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Rh,(OAc), Catalyzed Wittig-Type Olefination: A Facile Access to
Alkylidene and Arylidene Malonates
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Abstract In the presence of triphenylarsine and catalytic amount of Rhy(OAc)4, one pot reactions with carbonyl compounds
and dimethyl diazomalonate give the corresponding alkylidene and arylidene malonates in moderate to excellent yields
(59%~99%). The scope of the carbonyl compounds covered a broad range, including aromatic and aliphatic aldehydes and
ketone. The reaction was easily scaled up to gram scale with 0.5 mol% rhodium catalyst loading. The preliminary mechanistic

studies showed that the olefination proceeded via a rhodium-carbene transformed arsonium ylide pathway.

Keywords

diazo compounds; alkylidene malonates; rhodium; triphenylarsine; Wittig reaction

1 Introduction

a,f-Unsaturated malonates are a series of very useful
synthetic intermediates in which the C=C double bond is
activated by conjugation with two electron-withdrawing
groups, and are widely employed in Michael addition reac-
tion and other transformations.!!” Although the arylidene
malonates could be easily obtained through Knoevenagel

* Corresponding authors. E-mail: ljwang@chem.ecnu.edu.cn; jolorsh@sioc.ac.cn

condensation,”” as to the alkylidene malonates, undesired
side reactions are usually occurred under the weak basic
condensation conditions. An alternative strategy to con-
struct the C=C double bond is Wittig reaction.””! Howev-
er, the synthesis of traditional ylide also requires a basic
condition.*! Recently, electrophilic metal carbenes have
been used for the preparation of ylides under neutral con-
ditions, in order to avoid potential problem caused by basic
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condition involved in traditional ylide chemistry.”% In
1990, Huang and coworkers developed the stibonium ylide
involved Wittig-type olefination of aldehydes and ketones
with dimethyl diazomalonate catalyzed by Cu(l) to give
the desired a,f-unsatuated diesters in good to excellent
yields.”! In 1993, they expand this reaction to telluronium
ylide, and a variety of aromatic and aliphatic aldehydes
were casily transformed to the corresponding a,f-unsatu-
rated malonates.’™ However, the antimonides and tellurides
were unstable and easily decomposed to toxic antimonides
and tellurides, which greatly limited their further applica-
tion. Our group has long been engaged in field of ylide
chemistry."”) We noticed that the triphenylarsine is much
stable and less toxic than antimonides and tellurides.
Herein, we report a practical new method that in a Rh(II)
catalyzed Wittig-Type reaction, with triphenylarsine, the
aldehydes and dimethyl diazomalonate give the corre-
sponding alkylidene and arylidene malonates in 59%~
99% yield.

AsPh; (1.2 equiv.)

(0] o,
L, Meo,c._coMe Rh,(OAC), (2.0 molg)
R R \'[\Jl/ toluene, 80 °C
1 2 15 examples
R2  CO,Me
R CO,Me
3
up to 99%
Scheme 1 Rh(II) catalyzed Wittig-type olefinations between

carbonyl compounds and diazomalonate

2 Results and discussion

Initially, we found 4-chloro-benzaldehyde (1a) could
react with dimethyl diazomalonate (2) in the presence of
AsPh; and 10 mol% Cul to afford Wittig-type olefination
product 3a in 34% vyield (Entry 1, Table 1). Further
screening of other copper salts the yield could be improved
to 75% (Entries 2~4). Some other metal salts such as
Fe(TCP)CI and Co(TCP) could also promote this reaction
but only gave poor to moderate yields (Entries 5, 6). Rho-
dium compounds were proved much more effective than
copper salts in the decomposition of dimethyl diazomalo-
nate,!'” thus, we turned to employ Rhy(OAc), as catalyst,
and to our delight, with 2.0 mol% Rh,(OAc),, the reaction
proceeded very efficient, leading to the olefination product
in 89% yield (Entry 7). The ratio of 1a/2 was also investi-
gated. As shown in Table 1, when 1.5 equiv. of 2 was used,
the best yield was obtained (Entry 7). Changing the ratio of
1a/2 to 1.0/1.2 resulted in a dramatic decline of the yield
(Entry 8). When 1.5 equiv of 1a was used, only moderate
yield of 3a was afforded (Entry 9). The concentration of
the substrate also affected the yield. When 1 mL of toluene
was used as solvent, only 72% yield of 3a was obtained,
together with a number of undesired byproducts (Entry
10). Thus, the optimal reaction condition was developed as
that 1a (1.0 equiv.) reacted with 2 (1.5 equiv.) in the pres-
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ence of AsPh; (1.2 equiv.) and 2.0 mol% Rhy(OAc), in
toluene (2 mL) at 80 ‘C (Entry 7).

Table 1 Optimization of the reaction conditions”

al AsPhj3 (1.2 equiv.)
\©\ . MeOZCYCOZMe
CHO

catalyst (x mol%)

toluene, 80 °C, N,

N
1a 2
CI\@\)C\OzMe
Z
CO,Me
3a
Entry Catalysts ~ x/mol%  la/2/equiv. Yield"/%

1 Cul 10 1.0/1.5 34
2 CuSbFj 10 1.0/1.5 49
3 CuPFg 10 1.0/1.5 62
4 CuOTf 10 1.0/1.5 75
5 Fe(TCP)Cl 10 1.0/1.5 25
6  Co(TCP) 10 1.0/1.5 47
7 Rhy(OAc), 2 1.0/1.5 89
8  Rhy(OAc), 2 1.0/1.2 75
9 Rhy(OAc), 2 1.5/1.0 50
10°  Rhy(OAc), 2 1.0/1.5 72

© 2019 Chinese Chemical Society & SIOC, CAS

“ AsPh; (1.2 equiv., 0.48 mmol), toluene (2 mL), 80 C; 2 was slowly added
within 8 h via a syringe pump. * Isolated yield. © C=0.4 mol/L.

To explore the generality of this reaction, a variety of
aldehydes were investigated under the above optimal con-
ditions. As shown in Table 2, aromatic aldehyde substitut-
ed by 2-NO, group afforded the a,f-unsaturated diester 3b
in 69% yield, which is very difficult to obtained through
Knoevenagel condensation pathway (Entry 2). Aromatic
aldehydes bearing electron-donating group, such as 4-Me
led to the corresponding 3c in 65% yield (Entry 3). The
substrate with bromo substituent was studied, and 85%
yield was obtained (Entry 5). 2-Furaldehyde also worked
well to give the desired ester 3f in 99% yield (Entry 6).
Remarkably, both cinnamyl and dihydrocinnamyl alde-
hydes were also suitable substrates, resulting the o,f-un-
saturated diesters 3g and 3h in 75% and 86% yields, re-
spectively (Entries 7, 8). Other aliphatic aldehydes were
tolerated in this reaction, affording the corresponding al-
kylidene malonates in good to moderate yields. For exam-
ples, the acyclic aldehydes 1i and 1j gave 3i and 3j in 80%
and 59% yields, respectively (Entries 9, 10). Furthermore,
cyclic aldehydes were also suitable substrates, leading to
the cyclopentyl and cyclohexyl substituted unsaturated
diesters in 71% and 61% yields (Entries 11, 12). Aldehyde
bearing functional groups, such as OBn, could also obtain
good yield (Entry 13). The terephthalaldehyde was em-
ployed as substrate and bis-olefination product was ob-
tained in 20% yield (Entry 14). Notably, when ketone 11
was employed as substrate, the reaction worked smoothly,
producing the tetrasubstituted olefin 30 in 76% yield (En-
try 15).

In order to make the reaction more practical, the
scale-up reaction was carried out under lowered catalyst
loading. When dihydrocinnamyl aldehyde was employed
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Table 2 Substrate scope”

o AsPh; (1.2 equiv.)

J\ MeO,C CO,Me  Rhy(OAc)4 (2.0 mol%)
R™OR2 Y \ﬂ; foluene, 80 °C, N,
1
CO,Me
RlL~Z
CO,Me
RZ
3
Entry R R? 3 Yield®/%

1 4-CIC4H, H 3a 89
2 2-NO,C¢H, H 3b 69
3 4-MeC¢H, H 3¢ 65
4 4-MeOCgH, H 3d 44
5 4-BrC¢H, H 3e 85
6 2-Furyl H 3f 99
74 C¢HsCH=CH H 3g 75
ged C¢H;CH,CH, H 3h 86
9¢ CH;(CH,)g H 3i 80
1094 CH;(CH,), H 3j 59
11 Cyclopentyl H 3k 71
1294 Cyclohexyl H 3l 61
134 BnO(CH,)s H 3m 67
14 OHC@CHO 3n 20
15 Ph CF; 30 76

“1 (0.4 mmol), 2 (0.6 mmol), AsPh; (0.48 mmol), toluene (2 mL), 80 C; 2
was slowly added within 8 h via a syringe pump. ® Isolated yield. €2 (0.8
mmol), with 10 mol% of o-phthalic acid as additive. ¢ Toluene (4 mL).

ha(OAC)4
(a) (0.5 mol%)
o-phthalic acid

/sze (10 mol%)
NS ————————> 3h
CHO 7~ "COMe  AsPh; (1.2 equiv.)
1h 2 toluene, 80 °C, N, 73% yield
Rhy(OAc),
(1.0 mol%)
(®) o-phthalic acid
CO,Me (10 mol%)
AsPh; (20 mol%)
©\A * N%\COZMe W’ 3h
CHO 2equiv) o
o 34% yield
1h 2 toluene, 80 °C, N,

Scheme 2 Gram scale synthesis and attempt for catalytic tri-
phenylarsine reaction

as substrate, with 0.5 mol% of Rhy(OAc), as catalyst, the
reaction gave the gram scale olefin product in 73% yield
(Scheme 2a). Considering that Ph;As could be regenerated
through the reduction of Ph;As=0 by employing polyme-
thylhydrosiloxane (PMHS) as the reductive reagent, we
tried the reaction by using 20 mol% Ph;As in the presence
of 1.2 equiv. of PMHS with slow addition of diazo com-
pound. It was disappointing that in this case, the reaction
proceeded very slowly, yielding the product 3h in 34%
yield after prolonging the reaction time (Scheme 2b).

For olefination of aldehydes with diazomalonate cata-
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© 2019 Chinese Chemical Society & SIOC, CAS

lyzed by a transition metal complex, there are two possible
pathways™'! as shown in Scheme 3. In path A, the diazo
compound firstly decomposed in the presence of metal
catalyst to form metal carbene. Then the metal carbene
reacted with the aldehyde via a four membered ring transi-
tion state to give the olefin and release the oxidized metal
complex. The Ph;As served as a reductant to regenerate the
metal catalyst. On the other hand, in path B, the in situ
generated metal carbene reacted with Ph;As to give the
corresponding arsonium ylide, which was further trans-
formed to olefin via a Wittig reaction mechanism.

M802CTCOzMe
O=AsPh, L,M N,
N
PhsAs 2
ﬁ CO,Me
Path A L,M
LM CO,Me
RCHO
CO,Me L.M—O
R MeOzC
CO,Me MeO,C R
MeOZCYCOZMe
N, N,
Path B
COZMe
R_j/co Ve CO,Me
2 L,Rh L,Rh
CO,Me
Wittig reaction
COZMS
O=AsPhy PhaAs=(
RCH CO,Me AsPhj

Scheme 3 Possible reaction pathways

In order to explain the mechanism of this reaction, two
control experiments were conducted (Scheme 4). It was
found that, in the absence of Ph;As, the desired olefination
product could not be detected in the reaction of 1a with 2
even when a stoichiometric amount of Rh,(OAc), was
used. This observation ruled out the possibility of path A.
In addition, 3a could also not be produced without
Rh,(OAc)y, which suggests that the olefination reaction
might undergo a rhodium-carbene transformed to arsonium
ylide process (path B).

3 Conclusions

In summary, we have developed the triphenylarsine in-
volved Wittig-type reaction of aromatic and aliphatic al-
dehydes with diazomalonate dimethyl ester 2 by using 2
mol% Rh,(OAc), as catalyst under neutral reaction condi-
tion. Many different aldehydes, including those with dif-
ferent types of substituents on the phenyl ring, heteroaro-

Chin. J. Org. Chem. 2019, 39, 2328~2332
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Rh,(OACc),

(1.0 equiv.)
—X———>

toluene, 80 °C

C|—©—0Ho . MeOZC\n/COZMe ]

N AsPh; (1.2 equiv.)

1a

toluene, 80 °C
M602C

COzMe
Cl /

3a

Scheme 4 Control experiments

matic, acyclic and cyclic aliphatic aldehydes, were suitable
substrates, providing a variety of alkylidene and arylidene
malonates in good to excellent yields. The reaction was
practical that the procedure was quite simple (in one pot),
and it was easily scaled up to gram scale with 0.5 mol%
rhodium catalyst loading. The preliminary mechanistic
studies showed that the olefination proceeded via rhodi-
um-carbene transformed arsonium ylide route. The exten-
sion of this method to other carbonyl compounds and its
applications are in progress in our laboratory.

4 Experimental section

4.1 Instruments and reagents

Unless stated otherwise, all reactions were carried out
under an atmosphere of nitrogen using standard Schlenk
techniques. All solvents and reagents were obtained from
commercial sources and were purified according to stand-
ard procedures before use. The substrates used in the ex-
periments were distilled. '"H NMR spectra were recorded
on a VARIAN Mercury 300 MHz or a VARIAN Mercury
400 MHz spectrometer in chloroform-d. All signals were
reported with the internal TMS signal at J 0.0 or chloro-
form signal at § 7.26 as a standard. >°C NMR spectra were
recorded on a VARIAN Mercury 75 MHz or 100 MHz
spectrometer in chloroform-d. All signals are reported with
the internal chloroform signal at 6 77.0 as a standard. IR
spectra were recorded on a Bruker-Tensor 27; Mass spec-
tra were determined on an Agilent 6224 TOF LC/MS (ESI)
mass spectrometer.

4.2 Experimental method

A mixture of Rhy(OAc)s (0.008 mmol), Ph;As (0.48
mmol) and o-phthalic acid (0.04 mmol) were subjected to
toluene (1 mL) under an atmosphere of nitrogen. Then, the
aldehydes (0.4 mmol) were added to the mixture of cata-
lyst. The mixture was then add to 80 °C, 2 (0.8 mmol) in 1
mL of anhydrous toluene was then added dropwise. The
resulting suspension was allowed to stir at corresponding
temperature. Upon disappearance of aldehydes as con-
firmed by thin-layer chromatography, the reaction was
filtered through a glass funnel with a thin layer (20 mm) of
silica gel (100~200 mesh) with CH,Cl, (approx 150 mL).
The filtrate was concentrated under reduced pressure. The
residue was purified by flash chromatography (EtOAc/
petroleum, V' . V=1/40) to afford the products.

Chin. J. Org. Chem. 2019, 39, 2328~2332

© 2019 Chinese Chemical Society & SIOC, CAS

Compouds 3a~3j and 31 are previously reported.!'”!

Dimethyl 2-(cyclopentylmethylene)malonate (3k): Col-
orless oil. '"H NMR (300 MHz, CDCl;) d: 6.94 (d, J=10.8
Hz, 1H), 3.83 (s, 3H), 3.78 (s, 3H), 2.82~2.73 (m, 1H),
1.94~1.85 (m, 2H), 1.76~1.64 (m, 4H), 1.45~1.33 (m,
2H); *C NMR (100 MHz, CDCLy) d: 166.1, 164.4, 154.8,
126.1, 52.2, 52.1, 40.4, 33.0, 25.5; IR (film) v: 2953, 2869,
1725, 1641, 1248, 1222 cm '. HRMS (ESI) caled for
CH;04 M~+H)" 213.1127, found 213.1118.

Dimethyl 2-(4-(benzyloxy)butylidene)malonate (3m):
Colorless oil. '"H NMR (400 MHz, CDCl;) 6: 7.35~7.29
(m, 5H), 7.06 (t, J/=8.0 Hz, 1H), 4.49 (s, 2H), 3.80 (s, 3H),
3.78 (s, 3H), 3.49 (t, J=6.2 Hz, 2H), 2.45~2.40 (m, 2H),
1.84~1.79 (m, 2H); C NMR (100 MHz, CDCly) ¢:
165.8, 164.3, 149.9, 138.3, 128.4, 128.2, 127.61, 127.57,
72.9, 69.2, 52.3, 52.2, 28.4, 26.8; IR (film) v: 2952, 2858,
1726, 1645, 1261, 1225 cm '. HRMS (ESI) caled for
CigH,05 (M-+H)" 293.1389, found 293.1388.

Tetramethyl 2,2'-(1,4-phenylenebis(methanylylidene))-
dimalonate (3n): White foam. m.p. 153.1~154.6 ‘C; 'H
NMR (400 MHz, CDCl;) d: 7.74 (s, 2H), 7.44 (s, 4H), 3.86
(s, 6H), 3.85 (s, 6H); “C NMR (100 MHz, CDCl3) o:
166.7, 164.2, 141.4, 134.8, 129.7, 126.9, 52.8; IR (neat) v:
3013, 2955, 2924, 2853, 1724, 1646, 1621, 1551, 1533,
1514, 1434, 1415, 1374, 1338, 1301, 1259, 1220, 1193,
1143, 1063, 982, 967, 939, 841, 826, 790, 755, 736, 701,
596, 574, 516, 410 cm™'; HRMS-ESI [M+N]" calcd for
C,5H90g 363.1074, found 363.1074.

Dimethyl 2-(2,2,2-trifluoro-1-phenylethylidene)malona-
te (30): Colorless oil. 'H NMR (400 MHz, CDCl3) ¢:
7.43~7.40 (m, 3H), 7.304~7.301 (m, 2H), 3.91 (s, 3H),
3.55 (s, 3H); 'F NMR (282 MHz, CDCl;) §: —63.5 (s,
1F); C NMR (100 MHz, CDCl;) 6: 163.494, 163.486,
162.5, 139.1, 138.8, 132.41, 132.37, 130.796, 130.785,
129.7, 128.5, 128.33, 128.32, 123.0, 120.2, 53.3, 52.9; IR
(film) v: 2958, 1742, 1236, 1211 cm™'. HRMS (ESI) calcd
for Cj3H;sFsNO4 (M-+NH,)" 306.0953, found 306.0943

Supporting Information '"H NMR and ">C NMR spectra
for all new compounds. The Supporting Information is
available free of charge via the Internet at http://sioc-
journal.cn/.
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