 2-iodo-5-methoxybenzoic acid (61b) and
N,N'-methanediylidenedicyclohexanamine (62a). The residue was purified by column
chromatography (5:1 hexanes:EtOAc) to give 63b as a light yellow solid (119.4 mg,
67%). *H NMR (300 MHz, CDCl3) & 7.63 (d, J = 3.0 Hz, 1H), 7.29 (s, 1H), 7.18 (dd,
J=9.2, 3.0 Hz, 1H), 4.87 (m, 1H), 4.40 (brs, 1H), 3.84 (s, 3H), 2.53-2.41 (m, 4H),
1.93-1.64 (m, 10H), 1.46-1.22 (m, 6H); *C NMR (75 MHz, CDCls) 6 162.2, 154.8,
150.3, 134.6, 123.2, 117.5, 115.7, 109.9, 58.1, 55.8, 55.0, 29.2, 28.8, 26.6, 26.5,
25.4, 25.3; IR (thin film) v 2932, 2854, 1698, 1657, 1503, 1474, 1367, 1311, 1262,
754 cm-1; HRMS (ESI) m/z: [M+Na]+ calcd. for C,;H2sN,0O3; 379.1998, found

379.1997.
o) /O
o8
MeO go

63c
C21H2gN203
M.W. = 356.4586 g/mol

1,3-dicyclohexyl-7-methoxyquinazoline-2,4(1H,3H)-dione (63c). Prepared
according to general procedure A from 2-iodo-4-methoxybenzoic acid (61c) and N,N'-
methanediylidenedicyclohexanamine (62a). The residue was purified by column
chromatography (4:1 hexanes:EtOAc) to provide 63c as a white solid (137.3 mg,
77%). *H NMR (300 MHz, CDCls) & 7.36 (d, J = 2.5 Hz, 1H), 7.16 (d, J = 8.5 Hz,
1H), 6.89 (dd, J = 8.5, 2.5 Hz, 1H), 3.81 (s, 4H), 3.52 (m, 1H), 2.05-1.67 (m, 9H),
1.34-1.02 (m, 9H); **C NMR (75 MHz, CDCls) § 170.5, 160.0, 153.1, 135.2, 127.1,
124.5, 113.6, 92.7, 57.7, 55.4, 49.3, 32.1, 30.5, 26.0, 25.2, 25.0, 24.4; IR (thin film) v
2931, 2855, 1698, 1648, 1592, 1515, 1228, 1024, 755 cm-1; HRMS (ESI) m/z:
[M+H]+ calcd. for C;1H2sN,03 357.2178, found 357.2177.
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63d
CooH3N204
M.W. = 386.4846 g/mol

1,3-dicyclohexyl-6,7-dimethoxyquinazoline-2,4(1H,3H)-dione  (63d).  Prepared
according to general procedure A from 2-iodo-4,5-dimethoxybenzoic acid (61d) and
N,N'-methanediylidenedicyclohexanamine (62a). The residue was purified by column
chromatography (3:1:1 hexanes:EtOAc:acetone) to provide 63d as a white solid
(112.1 mg, 58%). *H NMR (300 MHz, CDCl3) & 7.59 (s, 1H), 6.79 (s, 1H), 4.89 (m,
1H), 4.45 (m, 1H), 3.99 (s, 3H), 3.93 (s, 3H), 2.54-2.41 (m, 4H), 1.97-1.65 (m, 10H),
1.50-1.20 (m, 6H); *C NMR (75 MHz, CDCls) & 161.9, 154.3, 150.9, 145.1, 135.9,
109.3, 97.4, 56.2, 54.9, 29.4, 28.9, 26.6, 26.5, 25.5, 25.4; IR (thin film) v 2932, 2856,
1704, 1660, 1608, 1481, 1455, 1374, 1310, 1218, 759 cm-1; HRMS (ESI) m/z
[M+H]+ calcd. For C2H3oN20,4387.2284, found 387.2285.

ot
O

63e
CooHasN304
M.W. = 371.4302 g/mol

1, 3-dicyclohexyl-6-nitroquinazoline-2, 4(1H, 3H)-dione (63¢). Prepared according
to general procedure A from 2-iodo-5-nitrobenzoic acid (61le) and N,N'-
methanediylidenedicyclohexanamine (62a). The residue was purified by column
chromatography (10:1 hexanes:EtOAc) to provide 63e as a white solid (40.8 mg,
22%). 'H NMR (300 MHz, CDCls) & 9.05 (d, J = 2.7 Hz, 1H), 8.42 (dd, J = 9.3, 2.7
Hz, 1H), 7.45 (d, J = 9.3 Hz, 1H), 4.87 (m, 1H), 4.48 (brs, 1H), 2.54-2.39 (m, 4H),
1.99-1.67 (m, 8H), 1.51-1.20 (m, 8H); *C NMR (75 MHz, CDCls) & 160.6, 150.0,
144.7, 142.3, 128.8, 125.7, 116.9, 145.0, 59.2, 55.6, 29.2, 28.7, 26.5, 26.3, 25.3, 25.2;
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IR (thin film) v 2932, 2855, 1670, 1612, 1510, 1327, 745 cm-1; HRMS (ESI) m/z:
[M+H]+ calcd. for CyoH25N304 372.1923, found 372.1925.

o
O

63f
CooH25N304
M.W. = 371.4302 g/mol

1,3-dicyclohexyl-7-nitroquinazoline-2,4(1H,3H)-dione (63f). Prepared according to
general procedure A from 2-iodo-4-nitrobenzoic acid (61f) and N,N'-
methanediylidenedicyclohexanamine (62a). The residue was purified by column
chromatography (9:1 hexanes:EtOAC) to provide 63f as a white solid (12.9 mg, 7%).
'H NMR (300 MHz, CDCls) & 8.37 (d, J = 8.6 Hz, 1H), 8.23 (s, 1H), 7.98 (dd, J =
8.6, 1.7 Hz, 1H), 4.92-4.81 (m, 1H), 4.49 (brs, 1H), 2.54-2.38 (m, 4H), 1.99-1.63 (m,
10H), 1.55-1.31 (m, 6H); *C NMR (75 MHz, CDCls) & 160.7, 151.3, 150.1, 140.9,
130.9, 120.8, 116.3, 109.7, 58.8, 55.6, 29.1, 28.7, 26.4, 26.3, 25.2, 25.1; IR (thin film)
v 2933, 2857, 1713, 1667, 1621, 1595, 1538, 1456, 1348, 1214, 835 cm-1; HRMS
(ESI) m/z: [M+Na]+ calcd. For CyoH2sN304 394.1743, found 394.1740.

o
O

63g
C20HZSBFN202
M.W. = 405.3287 g/mol

6-bromo-1, 3-dicyclohexylquinazoline-2, 4(1H, 3H)-dione (63g). Prepared
according to general procedure A from 5-bromo-2-iodobenzoic acid (61g) and N,N'-
methanediylidenedicyclohexanamine (62a). The residue was purified by column
chromatography (10:1 hexanes:EtOAc) to provide 63g as a white solid (149.9 mg,
74%). 'H NMR (300 MHz, CDCls) & 8.30 (d, J = 2.5 Hz, 1H), 7.66 (dd, J = 9.0, 2.5



40

Hz, 1H), 7.22 (d, J = 9.0 Hz, 1H), 4.91-4.80 (m, 1H), 4.34 (brs, 1H), 2.50-2.39 (m,
4H), 1.96-1.65 (m, 9H), 1.44-1.25 (m, 7H); **C NMR (75 MHz, CDCls) & 161.1,
150.2, 139.4, 136.9, 131.6, 118.4, 115.9, 115.1, 58.4, 55.2, 29.1, 28.8, 26.5, 26.4,
25.3,25.2; IR (thin film) v 2933, 2855, 1704, 1659, 1600, 1486, 1455, 895, 750 cm-1;
HRMS (ESI) m/z: [M+Na]+ calcd. For CzoH25N20,Br 427.0997, found 427.0996.

o
O

63h
C,oH25CIN,O,
M.W. = 360.8777 g/mol

7-chloro-1,3-dicyclohexylquinazoline-2,4(1H,3H)-dione (63h). Prepared according
to general procedure A from 4-chloro-2-iodobenzoic acid (61h) and N,N'-
methanediylidenedicyclohexanamine (62a). The residue was purified by column
chromatography (5:1 hexanes:EtOAc) to provide 63h as a white solid (120.8 mg, 67
%). 'H NMR (300 MHz, CDCls) & 8.12 (d, J = 8.4 Hz, 1H), 7.30 (s, 1H), 7.16 (dd, J =
8.4, 1.6 Hz, 1H), 4.86 (m, 1H), 4.30 (brs, 1H), 2.50-2.38 (m, 4H), 1.96-1.64 (m, 10H),
1.50-1.20 (m, 6H); **C NMR (75 MHz, CDCls) & 161.5, 150.3, 141.3, 140.6, 130.7,
122.8, 115.2 114.1, 58.5, 55.0, 29.1, 28.8, 26.5, 26.4, 25.3, 25.2; IR (thin film) v
2933, 2856, 1707, 1662, 1603, 1456, 1362, 1345, 1299, 1216, 756 cm-1; HRMS (ESI)
m/z: [M+H]+ calcd. For CyoH2sN,0,Cl 361.1683, found 361.1685.

0 /O
"0

63i
C21H2gN205
M.W. = 340.4592 g/mol

1,3-dicyclohexyl-8-methylquinazoline-2,4(1H,3H)-dione (63i). Prepared according
to general procedure A from 2-iodo-3-methylbenzoic acid (61i) and N,N'-

methanediylidenedicyclohexanamine (62a). The residue was purified by column
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chromatography (10:1 hexanes:EtOAc) to provide 63i as a white solid (136.2 mg,
80%). *H NMR (300 MHz, CDCls) & 7.96 (d, J = 7.6 Hz, 1H), 7.43 (d, J = 7.6 Hz,
1H), 7.14 (t, J = 7.6 Hz, 1H), 4.72-4.62 (m, 1H), 3.63-3.53 (m, 1H), 2.50-2.38 (m,
7H), 1.88-1.85 (m, 6H), 1.69-1.66 (m, 4H), 1.46-1.29 (m, 6H); **C NMR (75 MHz,
CDCl3) ¢ 163.0, 152.8, 143.1, 138.0, 126.4, 126.1, 123.4, 120.3, 65.4, 55.0, 30.7,
28.9, 26.8, 26.4, 25.4, 25.2, 20.8; IR (thin film) v 3019, 2932, 2855, 1704, 1667,
1592, 1486, 1412, 1367, 1340, 1294, 1198, 1096, 896 cm-1; HRMS (ESI) m/z
[M+Na]+ calcd. For C,1H25N20, 363.2048, found 363.2048.

e
PN

63j
C14H1gN20,
M.W. = 246.3049 g/mol

1,3-diisopropylquinazoline-2,4(1H,3H)-dione (63j). Prepared according to general
procedure A from 2-iodobenzoic acid (61a) and N,N’-methanediylidenedipropan-2-
amine (62b). The residue was purified by column chromatography (2:1
hexanes:EtOAC) to provide 63j as a white solid (73.8 mg, 60 %). *H NMR (300 MHz,
CDCl) 6 8.22 (dd, J = 7.9, 1.5 Hz, 1H), 7.60 (td, J = 7.9, 1.5 Hz, 1H), 7.33 (d, J = 7.9
Hz, 1H), 7.20 (t, J = 7.9 Hz, 1H), 5.31 (m, 1H), 5.05 (brs, 1H), 1.62 (s, 3H), 1.60 (s,
3H), 1.54 (s, 3H), 1.51 (s, 3H); **C NMR (75 MHz, CDCls) § 162.2, 150.3, 140.0,
134.2, 129.2, 122.3, 116.7, 114.0, 48.5, 46.4, 19.8, 19.5 cm-1; IR (thin film) v 2969,
2935, 1705, 1661, 1610, 1483, 1368, 1313, 1231, 762 cm-1; HRMS (ESI) m/z:
[M+H]+ calcd. For C14H1sN,0,247.1447, found 247.1448.

o
O

63k
C20H14N20;
M.W. = 314.3374 g/mol



42

1,3-diphenylquinazoline-2,4(1H,3H)-dione (63k). Prepared according to general
procedure A from 2-iodobenzoic acid (61a) and N,N’-methanediylidenedianiline
(62c). The residue was purified by silica column chromatography (5:1
hexanes:EtOAc) to provide 63k as a white solid (37.7 mg, 24 %). 'H NMR (300
MHz, CDCls) & 8.29 (d, J = 7.8 Hz, 1H), 7.67-7.25 (m, 12H), 6.64 (d, J = 7.8 Hz,
1H); *C NMR (75 MHz, CDCls) & 162.1, 150.8, 141.8, 136.3, 135.2, 135.0, 130.3,
129.4, 129.3, 129.1, 129.0, 128.7, 128.5, 123.4, 120.8, 115.6 cm-1; IR (thin film) v
3267, 3065, 2927, 2857, 1716, 1674, 1608, 1494, 1476, 1382, 1318, 1235, 1207,
1152, 1024, 755, 693 cm-1; HRMS (ESI) m/z: [M+Na]+ calcd. For CyH14N,0,
337.0953, found 337.0954.

c@?

C16H14N20;
M.W. = 266.2946 g/mol

1-ethyl-3-phenylquinazoline-2,4(1H,3H)-dione (63l). Prepared according to general
procedure A from 2-iodobenzoic acid (61a) and N-((ethylimino)methylene)aniline
(62d). The residue was purified by column chromatography (4:1 hexanes:EtOAc) and
then 1:1, 1:2 Hexanes:CH,Cl, to provide 63| as a white solid (35.9 mg, 27 %).
'H NMR (300 MHz, CDCl3) & 8.27 (dd, J = 6.7, 1.2 Hz, 1H), 7.74-7.68 (m, 1H), 7.55-
7.43 (m, 4H), 7.41-7.27 (m, 3H), 4.22 (q, J = 7.1 Hz, 2H), 1.38 (t, J = 7.1 Hz, 3H);
3¢ NMR (75 MHz, CDCl3) 8 161.8, 150.5, 139.8, 135.5, 135.3, 129.4, 129.2, 128.5,
128.3, 122.8, 116.0, 113.5, 38.8, 12.4; IR (thin film) v 1704, 1682, 1654, 1605, 1479,
1396, 1296, 762 cm-1; HRMS (ESI) m/z: [M+Na]+ calcd. For C16H14N,0; 289.0953,
found 289.0951.
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1.4.4 Synthesis of N-cyclohexyl-N-(cyclohexylcarbamoyl)-2-iodobenzamide (64a)

General Procedure B: Synthesis of N-cyclohexyl-N-(cyclohexylcarbamoyl)
-2-iodobenzamide (64a).

o) I o o
@f‘\OH NJ\N
| * CyTN=CEN=Cy T o MDwmso, © "
61a 62a 90°C,2h
64a

The reaction of 2-iodobenzoic acids (61la) and N,N'-methanediylidenedicyclo-
hexanamines (62a) is representative: A round bottom flask was added with 2-
iodobenzoic acids (61a) (0.50 mmol) and N,N'-methanediylidenedicyclohexanamine
(62a) (1.0 mmol) in DMSO (2.5 mL). The reaction mixture was allowed to stir at 90
°C for 2 hours. After completion of reaction, the colorless reaction mixture was
cooled to room temperature, quenched with 1M HCI, extracted with EtOAc, and
DMSO was moved by distilled water. The combined organic layers were dried over
anhydrous Na,SO,, filtered and concentrated. The residue was purified by column

chromatography (4:1 hexanes:EtOAC) to provide 64a as a white solid (80% yield).

64a
Ca20H27IN2O,

M.W. = 454.3451 g/mol
N-cyclohexyl-N-(cyclohexylcarbamoyl)-2-iodobenzamide (64a). Prepared
according to general procedure B from 2-iodobenzoic acid (6la) and N,N'-
methanediylidenedicyclohexanamine (62b). White solid was obtained. *H NMR (300
MHz, CDCl3) 6 7.83 (d, J = 7.8 Hz, 1H), 7.38 (t, J = 7.8 Hz, 1H), 7.25 (d, J = 7.8 Hz,
1H), 7.10 (t, J = 7.8 Hz, 1H), 3.83 (brs, 1H), 3.51 (brs, 1H), 2.03-1.59 (m, 10H), 1.33-

1.02 (m, 10H); *C NMR (75 MHz, CDCls) § 170.7, 153.2, 143.0, 139.2, 130.6,
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128.3, 126.6, 92.6, 57.9, 49.7, 32.3, 30.8, 26.3, 25.5, 25.3, 24.7; IR (thin film) v 2931,
2855, 1698, 1684, 1522, 1226, 1153, 1051, 756 cm-1: HRMS (ESI) m/z: [M+Na]+
calcd. for CooH27IN>O, 477.1015, found 477.1014.
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CHAPTER 2

Synthesis of Imidazolidinones from a-Chloroaldoxime

O-Methanesulfonates and Secondary Amine

2.1 INTRODUCTION
2.1.1 Introduction

0

A

HN™ "NH
J/

Imidazolidinone 71

Imidazolidinone 71 is an interesting heterocyclic compound consisting of urea
moiety in the structure. It is an important building block that is found in many natural
products. Examples of natural products containing imidazolidinone moiety are shown
in Figure 4. Slagenin B (72) and C (73) were extracted from the Okinawan marine
sponge Agelas nakamurai and exhibited against marine leukemia L1210 cell in vitro
with 1Cs values of 7.5 and 7.0 pg/mL, respectively (Tsuda et al., 1999). Moreover,
agelastatin A (74), isolated by Pietra and co-worker in 1994 from the deep water
marine sponge Agelas dendromorpha, inhibited cancer cell proliferation in human
bladder, skin, colon and breast carcinomas (Hama et al., 2009). In addition,
Spironaamidine (75) was isolated from the marine sponge Leucetta microraphis and

showed antimicrobial activity against Bacillus cereus (Nagasawa et al., 2011).

Figure 4 Examples of natural imidazolidinones

OH ,CHs

TBW Y UW Qr >=o
BCH,8 OCH3

Slagenin B (72) Slagenin C (73) Agelastatm A (74)
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Figure 4 Examples of natural imidazolidinones (continued)

Spironaamidine (75)

Furthermore, many synthetic imidazolidinones were found in biologically
active drugs. They exhibited a variety of medicinal properties. Some of them were
shown in Figure 5. Imidazolidin-2-one 76 was a potent inhibitor of human platelet
aggregation (Barraclough et al., 1991). Imidapril (77) was used in a treatment of
cardiovascular diseases (Hosoya et al., 2002). 4,4-Disubstituted-2-imidazolidinone 78
exhibited potent neurokinin 1 (NK;) which was applied in a treatment of emesis
(Reichard et al., 2003). (S)-1-(1-(4-Aminobenzoyl)indolin-6-ylsulfonyl)-4-phenyl-
imidazolidin-2-one (79) displayed anticancer activity against human colorectal
adenocarcinoma cell lines (Lee et al., 2014). In addition, imidazolidinone 80 showed
high activity against enterovirus E71 (Chang et al., 2005). Compounds 81 and 83
were reactive against promastigote and amastigote of Leishmania mexicana.
Moreover, these compounds and their analogues, such as 82 and 84, showed activity
of antileishmanial (Robert et al., 2003).

Figure 5 Examples of synthetic imidazolidinones

o} OH HsC 0 Ph

HN/U\N \N’/( H
ey K_/NW]A'N oH
5COMH HOZé o " 9

76 Imidapril (77)
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Figure 5 Examples of synthetic imidazolidinones (continued)
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Because of their biological activities, many research groups were interested in
the development of the imidazolidinone synthesis. In 2017, Marchegiani and co-
worker reported one-pot synthesis of the imidazolidinone derivatives. 5-
Methyleneimidazolidin-2-ones 87 were prepared from propargylamines 85, primary
amines 86, and carbon dioxide (CO;) with bicyclic guanidines 88 as a catalyst under

solvent-free and mild conditions (Scheme 24) (Marchegiani et al., 2017).

The possible formation pathway was proposed in two pathways. Firstly, the
primary propargylamines 85 reacted with CO, to provide the carbamate intermediate
XX which underwent in situ dehydration to give isocyanates XXI. Then, the excess of
primary amines 86 reacted with the isocyanates XXI to provide acyclic urea XXII,
followed by cyclization to afford target products 87. The second pathway involved the
formation of oxazolidinone XXIII from secondary propargylamines 85, and CO; to
give the desired product 87. After that the oxazolidinone XXIII reacted with access

primary amine 86.
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Scheme 24 The synthesis of 5-methyleneimidazolidin-2-ones derivatives 87

1 1
R 10 mol% TBD
NHR® * CO; + RNH, — >
/ ? 2 P=7MPa
R? 85 86 T=100°C,24h

R!' R'O 1 R? R*NH,

R R
e TBD 88 86 M gt
=c=0 ——> N” N
N" "0 = N=C=0 Z H H

A
H +  -H0
XX TBDH R? XXI XXII

R2

3_
Pathway | R*=H l
TBD 88, CO,

o) o)
R32 H rRL M R*NH, R% )L _R*
R1 R1 N O N N
TBD 88, CO, W 86 ; \
2 R
NHR3 — R R S 1 2
2/ Pathway Il R -H0 ) §
R 85 XXl 87

Some research groups prepared the substituted imidazolidin-2-one derivatives
by using metal catalysis. In 2006, Fritz and co-workers reported the synthesis of
imidazolidin-2-ones 93 via Pd-catalyzed carboamination in two steps. They started
the synthesis from N-allylamines 89. Addition of the amines 89 to isocyanates 90
provided N-allylureas 91. Then N-ayllyureas 91 were converted to corresponding
products 93 via Pd-catalyzed cascade coupling with allyl bromide 92 (Scheme 25)
(Fritz et al., 2006).

Scheme 25 The synthesis of imidazolidin-2-ones 93 via Pd-catalyzed carboamination

of N-allyureas 89

1.2 equiv. ArBr 92
1 mol% Pdy(dba);

o O
2 mol% Xantphos
1 1 3 ! R3
RSNH 1.0-1.4 equiv. R3NCO 90 R \NJ\N'R 1.2 equiv. NaO'Bu R \NJ\N/
- H
CH,Cl toluene, 110 °C, \_k'/Rz

| | 30 min-8h A

2 2 r
gg R 91 R 93

(79-94%) (35-97%)
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In addition, the synthesis of imidazolidinone derivatives 95 and 97 were prepared
from allylbenzoyloxy ureas 94 and 96 via iron-catalyzed intramolecular amino-
oxygenation that was reported by Prestat and co-worker in 2018 (Scheme 26) (Manick et

al., 2018). The imidazolidiones 95 could be obtained from two plausible mechanisms.

The first pathway involved the generation of singlet nitrene iron (1) species
XXI1V followed by the formation of aziridine intermediate XXV. The intermediate
XXV underwent Sn2 type ring opening to give desired product. The second pathway
involved the formation of triplet nitrene iron (I1l) species XXVI, followed by a
generation of short-lived carboradical species XXVII. The intermediate XXVII
underwent oxidation to provide carbocationic intermediate XXVIII followed by an
addition of nucleophile to give the desired imidazolidinone.

Scheme 26 The preparation of imidazolidinone derivatives 95 and 97 from allylbenzoyloxy

urea derivatives 94 and 96 via iron-catalyzed intramolecular amino-oxygenation

X Ji§
RZ LO__R! R2
NN Fe(OAc), 10 mol% SNTONH
KLH 0 Phenanthroline 20 mol% Ar
| . 100 °C, 18 h, CH,CN O\n/R1
o)
94 95
(45-76%)
X Ji§
RZ _O__R' R2
N" N Fe(OAc), 10 mol% N7 ONH
24 e} Phenanthroline 20 mol% o
R3 R? R4 R'
| 100 °C, 18 h, CHsCN R
RS RO R®Re O
97
% (34-75%)
Pathway |
o o
Fel(Oro) RZ\NJ\N_Fe'V X “Fe! R2‘N)j\Nﬁ
AN —— H
\ \ &
% /D\
’ | H Q..Ar
.
1 w T SRy
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NN o} R
N \[c]; XXIV XXV \N)LNH
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I, o AT Ar +
XXVI XXVII XXVl
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From literature reviews, we found that many reactions were catalyzed with
metal catalysts. Some methods were hard to handle and the cost of catalysts was
expensive so we were interested in development of a new method to synthesize
imidazolidinones. Recently, our research group reported the synthesis of trisubstituent
ureas 100 from a-chloroaldoxime O-methanesulfonates 98 and secondary amines 99
via Tiemann rearrangement (Scheme 27) (Kaeobamrung et al., 2013).

Scheme 27 The trisubstituent ureas synthesis via Tiemann rearrangement

30 mol% DMAP

3
\-OMs § 2.0 equiv. H,0 H E
A “R3 2.0 equiv. Cs,CO4 1- N
iyt LR RS
= 0.2 M CH,Cl, o] =
98 99A r, 16-20 h 100A
(47-95%)
50 mol% TMEDA
N,OMs 2.0 equiv. H,O H C|H3 Z A g2
_CH i N__N
Jl\ . b N 3 2.0 equiv. K,CO3 R \ﬂ/ S
Rl R H >
= 0.5 M DMSO o]
98 998 40°C, 15-18h 1008
(25-86%)

Interestingly, the structure of products consists of the urea moiety in the
structure. This method could be further applied to accomplish an imidazolidinone.
We designed the coupling partner of a-chloroaldoxime O-methanesulfonate 98 in
which a secondary amine 99 should have a suitable electrophile moiety that can form
cyclic urea after the formation of trisubstituted urea. A secondary amine 101 bearing
a,f-unsaturated ester moiety would be a potential coupling partner of a-
chloroaldoxime O-methanesulfonates 98 for the synthesis of imidazolidinone 102. We
planed that O-methanesulfonates 98 reacted with the secondary amine 101 and water
to generate trisubstituted urea intermediates 103 via Tiemann rearrangement. Then
intramolecular cyclization of the intermediates 103 provided corresponding

imidazolidinones 102 (Scheme 28).
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Scheme 28 Synthesis plan of imidazolidinone derivatives via Tiemann rearrangement

follow by intramolecular cyclization

intramolecular »\H\—J

0}
cyclization /\O

H o i /©/O\
Tiemann R
-OMs /©/N\/\)J\O/\ rearrangement \N)LN
¥
o
1

98 101 02

O
i ) R
N N\NI\O/\ Tiemann ‘H N

)l\ * rearrangement
" e o H,0, Cat., b |
08 101 20, Cat,, base o
L OEt

trisubstituted urea 103

cyclization
L™
N

R\
N
o) QJ
>_
0
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2.1.2 Objective

To accomplish the synthesis of imidazolidinones from a-chloroaldoxime O-
methanesulfonates and secondary amines via Tiemann rearrangement and

intramolecular cyclization.



52

2.2 RESULTS AND DISCUSSION

We started investigation for the synthesis of imidazolidinones 102a with
optimization of the reaction by using O-methanesulfonates 98a and unsaturated
aromatic amine 101 as model substrates. The optimization reaction involved catalyst,
bases, solvents and temperatures. (Table 4).

Table 4 The screening of catalysts®

N,OMS y o 10 O
| 30 mol% catalyst
©)\CI /©/ NNJ\O/\ 2.0 equiv. H,0 NJ\N
+
o
98a 101

_ (e}
Cs,CO03, CH,Cly,

rt, 18h. /\O 102a
Entry Catalysts %Yield
of 102a°

1 DMAP 48

2 DABCO tracec
3 Imidazole 0°
4 - 0°

% Reaction conditions: all reactions were performed with 0.2 mmol of 98a,
1.2 equiv. of 101, 2.0 equiv. of H,O, 2.0 equiv. of base and 1.00 mL of
solvent, for 18 h.

® 1solated yield, © From *H NMR spectrum of the crude reaction mixture.

Initially, a variety of common organic catalysts were explored. The 30 mol%
of DMAP was loaded in the reaction to give the target product in 48% vyield (Table 4,
entry 1). Other common nucleophilic catalysts such as DABCO and imidazole were
tested. The reaction with DABCO provided trace amount of the desired product
(Table 4, entry 2). Moreover, we did not obtain the imidazolidinone when imidazole
was used as a catalyst in the reaction. Instead, we observed a remaining starting
materials from a *H NMR spectrum of the crude reaction mixture (Table 4, entry 3).

The results showed that DMAP was the most reactive catalyst and suitable for the
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reaction. The control experiment with no catalyst was tested. Without a catalyst, the

reaction gave 0% yield of the product (Table 4, entry 4).

Table 5 The study of solvent effect®

_OMs
) 13
saRUcAese
+
o
98a 101

30 mol% DMAP
2.0 equiv. H,O
—_—
Cs,COs3, solvent,

S ¥en

102a

Entry Solvent % Yield
of 102a°
1 CH.CI, 48
2 THF 38
3 CH3CN 10
4 DMSO 0°
5 t-BuOH 38
6 toluene 30
% Reaction conditions: all reactions were performed with 0.2 mmol of 98a,
1.2 equiv. of 101, 2.0 equiv. of H,0, 2.0 equiv. of base and 1.00 mL of solvent,
for 18 h.
®Isolated yield., © From *H NMR spectrum of the crude reaction mixture.

Next, we explored the effect of solvent in the reaction. Firstly, we started with
polar aprotic solvent such as CH,Cl,, THF, CH3CN, and DMSO. Both CH,ClI, and
THF provided the desired product in moderated yields, 48% and 38%, respectively
(Table 5, entries 1 and 2). On the other hand, CH3CN and DMSO, high polarity

solvents, provided the low and no yield of product, respectively (Table 5, entries 3

and 4). Interestingly, moderate yield of product was obtained when t-BuOH was used

(Table 5, entry 5). In addition, with toluene as a non polar solvent, the desired

product was obtained in 30% yield (Table 5, entry 6). From these results, highly polar

solvents were not suitable for the reaction except for t-BuOH. We hypothesized that
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the solubility of substrates was a crucial key of the reaction. Therefore, the optimal

solvent for the reaction was CH,Cl».

Table 6 The screening of bases®

_.OM
T S
©)\CI /Q/NMQ
+
o
98a 101

30 mol% DMAP

"N 2.0equiv. H,0

Sy Sen
Q '\ J

base, CH,Cl,,
rt, 18 h /\O 102a
Entry Base %VYield
of 102a°
1 Cs,CO4 48
2 K2CO3 46
3 K3PO, 36
4 t-BuUOK Trace®
5 NEt; Trace®
6 - Oc
# Reaction conditions: all reactions were performed with 0.2 mmol of 98a,
1.2 equiv. of 101, 2.0 equiv. of H,O, 2.0 equiv. of base and 1.00 mL of
solvent, for 18 h.
®|solated yield., ¢ From *H NMR spectrum of the crude reaction mixture.

Next, we moved to focus on a variety of bases. Cs,CO;z provided the

corresponding product in 48% vyield (Table 6, entry 1). K,CO3 and K3PO, were also

explored in the optimization. The yields decreased to 46 % and 36%, respectively

(Table 6, entries 2 and 3). Changing base to t-BuOK provided trace amount of target

product (Table 6, entry 4). NEt; was not suitable to the reaction giving trace amount

of imidazolidinone (Table 6, entry 5). Lastly, the absence of base gave no a product.

The remaining starting materials were observed from *H NMR spectrum of the crude

reaction mixture (Table 6, entry 6). From above experiments, the optimal base was

Cs,COs.
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Table 7 The study of temperature and solvents®

_— O
CSzCOS, CH2C|2,
temp., 18 h /0 102a

Nl/owls H 9 30 mol% DMAP @\ )OJ\ /©/O\
(]
©)\C| /@/NNJ\O/\ 2.0 equiv. H,0 N” N
+
o
98a 101

Entry Solvent Temp. %VYield
of 102a°

1 CH,Cl, rt 48

2 CH,CI, 40 °C 59

3 THF 40 °C 36

4 t-BuOH 40 °C 43

# Reaction conditions: all reactions were performed with 0.2 mmol of 98a,
1.2 equiv. of 101, 2.0 equiv. of H,0, 2.0 equiv. of base and 1.00 mL of solvent,
for 18 h.

® 1solated yield., ¢ From *H NMR spectrum of the crude reaction mixture.

We also interested in the effect of temperature. We tested the reaction based
on the optimal solvent, CH,Cl,, in which at room temperature the yield of product
was obtained in 48% (Table 7, entry 1). Then, increasing temperature to 40 °C the
yield was increased to 59% (Table 7, entry 2). At 40 °C, THF and t-BuOH were also
gave moderate yield of product (Table 7, entries 3 and 4). Based on the results of
optimization, we summarized that the suitable conditions were 1.2 equivalents of
amine 101, 30 mol% of DMAP as a catalyst, 2.0 equivalents of H,0, 2.0 equivalents
of Cs,COs, in CH,CI, at 40 °C for 18 hours (Scheme 29 ).

Scheme 29 The optimal conditions for the imidazolidinones synthesis

NI/OMS y o Q JOL O\
30 mol% DMAP [ ]
cl NV\)J\O/\ 2.0 equiv. H,0 N~ N
+ o \/
~o 2.0 equiv. Cs,CO3,
CH,Cl,, 40 °C, 18 h o
98a 101 2v2 /T 102a
(59%)
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With the optimal conditions in hand, we next investigated the scope of
substrates for imidazolidinone synthesis. We focused on a variety of a-
chloroaldoxime O-methanesulfonates 98.

Table 8 The formation of imidazolidinones 102 from chloroaldoxime derivatives 98

and secondary amine 101%

O Q °
H 30 mol% DMAP /©/ h
R
N/OMS /@/N\/\)J\O/\ 2.0 equiv. H,0 \NJLN
1

A - 9
Rl ~o 2.0 equiv. Cs,COs3, )\H
98 101 CH,Cl, 40°C, 18h  /~0O 02
Yield
Entry Chloroaldoxime Imidazolidinone (%)"
N,OMs o O\
| X
1 Cl N N 59
o)
98a
/O 102
NOMS | Hsco 0 SN
! A
2 cl N: ) 31
O
/—O 102b

N,OMS Br O o\
| X
3 /Q/% NN 42
Br 98¢

/—O>_ 102¢c

NOMS | Hyco,c o EN
| LT
0 }J
H3CO,C 98d

/—O 102d
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Table 8 The formation of imidazolidinones 102 from chloroaldoxime derivatives 98
and secondary amine 101% (continued)

ZT

> o]
2.0 equiv. Cs,COs3, )\.)_J

CH,Cly, 40°C,18h  /~0O

o 7 o~
30 mol% DMAP R /©/
N-OMs /@/ \/\)J\o/\ 2.0 equiv. H,O \N)LN
+
~o
1

98 101 02

Yield
Entry Chloroaldoxime Imidazolidinone (%)"
N,OMs oZN\©\ )OJ\ /©/O\
|
cl N N
5 /(j/k o 58
ON 98e —
/O 102
.OMs O:N
N
| sV Nen
6 cl o 50
98f Oﬁ
NO,
O 0
N,OMS )OL /@O\
7 A~ A ~"N N 4
989 2
/—O 102g
& Reaction conditions: 98 (0.8 mmol), 101 (0.96 mmol).
® Isolated yield.

Firstly, unsubstituent a-chloroaldoxime O-methanesulfonates 98a gave
moderate yield of corresponding imidazolidinone with (E)-ethyl 4-(4-
methoxyphenylamino)but-2-enoate (101) (Table 8, entry 1). The aryl group bearing
electron-donating substituent such as methoxy group provided low yield of product
102b in 31% (Table 8, entry 2). Furthermore, the target product 102c was obtained in

moderate yield when bromo-substituted chloroaldoxime 98c was used (Table 8, entry
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3). Ester-substituted chloroaldoxime 98d provided good yield of the product (Table 8,
entry 4). Nitro-substituted chloroaldoximes were applicable to the reaction. The 4-
and 3-nitro substituted chloroaldoximes 98e, 98f gave the corresponding products in
58% and 50% yield, respectively (Table 8, entries 5 and 6). Based on these results,
electron density on aromatic ring of chloroaldoxime 98 played an important role for
the formation of target product. Interestingly, chloroaldoxime containing alkyl group
such as N-(methylsulfonyloxy)-butyrimidoyl chloride 98g provided the
imidazolidinone 102g in the very low yield (Table 8, entry 7). A major product was
trisubstituted urea 104 (Scheme 30).

Scheme 30 The synthesis of imidazolidinone 102g under optimal conditions

OCH;

(] — +
2.0 equiv. Cs,CO3, O
CH,CI,, 40 °C, 18 h [e] 102g 104

/_ major product

_.OMs H Q mol% i /© O
IS oy B T
98g 101
Next, we turn our interest to the plausible mechanism of the imidazolidinone
synthesis. From the results of optimal conditions and substrate scope study, we
suggested that the desired product was synthesized through trisubstituted urea
intermediate 103 based on the results obtained by our research group (Kaeobamrung

et at., 2013), then followed by an intramolecular cyclization via Michael addition of
the urea intermediate 103 (Scheme 31).

Scheme 31 The possible pathway of the imidazolidinone formation

OMe
OMs H 0 i ©/ j\ OMe
N~ i
N R. intramolecular
)l\ * \/\)J\OEt H20, Cat. N™ °N cyclization RN
R cl — H — o
eO’ |
(@]
OEt

98 M 101 base

EtO
102

trisubstituted urea 103



59

2.3 CONCLUSION

We completed the synthesis of imidazolidinone derivatives from a-
chloroaldoxime O-methanesulfonate and secondary aryl amine under mild conditions
and simple method in one pot fashion. The substrate scopes study showed the variety
of O-methanesulfonate with different type of substituted group on aromatic ring such
as electron donating group which provided the imidazolidinone in a low yield, and the
moderate yield of desired product with halogen group. In contrast, the O-
methanesulfonates with electron withdrawing groups on aromatic ring afforded good
yields of products. Unfortunately, a-chloroaldoxime O-methanesulfonate with alkyl
substitutent gave a very low vyield of target product. The formation of
imidazolidinones involved the generation of trisubstituted urea intermediates, and

subsequent intramolecular cyclization.

Me

(0]
(@) (@] O OMe
N N R. intramolecular
B + \/\)I\OEt H,0, Cat. HJ\N cyclization R‘NJLN

R™ “CI — —> 0
MeO base | ‘S

a-Chloroaldoxime (E)-ethyl 4-(4-methoxy- (o] EtO

O-methane- phenylamino)but-3-enoate Imidazolidinone
OEt

sulfonate
trisubstituted urea
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2.4 EXPERIMENTAL

2.4.1 General Information

Dichloromethane (CH,Cl,) was used for reaction from commercial AR grade
solvent. Solvents for extraction and column chromatography were distilled at their
boiling point ranges prior to use. Thin layer chromatography (TLC) was performed on
silica gel 60 GF2s4 (Merck) and were visualized by fluorescence quenching under UV
light. Column chromatography was performed on silicaFlash® G60 (70-230 Mesh).
'H NMR (300 MHz) and *C NMR (75 MHz) were recorded on a 300 MHz Bruker
FTNMR Ultra Shield spectrometer using tetramethylsilane (TMS) as an internal
standard. Chemical shifts are expressed in parts per million (ppm) downfield from
TMS (8 0.00) and coupling constant are reported as Hertz (Hz). Splitting paterns are
indicated as follows: br, broad; s, singlet; d, doublet; t, triplet; g, quartet; m, multiplet.
Infrared spectra (IR) were measured on a Perkin Elmer Spectrum GX FT-IR system

and recorded on wave number (cm™).

2.4.2 Preparation of Starting Materials

2.4.2.1 Synthesis of a-Chloroaldoxime-O-Methanesulfonates

General Procedure A: Synthesis of a-Chloroaldoxime-O-Methanesulfonates 98

_OH .OH
o] 1.5 equiv. NH,OH.HCI N . NI
2.5 equiv. NaOH | 1.5 equiv. NCS
R A H R X H > L N Cl
O 0.2 M EtOH: H,0 (1:2) L 0.5 M DMF: CHCl3: THF (2:15:15) S~
rt, O/N, 80 % 40°C, 2 h.
A B c
1.5 equiv. MsCl N-OMs

2.5 equiv. NEt3 |
> g X (o]
0.2 M EtOAc, 0 °C to rt, =

OIN, 65 % (2 steps)
98
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Step 1: Benzaldoxime derivatives B.

Benzaldoxime derivatives B. Prepared according to literature procedure (Slagbrand
et al., 2017). A dried round bottom flask was added with benzaldehye derivatives (1.0
equiv.) in EtOH:H,O (0.2 M, [1:2 ratio]), then a solution of sodium hydroxide
(NaOH) (2.5 equiv.) in H,O was added, followed by the addition of a solution of
hydroxyammonium chloride (NH,OH<HCI) (1.5 equiv.) in H,O. A reaction mixture
was stirred at room temperature for overnight. Then EtOH in the reaction mixture was
removed under reduced pressure. After that, the mixture was quenched with 4M HCI
and extracted with ethyl acetate. The organic layer was washed brine, dried over
anhydrous Na SO, filtered, and concentrated under vacuum to provide B.

Step 2: N-(methylsulfonyloxy)benzimidoyl chloride derivatives C.
N-(methylsulfonyloxy)benzimidoyl chloride derivatives C.

Prepared according to literature procedure (Yamamoto et al., 2009). A dried round
bottom flask was added with benzaldoxime derivatives (1.0 equiv.) in the mixture of
0.5 M of DMF, THF and CHCI; (2:15:15 ratio), followed by the portion addition of
N-chlorosuccinamide (NCS) (1.5 equiv.). After the addition was completed, the
temperature of reaction was increased to 40 °C. After an hour, the reaction was
quenched with water and extracted with EtOAc. The organic layer was wash with
brine and dried over anhydrous Na,SO,, filtered and concentrated under reduced
pressure. The residue was dissolved in EtOAc. The resulting solution was cooled to
0 °C before the slow addition of 2.5 equiv of triethylamine. The reaction mixture was
stirred for 10 min. Then, 1.5 equiv of chloromethanesulfonate was added dropwise at
0 °C. After completion of addition, the mixture was allowed to warm to room
temperature, stirred for an hour, and followed by filtration. The filtrate was washed
with water. The organic layer was washed with brine, dried over anhydrous Na,SOy,
filtrated, and concentrated under reduced pressure. The crude mixture was purified by
column chromatography (6:1, hexanes:EtOAc) to afford N-(methylsulfonyloxy)-

benzimidoyl chloride derivatives 98.
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98a
CgHgCINOSS
M.W. = 233.6720 g/mol

N-(methylsulfonyloxy)benzimidoyl chloride (98a). Prepared according to the
procedure A. Yield 80 % (2 steps) as a white solid product. *H NMR (300 MHz,
CDCls) & 7.95 (d, J = 8.4 Hz, 2H), 7.61-7.56 (m, 1H), 7.51-7.46 (m, 2H), 3.29 (s,
3H); *C NMR (75 MHz, CDCls) & 149.1, 132.7, 130.4, 128.8, 128.1, 37.0. Other data
were identical to the literature values (Yamamoto et al., 2009).

_OMs
N

|
cl
HsCO

98b
CgH1oCINO,S
M.W. = 263.6980 g/mol

4-Methoxy-N-(methylsulfonyloxy)benzimidoyl chloride (98b). Prepared according
to the procedure A. Yield 48 % (2 steps) as a white solid product. *H NMR (300
MHz, CDCls) & 7.88 (d, J = 8.7 Hz, 2H), 6.95 (d, J = 8.7 Hz, 2H), 3.88 (s, 3H), 3.27
(s, 3H); *C NMR (75 MHz, CDCls) & 163.3, 148.8, 129.9, 122.5, 114.2, 55.6, 36.9;
IR (thin film) v 3422, 1607, 1510, 1372, 1261, 1148, 820, 522 cm-1; HRMS (ESI)
[M+Na]+ calcd. for CoH;0CINO,S 285.9917, found 285.9917.

98c
C8H7BrC|NO3S
M.W. = 312.5681 g/mol
4-bromo-N-(methylsulfonyloxy)benzimidoyl chloride (98c). Prepared according to
the procedure A. Yield 60 % (2 steps) as a yellow solid product. *H NMR (300 MHz,

CDCls) & 7.80 (d, J = 8.6 Hz, 2H), 7.61 (d, J = 8.6 Hz, 2H), 3.28 (s, 3H); *C NMR
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(75 MHz, CDCls) 6 148.2, 132.2, 129.5, 129.4, 127.8, 37.2. Other data were identical

to the literature values (Yamamoto et al., 2009).

_.OMs

cl
H,CO

o) 98d
C1oH1oCINO3S

M.W. = 291.7081 g/mol
Methyl 4-(chloro(methylsulfonyloxyimino)methyl)benzoate (98d). Prepared
according to the procedure A. Yield 50 % (2 steps) as a white solid product. *H NMR
(300 MHz, CDCls) & 8.13 (d, J = 8.7 Hz, 2H), 8.01 (d, J = 8.7 Hz, 2H), 3.97 (s, 3H),
3.31 (s, 3H); *C NMR (75 MHz, CDCls) & 165.9, 148.1, 134.2, 133.7, 129.9, 128.1,
52.6, 37.1. Other data were identical to the literature values (Kaeobamrung et al.,

2015).

_OMs
N

|
Cl
O,N

98e
CgH,CIN,O5S
M.W. = 278.6696 g/mol

N-(Methylsulfonyloxy)-4-nitrobenzimidoyl chloride (98e). Prepared according to
the procedure A. Yield 60 % (2 steps) as a white solid product. *H NMR (300 MHz,
CDCls) & 8.34 (d, J = 8.7 Hz, 2H), 8.16 (d, J = 8.7 Hz, 2H), 3.33 (s, 3H); **C NMR
(75 MHz, CDCl3) 6 150.1, 146.8, 136.0, 129.2, 123.9, 37.2. Other data were identical

to the literature values (Kaeobamrung et al., 2015).

98f
CgH;CIN,05S
M.W. = 278.6696 g/mol
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N-(methylsulfonyloxy)-3-nitrobenzimidoyl chloride (98f). Prepared according to
the procedure A. Yield 50 % (2 steps) as a light yellow solid product. *H NMR (300
MHz, CDCls) & 8.78 (t, J = 1.8 Hz, 1H), 8.43 (d, J = 8.0, 1.5 Hz, 1H), 8.31 (d, J = 8.0
Hz, 1H), 7.72 (t, J = 8.0 Hz, 1H), 3.34 (s, 3H); **C NMR (75 MHz, CDCls) & 148.5,
146.8, 133.6, 132.3, 130.3, 127.1, 123.2, 37.3. Other data were identical to the

literature values (Yamamoto et al., 2009).

98g
CsH41oCINO3S
M.W. = 199.6558 g/mol

N-((Methylsulfonyl)oxy)butyrimidoyl chloride (98g). Prepared according to the
procedure A. Yield 65 % (2 steps) as a colorless liquid product. *H NMR (300 MHz,
CDCly) & 3.16 (s, 3H), 2.60 (t, J = 7.2 Hz, 2H), 1.69—1.77 (m, 2H), 0.96 (t, J = 7.2 Hz,
2H); 1BC NMR (75 MHz, CDCl3) 6 152.2, 38.6, 36.7, 19.5, 12.9. Other data were

identical to the literature values (YYamamoto et al., 2009).
2.4.2.2 Synthesis of Ethyl 4-(4-methoxyphenylamino)but-2-enoate

General Procedure B: Synthesis of ethyl 4-(4-methoxyphenylamino)but-2-enoate

(101)
(@)

H
oy ha o
HsCO

101
C43H47NO3
M.W. =235.2790 g/mol

ethyl 4-(4-methoxyphenylamino)but-2-enoate (101). A dried round bottom flask
was added ethyl 4-bromocrotonate (2.75 mL, 20.0 mmol) in CH,Cl, (8.00 mL) and
then p-anisidine (4,926 mg, 40.0 mmol) was added. The reaction mixture was stirred
at 0 °C to room temperature for overnight. After the reaction completed, the mixture
was quenched with H,O then extracted with CH,Cl,. The organic extracts were
washed with brine, dried over anhydrous Na,SO,, filtered and concentrated with

vacuum. The residue was purified by column chromatography hexanes:EtOAc (9:1)
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to afford 2 as yellow liquid (3058.0 mg, 65%). *H NMR (300 MHz, CDCls) & 7.03
(dt, J = 15.7, 4.7 Hz, 1H), 6.78 (d, J = 8.8 Hz, 2H), 6.56 (d, J = 8.8 Hz, 2H), 6.04 (dt,
J=15.7, 1.8 Hz, 1H), 4.18 (g, J = 7.14 Hz, 2H), 3.91 (dd, J = 4.7, 1.8 Hz, 2H), 3.75
(s, 3H). 1.28 (t, J = 7.14 Hz, 3H); **C NMR (75 MHz, CDCls ) & 166.5, 152.6, 146.0,
141.6, 121.9, 115.1, 114.3, 60.5, 55.9, 45.8, 14.3. (thin film) v 3395, 2834, 1714,
1659, 1514, 1369, 1179, 1038, 967, 821 cm-1; HRMS (ESI) m/z: [M+H]+ calcd. for
C13H17NO;3 236.1287, found 236.1283

2.4.3 Synthesis of Imidazolidinone Derivatives

General Procedure B: Synthesis of Quinazolinedione Derivatives 102

2.0 equiv. Cs,CO3 (0] o
_OMs H 0 30 mol% DMAP = /Q/ N
N 2.0 equiv. H,0 N7 N
N 2!
/”\ + MOEt o }_/
R™c ~ 0.2 M CH,Cl,, 40 °C, >\’
98 © 101 e 102

The reaction of N-(methylsulfonyloxy)benzimidoyl chloride 98 and ethyl
4-(4-methoxyphenylamino)but-2-enoate 101 is representative: A round bottom flask
was added with ethyl 4-(4-methoxyphenylamino)but-2-enoate 101 (0.96 mmol) as a
yellow liquid, N-(methylsulfonyloxy)benzimidoyl chloride 98 (0.80 mmol), Cs,CO3
(2.60 mmol), DMAP (0.24 mmol), in CH,Cl, (4.00 mL). Then H,0O (1.60 mmol) was
added to a reaction mixture. The reaction mixture was allowed to stir at 40 °C for 15-
18 hours. After completion of reaction, the brown orange reaction mixture was cooled
to room temperature, quenched with sat. NH,CI, and extracted with EtOAc. The
combined organic layers were dried over sat. NaCl (brine), and anhydrous Na,SQ,,
filtered and concentrated. The residue was purified by column chromatography (6:1,
hexanes:EtOAC) to provide 102 as a light yellow solid (167.3 mg, 59% yield).
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EtO 102a

MW, 23645597 gimo
Ethyl 2-(1-(4-methoxyphenyl)-2-oxo-3-phenylimidazolidin-4-yl)acetate (102a).
Prepared according to general procedure B from N-(methylsulfonyloxy)benzimidoyl
chloride 98a and ethyl 4-(4-methoxyphenylamino)but-2-enoate 101. Yield 167.3 mg
(59 %) as a light yellow solid. *H NMR (300 MHz, CDCls) & 7.48 (d, J = 8.9 Hz, 4H),
7.38 (t, J = 7.4 Hz, 2H), 7.15 (t, J = 7.4 Hz, 1H), 6.90 (d, J = 8.9 Hz, 2H), 4.78-4.69
(m, 1H), 4.20 (t, J = 9.1 Hz, 1H), 4.13 (g, J = 7.14 Hz, 2H), 3.79 (s, 3H), 3.67 (dd, J =
9.4, 4.9 Hz, 1H), 2.88 (dd, J = 16.4, 3.2 Hz, 1H), 2.56 (dd, J = 16.4, 9.8 Hz, 1H), 1.24
(t, J = 7.14 Hz, 3H); *C NMR (75 MHz, CDCls) & 170.7, 155.8, 155.2, 137.9, 133.2,
129.2, 124.7, 122.0, 120.1, 114.3, 61.2, 55.6, 49.9, 48.9, 37.7, 14.2; IR (thin film) v
2926, 2853, 1716, 1702, 1504, 1418, 1282, 1246, 1180, 1156, 1030, 826, 751 cm-1;
HRMS (ESI) m/z: [M+H]+ calcd. for CoH22N204 377.1472, 377.1470.

H3CO\©\ i /@/OCHB
N~ N

o>_}——’

EO 4026

C21H24N,05
M.W. = 384.4257 g/mol

Ethyl 2-(1,3-bis(4-methoxyphenyl)-2-oxoimidazolidin-4-yl)acetate (102b).
Prepared according to general procedure B from 4-Methoxy-N-(methylsulfonyloxy)-
benzimidoyl chloride 98b and ethyl 4-(4-methoxyphenylamino)but-2-enoate 101.
Yield 95.3 mg (31 %) as a light brown solid. *H NMR (300 MHz, CDCls) & 7.47 (d, J
= 8.7 Hz, 2H), 7.31 (d, J = 8.7 Hz, 2H), 6.89 (t, J = 8.2 Hz, 4H), 4.63-4.54 (m, 1H),
4.15 (t, J = 9.1 Hz, 1H), 4.09 (q, J = 7.1 Hz, 2H), 3.78 (s, 3H), 3.77 (s, 3H), 3.64 (dd,
J=9.1,5.5Hz, 1H), 2.78 (dd, J = 16.3, 3.3 Hz, 1H), 2.52 (dd, J = 16.3, 9.5 Hz, 1H),
1.21 (t, J = 7.1 Hz, 3H); **C NMR (75 MHz, CDCls) § 170.5, 157.2, 155.7, 155.5,
133.4, 130.6, 125.0, 119.7, 114.4, 114.1, 61.0, 55.5, 50.7, 48.9, 37.8, 14.1; IR (thin



67

film) v 2936, 2835, 1702, 1509, 1430, 1411, 1245, 1180, 1031, 828 cm-1; HRMS
(ESI) m/z: [M+H]+ calcd. for C21H24N205 385.1758, found 385.1759.

QL0
o>_ e}—/

EtO 102c
C20H21BFN204
M.W. = 433.2957 g/mol

Ethyl 2-(3-(4-bromophenyl)-1-(4-methoxyphenyl)-2-oxoimidazolidin-4-yl)acetate
(102c). Prepared according to general procedure B from 4-bromo-N-(methylsulfonyl-
oxy)benzimidoyl chloride (98c) and ethyl 4-(4-methoxyphenyl-amino)but-2-enoate
101. Yield 145.6 mg (42 %) as a light yellow solid. *"H NMR (300 MHz, CDCls) &
7.49-7.37 (m, 6H), 6.89 (d, J = 9.1 Hz, 2H), 4.73-4.64 (m, 1H), 4.17 (t, J = 9.1 Hz,
1H), 4.13 (g, J = 7.1 Hz, 2H), 3.78 (s, 3H), 3.66 (dd, J = 9.4, 4.5 Hz, 1H), 2.83 (dd, J
= 16.4, 3.2 Hz, 1H), 2.55 (dd, J = 16.4, 9.7 Hz, 1H), 1.24 (t, J = 7.1 Hz, 3H); **C
NMR (75 MHz, CDCl3) 6 170.4, 155.9, 154.8, 137.1, 132.8, 132.1, 123.0, 120.2,
117.2, 114.2, 61.2, 55.6, 49.6, 48.7, 37.4, 14.2; IR (thin film) v 2980, 2831, 1709,
1515, 1492, 1414, 1376, 1286, 1247, 1181, 1033, 827 cm-1; HRMS (ESI) m/z:
[M+Na]+ calcd. for CyoH1N,O4Br 455.0577, found 455.0575.

O

/u\©\ O /©/OCH3
H;CO
’ N/lLN
o>; ;}—/
EtO

102d
C22H24N206
M.W. = 412.4358 g/mol

Methyl 4-(5-(2-ethoxy-2-oxoethyl)-3-(4-methoxyphenyl)-2-oxoimidazolidin-1-yl)
benzoate (102d). Prepared according to general procedure B from Methyl-4-
(chloro(methylsulfonyloxyimino)methyl)benzoate (98d) and ethyl 4-(4-methoxy-
phenylamino)but-2-enoate 101. Yield 214.5 mg (65 %) as a light yellow solid.
'H NMR (300 MHz, CDCls) & 8.04 (d, J = 8.9 Hz, 2H), 7.64 (d, J = 8.9 Hz, 2H), 7.46
(d, J =9.1 Hz, 2H), 6.91 (d, J = 9.1 Hz, 2H), 4.85-4.76 (m, 1H), 4.21 (t, J = 9.1 Hz,
1H), 4.16 (q, J = 7.1 Hz, 2H), 3.90 (s, 3H), 3.80 (s, 3H), 3.69 (dd, J = 9.5, 3.7 Hz,
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1H), 2.91 (dd, J = 16.4, 2.8 Hz, 1H), 2.61 (dd, J = 16.4, 10.0 Hz, 1H), 1.25 (t, J=7.1
Hz, 3H); *C NMR (75 MHz, CDCls) & 170.5, 166.8, 156.2, 154.5, 142.4, 132.7,
130.9, 125.0, 120.6, 119.2, 114.4, 61.4, 55.6, 52.1, 49.3, 48.8, 37.2, 14.2; IR (thin
film) v 3432, 2980, 1716, 1606, 1511, 1431, 1409, 1376, 1275, 1249, 1183, 1110,
1032, 828 cm-1; HRMS (ESI) m/z: [M+Na]+ calcd. for C»,H24N,0¢ 435.1527, found
435.1525.

OZN\©\ i /©/OCH3
N N
O>_é
EtO
102e

C2oH21N30¢
M.W. = 399.3972 g/mol

Ethyl  2-(1-(4-methoxyphenyl)-3-(4-nitrophenyl)-2-oxoimidazolidin-4-yl)acetate
(102e). Prepared according to general procedure B from N-((Methylsulfonyl)oxy)-4-
nitrobenzimidoyl chloride (98e) and ethyl 4-(4-methoxyphenylamino)but-2-enoate
101. Yield 185.3 mg (58 %) as a yellow solid. *H NMR (300 MHz, CDCls) & 8.23 (d,
J =9.3 Hz, 2H), 7.76 (d, J = 9.3 Hz, 2H), 7.45 (d, J = 9.0 Hz, 2H), 6.92 (d, J = 9.0
Hz, 2H), 4.87-4.79 (m, 1H), 4.24 (t, J = 9.1 Hz, 1H), 4.18 (q, J = 7.1 Hz, 2H), 3.81 (s,
3H), 3.72 (dd, J = 9.5, 3.2 Hz, 1H), 2.91 (dd, J = 16.4, 2.7 Hz, 1H), 2.67 (dd, J = 16.4,
9.9 Hz, 1H), 1.27 (t, J = 7.1 Hz, 3H); *C NMR (75 MHz, CDCl3) § 170.1, 156.5,
154.0, 144.3, 142.7, 132.3, 125.1, 120.8, 118.6, 114.4, 61.5, 55.6, 49.3, 48.7, 37.0,
14.2; IR (thin film) v 3434, 2982, 2835, 1716, 1597, 1516, 1506, 1430, 1409, 1376,
1285, 1249, 1032, 847, 830 cm-1; HRMS (ESI) m/z: [M+Na]+ calcd. for C;oH2:N306
422.1323, found 422.1323.

40"
0O
Et0>_;}_/

102f
CyH21BrN3;Og
M.W. = 399.3972 g/mol

Ethyl 2-(1-(4-methoxyphenyl)-3-(3-nitrophenyl)-2-oxoimidazolidin-4-yl)acetate
(102f). Prepared according to general procedure B from N-(methylsulfonyloxy)-3-
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nitrobenzimidoyl chloride (98f) and ethyl 4-(4-methoxyphenylamino)but-2-enoate
101. Yield 159.7 mg (50 %) as a yellow solid. *H NMR (300 MHz, CDCls) & 8.40 (s,
1H), 7.9 (t, J = 6.7 Hz, 2H), 7.53 (t, J = 8.2 Hz, 1H), 7.46 (d, J = 9.0 Hz, 2H), 6.91 (d,
J=9.0 Hz, 2H), 4.86-4.77 (m, 1H), 4.24 (t, J = 9.1 Hz, 1H), 4.16 (q, J = 7.1 Hz, 2H),
3.80 (s, 3H), 3.74 (dd, J = 9.5, 4.1 Hz, 1H), 2.88 (dd, J = 16.4, 2.9 Hz, 1H), 2.64 (dd,
J=16.4, 9.5 Hz, 1H), 1.25 (t, J = 7.11 Hz, 3H); **C NMR (75 MHz, CDCls)  170.1,
156.2, 154.5, 148.8, 139.4, 132.4, 129.9, 126.3, 120.5, 118.5, 115.0, 114.0, 61.4, 55.6,
49.4, 48.8, 37.2, 14.2; IR (thin film) v 3095, 2983, 2836, 1714, 1615, 1582, 1516,
1349, 1248, 1035, 829, 738 cm-1; HRMS (ESI) m/z: [M+Na]+ calcd. for CyoH21N306
422.1323, found 422.1321.

102g
MW, 2 520 3638 gimo

Ethyl 2-(1-(4-methoxyphenyl)-2-oxo-3-propylimidazolidin-4-yl)acetate (102g).
Prepared according to general procedure B from N-((Methylsulfonyl)oxy)-
butyrimidoyl chloride (98g) and ethyl 4-(4-methoxyphenylamino)but-2-enoate 101.
Yield 12.0 mg (4 %) as a white solid. *H NMR (300 MHz, CDCl5) 6 7.43 (d, J = 9.1
Hz, 2H), 6.87 (d, J = 9.1 Hz, 2H), 4.17 (q, J = 7.11 Hz, 2H), 4.09-3.98 (m, 2H), 3.78
(s, 3H), 3.53-3.42 (m, 2H), 3.03-2.94 (m, 1H), 2.81 (dd, J = 16.0, 3.8 Hz, 1H), 2.50
(dd, J=16.0, 8.7 Hz, 1H), 1.59-1.49 (m, 2H), 1.27 (t, J=7.1 Hz, 3H), 0.93 (t, J=7.4
Hz, 3H); **C NMR (75 MHz, CDCls) § 170.7, 157.6, 155.3, 133.9, 119.4, 114.3, 61.2,
55.7,49.3,49.1, 43.4, 38.0, 21.1, 14.3, 11.4; IR (thin film) v 2964, 2934, 1731, 1704,
1515, 1484, 1377, 1245, 1180, 1125, 1034, 829, 800, 152 cm-1; HRMS (ESI) m/z:
[M+H]+ calcd. for C17H24N»04 321.1809, found 321.18009.
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OCHj

104
MW, 2 520 3638 gimo

(E)-ethyl 4-(1-(4-methoxyphenyl)-3-propylureido)but-2-enoate (104). Prepared
according to general procedure B from N-((Methylsulfonyl)oxy)butyrimidoyl chloride
(98g) and ethyl 4-(4-methoxyphenylamino)but-2-enoate 101. Yield 75.0 mg (39 %) as
a light brown solid. *H NMR (300 MHz, CDCls) & 7.15 (d, J = 8.8 Hz, 2H), 6.92 (d, J
= 8.8 Hz, 2H), 5.87 (d, J = 15.7 Hz, 1H), 4.38 (dd, J = 5.6, 1.3 Hz, 3H), 4.31 (t, J =
5.6 Hz, 1H), 4.17 (g, J = 7.1 Hz, 2H), 3.82 (s, 3H), 3.12 (dd, J = 13.4, 6.6 Hz, 2H),
1.48-1.36 (m, 2H), 1.27 (t, J = 7.1 Hz, 3H), 0.82 (t, J = 7.4 Hz, 3H); *C NMR (75
MHz, CDCls) 6 166.2, 159.1, 157.2, 144.6, 134.1, 129.7, 122.5, 115.3, 60.4, 55.5,
50.7, 42.5, 23.4, 14.3, 11.3; IR (thin film) v 3442, 3407, 2963, 2936, 2057, 1718,
1655, 1581, 1509, 1466, 1368, 1249, 1182, 1106, 1037, 980, 935, 839 cm-1; HRMS
(ESI) m/z: [M+H]+ calcd. for C17;H24N204 321.1809, found 321.1811.
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Introduction

Copper-catalyzed domino reactions are a useful method to
synthesize organic molecules [1]. In addition, the domino concept
allows access to complex molecules from simple starting materials.
As part of our interest in the synthesis of N-containing heterocy-
cles, we have focused on the search for simple and interesting
organic molecules which are potentially suitable for domino pro-
cesses. Interestingly, carbodiimides could be used to obtain hetero-
cycles via domino processes due to their properties, including the
electrophilicity of the middle carbon and the presence of a nitrogen
donor for C-N bond formation.

Carbodiimides have been widely used for amide bond forma-
tion. Nakajima and Ikada extensively studied the reaction mecha-
nism for the formation of amides from carbodiimides and
carboxylic acids [2]. A key intermediate in this reaction is an
O-acylisourea adduct; the amide products are formed via nucle-
ophilic substitution of the O-acylisoureas with amines, and urea
is generated as a by-product. Recently, Zhao and co-workers
utilized carbodiimides and ethyl-2-aminobenzoates to synthesize
quinazolinones [3]. Likewise, Xi and co-workers also used the
reaction of carbodiimides with 2-haloanilines to synthesize
2-aminobenzimidazoles [4]. Alternatively, based on the reaction
of carbodiimides and benzoic acids, we envisioned that O-acyli-
soureas could be utilized to obtain quinazolinediones via a domino

* Corresponding author.
E-mail address: juthanat.k@psu.ac.th (J. Kaeobamrung).

https://doi.org/10.1016/j.tetlet.2018.08.028
0040-4039/© 2018 Elsevier Ltd. All rights reserved.

process involving rearrangement to form N-acylureas, followed by
intramolecular copper-catalyzed C-N bond formation (Scheme 1).

Quinazolinediones are important N-containing heterocyclic
compounds which possess a wide range of biological activities,
such as anti-inflammatory, antihypertensive, anticancer, antitu-
mor, and antibacterial properties [5]. Therefore, methodologies
for quinazolinedione synthesis have been developed via both metal
and non-metal catalysis [6]. Herein, we report a straightforward
protocol to obtain quinazolinediones via a copper-catalyzed dom-
ino process under mild reaction conditions.

Results and discussion

We began our investigation by optimizing the model reaction of
commercially available 2-iodobenzoic acid and N,N’-dicyclohexyl-
carbodiimide (DCC) (Table 1). Firstly, we explored a variety of cop-
per salts, such as Cu,0, Cul, CuBr and Cu(OAc), (Entries 1-4). We
found that Cu,O and Cul provided quinazolinedione 3a in 31%
and 21% yield, respectively, whereas CuBr and Cu(OAc), were not
reactive. Next, various solvents, such as CH3;CN, DMF and toluene
were investigated, resulting in 27%, 22% and 0% yield, respectively
(Entries 5-7).

Increasing the amount of carbodiimide slightly increased the
product yield (Entries 8-10). However, we found that with three
equivalents of carbodiimide the yield was decreased to 26% (Entry
10). Common bases, such as K3P0Oy, Cs,CO5, NEt; and ‘BuOK, were
also investigated (Entries 11-14). Unfortunately, none provided
good yields, while NEt; gave a moderate 47% yield (Entry 13).
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Scheme 1. Amide and quinazolinedione formation from carbodiimides.

We found that N-acylurea 4a was exclusively obtained in the
absence of a copper catalyst and base (Entry 15). This finding
was in agreement with the report from Nakajima and co-workers
who showed that benzoic acid reacted with carbodiimides to gen-
erate N-acylureas without any catalyst [2]. Based on this result, the
formation of 4a was a non-catalyzed reaction pathway. Therefore,
in order to improve the product yield we hypothesized that
increasing the amount of Cu,0 would enhance the rate of quinazo-
linedione formation. We then investigated the amount of Cu,0
(Entries 16 and 17). Significantly, the yield was improved to 64%
using 30 mol% or 50 mol% of Cu,0. Additionally, according to a
report from Kishikawa and co-workers, 4a could undergo elimina-
tion to give amide 5a in the presence of base [7]. Crucially, in the
absence of an external base the yield of quinazolinedione 3a was
increased to 75% (Entry 18). Non-external base conditions were
found to be an important factor to determine the reaction pathway

Table 2
Formation of quinazolinediones from 2 to iodobenzoic acid derivatives.™

0 Cu,0 (50 mol%) Q
Ny COH + Cy—N=C=N-Cy — M0 gl S N
d y— =C=N- y —_— _—
Riy 90°C, 18 h A N’&o
I 1
Cy
1 2a 3
o 0 o
e Me0\©\)kN,Cy ey
’.“/&O ll\l/go MeO ;I\(l%o
Cy Cy Cy

3a; 75% yield 3b; 67% yield

MeO e OZNCf‘\
MeO /g

3d; 58% yleld

3c; 77% yield

(0]
Br\dLN,Cy
o
Cy
3f; 74% yield

(0] (0]
/@fj\ N,Cy N,Cy
Cl N/gO N/gO

Cy Me Cy

3e; 22% yieId

39; 67% yield 3h; 80% yield

@ Reagents and conditions: 1a—h (0.5 mmol), 2a (1.0 mmol).

Table 1
Optimization of the reaction conditions.”
O
O copper Cy | 0 le) 0
solvent N’
OH + Cy-N=C=N-Cy — > P NJLN,Cy . Cy
base N o CIZ H H
| (o] | y |
90°C, 18 h Cy
1a 2a 3a 4a 5a

Entry 2a (equiv.) Cu (mol%) Base Solvent Yield 3a (%)"
1 1.1 Cu,0 (10) K,CO3 DMSO 31
2 11 Cul (10) K,CO3 DMSO 21
3 1.1 CuBr (10) K>CO3 DMSO trace
4 1.1 Cu(OAc), (10) K»COs5 DMSO trace
5 1.1 Cu,0 (10) K,CO3 CH;CN 27
6 11 Cu,0 (10) K,CO3 DMF 22
7 1.1 Cu,0 (10) K,CO5 toluene 0
8 15 Cu,0 (10) K»CO3 DMSO 35
9 2.0 Cu,0 (10) K,CO3 DMSO 38
10 3.0 Cu,0 (10) K,COs3 DMSO 26
11 2.0 Cu,0 (10) KsPOy4 DMSO 21
12 2.0 Cu,0 (10) Cs,CO3 DMSO trace
13 2.0 Cu,0 (10) NEt;3 DMSO 47
14 2.0 Cu,0 (10) ‘BuOK DMSO trace
15 2.0 - - DMSO 0
16 2.0 Cu,0 (30) NEt;3 DMSO 64
17 2.0 Cu,0 (50) NEt; DMSO 64
18 2.0 Cu0 (50) - DMSO 75
19 2.0 Cuy0 (10) - DMSO 37

@ Reagents and conditions: 1a (0.5 mmol), base (1.5 equiv.).
b Isolated yield.



C. Duangjan et al./ Tetrahedron Letters 59 (2018) 3537-3540 3539

Table 3
Formation of quinazolinediones from a variety of carbodiimides.

o Cu,0 (50 mol%) 0 ]
DMSO N R
OH + R'-N=C=N-RZ2 —— >
| 90°C, 18 h N So
2
1a 2 3 R
(0]
.Ph
& @fL O
Ao o
Me Me Et
3i; 65% vyield 30% yield 3k; 22% yield

“Reagents and conditions: 1a (0.5 mmol), 2 (1.0 mmol).

[8]. Unfortunately, lowering the amount of Cu,0 to 10 mol% under
non-external base conditions gave low yields of the desired quina-
zolinedione (Entry 19). Attempts to improve the product yield
using cooperating ligands with Cu,0O (10 mol%) resulted in low
product yields with high amounts of the amide by-product.

With the optimal reaction conditions in hand (Table 1, entry
18), we further explored the substrate scope using a variety of
2-iodobenzoic acid derivatives (Table 2).

The reaction of 2-iodobenzoic acid derivatives bearing electron-
donating substituents provided the corresponding quinazoline-
diones in good yields. Both 2-iodo-5-methoxy- and 2-iodo-4-
methoxybenzoic acids gave quinazolinediones 3b and 3c in 67%
and 77% yield, respectively, while 2-iodobenzoic acid with two
methoxy groups provided quinazolinedione 3d in 58% yield. How-
ever, the reaction of 2-iodo-5-nitrobenzoic acid gave quinazoline-
dione 3e in only 22% yield. We observed the formation of the
corresponding N-acylurea as a major by-product. Based on these
results, we believe that benzoic acids bearing electron-withdraw-
ing groups preferably undergo the non-catalyzed reaction

Pathway A: urea coupling

L O LY

oxidative
addition
(e}
Cry
I
Clu( )
I o
condensation
R .
R
H H
0} ‘ o
o reductive C-N
Tony bond formation OH
Cu
| D NR
R’N\/ﬁo cul O)\NH
HN, R
R acylurea intermediate

(0]
vSo
R

quinazolinedione

pathway. Halogen substituents were also applicable to the reaction
of 5-bromo-2-iodobenzoic acid which gave quinazolinedione 3f in
74% yield. Likewise, 4-chloro-2-iodobenzoic acid gave the corre-
sponding quinazolinedione 3g in 67% yield. Interestingly, the pres-
ence of a methyl substituent next to the iodine did not hinder the
reaction and provided 3h in 80% yield.

Next, we examined the scope of the carbodiimides. Three types
of carbodiimide were selected: dialkyl (N,N’-methanediylidenebis
(propan-2-amine); 2b), diaryl (N,N-methanediylidenedianiline;
2c) and an asymmetric carbodiimide (N-((ethylimino)methylene)
aniline; 2d) (Table 3). The N,N'-methanediylidenebis(propan-2-
amine) 2b gave quinazolinedione 3i in 65% yield. In contrast, 2c
gave low yields of the desired quinazolinedione 3j. The major pro-
duct of this reaction was the corresponding amide by-product
which was isolated in 58% yield. This result suggested that carbodi-
imides with diaryl substituents undergo N-acylurea formation fas-
ter than the copper-catalyzed reaction. Then, elimination of the N-
acylurea occurs to yield the amide by-product. A similar result was
found when the asymmetric carbodiimide was subjected to the
reaction, resulting in a low yield of the corresponding 1-ethyl-3-
phenylquinazoline-2,4(1H,3H)-dione 3k. We did not obtain the
other regioisomer, 3-ethyl-1-phenylquinazoline-2,4-(1H,3H)-
dione. Instead, both N-ethyl and N-phenyl benzamides were
obtained, which suggested that the N-ethyl-2-iodo-N-(phenylcar-
bamoyl)benzamide intermediate underwent elimination to
generate the N-ethyl amide by-product faster than that of N-
(ethylcarbamoyl)-2-iodo-N-phenylbenzamide, possibly due to the
more acidic proton of the phenylcarbamoyl moiety.

Next, we turned our interest to investigating the reaction mech-
anism. Since we observed 1,3-dicyclohexylurea formation, we first
postulated the mechanism involving a coupling reaction of
2-iodobenzoic acid and the urea generated in situ from the reaction
of the carbodiimide and moisture in DMSO. Then, an acylurea
intermediate undergoes condensation to form the desired product
(Scheme 2, pathway A). Secondly, based on our results as well as
the reports from Nakajima [2] and Kishikawa [7] related to the role
of carbodiimides in amide formation, we postulated that quinazo-
linediones could be obtained from the copper-catalyzed
intramolecular C-N bond formation of an N-acylurea intermediate

Pathway B: N-acylurea coupling

O O O
R rearrangement V‘J\ .R elimination R
N tN N
/N e | | e H
(R H |

N-acylurea intermediate

l cu)

amide byproduct

Scheme 2. Possible reaction mechanisms.
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Scheme 3. Control experiments.

generated from the non-catalyzed reaction of the acid-carbodi-
imide (Scheme 2, pathway B). The competitive reaction of this
pathway was the elimination of an N-acylurea intermediate result-
ing in generation of the amide by-product. Importantly, Perkins
and co-workers recently reported the formation of quinazoline-
diones from N-acylureas via a copper-catalyzed coupling reaction
[9]; these findings supported our second mechanistic postulation.

According to our postulated possible reaction mechanisms, we
performed several control experiments (Scheme 3). Due to gener-
ation of the amide by-product, we first focused on the pathway
involving the N-acylurea. The reaction of the N-acylurea intermedi-
ate under the optimal reaction conditions gave quinazolinedione
3a and amide 5a in 44% and 7% yield, respectively, with the N-acy-
lurea remaining (Scheme 3, eq. 1). Since the reaction was not com-
plete, and the optimal reaction conditions required 2.0 equivalents
of the carbodiimide, another equivalent of N,N’-dicyclohexylcar-
bodiimide was added to the reaction (Scheme 3, eq. 2). The desired
product 3a was obtained in 65% yield and amide 5a was obtained
in 12% yield. This result showed that the excess carbodiimide pos-
sibly acted as a base to trigger elimination of the N-acylurea inter-
mediate resulting in generation of the amide by-product.
Moreover, the yield of 3a from the second control experiment
was similar to the yield using the optimal reaction conditions.
Based on these results and the report [9] from Perkins, the quina-
zolinediones could possibly be synthesized via an N-acylurea
intermediate.

To examine the possibility of pathway A, N,N’-dicyclohexylurea
and 2-iodobenzoic acid were subjected to the reaction, however,
the desired quinazolinedione was not observed (Scheme 3, eq. 3).
Based on this result, we propose that quinazolinediones are not
generated from the urea.

Conclusion

The synthesis of quinazolinediones from 2-iodobenzoic acids
and carbodiimides via a copper-catalyzed domino reaction is
reported. The non-catalyzed pathway, leading to N-acylureas, cru-
cially impacted the product yields, resulting in the requirement of

high copper loading. Non-external base conditions were required
in order to minimize the amount of amide by-product resulting
from elimination of the N-acylurea intermediate. A variety of
2-iodobenzoic acids were applicable, although those with elec-
tron-withdrawing substituents provided low yields. Although the
exact mechanism could not be determined, based on control exper-
iments we believe that the quinazolinediones are obtained from
N-acylurea intermediates. Further mechanistic studies are ongoing.
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'H NMR and **C NMR Spectra of New Compounds of Quinazolinediones.

Figure 6 The *H NMR spectrum (300 MHz, CDCl5) of compound 63a.
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Figure 7 The *C NMR spectrum (75 MHz, CDCls) of compound 63a.
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Figure 8 The *H NMR spectrum (300 MHz, CDCls) of compound 63b.
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Figure 9 The *C NMR spectrum (75 MHz, CDCls) of compound 63b.
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Figure 10 The *H NMR spectrum (300 MHz, CDCls) of compound 63c.
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Figure 11 The *C NMR spectrum (75 MHz, CDCls) of compound 63c.
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Figure 12 The *H NMR spectrum (300 MHz, CDCls) of compound 63d.
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Figure 13 The *C NMR spectrum (75 MHz, CDCls) of compound 63d.
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Figure 14 The *H NMR spectrum (300 MHz, CDCls) of compound 63e.

Spsert
vL8Z'1

£€62e”
pzee”
zozy”
697"
Ge15”
§686°
8699°
zLoL”
AT
Z2e0s”
6L78"
zL88"
BSh6”
£066°
T68¢"
9LTY "
6827 "
0867 "
L967 "
06€6"
PLLY "
8918"
pLz8”
P6ER”
2968
6L98°
G8L8"
0L68"
6806 "
9LT6"

£6E7°
099%°

966¢ "
5807 "
LOED "
96EF "
SG70°
PrS0°

T

R R T e e e I I e N S O S R R e R e R e R R R R ]

—

O,N

63e

Lol

~
o

Figure 15 The *C NMR spectrum (75 MHz, CDCls) of compound 63e.
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Figure 16 The *H NMR spectrum (300 MHz, CDCls) of compound 63f.
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Figure 17 The *C NMR spectrum (75 MHz, CDCls) of compound 63f.

9L"

44
€€
184
L9
L0

S6°
€8°

LS
00"
(44

IL”

ve”
ve-

66"

88"

L0
(4%

bL

S¢

.mm/
‘92
.@NV

.mmu\\
‘6¢C

S6 —
86 —

9L

PPHMN

60T —

9TT —
02T —

0ET —

0P T —

06T~
1ST—

09T —

10 ppm

20

T T T
50 40 30

60

T

70

63f
T T T T T T T T T T T T
80

T

T

210 200 190 180 170 160 150 140 130 120 110 100 90




91

Figure 18 The *H NMR spectrum (300 MHz, CDCls) of compound 63g,
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Figure 19 The *C NMR spectrum (300 MHz, CDCl5) of compound 63g,
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Figure 20 The *H NMR spectrum (300 MHz, CDCls) of compound 63h.

G661
G9€Z"
88LT"
60Z€"
659€°
LETH®
8LGF "
PT0G"
€Ih9”’
6679 °
169"
68CL"°
G69L"
p0Z8°
2898°
0026 °
Zh96 "
P18€"
8E6E”
122y
TEER "
929%°
120S°
Shoe”
[44%:0
2928°
62h8°
LyG8"
9998°
T€88”
0668°
8906 "

P8ET"
LERT®
G99T°
8TLT"
8662C"

9L0T"
8GET”

0O

N
o

O

Cl

63h

[ A

Figure 21 The *C NMR spectrum (75 MHz, CDCls) of compound 63h.
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Figure 22 The *H NMR spectrum (300 MHz, CDCls) of compound 63i.
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Figure 23 The *C NMR spectrum (75 MHz, CDCls) of compound 63i.
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Figure 24 The *H NMR spectrum (300 MHz, CDCls) of compound 63j.
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Figure 25 The *C NMR spectrum (75 MHz, CDCls) of compound 63j.
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Figure 26 The *H NMR spectrum (300 MHz, CDCls) of compound 63k.
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Figure 27 The *C NMR spectrum (75 MHz, CDCls) of compound 63k.
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Figure 28 The *H NMR spectrum (300 MHz, CDCls) of compound 63I.
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Figure 29 The *C NMR spectrum (300 MHz, CDCls) of compound 63l.
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Figure 30 The *H NMR spectrum (300 MHz, CDCls) of compound 64a.
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Figure 31 The *C NMR spectrum (300 MHz, CDCls) of compound 64a.
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'H NMR and **C NMR Spectra of New Starting Material for Imidazolidinones
Synthesis.

Figure 32 The *H NMR spectrum (300 MHz, CDCls) of compound 101.
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Figure 33 The *C NMR spectrum (75 MHz, CDCls) of compound 101.
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'H NMR and **C NMR Spectra of New Compounds of Imidazolidinone.

Figure 34 The *H NMR spectrum (300 MHz, CDCls) of compound 102a.
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Figure 35 The *C NMR spectrum (75 MHz, CDCls) of compound 102a.
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Figure 36 The *H NMR spectrum (300 MHz, CDCls) of compound 102b.
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Figure 37 The **C NMR spectrum (75 MHz, CDCls) of compound 102b.
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Figure 38 The *H NMR spectrum (300 MHz, CDCls) of compound 102c.
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Figure 39 The *C NMR spectrum (75 MHz, CDCl3) of compound 102c.
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Figure 40 The *H NMR spectrum (300 MHz, CDCls) of compound 102d.
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Figure 41 The *C NMR spectrum (75 MHz, CDCls) of compound 102d.
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Figure 42 The *H NMR spectrum (300 MHz, CDCls) of compound 102e.
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Figure 43 The *C NMR spectrum (75 MHz, CDCls) of compound 102e.
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Figure 44 The *H NMR spectrum (300 MHz, CDCls) of compound 102f.
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Figure 45 The *C NMR spectrum (75 MHz, CDCls) of compound 102f.
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Figure 46 The *H NMR spectrum (300 MHz, CDCls) of compound 102g.
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Figure 47 The *C NMR spectrum (75 MHz, CDCls) of compound 102g.
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Figure 48 The *H NMR spectrum (300 MHz, CDCls) of compound 104.
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Figure 49 The *C NMR spectrum (75 MHz, CDCls) of compound 104
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