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Abstract: A couple of pyrrolyl-based phosphoramidites featuring a binaphthyl backbone have been used as bidentate ligands
in Rh-catalyzed hydroformylation of alkynes, to afford a range of α,β-unsaturated aldehydes in generally good yields (up to
94% ) with excellent chemo- and stereoselectivities (E / Z up to > 99 / 1) under mild reaction conditions.
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　 　 The hydroformylation is commonly referred to the
addition of hydrogen and carbon monoxide across ole-
fins to generate oxygenated products, which are valua-
ble chemicals in industry and versatile intermediates for
synthesis[1-2] . Hydroformylation is also currently the
largest industrial homogeneous catalytic process, with a
global annual production of ca 10 million tons of oxo
chemicals[3] . So far most of the works in this area from
both academia and industry have focused on the hydro-
formylation of olefins, whereas the corresponding
hydroformylation reaction of alkynes has been much
less explored[4-5] . Hydroformylation of alkynes can
provide a straightforward access to enals that are versa-
tile synthetic intermediates, however, pioneering stu-
dies in 1970s on this reaction furnished the enals only
in low yields with poor chemoselectivity. One of the
major hurdles that hampers the further development in
alkyne hydroformylation is the hard suppression of the
byproduct formation, e. g. , saturated aldehydes and
alkenes, generated by over-reduction[6] . Since 1995,

significant breakthroughs have been achieved in this re-
action with transition metal catalysts based on Rh[7],
Co[8], or Pd[9] . In 1995s, Buchwald and coworkers
reported the use of a Rh / Biphephos catalytic system for
the hydroformylation of symmetrical dialkyl-substituted
alkynes to the corresponding enals with good chemose-
lectivities[7a] . Later on, Breit et al developed a chemo-
and stereoselective hydroformylation of dialkyl- and
diaryl-substituted alkynes as well as some terminal al-
kynes, using a rhodium complex with an electron-poor
phosphine ligand bearing self-assembling H-bonding
moieties[7d] . Very recently, Zhang and coworkers re-
ported a Rh-catalyzed hydroformylation of symmetrical-
ly disubstituted alkynes using a tetraphosphoramidite
ligand, to afford the corresponding α,β-unsaturated al-
dehydes in high yields with excellent efficiency[7f] .
Significant progresses in the hydroformylation of al-
kynes have also been made using Pd complexes as the
catalysts. Hidai et al developed a heterobimetallic cat-
alyst, [ PdCl2 ( PCy3 ) 2 ] / [ Co2 ( CO) 8 ] for catalytic
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hydroformylation reaction of alkynes by taking advan-
tage of the synergistic effect between the two metals[8] .
Recently, Beller and coworkers reported an efficient
hydroformylation of alkynes with a palladium catalyst
bearing a N-phenylpyrrole-based bisphosphine ligand,
wherein hydrogenation of alkynes were largely sup-
pressed[9] . In the context of hydroformylation of al-
kynes, further development of readily accessible cata-
lysts with a wide substrate adaptability is highly desira-
ble. As an ongoing effort of our studies on Rh-cata-
lyzed hydroformylation reactions[10], herein we report a
readily accessible rhodium / phosphoramidite catalyst for
efficient hydroformylation of alkynes. Under mild con-
ditions, a range of enals were synthesized in generally
high yields with good to excellent chemo- and stereose-
lectivities.

1 Experimental
1. 1 General

Unless otherwise noted, all manipulations invol-
ving air- or moisture-sensitive compounds were per-
formed in a nitrogen-filled glovebox or using standard
Schlenk techniques. Solvents were dried according to
standard procedures. 1H, 13C, 19F and 31P NMR spec-
tra were recorded on an Agilent or Varian (400 MHz)
spectrometers. GC analyses were carried out on an Ag-
ilent 6890N or an Agilent 7820A gas chromatograph u-
sing a DM-Wax column or HP-5 column. High resolu-
tion mass spectra ( HRMS-ESI ) were recorded on
BRUKER DALTONICS APEX III. BIPHEPHOS,
Xantphos, Rh(acac)(CO) 2, phenylacetylene and di-
phenylacetylene were purchased from commercial
sources and were used as received without further puri-
fication, while the other alkynes used in this study
were synthesized according to the reported proce-
dures[11] .
1. 2 The synthesis of ligands L1-L3

Ligands L1-L3 were synthesized by following a
literature procedure[12] . A solution of the racemic diol
(1. 0 mmol) in THF (2 mL) was added dropwise to a
solution of 1, 1′-( chlorophosphinediyl ) bis ( 1H-pyr-
role) ( 595. 7 mg, 3. 0 mmol ) and triethylamine
(0. 42 mL, 3. 0 mmol) in THF (1 mL) at 0 ℃ . After

stirring the mixture at room temperature for 12 h, the
precipitated Et3N·HCl salt was filtered off, and the
filtrate was concentrated under vacuum. The residue
was purified by flash column chromatography on silica
gel (PE / EA = 10 / 1) to afford the product.

1. 3 Characterization data for Ligand L1-L3[12]

2,2′-Bis ( di ( 1H-pyrrol-1-yl) phosphinooxy)-1,
1′-binaphthyl ( L1 ): White solid, 73% yield. 1H
NMR (CDCl3, 400 MHz): δ 7. 86 (d, J = 8. 8 Hz,
4H), 7. 43-7. 39 (m, 2H), 7. 33-7. 21 (m, 4H),
7. 13 (d, J = 8. 8 Hz, 2H), 6. 48-6. 45 (m, 8H),
6. 13-6. 07 (m,8H). 13C NMR (CDCl3, 100 MHz):
δ 149. 1, 149. 0, 133. 6, 130. 8, 130. 5, 128. 1,
127. 1, 125. 8, 125. 2, 122. 36, 122. 34, 122. 32,
121. 1, 121. 06, 120. 96, 210. 89, 119. 3, 119. 2,
112. 09, 112. 06, 112. 04, 112. 0. 31P NMR (161
MHz, CDCl3): 109. 0 ppm.

1,1′,1″,1‴-(3,3′-Dimethyl-1,1′-binaphthyl-2,
2′diyl) bis( oxy) bis( phosphinetriyl) tetrakis(1H-pyr-
role) ( L2 ): White solid, 70% yield. 1H NMR
(CDCl3, 400 MHz): δ 7. 72 (d, J = 8. 0 Hz, 2H),
7. 42 ( s, 2H), 7. 38 ( t, J = 7. 2 Hz, 2H), 7. 23
(d, J = 7. 6 Hz, 2H), 7. 15-7. 13 (m, 2H), 6. 71-
6. 49 (m, 8H), 6. 18-6. 06 (m, 8H), 1. 89 (s, 6H).
13C NMR (CDCl3, 100 MHz): δ 150. 18, 150. 13,
150. 07, 133. 0, 131. 0, 130. 7, 130. 3, 127. 2, 126. 4,
125. 8, 125. 2, 122. 47, 122. 44, 122. 41, 121. 2,
121. 1, 121. 07, 120. 9, 120. 8, 120. 7, 111. 89,
111. 87, 111. 85, 111. 33, 111. 31, 111. 28, 17. 2. 31P
NMR (161 MHz, CDCl3): 106. 2 ppm.

1,1′,1″,1‴-(3,3′-Diethyl-1,1′-binaphthyl-2,2′-
diyl)bis(oxy)bis(phosphinetriyl) tetrakis(1H-pyrrole)
L3: White solid, 75% yield. 1H NMR (CDCl3, 400
MHz): δ 7. 75 ( d, J = 8. 0 Hz, 2H), 7. 55 ( s,
2H), 7. 40-7. 36 (m, 2H), 7. 25-7. 21 (m, 2H),
7. 15-7. 13 (m, 2H), 6. 66-6. 49 (m, 8H), 6. 12-

894 　 　 　 　 　 　 　 　 　 　 　 　 　 　 分　 　 子　 　 催　 　 化　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 第 30 卷　



6. 04 (m, 8H), 2. 32-2. 13 (m, 4H), 1. 04 (t, J =
7. 6 Hz, 6H). 13C NMR ( CDCl3, 100 MHz): δ
149. 92, 149. 85, 149. 79, 135. 7, 132. 9, 131. 1,
128. 7, 127. 4, 126. 3, 125. 9, 125. 1, 122. 38,
122. 34, 122. 31, 121. 1, 121. 04, 120. 9, 120. 8,
120. 7, 120. 6, 111. 78, 111. 76, 111. 73, 111. 36,
111. 33, 111. 31, 23. 3, 13. 4. 31P NMR (161 MHz,
CDCl3): 105. 7 ppm.
1. 4 Typical procedure for the hydroformylation of

alkynes
In a glove box,a Parr autoclave equipped with a

magnetic stirring bar was charged with the alkyne (0. 5
mmol), L1 (0. 005 mmol), Rh(acac) (CO) 2(0. 01
M in toluene, 0. 25 mL, 0. 002 5 mmol), and toluene
(1. 0 mL). The autoclave was sealed and purged three
times with H2 gas, and subsequently charged with H2

(10 bar) and CO (10 bar). The autoclave was then
heated at 60 ℃ (oil bath) for 12 h. The autoclave was
cooled in ice water, and the gas was carefully released
in a well-ventilated hood. The conversion, the quantity

of the hydrogenation product, and E / Z ratio of the enal
were determined by GC analysis of an aliquot of the
mixture using p-xylene (31 μL, 0. 25 mmol) as the
internal standard. The reaction mixture was concentrat-
ed in vacuo, and the residue was purified by flash col-
umn chromatography on silica gel with EA / petroleum
ether as the eluent to give the enal.

2 Results and discussion
2. 1 Optimization of reaction conditions

We initially examined the effect of different P-li-
gands using Rh(acac)(CO) 2 as the catalyst precursor
for the hydroformylation of 1,2-diphenylethyne (1a).
The reactions were conducted in toluene in the pre-
sence of 0. 5% of the catalyst (Rh / ligand molar ratio
1 ∶ 2) under 20 bar syngas pressure (H2 / CO = 10 ∶
10) at 60 ℃, and the results were summarized in
Table 1. It is notable that under otherwise identical
conditions, ligands with enhanced π-acidity, e. g. ,
bisphosphite BIPHEPHOS and bisphosphoramidites

Table 1 Optimization of reaction conditions a

Entry Ligand Conv. / % b 2a(Yield / % , E / Z) b 2a / 3a / 4ab

1 BIPHEPHOS 94 78 (97. 5 / 2. 5) 83. 4 / 15. 9 / 0. 7

2 XantPhos 67 49 (95. 6 / 4. 4) 92. 3 / 7. 5 / 0. 2

3 c L1 >99 93 (98. 8 / 1. 2) 94. 4 / 5. 3 / 0. 3

4 L2 95 90 (94. 6 / 5. 4) 92. 6 / 7. 1 / 0. 3

5 L3 91 85 (97. 0 / 3. 0) 92. 6 / 7. 0 / 0. 4

6d L1 >99 90 (98. 2 / 1. 8) 89. 8 / 9. 0 / 1. 2

　 a. Reaction conditions: 1a(0. 5 mmol), H2 / CO = 10 ∶ 10 (bar / bar), s / c = 200, Rh(acac)(CO) 2(0. 5 mol% ), molar ratio of
Rh / L = 1 ∶ 2, toluene (1. 0 mL), 60 ℃, 12 h; b. Conversion of 1a, yield and E / Z ratio of 2a, and molar ratios of 2a / 3a / 4a
were determined by GC using p-xylene as the internal standard; c. The yield of isolated 2a was 90% ; d. T= 80 ℃
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L1-L3, exhibited a significantly higher catalytic activi-
ty (conversions of 1a> 91% , entries 1, 3-5) than that
of bisphosphine XantPhos ( conversion 67% , entry
2). For all the tested ligands the formation of saturated
aldehyde 4a was negligible ( < 0. 5% ), and in each
case the sterereoselectivity was excellent ( > 94. 6 /
5. 4, entries 1-5). The bisphosphate BIPHEPHOS
furnished the enal 2a in reasonably good yield
(78% ), albeit somehow compromised by co-genera-
tion of a significant amount of hydrogenation byproduct
3a ( 16% , entry 1 ). The BINOL-derived bis-N-
pyrrolyphosphoramidites L1-L3, on the other hand,
generally demonstrated a remarkably high yield of enal
2a ( > 85% ) and much better chemoselectivity
(2a / 3a / 4a>92. 6 / 7. 1 / 0. 3, entries 3-5). Overall,
L1, without any substituents on the 3,3’-positions of
its binaphthyl skeleton, turned out to be optimal in

terms of catalytic activity, chemo- and stereoselectivi-
ties. In this case, full conversion of 1,2-diphenyle-
thyne 1a was achieved, delivering 2a in high yield
(93% ) with excellent E / Z ratio (98. 8 / 1. 2 ) and
chemoselectivities (2a / 3a / 4a = 94. 4 / 5. 3 / 0. 3, en-
try 3). Further examination of this system by elevation
of the reaction temperature to 80 ℃, however, led to a
slight decline in the chemoselectivity for 2a, as a result
of the increased formation of hydrogenation byproduct
3a (entry 6).
2. 2 Substrate scope of alkynes

With the optimized conditions in hand, we pro-
ceeded to study the substrate scope of this reaction, u-
sing 0. 5% Rh(acac)(CO) 2 and 1% L1 as catalyst in
the presence of CO / H2 (10 ∶ 10 bar) at 60 ℃ for
12 h. As shown in Table 2, a variety of symmetrically
disubstituted alkynes , including alkynes with diaryl-

Table 2　 Synthesis of the α,β-unsaturated aldehydes a

　 　 a. Reaction conditions: Substrate 1 (0. 5 mmol), H2 / CO = 10 ∶ 10 (bar / bar), s / c = 200, Rh(acac)(CO) 2(0. 5 mol% ),
Rh / L1 = 1 ∶ 2, toluene (1. 0 mL), 60 ℃, 12 h. The yields were for the isolated enals 2a-l. The conversion values, molar rati-
os of 2 / 3, and E / Z ratios of enals 2 were determined by GC using p-xylene as the internal standard. The saturated aldehyde was
found to be negligible in each case; b. 24 h
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and diheteroaryl-substitutuents (1a-k), are amenable
to the procedure, to afford the corresponding ( E)-
enals 2a-k in good to excellent yields (64% ~ 94% )
with excellent E / Z ratios (≥ 94 / 6). In these cases,
the formation of saturated aldehydes was found to be
negligible. Electron-donating substituents on the aro-
matic ring were well tolerated, and the corresponding
enals 2b-2d were obtained in excellent yields, and the
alkene formation was effectively suppressed (2 / 3 ≥
96 / 4). In the cases of diarylalkynes with halogens
(F, Cl, Br) on the aryl rings, chemoselectivity to-
wards the formation of corresponding enals 2e-2h were
also quite high (2 / 3 = 86 / 14 to 98 / 2). The reaction
with the diarylalkyne bearing CF3 groups on the aryl
rings was less satisfactory, however, furnished the cor-
responding enal 2i in moderate yield ( 64% ) along
with some amount of the alkene. Furthermore, 2- or 3-
thienyl disubstituted alkynes were also compatible with
the protocol, affording the corresponding enals 2j-2k in
excellent yields with high selectivities. We have also
examined the hydroformylation of phenylacetylene, a
terminal arylacetylene that was known to be challenging
for this transformation owing to the many potential by-
products involved (>5). Unfortunately, under the oth-
erwise identical conditions, the corresponding E-enal
2l was only isolated in modest yield (15% ).
2. 3 Experimental characterization data for products

( E )-2, 3-diphenylacrylaldehyde ( 2a ) [7d]: 1H
NMR (CDCl3, 400 MHz): δ 9. 79 ( s, 1H), 7. 43
(s, 1H), 7. 41-7. 39 (m, 3H), 7. 29-7. 26 (m,
1H), 7. 24-7. 19 (m, 6H). 13C NMR (CDCl3, 100
MHz): δ 193. 9, 150. 2, 141. 8, 134. 0, 133. 3,
130. 7, 130. 2, 129. 3, 128. 8, 128. 5, 128. 3 ppm.

(E)-2, 3-di-p-tolylacrylaldehyde ( 2b) [7d]: 1H
NMR (CDCl3, 400 MHz): δ 9. 73 ( s, 1H), 7. 32
(s, 1H), 7. 24-7. 20 (m, 2H), 7. 14-7. 03 (m,
6H), 2. 39 ( s, 3H), 2. 30 ( s, 3H). 13C NMR
( CDCl3, 100 MHz): δ 194. 2, 150. 1, 140. 9,
140. 7, 137. 9, 131. 4, 130. 7, 130. 4, 129. 6,
129. 2, 129. 1, 21. 4, 21. 3 ppm.

(E)-2, 3-di-m-tolylacrylaldehyde ( 2c) [7d]: 1H
NMR (CDCl3, 400 MHz): δ 9. 75 ( s, 1H), 7. 34
(s, 1H), 7. 30 ( t, J = 7. 6 Hz, 1H), 7. 21-7. 19

(m, 1H), 7. 11-6. 97 (m, 6H), 2. 36 ( s, 3H),
2. 34 ( s, 3H). 13C NMR ( CDCl3, 100 MHz): δ
194. 1, 150. 3, 141. 8, 138. 4, 138. 0, 133. 9,
133. 3, 131. 7, 131. 0, 129. 7, 129. 0, 128. 7,
128. 3, 127. 7, 126. 2, 21. 4, 21. 2 ppm.
　 　 (E)-2,3-bis(4-(tert-butyl)phenyl)acrylaldehyde
(2d): 1H NMR (CDCl3, 400 MHz): δ 9. 76 ( s,
1H), 7. 49-7. 47 (m, 2H), 7. 36 ( s, 1H), 7. 30-
7. 28 (m, 2H), 7. 23-7. 17 (m, 4H), 1. 40 ( s,
9H), 1. 31 (s, 9H). 13C NMR (CDCl3, 100 MHz):
δ 194. 3, 153. 8, 151. 0, 150. 2, 140. 8, 131. 3,
130. 7, 130. 4, 128. 8, 125. 7, 125. 4, 34. 8, 34. 6,
31. 3, 31. 0 ppm. HRMS ( ESI) m / z: Calcd. For
C23H29O

+: 321. 2213, Found: 321. 2212 [M + H] + .
( E )-2, 3-bis ( 4-fluorophenyl ) acrylaldehyde

(2e) [7d]: 1H NMR (CDCl3, 400 MHz): δ 9. 75 (s,
1H), 7. 37 ( s, 1H), 7. 23-7. 10 (m, 6H), 6. 98-
6. 93 (m, 2H). 13C NMR (CDCl3, 100 MHz): δ
193. 5, 163. 5 (d, JC-F = 252 Hz), 162. 7 (d, JC-F =
247 Hz), 149. 2, 140. 4 (d, JC-F = 1. 4 Hz), 132. 6
(d, JC-F = 8. 0 Hz), 131. 2 ( d, JC-F = 7. 5 Hz),
130. 0 ( d, JC-F = 3. 3 Hz), 128. 7 ( d, JC-F = 3. 1
Hz), 116. 1 ( d, JC-F = 21 Hz), 115. 8 ( d, JC-F =
21. 6 Hz). 19F-NMR (376 MHz, CDCl3): δ -108. 4,
-112. 9 ppm.

( E )-2, 3-bis ( 4-bromophenyl ) acrylaldehyde
(2f) [7d]: 1H NMR (CDCl3, 400 MHz): δ 9. 73 ( s,
1H), 7. 55-7. 53 (m, 2H), 7. 41-7. 39 (m, 2H),
7. 34 ( s, 1H), 7. 08-7. 05 ( m, 4H). 13C NMR
( CDCl3, 100 MHz): δ 193. 0, 148. 9, 141. 0,
132. 5, 132. 2, 132. 0, 131. 9, 131. 0, 124. 9, 122. 9
ppm.

( E )-2, 3-bis ( 4-chlorophenyl ) acrylaldehyde
(2g) [7d]: 1H NMR (CDCl3, 400 MHz): δ 9. 75 (s,
1H), 7. 42-7. 39 (m, 2H), 7. 37 ( s, 1H), 7. 27-
7. 24 ( m, 2H), 7. 16-7. 13 ( m, 4H). 13C NMR
( CDCl3, 100 MHz): δ 193. 1, 148. 9, 140. 8,
136. 4, 134. 6, 132. 1, 131. 7, 131. 2, 130. 8,
129. 2, 128. 9 ppm.

( E )-2, 3-bis ( 3-fluorophenyl ) acrylaldehyde
(2h): 1H NMR (CDCl3, 400 MHz): δ 9. 77 ( s,
1H), 7. 43-7. 38 (m, 2H), 7. 28-7. 23 (m, 1H),
7. 14-7. 09 (m, 1H), 7. 06-6. 85 ( m, 5H). 13C
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NMR (CDCl3, 100 MHz): δ 193. 0, 163. 0 (d, JC-F =
247 Hz), 162. 4 ( d, JC-F = 245 Hz), 148. 8 ( d,
JC-F = 3. 0 Hz), 141. 4 ( d, JC-F = 2. 1 Hz), 135. 6
(d, JC-F = 8. 7 Hz), 134. 8 ( d, JC-F = 8. 2 Hz),
130. 6 (d, JC-F = 7. 7 Hz), 130. 1 (d, JC-F = 8. 2 Hz),
126. 5 ( d, JC-F = 3. 1 Hz), 125. 0 ( d, JC-F = 3. 0
Hz), 117. 3 (d, JC-F = 20. 7 Hz), 116. 9 (d, JC-F =
22 Hz), 116. 3 (d, JC-F = 21. 6 Hz), 115. 6 (d, JC-F =
20. 8 Hz). 19F-NMR (376 MHz, CDCl3): δ -111. 9
ppm. HRMS ( EI) m / z: Calcd. For C15H10F2O

+:
244. 0700, Found: 244. 0696 [M] + .

(E)-2,3-bis(4-( trifluoromethyl) phenyl) acrylal-
dehyde ( 2i ) [7d]: 1H NMR ( CDCl3, 400 MHz):
δ 9. 82 (s, 1H), 7. 69-7. 67 (m, 2H), 7. 54 (s, 1H),
7. 52-7. 49 (m, 2H), 7. 33-7. 29 ( m, 4H). 13C
NMR (CDCl3, 100 MHz): δ 192. 7, 148. 6, 142. 1,
136. 8, 136. 3, 131. 8 (q, JC-F = 32. 5 Hz), 130. 7
(q, JC-F = 32. 8 Hz), 130. 6, 129. 9, 125. 9 (q, JC-F =
4. 1 Hz), 125. 6 (q, JC-F = 3. 8 Hz), 123. 9 (q, JC-F =
271 Hz), 123. 5 (q, JC-F = 271 Hz). 19F-NMR (376
MHz, CDCl3): δ -62. 7, -63. 1 ppm.

( Z )-2, 3-di ( thiophen-2-yl ) acrylaldehyde
(2j) [7d]: 1H NMR (CDCl3, 400 MHz): δ 9. 69 ( s,
1H), 7. 73 (s, 1H), 7. 55 (dd, J = 1. 6, 5. 6 Hz,
1H), 7. 45-7. 43 (m, 1H), 7. 39-7. 38 (m, 1H),
7. 18 (dd, J = 3. 6, 8. 4 Hz, 1H), 7. 06-7. 03 (m,
2H). 13C NMR ( CDCl3, 100 MHz): δ 191. 8,
144. 2, 137. 6, 135. 2, 133. 0, 132. 1, 131. 7,
128. 9, 128. 3, 127. 6, 127. 2 ppm.

( E )-2, 3-di ( thiophen-3-yl ) acrylaldehyde
(2k) [7d]: 1H NMR (CDCl3, 400 MHz): δ 9. 70 (s,
1H), 7. 44-7. 40 (m, 3H), 7. 30 ( dd, J = 1. 2,
2. 8 Hz, 1H), 7. 20 (dd, J = 2. 8, 5. 2 Hz, 1H),
6. 98 (dd, J = 1. 2, 4. 8 Hz, 1H), 6. 81 (dd, J =
1. 2, 5. 2 Hz, 1H). 13C NMR (CDCl3, 100 MHz): δ
193. 4, 143. 7, 136. 4, 135. 3, 132. 8, 130. 7,
128. 2, 128. 0, 126. 1, 125. 9, 125. 2 ppm.

Cinnamaldehyde ( 2l ) [7d]: 1H NMR ( CDCl3,
400 MHz): δ 9. 70 (d, J = 8. 0 Hz, 4H), 7. 58-
7. 56 (m, 2H), 7. 50-7. 42 (m, 4H), 6. 70 ( dd,
J = 7. 6, 16 Hz, 2H). 13C NMR ( CDCl3, 100
MHz): δ 193. 6, 152. 7, 133. 9, 131. 2, 129. 0,
128. 5, 128. 4 ppm.

3 Conclusions
In summary, we have developed an efficient rho-

dium / phosphoramidite catalyst system for hydroformy-
lation of alkynes. Under mild conditions, a variety of
symmetrically diaryl- or diheteroaryl-substituted al-
kynes were smoothly transformed into the corresponding
enals in good yields with excellent chemo- and stereos-
electivities. Further extension of the catalyst system to
other alkynes are ongoing in our labs.
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摘要: 以一类 BINOL 衍生的双齿亚磷酰胺为配体, 用于铑催化的炔烃氢甲酰化反应中. 在温和的反应条件下, 对

于一系列对称的双芳基或双杂芳环取代的炔烃底物的催化反应, 以较高的产率(最高 94% )以及优秀的化学和立

体选择性(E / Z > 99 / 1)得到相应的 α, β-不饱和醛.
关键词: 铑; 炔烃; 氢甲酰化; α, β-不饱和醛

欢迎订阅《分子催化》

《分子催化》是由中国科学院主管、 科学出版社出版, 由中国科学院兰州化学物理研究所主办的向国内

外公开发行的学术刊物. 主要报导有关分子催化方面的最新进展与研究成果. 辟有学术论文、 研究简报、
研究快报及进展评述等栏目. 内容侧重于络合催化、 酶催化、 光助催化、 催化过程中的立体化学问题、 催化

反应机理与动力学、 催化剂表面态的研究及量子化学在催化学科中的应用等. 工业催化过程中均相催化

剂、 固载化的均相催化剂、固载化的酶催化剂等的活化、 失活和再生, 以及用于新催化过程的催化剂的优选

与表征等方面的稿件, 本刊也很欢迎. 读者对象主要是科研单位及工矿企业中从事催化工作的科技人员、
研究生、 高等院校化学系和化工系师生. 欢迎相关专业人员投稿.

本刊为双月刊, 每逢双月末出版, 大 16 开本, 约 16 万字, 每册定价 30. 00 元.
本刊为国内外公开发行. 中国标准刊号: ISSN 1001-3555 / CN 62-1039 / O6. 邮发代号: 54-69. E-mail 信

箱:FZCH@ licp. cas. cn　 网址: www. jmcchina. org　 通过兰州市邮局发行. 亦可向本刊编辑部直接函购.

　 　 本部地址: 甘肃兰州市中国科学院兰州化学物理研究所《分子催化》编辑部

邮政编码: 730000; 电话: (0931) 4968226; 传真:(0931)8277088.

405 　 　 　 　 　 　 　 　 　 　 　 　 　 　 分　 　 子　 　 催　 　 化　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 第 30 卷　


