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Asymmetric Synthesis of Chiral Tertiary Alcohols

Directed Toward Efficient Synthesis of Medicinal Drugs

Kazutaka Shibatomi
(Toyohashi University of Technology)

Abstract :

Development of efficient methods for the synthesis of chiral tertiary alcohols are highly required
in the field of medicinal chemistry because there are only a few catalytic methods for the
preparation of chiral tertiary alcohols in a highly enantioselective manner, despite the fact that
many drug candidates have a chiral tertiary alcohol moiety in their structure. Recently, we have
developed the asymmetric decarboxylative chlorination of B-keto carboxylic acids to yield the
corresponding a-chloroketones with high enantioselectivity. We herein describe the asymmetric
synthesis of a-hydroxyketones with a tertiary alcohol moiety by the decarboxylative chlorination of
B-keto carboxylic acids and subsequent Sy2 reaction of resulting a-chloroketones with
tetrabutylammonium hydroxide (TBAOH) as the nucleophile. The method would be a useful for the

preparation of drug candidates with a tertiary alcohol moiety.
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Figure 1. Chiral tertiary alcohols in natural products and pharmaceuticals.
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Scheme 1. Synthetic strategy.
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Table 1. Screening of nucleophile. Table 2. Optimization of reaction solvent.
TBAOH (40% in H,0)

0]
Nucleophlle OH .
(1.5 equiv.)
(1.5 equiv.) _ rac-1a > rac-2a
solvent, rt, time
CHsCN, 1t, 5 h /

rac-1a rac-2a
entry nucleophile yield (%) entry  solvent  time (h) yield (%)
® 1 Toluene 4 22
NN
NN eOH 68 5 THE 4 5
TBAOH (40% in water) 3 DMPU 45 min 48
4 DMF 2 52
®

2 \/\/N/\/\ [S) L 5 CH4CN 4 68

F

TBAF-nH,O (1.0 M in THF)

3 KOH.aq (10 M) 4

4 NaOH.aq (10 M) 1
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LMARZINIED a filZ A FAIEEFHEOIbB X URY DA ROl B L& LGATE ok
HIET L, IS d2a— FaFor b v2b, 20322 N91%. 56%NETHENZ, F7z,
A V& VIEERIAEIVE L LA IC3HNE T ha— Fu S 7 b YV 2d0344%EETHR O N



7zo BRDa—2rvmul b V1B E LGE, HNET2a— FUF T T b U 2eMNT5%IHET
Bohrz, ThoOEBM2b— 2e DI I HFR DO Ib-1e LIZIF KL T2 b, KK
SRR RIICHEIT T 2 Z B k572, U EOREN S, =7 P AR VBOARK
RIBAERLE & S RIGEMAGDES Z LT, BT L a— Ly e oM4a—k F o
FUT P YREOHEMETHONDE ZERHLE N L RS,

cl O
CO,H ) C1 (10 mol%) Cl
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rac-3a 1.5 equiv. 1a
96% vyield, 96% ee
Scheme 2. Enantioselective synthesis of 1a.
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Scheme 3. Sx2 reaction of enantiomerically enriched 1a.
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es = enantiospecificity (ee of 2/ ee of 1)

Scheme 4. Substrate scope.
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Scheme 5. Reaction mechanism.
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2-Allyl-2-hydroxy-1-tetralone (2a)

"H NMR (400 MHz, CDCl;): 6 8.03 (dd, J = 8.0, 1.2 Hz, 1H), 7.53 (dt, / = 7.5, 1.5 Hz, 1H), 7.35 (t,
J=17.6 Hz, 1H), 7.26 (t, J = 8.0 Hz, 1H), 5.93-5.83 (m, 1H), 5.19-5.15 (m, 1H), 5.13 (dd, J = 20.0,
10.7 Hz, 1H), 3.82 (s, 1H), 3.15-2.96 (m, 1H), 2.47-2.33 (m, 3H), 2.17 (dt, J = 5.8, 13 Hz, 1H);
“C NMR (400 MHz, CDCl;): 201.0, 143.4, 134.1, 132.1, 130.1, 129.0, 128.0, 126.9, 75.3, 40.3,
33.5, 26.1; HRMS (DART): [M + HJ caled. for C1sH140,, 203.10720; found, 203.10723.

F F LHPLC/ MG

JEFHYSIE - hexane/ 2-propanol = 98/2, 7 v —#& : 1.0 mL/min, ¥ 7L 7% 7 4 : CHIRALPAK
IC column (0.46 cm¢ x 25 cm), PRFFEER] @ 16.9 min, 20.4 min

(R)-2-Hydroxy-2-methyl-1-tetralone (2b)

"H NMR (400 MHz, CDCl;): 6 8.04 (d, J = 7.6 Hz, 1H), 7.53 (t, J = 7.5 Hz, 1H), 7.35 (t, J = 7.5
Hz, 1H), 7.27 (d, J = 7.6 Hz, 1H), 3.85 (s, 1H), 3.16-3.00 (m, 2H), 2.30-2.18 (m, 2H), 1.40 (s, 3H);
“C NMR (400 MHz, CDCls): ¢ 201.8, 143.4, 134.1, 129.9, 129.0, 128.0, 126.9, 73.6, 35.8, 26.8,
23.9; HRMS (DART): (DART): [M + HJ' caled. for CiiHi:0:, 177.09155; found 177.09165; [ a [b”
+16.8 (¢ 0.69, CH;OH)

F 7 LHPLC/ M AS R

JEBHIABE  hexane/2-propanol = 90/10, 7 & —3#fE : 0.7 mL/min, ¥ 7% 7 4 : CHIRALPAK
IC column (0.46 cm¢ x 25 cm), FPRFFEFR] © 15.3 min, 16.8 min

2-Benzyl-2-hydroxy-1-tetralone (2c)
'"H NMR (400 MHz, CDCl;): 6 8.01 (dd, /= 7.9, 1.2 Hz, 1H), 7.56 (dt, J= 7.5, 1.5 Hz, 1H), 7.37 (t,



J=17.5,1H), 7.31-7.23 (m, 4H), 7.13 (dd, J = 7.5, 1.7 Hz, 2H), 3.77 (s, 1H), 3.26 (ddd, , J = 17.9,
12.8, 5.5 Hz, 1H), 3.05 (dddd, J = 5.5, 2.1 Hz, 1H), 2.95 (q, J = 15.6 Hz, 2H), 2.14-2.29 (m, 2H);
C NMR (400 MHz, CDCly): 201.0, 143.3, 153.4, 134.2, 130.5, 129.2, 128.1, 127.2, 127.0, 76.1,
42.0, 33.9, 26.5; HRMS (DART): [M + HJ'caled. for CyH1s0, 253.12285; found, 253. 12289;
[a]h® -23.5 (¢ 1.47, CHCL,).

F 5 LHPLC/Mfs R

JEFAVSBE ¢ hexane/2-propanol = 98/2, 7 1 — & : 1.0 mL/min, ¥ 7L 7% 7 4 : CHIRALPAK
IC column (0.46 cm¢ x 25 cm), FPRFFEFR] © 44.0 min, 50.9 min

2-Hydroxy-2-methyl-1-indanone (2d)

"H NMR (400 MHz, CDCls): 6 7.79 (d, J = 7.6 Hz, 1H), 7.64 (t, J = 7.5 Hz, 1H), 7.64 (t, J = 7.5
Hz, 1H), 7.44-7.38 (m, 2H), 3,24 (m, 2H), 2.60 (brs, 1H), 1.45 (s, 3H); *C NMR (400 MHz, CDCl;):
0 207.9, 151.1, 135.9, 133.5, 127.9, 126.8, 124.9, 77.5, 42.1, 25.7; HRMS (DART): (DART): [M
+ HJ caled. for C1H102, 163.07590; found, 163.07592.

F 7 LHPLC/M M A 3R

JEFHVABE - hexane/2-propanol = 90/10, 7 v —3#% : 0.7 mL/min, ¥ 7)L'7% 7 4 : CHIRALPAK
IC column (0.46 cm¢ x 25 cm), FPRFFEFR] @ 24.7 min, 27.1 min

2-Hydroxy-1,2-diphenylpropan-1-one (2e)

"H NMR (400 MHz, CDCl;): 6 7.68 (dd, J = 8.4, 1.1 Hz, 2H), 7.47-7.43 (m, 3H), 7.41-7.37 (m,
2H), 7.34-7.26 (m, 3H), 4.74 (brs, 1H), 1.90 (s, 3H); “C NMR (400 MHz, CDCl;): & 202.0, 142.4,
133.4, 133.0, 130.2, 129.0, 128.9, 128.2, 128.2, 125.9, 79.1, 26.0; HRMS (DART): [M + HJ'caled.
for CisH1402, 227.10720; found, 227.10723.

F 7 LHPLC/M M A 3R

JEBAVBE © hexane/2-propanol = 98/2, 7 & —3 & : 1.0 mL/min, ¥ 7L 7 7 4 : CHIRALPAK
IC column (0.46 cm¢ x 25 cm), FPRFFEFM] © 11.1 min, 11.8 min
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Zlal, B—2r b ALK Y EEO BB EFCIE L S 2 KIS & MlAAbE 5 Z & THAED
EVVE FOLE AT L 3 — VO A BIEOWE AR IN U 72, KT - 80K % S & IA# e —
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