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ARTICLE INFO ABSTRACT

Article history: Herein we describe present the detail on our fiéstigations that led to the achievement o

Received total synthesis of nannocystin Ax, a @fembered macrocyclic natural product composing

Received in revised form tripeptidefragment and a polyketide fragment, which feature@ longest linear steps in w

Accepted 13.9 % total overall yield. The key synthetic st relied on the late-stagélle coupling fo

Available online the macrolactonization to construct the 21-membeireg] while directconnection between t
tripeptide fragment and the polyketide fragmentietai'H NMR experiments reveal tt

Nannocystin A nannocystin Ax should exist as conformational miesuin deuterated solvents.
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Polyketide

Peptide

Stille Coupling

1. Introduction amidation as the final step for macrocyclizafidff. Herein, we

. o present our efforts toward total synthesis of nagsiirt Ax in
Natural products had provided unlimited sources e  jqiail.

development of new drug8. Nearly one half of small molecule
drugs are natural products or their derivatives. 2015,
Bronstrup’s group and Hoepfiner's group indepengentl
identified natural compounds of nannocystin fanifly which
were isolgted from the fermentation Myxobacterial genus, 2.1 Total Synthesis of Nannocystin Ax - Strategy A

Nannocystis sp. Structurally, nannocystins feature a novel 21-

membered macro-cyclic scaffold with more than 7esteenters Considering macro-lactonization is a powerful methtod
containing tripeptide and polyketideS¢gheme ) Biological ~ forge macrolidé? we made the first retrosynthetic analysis via
study revealed their outstanding cytotoxicity tamawous cancer disconnecting the tripeptide moiety and polyketiteiety in
cell lines, such as HCT116 cell lines (2.5-10 nMj.addition, ~nannocystin Ax to get compoundsand6 (Scheme 2 Then,
nannocystin A exhibited a strong antifungal efféchibiting the  the polyketides can be formed by asymmetric Mukaiyama aldol
growth of C. albicans (ICs,= 73 nM). Moreover, it was found reaction between unsaturated aldehydend vinylketene silyN,
that the activity target of nannocystins is EEdf eukaryotes, O-acetal8'®. The tripeptide6 can be constructed via double
which is identical to that of a drug candidate, dbgidemnin B, amidation from three known compourids

although nannocystins show much better cytotoxicity.

Undoubtedly, the novel molecular structures and rkatde

bioactivities of nannocystin family have stimulatedmerous

passion and endeavor among synthetic cherlistsonstruct the

challenging 21-membered macrocycle of this natdaahily,

Wang ‘s groug® and Firstner ' s grouff! favored the ring-

closing metathesis (RCM) strategy, while Ye 's gr&ipand

Chen 's group® resorted to the Suzuki coupling and Heck

reaction to fulfill this transformation, respectiyeln addition,

our grouputilized the Stille coupling in this key cyclizatio

precess and He’s group, as well as Kalesse's group, selected
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2. Results and Disccusions




nannocystin A0 (3)

nannocystin Ay (4)

Scheme 1 Structures of selected nannocystins

According to the above retrosynthetic analysis,geared up
for the tripeptides at first. The dipeptidd.2 can be obtained in
the presence of HBTU, DMAP and DIPEA. Hydrolysis Iof
with LIOH<H,0O afforded13 in 85% yield. Subsequent amidation
with 9 resulted in the tripeptid®4 in 70% yield. Echeme 3.
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reduction of 17 followed by oxidation and Wittig reaction,
generatedL9 in 64% vyield for 3 step$” Reduction ofl9 and
oxidation of the resultant allylic alcohol with Ma@ave the
corresponding aldehydé Due to its instability, we exposed
without further purification to the next Mukaiyamial reaction

to examine the feasibility of this process. Unfoetaty, both
reactants decomposed rapidly under Lewis acid comditsuch

as TiCl, et al. Thus, we set about for an alternative route to
achieve this polyketideScheme 4.

H 16, MeCN, 70 °C H
O — ~

1) DIBAL, DCM, 0 °C;
2) MnO,, DCM, rt;

1 97 % 3)18, DCM, rt
oTBS OTBS o 64 % for 3 steps
15 17
OTBS ¢
H DIBAL,DCM,0 °C; H
NN —————— > AL+ P Ny
: MnO,, DCM, rt i —
oTBS t OoTBS H =
19 7 8

(without purification)

o

2 Pha"\)j\ A~ PhaPYJ\O/\
> Q/O i

Lewis acid,
DCM

-78°C-rt

16 18

Scheme 4 Attempts to polyketide moiety by Asymmetric
Aldol

Witnessing comprehensive application of cross-dagpl
reactions in total synthesis, we conceived a Stiltess-coupling
strategy between a vinyl iodide segment and an ogjannane
segment to acquire the polyketide fragment. Accalginwe
first attempted to make the corresponding vinylidedsegment.
So, an asymmetric Mukaiyama-type aldol reactionwbeh
vinylketene silyl N, O-acetaB and acetal23 was utilized to
achieve compoun@4 by following Kobayashi and Hosokawa's
methodology.® Delightfully, this asymmetric aldol reaction
underwent  smoothly  with  high yield and good
diastereoselectivity (88% yield, 14: 1 dr). Subssguemoval of
the chiral auxiliary group oR4 resulted in the aci®5 with
satisfactory yield and retained ee value. Furtheemafter
Corey-Fuchs alkynylation of the chiral aldehyif the resultant
compound21 underwent hydrostannation and deprotection of the
TBS group to afford the organostannane seg@2hf’. However,
the desired Stille coupling did not take place betwehe
unsaturated aci®5 and secondary alcohd2 under various

. reaction conditions (, Scheme
Scheme3 Synthesis of compound 14 ( >
Then, we turned our attention to synthesize the katige
moiety 5. The known compoundl5” was transformed to
compound17 in 97% vyield via Wittig reaction. Subsequent
OTBSO
~O OTBS
5
esterification - —%i
NH o}
HO ~ ~N,
o n.H N o MeO. O amidation HO>\‘/U\O/ o
m/'\/\ amidation K NH,
cl Y N SNH NH; 0
o = HO 2 H )‘[('\/\ 9 cl
HO o) o - + +
; H 10
Cl cl o ¢ — ~\-Boe MOMO
nannocystin Ax(2) i HO. c
HO amidation Y
Cl o *

Scheme 2 Strategy A based on macrolactonization
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Scheme 5 Attempts to compound 26
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Scheme 6 Strategy B Based on Stille Coupling
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Scheme 8Synthetic attempts to compound 32
2.2 Total Synthesis of Nannocystin Ax - Strategy B

Besides the macrolactonization, metal-catalyzed lleSti such as HBTU, HATU, EDCI, PivCl, (COGland Ghosez regent,
couplings are efficacious tool reactions as welkcamstructing ** were examined, all conditions failed to achieve desired
macro-membered rind¥’. So, we considered the stille coupling product (see SI for details). Amazingly, even thedel reaction
to cyclize the 21-membered macrocycle. To makeusd of the  between tiglic acidBB0 with the amine29 could not furnish the
synthesized moiety from Strategy A, we disconnectecorresponding amidation produc@aheme J. We ascribed this
nannocystin  Ax retrosynthetically via esterificatiomnd  difficulty in amidation to some special conformai#d folding of
amidation of the tripeptide28 before Stille coupling of27  the tripeptide.

(Scheme 6-Strategy B With these in mind, we began to attempt esterificatof the

First, we tried amidation of the tripeptide wiftb ahead of tripeptide ahead of its amidation, by hydrolysistloé tripeptide
esterification with22. Deprotection of Boc and protection of OH 14 using LiOHHO ™ to afford the acid28. However,
group in compound4 ™ gave the resulting tripeptid29, which  esterification betwee@8 and22 in numerous conditions proved
was subsequently subjected to amidation reaction with infertile without compoun®2 generated (see Sl for details), but
unsaturated aic®5. Although numerousactivating reagents, resulted in decomposition of the substragcheme 8 We
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speculated that the inefficient esterification betw¢he aci28

and the secondary alcoh@P could be ascribed to the steric

hinderance between them. The rate of esterificatiaa so low H

that the vinyltin moiety o2 had decomposed before the desired I, e 2 oane is

reaction took place. To test this possibility, campd 22 was DM, 0°C, 729 %

prepared and its esterification widl, a much smaller compound teso teso”| N2

than 28, was examined. The tertiay alcohol of the known 34 35

compound’, ®"was protected under TESOTf/lutidine condition,

which led to partial deprotection of Boc amide. Aftexatment ©\M

of the resultant mixture with Be® and lithium hydroxide, s S sneyg

comopound 33 was obtained in satisfactory yield. Notably, Op° O°

protection of the tertiary alcohol is necessary HEevent  ‘poa oow . (?;( Me~<Bog 2.8 lutd Me. | H

NH %NH N
dehydration in the coupling reaction betwexhand 33 (Table 0°C - 82 % g H\n)\/\ DCM, 0°C TESO o H\n)\/\
1). After screening various reaction conditions torpote the cl o ° 8% cl o ¢
| 36

©\/:\/\ Mex, .Boc
Y 7 SnBujz

OH H N
o ~\N\n)\/\
+ Cl o =
MOMO
cl 13

NHBoc

2, 6- lutidine

esterification, the best yield achieved is just 2Ebeit better . VOMO
than that in coupling reaction betwe2hand28. o 32 ¢

Table 1 Screening of Esterification between 22 ar@B )
Scheme 9 Synthesis of compound 36

Table 2 Screening of Amidation between 25 and 36
1. 2, 6- lutidine, TESOTf, DCM, 0 °C;
2. Boc,O, NEt;, THF, rt; OH

3. LIOH "Hp0, DME / HpO = 1: 1, 1t NHBoc
63 % for 3 Steps 33

7777777777777777777777777777777777777777777777777777777777777777777777777777 ©\;/\/\Sn8us
z Me., .H
H NH N
= H
©\/;\/\ (o} cond ©\-/\/\SHBU3 TESO o ‘\Nm/k/\

~ onditions g >
snBu; 4 TESO OH o cl o *

3

Cl
+

v __~ondmons _ 0
OH NHBoc TESO NH
Conditions
22 33 TESO NHBoc MOMO 6 - 0N
34
Cl
7~
? e MOMO’
'WOH al
25

TESO

(1.0 equiv.) (1.2 equiv.)

Entry? Condensing Reagent (equiv.)? Additive (equiv.) Yield (%)
1 DCC (3.0) DMAP (0.2) 0 ‘:
123 Egg: gg; :gg: gg; D,\I;f:(g‘o(;) 8 f Entry? Condensing Reagent (equiv.)?  Addictive (equiv.) Yield (%)
4 (COCl); (0.6) DMF (cat), NEt;(3.0) cM. 9 1 DCC (3.0) DMAP (0.2) 0°
5 Yamaguchi reagent (1.5) © DMAP (0.2), NEt3 (3.0) trace 2 EDCI (3.0), HOAt (3.0) DIPEA (3.0) 0°
6 MNBA (1.5) DMAP (0.2), NEts (3.0) 0° 8 EDCI (3.0), HOBt (3.0) DIPEA (3.0) o
7 HATU (3.0), HOA (3.0) DIPEA (4.0) cM.9 4 (COCh, (06) DMF (0.2), NEt;3.0) 0
8 HBTU (3.0) DMAP (0.2), DIPEA (3.0) 21 > Piva1 1.2) DMAP(02), NEt; 30) - 0
o . 6 ‘Yamaguchi Reagent (1.5) ¢ DMAP (0.2), NEt3 (3.0) 0
2 Scale of the reactions ranged from 0.04 to 0.12 mmol. ® Reactions were conducted in DCM (0.1 M) 7 Yamaguchi Reagent (1.2) NEt; (3.0) of
8 HATU (3.0), HOA (3.0) DIPEA (3.0) Trace

at room temperature unless otherwise stated.  Reaction was conducted in toluene (0.1 M) at room
9 HBTU (3.0) DMAP (0.2), DIPEA (3.0) 10

@ Scale of the reactions ranged from 002 to 0.05 mmol. 2 Reaction were conducted in DCM (0.1 M )
at room temperature unless otherwise stated. © Reaction was conducted in toluene (0.1M ) at room

temperature; ¢ Yamaguchi reagent: 2,4,6-trichloro-benzoyl choride. ©No reaction with all starting

material recovered. / The substrate 22 decomposed. 9 C.M.: complex mixture.

temperature. “No reaction with the substrates recovered. ®None product was detected and
compound 36 partially decomposed. Yamaguchi Reagent: 2,4 6-trichorol-benzylchoride;

Although the yield of34 was unsatisfactory, we still planned
to move farward to examine the practicability ofattgy B.
Removing the Boc protection 034 under the condition of
TMSOTf and 2,6-lutidine in DCNt® could give the free amine
35in 72% yield. Then amidation &5 and13 gave rise t®B2in
82% vyield which further underwent Boc deprotectiomgémerate
the amine36 (Scheme 9. The following pivotal amidation
reaction was examined with lots of condensing meth{@dble
2). All initial attempts, such as utilizing DCC or EDGIs
condensing reagent, activating the unsaturated aBidwith
(COCl),, PivCl, Yamaguchi reagent and Ghosez reagen
afforded no desired amidation product. We then paid
attention to utilize HATU or HBTU as the reagents. &oately,
we could obtain37 in 10 % yield in the presence of HBTU,
DIPEA and DMAP, while only trace amount 87 could be
detected under HATU/HOALt/DIPEA conditionTdble 2).
Pleasingly, exposure of trace amoun8dafin typical Stille cross-
coupling conditions, such as Pd(RRKICI in THF and
Pd(MeCN)Cl,/PhAs/Cul in DMF, afforded the cyclized product
detectable through LC-MS, which inspired us to dder the
obstacles toward efficient total synthesis of nagatic Ax.

2.3 Total Synthesis of Nannocystin Ax - Strategy C

The above successful macrocyclization 3f through Stille
cross-coupling ensured us on the feasibility of tkirategy in
total synthesis. Failure in efficient connectiorivileen25 and29

or 36 indicated the possible presence of destructivetion of
conformation of the tripeptide on the amidationrtRermore, we
noticed that the amidation between the andand the acid.3
tproceeded smoothly. Thus, we conceived a synthétitegy
involving forge of the tripeptide at the late staijeotal synthesis,
which retrosynthetically led to compoud® and compoun®5
from compound37, a Stille cross-coupling precursor toward the
target molecule§chemel6Strategy C). Amidation betweer25
and the dipeptid89 might be feasible. Since direct esterification
between compoun®2 and compoun@3 had been proved in low
efficacy, a Mitusnobo-type esterification towa38 from 40 and

41 was devised. Accordingly, based on asymmetric
crotylboration of aldehyde developed by Roush’sugrd”, the
secondary alcohatO was prepared smoothly with 85% ee. The
acid41 could be prepared by direct oxidation of the known
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42 PhEHO, -078 C OH 20 PPh;, DIAD H Z SnBuz 2, 6- lutidine H SnBus
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Scheme 11 Synthesis of compound 35

compound43. ¥ Interestingly, when the reaction was performedTable 3 Screening of amidation between 39 and 25
in Mitsunobu condition in THE** no product could be detected.

But the reaction underwent well in toluene and didrieethane Mesg  Meowy-Bo Mesg - Men-ft
and affordedd4 in 70% yield. Subsequent removal of Boc group o NW('\/\ 2, 6- utidine o N\"/'\/\
provided the aming5 in 82% yield Gcheme 1) Deprotection o o =  IMSOTLDCMOQ ¢ o

of 12 under 2,6-lutidine and TMSOTf could generate the |, Br oo

amidation precursor39 in 79% vyield. Then the amidation c 12 c %

between 39 and 25 was prudently examined with various |

condensing reagents such as EDCI, HATU, HBTU, BOP, Z
Yamaguchi reagent and Ghosez reagent. Grati_fyingly, Ve, = Me.iH , “oMe
employment of Ghosez reagent (1.2 equiv.) and; \Eequiv.) N g ~
could lead to the amidated proddé&in 83% yield Table 3) 7. o) WOH\/\ . Condifons  Mew,  Me. Ay
H

Then hydrolysis of45 using LiOH*HO in DME and water o o N)(k/\
afforded the acid38 in 87% yield. Pleasingly, the amidation o “ e
between the aci@8 and the amin®5 underwent smoothly with (1,13e9quiv.) (1.0 equiv.) MOMO
EDCI, HOAt and DIPEA to provide7 in 75% vyield. After c
executing the intramolecular Stille cross-couplinglilute THF, Entry®  Condensing Reagent (equiv)®  Addictive (equiv.) Yield(%)"
we obtained compound6 in 62% yield in the presence of 1 EDCI (3.0), HOAt (3.0) DIPEA (3.0) NR.
Pd(PPh), and LiCI"™ at 60°C (Scheme 1}, prompting us to 2 EDCI (3.0), HOAt (3.0) © DIPEA (3.0) NR.
complete total synthesis of nannocystin Ax afteraffiiglobal : T B0 rEA o AP 02 ot
deprotection. Considering the lability of TES an®M group in 5 BOP reagent (3.0) ¢ NEts (3.0) NR.
compound46 under acidic conditioff”, we screened different 3 (COCI); (0.6) %TAFF(O(')ZZ)'DLPEEA ;360) :2
acids to remove both protective groups in one Pable 4), and . ey oWAP O Nek 0 N
found that the target molecule, nannocystin Ax, watsioed in 9 Yamaguchi reagent (1.2) DMAP (0.2), NEts (3.0) NR.

78% yield with para-toluenesulfonic acid. Interestingly, tHel 10 Yamaguchireagent (1.2)¢  DMAP (02),NEt 30)  NR.
i H P . . 1 Ghosez reagent (1.2) NEt; (3.0) 83
NMR of nannocystin Ax showed it exists as a 5 : 1 omixtof

2 Scale of the reactions ranged from 0.02 to 0.1 mmol. P Reactions were conducted in DCM (0.1 M) at room

tWO IsomeI‘S II‘dG-DMSO, and Chal‘aCtel'IzatIOI‘l data Of the maJOI‘ temperature unless otherwise stated. ©Reaction was conducted in MeCN (0.1 M) at room temperature. d
one matched that Of the natural product from Hoemne Reaction was conducted in DMF (0.1 M) at room ©Reaction was in toluene (0.1 M) at

room temperature.  N.R.: no reaction. Yamaguchi reagent: 2,4,6-trichloro-benzoyl chloride; Ghosez reagent:

al
researcﬁ . 1-chloro-N,N,2-trimethylpropenylamine.
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35
EDCI, HOAt

LIOH'H,0
DME /H,0=1:1
—_—

rt, 87 %

cl o = Cl 75 %

MOMO 45 38
al cl

Scheme 12 Synthesis of compound 46

Further study showed that th¢ NMR of nannocystin Ax are
a 10:1 mixture of two isomers in botfi-acetone and CDgI

These abnormal results made us suspect the preseince

conformers of nannocystin Ax. ThéH NMR variable-
temperature experiments were executed at varioupet@tures
from 25°C to 70°C in d-DMSO, illustrating that nannocystin
Ax does exist as conformational mixtures in DMSO bef@WC

0_0
OH \N (o)
H <
o \NNW('\/\ __ DIPEA TEsO NH HMe N
: DCM, 0°C to rt mNT('\/\
o

"OMe

Pd(PPhg),
o LiCl, THF, 60 °C
—_—

(o]
TES(ﬁI
62% 0PN |

al N

37 MOMO 46
Cl

(¢]
Cl o

MOMO
Cl

3. Conclusion

We have completed total synthesis of nannocystinafgr
attempting different synthetic strategies. Stratégyelying on
the late-stage macrolactonization was unsuccessftause the
precursor of macrolactonization could not be acdkdevThen,
strategy B was also proved out of synthetic sigaifite, due to

(Figure 1). Then the structure of nannocystin Ax was furtherunprecedented difficulty in esterification and aatidn of the

confirmed by single crystal X-ray diffraction ansity Scheme
13D). Notably, re-dissolving the sample subjected toglei
crystal X-ray analysis in>-DMSO resulted in a 5:1 mixture of
conformers again by NMR analysis. According to thessailts,
we concluded that nannocystin Ax exists as confoonati
mixtures in solvents such d$DMSO, d®-Acetone and CDGI

Due to their structural similarity between nannoaygtx and
nannocystin A, we attempted to transform nannocyAtinto
nannocystin A by selective asymmetric epoxidationrides
epoxidation conditions were test&d, but none of them could
give rise to nannocystin A (see Si for details).

Table 4 Deprotection of 46 and completion of totalymthesis

0.0
Conditions gNH
e —— HO H SN

N
fe) WINH (0]
a ]]/'\/\ al

O H O H
MOMO HO!
Cl 46 Cl nannocystin Ax(2)
Entry * Acid (equiv.) Temp. (°C) Yield (%)
1 TMSBr (2.0) ® -45°C -
2 TMSBr (2.0)® 78°C -
3 BBr3 (1.0)° -78°C -
4 LiBF4 (2.0) ¢ 40°C --9
5 HCI (12, 1 Min H,0) ¢ rt trace
6 HCI (12, 3 M in H,0) ¢ rt trace
7 HCI (12, 6 M in H,0) ¢ rt trace
8 HCI (12, 3 M in H,0) ¢ rt 72
9 CAS (0.5)¢ rt 75
10 pTsOH (0.5) © rt 78
@ Scale of the reactions ranged from 0.01 to 0.02 mmol. ” Reaction was conducted in DCM (0.1 M) for
30 min. ¢ Reaction was conducted in aqueous acetonitrile (MeCN/H,O, 1:1). 9 Reaction was
conducted in a mixture of THF and ageous HCI ( 1 : 1, v/v) overnight. © Reaction was conducted in

MeOH (0.05 M ) for 4 h. f Compound 46 decomposed. 9 Only desilylation took place.

tripeptide segment with compoun@2 and25. On the basis of
strategy A and strategy B, we implemented strategytiling
the Stille cross-coupling to forge the key 21-meredering.
Total synthesis of nannocystin Ax was thus accometisim 8
longest linear steps with 13.9 % overall yield. Take a distinct
illustration, the full synthetic route leading t@mmocystin Ax
(Strategy C) is outlined irscheme 13 This successful total
synthesis features asymmetric Kobayashi aldol ieadollowed
by hydrolysis leading t@5, Roush sasymmetric crotylboration
followed by Mitsunobu esterification and deprotectleading to
35 and late-stage Stille cross-coupling leading tenolade of the
target molecule. The sequence of installing difiefeagments is
crucial to the total synthesis because of speeiattivity of the
tripeptide fragment inside. Notably, nannocystin Axists as
conformational mixtures with viable ratios in diféet solvents at
room temperature, which should be kept in mind dyrin
experiments in organic synthesis and bioassay isf ratural
product in the future.

4. Experimental Section

4.1 General

Unless otherwise stated, reactions were conductenhlaeat
temperature under an argon atmosphere using fredhigd
solvents. 1, 2 dimethoxyethane (DME), Terahydrofu@HF)
was distilled by sodium using benzophenone as italica
Petroleum ether (PE), Ethyl acetate (EA), 1,2-dicéthane
(DCE), Methylene chloride (DCM), acetonitrile (MeCN),
Dimethylformamide (DMF) and Toluene were distilled by
calcium hydride. Triethylamine (NBt and N, N-
diisopropylethylamine (DIPEA) were distilled by caloi
hydride. The reaction was monitored by thin layer
chromatography using silica gel commercially avdézand were
visualized by UV, p-anisaldehyde, ninhydrin, CAM or K,
stanning. Flash column chromatography was perfornmsdg
silica gel purchased from Qingdao Hailang Silica Bekiccant
CorporatiomH-NMR spectra and *C-NMR  spectra were
recorded on Brucker (400 MHz and 100 MHz respectjvahd
Bruker (600 MHz and 150 MHz, respectively) NMR
spectrometer with TMS as the internal standard,aaadeported
relative to internal CDGI('H, 7.26 *°C, 77.16)®-DMSO (H,
2.50;°C, 39.52) , (CH),CO (H, 2.05;*C, 29.84). Data fotH-
NMR spectra are reported as follows: chemical s#ftpm),
multiplicity, coupling constantJ (Hz) and integration
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Figure 1*H NMR variable-temperature experiments of nannocysti Ax in d®-DMSO at different temperatures

Multiplicity and qualifier abbreviations are aslts: s=single,
d=double, t=triplet, qg=quartet, m=multiple, br=bdoa
app=apparent. Infrared (IR) spectra were recorded aon
SHIMADZU IRTracer-100 FT-IR (Fourier Transform Infeat)
Spectrometer and were reported in frequency of atisafcni').
High resolution mass spectra (HRMS) were recorded on
Thermo Fisher Q Exactivé” Focus Combined Quadrupole

5.1 Hz, 1 H), 2.88 (dd] = 13.8, 7.7 Hz, 1 H), 2.70 (s, 3 H), 1.41
(s, 9 H), 1.41 — 1.27 (m, 2 H), 1.02 — 0.93 (m, 1485 (t,J =

7.3 Hz, 3 H), 0.77 (dJ = 6.0 Hz, 3 H);*C NMR (101 MHz,
CDCly): § 171.2, 170.6, 157.3, 148.7, 134.2, 129.8, 12949
80.6, 62.9, 58.2, 52.7, 52.5, 36.9, 31.5, 30.34,284.5, 15.8,
40.6; IR (KBI) vmax 3345, 2968, 1847, 1747, 1684, 1516, 1476,
1313, 1256, 1206, 1159, 937, 801 tmHRMS-ESI (W2):

OrbatripTM Mass Spectrometer. Optical rotations were measurefM+Na]" calculated for G Hss Cl, N, Na O, 557.1797, found:

on a Jasco-P-2000 polarimeter using a 100 mm lecettat 589
nm.

4.2 Experimental procedures and data of synthetic

intermidates

4.2.1. Synthesis of Compount2. To a cool solution of HBTU
(7.39 g, 19.5 mmol, 3 equivalent), DMAP (158.0 m@ thmol,
0.2 equivalent) and DIPEA (3.2 ml, 19.5 mmol, 3 &glént) in
35 ml DCM at 0°C, the solution of10 (2.0 g, 6.5 mmol, 1.0
equivalent) andl1 (2.42 g, 19.5 mmol, 1.5 equivalent) in 30 ml
DCM was added slowly. The reaction was allowed to warmn th
reaction to room temperature and stir with additidi@ h until
the reaction completed. Filtrated through a plugliatomite, the
solution was concentrated by rotary evaporator. Thade
product was chromatographed on silica gel (PE / EA=1bto
provide12 (2.98 g, 85% yield) as colorless dik]*p = — 61.6 ¢
1.3, CHC}); *H NMR (400 MHz, CDCJ): 6 7.08 (s, 2 H), 6.83 (d,
J=7.5Hz,1H),5.12 (s, 2 H), 4.77 @= 5.5 Hz, 1 H), 4.09 (d,
J=11.2 Hz, 1 H), 3.69 (s, 3 H), 3.65 (s, 3 H), 3.0d, (&= 14.0,

557.1790.

4.2.2. Synthesis of Compound3. To a cooled solution of
dipeptide12(1.84 g, 3.4 mmol, 1.0 equivalent) in 50 ml of DME
(1, 2 dimethoxyethane) at°C, the solution of LIOH<KD (428.1
mg, 10.2 mmol, 3.0 equivalent) in 50 ml of,®H was added
slowly. The reaction was then allowed to proceed a&mro
temperature and stirred overnight. The reaction eeaded again
to 0 °C and was quenched by dropwise addition of 1M HCI
solution to achieve pH 2. After extracting the aquelayer with
EA (100 ml x 3), the combined organic phase was doeer
N&aSQ,, filtrated and concentrated in vacuo. The resgltrude
product was chromatographed over silica gel (PE / EA%) to
provide the acid.3 as viscous colorless oil (1.52 g, 85 %)},
=—45.3¢0.11, CHC)); 'H NMR (400 MHz, CDC)): 6 7.19 (s,

2 H), 5.13 (s, 2 H), 4.78 (dd,= 13.6, 7.0 Hz, 1 H), 4.21 (d,=
11.2 Hz, 1 H), 3.66 (s, 3 H), 3.09 (dbs 14.0, 5.8 Hz, 1 H), 2.93
(dd,J =14.0, 7.3 Hz, 1 H), 2.80 (s, 3 H), 2.01 (m, 1 H30L(s,

9 H), 1.06 — 0.97 (m, 1 H) 0.89-0.84 (m, 5 H), 0.78J)(d 6.1 Hz,
3 H); ®C NMR (101 MHz, CDG)): 173.9, 169.5, 148.7, 134.4,
130.0, 129.3, 99.3, 81.3, 60.0, 58.2, 52.8, 3&261,29.8, 28.4,
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Scheme 13 Completion of hannocystin Ax

24.6, 15.6, 10.5. IR (KBrymax:3468, 2954, 2924, 2853, 2365, 1 H), 1.39 (s, 9 H), 1.26 (s, 3 H), 1.13 (s, 3 H)40-90.86 (m, 1
1760, 1548, 1157, 1101, 937 ¢rHRMS-ESI(m/z): [M+K]* H), 0.81 (m, 5 H), 0.58 (d} = 5.9 Hz, 3 H)}*C NMR (101 MHz,
calculated for &, H;, Cl, N, K O, 545.1218, found: 545.12009. CDCly): 171.5,171.0, 170.6, 156.8, 148.2, 135.0, 13028.9,
4.2.3.Synthesis of Compounti4. To a cooled solution of EDCI 99.1,804, 77.2, 71.3, 62.4, 60.5, 57.9, 53'61’537'_1’ 32.1,
(615.5 mg, 3.2 mmol,3.0 equivalent), HOA (437.0 m@, @mol 30.1, 28.2, 26.9, 26.7, 24.4, 15.1, 10.3. IR (KBmax: 3499,

: e - ! ' ’ ' 2955, 2924, 1718, 1458, 1375, 1159, 947" cHRMS—-ESI(m/z):

3.0 equivalent) and DIPEA (0.70 ml, 4.3 mmol, 4.0 iegjent) + .
in 25 ml DCM at 0°C, the solution 0B (187.5 mg, 1.28 mmol, g\g'\g]?)l calculated for & Has Cl.NsNa Q, 672.2425, found:

1.2 equivalent) and3 (563. 0 mg, 1.07 mmol, 1.0 equivalent) in

25 ml DCM was added slowly. The reaction was allowed tot.2.4. Synthesis of Compouni7. To the solution of the chiral
warm to room temperature and stir t until the resctiompleted aldehydel5 (1.91 g, 6.9 mmol) in 30 ml acetonitrile, Wittig
by TLC detection. The solution was concentrated btary  reagentl6 was added at room temperature and allowed to warm
evaporator and the crude product was chromatographesilica  to 70°C overnight. Concentrating the solution in vactilirating

gel (PE / EA= 3 : 2) to providé4 (486.2 mg, 70 % vyield) as over silica gel and washing it by PE / EA= 20 : 1. teff
yellowish oil.[o]*%, = — 37.1 ¢ 0.74, CHCJ); '"H NMR (400 MHz, concentrating via rotary evaporator, the crude pecodwas
CDCly): 6 7.60 (s, 1 H), 7.38 (s, 1 H), 5.07 (s, 2 H), 4.94 1h), chromatographed on silica gel (PE / EA= 20 : 1) tonikh
4.51 (d,J = 8.4 Hz, 1 H), 4.05 (d] = 11.1 Hz, 1 H), 3.71 (s, 3 H), viscous oil (2.33 g, 97 % vyield)}[*, = — 11.8 ¢ 0.21, CHC));

3.62 (s, 3 H), 3.08 (m, 1 H), 2.96 (m, 1 H), 2.7@3(81), 1.91 (m, 'H NMR (400 MHz, CDCJ): § 7.26 — 7.20 (m, 5 H), 6.92 (dd,



=15.8, 7.6 Hz, 1 H), 5.67 (d,= 15.8, 1 H), 4.58 (d] = 5.0 Hz,

9
4.2.7. Synthesis of Compoundl To a cooled solution of5

1 H), 4.14 (ttJ = 7.1, 3.5 Hz, 2 H), 2.59 — 2.51 (m, 1 H), 1.24 (5.1 g, 18.2 mmol) in THF (150 ml) at°C, CBr, (9.05 g, 27.3

(dd,J = 13.8, 6.7 Hz, 3 H), 0.96 (d,= 6.7 Hz, 3 H), 0.86 (s, 9
H), 0.01 (s, 3 H), -0.23 (s, 3 H)**C NMR (101 MHz,

CDCl,):166.8, 151.7, 143.0, 128.0, 127.3, 126.6, 12623,

45.3, 29.8, 26.0, 18.4, 15.5, 14.4, 13.7, -4.53.-8R (KBr)

vmax:3499, 2955, 2920, 1718, 1456, 1261, 918 :cHIRMS—

ESI(m/z): [M+Na] " calculated for @ Hs, Na O, Si, 371.2013,
found: 371.2021.

4.2.5. Synthesis of Compountl9. To a cooled solution ofl7
(2.33 g, 6.7 mmol, 1.0 equivalent) in 30 ml DCM &0) DIBAL
(1.46 M in toluene, 14.8 ml, 21.6 mmol, 3.2 equivd) was
added dropwise. After stirring overnight at®, the reaction was
quenched by 150 ml saturated Rochelle salt andedtito
clarified separated phase. After extraction by DA®IO(ml x 3),
the organic phase was dried by 8@, filtrated and
concentrated in vacuo. The
chromatographed on silica gel (PE / EA= 5 : 1) tovale
corresponding allylic alcohol [1.97 g, 96 % yieltH NMR (400
MHz, CDCk): §7.65 — 7.53 (m, 5 H), 5.93 (dd,= 15.7, 6.9 Hz,

1 H), 5.86 —5.80 (m, 1 H), 4.84 @=5.0 Hz, 1 H), 4.32 (d] =
5.3 Hz, 2 H), 2.78 (dd] = 12.9, 6.4 Hz, 1 H), 2.36 (s, 1 H), 1.36
(d,J=6.7 Hz, 3 H), 1.26 (s, 9H), 0.37 (s, 3 H), 0.153(81); °C

NMR (101 MHz, CDC)): §143.8, 135.48, 129.1, 127.7, 126.9,

78.8, 63.6, 45.1, 25.9, 18.3, 14.9, -4.6, -5.0.¢a@srless oil. To
a cooled solution of this allylic alcohol (1.97 &4 mmol) in 40
ml DCM at 0°C, the freshly activated Mn@5.57 g, 64.0 mmol)

resulted crude produets w

mmol, 1.5 equivalent) and PPI14.32 g, 54.6 mmol, 3.0
equivalent) was added sequentially and the resustantion was
stirred at room temperature overnight. After filioatover a plug
of diatomite and concentration in vacuo via rowvgporator, the
resulted crude product was chromatographed on sijeh
(PE/EA= 100 1) to provide thegemrvinyldibromide as
yellowish oil. To a cooled solution of thgem-vinyldibromide
(1.22 g, 2.8 mmol) in 25 ml of THF at -4, nBuLi solution
(2.40 M in hexane, 2.46 ml, 5.90 mmol, 2.1 equinglevas
added dropwise. After 4 h, the reaction was quenblyeatidition
of 10 ml of water and the solution was slowly warmeddom
temperature and stirred for additional 1 h. Aftepasating the
two phases and extracting the aqueous layer with BAn(1x 3),
the combined organic phase was dried oveiSg filtered and
concentrated in vacuo. The resultant crude prodweis
chromatographed on silica gel (PE / EA= 200 : 1afford the
alkyne 21 (652.6 mg, 70 % yield in 2 steps) as yellowish oil.
[0]%% 34.1 ¢ 0.18, CHCJ); '"H NMR (400 MHz, CDCY)) 6
7.29-7.20 (m, 5 H), 4.53 (d,=6.5 Hz, 1 H), 2.64 —2.57 (m, 1
H), 1.93 (dJ = 2.5 Hz, 1H), 1.14 (dJ = 6.9 Hz, 3 H), 0.82 (s, 9
H), -0.00 (s, 3 H), -0.25 (s, 3 H)*C NMR (101 MHz, CDC)):
143.2,127.9, 127.5, 127.0, 86.9, 77.9, 70.2, 35N, 18.4, 16.6,
-4.5, -4.9;. IR (KBr)vmax: 3445, 2968, 2926,1732,1651, 1258,
1090, 1045, 880 cih HRMS—-ESI(m/z): [M+Na]' calculated for
Ci7H2sNa O Si, 297.1645 found 297.1643.

was added. The reaction was allowed to warmed to room.2.8.Synthesis of Compour2R. To a solution o1 (652.6 mg,

temperature and stir until the reaction completethitored by
TLC. The solution was filtrated over a plug of sligel and
washed by DCM. After concentrating in vacuo, the croideluct
was dissolved in 30 ml DCM, Wittig reageh8 (2.26 g, 6.2

2.38 mmol, 1.0 equivalent) in 25 ml of toluene, AIBN2.5 mg,
0.12 mmol) and BysnH (1.26 ml, 4.76 mmol, 2.0 equivalent)
was added. The reaction was stirred at@@vernight. Then, the
reaction was cooled to room temperature and dilbyef0 ml of

mmol) was added and allowed to warm to room tempeyaturEA. The organic phase was washed by 50 ml of waterttzard

overnight. Concentrated in vacuo, filtrated oviica gel using
PE / EA = 20 : 1 as eluent, the resulted crude prodvas
concentrated in vacuo and chromatographed on sigtaPE /
EA= 20 : 1) to provide estd9 (1.66 g, 64 % vyield for 3 steps) as
colorless oil. §]* = — 4.2 ¢ 0.33, CHCJ));. '"H NMR (400 MHz,
CDCly): 6 7.32 —7.21 (m, 5 H), 7.11 (d,= 11.2 Hz, 1 H), 6.24
(dd,J = 15.2, 11.3 Hz, 1 H), 5.98 (dd,= 15.2, 7.7 Hz, 1 H),
4.55 (d,J=5.4 Hz, 1 H), 4.21 (q] = 6.9 Hz, 2 H), 2.58 (dt] =
12.9, 6.5 Hz, 1 H), 1.89 (s, 3 H), 1.31 (i 7.1, 0.7 Hz, 3 H),
1.05 (d,J = 6.7 Hz, 3 H), 0.91 (s, 9 H), 0.03 (s, 3 H), -0.203(s
H); °C NMR (101 MHz, CDGJ)): §168.8, 145.0, 143.3, 138.6,
127.8, 127.2, 126.8, 125.9, 125.7, 78.5, 60.6,,4B519, 18.3,
14.9, 145, 12.7, -4.5, -4.9. IR (KBymax:3476, 2958, 2924,
1655, 1560, 1260, 1067, 960 ¢rHRMS—-ESI(m/z): [M+Na]
calculated for ggHisNa O; Si, 411.2326, found 411.2330.

4.2.6.Synthesis of Compound To a cooled solution of est&f
(1.66 g, 4.3 mmol) in 30 ml of DCM at“C, DIBAL (1.46 M in
toluene, 8.8 ml, 12.9 ml, 3.0 equivalent) was addegbwise.

After stirring overnight at OC, the reaction was quenched by

100 ml of saturated Rochelle salt and the soluti@s stirred
until separated phase could be observed. After aidra with
DCM (100 ml x 3), the combined organic phase wasddoieer
NaSQ, filtered and concentrated in vacuo. The crudedpcd
was chromatographed on silica gel (PE /EA= 5 : Pravide the
corresponding allylic alcohol (1.44 g, 96 % yieldp a cooled
solution of this allylic alcohol (1.44 g, 4.2 mmat) 40 ml of
DCM was added Mn©(3.65 g, 42.0 mmol) slowly and the
suspension was stirred at room temperature overnigtit the
starting material was fully consumed. After pasding solution
through a plug of diatomite and concentration ircu@ the
resultant crude product was used directly for the aeep.

dried over NgSQ,, filtered and concentrated in vacuo. The crude
product was chromatographed on silica gel (neuwdliay 1%
NEt;) to afford colorless oil. To a solution of thisl@dess oil in
25 ml of THF at 0°C, TBAF (1.0 M in THF, 12.0 mmol) was
added dropwise and the solution was stirred at rasnpérature
overnight. The reaction was quenched with 20 ml ¢firaged
NH,CI solution and the aqueous layer was extracted BAH50
ml x 3). The combined organic phase was dried oveS8a
filtered and concentrated in vacuo. The crude prbduas
chromatographed on silica gel using PE / EA= 1(@s Eluent to
afford the vinyltin22 as yellowish oil (650.08 mg, 82 % vyield for
2 steps). §1%% 14.4 ¢ 0.31, CHC)); '*H NMR (400 MHz,
CDCly) 6 7.34 — 7.23 (m, 5 H), 5.98 (dd,= 19.1, 0.9 Hz, 1 H),
5.84 (dd,J = 19.1, 6.4 Hz, 1 H), 4.62 (dd,= 5.3, 4.0 Hz, 1 H),
2.61 (dd,J = 13.2, 6.6 Hz, 1 H), 1.96 (d,= 3.8 Hz, 1 H), 1.49 —
1.32 (m, 6 H), 1.32 — 1.24 (m, 6 H), 1.00 {d= 6.8 Hz, 3 H),
0.94 — 0.82 (m, 15 H}*C NMR (101 MHz, CDCJ):150.4, 142.8,
129.4, 128.0, 127.3, 127.0, 77.5, 77.2, 48.4, 224, 13.8, 9.5;
IR (KBr) vmax: 3449, 2951, 2928, 1655, 1488, 1273, 1092, 918
cm’; HRMS—ESI(m/z): [M+Na]' calculated for G;HsoNa O Sn,
475.1993 found: 475.1999.

4.2.9. Synthesis of Compoun@4. To a cooled solution of the
acetal23(2.70 g, 11.2 mmol, 1.0 equivalent) in 28 ml of D@M
-78°C, BR;OE(1.38 ml, 11.2 mmol, 1.0 equivalent) was added
dropwise. After stirring for 15 min, a solution 8f(1.58 g, 11.2
mmol, 1.0 equivalent) in 28 ml of DCM was added dreg@nand
the resultant solution was stirred at &0 for additional 4.5 h.
The reaction was quenched by addition of pyridiné (8l, 44.6
mmol, 4.0 equivalent) at -6 and 56 ml of saturated NaHGO
solution. The mixture was allowed to warm to room terafure.
The aqueous layer was extracted by DCM (100 ml »add, the
combined organic phase was dried ove;sS@ and concentrated
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in vacuo. The crude product was chromatographedilioa s
gel (PE/EA=5:1) to furnish amid&t (4.13 g, 88 % yield, dr =
14 : 1) as viscous yellowish oil]f%y = — 21.2 (c 0.2, CHG); *H
NMR (400 MHz, CDC)): 6 6.25 (s, 1 H), 5.97 (1 =7.2 Hz, 1
H), 4.53 — 4.48 (m, 1 H), 4.31 @,= 8.9 Hz, 1 H), 4.17 (dd] =
8.9, 5.3 Hz, 1 H), 3.73 (§ = 6.8 Hz, 1 H), 3.20 (s, 3 H), 2.52 —
2.44 (m, 1 H), 2.39 — 2.31 (m, 2 H), 1.89 (s, 3 H},71(s, 3 H),
0.90 (t,J = 7.5 Hz, 6 H);*C NMR (100 MHz, CDCJ): § 171.7,
153.7, 147.2, 134.1, 132.8, 84.6, 80.0, 63.6, 553, 32.8, 28.4,
18.8, 18.0, 15.2, 14.0; IR (KBpmax: 3056, 2965, 2922, 2852,
1784, 1682, 1462, 1368, 1269, 1208, 1098, 739; dHRMS—
ESI(m/z): [M+Na] calculated for GH,JNNaO, 444.0648,
found: 444.0646.

4.2.10.Synthesis of Compour2b. To a solution of the amid24
(1.05 g, 2.50 mmol, 1.0 equivalent) in 16 ml of Teikd 8 ml of
water, LIOH*HO (314.7 mg, 7.50 mmol, 3.0 equivalent) and
H,0, (30% in HO, 0.78 ml, 7.50 mmol, 3.0 equivalent) was
added. After stirring for 24 h at room temperatuhe reaction
was quenched by aqueous HCI solution (2 M, 15.003&00
mmol, 12.0 equivalent). The aqueous layer was ebeawith
EA (50 ml x 3), and the combined organic phase wisdver
NaSO, and concentrated in vacuo. The
chromatographed on silica gel (PE/EA=2:1) to furnish acid
25 (674.5 mg, 87 % yield, 89 % ee) as yellowish oileTée
value was determined by SFC (Chiral Np, £0,/MeOH= 95 /

5, flow rate 1.0 ml / minh = 254 nm). §]*s 28.4 (c 0.4,
CHCL); "H NMR (400 MHz, CDCJ): 6 6.83 (t,J = 7.1 Hz, 1 H),
6.27 (s, 1 H), 3.76 (dd,=7.3, 6.1 Hz, 1 H), 3.21 (s, 3 H), 2.55 —
2.47 (m, 1 H), 2.40 — 2.35 (m, 1 H), 1.82 (s, 3H),1§,73 H);
¥C NMR (100 MHz, CDGCJ): § 173.3, 147.1, 140.1, 129.1, 84.8,
80.0, 56.7, 33.7, 18.9, 12.4; IR (KBvinax: 2927, 1687, 1645,
1422, 1280, 1099 ¢ HRMS—-ESI(m/z): [M+Na]calculated for
CioHisl Na O, 332.9964, found: 332.9965.

4.2.11. Synthesis of Compoun#8. To a cooled solution of4
(205.9 mg, 0.32 mmol, 1.0 equivalent) in 3 ml of DME 2
dimethoxyethane) at @C, the solution of LiOH«KOD (45.7 mg,
0.96 mmol, 3.0 equivalent) in 3 ml of,@8 was added and the
reaction was stirred at room temperature overnighen the
reaction was quenched by addition of aqueous HClisalyl
M). The aqueous layer was extracted with EA (30 mj arl the
combined organic phase was dried ove;sS@ and concentrated
in vacuo. The residue was chromatographed on gj@taPE /
EA=1:1) to afford the aci@8 (158.8 mg, 78 % yield) as viscous
colorless oil. §]*p = — 45.2 ¢ 0.08, CHCJ); *H NMR (400 MHz,
CD;0OD): 6 7.35(s, 2 H), 5.11 (s, 2 H), 4.83 — 4.79 (m, 1 H)34.3
(m, 1 H), 4.17 (dJ = 9.6 Hz, 1 H), 3.64 (s, 3 H), 3.14 (di=
13.9, 8.4 Hz, 1 H), 2.83 (dd,= 13.6, 8.6 Hz, 1 H), 2.78 (s, 3
H),1.93-1.89 (m, 1 H), 1.39 (s, 9 H), 1.19 (s, 3 H)41(s, 3 H),
1.00-0.98 (m, 2 H), 0.87-0.85 (m, 5 H), 0.58 (m, 3%} NMR
(101 MHz, CQROD): 172.4, 149.7, 131.1, 130.9, 130.1,107.2,
100.5, 81.6, 72.0, 68.7, 63.5, 61.8, 59.4, 58.44,587.5, 33.5,
30.5, 28.6, 27.2, 26.9, 15.7, 10.7. IR (KBrhax: 3499, 2955,
2924, 1718, 1458, 1375, 1159, 947 GmHRMS—-ESI(m/z):
[M+K] " calculated for G Has Cl, K N3 Oy, 674.2013, found:
674.2011.

4.2.12.Synthesis of Compoun29. To a cooled solution df4
(131.0 mg, 0.20 mmol) in 5 ml of DCM at €, 2,6-lutidine
(0.28 ml, 2.40 mmol, 12.0 equivalent) and TESOTR270mI,
1.20 mmol, 6.0 equivalent) was added sequentiallterAdtirring
for 4 h at @°C, the reaction was quenched with 15 ml of saturate

(20 ml x 4), and the combined organic phase wasddoier
N&SQO, and concentrated in vacuo. The crude product wa
chromatographed on silica gel (PE / EA= 1 : 1) tforaf the

d)

NaHCQO; solution. The aqueous layer was extracted with DCMN
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amine29 (102.8 mg, 77 % yield) as viscous colorless ai*%,
7.8 (€ 0.56, CHCJ); '"H NMR (400 MHz, CDCJ): 6 7.73 (d,J
8.0 Hz, 1 H), 7.26 (s, 2 H), 7.02 @= 8.5 Hz, 1 H), 5.18 (s, 2 H),
4.69 (ddJ=15.1, 7.9 Hz, 1 H), 4.42 (d~= 8.9 Hz, 1 H), 3.72 (s,
6 H), 3.16 (dd,J = 14.1, 6.8 Hz, 1 H), 2.96 (dd,= 14.1, 8.2 Hz,

1 H), 2.26 (s, 3 H), 1.81 — 1.80 (m, 2 H), 1.48 (n})11.37 (s, 3
H), 1.17 (s, 3 H), 0.99—- 0.92 (m, 14 H), 0.59J¢, 7.9 Hz, 6 H);
¥C NMR (100 MHz, CDGJ):174.1, 170.2, 148.6, 134.8, 129.9,
129.5, 99.3, 74.4, 61.7, 58.1, 53.7, 51.9, 38.45,386.0, 27.8,
27.4,25.2,15.8, 11.8, 7.0, 6.5; IR (KBmhax: 3456, 2980, 2928,
1742, 1659, 1460, 1377, 1258, 1043, 899'cHRMS-ESI(m/z):
[M+Na]+calculated for gyHs; Cl, N;sNa O, Si, 686.2766, found:
686.2759.

4.2.13.Synthesis of CompourgR2. To a cooled solution of EDCI
(92.0 mg, 0.48 mmol, 3.0 equivalent), HOAt (65.3 mg80
mmol, 3.0 equivalent) and DIPEA (0.10 ml, 0.64 mm&l0
equivalent) in 3 ml of DCM at 6C, the solution of the aciti3
(105.4 mg, 0.16 mmol, 1.0 equivalent) and the an35€99.9
mg, 0.19 mmol, 1.2 equivalent) in 2.5 ml of DCM wakled.
The reaction was stirred at room temperature forhl1&\fter
filtration over a plug of diatomite and concentoatin vacuo, the

residue wasesidue was chromatographed on silica gel (PE / E&= D) to

afford the amide32 (155.3 mg, 82 % yield) as yellowish oil.
[0]%% 39.8 ¢ 0.13, CHCJ); 'H NMR (400 MHz, CDCJ)): ¢
7.28 -7.26 (m, 5 H), 7.20 (s, 2 H), 6.91 (m, 1 HBHEmM, 1 H),
5.78 (d,J = 19.1 Hz, 1 H), 5.56 (dd, = 19.0, 7.0 Hz, 1 H), 5.50
(d,J=9.2 Hz, 1 H), 5.13 (s, 2 H), 4.62 (dH= 15.2, 7.5 Hz, 1
H), 4.32 (dJ=8.5 Hz, 1 H), 4.13 (dl = 8.0, 1 H), 3.68 (s, 3 H),
3.08 (m, 1 H), 2.90 - 2.78 (m, 5 H), 2.09 (s, 1 HpOL(m, 1 H),
1.48 (s, 9 H) 1.41 — 1.18 (m, 15 H), 1.12 (d, J 384), 1.10 (s, 3
H), 1.02 (s, 3 H), 0.91 - 0.71 (m, 30 H), 0.36J&; 7.9 Hz, 6 H);
¥C NMR (101 MHz, CDGJ):170.0, 148.4, 130.0, 129.9, 129.5,
128.4,128.1, 128.0, 99.4, 81.0, 80.5, 74.4, 688&, 54.1, 46.3,
32.1,29.8, 29.2, 29.1, 28.5, 27.6, 27.3, 24.9,1%.9, 13.8, 9.4,
7.0, 6.4; IR (KBr)vmae 3458, 2986, 2930, 1744, 1458, 1375,
1242, 1047, 815, 710 ¢m HRMS-ESI (vz): [M+Na]*
calculated for G Hgs Cl, N; Na @ Si Sn, 1206.5129; found:
1206.5134.

4.2.14.Synthesis of Compoun83. To a cooled solution of the
ester9'(4.42 g, 18.0 mmol, 1.0 equivalent) in 180 ml of D@

0 °C, 2,6-lutidine (16.8 ml, 144.0 mmol, 8.0 equivdjeand
TESOTf (24.4 ml, 108 mml, 6.0 equivalent) was addafier
stirring at 0°C for 4 h, the reaction was quenched by addition of
200 ml of saturated NaHGGsolution. The aqueous layer was
extracted with DCM (150 ml x3), and the combined aiga
phase was dried over P8O, and concentrated in vacuo. The
resultant crude product was chromatographed orasiid (PE /
EA= 2 : 1) to afford colorless oil. To a solution this colorless

oil in 150 ml of THF at 0°C, NEt (8.3 ml, 15.0 mmol) and
Boc,O (6.9 ml, 30 mmol) was added. The reaction was dtioe

16 h and then was quenched with 100 ml gDHThe aqueous
layer was extracted with EA (100 ml x 3), and the ciowdt
organic phase was dried over,86), and concentrated in vacuo.
The crude product was chromatographed on silicdRiel/ EA=

20 : 1) to afford the ester as colorless oil. Tapaled solution of
this colorless oil (1.43 g, 4.14 mmol, 1.0 equiwdlen 40 ml of
DME at 0°C was added a solution of LiGH0 (1.39 mg, 33.1
mmol, 8.0 equivalent) in 40 ml of ,B. After the reaction was
stirred at room for 6 hours, it was quenched withesys HCI (1

) and the acidity was adjusted to pH 3. The aquéayer was
tracted with EA (100 ml x 3) and the combined orgahase

as dried over N8O, and concentrated in vacuo. The residue
was chromatographed on silica gel (PE / EA= 2 : Bfford the
3cid 33 (1.27 g, 63 % vield for 3 steps) as yellowish pil?%,
42.6 € 0.18, CHCJ); '"H NMR (400 MHz, CDCJ) 6 5.28 (d,J =



8.3 Hz, 1 H), 4.26 (d] = 8.4 Hz, 1 H), 1.44 (s, 9 H),'1:42 (s, 3 H)
1.24 (s, 3H), 0.97 (1 = 7.9 Hz, 10 H), 0.68 (¢} = 7.9 Hz, 6 H);
*C NMR (100 MHz, CDGJ)):156.2, 80.4, 62.0, 29.8, 28.4, 27.5,
25.6, 6.9, 6.5 ; IR (KBrymax: 3495, 2926, 1726, 1462 1367,
1159, , 947, 890 cth HRMS-ESI(m/z): [M+Na]+calculated for
CygHy3Cl, K N3 Og, 674.2008, found: 674.2011.

4.2.15. Synthesis of Compoun®4. To a cooled solution of
HBTU (1.59 g, 4.2 mmol, 3.0 equivalent), DMAP (34.2 A8
mmol, 0.2 equivalent) and DIPEA (0.7 ml, 4.2 mmol0p 3
equivalent) in 15 ml of DCM at 8C, a solution of the aci@3
(758.8 mg, 1.68 mmol, 1.2 equivalent) and the séapnalcohol
22 (467.3 mg, 1.40 mmol, 1.0 equivalent) in 5 ml of D@vas
added. The reaction was stirred at room temperatueenight.
After the solution was filtrated over a plug of dimite and
concentrated in vacuo, the residue was chromatogdaph silica
gel (PE/EA=50: 1) to afford the es@&%*(225.2 mg, 21 % yield)
as green oil.d]*, = — 20.6 ¢ 0.28, CHCJ); '"H NMR (400 MHz,
CDCly) § 7.26 (m, 5H), 5.77 (d] = 19.1 Hz, 1H), 5.64 (dd] =
19.0, 6.9 Hz, 1 H), 5.57 (d,= 8.0 Hz, 1H), 5.30 (s, 1 H), 4.11 (s,

1 H), 2.76 (ddJ) = 14.1, 7.0 Hz, 1 H), 1.43 (s, 9H), 1.26 — 1.19

(m, 21 H), 1.10 (dJ = 6.7 Hz, 3 H), 0.87-0.84 (m, 24 H), 0.83 —
0.76 (m, 5 H), 0.41 (qJ = 7.9 Hz, 6 H)}*C NMR (100 MHz,
CDCly): 170.4, 155.8, 148.7, 138.8, 129.8, 128.1, 128M8,
79.7, 74.9, 62.9, 46.6, 29.1, 27.8, 27.4, 16.63,1B1.2, 9.5, 7.0,
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,quenched by saturated 5 ml NaHC@xtracted by DCM (20
ml x 3), the combined organic phase was dried ovelS8a
filtrated and concentrated in vacuo. The resultedie product
was chromatographed on silica gel (PE / EA= 3 : 1afford
amine36 (109.9 mg, 78 % yield)o]*%, = — 12.3 ¢ 0.50, CHC));
'"H NMR (400 MHz, CDCJ): § 7.62 (d,J = 8.1 Hz, 1 H), 7.26 —
7.22 (m, 5 H), 7.19 (s, 2 H), 6.86 (#iz 8.4 Hz, 1 H), 5.78 (dl =
19.1 Hz, 1 H), 5.58 (dd] = 19.0, 7.0 Hz, 1 H), 5.51 (d,= 9.2
Hz, 1 H), 5.12 (s, 2 H), 4.65 (dd= 15.2, 7.5 Hz, 1 H), 4.31 (4,
= 8.5 Hz, 1 H), 3.66 (s, 3H), 3.26 — 3.18 (m, 1 H)03(dd,J =
14.1, 7.0 Hz, 1 H), 2.90 (dd,= 14.0, 7.6 Hz, 1 H), 2.81 — 2.74
(m, 2 H), 2.20 (s, 3 H), 1.38 (m, 1 H) 1.38 — 1.19 &, H), 1.10
(s, 3H), 1.04 (s, 3 H), 0.90 (d=6.9 Hz, 3 H), 0.88 — 0.71 (m,
32 H), 0.39 (q,J = 7.9 Hz, 6 H);"*C NMR (101 MHz,
CDCly):174.1, 170.4, 169.2 148.6, 148.5, 138.6, 1343).0,
129.5, 128.3, 128.0, 99.4, 81.0, 74.4, 69.9, 68872, 54.5, 53.9,
46.4, 38.5, 36.8, 36.2, 29.1, 28.4, 27.3, 25.38,166.0, 13.8,
11.9,9.4,7.0,6.5; IR (KBRnx 3400, 2957, 2926, 2876, 1737,
1598, 1459, 1377, 1239, 1148, 1040, 802, 744;dARMS—ESI
(m2): [M+Na]" calculated for ¢ Hg; Cl, N; Na O, Si Sn,
1106.4605; found: 1106.4607.

4.2.18. Synthesis of Compoun87. Method A: To a cooled
solution of HBTU (115.9 mg, 0.30 mmol, 3.0 equivalent
DMAP (4.0 mg, 0.03 mmol, cat) and DIPEA (0.05 ml, 0.30

6.6. IR (KBr) vmax: 3495, 2926, 1726, 1462 1367, 1159, 947 mmol, 3.0 equivalent) in 2 ml DCM at’C was added a solution

890 cm'; HRMS—ESI(m/z): [M+K]+calculated for fH,;Cl,K
N3Oy, 674.2008, found: 674.2011.

4.2.16. Synthesis of Compoun85. Method A: To a cooled
solution of esteB4 (167.3 mg, 0.22 mmol, 1.0 equivalent) in 4
ml DCM at 0°C, 2,6-lutidine (0.13 ml, 1.10 mmol, 5 equivalent)
and TESOTf (0.16 ml, 0.88 mml, 4.0 equivalent) suently.

After stirring at 0°C with additional 2 h was added subsequently,
the reaction was quenched by saturated 10 ml NaHCO

Extracted by DCM (20 ml x 3), the combined orgarfiage was

dried over NgSQ,, filtrated and concentrated in vacuo. The

resulted crude product was chromatographed on giktgPE /
EA= 10 : 1) to afford amin®5 (105.4 mg, 72 % yield) as a
colorless oilMethod B: To a solution o044 (665.6 mg, 1.0 mmol)
in 10 ml DCM, 2, 6-lutidine (0.7 ml, 6.0 mmol) an&$OTf (0.9
ml, 4.0 mmol) were added at‘Q. After stirring at 0C for 30
min, saturated aqueous NaHEX®O ml) was added to quench the
reaction. After separation, the aqueous layer wasebd with
DCM (50 ml x 3). The combined organic layers were doedr

anhydrous Nz80,, filtered and concentrated under reduced

pressure. The crude product was purified by colum
chromatography on deactivated silica gel (PEA= 30 : 1) to
furnish 35 (558.7 mg, 82 % yield, dr = 14 : 1) as a colmles.
[0]?% = + 5.1 € 1.3, CHC); 'H NMR (400 MHz, CDC)): &
7.27 — 7.22 (m, 5 H), 5.83 (d,= 19.1 Hz, 1 H), 5.67 (dd] =
19.1, 6.8 Hz, 1 H), 5.61 (d,= 7.9 Hz, 1 H), 3.37 (s, 1 H), 2.76
(dd,J = 14.3, 6.9 Hz, 1 H), 1.73 (s, 2 H), 1.40 — 1.34 i),
1.25(s,3H),1.30-1.19 (m, 6 H), 1.08]¢; 6.1 Hz, 3 H), 1.07
(s, 3 H),0.91-0.81 (m, 18 H), 0.78 — 0.74 (m, 60H2 (q,J =
7.9 Hz, 6 H)*C NMR (101 MHz, CDGJ)): 6 172.7, 148.7, 138.7,
129.8, 128.0, 127.9, 127.9, 80.2, 75.1, 65.2, 4831, 28.0, 27.3,
255, 16.3, 13.8, 9.4, 7.1, 6.7; IR (KBr), 3400, 2957, 2926,
2876, 1737, 1598, 1459, 1377, 1239, 1148, 1040, Ghi4;
HRMS-ESI (W2): [M+H]" calculated for G, Hes N O; Si Sn,
682.3677; found: 682.3677.

4.2.17.Synthesis of Compourb. To a cooled solution of amide
32 (155.3 mg, 0.13 mmol, 1.0 equivalent) in 3 ml DCMDEC,
2,6-lutidine (0.08 ml, 0.65 mmol, 5.0 equivalenfjdaTESOTf
(0.20 ml, 0.52 mmol, 4.0 equivalent) was added syuipsatly.
After stirring at 0°C with additional 1 hour, the reaction was

of acid 25 (42.2 mg, 0.13 mmol, 1.3 equivalent) and secondary
amine36 (109.9 mg, 0.10 mmol, 1.0 equivalent) in 2 ml DCM.
The reaction was allowed to warm to room temperatoce stir
overnight. Concentrated in vacuo, the residue
chromatographed on silica gel (PE / EA= 5 : 1) toraf amide
37 (1.4 mg, 10 % yield) as yellowish oiMethod B: o0 a cooled
solution of EDCI (172.6 mg, 0.90 mmol), HOAt (127.1 A0
mmol), and DIPEA (0.2 ml, 1.2 mmol) in 4 ml of @El,at 0°C,
the solution of the aci@8 (251.0 mg, 0.35 mmol) and amiBé
(202.1 mg, 0.30 mmol) in 2 ml of DCM was added. Aigiring
for 1 h, the reaction mixture was allowed to warm ¢@m
temperature and stirred for additional 7 h. Thectiea mixture
was concentrated in vacuo and the residue was plrifie
column chromatography (petroleum ether/ethyl aeetdh : 1) to
afford 37 (306.4 mg, 75 % vyield) as colorless oi] ¥, = — 40.1
(c 1.50, CHC})); "H NMR (400 MHz, CDC}): 6 7.30 — 7.21 (m, 6
H), 7.21 (s, 2H), 7.10 (d,=8.1 Hz, 1 H), 6.72 (d]= 8.5 Hz, 1
H), 6.27 (s, 1 H), 5.81 (d] = 19.0 Hz, 1 H), 5.60 (dd} = 19.0,
6.8 Hz, 1 H), 5.51 — 5.44 (m, 2 H), 5.14 (s, 2 H), 464 = 7.5
Hz, 1 H), 4.49 (dJ = 11.3 Hz, 1 H), 4.33 (d] = 8.5 Hz, 1 H),
378 (t,J = 6.8 Hz, 1 H), 3.69 (s, 3 H), 3.22 (s, 3 H), 3.16 13
(m, 1 H), 2.93 - 2.86 (m, 1 H), 2.84 (s, 3 H), 2.8377 (m, 1 H),
2.46 (dd,J =145, 6.5 Hz, 1 H), 2.36 (dd,= 14.7, 7.3 Hz, 1 H),
2.15-2.13 (m, 2 H),1.86 (s, 3 H), 1.78 (s, 3 H)4%:4..34 (m, 7
H), 1.29 — 1.20 (m, 7 H), 1.12 (d~= 5.6 Hz, 3 H), 1.11 (s, 3 H),
1.04 (s, 3 H), 0.93 — 0.86 (m, 13 H), 0.84 — 0.751/H), 0.40
(9, =7.7 Hz, 6 H)*C NMR (101 MHz, CDC}J): § 175.2, 170.5,
170.0, 169.3, 148.4, 147.5, 138.5, 135.1, 133.6.2,3129.9,
129.5, 128.3, 128.1, 128.0, 127.4, 99.4, 85.2,,81918, 74.4,
61.6, 58.3, 56.6, 54.1, 46.4, 36.6, 33.6, 32.14,329.2, 29.1,
29.0, 28.4,27.7,27.4,24.7, 18.8, 16.9, 15.84,143.9, 10.6, 9.5,
7.1, 6.5; IR (KBr)vma,e 3319, 2958, 2927, 1739, 1688, 1608,
1518, 1460, 1374, 1257, 1161, 947 TnHRMS-ESI (2):
[M+Na]" calculated for @ H10,Cl,| N3Na Qy Si Sn, 1398.4570;
found 1398.4562.

4.2.19.Synthesis of Compour2B. To a solution o#45 (792.7 mg,
1.1 mmol) in 10 ml DME (1, 2-dimethoxyethane), LiOHeH
(230.1 mg, 5.5 mmol) in 10 ml water was added. Afteriisg at
room temperature for 8 h, the mixture was adjustegH = 2
with 1 M HCI at 0°C, then extracted with DCM (50 ml x 4). The

was
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combined organic layers were dried over83, filtrated and
concentrated under reduced pressure. The crudeugrouas
purified by column chromatography on silica gel (DCMeOH
=25 : 1), furnishing8 (676.5 mg, 87 % yield) as a colorless oil.
[0]? = — 56.1 ¢ 1.20, CHCY); 'H NMR (400 MHz, CDCJ): §
7.73 (s, 1H), 7.28 (dl = 7.8 Hz, 1 H), 7.17 (s, 2H), 6.21 (s, 1H),
5.40 (t,J = 6.6 Hz, 1 H), 5.10 (s, 2 H), 4.74 @z 5.3 Hz, 1 H),
4.52 (d,J=11.2 Hz, 1 H), 3.70 (1 = 6.7 Hz, 1 H), 3.65 (s, 3 H),
3.15 (s, 3 H), 3.15-3.10 (m, 1 H), 2.92 — 2.891rH), 2.89 (s,
3 H), 2.35 (ddJ = 14.1, 7.1 Hz, 1 H), 2.27 (dd,= 14.6, 7.3 Hz,
1 H), 2.07 — 2.00 (m, 1 H), 1.72 (s, 3 H), 1.71 ($1)31.34 —
1.25 (m, 1 H), 1.02 — 0.93 (m, 1 H), 0.87Jt= 7.2 Hz, 3 H),
0.76 (d,J = 6.2 Hz, 3 H)}*C NMR (101 MHz, CDG)): § 175.4,
173.3, 169.5, 148.5, 147.3, 135.0, 133.0, 130.B.2,2128.1,
99.4, 85.0, 79.9, 61.4, 58.3, 56.6, 52.9, 36.64,332.0, 31.5,
24.8, 18.9, 15.6, 14.2, 10.6; IR (KBv),, 3330, 2965, 2930,
1737, 1681, 1610, 1475, 1402, 1257, 1162, 1099, cnt;
HRM-ESI (z): [M+Na]" calculated for G;H3sCl,1 N,Na O,
735.1077; found: 735.1082.

4.2.20. Synthesis of Compound9. To a solution of amidé2
(2.34 g, 2.5 mmol) in 25 ml DCM was added 2, 6-lutg{1.7 ml,
14.9 mmol) and TMSOTTf (1.8 ml, 9.9 mmol) sequehtiat 0 °C.
The reaction was stirred for 1 h and quenched byngdsl0 ml
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temperature for 4 h. The reaction was then quenbextidition
of saturated aqueous NaHg@O ml), and the aqueous layer was
extracted with EA (40 ml x 4). The combined orgardagelrs
were dried over N&Q, filtered and concentrated in vacuum.
The residue was purified by column chromatographylofb
NEt; neutralized silica gel (PE / EA = 10 : 1), affordix (668.0
mg, 70 % yield, dr = 10 : 1) as colorless oil]’f, = — 41.5 (c
0.51, CHCY); *H NMR (400 MHz, CDC}): 6 7.28 — 7.24 (m, 5
H), 5.86 (d,J=19.0 Hz, 1 H), 5.70 — 5.63 (m, 1 H), 5.62 {&;
8.2 Hz, 1 H), 5.39 (d) = 8.9 Hz, 1 H), 4.22 (d] = 9.1 Hz, 1H),
2.80-2.75(m, 1 H), 2.63 (s, 1 H), 1.44 (s, 9 HJ11- 1.34 (m,

6 H), 1.29 — 1.21 (m, 6 H), 1.18 (s, 3 H), 1.12X¢,6.7 Hz, 3 H),
1.06 (s, 3 H), 0.88 — 0.84 (m, 9 H), 0.80 — 0.76 énH) ; °C
NMR (100 MHz, CDCJ): 6 171.6, 155.9, 148.5, 138.5, 130.2,
128.2, 127.6, 81.1, 80.2, 72.0, 61.3, 46.5, 2914,227.4, 27.1,
26.9, 26.4, 16.1, 13.9, 9.5 ; IR (KBvjnax: 3440, 2959, 2926,
1720, 1496, 1370, 1163, 1052, 989, 698'cMRMS—-ESI (m/z):
[M+Na]* calculated for @ Hs; N Na Q Sn, 690.3156; found
690.3161.

4.2.24.Synthesis of Compound5. To a solution of the acid5
(632.2 mg, 2.0 mmol) in 20 ml of DCM, 1-chloMN,2-
trimethylprophenylamine (0.35 ml, 2.4 mmol) was atide
dropwise. After the solution was stirred at room terapge for

saturated aqueous NaHgOhe organic layer was separated and2 h, the aming9 (980.2 mg, 2.2 mmol) and &t (0.85 ml, 6.1

the aqueous layer was extracted with DCMIO ml x 4). The
combined organic layers were dried over anhydrousS®aand
concentrated in vacuo. After purification by column
chromatography on silica gel (DCM / MeOH 20 : 1), it
furnished amine39 (852.8 mg, 79 % yield) as a colorless oil.
[o]? 28.2 ¢ 0.90, CHCJ); '"H NMR (400 MHz, CDCJ): ¢
7.67 (d,J = 7.7 Hz, 1 H), 7.09 (s, 2 H), 5.12 (s, 2 H), 4.80, (tid
=128, 6.1 Hz, 1 H), 3.72 (s, 3 H), 3.65 (s, 3 H}.23(dd,J =
14.0, 5.2 Hz, 1 H), 2.98 (dd,= 13.9, 7.0 Hz, 1 H), 2.80 — 2.79
(m,1H),225(s,3H),1.76 (s, 1 H), 1.45 — 141 2 H), 1.14
—1.03(m, 1 H),0.91 (d=6.8Hz,3H),0.85 (t)=7.3Hz, 3
H); *C NMR (100 MHz, CDGJ): 5 173.6, 171.6, 148.7, 134.2,
129.9, 129.4, 99.4, 69.9, 58.2, 52.5, 52.3, 38658,336.4, 25.0,

15.9, 11.9; IR (KBrvpmax : 3309, 2961, 1745, 1653, 1511, 1475,

1256, 1212, 1161, 935, 780 ©¢m HRMS-ESI (2):
[M+Na] calculated for @ H,s C, Na O 5, 457.1273; found:
457.1277.

4.2.21. Synthesis of Compound40. The reaction was
manipulated as the paper reported and'tHeNMR and ** C-

NMR matched with the pap&f'. And the ee value was measured

using the method reported by the authdr

4.2.22. Synthesis of Compoundl. TEMPO (156.3 mg, 1.0
mmol), Fe (NQ)s- 9H,0O (404.0 mg, 1.0 mmol) and KCI (74.6 mg,
1.0 mmol) were added to a stirred solution dR)¢2-N-(Boc)
amino-3-methyl- 1,3-butanedidB (2.19 g, 10.0 mmol) under,O
atmosphere in 100 ml anhydrous DCE. The reaction tves
stirred at room temperature until completion of teaction as
monitored by TLC (48 h). The reaction mixture was@mtrated
in vacuo and the residue was purified by column miatography
(DCM/MeOH = 20 : 1), affordingtl (1.80 g, 76 % yield) as a
yellowish solid. The spectroscopic data are consistéth those
reported in literatur€%.

mmol) were added sequentially and the resultanttisoluvas
stirred overnight. The mixture was then quenched w@ml of
saturated aqueous NaHGQ\fter separation, the aqueous layer
was extracted with DCM (50 ml x 4). The combined organ
layer was dried over N80, and concentrated under reduced
pressure. The residue was purified by column chrography on
silica gel (PE / EA= 3 : 1), furnishingp (1.23 g, 83 % yield) as
colorless oil. §]*!, = — 85.4 ¢ 0.60, CHCJ); *H NMR (400 MHz,
CDCly): 6 7.12 (s, 2 H), 7.03 (d] = 8.4 Hz, 1 H), 6.23 (s, 1 H),
5.45 (t,J=6.8 Hz, 1 H),5.13 (s, 3 H), 4.77 - 4.71 (m, 1 H}84
(d,J=11.5Hz, 1 H), 3.74 — 3.73 (m, 1H), 3.70 (s, 3 HBEJs,

3 H), 3.18 (s, 3 H), 3.10 (dd,= 14.2, 5.0 Hz, 1 H), 2.86 (dd=
14.2, 8.6 Hz, 1 H), 2.80 (s, 3H), 2.44 — 2.37 (m, 1286 — 2.28
(m, 1 H), 2.13 —2.07 (m, 1 H), 1.79 (s, 3 H), 1.753(81), 1.37 —
1.29 (m, 1 H), 1.04 — 0.95 (m, 1 H), 0.87JtF 7.3 Hz, 3 H),
0.82 (d,J = 6.4 Hz, 3 H)*C NMR (101 MHz, CDGJ): § 175.3,
171.3, 170.1, 148.7, 147.4, 134.3, 133.5, 129.1B.4,2127.6,
99.4, 85.1, 79.7, 60.9, 58.2, 56.6, 52.7, 52.67,383.1, 32.1,
30.9, 24.6, 18.8, 15.7, 14.3, 10.5; IR (KBf)ax 3316, 2962,
2930, 1745, 1682, 1613, 1527, 1474, 1257, 11620,1988, 800
cm’; HRMS-ESI (2): [M+Na]" calculated for G H,, Cl,1 N,
Na O, 749.1233; found: 749.1224.

4.2.25. Synthesis of Compound6. Pd(PPh), (15.7 mg, 0.01
mmol) and LiCl (26.8 mg, 0.60 mmol) was weighted ifiésk in
glove box. The flask was capped with rubber septurd an
removed from glove box. A solution of compousid(272.8 mg,
0.20 mmol) in 100 ml of THF was added and the mixtwas
stirred at 60°C for 18 h. After the mixture was cooled to room
temperature, 20 ml of water was added to quenclreaetion.
The aqueous layer was extracted with EA (50 ml x 3)e T
combined organic layers were dried over,3@,, filtrated and
concentrated in vacuo. The crude product was pdrifiecolumn
chromatography on silica gel (PE / EA = 3 : 1), fahing 46

4.2.23.Synthesis of Compourd4. PPh(1.85 g, 7.1 mmol) and (118.7 mg, 62 % yield) as colorless oila]f; = — 40.3 ¢ 0.40,
the acid41 (510.7 mg, 2.1 mmol) was weighted into flask in CHCL); 'H NMR (400 MHz, CDCJ): 6 7.32 — 7.22 (m, 5 H),
glove box. The flask was capped with rubber septud an7.19 (s, 2H), 6.96 (d] = 8.9 Hz, 1 H), 6.76 (d] = 8.8 Hz, 1 H),
removed from glove box and placed in cold bath. Atgan of  6.30 (dd,J = 15.1, 10.7 Hz, 1 H), 5.93 (s, 1 H), 5.85Jd; 10.6
the alcohol40 (645.4 mg, 1.4 mmol) in 12 ml of toluene was Hz, 1 H), 5.74 (dd) = 15.3, 5.4 Hz, 1 H), 5.42 — 5.39 (m, 1 H),

added and the mixture was maintained t& ODIAD (0.85 ml,
4.3 mmol) was added dropwise. After 30 min, to thetanexwas
added 3 ml of DCM and the resultant solution wasestiat room

5.11 (s, 2 H), 4.62 (d] = 11.5 Hz, 1 H), 4.52 — 4.47 (m, 1 H),
4.40 (d,J = 8.8 Hz, 1 H), 3.65 (s, 3 H), 3.60 (dbk 10.6, 3.0 Hz,
1 H), 3.21 (s, 3 H), 3.06 (dd,= 13.1, 10.3 Hz, 1 H), 2.75 (dd,



=13.2, 5.3 Hz, 1 H), 2.61 (s, 3 H), 2.61 — 2.55 (n{)12.39 —
2.36 (m, 1 H), 2.19 — 2.13 (m, 1 H), 1.82 (s, 3 HJ6I(s, 3 H),
1.35 (s, 3 H), 1.27 — 1.20 (m, 1 H), 1.094¢; 6.8 Hz, 3 H), 1.05
—0.98 (M, 1 H), 0.92 — 0.87 (m, 7 H), 0.83 (s, 3B4J6 (t,J =

7.9 Hz, 9 H), 0.37 (@J = 7.9 Hz, 6 H);" *C NMR (101 MHz,

CDCL): 6 176.0, 170.6, 169.7, 169.5, 148.7, 139.2, 136.8,5.3
134.6, 133.6, 130.3, 129.5, 128.6, 128.2, 127.7.7,2126.8,
125.6, 99.4, 85.8, 80.0, 75.7, 61.00, 60.1, 58631,54.9, 42.2,
36.1, 32.4, 31.9, 30.5, 28.5, 27.4, 24.6, 16.16,141.6, 10.7,

13
2.81 (s, 3 H), 2.73 (dd, = 13.8, 6.5 Hz, 1 H), 2.75 — 2.70 (m,
1 H), 253 — 2.46 (m, 1 H), 2.43 — 2.35 (m, 1 H), 208.04 (m,
1 H), 1.79 (s, 3 H), 1.69 (s, 3 H), 1.44 — 1.40 (nH)11.28 —
1.21 (m, 1 H), 1.18 (s, 3 H), 1.04 (s, 3 H), 1.03)&, 5.2 Hz, 3
H), 0.92 (t,J = 7.2 Hz, 3 H), 0.83 (d] = 6.3 Hz, 3 H);®C NMR
(101 MHz, CDC)): 6 176.2, 170.9, 170.3, 169.5, 146.9, 137.9,
134.9, 134.4, 133.3, 129.7, 129.1, 128.1, 128.7.9,2127.2,
127.1, 126.7, 121.2, 85.0, 80.5, 72.3, 61.8, 68683, 53.9, 41.8,
36.1, 32.7, 31.5, 31.3, 27.0, 26.7, 25.4, 15.94,142.8, 12.8,

10.5, 7.1, 6.6; IR (KBYmax 3424, 2925, 2854, 1739, 1619, 1459,10.8; IR (KBr)vmaxe 3351, 2927, 2850, 1736, 1665, 1606, 1490,

1381, 1258, 1157, 1069, 943, 800 G¢mHRMS-ESI (2):
[M+Na]" calculated for G H-;Cl,N;Na Q,Si, 980.4391; found:
980.4393.

4.2.26.To a solution of46 (116.7 mg, 0.12 mmol) in 6 ml of
methanolpTsOH (13.2 mg, 0.06 mmol) was added. The reactio

mixture was stirred at room temperature for 4 heA#ddition of

5 ml of saturated aqueous NaHC® quench the reaction, the

aqueous layer was extracted with EA (30 ml x 3). Térakined
organic layers were dried over anhydrous MgSiitrated and
concentrated under reduced pressure. The residupusified by
column chromatography on silica gel (PE / EA = 2 )1
furnishing nannocystin Ax (74.8 mg, 78 % yield) astste solid,
which was recrystallized from methanol to give crijista
needles. m.p. 177 - 178 °@{’%= — 67.4 ¢ 0.30, MeOH);'H
NMR (600 MHz,“*DMS0): 6 9.81 (s, 1 H), 8.52 (dl = 9.9 Hz,
1 H), 7.90 (dJ = 9.5 Hz, 1 H), 7.54 (d] = 7.6 Hz, 2 H), 7.38 (s,
2H),7.32((tJ=7.6Hz,2H),7.25 ({1 =7.3 Hz, 1 H), 6.35 (m,
1 H), 6.05 (m, 1 H), 6.00 (m, 1 H), 5.89 (br, 1 H),6-15.12 (m,
1H),511(s,1H),4.72(m, 1 H), 4.63 (m, 1H), 482 =11.2
Hz, 1 H), 3.53 (m, 1 H), 3.08 (s, 3 H), 2.80 (m, 1 HY42(s, 3
H), 2.65 (m, 1 H), 2.59 (m, 1 H), 2.35 (m, 2 H), 1.78 @ H),
1.72 (s, 3 H), 1.65 (s, 3 H), 1.22 (m, 1 H), 1.113(sl), 1.02 (s, 3
H), 0.93 (d,J = 6.8 Hz, 3 H), 0.88 (m, 1 H), 0.76 gt,: 7.3 Hz, 3
H), 0.42 (d,J = 6.5 Hz, 3 H)®*C NMR (150 MHz,*DMSO): ¢
172.8, 170.7, 170.5, 169.1, 147.3, 139.7, 137.3.9,3133.5,
130.9, 129.6, 128.5, 127.8, 127.0, 126.1, 125.4.8,2121.6,
84.9, 78.9, 71.7, 59.3, 58.9, 55.0, 52.9, 41.75,381.7, 31.1,
30.4, 28.1, 24.5, 24.0, 14.8, 14.4, 11.1, 10.21;1&C NMR (100

1375, 1312, 1157, 1065, 970 ¢mHRMS—ESI (2): [M+Na]*
calculated for G, Hs5Cl,N3Na Oy, 822.3264; found: 822.3260.

rfl'?" X-ray crystallographic data

Crystallographic data for nannocystin Ax was storadthe
Cambridge Crystallographic Data Centre, 12 Union cRoa
Cambridge CB2 1EZ, UK. Copies of these data maytiaimmed
free of charge from
http://www.ccdc.cam.ac.uk/products/csd/request/ bytingathe
public citation and deposition number CCDC 1519855.
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