411

Synlett N. Dua et al.

Zn(OTf),-Catalyzed 1,6-Conjugate Addition of Benzoxazinones to
p-Quinone Methides: Access to 3,3-Diaryl-2-(2-oxo0-2H-1,4-benzo-

xazin-3-yl)propanoic Acid Esters

Neha Dua?®
Sonali Ghosh®
Rama Krishna Peddinti*?

2 Department of Chemistry, Indian Institute of Technology
Roorkee, Roorkee-247667, Uttrakhand, India
rkpeddinti@cy.iitr.ac.in R2=H, Me
ramakpeddinti@gmail.com R® = alkyl

®Supramolecular and Structural Chemistry Laboratory, School
of Basic Sciences, Indian Institute of Technology Bhubaneswar,
Argul, Bhubaneswar-752 050, India

Received: 10.08.2020

Accepted after revision: 20.10.2020

Published online: 19.01.2021

DOI: 10.1055/s-0040-1706600; Art ID: st-2020-b0443-|

Abstract An effective method for the synthesis of 3,3-diaryl-2-(2-
ox0-2H-1,4-benzoxazin-3-yl)propanoic acid esters is reported. A novel
zinc triflate-catalyzed regioselective 1,6-conjugate addition of vinylo-
gous carbamates to p-quinone methides for accessing the title com-
pounds has been developed. This protocol furnished the hybrid com-
pounds in good to excellent yields. The reaction is rapid and has a broad
substrate scope.

Key words para-quinone methides, vinylogous carbamates, 1,6-addi-
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Carbon-carbon bond formation is a ubiquitous process
in organic synthesis, and the C-C bond is the most common
and adaptable bond in nature.! The development of highly
efficient strategies to construct C-C bonds in organic syn-
thesis is a challenging task. C-C bond formation in organic
molecules is a powerful tool for the construction of natural
products and industrial applications.? It also has an exten-
sive range of applications, for example in the production of
medicinal and pharmaceutical agents.>* Diverse methodol-
ogies for C-C bond formation in a range of molecules have
been established, such as base-catalyzed enolate chemistry
by providing an alkyl partner attached to the a-position of
carbonyl compounds,® palladium-catalyzed C-3 arylation,®
alkynylation,” acylation,® carbonylation, and reactions un-
der metal-free conditions.? Gardner et al. reported the reac-
tion of o-quinone methides with sodium cyanide and dieth-
yl malonate under basic conditions to induce C-C bond for-
mation.10

It is established that hybrid compounds possess multi-
ple biological and pharmacological properties.!' The assim-
ilation of vinylogous carbamates into a diarylmethide moi-
ety should provide a good possibility of discovering some
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novel bioactive molecules. In recent years, para-quinone
methides (p-QMs) have attracted a great deal of attention
from the synthetic community due to their exclusive reac-
tivity and their capacity to form the complex architectures
found in various pharmaceutical and natural products.’>13
p-QMs have been extensively used in carbon-carbon and
carbon-heteroatom bond formation processes through nu-
cleophilic addition because of the stability acquired
through their aromatization during the conjugate addition
reaction.' In fact, the 1,6-conjugate addition of nucleophil-
ic reagents to p-QMs is a challenging task, as it can proceed
by 1,2- and 1,4-additions, along with 1,6-addition. Various
parameters that affect the regioselectivity of conjugate ad-
dition include the choice of catalyst, the nature of the nuc-
leophile reagent, and the structure of the Michael accep-
tor.!> A classical reaction of p-QMs involves rearomatization
through nucleophilic addition of a variety of carbon, sulfur,
nitrogen, oxygen, or phosphorus nucleophiles through 1,6-
conjugate addition. Anand and co-workers targeted the
synthesis of a-arylated nitriles and a,a-diarylated ketones
by using N-heterocyclic carbenes.'® Li and co-workers re-
ported the synthesis of a organophosphorus compounds!’
and a B-bisaryl amide!® through base-catalyzed 1,6-conju-
gate additions to p-QMs. The Muthukrishnan group synthe-
sized a-arylated nitriles by BF;-Et,0-catalyzed cyanation of
a p-QM by using tert-butyl isocyanide.'® Thus 1,6-conjugate
addition of reactive p-quinone methide synthons is an im-
portant technique for the generation of functionalized di-
arylmethanes.?°

In the area of heterocyclic chemistry, benzoheterocyclic
motifs and their derivatives have found biological,?! phar-
macological,?? and agrochemical applications.”> Among
benzoheterocycles, 1,4-benzoxazine derivatives have at-
tracted considerable attention because they exhibit a wide
range of biological activities, for example as antagonists,2*
antibacterial agents,* or antipsychotic agents.?® In view of
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their high reactivity and efficiency, the development of new
reacting partners would be keenly anticipated. Inspired by
the advantages of these motifs, it occurred to us that Lewis
acid-catalyzed 1,6-conjugate addition of benzoxazinones to
p-quinone methides might give access to functionalized vi-
nylogous carbamates.

As a prelude to achieving this objective, the p-quinone
methide 1a and the vinylogous carbamate 2a were chosen
as model substrates, and an initial reaction was conducted
between them in the presence of 5 mol% zirconium(IV)
chloride as a catalyst in dichloromethane at room tempera-
ture. Gratifyingly, the expected product 3 was isolated in
35% yield after 18 hours (Table 1, entry 1). Encouraged by
this initial result, we next screened various Lewis acid cata-
lysts [SnCl,-2H,0, AlCl;, ZnCl, FeCls;, I,, Zn(OTf),, and
Cu(OTf),] (entries 2-8) and Brensted acid catalysts (p-tol-
uenesulfonic acid, trifluoroacetic acid, and polyphosphoric
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acid) (entries 9-11) to identify the best catalyst for this
transformation. Among the above Lewis acid and Brensted
acid catalysts, Zn(OTf), was found to be the most effective,
giving the desired product 3 in 70% yield (entry 7). The re-
action was further examined by switching to various polar
protic, nonpolar protic, or halogenated solvents [ethyl ace-
tate, ethanol, methanol, DMF, toluene, chloroform, dichlo-
roethane, and acetonitrile] (entries 12-17), and the results
revealed that acetonitrile was superior to the other solvents
(entry 17). Next, we examined the effect of the catalyst
loading by changing the amount of catalyst from 2 to 20
mol% (entries 18-20). There was no significant change in
the yield of product 3, and therefore 2 mol% of Zn(OTf), in
appeared ideal for this reaction, as it provided the product
in 93% yield (entry 20). However, the reaction of 1a with 2a
displayed a low diastereoselectivity that was not signifi-
cantly improved on screening various solvents, Lewis and

Table 1 Optimization of Conditions for the 1,6-Conjugate Addition of a Benzoxazine with a p-Quinone Methide?

catalyst, solvent
O

o0 // p
1a 2a 3 /O ©
Entry Acid (mol%) Solvent Temp (°C) Time Yield (%) drb

1 zrCl, (5) CH,Cl, it 18h 35 44:66

2 SnCl,2H,0 (5) CH,Cl, it 18h 33 46:54

3 AlCl; (5) CH,Cl, rt 18h nrd -

4 Zndl, (5) CH,Cl, it 18h 50 52:48

5 Fecl, (5) CH,Cl, it 18h nr -

6 I (5) CH,Cl, it 18h 30 47:53

7 Zn(0Tf), (5) CH,Cl, rt 18h 70 72:27

8 Cu(OTf), (5) CH,Cl, rt 18h traces -

9 TSA (5) CH,Cl, it 5 min 29 47:53
10 TFA (5) CH,Cl, it 18h 34 46:54
11 PPA (5) CH,Cl, it 10h 40 58:42
12 Zn(OTH), (5) EtOAC it 18h nr -

13 Zn(OTH), (5) DMF it 18h nr -
14 Zn(OTf), (5) toluene rt 18h nr -
15 Zn(0Tf), (5) CHCl, rt 18 h nr -
16 Zn(OTH), (5) DCE it 18h 72 47:53
17 Zn(OT), (5) MeCN it 18h 96 72:28
18 Zn(OTf), (10) MeCN it 5 min 95 72:28
19 Zn(OTf), (20) MeCN rt 5 min 94 72:28
20 Zn(OTH), (2) MeCN it 5 min 93 72:28
21 Zn(OTH), (2) MeCN 0 18h nr -
22 Zn(OTH), (2) MeCN 50 5 min 94 72:28

2 Reaction conditions: p-quinone methide 1a (0.3 mmol), benzoxazine 2a (0.2 mmol), catalyst, solvent (3 mL).

b Determined by 'H NMR analysis of crude product 3.
¢nr = no reaction.
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Brgnsted acids, temperature conditions, or Zn(OTf), con-
centrations (entries 21 and 22). The reaction proceeded
with complete regioselectivity, as confirmed by 'H NMR
analysis of the product. Notably, although the reaction was
completely regioselective, the diastereoselectivity was only
moderate to acceptable.

To support the generality of our methodology, we next
explored the scope of the reaction with respect to the p-
QMs 1a-g and the benzoxazines 2a and 2c¢ (Scheme 1). We
were pleased to find that a broad range of p-QMs bearing
electron-withdrawing or electron-donating substituents
underwent reaction with benzoxazines to furnish the cor-
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Scheme 1 Substrate scope of p-quinone methides 1a-h with benzoxazinones 2a and 2c
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responding products 3-13 in yields of 54-95%. Much to our
satisfaction, the electronic properties of the aryl substitu-
ents were shown to have little influence on the efficiency of
the reaction. Both electron-releasing groups (R! = H, OMe,
NMe,) and electron-withdrawing groups (R! = F, Cl, CF;), as
well as dimethoxy substituents on the benzene ring, were
well tolerated, giving the corresponding products 3-13 in
good to excellent yields.

The reaction of 1a with benzoxazinone 2a under opti-
mal condition gave the product 3 in 93% yield in five min-
utes (Scheme 1). Similarly, the reaction of p-QM 1b, bearing
a methoxy group in the para-position of benzene ring, with
2a proceeded smoothly to give the corresponding product 4
in 95% yield in five minutes. The reaction of p-QM 1c bear-
ing two methoxy groups in the meta-positions of the ben-
zene ring with 2a was completed in 20 minutes and provid-

ed the 6 in 87% yield and with a good diastereoselectivity
(dr 92:8). Furthermore, the reaction of p-QM 1d with 2¢
proceeded smoothly and reached completion within 10
minutes to furnish the corresponding product 7 without
much diastereoselection. p-QMs 1e-h bearing such groups
as CF;, NMe,, fluoro, or chloro, on treatment with benzox-
azinones 2a and 2c, gave the corresponding products 8-13
in good yields, but with diminished diastereoselectivity. Al-
though the nature of the substituents on the benzene ring
of the p-QM is influential in governing the diastereoselec-
tivity of the product, no definitive pattern can be discerned.

Next, we turned our attention toward the scope and tol-
erance of the reaction of benzoxazinones with an electron-
donating group on the arene moiety. Here, the reactions of
benzoxazinones 2b and 2d with a 7-methyl substituent
were completed in five minutes, and gave the correspond-
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Scheme 2 Substrate scope of vinylogous carbamates 2b and 2d with p-QMs 1
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Scheme 3 Plausible reaction mechanism for the reaction between p-QMs 1 and benzoxazinones 2

ing products 14-21 in good to high yields (Scheme 2). The
diastereoselectivity of these reactions was comparable to
that obtained from the reactions of benzoxazinones 2a and
2c. The reaction of p-QM 1a with methyl (2E)-(5-bromo-2-
ox0-2H-1,4-benzoxazin-3(4H)-ylidene)acetate provided only
traces of the corresponding product, whereas the reaction
of 1a with the corresponding 5-nitro derivative did not pro-
ceed at all.

The assigned structures of the products were based on
spectroscopic evidence, such as 'H NMR (400 and 500
MHz), 3C (100 MHz and 125 MHz), and HRMS data. At-
tempted to separate the diastereomers by methods such as
crystallization and column chromatography were not suc-
cessful. Nevertheless, we obtained crystals of diastereomers
7 and 16, and their ORTEP diagrams?’ are shown Figure 1.
This further confirmed the structures of the products.

Figure 1 ORTEP diagrams of compounds 7 and 16

Based on a previous report,'® a plausible reaction mech-
anism for this transformation is shown in Scheme 3. The p-
QM 1 is activated by the Lewis acid Zn(OTf),, leading to the
generation of a highly electrophilic methylenic carbon at C-

6. Subsequent attack of the nucleophilic carbon of benzox-
azinone 2 on activated p-QM 1 and proton transfer result in
the formation of the desired 1,6-conjugate addition prod-
uct.

In summary, an efficient process for the synthesis of
highly substituted functionalized p-QMs derivatives has
been developed through an acid-catalyzed extended conju-
gation.?® This reaction permits the formation of 3,3-diaryl-
2-(2-0x0-2H-1,4-benzoxazin-3-yl)propanoic acid esters
containing both phenolic and vinylogous carbamate units
in good to excellent yields under mild conditions. The reac-
tion displayed excellent regioselectivity. This novel, green,
metal-free arylation strategy shows a good substrate scope
and a broad functional-group tolerance.
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