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Figure 1. Representative Procedure

An enantioselective [4 + 2]-annulation process
between cyano-activated oxadienes and allenones
is developed. An L-valine-derived phosphine was
efficient in catalyzing the reaction, and a wide range
of highly functionalized dihydropyrans were
prepared in high vyields and with excellent
enantioselectivities.

Introduction

» Asymmetric nucleophilic phosphine catalysis
has received much attention in the past
decade due to its versatility in constructing
synthetically useful molecular architectures.

» Phosphine activations of electron deficient
allenes and oxadienes, possessing highly
activated C-C double bonds leading to a wide
range of annulation processes, i.e. [3 + 2]-,2
[4 + 2]-,3 and [4 +1].

The brief History and Literature

Zhao's work® (2012); Ph
0= CN
O COEt  Ph.,__%._ .CO,Et
A + :.:(_ chiral phosphine
Ph Ph - -
CN COEt CO,Et
Ar
7 Nc\'z:zl‘
Huang's work’ (2015): PPh, = 0
0 —— Ar' W\COZR
Ar' A'}::T"L Al’2 > j: . =\ — Arz 0
RO-C
This work:
R3
O 1 2 4
j\ R chiral phosphine RO\~ R
1%e~ 2 @ === -
RO R =) 0
CN v NC
R* R

R COOH ) Cycloaddition Reactions
Y () (aza)-MBH Reactions

NHy d Allylic Alkylation
natural primary ( y-Umpolung Additions

amino acid (Q Michael Addition

derivations ”

+ applications

Steric/electronic
control - o~
L
N N

Lewis base

Contact

Abdul Waheed

Methods and Materials

o Catalyst(10mol%)  Ph N\ Ph
PN PR+, g
CN

|
ne' Yy ©
1a 2a ﬁ'h Sa

Ox NH
F
Fﬁ’éﬁ, i«

L 3¢, R = TBOPS: 3d, R = TBS

toluene, rt, 20 min

OTBDPS -

Aom L
P

CFy
Fa

Figure 4. Phosphine-Catalyzed [4 + 2]-Annulation
between Oxadiene 1a and Allenone 2a: Initial
Screening

Figure 5. Optimization of the Reaction Conditions
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R3 >
o R® RZ_O R
e 3a (10 mol %) Z
RS R T > - I/ O
CN A =0 toluene, 3AMS, rt, 20 min NG~

R1

Figure 6. Enhancing the enantioselectivities

Table 1. Phosphine-Catalyzed [4 + 2]-Annulation
between Oxadiene 1a and Allenone 2a: Initial

Screening entry catalystyield (%) ee (%)°
Reactions were performed |1 MePPh, 80 =
with 1a (0.1 mmol), 2 3a 94 87
2a (0.12 mmol), and 3 3b 85 84
the catalyst (0.01 mmol) |4 3c 87 81
in toluene (0.5 mL) at 5 3d 84 54
room temperature. 6 3e 90 75
bIsolated yield. 7  4a 86 -80
‘Determined by HPLC 8 4b 89 =75
analysis on a chiral 9 4c 70 36
stationary phase. 10 4d 85 —47
11 4e 88 -82

Table 2. Optimization of the Reaction Conditions

L-valine-derived amide—-phosphine

Simple
catalysts were very effective.

Changing the catalyst backbone to threonine or

alanine

Y PP
Os NH

FsC CFy
le

» The L-thr-L-thr-derived catalysts 4a and 4b

provided sufficient activation for the reaction
and yielded the products with moderate to good
ee values.

(L,L)-dipeptide catalysts led to the formation of
products with configurations opposite to those
obtained by employing natural amino acid based
phosphines.

Reactions were entry  solvent  additiveyield (%)” ee (%)
performed with 1a 12 lﬂ':1L'E“'3 - :; g;
elhner -

{0 ety 3 ethylacetate - 78 75 >
2a (0.12 mmol), 4  chioreform - a5 83
and 3a (0.01 mmol) 5  dichloromethane - a0 86
under the specified 69 loluene - 80 87
waralifea 7 toluene TAMS 95 a0
b . 1 8  loluene 4AMS 94 59
C'S°'ate°! yield. 9 toluene 5AMS 94 80
Determined by 10¢ loluene 3 AMS 90 a0
HPLC analysis on 1 toluene 3AMS 85 89

a chiral stationary phase.

Table 3.Scope of the [4 + 2]-Annulation between
Oxadiene 1 with Allenone 2a

Conclusions

The first phosphine catalyzed enantioselective [4
+ 2]-cycloaddition between oxadienes and
allenones has been develped.

A unique annulation process with oxadienes as
C4 synthons and allenones as C2 synthons.

Ph. 0. _.0O

Ph

NC

lentry 1, R1/R2 5 yield (%)Pee (%)°
1 1a, Ph/Ph 5a 95 90 >
- 1b, 4-FCgH,4/Ph 5b 91 92
3 1¢, 4-CICgH4/Ph 5¢c 94 92
4  1d, 4-MeCgHy/Ph 5d 91 86
= 1e, 3-MeCgzH,/Ph S5e 90 85
6 1f. 2-MeCgH4/Ph 5f 94 92 >
7 1¢g, 4-MeOCgH,/Ph 5¢ 92 91
8 1h, 4-CNCgH,/Ph 5h 96 91
9 1, 3-NO,CgH,/Ph 5i 96 94
10 1), 2-naphthyl/Ph 5] 94 91
11 1K, 2-thienyl/Ph 5k 90 90
12 11, (E)-PhCH=CH/Ph 51 93 84
13 1m, 3-NO,, 4-CICgH5/PhSm94 95
149 1n, CgHyy/Ph 5n 85 87
159 1o, i-Pr/Ph 5079 90
16  1p. Ph/t-Bu S5p 96 90
17 1q, Ph/2-thienyl 5q 98 93
1r, phfd-ClCEH,q 5r 94 90
1s, Ph/4-MeOCgH, 5s 95 90
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