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Olefination of Carbonyl Compounds through Reductive Coupling of
Alkenylboronic Acids and Tosylhydrazones**

M. Carmen Pérez-Aguilar and Carlos Valdés*

The formation of C—C bonds is a fundamental transformation
of organic synthesis. Among the enormous variety of C—C
bond-forming reactions currently available, metal-catalyzed
cross-couplings stand as some of the more versatile and
reliable methodologies.!! In spite of this, the need of
a transition-metal catalyst is a drawback because of the high
cost and toxicity of the most popular metals. For these
reasons, C—C bond-forming reactions that might work with
the same levels of efficiency and selectivity as transition metal
catalyzed reactions, but that do not need the addition of
a transition metal, so called metal-free cross-couplings, are
highly desirable, and indeed, have attracted increasing
attention in the recent years.?

In the context of our interest on sulfonylhydrazones as
versatile intermediates in organic synthesis,”! we have
recently described a new C—C bond-forming reaction
between tosylhydrazones 1 and boronic acids 2, which gives
rise to the reductive coupling products 3 (Scheme 1a)."*! This
process takes place without the need for a metal catalyst!!
under extremely simple reaction conditions (just in the
presence of K,CO;), and exhibits a remarkably wide
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Scheme 1. Reductive coupling of tosylhydrazones with aryl and alkyl-
boronic acids and mechanism proposed. Ts =4-toluenesulfonyl.
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scope.”’! The mechanism proposed for this reaction comprises
the following steps (Scheme 1b): 1) decomposition of the
hydrazone in the presence of the base to form the diazo
compound A, 2) formation of the boronate intermediate B by
interaction of the boronic acid with the diazo compound,
3) C—C bond formation by migration of the R group with loss
of nitrogen to give the intermediate boronic acid C, and
4) protodeboronation to give the final product.

These reactions proceed very efficiently with aryl and
alkylboronic acids. However, preliminary investigation of the
reactions with alkenylboronic acids gave a less satisfactory
result because of the formation of a mixture of isomers arising
from the position of the double bond. This result could be
rationalized considering that the initially formed allylboronic
acid could suffer a direct y-protodeboronation or a 1,3-
borotropic rearrangement/a-protodeboronation sequence.!'”!

Taking into consideration the interest of these metal-free
reductive couplings, we initiated a study to investigate in more
detail the reactions with alkenylboronic acids, with the aim to
develop reaction conditions or combinations of reagents
which might lead to a single isomer of the reductive coupling
alkene, and therefore, convert these transformations into
more relevant synthetic processes.

We initially focused on the reaction between the hydra-
zone 1a, and 2-phenylvinylboronic acid (2a; Scheme 2a). An
extensive study of bases and reaction conditions was carried
out," and although a moderate influence of the base
employed was found, the process could not be driven to
give a single compound. The best results in terms of yield and
selectivity were obtained by employing K,CO; or NaOH as
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Scheme 2. Preliminary experiments of reductive couplings of tosylhydra-
zones with alkenylboronic acid 2a. Influence of the base and the structure
of the hydrazone on the ratio of isomers.
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the base, and incorporating 2 equivalents of CsF into the
reaction mixture (Scheme 2 a). In all cases, the stereoisomeric
compounds Sa and S5a’, wherein the double bond has
migrated, are obtained as the major product. Notably, by
employing an equimolar amount of NaOH and CsF, the
formation of the isomer 4a, which retains the double bond in
the original position, is reduced to only 6 %.

Interestingly, when the same reaction was conducted by
employing the hydrazone 1b, derived from cyclohexanone,
the isomer Sb was the only product detected in the reaction
mixture (Scheme 2b). After some optimization,"! the best
reaction conditions found employed of a combination of
K,CO; (2 equiv) and CsF (2 equiv) in 1,4-dioxane at 110°C.
These reaction conditions were then applied to a set of
structurally diverse hydrazones to evaluate the scope of the
process. In the course of the study, we found that the use of
microwave heating under similar reaction conditions (K,CO;,
CsF, 1,4-dioxane; Method B) or in the absence of CsF but
employing a 1:1 mixture of 1,4-dioxane/MeOH as the solvent
(Method C), not only reduces dramatically the reaction times
(12 h to 30 min), but also increases the yields in many of the
examples. Moreover, some reactions that failed under ther-
mal conditions gave rise to the desired olefination product
with satisfactory yields under microwave irradiation. The
most relevant results of this study are presented in Table 1.0

First of all, it must be pointed that in all the reactions with
hydrazones derived from dialkyl ketones, the trisubstitued
alkene 5 was the only product detected in the crude reaction
mixture (Table 1, entries 1-27). The reaction is very general
with regard to the structure of the dialkyl ketone, and can be
applied to a wide variety of systems, including hydrazones
derived from carbocyclic, heterocyclic (entries 7-10, 21), and
acyclic ketones (entries 25-27). Interestingly, the reactions
with nonsymmetrically substituted hydrazones provide,
depending on the size of the substituents, a single isomer
(entries 20, 24, and 27) or a mixture of Z/E steroisomers
(entries 18, 19, and 21) in which the major isomer has the
benzyl group on the side opposite to the bulkier substituent.

The reaction was extended also to other styrylboronic
acids, featuring either electron-withdrawing or electron-
donating substituents, and proceeded with similar yields
(Table 1, entries 2-5, 8, 9, 14-17, and 26). The regioselective
reaction is not restricted to dialkyl hydrazones, as diaryl-
substituted hydrazones also exclusively provided the olefina-
tion isomer 5 (entries28 and 29). Another challenging
example is the olefination of the hydrazone derived from
carvone (entry 30) as a representative of a a,f-unsaturated
carbonyl compound. Again the reaction gives rise to a single
positional isomer, and moreover, to a single stereoisomer,
because of the presence of the methyl substituent, which
determines the configuration of the new double bond.
However, the reaction with the hydrazone derived from
methyl pyruvate led to a 1:1 mixture of the two double bond
regioisomers (entry 31), and as in the example presented in
Scheme 2, reactions of hydrazones derived from alkyl aryl
ketones participate in a reaction leading to Z/E mixtures of
the two possible olefination products 5 and 5, and in some
cases small amounts of the regioisomer 4.0'12
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Table 1: Olefination of tosylhydrazones 1 by reaction with alkenylboronic
acids 2.7

R R?
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R27SNNHTs + A N-BOM:2 o en o X
1 2 5
Entry  Product Ar (5) Method®  Yield
(%]
1 Ph (5b) B 88 (78)
2 Ar 4-MeOC,H
| eOCH, (5bb) B 92
3 4-CF;C¢H, (Sbc) B 52 (51)®
4 3-FCeH, (5bd) B 89
5 4-CIC¢H, (5be) B 76 (59)
| Ph
6 Ph (5¢) B 86
tBu
7 oA Ph (5da) B 82 (57)
8 4-MeOCH, (5db) A 57
9 4-CF,CeH, (5dc) B 68
N
Bn
7 Ph
10 Ph (Se) B 82
(@)
Ph
|
1 Ph (5f) B 77
0" o
/
Ph
|
12 Ph (5g) C 80
13 Ar | Ph (5ha) C 81
14 4-MeOCH, (5hb) C 70
15 4-CFCH, (She)  C 83
16 3-FCeH, (5hd) C 93
17 Ph 4-CICgH, (She) C 79
Ph
|
184 Ph (5i) A 93
E:Z, 10:1
| | Ph
o}
19 Ph (5j) A 50
E:Z, 41
| Ph
204 BU Ph (5k) A 49
Ph I HNPMP
21 Ph (51) B 78
N
Bn
E:Z, 41
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Table 1: (Continued) The reactions of cyclic tosylhydrazones are noteworthy
Entry Product Ar (5) Method®  Yield for various reasons: 1)cyclic tosylhydrazones provide
[%]4 extremely poor yields in the reductive couplings with

Ph arylboronic acids, however, perform very well with alkenyl-

2 l Ph (5m) C 78 boronic acids; 2) the products obtained are the thermody-

namically unstable isomers which feature an exocyclic double
bond and are not conjugated with the aromatic ring. More-
over, from a synthetic point of view, these transformations can

T
=
(@}

2 Ph (5n) 89 be envisioned as a new type of olefination reaction of
carbonyl compounds,™ a key transformation in organic
[ FPn synthesis, and is achieved in a very simple manner—no
241 Ph (S0) c 36 metal catalyst, no inert atmosphere or dry solvents are
needed—and from readily available starting materials.
We next turned our attention to 2-alkyl-substituted
25 Ar Ph (5pa) B 88 Ikenylboronic acids 6 (Table 2). The reactions proceeded
26 | 4-MeOC(H, (5pb) A 87 atkeny , e 2). ns p
with moderate yields, and in general, the microwave-pro-
moted reactions provided better results. Quite surprisingly,
. Ph/j\( o the regioselectivity of the reactions was completely reversed
27 Ph (59) A % from the reactions with styrylboronic acids 2. Now, in most of
Ph the examples studied, the regioisomer 7, in which the double
[P bond in the original position is preserved, was obtained as the
28 . Ph (5r) B 63 major isomer. Remarkable regioselectivity was obtained for
O O the reactions of dialkyl hydrazones (entries 1-3). Moreover,
Ph
29 f Ph (5s) A 55
Ph™ "Ph Table 2: Reductive alkenylation of tosylhydrazones 1 by reaction with
| Ph alkenyl boronic acids 6.1
30 Ph (5t) B 70 R N ~_B(OH K,COj3, CsF, 1,4-dioxane R!
Rz/%NNHTS RNAEOM: MW, 150 °C, 30 min RZJ\7/\R
“Ph
/E 1 Entry Product R (7) Yield [96]"
CO,Me
Ph : X Bn
31 /f Ph (5u/4u) A 73 1 O/V Bn (7a) 57(94:6)"
= 1
COMe 21 Ny S nC,H, (7ba) 62 (91:9)
[a] Method A: N-tosylhydrazone 1, (1.0 equiv); boronic acid 2, (2 equiv); 3¢ Bn (7bb) 69 (94:6)!
K,CO;3, (2 equiv); CsF, (2 equiv), 1,4-dioxane, 110°C, 12-14 h. Method B:
N-tosylhydrazone 1, (1.0 equiv); boronic acid 2, (2 equiv); K,COs, 4 B Bn (7¢) 68 (50:50)"
(2 equiv); CsF, (2 equiv), 1,4-dioxane, MW, 150°C, 30 min. Method C: 4-Tol
N-tosylhydrazone 1, (1.0 equiv); boronic acid 2, (2 equiv); K,CO;,
(2 equiv); 1,4-dioxane/methanol (1:1 v/v) MW, 150°C, 30 min. [b] Data 5 ~_R Bn (7da) 61
for the highest yielding method (see the Supporting Information for 6 Y\/ nCeH,; (7 db) 49
a more detailed table). [c] Yields of isolated products after column 7 COEt Cy (7dc) 35
chromatography. [d] The stereochemistry of the major isomer was
established based on two-dimensional and selective nOe experiments. PhMBn
[e] The yield for the one-pot reaction is indicated within parentheses. 8 COEt Bn (7e) 61
Reaction conditions: ketone, (1 equiv); tosylhydrazide, (1 equiv), 1,4-
dioxane, MW, 46°C, 30 min; then, boronic acid 2 (2 equiv); K,COs,
(2 equiv); CsF, (2 equiv), MW, 150°C, 30 min. Bn=benzyl, ? NNR Bn (7 fa) 63
MW = microwave, PMP = para-methoxyphenyl. 10 CONHPMP nCeHys (71b) 58
1 Cy (7c) 40
X CsH11
Finally, like in many other processes involving tosyl- 12 m nCeHys (7 fd) 35

hydrazones, the reductive couplings can be conducted in
a one-pot fashion directly from the carbonyl com- [a] Reaction conditions: N-tosylhydrazone 1, (1.0 equiv); boronic acid 6,
pounds,** 13! thus providing the olefination products 5 with ~ (2€9uV); K:CO;, (2 equiv); CsF, (2 equiv); 1,4-dioxane, MW, 150°C,

’ . .. e . 30 min. [b] Yields of isolated products after column chromatography.
complete regioselectivity albeit in yields slightly lower than

. . [c] The ratio of double bond regioisomers determined by '"H NMR
the reactions from the recrystallized tosylhydrazones spectroscopy of the crude reaction mixture is indicated within paren-

(Table 1, entries 1, 3, 5, and 7)~ theses. [e] The stereochemistry was established based on the '"H NMR
spectra.

Angew. Chem. Int. Ed. 2012, 51, 5953 5957 © 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org 5955


http://www.angewandte.org

Angewandte

5956

Communications

in the reactions with hydrazones derived from ethyl pyruvate
and pyruvic amides, the disubstitued alkenes are obtained as
a unique positional isomer (entries 5-12).1 Only the reaction
with an aryl-substituted hydrazone (entry4) led to a 1:1
mixture of regioisomers. Furthermore, the E stereochemistry
of the boronic acid is retained in the final product. The high
functional-group tolerance of the reaction must be noted, that
is, it can be carried out in the presence of a carboxylic ester
and even NH- or NH, unprotected amides.

The complete diastereoselectivity observed in the reac-
tions with the hydrazone derived from 4-phenylcyclohexa-
none (Table 2, entries 2 and 3) is also worth noting. Only one
of the two possible diastereoisomers was detected in the
reaction, and thus corresponds to the incorporation of the
new R group in the equatorial position."" These are examples
of facial diasteresoselectivity in the reactions between a tosyl-
hydrazone and a boronic acid, a new feature that enhances the
synthetic value of this C—C bond-forming reaction.

Considering the results presented in Table 1 and Table 2,
the dramatic influence of the substituents of both coupling
partners in the outcome of these reactions is apparent. Table 3

Table 3: Summary of the expected product distribution depending on the
substituents of the coupling partners.

R3
+ _ > |p2 .
R'""R? R3 RRF‘\/\ R3 R! | R2+ R R2
D Y [0

R' R? R? Y a
alkyl aryl aryl 95-90 5-10
alkyl alkyl aryl 100 0
aryl aryl aryl 100 0
alkyl EWG aryl 50 50
alkyl aryl alkyl 50 50
alkyl akyl alkyl 5-10 95-90
alkyl EWG alkyl 0 100

EWG = electron-withdrawing group.

summarizes our observations, and allow one to predict the
particular isomer that is expected depending on the nature of
the reactants. An explanation of these observations will
probably depend on the relative rate of a and y protodeboro-
nations of the allylboronic intermediate D, which will be
affected by the substitution.'” As suggested by one of the
referees, in the reactions with styrylboronic acids (R*>= Ar)
the stabilization of an incipient negative charge at the
benzylic position may favor the y protodeboronation, and
therefore the alternation of the double bond. This effect is not
present in the reactions with alkyl-substituted boronic acids
(R*= Ar), and consequently a-protodeboronation, with pres-
ervation of the stereochemistry of the double bond, might
take place. In contrast, and for similar reasons, electron-
withdrawing groups in the hydrazone fragment (R? = CO,Me,
CONHR) may favor the o protodeboronation, thus either
decreasing or enhancing the regioselectivity of the reactions
with styrylboronic acids and alkyl-substituted boronic acids,
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respectively. Mechanistic and theoretical studies are under-
way.

In conclusion, we have presented a very general and
efficient reductive coupling between tosylhydrazones and
alkenylboronic acids, a coupling that can be envisoned as
a new type of olefination of carbonyl compounds though
tosylhydrazones. This C—C bond-forming reaction takes place
under very simple reaction conditions without the need of
metal catalysts or inert atmosphere, and tolerates a variety of
functional groups. Depending on the nature of the substitu-
ents, and in a predictable manner, the reaction gives rise to
different isomers that differ in the position of the double
bond. For the reasons above, and taking into consideration
the generality of the process, and the ready availability of
both types of coupling partners, we believe that these
reactions may be very useful in organic synthesis.
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