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Total synthesis of myriocin and mycestericin D washieved using the Du Bois Rh(ll)-
catalyzed C—H amination of a sulfamate and subsealieylation as a key step. The reactio

a sulfamate with Phi(OAg)and MgO in the presence of RBAc), gave oxathiazinani,O-
acetal as the sole product in high yield. Alkylataf N,O-acetalusing vinylmagnesium bromi

in the presence of ZnClproceeded stereoselectively to provide an oxatraae bearing .
quaternary chiral center in high yield. Myriocindamycestericin D wre synthesized from
common synthetic intermediate. This route includies first application of the Du Bc
procedure for constructing a quaternary chiraleent

2016 Elsevier Ltd. All rights reserved

1. Introduction ©

Myriocin and mycestericins are complexa-disubstituted
amino acid natural products structurally relategpbingolipids.

photolytic hydroxymethylation of ao-alkoxycarboxy ketoxime
ether®™ enzymatic kinetic resolution of racemic methylee§t

and deconjugative alkylation of a dehydroamino &%i®n the
contrary, there is only one example of the totaftlsgsis of

Myriocin (1, Figure 1) was isolated from the fermentation brommycestericin D 2 Figure 1), although2 has the same

of the thermophilic fungMyriococcum albomycésand Mycelia
sterilia® in 1972, and from the culture broth Is&lia sinclairii in

1994° Notably, myriocin exhibits 10-100 times more potent

immunosuppressive activity than cyclosporing ahd has been
shown to have potent inhibitory activity against irser
palmitoyltransferase, which is an essential enzyme the

biosynthesis of sphingolipidsMycestericins A-G were isolated

from the culture broth oM. sterilia ATCC 20349 and exhibited
immunosuppressive activity similar to that of mgiin® Owing
to their challenging structural motif containing cuaternary
chiral center and interesting biological activityyriocin® and the
mycestericins are attractive targets for total synthesis. Thst fi
total synthesis of myriocinlf was achieved fronb-fructose
using a Strecker reaction to construct a quaterolinal center,
but the desired diastereoisomer was the minor coempéH’
Thereafter, several synthetic chemists reporteal #md formal

syntheses ol by employing various methods for stereoselective

introduction of the quaternary chiral center, imthg epoxide
opening with extern&™® or interna‘ih nitrogen nucleophiles,
aldol reactions of chiral bislactim etflesr oxazoline template’,

Overman rearrangement of an allylic trichloroacediate®"

OCorresponding author. Tel.: +81-76-434-7555; f&8t-¥6-434-
5053; e-mail: yakura@pha.u-toyama.ac.jp (T. Yakura)

stereochemistry at C2 and C3, and an identical kidg chain.
Node and co-workers reported the asymmetric totathegis of
2 by employing a stereoselective hydroxymethylatioh an
oxazoline derivative for the construction of a quaary chiral
center’®® Thus, there are no examples of the synthesisasfd2
using the same synthetic strategy. In our laboyatare have
been exploring the synthesis of sphingosine natprabucts
using Rh(ll)-catalyzed reactions as key stéps part of this
program, we herein report a novel strategy for tloacise
synthesis of myriocinl)® and mycestericin D2j by applying Du
Bois’ Rh(ll)-catalyzed C—H amination—alkylation peaturé® for
construction of a quaternary chiral center.

HO,cNH2 OH Q

HOWW
OH myriocin (1)

HO,C NH2 N

HOJ\/\/\/\/\/\)\/\/\/
OH

mycestericin D (2)

Fig. 1. Structure of myriocinX) and mycestericin D2j.
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2. Results and discussion TBDPSO OH
- o " (GO j\) CISO,NCO

Our retrosynthetic strategy for myriocifh) (and mycestericin COEt  3steps o7 Hcé H
D (2) is outlined in Scheme 1. Introduction of the I®ige chain HO™ —_— o .d.2
at a later stage in the synthesis was proposed sedawould i OH ref. 13 Cpl_)glc;g ert
provide high flexibility for analogue synthesis. éllconversion diethyl L-tartrate (10) T (87%)
would involve cross metathesis of amino alkeBemd4, which 0
cor!tain a}ll asymmetric .carbons @fand 2, respectively, with TBDPSO O’\\S//\NH cat. Rhy(OAG), HN/\\S//\O
their desired configurations, and the known alkerdé It was j\H) 2 PhI(OAc), w
anticipated thaB and4 would be accessible by allylation from o’ ™ MgO, CH,Cl,  1BPPSO" o™
aldehyde or alcohdb as a key intermediate. Alcoh6lcan be %/O rt,1h %/c‘)
obtained from oxathiazinang by a ring-opening reaction. The 12 (84%) 13

key steps of the stereoselective construction ef dbaternary

chiral center of7 would be accomplished by applying Du Bois’

Rh(ll)-catalyzed C-H amination reactinof sulfamate 9,
followed by stereoselective alkylatidh.Although Du Bois’
pioneering work has been applied to the synthesjgagargylic
amine derivative$® and (+)-saxitoxirt®® there are no reported
examples of its use for the construction of quaternchiral
centers. Sulfamate estgémwould be prepared from commercially
available diethyl -tartrate {0).

1
HOM/\/\/
HO > N

1 H
OH R' = OH: myriocin (1)
R' = H: mycestericin D (2)
.R?

HN™ R o]

R4O/\:\/\/\
R3” ™ X Y

= 5
OH R'=0H: 3 5

ﬂ R'=H:4

OH
6 (X = O or OH, H)
0.0

N\

~

alkylation “

R*0
R%0™ ™y
9 OR®

l

diethyl L-tartrate (10)

H 0" "NHz  cat. Rn(Il) HN"T 0
N & R%0O 2
R5;>\;)
Rh(1l)-catalyzed =
C-H amination 8 OH

Scheme 1Retrosynthetic analysis of myriocih)(@nd mycestericin D2§.

The starting diethylL-tartrate £0) was converted into the
known mongatert-butyldiphenylsilyl (TBDPS) ethet1 according
to the literatur® (Scheme 2). Reaction of alcohdll with
chlorosulfonyl isocyanate, formic acid, and pyriginin
dichloromethane provided sulfamate est@rin 87% vyield™?***
Rhodium(ll)-catalyzed C-H amination df2 using Du Bois’

conditions® proceeded stereospecifically to yield oxathiazénan

N,O-acetal 13. Thus, treatment of12 with 4 mol% of
dirhodium(ll) tetraacetate, 1.1 equivalents of pliedine(ll)
diacetate, and 2.3 equivalents of magnesium oxide
dichloromethane at room temperature for
corresponding C—H amination prodd@&in 84% vyield.

Scheme 2Rh(lIl)-catalyzed C—H amination of sulfamate edt&r

To construct the quaternary chiral centerslirand 2, we
investigated alkylation of oxathiazinar¢,O-acetal 13. Since
ethynylation gave better results than vinylation Du Bois’
original report on the construction of tertiary t=s;’ we first
examined ethynylation o013 using the Du Bois’ conditioh
(Table 1). When N,O-acetal 13 was reacted with
trimethylsilylethynylzinc chloride generated fronl2quivalents
of trimethylsilylacetylene, butyllithium (2.0 eqyivand zinc
chloride (2.1 equiv) in the presence of boron udfide diethyl
etherate (BE OEb, 3.0 equiv) in tetrahydrofuran (THF) at 50 °C
for 2 h, ethynylation product4 was obtained in only 42% vyield
as the sole product (entry 1). The use of twiceatheunts of all
reagents increased the yield D4 to 62% (entry 2). We then
screened the amount of the Lewis acid,-BFEL. Reaction ofL3
with 4.0 equivalents oin situ generated zinc acetylide and 4.2
equivalents of BFOE} afforded 14 in 71% vyield (entry 3).
When the amount of BFOEt was decreased to 3.0 and 2.1
equivalents, these product yields slightly decréase69% and
65%, respectively (entries 4 and 5). Reactiod®fvith a large
amount of zinc acetylide (10.0 equiv) in the preserof
BF;- OE% (4.2 equiv) furnished 4 in 81% yield (entry 6). These
results demonstrate that Du Bois’ C-H amination—altgh
procedure was effective for the stereoselectivetcoction of the
quaternary chiral center.

Table 1
Ethynylation of sulfamate est&B with zinc acetylide and BFOEb

NG

i SN0 TMS—= HN)\éio
z BulLi, ZnCl A
TBDPSOM —2> TBDPSO S
o BF3-OFEt, = :
%/o THF,50°C  Tys &
13 14
Entry Zinc Acetylidé€ (equiv, BF;-OE; (equiv. Time (h)  Yield (%)
2.0 3.0 2 42
2 4.0 6.0 3.5 62
3 4.0 4.2 1 71
4 4.0 3.0 5 69
5 4.0 2.1 5 65
6 10.0 4.2 2 81

1 h gave th

Zinc acetylide was prepardsitu with trimethylsilylacetylene (1.05 x X

equiv), butyl lithium (X equiv) and zinc chlorid.05 x X equiv).

Next, we examined the vinylation of3, which was
accomplished according to Du Bois’ original condigg®
(Scheme 3). Thus, reaction df3 with 4.2 equivalents of
vinylmagnesium bromide in the presence of zinc tié (2.2
equiv) in THF at room temperature for 6 h produdédas the
sole product in 86% vyield. The stereochemistry 1&f was
determined to be R5R) via single-crystal X-ray analysis of the



p-bromobenzoyl derivativé6.®> The stereoselectivity of the C—-H Table 2
amination—alkylation reaction was observed in amearsimilar  Ring opening of oxathiazinaig
to those reported by Du Boi%.Thus, the alkylation would

proceed through intermediateA,'® which may be ]

! : . ) ) Ac,0
intramolecularly coupled to nucleophiles. Considgrihe yields pyridine
of 14 and 15 and the necessary further conversions into a

common synthetic intermediate féirand2, vinyl compoundl5 ), ¢ B

was selected. BOC\N/S o 18 OH THF-buffer

solvent . (11:2)
TBDPSO > o °
o ?\) 50 °C NHBoc 58%0/C
0.0 00 | dac TBDPSO™ > (©0%)
HN/S o VinylMgBr ;1 c 17 /F\E/\OH
OAc

= ZnCly

15

2) Boc,O
Et;N, DMAP NHBoc
(84%, 2 steps) TBDPSO

/?\:AOAC

TBDPSO” W’TBDPSO?\) DMAP 18
= pyridine
%’ o 5;66) CH,Cl time yield (%)
13 ") (64%) Entry Solven (h) 18 18
0 0 ° // 1° CHsCN/H0 (11:2) 2 Decomposition
Hﬁ)s’\ o 2 CHyCN/buffer (11:2) 4 31 7
D TBDPSO 3 CH,Cly/buffer (11:2) 8 No reaction
TRDPET g ?\) 4 acetone/buffér(11:2) 7 67 9
R 6 ; 5 THF/buffef (11:2) 24 73 23
7 6 6 THF /buffef (5:1) 23 72 19
AL L 7 THF/buffef (3:1) 27 50 16
R=CH=CH, m #The reaction was conducted at 75 °C.
C=C-TMS . b Buffer: 0.1 M phosphate buffer.

4% by O\\ /,O
> / S ad Br ,S\
Ly QZQNQ e We focused on the synthesis of alcoBbland aldehyd@2 as
bt *J\H key intermediates fod and 2 (Scheme 4). Protection of the
by & TBDPSo” H secondary OH group irl8 with chloroacetyl chloride and
pyridine yielded chloroacetat&9. Reductive ozonolysis 0f9
Scheme 3V|nylat|0n of sulfamate estel3 and determination of the resulted |n Convers|0n Of the Vlnyl group to a I‘Wmethyl
stereochemistry dfs. substituent and chloroacetyl deprotection to foioi 80 in 82%
yield. After protection of the diol as an acetonidethanolysis
] ) ) ) of the acetoxy group provided alcoh®l in 92% vyield. Swern
With the stereoselective construction of the queter chiral  oyidation of21 afforded aldehyd@2in 96% vield.
center inl and2 accomplished, we next examined opening of the

oxathiazinane ring o15 after protection of OH and NH groups NHBoc

(Table 2). Acetylation of the hydroxy group 5 followed by Clgy':é?rgm TBDPSO™ 1)?73é 'ZASOH_CHQCIQ
tert-butoxycarbonylation of the amino group gave prisdc 1 W— | o OAc PO ——
oxathiazinanel7 in high yield. We initially investigated the (73%) 19 \H/\CI 842'0/
opening of17 using Du Bois’ condition§’ "% When 17 was o (62%)
warmed in acetonitrile—water (11:2) at 75 °C, decositimn was H o\

observed (Table 2, entry 1). Use of 0.1 M phosphnttfer NHB MeO” "OMe B°°\NH
instead of water at 50 °C led to ring opening andnaeresting TBDPSO™ S o¢ TsOH-H0 TBOPSO™ S
1,2-acetyl group shift to give secondary alcoh8las the major ~Soac _Penzene ?\:/\OH
product in 31% vyield, and the initially expectednmary alcohol OH OH 2) KoCO3, MeOH 0.0

18 in 7% vyield (entry 2). After screening of orgargolvents 20 (92%) 21><
such as dichloromethane, acetone, and THF, we fthatdTHF Boc,

was the most effective solvent (entries 3-5). Wagnthl7 in a NH O

THF-buffer solution (11:2) at 50 °C for 24 h wasriduo afford Swern oxidation TBDPSONH

18 and 18 in 73% and 23% yields, respectively. Increasing th o. .0

ratio of buffer (THF/buffer = 5:1 and 3:1) resulteda decrease (96%) 92 7<

in the combined product yield df8 and 18 (entries 6 and 7).

Longer reaction times led to low yields of the dediproducts  scheme 4Synthesis of key intermediates and22.

due to decomposition; however, treatment of purifi@lunder

the same reaction conditions ga&in 80% yield. With the key intermediat@2 in hand, we investigated the
formation of the third stereocenter using chelationtrolled
allylation for synthesis of myriocinl( Table 3). Reaction (2
with allylmagnesium bromide in THF afforded a 1:&&ture of
desired23 and undesire@3 in 36% combined yield (entry 1).
Switching the solvent to diethyl ether greatly imged the
product yield and diastereoselectivity, providing.&:1 mixture
of 23 and 23 in 69% combined yield (entry 2). We next
examined the use of magnesium iodide as a chelatiegt. As
expected, the reaction @2 with magnesium iodide increased
diastereoselectivity from 1.6:1 to 4.2:1 (entry Bhe allylation
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would proceed through chelated compBxTo further enhance exhibited spectroscopic datadH( and **C NMR, and IR)
the product yield and diastereoselectivity, we dedmur efforts  consistent with those reported for natural produeind had its
to allylation using stannaff® and indium reagentS. The  melting point (165-168 °C) and an optical rotat{pa]p>® +5.6
reaction of22 with allyltributylstannane and magnesium bromide (c 0.30, DMSO)} in good agreement with literature valgemp

in dichloromethane afforded3 as the major produc823 =  164-168 °C.[a]o° +6.1 € 0.26, DMSOJ.

2.8:1) in 42% vyield (entry 4). Gratifyingly, the &tenent of22

with allyloromide and indium metal in the presencé o Boc, .
tetrabutylammonium iodide it,N-dimethylformamide gav@3 NH  QAc 5 (4 equiv)

: . X Ac0 TBDPSO Grubbs 2nd
as the major produc28.23 = 5.1:1) in 80% vyield (entry 5). 23 e ; XN —— >
Furthermore, the addition of magnesium iodide undee pyridine o__0 CH,Cly, reflux
conditions of entry 4 improved the product yield dan (96%) >< (96%)
diastereoselectivity (80% yiel@3:23 = 6.6:1, entry 6). The two 24
ngﬁtr(Te];etgmrzrshywere then readily separated by column BOC\,;lH OAc o 1) TBAF, ACOH

graphy- TBDPSO™ X~ THF
H 5 \ /5 2)TEMPO, Phi(OAc),
Table 3 0._0 MgO, CH,Cl,
Allylation of aldehyde22 with allylmagnesium bromide, allyltributylstannane >< 25 (68%)

and allylindium reagents
1) NaClO,, NaH,PO4-H,0

Boc, 2-methyl-2-butene
NH O “NH oH t-BUOH, H,0
TBDPSONH _conditions_ BDPSO/?\/\/\ 2) 10% NaOH, MeOH, reflux
o. O 3) 10% HCI, MeOH, reflux
X 22 x 4) Ac,0, pyridine
(51%)
NHBoc +
TBDPSO 0 10% NaOH-MeOH (1:1
O\ NH oH 0 B ° reflux; ( )mriocin 1)
H 0 M TBDPSO/?\/\/\ y neutraliz(gd with y
X = 5 Amberlite® IRC-86
MX,H B “n OAc OAc
My 7< 27 (88%)
M= Mg, In 23
Scheme 5Synthesis of myriocinlj.
Time Yield 23:23
Entry Conditiors _ (h) (%) : Next, the synthesis of mycestericin 2) (from the key
L Ally-MgBr, THF, -80 "C to 1t L5 36 1j3'5 intermediate alcohoRl was investigated (Scheme 6). Initially,
2 Allyl-MgBr, Et,0O, —80 °C to rt overnight69 1.6:1 . . . .
3 Allyl-MgBr, Mg, EtO, 0 °C to 1t 7 73 421 we examined a direct coupling @l with the allyl component.
4 Ally-SnBus Mgé’rz CHCl,, 78 °Ctort 6 42 281 After conversion oR1 to halides28a-c by treatment with thionyl
5  Allyl-Br, In, TBAI, DMF, rt overnight 80 5.1:1 chloride (R = CI:288), N-bromosuccinimide (NBS, R = B28b),
6  Allyl-Br, In, Mgl,, TBAI, DMF, rt overnight 84 6.6:1 and N-iodosuccinimide (NIS, R = 128¢), their reaction with
2 The combined yield i3 and23. allyltributylstannane in the presence of azobisiggtonitrile

(AIBN) in THF gave decomposition products. Furthereyove
The stage was now set for completion of the synthekis examined the copper-catalyzed cross-coupling m@aaf alkyl
myriocin (1, Scheme 5). After protection of the secondaryiodide with allyimagnesium bromid& However, the allylation
hydroxy substituent ir23 as an acetoxy group, introduction of did not proceed at all.
the long alkyl chain using Grubbs’ cross metathesiemistry

was examined. According to the procedure reported by 21

Shibasaki, Kumagai, and co-workéfsalkenes24 was treated lSOCI2 X=Cl,

with 4 equivalents of the known alke®&" in the presence of a NBS (X = Br), or

catalytic amount of Grubbs’ 1st generation catalyst NIS X=1) A~ SnBuy -
dichloromethane at reflux for 6 h. Unfortunatelye #teaction did Boc. /ﬁ decomposition
not occur at all and the startii?g was recovered in 96% yield. : /" [28a]

To our delight, using more reactive Grubbs™ Zjeneration TBDPSO?\/\x

catalyst in refluxing dichloromethane gave the goesult and 0._0 A~ MgBr

coupling product25, which has all carbons of the myriocin >< \__cat. Cul no reaction
skeleton, was obtained in 96% yield after 5.5 h. Digmtion of X =Cl: 28a THF

TBDPS protecting group i85 and subsequent oxidation of the i: rzang [28c]

resulting hydroxyl group with 2,2,6,6-tetramethykpigine 1-

oxyl (TEMPO), PhI(OAc) and MgO afforded aldehyd@6.  scheme 6Attempts to introduce an allyl group to alcoBal
Oxidation of26 to the corresponding carboxylic acid and global

deprotection by sequential alkaline and acidic blydes As cross-coupling reactions between alkyl halides and
produced crude myriocinl). Since it was difficult to directly allylmetal reagents were difficult, we examined idotion of
obtain 1 in high purity, the crude product was acetylatechwit the C3 unit using a Wittig reaction with a key imediate
acetic anhydride in pyridine to afford the knowatactone27:  aldehyde22 (Scheme 7). Wittig reaction df2 using a stable
[a]o™® +55.6 € 1.0, CHCY) {lit. *" [o]p™® +52.5 € 0.85, CHC))}.  ylide reagent followed by hydrogenation providedee9 in

Finally, s®aponification of27 followed by neutralization with  92% yield. After reduction of the methyl ester to aldehyde
Amberlite” IRC-86 furnished purd. The synthetic material  with diisobutylaluminum hydride (DIBAL-H), synthesi®f



alkene30 was achieved by conversion of the resulting aldehyd INM-ECX400P (400 MHz) spectrometer. Chemical shifts ar
with an unstable ylide Wittig reagent. As we obtaitieel amino  reported relative to internal standard (tetramesitgrhe ad, 0.00
alkene component for mycestericin B),(we finally investigated or CDCL at dy 7.26). Data are presented as follows: chemical
the completion of the total synthesis 2fThe cross metathesis shift (6, ppm), multiplicity (s = singlet, d = doublet, ttrplet, m

for the long side chain extension was conducted. fBaetion = multiplet, br = broad), coupling constant andegration.**C
betweerB0 and 4 equivalents of the alkeB¥ in the presence of NMR spectra were recorded on JEOL JNM-ECX400P (100
Grubbs' 2* generation catalyst in dichloromethane at refluxMHz) spectrometer. The following internal referencesweed
proceeded smoothly to afford coupling prod8ttin 96% vyield.  (CDCl; atd 77.0). All *C NMR spectra were determined with
Desilylation of the primary silyl ether i81, Swern oxidation of complete proton decoupling. High-resolution mass cispe
the resulting hydroxyl group, oxidation of the riisig aldehyde (HRMS) were determined with JEOL JMS-GCmate Il and JEOL
to the corresponding carboxylic acid, and globgrdeection by  JMS-AX505HAD instruments. Column chromatography was
acidic hydrolysis furnished pure mycestericin ).( The performed on Silica Gel 60 R (Nacalai Tesque) and Kanto
synthetic compoun@ was spectroscopically{ and°*C NMR, silica gel 60 N (63—210 mesh) under pressure. Aralytihin
and IR) identical to naturd@, and its melting point (164-166 °C) layer chromatography (TLC) was carried out on Mefadselgel
and optical rotation ], —7.48 € 0.39, MeOH)} were in good 60 Fs, plates. Visualization was accomplished with UV lighd an
agreement with literature values for the naturatipot {mp 162—  phosphomolybdic acid stain solution followed by et

167 °C*?[a]p —7.5 € 0.16, MeOHY?. All reagents such as diethy-tartrate £0), chlorosulfonyl
isocyanate and trimethylsilylacetylene are comnadisci
1) PhsP=CHCO,Me Boc available and were purchased from suppliers suclsigma-
benzene H Aldrich Co.; Wako Pure Chemical Industries, Ltd.; kyo
2 2) H,, Pd/C, MeOH TBDPSO/P\/\/COZMe Chemical Industry Co., Ltd.; Nacalai Tesque, INC. Dirhted
©92%) 0__0 CH,CI,, THF, MeOH, benzene, DMF, DMSO and pyridine were
° >< 29 purchased from Wako Pure Chemical Industries, (48,5S5)-[5-
Boc.\h (tert-butyldiphenylsilyloxy)methyl-2,2-dimethyl-1,3-dio¥an-4-
1) DIBAL-H, CHyCl, TBDPSO™ yllmethanol (1) and petadec-1-en-9-on&){* were prepared
2) Ph3PCH3Br, NaH, THF /?\/\/\ according to literature procedures.
(70%) °7<° - .
B 30 4.2.Rh(ll)-catalyzed C-H amination followed by alkylation
e apse <y 1 4.2.1 (4S,55)-5-(tert-Butyldiphenylsilyloxy)methy-gimethyl-
ChCh el ME)J\CGHH 4-sulfamoyloxymethyl-1,3-dioxolan&2). Formic acid (1.3 mL,
2 0.__0 34.5 mmol) was added dropwise to neat chlorosulfonyl
(96%) Ay 31 isocyanate (3.0 mL, 34.5 mmol) atG with rapid stirring. The
1) TBAF, THF resulting viscous suspension was stirred atCfor 5 min.

2) Swern oxidation . CH.CI, (20 mL) was added to the mixture and the solutias w
3) NaCIO,, NaH,PO, H,0 mycestericin D (2) stirred at 0°C for 20 minutes and then at room temperature
2-methyl-2-butene overnight. The reaction mixture was cooled to°©, and a
t-BuOH, H,0 solution of the known alcohol1'® (7.0 g, 17.5 mmol) and

4) 10% HCI, MeOH, reflux

(74%) pyridine (3.5 mL, 43.8 mmol) in Cj€l, (6 mL) was added via

cannula. The reaction mixture was warmed to room égatpre
Scheme 7Synthesis of mycestericin Q) and stirred for 1 h. The reaction was quenched Wi@®AE and
H,O. The organic phase was collected and the aquegeisvas
extracted with EtOAc (2x 30 mL). The combined organic
3. Conclusion extracts were washed with brine (20 mL), dried ovérydmus
MgSQ,, and concentrated under reduced pressure. Thaueesi

In summary, the total synthesis of myriocin and esyericin . hy
- ; ~ o was purified by column chromatography (silica g€l%EtOAc
D was achieved using Rh(ll)-catalyzed C-H aminationaof in hexane) to provide?2 (7.29 g, 87%ps a colorless oiloflp? —

sulfamate followed by stereoselective alkylationaakey step. ) - _i,

This synthesis is the first example of the consiouc of a 2'33750 12021?9 iT%%Hlﬁngfgmgén M)mzssgg'cj;zg 36%35157964%;28
quaternary chiral center using sequential Rh(ltplygaed C-H 4H) ’747_7’ 38 (m, 6H), 4.92 (br s Zi-l) 439 (m. 14_13"2_4 2,6
amination/alkylation reactions. As the quaternaryrathcenter m ’2I-i) 3 9'3 (ddd,J _ 7'0'54 4 4,Hz ,:LH.) 3 85’ (ddl= 10.6
can be easily and stereoselectively constructedtt@mdbng side 4 4 Hz ’1H,) 3.76 (dd :'16 6. 6 0' Haz iH) 143 (s 3|_’|) 1 40 (s
chain can be introduced at a later stage in théhegis, the 3i_|), 1_'07 (s', 9.H)}SC NMR ('1(’)0 .MHz,,CDC’JJ).8135.’50, 1’35.49, ’

present method would provide high flexibility for adlogue 132.72. 132.70, 129.88, 129.85, 127.79. 127.77.21107.2
synthesis. Thus, the synthesis of myriocin analsgirecluding 766 7’0 5 6'3 7’ 269' 2,6 8 2'6 7’ 19 1', H’RMS'(FA'Bz cal<':d’

sphingofungins, is currently in progress. for CysHaNOGSSi (M+H) 480.1876, found 480.1889.
4. Experimental section 4.2.2. (4S,5S)-4-(tert-Butyldiphenylsilyloxy)met{B/2-dimethyl-
4.1.General 1,3-dioxolo)[4,5-d]tetrahydro-1,2,3-0xathiazine-Zjxide (3).

Rhy(OAC), (270 mg, 0.611 mmol), PhI(OAC)(5.39 g, 16.7

Melting points were determined using a Yanaco micettimg ~ mmol) and MgO (1.41 g, 35.0 mmol) were added to at®ol of
point apparatus and are uncorrected. Optical roigtiorere  sulfamatel2 (7.29 g, 15.2 mmol) in Ci&l, (96 mL). After
determined using a JASCO P-2100 polarimeter. Infrgig&)  stirring at room temperature for 1 h, the reactinixture was
spectra were recorded on a JASCO FT/IR-460 Pludiltered through a pad of Celite. The filter cakeswinsed with
spectrophotometer and absorbance bands are repanted CH.Cl,, and the combined filtrates were concentrated tuwa
wavenumber (cif). '"H NMR spectra were recorded on JEOL The residue was purified by column chromatograpilicgsgel,



6 Tetrahedron

10% EtOAc in hexane) to providiE3 (6.11 g, 84%)as a white  MHz, CDCL) 8 135.6, 135.6, 132.1, 131.9, 131.1, 130.5, 130.4,
solid: mp 86-88C; [0(]D21 +12.9 € 1.00, CHC)); IR (KBr, cm’ 128.2, 128.1, 120.6, 70.1, 65.5, 65.4, 62.7, 279D2; HRMS
v 3281, 1590, 1429, 1422, 1199, 1186; NMR (400 MHz,  (El) m/zcalcd for G,H,gNOsSSi (M) 447.1536, found 447.1525.
9??3) 6172'6: (d.J=6.4 Hz, 4H), 7.47-7.39 (m, 6H), 4.62 (dd, 4.2.5. (4R,5R)-4-(tert-Butyldiphenylsilyloxy)metBy{4-
=13.2, 1.2 Hz, 1H), 4.38 (s, 1H), 4.37 (dd; 13.2, 2.0 Hz, 1H), . A
4.29 (br s, 1H), 4.06 (d = 12.0 Hz, 1H), 3.90 (d] = 12.0 Hz, bromobenzoyloxy)-4-V|nyltetrahydrq-l,2,3-oxath|a2;ﬂ-
1H), 1.59 (s, 3H), 1.45 (s, 3H), 1.08 (s, 9C NMR (100 d|0X|d.e L6). p—Bro.rnober?z.oyI chloride (29 mg, 0.134 mmol),
MHz, CDCL) 5 135.6, 132.21, 132.18, 130.2, 130.1, 128.0,\:N-dimethyl-4-aminopyridine (DMAP, 1.6 mg, 0.0134 mmol)
. 'and pyridine (0.4 mL) were added to a solution ef atcoholl5
127.9, 110.8, 94.5, 69.0, 68.8, 63.5, 27.8, 260,1,219.2; (30 mg, 0.067 mmol) | L (05 mL) at 0 °C. After stirri
HRMS (EI) m/z calcd for GaHyNOGSSi (M) 477.1641, found 9, 0. ) in Cil; (0.5 mL) at 0 °C. After stirring
4771627, fo_r overnight at room temperature, t_he reaction waenched_
with saturated NECI and the whole mixture was extracted with
4.2.3. (4R,5R)-4-(tert-Butyldiphenylsilyloxy)metByrydroxy-4-  EtOAc (3x 10 mL). The combined organic layers were washed
[2-(trimethylsilyl)ethynyl]tetrahydro-1,2,3-oxathimez2,2- with water (10 mL) and brine (10 mL), and dried osahydrous
dioxide 4). n-butyllithium solution (1.05 mL, 1.6 M in hexane, MgSQ,. Filtrate was concentrated in vacuo, and the uesidas
1.68 mmol) was added dropwise to a solution ofpurified by column chromatography (silica gel, 1@®#Ac in
trimethylsilylacetylene (0.25 mL, 1.76 mmol) in THB8.55 mL)  hexane) to providd6 (27 mg, 64%)as a white solid: mp 175—
at —78°C under nitrogen. After stirring for 20 minute, Za@i 176 °C (EtOAc/hexane);d]p”® —2.88 € 0.5, CHCY); IR (KB,
THF (1.76 mL, 1.76 mmol) was added dropwise to thatien  cni’) v 3238, 1725, 1591, 1426, 1353, 1263, 1201, 1012, ‘686
mixture, and the resulting mixture was warmed to roomNMR (400 MHz, CDC}) 67.79 (d,J = 8.8 Hz, 2H), 7.61 (d] =
temperature and stirred for 30 minutes. A solutioh 08.4 Hz, 4H), 7.52 (dJ = 8.4 Hz, 2H), 7.46-7.38 (m, 3H), 7.29
oxathiazinaneN,O-acetal13 (200 mg, 0.42 mmol) in THF (1.0 (m, 1H), 7.72 (tJ = 7.2 Hz, 2H), 6.12 (dd] = 17.6, 11.6 Hz,
mL) was added to the reaction mixture via cannuld°&. After  1H), 5.64 (ddJ = 6.0, 3.8 Hz, 1H), 5.53 (d} = 17.6 Hz, 1H),
addition of BR-OE% (0.22 mL, 1.76 mmol), the reaction mixture 5.45 (d,J = 11.6 Hz, 1H), 5.10 (s, 1H), 4.50 (db5 6.0, 3.8 Hz,
was warmed to 50C and stirred for 2 h. The reaction was 1H), 3.79 (dJ = 10.6 Hz, 1H), 3.69 (d] = 10.6 Hz, 1H), 1.10 (s,
quenched with saturated NaHg@nd the whole mixture was 9H); BC NMR (100 MHz, CDCJ) & 164.4, 135.51, 135.50,
extracted with EtOAc (X 10 mL). The combined organic layers 132.6, 132.1, 131.8, 131.5, 131.2, 130.3, 130.8B.112127.8,
were washed with water (10 mL) and brine (10 mL), ariddd 119.4, 68.0, 65.7, 65.1, 64.6, 26.9, 19.2; HRMS (FA®)calcd
over anhydrous MgSQFiltrate was concentrated in vacuo, andfor C,Hz,BrNOSSi (M+H)" 630.0981, found 630.0934.
the residue was purified by column chromatograpliicsgel,
10% EtOAc in hexane) to providet (155 mg, 71%)as a white
solid: mp 100-10TC; [Ot]la18 —28.9 € 1.00, CHCY); IR (KBr,  4.3.1. (4R,5R)-5-Acetoxy-4-(tert-butyldiphenylsikg)methyl-3-
cm) v 3493, 3202, 2175H NMR (400 MHz, CDCJ) 87.66— (1, 1-dimethylethoxycarbonyl)-4-vinyltetrahydro-1;2,3
7.62 (m, 4H), 7.50-7.42 (m, 6H), 5.11 (s, 1H), 438 €& 11.2  oxathiazin-2,2-dioxide 17). Ac,0 (7.6 mL) was added to a
Hz, 1H), 4.37 (ddJ = 11.2, 4.4 Hz, 1H), 4.16 (ddd,= 11.2,  gp|ution of alcoholl5 (1.12 g, 2.50 mmol) in pyridine (7.6 mL)
10.6, 4.4 Hz, 1H), 3.95 (d,= 10.2 Hz, 1H), 3.71 (d1=10.2 Hz,  at room temperature. After stirring for 1 h, thevsolt was
1H), 1.63 (d,J = 10.6 Hz, 1H), 1.09 (s, 9H), 0.18 (s, 9H)C  removed in vacuo. The resulting residue was solve&tDAc
130.80, 128.6, 128.5, 97.0, 77.2, 70.0, 65.0, 6822, 27.3,  dried over anhydrous MgSCFiltration and evaporation in vacuo
19.7, 0.0; HRMS (FAB)M/z calcd for GsHzgNOsSSh (M+H) furnished the crude product (1.20 g), which was usete next
518.1853, found 518.1881. step without further purification.

4.2.4. (4R,5R)-4-(tert-Butyldiphenylsilyloxy)metByhydroxy-4-  B0GO (1.1 mL, 4.88 mmol), BN (1.2 mL, 8.54 mmol) and
vinyltetrahydro-1,2,3-oxathiazin-2,2-dioxidel5. znCl, (0.92 DPMAP (60 mg, 0.49 mmol) were added to a solution efdrude

mL, 1.0 M in THF, 0.92 mmol) was added dropwise &pition product in THF (23 mL) at room temperature. Afterrsig for 1
of vinylmagnesium bromide (1.76 mL, 1.0 M in THF,7@ h,.the reaction was quenghed with saturated@ldnd the Whole
mmol) at —78°C under nitrogen, and the resulting mixture wasMixture was extracted with EtOAc @20 mL). The combined
warmed to room temperature and stirred for 0.5 fe faction ~ °rganic layers were washed with water (20 mL) and bf#te
mixture was then cooled to°€, and a solution 0f3 (200 mg, _mL), and dried over anhydro_us MgsEiltrate was concentrated
0.42 mmol) in THF (1.0 mL) was added dropwise viarzda, N vacuo, and the residue was purified by column
After completion of the addition, the reaction mpeuwas Chromatography (silica gel, 10% EtOAC in hexane)ravile 1/
allowed to warm to room temperature and stirred fdr, @fter ~ (1.26 9, 84% for 2 steps)s a white solid: mp 123-12€; [alo
which time it was quenched with saturated J8Hand the whole ~ *41-4 € 1.00, CHCY); IR (KBr, cm”) v 1762, 1739, 1389, 1370,
mixture was extracted with EtOAC 810 mL). The combined 1227, 1181, 978, 935H NMR (400 MHz, CDCJ) 37.63-7.58
organic layers were washed with water (10 mL) and bfite (m, 4H), 7.44-7.34 (m, 6H), 5.75 (dd,= 17.2, 10.6 Hz, 1H),
mL), and dried over anhydrous Mg$@iltrate was concentrated 5.71(ddJ=8.0, 6.8 Hz, 1H), 5.59 (d,= 17.2 Hz, 1H), 5.43 (d,
in vacuo, and the residue was purified by column? = 10.6 Hz 1H), 4.95 (dd] = 10.8, 6.8 Hz, 1H), 4.54 (d, =
chromatography (silica gel, 10% EtOAc in hexane)rnuvjgle 15 10.8 Hz, 1H), 3.98 (dd] = 10.8, 8.0 Hz, 1H), 3.72 (d,= 10.8
(163 mg, 86%)ps a white solid: mp 105-106; [a]o™* ~17.2 ¢  Hz, 1H), 1.64 (s, 3H), 1.53 (s, 9H), 1.11 (s, 9Hg; NMR (100
1.00, CHCY); IR (KBr, cm‘l)v 3570, 3516, 3251, 1472, 1449, MHz, CDCk) § 168.9, 149.5, 136.0, 135.7, 132.9, 132.4, 130.3,
1429, 1390, 1348, 1190, 1170, 1079, 986, IERNMR (400 130.0, 129.8, 127.8, 127.6, 119.3, 85.2, 71.9,,6895, 60.5,
MHz, CDCL) 57.68-7.60 (m, 4H), 7.49-7.41 (m, 6H), 6.07 (dd,27-8, 26.8, 20.1, 19.2; HRMS (Eii)/z calcd for GdHzgNOsSSi

J =178, 11.6 Hz, 1H), 5.50 (d,= 17.8 Hz, 1H), 5.44 (@)= (M) 589.2166, found 589.2143.

11.6 Hz, 1H), 5.07 (s, 1H), 4.40 (d#i= 11.2, 9.6 Hz, 1H), 4.24 432  (2R,3R)-1-Acetoxy-3-(tert-butyldiphenylsiky)methyl-3-
(dd,J = 11.2, 4.0 Hz, 1H), 4.15 (m, 1H), 3.80 (= 10.8 Hz, (1 1-dimethylethoxycarbonyl)amino-4-penten-2-0118)( and
1H), 3.56 (d,J = 10.8 Hz, 1H), 1.11 (s, 9HJ’C NMR (100  (2R,3R)-2-Acetoxy-3-(tert-butyldiphenylsilyloxy)nye-(1,1-

4.3.Synthesis of a common intermediate aldehyde 22



dimethylethoxycarbonyl)amino-4-penten-1-0118f. 0.1 M
phosphate buffer (8.0 mL) was added to a solutioh7qfL.50 g,
2.5 mmol) in THF (39 mL). After stirring at 5 for 24 h, the
reaction was quenched with 5% NaHC&nd the whole mixture
was extracted with EtOAc (8 20 mL). The combined organic
layers were washed with water (20 mL) and brine (20, rahyl
dried over anhydrous MgSOFiltrate was concentrated in vacuo,
and the residue was purified by column chromatogrggshica
gel, 10% EtOAc in hexane) to provid8 (982 mg, 73%) as a
colorless oil and.8 (313 mg, 23%ps a colorless oill8: [a]p™® —
31.6 € 1.00, CHCY); IR (film, cni®) v 3410, 1740, 1731, 1697,
999, 920;"H NMR (400 MHz, CDC}) 57.62 (t,J = 6.0 Hz, 4H),
7.45-7.37 (m, 6H), 5.87 (dd,= 17.2, 11.0 Hz, 1H), 5.32 (s, 1H),
5.30 (d,J = 11.0 Hz, 1H), 5.18 (d] = 17.2 Hz, 1H), 4.80 (br s,
1H), 4.03 (ddJ =11.8, 7.8 Hz, 1H), 4.27 (dd,= 11.8, 2.8 Hz,
1H), 3.86 (tJ = 7.8 Hz, 1H), 3.77 (d] = 10.0 Hz, 1H) 3.70 (d]

= 10.0 Hz, 1H), 2.02 (s, 3H), 1.45 (s, 9H), 1.07 (s, 9HC
NMR (100 MHz, CDC)) 6 170.9, 156.3, 136.7, 135.5, 135.4,
132.3, 132.1, 129.9, 127.8, 127.7, 80.3, 72.5,,66529, 63.4,
60.2, 28.1, 26.7, 20.9, 20.8, 19.1; HRMS (IBi)z calcd for
CoHNOGSSi (M) 527.2703, found 527.27048" [a]p>° +22.1
(c 0.5, CHCY); IR (film, cm™) v 3425, 3361, 1739, 1724, 1495,
1042, 925;'"H NMR (400 MHz, CDCJ) 57.64-7.60 (m, 4H),
7.45-7.37 (m, 6H), 6.04 (dd,= 17.7, 11.0 Hz, 1H), 5.39 (s, 1H),
5.40 (d,J = 11.0 Hz, 1H), 5.180 (fl = 3.2 Hz, 1H), 5.177 (dl =
17.7 Hz, 1H), 3.87 (m, 1H), 3.80 (d= 10.2 Hz, 1H), 3.78 (m,
1H), 3.62 (dJ = 10.2 Hz, 1H), 1.96 (s, 3H), 1.44 (s, 9H), 1.09 (s
9H) ; ®C NMR (100 MHz, CDGCJ) § 170.3, 155.0, 135.7, 135.6,
132.6, 132.5, 129.94, 129.90, 127.9, 127.8, 118000, 77.2,
74.7, 65.8, 61.9, 61.5, 28.3, 26.8, 21.0, 19.2; HRMSB) m/z
caled for GgH4NOSSi (M+H) 527.2781, found 527.2748.

4.3.3. (2R,3R)-3-(tert-Butyldiphenylsilyloxy)metBy(2-
chloro)acetoxy-3-(1,1-dimethylethoxycarbonyl)aminpeftenyl
acetate 19). A solution of chloroacetyl chloride (122 mg, 1.08
mmol) in CHCI, (1.0 mL) and pyridine (0.77 mL) were added to
a solution of alcohol8 (284 mg, 0.538 mmol) in Ci&l, (1.6
mL) at O °C. After stirring at room temperature for 1 h, the
reaction was quenched with 5% NaHC&nd the whole mixture
was extracted with EtOAc (2 10 mL). The combined organic
layers were washed with water (10 mL) and brine (10, rahy
dried over anhydrous MgSCOFiltrate was concentrated in vacuo,
and the residue was purified by column chromatogrggshica
gel, 10% EtOAc in hexane) to provid® (239 mg, 73%)as a
colorless oil: f1]p>> 1.0 € 1.00, CHCJ); IR (film, cm™) v 3430,
1772, 1747, 1729, 1699, 1008, 958;NMR (400 MHz, CDCJ)
67.62 (d,J = 6.4 Hz, 4H), 7.44-7.36 (m, 6H), 5.93 (dds 17.8,
11.2 Hz, 1H), 5.75 (ddl = 8.2, 2.2 Hz, 1H), 5.30 (d,= 11.2 Hz,
1H), 5.25 (dJ = 17.8 Hz, 1H), 5.06 (s, 1H), 4.53 (di= 12.4,
2.2 Hz, 1H), 4.11 (dd] = 12.4, 8.2 Hz, 1H), 3.97 (d,= 10.0 Hz,
1H), 3.87 (dJ = 14.4 Hz, 1H), 3.84 (dl = 10.0 Hz, 1H), 3.80 (d,
J = 14.4 Hz, 1H), 2.01 (s, 3H), 1.43 (s, 9H), 1.089d); *C
NMR (100 MHz, CDC}) 8 170.6 165.9, 154.3, 135.6, 134.9,
1325, 129.79, 129.76, 127.7, 127.6, 116.5, 796§, 773.4, 63.8,
63.0, 61.6, 40.4, 28.2, 26.7, 20.6, 19.1; HRMS (FA®J calcd
for C5,H4sNO,SSi (M+H) 604.2497, found 604.2521.

4.3.4. (2R,3R)-4-Acetoxy-2-(tert-butyldiphenylsiky) methyl-2-
(1,1-dimethylethoxycarbonyl)aminobutane-1,3-di@0)( Ozone
was bubbling to a solution d9 (1.13 g, 1.86 mmol) in C}Tl,
(25 mL) and MeOH (25 mL) at —7&. After stirring for 15 min,
NaBH, (105 mg, 2.79 mmol) was added to the reaction mextu
at —78°C. After stirring at room temperature for 1 h, tlkagation
was quenched with acetone, and the solvent was remioved
vacuo. The resulting residue was solved with EtOAc r(d0,
and washed with water (15 mL) and brine (15 mL), ariddd

over anhydrous MgSQFiltrate was concentrated in vacuo, and
the residue was purified by column chromatograpliicésgel,
10% EtOAc in hexane) to provid20 (817 mg, 82%)ys a white
solid: mp 100-10rC; [a]p™* —=21.9 € 1.00, CHCJ); IR (KBr,
cm®) v 3450, 3320, 1719, 1677H NMR (400 MHz, CDC))
57.64 (d,J = 7.2 Hz, 4H), 7.48-7.39 (m, 6H), 5.30 (s, 1H), 4.88
(d,J = 8.2 Hz, 1H), 4.20 (dd} = 12.0, 2.8 Hz, 1H), 4.07 (dd=
12.0, 8.2 Hz, 1H), 3.99 (dd,= 11.6, 4.8 Hz, 1H), 3.88 (d,=
9.8 Hz, 1H), 3.80 (m, 1H), 3.74 ,= 11.6 Hz, 1H), 3.65 (dl =
9.8 Hz, 1H), 2.94 (m, 1H), 2.01 (s, 3H), 1.44 (s, 9HDIA(s,
9H); ®C NMR (100 MHz, CDC) & 171.0, 157.0, 135.53,
135.51, 132.3, 132.2, 130.1, 128.0, 127.9, 80.91,®6.1, 63.4,
61.6, 61.5, 28.2, 26.8, 20.9, 19.3; HRMS (IBi)z calcd for
C,gH4NO;SSi (M) 531.2652, found 531.2666.

4.3.5. (4R,5R)-4-Acetoxymethyl-5-(tert-
butyldiphenylsilyloxy)methyl-2,2-dimethyl-5-(1,1-
dimethylethoxycarbonyl)amino-1,3-dioxane  32) 2,2-
Dimethoxypropane (0.82 mL, 6.7 mmol) and Ts&}0 (13 mg,
0.067 mmol) were added to a solution of di6l(358 mg, 0.67
mmol) in benzene (20 mL) at room temperature. Adtering for

1 h, the reaction was quenched with 5% NaH@ad the whole
mixture was extracted with EtOAc 8 10 mL). The combined
organic layers were washed with water (10 mL) and bflrte
mL), and dried over anhydrous Mg$@iltrate was concentrated
in vacuo, and the residue was purified by column
chromatography (silica gel, 10% EtOAc in hexane)ravige 32
'(359 mg, 94%)as a colorless oil:ofl,*® +10.6 € 1.00, CHC));

IR (film, cm™) v 3430, 1745, 1723H NMR (400 MHz, CDC))
07.63 (d,J = 7.2 Hz, 4H), 7.45-7.37 (m, 6H), 5.12 (s, 1H), 4.46
(dd,J = 7.2, 2.4 Hz, 1H), 4.30 (dd,= 12.4, 2.4 Hz, 1H), 4.21 (br
s, 1H), 4.06 (ddJ = 12.4, 7.2 Hz, 1H), 4.05 (d,= 10.4 Hz, 1H),
3.95 (m, 1H), 3.89 (dJ = 10.4 Hz, 1H), 1.48 (s, 3H), 1.37 (s,
9H), 1.08 (s, 9H)*C NMR (100 MHz, CDG)) & 170.6, 155.0,
135.6, 135.5, 132.62, 132.60, 130.0, 129.9, 12982, 79.4,
70.9, 64.0, 63.5, 63.2, 54.9, 28.8, 28.2, 26.88,209.2, 19.1;
HRMS (EI) m/z caled for G;H,sNO,;SSi (M) 571.2965, found
571.2923.

4.3.6. (4R,5R)-5-(tert-Butyldiphenylsilyloxy)metBy2-dimethyl-
5-(1,1-dimethylethoxycarbonyl)amino-4-hydroxymethgi1,
dioxane 21). K,CO; (179 mg, 1.3 mmol) was added to a solution
of 32 (620 mg, 1.08 mmol) in MeOH (7.7 mL) at room
temperature. After stirring for 1 h, the reaction wpsenched
with water and the whole mixture was extracted with EtQ@\x

15 mL). The combined organic layers were washed tmithe
(15 mL), and dried over anhydrous MggSOFiltrate was
concentrated in vacuo, and the residue was purifiedolumn
chromatography (silica gel, 10% EtOAc in hexane)ravige 21
(565 mg, 98%Mxs a colorless oilaf]p'® +2.5 € 1.00, CHCY); IR
(film, cm™) v 3430, 3373, 1712, 1506H NMR (400 MHz,
CDCly) 57.65-7.62 (m. 4H), 7.45-7.36 (m, 6H), 5.54 (s, 1H),
4.21 (d,J = 10.0 Hz, 1H), 4.12 (d] = 6.8 Hz, 1H), 4.01 (br s,
2H), 3.83 (d,J = 11.2 Hz, 1H), 3.70-3.63 (m, 2H), 2.67 (br s,
1H), 1.44 (s, 3H), 1.43 (s, 3H), 1.39 (s, 9H), 1.0791); °C
NMR (100 MHz, CDC}) 6 155.5, 135.61, 135.57, 132.8, 129.9,
129.8, 127.8, 99.1, 79.4, 72.0, 64.3, 63.0, 61568,528.4, 28.3,
26.9, 19.6, 19.3; HRMS (Elin/z calcd for GgH4sNOgSSi (M)’
529.2860, found 529.2805.

4.3.7. (4R,5R)-5-(tert-Butyldiphenylsilyloxy)metBy2-dimethyl-
5-(1,1-dimethylethoxycarbonyl)amino-4-formyl-1,3-dioga22).
A solution of DMSO (0.15 mL, 2.13 mmol) in GEl, (1.5 mL)
was added dropwise to a solution of oxalyl chlof@da2 mL,
1.42 mmol) in CHCI, (1.5 mL) at —78C and stirred for 5 min.
A solution of alcohol21 (376 mg, 0.71 mmol) in Ci€l, (4.4
mL) was added dropwise to the reaction mixture aimced for
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20 min. EtN (0.50 mL, 3.55 mmol) was added dropwise to theyl]-3-butenyl acetate24). Ac,O (4 mL) was added to a solution
reaction mixture and stirred at —78 for 2.5 h, and the reaction of 23 (408 mg, 0.71 mmol) in pyridine (4 mL) at room

mixture was allowed to warm to room temperature aincedtfor
30 min. The reaction was quenched with saturategNbihd the
whole mixture was extracted with GEl, (3 x 10 mL). The
combined organic layers were washed with water (10 amg
brine (10 mL), and dried over anhydrous MgS®iltrate was
concentrated in vacuo, and the residue was purbfiedolumn
chromatography (silica gel, 10% EtOAc in hexane)rtvige 22
(361 mg, 96%xs a colorless oilof]p™* —6.3 € 1.00, CHCJ); IR
(film, cm™) v 3422, 1733, 1714, 1502H NMR (400 MHz,

temperature. After stirring overnight, the solvenswamoved in
vacuo. The resulting residue was solved with EtOAc (20,
and washed water (10 mL) and brine (10 mL), and doeer
anhydrous MgS@ Filtrate was concentrated in vacuo, and the
residue was purified by column chromatography @itiel, 10%
EtOAc in hexane) to provid24 (417 mg, 96%) as a colorless oil:
[a]p?* +50.0 € 0.50, CHCY); IR (film, cmi™) v 3441, 3074, 3051,
1748, 1722, 1496'H NMR (400 MHz, CDCJ) 5 7.67-7.61 (m,
4H), 7,47-7.36 (m, 6H), 5.64 (br s, 1H), 5.48 (brk),5.39 (br

CDCly) 39.52 (s, 1H), 7.68-7.63 (m, 4H), 7.47—7.38 (m, 6H),s, 1H), 5.11 (dJ = 17.6 Hz, 1H), 5.06 (d] = 10.0 Hz, 1H), 4.41

5.12 (s, 1H), 4.56 (s, 1H), 4.20 @z= 11.0 Hz, 1H), 4.09 (dl =
12.0 Hz, 1H), 4.04 (dJ = 10.4 Hz, 1H), 3.84 (d] = 11.0 Hz,
1H), 1.52 (s, 3H), 1.44 (s, 3H), 1.36 (s, 9H), 1.099); °C

(s, 1H), 4.30 (dJ = 10.8 Hz, 1H), 4.16 (m, 1H), 4.00 @@= 10.8
Hz, 1H), 3.84 (d,J = 10.8 Hz, 1H), 2.39 (1] = 6.4 Hz, 2H), 2.08
(s, 3H), 1.50 (s, 3H), 1.46 (s, 3H), 1.34 (s, 9H), AHBPH);"°C

NMR (100 MHz, CDCJ) é 171.1, 154.9, 135.6, 135.5, 132.5, NMR (100 MHz, CDC}) s 170.0, 154.7, 135.6, 135.5, 133.2,

132.4, 130.02, 129.97, 127.9, 99.7, 76.4, 63.9,660.3, 56.1,
28.3, 28.2, 26.8, 21.0, 19.2; HRMS (EM/z calcd for
C,gH4NOsSSi (M) 527.2703, found 527.2692.

4.4.Total synthesis of myriocin (1)

4.4.1. [1R,1(4R,5R)]-1-[5-(tert-Butyldiphenylsilyjgmethyl-2,2-
dimethyl-5-(1,1-dimethylethoxycarbonyl)amino-1,3-dioed-
yl]-3-butene-1-ol 23 [1S,1(4R,5R)]-1-[5-(tert-
Butyldiphenylsilyloxy)methyl-2,2-dimethyl-5-(1,1-
dimethylethoxycarbonyl)amino-1,3-dioxane-4-yl]-3-imatel -ol

132.7, 129.9, 127.82, 127.81, 118.5, 99.4, 78.2,710.0, 63.5,
62.9, 55.6, 44.3, 36.1, 29.2, 28.3, 27.0, 21.02,198.8; HRMS
(El) m/zcalcd for G4H4NO,SSi (M) 611.3278, found 611.3238.

4.4.3. [1R,1(4R,5R),3E]-1-Acetoxy-1-[5-(tert-
butyldiphenylsilyloxy)methyl-2,2-dimethyl-5-(1,1-
dimethylethoxycarbonyl)amino-1,3-dioxane-4-yllhepta8een-
11-one B5). Pentadec-1-en-9-on&,{* 88 mg, 0.42 mmol) and
second generation Grubbs catalyst (4.5 mg, 0.0058Imnere
added to a solution of alkergd (64 mg, 0.11 mmol) in C}€l,
(3.3 mL). After stirring at reflux for 5.5 h, the Igent was

(23). Mgl, (37 mg, 0.13 mmol) was added to a solution Of,emqyed in vacuo. The resulting residue was purifigaolumn
aldehyde22 (35 mg, 0.066 mmol) in DMF (1.0 mL) at room chromatography (silica gel, 5% EtOAc in hexane) tovitte 25

temperature and stirred for 30 min. Indium (11 ;@99 mmol),
a solution of allyl bromide (16 mg, 0.13 mmol) in BM1.0
mL), and tetrabutylammonium iodide (TBAI, 24 mg,066
mmol) were added to the reaction mixture. After ristg
overnight, the reaction was quenched with saturategCINEind
the whole mixture was extracted with,@t(3 x 10 mL). The
combined organic layers were washed with water (10 amd
brine (10 mL), and dried over anhydrous MgS®iltrate was
concentrated in vacuo, and the residue was purifiedolumn
chromatography (silica gel, 10% EtOAc in hexane)rvige 23
(27 mg, 73%) an@3 (4 mg, 11%)as a colorless 0iR3: [a]p"
+17.5 € 1.00, CHC)); IR (film, cm™) v 3553, 3377, 3073, 1710,
1511;'H NMR (400 MHz, CDCJ) 37.64-7.61 (m, 4H), 7.43—
7.36 (m, 6H), 6.66 (s, 1H), 5.71 (m, 1H), 5.09 {d; 17.9 Hz,
1H), 5.08 (d,J = 10.0 Hz, 1H), 4.25 (d] = 10.8 Hz, 1H), 4.06
(ddd,J = 9.9, 8.0, 6.0 Hz, 1H), 3.99 (s, 2H), 3.97 J& 9.8 Hz,
1H), 3.89 (dJ = 10.8 Hz, 1H), 2.37 (m, 1H), 2.34 @= 9.8 Hz,
1H), 2.19 (m, 1H), 1.44 (s, 3H), 1.42 (s, 3H), 1.3794), 1.07
(s, 9H); ®*C NMR (100 MHz, CDCJ)) & 155.2, 135.6, 135.5,
134.1, 132.8, 132.7, 129.9, 129.8, 127.8, 127.8,01D9.5, 78.9,
70.9, 68.9, 63.9, 63.4, 57.1, 40.1, 28.4, 27.09,280.8, 19.2;
HRMS (FAB) m/z calcd for GH,NOsSSi (M+H) 570.3251,
found 570.321623" [a]p™ —2.50 ¢ 0.5, CHCY); IR (film, cm
v 3432, 3073, 1695, 1506'H NMR (400 MHz, CDC))
07.67-7.64 (m, 4H), 7.45-7.34 (m, 6H), 5.90 (m, 1H305(s,
1H), 5.07 (dJ=17.6 Hz, 1H), 5.06 (d} = 10.0 Hz, 1H), 4.69 (br
s, 1H), 4.53 (dJ = 10.6 Hz, 1H), 3.90 (s, 2H), 3.79 @ 10.6
Hz, 1H), 3.65-3.57 (m, 2H), 2.48-2.44 (m, 2H), 2.15d(db=
13.6, 12.3, 10.2 Hz, 1H), 1.42 (s, 3H), 1.40 (s, 3K364s, 9H),
1.05 (s, 9H);*C NMR (100 MHz, CDCJ) § 156.5, 135.6, 135.1,
132.9, 132.8, 129.8, 129.7, 127.7, 127.6, 117.(8,98.9, 74.6,
70.0, 66.8, 63.0, 56.7, 37.7, 28.34, 28.29, 2683;1HRMS
(FAB) m/z calcd for GHiNOSSi (M+H) 570.3251, found
570.3267.

4.4.2. [1R,1(4R,5R)]-1-[5-(tert-Butyldiphenylsilyjgmethyl-2,2-
dimethyl-5-(1,1-dimethylethoxycarbonyl)amino-1,3-dioxa-

(81 mg, 96%) as a colorless oitt]p** +33.5 € 1.00, CHC)); IR
(film, cm™) v 3450, 3073, 1745, 1718, 14984 NMR (400
MHz, CDCL) 87.67-7.62 (m, 4H), 7.45-7.36 (m, 6H), 5.49 (br
s, 2H), 5.37 (br s, 1H), 5.26 (br s, 1H), 4.40 (s, 428 (d,J =
10.0 Hz, 1H), 4.17 (m, 1H), 4.00 @= 11.2 Hz, 1H), 3.83 (dl
=10.0 Hz, 1H), 2.38 (] = 7.6 Hz, 4H), 2.33 (m, 1H), 2.07 (br s,
3H), 1.93 (d,J = 5.6 Hz, 2H), 1.55 (dd] = 14.4, 7.2 Hz, 2H),
1.55 (m, 1H), 1.50 (s, 3H), 1.46 (s, 3H), 1.33 (s, WO (br s,
11H), 1.08 (s, 9H), 0.88 (§,= 7.0 Hz, 3H);*C NMR (100 MHz,
CDCly) & 211.5, 169.9, 154.6, 150.0, 135.5, 134.7, 1329,9,
127.8, 124.3, 124.2, 99.4, 78.8, 70.5, 70.1, 68249, 55.7, 49.3,
42.8, 34.9, 32.5, 31.6, 29.2, 29.1, 28.9, 26.982323.76, 23.6,
225, 21.1, 19.2, 18.8, 14.0; HRMS (FABWz calcd for
CsH7,NO,SSi (M+H) 808.5184, found 808.5166.

4.4.4, [1R,1(4R,5S),3E]-1-Acetoxy-1-[2,2-dimethyt5t-
dimethylethoxycarbonyl)amino-5-hydroxymethyl-1,3-diex4-
yllheptadec-3-en-11-one 38). Tetrabutylammonium fluoride
(TBAF, 0.14 mL, 1 M in THF, 0.14 mmol) and a sotutiof
acetic acid (8 mg, 0.14 mmol) in THF (0.2 mL) wedsled to a
solution of25 (37 mg, 0.046 mmol) in THF (0.24 mL) at°C.
After stirring at 50°C for 24 h, the reaction was quenched with
water and the whole mixture was extracted with EtOAx (3
mL). The combined organic layers were washed with e
mL) and brine (5 mL), and dried over anhydrous Mg3Jtitrate
was concentrated in vacuo, and the residue was euliriby
column chromatography (silica gel, 10% EtOAc in hexato
provide33 (22 mg, 84%) as a colorless oiit][*® +56.6 € 1.00,
CHCLy); IR (film, cmi™) v 3438, 1744, 1711, 17034 NMR (400
MHz, CDCk) 85.61 (s, 1H), 5.50 (dfj = 15.2, 6.8 Hz, 1H), 5.26
(dt,J = 15.2, 6.8 Hz, 1H), 5.02 (§,= 6.8 Hz, 1H), 4.75 (d] =
9.6 Hz, 1H), 4.08 (d) = 12.4 Hz, 1H), 4.00 (d} = 12.0 Hz, 1H),
3.75 (d,J =12.4 Hz, 1H), 3.75 (d] =12.0 Hz, 1H), 3.45 (t) =
10.8 Hz, 1H), 2.39 (t) = 7.2 Hz, 4H), 2.30-2.26 (m, 2H), 2.10
(s, 3H), 2.01-1.95 (m, 2H), 1.57-1.54 (m, 3H), 1.53K), 1.43
(s, 12H), 1.27 (br s, 12H), 0.88 (t,= 6.8 Hz, 3H);"*C NMR
(100 MHz, CDC}) & 211.5, 169.9, 156.4, 135.2, 123.9, 99.6,



80.0, 72.6, 69.9, 64.7, 64.6, 55.7, 42.8, 42.65,332.4, 31.5,
29.1, 28.95, 28.95, 28.7, 28.3, 23.8, 23.5, 22140,218.3, 14.0;
HRMS (El) m/z calcd for GHssNOg (M)" 569.3928, found
569.3979.

4.45. [1R,1(4R,5S),3E]-1-Acetoxy-1-[2,2-dimethy(t5t-
dimethylethoxycarbonyl)amino-5-formyl-1,3-dioxane-4-
yllheptadec-3-en-11-one2¢). TEMPO (3.8 mg, 0.024 mmol),

4.72 (dt,J = 8.4, 4.8 Hz, 1H), 4.52 (s 2H), 2.38 Jt= 7.2 Hz,
4H), 2.46-2.36 (m, 2H), 2.10 (s, 3H), 2.05 (s, 3H)329 3H),
2.07-1.98 (m, 2H), 1.59-1.52 (m, 4H), 1.37—1.27 (?H)1 0.88
(t, J = 7.0 Hz, 3H)*C NMR (100 MHz, CDGJ) § 211.7, 172.4,
170.2, 169.4, 168.9, 135.0, 123.1, 81.6, 71.9,558.57, 42.8,
42.7, 32.4, 32.1, 31.6, 29.0, 28.93, 28.90, 282880, 23.76,
22.7,22.5, 20.6, 20.3, 14.0.

PhI(OAc) (51 mg, 0.16 mmol) and MgO (13 mg, 0.32 mmol) 4.4.7. Myriocin ). 10% NaOH (1.3 mL) was added 27 (20

were added to a solution of alcol88 (45 mg, 0.079 mmol) in
CH,CI, (1.8 mL). After stirring at room temperature ovetitig
the reaction mixture was filtered through a pad efit€. The
filter cake was rinsed with EtOAc and the combinetidié was
concentrated in vacuo. The resulting residue wasfigairby
column chromatography (silica gel, 10% EtOAc in hexato
provide 26 (36 mg, 81%) as a colorless oiit]p>® +46.7 € 1.00,
CHCL); IR (film, cni™) v 3456, 1746, 1723, 1714 NMR (400
MHz, CDCk) 69.67 (s, 1H), 5.65 (s, 1H), 5.47 (dt= 15.2, 6.8
Hz, 1H), 5.20 (dt) = 15.2, 6.8 Hz, 1H), 5.02 (td,= 7.2, 2.0 Hz,
1H), 4.15 (dJ = 12.4 Hz, 1H), 4.01 (dl = 12.4 Hz, 1H), 3.95 (d,
J=2.0 Hz, 1H), 2.39 (] = 7.2 Hz, 4H), 2.34-2.26 (m, 2H), 2.13
(s, 3H), 2.00-1.93 (m, 2H), 1.57-1.52 (m, 3H), 1.5@Bk4), 1.46
(s, 12 H), 1.32-1.26 (m, 12 H), 0.88 J,= 7.6 Hz, 3H);"°C
NMR (100 MHz, CDC)) § 211.5, 200.8, 170.0, 155.3, 135.2,
123.5, 99.9, 80.7, 72.1, 71.0, 63.4, 63.0, 42.76,424.2, 32.2,
31.5, 29.02, 28.98, 28.8, 28.6, 28.2, 23.8, 2324,220.1, 18.2,
14.0; HRMS (FAB)m/zcalcd for G;Hs,NOg (M+H)" 568.3849,
found 568.3842.

4.4.6. (2S,3R,4R)-2-Acetamido-3-acetoxy-2-acetoxyiaét
[(E)-10-oxohexadec-2-en-1-yl]-4-butanolid27}.®*'° A solution
of NaCIG, (29 mg, 0.32 mmol) and NaPO,H,0 (22 mg, 0.16
mmol) in water (0.45 mL) was added to a solutio2®{45 mg,
0.0793 mmol) and 2-methyl-2-butene (0.21 ml}-BuOH (1.4
mL). After stirring at room temperature for 3 h, tteaction was

mg, 0.039 mmol) in MeOH (1.3 mL) and stirring at 80 for 2 h.
The reaction mixture was cooled to°G, and then neutralized
with Amberlit¢’ IRC-86 (H type). The insoluble material was
removed by filtration and the filtrate was concetadain vacuo.
The resulting residue was purified by column chragetphy
(2:1:10 to 1:3:10 (gradient) J@/MeOH/CHC} (lower phase)) to
afford myriocin (, 14 mg, 88%) as white crystals: mp 165-168
°C (lit.> mp 164-168 °C); d]p>* +5.6 (¢ 0.30, DMSO) {lit®"
[a]p?® +6.1 € 0.26, DMSO)}; IR (KBr, cm')v 3278, 3203,
1714, 1635, 1465, 1387, 1104, 974 NMR (400 MHz,
CD,0D) 8 5.54 (dt,J = 16.4, 6.4 Hz, 1H), 5.40 (d1,= 14.8, 7.2
Hz, 1H), 4.00 (dJ = 11.2 Hz, 1H), 3.87 (dJ = 11.6 Hz, 1H),
3.83 (t,J = 5.6 Hz, 1H), 3.81 (s, 1H), 2.43 @&,= 7.2 Hz, 4H),
2.27 (t,J=6.8 Hz, 2 H), 2.00 (dd} = 14.0, 7.2 Hz, 2H), 1.55 {t,
J = 6.8 Hz, 4H), 1.29 (br s, 12H), 0.90 Jt= 6.4 Hz, 3H); **C
NMR (100 MHz, CRROD) é 214.4, 173.5, 134.7, 126.9, 73.7,
71.3, 70.4, 65.1, 43.54, 43.53, 38.7, 33.8, 3285,330.23,
30.16, 30.1, 30.0, 24.9, 23.6, 14.4.

4.5. Total synthesis of mycestericin D (2)

4.51. Methyl [1(4R,5R),2E]-3-[5-(tert-
butyldiphenylsilyloxy)methyl-2,2-dimethyl-5-(1,1-
dimethylethoxycarbonyl)amino-1,3-dioxane-4-yl]-2-maate

(34). PPCH=CQMe (257 mg, 0.77 mmol) was added to a
solution of aldehyde&2 (369 mg, 0.70 mmol) in benzene (6.7

quenched with 5D and the whole mixture was extracted with ML) at room temperature. After stiring 1 h, thevsoit was
EtOAc (3x 5 mL). The combined organic layers were washed€moved in vacuo. The resulting residue was purifigeolumn

with brine (10 mL), and dried over anhydrous MgS6iltrate
was concentrated in vacuo to provide the crude cgticoacid
(45 mg), which was used in the next step without firth
purification.

chromatography (silica gel, 10% EtOAc in hexane)ruvjale 34
(392 mg, 96%) as a colorless oit1]f?* +17.8 € 1.00, CHC));
IR (film, cm™) v 3431, 3073, 1723, 1716, 149%{ NMR (400
MHz, CDCk) 67.66—7.63 (m, 4H), 7.47-7.38 (m, 6H), 6.93 (dd,

10% NaOH (0.63 mL) was added to a solution of the crudd = 15-8, 2.5 Hz, 1H), 6.17 (dd,= 15.8, 2.5 Hz, 1H), 5.00 (s,

carboxylic acid in MeOH (0.63 mL). After stirring aD7?C

overnight, the reaction mixture was acidified to phvith 10 %
HCI, and extracted with EtOAc (X 5 mL). The combined
organic layers were washed with brine (5 mL), andddoger

anhydrous MgS@ Filtrate was concentrated in vacuo to provide

the crude alcohol (50 mg), which was used in thet rstep
without further purification.

10% HCI (0.63 mL) was added to a solution of the eraftohol
in MeOH (0.63 mL). After stirring at 8C overnight, the
reaction mixture was alkalified with ,KO,. Insoluble materials
were filtered off, and the filtrate was concentratedvacuo to
provide the crude product (90 mg), which was usethénext
step without further purification.

Ac,0 (0.63 mL, 6.7 mmol) was added to a solution ofdhele
product in pyridine (0.63 mL). After stirring at nootemperature
overnight, the solvent was removed in vacuo. Thailtieg
residue was solved with EtOAc (10 mL), and washed witkemwat
(5 mL) and brine (5 mL), and dried over anhydrougS®a).
Filtrate was concentrated in vacuo, and the reswae purified
by column chromatography (silica gel, 40% EtOAc imdre) to
provide 27 (20 mg, 51% for 4 steps) as a colorless ail;p}®
+55.6 € 1.00, CHCJ) {lit. *" [a]p?® +52.5 € 0.85, CHC)}; H
NMR (400 MHz, CDC}) 66.30 (s, 1H), 5.79 (dl = 4.0 Hz, 1H),
5.56 (dt,J = 15.2, 6.8 Hz, 1H), 5.39 (dtJ,= 15.2, 6.4 Hz, 1H),

1H), 4.73 (s, 1H), 4.16-4.09 (m, 3H), 3.88 Jd; 11.0 Hz, 1H),
3.74 (s, 3H), 1.48 (s, 3H), 1.45 (s, 3H), 1.34 (s, 9410 (s, 9H);
%C NMR (100 MHz, CDGJ) § 166.3, 154.9, 142.4, 135.6, 135.5,
132.5, 129.97, 129.93, 127.9, 122.7, 99.1, 79.2,770.7, 63.5,
62.9, 55.8, 51.5, 28.6, 28.2, 26.9, 19.23, 19.21M3RFAB)
m/zcalcd for G,H,6NO,;Si (M+H)" 584.3044, found 584.3066.

4.5.2. Methyl [1(4R,5R)]-3-[5-(tert-butyldiphenyidoxy)methyl-
2,2-dimethyl-5-(1,1-dimethylethoxycarbonyl)amino-li@xdne-
4-yllbutanoate 29). Pd/C (13 mg) was added to a solution of
alkene 34 (130 mg, 0.223 mmol) in MeOKB.9 mL). After
stirring at room temperature for 4.5 h under hyedrggthe
reaction mixture was filtered through a pad of @elithe filter
cake was rinsed with EtOAc and the combined filtrates wa
concentrated in vacuo. The resulting residue wadfigairby
column chromatography (silica gel, 10% EtOAc in hexato
provide29 (125 mg, 96%) as a colorless oik]{*> +17.6 € 0.5,
CHCLy); IR (film, cmi™) v 3427, 1739, 1715, 14984 NMR (400
MHz, CDCL) 8 7.65-7.61 (m, 4H), 7.45-7.36 (m, 6H), 4.97 (s,
1H), 4.21 (br s, 1H), 4.20 (d,= 10.0 Hz, 1H), 4.06 (d] = 11.2
Hz, 1H), 4.01 (br s, 1H), 3.81 (d,= 11.2 Hz, 1H), 3.65 (s, 1H),
2.43 (dddJ = 15.0, 8.4, 7.1 Hz, 1H), 2.23 (td~= 15.0, 7.1 Hz,
1H), 1.82 (td,J = 15.0, 7.1 Hz, 1H), 1.74-1.64 (m, 1H), 1.43 (s,
3H), 1.39 (s, 3H), 1.37 (s, 9H), 1.08 (s, 9K} NMR (100
MHz, CDCL) & 173.6, 155.3, 135.60, 135.58, 132.81, 132.76,
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129.9, 129.83, 127.78, 99.0, 79.1, 77.2, 71.5,,6832, 55.4,
51.4, 30.6, 28.9, 28.3, 26.9, 24.1, 19.2, 19.0; HRMSB) m/z
calcd for GH,gNO;SSi (M+H) 585.3200, found 585.3206.

45.3. [1(4R,5R)]-1-[5-(tert-Butyldiphenylsilyloxygthyl-2,2-
dimethyl-5-(1,1-dimethylethoxycarbonyl)amino-1,3-dioexd-
yl]-3-butene 80). DIBAL-H (0.28 ml, 0.28 mmol) was added
dropwise to a solution of est2® (83 mg, 0.14 mmol) in C}Cl,

(4.0 mL) at —78°C under nitrogen. After stirring for 1 h, the

reaction was quenched with saturated potassium sotdittrate
and the whole mixture was extracted with EtOAcx(20 mL).
The combined organic layers were washed with watem{lLp
and brine (10 mL), and dried over anhydrous MgSEiltrate
was concentrated in vacuo, and the residue wasefiltdrrough a
pad of Celite to provide crude aldehy@d mg), which was used
in the next step without further purification.

PhPCH;Br (550 mg, 1.54 mmol) was added slowly to a

suspension of NaH (60% in mineral oil, 56 mg, 1.4 Mnm

THF (2 mL) at 0°C. After stirring for 3 h under nitrogen at room

temperature, crude aldehyde (81 mg) in THF (3.3 m&3 added
dropwise to the reaction mixture at °@C, and the resulting
mixture was warmed to room temperature and stirre@ fo The
reaction mixture was quenched with saturated,GlHand the
whole mixture was extracted with EtOAc 810 mL). The
combined organic layers were washed with water (10 amg
brine (10 mL), and dried over anhydrous MgS®iltrate was
concentrated in vacuo, and the residue was purbfiedolumn
chromatography (silica gel, 10% EtOAc in hexane)rtuvjale 30
(53 mg, 70% for 2 steps)s a colorless oil:af]p** +22.9 € 0.5,
CHCL); IR (film, cm™) v 3427, 3073, 1722, 1495, 998, 91B;
NMR (400 MHz, CDC)) 87.64-7.62 (m, 4H), 7.45-7.36 (m,
6H), 5.76 (m, 1H), 5.01 (d] = 18.8 Hz, 1H), 4.96 (d] = 10.0
Hz, 1H), 4.24 (dJ = 10.0 Hz, 1H), 4.08 (d] = 11.4 Hz, 1H),
4.00 (d,J = 11.4 Hz, 1H), 4.00 (dl = 10.0 Hz, 1H), 3.81 (dl =
10.0 Hz, 1H), 2.24 (m, 1H), 2.02 (m, 1H), 1.66-1.59 2H),
1.45 (s, 3H), 1.42 (s, 3H), 1.36 (s, 9H), 1.07 (s, 980; NMR

Tetrahedron

0.13 mmol) were added to a solution3df (47 mg, 0.063 mmol)
in THF (0.58 mL) at OC. After stirring at room temperature for
3 h, the reaction was quenched with water and the whidire
was extracted with EtOAc (2 10 mL). The combined organic
layers were washed with water (10 mL) and brine (10, rahyl
dried over anhydrous MgSOFiltrate was concentrated in vacuo,
and the residue was purified by column chromatogrgshica
gel, 20% EtOAc in hexane) to provids (28 mg, 88%) as a
colorless oil: fi]p?° +25.9 € 0.5, CHCY); IR (film, cm™) v 3424,
1712, 1697;'H NMR (400 MHz, CDCJ) §5.50-5.25 (m, 2H),
4.78 (d,J = 12 Hz, 1H), 3.99 (d] = 12.4 Hz, 1H), 3.93 (dd} =
12.2, 2.4 Hz, 1H), 3.76 (d, = 12.4 Hz, 1H), 3.68 (dd] = 12.2,
2.4 Hz, 1H), 3.42 (t) = 12.2 Hz, 1H), 2.38 () = 7.2 Hz, 4H),
2.17-1.89 (m, 5H), 1.61-1.52 (m, 5H), 1.45 (s, 9H)3Xs, 3H),
1.41 (s, 3H), 1.34-1.27 (m, 12H), 0.88Jt= 6.8 Hz, 3H);°C
NMR (100 MHz, CDC})) & 211.6, 157.2, 131.6, 128.9, 98.9,
80.3, 73.6, 65.0, 64.8, 55.6, 42.8, 42.7, 32.56,329.4, 29.1,
28.94, 28.91, 28.4, 28.3, 28.0, 23.82, 23.79, 22&6, 14.0;
HRMS (FAB) m/zcalcd for GgHs,NOg (M+H)* 512.3951, found
512.3946.

4.5.6. [1(4R,5S),3E]-1-[2,2-Dimethyl-5-(1,1-
dimethylethoxycarbonyl)amino-5-formyl-1,3-dioxane-4-
yllheptadec-3-en-11-one3@). A solution of DMSO (26 mg,
0.328 mmol) in CHCIl, (0.3 mL) was added dropwise to a
solution of oxalyl chlorid¢28 mg, 0.219 mmol) in C}l, (0.4
mL) at —78°C under nitrogen and stirred for 5 min. A solution
of alcohol 35 (28 mg, 0.0547 mmol) in Ci&l, (0.5 mL) was
added dropwise to the reaction mixture and stireed20 min. A
solution of EfN (56 mg, 0.547 mmol) in C}&l, (0.3 mL) was
added dropwise to the reaction mixture at =Z8 The reaction
mixture was warmed to —4TC and stirred for 1 h. The reaction
was quenched with saturated MH and the whole mixture was
extracted with EtOAc (X 5 mL). The combined organic layers
were washed with water (5 mL) and brine (5 mL), anddidver
anhydrous MgS@ Filtrate was concentrated in vacuo, and the

(100 MHz, CDC}) 8 155.3, 138.1, 135.62, 135.60, 132.9, 132.8 residue was purified by column chromatography @itiel, 10%

129.9, 129.8, 127.8, 115.1, 99.0, 79.0, 71.5, 6834, 55.5,
29.9, 29.0, 28.3, 27.7, 26.9, 19.28, 19.24; HRMS (FABz
calcd for GH,gNOsSSi (M+H) 554.3302, found 554.3307.

4.5.4. [1(4R,5R),3E]-1-[5-(tert-ButyldiphenylsilWg)methyl-2,2-
dimethyl-5-(1,1-dimethylethoxycarbonyl)amino-1,3-dioexd-
yllheptadec-3-en-11-one3{). Pentadec-1-en-9-on&,{* 61 mg,
0.29 mmol) and second generation Grubbs catalysty(30.0036
mmol) were added to a solution of alkeB& (40 mg, 0.072
mmol) in CHCI, (2.3 mL). After stirring at reflux for 1 h, the
solvent was removed in vacuo. The resulting reswa® purified
by column chromatography (silica gel, 5% EtOAc in d&&) to
provide31 (52 mg, 96%) as a colorless oit(]p** +22.6 € 0.5,
CHCLy); IR (film, cm)v 3425, 3072, 1721, 1717, 14944
NMR (400 MHz, CDCJ) 57.64-7.62 (m, 4H), 7.45-7.36 (m,
6H), 5.44-5.31 (m, 2H), 4.98 (s, 1H), 4.23 {d= 9.0 Hz, 1H),
4.17 (br s, 1H), 4.08 (dd, = 11.6, 4.8 Hz, 1H), 4.01 (br s, 1H),
3.80 (d,J = 9.0 Hz, 1H), 2.38 () = 7.2 Hz, 4H), 2.16 (m, 1H),
2.08-1.94 (m, 3H), 1.62-1.54 (m, 6H), 1.44 (s, 3H311(s, 3H),
1.36 (s, 9H), 1.27 (br s, 12H), 1.07 (s, 9H), 0.88 &, 6.4 Hz,

EtOAc in hexane) to providg6 (26 mg, 93%)as a colorless oil:
[a]p®* +20.4 € 0.5, CHCY); IR (film, cm™) v 3437, 3362, 1727,
1713, 1700'H NMR (400 MHz, CDC}) 59.65 (s, 1H), 5.41 (s,
1H), 5.38 (m, 1H), 5.28 (m, 1H), 4.15 @z 11.6 Hz, 1H), 3.97
(dd,J =10.4, 2.0 Hz, 1H), 3.95 (d,= 11.6 Hz, 1H), 2.38 (1] =
8.0 Hz, 4H), 2.25-2.05 (m, 2H), 2.00-1.89 (m, 2H), 166
1H), 1.61-1.52 (m, 5H), 1.44 (s, 3H), 1.43 (s, 3HA71(s, 9H),
1.31-1.27 (m, 12H), 0.88 (@ = 7.2 Hz, 3H);"*C NMR (100
MHz, CDCk) & 211.6, 200.3, 156.1, 131.8, 128.5, 99.3, 80.8,
72.8, 72.6, 63.3, 63.0, 42.79, 42.75, 32.4, 3213%6,329.7, 29.3,
29.2,29.1, 28.9, 28.2, 28.0, 23.8, 22.5, 18.5);14RMS (FAB)
m/zcalcd for GgHs,NOg (M+H)" 510.3795, found 510.3799.

4.5.7. Mycestericin D2). A solution of NaCIQ (18 mg, 0.204
mmol) and NakPO,H,0 (14 mg, 0.102 mmol) in water (0.28
mL) was added to a solution 86 (26 mg, 0.051 mmol) and 2-
methyl-2-butene (0.14 ml) inBuOH (0.9 mL). After stirring at
room temperature for 3 h, the reaction was quene¥igd H,O
and the whole mixture was extracted with EtOAcx(3 mL).
The combined organic layers were washed with brinengL,

3H); BC NMR (100 MHz, CDGJ) 6 211.6, 181.3, 155.3, 135.62, and dried over anhydrous Mg&CFiltrate was concentrated in

135.59, 132.9, 131.2, 130.4, 129.4, 127.8, 98.9,7RL.5, 64.0,
63.4, 55.6, 42.80, 42.77, 32.6, 31.6, 29.5, 29%81,229.01,
28.96, 28.9, 28.7, 28.3, 28.2, 26.9, 23.8, 23.72,232.5, 19.3,
19.2, 14.0; HRMS (FAB)/z calcd for GgH,,NOgSSi (M+H)

750.5129, found 750.5103.

4.55. [1(4R,5S),3E]-1-[2,2-Dimethyl-5-(1,1-
dimethylethoxycarbonyl)amino-5-hydroxymethyl-1,3-diex4-
yllheptadec-3-en-11-one3%). TBAF (0.13 mL, 1 M in THF,

vacuo to provide the crude carboxylic acid (45 nvghich was
used in the next step without further purification.

10% HCI (1 mL) was added to a solution of the cruaidaxylic
acid in MeOH (1 mL). After stirring at 80C overnight, the
reaction mixture was alkalified to pH 7 with,®Os. Insoluble
materials were filtered off, and the filtrate was centrated in
vacuo. The resulting residue was purified by column
chromatography (1:1:10 to 1:3:10 (gradientOMeOH/CHC}



(lower phase)) to afford mycestericin R, (18 mg, 90% for 2
steps) as a white solid: mp 164—185 (lit.”® mp 162-167 °C):

[a]p?°—7.48(c 0.30, MeOH) {lit>* [a], 7.5 € 0.16, MeOH)};
IR (KBr, cmi®) v 3348, 3087, 1711, 1618, 1466, 968, NMR
(400 MHz, CROD) 3 5.52-5.34 (m, 2H), 3.99 (d,= 11.0 Hz,
1H), 3.84-3.80 (m, 1H), 3.81 (d,= 11.0 Hz, 1H), 2.43 () =
7.2 Hz, 4H), 2.24 (m, 1H), 2.07-1.94 (m, 2H), 1.56-1(#0
6H), 1.34-1.26 (m, 12H), 0.89 @ = 7.2 Hz, 3H); °C NMR

(100 MHz, CQROD) § 214.4, 132.0, 130.6, 70.9, 64.70, 64.69,

43.49, 43.48, 33.6, 32.8, 32.6, 30.6, 30.3, 30021,330.0, 24.9,
23.6, 14.4.
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