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Carbene as a Ligand
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WFZer S OBEEE (F10) : SR FE~T a g h L (NHC) #EN 1 & 9 % RhDEEAE S L.
ERC AT A F— LD a7 VbR ISICEH L=, 2085, NHC I Y BT &
FIEEIZE R T v b6 EEITSE 5 2 LR LN -7z, F£72. RhI)-NHC $E1K & {f] 8
WCTNNX L HFFOT LA TATE REDORILERF LTEEZ A, B RaT7 B RO L%
VOMARISICE VAR LIZEEZOND ZBRAULAY DB BHRINETHEOND 2 RAHL
2o SHIZ, ARISERFHICT L=AT AT E ROGFHNE R T U ALRIGEDOBIFICH AR
L7z,

R OBEE (3530) : A Rh()-NHC catalyzed hydroacylation of 4-alkenals was investigated.
As a result, it was found that the hydroacylation of 4-alkenals using a NHC as a ligands proceeded
smoothly, giving cyclopentanone derivatives in high yields. And during the course of my
investigation, it was also clear that the reaction of allenyl aldehydes, having an alkyne in the tether,
with 10 mol% Rh(I)-NHC complexes at 65 °C produced a 5-8 fused bicyclic ketones in high yields.
Furthermore, I succeeded in Rh(I)-catalyzed intramolecular hydroacylation of allenyl aldehydes.
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I 33T B Al LR A BEAT 3= <L SCHERBE SN
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ZDOHLDOERNTRIGEATR S T2, e %
EUY L7 (run 1), £Z2C. KEFHKTT
cod ZFREL%. MIGEATRST2D I D5
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-7~ (run 3),

(]

;‘h\/\WH 10 mol% Rh-NHC
CICH,CH,CI
o reflux Ph

Table1. 12 2a

run catalyst time (h) yield (%) SM rec. (%)

1 Rh(IMes)(cod)Cl 17 0 89

24 Rh(IMes)ClI 17 0 88

3b Rh(IMes)(cod)OTf 25 90

2 Rh(IMes)Cl was generated in situ from Rh(IMes)(cod)Cl in
dichloroethane under an atmosphere of hydrogen at room
temperture for 1 h.2 Rh(IMes)(cod)Cl+ AgOTf (12 mol%)
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Table 2. Hydroacylation of various 4-alkenals?

run substrate conditions product yield (%)
Bu o
1 MH reflux, 5 h % 80
(¢}
1b 2b Bu

2 9 flux, 60 h i 44
retiux,
WJ\H ﬁ
h 2a

1c P

0 0
3 @i 40%C, 2h @ 72
1d 2d
o}
reflux, 1 h @ 82

1e ph 2¢ Ph

2 All reactions were carried out using 10 mol% [Rh(IMes)(cod)]OTf.

(2) Rh(D)-NHC S5 X B8 T v v %
BOT7 L=/ T7 /LT b ROBRLKIGD B3
A AR TR B I AR JE AR & He k9~ 2% LA
AT =177k K 3a & RhDEEKRLE D
FIc kv, =% 2B R AR T %
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L TV 7= (Table 3, runs 1,2), + Z C. e
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(run 5),

o)
E. /~F 10 mol% Rh(l)
c o 0O ———~ E
. GICH,CH,CI
NH 65 °C E
3a: E = CO,Me 4a

Table 3. Examination of Rh(l) catalyst

run Rh(l) time (h)  yield (%)
1 [Rh(PPhg),]CIO, 14 23
24 [Rh(dppb)]CIO, 14 18
3 [Rh(IiPr)(cod)]CIO, 16 23
4 [Rh(IPr)(cod)]CIO, 16 14
5  [Rh(IMes)(cod)ICIO, 2 76

aSM was recovered in 22%.
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Scheme 1.

3a: X = C(CO,Me),
oxidative
reductive addition
elimination
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Scheme 2.

o
10 mol%
E F [Rh(IMes)(cod)ICIO, g
o ————
E
E . CICH,CH,CI

s~y G )
3a-D: E = CO,Me 4a-D

D-content 97% 73% D-content 97%

Z 2 CARRIG O FLH O YRR 2 HHE L
Fkx 72 BEE & OROSZBFT L7 (Table 4),
ZORER, TAF L Eo@E#ILE LT Ph &
R TMS A4 FFOREE TH ROSIERBAF IR
TEITT D2 B bho7= (runs 1,2), F7-.

ARBOSIA~T B BRARIZHAHATE, 61
TNHxFCETORFHE DR THZ L
WXV 68D HRAULAEW A bAKT HZ &
M hyo 7= (runs 3-5) , Z D X H 12 . Rh(I)-NHC
BERIL. B Fr T bR YT L% v Offi A
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Table 4. Rh(l)-IMes catalyzed cyclization of various substrates?

run? substrate time (h) product yield (%)
Ph Ph O
Pz
MeO,C, Z4
1 z ><r o 2 M902C>C€:6 71
MeO,C X MeO,C
2 'NH 2
3b 4b
™S ™S O
MeO,C_ /~F
2 o.C o 1 MeOC 90
Me X MeO,C
2 a MH €02 e

o/\/
3 0 1
N X,
3d

49

g%

4d

™S ™S O
///
4 TsN [e] 1 TsN' 80
\/\\'
v\)I\H
3e 4e o)
Z
Z
Me02C><:\/
(e} 85 MeO,C 70
MeO,C N, 2
'NH MeO,C a

3f

2 All reactions were carried out in CICH,CH,Cl at 65 °C using 10 mol%
[Rh(IMes)(cod)]CIO,.
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DG~ RET _REH IR
WCHIBRE VIR 25 7-, T7hebb, 7L =/
7T b R B5a L RWDSEIRE % 358D 4-4
JF UAFE TGS ED L IZIEEEMICE
bR 6a NEHNHZ & &2 R L7~ (Scheme

3) o
10 mol%
Scheme 3.
cheme [Rh(dppe)ICIO,

O CgH;—=—CgH, o

MeO,C y (3eq) MeO,C

MeO,C \ CICH,CH,CI MeO,C

5a . 65°C, 1h 6 |

>\ 98% 2 5y

Bu
(0]
MeOQC><:4§7
Rh
MeO,C
H
Bu /

RhDEERIZC L AT L ET AT RDSY
FM e Fua 7 U AALROG D #HE T HEE & 5
B, DT RNISITBIEE Ty, 22 TEDH
W2, RSS2 MRS Z Ll LT
(Table 5), FT. ARG CTIREZELRDIC
BORAENTWARWY 4-F 7 F U ZRWVTK
ISEAT IR o Te & T A, B & Z LIS
MOIEENBIZE S, F8RIBIK 6a 12T L
AEBEN > T2 (run 2), —J7. KIS
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btk 6a #5252 L3 o->7 (tun 3),
o RKRIRIE 65°C THHEEATL, I HI2fih
BEEY 5 mol%E TR TE 2 Z LA LD
1272 -7~ (runs 4,5),
cat. [Rh(dppe)]CIO4
4-octyne
CICH,CH,CI
Table 5. Investigation of reaction conditions

Rh(l) 4-octyne

run (Mol%)  (mol%) temp. time (h) yield (%)

L 10 ; 300 reflux_ L. %8 .
2 10 - reflux 24 complex mixture
3 10 20 reflux 1 98
4 10 20 65 °C 1 98
5 5 10 65 °C 1 98
ZDOEITTNHFDARRISIZE W THEH
ERBE 2352 EBHLNTRSTDT,

DITER A REREEFFOT VX 2R
LSBT 8Lz » £F 44
JF L ERIUHNET LF L ThHD Th <2 Te
ERHWCEIGEITR o7, WThogs
H RS 5ERE Ly - 72 (runs 2,3), F7-.
7t%vy9ﬁwﬁyﬁf%w(m>%m
W5 E . N ETET. R ZITIE
EBIIZEIN T DRI/ 572 (run 4)
— 7. R T VX T D 1-F 7 F 2 (Te)
ERWESEAEICH, RIS FEF TEIE LT
LES>ZENboro7= (tun 5), Z DOFEE
MOARMNET NV F o Eo@E#ILIZ K& <
WEBEINDZERbhotl, BIE, BEED
18 S PH M OSSO 2B L CREmm Tt
FTHD,

5 mol% [Rh(dppe)]CIO4
10 mol% alkyne

CICH,CH,CI
65°C
Table 6. Hydroacylation in the presence of various alkynes

6a

run alkyne time (h) yield (%) SM rec. (%)
1 CgH,—==—C3H, (7a) 1 98

2 Ph—=—Phay) 24 m= 2
3 TMS—=—TMS (7¢c) 24 29 52

4 MeO,C—==—CO,Me (7d) 24 - 95

5 =—CgHi3 (7e) 24 19 56

(4) Y EANLT- & FF O Rh(D-NHC §5
oG E e Ra 7 (b kOB 2%
Bt ~DF|

AAFFERFF 1 LHOE, AR O SR &
LCHEBEZBARTWS A AR (L) %K
IR L T A Y o s AR E R T v
AL B B OVBR AL SEPEAL B D BH 38 12 Bk 2
L#ELTWD, ZoED®RE, RCLT
Pk D RhOEER CTHEITT D 2D DO
ZEU IL TR THAED U1 7 v
NBRNRKEL B D ENHLMNI o T
(Scheme 4) .

Scheme 4.

Hydroacylation o
[e) 10 mol%

CH
[Rh(dppe)ICIO,
@lﬁ [BMIINTY,] (jié
1c t,1h 2c

cyce 1 2 3 4 5 6 7 8 9 10
yield (%) >99 97 >99 99 98 99 >99 >99 98 >99

Cycloisomerization
10 mol%

R/ ~~ [Rh(dppe)NT, R
= NN [BMI][NTf,] R =
7(R=CH,0Bn) ~ ©65°C,2:6h 8

cycle 1 2 83 4 5
yield (%) 96 95 94 91 772

@ Mixture of cyclic compounds.
ZOJREKIEFBZ 5 < NHC AikA & H1 o
HiEZFF> IL (9) 7225 NHC 24k L,
Rh(D)-NHC $5ADFUGSRAN TR S LTV D
72O TRV EE 27 (Scheme 5), 72
H. Z® Rh-NHC §5K 10 28 a7 2k
Jiﬂ? iEMZ R TS 00, BRI
FFEEAEHEEERI RO TE RN
8:3%27’:0

Scheme 5.
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S
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[BMI][NTf,] (9)

T ZTERE

Z dppe & NHC O i J7 % Flhr+
IZFFD Rh(DEEAE 11 25k L. ZOIEMEEZ R
RHT LT LT, ZFOFERE. Rh(I)-NHC Sk
11 & AgNTE 2 LIRS S5 1 774 M Rh(D)
SEIR 12 1Z. B Fua T Y bRIS &2 T S &

5500, BRAGEMAGINITIZE A EHEITS
deiﬁlz‘ o7 (Tables 7,8), ZDZ
X HE P D TAE @Dm%ﬁEﬁ%kTé_
N ZODORISIZEIT Hio VA 7 v
EDE D, Rh(I)-NHC SR DOERIZ LD
HLOTHDLI L ERBTHERTH D,

10 mol% Rh(IMes)(dppe)Cl (11)
10 mol% AgNTf,

rt, 10 min
R R 10 mol% l Q
; IRn(IMes)(dppe)INTH, (12) R
2\)\( CICH,CH,CI, rt
R2 O RS R?

Table 7. Rh(l)-NHC-catalyzed hydroacylation using various substrates

run substrate time ( product yield (%)

1 N 5 é >99

@%@
(Lo (Do -

2 cis/trans = 91/9.




10 mol% Rh(IMes)(dppe)Cl (11)

10 mol% AgNTf,
l rt, 10 min
10 mol%
R Y [Rh(IMes)(dppe)INTf, (12) R R!
R><:§/\V R? CICH,CH.CI, 65°C,24h g R

R = CH,OBn

Table 8. Rh(l)-NHC-catalyzed cycloisomerization
using various substrates

run substrate yield (%)
BnO N
Bno><\</\

2 a
BnO NN
BnO =

3 .a

4
4

BnO

@ Complex mixture.
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