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Abstract: Enantiomerically enriched 2,3-allenolswere prepared by
the CuBr-mediated homologation of the relatively easily available
optically active terminal propargylic alcohols with paraformalde-
hyde in the presence of diisopropylamine.
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2,3-Allenols are an important class of functionalized al-
lenes, which can be used as the starting materials for the
synthesis of oxiranes,® 2,5-dihydrofurans,®> a-methyle-
nelactone,® a- or y-amino acohols,* and o,B-unsaturated
ketones.® For the synthesis of oxygen-containing hetero-
cycles, it should be possible to transfer the chirality of the
optically active 2,3-allenols into the corresponding final
products. Thus, the syntheses of optically active 2,3-alle-
nolsareof current interest. In this paper, we wish to report
afacile synthesis of terminally unsubstituted 2,3-allenols
with the chirality at the carbon atom connected to the hy-
droxy! group.

These opticaly active 2,3-adlenols are usualy prepared
via the reaction of optically active 1,2-alenylboron re-
agents with aldehydes® or the (S)-BINOL (2,2 -dihydroxy-
1,1-binaphthyl)-Ti(1V)-catalyzed reaction of propargyl-
ictin with aldehydes.” Recently, we have prepared the op-
ticaly active 2,3-allenols via the SN,-type reduction of
optically active 1-OTHP-alk-2-yn-4- ols with LiAIH,.12
Since optically active propargylic alcohols are relatively
easily available by several approaches,® we reasoned that
the optically active 2,3-alenols with the chira centers
connected to the hydroxyl group can be synthesized via
the CuBr-mediated reaction of optically active termina
propargylic alcohols with paraformaldehyde in the pres-
ence of diisopropylamine.®

The optically active propargylic alcohols used in this
study were prepared via the treatment of corresponding
optically active chloromethylepoxide with BuLi in THF
(Scheme 1)*° or the enantiosel ective reduction of 1-ethy-
nyl ketones (Scheme 2).82
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Inthisstudy, (R)- or (S-undecyn-3-olswere also prepared
by the catalytic enantioselective reduction of 1-trimethyl-
silylundec-1-yn-3-one  followed by  desilylation
(Scheme 3).8¢

Using these above synthesized optically active propargyl-
ic alcohals as the starting materials, the results of CuBr-
mediated reaction of optically active terminally unsubsti-
tuted propargylic acohols with paraformaldehyde were
summarized in Table 1.

From the resultslisted in Tables 1 and 2, it is obvious that
the reaction afforded 2,3-allenols in moderate yields and
the enantiopurity of the chiral center remained essentially
unchanged. Dueto the synthetic importance of (S)- or (R)-
2,3-allenals, thisroute will show its utility in organic syn-
thesis.

All reactions were carried out under argon unless otherwise noted.
All solvents were distilled prior to use. 1,4-Dioxane was distilled
from sodium ketyl. *H NMR spectra were recorded in CDCl; on a
Varian 300 MHz spectrometer. IR spectra were obtained using a
Perkin-Elmer 983 instrument. Mass spectra were obtained using a
HP 5989A mass spectrometer. GC spectra were obtained using a
Perkin-Elmer Autosystem XL Gas Chromatograph instrument(RT-
BDEXcst, 30 meter, 0.25 m ID, 0.25 ym DF).
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(R)-Octa-1,2-dien-4-ol [(R)-2a]; Typical Procedure

In a reaction flask containing CuBr (142 mg, 0.99 mmol) and
paraformaldehyde (144 mg, 4.8 mmol) were added subsequently i-
Pr,NH (0.51 mL, 364 mg, 3.6 mmol), (R)-hept-1-yn-3-ol [336 mg,

3.0 mmol; purity: 97% ee; GC conditions: carrier N,; 8.0 psi; injec-
tor 250 °C; detector (FID, H,, 0.218 MPa) 250 °C; oven tempera-
ture 120 °C (20 min), 1 °C min~ to 140 °C (20 min); t, (S 10.877
min, t, (R) 11.257 min], and 1,4-dioxane (4.0 mL). The mixture was
heated at 120 °C for 2 h. After cooling, the mixture was evaporated
and the crude product was submitted to chromatography on silica
gel (petroleum ether—EtOAcC, 10:1) to afford 242 mg (64%) of (R)-
2a't with 97% ee [GC conditions: carrier N,; 6.8 psi; injector
250 °C; detector (FID, H,, 0.218 MPa) 250 °C; oven temperature
100 °C (10 min), 1 °C min* to 120 °C, 2 °C min~t to 180 °C; t, (9
28.867 min, t, (R) 29.428 min].

IR (neat): 3360, 1957, 842 cm™.

IH NMR (CDCl,): 5 =5.23(q, J = 6.5 Hz, 1 H), 4.86-4.83 (m, 2 H),
4.18-4.16 (m, 1 H), 1.57-1.53 (m, 2 H), 1.39-1.18 (m, 4 H), 0.89 (t,
J=6.9Hz, 3H).

MS: miz (%) = 126 (M*, 21.21), 87 (8.03), 69 (61.57), 57 (30.82),
43 (100.00), 41 (39.90).

(9)-Octa-1,2-dien-4-0l [(S)-2a)]

Thetypical procedure given abovewas followed starting from CuBr
(96 mg, 0.67 mmol), paraformal dehyde (98 mg, 3.3 mmol), i-Pr,NH
(0.35 mL, 250 mg, 2.5 mmal), (S)-hept-1-yn-3-ol (221 mg, 2.0
mmol, 80% ee), and 1,4-dioxane (3.5 mL) to afford 196 mg (79%,
80% ee) of (§-2a.1t

(R)-1,2-Undeca-1,2-dien-4-ol [(R)-2b]

Thetypical procedure given abovewas followed starting from CuBr
(94 mg, 0.66 mmol), paraformal dehyde (96 mg, 3.2 mmol), i-Pr,NH
(242 mg, 2.4 mmol, 0.34 mL), (R)-dec-1-yn-3-ol [308 mg, 2.0

Tablel Homologation of (S)-Propargylic Alcohols (S)-1to (S)-2,3-Allenols (9)-2

R = CuBr, (HCHO),, i-PraNH R —
Y ==

OH dioxane, reflux OH

S S-2
Entry (9-1 eeof (9-1 Yield of eeof (9-2 (%) [0]p? (MeOH)

%) (9-2 (%)

1 Bu [(9)-14a] 80 79 [(9-24] 80 -17.8 (c, 1.00)
2 C.Hy5 [(9-1b] 92 79 [(9-2b] 92 -16.5 (c, 0.95)
3 CgHq7 [(9-1c] 96 72 [(9-2c] 95 -19.6 (c, 0.95)
4 Ph[(9-1d] 96 77 [(9-2d] 96 —-130.6 (c, 0.95)

Table2 Homologation of (R)-Propargylic Alcoholsto (R)-2,3-Allenols

Ry CuBr, (HCHO),, -ProNH R —

OH dioxane, reflux OH

R-1 A2
Entry (R-1 ee of (R)-1 (%) Yield of eeof (R)-2 (%) [0]p2° (MeOH)

(R)-2 (%)

1 Bu[(R)-14] 97 64 [(R)-24] 97 +22.8 (c, 1.05)
2 C.Hys [(R)-1b] 89 70 [(R)-2b] 89 +18.9 (c, 0.95)
3 CaHy7 [(R)-1¢] 94 69 [(R)-2c] 97 +15.3 (c, 1.05)
4 Ph [(R)-1d] % 69 [(R)-2d] 97 +121.4 (c, 1.10)
5 CeHy [(R-1d] 08 71 [(R)-2q] 98 +20.3 (c, 1.30)
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mmol; purity: 89% ee; GC conditions: carrier N,; 8.0 psi; injector
250 °C; detector (FID, H,, 0.218 MPa) 250 °C; oven temperature
130 °C (10 min), 1 °C min* to 180 °C (10 min); t, (S 23.815 min,
t, (R) 24.292 min], and 1,4-dioxane (3.0 mL) to afford 234 mg
(70%) of (R)-2b*? with 89% ee [GC conditions: carrier N,, 6.8 psi;
injector 250 °C; detector (FID, H,, 0.218 MPa) 250 °C; oven tem-
perature 100 °C (10 min), 1°C min? to 120°C, 2°C min™ to
180 °C; t; (S) 52.345 min, t, (R) 52.863 min].

IR (neat): 3345, 1957, 842 cm™.

IH NMR (CDCl,): 5 =5.24(q, J = 6.5 Hz, 1 H), 4.87-4.84 (m, 2H),
4.18-4.16 (m, 1 H), 1.70-1.53 (m, 2 H), 1.39-1.18 (m, 10 H), 0.89
(t, J= 6.9 Hz, 3H).

MS: miz (%) = 169 (M* + 1, 0.43), 109 (10.33), 95 (20.11), 81
(15.96), 69 (100.00).

(S)-Undeca-1,2-dien-4-ol [(S)-2b]

Thetypical procedure given abovewasfollowed starting from CuBr
(142 mg, 0.99 mmol), paraformadehyde (144 mg, 4.8 mmol), i-
Pr,NH (0.51 mL, 364 mg, 3.6 mmoal), (S)-dec-1-yn-3-ol (462 mg,
3.0 mmol, 92% ee) and 1,4-dioxane (3.5 mL) to afford 395 mg
(79%, 92% e€) of (9-2b.*?

(R)-Dodeca-1,2-dien-4-ol [(R)-2c]

Thetypical procedure given abovewas followed starting from CuBr
(94 mg, 0.66 mmol), paraformal dehyde (96 mg, 3.2 mmol), i-Pr,NH
(0.34 mL, 242 mg, 2.4 mmoal), (R)-undec-1-yn-3-ol [331 mg, 2.0
mmol; purity: 94% ee; GC conditions: carrier N,; 8.0 psi; injector
250 °C; detector (FID, H,, 0.218 MPa) 250 °C; oven temperature
140 °C, t, (S 30.770 min, t, (R) 31.232 min], and 1,4-dioxane (3.0
mL) to afford 248 mg (69%) of (R)-2c*® with 97% ee [GC condi-
tions: carrier N,; 8.0 psi; injector 250 °C; detector (FID, H,, 0.218
MPa) 250 °C; oven temperature 140 °C; t; (S) 44.560 min, t, (R)
45.055 min].

When the same experiment was carried out with (R)-undec-1-yn-3-
ol of 98% ee (332 mg, 2.0 mmol) (R)-2c*® of 98% ee was obtained;
yield: 256 mg (71%).

IR (neat): 3344, 1957, 842 cm™,

IH NMR (CDCl,): 8 =5.18(q, J = 6.5 Hz, 1 H), 4.80-4.77 (m, 2 H),
4.11-4.10 (m, 1 H), 1.54-1.44 (m, 2 H), 1.38-1.21 (m, 12 H), 0.81
(t, 3J=6.7 Hz, 3H).

MS: miz (%) = 183 (M* + 1, 0.21), 109 (6.07), 95 (10.76), 69
(100.00), 57 (19.14).

(S)-Dodeca-1,2-dien-4-ol [(S)-2c]

Thetypical procedure given abovewas followed starting from CuBr
(94 mg, 0.66 mmol), paraformal dehyde (96 mg, 3.2 mmol), i-Pr,NH
(0.34 mL, 242 mg, 2.4 mmal), (S-undec-1-yn-3-ol (336 mg, 2.0
mmol, 96% ee) and 1,4-dioxane (3.0 mL) afforded 262 mg (72%,
95% ee) of (9-2c.13

(R)-1-Phenylbuta-2,3-dien-1-ol [(R)-2d]

Thetypical procedure given abovewas followed starting from CuBr
(94 mg, 0.66 mmol), paraformal dehyde (96 mg, 3.2 mmol), i-Pr,NH
(0.34 mL, 242 mg, 2.4 mmol), (R)-1-phenylprop-2-yn-1-ol [264
mg, 2.0 mmol; purity: 97% ee; GC conditions: carrier N,; 6.4 psi;
injector 250 °C; detector (FID, H,, 0.218 MPa) 250 °C; oven tem-
perature 130 °C (2 min), 1°C min to 180 °C (20 min); t, (S):
31.365 min, t, (R): 31.753 min], and 1,4-dioxane (3.0 mL) to afford
182 mg (69%) of (R)-2d* with 97% ee [GC conditions: carrier N,;
8.0 psi; injector 250 °C; detector (FID, H,, 0.218 MPa) 250 °C;
oven temperature 140 °C; t, (S) 41.060 min, t, (R) 41.372 min].

IR (neat): 3361, 1956, 850, 700 e,

IH NMR (CDCl,): 8 = 7.36-7.20 (m, 5 H), 5.39 (g, J = 6.5 Hz, 1 H),
5.23-5.22 (m, 1 H), 4.90-4.85 (m, 2 H), 2.10 (s, 1 H).

MS: mz (%) = 145 (M* — 1, 4.09), 129 (100.00).

(S)-1-Phenylbuta-2,3-dien-1-ol [(S)-2d]

Thetypical procedure given abovewas followed starting from CuBr
(94 mg, 0.66 mmol), paraformaldehyde (96 mg, 3.2 mmal), i-
Pr,NH (242 mg, 2.4 mmol, 0.34 mL), (S-1-phenylprop-2-yn-1-ol
(96% ee, 264 mg, 2.0 mmol), and 1,4-dioxane (3.0 mL), the reaction
afforded 225 mg (77 mg, 96% ee€) of (§-2d.1
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