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Scheme 1. Synthetic study of pancratistatin-class alkaloids
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EHNFTAIaA ROEGRIFTKROLIICEZLRTND *, £ MHT T
L-tyrosine 7> 5 4E U7 tyramine &, L-phenylalanine 7> 54 U 7= protocatechualdehyde & Oiffg &
B EOIE LI L o T norbelladine 2375 U % (Scheme 3) . & 51T norbelladine 7> H
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Scheme 3. Biosynthesis of O-methylnorbelladine

O-methylnorbelladine 72353 FWN~7 = / — /VER{LEY 1 » 7 )  JIZ K> THERT 52 & T
Beelpe W NXFTVTIaA RREGKEIND EBEZDHBILTND (Scheme 4) , HIG
O-methylnorbelladine @ ortho-para’71 > 7"V 2712 & ¥ lycorine <> homolycorine % | para-para’
71> 7Y > 712 & U haemanthamine < crinine, tazettine, montanine, narciclasine % . para-orhto’
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Scheme 4. Biosynthetic pathways of the Amaryllidaceae alkaloids
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trans-dihydronarciclasine (1) X pancratistatin (2) T& % (Figure 2) , Pancratistatin (2) (%
1984 412 Pettit HIZ &L > T NT A D H 2T RBHHEY) Hymenocallis littoralis 7> & HBE S 4,
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DTHIRNWED | RIERKRBRIIM ST E £ Th D, FIREWREE &) i) 70 AR BE M 2 Fr
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b2 R & U7z (Figure 3) ', # D%, 1990 4E(Z Pettit 512 & - CTHE DI AFEY) Zephyranthes
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Figure 2. Structures of synthetic targets Figure 3. Zephyranthes candida
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Thd, HENIZIE, BIEEORWSEBRGTEER (AR) L5~6 B ARz LT
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L RIRW~ & 38Tz,

Cho (2007)
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Scheme 5. First total synthesis of (£)-1
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niz' IR 7 a~FH Iz KL, #7»%%%%%mhi+/?ﬁ SRR =
k7 Y Diels-Alder St 2 & 5@“ mHEFRFZATOL @mORFER (>99% ee) THIMNK
Z%37= (Scheme 6) , H\ T, EILAIIC N-O FEAZBAR L 721, Cho &I[FIERIZ 3 DDARHE
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Scheme 6. First total synthesis of (+)-1
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Kim HIX tert-7 F NI NNA—= e HNDHZ & TA V7 F— MRl L TRIGHEITL
TWAHIZEERL, @MW IEERME (12.5:1) T 7 X L&HET 5 LIk LT,

Kim (2012)
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Scheme 7. Second total synthesis of (+)-1
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Jitkk & o TN D T0OYIRD Z & 7 BALE BRI O BREITAE U (55 1 HifE 2 HB R,
ARFEFHEO I E LTE Studer ° Kim 5137 & IRORZESEEZFHAL WD, ZO5EE
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B ENRRIRAICHETT T 2, B PRICHIFE 2 % T L ¥ = — T LR & K& DO fi
BIZAKTE, B L CTRFIREZER D Z R FAHATLIZ b ETHD (B 1 f
F2HEBLOE 2HSH) . CR~OE Fax U EROEATIE 2 (B8 L WM 4a i, 10b (LD
ARERZ BNV I Rax U8 AT 5 HIENRS D, FE S EEIZIE Cho X Studer
ERERICA L7 4D RaxiAbz(T) HikEwMA L GE3HsR) |

F2IH AR T VI I KD ARF BTG IZ OV T

YHFZEETIE, ZHET—E LT CXFRRARF 7 VRN FHlEIC K oG8 Y 77 L8
ORFK A Z 2 B L CTE 2 ZOREF RO BT MLV F UL LEEE
FADOFL—a XD AFEMOMEICHESLS (Figure 4) , I, ¥ 710y —F 1
A& A Y F U L3308 5 BERFL— MEMAZIEAR L, BERT Lo ATF AL, B
BT DRBRF LOT7 = =)V L ONERIEZ®ET 5 X D12 5 BERF L— MEO L FIZHE
EIND, ZOXIIIAKRRFTNLTIIRNZ—TVERN, blrbI I 0RFEF& LT
FERET 5 2 & T, U RIUTIHIZ & EE 72 AN 22 SR S um O N LIRBRIRES BL S N D,

_ Me Ph
Ph,  Ph  (RLi), NP |
; _— o o

X
MeO OMe Nonpolar Ph L|| e
solvent R

Figure 4. Our concept of the ligand design

1989 FIZIL, ¥ T NTVZ—T AENAFE T, ap-AE@m7 Ly I ~D7 ==V F
7 LD TEEINK /i & 32 TeALER 21T 9 & 94% ee & W ARFUNEE T trans-7 /v 2
— AN D 2 EEHRELTWS (Scheme 8) V7,

Tomioka (1989) Cy

_N Ph,  Ph _O _-OH
MeO  OMe PN NaBH, ~Ph
) - e I
toluene, —45 °C MeOH
then, H,O* 82%, 94% ee

Scheme 8. Asymmetric conjugate addition to a,3-unsaturated aldimine
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1997 2L, F 7NV T —T VAL FAFE T, op- @R BHA AT /L~D T = =)L Y
F 7 BDOARF BN E E T F o F ARIRNME TR L7~ (Scheme 9) 5,

Tomioka (1997)

Ph, Ph
/’—< OMe
MeO OMe
+ PhLi Ph
CO,BHA toluene, =78 °C CO,BHA t-Bu b t-Bu

83%, 92% ee BHA

Scheme 9. Asymmetric conjugate addition to a,B-unsaturated BHA ester

S 61T, Bl LIEAFRBAIMBIE DKW ERRA~DISH ©1T->TE Y | 2009 FI2i
EH L RFT T v A R(=)-lycorine DRAEA A ER L1z ¥, 45FHIC 2 DDa,B-REFN
TRATNEAT LIRS FIT, FTABRMAFET, 7V = FU L EEMMEED
L ALYV FULT AT VT ) T — iR, 5lEREGFROAREMT AT VI~ A 7V
L, 3 HERAF KRB I 2 DORBIRFEMEZ TG LT, MIEAERs &= 7
VT ARG Bz (Scheme 10) , Z DX 7 ARG 28 TFE & L C(-)-lycorine
AEEATRY

Tomioka (2009)

o_ O \
Ph:/ Ph o O OH
ofp=9:1
N N MeO  OMe ™S ‘/
_COt- Bu
£BuO,C  CO,t-Bu TMSCI <o <
COt-Bu
™S + toluene, —78 °C (@)
o) Li 97%, 92% ee () (-)-lycorine
O

Scheme 10. Total synthesis of (—)-lycorine

HHFIEE D Mohamed 5 (35 7 VY= —F UBULA THFET, 7V =AU F U LS5 O M
A ATV 6 ~DOARFIEATIBIE 2T, ATIME 8 & T3%IHR, cis-{K% 83% ee THFD
Z LATERE L7z (Scheme 11) ¥y & 512, T % K% M /= trans-dihydronarciclasine (1)
B L W pancratistatin (2) OFEMFIEEITV, T 7 X A 13 HRATROILEM E LTHE, £
+. KOt-Bu &K D ARTTRASEZ KOH & cis- ATV 8 ZEEEH L, AT )L
oD E~w—(t & = AT IVOIMKSENEIT U trans- T /VHR B 9 DNME 57—, KRIZ
DH%”%%wéamm%m:i@%/v7%~%~%mbk%:JM&H%MKTF&@H
EMBGETE FROL S5 & BRIEDEIT L2 1 G 6Tz, ARG, R4 L2 HERE
PlrkoThIFrm—F T bfbEns & b Y FELBEOME TIERE
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BERRXUUNMMED C-O AR SN N F A REL D, TS
NA—=NOEFRFAFDAAINTHZE T BERT D, Fit\ T, TFA TT & & — /LA oM
KA R LY Boc ZEDREZIT->TT I 21572, ZIUTK LT OO LA £k <
et L7e, BT EERAFEREZATLLOEMREANE 52 DDHIZoT-, £ T,

—HI = FYRPUTA I 120> LRI Y0985 THA%E L- B Em T U o
LEACDRRARGME Y CHILT D L. BIRTT 7 4 A3 ICERT D Z Lick Lz,

1. Asymmetric conjugate addition of 5 and 6

Ph_ Ph
. O/>
. O/> MeO 7 OMe o)
<O Li (433 equiv) O
o) toluene 0 CO,t-Bu
5 OMe OTr 6 CO,t-Bu —78°C,1.5h OMe OTr 8
(3.0 equiv.) 73%, dr 95:5, 83% ee (cis)

2. Racemic synthesis of amide 13

KOt-Bu ) DPPA, EtsN, MS4A
Hzo toluene rt to reflux, 21 h <O
CoptBu  up conH 2) TMSCI, -BuOH o
OMe OTr reflu2x%4 d OMe OTr CH2C621_)2°/H 21 cti OMe 10
dr 84:16 dr >99:1 b (2 steps)
o
NaCIOQ, NaH2P04 o
< ) TFA, CHCla, tt, 24 h 2-methyl-2-butene <o O
. H
" NBoc 2) Phi=0, BugNI N THF/H,0 o NH
CH,ClyH,0, 1t, 1.5 h i, 19 h
57% (2 steps) 83% OMe O 13

Scheme 11. Asymmetric conjugate addition and racemic synthesis of amide 13
by Dr. Mohamed (2008)

2 A IBATINE DRI

ATET Tk _72 £ 9 |2 Mohamed 5 AL D#E TFE T b B AR A LA IISISITERED L7223,
TUV—=NIFTASOF TN RN A T OYE, KISKERZ2 & Ofai k23T
TWiehole, 22T, ETEEIIARFILEMAIMBIE O RMMET 217V b 2375 2
L Lz, TV NV FUASEIYE, XT LT —T VRN T % 3.3 YEHAWZEEC
92%INE,96:4 DT AT L AT cis (8% LA & DM 8 H315% 54172 (Table 1, entry
3) o ZOWE, cis K% 92% ee THDH Z LTI LTz, 5% 2.0 % &E, 7423 H&EIIJHO L
TH 81X 91%INZE, cis RIE 89% ee TGN (entry 2) . SHIZS%E 1.1 Y&, 7% 1.3
VRO L7zE 2 A, 8DIERIZT0%E TR T T 55 DD, cis K% 88% ee & @V RFHIL
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FaMFr L7 (entry 1) , 7 RIS T RISV EFE L EL 2o/, FLTK
JEEATH ET TN F U LEDMIEREIEL, 8 DILEOIK T 272 (entry4) . Ll E
OFERL Y, entry 3 OFMFERESMEE Lz, 2B, YEUEAN T FI LY —TF
NENL TR, YU BTN T AT a~ NI T 7 40— Lo T, AEICEEZEZR D
ZERLSFAHT L ENARETH ST,

Table 1. Asymmetric conjugate addition of 5 and 6

%F{h V>

O
o Li O/> MeO 7 OMe
< + (0] _ >
e} toluene 0 CO,t-Bu
5 OMe OTr 6 CO,t-Bu OMe OTr 8

entry sa(equiv.) 7 (equiv.)  temperature & time  yield dr (cis:itrans)  ee (cis)

1 1.1 1.3 —78°C,26 h 70%b 95:5 88%
2 2.0 23 -95°C,15h 91% 97:3 89%
3 3.0 3.3 -78°C,1.5h 92% 96:4 92%
4 3.0 0.30 -60°C,1d 9% 937 66%

aAryllithium 5 was prepared from the corresponding aryl bromide and equimolar amount of
buthyl lithium in the presence of chiral ligand 7.
bEnoate 6 was recovered in 21% yield.

F3HT 7 b rafLO L ORES

AR LB IS S D 55 2 e, L7 DT, IRIZ Mohamed LR AL LTZ=T 7 % A 13
DY ra~ty ) VEROBLERMNT O EE Lz, LML, 13 OFEMIETE L < EL
CHCl; 72 BRSNS BT URIRE L7 W2 < BN REECH -7, 2T, 11 OF
B = VML ARSI L TELBND 7 b 14125 L, ALER L OSSER A Fo ¥
VEEDOBAET, T T X LA~OFAITE RO ERAEBERETITO Z & & L7z (Scheme 12)

R H

o . OR OH
installation of mild oxidation
0 hydroxy functions OR of amine to amide OH
H I:: > H I:' > H
<O O NBoc <O O NBoc <O O NH

OMe 14 OMe OH O (¥

mQ
Nle]

Scheme 12. Synthetic strategy of (+)-1
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T3, Y= D Mohamed HIZ X > THEN. SN T 11 E TREEKR AT 72, B
B, cis-m ATV 8 ZRHHAESIET KOH W T, = AT VoD FML & =27 L0
KA BREZEATUN, trans-T VR VB 9 2457-, Z O, W% THE 76 VA F 4 B F 4
52 LT, RIBICRISFER 28 CE 7z, FoN7c 9 2~FH o —FEg = F /R EGEE) D
BB Z TS & T8 JRDPMESE L TR L, BHED PRI R I VR V%155 2

ST L7z (Scheme 13) , KWV T, RUDADFF L 2 RHBTHBRICRISICE D 11 ~%
B U7=, 125K THE H FRR 2 W CT v 4 — v 2k fiE L. 7 b 14 28k LTz,

P>
KOt-Bu 1) DPPA, Et;N, MS4A o 0
Hzo toluene, rt to reflux, 3 h <O O
H
COt-Bu dloxane COZH 2) TMSCI, t-BuOH o NBoc
reflux, 21 h CH.Cly, rt, 18 h OMe 11

OMe OTr OMe OTr
90% 68% (2 steps
dr 96:4, 92% ee 92% ee recrystalllzatlon o Pe)
>99% ee « 90%

o)
AcOH o) o
< H \B
THFH,0 O oc
80°C, 17 h
69% OMe 14

Scheme 13. Synthesis of ketone 14

IR LT BRI 2 e - T 14 O C IR OBLZ MGt L7z, 7 k2 14 12%F L LDA, TMSCI
PRHWELEZA, FEHIDbTNIE 720D ) vx ) — )L —7 )L 15 DMLE SR
/BonsdZ EBnbnolz (Scheme 14) . iz 15 2 AW CHE- =L * 247572 &
ZA HWOxT ) 16 L7 b 14 K23 DILTRAW E L THET=, UL, KILER
I TRATLrua~v NI 7 4 —CliEEDHT 2O L o7, £/, 7 F 14
WZxt L. 1AL S OB% LTz N-tert-7F AR B ALT oA I RA A7) R 2 Z2Hun
Tx ) o~ ERRT- L 2 A, KIS TS O 'THNMR TlET 2 > 16 &3 k1L
BN FEE LU THERTEZ, LU, YU BTV AT AT a~v NI T 70— XD RE8%,
B D WITER I O BIRF %, BN L0 a5 2720 Lz, S5, ak%
BRELTEL=RFR1T 2B LIZkBILIEbOD, KL 2 X2 KO syn-Bid < B
IR E G 27270, = 16 R T 5 A MUITREETH D & Hllr Lz,

14



OTMS o)
LDA TMSCI | O 0 Pd(OAc), O @
< H \B < H \B
THF o] oc MeCN O oc

~78°C, 30 min OMe 15 (ca. 77%) | ™ 15h OMe 16
o + 14 along with complex mixture
o 1) LDA, THF (16:14 = 2:3)

O -78°C,1h
< H NB 16 was decomposed during column chromatography or short
O oc 2) Ph storage.

S=Nt-Bu

OMe 14 of SePh
—78 °C, 40 min 0
o NalO4

LIHMDS, PhSeCl O )
< H complex mixture
o) NBoc  THF/H,0

THF
-78 °C, 30 min OMe 0°Ctort,18h

64% 17 (P = 4:1)

Scheme 14. Attempted synthesis of enone 16

7R 141K L, NEE S L ONRRIRE 2oL O b 2 gt L7z (Table 2) ., Davis @
FRY DY VUMWV TRILRE B 21T o728, BRGSO (entry 1) . F/E
&= 7 5 — M MoOs-pyridine-HMPA (MoOPH) ¥ %= rr YR ¥ 3 L FIG&HT
& HIW A 52 72702 > 7~ (entries2and 3) . E£7-. AR OO L&k IclBn T
o-NLERIL S NTALEMIISE Do Tz (entry4) , — 5, YUz /) —L=—T L% H
% Rubottom f2fk. > 21T 572 & 2 A, LARONRLFEFFoa-£ Fax L7 ko 18b 1315
SN T- b DD, WD % 18a PMEINR2 M H1F H AL~ (entry 5)
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Table 2. a-oxidation of ketone 14
OR
(0] O
o] o]
H — H
<o O NBoc <O O NBoc
OMe 14

OMe

entry reagents and conditions % vyield

LIHMDS, THF, -78 °C, 1 h;

o

L NAPh _78eCtort, 1h 0(18)
PhO,S

2 LiHMDS, —78 °C, 1 h; MoOPH, —78 °C tot, 1 h 0(18)

5 () LIHMDS, TMSCI, EtsN, THF, =78 °C, 30 min 018

(ily PhN=0, TESOTY, 1.2-dichloropropane, 0°C, 1h  ° (19)

4  PhCO,H, TBHP, BuNI, EtOAc, 75 °C, 22 h 0 (20)

(i) LIHMDS, TMSCI, Et;N, THF, =78 °C, 20 min
5 (i) mCPBA, NaHCOj3, CH,Cl,, —20 °C, 30 min 15 (18a)
(i) TBAF, THF, 0 °C, 30 min

NHPh

& BITHF AT - 725 8. Moriarty B DSfE P ITHEVKEELT U 0 AfFEE R I — Ry
BooreTr—F2HWTEILLIZE Z A, MEBLIOVARRIRIICE R oL A
SNV AFNATEH—IL 21 & 2%INHETED Z &2 L7z (Scheme 15)

OH
OMe
Phl(OAc),
< _ NaOH <O O L
NBoc MeOH 0 NBoc
rt,1h

52%

R! R2

OMe
18a; R' = H, R2 = OH
18b: R' =OH, RZ=H

Scheme 15. Oxidation of ketone 14 under Moriarty’s condition

CAFNT B H )L 21 DMLE R X ONARRIRAICE SN BHITRO L 9 I2E X TV 5,
FTF X4 QMBI CANTAHRNZAEL D ) T— FD ) BINAREED D720
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C2HrCALE= 7 — F AWRHIHAE LT 3 USRS LEENICKIET 5 (Scheme 16)

ZOWR, RUNHEOREZEIT S X HIc /) 7 — bOmEIZK LTINS 3 vRHAIL L
FIGELTa-3— K7 b B #5225, Ht\ T, DIVKRZIVRFSAHX ) — LI T~
TSNV CHELD, CIIBFHASRNCE>TZRFIID &5, IRWT, A
N HEDOIMNE N OEFOHLHLAEZ S L, ZARFU RBRHRL T Y =Y
LAFFEBEL D, ZHUIAZ ) =AM HEPAFATEZ =L 2 03565,

7~ 7 NaOH 7 HO

BocNﬁ Phi(OAc), BOCN% BocNﬁ MeOH BocNDﬁ(
‘9 2 3\ OMe MeG 12
%

HO
MeOH 1< N
14 h” ~OMe C Ph” (OMe
QOMe

MeO ;T 0
BOCN%OH M BocNﬁo— - BocNéN

MeO MeO + ‘) —Ph|, —MeOH

21 E MeO . D

Scheme 16. Rationale for the stereoselective formation of 21
% 3 #i  (+)-trans-Dihydronariclasine D5,

HIEICIX 7 h 14 O CRICME S LOVRERIRICE Fe X U 28 AT 5 2 L ITHD)
L7, KW L I3 DN LFETH 127280, C2 NDNARERZ AT - THv DT DARFIE
EIIEDE R A EAT L2 L& Uiz, PPTS &l LT 21 o7 & & — /LML
KR LT %1288 ke Ra %% TBS TR L 22 & L7 (Scheme 17) . &5
|2, LiIHMDS Tt 7' & F oAb Z1TV, BAESE-Y F AT ) 5 — % Comins i3 ** & X
JGSHETZ /)= M) 7T — 23 ~EH LT, WIZ, fEED T T AZHWT R 7

F — M EBEITHNCHRZE S L 24 21572112, TBAF Z W T TBS A REL T VAT L= —
JL 25 BT, f5e < IERUE 1T ko T C2 WDKK IR AT p-= b m R EFRET AT L
26 ~EWLTo, IBIA VT 4 VIR {EA A I T A EHWTYT AT LA BRI
Rt L CoA—27b 2R LTz, ZORE, VA4 —)L27a b6 hiz, VA4 —/12Tb &7
TFNVETHRELS T T — 28 & LT,

17



LIHMDS, THF
OH e otBS  gec 1h: oTBS

o o oTf
OMe 1) pPTS, acetone/H,0 o ﬁ 0
O reflux, 1.5 h O N” NTf, O
T e = I
o NBoc 2) TBSCI, imidazole o) NBoc 78t 0°c,1h ©O NBoc
23

DMF, rt 92%
OMe 21 76% (2 stepe) OMe 22 OMe

OTBS OH 4-NO,CgH4CO;,

Pd(OAC),, PPhs @ @ p-nitrobenzoic acid @
iPrNEt, HCO,H O TBAF 0 DEAD,PPh; O
DMF o) NBoc THE o NBoc benzene 0 NBoc

60 °C, 80 min OMe 24 0°Ctort1h OMe 25 ft, 20 min OMe 26
78% 95% 87%

4-NO,CeH4CO, 4-NO,CgH4CO, 4-NO,CeH4CO,

~OH ~ OH ~ OAc
o o Ac,O, DMAP o
OsO4, NMO O ""OH O OH pyridine O OAc

e Ca N
THF/H,O 1) O NBoc o) NBoc CH,Cl, 0 NBoc

. 33h OMe 27a (16%) OMe 27b (83%) r;,71%h OMe

Scheme 17. Synthesis of diacetate 28

V=L 27a 35 L (8 27b ONEAR{EAEIE NOE JIEIC X - To L= (Figure 5)

2%
H 2% H

NO, NO,

27b 4% o
Figure 5. NOE correlations of diols 27a and 27b

U7 EF— b 28 O Boc HA TFA THRELZHIC, T— FY_UELTA I 292 108
£ L7 (Scheme18) . Z DM, £ I 29aNId— RYRL P UL EALIIKETHIET
A VXY 290 DMENTEIAE LT,

4-NO,CgH,CO;, 4-NO,CH4CO, 4-NO,C6H4CO;,

A _OAC “_OAC OAc
o 1) TFA, CH,Cly o
<O O g OAC 0 °C to rt, 30 min <O O g OAC . <O AN OAC
o) NBoc 2) PhI=0, BuNI, CH,Cl, O 2N 2N

o
OMe 28 0°Ctort, 2h OMe  29a (83%) OMe  29b (6%)

Scheme 18. Oxidation to imine 29a
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/oA I 29a FHIEHFEBT FU U A TR P Lt 24, BEIC

71—'—»J_\b

EREHb S

%’E’"ﬁﬁ?ﬁ; T CTHAHAIHEDLLT BNEKETT 7 X530 2552 LI12kEh L7 (Scheme 19)
4-NO,CeH,CO,

4-NO,C4H,CO,
~ OAc
(6]

NaC|02, NaH2P04
OAc
H
_N

o OAc
2-methyl-2-butene <O O L OAc
THF/H,0O o
OMe 29a " 85h

NH
96%

OMe O 30
Scheme 19. Mild oxidation to imine 29a to amide 30

HNT, BBy 2 HHW T AFNVEEZREL 7 =/ —L 31 & L7z (Scheme 20) .

& bR U TR il

- Higlo—T
AT VARG DI 24TV 22 TR, FRUNER 2.8% T (+)-trans-dihydronarciclasine (1) @
AR AR LTz T R ([a)™p +5.8 (¢ 0.27, THF) ) Z STkl ' ([a]*’p +4.7 (¢ 0.27, THF) )
3 o B I OD AR
i 10

[Z1 %TTof\—o 357':_\
STk 1P L~ LT,

'H X' PCNMR, IR, MS OF—# %
4-NO,CgH4CO;

£
4-NO,CgH,CO, OH
OAc “__OAc A~ __OH
<O O Hﬂ OAc BBry <O O HH oAc KeCOs O o
o NH CH,Cl, o NH
OMe O 30 —78to 0 °C, 30 min

OH
I
MeOH (e}
1o, OH O 31 n1h

NH
87% OH O (+)-(1)

[0]*%%p +5.8 (¢ 0.27, THF)
lit. 0 [a]?%5 +4.7 (¢ 0.27, THF)
Scheme 20. Completion of the total synthesis of (+)-1
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FI3IE ZHMEHRRSZTFIAT S Paesslerin A DEERK

% 1IH Paesslerin A DFEHEE DAL

LHFFE 7 =T T RO TENH AT, YUz )/ —xz—7 L7 7 J LT A
TNHLNNIT v B A= VBT ATV E S SED & [2+ 2B AUATINBUS 23 SR )2
SREIRIIEIT L, ZEMRS 7 07 2 U EBETE D Z L ERM LTS % 2004 4RIC
1% THENH (2 KD [2 + 21BRAUAHINBUG & Z sy e SOt~ & FEBH L. paesslerin A O &

(3) DA/ AEM LTS ¥, Paesslerin A 1% 2001 412 Palermo (2 & - T #f 2 4=
BT 5 #KHMES Alcyonium paessleri X 0 B - HERE SN EAFT A~ 4 RTHYH | A
DRI LTI 274 2 E R E S TW5 (Figures 6and 7) ¥ £7-, #Hrav/ie
R 27 u[4320710 0 TR UBKERT S Z L0 b, AT ERRENRY TH 5,

OAc 3

Figure 6. Proposed structure of paesslerin A Figure 7. Alcyonium paessleri

(http://www.reefthailand.com & Y 5| )

WHFFERORGK HI1E TENH fFE F, v ru~nr7Z ooyl 2 YEO T n 4 —
IV A F v % T Diels-Alder S & [2 + 21BRAGAT IS OB IS 21TV, 3 O FEARF#
2R TAEFE L7z (Scheme 21) . ZD%, 0 FHIC 2 AFAET Do B-HEaFIT A 7 /LD
BRI 7B TC A 2T paesslerin A OFEMLEE (3) (TH W, LLAans6, Gadho
'HEBLOPCNMR 227 MARKRPE —F LN LI L, 7R F A% ks
RIZE VRE LR, p-7 ae_X0 Y A LT X B ST 21T o 125 . ARk L
TALEMORGEIL 3 O =BRIEEHR A AT 5 2 L B HER S 72728, Palermo HIT L - THEH
EXU7z paesslerin A DFEE (3) 1FRAV THHZ LW LN ER-72 %,
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CO,Me

CO,Me  Tf,NH (3 mol%)
+ 2 x ‘ B —— e
TIPSO | | CHyCl, MeO,C

0°Ctort,11h
70% OTIPS
OH
DIBAL-H (5 equiv.) OMe 5 steps
_— O —_—
CH,Cl,
—78 °C, 30 min H ' [
74% OTIPS OAc 3

Scheme 21. Total synthesis of 3

% Z7C. Palermo D D SCIZFLHE S ATV D NMR 7 — & & FEMIZfEHT L 72 %E% 5. paesslerin
A DEDO &L, BRI 512 K o T Fomitopsis insularis DK &0 BB - #EERE S
7= protoilludenol (32) *' D7 & F ALK (4) ITH2E T % DO TIX72\ s & HEE L 7= (Figure 8) ,
M5 1E 'H NMR A7 MUCEB W TIEFICRWEBIA RSN 5, £72. paesslerin A OHEH]
M TR ot NMR FHEIE PR EIC b A FRETH D, LD XS Bz &
paesslerin A O TAEMEE 4) ZAKTHI LT, BOMEEZHOLMNILE S B &7,

H NMR coLoc
264 yb5.27 270 H 5.31
. H H H

0.96 1.74 0.96 1.61

or WOH  or \OAC >C@OAC

1.00 HS 1.03 RS <'i |

1.21 113 AcO
32: 7-protoilluden-6-ol 4: probable structure 4: probable structure  3: proposed structure
of paesslrin A of paesslrin A of paesslrin A

Figure 8. Comparison of NMR spectra
B2 Ta hANEHHITONWT

7-Protoilluden-6-0l (32) <° paesslerin A O FAEMEE (4) ICR 6D 5-6-4 BERMPrivin
> THEER LR B85 7 0 RA NV E B TN D, 7'r M A VE o Eis /T
HEAXT I A RIX 1967 412 McMorris HIZE > THXY X T ROF ) 2aThH D
Clitocybe illudens 7> %> illudol 23418 T HiH - MU E S 72 (Figure 9) . LUK, £ < 0
T MV ENEB SN TR, REEEEZRT Lo VMG SN TS P KIE T,
2000 412 melleolide K 23 HF-[& D Armillariella mellea DR5HLJ 0 HBE - &R E SV, 77
DIGERREERE, EEEIC L CHIETE A AT D 2 LA S Yo E720 2002 S
1% Lactarius atlanticus D1 32K 1 1 atlanticone D 23 HLHfE - s E S ©,
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A\ o) c
HO g o
illudol melleolide K

Figure 9. Representative protoilludane sesquiterpenoids

T A VE BT T EBEIC X - T humulene 2GR ENS EEZ LN TND %,
FT. AR VBIrOEBRINT T s ARV VBB BERIZL D RIEEZIT T
humulene %52 %, ZINOAFAVBRIEBEI D ZLIZXoTT B M AF B
C%, 70 MMV BEIEGHMERY 7 07 X DELZIET DT DI E IR D% 3T
°9°< . Wagner—Meerwein $5(\7. )i~ (2 & » T sterpurane <° illudane, hirsutane 72 & D24k 72
WEEZFO>BEAXRT AR 24 U5 (Scheme 22)

HO , © A
acety-CoA — acetoacetyl-CoA —— /\/</U\ _ ., ) N |
HO OH

PPO\'
farnesyl pyrophosphate

H* =
[ w R —— ><:|;g >, various protoilludane derived sesquiterpenes
A

mevalonic acid

humulene
sterpurane marasmane isolactarane illudane cerapicane
caratopicane cucumane lactarane fomannosane seco-illudalane

hirsutane

Scheme 22. Biosynthesis of protoilludanes and protoilludane-derived sesquiterpene families

7 M NVE O REEME LT I1971 ISR S 03] & 72 5 illudol DT & I 2EE
RFRLEY, MABIT 2 + 2DEBRILIINISICE DY 7 a7 2 VROME L OF—1D
FRbRIBH B L OB TV R—= ARSI L D7 e hANVE B ORERTRE LT
illudol ~E&E V7= (Scheme 23) .
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Matsumoto (1971)
COzMe

OH  1)Nalo,
\ OH  2)MsCl, py

e

51%

HO
illudol

Scheme 23. First total synthesis of illudol

F 72,2007 FF1213 Mulzer 5 23 (-)-pasteurestin A 35 XY B D25 Ak Z # 5 LTV % (Scheme
24) B, WRIRMIL 2002 AL FENIZETT OYTN HIC X > T, Agrocybe aegeritta D%
PRI Ko THBES 1L, U & ORI EIR B OIRIRE T & 5 Mannheimia haemolytica (Zxt L Tl
WIEHEZTRT Z EBRMONTNS ¥, Mulzer HIZET, FIALRTRET L AAFH Y
V) ETNT e RE D Reformatsky L ZREH LT ¥ A & 157-%, Vollhardt[2 + 2 +
QPEBRALATINEOS 24T » T =B E R 28 L=, FeV\ T, MLEERAY 72 Birch iI2 L LY
I a~FHh UBROEREER T, (0)-pasteurestin B ~E W2 [RERO FIEIC L 5 T,
(—)-pasteurestin A DEEEL SR LT,

Mulzer (2007)
Bn T™MS snCl
N nGi N N
/) LiAIH, o "X [CoCp(COY], hv
O_ N * — [\ p— —_— >
T Br Ox X 78% OT AN CUC|2‘2H20
O N 40%
© o oTBS ’
OH OH
H : H =
Li, NH3 A COzH , z CO,H
— H — HO. _~
37 85% ¥ = :
TBSO H TBSO H HO H H
(—)-pasteurestin B (—)-pasteurestin A

Scheme 24. Total synthesis of (—)-pasteurestins A and B
H3IE [4+21-> VLT ) — =T LD B2 + 21 SIS DU T
Z DITIX, paesslerin A O TG (4) OBEAEEICHEERE 2 572 Ut 25 Eke

FUEDEFAZDNTIHRA D, B/ V—7 Tid TENH 23BALAINEISIEN Y T H
FERRANC L E RV Y v ) — =T LIPS E e v Y L ) — b =Tl
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AL B EET D2 L E R LTS (Scheme 25) % x5z, YU =) —)Lo—F
NDRMAL L2 + 2BAEAINEZ T Ry ETITW, ZEBE S 7 a[42014 27 % v & &
IR ENRERICE S Z L2 LT D

OTBS szNH (1 mol%) O/\OTBS ©/\OTBS
CHQCIZ

-10 °C, 5 min 93% 4%
©/\OTBS THNH (1 mol%) 2> co,Me OTchone
CH,Cl, -78°C,2h Cl
—-10°C, 5 min 92 % (trans:cis = 13:1)

Scheme 25. [somerization of silyl enol ether and its application

T 2T, TENH 2872 % 3 SOJE, AID Diels-Alder s & > Y L= ) —/Lx—F LD
FAMAE, [2+ 2BEAINBUS & SRR ICIRtE§ D72 DI, 71 AV Bk & — 2RI
TE5HDEHFF L. (Scheme 26) .

X
0 3 TfNH Tf,NH
T
PO ND = —
0Si 0Si 0Si
Diels—Alder isomerization

I

X
X Tf,NH
i COzR ' ;

protoilludane skeleton \/\COZR

[2 + 2] cycloaddition

Scheme 26. Synthetic strategy of protoilludane skeleton

FP2MUCATFNEEZATEI R R XV 34 ZFAVTCTENHFE T, v 7 m
N7 /33 LD Diels-Alder RS &4T9 & 2 oD V> ) —)Lo—F )L 35 B LU 36
DETIFRILEMIZH E U ZR RN, BRI EIT L RN &R bho T

(Scheme 27) ', §t- T, paesslerin A O FAEREE (4) @’%*%%Lrﬁﬁ}imﬁliofé\ﬁiﬁ—é
ToOITIE, 2K FBRF CEBR SN2 aF XV URNE L TN D Z Enbholz,
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><j TENH Smol%) A~ O EN
.
OTBS CH,Cl, OTBS OTBS
—40°C,1.5h H H
35 (38%) 36 (8%)

Scheme 27. [somerization experiment with 2-methylsyloxypentadiene

T TITHMFGE 7 L — 7 Cld paesslerin A O T1EMEIE (4) OEREE —FBITHEET 5 Z & 1ITK
B2 TENHFETF., 27 aXrF 72 33 L2 iBNKER - CEf S aF o
VRT3 40 °C TRUG S W2 & A U-ANE 38 o BAE(LS I T L, 39 %
.z 7= (Scheme28) ., #WCTU LRy NTTZ UNBAFILVENZD L, ZBREILAEY 40
DFFHITz, T AT VML Z KRG L IO BIH bS5 &, IR 4 2 H—0
VT AT VA —E LTHEET 52 EMTE e, AKISTIE, BH—0OfiichHh s THNH 2
Diels-Alder )& & > U b ) — v —7 )LD AL [2 + 2]BREAIN & W O BOSEERE O # 70

%3 00)&5‘5%%@ LCW5% (Scheme 28) », 7z, HEHRIET 4 DDORFIRFMOL S

B RAMEE L TR0, IEWICRER Sy AR L Lﬂjﬁsﬁﬁé ZLENTED,
IHIT, FI7LAT =V THHBMERSBUGEIT) 2N TE, mTI10 7T ARED D
WRVEEN 552 ENAETH D,

><j TENH (5 moi%)
OTBS CHzCIz OTBS OTBS
—40°C, 2 h

Diels—-Alder isomerization
TfoNH (3 mol%), methyl acrylate NaOH
wOTBS OTBS
CH,Cl, EtOH/HZO
—-40°C,25h CO,Me 60°C,3h CO,H
[2 + 2] cycloaddition 41 (23% from 33)

Scheme 28. Multi-component domino reaction

TINVAR TR 41 ONAR LT X O BT X SRS I > TREL TV D
(Figure 10) .
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Figure 10. X-ray structure of carboxylic acid 41

—J5. FFIIMEE L LT EAICL 2 W T EROZ Rk Ica1TH & vz ) —
NT—T VO RMEERET L RN 2D, ERRO =B EEY 2 35000 2 L 2R L
7= (Scheme 29) , Z OFERIL, R URE %2 T b H 72 258 0O 8 f5e SO i (8 7S il 1l
BTHEMLDTONDZEE2RLTED, BEERERICBITDZREAGKIISHTE L2 L
BHIRES LD,

OTBS methyl acrylate, CH,Cl,, 40 °C, 3 h
37

o)
>{j AN EtAICI, (20 mol%), CH,Cl,, —40 °C, 1 h;
.
=
33

CO,M
oTBS~~2"'¢
42 (14%, dr 1:1.3)

Scheme 29. EtAICl,-catalyzed cycloaddition cascade
B2f B Fo ko iha R &35 ARk

RO N K > T LIV I VIR R 41 7> 5 paesslerin A O TAEEE (4) (28 <
eIz, v~ URAOBEBBLEANZRFTL2Z2 L & L, YR v—7 DR
SIX TS POEREEZF OV R F I RUZTIT 43044 250 L THNH 2l & LT
U ) 2 33 L0 Diels—Alder K& %47 - 72 (Scheme 30) ', Ls L7226, #MEZR
REWMa 52 HIOMINAZG2 Z LIXTE oo,

o OMe cl
)
N Tf,NH (cat.)
>@ . |TMSO or CIT B4 complex mixture
/ /
OTBS
33 3 44 OTBS

Scheme 30. Attempts using 1-substituted siloxypentadiene
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T T, FHEIIINVR R 41 O FWICIFET DRI Z ZH0 D LT A8 2 T2 L
7= (Scheme 31) . ZOHFKIX C-H BREI(LDOE#HEND L LT, 5s BRUNLF=LE, 6
B 4ABBROEENMNICHSHE Fux i 4BRILVAFVILVELZFELTND,

possible directing groups

- \
%TBS
HS CO,H

41

Scheme 31. C—H functionalization strategies toward 4

5 BERUNE=VEEE REHNY LT DX, Y587 v— 7" D4 512 K - T Barton
AL SRR T U ML DOREC UG 72 ERBERET SN2, Wbl o FERITIEE
SR T2 N T v 45 1Tk L TR 2 TR R T U VAL OBV UG R LT R, ME
—. ZBbeE L EAWRRC BRIETT Y AT IV a—)L 46 21552 LITHEI LTZ

(Scheme32) . LM L7226, FARME LT INATAa—L 4T NELTE, £72. = b
1Y T A7 )L 48 |Zxf L C Barton B S AT 9 & B R0 AR OALE BMER 50a 35 K
V50b 23 ENZEI 24%, 36%INRTHEUHINY 49 2455 Z LIXTE o7,

HO

Se02
WOTBS —— =~ * wOTBS
< t-BuOH y oTBS <
H: H:
45 46 (13%) 47 (32%)
ONO HO OH HO )
; Hg lamp 7 2N Oy N
OTBS WwOTBS  * WwOTBS OTBS
acetone < . <
H: H: 3 H:
48 49 (0%) 50a (24%) 50b (36%)

Scheme 32. Keto-carbonyl functions as a directing group

BT, 4 BRINVAEXIOVIEEE RN & T DM E LT White Okl Fe(S,S-PDP)
D C-H BLRE 2 2 fat Lz, LA L7, /LR % 41 (25t L Fe(S,S-PDP) &
WL AKBZEHESETH T 7 b SLIEEONATIRB O EEZH < DA TH -7 (Scheme
33) o mmE O TBS LD T RIS RIS SRR ATV D & & 2| Bk 725 T TBS
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HoBREEZRLEDRL e TV R— A RIENEZAEZDTILa— LR EBLZLIITER
Mo T,

Fe(S,S-PDP)
H20,
MeCN, rt <
H 3 ©
51 (0%)
| N | (SbFg)

N
L. ON., | NCCHs

[ " Fe
EEN/ | ~NCCH;,

CO,H N
NS

Fe(S,S-PDP)

Scheme 33. Carboxyl function as a directing group

U bofERERF 2T, EHIEMNMNE Rafx oz RE0n0 &3 28I 2 F.0 ot
EITHZEE LT, 7, IVKRUVEEMA OS BEINVKAR=VILE 4 BRRIVEAS VLVIEE
Bk L C7va—/L 55 A L7z (Scheme 34) . 41 (2% Lk K Barton i3 T % HOTT”
ZA{EM ¥ T Barton TAT VAR LD, TV AP A VR ¥ 2 A b Z21T > TR
G 53 B, ThEE= LY 7T — b 54 I CEML, RO NRT VY AEHNT R
75— FEBITMICBRES LTI AT v 45 287, T, KEEFAKT. MEFTH
U A A WD ENE T A IT O &L convex [H D B ALERAIIC T VA L DEITTHIEST
L7z, &5HIZ, TBAF #H\\WC TBS EZBrEL T a— 55 =4k LT,

O H HOTT, Et;N, DMAP O 4 D TfO
THF, it, 1 h:

OTBS OTBS
t-dodecanethiol Tf,0, CH,Cl,
I CO,H reflux, 2 h : 0°Ctort,3h
41 89% 53 71%
Pd(acac),, BuzP 1. H, (400 kPa), Rh/C H " PFg \lil/ /@
—

BusN, HCO,H EtOH, rt, 48 h )
> .OTBS .wOH SN 8N
THF y 2. TBAF, THF, reflux, 28 h s | 5
H: 90% (2 steps) H: HOTT )

reflux, 12 min
91% 45 55

Scheme 34. Synthesis of alcohol 55

F1IH SN RUSEFITT 2 ARt
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F9. T a—/L 585 % Syl MUSNMZE2TALT ¢4 K86 12, ZNE ALEFT R
TIZEAL T AU syn-BEIC K > TT v v 88 35 5405 &% 2 7= (Scheme 35)

H Lewis acid
PhSH oxidant (:)
-------- > ———— >
OH . SPh §\Ph
H H s H H
55 56 57 58

Scheme 35. Synthetic strategy using Sy1 reaction

TNaA—)VE5 ETFAT = ) —VOEEMTIZ 0 °C T BF*OEL, AR 72 & 2 A, KISN
BECMIZHEAIT L, AL 7 42 59 28 84%IN=R T U7z (Scheme 36) , SUGHEREITRD X 5
WZEZOND, £9 . FHALE Ra x50 Lewis BRIC & - TIEMAL S AVTHIBE L . 25 =#&
HAIVRIF A 60 BENT D, FWT, MRS 7 m 7 X DE A%mﬁﬁéio 4 BB
DIRFB-IRFEANINL T LT 61 L7b, SHIT, FAT =/ — VPRI EET Lod
WEBER EORFZHETHZ LT NELNT-EEZILND,

H
WOH — ——~
y CH,Cl,
H: 0°C, 8 min
55

56 (0% 59 (84%)

i i HSPh /
> L J

HZ H|F

60 61

Scheme 36. Attempted Sy1 reaction
2 CH7T I /MRS ERIT %A R,

W, EEALO C-H B bZFIHT AL L Le, ZOMREHE L TR MO TWY
% Du Bois 5OFA L/ A ROCHT R /LIS P 2Bt Lz, £, ko on 2
WIRZNA )T F— N EXENOALT 7EA N7 1Y K62 275 L 7= (Scheme 37) .
INETNaA—)L 55 ERISSHETALT 7 A=K 63 Lo L L, Aryrur
1% 64 DY 90%INER T Uiz, ZHUE 63 DOILEERE AN &\ 7= D I B/ INERAT 7 23317 L T
F=RRINARITFA L 61 LT, WNTHT v hABEIT LI b DEE X HLD,
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\ //o 62

H H
Cl” "NH, o\\s//o
WOH — _— ~ w07 ONH, *
. DMA y
H: rt, 10 min H:
55 63 (0%) 64 (90%)

Scheme 37. Ring contraction rearrangement

I T, A ML A FRIBREARE UTHBEREDIRN I VAR A= R 2D Z L& LT,
TNha—)ssEHlRO N rea T F ALY UT S RIS ETHB ALK S —
IREEH ) O L THEGT B L N A — | 65 NEINERTE SN (Scheme 38) , VW T, 5
mol%® Rhy(esp), Z HHWT C-H 7 X /LIS ZITH &, BHD 6 BER O C-H #&& TG
DHEIT LAY 2 > 66a 1 L1 66b % 2T H 92%. 3%u2fﬁﬁ%é LITRRPIL
2o 4 BBREICH CH T X /MLICH# L7 C-HASEABFEET D4, 6 BERE 4 BEROMN
WZHFET D ATF AL OSREFICLY 6 B D C-H %éﬁ“ﬁ%f‘a% ISR EIT LT &
Exobhb,

1) (o}
H Cl3C” 'NCO H o Rh(esp), (5 mol%)
CH,Cly, 0 °C, 10 min P Y Phl(OAc),, MgO
WOH e) NH»,
Y 2) K,CO3, MeOH, t, 3 h < CH,Cl,
H: quant. (2 steps) H = reflux, 19 h
55 65
66a (92%) 66b (3%

Scheme 38. C-H amination of carbamate 65

FXH U T 66aF LN 66b ONLR(LAIE NOESY HIEIZ & - THE L 7= (Figure 11),

H 66a

Figure 11. NOESY correlations of oxazolidinones 66a and 66b
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BonN-AXH U ) 66a BT I ) TINIT—)~EHL, TI ) HKE27 WL R=
IWIICEMRT HZ EMTEIIT 4 ~FE LG 72D 5 %27~ (Scheme 39) , LLF., 73/
DT N IIVR =N FEADOERIZ O TRET EIT - 72,

NHR' H O H
><:@ =o0r—)» ><:@ WOrR ><:@OAC
transformation of H H
4

amino group into
66a keto-carbonyl function

Scheme 39. Synthetic strategy of 4

BE, LSS T 2 v 2DV R =G ~ERT RS2 RE LT D >, H—
M7 I EATNLT I RIZE#L TS Ntert-7 F IR BUANVT 4 A4 RA LR
URBELUDBU EILSEDHEA I VEEL, ZIDBIKGEESND ET NN EonD

(Scheme 40) , WE SN TVWDT I UV OBLIGIE. < D6, BREREEA I V25
ZHRUINT IVRTIUNT I v EIE L L/fdb@ RSN S O, Zhuck L CRERGE T
:/®M%i#i&4:/%ﬁzékw\%@%%Wi@%f&ﬁwoxw74y4iF
ANVHAIEZ WD ZORISIE, @R TIEVIRT X v ORBIZEE) L7z 72 Wil Ch 5,

Matsuo & Mukaiyama (2001)

PhS(CI)=N¢-Bu QyNMs
DBU H \D  |[1MHcl
NHMs ———— Y <:>:o

t-Bu 90%

Scheme 40. Synthesis of ketone from mesylamide

FT. HE 67T BLV 69 O EIToT-, AFXV VT 66a DERF % bk
L7=DHIZ MeLi ERJSESHT, F L7 2 K67 &A% L7 (Scheme 41) , #tV\ T, 66a
DEFRF% Boc (L L7ZDHIZ MeLi & LS T, AU /NA— % TFA TLBE L
TTIv 688 Lz, &5, 8% MsCl & Y ZF AT IV ERGSET, AVAT
I RN69 ZAA LT,
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1) NaH, TsClI H
THF, rt, 1 h, 95% ~NHTs
. WOAc
2) Meli, THF <
—78 to 0 °C, 35 min, 44% H

H H
N
=0 —| 67
o 1) Boc,O, DMAP, Et;N H H
H =z 0CL0, ) 3!
66a CH,Cly, 1, 2 h, quant. ~NHz  Mscl, Et;N ~NHMs
- OAc +OAc
2) MelLi, THF < CH,Cl, <
—78°Ctort, 1.5 h, 74% H: rt, 80 min H:
3) TFA, CH,Cl, 68 37% 69

0 °C to rt, 30 min, 66%

Scheme 41. Synthesis of tosylamide 67 and mesylamide 69

BERLTE NV T I R6T & N-tert-TFNRBLUANLVT 4 oA RA7a ) RERG
SHTH7 b 70135 5T EENAEIN 472 (Scheme 42) , AL DHE T, b7
SREVHRISHEOER NI ERHBLNE RS2 AT LT 2R 69 X° DBU L0 &M EEM D

v\ DBADBU® % W T & BT SR o 7=,

H PhS(CI)=N¢-Bu H
~NHTs DBU 1 M HCI 0
OAC WwOAc 67 (81%)
y CH,Cl, CH,Cl/Et,0 S
H: —-78°Ctort,2h rt,1h H:

67 70 (0%)

PhS(CI)=Nt-Bu

LiIHMDS 1M HCI

complex mixture
THF
H .NHMs -78°Ctort,1.5h rt,1h
wOAc |

H 3 PhS(CI)=N¢t-Bu

69 DBADBU 1M HCI

70 (0%) * 69 (68%)

THF
-78°Ctort,1.5h rt,1h

Scheme 42. Attempted synthesis of ketone using PhS(Cl)=N#-Bu

WIZ, N-aF AL e < EINBICTA I U2 A LS, ENEMKD#ETHZ & Tr
RUNBLND DM LT P X3 Y P v 66a & Ba(OH), & FIVVTIIAS L., 7 3
J T va—)L 31 ~ERL LTS (scheme 43) . £7. 71 & NIS LGRS W7 & Z ABMERIR
B E G2 T2, FWT, 2 MEDO NCS W5 & UGS FEIZHEIT L, Z4#% DBU CTRLEE
THERMMT b3 ELNT. = MU LT3N RUWINERTAE U, £72, 1 480D NCS

FHVIZHATH 73 23 29%IE T4 Uiz,
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H H
N
> =0
< o
H:

66a NIS (2.2 eq) _
complex mixture
Ba(OH), CH.Cl,
1,4-dioxane/H,0 0°Ctort,1.5h
110°C, 18 h
97%
H NCS (2.0 eq)
wNH2 DCE, 0 °C, 30 min;
«wOH .
< DBU, rt, 30 min
H$
7
NCS (1.0 eq)
CH,Cl,, 0 °C, 20 min;

73 (29%)

DBU, rt, 2 h

Scheme 43. Unexpected C—C bond cleavage

= RFUV 73 DESBEETIRO LD ICEZ NS, 1| Y&HD NCS & DS THELE N-
rana7 2 14 NDRBIRBEAGORANBEEZ T I 75 %E 02 (Schemedd) , i
M2YUBEHDONCS T/ rfbIfLT76 &72 0 HEIZE->T= MU AT IZEBIND,
EZAT, 2O XD RS LKRFED B E I K> CBRICHEFIN S 5 @, 4 513 BME

(R Bk A W CERILFEMICRAESE T ClfE 2-7 2 /-1-v 7 a7 vk ) —/VHH
ERIESH T, 50~62% DR THINT 57 b= RV L ZGHR L TND,

cl

Scheme 44. Proposed reaction mechanism for the formation of 73

MBRIRTFERET D2 LIT K> TRFB-RFEFEORAELIT 2O TRV NEER, 7
22681k LT N-Na b & ATz (Scheme 45) , NCS & W25 13 S 23 A TH
PTN-ZoaT 7Aoo, NBS Z VA, A MREMmL Tn 2k
T, BFEHIVHA L7223, DBU Z Nz TMEGE)E L CHEMERIBEME 52 5 DHIE -T2,
THUET B TFNVEEBEAT D 2 LT BREF O HOSAREE S HEIN U BOSHEIMEL 72
Sl éBEZbNS,
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H
NCS (2.1 eq) «NHCI

WwOAc * 68 (91%)

CH,Cl, \

H o NH, 0°C to rt, 25 min Hs

> <:I: ; 77 (0%)
WwWOAc T |
H = NBS (1.6 equiv. x 3)

CHJCly, rt, 20 h;

complex mixture
DBU, reflux, 15 h

Scheme 45. Attempted transformation of amine 68 into ketone

%EUNT, Corey. FIHIKIC k> TR EN7=T I 2 B © 283 L7- (Scheme 46) .
ZZTHWBND 3.5-Utert-7 F)-12-X2 % 22 (78) X, T 2D 1AM E T
HIOITE @ tert-7 FIVIHZE 3L E SHLIZH L TWD, £z, 3L tert-7 FAEEEHT
HI2DT I IR E O/ 1 LI VR = VEE TR T 2 ERUET D K D 1Tk
FrENTWD, ZORETIEET, 18 ET7 IV EDORISICED A I 782 ZEL D, il
T, HFEBRCERRE N T2 70 NoBEINKEZ O Eil-/eq I 718 BNAEL D, Zhifg
TKGIEST DL N B3 2 EMTEDL AL T VEB= T AA 42 T8 ITKIEMEN &
<, RBAECES TV RS ZENAHETH 5,

t-Bu.s 1.0 t-Bu NCHR,
NH,
+ —_—
N0 N o

78 t-Bu 78a t-Bu
+
t-Bu NH3 o H3O+ t-Bu N=CR;
+ -—
OH R R OH
78c t-Bu 78b t-Bu

Scheme 46. Transamination

T T A=)V BT R NSO T BIO S R 12135 LT,
ANIT IS 79E LT (Scheme 47) o ZDO X DIIAIT I T —ANEL BB,
A XV DOEBPNARIINIA R E > TOD DK FRINT 5 L0 b TS DMES
L7cleb EHERIL T D, BEEL 72 79 O = URRIZ X 2 DKM BOGNRE 2 FiF T H e
1TL72 o T,
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t-Bu

o4
78
H tBu o H H HN
wNH2 MeOH, 1t, 70 min; 0 Q
wOH — WOH * o t-Bu
N (COzH), . <« \'OH
H: THF/H,0, 1t, 1.5 h H: H:

71 72 (0%) 79 (47%)

(CO,H),, THF/H,0, reflux, 22 h

Scheme 47. Hemiaminal formation and attempted acid hydrolysis

T 2T, IR A N TP A 100 °C THIEAL B\ TS —0v 79 DK SR
PATo72L 2 A, PHIHRZ SICHERME LAY 80 2342 U7- (Scheme 48) , Z iLIXEEH 1
MHDOEAFOH U L THAKMKISNEZ T8 24T, i< EFERRGICE > TH LN
EEZEZLND, BT 80kt L, KRk MY U AEHOTIEEESEETO~I T IS
— VDK IR BIRET LT3 B ACEWS 2 Z LIXTE RN o7,

t-Bu

conc. HCI
t-Bu
><:@\QH 1,4-dioxane ><:I:g ><:I:g Q/
100 °C, 53 h

72 (0%) 80 (82%)
Ny t-Bu
I X S
~
e o t-Bu
81

Scheme 48. Unexpected formation of pentacyclic compound 80

Z ORI ERG T DI RNL e Re v 2 T 2T A CRG#E L 72 68 Tik, 7
KEEEDT-ONA I bR X 7 78 EDORIGTEL EIT L7222 > 72 (Scheme 49) , &5
2. TR 27N a— T BRUSHED L 0@ e Y D= Lt 82% L S ST HEMERIR
WG 25 DRI T,
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t-Bu. ; :o
H
oNHz 78, °
WwOAC no reaction
X MeOH
H s rtto 60 °C, 1h

68
CHO
82
| . ) pnhsos
H |
~NH; DBU (COzH),
WwOH complex mixture
. CH,Cl,/DMF
H: rnt,30min rt,1.5h
71

Scheme 49. Attempted transamination of 68 and 71

U LEOFERNST I ) ek AR VERICET 2 2 LIIREETH D Z L b
2o £ZT=huHE s MRS VIEAEWT D Nef UG T I2o0 T4 a5 2 &
E LT, 9 HEL A SIS X o THs Sz TPAP BE D 5ft: ©® 23 L 7= (Scheme 50) ,
7 2 68 % mCPBA TRk L C=hu 7L h 2 83 2#457-, 2k TPAP B(bicft Lz & =
AL R0 3G T = e A LT 00 84 B 36%NERTHEONZ, ZOLHI, Tk
T— N OBEENEE L TR Z D Z ERHALNE RS T,

H TPAP, NMO
wNH2  epBA _mCPBA_ . :I:g _ MS4A Bl <:I: I . <:I: :/(
> wOAC
\ DCE MeCN
H: reflux, 1 h rt, 15 min
68 67% 70 (0% 84 (36%

Scheme 50. Unexpected nitroolefin formation under TPAP oxidation condition

T, TEFEE TBS HICEETIUINBENME CE 5 LML= ha T v v
86a DEKAEITHT2, 72/ 72—/ 71 % TBSOTF B L O 2,6-lutidine & i &8, & R
o % A TBS JE TR L 85 24 L7 (Scheme 51) , #F54172 85 O 7 X / H% mCPBA
TR LTC=hraT Ly 86a #f37=, il TPAP B{LOSMIfT LI Z A, 7 hv
87 L 86a DT ~v—LEZ LD 86b I L OFEENK 1:1:3 DL TAER L,
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H TBSOTf H H

~NHz 2 5 jutidine «NH; mCPBA ~NO;
OH OTBS OTBS
X CHyCl, 3 DCE .
H:z 0°Ctort,2.5h H = reflux, 30 min H =

7 89% 85 88% 86a
TPAP, NMO
MS4A ) o ) NO;
- = ><:@OTBS * ><:@\OTBS + 86a (87:86b:86a=1:1:3)
MeCN N X
80 °C,20 h H: H =
87 86b

Scheme 51. Transformation of nitroalkane 86a into ketone under TPAP oxidation condition

FEWN T, B E RBRIZ mCPBA Z# FHHWCT T X /7 va— L Tl = ka7 V7 88 IZfiE{b
L7z (Scheme 52) , WHEN 35% ARV DILIRFB-IRFERE A DA - T BIZE R A T
Tl Ths, Folc=ra T Al ramEEolEiEr N vatibsEs s, &
FD IR = NACECER I T 89 D3 3% TH L, L LR D, ZHIT/FE
T2 NOHEMN 7V —Dt Fax ke MG LEmlcliffigo A7 L e LTHLRZ, Z
T NOFEE LTEZONDFRE L CUIRFTHRAET D HNO, X NyO; THDH L5 X
bihvd,

H H H

«NH2  mcpBA «NO2  NaNO, o
- OH
. OH DCE \ DMSO/H,0 y O\N;O
H: reflux, 1 h H: 65°C,31h H:
71 35% 88 31% 89

Scheme 52. Nef reaction of nitroalkane 88

JlEfex, = bl MINVR=VE~OEREZ B L CHM2 2 Gt L7 (Table
3) , EREFUEAGELEEEZH VDI LT, NOHEKET DI a2l cEs &
IR L CHUEIE T N Y U A2 WD E FEMRG Lic, 7TEF VR CIRE L AE 83 &
Az ZA 7 b 103G 00T HER= A7 L 89 BNERK L7 (entry 1) , TBS JE TR
LT HVE 86a TIXEALD T i 87 13 15% IR TR HALIZs, TR B 90 23 FAERWY)
ELTHELNTE (entry 2) . F72, KOOV ICHIEEZ TN L7HA121L 90 DA™ E LI
72 (entry3) . —J5., KE{bHV L~ DoAY 7 LEZHWDREICBWN RS R
VIR T N 252 N TEZ, L LR HEMEICHERS 72 (entry4) , LLE
DE I, Nef ILZEFIHT D Z ETRAD T b w835 2 LITHBI LT, W B KR
RTHYVZBEBEOERAZE L2, tMOGHRKEZHRHT 52L& L L, ZHETICSEG
SNTZHA TR, DFERNEATHDLEDICERM O Fax U RITBER 15 E T
EHLUHTHA DIV, BEEEE LTE 280 H 0 IEFICID B WHEE Z R
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ZEbmol, T ORI FOGEZ I Hil4#E T & 5 75208 paesslerin A O TAEMEE (4) O
BREERT D L CHE LD,

Table 3. Nef reactions of 83 and 86a

H H
wNO2 oo nditions o
WwOR WOR 7
H S HS
83 R=Ac 70 R=Ac
86aR = TBS 87 R=TBS
89 R = NO
entry substrate condition result
NaNO, (30 eq)
1 83 DMSO/H,O (7:1), 65 to 80 °C, 17 h 15% (89)
NaNO, (5.0 e
2 86a DMSO/H,0 (%:(1), 9oq°)c, 19 h 15% (87), 25% (90)
NaNO, (10 eq), AcOH (10 e
3 86a DMZS(O & io 90 °C (8 9 46% (90)
KOH (5.0 eq), MeOH, rt, 1h; o
4 86a KMnOy, (6.9 eq), MgSOQOy4 (6.0 eq) 43% (87)

0°Ctort,1h low reproducibility

H3WH C-HIRABRISZFMT o6 (1) C2 BALOHRIZ X DA

AT L2k 90T A4 b L/ A RO C-HAFABUSIZ KV BEA LT X 06 OEHITIE
HAEfEoTZ, 22T, AR A RO CHIFARIEG P 2175 Z Ty 7 a~F ¥ UBRICH
BRFIRFEZHEATEDLDRATDHIEE L, WIDICYT Y 72T — h® C-H ffAKG
HIREI LT, TNVa— 85 2007 UV ERISSETT h= AT 91 & Lctk, 7 V1
I2L Y 92 #1537 (Scheme 53) ., X 5IT, 92 ZKEILY FULALRISESETYT ) TET
— k93 A LTz, ZHUCx L Rhy(OAc, ZHWTY 7 mm 2% o NGRS 5 &8
MR A & 5 2 72,

H MeSOQN3 H 0 o)
diketene, Et3N EtsN, H,O
S CH,Cl, MeCN 3 N,
H s 0°C to rt, 30 min ft, 26 h H S
55 75% (2 steps) 92

L|OH Rhy(OAc), (20 mol%)
J\/N complex mixture
THF/HZO CH,Cl,
rt, 19 h reflux, 40 min

84%
Scheme 53. Attempted C—H insertion reaction of diazoacetate 93
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Marsden HI1E7 A BIE+TEINZ TV T T — FEEmE S T 555 94 12% L CRh
il C-HF ARG ZITH &, XS 95 NELND Z L a2HsE LT\ 5 (Scheme 54)
T REEICEEND A BFEFIITF—L LTOREZ T TR, v A7 Sk Fr¥
VL LTOLDOERELEBICAHAT S LR TE 5, Marsden HIXE L7z 95 %
DIBAL-H &7t & Fleming-FREM L " I2Ad 2 & THUA—L 96 ICE#H L TV 5, LT,
ZOHEERETT I L & LT,

Marsden (1998)

P 1. DIBAL-H, CH,Cl,

Rhy(Oct) -78 °C X
SSi-iPr WO P wOH
CO.Et benzene ~/ “I-Pr 2 KF, Hy,Op, KHCO; ~OH
z 2 fl T s o
: reflux DA o DMF, 80 °C
OH
94 95

(35%, 3 steps)

Scheme 54. C—H insertion reaction of silicon tethered diazoacetate

T a—)L 55 ZREERR Lo F YT Y 7T — b 2 LD i-Pr,Si(OTL), & it S
5 e, CHFARISHIBEATH S 97 234554172 (Scheme 55) o SCHRIZHEVY, Rhy(Oct)y
gL LB oh IENERT D & BRI A FVSE & ONARRIE 2 ke 5 & 9 I2hr
EIRINIZ v e 4% 98 21525 2 LITkEh LTz, 98 X BEREE /2 7 A7 LA~ —iREG
&Lfﬁ%nkﬁwmﬂmMLHﬁﬁ%ﬁo&7»&—%&%%&0%b%%ﬂ%nm%\
10%IXRTHEES 2 Z LTI LTz, ZOiE, 99a D a frds K OVb (D NARILEIT T » 7Y
V7 ESH (13Hz) 76 anti TH D EWRIE LT2M, HAEAIITITE Scheme 58 127~ L 7= NOE fH4
EREDETHRE L, £, ZORET 99 ONARLFIIARH TH -T2,

o)

Nz\)J\
H OFt CO,Et

H N
i-Pr,Si(OTfy, i-ProNE N Rha(Oct)s (1 mol%)
" Si—i-Pr
N\ OH Et,O v aed \p benzene
H S 0°C.1h H: =T reflux, 5 h

55 96% 97
13 Hz (anti)
4y COEt
e DIBAL-H
el P toluene
H S ~78 °C, 30 min : E
98 99a 99b

(41%, 2 steps) (10%, 2 steps)

Scheme 55. C—H insertion reaction of silicon tethered diazoacetate 97
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AR LTET V3 —L 99a & W T &t X Marsden © O#E % 25| Fleming—E B 1L
ZITHE.NUA—L100 AL 7 42101,V L 78X —/L 1023 F 10E 40 32%,42%,
16%I 3 T4 U7z (Scheme 56) , Marsden 5 % Peterson B DT K0 AL 7 ¢ U BERT
LD MY A=V DOIEMETT 5LV @EEZ LT\, HHREZ OBIRMET
FHIL TN 102 LI Lo T v — LA UDBIRENFER L o7, 2B,
99a O b M. DOSAR(LEITA L7 ¢ > 101 O NOE FHEIIC X » THRE L7z,

H H 9"  H0,KF

_irpr _ KHCOs
Sisip * OH * o
R DMF N o-Si—i-Pr
80°C, 14 h : H: : i-Pr
100 (32%) 101 (42%) 102 (16%)

Scheme 56. Fleming—Tamao oxidation of 99a

Z 2T REMEME S S W A2 VAU BRIRAIZ Peterson T O SOSHHETS 5 &5

Z 7z, Clive 5O P 2BEI299a % B Y 7 hetert-7 hF Y RERSSES & HFF@Y
T =103 EEIEETHED Z S Lz (scheme 57) . £7o. VR EERAHTH
ST T V=)L 99b Z [FIERD GG & 103 3G 647z, 2k D, 99b (X 99a D a
MIZET 5o E~—Tho LWRE LT,

KOt-Bu

.\‘O\
THF Si(OH)i-Pry
rt, 10 min

94% 103

KOt-Bu

103
THF
: rt, 10 min

99b 94%

Scheme 57. Peterson type olefination of 99a and 99b

VT =103 BRI TV AL T o ICEBL, ZhETY RAL T ¢ B
{b & 4UiX 7-protoilluden-6-0l (32) < paesslerin A O TAEfEE (4) 1[TELS Z 2N TE 5, &
TOBERBELHICH o TIREE L7220 5 Zmmn v U V% TBAF Z W TEREL,
"onie7a—n 101 Z X0 SEAREFEO/NS V) MOM K THRF#E LT 104 & L7z (Scheme
58) ., VT, WELAAI D AZHWTAL 7 4 v OYE Rurxivfbzirn, ALY
F— N EiEE v FERT N U LATREICEARE LT VT ' R 105 21572, 56472 105 &
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KEAATZEF P T ATELLTTAI—106 & L7, X512, PEIR-Grieco 1 ™ % H
WTZX VA LT 42107 ~EH LT,

MOMCI 0Os0O4, NMO
TBAF i-Pr,NEt THF/H,0, rt, 16 h;
w0, - - WOMOM —
Si(OH)i-Pr,  THF DCE NalOy4, rt, 1 h
rt, 45 min 70°C,17h N 82%
quant 97% 104
OH 1) 0-NO,CeHaSeCN H
NaBH,4 BusP, THF, rt, 22 h
OMOM OMOM
MeOH 2) H,O,, THF, 50 °C, 1 h ~
0 °C, 20 min 3 58% (2 steps) Hs
quant. 106 107

Scheme 58. Synthesis of exo-olefin 107

EFPF AL 107 ICK LT TSOH R I UREHWeFx Y A L7 ¢ DR Z G L
=08, JREHIMAT 2 b OO e R a5 U EABEE L BRI GON 5 DR TH -
7= (Table 4, entries 1 and2) . = Z CEBEEZMVAEMET Z2Hitd o2 L Lz, BB
&Jg L LTRROM P, RuTOM Fe & B Selh A Rl 4 Bt LIRS, ME— . KERE
P T T Pd/BaSO, & W IZBF DA RA L7 ¢ 2 108 3R T 7= (entry 8) . L2L
MG, EmITIK 109 ZFEARM E L TH 2, TOMOSEMTIE= R4AL 7 00 108 %
1552 LT TE ol 728, MOM DS 110 2345 6 V72 B 1352 1 CHfe s 4= U
7272 EEZ 55 (entries 3, 11 and 12)
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Table 4. Attempted isomerization of exo-olefin 107

H H H H
conditions

.+OMOM .«OMOM * . OMOM * OH

H: 107 HZ 108 H: 109 H\" 110

entry condition result
1 TsOH, toluene, 50 °C not observed
2 I, benzene, 50 °C not observed
3 RhCl3, EtOH, reflux, 15 h 107 + 110 (1.5:1)
4 (PPh3)3RhCI, EtOH, reflux, 15 h no reaction
5 [HRhCO(PPhj3);], benzen, 150 °C, 60 h no reaction
6 H,, Pd/C, EtOAc, rt, 5 min 109 (4:1)
7 H,, Pd/CaCOs, PPhs, EtOAc, 60 °C, 14 h no reaction
8 Ha, Pd/BaSOy, EtOH, it, 27 h 107 + 108 + 109 (1:1.5:3.3)
9 PdCl,, Et3SiH, rt, 22 h no reaction
10 [(allyl)PdCI],, (o-tol)sP, AgOTf, CH,Cly, rt, 20 h no reaction
11 RuCls, EtOH, 80 °C, 20 min 107 + 110 (1:2)
12 RuCl,y(PPhg)s, EtOH, reflux, 14 h 107 + 110 (4:1)
13 Grubbs I, vinyloxytrimethylsilane, reflux, 17 h no reaction
14 [Fe3(CO)q,], KOH, diglym, 100 °C, 16 h no reaction

EEERF T VAL T 0 CORMNITE A EEITT Lo DL, HE L ONLIRRE
EIZL D BRPLPRFE-RE _EHESICHEELICK WED EHEHITxS, E2AT, i
\Z Crabtree filthif 72 & 0 71 F A AMESERITUT A BN B REEAMFET D & AR mIc L v
SEARTRIRAD 7208 T 2 297 2 & AR H AL TV D (Scheme 59) 7, — 5 BLEEZE Y 2 & 12 Guillou
HITKFEFHS T, Crabtree filflita VT VAL 7 0 1 28T 52 L/, =
RALTZ 4 M2ICERMALEED Z LI LTS 7, 208 H & LT Guillou 513, %
BIZHETHIRBIRFTELINT 2 DO~T it nA VU7 AIERNTDHIET, D
SARBEEIC RO A U DT LDOKFE G F~OBACHI DI Stz 7ed EHERI L TV D,
F 72, Scheidt 5 % [A£EIZ Crabtree filfitz W\ VAL 7 4 OBRMLERE L TWD

78

o

42



Guillou (2005)

H,
OH " T[ir(cod)(py)(PCy3)IBFs

92%

111
MeO OMe H OMe
pyr \I b —x—  Pyr \I T
— —|r+
N /N
CysP 8- CysP” g 8-

Scheme 59. Isomerization of exo-olefin 111 using Crabtree’s catalyst

ZIT, =X VA VLT 42 107 B TRICEMEEREEXEEZA LTS Z EIZER L,
Crabtee fiilft 2 F 7= B b 2 #3572 (Scheme 60) . £7. KEEMK K. 107 % Crabtree
fillt & B S 2 FEFI ORI Z Ih D & IBILK 109 & DIREMTIEH Db DD EMAE LD
HEITLIZ 108 RGO D Z Ebrolz, £Z T, BIAKDEREIMZ DT2OIKILE 3
STIEDIZEZ A, 108 ZEABM E LTHD Z EITlH Liz, LU s, HEHENME
<EILIK 109 L Oy EELINEETH - 72,

Hy
[Ir(cod)(py)(PCy3)IBFg H H

(10 mol%)
~OMOM * ."OMOM
CHyCly, 1,2 h s 3
H H: (1.0:28) H:
><:q 108 109
~OMOM H
2
H: [Ir(cod)(py)(PCy3)IBFg

(10 mol%)
107 108 + 109

CHZCIZ, rt, 3 min

(1.0:0.68)

Scheme 60. [somerization of exo-olefine 107 using Crabtree’s catalyst

HA4m C-HIFABRISZFMT oA (2) : Cl BALOHRIZ X DA

PLED X, A BIRATEPNZUT V7' 7— b 97 OALE RN C-H A i
ERTCZXYAFLU 10T ETHRT DI LRI LT, L LR, 7Y 787 —
&R LT DG, CQQ B Z2HEATHZ LI 7La—L 106 £ THETDDIC 6
TFEAZZ L7z (Scheme 61) . & Z T, Cl B ZE AT D72 OITH72ICT AT VEETIE AR <
RV A RS S T 113 O C-H f RIS Z5Hl L7, 56415 C-H AR 114 12
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LT, FPIVEOREL ERBIEAZITAIE, 2 TRTYA—/1 115 DGR FREIC/2 Y |
Kig7e TREOHIBO R TE D,

Previous work
H H COjEt

H N, CO,Et H
YT Rngoct), 2 ipr
B o —— o Sipr
'O” N\, ‘o0
H S i-Pr H 2
97 98
This work
H N Ts C-H H Ts _
ZY insertion _iPr 1) detosylation
. __Si—i-Pr > , /SI\_P —
07\, "o FFT 2) Tamao oxidation
H? i-Pr A2
113 114

Scheme 61. New directing group to enable one carbon insertion

T TET—F 97 OFRKEFRBEOSETT V3 —L 55 IZH LWELMEEZE A L7z

(Scheme 62) , 4El, HlROE A R Y 7 L — b i-Pr,Si(OTh), Z H\ % & HHMENE b
WRREAE U272, Corey DL P ICE Wi L b0 Z2 MW, £7-, b AV TV R
BT P HBBIC 3 TRTAR Lz, E@E0 h U VEONHKEED D), BOY
7Y Ry b— bk 113 OUERIT 32% LRV, R S1%IGRCREINTE 727290 Z D&%
BHL,

H i-Pr,Si(OTF H
TsCHl%lz,(i-Prz)l%lEt NZYTS
><:@‘OH ><:@ _Si—iPr * 55(51%)
g Et,0 07N,
H: 0°Ctort, 2h H: -Pr
55 113 (32%)

Scheme 62. Installation of silicon tethered diazotosylate

feWN T, C-H AU Ol 2 gt L7z (Table 5) o ¥ 7Y 7&®7—h 97 D C-H ﬁl
S THWZ Rhy(Oct), Tk, NUBYBLWW ML= IIEGER LT H KOS IEE T L7
/o7~ (entries 1 and 4) . L DA OEFR NI L o 2R W4, f“ﬂ:)@@ 114 O£
AR LT, SEDO A2 -T2 (entry 5) . ZOMo w0 Aa &R &5 5 il
T3 5 Rhy(OAc)s. Rhy(esp)s. Rhy(pfb), <> Ni(acac), TILJEE & [BIN T 25 DI TH > 7= (entries
2,3,6and7) , —J., Cu(acac), & 72456, C-HEAMKGAETL, 31O T AT L
F~v—IBAEWE L TSI%MNET114 2155 2 LIRS L7 (entry 8) o S A & — /L% 1 mmol
PAEICUTIT D & AR 2 10 mol%IZARId 25 2 L 28 TE 84%IUHRE Tl LS5 Z &7
T&7z (entry9) . B, C-HIFARISTRHRONTEI AT UAY—D ) H AT ¥ — (KOG
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X, afiB L OB e koD vy 7Y 7 ER (13Hz) & Figure 13 128 L7ZfFE KD
X MpAE R ERENTIC L 0 1142 S IRE L2,

Table 5. Screening of C—H insertion catalyst

13 Hz (anti)
Nox, TS wTs
Y ~_ conditions \Si/ i-Pr
_Si—i-Pr > ~iPr
i-Pr
114a

113 (16~30 umol) major diastereomer

entry condition result
1 Rhy(Oct)4 (0.1 eq), benzene, reflux, 6 h no reaction
2 Rh,(OAc), (0.2 eq), benzene, reflux, 7 h no reaction
3 Rhy(esp), (0.1 eq), benzene, reflux, 12 h no reaction
4 Rh,(Oct)4 (0.1 eq), toluene, reflux, 18 h no reaction
5 Rhy(Oct),4 (0.2 eq), xylene, reflux, 19 h 114 (trace)
6 Rhy(pfb)s (0.1 eq), toluene, reflux, 17 h no reaction
7 Ni(acac), (0.5 eq x 2), toluene, reflux, 17 h no reaction
8 Cu(acac), (0.5 eq), toluene, reflux, 17 h 114 (51%, dr 3:1)

9" Cu(acac), (10 mol%), toluene, reflux, 30 min 114 (84%, dr 4:1)

* The reaction was conducted under 1.17 mmol scale of 113.

TV R — FO C-HFHFARIGITBWT, trans-HiE D o 2 4 114a LR &
LTHELNDBEBITRO LD IZELL TS (Figure 12) . = U T AALD C-H F5H T
BOSHHEIT L2, BRE MoV E ONERRFENEL 5, —T5, THF T IALOD C-H i
BADOEHBEIL, TDO LD NARKENE TR0z 25 S OBBIRRED S B JE A9 UG 3
TLIZEBE 2 b5,

i-Pr. i-Pr
\S'/O HY
! '\ //
i-Pr P’ }’""'TS
L,Cu
favored disfavored

Figure 12. Rational for the stereoselectivity of C—H insertion reaction
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C-HEAMIGIZ X ESNTZ 114 123 LT MUV EOBREZHET L7z (Scheme 63) ,
PTLAZ = F RV YLV TLEHND —EFEICEITO &, HIIO Y o X4
Y16 (FEONT AR 11T D 81%NETA LT, FRRICY 7RI T AR TR —=v
NERWDEETH 116 XN T, ZThEnA LAY NT BLC U8 AL, Zhb
PAECTEHBIIRO X ITHATE 5, BlD, 114 1IXE WS IPED RV EEzfFo7n, %
MCAELTEA R RAF U HENIEE Ry FAF VNI AFBITAINL T, lBE-r A
FRAOHRADNE LT EB BN,

H
Na(Hg), Na,HPO, iPr
Si_ +
MeOH g FPr
0 °C, 30 min H: H =

116 (0%) 117 (81%)

Ts

\ _Si(OMe)i-Pr,

H Ts
iPr Mg turnings
s’ 116 (0%) + 117 (61%)
oo P MeOH
H: 50 °C, 40 min
114

Ts

Raney-Ni in water

116 (0%) +

EtOH .
50 °C, 40 min H S
118 (61%)

Re}
Si(OH)i-Pr,

Scheme 63. Attempted detosylation of 114

ZIT, REALRVELTVa—LREEZ QW —EFEITORFLHBEF L
(Table6) o VTV LLFTTHLYINDYFULTT7H L= FERESET, 114 LSS
DL BWIETY XY 116a #1525 Z EIZkHI LTz (entry 1) , 7 X L DY
W44 -T-tert-7 FNE T = =)V & HWT S EIFEE DU T 116a 7345 54172 (entry2) . 3
ikt~ U 7 AR AIBN/BusSnH®' % I\ % 5ot TIESUS 2347 L 727> 7= (entries 3 and 4) ,
o, VF U LAY T La VD Birch S TIEPREEDINRT 116a 2455 Z L3 T
X720, BIAERM & O BENINEETH > 7= (entries 5and 6)
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Table 6. Detosylation of siloxane 114

_j-pr  conditions _i-Pr
Nepe T S'ipr
114 (dr 4::1, 8~16 umol)
entry condition result

1 Li, naphthalene, THF, =78 °C, 1.5 h 68%

2 Li, 4,4'-di-tert-butylbiphenyl, THF, =78 °C, 1 h 62%

3 Sml,, DMPU, THF*, rt to 50 °C, 2 h no reaction

4 AIBN, Bu3SnH, toluene, reflux, 21 h 0%

5 Li, lig. NH3, THF, =78 °C, 1 h ca. 50%

6 Ca, lig. NH3, Et,0,-78 °C, 1 h ca. 60%

*refluxed with benzophenone ketyl before use

FRTHELIEYVF LT 72 L= REHWDLRNEZROGAr— Vv E EFTiTH &, &
%2 116a BL O 116b, T/ —/L 116¢ DT NLH 2 TRET 32%., 10%. 15%IXET
£ U7z (Scheme 64) . > 7 /— b W6e (ZFEIZV Y B FNAT A a~ NI T 7 4—2kD
FEROBRETrrdY 2 116a »HAE U, u X3 116b 1T/NA 7 — /L CIEHER TE 72
molexAFT—=VT AT LAY —HROEFRN TH S,

H Nos-Ts
2Y 1) Cu(acac), (10 mol%), toluene, reflux, 30 min
. _Si—iPr -
"O" O\, 2) Li, naphthalene, THF, =78 °C, 1 h
HZ i-Pr

113 (0.67mmol)
Si(OH)i-Pr;
H (OH)i-Pry
T // Pr //—Pr
’ \/ Pr ’ \/—Pr
116a(32% 116b(10% 116¢ (15%)

Scheme 64. Detosyration using lithium naphtalenide

B, T = 116¢ DAL X BAE Al IS AT IC K - THRE L7z (Figure 13)
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Si(OH)i-Pr,

Figure 13. X-ray structure of silanol 116¢

35472 116a,116b 35 L UM 116¢ 12 % L TE A E 4 Fleming—E 2 FEL 21T - 72 (Scheme 65)
116a B L 116b [LEINRTENEN Y A —/L 1152 B L 115b [CEWT 5 Z LN TE 7=,
—J7, 116¢ ISR % 100 °C £ CHR U CROSFEM A IEIX L T HIERE T, 16 FEfZIC
iz 1ES 5 & 115a & 116a, 116¢ 73 2.6:2.5:1 D TH 7=,

H H
S Si/i'Pr KF, H202, KHCOg
oo P DMF
H = 80 °C, 30 min
116a 87%
H H
_ipr KF, HyOy KHCO;
si’ >
g P DMF
H: 80°C, 1h
116b 95%
Si(OH)i-Pr,

KF, H,0,, KHCO4

115a:116a:116c = 2.6:2.5:1

OH
y DMF
H S 80 to 100 °C, 16 h

116¢

Scheme 65. Fleming—Tamao oxidation of 116

% Z T 116¢ 1IZ%} L Tk B Fleming— & B /(L % 7 # 7= (Scheme 66) , &9 . KF & 18-crown-6,
mCPBA % M\ % 55k 8 Tl 54%INRTY A4 —/b 115a 2155 Z L3 T& 7=, UL, KR
E LT 116a & 116c BEFLTEY ., I BIZZEOMOREVERY DIFELHR LT, —H.
KH &7 At Rty REfn5 Woerpel 5 D5 ¥ Tld, SR T 115a (T4
THZ LW LTz, REMEOH L7 A ReLtxy FeEHWzZ ERKILEH
TICEITSE D Z BN -T2 B Z TV D,
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KF, 18-crown-6
mCPBA . mixtures of 116a, 116¢

and other byproducts

Si(OH)i-Pry DMF
rtto 80 °C, 24 h

115a (54%)

z KH, 18-crown-6
) 116¢ PhMe,COOH, TBAF
115a (92%)
THF
50°C,3h

Scheme 66. Modified Fleming—Tamao oxidation of 116¢

ST A4— 115a Z P IR—Grieco JEIZ LV L = K 119a ~ZEH# L7~ (Scheme 67) .

0-NO,CgH,4SeCN, (Oct)sP NO,

THF g
0°Ctort, 70 min H:
89% 119a

Scheme 67. Synthesis of selenide 119a

BN T, BILAlZEZ TR L X7 RO syn-liBfEA #5F L7= (Scheme 68) , &Lk
EHOWTESGE RISBEL D =% Y A L7 1 2 110 % 40% DRI T 7=, IZ, mCPBA
WIS A 110 23 39%IER TR LAV THI R Z LI VR B @E# L7z 120 28
24% I TRIZE LTz, X EEF72i{bATédH 5 magnesium monoperoxyphthalate (MMPP)
MEWESRA. 110 DILRIT 54%F Tl E L7728, 013 119a & =R %2 121 281311
DEETAHELTNSZ L% 'HNMR BLUMS 2227 ML LD HER LT, MEtoRiR, @3
DR MY U LAEZNNEHGEIT. RbEWIETI110 2155 Z LITHRPI LT,

49



H

H20,
OH
THF y
50 °C, 30 min H =

110 (40%) o

mCPBA, NaHCO3

110 (39%) +

wOH Cl
CH,Cl,
sé 0°Ctoreflux, 1 h =z
120 (24%)
_ 2.73(d, J=5.0, 1H)
O,o 2.99 (d, J=5.0, 1H)
Mg?*-6H,0
OH H o
fo) 2
110 (54%) + 119a + wOH
NaHCOj;, THF <
0to45°C,5.5h H:
I 121 )
N
46% (119a:121 = 1.3:1)
NalO4
L——————— 110 (86%)
THF/H,O

0 °C to reflux, 3 h

Scheme 68. syn-Elimination of selenoxide
A=/ 115b b 115a & [AFRIZPER-Grieco &2 N TTZH Y A L7 ¢ 2 110 ~EH LT

(Scheme 69) . Lo T. C-HIFAKIGE RV EDOBRETE LN 3 DDA 116a &
116b. 116¢ T2 TEARRICHHTEX A Z L2 LT,

OH Sé ;
H | H 7 H
0-NO,CgH4SeCN, (Oct);P ' NO; NalO,4
wOH wOH OH
y THF y THF/H,0 \
H: 0°Ctort,5h H: 0to65°C, 1.5h H:

115b 85% 119b 92% 110

Scheme 69. Nishizawa—Grieco dehydration of 115b
%5 3 Hi  Paesslerin A O TAEME DR G AL & AEERTIE

TX VAL T 42 110 BF BT 8 paesslerin A O FAEMEE (4) (12EL 720 DK 578
X, =X VAL T 40 110 DY RA LT 4 o ~ORMALB L ORI Faxsikor
EFUETHD, T, =X VAL T 4 VORMKIZOWTHRE LZRER, KH & 1,3-07
TR F LAY AT S REAWDSEMEE R L7 (Scheme 70) ¥, = =
THEBMICRENE U, WiEtEo@En 1,3-27 2 7 Fusu 2 RS CaH, T i
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WL ChDRERE LEEbOE WD Z & TR L, ZO5RMETERMELZIT) &,
7-protoilluden-6-0l (32) % 85%NRTHD Z LTI LTz, Z OBMALOBRE) TR D L 9
ICERL TS, B, ALETINT =4 Oh I Z—hF A ThHDH IV T LHT
FATT N AXY RBRRMTEZETT AT =F U NEELSND EEZTVWD, Ak
L7232 D '"HNMR B L UMS A~ R UZEFREIS OB O b0 & —F L1z, & 512,
32 VU UUFET, BAKEREREE LTT v F bz 15 TR, BRIE 1.0%T
paesslerin A O TAEMEKE (4) OEAREER LY, Gdho 'HEB LT PC NMR, MS =
~2Z7 |k LiE Palermo H DO EEECHER YD b D& —F L7z, Lo T, paesslerin A DELOREEIE
TAEY 4 THDHZ EEZHBLMNT LT,

H KH H Ac,0 H
HoN">"NH, pyridine
WOH «OH OAc
< rt, 17 h ~ 130 °C, 26 h N
H = 85% H = 73% H:
110 7-protoilluden-6-ol (32) paesslerin A (4)

Scheme 70. Total synthesis and structural revision of paesslerin A

A% L7z paesslerin A @ 'H 38 L OV PC NMR 227 R UZWWFhs KA & B —F a2 R
L7z (Figure 14) ,
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paesslerin A (natural)
(1H NMR, 200 MHz, CDCl,)
/ﬁ 1 b Jﬁj lJU .

paesslerin A (synthetic)
(1H NMR, 500 MHz, CDCl;)

i_ § _ _ : J\_)ﬁ‘ J{L U‘L\

paesslerin A (natural)
(*C NMR, 50 MHz, CDCl3)

] f W | ! [ 1 i 1 f
3Ly | | | ' | | I r | i
i A mr e o lidlyi Ry i
L | . 1
. - o : - — - - — ; - - e e o S
o ee o oo e e o 50 < 30 de ;

paesslerin A (synthetic)
(*C NMR, 125 MHz, CDCls)

J

TR o e - == = 7o = = = = = Y = B £ B s

Figure 14. Comparison of 'H and *C NMR spectra of natural and synthetic paesslerin A
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F4F MR

EHIX TNV =T BN RN L DTV =) F T ADa, - A EEFIT AT L ~D
AF LIS Db 21TV SO AFRERCTHAIMAZ 1572 (Scheme 71) , #t< 3 L
F2C pancratistatin B D 7 /L v A RIZH@ET 55 AHEE LT, Z OFIE)» bk 728k
KEGHTHZENARTH D, fHFHNTZ 2 DOLRKREZH#HNVIZCRIZ3 2O ke
F A NVRBRINTEA LT, REICEMREZIAT, 710007 I RO ZITD
22 Tf, #RIXEE 2.8% T(+)-trans-dihydronarciclasine @ 3 5l H & 72 5 RE AR Z #EK LT,

Li O/>

O ! 3 steps
< : o
(0]

OMe OTr CO,t-Bu

asymmetric COt-Bu
conjugate addition

OMe OTr OMe
common skeleton of

pancratistatin-class alkaloids
OH

OAc OAc
) PhI=O
OAc 2) NaClO, OAc —
mild oxiation of O
amine to imine

OMe O OH O
)-trans-dihydronarciclasine

Scheme 71. Total synthesis of (+)-trans-dihydronarciclasine

T, YT N — 7 TRIFE STz THNH Z it & -2 Z a0 H e S Z £ U paesslerin
A DZBRMWEHAZ —ZITHE L7 (Sheme 72) , FEFIIT A R+ TEBINTTT Y b
— & Rla ik &5 C-H ARS8 BUSBRYE L vymm%%y—ﬁyc1$ﬁ%%ﬂ
THZ LI LT, ZRICEY, #iESNLY T Y 7T — haRmiks 3255812k
NTCKRBICCREEARIRT 2208 TE, BV VLTI RZHWLZXRY A LT 1D
T RA VT 4 OB A T 15 T, ¥IE 1.0%T paesslerin A DA & 70 % 4
BREER L, THABEREOBETHDL Z EE2HALMNI Lz, RAIFF3EA2 3 L TN E
R\ % RO R R UG TED R 2 72510 TR & e o 7273, 7 m~F 4 B BICE R
FRFZEANL CHEREALSHRA GBI 2 2 & THRIISEW -, L LIcAaEZ AT
AUE, £ ERALEE D E L melleolide K X° atlanticone D D X 9 77 a0 A L H B AFT L~
J A ROEEHRASHPRETH 5,

53



><j A COMe  Tf,NH (cat.)
+ + ||/ —_—
/

OTBS CH,Cly, 40 °C

multi-component
domino reaction

NzyTS
. Si—iPr
© i-Pr

B —

KH
Cu(acac), HoN">"NH,
C—-H insertion of then
silicon tethered : E Ac,0, py
diazotosylate

paesslerin A
(revised structure)

Scheme 72. Total synthesis of paesslerin A
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Eifat

ABFFENTHHRRFERFGCE P TEREE S A AL RN T MR EX O EO T
TNt OTHY, 22DV ESHELR L P ET,

BTN DAEOR L SRPEC, MHRISH T 222 @RS T SV E LR
RFBESADITERE - (LRI O I D EILER L B £9, £72, ZRREI5, #i
NETANTRER T EESR - BiiEEdR (i FSHERFRFIANEdR) | OISR

FRFBESEANTER « LB AL AU ED B ORI O X VL L B ET,

ERLZORMER LRI E RO L SREL &, R0 W2 HFRETE R RS
B E R AR e - RBSCREER, LT G WeEdR) | RIRRBhE G [
REFRFGE TR HEBdR) (SO RV IE#HOBEZR L ET,

AR E 2 L, AFFELISC B PR < FHRRIC O o TIEW - ZHERHE 120 L 0 Bt oE &2 %
LE7,

KL DOFITIZH T2V | (+)-trans-dihydronarciclasine DAFFT A % N7 L 7= M. A. Mohamed 1%
+. ATONT paesslerin A D EFEAEGLE 2 BATE U 7ok BN I 2 IR S BGHE L £,

TR R ABCIEAIIER » ) fh IR, WO AERIZRIZIT, e igi L TIHE
Z DTHREGY £ LT, RERDEHOBERLET,

AR RET D E R L ORI 2 E L TIHE £ Lo R A o=
AN TR AR R TR AT B Mk D45 UK E L £97

FAD Z L i 2 3 E LA T < AV FUROR AR o (Ll R A BRI R < G L £9,

MOFRZEEL, REFREZLIR RO, AR Z XA TN - 18k, B - e
(D BIRS EHE L £ T,

KERIND, ABFOBITH L OAGRCOBEIC DT | ST 0> B /2R 25 T
Fel L CF & 7 AT R I R ORI L b £ 9,
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FERIA

General. Silica gel was used for column chromatography. Thin layer chromatography (TLC) was
visualized using a combination of UV and phosphomolybdic acid, anisaldehyde, ninhydrin, and
potassium permanganate staining. NMR (500 MHz for 'H and 125 MHz for °C) was measured in
CDCl; unless otherwise mentioned. Chemical shifts and coupling constants are presented in ppm d
relative to tetramethylsilane and Hz, respectively. Abbreviations are as follows: s, singlet; d, doublet;
t, triplet; q, quartet; m, multiplet; br, broad. °C peak multiplicity assignments were made based on
DEPT data. The wave numbers of maximum absorption peaks of IR spectroscopy are presented in
cm ', All reagents were purchased from chemical companies and used as received. Dehydrated
solvents were purchased for the reactions and used without further desiccation unless otherwise

mentioned.

Br 1) NaBH4, THF/EtOH, 0°C O Br

¢ CHO 2) TrCl, pyridine, 100 °C o) OTr

OMe OMe
S2

6-Bromo-4-methoxybenzo|d][1,3]dioxole-5-methanol (S1): To a solution of
6—brom0—4—methoxybenzo[af][1,3]dioxole—S—carbaldehyde87 (8.30 g, 32.0 mmol) in THF (140 mL),
cooled in an ice-water bath, were added NaBH, (1.84 g, 48.7 mmol) and EtOH (47 mL). The cooling
bath was removed, the mixture was stirred for 30 min, and the reaction was quenched with saturated
aqueous NH4Cl (25 mL). The whole was extracted with EtOAc (500 mL), and the organic layer was
washed with brine, dried over Na,SO,, and concentrated in vacuo to give the title compound as pale
yellow solids (8.31 g), which was used directly in the next step without further purification. An
analytical sample was obtained by recrystallization from hexane/EtOAc (2:1) as white blocks of mp
7576 °C: R¢ 0.29 (hexane/EtOAc 3:1). '"H NMR: 2.12 (t, J = 6.5, 1H), 4.05 (s, 3H), 4.76 (d, J= 6.5,
2H), 5.95 (s, 2H), 6.77 (s, 1H). °C NMR: 60.1 (CH,), 60.2 (CHs), 101.6 (CH,), 107.3 (CH), 115.8
(C), 125.4 (C), 136.2 (C), 142.6 (C), 149.6 (C). IR (KBr): 3340, 2955, 2893, 1620, 1466, 1412, 1358,
1258, 1227, 1089, 1057, 1011. EIMS m/z: 262 (M+2), 260 (M"), 245 (M+2—-OH), 243 (M—OH), 181
(M-Br). Anal. caled. for CoHgBrOy4: C, 41.41; H, 3.47. found: C, 41.34; H, 3.46.

6-Bromo-4-methoxy-5-(trityloxymethyl)benzo[d][1,3]dioxole (S2): To a stirred solution of S1
(8.31 g) in dry pyridine (166 mL) was added TrCl (17.8 g, 63.9 mmol) at 100 °C. After 7 h, the
reaction mixture was extracted with EtOAc (3 x 400 mL), and the combined organic layers were
washed with brine and dried over Na,SO,4. Concentration and recrystallization from EtOH/CHCl;
(4:1) gave the title compound (13.3 g, 83%) as off-white needles of mp 173-174 °C: Ry 0.62
(hexane/EtOAc 4:1 x 2). 'H NMR: 3.90 (s, 3H), 4.19 (s, 2H), 5.95 (s, 2H), 6.77 (s, 1H), 7.22-7.25



(m, 3H), 7.29-7.32 (m, 6H), 7.55-7.57 (m, 6H). *C NMR: 59.9 (CH3), 60.3 (CH,), 86.6 (C), 101.5
(CH,), 107.6 (CH), 117.4 (C), 123.8 (C), 126.9 (CH), 127.6 (CH), 129.2 (CH), 136.5 (C), 143.3 (C),
144.2 (C), 149.5 (C). IR (KBr): 3055, 3017, 2947, 2885, 1620, 1466, 1420, 1350, 1265, 1219, 1157,
1088, 1049. EIMS m/z: 261 (M+2—CPh;), 259 (M—CPh;), 243 (CPh;), 228, 215, 200, 180, 165
(M-Br—OCPh;), 77. FABMS m/z: 506 (M+2+H), 504 (M+H). Anal. calcd. for C,sH3BrO4: C,
66.81; H, 4.61. found: C, 66.56; H, 4.71.

o)
OMe />
©/ 1) NHs, Na, EtOH, —78 °C Q\o
2) (CH,0H),, TSOH, CH,Cly, rt
CO,H CO.H
s3

5,5-Ethylenedioxycyclohex-1-enecarboxylic Acid (S3):88 To liquid ammonia (400 mL) was added
a slurry of m-anisic acid (25.0 g, 164 mmol) in EtOH (90 mL) at —78 °C. To the stirred mixture was
added sodium (15 g, 0.65 mol) in small pieces over 1 h. After 1 h, the reaction mixture was allowed
to warm up to rt and stirred for additional 3.5 h. After ice-water (600 mL) was added, the mixture,
cooled in an ice bath, was acidified with 10% HCI to pH 4. The resulting precipitates were collected
by filtration, washed with water, and dried in vacuo to give white solids (18.3 g) of mp 85-88 °C. To
a stirred solution of the solids in CH,Cl, (120 mL) were added ethylene glycol (17.7 g, 285 mmol)
and p-TsOH<H,O (1.14 g, 6.00 mmol) at rt. After 2 h, water (200 mL) was added, and the aqueous
layer was extracted with EtO; (2 x 100 mL). The combined organic layers were washed with brine,
dried over Na,SO,, and concentrated in vacuo to give pale yellow solids (20.9 g), which was
recrystallized from benzene to give the title compound (13.5 g, 45%) as pale yellow blocks of mp
70-72 °C: R¢ 0.35 (hexane/EtOAc 1:1 x 2). 'H NMR: 1.77 (t, J = 6.5, 1H), 2.46-2.51 (m, 4H),
3.98-4.04 (m, 4H), 7.14 (m, 1H). C NMR: 25.1 (CH,), 30.1 (CH,), 34.2 (CH,), 64.5 (CH,), 107.5
(0), 127.8 (C), 141.4 (CH), 171.8 (C). IR (KBr): 1682, 1636, 1427, 1366, 1281, 1150, 1065. EIMS
m/z: 184 (M"), 169, 152, 139, 125, 109, 95. Anal. calcd. for CoH,,04: C, 58.69; H, 6.57. found: C,
58.50; H, 6.40.

Me, Ot-Bu

(0] Y (0]
D o D
o Me Ot-Bu o
benzene, reflux
CO,H COyt-Bu
S3 6

tert-Butyl 5,5-Ethylenedioxycyclohex-1-enecarboxylate (6): To a refluxing solution of
o,B-unsaturated carboxylic acid S3 (1.84 g, 10.0 mmol) in dry benzene (15 mL) was added
(+-Bu0),CHNMe,* (19.2 mL, 80.3 mmol) over 40 min. After 3 h, the reaction mixture was cooled
to rt; washed with water (20 mL), saturated NaHCO; (2 x 20 mL), and brine; dried over Na,SO,, and
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concentrated in vacuo. The residue was recrystallized from hexane to give the title compound (2.12
g, 88%) as pale yellow blocks of mp 60—61 °C: Ry 0.60 (hexane/EtOAc 4:1 x 2). "H NMR: 1.47 (s,
9H), 1.74 (t, J = 6.5, 2H), 2.39-2.47 (m, 4H), 3.97-4.04 (m, 4H), 6.91 (m, 1H). >C NMR: 24.7
(CH,), 28.0 (CHs3), 30.2 (CH,), 34.7 (CH,), 64.5 (CH,), 80.2 (C), 107.8 (C), 129.8 (C), 137.3 (CH),
166.0 (C). IR (KBr): 2986, 2939, 2885, 1697, 1651, 1366, 1281, 1165, 1057. EIMS m/z: 240 (M),
184, 167, 154, 139, 57 (-Bu). Anal. calcd. for C;3H,004: C, 64.98; H, 8.39. found: C, 64.72; H, 8.31.

Ph  Ph O/>

_ o) — o
Li MeO 7 OMe O
(6]

< + -
o toluene, -78°C O COt-Bu
5 OMe OTr 6 COyt-Bu OMe OTr

cis- and trans-8

tert-Butyl (1R,25)- and (1S,25)-5,5-Ethylenedioxy-2-(7-methoxy-6-(trityloxymethyl)benzo
[d][1,3]dioxol-5-yl)cyclohexanecarboxylate (cis- and trans-8): To a solution of chiral ligand 7°°
(800 mg, 3.30 mmol) and aryl bromide S2 (1.51 g, 3.00 mmol) in dry toluene (40 mL) was added a
1.59 N hexane solution of BuLi (1.90 mL, 3.02 mmol) over 5 min at —78 °C, and the mixture was
stirred for 1.5 h. A solution of a,B-unsaturated ester 6 (241 mg, 1.00 mmol) in dry toluene (9 mL + 1
mL washing) was added over 30 min, and the mixture was stirred for another 1.5 h. The reaction was
quenched by the addition of dry MeOH (1.5 mL), and saturated aqueous NH4CIl (25 mL) was
subsequently added. The whole was extracted with EtOAc (50 mL + 2 x 25 mL), and the combined
organic layers were washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue
was purified by column chromatography (hexane/EtOAc 6:1) to afford a 96:4 mixture of the title
compounds with 92% ee (611 mg, 92% combined yield) as colorless amorphous of mp 122-125 °C:
[oc]ZSD —1.44 (c 2.14, CHCI;). 'H and C NMR, IR, MS were in agreement with those of the racemic
samples (vide infra).

The diastereomeric ratio was determined based on the integration area of the '"H NMR singlet
signals at 1.18 and 0.97 ppm ((CHj3);C of the major and minor isomers, respectively). The ee of the
major isomer was determined by HPLC (Daicel Chiralpak AD-H, hexane/i-PrOH = 100/1, 1 mL/min,
254 nm, minor 35.3 min and major 39.3 min). The relative configuration was confirmed by
epimerization of rac-cis-8 to rac-trans-8 under basic condition (vide infra). The absolute
configuration was determined by the conversion into frans-dihydronarciclasine (1). The chiral ligand

7 was recovered quantitatively.
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0 THF,-78°C O CO.t-Bu
5 OMe OTr 6 CO,t-Bu OMe OTr
rac-cis-8
tert-Butyl (1RS,28R)-5,5-Ethylenedioxy-2-{7-methoxy-6-(trityloxymethyl)benzo[d][1,3]di-

oxol-5-yl}cyclohexanecarboxylate (rac-cis-8): To a solution of aryl bromide S2 (11.1 g, 22.1
mmol) in dry THF (80 mL) was added a 1.65 N hexane solution of BuLi (13.3 mL, 21.9 mmol) over
10 min at =78 °C. After 2.5 h, a solution of a,-unsaturated ester 6 (4.80 g, 20.0 mmol) in dry THF
(40 mL) was added over 20 min, and the mixture was stirred for another 20 min. The reaction was
quenched by the addition of dry MeOH (24 mL), and saturated aqueous NH4CI (200 mL) was
subsequently added. The whole was extracted with EtOAc (3 x 400 mL), and the combined organic
layers were washed with brine, dried over Na,SO,, and concentrated in vacuo. The resulting pale
yellow solids was reprecipitated from EtOAc/EtOH (1:2) to afford the title compound (11.4 g, 86%)
as white solids of mp 203-204 °C: R; 0.25 (hexane/EtOAc 4:1). '"H NMR: 1.18 (s, 9H), 1.45-1.51
(m, 2H), 1.69 (m, 1H), 1.82 (m, 1H), 2.01 (dd, J = 6.5, 14.0, 1H), 2.33 (m, 1H), 2.60 (ddd, J = 6.0,
6.0, 6.5, 1H), 2.80 (m, 1H), 3.89-3.94 (m, SH), 4.00 (s, 3H), 4.33 (d, J=9.5, 1H), 5.91 (s, 2H), 6.83
(s, 1H), 7.24 (t, J = 7.5, 3H), 7.31 (t, J= 7.5, 6H), 7.53 (d, J = 7.5, 6H). °C NMR: 27.1 (CH,), 27.8
(CH3;), 33.5 (CHy), 36.1 (CH,), 37.0 (CH), 44.6 (CH), 56.7 (CH,), 59.6 (CHj), 64.1 (CH,), 64.3
(CH,), 79.6 (C), 86.6 (C), 100.8 (CH,), 104.2 (CH), 108.2 (C), 121.4 (C), 126.9 (CH), 127.6 (CH),
128.9 (CH), 134.6 (C), 138.6 (C), 142.3 (C), 144.1 (C), 148.3 (C), 172.2 (C). IR (KBr): 3063, 2970,
2939, 2885, 2777, 1728, 1620, 1481, 1443, 1373, 1219, 1150, 1042. FABMS m/z: 687 (M+Na).
EIMS m/z: 365, 347, 319, 303, 275, 257, 243 (CPh3), 228, 215, 203, 181, 165, 152, 143, 133, 115,
99, 84, 77, 57 (+-Bu). HRMS-FAB m/z: [M+Na]" calcd. for C4;H4405Na, 687.2934; found, 687.2944.
Anal. calcd. for C4;H4405: C, 74.08; H, 6.67. found: C, 73.84; H, 6.67.

O/> O}

) O (¢}
<o Li /> 0 dry EtOH O
+ o —— —_— :
o THF,-78°C O COABU  refux 0 CO,tBu
5 OMe OTr 6 COut-Bu OMe OTr OMe OTr
rac-cis- and trans-8 rac-trans-8
tert-Butyl (1RS,2RS)-5,5-Ethylenedioxy-2-{7-methoxy-6-(trityloxymethyl)benzo[d][1,3]di-

oxol-5-yl}cyclohexanecarboxylate (rac-trans-8): To a solution of aryl bromide S2 (4.53 g, 9.00
mmol) in dry THF (30 mL) was added a 1.51 N hexane solution of BuLi (5.90 mL, 8.91 mmol) over
10 min at =78 °C. After 2 h, a solution of o,B-unsaturated ester 6 (1.08 g, 4.49 mmol) in dry THF

(10 mL) was added over 10 min, and the mixture was stirred for another 2 h. To the reaction mixture
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was added dry EtOH (5.9 mL) and the resulting mixture was heated under reflux for 7 days. After
cooling to rt, brine was added, ant the organic solvents were removed under reduced pressure. The
remaining aqueous layer was extracted with EtOAc (2 x 100 mL), and the combined organic layers
were washed with brine, dried over Na,SOy4, and concentrated in vacuo. The residue was purified by
column chromatography (hexane/EtOAc, 4:1) to afford a 98:2 mixture of the title compound and
rac-cis-7 (2.78 g, 93% combined yield) as pale yellow solids. Recrystallization from EtOAc/EtOH
(2:1) gave a diastereomerically pure sample (2.22 g, 80%) as pale yellow blocks of mp 193-194 °C:
R¢ 0.25 (hexane/EtOAc 4:1). '"H NMR: 0.97 (s, 9H), 1.38-1.50 (m, 2H), 1.55-1.65 (m, 2H),
1.82-1.92 (m, 2H), 2.51 (ddd, J = 3.0, 11.5, 12.0, 1H), 2.65 (ddd, /= 3.0, 11.5, 12.5, 1H), 3.88 (d, J
=9.5, 1H), 3.92-3.95 (m, 4H), 3.96 (s, 3H), 4.45 (, J=9.5, 1H), 5.90 (d, J = 1.5, 1H), 5.92 (d, J =
1.5, 1H), 6.54 (s, 1H), 7.23-7.25 (m, 3H), 7.29-7.32 (m, 6H), 7.53-7.55 (m, 6H). °C NMR: 27.6
(CH3;), 32.5 (CHy), 34.8 (CH,), 37.8 (CH,), 40.5 (CH), 48.3 (CH), 56.5 (CH,), 59.7 (CHj3), 64.3
(CH,), 64.4 (CH,), 79.6 (C), 86.6 (C), 100.8 (CH,), 101.6 (CH), 108.1 (C), 121.5 (C), 127.0 (CH),
127.7 (CH), 129.0 (CH), 134.8 (C), 139.3 (C), 142.2 (C), 144.3 (C), 149.0 (C), 172.7 (C). IR (KBr):
3063, 2970, 2885, 1720, 1620, 1481, 1443, 1366, 1280, 1250, 1211, 1150, 1042. EIMS m/z: 421
(M-CPhs), 365, 347, 319, 257, 243 (CPh;), 215, 203, 165, 143, 77, 57 (¢-Bu). FABMS m/z: 687
(M+Na). Anal. calcd. for C41H440g: C, 74.08; H, 6.67. found: C, 74.08; H, 6.62.

O/> O/>
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0 1) KOt-Bu, H,0, 1,4-dioxane, reflux 0]

<o CO.t-Bu  2) recrystallization from hexane/EtOAC O COH
OMe OTr 8 OMe OTr 9

(1S,25)-5,5-Ethylenedioxy-2-{7-methoxy-6-(trityloxymethyl)benzo[d] [1,3]dioxol-5-yl} cy-

clohexanecarboxylic Acid (9): To a solution of cis-8 (1.10 g, 1.65 mmol) in 1,4-dioxane (33 mL)
were added H,O (0.45 mL, 25 mmol) and a 1 M THF solution of KO#Bu (25 mL, 25 mmol), and the
mixture was heated under reflux for 21 h. After cooling to rt, saturated aqueous NH,4Cl1 (10 mL) and
brine (50 mL) were added. The mixture was extracted with EtOAc (2 x 100 mL), and the combined
organic layers were dried over Na,SO4 and concentrated in vacuo. The residue was purified by
column chromatography (hexane/EtOAc 1:1) to afford the title compound (901 mg, 90%) as white
amorphous. Recrystallization from hexane/EtOAc (1:1) gave a racemic compound (93.4 mg, 10%)
as white solids of mp 223-224 °C. Concentration of the mother liquor provided the title compound
(814 mg, 90%) with >99% ee as colorless amorphous of mp 142-145 °C: Ry 0.29 (hexane/EtOAC
1:1). [a]®p +10.6 (¢ 1.49, THF). '"H NMR (DMSO-d6): 1.24 (m, 1H), 1.33 (dd, J = 12.0, 13.0, 1H),
1.49 (m, 1H), 1.57 (m, 1H), 1.66 (m, 1H), 1.81 (br d, J = 12.0, 1H), 2.50-2.63 (m, 2H), 3.86 (s, 4H),
3.91 (s, 3H), 3.95 (d, J= 9.0, 1H), 4.22 (d, J = 9.0, 1H), 5.98 (s, 2H), 6.45 (s, 1H), 7.26-7.29 (m,
3H), 7.33-7.36 (m, 6H), 7.45-7.46 (m, 6H), 11.7 (s, 1H). °C NMR (DMS0-d6): 32.0 (CH,), 34.3

60



(CH,), 37.9 (CH,), 39.5 (CH), 46.5 (CH), 55.8 (CH,), 59.5 (CHj3), 63.8 (CH,), 63.9 (CH,), 86.0 (C),
100.6 (CH), 101.0 (CH,), 106.9 (C), 120.9 (C), 127.0 (CH), 127.8 (CH), 128.5 (CH), 134.5 (C),
139.3 (C), 141.8 (C), 143.8 (C), 148.8 (C), 174.4 (C). IR (KBr): 3449, 3055, 2947, 2893, 2677, 1705,
1620, 1481, 1381, 1281, 1219, 1126, 1042. FABMS m/z: 609 (M+H), 608 (M"), 349 (M—OCPhs),
307, 289, 243 (CPhj), 154. Anal. calcd. for C57H;3605: C, 73.01; H, 5.96. found: C, 72.96; H, 5.99.
The ee was determined in the next step.
o o}
b X
0] . 1) DPPA, Et3N, toluene, rt to reflux O O

<o CoH 2) t-BUOH, TMSCI, CH,Cl,, rt o) " NBoc
OMe OTr 9 OMe M1

(4aS,11bR)-5-tert-Butoxycarbonyl-3,3-ethylenedioxy-7-methoxy-1,2,3,4,4a,5,6,11b-octahy-
dro[1,3]dioxolo[4,5-j]phenanthridine (11): To a stirred solution of carboxylic acid 9 (1.60 g, 2.63
mmol) and EtN (0.80 mL, 5.8 mmol) in dry toluene (50 mL) were added powdered molecular
sieves 4A (1.6 g) and (PhO),P(=O)N; (0.59 mL, 2.7 mmol), and the mixture was stirred for 1 h at rt
and heated under reflux for 2 h. The mixture was cooled to rt, and insoluble materials were removed
by filtration through a sintered glass funnel and washed with CHCl;. The combined filtrate and
washings were concentrated in vacuo, and the residue was dissolved in dry CH,Cl, (50 mL). To the
solution were added #~BuOH (13 mL) and TMSCI (1.7 mL, 14.0 mmol), and the mixture was stirred
for 18 h at rt. To the mixture was added saturated aqueous NaHCO; (50 mL), and the organic layer
was separated. The aqueous layer was extracted with CHCl; (100 mL, 2 x 50 mL), and the combined
organic layers were washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue
was purified by column chromatography (hexane/EtOAc 6:1) to afford the title compound (751 mg,
68%) with >99% ee as colorless amorphous of mp 152—154 °C: Ry 0.33 (hexane/EtOAc 3:1). [oc]25D
+31.6 (¢ 1.08, CHCl;). '"H NMR: 1.44 (s, 9H), 1.62 (dd, J = 12.0, 12.0, 1H), 1.73-1.76 (m, 2H), 1.94
(m, 1H), 2.27 (m, 1H), 2.40 (ddd, J = 3.0, 10.0, 11.0, 1H), 2.53 (br d, J = 12.0, 1H), 3.30 (ddd, J =
3.0, 11.0, 12.0, 1H), 3.58 (d, J = 15.0, 1H), 3.97-3.99 (m, 7H), 5.37 (d, J = 15.0, 1H), 5.90 (s, 1H),
5.91 (s, 1H), 6.48 (s, 1H). °C NMR: 24.5 (CH,), 28.5 (CH3), 34.9 (CH,), 37.6 (CH,), 40.2 (CH,),
41.0 (CH), 55.9 (CH), 60.1 (CH3;), 64.4 (CH,), 64.5 (CHy), 79.5 (C), 99.0 (CH), 100.7 (CH,), 108.7
(0), 122.5 (C), 133.6 (C), 134.8 (C), 139.2 (C), 148.2 (C), 155.2 (C). IR (KBr): 2978, 2893, 1682,
1620, 1481, 1396, 1288, 1227, 1165, 1080, 1049. FABMS m/z: 442 (M+Na), 418, 362 (M—-Bu),
318 (M-Boc), 218, 154, 136, 57 (t-Bu). HRMS-FAB m/z: [M+Na]" calcd. for CyHNNaO-,
442.1842; found, 442.1857. Anal. calcd. for C,o,H,907: C, 62.99; H, 6.97; N, 3.34. found: C, 62.99;
H, 6.70; N, 3.37. The ee was determined by HPLC (Daicel Chiralpak AD-H, hexane/i-PrOH = 20/1,

1 mL/min, 254 nm, minor 15.3 min and major 19.7 min).
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OMe rac-11 OMe rac-12
(4aSR,11bRS)-7-Methoxy-1,4,4a,5,6,11b-hexahydro[1,3]dioxolo[4,5-j]phenanthridin-3(2H)-one
(S4): To a stirred solution of rac-11 (1.22 g, 2.91 mmol) in CHCl; (30 mL) was added TFA (15 mL)

at 0 °C, and the mixture was stirred at rt for 18 h. The TFA was azeotropically removed with toluene,
and the residue was dissolved in CHCl; (100 mL). The solution was washed with water (50 mL) and
saturated aqueous NaHCO; (50 mL), dried over Na,SOy4, and concentrated in vacuo to afford the title
compound (720 mg) as pale yellow solids, which was used directly in the next step without further
purification. An analytical sample was obtained by reprecipitation of the pale yellow solids from
hexane/EtOAc (1:1) as golden red solids of mp >150 °C (dec): Ry 0.31 (EtOAc/MeOH 9:1). 'H
NMR: 1.50 (m, 1H), 2.40-2.79 (m, 7H), 3.89 (dd, J = 2.0, 16.5, 1H), 4.00 (s, 3H), 4.13 (d, /= 16.5,
1H), 5.89 (m, 2H), 6.54 (s, 1H). °C NMR: 27.6 (CH,), 41.1 (CH,), 42.3 (CH), 44.4 (CH,), 48.4
(CHy), 58.0 (CH), 59.2 (CHj3), 99.9 (CH), 100.6 (CHy), 120.4 (C), 130.4 (C), 133.9 (C), 139.7 (C),
148.0 (C), 208.7 (C). IR (KBr): 2924, 2885, 1712, 1620, 1481, 1319, 1304, 1273, 1218, 1134, 1057.
FABMS m/z: 276 (M+H), 275 (M"), 274 (M—H), 218, 154, 136. HRMS-FAB (m/z): [M+H]" calcd.
for Cy5HsNOy, 276.1236; found, 276.1236.
(4aSR,11bRS)-7-Methoxy-1,4,4a,11b-tetrahydro[1,3]dioxolo[4,5-j]phenanthridin-3(2H)one
(rac-12): To a stirred suspension of PhI=0 (1.61 g, 7.32 mmol) and BusNI(193 mg, 0.523 mmol) in
CH,Cl, (60 mL) was added water (0.60 mL), and the mixture was stirred at rt for 15 min. To this
suspension, S4 (720 mg) in CH,Cl, (75 mL + 5 mL washing) was added over 5 min. After 2 h, the
reaction was quenched with 5% aqueous Na,S,0; (150 mL), and the whole was extracted with
CHCI; (2 x 100 mL). The combined organic layers were washed with water (200 mL), dried over
Na,SO,, and concentrated in vacuo. The residue was purified by column chromatography
(CHCI5/EtOAc 1:1) to afford the title compound (524 mg, 66%) as pale brown solids of mp
167-168 °C: Ry 0.27 (CHCI3/EtOAc 1:1). "H NMR: 1.63 (dddd, J = 5.0, 12.0, 13.0, 14.0, 1H), 2.45
(ddd, J = 6.0, 14.0, 14.5, 1H), 2.55-2.75 (m, 4H), 3.07 (ddd, J = 2.0, 5.0, 14.5, 1H), 3.22 (m, 1H),
4.09 (s, 3H), 5.97 (d, J = 1.0, 1H), 5.98 (d, J = 1.0, 1H), 6.54 (s, 1H), 8.56 (d, J = 3.0, 1H). °C
NMR: 25.8 (CHy), 37.4 (CH), 40.1 (CH,), 49.0 (CHy), 59.9 (CHs), 60.3 (CH), 98.7 (CH), 101.4
(CHy), 114.8 (C), 134.4 (C), 135.3 (C), 141.9 (C), 152.1 (C), 155.5 (CH), 209.8 (C). IR (neat): 2955,
2885, 1712, 1620, 1597, 1481, 1427, 1365, 1326, 1303, 1234, 1134, 1042. FABMS m/z: 274 (M+H),
154, 136. HRMS-FAB (m/z): [M+H]" calcd. for C;sH;¢NOy, 274.1079; found, 274.1078.
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(4aSR,11bRS)-7-Methoxy-1,4a,5,11b-tetrahydro[1,3]dioxolo[4,5-j]phenanthridine-3,6(2H,
4H)-dione (rac-13): To a solution of imine rac-12 (258 mg, 0.944 mmol) in THF (30 mL) were
added 2-methyl-2-butene (1.9 mL, 18 mmol), water (19 mL), NaH,PO4+2H,0 (1.45 g, 9.29 mmol),
and NaClO; (844 mg, 9.33 mmol) at 0 °C. The mixture was stirred at rt for 19 h. Then, water (30
mL) was added, and the whole was extracted with CHCl; (100 + 50 mL). The combined organic
layers were washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue was
purified by column chromatography (acetone/hexane 1:1) to afford the title compound (226 mg,
83%) as off-white solids of mp >240 °C (dec): R¢0.21 (hexane/acetone 1:1). 'H NMR: 1.68 (m, 1H),
2.48-2.70 (m, 5H), 2.99 (ddd, J = 3.5, 11.5, 12.0, 1H), 3.51 (ddd, J = 5.0, 12.0, 12.5, 1H), 4.08 (s,
3H), 5.65 (br s, 1H), 6.01 (d, J= 1.5, 1H), 6.03 (d, J = 1.5, 1H), 6.52 (s, 1H). °C NMR: 25.7 (CH,),
40.0 (CHy), 41.4 (CH), 45.8 (CH,), 53.8 (CH), 60.8 (CH3), 99.4 (CH), 101.7 (CH,), 115.7 (C), 137.3
(C), 137.4 (C), 145.0 (C), 152.2 (C), 163.8 (C), 206.3 (C). IR (KBr): 1720, 1674, 1612, 1474, 1335.
EIMS m/z: 289 (M"), 261, 243, 219, 204, 186. HRMS-EI (m/z): [M]" caled. for C;sH;sNOs,
289.0950; found, 289.0952.
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(4aS,11bR)-5-tert-Butoxycarbonyl-7-methoxy-1,4,4a,5,6,11b-hexahydro[1,3]dioxolo[4,5-j]phena
nthridine-3(2H)-one (14): A solution of 11 (246 mg, 0.586 mmol) in AcOH/THF/ water (2:1:1, 8
mL) was heated at 80 °C for 17 h. Then, the reaction was quenched by the addition of saturated
aqueous NaHCOs; (20 mL), and the whole was extracted with EtOAc (3 x 15 mL). The combined
organic layers were washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue
was purified by column chromatography (hexane/EtOAc 5:1) to afford the title compound (151 mg,
69%) as colorless amorphous of mp 73-75 °C: R 0.21 (hexane/EtOAc 3:1). [oc]25D +46.1 (¢ 1.35,
CHCl3). '"H NMR: 1.43 (s, 9H), 1.80 (dddd, J = 4.5, 11.5, 12.0, 13.0, 1H), 2.44-2.52 (m, 2H),
2.56-2.65 (m, 2H), 2.80 (ddd, J = 2.5, 11.5, 12.0, 1H), 3.15 (br d, J = 14.0, 1H), 3.36 (ddd, J = 3.5,
11.0, 11.5, 1H), 3.65 (d, J = 15.0, 1H), 4.00 (s, 3H), 5.41 (d, J = 15.0, 1H), 5.91 (d, J = 1.0, 1H),
5.93 (d, J= 1.0, 1H), 6.49 (s, 1H). >C NMR: 25.0 (CH,), 28.2 (CH3), 37.3 (CH,), 40.2 (CH,), 40.2
(CH), 47.1 (CH), 56.7 (CH), 59.9 (CHs), 80.1 (C), 98.9 (CH), 100.8 (CHy), 122.3 (C), 132.1 (C),
134.9 (C), 139.1 (C), 148.3 (C), 154.6 (C), 208.2 (C). IR (KBr): 2924, 1690, 1620, 1481, 1396, 1304,
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1250, 1157, 1072. FABMS m/z: 398 (M+Na), 342, 323, 274 (M-Boc), 199, 173. HRMS-FAB (m/z):
[MJrNa]+ calcd. for C,yH,5sNNaOg, 398.1580; found, 398.1569.

o] OTMS
o] 0 LDA, TMSCI O 0
<o O " Neoc THF, —78 °C <o O " Neoc
OMe

rac-14 OMe rac-15

(4aSR,11bRS)
-5-tert-Butoxycarbonyl-7-methoxy-3-{(trimethylsilyl)oxy}-4,4a,6,11b-tetrahydro-[1,3]dioxolo[4,
5-jlphenanthridine (rac-15): To a stirred solution of diisopropylamine (0.080 mL, 0.57 mmol) in
dry THF (0.4 mL) at 0 °C was added a 1.63 N hexane solution of BuLi (0.33 mL, 0.54 mmol). The
mixture was stirred for 40 min at the same temperature. After cooling to —78 °C, rac-14 (100 mg,
0.266 mmol) in dry THF (4 mL + 2 x 0.5 mL washing) was added to the mixture. The mixture was
stirred for 1 h. Then, dry TMSCI (0.17 mL, 1.35 mmol) was added. After additional 30 min, the
reaction was quenched by the addition of saturated aqueous NaHCO; (2 mL), and the whole was
extracted with Et,0 (3 x 5 mL). The combined organic layers were washed with brine, dried over
Na,SOy4, and concentrated in vacuo to afford the title compound (112 mg, ca. 77%) as yellow oil: R¢
0.67 (hexane/EtOAc 3:1). 'H NMR: 0.21 (s, 9H), 1.44 (s, 9H), 2.22-2.33 (m, 2H), 2.51-2.61 (m,
2H), 2.73 (dd, J= 5.0, 16.5, 1H), 3.42 (ddd, J = 5.0, 10.5, 10.5, 1H), 3.52 (d, J = 15.0, 1H), 3.99 (s,
3H),4.97 (d,J=5.5, 1H), 5.40 (d, J = 15.0, 1H), 5.90 (d, J= 1.5, 1H), 5.91 (d, J= 1.5, 1H), 6.47 (s,
1H).

SePh

(0] (0]
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OMe rac-14 OMe rac-17

(4aSR,11bRS)-5-tert-Butoxycarbonyl-7-methoxy-3-o0xo-2-(phenylselanyl)-2,3,4,4a,6,11b-hexahy
dro-[1,3]dioxolo[4,5-j]phenanthridine-3(2H)-one (rac-17): To a solution of rac-14 (50.8 mg,
0.135 mmol) in dry THF (2 mL) at —78 °C was added a 1.0 M THF solution of LiIHMDS (0.20 mL,
0.20 mmol). The reaction mixture was stirred for 1 h at the same temperature, and a solution of
PhSeCl (84.3 mg, 0.440 mmol) in dry THF (2 mL) was added. The mixture was stirred for 30 min at
—78 °C. The reaction was quenched by the addition of saturated aqueous NH,4Cl (5 mL), and the
whole was extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with brine,

dried over Na,SO,, and concentrated in vacuo. The resulting residue was purified by column
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chromatography (hexane/EtOAc, 9:1) to afford the title compound (46.0 mg, 64%, a: = 4:1) as
brown oil.

a-isomer: Ry 0.44 (hexane/EtOAc 3:1). 'H NMR: 1.43 (s, 9H), 2.33 (ddd, /= 5.0, 13.5, 13.5, 1H),
2.80 (br d, J=14.0, 1H), 3.04-3.13 (m, 2H), 3.25 (dd, J = 13.0, 13.0, 1H), 3.36 (m, 1H), 3.71 (d, J =
15.0, 1H), 4.01 (s, 3H), 4.02 (m, 1H), 5.42 (d, J=15.0, 1H), 5.92 (s, lH), 5.94 (s, 1H), 6.43 (s, 1H),
7.30-7.32 (m, 3H), 7.56-7.57 (m, 2H).

B-isomer: R; 0.44 (hexane/EtOAc 3:1). 'H NMR: 1.43 (s, 9H), 1.99 (q, J = 12.5, 1H), 2.54 (m,
1H), 2.60 (dd, J = 12.5, 12.5, 1H), 2.77 (m, 1H), 3.08 (m, 1H), 3.41 (m, 1H), 3.61 (d, J = 15.0, 1H),
3.89 (d, J=15.0, 1H), 3.98 (s, 3H), 4.21 (dd, J = 6.5, 12.5, 1H), 5.90-5.92 (m, 2H), 6.32 (s, 1H),
7.29-7.35 (m, 3H), 7.62—7.64 (m, 2H).

The diastereomeric ratio was determined based on the integration area of the 'H NMR singlet

signals at 6.43 and 6.32 ppm (ArH of the a- and B-isomers, respectively).
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o o
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(2RS,4aSR,11bRS)-5-tert-Butoxycarbonyl-2-hydroxy-7-methoxy-1,2,4a,5,6,11b-hexahydro[1,3]

dioxolo[4,5-j]phenanthridine-3(2H)-one (rac-18a): To a solution of rac-14 (51.2 mg, 0.136 mmol)
in dry THF (2.5 mL) at —78 °C was added a 1.0 M THF solution of LIHMDS (0.18 mL, 0.18 mmol).
The reaction mixture was stirred for 1 h at the same temperature, and TMSCI (0.030 mL, 0.24
mmol) and Et;N (0.040 mL, 0.29 mmol) were added. After 20 min, the reaction mixture was diluted
with Et;0 (10 mL) and washed with brine, dried over Na,SO,4, and concentrated in vacuo. The
resulting residue (58.0 mg) was used in the next step without further purification. To a solution of
the crude product (58.0 mg) in dry CH,Cl, (2 mL) was added mCPBA (47.9 mg, 0.21 mmol) at
—20 °C. After 30 min, the reaction was quenched by the addition of 10 % aqueous Na,S,0; (1 mL)
and brine (3 mL), and the whole was extracted with CHCI; (3 x 10 mL). The combined organic
layers were dried over Na,SQOy, and concentrated in vacuo. The resulting residue (75.4 mg) was used
in the next step without further purification. The crude product (75.4 mg) in THF was added 1.0 M
THF solution of TBAF (0.26 mL, 0.26 mmol) at 0 °C. After 30 min, the reaction was quenched by
the addition of saturated aqueous NH4Cl (2 mL), and the whole was extracted with EtOAc (4 x 5
mL). The combined organic layers were washed with brine, dried over Na,SO,, and concentrated in
vacuo. The resulting residue was purified by column chromatography (hexane/EtOAc, 7:1) to afford
the title compound (8.2 mg, 15%) as pale yellow oil: R¢ 0.31 (hexane/EtOAc 2:1 x 2). '"H NMR: 1.45
(s, 9H), 1.68 (ddd, J = 12.0, 12.5, 13.0, 1H), 2.60 (dd, J = 12.5, 12.5, 1H), 2.94-2.99 (m, 2H),
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3.31-3.35 (m, 2H), 3.66-3.69 (m, 2H), 4.01 (s, 3H), 4.32 (dd, J = 7.0, 12.0, 1H), 5.42 (d, J = 15.5,
1H), 5.92 (s, 1H), 5.94 (s, 1H), 6.49 (s, 1H). >C NMR: 28.2 (CH3), 34.3 (CH,), 37.6 (CH,), 38.6
(CH), 44.2 (CHy), 57.5 (CH), 59.9 (CHj3), 74.4 (CH), 80.3 (C), 98.9 (CH), 100.8 (CH;), 122.0 (C),
131.3 (C), 135.0 (C), 139.1 (C), 148.3 (C), 154.6 (C), 207.5 (C). IR (neat): 3425, 3017, 1720, 1690,
1620, 1481, 1396, 1304, 1219, 1157, 1111, 1049. FABMS m/z: 392 (M+H), 391 (M"), 390 (M-H),
334 (M—t-Bu), 318 (M—Ot-Bu), 290 (M—Boc), 218, 154, 136, 57 (-Bu). HRMS-FAB (m/z): [M+H]"
calcd. for C,yHysNO7, 392.1709; found, 392.1712.
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(2R,4aS,11bR)-5-tert-Butoxycarbonyl-2-hydroxy-3,3,7-trimethoxy-1,2,3,4,4a,5,6,11b-octa-
hydro[1,3]dioxolo[4,5-j]phenanthridine (21): To a solution of ketone 14 (270 mg, 0.719 mmol) in
MeOH (6 mL), were added a 2.5 M methanol solution of NaOH (3.7 mL, 9.3 mmol) and PhI(OAc),
(463 mg, 1.44 mmol) at 0 °C. The mixture was warmed to rt and stirred for 2.5 h. Then, the reaction
was quenched by the addition of saturated aqueous Na,S,0; (5 mL), and the whole was extracted
with EtOAc (3 x 10 mL). The combined organic layers were washed with brine, dried over Na,SOy,
and concentrated in vacuo. The residue was purified by column chromatography (hexane/EtOAc
7:2) to afford the title compound (165 mg, 52%) as pale yellow amorphous of mp 71-74 °C: R¢0.25
(hexane/EtOAc 3:1 x 2). [a]”’p +14.0 (¢ 1.36, CHCL3). '"H NMR: 1.42 (dd, J = 11.0, 14.0, 1H), 1.45
(s, 9H), 1.71 (ddd, J = 11.5, 12.5, 13.0, 1H), 2.41 (d, J = 9.0, 1H), 2.43-2.48 (m, 2H), 2.82 (dd, J =
3.0, 14.0, 1H), 3.11 (ddd, J = 3.0, 11.0, 12.0, 1H), 3.42 (s, 3H), 3.44 (s, 3H), 3.56 (d, J = 15.0, 1H),
3.87 (ddd, J=4.5,9.0, 11.5, 1H), 3.97 (s, 3H), 5.36 (d, /= 15.0, 1H), 5.90 (d, /= 1.5, 1H), 591 (d, J
= 1.5, 1H), 6.46 (s, 1H). >C NMR: 28.4 (CH3), 33.6 (CH,), 36.0 (CH,), 37.8 (CH,), 39.4 (CH), 49.1
(CHa3), 50.8 (CHj3), 54.1 (CH), 59.9 (CHj3), 74.9 (CH), 79.7 (C), 98.9 (C), 99.0 (CH), 100.7 (CH,),
122.1 (C), 132.9 (C), 134.8 (C), 139.0 (C), 148.1 (C), 155.0 (C). IR (KBr): 3495, 2978, 2939, 1690,
1620, 1481, 1396, 1304, 1215, 1165, 1049. EIMS m/z: 437 (M"), 405 (M-MeOH), 380 (M—¢-Bu),
348, 336 (M—-Boc), 332, 304, 286, 249, 217, 57 (+-Bu). FABMS m/z: 460 (M+Na). HRMS-FAB
(m/z): [M+Na]" calcd. for C,,H3;NNaOQg, 460.1947; found, 460.1929.
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(2R, 4aS,11bR)-5-tert-Butoxycarbonyl-2-hydroxy-7-methoxy-1,2,4a,5,6,11b-hexahydro[1,3]diox
olo[4,5-j]phenanthridine-3(2H)-one (18a): To a solution of dimethyl acetal 21 (75.5 mg, 0.173
mmol) in acetone/water (10:1, 3.3 mL) was added PPTS (8.7 mg, 0.035 mmol) at rt. The mixture
was heated for 1.5 h under reflux. The reaction was quenched by the addition of saturated aqueous
NaHCOj; (5 mL), and the whole was extracted with EtOAc (3 x 10 mL). The combined organic
layers were washed with brine, dried over Na,SO,4, and concentrated in vacuo to give the title
compound (82.1 mg), which was used directly in the next step without further purification. An
analytical sample was obtained by column chromatography (hexane/EtOAc 3:1) as pale yellow
solids of mp 166-169 °C: [a]*p +22.1 (¢ 1.23, CHCl;). 'H and >C NMR, IR, MS were in agreement
with those of the racemic sample (vide supra).
(2R,4aS,11bR)-5-tert-Butoxycarbonyl-2-(tert-butyldimethylsiloxy)-7-methoxy-1,2,4a,5,6,
11b-hexahydro[1,3]dioxolo[4,5-j]phenanthridine-3(2H)-one (22): To a solution of 18a (82.1 mg)
in dry DMF (1 mL) were added TBSCI (33.7 mg, 0.224 mmol) and imidazole (30.6 mg, 0.450
mmol) at rt. The mixture was stirred for 4.5 h. Then, TBSCI (32.2 mg, 0.214 mmol) and imidazole
(30.3 mg, 0.445 mmol) were added again to the mixture. After additional 1 h, the reaction was
quenched by the addition of water (5 mL), and the whole was extracted with EtOAc (10 mL +2 x 5
mL). The combined organic layers were washed with brine, dried over Na,SO,, and concentrated in
vacuo. The residue was purified by column chromatography (hexane/EtOAc 15:1) to afford the title
compound (69.1 mg, 79%) as colorless amorphous of mp 81-84 °C: Ry 0.67 (hexane/EtOAc 2:1).
[a]”p +29.7 (¢ 1.49, CHCl3). "H NMR: 0.07 (s, 3H), 0.18 (s, 3H), 0.94 (s, 9H), 1.43 (s, 9H), 1.86
(ddd, J=12.0, 12.0, 12.5, 1H), 2.52 (dd, J = 12.5, 12.5, 1H), 2.74 (ddd, J = 3.0, 7.0, 12.5, 1H), 2.93
(ddd, J=3.0, 11.5, 12.0, 1H), 3.18 (dd, J = 3.5, 12.5, 1H), 3.30 (ddd, J = 3.5, 11.5, 12.5, 1H), 3.64
(d, J=15.0, 1H), 4.00 (s, 3H), 4.36 (dd, J = 7.0, 12.0, 1H), 5.42 (d, J= 15.0, 1H), 5.92 (s, 1H), 5.94
(s, 1H), 6.50 (s, 1H). >C NMR: —5.7 (CH;), —4.7 (CH3), 18.3 (C), 25.6 (CH3), 28.1 (CHj), 35.1
(CH,), 37.3 (CH,), 39.1 (CH), 45.2 (CH,), 57.0 (CH), 59.8 (CHs;), 76.1 (CH), 80.0 (C), 98.7 (CH),
100.7 (CHy), 122.0 (C), 131.5 (C), 134.9 (C), 139.1 (C), 148.3 (C), 154.5 (C), 205.3 (C). IR (KBr):
2932, 2862, 1728, 1690, 1620, 1481, 1396, 1250, 1150, 1072, 1042. EIMS m/z: 448 (M—t-Bu), 432
(M—Ot-Bu), 404 (M—Boc), 392, 348, 262, 218, 204, 57 (-Bu). FABMS m/z: 506 (M+H), 505 (M").
HRMS-FAB (m/z): [M+H]" calcd. for CosH4NO;Si, 506.2574; found, 506.2569.
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(2R,4aR,11bR)-5-tert-Butoxycarbonyl-2-(fert-butyldimethylsiloxy)-7-methoxy-3-(trifluo-
romethanesulfonyloxy)-1,2,4a,5,6,11b-hexahydro[1,3]dioxolo[4,5-j/]phenanthridine (23): To a
solution of ketone 22 (389 mg, 0.769 mmol) in dry THF (8 mL) at —78 °C was added a 1.0 M THF
solution of LiHMDS (1.6 mL, 1.6 mmol). The mixture was stirred for 1 h, and a solution of
N-(5-chloropyrid-2-yl)bis(trifluoromethanesulfonyl)imide (605 mg, 1.54 mmol) in dry THF (2 mL)
was added. The mixture was stirred for 30 min at —78 °C and for 30 min at 0 °C. The reaction was
quenched by the addition of saturated aqueous NH4Cl (15 mL), and the whole was extracted with
EtOAc (3 x 30 mL). The combined organic layers were washed with brine, dried over Na,SO,4, and
concentrated in vacuo. The residue was purified by column chromatography (hexane/EtOAc 20:1) to
afford the title compound (452 mg, 92%) as pale yellow amorphous of mp 65-68 °C: R¢ 0.52
(hexane/EtOAc 5:1). [a]*p +20.9 (¢ 2.02, CHCl3). '"H NMR: 0.18 (s, 6H), 0.95 (s, 9H), 1.45 (s, 9H),
1.85 (ddd, J=9.0, 12.5, 13.0, 1H), 2.74 (ddd, J = 2.5, 7.0, 12.5, 1H), 2.80 (m, 1H), 3.77 (d, J = 15.0,
1H), 3.85 (ddd, J = 1.5, 3.0, 11.0, 1H), 4.01 (s, 3H), 4.64 (m, 1H), 5.28 (br s, 1H), 5.92 (d, J = 1.5,
1H), 5.94 (d, J = 1.5, 1H), 6.22 (s, 1H), 6.43 (s, 1H). °C NMR: —5.0 (CH3), —4.6 (CH3), 17.9 (C),
25.7 (CHj3), 28.2 (CHj3), 34.5 (CH,), 37.6 (CH), 38.7 (CH;), 55.6 (CH), 59.8 (CHs3), 67.7 (CH), 80.7
(C), 98.2 (CH), 100.9 (CHy), 118.4 (q, Jcr = 320, C), 121.4 (C), 123.2 (CH), 131.0 (C), 134.9 (O),
139.5 (C), 148.5 (C), 155.0 (C). IR (naet): 3017, 2932, 2862, 1690, 1620, 1481, 1396, 1250, 1211,
1150, 1077, 1042. EIMS m/z: 580 (M—-Bu), 524, 480, 448, 387, 316, 300, 272, 256, 204, 57 (z-Bu).
FABMS m/z: 660 (M+Na). HRMS-FAB (m/z): [M+Na]" calcd. for C,;H33F3sNNaOoSSi, 660.1886;
found, 660.1885.
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(2R,4aS,11bR)-5-tert-Butoxycarbonyl-2-(tert-butyldimethylsiloxy)-2-(zert-butyldimethyl-

siloxy)-7-methoxy-1,2,4a,5,6,11b-hexahydro[1,3]dioxolo[4,5-j]phenanthridine (24): To a
suspension of enol triflate 23 (219 mg, 0.343 mmol), i-PrNEt, (0.180 mL, 1.03 mmol), Pd(OAc),
(11.4 mg, 0.0508 mmol), and PPh; (27.0 mg, 0.103 mmol) in dry DMF (3.5 mL) was added 99%

formic acid (29.0 uL, 0.769 mmol). The resulting pale brown suspension was stirred for 80 min at

68



60 °C. Then, the mixture was diluted with EtOAc (20 mL), washed with brine, dried over Na,SOy,
and concentrated in vacuo. The residue was purified by column chromatography (hexane/EtOAc
20:1) to afford the title compound (131 mg, 78%) as colorless amorphous of mp 54-57 °C: Ry 0.58
(hexane/EtOAc 5:1). [a]*p +26.0 (¢ 2.09, CHCL3). '"H NMR: 0.13 (s, 6H), 0.93 (s, 9H), 1.44 (s, 9 H),
1.69 (ddd, J = 10.0, 12.0, 12.5, 1H), 2.58 (dd, J = 6.5, 12.5, 1H), 2.77 (dd, J = 11.5, 12.0, 1H), 3.69
(d, J=11.5, 1H), 3.89 (br s, 1H), 3.99 (s, 3H), 4.57 (m, 1H), 5.13 (br s, 1H), 5.60 (d, J = 10.0, 1H),
5.90 (d,J=0.5, 1H), 5.91 (d, J= 0.5, 1H), 6.05 (d, J = 10.0, 1H), 6.50 (s, 1H). *C NMR: —4.6 (CH3),
—4.5 (CHj), 18.2 (C), 25.9 (CHj3), 28.4 (CHj3), 35.0 (CH,), 38.1 (CH), 39.7 (CHy), 56.9 (CH), 59.8
(CH3;), 68.9 (CH), 80.0 (C), 98.6 (CH), 100.7 (CHy), 121.5 (C), 130.5 (CH), 131.4 (CH), 132.8 (C),
134.6 (C), 139.4 (C), 148.3 (C), 155.5 (C). IR (naet): 3009, 2932, 2862, 1690, 1620, 1481, 1389,
1250, 1219, 1165, 1072. EIMS m/z: 432 (M-t-Bu), 388 (M-Boc), 376, 357, 332, 301
(M—t-Bu—OTBS), 256, 240, 57 (+-Bu). FABMS m/z: 490 (M+H), 489 (M"). HRMS-FAB (m/z):
[M+H]" caled. for CosHyoNO4Si, 490.2625; found, 490.2625.
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(2R ,4aS,11bR)-5-tert-Butoxycarbonyl-2-hydroxy-7-methoxy-1,2,4a,5,6,11b-hexahydro[1,3]diox

olo[4,5-j]phenanthridine (25): To a solution of TBS ether 24 (228 mg, 0.466 mmol) in dry THF
(4.0 mL) was added a 1.0 M THF solution of TBAF (0.93 mL, 0.93 mmol) at 0 °C. The mixture was
warmed to rt and stirred for 1 h. The reaction was quenched by the addition of saturated aqueous
NH,4CI (10 mL), and the whole was extracted with EtOAc (3 x 20 mL). The combined organic layers
were washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue was purified by
column chromatography (hexane/EtOAc 5:1) to afford the title compound (167 mg, 95%) as
colorless amorphous of mp 77-80 °C: R; 0.25 (hexane/EtOAc 2:1). [o]*’p +32.3 (¢ 1.53, CHCl3). '"H
NMR: 1.44 (s, 9 H), 1.60 (ddd, J = 9.5, 12.5, 13.0, 1H), 1.74 (m, 1H), 2.76-2.81 (m, 2H), 3.68 (d, J
=10.5, 1H), 3.90 (d, J = 15.0, 1H), 3.99 (s, 3H), 4.56 (br s, 1H), 5.13 (d, J=15.0, 1H), 5.70 (d, J =
10.0, 1H), 5.91 (d, J= 0.5, 1H), 5.92 (d, J= 0.5, 1H), 6.13 (d, J = 10.0, 1H), 6.49 (s, 1H). °C NMR:
28.4 (CH3), 34.7 (CHy), 38.1 (CH), 39.6 (CHy), 57.0 (CH), 59.8 (CH3;), 68.0 (CH), 80.1 (C), 98.6
(CH), 100.7 (CHy), 121.4 (C), 129.9 (CH), 132.0 (CH), 132.6 (C), 134.6 (C), 139.3 (C), 148.3 (C),
155.5 (C). IR (KBr): 3479, 2978, 2932, 2878, 1666, 1620, 1481, 1396, 1327, 1219, 1165, 1049.
EIMS m/z: 375 (M), 318 (M-t-Bu), 301, 274 (M—-Boc), 256, 239, 57 (+-Bu). FABMS m/z: 376
(M+H), 375 (M"), 374 (M—H). HRMS-FAB (m/z): [M+H]" calcd. for C,0H,sNOs, 376.1760; found,
376.1756.
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(25,4aS8,11bR)-5-tert-Butoxycarbonyl-7-methoxy-2-(4-nitrobenzoyloxy)-1,2,4a,5,6,11b-
hexahydro[1,3]dioxolo[4,5-j]phenanthridine (26): To a solution of allylic alcohol 25 (78.8 mg,
0.210 mmol), 4-nitrobenzoic acid (70.5 mg, 0.422 mmol), and Ph;P (110 mg, 0.419 mmol) in dry
benzene (4.0 mL), was added a 40% solution of DEAD in toluene (0.19 mL, 0.42 mmol) at rt. After
20 min, the reaction was quenched by the addition of saturated aqueous NaHCOj; (8 mL), and the
whole was extracted with EtOAc (3 x 15 mL). The combined organic layers were washed with brine,
dried over Na,SQOy,, and concentrated in vacuo. The residue was purified by column chromatography
(hexane/EtOAc 10:1) to afford the title compound (95.3 mg, 87%) as yellow solids of mp 94-97 °C:
R 0.60 (hexane/EtOAc 2:1). [a]*p —59.7 (¢ 1.75, CHCL3). '"H NMR: 1.46 (s, 9H), 2.07 (ddd, J = 4.5,
13.0, 14.0, 1H), 2.67 (br d, J = 14.0, 1H), 3.00 (ddd, J = 2.0, 12.0, 13.0, 1H), 3.63 (d, J = 12.0, 1H),
3.96 (d, J=15.5, 1H), 4.01 (s, 3H), 5.21 (d, J = 15.5, 1H), 5.71 (m, 1H), 5.88 (m, 1H), 5.91 (s, 2H),
6.45 (d, J=9.5, 1H), 6.47 (s, 1H), 8.21 (d, J= 9.0, 2H), 8.27 (d, J = 9.0, 2H). *C NMR: 28.4 (CH;),
30.8 (CH,), 33.8 (CH), 39.7 (CH,), 56.8 (CH), 59.8 (CHs3), 68.1 (CH), 80.2 (C), 98.6 (CH), 100.8
(CH,), 121.6 (C), 122.5 (CH), 123.4 (CH), 130.7 (CH), 132.4 (C), 134.7 (C), 135.6 (C), 137.6 (CH),
139.5 (C), 148.4 (C), 150.4 (C), 155.3 (C), 164.0 (C). IR (KBr): 2978, 1720, 1690, 1612, 1528, 1478,
1396, 1373, 1342, 1273, 1173, 1103. EIMS m/z: 467 (M—t-Bu), 301 (M—#-Bu—4-NO,CsH4CO5), 256,
241, 57 (+-Bu). FABMS m/z: 547 (M+Na). HRMS-FAB (m/z): [M+Na]" calcd. for Cp7H,sN,NaQ,
547.1693; found, 547.1679.
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(28,3R,4R.4aR,11bR)- and (28,35,4S5,4aR,11bR)-5-tert-Butoxycarbonyl-3,4-dihydroxy-7-
methoxy-2-(4-nitrobenzoyloxy)-1,2,3,4,4a,5,6,11b-octahydro[1,3]dioxolo[4,5-j]phenanthridine
(27a and 27b): To a solution of 26 (72.6 mg, 0.138 mmol) in THF/water (6:1, 3.0 mL), were added
NMO (32.3 mg, 0.276 mmol) and a 4% water solution of OsO, (0.42 mL, 0.069 mmol) at rt. After

33 h, the reaction was quenched with saturated aqueous Na,S,05; (5 mL), and the whole was
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extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with brine, dried over
Na,SO,, and concentrated in vacuo. The residue was purified by column chromatography
(hexane/EtOAc 3:1) to afford the title compounds (12.7 mg and 63.5 mg, 16% and 83%,
respectively).

27a: Yellow solids of 145-147 °C. R 0.36 (hexane/EtOAc 1:1). [a]*p +17.8 (¢ 0.50, CHCL;). 'H
NMR: 1.47 (s, 9H), 1.82 (ddd, J = 2.5, 12.0, 14.5, 1H), 2.53 (br s, 1H), 2.69 (ddd, J = 3.0, 3.0, 14.5,
1H), 2.87 (brd, J=9.0, 1H), 3.24 (br d, J= 11.5, 1H), 3.35 (ddd, /= 3.0, 11.5, 12.0, 1H), 3.72 (d, J
=13.5, 1H), 3.88 (m, 1H), 3.99 (s, 3H), 4.71 (br s, 1H), 5.43 (br s, 1H), 5.66 (m, 1H), 5.90 (d, J =
1.5, 1H), 5.91 (d, J = 1.5, 1H), 6.43 (s, 1H), 8.28 (s, 4H). °C NMR: 28.3 (CH), 28.4 (CH3), 30.0
(CH,), 39.6 (CHy), 60.1 (CHj3), 60.2 (CH), 69.4 (CH), 71.2 (CH), 72.7 (CH), 80.6 (C), 99.3 (CH),
100.9 (CH,), 122.0 (C), 123.6 (CH), 131.0 (CH), 132.2 (C), 134.9 (C), 135.5 (C), 139.2 (C), 148.5
(C), 150.6 (C), 1553 (C), 1644 (C). EIMS m/z: 558 (M"), 502, 457 (M-Boc), 335
(M-#-Bu—4-NO,C¢H4CO,), 290, 272, 218, 204, 150 (4-NO,CcH4CO), 57 (+-Bu). FABMS m/z: 559
(M+H). 558 (M"), 557 (M—H). HRMS-FAB (m/z): [M+H]" calcd. for C,;H3,N,0;, 559.1928; found,
559.1932.

27b: Yellow solids of mp 205-207. R¢ 0.58 (hexane/EtOAc 1:1). [a]*p +1.40 (¢ 3.04, CHCl;). 'H
NMR: 1.49 (s, 9H), 2.30 (ddd, J = 2.5, 13.0, 14.0, 1H), 2.50 (br d, J = 14.0, 1H), 2.80 (ddd, J = 2.5,
11.0, 13.0, 1H), 3.01 (br s, 1H), 3.66 (d, J = 15.0, 1H), 3.70 (dd, J = 11.0, 11.0, 1H), 4.01 (s, 3H),
4.12 (m, 1H), 4.19 (br s, 1H), 5.35 (d, J = 15.0, 1H), 5.61 (m, 1H), 5.92 (s, 1H), 5.93 (s, 1H), 6.12
(br s, 1H), 6.48 (s, 1H), 8.16 (d, J = 9.0, 2H), 8.28 (d, J = 9.0, 2H). *C NMR: 27.3 (CH,), 28.3
(CH3;), 34.6 (CH), 38.6 (CH,), 57.9 (CH), 60.0 (CHj;), 70.8 (CH), 72.2 (CH), 73.8 (CH), 81.9 (C),
99.3 (CH), 100.9 (CH,), 121.9 (C), 123.6 (CH), 130.7 (CH), 131.9 (C), 134.9 (C), 135.2 (C), 139.1
(C), 148.6 (C), 150.6 (C), 159.6 (C), 163.3 (C). IR (neat): 3425, 3024, 2932, 1720, 1643, 1528, 1489,
1412, 1342, 1273, 1219, 1157, 1103, 1072. FABMS m/z: 559 (M+H), 557 (M—-H), 503, 459, 457
(M—Boc), 274, 204, 154, 136, 57 (+-Bu). HRMS-FAB (m/z): [M+H]" calcd. for C,;H3N,O11,
559.1928; found, 559.1924.
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(28,3R .45 ,4aR,11bR)-3,4-Diacetoxy-5-(tert-butoxycarbonyl)-7-methoxy-2-(4-nitrobenzoyl-
oxy)-1,2,3.,4,4a,5,6,11b-octahydro[1,3]dioxolo[4,5-j|phenanthridine (28): To a solution of diol
27b (63.3 mg, 0.113 mmol) in dry CH,Cl, (2 mL) were added pyridine (0.91 mL, 11 mmol), DMAP
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(7.1 mg, 0.058 mmol), and Ac,0 (0.53 mL, 5.6 mmol) at rt. After 1 h, the mixture was diluted with
EtOAc (20 mL), washed with brine, dried over Na,SOy, and concentrated in vacuo. The residue was
purified by column chromatography (hexane/EtOAc 3:1) to afford the title compound (70.4 mg,
97%) as pale yellow solids of mp 133—135 °C: Ry 0.29 (toluene/acetone 19:1 x 3). [a]ZSD +40.4 (c
1.19, CHCIs). '"H NMR (60 °C): 1.44 (s, 9H), 2.04 (s, 3H), 2.08 (m, 1H), 2.14 (s, 3H), 2.61 (br d, J =
14.5, 1H), 3.05 (m, 1H), 3.82 (dd, J=11.0, 11.0, 1H), 4.01 (s, 3H), 4.22 (br s, 1H), 4.78 (br s, 1H),
5.41 (brs, 1H), 5.61 (br s, 1H), 5.80 (m, 1H), 5.88 (s, 1H), 5.89 (s, 1H), 6.43 (s, 1H), 8.24 (d, J= 9.0,
2H), 8.30 (d, J = 9.0, 2H). C NMR (60 °C): 20.8 (CH3), 20.8 (CHs), 28.3 (CH3), 29.5 (CH,), 34.9
(CH), 42.1 (CHp), 56.4 (CH), 59.7 (CHj;), 69.6 (CH), 70.9 (CH), 71.0 (CH), 80.2 (C), 99.6 (CH),
100.9 (CH,), 122.3 (C), 123.7 (CH), 131.0 (CH), 131.2 (C), 134.8 (C), 135.0 (C), 139.8 (C), 148.6
(O), 151.1 (C), 155.7 (C), 163.3 (C), 169.2 (C), 170.1 (C). IR (neat): 2974, 2920, 1748, 1732, 1694,
1616, 1528, 1481, 1458, 1439, 1366, 1350, 1319, 1265, 1234, 1223, 1157, 1099, 1061, 1042. EIMS
m/z: 642 (M"), 586, 541 (M—Boc), 527, 499, 466, 423, 359, 316, 299, 272, 256, 218, 204, 150
(4-NO,CsH4CO), 57 (-Bu). FABMS m/z: 643 (M+H), 642 (M"). HRMS—-FAB (m/z): [M+H]" calcd.
for C;31H35N,0;3, 643.2139; found, 643.2131.
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(28,3R .45 ,4aR,11bR)-3,4-Diacetoxy-7-methoxy-2-(4-nitrobenzoyloxy)-1,2,3,4,4a,11b-octa-

hydro[1,3]dioxolo[4,5-j]phenanthridine (S6): To a solution of 28 (65.4 mg, 0.102 mmol) in
CH,CI, (1.5 mL) was added TFA (0.5 mL) at 0 °C. The mixture was warmed to rt and stirred for 30
min. The TFA was azeotropically removed with toluene, and the remaining residue was dissolved in
CHCI; (20 mL), washed with saturated aqueous NaHCOs; (2 x 5 mL) and brine, dried over Na,SOy,
and concentrated in vacuo to give the title compound (63.8 mg), which was used directly in the next
step without further purification. An analytical sample was obtained by column chromatography
(NH silica, hexane/EtOAc 3:1) as yellow solids of mp 125-128 °C: R¢0.41 (hexane/EtOAc 1:1 x 3).
[0]”p +49.3 (¢ 1.08, CHCl3). '"H NMR: 1.90 (ddd, J = 2.5, 13.0, 14.5, 1H), 1.95 (br s, 1H), 2.09 (s,
3H), 2.12 (s, 3H), 2.54 (dt, J = 14.5, 2.5, 1H), 2.98 (m, 1H), 3.05 (dd, J = 10.5, 10. 5, 1H), 3.91 (dd,
J=1.5,16.5,1H), 3.99 (s, 3H), 4.13 (d, /= 16.5, 1H), 5.21 (dd, /= 3.0, 10.5, 1H), 5.42 (ddd, J = 2.5,
3.0, 3.0, 1H), 5.55 (dd, J = 3.0, 3.0, 1H), 5.86 (d, J = 1.5, 1H), 5.87 (d, J = 1.5, 1H), 6.43 (s, 1H),
8.23 (d,J=9.0, 2H), 8.29 (d, J= 9.0, 2H). C NMR: 20.8 (CH;), 20.9 (CH3), 28.9 (CH,), 36.3 (CH),
43.9 (CHp), 55.3 (CH), 59.3 (CHzy), 67.9 (CH), 71.0 (CH), 72.7 (CH), 99.3 (CH), 100.7 (CHy), 120.2
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(C), 123.7 (CH), 129.6 (C), 130.9 (CH), 134.0 (C), 134.7 (C), 139.7 (C), 148.0 (C), 150.7 (C), 163.2
(C), 169.4 (C), 170.4 (C). IR (KBr): 3464, 2955, 2893, 1751, 1620, 1528, 1481, 1420, 1373, 1273,
1242, 1103, 1057. EIMS m/z: 542 (M"), 541 (M=H), 499 (M-Ac), 423, 374, 316, 272, 256, 218, 204,
150 (4-NO,C¢H,CO). FABMS m/z: 543 (M+H). HRMS-FAB (m/z): [M+H]" calcd. for CosHyN,011,
543.1615; found, 543.1619.
(28,3R,45,4aR,11bR)-3,4-Diacetoxy-7-methoxy-2-(4-nitrobenzoyloxy)-1,2,3,4,4a,11b-hexa-
hydro[1,3]dioxolo[4,5-j]phenanthridine (29a) and
(28,3R,45)-3,4-diacetoxy-7-Methoxy-2-(4-nitrobenzoyloxy)-1,2,3,4-tetrahydro-[1,3]dioxolo[4,5-j
|phenanthridine (29b): To a suspension of PhI=0 (44.8 mg, 0.204 mmol) in dry CH,Cl, (2 mL),
was added BusNI (7.6 mg, 0.021 mmol) at rt. After 10 min, amine S6 (63.8 mg) in dry CH,Cl, (2
mL + 0.5 mL washing x 2) was added at 0 °C over 5 min, and the mixture was warmed to rt. After
1.5 h, another portion of PhI=0 (22.4 mg, 0.102 mmol) was added to the mixture. After additional
30 min, the reaction was quenched by the addition of 10% Na,S,0; (10 mL), and the whole was
extracted with EtOAc (3 x 15 mL). The combined organic layers were washed with brine, dried over
Na,SO,4, and concentrated in vacuo. The residue was purified by column chromatography
(hexane/EtOAc 1:1) to afford the title compounds (45.9 mg and 3.4 mg, 83% and 6%, respectively).

29a: Yellow solids of mp 126128 °C. R¢ 0.50 (CHCI/EtOAc 1:1). [a]*p —6.85 (¢ 1.05, CHCl;).
"H NMR: 2.06 (ddd, J = 3.0, 13.0, 14.5, 1H), 2.11 (s, 3H), 2.14 (s, 3H), 2.60 (ddd, J = 3.0, 3.0, 14.5,
1H), 2.81 (m, 1H), 3.39 (m, 1H), 4.07 (s, 3H), 5.46 (ddd, J = 3.0, 3.0, 3.0, 1H), 5.50 (dd, J = 3.0,
11.0, 1H), 5.63 (dd, J= 3.0, 3.0, 1H), 5.96 (d, J = 1.5, 1H), 5.98 (d, J = 1.5, 1H), 6.47 (s, 1H), 8.21
(d, J=9.0, 2H), 8.30 (d, J= 9.0, 2H), 8.64 (d, J = 2.5, 1H). >C NMR: 20.8 (CH3), 21.1 (CH3), 27.2
(CHy), 32.0 (CH), 57.7 (CH), 60.0 (CH3), 68.6 (CH), 70.4 (CH), 71.8 (CH), 98.5 (CH), 101.4 (CH,),
114.8 (C), 123.7 (CH), 131.0 (CH), 134.5 (C), 134.6 (C), 134.9 (C), 141.9 (C), 150.8 (C), 152.1 (C),
156.3 (CH), 163.3 (C), 169.3 (C), 170.7 (C). IR (neat): 3024, 2955, 1744, 1628, 1597, 1528, 1481,
1435, 1373, 1273, 1234, 1103, 1049. EIMS m/z: 497 (M—Ac), 421, 374 (M—4-NO,CcH4CO»), 330,
314, 272, 253, 217, 150 (4-NO,C¢H,CO). FABMS m/z: 541 (M+H). HRMS-FAB (m/z): [M+H]"
calcd. for CosHosN>Oqy, 541.1458; found, 541.1459.

29b: Pale yellow oil. Ry 0.60 (CHCIy/EtOAc 1:1). [0]'*p +63.2 (¢ 0.50, CHCL3). "H NMR: 2.20 (s,
3H), 2.16 (s, 3H), 3.08 (dd, J= 8.5, 16.5, 1H), 3.88 (dd, J= 6.5, 16.5, 1H), 4.23 (s, 3H), 5.72 (dd, J =
4.0, 10.5, 1H), 5.87 (ddd, J = 6.5, 8.5, 10.5, 1H), 6.09 (s, 1H), 6.10 (s, 1H), 6.59 (d, J = 4.0, 1H),
6.85 (s, 1H), 8.23 (d, J = 8.5, 2H), 8.32 (d, J = 8.5, 2H), 9.34 (s, 1H). °C NMR: 20.8 (CH3), 21.0
(CHz3), 29.9 (CH,), 60.1 (CH3), 69.2 (CH), 70.3 (CH), 70.9 (CH), 93.4 (CH), 101.8 (CHy), 120.0 (C),
122.0 (C), 123.8 (CH), 130.9 (CH), 132.8 (C), 134.3 (C), 134.9 (C), 137.8 (C), 143.0 (C), 146.3
(CH), 150.8 (C), 153.4 (C), 164.2 (C), 170.0 (C), 170.1 (C). IR (neat): 2924, 2855, 1744, 1643, 1612,
1528, 1458, 1373, 1273, 1234, 1096, 1049. EIMS m/z: 539 (M'+H), 538 (M"), 495, 479, 453, 419,
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371, 346, 328, 312, 286, 270, 255. HRMS-ESI (m/z): [M+H]" calcd. for CsH,3N,0;;, 539.1302;
found, 539.1304.

S A A _OAC
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6] OAc NaClO,, NaH,POy4, 2-methyl-2-butene <O O

THF/H,0, rt o]
OMe 29a OMe O 30

3,4-0-Diacetyl-7-O-methyl-2-O-(4-nitrobenzoyl)-trans-dihydronarciclasine 30): To a
suspension of NaClO, (36.5 mg, 0.404 mmol) in THF (1.5 mL) were added a 2.0 M THF solution of
2-methyl-2-butene (0.40 mL, 0.80 mmol), a 1.0 M aqueous solution of NaH,PO, (0.40 mL, 0.40
mmol), and then a solution of imine 29a (43.7 mg, 0.0809 mmol) in THF (1.5 mL + 0.50 mL
washing x 2) at rt. After 8.5 h, the mixture was diluted with EtOAc (20 mL) and washed with water,
10% Na,S,03;, and brine (5 mL each). The organic layer was dried over Na,SO, and concentrated in
vacuo. The residue was purified by column chromatography (hexane/EtOAc 1:2) to afford the title
compound (43.4 mg, 96%) as pale yellow solids of mp 167-169 °C: R; 0.38 (hexane/acetone 1:1).
[a]*p +61.8 (¢ 1.00, CHCl;). "H NMR: 2.04 (m, 1H), 2.09 (s, 3H), 2.12 (s, 3H), 2.58 (m, 1H), 3.16
(ddd, J=3.5,12.0, 13.0, 1H), 3.76 (dd, /= 11.0, 12.0, 1H), 4.07 (s, 3H), 5.28 (dd, /= 3.0, 11.0, 1H),
5.47(ddd,J=2.5, 2.5, 3.5, 1H), 5.59 (dd, J= 3.0, 3.5, 1H), 6.00 (s, 1H), 6.02 (s, 1H), 6.31 (br s, 1H),
6.48 (s, 1H), 8.22 (d, J = 9.0, 2H), 8.32 (d, J = 9.0, 2H). *C NMR: 20.7 (CH;), 20.8 (CH3), 27.0
(CHy), 36.2 (CH), 52.0 (CH), 60.8 (CH3), 67.1 (CH), 70.2 (CH), 71.6 (CH), 98.9 (CH), 101.8 (CH,),
115.4 (C), 123.8 (CH), 131.0 (CH), 134.4 (C), 136.9 (C), 137.2 (C), 145.1 (C), 150.9 (C), 152.1 (C),
163.2 (C), 163.7 (C), 169.1 (C), 170.4 (C). IR (KBr): 3433, 2924, 1751, 1666, 1612, 1528, 1481,
1443, 1340, 1273, 1234, 1096, 1057. EIMS m/z: 556 (M"), 497 (M—OAc), 470 (M-2Ac), 437, 390
(M—4-NO,C¢H4COy), 346, 330, 304 (M—4-NO,CcH4CO,-2Ac), 241, 150 (4-NO,CsH4CO). FABMS
m/z: 557 (M+H). HRMS-FAB (m/z): [M+H]" calcd. for CsH,5N,0,,, 557.1407; found, 557.1398.
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3,4-0-Diacetyl-2-0-(4-nitrobenzoyl)-trans-dihydronarciclasine (31): To a solution of methyl
ether 30 (40.4 mg, 0.0726 mmol) in dry CH,Cl, (4 mL) was added a 1 M CH,Cl, solution of BBr;
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(94 pL, 0.094 mmol) at —78 °C. The mixture was warmed to 0 °C and stirred for 30 min. Then, 28%
NH4OH (5 mL) was added at 0 °C. After 30 min, the mixture was extracted with EtOAc (15 mL, 2 x
10 mL). The combined organic layers were washed with brine, dried over Na,SO,, and concentrated
in vacuo. The residue was purified by column chromatography (CHCls/hexane 5:1) to afford the title
compound (27.9 mg, 71%) as pale yellow solids of mp 168-170 °C: R¢ 0.56 (hexane/EtOAc 1:1).
[a]*p +38.9 (¢ 1.55, CHCl3). "H NMR: 2.08 (m, 1H), 2.12 (s, 3H), 2.14 (s, 3H), 2.63 (m, 1H), 3.22
(ddd, J = 3.5, 12.5, 13.0, 1H), 3.89 (dd, J = 11.5, 12.5, 1H), 5.29 (dd, J = 3.0, 11.5, 1H), 5.48 (m,
1H), 5.62 (dd, J = 3.0, 3.0, 1H), 5.96 (s, 1H), 6.05 (s, 2H), 6.35 (s, 1H), 8.21 (d, J = 8.5, 2H), 8.32 (d,
J =185, 2H), 12.3 (s, 1H). °C NMR: 20.7 (CH3), 20.8 (CHs), 26.8 (CH,), 34.9 (CH), 52.6 (CH),
67.1 (CH), 70.1 (CH), 71.7 (CH), 96.7 (CH), 102.4 (CH,), 107.0 (C), 123.8 (CH), 131.0 (CH), 133.3
(0), 134.3 (C), 135.3 (C), 146.6 (C), 151.0 (C), 153.0 (C), 163.1 (C), 169.1 (C), 170.1 (C), 170.2 (C).
IR (KBr): 3449, 3225, 2932, 1744, 1674, 1628, 1528, 1466, 1342, 1273, 1242, 1080, 1034. FABMS
m/z: 543 (M+H), 542 (M"), 420, 392 (M—4-NO,C¢H,CO), 350, 307, 289, 221, 207, 154, 136.
HRMS-FAB (m/z): [M+H]" calcd. for CosHp3N,01,, 543.1251; found, 543.1241.

O

o OH
A~ _OAc -

ON OH
o) o K,CO; O o
OAc "2t0s
o) NH MeOH,t O NH
OH O 31 OH O 1

(+)-trans-Dihydronarciclasine (1): To a suspension of triester 31 (24.9 mg, 45.9 umol) in MeOH (3
mL), was added K,COj3 (38.0 mg, 0.275 mmol) at rt. After 1 h, saturated aqueous NH4Cl (3 mL) was
added to the reaction mixture, and the whole was extracted with EtOAc (6 x 6 mL). The combined
organic layers were washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue
was purified by column chromatography (EtOAc/MeOH 10:1) to afford the title compound (12.4 mg,
87%) as white solids of mp 273-275 °C, (lit."” 290291 °C): R 0.58 (EtOAc/MeOH 10:1). [a]*’p
+5.8 (¢ 0.27, THF), (lit."° [a]*°p +4.7 (¢ 0.27, THF)). '"H NMR (CD;OD): 1.83 (ddd, J = 2.5, 13.0,
13.5, 1H), 2.23 (ddd, J = 3.0, 3.5, 13.5, 1H), 3.00 (ddd, J = 3.5, 12.5, 13.0, 1H), 3.46 (dd, J = 10.0,
12.5, 1H), 3.86 (dd, J= 3.0, 10.0, 1H), 3.91 (dd, /= 3.0, 3.0, 1H), 4.08 (m, 1H), 6.00 (d, /= 1.0, 1H),
6.01 (d, J= 1.0, 1H), 6.45 (d, J = 1.0, 1H). °C NMR (CD;OD): 29.6 (CH,), 35.2 (CH), 56.3 (CH),
70.5 (CH), 71.5 (CH), 73.3 (CH), 97.7 (CH), 103.4 (CH,), 108.2 (C), 133.9 (C), 139.7 (C), 147.3 (C),
154.3 (C), 171.9 (C). IR (KBr): 3402, 2924, 1666, 1628, 1466, 1342, 1288, 1234, 1080, 1034.
FABMS m/z: 310 (M+H), 309 (M"), 197, 149, 135. HRMS-FAB (m/z): [M+H] calcd. for
C14H6NO7, 310.0927; found, 310.0919.

'H NMR, "*C NMR, MS, and IR spectral data were identical to those reported.'® '
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o) 0 y 0 y
><j AN Tf,NH (5 mol%)
+ —_—
£ >OTBS CHiCly, —40 °C OTBS OTBS
33 H H
38 39

37

Tf,NH (3 mol%), methyl acrylate NaOH
CH,Cl,, —40 °C EtOH/H,0, 60 °C
(one-pot)

Methyl
(2SR,2aRS,4aRS,7aRS,7TbSR)-2a-{(tert-Butyldimethylsilyl)oxy}-6,6,7b-trimethyl-5-oxodecahydr
o-1H-cyclobuta|e]indene-2-carboxylate (40): To a stirred solution of cyclopentenone 33’ (145 g,
132 mmol) and siloxydiene 37" (29.3 g, 148 mmol, Z:E = 2.2:1) in dry CH,Cl, (415 mL) at —40 °C,
was added a solution of TENH (1.88 g, 6.69 mmol) in dry toluene (83 mL) over 15 min. After 2 h,
methyl acrylate (36.0 mL, 401 mmol) was added and then, a solution of Tf;NH (1.14 g, 4.05 mmol)
in dry toluene (50 mL) was added again over 5 min. The mixture was stirred for 1 h. Then, methyl
acrylate (36.0 mL, 401 mmol) was added again to the mixture. After additional 1.5 h, the reaction
was quenched by the addition of Et;N (18 mL). Removal of the solvent under reduced pressure,
followed by column chromatography of the residue (hexane/EtOAc 95:5 to 9:1) to afford the title
compound as a mixture with side products (26.4 g), which was used directly in the next step without
further purification. An analytical sample was obtained by repeating column chromatography
(hexane/EtOAc 97:3) as colorless oil: Ry 0.46 (hexane/EtOAc 5:1). 'H NMR: 0.08 (s, 3H), 0.15 (s,
3H), 0.87 (s, 9H), 1.00 (s, 3H), 1.07 (s, 3H), 1.16 (s, 3H), 1.52-1.62 (m, 4H), 1.67 (m, 1H),
1.77-1.83 (m, 2H), 1.86 (dd, /= 7.0, 12.5, 1H), 2.17 (ddd, J=7.0, 7.0, 12.5, 1H), 2.42 (m, 1H), 3.23
(dd, J = 9.5, 9.5, 1H), 3.70 (s, 3H). °C NMR: -3.4 (CH3), —2.9 (CH3), 18.2 (C), 19.9 (CH,), 21.3
(CHaj), 24.3 (CH3), 24.5 (CH3), 25.7 (CH3), 29.3 (CH,), 31.8 (CHa), 38.6 (CH), 40.9 (CH,), 42.0 (C),
45.3 (C), 46.0 (CH), 47.7 (CH), 51.2 (CH3), 77.1 (C), 173.1 (C), 225.1 (C). IR (neat): 2955, 2930,
2859, 1739, 1732, 1458, 1362, 1250, 1204, 1130, 1107. EIMS m/z: 394 (M"), 379 (M—-Me), 337
(M—¢-Bu), 308 (M-CH,CHCO,Me), 251 (M—-#-Bu—CH,CHCO,Me), 225, 185, 173, 159, 129.
HRMS-ESI (m/z): [M+Na]" calcd. for C»,H3sNaO,4Si, 417.2437; found, 417.2440.
(2SR,2aRS,4aRS,7aRS,TbSR)-2a-{(tert-Butyldimethylsilyl)oxy}-6,6,7b-trimethyl-5-oxodecahydr
0-1H-cyclobuta[e]indene-2-carboxylic Acid (41): The mixture (26.4 g) was then dissolved in
EtOH (360 mL) and H,O (180 mL). NaOH (10.8 g, 270 mmol) was added to the stirred mixture. The
reaction mixture was heated at 60 °C for 3 h. After cooling to rt, the mixture was acidified by the
addition of 3 N HCI (200 mL). The whole was extracted with EtOAc (600 mL + 2 x 200 mL). The
combined organic layers were washed with brine, dried over Na,SO,, and concentrated in vacuo.

The residue was dissolved in hexane (100 mL) and filtered. The solid was washed thoroughly with
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hexane to afford the title compound (11.4 g, 23% from 33) as white solids: Crystals suitable for
X-ray diffraction studies were obtained by vapor diffusion. Colorless solids of mp 196-198 °C
(EtOAc/hexane). Ry 0.31 (hexane/EtOAc 2:1). '"H NMR: 0.10 (s, 3H), 0.16 (s, 3H), 0.87 (s, 9H), 1.01
(s, 3H), 1.08 (s, 3H), 1.17 (s, 3H), 1.55 (dd, J = 12.5, 12.5, 1H), 1.59-1.64 (m, 3H), 1.70 (m, 1H),
1.78 (dd, J = 10.0, 10.5, 1H), 1.85-1.92 (m, 2H), 2.19 (ddd, J = 7.5, 7.5, 12.5, 1H), 2.44 (m, 1H),
3.28 (dd, J = 9.5, 10.0, 1H). °C NMR (DMSO0-d6): —3.5 (CHs), —2.8 (CH3), 18.0 (C), 19.8 (CH,),
21.1 (CHjs), 23.8 (CHj3), 24.2 (CHj3), 25.7 (CHj3), 29.1 (CH,), 31.4 (CH,), 37.9 (CH), 40.6 (CH,),
41.3 (C), 44.7 (C), 44.8 (CH), 47.1 (CH), 76.5 (C), 173.7 (C), 224.0 (C). IR (KBr): 2959, 2930, 2859,
1738, 1697, 1458, 1420, 1252, 1196, 1136. EIMS m/z: 365 (M-Me), 323 (M-#-Bu), 308
(M-CH,CHCO,H), 279, 251 (M—#+-Bu—-CH,CHCO,H), 171, 159, 147, 129. HRMS-ESI (m/z):
[MJrNa]+ caled. for C,1H36NaO4Si, 403.2281; found, 403.2286. Anal. calcd. for C,;H304Si: C,
66.27; H, 9.53. found: C, 66.17; H, 9.40.

otestOMe

>Oé X EtAICI, (20 mol%), CH,Cly, —40 °C;
' Q\OTBS methyl acrylate, CH,Cl,, —40 °C

> 37 42
Methyl
7a-{(tert-Butyldimethylsilyl)oxy}-5,5,7-trimethyl-4-oxodecahydro-1H-cyclobuta[f]indene-1-car
boxylate (42): To a stirred solution of cyclopentenone 33°' (360 mg, 3.27 mmol) and siloxydiene
37°% (779 mg, 3.93 mmol, Z:E = 2.3:1) in dry CH,Cl, (11 mL) at —40 °C, was added a 1.0 M hexane
solution of EtAICl, (0.64 mL, 0.64 mmol) over 5 min. After 1 h, methyl acrylate (0.86 mL, 9.6
mmol) was added. The mixture was stirred for 2 h. Then, methyl acrylate (0.43 mL, 4.8 mmol) was
added again to the mixture. After additional 1 h, the reaction was quenched by the addition of
saturated aqueous NaHCOj; (10 mL). The whole was extracted with EtOAc (3 x 10 mL). The
combined organic layers were washed with brine, dried over Na,SO,, and concentrated in vacuo.
The residue was purified by column chromatography (hexane/EtOAc 98:2 to 9:1) to afford a 1:1.3
mixture of the title compound (176 mg, 14%).

Major isomer: colorless oil. Ry 0.38 (toluene/EtOAc 19:1). "H NMR: 0.18 (s, 3H), 0.23 (s, 3H),
0.86 (d, J=17.0, 3H), 0.90 (s, 9H), 1.02 (s, 3H), 1.14 (s, 3H), 1.42 (m, 1H), 1.54 (m, 1H), 1.63-1.81
(m, 3H), 1.88 (dd, /= 13.0, 13.0, 1H), 2.14 (m, 1H), 2.31 (m, 1H), 2.39-2.47 (m, 2H), 3.02 (dd, J
= 8.0, 10.0, 1H), 3.68 (s, 3H). C NMR: —2.8 (CH3), 2.3 (CH3), 12.9 (CH3), 18.2 (C), 19.2 (CHy),
19.5 (CHy), 25.0 (CHj3), 25.6 (CH3), 26.6 (CH3), 29.9 (CH), 36.4 (CH), 36.5 (CH,), 40.6 (CH), 45.3
(C), 45.4 (CH), 50.1 (CH), 51.4 (CH3), 77.2 (C), 172.4 (C), 224.2 (C). IR (neat): 2955, 2859, 1736,
1462, 1254, 1196, 1165, 1115. EIMS m/z: 394 (M"), 379 (M-Me), 363 (M—OMe), 337 (M—t-Bu),
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308 (M—CH,CHCO,Me), 305, 251 (M-#-Bu—-CH,CHCO,Me), 159, 129. HRMS-ESI (m/z):
[MJrNa]+ calcd. for C,yH3gNaO4Si, 417.2437; found, 417.2434.

Minor isomer: colorless oil. Ry 0.63 (toluene/EtOAc 19:1). "H NMR: 0.19 (s, 3H), 0.22 (s, 3H),
0.80 (d, J = 6.5, 3H), 0.88 (s, 9H), 1.02 (s, 3H), 1.05 (m, 1H), 1.07 (s, 3H), 1.43 (dd, J=11.0, 11.5,
1H), 1.60-1.68 (m, 2H), 1.97 (ddd, J = 5.0, 8.0, 13.0, 1H), 2.03-2.14 (m, 4H), 2.34 (m, 1H), 3.21
(dd, J = 9.5, 10.0, 1H), 3.67 (s, 3H). °C NMR: 2.9 (CH3), 2.3 (CH3), 12.3 (CHj), 18.2 (C), 22.8
(CH,), 23.3 (CHj;), 24.8 (CH3), 25.7 (CHs;), 26.5 (CH,), 35.4 (CH), 36.1 (CH), 42.0 (CH), 43.2 (CH),
43.2 (CH,), 46.3 (C), 48.8 (CH), 51.5 (CHj3), 80.8 (C), 172.9 (C), 224.7 (C). IR (neat): 2955, 2859,
1736, 1462, 1254, 1196, 1169, 1096. EIMS m/z: 394 (M"), 379 (M-Me), 363 (M—Me), 337
(M—#-Bu), 308 (M—CH,CHCO,Me), 251 (M-t-Bu—CH,CHCO,Me), 225, 185, 173, 159, 129.
HRMS-ESI (m/z): [M+Na]" calcd. for C»,H3sNaO,4Si, 417.2437; found, 417.2444.

HOTT, Et;N, DMAP, THF, rt;

tert-dodecanethiol, reflux

(2aRS,4aRS,7aRS,7TbSR)-2a-{(tert-Butyldimethylsilyl)oxy}-6,6,7b-trimethyldecahydro-5H-cyclo
butaje]inden-5-one (53): To a stirred solution of carboxylic acid 41 (3.53 g, 9.28 mmol) in dry THF
(94 mL) were added HOTT” (S-(1-oxido-2-pyridinyl)-1,1,3,3-tetramethylthiouro- nium
hexafluorophosphate; 4.50 g, 12.1 mmol), DMAP (114 mg, 0.933 mmol), and Et;N (3.9 mL, 28
mmol) at rt. After 1 h, tert-dodecanethiol (6.5 mL, 28 mmol) was added to the mixture. The resulting
mixture was heated under reflux for 2 h. After cooling to rt, the reaction was quenched by the
addition of 1 N HCI (50 mL). The whole was extracted with EtOAc (3 x 50 mL). The combined
organic layers were washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue
was purified by column chromatography (hexane/EtOAc 1:0 to 95:5) to afford the crude product.
Then, the residue was purified again by column chromatography (DIOL silica, hexane) to afford the
title compound (2.78 g, 89%) as colorless oil: Ry 0.29 (hexane/EtOAc 95:5). "H NMR: 0.00 (s, 3H),
0.06 (s, 3H), 0.86 (s, 9H), 1.00 (s, 3H), 1.07 (s, 3H), 1.13 (s, 3H), 1.39 (ddd, J = 2.0, 9.5, 10.0, 1H),
1.45 (ddd, J = 9.5, 9.5, 10.0, 1H), 1.54 (dd, J = 12.5, 13.0, 1H), 1.61-1.69 (m, 4H), 1.79-1.83 (m,
2H), 2.10 (ddd, J = 7.5, 7.5, 13.0, 1H), 2.15 (ddd, J = 10.0, 10.0, 10.5, 1H), 2.44 (m, 1H). >C NMR:
—2.9 (CHj3), -2.7 (CHs), 17.9 (C), 20.5 (CHy), 21.0 (CHj3), 24.4 (CH3), 24.5 (CHs), 25.7 (CH3), 26.9
(CHy), 33.2 (CH,), 36.5 (CHy), 39.1 (CH), 40.8 (CH,), 44.2 (C), 45.3 (C), 46.4 (CH), 73.9 (C), 225.9
(C). IR (neat): 2955, 2928, 2859, 1740, 1458, 1294, 1256, 1188, 1130, 1101, 1070, 1047, 1030.
EIMS m/z: 336 (M"), 321 (M—-Me), 308, 279 (M—¢-Bu), 251, 223, 187, 159, 145, 133, 115 (TBS).
HRMS-ESI (m/z): [M+Na]" calcd. for CyH3sNaO,Si, 359.2382; found, 359.2385.
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O H TfO
2 ,6-di-tert-butyl-4-methylpyridine, Tf,O

wOTBS
CH,Cly, 0 °C to rt

53 54
(2aRS,7aRS,7bSR)-2a-{(tert-Butyldimethylsilyl)oxy}-6,6,7b-trimethyl-2,2a,3,4,6,7,7a,7b-octahy
dro-1H-cyclobuta|e]inden-5-yl Trifluoromethanesulfonate (54): To a stirred solution of ketone
53 (2.17 g, 6.45 mmol) in dry CH,Cl, (65 mL) were added 2,6-di-tert-butyl-4-methylpyridine (5.31
g, 25.9 mmol) and trifluoromethanesulfonic anhydride (3.2 mL, 20 mmol) at 0 °C. The mixture was
warmed to rt and stirred for 3 h. Then, the mixture was poured into pentane (130 mL) and filtered
through a pad of Celite. Saturated aqueous NaHCOj; (65 mL) was added to the filtrate. The layers
were separated and the aqueous layer was extracted with EtOAc (2 x 50 mL). The combined organic
layers were washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue was
purified by column chromatography (hexane) to afford the title compound (2.14 g, 71%) as colorless
oil: R¢ 0.40 (hexane). 'H NMR: 0.04 (s, 3H), 0.09 (s, 3H), 0.88 (s, 9H), 0.95 (s, 3H), 1.12 (s, 6H),
1.47 (m, 1H), 1.65-1.82 (m, 5H), 2.04 (ddd, J=4.5, 9.0, 12.0, 1H), 2.19 (m, 1H), 2.28-2.41 (m, 2H),
2.77 (dd, J = 8.0, 8.0, 1H). °C NMR: —2.9 (CH3), 17.5 (CH3), 18.2 (C), 18.4 (CH,), 25.7 (CH3), 26.0
(CHay), 26.7 (CH3), 31.3 (CHy), 32.1 (CHy), 33.9 (CHy), 38.2 (CHyp), 43.1 (C), 45.1 (C), 45.3 (CH),
76.5 (C), 118.6 (q, Jcr = 315, C), 129.0 (C), 146.5 (C). IR (neat): 2959, 2934, 2859, 1458, 1410,
1258, 1211, 1142, 1107, 1059, 1034, 1001. EIMS m/z: 468 (M"), 453 (M-Me), 440, 411 (M—t-Bu),
355, 335 (M-SO,CF3), 307, 265, 203, 187, 175, 159, 145, 131, 119, 105. HRMS-ESI (m/2):
[MJrNa]+ calcd. for Cy1H35F3NaO4SSi, 491.1875; found, 491. 1873.

Pd(acac),, BusP, BusN, HCO,H
OTBS WwOTBS
THF, reflux ~
H:

54 45

TfO

tert-Butyldimethyl[{(2aRS,7aRS,7bSR)-6,6,7b-trimethyl-1,2,3,4,6,7,7a,7b-octahydro-2aH-cyclo

buta|e]inden-2a-yl}oxy]silane (45): To a stirred solution of enol triflate 54 (3.00 g, 6.02 mmol) in
dry THF (60 mL) were added BuzN (14.3 mL, 60.2 mmol), Bu;P (0.59 mL, 2.4 mmol), Pd(acac),
(367 mg, 1.20 mmol), and formic acid (1.7 mL, 45 mmol). The reaction mixture was heated under
reflux for 12 min. After cooling to rt, the reaction was quenched by the addition of saturated aqueous
NaHCOj; (30 mL). The whole was extracted with EtOAc (60 mL + 2 x 30 mL). The combined
organic layers were washed with 1 N HCI and brine (30 mL each), dried over Na,SO,4, and
concentrated in vacuo. The residue was purified by column chromatography (hexane) to afford the
title compound (1.76 g, 91%) as colorless oil: R¢ 0.83 (hexane). 'H NMR: 0.03 (s, 3H), 0.09 (s, 3H),
0.88 (s, 9H), 0.90 (s, 3H), 0.98 (s, 3H), 1.04 (s, 3H), 1.43 (dd, J = 8.5, 12.5, 1H), 1.47 (ddd, J = 7.5,
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9.0, 11.0, 1H), 1.56-1.62 (m, 2H), 1.70 (ddd, J = 5.0, 10.5, 11.0, 1H), 1.80 (ddd, J = 6.0, 12.0, 13.5,
1H), 2.04 (ddd, J = 5.0, 9.0, 12.0, 1H), 2.13 (ddd, J = 7.5, 10.5, 12.0, 1H), 2.20-2.30 (m, 2H), 2.85
(m, 1H), 5.05 (m, 1H). °C NMR: -2.8 (CH3), —2.7 (CHs), 17.6 (CHj), 18.2 (C), 20.8 (CHy), 25.8
(CH;), 28.4 (CHs), 30.0 (CHs), 31.6 (CHa), 33.9 (CH,), 34.0 (CH,), 40.1 (CH,), 44.4 (C), 45.5 (C),
51.4 (CH), 77.4 (C), 132.2 (CH), 139.8 (C). IR (neat): 2955, 2932, 2859, 1460, 1258, 1200, 1180,
1107, 1032, 1016. EIMS m/z: 320 (M"), 305 (M-Me), 292, 277, 263 (M—¢-Bu), 235, 189, 173, 160,
145, 133, 119, 105. Anal. caled. for C5oHss0Si: C, 74.93; H, 11.32. found: C, 75.07; H, 11.58.

H
1) Hy, Rh/C (400 kPa), EtOH, rt
><t@\oms 2) TBAF, THF, reflux y OH
H: H:
45 55

tert-Butyldimethyl[{(2aRS,4aSR,7aRS,7bSR)-6,6,7b-trimethyldecahydro-1H-cyclobuta|e]inden
-2a-yl}oxy]silane (S7): A mixture of olefin 45 (726 mg, 2.26 mmol) and 5% Rh/C (461 mg, 0.25
mmol) in EtOH (7.5 mL) was stirred under hydrogen pressure (400 kPa) at rt. After 48 h, the
reaction mixture was filtered through a pad of Celite and the filter cake was washed with EtOAc.
The filtrate and washings were combined and concentrated in vacuo to afford the title compound
(716 mg) as pale yellow oil, which was used directly in the next step without further purification. An
analytical sample was obtained by column chromatography (hexane) as colorless oil: Ry 0.85
(hexane). "H NMR: 0.02 (s, 3H), 0.05 (s, 3H), 0.87 (s, 9H), 0.90 (s, 3H), 1.03 (s, 3H), 1.04 (s, 3 H),
1.20-1.36 (m, 5H), 1.43-1.53 (m, 2H), 1.59 (ddd, J = 3.0, 9.0, 12.0, 1H), 1.65 (m, 1H), 1.74 (dd, J =
3.0, 9.0, 1H), 1.78 (ddd, J = 2.0, 8.5, 10.0, 1H), 1.88 (ddd, J = 7.0, 8.0, 15.0, 1H), 2.09 (q, J = 10.0,
1H), 2.16 (m,1H). °C NMR: —2.8 (CH3), —2.6 (CH3), 18.0 (C), 22.6 (CH3), 25.3 (CH,), 25.8 (CH3),
26.9 (CHy), 29.4 (CHas), 31.0 (CH3), 33.2 (CH,), 35.9 (CHy), 36.1 (CH), 36.6 (C), 44.4 (CH,), 45.1
(C), 45.7 (CH), 48.2 (CHy), 74.6 (C). IR (neat): 2951, 2928, 2901, 2859, 1462, 1385, 1362, 1342,
1312, 1250, 1184, 1130, 1103, 1049, 1007. EIMS m/z: 322 (M), 307, 294, 279, 265 (M—t-Bu), 237,
189, 161, 115, 75, 41. FABMS m/z: 323 (M+H), 321, 294, 265 (M—-Bu), 237, 189. Anal. calcd. for
CyH3308i: C, 74.46; H, 11.87. found: C, 74.33; H, 11.94.

(2aRS,4aSR,7aRS,7bSR)-6,6,7b-Trimethyldecahydro-1H-cyclobuta[e]inden-2a-0l  (55): A
solution of S7¢ (716 mg) and 1 M THF solution of TBAF (11 mL, 11 mmol) was heated under
reflux for 28 h. After cooling to rt, the reaction was quenched by the addition of saturated aqueous
NH,4CI (15 mL). The whole was extracted with EtOAc (3 x 10 mL). The combined organic layers
were washed with brine, dried over Na,SOy4, and concentrated in vacuo. The residue was purified by
column chromatography (hexane/EtOAc 95:5) to afford the title compound (424 mg, 90%) as
colorless oil: Ry 0.38 (hexane/EtOAc 5:1). '"H NMR: 0.91 (s, 3H), 1.04 (s, 3H), 1.12 (s, 3H),
1.19-1.40 (m, 5H), 1.50 (g, J = 10.0, 1H), 1.61—1.78 (m, 5H), 1.89-2.02 (m, 3H), 2.26 (m, 1H). °C
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NMR: 21.4 (CHs), 25.3 (CH,), 26.1 (CH,), 28.7 (CHs), 30.4 (CHj), 33.0 (CH,), 33.8 (CH,), 35.3
(CH), 36.9 (C), 44.4 (C), 44.7 (CHy), 45.4 (CH), 48.1 (CH,), 73.3 (C). IR (neat): 3406, 2928, 2866,
1460, 1447, 1381, 1370, 1246, 1185, 1123, 1092, 1026. EIMS m/z: 208 (M"), 193, 180, 162, 147,
135, 123, 109, 95, 81, 67, 55, 41. HRMS—ESI (m/z): [M+H]" calcd. for C14H,50, 209.1905; found,

209.1892.
H
BFy-OEt;, PhSH_
VO hLen 00
H_:: 2%-12,
55

Phenyl[2-{(3aRS,7aSR)-2,2,4-trimethyl-2,3,3a,6,7,7a-hexahydro-1H-inden-5-yl}ethyl]sulfane
(59): To a solution of alcohol 55 (31.7 mg, 0.152 mmol) and PhSH (155 pL, 1.52 mmol) in dry
CH,CI, (2 mL) was added BF;*OEt, (21 pL, 0.167 mmol) at 0 °C. After 8 min, the reaction was
quenched by the addition of saturated aqueous NaHCO; (5 mL). The whole was extracted with
EtOAc (3 x 5 mL), and the combined organic layers were washed with brine, dried over Na,SO,, and
concentrated in vacuo. The residue was purified by column chromatography (hexane) to afford the
title compound (38.1 mg, 84%) as pale yellow oil: R¢ 0.68 (hexane/EtOAc 5:1). 'H NMR: 0.98 (s,
3H), 1.04 (s, 3H), 1.15-1.22 (m, 2H), 1.33 (m, 1H), 1.53 (qd, J = 5.0, 13.0, 1H), 1.58 (s, 3H), 1.65
(dd, J=8.0, 13.0, 1H), 1.72 (dd, /= 7.0, 12.0, 1H), 1.86—-1.96 (m, 2H), 2.12 (m, 1H), 2.31-2.35 (m,
2H), 2.40 (m, 1H), 2.91-2.94 (m, 2H), 7.15 (dd, J = 7.0, 7.5, 1H), 7.25-7.28 (m, 2H), 7.33 (d, J =
7.0, 2H). >C NHR: 17.8 (CH;), 28.1 (CH,), 28.7 (CH,), 29.8 (CH3), 31.0 (CH3), 32.1 (CH,), 33.4
(CHy), 36.9 (CH), 37.6 (C), 44.5 (CH), 47.0 (CH,), 47.2 (CHy), 125.6 (CH), 127.8 (C), 128.8 (CH),
128.8 (CH), 131.4 (C), 137.0 (C). IR (neat): 2951, 2924, 2859, 1713, 1585, 1477, 1462, 1439, 1381,
1366. EIMS m/z: 300 (M"), 190 (M-PhSH), 175, 161, 135, 121, 107. HRMS-ESI (m/z): [M+H]"
calcd. for CyHyoS, 301.1990; found, 301.1973.

o, 0
\ /,
: e
Cl” "NH,
WOH ——
y DMA, rt
H
55 64

(SR)-2',2',4'-Trimethyl-1',2',3',6',7',7a'-hexahydrospiro[cyclopropane-1,5'-indene] (64): To a
stirred solution of alcohol 55 (5.5 mg 26 pmol) in dry DMA (0.5 mL) was added sulfamoyl chloride

62 (15.8 mg 0.137 mmol). The reaction mixture was stirred at rt for 10 min. Then, the reaction
was quenched by the addition of water (2 mL). The whole was extracted with EtOAc (3 x 5 mL),
and the combined organic layers were washed with brine, dried over Na,SOy, and concentrated in

vacuo to afford the title compound (4.5 mg, 90%) as pale yellow oil: R 0.67 (hexane). 'H NMR:

81



0.27 (m, 1H), 0.38 (m, 1H), 0.68 (m, 1H), 0.81 (m, 1H), 1.02 (s, 3H), 1.05-1.10 (m, 2H), 1.07 (s.
3H), 1.22 (s, 3H), 1.24 (m, 1H), 1.61 (dd, J = 6.5, 11.5, 1H), 1.86 (m, 1H), 2.01 (m, 1H), 2.09 (br s,
2H), 2.57 (m, 1H). *C NMR: 10.5 (CH,), 12.3 (CHj), 13.5 (CH,), 20.7 (C), 28.8 (CH,), 29.3 (CHs),
30.4 (CHs), 36.5 (CH,), 37.2 (C), 41.5 (CH), 45.2 (CH,), 48.3 (CH,), 125.2 (C), 139.2 (C). IR (neat):
3075, 3001, 2951, 2924, 2851, 1458, 1450, 1381, 1366, 1072, 1038, 1011. EIMS m/z: 190 (M"), 175
(M-Me), 161, 147, 134, 121, 119, 105. HRMS-ESI (m/2): [M+K]" calcd. for C1;HxK, 229.1359;
found, 229.1339.

"X
H H o
Cl;C” “NCO, CH,Cl,, 0 °C Y
OH 0" “NH,
g 2) K,CO3, MeOH, rt g
H: H:
55 65

(2aRS,4aSR,7aRS,7bSR)-6,6,7b-Trimethyldecahydro-1H-cyclobuta|e]inden-2a-yl Carbamate
(65): To a solution of alcohol 55 (279 mg, 1.34 mmol) in dry CH,Cl, (8 mL) was added
trichloroacetyl isocyanate (175 pL, 1.48 mmol) at 0 °C. After 10 min, the reaction mixture was
concentrated in vacuo. To the resulting residue were added MeOH (8 mL) and K,CO; (126 mg, 6.70
mmol) at rt. After 3 h, water (10 mL) was added, and the whole was extracted with EtOAc (20 mL +
2 x 10 mL). The combined organic layers were washed with brine, dried over Na,SO,, and
concentrated in vacuo. The residue was purified by column chromatography (hexane/EtOAc 5:2) to
afford the title compound (340 mg, quant.) as colorless amorphous of mp 143-146 °C: Ry 0.42
(hexane/EtOAc 5:1). 'H NMR: 0.92 (s, 3H), 1.05 (s, 3H), 1.11 (s, 3H), 1.19—1.25 (m, 2H), 1.32 (m,
1H), 1.36-1.43 (m, 2H), 1.57-1.64 (m, 2H), 1.69 (dd, J = 8.5, 13.0, 1H), 1.93 (m, 1H), 1.97-2.05 (m,
2H), 2.19-2.28 (m, 2H), 2.39 (ddd, J = 10.0, 10.5, 12.0, 1H), 4.51 (br s, 2H). °C NHR: 22.3 (CHs),
24.9 (CHy), 28.0 (CHy), 28.8 (CH3), 30.4 (CH,), 30.6 (CH3), 31.3 (CHy), 35.1 (CH), 36.8 (C), 43.4
(C), 44.7 (CHy), 45.2 (CH), 48.0 (CH,), 80.2 (C), 156.1 (C). IR (KBr): 3287, 2959, 2928, 2862,
1755, 1717, 1454, 1377, 1273, 1231, 1088, 1034. EIMS m/z: 223, 190, 180, 162, 147, 135, 123, 107.

HRMS-ESI (m/z): [M—H * calcd. for C15Hy4NO,, 250.1807; found, 250.1803.
) Q Rh(esp),, PhI(OAC),, MgO
J]\ €sp)y, C)2, Mg
P . 0 0
X O N2 CH,Cl,, reflux /E >=
H
65

(2aRS,5aSR,6aRS,9aRS,9bSR)-8,8,9b-Trimethyldecahydrocyclobuta[6,7]indeno[5,6-d]oxazol-4(
2H)-one (66a) and
(2aRS,5aRS,6aRS,9aRS,9bSR)-8,8,9b-Trimethyldecahydrocyclobuta[6,7]indeno[5,6-d]oxazol-4(
2H)-one (66b): To a solution of carbamate 65 (246 mg, 0.979 mmol) in dry CH,Cl, (6 mL) were

82



added successively MgO (91.8 mg, 2.28 mmol), PhI(OAc), (442 mg, 1.37 mmol), and Rh,(esp),
(18.6 mg, 24.5 umol). The mixture was heated for 12.5 h under reflux. Then, Rhy(esp), (18.6 mg,
24.5 pumol) was added again to the reaction mixture. After additional 6.5 h, the mixture was filtered
through a pad of Celite. The filter cake was rinsed with EtOAc. The combined filtrates were
concentrated in vacuo. The residue was purified by column chromatography (hexane/EtOAc 5:1) to
afford the title compounds (225 mg and 6.2 mg, 92% and 3%, respectively).

66a: White solids of mp 152154 °C. R¢ 0.25 (hexane/EtOAc 3:1 x 2). "H NMR: 0.97 (s, 3H),
1.06 (s, 3H), 1.26 (s, 3H), 1.28 (m, 1H), 1.35 (ddd, J = 12.0, 13.0, 13.0, 1H), 1.42 (d, J = 10.0, 1H),
1.47-1.50 (m, 2H), 1.54 (ddd, J = 4.5, 5.0, 13.0, 1H), 1.72 (dd, J = 7.5, 13.5, 1H), 1.87 (dt, J = 6.0,
10.0, 1H), 2.00 (ddd, J = 3.5, 7.0, 10.5, 1H), 2.05 (m, 1H), 2.37 (ddd, J = 10.5, 10.5, 11.0, 1H), 3.54
(dd, J = 5.0, 12.0, 1H), 5.25 (br s, 1H). C NMR: 21.0 (CH3), 25.0 (CH,), 31.5 (CH,), 32.1 (CHs),
32.4 (CH3), 33.2 (CHy), 34.9 (CH), 36.0 (C), 41.9 (CH,), 44.6 (C), 45.7 (CH), 47.1 (CH,), 58.4 (CH),
81.8 (C), 158.8 (C). IR (KBr): 3287, 2959, 2928, 2862, 1755, 1721, 1454, 1427, 1381, 1273, 1231,
1089, 1034. EIMS m/z: 249 (M"), 221, 207, 190, 177, 163, 152, 137, 123, 107. HRMS—ESI (m/z):
[MJrNa]+ calcd. for C;5sHy3NNaO,, 272.1626; found, 272.1617.

66b: White solids of mp 151-155 °C. Rf 0.42 (hexane/EtOAc 3:1 x 2). 'H NMR: 0.92 (s, 3H),
1.07 (s, 3H), 1.23 (s, 3H), 1.24-1.27 (m, 2H), 1.49-1.56 (m, 2H), 1.62 (ddd, J = 1.0, 3.5, 13.0, 1H),
1.77 (ddd, J=5.0, 12.0, 12.0, 1H), 1.92 (ddd, J = 1.5, 8.5, 13.0, 1H), 2.04-2.12 (m, 2H), 2.17 (ddd, J
=17.0,9.5, 16.5, 1H), 2.50 (ddd, J = 5.0, 10.0, 14.5, 1H), 2.70 (m, 1H), 3.83 (dd, J = 3.5, 13.5, 1H),
4.77 (br s, 1H). °C NMR: 19.9 (CH;), 23.7 (CH,), 27.4 (CH3), 28.4 (CH,), 29.2 (CH,), 29.9 (CHs),
33.8 (CH), 37.6 (C), 43.3 (C), 46.8 (CH,), 48.7 (CH), 50.6 (CH), 54.7 (CH), 88.0 (C), 160.6 (C). IR
(KBr): 3248, 2951, 2932, 2862, 1759, 1458, 1447, 1366, 1315, 1288, 1080, 1045. EIMS m/z: 249
(M"), 221, 206, 190, 177, 163, 145, 137, 123, 107. HRMS-ESI (m/z): [M+Na]  calcd. for
C5H23NNaO,, 272.1626; found, 272.1617.
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N NaH, TsCl | R
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<« \'o THF, rt < \'o
H =2 HZ
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66a

(2aRS,5aSR,6aRS,9aRS,9bSR)-8,8,9b-Trimethyl-5-tosyldecahydrocyclobuta[6,7]indeno|5,6-d]o
xazol-4(2H)-one (S8): To a solution of oxazolidinone 66a (21.0 mg, 84.2 pmol) and TsCl (19.3 mg,
0.101 mmol) in dry THF (2 mL) was added a 60% oil suspension of NaH (3.9 mg, 0.16 mmol) at 0
°C. The reaction mixture was warmed to rt and stirred for 1 h. The reaction was quenched by the
addition of saturated aqueous NH,4Cl (3 mL). The whole was extracted with EtOAc (3 x 5 mL), and
the combined organic layers were washed with brine, dried over Na,SOj, and concentrated in vacuo.

The residue was purified by column chromatography (hexane/EtOAc 8:1) to afford the title
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compound (32.3 mg, 95%) as white solids of mp 154-156 °C: R 0.67 (hexane/EtOAc 2:1). 'H
NMR: 0.96 (s, 3H), 1.00 (s, 3H), 1.20 (s, 3H), 1.25-1.34 (m, 3H), 1.39 (dd, J = 7.0, 12.5, 1H),
1.48-1.52 (m, 2H), 1.75 (dd, J= 7.5, 13.5, 1H), 1.85 (ddd, /= 6.5, 7.0, 13.0, 1H), 1.92 (ddd, /= 3.5,
7.0, 11.5, 1H), 2.02 (ddd, J = 4.5, 5.0, 13.0, 1H), 2.11 (m, 1H), 2.29 (ddd, J = 10.5, 10.5, 11.5, 1H),
2.45 (s, 3H), 4.23 (dd, J = 5.0, 12.0, 1H), 7.34 (d, J = 8.0, 2H), 7.95 (d, J = 8.0, 2H). °C NMR:
20.9 (CHj), 21.7 (CHj3), 24.7 (CH,), 31.2 (CH,), 31.4 (CH,), 32.0 (CH3), 32.3 (CH3;), 35.2 (CH),
35.9 (C), 41.7 (CH,), 44.7 (C), 45.0 (CH), 46.8 (CH,), 63.7 (CH), 80.6 (C), 128.3 (CH), 129.7 (CH),
135.4 (C), 145.3 (C), 151.0 (C). IR (KBr): 2951, 2866, 1778, 1763, 1597, 1458, 1369, 1265, 1169,
1142, 1096, 1034. EIMS m/z: 403 (M"), 375, 255, 220, 204, 187, 176, 155, 135, 119, 107.
HRMS-ESI (m/z): [M+Na]" calcd. for C,H3,NO,S, 404.1896; found, 404.1896.

H Ts H
N MeLi ~NHTs
=0 wOAG
~N'g THF, 7810 0 °C <
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67

(2aRS,3SR.,4aRS,7aRS,TbSR)-6,6,7b-Trimethyl-3-(4-methylphenylsulfonamido)decahydro-1H-
cyclobuta|e]inden-2a-yl Acetate (67): To a solution of N-tosyloxazolidinone S8 (14.7 mg, 36.4
pmol) in dry THF (1.5 mL) at —78 °C was added a 1.07 M ether solution of MeLi (0.070 mL, 0.075
mmol). The mixture was stirred at =78 °C for 20 min and at 0 °C for 15 min. The reaction was
quenched by the addition of saturated aqueous NH4Cl (3 mL). The whole was extracted with EtOAc
(3 x 5 mL), and the combined organic layers were washed with brine, dried over Na,SO,4, and
concentrated in vacuo. The residue was purified by column chromatography (hexane/EtOAc 8:1) to
afford the title compound (6.8 mg, 44%) as colorless oil: R¢ 0.38 (hexane/EtOAc 3:1). '"H NMR:
0.92 (s, 3H), 1.04 (s, 3H), 1.05 (s, 3H), 1.25-1.45 (m, 5H), 1.47 (ddd, J = 2.5, 7.0, 12.0, 1H), 1.54
(m, 1H), 1.66-1.77 (m, 3H), 2.07 (s, 3H), 2.11 (m, 1H), 2.20 (m, 1H), 2.43 (s, 3H), 3.24 (ddd, J =
4.0, 4.0, 12.5, 1H), 5.44 (d, J= 4.0, 1H), 7.31 (d, J = 8.0, 2H), 7.79 (d, J = 8.0, 2H). °C NMR: 21.5
(CHa3), 21.6 (CH3), 21.8 (CHs3), 27.9 (CH,), 30.4 (CH,), 31.5 (CHj3), 31.7 (CHy), 32.0 (CHj3), 35.8 (C),
38.1 (CH), 43.2 (CH,), 44.5 (CH), 46.1 (C), 46.9 (CH,), 58.6 (CH), 82.1 (C), 127.3 (CH), 129.6
(CH), 136.7 (C), 143.4 (C), 172.3 (C). IR (neat): 3433, 3291, 2927, 2866, 1744, 1462, 1319, 1234,
1157, 1088. EIMS m/z: 419 (M), 376 (M-Ac), 359, 319, 264 (M-S0, Tol), 236, 222, 204, 187, 178,
155(S0O,Tol), 149, 121, 107, 91. HRMS-ESI (m/z): [M+Na]" calcd. for Cp;H33NNaO,S, 442.2028;
found, 442.2020.
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(2aRS,5aSR,6aRS,9aRS,9bSR)-8,8,9b-trimethyl-4-oxodecahydrocyclobuta[6,7]indeno[5,6-d]oxa

zole-5(2H)-carboxylate (S9): To a solution of oxazolidinone 66a (142 mg, 0.569 mmol) in dry
CH,Cl, (4 mL) were added successively DMAP (7.3 mg, 60 pmol), Et;N (158 pL, 1.14 mmol), and
Boc,0 (196 pL, 0.853 mmol) at rt. After 2 h, the reaction was quenched by the addition of saturated
aqueous NH4Cl (5 mL). The whole was extracted with EtOAc (10 mL + 2 x 5 mL), and the
combined organic layers were washed with brine, dried over Na,SO,, and concentrated in vacuo.
The residue was purified by column chromatography (hexane/EtOAc 95:5) to afford the title
compound (200 mg, quant.) as colorless amorphous of mp 118—120 °C: R 0.29 (hexane/EtOAc 5:1).
"H NMR: 0.97 (s, 3H), 1.06 (s, 3H), 1.25 (s, 3H), 1.25-1.32 (m, 2H), 1.35-1.44 (m, 2H), 1.49-1.55
(m, 2H), 1.55 (s, 9H), 1.74 (dd, J = 7.5, 13.5, 1H), 1.85-1.91 (m, 2H), 1.99 (m, 1H), 2.08 (m, 1H),
2.35 (ddd, J = 10.0, 10.5, 10.5, 1H), 3.99 (dd, J = 4.5, 12.0, 1H). >C NMR: 20.9 (CHs), 24.8 (CH,),
28.0 (CHj3), 30.0 (CHy), 31.5 (CHy), 32.1 (CHj3), 32.4 (CH3), 35.2 (CH), 35.9 (C), 41.8 (CH,), 44.5
(C), 45.3 (CH), 46.9 (CHy), 61.3 (CH), 78.9 (C), 83.6 (C), 149.6 (C), 151.4 (C). IR (neat): 2955,
2866, 1805, 1717, 1458, 1369, 1327, 1304, 1261, 1157, 1099, 1061, 1034. EIMS m/z: 249, 234, 221,
206, 190, 177, 162, 152, 137, 123, 107. HRMS-ESI (m/z): [M+Na]" caled. for CyH3; NNaO,,
372.2151; found, 372.2150.
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=0 ———— wOAC
e THF, -78 °Cto rt <
H S H S
S9 $10

(2aRS,3SR.,4aRS,7aRS,TbSR)-3-{(tert-Butoxycarbonyl)amino}-6,6,7b-trimethyldecahydro-1H-c

yclobuta[e]inden-2a-yl Acetate (S10): To a solution of N-Bocoxazolidinone S9 (122 mg, 0.349
mmol) in THF (1.5 mL) at —78 °C was added a 1.07 M Et,0O solution of MeLi (0.36 mL, 0.39 mmol).
The mixture was stirred at —78 °C for 30 min, at 0 °C for 30 min, and at rt for 30 min. The reaction
was quenched by the addition of saturated aqueous NH4Cl (3 mL). The whole was extracted with
EtOAc (3 x 5 mL), and the combined organic layers were washed with brine, dried over Na,SO,, and
concentrated in vacuo. The residue was purified by column chromatography (hexane/EtOAc 93:7) to
afford the title compound (94.3 mg, 74%) as colorless oil: R¢ 0.33 (toluene/EtOAc 19:1). 'H NMR:

0.94 (s, 3H), 1.06 (s, 3H), 1.11 (s, 3H), 1.27 (d, /= 13.5, 1H), 1.35-1.49 (m, 5 H), 1.44 (s, 9H), 1.67
(m, 1H), 1.71 (dd, J = 8.0, 13.5, 1H), 1.82 (ddd, J = 6.5, 6.5, 13.0, 1H), 2.07 (s, 3H), 2.22 (m, 1H),
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2.39 (m, 1H), 2.56 (ddd, J = 10.0, 10.0, 11.5, 1H), 3.86 (m, 1H), 4.80 (br s, 1H). °C NMR: 21.6
(CH;), 21.8 (CHj3), 27.7 (CH,), 28.3 (CHs;), 30.9 (CH,), 31.2 (CH,), 31.5 (CHj3), 32.1 (CHj3), 35.8 (C),
38.0 (CH), 43.1 (CH,), 45.0 (CH), 46.2 (C), 47.1 (CHy), 54.8 (CH), 79.1 (C), 82.3 (C), 155.9 (O),
170.5 (C). IR (KBr): 3352, 2951, 2932, 2862, 1732, 1713, 1528, 1458, 1366, 1265, 1238, 1177,
1018. EIMS m/z: 365 (M), 309, 267, 249, 239, 221, 178, 162, 137, 110, 95. HRMS-ESI (m/z):
[MJrNa]+ calcd. for C,H35NNaQy, 388.2464; found, 388.2461.
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WOAc «OAc
X CH,Cl,,0°Ctort <
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$10 68

(2aRS,3SR.,4aRS,7aRS,7TbSR)-3-Amino-6,6,7b-trimethyldecahydro-1H-cyclobuta[e]inden-2a-yl
Acetate (68): To a solution of N-Boc-O-acetylaminoalcohol S10 (72.4 mg, 0.198 mmol) in CH,Cl,
(2 mL) was added TFA (0.40 mL) at 0 °C. The mixture was warmed to rt and stirred for 30 min. The
TFA was azeotropically removed with toluene, and the remaining residue was dissolved in EtOAc (5
mL), washed with saturated aqueous NaHCO; (2 x 5 mL) and brine, dried over Na,SO,, and
concentrated in vacuo. The residue was purified by column chromatography (hexane/EtOAc 2:1) to
afford the title compound (34.3 mg, 66%) as pale yellow oil: Ry 0.54 (hexane/EtOAc 1:1). "H NMR:
0.94 (ddd, J = 12.0, 13.0, 13.0, 1H), 0.97 (s, 3H), 1.05 (s, 3H), 1.24 (s, 3H), 1.26-1.50 (m, 5H),
1.65-1.71 (m, 2H), 1.83-1.90 (m, 2H), 1.95 (s, 3H), 2.06 (m, 1H), 2.19 (ddd, J = 10.0, 10.5, 10.5,
1H), 3.73 (dd, J = 5.0, 12.0, 1H). >C NMR: 14.6 (CH;), 21.4 (CHs), 25.4 (CH,), 32.1 (CH,), 32.1
(CHz3), 32.3 (CHj3), 33.0 (CHy), 35.5 (CH), 36.0 (C), 41.8 (CH,), 44.4 (C), 46.2 (CH), 47.3 (CH,),
70.4 (CH), 84.7 (C), 163.8 (C). IR (neat): 3372, 2951, 2936, 2862, 1667, 1458, 1439, 1381, 1366,
1285, 1254, 1231, 1034. EIMS m/z: 247, 232, 219, 204, 188, 178, 163, 139, 123, 107, 95.
HRMS-ESI (m/z): [M+Na]" calcd. for CsH»;NNaO,, 288.1939; found, 288.1930.
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(2aRS,3SR.,4aRS,7aRS,7TbSR)-6,6,7b-Trimethyl-3-(methylsulfonamido)decahydro-1H-cyclobut
ale]inden-2a-yl Acetate (69): To a solution of O-acetylaminoalcohol 68 (4.9 mg, 18 pmol) in dry
CH,CI, (1 mL) were added Et;N (8.2 puL, 59 pumol) and MsCl (4.2 pL, 54 pmol) at rt. The mixture
was stirred for 30 min. Then, Et;N (8.2 uL, 59 umol) and MsClI (4.2 uL, 54 umol) were added again

to the mixture. After additional 50 min, the reaction was quenched by the addition of saturated

aqueous NaHCO; (2 mL). The whole was extracted with EtOAc (3 x 5 mL), and the combined
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organic layers were washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue
was purified by column chromatography (hexane/EtOAc 5:1) to afford the title compound (2.3 mg,
37%) as white solids of mp 178—180 °C: R 0.38 (hexane/EtOAc 2:1). 'H NMR: 0.95 (s, 3H), 1.08 (s,
3H), 1.13 (s, 3H), 1.31 (d, J=13.5, 1H), 1.40 (br d, /= 10.0, 2H), 1.50 (m, 1H), 1.57-1.61 (m, 2H),
1.66 (m, 1H), 1.73 (dd, J = 8.0, 13.5, 1H), 1.83 (m, 1H), 2.08 (s, 3H), 2.19-2.28 (m, 2H), 2.60 (m,
1H), 3.01 (s, 3H), 3.69 (ddd, J = 6.0, 6.0, 11.0, 1H), 4.77 (d, J = 6.0, 1H). °C NMR: 21.7 (CHs),
21.9 (CHj3), 27.6 (CHy), 31.3 (CH,), 31.6 (CHj3), 32.2 (CHj3), 32.7 (CHy), 35.9 (C), 37.9 (CH), 42.1
(CH3;), 43.0 (CH,), 44.7 (CH), 46.3 (C), 47.0 (CH,), 58.4 (CH), 81.9 (C), 171.3 (C). IR (KBr): 3248,
2951, 2866, 1732, 1462, 1366, 1319, 1231, 1146. EIMS m/z: 343 (M"), 301, 273, 264 (M-SO,Me),
236, 222 (M-SO,Me-Ac), 204, 187, 161, 137, 121, 107. HRMS-ESI (m/z): [M+Na]" calcd. for
C17H29NNaO,S, 366.1715; found, 366.1709.
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66a 71

(2aRS,3SR.,4aRS,7aRS,7TbSR)-3-Amino-6,6,7b-trimethyldecahydro-1H-cyclobutae]inden-2a-ol

(71): To a suspension of N-Bocaminoalcohol 66a (249 mg, 0.999 mmol) in 1,4-dioxane/water (1:1,
10 mL) was added Ba(OH), (1.71 g, 9.98 mmol). The mixture was heated at 110 °C for 18 h. After
cooling to rt, the mixture was filtered through a glass filter and the filter cake was washed with
MeOH. The filtrate and washings were combined and concentrated in vacuo. The residue was
purified by column chromatography (EtOAc/MeOH 10:1) to afford the title compound (216 mg,
97%) as white solids of mp 73-75 °C: Ry 0.10 (MeOH). 'H NMR: 0.94 (s, 3H), 1.04 (s, 3H), 1.09
(ddd, J=3.0, 3.5, 12.5, 1H), 1.20 (s, 3H), 1.23-1.47 (m, 6H), 1.67-1.71 (m, 2H), 1.81 (ddd, J = 6.5,
6.5, 13.0, 1H), 2.01 (ddd, J = 9.5, 10.0, 10.5, 1H), 2.13 (m, 1H), 3.01 (dd, J = 3.0, 12.5, 1H). °C
NMR: 21.4 (CHj3), 25.3 (CHy), 31.9 (CH3), 32.3 (CHj3), 32.5 (CHy), 33.6 (CH,), 35.7 (C), 38.3 (CH),
43.0 (CH,), 45.5 (C), 46.0 (CH), 47.4 (CHy), 55.3 (CH), 72.3 (C). IR (KBr): 3260, 2951, 2862, 1458,
1366, 1269, 1242, 1177, 1092, 1023. EIMS m/z: 223 (M"), 195, 178, 165, 149, 137, 121, 105.
HRMS-ESI (m/z): [M+H]" calcd. for C4H,6NO, 224.2014; found, 224.2020.

H

«NH2  NCS, DCE, 0 °C;
N H
y © DBU, rt
H:

71

2-[(1RS,2RS)-4,4-Dimethyl-2-{(SR)-1-methyl-2-oxocyclobutyl}cyclopentyl]acetonitrile (73): To
a solution of aminoalcohol 71 (5.4 mg, 24 umol) in dry 1,2-dichloroethane (1 mL) was added NCS
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(6.4 mg, 48 umol) at 0 °C. The mixture was stirred for 30 min, and DBU (18 pL, 0.12 mmol) was
added. The mixture was warmed to rt and stirred for 30 min. The reaction mixture was diluted with
EtOAc (10 mL), washed with 1 N HCI (2 x 2 mL) and brine, dried over Na,SO,, and concentrated in
vacuo. The residue was purified by column chromatography (hexane/EtOAc 9:1) to afford the title
compound (4.8 mg, 92%) as colorless oil: R¢ 0.44 (hexane/EtOAc 5:1). 'H NMR: 1.03 (s, 3H), 1.15
(s, 3H), 1.30 (s, 3H), 1.40—1.48 (m, 2H), 1.56 (m, 1H), 1.75 (ddd, J = 6.0, 10.5, 11.0, 1H), 1.83 (dd,
J=18.0, 14.0, 1H), 2.09 (ddd, J = 7.0, 10.5, 11.0, 1H), 2.22 (dd, J = 11.0, 16.5, 1H), 2.31 (m, 1H),
2.36 (dd, J = 4.0, 16.5, 1H), 2.47 (m, 1H), 2.91 (ddd, J = 6.0, 10.5, 18.0, 1H), 3.16 (ddd, J = 7.0,
10.5, 18.0, 1H). *C NMR: 20.0 (CH,), 21.6 (CHs), 22.2 (CH,), 31.3 (CHs), 32.0 (CHs), 37.0 (C),
38.1 (CH), 40.8 (CH,), 43.6 (CH,), 45.4 (CH), 45.9 (CH,), 64.6 (C), 119.6 (C), 214.2 (C). IR (KBr):
2959, 2934, 2868, 2243, 1767, 1458, 1072. EIMS m/z: 219 (M"), 204 (M-Me), 191, 176, 162, 148,
134, 120, 109. HRMS-ESI (m/z): [M+Na]" calcd. for C;4H,;NNaO3, 274.1419; found, 274.1420.

t-Bu
(0]
H 78/@ H HN
wNHz gy 0, MeOH, tt;
OH o t-Bu
g (CO,H),, THF/H,O, rt S "OH
H: B

71 79

(2a’'RS.4a'RS,7a'RS,7b'SR)-5,7-Di-tert-butyl-6',6',7b'-trimethyl-1',2',2a',4' 4a',5',6',7',7a',7b'-de
cahydro-3H-spiro[benzo[d]oxazole-2,3'-cyclobuta[e]inden]-2a'-0l (79): To a solution of
aminoalcohol 71 (16.8 mg, 752 pmol) in dry MeOH (I mL) was added
3,5-di-tert-butyl-1,2-benzoquinone 78 (18.6 mg, 84.4 wmol). The mixture was stirred at rt for 70 min.
Then, THF (1.5 mL), water (0.5 mL), and (CO,H), (20 mg) were added to the mixture. After 1.5 h,
water (5 mL) was added, and the whole was extracted with EtOAc (3 x 5 mL). The combined
organic layers were washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue
was purified by column chromatography (hexane/EtOAc 95:5) to afford the title compound (15.1 mg,
47%) as green solids of mp 120125 °C: R¢0.52 (hexane/EtOAc 5:1). "H NMR: 0.89 (s, 3H), 0.95 (s,
3H), 1.16 (s, 3H), 1.21 (dd, J= 8.5, 15.0, 1H), 1.26 (s, 9H), 1.37 (m, 1H), 1.38 (s, 9H), 1.44-1.46 (m,
2H), 1.52 (m, 1H), 1.75 (dd, J = 8.0, 14.0, 1H), 1.80 (m, 1H), 197 (m, 1H), 2.15 (m, 1H), 2.35 (m,
1H), 2.46 (m, 1H), 2.67 (br s, 1H), 2.74 (dd, J=10.0, 15.0, 1H), 3.55 (br s, 1H), 6.47 (s, 1H), 6.62 (s,
1H). C NMR: 21.6 (CHs), 29.9 (CHs), 30.0 (CH3), 31.6 (CH3), 31.8 (CH3), 34.0 (CH,), 34.3 (C),
34.8 (C), 37.2 (CH,), 40.2 (C), 40.9 (CH), 44.4 (CH,), 47.9 (CH,), 48.4 (CH,), 52.0 (C), 59.9 (CH),
72.0 (C), 101.4 (C), 108.6 (CH), 112.4 (CH), 131.8 (C), 135.2 (C), 137.9 (C), 143.6 (C). IR (KBr):
3379, 2951, 2866, 1597, 1439, 1389, 1362, 1323, 1238, 1200, 1165, 1119, 1076. EIMS m/z: 425
(M), 397, 382, 369, 312, 286, 272, 258, 246, 164, 107. HRMS-ESI (m/z): [M+H]" calcd. for
CpsH44NO,, 426.3372; found, 426.3372.
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H HN H
: conc. HCI _N t-Bu
o t-Bu
<« \'OH 1,4-dioxane, 100 °C <« \o
H: H 3

t-Bu
79 80

(2aSR,2bRS,5aRS,12aRS)-9,11-Di-tert-butyl-2a,4,4-trimethyl-2,2a,2b,3,4,5,5a,6-octahydro-1H-c
yclobuta|d]cyclopenta[b]phenoxazine (80): To a solution of hemiaminal 79 (15.8 mg, 37.1 umol)
in 1,4-dioxane (0.5 mL) was added conc. HCI1 (0.050 mL). The mixture was stirred for 53 h at 100
°C. After cooling to rt, the reaction was quenched by the addition of saturated NaHCOj; (3 mL). The
whole was extracted with EtOAc (3 x 3 mL), and the combined organic layers were washed with
brine, dried over Na,SO,, and concentrated in vacuo. The residue was purified by column
chromatography (hexane/EtOAc 99:1) to afford the title compound (12.4 mg, 82%) as green oil: Ry
0.54 (hexane/EtOAc 95:5 x 2). "H NMR: 0.96 (s, 3H), 1.03 (s, 3H), 1.18 (m, 1H), 1.20 (s, 3H), 1.31
(s, 9H), 1.35 (s, 9H), 1.38-1.45 (m, 2H), 1.70 (dd, J = 8.5, 13.5, 1H), 1.73 (ddd, J = 5.5, 13.0, 13.0,
1H), 1.84 (dd, J = 7.0, 12.0, 1H), 1.87 (m, 1H), 2.04 (dd, J = 12.0, 12.5, 1H), 2.12 (m, 1H),
2.23-2.30 (m, 2H), 2.46 (m, 1H), 7.12 (d, J= 2.0, 1H), 7.26 (d, J = 2.0, 1H). >C NMR: 19.2 (CH3),
29.7 (CH3;), 31.6 (CHj3), 32.0 (CH3), 32.3 (CHs), 32.5 (CH,), 32.6 (CHy), 34.4 (C), 34.9 (C), 35.7
(CH), 38.7 (C), 41.5 (CH,), 43.1 (CHy), 45.5 (C), 46.1 (CHy), 56.9 (CH), 78.1 (C), 122.7 (CH),
123.2 (CH), 130.2 (C), 135.6 (C), 140.8 (C), 142.7 (C), 176.1 (C). IR (neat): 2955, 2870, 1678, 1466,
1408, 1362, 1296, 1261, 1234. EIMS m/z: 407 (M"), 392 (M—-Me), 379, 364, 350 (M—t-Bu), 336, 322,
311, 282, 258, 245, 95, 57 (-Bu). HRMS-ESI (m/z): HRMS-ESI (m/z): [M+H]" caled. for
C23H4oNO, 408.3266; found, 408.3272.

H H

wNHz2 - mepBa «NO2
OACc OAc

X DCE, reflux <

H s H 3

68 83

(2aRS,3SR.,4aRS,7aRS,7TbSR)-6,6,7b-Trimethyl-3-nitrodecahydro-1H-cyclobuta[e]inden-2a-yl

Acetate (83): To a solution of O-acetylaminoalcohol 68 (6.4 mg, 24 pmol) in dry 1,2-dichloroethane
(1.5 mL) was added mCPBA (21.5 mg, 0.125 mmol). The mixture was heated under reflux for 1 h.
After cooling to rt, the reaction mixture was diluted with EtOAc (10 mL), washed with saturated
aqueous NaHCO; (3 x 3 mL) and brine, dried over Na,SOy, and concentrated in vacuo. The residue
was purified by column chromatography (hexane/EtOAc 97:3) to afford the title compound (4.8 mg,
67%) as colorless oil: Ry 0.33 (hexane/EtOAc 5:1). 'H NMR: 0.97 (s, 3H), 1.12 (s, 3H), 1.18 (s, 3H),
1.35(dd, J= 1.0, 14.0, 1H), 1.45 (dd, J = 6.5, 12.5, 1H), 1.51-1.69 (m, 4H), 1.78 (dd, J = 8.0, 14.0,
1H), 1.86 (ddd, J = 6.5, 6.5, 13.0, 1H), 2.01 (s, 3H), 2.09 (ddd, J = 12.5, 13.0, 13.0, 1H), 2.16 (m,
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1H), 2.71 (ddd, J = 9.5, 10.0, 12.5, 1H), 2.80 (ddd, J = 2.0, 8.0, 12.5, 1H), 4.77 (dd, J = 3.0, 13.0,
1H). *C NMR: 21.1 (CH;), 21.6 (CHs), 27.9 (CH,), 28.8 (CH,), 30.6 (CH,), 31.5 (CH;), 32.0 (CHs),
35.8 (C), 37.2 (CH), 43.0 (CH,), 44.8 (CH), 46.8 (CH,), 47.1 (C), 79.7 (C), 88.8 (CH), 169.5 (C). IR
(KBr): 2951, 2864, 1744, 1549, 1458, 1369, 1246, 1233. EIMS m/z: 249 (M-NO,), 220, 207, 189,
179, 161, 147, 135, 121. HRMS—ESI (m/z): [M+Na]" calcd. for CisH,sNNaOs, 318.1681; found,
318.1676.

H H

~NO2  TPAP, NMO, MS4A NO,
AR MeCN, rt g
H S H:

83 84

(4aRS,7aRS,7bSR)-6,6,7b-Trimethyl-3-nitro-2,4,4a,5,6,7,7a,7b-octahydro-1H-cyclobuta[e]inde
ne (84): To a solution of O-acetylnitoroalcohol 83 (7.8 mg, 26 pumol) in dry MeCN (1 mL) was
added successively powdered MS4A (14.3 mg), NMO (9.4 mg, 80 umol), and TPAP (4.6 mg, 13
pmol) at rt. After 15 min, the mixture was filtered through a short pad of silica gel and rinsed with
EtOAc. The combined filtrates were concentrated in vacuo. The residue was purified by column
chromatography (hexane/EtOAc 99:1) to afford the title compound (2.2 mg, 36%) as colorless oil: Ry
0.67 (hexane/EtOAc 5:1). R¢ 0.25 (EtOAc). 'H NMR: 0.97 (s, 3H), 1.07 (m, 1H), 1.09 (s, 3H), 1.20
(s, 3H), 1.34 (dd, J=11.0, 12.5, 1H), 1.45 (ddd, J= 1.5, 8.0, 12.5, 1H), 1.68 (ddd, J= 1.5, 7.5, 12.5,
1H), 1.84 (m, 1H), 2.00 (m, 1H), 2.07 (ddd, J = 4.5, 11.0, 11.0, 1H), 2.29 (ddd, J = 8.0, 11.0, 11.0,
1H), 2.57 (m ,1H), 3.15 (dd, J = 7.0, 15.5, 1H), 3.19-3.33 (m, 2H). °C NMR: 20.0 (CHj), 27.2
(CH,), 27.3 (CHj3), 29.6 (CH,), 29.6 (CHj3), 36.5 (CH,), 39.9 (C), 40.5 (CH,), 41.2 (CH), 45.8 (CH),
479 (C), 47.9 (CH,), 140.7 (C), 164.2 (C). IR (neat): 2955, 2936, 2866, 1508, 1462, 1335. EIMS
m/z: 235 (M"), 218, 205, 189 (M-NO,), 176, 159, 145, 133, 119, 105. HRMS-ESI (m/z): [M+Na]"
calcd. for Ci4H,>1NNaO,, 258.1470; found, 258.1474.

H

H
~NH2  TBSOTY, 2,6-lutidine wNH3
OH ~OTBS
. CH,Cly, 0 °C to rt <
H S H s

71 85

(2aRS,3SR.,4aRS,7aRS,TbSR)-2a-{(tert-Butyldimethylsilyl)oxy}-6,6,7b-trimethyldecahydro-1H-
cyclobuta[e]inden-3-amine (85): To a solution of aminoalcohol 71 (422 mg, 1.89 mmol) in dry
CH,CI, (13 mL) were added 2,6-Iutidine (1.1 mL, 9.5 mmol) and TBSOTf (1.3 mL, 5.7 mmol) at 0
°C. After 1.5 h, the mixture was warmed to rt and stirred for 1 h. The reaction was quenched by the
addition of water (20 mL). The whole was extracted with EtOAc (30 mL + 2 x 15 mL), and the

combined organic layers were washed with saturated aqueous NaHCO; and brine (15 mL each),
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dried over Na,SQOy,, and concentrated in vacuo. The residue was purified by column chromatography
(hexane/EtOAc 5:1) to afford the title compound (572 mg, 89%) as pale yellow oil: "H NMR: 0.07 (s,
3H), 0.19 (s, 3H), 0.90 (s, 9H), 0.92 (s, 3H), 1.04 (s, 3H), 1.09 (s, 3H), 1.18 (ddd, J = 3.0, 3.0, 12.5,
1H), 1.24 (d, J=13.5, 1H), 1.28-1.39 (m, 4H), 1.49 (m, 1H), 1.67 (dd, J= 8.0, 13.5, 1H), 1.76 (ddd,
J=6.5,7.0,13.0, 1H), 1.83 (m, 1H), 2.09 (ddd, /=9.5, 9.5, 10.0, 1H), 2.11 (m, 1H), 2.68 (dd, J =
3.0, 12.5, 1H). C NMR (C¢Dy): —2.0 (CH3), —1.3 (CH3), 18.8 (C), 23.4 (CH3), 26.3 (CH;), 27.3
(CH,), 31.6 (CH,), 32.1 (CHj3), 32.6 (CHj3), 35.8 (C), 36.1 (CH,), 39.7 (CH), 43.8 (CH,), 46.3 (CH),
47.0 (C), 47.9 (CHp), 57.0 (CH), 77.4 (C). IR (neat): 3375, 2951, 2932, 2859, 1462, 1362, 1254,
1180, 1107, 1042. EIMS m/z: 337 (M"), 280 (M—t-Bu), 263, 252, 243, 235, 197, 186, 170, 165, 147,
128, 121, 108. HRMS-ESI (m/z): [M+H]" calcd. for C2H3,NOSi, 338.2879; found, 338.2878.

H H

wNH; mCPBA ~NO>
.wOTBS .wOTBS
X DCE, reflux <
H 3 H:

85 86a

tert-Butyldimethyl[{(2aRS,3SR,4aRS,7aRS,7bSR)-6,6,7b-trimethyl-3-nitrodecahydro-1H-cyclo
buta[e]inden-2a-yl}oxy]silane (86a): To a solution of O-TBSaminoalcohol 85 (557 mg, 1.65
mmol) in dry 1,2-dichloroethane (10 mL) was added mCPBA (1.42 g, 8.23 mmol). The mixture was
heated under reflux for 30 min. After cooling to rt, the reaction mixture was diluted with EtOAc (30
mL), washed with saturated aqueous NaHCO; (3 x 10 mL) and brine, dried over Na,SO,, and
concentrated in vacuo. The residue was purified by column chromatography (hexane/EtOAc 99:1) to
afford the title compound (537 mg, 88%) as colorless oil: Ry 0.71 (hexane/EtOAc 5:1). '"H NMR:
—0.08 (s, 3H), 0.16 (s, 3H), 0.85 (s, 9H), 0.95 (s, 3H), 1.10 (s, 3H), 1.13 (s, 3H), 1.36 (d, J = 13.5,
1H), 1.40-1.46 (m, 3H), 1.51 (m, 1H), 1.67 (ddd, J=3.0, 3.0, 12.0, 1H), 1.74 (dd, J=7.5, 13.5, 1H),
1.82 (ddd, J=17.0, 7.5, 13.0, 1H), 2.03 (ddd, J = 12.0, 12.5, 12.5, 1H), 2.10 (m, 1H), 2.29 (ddd, J =
9.5,10.0, 11.0, 1H), 2.65 (ddd, J = 1.5, 7.5, 11.0, 1H), 4.56 (dd, J = 3.0, 12.5, 1H). °C NMR: 3.5
(CH3), —1.6 (CH3), 18.2 (C), 22.7 (CH3), 25.9 (CH3), 26.1 (CHy), 27.8 (CH,), 30.8 (CH,), 31.8 (CHj3),
32.3 (CHay), 35.7 (C), 37.7 (CH), 43.2 (CH,), 45.4 (CH), 47.1 (CH,), 48.6 (C), 77.6 (C), 90.0 (CH).
IR (neat): 2951, 2932, 2862, 1551, 1462, 1373, 1312, 1258, 1177, 1126, 1099, 1045, 1029. EIMS
m/z: 321, 310 (M—#-Bu), 293, 280, 265, 252, 238, 223, 184, 162, 147, 133, 121, 107. HRMS-ESI
(m/z): [MJrNa]+ calcd. for C,yH37NNaQO;Si1, 390.2440; found, 390.2436.

H H

~NH2  mcpBA ~NO;

OH «OH
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H: H:

71 88
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(2aRS,3SR.,4aRS,7aRS,TbSR)-6,6,7b-Trimethyl-3-nitrodecahydro-1H-cyclobuta[e]inden-2a-ol
(88): To a solution of aminoalcohol 71 (33.1 mg, 0.148 mmol) in dry 1,2-dichloroethane (2 mL) was
added mCPBA (128 mg, 0.742 mmol). The mixture was heated under reflux for 1 h. After cooling to
rt, the reaction mixture was diluted with EtOAc (10 mL), washed with saturated aqueous NaHCO; (3
x 3 mL) and brine, dried over Na,SO,4, and concentrated in vacuo. The residue was purified by
column chromatography (hexane/EtOAc 97:3) to afford the title compound (13.0 mg, 35%) as
colorless oil: Ry 0.33 (hexane/EtOAc 5:1). 'H NMR: 0.96 (s, 3H), 1.10 (s, 3H), 1.20 (s, 3H), 1.38 (d,
J=13.5, 1H), 1.44-1.48 (m, 3H), 1.54 (m, 1H), 1.78 (dd, J= 7.5, 13.5, 1H), 1.81 (ddd, J = 3.5, 3.5,
12.5, 1H), 1.88 (m, 1H), 1.96 (ddd, J = 12.5, 13.0, 13.0, 1H), 2.12-2.18 (m, 3H), 2.53 (ddd, /= 1.5,
8.0, 11.5, 1H), 4.61 (dd, J = 3.5, 13.0, 1H). C NMR: 20.9 (CH3), 25.3 (CH,), 27.9 (CH,), 31.7
(CHzy), 32.1 (CHj3), 32.4 (CHy), 35.9 (C), 37.5 (CH), 42.9 (CH,), 45.1 (CH), 47.0 (CH,), 47.2 (C),
74.6 (C), 89.6 (CH). IR (KBr): 3566, 2967, 2949, 2868, 1545, 1458, 1364, 1234, 1161, 1088, 1040.
EIMS m/z: 225, 207 (M-NO,), 179, 161, 147, 135, 121, 107. HRMS—ESI (m/z): [M+Na]" calcd. for
C14H23NNaOs, 276.1576; found, 276.1570.

~NO; NaNO, o
\wOH
Y DMSO/H,0, 65 °C o)
H 3 H S N

(2aRS,4aRS,7aRS,7bSR)-6,6,7b-Trimethyl-3-oxodecahydro-1H-cyclobuta[e]inden-2a-yl Nitrite
(89): To a solution of nitroalcohol 88 (3.2 mg, 13 pmol) in DMSO/water (7:1, 1 mL ) was added
NaNO; (9.4 mg, 0.14 mmol). The mixture was stirred at 65 °C for 9 h. Then, NaNO, (27.1 mg,
0.393 mmol) was added again to the mixture. After additional 22 h, water (3 mL) was added, and the

whole was extracted with Et,O (3 x 3 mL). The combined organic layers were washed with brine,
dried over Na,SQOy,, and concentrated in vacuo. The residue was purified by column chromatography
(hexane/EtOAc 9:1) to afford the title compound (1.0 mg, 31%) as colorless oil: Ry 0.44
(hexane/EtOAc 5:1). 'H NMR: 0.91 (s, 3H), 1.10 (s, 3H), 1.10 (s, 3H), 1.38-1.45 (m, 3H), 1.77 (m,
1H), 1.86 (ddd, J = 7.0, 8.5, 15.5, 1H), 2.04 (ddd, J = 6.5, 9.5, 15.5, 1H), 2.43-2.55 (m, 5H), 2.75
(ddd, J=,7.0,9.5, 16.0, 1H). °C NMR: 19.6 (CH;), 27.5 (CH3), 29.4 (CH3), 34.5 (CH,), 36.2 (CH,),
38.4 (CHy), 39.8 (CH), 42.2 (CHy), 42.3 (C), 47.7 (CHy), 54.5 (CH), 54.6 (C), 104.5 (C), 208.7 (C).
IR (neat): 2955, 2866, 1755, 1539, 1462, 1385, 1354. EIMS m/z: 221 (M-NO), 189, 179, 161, 147,
133, 123, 107. HRMS-ESI (m/z): [M+Na]" calcd. for C;4H,;NNaO;, 274.1419; found, 274.1420.
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83 89

(2aRS,4aRS,7aRS,7bSR)-6,6,7b-Trimethyl-3-oxodecahydro-1H-cyclobutae]inden-2a-yl Nitrite
(89): To a solution of O-acetylnitoroalcohol 83 (3.9 mg, 13 pumol) in DMSO/water (7:1, 1 mL ) was
added NaNO; (9.6 mg, 0.14 mmol). The mixture was stirred at 65 °C for 6 h. Then, NaNO, (18.9 mg,
0.274 mmol) was added again to the mixture. The mixture was stirred at 80 °C for 10.5 h. Then,
water (3 mL) was added, and the whole was extracted with Et,;O (3 x 3 mL). The combined organic
layers were washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue was
purified by column chromatography (hexane/EtOAc 96:4) to afford the title compound (0.5 mg,

15%) as colorless oil.

H
~NO; NaNO, 0
WwOTBS — __ ~ wOTBS *
< DMSO/H,0, 90 °C <
H: H:

86a 87

(2aRS,4aRS,7aRS,7TbSR)-2a-{(tert-Butyldimethylsilyl)oxy}-6,6,7b-trimethyloctahydro-1H-cyclo
buta|e]inden-3(7bH)-one 87) and
2-[(1RS,2RS)-4,4-Dimethyl-2-{(SR)-1-methyl-2-oxocyclobutyl}cyclopentyl]acetic Acid (90): To
a solution of O-TBSnitroalcohol 86a (16.7 mg, 45.4 pmol) in DMSO/water (7:1, 0.5 mL ) was added
NaNO; (15.8 mg, 0.229 mmol). The mixture was stirred at 90 °C for 19 h. After cooling to rt, water
(3 mL) was added, and the whole was extracted with Et;O (3 x 3 mL). The combined organic layers
were washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue was purified by
column chromatography (hexane/EtOAc 99:1) to afford the title compounds (2.3 mg and 2.7 mg,
15% and 25%, respectively).

87: Colorless oil. R¢ 0.46 (toluene/hexane 1:2). "H NMR: 0.02 (s, 3H), 0.10 (s, 3H), 0.88 (s, 9H),
0.91 (s, 3H), 1.01 (s, 3H), 1.13 (m, 1H), 1.16-1.20 (m, 4H), 1.41 (dd, J = 7.0, 12.5, 1H), 1.59 (ddd, J
=2.5,11.0,11.5, 1H), 1.70-1.79 (m, 2H), 2.07-2.13 (m, 2H), 2.24-2.29 (m, 2H), 2.71-2.81 (m, 2H).
C NMR: -3.5 (CH3), —1.0 (CH3), 18.6 (C), 22.7 (CH3), 25.9 (CH3), 26.9 (CH,), 28.3 (CHs), 29.0
(CHy), 30.2 (CHj3), 37.1 (C), 38.5 (CH), 41.0 (CHy), 43.5 (CH,), 45.6 (CH), 48.7 (CH,), 50.7 (C),
79.9 (C), 212.3 (C). IR (neat): 2955, 2930, 2857, 1717, 1458, 1260, 1098, 1028. EIMS m/z: 321
(M—Me), 279 (M—t-Bu), 251, 221, 187, 169, 155, 107. HRMS-ESI (m/z): [M+Na]" calcd. for
C0H36Na0,Si, 359.2382; found, 359.2389.

90: Colorless oil. R¢ 0.42 (hexane/EtOAc 1:1). "H NMR: 1.01 (s, 3 H), 1.13 (s, 3H), 1.30 (s, 3H),
1.35-1.47 (m, 3H), 1.70-1.75 (m, 2H), 2.14 (ddd, J = 7.0, 10.0, 11.0, 1H), 2.24 (dd, J = 13.0, 15.0,
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1H), 2.29 (ddd, J = 7.0, 7.0, 13.0, 1H), 2.35 (dd, J = 3.0, 15.0, 1H), 2.57 (m, 1H), 2.88 (ddd, J = 6.0,
10.0, 17.5, 1H), 3.12 (ddd, J = 7.0, 10.5, 17.5, 1H). '*C NMR: 21.7 (CHz), 22.1 (CH,), 31.4 (CHs),
32.2 (CHs), 35.8 (CH,), 37.0 (C), 37.4 (CH), 41.4 (CH,), 43.5 (CH,), 45.3 (CH), 46.0 (CH,), 65.1
(C), 177.8 (C), 215.3 (C). IR (neat): 3412, 2955, 2932, 2868, 1773, 1707, 1385, 1069. EIMS m/z:
210, 195, 181, 167, 153, 139, 121, 107. HRMS-ESI (m/): [M+Na] caled. for C;4H,NaOs,
261.1467; found, 261.1463.

H

«NO; NaNO,, AcOH
OTBS
. DMSO, 65 to 90 °C
H:

86a

2-[(1RS,2RS)-4,4-Dimethyl-2-{(SR)-1-methyl-2-oxocyclobutyl}cyclopentyl]acetic Acid (90): To
a solution of O-TBSnitroalcohol 86a (3.4 mg, 9.2 umol) in DMSO (0.5 mL ) were added NaNO,
(6.5 mg, 94 umol) and acetic acid (5.3 uL, 93 pmol). The mixture was stirred at 65 °C for 4 h and 90
°C for 4 h. After cooling to rt, water (3 mL) was added, and the whole was extracted with Et,O (3 x
3 mL). The combined organic layers were washed with brine, dried over Na,SO,4, and concentrated
in vacuo. The residue was purified by column chromatography (hexane/EtOAc 3:1) to afford the title

compounds (1.0 mg, 46%) as colorless oil.

H
1) diketene, Et3N, CH,Cl,, 0 °C to rt
O ) MeSO,N,, EtN, Hy0, MeCN, ‘”OJ\”/U\
X e , , H20, MeCN, X
b 2N3, Et3 2 I N,

55 92

(2aRS,4aSR,7aRS,7bSR)-6,6,7b-Trimethyldecahydro-1H-cyclobuta|e]inden-2a-yl

2-Diazo-3-oxobutanoate (92): To a solution of alcohol 55 (10.5 mg, 50.4 umol) and Et;N (0.035
mL, 0.25 mmol) in dry CH,Cl, (1 mL) was added diketene (33 pL, 0.43 mmol) at 0 °C. After 10 min,
the reaction mixture was warmed to rt and stirred for 20 min. Then, the reaction mixture was
concentrated in vacuo. The resulting residue was dissolved in MeCN (1 mL) and treated with Et;N
(0.035 mL, 0.25 mmol), water (4.5 pL, 0.25 mmol), and methanesulfonyl azide (37 pL, 0.43 mmol)
at rt. After 26 h, water (3 mL) was added, and the whole was extracted with EtOAc (3 x 5 mL). The
combined organic layers were washed with brine, dried over Na,SO,, and concentrated in vacuo.
The residue was purified by column chromatography (hexane/EtOAc 97:3) to afford the title
compound (12.0 mg, 75%) as colorless oil: R¢ 0.52 (hexane/EtOAc 5:1). "H NMR (C¢Ds): 0.87 (s,
3H), 0.95 (s, 3H), 1.04 (s, 3H), 1.09-1.32 (m, 5 H), 1.36-1.46 (m, 2H), 1.58 (dd, d = 8.5, 13.0, 1H),
1.74 (ddd, J = 7.0, 7.0, 13.0, 1H), 1.93-2.06 (m, 3H), 2.31 (s, 3H), 2.31-2.37 (m, 2H). °C NHR
(C¢Dg): 22.4 (CH3), 25.0 (CH,), 28.0 (CH3), 28.3 (CHy), 28.7 (CHs3), 30.6 (CH,), 30.6 (CH3), 31.8
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(CH,), 35.1 (CH), 36.9 (C), 44.0 (C), 45.0 (CH,), 45.2 (CH), 48.2 (CH,), 82.3 (C), 159.8 (C), 188.8
(C). IR (neat): 2951, 2932, 2866, 2137, 1717, 1659, 1462, 1366, 1323, 1250, 1153, 1064. FABMS
m/z: 341 (M+Na), 191, 176, 151. HRMS-ESI (m/z): [M+Na]" caled. for CsHxN>,NaOs, 341.1841;

found, 341.1842.
H O O H 0
LiOH
A R o
X N THF/H,0, rt y
H 3 2 H:
92 93

(2aRS,4aSR,7aRS,7bSR)-6,6,7b-Trimethyldecahydro-1H-cyclobuta|e]inden-2a-yl
2-Diazoacetate (93): To a solution of diazooxobutyrate 92 (9.8 mg, 31 umol) in THF/water (2:1, 1.5
mL) was added LiOH*H,O (12.8 mg, 0.305 mmol) at rt. After 19 h, water (2.5 mL) was added, and
the whole was extracted with EtOAc (3 x 5 mL). The combined organic layers were washed with
water and brine, dried over Na,SOy, and concentrated in vacuo. The residue was purified by column
chromatography (hexane/EtOAc 99:1) to afford the title compound (7.3 mg, 84%) as pale yellow oil:
R 0.42 (toluene). "H NMR: 0.91 (s, 3H), 1.05 (s. 3H), 1.10 (s, 3H), 1.16-1.24 (m, 2H), 1.32 (m, 1H),
1.39 (ddd, J=1.0, 7.0, 12.0, 1H), 1.43 (m, 1H), 1.59-1.66 (m, 2H), 1.69 (ddd, J = 1.0, 8.0, 13.0, 1H),
1.91-1.99 (m, 2H), 2.05 (ddd, J = 3.5, 8.0, 14.0, 1H), 2.24-2.30 (m, 2H), 2.38 (ddd, J = 10.0, 10.5,
12.0, 1H), 4.65 (br s, 1H). °C NHR: 22.2 (CH;), 24.9 (CH,), 28.2 (CH,), 28.7 (CHs), 30.4 (CH,),
30.5 (CH3), 31.5 (CHy), 34.9 (CH), 36.9 (C), 43.8 (C), 44.8 (CH,), 45.1 (CH), 46.5 (CH), 48.0 (CHy,),
81.7 (C). IR (neat): 2947, 2932, 2866, 2110, 1686, 1462, 1377, 1342, 1234, 1200, 1061. HRMS-ESI
(m/z): [MJrNa]+ calcd. for Ci¢Hy4N>NaO,, 299.1735; found, 299.1732.

NpsCO,Et

H b
i-PrySi(OTf),, EtO,CCHN,, i-ProNEt Y
.*OH Si—i-Pr
Et,0, 0 °C o N,
H: H 3 i-Pr

55 97

Ethyl

2-Diazo-2-(diisopropyl[{(2aRS,4aSR,7aRS,7bSR)-6,6,7b-trimethyldecahydro-1H-cyclobuta|e]in
den-2a-yl}oxy]silyl)acetate (97): To a solution of diisopropylsilyl bis(trifluoromethanesulfonate)
(2.26 g, 5.48 mmol) in dry Et,0 (6 mL) at 0 °C was added a mixture of ethyl diazoacetate’” (634 mg,
5.56 mmol) and i-Pr,NEt (0.95 mL, 5.5 mmol) in dry E;O (3 mL). The resulting white suspension
was stirred at 0 °C for 30 min and at rt for 1 h. After recooling to 0 °C, a solution of alcohol 55 (763
mg, 3.66 mmol) and i-Pr,NEt (0.95 mL, 5.5 mmol) in dry Et;0 (3 mL + 1 mL washing) was added
to the mixture. After 1 h, the reaction was quenched by the addition of saturated aqueous NaHCO;

(20 mL). The whole was extracted with EtOAc (3 x 10 mL), and the combined organic layers were
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washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue was purified by
column chromatography (hexane/EtOAc 99:1) to afford the title compound (1.53 g, 96%) as pale
yellow oil: R¢ 0.42 (hexane/EtOAc 95:5). "H NMR: 0.90 (s, 3H), 1.03 (s, 3H), 1.07-1.10 (m, 15H),
1.19-1.39 (m, 7H), 1.27 (t, J = 7.0, 3H), 1.46 (m, 1H), 1.60 (m, 1H), 1.64-1.70 (m, 2H), 1.81 (ddd, J
=2.5,10.5, 13.0, 1H), 1.86-1.95 (m, 2H), 2.14 (m, 1H), 2.22 (m, 1H), 4.19 (q, J = 7.0, 2H). °C
NMR: 13.9 (CH), 14.1 (CH), 14.4 (CH3), 17.3 (CH3), 17.3 (CH3;), 17.4 (CH3), 17.4 (CH3), 22.8
(CH3;), 25.4 (CHy), 26.7 (CH,), 28.8 (CHj3), 30.5 (CH3;), 33.2 (CH,), 34.6 (CH,), 35.2 (CH), 36.8 (C),
44.3 (C), 44.7 (CHy), 45.3 (C), 45.6 (CH), 48.2 (CH,), 60.5 (CH), 76.0 (C), 169.2 (C). IR (neat):
2947, 2932, 2866, 2091, 1694, 1462, 1385, 1366, 1261, 1204, 1184, 1126, 1103, 1069, 1045, 1015.
EIMS m/z: 406, 391, 363, 349, 335, 305, 267, 254, 239, 227, 211, 201, 187, 159, 133, 105, 91.
HRMS-ESI (m/z): [M+Na]" caled. for C,4H4,N,NaO;Si, 457.2862; found, 457.2866.

H

CO,E
NZY 2Et 1) Rhy(Oct)y, benzene, reflux
. _Si—i-Pr
07N, 2) DIBAL-H, toluene, =78 to 0 °C
H: i-Pr

97 99a 99b

{(2aSR,5RS,5aRS,6aSR,9aRS,9bSR)-4,4-Diisopropyl-8,8,9b-trimethyldodecahydrocyclobuta|6,
7]indeno[5,6-d][1,2]oxasilol-5-yl}methanol (99a) and
{(2aSR,5SR,5aRS,6aSR,9aRS,9bSR)-4,4-Diisopropyl-8,8,9b-trimethyldodecahydrocyclobuta|6,
7]indeno[5,6-d][1,2]oxasilol-5-yl}methanol (99b): To a solution of diazoacetate 97 (1.53 g, 3.52
mmol) in dry benzene (15 mL) was added Rhy(Oct)s (27.4 mg, 35.2 pmol). The mixture was stirred
for 5 h under reflux. After cooling to rt, the mixture was concentrated in vacuo. The residue was
purified by column chromatography (hexane/EtOAc 99:1) to afford crude products. Then, the
mixture was dissolved in toluene (10 mL). After cooling to —78 °C, 1.0 M toluene solution of
DIBAL-H (9.3 mL, 9.3 mmol) was added to the mixture. The mixture was stirred for 30 min at
—78 °C and for 15 min at 0 °C. The reaction was quenched by the addition of saturated aqueous
Rochelle salt (40 mL). The mixture was stirred for 40 min at rt. Then, the whole was extracted with
EtOAc (3 x 20 mL). The combined organic layers were washed with brine, dried over Na,SO,4, and
concentrated in vacuo. The residue was purified by column chromatography (hexane/EtOAc 98:2 to
94:6) to afford the title compounds (517 mg and 125 mg, 41% and 10%, respectively).

99a: Colorless oil. R¢ 0.58 (hexane/EtOAc 5:1). 'H NMR: 0.89 (s, 3H), 1.01 (s, 3H), 1.02-1.07 (s,
14H), 1.11-1.17 (m, 2H), 1.15 (s, 3H), 1.33 (ddd, J = 8.0, 8.0, 13.0, 1H), 1.37-1.43 (m, 3H), 1.54 (m,
1H), 1.73 (ddd, J = 6.5, 13.0, 13.0, 1H), 1.79 (ddd, J = 2.0, 8.5, 12.5, 1H), 1.85-1.93 (m, 2H),
2.00-2.10 (m, 2H), 2.55 (m, 1H), 3.84 (dd, J = 8.0, 10.0, 1H), 3.94 (dd, J = 8.0, 10.0, 1H), 5.30 (s,
1H). °C NMR: 12.5 (CH), 12.6 (CH), 17.5 (CH3), 17.7 (CHs), 17.9 (CH3), 18.0 (CH3), 21.6 (CH3),
26.8 (CHj3), 27.3 (CH,), 28.2 (CHy), 29.2 (CH), 29.6 (CH3), 31.1 (CH,), 34.4 (CH), 37.7 (C), 42.5
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(CH), 44.8 (C), 46.5 (CH,), 46.9 (CH), 50.2 (CH,), 63.2 (CH,), 83.2 (C). IR (neat): 3387, 2947,
2928, 2866, 1462, 1381, 1365, 1246, 1119, 1084, 1026. EIMS m/z: 364 (M"), 349 (M—Me), 336, 321
(M—i-Pr), 307, 293, 282, 239, 211, 171, 131, 105. HRMS-ESI (m/z): [M+Na]  calcd. for
CH4oNaO,Si, 387.2695; found, 387.2698.

99b: White solids of mp 119-121 °C.R¢ 0.33 (hexane/EtOAc 5:1). 'H NMR: 0.88 (s, 3H), 1.03 (s,
3H), 1.07-1.15 (m, 18H), 1.27 (dd, J = 10.5, 13.0, 1H), 1.32 (ddd, J= 3.0, 11.5, 11.5, 1H), 1.40 (m,
2H), 1.49 (m, 1H), 1.72 (m, 1H), 1.86 (m, 1H) 1.95-2.11 (m, 3H), 2.44 (ddd, J = 2.5, 9.5, 12.5, 1H),
2.54 (m, 1H), 3.52 (s, 1H), 3.86-3.91 (m, 2H). °C NMR: 10.8 (CH), 11.2 (CH), 19.2 (CH3), 19.5
(CH3;), 19.6 (CHj;), 20.7 (CHsj), 22.3 (CHsj), 26.4 (CH3), 27.1 (CHp), 27.9 (CH), 29.0 (CH,), 29.2
(CH3;), 30.6 (CH,), 33.6 (CH), 37.7 (C), 37.9 (CH), 45.0 (CH), 45.7 (C), 46.6 (CH,), 48.8 (CH,),
62.7 (CHp), 78.4 (C). IR (KBr): 3300, 2943, 2926, 2866, 1458, 1382, 1364, 1310, 1254, 1171, 1128,
1101, 1072, 1034, 1003. EIMS m/z: 364 (M"), 349 (M-Me), 336, 321 (M—i-Pr), 307, 293, 282, 239,
211, 171, 131, 105. HRMS-ESI (m/z): [M+Na]" calcd. for CpHyNaO,Si, 387.2695; found,
387.2697.

H g o OH

{__i.pr H202 KF, KHCOs

i,
i-Pr DMF, 80 °C

: : H :
99a 100 101 102

(RS)-1-{(2aSR,3SR.,4aSR,7aRS,7TbSR)-2a-Hydroxy-6,6,7b-trimethyldecahydro-1H-cyclobuta|e]i
nden-3-yl}ethane-1,2-diol (100) and
(2aSR,3SR.,4aSR,7aRS,7bSR)-6,6,7b-Trimethyl-3-vinyldecahydro-1H-cyclobuta[e]inden-2a-ol

(101) and
(2aSR,7aSR,8aSR,11aRS,11bSR)-4,4-Diisopropyl-10,10,11b-trimethyldodecahydrocyclobutal[4,
5]lindeno[5,6-d][1,3,2]dioxasilepine (102): To a solution of alcohol 99a (66.2 mg, 0.182 mmol) in
dry DMF (1 mL) were added KHCO; (55.8 mg, 0.557 mmol), KF (32.0 mg, 0.551 mmol) and 30%
H,0, (186 pL, 1.8 mmol). The mixture was stirred at 80 °C for 14 h. After cooling to rt, the reaction

i-Pr

was quenched by the addition of saturated aqueous Na,S,0; (3 mL). The whole was extracted with
EtOAc (3 x 5 mL). The combined organic layers were washed with brine, dried over Na,SO,4, and
concentrated in vacuo. The residue was purified by column chromatography (hexane/EtOAc 99:1 to
1:1) to afford the title compounds (15.8 mg, 18.1 mg and 10.9 mg, 32%, 42% and 16%,
respectively).

100: Colorless oil. R 0.25 (hexane/EtOAc 1:1). '"H NMR: 0.88 (s, 3H), 1.04 (s, 3H), 1.13-1.19 (m,
1H), 1.14 (s, 3H), 1.21-1.28 (m, 2H), 1.36-1.43 (m, 2H), 1.52 (m, 1H), 1.63-1.74 (m, 2H), 1.91 (m,
1H), 1.98-2.08 (m, 2H), 2.34 (ddd, J = 3.0, 9.5, 12.5, 1H), 2.51 (m, 1H), 3.54 (m, 1H), 3.75-3.77 (m,
2H). °C NMR: 22.0 (CH3), 26.3 (CH3), 27.3 (CH,), 28.0 (CH,), 28.4 (CH,), 29.0 (CH3), 32.6 (CH),
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37.8 (C), 38.4 (CH), 44.5 (CH), 45.2 (C), 46.1 (CH,), 48.7 (CH,), 65.1 (CH), 73.2 (CH), 77.8 (C).
IR (neat): 3366, 2951, 2928, 2868, 1447, 1437, 1383, 1366, 1339, 1260, 1132, 1092, 1028. EIMS
m/z: 250 (M-H,0), 240, 237, 222, 191, 178, 161, 150, 135, 121, 107. HRMS-ESI (m/z): [M+Na]"
calcd. for Ci¢HogNaOs, 291.1936; found, 291.1933.

101: Colorless oil. R 0.54 (hexane/EtOAc 5:1). '"H NMR: 0.89 (s, 3H), 1.04 (s, 3H), 1.11-1.16 (m,
4H), 1.26 (m, 1H), 1.32-1.38 (m, 2H), 1.42 (m, 1H), 1.48 (m, 1H), 1.72-1.76 (m, 2H), 1.83 (m, 1H),
1.91 (ddd, J = 7.0, 13.5, 13.5, 1H), 2.07 (m, 1H), 2.16 (m, 1H), 2.36 (m, 1H), 2.53 (m, 1H),
5.11-5.14 (m, 2H), 5.92 (m, 1H). °C NMR: 22.3 (CHs), 26.3 (CH3), 27.4 (CH,), 27.6 (CH,), 29.1
(CH3;), 31.2 (CH,), 32.8 (CH), 37.7 (C), 42.9 (CH), 44.8 (C), 45.2 (CH), 46.3 (CH,), 49.1 (CH,),
75.7 (C), 115.9 (CH,), 139.0 (CH). IR (neat): 3462, 2951, 2926, 2866, 1458, 1447, 1366, 1261, 1123,
1098, 1078, 1032. EIMS m/z: 234 (M"), 219 (M-Me), 206, 188, 177, 163, 150, 137, 121, 109.
HRMS-ESI (m/z): [MJrNa]+ calcd. for C;¢HysNaO, 257.1881; found, 257.1880.

102: Colorless oil. R¢ 0.67 (hexane/EtOAc 5:1). "H NMR: 0.88 (s, 3H), 0.89—1.12 (m, 18H), 1.13
(s, 3H), 1.17 (dd, J=12.5, 12.5, 1H), 1.25 (dd, J=9.0, 12.5, 1H), 1.33 (ddd, J=3.5, 11.0, 11.0, 1H),
1.38-1.45 (m, 2H), 1.70 (ddd, J = 2.5, 9.0, 12.5, 1H), 1.73-1.90 (m, 3H), 1.97-2.05 (m, 2H), 2.16
(ddd, J=3.5,9.5, 12.5, 1H), 2.46 (m, 1H), 3.82 (ddd, J=2.5,9.5, 11.5, 1H), 3.90 (ddd, /= 3.0, 5.5,
11.5, 1H). °C NMR: 13.0 (CH), 13.8 (CH), 17.4 (CH3), 17.7 (CH3), 17.7 (CH3), 18.1 (CHs), 23.4
(CH3), 26.4 (CH3), 27.2 (CH,), 27.7 (CH,), 29.3 (CH3), 33.3 (CH), 35.0 (CH,), 36.2 (CH,), 37.7 (C),
39.5 (CH), 45.2 (CH), 45.9 (C), 46.3 (CH,), 49.1 (CHy), 64.1 (CH,), 79.3 (C). IR (neat): 2945, 2926,
2866, 1458, 1383, 1252, 1140, 1115, 1086, 1063, 1001. EIMS m/z: 364 (M"), 349 (M—Me), 336, 321
(M—i-Pr), 293, 279, 265, 239, 214, 187, 171, 160, 145, 131, 105. HRMS-ESI (m/z): [M+Na]" calcd.
for C,,H4oNaO,Si, 387.2695; found, 387.2722.

—OH

_ipr KOtBu

i,
'g FPrOTHE rt

:993 ) 103

Diisopropyl[{(2aSR,3SR,4aSR,7aRS,7bSR)-6,6,7b-trimethyl-3-vinyldecahydro-1H-cyclobuta|
elinden-2a-yl}oxy]silanol (103): To a solution of alcohol 99a (11.3 mg, 31.0 umol) in dry THF (1
mL) was added KO#-Bu (6.5 mg, 58 pumol). The mixture was stirred at rt for 10 min. Then, the
reaction was quenched by the addition of saturated aqueous NH4Cl (3 mL). The whole was extracted
with EtOAc (3 x 5 mL). The combined organic layers were washed with brine, dried over Na,;SOy,
and concentrated in vacuo. The residue was purified by column chromatography (hexane/EtOAc
99:1) to afford the title compound (10.6 mg, 94%) as colorless oil: R¢ 0.67 (hexane/EtOAc 1:1). 'H
NMR: 0.89 (s, 3H), 0.92-1.07 (m, 17H), 1.13 (s, 3H), 1.15-1.50 (m, 6H), 1.72 (m, 1H), 1.91 (ddd, J
=17.0, 13.5, 13.5, 1H), 2.02-2.24 (m, 3H), 2.43-2.51 (m, 2H), 5.12-5.15 (m, 2H), 6.06 (ddd, J = 8.5,
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8.5, 17.5, 1H). °C NMR: 13.4 (CH), 13.9 (CH), 17.5 (CH3), 17.6 (CHs), 17.7 (CHs), 17.7 (CH,),
24.0 (CHs), 26.4 (CH;), 27.6 (CH,), 27.7 (CHy), 29.3 (CH3), 32.5 (CH,), 32.8 (CH), 37.7 (C), 44.7
(CH), 45.3 (CH), 46.0 (C), 46.2 (CH,), 49.1 (CH,), 78.7 (C), 115.8 (CH,), 141.4 (CH). IR (neat):
3503, 2947, 2926, 2866, 1464, 1447, 1383, 1366, 1248, 1173, 1142, 1055, 1001. EIMS m/z: 364
(MY, 349 (M-Me), 336, 321 (M—i-Pr), 307, 293, 282, 239, 227, 211, 188, 171, 159, 131, 105.
HRMS-ESI (m/z): [M+Na]" caled. for C2,H4NaO,Si, 387.2695; found, 387.2696.

~I-Pr

KOt-Bu
o P

THF, rt

:99b ) 103
Diisopropyl[{(2aSR,3SR,4aSR,7aRS,7bSR)-6,6,7b-trimethyl-3-vinyldecahydro-1H-cyclobuta|e]
inden-2a-yl}oxy]|silanol (103): To a solution of alcohol 99b (10.2 mg, 28.0 umol) in dry THF (1
mL) was added KO#-Bu (4.7 mg, 42 pmol). The mixture was stirred at rt for 10 min. Then, the
reaction was quenched by the addition of saturated aqueous NH4Cl (2 mL). The whole was extracted
with EtOAc (3 x 3 mL). The combined organic layers were washed with brine, dried over Na,;SOy,
and concentrated in vacuo. The residue was purified by column chromatography (hexane/EtOAc

99:1) to afford the title compound (9.6 mg, 94%) as colorless oil.

TBAF

—_—

.O\
Si(OH)i-Pr, THF, rt
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(2aSR,3SR.,4aSR,7aRS,7bSR)-6,6,7b-Trimethyl-3-vinyldecahydro-1H-cyclobuta[e]inden-2a-ol

(101): To a solution of silanol 103 (529 mg, 1.45 mmol) in dry THF (3 mL) was added a 1 M THF
solution of TBAF (4.4 mL, 4.4 mmol). The mixture was stirred at rt for 45 min. Then, the reaction
was quenched by the addition of 1 N HCI (5 mL). The whole was extracted with EtOAc (10 mL + 2
x 5 mL), and the combined organic layers were washed with 1 N HCI and brine, dried over Na,;SOy,
and concentrated in vacuo. The residue was purified by column chromatography (hexane/EtOAc

99:1) to afford the title compound (391 mg, quant.) as colorless oil.

MOMCI, i-Pr,NEt

DCE, 70 °C

10
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(2aSR,3SR,4aSR,7aRS,7bSR)-2a-(Methoxymethoxy)-6,6,7b-trimethyl-3-vinyldecahydro-1H-cyc
lobuta[e]indene (104): To a solution of olefin 101 (191 mg, 0.815 mmol) in dry 1,2-dichloroethane
(2.5 mL) were added i-Pr,NEt (0.56 mL, 3.2 mmol) and MOMCI (0.12 mL, 1.6 mmol). The mixture
was stirred at 70 °C for 16.5 h. After cooling to rt, the reaction was quenched by the addition of
saturated aqueous NH4Cl (4 mL). The whole was extracted with EtOAc (3 x 5 mL). The combined
organic layers were washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue
was purified by column chromatography (hexane/EtOAc 99:1) to afford the title compound (220 mg,
97%) as colorless oil: Ry 0.54 (hexane/EtOAc 9:1). "H NMR: 0.89 (s, 3H), 1.05 (s, 3H), 1.06 (s, 3H),
1.10-1.15 (m, 4H), 1.23-1.31 (m, 2H), 1.37 (ddd, J = 3.0, 11.5, 11.5, 1H), 1.44 (ddd, J = 2.0, 7.0,
12.0, 1H), 1.51 (m, 1H), 1.71 (ddd, J = 2.0, 10.0, 10.5, 1H), 1.90 (ddd, J = 7.0, 13.5, 13.5, 1H),
1,98-2.07 (m, 2H), 2.31 (m, 1H), 2.49-2.54 (m, 2H), 3.40 (s, 3H), 4.58 (d, /= 7.0, 1H), 4.67 (d, J =
7.0, 1H), 5.06-5.10 (m, 2H), 5.89 (ddd, J = 7.0, 10.5, 17.5, 1H). °C NMR: 22.0 (CH,), 23.3(CHs),
26.3 (CH3), 27.5 (CHy), 29.1 (CH3), 31.2 (CHy), 32.7 (CH), 37.8 (C), 42.2 (CH), 45.1 (C), 45.2 (CH),
46.5 (CHy), 48.9 (CH,), 55.6 (CH3), 82.9 (C), 93.3 (CHy), 115.4 (CHy), 139.2 (CH). IR (neat): 2951,
2928, 2870, 1636, 1462, 1447, 1385, 1366, 1250, 1211, 1150, 1092, 1038. EIMS m/z: 251, 239, 223,
209, 195, 181, 167, 153, 137, 123, 107, 45 (CH,OCH;). HRMS-ESI (m/z): [M+Na]" calcd. for
C,3H30NaO,, 301.2143; found, 301.2141.

0s0,, NMO, THF/H,0, rt

.+"OMOM
NalOy, rt

;04 ;05
(2aSR,3RS,4aSR,7aRS,7bSR)-2a-(Methoxymethoxy)-6,6,7b-trimethyldecahydro-1H-cyclobuta]|
elindene-3-carbaldehyde (105): To a solution of olefin 104 (185 mg, 0.664 mmol) in THF/water
(5:1, 6 mL) were added NMO (233 mg, 1.99 mmol) and a 4% water solution of OsOy4 (0.12 mL,
0.020 mmol) at rt. After 16 h, NalO4 (285 mg, 1.33 mmol) in water (1.5 mL) was added to the
mixture. After additional 1 h, the reaction was quenched by the addition of saturated aqueous
Na,S,05 (5 mL). The whole was extracted with EtOAc (10 mL + 2 x 5 mL). The combined organic
layers were washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue was
purified by column chromatography (hexane/EtOAc 98:2) to afford the title compound (153 mg,
82%) as colorless oil: R 0.29 (hexane/EtOAc 9:1). "H NMR: 0.90 (s, 3H), 1.03 (m, 1H), 1.05 (s, 3H),
1.09 (s, 3H), 1.21 (dd, J=10.0, 12.0, 1H), 1.39-1.48 (m, 2H), 1.54-1.60 (m, 2H), 1.96 (ddd, J= 7.0,
13.5, 13.5, 1H), 2.09 (m, 1H), 2.17 (ddd, J = 3.0, 9.5, 9.5, 1H), 2.39 (m, 1H), 2.58 (m, 1H), 2.79 (m,
1H), 3.36 (s, 3H), 4.74 (d, J = 7.5, 1H), 4.78 (d, J = 7.5, 1H), 9.84 (s, 1H). °C NMR: 22.8 (CHs),
23.8 (CH,), 26.0 (CH3), 26.2 (CHy), 27.4 (CHy), 29.0 (CHj3), 32.0 (CH), 37.6 (C), 44.8 (CH), 45.8
(C), 46.3 (CH,), 48.4 (CH,), 49.8 (CH), 55.5 (CHj3), 80.5 (C), 92.9 (CH,), 205.1 (CH). IR (neat):
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2951, 2928, 2870, 1721, 1462, 1447, 1385, 1366, 1254, 1211, 1150, 1072, 1038. EIMS m/z: 252,
235 (M—CH,OCHj3), 220, 207, 175, 135, 149, 107, 45 (CH,OCH3). HRMS-ESI (m/z): [M+Na]"
calcd. for Cy7H,3NaOs, 303.1936; found, 303.1937.

NaBH,

.OMOM

MeOH, 0 °C

;05 ;06
((2aSR,3SR,4aSR,7aRS,7TbSR)-2a-(Methoxymethoxy)-6,6,7b-trimethyldecahydro-1H-cyclobuta
[e]linden-3-y)methanol (106): To a solution of aldehyde 105 (153 mg, 0.546 mmol) in MeOH (2
mL) was added NaBH,4 (30.5 mg, 0.806 mmol) at 0 °C. After 20 min, the reaction was quenched by
the addition of saturated aqueous NH4Cl (3 mL). The whole was extracted with EtOAc (10 mL + 2 x
5 mL). The combined organic layers were washed with brine, dried over Na,SO,, and concentrated
in vacuo. The residue was purified by column chromatography (hexane/EtOAc 5:1) to afford the title
compound (167 mg, quant.) as colorless oil: Ry 0.38 (hexane/EtOAc 2:1). 'H NMR: 0.90 (s, 3H),
1.00-1.07 (m, 7H), 1.27 (dd, J = 9.5, 12.5, 1H), 1.37 (ddd, J = 3.5, 11.5, 11.5, 1H), 1.41-1.46 (m,
2H), 1.51 (m, 1H), 1.68-1.77 (m, 2H), 2.00-2.08 (m, 3H), 2.17 (m, 1H), 2.51 (m, 1H), 3.36 (dd, J =
6.0, 11.0, 1H), 3.41 (s, 3H), 3.80 (dd, /= 5.5, 11.0, 1H), 4.70 (d, /= 7.0, 1H), 4.77 (d, J = 7.0, 1H).
C NMR: 22.9 (CH,), 23.0 (CH3), 26.1 (CH3), 27.4 (CH,), 29.1 (CH3), 29.5 (CH,), 32.5 (CH), 37.8
(C), 39.0 (CH), 45.2 (CH), 45.9 (C), 46.6 (CH,), 48.5 (CHy), 55.6 (CHs3), 64.0 (CHy), 83.3 (C), 93.1
(CHp). IR (neat): 3449, 2951, 2928, 2870, 1462, 1447, 1385, 1366, 1146, 1076, 1038. EIMS m/z:
254,222,205, 177, 161, 150, 136, 121, 107, 45 (CH,OCH3;). HRMS-ESI (m/2): [M+Na]" calcd. for
C,7H30NaOs, 305.2093; found, 305.2092.

OH

H
1) 0-NO,CgH4SeCN, BusP, THF, rt
.~OMOM .+OMOM
2) Hy0,, THF, 50 °C S
H S

106 107

[{(2aSR,3RS,4aSR,7aRS,7TbSR)-2a-(Methoxymethoxy)-6,6,7b-trimethyldecahydro-1H-cyclobut

a[e]inden-3-yl}methyl](2-nitrophenyl)selane (S11): To a solution of alcohol 106 (201 mg, 0.712
mmol) in dry THF (5§ mL) were added 0-NO,C¢gH4SeCN (297 mg, 1.07 mmol) and BusP (260 pL,
1.05 mmol) at rt. After 9 h, 0-NO,CsHsSeCN (58.9 mg, 0.213 mmol) and Bu;P (53 pL, 0.21 mmol)
were added again to the mixture. After additional 13 h, the mixture was concentrated in vacuo. The
residue was purified by column chromatography (hexane/EtOAc 95:5) to afford the title compound
(278 mg) as brown oil, which was used directly in the next step without further purification. An

analytical sample was obtained by PTLC (hexane/EtOAc 7:1 x 2) as yellow oil: R¢ 0.58
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(hexane/EtOAc 3:1). 'H NMR: 0.87 (s, 3H), 0.97 (s, 3H), 1.00 (m, 1H), 1.09 (s, 3H), 1.11 (dd, J =
10.0, 12.5, 1H), 1.40-1.44 (m, 2H), 1.57 (m, 1H), 1.66—1.73 (m, 2H), 1.80 (ddd, J = 6.5, 13.5, 13.5,
1H), 2.02-2.11 (m, 2H), 2.15 (m, 1H), 2.28 (m, 1H), 2.51 (m, 1H), 2.56 (dd, J = 11.0, 11.0, 1H),
3.23 (dd, J = 2.0, 11.0, 1H), 3.40 (s, 3H), 4.76 (d, J= 7.0, 1H), 4.78 (d, /= 7.0, 1H), 7.29 (dd, J =
8.0, 8.0, 1H), 7.51 (dd, J = 8.0, 8.0, 1H), 7.66 (d, J = 8.0, 1H), 8.27 (d, J = 8.0, 1H). °C NMR: 22.1
(CHy), 23.2 (CH3), 26.2 (CHj3), 27.4 (CHy), 27.5 (CH), 29.1 (CHs), 31.6 (CHy), 32.9 (CH), 36.3
(CH), 37.8 (C), 45.4 (CH), 46.1 (C), 46.7 (CHy), 48.5 (CH,), 55.8 (CH3), 83.8 (C), 93.2 (CHp), 125.1
(CH), 126.3 (CH), 129.5 (CH), 133.4 (CH), 134.5 (C), 146.9 (C). IR (neat): 2951, 2928, 2866, 1589,
1566, 1512, 1462, 1450, 1335, 1304, 1254, 1146, 1096, 1072, 1038. EIMS m/z: 265
(M—0-NO,C¢HsSe), 247, 233, 215, 202, 186, 173, 159, 149, 135, 121, 95. HRMS-ESI (m/2):
[MJrNa]+ calcd. for Cy3H33NNaO4Se, 490.1473; found, 490.1472.
(2aSR4aRS,7aRS,7bSR)-2a-(Methoxymethoxy)-6,6,7b-trimethyl-3-methylenedecahydro-1H-cy
clobutale]indene (107): To a solution of S11 (278 mg) in THF (4 mL) was added 30% H,0; (0.36
mL, 3.52 mmol). The mixture was stirred at 50 °C for 1 h. After cooling to rt, the reaction was
quenched by the addition of saturated aqueous Na,S,03 (2 mL). The whole was extracted with
EtOAc (3 x 3 mL). The combined organic layers were washed with brine, dried over Na,SO,4, and
concentrated in vacuo. The residue was purified by column chromatography (hexane/EtOAc 98:2) to
afford the title compound (110 mg, 58%) as pale yellow oil: R¢ 0.33 (hexane/EtOAc 9:1). '"H NMR:
0.93 (s, 3H), 1.04 (s, 3H), 1.21 (s, 3H), 1.25 (dd, J = 3.5, 13.0, 1H), 1.34 (ddd, J = 2.0, 10.0, 10.5,
1H), 1.37-1.39 (m, 2H), 1.53 (m, 1H), 1.65 (dd, J = 8.0, 13.0, 1H), 1.89 (ddd, J = 8.0, 8.0, 11.5, 1H),
2.02 (dd, J=11.0, 13.0, 1H), 2.12 (m, 1H), 2.14 (ddd, /= 2.0, 8.0, 11.5, 1H), 2.22 (m, 1H), 2.37 (m,
1H), 3.41 (s, 3H), 4.50 (d, J=7.0, 1H), 4.73 (d, /= 7.0, 1H), 5.00 (d, /= 1.5, 1H), 5.03 (d, /= 1.5,
1H). °C NMR: 21.8 (CH3), 26.9 (CH,), 27.6 (CH,), 30.5 (CHs), 31.4 (CH3), 35.6 (CH,), 36.4 (C),
39.1 (CH), 43.3 (CHy), 46.3 (C), 46.4 (CH), 47.6 (CHy), 55.5 (CH3), 79.5 (C), 91.9 (CH,), 111.4
(CHy), 148.1 (C). IR (neat): 2951, 2932, 2866, 1643, 1462, 1396, 1261, 1234, 1153, 1107, 1045,
1007. EIMS m/z: 264 (M") 249 (M-Me), 236, 219 (M—CH,OCH3), 201, 179, 161, 147, 107, 45
(CH,0CH3). HRMS-ESI (m/z): [M+Na]" caled. for C,;H,sNaO,, 287.1987; found, 287.1987.

H H
[-Pr,Si(OTf),, TSCHN,, i-ProNEt NZY Ts
wOH . _Si—i-Pr
< Et,0,0°Ctort Y
H = H 3 i-Pr
55 113

(Diazo(tosyl)methyl)diisopropyl[{(2aRS,4aSR,7aRS,7bSR)-6,6,7b-trimethyldecahydro-2aH-cycl
obuta[e]inden-2a-yl}oxy]silane (113): To a solution of diisopropylsilyl
bis(trifluoromethanesulfonate)”” (1.02 g, 2.47 mmol) in dry Et,0 (3 mL) at 0 °C was added a
mixture of tosyl diazomethane® (489 mg, 2.49 mmol) and i-Pr,NEt (0.43 mL, 2.5 mmol) in dry Et,0
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(1.5 mL) pre-cooled at 0 °C. The resulting pale yellow suspension was stirred at 0 °C for 30 min and
at rt for 1 h. After recooling to 0 °C, a solution of alcohol 55 (344 mg, 1.65 mmol) and i-Pr,NEt
(0.43 mL, 2.5 mmol) in dry Et;O (1.5 mL + 0.5 mL washing) was added to the mixture. The reaction
mixture was stirred at 0 °C for 30 min and at rt for 1.5 h. Then, the reaction was quenched by the
addition of saturated aqueous NaHCOj; (10 mL). The whole was extracted with EtOAc (3 x 10 mL).
The combined organic layers were washed with brine, dried over Na,SO,, and concentrated in vacuo.
The residue was purified by column chromatography (hexane/EtOAc 97:3 to 9:1) to afford the title
compound (276 mg, 32%, 66% brsm) as pale yellow oil: R¢0.58 (hexane/EtOAc 5:1). "H NMR: 0.89
(s, 3H), 1.01-1.06 (m, 18H), 1.14-1.36 (m, 7H), 1.45 (ddd, J = 9.0, 10.5, 10.5, 1H), 1.58-1.71 (m,
3H), 1.79 (ddd, J = 3.0, 10.0, 13.0, 1H), 1.88-1.95 (m, 2H), 2.12 (ddd, J = 10.5, 10.5, 10.5, 1H),
2.22 (m, 1H), 2.4 (s, 3H), 7.32 (d, J = 8.5, 2H), 7.74 (d, J = 8.5, 2H). °C NMR: 14.2 (CH), 14.4
(CH), 17.0 (CH3), 17.1 (CHs), 17.2 (CH3), 17.3 (CHj3), 21.5 (CHj3), 22.8 (CH3), 25.3 (CHy), 26.5
(CHy), 28.6 (CH3), 30.4 (CHs3), 33.3 (CHy), 34.5 (CHy), 34.9 (CH), 36.8 (C), 44.6 (CHy), 45.4 (CH),
48.0 (CHp), 56.8 (C), 76.5 (C), 126.4 (CH), 129.6 (CH), 141.5 (C), 143.6 (C). IR (neat): 2947, 2928,
2866, 2075, 1462, 1327, 1204, 1184, 1146, 1103, 1084, 1049. EIMS m/z: 488, 473 (M—i-Pr), 445,
350, 333, 309, 293, 283, 163, 151, 135, 119. HRMS-ESI (m/z): [M+Na]® calcd. for
C23H44N,NaO;SSi, 539.2740; found, 539.2741.

H Ny Ts
ZY Cu(acac),
. _Si—ipr T
< \'0" \. toluene, reflux
H: i-Pr
Si + §r:fPr n
~ & < ":o i-Pr Y
H = H=: H 3

116a 116b 116¢c

Ts
Li, naphthalene

_ =

I..
g FPT THF,-78°C

~I-Pr

Si(OH)i-Pr,

(2aSR,5aRS,6aSR,9aRS,9bSR)-4,4-Diisopropyl-8,8,9b-trimethyldodecahydrocyclobuta[6,7]inde

no[5,6-d][1,2]oxasilole (116a) and
(2aSR,5aSR,6aSR,9aRS,9bSR)-4,4-Diisopropyl-8,8,9b-trimethyldodecahydrocyclobuta[6,7]inde
no[5,6-d][1,2]oxasilole (116b) and

[{(2aSR,3RS,4aSR,7aRS,7TbSR)-2a-Hydroxy-6,6,7b-trimethyldecahydro-1H-cyclobuta|e]inden-

3-yl}methyl]diisopropylsilanol (116c¢): To a solution of diazo tosylate 113 (348 mg, 0.673 mmol)
in dry toluene (6.7 mL) was added Cu(acac), (17.7 mg, 67.6 umol). The mixture was heated under
reflux for 30 min. After cooling to rt, the solvent was removed in vacuo. The residue was purified by
column chromatography (toluene) to afford an inseparable diastereomeric mixture of 114 (313 mg)

as pale yellow oil, which was used directly in the next step without further purification. The THF
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used in the next reaction was degassed by refluxing with benzophenone ketyl radical before use. A
suspension of lithium (14.8 mg, 2.13 mmol) and naphthalene (247 mg, 1.93 mmol) in dry THF (1.5
mL) was sonicated for 1 h. The resulting dark green-colored suspension was cooled to —78 °C and a
solution of the above product (313 mg) in dry THF (1.5 mL + 0.5 mL washing) pre-cooled at —78 °C
was added over 5 min. After 1 h, the reaction was quenched by the addition of 1.0 M Et,O solution
of HCI1 (1 mL). Then, saturated aqueous NaHCO; (4 mL) was added to the mixture. The whole was
extracted with EtOAc (10 mL + 2 x 5 mL). The combined organic layers were washed with brine,
dried over Na,SQOy,, and concentrated in vacuo. The residue was purified by column chromatography
(hexane/EtOAc 1:0 to 9:1) to afford the title compounds (71.0 mg, 22.8 mg and 36.6 mg, 32%, 10%
and 15%, respectively).

116a: Colorless oil. R 0.36 (hexane/EtOAc 95:5). 'H NMR: 0.54 (dd, J = 13.5, 13.5, 1H), 0.59
(dd, J= 5.5, 13.5, 1H), 0.88-1.07 (m, 20H), 1.13 (m, 1H), 1.15 (s, 3H), 1.19 (dd, /= 9.0, 13.0, 1H),
1.34-1.42 (m, 4H), 1.76-1.86 (m, 3H), 1.91 (dddd, J = 2.0, 5.5, 13.5, 13.5, 1H), 1.98 (ddd, J = 4.0,
9.0, 13.0, 1H), 2.05 (m, 1H), 2.53 (m, 1H). >C NMR: 9.8 (CH,), 12.2 (CH), 12.8 (CH), 17.6 (CH3),
17.7 (CHs), 17.7 (CH3), 17.9 (CHj), 21.7 (CH3;), 26.8 (CH3), 27.2 (CHy), 27.5 (CH,), 29.6 (CHj3),
33.7 (CHy), 34.7 (CH), 37.7 (C), 37.9 (CH), 44.9 (C), 46.6 (CH,), 47.3 (CH), 50.2 (CH,), 83.6 (C).
IR (neat): 2940, 2924, 2862, 1466, 1385, 1366, 1246, 1138, 1123, 1030. EIMS m/z: 334 (M), 306,
291 (M—i-Pr), 263, 249, 235, 209, 198, 184, 142, 103. HRMS-ESI (m/z): [M+H]" calcd. for
C,1H3908i, 335.2770; found, 335.2769.

116b: Colorless oil. R¢ 0.52 (hexane/EtOAc 95:5). "H NMR: 0.46 (d, J=15.0, 1H), 0.94—-1.04 (m,
20H), 1.11 (dd, J = 9.0, 15.0, 1H), 1.15 (s, 3H), 1.20-1.30 (m, 4H), 1.36 (d, J = 10.0, 2H), 1.42 (m,
1H), 1.59 (m, 1H), 1.64 (dd, J = 7.5, 13.0, 1H), 1.78 (m, 1H), 1.95 (ddd, J = 10.0, 10.0, 10.0, 1H),
2.03 (m, 1H), 2.16 (ddd, J = 4.0, 9.0, 13.0, 1H). >C NMR: 10.9 (CH,), 12.5 (CH), 13.2 (CH), 17.5
(CH3;), 17.6 (CH3), 17.9 (CHs;), 18.2 (CH3), 22.0 (CH3), 25.6 (CH), 32.4 (CHj3), 32.6 (CH3), 34.0
(CH,), 34.8 (CH,), 35.8 (C), 39.1 (CH), 42.6 (CH), 42.8 (CH,), 45.8 (C), 46.5 (CH), 47.7 (CH,),
82.5 (C). IR (neat): 2940, 2889, 2862, 1462, 1381, 1366, 1238, 1072, 1045. EIMS m/z: 334 (M"),
306, 291 (M—i-Pr), 263, 249, 209, 184, 142, 103. HRMS-ESI (m/z): [M+H]" calcd. for CyH390Si,
335.2770; found, 335.2775.

116¢: Crystals suitable for X-ray diffraction studies were obtained by vapor diffusion. Colorless
solids of mp 123125 °C (CHCls/hexane). R¢ 0.32 (hexane/EtOAc 5:1). "H NMR: 0.24 (dd, J = 2.0,
15.5, 1H), 0.83 (dd, /=9.0, 15.5, 1H), 0.87 (s, 3H), 0.91 (m, 1H), 0.97-1.06 (m, 16H), 1.11 (m, 1H),
1.12 (s, 3H), 1.20 (br d, J = 14.0, 1H), 1.25 (dd, J = 10.0, 11.5, 1H), 1.33 (ddd, J = 2.0, 10.5, 11.0,
1H), 1.39 (dd, /= 7.0, 12.0, 1H), 1.45 (ddd, J = 10.5, 10.5, 10.5, 1H), 1.71-1.79 (m, 2H), 1.85 (ddd,
J=17.0, 14.0, 14.0, 1H), 2.00-2.07 (m, 2H), 2.27 (m, 1H), 2.45 (m, 1H), 3.34 (br s, 1H). °C NMR
(C¢Dg): 13.5 (CH,), 13.6 (CH), 13.9 (CH), 17.8 (CHj;), 17.9 (CHj;), 18.0 (CHs;), 18.1 (CHsj), 22.6
(CH3), 26.6 (CH3), 27.4 (CH,), 27.5 (CH,), 29.5 (CHj3), 32.6 (CH), 34.0 (CH), 37.8 (C), 38.1 (CHy),
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45.5 (C), 45.7 (CH), 46.7 (CH,), 49.5 (CH,), 78.5 (C). IR (KBr): 3387, 3229, 2951, 2924, 2866,
1458, 1381, 1150, 1088. EIMS m/z: 334, 306, 291, 249, 235, 209, 163, 131, 105. HRMS-ESI (m/z):
[MJrNa]+ calcd. for C,Hy49NaO,Si, 375.2695; found, 375.2695.

Ts Ts
Na(Hg), Na,HPO,

—_—

i,
FPr - MeOH, 0°C

~i-Pr

YoX
Si(OMe)i-Pr,

117

Diisopropyl(methoxy)[{(2aSR,4aSR,7aRS,7bSR)-6,6,7b-trimethyl-3-(tosylmethyl)decahydro-2a
H-cyclobuta[e]inden-2a-yl}oxy]silane (117): To a solution of tosyl siloxane 114 (5.0 mg, 10 umol)
in MeOH were added Na,HPO, (15.0 mg, 0.106 mmol) and Na(Hg) (5% Na, 22.8 mg, 50 pmol) at
0 °C. After 30 min, the reaction was quenched by the addition of saturated aqueous NH4CI (2 mL).
The whole was extracted with EtOAc (6 mL + 2 x 3 mL). The combined organic layers were washed
with brine, dried over Na,SO,4, and concentrated in vacuo. The residue was purified by column
chromatography (hexane/EtOAc 98:2) to afford the title compound (4.2 mg, 81%) as colorless oil:
'H NMR: 0.87 (s, 3H), 0.92-1.10 (m, 17 H), 1.09 (s, 3H), 1.25-1.49 (m, 5H), 1.70-1.78 (m, 2H),
1.93-2.09 (m, 4H), 2.27 (m, 1H), 2.43 (s, 3H), 2.91 (dd, /= 11.0, 14.0, 1H), 3.48 (s, 3H), 3.63 (dd, J
=2.0, 14.0, 1H), 7.32 (d, J = 8.5, 2H), 7.80 (d, J = 8.5, 2H). EIMS m/z: 477 (M—i-Pr), 449, 411, 365
(M-Ts), 336, 257, 215, 203, 193, 165, 145, 117.

Ts Ts

Raney-Ni in water
_—

I
FPr EtoH, 50 °C

~I-Pr

w0,
Si(OH)i-Pr,

114

Diisopropyl[{(2aSR,3RS,4aSR,7aRS,7bSR)-6,6,7b-trimethyl-3-(tosylmethyl)decahydro-2aH-cyc
lobuta[e]inden-2a-yl}oxy]silanol (118): To a solution of tosyl siloxane 114 (4.4 mg, 9.0 umol) in
EtOH was added 50% Raney-Ni in water (110 mg). The mixture was stirred at 50 °C for 45 min.
After cooling to rt, the reaction mixture was filtered through a pad of Celite and the filter cake was
washed with EtOAc. The filtrate and washings were combined and concentrated in vacuo. The
residue was purified by column chromatography (hexane/EtOAc 98:2 to 94:6) to afford the title
compound (2.8 mg, 61%) as colorless oil: R 0.17 (hexane/EtOAc 9:1). '"H NMR: 0.87 (s, 3H),
0.89-0.96 (m, 2H), 1.00-1.05 (m, 15H), 1.12 (s, 3H), 1.13 (m, 1H), 1.28-1.35 (m, 2H), 1.39-1.48
(m, 2H), 1.65-1.90 (m, 4H), 1.99-2.10 (m, 2H), 2.41-2.44 (m, 2H), 2.45 (s, 3H), 2.82 (dd, J = 10.0,
13.5, 1H), 3.60 (d, J = 13.5, 1H), 7.35 (d, J = 8.5, 2H), 7.82 (d, J = 8.5, 2H). °C NMR: 13.4 (CH),
13.5 (CH), 17.4 (CH3), 17.5 (CHs), 17.5 (CHs), 17.7 (CH3), 21.6 (CHj3), 24.1 (CHj3), 26.3 (CHs),
27.2 (CHyp), 27.9 (CH,), 29.1 (CHs), 32.5 (CH,), 32.8 (CH), 35.2 (CH), 37.6 (C), 44.6 (CH), 46.0
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(CH,), 46.6 (C), 48.1 (CH,), 57.8 (CHy), 78.9 (C), 128.0 (CH), 130.0 (CH), 137.2 (C), 144.6 (C). IR
(neat): 3449, 2947, 2928, 2864, 1464, 1300, 1288, 1261, 1146, 1088, 1057. EIMS m/z: 491 (M—Me),
463 (M—i-Pr), 435, 411, 379, 351 (M-Ts), 322, 243,203, 179, 161, 135, 119, 103. HRMS-ESI (m/z2):
[MJrNa]+ calcd. for C,gH46NaO4SSi, 529.2784; found, 529.2789.

_ipr  KF,KHCOs, Hy0,

¢
o Pr DMF, 80 °C

116a

(2aSR,3SR.,4aSR,7aRS,7bSR)-3-(Hydroxymethyl)-6,6,7b-trimethyldecahydro-2aH-cyclobuta]e]
inden-2a-ol (115a): To a solution of siloxane 116a (28.3 mg, 84.6 umol) in DMF (1 mL) were
added KF (20.9 mg, 0.360 mmol), KHCO; (33.8 mg, 0.338 mmol) and 30% H,O, (69 pL, 0.68
mmol). The mixture was stirred at 80 °C for 30 min. After cooling to rt, the reaction was quenched
by the addition of saturated aqueous Na,S,0; (2 mL). The whole was extracted with EtOAc (3 x 5
mL). The combined organic layers were washed with brine, dried over Na,SO,, and concentrated in
vacuo. The residue was purified by column chromatography (hexane/EtOAc 5:1 to 3:1) to afford the
title compound (17.5 mg, 87%) as colorless solids of mp 138-140 °C (CHCIs): Ry 0.30
(hexane/EtOAc 2:1). "H NMR: 0.89 (s, 3H), 1.04 (s, 3H), 1.07 (m, 1H), 1.13 (s, 3H), 1.15 (m, 1H),
1.26 (dd, J=9.5, 12.5, 1H), 1.34-1.49 (m, 3H), 1.60 (ddd, J= 7.0, 13.5, 13.5, 1H), 1.74 (dd, J=9.0,
12.5, 1H), 1.94 (ddd, /= 11.0, 11.0, 11.0, 1H), 2.02-2.09 (m, 2H), 2.27 (ddd, J = 3.0, 9.5, 12.5, 1H),
2.51 (m, 1H), 2.74 (br s, 1H), 2.90 (br s, 1H), 3.52 (dd, J = 3.5, 10.5, 1H), 3.80 (dd, J = 10.0, 10.5,
1H). °C NMR: 21.7 (CH3), 26.3 (CH3), 27.0 (CH,), 27.2 (CH,), 28.5 (CH,), 29.1 (CH3), 32.7 (CH),
37.7 (C), 38.6 (CH), 45.1 (CH), 45.2 (C), 46.2 (CH,), 48.9 (CH,), 65.1 (CH,), 78.1 (C). IR (KBr):
3383, 3356, 2955, 2932, 2893, 1474, 1462, 1447, 1420, 1369, 1265, 1157, 1045, 1026. EIMS m/z:
220 (M-H,0), 210, 180, 161, 150, 136, 121, 107, 95. HRMS-ESI (m/z): [M+Na]" calcd. for
C,5H26Na0,, 261.1830; found, 261.1834.

Si(OH)i-Pr,

KH, PhMe,COOH, TBAF, 18-crown-6

THF, 50 °C

116¢

(2aSR,3SR.,4aSR,7aRS,7bSR)-3-(Hydroxymethyl)-6,6,7b-trimethyldecahydro-2aH-cyclobuta]e]
inden-2a-ol (115a): To dry potassium hydride powder (5.3 mg, 0.13 mmol) in THF (0.2 mL) was
added 18-crown-6 (34.4 mg, 0.130 mmol), and the slurry was cooled to 0 °C. Then, 80% cumene
hydroperoxide (24 pL, 0.13 mmol) was added, and the mixture was allowed to warm to rt. Silanol

116¢ (4.6 mg, 13 pumol) in THF (0.5 mL + 0.3 mL washing) was added, followed by a 1 M THF
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solution of TBAF (130 pL, 0.13 mmol). The mixture was heated at 50 °C for 3 h. After cooling to rt,
the reaction was quenched by the addition of saturated aqueous Na,S,0; (2 mL). The whole was
extracted with EtOAc (3 x 3 mL). The combined organic layers were washed with brine, dried over
Na,SO,, and concentrated in vacuo. The residue was purified by column chromatography

(hexane/EtOAc 5:1 to 3:1) to afford the title compound (2.9 mg, 92%) as colorless solids.

H H H o
_ipr  KF, KHCO;3, H,0O, K
Sil WOH
el al DMF, 80 °C y
HS HS
116b 115b

(2aSR,3RS,4aSR,7aRS,7bSR)-3-(Hydroxymethyl)-6,6,7b-trimethyldecahydro-2aH-cyclobuta]e]

inden-2a-ol (115b): To a solution of siloxane 116b (22.8 mg, 68.1 umol) in DMF (1 mL) were
added KF (21.8 mg, 0.375 mmol), KHCO; (35.0 mg, 0.350 mmol) and 30% H,O, (70 pL, 0.69
mmol). The mixture was stirred at 80 °C for 1 h. After cooling to rt, the reaction was quenched by
the addition of saturated aqueous Na,S,0; (2 mL). The whole was extracted with EtOAc (3 x 5 mL).
The combined organic layers were washed with brine, dried over Na,SO,, and concentrated in vacuo.
The residue was purified by column chromatography (hexane/EtOAc 5:1 to 2:1) to afford the title
compound (15.5 mg, 95%) as white solids of mp 59-62 °C: R 0.32 (hexane/EtOAc 2:1). 'H NMR:
0.95 (s, 3H), 1.06 (s, 3H), 1.13 (s, 3H), 1.17 (m, 1H), 1.26-1.31 (m, 2H), 1.35-1.52 (m, 4H),
1.69-1.73 (m, 2H), 1.85 (ddd, J = 6.0, 6.0, 12.5, 1H), 1.90-1.99 (m, 2H), 2.09 (m, 1H), 2.26 (br s,
1H), 2.54 (br s, 1H), 3.70 (m, 1H), 3.97 (dd, J = 3.0, 11.0, 1H). °C NMR: 20.4 (CH3), 25.4 (CH,),
27.8 (CH,), 32.0 (CH3), 32.3 (CHs), 34.2 (CHy), 35.8 (C), 39.2 (CH), 43.0 (CH,), 45.0 (CH), 45.7
(CH), 46.2 (C), 47.5 (CHy), 64.5 (CH,), 76.0 (C). IR (KBr): 3267, 2932, 2893, 2862, 1458, 1396,
1385, 1265, 1242, 1184, 1169, 1115, 1096, 1076, 1018. EIMS m/z: 210, 195, 177, 161, 153, 135,
121, 107, 95. HRMS-ESI (m/z): [M+Na]" calcd. for C;sHysNaO,, 261.1830; found, 261.1833.

0-NO,CgH,SeCN, (Oct)sP

THF, 0°C tort

.
119a

(2aSR,3RS,4aSR,7aRS,7bSR)-6,6,7b-Trimethyl-3-[{(2-nitrophenyl)selanyl} methyl]decahydro-2
aH-cyclobuta|e]inden-2a-ol (119a): The THF used in the reaction was degassed by refluxing with
benzophenone ketyl radical before use. To a stirred solution of diol 115a (98.5 mg, 0.413 mmol) in
dry THF (4.1 mL) was added 0-NO,C¢H4SeCN (195 mg, 0.704 mmol). Then, the mixture was
cooled to 0 °C and (Oct);P (>85%, 0.54 mL, 1.0 mmol) was added dropwise. The mixture was
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stirred at rt for 70 min. Then, the solvent was removed in vacuo. The residue was purified by column
chromatography (toluene/EtOAc 1:0 to 95:1) to afford the title compound (155 mg, 89%) as yellow
oil: R¢0.21 (toluene). '"H NMR: 0.85 (s, 3H), 0.92 (s, 3H), 0.99 (dd, J = 12.5, 12.5, 1H), 1.08 (dd, J =
9.5, 12.5, 1H), 1.15 (s, 3H), 1.36-1.42 (m, 2H), 1.52-1.72 (m, 3H), 1.77 (ddd, J = 7.5, 13.5, 13.5,
1H), 1.81 (br s, 1H), 1.88 (m, 1H), 2.00-2.10 (m, 2H), 2.29 (ddd, J = 3.0, 9.5, 12.5, 1H), 2.52 (m,
1H), 2.57 (dd, J=11.0, 11.5, 1H), 3.37 (dd, /= 3.0, 11.5, 1H), 7.29 (t,J = 8.0, 1H), 7.52 (t, J = 8.0,
1H), 7.74 (d, J = 8.0, 1H), 8.27 (d, J = 8.0, 1H). °C NMR (C4Dg): 22.2 (CH3), 26.4 (CH3), 27.3
(CH,), 27.5 (CHp), 27.7 (CH,), 29.2 (CH3;), 32.0 (CH,), 33.4 (CH), 37.7 (C), 38.0 (CH), 45.4 (CH),
45.8 (C), 46.6 (CH,), 48.9 (CH,), 77.1 (C), 125.0 (CH), 126.3 (CH), 128.0 (CH), 133.2 (CH), 134.2
(C), 147.5 (C). IR (neat): 3447, 2951, 2926, 2866, 1591, 1566, 1512, 1449, 1333, 1304, 1252, 1126,
1096, 1038. EIMS m/z: 395, 221 (M-0-NO,CcH,Se), 203, 189, 161, 147, 135, 119, 109, 95.
HRMS-ESI (m/z): [M+K]" calcd. for C,;HyyKNO;Se, 462.0950; found, 462.0951.

OH Se
H [ H |
0-NO,CgHsSeCN, (Oct)sP NO,
\\‘OH .\\OH
THF, 0 °C tort <
H: H =

115b 119

(2aSR,3SR,4aSR,7aRS,7bSR)-6,6,7b-Trimethyl-3-[{(2-nitrophenyl)selanyl} methyl]decahydro-2

aH-cyclobuta|e]inden-2a-ol (119b): The THF used in the reaction was degassed by refluxing with
benzophenone ketyl radical before use. To a stirred solution of diol 115b (7.9 mg, 33 pwmol) in THF
(0.7 mL) was added 0-NO,C¢H4SeCN (15.4 mg, 55.6 umol). The mixture was cooled to 0 °C and
(Oct);P (>85%, 44 pL, 84 umol) was added dropwise. The mixture was stirred at rt for 1 h. Then,
0-NO,CcH4SeCN (15.4 mg, 55.6 umol) and (Oct);P (>85%, 44 uL, 84 umol) were added again to
the mixture. After 1 h, 0-NO,C¢H4SeCN (15.6 mg, 56.3 pumol) and (Oct);P (>85%, 44 pL, 84 umol)
were added again to the mixture. After 1 h, 0-NO,C¢H4SeCN (15.6 mg, 56.3 pumol) and (Oct);P
(>85%, 44 uL, 84 pumol) were added again to the mixture. After additional 2 h, the mixture was
concentrated in vacuo. The residue was purified by column chromatography (toluene/EtOAc 1:0 to
97:3) to afford crude products. Then, the mixture was purified by PTLC (toluene x 6) to afford the
title compound (11.9 mg, 85%) as yellow solids of mp 154—157 °C: R 0.38 (toluene x 3). 'H NMR:
0.95 (s, 3H), 1.05 (s, 3H), 1.17 (s, 3H), 1.25-1.35 (m, 3H), 1.39 (d, J=10.0, 2H), 1.48-1.56 (m, 2H),
1.70 (dd, /= 8.0, 13.5, 1H), 1.74 (br s, 1H), 1.87 (m, 1H), 1.90-2.00 (m, 3H), 2.07 (m, 1H), 2.92 (dd,
J=10.0, 11.0, 1H), 3.20 (dd, J = 4.5, 11.0, 1H), 7.30 (dd, J = 7.0, 8.5, 1H), 7.51 (dd, J = 7.0, 8.0,
1H), 7.62 (d, J = 8.0, 1H), 8.28 (d, J = 8.5, 1H). °C NMR: 20.8 (CH3), 25.7 (CH,), 28.2 (CH,), 31.1

(CHy), 31.8 (CH3), 32.3 (CHs), 33.8 (CH,), 35.8 (C), 39.4 (CH), 43.2 (CHy), 43.3 (CH), 45.6 (CH),
46.1 (C), 47.4 (CHy), 74.9 (C), 125.2 (CH), 126.4 (CH), 129.2 (CH), 133.5 (CH), 134.5 (C), 146.9

108



(C). IR (neat): 3537, 2928, 2862, 1589, 1562, 1508, 1458, 1327, 1304, 1234, 1088. FABMS m/z:
446 (M+Na). HRMS-ESI (m/z): [M+Na]" calcd. for C,;H,0NNaOsSe, 446.1210; found, 446.1209.

Se

NOz  mCPBA, NaHCO;
wOH WOH  *
< CH,Cly, 0 °C to reflux <
H: H:

:1 19a 110 ) 120
(2aSR,4aRS,7aRS,7bSR)-6,6,7b-Trimethyl-3-methylenedecahydro-1H-cyclobuta[e]inden-2a-ol
(110) and
{(2aSR,3SR.,4aSR,7aRS,7bSR)-2a-Hydroxy-6,6,7b-trimethyldecahydro-1H-cyclobuta[e]inden-3

-yl}methyl 3-chlorobenzoate (120): To a solution of selenide 119a (8.9 mg, 21 umol) in dry
CH,CI, (1.5 mL) at 0 °C were added NaHCOs; (7.1 mg, 85 pumol) and mCPBA (7.2 mg, 42 pmol).
The mixture was stirred at rt for 30 min and heated under reflux for 1 h. After cooling to rt, the
reaction was quenched by the addition of saturated aqueous Na,S;0; (3 mL). The whole was
extracted with EtOAc (5 mL + 2 x 3 mL). The combined organic layers were washed with brine,
dried over Na,SOy, and concentrated in vacuo. The residue was purified by column chromatography
(hexane/EtOAc 99:1 to 95:5) to afford the title compounds (1.8 mg and 1.9 mg, 39% and 24%,
respectively).

110: Colorless oil. R¢ 0.24 (toluene). 'H NMR: 0.88 (s, 3H), 0.95 (m, 1H), 0.98 (s, 3H), 1.14 (s,
3H), 1.22 (dd, J = 7.5, 12.5, 1H), 1.31 (ddd, J = 2.0, 7.0, 12.0, 1H), 1.44 (ddd, J = 3.5, 11.5, 11.5,
1H), 1.64 (ddd, J = 2.0, 8.5, 12.5, 1H), 1.66—1.74 (m, 2H), 1.97 (dd, J= 2.5, 13.5, 1H), 2.08 (m, 1H),
2.11-2.21 (m, 2H), 2.53 (m, 1H), 2.69 (dd, J = 7.0, 13.5, 1H), 4.77 (s, 1H), 5.07 (s, 1H). °C NMR:
22.2 (CHj3), 27.0 (CHy), 27.3 (CH3;), 29.4 (CHj3), 31.5 (CHyp), 35.9 (CH,), 36.0 (CH), 37.3 (C), 44.8
(CH,), 46.0 (CH), 47.1 (C), 48.0 (CH,), 76.0 (C), 107.2 (CH,), 150.4 (C). IR (neat): 3449, 2951,
2028, 2866, 1462, 1443, 1381, 1366, 1261, 1230, 1138, 1084, 1026. EIMS m/z: 220 (M"), 205
(M—Me), 192, 177, 163, 135, 121, 107, 95. HRMS-ESI (m/z): [M+Na] calcd. for C;sH,,NaO,
243.1725 ; found, 243.1725.

120: Yellow oil. R¢ 0.46 (hexane/EtOAc 5:1). 'H NMR: 0.90 (s, 3H), 1.04 (s, 3H), 1.13 (m, 1H),
1.15 (s, 3H), 1.24 (m, 1H), 1.36-1.48 (m, 3H), 1.53 (m, 1H), 1.77 (dd, /= 10.5, 11.0, 1H), 1.84 (ddd,
J=17.0,13.5,13.5, 1H) , 1.93 (m, 1H), 2.10 (m, 1H), 2.18 (m, 1H), 2.27 (ddd, J = 3.5, 10.0, 12.5,
1H), 2.56 (m, 1H), 4.29 (dd, J = 7.5, 11.0, 1H), 4.53 (dd, J = 5.0, 11.0, 1H), 7.39 (dd, J = 8.0, 8.0,
1H), 7.53 (d, J = 8.0, 1H), 7.90 (d, J = 8.0, 1H), 8.00 (s, 1H). °C NMR: 22.0 (CH3), 26.3 (CHs),
27.2 (CHy), 27.7 (CHy), 29.1 (CH3), 29.4 (CH,), 32.6 (CH), 37.8 (C), 37.9 (CH), 45.0 (CH), 45.4 (C),
46.2 (CHy), 48.9 (CH,), 66.6 (CH,), 75.7 (C), 127.6 (CH), 129.6 (CH), 129.7 (CH), 132.1 (C), 133.0
(CH), 134.6 (C), 165.6 (C). IR (neat): 3431, 2953, 2926, 2866, 1719, 1460, 1283, 1260, 1132, 1086.
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EIMS m/z: 350, 348, 220, 205, 192, 177, 163, 150, 139, 121, 111 (C¢HsCl). HRMS-ESI (m/z):
[MJrNa]+ calcd. for C,H,9CINaOs3, 399.1703; found, 399.1709.

H
NaIO4
v'OH
THF/H,0, 0 °C to reflux
H:
119a 110

(2aSR.,4aRS,7aRS,7bSR)-6,6,7b-Trimethyl-3-methylenedecahydro-1H-cyclobuta|e]inden-2a-ol

(110): To a stirred solution of selenide 119a (71.4 mg, 0.169 mmol) in THF (3 mL) was added
NalOy4 (108 mg, 0.505 mmol) in water (0.6 mL) at 0 °C. The mixture was stirred at rt for 30 min and
50 °C for 2 h, and then, heated under reflux for 20 min. After cooling to rt, the reaction was
quenched by the addition of saturated aqueous Na,S,0;3 (3 mL). The whole was extracted with
EtOAc (3 x 6 mL). The combined organic layers were washed with brine, dried over Na,SO,4, and
concentrated in vacuo. The residue was purified by column chromatography (hexane/EtOAc 99:1) to

afford the title compound (32.1 mg, 86%) as colorless oil.

Se
H ] H
w~ NOy NalOg4
.1OH «+OH
y THF/H,0, 0 to 65°C
H: H S
119b 110

(2aSR4aRS,7aRS,7bSR)-6,6,7b-Trimethyl-3-methylenedecahydro-1H-cyclobuta[e]inden-2a-ol

(110): To a stirred solution of selenide 119b (10.0 mg, 23.7 pmol) in THF (1 mL) was added NalO4
(15.7 mg, 73.4 umol) in water (0.2 mL) at 0 °C. The mixture was stirred at rt for 30 min and 65 °C
for 1 h. After cooling to rt, the reaction was quenched by the addition of saturated aqueous Na,;S,03
(2 mL). The whole was extracted with EtOAc (3 x 4 mL). The combined organic layers were washed
with brine, dried over Na,SO,4, and concentrated in vacuo. The residue was purified by column

chromatography (hexane/EtOAc 99:1) to afford the title compound (4.8 mg, 92%) as colorless oil.

H H
KH, 1,3-diaminopropane
WOH . WOH
rt
H: H:
110 32

7-Protoilluden-6-0l (32): A solution of potassium 3-aminopropylamide (KAPA) was prepared as
follows. To potassium hydride powder (176 mg, 4.39 mmol) was added dry 3-aminopropylamine
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(4.8 mL) at rt. Hydrogen evolution commenced immediately. After 1 h, to exo-olefin 110 (48.6 mg,
0.220 mmol) was added the KAPA, using a double-ended needle. The reaction mixture was stirred at
rt for 17 h. Then, the reaction was quenched by the addition of saturated aqueous NH4CI (10 mL) at
0 °C. The whole was extracted with Et,0 (3 x 10 mL). The combined organic layers were washed
with brine, dried over Na,SO,4, and concentrated in vacuo. The residue was purified by column
chromatography (hexane/EtOAc 99:1) to afford the title compound (41.0 mg, 85%) as colorless
solids of mp 81-83 °C: R 0.48 (benzene/Et,0 9:1). "H NMR: 0.96 (s, 3H), 1.00 (s, 3H), 1.21 (s, 3H),
1.24-1.30 (m, 2H), 1.36-1.40 (m, 2H), 1.45 (m, 1H), 1.51 (br s, 1H), 1.74 (br s, 3H), 1.75 (dd, J =
8.5, 13.0, 1H), 1.96-2.08 (m, 3H), 2.64 (m, 1H), 5.26 (br s, 1H). °C NMR: 17.2 (CH3), 21.1 (CH3),
24.7 (CHy), 31.5 (CHs), 31.9 (CHj3), 33.8 (CHy), 37.9 (C), 38.7 (CH), 42.2 (CHy), 44.6 (C), 44.7
(CH), 47.8 (CHy), 72.5 (C), 129.4 (CH), 133.2 (C). IR (KBr): 3387, 2955, 2866, 1447, 1234, 1188,
1130, 1099. EIMS m/z: 220 (M"), 205 (M-Me), 192, 177, 135, 124, 109, 91, 77, 55, 41. HRMS-ESI
(m/z): [M+N.a1]+ calcd. for C;5sHy4NaO, 243.1725 ; found, 243.1728.

'H NMR, MS, and IR spectral data were identical to those reported.”’

H H

Ac,0, pyridine
OH WOAC
N 130 °C
H Hz

3

1

N
E-N

Paesslerin A (4): To a stirred solution of alcohol 32 (17.8 mg, 80.8 umol) in acetic anhydride (0.6
mL) was added pyridine (97 pL, 1.2 mmol). The mixture was heated at 130 °C for 26 h. After
cooling to rt, the mixture was concentrated in vacuo. The residue was purified by column
chromatography (hexane/EtOAc 149:1) to afford the title compound (15.4 mg, 73%) as colorless oil:
R 0.33 (hexane/EtOAc 95:5). '"H NMR: 0.96 (s, 3H), 1.03 (s, 3H), 1.14 (s, 3H), 1.27 (m, 1H), 1.34
(dd, J = 4.0, 12.5, 1H), 1.37 (m, 1H), 1.55 (m, 1H), 1.61 (s, 3H), 1.62 (m, 1H), 1.77 (dd, J = 8.5,
12.5, 1H), 2.00 (m, 1H), 2.02 (s, 3H), 2.07 (ddd, J = 2.0, 8.5, 10.5, 1H), 2.50 (ddd, J = 10.5, 10.5,
10.5, 1H), 2.70 (br s, 1H), 5.32 (br s, 1H). *C NMR: 18.2 (CH3), 21.4 (CH3), 21.6 (CH3), 26.4 (CH,),
30.5 (CH3), 31.1 (CHs;), 31.5 (CH,), 37.8 (CH), 38.0 (C), 41.7 (CH,), 44.4 (CH), 44.7 (C), 47.7
(CH,), 80.0 (C), 130.3 (CH), 130.7 (C), 169.7 (C). IR (neat): 2953, 2928, 2864, 1728, 1449, 1368,
1260, 1234, 1084, 1042. EIMS m/z: 262 (M"), 234, 220, 202, 192, 166, 135, 124, 109, 91, 43 (Ac).
HRMS-ESI (m/z): [MJrNa]+ calcd. for Ci7HysNaO,, 285.1830; found, 285.1837.

'H NMR, "*C NMR, and MS spectral data were identical to those reported.*
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