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and Their Application to Tandem Cyclizations
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This review highlights a recent study on allenic compounds by the author’s group. In the first section, the or-
ganocopper-mediated ring-opening reaction of ethynylaziridines and palladium-catalyzed reductive synthesis of allenes
are described. In the second section, palladium-catalyzed stereoselective cyclization of allenes, including the tandem
reaction, leading to aziridines, pyrrolidines, benzoisoindoles, and cyclopropanes is presented. The final section reviews
aziridination and medium-ring formation due to the intramolecular reaction of bromoallenes. The latter reaction is
based on the author’s recent discovery that bromoallenes can act as allylic dication equivalents in the presence of a pal-

ladium catalyst and alcohol.
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Chart 1. Synthesis of a-Amino Allenes by Ring-opening
Reaction of 2-Ethynylaziridines
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Chart 2. Stereochemical Course of the Ring-opening Reaction of 2-Ethynylaziridines
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Fig. 1. Synthesis of Allenes Using a Palladium (0) /Diethylzinc System®

a) Reactions were carried out in THF at room temperature under argon using Pd (PPh;), (10 mol%) and Et,Zn (2 equiv.), unless otherwise stated. ) 4 mol%
of Pd(PPhs) 4 was used. ¢) Since preparation of the mesylates was difficult, the corresponding trichloroacetates were used. Mts=2,4,6-trimethylphenylsulfonyl.
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Chart 3. Formation of Allenes from the Mesylates 19 and 20
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Chart 4. Stereochemical Course of the Reductive Allene Synthesis from Mesylates
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Chart 5. Cyclization of Amino Allenes
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Chart 6. Formation of Five-membered Rings from a-Amino
Allenes

Table 1. Palladium (0) -catalyzed Aziridination of the o-Ami-
no Allenes 33 and 34%
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a:R' = i-Pr, R? = Mts, Ar = Ph

b: R' = Bn, R? = Mts, Ar = Ph

¢: R' = Bn, R% = Mtr, Ar = Ph
d:R'= TBSOCHzFﬁ Mts, Ar = Ph
e: R' = j-Pr, R? = Mts, Ar = 4-MePh

Entry Allene Arl Product ratio? Y(ig/SC)
1 33a Phl  37a:38a=82:18 80
2 33b Phl  37b:38b=85:15 79
3 33¢ Phl  37c: 38¢=80:20 79
4 33d Phl  37d : 38d=72 : 28 74
5 33a  4-MePhl 37e : 38e=91:9 64
6 34a Phl 37a:38a:36a=2:90:38 79
7 34b Phl  37b : 38b : 36b=17 : 67 : 16 73
8 34c Phl 37c : 38¢ : 36¢c=17:78 :5 77
9 34d Phl  37d :38d:36d=23:64:13 71

10 34a 4-MePhl 37e : 38e : 36e=12:85:3 44

a) All reactions were carried out in dioxane under reflux using Pd
(PPh;), (4—20 mol%), K,CO; (4 equiv.), and Arl (4 equiv.). b) Ratios
were determined by 'H NMR (270 MHz) or isolation of the products.
¢) Isolated yields. Mtr=4-methoxy-2,3,6-trimethylphenylsulfonyl.
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Chart 7.
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Table 2. Palladium (0) -catalyzed Azetidine Synthesis from S-Amino Allenes?
J R Ph Ph
. ey catPd(O) R! i-Pr = X
R\r“v¢/~ RI, K,CO }(%%: }(>& ,[TT
Vi —— ZTB, H N H H N 'H i-Bu” "N
! DMF SOLAr Mts Ns-o
SOAr 43a-h 44a—k 45 46
Entry Allene R! R2 RI Eﬁ:téﬁ? Product ratio? Y(i%%”
19 43a i-Pr Mts Phl 4 44a : 45=82 : 18 91
2 43a i-Pr Mts Phl 2 44a=100 98
3 43b i-Bu Mts PhI 3.5 44b=100 84
4 43c i-Bu Ts Phl 3 44¢=100 89
5 43d i-Bu 0-Ns? Phl 0.75 44d : 46=62 : 38 87
6 43e Bn Ts PhI 1 44e=100 89
7 43f TBSOCH, Mts PhI 1.5 44f=100 53
8 43¢ MeO,C (CH,), Mts PhI 1 44g=100 67
9 43h MeO,C (CH,), Mtr Phl 1.5 44h=100 73
10 43b i-Bu Mts 3-NO,PhI 1 44i=100 22
11 43b i-Bu Mts PhCH=CHBr 0.75 44j=100 68
12 43e Bn Ts 4-MePhl 1.5 44k =100 81

a) All reactions were carried out in DMF at 70°C using Pd (PPh;)

nitrobphenylsulfonyl.

RIEES > T LARBARR IS~ DREY )

4+ (10 mol%), K,CO3 (4 equiv.), and RI (4 equiv.) unless otherwise stated. b) Ratios were de-
termined by 'H NMR (270 MHz) or isolation of the products. ¢) Combined isolated yields. d) Reaction was conducted in dioxane under reflux. e) 0-Ns=2-

3-118

H
1 =
RW'/—
NH
SO,Ar 43 ' Rt
R'= ij
jR—Pd—X SO,Ar
R R
R —= Rih R
B T
Pd-X Pd—X Pd-X
a7 48 49
1 4
R Pd-X [ ]
1 H 1 H X Ar
R\<Y\v2:? R\<“\/ PFd g0 X
- " A R 2 H /
H N H H N 24 Pd
N 4 R H N AN
50, ozs§ NT —
Ar Ar H R
50 i 51 52 |
* \ y
R R
N RN
ﬁ‘w”H H N H
SOzAl' SOzAr
a4 45

Chart 8.
2,4-cis-Azetidine 44

Palladium-catalyzed Stereoselective Formation of

Wik R7z&DIZ, 7/ 7V 2EBHELTHTN

R 2B T H53DE5RBT7 L VIFERRD
BRI THHATH S (Chart 9),364 ZD Xk
DTV ERWESRSG, TU—ILNT T L D
NTA BN T L 253 IHAL T -7 UILHREIE
54 252, 5l&H< D FRRBERISITID X
INIHERET D72, & 2T LRIOBRL ISR
TERW, EFESR, 2EKEGHLEZETLZTY L >
5712 VT LAICKOBREED 2 ENTENT,
n3- 7 UIVINT 2 LHEAR 58 7p 5 D carbocycliza-
tion IZX D, RFE—RFEMO /EE%#OLT‘;LE'V&EFJ
RNETL, Y 2RAEMZE —BITHETE D

%ﬁ#%émfi@m#&%xt ZDEE, 7
IVFEIINT D7 LHRUE 59 75 D B- K FE B D 8
BTIUTZFY AFL > 26T DBRILIK 60 A3 4 KL
L, %%ﬁ’ﬁ% C-H S B IETELZ 5 BRI E T T
W, —ZBIZNEoNL2bDEMFETES.

7L ELEGEABOBRILINEIINETIFE A
EMmFtanTIRhokn, wikiZik>1T, U
2 >FERWEERTY L OBRERKIEN 2 DD
MR N —TIC L > TlE I NE. D £z, i
DODINFGTPTLIZEODT L ET IV DT LRIER
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Pd{O) + PhX

Pd-XX
——— \J./
PthX (/“‘j/’
_ =
NuH
53
- e
— PhPdX O:f
= insertion X Ph  carbo- Pd-X
57 to allene palladation
liminati aromatic C-H
#elimington activation
60 61
Chart 9. Palladium (0) -catalyzed Cyclization of Allenes

RIS HEEFT S 5 Z & % Bickvall H5I13H&E L TW
5.7 X512, OhbIiZk-T, BEHAWEY L
P EZEFEAMOBRRIE WG S N, 78 Ln
Liams, No2PULZERWETY L > ELEMGEGM
DY T LBRERRNE, INETIEEAEHRTI SN
T WLy, 80.8D

INT DT Nl 2 W2 &R C-H # & &tk

RO, EEEEHZEDTWS. 0BT, 207
Ot AZFA LY 2T LR FB—RFER G

RS, —TRETHEMSREAREMETESHRTAH
MTHD. NTTTLMBZRNT2D,8283

D, 84780 (13 4 DY DRFE KRBT EIEHL T
1 DORZEMET 2 NIZ < OfIRHE TN TN
58, 2DORERKT ARNIFEAEH SN T
WRW 9D YL ORIEEWMERAWEZZO
BORIGIE, INFEFTe<mIFINTI Rk,
FT®MIC, FL 71 ORmEBEBHLOLT L >
62—67 129 2 )b EEt Lz (Table3). 7 L
2621, M EDNNT T L), I—RX2E
y,&UmMﬁUWA%/ﬁ*ﬁ/¢T¢ﬁéﬁé

, B-KFEWBESESRAITETL T, 2,3- 2 AE

U//@aﬁ4% ERIRIZHFSND T ENHS M
L72o7= (Table 3, Entry 1). HFEEL Ty M=
N UV EFWEBIIZZE FER O RS R % 5 2 7203,
DMSO %> DMF #1 CO ISIMENE TH > /. 7

J—=UN\NFA4 R&LTIA—R7=ZYV—=)bI—R kK
WL EANWTS, — KXY EFTFEORKE
RZE2HZ7 (Entries2,3). 7L 2D affDEHEE
NRR/NSWEE, FETHRT 2 £ TIIERMZ
T2 &EMS5 (24—30h, Entries 4, 5), afiD&
PHENARRISIT R EBREEEZGZTND T EN0Hh
5, BEORFELELUTBocEZ2ETSHT7 L 65,
afLICPAFINEEET ST L > 66, iIZNES
7L 26T ERANEES, WInHFREEDOINRRR
M5 2,3- A0 D ARMNNVRRIRIZE 51
7= (Entries 7—9). ©0OU 2> 13 NAERT D,
Z- IRIMBREMIT/ S N DX, syn-n3- 7 UIIINT
LSRN T D anti kX D B RETH B /-
HEEZEZLEND. T
BRELZWTHOBAEITENTS, 23-hF7 22
EOU P FAERLENS . ARISDE N 2,3-
DAERMZ, UTOXSICHHAT A I ENTES
(Chart 10). 7z =Z)LXF YL (1) I—Y RN
TLYTITHEAL, - T UININT YT L D)
MRS 2525, BLEIEHS AINENTIOT A
L2376 OHRMANSETT DL, T2 AKTIN
BT B2 &I BN, 16 ITBNWTIERT F7
IWKFEE T ZI)VE DRI AR IR E N FEIES

HETHIND., 0D, KORERT XL T8
DECEED & BRALBOS ST U, 51& ki< 7ILFILN
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Table 3. Stereoselective Formation of Various 2,3-cis-Pyrrolidines?
Entry Allenene Arl Time (h) Product (Yield?)
Ar
S
Mts—N Mts—N
=
1 62 Phl 5 68a: Ar = Ph (60%)
2 62 4-MeOPhI 3 68b: Ar = 4-MeOPh (60%)
3 62 4-MePhl 8 68c: Ar = 4-MePh (56%)
Ar
&
—
Mts—N Mts—N
\./"}\\\
4° 63 Phl 24  69a:Ar=Ph (46%)
5 63 4-MeOPhl 30 69b: Ar = 4-MeOPh (50%)
Ph
F
6 Mts—N Phi 5 Mts—N
\.——-’1\\\
64 70 (61%)
Ph
Z
=
7 Boc—N Phi 20 Boc—N
W
65 71 (41%)
Ph
%&'¢
8 Ts—N Phl 20 Ts—N
\_..—-"‘\\\\
66 72 (59%)
Ly Ph
/-/hme . Me
9 Mts—N Phi 13 Mts—N
\.--'\
67 73 (58%)

a) All reactions were carried out in the presence of Pd (PPhy), (10 mol%), Phl (2 equiv.),
and K,CO; (2 equiv.) in dioxane under reflux unless otherwise stated. b) Isolated yields. ¢) In-
creased amounts of Arl (4 equiv.) and K,CO; (4 equiv.) were used.

T LA - KFERHEICL > T, Y AEDO
U VINERIMIZER LD EEZ DI EINTE
2.

RiZ, ZoFLRIERIGEEBT 27291 - 7K
FWEEEMEIL XS &E A2, TR, BT
LHRKBERLIRWVEEEZHA WS ET, Yo7 LR
LB DHETT Lis iy EHARE U7z, 2760IC A F )L 3

ZEALL 81 ZHNWTHFNZIT> R (Chart
1), FISIEEL (36h), 32% DERIAEIN S Nz
N, HEHOX A A > R—JUK 82 73 5% DIL
RTHEONDZENHASN ER . 81T
WCRIEN S 20, p-KERBEZHEIT UL, HE
HC-HEMLICEDE 2 OHBRIBNEITLES
L& ZOMFIIHARITIRL TV,
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WEINT D0 LIS B- BiEEZE 5 E 29I,
INT DL EBET BKENS C DEEETRD Z &
MPHEERDBFENLN. D 20D, HHEE
72 BECEMNEL DI < miuE, B MEEZEET S
ZENTEDZOTIRBWNEEZR, FL 71 2K
WEREZETLT 7L 2 83—87 2 HWNTKIN
DORFt&#fTo /- (Tabled)., T>7 L > 83 ZWHE
DEMETTUET S &, HFHFED ORISHETL,
NI AVA 2 B—)ViAE Mk 88a KU 89a iR
DODNETHOENDILEZRHLE (ENEN 4%
KU 10%, Entry 1), AN, T>7 L 2Z2HN
78 2T DBRALRISIZRI L 72410 TOFITH 5.
Entries 2, 312" LD, I—RXRXE D411
WAFIVHEDA NI HOL D BB THGHEZEA
T 5 ERINEN EL, Z8REEAEY 89 DILRMN

Ph
F\j\/'¢ ;
Pd(0
Mts—N ©_ ms—nN Tay —
=  Phl N
74 75
R H R Ar
<%l B
— = ArSO; NS _ :
H --X» Mts—N
H
J
76 79
(not detected)
R 783
— ArSO,~N -Pdl T
AT R A
H 77 2
| Mts—N |3
e ;
R (single isomer)
— ArSOZ’NdeI —
H
H 78

Chart 10. Stereoselective Formation of 2,3-cis-Pyrrolidines
80

Pd(PPhs). (10 mol%)

= Phl (4 eq), KsCO5 (4 eq)

Mts—N

PR EEINZ., AT, 2-I—-—RFR7ZV—I)l%&
Az & (BEntryd), X211 RK—)L 88d
(36%) U 89d (2%) DHEMNMETF LA, I
E2- 7 2 INVEDOVKREEIILLZDDEEZ SN
., 27 L83 LRI, o> F ) EE
G927/ 7L 8K 8486 © HIYD =IE M
{b&Wa 5 %7 (Entries 5—7). 7 = ZI)VHF T T
2L, AL T4 KRB AFINEEZETDHI T
L2 8T ZHWTHHMD RSN H#EIT Lz (Entries
8,9).

KO EMLLRABKOBELZAEL T, £F L
o 7uanFt )V EEZGTLHI7 L 29T DK
JisZMiEt U7z (Chart 12). ZOFEHR, 98 DX D7
BRI AW 49—61% DINR THERRL L=, #iiz
IZHEKRT 2 3 DOARFHLNTELICHEENTND
RTH, ARUSTERE.

ARISDTEI NS HM% Chart 13 12R7. 7
L>ET2ZIUVNSG P LAT—Y RORISIZED
m-7 UININT DT LSRN ERLZD6, RKFE—
REFEEDERINTI &72%. C-HKEEIEMHA
X282 DBR(EOHEHEIZ, path A—C D 3 ED
MEZOLGNSD. DfiONTPTLITHERD
C-H #& 4 25E AL A in U T 4l  H 4K 100 2 5
Z,007 T ek FE AL EE e BRI K o
T103 1G5 N2 HHE (path A), N EELE
D Heek IS D IIVHENTF— 3 itk o> T

R~ cat Pd(PPhy),
Z Phl, K,CO4
Mts—N —_—
" dioxane, reflux
H

97a: R = i-Pr 98a: R = i-Pr (49%)
97b: R =i-Bu 98b: R = -Bu (51%)
97c: R = s-Bu 98c: R = s-Bu(61%)

Chart 12. Palladium (0) -catalyzed Tandem Cyclization of 97

» Me dioxane, reflux, 36 h

81

= Mis—N

Me
82 (5%)
+ recovered 81 (32%)

Chart 11. Palladium (0) -catalyzed Tandem Cyclization of 2’-Methylated Allenene 81
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Table 4. Palladium (0) -catalyzed Tandem Cyclization of Allenenes with Iodobenzene Derivatives?
Entry Substrate Arl Reaction time (h) Product (Yield?)
S
Mts—N
Mts—N
Ph
1 83 Phl 75 88a: R = H (41%) 89a:R=H (10%)
2 4-MePhl 7 88b: R=11-Me (37%) 89b: R = Me (18%)
3 4-MeOPhI 35 88c: R=11-OMe (43%) 89¢: R=0Me (20%)
4 2-MeQPhI 10 88d: R = 13-OMe (36%) 89d: R = 13-OMe (2%)
H
F
“ Mts—N
¢ Mts—N !
5 S \_-Ph Phl 29 '5_| - N
84 Ph Ph
90 (21%) 91 (14%)
Ph Ph Ph H
F
— —
6  Mts—N Phi 23 Mis=N_| M=
XPh A : R :
Ph Ph
85 92 (30%) 93 (24%)
X _- Y
7 Boc—N PhI 30 | BOGEN
R Ph ﬁ T H I
86 Ph Ph
94 (16%) 95 (35%)
N _-
—
Mts—N
\/ﬁ/
8% Phi 28 96a. R=H (42%)
9 4-MeOPhI 30 96b: R = OMe (45%)

a) Unless otherwise stated, reactions were carried out with Pd (PPh;) 4 (10 mol%), Arl (2 equiv.), and K,CO; (2 equiv.) in dioxane under reflux. b) Isolated

yields. ¢) Increased amounts of Arl (4 equiv.) and K,CO; (4 equiv.) were used.

AT % 101 05 B- KEREES 2854 (path B),

KOGNREUBRIINT DU L& RELEL T 102
DAFA K ZERRL, B7 ok Mkick

THBEL L =D BRI ?é&%(mm
C) TH3.92 10 PathB DA, NT T LD
RALED - BRI X DRI L THh 5 > Uit
BEg B0, 102100 101 05 T O FHEET S BN H
2 -1 BEDEZ A, BET SO C-H iM%

LS & [RIBRIZ, 181D W N OREEEAMESE L T
HNEREET IR S TWRN,

B®BIZ, NTOBERBKENTA REHRNEZRBEK
Um%ﬁ@mﬁwﬁé%@ﬁbt.@wwﬁ.l/
TL28ITHL2- TOEF AT EANTY >
?Awm&m%ﬁﬁa,ammzﬁﬁmé%umﬁ

%DNKBTESNZ (Entry 1), 3-7OET 5>
%mmt@® BT 5 2 FER 105 ORI g
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K> 7278 (1%,
RNEERTDTH 5.
bAY > F ARIERINC
(Entry 3).

R Ph
RN
P—N
Pd-I
g9 Ph
path A ‘ path B path C
oxidative carbo- _ | electrophilic
addition palladation —I"| attack on Pd

H:
Ph

103

Chart 13. Possible Reaction Pathways for the C-H Functionalization

Entry 2), Z#i3 105 235
TREATOHEEBENT A R
BWTRIFSH#ERE G Z 7=
YoYU AER 10T DARICBWT,

B O fil B ) 72 2R AT R U T B SR R A T
L), 121—125)

EFSIL, 32 ’\f_y/T‘Af—ﬂS}iFL;%*ﬁ
FLTVWSERBIIBWT, KihgltzPb L AL

7ol g Y AW D720 107 Z KIER T
B LIEZDATHo N, I—RES D CE2HAVWE
BXIZ1d 62% QIR THM O KR #EST L7z (Entry
4).

33. NS LZEMBEELIET T L OHKR
> 07 aNAERIESIC & D 3-Azabicyclo[3.1.0]
hexane B & O ¥ 70,112 3-Azabicyclo [ 3.1.0]
hexane F#%13%, CC-1065, duocarmycin ¥d, indoli-
zomycin & W o ZAEYIEMNE KA Y 2,1 3,4-
methanoproline, 114119 poly-L-proline type II $##X~7
F K, 1160 [1,4’-bipiperidine] -4 -carboxamides @ fit &
EEY 07 DX IRAEMEECEYOREAEHKIC
FIET 5 (Fig.2). " X512, AEKEAT 5L
BWET, a7 C T 2 BOS K
ELTHMATHhAZENHIGN TS, 187120 [ 7=
M- T, F )L 7% 3-azabicyclo [3.1.0] hexane & #&
DHEREIARFE LEERY -7y N ThHDHN, K

&, HkEw 7 o7 o)N ‘/ﬂ:ﬁﬁi\f)ii’éﬁbf 3-
THET 7O [3.1.0] ANFHUHFERNERT D
ZEERHLUE (Table6). J7abb, T>7 L >
2 12 fili & D Pd,(dba);+ CHCL OEFHEF, 7t b
ZRUNHTTYUNTIINEF—RE2ERHEIES &,

3-azabicyclo [3.1.0] hexane 111a 7% 64 % D UK T4
57z (Entry 1). 7 L IR 5 5 FNRE R R
ko ra7a)N IO LS /NEREART
BRI W < D QGG B B )3, 31333450

B 20 7aN2 27 L2 ESEREDRINT
D%ﬁbtmiﬂbmfmmm.H%;,I/YV

> 108 N 109 Z [k D SOREFITAT &, e
N 111b KO 112 78 57—59% DINETH SN, &
DORIGMETTDITET L > O o fLIEE R K E
SOEWMIEEET DI ENNET, offfOBEHRIEN
DUNSWEHEEITIZNENEL T UL (Entries 4,
5). oI, BMENFEELZWI>Y L > Z2HAN
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Table 5. Palladium (0) -catalyzed Tandem Cyclization of Allenene 83 with
Heteroaryl Halides?

Entry ArX Time (h) Product (Yield?)
H
S
1 @\Br o Mts—N | )
S b=
P
104 (59%)
trans : cis = 80:20
Br
Mts—N
2 (/O \g 5 G
H Ph
105 (31%)
Br a N—
3 AN 12 Mts—N
N H
\ H B

106 (49%)
trans : cis = 89:11

Tl

Ph
107 (62%)

a) All reactions were carried out using allenene 83 in the presence of Pd (PPh;)4 (10 mol
%), Arl (2 equiv.), and K,CO; (2 equiv.) in dioxane under reflux. b) Isolated yields.

HaN
=0
N
OH
S OMe
NH OMe
N 2
74 o o N OMe
H
6 N OH OMe
H OMe duocarmycin A
CO,H
N~ “H
H
indolizomycin cis-3,4-methanoproline [1,4"-bipiperidine]-4'-caboxamide analogue

Fig. 2. Representative Pharmacologically Important Compounds Having a 3-Azabicyclo [3.1.0] hexane Framework
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Table 6. Synthesis of 3-Azabicyclo[3.1.0] hexanes from Allenenes®
Entry Allenene Time (h) Product Yé%%b)
S \—/2
— =
Mts—N R Mts—N
& R
1 62 (R=H) 5h 111a (R=H) 64
2 108 (R = Me) 7h 111b (R = Me) 59
=
Hy /‘/
3 Mts—N 7h 57
\.,-“'.\\\\
109
F
—
Mts—N R
& R
4 63 (R=H) 24 h 113a (R = H) 35
5 110 (R = Me) 24 h 113b (R = Me) 36
P /T
6  Ts—N 60h  Ts—N 24
\/"\\\‘\ "’H
66 114

a) All reactions were carried out with Pd,(dba) ;+ CHCl; (10 mol%) and allyl carbonate
(6 equiv.) in CH3CN. b) Isolated yields. ¢) The starting allenene 66 was recovered (29%) .

&, HHORBPE<ETLRNWI EBHLNE
7857z, Table 6 IZ/RL7ZVNTNOHNITBNTSH,
2o aN RPN E—~DO T AT LAY —E LT
/"o, ORI IR TIEH 5701,
AT L > OHFH LW EZRL TWb,
ZZTHRIGHEMIC OV TS MRS T
W2y, ZUINANERF—=RET LS HETS
-7 VIVEERIN S XY ) — VDB TINT D
LIRS FEAEL TnWb EEZ D E, SKE
RUEZZDOTHONERED E<HAT L &N
T&E%. §72bb, Chart 1412 RrTLDIZ, 7V
WHIVERF—=RENRT T L) DEFAEL -
TUNWNTPTLAD) AMFIREZT LV >
MR T2E, 7L2o0HRLRENRT VIV
Nz -7 UIVNT 2T L AN HEEDSER S N
LHEEZEND, ZIT, BLEZTO ARICED

116 3)8 7 P 7 LAV R 117 ITA L S o
IE (path A), 707 0O/8 4k 119 O SEAERAY
ISRV R L BN, 120 ULin LR 6EFEDOHMS
RO, -7 UINSPTLAD ARFTRN50D
INTG DT LTRSS DAERITEREFIN RN, —FT,
116 705 120 Z#%H L 72 71V RN S D0 LMEDMESE
F UL (path B), 7ILFII/NT DT LAAD HREEK
21 7EL 5.1 2054, 121 O _&EiEE0 R4
LU T 122 TSI NDLENDH DD, ZORKKIC
o THr7o7o/)N K119 DERZEFHIAT S Z
EMTED. ZORIBEMFITBNWT, Chart 101
R U7 80 AN Oppolzer OB K )LD HI o
07 0N ALDMESE T 2 B 5 ) TR,

4. 70ET L OFBRRERICORR

4-1. BAFITOETL>OHFAT I /RIS
C&D2-ITFZAT72NPLDL ZERBHE
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Ry \hmw

& R!

oy Rz"N
RZ—NtD —

: H

’,Rs
119 (single isomer)

Pd-OMe

R1
isomerization |7 o

R! allyl

Pd
2_
rmwﬁ_R N By

=

S e

R® 117
R! o path A
2_ ™
RN fpa.  —
\f OMe
path B
3
R* 116
allyl
R‘I
- R2-NY /
Pd-OMe gy—lZ:%d—OMe
H R
120
Pd-OMe
}Lﬂﬁ
RZ—NE::I:>- — 119
- single)
R? ( isomer

123

Chart 14. Explanations of the Cyclization of Allenenes Leading to the Bicyclic Cyclopropanes

129 ORI, 7L O L WIS EZE BT
570, 7V URMCRRRFEAETLZ70EY L
CERWERIRIZDWTHRE TS ZEELE. TO
ETLAZTONINFINAST— DS EFITERL
THIEMTEHN, BB ZOHEERITHITS
FIRZEBHE SN TS, B ZNETIZ, G
I 7 Wz B R0, 1337180 )NT D0 L\ 2 filt
WELerax Ay 7 TR, ROT L=
VA B A O 2 ENE SN TNV DD,
BALROSEAN DS BT EETH > /=,

22T F )TV YCEREFR (2-1HB
!33) IO’II)X@;R&WZEI”’MO) & L‘(}iﬁ 935%% 5 @}iﬁ;
DWFFEIZBNT, 2-TF )T DU P> DR GE
R BERIEDORFBNBEL RS> TWe, TF )V
T UNE, A VICHRTERAINEZT LAY
R, F I A7 E2FYU R, 192 Y L Z)L#E R D
KIMZEDBRTED ZENHSNT NS, HF
MNCHIR R T F =LY DU O D 2 NREREL <&
R 2 IR SN T WMo f2. B ekl
DIFIVT U 126 ZERT % EbEELR S
EE, A6 Y JBRHEROTYITER124127 1

FUY RZEMHmEETHEsNE T I/ 7IVa—)l 125
L, HERIBZEITOHETH D EEZEAENDN
(Chart 15), 19 3 5 V5 2 BAGA L 7= 4K, T
:)l/ﬂ:@j%ﬁ%ﬂﬁﬂ IEHREETH > 7272, 125 2Nk

EIRWITHED Z EIFEE L o o, 14140 SERE RN IT
K27V P AMUINARRER THEITT 2720, 7
AT LVFREVO 125 WD &, TF2I)LT7 DY
D216 NEMEKEGMEL THELENS. £IT,
77N A-)ETOET L1271 ’;Fbt

BIZHFNT 2 LRI ZTT A, SEAREIRNIC
FINTIV DN ELENRWNEE L. TOE
7 L0 FHY 2 ARSI B O W& FH
U7ehy, W19 R EF 7 L > & W= RS0 TN
RO DBNIHTTS N TNRMN > 72D T, MARERED
THNIRETH - /=,

TOET L >OHTFRNT 2 JALRIGIZH WS HE
BROELDITER L (Chart 16). syn-73I )7
)V a—)L 12980 OKERFEZE A IUEL =05, 130
{Z%F U T CuBr + SMe,/LiBri30.3) Z{EFH I ® 5 Z
LICEoT, RETIJHZETS (S,a8)- kD
TOET L2131 2RGIHE. FERIC, (S, aR)-
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OH VA K134 Zanti- 72 7 7))V 3—=)V 132 LD &Gk L
R\l/CHO R\l)\ R‘ ; - s
NH x> — H . - N .
5 NH N FIHRHIC, 7 /H%E Boc TIRELLEZT L >
124 P 125 P 126 OHBEEEERI LA TOET L L EER
| EEDHE, BTNT 2 LKISAHEST LY/U//
MESNDZENPASNERS TN, £

R\l/\. o R 4 DbVCLimTfh@;ﬁﬁK%YI/‘/%‘:H%b%%#% JE_E

NH ﬁ T AN WHDTH o7 (cis : trans=60 : 40—41 :
P 127 E 128 MU S, ERFETFTLECYY IV ZIIVERZ)IVEZE
BIs70F87LV>EAWSEE, X7 MN

Chart 15. Aziridination of Bromoallenes BRGNS ZEE R U7 (Table 7).

o ons Hb, 7OET L > 131aiZ DMF th NaH Z{Ef &
R1ﬁ/'\\ a R1ﬁ/'\ Y\(S) oL, 23-2A72UTP2138a & T AR
Ly — L NBr 136a /182 : 18 DL THE SN (93% .

K2 R RZ H FFEIC, (S,aS)- 7OET L > 131b—d L;h‘/XY*‘/“
129 130 131 DY 135 ZERMICAER L (79 1 21—91
OoH OMs Entries 2—4). BIREN T &1, C4 LI
VS L e NN \“?*‘\)\“H WHEEETHTOET LS B1dR=Me) %1
\H N A FBIC, BbEL S GRRIENBIIS e 019
Rz R s ¥ 14 Entry 4). 3512, (S,aR)-hOTOET L > 134a
Reagents and Conditions (2) MsCl, EsN, THE, —78 to —40°C ; (b) —d Z [tk D RINGEMHITAd & (Entries 5—8) ,
CuBr-DMS, LiBr, THF, 25 or 50°C.
2,3- A7 YUY 135a—d K D EWERMETE
Chart'l6. Preparation of Bromoallenes Bearing a Protected SN (592:8). ThbDERL n, NaH/DMF

Amino Group

Table 7. NaH-mediated Aziridination of Bromoallenes in DMF®

Y/~
RIS ® \
Y\ \\\\\\Br —_— H H + H \‘/\ \ wH
NH
| H Br
R? R2 R2 k2
131a-d 135a—d 136a—d 134a—d
aR'=iPr R?=Mts, X=Br c¢: R'=TBSOCH,, R? = Mts, X = Br
b:R'"=iPr,R® =Ts,X=Br ¢ R'=Me RZ=Ts, X=Br

Time Ratio? Yield®
Entry Allene (min) cis . trans (%)
1 131a 60 135a : 136a=82 : 18 93
2 131b 60 135b : 136b=88 : 12 99
3 131c 60 135¢ : 136¢=79 : 21 76
4 131d? 180 135d : 136d=91 : 9 85
5 134a 30 135a : 136a=>99 : 1 99
6 134b 30 135b : 136b=>99 : 1 84
7 134c¢ 309 135¢ : 136¢=92 : 8 91
8 134d9 240 135d : 136d=93 : 7 76

a) Reactions were carried out with NaH (1.2 or 1.3 equiv.) at 25°C in DMF unless otherwise stated. b)) Ra-
tios were determined by 'H NMR or isolation of the products. ¢) Combined isolated yields. d) Diastereomix-
ture of the bromoallenes was used (96 : 4 for 131d and 97 : 3 for 134d) . e) Reaction was conducted at 50°C.
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2&s (8,a8)-7O0EYL > 1B1LOHTHNT I/
LB syn-S\2" B3 &S U, —75 (S,aR)- 1K
134 Z W= BRI21E anti-S\2' BITHIT L S W T &7
S M &> 7~ (Chart 17). 25 D& HIT,
syn- f X anti- ¥ X J 7 )L 3 —)L 125(Chart 15) @
BEMMNS, 2,3- A 2-TF )72 22 128
NEENIESND Z EE2E%RT 5.

NG OEBFERIT, REEBEL GREkKS)
T IZEI R FRIRMEIC L > THO E<FHHT S Z
EMTES.5DDMF HIZBT 5 (S,aR)- kT
($,a8)-7OETL DI AT DY D ALDBEBIR
I, NI RARNOEBIRE LKL T, 2T
N 4.35 XiZ 1.41 kcal/mol ZETH o 7=. I HIZ,
ST T BB IRE OF I/ mEHT R D, (S, a8)-
TJOET L2131 07 2V D AbKISE K D D
BEWRBEFR T AR, S0 2ARREZH#BETE%
ZENRBEINT., REELOPFITEDONT,
131 O i Z R VEVE B T 7 o 72 /6, HWife@ 0
AR 1S - DREARE L THES NS I &N

B L 7= (Table 8, Entries 1—4). > OF T AF )L
EEFETZT7O0E7 L > 131c ZHWVWERBRIZIE, >
UIIVENYI SN 70T 7L N 30%EIEL -
N, B DINFETHMIZI AT P Y K 135¢ %
Bz EnTERE (Entry3). —H57T, (S,aR)-1{k
Bda ZHWEBIZIE, FS2AT72U T2 1360
ROWRIRERNSEE L. IS OEBERIT

LREE LT o 7Bt AR AR E OFE R ITHID TX

*ﬁbf:. 129)

42. JOETLET VLS HFA L EMilkE
LTRWEATOREROEEK? 159 FEIRIZ
A B RBMPICHEET DEAEBKTH .59k
2, CAREC/A\BROERRIE, BEREWAEYITEE
EHTHLEMITIELS FIET 2. 1567160 L /=h1 >
T, B2FRFETORERTZ2EOANTOHEROMBE
WBEESRICBI2EERY =7 v hE>Tn5
2, mEEhEROMEX, T o —ERSR
DEHADIZDHUNWEENL N, SHTIIHEREAS
A (RCM) IZX 2T EEOBEN KN TDH

-v///w/

SOzAr
131 (syn-S\2"

SOzAr SOzAr
135 (2,3-cis)

134 (anti-Sy2')

Chart 17. Stereochemical Course of the NaH-mediated Aziridination of 131 and 134 in DMF

Table 8. NaH-mediated Aziridination of Bromoallenes in THF?®

/
RS N
ﬁ\ \\H\\Br —_— H

R2 R2

131a-d 135a—d

a:R'=i-Pr, R? = Mts, X = Br
b: R'=iPr, R®=Ts, X =Br

R1

H+H;;. \‘/\\\\H

Br
R

1 36a—d 134a—d

¢: R'=TBSOCH,, R? = Mts, X = Br
d:R"=Me, R>=Ts, X =Br

Entry Allene Time (h) Ratio? (cis : trans) Y(i%”)
1 131a 4 135a : 136a=>99 : 1 84
2 131b 17 135b : 136b=>99 : 1 99
3 131c¢ 54 135¢ : 136c=>99 : 1 489
4 131d 48 135d : 136d=>99 : 1 77
5 134a 19 135a : 136a=26 : 74 92

a) Reactions were carried out at 25°C using NaH (1.2 or 1.3 equiv.) in THF unless otherwise stated. b) Ra-
tios were determined by '"H NMR or isolation of the products. ¢) Combined isolated yields. d) The reaction
was conducted at 50°C. e) Desilylated bromoallene (30%) was isolated.



No. 12

917

5, RCM LIFhic L 5
ZTNFEEL <IF7ARN, 16
EFH ST 41 THITRNR=T DU D ALK % Bt
LTVBBEEICBNWT, 12829 07 | @k
WIS ZEH LUz, 372bb, 131aicxtL T
ful i & > Pd (PPhy) 4 FE(E R, A%/ —)bHF b~
TLARFRERREIESE, FLT 12 RITA
M EEZETHIAEZINT DU D 138 N E AL
RBERWICESNDZ L2 R L7 (Chart 18).
EFESIILEIOWER T, EZIVTY DU D N pi-
TUINT P LK ZRZHRL TEELL, KD
BERARIIBITTAHIEEZHGNITL TS
2%, AEORISIZENTH 2 AR 138 23 & SLARER
MiIZfEenN TS ZEnG, 13T DX S kdfikz
BRHEL TGS EITLTNnS ZENmREIN
5., ZDOZEEF, JuorR7LBINTIUNIHF

LAY 73 BB RS E

F MR 140 & U THEREL 155 Z &3 a B is
W, ZHWEELZRNELT, 5tk TRE

ENTaNIFIVEEY ORISR H 5N TWY
% 1027160 FUTIRIE T A TIVIKE-HWT, 7L 2L

A

INT DT LHERO L ERERFEIT2 DDV T b
RN EASINDZHDTH DM, 7L 2oEHN
R, NBEROEKR, KRUARFIROXI R
IN— Rk Z W 2 B SORTME SN TWwis
morz.

ZTEHESE, JTOE7L>OHLWRISER
FRALEATORBEROEGME FOITREFZTTD 2
&Lk HTRICREBzAT 57087 L >
14113, Chart 19 1289 K D12 2 DOHERENE
A5, 7L 2OHILNRBENDREIND, 75T
I THICH#EfT 9 UL, path A DX DI 143 % 144
DEDBHBAENERT 2 EEZAONS. —HTH
FINRDESE T U (path B), 145 O Hi k%
HLT146 2 4T NE5NDH T LTk 5.

DL AT MTEDNWT, EBRITNTY
UL E W7 OR T L > O BRERK IS
Et L7z, Wi REOEEBZHASNIT 272012, K
IR —DO Y AT LA~ — 148—157 = i /=
(Table 9). BF R ZEZHETHTOET L >
148 2% L, Pd(PPh;), (5mol%) DOFET, A%

+ MeO
Pd
cat. Pd(0) /LrA%7 —{ijz
NaOMe B . H\\ . "’H

* .\!Br
NH \\\
\ H MeOH N OMe .
Mts it 6h Mts Mts
131a 137 138 (81%)
(cis:trans = 96:4)
H Br R +
>=.=< = ~
R H +
139 140
Chart 18. Bromoallenes as Allyl Dication Equivalents

"\, OR OR
path A oR @ and (’S
A ( NuH Nu for Nu
Br 142 143 144
)B pdt OR OR

NuH path B N2 “OR = and C%

141 Nu Nu Jor Nu
145 146 147

Chart 19. Regioselectivity of Palladium (0) -catalyzed Cyclization of Bromoallenes
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Table 9. NaH-mediated Aziridination of Bromoallenes in THF?®

. ) iald®
Entry Substrate Conditions Product Y(I%/}S Entry Substrate Conditions  Product Y(“%%

!/M\\O/\ome \l/\\‘kﬁ‘ . \(=<;0:e
Ts=N__ / 61 8 1M H MeOH e 63
4 r%\'\“g.‘“\ar 158 ;\—NHMS mizh 18T N\—)

1 ~N MeOH 153 164
H
Ts \—\ 6 h OMe
148 = B Ts
1s-N. 0O 28 _<_ “H 5 N
S . . Me“H.f'I'I-!) F @(
159 7 ; A 57
L i, 4h #
- o
= OMe 154 165 OMe
BSOS e TBSO =
2 ~N MeOH 15N, o 74
H N T
TN m45h Ts N

149 OH ' 160 N g MeOHTHF
S O o
OH i, 5h o
BnOHITHF ==¢” "OBn 155 166
X:f a9 > n
' 161 N"oMe
P N. 60
\(_( ove [ I X/’AB’ MeOH/THF 167
\]/% = 9 (1:1)
Q —
4 MeOH 84 MNHMs t, 4 h
\_\_ gl TS,N\_/ 156 W
“Ms
H
)YV’A'B’

w

162

168
OMe OMe
W \r'\ . Br
-
N MeOH N o 73 10 ﬁ}a H MeOH o Ts=N ggq:: 56
18" ~""0H 50°C,3h T8~/ CH(COMe), 50°C.3H R
152 163 157 169

a) Reactions were carried out at with diastereomerically pure bromoallenes, Pd (PPh;) 4 (5—10 mol%), and NaOMe or NaH (1.5 equiv.) un-
less otherwise stated. b) Isolated yields. ¢) 20 mol% of Pd (PPh;), was used.

J=IHTHFRITLAARFY REERSES L, RAOPEROAGKEZRHN L., 7O0E7 L > 154
L EIR 158 (61%) KOLLERIEEK 159 NS0/ BAY ) —)VEVEEEE Uil OBREMTT &,
(28%, Entry 1). — 5T, CA4fIc>OF I AF)L benzo [b]-1,5-0xazocine &K 165 DMEINR IR A5
EE2HETHTOETL 149 21D E, 160 HTH monk (15%). RINEMEZBRE U RER,
—DRMAKRELUTEK L (Entry 2). T 5Ok &L TMeOH/THF (1 : 1) @/Eéf%ﬁqmz,ng
Ko, 2 DHOREFORI BT AL EERIEIX KA EL, 165 73 57% DINRTH SN 7z (Entry
JOE7Y L2 C4 ﬁ@E?ﬁ"&%@Jﬂiﬁ"Jﬁjﬁ%é z 7). [RBEIZ 155 2 W =BT, benzo[c] 1,5-0x-
IoTHEENTWE Z ENpnD, £i-, 7L azocine K 166 73 82% DN HE THE 51/~ (En-

JI—)LELT, AF = )IVPITHER DN T IV try8). 73 /7L 156 DRIFITHBWTIE (En-
A=) EEZHNDE I ETHRARYIVOF T EEE try 9), A MFHENEA I N 167 (60% yield)

ATBHZEMNTER (Entry3; 712%). 7L > LHE WA T, HfE{k 145 (Chart 19) 725D B- KEM
FEFOMICSHFE2AI 27087 L > 151 KU BEC X > TAERT 2T K168 EIAE L =0, Z
152 Z W= /\BROGHRIZBNTD, [FERICEEH IR DIVALD B- KFBINTEEL Bz &EFE A

IR THRD 162 % 163 N HE—DEIEA E L TE 5N5. BERENZ &I, BECER R EH
537z (Entries 4, 5). SR KEHMEHETH7 L THITOETL > & ii?& 0, mFERESMLZHT
1S3 EHWERRICIE, 2 DO0EERTEET S/ % 15713 b7 > AKD/\NBIER 169 & —HWIZH A 7=
B8 164 78 63% DIVERTHF 5N /= (Entry 6). (56% yield, Entry 10). ' DL EOFERN S, 5FHN

NV R L 2 BRI EE AR 2 H SREZSORIE T L > O Hl ik SR 1AL & SRR HEf T L
TEHEDONLNWI ENG, 1D EH S5 T5] Skt =i (path Bin Chart 19), 5&#i< O FRREKIGS,
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2L DHBEITBNWTMEBRIRMICETTS2 22/ 5. &HYIC
HUZ. (S,a8)- KUK (S,aR)- 7OET7 L >DWN PLERRTEREZLDIZ, EHEZT L O RILEHD

TNEHNWTHRKOERYZ 5 A2 Ens, |
BIROGKZHWETHRICIEZTY L O T AT
FIREMEEZEA WS ZENTES, £, WET
5707V FIAIIVRF—hoT7 03I REHNEER
Wi, R ERERMOSXIFEEA EET LIRS .
AEEDTREN LM Z Chart 20 [Z/R9. 7
OF7 L 2170 38T 20 MBI L 72 D5,
n'-7 L ZIVINT D0 LK 171 Y p3- 70N )LF
JVSEAR 172 ITBEAT L, 19170 HUL R FE AN D 53 F R
BRI ->TNIY a7 7 iR 173 4k
RY 5.0 Ay ) —)ickB 70 ABIZK D 5
T UIVEHMA 174 1T B INZDE, A RFT ROR
RO E D 175 3 176 AR L 72D EEZ S
N5, ZOF, ARFT RIZEHRELR &OVTIKRRE
EEBT TRIMRRIEASING WA, RO/PMIN
LEIZ 176 MRV EIAET S, IR, £S5,
-7 LIV R g3 70N )VFEIVINT D AR
D73, MR EIC LD 7o OLF ANz 7 b
T5HIEERIIME L. 7217 EH S ORIRICH
W, BRI T2 AW THLDRENREINDIE
MIRIRHII R TH 205, MRS n3- 7 0)N))
FIVFERIT2 NOBITERL, HFOREANDKREK
EITL S <o TV HDEEZX TS, INT
a7 T R 113 270 b AT B ATy
TIZBWTH, VIII—IVHEBIZEETH S S
HZxN5.

FLWKIEZREL, 72UP2, oy,
N>V A > K—), 3-azabicyclo [3.1.0]
hexane, N\ O EREOHEEICHEALEHEOES
RIEEROSZHFE L 2. HEOBERICENT, YL
SHRILEMOFH LRt E RH L, BEHIO KOnE
EHLWHRZHAAGDE S Z & THEBRLKGEAN
BT 2 Z EICbI L. MEoMa Lidikd 2
ZEMTERN DD, TOMIZH 2-TF )Y
DU D OBMERICKDMAF T LIV DY
LAREORELE 7 IVTF b RADAHIIKIE, 39140 3
TEY U T LAEAWEEEFR EAD T P HIVERIE
B, A SN E VT DU P 2 OB R
E (E)-TINT 2P RTF RAYI AT —FHEANDG
FHO 66170180 S 17 350 T b BIRE WA ST R 2 2815
T3, 181718 Pl EQWFFERRAY, 7 L AL D F
JBEAIFKICEMT 2 Z & 2> TR RN,

HE AU, RERFERZFBEE AR
RER T FED Y, HPRBAZEIROEEED T Tb
N DTHD, ZOHZEMED TEHHE L LT X
I AW ORITICE KRG 112 0> 7= 18 O 1
Et24h0 &9 B IHEMFEE DERRICE <EILH L
EFERT. AP EZBEREA SBRNTTR—-FLT
NSO BERRFHEFM, LSBT LK
DIEHBL 9. AHEO—EIL, SCRRIEER
Wt EAib e, HAZENIRE S, =2MH, )18
PRI, EEEEFTREA S ORI XD

Pd—Br
R R Rl
\l/\“\\‘u\Br Pd(0) ﬁ"\\\.upd—Br ) 4
N —__N =__N =
Ts Nﬂ H Ts o H Ts Nn_\
NuH
170 u 171 NuH 172 NuH
Ra OMe
Pd X—P Ts— Nu
R / Re ~rpf N’
hy MeOH Y ome 1e
Ts—N u Ts—N MeO
I 3n Nn_/ Rj)\(
173 174
Ts—N Nu
— _ il t 3n
n=1or2, NuH=0H or NHR 176
Chart 20. Possible Reaction Course
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