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Ac : acetyl

aq. : aqueous

Ar : aryl

Bn : benzyl

Bu : butyl

Boc : -butoxycarbonyl

Cbz : benzoyloxycarbonyl

conc. : concentrated

CSA : (+)-10-camphorsulfonic acid
DBU : 1,8-diazabicyclo[5.4.0]Jundec-7-ene
DMAP : 4-dimethylaminopyridine
DMF : N,N-dimethylformamide
DMSO : dimethyl sulfoxide

dppf : 1,1’-bis(diphenylphosphino)ferrocene
Et : ethyl

i:iso

HMDS : hexamethyldisilazane
LDA : lithium diisopropylamide
LG : leaving group

M : molar

Me : methyl

Ms : mesyl

MS : molecular sieves

n : normal

NMO : N-methylmorpholine N-oxide
NMR : nuclear magnetic resonance
Nu : nucleophile

p i para

Ph : phenyl

PMB : p-methoxybenzyl

PMP : p-methoxyphenyl

Pr : propyl

rt : room temperature

¢ : tertiary



TBAB : tetra-n-butylammonium bromide
TBAF : tetra-n-butylammonium fluoride
TBDPS : #-butyldiphenylsilyl

TBS : ¢-butyldimethylsilyl

Tt : trifluoromethanesulfonyl

TFAA : trifluoroacetic anhydride

THEF : tetrahydrofuran

TMS : trimethylsilyl

TPAP : tetra-n-propylammonium perruthenate
Troc : 2,2,2-trichloroethoxycarbonyl

Ts : tosyl
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F—Hi TAN1251 FH & & AWiE it

TAN1251A (1a). B (1b). C(1c) KX} D (1d) (%1992 4E (iYL T¥DOM %/ —712 kY, &=
RO NSRS E A Penicillium thomii RA-89 ¥k DISELELEIE LB SN T L ha A
RT& % (Figure 1) Y,

HO
0] 0]
TAN1251A (1a) TAN1251B (1b)

N, )\/\ N, o
"o "0 N_,

o} o}
TAN1251C (1c) TAN1251D (1d)

Figure 1. Structures of TAN1251A-D (1a-d).
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TAN1251 $iT, 581720 MfliETE 2 A9 5 FRO01483 (2) LML L7-EG MR MEE ST
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HIZYT ) UEOBTICEY Y7 u~dt ) Rk 5 BELND, FOk, 5 HsREkE L, E k%
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TAN1251C (1¢) FRO01483 (2)

Scheme 1. Hypothetical biosynthetic routes to TAN1251C (1c) and FR901483 (2).
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YT 10 ZEK LTS (Scheme 2), ZOFE, 10 1 6:11 OV T AT LA~—REME L TH
LNTWD, TDO%, HIFROERICLY 7 I/ 7ha— 11 28 L, TFAA % V7= DMSO [
BIZ L0 T 2 ) EKORE L KBIED T VT B RO b ZRIRFZITV 12 & LTWD, T, Y
INFaTETFNANEERET LI EICED, FEET I ETT B ROBKMEGSET L, BN
BREOBEII L TN D, BT 4 — Wiy hifk# T 22 L T lc ORAEREERL T\ D,
S HIT, Snider B, RERML— FOGHKFMENS, la, 1b &Y 1d OMEREN 7RG RCA ZEM LT
w5,

¢

(@] (0]
Cone @ A C0,Et

L o —
NHOH [3 +2] CO,Et
Meozcj/ cycloaddition | Me0,C . _N_ .-
® O
©
A" 8 Ar1j/
Ar' = p-BnOCgH, | 9
O o TFAA, DMSO; 0.0
Et;N o)
MeOZC J/ J/
g AT CH,Cl, A
~78°Ct0 0 °C

“CokEt O
10 AR :

= N,Me
1) K2003, MeOH'HQO )\/\O N, o
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TAN1251C (1c)
16 steps, 4.3% overall yield

Scheme 2. Snider’s synthesis of TAN1251C (1c).
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Scheme 3. Ciufolini’s synthesis of TAN1251C (1c).
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TAN1251C (1c)
16 steps, 6.2% overall yield
Scheme 4. Honda’s synthesis of TAN1251C (1c)
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2 DAWMZEICHE T, Ugi S D 2HW5 2 & THERINBEHREOME, L OTEEFHRERIC
VERERESTEZ FICEATHZ LI LTWS, £72, T AT LARRNARSFHNT VR

— VRS, RO IER 5- A2 TG AR H U728 e ROGIZ K 0 | @B ICHERR L7 =B8R E#s Lo B HE
ENRRIRIE AL, 2 O2&mEERK L T\ 5 (Scheme 5),

[\

o__0O

@ / \ (0]
Ugi 0 0o Dieckmann

O .
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N~ NT
sz OH % PN
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Me O 33 34
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R=CO,Ph Ar :\((j

diastereoselective
intramolecular OMe
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I
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HO”

FR901483 (2)

Scheme 5. Total synthesis of FR901483 (2) via Ugi reaction.
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Scheme 6. Retrosynthetic analysis of TAN1251C (1c).
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38, WEfE (31). 4 Y =h VUL 41 ZHWTEF O Ugi KLx2iT-o7288, Bea-7 27 2 R 43
BELNT, T IO LW ZRrEA G (Passerini i © ) SHEfT L7 42 3L LT
5 iL7= (Scheme 7),
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Scheme 7. Unexpected side reaction.
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HEL D, LRROUSIZIBWTIE, 38 O—flkiERERLDEE SITL D A I BB AR
BipE L 72 2728, Passerini SUSDEIEMICHEIT LD EEZ X LD,

Ugi reaction (desired)

R3CHO + R*NH, 0

”\‘ R2 _O
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EL )
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Scheme 8. Reaction mechanisms of Ugi reaction and Passerini reaction.

ULEOREREEE 2, FEIEL 29 & 38 ZRICILSE, A IVEERIEHE, 31 & 41 2K
JEEWDFEICEY BIROSZ T 5 2 E N ARETH D & B 2 7, MSAA f71E T, MV= U EEEF 29
& 38 HMMEAEMEITAT L, RHICTA I 44 Zpl S E72t%, FRICT 31, KW 41 25063
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Scheme 9. Construction of tetrasubstituted carbon containing a nitrogen substituent.

B RO S FERAL S &2 IV 72 A /b — B (Schemes 3,4) Tik, 1c DY 7 W ) ERNLIC A%
WEFZEDZEDBRECTH -T2, DD, 7 a~tV ) VENORE - RIEERTTT A2 LI
£V, Ugi bERWE 1c FFERAENRETH D LB 2T, £ T, Ugi Rt D IE — % i
FET AL LT, 7. A4 Y= UV KROI AR CBRIZOW TR 217> 72 (Table 1), Matofs 5,
xR BEEEZMVDLZENARTHY . WTNHTRENLEICGRICTHEM A 5272, AT RE
RELT, A Y=bFU/V 41 (X 45 L ROBMEDR @< BOGEEE &K QMR O 1T BAF e R AR
L7,

Table 1. Substrates scope of isonitrile and carboxylic acid.
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o_ 0O
H
OTBDPS 029 RO OTBDPS
A MS4A o H J/ A
H,N™ R! NT s
38 toluene rt o %\
80°C to rt OBn (¢)
Ar =\(©/ R?
entry R! R2 reaction time  product  yield (%)
1 (CH5),0CO,Ph (41) H (31) 16 h 43 85
2 (CH,),0CO,Ph (41) NMeCbz (46) 16 h 50 85
3 (CH,),0OCO,Ph (41) NMeBoc (47) 16 h 51 85
4 (CH,),0OCO,Ph (41)  NHCO,Me (48) 16 h 52 80
5 6-Br-pyridyl (45) NMeCbz (46) 6 dyas 53 75
6 6-Br-pyridyl (45) NHCO,Me (48) 19 h 54 62
7 6-Br-pyridyl (45) NHBoc (49) 6 days 55 54
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HiWZzHE5 Z SIlZlBH Lz, LiL, ©XY Ky 56 #H0VWE, JOSEMBICETLIZb00
INEFENCHWZT 22 40 EHEW 59 L DB T A~ NI T T 4 —TONMERRNETH 72720
RIER & 72572 (Entry 1),
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Q OTBDPS
HO H J/
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S, ° “
MS4A 41 48 J/
“, A O
HNT PhO,CO o)
38 toluene rt MeO.__NH
80 °Ctort OBn e
Ar = o)
entry X reaction time product yield (%)
1 NBn (56) 6 days 59 34
2 O (57) 6 days 60 76
3 S (58) 6 days 61 70

ZIZT,AY=RU 417 KON 459 AW FRIZ oW TR S,

FRE LT I NS AT D12 OIITBE R /M2 0B L § 2720, BEMUSIZE W TSR ERE
%%iféﬁé:kﬁﬁ%?%éo%@tm\wiﬁmmmw@(:X%TiP%é%\%ﬁ@*#T
WCCERREEWMNARERA Y = N U VO EPEANATDOILTWD 79, EEOREGDFIET D,
41 Z* 45 (2O TR, KEEMNPESL THLZ L, BEERTRY VT WD &, F2, 7 I NS
BRI TREFA SRV ERFLERE LTETF LN,

ZThENDA Y = I VERWEHAEOT I REEWRO A J1 = X W& LLUFIORT,

41 ZHWTz Ugi SOSEGER Tl HEZER ST 2 L2k, C Ko7 I NG % BiskRE
DENAFT VT ) o~ LAEWAEETH S (Scheme 10),

o
41 Y © Y o Y ©
— Ugi reaction | t-BuOK |
X-CO,H Ugireaction O /Gor 1BUOK. X\H/N\T/H\N/u\o__> < 1
Y—-NH, hif N J ZJ \_/ hig Nu
o)

Z-CHO o Zz D z
} Nu

t-BuO Nu = CH3(CH2)¢1SH

Scheme 10. Cleavage of C-terminal amide bond via oxazolidinone intermediate.

45 Z W2 Ugi BOUGEGREIR Tix, BEEEMESRE 72Tt v, vV U7 I RESEER & 72
DI BHIZT I NGy &2 AWT 5 Z LN A[RETH 5 (Scheme 11),
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X-CO,H Ugi reaction X NW)J\ - | basic condition X\H/N Nt /(1
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2 T H NP o z

_ (0] z
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l acidic condition
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+
W)\N ®N hig NU- N SN B
0o z

Actlvated LG Nu = MeOH, n-BuNH,, EtSH

Scheme 11. Cleavage of N-pyridylamide under basic and acidic conditions.
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Scheme 12. Attempt at Dieckmann condensation of 52 with LiIHMDS.
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0) L L_K_

Scheme 13. Cleavage of C-terminal amide bond under acidic condition.
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—MeOH >\\NH o
OTBDPS MeO. NH VoG
J/ e g € 67 (56%)
LIHMDS o
THF MeO._ OMe M M
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\([)f OBn | J/ C-N bond OTBDPS
66 Ar =\(©/ MeO( N~ AT formation NJ'/:,,/AF
0 K& —0=C(OMe),
o) HN
\/go
eO N 68
e
L @) _

Scheme 14. Construction of spirolactam skeleton.

68 MEIET D AN =ALELLT DX HIZEE LTz (Scheme 15),
W, A MR IR NVEIIARRICSEETIIRBE LIS WEBE TH L B2 6NHT2D, U7
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o o=
o) THF OJ N 0=C(OMe),
NH 78°Ctort =Y \/&O HN\/go

eO
\"/ OBn ‘/OMe 68
0 Ar = 69
66

Scheme 15. Plausible reaction mechanism of diketopiperadine formation.
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BUHET U7 AT LA ERP T I NESTTOME

VT AT UVARRR T I RIBETTOMRFEITOICHIZY . BETHEE 73 XY 74 OEREIT
7z (Scheme 16), £9°. NaBH, #ZiCIZHi < MKRISIZE Y | ap-REafnT 7 % 5 70 G LTz, Bk
FOSRDES, —8 AF NI B — W AF LT ) — Lo —F L~ BEINTAEY 71 BRI L7
B, ARSI L, 7 b 72 L Lz, 20k, BikiE O 2HWCr bz L o%w
ERTF LU A —VTRETHZLICLY 73 27, 74 IZOW\WTiL, 73 ® TBDPS X% TBAF
WCCHRETDIZEICEVAK L,

MeO_ OMe

MeO_ OMe
OTBDPS
1) NaBH,, OTBDPS OTBDPS
__MeOH,0°C J/
N
2) MsCl, EtN \ N ACOHngg H20
CHClprt s
then DBU, t ~ NH O o (3 steps)
R = CO,Me 70
OBn
: :gj
O /
Mso” >-OTMS 0. 0
J/OTE‘DPS TMSOTY oTBDPS TBAF
B —
“,, AT J/ J/
\ N o CH2C|2 N "'//Ar THF /
-78t0 -40 °C \ )
. 98/0
R-NH © 86% R-NH 0O

Scheme 16. Synthesis of enamides 73 and 74.

73 KX 74 DY T AT VAR e=F I REZMRa L7z (Table2), 1L U Iz, 73 (Zxf L, Pd/IC
ZRWTZEE T COEMKZIRETLEZIT 720, = I ROETIZIEEIT LR -7 (Entry 1), &E
PR FRR ROV T O REI L& 24, BAEZEICRICTHD Z LTI LN, T AT
LABIRMEIT 2 B L 7R o 72 (Entry 2), WIS, [USH—#okBRIEo TBDPS J&7%, =7 I KOS
PEICHEE B2 TOWDAREENE 2, WHE 74 I[CEFE L, BEMKFE TSSO EITo7, 73 &
X872 74 OBTIX, HETTHLICHETT 5 Z & &2 R L7 (Entries 3-6), Pd/C % 721X Perlman
il 2 W2 SR Tk, 7 A7 LRI R BBL L2 o720y (Entry 4), KRZEBBLRZFEWLZ L
filfi & Rl 14> (Adams filll) ICEE S22 & T, VT AT LA 41 [ THEDONIRKMEFE A9 5
76a NELNDHZ LA LT (Entry5), PUC % HAWE T TIE, U7 AT UARIRER S HELL
RinoToZ EME . ABRMEITBEASICRRNR D THL LEZBNLD,
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Table 2. Diastereoselective reduction of enamides 73 and 74.

[\ [\
o__0O o__0O
OR
J/ Ar’ pressure J/ LA Jj“/Arz
catalyst N
B ——————
MeOH, rt i—i 0
OMe OMe OMe
73 (R = TBDPS)
74 (R=H) 75a R TBDPS) 75b (R = TBDPS)
\<©/ 76a ( 76b (R = H)
. . o selectivity?
entry enamide pressure catalyst yield (%) (@:b)
a:
1 73 1 atm Pd/C -
2 73 500 psi (34 atm)  Pd/C 89 1:1
3 74 1 atm Pd/C 83 1:1
4 74 1 atm Pd(OH), 67 1:1
5 74 1 atm PtO, 80 4:1
6 74 1 atm Pt/C 66 1:1

aThe selectivity was determined by 'H-NMR analysis.

BLASICE DT AT VARIRMERILDO A D = XL EERZTDHITHI-0 ., A L7 ¢ VIETRIEEA
DIZENARREZFHHE L7z W, REEREFREOBE, 74 O L7 ¢ VBT OGITR > DV ER
EINTRZRIEITLTWDE LB ONDTD. 74 PO UNEER L 77 OFEZESIRELE # 5
LT, RZEREHEICL VSN REEREE Figure2 |27, ARl ra~fi il

MIEH & DNLRBOE D /N E 72D K 91T, MIBHOSARELEZE DS HUE S D 72 SO — koK BB EE 1T BRIk
TF I RO MINCEE S5, 75a OYVR LT LD, =F I FOBRTII TN LHETL TS Z &0
FHEND D, DT AT VA RREFRBDOA B =X 0L LT, BbASR — Rk IEICENL LK
SR Z R LTV A TREMENRE 2 b D,

Figure 2. Lowest-energy conformer of 77 and plausible reduction intermediate 78.

PLEDRER, Ugi OSIZHE< Dieckmann BIOMES S, KT F I RORETIT LY | ZREMEEKO
MRV ER 2 TOFREEZRHIZ D Z LN TE, o, MEDOILEEEN DT AT L AEIRVEIZK
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ERWBEHZDENIHAEST, L L, KER/LV— ME, 76a & 76b Z75BET 25 2 & 3K EE
ThHhdHE. 2 F I RBILOTT AT UVAERIREO IS 5M ENEETHDLZ Enb FREETE LT,
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A AU ARG A RBOR & LT B RIS O N5

AN TR X212, = F I ROUT AT VAR ICIC L D7 X/ EADOEHIT, F DOBIR
PEICREZ IR LTz, 207, X0 @SRRI 7 X 7 FEOREER, 1c ORERKIZEIT 2 HEEH
L LTHET NS, 2 TEHIL. FRI01483 (2) DA 9 I2BWT, U7 AT LA RIR R 4%
VABICICTT I ) EACEHR LTV D RIICER L
FEAl %A Scheme 17 (Z/v 9, AREA/L— Tk, 79 1Zx L, DR F I NVIEOBEANIKELS . A%
DB E DA XU A 8L ZHEKLTWDE, D%, MlE R =B EKEAT 5 81 OFEZF
ALY T A7 VARIR R A ¥ MBI ETV, 83 ZH—DTT AT LAY —L LTHTWVD,
TBSO TBSO
NaNO,

TBAB
conc. HCI

il

TBSO

Et,0-H,O
66% (2 steps)

Zn, NH,CI

AcOH
50 °C

HoN
83
Single diastereomer

Scheme 17. Diastereoselective reduction of oxime 81 in total synthesis of 2.

2 ORARICTHLNMA, RORIEIC TR O EN D, BIToREE LTHF A 82 &
At Uiz, 82 OMIEHOSIARLEZFIF LT, Sy 7 AT LABRRNZRR TN TRETH D EEZT2120
Th b,

VT AT VA BRI I A X U LRI ON RS & U2 A A kT E 2 Scheme 18 12T, SR
MR ToH 54 % 4 84 1%, Ugi USSR 53 Lv#E 2Lt L7, 53 VWA HEBE LT, i
PESRIFIZ T CRT X REEZRDICEBRAREECTHDHZ &, Prav v lkoT I ) KEh Li-4dxy
LEENES THDHT-OTHDH, T3 85 b 1c ~DEHIZHOWVWTIE, % FHHic Tk
A RGEHEICHED 2 & & L,
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OTBDPS OTBDPS | diastereoselective OTBDPS
B N H J/ Al —— J/ reduction of oxime J/
) N N el — /

NCb Ar2 -
Me” z Ar! =

53 Key mtermedlate

N (0]

TAN1251 (1c)

Scheme 18. Novel synthetic strategy of TAN1251C (1c) via oxime 84.
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HONE A ATPREIROARL
FX T 84 BEERTDITHIZY ., X UDIT, Ugi BULNKEEAR 53 @ C K7 2 NEOEHE 1T -
AL LT NaOMe # v, 7 FEOEMEIToI2 L 2 A,

72 (Scheme 19), * %/ —/ V¥

Dieckmann BIBR{b. )& & THEAT L7 87 7235 6%7’_0
[\
0._ 0
OTBDPS OTBDPS OTBDPS
J/ NaOMe J/ J/ A
- e I 0 N y, r
MeOH
50 °C
NCbz NCbz coz ©
Me” OBn Me” Me
53 Ar =\(©/ i 86 i 87
Scheme 19. Spirolactam formation of Ugi product 55 using NaOMe
WIZ, B F B/ TR ARV — b ERERIZ NaBHg 32 5t1#E < KGR Z . ap-AfE
M7 725 89 OWEZRLT-N, 7 b OBETLSTELEIT LA > 72 (Scheme 20).
N\
0__0
OTBDPS OTBDPS OTBDPS
J/ NaBH, J/ dehydratlon J/
T HOM NN T v, AT
Me OH \ N
CbzN O
Me 89

87
Scheme 20. Attempt at reduction of 87.

N,

1=

ITLehro e BR L UTBRET 27 X /7 2,

HEITLTWD Z Lok, 87 DIETHLE
W - ) — VEEISTFAE L CEB Y . NaBH,

67 DBETTL DN
EENEZ HD, 87 |

Ligo o LHEE S LD (Scheme 21),

KON TBDPS #:1C X 2 S ARPE
JLIN TB547 MK 87 OBE. ML Chz-AF LTI Iy P 2B TRBEISNLTWAS L

EILAI 7 b A S E IS < RS DELT

FEABND, PRIC

O
N N . OBn
Cbz 0 'H

TBDPSO TBDPSO
90 (enol form)

87 (keto form)
Scheme 21. Plausible reaction intermediate in reduction of ketone

PLEDESENS WHET A7 I 7 H EOBMELIC LA VABESBRFE XL, 7 N O
ISINTRETH D EE 2T, Thbb, 5725 FOBWHWEOTEMEN SV 87 O ) —/L{K 90 IZ&
L. KEgED M) 77— Mok < ik #E{b 21T -7 (Scheme 22), 87 ® v U 77— Mk, &
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OMRBER KB BOSIT R ICHEEIT L, 89 2455 Z LTI LT,

o_ O
OTBDPS KHMDS OTBDPS pdCl,(dppf):CH,Cl, OTBDPS
J/ PhNTf, J/ Et;SiH J/
— TfO A
THF DMF, 60 °C
o 0,
Csz -78°Ctort 85% Csz

48% (2 steps)

87 OBn 91 89
Ar =

Scheme 22. Deoxygenation of carbonyl group of 87.

AH T LI EAT D70, 89 AEMUKEEITTRIMICAT L, Cbz 2T Bn FEOFRE £ FRFICAT 9

ZE TSI 92 457 (Scheme 23), 92 DT F I UL b DAREMIK L EZ HNDH D
ERexv LT I U0 EREERZLICLn, #FhEAEATHILFT L 84 f\ézéw‘:o

o__0O
OTBDPS
OBn H, OTBDPS OH NH,OH-HCI OTBDPS
Pd/C /( yrldlne /(
N e, E—
MeOH MeOH, rt
0,
CbzN o rt HN\ o 86% (2 steps) N\/
Me o Me g OH 84
E ‘ N% = N4
1 HN o)
|

_______________________

Scheme 23. Synthesis of oxime 84.

22



FHEE VT AT UARIRARA U LR

FF A 84 DBITLIZOWVTHREEIT> 7= (Scheme 24),
ﬁﬁﬁﬁ%#@\2®AAﬁkﬁ%C\ﬁ@%%w?ﬁikkkbko%%%ﬁ¢\w%mfﬁ
AR &7 & 2 A GBIERONII MW ICEIT U HIFEE 0 BT oMb 2 A3 57 1 85 %
HB—DYT AT UA~—, L TH 7 AT LA HIE,. 85 OILEH L EMIIR AN H - 12728
HARS O NMR 2255 H LT,

OTBDPS OTBDPS
LB O
AcOH
50 °C
N o H,N 0
OH 84 85

Single diastereomer

Scheme 24. Zn mediated diastereoselective reduction of oxime 84.

ZIT, VT AT VAR O R BUEEIC DWW CEE e B 22417 5 X< | 84 DIRLZEREA KD %
Tl L7, REEREHE W IC L0 EX I NEEE Figure 4 (TR T, BIBHONLIRELE L, 77
DI ERCE & RIFEOREEZ & > T D72, Bl TBDPS JEiIA % v Ao FHNCHEE S Tun
b, 84 OIEZEREND, HINI LD AF T LBITO T AT UABRMEIL, Figure 3 (237 Uik
HICTHRILTND EEZ TS, Thbb, RN T 5 L& TBDPS & ONLIRK 3%
WD EDICLT, AxT2ED LNCEAT 5, 78 boAvbid, X0 ZEMPIIZZENTHW S TG
HATT D700, BRENFILL TVD LHEZELTWD,

o
O-Zn o
HN ‘\rN OH
H*4 O H
TBDPSO

Figure 3. Lowest-energy conformer of 84 and plausible reduction intermediate 93.
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#\Hi TAN1251C (1c) DB

1c ORAFIZIANT T, FRDFEEIL 1,4-diazabicyclo[3.2.1]octane BERDIEETH D, 9. 85 O 7T
JEEERA N VANRENVEITTRE LT, 7= ) — AR  V=V ERAEAT 52 8T 92
&R L7z (Scheme 25), 92 % LiAlHs ICTUET L LI2LY, TV EA~DAFNLEDOEAN, T
7 2 ADIRETE, KON TBDPS HEOBREN—FITHETL, 7/ 7 /va—)b 93 7=, KT, Snider
OO HIEM, —BAKBIEDORR L L & kT I OR#ELRIFFICITo 7%, M) 7t r T
ErxBRETHILEICEY, AAREMICESIL . D FRNBLAKKMEA KIS EAT L.
1,4-diazabicyclo[3.2.1]Joctane BR A A&EL L7z, Hi&IZ, MEMESRIE T, =F Lo — N EERETH L
(Z& Y TAN1251C (1c) DAFEEKEZEK L7 B, B DOBFEART bAT =213, KM E R
W—E &R LTz,

0_0 1) methyl chloroformate o_ 0O
OTBDPS 4. NaHCO,, THF-H,0 OTBDPS _
ﬂ (B
N 2) prenyl bromide N THGF
0 50 °C
HON 5 85 Cs,COg, acetone >\‘NH o 549
° (o]
2 50 °C, 94% (3 steps) MeG 94
TFAA
J/ CH,Cl, J/ Lj MeOH HZO
-78 °C
then Et3N 60% (2 steps)
0°C

ao Y

98

1M HCI )\/\ N,
S o o

—_—
acetone
rt (0]

65%
TAN1251C (1c)
[alp?® +23.8 (c 0.37, MeOH)
lit. [a]p2® +24.0 (c 0.44, MeOH)

Scheme 25. Completion of the total synthesis of TAN1251C (1c).
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G

ARIZEF X, TANL251 %2 U — NMEAWM & LI-AIRF e 2 HBL T X<, SHERBEE2 T2
TAN1251 FHEARORHE DB FE 7Bl — R ORISR Z BIE L=, Ugi Kb, KWW T AT L A8 IR
A7 A o DIRTTRS B8RS & L CHWD 2 & T BER AN E S 7 TAN1251C (1c) DAL —
NEfESL L7z, LT, Mtz L TR mlic oW TR 4%,

Ugi Siicfke< Dieckmann BUE A SO Z IR ORECA Y R T 7 X NEREREET D
Z LIz L7z (Scheme 26),

I\
o_0

o__ 0 R%0_ OR3
. Dieckmann .
0Si Ugi reaction 9y J/OS’ condensation J/OS’
(0] N v, Ar o, _Ar
,NC J/ _Ar R2 N~ HO ¢ N
R HoN o (&O
OH R" ©
R R
0 2 or 3 steps
from ketone

Scheme 26. Construction of spirolactam using Ugi reaction and Dieckmann condensation.

F72, Ugi ROLOEEIAMEOE S ETHHRIZFMATHZ LICL 0, kxe@EEE2HT A8 71{k
EMERCEMRATRETH D Z & B FFE LT (Scheme 27),
X

X
. . OSi
Eﬂj osi Ugi reaction H\'%g J/
o) J/ N \, _Ar
R2 e
_Ar

N

HoN~ o
oH f&o
s w

o 10 examples

Scheme 27. Substrates scope of ketone, isonitrile and carboxylic acid.

T AT UAERA TS I RiEE, KOA RV LR TOMS @ L T, MO NAREEN T A
TUABPIEICREREEL 5252 /RN L, ZOMAZREIC, V7 AT LAERMRT I
FOMEEEZER L, Ft< o0 THNBKNEES RS T, @ ASIREYIC 1,4-diazabicyclo[3.2.1]octane BR % 4%
HTHZLIZED, 7 b 29 b 13 TR, #RINE 5.2% T TAN1251C (1c) DARF AR A 5Eix Lz
(Scheme 28), 4. AWFFERL A FLIC L2 AIRIFFE M TN D Z ST 5,
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o_ O
o_ O
i ; OTBDPS
© Ugi reaction OH diastereoselective
2 _— reduction
Br N NC OTBDPS OBn . N
| ~ Dieckmann
P . condensation 7
HoN™ N\ (0]
45 38 OH 84
Me . OH
20
46
o_ O
dienamine
OTBDPS OH formation
_—
_—
N
HoN- O g5 TAN1251C (1c)

13 steps, 5.2% overall yield
Scheme 28. Total synthesis of TAN1251C (1c).
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FERDER

Analysis Instruments

Nuclear magnetic resonance [*H NMR (500 MHz), 3C NMR (125 MHz)] spectra were determined on JEOL
ECA-500 instrument. Chemical shifts for 'H NMR were reported in parts per million downfields from
tetramethylsilane (8) as the internal standard and coupling constants are in hertz (Hz). The following
abbreviations are used for spin multiplicity : s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet, br =
broad. Chemical shifts for *C NMR were reported in ppm relative to the center line of a triplet at 77.0 ppm for
deuteriochloroform.

High-resolution mass spectra (HRMS) were obtained on a BRUKER DALTONICS micrOTOF (ESI).

Infrared (IR) spectra were recorded on a SHIMADZU IRPrestige-21.

Optical rotations were measured on a JASCO P-1030 Polarimeter at RT using the sodium D line.

Analytical thin layer chromatography (TLC) was performed on Merck precoated analytical plates, 0.25 mm
thick, silica gel 60 Fas4. Preparative TLC separations were made on 7 x 20 cm plates prepared with a 0.50 mm
layer of Merck silica gel 60 F2s4. Compounds were eluted from the adsorbent with 10% methanol in chloroform.

Flash chromatography separations were performed on KANTO CHEMICAL Silica Gel 60 (spherical) 40— 50
pum, Silica Gel 60 (spherical) 63— 210 um, Silica Gel 60 N (spherical, neutral) 63— 210 um or Silica Gel 60
(spherical, NH) 40— 50 um.

Reagents and solvents were commercial grades and were used as supplied with following exceptions:

Dichloromethane, diethylether, n-hexane, tetrahydrofuran, toluene :
dried over molecular sieves 4A.

Methanol, ethanol, acetonitrile :
dried over molecular sieves 3A.

All reactions sensitive to oxygen or moisture were conducted under an argon atmosphere.
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Experimental Procedures

Synthesis of Amine 38

TBDPSCI
J/OH OBn DE'\;sAf\\lP /(OTBDPS OBn
HoN™ " i CH,Cly HoN /C
s1 aro% 38

To a solution of S1 (1.20 g, 4.70 mmol) in CHCl, (15 mL) at 0 °C were added EtsN (1.30 mL, 9.30 mmol) and
DMAP (110 mg, 0.93 mmol) followed by TBDPSCI (1.30 mL, 5.10 mmol), and the reaction mixture was stirred
at room temperature for 12 h. H,O and 1 M HCI were added and stirred for an additional 15 min. Then the
reaction mixture was neutralized with 4 M NaOH, and the aqueous layer was extracted with CH2Cl,. The
combined organic layers were dried over anhydrous MgSQa,, and concentrated under reduced pressure. The
resulting residue was purified by column chromatography on silica gel (CH,Cl,) to afford 38 (2.00 g, 87%) as a

yellow oil.

[o]o? + 0.37 (¢ 0.510, CHCIs).

!H NMR (500 MHz, CDCls, §): 7.69-7.64 (m, 4H), 7.47-7.31 (m, 11H), 7.07 (d, J = 8.6 Hz, 2H), 6.88 (d, J =
8.6 Hz, 2H), 5.04 (s, 2H), 3.62 (dd, J = 9.7, 4.6 Hz, 1H), 3.52 (dd, J = 9.7, 6.9 Hz, 1H), 3.15-3.07 (m, 1H), 2.74
(dd, J =13.8,5.2 Hz, 1H), 2.47 (dd, J = 13.8, 8.0 Hz, 1H), 1.54 (brs, 2H), 1.08 (s, 9H).

13C NMR (125 MHz, CDCls, §): 157.3, 137.1, 135.6 (2C), 133.5, 131.3, 130.2, 129.7, 128.6, 127.9, 127.7, 127.4,
114.8,70.0, 68.2, 54.4, 39.4, 26.9, 19.3.

IR (film, cm™): 3048, 2930, 2867, 1686, 1611, 1510, 1460, 1427, 1381, 1298, 1240, 1177, 1113, 1026, 824, 741,
615.

HRMS (ESI): calcd for C3H3sNO,Si 496.2666 [(M+H)*], found 496.2680.
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Synthesis of Ugi Product 43

OR — —

J«/,,,/Ar on ~NC o
OR
NJI/,,,/Ar
0]

[N HN 0
(o) (o) 2 (@] (o] /& [
38 Me™ “O “oco,Ph
MS4A 31 41 H
| PhO,CO~
toluene N rt ) /g
0 80 °C ~""0TBDPS 85%

29 : Me
\Ar 43

R =TBDPS L
OBn
< T

To a solution of amine 38 (1.00 g, 2.02 mmol) in toluene (16.8 mL) were added 1,4-cyclohexanedione
monoethylene ketal (29, 240 mg, 1.55 mmol) and MS4A (1.00 g). The solution was stirred at 80 °C for 1 h. Then
the solution was cooled to room temperature and acetic acid (31, 96.0 pL, 1.68 mmol) and isonitrile 41 ™ (320
mg, 1.68 mmol) were added. The reaction mixture was stirred at room temperature for 16 h. The resulting
residue was filtered through a pad of Celite® and the filtrate was concentrated under reduced pressure. Then the
resulting residue was purified by column chromatography on silica gel (n-hexane:EtOAc = 4:1 to 0:1) to afford

43 (1.17 g, 85%) as a white amorphous.

[a]o% — 0.74 (¢ 0.375, CHCL,).

IH NMR (500 MHz, CDCls, mixture of rotamer, 8): 7.66 (dd, J = 15.9, 6.8 Hz, 3.6H), 7.59-7.29 (m, 13.4H),
7.27-7.16 (m, 3.5H), 7.11 (d, J = 7.4 Hz, 1.5H), 7.03-6.86 (m, 2H), 6.16 (brs, 1H), 5.06 (s, 2H), 4.59-4.13 (m,
1H), 4.13-3.78 (m, 8H), 3.45-3.13 (M, 2H), 3.09-2.75 (m, 2H), 2.46-1.80 (m, 8H), 1.78-1.48 (m, 3H), 1.09 (s,
9H).

13C NMR (125 MHz, CDCls, mixture of rotamer, 5): 175.4, 173.1, 157.4, 153.3, 151.0, 135.4, 135.3, 129.4,
128.5, 127.8, 127.7, 127.3, 121.0, 115.2, 108.1, 107.4, 77.2, 69.8, 67.0, 66.3, 65.8, 65.3, 64.9, 64.3, 64.0, 63.9,
63.7, 60.8, 38.4, 38.0, 37.6, 36.0, 33.1, 31.8, 31.6, 27.0, 26.8, 24.7, 19.2, 19.0.

IR (film, cm®): 3391, 2955, 2932, 2886, 2859, 1763, 1678, 1643, 1512, 1454, 1427, 1373, 1242, 1215, 1111,
1026, 826, 775, 741, 702, 613, 575.

HRMS (ESI): calcd for Cs;HsoN20sSiNa 907.3960 [(M+Na)*], found 907.3961.
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Synthesis of Ugi product 50

I\
o_ O
OTBDPS 5.
s S T
Pho,cO™ >N N
5 A,
_NCbz
e
5

M
0

The title compound (6.00 g) was prepared in 85% yield as a white amorphous according to the same procedure

as 43 by using carboxylic acid 46 (1.60 g, 8.38 mmol).

[a]o? — 14.4 (c 0.585, CHCI3).

H NMR (500 MHz, CDCls, mixture of rotamer, 8): 7.71-7.63 (m, 3.1H), 7.62-7.57 (m, 0.4H), 7.55-7.48 (m,
0.5H), 7.45-7.12 (m, 22H), 7.03 (d, J = 7.9 Hz, 1H), 6.99 (d, J = 8.5 Hz, 1H), 6.91-6.79 (m, 1H), 6.26 (brs,
0.2H), 5.87 (brs, 0.5H), 5.61 (brs, 0.3H), 5.21-5.10 (m, 1.1H), 5.09-4.94 (m, 2.9H), 4.49-3.70 (m, 12H),
3.38-3.19 (m, 1.5H), 3.18-2.74 (m, 5.5H), 2.41-2.16 (m, 1.2H), 2.15-1.94 (m, 1.8H), 1.92-1.54 (m, 3.5H),
1.53-1.39 (m, 0.5H), 1.17-1.10 (m, 9H).

13C NMR (125 MHz, CDCls, mixture of rotamer, §): 174.6, 171.8, 171.6, 157.4, 157.3, 156.7, 156.6, 156.1,
153.1, 153.0, 150.9 (2C), 150.8, 136.7, 136.6, 136.5, 136.2, 135.2, 132.9, 132.6, 132.4, 131.5, 131.3, 130.2,
129.7, 129.3, 129.2, 128.3, 128.2, 128.1, 127.8, 127.7 (2C), 127.6, 127.4, 127.2, 125.8, 125.7, 125.6, 120.8,
120.7, 115.2, 115.1, 108.0, 107.3, 107.1, 77.2, 69.7, 67.2, 66.9 (2C), 66.2, 66.0, 65.4, 65.1, 64.8, 64.4, 64.3, 64.2,
63.8, 63.7, 62.0, 61.0, 53.0, 52.5, 38.3, 38.1, 36.3, 35.8, 35.6, 33.3, 32.7, 31.7, 31.4, 31.3, 26.8, 19.0.

IR (film, cm): 3389, 2957, 2934, 2886, 2859, 1763, 1705, 1682, 1661, 1611, 1510, 1497, 1487, 1472, 1454,
1429, 1402, 1371, 1292, 1240, 1215, 1177, 1142, 1113, 1082, 1063, 1040, 1024, 1009, 997, 945, 910, 824, 812,
772,735, 702.

HRMS (ESI): calcd for Ce1HsgN3011SiNa 1070.4594 [(M+Na)*], found 1070.4568.
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Synthesis of Ugi product 51

OTBDPS OBn

NBoc

The title compound (6.00 g) was prepared in 85% yield as a white amorphous according to the same procedure

as 43 by using carboxylic acid 47 (1.60 g, 8.38 mmol).

[a]o® — 15.7 (c 1.00, CHCI5).

H NMR (500 MHz, CDCls, mixture of rotamer, 8): 7.75-7.60 (m, 3H), 7.59-7.27 (m, 13.6H), 7.26-7.09 (m,
5H), 7.05 (d, J = 7.9 Hz, 0.4H), 6.98 (d, J = 8.5 Hz, 1.6H), 6.87 (d, J = 7.9 Hz, 0.4H), 6.47 (brs, 0.2H), 5.92 (brs,
0.5H), 5.71 (brs, 0.3H), 5.16-4.99 (m, 2H), 4.49-4.13 (m, 2H), 4.13-3.81 (m, 9.4H), 3.78-3.61 (m, 0.6H),
3.47-2.74 (m, 7H), 2.39-2.11 (m, 2H), 2.07-1.79 (m, 2H), 1.78-1.52 (m, 2H), 1.51-1.29 (m, 10H), 1.20-0.98
(m, 9H).

13C NMR (125 MHz, CDCls, mixture of rotamer, §): 174.8 (2C), 174.7, 172.2, 171.9, 157.4, 156.3, 156.0, 155.7,
153.5, 153.2, 151.0, 150.9, 150.8, 136.8, 136.7, 136.6, 135.3, 135.1, 135.0, 134.9, 133.0, 132.7, 132.4, 131.5,
131.3, 130.5, 130.3, 130.1, 130.0, 129.8, 129.3 (2C), 129.2, 128.4 (2C), 127.9, 127.8 (2C), 127.7, 127.3, 125.9,
125.8, 125.7, 120.8, 120.7, 115.2, 108.2, 107.4, 107.2, 79.8, 79.7, 79.6, 79.4, 77.2, 69.8, 66.3, 66.1, 65.4 (2C),
64.8, 64.5, 64.3, 64.2, 63.9, 62.1, 52.9, 52.5, 52.1, 50.5, 38.4, 38.3, 38.1, 36.1, 36.0, 35.5, 35.3, 35.2, 33.6, 31.8,
31.7,31.4,31.2,28.2,28.1, 26.9, 19.1.

IR (film, cm™): 2961, 2932, 1763, 1701, 1510, 1391, 1368, 1244, 1213, 1177, 1152, 1113, 739, 704.

HRMS (ESI): calcd for CsgH71N3011SiNa 1036.4750 [(M+Na)*], found 1036.4767.
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The title compound (28.1 g) was prepared in 80% yield as a white amorphous according to the same procedure

as 43 by using carboxylic acid 48 (4.47 g, 33.6 mmol) as the carboxylic acid.

[a]o? — 2.49 (c 1.000, CHCI,).

IH NMR (500 MHz, CDCls, mixture of rotamer, 3): 7.63-7.60 (m, 3.5H), 7.54-7.33 (d, J = 7.4 Hz, 0.5H),
7.44-7.29 (m, 14H), 7.24-7.14 (m, 3H), 7.06 (d, J = 8.5 Hz, 1H), 6.94 (d, J = 8.5 Hz, 1H), 6.97-6.87 (m, 1H),
6.10 (s, 0.5H), 5.69 (s, 0.2H), 5.44 (s, 0.3H), 5.09-5.03 (m, 2H), 4.31-3.76 (M, 12H), 3.61 (s, 2H), 3.58 (s, 1H),
3.37-3.16 (m, 2H), 2.98-2.80 (m, 2H), 2.25 (d, J = 14.7 Hz, 1H), 2.11-1.89 (m, 3H), 1.62-1.50 (m, 4H), 1.07 (s,
6.5H), 1.03 (s, 2.5H).

13C NMR (125 MHz, CDCls, mixture of rotamer, 3): 174.5, 157.7, 153.3, 151.1, 136.8, 135.4 (2C), 135.3, 132.9,
132.6, 130.3, 130.0 (2C), 129.6 (2C), 129.4 (2C), 128.6, 128.0 (2C), 127.9, 127.4, 126.0 125.9, 121.0, 120.9,
115.5, 115.4, 108.1, 107.5, 70.0, 67.1, 67.0, 66.6, 65.4 (2C), 64.5, 64.4, 64.1, 64.0, 52.2, 52.1, 45.1, 44.5, 38.5,
38.2,31.8,31.6, 27.1, 27.0, 19.2, 19.1, 14.0.

IR (film, cml): 3393, 2955, 1763, 1724, 1678, 1656, 1510, 1240, 1215, 1112.

HRMS (ESI): calcd for CssHesNsO1:SiNa 980.4124 [(M+Na)*]; found 980.4093.
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The title compound (5.16 g) was prepared in 75% yield as a yellow amorphous according to the same procedure
as 43 by using carboxylic acid 46 (1.60 g, 8.38 mmol) and isonitrile 45 ® (1.24 g, 6.78 mmol).

[c]o® - 56.8 (c 2.27, CHCIy).

H NMR (500 MHz, CDCls, mixture of rotamer, &): 8.69-8.38 (m, 1H), 8.22-7.94 (m, 1H), 7.82-7.53 (m, 3.4H),
7.52-7.14 (m, 18H), 7.13-7.02 (m, 1.6H), 7.01-6.78 (m, 3H), 5.24-4.81 (m, 4H), 4.47-4.27 (m, 0.5H),
4.24-3.58 (m, 8.5H), 3.34-3.11 (m, 0.5H), 3.07-2.62 (m, 4.5H), 2.54-2.21 (m, 2H), 2.19-1.86 (m, 2H),
1.76-1.36 (m, 3H), 1.06 (s, 9H).

13C NMR (125 MHz, CDCls, mixture of rotamer, 8): 172.3, 172.1, 171.7, 171.5, 170.8, 170.6, 157.6, 157.5,
156.8, 156.1, 152.2, 151.9, 151.6, 151.3, 140.1, 140.0, 139.8, 139.1, 139.0, 138.8, 136.6, 135.6 (2C), 135.1,
132.5, 132.4, 129.8, 128.4, 128.3, 127.8, 127.5, 127.2, 123.3, 122.9, 122.7, 115.7 (2C), 115.5, 112.8, 112.6,
112.5, 108.0, 107.9, 107.6, 107.4, 70.0, 69.9, 67.2, 67.1, 66.9, 66.8, 66.2, 66.1, 65.7, 65.5, 64.5, 64.4, 64.1, 63.9,
63.3,60.1, 53.3,52.9, 52.2, 51.8, 38.5, 37.1, 36.4, 36.0, 35.3, 31.8, 31.5, 31.3, 30.8, 30.5, 27.0, 19.2, 19.0.

IR (film, cm): 3374, 3069, 3049, 3032, 2955, 2932, 2887, 2859, 1711, 1694, 1659, 1611, 1584, 1564, 1510,
1503, 1485, 1431, 1402, 1383, 1371, 1298, 1240, 1227, 1179, 1157, 1105, 1040, 1028, 1011, 986, 972, 947, 935,
905, 824, 789, 770, 739, 702, 675, 658, 613, 584, 501.

HRMS (ESI): calcd for CssHs3sBrN4OgSiNa 1063.3486 [(M+Na)*], found 1063.3481.
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The title compound (1.13 g) was prepared in 62% yield as a yellow amorphous according to the same procedure

as 43 by using carboxylic acid 48 (437 mg, 1.96 mmol) and isonitrile 45 (358 mg, 1.96 mmol).

[0]o% — 39.7 (c 0.415, CHCl3).

H NMR (500 MHz, CDCls, mixture of rotamer, §): 8.23 (brs, 0.6H), 8.03 (brs, 0.4H), 8.02 (d, J = 8.5 Hz, 0.4H),
7.94 (d, J = 8.5 Hz, 0.6H), 7.61-7.45 (m, 4H), 7.44-7.08 (m, 13H), 7.04-6.91 (m, 2H), 6.90-6.77 (m, 2H), 5.45
(brs, 0.4H), 5.36 (brs, 0.5H), 5.18 (brs, 0.1H), 4.27-3.65 (m, 9H), 3.54-3.29 (m, 4H), 3.01-2.87 (m, 1H),
2.86-2.74 (m, 1H), 2.61 (brs, 0.2H), 2.44-2.10 (m, 1.8H), 2.06-1.76 (m, 3H), 1.64-1.28 (m, 4H), 0.94 (s, 6H),
0.92 (s, 3H).

13C NMR (125 MHz, CDCls, mixture of rotamer, §): 171.9, 171.8, 171.0, 157.7, 157.6, 156.7, 156.4, 151.8,
151.5, 140.1, 139.9, 139.1, 139.0, 136.9, 135.6, 135.5, 135.3, 135.2, 132.5, 132.4, 130.5, 130.2, 129.9, 129.8,
129.6, 129.3, 128.6, 128.5, 128.4, 128.3, 127.9, 127.7, 127.5, 127.3, 127.1, 123.3, 123.0, 116.0, 115.9, 115.7,
115.6, 112.6, 112.4, 112.3, 107.8, 107.5, 70.2, 70.1, 70.0, 69.8, 69.7, 69.6, 67.2, 66.5, 65.8, 64.6, 64.4, 64.2, 64.0,
63.0,62.9, 60.3, 52.3,52.2, 52.0, 45.4, 45.2, 44.3, 37.9, 31.8, 31.5, 31.4, 30.7, 27.1, 27.0, 26.9, 19.1 (2C).

IR (film, cm™): 3372, 2932, 2886, 2859, 1709, 1651, 1612, 1585, 1566, 1512, 1431, 1381, 1296, 1242, 1223,
1188, 1157, 1107, 1042, 910, 822, 791, 733, 702, 648, 613, 505.

HRMS (ESI): calcd for CsoHs7BrN4OgSiNa 971.3021 [(M+Na)*]; found 971.3049.
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The title compound (101 mg) was prepared in 54% yield as a yellow amorphous according to the same

procedure as 43 by using carboxylic acid 49 (34.0 mg, 0.19 mmol) and isonitrile 45 (36.0 mg, 0.19 mmol).

[0]o% — 45.7 (c 0.325, CHCls).

H NMR (500 MHz, CDCls, mixture of rotamer, §): 8.32 (brs, 0.7H), 8.17 (brs, 0.3H), 8.16 (d, J = 7.9 Hz, 0.3H),
8.08 (d, J = 7.9 Hz, 0.7H), 7.71-7.59 (m, 3H), 7.52-7.21 (m, 13H), 7.16-6.90 (m, 5H), 5.41 (brs, 0.3H), 5.30
(brs, 0.7H), 5.11-5.01 (m, 2H), 4.30-3.77 (m, 9H), 3.16-3.03 (m, 1H), 3.01-2.88 (m, 1H), 2.73 (brs, 0.3H),
2.54-2.21 (m, 1.7H), 2.15-1.86 (m, 3H), 1.74—-1.30 (m, 12H), 1.07 (s, 6H), 1.03 (s, 3H).

13C NMR (125 MHz, CDCls, mixture of rotamer, 8): 172.3, 171.8, 171.4, 157.7, 157.6, 155.7, 155.4, 151.9,
151.7, 140.0, 139.1, 139.0, 136.9, 135.6 (2C), 135.3, 130.2, 129.9, 129.6, 128.6, 128.4, 127.8, 127.5, 127.2,
123.0, 115.9, 115.7, 112.6, 112.3, 107.9, 107.6, 79.6, 79.3, 77.2, 70.0, 69.9, 67.1, 66.5, 66.0, 64.6, 64.4, 64.2,
64.0, 62.9, 44.9, 44.0, 37.5, 31.8, 31.5, 31.4, 30.9, 30.5, 28.2, 27.0, 26.9, 19.1.

IR (film, cm™): 3374, 2959, 2932, 2886, 2859, 1711, 1584, 1566, 1510, 1503, 1431, 1383, 1369, 1296, 1244,
1175, 1159, 1105, 1040, 1028, 908, 866, 824, 789, 735, 702, 648, 613.

HRMS (ESI): calcd for CssHesBrN4OgSiNa 1013.3491 [(M+Na)*]; found 1013.3486.
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The title compound (97.1 mg) was prepared in 34% vyield as a white amorphous according to the same

procedure as 43 by using carboxylic acid 48 (39 mg, 0.30 mmol) and ketone 56 (55.0 mg, 0.29 mmol).

[c]o? — 1.85 (c 0.150, CHClIs).

'H NMR (500 MHz, CDCls, mixture of rotamer, 8): 7.68-7.50 (m, 4H), 7.47-7.21 (m, 19H), 7.20-7.12 (m, 2H),
7.06 (d, J = 8.5 Hz, 1.6H), 6.94 (d, J = 8.5 Hz, 2H), 6.89-6.85 (m, 0.4H), 5.96 (brs, 0.8H), 5.71 (brs, 0.3H), 5.46
(brs, 0.9H), 5.10-4.97 (m, 2H), 4.44-3.89 (m, 6H), 3.87-3.74 (m, 1H), 3.62 (s, 2.2H), 3.59 (s, 0.8H), 3.47 (d, J =
12.5 Hz, 1H), 3.37 (d, J = 12.5 Hz, 1H), 3.32-3.08 (m, 1H), 3.05-2.80 (m, 2H), 2.79-2.48 (m, 3H), 2.46-2.03
(M, 3H), 1.97-1.70 (m, 2H), 1.65-1.49 (m, 1H), 1.08 (s, 7H), 1.03 (s, 2H).

13C NMR (125 MHz, CDCls, mixture of rotamer, 8): 174.5, 157.7, 157.0, 156.6, 153.4, 153.3, 151.0, 138.8,
136.7, 135.5, 135.4, 135.3, 130.3, 130.1, 130.0, 129.4, 128.9, 128.6, 128.1, 128.0 (2C), 127.9, 127.4, 126.0,
121.0, 120.9, 115.5, 115.3, 69.9, 66.9, 66.5, 65.3, 64.7, 64.0, 62.4, 62.2, 52.2, 52.1, 50.1, 49.4, 45.1, 445, 38.3,
38.2,35.2,35.0,34.9,27.1, 27.0, 19.2, 19.0.

IR (film, cm): 3389, 2955, 2932, 2859, 1765, 1724, 1678, 1657, 1649, 1611, 1510, 1495, 1470, 1454, 1427,
1379, 1368, 1242, 1215, 1177, 1159, 1113, 1061, 1026, 1007, 910, 824, 777, 737, 702, 613, 503.

HRMS (ESI): calcd for CsgHesN4OgSiNa 1013.4491 [(M+Na)*]; found 1013.4489.
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The title compound (266 mg) was prepared in 76% vyield as a white amorphous according to the same
procedure as 43 by using carboxylic acid 48 (53.0 mg, 0.40 mmol) as the carboxylic acid and ketone 57 (39.0

mg, 0.39 mmol) as the ketone.

[0]p% — 16.9 (c 0.245, CHCI).

H NMR (500 MHz, CDCls, mixture of rotamer, 8): 7.64 (dd, J = 12.8, 7.4 Hz, 3H), 7.56 (dd, J = 12.8, 7.4 Hz,
1H), 7.48-7.27 (m, 14H), 7.26-7.13 (m, 3H), 7.04 (d, J = 8.5 Hz, 1.6H), 6.95 (d, J = 8.5 Hz, 2H), 6.90-6.85 (m,
0.4H), 6.07 (brs, 0.9H), 5.69 (brs, 0.3H), 5.52 (brs, 0.8H), 5.09-4.97 (m, 2H), 4.45-3.92 (m, 6H), 3.90-3.67 (m,
4H), 3.66-3.52 (m, 4H), 3.41-3.05 (m, 2H), 3.03-2.82 (m, 2H), 2.20 (d, J = 11.9 Hz, 0.6H), 2.05-1.98 (m, 0.4H),
1.89-1.62 (m, 1.3H), 1.50-1.32 (0.7H), 1.09 (s, 6H), 1.05 (s, 3H).

13C NMR (125 MHz, CDCls, mixture of rotamer, 8): 174.1, 157.7, 157.0, 153.4, 153.2, 150.9, 136.6, 135.4,
135.3, 132.6, 132.4, 130.1 (2C), 129.4, 129.3, 128.5, 128.0, 127.9, 127.3, 126.0, 120.9, 120.8, 115.5, 115.4, 77.2,
69.8, 66.7, 66.5, 65.4, 65.2, 64.2, 64.1, 52.2,52.1, 45.1, 44.4, 38.4, 38.2, 35.8, 35.2, 27.0, 19.1, 19.0.

IR (film, cm™): 3387, 2957, 2934, 2889, 2859, 1765, 1724, 1678, 1659, 1510, 1460, 1427, 1371, 1236, 1213,
1105, 1053, 1024, 824, 777, 704.

HRMS (ESI): calcd for Cs1HsgN3010SiNa 924.3862 [(M+Na)*]; found 924.3830.
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The title compound (295 mg) was prepared in 70% vyield as a white amorphous according to the same
procedure as 43 by using carboxylic acid 48 (62.0 mg, 0.47 mmol) as the carboxylic acid and ketone 58 (53.0

mg, 0.46 mmol) as the ketone.

[a]o® — 15.7 (c 0.515, CHCI,).

H NMR (500 MHz, CDCls, mixture of rotamer, 8): 7.68-7.51 (m, 4H), 7.48-7.27 (m, 13H), 7.27-7.13 (m, 3H),
7.06 (d, J = 8.5 Hz, 1.6H), 6.96 (d, J = 8.5 Hz, 2H), 6.89 (d, J = 8.5 Hz, 0.4H), 5.84 (brs, 0.8H), 5.69 (brs, 0.3H),
5.50 (brs, 0.9H), 5.06 (s, 1.3H), 5.03 (s, 0.7H), 4.37-3.71 (m, 7H), 3.61 (s, 2.2H), 3.59 (s, 0.8H), 3.38-3.05 (m,
4H), 3.02-2.85 (m, 2H), 2.54 (d, J = 11.9 Hz, 1H), 2.46-2.21 (m, 2H), 2.07-1.97 (m, 1H), 1.92-1.76 (m, 1H),
1.50-1.35 (m, 1H), 1.09 (s, 7H), 1.04 (s, 2H).

13C NMR (125 MHz, CDCls, mixture of rotamer, 3): 174.2, 157.7, 157.0, 153.2, 150.9, 135.4, 130.2, 130.1 (2C),
129.4, 129.3, 128.5, 128.0, 127.9, 127.3, 126.0, 120.9, 120.8, 115.4, 77.2, 69.9, 67.2, 66.5, 65.3, 52.2, 52.1, 45.2,
38.0, 27.0, 26.9, 25.0, 24.9, 19.1, 19.0.

IR (film, cm): 3389, 3335, 3071, 3030, 2953, 2932, 2891, 2859, 1763, 1724, 1678, 1649, 1611, 1510, 1454,
1427, 1377, 1246, 1213, 1113, 1067, 1053, 1024, 1009, 910, 824, 808, 777, 735, 704, 613, 557, 503.

HRMS (ESI): calcd for CsyHsosN3OoSSiNa 940.3633 [(M+Na)*]; found 940.3643.
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To a solution of 54 (15.0 g, 15.7 mmol) in MeOH (104 mL) and trimethyl orthoformate (104 mL) was added
CSA (10.9 g, 47.0 mmol) at room temperature. After stirring for 13 h, the reaction mixture was added EtsN and
concentrated under reduced pressure. Then the residue was diluted with saturated aqueous NaHCOs3, and the
aqueous layer was extracted with EtOAc. The combined organic layers were washed with brine, dried over
anhydrous MgSO4 and concentrated under reduced pressure. The resulting residue was purified by column

chromatography on silica gel (n-hexane:EtOAc = 7:3 to 3:7) to afford 66 (7.60 g, 60%) as a white amorphous.

[a]o? — 0.64 (¢ 1.00, CHCl5).

H NMR (500 MHz, CDCls, mixture of rotamer 8): 7.64-7.58 (m, 3H), 7.46-7.31 (m, 10H), 7.29-7.21 (m, 2H),
7.05 (d, J = 8.6 Hz, 1H), 6.98 (d, J = 8.6 Hz, 1H), 6.90 (d, J = 8.6 Hz, 1H), 6.85 (d, J = 8.6 Hz, 1H), 5.60 (s,
0.6H), 5.49 (s, 0.4H), 5.06-5.01 (m, 2H), 4.24-3.48 (m, 12H), 3.20 (s, 2H), 3.14 (s, 1.5H), 3.08-2.96 (m, 3.5H),
2.84 (dd, J =13.8, 8.6 Hz, 0.5H), 2.56-2.49 (m, 0.5H), 2.26-2.16 (m, 1H), 2.10-1.87 (m, 2H), 1.85-1.68 (m, 1H),
1.66-1.50 (m, 2.5H), 1.33-1.13 (m, 0.5H), 1.05 (s, 4H), 0.99 (s, 5H).

13C NMR (125 MHz, CDCls, mixture of rotamer, 8) : 173.6, 173.5, 169.6, 157.6, 156.8, 156.5, 137.0, 135.6,
1355 (2C), 135.2, 132.7, 130.9 (2C), 131.0, 129.8, 129.7, 128.6 (2C), 128.0, 127.9, 127.8 (2C), 127.4 (2C),
115.3, 115.1, 98.9, 98.6, 70.0, 66.2, 65.2, 63.2, 52.2, 52.1, 52.0, 51.9, 47.9, 47.8, 47.3 (2C), 45.1, 43.8, 38.4, 37.5,
29.5,29.3, 29.2, 28.8 (2C), 28.7, 27.9, 26.8, 26.7, 19.1, 19.0.

IR (film, cml): 2953, 1730, 1648, 1512, 1241, 1218, 1107, 1055.

HRMS (ESI): calcd for CagHssN20sSiNa 833.3804 [(M+Na)*]; found 833.3791.
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To a solution of 66 (6.31 g, 7.78 mmol) in THF (77.8 mL) was added LiHMDS (1.0 M in THF, 38.9 mL, 38.9
mmol) at —78 °C under an argon atmosphere, and the reaction mixture was warmed up to room temperature.
After stirring for 30 min, the reaction mixture was quenched with saturated aqueous NH4Cl at 0 °C, and the
aqueous layer was extracted with EtOAc. The combined organic layers were washed with brine, dried over
anhydrous MgSO4 and concentrated under reduced pressure. The resulting residue was purified by column

chromatography on silica gel (n-hexane:EtOAc = 8:2 to 7:3) to afford 67 (3.39 g, 56%) as a white amorphous.

[a]o? - 56.6 (¢ 1.00, CHCl5).

IH NMR (500 MHz, CDCls, 8): 10.5 (s, 1H), 7.65-7.61 (m, 4H), 7.44-7.34 (m, 10H), 7.33-7.28 (m, 1H), 7.01
(d, J = 8.5 Hz, 2H), 6.84 (d, J = 8.5 Hz, 2H), 6.73 (brs, 1H), 5.05 (d, J = 11.9 Hz, 1H), 5.02 (d, J = 11.9 Hz, 1H),
4.05 (dd, J = 9.9, 6.8 Hz, 1H), 3.88 (dd, J = 9.9, 5.7 Hz, 1H), 3.75 (s, 3H), 3.38-3.25 (m, 2H), 3.17 (s, 3H), 3.10
(dd, J = 12.5, 4.0 Hz, 1H), 3.06 (s, 3H), 2.05-1.86 (M, 2H), 1.84-1.75 (m, 2H), 1.68-1.56 (m, 2H), 1.21-1.09 (m,
1H), 1.06 (s, 9H), 0.48 (d, J = 13.6 Hz, 1H).

13C NMR (125 MHz, CDCls, 5): 165.6, 157.4, 157.2, 156.6, 137.1, 135.5 (3C), 133.4, 133.3, 131.9, 130.5 (2C),
129.6 (2C), 128.5 (2C), 127.8, 127.7 (4C), 127.3 (2C), 114.8 (2C), 100.9, 98.7, 69.9, 64.3, 61.3, 57.6, 53.5, 47.8,
47.3,34.2,29.6,27.9, 27.8, 27.7, 26.9 (4C), 19.2.

IR (film, cml) : 2951, 1654, 1510, 1439, 1427, 1352, 1273, 1116, 1057.

HRMS (ESI): calcd for CasHssN20sSiNa 801.3542 [(M+Na)*]; found 801.3546.
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Synthesis of Ketone 72

MeO_ OMe MeO_ OMe

OTBDPS OTBDPS
J/ NaBH,4 MsClI, Et;N
HO oA T T Ho AT
\ N MeOH N CH,Cly, rt
0°C then DBU, rt
R-NH O R=co,Me R-NH ©
67 OBn S2
Ar=\(©/
o)
MeO_ OMe OMe
J/OTBDPS ‘ OTBDPS J/OTBDPS
., _Ar + J/ —_— ., _Ar
. NT T N ", AT ACOH/THF/H,0 { NT T
\ 50 °C
R- 70% (3 steps) R-—
NH © R-nt o o NH O
70
71 72

To a solution of 67 (3.25g, 4.18 mmol) in MeOH (20.9 mL) was added NaBH (474 mg, 12.6 mmol) at 0 °C
and stirred for 1 h at the same temperature. Then the reaction mixture was quenched with saturated aqueous
NH.CI at 0 °C and the aqueous layer was extracted with EtOAc. The combined organic layers were washed with
brine, dried over anhydrous MgSO4 and concentrated under reduced pressure to afford the crude product S2,
which was used in the next reaction without further purification.

To a solution of crude material including S2 in CH.Cl, (20.9 mL) were added EtsN (1.64 mL, 11.7 mmol) and
methanesulfonyl chloride (776 pL, 10.0 mmol) at 0 °C, and the mixture was stirred at room temperature for 3.5 h.
Then DBU (3.12 mL, 20.9 mmol) was added. After stirring for 4.5 h, the reaction mixture was diluted with
EtOAc, acidified with 1 M HCI and the aqueous layer was extracted with EtOAc. The combined organic layers
were washed with brine, dried over anhydrous MgSQO4 and concentrated under reduced pressure to afford the
crude products 70 and 71, which was used in the next reaction without further purification.

The crude material including 70 and 71 were dissolved in AcOH (7.0 mL), THF (7.0 mL) and water (7.0 mL)
and stirred at 50 °C for 20.5 h. The reaction mixture was cooled to room temperature and concentrated under
reduced pressure. Then the resulting residue was diluted with saturated aqueous NaHCOs. The aqueous layer
was extracted with EtOAc. The combined organic layers were washed with brine, dried over MgSOy, filtered and
concentrated under reduced pressure. The resulting residue was purified by column chromatography (n-hexane :
EtOACc = 8:2t0 2:1) to afford 72 (2.11 g, 70% for 3 steps) as a white amorphous.

[a]o?" - 68.1 (¢ 1.000, CHCls).

IH NMR (500 MHz, CDCls, 8): 7.67-7.61 (m, 4H), 7.46-7.29 (m, 11H), 7.07 (brs, 1H), 7.02 (brs, 1H), 6.98 (d, J
= 8.5 Hz, 2H), 6.82 (d, J = 8.5 Hz, 2H), 5.02 (s, 2H), 4.18 (dd, J = 10.5, 8.5 Hz, 1H), 3.78 (s, 3H), 3.74 (dd, J =
10.5, 5.7 Hz, 1H), 3.48 (dd, J = 14.5, 11.9 Hz, 1H), 3.20-3.12 (m, 2H), 2.34 (ddd, J = 14.7, 14.7, 6.2 Hz, 1H),
2.24 (ddd, J = 14.7, 14.7, 6.2 Hz, 1H), 2.17-2.11 (m, 1H), 2.09-2.02 (m, 1H), 1.40 (ddd, J = 13.6, 13.6, 4.5 Hz,
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1H), 1.28-1.15 (m, 2H), 1.07 (s, 9H), 0.34-0.27 (m, 1H).

13C NMR (125 MHz, CDCls, §): 208.3, 165.0, 157.3, 153.9, 136.9, 135.7 (2C), 135.5 (2C), 133.3, 132.8, 131.4,
130.8, 130.4 (2C), 130.1, 129.9, 128.5 (2C), 127.9, 127.7 (3C), 127.3 (2C), 118.8, 114.9 (2C), 69.9, 63.9, 63.7,
58.2,52.7,38.7, 38.6, 33.5, 32.9, 31.6, 26.9 (4C), 19.1.

IR (film, cmt) : 1736, 1719, 1678, 1545, 1510, 1425, 1337, 1223, 1111.

HRMS (ESI): calcd for C43HagN20OsSiNa 739.3174 [(M+Na)*]; found 739.3176.
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Synthesis of Ketal 73

(@]
TMSO 0 0o
~
OTBDPS OBn OTMS OTBDPS OBn
TMSOTf

0y, - = 0,

o CH,Cl, o N
-78to -40 °C
>‘NH (@) 86% >‘NH O
MeO MeO
72 73

To a solution of 72 (1.30 g, 1.81 mmol) in CH.Cl, (13.5 mL) at -78 °C was added 1,2-
bis(trimethylsilyloxy)ethane (490 pL, 1.99 mmol) followed by trimethylsilyl trifluoromethanesulfonate (64.0 pL,
0.36 mmol). The reaction mixture was warmed up to —40 °C and stirred for 15.5 h. The mixture was quenched
with a solution of saturated aqueous NaHCOs. The aqueous layer was extracted with CH2Cl,. The combined
organic layers were dried over MgSQ,, and concentrated under reduced pressure. The resulting residue was
purified by column chromatography on silica gel (n-hexane:EtOAc = 2:1 to EtOAc:MeOH = 10:1) to afford 73
(1.19 g, 86%) as a white amorphous.

[a]o® —50.9 (c 1.000, CHClIs).

!H NMR (500 MHz, CDCls, 8): 7.69-7.61 (m, 4H), 7.44-7.34 (m, 10H), 7.32-7.28 (m, 1H), 7.04 (brs, 1H), 7.01
(d, J = 8.5 Hz, 2H), 6.94 (brs, 1H), 6.82 (d, J = 8.5 Hz, 2H), 5.02 (s, 2H), 4.10 (dd, J = 10.2, 6.8 Hz, 1H),
3.96-3.84 (m, 5H), 3.76 (s, 3H), 3.46-3.38 (m, 2H), 3.14 (dd, J = 18.4, 10.2 Hz, 1H), 1.83 (ddd, J = 13.0, 13.0,
5.1 Hz, 1H), 1.68-1.52 (m, 3H), 1.32 (ddd, J = 13.3, 13.3, 4.5 Hz, 1H), 1.07 (s, 9H), 1.07-1.03 (m, 2H),
0.18-0.12 (m, 1H).

13C NMR (125 MHz, CDClg, §): 165.2, 157.2, 153.9, 137.1, 135.6, 135.5, 133.4, 133.2, 131.6, 130.6, 129.8,
129.7, 129.6, 128.5, 127.8, 127.7 (2C), 127.4, 120.4, 114.8, 107.3, 69.9, 64.9, 64.4, 64.3, 63.8, 57.8, 52.6, 33.5,
32.6 (2C), 31.9, 29.9, 26.9, 26.8, 19.2.

IR (film, cm™): 1676, 1545, 1510, 1427, 1222, 1111.

HRMS (ESI): calcd for CssHs2N207SiNa 783.3436 [(M+Na)*]; found 783.3457.
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Synthesis of Alcohol 74

o. O o. 0O
OTBDPS  ogn OH OBn

Sy J Ly
N~ THF N7

Q ) rt 0 \

>“NH (o) 98% >‘NH O

MeO MeO

73 74

To a solution of 73 (500 mg, 0.65 mmol) in THF (13 mL) was added TBAF (1.0 M in THF, 0.65 mL, 0.65
mmol) at 0 °C. The reaction mixture was warmed up to room temperature and stirred for 4 h. The reaction
mixture was quenched with saturated aqueous NH4CI. The aqueous layer was extracted with EtOAc, and the
combined organic layers were washed with brine, dried over MgSOs, and concentrated under reduced pressure.
The resulting residue was purified by column chromatography on silica gel (n-hexane:EtOAc = 1:1 to 0:1 to
EtOAc:MeOH = 10:1) to afford 74 (333 mg, 98%) as a white amorphous.

[o]o? — 27.7 (¢ 1.000, CHCl5).

H NMR (500 MHz, CDCls, 8): 7.46-7.29 (m, 5H), 7.17 (d, J = 7.9 Hz, 2H), 7.12 (brs, 1H), 7.07 (brs, 1H), 6.89
(d, 3= 7.9 Hz, 2H), 5.04 (s, 2H), 4.34 (d, J = 7.9 Hz, 1H), 3.98-3.90 (m, 4H), 3.87-3.75 (m, 4H), 3.53-3.46 (m,
1H), 3.35 (dd, J = 13.3, 7.9 Hz, 1H), 3.06 (dd, J = 13.6, 7.4 Hz, 1H), 2.06 (dd, J = 21.5, 9.1 Hz, 1H), 1.90-1.64
(m, 5H), 1.32 (dd, J = 12.6, 2.3 Hz, 1H), 0.81 (d, J = 9.6 Hz, 1H).

13C NMR (125 MHz, CDCls, 8): 166.7, 157.5, 153.9, 137.0, 130.7, 130.5 (2C), 129.8, 128.5 (2C), 127.9, 127.4
(2C), 121.2, 114.9 (2C), 107.1, 69.9, 65.8, 64.7, 64.5, 64.3, 57.1, 52.7, 33.4, 32.6 (2C), 31.7, 30.2.

IR (film, cm™): 1740, 1665, 1545, 1510, 1439, 1221, 1109.

HRMS (ESI): calcd for CagHzaN207Na 545.2258 [(M+Na)*]; found 545.2248.
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Diastereoselective Reduction of Enamides 73 and 74

o__ 0O o_ 0O o_ 0O
OR
J/ Ar’ pressure J/ J/ Ar2
- catalyst A N -
B ——————
MeOH, rt
OMe OMe OMe
73 (R = TBDPS)
74 (R=H) 75a R TBDPS) 75b (R = TBDPS)
\<©/ 76a ( 76b (R = H)
. . o selectivity?
entry enamide pressure catalyst yield (%) (@:b)
a:
1 73 1 atm Pd/C - -
2 73 500 psi (34 atm)  Pd/C 89 1:1
3 74 1 atm Pd/C 83 1:1
4 74 1 atm Pd(OH), 67 1:1
5 74 1 atm PtO, 80 4:1
6 74 1 atm Pt/C 66 1:1

aThe selectivity was determined by TH-NMR analysis.

General procedure
To a solution of enamide in MeOH was added metal and the mixture was stirred under 1 atm or 500 psi of
hydrogen. The reaction mixture was filtered through a pad of Celite®. Then the filtrate was concentrated under

reduced pressure and purified by preparative TLC to afford the desired product.

Spectral data for 76a and 76b (Entry 3)

H NMR (500 MHz, pyridine-ds, diastereomer mixture, 8): 7.27 (d, J = 8.5 Hz, 1H), 7.19 (d, J = 8.5 Hz, 1H),
7.08 (d, J = 8.5 Hz, 1H), 6.99 (d, J = 8.5 Hz, 1H), 4.83 (dd, J = 17.6, 9.1 Hz, 0.5H), 4.73 (dd, J = 17.6, 9.1 Hz,
0.5H), 4.52 (dd, J = 10.5, 7.4 Hz, 0.5H), 4.35-4.22 (m, 1.5H), 3.94-3.62 (m, 9.5H), 3.59-3.52 (m, 0.5H), 3.49
(dd, J = 13.3 5.7 Hz, 0.5H), 3.40 (dd, J = 13.3, 5.7 Hz, 0.5H), 2.31-2.11 (m, 1H), 2.01-1.90 (m, 0.5H),
1.87-1.47 (m, 7.5H), 0.87 (d, J = 11.9 Hz, 0.5H), 0.78 (d, J = 11.9 Hz, 0.5H).

HRMS (ESI): calcd for C22Hz1N207 435.2126 [(M+H)*], found 435.2107.
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Synthesis of Triflate 91

o__0 o__0
OTBDPS OTBDPS
" J/ j KHMDS
Br\ENj/N N~ AT NaOMe 0 N AT PhNTf,
= 0 o MeOH THF, ~78 °C to rt
_NCbz 50 °C CbzN O 48% (2 steps)
Me OBn Me
53 Ar=\(©/ 87
o__0
OTBDPS
TfO NJ'/"//N
\
CbzN (6]
Me
91

To a solution of 53 (307 mg, 0.295 mmol) in MeOH (1.5 mL) was added NaOMe (5.0 M in MeOH, 590 pL,
2.95 mmol) at room temperature. The reaction mixture was heated at 50 °C in a sealed tube and stirred for 2.5 h.
Then the reaction mixture was quenched with water, and the aqueous layer was extracted with EtOAc. The
combined organic layers were washed with 2 M HCI, saturated aqueous NaHCOs; and brine, dried over
anhydrous MgSQ, and concentrated under reduced pressure to afford the crude product 87, which was used in
the next reaction without further purification.

To a solution of crude material including 87 and PhNTf, (211 mg, 0.59 mmol) in THF (3.0 mL) was added
dropwise KHMDS (0.5 M in toluene, 2.24 mL, 1.12 mmol) over 1 min at —78 °C under an argon atmosphere,
then the reaction mixture was warmed up to room temperature. After stirring for 4 h, the reaction mixture was
quenched with saturated aqueous NH.Cl, and the aqueous layer was extracted with EtOAc. The combined
organic layers were washed with brine, dried over anhydrous MgSOs and concentrated under reduced pressure.
The resulting residue was purified by column chromatography on silica gel (n-hexane:EtOAc = 19:1 to 7:3) to

afford 91 (142 mg, 48% for 2 steps) as a white amorphous.

[o]o® - 31.6 (c 1.26, CHCI5).

H NMR (500 MHz, CDCls, mixture of rotamer, 8): 7.66-7.59 (m, 4H), 7.46-7.22 (m, 14.5H), 7.19-7.10 (m,
1.5H), 7.06-6.93 (m, 2H), 6.88-6.82 (m, 1.2H), 6.67 (d, J = 8.5 Hz, 0.8H), 5.22-5.11 (m, 1.3H), 5.08-4.96 (m,
1.9H), 4.95-4.87 (m, 0.8H), 4.15-3.83 (m, 6H), 3.53-3.29 (m, 2H), 3.27-3.16 (m, 3H), 3.13-2.98 (m, 1H),
2.15-1.94 (m, 1H), 1.76-1.51 (m, 3H), 1.49-1.37 (m, 2H), 1.32-1.12 (m, 2H), 1.07 (s, 6H), 1.03 (s, 3H), 0.59 (t,
J=14.2 Hz, 1H).

13C NMR (125 MHz, CDCls, mixture of rotamer, 8): 164.0, 157.4 (2C), 157.2, 157.1, 154.0, 153.8, 137.0, 135.7,
135.5, 135.3, 133.2, 133.1, 130.6, 129.8, 129.7, 128.5, 128.3, 128.0, 127.9, 127.7, 127.6, 127.3, 120.8, 120.7,
119.4, 116.8, 114.9, 114.7, 106.6, 106.4, 70.0, 69.9, 68.4, 68.2, 64.4, 64.3, 63.9, 61.8, 61.6, 58.7, 58.6, 34.7, 34.5,
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34.3, 33.9, 33.7, 30.8, 30.6, 30.4, 29.2, 28.8, 26.9, 26.6, 19.2, 19.1.

IR (film, cm): 2957, 2936, 2886, 2860, 1728, 1697, 1510, 1472, 1425, 1389, 1362, 1306, 1225, 1134, 1113,
1082, 1055, 1028, 910, 824, 804, 781, 745, 702, 606, 590, 505.
HRMS (ESI): calcd for Cs3HsgF3aN2010SSi 999.3528 [(M+H)*], found 999.3511.
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Synthesis of Unsaturated Lactam 89

o. O o__O
OTBDPS OBn PdClg(dppf?'CHzClz OTBDPS OBn
j/@/ Et;SiH /(/@/
TfO N DMF (N
\ 60 °C
CbzN O 85% CbzN O
i\/le Me
91 89

To a solution of 91 (5.19 g, 5.19 mmol) and PdClx(dppf)-CH:Cl. (848 mg, 1.04 mmol) in DMF (26 mL) was
added Et3SiH (8.30 mL, 52.9 mmol) at room temperature under an argon atmosphere, and the reaction mixture
was warmed up to 60 °C. After stirring for 7.5 h, the reaction mixture was diluted with Et,O at 0 °C. Then the
mixture was filtered through a pad of Celite® and the filtrate was basified with saturated agueous NaHCO3 The
aqueous layer was extracted with EtOAc. The combined organic layers were washed with brine, dried over
anhydrous MgSQO, and concentrated under reduced pressure. The resulting residue was purified by column

chromatography on silica gel (n-hexane:EtOAc = 9:1 to 2:1) to afford 89 (3.74 g, 85%) as a white amorphous.

[o]o% - 50.8 (¢ 0.375, CHCl5).

IH NMR (500 MHz, CDCls, §): 7.68-7.63 (m, 4H), 7.44-7.34 (m, 10H), 7.33-7.25 (m, 6H), 7.02 (d, J = 8.5 Hz,
2H), 6.98 (brs, 1H), 6.78 (d, J = 8.5 Hz, 2H), 5.15 (s, 2H), 4.99 (s, 2H), 4.17 (dd, J = 9.6, 7.9 Hz, 1H), 3.96-3.83
(m, 5H), 3.47 (dd, J = 13.3, 10.2 Hz, 1H), 3.40-3.32 (m, 1H), 3.30 (s, 3H), 3.13 (dd, J = 13.3, 4.5 Hz, 1H), 1.82
(ddd, J = 13.6, 13.6, 4.5 Hz, 1H), 1.63-1.23 (m, 5H), 1.10-1.01 (m, 1H), 1.07 (s, 9H), 0.12 (dd, J = 12.5, 2.3 Hz,
1H).

13C NMR (125 MHz, CDCls, 5): 166.1, 157.2, 155.1, 137.1, 136.1, 135.8 (2C), 135.6 (4C), 133.5, 133.3, 131.8,
130.7 (2C), 129.7, 129.6, 128.5 (4C), 128.1, 127.8 (2C), 127.7 (4C), 127.3 (2C), 114.7 (2C), 107.1, 69.9, 67.7,
64.4, 64.3, 64.0, 63.1, 57.9, 35.0, 33.4, 32.5 (2C), 31.7, 29.4, 26.9 (4C), 19.2.

IR (film, cm®): 2936, 2886, 2859, 1713, 1686, 1659, 1512, 1450, 1427, 1389, 1323, 1300, 1238, 1150, 1111,
1030, 826, 741, 702, 613, 440.

HRMS (ESI): calcd for Cs;HssN20-SiNa 873.3906 [(M+Na)*], found 873.3906.
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Synthesis of Oxime 84

0__0
OTBDPS OTBDPS
Bn y, OH  NH,OH-HCI OTBDPS oy
Pd/C /©/ yndme /( /©/
MeOH " meoH NT
Cb N rt rt /
z HN\ 0 86% (2steps) N O
89 Me 92 OH 84

To a solution of 89 (695 mg, 0.82 mmol) in MeOH (16 mL) was added Pd/C (5% wet, 348 mg) and the mixture
was stirred under 1 atm of hydrogen for 24 h. The reaction mixture was filtered through a pad of Celite® and the
filtrate was concentrated under reduced pressure to afford the crude product 92, which was used in the next
reaction without further purification.

To a solution of crude material including 92 in MeOH (8 mL) were added hydroxylamine hydrochloride (85.2
mg, 1.23 mmol) and pyridine (112 pL, 1.39 mmol). After stirring for 10 h, the reaction mixture was diluted with
EtOAc, and the mixture was washed with 1 M HCI and saturated aqueous NaHCOg, then dried over anhydrous
Na,SO.. The mixture was concentrated under reduced pressure, and the resulting residue was purified by column
chromatography on silica gel (n-hexane:EtOAc = 4:1 to 1:4) to afford 84 (438 mg, 86% for 2 steps) as a white

amorphous.

[a]o® — 74.3 (c 0.710, CHClIs).

!H NMR (500 MHz, CDCls, ): 8.56 (brs, 1H), 7.76-7.62 (m, 4H), 7.49-7.35 (m, 6H), 6.99 (d, J = 8.5 Hz, 2H),
6.71 (d, J = 8.5 Hz, 2H), 5.10 (brs, 1H), 4.17 (dd, J = 17.0, 7.4 Hz, 1H), 4.08-3.86 (m, 5H), 3.50 (dd, J = 12.2,
10.8 Hz, 1H), 3.44-3.35 (m, 1H), 3.09 (dd, J = 13.6, 4.5 Hz, 1H), 2.66 (d, J = 19.3 Hz, 1H), 2.45 (d, J = 19.3 Hz,
1H), 1.80 (ddd, J = 13.3, 12.8, 4.0 Hz, 1H), 1.70-1.25 (m, 4H), 1.23-1.02 (m, 2H), 1.07 (s, 9H), 0.19 (d, J = 11.9
Hz, 1H).

13C NMR (125 MHz, CDClg, 8): 164.0, 154.5, 151.4, 135.6, 133.4, 133.2, 130.8, 130.5, 129.7 (2C), 127.7, 115.4,
106.9, 64.3, 64.2, 63.9, 61.2, 59.0, 33.7, 33.3, 32.2, 31.8, 31.5, 31.4, 26.9, 19.2.

IR (film, cm™%): 3304, 3292, 2957, 2934, 1692, 1647, 1516, 1441, 1429, 1265, 1254, 1132, 1113, 826, 737, 704,
503.

HRMS (ESI): calcd for C3sHa4N206SiNa 651.2861 [(M+Na)*], found 651.2862.
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Synthesis of Prenyl Ether 94

BDP 0, ©
OTBDPS ~ on OTBDPS ,, methyl chloroformate
Zn, NH4CI NaHCO;
’, —_—
N
AcOH N THF-H,0
y 50 °C p
N o
o H,N O g5
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/( C52003 /( /@/ \/Y
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50 °C
Q 94% (3 steps) Q
J-NH o PN o 94
MeO S3 MeO

To a solution of 84 (1.29 g, 2.05 mmol) in acetic acid (21 mL) at room temperature were added activated zinc
dust (5.40 g, 82.5 mmol) and NH4CI (2.20 g, 41.3 mmol), and the reaction mixture was stirred at 50 °C for 7 h.
Then the mixture was filtered over a pad of Celite® and the filtrate was concentrated under reduced pressure to
afford the crude product 85 as an acetic acid salt, which was used in the next reaction without further
purification.

To a solution of crude material including 85 in 1:1 THF / H,O (41 mL) at 0 °C were added NaHCOs3 (3.5 g,
41.3 mmol) and methyl chloroformate (0.79 mL, 10.3 mmol), and the reaction mixture was stirred at room
temperature for 3 h. The resulting mixture was taken up in EtOAc, which was washed with brine and dried over
anhydrous MgSO,. The solution was concentrated under reduced pressure to afford the crude product of S3,
which was used in the next reaction without further purification.

To a solution of crude material including S3 in acetone (21 mL) at room temperature were added Cs,CO;3 (1.34
g, 4.12 mmol) and prenyl bromide (0.48 mL, 4.12 mmol), and the reaction mixture was stirred at 50 °C for 2 h.
The reaction mixture was filtered through a pad of Celite® and the filtrate was concentrated under reduced
pressure, and the resulting residue was purified by column chromatography on silica gel (n-hexane:EtOAc = 4:1
to 1:1) to afford 94 (1.43 g, 94% for 3 steps) as a white amorphous.

[o]p?® - 40.1 (c 0.275, CHCIy).

!H NMR (500 MHz, CDCls, mixture of rotamer, 8): 7.68-7.61 (m, 4H), 7.45-7.34 (m, 6H), 7.03 (d, J = 8.5 Hz,
0.2H), 6.97 (d, J = 8.5 Hz, 1.8H), 6.80 (d, J = 8.5 Hz, 0.2H), 6.78 (d, J = 8.5 Hz, 1.8H), 5.51-5.42 (m, 1H), 5.28
(brs, 0.8H), 5.16 (brs, 0.2H), 4.51-4.42 (m, 2H), 4.14-4.04 (m, 1H), 4.05 (dd, J = 10.2, 6.2 Hz, 1H), 3.99 (dd, J
= 10.2, 6.2 Hz, 1H), 3.96-3.81 (m, 4H), 3.69 (s, 2.6H), 3.67 (s, 0.4H), 3.47 (dd, J = 13.0, 10.8 Hz, 0.1H),
3.35-3.21 (m, 1.9H), 3.10 (dd, J = 13.6, 5.1 Hz, 0.1H), 2.96 (dd, J = 11.9, 4.0 Hz, 0.9H) 2.86-2.66 (m, 1H), 1.79
(s, 3H), 1.76-1.69 (m, 1.5H), 1.73 (s, 3H), 1.61-1.54 (m, 1.5H), 1.52-1.36 (m, 3H), 1.34-1.16 (m, 2H), 1.08 (s,
1.5H), 1.06 (s, 7.5H), 0.36 (d, J = 9.1 Hz, 0.2H), 0.11 (d, J = 9.1 Hz, 0.8H).
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13C NMR (125 MHz, CDCls, mixture of rotamer, 5): 171.9, 157.4, 157.1, 137.9, 135.6, 133.3 (2C), 131.0, 130.5,
129.6 (2C), 127.7, 119.7, 114.6, 114.5, 107.0 (2C), 64.8, 64.3, 64.2, 63.1, 58.2, 57.9, 52.3, 51.1, 37.2, 35.0, 34.2,
33.3,32.0,31.2,31.1, 26.9, 25.8, 19.2, 19.1, 18.2.

IR (film, cm®): 3302, 3051, 2936, 2889, 1728, 1686, 1674, 1612, 1512, 1443, 1373, 1238, 1196, 1169, 1111,
1011, 941, 891, 826, 741, 706, 667, 613.

HRMS (ESI): calcd for CasHssN20SiNa 763.3749 [(M+Na)*], found 763.3722.
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Synthesis of Amine 95

50 °C
54%

o_ O o 0
OTBDPS o
&y e O ey
—_—

N THF NJ//©/

O,

>LNH o)

MeO 94

HN
Me 95

To a solution of 94 (103 mg, 0.14 mmol) in THF (3 mL) was added LiAlH4 (106 mg, 2.80 mmol) at 0 °C under
an argon atmosphere. After stirring 50 °C for 15 h, sufficient amount of Et,O, H,O (106 uL), 4 M NaOH (106
pL) and H2O (318 pL) were added at 0 °C successively. After stirring at room temperature for 1 h, the mixture
was filtered through a pad of Celite® and the filtrate was concentrated under reduced pressure. The resulting
residue was purified by column chromatography on silica gel (n-hexane:EtOAc = 1:1 to 0:1, then EtOAc:MeOH
=19:1) to afford 95 (33.6 mg, 54%) as a pale yellow oil.

[a]o? + 1.4 (c 0.515, CHCI5).

IH NMR (500 MHz, CDCls, 8): 7.06 (d, J = 8.6 Hz, 2H), 6.84 (d, J = 8.6 Hz, 2H), 5.52-5.46 (m, 1H), 4.49 (d, J
= 6.9 Hz, 2H), 4.01-3.90 (M, 4H), 3.33-3.27 (m, 1H), 3.24-3.09 (m, 4H), 2.94 (dd, J = 13.5, 2.9 Hz, 1H), 2.68 (t,
J=8.0 Hz, 1H), 2.49-2.41 (m, 1H), 2.46 (s, 3H), 2.22 (dd, J = 12.9, 8.6 Hz, 1H), 1.95-1.85 (m, 2H), 1.82-1.71
(m, 3H), 1.80 (s, 3H), 1.75 (5, 3H), 1.71-1.61 (m, 2H), 1.57 (dd, J = 12.9, 7.5 Hz, 1H), 1.29-1.22 (m, 1H).

13C NMR (125 MHz, CDCls, 5): 157.3, 138.1, 130.8, 129.7 (2C), 119.7, 114.6 (2C), 108.0, 64.7, 64.3, 64.2, 62.3,
60.5,57.3, 56.0, 49.1, 41.8, 36.3, 35.3, 35.0, 33.0, 32.2, 31.5, 25.8, 18.2.

IR (film, cml): 3348, 2932, 1612, 1510, 1438, 1371, 1236, 1142, 1105, 1034, 943, 887.

HRMS (ESI): calcd for CasHaiN204 445.3061 [(M+H)*], found 445.3058.
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Synthesis of TAN1251C ketal 98

o_ O o. O
OH TFAA, DMSO -0
o _necHh T8 Nj/// A KeCOs
then Eth, 0°C (0] MeOH—H20
HN rt
\ o N
Me 95 Ar = \((j Vﬁ/ FC M of 60% (2 steps)
Ao o
N0

N
O

Cs

e

98

To a stirred solution of DMSO (0.18 mL, 2.50 mmol) in CH.Cl, (2 mL) at —78 °C was added TFAA (0.16 mL,
1.10 mmol) and the resulting mixture was stirred at this temperature under an argon atmosphere for 50 min. A
solution of 95 (75.0 mg, 0.17 mmol) in CH.Cl, (2 mL) was added to the mixture and stirred for 40 min. EtsN
(0.28 mL, 2.00 mmol) was added and the mixture was allowed to warm to 0 °C, stirred for 40 min and was taken
up in CHCIs, which was washed with H,O and brine and dried over anhydrous Na,SOs.The solution was
concentrated under reduced pressure to give the crude product of 96, which was used in the next reaction
without further purification.

To a solution of crude material including 96 in MeOH / H,0 (5:2, 12.6 mL) was added K»,COs (0.38 g, 2.70
mmol) at room temperature, and the reaction mixture was stirred at room temperature for 2 h. The solvent was
concentrated under reduced pressure and the residue was taken up in CHCIs, which was washed with H,O and
brine and dried over anhydrous Na,SQOa. The solution was concentrated under reduced pressure and purified by
preparative TLC (CH.Cl,:EtOAc = 1:1) to afford 98 (43 mg, 60% for 2 steps) as a yellow oil.

[a]o® + 71.1 (c 0.590, CHCls).

!H NMR (500 MHz, CDCls, 8): 7.09 (d, J = 8.6 Hz, 2H), 6.82 (d, J = 8.6 Hz, 2H), 5.53-5.47 (m, 1H), 5.10 (d, J
= 1.2 Hz, 1H), 4.48 (d, J = 6.3 Hz, 2H), 4.01-3.92 (m, 4H), 3.30 (dd, J = 5.7, 2.3 Hz, 1H), 3.21 (s, 2H), 3.16 (dd,
J =115, 2.3 Hz, 1H), 2.73 (dd, J = 11.5, 1.7 Hz, 1H), 2.46 (s, 3H), 2.15-2.01 (m, 2H), 1.93-1.84 (m, 1H),
1.81-1.59 (m, 6H), 1.79 (s, 3H), 1.74 (s, 3H), 1.54-1.45 (m, 1H).

13C NMR (125 MHz, CDCls, §): 157.0, 137.9, 132.0, 130.0 (2C), 129.1, 127.2, 119.9, 114.3 (2C), 108.5, 72.0,
64.6,64.3,64.2,59.1,51.5,42.3, 41.4, 40.4, 34.9, 33.4, 32.4, 31.6, 25.8, 18.1.

IR (film, cm™): 3368, 2941, 2880, 1672, 1641, 1611, 1582, 1508, 1466, 1445, 1371, 1296, 1234, 1173, 1157,
1107, 1022, 930, 858, 806, 625.

HRMS (ESI): calcd for CsH37N203 425.2799 [(M+H)*], found 425.2805.
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Synthesis of TAN1251C (1c)

.Me .Me
Z "N 1 M HCI N\
)\/\ N, )\/\o N,

0] acetone |
0 rt %
«/ 65% O
(6]

98 TAN1251C (1c)

To a solution of 98 (20 mg, 47 pumol) in acetone (5.0 mL) was added aqueous 1 M HCI (1.5 mL), and the
reaction mixture was stirred at room temperature for 22 h. Then the reaction mixture was neutralized with
saturated aqueous Na,COs. The reaction mixture was concentrated under reduced pressure and the residue was
taken up in CHCI; which was washed with saturated aqueous Na,COs and brine and dried over anhydrous
Na,SOa. The solution was concentrated under reduced pressure and purified by preparative TLC (CH.Cl:EtOACc
=1:1 x 2) to afford TAN1251C (1c) (12 mg, 65%) as a yellow oil.

[a]o® + 24 (¢ 0.37, MeOH) (lit. [a]o?® + 24 (c 0.44, MeOH) ).
H NMR (500 MHz, CDCls, 8): 7.09 (d, J = 8.6 Hz, 2H), 6.83 (d, J = 8.6 Hz, 2H), 5.53-5.48 (m, 1H), 5.24 (d, J
= 1.2 Hz, 1H), 4.48 (d, J = 6.9 Hz, 2H), 3.42-3.38 (m, 1H), 3.24-3.18 (m, 3H), 2.79 (dd, J = 11.7, 1.7 Hz, 1H),
2.62-2.56 (m, 1H), 2.51 (s, 3H), 2.50-2.44 (m, 1H), 2.43-2.17 (m, 4H), 1.97 (ddd, J = 13.8, 10.6, 4.6 Hz, 1H),
1.91-1.82 (m, 3H), 1.80 (s, 3H), 1.74 (s, 3H).
13C NMR (125 MHz, CDCls, §): 211.7, 157.1, 138.0, 131.9, 129.8 (2C), 128.2, 127.8, 119.8, 114.3 (2C), 71.4,
64.7,59.0,52.1, 42.8, 41.4, 40.3, 39.5, 37.8, 37.2, 34.6, 25.8, 18.2.
IR (film, cm™) 3408, 2926, 2853, 1713, 1672, 1641, 1611, 1505, 1445, 1427, 1371, 1335, 1298, 1234, 1172,
1124, 1107, 1055, 1007, 860, 839, 810, 789.
HRMS (ESI): calcd for C24H33N20 381.2537 [(M+H)*], found 381.2547.
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