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Cyclic phosphorus or sulfur ylides have a carbon atom
adjacent to the phosphorus or sulfur atom other than the
ylide carbon atom. The neutral carbon atom could be
activated as a carbanion or another ylide after the initial
reaction of the ylide. Novel synthetic methods using the two
reactive positions in the cyclic ylides were developed.
(Z)-alkenylphosphine oxides generated by the Wittig
reaction of a five-membered cyclic phosphonium ylide were
converted to (Z)-y, d-unsaturated ketones via the
Horner-Wittig reaction of the phosphinoyl carbanions.
The reaction of the cyclic ylide with o, Bp-unsaturated
ketones, esters, and thioesters provided cycloheptene
derivatives via tandem Michael-Wittig reactions in which
the ylide was regenerated on the other carbon atom. The
similar tandem reactions of a five-membered <cyclic
oxosulfonium vylide gave cycloheptene oxide derivatives.
Their novel tandem reactions of the cyclic ylides proceeded
via rigid bicyclo[3.2.1]octane to result in a highly

diastereoselective synthesis of the products.



Key Words:

Wittig reaction, Horner-Wittig reaction, Michael addition,
Corey-Chaykovsky reaction, cyclic phosphonium vylide,
cyclic oxosulfonium ylide, tandem reaction, intramolecular
Wittig reaction, intramolecular Corey-Chaykovsky reaction,

cycloheptene
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Scheme 2. Schematic drawing of cyclic ylides and reactions
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methyl vinyl ketone
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ethyl 3,3-dimethylacrylate
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Scheme 12. Reaction of the cyclic phosphonium ylide with
ethyl benzoate

Table 2. Reactions of the cyclic phosphonium ylide with
o, B-unsaturated thioesters

Scheme 13. Reaction of the cyclic phosphonium ylide with
cyclic a, p-unsaturated thioester 33

Scheme 14. Reaction of the cyclic phosphonium ylide with

cyclic a, B-unsaturated thioester 37

Scheme 15. Diastereoselective tandem Michael - Wittig
reactions
Scheme 16. Possible reaction mechanism for

diastereoselective tandem Michael - Wittig reactions

Scheme 17. Some transformations of functional groups in
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Scheme 18. Synthesis of cyclic sulfonium and

oxosulfonium salts

Scheme 19. Reactions of cyclic oxosulfonium ylides with

hex-4-en-3-0ne

Table 3. Reactions of the cyclic oxosulfonium ylide with
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acetates of Morita-Baylis-Hillman adducts
Fig 1. ORTEP drawing of 60i
Scheme 20. Proposed reaction mechanism for tandem

Michael-Corey-Chaykovsky reactions
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Wittig Reaction
/E 2

+ -
Ph3P_\ + Rl)'l\ R2 —_— +
R

Corey-Chaykovsky Reaction

R o
N+ - o R2><’
ST + Rl/”\ R? - +
PN
O

Scheme 1. Wittig and Corey-Chaykovsky reactions
using acyclic ylides

D Y: PPh,, SPh, S(O)Ph
* + -

Y % another reactive position
Method 1
- X
+ ) - H 9/\/\/{1 base
pl > PhyP R
Ph” “Ph Wittig

PhoP Horner
-Wittig
Method 2
(0]
A
R
- Xm0
PH~ PN Ph Michael PH~ P\ph R Wittig

Scheme 2. Schematic drawing of cyclic ylides and reactions
of a cyclic phosphonium ylide
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1) t-BuOK / THF 0 —

1] / \
+ Ph,P(CHp)s  (CHp)gOTHP

~PC_Br' 2)THPO(CH,)sCHO

Ph"" "Ph 98 %
1) n-BuLi / THF-Et,0 _ __
2) CH4(CH,)3CHO CH3(CHiMCH2)GOAC
3) HMPA, 70°C 64%

4) AcCl/ AcOH (7Z,112) : (72, 11E)=45.6 : 54.4

Scheme 3. Synthesis of sex pheromones of a moth
from a cyclic phosphonium salt 8)

1)Br(CH2)4Br
PhyPCI reflux, 3h Z > -
PhoPH —=—» (pn,ppph,) —— 2252 i cio,
0-Cl,CgHy 2)aq.NaClOs  py” “ph
100°C 1
70% (from Phy,PH)

Scheme 4. Synthesis of a cyclic phosphonium salt 1

CHy)sCH
[+)  _ 1)tBuOK/THF O/V\/(I 25CHs
/P\ C|O4 Ph 'g =
Ph~ “Ph 2)H3C(CH,)sCHO 2
1 2:84%
?
1) n-Buli PhyP. N 1) n-BuLi
2) RCHO
2) MeSSMe SMe (CHp)CHy 2
3:30%

0] (CH,)sCH3

RW -aq. HCl M
SMe (CHz)SCHg R =

4: R:(CH2)7CH3 75% 6: R=(CH2)7CH3 86%
5: R=(CHy)sCH3 39% 7: R=(CH,)sCH3 75%

Scheme 5. Synthesis of y, 3-unsaturated ketones
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L+) _  1)LDA(2equiv.) Q
~p( ClOy PP
2)MeSSMe

PR “Ph
1 3) HCHO 8:820 SMe
SMe
1) LDA (2 equiv.) RW
2)MeSSMe 2
3) R'R2CO R SMe

9a : R'= CH3(CH,)4- R?=H, 87%
9b : R'=Ph R?=H, 58%
9c : R'R?= -(CHy)s-, 16%

0
HgCl, (2 equiv.) Rl\')l\/\ﬂ/
—_—
CH4CN - H,0 L2 3

10a:79% 10b :69% 10c : 84%

O
10a 0.5N NaOH
EtOH

11 (Dihydrojasmone) : 93%

Scheme 6. Synthesis of 1,4-diketone derivatives
and dihydrojasmone

[+ _ 1) tBuOK/THF Q
K Clog PPh,
Ph " Ph _~_0O
1 2) /\y// t, 15h
12a:21%

o)
I

PhZK/\/\‘/\

13 : not isolated

Scheme 7. Reaction of the cyclic phosphonium ylide
with methyl vinyl ketone
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{+> 1) tBuOK/THF Q

- PPh
/p C|O4 2
Ph" “Ph o R .

2) Y 2

1 RZ/\)J\Rl R
14a-d 12a: R'=Me R%=H, 41%
reflux, 16h 12b : R'=Et R®=Me, 64%

12¢ : R'=Me R?=Ph, 49%
12d : R'=Ph R?=Ph, 67%

1) t-BuOK/THF Q
1 PhoP o~ XX R

2
) R/\)J\H 16a: R=H, 41%

15a-b 16b : R=Ph, 85%
reflux, 16h

1) t-BuOK/THF

@
1 S Ph,P N
A

16c : 71%

14e
reflux, 16h

Scheme 8. Reactions of the cyclic phosphonium ylide
with enones and enals

Ph” Ph R® R?
DA L
0 Ph™ "Ph a1 Ph”" “Ph -
RZ/\)LRl 17 18
o-..
i _>P~pn BPh
. Rli—/{r - Rl PP 2
R2 "’/Rz
19 12

Scheme 9. Proposed reaction mechanism for the reaction of
the cyclic ylide with enones
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Table 1. Reactions of the cyclic phosphonium ylide with
cyclopentenyl ketone derivatives

f + \ 1) t-BuOK/THF
P\PC|O4

- (0]
’ o
1
R +
Q
20a-c PhoP o~
reflux, 16h 22a-c R
yield (%)?
entry R ketone hydroazulene diene
1 Ph 20a 66 (21a) 4 (22a)
2 CH3(CHy), 20b 64 (21b) 8 (22b)
3 (CHg),CH 20c 53 (21c) 1 (22c)
2 |solated yield
oI_\F;Ph o
i P~pn
iy o
23 24

[ 1) tBuOK/THF Q
. clo, S PPh,
Ph™ “Ph EtO 4
2) ”
R
1 R/\)J\OEt

25a-d 26a:R=Ph, 73%
reflux, 16h 26b : R =Me, 71%

26¢ : R = CH3(CH,),, 55%

26d : R = (CH3),CH, 63%

Scheme 10. Reactions of the cyclic phosphonium ylide
with a, B-unsaturated esters
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- Ph
Eh ) |+
- = ~Ph
ot ™ el
R R

27a 27b

R
. EtO
p ClOg
;

28 :37%

0
PPh,
1) t-BuOK / THF o -
. (0]
+

)
2 | 0
- O/\AM
reflux, 48h Ph,P 7

+ 30: 5%
D
Ph,POEt 31:18%

Scheme 11. Reaction of the cyclic phosphonium ylide
with ethyl 3,3-dimethylacrylate

[+>‘ + PhCO,Et

/P\
Ph Ph

:

o ® Ph—=R Ph—R

ph O OEt Ph" OEt O Ph OEt O~
. F:hg\”/':h @/Ph 9
P | > * Ph,POEt
OEt O

33%

Scheme 12. Reaction of the cyclic phosphonium ylide
with ethyl benzoate
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Table 2. Reactions of the cyclic phosphonium ylide with
a, B-unsaturated thioesters

{ > 1) t-BuOK/ toluene (I?
'I;\ Cl():1 T . PPh2
Ph™ “Ph 0 R'S g

2) “R?
1 SN
RZ/\)J\SRl
32a-h
reflux, time
R! R? time(h) product yield (%)®
Et Ph 47 32a 47
Ph Ph 42 32b 29
p-ClCgH, Ph 39 32¢ 37
i-Pr Ph 40 32d 41
c-CgHi1 Ph 38 32e 58
c-CgH1y Me 40 32f 54
c-CeHi1  CH3(CHy), 41 329 58
c-CgHqp CH3;CH=CH 40 32h 20
2 Isolated yield
S-c-CgH
H sH11
1) t-BuOK / toluene H
[ +> - ) _PPh, 34
_PL C|O4 o (0]
Ph L Ph 2) +
S'C-CGHll S_C_CGHll
33 H
reflux
H 35
O// PPh,
34:35=1:1(60%)
34 S-c-CoHyy
CDCly
H 36
O// PPh,

35

Scheme 13. Reaction of the cyclic phosphonium ylide with
cyclic a, B—unsaturated thioester 33
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1) t-BuOK / toluene H
L) . o PPho

~p ClO, o
Ph ) Ph 2) +
S-t-Bu S-t-Bu
37 H
reflux
H
o7 PPh2

38:39=3:17 (54%)

Scheme 14. Reaction of the cyclic phosphonium ylide with
cyclic a, p—unsaturated thioester 37

Ph
H

40a 40b
1) t-BuOK / Et,0 0 I
[,y _ DtBu 2 bph, 3NHC
on P RO THF
2) R
Pz §
1 R*O)J\/\R 4l1a-d
reflux, 42h
1
O "”PPhZ
OH \<_'
=0 R
Q S 43ad
PPh, OH N

o R p - TSOH 0
42a-d O@—Pth
42a: R = Ph, 66% \<_‘ 8

42b : R = Me, 62% s R
42c : R = i-Pr, 86% s 44a-d
42d : R = n-Pent, 48%
43a:44a=94: 6
OH Ph 43b : 44b =73 :27
\k 43c :44c =65:35

R*OH 43d : 44d =60 : 40

Scheme 15. Diastereoselective tandem Michael - Wittig reactions
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P =
Ph”" “Ph
+
0
o N\

H Ph
O\ J IIIIII
A ——> Pph \'/P\Ph - > . PPh,

. RO
RO Ph

Scheme 16. Possible reaction mechanism for diastereoselective
tandem Michael - Wittig reactions
S-t-Bu H
H

Raney Ni (W-2)
_—

H
H 40 - PPh,
o PPh2 o
45 : 86%
l mCPBA / CH,Cl,
SO,-t-Bu
H? R
MeMgBr
Ni(acac),
H 46 : 99% .
O//Pth o~ PPh
47 1 58%

i-PrMgBr / Ni(acac),

QQ = dREdD

/ PPh2
48 :81% 49 : 85% 50 :76%

Scheme 17. Some transformations of functional groups in 40
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(())n Ph,I"PFg {(E)n NaOH / mCPBA {(})n
————eeeeeeeee —_—_—m +

+ -_—
s Cu (PhC00), T%p,:g H,O0/40°C/16h  ’S{ PFg
0" Ph

Ph
51: n=1, 32% 53:n=1, 67%
52: n=2, 63% 54: n=2, 82%

Scheme 18. Synthesis of cyclic sulfonium and oxosulfonium salts

{ \ 1) LHMDS/THF
+ Phﬁ

oS PFg o)
U N °
53 55: 98% (single steroisomer)
1) N i o ?
) NaHMDS (2equiv.) n
PRy o g SPh
O// “ph 6 2) /\)J\/(zequiv.)
54
o 56: 59%
o
NaHMDS
+ —_—
S = o] - *é o
O Ph o~ AN Kopn
57 58

Scheme 19. Reactions of cyclic oxosulfonium ylides
with hex-4-en-3-one

Table 3. Reactions of the cyclic oxosulfonium ylide with acetates of
Morita-Baylis-Hillman adducts

/g\ e 1) t-BuOLi (2 equiv.) / THF o))j: 'Cs');::
0 'Ph 2 Q QAc o RE Y |
53 R! Rz R2 60ai
59a-i
rY R? product yield (%)
Me H 60a 19
Me Me 60b 56
Me Et 60c 66
Me i-Pr 60d 74
Me Ph 60e 67
Et H 60f 24
Et Et 60g 62
n-CgHyy Ph 60h 62
i-Pr Ph 60i 77

2 |solated yield
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Fig 1. ORTEP drawing of 60i

R2
2
R H 1 t-BuOLi_ RL + )=
COR™ — > //5,/
0 o~ “Ph
OAc 61
A !
= Rl (IDI
S50 i s
Ph o Ph
OAc
cor!?
H RPN
B

Scheme 20. Proposed reaction mechanism for tandem
Michael-Corey-Chaykovsky reactions
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