YAKUGAKU ZASSHI 131(11) 1563—1573 (2011) © 2011 The Pharmaceutical Society of Japan 1563

—Review—

BRfIR G & £ & L 7o ERIR S OBFT 3
A+

Development of Domino Reactions Based on Skeletal Rearrangement
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Domino reactions, which enable formations of several chemical bonds and multi-step transformation in one-pot
process, have received much attention as an efficient synthetic methodology to preserve chemists from time-consuming
purification protocols and protection-deprotection procedures. Furthermore, the domino processes containing skeletal
rearrangement have been utilized for constructions of complex molecules because of their potential that they could
afford entirely different valuable structures from readily available simple substrates. We recently developed novel domi-
no reactions including ring enlargement process, which could afford biologically important cyclopentanones and nitro-
gen heterocycles. In this review, we will describe 1) a novel type of palladium-catalyzed domino insertion-ring expansion
reaction of dienylcyclobutanols, which could enable a stereospecific synthesis of (Z) -2- (3-aryl-1-propenyl) cyclopenta-
nones, 2) ruthenium-catalyzed domino ring expansion-insertion reaction of 1-acetylenylcyclobutanols for a construction
of 2-alkylidenecyclopentanones, and 3) DIBALH-mediated reductive ring expansion reaction of oximes and studies on
the reaction mechanisms. The rationales for the observed stereoselectivities in each reaction are also discussed.

Key words——domino reaction; rearrangement; palladium; ruthenium; DIBALH

1. IL®IC

AHEOIROIERICK D% IR BT S N,
EHERIEN D T ANDEERT 70 —F BRI T
ETND, INETIEEBEBATERSN T
RER ST OERD, EFEICBWTHZICHEIN
R KON DOREMICR LEIT 552 &
BTN, KR, —EOBAETLEB OEHK
INEFITL, RO 2Rk S B4 2 Ei K
PN, JEHEIRERRE OB IES, (R - PR ORE
BOEMREE WS &M, RO E WS %)
RO EOARIRS T, HEEOEH L WAL E /s
HWEDBPOWD TEMNAREERDHZEHHD, EH
EEOTVDS, 351, HAGEEZ SO E KIS
X, AFARGREMAEE BV THKERHEE

LR 2ER BT 2EDFZERE (T980-8578 fIlE i &KX
BT 6-3)

BiFT)&E @ &I RZERFABEEE AR GRS 3
BLERFZE R (T930-0194 & (LA 2630)

e-mail: ksugimo@pha.u-toyama.ac.jp

AL, SRR 22 FFE H A E S RAC TR (5
B OZEEZLEL TRBLAEDDTH 5.

t2d5T7D, BERNKEEOHIETTTS
T ETHMSBEZRDILEMOBEITHNSNT
/2 10

INFETIEAS, HESIZK, 7074 /—)b
HEAMETELUTUEAL, TORIKAKIGZEHE
LTRBY, 7% ) —=)VIlHiET HxFEEINT
DL E D TRETINIEMALT 5 2 & THALN
HITL, SRR 70Xy ) VikEREE
ZBHTERFBWHL, ABEEEYE S RIS A T
BETHDHIEEREILL TS, 7D EHKL, ZOR
WRFOSICIEBR L, xR fafgEa 2o 70
TE ) —IVEERDOEBEBRSBICIDIEEILERS,
R B bt & ik SR S O T BRI its & D L B 2
ERA L2tk Eiisklefros o>y ) 5%
BRKOREZE LWL 7.

X/, BEEAORE L TEEASEEERRD
MesEiE L LT, DIBALH 2 HHW/=FF S ADET
BRI D — P DILIR &, FOSHERE D fFIAIC ©
WMOMA, EHESRHAEZES I EITRYU.

ARTIE, EENINETICWMOMATER, Z



1564

Vol. 131 (2011)

NS DERAL I 2 L AR A 72 G 24 R R I D W
T, TNZFNUITBWTEHE I N RERMERBE O
HRED SO TS 5.

2. NTPULMEEARW I )L 7074
/ — L DEFERILK RIS
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Fig. 1. Pd-catalyzed Insertion-Ring Expansion Reaction
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Fig. 2. Reactivity of (Z)-4 and (E)-4
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Fig. 3. Using Various Aryl Iodides
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Table 1. Reaction Using Various 1-(1,3-dienyl) cyclobutanols
with Iodobenzene*

Entry Substrate Product Yield (%)
d\j ém .
Pen ~Ph
@)-7
74 (0]
5/, \L
2 1 _OTBDPS Ph 64
OTBDPS
trans-(Z)-9 trans-10
/ O
X
3 Ho'"'/§ 53
$ Ph
< QTEDPS OTBDPS
cis-(Z)-9 cis-10
82
(Z:E=53:1)
@)-11

< All reactions were carried out in the presence of 1.5 equiv of iodoben-
zene, 5mol% Pd,(dba); - CHCl;, 20 mol% P (o-tolyl); and 2 equiv of
Ag,CO; in toluene at 45°C for 3-6 h. » Pen=pentyl.
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Fig. 4. Plausible Reaction Mechanism for Domino Ring Expansion Reaction
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Fig. 5. Rationale for Stereoselectivity of Ring Expansion Reaction
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Fig. 6. Mechanism for Production of (E)-12
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Table 2.

5 eq Alkenes

20 mol % Ru(ll) catalyst
toluene, 60°C

HO
 (—

Li\e{,
24

Initial Attempt on C—C Bond Formation-Ring Expansion Reaction

Entry Alkene Ru(II) catalyst Time (h) Product
1 [RuCL (CO);], 24 complex mixture
2 [ (p-cymene) RuCl,], 24 complex mixture
3 /\© Cp*Ru (cod) Cl 24 complex mixture
4 [CpRu (MeCN) ;] PF¢ 24 no reaction
5 CpRu (PPh;),Cl 24 25(13%)
6 A0 CpRu (PPh3) ,Cl 24 no reaction
0 26(60%)
=z
7 /\f CpRu (PPh3),ClI 10 Z) : (B)=5.7: 10
¢ The ratio was determined by isolation of the each products.
AFVOHEET Y -F LN o0 T8 =) Table 3. Optimization of Reaction Conditions for Domino
R Ring E ion Reacti
41T LR A DIV = AR IER S 67278, H e X"?Zj‘“ saenen
& U O ETE 9, HE— CpRu(PPhy), HO
OB & BRI, OB Lk 25 L éogoupgh ) m
4 pRu(PPhj),
w2 Sy 48 > - o fcd 4 % itive
RINEZ N SHE SNz (Table2), EHITFL T4 i ol e 526 y
JIDWTHE 2T/ E 2 A, TFIEZINI— o
- . . Yi %
TV TIRRIEAHEST U732 7225, MVK 2V 7 R - o
Z)-26 E)-26
BRICHM & U 7zdnf &4 A &R IC#EfT L, 60
1 none 40 48 no reaction
PG | 3 el
BOWRTTIVFIF oo raxR2b ) 226 &5 5 one 60 20 49 1
RS L 7=, 3 none 80 4 50 14
5 ROBTREE, additive DRFHIT & 2 IO 5 4 none 100 2 35 13
{bZf7> 7= (Table 3). Z DR, KILNiEE 60°C 5  BF;-OEt, 80 0.5 38 9
TR BIFREREG A5 2 EMDMND, Lewis 6 CeCls 80 2 >4 14
£ LT CeCly DIRMARIERINTH B = & % B 7o Mech o802 o
M eCly DU, - 8 YCl, 80 2 47 6
U7, 728, ZODOFE, Bronsted i S Uf Lewis i 9 ZrCl, ) 1 48 14
# - Bronsted H{ & O EMIINE O Kig 755D % & 10 (£)-CSA 80 2 9 19
oLzl eEns, ZOEGENRERARNIE, & 11 K,CO; 80 24 complex mixture
12 PPh; 80 48 no reaction

AT B MVK OIEHLNEETH S Z ENREBEIN
7‘—:' 31)

V=7 Wbl B OBAL T O RIC DWW TN
EZA, HIRFEWHIEN G SN/ (Table 4). &

B
50, RGN T N OB A & R D HER X

T4 2ERMT ET IV T 20 L2332 FnN T
HBHYT D (2)-26 ZERWITHEADDITHL,
JEBRCAL T2 A 9 280 2 s &, ROSKFHE O IE

BENRORIESME TR SN, £, RONE
BWHTEDITRAT2REEL S 2 [CpRu(CH;

CN);]PF 37 ZH W5 &, CpRu(PPh;),Cl % W

B EFRBRDONETHREREZGEAZS5HDD, (E)
26 B TEHEONSHERENESNTZ. 51T,

Z® [CpRu(CH3;CN);]PFs ZHWTH, "X T o
CEAL T OEEFE R TIX (2)-26 DAERNELT S 2
ENMo Tz,

(E)-26 KON (Z)-26 DAEKEHIZDONWT, (E)-
26 ZBASIFWETORBEAERTHD ETHIL, &
75 MEt 21T o7z (Table 5).3® J7nd b — B
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Table 4. Phosphine Ligand Effect

0 )

= - > 3 % =z 0
10 mol % Ru(ll) catalyst
y O 15 mol % CeCl; , U4 s 4

24 toluene, 80°C ()26 ()26
. Yield (%)
Entry Ru (II) catalyst T(llrll;e

(Z)-26 (E)-26
1 CpRu (PPh;) ,Cl 2 54 14
2 CpRu [P (p-tolyl) ;],Cl 2 50 11
3 CpRu [P (p-F-C4H,) 51,Cl 1 49 10
4 CpRu (dppm) C1 28 9(17)¢ 6(11)«
5 [CpRu (MeCN) ;] PF 4 17 46
6b [CpRu (MeCN) ;] PF+ PPh; 10 38 12
7b [CpRu (MeCN) ;] PF¢+P (p-tolyl) 5 4.5 37 10
80 [CpRu (MeCN) ;] PF¢+P (p-F-C¢Hy) 5 5 41 12
80 [CpRu (MeCN) ;] PF4+P (p-MeO-CgH,) 4 46 1

@ The yields in parentheses are based on recovered starting materials. » 20 mol% phosphines were added as ligands.

Table 5. Conversion of (Z)-26 to (E)-26

o S /\fo 0 e 0
P P . = 0
toluene
e 4 80°C \a 4 , 4
(2)-26 (2)-26 (E)-26
Yield (%)
Entry Conditions _—
z) (&)
0,
I 10 mol% CpRu(MeCN) ;PF, 27 51

15mol% CeCls, 4 h
2 10 mol% TsOH, 4 h 9 73
10 mol% CpRu (MeCN) ;PF,
15 mol% CeCl;, 20 mol% PPh;, 4 h
15 mol% CeCl3, 2h

82 —

68 5

L= (2)-26 005 (E)-26 ~D R ERZTT
o7&l A, ROBRILKKIGIZT (E)-26 %R
WCH A48T, HHER (E)-26 ~O RN H
507z, ZOREMIE TsOH fill i F/E FIcB W T
HEEINZ—HT, (Z)-26 23ZRNIE 2 /-H
BSOS DR TIREME T E A E#EIT LMD /2
ZEMS, RAT 4 VEMTOFHNEEMEITEXD
CeCl; DENHIHI SN TWE EEZBNS, Tk
DB, (E)-26 AT, HEirmii—iH A KRS E
T TOREREFICTREICEDEIERIENTY
50 EHEHRIL .

DUbEzfeEHdE, RROBOEBIIRDOKLDITE
Z6N5 (Fig. 7). £TRIGRFICTAR<ED 1

Cp_ Jtn Cp._ tn
Fliu Ru
0 0 0 o
7 = 7 H. oy CPRUXL
F R 3 g R 30 Y
<R
2
e '
/\fo O RuL,
=
( ( HX
R
R (2)-29

Fig. 7. Plausible Reaction Mechanism

DENLEDZENTZI T Z T ASEEN 2T DT v F L
EBALICEALL, VEMET A I LT, MER EOK
FMTEFL > EORFEAEIRML (28), EZIL
WTZ O LfE29 2R T 5. IHICZNITKHLT
MVK QARSI Z D, VW TFZIALL /) L—h
ELLIENNEzRTCTON MEEZITFHIET
(Z)31%2525bDEEZAHND. THIZZD
(2)-311%, ®RA7 1 VEALTFIEFE FTIE (E)-31
NORMEANMEESND SO EHERIL 7=

ARINZERELZ2 OFEBFICHL TH#EMA L~ (Table
6). DGR, EALMEDEHEZFFDOEE THIS N
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Table 6. Ruthenium-catalyzed Domino Reaction of Acetylenyl Cyclobutanols
Yield (%)
Entry Substrate Product Ru catalyst _— T(‘S/”)‘l

(2) (E) ©

1 Hy i e g0 CpRu (PPhy),Cl 4 9 51

2 >E < 2 - mm-ss CpRu (MeCN) ;PF 23 33 56

3 He 2 s CpRu (PPh,),Cl 33 12 45

4 E5 “ s %/\fu«‘) ‘5 CpRu (MeCN) ;PF, 12 50 62

5 Ho (fzj/\r (f(”\/\r CpRu (PPh;),Cl 38 26 64

6 Ph o 3 (237 ()37 CpRu (MeCN) ;PF, 17 54 71

7 Ho (Efr«? (&T”\/\r CpRu (PPhy),Cl 43 15 58

8 38 (2)-39 (B)-39 CpRu (MeCN) ;PFq 3 49 52

9 HO _ &(\f g\/\f CpRu (PPh;),Cl 3 46 49

10 M905 :OMe oo OMe (741 (E)-41 CpRu (MeCN) 3PF6 7 57 64

HE5ND5HDD (Entries 9 and 10), & & [EREIC " DIBALH " %
AWSRIERIZE ST (2)-k, (E)-kDERLE \ e .\ " LN
” R \ 0°C
S - y4 - H

HIEHTED Z ENpho Tz, Noon X =S, 0, NH not isolated

4. DIBALH Z AW\ 7oA F > L DZFTTHERAIK
,'-I‘.,\_\39’40)
%ég’%fﬁ?#ﬁﬁﬁé ZERIRY 2 13,
HORMELE L THEICASN, ZOXD hEHER
%$ ¥ DG pIE O BT A B G R K N E S,
{EFOHEMNSEHERPETH D, DD, N
V7 EECRFI) 7Y s E DRI G Rk
MEFINTETVDD, i, BEENRERIES
L T, DIBALH %z Wz 4 F 2 A DEITCHERAL K
IR RWHE Nz, WA SITERSFH A F 2 LDl
MR ERE L, 4 513, 7920 F 47>
IR EFERICHERLZBRAF AL THEAT
L&, FFTLAORMBMICERRSFERNSD
HRALISHEAT U728 RBRIR Y X VB — D AR IR &
LTHEensZEaRnlL, EEREHEEYO
BRUCHEFA L TW5S (Fig. 8). 44D L Lah s,
AFED— MR SONERSICB L TOHANZ L <,
FHIICOWTHSMNZEINTWEN S 220, T
5ZHSMNMTT R ZRBL 2.
—MEPEICDNWTHREET 2 X< Flix O ZBREERIK
Koot F L%H8 L, DIBALH % flWiziE
TR S 2 il & 7= (Fig. 9). T DH#EHE, X
YUBEMBRLUAZZBET hooATOREMREL

E/Z mixture

Fig. 8. DIBALH-mediated Reductive Ring Expansion Reac-
tion of Oximes

O8]

DIBALH (6equw) ‘: j
CHZCIZ

N-oH 0°C'ort
E/Z mixture
oy T OO )
H H H H
42: 52% 43: 92% 44: 80% 4573%
D O O O
N N
H N H N
46: 80% 47: 87% 48: 60% 49: 71%
H
N
| L0
A N N
H
H
50: 63%

(R = p-nitrobenzoyl) 51:69% 52: 60%

Fig. 9. DIBALH-mediated Reductive Ring Expansion Reac-
tion of Various Oximes

2R b2 oRE U7 F 2 AT MER <
HE) & U7z SRR OB PR AR IR 42-49 2152 2 &
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MTE, SHIZERETS AT L THFF 24
fbl, BICHWERMGEEATSE, Bl 2
50-52 2 5.2, BERDOARBRST XL UREME
LA+ L TOHEMARRETH D I ENTN- k.
2B, BRAEAR S0 ICBIL TIE, ARUZE BT I
CIMARBEETH oY, N IALDOBEEEL
7z,
BEWTRIMERIC DO W TH R Z&H2 XL, EEBRWY
KOGHEALEN Y T 0 —F 2l Az, TTHHIC
(E)-R, (Z2)-RNTHOFF LS HHE DL
#ik%z 5 2% Z &%, DIBALH 738 T & & O
LewisBE & U THERET A Z &2 5F A, UTDLS
B EEE L (Fig. 10). $hbb, 1%
EHODIBALHIZ X > TS3DOAF L LBEE LD
7o b >t L 54 720, HEWT2ZEZEHD
DIBALH 234 F L AZHEEGZRILL 55 24E 0 %
EEX. ZOBRETHEETOHLZFF 453 D%
BT AR I I NN L&D, 22
TRASGNDOIETIEMNETLS S UL T >
IR 56 &7 o /2%, S 512 3% EHO DIBALH
MINZETL, STITED EHEHAIL 7~

INZFEIALET L, EERIZSB OFF L _HFHkE
B 7% NaBH;CN ICTX DEITL, %4 L ROoF )L 7
58 HEEL /-1%, ZHiTxL T DIBALH %
ERHS® 22 &E L7 (Fig. 11). HREASS 04
RERES S &, %% DIBALH i34 F 2 A% 4
BELEBAERETHI EZZONZEZD, Th
FCEMABKOFHICTTRINEITDIZEZA, TF
LEFRE LB ER—DORIRE KT I > 40
HonsZ ENGho .

S 512 Gaussian 03 7O 5 A Z AW/ 8 EINE
¥k (DFT %) ICHED <M 217> 7259 IR

L7z 54705 56 NG #EE D B3LYP/6-31G (d)
WEBMBITICE S &, ZOmEIE 1 DO TSI
DB TEITL TWA 2 ENnho
(Figs. 12 and 13). ZRINF—F A VT T L5,
EHERII B 25 TSI 2H L T CAEESiHfE
ThHD, ZOBEMETIRMOBIRENREINS Z &
NS MERSTZ, EROFIILT I VBEARDER
BWEIA T A—a e ROF )T I JHEN
WMII7 MU ELEDD ATHDN, AKX
S, E ROFIINT I JENMETFITIVLE S
W, HERLED 1 BTN odo Ml ITFEATITHELE
L, FERNSOBTFHFENIENICEIDES B

1) DIBALH
NaBH,CN (6 equiv) ©(>
2) NaF N

N conc. HCI HN.
OH OH . H
53 76% 58 72% 44

Fig. 11. Rearrangement from Hydroxylamine to Azepine

Energy [kJ/mol]

A
80 —
- TS1 (+64.2)
50 - TS2 (+40.1)
— C (+38.9)
O —
| A0 B0
D (-204.3)

Fig. 12. Potential Energy Diagram of Ring Expansion
Relative energies (kJ/mol) are shown in parentheses (B3LYP/6-31G
).

@ FoAH @ @:; foan @i;o .

(Z) 54

(E)-54

O—A|(
R 56

mz

57 4

Fig. 10. Postulation of Reaction Mechanism
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20 o O
R =Me
~OH

I
|
rAg R
53 (Z)-54 and (E)-54 A

N-=pj . R
R-al /R R-A ™l
R © R 0Z TR
c TS2

i
éﬁ§;>
I
Re,-0 H -
Al

: ~A|’
AI \j o/ R R\f\' / R
R 3-
” B TS1

@2 @&>|
q \\ @C} RoAIH ©(> workup
3+ /) R — 8+ SR N R ey N R _
N
adliae 'S ~ .~ H

57 44

Fig. 13. Stepwise Mechanism Proposed by the Aid of B3LYP Method
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