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Development of Novel Type of Transition Metal-Catalyzed Cascade Reactions
Utilizing Small Ring Systems and the Applications
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This review summarizes the novel type of palladium-catalyzed cascade ring expansion reactions of cyclobutanols
with various unsaturated bonds. The intramolecular cascade ring expansion-cyclizations of isopropenylcyclobutanol
proceeds smoothly in the presence of the palladium (II) complex. The diastereoselectivity of the obtained naphtho-
hydrindans can be controlled by the choice of the reaction solvents. As an application utilizing this reaction, total syn-

thesis of (+)-equilenin has been achieved. The reaction of allenylcyclobutanols with a iodoalkenyl side chain with a pal-

ladium (0) catalyst produces the cyclized products that have seven- and eight-membered rings. The reaction can be suc-
cessfully applied to the stereospecific synthesis of a-substituted cyclopentanones with a quaternary carbon stereocenter.
The cyclobutanols containing a propargylic component react with phenols in the presence of the palladium (0) catalyst
to afford the phenoxy-substituted cyclopentanones via a nucleophilic addition-ring expansion process. The reaction also

proceeds stereospecifically to afford the corresponding products with high efficiency.

Key words——cascade reaction; palladium; ring expansion; four-membered-ring allene; propargylic compound
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Table 1. Diastereoselective Construction of Naphthohydrindans

OH
N

10
Product
Entry Pd(ID) Solvent
10 :11:12: 132 trans : cis Yield (%)
1 PdCl,(MeCN), DMF 15:33: 4:48 48 1 52 56
2 Pd(OAc), DMF 43 5:47: 5 48 1 52 61
3 Pd(OAc), DMPU 36: 0:46:18 36 : 64 81
4 Pd(OAc), NMP 36: 4:50: 8 40 : 58 52
5 Pd(OAc), HMPA +THF? 24: 1:61:14 25:175 61
6 Pd(OAc), CICH,CH,Cl 83:17: 0: 0 100: 0 69
7 Pd(OAc), toluene 88: 9: 3: 0 97: 3 61

a) The isomer ratio was determined by 'H-NMR integration of angular methyl signals (6 1.19 for 10, § 0.55 for 11, § 1.15 for 12,
§ 0.67 for 13, respectively). b)) HMPA : THF=1 : 4.

Association of Pd catalyst

Pd(ll) between olefin and hydroxyl group

Coordination of HMPA trans-hydrindan
to Pd catalyst (L = HMPA )

Scheme 3
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Table 2. Intramolecular Cascade Reactions to Construct Bi-
cyclo [5.3.0] decane

I
R
| 10 mol % Pd(PPh3)4
N Ag2CO;

25a R==0H 26
25b R="10H

Entry Substrate Solvent Temp(°C) Time(h) Yield(%)

1 25a DMF 80 0.3 26

2 25a THF reflux 13 17

3 25a toluene 80 16 63

4 25b toluene 80 16 67
pd* Ln

HO | HO n o\
| Pd(0). [:¥:f7{ﬁf§ L E‘¥:jif;] —Pd{D)

n-12

24

Scheme 6
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Table 3.

Intramolecular Cascade Reactions to Construct Bicyclo [6.3.0] undecanes

R I\ 10 mol % Pd catalyst
/\J Ag,CO3, toluene
” 12h
27a R==0H 28a R= IIH
27b R="10H 28b R==
Entry  Substrate Reagent Temp (°C)  Yield (%) Ratio
28(a or b) 29 30
1 27a Pd(PPh,), 80 26 46(a) 23 31
2 27a Pd (PPhj) 4 reflux 53 0 62 38
3 27a Pd(PPhs)4, 4 A MS 80 60 63(a) 8(b) 25 4
4 27a Pd(OAQ), dppe, 4 A MS 80 81 22(a) 23(b) 48 7
5 27b Pd (PPhj), 80 24 100 (b) 0 0
6 27b Pd (PPhj), reflux 34 0 100 0
Table 4. Cascade Ring Expansion of Allenylcyclibutanol 31 with Aryliodides 32a—e

ol

7LV rouardy =)V 31 EHWTKRELZ
L % Table 4 1IT/R9. AE 31

N7z (entry 1).
THRE 21T o 2SR, RUSRE 80°C IZH W TR

5 mol % Pd(0), Ag2CO4 R
toluene, 1.5-20h
31
Product
Entry Catalyst Arl T(Sg)p
33:34 Yield (%)

1 Pd, (dba) ;- CHCl;, dppe 32a: R=H 60 60 : 40 80
2 Pd,(dba) 3+ CHCl;, dppe 32a 80 88 : 129 70
3 Pd,(dba) ;- CHCI;, dppe 32a reflux 97 : 3@ 57
4 Pd (PPh;) 4 32a 80 33a only 80
5 Pd (PPh;) 4 32b: R=0OMe 80 33b only 72
6 Pd (PPhj) 4 32¢c: R=Me 80 94 : 69 89
7 Pd (PPhy), 32d: R=NO, 80 33d only 66
8 Pd (PPhj) 4 32e: R=Il-iodonaphthalene 80 84 : 167 79

a) The isomer ratio was determined by 'H-NMR integration of olefinic methylene signals of the products (6 4.87 and 5.01 for 33a, § 5.22

and 5.34 for 34a, J 4.82 and 5.00 for 33¢, 6 5.18 and 5.32 for 34¢, § 5.11 and 5.27 for 33e, J 4.99 and 5.06 for 33e).

bNBHTENTHEIND., EEAFINENEATN 1A 33a, 3da DI 88
397 13 &, RORIBED LR EEHIT

WX LINT DL
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AR T ADNAKREEEREDY Y —)ViEH S (entry 4) . ZI:}irE\ IFkk & 723 T U —)b 32b—
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WO F p- ARFI—RKXRXE 320 2ZHNE
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LOBRBILKKIENEIT T D52 NN ERS 2
(Table 5). TROBHEE 46 & p- 7 L) —) 45a

%3 % (Scheme9). DIREMIZH L, 5mol% d Pd,(dba);+ CHCl; &
Z O 7 O IVFIALEY O D RO HE B
U, EFRRBE7ONNVFINIZATIVEHEZRET S -

. ) . : 0CO,Me cat. Pd(0)  Pd’Ls OMe o
yOTE )=l EREAE RO BRIk I— = PNH S & e
RILKR N EEZR LUz (Scheme 10). 2 T 72bH )N 37 a8
T LM, EE 2 ERERIEERASE PdL,

> ° ° N o= 33 iy ok = ' 4..Nu_
L, m- TSN FLRT DT DEED LR, ? — \‘r’ﬂw Fao Y
< SREEH DA INERET 7- 7 VLIS T P07 LA 43 3; Nu Nu
N Y. = rom el S 4 ~, 40 41
WAL, 0% ERORILARISAHET L TR
BMBRINEI70R2Y )2 MBERTSH0 Scheme 9
PdL, o
0
HO  ocOMe . 8 v " N
cat. Pd(0) L__L:’
R R R
42 43 44
Scheme 10
Table 5. Cascade Reactions of Cyclobutanols with p-Cresol 45a®
Entry Substrate Product Yield (%)
OH 0OCO,Me o U/Q/
1 — é}\ 81
46 47
OH  ocoMe 0/[::I/
2 = 80
NN G NN
48a 49a
0
OH OCO;Me || || U/g/
..||—_/
3 [ 83
O ay
OH OCO,Me ? O/O/
4 - 99

52

53

a)Reactions were carried out in the presence of 5 mol % Pd,{dba), + CHCl,, 20 mol % dppe
and 1.2 equiv. of p-cresol 45a in dioxane at 80°C for 1 h.
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20 mol % @ dppe % N )L T > i H 80°C THEM &
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47 N 81 % DINRTH KL TE7 (entry 1), HE
LTy 7075 B ECTIVFIIVEST £ Z)VE
ZRD b T 2 ADINAKECE D 48a, 50 = W&
Wik, RS20 70X ) 49a, 51 InFNn
FUNHE—DREARE L THE SN/ (entries 2 and
3). T EHOS2 2HWEHEITIIHEYT SRk
BIES3MFTERNICERT D EN Mo -
(entry 4). DL EO#ER, A BN IEALE B O8N A 2
RN EFL T raR>yY ) 22525 T
EMHENERS .

RICHE 48a LDV T AT L A< — 48b ITHt
LkxTnT7 /=) 45a—g ZER S B TRISZLT
> 7c (Table 6). ZDHESE, 48a [TXt L E TG54
DEHRIEEFFD T £ /=)L 45a—d ZHNWHEIT
WEEINERT b T > AR O AR 49a—d AUEIRAYIC
ARk U7z (entries 1—4)., ZhicxlL, 7z /—)b
FoBEBILDE TSI DI DN TEMIK S5
HEEFICESN S XK DIZ7 D (entries 5 and 6), p-

—ha7x /=)l 458 =W HE I RMEK 55
DAHRMWERLE (entry 7). ZHUi 7= /—IVEHE
OEMEENERTLZEICKD, 7 /=)L &
& U iR D B LT L7z & E A 6N
5., —FH, EBEIZPTY AT LAY — 48 ZH =
LA, SRR SS D ERERE L TH SN
(entries 8—14), |ETFHGHED4- A FF T x
J =)V 45b K T)2,4,6- NU AF )7 = J—)L 45¢
ERWESEIIBNTOAR, P ARONKEEZE
% 54b U Sde IV FRPERE DIREM & U THRLL
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Scheme 11 IZA F i iZ BV 2 YEAR IR ME D 37 1
WaRd, SAERERIEIZRILKOEEICHT S n-
VADIZAV VNN LN AV S IV i S
STREINDHDEEZEZENS. HHEH 48a DS
WIdRO BN FHIIRE L EDONSEBREA &
#CHALDHETL, T2 ARORAEE 49 22 4R
MIZHGATZbDEEZEZ LN, FAKICHE 48b O
BEBBBIRREB 2T A8 D 54 IEDITE R
THHDOLHEEINS. LLRERNS 54133k
IBRIRFEIC K OARRETH 272D SITE M LNE

Table 6. Cascade Reactions with Various Substituted Phenols

. mol % Pds(dba);-CHCI3,
(’)s/ 20 mol % dppe, dioxane *
80°C, 1-2h s 6

48a R==0H ! 49a-g R'=1H 55a-g

48b R="10H 54b-¢c R'===H

Entry Substrate X Product Yield (%)
1 48a 45a: 4-Me 49a 80
2 48a 45b: 4-OMe 49b 98
3 48a 45c¢: 2,4,6-Trimethyl 49c¢ 920
4 48a 45d: 2-OMe 49d 93
5 48a 45e: H 49e : 55e=65 : 352 94
6 48a 45f: 4-C1 49f : 55f=68 : 329 67
7 48a 45g: 4-NO, 55¢g 23
8 48b 45a: 4-Me 55a 92
9 48b 45b: 4-OMe 54b : 55b=36 : 642 98
10 48b 45¢: 2,4,6-Trimethyl 54¢ : 55¢=23: 77?9 98
11 48b 45d: 2-OMe 55d 93
12 48b 45e: H 55e 97
13 48b 45f: 4-Cl1 55f 96
14 48b 45g: 4-NO, 55g 70

a) The product ratio was determined by 'H-NMR.
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48a -AOH
cat.Pd(0)
JAr
H wPd*L o
ArOH S JL Ar
48 —— — E— NG
cat.Pd(0) o
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— Q’L
R
55
Scheme 11
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KEISZBFELZ. 25 OBRILAKIN T EEICE
XNz raR>y ) DEERTDH L WREE
LT, S%AEMIEMERAY ORI G E DD Ik
ZIZAERANDIRANRGEIND. £AURT

BONARZHIZ, MhoBEBGEHARZH /2
ot Y BRIL R B DB FE 2, 3030 ARFZEERIT BN T
RSN ZBILRRE D Y1 7 IVRIRIZE T 2178
NDOEMBEFICXOIETDONTHED, 230 5
BINSOMETHOERDFERNMIRHINS.

B AWFFEICER L, #BTXEEBOE L
RALKRZFREBE AR HEIEREEER, HALK
FEEE WAL AR EIRITHE A TTRREE L X
9. EARWFFEOFEMIT Y 7= D HIEICE O HEEETH
ZE LB LERZERRFIEEE  RARHZIRIC
JE<HILHBLU EFET. I5IRERICTHIWEE
W 7= Ain-Shams K %% 3K %2 #f Mohamed Abdel-
Hamid Ismail ##%, ZAELEL, EEFEEL
RSB L £9. b, AFKO—FIXHAY
MR SREHIFFEE R B ICID2DDTH D, i
TR L £9.
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