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This review article describes our recent efforts to develop environmentally benign transformations of allyl and
propargyl alcohols via the 1,3-transposition of their hydroxyl groups using combined catalyst systems. This methodolo-
gy allows for successful transformation under mild conditions, which has never been achieved using each catalyst.
Representative examples of this methodology include the following three reactions. First, the combination of oxo-
vanadium compounds and lipases resulted in the dynamic kinetic resolution of racemic allyl alcohols to give optically ac-
tive allyl esters in high yields. Second, Mo-Au-Ag combination catalysis dramatically accelerated the rearrangement of
diverse propargyl alcohols into «,f-unsaturated carbonyl compounds. Finally, the choice of suitable heteropoly acids
for the rearrangement of propargyl alcohols led to the selective preparation of both (Z)- and (E) -enones.
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Scheme 1. 1,3-Transposition of the Hydroxyl Group of Allyl Alcohols
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Time Course of the Isomerization of (S)-2a Catalyzed by Vanadium Compound 1
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DKR of ()-2a by the Combination of Lipase and Vanadium Catalyst
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Scheme 3. Asymmetric Synthesis of (R)-5 from either 2 or 3 by the Lipase-Vanadium Combo Catalysis
J\ 4b (2 equiv)
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99% (E/Z = 23:77)
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Scheme 5. Meyer-Schuster Rearrangement of Propargyl Alcohols 6 and Their Esters 10
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Scheme 6. Rearrangement of a Primary Propargyl Alcohol 6a by a Combined Mo-Au-Ag System
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Table 1. Mo-Au-Ag Catalyzed Rearrangement of 6 to «,f-Unsaturated Ketones 8

OH MoO,(acac), :
R (Ph3P)AuCI-AgOTf R'" O
R2 N (1 mol% each) R27 X “R3
6b-n R®  toluene, rt 8b-n
Entry Substrate 6 T(IB e Product 8
R! R2 R3 Isolated Yield (%)
1 6b H H n-C;H;js 0.5 8h 84
22) 6b H H n-C;H;js 1 8h 87
3 6¢c H H Ph 1 8c 61
4 6d H Me n-CgH s 0.25 8d 97 (E/Z93:7)
5 6e H Ph(CH,), n-C4Hy 0.25 8e 94 (E/Z93:17)
6 of H Ph n-C¢Hs 0.5 8f 86 (E/Z97:3)
7 6g H Me Ph 1 8g 88 (E/Z 82 :18)
8 6h Me Me n-C,H;js 0.5 8h 92
9 6i Me Me Ph 2.5 8i 920
10 6j Bn Bn Me 1.5 8j 91
11 6k Me +-C4H, n-C,H, 3 8k 88 (E/Z 75 : 25)
12 6l Me Ph(CH,), n-C4Hy 2 81 94 (E/Z 67 : 33)
13 6m -(CH,) 5- n-CgH s 1.5 8m 88
14 6n -(CHy) ¢ Me 0.5 8n 94

@ Using 0.5 mol% each of the Mo-, Au-, and Ag-catalysts.

Table 2. Two-step Preparation of «,f-Unsaturated Aldehydes, Esters, and Amide from Carbonyl Compounds
MoO,(acac),

JOL BrMg—= or R'{" (PhsP)AUCHAGOTE g1 o
— > R2 1 mol% each
R1 R2 Li——R R\ ( o ) RZJ\)J\RS

R3 org.solv., rt

R =O0Ph, N(Bn)Ts 11a-e 12a-e
Entry Product 11 Yield 11 (%) Product 12 Time (h) Yield 12 (%)
OH
R1 R'" O
2
R\H RZJ\/U\H
11a: R!, R2=Bn 92 12a: R!, R2=Bn 1 922
2 11b: R!=Me, R2=Ph(CH,), 82 12b: R!=Me, R2=Ph(CH,), 3 83ab) (E/Z 63 : 37)
4 OH
R R' O
RP\ A
N R OPh
OPh
3 11c: R!, R2=n-C,H, 82 12¢: R!, R2=n-C,H, 0.5 819
11d: R'=H, R*=c-C(H,, 84 12d: R'=H, R?=c-CH,, 0.25 879 (E/Z 92 :8)
OH o
5 nCehis™ N 66 n-CgH 3/\)L r?l/TS 2 809 (E only)
11e én 126 Bn

2 Run in CH,Cl,. » Run at 35°C using M0O, (acac), (5mol%), (Ph;P)AuCl (1 mol%), and AgOTf (1 mol%). © Run in acetone. ¥ Run in toluene.
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ture
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RN -n%. 5l&mE, (k¥ 70t
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AN
of n-CeHqz

0.01 equiv Q
Ha[PM04504]*nH,0 Ph/\)J\n-CaHm
EtOAc (0.3 M) (E)-8f
50°C,6h E=89%,Z=<1%

0.01 equiv i

X
Ag3[PM04,040]*nH,0 K/Lkn-CﬁH1 3
acetone (0.3 M) (2)-8f
50°C,1.5h Z=79%,E=17%

Scheme 7. Heteropoly Acids-catalyzed Rearrangement of 6f
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Table 3. Highly Tunable Stereoselective Synthesis of (Z)- and (E)-Unsaturated Carbonyl Compounds 8f, o—t

of m:hm;:A o 50°c  Ar O 0
o , acetone, 50 °
Ar)\ 93[PM04,040] I\)J\ . /\)k
N R method B R Ar R
6f, ot H4[PM04,0,], EtOAC, 50 °C (2)-8f, ot (E)-8f, ot
Entry Substrate Method® T(i}?;e Isolated Yield (%)
Ar R Z E
1 6f Ph n-CeH A 1 8f 88
2 60 p-MeC¢H, n-CgHj; A 1 80 90
3 60 p-MeC¢H, n-CgHj; B 3 days 8o 1 85
4 6p p-CIC¢H, n-CgH s A 3.5 8p 69 11
5 6p p-CIC¢H, n-CgH s B 6 8p 1 86
6 6q Ph Me A 1.5 8q 74 9
7 6q Ph Me B 5 8q 1 80
8 or Ph t-C4Hy A 24 8r 79 (Z/E93 :17)
9 6s Ph Ph A 5 8s 83 (Z/E 80 : 20)
10 6t Ph 1-cyclohexenyl A 0.33 8t 57 (Z/E93 :7)

2 Method A: Ag; [PMo0,,04] *nH,0 (0.01 equiv), 0.05 M in acetone, 50°C; Method B: H3[PMo0;,04] nH,O (0.01 equiv), 0.3 m in

EtOAc, 50°C. ® Run at room temperature.

#HEE  AMAOKRZE5ATESD, KIKTH
B0 KU iR RALR AR BRI TR
SEHELEY. I, BATHMBZEHRES XL
MEERFHATRAL BTBRITEHBL KT, Aha
THIIT U AFZE RIS TR IS HE D o T 2 R R D %
RGBT EZHDTHD, LEXOBLHL LT
£9. BRIE, RFIY1akkkatd, ora -
FATT ) AT 4y 7 ARAEHEL D CTHEHE X
L. £k, AHEO—IE, HAAMNRMAFE
WMoEsE GaFsE (B) olz/Tirbnkd
DTHO, PFETHRBMHLXT
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