Accepted Manuscript

Tetrahedro

Decarbonylative Radical Conjugate Addition of Aliphatic Aldehydes for Alky-
lation of Electron-deficient Alkenes

Yu-Xia Li, Wei-Yu Li, Yuan-Yuan Jiang, Luo Yang

PII: S0040-4039(18)30796-2

DOI: https://doi.org/10.1016/j.tetlet.2018.06.042
Reference: TETL 50080

To appear in: Tetrahedron Letters

Received Date: 9 April 2018

Revised Date: 15 June 2018

Accepted Date: 16 June 2018

Please cite this article as: Li, Y-X., Li, W-Y., Jiang, Y-Y., Yang, L., Decarbonylative Radical Conjugate Addition
of Aliphatic Aldehydes for Alkylation of Electron-deficient Alkenes, Tetrahedron Letters (2018), doi: https://
doi.org/10.1016/j.tetlet.2018.06.042

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.tetlet.2018.06.042
https://doi.org/10.1016/j.tetlet.2018.06.042
https://doi.org/10.1016/j.tetlet.2018.06.042

Tetrahedron Letters

journal homepage: www.elsevier.com

Decarbonylative Radical Conjugate Addition of Aliphatic Aldehydes for Alkylation

of Electron-deficient Alkenes

Yu-Xia Li, Wei-Yu Li, Yuan-Yuan Jiang, Luo Yang*

? Key Laboratory for Green Organic Synthesis and Application of Hunan Province, College of Chemistry, Xiangtan University, Hunan, 411105, PR China.

Tel: +86-731-59288351; Fax: +86-731-58292251; E-mail: yangluo@xtu.edu.cn

ARTICLE INFO ABSTRACT

Article history:

Received

Received in revised form
Accepted

Available online

addition.
Keywords:

radical conjugate addition
decarbonylation
alkylation

aliphatic aldehyde

alkene

A convenient metal-free decarbonylative radical conjugate addition of aliphatic aldehydes to
electron-deficient alkenes is developed. With DTBP as an oxidant and radical-initiator, this
reaction smoothly converts a.-unsubstituted, a.-mono-substituted and a-di-substituted aliphatic
aldehydes into the corresponding primary, secondary and tertiary alkyl radicals, and
subsequently allows for the cascade construction of C(sp*)-C(sp”) bond via radical conjugate

2009 Elsevier Ltd. All rights reserved.

Introduction

Radical conjugate additions (RCAs) represent a powerful
strategy to build up molecular complexity benefiting from the
readily availability of alkene feedstock." RCAs frequently
proceed under pH-neutral conditions, show a greater functional
group tolerance than ionic counterparts and display exceptional
chemoselectivity for 1,4- over 1,2-addtion, to make them finding
widespread applications in natural products synthesis. > However,
for the alkylation of electron-deficient alkenes, these utilities
have been hampered by limited precursors and laborious
procedures for the generation of alkyl radicals. For example,
alkyl halides were the most prevalent alkyl radical precursors, but
often accompanied by the use of AIBN as radical initiator and
toxic tributyltin hydride as halide acceptor (Scheme 1a); ® while
xanthates,* B-alkylcatecholboranes® and other C-X bonds * were
also reported as alkyl radical precursors, but the pre-
functionalization was necessary (Scheme 1b). Theoretically
speaking, alkanes should be the ideal alkyl radical precursors via
the direct homolytic abstraction of hydrogen, however, this
pathway was limited to symmetric structures existing only one
type of sp> C-H bond " to reduce the possible regioisomers
(Scheme 1c), or sp® C-H bond adjacent to N/O atoms *"¢ and
other functional groups ®. Thus, more convenient methods to
provide alkyl radicals with varied structures from readily
available sources would be highly desirable.

Aliphatic aldehyde would be such a type of ideal radical
precursor for RCAs according to our recent studies on oxidative
decarbonylative reactions. With peroxides as radical initiator and
oxidant, the decarbonylative couplings of aldehydes with arenes,
" heteroarenes,” styrene derivatives,”* and the alkylation-
cyclization cascade reaction of acrylamides’ were successively
developed in our group. These decarbonylative reactions were

further updated by other groups, with dioxygen as the radical
initiator and oxidant.® Similarly, the radical type decarbonylative
alkylations of aldehydes with C=C and C=C were developed by
Z.-P. Li* and J.-H. Li® respectively. Further, A RCA of aliphatic
aldehydes to diaryl alkynoate was reported by Pan et. al. to
provide the alkylation/arylation product after decarbonylation
and decarboxylation cascade. * For the mechanism of these
radical type decarbonylative reactions, it’s widely accepted that
an aliphatic aldehyde was successively transformed into an acyl
radical, to provide the corresponding alkyl radical after
spontaneous decarbonylation. " Thus, we postulated that the
combination of radical type decarbonylation of aliphatic
aldehydes and subsequent conjugate addition to electron-
deficient olefins should provide a feasible method for the
alkylation of these alkenes.
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Scheme 1 Various alkyl radical precursors for RCAs.
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Results and discussion

Based on our recent studies™ and the above mechanistic
analysis, we first chose pivaldehyde (1a) as the potential radical
precursor, and methyl acrylate as the RCA acceptor in the
presence of peroxides; which did produce trace amount of RCA
product but the polymerization of methyl acrylate was too serious
to improve it. So we switched to choose the more electron
deficient and structurally symmetric maleate as the RCA acceptor
to accelerate the intermolecular radical type nucleophilic addition
and suppress the self-polymerization. With dibenzyl maleate (2a)
used as the RCA acceptor in the presence of TBHP, the
decarbonylative RCA of pivaldehyde (1a) successfully afforded
the desired radical addition product 3a in 65% yield (Table 1,
entry 1). The subsequent optimization revealed that the yields
were critically affected by the oxidant used, and the yield raised
to 71% with di-tert-butyl peroxide (DTBP) added as the oxidant
(entry 2); while other peroxides such as dicumyl peroxide (DCP),
aqueous hydroperoxide and benzoyl peroxide (BPO) resulted in
much lower yields (entries 3-5). Dioxygen was also effective,
albeit with only 38% yield. Since the decarbonylation of acyl
radical to generate the corresponding alkyl radical requires
relatively high temperature, the reaction temperature had an
obvious influence on this decarbonylative RCA (entries 7 and 8),
and reacting at 130 °C provided the best outcome. Next, the
effect of solvent on this oxidative RCA was investigated, and
running the reaction in dichlorobenzene (0-CsH4Cl,) provided the
highest yield. The reaction can also be conducted in low polarity
solvents such as chlorobenzene and toluene, and more polar
solvents such as acetonitrile, DMSO, DMF and NMP (N-methyl
pyrrolidone), while the low polarity solvents generally provided
better yields than the more polar ones (entries 9-15). The usage
of 2.0 eq of DTBP was required to realize the full conversion of
RCA acceptor (2a), reducing the dosage of DTBP to.1.5 and 1.0
eq resulted in lower yields of 64% and 51%, respectively (entries
16 and 17).

Table 1. Optimization of the oxidative RCA?

Q -CO Bu
Bu—CHO  + | OBn DTBP(2.0 eq) OBn
OBn solvent, 12 h OBn
(0]
1a 2a 3a
entry [0] Solvent Temp. (°C) yield [%]
1 TBHP 0-CgH4Cl; 130 65
2 DTBP 0-CsH4Cl; 130 71
3 DCP 0-CgH4Cl, 130 50
4 H>0, 0-CgH4Cl, 130 49
5 BPO 0-CgH4Cl, 130 48
6 O, 0-CgH4Cl, 130 38
7 DTBP 0-CsH4Cl, 110 51
8 DTBP 0-CsH4Cl, 150 57
9 DTBP PhCI 130 67
10 DTBP toluene 130 51
11 DTBP CH3CN 130 48
12 DTBP DMSO 130 45
13 DTBP DMF 130 9
14 DTBP NMP 130 11
15 DTBP dioxane 130 12
16° DTBP 0-CgHaCl> 130 64
17°¢ DTBP 0-CgH4Cl, 130 51

& Conditions: 2a (0.2 mmol), 1a (0.6 mmol, 3.0 equiv), oxidant (0.4 mmol,
2.0 equiv), solvent (1.0 mL), reacted for 12 h under air unless otherwise
noted. Isolated yields. P15 eq of DTBP was added. © 1.0 eq of DTBP was
added.

We next tested the generality of this decarbonylative RCA
with different aliphatic aldehydes (1b-1j) under the optimized
conditions (Table 2). While the a-di-substituted pivaldehyde (1a)
provided tertiary carbon radical after decarbonylation, the o-
mono-substituted aliphatic aldehydes including 2-methylpropanal
(1b), 2-methylbutanal (1c), 2-methylpentanal (1d), 2-
ethylbutanal (1e), 2-ethylpentanal (1f), cyclohexanecarbaldehyde
(19) and cyclopentanecarbaldehyde (1h) would provide
secondary carbon radicals, which all took part in this
decarbonylative RCA to provide the corresponding alkylation
product successfully. What’s more, the linear (a.-unsubstituted)
aliphatic aldehydes such as 3-methylbutanal (1i) and butanal (1j)
were also suitable substrate for this reaction, providing lower
yields compared with the a-substituted aldehydes, which might
be caused by the relatively severer self-aldol condensation of the
liner aliphatic aldehydes: It'is worth noting that for all of these
aliphatic aldehydes tested, no radical rearrangement product was
detected, thus proving aliphatic aldehydes as ideal alkyl radical
precursors, especially for structurally un-symmetric alkyl
radicals.

Table 2. The scope of the aliphatic aldehydes on this
decarbonylative RCA?

O
Q -CO R
OBn DTBP(Z.O eq) OBn
R=CHO + | - =
OBn  0-C4H,Cly, 12 h OBn
. o) o _

1a-1j 2a 3a-3j
la pivaldehyde 1b  2-methylpropanal
1c  2-methylbutanal 1d  2-methylpentanal
le 2-ethylbutanal 1f  2-ethylhexanal
1g cyclohexanecarbaldehyde 1h  cyclopentanecarbaldehyde
1i  3-methylbutanal 1j butanal




OBn OBn OBn
OBn OBn OBn

o
o

o} ¢}

3a,71% 3b, 64% 3c, 70% (1.3:1)
o) o) o)
k/(\E:toan OBn OBn
OBn OBn OBn
o] o) 0

3d, 41% (1:1) 3e, 64% 3f, 70% (1.2:1)
(0] o o}
OBn OBn OBn
OBn OBn OBn
(¢] (0] (0]
39, 69% 3h, 64% 3i, 47%

OBn
OBn

e

3j, 40%

2 Conditions: 2a (0.2 mmol), 1 (0.6 mmol, 3.0 equiv), DTBP (0.4 mmol, 2.0
equiv), 0-CsH4Cl, (1.0 mL), reacted at 130 °C for 12 h under air unless
otherwise noted. Isolated yields with the ratio of diastereomers shown in
parenthesis.

With the above gratifying results for rather wide substrate
scope of aliphatic aldehyde, we next tried different Michael
acceptor for this decarbonylative RCA (Scheme 2). Since the
forehead mentioned side reaction of self-polymerization, the
electron deficient and structurally symmetric maleate was a good
choice. Besides dibenzyl maleate (2a), structurally similar
dimethyl maleate (2b) reacted with pivaldehyde (1a) to afford the
corresponding RCA product in a 60% yield. Furthermore, N-
phenyl and N-benzyl substituted maleimides (2c-2j) bearing an
electron donating (Me, MeO) or withdrawing groups (F, CFs) at
the para position of the phenyl ring were turned out to be suitable
Michael acceptors for this decarbonylative RCA, which all
afforded the corresponding decarbonylative RCA products (31-3s)
successfully.

o) (6]

‘Bu
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Scheme 2 Maleate and maleimides as Michael acceptor for
decarbonylative RCA.

To further understand this decarbonylative RCA of aliphatic
aldehydes to electron-deficient alkenes, a mechanistic experiment
was carried out in the presence of radical inhibitor. With 2 eq of
TEMPO (2,2,6,6-tetramethylpiperidine-1-oxyl) added, this
reaction was completely inhibited and the 1-isopropoxy-2,2,6,6-
tetramethylpiperidine was detected by GC-MS (Scheme 3),
which not only supported our speculation that the reaction
proceeded via a radical pathway but also confirmed the
generation of alkyl radical via decarbonylation of aliphatic
aldehyde.

o) o)
cHo + ] oBn  DTBP (2.0 eq) OBn >(j<
; OBN  0-CgH,Cly, 12 h 0Bn ('T)‘
5 TEMPO (2.0 eq) o
1a 2a 3a

No detected Detected by GC-MS

Scheme 3 Radical inhibition experiment.

Based on the literature reports ® ° and our previous studies,’ a
plausible mechanism to understand this decarbonylative RCA
was proposed, with the reaction of pivaldehyde (1a) and dibenzyl
maleate (2a) as an example (Scheme 4). First, the homolytic
cleavage of DTBP produces tert-butoxy radical, which abstracts
the aldehyde hydrogen atom to form the pivaloyl radical I. Then,
the pivaloyl radical 1 undergoes spontaneous decarbonylation to
provide tert-butyl radical 11, which readily adds to the electron
deficient dibenzyl maleate to generate the radical 111. Next, a
hydrogen abstraction from aldehyde or tert-butanol takes place to
afford the RCA product 3a.
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Scheme 4 Proposed mechanism for the metal-free oxidative
decarbonylative RCA.

Conclusions

We have developed a convenient decarbonylative radical
conjugate addition of aliphatic aldehydes to electron deficient
alkenes. With DTBP as an oxidant and radical-initiator, this
reaction efficiently converted readily available a-unsubstituted,
o-mono-substituted and a.-di-substituted aliphatic aldehydes into
primary, secondary and tertiary alkyl radicals for the RCA.
Metal-free conditions, readily availability of aliphatic aldehydes
as radical precursor and simple experimental operation for the
generation of structurally un-symmetric alkyl radicals would
make this strategy attractive for organic synthesis.

Experimental Procedures

An oven-dried reaction vessel was charged with dibenzyl
maleate (2a, 0.2 mmol, 1.0 equiv), pivaldehyde (1a,.0.6 mmol,
3.0 equiv), o-dichlorobenzene (1.0 mL) and DTBP (0.4 mmol,
2.0 equiv) under air. The vessel was sealed and magnetically
stirred at 130 °C (oil bath temperature) for 12 h. Afterwards the
resulting mixture was cooled to room temperature, transferred to
silica gel column directly and purified by column
chromatography on silica gel with'a mixture of EtOAc/petroleum
ether as eluent to give products-3a (50.3 mg, 71 % yield).
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Highlights

Abundant aliphatic aldehydes as 1°, 2° and 3°
alkyls source

Simple operations to provide un-symmetric
alkyl radicals for RCA radicals

Metal-free conditions and good functional-
group tolerance
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