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Reinvestigation on the Catalytic Isomerisation of Carbon-Carbon Triple Bonds
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addition addition Phy e mu’ﬁl ]thp 12¢ 1e 3e 8024 5 66°
u A(
—_— -——Coh
‘ or )l 4 14 4xReOER: 8024 8
__th_}i'm‘m 124 14 A{R=Ps 80724  sn 83¢
PhyP g—\
€ Hnlm AL
PhyP S~ 4 be “ 80/72 'QZ; 8
} NH N So
=t Nmu‘ e # Reacti diti a solution of bifunctional nucleophile (0.5 mmo),
allene or alkyne (0.5 mmot), and PhsP (0.1 mmol) were heated at the
PhyP indicated temperature. For deils of the reaction conditions, see ref 8.
@/& Phap 1 8 lsolated yicld. < Used 0.025 mmol of PhyP.  Solution of } equiv of
PhyP E 7N allenone in wivene was added dropwise to the solution of 5 cquiv of 1.3~
4\ 1 2 ) dicarbanyl compound in toluene, and the yiclds were based on the alienone.
Ny Nu' Nu® o Nu ¢ CHyCN was uscd as solvent. /Toluene—CHCN(v:v = 4:1) was used as
,/_\ @?—( a solvent. £ Alkynonc (1.1 equiv) in toluene or CI{;CN was added dropwise,
o'W N PP E e :
P 'E*Nu‘/-@\m’u eh'“7 (3"‘5 N No ‘.— qcl(h'ml‘\
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Synthesis of Highly Functionalized y-Butyrolactones from
Activated Carbonyl Compounds and Dimethyl R

Acetylenedicarboxylate'

Kyoko Nozaki,’ Naomasa Sato, Kazuhiro Tkeda. and Hidemasa Takaya**

Scheme 1
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Received October 11. 1995 0 o
<20% yloid
. phosphine COOMe :
R\rv. {20 mot) R Table 1. Tertiary Phosphine-Catalyzed Lactone Formation from Electron-Deficient Carbonyl Compounds 1 and
3 m Y Mo (1) Dimethy! Acetylenedicarboxylate (2)
Mo o un substrate 1 R R? phosphines time () yield of 3 (%)*"
1 2 3 1 1a 4-NGyCeH4 COOMe PPhy 22 94
2 1b Ph COOM- PPhy 8 e

3 lg gCICr,H. COOMe PPhy 22 ¢

1 h CN PPh, 8 58

Ol" ot ester d‘bﬂ"’ \'h"Q 5 1e 4-MeCH, CN PPh 19 58
Y, ne ’ 6 1 4-MeOC:H, CN PPhy 19 67
7 1g 4-ClCeHy CN PPhy 22 30¢

dd- triflvoto acetphenore wae 2 i aock o Fo
- ¢ a «-CsHny hs 2 38
prenere e e w & @ m 8
5 il 1
o o(l "VL;WQ 12 1a 4-NOCaHy COOMe (9-BINAP’ 49 )
. 13 la 4-NO,CeH, COOMe {R)-MeO-MOP# 47 417(10)
i la 4-NO:CeH. COOMe (+)-NMDPP# 48 5¢ {5)

B d [solated yield. ” %ee for 3 sre shown in parent} The absol figuration of the major isomer has not heen determined. ¢ The
[ - effq_r ’ e ec-hoh unreacted starting materials were recovered. A camplex mixturc was obtained. * The product was not obtainud in pure form. (3}
BINAP = (S)-2 2-bis{diphenylphosphina)-1.1"-binaphthyl. # {(R)-M«O-MOP = (R-2-{diphenylphosphing)-2'-methoxy-1,1"-binaphthyl. b (+)-

NMDPP = (152558

-whlaclmwba P. qave 3oocl resul
Tor d-kete nitrile, <lectton
.

-dohca?hg Ry 3qu aood res

E \YeP
b

eN grov ﬁr-'z‘? is 3:»4 IQ-“WQ’ 310(7’ To fhwen‘f

undest peachon , elactron ~donat W R was heede

ol—d’ikc‘h\e s olso 3”4 substrate Rrthis reactton, see, JClen .S’oc.,Peflﬁn Trons. 1,1997,3/27,

1,3~ dipo(mfl\ile - 3+21 addition
J. Org. Chem. 1995, 60, 2906~2908
Phosphine-Catalyzed Cycloaddition of

2,3-Butadienoates or 2-Butynoates with
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Table 1. Phosphine-Catalyzed Cycloaddition of
2,3-Butadienoates with Electron-Deficient Olefins

olefin products
entry 2 E PR3 yield (%) 8.4
1 2ab COOEt PPhs 76 75:25
2 2a COOEt* PBus 66 75:25
3 2b? COOMe PPhg 81 80:20
4 2b COOMe* PBug 66 85:16
5 2¢b COMe PPha 55 63:37
6 2db CN PPhy 79 83:17¢

E. R
1% PPhs(tomets ) R! E ‘
+ g2 (M a Ratios were determined by isolation. ® R? = R* = H. © 2 equiv
—) Dimerizatien o‘f '_1:, of olefin was used. 4 Ratio was determined by 'H NMR spectra.
COR
3

4

Elecm-deﬁcieﬂ olefirg gave 3604 resulte.

Table 2. Cycloaddition of 2-Butynoates with

— R € Electron-Deficient Olefins under the Catalysis of
—=——COR + - PBus(10 moi%)= Tributylphosphine
benzene, N,, it
1faR=Et R? products
11bR=Me 2 (QQ%) entry 11 2 yield (%) 3:4c
1 11la 2ab 85 89:11 (3a:4a)
E R2 R 2 1la 2bb 78 84:16 (8b:4b)
R1 E 3 1la 2d® 80 93:7 (3d:4d)
4 11la 2e 88 trans-6
+ R2 5) 5 1la 2f 91 trans-6
6 11b 2b 62 87:13 (8b':4b")
COR COR 7 11b 2¢¢ 46 72:28 (3g:48)
3 4 « Ratios were determined by isolation. ® See Table 1. © Ratio was

PBus has l'\‘.al\m- reacﬁvu‘?f.

determined by 1H NMR spectra. ¢ 2g: R = H, Rz = Me, E =

COMe. %6
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Table 1. Phosphine-Catalyzed Asymmetric [3 + 2] Cycloaddition®
catry  phosphine E R, R, R; solvent  T(°C¥ yield (%) A:B? %ceof A*  configr
1 7 COOEt Et H H benzene rt 66 95:5 81 (-)R Phofphﬁe
2 8 COOEt Et H H benzene rt 76 973 81 ()R
3 9 COOE!t Et H H benzene t 80 80:20 56 +Ss eenn
4 10 COOEt E H H benzene  r 83 72:29 6 (+)5 | Screewivd
5 11 COOEt Et H H benzene rt 33 73:27 12 {JR
6 7 COO'Bu Et H H benzene rt 46 100:0 86 ()R S\' e
7 7 COOBu  Et H H benzene rt 69 95:5 89 (=) R} 2
8 7 COOBu E: H H toluene 0 42 97:3 93 (-1} of ecter
9 8 COOMe Et H H benzene i 87 96:4 79 (-)R
10 8 COOBu Et H H benzene rt 92 100:0 88 (—)R} effect
11 8 COOBu Et H H toluene 0 88 100:0 93 (—)R O.S‘. tom
12 8 COO'Bu  Et H H benzene it 75 95:5 88 (-)R P
13 7 COOEt '‘Bu H H benzene rt 13 97:3 89 (-)R
14 8 COOEt Bu H H benzene rt 84 94:6 69 ()R
154 8 COOE! Et COOE!t H toluene 0 49 79 (+)
164 8 COOMe E: H COOMe benzene i 84 36 (—)

“ The reaction was carried out under N, with a chiral phosphine (10 mol %), 2,3-butadienoate (100 mol %), and electron deficient olefins (1000

mol %). » A:B and % ce were measured
rotation with the literature value '6 ¢ Olefins (200 mol %) were

3, gove k.glaer reacﬁV?y than ye
Rgrouf oP /Z/or' i) Con qﬁ:ecﬁve[)' Llec{i 1J\c
 bottond Face of a”)zhc carboanion of WA/

by GC with 8 and y-DEX columns.  The absolute configuration was determined by comparing the optical
used. € rt = room temperature.
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'y © PBu; (20 mor P
/ CO.Et = Q)\ + ey Ts _os@meny
CO,Et P

98%

Table 1. Synthesis of Tetrahydropyridines 3 from Ethyl
2-Methyl-2,3-butadienoate and N-Tosylaldimines?

Ts
Me

|
A_N
/\coza + RN __—‘PBu, @omere) u 3
1 2 CHLCh, AT Z > co8

enlry R . product yield (%)
! Ph (2a) 3ac 98

2 4-OMeCgHs (2b) 3b 99

3 4-McCsHy (2¢) 3¢ 95

4 3-CICeH4 (2d) 3d 96

5 2-CiCgHs4 (2¢) 3e 93

6 4-FCgH,4 (20) 3f 95

7 4-CNCeH,4 (2g) 3g 98

8 2-CF3CgHy (2h) 3h 98

9 1-naphthyl (2i) 3i 96

10 2-furyl (2j) 3j 97

11 4-pyridyl (2k) 3k 924
12 4-NO,CgHj (21) 31 86

13 2-OHC¢H4 (2m) 3m 0

14 2-OTBSCsH4 (2n) 3n 93

15 2-pyrrolyl (20) 3o 0

16 N-Boc-2-pyrroyl (2p) 3p 99

17 trans-styrenyl (2q) 3q trace®
18 rbutyl (2r) I T
19 n-propyl (2s) 3s [

“See Supporting Information for a detailed experimental procedure.
b Isolated yields. < The structure was confirmed by X-ray crystallographic
analysis. 430 mol % PBu3 was used. ¢ The product was inseparable from
the starting imine. /3 equiv of NayCO; was added. £ The imine was
decomposed to aldehyde and p-toulenesulfonamide.

Table 2. Synthesis of Tetrahydropyridines 13 from Ethyl
2-Benzyl-2,3-butadienoates and N-Tosylaldimines?

R Ts
PBu; (20 mol%) |
e N,Ts + % R(Nlﬂ‘ .
CO;Et CHClp, AT
2 12 CO,Et
entry R R product  yield (%) o<
1 Ph (2a) 4-CNCgH4 (12a) 13a 99 98:2
2 Ph (2a) 2-FCgH4 (12b) 13b 99 97:3
3 Ph (2a) 3-OMeCgHa (12¢) 13c 99 98:2
4 Ph (2a) 2-MeCgHy (124d) 13d 82 88:12
5 Ph (2a) Ph (12¢) 13¢4 99 98:2
6 4-OMeCgHy (2b)  Ph (12e) 131 99 97:3
7 4-NO,CgHs (21) Ph (12¢) 13g 90 95:5
8 3-CIC¢H4 (2d) 4-CNC¢Hy (123) 13h 99 98:2
9 2-CF3Ce¢Hs (2h)  4-CNC¢Hg (12a) 13i 80 90:10
10 2-CICsHs(2e) 3-OMeCeH4 (12¢) 13§ 96 83:17
11 4-MeCgHy (2¢) 3-OMeCgHs (12¢) 13k 99 98:2

i i i i dure.
@ See Supporting Information for a de(a!lcd experimental proce
b Isolated yields. ¢ Diastereomer ratio determined by 'H‘ NMR (SQO MHz).
4 The structure was confirmed by X-ray crystallographic analysis.
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AN INTRAMOLECULAR BAYLIS-HILLMAN REACTION

O

2

Fides Roth, Peter Gygax, Georg Friter*
GIVAUDAN-ROURE, Diibendorf, Switzerland

OH X
COOCH; e, @. COOC,H;
1

PlxogP!ﬁhcs‘ was us‘e'PuI h f-ll}g reaction,

Avine bases (ex. PABCS, Quinidine ) didn't

Jive +he c./clizeJ Pmiuc"r.

fFor srymmetric rooction, ()-PAMP, () -CAMf

gave +he Pto(‘.ué\‘ with lew ee.

TETRAHEDRON

Perganmon Terrahedron $7 120014 7774 -T784

Assessing the scope of the tandem MichaeVintramolecular aldol

reaction mediated by secondary amines, thiols and phosphines

First

dP ‘(Mromfecu L‘«"

Morita- yl}s— tillwan reaction .

Table 1  Cyclisation cxperiments 2 » 1

try Catalyst, Solvent® Time Mol%cat %2 %1 Remarks
1 DABCO 32d 15 81 19% cis-2
DABCO, THF 30d 37 80 20% cis-2
2 NaOCH,, CH,OH, 2h 100 10
(-30° + 1) 40% 47
3 LiTMP®, cther 1d 3 10 ao 5"
(-50° 1)
4 Quinidine, GH,OH, THF  10d 10 100 -
§ Li-quinidinate, HMPA Sh 25 ] 0 ancnét;rr;‘«;‘f c;x’mdenn
6 (n-Bu),P 425 25 75(GLC) isolated 39% 1
7 (CH)ACH,)P T 5
8 * CHOCN 54 30 7  30(GLC)
9 (i-Bu,CH,GH,)P 304 25 56 50
10 CHy(CH,),P 404 25 100
11 (-)PAMP(G, 78%cc)® 04 20 100 -
12 (-)CAMP(Z, 62%ce)® 10d 18 25 75(GLC) isolated 40% 1
(14%ce)s

a) if not otherwise mentioned, reactions were carricd out without solvent at room temperature;

CHytriplet of the ester group separated,

b) Lithium-2,2,6,6
1a) B o°cm1.E10H).

ide; c) NMR, optishi
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Thomas Gelbrich® and Michael B. Hursthouse®
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To.hcl't,ng M"ﬁl“’e(/M;"-‘"‘g'/ f"w‘fj‘“‘ eal’. TL, 2002, %3, W()?
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0 ' 0 " oH
-XH
o _W ' xw H o B 2 .
" TTow — ]
Tl x° a2 a3
laeg 2 3
Table 4. Table §.
3 ? 3

Eniey Substrale R Meshod X 2z 3 Entsy Subsiraie R I Method® X

- - y y - 1 1 Ph 2 Ldcquiv. piperidine, (Omin  Piperidyl  2bP.90% -
! e o o tauiv. piperidine. COCE. Fiperidyt 4 90% 2 1b Ph 2 03cquiv. pipendine, 14~ Piperidyl - 35,24-30%
2 1a b 93 equiv. piperidine. CDC,. Piperidyl 3. 50% 3 s M 2 I3equv. TolSH. 16b Tols BT, 93% 15
3 ta m 1.3 equiv. Tol$H. CHCL,. 16 Tols 2T. % - : l_"l ;"El g 'l’§ “""'; - ;l"“’!:ifn" Pperityl  Det 3b.

iv. 1 174 - - 3a.20% e - oquiv. piperidi pent «
! 1 i 02 cquiv. m-BusP. CDCI,, ‘ . 6 Eig OEt 2 03equiv. piperidine Pipeidyl  Dec -
s " OFt ;ﬂ:"‘,‘"”' piperidine. CDCY, Piperidyl Dee - 7 Eig OBt 2 Zequiv.TolSH.O2TolSNa. 4,  TolS T8 -

o - . 161
L] " Ofx g: ';q‘mv. piperidine, CDCY,y Piperidy! Dec’ - 8 Elg o 2 0.2 equiv. n-BuyP. 24h ~ - 3& ;g
? i of 2 equiv, TolSH. 0.2 TolSNe. 4. Tols AT 2% S Zle OB 2 Q2equiv. n-BwP.24% - s

16h N ) - )

3 " Oft 0.4 equiv. 1-Bu,P. CDOY,, 3 409% N All reactions pesformed in CHCI, or CDCY, st 1t unless specified.

P refers to adducts from piperidine. T from 2-TolSH.

* P refers 1 adducts derived from piperidine. T from poTotSH.
* As cbserved by NMR of the progress of the reaction.

¢ reﬁdihe geve 2 %ulcu/, but ‘%rm«:ﬂou 4{';2/

om-RP aaue ,-Z/ w’ﬂ-L (ow md\cﬁVH-/ ‘R)r S’W"‘LC*QJ re &ﬂA lﬁal\ RQ(T‘\V’Y'] '%V" 6'&%{.@:4

* As observed by

* Largely composed of products

NMR of the progress of the reaction.
derived from aldot condensation.
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Table 1. Phosphine-Catalyzed Cycloisomerization of Bis(enones)?
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Intramolecular tandem Mid\ae,(/

N-COR  nucleophilic CoR . .
B e wom o N rer & Michael of bis (enones) bis(enotes)
' n COR'
AL ALY e paf enedenel, evatefatal, s (eral)
“ Wn= N
5, 6-menbered rig Porustion
2 e “'c A ] ©
=o’1 COR COR \Miom PR’A h CH)cN
n uw Ry L g \ R OR' \ COMe 3
G OB ;f.-"m e ‘mow o 1a, R =Me, R'=OMe 2a R=Me R =OMe s or PMQJ - Okhy"‘o (_(
e on i prd S oaves A ib, R=Me, R’ = OEt 2b, R=Me R'=OEt
BRiiae, ZRiio,
4 procedure: Tributylphosphine was added to a 0.1 M solution of }2 S “H R=-OMe 2eR=HR = OMe s-u.en‘JQYQA \‘?Vg .
substrate in the indicated solvent and the reaction was allowed to stir at the cHO COMe CHO
indicated temperature until complete. # Yield based on recovered starting A % q
jal € o
material. € 20 mol % PBuj used. —\\—co,a COMe COE
6 7 8
Table 1. Synthesis of Substituted Cyclopentenes via the Intramolecular Vinylogous Morita—Baylis—Hillman Reaction?
entry substrate catalyst (%) solvent concn (M) time (h) product yield® regioselectivity® % aldol?
i la PBu; (10) CH;CN 0.05 24 2a 80 95:5
2 la PBu; (10) CH;CN 0.1 8 2a 6l 95:5
3 1a PBu3 (10) tert-amyl-OH 0.1 11 2a 88 96:4
4 la PMe; (10) CH;CN 0.1 4 2a 71 94:6
5 la PMe; (10) tert-amyl-OH 0.05 3 2a 91 97:3
6 1a PMe; (10) tert-amyl-OH 0.1 1 2a 95 97:3
7 Ia PMej (10) tert-amyl-OH 1.0 0.75 2a 81 96:4
8 Ic PMej (10) tert-amyl-OH 0.05 4 2c 54 13
9 1c PMe; (10) CHCl, 0.05 2 2c 96 0
10 1d PMe; (20) tert-amyl-OH 0.01 0.75 2d 79 89:11 trace
1 1d PMes (20) tert-amyl-OH 0.1 2 2d 48 93.7 trace
12 1e PMe; (20) tert-amyl-OH 0.1 0.25 2e 43 only -
13 le PMe;s (20) terr-amyl-OH 0.01 4 2e 90 only -
14 5 PMe; (100) tert-amyl-OH 0.05 17 7 32 only -
15 5 PMe; (100) tert-amyl-OH 0.01 44 7 51 only -
16 5 PMejs (200) tert-amyl-OH 0.01 44 7 60 only -
17 6 PMe¢j (50) CH;CN 0.01 2 8 38 only -

a All reactions were performed by addition of the phosphine reagent to a solution of substrate in the indicated solvent at 23 °C, unless noted otherwise.
b Isolated yicld of product. Compounds 2a and 2d were isolated as mixtures with the regioisomeric cyclopentene product. * Regioselectivity refers to the
ratio of the two regioisomeric cyclopentenes. 4 Products 2¢ and 2d underwent aldol cyclization under the reaction conditions (see text). © Substrate Id was
added via syringe pump to the phosphine catalyst over | h.

en+r7,§:', MJ,‘L L CH2(s 50,)"8{ O&HOI Cyd,‘)_pd*}on o'P ?3
entrr (o, ~ 12, T low oncestrition wor best 1o preveut slf condenschon of [d
S‘elecﬁv?? . Phbsrt\m/ reacted witl the mote e\cchopk‘rc, Mickee | acceplor
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~COR CoR Y 6- wuz»l,ehzc{ r?wg
oo o 3

32 R=Me R'=OMe 4a R=Me R'=OMe 13 R=Me For 34 (83 of PMes was vecessar .
3b,R=R = Me 4b, R =R« Me 14 R=H —

3¢, R=H R =Me 4c, R=H, R'= Me

3d, R=H, R = OMe 4d, R=H, R = OMe

x-CHO CHO
"B"°’°7C;/C°zﬁ +Bu0,C COLEt
-BuQ,C
11 12

Table 2. Synthesis of Substituted Cyclohexenes via the Intramolecular Vinylogous Morita—Baylis—Hillman Reaction®

entry substrate catalyst (%) solvent concn (M) time (h) product yiekd® regioselectivity % aldol

1 3a PMes (25) tert-amyl-OH 0.1 8 4a 83 92:8

2 3b PMe; (25) tert-amyl-OH 0.05 1.5 4b 46 23

3 3b PMe; (25) CH,Cl, 0.05 20 4b o4 20

4 3c PBuj3 (50) CH;CN 0.06 05 4c 55 90:10 -

5 3c PMe; (50) tert-amyl-OH 0.01 0.75 4c 45 95:5 I

6 3d PMe; (100) tert-amyl-OH 0.01 6 4d 47 95:5

7 3d PMes (100) CH3;CN 0.01 8 4d 67 973

8 i1 PMes (50) CH,CN 0.01 22 12 74 97:3

@ All reactions were performed as described in Table 1. # All products were isolated as mixtures with the regioisomeric cyclohexenes except for 4b.

Other type of substrate  enoate/ ""l\iOQhD;'('Q—QQJ erone [thioenoare
Knsche et al. Ovg, Lett. 20035, /737,
MBH 1R ACtisy O]c 'f"l\‘:oeﬂehﬁ.uel?tlﬁ
Keck et al. Ore. Le‘t‘l‘{&ool—,j_,36f7.
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Table 1. Catalyst Survey? Eh’ﬂy l~3 vs 4{-"\'6 :T"30~ll‘7‘ FL\OSFLH\ES' wefe weofe V’QQQ.(TLQ

St shan aiyl phoshines
caly camlyst me(h)  T(C) % oconv' Eh‘ﬂ-y ?-? N N' hMcleorL\\lCS were ‘Q.!'S' Q‘P%CHVQ -

S [B-O.CHH'}O(A o'P ‘\eroxkl«.

S unlink o

1 PMe, [ 43 95 . _,(_ O.(
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3 Me-BPES 4 4s o Ent 77" Fkof ) OX! w not
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s rac-BINAP 18 75 0 J’ . a"[on L t)
-] . R ~ -~
P e o w : Eh‘h7 ¥~ hla y] conjugafeé subCirste
8 DABCO/9 16 a5 enlry EWG Rt ROH time () % yield® .
9 EuyN/ 28 45 ] | COEt Me ;iﬂ;% " gg 73; wos unr.w-hve
o Ofme i “__ 0 > ’ 16 6 . 4 (
N % H:O, Fhwo.v- ,S'eceN(d' and GH
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D o ! M g EE S 5 woghor L 8
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d Enals Using Hypervalent

Scheme 1. Proposed Mechanism for Catalylic Enone a-Arylation
under the Conditions of Nucleophilic Catalysis
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Table 1. Phosphine Catalyzed Arytation of Cyclohexenone Using Lﬁ'm H \+k ( :
BiAr;Cl; Reagents SGVQ 3006‘ resuits, Wi ig )( CLJY\P"‘ ,
° PBus (20 o) o
d AryBICY, (100 moi¥) A
+PryNEL (100 moi%) hwﬁ"‘d‘“o n 0{’ ""\k YQOCHon
] cn,cn,;f::cw 1) 1a-1f Table 3. Phosphir.uz Catalyzed Arylation of Crotonaldehyde Using
Hy F BirsCz Reagents*. PBu; (20 mol%) 14 F\"OI’\KC‘QO ‘ﬁ\e must Le S\'Ld' “'U{VA
o cmtmconman ™ L ot the B-posifien to pre vent
1a, 93% 1b, 44% 1. 86% 25°C N
o o B o ° ° 3 CWPC"H)\/C anion Po‘rNhZ&N“ i
3 - .
(j/O/I é(@ dﬁ/@\ u)kéj H)k(‘i@/” ° From\ckofk;le Must fea,‘h‘f st,be
1d. 80% 1e, 7T1% H, 78% 3a.61% T, 4%
2 o d o Foog ah $- Honso cad%m-:f-rou .
19,67% 1h, 85% 1, 75% 3. 70% 2,545 0'<>/ IC chonre S')’S'*Q"\ ﬁaVe
@ See Supporting Inf for a detailed experi ’

Isolated yiclds after purifi by silica gel ch

S'+"bl\g E'A%a.ﬂh‘; .ralxﬁhen‘k‘ in +h

¢ See Supporting Information for a detailed experimental procedure.
* Isolated yields afier purification by silica gel chromatography.
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Institute of Technology, Nagatsuta-cho 4259, Midori-ku, Yokohama 226-8502, Japan, =z ocle strone
Department of Chemical and Biochemical Engineering, Toyama National College of
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Table 1. Orpanocatalytic [4 + 2) Cycloisomerization of Bis(enones)! “ k L « h
o R o.R °T0 ched + 13 rqh‘o”M‘C' ae
R, O Ry © s 3 Wi B o oh -
Kl eI ek ad DAl reodtion occurence,
R4 O o n fa,f Ry .
- . 38 wos SMLJQC\'QA the reaction
entry  substrate Ry Re Ry Ry n catalyst solvent  time (h)  major product’  yield* (%) lsomeric ratio® CMJ‘*.]O" B ET' WaS' “01. C‘\thed.
1 1a H H H H 1 CyP benzene 1 3a 77 . M e
2 1a H H H H 1 (RRA-MeBPE benzene 2 3a 79 er 60:40° ”o su C‘\ & !v.ea <'+ toh PO:‘.L / '
3 3a# H H H H 1 GsF MeCN 1.5 2a 50 er 60:407 E 3 . O Cs.— N
4 ta H H H H 1 CyPCsF McCN 10 2a 64 12:1:1 ° Entr . Uh | o
$ 1a H H H H 1 Cy;PszO MceCN 24 2a 50 12:1:1 7 / h I"Qo.c'hoﬂ
6 la H H H H 1 naBuwP +PrOH 2 2a 46° 12:1:
7 1b H H H H 0 CyP McCN 0 ohd ho D.‘qlf*Al(leb VQOCﬁOﬂ
8 1c H H H H 2 CyP/CsF MeCN a0 2c 58 E- ﬁ 8 q R T I \ .
9 id Me H H H 1 MeP/CsF MeCN 11 2d 7 [4 N v t;- *h,e
10 1e H Me H H | MePCSF  MCN 8 24 7 n 7 ’ ermina| substyfwent.
1 1t H H H Me 1 CyPICsF M:CN 15 2f 76
12 ig H H Me H 1 CyPiCs:COy  MeCN 2.5 2 33 PMQ} wos heQJ.gc{ 'Q)h lOW
13 ih Me H Me Me | MeP/CsCO;  McCN 18 2h 75

IR,

% Delermined by 'H NMR. * Relalive siereochemisiry determined by single-crystal X-ray analysis. ¢ Isolated yield after p i
see ref 11. * Reaction performed using 20 mal % of catalyst at 20 °C. / Determined by chiral HPLC analysis. £ er 60:40.
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Scheme 1. Intermolecular Phosphine-Catalyzed Regioretentive
Allylic Amination
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Table 1. Optimization of Phosphine-Catalyzed Allylic Co uLi ration GP oceted an l Cl- C- d?C..L\ lo\-o ‘9‘\ TL&[ b h‘-tl-e

Alkylation of Morita—Baylis—Hillman Adducts®

H,co% Kot 200 ey H,co% dove +he Produd' with k‘aal'm y?elcl .

THF (0.3 M)

1 25°C. 24 hours :;'m'ucummm 1 lecular Phosphine-Catalyzed Allylic i \
No = Table 2. Intermolecular Phosphine-Catal S' “A ‘\ . O
Alkylation of Morita—Baylis—Hillman Acetates 1—6* COPE. [N imt ka ‘s
entry substrate nucleophile (NuH) yield (%) PPh, (20 mai%)
i OAc w9 M
1 R = PO(OEt); 4.5-dichlorephthalimide 3 4,5-Dichlorophthalimide (200 mol g L
2 R=BOC phthalimide 12 R‘%rkﬂz or Phihalimide (200 mark) g, Ry Fo‘- estev S’uhs‘*‘f‘aj (3 4’,§ d\(’. [Ofb
3 R = BOC 4.5-dichlorophithalimide 77 THF (0.3 M) 1o-60, Nu » Phihalimida l é— k e‘
4 R=Bz 4.5-dichlorophthalimide 79 18 25°C 1b-6b. Nu » Dichiorophthakmide DR ~ k ‘. & .
5  R=pNOBz 4 5.dichlorophthalimide 32 P PM\“ Uadd s 8‘7‘""" ‘g < 7’
X X X
6§  R=hAc phthalimide 8 k IQ‘\
7 Re=Ac 45-dichlorophthalimide 90 but 'R’Y‘ ke:hhe. _(..LS'H'&'\'Q , both nue
¢ Procedure: To a reaction vessel charged with | (0.5 mmol. 100 mol 0 o

oo silica gel and the product was isolated by silica gel chromatography.

X
Schemme 2. Phosphine-Catalyzed Regi ive Allylic
Amination of Cyclic MBH Acetates 7 and 8 o
: PBu, (20 mat%) L g 0 [}
4.5-Dichiorophthelimide (200 mol%)
THE (0.1 W) Hy HC Hy Hy
7.X=0 X'O,éS'C 7a, 86%

ax=§ X=5.25°C 8a.71% €@ X=H 91% 58, X=H 92% 6a. X =H, 20%
b, X =Cl.92% &, X = Gl 96% 6, X = CI, 86%

= Procedure: as described in Table §. * Reaction performed at 50 °C.
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N
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Chiral Phosphine Catalysts
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