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A nickel (0)—catalyzed asymmetric [2-+242] cocyclization has been realized for the first time. This reaction in-
volves conceptually new enantiotopic group selective formation of a nickelacyclopentadiene intermediate and produces
an isoindoline derivative (73% ee, 78% conv. yield) and an isoquinoline derivative (54% ee, 62% yield) having benzylic
chiral carbon centers. The synthesizing methods of biaryls using the nickel-catalyzed [2+2+2] cocyclization were also
developed. Two ways for the synthesis of biaryl using [24+2+2] cocyclization were investigated: one method is that
biaryls synthesized from alkyne having a phenyl group and 2 equivalents of acetylene, and the other method is that those

were synthesized from «,w—diyne having a phenyl group at the o—position and acetylene.
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Scheme 1. Formation of Aromatic Ring by Trimerization of
Alkynes
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Scheme 2. [2+2+2] Cocyclization of Alkynes by Transition
Metal
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Scheme 4. Transitionmetal-Catalyzed [242+2] Cocycliza-
tion
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Table 1. Nickel-Catalyzed [2+2+2] Cocyclization of Diyne ¥, BT REMEOBBEZTE DT FL ALK
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- - - 7z, —ﬁx Z, Zinﬁna’fﬂinﬁnm E@?ﬂ@llﬁ@
Run N complex Time Yield SM recover " . . -
(mol %) (h) (%) (%) BRI ZFFOT7IVF 3, BREFEOSEF.ONS
1 100 13 72 — OGRS ZZITOT WY, &EF.OICER<E
2 30 18 84 — METEBZENHENTNWS, LENST, BIAERK
3 10 12 91 - W) 16¢, 17¢ 12 DMAD O = 7 )L N D EAL A TR G
4 : 36 L 14 EHEDICAER LI EEZ BN .
10 mol % Ni(acac),
40 mol % PPhy
DIBAL-H
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//\/NTS * |’|/ THF t HO
12 5
72% (2:1)
Scheme 5.

Table 2.
10 mol % Ni(acac),

40 mol % PPh3

0 5(: o

Ts

'DIBAL -H
R (20 mol %)
N
\/\ + || Ni complex
A~ NTs TTHR R
12 R
14
Run R
CH,OH (14a)
2 TMS (14b)

3 CO,Me (14¢)

17
Yield (%)
15 16 17
7 27 35
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Scheme 6. [2+4242] Cocyclization Using Gaseous Acetylene
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FROBAICEDE, HE 25 27T > Ll
MIARE 2+ 2+ 2] BRIL KIS DGt 217> 7= (Table
3). HE 25212 L, 8mol% @ Ni(cod), 20 mol
% DALIERRMTEHNVRIGET>EET A,
(S, S)-BPPM Z HW/ RIZBWT, 1V 1R
VY KK 26271 45% ee THELNZ. FITEH
IZHEEE 25b 1Tkt L, & O YEEEIE R ECATL T 2
MIihzEfTo/=& 25, (R)-(S)-BPPFA Z /-
BRI B W THE 73% ee T26b 2522 Z L
SinElRot. 51T, [IBEOE S % 1 RFEHER L
T=HE 27T = biﬁﬁi@@aﬂ‘%ﬁﬁ 7= (Table 4).
COREOHEIITHERMFTH S (S)-MeO-

22: (X =C, N, O)

R——R
Rl
X R
R
Il
R 24

Scheme 7. Plan for the Enantioselective [2+2+2] Cocyclization
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Table 3.

Catalytic Asymmetric [242+2] Cocyclization of 25a and 25b
8 mol % Ni(cod),

o 'NR 20 mol % Ligand NR
R—= HC=CH (4 eq) *
\\ THF, 23 °C R' \\
R R'
25a: R=Tr, R'=H 26a: R=Tr, R'=H
25b: R=Tr, R'=TMS 26b: R=Tr, R'=TMS
. Time Yield ee SM recover
Run Substrate Ligand (h) (%) (%) (%)
1 25a dppb 1.5 74 — —
2 (S)-BINAPO 16 66 12 —
3 (S, S)-BPPM 2 82 45 —
4 25b dppb 5 83 — —
5 (R)-BINAP 140 57 22 18
6 (S)-BINAPO 115 52 18 14
7 (—)-DIOP 18 87 0 —
8 (S, S)-BPPM 18 92 60 —
9 (R)-(S)-BPPFA 150 52 73 33
O PhaP, H, c|-|3
OPth PPh l_}\,pph PPh “dN(GHae
OPPh2 PPhy 2 >( ]/\Pph: (_pphz
O o oc PPhy
(CHa)z
(5)-BINAPO (R)-BINAP (5,5)-BPPM (-)-DIOP (R)-(S)-BPPFA
Table 4. Catalytic Asymmetric [2+2+2] Cocyclization of 27
8 mol % Ni(cod),
///\N T 20 mol % Ligand NTr
r
HC=CH (4 eq) *
2O THR2:3°C il
H H H
27 28
. Time Yield ee SM recover
Run Ligand (h) (%) (%) (%)
1 dppb 45 97 — —
2 (R)-BINAP 137 — — 82 OO
OCHg
3 (S, S)-BPPM 40 42 6 53 PPhy
4 (R)-(S)-BPPFA ) 2 1 78 OO
5 (S)-MeO-MOP? 1.5 36 58 —
6 (S)-MeO-MOP® 1.5 62 54 — (5)-MeO-MOP

a) The reaction was carried out using 40 mol% of (S)-MeO-MOP. b) Acetylene was used 10 eq to 27.

MOP N —HFBE WL F > FAERMEEZRL, 1V F
J U AR 28 DR 62%, 54% ee TIRHITZ.
IR TRHEZRET, JEAEER3IEEY I > 33

WCAEBTEZEMNMTE (Scheme 8). 33 13 KA

@ securinine NS FEBEINLT 2 2 Th D Ml &

DA THDZEMNS, 10 ZOEBITED RIEIC

28 DB E DHE T DI EMTE .

— R, 26028 DL DRI DIVLITAF RS

BRI HEERILEIE, HamEYEE e o
BRICBIFEFINENT > T7ay 7 ELTH
HATharZENMENTNS, LENST, AAE
R4+2+ 2] BILKISIZ L > TIN5 DL S AN
TEMEARE U TERTER T &3m0 THREWN,

4. R+2+2]J|IERWEAVIET ) —LFE
EOEHY
FRROEDIZ, Z v IVEEkE AW [2+2+2]
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28 a d N
(54% ee) I @Tr —_— ;
H \/\
R 32 securinine 33
29: R=OH
:E g? E-CC)MS 32+HCI [o]p +56° (¢ 0.17, ethanol) (54% ee)

Scheme 8.9

Jit.1° [odp +140° (¢ 0.425, ethanol)

@Reaction conditions: (a) BuLi, HMPA, Et,0, BrCH,CH,0TBS, —78°C~reflux; TBAF, THF, 52%, (b) MsCl, Et;N, CH,Cl,, 82%, (c) LiCl, DMF, 60°C, 70

%, (d) 10% Pd/C, H,, HCI-MeOH; K,CO;, MeOH, 47%

02,

aans

5

34: biaryl compound;
biphenyl, binaphtyl, etc.

MeO
(-)-Steganone (35)

Fig. 1.

R', R?=PPh; : (S)-BINAP (36)
R'=PPhy, R>=OMe: (S)-MeO-MOP (37)

Biaryl Compounds

S .
Il D R p [Ti\ww
Z Type 1 cee W PNgt Type?2
- R2 = R2 -
S Ni(0) RER Ni(0)
' i
38 39 40
Scheme 9. Plan for Synthesis of Biaryls by [2+2-+2] Cocyclization

RIERKEN G BFELEMOERIEE L TEHATH 2
ZEERTIENTER., £IT, TIHITARKBD
HRAEHOILREHEL, E7 U —I1LEWOE K
IS5 Z & ZFtE L7z (Fig. 1).

E7x2)l, EFT7FINRBREIREINDET
U — ) tEY 3413, (—)-Steganone (35) D LD
RRAMEDOHEAGKICOELET S, I5IT, ¥
%ﬁ%ﬁ?%ﬁ%ﬁ%%%@@mu%tbfmﬂm
BEAMITONTWAEERLEMTH S, —H,
EY U —IMtEHDOERIZEL TIRIEFITL < DH
ENRHDM, TNOLOHMEDIFEAETRTIL 34
D2 DDFHEFHALE W T O R F— Rk FH S K
(Fig. 1, 34 O E), I2b657U—)L—7
=)Ly 7 T DORHEmICEDIDSGRIETD
5. FEESIX, v rIVEEIz k5 [2+2+2]8R1{b
KinZERWS &, 2<HLWAERICEZZET Y —

WEEm OGN TIERWwNEE R &
(Scheme 9). d72bb, ETYU—IUELEW 39 D—
HOHEERZE R+2+2]BILKIS TR T 2 Z &N
TE2R61E, TIVF2 38056 —2KIT3 DDRFE
—IRFBREGERICZRET, —BET1L,IVOMEIC
BHREZETHIET U =LA 39 NARTED
3T THD (Type l DKIR). —F, aw-FATD
A ETEFLEDR24H2+2]BRLKIGT
1, D30 3 DORFE—IREEDERKEERET—
BETEY U —IMELEM 39 NERTED EEZS
Nz (Type2 DKL), TITET, 7IVF2 EIC
FIOFNEEETAHAREENZHY, TEFL &
D R+2+2]BIE KGO 217> /= (Table 5).
TIVEF Y RICEME 2R 220K Y )L F 2 41a
HE E L, Ni(acac),& DIBAL-H NS L =
Zu Tk ER WY F L OFHK TN ETTO
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Table 5. Synthesis of Biaryls from Alkynes and Acetylene
R
| | cat. Ni complex O R
PPhy (4 eq to Ni)
OMOM — OMOM
HC=CH (balloon)
THF, 1t
4 42
. Time Yield SM recover
Run R Ni complex (h) (%) (%)
1 H(41a) 20 mol % Ni (acac),® 17 0 58
20 TMS (41b) 20 mol% Ni (acac) ,? 40 0 99
3 CO,Me (41¢) 20 mol % Ni (acac) ,? 38 94 —
49 41c 10 mol% Ni(cod), 17 92 —
50) CO,iPr (41d) 10 mol% Ni(cod), 17 quant —
6 CONHMe (41e) 20 mol % Ni (acac),¥ 71 46 38
a) Ni complex was prepared in situ by the reduction of Ni(acac), with DIBAL-H (40 mol%) in the presence of
PPh; (80 mol%). b) 8 mol eq. of acetylene solution in THF was used.
A, HNETHET YU —ILELEY 4221342 < a2c Ni(O)Ln e
BHNT, 58% OFEEZEEINTZ2DHTH > 7z,
S5, PURXAFIVIYIEEZERELEL TEHEDOHE Reductive HC=CH
e - . N Elimination Coordination =
B 41b OIS THRIEI 0 BHMIES T, FHE
EERMICEN L, —F, 7IVF> RcBTRE 7\ S
s ; LnNi(0;
PED A k32 AV RV I 2 O dle 2 AL, LnNi~”~CozMe @ —come

FREDRE NN 2T /2E 25, KINEAL—X
T LEHMETZ2ET U =) L& 42¢ 28 94%
DENRTHESNZ., I 51T, fillflliEZ 10mol%
ETHS L THREBRICKINIZHETL, R3O0 EY
=)W bLEY 42¢ 18 2% OEINKRTHES N, T
ZTIWEG DA F I HE R EEnA Y 7 o)L
WAZTH NI AL—XICHETL, EEMICHM
Madz5277= —FhH IZATINVEDEAFIVY
S RERCEZS ERBSEFEITELS D, FHE 2%
3% EINTZH2HOOHMETHET Y —ILLEY
42e 73 46% DIVERTH SN,

HEE 41c zplic, E7U—)IidEKkE 5252+
2+ 2] BRAb KOs D ¥ERE 2 Scheme 10 1277 L /=,

0ffi= 7 LERIZH L, HE 4le DT IVF
E15FOT7EFLNENMLL (43 DIREE), Bk
MERIEMIMRISICED Zy S a2 2T
HRMK 4 NERTHEZEZSND. M4ITKHLES
ZHD 1 FOT7FL2NHAL, ZvorI20
ONT % N LRk 45 2 £ L7z, Exm
REEICE O EMETHEY U =) LEY 42¢ D3ERK
Liz&EEABNS. —F, 7IVF 2 LOBEHIENR

45

Y

Oxidative
Cycloaddition
LnNi :

COMe
OMOM
O .
Scheme 10. Mechanism for Ni-Catalyzed [2+2+2] Cocycli-
zation Affording Biaryls

Insertion

HC=CH

122 HH 41a  41b Z Fl W2 RISIZBWT, KR
T25E7U—IUEEY 2 BESNRH -T2,
B HBEOTIVF > Oy )L EMEN DRSNS
TREMEDBEHELZFFD 4lc ITEE X\ =D, Hif
K44 NN RESERTERN SO TH B EE
ABN5S.

RIZ, a,w-FATDIA > EIEEE LK Type 2
DRI DIt 217> 7= (Scheme 11). 732 FWNIZT
IREFEDVAM a2 EBEEL T ETFL OFEHEK
TRIbET>EZA, HWETSHET U —IL{K
47a 78 39% ODNETHSN. —TF, TATIVH



968

Vol. 121 (2001)

20 mol % Ni(acac)s
80 mol % PPhj

DIBALH
OMOM N|complex
HC= CH (balloon)

s

O OMOM O OMOM

48a: 20%
48b: 11%

47a: 39%
47b: 66%

46a: X=NH
46b; X=0
20 mol % Ni(acac),
\\/\NTS 40 mol % dppb
Y lDIBAL-H
Ni complex
- -
BnO HC=CH (balloon) BnO
THF, rt
49

9
&

50: 80%

Scheme 11. Synthesis of Biaryls from «,w—-Diyne and Acetylene

GEHETDHIA 2 46b & HVWEFRGETORIET
&, HNET A5 M RZEZEITSHET Y —)UK
47b 7% 66% D BRI IZINETH SN, INH5DR
IS BTBEIERE, BED2 D07 IV F0E
NEN2HTO7EFL > ERIBUAERL LG
48a U 48b Th o7z, —H, HWIVKRZIVHZEFT=
IBNEE 49 2RO T RIS EEZ A, A
VAR EREREDETY U —)LisEk 50 23 80
% DINETHESNE., INHORINTIE, [2+2+
2QIRLFUNIC K > THENH 5N UOET 2 HER
FICRBRED S VI LT b2, ROAYVA R
UoBKEREL, E7Y—-IULEMESRTER
LT, FEFITHKN B NS,

5. &bVIC

b &SIz, FFESIIINETTH F DA
INTWRho Dy ViR E Wiz [2+2+2]
BRILAOISZFRMICHME Lz, T LTI > F A%
RIS RETYA > T52&I2kD, WD ThHl
BT 2+ 2+ 2] AL OB DBAFE I L7z, &
7z, TORF2H2JBURIEZET Y —ILtEMD
BRANEEBRL, E7U -SSR0 L2<HLNE
FRIEDBFICRII Lz, 3 D07 F oo HER
T % 2+ 2+ 2] RALAORIE, —REMICRE X
LN TH 2N, HESCKING AT LED LT
125 EITED I SITHER IRBRIERSOSIZ EH
TE5LEALGND. B INETITHLMAZT
12, BiLWHIEROBTE, MO Al & kA
DEMEEEZRFTL TVNEZNEZZLTND,

BEE  AWREITOICHED, EITEN T
B, TXEEERD £ Uil KRR AR
B & EMTFERICLOSHILEL BT ET. E
TEARRFEHEREICRR U, HER IR %2> TS
N EREL KB BBt o
ERFF LR B AR R B B L2 7 B D
AERICEH L XTI, I SITAMKRICET 2R ED
—EkiE, XEE (B SCGHREIEE) Blemrse s, #
LI, WO EE A AR N S T
W 0nEzbDTHhD, ZZWWERHOERZELE
El
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