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Novel Synthesis of 3-Azabicyclo[3.1.0]hexanes by Unusual
Palladium(0)-Catalyzed Cyclopropanation of Allenenes

Hiroaki Ohno,* Yusuke Takeoka, Kumiko Miyamura, Yoichi Kadoh, and Tetsuaki Tanaka*

Graduate School of Pharmaceutical Sciences, Osaka University, 1-6 Yamadaoka, Suita, Osaka
565-0871, Japan.

General Methods. Melting points are uncorrected. Nominal (LRMS) and exact mass (HRMYS)
spectra were recorded on a JEOL IMS-01SG-2 or IMS-HX/HX 110A mass spectrometer. 1H NMR
gpectra were recorded in CDCl3. Chemical shifts are reported in parts per million downfield from
internal MesSi (s = singlet, d = doublet, dd = double doublet, ddd = doublet of double doublet, t =
triplet, g = quartet, m = multiplet). Optical rotations were measured in CHCl3 with a JASCO DIP-
360 digital polarimeter. For flash chromatography, silica gel 60 H (silica gel for thin-layer
chromatography, Merck) or silicagel 60 (finer than 230 mesh, Merck) was employed.
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General Procedurefor Construction of 3-Azabicyclo[3.1.0]hexane by the Palladium-Catalyzed
Cyclopropanation of Allenenes. Synthesis of (1S,2S,5R)-2-1sopropyl-3-(mesitylsulfonyl)-1-(1-
methylene-3-butenyl)-3-azabicyclo[3.1.0]hexane (7) (Table 1, Entry 5). A mixture of 6 (50 mg,
0.150 mmol), Pdy(dba)3-CHCI3 (15.5 mg, 10 mol%), and allyl methyl carbonate (0.102 mL, 0.90
mmol) was refluxed for 5 h. The mixture was diluted with EtoO and washed with water, and dried
over MgSO4. The filtrate was concentrated under reduced pressure to give an oily residue, which
was purified by flash column chromatography over silica gel with n-hexane-EtOAc (20:1) to give
7 (36.1 mg, 64% yield) as colorless crystals: mp 100102 °C (n-hexane—Eto0); [a]5 +20.7 (c 1.69,
CHCI3); IR (KBr) cmrl: 1327 (NSOy), 1153 (NSO»); H NMR (500 MHz, CDCl3) &: 0.51 (d, J =
6.7 Hz, 3H, CMe), 0.94 (d, J = 6.7 Hz, 3H, CMe), 0.97-0.99 (m, 1H, 6-CHH), 1.03-1.06 (m, 1H, 6-
CHH), 1.09-1.12 (m, 1H, 5-H), 2.00-2.06 (m, 1H, Me>CH), 2.28 (s, 3H, CMe), 2.62 (s, 6H, 2 x
CMe), 2.98 (dd, J = 15.9, 7.9 Hz, 1H, 2’-CHH), 3.03 (dd, J = 15.9, 6.7 Hz, 1H, 2'-CHH), 3.49(d, J
= 9.8 Hz, 1H, 4-CHH), 3.65 (dd, J = 9.8, 4.3 Hz, 1H, 4-CHH), 4.05 (d, J = 2.4 Hz, 1H, 2-H), 4.85
(d, J=1.2Hz, 1H, C=CHH), 4.93 (s, 1H, C=CHH), 5.07 (d, J= 9.8 Hz, 1H, 4'-CHH), 5.13 (dd, J =
17.1, 1.7 Hz, 1H, 4 -CHH), 5.73-5.82 (m, 1H, 3'-H), 6.91 (s, 2H, Ph); 13C NMR (75 MHz, CDCl,)
0. 11.9, 16.3, 19.6, 20.1, 20.9, 22.7 (2C), 30.2, 35.0, 39.3, 50.4, 65.8, 113.5, 116.7, 131.8 (2C),
135.2, 136.1 139.4 (2C), 142.2, 148.4; MS (FAB) m/z (%) 374 (MH*, 50), 119 (100); HRMS
(FAB) Calcd for CooH3zpNOLS (MH): 374.2154, found: 374.2154.




¢10a0 ‘ZHI 008)
A
—l_\
N—SIN

29'82 | . dn3t
ZH €1 . ININNIGS
£7000 - INATS
Sawty ¢g SNYIS
1e . NIVOH
ZH €9 (91291 13580
ZHN 00 00G . 04480
HT - JNNED
Jasn €9°¢ : iMd
ZH 19°0 : ONEN]
J3s6 0000 0007 1MINT
J3sw 000100 1034d
J3sw 666E BEIT - HLOJV
388 919E°G . ad
saury | . AWANQ
sawty ¢¢ SIWIL
3380 07001 TAINI
J3sn /785 10via
33sn (°Qp INAE]
Z8 000G HLII4
ZH 000001 Nno344
sjuted vBegl 0dnys
sjuted pBegl INIOd
uou 300WX3
AJ0ISEHRIL[S
Ut HI JUIWO)
elepwu { 46urpeo Jwena[ 4
200¢ @2 GE 41 1 Jew td4 [ 31eq

wdd

2 v g 8
| _ 1 1 1 I L _ 1
a e e - ﬁ \ e e T S —_ —
1 Jo= - — — — —_ co o - -
J = : o - - co o . ~
o w s o o P o
2 b & o
g
i 60 01 ugte o€ I'E udd 9'¢ L€ puctzt s ¢S | wid /5 86 6
L S RN Ll Lo b vl b b
o e o ~ - : -
3 CRNIE g 3 e\ s =

Ul HI




E1Dad ‘ZHIN 008)
41

Jv'9e : dW3l

IH E1 ININNIdS
£71300 INATS

S3wty 2e . SNYJS
1e . NIVOY

ZH E9°/91esl 13580
ZHA 00 00S 04480
HT JNNBO

Jash g9°¢ IMd
IH 1970 10534
J3sW 0000 000F IMINT
3sw 0001070 1034d
J3SW 666E BEIT WLODV
338 9I%E° G . 0d
sawty | : AWRNO
sawly gg SWIL
2asn 0 001 TAINI
23sn ¢ gg 10v30
23sn  Qp AY130
H 0004 HLIT4

ZH 0°00001 NO344
sjutod pgegl OdnyS
sjutad pREYL LNIOd
uou J00WX 3
AJOISTHAZL[S

SULT HT juauway)

ejepuu 1071as JweNa[t
2002 8€ 92 G1 9 JBW PIM : 3ieQ

wdd 4 g il
I _ 1 1 | _ 1
T WY ¥ 1)
_r 1 |y \.| i v e~ _ - B |
N N - - - = oo o w b
m a m”w B3 @ 8 oo 2 sl B
@
S
wdd (4 |4 g 6y 05
L)l _ I I ' _ L _ L1 | | I
e Ve —

Ut Hi




F10AD “ZHIN 00S)
egl

3981 . dn3l

H VY : ONINNIAS
£1000 ¢ INATS

Sauty eg SNYJS
87 NIVaY

2H £€9°/91291 13560
ZHW 00009 08480
Hi JNNGO

23sh 066 TMd
ZH 19°0 053
235w 0000 0001 1MINI
Jasw Q0100 1034d
J3sw 666E°8EIT WDV
335 919€°9 (d
sauty AWKNQ
Sauty g SINIL
23sn 0001 TAINT
23sn &'/S 10v3a
33sn Q' 0y AV130
ZH 0005 HI14

ZH Q00001 [IESE]
sjutod ygEgl OdWyS
sjutod yBeg] INIOd
uou 300wx3

AJOISTHIIT[S

Jut7 H} Juawwo)

eIEpWY /02135 SUEN3T (4

£00¢ 19 EE €1 €2 (N PaM

:areq

4

5972
vE2

o

62°€
(

N jﬁ%%

N

©
15

1 -~ -
o
o
3

BE°9 k

IEOH

e’y

e
|

wdd - G/0°g

_______XL/___\T_!»L__

wid /G SL°G 08°G S8°S

______;LLW»\.LJ)

U7 HI




|||\\?|||‘rrl||\

5.06

4.950

5.08

4.975

POETE =3 ““*ﬁ]

™
[w]
o
o~ 7’\4
2 g 9}
[ o) [=]
~ & o
5 T 3 Q ~N N 8 8 ] E N =
Z. : §¥.‘J’: o] n n 3 (s} [oNg= = ;
[Te) COOQOOMNNAALW (=) o N Y =)
™~ ['s] O O MU . . O~ =3
. o~ ¢« rO~M Mo Nl @ . . i)
@ OO WwN .. ~ oo ~
(=] o oMM O O~
. 3 e ] o
™ SH ™
S ¢z 3
oo om o ==} (=]
QN =2 — (&
MEZODAOHZEHDON S (SN T ] 4
SEEPEEE PEEEE N L
ALAQHMACO0AaMAMMHDNE®MX
&
Oy
—o
£9£0 £\ Lo
S
69FT T T
1687°C
1998'1\
BBSE'E\
€z
B j
aagg s Mo 4_\\\\\j
osEs'o\\
789072
. L
- -
5 F 59001 \—, -
[Te]
Ve i
,——j © -
g ——— o
- L
T - 2 . SEST'Z
. TSE0° T S
% ™ 901z T L
J g "
o 0000°T
J// ¥ \ .
—wo
[Te)
-
S e "
0 «

f

N

o

10070
6T%°0
[A2 240
9TIL"0
€EL70
¥9L°0
88L°0
€18°0
920°1
[AS RS
62T°1
66171
€127 1
£€¢2°1
LET'T
vveTlT
§62°1
e9C° 1
89¢°1
9Lett
TLE"T
L8E°T
96€°T
€TF°T
EEV'T
PP 1T
96S°T
G99°T
089°1
L89°1
S69° 1T
€0L°T
0TL" T
68¢°¢
629°¢C
0092
¥69°C
9ZL"2
6%L"C
1L6°2
¥66°¢
9¢0°¢€
050°¢
61¥°€
169°¢
[42%
€67 E
680°F
L60° %
6067
216" Y
A4
66" ¥
G566y
6S6° %
LP0"°S
250°6
LS0°S
0L0°S
€L0°S
9L0°8
301°%
ZFL°S
S9L°G
TLLTS
6LL™G
S6L°G
£08°S
2€8°9
¥16°9
€92°L



€1Da0 ‘ZHIA 005)
eyl

Je8r dW3L

IH €T ININNIJS
£7000 INATS

Sawty 2 SNYIS
1¢ NIVIH

ZH €9°/9129] 13580
ZHW 00005 044180
H1 INNGO

Jasn g9°¢ TMd
2H 19°0 10534
J3st 0000 0001 LMINI
J3SW 000100 1034d
J3sw BE6E BEIT WLBOY
23S 919£°G Od
sauty 1 AWRNG
sauty ce SIWIL
23sn 0001 JALNI
Jasn /89 10v30
33sn Q' 0r AYT3IQ
ZH 000G YIS

ZH 0700001 no3d4
sjurod vBeEgy Qdnys
syutad pBESL INTOd
voy 300Wx3

AJ0)STHRIT[S

aut] Hl BIVELTTi)

€1Epwu Goz1as aweN3[ 4

£00¢ 10 65 81 0¢ unp tu4 [ ajeg

udd

<

v

g
L

Bl

S B

waid1 v G2l 05

_:__ ___\L.

,_aqu\r/\ﬁ
N i _\_

! ! |
] B ﬁjﬁjﬁgéii%;
-~ I\\.l\\: I~ Valrs |\| _ ara — —
1= ° .7 ~— - @ o - - = ~
mm 8 m By & M 4 = B g 2 & g 8 P
© o
g
Enﬁ_m.o Rﬂo 00 g 1 b " - s ” )
S — N __,_3__3_3(,____ L1
i I ,é ~ | Ll
00 st OE lwdosge qug'e
re b AT ERIRERRERRE

ggds 01's SIS
T______:\Z_\_J

wdd 6.6 08'G
MU IRERI NG

auL Hi




E1DAD ‘ZHIN 008)
avi

J ¥ 81 : dW3L

H €1 ININNIdS
€700 INATS

53wy e SNVIS
0¢ NIVOY

IH €9 (91291 13580
ZHA 00 00S 04480
Hi JNNGO

23sn 06§ Md
ZH 19°0 053
Jasw 0000 0001 1MINT
Jdsw 00010 0 703Hd
23sw 666E 8EIL WDV
J3s 919¢€' G ad
sauty 1 AWANQ
Sauiy ee SINIL
23sn 0001 TALNL
2dsn ¢ 4§ 10¥30
J3sn 0°0p AVI30
ZH 0005 Y1I3

ZH 0°000071 19344
syutad pgeEgy 0dW¥S
sjutad pgeEST INIOd
uou 300Wx3
AJOYISTHAL]G

Ul HI Ju3wwo)

ejepuu £0Z(3s awena[ty
E00C 2¢ £ 01 €2 [Nr paM . a31eQ

[Ulsfi1§]

wdd

Ge'l

wod

001G Gl

v 9
] T 1 ] _ .
WOW ) iliéﬂ Y
. e e \ I
e g Q BE o 2 >
wady 006 v G26'Y 0567
T wdd 051y AN
T T I AT
G| leidd
udg/ 2 sLe 082
ol b b
AN wdd 6/ g
weg 2 00°€ S0'€ [ L4
cdav o b Ly

dull HI




EDAD “ZHIN 008)
Sl

H

Jrae : dn3l

H ri ONINNIdS
€700 INATS

Sauty ce SNY2S
(%4 NIVOH

2H €9°/91¢91 13580
ZHA 00005 . 04480
HT JNNBO

J3sn £9°¢2 Thd
ZH 19°0 10534
338w Q000 0001 1MINI
J3sW 000100 1034d
J3suW 666E 8E9T WLO0¥
23S g19E°g Qd
sawty § AWWNG
S3uty ¢t SIWIL
Jasn 9001 TAINI
J3sn /789G 10v30
23sn 0 0p AVI30
ZH 0005 EINVE]

ZH 0°00001 (JLEISE]
sjutod pgEL OdWYS
sjutod pgEgl INIOd
uou 300WX3

AJDISTHAIL[S

autl HI Jusuwoy
ejepuuj0z1as aueNatty
€002 92 w5 81 £2 AeW tuq : 31EQ

wdd 0 ] g
| | 1 J 1 1 L 1 [ ! _
o0
i MM 2
w o o
~ o
z &
ol
e y
S w
o~
; g
@
Iy
wogl S0 30
[ A
[=2]
]
wdd p € udd g¢
,_3__3( wd /g 8'¢

Ut HI




