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ABSTRACT: A novel reaction mode and efficient ruthenium-catalyzed Matsuda—Heck-type
arylation of para-quinone methides (p-QMs) with aryl diazonium salts has been developed for the
synthesis of symmetrical or unsymmetrical ,6 -diaryl quinone methides (fuchsones). Aryl groups
are introduced at the J-position of p-QMs via tandem olefin insertion reaction/f-H elimination
processes. This reaction features advantages such as mild and green conditions, broad reactants
scope and high yields.

INTRODUCTION

As a special structural system, fuchsones have been found to be able to rapidly interconvert chiral
conformers in the liquid or solution state,! which were elicited interest from people because of
their photochromic properties and utility in dyes, photographic printing, and to stabilize radicals,?
etc. Recent study have shown that they can also be used as novel nonpeptide inhibitor of
Caspase-3.3 The traditional method for the synthesis of fuchsones was a two-step reaction. First,
the substituted 4-hydroxytriphenylmethanes was obtained by the condensation reaction of
substituted phenols and benzhydrol, and then fuchsones was formed by the oxidation of active
manganese dioxide, nickel peroxide, or lead dioxide in benzene solution (Scheme 1, Previous
work).* Other reported synthesis methods almost have been developed on the basis of this
reaction.!” Surprisingly, few new and effective methods for the synthesis of fuchsones have been

reported so far.
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para-Quinone methides (p-QMs) have been recognized for more than one century.® This motif
exists in a variety of biologically active compounds’ and is a key intermediates of versatile
medicinal and biological processes.® Consequently, there are great demands to explore new
reaction of p-QMs. Up to now, many reactions have been accomplished by employing p-QMs as
the substrates and the main reaction modes involve reduction,’ cyclization'®13 and 1,6-conjugate
addition.'4?? Although great progress has been made, there are still some limitations needing to be
overcome. i) The reported reactions of p-QMs generally led to aromatic products, whereas
dearomatized products were rarely obtained. ii) The new reaction mode has not broken through.
ii1) To the best of our knowledge, there is no report of aryl diazonium salts to react with p-QMs so
far. Hence, there are great demands to synthesize dearomatic products via olefin insertion
reaction/ f-H elimination processes of p-QMs as well as to introduce aryl groups at the J-position
of p-QMs.

In the past decades, aryl diazonium salts have been widely used in organic synthesis.?3?*
Among these, transition-metal catalyzed Matsuda—Heck reaction is a typical application which
reacted arenediazonium salts with alkenes in the aid of palladium catalyst.>> Compared with
traditional electrophiles as aryl halides and aryl triflates, aryl diazonium salts generate nitrogen as
the only byproduct and are more eco-friendly. Although some alkenes were applied as the
coupling partners in Matsuda—Heck reaction, p-QMs had never being investigated yet. Herein, we
reported a novel reaction mode and highly regioselective ruthenium-catalyzed J-arylation of
p-QMs with aryldiazonium salts to synthesize fuchsone derivatives (Scheme 1, This work). This
reaction proceeds under mild conditions and give the symmetrical or unsymmetrical fuchsones in

high yields.
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Scheme 1. Synthesis of fuchsone derivatives (Previous work and This work)

RESULTS AND DISCUSSION

For the optimization of reaction conditions, we chose 2,6-di-tert-butyl-4-
(4-fluorobenzylidene)cyclohexa-2,5-dien-1-one 1a and 4-methoxyphenyl diazonium salt 2a as the
model reactants, and the results were listed in Table 1. Initially, by heating the mixture of 1a (0.3
mmol), 2a (0.6 mmol), palladium acetate(10 mol%), potassium carbonate (0.3 mmol) in
acetonitrile (2 mL) under nitrogen atmosphere for 6 hours in a Schlenk tube, we isolated target
product 3a in 42% yields (Table 1, entry 1). Different metal catalysts were then examined, and
ruthenium chloride performed the best and afforded product 3a in 79 % yield (Tablel, entries
2-7). With RuCl; as the catalyst, we tried other base instead of K,COs, but did not get better result
(Table 1, entries 8-13). On the basis of this, we further investigated the effect of different solvents.
The results showed acetonitrile was the best choice (Tablel, entries 14-18). For the loading of
catalyst and base, it showed that 10 mol% ruthenium catalyst and 1 equiv of K,CO; was enough to
ensure the high yield of 3a (Table 1, entries 19-23). In addition, the reaction yield decreased

obviously with decreasing the reaction temperature, but the yield of the reaction did not increase

significantly with the increase of reaction temperature (Tablel, entries 24, 25). Finally, we carried

3
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out this reaction in the air, and isolated 3a only in 30% yield (Tablel, entry 26). It is probably due
to diazonium salt 2a is reactive in the air and tends to decompose. Therefore, the optimized

conditions were set to heating the mixture of 1a (0.3 mmol), 2a (0.6 mmol) in acetonitrile at 60 °C

The Journal of Organic Chemistry

for 6 h in a sealed tube with 10 mol% RuCl; as the catalyst and 1 equiv. of K,COj5 as the base.

Table 1. Optimization of reaction conditions®

. -
NoBF

+ /©/ 2774 cat base

MeO

solvent, Nj,

0]

50°C, 6 h C
1a 2a F s0m OMe
Entry Cat. (mol%) Base Solvent Yield (%)°
1 Pd(OAC), (10) K,CO; CH,CN 42
2 Pd(pphs)s (10) K,CO; CH,CN 40
3 FeCl, (10) K>CO; CH;CN 30
4 Cul (10) K,COs CH;CN 35
5 Cu(OAc), (10) K,COs CH;CN 37
6 RuClI33H,0 (10) K>,COs3 CH;CN 79
7 Ru(bpy)sCls (10) K,CO; CH,CN 32
8 RuCl;3H,0 (10) Et;N CH;CN 49
9 RuCl33H,0 (10) “BuOK CH;CN 60
10 RuCly3H,0 (10) Cs,CO; CH,CN 51
11 RuCl33H,0 (10) DBU CH;CN 23
12 RuCly3H,0 (10) KOH CH,CN 30
13 RuCly3H,0 (10) DABCO CH,CN 32
14 RuCl33H,0 (10) K,CO3 DCE 30
15 RuCly3H,0 (10) K,CO; DMF 18
16 RuCl;33H,0 (10) K,CO;4 DMSO 24
17 RuCl33H,0 (10) K,COs3 1,4-dioxane 34
18 RuCl33H,0 (10) K,CO; THF trace
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19 RuCl;3H,0 (5) K,CO; CH;CN 28
20 RuCl;3H,0 (15) K.CO; CH;CN 78
21 RuCl;3H,0 (20) K,CO; CH,CN 79
22 RuCl;3H,0 (10) K,CO; CH;CN 78¢
23 RuCl;3H,0 (10) K»CO; CH,CN 434
24 RuCl;3H,0 (10) K,CO; CH;CN 52¢
25 RuCl;3H,0 (10) K.CO; CH;CN 78/
26 RuCl;3H,0 (10) K,CO; CH;CN 30¢

“Reaction conditions: 1a (0.3 mmol), 2a (0.6 mol), catalyst (5%-20%), base (1 eq), solvent (2.0
ml), N, 50 °C, 6h; Isolated yield; <2 equiv of K,COs. 90.5 equiv of K,COs. ¢Under 40 °C. /Under

70 °C. €In the air.

With the optimal conditions in hand, we then screened the scope of reactants 1 and 2. By
employing 4-methoxy arenediazonium salt 2a as the coupling partner, we firstly investigated the
generality of p-QMs 1 (Table 2). It is found that electronic and steric factors of p-QMs have little
effect to this reaction. For para-substituted p-QMs with electron-donating groups ( OMe, i-Pr) or
with electron-withdrawing groups (F, CI, NO,), the target products 3aa-3ae were afforded in high
yields. However, it seems that the yield of p-QMs with electron-donating groups is better than that
of with withdrawing groups (3aa-3ac vs 3ad and 3ae). Similarly, ortho-substituted p-QMs
attached with different groups underwent this reaction smoothly as well, giving products 3af-3ah
in 80% to 81% yields. Besides, meta-substituted p-QMs also gived corresponding products with
good yields (3ai, 3aj). It should be noted that the position of substituents has no effect on the yield
of the reaction, which can be seen from the yields of 3ab & 3ag and 3ad & 3aj. In addition, the
multi-substituted and annulated p-QMs were all proven to be good reactant substrates, generating
3ak-3ap in 84% to 92% yields. Moreover, the heterocyclic p-QMs was also be applied to this
synthesis, generating 3aq in 84% yield. In Table 2, we could see compound 3ad is a absolutely
symmetrical structure.

Table 2. Scope of reactant 14
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KoCOj (1 equiv.)

.
N28F4 :
/©/ RUCl3.3H50 (10 mol%)
o CH3CN, Ny, 50°C

\
OMe CI OMe O,N OMe MeO OMe

3aa, 79%” 3ab, 78% 3ac, 78% 3ad, 86% 3ae, 89%

_n
oo

o o) o
| | | | |
I Me I OMe I l OMe I Br I OMe l I OMe O O OMe
3af, 80% 3ag 80% 3ah, 81% Me 3ai, 85% OMe 3a, 86%
o)
\ | \ \ \
o) oo, O O A, 0
Br OMe OMe OMeMe OMe o OMe \eO OMe
3ak, 84% 3al, 89% Me 3am, 87% 3an, 90% OMe3ao, 92%

xOOO ¢
\
OMe

3ap, 87% 3aq, 84%

@Conditions: 1 (0.3 mmol), 2a (0.6 mol), RuCl3:3H,0 (10 mol%), K,CO; (1 eq), acetonitrile (2.0

OMe

ml), N,, 50 °C, 6h (monitored by TLC); ¢Isolated yield.

Subsequently, we investigated the scope of aryl diazonium salts 2 (Table 3).
Different-substituted aryl diazonium salts 2b-2g all showed good reaction activities. For instance,
para-substituted diazonium salts 2b-2e either with electron-withdrawing group (Me) or with
electron-withdrawing groups (F, Cl, Br) reacted with diversified p-QMs 1 well, generating
products 3ba-3ea in high yields. Moreover, ortho-substituted diazonium salt 2f was also well used
in this preferred condition and given 3fa with satisfying yield. Moreover,
benzo[d][1,3]dioxole-5-diazonium salt 2g also performed well in the synthesis, delivering
products 3ga-3gh in 81% to 92% yields. In these this synthetic scope, compounds 3bd, 3db,
and 3gh are the perfectly symmetrical structures.

Table 3. Scope of reactant 2¢
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KoCOg3 (1 equiv.)

.
o N2BFs  RuCl3.3H,0 (10 mol%)

21

R O/ CH4CN, Ny, 50°C, 6 h

R'I_ R1
2b-2h
""""""""""""""""""""""""" LT
2b R=Me N2BF4 NoBF4
2c R=F
2d R=Cl Br O
2e R=Br 2f 0 29
o o e} (o} o
\ \ | | \
OMe I (] l I Br I I l l Br l
3ba, 85%" 3bb, 83% 3bc, 80% 3bd, 83% 3be, 83%
o o} o o
\ \ \ \
3ca, 78% 3cb, 80% 3da, 77% 3db, 75% 3dc, 79%
o) o) o) o]
\ \ \ \
L Cldn L O 2
OMe Br 0 Br 0 . ©
3ea, 77% 3fa, 81% 3ga, 85% 3gb, 82% 3gc, 88%
o o 0 0 (0]
I Br | o | | |
o LI OOy O O Sy O
Br O O> OMe S Br o O O o
3gd 81% 3ge, 85% 3gf, 84% 399, 90% 3gh, 92%

@Conditions: 1 (0.3 mmol), 2 (0.6 mol), RuCl3:3H,0 (10 mol%), K,COs3 (1 eq), acetonitrile (2.0
ml), N, 50 °C, 6h (monitored by TLC); ¢Isolated yield.

To shed light on the reaction mechanism, some control reactions was investigated carefully
(Scheme 2). When RuCl;-3H,0 was absent in standard condition, the 3aa was not obtained, which
meant that the catalyst was indispensable. Subsequently, we added 4 equiv of radical scavenger
TEMPO (2,2,6,6-Tetramethylpiperidine 1-oxyl) or BHT (2,6-Di-tert-butyl-4-methyl- phenol) into
the model reaction, and found 3aa was formed in 78% and 76% yields, respectively. These results
illustrated the reaction should occurred via a non-radical pathway. In addition, the successful

completion of gram-scale experiment indicates that this synthesis has a good application prospect.
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without RuCl3 H,O
K>CO3 (1 equiv)

N, *BF
L T ; |
H,CO CH4CN, N, 50 °C, 6 h

F
1a 2a 3aa, 0%
Ko,CO3 (1 equiv) ‘
N2"BF4” RuCly3H,0 (10mol%)
TEMPO (4 equiv.) |
CH3CN, N, 50 °C, 6 h O O
F OCHs
3aa, 78%
K>CO3 (1 equiv) ‘
N2"BF4” RuCl;3H,0 (10mol%) |
BHT (4 equiv.)
CH4CN, Ny, 50 °C, 6 h
F OCHs
3aa, 76%

1a (4 mmol, 1.25g) 2a (8 mmol, 1.78g) 3aa (1.12g, 67%)

Scheme 2. Control and gram-scale experiments

Based on our experimental results, a possible reaction mechanism was proposed as follows
(Scheme 3). At first, aryl diazonium salt was inserted by [Ru] species to generate aryl-ruthenium
intermediate I accompanying removal of N, and BF;. Through the olefin insertion reaction of I
and p-QMs 1 to afford intermediate II and intermediate III, which finally forms intermediate IV.
The intermediate V is formed by the characteristic of easy coordination of hydrogen atom with

ruthenium, After f-H elimination, the product 3 is obtained, and with the help of K,COj3, [Ru]

species is freshly generated again.
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F-H Elimination =

25 Scheme 3. Possible mechanism

27 CONCLUSION

29 In conclusion, we have developed a novel reaction mode and efficient ruthenium-catalyzed
31 arylation of p-QMs with aryl diazonium salts to synthesize fuchsones derivatives. A variety of
33 reactants survive in the conditions and symmetrical or unsymmetrical products are formed in high
35 yields. This reaction represents a new Matsuda—Heck-type reaction by employing p-QMs as the

37 coupling partner to construct Csp>-Csp? bond with diazonium salts for the first time.

EXPERIMENTAL SECTION

42 General Information.

45 Unless stated otherwise, all reactions were conducted in Schlenk tube under nitrogen condition.
All solvents and reagents were received from commercial sources without further purification.
50 para-Quinone methides?® and aryl diazonium salts?’ were synthesized following reported
53 protocols. All the reactions were monitored by TLC. Silica gel (particle size 10-50 pm ) was used
55 for flash column chromatography. NMR spectra were recorded on Bruker-400 spectrometer at 400

58 MHz ('"H NMR), 100 MHz ('3C NMR). High resolution mass spectra (HRMS) were recorded on a
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Bruker microTOF-Q 134 instrument with Electron Spray lonization (ESI) resource.

General Procedure for the Synthesis Product 3.

To a mixture of RuCl;-3H,0 (0.03 mmol) and K,CO; (0.3 mmol) in CH;CN (2.0 mL) under N,

atmosphere, para-quinone methides 1 (0.3 mmol) and aryl diazonium salts 2 (0.6 mmol) were

added. The system was stirred at 50 °C using an oil bath for 6 h (the reaction was monitored by

TLC). After the reaction was completed, the reaction mixture was filtered by diatomite. The filtere

was diluted with brine (10 mL) and extracted with ethyl acetate (5 mL x 3). The organic layer was

washed with water (10 mL), then separated, dried over Na,SO,, and concentrated under vacuum.

The residue was further purified by flash column chromatography on silica gel (petroleum ether:

EtOAc =40:1) to afford desired product 3 as a yellow solid.

Procedure for the Control Reaction.

To a mixture of RuCl;-3H,0 (0.03 mmol) and K,CO; (0.3 mmol) in CH;CN (2.0 mL) under N,

atmosphere, 2,2,6,6-tetramethylpiperidinooxy (TEMPO) (1.2 mmol) or butylated hydroxytoluene

(BHT) (1.2 mmol), 2,6-di-tert-butyl-4-(4-fluorobenzyli dene)cyclohexa-2,5-dien-1-one 1a (0.3

mmol) and 4-methoxybenzenediazonium salt 2a (0.6 mmol) were added. The system was stirred

at 50 °C for 6 h and the reaction was monitored by TLC.

Procedure for the Synthesis of 3aa on 4 mmol Scale.

To a mixture of RuCl;-3H,0 (0.104 g, 0.4 mmol) and K,CO; (0.55 g, 4 mmol) in CH3CN (10.0

mL) under N, atmosphere, 2,6-di-tert-butyl-4-(4-fluorobenzylidene) cyclohexa-2,5-dien-1-one 1a

(1.25 g, 4 mmol) and 4-methoxybenzenediazonium salt 2a (1.78 g, 8 mmol) were added. The

system was stirred at 50 °C for 6 h (the reaction was monitored by TLC). After the reaction was

completed, the reaction mixture was filtered by diatomite. The filtere was diluted with brine (40

10
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mL) and extracted with ethyl acetate (20 mL X 3). The organic layer was washed with water (40

mL), then separated, dried over Na,SO,4, and concentrated under vacuum. The residue was further

purified by flash column chromatography on silica gel (petroleum ether: EtOAc = 40:1) to afford

desired product 3aa (1.12 g, 67%) as a yellow solid.

Characterization Data of Product 3.

2,6-Di-tert-butyl-4-((4-fluorophenyl) (4-methoxyphenyl)methylene)cyclohexa-2,5-dien- 1-one (3aa)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 79% (99 mg). mp: 169 - 170 °C. 'H

NMR (400 MHz, CDCL3) &: 7.30 - 7.26 (m, 3H), 7.23 - 7.20 (m, 2H), 7.18 - 7.13 (m, 3H), 6.9 (d,

J = 8.8 Hz, 2H), 3.93 (s, 3H), 1.31 (s, 9H), 1.29 (s, 9H). 3C{'H} NMR (100 MHz, CDCl;) §:

186.1, 163.4 (d, Jor = 249.2 Hz), 160.8, 154.9, 147.3 (double), 137.2 (d, Jr = 2.9 Hz), 134.1 (d,

Jor = 8.3 Hz), 133.9, 133.1, 132.2, 132.0, 129.3, 115.2 (d, Jcr = 21.6 Hz), 113.7, 55.5, 35.4

(double), 29.7, 29.6. HRMS (ESI-TOF) m/z: [M+Na]* Calculated for C,3H; FNaO, 441.2206;

Found 441.2213.

2,6-Di-tert-butyl-4-((4-chlorophenyl) (4-methoxyphenyl)methylene)cyclohexa-2,5-dien- 1-one (3ab)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 78% (102 mg). mp: 160 - 161 °C. 'H

NMR (400 MHz, CDCly) &: 7.44 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 2.8 Hz, 1H), 7.25 - 7.19 (m, 4H),

7.14 (d, J = 2.4 Hz, 1H), 7.01 - 6.96 (m, 2H), 3.93 (s, 3H), 1.31 (s, 9H), 1.29 (s, 9H). 3C{'H}

NMR (100 MHz, CDCl;) 6: 186.1, 160.8, 154.5, 147.5, 147.4, 139.6, 135.5, 133.9, 133.4, 132.9,

132.1, 131.7, 129.5, 128.4, 113.7, 55.5, 35.4, 29.7, 29.6. HRMS (ESI-TOF) m/z: [M+Na]*

Calculated for C,3H3;CINaO, 457.1910; Found 457.1899.

2,6-Di-tert-butyl-4-((4-methoxyphenyl) (4-nitrophenyl)methylene)cyclohexa-2,5-dien-1-one (3ac)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 78% (104 mg). mp: 197 - 198 °C. 'H

11
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NMR (400 MHz, CDCLy) 8: 8.32 (d, J = 8.4 Hz, 2H), 7.48 (d, J = 8.8 Hz, 2H), 7.29 (d, J = 2.8 Hz,

1H), 7.21 - 7.17 (m, 2H), 7.03 (d, J = 2.8 Hz, 1H), 7.00 (d, J = 8.4 Hz, 2H), 3.93 (s, 3H), 1.31 (s,

9H), 1.27 (s, 9H). 3C{'H} NMR (100 MHz, CDCl;) &: 186.1, 161.0, 152.2, 148.4, 148.3, 147.9,

147.8, 133.7, 132.8, 132.2, 131.7, 130.9, 130.7, 123.3, 114.0, 55.6, 35.5, 35.5, 29.7, 29.6. HRMS

(ESI-TOF) m/z: [M+Na]* Calculated for C,3H3;NNaO,4 468.2151; Found 468.2144.

4-(Bis(4-methoxyphenyl)methylene)-2, 6-di-tert-butylcyclohexa-2,5-dien- 1-one (3ad)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 86% (111 mg). mp: 178 - 179 °C. 'H

NMR (400 MHz, CDCLy) &: 7.24 (s, 2H), 7.22 (s, 4H), 7.00 - 6.97 (m, 4H), 3.93 (s, 6H), 1.31 (s,

18H). BC{'H} NMR (100 MHz, CDCl;) : 186.0, 160.8, 156.6, 146.7, 134.1, 133.5, 132.5, 128.6,

113.5, 55.5, 35.3, 29.7. HRMS (ESI-TOF) m/z: [M+Na]* Calculated for C,oH34NaO; 453.2406;

Found 453.2397.

2,6-Di-tert-butyl-4-((4-isopropylphenyl) (4-methoxyphenyl)methylene)cyclohexa-2,5-dien-1-one

(3ae)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 89% (118 mg). mp: 182 - 183 °C. 'H

NMR (400 MHz, CDCLy) 8: 7.31 (d, J = 7.6 Hz, 2H), 7.27 (d, J= 2.0 Hz, 1H), 7.24 (d, J = 2.0 Hz,

2H), 7.22 (d, J = 2.8 Hz, 2H), 7.20 (s, 1H), 6.98 (d, J = 8.4 Hz, 2H), 3.93 (s, 3H), 3.02 (dt, J =

13.6, 6.8 Hz, 1H), 1.36 (s, 3H), 1.35 (s, 3H), 1.32 (s, 9H), 1.30 (s, 9H). '>C{'H} NMR (100 MHz,

CDCly) 8: 186.1, 160.6, 156.8, 150.4, 146.9, 146.8, 138.5, 134.0, 133.4, 132.5, 132.4, 128.9, 126.0,

113.4, 55.4, 35.3 (double), 34.0, 29.6 (double), 23.9. HRMS (ESI-TOF) m/z: [M+Na]* Calculated

for C51H33NaO, 465.2770; Found 465.2768.

2,6-Di-tert-butyl-4-((4-methoxyphenyl) (o-tolyl)methylene)cyclohexa-2,5-dien-1-one (3af)

yellow solid, isolated yield 80% (99 mg). mp: 142 - 143 °C. 'H NMR (400 MHz, CDCl;) 8: 7.46

12
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(d, J=2.4 Hz, 1H), 7.39 - 7.35 (m, 1H), 7.31 - 7.27 (m, 2H), 7.24 (d, J = 8.8 Hz, 2H), 7.19 - 7.15

(m, 1H), 6.96 (d, J = 8.8 Hz, 2H), 6.84 (d, J = 2.4 Hz, 1H), 3.91 (s, 3H), 2.05 (s, 3H), 1.35 (s, 9H),

1.22 (s, 9H). *C{'H} NMR (100 MHz, CDCl;) &: 186.3, 160.5, 155.4, 147.5, 147.2, 140.5, 137.1,

133.1, 132.3, 131.9, 131.3, 131.1, 130.5, 129.3, 128.7, 125.4, 113.7, 55.5, 35.4, 35.2, 29.7, 29.5.

HRMS (ESI-TOF) m/z: [M+Na]* Calculated for C9H3,NaO, 437.2457; Found 437.2445.

2,6-Di-tert-butyl-4-((2-chlorophenyl) (4-methoxyphenyl)methylene)cyclohexa-2,5-dien- 1-one (3ag)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 80% (104 mg). mp: 126 - 127 °C. 'H

NMR (400 MHz, CDCl3) &: 7.51 (dd, J = 7.6, 2.0 Hz, 1H), 7.43 (d, J = 2.4 Hz, 1H), 7.42 - 7.38

(m, 2H), 7.29 (dd, J = 7.2, 2.0 Hz, 1H), 7.26 (d, J = 8.8 Hz, 2H), 6.97 (d, J = 8.8 Hz, 2H), 6.80 (d,

J =24 Hz, 1H), 3.91 (s, 3H), 1.34 (s, 9H), 1.23 (s, 9H). 3C{'H} NMR (100 MHz, CDCL;) §:

186.4, 160.4, 151.6, 148.1, 147.5, 139.7, 134.1, 133.0, 132.4, 131.6, 131.4, 131.0, 130.1, 130.0,

129.9, 126.4, 113.7, 55.4, 35.5, 35.2, 29.7, 29.5. HRMS (ESI-TOF) m/z: [M+Na]* Calculated for

C23H31C1Na02 457. 1910, Found 457.1907.

4-((2-Bromophenyl) (4-methoxyphenyl)methylene)-2,6-di-tert-butylcyclohexa-2, 5-dien-1-one (3ah)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 81% (116 mg). mp: 123 - 124 °C. 'H

NMR (400 MHz, CDCls) §: 7.71 (d, J = 8.0 Hz, 1H), 7.47 - 7.41 (m, 2H), 7.33 (dd, J = 8.0, 2.0

Hz, 1H), 7.30 (t, J = 2.0 Hz, 1H), 7.27 (d, J = 8.8 Hz, 2H), 6.97 (d, J = 8.8 Hz, 2H), 6.78 (d, J =

2.4 Hz, 1H), 3.91 (s, 3H), 1.34 (s, 9H), 1.23 (s, 9H). *C{'H} NMR (100 MHz, CDCL;) &: 186.4,

160.5, 153.0, 148.2, 147.5, 141.7, 133.4, 133.2, 132.4, 131.5, 131.4, 131.1, 130.0, 129.8, 127.1,

124.2, 113.7, 55.5, 35.6, 35.3, 29.8, 29.6. HRMS (ESI-TOF) m/z: [M+Na]® Calculated for

C,sH31BrNaO, 501.1405; Found 501.1409.

2,6-Di-tert-butyl-4-((4-methoxyphenyl) (m-tolyl)methylene)cyclohexa-2,5-dien-1-one (3ai)
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yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 85% (106 mg). mp: 170 - 171 °C. 'H

NMR (400 MHz, CDCLy) 8: 7.34 (t, J = 7.6 Hz, 1H), 7.29 (d, J = 2.8 Hz, 2H), 7.25 - 7.22 (m, 2H),

7.21(d, J = 2.4 Hz, 1H), 7.09 (d, J = 8.4 Hz, 2H), 6.98 (d, J = 8.8 Hz, 2H), 3.93 (s, 3H), 2.42 (s,

3H), 1.32 (s, 9H), 1.29 (s, 9H). 3C{'H} NMR (100 MHz, CDCL;) &: 186.2, 160.7, 156.7, 147.1,

146.9, 141.1, 137.6, 133.9, 133.3, 132.9, 132.5, 132.3, 130.1, 129.5, 129.2, 127.8, 113.5, 55.5,

354, 353, 29.7, 29.6, 21.4. HRMS (ESI-TOF) m/z: [M+Na]" Calculated for CyH;4NaO,

437.2457; Found 437.2466.

2,6-Di-tert-butyl-4-((3-methoxyphenyl) (4-methoxyphenyl)methylene)cyclohexa-2,5-dien-1-one

(3aj)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 86% (111 mg). mp: 174 - 175 °C. 'H

NMR (400 MHz, CDCLy) &: 7.36 (t, J = 8.0 Hz, 1H), 7.30 (d, J = 2.4 Hz, 1H), 7.25 (s, 1H), 7.23

(s, 2H), 7.02 (dd, J = 8.4, 2.4 Hz, 1H), 6.98 (d, J = 8.8 Hz, 2H), 6.88 (d, J = 7.6 Hz, 1H), 6.82 (s,

1H), 3.92 (s, 3H), 3.84 (s, 3H), 1.32 (s, 9H), 1.29 (s, 9H). 3C{'H} NMR (100 MHz, CDCl;) &:

186.2, 160.7, 159.2, 156.1, 147.3, 147.0, 142.5, 133.9, 133.1, 132.3, 132.2, 129.2, 129.0, 124.8,

117.3, 115.2, 113.5, 55.5, 35.4, 35.4, 29.7 (double). HRMS (ESI-TOF) m/z: [M+Na]* Calculated

for C,9H34NaO3 453.2406; Found 453.2409.

4-((2-Bromo-4-methylphenyl) (4-methoxyphenyl)methylene)-2, 6-di-tert-butylcyclohexa-2, 5-dien- 1-

one (3ak)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 84% (124 mg). mp: 169 - 170 °C. 'H

NMR (400 MHz, CDCLy) &: 7.53 (s, 1H), 7.42 (d, J = 2.4 Hz, 1H), 7.25 (d, J = 8.8 Hz, 2H), 7.22

(s, 1H), 7.15 (d, J = 7.6 Hz, 1H), 6.96 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 2.4 Hz, 1H), 3.91 (s, 3H),

2.45 (s, 3H), 1.34 (s, 9H), 1.24 (s, 9H). 3C{'H} NMR (100 MHz, CDCL;) 5: 186.4, 160.4, 153.3,
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147.9, 147.3, 140.4, 138.7, 133.8, 133.2, 132.2, 131.7, 131.1, 129.8, 127.9, 124.0, 113.6, 55.4,

35.5, 35.2, 29.7, 29.6, 21.0. HRMS (ESI-TOF) m/z: [M+Na]* Calculated for CyyH3;BrNaO,

515.1562; Found 515.1567.

2,6-Di-tert-butyl-4-((2,5-dimethoxyphenyl) (4-methoxyphenyl)methylene)cyclohexa-2,5-dien-1-one

(3al)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 89% (123 mg). mp: 180 - 181 °C. 'H

NMR (400 MHz, CDCls) &: 7.40 (d, J = 2.8 Hz, 1H), 7.28 - 7.24 (m, 2H), 7.01 (d, J = 2.8 Hz, 1H),

6.98 (d, J = 2.8 Hz, 1H), 6.95 (d, J = 2.8 Hz, 2H), 6.93 (d, J = 3.2 Hz, 1H), 6.74 (d, J = 3.2 Hz,

1H), 3.91 (s, 3H), 3.82 (s, 3H), 3.60 (s, 3H), 1.32 (s, 9H), 1.25 (s, 9H). 3C{'H} NMR (100 MHz,

CDCly) 8: 186.4, 160.2, 153.2, 152.3, 151.8, 147.3, 146.8, 132.9, 132.7, 132.2, 131.4, 131.0, 129.6,

117.9, 115.5, 113.4, 113.2, 56.5, 56.0, 55.4, 35.4, 35.2, 29.7, 29.6. HRMS (ESI-TOF) m/z:

[M+Na]* Calculated for C3oH3sNaO,4 483.2511; Found 483.2517.

2,6-Di-tert-butyl-4-((3,4-dimethylphenyl) (4-methoxyphenyl)methylene)cyclohexa-2, 5-dien-1-one

(3am)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 87% (112 mg). mp: 190 - 200 °C. 'H

NMR (400 MHz, CDCls) §: 7.26 (s, 2H), 7.22 (t, J = 8.4 Hz, 3H), 7.06 (s, 1H), 7.03 (d, J= 7.6

Hz, 1H), 6.98 (d, J = 8.4 Hz, 2H), 3.93 (s, 3H), 2.38 (s, 3H), 2.32 (s, 3H), 1.32 (s, 9H), 1.31 (s,

9H). BC{'H} NMR (100 MHz, CDCl3) &: 186.1, 160.6, 157.0, 146.8, 146.6, 138.6, 138.3, 136.2,

134.0, 133.6, 133.4, 132.6, 132.4, 130.0, 129.2, 128.8, 113.4, 55.4, 35.3 (double), 29.6 (double)

19.8, 19.7. HRMS (ESI-TOF) m/z: [M+Na]" Calculated for C;yH3;sNaO, 451.2613; Found

451.2601.

4-(Benzo[d][1,3]dioxol-5-yl(4-methoxyphenyl)methylene)-2, 6-di-tert-butylcyclohexa-2,5-dien-1-o0
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ne (3an)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 90% (120 mg). mp: 177 - 178 °C. 'H

NMR (400 MHz, CDCLy) 8: 7.24 (d, J = 1.6 Hz, 2H), 7.22 (s, 2H), 6.98 (d, J = 8.4 Hz, 2H), 6.91

(d, J= 8.0 Hz, 1H), 6.84 (dd, J = 8.0, 1.6 Hz, 1H), 6.72 (d, J = 1.2 Hz, 1H), 6.09 (s, 2H), 3.93 (s,

3H), 1.32 (s, 9H), 1.31 (s, 9H). BC{'H} NMR (100 MHz, CDCL;) &: 186.1, 160.8, 156.1, 148.8,

147.6, 146.9, 146.8, 135.1, 134.0, 133.3, 132.4, 132.3, 129.0, 127.3, 113.5, 112.3, 107.8, 101.6,

55.5, 35.3, 29.7. HRMS (ESI-TOF) m/z: [M+Na]* Calculated for C,oH3,NaO4 467.2198; Found

467.2193.

2,6-Di-tert-butyl-4-((4-methoxyphenyl)(3,4, 5-trimethoxyphenyl)methylene)cyclohexa-2, 5-dien-1-o0

ne (3ao)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 92% (135 mg). mp: 136 - 137 °C. 'H

NMR (400 MHz, CDCls) &: 7.29 - 7.26 (m, 2H), 7.25 (d, J = 2.8 Hz, 2H), 6.9 (d, J = 8.8 Hz, 2H),

6.51 (s, 2H), 3.99 (s, 3H), 3.94 (s, 3H), 3.84 (s, 6H), 1.32 (s, 9H), 1.31 (s, 9H). *C{'H} NMR

(100 MHz, CDCl;) 6: 186.2, 160.8, 156.3, 152.6, 147.1, 146.9, 139.2, 136.4, 134.1, 132.9, 132.4,

132.3, 129.1, 113.5, 110.0, 61.1, 56.3, 55.5, 35.4, 29.8, 29.7. HRMS (ESI-TOF) m/z: [M+Na]*

Calculated for C3;H3gNaOs 513.2617; Found 513.2624.

2,6-Di-tert-butyl-4-((4-methoxyphenyl) (naphthalen-2-yl)methylene)cyclohexa-2,5-dien-1-one

(3ap)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 87% (118 mg). mp: 173 - 174 °C. 'H

NMR (400 MHz, CDCL) &: 7.96 (dd, J = 11.6, 8.4 Hz, 2H), 7.68 (d, J = 8.4 Hz, 1H), 7.60 - 7.56

(m, 2H), 7.53 - 7.49 (m, 1H), 7.41 (t, J = 7.2 Hz, 2H), 7.33 (d, J = 2.0 Hz, 1H), 7.31 (d, J = 2.4

Hz, 1H), 6.95 - 6.92 (m, 2H), 6.79 (d, J = 2.8 Hz, 1H), 3.88 (s, 3H), 1.39 (s, 9H), 1.10 (s, 9H).
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BC{'H} NMR (100 MHz, CDCl;) 3: 186.4, 160.5, 153.9, 147.6, 147.0, 138.6, 133.7, 133.1, 132.9,

132.4, 132.2, 131.3, 130.5, 129.3 (double), 128.4, 126.5, 126.3, 126.0, 124.5, 113.7, 55.4, 35.4,

35.1, 29.7, 29.3. HRMS (ESI-TOF) m/z: [M+Na]" Calculated for C;,H34NaO, 473.2457; Found

473.2448.

2,6-Di-tert-butyl-4-((4-methoxyphenyl) (thiophen-2-yl)methylene)cyclohexa-2,5-dien-1-one (3aq)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 84% (102 mg). mp: 173 - 174 °C. 'H

NMR (400 MHz, CDCls) 8: 7.69 (d, J = 2.4 Hz, 1H), 7.64 (dd, J = 4.8, 2.0 Hz, 1H), 7.34 - 7.30

(m, 2H), 7.23 - 7.19 (m, 2H), 7.11 (d, J = 2.8 Hz, 1H), 7.02 - 6.98 (m, 2H), 3.94 (s, 3H), 1.38 (s,

9H), 1.28 (s, 9H). 3C{'H} NMR (100 MHz, CDCl;) &: 186.2, 161.0, 147.9, 147.5, 147.0, 144.1,

133.8, 133.3, 133.2, 132.3, 131.6, 131.1, 129.4, 127.7, 113.5, 55.5, 35.5, 35.4, 29.7, 29.6. HRMS

(ESI-TOF) m/z: [M+Na]* Calculated for C,sH30NaO,S 429.1864; Found 429.1859.

2,6-Di-tert-butyl-4-((2-methoxyphenyl) (p-tolyl) methylene)cyclohexa-2,5-dien-1-one (3ba)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 85% (106 mg). mp: 146 - 147 °C. 'H

NMR (400 MHz, CDCLy) 8: 7.47 - 7.41 (m, 1H), 7.39 (d, J = 2.8 Hz, 1H), 7.21 (s, 4H), 7.17 (dd, J

=17.6, 1.6 Hz, 1H), 7.06 (t, J = 7.6 Hz, 1H), 7.02 - 6.98 (m, 2H), 3.67 (s, 3H), 2.44 (s, 3H), 1.32 (s,

9H), 1.24 (s, 9H). 3C{'H} NMR (100 MHz, CDCl;) &: 186.4, 157.4, 152.9, 147.2, 146.9, 138.7,

137.7, 132.4, 132.1, 131.4, 130.9, 130.4, 130.0, 129.9, 128.6, 120.3, 111.6, 55.7, 35.3, 35.1, 29.6,

29.5, 21.4. HRMS (ESI-TOF) m/z: [M+Na]* Ccalculated for C,oH3;yNaO, 437.2457; Found

437.2450.

2,6-Di-tert-butyl-4-((2-chlorophenyl) (p-tolyl)methylene)cyclohexa-2,5-dien-1-one (3bb)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 83% (104 mg). mp: 143 - 144 °C. 'H

NMR (400 MHz, CDCl;) &: 7.53 - 7.49 (m, 1H), 7.42 (d, J = 2.8 Hz, 1H), 7.40 (dd, J = 4.0, 2.0 Hz,

17
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1H), 7.39 - 7.36 (m, 1H), 7.31 - 7.28 (m, 1H), 7.23 (q, J = 8.4 Hz, 4H), 6.82 (d, J = 2.4 Hz, 1H),

2.45 (s, 3H), 1.33 (s, 9H), 1.23 (s, 9H). 3C{'H} NMR (100 MHz, CDCL;) 5: 186.4, 151.7, 148.1,

147.7, 139.6, 139.3, 136.2, 134.0, 132.2, 131.3, 131.2, 130.9, 130.3, 130.1, 129.8, 128.9, 126.4,

35.4, 35.2, 29.6, 29.4, 21.4. HRMS (ESI-TOF) m/z: [M+Na]* Calculated for C,gH3;CINaO

441.1961; Found 441.1958.

4-((2-Bromophenyl) (p-tolyl) methylene)-2, 6-di-tert-butylcyclohexa-2, 5-dien-1-one (3bc)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 80% (111 mg). mp: 145 - 146 °C. 'H

NMR (400 MHz, CDCl;) &: 7.72 - 7.69 (m, 1H), 7.46 - 7.41 (m, 2H), 7.35 - 7.32 (m, 1H), 7.29 (dd,

J=17.2,1.6 Hz, 1H), 7.24 (s, 4H), 6.80 (d, J = 2.4 Hz, 1H), 2.45 (s, 3H), 1.33 (s, 9H), 1.23 (s, 9H).

BC{'H} NMR (100 MHz, CDCl;) &: 186.4, 153.0, 148.2, 147.7, 141.6, 139.3, 135.9, 133.2, 132.2,

131.4, 131.3, 130.9, 130.2, 129.8, 128.9, 127.0, 124.0, 35.4, 35.2, 29.6, 29.4, 21.5. HRMS

(ESI-TOF) m/z: [M+Na]" Calculated for C,gH3,BrNaO 485.1456; Found 485.1447.

2,6-Di-tert-butyl-4-(di-p-tolylmethylene)cyclohexa-2,5-dien-1-one (3bd)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 83% (99 mg). mp: 198 - 199 °C. 'H

NMR (400 MHz, CDCly) &: 7.26 (s, 2H), 7.25 (d, J = 6.4 Hz, 4H), 7.17 (d, J = 8.0 Hz, 4H), 2.47 (s,

6H), 1.31 (s, 18H). *C NMR (100 MHz, CDCl;) &: 186.2, 156.8, 147.0, 139.5, 138.1, 132.3,

132.2,129.2, 128.7, 35.3, 29.6, 21.5. HRMS (ESI-TOF) m/z: [M+Na]* Calculated for C,9H34NaO

421.2507; Found 421.2496.

4-((2-Bromo-4-methylphenyl) (p-tolyl)methylene)-2, 6-di-tert-butylcyclohexa-2,5-dien-1-one (3be)

yellow solid, isolated yield 83% (119 mg). mp: 184 - 185 °C. 'H NMR (400 MHz, CDCl3) &: 7.53

(s, 1H), 7.41 (d, J = 2.4 Hz, 1H), 7.23 (d, J = 3.2 Hz, 5H), 7.15 (d, J = 7.6 Hz, 1H), 6.84 (d, J =

2.8 Hz, 1H), 2.45 (s, 3H), 2.44 (s, 3H), 1.33 (s, 9H), 1.24 (s, 9H). 3C{'H} NMR (100 MHz,
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CDCly) &: 186.4, 153.4, 148.0, 147.5, 140.3, 139.3, 138.6, 136.3, 133.8, 132.1, 131.6, 131.5, 131.1,

130.2, 128.9, 127.9, 123.8, 35.5, 35.3, 29.7, 29.6, 21.5, 21.0. HRMS (ESI-TOF) m/z: [M+Na]*

Calculated for C,oH33BrNaO 499.1612; Found 499.1605.

2,6-Di-tert-butyl-4-((4-fluorophenyl) (2-methoxyphenyl)methylene)cyclohexa-2,5-dien- 1-one (3ca)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 78% (94 mg). mp: 140 - 141 °C. 'H

NMR (400 MHz, CDCls) §: 7.48 - 7.43 (m, 1H), 7.31 - 7.27 (m, 3H), 7.19 (dd, J = 7.6, 1.6 Hz,

1H), 7.14 - 7.07 (m, 3H), 7.01 (s, 1H), 7.00 (d, J = 7.6 Hz, 1H), 3.66 (s, 3H), 1.31 (s, 9H), 1.24 (s,

9H). 3C{'H} NMR (100 MHz, CDCl;) 5: 186.4, 162.8 (d, Je.r = 248.1 Hz), 157.4, 151.4, 147.7,

147.3, 136.7 (d, Jcr = 2.6 Hz), 132.6 (d, Jor = 8.2 Hz), 132.5, 131.9, 130.9, 130.7, 130.3, 129.6,

120.4, 114.9 (d, Joy = 21.5 Hz), 111.7, 55.6, 35.4, 35.2, 29.6 (double). HRMS (ESI-TOF) m/z:

[M+Na]* Calculated for C,3H3;FNaO, 441.2206; Found 441.2199.

2,6-Di-tert-butyl-4-((3,4-dimethylphenyl) (4-fluorophenyl)methylene)cyclohexa-2,5-dien-1-one

(3cb)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 80% (100 mg). mp: 166 - 167 °C. 'H

NMR (400 MHz, CDCls) &: 7.30 - 7.25 (m, 3H), 7.22 (d, J = 8.0 Hz, 1H), 7.17 (d, J = 4.4 Hz, 1H),

7.14 (d, J = 8.8 Hz, 2H), 7.04 (s, 1H), 7.01 (d, J = 8.0 Hz, 1H), 2.38 (s, 3H), 2.32 (s, 3H), 1.31 (s,

9H), 1.30 (s, 9H). 3C{'H} NMR (100 MHz, CDCl;) &: 186.1, 163.2 (d, Jo.r = 249.1 Hz), 155.3,

147.4, 147.2, 138.5, 138.2, 137.1 (d, Jc.r = 3.0 Hz), 136.4, 133.9 (d, Jcr = 8.1 Hz), 133.3, 132.2,

131.8, 129.8, 129.5, 129.4, 115.1 (d, Jcr = 21.4 Hz), 35.3, 29.6 (double), 19.8, 19.7. HRMS

(ESI-TOF) m/z: [M+Na]" Calculated for C,9H33FNaO 439.2413; Found 439.2403.

2,6-Di-tert-butyl-4-((4-chlorophenyl) (2-methoxyphenyl)methylene)cyclohexa-2,5-dien- 1-one (3da)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 77% (100 mg). mp: 152 - 153 °C. 'H

19

ACS Paragon Plus Environment



oNOYTULT D WN =

The Journal of Organic Chemistry

NMR (400 MHz, CDCLy) &: 7.48 - 7.43 (m, 1H), 7.40 - 7.37 (m, 2H), 7.29 (d, J = 2.4 Hz, 1H),

7.27 - 7.23 (m, 2H), 7.19 (dd, J = 7.6, 1.6 Hz, 1H), 7.07 (td, J = 7.2, 0.8 Hz, 1H), 7.01 (s, 1H),

6.99 (d, J = 7.6 Hz, 1H), 3.65 (s, 3H), 1.31 (s, 9H), 1.24 (s, 9H). 3C{'H} NMR (100 MHz, CDCl;)

5:186.4, 1574, 151.1, 147.8, 147.5, 139.1, 134.6, 132.5, 132.1, 131.9, 130.8, 130.7, 130.5, 129.4,

128.1, 120.4, 111.7, 55.6, 35.5, 35.3, 29.7, 29.6. HRMS (ESI-TOF) m/z: [M+Na]* Calculated for

CsH3,CINaO, 457.1910; Found 457.1919.

4-(Bis(4-chlorophenyl)methylene)-2, 6-di-tert-butylcyclohexa-2,5-dien-1-one (3db)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 75% (99 mg). mp: 175 - 176 °C. 'H

NMR (400 MHz, CDCly) 8: 7.47 - 7.43 (m, 4H), 7.23 - 7.19 (m, 4H), 7.16 (s, 2H), 1.29 (s, 18H).

BC{'H} NMR (100 MHz, CDCl;) &: 186.1, 152.4, 148.2, 138.9, 135.7, 133.2, 131.3, 130.4, 128.6,

35.5, 29.6. HRMS (ESI-TOF) m/z: [M+Na]* Calculated for C,;H,3CI,NaO 461.1415; Found

461.1421.

2,6-Di-tert-butyl-4-((4-chlorophenyl)(3,4-dimethylphenyl)methylene)cyclohexa-2, 5-dien-1-one

(3de)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 79% (102 mg). mp: 201 - 202 °C. 'H

NMR (400 MHz, CDCLy) &: 7.45 - 7.41 (m, 2H), 7.28 (d, J = 2.8 Hz, 1H), 7.25 - 7.23 (m, 1H),

7.22 (s, 1H), 7.21 (d, J = 4.4 Hz, 1H), 7.15 (d, J = 2.4 Hz, 1H), 7.03 (s, 1H), 7.00 (d, J = 7.6 Hz,

1H), 2.38 (s, 3H), 2.32 (s, 3H), 1.30 (s, 9H), 1.30 (s, 9H). 3C{'H} NMR (100 MHz, CDCl;) &:

186.2, 155.0, 147.6, 147.4, 139.5, 138.5, 138.0, 136.5, 135.3, 133.3, 132.2, 131.7, 129.9, 129.7,

129.5, 1283, 354, 29.7, 199, 19.8. HRMS (ESI-TOF) m/z: [M+Na]® Calculated for

Cy9H33CINaO 455.2118; Found 455.2110.

4-((4-Bromophenyl) (2-methoxyphenyl)methylene)-2,6-di-tert-butylcyclohexa-2,5-dien-1-one (3ea)
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yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 77% (110 mg). mp: 158 - 159 °C. 'H

NMR (400 MHz, CDCls) &: 7.54 (d, J = 8.4 Hz, 2H), 7.48 - 7.43 (m, 1H), 7.28 (d, J = 2.4 Hz, 1H),

7.20 - 7.16 (m, 3H), 7.07 (t, J = 7.2 Hz, 1H), 7.00 (s, 1H), 6.99 (d, J = 5.2 Hz, 1H), 3.66 (s, 3H),

1.31 (s, 9H), 1.24 (s, 9H). *C{'H} NMR (100 MHz, CDCL;) &: 186.4, 157.4, 151.1, 147.9, 147.5,

139.6, 132.5,132.3, 131.8, 131.1, 130.7, 130.7, 130.5, 129.3, 122.9, 120.4, 111.7, 55.6, 35.5, 35.3,

29.6, 29.5. HRMS (ESI-TOF) m/z: [M+Na]" Calculated for CygH3;BrNaO, 501.1405; Found

501.1397.

4-((2-Bromophenyl)(3,4-dimethylphenyl)methylene)-2, 6-di-tert-butylcyclohexa-2,5-dien-1-one

(3fa)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 81% (116 mg). mp: 140 - 141 °C. 'H

NMR (400 MHz, CDCL3) §: 7.71 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 2.4 Hz, 1H), 7.43 (t, J = 7.6 Hz,

1H), 7.34 - 7.31 (m, 1H), 7.30 - 7.27 (m, 1H), 7.20 (d, J = 7.6 Hz, 1H), 7.11 (s, 1H), 7.08 (d, J =

7.6 Hz, 1H), 6.78 (d, J = 2.4 Hz, 1H), 2.35 (s, 3H), 2.31 (s, 3H), 1.34 (s, 9H), 1.23 (s, 9H). 3C{'H}

NMR (100 MHz, CDCl;) 6: 186.4, 153.3, 148.0, 147.6, 141.7, 138.2, 136.4, 136.3, 133.2, 132.6,

132.2, 131.5, 131.2, 130.1, 129.9, 129.4, 129.2, 127.1, 124.0, 35.5, 35.2, 29.7, 29.5, 19.9. HRMS

(ESI-TOF) m/z: [M+Na]" Calculated for C,9H33BrNaO 499.1612; Found 499.1605.

4-(Benzo[d][1,3]dioxol-5-yl(o-tolyl)methylene)-2, 6-di-tert-butylcyclohexa-2,5-dien-1-one (3ga)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 85% (109 mg). mp: 172 - 173 °C. 'H

NMR (400 MHz, CDCLy) &: 7.45 (d, J = 2.4 Hz, 1H), 7.39 - 7.34 (m, 1H), 7.31 - 7.26 (m, 2H),

7.16 (d, J = 7.2 Hz, 1H), 6.90 (d, J = 8.4 Hz, 1H), 6.86 (dd, J = 8.4, 1.6 Hz, 1H), 6.82 (d, J=2.4

Hz, 1H), 6.73 (d, J = 1.2 Hz, 1H), 6.07 (s, 2H), 2.08 (s, 3H), 1.35 (s, 9H), 1.21 (s, 9H). *C{'H}

NMR (100 MHz, CDCl3) 6: 186.3, 154.9, 148.5, 147.7, 147.6, 147.3, 140.3, 137.0, 133.9, 131.8,
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131.0 (double), 130.5, 129.7, 128.8, 126.4, 125.5, 111.3, 108.0, 101.6, 35.4, 35.1, 29.6, 29.5, 20.3.

HRMS (ESI-TOF) m/z: [M+Na]* Calculated for C9H3,NaO3 451.2249; Found 451.2238.

4-(Benzo[d][1,3]dioxol-5-yl(2-bromophenyl)methylene)-2, 6-di-tert-butylcyclohexa-2,5-dien-1-one

(3gb)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 82% (121 mg). mp: 168 - 169 °C. 'H

NMR (400 MHz, CDCls) &: 7.71 (dd, J = 7.6, 0.8 Hz, 1H), 7.46 - 7.42 (m, 2H), 7.33 (dd, J = 7.6,

1.6 Hz, 1H), 7.28 (dd, J = 7.6, 1.6 Hz, 1H), 6.90 (d, J = 8.0 Hz, 1H), 6.87 (dd, J = 8.0, 1.6 Hz, 1H),

6.77 (d,J = 1.2 Hz, 1H), 6.75 (d, J = 2.8 Hz, 1H), 6.07 (s, 2H), 1.34 (s, 9H), 1.22 (s, 9H). 3C{'H}

NMR (100 MHz, CDCl;) 6: 186.4, 152.5, 148.6, 148.2, 147.7, 147.6, 141.5, 133.3, 132.8, 132.2,

131.4,130.7, 130.2, 130.0, 127.1, 126.6, 124.0, 111.3, 108.0, 101.6, 35.4, 35.2, 29.6, 29.4. HRMS

(ESI-TOF) m/z: [M+Na]* Calculated for C,3H9BrNaO; 515.1198; Found 515.1192.

4-(Benzo[d][1,3]dioxol-5-yl(p-tolyl)methylene)-2, 6-di-tert-butylcyclohexa-2,5-dien-1-one (3gc)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 88% (113 mg). mp: 167 - 168 °C. 'H

NMR (400 MHz, CDCly) &: 7.27 (s, 2H), 7.25 (s, 1H), 7.21 (d, J= 2.8 Hz, 1H), 7.18 (d, J = 8.0 Hz,

2H), 6.91 (d, J = 8.0 Hz, 1H), 6.83 (dd, J = 8.0, 1.6 Hz, 1H), 6.70 (d, J = 1.6 Hz, 1H), 6.08 (s, 2H),

2.47 (s, 3H), 1.32 (s, 9H), 1.29 (s, 9H). 3C{'H} NMR (100 MHz, CDCL;) 5: 186.1, 156.2, 148.7,

147.6, 147.0, 139.6, 138.0, 135.0, 132.3, 132.2, 132.1, 129.3, 128.8, 127.1, 112.1, 107.8, 101.6,

35.3 (double), 29.6 (double), 21.5. HRMS (ESI-TOF) m/z: [M+Na]" Calculated for C,sH;,NaO;

451.2249; Found 451.2256.

4-(Benzo[d][1,3]dioxol-5-yl(4-bromophenyl)methylene)-2, 6-di-tert-butylcyclohexa-2, 5-dien-1-one

(3gd)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 81% (120 mg). mp: 153 - 154 °C. 'H
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NMR (400 MHz, CDCLy) 8: 7.60 (d, J = 8.4 Hz, 2H), 7.26 (d, J= 2.4 Hz, 1H), 7.17 (d, J = 8.4 Hz,

2H), 7.12 (d, J = 2.4 Hz, 1H), 6.92 (d, J = 8.0 Hz, 1H), 6.81 (dd, J = 8.0, 1.6 Hz, 1H), 6.68 (d, J=

1.6 Hz, 1H), 6.10 (s, 2H), 1.31 (s, 9H), 1.29 (s, 9H). 3C{'H} NMR (100 MHz, CDCl;) §: 186.1,

154.0, 148.9, 147.8 147.6, 147.5, 139.8, 134.3, 133.5, 131.8, 131.5, 131.3, 129.8, 127.1, 123.8,

112.0, 107.9, 101.7, 353, 29.6, 29.5. HRMS (ESI-TOF) m/z: [M+Na]® Calculated for

ngHngfNan, 515.1 198, Found 515.1187.

4-(Benzo[d][1,3]dioxol-5-yl(5-bromo-2-methoxyphenyl)methylene)-2, 6-di-tert-butylcyclohexa-2,5

-dien-1-one (3ge)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 85% (133 mg). mp: 196 - 197 °C. 'H

NMR (400 MHz, CDCLy) §: 7.54 (dd, J = 8.8, 2.5 Hz, 1H), 7.36 (d, J = 2.8 Hz, 1H), 7.28 (d, J =

2.4 Hz, 1H), 6.89 (d, J = 2.4 Hz, 2H), 6.87 (s, 1H), 6.83 (dd, J = 8.0, 1.6 Hz, 1H), 6.74 (d, J = 1.6

Hz, 1H), 6.07 (s, 2H), 3.70 (s, 3H), 1.32 (s, 9H), 1.25 (s, 9H). 3C{'H} NMR (100 MHz, CDCl;) &:

186.4, 156.5, 149.8, 148.4, 147.7 (double), 147.4, 134.7, 134.0, 133.0, 131.8, 131.6, 130.9, 130.4,

125.8, 113.3, 112.7, 111.0, 108.0, 101.6, 56.0, 35.5, 35.3, 29.7, 29.6. HRMS (ESI-TOF) m/z:

[M+Na]* Calculated for C,9H3;BrNaO,4 545.1303; Found 545.1307.

4-(Benzo[d][1,3]dioxol-5-yl(2-bromo-4-methylphenyl)methylene)-2, 6-di-tert-butylcyclohexa-2,5-d

ien-1-one (3gf)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 84% (128 mg). mp: 174 - 175 °C. 'H

NMR (400 MHz, CDCLy) &: 7.53 (s, 1H), 7.42 (d, J = 2.4 Hz, 1H), 7.23 (d, J = 8.0 Hz, 1H), 7.14

(d, J = 8.0 Hz, 1H), 6.89 (d, J = 8.0 Hz, 1H), 6.85 (dd, J = 8.0, 1.6 Hz, 1H), 6.80 (d, J = 2.4 Hz,

1H), 6.75 (d, J = 1.6 Hz, 1H), 6.06 (s, 2H), 2.45 (s, 3H), 1.34 (s, 9H), 1.23 (s, 9H). *C{'H} NMR

(100 MHz, CDCl;) 6: 186.4, 152.8, 148.5, 148.0, 147.7, 147.4, 140.4, 138.5, 133.8, 133.2, 132.2,
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131.6, 130.9, 130.2, 127.9, 126.6, 123.9, 111.4, 108.0, 101.6, 35.4, 35.2, 29.6, 29.5, 21.0. HRMS

(ESI-TOF) m/z: [M+Na]* Calculated for C,oH3,BrNaO; 529.1354; Found 529.1346.

4-(Benzo[d][1,3]dioxol-5-yl(3,4-dimethylphenyl)methylene)-2,6-di-tert-butylcyclohexa-2, 5-dien-1

-one (3gg)

yellow solid (petroleum ether: EtOAc = 40:1), isolated yield 90% (119 mg). mp: 202 - 203 °C. 'H

NMR (400 MHz, CDCl;) &: 7.25 (dd, J = 8.8, 2.4 Hz, 2H), 7.21 (d, J = 7.6 Hz, 1H), 7.06 - 7.00 (m,

2H), 6.91 (d, J = 8.0 Hz, 1H), 6.84 (dd, J = 8.0, 1.6 Hz, 1H), 6.71 (d, J= 1.6 Hz, 1H), 6.09 (s, 2H),

2.38 (s, 3H), 2.32 (s, 3H), 1.32 (s, 9H), 1.30 (s, 9H). 3C{'H} NMR (100 MHz, CDCL;) &: 186.1,

156.5, 148.7, 147.6, 146.9, 146.8, 138.4, 138.3, 136.2, 135.0, 133.4, 132.5, 132.2, 129.9, 129.3,

129.2, 127.1, 112.2, 107.7, 101.6, 35.3 (double), 29.6(double), 19.8, 19.7. HRMS (ESI-TOF) m/z:

[M+Na]* Calculated for C3yH34NaO; 465.2406; Found 465.2418.

4-(Bis(benzo[d][1,3]dioxol-5-yl)methylene)-2, 6-di-tert-butylcyclohexa-2,5-dien-1-one (3gh)

yellow solid  (petroleum ether: EtOAc = 40:1), isolated yield 92% (126 mg). mp: 198 - 199 °C.

'H NMR (400 MHz, CDCL3) &: 7.22 (s, 2H), 6.91 (d, J = 8.0 Hz, 2H), 6.84 (dd, J = 8.0, 1.6 Hz,

2H), 6.71 (d, J = 1.6 Hz, 2H), 6.09 (s, 4H), 1.31 (s, 18H). 3C {'H} NMR (100 MHz, CDCl;) 5

186.1, 155.5, 148.8, 147.6, 146.9, 134.8, 132.1, 129.3, 127.2, 112.1, 107.8, 101.6, 35.3, 29.6.

HRMS (ESI-TOF) m/z: [M+Na]* Calculated for C,oH30NaOs 481.1991; Found: 481.1988.

ASSOCIATED CONTENT

*Supporting Information

The Supporting Information is available free of charge on the ACS Publications website at DOI:

'H NMR, BC{'H} NMR spectra for all products (PDF).

m AUTHOR INFORMATION

24

ACS Paragon Plus Environment

Page 24 of 30



Page 25 of 30 The Journal of Organic Chemistry

Corresponding Author

*E-mail: lcrong@jsnu.edu.cn; xiaopangpeng@126.com

oNOYTULT D WN =

9 ORCID
12 Liangce Rong:0000-0003-0561-1137
Notes
17 The authors declare no competing financial interest.
20 ACKNOWLEDGMENTS
22 We are grateful to National Natural Science Foundation of China (NSFC) (No. 21571087 and
25 No.81872647), the Natural Science Foundation of the Jiangsu Higher Education Institutions of

China (No. 17KJB150016, 18KJA150004), and this work was also sponsored by TAPP.

31 REFERENCES

34 [1] Nath, N. K.; Nilapwar, S.; Nangia, A. Chiral and Racemic Tetramorphs of
37 2,6-Di-t-Butylditolylfuchsone. Cryst. Growth Des. 2012, 12, 1613-1625.

39 [2] (a) Gomberg, M.; Jickling, R. L. Triphenylmethyl. XXV. Rreparation of p-hydroxytripheny
42 Icarninol and attempts to isolate the correspo nding triarylmethyl. J. Am. Chem. Soc. 1915, 37,
2575-2591. (b) Gomberg; Van Stone, N. E. Triphenylmethyl. XXVI. Tautomerism of triaryl-
47 carbinols. J. Am. Chem. Soc. 1916, 38, 1577-1606. (c) Zhang, K.; Huang, K. W.; Li, J. L.; Luo, J.;
50 Chi, C.; Wu, J. A Soluble and Stable Quinoidal Bisanthene with NIR Absorption and Amphoteric
52 Redox Behavior. Org. Lett. 2009, 11, 4854-4857. (d) Canesi, E. V.; Fazzi, D.; Colella, L.;
55 Bertarelli, C.; Castiglioni, C. Tuning the Quinoid versus Biradicaloid Character of Thiophene-
Based Heteroquaterpheno quinones by Means of Functional Groups. J. Am. Chem. Soc. 2012, 134,

60 19070-19083. (e) Takahashi, K.; Gunji, A.; Yanagi, K.; Miki, M. J. Synthesis of Novel Hetero-
25

ACS Paragon Plus Environment


mailto:lcrong@jsnu.edu.cn
mailto:xiaopangpeng@126.com

oNOYTULT D WN =

The Journal of Organic Chemistry

quaterphenoquinones and Their Electrochemical, Structural, and Spectroscopic Characterization. J.

Org. Chem. 1996, 61, 4784-4792. (f) Pavlickova, L.; Koutek, B.; Ubik, K.; Soucek, M.

Oligomeric products from basic hydrolysis of 4-hydroxybenzyl phenyl sulfones. Collect. Czech.

Chem. Commun. 1976, 41, 299-310. (g) Pisovs, M.; Musil, L.; Koutek, B.; Pospisek, J.; Soucek,

M. Ambident reactivity of protonated fuchsones. Collect. Czech. Chem. Commun. 1976, 41,

2919-2927.

[3] Zhang, J.; Liu, S.; Gao, C.; Chen, X.; Guo, Y.; Wang, E.; Fang, X.; Wang, J. Discovery of

Fuchsone Derivatives as Novel Nonpeptide Inhibitor of Caspase-3. Chem. Res. Chinese U. 2010,

26, 398-401.

[4] Becker, H.-D. The Preparation of Fuchsones. J. Org. Chem. 1967, 32, 2943-2947.

[5] (a) Chandran, S. K.; Nath, N. K.; Roy, S.; Nangia, A. Polymorphism in Fuchsones. Cryst.
Growth Des. 2008, 8, 140-154. (b) Nath, N. K.; Nangia, A. Isomorphous Crystals by Chloro
Methyl Exchange in Polymorphic Fuchsones. Cryst. Growth Des. 2012, 12, 5411-5425. (c) Lewis,
T. W.; Curtin, D. Y.; Paul, I. C. Thermal, photochemical, and photonucleated thermal dehydration
of p-hydroxytriarylmethanols in solids. (3,5-Dimethyl-4-hydroxyphenyl)diphenylmethanol and
(3,5-dibromo-4-hydroxyphenyl)diphenylmethanol. X-ray crystal structures of (4-hydroxyphenyl)
diphenylmethanol and its 3,5-dimethyl derivative. J. Am. Chem. Soc. 1979, 101, 5717-5725.

[6] Toteva, M. M.; Richard, J. P. The generation and reactions of quinone methides. Adv. Phys.
Org. Chem. 2011, 45, 39-91.

[7] For natural products containing p-QMs unit, see for examples: (a) Takao, K.-1.; Sasaki, T.;
Kozaki, T.; Yanagisawa, Y.; Tadano, K.-I.; Kawashima, A.; Shinonaga, H. Syntheses and
Absolute Stereochemistries of UPA0043 and UPAO0044, Cytotoxic Antibiotics Having a
p-Quinone-methide Structure. Org. Lett. 2001, 3, 4291-4294. (b) Martin, H. J.; Magauer, T.;
Mulzer, J. In Pursuit of a Competitive Target: Total Synthesis of the Antibiotic Kendomycin.
Angew. Chem., Int. Ed. 2010, 49, 5614-5626. (c) Modica, E.; Zanaletti, R.; Freccero, M.; Mella,
M. Alkylation of Amino Acids and Glutathione in Water by o0-Quinone Methide. Reactivity and

26

ACS Paragon Plus Environment

Page 26 of 30



Page 27 of 30

oNOYTULT D WN =

The Journal of Organic Chemistry

Selectivity. J. Org. Chem. 2001, 66, 41-52; (d) Messiano, G. B.; da Silva, T.; Nascimento, I. R.;
Lopes, L. M. X. Biosynthesis of antimalarial lignans from Holostylis reniformis. Phytochemistry
2009, 70, 590-596. (¢) Awad, H. M.; Boersma, M. G.; Boeren, S.; van Bladeren, P. J.; Vervoort,
J.; Rietjens, I. M. C. M. Structure—Activity Study on the Quinone/Quinone Methide Chemistry of
Flavonoids. Chem. Res. Toxicol. 2001, 14, 398-408.

[8] As reactive intermediate in biological process, see for examples: (a) Hamels, D.; Dansette, P.
M.; Hillard, E. A.; Top, S.; Herson, A. P.; Jaouen, G.; Mansuy, D. Ferrocenyl Quinone Methides
as Strong Antiproliferative Agents: Formation by Metabolic and Chemical Oxidation of
Ferrocenyl Phenols. Angew. Chem., Int. Ed. 2009, 48, 9124-9126. (b) Chauhan, P.; Kaya, U.;
Enders, D. Advances in Organocatalytic 1,6-Addition Reactions: Enantioselective Construction of
Remote Stereogenic Centers. Adv. Synth. Catal. 2017, 359, 888-912. (c) Richter, D.; Hampel, N.;
Singer, T.; Ofial, A. R.; Mayr, H. Synthesis and Characterization of Novel Quinone Methides:
Reference Electrophiles for the Construction of Nucleophilicity Scales. Eur. J. Org. Chem. 2009,
3203-3211.

[9] Baik, W.; Lee, H. J.; Koo, S.; Kim, B. H. LiAlH; Promoted reductive deoxygenation of
hydroxybenzyl alcohols via benzoquinone methide intermediates. Tetrahedron Lett. 1998, 39,
8125-8128.

[10] For [3 + 2] cyclization, see (a) Yuan, Z.; Wei, W.; Lin, A.; Yao, H. Bifunctional
Organo/Metal Cooperatively Catalyzed [3+2] Annulation of para-Quinone Methides with
Vinylcyclopropanes: Approach to Spiro[4.5]deca-6,9-diene-8-ones. Org. Lett. 2016, 18,
3370-3373. (b) Kim, S.; Kitano, Y.; Tada, M.; Chiba, K. Alkylindan synthesis via an
intermolecular [3+2] cycloaddition between unactivated alkenes and in situ generated
p-quinomethanes. Tetrahedron Lett. 2000, 41, 7079.-7083

[11] For [2+1] cyclization, see (a) Gai, K.; Fang, X.; Li, X.; Xu, J.; Wu, X.; Lin, A.; Yao, H.
Synthesis of spiro[2.5]octa-4,7-dien-6-one with consecutive quaternary centers via 1,6-conjugate
addition induced dearomatization of para-quinone methides. Chem. Commun. 2015, 51,
15831-15834. (b) Yuan, Z.; Fang, X.; Li, X.; Wu, J.; Yao, H.; Lin, A. 1,6-Conjugated
Addition-Mediated [2+1] Annulation: Approach to Spiro[2.5]octa-4,7-dien-6-one. J. Org. Chem.

2015, 80, 11123-11130

27

ACS Paragon Plus Environment



oNOYTULT D WN =

The Journal of Organic Chemistry

[12] For [4+2] cyclization, see Yuan, F.-R.; Jiang, F.; Chen, K.-W.; Mei, G.-J.; Wu, Q.; Shi, F.
Phosphine-catalyzed [4+2] cyclization of para-quinone methide derivatives with allenes. Org.
Biomol. Chem. 2019, 17,2361-2369.

[13] For [4+1] cyclization, see Zhang, X.-Z.; Deng, Y.-H.; Gan, K.-J.; Yan, X.; Yu, K.-Y.; Wang,
F.-X.; Fan, C.-A. Tandem Spirocyclopropanation/Rearrangement Reaction of Vinyl p-Quinone
Methides with Sulfonium Salts: Synthesis of Spirocyclopentenyl p-Dienones. Org. Lett. 2017, 19,
1752-1755.

[14] Liu, Z.; Xu, H.; Yao, T.; Zhang, J.; Liu, L. Catalyst-Enabled Chemodivergent Construction of
Alkynyl- and Vinyl-Substituted Diarylmethanes from p-Quinone Methides and Alkynes. Org.
Lertt. 2019, 21, 7539-7543.

[15] Zhang, Z.-P.; Dong, N.; Li, X. Bismuth-catalyzed allylation of para-quinone methides.
Chem. Commun. 2017, 53, 1301-1304.

[16] Shen, Y.; Qi, J; Mao, Z.; Cui, S. Fe-Catalyzed Hydroalkylation of Olefins with
para-Quinone Methides. Org. Lett. 2016, 18, 2722-2725.

[17] Ramanjaneyulu, B. T.; Mahesh, S.; Anand, R. V. Bis(amino)cyclopropenylidene- Catalyzed
1,6-Conjugate Addition of Aromatic Aldehydes to para-Quinone Methides: Expedient Access to
a,0’-Diarylated Ketones. Org. Lett. 2015, 17, 3952-3955.

[18] (a) Goswami, P.; Singh, G.; Vijaya Anand, R. N-Heterocyclic Carbene Catalyzed
1,6-Conjugate Addition of Me;Si-CN to para-Quinone Methides and Fuchsones: Access to
a-Arylated Nitriles. Org. Lett. 2017, 19, 1982-1985. (b) Arde, P.; Anand, R. V. Expedient access
to unsymmetrical triarylmethanes through WN-heterocyclic carbene catalysed 1,6-conjugate
addition of 2-naphthols to para-quinone methides. RSC Adv. 2016, 6, 77111-77115.

[19] Lopez, A.; Parra, A.; Jarava-Barrera, C.; Tortosa, M. Copper-catalyzed silylation of
p-quinone methides: new entry to dibenzylic silanes. Chem. Commun. 2015, 51, 17684-17687.
[20] Molleti, N.; Kang, J. Y. Synthesis of Diaryl Diazaphosphonates via 1,6-Hydrophos
phonylation of p-Quinone Methides with N-Heterocyclic Phosphine—Thioureas. Org. Lett. 2017,
19, 958-961.

[21] Jadhav, A. S.; Anand, R. V. 1,6-Conjugate addition of zinc alkyls to para-quinone methides

in a continuous-flow microreactor. Org. Biomol. Chem. 2017, 15, 56-60.

28

ACS Paragon Plus Environment

Page 28 of 30



Page 29 of 30

oNOYTULT D WN =

The Journal of Organic Chemistry

[22] For enantioselective additions, see for examples: (a) Parra, A.; Tortosa, M.; para-Quinone
Methide: a New Player in Asymmetric Catalysis. ChemCatChem. 2015, 7, 1524-1526. (b) Dong,
N.; Zhang, Z.-P.; Xue, X.-S.; Li, X.; Cheng, J.-P. Phosphoric Acid Catalyzed Asymmetric
1,6-Conjugate Addition of Thioacetic Acid to para-Quinone Methides. Angew. Chem., Int. Ed.
2016, 55, 1460-1464. (c¢) Lou, Y.; Cao, P.; Jia, T.; Zhang, Y.; Wang, M.; Liao, J.
Copper-Catalyzed Enantioselective 1,6-Boration of para-Quinone Methides and Efficient
Transformation of gem-Diarylmethine Boronates to Triarylmethanes. Angew. Chem., Int. Ed.
2015, 54, 12134-12138. (d) Caruana, L.; Kniep, F.; Johansen, T. K.; Poulsen, P. H.; Jorgensen, K.
A. A New Organocatalytic Concept for Asymmetric a-Alkylation of Aldehydes. J. Am. Chem.
Soc. 2014, 136, 15929-15932.

[23] (a) Hari, D. P.; Konig, B. The Photocatalyzed Meerwein Arylation: Classic Reaction of Aryl
Diazonium Salts in a New Light. Angew. Chem. Int. Ed. 2013, 52, 4734-4743. (b) Amaya, T.; Jin,
Y.-Q.; Tobisu, M. Recent advances in Gomberg-Backmann biaryl synthesis. Tetrahedron Lett.
2019, 60, 151062. (c) Ghosh, I.; Marzo, L.; Das, A.; Shaikh, R.; Konig, B. Visible Light Mediated
Photoredox Catalytic Arylation Reactions. Acc. Chem. Res. 2016, 49, 1566-1577.

[24] Roglans, A.; Pla-Quintana, A.; Moreno-Manas, M. Diazonium Salts as Substrates in
Palladium-Catalyzed Cross-Coupling Reactions. Chem. Rev. 2006, 106, 4622-4643.

[25] (a) Pastre, J. C.; Correia, C. R. D. Remarkable Electronic Effect on the Diastereoselectivity of
the Heck Reaction of Methyl Cinnamate with Arenediazonium Salts: Formal Total Synthesis of
(¥)-Indatraline and (%)-Sertraline. Adv. Synth. Catal. 2009, 351, 1217-1223. (b) Taylor, J. G.;
Correia, C. R. D. Stereoselective Synthesis of Unsymmetrical B,B-Diarylacrylates by a
Heck—Matsuda Reaction: Versatile Building Blocks for Asymmetric Synthesis of
B,p-Diphenylpropanoates, 3-Aryl-indole, and 4-Aryl-3,4-dihydro-quinolin-2-one and Formal
Synthesis of (—)-Indatraline. J. Org. Chem. 2011, 76, 857-869. (c) Pape, S.; Dauksaité, L.; Lucks,
S.; Gu, X.T.; Brunner, H. An in Situ Generated Palladium on Aluminum Oxide: Applications in
Gram-Scale Matsuda—Heck Reactions. Org. Lett. 2016, 18, 6376-6379. (d) Biajoli, A. F. P.; da
Penha, E. T.; Correia, C. R. D. Palladium catalysed regioselective arylation of indoles, benzofuran
and benzothiophene with aryldiazonium salts. RSC. 4Adv. 2012, 2, 11930-11935.

[26] Reddy, V.; Anand, R. V. Expedient Access to Unsymmetrical Diarylindolylmethanes through

29

ACS Paragon Plus Environment



oNOYTULT D WN =

The Journal of Organic Chemistry

Palladium-Catalyzed Domino Electrophilic Cyclization—Extended Conjugate Addition Approach.
Org. Lett. 2015, 17, 3390-3393.
[27] Hering, T.; Hari, D. P.; Konig, B. Visible-Light-Mediated a Arylation of Enol Acetates Using

Aryl Diazonium Salts. J. Org. Chem. 2012, 77, 10347-1035

Table of Contents Graphic:

o o
KoCO3 (1 equiv)

o At iugr, RUC3HO(10moR)

‘ CH4CN, Ny, 50 °C \
Ar! New reaction of p-QMs AT A
1 2 Broad scope substrates 3
37 Examples, up to 92% yields
Symmetrical and asymmetrical products

A novel reaction mode and efficient ruthenium-catalyzed Matsuda—Heck-type arylation of
para-quinone methides (p-QMs) with aryl diazonium salts has been developed for the synthesis of

fuchsones.
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