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FPMB on O1 encodes C3 FPMB on 016 encodes C15
3S, tag a, -CH206H6-4-O(CH2)3CF3 15R, tag b, -CH206H6-4-O(CH2)3C4F9
3R, tag b, -CH2C6H6-4-O(CH2)3C4F9 158, tag c, -CH2CGH6-4-O(CH2)3CGF13

Me3Si
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Asymmetric synthesis of 1,4-enynes
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Possible products by substitution reaction
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Alexakis, A. et al. Angew. Chem. Int. Ed. 2012, 51, 1055.
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Asymmetric synthesis of 1,4-enynes

i 1.0-5.0 mol %

! )&\/\ chiral NHC-Cu complex

| X >

! R3 OP(O)(OEt), G—=——Al(Bu),

R4 = alkyl prepared and used in situ

i R, = alkyl, aryl, G = alkyl, alkenyl, aryl, heteroaryl 63-98% yield
! CO,R,; silyl up to >99:1 er

Hoveyda, A. H. et al. J. Am. Chem. Soc. 2011, 133, 4778.

CuTC (5 mol%) Et

/\/\Cl L(55mol%) /
Z EtMgBr (1.2 equiv) Z

72% yield, 97% ee OMe
98:2 S\2/S\2
L(S,S,S)

Alexakis, A. et al. Angew. Chem. Int. Ed. 2012, 51, 1055.
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Asymmetric synthesis of 1,4-enynes

’ [ICOD)CI], (4 mol%) R

| (S)-L (16 mol%) g OO O
i ™ /R2 KHF, (1.5equiv) || D

i R1)\/ KF.B Z CF3CO5H (2.5 equiv) o~

i 3 N OO O

nBuyNBr (10 mol%) 7
1,4-dioxane, 25 °C, 6 h R' £

up to 99% ee

Fs;C O
1) 9-BBN, then NaBO;,
2) Jones' reagent "

@)

CO,H

AMG 837 [GPR40 agonisft]
74% yield, > 99% ee

| Carreira, E. M. et al. Angew. Chem. Int. Ed. 2013, 52, 7532.
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Asymmetric synthesis of 1,4-enynes

i CuCl (10 mol%)

! H OP(O)(OEt), phen (12 mol%) /
5 / "IN LiOtBu, THF, 60 °C, 10 h FZ Ph
! TIPS Ph e, THE, :

TIPS

! SM1 SM2 ™
i y/oo >99:1; E/Z > 99:1

Sawamura, M. et al. Angew. Chem. Int. Ed. 2013, 52, 5350.
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: Ph Ph :
| . S_/ CuCl (10 mol%) Ph VY :
: iPr3Si L (12 mol%) 5 Na N |
| + > Z X :
! Ph toluene:DCM = 4:1 FZ Q BF, .
i “ LiOtBu, 60 °C iPr3Si OH :
' OP(O)(OE), |

| 66% yield, 92% ee




Proposed mechanism
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Asymmetric synthesis of 1,4-enynes
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Synthesis of 1,4-enynes
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Baba, A. et al. Chem. Commun. 2008, 6396. !




Synthesis of 1,4-enynes
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Synthesis of 1,4-enynes

Ph . FeClye6H0 (10 mol%) PH R
— 1
pH = R CH4CN, 80 °C




Synthesis of 1,4-enynes
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Asymmetric synthesis of 1,4-enynes

Previous work

OH ) Arl R2
Ar acid catalyst
Al Tt Y\M T - F 2
& r R2 & Ar
R1 R1

M = B(OH),, SiMes, H

This work
chiral
OH R3 N-triflyl phosphoramide Ar'  R2
AR catalyst H
Art Tt \‘)\BO > Z a2
1/\ 2 &
R R 3 R! R3

Ar' = 4-AcNH-CgH,
4-HO-CgH,

Kano, T. et al. Angew. Chem. Int. Ed. 2019, 58, 8898.




Optimization of the reaction conditions

Ph
OH N
Ph 5 mol% catalyst
4 + < \/\Bo> >
3 solvent, RT, 40 h
Ph FZ
R Ph
1a (R =H) 2a 3a (R=H)
1b (R = AcNH) 3b (R = AcNH)
(Ar = 4-tBu-2,6-(iPr),-CgHo, X = NTf)
(Ar = 4-(1-Ad)-2,6-(iPr),-CgHap, X = NTf)
(Ar = 2,4,6-(cPent)3-CgH,, X = NTY)
(Ar = 2,4,6-(cHex)3-CgH,, X = NTf)
(Ar = 2,4,6-(iPr)3-CgHp, X = NT¥)
(Ar = 2,4,6-(iPr)3-CgH,, X = O)
Entrylal 1 Catalyst Solvent Yield [%o]! Ee [%](c
11d] la (S)-4a CH,Cl, 76 28
2 1b (S)-4a CH,Cl, 76 85
3 1b (S)-4b CH,Cl, 80 88
5 1b (S)-4d CH,Cl, 70 87
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Optimization of the reaction conditions

Entrylal 1 Catalyst Solvent Yield [%]°] Ee [%](c]
glel 1b (S)-4b CH,Cl, 92 87
Qle] 1b (S)-4b CHCI, 88 89
101l 1b (S)-4b CICH,CH,CI 85 82
17fe] 1b (S)-4b THF 53
12!€] 1b (S)-4b 1,4-dioxane 49 5
13lef 1b (S)-4b CHCI, 84 64

14lgh] 1b (S)-4b CHCl, 72 91

15[ghi] 1b (S)-4b CHCI, 57 87

16l9h.] 1b (S)-4b CHCI, 61 73

1719k 1b (S)-4b CHClI, n.d. -

[a] Use of 1 (0.06 mmol), 2a (0.02 mmol), a catalyst (0.003 mmol) and a solvent (2 mL).
[b] Determined by 1H-NMR with 1,2-dichloroethane as internal standard. [c] Determined
by chiral HPLC methods. [d] Performed for 24 h. [e] Use of 1b (0.072 mmol). The yield is
based on 2a. [f] Use of CHCI; (0.6 mL). [g] Performed for 48 h. [h] Use of CHCI; (3 mL).
[i] Use of molecular sieve 5A (50 mg). [j] Use of (E)-styryl-B(QiPr), instead of 2a. [k] Use
of (E)-styryl-B(pin) instead of 2a. pin = pinacolato. n.d.= not detected. Ad = adamantyl.
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Substrate scope

Ar = 4-AcNH-CgH,

Ph 3b
3c
X 3d
3e

R = A
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3 R=Bn
X 3m R=Pr
3n R=cPr
30 R=1{Bu
3p R =Me;Si

70%, 91% ee
67%, 93% ee
77%, 90% ee
83%, 90% ee
77%, 91% ee
70%, 90% ee
60%, 92% ee
79%, 90% ee

68%, 90% ee
74%, 92% ee
77%, 90% ee
66%, 92% ee
78%, 92% ee

5 mol% (S)-4b R3ITX

CHCl,, RT, 48 h

3j 65%, 91% ee
& Ar

A
FZ " 3K 67%. 90% ee
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Substrate scope

5 mol% (S)-4b
RZ2
+ Y
/\ Ar \H\BO CHCls, RT, 48 h

Ar = 4-AcNH-CgH,

R
S\ A
3qg R=Me 83%, 91% ee
3r R=Br 63%, 90% ee
X
& Ar
Ph

R2
R4 4
R X R
R3 3 & Ar
R’I
2 3

Ph

3s 85%, 89% ee

Ph
e () ()
3t 86%, 84% ee 3u 86%, 96% ee 3v 89%, 98% ee
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Ph 4 Ar 4 Ar
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Alkenylation of propargyl alcohols

a)
OH
= ¥ (R-BO)s
Ph
OH
6 2
b)
OH
Ph A s
|
8 Me 2a
c)
OH X
Ph
10 (X = NHAc) 2a
12 (X = OH)

5 mol% (S)-4b

CHCl3, RT, 24 h

5 mol% (S)-4b

Y

CHCI3, RT, 96 h

5 mol% (S)-4b

Y

CHCI3, RT, 48 h

Y

/\O\
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OH

7
7a (R = (E)-styryl) 55%, 87% ee
7b (R = 2-indenyl) 80%, 94% ee
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9 |
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28%, 30% ee V'€
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N X
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11 (X = NH,) 48%, 2% ee
13 (X = OH) 52%, 1% ee
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Transformation of alkenylation products

a
) Ph
X
F
Ph
NHAc
3b
91% ee
b) Ph
X
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NHACc
3p
92% ee

4M HCI

-
v
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96%
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o
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54% (2 steps)
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Proposed catalytic cycle
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Summary

Synthesis of 1,4-enynes by
alkenylation of propargyl alcohols

oH A2 Al R
r acid catalyst
L N Y\M y _ P ;
R’ R

M = B(OH),, SiMe3, H

chiral
OH R3 N-triflyl phosphoramide Arl  R2
Ar2 _ catalyst H
+ > /
R’ R? 3 R’ R3

Ar' = 4-AcNH-CgH,
4-HO-CgH,
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The first paragraph

Chiral 1,4-enynes are important and versatile synthetic intermediates.
Both alkenyl and alkynyl groups on the chiral center at the 3-position can
serve as handles for further elaboration. Various synthetic approaches to
1,4-enynes have been developed thus far. Asymmetric synthesis of chiral
1,4-enynes has also been achieved through transition-metal-catalyzed
enantioselective allylic substitution. In recent years, the development of
effective and environmentally benign methods using non-metal catalysts
has attracted much attention. In this context, alkenylation of propargyl
alcohols is an alternative promising approach to 1,4-enynes, in which the

carbocation intermediate is generated by acid-mediated elimination of the

hydroxy group.
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The first paragraph

To the best of our knowledge, however, the catalytic asymmetric variant
has not been developed, probably due to the difficulty in enantioface
selection of the carbocation intermediate by the chiral acid catalyst. Thus,
we became interested in a chiral Brgnsted acid catalyzed synthesis of

chiral 1,4-enynes. Herein we report an organocatalytic enantioselective

alkenylation of propargyl alcohols with trialkenylboroxines.
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The last paragraph

In summary, an organocatalytic asymmetric synthesis of 1,4-enynes
has been realized. In this process, readily available propargyl alcohols
bearing a hydrogen bond donor and trialkenylboroxines can be employed
and a highly acidic chiral N-triflyl phosphoramide was found to be the
optimal Brgnsted acid catalyst. This asymmetric alkenylation of propargyl
alcohols with trialkenylboroxines offers an alternative approach to the
asymmetric synthesis of 1,4-enynes, and will probably find application in
the synthesis of a range of chiral compounds with alkynyl, alkenyl or alkyl

carbon chains.

27



Thanks
for your attention

28



