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Chiral Brgnsted Acid Catalyzed Enantioselective Allenylation of
Aldehydes

Leleti Rajender Reddy,*

Chemical and Analytical Development, Novartis Pharmaceutical Corporation, East Hanover,
New Jersey 07936, USA

General Information. All the reactions were performed under nitrogen gas in glassware’s
(screw-cap test tubes) that was flame-dried and equipped with a magnetic stirring bar. Thin-
layer chromatography (TLC) was performed using silica gel 60 F254 pre-coated plates (0.25
mm). Flash chromatography was performed using silica gel (40 um particle size). All compounds
were judged pure by TLC analysis (single spot/ two solvent systems) using a UV lamp or PMA for
detection purposes. 'H and *C NMR spectra were recorded on a FT-NMR spectrometer at 500
and 125 MHz, respectively. High-resolution mass spectroscopy (HRMS) was carried out in
electro spray mode. Enantiomeric excess (ee) was determined using a Waters HPLC a 996
photodiode array detector. The (R)-TRIP-PA (4) was purchased from Aldrich. All solvents were
purchased from Aldrich and used without further purification. The propargyl borolane (2) was
prepared according to literature procedures.’ Unless indicated otherwise, the reaction
temperatures refer to external reaction temperatures. All the compounds were known
compounds and were characterized by comparing their *H NMR and 13C NMR values to the
reported values.

General procedure for the asymmetric propargylation of aldehydes (GP1):

A screw-cap reaction tube with a stir bar was evacuated, flame-dried, and back-filled with
nitrogen. To this tube was added the (R)-TRIP-PA catalyst 4 (5 mol %), aldehyde 1 (1.0 mmol)
and cyclohexane (10.0 mL). The reaction mixture was then cooled to 0 °C followed by the
addition of propargyl borolane 2 (1.2 mmol), drop wise (10 min). The mixture was stirred at this
temperature 12 h. The reaction mixture was washed with saturated NaHSOj3 solution (10 mL)
and water (10 mL) and purified by flash chromatography using ethyl acetate and heptanes (2:
8). The pure silyl alcohol was dissolved in THF (5 mL) and was added commercially available
tetrabutylammonium fluoride (2 mL, 2.0 mmol, 1.0 M solution in THF, dried over 4 A molecular

sieves for 48 h) at -78 °C. After stirring the reaction mixture for 4 h at-78 °C, it was quenched
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with saturated NaCl solution (10mL) at the same temperature and the reaction mixture was
allowed to room temperature. The reaction mixture was extracted with ethyl acetate (2 X 10
mL). The combined organic layers was washed with water (10 mL) and concentrated to dryness
to obtain crude product. This was purified by flash chromatography using ethyl acetate and
heptanes (2: 8) to obtain pure alcohol 3.

General procedure for the asymmetric propargylation of aldehydes (GP2):

A screw-cap reaction tube with a stir bar was evacuated, flame-dried, and back-filled with
nitrogen. To this tube was added the (R)-TRIP-PA catalyst 4 (5 mol %), aldehyde 1 (1.0 mmol)
and cyclohexane (10.0 mL). The reaction mixture was then cooled to 0 °C followed by the
addition of propargyl borolane 2 (1.2 mmol), drop wise (10 min). The mixture was stirred at this
temperature 12 h. After comlition of the reaction, it was diluted with THF (5 mL) and was
added commercially available tetrabutylammonium fluoride (2 mL, 2.0 mmol, 1.0 M solution in
THF, dried over 4 A molecular sieves for 48 h) at -78 °C. After stirring the reaction mixture for 4
h at -78 °C, it was quenched with saturated NaCl solution (10mL) at the same temperature and
the reaction mixture was allowed to room temperature. The reaction mixture was extracted
with ethyl acetate (2 X 10 mL). The combined organic layers was washed with water (10 mL)
and concentrated to dryness to obtain crude product. This was purified by flash

chromatography using ethyl acetate and heptanes (2: 8) to obtain pure alcohol 3.
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(R)-1-(4-chlorophenyl)buta-2,3-dien-1-ol (3a):

Following the general procedure (GP1), the reaction of adehyde 1a (140 mg, 1.0 mmol) with
boronate 2 (285 mg, 1.2 mmol) afforded alcohol 3a as viscous oil (170 mg, 94%) with 95% ee.
Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column equipped with an
OD-H guard column (2% IPA in hexane, flow rate = 0.8 mL/min), tmajor = 25.03 min, tminor = 26.40
min. [a]*% = -56.2 (c 0.8, CHCIs), [literature?® for R-enantiomer with 76% ee. [a]*°p = -45.2 (c
1.0, CHCl5)]. *H NMR (400 MHz, CDCl3) & ppm 7.32 (s, 4 H), 5.39 (q, J=6.48 Hz, 1 H), 5.23 (dd,
J=4.17,2.40 Hz, 1 H), 4.86 - 5.00 (m, 2 H), 2.34 (s, 1 H). **C NMR (125 MHz, CDCl5) 6 ppm 207.1,
141.2,133.4, 128.6, 127.5,94.9, 78.4, 71.3.

Following the general procedure (GP2), the reaction of adehyde 1a (141 mg, 1.0 mmol) with

boronate 2 (286 mg, 1.2 mmol) afforded alcohol 3a as viscous oil (160 mg, 88%) with 95% ee.
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(R)-1-(4-bromophenyl)buta-2,3-dien-1-ol (3b):

Following the general procedure (GP1), the reaction of adehyde 1b (185 mg, 1.0 mmol) with
boronate 2 (285 mg, 1.2 mmol) afforded alcohol 3b as viscous oil (200 mg, 90%) with 95% ee.
Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column equipped with an
OD-H guard column (2% IPA in hexane, flow rate = 0.8 mL/min), tmajor = 20.88 min, tminor = 23.35
min. [0]*°5=-52.2 (c 1.1, CHCl3). *H NMR (400 MHz, CDCl5) & ppm 7.26 - 7.37 (m, 2 H), 7.11 (d,
J=8.34 Hz, 2 H), 5.23 (q, J=6.57 Hz, 1 H), 5.01 - 5.09 (m, 1 H), 4.68 - 4.84 (m, 2 H), 2.30 (br.s., 1
H). *C NMR (125 MHz, CDCl5) § ppm 206.9, 141.5, 131.2, 127.6, 121.3, 94.6, 78.2, 71.1.
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(R)-1-phenylbuta-2,3-dien-1-ol (3c):

Following the general procedure (GP1), the reaction of adehyde 1c (108 mg, 1.0 mmol) with
boronate 2 (285 mg, 1.2 mmol) afforded alcohol 3c as viscous oil (132 mg, 93%) with 91% ee.
Enantiomeric excess was determined by HPLC with a Chiralcel OJ-H column equipped with an
0J-H guard column (3% IPA in hexane, flow rate = 0.8 mL/min), tmajor = 34.22 mMin, tminor = 46.19
min. [a]2°D= -33.2 (c 1.0, CHCI3). [Iiterature3 for R-enantiomer with 99% ee. [a]2°D= -34.1 (c
1.2, CHCI3)]. *H NMR (400 MHz, CDCl5) & ppm 7.15 - 7.45 (m, 5 H), 5.44 (q, J=6.57 Hz, 1 H), 5.26
(d, J=6.32 Hz, 1 H), 4.83 - 5.01 (m, 2 H), 2.25 (s, 1 H). *C NMR (125 MHz, CDCl5) 6 ppm 207.1,
142.8,128.5,127.8,126.1, 95.2, 78.2, 72.0.
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(R)-1-(o-tolyl)buta-2,3-dien-1-ol (3d):

Following the general procedure (GP1), the reaction of adehyde 1d (120 mg, 1.0 mmol) with
boronate 2 (285 mg, 1.2 mmol) afforded alcohol 3d as viscous oil (144 mg, 90%) with 91% ee.
Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column equipped with an
OD-H guard column (2.5% IPA in hexane, flow rate = 0.8 mL/min), tmajor = 13.42 min, tminor =
15.85 min. (The silyl intermediate was isolated 202 mg, 92% yield). [0]®p = -46.2  (c 1.3,
CHCl3). H NMR (400 MHz, CDCl5) & 7.28 - 7.39 (m, 1 H), 6.93 - 7.15 (m, 3 H), 5.31 - 5.38 (m, 1
H), 5.25 (q, /=6.48 Hz, 1 H), 4.64 - 4.82 (m, 2 H), 2.21 (s, 3 H). B3¢ NMR (125 MHz, CDCl3) 6 ppm
207.0, 140.5, 134.9, 130.2, 127.3, 126.0, 125.1, 94.1, 77.7, 68.8, 24.4, 18.8.
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(R)-1-(p-tolyl)buta-2,3-dien-1-ol (3e):

Following the general procedure (GP1), the reaction of adehyde 1e (120 mg, 1.0 mmol) with

boronate 2 (285 mg, 1.2 mmol) afforded alcohol 3e as viscous oil (148 mg, 93%) with 91% ee.

Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column equipped with an

OD-H guard column (5% IPA in hexane, flow rate = 0.8 mL/min), tmajor = 17.34 min, tminor = 21.32

min. [0]*p = -52.5 (c 0.9, CHCl3). *H NMR (400 MHz, CDCl5) & 7.28 (d, J=8.08 Hz, 2 H), 7.16 (d,

J=7.83 Hz, 2 H), 5.42 (q, J=6.57 Hz, 1 H), 5.18 - 5.29 (m, 1 H), 4.84 - 4.98 (m, 2 H), 2.34 (s, 3 H),

2.13 (br. s., 1 H). ®*C NMR (125 MHz, CDCl5) 6 ppm 207.1, 139.9, 137.5, 129.2, 126.0, 95.2, 78.1,

71.8,21.1.
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(R)-1-(p-Methoxyphenyl)buta-2,3-dien-1-ol (3f):

Following the general procedure (GP1), the reaction of adehyde 1f (136 mg, 1.0 mmol) with
boronate 2 (285 mg, 1.2 mmol) afforded alcohol 3f as viscous oil (163 mg, 93%) with 90% ee.
Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column equipped with an
OD-H guard column (2.5% IPA in hexane, flow rate = 0.8 mL/min), tmajor = 18.93 mMin, tminor =
26.87 min. [0]*°p = -53.1 (c 0.8, CHCl5). *H NMR (400 MHz, CDCl5) § 77.24 - 7.39 (m, 2 H), 6.85
-6.96 (m, 2 H), 5.21 (t, J=2.91 Hz, 1 H), 4.71 (dd, J=4.93, 3.16 Hz, 2 H), 3.75 - 3.89 (m, 4 H), 1.91
(s, 1 H). B¢ NMR (125 MHz, CDCl3) 6 ppm 207.8, 160.4, 136.3, 129.4, 114.7, 102.6, 85.1, 74.1,
73.4,56.4,25.8.
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(R)-1-(thiophen-2-yl)buta-2,3-dien-1-ol (3g):

Following the general procedure (GP1), the reaction of adehyde 1g (112 mg, 1.0 mmol) with
boronate 2 (285 mg, 1.2 mmol) afforded alcohol 3g as viscous oil (135 mg, 89%) with 95% ee.
Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column equipped with an
OD-H guard column (5% IPA in hexane, flow rate = 0.8 mL/min), tmajor = 11.93 min, tminor = 14.34
min. [0]%% = -42.3 (c 1.2, CHCl3). *H NMR (400 MHz, CDCl5) & 7.10 - 7.18 (m, 1 H), 6.77 - 6.95
(m, 2 H), 5.26 - 5.50 (m, 2 H), 4.70 - 4.94 (m, 2 H), 2.27 (d, J=3.79 Hz, 11 H). *C NMR (125 MHz,
CDCl3) 6 ppm 207.1, 146.9, 126.7, 125.2, 124.3, 94.8, 78.8, 68.0.
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(S,E)-1-phenylhexa-1,4,5-trien-3-ol (3h):*

Following the general procedure (GP1), the reaction of adehyde 1h (132 mg, 1.0 mmol) with
boronate 2 (285 mg, 1.2 mmol) afforded alcohol 3h as viscous oil (158 mg, 92%) with 82% ee.
Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column equipped with an
OD-H guard column (5% IPA in hexane, flow rate = 0.8 mL/min), tmajor = 20.13 min, tminor = 30.79
min. [0]*p = +51.5 (c 0.6, CHCl3). *H NMR (400 MHz, CDCl5) & 7.35 - 7.42 (m, 2 H), 7.27 - 7.35
(m, 2 H), 7.19-7.27 (m, 1 H), 6.63 (d, J=15.66 Hz, 1 H), 6.27 (dd, J=15.92, 6.32 Hz, 1 H), 5.36 (q,
J=6.32 Hz, 1 H), 4.92 (dd, J=6.57, 2.53 Hz, 2 H), 4.80 - 4.89 (m, 1 H), 2.13 (br. s., 1 H). *C NMR
(125 MHz, €DCl5) 6 ppm 207.3, 136.5, 130.7, 130.4, 128.6, 127.8, 126.6, 98.8, 78.2, 70.4.
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(S)-1-phenylhexa-4,5-dien-3-ol (3i):

Following the general procedure (GP1), the reaction of adehyde 1i (134 mg, 1.0 mmol) with
boronate 2 (285 mg, 1.2 mmol) afforded alcohol 3i as viscous oil (156 mg, 90%) with 96% ee.
Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column equipped with an
OD-H guard column (8% IPA in hexane, flow rate = 0.8 mL/min), tmajor = 12.24 Min, tminor = 14.29
min. [a]®o = +14.3 (c 1.1, CHCl3). [literature® for S-enantiomer with 88% ee. [0]*%=+11.8 (c
1.0, CHCI)]. 'H NMR (400 MHz, €DCl3) & 7.09 - 7.37 (m, 5 H), 5.28 (q, J=6.57 Hz, 1 H), 4.88 (dd,
J=6.69, 2.40 Hz, 2 H), 4.12 - 4.25 (m, 1 H), 2.61 - 2.86 (m, 2 H), 1.82 - 2.00 (m, 2 H), 1.71 (br.s., 1
H). B3C NMR (125 MHz, CDCl3) 6 ppm 207.0, 141.8, 128.4, 125.8,94.7, 77.8, 68.9, 39.0, 31.7.
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(S)-1-cyclohexylbuta-2,3-dien-1-ol (3j):

Following the general procedure (GP1), the reaction of adehyde 1j (112 mg, 1.0 mmol) with
boronate 2 (285 mg, 1.2 mmol) afforded alcohol 3j as viscous oil (142 mg, 94%) with 99% ee.
Enantiomeric excess was determined by HPLC with a Chiralcel OJ-H column equipped with an
0J-H guard column (1% IPA in hexane, flow rate = 0.8 mL/min), tmajor = 15.71 mMin, tminor = 13.59
min. [a]*% = +16.8 (c 1.0, Benzene). [literature® for S-enantiomer with 90% ee. [a]*’p = +14.2
(c 1.1, Benzene)]. 'H NMR (400 MHz, €DCl5) 6 5.09 (q, J/=6.57 Hz, 1 H), 4.71 (dd, J=6.57, 2.27 Hz,
2 H),3.72-3.86 (m, 1 H), 1.46 - 1.79 (m, 6 H), 1.23 - 1.40 (m, 1 H), 0.77 - 1.23 (m, 5 H). **C NMR
(125 MHz, CDCl5) 6 ppm 207.0, 93.0, 73.8, 43.9, 28.4, 28.0, 26.2, 25.8, 25.8, 24 4.
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