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Scheme 1. First reported Diels-Alder reaction by O. Diels and K. Alder
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DIVD, MLEZIRPEICOWTIEH G — OB LIz 7 a7 T HLE w2 L > TR &4 (Fig.
1)“, Diels-Alder SGED AR OWTIEEL DA, Py~ x )7 )V O#GE PR A AE
FHIZ&~C, endo G RITHDH(Fig. 2), LHL. Diels-Alder SIS IENARFIE R 2 1T097<
B m S A LT exo SRR SUSHID A S TG %,

Fig. 1 Regioselectivity of DA reaction Fig. 2 Endo addition in DA reaction
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o X TINVAX PRI FTALEFTTFEY, TRV FER, TP R ST
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Fig. 3. Chiral catalysts for enantioselective Diels-Alder reaction

H Ph
: wPh
N O

—N. N—
VN pS cr
H B N Ar
TEN Ve o NHTf H ™S B o &Mo BU
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Scheme 2. Asymmetric Diels-Alder reaction using chiral Yb complex
1) chiral Yb complex

o) (@] SiOo _— cat%:| (6] R
R/\)J\N)J\o + : U N O upto979ee
Xy 2)TFA , p
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F
20,
chiral Yb complex = Yb(OTf)3 + 14 + DBU (1 :1.2: 2.4) OO H F

N

H
or H

N\

NH F
Yb(OTf)3 + 15 + DBU (1:1: 2) OO

o

14

Danishefsky ¥ 1% 1 {ir& 3MZICIEREEREEA A 257 4= ThY ., Diels-Alder SGITHB
TIHITE O USEZ R TZERMBN TS ), MHFFE=TiE Danishefsky = (17)% FV =
Diels-Alder [z~ W T HaARTHLH T IR~V AL9)DB#&EEIZIE AL CRY., £
R8N HD AR/ NEFSIZ L - TR S TV VD(Scheme 3)19,

Scheme 3. Diels-Alder reaction using Danishefsky diene for total synthesis of nakadomarin A

OTBS ';l e}
BsN 1)180°C
BsSN J e
NBS 2) TFA = Bs >
(0] \I:N
Nakadomarin A (19)

S 52, Danishefsky ¥ = X0 ntE O mwny = &L T 1997 4 Rawal & (%
1-amino-3-siloxy-butadiene (73 )DBAFEE, ZAF| 9% Diels-Alder SUGZHE LTZ 1,
b Hfli/ s 2 35 AT LTV (20) 13k 3% Danishefsky 2 =2-(17)% 3300 5,0
RS A R L& TV (Scheme 4)), F£7-. Rawal HIESUSPEDFIE 21T Tl  RA MBI
EETDTIVEE AN T AT LA R Diels-Alder [ MO0k T v sn nt L b
R A & U C WA 75 Diels-Alder SUGH A LT M9 DL DT R HIUTAE, 73
IV DA FPEDTRHERS VA | KERW A i~ F Bl 28 55l i S g 12,

-5-



Scheme 4. Comparison of reactivity between Danishefsky diene and aminodiene
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CHO ~CHO
NMe; 22 E
Me,
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_ TBSO
)J\ <CHO 1
cHO — B

17 OMe 23 OMe
BRI N %ﬂﬁ%zi\ AP AW TBEEET VI aAR ThH~ I B D AB B ICHH
W BEROA Y% U BEO SRR, = F @R ARSI SR 2 L TV 5 (Scheme 5)1),
Scheme 5. Diels-Alder reaction using aminodiene for synthetic study of manzamine B

reactivity

3300

H
oTBS & OTBS
Cr-Salen-F (50 mol %)
O\ 4AMS BsN_ |
OHC :
PhCF,, 1t, 20 h &
75%, 95% ee s cl
O endo only 26

25

N EN_
o
t-Bu o’ o t-Bu
E

t-Bu t-Bu
L Cr-Salen-F _

Manzamine B (27)

UL, 7/ VAT LD RUSHED RSB IFF AL E TROPR LTI T/ V=%
72 Diels-Alder SUSO# 5Bl Danishefsky 2 DfilL b~ Z<D7p0, SHIZ, Y /7 4
CERIRML B R O TZBRIZIIIME EOERE AT /o~ D720 OB E L TR
PRTOBEEIIELAL THY(Scheme €)', O ABRIIEI R THHA SN HHE
BENTWDBDIHTHSH(Scheme 7)1,

Scheme 6.
OTBS 1) toluene H
;/ refllx, 2. d O endosexo selectivity of
DA reaction
10% HF ag :
was no etermined.
28 NMe2 tepS 60% t det ined
dar= 29 o)
Scheme 7.
H — —_
oTBSs  Cr-Salen-SbhFg H OTBS
(5 mol %)
<j|\ 4A MS ) -N  N=
THC, <Y cr’
-40°C 10 r, 5d OHC - t-Bu o’i o t-Bu
Bn- \CO Me 76%, 96% €e BN~ “CO,Me 5 SbFg
31 32 u t-Bu
L Cr-Salen-SbF, i

The stereochemistry of 32 was estimated on

the basis of the reaction mechanism.
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A% B I IEZ1T o7,

Scheme 8.
H
OTBS OTBS
RN R-<
X
P/ \ P/ \Pl
X = alkyl or EWG 35
Y = Oor H,

FEHIILLFORFIEATO, ZOFERLL T OfE 2472,

(1) T7I/vzroEfEax ORky =7 0V Wi Diels-Alder RUSERETL  FHiv7oft
IMED SR L 22T LTz, F7-, HIBHL 7= Diels-Alder RO L5, =
7 4V DOREIE DB NLRIEINIEIZ KT TR HONWTERE LT o7z, BT, K
JEMEDIRNT = )7 4 T DWT D MR EZ TR FTL ~ A 7 e B A - e St %
BRI LT,

(2) () TEBN= Diels-Alder fHINAD S D KM A %% H F8L . Lycopodium 7 /LA AR
T# 7% lycoposerramine-R 35O lycoposerramine-Q MO & 5 k824772,

A XL FOFEIZIORERR S LD,
— BN )7V ETR V% V- Diels-Alder 5
Diels-Alder 5 IAD AR LD E

Lycopodium 7 /L5 aA R D44 bt 5%

pi i
o

LR GRS~ D,



B RRRU= /T vETI V% Hu i Diels-Alder KOt

Viram dbe

H—H H >

il

1997 4, Rawal B3 73/ % Fiv /= Diels-Alder St 41 T L= U9, ST E iR 44
TTESGITETL, £I1E% endo BRI B < 52 7=(Scheme 9), 7=, Azt d#Y Rawal 5
I% Danishefsky ¥ EDISTED 2TV, T/ P = OEN TS EZFE L T D
(Scheme 4)™?), 73 /¥ 7% v iz Diels-Alder KIS IZIBWT, Y /7 4 LELTREBFIT LT ER
K& R W26 1305 endo iBIRANSATINRE G- 2 7205, REafn7 FARSC A = A7 L ARE F
TG B TTEIRME DMK T L, AL 7 v EOEHILIZ L SOSHERS AR S IRME N 2 L35 2 &8 A
L7=(Scheme 10)"9, 7=, 7 /Y=y FOBFRERIEO & @ESODSUSHE, SLARIRTEICH TS
ZEH STV B(Table 1)1,

Scheme 9.
TBSO\< . TBSO
N )LCHO toluene, 20 °C, 20 h @TCHO
20 NMe, 21 (25! 1,8;(:/&0 : ex0) 22 Me;
Scheme 10.

TBSO TBSO TBSO
j; oluere, 20 % % kg
NMe2 97% Me, O

(1-1:1, endo : exo)

37-endo 37-ex0
TBSO _— TBSO TBSO
N l co Me “1co,Me
CO,Me toluene, 20 °C 2 2
NMe 81% NMe,
20 2 38 (1:1.5, endo : exo)
39-endo 39-ex0
TBSO TBSO o TBSO
; ™ e ; "/ e
\q iCOZMe toluene 90 °C COzM COZM
NMez 87% NMe, NMe,
(1:3,endo: exo) 41-endo 41-ex0

Table 1. Cyloaddition of methyl acrylate with aminodienes

TBSO TBSO TBSO
-
COzMe
N toluene, 20 oC CO,Me "CO,Me
R2

NR,
42 43- end o) 43-ex0
enrty NR, time (hy  yield (%) endo :exo
1 Et;N 20 86 1:25
2 iPr,N 37 67 14:1




Rawal S137 /Y= ORGSO LIZIZ R, R EREE LICARF M EEZE AL
TV ERNTYT AT LA RIS Diels-Alder FUSE# S LTS M1 Fen - fF
A EOARFMBETHLIX TN Y7 ==l o AN, MINEE T )~ B DB
BEL AN AT RE CTdb D, M HITA S5 %2 VT (—)-a-elemene(49) D44 i & 2 ik L TV 5 (Scheme
11), 7=, 2000 FAZiTF T/ a bt L R A il S U TR WA A7 Diels-Alder Z# 751
T 5(Scheme 12)M9, SUSIFRIR FALER T LW o730 H ICIRFI/R S F CHEITL , BT
FATEIRNVE TN A 5-2 72, AROSZIE S EICERE b7 Ee2b 7/ v =02
WHZENTE, ATIMED G BCRTERA L L TOffifEZ 5 TV D, F2ERIZ Rawal HITAISIZE-T
BOENDA AN (+)-tabersonine(54)72 L 4 FED aspidosperma 7 /L1 1 A R DOARF BRI
I L TV % (Scheme 13)'%,

Scheme 11.
TBSO TBSO
= i (0]
LCHO 1) LiAIH, H
N e EYe QC”ZOH PP
q ) g
N Ph toluene 46 47
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//(_7’ 94% ' (_7’ 83%, 85% ee 87%
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* Phsh CHaB! \Q\\ ) \
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—_— \
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(—)-a-e|emene (49)
Scheme 12.
TBSO Cr-salen-ShFg (5 Mol %) g
4A MS
)J\CHO CH2C|2, -40 OC, 2d “, CHO

N
94%, 93% ee “ . i:> -
COzMe endo only N ~Cco,Me ‘ BUACé: ébg e
-Bu t-Bu

51

Cr-Salen-SbFg
Scheme 13.

TBSO — Cr-Salen- SbFG (5 mol %) TBSO

N
J\ 4AMS ., /ﬁ
Et~ “CHO CH.Cl,, -40°C, 2 d
Et

/\/N\cozme 52 St(yr?dgsooﬁlje /\/N\COZMe
50 Oo,Me
53 Y Tabersonine (54)
L2l EEo Rawal H0 = F 2 FF 3R A7 Diels-Alder FUSDORBFHIBWT, VS TWEY
T TANDIEEAE R AREFIFRT LT ER R THY | THR I VRRFTIIT T AT LA E RO
7o TR BT AT ARIZ DU TOBR PR E STV R, F72, SEIThIR <7 KD ITBHk
VI )T AIAZD W TUISOSHEIE N D NAR L P A HELZ L TODIZ T E 720 (Scheme 7), BRIk =/
74V AT Scheme 14 1R T K512, BRIk ™ /7 4/1(38) OB TRSIHEHE X R Y Ik
STARBRIE D 1 br— L ARECHAUE, BON D RRIE(LAI(B)E Fig. 4 1R T L7 R

RO F R LI O E 2R S ZE DR S IV, KIBITAARE VT 10 7 T ay 7 G kiEER0D
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Scheme 14.
H
R/ R/
X
P/ \ P/ \PI
X = alkyl or EWG 35
Y = O or H2 34
Fig. 4. Natural products that contain a bicyclic system 35
' CO,Et
= | H
NS HO

| Et

&N ay
s J

S . .
\ f— Lycoposerramine_Q LyCOposeI’ramme-R Tabersor“ne

Manzamine B

BRI )7 0V EUTUTAR 2 RHEIE DB X DALHNS, AR Ol ra 7 v Ji VR34 L7 R
ZHAWESAE, Y=o 0 endo A HEITL TOAHZEAD Rawal (ZX-> TTHIEN TV 5 (Scheme
YO LRI, MR D~ YIS B AT TIET /Y BIOERue YD LR L
T ER{RA H 2 Diels-Alder SOUSEFRFTL , ATIMRD X #fGE & fEHT 12 L0 > =@ endo {0
MEEHEH TS (Scheme 5)%), LasL, 73/ & VU Diels-Alder SIS IZ B W TERRT /
VT )T VELTHWESG G SURBEEZ BT 7 AL T2y exo RIS TS
BlbEbN TG Y, Fio, RARBMEEZ A TIBRRS = ) 7 LTV & VT
Diels-Alder G DOWTOHEEIT > TODDITHAEDHT 1 7/ —T DI THY SARERE I
DONTHFEMNZITRETS L TR 19,

T TCHEFIT Fig. 5 IR T Xy ra T v ViR LT ER IR (554, 55b, 56), /a7
AR(57), R AN EZ G T D8R b= A7 LK (58a, 58b)IB LTI X AME(BI)EY = /7 (/v
ELTIEIRL, 7/ LD Diels-Alder SUSZ Gt L7z, AMFFETHRICHE B & 50
Diels-Alder B BIF DY T AT U ARINME, st T,

Fig 5. Designed dienophiles

@\ OPMB BSN |
Cco,Me co,Me
59

Kha:n=1 58a =
55b:n=2 cab: n—
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B BRIV 7V BIOTIVZ DA
FTEFITAH CRELIZRR Y =/ 74V OEEIT-T2(Fig. 6), v 7R T F1 LR

JLFER 55a, Bk hm AT L1k 58a. 58b IXEEEID 7 ikl ZJZO‘(A)EJ?Lf: 02 Ff- Lru~Ft
HVARFYLT R 55b 1 Aldrich (B BREA LT, BR EICIRR B REREREZ AT /a0 T h
JVARFHILTER 56 13, BRI T La— LAk 662”73%:%&7@&%@1%.];4\ A =2V EDL RV RNE 353
SRS AN E S TARR LT, S 7a0F ok 6873 E Farh 4ot F Tl — ok iR EE o
FAEEZITOZENTET RS T TAIT —h 69 Z AW A DI 57 ~EEHEN T, 22t
B EZ AT 5T 75 M 59 1T 4 AFF2 R TREICHE L TOBEAD 71275 AN VR =L 3
BIORT 2=V TFAEOEADE, LT 5HZETERKLT-, Diels-Alder GZHWA T /vy
25, 50 1T 4/ F2 R T L SN HIETARLE Y, Uk BARLETI /P BROBIRY = /7
4 /V% FW T Diels-Alder SO Rata1T-72,

Fig. 6. Synthesis of aminodienes and cyclic dienophiles

e W (l
CO;Me toluene pentane cHo |
60 0°C, 80% 61 95% : 55b
n
1y PhsecCl
py-, CH,Cl,
o]
4 co,Me 0°C CoMe
2) H,0, ag- o
62:n=1 CH,Cl, 58a: n =1, 2 steps, 78%
63:n=2 0°C 58b: N = 2, 2 steps, 93%
NBS NaBH, NaH, Nal
pyrldlne N-oxide CeCI3 7H20 PMBCI « 67:R=Br n-BuLi then
4 TCHCN 99w " MeoH, 0°C Hd » sto 570, PMEO 56: R=CHO~ DN _ oo
64 66 p=, S0 86%
formalipne o
n-Bu,P Q\/ CSA OPMB ; NH '
MeOH :
o CH,Cl CHzC|z 75% ; c|3c OPMB -
64 89% i 69
1)LHMDS 25eq) TS
) then CIC% )
n-BuLi then PhSSO, Ph
BsCl THF, -78 °C fo 1t |
HN _—
THF, -78°C 2) MCPBA ==t COzMe
O quant CH,Cl,, NaHCO; ag- o
2 step$, 75% 5o
70 (Bs=Phso, 71
o OTBS
o) o TBSOTY
™ \_ome H\}// CICOCH,CI, py = Et,N =
B ———— —_—
/T CHCl, AN CHCh0°Ctort a"yI/N\“/CHZCI g'jéct(')zrt a"yl/N\[rCHzCI
73 74 0O 3steps,79%  ,z O
X
NH, Ome o oTBS
72 OMe =
clco,Me TBSCI
2
K,CO N o TSOH-H,0 = KHMDS =
23 PAAN T Oe refie
acetone Z COMe CHClIj, reflux _N_ THF, -78 °C _N_
I't to reflux 75 allyl” ~CO,Me then -40 °C allyl” “CO,Me

76 3 steps,73% 50
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¥ =i Diels-Alder SO

TV EBRIRY 7 4V O TERREHTI, Y IFIE SR AT D245 (Scheme  5) %
ALY, T7bb, Vo )7V 1 BT LTI /YTy 2 % 7a sy Lo gk 50 mol %, 4A
MS TFESME F CREEI T T2, £33 77 Vs I RS3 u7 eRa VTRt L7 (Table 2),
EDVx )T 4N E WG E TOROGIF RS T THEITL, RV UVEEERFREEN D
BIRIZHDINRE G52 7=, (LLT, ZOXO72 X SLARBLEZ A 9% Diels-Alder MRz A+
MR EFFE 35, Diels-Alder S AIMED SEAR LD E T HEIZ DWW TR Z2EIZEH T 5, ) 2h
TP N )T VDAV LT endo (IANILTZZE 2R TS, 72, B FICHRFEE
REIEA T 5V /7 4L 56 & FHWZBRIZIE, @Y 7 AT VA RIS HHETT U, AR 7 7
WZBIFDUT AT LA L 7.3:11 Tholz, VT AIy>m )7 4L 5 (LD pseudo axial /KFEZBET .
OPMB HAIHHET LIcb DEBZ L LT, B TOMFHIIB W TR NS EmOT T F AR
THINAEZE 52 TODDY, ZORIRMEIZ DUV TIE Rawal HOFEME 45 SUOSHEIZIEW Fig. 7 D15
ICHATED M, $hbb, BEXLNDL T OOBBIREE A & B ZHIT 5L, B 0 LORIRITER
FOEREET VAT T D 7 unF P U EBRO axial KFEEDORICSRREE D HY  EITL
WZWEDEEZ BID, -, NEBRY T /741 55b I EERY ™ /7 4/V 55a O )5 B i
KIEIZENZEN 3ol ISEBIRREA 54 Fig. 8ITR T IOITNEERY = /7 4/L 55
Tl 347 pseudo axial /K F&1Zd~ TRIEIHIAS, 617 pseudo axial /K55 (2L~ Tom il 3RS TEY,
VDT E T D70 O ED ZENBINT-H DEB LT,

Table 2. DA reaction using cycloalkene-carboxaldehydes

oTBS = Osi H
N Cr-Salen-F B OTBS
CHO + 50 mol % pm—
= Caa MS ) , 2
" . P—N // . :
N R \] H
i P
o]

R

 eq) allyl~ ~co,Me  PhCFa.ft OHG N-CO2Me
dienophile 50 (2eq) Synu\a”y|
endo to formyl| carbonyl
enrty dienophile time (hy yield (%) (% ee)
1 55a:n=1 R=H 1 77 86% (79)

2 55b:n=2,R=H 50 78: 69%, (81)
3 56:n=1,R=OPMB 5 79: 73%°, (59)

@ diastereo ratio was 7.3 : 1 at C7 position
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Fig. 7. Proposed transition state in Diels-Alder reaction
aminodiene aminodiene

t-Bu
t-Bu
—n---C :
—N
L
Favored j R =H or OPMB Disfavored l R = H or OPMB
H : oTBS TI; _OTBS
OHC N,COzMe OHC \a
c alyl D ”y'

Fig. 8. Reactivity of 5 or 6-membered carboxaldehyde

i H
oTBS v z oTBS
Cr-Salen-F Oj/
H

\3 —» OHC B
5a aIIyI/ ~come Ll 1t 1h ] / allyl~" ~co,Me
50 860/ o -
oTBS i ] H oTBS
O\ + o Cr-salen-F T
CHO = 4AMS BN
55b all |/N\CO Me rt’ 50 h alyl”-  ~Cco,Me
Y 2" 69% y 2
50 78
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— v ra T AR ST ALIEFI T SUSHEDMEL | Z7m L L U SEALFAE T C 96 [IAINEAL Th
FEIRITIER 4% THROND D A Th-7=(Table 3, entry 1), % ZC Diels-Alder S & MES W55
2 fE 2 FRETL T2, METORE R, v A7 i G Ko CTRIGDIIHS AL ZEAHBL, 150 °C T
36 Rpfi]~ A7l &2 A Lt T 72 & 2 AR BURE % 52 7=(Table 3, entry 5), f35417= (1014 80
TBREA T VTR NBHEERBFRELED T T ORRIZHY ., BBk AR W E Thy oy
TRV ARV EIZRIL T endo fINLT2Z &R 5307, (BUF ., ZOXS 7RI STARRL & A AT
7% Diels-Alder fHhI{E%E T F Ak ERFTLT D, )

Table 3. DA reaction using cyclic enoe 57

oTBS — - oTBS
X 4 ;
P 4AMS |
_— P'/N — :
I oewe [ PhCF, N 2l come
allyl~ ~Co,Me ﬂ/ PMEOT, Naly
57 (leq o opP anti

50 (2 eq) 80

endo to ketone carbonyl

enrty conditions yield ' enrty conditions yield
1 cr-salen (50 mol %), 100 °C, 96 h 4% 1 4 microwave (<300 W, 150 °C, 24 hy  41%
2 xylene, 150 °C, 24 h no reaction E 5  microwave (< 300 W, 150 °C, 36 h) 61%
3 microwave (<300 W, 150 °C, 10 h) 28% : 6 mijcrowave (<300 W, 150 °C, 48 h) 52%

T ) AK 57 1% Table 2 (R LI /LR F Y LT ERIR L) BOGHEAMEL | BOSHIIRIZ ~ A 27 1 1R
WEMEEL, Zhud endo T 2ERIC, VU SIRFEBRE /Y DR ESEIRD IO ISR E D
AU, RERIEHAL =R — BB IR T2 85 2 DILA(Fig. 9), — VAT H LT eR (K
TIERERNAREE D 722D | IR T CHIBIZRUSEATUIZ LR TE D,

Fig. 9. Reactivity of carboxaldehyde and cyclic enone

OTBS
> X, OSi
+ Cr-salen-F = OTBS
= 4AMS —
PMB cHO @ f .
N — R
a||y|/ \COZMe rt, 5 h PO»> \3" H PMBO :; : Ve
56 73% A oHé N-CO2
50 i & | aly|
endo to formyl| carpony| 79
[~ sio ] H
X OTBS — < oTBS
cr-salen-F “
opm T A 4AMS
1 N > z
p— \ z
N E
© allyl~ ~come 100 °C Py pmBo— N—COMe
o 4d, 4% op byl
50 [e} 80

endo to ketone carbonyl
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WAL ZE A E 2 T DEIR T h= AT AR E DT 2T o 72 ARIEBEIISSPED RN
T UREIEIZH) — DT W M ENEASNIEEZ AL QD2 | o m Ex#ifssi
Too MRt OFE R KON RIRSAT T CHEITL =/ UARIZH AR BOSED ] R ITREERSN =08, 55
A7z Diels-Alder AT AR, 7 FAANMEDIREM THY , ARITIZIEL: 1 THo7-
(Table 4), F£7z, =F FAFRPIHIRNZEDHA LT, SHIT, BRI =27 Vv E W56
AT NN FIVRF LT EROE L RIERIZ 5 E\fﬁ‘/j—/74’ﬂ/@j§7ﬁ§ 6 BERY T /71L&
LS ERE NGV R D RS T,

Table 4. DA reaction using ketoester dienophiles 58a and 58b
OTBS

\ cr-salen-F OTBS OTBS
50 mol %
N g
deq allyl~ ~Co,Me PneR; MEOZC _Co,Me MeO & N co,Me
dienophile 50 (2 eq) antl\/ IIyI S n\/ ||y|
n=12 gl-anti:n=1 8l-syn:n=1
82-anti: n =2 82-syn:n=2
_ _ yield (%) (% ee)
entry dienophile temp time (h) anti Syn
1 58a:n=1 rt 2 38 (16) 31 (15)
2 58a:n=1 60 °C 1 43 (16) 44 (13)
3 58b:n=2 re 96 23 (48) 26 (5)
4 58b:n=2 gooC 6 21 (40) 25 (12)

Flo T UFAAIMRITE madR L AT IR~ E B LT 5 AN LT, TR I
DT NDIFET DRI L > TR HEITLIZb D EZ 2 HIND, 2T, B HEITT D5
&I LT-(Table 5), BigtoiEF, Diels-Alder SGSRMHTH D70 VL U SERIFLE F T Bk
{23 HEF T4 23 L7=(Table 5, entries 2 and 4), — 5, ~A 71 FRET St B ClI B I3

fTL720 7= (Table 5, entries 3 and 5), 512, S AFTIHENS T L F A A ~D BMAVIZHER S
22Tz, ARBEMALOBREITR O IOITHEZR S L D(Scheme 15), T2 6 7 FAIIMED —>D
VIR =)V IENERIZEDIE LS, RO — 0 RXTOBLE P iLHZE TR LI TL .
VBB —AF PR 83 LD, TN, KOLERT A IME~E BRGSO EIT T 528 T
RAACDHEIT T HHDEEZBND Y,

Table 5. Isomerization from anti-adduct to syn-adduct

?__oTss ?__ _otss
4AMS m/
Me(()) C N’COZMe Phers MeOOZC N ~CO,Me
anti \/ "yl syn \/ ”yl
entry SM conditions result
1 8l-anti:n=1 CDClg, 1t, 2d 81-syn only
2 8l-anti:n=1 cCr-Salen-F (50 mo| %), r,21h 81-syn only
3 8l-anti:n=1 mijcro wave (150 °Cy, 5 min no reaction
4 82-anti:n=2 cCr-Salen-F (50 mol %y, 1t, 5d 82-syn:82-anti=1:1
5 82-antiin=2 micro wave (150 °Cy, 2 h no reaction

-15-



Scheme 15.

H
5? = : OTBS

G co.c  N-COaMe
\O/\OMe \a"y' MeozC N\allyl
anti adduct synh adduct
WA, BAACDE T WS FICBIT DS ARIBIRNE A R T~ ~ A7 S 2 vz

Diels-Alder JSZMRFTLT-(Table. 6), ZDfER, 7L U G85KZ WA I A~ BOSIIN
HWSAL, 2 T U TF B IR OIREG B FONTb DD 7R VR = VAT L T =M

endo FHINL7T > FAIMEDR LR GBIV TLDZED I LTz, BRIk R AT VAR %A =35

ENZT R ANV T AT VTV =)V EEE SIS IR ST 585 2 HivhH, KD LUMO

DEIE K EVT R B VR =)V R 5 endo (NN LT-b 0 LB 2= &5 (Fig. 10),
Table 6. DA reaction using ketoester under microwave irradiation

H H
= oTBS ; oTBS
co,Me + W m
d N d :: Y
Meo,& N-COME e & N-COMe

TB
\OS

= 4A MS

_—

o]
@ eq) allyl” ~CO,me PCFs
; i ‘allyl allyl
dlenOph”e 50 (2 eq) amr\j y! syn \/ y
n=1,2
o yield (%)
entry  dienophile conditions anti Syn
1 58a: n=1 mijcrowave (< 300W, 150 °C), 5 min 39 24
2 58b:n=2 mijcrowave (< 300W, 150 °Cy, 2 h 35 20

Fig. 10. Transition states of DA reaction using ketoester dienophiles

Sio H H
: OTBS =, _oOsi 6 OTBS
S ey
E— g g
An_ Y, sk _come §H7NT 7 S 2 _coMe
P 7 Foy—OMe Me0,C 2 Py —OMe  MeO,C R+
g P V. allyl d g " allyl
O anti syn

endo to ketone carbonyl (favored) endo to ester carponyl

KIZTIBBIAT DIT )T 4 59 % FINTHRELI=E DA, 7 b LSS R T
RFFNEN S D2 LIS E0EATL . 7 F AR E— A Rl & L CH: 672 (Scheme 16), £72, 7
/1/7DA47LI//?*121K%EH11\ﬂiﬁ?%‘:*ﬂéﬁbf%7ﬁ ERFONDZENHBA LT, 7 T ERBEL
T2ZEND RIEE TIEY VN2 AT AV IIVR =V EE Tl T2 BB NVER =V IRIZx LT
endo {ﬂ“bﬂbfcz}:ﬁmﬂﬁéz%f:o RNEBRWSEE A T 57 N AT VAR TIL AR, 7 F 40

ROBREBFLNT-DIZHKT L(Table 4), 774 AMETIET > FHIMED HANEIRANIAF BT,
Scheme 16. DA reaction using lactam dienophiles 59
OTBS cr.galen-F [ TBSO ] H oTBS
;/ (50 mol %) - 7
_4AMS T
Cone CHC| K} L BSN x é antij
a||y|/ R reflux, 3d Bs— pN N / allyl” ~P
59 (1e 50 (2 eq) oM .
¢ P = CO,Me of_ 4 ° _ racemic
or L _ R =CO,Me
chloroacetyl endo to lactam carbonyl 84:P = CO,Me, 61%

-16-

85:P = chloroacetyl, 75%



FREDOSAREIRIED DN TE LT L, T/H LY T /74159 D LUMO A #HRALSY 7k
Th D Gaussian 03 Z VWV THE L= (Fig. 11), ZDFEFR, 77X LI VA=V EKIZ = AT VIV R =
NVIEFDH RELRPUBEZ G L CODIENHIA LT, DT | F7 X MEE WG E1XT 74 2710
=TT endo AT T HZEDHBALTZ, LU, BRIR T h AT )UARDIGE 1T~
BPMEDIEF @ WVEL NI O W TIBIED BB TII AR THY | FOSEBIRREIZ DUV TR
REENNE /2 DEE 2 DD,

Fig. 11. Caluculated LUMO of 59

Calculated at the B3LYP/6-31G*
level using Gaussian 03.

le\@\ =
Co,Me

59

bigger orbital than ester carbonyl| )

PLE 7V LBy = )7 v & A= Diels-Alder SO DO STARIEIRPEIC DWW TR E
Table 7 (2D, ARSI - )7 ¢V OBLEMFE BAERIZ o T AR N )
SNTHEY, V=BT )T 4V EOTVAR =V IR T endo T 52 & TRAMEREGILT
SHZENHIALT-, RAEHBREEEZ AT HT7 07X LK 59 TiE, £ LUMO OHEN KEWT 7 1
JVIR=)VEEIZXKTLC endo fSHIIAES TS 2D73, /R AT7 /LK 58a, 58b TIFiEIMEITHIE T, &
BIZT TIPS D = AR HELT T DI b RSV, Flo, TR VT EREAT DY >
T4V 86 IIIEHITANLETHY . AU HNDZENTER DT,

-17-



Table 7. Results of DA reaction using aminodiene

entry dienophile adduct stereoselectivity
~—0Si
1 X
cHo @%H
R*~ Ao
g P
55a:n=1 R=H
55b:n=2 R=H 0
56:n=1 R=0PMB endo to formyl| carbonyl
SiO
NS
2 Q\/OPMB ?‘
o] P
57

CO,Me

59

5
CO,Me

O

58a:n=1
58b:n=1

86: X= CH,, O, or NBS

o OP

endo to ketone carbonyl

H
: OTBS Xy, OSi
e
BsSN J P'\—N
S Y BsN”~
OHC = cHyCl N L/
Syn L/(/ " H
allyl
O
26 endo to formyl carbonyl
H Sio
B OTBS —
N
BsN N
P 84 P=CO,Me

v

(R = COQME)

anti \allyl 85. P = chloroacetyl

_\Gn
BSNQ
o co,Me

endo to lactam carbony|
A mixture of
syn/ anti adduct

anti adduct epimerized to
Syn adduct.

n=1; 8l-anti
n=2; 82-anti

DienOphiIe 86 was too unstable.

)

V)T ANVDRIGHEIZ DUV T Fig. 12 12FEH 5, 56, 57 F3L U 58a IX & ik LA 7e 32 &
WA[BETHDHDN, PUSEIZIZRERZENDHY, 2 7a~ T VR EF VLT ERIK 56 M3 @\ K
SR T, o, = AR 5T IFSHEDMEL . RO~ A 7 ail S 2 B e LTz, EHIT,

TERYT )7 VIIARBERY 7 VX0 KOS @V ME A DS RS T,
Fig. 12. Reactivity of dienophiles

o> A >, > ?L >> (1o

55a: R =H
56: R = OPMB

24: X =NBs

58b: X = CH,
55b: X = CH,

58a 59 X = NBS

57
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% Diels-Alder fHIMED LRI OPTE

Para v El=l=N
Al H &l

UL TIFBEIZ, ERBE VU LR TR ET V=% V- Diels-Alder &%
AL TV5(Scheme 5)), Sb =N _E o2 B RE LS AT AR = I C L pn— 2~ —)
FFEL . NMR AT ML DI L > TR L2 R ET DTN ETH o7, AT
Diels-Alder 11k 26 @ X #iifs A &R IZ L > TR L B L UM LARELE 2R EL , 20
M AR L T D (Fig. 13),

Fig. 13. X-ray crystallography of DA adduct 26

X-ray} structure of 26

—F | BiE T Diels-Alder £ NMAIL A Th dia MM . X HAE i A & AR T 12 o TR
L FERET HZEIIRETHoT, 2O | IR EFHERA~E BB T2 ISR P A R E
T HWMEN BT, £, Diels-Alder fHIMEADI VUL ) — )L =T )VEML DR EAT S T2 %12,

SN DT IS 7Rk 88 735 retro-Michael [SZ kD% B REFL DI
BENRE G\ THITL, = /AR 89 ~EBHASI DT O N IR L2 BT D2 E AR Al REL 72 D(Fig. 14),
LA E D pICiEE L T Diels-Alder 1k D28 #ids JONSLARALF DR EEAT o7, RE T
Diels-Alder - IMADFEEMARAV I LONLARALFORTETET DOV TRERIT IR D,

Fig. 14. Retro-Michael reaction from ketone 88

H
- OTBS cleavege of
Sl|y| enol ether acid or base
Rf retro- Mlchael
N reaction

P P, PP,

87 88
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A AR IO ORE

EF a7 N TNERFY LT ER BROAINME DL #AAT ST, ASIME 77 LN 78 D7
NWUVEEERICT HE AU — KB ENOE R ED AN TR =V BTN HEITL , BRIR
TS A= N L T-(Scheme 17), f55417= 90, 91 @ NMR f#ENTIZ LA MRS AHINE TS
LZEPHIBALTZ, T720b | BFRMNFIROAF T abhy Hy b Hy Our 7LDy 7V T e Hy,
H. 10> NOE FHBH. Hy & Hy* Hgy 1> NOE #HRBI BN b 224 1 E L 7= (Fig. 15),

Scheme 17. Fig. 15. Stereochemistry of 90 and 91

H
=z OTBS -
Nz 1 Y - i
g @ Ha  OTBS

H
OHC : . - iz - ) /
allyl~ N~come W s !

Y 2ME TH . Pic i Ha W ¥ " allyl

b 3 /

= ¥

77°n=1 b
78:n=2 90 91
~----> long range coupling <«—> NOE correlation

F7-. A 79 13 Rawal HOZEH ST IEIT S TEBEIT 7218, § 72 b | BREA AL UL
FaZ Wittig BUGMZ L TE = VAL TUN LD RCM IZL > TERaE UV U BRA RS LT-,
ZD%, VIV )= =T VN Z R T RAR 94 WAL AAUT R ZiBE e T A28
TYA— /LK 95LP, 95MP %757 (Scheme 18), A — /L& 95MP [ AL A THY . X Biis
B IS FRAT IZ K> TR 79 DOSTARIL 23 E LT (Fig. 16), 79 % 77, 78 LIEERIZ AT
HOLTENHER ST,

Scheme 18. Fig. 16. X-ray crystallography of 95MP

H

S OTBS KHMDS
PhyPCH,Br

- —_—

PMBO” I THF, 88%
OHC

N
/f ~CO,Me
Z 19
H
B oTBS
HF-py-
S —_—

PMBOTT & CHSCN
~COpMe 83%
93
@dr7.3:1)
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WIZERIR= /> 57 H13kD Diels-Alder £I1{A& 80 D2 #a%1T->7-(Scheme 19), £, v ULt/
— V=T VIR T R AT, 2R MR TBAF 2 WA ERTHET Fig. 14 [RLIZE91C
retro-Michael S Z &> T2 /AR EEHI DT EDVHIBA LT, Mgt OfE R, 0°C T HF-py ZH
W AR T AR 96 2455 Z IR BI LTz, E D% PMB ZEOBLR#EEITV., Adn il
B ~DIERHEATH SRR I D /T = v U A A BT T, FF5HUT2 97 O X JjiE fa i iR
Bk Z DI LA E L, AR 80 137 FAINMETHDZEANHIBALT-, 7235, 97 1L F#5
PRI CHHN P U E e T RERL LTRSS (Fig. 17),

Scheme 19.
lj O

oTBS 1) DDO -

HEpy CHZCIZ H,0, 97% |

2) p-nitrob I chlorid ° -

njtrobenzoy| chloride
PMBO/ 'Cone 0°C 6% PMBO/ \;COZMG )pt3N DMAP” O%allyl~ " ~co,Me
Al fy! CH,Cl,, 63% Al o7

(0]

80 96 ( Ar= §©—Noz)

Fig. 17. X-ray crystallography of 97
-

@
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WA b= 25 )L 2R D Diels-Alder £ IIAIZ DWW TR EIL 7=, FrlIc BB h= 2T )L RDT
AP 81-anti 1T R ORFEVBHEEETHY | LT AR ~E A3 5728 (Table 5).
B ERICEWREATONE RN DTz, Fio, H—F 5 =i Scheme 15 2R3 IHITEMEA LD ELK]
IXEFREMED ZDDOANR=NVETHLHEEZONDTD  £T BMALE LT X B AL
BEO, ARFT VR = VI DIETLEFT o 72(Scheme 20), ZD#EF. 7 b H kD —#oKEEFE )
EHR EDOANF T IVIR =V ITHEEL | BRIV S A= TE R LTAL &) 98 2157, 2D, —
KR AT VTR ~LR{EL 99 £ LT NMR AT ML LN LD EEIT -T2, T b,
EROMFIROATF T ab H, EBHFIROAT T aby Hyboue 7LDy 7V 7 7
VT ERERALDKFEE Hyy Hpo H ZNENLDKFEED NOE FHEIIZ L » TIEfR b2 1k E L= (Fig.
18).

Scheme 20. Fig. 18. Stereochemistry of 99

H

= H
= OTB¢ - = e
- e T TBSO
g;;j/ P B Y OH'(:/>
o 3 — B -l === e = ' Vae— \)\/,4-!
o . & Hb\\ o a

s N =
MeO,C alivl ~CO,Me N R -
Y e allyl” allyl
81-anti \g/ y!
99 R = CHO
NOE correlation
- - - -

long range coupling
HEBRT R AT VRO AR 81-syn BIFIERICIE LIS T LIz ZA(Scheme 21), #%
et LB T DA — /LK 100 & 5- 2 . X B iR IEREAT IZ Lo TEOSLAR b a P E LT (Fig.
19).
Scheme 21. Fig. 19 X-ray crystallography of 100

FEWTAR BB R A7 /VHRO Diels-Alder A OWTHIRF LTz, BRI R A7 /L
SEDOFIMA 81 LIRIERIZ PAAAL B LA VAR = )V R DiRE e R AT, fRatORE R, 7
FAEINA 82-anti TIZEREE S HIALD AN VAR =)V EED FUGHEAMEL L INEAL Thig Te G0
HATL 720 o7, FZTET, 0 °C THIAMLOAZZR L, YV ) — e —T VL& b
ANEEHALT 101 457z, ZD%, EUTZ T P ASHITE TLL VA — /LK 102 &L 7-(Scheme
22), 15HINTZ 102 TG IELE W THY . X BfE s IS T 12 K> TE DR P4 R E LTz (Fig.
20), 725, RMTOORE . 102 13 T EAL L CHEIIES T,

-22-



Scheme 22.

H H H
< oTBS : o : OH
1y LiBH, :
THF, MeOH ) .
t 0°C, 83% g LiBH, S
: ——— Ho’ : T HO§
2) HFpy. N THF, MeOH > N

~ MeO,C ~Co,Me K <
Meozca”ylj CoMe  “cp e 2 a”yll 2ME sgsc MeO,C l,\COZMe

_ 2 steps, 83% ally
82-anti 101 102

m

4

Fig. 20. X-ray crystallography of 102

[EARIZ S AAPIMA 82-syn (2D TH B ER(LA1T 72 (Scheme 23), FRaTORE R 82-syn TIXER
BRI D AN AV =)V LI 45 °CATINENU 7= T CiBIn S A ZEMVHIBIL T2, E DRI
PERIFITAT T 28T AU — BRI D E R EOANT T VAR =)V BB AT | BRIR
TNV S A= LT 103 D3MGH Tz, koK iEA b ~EiE{bL T 104 215, NMR A7k
ISR DR TEZEAT T2, T2, BFROFIFROATFT 7 ah Hy BLOERIR LS A—
NEDAFL T ab o HybDuar ZL Py TV H S BB oL DB 7 1k H. & D NOE
FHEA. Hp EBREEG RO AT L7 1y Hy £ NOE AHEES LA L 22 U E L= (Fig. 21),

Scheme 23.

H H H
- OTBS = OTBS - OTBS
1y LiBH,
THF, MeOH ) DMP )
Y 0°Cto45°C S NaHCO; S
3 N — T - J (J)

s N 2y NaH, THF N CH,Cl, N
MeOZCa”yIJ co,Me )2 Steps, 62% \< Sallyl g0 \< ~allyl
0 o)
82-syn 103 104
Fig. 21. Stereochemistry of 104
a OTBS
Ha
; -<------ > long range coupling

<«—» NOE correlation
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IR, TIHBAAT DY )7 4L 59 H 3K D Diels-Alder 111K 85 12OV THFTLT-, 45
FEATOIL, 85 CHALIOREEE R THERaAYFX U AR 26 NOORT U ALEZ R E L TEY
(Scheme 24)™. 85 |22 k% H kAT ZEH FITRERIEO B REFE AN AR/ D05 %
Tmo T TEZBBT VAL ZREILIZ2 B 90 106 1315549, 85 ZEIN T 5 ULx ) —/L T
— T VL DR HET U T RAR 107 DMFDALHD A Th-7=(Table 8, entries 1 and 2), #Z T,
FpE V=71 P2, NDMBA & HW -7 UALiE OB R LT28, BUSIEHEITL 2o 72
(Table 8, entries 3 and 4), £7-. Ru iz V=L 7 o D BVEAV ST = I R
MEtL7=23(Table 8, entry 5)°", &I Tdho7z, LA ED I 85 DT UL IELITIE R I SUSHEDME
WZEDPHF LT, ZAUTEBEO SRR D IE T (IR A B - TODIENRKREE 2 bivd, LLED
BRETOR BT VAT DWW TIEB &L=,

Scheme 24.
. OTBS H
T Pd1(PPh3)4 (20 Mol %) : oTBS
BoN_ ] 0ISO,H (1.1 eq) Bsm
oHC g CH,Cl,, 1t, 1h one

lyl~ cl 91% N
o " \g/\ @ CYC'OeS) 105 \g/\CI
Table 8. Deallylation from DA adduct 85

OoTBS

H H
: : oTBS :
BSN conditions BSI\(';Q/ BSN_ L
—_— - =
oR oR

R
N
allyl~ Cl - allyl~ Cl
a5 y \([)]/\ o H \g/\cl y \n/\

O

R = CO,Me 107 O

entry conditions result
1 Pd(PPhg), (100 Mol %), TOISO,H (1.1 eq), CH,Cl,, reflux no reactjon
2 Pd(PPhy), (100 mol %), TOISO,H (2.0 €q), CH,Cl,, 1, 4 h 107: 75%
3 Pd(PPhj), (100 Mol %), HCO,H (2 eq), Et3N (2 €q), dioxane, 80 °C  no reaction
4 Pd(PPhs), (100 Mol %), NDMBA" (1.5 eq), CH,Cl,, reflux no reaction
5 RUCIH(CO)(PPhg); (10 Mol %y, toluene, refiux no reaction

* NDMBA = 1,3-Dimethylbarbituric acid
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WIZZEH 1L Table 8 ORFTTEON 107 NOOEMERFI L=, 107 1ZEEMESM T T
retro-Michael S IZ LD E R EREFOBBENE 201 BERLEW Th -7z, MFtofE R, 85
5 107 ~DOZEHIZ HF-py & WA Z ETICRIL 90% E Clb) EL7=, ZDtk, 7R B aE LT
JL— UK 108 ~EEHLUT-1% AZ ) — VR CAERRMI O RS REIT 12, AV TIRE#S R
12T 05 DELIIAS ) — VTR B L, U7 109 500 TN TI 7 BRETEZ R L T3
E L Un[2,2,21F 05 ) AR 110 ~EZEHRS IV, 155U 110 3SR L G THY | XHRS s
FRMTIZ > TEDNAL R AR E LTZ(Fig. 22), 53 T INT 7 M ALSUGIE 109 235HETTL TD T,
841X T F A THHZEN DT,

Schem e 25.
H
OTBS B BSHN -
HE- py NaBH4 T
| MeO,C
THF 00c
CHZCI gg‘iﬁcN CH2C| (recryst)
a||y| N 6 a||y| N a||y| N
107 108
R= COzMe 109
o)
BSHN
H
MeO,
110

Fig. 22. X-ray crystallography of 110

VLB S8 EAEATV, £22CO Diels-Alder S AIMADSLAFAL AR TE DI LTI LTZ,
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H=FE  Lycopodium 7V aARDEE ST

BH—E ARA—TYRMIONT

Lycopodium 7 /LA RiZeh 7 )5 XZ % (Lycopodiaceae) M) B SN D T LV iaAREFRL .
HFIZREMBDIEERL TS D IE K723 lycopodium 7L uARix Ayer 512k~ T
lycodine 7 /v —=7"_ lycopodine 7 /L —=7" fawcettimine 7 /v —>7" D7 71— (miscellaneous
TN =N FAZITND (BT NV —7 DR FEAIE LT lycodine, lycopodine, faucettimine % Fig.

3 1R 9)%, Lycopodium TV RARDEL NG BEHRERE G LEMR SRS HRAA L TRY,
WITHE 7R G RZ — Ty N ThD, Fo, 1986 FIZHBEE E TR E S4172 huperzine A 137 F /L=
Vo227 7—EHEEEZRL, TN~ —IRICA R ThHEDBIETRWAEEM S HE ST
TUWVB(Fig. 24)7, LU LD S 5HIT4E, lycopodium 7 /b 70 R DA A FRAFFE DS S < i s T
WD,

Fig. 23. Lycopodium alkaroids Fig. 24. Huperzine A
o
° ]
—\'H
N=
A\
lyegdine lyeepedine faweettimine hUp&Fzine A

21X lycopodium T LA R O EE R R A E LR E % | B £ TIA L T- Diels-Alder
A SRS DA FHRIL . B Y —47 e LT lycoposerramine-Q., 33X UR 28R L 7=, E
(R, 27T VAT YL FERH RO Diels-Alder £HI1{E 79 72 HiFE S~ 93 1%
lycoposerramine-Q'®, <7t~ -5 /o i ? Diels-Alder £ /114 80 13 lycoposerramine-R™ o5 k&
WA HThHLE 2 7=(Fig. 25),
Fig. 25. Synthetic plans for choposerramine-Q and R.

2 I oTss
oTes
pmBg  C1O q;j e
PMB@ N,C@ZMQ

OTES PMBO i s
@HC ~coMe .
Lyé@p@§8ff§ﬁ‘1lﬁ8 Q

ey come g\/OPME oT8s

———

N‘COzMg -
aly Ly6OpeseFFaming:-R
PIF., &EICENLENDE M ZEI OV THENIZ R <5,

PM§©
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% fi  lycoposerramine-Q M4 FAFSE

Lycoposerramine-Q (3 2002 4, & (LS 1T &o THLEEE &R E S U2 U ERYE lycopodium 7 /L 77 A
R ThD 19, KA TIE Fig. 26 IR T EHICENENOEE ABCD LiEFEL. (LAY 93715
D& H L7 (BEIZRTEE T Diels-Alder £HIMA 79 2~H L6 93 ~DZEHITIER S TND)
93 I X lycoposerramine-Q ™ ABC BB #&ITH Y T o E2 AL TRV, 93 bR A DT TN EL
LR DEHUTDOB BRD 13-14 fi~DA LT 4 A @B Br 15 AL~ DILAREIRAYR AT /L H DB A
QA BROBEL@D BROMEEDIIAH Thd, €I THEHEIL Fig. 26 DI A KN 21T o7,
T72bb | FZIC B BRICAT VEOBEAEITIEL, = /4K 112 ~¥fiFpkLT-, 112 O D B
TNV A— AR NBNOHEEETELEE X, =/ ABIE 114 DY)V ) — )b =T L ER LBk 5
TEDHEB R, 114 DR )va—) )VELIE A BROBPERIRIRLIZIVATRE CTHHEBE X HIE T
B LT 93 ~EW AR LT, L EDFE > TR Z1T -7,

Fig. 26. Retrosynthetic analysis of lycoposerramine-Q

H
; o (PG oT8S H__oTes
Z PO PO
[ > p— — —
K < O O N
1\\.\ [ K\ H N\COQM@ PMBO | N‘COZMS
Ly@@p9§éf amiﬁ@-'Q 11 118 ii4 93

F ABROBILICOW TR L, 28, ABRDOEBRLEZITIBICS UL ) —)b . —T LN
RIS G DJRIR IR BT MRS gt T WV IRE LTIV ) — L —TF )VE & T 1 H
— ARERLIC[E & a2 72 116 2 A FL L 7-(Sdheme 26, Table 9), Diels-Alder 1A 79 /558 L7~
93 DVYNT )= =T )VOMRELE PMB EONLRFEDY AT NI E T 22— VIR
L., 551172 115 O C BRA L 7 4 B OHEfihE st % i A 7= (Table 9), 5 mg A% —/LC Pd/C % v 7=
e ROSIE3 H#Faﬁ“@ﬁ%ﬁ‘]ﬁi@ﬁbfx:ble 9&entry 1), L2l A=k Ty 7 L | ISR
DIER: | IWEROIK F o3RRS 7=(Table 9, entry 2), = D78, &t A HE 4 METL PtO, 2

e BN AT — Ty TREOILAR T OEIG D722 LDV L 7-(Table 9, entry 5).
Scheme 26.

H H ©
OTBS 4y bp0 (10 6q }
-_— €H;Cl5, Hy
2) ethylene gfyeel H 6‘

PMBO
. TSOH:H,0 .
79 Bl og 7 COME  pppiefix 118 v/ COMe

88% (2 steps)
Table 9. Hydrogenation of C-ring
H 0} H @’> Ghtfy 155(Mg)  calyst  timech)  yield
H o 1 5  Pd/C (100 Wwe) 3 quant
R eatafy§t 2 48  Pd/C (100 W) 24 71%
HO" fic “MeoH 3 6 Pd(OH),/C (30 W/W%) ——  Re reastien
~€o,Me ~€o.Me 4 5 PO, (20WW%) 24 quant
115 116 5 916  PtO, (20 W) 16 86%
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FHITZ 116 D RRKER DB LA T FAR 117 ~EZB LT | A BR~DEEFR B REAEA
%fait%tf:(Scheme 27), £ ‘/712/\/7//‘Mﬂa?‘/)/VI/—/VI—T/VA&W@L(117—>118)
MCPBA Z MW THEHR B RELLDBEALAT o7, Mgt DR R, JOSITEMLL IRaMEEAHTE
DRHIBALT-, T 037D ba-kR e bR 119 S o b a Wb a6, 2O EMITIE
ﬁ&:Kﬁﬁ?@&;@%iﬁ@%@iﬁﬁ@szmﬂ% R >

Scheme 27. i

KHMDS

H (e)
BMP MCPBA />
NaHeo, (1M3564) (156q HO o
CHzClz, osc O THF, 78 °C. TMS THE
~COMe 9% ZMQZ sh N\CO mMe 6 C; 1 ] 16 ~co,Me

i N Yol (unstable)

LLEDIOIC ABRE /\ODEMK ZEVELN TG MITFEE ITRL E THLZ LI L2728
BRI AZE T LI, A ROERELIZE > THRON LAV O EMELRREL ., HRDIRV %D
BPET A f;ﬂODMI:%”%XEﬂT o, Tbb, VUL — L —T VN A VT B B
T U ~ERREL, 2D TFET A BRSO LA THORE I 2 3L 22 L 7=(Scheme 28),

Scheme 28.

-

Lye@peseffaming-Q

{bE¥ 93 D PMB 2 i L7-1% . CB LA L 740 DB ITLEI TV ) ~DRRLHTERMAT
&b 123 LL7-(Scheme 29), ZD% ., A Bg EO/KEERZFE(LL | B LB D B7p Db /U HIBRR T
5D AAK 124 15T,

Scheme 29.
H

oT8S oTBs HagLam OTBS oTBs
bbQ (2 5 8q) _owmw %) Wi %) Eg’ﬁ@@g
pmeo (T CH2C|2 HO HO' MeoH, 97 1O CHZCIZ. 6ec
~co,Me C@ZMQ \cone \cogme

93
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RV T, AL 123, 124 Z VT /AR~ DR b Z MiEt LTz (Table 10), ffi % DA HRET
L7238, BUEDLZAMRIL T AR LT 2507155 RN 2N TE TV, TRk 124
(2% PhSeCl BX N TBAT ZHWTT7 ==/bwL JHAE A LT t4 . B LRIBLEER1T2 0535 Tl
TR BAU T /AR 127 2527275 AITHEIT R BNEICZ LIRARBRBFRIEI T 72> T, A
TREISORDBFDLETHD,

Table 10. Oxidation from silyl enol ethr to enone.

H H
N oTes H__oTes N o H o o o
of 66Rditions
Ho" ¢} Ho" 4 Ho" N !
~co,Me ~co.Me ~co,Me ~co,Me ~coMe ~co,Me
128 124 125 126 137 128
&Rtfy SM 66RditieRs result : ehtty SM 66RditieRs Fesult
: T
L 125 Pd(OAR); (30 Bl¥), O, DMSO, 1, 16h 124184% | 7 123 1 ppsecs 2.6q) TEAF g:z 6q), CH,Clp, 1, 10 iR 125° 22%
2 123 NBS (36q) THF 3h many spot. | 2) FICPBA (16 8a), CH,Clp 11 126: 424
8 123 1)Phsecl (2 6q), EHyCly, F, 1 125:79% | 8 123 1)PhSECl (2 eq), TBAT* (1.1 6q), EH,Clp, Ft, 3.6  125: 16%
zg H,0, aqf (1:5)6q), %HE, ft,1h 126: 26% 5 2) MCPBA (1.5 €q), CHACly, ft.i h 126: 38%
4 123 PhSEc! (2 q), py, F 18 Fefiux e Feaetion { 9 124 Pd(OAe), (30 Mel%), O, DMSO, t, 18 h Re Feastion
123  PhSEC| (2 &q), py, MiErewave R Feastion ! _ ’
200W, 1 h (1 S2Aled tibe) | 10 12 npnsecizeg TBAT (16q 127 540
6 123 PhSBCI (2 8q), BF;*EI20 (1.1 &q) 26 6fly | 2) MCPBA (1.5 €q), CH,Cl5, 4 h
THE, -78°C, 4 h ;

*TBAT = NBU,NSIF,Phy

PLED IS, lycoposerramine-Q @ ABC BRI ZHH XY 92 =B M B R ORIk Eh LT, 5141,
Table 10 THRFTLIc= /AR~ DERLEOG Db A FRETL , 755 TR ThH D A BREORR L, D B
DOIEF, BLO B BR~DAF LIELDE AZX T lycoposerramine-Q D44 k% Hig 4 FETH
Do
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Parse

% —fi  lycoposerramine-R D44 A7

Lycoposerramine-R (% 2009 4F., & [LHIZ > THEAE G E S L2 U ER 4 lycopodium 77 /L w
AR THDH N, REFMFETIE Fig. 27 [ORTINTEN TN DOBRE ABCD LEFKLTZ, A —
Ty a7 AR 57 % iz Diels-Alder )&% #8% lycoposerramine-R O & Bt iz < L7z,
VT )7 4 ELT 57 Z iz Diels-Alder }iﬁﬁ&iv4’7ﬁi§ﬁ§§¢ﬁ:i@ﬂi%ﬁi‘r'ﬂj:ﬁ“é:&ﬁ*l@%b
TWDM, EHMER LTz~ A 7o IR E (CEM Discover LabMate microwave reactor)(Z
FEFE DM EZES (10 mL HLLIE 80 mL $A ) LOVHAWSZENRTET, inmwf—/v#ﬁ:focéf%\
IR SN EZF R TAZENNETH L, EDTH A — AT v 7 ORRICHBMER S
BHINEIDIIARIATH STz, 22 TET, A Diels-Alder G DAr— V7 7 Zigat LT (Table 11),
BRI ORGSR 2 —/WIZBPB T, 300 W LU FOH T) TO~ A7 ST ZF T, 150 °C T 36 Kf
T 5L, PREOINET Diels-Alder £IN{& 80 2MGFHNHZEMHALT, LLEDLDIZ, A
=T R 5572 80 A5 lycoposerraming-R D& A48 &1 T o7,
Fig. 27. Lycoposerramine R Table 11. DA reaction usmg microwave in 100 mg to 3 g scale

H
% ;/ misFewaye ga’i)/OTBs
(g soo w 150 5C)

N S-COM
(1 €q) aliyt~" 2CoMe i §€aléd {ube) pmBO N@,MZ °
§7 60 (2 80
! PHCE, N

I BRtfy §7 (ML) €BRditieNs Fesult
Lyeepeserraming-R 1 100mg 22 <4Bpsi,36h (R 10 MLwbe)  61%
2 500Mg 1 <25psi,36h (RBOMLWbE) 52%
3 3.0¢ 0  <106psi, 36 h (R8O ML tube)  63%

Lycoposerramine-R @ C Bg#5E121. lycoposerramine-Q ¢ C B S DOBRIZ A= 7 1ED %
Exlm, Thbb  BEAHMOLREX L AT L o=y N7 LT ERICEREL(80—129), T/LFER
HRAL A Wittig SIS TR =V EEHL | 1551072 130 BT ULEEED RCM 12XV CERETERL
T 131 2135V T H(Scheme 30), LoL., 7o FAIMATH S 80 Z =Bk E1TH LT,

— & Scheme 15 |[ZRLTZ S UARASD B LRSS AT, 01 80 7B b7 /LT ER A 129 D
FOTMEE IR Dl BMAIZEV R AR LT RO M T2 AT HbEW 132 MEbhbHTE
DY RESND(Fig. 28), 2072, 7 b BIOBREEASEIZT VT ER B FEIRFHIAFEL NSO R
DRSS VI S RANAL VY oY

Scheme 30.
H OTBS OTBS
= Wlttlg
ﬁfCOZM@ - OH N’COZM@
PMBO™ a1 120 B
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Fig. 28. Possible epimerization from ketoaldehyde 129 to 132

H

oTes N _oTBs U ___ores
. isemerizatien W

N-CoMe §-COMe coMe

PMBO OH oHE NC
80 \éllyl 126 \a||y| 132 \a"yl

UL EZEZREL. Fig. 29 DI AT 21T -7, D BREHEE B LB 88 15\ AF /L HLiE
AFFACEEMETITO L, BTBRIARE L T b Ak 133 ~Wi AL 7=, 133 ® C BRI RCM IZE>TV=
AR 134 DBIEET AL O LU, 134 ORIERREL TERAR AL S A—ME 135 25 2 1, B3 A—h
LT A BR LK KO B R LOEFRERERAZ —SITIRGEL | BBEGHOT LR LEH DL
Wa R G T HZE AEL TIRESN, BRIEGHOY =)V AT PMB A ClriESL/ce R o
AF 2=y NNBEBFTREE B 2 BV, TV T EREH T BRIV S A—ME 9Q9(AR LG WIX 5 —
= Scheme 20 THEEIZAKESN TWD)BLUEDORIBEA 136 ~Eifi AR LTz, BRIk AL S A—
%4> & T Scheme 30 TG L7ZEMAL O ED IR FTRE CThHHE THIZIND, 136 DA /L3 A
— MEBALOAESEIT Diels-Alder fHIIA TS 80 DA b AN A& SLASERINAIIZE T L, AU kK
FR IO ETR EDOANE T NV R =)V BT FNBRAL S EIT T 52 TEM TEDEE R T2, E
BRICBRIR T L/ S A= OMEGU L FRR O E 2 A+ 5 b A7 /LK 81-anti 7> DitETT 975 ZEDHERE
S TWA(EF . F, Scheme 20),

Fig. 29. Retrosynthetic analysis of lycoposerramine-R

OTBS
O\gﬁ\éﬂyl
Lyeepeseframing-R
185 R= X
H OTBS H OTBS H OTBS
— J 1 K _— 1 : — :
0 N 0" N éj N-COMé
~all ~allyl PMBO
g \g/ 80 \allyl
98: R=CHO 186: R = CH,OPMB
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B RIRHTIZIE f)%ﬂdiﬁ/w%‘;(~I\%ﬁﬁ%ﬁ%i‘ﬁ%bk(&heme 31), Diels-Alder {4 80
D N AL 2 SEARTRIRANE TE L BRIR IV S A= LT, ERUR ISR IZZENTVND
convex ﬁ@' %EZ*’*LL&%Z%%LZ) Z D% PMB DR L OVE U - — ok Dbz
T, B THERLIALE Y 99 ~EE X BRI LS A—ROREE R LONIR L P A B LT,
%O)?& RNV EEE Wittig SUGMZ I TE = /L EE~EZ8HAL . RCM RITBRA 135 2457, 554172
135 725 RCM 1285 C BRIBEEARRGETL223, HAYET 2 138 13503 it D/ m AR ZE L AN
HEATLIZ 137 LoD LA TGO NDD I Th o7, RRFFIINZLL TH RCM A3
ITUR o122 80, BRIV S A—MEEE A L2 EE T C AR T LIINEECH LTI
Sh, Eie. ARREICIE 13699 O TR EAME LU R T,

Scheme 31.
ofes - oTes
usm Hs @260 "' °'2 H0
“THE, MeOH g 2MP

< _CoMe
N 7. 0°Ctoft NaHCco.
sMgc S S8 \allyl CHoCly \n’ Nallyl
2 steps, 24%
1@5
= $-CH,0PMB 99: R= CHO — i SHe®"
“ 186: R="\ < THF, 47%
H oTes
GFUbbS' 2Rd 64t oTes
(50 el %)
- s
g fe T
, <29% 6.F & Bh
s 138
187 &

ZZTET ALEW 136 MO L, LUV UL ) — L — T VAL O U R GE 2D
WTHRETL7=(Table 12), PMB 2D A i fR# 55 H B9 T, {KiESH T DDQ L CAN # 5
FMEMREILIZD, UV ) — L= T VL DRI S IZHEI T LT 140 X° PMB JE O BifR#
I )= = — T )V ORE O T HEIT U 141 BEIAL I iffﬁﬁmf_(Table 12,
entries 1 and 2), 2T, UL ) — )L —F )LENL D Trde - ko ~ZE % 7”657 — WV AREL TR
FfL7-(Tabel 12, enrty 3), Z DR, 78— VAREL[FIRFIC PMB SO LRFES HE1TL 72 143 73X
HBL% THELINIZ, entry 4 TliE 1 I&TO)/)/V:E/—/I/I~7*/l/0)ﬁ”§'1ki()?ﬂ?&"—/lx% #r
BFIL7z, ZOfER, TBS KDL 142 LiTbh o b ahibF @il s iz MR
)% TBAF CTHLEEL 2 T2 90% DILHE T 143 ~DEHIZK BT,

Table 12 Cleavage of silyl enoI ether and protection of ketone

OTBS OTBS

\allyl \aliyl \allyl \allyl
189 o

CE ; GHZQPME = $-CH.OH ; g

141iR=§-CH,0H 143:R=}-CH,0H
ERtfy E6RditieRs resit
i DDBQ (22 &q), CH4Cl-H,0 (4:1), 0 °C, 8 h 159: 50%
2 CAN (2:2 8q), CHIEN-H,0 (3:4),0°€, 6 h fRixture ef 139, 140, and 141
8 1) TBAF (1.1 6q), THF, 0 °C, 50 Min 143: 81%

2) ethylene gFysel (3 8q),
TSOH+H,0 (10 M6l %), PhH, Fefix, 24 h
4 1)ethylene gryesl (3 Bq), TSOHsH,O (10 Mel #) 143 90%
PhH, feflx, 24 h
2) TBAF (1.1 &q), THE, 0 °C, 30 Min
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FHNTZ 143 O—foKEEIEZ T VT ERIZELL 7t Wittig BUGIZE > TE =L~ |
IR 145 %1572 (Scheme 32), Scheme 31 THOALZEI WD BRI /LS A— NI AMFAEL
72 FFETIEIRCM St FIZMH L TH CRROBEIIREETHDHEE 2, 7 145 DEIR DL S A—RD
iR gARETL T (Table 13), BREFoORE 5, HRIIEMEZR PR T C RIS FIIZAL TH BB SSILETL 72
Nro7-(Table 13, entries 1 and 2), KIZ, ERURIZEICICEABHERZRRFIL . BHERIZAFI LT, LA,
A U7 Z#k 725t L Schotten-Baumann SRS C Ts 20 Ns B CORGEL AT LA UG
ISHEFTL 720 > 7= (Table 13, entries 3 and 4), IHIZ 146 [XIEHF ITHRIEN BV MEAE W T, KFENGD
K EECH o7, F72, Schotten-Baumann SUG S T CTIEERIF 703k 2 [T LS VTR
P2 Ko TODATREME IR S SN2 720 | ERURIR T2 M KIRIR T/ = T/ 712, TsCl <°
TFAA Z WD Ry NCORGEZ RT3 IR ITHE T L2 o 7, UL EORE RN BRRER R D%
REREEHIEFITRAG S TODLIENTRISND, 5% BRI AN A= DOBERIERL X
OZEHRBEREDOREIZ OV THRFTT LT ETHD,

Scheme 32
Ph3;PCH3BF
BMP, NaHEO; KAames
CH,Cl,, 0°C, 81% i THF 81% o
\allyl \allyl \é"yl
143. R = €H,0H 144. R=EHO 145: R _“H(\
Table 13. Cleavage of cyclic carbamate from 145
ERify 66nditions result
H O H O’> i KOH (5 &q), H,0, THF, Feflux RE Feaction
2 €5,€0; (6 €q), H,0, THF, Feflux R reaetien

®\ EORdIBRS  \ 3 DIBAL(3 Qq).ITHF. i, Zfll‘i then ) 146: traee
= R & —_— s H N&OH &q:, TSCI (5 Bq), Feflux, 24
HO
6\g/N\é||y| /RI/N\QHYI 4 DIBAL(3 &q), THF, H, 2 h then 146: traee
NGOH ag;, NSCI (5 €q), feflux, 24 h

145 R="N 18 R'= f H 5 DIBAL(3 &q), THE, H, 2 h theR 146: trase
LR =TS TSCI (3 q), DMAP (1 &q), Fefiux, 24 h
148 R'=Ns 6 DIBAL(3 6q), THF, it, 2Zhthen  146: trace

TEAA (8 8q), it 16 reflux, 24 h
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WIC.D BEEEEZRFALE, A BBEZ2ATDOIET VEBELLT
2,2-dimethyl-cyclopentanone(149)€fa;’<“ﬁb EURUAK 153 DE kA il Z~T2(Scheme 33), D BR1#§HL
BT HI2DIZIE, T oD b, BEOTRAREA~D = RF L= NOE AN ERF D
HMABLOY %Wfﬁdm)z LD, EFIL2 DOOREE CHMAFHE LT, 12 H O (L—FA
LT D)L, 149 D R of i &bl 150 EL7-12(2, BER X 22 23 0ICE R E e A28 AL 151
BT D, T D%, TR ~OREIRBEIC LD = R FEHAE AL 152 288 T WEBRALUSIZ
£V 153 %53 AR Th D, 2 D HOFRE UL—h B &9°%) 1% 150 (23 LJEIZ = IR FEHAE AL
154 73 BAR 7 INE 155 ~EBHT 5, D% 73 FHNERALIUSIZE - T 153 ~LERE TH D,
F72, 154 2251% 152 ~DEHEE X Hivd, —OORKKICIE T HREAEL T, v rm
D afii K FE DBEMEE RO ENZEIT DD, SRZAID LU TERL =/ — U L HEATL
I SO RBEE DT SND 7 —ANFSN TS0 90 LD X573 sRIEAIZ - IR2IR
B BB SO0 T 24D - 72(151—152 LY 150—154),

FEFIT 149 O oL DB ELIEEL T, BASSIC L > TR SNIBIR = 4 V5 5k
ZhatLi=(Table 14)*, entry 1, 2 IT7RFEHIZ, Phl, TsOH, :L T mCPBA % W55 Tl
SRR 2 AR U CHUCRANTIT AL, A2k L7z 156 2SS T oL TWAZENRAS

iz, 22T, KGR CTIE rﬁi%%ééé@@w? TL72 s DO TG TR Can 5 KOSer's sz B,
WTRREFL 72 (entry 3)%), Z o H, LK 71% T HHID 156 DA FRICHK LT,

Scheme 33.
RiHN‘?T RIHN
’/’, A RZO H \\\
. \
foute 151 162 X
X -~ RiN
T a’/ l \
o /[~ A=
149 150 JOUEE X X 7 1
BN ’
R,0 H = RHN H
154 156

Table 14. o-tosylation from cyclopentanone 149

é@ﬁdmeﬁ§ 750
CH§©N 50 °€
156
ERtry E8Rditiens time (h)  yield
PhI (10 M6l 9%), TsOHsH,0 (1.1 &q), MCPBA (1.1 &q) 6 41%

Phi (10 M6l 96), TSOHsH,0 (1.1 &q), MEPBA (1.1 &q) 22 36%
T§OI(©H)Ph (1.5 &q) 24 71%

@ N =
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Table 15. Introduction of nitrogen unit

& - % L -
T80 condiiens X o7z 156 | ﬁb‘?\ JL—h A HE,
- EREREEOE AL G LIZ(Table 15),

o T

166 167: X = NHBA YUNT IV pANF YT =D TR T b
198 XS NHPMP U BE R HERIA L CERE R R LT

ety eonditions Ylesult 25, COBADRUSITHETES, 156 2l

1 BANH, (1.186q), toluene, fefiuX R feastion <+ HDHTihoT-, £ T, L—FA LKL

2 PMPNH; (11 eq), teluene, reflux ne reactioR 1 —1 B 23T 156 DA MAZKE T 25kE
3 NaNg, CHQCN, fFeflux RO Feaeti L = . SN = Y

o N

Wittig sl 38 CII SR D EITHE T (entry 1), &
=) =T WREKT IR T CHEMENEA WA S 2 7= (enrties 2 and 3), ZLC, UF VLT EFURZA
T DOREARE DTG AINCDO I, BAHDO RS HET LU= (entries 4 and 5), £7=, UF T LAF L7 1
EA L — M WA ITIE-78 °C TR HEITE T, FHR T DL REAIDNRY ~— LU S0
= 1EL7=(entry 6), 156 O b ofiLIZERVEE D W7 B b DMFIET 5720 . KBS IZ= /— kLK
BBEBEOETHN T OB ENDB oo VTF U LT B FIRZAT OREREZH D56, 2
DR BCEDHEAT T DI LD LT,

Table 16. Introduction of carbon unit to ketone

1=§o—§’jT T§O~% Tgo‘%
— o .
H oTBes

156 160 161 R="" 168 R=}=—/
162: R= $== 164 R=3=—=—CO,Me
ERtry €6RitioRs result
1 PhsPCH,BF (3 Bq), tBUOK (3 Eq), THF, ft A Feastien
2 /\Mgﬁf (1:2 eq), THF, 78 °Ct6 0 °C RE Feastien
83 ZMgBrf (1:26€q), THF,0°Cft, 24 h 66Mplex mixiuFe
4 1) TMS—== (1.5 &q), ABULI (1.5 6q), THF,-78°C 162 89%

2) TBAF, THF, 0 °C, 10 min

5 .~ OTBS (16 6q), ABULI (16 6q), THF,-78°C  163: 84%
6 MeO,C—= (L5 eq), ABLLI (15 €q) Ae Feastion
THE, 78 °C 16 -50 °C
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OV 163 2D T VA L DR LB D 84417 > 72(Scheme 34), TBAF % IV T TBS A%
[&%%L 165 %45, Dess-Martin F2{b1Z#i< Pinnick B{LIZ LV ERE B HE

E Ae k2 B P IO SR b L VAR

PR LN, RN T I EDRE RIS TREBFI T INIK 167 2157,

Scheme 34.
1) Na€lo,
NaH,PO,
750 50 THEtBUOH, H ,0 T8O
TBAE 2-Methyl-2: butere p
4 OH  THF,0°C 2) BANH, 7 OH
sso” 88% - A gg% epc  BAAN
163 BMP 2 §t€p§ 75% 167
166: R = CH,OH
CH,Cl,
88% 166: R = CHO

FEWVT, BTz 167 22D = HfE & O AR ILa Mt Uiz (Table 17), Lindlar fiftfiiz FH v 7= Bz fih
IKFALSAMETIISOSI T (entry 1), /KSEZRPHS T AcOEt ¥ T Pd/C Z il L THIW
To 4T AR ITAEI T L= (entry 2), 7=, Pd/IC Zfi 92 B2 MeOH I 454 FV N =383 A L 2B fn
IR FE TIEILSNZ 169 & DAL E WD DB ST (entry 3),
Table 17. Hydrogenation of alkyne 167

He Ha (1 8) Bﬁm
§@|V@ﬁt Ft
fime

BRHIN
167 NHBR 169
ERtry eat: selvent time (h)  result
i Lindlaf eat (50 W/W %) MeOH 4  Refeastion
2 10% Pd/C (50 WA %)  AGOEt 1.6 168 enly
8  10%Pd/C (S0 WW %) MeOH 2 169 6hly

WRELTIR IR Z VT 168 ~EZE W% | RS T Ch T NBRILEREILIZE 2 A, T2
ZLBREEEUTZ1ITLII RGN T, e /1K 170 % 2 THRINER 64% T157-(Scheme 35)

E 255 170 DA A Scheme 36 (2, BN T, 172 5 B BIDBRIE KRG D33
17U, = AR 170 AR LT- L E 2S5,

Scheme 35.
T80 1) Bd/E, H,
) ASOEL 1, 16 oM
- BAHN
BAHIN # 0 3 nan @ =/ 5
THE, It 170 171
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Scheme 36.

750 750 .
BAHN bASE_gAHN H”

el I

168 172 170
ZZ T, BIROGZE I R EMKBREOREZRFT LT, JelZE ALz 164 (THFL ., B3
S TAKRBIEOT B TF ALZRRET LR R BOSITEEITLRD > T2, LAl Chakraborti 50
AL Mg(ClO,), 2 /LA AL L TRV TR D 7 v F AL N ERIICHETLE ), %

BAHN

7o, ZOFE, TBS Olifri#, BIOAELT—fKiEEO T EF AL [FIRFICHEIT L7, 1554172 173
D ODOTEFNEEDIL, —#KERIE EOT 2T VIO Z i A#L . DMP (L. Pinnick F&{t.
NRUDVNTIVEDHEGERRTTINGE 176 2G5 LTc, ZO%, —EiS G OEMIE T REL
(Table 18), 7&F /L EDE AIZLY 167 LT EEFBEAOMICEIZIEK FLTEY, MeOH #
Pd/C % FWW TR e 2 A T3, ROSIEAE T3 (entry 1), MBS T T JFUER A R E
NHDHThoTlz(entry 2), ZZ THWOAEAREILI2EZ A, HEfg—F /Lo T Pd(OH),/C %
AT, HIYOD 177 %52 HZ LA HIF L7 (entry 3),

Scheme 37.
1) Naclo,
T80 M A%g ) T80 750 NaH,Po,
1601 08 K:C03 THEBUOH, H,0 T80
4 OH " nem H O weeH A OAe 2:Methyl-2-buiEne P
S e, TR
173 BMP {R= S
164 i 174 R=CHOH  Crd, e
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Table 18. Hydrogenation of alkyne 176

50 a 6
: BRHN
W oAs Ha(dam)
BRHN solvent, it ©° =" OA

176 M€ 177

8htfy cat. solvent time (min)  Fesult
1 10%Pd/C(5OWW%)  MeOH 30 R reastion
2°  10%PdiC(SOWW%)  MeOH 30 R reactien
3 10%Pd(OH)/C (SOWW %) A€OEt 30 177 6hly
¥ perfermed at 60 °C
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BONTABRTINGE 177 Z O TERAbZ BRI LT, RS T Tl 7 2 AR A EE LT
178 17 G0 T REFTZ 7 MAR 179 DN HLE WA 15T-(Table 19, entry 1), ZX Hild
179 DA LR A Scheme 38 (2R3, SEAEMESRAT T, 180 DT AT IVEMNL ~D KBRS HETL T &
FIOVIENETR BICHERB UT- 181 DMERE ., 7T VI L > CGRE RO _ELET7INEAL~E
FEEINDIBEPHEITL , 77 MAK 179 BMEONTEE ZbID, 7o, 177 ZMEALT-LZA | ST
BHEEL , 178 LN LA DT INAER L T2 ENV AR ML ECEIIIENT-, 41T
BhERYTR 178 DA RIELZSHITHRFL D BIBEDOE T VERETHEIELTE THD,

Table 19. Cyclization from 177

3HHNT§O 66Rditiens BLN\?T T8O
= O
67> =""0A oA\ A8 \
177 178 179

8RtFy €6Rditions Fesult
i NaH, THE, ft, 30 iR 179 enly
2 THE, 60 °C 178: traee
Scheme 38.
750
/ ) o
o HNAEBA /
BA (O V( BA o
181 179
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General: All reactions were performed under an argon atmosphere. Solvents and reagents were
purified prior to use by the usual methods. Analytical thin-layer chromatography was performed on
Merck Japan Limited silica gel 60 Fs, plates, and on Merck DC-Platten Aluminiumoxid 60 Fs4 plates.
Silica gel column chromatography was performed using Fuji Silysia Chemical Ltd silica gel PSQ 60B.
Alumina column chromatography was performed using Merck Aluminiumoxid 90 aktivbasisch.
Melting points were determined on a Yanagimoto micro melting point apparatus. Infrared (IR) spectra
were recorded on a JASCO FT/IR-230 spectrometer. ‘H NMR spectra were taken on 400 or 600 MHz
instruments (JEOL JNM-GSX 400a, JEOL JMN-ECP 400, JEOL JMN-ECP 600) in the indicated
solvent at rt unless otherwise stated. **C NMR spectra were taken at 100 or 150 MHz in the indicated
solvent. Mass spectrometry was performed on a JEOL JMS-AX500 (LRFABMS), JEOL JMS-AX505
(LRFABMS), JEOL JMS-HX100 (HRFABMS), and JEOL JMS-T100LP (HRESIMS). X-ray
crystallographic analyses were performed on a BRUKER SMART APEX Il. Optical rotations were
measured on a JASCO P-1000 polarimeter at 589 nm. Data are reported as follows: [o]A"™,
concentration (c g/100 ml), and solvents.

Dienophile 55b was available from Aldrich. Diene 25 and 50 were prepared as described in the
literature.™® Microwave reactions were performed in a CEM Discover LabMate microwave reactor.
Crystallographic data have been deposited with Cambridge Crystallographic Data Center: Deposition
number CCDC-784190 for 95MP, CCDC-784193 for 97, CCDC-784191 for 100, CCDC-784192 for
102, and CCDC-784189 for 110. Copies of the data can be obtained free of charge via
http://www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Center,
12, Union Road, Cambridge, CB2 1EZ, UK; Fax: +44 1223 336033; email: deposit@ccdc.cam.ac.uk)
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(1-Cyclopentenyl)methanol, 61. To a solution of methyl cyclopentene-1-carboxylate
@\/OH (0.73 mL, 5.35 mmol) in toluene (67 mL) was added dropwise Red-Al® (3.34 M in
toluene, 3.6 mL, 11.7 mmol) at 0 °C. The resulting mixture was stirred for 3 h at the same temperature.
Ice-cold H,O (20 mL) was added to quench the reaction. The separated water layer was extracted with
Et,O, and the combined organic layers were dried over Na,SO,. After volatile material was removed
under reduced pressure, the resulting residue was purified by column chromatography (SiO,, hexane/
AcOEt = 9/1) to give 61 (419 mg, yield 80%) as a colorless oil. Spectral data were identical to the
reported data.*

Cyclopentene-1-carboxaldehyde, 55a. To a solution of 61 (419 mg, 4.27 mmol) in

QL

and the pad was washed with Et,O. The combined filtrates were distilled (at 35 °C, 1 atm) to remove

pentane (14.2 mL) was added MnO; (2.1 g, 500 w/w %) at rt. The resulting mixture was

CHO
stirred for 29 h at the same temperature. The mixture was filtered through a pad of Celite®

pentane and Et,O to give 55a (391 mg, yield 95%) as a light yellow oil. The resulting residue was used
in the next step without purification. Spectral data were identical to the reported data.>*

Methyl Cyclopentenone-2-carboxylate, 58a. To a solution of PhSeCl (850 mg, 4.44
Q\COZMe mmol) and pyridine (0.49 mL, 6.05 mmol) in CH,Cl, (24 mL) was added dropwise
© methyl 2-cyclopentanonecarboxylate (0.5 mL, 4.03 mmol) at 0 °C. After stirring for 1.5 h,
1 N HCI (5 mL) was added to quench the reaction. The separated organic layer was washed with
saturated aqueous NaHCO; and dried over Na,SO,. After volatile material was removed under reduced
pressure, the resulting residue was used in the next step without purification.

To a solution of crude product in CH,ClI, (81 mL) was added dropwise 35% H,0, ag (1.2 mL, 12.1
mmol) at 0 °C over 30 min. After stirring at the same temperature for further 2 h, the resulting mixture
was washed with H,O and saturated aqueous NaHCO; and dried over Na,SO,. After volatile material
was removed under reduced pressure, the resulting residue was purified by Kugelrohr distillation (0.12
mmHg, 150-152 °C) to give 58a (445 mg, yield 78%, 95% purity) as a yellow oil. Spectral data were

identical to the reported data.*

Methyl Cyclohexanone-2-carboxylate, 58b. To a solution of PhSeCl (850 mg, 4.44

Q\COZME. mmol) and pyridine (0.49 mL, 6.05 mmol) in CH,CI, (24 mL) was added dropwise
© methyl 2-cyclohexanonecarboxylate (0.64 ml, 4.03 mmol) at 0 °C. After stirring for 1.5 h,
1 N HCI (5 mL) was added to quench the reaction. The separated organic layer was washed with
saturated aqueous NaHCO; and dried over Na,SO,. After volatile material was removed under reduced

pressure, the resulting residue was used in the next step without purification.
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To a solution of crude product in CH,Cl; (81 mL) was added dropwise 35% H,0, aq (1.2 mL, 12.1
mmol) at 0 °C over 30 min. After stirring at the same temperature for further 2 h, the resulting mixture
was washed with H,O and saturated aqueous NaHCO; and dried over Na,SO,. After volatile material
was removed under reduced pressure, the resulting residue was purified by Kugelrohr distillation (0.12
mmHg, 155-157 °C) to give 58b (575 mg, yield 93%, 95% purity) as a yellow oil. Spectral data were
identical to the reported data.”*

2-Bromo-2-cyclopentenone, 64. To a solution of cyclopentenone (500 mg, 6.09 mmol) and

g,lsr pyridine-N-oxide (870 mg, 9.14 mmol) in CH;CN (30 mL) was added NBS (1.08 g, 6.09

mmol) at 0 °C. The resulting mixture was warmed to rt and stirred for 24 h. After volatile

material was removed under reduced pressure, the resulting residue was purified by column

chromatography (SiO,, hexane/ AcOEt = 7/1) to give 64 (967 mg, yield 99%) as a brown oil. Spectral
data were identical to the reported data.*®

1-((2-Bromocyclopent-2-enyloxy)methyl)-4-methoxybenzene, 67. To a solution of 64
(100 mg, 0.62 mmol) and CeCl;-7H,O (278mg, 0.75 mmol) in MeOH (6.2 mL) was
added NaBH, (35 mg, 0.93 mmol) at 0 °C. The resulting mixture was stirred for 20 min at

Br
PMBO

the same temperature. Saturated aqueous NH,Cl (3 mL) was added to quench the reaction. The
separated water layer was extracted with AcOEt, and the combined organic layers were washed with
brine and dried over Na,SO,. After volatile material was removed under reduced pressure, the
resulting residue was used in the next step without purification.

To a solution of crude product and Nal (138 mg, 0.92 mmol) in THF (6.1 mL) was added NaH (60%
in oil, 37 mg, 0.92 mmol) at 0 °C. After stirring for 10 min, PMBCI (0.12 mL, 0.92 mmol) was added
at 0 °C and the resulting mixture was warmed to rt and stirred for 8 h. Saturated aqueous NH,CI (4
mL) was added to quench the reaction. The separated water layer was extracted with AcOEt, and the
combined organic layers were washed with brine and dried over Na,SO,. After volatile material was
removed under reduced pressure, the resulting residue was purified by column chromatography (SiOs,
hexane/ AcOEt = 5/1) to give 67 (151 mg, yield 87%) as a brown oil: *H NMR (400 MHz, CDCl,): &
1.92-2.00 (m, 1H), 2.17-2.29 (m, 2H), 2.39-2.49 (m, 1H), 3.80 (s, 3H), 4.49-4.54 (m, 1H), 4.56 (s, 2H),
6.10 (dt, J = 0.6, 1.2 Hz, 1H), 6.88 (dt, J = 2.0, 7.2 Hz, 2H), 7.30-7.34 (m, 2H); **C NMR (100 MHz,
CDCly): & 29.3, 30.5, 55.1, 70.3, 85.2, 113.6, 122.4, 129.2, 130.3, 135.2, 159.0; IR (ATR): v 2934,
2852, 1612, 1585 cm™; LRMS (FAB) m/z 321 (M+K); HRMS (FAB) m/z Calcd for CyH;50,BrK
(M+K) 320.9892, Found 320.9986.

5-(4-Methoxybenzyloxy)cyclopent-1-enecarbaldehyde, 56. To a solution of 67 (20

§j\CH° mg, 0.071 mmol) in THF (0.71 mL) was added dropwise n-BuL.i (1.65 M, in hexane, 56
e ul, 92.3 umol) at -78 °C. After stirring for 30 min, DMF (7.8 mg, 0.106 mmol) in THF
(0.1 mL) was added at -78 °C and the resulting mixture was stirred for 1.5 h at the same temperature.
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Saturated aqueous NH,CI (2 mL) was added to quench the reaction. The separated water layer was
extracted with AcOEt, and the combined organic layers were washed with brine and dried over
Na,SO,. After volatile material was removed under reduced pressure, the resulting residue was
purified by column chromatography (SiO,, hexane/ AcOEt = 1/1) to give 56 (14.2 mg, yield 86%) as a
colorless solid: *H NMR (400 MHz, CDCls,): & 2.00-2.18 (m, 2H), 2.46 (ddt, J = 2.8, 8.4, 19.6 Hz, 1H),
2.70-2.80 (m, 1H), 3.76 (s, 3H), 4.55 (s, 2H), 4.83 (d, J = 7.2 Hz, 1H), 6.85 (d, J = 8.8 Hz, 2H),
7.02-7.05 (m, 1H), 7.28 (d, J = 8.8 Hz, 2H), 9.82 (s, 1H); *C NMR (100 MHz, CDCl,): & 30.8, 31.4,
55.0, 71.4, 79.3, 113.5, 129.1, 130.5, 147.2, 156.2, 158.8, 189.0; IR (ATR): v 2936, 2834, 1679, 1612
cm; LRMS (FAB) m/z 271 (M+K); HRMS (FAB) m/z Calcd for C;4H305K (M+K) 271.0737, Found
271.0735.

g,j\/ 2-(Hydroxymethyl)-cyclopent-2-enone, 68. To a solution of cyclopentenone (1 g, 12.2
o mmol) in CHCI; (14.6 mL) and MeOH (9.8 mL) was added 37% HCHO ag. (1.2 mL, 14.6
mmol) and n-BuzP (0.15 mL, 0.61 mmol) at rt. The resulting mixture was stirred for 1 h.

o

After volatile material was removed under reduced pressure, the resulting residue was purified by
column chromatography (SiO,, hexane/ AcOEt = 1/3) to give 68 (1.10 g, yield 89%) as a colorless oil.
Spectral data were identical to the reported data.”

2-((4-Methoxybenzyloxy)methyl)cyclopentenone, 57. To a solution of 68 (1.0 g, 8.92
orve  Mmol) and 4-methoxybenzyl 2,2,2-trichloroacetimidate 33 (6.85 g, 24.4 mmol) in
© CH,CI, (30 mL) was added a solution of CSA (207 mg, 0.892 mmol) in CH,CI; (6 mL)
at 0 °C. After stirring for 10 min, the resulting mixture was warmed to rt and stirred for 3 h. Saturated
aqueous NaHCO; (10 mL) was added to quench the reaction. The separated water layer was extracted
with AcOEt, and the combined organic layers were washed with brine and dried over Na,SO,. After
volatile material was removed under reduced pressure, the resulting residue was purified by column
chromatography (SiO,, hexane/ AcOEt = 3/1) to give 57 (1.55 g, yield 75%) as a colorless oil. 'H
NMR (400 MHz, CDCls): 6 2.43 (ddd, J = 2.4, 2.4, 4.8 Hz, 2H), 2.62 (ddt, J = 2.4, 2.4, 4.8 Hz, 2H),
3.80 (s, 3H), 4.17 (dd, J = 2.4, 8.0 Hz, 2H), 4.51 (s, 2H), 6.89-90 (m, 2H), 7.26-7.31 (m, 2H), 7.61 (tt,
J=1.6, 2.4 Hz, 1H); **C NMR (100 MHz, CDCl,): & 26.7, 34.7, 55.1, 63.6, 72.6, 113.6, 128.3, 129.2,
143.2, 159.1, 159.6, 208.3; IR (ATR): v 2931, 2857, 2836, 1690, 1612 cm™; LRMS (EI) m/z 232 (M);
HRMS (EI) m/z Calcd for C14H:603 (M) 232.1099, Found 232.1095.

(1-Benzensulfonyl)piperidin-2-one, 71. To a solution of piperidin-2-one (5.0 g, 50.4

PhO,SN mmol) in THF (250 mL) was added n-BuLi (1.6 M in hexane, 37.8 mL, 60.5 mmol) at
©  -78 °C. After stirring for 1 h at the same temperature, benzenesulfonyl chloride (9.7 mL,

75.7 mmol) was added dropwise at -78 °C and the resulting mixture was stirred for 4 h at the same
temperature. Saturated aqueous NH,CI (30 mL) was added to quench the reaction. The separated water

layer was extracted with AcOEt, and the combined organic layers were washed with brine and dried
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over Na,SO,. After volatile material was removed under reduced pressure, the resulting residue was
purified by column chromatography (SiO,, hexane/ AcOEt/ CH,CI, = 1/1/1) to give 71 (12.05 g, yield
quant) as a colorless oil. Spectral data were identical to the reported data.”*

Methyl  1-(Benzensulfonyl)-2-oxo-1,2,5,6-tetrahydropyridine-3-carboxylate,

PhOZSI\Q\COZMe 59. To a solution of 71 (7.0 g, 29.25 mmol) in THF (250 mL) was added LHMDS

0 (1.0 M in THF, 73.1 mL, 73.1 mmol) at -78 °C. After stirring for 30 min at the
same temperature, methyl chloroformate (2.5 mL, 32.2 mmol) was added dropwise at -78 °C. After
stirring for 1 h at the same temperature, a solution of PhSSO,Ph (8.06 g, 32.2 mmol) in THF (10 mL)
was added dropwise at -78 °C and the resulting mixture was warmed to rt and stirred for 17.5 h.
Saturated aqueous NH,CI (30 mL) was added to quench the reaction. The separated water layer was
extracted with AcOEt, and the combined organic layers were washed with brine and dried over
Na,SO,. After volatile material was removed under reduced pressure, the resulting residue was used in
the next step without purification.

To a solution of mCPBA (10.82 g, 43.8 mmol) in CH,Cl, (192 mL) and saturated aqueous NaHCO;
(292 mL) was added a solution of crude product in CH,Cl, (100 mL) at 0 °C over 30 min. The
resulting mixture was warmed to rt and stirred vigorously for 15 h. Saturated aqueous sodium
thiosulfate (50 mL) was added at 0 °C to quench the reaction and the resulting mixture was stirred at rt
for 30 min. The separated water layer was extracted with AcOEt, and the combined organic layers
were washed with brine and dried over Na,SO,. After volatile material was removed under reduced
pressure, the resulting residue was purified by column chromatography (SiO,, hexane/ AcOEt = 1/2) to
give 59 (6.10 g, yield 75%, in 2 steps) as a colorless oil: *H NMR (400 MHz, CDCls): & 2.68 (dt, J =
4.4,6.4 Hz, 2H), 3.76 (s, 3H), 4.12 (t, J = 6.4 Hz, 2H), 7.50-7.56 (m, 2H), 7.59-7.66 (m, 2H), 8.05 (dd,
J=1.2, 8.4 Hz, 1H); ®*C NMR (100 MHz, CDCl): & 25.4, 43.3, 52.4, 128.5, 128.74, 128.78, 133.8,
138.5, 151.3, 159.4, 163.4; IR (ATR): v 2952, 1738, 1687 cm™; HRMS (ESI) m/z Calcd for
C13H13NOsSNa (M+Na) 318.0412, Found 318.0431.

General procedure for the Diels-Alder reaction using Salen-Cr complex (1 mmol-scale
experiments).*®

After a mixture of Salen-Cr complex (50 mol %, based on dienophile) and oven-dried powdered 4A
MS (0.8 g) was dried under vacuum for 20 min, a solution of dienophile (1 mmol) in PhCF; (5 ml) was
added and the mixture was stirred for 30 min at rt. To this mixture was added aminodiene (2 mmol),
and the resulting mixture was stirred at the temperature indicated. The reaction mixture was then
filtered through a pad of Celite®, the pad was washed with CH,Cl,, and volatile material was removed
under reduced pressure. The resulting residue was purified by column chromatography (SiO,, hexane/
AcOEt = 7/1) to give Diels-Alder adduct.

General procedure for the Diels-Alder reaction using microwave irradiation (1 mmol-scale
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experiments)

Oven-dried powdered 4A MS (0.8 g) was added to a solution of dienophile (1 mmol) in PhCF; (5 mL)
and the mixture was stirred for 5 min at rt. To this mixture was added aminodiene (2 mmol), and the
resulting mixture was irradiated by microwave (< 300 W, 150 °C, in a sealed tube) in a CEM Discover
LabMate microwave reactor. The reaction mixture was then filtered through a pad of Celite®, the pad
was washed with CH,Cl,, and volatile material was removed under reduced pressure. The resulting
residue was purified by column chromatography (SiO,, hexane/ AcOEt = 7/1) to give Diels-Alder
adduct.

H orss DA Adduct 77. 'H NMR (CDCl;, 400MHz, 55 °C): & 0.14 (s, 6H), 0.92 (s, 9H),
Oj/ 1.41-1.56 (m, 2H), 1.67-1.79 (m, 4H), 2.11 (t, J = 10.0 Hz, 1H), 2.31 (dd, J = 8.0,
o:ilj\cozm 18.0 Hz, 1H), 2.57-2.64 (m, 1H), 3.53-3.64 (m, 1H), 3.67 (s, 3H), 3.74 (dd, J = 5.6,
16.0 Hz, 1H), 4.66 (d, J = 4.8 Hz, 1H), 5.03 (d, J = 8.4, 17.6 Hz, 1H), 5.05 (d, J =
9.6 Hz, 1H), 5.09 (brs, 1H), 5.73 (ddd, J = 5.6, 10.4, 23.2 Hz, 1H), 9.51 (s, 1H); *C NMR (CDCls,
100MHz, 55 °C): & -4.51, -4.28, 17.9, 19.4, 25.6, 31.1, 32.1, 32.3, 34.7, 46.9, 52.5, 54.8, 60.1, 100.3,
115.8, 135.4, 153.3, 157.2, 203.3; IR (ATR): v 2953, 2930, 2883, 2857, 1726, 1697, 1671 cm™; HRMS
(ESI) m/z Calcd for C,H7oN,0gSi,Na (2M+Na) 809.4568, Found 809.4545; HPLC: DAICEL
CHIRALCEL OD-H, 210 nm, flow rate 1.0 mL/min, hexane/i-PrOH = 99:1, retention time: 6.4 min
and 7.1 min; [o]p® 36.4 (c 1.00, CHCls, 79% ee).

H ores DA Adduct 78. 'H NMR (C¢Ds, 400MHz, 75 °C): § 0.21 (s, 6H), 1.06 (s, 9H), 1.27
CO/ (brs, 4H), 1.51-1.84 (m, 4H), 2.07 (brd, J = 18.0 Hz, 1H), 2.23 (brd, J = 18.0 Hz,
O:;j\cone 1H), 2.48 (brs, 1H), 3.57 (brs, 3H), 3.74 (brd, J = 16.0 Hz, 1H), 3.96 (brd, J = 16.0
Hz, 1H), 4.81 (brs, 1H), 5.11 (brd, J = 18.0 Hz, 3H), 5.80-5.97 (m, 1H), 9.80 (brs,
1H); ®C NMR (C¢Dg, 100MHz, 75 °C): & -4.29, -4.13, 18.1, 21.4, 22.7, 25.8, 27.6, 28.6, 30.9, 31.6,
47.8, 52.3, 53.3, 57.3, 101.2, 115.2, 136.6, 153.5, 157.3, 204.0; IR (ATR): v 2928, 2857, 1723, 1695,
1674 cm™; HRMS (ESI) m/z Calcd for CxHa;NO,SiNa (M+Na) 430.2389, Found 430.2408; HPLC:
DAICEL CHIRALCEL OD-H, 210 nm, flow rate 1.0 mL/min, hexane/i-PrOH = 99:1, retention time:
6.1 min and 7.1 min; [a]o® 43.7 (c 0.83, CHCl5, 81% ee).

s otes DA Adduct 79. Adduct 79 was obtained as inseparable diastereomixtures at C7

position. Good 'H and *C NMR spectra were difficult to obtain due to the

PMBO : H .
OHE N\;COzMe presence of rotamers and diastereomers, even at elevated temperatures. The
Iyl

@731 structure of 79 was determined after it was converted to 95 or 186 via 93.
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DA Adduct 80. *H NMR (CsDs, 400 MHz, 75 °C): & 0.15 (s, 3H), 0.16 (s, 3H),

& come  0-98 (s, 9H), 1.63-1.72 (m, 1H), 1.77 (brs, 1H), 1.94 (dt, I = 9.2, 19.2 Hz, 1H), 1.9
PMBOT Tayi (brd, J = 17.6 Hz, 1H), 2.26 (dd, J = 7.6, 17.6 Hz, 1H), 2.45 (ddt, J = 2.4, 6.8, 16.4
Hz, 1H), 2.60 (ddt, J = 2.4, 6.8, 13.2 Hz, 1H), 3.41 (s, 3H), 3.55 (s, 3H), 3.58 (dd, J = 8.4, 17.6 Hz,
2H), 3.64 (brs, 1H), 3.79 (brd, J = 8.8 Hz, 1H), 3.89 (brd, J = 12.4 Hz, 1H), 4.34 (dd, J = 11.6, 20.4 Hz,
1H), 4.66 (brs, 1H), 4.90 (t, J = 2.4 Hz, 1H), 5.01 (dd, J = 1.2, 10.4 Hz, 1H), 5.08 (dd, J = 1.2, 17.2 Hz,
1H), 5.85 (ddt, J = 5.2, 5.2, 22.0 Hz, 1H), 6.80 (d, J = 8.4 Hz, 2H), 7.16 (dd, J = 8.4 Hz, 2H); °C
NMR (CeDs, 100MHz, 75 °C): & -4.16, -4.14, 18.2, 25.9, 26.5, 32.1, 38.0, 38.3, 45.5, 52.1, 54.9, 56.1,
56.9, 73.6, 75.2, 114.3, 115.4, 128.5, 129.4, 131.1, 136.4, 151.6, 156.9, 160.0, 216.0; IR (ATR): v
2929, 1736, 1702 cm™; LRMS (FAB) m/z 552 (M+Na); HRMS (FAB) m/z Calcd for C,sH,sNOgSiNa
(M+Na) 552.2757, Found 552.2737.

H omss DA Adduct 81-anti. 'H NMR (400 MHz, CDCls, 55 °C): & 0.14 (s, 6H), 0.91 (s,
] 9H), 1.94-2.02 (m, 3H), 2.22-2.25 (m, 0.5H), 2.27-2.30 (m, 0.5H), 2.31-2.40 (m,
Mgc _come  2H), 2.94-3.01 (m, 1H), 3.61 (s, 3H), 3.73 (s, 3H), 3.79-3.93 (m, 2H), 4.77 (d, J =
i 1.6 Hz, 1H), 5.10 (dd, J = 1.6, 5.6 Hz, 1H), 5.13 (dt, J = 1.6, 13.2 Hz, 1H), 5.19
(brs, 1H), 5.76 (ddd, J = 5.6, 10.4, 22.4 Hz, 1H); *C NMR (100 MHz, CDCls, 55 °C): & -4.36, 18.0,
25.6, 26.0, 31.1, 37.6, 41.3, 50.0, 52.2, 52.9, 55.7, 62.4, 103.6, 115.8, 135.3, 149.7, 156.6, 172.8,
211.4; IR (ATR): v 2952, 2930, 2857, 1734, 1701, 1678 cm™ HRMS (ESI) m/z Calcd for
CusH70N,04,Si;Na (2M+Na) 897.4365, Found 897.4339; HPLC: DAICEL CHIRALPAK IA, 210 nm,
flow rate 0.5 mL/min, hexane/i-PrOH = 95:5, retention time: 12.2 min and 13.3 min; [a]o** 9.6 (c 1.00,
CHCI;, 16% ee).

- orBS DA Adduct 81-syn. *H NMR (CDCls, 400 MHz, 55 °C): & 0.09 (s, 3H), 0.10 (s, 3H),
m 0.87 (s, 9H), 1.50-1.73 (m, 2H), 1.96-2.09 (m, 1H), 2.18 (dt, J = 9.6, 19.2 Hz, 1H),
Mgc icome 2.37 (dt, J = 9.6, 19.2 Hz, 2 H), 3.27 (dd, J = 8.4, 14.4 Hz, 1H), 3.60-3.66 (M, 1H),

Bl 3.64 (s, 3H), 3.67 (s, 3H), 3.78 (dd, J = 6.0, 16.0 Hz, 1H), 4.69 (dd, J = 1.2, 4.8 Hz,
1H), 5.06 (brd, J = 8.8 Hz, 1H), 5.09 (brd, J = 16.4 Hz, 1H), 5.36 (brs, 1H), 5.76 (ddd, J = 6.0, 11.2,
22.4 Hz, 1H); **C NMR (CDCl;, 100MHz, 55 °C): & -4.58, -4.33, 17.9, 25.6, 25.9, 31.0, 32.2, 35.0,
48.3,52.4,52.5, 54.0, 64.8, 101.8, 115.8, 135.32, 151.9, 156.5, 168.6, 208.7; IR (ATR): v 2949, 2932,
2857, 1750, 1728, 1695, 1677 cm™; HRMS (ESI) m/z Calcd for C,HasNOgSiNa (M+Na) 460.2131,
Found 460.2142; HPLC: DAICEL CHIRALPAK IA, 210 nm, flow rate 0.5 mL/min, hexane/i-PrOH =
95:5, retention time: 14.1 min and 17.3 min; [a]p®® -28.4 (¢ 1.00, CHCl3, 15% ee).

H orss DA Adduct 82-anti. 'H NMR (CDCls, 400 MHz, 55 °C): & 0.117 (s, 3H), 0.126 (s,
3H), 0.90 (s, 9H), 1.54 (brd, J = 9.6 Hz, 1H), 1.80-2.05 (m, 5H), 2.26 (brd, J = 13.6
—coMe  Hz, 1H), 2.55-2.63 (m, 1H), 2.96-3.04 (m, 1H), 3.60 (s, 3H), 3.75 (s, 3H), 4.10 (brd,

Meozé i)
W J=17.6 Hz, 1H), 4.32 (dd, J = 3.2, 17.6 Hz, 1H), 4.78 (brs, 1H), 5.00 (brd, J = 16.0
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Hz, 1H), 5.04 (brd, J = 10.0 Hz, 1H), 5.21 (brs, 1H), 5.76 (ddd, J = 4.8, 10.0, 22.4 Hz, 1H); *C NMR
(CDCl3, 100MHz, 55 °C): 6 -4.65, -4.38, 17.9, 23.4, 25.6, 26.6, 30.5, 39.8, 41.1, 48.4, 52.4, 52.6, 58.1,
64.8, 101.7, 113.8, 137.4, 149.8, 157.8, 171.7, 205.6; IR (ATR): v 2950, 2930, 2858, 1743, 1717, 1682
cm™; HRMS (ESI) m/z Calcd for CuH74N,01,Si,Na (2M+Na) 925.4678, Found 925.4674; HPLC:
DAICEL CHIRALPAK IA, 210 nm, flow rate 0.5 mL/min, hexane/i-PrOH = 95:5, retention time: 13.6
min and 18.4 min; [a]p® -59.9 (c 0.60, CHCl;, 48% ee).

H ores DA Adduct 82-syn. *H NMR (CDCls, 400 MHz, 55 °C): & 0.13 (s, 6H), 0.91 (s, 9H),

| 1.57 (brd, J = 14.0 Hz, 1H), 1.85-1.97 (m, 4H), 2.08-2.19 (m, 1H), 2.37-2.44 (m, 2H),

Me&é ﬁ\;”cylozme 3.13 (brs, 1H), 3.64 (s, 3H), 3.65 (brs, 1H), 3.66 (s, 3H), 3.79 (brs, 1H), 4.71 (d, J =

4.4 Hz, 1H), 5.05 (brd, J = 10.4 Hz, 1H), 5.05 (brd, J = 16.4 Hz, 1H), 5.67-5.80 (m,

2H); °C NMR (CDCl;, 100MHz, 55 °C): & -4.59, -4.24, 17.9, 22.7, 25.6, 26.4, 30.1, 40.2, 47.8, 52.2,

52.4,53.4, 64.8, 101.8, 115.6, 135.6, 151.5, 156.5, 170.3, 204.0; IR (ATR): v 2950, 2929, 2898, 2857,

1745, 1717, 1682 cm™; HRMS (ESI) m/z Calecd for C,3H3z;NOgSiNa (M+Na) 474.2288, Found

474.2306; HPLC: DAICEL CHIRALPAK IA, 210 nm, flow rate 0.5 mL/min, hexane/i-PrOH = 95:5,
retention time: 14.3 min and 25.3 min; [a]p? -52.5 (¢ 0.615, CHCl3, 12% ee).

H  oms DAAdduct 84. "H NMR (400 MHz, CDCly):  -0.01 (s, 3H), 0.04 (s, 3H), 0.85 (s,

as__| 9H), 1.71-1.85 (m, 2H), 2.02 (dd, J = 4.8, 17.6 Hz, 1H), 2.20-2.27 (m, 1H), 2.92
LR (brtd, J = 5.6, 11.6 Hz, 1H), 3.30 (brtd, J = 8.8, 14.4 Hz, 1H), 3.55 (s, 3H), 3.88 (d,
ally CO,Me
(R = COaMe) J=12.8 Hz, 1H), 4.03 (d, J = 12.8 Hz, 1H), 4.12 (brd, J = 19.6 Hz, 1H), 4.39 (ddd,

J=2.0,8.8,13.6 Hz, 1H), 4.47 (brd, J = 2.0 Hz, 1H), 4.61 (brs, 1H), 5.02 (d, J = 17.2 Hz, 1H), 5.19 (d,
J = 10.4 Hz, 1H), 5.85 (ddt, J = 3.6, 9.6, 16.8 Hz, 1H), 7.52 (t, J = 7.6 Hz, 2H), 7.62 (t, J = 7.6 Hz,
2H), 7.97 (d, J = 7.6 Hz, 2H); *C NMR (100 MHz, CDCl,): & -4.8, -4.5, 14.2, 17.8, 21.0, 33.6, 34.5,
41.9, 42.2, 49.5, 53.6, 56.5, 59.2, 60.4, 100.2, 115.3, 128.4, 128.6, 133.7, 136.7, 138.4, 151.0, 166.9,
166.9, 168.7, 169.3; IR (ATR): v 2991, 1754, 1724, 1698 cm™; LRMS (FAB) m/z 649 (M+K); HRMS
(FAB) m/z Calcd for C,sH3oCIN,O,SSiK (M+K) 649.1573, Found 649.1588.

DA Adduct 85. *H NMR (400 MHz, CDCls, 55 °C): & 0.01 (s, 3H), 0.06 (s, 3H),

H OTBS
BS@ 0.86 (s, 9H), 1.74-1.94 (m, 2H), 2.02 (dd, J = 6.4, 18.0 Hz, 1H), 2.15 (dt, J = 3.2,
a”ny/NTCqu 14.0 Hz, 1H), 2.84 (ddd, J = 4.0, 6.4, 10.4 Hz, 1H), 3.40 (ddd, J = 6.8, 9.2, 13.6 Hz,
(R=COZMe)O 1H), 3.56 (s, 3H), 3.61 (s, 3H), 3.94-3.99 (m, 1H), 4.33 (ddd, J = 3.6, 8.4, 13.6 Hz,
1H), 4.70 (brs, 1H), 4.97 (brd, J = 17.2 Hz, 1H), 5.00 (brd, J = 10.4 Hz, 1H), 5.29 (d,
J = 2.0 Hz, 1H), 5.72 (ddd, J = 5.2, 10.4, 17.2 Hz, 1H), 7.50 (t, J = 7.6 Hz, 2H), 7.60 (t, J = 7.6 Hz,
2H), 7.98 (d, J = 7.6 Hz, 2H); *C NMR (100 MHz, CDCl;, 55 °C): & -4.7, -4.5, 17.9, 25.4, 25.6, 33.8,
34.2,425,49.2,52.4,53.1,57.9, 60.2, 102.0, 114.2, 128.55, 128.60, 133.5, 136.9, 139.1, 149.7, 160.8,
166.7, 169.8; IR (ATR): v 2950, 1745, 1711, 1697 cmt; HRMS (ESI) m/z Calcd for CygHioN2OgSSiNa

(M+Na) 615.2172, Found 615.2162.
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H otes Cyclic carbamate 90. To a solution of 77 (40 mg, 0.102 mmol) in THF (1.0 mL)
Oij/ were added MeOH (1 drop) and NaBH, (7.7 mg, 0.203 mmol) at 0 °C. The resulting
b \{'\a”yl mixture was warmed to rt and stirred for 14 h at the same temperature. Saturated

o) aqueous NH,CI (1 mL) was added to quench the reaction at rt. The separated water
layer was extracted with AcOEt, and combined organic layers were washed with brine and dried over
Na,SO,. Volatile material was removed under reduced pressure, and the resulting residue was purified
by column chromatography (SiO,, hexane/ AcOEt = 3/1) to give 90 (19 mg, yield 51%) as a colorless
foam: 'H NMR (CDCls, 600 MHz): & 0.14 (s, 3H), 0.15 (s, 3H), 0.92 (s, 9H), 1.43 (dt, J = 9.6, 19.2 Hz,
1H), 1.59-1.65 (m, 1H), 1.66-1.77 (m, 2H), 1.78-1.82 (m, 1H), 1.86-1.96 (m, 2H), 1.95 (d, J = 19.2 Hz,
1H), 2.16 (dd, J = 7.2, 17.4 Hz, 1H), 3.59 (dd, J = 7.8, 15.0 Hz, 1H), 3.62 (brs, 1H), 3.69 (dd, J = 1.8,
10.2 Hz, 1H), 4.21 (d, J = 10.2 Hz, 1H), 4.32 (dd, J = 4.8, 15.0 Hz, 1H), 4.88 (brs, 1H), 5.21 (d, J =
5.4 Hz, 1H), 5.22 (d, J = 16.2 Hz, 1H), 5.87 (ddd, J = 5.4, 9.6, 16.2 Hz, 1H); *C NMR (CDCl,,
150MHz): § -4.51, -4.35, 18.0, 20.8, 25.5, 30.6, 31.3, 34.0, 39.5, 41.5, 50.3, 56.4, 71.5, 101.9, 118.2,
133.0, 150.6, 153.5; IR (ATR): v 2952, 2928, 2857, 1695, 1666 cm™; HRMS (ESI) m/z Calcd for
CoH33NO3SiNa (M+Na) 386.2127, Found 386.2142.

ores Cyclic carbamate 91. To a solution of 78 (40 mg, 98.1 umol) in THF (0.98 mL)
Oij/ were added MeOH (1 drop) and NaBH, (7.4 mg, 0.196 mmol) at 0 °C. The resulting
$ i\a” | mixture was warmed to rt and stirred for 14 h at the same temperature. Saturated
\% ’ aqueous NH4CI (1 mL) was added to quench the reaction at rt. The separated water
layer was extracted with AcOEt, and the combined organic layers were washed with
brine and dried over Na,SO,. Volatile material was removed under reduced pressure, and the resulting
residue was purified by column chromatography (SiO,, hexane/ AcOEt = 3/1) to give 91 (18 mg, yield
49%) as a colorless form: *H NMR (CDCls, 600 MHz): & 0.14 (s, 3H), 0.15 (s, 3H), 0.92 (s, 9H),
1.10-1.15 (m, 1H), 1.25-1.39 (m, 3H), 1.46-1.53 (m, 1H), 1.59-1.69 (m, 3H), 1.72-1.79 (m, 1H), 2.00
(d, J=9.6 Hz, 1H), 2.31 (dt, J = 3.0, 18.0 Hz, 1H), 3.56 (dd, J = 7.2, 15.0 Hz, 1H), 3.60 (dd, J = 1.8,
10.8 Hz, 1H), 3.97 (brs, 1H), 4.35-4.40 (m, 2H), 4.89 (brs, 1H), 5.21 (d, J = 9.6 Hz, 1H), 5.22 (d, J =
16.2 Hz, 1H), 5.86 (ddd, J = 5.4, 9.6, 16.2 Hz, 1H); *C NMR (CDCl;, 150MHz): & -4.46, -4.29, 18.0,
20.9, 25.6, 25.6, 29.4, 30.2, 33.5, 33.7, 36.3, 50.1, 52.7, 72.2, 101.1, 118.2, 133.3, 149.8, 153.1; IR
(ATR): v 2927, 2856, 1693, 1667 cm™; HRMS (ESI) m/z Calcd for C»H3sNO5SiNa (M+Na) 400.2284,
Found 400.2274.
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H otes Diene 92. To a solution of Ph;PCH3Br (2.02 g, 5.66 mmol) in THF (10 mL) was
QO/ added KHMDS (0.5 M in toluene, 11.3 mL, 5.66 mmol) at 0 °C. After stirring for
e ﬁ\COZMe 1 h at rt, to the resulting mixture was added a solution of 79 (1.0 g, 1.89 mmol) in

/r THF (9 mL) at 0 °C and the resulting mixture was stirred for 1.5 h at rt. Saturated
aqueous NH,CI (10 mL) were added to quench the reaction at 0 °C. The separated water layer was
extracted with AcOEt, and the combined organic layers were washed with brine and dried over
Na,SO,. Volatile material was removed under reduced pressure. The resulting residue was purified by
column chromatography (SiO,, hexane/ AcOEt = 5/1) to give inseparable diastereomixture of 92 (874

mg, yield 88%) as a colorless oil.

RCM of 92. To a solution of 92 (691 mg, 1.31 mmol) in CH,Cl, (131 mL) was added Grubbs’ 2nd cat.
(111 mg, 0.131 mmol) at rt. The resulting mixture was warmed to reflux temperature and stirred for 6
h. The mixture was filtered through a pad of Celite® and volatile material was removed under reduced
pressure. The resulting residue was purified by column chromatography (SiO,, hexane/ AcOEt = 7/1)
to give 93 (545 mg, yield 84%) and 93’ (< 75 mg, yield 11%, inseparable with Ru residue and a small
amount of 93) as a colorless oil.

H oT8s 93 (mixture of rotamers): '"H NMR (400 MHz, CDCls): & 0.08 (s, 3H), 0.10 (s,

| 3H), 0.88 (s, 9H), 1.59-1.75 (m, 3H), 1.75-1.95 (m, 2H), 2.04-2.2.20 (m, 2H),

PM Lﬁ‘COzMe 3.50-3.56 (m, 1H), 3.57 (s, 3H), 3.74 (s, 3H), 3.74-3.83 (m, 1H), 4.19-4.36 (m,

1H), 4.38-4.53 (m, 3H), 5.07 (brs, 0.5H), 5.24 (brs, 0.5H), 5.38 (t, J = 9.6 Hz,

1H), 5.73 (ddd, J = 1.6, 4.0, 10.0 Hz, 0.5H), 5.81 (ddd, J = 1.6, 4.0, 10.0 Hz, 0.5H), 6.78-6.83 (m, 2H),

7.12-7.16 (m, 2H); *C NMR (100 MHz, CDCls, 55 °C): & -4.6, -4.3, 18.0, 25.7, 25.9, 28.1, 28.4, 29.4,

39.6, 42.8, 45.4, 47.2, 475, 52.2, 53.4, 55.2, 71.7, 72.1, 86.5, 86.7, 104.1, 113.7, 125.2, 125.7, 128.5,

128.9, 131.2, 131.4, 131.6, 150.6, 159.1; IR (ATR): v 2952, 2931, 1699, 1671, 1512, 1445, 1324, 1246

cm™; LRMS (FAB) m/z 522 (M+Na); HRMS (FAB) m/z Calcd for C,sH4 NOsSiNa (M+Na) 522.2652,

Found 522.2639; HPLC: DAICEL CHIRALPAK IB, 254 nm, flow rate 1.0 mL/min, hexane/i-PrOH =
97:3, retention time: 5.9 min and 6.3 min.

H__ otes Good 'H and *C NMR spectra were difficult to obtain due to the presence of
Oij/ rotamers and inseparable impurity. The structure of 93” was determined after it was
PMES | N\cong converted to diketone 186 by cleavage of silyl enol ether and the PMB group

o3 followed by oxidation of the secondary alcohol (Scheme 39).
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Scheme 39
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Diketone 186. To a solution of 93" (25 mg, < 50 umol, impure) in CH;CN (0.5 mL) was added
HF-py (20 pL, 0.75 mmol) at 0 °C. The resulting mixture was warmed to rt and stirred for 19 h at the
same temperature. Saturated aqueous NaHCO; (1 mL) was added to quench the reaction at 0 °C. The
separated water layer was extracted with AcOEt, and the combined organic layers were dried over
Na,SO,. Volatile material was removed under reduced pressure, and the resulting residue was used in
the next step without purification.

To a solution of crude product in CH,CI, (0.5 mL) was added DMP (69 mg, 0.15 mmol) at 0 °C. The
resulting mixture was warmed to rt and stirred for 18 h at the same temperature. Saturated aqueous
NaHCO; (1 mL) and sodium thiosulfate (1 mL) were added to quench the reaction and the resulting
mixture was stirred for 30 min. The separated water layer was extracted with AcOEt, and the
combined organic layers were washed with brine and dried over Na,SO,. Volatile material was
removed under reduced pressure. The resulting residue was purified by column chromatography (SiO»,
hexane/ AcOEt = 1/3) to give 186 (7 mg, yield 54%, in 2 steps) as a colorless form: 'H NMR (400
MHz, C¢Dg, 75 °C): & 1.19-1.33 (m, 1H), 1.34-1.48 (m, 1H), 1.77-1.92 (m, 2H), 2.02-2.18 (m, 2H),
2.19-2.37 (m, 3H), 3.30 (ddd, J = 2.4, 4.8, 19.2 Hz, 1H), 3.54 (s, 3H), 4.44 (brs, 1H), 4.72 (brs, 1H),
5.06 (brd, J = 10.0 Hz, 1H), 5.72 (dd, J = 2.4, 10.0 Hz, 1H); *C NMR (100 MHz, CsDs, 75 °C): & 24.4,
35.8, 40.5, 40.9, 42.4, 43,5, 48.7, 52.5, 53.2, 124.5, 128.5, 138.3, 204.8, 211.1; IR (ATR): v 3365,
2922, 2851, 1735, 1682, 1457, 1363 cm™; LRMS (FAB) m/z 268 (M+H); HRMS (ESI) m/z Calcd for
CasH34N>,OgNa (2M+Na) 549.2213, Found 549.2239

Compound 93 (103 mg, 0.206 mmol) was also converted to 186 (44 mg, yield 81%, in 2 steps) by the
same method as shown above.

H Secondary alcohol 94. To a solution of 93 (1.20 g, 2.4 mmol) in CH3;CN (24 mL)

_' was added HF-py (0.31 mL, 7.2 mmol) at 0 °C. The resulting mixture was warmed to

"o Lﬁ\COZMQ rt and stirred for 17.5 h at the same temperature. Saturated aqueous NaHCO; (1 mL)
was added to quench the reaction at 0 °C. The separated water layer was extracted

with AcOEt, and combined organic layers were dried over Na,SO,. Volatile material was removed
under reduced pressure, and the resulting residue was purified by column chromatography (SiO,,
hexane/ AcOEt = 1/4) to give 94 (529 mg, yield 85%) as a colorless oil: '"H NMR (400 MHz, CDCl,
55 °C): 6 1.67 (brs, 1H), 1.80-1.90 (m, 1H), 1.90-1.99 (m, 1H), 2.04 (brs, 2H), 2.31 (dd, J = 4.4, 16.4
Hz, 1H), 2.35-2.42 (m, 1H), 2.45 (dd, J = 4.8, 15.2 Hz, 1H), 2.55 (dd, J = 13.2, 16.0 Hz, 1H), 3.18 (brs,
1H), 3.55 (t, J = 2.0 Hz, 0.5H), 3.60 (t, J = 2.0 Hz, 0.5H), 3.75 (s, 3H), 3.94 (brs, 1H), 4.32 (brd, J =
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18.8 Hz, 1H), 4.98 (brd, , J = 10.4 Hz 1H), 5.48 (ddd, J = 2.0, 3.6, 10.0 Hz, 1H), 5.75 (brs, 1H); °C
NMR (100 MHz, CDCl;, 55 °C): & 29.0, 31.2, 40.1, 40.4, 41.7, 44.4, 47.0, 49.9, 53.0, 79.6, 123.4,
131.3, 156.4, 209.0; IR (ATR): v 3442, 2953, 1699, 1681, 1448, 1239 cm™; LRMS (FAB) m/z 266
(M+H); HRMS (FAB) m/z Calcd for C14H,NO, (M+H) 266.1392, Found 266.1394

Reduction of 94. To a solution of 94 (50 mg, 0.188 mmol) in THF (24 mL) were added MeOH (1
drop) and NaBH, (29 mg, 0.754 mmol) at 0 °C. The resulting mixture was warmed to rt and stirred for
3.5 h at the same temperature. Then reaction mixture was added NaBH, (29 mg, 0.745 mmol) again at
0 °C and stirred 1.5 h at rt. H,O (10 mL) was added to quench the reaction at 0 °C. The separated
water layer was extracted with AcOEt, and combined organic layers were dried over Na,SO,. Volatile
material was removed under reduced pressure, and the resulting residue was purified by column
chromatography (SiO,, AcOEt) to give 95LP (27 mg, yield 55%) as a colorless amorphous solid and
95MP (23mg, yield 45%) as a colorless form. Then 95MP was recrystallized from i-Pr,O. The
stereochemistry of 95MP was determined by X-ray crystallography.

Diol 95LP. (mixture of rotamers) *H NMR (400 MHz, CDCls, 55 °C): & 1.59 (dt, J =
_ 3.6, 14.0 Hz, 1H), 1.61 (dt, J = 3.6, 14.0 Hz, 1H), 1.69 (t, J = 4.8 Hz, 3H), 1.81-1.92

"o Lﬁ\COZMe (m, 4H), 1.92-2.00 (m, 1H), 2.08-2.16 (m, 1H), 3.52 (t, J = 2.4 Hz, 0.5H), 3.57 (t, J =
2.4 Hz, 0.5H), 3.73 (s, 3H), 3.83 (t, J = 6.4 Hz, 1H), 4.12-4.17 (m, 1H), 4.25 (dt, J =

2.4,18.8 Hz, 1H), 4.82 (dd, J = 3.6, 12.0 Hz, 1H), 5.39 (ddd, J = 2.0, 3.6, 10.0 Hz, 1H), 5.73 (brd, J =
4.8 Hz, 1H); *C NMR (100 MHz, CDCls, 55 °C): § 27.5, 31.0, 33.6, 33.8, 40.4, 42.0, 44.1, 47.0, 48.8,
52.9, 67.3, 80.7, 123.7, 131.9, 156.6; IR (ATR): v 3393, 3015, 2969, 2938, 2921, 2886, 2857, 1738,

1661 cm™; HRMS (ESI) m/z Calcd for CyH43N,05 (2M+H) 535.3019, Found 535.3044

T

WOH

H _ on Diol 95MP."H NMR (400 MHz, CDCl,, 55 °C): § 1.35 (ddd, J = 5.2, 10.8, 24.0 Hz,
@O/ 2H), 1.48-189 (m, 8H), 1.99-2.09 (m, 1H), 2.10-2.20 (m, 1H), 3.54 (t, J = 2.0 Hz,
" Lﬁ\cwe 0.5H), 3.59 (t, J = 2.0 Hz, 0.5H), 3.73 (s, 3H), 3.87 (t, J = 8.8 Hz, 1H), 3.97 (it, J =
4.8,10.8, 21.6 Hz, 1H), 4.26 (brd, J = 2.4, 18.0 Hz, 1H), 4.45 (brd, J = 11.6 Hz, 1H),
5.39 (dd, J = 1.6, 10.4 Hz, 1H), 5.86 (brd, J = 8.8 Hz, 1H):; *C NMR (100 MHz, CDCls, 55 °C): &
24.4,30.3, 34.5, 36.3, 40.1, 43.0, 46.9, 47.1, 52.8, 80.6, 125.5, 130.8, 156.4; IR (ATR): v 3365, 2922,
2851, 1735, 1682, 1457, 1363 cm™; LRMS (FAB) m/z 268 (M+H); HRMS (FAB) m/z Calcd for
CaH2NO, (M+H) 268.1549, Found 268.1543; mp: 70 - 71.5 °C (i-Pr,0).

H Diketone 96. To a solution of 80 (200 mg, 0.378 mmol) in CH;CN (3.8 mL) was

- o
Q%j added HF-py (29 uL, 1.13 mmol) at 0 °C. The resulting mixture was warmed to rt
© : _CO,Me

PMBO and stirred for 4 h at the same temperature. Saturated aqueous NaHCO; (1 mL) was
allyl
g added to quench the reaction at 0 °C. The separated water layer was extracted with

AcOEt, and the combined organic layers were dried over Na,SO,. Volatile material was removed
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under reduced pressure, and the resulting residue was purified by column chromatography (SiO,,
hexane/ AcOEt = 3/2) to give 96 (152 mg, yield 96%) as a colorless oil: *H NMR (C¢Dg, 400 MHz,
75 °C): 8 1.53 (brs, 1H), 1.65-1.74 (m, 1H), 1.98 (dt, J = 9.6, 16.4 Hz, 1H), 2.38 (dd, J = 2.4, 17.2 Hz,
1H), 2.43-2.58 (m, 3H), 2.65 (dd, J = 5.2, 17.2 Hz, 1H), 3.43 (m, 2H), 3.45 (s, 3H), 3.49 (s, 3H), 3.68
(d, J =9.2 Hz, 1H), 3.71 (brs, 1H), 4.00 (brs, 2H), 4.35 (s, 2H), 5.01 (dg, J = 1.6, 10.4 Hz, 1H), 5.06
(dg, J = 1.6, 17.2 Hz, 1H), 5.76 (ddt, J = 5.6, 10.4, 17.2 Hz, 1H), 6.88 (dt, J = 2.4, 8.8 Hz, 2H), 7.20
(dt, J = 2.4, 8.8 H, 2H); *C NMR (CsDs, 100MHz, 75 °C): & 27.2, 38.1, 40.2, 41.5, 42.9, 52.1, 52.9,
54.8, 55.0, 56.3, 73.7, 75.1, 114.5, 116.6, 129.6, 130.6, 135.4, 156.7, 160.3, 207.4, 215.7; IR (ATR): v
2952, 1692, 1611 cm™; LRMS (FAB) m/z 438 (M+Na) ; HRMS (FAB) m/z Calcd for CysH,sNOgNa
(M+Na) 438.1893, Found 438.1903.

H o p-Nitorobenzoate 97. To a solution of 96 (152 mg, 0.366 mmol) in CH,ClI, (5.9

| mL) and H,O (1.5 mL) was added DDQ (166 mg, 0.732 mmol) at 0 °C. The

ga/”yl Nocome resulting mixture was warmed to rt and stirred for 1 h at the same temperature.

Ar Saturated aqueous sodium thiosulfate (3 mL) was added to quench the reaction and

(6]
( Ar= @N02> the resulting mixture was stirred for 30 min at rt. The separated water layer was

extracted with CH,Cl,, and the combined organic layers were dried over Na,SO,.
\olatile material was removed under reduced pressure, and the resulting residue was purified by
column chromatography (SiO,, hexane/ AcOEt = 1/3) to give deprotected alcohol (105 mg, yield 97%)
as a colorless oil: '"H NMR (CsDs, 400 MHz, 75 °C): & 1.24 (brs, 1H), 1.69 (brs, 1H), 1.82-1.94 (m,
1H), 2.12 (brd, J =15.6 Hz, 2H), 2.35-2.47 (m, 2H), 2.55 (brs, 1H), 2.68 (brs, 1H), 3.34 (brs, 1H), 3.48
(s, 3H), 3.65 (brd, J = 10.8 Hz, 2H), 3.80 (brd, J = 15.6 Hz, 1H), 4.04 (brd, J = 16.4 Hz, 1H), 4.40 (brs,
1H), 5.00 (brd, J = 12.0 Hz, 2H), 5.62-5.76 (m, 1H);"*C NMR (C¢Ds, 100MHz, 75 °C): & 26.5, 37.6,
38.0, 42.4, 49.9, 50.9, 52.6, 54.4, 57.9, 65.2, 116.1, 135.8, 158.2, 206.4, 217.5; IR (ATR): v 3430,
2953, 1712, 1691 cm™; HRMS (ESI) m/z Calcd for CgHs;N,00Na (2M+Na) 613.2737, Found
613.2728.

To a solution of the alcohol (105 mg, 0.356 mmol) in CH,CI, (3.6 mL) was added Et;N (0.15 mL,
1.07 mmol) at rt. After stirring for 5 min, p-nitrobenzoyl chloride (79 mg, 0.427 mmol) and DMAP
(4.4 mg, 35.6 umol) were added at 0 °C. The resulting mixture was warmed to rt and stirred for 1.5 h
at the same temperature. Saturated aqueous NH,CI (2 mL) was added to quench the reaction. The
separated water layer was extracted with AcOEt, and the combined organic layers were dried over
Na,SO,. Volatile material was removed under reduced pressure, and the resulting residue was purified
by column chromatography (SiO,, hexane/ AcOEt/ CH,CI, = 1/1/1) to give 97 (100 mg, yield 63%) as
a colorless solid. Then 97 was recrystallized from benzene. The Stereochemistry of 97 was determined
by X-ray crystallography: "H NMR (C¢Dg, 400 MHz, 75 °C): & 1.54 (brs, 1H), 1.62-1.74 (m, 1H), 1.98
(dt, J = 9.2, 18.8 Hz, 1H), 2.23-2.34 (m, 2H), 2.37 (d, J = 6.0 Hz, 1H), 2.40-2.44 (m, 1H), 2.52 (brs,
1H), 3.18-3.51 (brs, 1H), 3.48 (s, 3H), 3.88 (m, 3H), 4.49 (dd, J = 11.2, 20.0 Hz, 2H), 5.01 (d, J = 3.2
Hz, 2H), 5.04 (d, J = 11.2 Hz, 1H), 5.74 (ddd, J = 5.6, 10.8, 22.4 Hz, 1H), 7.27-7.31 (m, 2H), 7.84 (dd,
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J = 8.8, 12.8 Hz, 2H); *C NMR (C4Ds, 100MHz, 75 °C): & 26.9, 37.9, 38.0, 38.9, 40.9, 42.5, 52.3,
54.2, 56.6, 68.7, 116.9, 123.7, 128.5, 135.0, 135.1, 151.1, 156.8, 164.4, 206.2, 212.2; IR (ATR): v
2958, 1727, 1706, 1694 cm™; HRMS (ESI) m/z Calcd for Cy,H24N,OsNa (M+Na) 467.1430, Found
467.1446; mp 137.5-139.5 °C (benzene).

oTBS Cyclic carbamate 98. To a solution of 81-anti (20 mg, 45.7 umol) in THF (0.46
W mL) was added LiBH4 (2.0 M in THF, 23 uL, 46.0 umol) at -78 °C. After stirring for
R <y 30 min at the same temperature, MeOH (1 drop) was added and the resulting mixture
T was warmed to rt and stirred for 1 h. The reaction was quenched by addition of H,O
= cron (3 mL) at 0 °C. The separated water layer was extracted with AcOEt, and the
combined organic layers were washed with brine and dried over Na,SO,. Volatile material was
removed under reduced pressure. The resulting residue was purified by column chromatography (SiO5,
hexane/ AcOEt = 1/3) to give 98 (16 mg, yield quant) as a colorless oil: '"H NMR (CDCls, 600 MHz):
8 0.14 (s, 6H), 0.91 (s, 9H), 1.67-1.73 (m, 1H), 1.82-1.93 (m, 3H) , 2.00-2.05 (m, 1H), 2.04 (dd, J =
4.0, 10.4 Hz, 1H), 2.17 (dd, J = 4.4, 6.6 Hz, 1H), 2.24 (dt, J = 4.4, 9.6 Hz, 1H), 3.45 (d, J = 6.4 Hz,
1H), 3.53 (d, J = 6.4 Hz, 1H), 3.59 (dd, J = 5.2, 10.0 Hz, 1H), 3.86 (d, J = 1.2 Hz, 1H), 4.28-4.35 (m,
2H), 4.78 (d, J = 2.4 Hz, 1H), 5.23 (d, J = 6.8 Hz, 1H), 5.26 (d, J = 11.6 Hz, 1H), 5.85 (dddd, J = 4.0,
5.2, 6.8, 18.0 Hz, 1H); *C NMR (CDCl,, 150MHz): & -4.35, -4.21, 18.1, 25.6, 25.7, 31.0, 31.3, 33.0,
41.1, 49.5, 52.5, 54.5, 66.9, 84.9, 101.5, 118.7, 133.5, 154.5, 157.4; IR (ATR): v 3409, 2951, 2928,
2888, 2859, 1708, 1665 cm™; HRMS (ESI) m/z Calcd for CuHgN,0gSi, (2M+H) 759.4436, Found

759.4424.

Aldehyde 99. To a solution of 98 (14 mg, 36.9 umol) in CH,CI, (0.4 mL) was added

WOTBS DMP (34 mg, 79 umol) at 0 °C. After stirring for 10 min, the resulting mixture was
3 2 N warmed to rt and stirred for 1.5 h. Saturated aqueous NaHCO; (2 mL) and agqueous

0 a"yl sodium thiosulfate (2 mL) were added to quench the reaction and the resulting
R=cHo mixture was stirred for 30 min. The separated water layer was extracted with AcOEt,
and the combined organic layers were washed with brine and dried over Na,SO,. Volatile material was
removed under reduced pressure. The resulting residue was purified by column chromatography (SiO5,
hexane/ AcOEt = 2/1) to give 99 (11 mg, yield 79%) as a colorless oil: *H NMR (CDCl,, 600 MHz): &
0.15 (s, 6H), 0.92 (s, 9H), 1.78 (dt, J = 7.8, 13.2 Hz, 2H), 2.00-2.07 (m, 1.5H), 2.08-2.14 (m, 1.5H),
2.16 (dt, J = 6.6, 16.8 Hz, 1H), 2.59 (dt, J = 6.6, 13.2 Hz, 1H), 3.60 (dd, J = 7.2, 15.0 Hz, 1H), 4.25 (d,
J = 3.6 Hz, 1H), 4.30 (ddt, J = 1.8, 5.4, 15.6 Hz, 1H), 4.80 (dd, J = 3.0, 6.6 Hz, 1H), 4.86 (d, J = 3.6
Hz, 1H), 5.25 (d, J = 17.4 Hz, 1H), 5.26 (dd, J = 0.6, 8.4 Hz, 1H), 5.80 (ddd, J = 4.8, 8.4, 17.4 Hz, 1H),
9.52 (s, 1H); **C NMR (CDCl,, 150MHz): & -4.52, -4.36, 18.0, 25.5, 30.5, 31.3, 31.9, 39.4, 49.2, 51.8,
61.7, 81.9, 100.2, 118.8, 133.0, 154.5, 156.5, 198.7; IR (ATR): v 2930, 2857, 1716, 1665 cm™; HRMS

(ESI) m/z Calcd for CyH3NO,SiNa (M+Na) 400.1920, Found 400.1939.
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. otes Diol 100. To a solution of 81-syn (151 mg, 0.345 mmol) in THF (3.5 mL) was
QO/ added LiBH4(2.0 M in THF, 0.35 mL, 0.70 mmol) at -78 °C. After stirring for 1 h

Hgo/f ,'{'\cone at the same temperature, MeOH (1 drop) was added and the resulting mixture was

a”yl warmed to rt and stirred for 2 h. Saturated aqueous NH,CI (3 mL) was added to
quench the reaction at 0 °C. The separated water layer was extracted with AcOEt, and the combined
organic layers were dried over Na,SO,. Volatile material was removed under reduced pressure. The
resulting residue was purified by column chromatography (SiO,, hexane/ AcOEt = 1/2) to give 100
(121 mg, yield 85%) as a colorless solid. Then 100 was recrystallized from AcOEt-hexane. The
stereochemistry of 100 was determined by X-ray crystallography: *H NMR (CDCl;, 400 MHz): § 0.13
(s, 3H), 0.14 (s, 3H), 0.91 (s, 9H), 1.50-1.62 (m, 1H), 1.62-1.86 (m, 3H), 1.94-2.09 (m, 1H), 2.15 (ddd,
J=4.4,9.6, 18.4 Hz, 1H), 2.21-2.38 (m, 1H), 2.78 (brs, 1H), 3.51-3.62 (m, 2H), 3.65-3.85 (m, 2H),
3.73 (s, 3H), 3.99 (dd, J = 4.8, 15.2 Hz, 1H), 4.33 (brs, 1H), 4.74 (tt, J = 2.4, 14.0 Hz, 1H), 5.03-5.19
(m, 3H), 5.85 (ddt, J = 5.2, 10.0, 16.8 Hz, 1H); *C NMR (CDCl;, 100MHz): & -4.46, 17.9, 25.5, 26.0,
29.2,30.5, 37.2,47.8, 48.9, 53.1, 53.2, 64.4, 77.9, 102.3, 115.3, 135.8, 152.1, 159.2; IR (ATR): v 3396,
2956, 2928, 2857, 1736, 1660 cm™; HRMS (ESI) m/z Calcd for C4,H7sN,010Si,Na (2M+Na) 845.4780,

Found 845.4762; mp 116 - 118.5 °C (AcOEY hexane).

H Diol 102. To a solution of 82-anti (93 mg, 0.206 mmol) in THF (3.5 mL) was added
T LiBH,4 (2.0 M in THF, 0.10 mL, 0.20 mmol) at 0 °C. After stirring for 1 h at the same
J'e% c come temperature, ice-cold H,O (3 mL) was added to quench the reaction at 0 °C. The
Tanf separated water layer was extracted with AcOEt, and the combined organic layers
were dried over Na,SO,. Volatile material was removed under reduced pressure. The resulting residue
was purified by column chromatography (SiO,, hexane/ AcOEt = 4/1) to give secondary alcohol (77
mg, yield 83%) as a colorless oil: *"H NMR (C¢Dg, 400 MHz, 75 °C): & 0.36 (s, 6H), 1.11 (s, 9H),
1.27-1.59 (m, 2.8H), 1.59-1.74 (d, 1.2H), 1.80-2.10 (m, 3H), 2.18 (brs, 1H), 2.87 (brs, 1.3H), 3.10 (brs,
1.7H), 3.50 (brs, 7H), 4.31 (brd, J = 16.0 Hz, 1H), 4.69 (brs, 1H), 5.00-5.16 (m, 3H), 5.80 (brs, 1H);
B3C NMR (C¢Ds, 100 MHz, 75 °C): & -4.2, -4.0, 15.6, 18.2, 26.0, 28.6, 31.8, 33.5, 34.4, 51.4, 52.5,
52.9, 65.6, 67.9, 104.3, 116.2, 134.8, 152.3, 157.4, 175.6; IR (ATR): v 3447, 2929, 2856, 1727, 1702
cm™; HRMS (ESI) m/z Calcd for CysH7gN,01,SioNa (2M+Na) 929.4991, Found 929.4973. Only broad
peaks were observed in *C NMR spectra due to the presence of rotamers, even at elevated
temperatures. Three carbons were not determined in **C NMR spectra.

To a solution of the alcohol (70 mg, 0.154 mmol) in CH3;CN (1.5 mL) was added HF-py (20 uL,
0.772 mmol) at 0 °C. After stirring for 10 min, the resulting mixture was warmed to rt and stirred for
16 h. Saturated aqueous NaHCO; (2 mL) was added to quench the reaction at 0 °C. The separated
water layer was extracted with AcOEt, and the combined organic layers were dried over Na,SO,.
Volatile material was removed under reduced pressure to give crude 101 which was used in the next
step without purification.

To a solution of crude 101 in THF (1.5 mL) were added MeOH (1 drop) and LiBH4(2.0 M in THF,
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0.15 mL, 0.30 mmol) at -78 °C. After stirring for 1 h at the same temperature, ice-cold H,O (3 mL)
was added to quench the reaction at -78 °C. The resulting mixture was slowly warmed to rt. The
separated water layer was extracted with AcOEt, and the combined organic layers were dried over
Na,SO,. Volatile material was removed under reduced pressure and the resulting residue was purified
by column chromatography (SiO,, hexane/ AcOEt = 2/3) to give 102 (24 mg, yield 52%, in 2 steps) as
a colorless solid. Then 102 was recrystallized from AcOEt- i-PrOH. The stereochemistry of 102 was
determined by X-ray crystallography: *H NMR (DMSO-ds, 400 MHz, 100 °C): & 1.33 (dt, J = 3.2,
12.8 Hz, 1H), 1.41-1.65 (m, 4H), 1.74-1.84 (m, 2H), 1.93 (ddt, J = 4.4, 13.2, 26.4 Hz, 2H), 2.36 (t, J =
7.6 Hz, 1H), 2.59 (dd, J = 11.2, 24.4 Hz, 1H), 3.41 (brs, 2H), 3.66 (s, 3H), 3.67 (s, 3H), 3.67-3.77 (m,
1H), 4.15 (dd, J = 4.0, 15.6 Hz, 1H), 4.30 (dd, J = 4.0, 15.6 Hz, 1H), 4.47 (dd, J = 5.6, 16.4 Hz, 1H),
4.55 (brs, 1H), 5.15 (dd, J = 1.6, 7.6 Hz, 1H), 5.19 (dd, J = 1.6, 14.4 Hz, 1H), 5.94 (ddt, J = 5.6, 10.4,
17.6 Hz, 1H); **C NMR (DMSO-ds, 100MHz, 100 °C): & 14.1, 28.8, 31.5, 33.7, 35.7, 36.5, 45.7, 51.0,
51.6, 52.3, 58.9, 67.0, 67.9, 114.2, 136.4, 155.8, 173.7; IR (ATR): v 3437, 3324, 2926, 2860, 1695
cm™; HRMS (ESI) m/z Calcd for Ci;H;;NOgNa (M+Na) 364.1736, Found 364.1751; mp 174 -
175.5 °C (AcOEt/ i-PrOH).

- ores Secondary alcohol 103. To a solution of 82-syn (69 mg, 0.153 mmol) in THF (1.5
(;U mL) were added MeOH (1 drop) and LiBH, (2.0 M in THF, 0.23 mL, 0.46 mmol) at
ud é ﬁ\alll 0 °C. After stirring for 1 h at the same temperature, the resulting mixture was
\\<O ’ warmed to 45 °C and stirred for 1.5 h. Saturated aqueous NH,CI (2 mL) was added

at rt to quench the reaction at rt. The separated water layer was extracted with AcOEt,
and the combined organic layers were dried over Na,SO,. Volatile material was removed under
reduced pressure, and the resulting residue was used in the next step without purification.

To a solution of crude product in THF (1.5 mL) was added NaH (60% in oil, 6.7 mg, 0.168 mmol) at
rt. After stirring for 10 min at the same temperature, saturated aqueous NH,CI (2 mL) was added to
quench the reaction at 0 °C. The separated water layer was extracted with AcOEt, and the combined
organic layers were dried over Na,SO,. Volatile material was removed under reduced pressure and the
resulting residue was purified by column chromatography (SiO,, hexane/ AcOEt = 2/3) to give 103 (37
mg, yield 62%, in 2 steps) colorless oil: *"H NMR (CDCls, 400 MHz): & 0.14 (s, 3H), 0.15 (s, 3H), 0.91
(s, 9H), 1.22-1.39 (m, 2H), 1.41-1.55 (m, 2H), 1.56-1.66 (m, 1H), 1.65 (d, J = 18.0 Hz, 1H), 1.70-1.82
(m, 2H), 2.02-2.14 (m, 1H), 2.15-2.27 (m, 1H), 3.06 (brs, 1H), 3.54 (dd, J = 8.0, 15.2 Hz, 1H), 3.91
(brs, 1H), 3.94 (brs, 1H), 4.16 (d, J = 10.4 Hz, 1H), 4.27 (d, J = 10.4 Hz, 1H), 4.34 (dt, J = 1.2, 4.8 Hz,
1H), 4.87 (t, J = 1.6 Hz, 1H), 5.20-5.27 (m, 1H), 5.83 (dtt, J = 4.8, 9.6, 11.2 Hz, 1H); *C NMR
(CDCl;, 100MHz): § -4.44, -4.29, 17.9, 19.3, 25.5, 28.6, 28.9, 30.3, 33.3, 37.7, 50.0, 53.8, 63.8, 66.9,
101.0, 118.4, 133.0, 150.5, 153.9; IR (ATR): v 3404, 2932, 2857, 1734, 1654 cm™; HRMS (ESI) m/z
Calcd for Cy;H3sNO,SiNa (M+Na) 416.2233, Found 416.2242.

H Ketone 104. To a solution of 103 (30 mg, 76.2 umol) in CH,CI, (0.76 mL) were

- oTBs
dl «
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added NaHCO; (13 mg, 0.152 mmol) and DMP (65 mg, 0.152 mmol) at 0 °C. After stirring for 10 min,
the resulting mixture was warmed to rt and stirred for 5.5 h. Saturated aqueous sodium thiosulfate (2
mL) was added to quench the reaction and the resulting mixture was stirred for 30 min. The separated
water layer was extracted with AcOEt, and the combined organic layers were washed with brine and
dried over Na,SO,. Volatile material was removed under reduced pressure. The resulting residue was
purified by column chromatography (SiO,, hexane/ AcOEt = 1/1) to give 104 (21 mg, yield 78%) as a
colorless oil: "H NMR (CDsCN, 600 MHz): & 0.18 (s, 3H), 0.19 (s, 3H), 0.94 (s, 9H), 1.66-1.75 (m,
2H), 1.77-1.87 (m, 2H), 2.03-2.09 (m, 2H), 2.25 (brd, J = 9.6 Hz, 1H), 2.33 (ddt, J = 2.0, 4.4, 12.4 Hz,
1H), 2.71 (dt, J = 4.4, 17.2 Hz, 1H), 3.61 (dd, J = 4.4, 10.4 Hz, 1H), 4.13 (d, J = 7.6 Hz, 2H), 4.17 (ddt,
J=0.8,3.2,14.0 Hz, 1H), 4.33 (dd, J = 0.8, 7.6 Hz, 1H), 4.45 (brs, 1H), 5.00 (dt, J = 0.8, 1.2 Hz, 1H),
5.17 (dd, J = 1.2, 3.2 Hz, 1H), 5.19 (ddd, J = 0.8, 1.6, 7.6 Hz, 1H); *C NMR (CD4CN, 150MHz): &
-4.5, -4.3, 18.5, 25.8, 26.3, 28.4, 33.0, 38.3, 38.6, 49.9, 50.7, 54.4, 67.0, 102.9, 118.17, 134.4, 150.8,
152.7, 210.8; IR (ATR): v 2928, 2856, 1697, 1660 cm; HRMS (ESI) m/z Calcd for C4HggN2OgSioNa
(2M+Na) 805.4255, Found 805.4223.

H o Ketone 107. To a solution of 85 (26 mg, 42.5 umol) in CHsCN (0.5 mL) was

BsN added HF-py (2 mg, 98.2 umol) at 0 °C. After stirring for 10 min, the resulting

O”Ff 7(\0 mixture was warmed to rt and stirred for 13 h. Saturated aqueous NaHCO; (10
ay/

0 mL) was added to quench the reaction. The separated water layer was extracted

with AcOEt, and the combined organic layers were washed with brine and dried over Na,SO,. Volatile
material was removed under reduced pressure. The resulting residue was purified by column
chromatography (SiO,, hexane/ AcOEt = 1/3) to give 107 (19 mg, yield 90%) as a colorless form: *H
NMR (CsDg, 400 MHz, 75 °C): & 1.42 (brs, 1H), 1.74 (brs, 1H), 1.92 (brt, J = 14.0 Hz, 1H), 2.07 (brd,
J =15.2 Hz, 1H), 2.38 (brd, J = 15.2 Hz, 1H), 2.58 (brs, 1H), 3.03 (brt, J = 14.0 Hz, 1H), 3.33 (brs,
1H), 3.43 (s, 3H), 3.69 (brd, J = 12.4 Hz, 1H), 3.79 (brd, J = 12.4 Hz, 1H), 3.84-3.96 (m, 1H),
4.11-4.30 (m, 2H), 4.88 (brt, J = 9.2 Hz, 2H), 5.08 (brs, 1H), 5.43 (brs, 1H), 7.14 (brs, 3H), 8.05 (brd,
J = 5.2 Hz, 2H); ®C NMR (100 MHz, C¢Ds, 75 °C): & 26.5, 35.5, 41.6, 42.2, 43.0, 44.3, 48.8, 53.2,
55.9, 61.7, 116.3, 128.6, 128.9, 133.4, 135.6, 139.7, 167.7, 168.3, 169.4, 202.4; IR (ATR): v 2924,
1710, 1661 cm™; LRMS (FAB) m/z 535 (M+K); HRMS (FAB) m/z Calcd for Cy,H25CIN,0;SK (M+K)
535.0708, Found 535.0715.

o Oxabicyclo[2.2.2]octanone 110. To a solution of 107 (14 mg, 28.2 umol)
O
)\/Cl in THF (0.3 mL) was added NaBH, (2 mg, 56.3 umol) at 0 °C. After
N

o

BSHN

H stirring for 35 min at the same temperature, H,O (1 mL) was added to

Meo,& M by

guench the reaction. The separated water layer was extracted with AcOEt,
and the combined organic layers were washed with brine and dried over Na,SO,. Volatile material was
removed under reduced pressure. Crude 108 was dissolved in MeOH for 2 days to give 110 (10 mg,
yield 71%) as a colorless crystal. The stereochemistry of 110 was determined by X-ray
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crystallography: *H NMR (400 MHz, CDCl5): & 1.04 (dd, J = 13.2, 24.8 Hz, 1H), 1.66 (dddt, J = 2.4,
7.2, 9.6, 12.0 Hz, 1H), 1.83 (dd, J = 12.0, 24.0 Hz, 1H), 1.88-2.01 (m, 3H), 2.28-2.38 (m, 1H),
2.72-2.2.82 (m, 1H), 3.33 (ddd, J = 6.4, 9.6, 14.4 Hz, 1H), 3.53 (s, 3H), 3.77 (tt, J = 4.0, 15.2 Hz, 1H),
3.98 (d, J = 13.2 Hz, 1H), 4.04 (d, J = 13.2 Hz, 1H), 4.16 (dt, J = 2.0, 18.8 Hz, 1H), 4.27 (ddd, J = 4.0,
7.6, 14.0 Hz, 1H), 4.55 (dd, J = 4.8, 19.2 Hz, 1H), 4.75 (dd, J = 3.2, 13.2 Hz, 1H), 5.03 (d, J = 17.2 Hz,
1H), 5.09 (d, J = 10.4 Hz, 1H), 5.65 (ddd, J = 4.8, 10.4, 17.2 Hz, 1H), 7.56 (t, J = 8.0 Hz, 2.6H), 7.67
(t, J = 7.2 Hz, 1.4H), 7.97 (d, J = 7.2 Hz, 2H); *C NMR (100 MHz, CDCls): § 27.1, 34.4, 34.9, 40.0,
42.1, 42.2, 47.7, 53.6, 55.0, 61.4, 68.0, 115.6, 128.4, 128.6, 133.8, 136.3, 138.2, 168.0, 168.5, 169.0;
IR (ATR): v 3447, 2928, 1707, 1652 cm™; LRMS (FAB) m/z 499 (M+H); HRMS (FAB) m/z Calcd for
C2,H25CIN,O;S (M+H) 499.1306, Found 499.1281; mp 157.5-159 °C (MeQOH).
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B OISR
H o/> Ketal 115. To a solution of 93 (566 mg, 1.13 mmol) in CH,CI,(22.6 mL) and H,0O
(0]

(4.5 mL) was added DDQ (2.56 g, 11.3 mmol) at 0 °C. After stirring for 10 min, the
resulting mixture was warmed to rt and stirred for 3.5 h. Saturated aqueous NaHCQO;

N
~COo,Me
‘ (2 mL) was added to quench the reaction. The separated water layer was extracted

with AcOEt, and the combined organic layers were washed with brine and dried over Na,SO,. Volatile
material was removed under reduced pressure, and the resulting residue was used in the next step
without purification.

To a solution of crude product in PhH (11.3 mL) was added p-TsOH-H,0 (21.5 mg, 0.113 mmol) at rt.
After stirring for 23 h at the reflux temperature, saturated aqueous NaHCO; (10 mL) was added to
guench the reaction at rt. The separated water layer was extracted with AcOEt, and the combined
organic layers were dried over Na,SO,. Volatile material was removed under reduced pressure and the
resulting residue was purified by column chromatography (SiO,, hexane/ AcOEt = 1/2) to give 115
(309 mg, yield 88%, in 2 steps) colorless oil: *H NMR (CDCls, 400 MHz, 55 °C): & 1.61-1.74 (m, 4H),
1.77-1.89 (m, 2H), 1.96-2.16 (m, 3H), 2.22-2.60 (m, 1H), 3.53 (dt, J = 2.0, 18.8 Hz, 1H), 3.72 (s, 3H),
3.81-3.89 (m, 3H), 3.93-3.98 (m, 2H), 4.25 (d, J = 18.8 Hz, 1H), 4.64 (dd, J = 2.4, 12.4 Hz, 1H), 5.41
(dd, J = 1.6, 10.4 Hz, 1H), 5.79 (d, J = 9.2 Hz, 1H); **C NMR (CDCl,, 100 MHz, 55 °C): & 24.8, 30.6,
34.7,35.5,40.2, 42.3, 46.8, 47.7, 52.8, 63.5, 64.5, 80.5, 109.3, 124.7, 131.3, 156.3; IR (ATR): v 3461,
2920, 2881, 1738, 1691 cm™; LRMS (FAB) m/z 310 (M+H); HRMS (FAB) m/z Calcd for CyH24NOs
(M+H) 310.1654, Found 310.1645.

Ketal 116. To a solution of 115 (658 mg, 2.13 umol) in MeOH (0.76 mL) was added
PtO, (92 mg) and the resulting mixture was stirred under H, atmosphere for 15 h at
room temperature. The mixture was filtered through a pad of Celite®. Volatile

material was removed under reduced pressure. The resulting residue was purified by
column chromatography (SiO,, hexane/ AcOEt = 1/3) to give 116 (571 mg, yield 86%) as a colorless
oil: '"H NMR (CDCls;, 400 MHz, 55 °C): & 1.32 (d, J = 10.0 Hz, 1H), 1.50 (d, J = 10.0 Hz, 1H),
1.61-1.78 (m, 6H), 1.80-1.96 (m, 4H), 2.15 (t, J = 13.2 Hz, 1H), 2.54 (brs, 1H), 2.87 (dt, J = 3.2, 13.2
Hz, 1H), 3.71 (s, 3H), 3.82-4.02 (m, 6H), 4.62 (dd, J = 4.0, 13.2 Hz, 1H); *C NMR (CDCls, 100 MHz,
55 °C): 6 22.4, 26.7, 31.3, 32.1, 34.6, 35.4, 38.9, 43.6, 44.9, 48.3, 52.8, 63.7, 64.4, 80.7, 109.6, 156.6;
IR (ATR): v 3458, 2949, 2881, 1672 cm™; LRMS (FAB) m/z 312 (M+H) ; HRMS (FAB) m/z Calcd for
C1sH2sNOs (M+H) 312.1811, Found 312.1808.

H 0’> Ketal 117. To a solution of 116 (82 mg, 0.263 mmol) in CH,Cl, (2.6 mL) were added

°  NaHCO; (88 mg, 1.05 mmol) and DMP (447 mg, 1.05 mmol) at 0 °C. After stirring for

© ~co,ue 2 h at the same temperature, saturated aqueous sodium thiosulfate (3 mL) was added at
0 °C to quench the reaction and the resulting mixture was stirred for 15 min. The
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separated water layer was extracted with AcOEt, and the combined organic layers were washed with
brine and dried over Na,SO,. Volatile material was removed under reduced pressure. The resulting
residue was purified by column chromatography (SiO,, hexane/ AcOEt = 1/2) to give 117 (79 mg,
yield 98%) as a colorless oil: *"H NMR (CDCls, 400 MHz, 55 °C): & 1.35-1.48 (m, 2H), 1.64 (brd, J =
12.4, 1H), 1.68-1.88 (m, 4H), 1.98-2.22 (m, 3H), 2.31-2.61 (m, 3H), 2.85 (brt, J = 11.6 Hz, 1H), 3.65
(brs, 3H), 3.83-3.93 (m, 2H), 3.97-4.04 (m, 2.5H), 4.13 (brs, 0.5H), 4.34 (brs, 0.4H), 4.54 (brs, 0.6H);
3C NMR (CDCls, 100 MHz, 55 °C): & 20.3, 23.2, 25.1, 33.1, 33.3, 34.0, 36.5, 38.2, 43.5, 47.2, 47.4,
52.5, 63.6, 64.8, 108.9, 156.0, 219.1; IR (ATR): v 2930, 2870, 1730, 1688 cm™; HRMS (ESI) m/z
Calcd for C;6H»3N;0sNa (M+Na) 332.1474, Found 332.1500.

Alcohol 122. To a solution of 93 (100 mg, 0.20 mmol) in CH,Cl,and H,O (3.2 +
0.8 mL) was added DDQ (114 mg, 0.50 mmol) at rt. After stirring for 20 min,
saturated aqueous sodium thiosulfate (2 mL) was added to quench the reaction and

the resulting mixture was stirred for 15 min. The separated water layer was
extracted with AcOEt, and the combined organic layers were washed with brine and dried over
Na,SO,. Volatile material was removed under reduced pressure. The resulting residue was purified by
column chromatography (SiO,, hexane/ AcOEt = 1/1) to give 122 (55 mg, yield 72%) as a colorless
oil: '"H NMR (CDCls, 400 MHz, 55 °C): & 0.11 (s, 3H), 0.12 (s, 3H), 0.91 (s, 6H), 1.61-1.83 (m, 4H),
1.95 (dt, J = 7.2, 12.4 Hz, 1H), 2.17-2.30 (m, 2H), 3.54 (d, J = 18.0 Hz, 1H), 3.73 (s, 3H), 3.91 (t, J =
8.8 Hz, 1H), 4.23 (dd, J = 4.0, 18.0 Hz, 1H) , 4.50 (brs, 1H), 5.08 (brs, 1H), 5.29 (brd, J = 10.0 Hz,
1H), 5.84 (dd, J = 4.0, 10.0 Hz, 1H); *C NMR (CDCls, 100 MHz, 55 °C): & -4.55, -4.37, 17.9, 25.6,
25.9,29.8,30.4, 39.5,41.9, 46.1, 47.5, 52.8, 80.5, 103.2, 126.4, 130.6, 151.5, 156.5; IR (ATR): v 3442,
2952, 2929, 2884, 2856, 1738, 1699, 1667 cm™; LRMS (FAB) m/z 380 (M+H) ; HRMS (FAB) m/z
Calcd for CyH3,NO,Si (M+H) 380.2257, Found 380.2245.

" Alcohol 123. To a solution of 122 (515 mg, 1.36 mmol) in MeOH (13.6 mL) was
added PtO, (52 mg) and the mixture was stirred under H, atmosphere for 2.5 h at

HO room temperature. The mixture was filtered through a pad of Celite®. \Volatile

M material was removed under reduced pressure. The resulting residue was purified
by column chromatography (SiO,, hexane/ AcOEt = 3/2) to give 123 (475 mg, yield 92%) as a
colorless oil: *H NMR (CDCls, 400 MHz, 55 °C): & 0.11 (s, 6H), 0.91 (s, 9H), 1.34 (d, J = 13.6 Hz,
1H), 1.44 (d, J = 13.6 Hz, 1H), 1.50-1.73 (m, 5H), 1.76 (d, J = 18.0 Hz, 1H), 1.92 (dtt, J = 4.0, 12.8,
12.8 Hz, 1H), 2.10-2.22 (m, 2H), 2.81 (dt, J = 2.0, 12.8 Hz, 1H), 3.69 (s, 3H), 3.84 (brd, J = 5.6 Hz,
1H), 3.93 (brd, J = 12.4 Hz, 1H), 4.51 (brs, 1H), 4.98 (brs, 1H); *C NMR (CDCls;, 100 MHz, 55 °C):
8-4.42,-4.34,17.9, 22.6, 25.6, 26.1, 30.4, 31.24, 31.31, 40.2, 41.9, 42.0, 48.8, 52.6, 83.6, 104.6, 150.4,
156.9; IR (ATR): v 3457, 2951, 2928, 2857, 1666 cm™; LRMS (FAB) m/z 382 (M+H) ; HRMS (FAB)

m/z Calcd for CyH3sNO,Si (M+H) 382.2431, Found 382.2414.
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ores Ketone 124. To a solution of 123 (558 mg, 76.2 pmol) in CH.CI, (14.6 mL) was
added NaHCO; (369 mg, 4.39 mmol) and DMP (1.86 g, 4.39 mmol) at 0 °C. After
© ~coMe stirring for 30 min at the same temperature, saturated aqueous sodium thiosulfate
(10 mL) was added to quench the reaction and the resulting mixture was stirred for
30 min. The separated water layer was extracted with AcOEt, and the combined organic layers were
washed with brine and dried over Na,SO,. Volatile material was removed under reduced pressure. The
resulting residue was purified by column chromatography (SiO,, hexane/ AcOEt = 4/1) to give 124
(551 mg, yield 99%) as a colorless oil: *H NMR (C¢Ds, 400 MHz, 75 °C): § 0.17 (s, 3H), 0.20 (s, 3H),
1.04 (s, 9H), 1.25-1.33 (m, 1H), 1.37-1.49 (m, 2H), 1.50-1.70 (m, 3H), 1.79 (d, J = 18.4 Hz, 1H), 1.89
(ddt, J = 4.0, 5.6, 19.2 Hz, 1H), 2.12-2.25 (m, 1H), 2.36-2.69 (m, 2H), 2.80 (dq, J = 2.4, 13.6 Hz, 1H),
3.58 (s, 1H), 4.13 (brs, 1H), 4.77 (brs, 1H), 5.17 (brs, 1H); *C NMR (C¢Ds, 100 MHz, 75 °C): & -4.31,
-4.20, 18.1, 21.6, 24.8, 25.8, 26.0, 29.9, 35.1, 40.0, 41.6, 46.9, 48.0, 52.3, 104.2, 150.6, 156.1, 215.7;
IR (ATR): v 2953, 2928, 2857, 1738, 1698, 1669 cm™; LRMS (FAB) m/z 380 (M+H) ; HRMS (FAB)
m/z Calcd for CyH3,NO,Si (M+H) 380.2257, Found 380.2264.

H Enone 127. To a solution of 124 (10 mg, 26.3 umol) in CH,Cl, (0.53 mL) was added
PhSeCl (10 mg, 52.6 umol) and n-BusNSiF,Ph; (28 mg, 52.6 umol) at rt. After
© Nocome stirring for 21 h, the resulting mixture was added mCPBA (11 mg, 65.8 umol) at rt
and stirred for 4 h. Saturated aqueous sodium thiosulfate (2 mL) was added to quench
the reaction and the resulting mixture was stirred for 30 min. The separated water layer was extracted
with AcOEt, and the combined organic layers were washed with brine and dried over Na,SO,. Volatile
material was removed under reduced pressure. The resulting residue was purified by column
chromatography (SiO,, hexane/ AcOEt = 1/3) to give 127 (3.7 mg, yield 54%) as a colorless
amorphous solid (mixture of rotamers): *H NMR (CDCl;, 400 MHz): & 1.50-1.61 (m, 1H), 1.71-1.81
(m, 2H), 1.92-1.99 (m, 1H), 2.35-2.50 (m, 2H), 2.68-2.89 (m, 4H), 2.90-3.05 (m, 2H), 3.71 (brs, 1.5H),
3.78 (brs, 1.5H), 4.13-4.21 (m, 0.5H), 4.28-4.36 (m, 0.5H), 4.61 (dd, J = 4.8, 13.6 Hz, 0.5H) , 4.82 (dd,
J=4.8, 13.6 Hz, 0.5H), 6.05 (brs, 1H); *C NMR (CDCl;, 100 MHz): & 19.0 (d, J = 9.9 Hz), 26.5 (d, J
=12.3 Hz), 27.2 (d, J = 11.5 Hz), 35.8 (t, J = 2.8 Hz), 36.8, 38.1 (d, J = 2.1 Hz), 49.4 (d, J = 4.5 Hz),
50.3 (d, J = 4.9 Hz), 53.0, 124.4, 155.6, 168.5 (d, J = 0.4 Hz), 197.0 (d, J = 0.4 Hz), 212.1 (d, J = 1.7
Hz); IR (ATR): v 2953, 2924, 2852, 1740, 1690, 1660 cm™; LRMS (EI) m/z 263 (M") ; HRMS (EI)
m/z Calcd for Cy4H;7,NO, (M) 263.1157, Found 263.1155.

oras p-Methoxybenzylether 136. To a solution of 80 (1.0 g, 1.89 mmol) in THF (19
qg/ mL) was added LiBH, (2.0M in toluene, 1.42 mLO, 2.83 mmol) and MeOH (0.1
SR g mL) at 0 °C. After stirring for 10 min, the resulting mixture was warmed to rt and
Tof hd stirred for 20 h. Saturated aqueous NH,CI (5 mL) was added to quench the reaction
R= §7CHZOPMB

at 0 °C. The separated water layer was extracted with AcOEt, and the combined
organic layers were washed with brine and dried over Na,SO,. Volatile material was removed under

-60-



reduced pressure. The resulting residue was purified by column chromatography (SiO,, hexane/
AcOEt = 3/1) to give 136 (910 mg, yield 96%) as a colorless oil: *H NMR (CDCl,, 400 MHz): § 0.13
(s, 6H), 0.90 (s, 9H), 1.55-1.74 (m, 2H), 1.75-1.90 (m, 2H), 1.92-2.04 (m, 2H), 2.16 (dd, J = 6.4, 16.0
Hz, 1H), 2.27 (dt, J = 6.4, 14.0 Hz, 1H), 3.16 (d, J = 8.8 Hz, 1H), 3.29 (d, J = 8.8 Hz, 1H), 3.54 (dd , J
= 7.6, 15.2 Hz, 1H), 3.82 (s, 3H), 4.23 (ddt, J = 1.6, 5.6, 15.2 Hz, 1H), 4.27 (d, J = 4.0 Hz, 1H), 4.43
(dd, J = 11.6, 15.2 Hz, 2H), 4.73 (dd, J = 0.8, 3.2 Hz, 1H), 5.17 (ddd, J = 1.2, 2.4, 10.4 Hz, 1H), 5.21
(ddd, J=1.2, 2.4, 17.6 Hz, 1H), 5.77 (dddd, J = 5.6, 7.6, 10.4, 17.6 Hz, 1H), 6.88 (dt, J = 2.4, 9.2 Hz,
2H), 7.21(dt, J = 2.4, 9.2 Hz, 2H); **C NMR (CDCl;, 100MHz): & -4.49, -4.31, 18.0, 25.6, 31.0, 31.1,
32.9, 41.5, 49.4, 51.7, 54.7, 55.3, 73.0, 73.7, 85.1, 101.6, 113.8, 118.4, 129.1, 129.9, 133.5, 154.3,
157.3, 159.2; IR (ATR): v 2930, 2856, 1715 cmt; HRMS (ESI) m/z Calcd for C,gH4NOsSiNa
(M+Na) 522.2652, Found 522.2638.

H o alcohol 143. To a solution of 136 (500 mg, 1.0 mmol) in benzene (20 mL) was added
CI:)L} ethylene glycol (0.16 mL, 3.0 mmol) and p-TsOHeH,O (0.1 mL) at rt. After stirring for
5 R & 10 min, the resulting mixture was warmed to reflux and stirred for 22 h. Saturated
lr e agueous NaHCO; (5 mL) was added to quench the reaction at rt. The separated water
R= §-chion layer was extracted with AcOEt, and the combined organic layers were washed with
brine and dried over Na,SO,. Volatile material was removed under reduced pressure. The resulting
residue was dissolved in THF (10 mL) and added TBAF (1.0 M in THF, 1.1 mL, 1.1 mmol) at rt. After
stirring for 30 min, saturated aqueous NH,CI (5 mL) was added to quench the reaction at rt. The
separated water layer was extracted with AcOEt, and the combined organic layers were washed with
brine and dried over Na,SO,. Volatile material was removed under reduced pressure. The resulting
residue was purified by column chromatography (SiO,, hexane/ AcOEt = 1/4) to give 143 (279 mg,
yield 90%) as a colorless oil: *H NMR (CDCl;, 400 MHz): & 1.57-1.69 (m, 2H), 1.76 (t, J = 8.8 Hz,
1H), 1.78-1.91 (m, 2H), 2.00 (dd, J = 6.0, 13.2 Hz, 1H), 2.02-2.07 (m, 1H), 2.08-2.18 (m, 1H),
2.24-2.34 (m, 1H), 3.36 (d, J = 10.4 Hz, 1H), 3.51 (d, J = 10.4 Hz, 1H), 3.58 (dd, J = 5.6, 12.0 Hz, 1H),
3.65 (dd, J =7.2, 14.8 Hz, 1H), 3.88-3.97 (m, 4H), 4.16 (t, J = 6.0 Hz, 1H), 4.22 (dd, J = 6.0, 15.2 Hz,
1H), 5.24 (d, J = 10.0 Hz, 1H), 5.29 (d, J = 17.6 Hz, 1H), 5.77 (dddd, J = 6.8, 6.8, 10.0, 16.8 Hz, 1H);
3C NMR (CDCls, 100MHz): & 29.4, 31.2, 36.3, 38.4, 49.9, 50.3, 54.1, 63.6, 64.1, 64.2, 65.6, 84.8,
107.9, 119.1, 133.1, 156.3; IR (ATR): v 3420, 2952, 2879, 1682 cm™; HRMS (ESI) m/z Calcd for
Ci6H23NOsNa (M+Na) 332.1474, Found 332.1476.

H o Aldehyde 144. To a solution of 143 (272 mg, 0.879 mmol) in CH,CI, (8.8 mL) was
q@L} added NaHCO; (111 mg, 1.32 mmol) and DMP (745 mg, 1.76 mmol) at 0 °C. After
R & stirring for 3 h at the same temperature, saturated aqueous sodium thiosulfate (5 mL)
E it and saturated aqueous NaHCO; (5 mL) were added at 0 °C to quench the reaction and
R= §-cHo the resulting mixture was stirred for 30 min at rt. The separated water layer was

extracted with AcOEt, and the combined organic layers were washed with brine and dried over
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Na,SO,. Volatile material was removed under reduced pressure. The resulting residue was purified by
column chromatography (SiO,, hexane/ AcOEt = 1/2) to give 144 (220 mg, yield 81%) as a colorless
oil: '"H NMR (CDCls, 400 MHz): & 1.52-1.75 (m, 4H), 1.86 (ddd, J = 2.0, 7.2, 13.6 Hz, 1H) , 1.99-2.08
(m, 1H) , 2.09 (ddd, J = 2.0, 5.6, 12.8 Hz, 1H), 2.27-2.36 (m, 1H), 2.37-2.45 (m, 1H), 3.59 (dd, J = 3.6,
15.2 Hz, 1H) , 3.83 (dd, J = 6.0, 12.0 Hz, 1H), 3.91-4.00 (m, 4H), 4.21 (ddt, J = 1.2, 6.0, 15.2 Hz, 1H),
4.99 (t,J =7.2 Hz, 1H), 5.24 (dd, J = 1.2, 10.4 Hz, 1H), 5.25 (dd, J = 1.2, 17.6 Hz, 1H), 5.71 (dddd, J
= 5.6, 7.2, 10.4, 17.6 Hz, 1H); **C NMR (CDCl;, 100MHz): & 28.4, 31.3, 35.6, 36.3, 37.6, 49.6, 52.8,
59.7, 64.39, 64.55, 80.4, 107.4, 119.4, 132.8, 155.7, 198.7; IR (ATR): v 2956, 2883, 1709, 1645 cm™;
HRMS (ESI) m/z Calcd for C;H;NOsNa (M+Na) 330.1317, Found 330.1321.

H o Diene 145. To a solution of PhsPCH3Br (349 mg, 0.976 mmol) in THF (3 mL) was
qij\} added KHMDS (0.5 M in toluene, 1.95 mL, 0.976 mmol) at 0 °C. After stirring for 30
SR - min at rt, to the resulting mixture was added dropwise a solution of 144 (200 mg, 0.651
Tf il mmol) in THF (3.5 mL) at 0 °C and stirred for 3 h at rt. Saturated aqueous NH,CI (3
REWS mL) were added to quench the reaction at 0 °C. The separated water layer was
extracted with AcOEt, and the combined organic layers were washed with brine and dried over
Na,SO,. Volatile material was removed under reduced pressure. The resulting residue was purified by
column chromatography (SiO,, hexane/ AcOEt = 1/2) to give 145 (181 mg, yield 91%) as a colorless
0il: '"H NMR (CDCl;, 400 MHz): § 1.56-1.69 (m, 3H), 1.79-1.88 (m, 2H), 1.94 (ddd, J = 1.2, 5.2, 13.6
Hz, 1H), 1.97-2.15 (m, 2H), 2.32 (ddt, J = 4.4, 6.4, 15.2 Hz, 1H), 3.42 (dd, J = 5.2, 10.4 Hz, 1H), 3.67
(dd, J = 7.2, 14.8 Hz, 1H), 3.88-3.97 (m, 4H), 4.26 (ddt, J = 1.6, 5.6, 15.2 Hz, 1H), 4.50 (dd, J = 0.8,
4.8 Hz, 1 H), 5.12 (d, J = 17.6 Hz, 1H), 5.15 (d, J = 10.8 Hz, 1H), 5.21 (dd, J = 1.2, 10.8 Hz, 1H), 5.25
(dd, J=1.2, 17.6 Hz, 1H), 5.79 (dddd, 1 H, J = 5.6, 7.6, 10.8, 17.6 Hz), 5.85 (dd, J = 10.8, 17.6 Hz,
1H); *C NMR (CDCls, 100MHz): & 29.0, 31.0, 36.1, 36.6, 40.6, 49.4, 50.9, 58.0, 64.0, 64.2, 85.7,
107.9, 113.7, 118.5, 133.3, 143.3, 156.0; IR (ATR): v 2959, 2875, 1707 cm*; HRMS (ESI) m/z Calcd
for C17H,3NO4Na (M+Na) 328.1525, Found 328.1523.

o 2,2-Dimethyl-5-tosyloxy-cyclopentanone 156. To a solution of
2,2-dimethyl-cyclopentanone (50 mg, 0.446 mmol) in CH;CN (4.5 mL) was added
TsOI(OH)Ph (262 mg, 0.669 mmol) at rt. After stirring for 5 min, the resulting mixture

was warmed to 50 °C and stirred for 24 h. Saturated aqueous NaHCO; (3 mL) were added to quench

TsO

the reaction at rt. The separated water layer was extracted with AcOEt, and the combined organic
layers were washed with brine and dried over Na,SO,. Volatile material was removed under reduced
pressure. The resulting residue was purified by column chromatography (SiO,, hexane/ AcOEt = 4/1)
to give 156 (89 mg, yield 71%) as a colorless amorphous solid: *H NMR (CDCls, 400 MHz): & 1.06 (s,
3H), 1.07 (s, 3H), 1.66 (dt, J = 6.4, 18.8, 2H), 1.88-2.04 (m, 2H), 2.34-2.44 (m, 1H), 2.45 (s, 3H), 4.80
(dd, J = 8.4, 10.4 Hz, 1H), 7.35 (d, J = 8.0 Hz, 2H), 7.85 (d, J = 8.0 Hz, 2H); *C NMR (CDCl;,
100MHz): 6 21.7, 24.7, 26.5, 32.8, 42.5, 79.9, 128.0, 129.8, 133.4, 145.0, 213.7; IR (ATR): v 2966,
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1752 cm™; HRMS (ESI) m/z Calcd for C14H;50,SNa (M+Na) 305.0824, Found 305.0827.

on Tertiary alcohol 162. To a solution of TMS acetylene (46 uL, 0.452 mmol) in THF (1.5
Tsot{ mL) was added n-BuLi (1.65 M in hexane, 0.27 mL, 0.4.52 mmol) at -78 °C. After
stirring for 5 min, the resulting mixture was warmed to 0 °C. After stirring for 30 min,
156 (85 mg, 0.301 mmol) in THF (1.5 mL) was added at -78 °C and the resulting mixture was stirred
for 2 h at the same temperature. Saturated aqueous NH,CI (3 mL) were added to quench the reaction at
-78 °C. The separated water layer was extracted with AcOEt, and the combined organic layers were
washed with brine and dried over Na,SO,. Volatile material was removed under reduced pressure and
the resulting residue was used in the next step without purification.

To a solution of crude product in THF (3.0 mL) was added TBAF (1.0 M in THF, 0.36 mL, 0.36
mmol) at 0 °C. After stirring for 10 min at the same temperature, saturated aqueous NH,CI (3 mL) was
added to quench the reaction at 0 °C. The separated water layer was extracted with AcOEt, and the
combined organic layers were dried over Na,SO,. Volatile material was removed under reduced
pressure and the resulting residue was purified by column chromatography (SiO,, hexane/ AcOEt =
3/1) to give 162 (81 mg, yield 87%, in 2 steps) as a colorless amorphous solid: *H NMR (CDCl;, 400
MHz): 6 0.99 (s, 3H), 1.07 (s, 3H), 1.43 (ddd, J = 4.0, 9.2, 12.0 Hz, 1H), 1.76 (dddd, J = 4.0, 6.8, 11.2,
13.6 Hz, 1H), 1.88 (dt, J = 6.0, 12.0 Hz, 1H), 2.06 (ddt, J = 6.0, 9.2, 13.6, 1H), 2.33 (s, 1H), 2.46 (s,
3H), 2.55 (brs, 1H), 4.96 (dd, J = 6.8, 9.2 Hz, 1H), 7.34 (d, J = 8.0 Hz, 2H), 7.83 (d, J = 8.0 Hz, 2H);
3C NMR (CDCls, 100MHz): § 21.64, 21.66, 26.3, 26.7, 35.1, 44.5, 74.4, 78.6, 81.8, 86.9, 128.1, 129.8,
133.6, 144.9; IR (ATR): v 3502, 3288, 2979, 2945 cm™; HRMS (ESI) m/z Calcd for CygH20,SNa
(M+Na) 331.0980, Found 331.1006.

Tertiary alcohol 163.
Tso OH// OTBS
K{\ To a solution of tert-butyldimethyl(2-propynyloxy)silane (48 mg, 0.284 mmol) in

THF (0.7 mL) was added n-BuLi (1.65 M in hexane, 0.17 mL, 0.284 mmol) at
-78 °C. After stirring for 30 min, dropwise 156 (40 mg, 0.142 mmol) in THF (0.7 mL) was added at
-78 °C and the resulting mixture was stirred for 2 h at the same temperature. Saturated aqueous NH,CI
(1 mL) were added to quench the reaction at -78 °C. The separated water layer was extracted with
AcOEt, and the combined organic layers were washed with brine and dried over Na,SO,. Volatile
material was removed under reduced pressure and the resulting residue was purified by column
chromatography (SiO,, hexane/ AcOEt = 4/1) to give 163 (58 mg, yield 91%) as a colorless
amorphous solid: *H NMR (CDCl;, 400 MHz): & 0.11 (s, 6H), 0.90 (s, 9H), 0.98 (s, 3H), 1.06 (s, 3H),
1.42 (ddd, J = 4.0, 9.2, 12.8 Hz, 1H), 1.74 (dddd, J = 4.0, 6.8, 12.0, 13.6 Hz, 1H), 1.86 (dt, J = 6.0,
12.0 Hz, 1H), 2.04 (ddt, J = 6.0, 13.6, 1H), 2.45 (s, 3H), 2.47 (brs, 1H), 4.22 (dd, J = 16.4, 19.6, 2H),
4.92 (dd, J = 6.8, 9.2 Hz, 1H), 7.34 (d, J = 8.0 Hz, 2H), 7.83 (d, J = 8.0 Hz, 2H); *C NMR (CDCl,,
100MHz): & -5.15, 18.2, 21.65, 21.77, 25.7, 26.4, 26.8, 35.2, 44.6, 51.5, 78.7, 82.5, 85.1, 87.1, 128.0,
129.7, 133.7, 144.8; IR (ATR): v 3487, 2951, 2858 cm™; HRMS (ESI) m/z Calcd for Cy3H3505SSiNa
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(M+Na) 475.1950, Found 475.1940.

was added TBAF (1.0 M in THF, 0.14 mL, 0.14 mmol) at 0 °C. After stirring for 10
min at the same temperature, saturated aqueous NH,CI (1.5 mL) was added to

TSO%\OH Propalgyl alcohol 165. To a solution of 163 (58 mg, 0.128 mmol) in THF (1.3 mL)

quench the reaction at 0 °C. The separated water layer was extracted with AcOEt, and the combined
organic layers were dried over Na,SO,. Volatile material was removed under reduced pressure and the
resulting residue was purified by column chromatography (SiO,, hexane/ AcOEt = 1/1) to give 165 (42
mg, 98%) as a colorless oil: *H NMR (CDCls, 400 MHz): & 0.98 (s, 3H), 1.07 (s, 3H), 1.42 (ddd, J =
3.6,9.2,12.4, 1H), 1.75 (dddd, J = 3.6, 6.0, 12.4, 13.6, 1H), 1.86 (dt, J = 6.8, 12.4 Hz, 1H), 2.01 (ddt,
J=6.0, 9.2, 13.6 Hz, 1H), 2.05 (brs, 1H), 2.46 (s, 3H), 2.75 (brs, 1H), 4.12 (s, 2H), 4.95 (dd, J = 6.8,
9.2, 1H), 7.36 (d, J = 8.0 Hz, 2H), 7.84 (d, J = 8.0 Hz, 2H); **C NMR (CDCl;, 100MHz): & 21.6, 21.8,
25.7, 26.53, 26.56, 35.0, 44.4, 50.8, 78.7, 83.8, 85.0, 87.2, 128.0, 129.8, 133.5, 145.0; IR (ATR): v
3507, 3390, 2955, 2871 cm™; HRMS (ESI) m/z Calcd for Cy;H2,0sSNa (M+Na) 361.1086, Found
361.1091.

cio  Alkynal 166. To a solution of 165 (42 mg, 0.124 mmol) in CH,CI, (1.24 mL) was
TSO% added DMP (105 mg, 0.248 mmol) at 0 °C. After stirring for 15 h at rt, saturated
aqueous NaHCO; (1 mL) and sodium thiosulfate (1 mL) were added to quench the
reaction and the resulting mixture was stirred for 30 min. The separated water layer was extracted with
AcOEt, and the combined organic layers were washed with brine and dried over Na,SO,. Volatile
material was removed under reduced pressure. The resulting residue was purified by column
chromatography (SiO,, hexane/ AcOEt = 2/1) to give 166 (41 mg, yield 98%) as a colorless form: *H
NMR (CDCl;, 400 MHz): 6 1.01 (s, 3H), 1.09 (s, 3H), 1.48 (ddd, J = 3.2, 8.4, 12.0, 1H), 1.81-1.90 (m,
1H), 1.95 (dt, J = 5.6, 12.0 Hz, 1H), 2.18 (ddd, J = 6.4, 9.2, 20.4 Hz, 1H), 2.45 (s, 3H), 2.74 (brs, 1H),
4.97 (dd, J = 6.4, 9.2 Hz, 1H), 7.35 (d, J = 8.0 Hz, 2H), 7.83 (d, J = 8.0 Hz, 2H), 9.08 (s, 1H); **C
NMR (CDCl;, 100MHz): 6 21.62, 21.71, 26.2, 27.2, 35.3, 45.7, 78.7, 84.6, 86.2, 93.6, 128.1, 129.9,
133.0, 145.4, 175.8; IR (ATR): v 3529, 2965, 2874, 2202, 1672 cm™; HRMS (ESI) m/z Calcd for
Cs4H4005S,Na (2M+Na) 695.1961, Found 695.1922.

0 Amide 167. To a solution of 166 (28 mg, 83.2 umol) in THF (0.67 mL), t-BuOH

OH__~ “Nrgn (0.17 mL), and 2-mehtyl-2-butene (0.17 mL) was added a solution of NaClO, (75
mg, 0.832 mmol) and NaH,PO, (200 mg, 1.66 mmol) in H,O (0.67 mL) at 0 °C.

After stirring for 5 min, the resulting mixture was warmed to rt and stirred for 5.5

TsO

h. IN HCI (2 mL) and brine (2 mL) were added to quench the reaction. The separated water layer was
extracted with AcOEt, and the combined organic layers were dried over Na,SO,. Volatile material was
removed under reduced pressure and the resulting residue was used in the next step without
purification.
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To a solution of crude product in CH,CI, (1.7 mL) was added HOBt (22 mg, 0.166 mmol) and EDC
(32 mg, 0.166 mmol) at 0 °C. After stirring for 10 min at the same temperature, benzylamine (18 pL)
in CH,Cl, (0.1 mL) was added at the same temperature. After stirring for 3 h at rt, saturated aqueous
NH,CI (3 mL) was added to quench the reaction at rt. The separated water layer was extracted with
AcOEt, and the combined organic layers were dried over Na,SO,. Volatile material was removed
under reduced pressure and the resulting residue was purified by column chromatography (SiO,,
hexane/ AcOEt = 3/2) to give 167 (81 mg, yield 87%, in 2 steps) as a colorless oil: *"H NMR (CDCl;,
400 MHz): 5 1.01 (s, 3H), 1.08 (s, 3H), 1.43 (ddd, J = 4.0, 9.2, 11.6, 1H), 1.70-1.93 (m, 2H), 1.95-2.07
(m, 1H), 2.42 (s, 3H), 2.87 (brd, J = 6.8 Hz, 1H), 4.47 (d, J = 5.2 Hz, 2H), 4.98 (dd, J = 6.8, 8.8 Hz,
1H), 6.51 (brs, 1H), 7.26-7.39 (m, 7H), 7.78 (d, J = 8.0 Hz, 2H); **C NMR (CDCl,, 100MHz): & 21.7,
21.8, 26.4, 26.6, 35.1, 43.8, 45.0, 78.6, 80.6, 83.4, 86.5, 127.68, 127.85, 127.87, 128.73, 128.81, 129.9,
133.0, 137.2, 145.3, 152.3; IR (ATR): v 3356, 3065, 2961, 2233, 1654 cm™; HRMS (ESI) m/z Calcd
for Cp4H,7NOsSNa (M+Na) 464.1508, Found 464.1490.

Enone 170. To a solution of 167 (25 mg, 56.6 umol) in AcOEt (1.13 mL) was
o added 10 % Pd/C (12.5 mg) and the mixture was stirred under H, atmosphere for
B”HN)K/QV 1.5 h at room temperature. The mixture was filtered through a pad of Celite®.
\olatile material was removed under reduced pressure and the resulting residue

was used in the next step without purification.

To a solution of crude product in THF (1.13 mL) was added NaH (4.5 mg, 0.113 mmol) at 0 °C. After
stirring for 1 h at rt, saturated aqueous NaHCO; (1.5 mL) was added to quench the reaction at 0 °C.
The separated water layer was extracted with AcOEt, and the combined organic layers were dried over
Na,SO,. Volatile material was removed under reduced pressure and the resulting residue was purified
by column chromatography (SiO,, hexane/ AcOEt = 3/2) to give 170 (9.8 mg, yield 64%, in 2 steps) as
a colorless oil: *H NMR (CDCls, 400 MHz): & 1.07 (s, 6H), 1.77 (t, J = 7.2 Hz, 2H), 2.53 (dtt, J = 1.6,
2.8, 7.2 Hz, 2H), 3.17 (dt, J = 1.6, 7.6 Hz, 2H), 4.44 (d, J = 5.6 Hz, 2H), 5.83 (brs, 1H), 6.68 (tt, J =
2.8, 7.6 Hz, 1H), 7.24-7.37 (m, 5H); *C NMR (CDCl;, 100MHz): & 23.2, 23.7, 35.1, 37.3, 43.9, 45.7,
127.62, 127.70, 127.87, 128.80, 137.8, 140.5, 168.8, 210.0; IR (ATR): v 3303, 3064, 2959, 2927, 2867,
1717, 1645 cm™; HRMS (ESI) m/z Calcd for C;;H,;NOsNa (M+Na) 294.1470, Found 294.1480.

m%\om Diacetate 173. To a solution of 164 (63 mg, 0.139 mmol) in Ac,O (39 uL, 0.418
mmol) was added Mg(ClO,), (3 mg, 13.9 umol) at rt. After stirring for 20 h,
volatile material was removed under reduced pressure. The resulting residue was

purified by column chromatography (SiO,, hexane/ AcOEt = 1/1) to give 173 (59 mg, yield quant) as a

colorless oil: *H NMR (CDCls, 400 MHz): § 1.09 (s, 3H), 1.13 (s, 3H), 1.55-1.68 (m, 2H), 1.88 (s, 3H),

1.98 (ddt, J = 2.8, 9.2, 15.2 Hz, 1H), 2.07 (s, 3H), 2.22-2.33 (m, 1H), 2.45 (s, 3H), 4.63 (s, 2H), 5.34

(dd, J = 2.8, 7.2 Hz, 1H), 7.33 (d, J = 8.0 Hz, 2H), 7.77 (d, J = 8.0 Hz, 2H); **C NMR (CDCl,,

100MHz): & 20.6, 20.7, 21.6, 22.8, 25.1, 28.9, 34.9, 45.5, 52.1, 82.0, 82.79, 82.87, 83.7, 127.9, 129.5,
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134.0, 144.5.7, 168.3, 170.0; IR (ATR): v 2949, 1745 cmt; HRMS (ESI) m/z Calcd for C,H,60;SNa
(M+Na) 445.1297, Found 445.1296.

0RO o Propalgyl alcohol 174. To a solution of 173 (59 mg, 88.6 umol) in MeOH (1.4
K{\ mL) was added K,CO; (23 mg, 0.168 mmol) at 0 °C. After stirring for 15 min at
the same temperature, saturated aqueous NH,CI (1 mL) was added to quench the
reaction. The separated water layer was extracted with AcOEt, and the combined organic layers were
washed with brine and dried over Na,SO,. Volatile material was removed under reduced pressure. The
resulting residue was purified by column chromatography (SiO,, hexane/ AcOEt = 1/2) to give 174 (50
mg, yield 94%) as a colorless oil: *H NMR (CDCl3, 400 MHz): & 1.08 (s, 3H), 1.15 (s, 3H), 1.61 (dd, J
=2.8,9.2, 1H), 1.63 (d, J = 9.2, 1H), 1.90 (s, 3H), 1.92-2.02 (m, 1H), 2.20-2.31 (m, 1H), 2.45 (s, 3H),
2.52 (brs, 1H), 4.23 (s, 2H), 5.31 (dd, J = 2.8, 7.6 Hz, 1H), 7.33 (d, J = 8.0 Hz, 2H), 7.77 (d, J = 8.0
Hz, 2H); **C NMR (CDCls, 100MHz): & 20.9, 21.6, 22.8, 25.2, 28.7, 34.9, 45.4, 50.8, 81.5, 82.4, 84.0,
87.3, 127.9, 129.6, 130.0, 144.6, 168.7; IR (ATR): v 3483, 2950, 1747 cm™; HRMS (ESI) m/z Calcd
for C9H,,0SNa (M+Na) 403.1191, Found 403.1196.

o MO Alkynal 175. To a solution of 174 (50 mg, 0.131 mmol) in CH,ClI, (2.6 mL) was
added DMP (111 mg, 0.263 mmol) at 0 °C. After stirring for 1.5 h at rt, saturated
aqueous NaHCO; (1 mL) and sodium thiosulfate (1 mL) were added to quench

TsO

the reaction and the resulting mixture was stirred for 30 min. The separated water layer was extracted
with AcOEt, and the combined organic layers were washed with brine and dried over Na,SO,. Volatile
material was removed under reduced pressure. The resulting residue was purified by column
chromatography (SiO,, hexane/ AcOEt = 2/1) to give 175 (50 mg, yield quant) as a colorless oil: *H
NMR (CDCl;, 400 MHz): § 1.11 (s, 3H), 1.15 (s, 3H), 1.62 (dt, J = 8.8, 13.2, 1H), 1.73 (dt, J = 4.0,
9.6, 1H), 1.95 (s, 3H), 1.97-2.08 (m, 1H), 2.32 (dddd, J = 4.0, 4.0, 9.6, 15.2, 1H), 2.45 (s, 3H), 5.29
(dd, J = 4.0, 8.0 Hz, 1H), 7.34 (d, J = 8.0 Hz, 2H), 7.78 (d, J = 8.0 Hz, 2H), 9.15 (s, 1H); *C NMR
(CDCl;, 100MHz): 6 20.6, 21.6, 22.9, 25.1, 29.0, 35.0, 46.2, 81.8, 83.0, 87.4, 91.8, 127.98, 128.02,
129.7, 133.5, 144.9, 168.4, 175.8; IR (ATR): v 2975, 2875, 2210, 1752, 1666 cm™; HRMS (ESI) m/z
Calcd for C19H,0sSNa (M+Na) 401.1035, Found 401.1037.

o Amide 176. To a solution of 175 (50 mg, 0.132 mmol) in THF (1.1 mL), t-BuOH

ASO " “NHBN (0.26 mL), and 2-mehtyl-2-butene (0.26 mL) was added a solution of NaClO,
(119 mg, 1.32 mmol) and NaH,PO, (317 mg, 2.64 mmol) in H,O (1.1 mL) at

0 °C. After stirring for 5 min, the resulting mixture was warmed to rt and stirred

TsO

for 1.5 h. AN HCI (2 mL) and brine (2 mL) were added to quench the reaction. The separated water
layer was extracted with AcOEt, and the combined organic layers were dried over Na,SO,. Volatile
material was removed under reduced pressure and the resulting residue was used in the next step
without purification.
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To a solution of crude product in CH,ClI, (2.34 mL) was added HOBt (36 mg, 0.264 mmol) and EDC
(51 mg, 0.264 mmol) at 0 °C. After stirring for 10 min at the same temperature, benzylamine (29 uL)
in CH,CI, (0.3 mL) was added at the same temperature. After stirring for 1.5 h at rt, saturated aqueous
NH,4CI (3 mL) was added to quench the reaction at rt. The separated water layer was extracted with
AcOEt, and the combined organic layers were dried over Na,SO,. Volatile material was removed
under reduced pressure and the resulting residue was purified by column chromatography (SiO,,
hexane/ AcOEt = 3/2) to give 176 (41 mg, yield 64%, in 2 steps) as a colorless solid: *H NMR (CDCl,
400 MHz): 6 1.09 (s, 3H), 1.17 (s, 3H), 1.57-1.72 (m, 2H), 1.88-1.99 (m, 1H), 1.92 (s, 3H), 2.20-2.31
(m, 1H), 2.43 (s, 3H), 4.44 (d, J = 5.6 Hz, 2H), 5.30 (dd, J = 3.6, 7.6 Hz, 1H), 6.24 (brs, 1H),
7.25-7.39 (m, 7H), 7.76 (d, J = 8.0 Hz, 2H); **C NMR (CDCl;, 100MHz): & 20.8, 21.6, 22.9, 25.2,
28.8,34.9,43.8, 45.9, 81.4, 82.0, 82.5, 83.3, 127.79, 127.89, 128.0, 128.8, 129.7, 133.8, 137.0, 144.8,
152.0, 168.5; IR (ATR): v 3266, 2976, 2230, 1752, 1637 cm™; HRMS (ESI) m/z Calcd for
CasH20NOgSNa (M+Na) 506.1613, Found 506.1616.
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