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ABSTRACT: Reactions of para-quinone methides (p-QMs) with α-diazo-β-ketosulfones and their corresponding esters as well as
simple β-dicarbonyl compounds and β-ketosulfones have been carried out under basic conditions. While the reaction of diazosulfone
with p-QMs afforded trisubstituted olefins via deacylative 1,6-addition and elimination, α-diazo-β-ketoesters and various active
methylene compounds such as 1,3-dicarbonyls and β-ketosulfones afforded tetrasubstituted olefins via 1,6-addition and aerial
oxidation. These simple, environmentally benign, and mechanistically diverse protocols provided the products in moderate to
excellent yields and selectivities.
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■ INTRODUCTION

Formation of CC bonds is an important process in synthetic
organic chemistry.1 In particular, synthesis of tri-and
tetrasubstituted alkenes in a stereoselective manner is of
tremendous interest due to their presence in a plethora of
natural products of biological significance as well as in material
chemistry (Figure 1).2−10 The classical CC bond forming

reactions such as Wittig reaction and its variants, aldol
condensation, Julia olefination, McMurry coupling, etc.,
which involve either 1,2- or 1,4-additions and more recent
metal-catalyzed reactions, are useful for the construction of
complex organic frameworks.11−21 However, CC bond
forming reactions involving 1,6-addition are considerably
underexplored compared to 1,2- and 1,4-additions. This is
primarily due to the fact that the conjugated dienes have less
positive charge density at the δ-carbon compared to that at the
β-carbon. Therefore, such dienes prefer to undergo 1,4-
addition rather than 1,6-addition.22−28

From another perspective, para-quinone methides (p-QMs)
have been known for more than a century.29 These are present
in various natural products and serve as active intermediates in
many pharmacological and biological processes.30−34 Recently,
p-QMs have emerged as attractive 1,6-acceptors due to their
intrinsic electropositive character at the δ-carbon that leads to
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Figure 1. Importance of tri- and tetrasubstituted olefins.
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the formation of stable aromatic compounds. Therefore, 1,6-
conjugate additions of various nucleophiles to p-QMs under a
variety of conditions have been investigated.35−40 Additions of
various nucleophiles such as malonates, azlactones, indoles,
boronates, α-substituted methyl tolylsulfones, etc. to p-QMs
have also been carried out in a vinylogous Michael fashion
under catalytic asymmetric conditions.41−47 Moreover, these
are also potential substrates for various dearomative
annulations such as [3 + 2] annulations, [2 + 1] annulations,
etc. for the construction of various spiro carbo- and
heterocycles.48−54

Yet another class of compounds of continued interest are
diazo compounds, which are precursors to carbenoids and,
therefore, are employed in various reactions such as insertion,
cyclopropanation, ring expansion, etc. to construct a multitude
of cyclic and acyclic organic frameworks.55,56 The utility of
diazo compounds such as α-diazo-β-ketophosphonate (Best-
mann−Ohira reagent) and its corresponding sulfone and ester
analogues as 1,3-dipole precursors has been demonstrated in
base-mediated deacylative [3 + 2] cycloaddition with
conjugated electron-deficient alkenes for the synthesis of
various functionalized heterocycles.57−66 These reactions are
largely based on 1,4-additions of the diazo compounds
followed by cyclization in an overall [3 + 2] annulation.
However, the corresponding deacylative 1,6-additions re-
mained unexplored.
For the reaction of diazo compounds with p-QMs, in 2016,

Cui and co-workers described a metathesis reaction involving
1,6-conjugate addition of diazoesters with p-QMs to form
tetrasubstituted alkenes (Scheme 1a).54 Other important 1,6-

additions of diazo compounds to p-QMs include addition of
Sayferth−Gilbert reagent67 and aryldiazonium salts.68 We
reported the deacylative 1,6-conjugate addition of Best-
mann−Ohira reagent to p-QMs, which afforded a new class
of diazo adducts that were converted to cis-stilbenyl
phosphonates via Rh-catalyzed diazo group elimination and
1,2-migration of the phenolic group (Scheme 1b).69 However,
in view of the limited progress in the 1,6-conjugate addition of
diazo compounds, including our single report on the

deacylative 1,6-addition of Bestmann−Ohira reagent to p-
QMs, a detailed investigation on the addition of various diazo
compounds to p-QMs appeared highly desirable. Therefore, we
have described herein the 1,6-conjugate addition of α-diazo-β-
ketosulfone and α-diazo-β-dicarbonyl compounds as well as
the latter’s precursors to p-QMs that led to the formation of
various tri- and tetrasubstituted olefins via different mecha-
nistic pathways (Scheme 1c).

■ RESULTS AND DISCUSSION
In order to investigate the 1,6-addition of α-diazo-β-
ketosulfones and esters, p-QM 1a was selected as the model
1,6-acceptor and diazosulfone 2 as the donor. The reaction was
conducted using 2 equiv of Cs2CO3 as base in ethanol as
solvent. From our previous experience (Scheme 1b),69 a 1,6-
adduct 4a or a spirocyclic product 5a was expected, but
surprisingly, it led to the formation of α,α-diarylvinyl sulfone
3a in 40% yield and 70:30 Z/E ratio (Table 1, entry 1). In

order to further improve the yield and selectivity, various other
conditions were screened. For this purpose, stronger inorganic
bases such as NaOH, KOH, and NaOEt were employed, which
could not improve the yield or selectivity significantly and
afforded product 3a in 42, 38, and 25% yields, respectively, in
identical Z/E ratio (entries 2−4). The strong organic base
DBU also provided unsatisfactory results as it led to the
decomposition of starting materials (entry 5). A weaker base
such as K2CO3 could afford product 3a only in low (35%)
yield and selectivity (Z/E = 64:36, entry 6). As the screening of
various bases could not produce any significant improvement
in the product yield, the reaction was carried out using a slight
excess of diazosulfone 2 as well as base so that the side
reactions affecting the yield could be minimized. To our
delight, a considerable increase in the yield was observed when
the reaction was performed using 1.5 equiv of diazosulfone 2
and 3 equiv of Cs2CO3 (62%, Z/E = 72:28, entry 7). However,
conducting the experiment using NaOH instead of Cs2CO3

Scheme 1. Reactivity of Diazoesters, Diazophosphonates,
and Diazosulfones with p-QMs

Table 1. Reaction of Diazosulfone with p-QM: Optimization
Studiesa

entry base (equiv) time (h) yield (%)b Z/Ec

1 Cs2CO3 (2) 2 40 70:30
2 NaOH (2) 2 42 70:30
3 KOH (2) 1.5 38 70:30
4 NaOEt (2) 2 25 70:30
5 DBU (2) 2 d
6 K2CO3 (2) 3 35 64:36
7e Cs2CO3 (3) 2 62 72:28
8e NaOH (3) 2 51 70:30
9e NaOH (4) 1 66 70:30
10e,f NaOH (4) 1 66 68:32

aReaction scale: p-QM 1 (0.2 mmol), diazosulfone 2 (0.2−0.3 mmol,
1−1.5 equiv), and base (2−4 equiv) in EtOH (3 mL). bAfter silica gel
column chromatography. cDetermined by 1H NMR. dStarting
materials decomposed. e1.5 equiv of diazosulfone 2 was used.
fCarried out at 0 °C.
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under the same conditions caused a considerable decrease in
the yield of 3a (51%, Z/E = 70:30, entry 8). Later, the reaction
was performed using 4 equiv of NaOH that afforded product
3a in 66% yield (Z/E = 70:30, entry 9). For further
improvement in the yield, the reaction was carried out at 0
°C, which resulted in product 3a in 66% yield and marginally
lower selectivity (Z/E = 68:32, entry 10). Therefore, entry 9
was regarded as the optimized condition for further general-
ization of the methodology.
As mentioned above, the electronically neutral parent phenyl

p-QM 1a afforded product 3a in 66% yield as a 70:30 Z/E
mixture. However, electron-releasing p-anisyl derivative 1b
afforded exclusively the Z isomer of product 3b though in
lower yield (43%, Scheme 2). Weakly electron-releasing p-tolyl

1c and p-ethylphenyl 1d derivatives afforded products 3c and
3d, respectively, in moderate to good yields and moderate to
excellent selectivities (52%, Z/E > 95:05 and 63%, Z/E =
61:39). Sterically hindered o-tolyl p-QM 1e afforded
exclusively the E isomer of product 3e in 66% yield, which
suggested that the steric factor was playing a significant role in
controlling the geometry of the olefins. However, mild
electron-withdrawing m-anisyl derivative 1f delivered product
3f in moderate yield (46%) as well as a moderate E/Z ratio
(66:34). Later, the scope of the reaction was also investigated
with various halogenated p-QMs. When the reaction was

performed with p-chlorophenyl p-QM derivative 1g, it afforded
product 3g in 55% yield and 61:39 Z/E ratio, whereas the
corresponding 4-bromophenyl derivative 1h afforded product
3h in 51% yield (Z/E = 92:08). To our surprise, a drastic
difference in the reactivity of sterically hindered α-naphthyl p-
QM 1k and β-naphthyl p-QM 1l was observed as the reaction
of 1k with diazosulfone 2 led to a complex reaction mixture,
whereas 1l afforded product 3l in moderate yield (52%) but in
excellent Z/E ratio (Z/E = >95:05). Similarly, the heterocyclic
thienyl derivative 1o afforded product 3o in 51% yield as
exclusively the E isomer, whereas the corresponding aliphatic
methyl p-QM 1p afforded a complex mixture instead of the
expected 3p, which is attributable to strong basic conditions.
The double bond geometry of the vinyl sulfones 3 was

initially assigned by 1H−1H NOESY analysis of a representa-
tive compound 3l. A positive correlation between the protons
ortho to the sulfonyl group appearing as a doublet at 7.29 ppm
with the aromatic protons of the phenolic moiety appearing as
a singlet at 6.90 ppm confirmed this assignment. This was
further unambiguously established by single-crystal X-ray
analysis of the major isomer of compound 3a.70

The reaction of α-diazo-β-ketosulfone 2 with p-QMs 1 in
ethanol is an example of deacylative 1,6-addition in which the
in situ generated ethoxide ion deacylates the diazosulfone 2 to
generate the 1,3-dipolar synthon I, which subsequently adds to
p-QM 1 in a 1,6-fashion to form intermediate 4 (Scheme 3).

Further protonation of intermediate 4, as shown in the
conformational structure II, generates intermediate III, which
subsequently undergoes elimination of N2 to afford product 3
in which the phenolic and tosyl groups are on the same side of
the double bond. Formation of this geometrical isomer is
attributable to the anti-orientation of the two electron-rich
moieties, the phenolic group, and the lone pair in the
intermediate II. However, the lower E/Z selectivities in certain
cases can be ascribed to the α-elimination of N2 followed by
1,2-C−H insertion.
After the scope of diazosulfone 2 was investigatied, the

reactivity of diazoester 6 with a representative p-QM 1a was
investigated under basic conditions (Scheme 4). In this case,
the ethoxide addition product 8a was isolated instead of the
desired deacylative 1,6-adduct both at room temperature and
at lower temperature. In order to prevent such competitive

Scheme 2. Scope of p-QM in the Synthesis of Trisubstituted
Olefinsa,b,c,d

aReaction scale: p-QM 1 (0.2 mmol), diazosulfone 2 (0.3 mmol, 1.5
equiv), and NaOH (0.8 mmol, 4 equiv) in EtOH (3 mL). bIsolated
yields after silica gel column chromatography. cZ/E ratio was
determined by 1H NMR. dIn all of the cases, 5−10% of the ethoxide
addition product was observed as a side product.

Scheme 3. Plausible Mechanism for the Formation of
Trisubstituted Olefins from Diazosulfone and p-QM
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reactions, it was envisaged to carry out further reactions using
polar aprotic solvents. To our surprise, the reaction of phenyl
p-QM 1a with α-diazo-β-ketoester 6 in polar aprotic solvent
MeCN using DBU as base led to the formation of a
tetrasubstituted olefin 7a in a trace amount. Being inspired
by the result, we screened various conditions to improve the
yield, which is briefly described below.
As mentioned above, the reaction of p-QM 1a with

diazoester 6 using 2 equiv of DBU in MeCN afforded the
tetrasubstituted olefin 7a in 5% yield (Scheme 4 and Table 2,

entry 1). Later, the reaction was carried out using 4 equiv of
DBU, which resulted in a marginal improvement in the yield
(8%, entry 2). Further, the reaction was performed by
changing the stoichiometry of starting materials, which caused
a considerable increase in the yield to 50% (entry 3). Later, the
reaction was carried out using 4 equiv of Cs2CO3 which, to our
dismay, afforded inferior results (45%, entry 4). Replacing
Cs2CO3 by KOH turned out to be beneficial as the yield of 7a
improved substantially (65%, entry 5). Upon changing the base
to NaOH, the yield of 7a dropped drastically to 30%, which
was attributed to the poor solubility of NaOH in MeCN (entry
6). Decreasing the temperature to 0 °C had a detrimental
effect on the KOH-mediated reaction in terms of both the
reaction rate and the yield (3 h, 30%, entry 7). Further,
screening of various other polar aprotic solvents such as DMF,
DCM, and THF produced unsatisfactory results (entries 8−

10). Therefore, entry 5 was considered optimal for
investigating the scope of the reaction.
The above optimized conditions (entry 5) have been

employed to synthesize a series of tetrasubstituted olefins 7
(Scheme 5). While phenyl p-QM 1a afforded product 7a in

65% yield and a 93:07 E/Z ratio, electron-releasing p-anisyl
analogue 1b furnished product 7b in marginally lower (59%)
yield and a substantially lower (69:31) E/Z ratio. Similarly, the
weakly electron-donating aryl derivatives 1c and 1d delivered
the corresponding products 7c and 7d in 40 and 45% yields,
respectively, in excellent E/Z selectivities. However, the
sterically hindered o-tolyl derivative 1e and weakly electron-
withdrawing m-anisyl derivative 1f provided products 7e and
7f, respectively, in moderate yields (57 and 62%) and
moderate Z/E ratios (54:46 and 60:40). Later, the scope of
various halogenated p-QMs was investigated. Weakly electron-
withdrawing p-chloro- and p-bromophenyl derivatives 1g and
1h, respectively, afforded products 7g and 7h in 46% (E/Z =
89:11) and 52% (E/Z = 75:25) yields. However, sterically
hindered o-chloro- and o-bromophenyl derivatives 1i and 1j,
respectively, afforded products 7i and 7j in lower yields (43
and 50%) along with moderate Z/E selectivities. A similar
trend was also observed in the case of bulky α- and β-naphthyl
p-QMs 1k and 1l, which furnished the corresponding products
7k and 7l, respectively, in moderate yields (48 and 46%) and
moderate to excellent selectivities (Z/E = 55:45 and E/Z >
95:05). Later, the reaction was performed using thienyl p-QM

Scheme 4. KOH-Mediated Reaction of p-QM with
Diazoester in EtOH

Table 2. Reaction of Diazoester with p-QM: Optimization
Studiesa

entry base (equiv) solvent time (h) yield (%)b

1 DBU (2.0) MeCN 1 5
2 DBU (4.0) MeCN 1 8
3c DBU (4.0) MeCN 1 50
4 Cs2CO3 (4.0) MeCN 12 45
5 KOH (4.0) MeCN 1 65d

6 NaOH (4.0) MeCN 3 30
7e KOH (4.0) MeCN 3 50
8 KOH (4.0) DMF 1 50
9 KOH (4.0) DCM 12 27
10 KOH (4.0) THF 1 28

aReaction scale: 1 equiv (0.2 mmol) of p-QM 1a and 1.2 equiv (0.24
mmol) of α-diazo-β-ketoester 6. bAfter silica gel column chromatog-
raphy. cPerformed using 1.2 equiv (0.24 mmol) of p-QM 1a and 0.8
equiv (0.16 mmol) of diazoketoester 6. dE/Z = 93:07. ePerformed at
0 °C.

Scheme 5. Scope of p-QM in the Synthesis of
Tetrasubstituted Olefins Using Diazoester (Method A)a,b,c

aReaction scale: p-QM 1 (0.2 mmol), diazoketoester 6 (0.24 mmol,
1.2 equiv), and KOH (0.8 mmol, 4 equiv) in CH3CN (3 mL).
bIsolated yields after silica gel column chromatography, 5−10% of di-
tert-butylquinone was isolated in all of the cases (see Scheme 8). cE/Z
ratio was determined by 1H NMR. dAfter recrystallization of 75:25
mixture from chloroform.
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1o that afforded the desired olefin 7o in moderate yield and
lower selectivities (38%, Z/E = 52:48), whereas the reaction of
aliphatic p-QM 1p led to a complex mixture under the
optimized conditions. Detailed analysis of the substrate scope
reveals that the yields and selectivities were marginally affected
by the electronic effect of substituents but considerably
affected by their steric influence.
The proposed mechanism of the reaction involves 1,6-

addition of diazoester 6 to p-QM 1 that forms the intermediate
IV (Scheme 6). Bond rotation by 120° in intermediate IV

generates conformer VI, in which the bulky ester moiety and
the di-tert-butyl phenol moiety are anti to each other. This
conformer VI then undergoes a base-mediated denitrogenative
E2 elimination to form intermediate V, which on protonation
affords product 7.
Having synthesized tri- and tetrasubstituted olefins from

diazosulfone 2 and diazoester 6, we wished to examine the
outcome of the addition of their immediate precursors, for
instance, β-ketoester 9a to p-QM 1. Thus, addition of ketoester
9a to p-QM 1a under the conditions employed for the addition
of diazoester 6 to p-QM 1, viz. KOH/MeCN at room
temperature, surprisingly gave the same product that was
obtained from diazoester 6 and p-QM 1, that is, tetrasub-
stituted olefin 7a in comparable yield but different E/Z ratio.
Even though addition of 1,3-dicarbonyl compounds to p-QM 1
to form 1,6-adducts of type 10a is well-established in the
literature,71−73 the formation tetrasubstituted olefin 7a via 1,6-
addition of active methylene compounds is not reported, to the
best of our knowledge. Inspired by these results, several
tetrasubstituted olefins have been synthesized by this
alternative method under KOH/MeCN conditions in varying
yields and selectivities as described below (Scheme 7).
In addition to the synthesis of 7a from phenyl p-QM 1a and

β-ketoester 9a in 66% yield and 66:34 E/Z ratio, analogous
products 7b, 7c, and 7d have been synthesized in good yields
(62, 68, and 69%, respectively) and excellent E/Z selectivities
(>95:05) by treating p-QMs 1b−d bearing electron-releasing
groups at the para-position of the phenyl ring, such as
methoxy, methyl, and ethyl, with β-ketoester 9a. Similarly, the
sterically hindered o-tolyl p-QM 1e afforded product 7e in 62%
yield and in 86:14 E/Z ratio, whereas weakly electron-

withdrawing m-anisyl p-QM 1f delivered product 7f in slightly
lower yield (54%) but excellent Z/E selectivity (>95:05). The
reaction was further performed with various halogenated aryl
p-QMs, p-chlorophenyl 1g, and p-bromophenyl 1h derivatives,
which led to products 7g and 7h in 58 and 52% yields and in
95:05 and 75:25 E/Z ratios, respectively. Sterically crowded o-
halo derivatives 1i and 1j afforded products 7i and 7j in
comparable yields (65 and 68%) but in varying selectivities
(Z/E = >95:5 and 66:34). The reaction of sterically hindered
α-naphthyl 1k and β-naphthyl 1l p-QMs with β-ketoester 9a
was also remarkably different. While the α-naphthyl p-QM 1k
delivered product 7k in 70% yield as a mixture of isomers (Z/E
= 51:49), the corresponding β-naphthyl derivative 1l afforded
product 7l in 74% yield as a single isomer (E/Z > 95:05). The
lower E/Z selectivities in the case of o-bromophenyl 7j and α-
naphthyl 7k derivatives are attributable to severe steric
hindrance. Later, the reaction was performed by employing
electron-withdrawing aryl p-QMs 1m and 1n, which led to the
corresponding products 7m and 7n in 89 and 50% yields and
good selectivities (E/Z = 79:21 and 72:28). The reaction also
worked well with a heteroaryl p-QM, viz. thienyl derivative 1o,
which afforded product 7o in 75% yield and 91:09 Z/E ratio.
Although the aliphatic methyl p-QM 1p reacted vigorously

Scheme 6. Plausible Mechanism for the Formation of
Tetrasubstituted Olefins from Diazoester and p-QM

Scheme 7. Scope of p-QM in the Synthesis of
Tetrasubstituted Olefins Using Active Methylene
Compounds (Method B)a,b,c

aReaction scale: 0.3 mmol each of p-QM 1 and active methylene
compound 9 and 1.2 mmol of KOH. bIsolated yields after silica gel
column chromatography. cE/Z ratio was determined by 1H NMR.
dAfter recrystallization of original the 80:20 mixtures from ethyl
alcohol/petroleum ether (20:80).
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under the optimized conditions, it afforded only a complex
mixture.
After the scope of p-QMs 1 using β-ketoester 9a was

demonstrated, other β-ketoesters, tert-butyl acetoacetate 9b,
benzyl acetoacetate 9c, and ethyl benzoyl acetate 9d, were
treated with p-QM 1a. These reactions led to corresponding
products 7q, 7r, and 7s in 78, 80, and 64% yields, respectively.
The E/Z selectivities in these cases were also good to excellent
(70:30, >95:5, and 75:25). Later, the reaction was performed
using symmetrical 1,3-dicarbonyl compounds, acetylacetone
9e, cyclopentan-1,3-dione 9f, and indane-1,3-dione 9g. While
9e delivered product 7t in moderate (54%) yield, the other
two did not provide any positive results presumably due to
their greater rigidity and steric hindrance. The suitability of
other selected active methylene compounds, acetyl sulfone 9h
and benzoyl sulfone 9i, was investigated. Pleasingly, both of
them reacted with p-QM 1a and afforded the corresponding
olefins 7w and 7x in good yields (68 and 64%) and selectivities
(E/Z = 70:30 and 71:29).
The double bond geometry in olefins 7 was initially assigned

by 1H−1H NOESY analysis of a representative compound 7l in
that the two aromatic protons of the phenolic moiety
appearing as a singlet at 7.00 ppm show a positive correlation
with that of the acetyl methyl singlet appearing at 1.94 ppm.
This was further confirmed by single-crystal X-ray analysis of
compound 7b.
In order to understand the mechanism of the above

transformation, the following control experiments were
conducted (Scheme 8). Initially, the reaction of p-QM 1a

was performed with malononitrile 9j under the standard
conditions which led to the formation of 1,6-adduct 10j in 55%
yield (Scheme 8a). This suggested that the presence of a
carbonyl group was essential for the formation of olefin 7.
Further, a reaction of p-QM 1a with acetylacetone 9d was
conducted using K2CO3 as base, which led to the formation of
1,6-adduct 11a (Scheme 8b). This confirmed the necessity of
stronger base for the formation of olefin 7. Therefore, 1,6-
adduct 11a was treated with KOH in MeCN, which resulted in

tetrasubstituted olefin 7y in 75% yield along with quinone 12
as the side product (Scheme 8c). The formation of olefin 7y as
the major product and quinone 12 as the side product
indicated that aerial oxidation of 11a to 7y followed by
oxidative cleavage of 7y took place under our reaction
conditions.
Based on the above observations, the following mechanism

is proposed (Scheme 9). Initially, the base (KOH) abstracts a

proton from the active methylene compound 9 to generate the
enolate ion VII, which then adds to p-QM 1 in a 1,6-fashion to
form adduct 10. Further deprotonation of 10 and stabilization
of the resulting enolate IX via keto−enol tautomerism weakens
the doubly benzylic C−H bond, thereby facilitating aerial
oxidation to corresponding quinone VIII.74 Later, the quinone
VIII undergoes rearomatization to afford the tetrasubstituted
olefin 7.
Later, we decided to investigate the reactivities of the diazo

compounds 2 and 6 and 1,3-dicarbonyl compound 9a with a
disubstituted p-QM (e.g., N-methyl isatin derived p-QM 13)
under the respective optimized conditions (Scheme 10).75

Initially, p-QM 13 was treated with diazosulfone 2 in the
presence of NaOH in ethanol, which unfortunately afforded a
complex mixture instead of the expected diazo adduct 14. On
the contrary, p-QM 13 smoothly reacted with diazoester 6
under the previously optimized conditions (KOH, MeCN) and
afforded the diazo adduct 15 in 63% yield. Unlike in the
previous case (see Scheme 5), this reaction proceeds via
deprotonation of the acetyl methyl group of diazoester 6
followed by its 1,6-addition to p-QM 13. Finally, the reaction
of ethyl acetoacetate with p-QM 13 under the optimized
conditions (KOH, MeCN) afforded a complex mixture instead
of the expected 1,6-adduct 16.
A comparison of the reactivity of α-diazo-β-ketophospho-

nate (Bestmann−Ohira reagent), its corresponding diazosul-
fone 2, and ester 6 with p-QM under similar conditions
(NaOH or KOH/EtOH) shows that while the phosphonate
analogue gives a product arising from deacylative 1,6-addition
(Scheme 1b), the sulfone analogue 2 provides trisubstituted
alkene 3 arising from deacylative 1,6-addition and diazo
elimination (Schemes 2 and 3), and the ester analogue 6
furnishes undesired ethoxide adduct 8a (Scheme 4). In order
to facilitate the ester analogue 6 to take part in 1,6-addition

Scheme 8. Control Experiments

Scheme 9. Plausible Mechanism for the Formation of
Tetrasubstituted Olefins from Active Methylene
Compounds and p-QM
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and prevent a side reaction, EtOH had to be replaced by
CH3CN (Schemes 5 and 6). This resulted in the formation of
tetrasubstituted alkenes 7 via nondeacylative 1,6-addition and
diazo elimination (Schemes 5 and 6). This divergent reactivity
and product profile can be attributed to better stabilization of
the formal negative charge on the diazo carbon in the
deacylated diazophosphonate intermediate and also in the
diazophosphonate adduct (Scheme 1b) as compared to their
sulfone counterparts (intermediates I and 4, Scheme 3).
Therefore, elimination of N2 from the initial sulfone adduct 4
takes place to form alkene 3.

■ CONCLUSIONS
In conclusion, we have demonstrated a base-promoted method
for the synthesis of tri- and tetrasubstituted alkenes by both
deacylative and nondeacylative 1,6-addition of α-diazocarbonyl
compounds and their precursors to the p-QMs. The reaction
possesses a wide range of substrate scope, and the products
were isolated in moderate to excellent yields and selectivities.
We have further demonstrated the reaction of active methylene
compounds with p-QMs that led to the formation of
tetrasubstituted alkenes. The reaction proceeds through base-
mediated 1,6-addition of active methylene compounds and
subsequent one-pot aerobic oxidation of the 1,6-adducts to the
desired alkenes in moderate to excellent yields and selectivities.
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