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Scheme. 12
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Scheme 13
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3b; R = n-Pr, 60%, dr > 99:1  4b; R = n-Pr, 19%, dr > 99:1
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Scheme 14
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R L c2
R — 1 oN &

MeO,C CO,Me
%.
MeO,C N NO;, +» R

A2
A3Me02CR H MeO,C CO,Me
L A4
O,N, ¢
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Scheme 17
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Figure 4
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©0-3° = R
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Scheme 18
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©0-}© Z R? 0-\©
N T (excess) RZA”\\ "H ., R
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MeO,C~ “CO,Me MeO,C~ “CO,Me MeO,C~ “CO,Me
4 6A 6B

6a; R' =iPr, RZ = CO2Me; 98% (A:B = 67:33)
6b; R! = iPr, R = CO2tBu; 90% (A:B = 61:39)
6¢c; R! = cHex, R? = CO2Me; 85% (A:B = 62:38)
6d; R! = cHex, R? = CO2tBu; 89% (A:B = 57:43)

Scheme 19
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1) Raney-Ni, Ho, NH
MeOH, reflux HO < ...
2) MeOH, reflux i-Pre
MeO,C COyMe MeO,C COyMe
6aA 7,79%

Scheme 20
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YETEIRTH T, £ THRA D7 v 7 a N AURIRIZ, REGR L 72 BRLRTRE %
NS Z & ThRFENERE S 7 03101~ v 2GR X o LB, “EEAOEANEE
=ik, TUNMEETHZ ETEYZ B31.0]~F o BLORE Y7 41,017 % >~
LEFLZENb= e T AT e REREE T 5 2 LT L7 (Figure. 5),

O,N
n=0 ~ O2N
R e R OH
—/ O.N R OH
ON 2 M R’
2 n R'
T R cCHO ———— |
‘ | O,N
n=1
R OH R' OH
Rl

Figure. 5
= ka7 NTrA~OT VT B RORFILEAININR S O F5 k% HTiT 5 72 (Scheme 21) '),
Ph
\ Ph 8a; R = n-Bu, 60%, 99%ee
Ny OTMS O,N 8b; R = n-Pr, 89%
R H (10 mol%) jv 8¢c; R = n-Pen, 84%
ON" + Y —> o~ CHO 8d R =c-Hex, 51%
0O hexane/ -4°C H 8e; R =i-Pr, 89%
Me 8f; R = Et, 59%
Ph
[N>"“}’Ph 9a; R = n-Pr, 71%
H OTMS O2N 9b; R = n-Bu, 80%
R H (10 mol%) 9¢; R =n-Pen, 73%
ONT + Y > '\ CHO od:R = c-Hex, 59%
e} hexane/ -4°C M 9e; R = i-Pr, 84%
e 9f; R = Et, 67%

Scheme 21
TuEF T AT E FIZR)-Z 0 Y CHROARFAEMBEOFE T, RO DML H D &5
D ORMETACTI-= b~ raEHEIE 2, ST AL—XZH#ITL, BlO= &
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TTE R 8a i’ 60%DUHETH GiLe, HARY O NMR T OFfEF, = ke 7 L7k R
alIN9 DT T AT LAY —IRGHTHOLND Z LR bhole, 2D 95 HLERMERONF
i 13 CHIRALPAK IC % M\ 7= HLPC 43 #T(CHIRALPAK IC (0.46 cm x 25 cm) (from Daicel
Chemical Ind., Ltd.), hexane/i-PrOH, 95/5, 0.70mL/min, 230 nm, 40°C){Z X = T 99%ee T 5 =
Lot RO c-Hex DA IERIGHE N ES . 4 BREIORIGKR I ZZ L, 3t 5 =
a7 7k R 8d A 51%DIETH LI,

B2 T VA AL A AT B T8

2Nj\f
<~ "OH

RELSK L= a7 5 e NICBRIERIE

Grignard G2 K5 l:“:/l/ﬂj}iﬁf\ %47 72(Scheme 22),
OsN
2 /\MgBr

O2N

=
J\/ = j\/{ separation j\/f
c-Hex - CHO > c-Hex OH —— ¢ Hex Y oH"

THF/-20°C

c-Hex

8d Me
10 minor

0; 2%,mr—6a4m 10 major

Scheme 22
=7 ATE F8AIZRILE == R D ME EET & 2 A, BUSIFEA L— X2
ITLCHIOT VLT v m—/1 10 25 12% DI TR BTz, FAER 0O NMR it O R
TUATILaA—L101Z 2007 AT LA~—0 60:40 DIREWME LTHELNDL Z L1b
Mole, ZNHD2 OOV T AT VAN —IE 7 Tvvahhdhra~w T T7 41— (~FH
onF U FRBE T T L= 32T DI Ko CHBET 5 Z LR TET, bE® 10 OENE
NOBRMEOE Rad I VB e tert- 7 T ATV ATV ULV THR#E L, BRIEATEEE 11 & 12

{2244 L 7= (Scheme 23),

O2N _ TBsotf  Oa=N =
j\)f 2.6-lutidine
-H - OH > c-Hex - OTBS
e ¢ CHoCly :
Me Me
10 major 11; 91%
O,N TBSOTf O,N _
7 26-lutidine
K ™ c-Hex 'OTBS
c-Hex : OH CH2C|2 c :
Me Me
10 minor 12; 80%
Scheme 23
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7V NT a3 — b 10(major)lZxf L CERTRY 7 A XX A)VR Vg tert-7 T 1
VAFNLYNE 26-VTF VB El S, BOGIEA L— RTHEIT L B OBRALHTEEA
11 23 91% DI TH STz, [FERICT VL7 /L =2 —/L 10(minor) > 5 & s d™ 2 BRAL AR

& 12 73 80%DINR T BT,

WO ey uBloNF Y OEK
WAZA R LT BALRIBRR 11 2 W T 7 v 7 a2 AR Z21T > 72, BRALTIERIE 13 12%f
LT, EEZHE, DBU &bl L0 F U R A FH S TS 7 v 7 Aus

%4772 (Scheme 24),
+ 0

o.
O,N P DBU(1eq)  O,N N,
j\/f Ag;0(2eq)

c-Hex - OTBS 12(2eq)  c-Hex : OTBS * ( Hex . OTBS

Me THF/ rt Me Me

11 13; 54% 14; 16% yield

dr = 58:42
Scheme 24

BRALRIBRAE 11 ITEBICHAE L, HIIOES 7 1 [3.1.0]~F % 13 N EAKME LT
54% THRLNTZ, BV 7 BB1.0NF T 131X 20DV T AT LAY—DIRAEME LTHE
DL, ZOHILGC HHING 58:42 THDHZ L yhole, FTEIERME LTA Y AF
PV UNFFY R4 16%TRONTZ, A Y AFH YU -NAF T R 14 1 THARD
O NMR T O H—DORIEETH L Z L BbhroTe, A VATV Y UN-AF TR 14
DAL ZAIE NOE (2 & - THRAE L 7=(Figure 6), Hy (ZHRET32 & 9% 15023 7 54, He
\ZHRETT 2 & 6% DR L b 4Tz, L7235 T He ORIC NOE AHBASAE U722 &,

C3 MLOAEXBLEILZ R THDH Z &y hotz,

o. .0 5

N\ "IHb 6% O\N/O "‘Hb

o \

Cin@ H

¢-Cetli™ " NotBS c-CeHym™ >N\ He
I\7Ie |\:/|e

Figure 6
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v 7 v[3.1.0]~F 1 13 OffiEE X R CIRET D12 DICROFEREIT-7-, ©v 7/ nm
BLO~NFH 13OV T AT UAY—RAEMIKLTT F T e 7T U iEEf 7 vik

TRTn-TFNT =T AEERSE, ST AT a—L 15 & 79%DIE T/

(Scheme 25),
02N N OzN,
O,N TBAF Zi:j g
o-Hex otes THF  OHEXT\TOH ™ cHex™\ ~~OH
I\i/l separation Me Me
e 15 major 15 minor
13; dr = 58:42

15; 79% (dr = 59:41)
Scheme 25
FOGOHtR TP T AT VA~ —REWICKRE BT R ONR N 72D T, ZOLBHT
DRV LITHZ > TN bDEEX BND, ZNH YT A7 LA~ —15major & 15minor
BT T allThIuv NI T T =Ko T LTo(~F Y DB R
TF L= 15:1>12.5:157:1), BIEREFEO/N SV 15major 23550 L7729 X S-S AT
ZATo72L 2 A, LAY 15minor 1%, 7 u~k i il s nFu U EBLOE R

FUNVENTRTcis DELEZ & > TWH Z LD B & 72 - 7= (Figure 7)

Figure 7

7V 3 —)L 15( major) & X FRAEEMATIZH L2 ks A2/ 5720, 77 /L 3—/1 15 (major)
Db Fax a7 EF L 88%TT v F MUK 16 2572, 72 F bk 16 IXEEK &

L T4 5 4172 (Scheme 26),

22



Na Ac0 NG

OZN\C : NEts OoNa -
C-Hex™\"OH oy cl, c-Hex" 7:-/\ ~OAc

Ve 88% Ve

15 major 16

Scheme 26
LB 16 Z2~F U - FEiA = T WIRGVED b ks L. HASMm 2 1ER U, Xeray & E

#{T-7-. Figure 8 |~ &N SNz,

Figure 8

ThbobIbEWw161%. 7 ua~Fi ik 7 a7l a XU BN rans, 7 B ~F Lk
ETBEFIEN cis DFLEAZ L > TWAHZ ERBH LN E T,

BRAVATBAAR 12 OBLEY > 7 v 7 e XU ALK& Z1T - 72 (Scheme 27),
DBU(1eq)  O-i°

OoN M A0 e \ 02%
2 eg .
'/OTBS c-Hex - I’OTBS + c-Hex “OTBS

c-Hex™ THF/ rt : y
Me Me Me
12 17;_45% yield 18; 32%
dr =99:1 dr=99:1
Scheme 27

THVETEABRORISHM TREL L7z & 24 BYEATBRAR 12 1380 Icilk L, A VA
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FH Y UNAF T R1TBEAERY E LT A5% TR Sz, AR O NMR fi#dr 7> b1k
BT DT AT LA~ LTHLND I ER o7, BV 7 7[3.1.0]~F 2 18
RIS & L THEL, IR 2% Th 72, GC fi#firnb ey 7 v[3.1.0]~F %> 18 &
H DU T AT VA =B b Ny hol,

AV F XYY N-FFY R 17 ONAREATILL T O K 912 LT 1H-NMR fi#tric k-
TRELZ, AV AFY YV UNAFTURI4DOHa L Hb B LU Ha & Hedh v 7Y oo
TR 92Hz & 8.5Hz ThHoTo, ZHUTT XU T AKERI+LETOI v 7V T ERTHD 2
EEEHRLTVWS, HTAYAFH YU N-AFT R 14O Ha & Hb BL U Ha & He D
W7V TERITTAHZ & 33H ThHoTo, A VAFY VY NAFT N4 &1 YA F
PV UNAXFYR1TOHa & He DAy 7V U TEBROZETIRE L, 2T Hb OILE
BlENRR D L ZERLTWD, T72b b A VAXH Y U U NAF T R 17 ORI

Figure 9 |Z R THEE TH D Z &R0 oT,

Figure 9

FHNT e 7 B [3.1.0]~F U 18 OREERE TR O X 912 LTI > 72(Scheme 28).

oz% TBAF O,N... é DMP O,N... f
c-Hex o1BS THF  c-Hex "'OH CHyCl, c-Hex™ \./"~0

: 81% H 52%

Me Me Me
20
O,N/, f%
c-Hex oH CHyCl, c-Hex
75%
15 minor 20
Scheme 28
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B 7 aBl0l~NF U 18ICx LTCT F T Re 7 7 Ut vibT b -7 F L
TR U AEER ST, KIREA L= RIZH#EIT L, BOT L 2—/1 19 23 81%f5 5
Teo ZOTNA—L19 ZHALATF U OBER TIC L > TRIET 2 &7 F 20 28 52%45 5
NWico 2O ML, BIZEMEPH OGN E R ST ALEMEZBELT-bDE NMR DS I
N T MIv B LT, 2OZ ENBLEY 17 HALEH 15(minor) & FIERIZ Y 7 B ~F 2 L5

Ly rmaru NN cls DEEERZ E > TWAZ EbinoT,

U bZaFEHn L, BICHEA 1L O 7 a7 a /S AAbKSTIEY 7 AT LA SRR 4A
HE S T8 BRALETEMA 12 OBE IR RIS EIT LTz, £ E8H L0545 T
HELZ BTV e YV AFT VY UNA R RSN,

(Figure 10),

bicyclo[3.1.0]hexane isooxazoline-N-oxide
O\,:]/O\:
O,N _ O2N \ G
c-Hex -
c-Hex” > OTBS H C-Hex™ 7 FOTBS
Me Me Me
1" 13; 54% 14; 16%
dr =58:42 dr = 99:1
— O\ﬁ\’o\:
O2N = C‘" 02%
., c-Hex 'OTBS  c-Hex 'OTBS
c-Hex Y OTBS H i
Me Me Me
12 17; 45% 18; 32%
dr =99:1 dr =99:1
Figure 10
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FBEH v a7 a8 AR OSSR IR MR KON SRR PRI 5t 9~ 2 B ) 5 2%
HIDIZBRALRTERAR 11 12%b9 5 > 7 1 7 o R AV D NARERVEIC DWW T ELERT 5, A
XV UN-AFUR 14 OEKRLEBET L, ARIGOBED YT AT LA #IRE

67:33 T& % (Scheme 29),

. Oy
OoNaT ™ N
c-HexD‘OTBS or c-Hex” t: ~OTBS
Me Me
O,N 13; 31% 14; 16%
2 J\f 47% o
c-Hex” 7 YOTBS |
Me
11 — OzN/,,
oHex'le&‘OTBs
Me
13; 23%

Scheme 29
WkDY 7 v Fa SIS D YT AT U ABRPNEN G0 To DIk L TABUSE D VT
2T UAEIRMENEL 72 o 72 DIE, T P AV OBk O T RGEIREE F2 Otz
CHHEEBIREE F3 035A L2720 Th D EE2 615, I rALBBIREE F2 128
WT 3 DOEBIENT 7T M) T LR DD T L TINRBEITEIR T D RN E T
L2 ThHD. Tob, ZORLEZRET D X 512 L TAKIL Tlida Lt EERIREE
F3 3567 %, TN THRALIVHEEBIRIEZ Db ONRNLE Th 572, EAERWIT
TRIGERINGE F2 SR E 725D T, 6733 OVT AT LABRMEIC 2o bDEEZ LN

(Figure.11),
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c-Hex . O,N o

Me PN
m&it:;y% *C)‘
R A > c-Hex " ~OTBS
2 . z
L o
oTBS— .

: O.N
Me Me—\ c-Hex e
F1 TBSOT <o, c-Hex’(jl‘OTBS

H F5 Me

Figure 11

WAZBRALRIBAA 12 DEBRILISIZ DWW TEET 5, FOITCRER%E £ & O 7 (Figure 12),

- +,O
O-N
ON_ 02":@ \
— : :
J\/r c-Hex "OTBS c-Hex "OTBS
c-Hex 7 ‘OTBS : H
Me Me Me
12 18; 32% 17; 45%
dr =99:1 dr =99:1

Figure 12

Bonzey 7 aB10~F 18 & A VXYV U UN-AF Y R 1T IEERERE—O
YR E LTHRLNTIIN DD, 3MLOMHELENRR DO TT P ANEDOY T AT L
FBPPETE S RN EBEZXBND, ThbbLIDY 7 a7 U ALRIGD YT AT L A
FYETR 6:4 THY, AU 2 oOFBERNSET 7 2[3.1.0~F V18 LA VX5V )
YN-FAFRY R OELLN—HRRRIICE LN, ENENH—DORMEKL L
Honhbo BB,

T OANBALDO VT AT LA BERMEDME T L2 BEEI, Bk O THLER IR G2 01E)
IR UNSHEERIREE G3 M ia L2t e B2 b b, ZHUTEBRIRE G2 IZB\WT T
¥ VT NALIZNLD OTBS k& B = LK FEM TE U2 R BITEIR T 2 AL ENEL D
T ThD, Tibbh, ZORREMERET 5 X512 L TRKIST b CHAHEEBRIRIEN
BAT 5. L LR UHAHEEBIRIEZT O b DR RELETH 5 720, TARWIIH T-HER

WRBHX LR DDT, K 6:4 OTT AT LARIRMEIZ 2 5728 D & & 2 55 (Figure 13),
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c-Hex . O,N o

Me/i:i‘Noz BN
e | O
OTBS, } c-Hex .~ "OTBS
OzNJ.\f G2 “ jL G4 Me
c-Hex” ™ “OTBS — O-N .

Me Me c-Hex id

G1 FT¥<>’/\NO = c-Hex 0TBS

L f 2 | :
ez O1BS G5 Me

Figure 13
EIUET A

Tex Dy 7 aFa s AURS T IRFBERIEEEA EARF G~ ERT 5720, BHICAF
AR FE e = e T LT B REFENE LT, 3 TR 20%DOIEETE > 7 1[3.1.0]~
FY R EGD 2 LUk, BLOLEEIRME,. B JOSLARERMET OTBS Hom &
WZEoTRELKEDD Z N7,
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WIUTE RIEME R B 7 v 41,017 L DERK
W OERIEMERR B 7 v 41,017 2 L DERK
HFIEER BT 7 v [41.0]~7 %  ORIAZ GRS 27212, FAEER= e T T

t K 8alZxt L TT U /LKL ZAT - 72 (Scheme 30),

O2N O2N
separation +
H —> n-Bu Y OH n-Bu
Me

O2N ~TMS - o,N
LCHO BF3/OEt,

n-Bu Y —— nBu

“'OH
Me THF/-56°C

Me
8a 21a 21 major 21 minor

|
70
Me
Scheme 30
=hr7ATE K8 IZ THF I, 56 ETT UL NY AFALT =T vk U H#E
T— TR AR S22, BOSIEA L —RICH#E T L, HORET VLT3 —)L 21a
2 81% DR T BTz, CR-NMR fiftr OFER, RET VAT Va3 —/b 21a 1 67:33 DY
TAT VAT —IRALTHOND Z ERNbhrolc, ZTH OOV T AT LAY —IET T
v allThrIuw b TTT7 4=l o THET S Z LRIz, /o nTRET VAT
Jb—) L 21lmajor Dt R VLA {R#S 5 = & CTHOBR(LATBERIA 22 %1572 (Scheme 31),
[FERIZ AEAY) 21minor DY T AT LA~ —% tert-7 F VT AF LTV UARH#ET H Z LT,

BRALRITEEAR 22 O BN T H 2 BRAGATEAA 23 21572,

O,N | TBSOTf O,N |
2,6-lutidine
—_—
n-Bu Y OH  CH,ClI, n-Bu Y OTBS
Me Me
21 major 22; 95%

TBSOTf QLN

O,N -
2,6-lutidine

n-Bu” 7~ “OH  CH,Cl, n-Bu” Y~ “OTBS
Me Me
21 minor 23; 93%
Scheme 31
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WIZEBRALHTBA 23 D> 7 a T a A& T T ZORIGE, = haF— 7 =4
BT DTV INVKISETH D2 DBU, BE{LER, £ L Ca URFEF TS EIT- T2

(Scheme 32),
_O\ + ,O

DBU(1 eq)
Ag,0(2eq)  O2N-.
12(2 eq) n-Bu n-Bu
- +

" "OTBS THE/ refl S
o T Me otBs Mé  OTBS

O.N
n-Bu

23 24; 66% 25; 5%
single isomer

Scheme 32

ZOFER, ST HEL 7 a[4.1.01~FF 2 24 PNHE—DRVEEKR L LT 66%DIETH S
Nice TIEVERME LTA VATV U UN-AFT R25 8 5%E6NT-, B3 7 11[4.1,0]
NTH 24 DX GERRESEIIT AT O L. TFAIE L7 a T a U BRI cis OELE. *

L T7Fdk L OTBS 75 trans DFLEZ & > TWD Z L3377z, (Figure 14),

Figure 14
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fE N TERAGATEAR 22 12xF L CHREBED > 7 v 7 a N AUR S Z1T > 72 (Scheme 33),

| DBU(1eq)  O,N, “o-n"°
OaN AOReq) 7 :
Ix(2eq)  n-Bu + nBu
n-Bu” Y NoTBS —— > '
Me THF/ reflux Me OTBS Mé: OTBS
22 26; 51% 27; 31%

single isomer

Scheme 33

FRLOSM TERALAIBMA 22 IXE HITIHKL L, HRIOE Y7 1[4.1.0]~7 % > 26 28 AR
Pl LT S1%DIUR TR Bz, Z OREONARBIRIET R <. GC T OfE 157 1
TR A RITHE - OBRMEERE L THOND Z g olc, ERRIERME LTA VA
FH VY UNAFT R 2T B 3I%EONT, B, (BOENTZET Y H[A10~T H 26 D

REREREIILLF O X 912 L TIT > 7=(Scheme 34),

TBAF
THF
29,61%
TBAF
THF
30; 75% 29; 85%

Scheme 34
BT/ u[410~7 X267 T Ka 7 7 U R bR 7 kT NI T FAT UE
= LA SEAER. BHO T L 2—)L 28 73 58%DINR TH ST, T/La—/L 28
Z ik A F L U YAIBEH T Dess-Martin-Periodinane (2 & > CTEg{L L. 47 k2 29 2L 61% T
Bz, 0T, EIEEHELZH SN LIS 7 a[4.1.01~7 % 24 D tert-7 F L A F

L U IVEDOE#EZRRRIC L TIT Y & BRIO T /L a—)L 30 28 T3%DIERTHE ST,
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7 v a—)v 30 &AL A T U B T Dess-Martin-Periodinane (2 & > TR Z1T 5 &, b
EW26 SN 29 ERICARY NVEET L R, T2 EnbE
VU107 X 24 L 26 DEWE, B KXV EOSIERFLORTHY, T UL
O ERMEMRE SN BEN -V 7 B[41.01~T X226 b7 FAELE V7 n 7 a U BN

cis DILEZ L5 Z EHBNERST,

WO OERIEMER e 7 a[41.0]1TF ) DAL

TOOKRET YAT )b 3—)L 2lmajor, 21 minor O XL LN B[RO F 29 e SR
D ENDInol, FITHRET VAT A= NEDT AT LA —RAEWDO EERD
FOSIZIH, RICEMd 5 2 & TH -0 b AT 5 FIE%Z T L7z (Table 1), £7-
=hta7NT e KD FA~v—EHWTRIRICAFIEZ A L7 (Table 2),

Table 1,
DBU
O,N ™S 6N | TBSOTf  O,N | Ag20
BF3 OEt, 2,6-lutidine I2
CHO — - \
R™ CHaCl, RT T OH ohpe,  RTT OTBSTHRrefux & ™ 1pe
Me . Me Me
-20C
10 21 31 32
entry R 21; Yield [%] 21; ds ratio 31; Yield [%] 32; Yield [%]

1 Bu 21a; 80 67:33 31a; 96 32a; 74

2 nPr 21b; 89 68:32 31b; 88 32b; 70

3 nPen 21c; 84 68:32 31c; 88 32c; 66

4 iPr 21e; 89 79:21 31e; 95 32¢; 62

TBAF
\ THF
Mé  OTBS
32 33 29
entry R 33; Yield [%] 29; Yield [%] 29; ee [%ee]

1 Bu 33a; 70 29a; 91 99
2 nPr 33b; 89 29b; 98 99
3 nPen 33¢c; 79 29c; 65 99
4 iPr 33e; 79 29¢; 91 99
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Table 2

DBU -
O,N ™S o N | TBSOTf  OyN | AgO  ONST
BF3 OEt, 2,6-lutidine I2 R
CHO —— _ _—
R CH,Cl, R OH " cH,cly R OTBS THF/reflux
Me OTBS
Me 20°C Me Me
9 34 35 36
entry R 34; Yield [%] 34; ds ratio 35; Yield [%] 36; Yield [%]
1 Bu 34a; 80 73:27 35a; 95 36a; 63
2 nPr 34b; 71 73:27 35b; 85 36b; 66
3 nPen 34c; 73 88:12 35c; 94 36¢; 60
4 cHex 34d;59 89:11 35d; 97 36d; 68
5 iPr 34e; 84 79:21 35e; 93 36e; 64
ONG™  1BAF OaN™ DMP 0N
RI ' _— Rl I R| v
THF / CH,Cl,
Me  OTBS Me  OH Me O
36 37 38
entry R 37; Yield [%] 38; Yield [%] 38; ee [%ee]
1 Bu 37a; 90 38a; 88 99
2 nPr 37b; 90 38b; 83 99
3 nPen 37c; 75 38¢c; 79 99
4 cHex 37d; 79 38d; 75 99
5 iPr 37e; 73 38e; 84 99

ZTORER, DT AT VA~ —REYOEFFEF CHOAEREZWEWHATE D Z LB yhotz, =
DFEZL>TELNTZZ F 29 BION38 ONFMEZMIET DL 99%ee THDHZ LM

ARIESY

HEE T hTE RO2H-V 7 aXur A b7 T DA
BFoNlcey 7 a[41.0|~7% /29 Z=ha ke DVR=VIKERTLHZ LB, KR
DOEBIENHFFTE D, ETET 7 0[d.1.0]~F % /229 ZRILKLTE Y7 1[5.1.014
JEAT LT BRIEREAER S L, =/ 7— 1 3y 7 v 7 a /XU ROBBRMG -
ZLlC=hrrf—hr7=FrRrFond, Z0&E, =fnF—rr=F AT
DANR=VEEN 8§ BERD 1 L& 5 MLINIE LTS, T ONCEBIFRIFIERR SR 23T L
RTNZEBMBNTNDTD D —fRICEZ b Rnesnd=retF— 7 =40
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T AT IND AN =NV FEASDOREBRR | ARETIEE TS5 Z ERifFEn s, Zhic X
STHLNDLZDIFIL I aX X UFETH D, V7 X2 BTSRRI A
EHLAEICE ENDT-DICABEFHICB W TEERZBK THY . TOEKIEOWIEILS
KATPONTER 2, LVDITAREZ, F=h= k2G50 7002 0 2 REEHK
TX 5720, BARTIEC 5D &5 2 % (Figure. 15),

Figure. 15

B U102 o ERBRIR LIS 7 1[5.1.014 7 Z v 2R viuE, AL 5/5
B DT, HUOBEBRKIEDNETT 200 LB 605, ZOHE, EERKNT= ket
— b T =AU BT AT ID IR VR REHET 5 2 L2, T ORIIE R
WA TH Y . ZnETITHRERIZ2, Ll 8 BERO 1 L& 5 ALIEZERIIC
T L TRY BRGNS T v b E— AR T2 DIT RETITHETT 50 TIER0W

EEBEZ T, BT a[41.01~T X ) 229 HERPLKT 572912, Bayear-Villiger BR{L S % 1T

O,N. = O,N L >
OzN,,. 2 B . mCPBA 2 R 3
R R R:..
| CH,Cl,
W~ O o

72 (Scheme 35)%0,

Me Mé o  reflux Me” O "o

39a; R = Bu, 73% 38 40a; R = Bu, 80%
39b; R = nPr, 76% 40b; R = nPr, 73%
39¢; R = nPen, 64% 40c; R = nPen, 68%
39%; R=iPr, 77% 40d; R =cHex, 76%

40e; R =iPr, 70%

Scheme 35

Yoo AR BT MBGETRI ST CTAZ 7 n il BERAER ¥, BUNT A
L—RIZHIT L, BRIDT 7 F2 39 BLON 40 234 80%DIE CTH—DEMEK L LTED

iz, Bl ZIEEHIL R 2 -7 FILEOEEIZIE 3%, B JT LNV ETHLA Y T
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NEOLAEIZIZ TT%TT 7 o 393G 6 Tz, W T, FoN7-7 7 F 40d 1% L TER

JERAEBRBOS DRt 24T > 72 (Scheme 36),

c-Hex
O,N TMSOTf(1.2 eq) = NO,

s EtzN(1.7 eq) '
c-Hex:.. Me
H,Cly, 0 O
0 CHaCly, 0C OTMS

o)
40d 42d; 95%

Scheme 36

F7 hrAad iy aa AR R OCHRIEF TR ZAdr A2 2R B R Y
AFN I NE NI ZFATIVEEHSEZEZ A KN A L—XIZEITLTHIO 2
E%ll\i'ﬂ:/fl\% 42d 753 95%%%%“74:0 Z D W*ﬁ&}im%{m@77 }\/ ;(—_J. LT%}H’T% 071,:

(Scheme 37),
TMSOTf(1.2eq) R NoO ON. &  TMSOTf(1.2 eq) R NO
OaN Ets3N(1.7 eq) c 2 2NN EtsN(1.7 eq) : 2
R Me: Re. 5 Me
. CH,Cl,, 0°C 0 : CH,Cl,, 0C o
Me® O “o oTMs me” O "o OTMS
39 41a: R = Bu, 87% 40 423; R= BUY 93%
41 c: R = nPe’n 93% 42C, R= nPen, 98%
’ ’ 42e; R = iPr, 74%
Scheme 37

FORER, WPTHROT 7 b 39, 40 5 TERIHEEY 41, 42 25K 80%DILER TH—0
BYERE LCEonT, BlxiE, BEER 3n 7FAETHDH T2 b 39a HIE BRIk
L&Y 41a 23 87T%DILHE TR LI, B MTAXFALIETHLA Y Tu AL THHT 7 b
¥ 39e I HIE BRIE(LED) dle B T4%DIE TR LI,

Z OEWSOE DRI ONWTERZT D, T 77 b 40ix b 7rdmx g2
BUBBRUAFALYILE NI FAT I UNCL ST T T2 =L HI ~EEHBESR
Do ZOFT YT EH—INHI OBFENOLOE O UIARIZEIY, 7 a7 a /XU BN H
HL, =t = 7=FArW2PELD, W\ T= et — T =4 2 B0 THOF
XYV ZUAAFNIK UTREREAITH)> 2L TT T8 Ru2H-v 7 a2 b7 7

BHEMEREIINLD, 20L&, “ODOEBIRIE H3HA BNE X LILDHN, D ) HLIBEBIREE
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H4 TR OTHNE U D720, EBBIREE H3 O NBENICHRITH D, Lichis T
Z OB IAN R EIRATHEI T3 % &35 2 5115 (Scheme 38 ),

TMSOTf  O,N,, > NO,
EtsN R, Me
Me erS
NO, Y NO,
T™MS-§
A B . Me
H3 o X 0
/j\H OTMS
Me 4} 42
R
NO,
T ke =D
H4 Ol ~ A\ o
\IC OTMS
T™MS-Q
NO,
Scheme 38

BUUER

3E L FEERZRBEH NG . AHICAFRBAOCAHEER= e 7 T e Raelgte LT, B
7 B[4.1.01~TF UERESD 2 ER K, OISO ASEIRMEIINERD S TNY 7 B
T AERIS LY bE < RS R CTh oz, TV MEOBRIZEL DT AT L~ —
ZOHEE Iy 7 v T a N AEROR ATV, £ 0 R d VR ARbT 528 T = b7
LT RE 5 T 41%DINERTE Y 7 a[41.0]~7 % ) A B —-ORMEEKRE LTES Z
EkT-, FEZoE Y7 a[4.1.01~T X ) AR L CTEBEIGEZIT) 2 & T, = hu
— R NT=F P ATNVERBET LB LWEA TORIEERT. 7 F 7 RE2H- 7 B3
VAT TR ELNDZ E b oTn, LIE o TARKIGITEFEEZR v 7 v[4.1.0]
NT L FIERT T R B RO W TH RS E WA D,
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IR

|l

BME= hr o7 m 7 a i HVWIiE iR R - RS RS
FR-IR R G PRBUG

Hf R

>.

= haKTRETT A ETT I VAT VLA EWTE L7720 0, = kv rnr
2 NATAERIEMEEMIC b B EN S/ r e AT I VORIBRMETH S 3D, = hrYv
7 a7 asNy ORIEITRIE A X LT VWO TREE RS & SN TV, Rilflcie->C
Charette H523& )@ E AW T= b7 n 7o L7 I U OBETLEZER LT O, L Lk
BHIIWTNLE M= ru k232 R 7 n X0 ThY, B = b ey
AT DMEERY 7 0 7 a /S ORTGITRIERE L LT TS, £ TARETHELNZY
7 aB1.0INF Y U OBIKISEER T HZ LT, v a a7y I ORI ERE
ERELL KD LB X, B 7 1[3.1.0]~F % 3b IZxF L. Charette & D EAEBEIZL T
SIBHE R L A X ) — IV OIRBTREEHIZ f%ﬁé@t@mmww)

N ] :
OoN-. Zn, HCI =z 1 HN :
n-Pr MeOH n-Pr ' n-Pr
R20,C° CO,R? R?0,C° CO,R? | R?0,C° CO,R?:
3b 43b: 67% | notobserved |
Scheme 39
vy 7 v[3.1.0]~F%F 4% 3b 1T WZHEHK L, i bEMOERB R 6Tz, 67z

LAY "H-NMR (Z1F 5-6 ppm LIRS A L 7 4 DKRFEERET D E— 27 INMFEL

BC-NMR [Z1% 80 ppm fHiTIZ= M U VRFE A RET H B — 7 BER SNz, ThbDoe—7
FEHN Ty 7 e 7m T I VITERONABRWE—7 Th D, F/ZFT-IRHFETH =
MU S G & RET 5 2230 em! DO B — 7 BHER SN2, LEO Z b /o bEY
THBOT I /v rmaTanrTidiel = MIAUEEY 43b THDHZ LR oTt, &
—itk=hwlAE = N KA BT DRSS E SN TNDLR, e asRro

CODRF-RFRE DOBIRE O BOS IR 720 32,
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ZDRFB-RBMABAREEEX 72037 1 [3.1.0]~F W > 312%F L TH1F - 7=(Table 3),

Table 3. %R SR-RFAE G BAZS
N
O:N Zn, HCl [,
R™ MeOH R™
R20,C" 'CO,R? R20,C" 'CO,R?
3 43
entry R R2 Time[h] Yield[%]
1 iPr Me 2 64
2 Et Me 2 75
3 nBu Me 2 70
4 nPen Me 2 66
5 nHex Me 2 66
6 cHex Me 2 67
7 Et Et 2 69
8 iPr Et 2 67
9 nPen Et 2 73

WTNOEE S = U IEEY 43 5K T10% DR TH ST, Fl2iE, 7T Eng v

Ta ENIEOGEIT= N Y L EY 43 D3 64% DI T B L7,

BEE RIT BRI FRE B BRSO pH AKAFIE O iR

BT IR R - A PR SUSIZ B W TR OMb 0 IZH LY =0 2OKEER 2 VT
FOSD pH ABIFYEIC DWW TR 21T 72, B3 7 B[3.1.0]~F ¥ A3l ik Lz b o
D, = MU ALEY) 43b DI, AT L 44b DL D Z L3530 o 72 (Scheme 40),

pH
N N\
O5N.,, Zn Il =
n-Pr
n-Pr MeOH n-Pr + R20,C ,
MeO,C COoMe NH,Cl aq, MeO,C COoMe CO5R
3b pH =4.5 43b; 45% 44b; 18%
Scheme 40

4% 2 44b @ 1H-NMR Tl 8.8 (il 7 m— K32 ¥ —2 & 13C-NMR Tl 160ppm (=

RIF-ZHEHRTEHGE R LRET D E— 7 BHER S TIE, = U VA SRR D B — 7 3R
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TERMoTe, £ 2 TEITMIRE-RFEM G BFRIED pH K2 AT 5720, pH A —
H—Z N ThE 2 72 BEVESRE T CRRET 21T > 72 (Table 4),

Table. 4 1= TR 5-IR Ttk O BAE UG O pH K7

OH
N
\
OoN.,, 7n =
n-Pr
n-Pr" NHsClag ~ n-Pr” * MeO,C
MeO,C CO,Me buffer MeO,C CO,Me COoMe
MeOH
3b 43b; 45% 44b; 18%
_ ) Yield[%]
entry pH Time[min]
3b 43b 44b
1 4.5 5 0 45 18
2 5.7 5 19 18 27
3 6.1 5 66 0 19
4 6.1 15 64 0 6

pH OHIRIZES T= F U LG 43b OERDEAD L. REOSOFER 3b 238N+ 2 Z &
D35y o T (entry 1-3), Bl 213 pH = 5.7 TITREIS DAL 3b 23 19%[01L S 417 (entry 2), F
7 pH=6.1 TIHLAEY 43b DERUTA HT ., REISOHEER 3b 23 66%FIL i1, 4% A
44b % 19%fF HAL7z(enry 3), % L TSI Z IR L CHIEROYEFE TR b ho 7
(entry 4),

BEE ORHEE OfiEE

3 T IR S -1 R 1 BRSO O OGS REIE Z R BA 3 5 72 012 A% 3 L 44b (2XF L CHEE- A
X ) — RARY CAeJEHish & /EH & ¥ 7=(Scheme 41) , S ITEITH T, RGO A F v
D 44b 73 96% L S D Z LNy T,

OH
N
\ Zn, INHCI ,
-Pr no reaction
) recovery of 44b, 96%
MeO,C MeOH
COzMe
44b

Scheme 41
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FX T A 44b (= F VL 43b OHFRRTIE /R, = U 43b LITE S TR TAER L T
WD EWRE ST, WRmITRBE-IRFBAERBRIGEDE 2 B D S & LRI R

(Figure. 16)

OZn
9 9 .CI)Zn N
- *N., , N., N.,, \
(@) reduction Zn L/ P
—_— —_— n-Pr .
n-Pr" n-Pr+" SET n-Pr" MeOC
MeO,C CO,Me MeO,C CO;Me MeO,C COoMe eb2 CO,Me
3b E1 E2 E3
+
H\OZn H\/(SZn
N M N
) Il =
' SET o
O-protonation n-Pr n-Pr n-Pr
MeO,C MeO,C MeO,C~ CO,Me
COzMe CO,Me
E3— E5 43b
Ozn OH
N N
NH4CI \ ) \
protonation
SET n—Pr@- - . n-Pr@
M602C MeOZC
COZMG COZMe
E6 44b
Figure. 16

=hrvruaray3p RS TSBHHRICL > T=hr Y7 n 7 m/Rr El ISR
TLEINDH, =heyirarua RN B FRLEZTHIETELL TV IIVEITY

77N AFNT VAN EREOREEEZR L TWDHT2), B 7 a7 /R0 RO
BAADHEITL CTT UMV ES L7225, HREREMSMECITI E3 OAF v AfHFE~O 7 1 kAL
DL Z DT, FVAINATFH LB LoD, TUVINHTFAH L EA~DEH H —
BIBHNEZ > TYA v F—A AR ES &70 0 20 B IEEZ R L 72 R FE-1R
FREARANSZIT) ZET= MU L 43b NEL 5, HWEEOR DV IZHET v E=T 20K
WK E RS & BYERE L WD T DAV B3 ICRT D 0-7 1 b AL EL A —&
TRENELET D, EUET =4 E6 1B BEECE RO THIZA NV A=A R T a b

MELTERIRO AT L 4ddb NE LN EEZ BN,
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U

TxDrr7a7a N ARSI L > TH LN BT 7 B [3.1.0]~F 0 31Tk L CTREMS
T TEBNMEAZERSES L, TN 2 DORB-REMH B IR TN L, 70%D
IWET= bV ILAE 3 BN D Z L3 ninoto, £ic 2 OBTHRF-RBM G A%
IO DV ITHEALT =T DKEEREIETIT O EAF T L 44 BAEK LT 22 25
Nolz, ZORITMIRFB-RFAEEHATII=br Y v 7 a7 a0 o4 Bilighic L 58T
WCkoTAhELD Y7 uTua btV AF LT VRN, 7 a7 a U BOREETT-
ToRIZ O-7u b Akt E B B BE 2R BHEEHC L > T= MU v 43 2 52 | 5508tk
T EBETE TR AL o TAF YA M B2 20D EEZLND,
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oRT TV =iy a7 a oS U AVROG DOBR%E

W LAl O

Tex D7 a7 a8 ALROSIEA b— R ENLEERIICET T 2 b o0, ERETh
L bRz M BTV D, IEETIIREICE LWMEEE LT V=07 I XA Y —NR
HWELTE I, BIZIE7 ) =7 I A M) —CI3ARRRIEOME IS5 2 &0, T
HRIEOBEE DL THIEREEHIN TS, T2 THRaxDv 7 an o ARG %
X0 TV =V RRIGET D701, K0 2 CIRFEIEOB LA OB 2179 2 8 & L, i
EOBREFIT= v d— 7 =A 0 OBECBOSIT O B To bl 4. AL T T8
F L RIREIZ~ v U FFEK 2b 12%F L TR S H72(Table 5)!%19,

Table 5. F{tFA Ot

DBU
ON metallic salt O,N.,,
(2-4 eq)
n-Pr" l2 n-Pr+"
MeO,C COy,Me THF MeO,C COzMe
2b 3b
entry Metallic solt Time [h]  Yield [%]
1 Ce(NO3)3 6H,0 4 13
2 Cu(OTf), 3 1
3 CuCl 4 81
4 PdCl, 4 81
5 Fe,O3 10 81
6 FeCls 3 70
7 MnO, 6 74

Bz IEe V) U LAEERGD E B a[3.1.01~F Y2 3b DULEIX 13% T > 7= (entry 1),
HALERA( T )yt b 8T P A(DEHWD & B2 7 a[3.1.01~3F 32 3b DILRT 81%!|2 1A
L7z (entry3,4), SEEHWNTHE Y7 B[3.1.0]~F V> 3b [TBHRIRTHEOLND Z &2
DipoTo(entrys, 6), b~ T bRIBRIZE 7 B[3.1.0]~F W 3b & RAF/RIUETH
ZTe(entry 7). /X7 U AEIXEANTH 0 F 2SI EMES AV, — TR DD
L7 DT, LFOBRF Tl =@t —gkxzHnosZ L & L,
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0E EYE MR
WA ek DOIREY 21T - 72(Table 6),

Table 6. F2& %MD RET

DBU (1 eq) o °
O2N Va Fe,03(2 eq) O5N.,, \
12(2 eq)
R R + R
R'0,C” "CO,R! THE R'0,C" CO,R! R'0,C" CO,R!
2 3 4
entry R R? 3; Yield [%] 3;dr 4; Yield [%] 4; dr
1 nBu Me 62 95:5 20 95:5
2 iPr Me 18 90:10 81 nd
3 cHex Me 19 90:10 76 98:2
4 Ph Me 59 97:3 0 -
5 Et Et 60 95:5 6 90:10
6 nPen Et 63 92:8 29 86:14

WTNOHZEHEY 7 B30T 30 Y AFY YT UNAF U R ABRRLNT,

Bz 1 R DT FILEOEEITIIE S 7 2 [3.1.0]~F 2 3 78 62%DILER T, 95:5 DI T A

TUAERMETHE LN, 2oL ERIERME L TA VAT Y UN-AF T R 408 20%

DOYLERT, 95:5 ONAKEBIRME TR S N7 (entry 1), BHLIE R 23 {7 NAFNVIETHDLA Y

T NI Y T a AT UNEOGEIE, A VATV YU UNAFT T R 4 B4R

L CENZEI 81%., T6%DINETHE LI, -0 L ERIEKRME L TE Y7 2[3.1.0]~

FH 305 18%. 19% DI TG 6 V7= (entry 2, 3),

C ORI T

Ferovr7a7uNAISE LD 7 ) = REOSE T D2, BRACAIOBRE 217 -

7o BERTH Y rommfliZe#fi 20 5 2 & 728 < ARFME TR 2 =F bk & 23 0 I

THEMEH Y 7 v 7o ALRSIEE L HET L, BRIOE Y27 B[3.1.0]~F V> 3 235

LNDHZ LN hole, £lo, ZOLE A VFXRH YU VN X BRI LER, £

DA S IR 2 NGB OIS EFERTH 2 Z Lo,
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e

INETEA2 DY a7 ar M ALRISIEANT ] EBICOAZHNLENTE T, 22T
B OEMNLEINFE TIII A D7 a7 a U AVRR D R B ERAE S~ H 2 et LTz, 5
TETHEY e VBT A LEE LRI AN B 7 v [3.1.0]~F P b Y A
SV N-F XY Refle, ZORISOILFEFPETMBEHO & & S ITHEIND 2 L2V
Sl AVFFY Y U N-AFY RIIT A7 T X L dn L, ZRAA~T oR(ILE
WERHIZEMTE o, FEHTIEAFAR LI Z WS 2 & T AE ey 7
[3.1.0]~F % &Gz, L LISOALFEIRMERL O T A7 LA BRI T K > 72,
DO ENBEALHIBRARD T U AL OEHIEIMEERIIER L OV T AT LA RIRPEIC K
XIWBEEZD NS hot, BT CTIEAFAMRLEEZ A0 COtEtkr e v
7 al4.1.0l~7F 25, RSO T AT UAERMELEL . b Fax S5+ 5
ZETH O I uA10I~T Y ) LB T H I R TE, BV r[4.1.01~T
B BB 7 r[5.1.014 7 X b BRITRN & BRI & — 25T H 2 &
THFHEE Ry 7 v X ¥ U FERERD I LN TE R, FEHEAETEE LW A TO
RS Tl D38 TR G- RBREGRAARSOEZ R LTz, ZhIZRY, F=M= hefkdns
= MU IbLEW RS 2 E N TE T, RBICHRNETEFR L O 7 v 7 a8 AL A
WA LA Z . TEROBMEER L D b2 CICEEO UL =8k TR TE 5 2 L83 ho
77

UEDZ &t Foxr D7 a7 a/ S AMAUORITRBEOHLINBHEINL BT 1
n.1.0]7 v H v DERRRCAFAMICOGEA TE D2 3k olz, FohdEv /o
1017 VB NE= b r RNV RNV EEE /T 5 2 LD SRR ERRIS 21T 2 &0
TE., xR BRPERE S5 270, £724 VAFY YU -N-AF 2 R 1,3- 8+
Lo Thixa~nT ottt e b 27, LER-> CTAKGIR, B2 ehlol7 g g
W m Gt b MDA T TIER . 7 uaXeZ o7 VY Py, ARSI X AR E
ek 2 IR RSO EBNEM L G O ERIZ IS TE D AHRRISTH D Z L0345y
Moz, BHRIEIAKIEEZANTE Y7 an1.017 vl UEEST A v ek, 7 n
NRU B VBB Gt RIS FTEME L MO AT ERICIEAT 5, EEAlE LTo
Wi fb =8, 3 VRO A 7V ERFET 52 TRV 7Y =iy a7 gL
KOG % BT,
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e

AW AT U i XL e £ LD DU 2L DOTXERE ZHHEEZB Y £ Lz B4
BB st & ARG Bh sz i < EHh O e L R4, ARSCERIC S 72 - Tk, FRA L L
TEL D IZYEEZ W& E LICRATR R REdZ, Mk REER., HiEEEdz, w*
FIMEBRRIITR S B W o LE T, E28IFE FOBRICRE W AZ 52 Tl R4V o
TT T U R ER S L OMEE O KAIST DK AN, LOX 2272 -> T N5l L Bl
LERANG, @R RO BETTH 2 & RN A, R TI —E0 VW% <zt
- DICRS B LET, R&igio, 9P HlIcEx 2ARE MG HE S 2 & TS DR
DEEMEEZ BT TN CEMRRBHICE BN LET,
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TH NMR 27 bvid, AAET EX-270 (270 MHz), A A7+ DELTA-500(500 MHz)#%
BER I E R E | %7212 BUKER SPECTROSPIN AVANCE 5008 (500 MHz) Tl L
oo WL LCE/ra RV AEZAWTT 7 AF A7 (0.00 ppm)E-iF7 rukL
2(7.26 ppm) & JEHE L L7,

183C NMR A-~ULv 7 uid, HARE ¢ EX-270 (67.56 MH2) RS ILISIELEE . AAE

DELTA-500(125 MHz) % 7= 1% BUKER SPECTROSPIN AVANCE 5008 (125 MHz) CTHI|&E

L7z,

T wvahThIuxw NS TT 4 —IZiZV a—4 L C-300 W T o7,

GCMS /%, SHIMADZU @ GC-2010,GCMS-QP2010 %M L GC 7 7 A3 InterCap 5,8

FHOBIE 0.40 pm, & & 30 m, AL 0.25 mm O H O & L7z,

AHRIIFFICRREORWIRY | il A2 2 O F E/HA LT,

RISy 7 A5 RN L, CaHe TR LEb0ZELICHEMAL, 7 e

b N7 T IBERIEEOZERERN IO 2 LT,
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Dimethyl 2-Allyl-2-(1-nitrobutan-2-yl)-malonate 2a
NO,

X
MeOZC CO,Me

BHERFK T, 50mL —A 7 I 2aic7 U~ Uy 2 F10 1 (0.9404 g, 5.46 mmol).,

THF(30.0 mL) % AL, -30°CIZmEILTZ, BY U A tert-7 b+ K (0.6185¢g, 5.51 mmol)
ZMNZ T 1R L7e, THFG mDIZEN L7c 1-= he-1-77 > (0.8342 g, 8.25 mmol)
BT, 14 Kt BafniEib 7 vt =7 2KEE B0 mL) 2 2 7=, RISIEAMIZA Q0
mL) &Nz, Filig—F /(60 mLx3) Thllt L. AHAHZ SRR ~ U 7 A CHR S 7,
AHith, WIREWERE L, MKEWE 7T v v ahThrav NI T 74—
(Hexane:AcOEt=25:1~7:1) THH# L, = bk n{t&4 2a(1.1513 g, 4.21 mmoD) % L 77 %

T,

I (B R A

'"H NMR (500 MHz, CDCls): 8= 5.75 (dddd, J = 18.8, 9.1, 6.6, 1.2 Hz, 1 H), 5.14 (d, J=10.5 Hz, 1
H),5.13 (d,J=17.6 Hz, | H), 4.74 (ddd, J= 14.4, 3.2, 0.6 Hz, 1 H), 4.35 (ddd, J = 14.4, 7.0, 1.1 Hz,
1 H), 3.74 (s, 3 H), 3.71 (s, 3 H), 2.95 (dtd, J= 6.7, 3.2, 2.3 Hz, 1 H), 2.78 (ddd, J= 14.5, 6.6, 1.2
Hz, 1 H), 2.65 (ddd, J = 14.6, 8.1, 0.8 Hz, 1 H), 1.69-1.60 (m, 1 H), 1.33-1.22 (m, 1 H), 0.93ppm

(td, J=17.5, 1.1 Hz, 3 H);

BC NMR (26 MHz, CDClz): &= 170.2, 170.1, 170.0, 169.9, 132.0, 119.3, 119.3, 77.3, 60.5, 52.4, 52.4,

52.4,52.3,41.0,37.8,37.8,22.3,22.3,11.0, 11.0.ppm

Anal. Calcd. for Ci2H19NOg: C, 52.74; H, 7.01; N, 5.13. Found: C, 52.54; H, 6.92; N, 5.23.
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Dimethyl 2-allyl-2-(1-nitropentane-2-yl)malonate 2b
NO,

M AN
€02C" Lo Me

PR ERTERI LN

'H NMR (500 MHz, CDCls): 8= 5.80-5.70 (m, 1 H), 5.13 (d, /= 10.7 Hz, 2 H), 5.13 (d, /= 17.5 Hz,
2 H), 4.75 (dd, J = 14.5, 3.4 Hz, 1 H), 4.32 (dd, J = 14.4, 6.6 Hz, 1 H), 3.75 (s, 3 H), 3.71 (s, 3 H),
3.01 (dd, J =93, 5.9 Hz, 1 H), 2.78 (dd, J = 14.5, 6.5 Hz, 1 H), 2.64 (dd, J = 14.5, 8.1 Hz, 1 H),

1.54—1.45 (m, 1 H), 1.40~1.17 (m, 3 H), 0.90ppm (t, J = 7.1 Hz, 3 H);

BC NMR (26 MHz, CDCl3): 8= 170.5, 170.3, 132.2, 119.6, 78.1, 61.0, 52.7, 52.6, 39.8, 38.2, 32.1,

20.2, 14.1.ppm

HRMS (FAB M + H) m/z 288.1448. Calcd for C13H2NOg 288.1447.
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dimethyl 2-allyl-2-(1-nitroheptane-2-yl)malonate 2c
NO,

M X
e02C" L ooMe

B EERAVERITEN

'H NMR (500 MHz, CDCls): 3= 5.75 (dddd, J = 17.0, 10.7, 8.1, 6.6 Hz, 1 H), 5.13 (d, J = 10.3 Hz, 1
H),5.13(d,J=17.0 Hz, 1 H), 4.75 (dd, J= 14.4, 3.5 Hz, 1 H), 4.33 (dd, J= 14.4, 6.6 Hz, 1 H), 3.74
(s, 3 H),3.71 (s, 3 H), 3.00 (ddd, /= 9.7, 6.6, 3.4 Hz, 1 H), 2.77 (dd, J = 14.5, 6.5 Hz, 1 H), 2.64

(dd, J=14.5,8.1 Hz, 1 H), 1.61-1.13 (m, 8 H), 0.86 ppm (t, J = 6.9 Hz, 3 H);

BC NMR (26 MHz, CDCl3): = 170.6, 170.4, 132.2, 119.7, 78.1, 61.0, 52.6, 52.6, 40.1, 38.2, 31.8,

29.8,26.6,22.3, 13.9. ppm

HRMS (FAB M + H) m/z 316.1755. Calcd for C1sH26NOgs 316.1760.
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dimethyl 2-allyl-2-(3-methyl-1-nitrobutan-2-y)malonate 2d

NO,
MeOzC
COzMe

e o IR A

'H NMR (500 MHz, CDCls): = 0.76 (d, 3 H, J= 7.3 Hz), 0.96 (d, 3 H, /= 6.9 Hz), 2.04 — 2.16 (m,
1 H), 2.62-2.71 (m, 1 H), 2.84 (dd, 1 H, J= 6.6, 14.5 Hz), 3.16 — 3.19 (m, 1 H), 3.71 = 3.77 (m, 6
H),4.48 (dd, 1 H, J= 6.9, 14.8 Hz), 4.72 (dd, 1 H, J= 3.0, 14.8 Hz), 5.10 — 5.17 (m, 1 H), 5.65 —

5.83ppm (m, 1 H).

BC NMR (26 MHz, CDCls): 6= 16.4, 22.6, 26.5, 38.3, 44.4, 52.5, 52.5, 60.6, 119.6, 132.1, 170.5,

170.7. ppm

Anal. Calcd. for C13H21NOg: C, 54.35; H, 7.37; N, 4.88. Found: C, 54.02; H, 7.15; N, 4.93.
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dimethyl 2-allyl-2-(1-nitro-2-cyclohexylethane -2-yl)malonate 2e

NO,

M X
e02C" o Me

e o IR A

"H NMR (500 MHz, CDCl3): 6= 5.74 (dddd, J=12.2,9.8,7.2, 1.3 Hz, | H), 5.14 (d, J=9.9 Hz,
1H), 5.13 (d,J=17.8 Hz, 1 H), 4.65 (dd, /= 14.8,2.7 Hz, 1 H), 4.55 (ddd, J=14.9,7.5, 1.3 Hz, 1
H), 3.74 (s, 3H), 3.70 (s, 3 H), 3.10 (d, J= 7.4 Hz, 1 H), 2.83 (ddd, J=14.4, 6.3, 1.2 Hz, 1 H), 2.66

(dd, J=14.5, 8.5 Hz, 1 H), 1.80—1.51 (m, 5 H), 1.34—0.92 ppm (m, 6 H);

BC NMR (26 MHz, CDCls): 8= 170.9, 170.7, 132.2, 119.7, 75.0, 60.1, 52.7, 52.7, 44.8, 38.6, 37.4,

33.0,27.4, 7.1, 26.6, 26.0. ppm

Anal. Caled. for C16H2sNOs: C, 58.70; H, 7.70; N, 4.28. Found: C, 58.71; H, 7.55; N, 4.33.
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(1R*,2S8*%,5R*)-Dimethyl 2-Ethyl-1-nitrobicyclo[3.1.0]hexane-3,3- dicarboxylate 3a
Dimethyl 6-Ethyl-3a,4-dihydro-3H-cyclopenta|c]isoxazole-5,5(6H)-dicarboxylate-N

-oxide 4a

ERFAK T, 50mL —H 7 7 2 2i2= k n{bi4) 2a(0.2346 g, 0.860 mmol), THF(10.0
mL) % Av7-, %iZ DBU (0.16mL, 1.1 mmol) & §&{t4R(11)(0.4190 g, 1.81 mmoD 3 L V=
7 #(0.3195 g, 1.26 mmol) & i 2 7=, b WefHfi#RtL, E{A&Z W5 AT BRu o, a2
BIEEE L, MkdEWE 7T vy a T hr7n~ 757 4 —(Hexane:AcOEt=10:1~
2:D)THLL, Y7 [3.1.0]~% %> 8a(0.1671 g , 0.62 mmol) % [ 72% (trans/cis =
99/1) Tz, A VFH VU L -N-A4F% 3 K 4a(0.0540 g , 0.20 mmol) % L% 23 %(trans/cis
=99/1) Tf57=,

3a

O,N.,,

MeOzC COzMe

B R  Rf(Hexane'AcOEt=3:1) :0.57

"H NMR (500 MHz, CDCls): 6=3.74 (s, 3 H), 3.73 (s, 3 H), 3.58 (dd, J= 5.6, 3.4 Hz, 1 H), 2.93 (ddd,
J=14.1,5.3,0.9 Hz, 1 H),2.64 (ddd, /J=10.1,5.4,5.0 Hz, 1 H), 2.23 (d, /= 14.2 Hz, 1 H), 1.95 (dqd,
J=15.2,7.6,57Hz,1H), 1.67 (ddd,J=9.8, 6.7, 1.1 Hz, 1 H), 1.48 (dqd, J=15.1, 7.5, 3.4 Hz, 1 H),

1.13 (dd, J= 6.6, 5.7 Hz, 1 H), 0.86ppm (t, J = 7.6 Hz, 3 H);

3C NMR (26 MHz, CDCls): 8= 172.3, 168.8, 71.9, 63.6, 53.4, 53.1, 45.3, 33.5, 27.5, 24.6, 21.1,

10.7ppm

IR (neat) v 1732, 1527, 1244 cm™;

HRMS (ESIM + H) m/z 272.1135. Calcd for C12H1sNOgs 272.1134.
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4a

MeO,C~ 'CO,Me

Nk UARGAN

'H NMR (500 MHz, CDCL;): 8= 4.64 (dd, J= 9.2, 7.6 Hz, 1 H), 4.37-4.28 (m, 1 H), 4.10 (dd, J=
9.9, 7.6 Hz, 1 H), 3.74 (s, 3 H), 3.71 (s, 3 H), 3.53 (ddd, J= 10.5, 5.1, 2.2 Hz, 1 H), 2.67 (dd, J =
13.4,7.9 Hz, 1 H), 1.86 (dd, J = 13.5, 8.8 Hz, 1 H), 1.62 (dqd, J = 14.9, 7.5, 5.2 Hz, 1 H), 1.39 (ddq,

J=14.5,10.5,7.3 Hz, 1 H), 1.03ppm (t, J= 7.4 Hz, 3 H);

BC NMR (26 MHz, CDCl3): = 170.8, 170.1, 122.0, 72.4, 67.3, 53.2, 52.8, 47.6, 44.1, 37.0, 23.0,

12.8ppm

IR (neat) v 1732, 1712, 1664 cm™!;

HRMS (ESI M — H) m/z 270.0977. Calcd for C12H16NOs270.097
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dimethyl 1-nitro-2-propylbicyclo[3.1.0lhexane-3,3-dicarboxylate 3b

Dimethyl 6-Propyl-3a,4-dihydro-3H-cyclopenta|c]isoxazole-5,5(6H)-dicarboxylate-

3b
OZNI,,
/\““

MGOZC COQMG

N-oxide 4b

FEEIRAAR

'H NMR (500 MHz, CDCls): 3= 3.74 (s, 3 H), 3.73 (s, 3 H), 3.54 (dd, J = 5.8, 3.6 Hz, 1 H), 2.90
(ddd, J=14.1,5.3,0.7 Hz, 1 H), 2.60 (dt, /= 10.1, 5.2 Hz, 1 H), 2.20 (d, J = 14.1 Hz, 1 H),
1.81-1.72 (m, 1 H), 1.70 (ddd, J= 9.8, 6.7, 1.0 Hz, 1 H), 1.46—1.22 (m, 2 H), 1.18 (dd, J= 13.6, 6.6

Hz, 1 H), 1.13 (dd, J= 6.6, 5.7 Hz, 1 H), 0.84ppm (t, J= 7.2 Hz, 3 H);

BC NMR (26 MHz, CDCls): 8= 172.2, 169.0, 72.3, 63.9, 53.3, 53.0, 44.9, 33.5, 30.3, 27.7, 25.0,

20.0, 14.5ppm

IR (neat) v 1732, 1529, 1260, 1240 cm™;

HRMS (ESIM + H) m/z 286.1315. Calcd for C13H20NOg 286.1291.
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4b

MeO,C~ CO,Me
UEREERTEAUN
'H NMR (500 MHz, CDCls): 8= 4.66 (dd, J=9.1, 7.7 Hz, 1 H), 4.44-4.26 (m, 1 H), 4.12 (dd, J =
9.8,7.5Hz, 1 H), 3.77 (s, 3 H), 3.75 (s, 3 H), 3.64 (d, /= 10.7 Hz, 1 H), 2.70 (dd, /= 13.2, 7.8 Hz, 1
H), 1.89 (dd, J = 13.5, 8.7 Hz, 1 H), 1.56—1.43 (m, 2 H), 1.31-1.20 (m, 2 H), 0.93ppm (t, /= 7.1 Hz,

3 H);

BC NMR (26 MHz, CDCl3): = 170.9, 170.1, 122.1, 72.3, 67.3, 53.3, 52.8, 47.6, 42.3, 37.0, 31.8,

21.4, 14.0ppm

IR (neat) v 2958, 1730, 1712, 1663 cm™;

HRMS (ESI M — H) m/z 284.1154. Calcd for C13HsNOs 284.1134
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dimethyl 1-nitro-2-pentylbicyclo[3.1.0]hexane-3,3-dicarboxylate 3c
Dimethyl 6-Pentyl-3a,4-dihydro-3H-cyclopenta|c]isoxazole-5,5(6H)-dicarboxylate-
N-oxide 4c
3c

O,N...

/\/\““

MeO,C CO,Me

R

"H NMR (500 MHz, CDCls): 3= 3.74 (s, 3 H), 3.72 (s, 3 H), 3.54 (dd, J= 5.8, 3.7 Hz, 1 H),
2.95-2.87 (m, 1 H), 2.61 (dt, J= 6.2, 5.5 Hz, 1 H), 2.20 (d, J= 14.1 Hz, 1 H), 1.77 (dddd, J = 14.7,
11.6, 5.8, 4.4 Hz, 1 H), 1.69 (ddd, J=9.8, 6.7, 1.0 Hz, 1 H), 1.43 (dddd, J=14.9, 11.3, 5.1, 3.8 Hz,
1 H), 1.39-1.30 (m, 1 H), 1.28-1.09 (m, 5 H), 1.12 (dd, J= 6.7, 5.6 Hz, 1 H), 0.84ppm (t, J= 7.1

Hz, 3 H);

BC NMR (26 MHz, CDCl3): = 172.2, 168.9, 72.2, 63.7,53.4, 53.0, 44.7,33.4, 32.1, 28.0, 27.6,

26.1,24.9,22.3, 14.0.ppm

IR (neat) v 1732, 1529, 1248 cm™';

HRMS (ESIM + H) m/z 314.1588. Caled for C1sH24NOg 314.1604
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4c

o_*.0
O~N
\

MeO,C CO,Me
ERERTETEN
"H NMR (500 MHz, CDCl3): 6= 4.66 (dd, J=9.2, 7.6 Hz, 1 H), 4.34 (tdd, J=10.2, 8.9, 2.2 Hz, 1
H), 4.12 (dd,J=9.9,7.7Hz, 1 H), 3.77 (s, 3 H), 3.75 (s, 3 H), 3.63 (ddd, /= 10.4, 5.0, 2.0 Hz, 1 H),
2.71 (ddd, J=13.4, 8.0, 0.4 Hz, 1 H), 1.89 (dd, J=13.5, 8.6 Hz, 1 H), 1.59—1.22 (m, 8H), 0.87ppm

(t,J=6.1 Hz, 3H);

BC NMR (26 MHz, CDCls): 8= 170.9, 170.0, 122.0, 72.3, 67.3, 53.3, 52.8, 47.5, 42.5, 36.9, 31.7,

29.6,27.7,22.5, 14.1.ppm

IR (neat) v 2950, 1732, 1710, 1667 em™;

HRMS (ESI M — H) m/z 312.1454. Calcd for C1sH,NO 312.144
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dimethyl 1-nitro-2-pentylbicyclo[3.1.0]hexane-3,3-dicarboxylate 3d
Dimethyl 6-Isopropyl-3a,4-dihydro-3H-cyclopenta|c]-isoxazole-5,5(6H)-
dicarboxylate-N-oxide 4d
3d

O,N.,,

MeO,C CO,Me

{EERENCTEN

'H NMR (500 MHz, CDCls): 8= 3.78 (s, 3 H), 3.70 (s, 3 H), 2.97 (ddd, J= 13.5, 6.6, 1.5 Hz, 1 H),
2.85(d,J= 8.3 Hz, 1 H), 2.49-2.36 (m, 2 H), 2.22 (dd, /= 8.1, 7.3 Hz, 1 H), 1.77 (ddd, J = 13.6,
2.7,2.0 Hz, 1 H), 1.29 (td, /= 6.3, 1.6 Hz, 1 H), 0.98 (dd, J = 6.8, 2.0 Hz, 3 H), 0.89 ppm (dd, J =

6.7,2.2 Hz, 3 H);

BC NMR (26 MHz, CDCl3): 6= 171.3, 169.4, 73.3, 68.3, 58.6, 53.0, 52.9, 37.9, 31.5, 30.8, 27.9,

21.4,21.2. ppm

IR (neat) v 1730, 1527, 1250 cm™!;

HRMS (ESIM + H) m/z 286.1315. Calcd for C13H20NOg 286.129
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4d

— +
O\N’
\!

o)

M602C COZMe

H 484 mp 103.9-105.3 °C

'H NMR (500 MHz, CDCLs): 8= 4.65 (dd, J=9.2, 7.6 Hz, 1 H), 4.29 (dtd, J=17.3,8.2,2.2 Hz, 1
H), 4.09 (dd, J=9.9, 7.6 Hz, 1 H), 3.74 (s, 6 H), 3.52 (dd, J=5.3,2.2 Hz, 1 H), 2.72 (dd, J=13.5,
8.2 Hz, 1 H), 1.94 (tt, J=13.4, 6.7 Hz, 1 H), 1.86 (dd, J=13.5, 8.4 Hz, 1 H), 1.08 (d, J= 6.7 Hz, 3

H), 0.89 ppm (d, /= 6.8 Hz, 3 H);

BC NMR (26 MHz, CDCl3): = 171.2, 170.1, 121.4, 72.3, 67.0, 53.3, 53.0, 49.6, 48.5, 37.5, 29.7,

23.1,20.1. ppm

IR (CH2Cly) v 2953, 1726, 1654 cm™;

HRMS (ESIM — H) m/z 284.1136. Calcd for C13Hi1sNOs 284.1134.
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dimethyl 1-nitro-2-propylbicyclo[3.1.0]hexane-3,3-dicarboxylate 3e

Dimethyl 6-Cyclohexyl-3a,4-dihydro-3H-cyclopenta|c]-isoxazole-5,5(6H)

3e
02N1,$

e0,C CO,Me

-dicarboxylate-N-oxide 4e

H 2. [& & mp 107.4-108.0 °C

TH NMR (500 MHz, CDCL): 6= 3.82 (s, 3 H), 3.70 (s, 3 H), 2.98 (dd, J = 13.3, 7.5 Hz, 1 H),
2.74 (d, J =9.2 Hz, 1 H), 2.41-2.32 (m, 2 H), 2.14 (qt, J = 11.9, 3.0 Hz, 1 H), 1.78 (d, J =
12.5 Hz, 1 H), 1.74-1.60 (m, 4 H), 1.51 (d, J = 12.6 Hz, 1 H), 1.34 (t, J = 4.9 Hz, 1 H),

1.27-0.93 (m, 5 H);

13C NMR (126 MHz, CDCls): 8= 171.2, 169.6, 73.2,169.2, 59.2, 53.0, 52.9, 38.6, 37.9, 32.5,

32.3, 32.3, 31.9, 26.7, 26 .4, 26.2;

IR (CHCls) v 1732, 1527 cm™1.

Anal. Caled. for C16H2sNOs: C, 59.06; H, 7.13; N, 4.31. Found: C, 59.17; H, 7.21; N, 4.31.
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4e

— +/o
O-N

\

QeOQC COzMe

HHEAE R mp 115.0-116.0 °C;

'H NMR (500 MHz, CDCLy): 8= 4.64 (ddd, J=7.9, 7.0, 1.8 Hz, 1 H), 4.29 (p, ] = 8.5 Hz, 1 H),
4.14-4.04 (m, 1 H), 3.78 (s, 6 H), 3.55-3.45 (m, 1 H), 2.70 (ddd, ] = 13.4, 8.1, 1.7 Hz, 1 H), 1.84
(ddd, J=13.4,8.6, 1.1 Hz, 1 H), 1.78 (d, J = 13.4 Hz, 1 H), 1.71 (d, ] = 10.4 Hz, 2 H), 1.62—1.49 (m,

3 H), 1.38-1.00 (m, 5 H);

BC NMR (126 MHz, CDCl3): 6= 171.2, 170.3, 121.6, 72.2, 67.0, 53.3, 52.9, 48.9, 48.7, 39.6, 37.7,

33.5,30.7, 26.6, 26.4, 25.9;
IR (CH,Cly) v 2928, 1732, 1661 cm™;

HRMS (ESI M — H) m/z 324.1429. Calcd for C;sH22NOs 324.1447.
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dimethyl 1-benzoyl-7-cyclohexyltetrahydro- azirino[1,2-b]lcyclopentalclisoxazole-
6,6(1H)-dicarboxylate 5e
O
0]
pn—.

MeO,C~ COyMe
ERFEMAT, 2bmL — A7 7 A3y 7 a A Y AXH VU N4 K 4e(0.4303 g,
1.32 mmol), ELF=2T7—3—7 2 4A(0.4864¢g), b= (6.0mL), 7==1LT7tF L
(1 mL)&EMx7-, 3 B 80°CTIERE L=, Mk4AME 7T v ahT v b7
7 7 4 —(Hexane:AcOEt=5:1~1:D) TR L, 7V 2 5e(0.1872 g, 0.440 mmol) % Y

2 33 % T/,

HEE A mp 142.2-143.0 °C;

'H NMR (500 MHz, CDCl3): 8=8.19 (dd, J= 8.2, 1.5 Hz, 2 H), 7.59 (td, J= 7.2, 1.3 Hz, 1 H), 7.48
(t,J=7.0Hz, 2 H), 4.13 (t, J= 8.3 Hz, 1 H), 3.80 (s, 3H), 3.93—3.64 (m, 3 H), 3.76 (s, 3 H), 2.93
(ddd, J=14.4,9.5, 1.8 Hz, 1 H), 2.87 (s, 1 H), 2.38 (d, J= 14.4 Hz, 1 H), 1.89—1.43 (m, 6H),

1.45-0.97 ppm (m, 5 H);

3C NMR (26 MHz, CDCl3): 8= 192.3, 171.5, 169.8, 136.6, 134.0, 129.1, 128.8, 82.2, 68.0, 64.3,

55.3,53.3,53.2,52.9,43.2,39.8, 37.2, 33.6, 30.1, 27.3,26.9, 26.1. ppm

Anal. Caled. for C24H29NOs: C, 67.43; H, 6.84; N, 3.28. Found: C, 67.55; H, 7.02; N, 3.29.
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Dimethyl 1-benzoyl-7-isopropyltetrahydroazirino[1,2-bleyclopentalc]- isoxazole-6,6(1H)-

dicarboxylate 5da

F A E A mp 128.3-129.3 °C;

"H NMR (500 MHz, CDCL): 5= 8.17 (d, ] = 8.3 Hz, 2 H), 7.57 (t, ] = 7.4 Hz, 1 H), 7.46 (dd, T = 11.1,
43 Hz,2 H),4.13 (t, J=8.3 Hz, 1 H), 3.86 (dt, ] =9.5, 4.7 Hz, 1 H), 3.79 (s, 3 H), 3.74 (s, 3 H), 3.71
(dd, J=4.4, 1.5 Hz, 1 H), 3.70 (s, 1 H), 3.69 (d, ] = 7.9 Hz, 1 H), 2.99-2.90 (m, 1 H), 2.36 (dd, ] =
14.6,2.0 Hz, 1 H), 1.78 (dtd, J = 13.9, 7.0, 3.6 Hz, 1 H), 1.07 (d,J = 6.9 Hz, 3 H), 1.00 (d, J

=7.0 Hz, 3 H).

BCNMR (126 MHz, CDCl3): 6= 192.3,171.6, 169.8, 136.6, 134.0, 129.1, 128.8,82.2,67.9, 64.2, 55.2,

53.3,53.2,52.9,43.2,36.8,29.1, 23.2, 19.4.

Anal. Calcd. for C;1H2sNOg: C, 65.10; H, 6.50; N, 3.62. Found: C, 65.16; H, 6.60; N, 3.66.
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dimethyl 1-(2-(tert-butoxy)-2-oxoacetyl)-7-cyclohexyltetrahydro- azirino[1,2-

bleyclopentalclisoxazole-6,6(1H)-dicarboxylate 5db

Y B ER mp 92.8-93.8 °

TH NMR (500 MHz, CDCls): 8= 4.45 (dd, J = 13.5, 7.4 Hz, 1 H), 3.94-3.87 (m, 1 H), 3.75
(s, 3H), 3.70 (s, 3H), 3.73-3.65 (m, 1 H), 3.45-3.34 (m, 1 H), 2.89-2.76 (m, 2 H), 2.30
(d, J=14.5Hz, 1 H), 1.78-1.69 (m, 1 H), 1.51 (s, 9 H), 0.98 (d, J = 6.9 Hz, 3 H), 0.91 (d,

J=6.7Hz, 3 H).

13C NMR (126 MHz, CDCls): 6= 186.7, 171.3, 169.5, 159.5, 84.7, 83.3, 71.7, 64.6, 53.3, 52.9,

52.8, 52.6, 43.5, 36.8, 28.7, 27.8, 22.9, 19.4.

Anal. Caled. for C20H20NOs: C, 58.38; H, 7.10; N, 3.40. Found: C, 58.44; H, 7.14; N, 3.43.
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(6aS*,9S*,9aR*)-Trimethyl-9-Isopropyldihydro-1H-cyclopenta|c]isoxazolo[2,3-b]isoxazole-
2,8,8(2H,6H,9H)-tricarboxylate 6a
BHEFMK T, 26mL O 7723ty r7nA Y 4%V Y - NFF R 4d4(102.4 mg,
0.36 mmol), ELF=2T7—3—7 2 4A(0.5281¢g), FT>@QmL), 77 ULEEAT L (2
mL)ZNZ 72, 3 W] 80CTMEEN L7z, MIREME T T v ahFhrav v 7T
4 —(Hexane:AcOEt=3:1) THRLL . K 6a(130.0 mg) % UK 98 % THH7-,

6aA(major):

MeOzC COzMe
6aA

E£6 B [E 4R, 138.8—-139.6 °C

TH NMR (500 MHz, CDCls): 6= 4.74 (dd, J = 10.8, 5.6 Hz, 1 H), 4.19 (dd, J =9.1, 6.5 Hz, 1
H), 3.86 (d, J = 9.2 Hz, 1 H), 3.80 (s, 3 H), 3.77 (s, 3 H), 3.71 (s, 3 H), 2.81 (dd, J = 12.3,
8.5 Hz, 1 H), 2.72 (dd, J = 15.7, 9.1 Hz, 1 H), 2.58 (t, J = 11.3 Hz, 2 H), 2.26 (dd, J = 12.8,
5.7 Hz, 1 H), 2.07-1.98 (m, 1 H), 1.71 (dd, J = 12.2, 10.1 Hz, 1 H), 1.05 (d, J = 6.5 Hz, 3

H), 0.98 (d, J = 6.5 Hz, 3 H);

13C NMR (126 MHz, CDCl3): 5= 171.5, 170.8, 170.2, 89.5, 77.6, 75.5, 63.4, 57.2, 52.8, 52.7,

52.6, 51.3, 41.3, 38.1, 27.9, 22.0, 21.6.

Anal. Caled. for C17H25NOs: C, 54.98; H, 6.79; N, 3.77. Found: C, 54.93; H, 6.90; N, 3.74.
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6aB(minor)

MeOZC COzMe
6aA

£ 7 W [ 14, 125.4-126.6 °C

H NMR (500 MHz, CDCL): 8= 4.60 (dd, J =9.8, 4.0 Hz, 1 H), 4.53 (dd, J = 8.7, 6.6 Hz, 1
H), 3.82 (dd, J =8.7, 1.1 Hz, 1 H), 3.79 (s, 3 H), 3.77 (s, 3 H), 3.71 (s, 3 H), 2.86—2.75 (m,
2 H),2.71 (dt, J = 15.3, 4.9 Hz, 1 H), 2.44 (d, J = 11.0 Hz, 1 H), 2.30 (dd, J = 13.6, 4.0 Hz,
1 H), 2.10 (qd, J = 13.0, 6.5 Hz, 1 H), 1.70 (dd, J = 12.4, 9.6 Hz, 1 H), 1.03 (d, J = 6.5 Hz,

3H),0.97 d, J =6.5 Hz, 3 H);

13C NMR (126 MHz, CDCl3): 6= 171.7, 171.1, 170.8, 88.9, 75.7, 74.8, 63.3, 58.0, 52.8, 52.6,

52.5,51.4,41.6, 36.5, 28.0, 27.9, 22.3, 21.8.

Anal. Caled. for C17H25NOs: C, 54.98; H, 6.79; N, 3.77. Found: C, 55.06; H, 6.87; N, 3.82.

(6aS*,95*,9aR*)-2-tert-Butyl 8,8-Dimethyl -9-Isopropyldihydro-1H-cyclopenta-lc]
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isoxazolo[2,3-blisoxazole-2,8,8(2H,6H,9H)-tricarboxylate 6b

6bA(major):

MeOzC COgMe
6bA

e B E AR, 113.6— 114.6 °C

TH NMR (500 MHz, CDCL): 8= 4.58 (dd, J = 10.4, 6.0 Hz, 1 H), 4.16 (dd, J = 8.8, 6.8 Hz,
1H),3.83(d,J=9.2Hz 1H),3.79(d,J=1.1Hz 3H), 3.71(d, J = 1.1 Hz, 3 H), 2.78
(dd, J =12.3, 8.4 Hz, 1 H), 2.70 (dd, J = 15.7, 9.1 Hz, 1 H), 2.60-2.48 (m, 2 H), 2.17 (dd,
J=12.6,5.4 Hz, 1 H), 2.04 (tt, J = 12.7, 6.4 Hz, 1 H), 1.70 (dd, J = 12.2, 10.2 Hz, 1 H),

1.46 (d, J=1.0Hz, 9 H), 1.06 (d, J = 6.5 Hz, 3 H), 0.97 (d, J = 6.5 Hz, 3 H);

13C NMR (126 MHz, CDCls): 6= 171.6, 170.9, 168.8, 89.4, 82.6, 78.8, 75.3, 63.4, 57.2,

52.8, 52.6,51.6, 41.3, 38.1, 28.0, 27.9, 22.0, 21.64.

Anal. Caled. for C20H31NOs: C, 58.10; H, 7.56; N, 3.39. Found: C, 58.03; H, 7.60; N, 3.45.

67



6bB(minor):

MEOZC COZMG
6bB

6 B E AR, 121.2—-122.0 °C

H NMR (500 MHz, CDCL): 8= 4.60 (dd, J = 8.5, 6.6 Hz, 1 H), 4.45 (dd, J = 9.8, 3.9 Hz, 1
H), 3.80 (d, J =9.6 Hz, 1 H), 3.79 (s, 3 H), 3.70 (s, 3 H), 2.78 (dd, J = 12.0, 8.9 Hz, 1 H),
2.76 (dd, J =12.9,9.5 Hz, 1 H), 2.70 (dd, J = 15.8, 8.9 Hz, 1 H), 2.42 (d, J =11.0 Hz, 1
H), 2.22 (dd, J =13.5, 3.9 Hz, 1 H), 2.11 (ddd, J = 17.7, 12.9, 6.3 Hz, 1 H), 1.69 (dd, J =

12.3,9.6 Hz, 1 H), 1.47 (s, 9 H), 1.02 (d, J = 6.5 Hz, 3 H), 0.97 (d, J = 6.5 Hz, 3 H);

13C NMR (126 MHz, CDCls): 6= 171.8, 170.7, 169.7, 88.8, 82.5, 75.6, 75.3, 63.3, 58.0,

52.7,52.5,51.2, 41.5, 36.4, 28.0, 27.9, 22.3, 21.8.

Anal. Caled. for C20H31NOs: C, 58.10; H, 7.56; N, 3.39. Found: C, 58.04; H, 7.60; N, 3.32.
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(6aS*,9S*,9aR*)-Trimethyl9-Cyclohexyldihydro-1Hcyclopenta|c]isoxazolo[2,3-b]-isoxazole-
2,8,8(2H,6H,9H)-tricarboxylate 6¢

6¢A(major):

405 B [E 4R, 133.8—134.5 °C

'H NMR (500 MHz, CDCLy): 8= 4.72 (ddd, J = 10.5, 5.7, 1.9 Hz, 1 H), 4.17 (t, ] = 8.8 Hz, 1 H), 3.84
(d, 7=9.4Hz, 1 H),3.79 (s, 3 H), 3.76 (s, 3 H), 3.70 (s, 3 H), 2.80 (dd, J = 11.4, 9.3 Hz, 1 H), 2.70
(dd, J=16.3,7.9 Hz, 1 H), 2.63 (d, ] = 11.0 Hz, 1 H), 2.53 (t, ] = 11.4 Hz, 1 H), 2.25 (dd, J = 12.0,

4.9 Hz, 1 H), 1.94 (d, J = 13.6 Hz, 1 H), 1.80—1.53 (m, 6H), 1.26-0.91 (m, SH);

BC NMR (126 MHz, CDCl3): 8= 171.6, 170.7, 170.2, 89.5, 77.6, 75.4, 62.9, 56.0, 52.9, 52.8, 52.7,

51.4,41.3,38.2,37.7,32.1,31.5, 26.9, 26.3, 26.2.

Anal. Calcd. for C;0H29NOs: C, 58.38; H, 7.10; N, 3.40. Found: C, 58.21; H, 7.17; N, 3.41.
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6cB(minor):

fiE e BB E R, 115.6—116.4 °C;

H NMR (500 MHz, CDCls): 8= 4.60 (dd, J =9.9, 3.8 Hz, 1 H), 4.51 (dd, J =8.7, 6.7 Hz, 1
H),3.80(d,J=7.0Hz 1 H), 3.80 (s, 3H), 3.77 (s, 3 H), 3.71 (s, 3 H), 2.83-2.73 (m, 2 H),
2.69 (dd, J = 15.2, 8.6 Hz, 1 H), 2.53 (d, J = 10.9 Hz, 1 H), 2.30 (dd, J = 13.5, 3.8 Hz, 1

H), 1.89 (d, J =13.7 Hz, 1 H), 1.79-1.59 (m, 5H), 1.30—0.92 (m, 6H);

13C NMR (126 MHz, CDCls): 6= 171.8, 171.2, 170.7, 88.8, 75.6, 74.9, 62.8, 56.8, 52.8,

52.7,52.6, 51.3, 41.6, 37.8, 36.5, 32.3, 31.6, 26.9, 26.3, 26.2.

Anal. Caled. for C20H20NOs: C, 58.38; H, 7.10; N, 3.40. Found: C, 58.35; H, 7.18; N, 3.39.
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(6aS*,9S* 9aR*) 2-tert-Butyl 8,8-Dimethyl-9-Cyclohexyldihydro-1H-cyclopenta-[cl
isoxazolo[2,3-blisoxazole-2,8,8(2H,6H,9H)-tricarboxylate 6d.

6dA(major):

E(7 5 B [E AR, 197.8— 198.4 °C;

TH NMR (500 MHz, CDCls): 8= (dd, J = 10.8, 5.6 Hz, 1 H), 4.16 (dd, J = 9.2, 6.4 Hz, 1 H),
3.82(d, J =9.2 Hz, 1 H), 3.80 (s, 3 H), 3.71 (s, 3 H), 2.78 (dd, J = 12.3, 8.4 Hz, 1 H), 2.68
(dd, J =15.8,9.1 Hz, 1 H), 2.64 (d, J = 11.1 Hz, 1 H), 2.49 (dd, J = 12.6, 11.0 Hz, 1 H),
2.18 (dd, J =12.7, 5.6 Hz, 1 H), 2.00 (d, J = 14.2 Hz, 1 H), 1.82-1.61 (m, 6 H), 1.46 (s, 9

H), 1.28—-1.09 (m, 3 H), 1.07—0.94 (m, 2 H).;

13C NMR (126 MHz, CDCls): = 171.7, 170.8, 168.8, 89.3, 82.6, 78.9, 75.2, 62.9, 56.0,

52.8, 52.7,51.7, 41.3, 38.3, 37.8, 32.0, 31.5, 28.0, 26.9, 26.3, 26.3.

Anal. Caled. for C2sHssNOs: C, 60.91; H, 7.78; N, 3.09. Found: C, 60.92; H, 7.84; N, 3.12.
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6dB(minor):

2B E R, 150.9-151.7 °C;

1H NMR (500 MHz, CDCls): 8= 4.60 (dd, J = 8.6, 6.7 Hz, 1 H), 4.45 (dd, J = 10.0, 3.7 Hz,

1 H), 3.80 (s, 3H), 3.79 (d, J = 8.8 Hz, 1 H), 3.71 (s, 3 H), 2.82—2.70 (m, 2 H), 2.69 (dd, J

=15.2,86 Hz, 1 H), 2.51 (d, J =10.9 Hz, 1 H), 2.23 (dd, J = 13.5, 3.6 Hz, 1 H), 1.90 (d, J

=13.9Hz 1 H), 1.79-1.61 (m, 6 H), 1.49-1.45 (m, 9 H), 1.26-0.92 (m, 5 H).

13C NMR (126 MHz, CDCls): 6= 171.9, 170.7, 169.8, 88.8, 82.5, 75.5, 75.4, 62.8, 56.8,

52.8, 52.6,51.1, 41.6, 37.8, 36.4, 32.3, 31.6, 28.0, 26.9, 26.3, 26.2.

Anal. Caled. for C23H3ssNOs: C, 60.91; H, 7.78; N, 3.09. Found: C, 60.88; H, 7.89; N, 3.15.
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(3S*,5R*,65*95*)-Dimethyl 3-Hydroxy-9(hydroxymethyl)-6-isopropyl-2-oxo-1-azaspiro

[4.4]lnonane7,7-dicarboxylate 7

(0]
NH OH
HOIII R |||H
i-Pr

MeO,C" COyMe
KFEFEHLKT. 177 2=k 6aA (107.0 mg, 0.29 mmol) & # % / —/L(15 mL) %
Iz 7-%. Raney Ni (1.5341 @) & Iz 7=, 24 B L7, ERFIHK T C 24 Fif#
L7, BERZ AT R\ t2, MEME 7T v a T hua~ b II7 4—

(Hexane:AcOEt=20:1—2A % / —/L) TR L, T2 ¥ 5T #IUK 79% (78.6 mg) TH/=,
HEAEE. 155.0—156.0 °C;

H NMR (500 MHz, CDCl): 8= (br, 1 H), 5.06 (br, 1 H), 4.20 (d, J = 18.0 Hz, 1 H), 3.77 (s,
3H), 3.71 (s, 3H), 3.48 (br, 1 H), 2.66 (dd, J = 14.5, 8.4 Hz, 1 H), 2.51 (dd, J = 12.7, 7.6
Hz, 1 H), 2.43(d, J = 10.6 Hz, 1 H), 2.38-2.29 (m, 1 H), 2.27-2.15 (m, 1 H), 1.89 (dd, J =
12.7, 10.8 Hz, 1 H), 1.69 (dd, J = 14.6, 2.2 Hz, 1 H), 1.20 (br, 1 H), 0.94 (d, J = 6.4 Hz, 3

H), 0.86 (t, J = 5.7 Hz, 3 H);

13C NMR (126 MHz, CDCl;): 8= 176.9, 173.3, 171.0, 70.5, 67.8, 61.8, 60.8, 60.8, 53.0,

52.6, 51.0, 40.6, 37.3, 27 .4, 22.8, 22.6;

HRMS (ESI M + H) m/z 344.1709. Caled for Ci16H26NO7 344.1709.
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(2R,3R)-2-methyl-3-(nitromethyl)heptanal 8a

OoN
Me
8a

100 mL3 17 7 A 2T 1-= b ~F£2(2.7852 g,21.6 mmol) & ~F 4> (20 mL) & I Z. 7=,
e A 74T e K(21.0mL,292 mmol) & Nz, —SCIZwmAEI Lz, & 512(S)-a,0-
U7z n2-¥n VAR )= hU AT Lm—T LYEHE(0.4 M in tolune, 5 mL,
2.0 mmol)Z ANz, 72 WEREIEFE U7z, HaMe/KESIE(1 N, 50 mL) & I 2 7% . A HeiE 23 L L
2o K@ ZFEET F L (15 mL X 3) Thlnti ., A2 BKEEE T F U v ATRKL, Zh
AW UTn, WA RIERE L, HRAEY(5.9623 g, dr=90:10) 2 1%7-, “hE b T ATk
- THEH(Hex only— Hex:AcOEt= 60:1— 40:1— 20:1) L, (2R,3R)-2-A F/L-3-(= h 1z A F /L)
~T K F—)L 8a (2.4410 g, 13.0 mmol) & 60% DULHE TH7=, F 7/ HPLC pHrOFER. Y

FHUEE X 99%ee Thh o 77,

Je £ 5 IR A

HPLC 43#T: CHIRALPAK IC (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 98/2, 0.70mL/min, 230 nm, 40°C

tr 23.1 min (minor)

tr 29.3 min (major)

99%ee

[o]p +3.9 (CHCLs,c 3.06)

'H NMR (500 MHz, CDCL): 8= 9.68 (s,1 H), 4.50 (dd, J= 12.8, 6.1 Hz, 1 H), 4.40 (dd, J= 8.0, 12.6
Hz, 1 H), 2.89—2.71 (m, 1 H), 2.55 (dq, J = 7.47, 3.98 Hz, 1 H), 1.46—1.21 (m, 6 H), 1.11 (d,J=
8.06 Hz, 3 H), 0.89 (t, J=7.33 Hz, 3 H);

3C NMR (26 MHz, CDCl): 8= 202.9, 47.1, 37.3, 29.2, 28.1, 22.7, 13.9, 9.0;
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(2R,3R)-2-methyl-3-(nitromethyl)hexanal 8b
OsN

/\)\/CHO

Me

e BIHHZIAR, RS fE(Hexane:AcOEt = 5: 1): 0.40

[a]o +7.9 (CHCIs ¢ 0.98)

'H NMR (500 MHz, CDCly): 3= 9.67 (s,1 H), 4.48 (dd, J= 5.9, 7.3 Hz, 1 H), 4.39 (dd, J = 8.0, 4.8
Hz, 1 H),2.81—2.76 (m, 1 H), 2.53 (dd, J=4.6, 11.4 Hz, 1 H), 1.37—1.26 (m,4 H), 1.13 (d,J=7.4

Hz, 3 H), 0.91ppm (t, J =9.8, 3 H);

BC NMR (26 MHz, CDCl3): 8= 202.6, 46.7, 36.7, 30.1, 19.9, 13.7, 8.54

75



(2R,3R)-3-cyclohexyl-2-methyl-4-nitrobutanal 8d

O,N
CHO

M €0 5 R A

[a]lp +9.3 (CHCL;,c 1.01)

'H NMR (500 MHz, CDCls): 3= 9.69 (s,1 H), 4.60 (dd, J=6.0, 8.4 Hz, 1 H), 4.39 (dd, J = 6.8, 7.7

Hz, 1 H),2.61—2.55 (m, 2 H), 1.78 —0.95ppm (m, 14 H);

BC NMR (26 MHz, CDCls): 8= 203.1, 75.9, 46.7, 43.6, 38.1, 31.7, 30.1, 26.5, 26.3, 26.1, 10.8ppm;
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(3R,4R,5R)-5-cyclohexyl-4-methyl-6-nitrohex-1-en-3-ol 10 major
(3S,4R,5R)-5-cyclohexyl-4-methyl-6-nitrohex-1-en-3-o0l 10 minor
BHEFMK T, 20CT3 0 100mL 7 T 22 |TB b =L~ 7 %27 AERK(1.0 M in THE,
6.0 mL, 6.0 mmol)Z M x 72, ZAUZQ2R3R)-3-2 7 B ~F I /L-2-AF)bd-= fhua T HF—)L
8d (0.4848 g,2.27mol) & THF23 mL)Z W}~ < Vi F L7, 1 Fefiffise S 7%, fafnifEibr
VE= T AKIEKRGBOmL) 2 % 72, THF ZEE £%, 7Kg Z HEE = /1(20 mLx3) Tl
L7, AHEZ BoKkEieT U o ATk L, Sl L7, AL RITEE L, A

F#(dr = 60:40) & 1572, ZivE B T L TR (Hex only—>Hex:AcOEt= 32:1-7:1) L,
(BRA4R,5R)-5- 7 m@~4- A F)b-6-= h a~FHP-1- -3-F4—)L 10 major B LY
(3S,4R,5R)-5-7 7 ©~~4- A F)b-6-= f T ~F Y- -3-4—/L 10 minor(0.3919 g, 1.62
mmol) & 2% DR THIZ, TOR, BT AL ->T OOV T AT VA~—%& 5L
7o

10 major;

I (2 5 R AR

[o]p +13.8 (CHCl; ¢ 0.97)

'H NMR (500 MHz, CDCL): 8= 5.91—5.82 (m, 1 H), 5.26 — 5.15 (m, 2H), 4.59 (dd, /= 13.1,5.1
Hz, 1 H), 4.43 (dd, J=13.7, 5.6 Hz, 1 H), 4.24 (s, 1H), 2.25 (q, /= 5.1 Hz, 1 H), 1.90— 1.41 (m,

8H), 1.30 — 1.02 (m, 4H), 0.97 (d, J = 5.3 Hz, 3 H), 0.96 —0.85(m, 1H)

3C NMR (26 MHz, CDCls): = 140.2, 115.2,76.5, 73.1, 45.7, 39.0, 37.8, 31.7, 29.3, 26.7, 26.5,

26.4,11.8

HRMS (ESI-TOF): caled for C13H23NNaOs, 264.1576 [M+Na*], found 264.1561.
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10 minor;

10 minor

M €0 F R A

'H NMR (500 MHz, CDCls): 3= 5.87 — 5.75 (m, 1H), 5.24 (d, /= 17.1 Hz, 1 H), 5.18 (d, J=10.3
Hz, 1 H),4.45 (dd, J= 9.0, 2.2 Hz, 1 H), 4.44 (dd, J= 9.0, 3.5 Hz, 1 H), 3.98 (t, ] = 7.9 Hz, 1H),
2.47-2.41 (m, 1H), 1.79 — 1.56 (m, 8H), 1.33 — 0.96 (m, 4H), 0.91 (d, /= 6.9 Hz, 3 H), 0.89 — 0.79

(m, 1H)

BCNMR (26 MHz, CDCls): 8= 139.5, 117.3, 76.6, 75.7, 43.8, 39.5, 37.7,32.7, 29.3, 26.8, 26.6,

26.4,13.4
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(BR.,4R,5R)-3-tert-buthyldimethylsilyloxy-5-cyclohexyl-4-methyl-6-nitrohex-1-ene

cyclohexyl-4-methyl-6-nitrohex-1-en-3-yloxy)dimethylsilane 11

EFRFHAT., 25mL 7 7 A 2IZ(BRAR,5R)-5-2 7 B4 A F)b-6-= ks m~FH-]-m 13-
74—/ 10 major (0.4532 g, 1.88 mmol) L Hifb A F L (45 mL)&Z M x, 0CIZHA LT, i
|2 2,6-/LF 2 (048mL, 4.16 mmo ) & -7 F L AF AL UL R Y 75— 1(0.90 mL, 3.92
mmol)Z A, 2 A L7z, KQOmL)Z M /=%, /K& Z W= F/1(20 mLx3) THlH
L. Atz mKmEeT b U O ATHAK L., Zhz Al Lck, ARG 2 BIE~RE
L. AWM A1, ZhE T 5 TR L (Hex only— Hex: AcOE t= 50:1), TBS &

11(0.6064 g, 1.71 mmol)% 91 % CTiH7=,

[a]p +21.7 (CHCl; ¢ 0.84)

LSRG NETE

'H NMR (500 MHz, CDCL): 8= 5.89—5.78 (m, 1 H), 5.17 — 5.09 (m, 2H), 4.64 (dd, J= 13.1, 5.7

Hz, 1H), 4.35 (dd, J= 13.3, 6.8 Hz, 1H), 4.14—4.07 (m, 1 H), 2.26 (p, J= 6.3 Hz, 1 H), 1.64 (t, J=

12.7 Hz, 5 H), 1.55—1.44 (m, 1 H), 1.30—1.02 (m, 6H), 0.98 (d, J= 6.9 Hz, 3 H), 0.88 (s, 9 H),

0.04 (s, 3 H), 0.01 (s, 3 H)

3C NMR (26 MHz, CDCls): = 139.8, 115.7, 76.6, 76.4, 44.5, 39.9, 38.6, 31.9, 29.0, 26.9, 26.6,

26.4,26.0 (3C), 18.2,13.2,-3.8, -4.7

HRMS (ESI-TOF): caled for C19H37NNaO3Si, 378.2440 [M+Na*], found 378.2433

79



(3S,4R,5R)-3-tert-buthyldimethylsilyloxy-5-cyclohexyl-4-methyl-6-nitrohex-1-ene

cyclohexyl-4-methyl-6-nitrohex-1-en-3-yloxy)dimethylsilane 12

ERFHR T, 25mL 7 7 A 2{Z(3S,4R,5R)-5-2 7 B ~4- A F)b-6-= b m~FH-1-T 13-
7 —/L 10 minor (0.1245 g, 0.516 mmol) & (L A F L (1.5 mL)Z Mz, 0ClcmAILTZ, =
AT 2,6-VF 2 (0.48mL, 416 mmo ) & -7 F LT AF T UL kU 75— 5(0.90 mL,
3.92 mmol) &M%, 2 HEHEHE L=, /KQ0mL)%& Nz 7=, /KE%ZFilE—F /1(20 mLx3)T
ML, AR A2 EAKmEE T N O ATHAK L., Zhae Al L7k, AREEEAE R+
L., MAERMZEET-, ZhEh T A TRER L (Hex only— Hex: AcOE t = 100:1), TBS {&

12(0.1462 g, 0.411 mmol)% 80 % CTiH7=,

HE £5, 395 B R 4

'H NMR (500 MHz, CDCl3): 8= 5.70 (ddd, J = 17.4, 10.3, 6.7 Hz, 1 H), 5.19—5.10 (m, 2 H), 4.41
(dd, J=12.4, 5.3 Hz, 1 H), 435 (dd, J=12.6, 7.7 Hz, 1 H), 4.04 (t, J= 6.2 Hz, 1 H), 2.42 — 2.36 (m,
1 H), 1.78—1.62 (m, 4H), 1.30—0.95 (m, 7H), 0.92 (d, J = 7.1 Hz, 3H), 0.90 (s, 9H), 0.89 — 0.80

(m, 1H), 0.05 (s, 3H), 0.01 (s, 3H), 0.01 (s, 3H)

BC NMR (26 MHz, CDCls): 8= 139.7, 116.3, 76.8, 76.5, 43.3, 40.4, 37.3, 32.8, 29.3, 26.9, 26.6,

26.4,26.0 (30), 18.2,13.1, -3.8, -4.8
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(2S, 3R, 4R, 5R)-2-tert-buthyldimethylsilyloxy-4-cyclohexyl
-3-methyl-5-nitrobicyclo[3.1.0lhexane 13
(3aR, 48, 5R, 6R)-4-((tert-buthyldimethylsilyl)oxy)-6-cyclohexyl-5-methyl-3a,4,5,6-
tertrahydro-38H-cyclopentalclisoxazole-N-oxide 14

FEHRFPHL T, 30mL —H 7 T A2 -7 F /H((BR4AR,5R)-5-2 7 B ~F L )Ld- A F )L -6-=
FEAFH -3 VAN ATF LT T 11 (0.4743 g, 1.33 mmol), THF(20.0
mL)%Z Af7=, %iZ DBU (0.24 mL, 1.6 mmol) & F2{L#R(11)(0.6470 g, 2.79 mmol) & L ¥
97 #(0.6750 g, 2.66 mmoD) A M2 7=, 4 WeEfE#RtE ., EIRA VLS| A CTHY BRu M, %
AT EE LT, MEME 7T v a T A7 a~ 7T 7 4 —(Hexane:AcOEt=
50:1—20:1—10:1D) TH#LL | 7 F /L((2S3R4R)-4-2 7 T ~F L3 A F)L-5-= hr B
7 1 [3.1.0]~F P 2-A A FINT A F LT T 13 (0.2547 g, 0.720 mmol) # K 54 %
(trans/cis = 58/42) TH7=, (4S,5R,6R)-4-(t-7TF /LI AF L U LA FI)6-2 7 m~F
JL-5-AF-3a,4,56-7 T & Fu-3H-> 7 o Zlelf VAFH Y —L 1-4F2 R 14
(0.0772 g, 0.218 mmoD) Z ¥ =K 16 % T/,

13 major;

LSRG NELEN

[o]p -59.0 (CHCl; ¢ 0.30)

'"H NMR (500 MHz, CDCl3): = 3.64 (s, 1H), 2.61 (t, J=10.7, 5.6 Hz, 1H), 2.21 — 2.10 (m, 2H),

1.79 —0.99 (m, 13H), 0.96 (d, J= 7.8 Hz, 3H), 0.89 (s, 9H), 0.08 (s, 3H), 0.06 (s, 3H)

3C NMR (26 MHz, CDCls): = 79.1, 73.8, 53.5, 45.5, 37.5, 36.9, 31.2, 27.9, 26.7, 26.7, 26.2, 25.8
(30),23.3,22.2,18.0,-4.7,-4.7
HRMS (ESI-TOF): caled for C19H3sNNaO3Si, 376.2284 [M+Na*], found 376.2266

13 minor;
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F {2 [ {4, mp: 81.3 - 82.0 °C

[o]p -77.5 (CHCl; ¢ 0.26)
'H NMR (500 MHz, CDCls): 8= 4.01 —3.94 (m, 1H), 2.60 (dd, J = 9.9, 4.6 Hz, 1H), 2.24 —2.20 (m,
2H), 1.82 — 1.47 (m, 8H), 1.41 — 1.30 (m, 1H), 1.29 — 1.13 (m, 4H), 1.10 (d, J = 6.6 Hz, 3H), 0.89 (s,

9H), 0.08 (s, 3H), 0.07 (s, 3H)

BC NMR (26 MHz, CDCls): 8= 78.0, 70.2, 49.3, 42.8, 40.5, 36.7, 31.7, 31.2, 26.9, 26.8, 26.4, 25.8

(3C), 18.5, 18.1, 15.8, -4.7, -4.4

HRMS (ESI-TOF): caled for C19H3sNNaO3Si, 376.2284 [M+Na*], found 376.2266
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14:

H A E R, mp: 148 — 148.8C

[a]p -16.1 (CHCI; ¢ 0.35)

'H NMR (500 MHz, CDCL;): 8= 4.60 (ddd, J=9.2, 7.7, 1.1 Hz, 1H), 4.24 (ddd, J= 8.8, 7.6, 1.0 Hz,

1H), 3.72 (qd, J/=8.7, 2.9 Hz, 1H), 3.51 (t, J =8.6 Hz, 1H), 2.23—2.09 (m, 2H), 184—1.68 (m, SH

), 1.67—1.48 (m, 2H), 1.31 — 1.12 (m, 4H), 1.10 (dd, J = 6.3, 1.0 Hz, 3H), 0.92 — 0.80 (m, 9H), 0.04

(d, J = 1.0 Hz, 3H), -0.02 (d, J = 1.0 Hz, 3H)

BC NMR (26 MHz, CDCl3): = 120.4, 81.5, 70.6, 57.0, 50.1, 48.3, 41.6, 32.0, 31.2, 26.5, 26.4, 26.2,

25.7(3C), 18.4,17.9,-4.3,-4.6

HRMS (ESI-TOF): caled for C19H3sNNaO3Si, 376.2284 [M+Na*], found 376.2287
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(18,2S,3R,4R,5R)-4-cyclohexyl-3-methyl-5-nitrobicyclo[3.1.0lhexan-2-o0l 15 major
(1R,2S,3R,4R,55)-4-cyclohexyl-3-methyl-5-nitrobicyclo[3.1.0]hexan-2-0l 15 minor
5mL 7 23| -7 F/((2S,3RAR)4-2 7 B A~F T L3-AFL5-= hr B 1[3.1.0]~
FH 2 A NFXINT AT TT 12 (0.2547 g, 0.720 mmol), THF(2.0 mL) & A7,
ZE 0CICwmE%, 7 b7 NI -7 F AT =T AFEK(1.0 M in THF, 1.1 mL, 1.1
mmol)& Mz 7o, 2 HEEFEE, ffiREEAKET b Y 7 AKEHK(Q20mL)Z 1% 72, THF %8

JERE Ltk | 7Kg & WElE — 57 /1(20 mLx3) Tl U7z, A ik 2 MoKfiis T b Y v A CRiAK L,
Al LT, AERAZRIERE L, MARY(r = 59:4) %272, 2k T 5 TR (Hex
only—Hex:AcOEt= 15:1—12.5:1-7:1) L, (1S,2S,3R,4R,5R)-4-> 7 & ~F L/ )L-3- X F/L-5-=
ke ey 1[3.1.01~% 4 -2-4—/L 15 major (0.0537 g, 0.183 mmol) & (1R,2S,3R,4R,5S)-
4- 7 B ~F I3 A F)L-5-= hr L7 ul3.1.0]~F Y -2-4—/1 15 minor(0.0660 g,
0.234 mmol) % &> T 79%DULE T,

15 major:

Me
15 major

T £ 1 IR A

[o]p -64.7 (CHCl; ¢ 0.59)
'H NMR (500 MHz, CDCL): 8= 3.74 (s, 1 H), 2.73 — 2.66 (m, 1H), 2.25 — 2.16 (m, 2H), 1.92 (s,
1H), 1.78 — 1.62 (m, 4H), 1.58 (dd, J= 10.6, 6.0 Hz, 1 H), 1.49 (d,J = 13.0, 1 H), 1.42—1.04 (m,

8H), 1.00 (d, J=7.8, 3 H)

3C NMR (26 MHz, CDCls): 8= 78.9, 73.6, 53.7, 44.9, 37.4,36.7,31.2, 27.9, 26.6, 26.5, 26.2, 23.5,

22.2

HRMS (ESI-TOF): caled for C13H2iNNaOs, 262.1419 [M+Na*], found 262.1417
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15 minor:

F 2 & {4, mp: 101.1 -102.0 °C

[a]p -92.3 (CHCI; ¢ 0.39)

'H NMR (500 MHz, CDCls): 8= 4.05 (t,J=17.8, 4.8, 1 H), 2.65 (dd, J=9.6, 5.5 Hz, 1H), 2.31 (dt, J
=9.9, 5.3 Hz, 1H), 2.25 (dd, J= 9.6, 5.9 Hz, 1H), 1.84 — 1.58 (m, 8H), 1.54 (t, /= 5.9 Hz, 1 H), 1.52

—1.47 (m, 1 H), 1.37—1.28 (m, 1H), 1.16 (d, /= 6.8, 3 H), 1.25 — 1.07 (m, 3H)

BC NMR (26 MHz, CDCls): 8= 77.7, 70.0, 44.9, 42.5, 40.5, 36.0, 31.7, 31.2, 26.9, 26.8, 26.3, 18.5,

15.5

HRMS (ESI-TOF): caled for C13H2iNNaOs, 262.1419 [M+Na*], found 262.1410
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(1S,28,3R,4R,5R)-2-aceroxy-4-cyclohexyl-3-methyl-5-nitrobicyclo[3.1.0]hexane 16
O,N >

~

OAc

Me
30 mL 7 J % =2(2(18,28,3R,4R,5R)-4-3 7 1 ~F 2 )L-3- A F)L-5-= b 1 &L 7 1[3.1.0]
A~ -2-4—)1 15 major (0.0710 g, 0.297 mmol), #Hifb A F L > (Q.5mL) & AN, =
N O CIZHm At MEKEERE(0.05 mL, 0.529 mmo) & N,N-3 A F/1-4-7 2 7 U 22-(0.0204 g,
0.167 mmol)Z ANz 7z, 3.5 WFEIHEHR L7212, BufRER/KFIR T VU 7 L/KIEK(20 mL) & Nz
Too KIEZEIELA T L /(20 mLx2) THit L7212, A& KMEE T R U o A THRAK L,

Ai Uiz, BREE AR L LTtk H 7 A CTRER(Hex only—>Hex:AcOEt= 12.5:1) L, 7

¥ F LR 16(0.0731 g, 0.260 mmol) % 88% DI THF7=,

H {2 [ {4, mp: 84.2 —84.9 °C

[a]p -48.4 (CHCI; ¢ 1.70)

'H NMR (500 MHz, CDCl3): 8= 4.53 (s, 1 H), 2.76 (t,J = 10.1, 6.2 Hz, 2H), 2.27—2.16 (m, 2H),
2.08 (s, 3 H), 1.78 —1.63 (m, 4H), 1.49 (d, J = 12.8 Hz, 1 H), 1.43—1.09 (m, 6H), 1.09 (d, /= 5.8

Hz, 1H), 1.05 (d, J = 7.8 Hz, 3H)

13C NMR (26 MHz, CDCls): = 170.6, 80.3, 73.3, 53.4, 42.1, 37.5, 33.6, 31.2, 27.5, 26.6, 26.5, 26.3,

23.1,21.7,21.3

HRMS (ESI-TOF): caled for Ci1sH23NNaO4, 304.1525 [M+Na*], found 304.1530
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(1R, 28, 3R, 4R, 5R)-2-tert-buthyldimethylsilyloxy-4-cyclohexyl
-3-methyl-5-nitrobicyclo[3.1.0lhexane 18
(3aR, 48, 5R, 6R)-4-((tert-buthyldimethylsilyl)oxy)-6-cyclohexyl-5-methyl-3a,4,5,6-
tertrahydro-3H-cyclopentalclisoxazole-N-oxide 17

BHFEFEMHLK T, 30mL — 17T & 2T -7 F/L((3S,4R,5R)-5-2 7 1 ~F /)L b- A F )L -6-=

\N

FEAF YA 3 VA FINT AT LT T 12(0.1595 g, 0.449 mmol), THF(7.5
mL) % A7z, %I DBU (0.10 mL, 0.67 mmol) & f2{L4R(11)(0.2138 g, 0.923 mmol)Is k&
= 73(0.2329 g, 0.918 mmol) Z /N % 7=, 4 FERFEHEL, ERZ 5] A CTHLY BRU
oo AR RIERE E LT, MREWME 7 T vy ah T hru~ NTT7 41—
(Hexane:AcOEt=50:1—20:1—10:1) TR L, 7 F/L((1R,2R,3R,4R,5S8)-4-+ 7 11 ~F 3/
JV3-AF 5= b B 7 1[3.1.0]~F Y L 2-A L FF N AF LT 18(0.0509 g,
0.144 mmol) # VK 32 %(trans/cis=99/1) Tz, (4R,5R,6R)-4-(t-7F /L AF L
VA F )6 BT U5 A F)L-3a,4,5,6-7 F T & Ra-3H-v 7 L Hlela VAF

P —b 1-4% 2 F 17(0.0710 g, 0.201 mmol) % [N =R 45 % CT7-,

18;

LR ERUER LN
'H NMR (500 MHz, CDCL): 8= 3.90 (d, J = 4.4Hz, 1 H), 2.88 (dd, J= 10.6, 4.4 Hz, 1 H), 2.29 (dd,
J=9.8,5.8 Hz, 1 H), 2.02 (dd, J=10.1, 6.1 Hz, 1 H), 1.80—1.47 (m, 6H), 1.36 — 1.07 (m, 6H), 1.01

(d,7=7.0 H, 3 H), 0.88 (d, ] = 6.6 H, 1H), 0.87 (s, 9H), 0.04 (s, 3H), 0.04 (s, 3H)

BC NMR (26 MHz, CDCls): = 74.9, 71.8, 48.7, 40.7, 39.6, 39.5, 32.4,31.0, 27.1, 27.0, 26.4, 25.8

(3C), 18.2,18.1,14.2, 4.6, -4.9
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17:

A 19 B iR A4
'H NMR (500 MHz, CDCly): 8= 4.42 (td, J = 7.4, 1.8 Hz, 2 H), 4.37 (td, /= 6.9, 1.6 Hz, 1 H), 3.87
(td, J=3.3,2.9, 0.9 Hz, 2H), 3.81 (tdd, J = 8.2, 3.5, 1.6 Hz,1H), 2.35—2.23 (m, 2H), 1.77 — 1.66 (m,

3H), 1.05 (td, J = 6.3Hz, 3H), 0.91 (s, 9 H), 0.05 (s, 3 H), -0.01 (s, 3 H)

BC NMR (26 MHz, CDCl3): = 123.2, 72.4, 65.2, 56.5, 48.2, 47.5, 40.4, 32.7, 30.6, 26.6, 26.5, 26.3,

25.9,18.2,15.1,-4.1, -4.5.
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(1R,2R,3R,4R,55)-4-cyclohexyl-3-methyl-5-nitrobicyclo[3.1.0lhexan-2-o0l 19

OzN,,,fE
c-Hex "'OH

Me

25 mL 7 F 2 22 -7 F/L((IR2R,3R4R,58)-4-3 7 T ~F L3 A F)N5-= hr by /o
[3.1.0]~F P 2- 4 LA F NV AT LT T 19 (0.0509 g, 0.144 mmol), THF(0.2 mL) %
ATz, ZhE 0CicmEtk, 7 b7 b 7-n-7F AT =7 AVEHR(1.0 M in THF, 0.25
mL, 0.25 mmol) & Iz 7=, 12 WeEEHRE . fafnRERAKE T U U LKERQOmL) 2N 2 7=,
THF %R 1%, K8 2B F /120 mLx3) Thlltt L7-. AHE 2 SRR T - U v 4
THiARL, Al L7z, AREEEEEZRIERE E L%, 7 7 A TRt (Hex only—>Hex:AcOEt=
15:1—10:1) L. (1R,2R,3R,4R,559)-4-> 7 1 ~F 3 /L-3- A F/L-5-= b1 £ 7 121[3.1.0]~F
P 2-2-4—/L 19 (0.0277 g, 0.116 mmol) % 81%DILHE T,

Je £ 5 R A
"H NMR (500 MHz, CDCl3): 6= 3.95 —3.90 (m, 1H), 2.87 (dd, J = 11.5, 4.5 Hz, 1H), 2.34 (ddd, J =
10.0, 6.8, 1.3 Hz, 1H), 2.19 (t, /= 10.0, 6.1 Hz, 1H), 1.85—1.50 (m, 8H), 1.28 (t,J = 6.3 Hz, 1 H),

1.22—1.14 (m, 4 H), 1.11 (d, J = 6.8 Hz, 3 H), 1.00 (d, J = 7.5 Hz, 1H)

BC NMR (26 MHz, CDCls): = 74.7,71.9, 48.7, 40.1, 39.6, 38.6, 32.2,31.1,27.0 26.9, 26.4, 17.9,

13.5.
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(1R,3R,4R,58)-4-cyclohexyl-3-methyl-5-nitrobicyclo[3.1.0]hexan-2-one (20)
O5N.,.

c-Hex =0

Me

25 mL 7 Z2={2(1R,2R,3R,4R,58)-4-3 7 1 ~F I L-3- A F/L-5-= b1 £ 7 1[3.1.0]
~EH-2-4— 0 19 (0.0277 g, 0.116 mmol), H#ifk A F L (1.0 mL) & AN, Ziic
Dess-Martin-Periodinane (0.1641 g, 0.387 mmo) % /il x., 24 BERFEHE L7z, AHiic k- CFEK%
B BRW=k, Wik 2 e E Lz, & 7 A TH % (Hex only—Hex:AcOEt= 15:1) L,

(IR3RAR,5S)-4-3 7 1 ~F L 3- A FL5-= b By 7 1 [31.0]~FH > 2-F

20(0.0143 g, 0.0603 mmol) % 52%DILH THF7,

e 0 5 R A

[a]p -79.6 (CHCl; ¢ 0.08)

'"H NMR (500 MHz, CDCl3): = 2.96 (td,J = 7.9, 1.7 Hz, 1 H), 2.80 (dd, J = 10.6, 6.2 Hz, 1 H), 2.65

(dd,J=12.0,5.2 Hz, 1 H), 1.98 (p, ] = 7.4 Hz, 1 H), 1.84—1.71 (m, 4H), 1.71— 1.64 (m, 3H), 1.48

(t,J=10.6 Hz, 2H), 1.23 (d, ] = 7.0 Hz, 3H), 1.21 — 1.11 (m, 3H)

3C NMR (26 MHz, CDCls): 8= 208.5, 71.5, 49.01, 45.3, 41.9, 39.8, 31.6, 31.1, 264, 26.4, 26.1,

19.3, 16.4.

HRMS (ESI-TOF): caled for C13H20NO3, 238.1443 [M+H"], found 238.1451.
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(1R,3R,4R,58)-4-cyclohexyl-3-methyl-5-nitrobicyclo[3.1.0]hexan-2-one 20
25mL 75 %2 =2|2(1R,28,3R,4R,58)-4- 3 7 B ~F I /L-3- A F/L-5-= f 1 L7 1 [3.1.0]~
¥4 -2-4—/L 15minor (0.0171 g, 0.0714 mmol), L A F L > (2.0 mL)& ANni=, Zih
|~ Dess-Martin-Periodinane (0.0464 g, 0.109 mmo)% Al X, 24 RefEEFE L7=, Az k- T
RETD PR, WRBEZ IR 2 Lo, 77 A TR (Hex only—>Hex:AcOEt= 15:1) L,
(IR,3RA4R,58)-4- 7 B ~F I )L3- A FL5-= ka7 m[3.10]~FHh2-42 20

(0.0128 g, 0.0539 mmol) % 75%DULHE CT1&7-,
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(4R,5R,6R)-5-Methyl-6-(nitromethyl)decane-1-ene-ol 21a major
(4S,5R,6R)-5-Methyl-6-(nitromethyl)decane-1-ene-ol 21a minor
EHRFEPHL T, 3 050mL 7 7 A 2IZQ2R3R)-2-A F/L-3-(= b B AF)L)y~T X F—/)L 8a
(0.6812 g, 3.64 mmol) L (L A F L (3.0 mL)ZMx 7, ZHad—200AzwmEIL, 7 UL b
U AXAF 7 2-(0.88 mL,5.47 mmol) & =7 v{bAR U HK-=F LT —T LEEKR0.7 mL, 5.57
mol) &M Z 7z, 14 WHHEHR L7, BOKIEKSET & U 7 LK (NH: NHACl = 1:2, 30
mL) & A7z, 7Kg 2 FiiR T F /120 mLx3) THI R . AHE 2 MoKkhiie T~ ~ U 7 L Tk
L., Al L7, AHREZBIERE L, MAERME 7 F v aiTbhru~ N T7 41—
THi#l(Hex only—Hex:AcOEt=30:1— 7:1) L. (4R,5R,6R)-5- % F/L-6-(= b 12 A F)L)T J1 > -
1-= 2 -4-4—/L 21a (0.6612 g, 2.89 mmol) % 80% THF7-,
21a major:

O,N

n-Bu - OH

Je £ 5 R A

[o]p —21.4 (CHCls, ¢ 1.04);

'H NMR (500 MHz, CDCls): 8= 5.77 (dddd, J = 16.7, 10.4, 8.2, 6.2 Hz, 1H), 5.17 (d, J = 10.6 Hz,
1H), 5.14 (d, T = 17.1 Hz, 1H), 4.52 (dd, J = 12.6, 5.7 Hz, 1H), 4.41 (dd, J = 12.6, 7.8 Hz, 1H),
3.75-3.66 (m, 1H), 2.35-2.14 (m, 3H), 1.76-1.66 (m, 1H), 1.55—1.44 (m, 2H), 1.37-1.20 (m, 5H),

0.98 (d, ] = 7.0 Hz, 3H), 0.88 (t, J = 7.2 Hz, 3H);

BC NMR (126 MHz, CDCls): 8= 134.6, 119.1, 78.3, 70.1, 41.5, 40.5, 37.6, 29.2, 28.9, 22.8, 14.0,

10.7;

HRMS (ESI-TOF): calcd for C12H23NNaOs, 252.1576 [M + Na+], found 252.1574.
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21a minor:

n-Bu

PR ERTERI LN

[a]p +30.4 (CHCls, ¢ 1.00);

'H NMR (500 MHz, CDCL;): 5= 5.86-5.74 (m, 1H), 5.20 (d, J = 10.0 Hz, 1H), 5.17 (d, J = 17.3 Hz,
1H), 4.43 (dd, J = 11.9, 5.4 Hz, 1H), 4.33 (dd, J = 11.9, 9.5 Hz, 1H), 3.50-3.41 (m, 1H), 2.77 (dtt, J
=9.2,5.8,2.9 Hz, 1H), 2.44 (dddt, J=11.5, 5.7, 2.5, 1.2 Hz, 1H), 2.10~2.00 (m, 1H), 1.60 (d, ] =
4.7 Hz, 1H), 1.56-1.49 (m, 2H), 1.41-1.22 (m, 4H), 1.17-1.04 (m, 1H), 0.90 (d, J = 7.2 Hz, 3H),

0.84 (d, J =7.1 Hz, 3H);

BC NMR (126 MHz, CDCls): 8= 134.3, 119.6, 78.4, 71.5, 39.9, 39.3, 37.9, 29.7, 26.5, 22.9, 14.1,

11.2;

HRMS (ESI-TOF): calcd for C12H23NNaOs, 252.1576 [M + Na+], found 252.1569.
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(5R,6R)-5-Methyl-6-(nitromethyl)non-1-en-4-0l 21b

O,N O,N

n-Pr” >~ “OH n-Pr” > "OH
Me Me
21b major 21b minor

M8 T R AR
[a]p —17.6 (CHCl3, ¢ 1.00 for major), +20.5 (CHCl;, ¢ 1.00 for minor);

'H NMR (500 MHz, CDCls): 5= 5.86— 5.70 (m, 1H), 5.22=5.11 (m, 2H), 4.52 (ddd, ] = 12.6, 5.7, 0.6
Hz, 1H for major), 4.42 (dd, J = 7.0, 5.9 Hz, 1H for minor), 4.39 (dd, J = 12.3, 8.0 Hz, 1H for
major), 4.32 (ddd, J = 12.0, 9.4, 0.6 Hz, 1H for minor), 3.70 (dt, J = 8.1, 3.9 Hz, 1H for major), 3.45
(td, J =8.7, 2.9 Hz, 1H for minor), 2.79 (tdt, ] = 9.2, 5.8, 3.1 Hz, 1H for minor), 2.44 (dddt, J = 13.8,
6.0, 2.8, 1.4 Hz, 1H for minor), 2.37-2.13 (m, 3H for major), 2.12—1.98 (m, 1H for major),
1.75—1.66 (m, 1H for major), 1.65—1.26 (m, 5SH), 1.09 (dtd, J = 13.4, 10.0, 4.9 Hz, 1H for major),
0.98 (dd, J =7.0, 0.6 Hz, 3H for major), 0.93 (t, J = 7.0 Hz, 3H for minor), 0.90 (d, J = 7.0 Hz, 3H

for major), 0.84 (dd, J = 7.0, 0.6 Hz, 3H for minor);
3C NMR (126 MHz, CDCl5):
for minor: 6 134.3, 119.6, 78.4, 71.4,39.9, 39.3, 37.7, 28.9, 20.7, 14.3, 11.1;

for major: 6 134.6, 119.1, 78.3, 70.1, 41.3, 40.6, 37.6, 31.4, 20.2, 14.2, 10.8;

HRMS (ESI-TOF): calcd for C11H22NO3, 216.1600 [M + H+], found 216.1593.
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(5R,6R)-5-Methyl-6-(nitromethyl)undec-1-en-4-ol 21¢

O,N O,N

n-Pen” ™~ “OH n-Pen "OH

Me Me
21c major 21¢ minor
et 335 BHIR A4

[a]p —16.3 (CHCl3, ¢ 1.00 for major), +34.0 (CHCl;, ¢ 1.07 for minor);

"H NMR (500 MHz, CDCls): 6=5.86—5.71 (m, 1H), 5.22-5.11 (m, 2H), 4.52 (dd, J=12.6, 5.7 Hz,
1H for major), 4.43 (dd, J = 10.4, 5.6 Hz, 1H for minor), 4.39 (dd, J = 14.0, 11.5 Hz, 1H for major),
4.32 (dd, J=11.9, 9.5 Hz, 1H for minor), 3.70 (dq, J = 7.9, 3.8 Hz, 1H for major), 3.49-3.40 (m, 1H
for minor), 2.82— 2.71 (m, 1H for minor), 2.48—2.39 (m, 1H for minor), 2.35-2.13 (m, 3H for
major), 2.05 (dt, J = 14.0, 8.5 Hz, 1H for minor), 1.76— 1.66 (m, 1H for major), 1.62—1.19 (m, 9H),
1.17-1.04 (m, 1H for minor), 0.98 (d, J = 7.0 Hz, 3H for major), 0.87 (t, ] = 6.7 Hz, 3H), 0.84 (d, ] =

7.0 Hz, 3H for minor);
3C NMR (126 MHz, CDCl5):
for minor 6 134.3, 119.6, 78.4, 71.5,39.9, 39.3, 37.9, 32.0, 27.3, 26.7, 22.6, 14.1, 11.1;

for major: 6 134.6, 119.1, 78.3, 70.1, 41.5, 40.6, 37.6, 31.9, 29.1, 26.7, 22.6, 14.1, 10.7;

HRMS (ESI-TOF): calcd for C13H2sNNaOs, 266.1732 [M + Na+], found 266.1732.
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(5R,6R)-5,7-Dimethyl-6-(nitromethyl)oct-1-en-4-ol 21e

O,N

i-Pr Y OH Y
Me Me
21e major 21e minor

A8 195 B iR A4
[o]p —15.8 (CHCls, ¢ 1.04);

"H NMR (500 MHz, CDCls): 6= 5.82-5.70 (m, 1H), 5.22-5.11 (m, 2H), 4.60 (dd, J = 13.8, 4.4 Hz,
1H for major), 4.46—4.40 (m, 1H), 4.39 (dd, J = 14.3, 7.0 Hz, 1H for minor), 3.76—3.72 (m, 1H for
major), 3.51 (d, J = 8.8 Hz, 1H for minor), 2.47 (t, ] = 5.8 Hz, 1H for minor), 2.41 (dd, ] = 14.3, 5.9
Hz, 1H for minor), 2.28-2.16 (m, 3H for major), 2.11-1.97 (m, 1H for minor), 1.97-1.85 (m, ] = 6.8
Hz, 1H), 1.81 (p, ] =7.0 Hz, 1H), 1.50 (d, J = 3.6 Hz, 1H), 1.04 (d, ] = 7.1 Hz, 3H for minor), 1.00
(d, J=17.1 Hz, 3H for major), 0.97 (d, ] = 6.8 Hz, 3H for major), 0.95 (d, J = 7.0 Hz, 3H for minor),

0.88 (d, J = 6.9 Hz, 3H for major), 0.85 (d, J = 7.0 Hz, 3H for minor);
3C NMR (126 MHz, CDCl5):
for minor: 134.5, 119.5, 76.1, 71.8, 44.3,39.9, 39.4, 27.1, 22.6, 18.5, 13.2;

for major: 134.7, 118.9, 76.4, 70.0, 47.1, 40.6, 37.2, 29.0, 21.3, 18.9, 11.7;

HRMS (ESI-TOF): calcd for C11H21NNaOs, 238.1419 [M + Na+], found 238.1413.
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(4R,5R,6R)-5-Methyl-6-(nitromethyl)-4-(tert-butyldimethylsilyl)oxy-1-decene 22

O,N

n-Bu ; OTBS

EREFEHEK T, 25mL 7 7 A 2IZ(4R,5R,6R)-5- A T /L-6-(= b A F))T B 2-1-T -4
— /L 21 major(0.2934 g, 1.28 mmol) L Hfb A F L > B.0mL)Z M x, 0CZHmEILTZ, Tz
2,6-/LVF 2 2((0.17 mL, 1.54 mmol) & -7 F AL AF AL UL Y 75— 1 (0.34mL, 1.48
mmo) Z A, 40 RFfE#EHR U7z, fafuie/kFE T b U w7 LOKEHEQ0 mL) &2 A 7=, /K&
b AF L2 20 mLx3) THUH L, AHE 2 BoKRiiE T F Y v A THiKk L7z, Zhvxe b
U721, AR RIERE 5 L, HUAERD(0.3899 )& 157-, “hzah T L THELL (Hex
only— Hex: AcOE t= 60:1), t-7 FJL((4R,5R,6R)-5- A F)L-6-A F)b-(= b2 A F)L)T 1 -

-T2 4 A VA F )Y ATF LT 22(0.3905 g, 1.14 mmol) % IR 89% T/,

Je £ 5 R A

[a]p 8.0 (CHCls, ¢ 1.10);

'H NMR (500 MHz, CDCL): §=5.71 (ddt, J = 17.3, 10.2, 7.2 Hz, 1H), 5.07 (d, ] = 17.2 Hz, 1H),
5.04 (d,J = 10.6 Hz, 1H), 4.50 (dd, J = 12.2, 6.1 Hz, 1H), 4.32 (dd, ] = 12.2, 7.7 Hz, 1H), 3.73 (td, J
=6.2,4.0 Hz, 1H), 2.27 (t, ] = 10.3 Hz, 2H), 1.70 (qdd, ] = 7.0, 5.4, 4.0 Hz, 1H), 1.42 (dddd, ] =
10.8, 5.9, 5.2, 2.8 Hz, 1H), 1.35-1.20 (m, 6H), 0.90 (d, ] = 6.9 Hz, 3H), 0.88 (s, 9H), 0.88 (, J = 7.3

Hz, 3H), 0.07 (s, 3H), 0.06 (s, 3H);

BC NMR (126 MHz, CDCls): 8= 134.3, 117.6, 78.4, 73.3, 39.9, 39.4, 37.1, 28.6, 28.2, 26.0 (3C),

22.9,18.2,14.1,11.2,-3.7,—4.3;

HRMS (ESI-TOF): calcd for C1sH37NNaOsSi, 366.2440 [M + Na+], found 366.2432.
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(4S,5R,6R)-5-Methyl-6-(nitromethyl)-4-(tert-butyldimethylsilyl)oxy-1-decene 23

O,N

n-Bu “OTBS

EFRFMA T, 25mL 7 7 A 21Z(4S,5R,6R)-5- A T /L-6-(= 0 A F)WN)T H L -1-= 2 -4-F
— /1 21minor (0.1612 g, 0.703 mmol) & #iftb A F- L > B.0mL)Z %, 0CCIZHAILZ, Zhic
2,6-/VF T 2(0.10 mL, 0.87 mmol) & t-7F /LY AF AL U kY 75— 1(0.20 mL, 0.87
mmol)Z A, 40 RFfEHEEE L7z, faRIIRIE/KFE T R U ¥ LOKEIR(20 mL) 2N 2 724, K)E
AL AT L0 mLx3) THItH L. A& BOKREE T U v ATHlK L7z, 2k A
L7, A2 IERE L, MM A 1 F A TR L (Hex only—Hex: AcOEt =
60:1). t-7 FJL((4S,5R,6R)-5- A F)L-6- A F)b-(= b A F)N)T B -1-T 2 -4-A )L F )
U AFILT T 23(0.2318 g, 0.675 mmol) & 96 % TTET-

2 175 B R AA
[o]p +45.8 (CHCls, ¢ 1.16);

'H NMR (500 MHz, CDCls): 8= 5.77 (dddd, J = 17.8, 9.6, 7.9, 6.2 Hz, 1H), 5.09-5.01 (m, 2H),
438 (ddd, J=11.8, 5.2, 0.9 Hz, 1H), 4.27 (ddd, J = 11.7, 9.0, 0.9 Hz, 1H), 3.63 (td, J = 6.1, 4.5 Hz,
1H), 2.58 (dtt, ] = 9.3, 5.4, 2.4 Hz, 1H), 2.30 (dt, J = 14.4, 6.3 Hz, 1H), 2.23 (dddt, ] = 14.5, 7.9, 4.5,
1.0 Hz, 1H), 1.67-1.56 (m, 2H), 1.37-1.22 (m, 4H), 1.12—1.00 (m, 1H), 0.92-0.87 (m, 3H), 0.90 (s,

9H), 0.81 (dd, J = 6.9, 0.9 Hz, 3H), 0.06 (s, 3H), 0.04 (s, 3H);

3C NMR (126 MHz, CDCls): 8= 134.0, 117.5, 78.6, 73.8, 38.9, 37.9, 37.7, 29.6, 26.9, 25.9 (3C),

23.2,18.1, 14.1, 11.1,-3.9, -4.8;

HRMS (ESI-TOF): calcd for C1sH37NNaOsSi, 366.2440 [M + Na+], found 366.2445.
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(1S,35,4R,5R,6R)-3-(tert-Butyldimethylsilyl)oxy-5-butyl-4methyl-
6-nitrobicyclo-[4.1.0]heptane 24
(3aS,5S,6R,7R)-7-Butyl-5-((tert-butyldimethylsilyl)oxy)-6methyl-3,3a,4,5,6,7-
hexahydrobenzo|c]isoxazol-N-oxide 25

BEREFEMKR T, 25mL 7 T A2 -7 F Y A F/((4S,5R,6R)-5- 2 F/L-6-(= k1 X F)L)

\N

TH -4 A VA )T 23 (0.1313 g, 0.382 mmol) & THF(7.5 mL)%& il 2., ANEGE
it L7z, % ZIZ DBU(0.08 mL, 0.62 mmol), F2{L££(0.1880 g, 0.811 mmol), = 73(0.1910 g,
0.753 mmol) Z NEIZAN A, 2 REfEHEHE L7z, BERZ WG AT & - TERE LI, At
ERIERE L, HAERMEZ B 7 21 L - TR (Hex only— Hex: AcOEt= 50:1—5:1) L, t-7
F/U((1R,3S,4R,5R,6R)-5-7 F/L-4-A F)L-6-= hu &7 B[4 1.0 7 H L 3-A )L AF )Y
AF LT 24 (0.0866 g, 0.254 mmol) & 66 % CTHH7=, F7-(3aS,5R, 6R,7TR)-7-7 F/L-5-(t-7
FNDAF NV IVEF)-6- 2 F)V-3,32,4,5,6,7-~F % & Ku Y c]f VAxH > —L
1-743 3 K 25 (0.0056 g, 0.02 mmol) % [ 5% CT1H7-,

24:

OZN/,'

n-Bu

< oTBS

H 4 E R, mp: 47-48 °C;

[a]p + 14.7 (CHCL;, ¢ 0.58)

'H NMR (500 MHz, CDCl3): 8= 3.54 (ddt, J = 5.0, 3.2, 1.5 Hz, 1H), 3.22-3.13 (m, 1H), 2.18-2.12
(m, 1H), 2.09 (ddd, J = 12.6, 8.3, 5.4 Hz, 1H), 1.99 (dtd, J = 10.9, 8.2, 2.5 Hz, 1H), 1.60—1.53 (m,
1H), 1.46 (dt, J = 14.0, 3.0 Hz, 1H), 1.35—1.18 (m, 6H), 1.07 (dtd, ] = 7.4, 6.0, 1.8 Hz, 1H), 1.02 (d,
J=6.0 Hz, 3H), 0.90 (t, ] = 7.4 Hz, 3H), 0.85 (s, 9H), 0.02 (s, 3H), 0.01 (s, 3H);

13C NMR (126 MHz, CDCl3): 6= 68.9, 68.1, 38.0, 35.3, 32.9, 31.7, 29.1, 25.8 (3C), 23.3, 20.6,
18.0, 16.5, 14.2, 1.1, 4.5, —4.8;

IR (CHCl3) v 1531, 1338 cm™;

HRMS (ESI-TOF): calcd for C1sH3sNNaOsSi, 364.2284 [M + Na+], found 364.2279.
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25:

T £0 5 R A

[o]p —7.0 (CHCl, ¢ 0.19)

'H NMR (500 MHz, CDCls): 3= 4.46 (t, J = 8.1 Hz, 1H), 3.97 (p, J = 7.8 Hz, 1H), 3.87 (dd, J = 16.8,

8.7 Hz, 1H), 3.69-3.59 (m, 1H), 2.59-2.45 (m, 1H), 1.99 (dd, J = 12.7, 5.1 Hz, 1H), 1.68 (m, 1H),

1.53 (t, J = 12.2 Hz, 1H), 1.44—1.18 (m, 6H), 0.99 (d, J = 6.7 Hz, 3H), 0.91 (t, ] = 6.3 Hz, 3H), 0.89

(s, 9H), 0.06 (s, 3H), 0.05 (s, 3H);

BCNMR (126 MHz, CDCls): 8= 118.3, 72.5, 69.4, 40.3, 39.8, 36.9, 34.5, 33.3, 30.4, 25.9 (30),

22.8,19.3, 18.0, 14.1,-4.8,-5.0;

IR (neat) v 1645, 1253 cm™;

HRMS (ESI-TOF): calcd for C1sH36NOsSi, 342.2464 [M + H+], found 342.2465.
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(1S,3R,4R,5R,6R)-3-(tert-Butyldimethylsilyl)oxy-5-butyl-4methyl
-6-nitrobicyclo-[4.1.0]heptane 26
(3aS,5R,6R,7R)-7-Butyl-5-((tert-butyldimethylsilyl)oxy)-6methyl-3,3a,4,5,6,7-
hexahydrobenzo|c]isoxazol-N-oxide 27

BHRFHKT. 25mL 7 7 A 2|2 t-7 F LY A FJL((4S,5R,6R)-5- & F/L-6-(= k7 X F)L)

\N

T AN AV F )T T 22(0.1616 g, 0.470 mmol) & THF(10.0 mL)Z Az, A0k
i L7, & 212 DBU(0.10 mL, 0.67 mmol), &{L8R(0.2178 g, 0.940 mmol), = 7 5& 0.2341
g, 0.922 mmol) ZNAIZAN A, 3 WEfEiFHE L7z, BERZ WG AT Lo THRE L%, AlE
A RIEREE L, HAERY A B T 202 X - TR f(Hex only— Hex: AcOEt=50:1— 4:1) L., t-
7 F((1R,3S,4R,5R,6R)-5-7 F/L-4- A F)L-6-= h 1 £ 7 1 [4.1.0]~FF -3-A LA F )
T AF LT T 26(0.0821 g, 0.240 mmol) & 51% T1H7=, % 72(3aS,5R, 6R,7R)-7-7 F /L-5(t-
TFNYAF N Y LA F)6- A F1-33a,4,5,6,]-~FF b R V[c]f VAFH > —
JU 1-A4 %2 R 27 (0.050 g, 0.146 mmol) & UK 31% CT17=,

26:

I (2 R A
[o]p —53.3 (CHCls, ¢ 0.73);
'H NMR (500 MHz, CDCL): 8= 3.43 (td, ] = 7.7, 5.2 Hz, 1H), 2.95 (tdd, J = 7.3, 5.1, 1.3 Hz, 1H),
2.21(ddd, J=13.7,8.2, 5.2 Hz, 1H), 2.10 (ddd, J = 11.0, 5.4, 1.2 Hz, 1H), 1.95 (dtd, J = 10.6, 8.0,
2.3 Hz, 1H), 1.62 (ddt, J = 13.6, 10.2, 4.7 Hz, 1H), 1.51-1.43 (m, 1H), 1.37-1.22 (m, 6H), 1.19 (dd,
J=7.8,5.4 Hz, 1H), 0.98 (d, J = 6.7 Hz, 3H), 0.87 (s, 9H), 0.86 (t, ] = 6.8 Hz, 3H), 0.03 (s, 6H);
13C NMR (126 MHz, CDCls): 8= 72.0, 67.7, 38.8, 33.7, 31.0, 29.1, 25.9, 25.4 (3C), 23.2, 20.6, 18.1,
17.3, 14.1,0.1, —4.5, —4.8;

IR (CHCls) v 1533, 1340 cm™;

HRMS (ESI-TOF): caled for C1sH36NOsSi, 342.2464 [M + H+], found 342.2456.
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27:

T £0 5 R A

[0]p —60.0 (CHCl3, ¢ 0.90);

'H NMR (500 MHz, CDCls): 8= 4.59 (t, J = 8.5 Hz, 1H), 3.95 (t, J = 8.1 Hz, 1H), 3.82 (s, 1H),

3.78-3.70 (m, 1H), 2.58 (t, ] = 8.0 Hz, 1H), 2.11~1.97 (m, 1H), 1.92—1.84 (m, 1H), 1.69 (t, ] = 12.5

Hz, 1H), 1.41-1.33 (m, 2H), 1.35-1.21 (m, 4H), 0.90 (d, J = 7.5 Hz, 3H), 0.87 (s, 9H), 0.85 (t, ] =

7.4 Hz, 3H), 0.04 (s, 3H), 0.04 (s, 3H);

BCNMR (126 MHz, CDCls): 8= 18.3, 72.5, 69.4, 40.3, 39.8, 36.9, 34.5, 33.3, 30.4, 25.8 (3C), 22.8,

19.3, 18.0, 14.1, —4.8, =5.0;

IR (neat) v 1643 cm™!;

HRMS (ESITOF): calcd for Ci1gH3sNO3Si, 342.2464 [M + H+], found 342.2456.
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(1S,3R,4R,5R,6R)-5-Butyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-o0l 28

25 mL 7 F A 2T -7 F/L((1S,3R4R,5R,6R)-5-7 F /L-4- A F/L-6-= hu 7 1 [4.1.0]~
TR BANFFINT AT LT 28(72.1 mg, 0.212 mmol), THF (1.0 mL) & A7z, =
& 0CICmiEk, 7 b7 b T7-n-7 F T 2 E =7 A¥ER(1.0 M in THF, 1.4 mL, 1.4 mmol)
ZINZ Tz 12 WREE RS . BORIERIEKFE T B U & LOKESIK(20 mL)Z /il z. 72, THF % i+
Ete. KEZWIETF V(20 mLx3) THll L7z, AHE 2 BOKRRE T B Y v A THK L, A
L7, AHMEREZBIEEEL, HARY 287, Zhzth 7 5 TR (Hex
only—Hex:AcOEt= 20:1—6:1) L. (1S,3R,4R,5R,6R)-5-7 F /L -4- A F)L6-= b1 £ 7 1

[4.1.0]~7" % >3-4 —/L 30(28.2 mg, 0.124 mmol)% 58%DULHK THH/=,
e 203 R AR

[a]o —101.1 (CHCI;, ¢ 0.63);
'H NMR (500 MHz, CDCls): 8= 3.42 (q, J = 7.8 Hz, 1H), 2.91 (td, J = 7.3, 4.7 Hz, 1H), 2.40 (ddd, J
=13.8,9.4,5.5Hz, 1H),2.21 (dd, J=11.2,5.9 Hz, 1H), 1.94 (dtd, ] =9.3, 8.6, 2.9 Hz, 1H), 1.71-1.62
(m, 1H), 1.53—1.45 (m, 1H), 1.46—1.33 (m, 1H), 1.33—1.22 (m, 6H), 1.09 (s, 3H), 1.04 (td, J = 7.4, 6.1
Hz, 1H), 0.87 (t,J = 6.5 Hz, 3H);

BC NMR (126 MHz, CDCls): 8= 71.5, 67.9, 39.5, 39.3, 33.2, 32.4, 29.0, 25.3, 23.3, 20.8, 16.0, 14.1;

HRMS (ESI-TOF): calcd for C12H21NNaOs, 250.1419 [M + Na+], found 250.1408.
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(1S,4R,5R,6R)-5-Butyl-4-methyl-6-nitrobicyclo[4.1.0]heptan3-one 29 from 28

25 mL 7 5 Z 2Z(1S,3RAR,5R,6R)-5-7 F/L-4-A F)b-6-= b L 7 11 [41.0]~F Z /-3-
ZF—L 3000.0190 g, 0.084 mmol), ¥ift A F L (0.2 mL)%Z AH7-, Z LT Dess-Martin-
Periodinane (0.050 g, 0.118 mmol)Z& A1z, 12 REffl#E#R L7z, Aiic X - CTHEEZ T BR -
%, WIEEZBMERE E L, BT A TH % (Hex only>Hex:AcOEt= 10:1 — 6:1) L |

(1S,3R,4R,5R,6R)-5-7 F /L-4- A F)b-6-= b B> 7 1 [41.0]~F % >3-4 31 (0.0116 g,

0.051 mmol)%& 61%DULR TIH7=,

R A AR

HPLC 43#7: CHIRALPAK IC (0.46 cm x 25 c¢m) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 98/2, 0.70mL/min, 237 nm, 40 °C
tR 32.0 min (minor) tR 39.7 min (major)

99%ee

[o]p —147.0 (CHCls, ¢ 1.00);

'H NMR (500 MHz, CDCLs): = 3.36 (dt, ] = 7.4, 6.0 Hz, 1H), 2.88 (dd, ] = 17.7, 6.9 Hz, 1H), 2.43
(d, ] =17.7 Hz, 1H), 2.39-2.26 (m, 2H), 2.10 (dt, ] = 13.9, 6.9 Hz, 1H), 1.57—1.47 (m, 1H), 1.45-1.24
(m, 5H), 1.22 (d,J = 6.9 Hz, 3H), 1.15 (1, ] = 6.5, 5.5 Hz, 1H), 0.88 (t, ] = 6.1 Hz, 3H);

13C NMR (126 MHz, CDCls): 8= 210.6, 66.2, 45.6, 40.3, 36.2, 32.5, 28.1,25.3,22.9, 19.6, 15.1, 14.0;

IR (neat) v 1714, 1531, 1346 cm™;

HRMS (ESI-TOF): calcd for C12H19NNaOs, 248.1263 [M + Na+], found 248.1268.
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(1S,3S,4R,5R,6R)-5-Butyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-ol 30
02 N /.,
n-Bu

-

OH

//1

25 mL 7 F A 2T -7 F/L((1S,3R4R,5R,6R)-5-7 F /L-4- A F/b-6-= hu L 7 1 [4.1.0]~
TH B ANF X)) ATF LT T 2 26(69.6 mg, 0.204 mmol), THF (1.5 mL) & Ahi-, =
W 0O CIZmEIt:., 7 vb7 R 7-n-7 F /L7 U E =0 AEKE(1.0 M in THF, 1.0 mL, 1.0 mmol)
ZINZ Tz, 14 WEERE RS . BORIERIEKFE T B U © LOKESIK(30 mL) 2 /il 2. 7=, THF % i+
Eth. KigEFEETF/1(50 mLx2) THit U7z, AHE 2 KRR RV U A ThAL., A
L7, AHMEREBIEEEL, HARY 287, Zhzth 7 5 TR (Hex
only—Hex:AcOEt= 20:1-7:1) L. (18,3S,4R,5R,6R)-5-7 F /L-4- A F )L -6-= k1 B> 7 1

[4.1.0]~7" % >3-4 —/b 32(35.0 mg, 0.154 mmol) % 75%D UK THH=,

e 0 % R A

[o]p —32.3 (CHCls, ¢ 1.07);

'H NMR (500 MHz, CDCL): 8= 3.62 (dt, J = 5.7, 2.9 Hz, 1H), 3.19 (td, ] = 6.9, 4.8 Hz, 1H),

2.18-2.04 (m, 3H), 1.66 (dd, J = 12.3, 4.9 Hz, 1H), 1.58—1.50 (m, 2H), 1.36-1.24 (m, 6H), 1.08 (d, J

= 6.7 Hz, 3H), 0.87 (t, ] = 6.5 Hz, 3H), 0.85-0.82 (m, 1H);

BC NMR (126 MHz, CDCls): 8= 67.9, 67.8, 37.2, 35.8, 33.0, 30.2, 29.2, 25.6, 23.2, 19.9, 15.5, 14.1;

HRMS (ESITOF): calcd for C12H21NNaOs, 250.1419 [M + Na+], found 250.1404.
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(1S,4R,5R,6R)-5-Butyl-4-methyl-6-nitrobicyclo[4.1.0]heptan3-one 29 from 30
25 mL 7 7 A 2{Z(1S,3R4R,5R,6R)-5-7 F/L-4-AF)L6-= b B> 7 1 [41.0]~FH -3-
Z— v 32(0.0150 g, 0.066 mmol), H#ifk # F L (0.2 mL)% AN 7=, Z#LIZ Dess-Martin-
Periodinane (0.0322 g, 0.076 mmol)Z 1 2., 2 KR L7, A L - CTHEEZ T v
%, WEAEBIEE E L, T A TH R (Hex only>Hex:AcOEt= 10:1 — 5:1) L |
(1S,3R,4R,5R,6R)-5-7 F /b-4- A F/L-6-= Fm £ 7 11 [41.0]~F % -3-F > 31 (0.0127 g,

0.0564 mmol) % 85%DILF TH+7=,
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(5R,6R)-5-Methyl-6-(nitromethyl)-4-(tert-butyldimethylsilyl)oxy-1-nonene 31b

O,N O,N

n-Pr” > OTBS n-Pr OTBS

31b major 31b minor

PR B WA

[a]p —4.76 (CHCLs, ¢ 0.59);

"H NMR (500 MHz, CDCls): 6= 5.83-5.65 (m, 1H), 5.11-5.00 (m, 2H), 4.50 (ddd, J = 12.2, 6.1, 1.0
Hz, 1H for major), 4.37 (ddd, J =11.8, 5.2, 1.1 Hz, 1H for minor), 4.32 (ddd, J =12.2,7.7, 1.0 Hz,
1H for major), 4.26 (ddd, J =11.8, 9.1, 1.1 Hz, 1H for minor), 3.73 (tdd, J = 6.2, 4.5, 1.0 Hz, 1H for
major), 3.63 (td, J = 5.4, 5.0 Hz, 1H for minor), 2.65-2.55 (m, 1H for minor), 2.35-2.20 (m, 3H for
syn-4b and 2H for minor), 1.74— 1.64 (m, 1H for major), 1.65—1.51 (m, 1H for minor), 1.45—1.18
(m, 4H for syn-4b and 3H for minor), 1.10—0.98 (m, 1H for minor), 0.96—0.79 (m, 15H), 0.07 (s, 3H

for major), 0.06 (s, 3H for minor), 0.06 (s, 3H for major), 0.04 (d, J = 1.0 Hz, 3H for minor),

3C NMR (126 MHz, CDCls):

for minor; 134.0, 117.5, 78.6, 73.7, 38.9, 37.8, 37.5, 29.3, 25.9 (3C), 20.7, 18.1, 14.5, 11.1,-3.9,
—4.8;

for major; 134.3, 117.5, 78.4, 73.3, 39.8, 39.4, 37.1, 30.7, 26.0 (3C), 19.7, 18.2, 14.3, 11.2, =3.7,

—4.3;

HRMS (ESI-TOF): calcd for C17H3sNNaOsSi, 352.2284 [M + Na+], found 352.2290.
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(5R,6R)-5-Methyl-6-(nitromethyl)-4-(tert-butyldimethylsilyl)oxy-1-undecene 31c

O,N O,N
n-Pen” > YOTBS  n-Pen” >~ “OTBS
31c major 31¢ minor

T €0 5 R A

[a]p +9.97 (CHCls, ¢ 1.04);

"H NMR (500 MHz, CDCls): 6= 5.77-5.64 (m, 1H), 5.10-4.99 (m, 2H), 4.49 (ddd, J = 12.0, 9.7, 6.0
Hz, 1H for major), 4.32 (m, 1H for major and 2H for minor), 3.72 (dq, J = 9.8, 6.0 Hz, 1H for
major), 3.66—3.58 (m, 1H for minor), 2.57 (ddt, ] = 8.8, 6.0, 3.1 Hz, 1H for minor), 2.34-2.18 (m,
3H for major and 2H for minor), 1.73—1.64 (m, 1H for major), 1.65— 1.52 (m, 1H for minor),
1.47—1.18 (m, 8H for syn-4c and 7H for minor), 1.14—0.97 (m, 1H for minor), 0.93—0.73 (m, 15H),

0.09-0.03 (m, 6H);

3C NMR (126 MHz, CDCl3):

for minor; 134.0, 117.5, 78.5, 73.7, 38.9, 37.9, 37.7, 32.3, 28.5, 27.1, 26.2 (3C), 22.6, 18.1, 14.1,
11.1,-3.9,-4.8;

for major; 134.3, 117.6, 78.4, 73.3,39.9, 394, 37.1, 32.0, 28.5, 27.1, 26.0 (3C), 22.6, 18.2, 14.1,

11.2,-3.7,-4.3;

HRMS (ESI-TOF): caled for C19H39NNaOsSi, 380.2597 [M + Na+], found 380.2596.
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(5R,6R)-5,7-Dimethyl-6-(nitromethyl)-4-(tert-butyldimethylsilyl)oxy-1-octene 31e

O,N O,N

Pr” 7 Y0TBS i-Pr” " "OTBS

31e major 31e minor

SRR AV AEN

[a]p +3.75 (CHCls, ¢ 1.07);

"H NMR (500 MHz, CDCls): 6= 5.80—5.63 (m, 1H), 5.11-4.98 (m, 2H), 4.63 (ddt, J = 13.8, 4.1, 1.1
Hz, 1H for major), 4.37 (ddd, J = 13.6, 4.4, 1.3 Hz, 1H for minor), 4.31 (ddd, J =13.2, 6.9, 1.7 Hz,
1H for major), 4.27 (ddd, ] = 12.8, 6.9, 2.1 Hz, 1H for minor), 3.78 (tdd, ] = 6.1, 3.2, 1.6 Hz, 1H for
major), 3.68 (q, J = 4.8 Hz, 1H for minor), 2.37-2.10 (m, 3H), 1.92—1.63 (m, 2H), 0.91 (m, 18H),

0.07 (s, 3H for major), 0.06 (s, 3H for major), 0.04 (s, 6H for minor);

3BC NMR (126 MHz, CDCl5): 6=

for minor; 135.0, 117.2, 76.1, 73.9, 43.5, 40.0, 37.7, 26.7, 25.9 (3C), 22.4, 18.2, 18.1, 12.2, —4.0,
—4.5;

for major; 134.6, 117.6, 76.2, 73.3, 45.7, 39.7, 36.7, 28.5, 26.0 (3C), 21.3, 18.2, 17.5, 12.3, —4.0,

—4.5;

HRMS (ESI-TOF): caled for C17H36NOsSi, 330.2464 [M + H+], found 330.2452.
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(1S,4R,5R,6R)-3-(tert-Butyldimethylsilyl)oxy-5-propyl-4methyl-6-nitrobicyclo-[4.1.0]heptane

32b
OzN/,‘
n-Pr
< otBs
32b major 32b minor

819 B IR

[a]p —38.6 (CHCl3, ¢ 1.19);

"H NMR (500 MHz, CDCl5): = 3.54 (ddd, J = 5.4, 3.6, 1.8 Hz, 1H for minor), 3.47-3.38 (m, 1H for
major), 3.18 (dq, J = 8.1, 4.4, 3.9 Hz, 1H for minor), 2.96 (dddd, J = 7.7, 6.7, 5.3, 3.5 Hz, 1H for
major), 2.31— 2.04 (m, 2H), 2.04—1.89 (m, 1H), 1.70~1.50 (m, 1H), 1.49-1.38 (m, 1H), 1.37-1.14
(m, SH), 1.04-0.93 (m, 3H), 0.91-0.83 (m, 12H), 0.06—0.01 (m, 6H);

3C NMR (126 MHz, CDCIs): for minor; 68.9, 68.1, 38.0, 35.6, 31.7, 26.0, 25.9 (3C), 25.8, 20.6,
20.2,18.1, 16.5, 14.7, —4.5, —4.8; for major; 71.9, 67.8, 38.7, 36.2, 31.2, 25.8, 25.7, 25.4, 20.6, 20.2,

18.0, 17.3, 14.6, —4.5, —4.8;

HRMS (ESI-TOF): calcd for C17H33NNaOsSi, 350.2127 [M + Na+], found 350.2123.
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(1S,4R,5R,6R)-3-(tert-Butyldimethylsilyl)oxy-5-pentyl-4methyl-6-nitrobicyclo-[4.1.0lheptane
32¢

OZN/,'

n-Pen

< oTBs s otBs
32c¢ major 32c¢ minor

e o IR A

[o]p —17.5 (CHCl3, ¢ 1.05);

"H NMR (500 MHz, CDCl5): = 3.55-3.51 (m, 1H for minor), 3.42 (td, J = 7.0, 5.2 Hz, 1H for
major), 3.16 (dt, J = 11.9, 7.0 Hz, 1H for minor), 2.93 (q, J = 6.4 Hz, 1H for major), 2.35—1.87 (m,
3H), 1.74—1.38 (m, 2H), 1.34—1.14 (m, 8H), 1.14—1.03 (m, 1H), 1.01 (d, J = 6.1 Hz, 3H for minor),
0.97 (d, J = 6.6 Hz, 3H for major), 0.90—0.86 (m, 3H), 0.85 (s, 9H for minor), 0.84 (s, 9H for major),

0.02 (s, 6H for major), 0.01 (s, 3H for minor), 0.00 (s, 3H for minor);

3C NMR (126 MHz, CDCl3):

for minor; 68.9, 68.0, 38.0, 35.4, 33.2, 32.5, 31.7, 26.6, 25.7 (3C), 25.7, 22.7, 20.5, 18.0, 16.4, 14.2,
—4.6,—4.9;

for major; 71.9, 67.6, 38.8, 33.9, 32.4, 31.7, 31.0, 26.6, 25.9 (3C), 25.2, 22.6, 20.4, 18.1, 17.3, 14.1,

—4.5,—4.9;

HRMS (ESI-TOF): caled for C19H3sNOsSi, 356.2621 [M + H+], found 356.2621.
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(1S,4R,5R,6R)-3-(tert-Butyldimethylsilyl)oxy-5-isopropyl-4methyl-6-nitrobicyclo-

[4.1.0]heptane 32e

OZN/,'
i-Pr
s oTBs s otBs
32e major 32e minor

T £0 5 R A

[a]p —82.4 (CHCls, ¢ 0.70);

"H NMR (500 MHz, CDCls): 6= 3.65 (q, ] = 4.2 Hz, 1H for major), 3.53—3.47 (m, 1H for minor),
3.06 (dd, J=9.1, 2.5 Hz, 1H for minor), 2.86 (dd, J = 9.8, 3.2 Hz, 1H for major), 2.20—1.85 (m, 5H),
1.77-1.46 (m, 2H), 1.02 (d, ] = 6.9 Hz, 3H for minor), 0.99 (d, J = 7.1 Hz, 3H for major), 0.97 (d, J
= 6.9 Hz, 3H for minor), 0.93 (d, J = 6.9 Hz, 3H for major), 0.88—0.84 (m, 3H), 0.86 (s, 9H for
minor), 0.85 (s, 9H for major),0.03 (s, 3H for major), 0.01 (s, 3H for major), 0.01 (s, 3H for minor),

0.00 (s, 3H for minor);

3C NMR (126 MHz, CDCl3):

for major; 71.8, 66.4, 43.9, 33.7, 31.2, 26.4, 26.1, 25.8 (3C), 20.9, 20.8, 20.0, 19.1, 18.0, —4.9, —=5.0;

for minor; 66.6, 66.2, 44.8, 34.5, 29.9, 26.0, 25.9, 25.8 (3C), 21.1, 20.9, 19.6, 19.1, 18.1, —4.7, —4.8;

HRMS (ESI-TOF): caled for C17H34NOsSi, 328.2308 [M + H+], found 328.2300.
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(1S,4R,5R,6R)-5-Propyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-ol (33b)

OzN/,‘
n-Pr
< oH
33b major 33b minor

PR B WA

[o]p —64.7 (CHCls, ¢ 1.05);

"H NMR (500 MHz, CDCls): 6= 3.64—3.60 (m, 1H for minor), 3.43 (q, J = 8.3 Hz, 1H for major),
3.20 (q, J = 6.8 Hz, 1H for minor), 2.93 (q, J = 7.4 Hz, 1H for major), 2.41 (ddd, J = 14.1,9.0, 5.6
Hz, 1H for major), 2.21 (dd, J = 11.0, 5.8 Hz, 1H for major), 2.18—2.05 (m, 3H for minor), 1.94 (qd,
J=10.5, 2.8 Hz, 1H for major), 1.70—1.60 (m, 1H), 1.55 (s, 1H), 1.47-1.23 (m, 5H), 1.13—1.06 (m,
3H), 1.06—1.00 (m, 1H for major), 0.92 (t, J = 6.7 Hz, 3H for minor), 0.89 (t, ] = 6.9 Hz, 3H for

major), 0.87—0.81 (m, 1H for minor);

3C NMR (126 MHz, CDCl3):

for major; 71.3, 68.0, 39.4, 39.3, 35.8, 32.4, 25.5, 20.7, 20.1, 16.0, 14.6;

for minor; 68.1, 67.8, 37.1, 35.6, 35.6, 30.1, 25.8, 20.3, 20.0, 15.4, 14.5;

HRMS (ESI-TOF): calcd for C11H19NNaOs, 236.1263 [M + Na+], found 236.1271.
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(1S,4R,5R,6R)-5-Pentyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-o0l (33¢c)

OZN/,. OZN ‘e,
n-Pen n-Pen
< oH < oH
33c major 33c minor

SRR AV AEN

[o]p —42.0 (CHCls, ¢ 1.07)

"H NMR (500 MHz, CDCl5): 8= 3.60 (ddd, J = 6.5, 4.2, 2.0 Hz, 1H for minor), 3.40 (td, J =9.2, 5.7
Hz, 1H for major), 3.21-3.13 (m, 1H for minor), 2.90 (dddd, J = 8.6, 7.2, 4.3, 1.3 Hz, 1H for major),
2.39(dddd, J=14.8,9.1, 5.6, 1.1 Hz, 1H for major), 2.26—2.16 (m, 1H for major), 2.17-2.05 (m, 3H
for minor), 1.92 (dddd, J = 10.8, 9.2, 7.8, 2.7 Hz, 1H for major), 1.72—1.47 (m, 2H), 1.46—1.11 (m,

9H), 1.13-1.00 (m, 4H), 0.85 (t, J = 6.0 Hz, 3H);
13C NMR (126 MHz, CDCls):
for major; 71.4, 67.9, 39.5, 37.1, 33.4, 32.4, 32.3, 26.7, 25.3, 22.6, 20.7, 16.0, 14.1;

for minor; 68.0, 67.8, 39.4, 35.8, 33.3, 32.4, 30.1, 26.5, 25.6, 22.6, 19.9, 15.4, 14.1;

HRMS (ESI-TOF): calcd for C13H23NNaOs, 264.1576 [M + Na+], found 264.1569.
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(1S,4R,5R,6R)-5-Isopropyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-o0l (29a)

02N /.,
I-Pr

4 [E {4, mp 73-73.8 °C;

[o]p —99.9 (CHCl3, ¢ 1.36);

'H NMR (500 MHz, CDCL): 6= 3.70~3.65 (m, 1H), 2.90 (dd, ] = 8.6, 4.4 Hz, 1H), 2.24 (dd, ] =

11.3, 5.4 Hz, 1H), 2.19 (ddd, ] = 14.4, 7.2, 4.9 Hz, 1H), 1.97-1.86 (m, 2H), 1.80 (q, ] = 6.2 Hz, 1H),

1.62(dd,J=14.7,5.4 Hz, 1H), 1.39 (dd, J = 7.7, 5.6 Hz, 1H), 1.30 (d, J =3.3 Hz, 1H), 1.01 (d,J =

6.8 Hz, 6H), 0.91 (d, J = 6.9 Hz, 3H);

BCNMR (126 MHz, CDCl): 6= 71.5, 66.5, 43.9, 34.7,31.3, 28.2, 25.2, 20.8, 20.8, 20.5, 18.2;

HRMS (ESI-TOF): calcd for C11H19NNaOs, 236.1263 [M + Na +], found 236.1277.
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(1S,4R,5R,6R)-5-Propyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-one (29b).

SRR AV AEN

The enantiomeric purity was determined by HPLC analysis (237 nm, 40 °C) tR 17.3 min (major); tR

18.7 min (minor) [YMC CHIRAL Amylose-SA (0.46 cm % 25 cm) hexane/i-PrOH, 98/ 2, 0.70

mL/min] as 99% ee.

[o]p —146.9 (CHCls, ¢ 1.20);

'H NMR (500 MHz, CDCls): 3= 3.38 (q, ] = 6.2 Hz, 1H), 2.88 (dd, J = 17.7, 6.7 Hz, 1H), 2.42 (d, J

=17.6 Hz, 1H), 2.39-2.28 (m, 2H), 2.10 (p, ] = 7.0 Hz, 1H), 1.55—-1.31 (m, 4H), 1.23 (dd, J = 6.8,

0.6 Hz, 3H), 1.15 (t, J = 6.2 Hz, 1H), 0.89 (t, ] = 7.5 Hz, 3H);

3C NMR (126 MHz, CDCls): 8= 210.6, 66.2, 45.6, 40.2, 36.1, 35.1, 25.3, 19.6, 19.3, 15.1, 14.3;

IR (neat) v 1714, 1533, 1346 cm™!;

HRMS (ESI-TOF): calcd for C11H1sNOs, 212.1287 [M + H+], found 212.1290.
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(1S,4R,5R,6R)-5-Pentyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-one (29c).

W B R A,

The enantiomeric purity was determined by HPLC analysis (237 nm, 40 °C) tR 13.3 min (minor); tR
15.1 min (major) [YMC Chiral Cellulose-C (0.46 cm x 25 cm) hexane/i-PrOH, 98/2, 0.70 mL/min]
as 99% ee.

[a]p —138.0 (CHCI3, ¢ 0.92);

"H NMR (500 MHz, CDCls): 6= 3.34 (q, J = 5.5 Hz, 1H), 2.87 (dd, ] = 17.7, 6.7 Hz, 1H), 2.40 (d, J
=17.6 Hz, 1H), 2.37-2.24 (m, 2H), 2.09 (p, J = 7.0 Hz, 1H), 1.55-1.44 (m, 1H), 1.43—1.23 (m, 7H),

1.20 (d,J=7.1 Hz, 3H), 1.14 (dd, ] = 6.8, 5.7 Hz, 1H), 0.85 (t, J = 6.7 Hz, 3H);

3C NMR (126 MHz, CDCls): 8= 210.6, 66.2, 45.6, 40.3, 36.1, 32.8, 32.0, 25.7, 25.3, 22.6, 19.6,

15.1, 14.1;

IR (neat) v 1714, 1533, 1346 cm™!;

HRMS (ESI-TOF): caled for C13H22NOs, 240.1600 [M + H+], found 240.1599.
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(1S,4R,5R,6R)-5-Isopropyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-one (29¢)

W R .

The enantiomeric purity was determined by HPLC analysis (237 nm, 40 °C) tR 13.4 min (major); tR
17.2 min (minor) [YMC CHIRAL Amylose-SA (0.46 cm % 25 cm) hexane/i-PrOH, 98/ 2, 0.70
mL/min] as 98% ee.

[a]p —153.6 (CHCIs, ¢ 0.49);

"H NMR (500 MHz, CDCl3): = 3.34 (dd, J = 10.0, 3.1 Hz, 1H), 2.91 (ddd, J = 16.9, 7.7, 0.8 Hz,
1H), 2.59 (dtd, J = 10.8, 7.7, 1.5 Hz, 1H), 2.50 (qd, J = 7.0, 3.1 Hz, 1H), 2.36 (dd, J = 10.8, 6.5 Hz,
1H),2.29 (d,J =17.0 Hz, 1H), 1.35 (dtd, J = 13.2, 6.6, 3.4 Hz, 1H), 1.30 (d, J = 7.1 Hz, 3H), 1.02 (t,
J=6.6 Hz, 1H), 1.00 (d, J = 6.5 Hz, 3H), 0.95 (d, ] = 6.6 Hz, 3H);

BC NMR (126 MHz, CDCl3): 8= 212.7, 65.3, 48.4,43.9, 35.1, 30.8, 27.6, 21.6, 20.9, 20.2, 17.5;

HRMS (ESI-TOF): calcd for C11H1sNOs, 212.1287 [M + H+], found 212.1271.

118



(5S,68)-5-Methyl-6-(nitromethyl)dec-1-en-4-o0l 34

34a major :

34a major

PR ERERITUN

[a]p +19.9 (CHCl3, ¢ 1.00);

'H NMR (500 MHz, CDCLs): 8= 5.69 (dq, J = 17.3, 8.4 Hz, 1H), 5.07-5.00 (m, 2H), 4.44 (ddd, J =

12.9, 5.8, 4.0 Hz, 1H), 4.31 (ddd, J = 11.3, 7.2, 3.2 Hz, 1H), 3.66-3.59 (m, 1H), 2.25-2.07 (m, 3H),
2.04-1.96 (m, 1H), 1.40 (q, J = 7.0 Hz, 1H), 1.21 (m, 6H), 0.88 (d, ] = 7.2 Hz, 3H), 0.79 (t, ] = 6.7

Hz, 3H);

BC NMR (126 MHz, CDCls): 8= 134.7, 118.3, 78.3, 70.2, 41.3, 40.4,37.4, 29.0, 28.8, 22.7, 13.9,

10.6;

HRMS (ESI-TOF): calcd for C12H23NNaOs, 252.1576 [M + Na+], found 252.1581.

119



34a minor : (A IH IR IK
O,N
n-Bu" OH

Me
34a minor

[a]p —29.5 (CHCI3, ¢ 1.01);

'H NMR (500 MHz, CDCL;): 5= 5.88 (dt, J = 16.7, 8.4 Hz, 1H), 5.31-5.22 (m, 2H), 4.51 (dd, J =
11.7, 5.5 Hz, 1H), 4.41 (dd, ] = 11.9, 9.6 Hz, 1H), 3.54 (d, ] = 17.8 Hz, 1H), 2.85 (dtd, ] = 9.5, 6.2,
2.9 Hz, 1H), 2.53 (dd, J = 14.6, 5.6 Hz, 1H), 2.14 (dt, J = 14.5, 9.3 Hz, 1H), 1.69 (d, J = 5.1 Hz, 1H),
1.66—1.58 (m, 1H), 1.49—1.30 (m, SH), 1.20 (dt, J = 14.7, 7.4 Hz, 1H), 0.98 (t, J = 6.1 Hz, 3H), 0.93

(d, J=7.0 Hz, 3H);

BCNMR (126 MHz, CDCls): 8= 134.4, 119.6, 78.5, 71.6, 40.0, 39.4, 38.0, 29.8, 26.6, 23.0, 14.1,

11.3;

HRMS (ESI-TOF): calcd for C12H23NNaOs, 252.1576 [M + Na+], found 252.1577.
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(5S,68)-5-Methyl-6-(nitromethyl)non-1-en-4-o0l 34b
34b major :

O,N

n-Pr+

34b major

A8 195 B iR A4

[a]p +17.5 (CHCls, ¢ 1.01);

'H NMR (500 MHz, CDCLs): 8= 5.77 (td, J = 16.8, 8.0 Hz, 1H), 5.19-5.11 (m, 2H), 4.52 (dd, ] =
12.5, 6.2 Hz, 1H), 4.41 (dd, J = 12.3, 7.6 Hz, 1H), 3.74— 3.68 (m, 1H), 2.36-2.28 (m, 1H),
2.28-2.14 (m, 2H), 1.71 (dd, J = 6.8, 3.6 Hz, 1H), 1.64—1.44 (m, 3H), 1.38-1.22 (m, 2H), 0.98 (d, J
=7.0 Hz, 3H), 0.91 (t, J = 7.1 Hz, 3H);

BC NMR (126 MHz, CDCl3): 8= 134.6, 119.0, 78.3, 70.1, 41.3, 40.5, 37.6, 31.4,20.2, 14.2, 10.7;

HRMS (ESI-TOF): calcd for C11H21NNaOs, 238.1419 [M + Na+], found 238.1426. anti-13b.
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34b minor:
Os5N

n-Pr

34b minor

T £0 5 R A

[0]p —29.8 (CHCls, ¢ 0.98);

'H NMR (500 MHz, CDCL;): 5= 5.86-5.74 (m, 1H), 5.22-5.14 (m, 2H), 4.42 (dd, J=11.3, 5.7 Hz,

1H), 4.33 (dd, J = 11.3, 9.1 Hz, 1H), 3.45 (td, J = 8.2, 3.4 Hz, 1H), 2.79 (dtd, ] = 9.4, 6.0, 2.7 Hz,

1H), 2.48-2.40 (m, 1H), 2.04 (dt, J = 13.9, 8.6 Hz, 1H), 1.56~1.45 (m, 2H), 1.45-1.28 (m, 4H),

1.15-1.05 (m, 2H), 0.93 (t, J = 7.2 Hz, 3H), 0.84 (d, J = 7.0 Hz, 3H);

BCNMR (126 MHz, CDCls): 6= 134.3, 119.5, 78.5, 71.5, 39.9, 39.4, 37.7,29.0, 20.7, 14.3, 11.2;

HRMS (ESI-TOF): calcd for C11H21NNaOs, 238.1419 [M + Na+], found 238.1426.
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(58,68)-5-Methyl-6-(nitromethyl)undec-1-en-4-ol (34c)

O,N

n-Pen"” N n-Pen” OH
Me
34c minor

e o IR A

[a]p +5.14 (CHCls, ¢ 1.05);

"H NMR (500 MHz, CDCls): 6= 5.85—5.70 (m, 1H), 5.20-5.10 (m, 2H), 4.51 (dd, J=12.6, 5.8 Hz,
1H for major), 4.40 (d, J = 7.4 Hz, 1H for minor), 4.39 (dd, J = 12.6, 7.6 Hz, 1H for major), 4.31 (t,J
=10.6 Hz, 1H for minor), 3.73—3.66 (m, 1H for major), 3.44 (t, ] = 8.7 Hz, 1H for minor), 2.75 (q, J
= 8.4 Hz, 1H for minor), 2.42 (dd, J = 14.6, 5.7 Hz, 1H for minor), 2.33—2.14 (m, 2H for major),
2.09-1.99 (m, 1H for minor), 1.73—1.66 (m, 1H for major), 1.55—1.43 (m, 2H), 1.36—1.10 (m, 8H),

0.96 (d, J = 7.3 Hz, 3H for major), 0.86 (t, ] = 6.8 Hz, 3H), 0.82 (d, J = 6.9 Hz, 3H for minor);
3C NMR (126 MHz, CDCls): 8= for minor; 134.3, 119.4,78.4, 71.5, 39.9, 39.3, 37.9, 32.0, 27.2,
26.7,22.6, 14.1, 11.1; for major; 134.6, 119.0, 78.3, 70.1, 41.5, 40.5, 37.5, 31.9, 29.1, 26.6, 22.6,

14.1, 10.7;

HRMS (ESI-TOF): calcd for C13H2sNNaOs, 266.1732 [M + Na+], found 266.1735.
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(58,68)-6-Cyclohexyl-5-methyl-7-nitrohept-1-en-4-ol (34d)

OoN O5N

“'OH c-Hex"" OH
Me Me

34d major 34d minor

c-Hex"

PR B WA

[o]p +19.3 (CHCI3, ¢ 0.86);

'H NMR (500 MHz, CDCls): 8= 5.85-5.69 (m, 1H), 5.25-5.06 (m, 2H), 4.59 (dd, J = 14.2, 4.2 Hz,

1H for major), 4.46 (d, J = 5.1 Hz, 1H for minor), 4.45—4.39 (m, 1H), 3.71 (t, ] = 4.0 Hz, 1H for

major), 3.51 (t, J = 8.5 Hz, 1H for minor), 2.55-2.44 (m, 1H for minor), 2.42 (dd, J = 15.4, 6.3 Hz,

1H for minor), 2.27-2.15 (m, 3H for major), 2.03 (m, 1H for minor), 1.93—1.42 (m, 7H), 1.35-1.02

(m, 5H), 1.00 (d, J = 7.0 Hz, 3H for major), 0.93 (d, J = 7.2 Hz, 3H for minor), 0.91—0.78 (m, 1H);

BC NMR (126 MHz, CDCl;): 6=

for minor: 134.5, 119.5, 76.7, 71.8, 44.0, 39.7, 39.5, 37.5, 33.0, 29.4, 26.9, 26.5, 26.4, 13.3;

for major: 134.7, 118.9, 76.5, 70.0, 46.6, 40.7, 39.3, 36.6, 31.5, 29.5, 26.6, 26.5, 26.4, 11.8;

HRMS (ESI-TOF): calcd for C14H2sNNaOs, 278.1732 [M + Na+], found 278.1724.
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(5S,65)-5,7-Dimethyl-6-(nitromethyl)oct-1-en-4-ol (34e)

O,N

“'OH

Me Me
34e major 34e minor

i-Pr+

e o IR A

[a]p +20.1 (CHCls, ¢ 0.63);

'H NMR (500 MHz, CDCls): 8= 5.84-5.69 (m, 1H), 5.22—5.10 (m, 2H), 4.60 (ddd, J = 14.2, 4.4, 1.6
Hz, 1H for major), 4.42 (ddd, J = 8.2, 6.4, 1.6 Hz, 1H), 4.38 (ddd, J = 15.1, 6.6, 1.5 Hz, 1H for
minor), 3.78—3.69 (m, 1H for major), 3.57-3.48 (m, 1H for minor), 2.52—2.37 (m, 2H for minor),
2.28-2.16 (m, 3H for major), 2.14—1.97 (m, 1H for minor), 1.96—1.86 (m, 1H), 1.85—1.77 (m, 1H),
1.50 (d, J=3.9 Hz, 1H), 1.03 (dd, J = 8.7, 1.5 Hz, 3H for minor), 1.00 (dd, J = 7.0, 1.6 Hz, 3H for
major), 0.97 (dd, J = 6.8, 1.5 Hz, 3H for major), 0.94 (dd, J = 7.0, 1.6 Hz, 3H for minor), 0.87 (dd, J

=6.9, 1.6 Hz, 3H for major), 0.85 (dd, J = 6.9, 1.6 Hz, 3H for minor);
3C NMR (126 MHz, CDCls): 6= for
minor: 134.5, 119.5, 76.1, 71.8, 44.3,39.9, 394, 27.1, 22.6, 18.5, 13.2;

major: 134.7, 118.9, 76.4, 70.0, 47.1, 40.6, 37.2, 29.0, 21.3, 18.9, 11.7;

HRMS (ESI-TOF): calcd for C11H22NOs3, 216.1600 [M + H+], found 216.1599.
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(5S,6S)-5-Methyl-6-(nitromethyl)-4-(tert-butyldimethylsilyl)oxy-1-decene (35a).

OoN OoN
n-Bu" “OTBS  n-Bu" OTBS
Me Me
35a major 35a minor

T €0 T AR,

[o]p —37.0 (CHCls, ¢ 1.07);

"H NMR (500 MHz, CDCls): 6= 5.82-5.65 (m, 1H), 5.11-5.01 (m, 2H), 4.50 (ddd, J =12.2, 6.0, 1.1
Hz, 1H for major), 4.38 (ddd, J =11.8, 5.2, 1.1 Hz, 1H for minor), 4.32 (ddd, J =12.2,7.8, 1.1 Hz,
1H for major), 4.27 (ddd, J =11.9, 9.0, 1.1 Hz, 1H for minor), 3.73 (tdd, J = 6.3, 4.6, 1.1 Hz, 1H for
major), 3.63 (dt, J = 6.4, 5.8 Hz, 1H for minor), 2.63—2.53 (m, 1H for minor), 2.35-2.21 (m, 3H for
major and 2H for minor), 1.75—1.65 (m, 1H for major), 1.66—1.56 (m, 1H for minor), 1.48—1.36 (m,
1H for major), 1.36—1.20 (m, 5H), 1.12—1.00 (m, 1H for minor), 0.95—0.84 (m, 15H for major and
12H for minor), 0.82 (dd, ] = 7.0, 1.1 Hz, 3H for minor), 0.07 (s, 3H for major), 0.06 (s, 3H), 0.04 (s,

3H for minor);
3C NMR (126 MHz, CDCls): 6= for minor; 134.0, 117.5, 78.6, 73.7, 38.9,37.9, 37.7, 29.6, 26.9,
25.9 (3C), 23.2, 18.1, 14.1, 11.1, —3.9, —4.8; for major; 134.4, 117.6, 78.4, 73.3, 39.9, 39.4, 37.1,

28.6,28.2,26.0 (3C), 22.9, 18.2, 14.1, 11.2, 3.7, —4.3;

HRMS (ESI-TOF): calcd for C1sH3sNO3Si, 344.2621 [M + H+], found 344.2626.
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(5S,6S)-5-Methyl-6-(nitromethyl)-4-(tert-butyldimethylsilyl)oxy-1-nonene (35b).

35b major 35b minor

T8 T TR,

[o]p +1.01 (CHCl3, ¢ 0.99);

"H NMR (500 MHz, CDCls): 6= 5.83-5.63 (m, 1H), 5.11-5.01 (m, 2H), 4.49 (ddd, J =12.1, 6.1, 1.3
Hz, 1H for major), 4.37 (ddd, J =11.7, 5.2, 1.3 Hz, 1H for minor), 4.32 (ddd, J =12.3,7.7, 1.3 Hz,
1H for major), 4.26 (ddd, J =11.9, 8.9, 1.3 Hz, 1H for minor), 3.77-3.69 (m, 1H for major), 3.64 (td,
J=6.1, 5.3 Hz, 1H for minor), 2.64—2.54 (m, 1H for minor), 2.35—2.18 (m, 3H for major and 2H for
minor), 1.69 (tdd, J = 6.8, 3.7, 1.7 Hz, 1H for major), 1.66—1.57 (m, 1H for minor), 1.44—1.19 (m,
4H for major and 3H for minor), 1.11-1.00 (m, 1H for minor), 0.97—0.77 (m, 15H), 0.08—0.04 (m,

6H);

3C NMR (126 MHz, CDCls): 6=

for major; 134.3, 117.6, 78.4, 73.4,39.8, 39.4,37.1, 30.7, 26.0 (3C), 19.7, 18.2, 14.3, 11.1, =3.7,
—4.3;

for minor; 134.0, 117.5, 78.6, 73.8, 39.0, 37.9, 37.5, 29.4, 25.9 (3C), 20.7, 18.1, 14.5, 11.1, 3.9,

—4.8;

HRMS (ESI-TOF): calcd for C17H3sNNaOsSi, 352.2284 [M + Na+], found 352.2288.
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(5S,6S)-5-Methyl-6-(nitromethyl)-4-(tert-butyldimethylsilyl)oxy-1-undecene (35¢).

OoN OoN

“OTBS n-Pen" OTBS
Me Me

35¢c major 35¢ minor

n-Pen"

T €0 T AR,

[o]p —13.7 (CHCls, ¢ 1.21);

'H NMR (500 MHz, CDCls): 5= 5.82-5.67 (m, 1H), 5.11-5.01 (m, 2H), 4.50 (dd, J = 12.2, 6.1 Hz,
1H for major), 4.38 (dd, J =11.9, 5.5 Hz, 1H for minor), 4.32 (dd, J = 12.0, 7.5 Hz, 1H for minor),
4.27(dd, J=11.7, 9.3 Hz, 1H for minor), 3.74 (td, J = 5.9, 4.0 Hz, 1H for major), 3.63 (td, J = 6.2,
4.5 Hz, 1H for minor), 2.62—2.54 (m, 1H for minor), 2.34— 2.20 (m, 3H for major and 2H for
minor), 1.74—1.67 (m, 1H for major), 1.66—1.55 (m, 1H for minor), 1.47—1.37 (m, 1H for major),
1.33-1.20 (m 7H), 1.12—1.00 (m, 4H for minor), 0.91 (d, J = 6.4 Hz, 3H for major), 0.90 (s, 9H for
minor), 0.89 (s, 9H for major), 0.90—0.86 (m, 3H), 0.82 (d, J = 6.9 Hz, 3H for minor), 0.08 (s, 3H for

major), 0.07 (s, 3H for major), 0.07 (s, 3H for minor), 0.05 (s, 3H for minor);

3C NMR (126 MHz, CDCls): 8=

for minor; 133.8, 117.2, 78.3, 73.5, 38.7, 37.6, 37.5, 32.0, 31.4, 26.9, 25.7 (3C), 22.5, 17.9, 14.0,
10.8, 4.2, =5.0;
for major; 134.1, 117.3, 78.1, 73.1, 39.7, 39.2, 36.8, 31.8, 28.2, 25.9 (3C), 25.7,22.3, 17.9, 13.8,

10.9, —4.0, —4.5;

HRMS (ESI-TOF): calcd for C19H40NO38Si, 358.2777 [M +H +], found 358.2786.
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(55,6S5)-6-Cyclohexyl-5-methyl-7-nitro-4-(tert-butyldimethylsilyl)oxy-1-heptene (35d).

O5N O5N

OTBS  c-Hex"" OTBS
Me Me

35d major 35d minor

c-Hex"

T €0 T AR,

[a]p +0.45 (CHCls, ¢ 0.89);

'H NMR (500 MHz, CDCls): 8= 5.75-5.63 (m, 1H), 5.10-4.99 (m, 2H), 4.62 (dd, J = 13.6, 4.1 Hz,

1H), 4.34 (dd, ] = 13.6, 7.1 Hz, 1H), 3.76 (td, ] = 8.0, 2.5 Hz, 1H), 2.30~2.15 (m, 3H), 1.80 (td, J =

7.7,2.9 Hz, 1H), 1.77-1.70 (m, 3H), 1.68—1.57 (m, 3H), 1.47 (s, 1H), 1.14 (m, 4H), 0.94 (d, J = 6.5

Hz, 3H), 0.88 (s, 9H), 0.07 (s, 3H), 0.06 (s, 3H);

13C NMR (126 MHz, CDCls): 8=

minor; 134.8, 117.3, 76.8, 74.2, 43.3, 39.3, 38.0, 37.2, 32.8, 28.6, 26.9, 26.6, 26.4, 26.0 (3C), 14.2,

12.6, 4.0, —4.5;

major; 134.6, 117.6, 76.5, 73.3,45.2,39.7, 38.9, 36.1, 31.7, 28.7, 26.8, 26.6, 26.4, 26.0 (3C), 18.2,

12.3,-3.7, —4.2;

HRMS (ESI-TOF): caled for C20H30NNaOsSi, 392.2597 [M + Na+], found 392.2593.
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(5S,65)-5,7-Dimethyl-6-(nitromethyl)-4-(tert-butyldimethylsilyl)oxy-1-octene (35e).

O,N

“OTBS  i-Pr"
Me Me
35e major 35e minor

i-Pr

T €0 T AR,

[a]p +1.16 (CHCls, ¢ 0.95);

'H NMR (500 MHz, CDCls): 8= 5.77-5.63 (m, 1H), 5.11—4.99 (m, 2H), 4.62 (dd, J = 13.3, 5.9 Hz,
1H for major), 4.36 (dd, J = 12.4, 5.4 Hz, 1H for minor), 4.32 (dd, J = 13.9, 7.2 Hz, 1H for major),
4.24—4.17 (m, 1H for minor), 3.78 (t, J = 6.6 Hz, 1H for major), 3.68 (dd, J = 10.2, 5.5 Hz, 1H for
minor), 2.38-2.12 (m, 3H), 1.92-1.61 (m, 2H), 1.05-0.77 (m, 18H), 0.07 (s, 3H for major), 0.06 (s,

3H for major), 0.05 (s, 6H for minor);

13C NMR (126 MHz, CDCl;): 6=

for minor: 135.0, 117.2, 76.1, 73.9, 43.5, 40.0, 37.7, 26.7, 25.9 (3C), 22.4, 17.5, 14.2, 12.2, —4.0,
—4.5;

for major: 134.6, 117.6, 76.2, 73.3, 45.7, 39.7, 36.7, 28.5, 26.0 (3C), 21.3, 18.2, 18.2, 12.3, —3.7,

—4.2;

HRMS (ESI-TOF): calcd for C17H3sNNaOsSi, 352.2284 [M + Na+], found 352.2285.
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(1R,4S,58,65)-3-(tert-Butyldimethylsilyl)oxy-5-butyl-4-methyl-6-nitrobicyclo-[4.1.0] heptane

(36a)
OzN B OzN R

n-Bu+ n-Bum+

oTBS 0TBS
36a major 36a minor

PR B,

[a]p +38.5 (CHCI3, ¢ 0.81)

"H NMR (500 MHz, CDCls): 6= 3.54 (ddt, J = 5.6, 3.6, 1.8 Hz, 1H for major), 3.43 (tdd, J = 7.4, 5.0,
1.9 Hz, 1H for minor), 3.17 (dt, ] = 7.8, 5.9 Hz, 1H for minor), 2.95 (dtt, ] = 9.4, 6.8, 1.6 Hz, 1H for
major), 2.32—1.90 (m, 3H), 1.68—1.38 (m, 4H), 1.36—1.16 (m, 5H), 1.01 (d, J = 6.8 Hz, 3H for 3,4-

cis-15a), 0.98 (dd, J = 6.8, 2.0 Hz, 3H for major), 0.89—0.84 (m, 12H), 0.05—-0.00 (m, 6H);

3C NMR (126 MHz, CDCl;): 6=
for major; 76.9, 71.9, 67.7, 38.8, 33.6, 31.1, 29.1, 25.9 (3C), 25.4, 23.2, 20.6, 18.0, 17.3, 14.1, 0.2,
—4.5,—4.8;
for minor; 68.8, 68.1, 38.0, 35.3, 32.9, 31.7, 29.1, 25.8 (3C), 23.3, 20.6, 18.0, 17.3, 16.5, 1.4, =4.5,

—4.8;

HRMS (ESI-TOF): calcd for C1sH3sNNaOsSi, 364.2284 [M + Na+], found 364.2283.
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(1R48S,58,65)-3-(tert-Butyldimethylsilyl)oxy-5-propyl-4methyl-6-nitrobicyclo-[4.1.0|heptane

(36b)
02N .:\/’ﬂ 02N f\\/"‘

n-Pri n-Pro

oTBS OTBS
36b major 36b minor

Y e A IR IR,

[a]p +46.4 (CHCI3, ¢ 1.03);

"H NMR (500 MHz, CDCl5): 6= 3.58-3.51 (m, 1H for minor), 3.43 (tdd, J = 7.7, 5.1, 1.2 Hz, 1H for
major), 3.23—-3.09 (m, 1H for major), 3.00—2.91 (m, 1H for minor), 2.33—1.91 (m, 3H), 1.67-1.15
(m, 7H), 1.02 (d, J = 5.9 Hz, 3H for 3,4-cis-15b), 0.98 (dd, J = 6.8, 1.2 Hz, 3H for major), 0.92—0.85
(m, 12H), 0.05-0.00 (m, 6H);

BC NMR (126 MHz, CDCls): 6= for major; 71.9, 67.7, 38.8, 33.6, 31.1, 29.1, 25.9 (3C), 25.4, 23.2,
20.6, 18.1, 17.3, 14.1, —4.5, —4.8; for minor; 68.8, 68.1, 38.0, 35.3, 32.9, 31.7, 29.1, 25.7 (3C), 23.3,

20.6, 18.0, 16.5, 14.1, 4.5, —4.8;

HRMS (ESI-TOF): caled for C17H34NOsSi, 328.2308 [M + H+], found 328.2300.
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(1R 48S,58,65)-3-(tert-Butyldimethylsilyl)oxy-5-pentyl-4methyl-6-nitrobicyclo-[4.1.0]heptane

(36¢)
02N ;‘v’f_ 02N ;*v’-.

n-Peni n-Pen'

0oTBS OTBS
36¢ major 36¢ minor

PR B,

[a]p +28.9 (CHCl3, ¢ 1.00);

"H NMR (500 MHz, CDCls): 6= 3.56—3.52 (m, 1H for minor), 3.42 (q, J = 7.0 Hz, 1H for major),
3.21-3.13 (m, 1H for minor), 2.94 (q, J = 6.8 Hz, 1H for major), 2.25—1.89 (m, 3H), 1.64—1.51 (m,
1H), 1.50—1.40 (m, 1H), 1.37—1.20 (m, 8H), 1.21-1.06 (m, 1H), 1.01 (d, J = 6.5 Hz, 3H for minor),
0.97 (d, J = 6.8 Hz, 3H for major), 0.86 (s, 9H for major), 0.89—0.84 (m, 3H), 0.85 (s, 9H for minor),

0.03 (s, 6H for major), 0.02 (s, 3H for minor), 0.00 (s, 3H for minor);

3C NMR (126 MHz, CDCls): 8=

for minor; 68.8, 68.0, 38.0, 35.4, 33.2, 32.5, 31.7, 26.6, 25.8, 25.7 (3C), 22.7, 20.5, 18.0, 16.5, 14.2,
—4.5,—4.8;

for major; 71.9, 67.7, 38.8, 33.9, 32.4, 31.7, 31.0, 26.6, 25.9 (3C), 25.3, 22.6, 20.5, 18.1, 17.3, 14.1,

—4.5,—4.8;

HRMS (ESI-TOF): caled for C19H3sNOsSi, 356.2621 [M + H+], found 356.2613.
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(1R,4S,58S,6S)-3-(tert-Butyldimethylsilyl)oxy-5-cyclohexyl-4methyl-6-nitrobicyclo-
[4.1.0]heptane (36d).
OoN ™

c-Hex' -

PR B,

[a]p +53.6 (CHCls, ¢ 1.10);

'H NMR (500 MHz, CDCls): 5=3.64 (dd, J = 5.5, 4.8 Hz, 1H), 2.91 (d,J = 9.7 Hz, 1H), 2.15 (dd, J =

11.3, 5.0 Hz, 1H), 2.07-2.00 (m, 1H), 1.99-1.91 (m, 1H), 1.76—1.70 (m, 1H), 1.70—1.56 (m, 1H),

1.15 (m, 11H), 0.98 (dd, J = 13.4, 7.6 Hz, 1H), 0.91 (d,J = 7.1 Hz, 3H), 0.87 (s, 9H), 0.03 (s, 3H),

0.02 (s, 3H);

BCNMR (126 MHz, CDCls): 6= 71.7, 66.8, 43.5,39.7, 33.5, 31.5, 31.0, 28.3, 28.1, 26.6, 26.5,

26.3,25.9,25.8 (3C), 19.8, 18.1,—4.7, —4.8;

HRMS (ESI-TOF): calcd for C20H37NNaOsSi, 390.2440 [M + Na+], found 390.2448.
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(1R48S,58,65)-3-(tert-Butyldimethylsilyl)oxy-5-isopropyl-4methyl-6-nitrobicyclo-[4.1.0]heptane
(36e).
OoN ™

i-Prie

Y A IR A,

[o]p +83.6 (CHCls, ¢ 0.41);

'H NMR (500 MHz, CDCls): $=3.65 (q, J = 3.6 Hz, 1H), 2.86 (d, ] = 9.8 Hz, 1H), 2.15 (dd, J = 11.1,
5.1 Hz, 1H), 2.05 (ddd, ] = 15.3, 6.9, 4.1 Hz, 1H), 2.00~1.87 (m, 3H), 1.66 (dd, J = 14.6, 3.5 Hz,
1H), 1.51 (dd, J = 8.6, 5.6 Hz, 1H), 0.99 (d, ] = 6.6 Hz, 3H), 0.92 (d, J = 7.0 Hz, 3H), 0.87 (d, ] = 6.5

Hz, 3H), 0.85 (s, 9H), 0.03 (s, 3H), 0.02 (s, 3H);

BCNMR (126 MHz, CDCls): 6= 71.8, 66.4, 43.9,33.7,31.2, 26.4, 26.1, 25.8 (3C), 20.9, 20.8, 20.0,

19.1, 18.0, —4.9, =5.0;

HRMS (ESI-TOF): calcd for C17H34NOsSi, 328.2308 [M + H+], found 328.2310.
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(1R,4S,5S,65)-5-Butyl-4-methyl-6-nitrobicyclo[4.1.0|heptan3-ol (37a).
?\/’. 02 N .\\/’.

n-Bu'

OH
37a major 37a minor

PR B,

[a]p +64.4 (CHCls, ¢ 1.37);

"H NMR (500 MHz, CDCls): 6= 3.64—3.58 (m, 1H for minor), 3.42 (q, J = 8.5, 7.9 Hz, 1H for
major), 3.18 (q, J = 6.6 Hz, 1H for minor), 2.91 (q, J = 7.1 Hz, 1H for major), 2.40 (dt, J = 14.6, 7.4
Hz, 1H for major), 2.21 (dd, J = 11.0, 6.0 Hz, 1H for major), 2.18—2.04 (m, 3H for minor), 1.94 (q, J
=9.3 Hz, 1H for major), 1.88—1.63 (m, 1H), 1.56 (s, 1H), 1.47-1.19 (m, 7H), 1.13—1.06 (m, 3H),
1.04 (t, J = 7.3 Hz, 1H for major), 0.88 (t, J = 6.7 Hz, 3H for major), 0.86 (t, J = 5.0 Hz, 3H for

minor), 0.85—0.82 (m, 1H for minor);
13C NMR (126 MHz, CDCls): 6=
for major; 71.5, 67.9, 39.5, 39.3, 33.2, 32.4, 29.0, 25.2, 23.3, 20.7, 16.0, 14.1;

for minor; 67.9, 67.8, 37.2, 35.8, 33.0, 30.2, 29.2, 25.6, 23.2, 19.8, 15.4, 14.1;

HRMS (ESI-TOF): calcd for C12H21NNaOs, 250.1419 [M + Na+], found 250.1418.
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(1R48,58,65)-5-Propyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-o0l (37b)
0 5N R 4

O 2 N .:v .

n-Prie-

OH
37b major 37b minor

T €075 IR

[o]p +35.9 (CHCl3, ¢ 1.37);

1H NMR (500 MHz, CDCl3): 6= 3.63—3.58 (m, 1H for minor), 3.41 (q, J = 8.4 Hz, 1H for major),
3.18 (dd, J=13.8, 6.8 Hz, 1H for minor), 2.95-2.87 (m, 1H for major), 2.39 (dt, ] = 14.8, 7.4 Hz, 1H
for major), 2.20 (t, J = 10.6, 4.8 Hz, 1H for major), 2.16— 2.04 (m, 3H for minor), 1.93 (q,J =9.2
Hz, 1H for major), 1.69—-1.59 (m, 1H), 1.60—1.44 (m, 1H), 1.43—1.22 (m, 5H), 1.11-1.05 (m, 3H),
1.03 (t, J = 7.1 Hz, 1H for major), 0.90 (t, J = 7.2 Hz, 3H for minor), 0.87 (t, J = 6.8 Hz, major),

0.86—0.80 (m, 1H for minor);
3C NMR (126 MHz, CDCls): 6=
for minor; 71.4, 67.9, 39.5, 39.3, 35.8, 32.4, 25.3, 20.7, 20.1, 16.0, 14.7;

for major; 68.0, 67.8, 37.2, 35.7, 35.6, 30.2, 25.6, 20.3, 19.9, 15.5, 14.6;

HRMS (ESI-TOF): calcd for C11H19NNaOs, 236.1263 [M + Na+], found 236.1262.
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(1R48S,58,65)-5-Pentyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-ol (37c¢).
OoN =, O,N =

n-Pen n-Penm

-

OH OH
37c major 37¢ minor

PR B,

[a]p +61.6 (CHCL;, ¢ 1.12);

"H NMR (500 MHz, CDCl5): = 3.62 (ddt, ] = 6.4, 5.0, 2.1 Hz, 1H for minor), 3.46—3.38 (m, 1H for
major), 3.19 (dq, J = 7.2, 4.7 Hz, 1H for minor), 2.92 (ddt, J = 8.4, 7.0, 2.7 Hz, 1H for major),
2.45-2.35 (m, 1H for major), 2.21 (ddt, J = 10.9, 5.8, 1.5 Hz, 1H for major), 2.17— 2.06 (m, 3H for
minor), 1.94 (dtdd, J=11.9, 9.1, 2.8, 1.3 Hz, 1H for major), 1.73—1.58 (m, 1H), 1.58—1.49 (m, 1H),

1.47-1.16 (m, 9H), 1.14—1.00 (m, 4H), 0.87 (t, ] = 6.8 Hz, 3H);
13C NMR (126 MHz, CDCls): 5=
for major; 71.4, 67.9, 39.4, 39.4, 33.4, 32.4, 32.4, 26.5, 25.3, 22.6, 20.8, 16.0, 14.2;

for minor; 67.9, 67.8, 37.1, 35.8, 33.3, 32.3, 30.1, 26.7, 25.7, 22.6, 19.9, 15.5, 14.2;

HRMS (ESI-TOF): calcd for C13H23NNaOs, 264.1576 [M + Na+], found 264.1573.
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(1R48,58,65)-5-Ethyl-4-cyclohexyl-6-nitrobicyclo[4.1.0]heptan-3-ol (37d).
0] 2N >

c-Hex'-

W o B IR AE,

[a]p +78.8 (CHCls, ¢ 0.38);
'H NMR (500 MHz, CDCls): 8= 3.63 (q, J = 5.7 Hz, 1H), 2.92 (dd, ] = 8.0, 5.1 Hz, 1H), 2.24 (dt, ] =
8.6, 4.2 Hz, 1H), 2.20 (t, ] =9.2, 6.9 Hz, 1H), 1.95-1.83 (m, 2H), 1.83—1.49 (m, 9H), 1.36 (dd, J =

8.1, 5.6 Hz, 1H), 1.25-1.10 (m, 4H), 1.01 (d, ] = 7.0 Hz, 3H);

BCNMR (126 MHz, CDCls): 8= 71.5, 66.5, 43.2,41.4, 34.0, 31.3, 30.9, 28.6, 26.8, 26.7, 26.6,

25.2,20.6, 18.1;

HRMS (ESI-TOF): calcd for C14H23NNaOs, 276.1576 [M + Na+], found 276.1584.
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(1R,4S,58,6S)-5-Isopropyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-ol (37e).
OsN
-Priv-

4 [E {45, mp 73.1-73.6 °C;

[a]p +99.6 (CHCl3, ¢ 0.90);

'H NMR (500 MHz, CDCl3): 8= 3.61 (dq, J = 5.8, 5.4 Hz, 1H), 2.85 (dt, J = 8.2, 4.1 Hz, 1H),

2.23-2.11 (m, 2H), 1.96-1.79 (m, 3H), 1.82—1.70 (m, 1H), 1.65-1.51 (m, 1H), 1.41-1.32 (m, 1H),

0.99 (d, J=6.9 Hz, 6H), 0.87 (d, ] = 5.0 Hz, 3H);

BCNMR (126 MHz, CDCls): 8= 71.5, 66.5, 43.9, 34.7,31.3, 28.1, 25.2, 20.8, 20.8, 20.5, 18.2;

HRMS (ESITOF): caled for Ci1H19NNaOs, 236.1263 [M + Na+], found 236.1270.
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(1R4S,58,65)-5-Butyl-4-methyl-6-nitrobicyclo[4.1.0]heptan3-one (38a)
O,N >

n-Bu+

R T IR AR

The enantiomeric purity was determined by HPLC analysis (237 nm, 40 °C) tR 37.6 min (minor); tR

31.5 min (major) [CHIRALPAK IC (0.46 cm X 25 cm) (from Daicel Chemical Ind., Ltd.) hexane/i-

PrOH, 98/2, 0.70 mL/min] as 98% ee.

[a]p +128.3 (CHCl3, ¢ 1.10);

'H NMR (500 MHz, CDCls): 8= 3.36 (dt, J = 7.3, 5.9 Hz, 1H), 2.88 (dd, ] = 17.5, 6.8 Hz, 1H), 2.42

(dt, J=17.6, 1.4 Hz, 1H), 2.38-2.27 (m, 2H), 2.10 (p, J = 6.9 Hz, 1H), 1.57-1.24 (m, 6H), 1.22 (d, J

=6.9Hz,3H), 1.15(ddd, ] =7.4,5.7, 1.4 Hz, 1H), 091 (t, ] = 6.9 Hz, 3H);

BC NMR (126 MHz, CDCls): 8= 210.5, 66.2, 45.6, 40.3, 36.1, 32.5, 28.1, 25.3,22.9, 19.5, 15.1,

14.0; IR (neat) v 1678, 1533 cm™!;

HRMS (ESI-TOF): calcd for C12H19NNaOs, 248.1263 [M + Na +], found 248.1276.
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(1R48,58,65)-5-Propyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-one (38b)
0] o Ny %

n-Pr

PR B WIRAR.

The enantiomeric purity was determined by HPLC analysis (237 nm, 40 °C) tR 18.9 min (minor); tR

19.3 min (major) [YMC CHIRAL Amylose-SA (0.46 cm x 25 cm) hexane/i-PrOH, 98/ 2, 0.70

mL/min] as 99% ee.

[0]p +152.2 (CHCL;, ¢ 1.10);

'H NMR (500 MHz, CDCls): 3= 3.38 (q, J = 5.7 Hz, 1H), 2.89 (ddd, J = 17.7, 7.0, 2.6 Hz, 1H),

2.42 (d, ] = 17.7 Hz, 1H), 2.39-2.27 (m, 2H), 2.10 (p, ] = 6.7 Hz, 1H), 1.54—1.30 (m, 4H), 1.22 (dd,

J=17.0,2.3 Hz, 3H), 1.15(ddd, ] = 6.9, 5.7, 2.3 Hz, 1H), 0.90 (t, ] = 6.3 Hz, 3H);

3C NMR (126 MHz, CDCl3): 8= 210.5, 66.2, 45.6, 40.2, 36.1,35.1,25.3,19.5, 19.3, 15.1, 14.3; IR

(neat) v 1712, 1531, 1346 cm™!;

HRMS (ESITOF): caled for C11H1sNOs, 212.1287 [M + H+], found 212.1286.
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(1R,4S,58,6S)-5-Pentyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-one (38c)
OoN

n-Pen'

R T IR AR

The enantiomeric purity was determined by HPLC analysis (237 nm, 40 °C) tR 13.5 min (major); tR
14.8 min (minor) [YMC Chiral Cellulose-C (0.46 cm % 25 cm) hexane/i-PrOH, 98/2, 0.70 mL/min]

as 99% ee.

[a]p+136.0 (CHCI3, ¢ 1.05);

"H NMR (500 MHz, CDCl): 8= 3.36 (ddd, J=7.1, 5.9, 4.9 Hz, 1H), 2.87 (dd, J = 18.7, 6.9 Hz,
1H), 2.42 (d, J = 18.0 Hz, 1H), 2.39-2.27 (m, 2H), 2.10 (p, J = 6.9 Hz, 1H), 1.55—-1.44 (m, 1H),

1.46-1.24 (m, 5H), 1.22 (d, ] = 6.9 Hz, 3H), 1.15 (dd, J = 6.8, 5.7 Hz, 1H), 0.85 (t, ] = 6.5 Hz, 3H);

3C NMR (126 MHz, CDCls): 8= 210.6, 66.2, 45.6, 40.3, 36.1, 32.8, 32.0, 25.7, 25.3, 22.6, 19.6,

15.1, 14.1;

IR (neat) v 1713, 1533, 1346 cm™!;

HRMS (ESI-TOF): calcd for C13H21NNaOs, 262.1419 [M + Na+], found 262.1416.
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(1R,4S,58,6S)-5-Cyclohexyl-4-methyl-6-nitrobicyclo[4.1.0| heptan-3-one (38d)
02N :\\’1‘

c-Hex'-

R T IR AR

The enantiomeric purity was determined by HPLC analysis (237 nm, 40 °C) tR 13.7 min (minor); tR

16.7 min (major) [YMC CHIRAL Amylose-SA (0.46 cm x 25 cm) hexane/i-PrOH, 98/ 2, 0.70

mL/min] as 99% ee.

[a]p +128.3 (CHCL;, ¢ 1.10);

'H NMR (500 MHz, CDCLs): 8= 3.43-3.37 (m, 1H), 2.90 (dd, J = 17.0, 7.7 Hz, 1H), 2.61-2.49 (m,

2H), 2.34 (dd, J = 10.8, 6.5 Hz, 1H), 2.28 (d, J = 16.9 Hz, 1H), 1.89 (ddd, J = 10.6, 4.9, 2.8 Hz, 1H),

1.80—1.61 (m, 4H), 1.29 (d, J = 7.1 Hz, 3H), 1.22—1.08 (m, 3H), 1.08-0.92 (m, 4H);

BC NMR (126 MHz, CDCls): 8= 212.8, 65.1, 47.2, 43.0, 40.3, 35.3, 31.1, 30.4, 27.6, 26.3, 26.2,

26.2,21.6,17.5;

IR (neat) v 1714, 1533, 1342 cm™;

HRMS (ESI-TOF): calcd for C14H21NNaOs, 274.1419 [M + Na+], found 274.1422.
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(1R,4S,58,6S)-5-Isopropyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-one (38e)
02N ;‘v’«.
[-Pre

FI A mp 36-37 °C.

The enantiomeric purity was determined by HPLC analysis (237 nm, 40 °C) tR 14.0 min (minor); tR

17.8 min (major) [YMC CHIRAL Amylose-SA (0.46 cm x 25 cm) hexane/i-PrOH, 98/2, 0.70

mL/min] as 99% ee.

[o]p +143.9 (CHCl3, ¢ 0.98);

'"H NMR (500 MHz, CDCls): 8= 3.22 (tt, J = 8.6, 3.6 Hz, 1H), 2.82 (dt, = 15.1, 7.1 Hz, 1H),

2.53-2.43 (m, 1H), 2.43-2.33 (m, 1H), 2.27-2.12 (m, 2H), 1.32-1.22 (m, 1H), 1.19 (d, ] = 6.8 Hz,

3H), 0.94 (t, J = 6.6 Hz, 1H), 0.89 (d, ] = 5.7 Hz, 3H), 0.84 (d, J = 6.2 Hz, 3H);

3C NMR (126 MHz, CDCls): 6= 212.4, 65.3, 48.2, 43.8, 35.1, 30.7, 27.5, 21.5, 20.8, 20.1, 17.3;

IR (neat) v 1714, 1533, 1342 cm™;

HRMS (ESI-TOF): calcd for C11H1sNOs, 212.1287 [M + H+], found 212.1280.
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(1S,5R,6S,7R)-6-Butyl-5-methyl-7-nitro-4-oxabicyclo[5.1.0]octan-3-one (39a).

O.N,,
n-Bu

Me~ 07 Yo

25 mL 7 7 A 221Z 30 (0.4166 g, 1.85 mmol), H#{k A F L (2.0 mL) & A/, ZihiZ

mCPBA (0.5148 g, 80%, 1.83 mmol)& Ml %, 15 FERIINBGRGE L7, =IRICRE L2k, T4k
fet 1t U DL & RIEAKFT R U T LADOIREEH(1:4, 20 mL) THif L7z, AHEZ e ~
U o NTHRS . WAL E L=, b 7 A CTHE(Hex:AcOEt=2:1) L, 31(0.326 g, 1.35

mmol) A YL 73% THF7-.

H & [E 4 mp 9091 °C;

[a]p +92.2 (CHCL3, ¢ 1.10);

1H NMR (500 MHz, CDCl;): 8= 3.85 (dq, J = 6.0, 10.4 Hz, 1H), 3.53 (dddd, J = 1.0, 4.7, 8.4, 10.3
Hz, 1H), 3.09 (dd, J = 8.4, 14.7 Hz, 1H), 2.49 (dd, ] = 8.2, 14.8 Hz, 1H), 2.40 (ddt, J = 0.9, 6.3, 10.6
Hz, 1H), 2.32 (dq, J = 8.4, 10.6 Hz, 1H), 1.66—1.55 (m, 1H), 1.48 (d, J = 6.2 Hz, 3H), 1.40— 1.16 (m,

5H), 1.05 (dd, ] = 6.4, 7.7 Hz, 1H), 0.88 (t, J = 7.1 Hz, 3H);

13C NMR (126 MHz, CDCl): 6= 170.6, 75.2, 68.8, 41.3, 32.5,31.7, 28.7, 25.5, 23.2,20.4, 20.2,

13.9;

IR (CHCl3) v 1747, 1537, 1344 cm ™

HRMS (ESI-TOF): calcd for C12H19NNaOs, 264.1212 [M + Na+], found 264.1212.
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(1S,5R,6S8,7R)-6-Propyl-5-methyl-7-nitro-4-oxabicyclo[5.1.0]octan-3-one (39b).

O,N,,
n-Pr

H 2 & {£; mp 86—87 °C;

[ +80.9 (CHCls, ¢ 1.08);

'H NMR (500 MHz, CDCls): 5= 3.87 (dq, ] = 10.8, 6.2 Hz, 1H), 3.4 (td, ] = 9.3, 4.6 Hz, 1H), 2.97
(dd, T = 14.7, 8.4 Hz, 1H), 2.50 (dd, J = 14.7, 8.8 Hz, 1H), 2.33 (dd, J = 10.7, 6.3 Hz, 1H), 2.22 (dq, J

=10.6, 8.4 Hz, 1H), 1.48 (ddt, J = 13.5, 11.2, 5.0 Hz, 1H), 1.40 (d, J = 6.1 Hz, 3H), 1.37— 1.10 (m,

3H), 1.06 (dd, J = 8.0, 6.4 Hz, 1H), 0.85 (t, ] = 7.3 Hz, 3H);

BC NMR (126 MHz, CDCl;): 6= 170.9, 75.0, 69.0, 41.3, 34.0, 32.3, 25.7, 20.2, 20.1, 19.9, 14.5;

IR (CHCl3) v 1743, 1533, 1344 cm™;

HRMS (ESI-TOF): calcd for C11H1sNO4, 228.1236 [M + H+], found 228.1216.
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(1S,5R,6S,7R)-6-Pentyl-5-methyl-7-nitro-4-oxabicyclo[5.1.0]octan-3-one (39c¢).

2 [ {£; mp 88—89 °C;

[ +86.7 (CHCL;, ¢ 1.00):

'H NMR (500 MHz, CDCly): = 3.86 (dq, J = 11.9, 6.2 Hz, 1H), 3.44 (td, J = 9.4, 4.8 Hz, 1H), 2.98
(dd, T = 14.7, 8.4 Hz, 1H), 2.50 (dd, J = 14.7, 8.7 Hz, 1H), 2.33 (dd, J = 10.6, 6.3 Hz, 1H), 2.23 (dq, J
=10.6, 8.4 Hz, 1H), 1.56—1.45 (m, 1H), 1.40 (d, J = 6.1 Hz, 3H), 1.35-1.08 (m, 7H), 1.06 (dd, J =

8.0, 6.3 Hz, 1H), 0.81 (t, J = 6.5 Hz, 3H);

BC NMR (126 MHz, CDCl;): 8= 170.9, 75.1, 68.9, 41.4,32.4,32.2,31.8,26.2,25.7,22.4, 20.3,

20.2, 14.0;

IR (CHCl3) v 1747, 1535, 1344 cm™;

HRMS (ESI-TOF): calcd for C13H21NNaOs, 278.1368 [M + Na+], found 278.1372.
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(1S,5R,6S,7R)-6-Isopropyl-5-methyl-7-nitro-4-oxabicyclo[5.1.0]octan-3-one (39e).

14 [E 45, mp 133.0-134.0 °C;

[a]p +31.9 (CHCl3, ¢ 0.29);

"H NMR (500 MHz, CDCls): = 4.19 (dt, J = 14.2, 6.4 Hz, 1H), 3.54 (dd, J =9.5, 5.3 Hz, 1H), 3.09

(dd, J = 14.9, 7.7 Hz, 1H), 2.62-2.54 (m, 2H), 2.05 (dq, J = 15.4, 8.7, 7.7 Hz, 1H), 2.02-1.92 (m,

1H), 1.54 (d,J = 6.3 Hz, 3H), 1.26 (1, ] = 7.2 Hz, 1H), 1.00 (d, J = 7.0 Hz, 3H), 0.97 (d, J = 7.0 Hz,

3H);

BC NMR (126 MHz, CDCl3): 8= 170.2, 74.3, 67.4, 45.1, 33.2, 30.0, 23.4, 20.2, 20.1, 19.5, 18.7,

HRMS (ESI-TOF): calcd for C11H17NNaO4 250.1055 [M + Na+], found 250.1045.
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(1R,5S,6R,7S)-6-Butyl-5-methyl-7-nitro-4-oxabicyclo[5.1.0]octan-3-one (40a).
O,N -~

n-Bu::.

1 a {; mp 90-91 °C;

[a]p —83.1 (CHCl3, ¢ 1.08);
"H NMR (500 MHz, CDCl5): = 3.86 (dq, J = 12.0, 6.1 Hz, 1H), 3.43 (td, ] = 7.6, 4.2 Hz, 1H), 2.99
(dd, J=14.7,8.3 Hz, 1H), 2.50 (dd, ] = 14.7, 8.8 Hz, 1H), 2.33 (dd, ] = 10.5, 5.8 Hz, 1H), 2.22 (dq, J
=10.8, 8.5 Hz, 1H), 1.58—1.44 (m, 1H), 1.42 (d, ] = 6.2 Hz, 3H), 1.35-1.10 (m, 5H), 1.07 (t, ] = 7.1
Hz, 1H), 0.83 (t, J = 7.1 Hz, 3H);
BC NMR (126 MHz, CDCl3): 6= 170.9, 75.0, 69.0, 41.3,32.4, 31.5, 28.7, 25.7, 23.1, 20.3, 20.2,
13.9;

IR (CHCls) v 1745, 1535, 1346 cm™';

HRMS (ESI-TOF): calcd for C12H19NNaOs, 264.1212 [M + Na+], found 264.1191.
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(1R,5S,6R,7S)-6-Propyl-5-methyl-7-nitro-4-oxabicyclo[5.1.0]octan-3-one (40b).
ONT=
n-Pri:..

Me” O "o

F £2. & {45 mp 105-106 °C;

[o]p —88.0 (CHCls, ¢ 1.03);

'H NMR (500 MHz, CDCls): 3= 3.86 (dq, J = 10.3, 6.1 Hz, 1H), 3.48 (dddd, ] = 9.7, 8.8, 4.4, 2.0 Hz,

1H), 3.02 (dd, J = 14.7, 8.4 Hz, 1H), 2.49 (dd, J = 14.6, 8.7 Hz, 1H), 2.36 (ddd, J = 10.6, 6.4, 1.0 Hz,

1H), 2.26 (dg, ] = 10.6, 8.4 Hz, 1H), 1.58—1.47 (m, 1H), 1.43 (d, J = 6.1 Hz, 3H), 1.42—1.11 (m, 3H),

1.06 (dd, J=8.0, 6.3 Hz, 1H), 0.88 (t,J = 7.2 Hz, 3H);

BC NMR (126 MHz, CDCl3): 8= 170.7, 75.1, 68.9, 41.3, 34.1, 32.4, 25.6, 20.3, 20.2, 19.9, 14.5,

IR (CHCls) v 1546, 1356 cm™';

HRMS (ESI-TOF): calcd for C11H1sNOg4, 228.1236 [M + H+], found 228.1242.
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(1R,5S,6R,7S)-6-Pentyl-5-methyl-7-nitro-4-oxabicyclo[5.1.0]octan-3-one (40c).
02N _.‘V’,'
n-Pen:..

HEER ; mp91-92 °C;

[a]p —72.8 (CHCI3, ¢ 1.11);

'H NMR (500 MHz, CDCls): 3= 3.86 (pd, J = 6.0, 1.9 Hz, 1H), 3.42 (dtt, J = 9.8, 6.6, 2.9 Hz, 1H),

2.96 (ddd, J = 14.6, 8.4, 2.2 Hz, 1H), 2.49 (ddd, ] = 14.7, 8.7, 2.1 Hz, 1H), 2.32 (dd, J = 10.8, 6.5 Hz,

1H), 2.21 (p, ] =9.0 Hz, 1H), 1.54—1.44 (m, 1H), 1.39 (d, J = 6.3 Hz, 3H), 1.33-1.09 (m, 7H), 1.05

(t,J=6.1 Hz, 1H), 0.80 (d, J = 6.8 Hz, 3H).

BCNMR (126 MHz, CDCls): 6= 170.9, 75.0, 69.0, 41.4, 32.3, 32.2, 31.8, 26.2, 25.8, 22.4, 20.3,

20.2, 14.0;

IR (CHCl3) v 1745, 1535, 1344 cm ™

HRMS (ESI-TOF): calcd for C13H21NNaOs, 278.1368 [M + Na+], found 278.1362.
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(1R,58,6R,7S)-6-Cyclohexyl-5-methyl-7-nitro-4-oxabicyclo[5.1.0]octan-3-one (40d).
OoN, =

c-Hex::.

FI A E{AR; mp 182-183 °C;
[a]p —29.0 (CHCls, ¢ 1.09);

'H NMR (500 MHz, CDCls): 8= 4.22 (dq, J = 9.3, 6.3 Hz, 1H), 3.53 (ddd, J = 9.3, 5.4, 1.0 Hz, 1H),
3.09 (dd, J = 14.9, 7.7 Hz, 1H), 2.61 (ddd, ] = 10.6, 6.9, 0.8 Hz, 1H), 2.57 (dd, J = 15.1, 7.8 Hz, 1H),
1.95 (dq, T =10.7, 8.0 Hz, 1H), 1.80—1.62 (m, 6H), 1.59 (d, ] = 11.4 Hz, 1H), 1.54 (d, ] = 6.3 Hz,

3H), 1.26 (ddd, J = 8.5, 7.0, 3.9 Hz, 1H), 1.24—1.11 (m, 3H), 1.06 (ddd, J = 23.7, 12.1, 3.2 Hz, 1H);

BCNMR (126 MHz, CDCls): 6= 170.5, 73.9, 67.6, 45.1, 41.0, 33.0, 30.5, 28.7, 26.9, 26.8, 26.3,

23.6,20.2,19.7;

IR (CHCl3) v 1747, 1533, 1344 cm ™

HRMS (ESITOF): calcd for C14H21NNaQO4, 290.1368 [M + Na+], found 290.1366.
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(1R,5S,6R,7S)-6-Isopropyl-5-methyl-7-nitro-4-oxabicyclo[5.1.0]octan-3-one (40e).
02N .JV’.A
i-Prii..

F A& A; mp 133—134 °C;

[a]p —25.3 (CHCls, ¢ 1.15);
'H NMR (500 MHz, CDCl3): 8= 4.14 (dq, J = 9.7, 6.2 Hz, 1H), 3.44 (dd, ] = 9.9, 5.0 Hz, 1H), 2.95
(dd, J=14.9, 8.1 Hz, 1H), 2.55 (dd, J = 14.9, 8.4 Hz, 1H), 2.50 (dd, J = 10.9, 6.4 Hz, 1H), 2.00
(dddd, J = 14.4, 11.3,7.2, 5.7 Hz, 1H), 1.95-1.79 (m, 1H), 1.44 (d, ] = 6.1 Hz, 3H), 1.28 (t, ] = 8.1,
6.8 Hz, 1H), 0.89 (t, J = 7.2 Hz, 6H);

13C NMR (126 MHz, CDCls): 5= 170.6, 74.3, 67.4,45.0, 32.7,29.9, 23.4, 20.1, 20.0, 19.4, 18.4;

IR (CHCls)v 1743, 1531, 1338 em™;

HRMS (ESI-TOF): calcd for C11H17NNaO4 250.1055 [M + Na+], found 250.1059.
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(2R,3S,3a8,6aS)-3-Butyl-2-methyl-3a-nitro-6a-trimethylsilyloxy-3,3a,4,6a-tetrahydro-2H-
cyclopenta[b]furan (41a).
n-Bu N02
Me!:-
o :

OTMS
ERFHK T, 30 50mL 77 A 22 39a(0.1761 g, 0.7298 mmol) & ik A F L > (2.5 mL)
ZINZTOCIZmAI L7, TMSOTS(0.16 mL, 0.884 mmol) & Et3N (0.18 mL, 1.291 mmol) % /i
AT 3 AR Lo, SRt b7 > =0 LK (S mL)Z A 72, /KigZ Kl 5L
(30 mLx3) THltH 2, AHgfE 2 BAKmIE T F U O A THAK L, Al LT, AREEEZ
£ L7, Zhvek T A THH(Hex only—>Hex:AcOEt= 5:1) L, 41a(0.1983 g, 0.6326 mmol) %

87% TH7-,

PR B R,

[o]p +43.5 (CHCl3, ¢ 1.19);

'H NMR (500 MHz, CDCL): 8= 5.95 (dt, ] = 5.4, 2.4 Hz, 1H), 5.50 (dt, ] = 5.8, 2.3 Hz, 1H),3.41 (d,
J=18.5,2.4 Hz, 1H), 3.30 (dq, ] = 10.4, 6.0 Hz, 1H), 3.09 (td, J = 10.1, 4.9 Hz, 1H), 2.58 (dt, ] =
18.5, 2.4 Hz, 1H), 1.42 (ddt, J = 13.3, 11.5, 4.4 Hz, 1H), 1.33 (d, ] = 6.0 Hz, 3H), 1.31-1.00 (m, SH),

0.84 (t,J=7.1 Hz, 3H), 0.12 (s, 9H);

BC NMR (126 MHz, CDCls): 8= 131.6, 130.5, 116.8, 102.2, 76.8, 50.6, 35.2, 29.3, 27.0, 23.0, 18.4,

13.8, 1.5 3C);
IR (neat) v 1536, 1356, 1249, 1205 cm™;

HRMS (ESI-TOF): calcd for C15sH27NNaO4Si, 336.1607 [M + Na+], found 336.1610.
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(2R,3S,3a8,6aS)-3-Propyl-2-methyl-3a-nitro-6a-trimethylsilyloxy-3,3a,4,6a-tetrahydro-2H-

cyclopenta[b]furan (41b)
n-Pr NO,
O

PR B WA

[o]p +36.4 (CHCls, ¢ 1.00);
'H NMR (500 MHz, CDCLy): 8= 5.97 (dt, J = 5.9, 2.5 Hz, 1H), 5.53 (dt, ] = 5.9, 2.3 Hz, 1H), 3.42
(dt,J=19.2, 2.8 Hz, 1H), 3.32 (dq, ] = 10.5, 6.0 Hz, 1H), 3.12 (td, J = 10.0, 4.9 Hz, 1H), 2.59 (dt, J
=18.5, 2.4 Hz, 1H), 1.45-1.36 (m, 1H), 1.35 (d, ] = 6.0 Hz, 3H), 1.32—1.20 (m, 1H), 1.20—1.08 (m,

2H), 0.88 (t, J = 7.1 Hz, 3H), 0.13 (s, 9H);

BC NMR (126 MHz, CDCls): 6= 131.7, 130.6, 116.8, 102.2, 76.8, 50.5, 35.3, 29.6, 20.6, 18.4, 14.5,

1.5 3C):;
IR (neat) v 1545, 1358, 1249, 1205 cm™;

HRMS (ESITOF): calcd for C14H26NO4Si, 300.1631 [M + H+], found 300.1631.
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(2R,3S,3a8,6aS)-3-Pentyl-2-methyl-3a-nitro-6a-trimethylsilyloxy-3,3a,4,6a-tetrahydro-2H-

cyclopenta[b]furan (41c).
n-Pen NO,

Me:!:-
Oo7:
OTMS

2195 BH RS
[a]p +38.6 (CHCl3, ¢ 2.06);
'H NMR (500 MHz, CDCls): 3= 5.98 (dt, J = 5.8, 2.4 Hz, 1H), 5.53 (dt, ] = 5.9, 2.3 Hz, 1H), 3.43

(dt,J=19.3, 1.7 Hz, 1H), 3.31 (dg, J = 10.3, 6.0 Hz, 1H), 3.11 (td, J = 10.2, 4.9 Hz, 1H), 2.59 (dt, J

=18.5, 2.4 Hz, 1H), 1.46-1.37 (m, 1H), 1.34 (d, ] = 6.0 Hz, 3H), 1.32-1.03 (m, 7H), 0.85 (t, ] = 6.2

Hz, 3H), 0.13 (s, 9H);

BC NMR (126 MHz, CDCl;): §=131.7, 130.6, 116.8, 102.2, 76.8, 50.6, 35.2, 32.2,27.3, 26.9, 22.4,

18.4, 14.1, 1.6 (3C);
IR (neat) v 1547, 1356, 1249, 1208 cm™';

HRMS (ESI-TOF): caled for C16H20NNaO4Si, 350.1764 [M + Na+], found 350.1780.
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(2S,3R,3aR,6aR)-3-Butyl-2-methyl-3a-nitro-6a-trimethylsilyloxy-3,3a,4,6a-tetrahydro-2H-

cyclopenta[b]furan (42a).
By No,

Me

0]
OTMS

M8 T R AR

[a]p —54.1 (CHCI3, ¢ 1.10);

"H NMR (500 MHz, CDCls): 6= 5.95 (dt,J = 5.1, 2.4 Hz, 1H), 5.50 (dt, J = 5.8, 2.3 Hz, 1H), 3.41
(dt,J=18.9, 2.6 Hz, 1H), 3.30 (dq, J=11.0, 5.7 Hz, 1H), 3.09 (td, J = 10.2, 4.9 Hz, 1H), 2.58 (dt, J
=18.6, 2.3 Hz, 1H), 1.47-1.36 (m, 1H), 1.32 (d, J = 6.1 Hz, 3H), 1.30—1.19 (m, 3H), 1.19—1.09 (m,

1H), 1.09-0.98 (m, 1H), 0.83 (t, J = 7.1 Hz, 3H), 0.11 (s, 9H);

BC NMR (126 MHz, CDCl3): 8= 131.7, 130.5, 116.8, 102.1, 76.7, 50.6, 35.1, 29.2, 26.9, 22.9, 18.3,

13.7, 1.4 (3C);

IR (neat) v 1546, 1356, 1249, 1204 cm™;

HRMS (ESI-TOF): caled for C1sH27NNaO4Si, 336.1607 [M + Na+], found 336.1605.
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(2S,3R,3aR,6aR)-3-Propyl-2-methyl-3a-nitro-6a-trimethylsilyloxy-3,3a,4,6a-tetrahydro-2H-

cyclopenta[b]furan (42b).
n-Pr,_‘ NO,

Me

o)
OTMS

A2 195 B IR

[o]p —34.2 (CHCl, ¢ 1.49);
1H NMR (500 MHz, CDCL3): &= 5.83 (q, ] = 5.2, 2.5 Hz, 1H), 5.40 (dt, J = 6.0, 2.4 Hz, 1H), 3.29
(dt, =189, 2.6 Hz, 1H), 3.18 (dq, J = 10.2, 5.9 Hz, 1H), 2.99 (td, ] = 9.8, 4.9 Hz, 1H), 2.46 (dt, J =
18.8, 2.4 Hz, 1H), 1.31-1.23 (m, 1H), 1.21 (d, ] = 6.1 Hz, 3H), 1.17-1.12 (m, 1H), 1.06-1.01 (m,

1H), 1.01-0.95 (m, 1H), 0.75 (t, J = 7.2 Hz, 3H), 0.00 (s, 9H);

BCNMR (126 MHz, CDCls): 6= 131.7, 130.7, 116.9, 102.3, 76.9, 50.5, 35.3, 29.6, 20.6, 18.4, 14.5,

1.5 (3C);

HRMS (ESI-TOF): caled for C14H26NO4Si, 300.1631 [M + H+], found 300.1629.
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(2S,3R,3aR,6aR)-3-Pentyl-2-methyl-3a-nitro-6a-trimethylsilyloxy-3,3a,4,6a-tetrahydro-2H-

cyclopenta[b]furan (42c).
n-PeQ NO,

Me

0]
OTMS

A2 195 B IR

[o]p —38.0 (CHCl3, ¢ 1.34);

'H NMR (500 MHz, CDCls): 8= 5.97 (d, J = 5.8 Hz, 1H), 5.52 (d, ] = 5.8 Hz, 1H), 3.43 (d, ] = 18.2
Hz, 1H), 3.31 (dq, J = 11.8, 5.9 Hz, 1H), 3.15-3.06 (m, 1H), 2.59 (d, J = 18.8 Hz, 1H), 1.44—1.40

(m, 1H), 1.34 (d, J = 6.0 Hz, 3H), 1.30~1.01 (m, 7H), 0.84 (t, J = 6.5 Hz, 3H), 0.13 (s, 9H);

BC NMR (126 MHz, CDCls): 6= 131.7, 130.6, 116.8, 102.2, 76.8, 50.6, 35.2, 32.2, 27.3, 26.9, 22.4,

18.4, 14.0, 1.6 (3C);

IR (neat) v 1547, 1356, 1250, 1208 cm™*;

HRMS (ESI-TOF): calcd for C16H20NNaO4Si, 350.1764 [M + Na+], found 350.1760.
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(2S,3R,3aR,6aR)-3-Cyclohexyl-2-methyl-3a-nitro-6a-trimethylsilyloxy-3,3a,4,6a-tetrahydro-

2H-cyclopenta[b]furan (42d).
&Heﬁ' NO,

Me
(0]
OTMS

F £ [E 4, mp 83—84 °C;

[a]p —61.0 (CHCls, ¢ 1.24);

'H NMR (500 MHz, CDCl3): 8= 5.96 (dt, ] = 6.1, 2.3 Hz, 1H), 5.53 (dt, ] = 5.9, 2.4 Hz, 1H), 3.57
(dg, J =10.0, 5.8 Hz, 1H), 3.51 (dt, J = 18.5, 2.4 Hz, 1H), 2.98 (t, ] = 9.6 Hz, 1H), 2.69 (dt, ] = 18.5,
1.5 Hz, 1H), 1.85 (d, J = 12.5 Hz, 1H), 1.78—1.57 (m, 3H), 1.44 (d, ] = 5.9 Hz, 3H), 1.40— 0.95 (m,

7H), 0.13 (s, 9H);

BC NMR (126 MHz, CDCl;): 8= 131.5, 130.7, 115.7, 103.4, 76.7, 56.1, 37.4, 36.3, 31.8, 31.7,

26.4,26.3,26.0,21.6, 1.5 (3C);

IR (neat) v 1548, 1373, 1250, 1205 cm™;

HRMS (ESITOF): caled for C17H20NNaO4Si 362.1764 [M + Na+], found 362.1760.
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(2S,3R,3aR,6aR)-3-Isopropyl-2-methyl-3a-nitro-6a-trimethylsilyloxy-3,3a,4,6a-tetrahydro-2H-
cyclopenta[b]furan (42e).
/-Prt' NO,

Me

0]
OTMS

F 2 & {£; mp 85-86 °C;

[a]p —32.8 (CHCl3, ¢ 1.27);

'H NMR (500 MHz, CDCL3): 5= 5.98-5.93 (m, 1H), 5.55-5.50 (m, 1H), 3.58— 3.46 (m, 2H),
2.98-2.89 (m, 1H), 2.68 (d, J = 18.3 Hz, 1H), 1.65— 1.54 (m, 1H), 1.43 (d,J = 7.0 Hz, 3H), 1.03 (d, J

=6.3 Hz, 3H), 0.81 (d, J = 6.9 Hz, 3H), 0.13 (s, 9H);

BC NMR (126 MHz, CDCls): 6= 131.5, 130.7, 115.7, 103.4, 76.9, 56.9, 36.2, 27.4, 21.9, 21.8, 21.1,

1.5 3C):;

IR (neat) v 1549, 1348, 1249, 1205 cm™;

HRMS (ESI-TOF): calcd for C14H26NO4Si, 300.1631 [M + H+], found 300.1627.
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dimethyl 2-allyl-2-(1-cyano-2-methylpropyl)malonate

Il Z

MeO,C CO,Me
PUER R LTEN
'H NMR (500 MHz, CDCLs): 8= 5.66 — 5.52 (m, 1H), 5.21 (d, J= 16.5 Hz, 1H), 5.19 (d, /= 9.2 Hz,
1H), 3.78 (s, 6H), 3.20 (d, J= 2.5 Hz, 1H), 2.88 (dd, J = 14.6, 7.0 Hz, 1H), 2.75 (dd, J = 14.6, 8.0

Hz, 1H), 2.11 (qd, J= 6.7, 2.5 Hz, 1H), 1.11 (d, J= 6.8 Hz, 3H), 0.94 (d, /= 6.7 Hz, 3H)

BC NMR (126 MHz, CDCls): 8= 169.55, 169.25, 130.71, 121.01, 117.89, 58.34, 53.20, 52.98,
41.98,37.93, 26.31, 23.45, 18.23

HRMS (FAB M + H) m/z 254.1387. Calcd for C13H20NO4 254.1392
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dimethyl 2-allyl-2-(1-cyanobutyl)malonate
N
Il V
MeO,C CO,Me

4@ 1lE(1.4610g, 22.3 mmol)Z 1M HEHE(5 mL), /K(SmL), =% /—/L(2X10mL) T L
7otk WL X7, S50mL 7 7 A =2(Z 1b (0.3068 g, 1.08 mmol) & 1 M 210 mL) & Y
AR ) —NQR0mL)ENM % 7z, IEMALS S GREMENE 10 532 Tz 7=, =BT 2 R
PR U7, fafnmigAkET N U 7 A0 mL)Z Mz 7, W5 AMIC CHEEZ D bR -5,
AR ) —)VEREEEE Lz, WA= /L (3 X30 mL) THitl L7-%. AHE 2~ 7 %
UATHAK Uz, WIRZBIERE L%, W T L7 Ty varu~w b T77 4—2koT
R L 72 (~F ViR = F L =10:1 v/v), (0.1842 g, 0.727 mmol)7S 62%DINHE T 5 H
72

I (B R A
'H NMR (500 MHz, CDCL): 8= 5.65 (dq, J = 9.9, 7.4 Hz, 1H), 5.20 (d,J = 17.0 Hz, 1H), 5.16 (d, ]
=10.1 Hz, 1H), 3.77 (s, 6H), 3.13 (dd, J = 11.3, 3.3 Hz, 1H), 2.82 (dd, ] = 14.5, 7.4 Hz, 1H), 2.76

(dd,J = 14.5, 7.5 Hz, 1H), 1.70 — 1.36 (m, 4H), 0.93 (t, ] = 7.1 Hz, 3H)

BC NMR (126 MHz, CDCls): 6= 168.99, 168.96, 130.95, 120.79, 119.42, 59.03, 53.08, 53.05,
37.74, 35.24, 30.16, 21.02, 13.40

HRMS (ESIM + H) m/z 254.1389. Caled for C13H20NO4 254.1392
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dimethyl 2-allyl-2-(1-cyanopropyl)malonate
N
il Z

MeOZC COzMe
M €0 5 R AR
'"H NMR (500 MHz, CDCl3): = 5.67 (ddt, J = 17.4,10.1, 7.4 Hz, 1H), 5.22 (ddd, J = 17.1, 2.6, 1.2
Hz, 1H), 5.18 (d, J = 10.1 Hz, 1H), 3.78 (s, 3H), 3.78 (s, 3H), 3.06 (dd, 11.8, 3.5 Hz, 1H), 2.85 (ddd,
J=14.5,7.4,0.9 Hz, 1H), 2.79 (dddd, J = 14.5, 7.4, 0.9 Hz, 1H), 1.77 — 1.66 (m, 1H), 1.55 — 1.44 (m,

1H), 1.13 (tJ = 7.3 Hz, 3H)

BC NMR (126 MHz, CDCls): 8= 169.03, 168.97, 130.95, 120.84, 119.28, 59.09, 53.11, 53.09,
37.82,37.46,21.88, 12.49

HRMS (ESIM + Na) m/z 262.1066. Calcd for C12H17NNaO4 262.1055
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dimethyl 2-allyl-2-(1-cyanopentyl)malonate
N
Il =

MeO,C~ CO,Me
A8 17 B iR AA
'H NMR (500 MHz, CDCL): §= 5.67 (ddt, J = 17.4, 10.0, 7.4 Hz), 5.22 (dd, J =17.0, 1.2 Hz, 1H),
5.18 (d,J = 10.2 Hz, 1H), 3.79 (d, J = 0.7 Hz, 6H), 3.13 (dd, ] = 11.6, 2.7 Hz, 1H), 2.84(dd, ] = 10.2

Hz, 1H), 2.79 (dd, J = 14.6, 7.5 Hz, 1H), 1.65 — 1.24 (m, 6H), 0.91 (t, ] = 7.2, Hz, 3H)

3C NMR (126 MHz, CDCls): 8= 169.03, 168.99, 130.96, 120.82, 119.50, 59.09, 53.11, 53.09, 37.78,
35.50, 29.90, 27.90, 22.04, 13.84

HRMS (ESIM + Na) m/z 290.1358. Calcd for C14H21NNaO4 290.1368
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dimethyl 2-allyl-2-(1-cyanohexyl)malonate
N
Il =

MeO,C~ CO,Me
PR RSN TUN
'H NMR (500 MHz, CDCL): 8= 5.67 8ddt, J = 17.4, 10.0, 7.4 Hz, 1H), 5.22 (dd, = 17.0, 1.2 Hz,
1H), 5.18 (d, 7 =10.3 Hz, 1H), 3.79 (s, 3H), 3.79 (s, 3H), 3.13 (dd, ] = 11.5, 3.0 Hz, 1H), 2.84 (dd, J

=14.5,7.4, 1H), 2.79 (dd, J = 14.5, 7.5 Hz, 1H), 1.69 — 1.22 (m, 8H), 0.89 (J = 6.9 Hz, 3H)

3C NMR (126 MHz, CDCls): 8= 169.04, 168.99, 130.97, 120.82, 119.50, 59.10, 53.10, 53.09,
37.78,35.54,31.04, 28.16, 27.48, 22.44, 13.99

HRMS (ESIM + Na) m/z 304.1519. Calcd for C1sH23NNaO4 304.1525
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dimethyl 2-allyl-2-(1-cyanohexyl)malonate
N
Il 7z

MeO,C COsMe
BRI

'H NMR (500 MHz, CDCL): 8= 5.66 (dd, J = 17.4, 10.0, 7.4 Hz, 1H), 5.22 (dd, ] = 17.0, 1.0 Hz,
1H), 5.18 (d, 7 =10.3 Hz, 1H), 3.79 (s, 6H), 3.13 (dd, ] = 11.6, 2.8 Hz, 1H), 2.84 (dd, ] = 14.5, 7.4,
1H), 2.78 (dd, J = 14.5, 7.5 Hz, 1H), 1.69 — 1.21 (m, 10H), 0.87 (t, J = 6.7 Hz, 3H)

13C NMR (126 MHz, CDCls): 8= 169.06, 169.03, 130.93, 120.90, 119.55, 59.06, 53.17, 53.15,

37.77,35.50,31.57, 28.61, 28.18, 27.78, 22.60, 14.14

HRMS (FAB M + H) m/z 296.1861. Calcd for C16H26NO4 296.1862
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dimethyl 2-allyl-2-(cyano(cyclohexyl)methyl)malonate
N
Il =

MeO,C CO,Me

et 335 BH IR A

"H NMR (500 MHz, CDCls): 6= 5.65 —5.53 (m, 1H), 5.20 (dd, J = 17.0, 1.4 Hz, 1H), 5.18 (dd, J

=6.5, 5.8 Hz, 1H), 3.78 (s, 3H) , 3.77 (s, 3H), 3.14 (dd, ] = 2.3 Hz, 1H), 2.87 (ddd, J = 14.6,7.1 1.1

Hz, 1H), 2.75 (ddd, J = 14.6, 7.8,0.9 Hz, 1H), 1.80 - 1.57 (m, 5H), 1.51 (d, J =12.6 Hz, 1H), 1.37

(ddd, J =242, 12.2, 3.2 Hz, 1H), 1.32 — 1.07 (m, 4H)

BC NMR (126 MHz, CDCls): 8= 169.65, 169.27, 130.80, 120.93, 118.33, 58.25, 53.15, 52.98,
41.67, 38.12, 35.75, 33.41, 29.29, 26.55, 26.00, 25.59

HRMS (ESIM + Na) m/z 316.1524. Calcd for Ci6H23NNaO4 316.1525
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diethyl 2-allyl-2-(1-cyanopropyl)malonate
N
[l 7
EtO,C CO5Et

e o IR A

'H NMR (500 MHz, CDCL): 8= 5.68 (ddt, J = 17.3, 10.1, 7.4 Hz, 1H), 5.22 (dd, ] = 16.9, 1.1 Hz,
1H), 5.18 (dd, J =10.1, 0.8 Hz, 1H), 4.25 (q, J = 7.1 Hz, 4H), 3.05 (dd, J = 11.8, 3.4 Hz, 1H), 2.84
(dd, J = 14.6, 7.4, 1H), 2.78 (dd, ] = 14.6, 7.5 Hz, 1H), 1.73 (dqd, J = 14.9, 7.4, 3.5 Hz, 1H), 1.57 —
1.46 (m, 1H), 1.29 (t, J = 7.1 Hz, 6H), 1.13 (t, ] = 7.3 Hz, 3H)

BC NMR (126 MHz, CDCl3): 8= 168.57, 168.53, 131.08, 120.72, 119.44, 62.28, 62.26, 58.73,

37.63,37.34,21.82, 14.13, 14.09, 12.54

HRMS (FAB M + H) m/z 268.1541. Calcd for C14H22NO4 268.1549
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diethyl 2-allyl-2-(1-cyano-2-methylpropyl)malonate
N
Il =
EtO,C COyEt

e o IR A

'H NMR (500 MHz, CDCL): 8= 5.59 (dddd, J = 17.0, 10.1, 8.0, 6.9 Hz, 1H), 5.21 (dd, J = 18.4, 1.2
Hz, 1H), 5.18 (d, ] =10.0 Hz, 1H), 4.24 (q,J = 7.1 Hz, 4H), 3.18 (d, ] = 2.5 Hz, 1H), 2.86 (ddt, ] =
14.6, 6.9, 1.1 Hz, 1H), 2.74 (dd, J = 14.7, 8.0 Hz, 1H), 2.14 — 2.06 (m, 1H), 1.30 (t, ] = 7.1 Hz, 3H),
1.28 (tJ=7.1 Hz, 3H), 1.10 (d, ] = 6.8 Hz, 3H), 0.96 (d, ] = 6.7 Hz, 3H)1.13 (t, J = 7.3 Hz, 3H)

BC NMR (126 MHz, CDCl3): 8= 169.12, 168.85, 130.84, 120.86, 117.99, 62.33, 62.26, 58.02,

41.82, 37.69, 26.24, 18.30, 14.09, 13.98

HRMS (FAB M + H) m/z 282.1710. Calcd for C15H24NO, 282.1705.
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diethyl 2-allyl-2-(1-cyanohexyl)malonate
Il =

EtO,C~ CO,Et

PR RSN TUN

'H NMR (500 MHz, CDCL): 8= 5.69 (ddt, J = 17.5, 10.1, 8.0, 7.4 Hz, 1H), 5.22 (dq, J = 17.0, 1.4
Hz, 1H), 5.17 (dd, =10.1, 1.7 Hz, 1H), 4.25 (q,J = 7.1 Hz, 4H), 3.12 (dd, ] = 11.6, 3.1 Hz, 1H),
2.83 (ddt, J = 14.6, 7.3, 1.1 Hz, 1H), 2.78 (ddt, ] = 14.7, 7.5, 1.1 Hz, 1H), 1.69 — 1.31 (m, 8H), 1.29
(td, J=7.1, 1.9 Hz, 6H), 0.89 (t ] = 7.0 Hz, 3H)

3C NMR (126 MHz, CDCls): 8= 168.58, 168.55, 131.11, 120.68, 119.64, 62.26, 62.24, 58.74, 37.60,
35.42,31.07,28.12,27.51,22.44, 14.13, 14.09, 13.09

HRMS (ESIM + Na) m/z 332.1837. Calcd for C17H27NNaO4 332.1838
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dimethyl -3-(hydroxyimino)-2-propylcyclohexane-1,1-dicarboxylate
Q H
N

MeO,C~ 'CO,Me
[EEENRTEEN

'H NMR (500 MHz, CDCL): 8= 8.71 (s, 1H), 3.70 (s, 3H), 3.69 (s, 3H), 3.16 (d, ] = 11.9 Hz, 1H),
3.09 (dd, J = 11.6, 3.2 Hz, 1H), 2.21 (d, ] = 14.3 Hz, 1H), 1.53 (dddd, J = 13.8, 3.8 Hz, 1H), 1.85 -
1.77 (m, 1H), 1.73 (dd, J = 14.7, 5.8, 1H), 1.53 (dddd, J = 13.4, 11.7, 9.7, 4.8 Hz, 1H), 1.35—1.13

(m, 3H), 1.08 — 0.99 (m, 1H), 0.84(t, ] = 7.3 Hz, 3H)

3C NMR (126 MHz, CDCls): 8= 170.78, 170.65, 158.07, 59.86, 52.78, 52.66, 43.93, 30.77, 26.70,
21.08,20.22, 19.79, 13.83

HRMS (ESIM + H) m/z 272.1496. Caled for C13H22NOs 272.1498
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Wefbdkz -2 7 1 7 a AR

EHRFPAK T, 50mL 17 7 2 2iz= k{4 2a(0.2033 g, 0.67 mmol), THF(10.0
mL) % Af7z, %2 DBU (0.12 mL, 0.80 mmol) & PUE{k. =8k (0.2101 g, 1.32 mmol)i5 &
= 73(0.3447 g, 1.36 mmoD) 1 2 7=, 1 FEM#E#R#%. DBU (0.05g) & Rk =8k (0.05
DB LI UH0.04 @ZMATe, ZNHE R LI 4 BTz, 5 FERBFRE, Eif
WG A TIY BN, WA BIERE B L, MM Z 7 7 v ai7hou~v 7T
7 4 —(Hexane:AcOEt=10:1~2:1) CHHEL L, v 7 z[3.1.0]~F ¥ 3a(0.1259 g, 0.421
mmol) % L3 62% (trans/cis=99/1) TH7=, 4 V¥4 U »-N-4 % K 4a(0.0408 g, 0.136

mmol) Z U= 20 %(trans/ecis = 99/1) T,
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