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Total synthesis
(+)-(R)-Roche ester
Grubbs cross metathesis

1. Introduction which perturbs the normal mupirocin biosynthetic hpaty

. . . . (Figure 1)*Studies carried out by Simpsenhal. uncovered two
The closely related polyketide-derived antibigticsllectively o\ pseudomonic acid analogues named mupiroc‘?ﬁ aNd

known ~as mupirocin are produced by the bacteriumy nirocin H* Mupirocin W was shown to possess a similar
Pseudomonas fluorescens (a soil isolate, NCIB 10586). These pinaciivity to those of pseudomonic acids whereasbiblogical
substances are highly effective in the treatmerskof infections activity of mupirocin H has yet to be investigated.

and are successful topical antibiotics for treatmeh nasal

Saphylococcus aureus including methicillin-resistans. aureus All members of the pseudomonic acid family possésslia
(MRSA)."! Mupirocin is a mixture of pseudomonic acids A-D C1-C14 terahydropyran containing frameworks with the
with its main constituents being pseudomonic acid 98%)  exception for mupirocin H which contains a unigtactone ring
(Figure 1)’ These polyketides are one of the first membethisf ~ System. The structure of mupirocin H was determiriest by
family of metabolites produced by the “AT-less” padjide  analysis of its spectroscopic data and confirmedemecently by
synthases (PKSs) that have their biosynthetic geluster  using total synthesf§.Several groups have given attention to this
sequencedMupirocin H is derived by mutagenesis of the HMG- substance owing to its fascinating truncated psewoddmacid

CoA synthase (HCS) encoding geneseudomonas fluorescens,  Structure and the important biological activitiesneembers of
the pseudomonic acid family. Thus far, five totghtheses of

oL 1 10 . mupirocin H have been reported including the oneritesd by
) A N . . . . .
w0 T 9 Y 5 T ooon our group in 2014" In 2011, the first total synthesis of mupirocin
W R o H was reported by Chakraborgy al®® which utilized D-glucose
Pasudomonc a4 8. - OH as a chiral pool starting material and Still-Bdrrtsydroboration
Pseudomonic acid C : R = H, C-10/C-11 E-alkene . . . . . e
Pseudomonic acid D : R = H, C4/C-5 E-alkene and a Julia-Kocienski olefination processes assteys. Williset

al divulged in 2012 a convergent total synthesis of mupirocin H
that uses a&- to y-lactone conversion strategy. A scalable route
for the synthesis of mupirocin H, involving seveeps (longest
linear sequence) and employing Suzuki—Miyaura dagpand
Hepfrocin F1 (1) Mukaiyama}_) aldol reactions as key steps, was repdaye@heet
. . . L al. in 2014 In that same year, an expedient total synthesis of
Figure 1. Structure of Pseudomonic acidad Mupirocil mupirocin H that relies on the use of readily avd#aD-ribose
H (1) and a Julia—Kocienski olefination process was deesloby
Srihari et al.*® Finally, we reportedl a concise synthesis of

C Corresponding author. Te+82(2)958643; fax: +82(2)958518; e-mail: tbsim@Kkist.re.k




mupirocin H that employs a Grubbs cross metathegiscabalt-  configuration of the product was determined unambiguously
mediated Reformatsky reactions as key processesrtunétely, based on th&H NMR and NOSEY spectroscopic analyses of the
the latter process lacked stereocontralr (= 9:1) and, J-lactone7'.*® The secondary alcohol moiety thwas subjected
consequently, led to a significant loss of yieldtted final stage to TBS protection and ester group was then chemuiseadty

caused by a problematic diastereomer separation. reduced using DIBAL-H to form allylic alcoh@l (73%, 2 steps).
Sharpless asymmetric epoxidafibrwas performed or8 to
2. Results and discussion produce the required epoxide(65%). It should be noted that

. . SAE reaction on the substance not containing a hiylioa
In the study described below, we devised a steremi®d  ,icon0| TBS protecting group takes place in a non-
synthesis of mupirocin H. The key steps in the waly  giastereoselective manner presumably because objipesite
involving a Pd-catalysed stereoselective subsbituton cis  giereochemical directing effects of the allylic andmoallylic
epoxide and Sharpless epoxidation, generate in By fu pygroxyls. 1,3-Diol10 was then generated from epoxidieby
diatereoselective manner an intermediate that goésr Grubbs oo -tion with Red-AF followed by periodate cleavage (69%, 2
cross metathesis reaction to produce a much movanadd — geng) The trioll0", TBS-deprotected compound aD, was
intermediate than the one involved in our previpasparative  conyerted to compouri for determining the stereochemistry of
route. As part of our ongoing program focusing OMurd  gAE reaction® Acetonide protection ofl0 formed 11 (94%),
products that have unique biological activities,reglesigned our  \hich was subjected tglobal benzyl removal using Pd/C to
previous synthesis of mupirocin H with the aim ofking the 544y ce 1,3-dioll2 (72%). Primary alcohal3 was then formed
route more stereoselective {and effic.ient. '!'he srge developgd by sequential bis-silyl protection using TBSOTf andno silyl-
in the current study, which begins with the commélicia emoval by using PPT5(91%, 2 steps). Treatment 08 with
available (+)-R)-Roche ester, is outlined in a retrosynthetictppjodine produced the corresponding iodide, whigas

format in Scheme 1. The key steps in the sequemeve @  gjirectly reacted with vinyl Grignard reactiSnto produce the
stereoselective Pd-catalysed substitution reactidna cis- required fragmerB (14) (65%, 2 steps).

epoxide, a Sharpless epoxidation followed by Red-pdxale
opening, and Seebach methylation and Grubbs crossthasis
reactions. Owing to the fact that the Grubbs crossatimesis
process produces a highly advanced intermediagendiw route
for preparation of mupirocin H is not only more High
diastereoselective but it is also more efficierdanttthe one we 1 coc, ouso, oo, ein |

developed earlier. B . Mﬁo ﬁ BHOMOH

3

2. (CF3CH,0),P(0)CH,CO,Me
(CF3CHZ0),P(0)CH,CO 6%

o Ref 6
OH OMe OBn OH

(R)-Roche ester 2

THF, KHMDS, 18-crown-6
Pd-catalysed stereospecific substitution on cis epo xide 76% over two steps
o]

4
Seebach methylation o O
- 1. (COCI),, DMSO, DCM, Et3N
7. Ho < sharpless epoxidation and OH (cocn, 3 —
NS B mCPBA, CHCl, -78°C
S . OH regioselective Red Al opening BnO )
Y\&\ 3 _— "’(:) —_— BnO. .
5
OH / Mupirc
6

0°C, 30 min, 88% yield 2. PhzP=CHCO,Me
93%, dr: 94:6 5 CH,Cl, 1t, 12 h
75% over two steps

ocin H (1)
Grubbs metathesis ﬂ

H P TBSO O O o8 1. TBSOTT, pyridine, CH »Cl» o
s an AN o (PhO)SB, " o°C+t1h s
\(lmﬁ N S Pd(PPhy),, (PhO)3B, BnOH BnOMO\ _ ~ BO J\/'\/NOH
. A THE, 0°C, 2 h, OH o 2. DIBAL-H, o8BS
ragment A (17) Fragment B (14) 71% CH,Cl,, 0°C, 30 min
ﬂ ﬂ 7 73% over two steps 8
OFt HYO (-DIPT, TIP, TBHP oBn 1. Red-Al, THF, 0 °C o
m OH OMe —_— B"OJV'//W:OH _— BnOJv'inA/OH
20°C,3h ores © 2. NalO,, THF:H,0, 4 h .
Ethyl ( S)-3-hydroxybutanoate (R)-(+)-Roche ester 65% 9 69% over two steps o
Scheme 1
2,2-DMP, PTSA, 8no QBn Pd/C, EtOAc o OH
The synthesis of the important intermediate FragnBe(i4, CH,Cly, 0°C, 30 min TBSO 6><o Mot 41, 72% TBSO 57<0
Scheme 1) in the new preparative pathway, began with s u »
conversion of commercially available (#§)¢Roche ester to the
monoprotected dioR by qsing benzyl protection of the alcohol = eSO pyidine, CH 1 ores 1 TPP, imidazole 1 ores
followed by ester reduction (77%, 2 steps) (SchejieSwern MO E120,0°Ct 41 PN
oxidatiorl of the primary alcohoPR followed by Still-Gennari 2 oS CniCla 9%C TESO OO 2 vinyiMger, Cul, Et ;0 1880 050
. . . Ver twi pS
olefinatiof of the resulting aldehyde generateds-a,s- 13 5% over two steps 1
unsaturated ester3 (76%, 2 steps,cisitrans = 95/5). Scheme 2

Chemoselective reduction & using DIBAL-H’ furnished the

corresponding allylic alcoho# (86%), upon which perbenzoic Although the pathway for preparation of Fragméntsed in
acid epoxidatiotf produced the diastereomeric epoxy alcolols our previou¥ synthesis of mupirocin H was short and
(93%, dr = 94:6 by NMR). Separation by using column sierepselective, it required handling volatile sabses like
chromatography gave diastereomerically pde which was  rans2-butene and acetaldehyde, as well as the Brown
subjected to sequential Swern oxidafiamd Wittig olefination crotylboration product. Consequently, a more coranmethod
1 . 1

to producer,f-unsaturated epoxy es@(75%, 2 ;tepsﬁ. ~was employed to prepare this sub-target. Specificalagment

The stage was now set for pondugtmg stereospecifiey was synthesized starting with eth-8- hydroxybutanoate in
nucleophilic opening of the epO_X|de rlng_(ﬁm1 Benzyl alcohol 4 steps using the route displayed in Scheme 3teF@&ebach
was selected as the nucleophile for this Pd-catdlym®cess methylatiod® of this ©)-ester, accomplished using freshly

which generateds,f-unsaturated estev in 71% yield. The prepared LDA in THF-HMPA, yielded5 (78%, dr 9:1) which



was first hydroxyl-protected with TIPS and then satgd to
ester reduction using DIBAL-Ho form mono-alcohol6 (74%,
2 steps). Swern oxidation of the primary alcohol etiin 16
gave an aldehyde that underwent Wittig methylen&tion
promoted by KCBuU to generate FragmeAt(17) (72%, 2 steps).

Freshly prepared LDA

OEt OEt

OH O Mel, HMPA, THF OH O
-78°C-0°C

15
78%

1. (COCI)2, DMSO, EtsN
-78°C, CH,Cl,

L1TIPSCI, Imidazole
DMF, rt, 24 h
OH

QTIPS QOTIPS

2. DIBAL-H, CH ,Cl,, 0°C
74% over two steps

2. C-1 Salt, KO'Bu
THF, 0°C, 72%

16 17

Scheme 3

A Grubbs cross metathesis (CM) process was utiliagdin
FragmentA (17) and FragmenB (14) (Scheme 4). The results of

earlier studies of CKt reactions and experience gained in our

previous synthesis of mupirocin H clearly demortsttahat the

4

reaction, Sharpless epoxidation followed by Red-Abége ring
opening and Fra'ter-Seebach methylation to gendvebe key
fragments that contain correct absolute configaretiat all six of
the stereogenic centers in the target. Grubbs cnesathesis was
then utilized as a key coupling reaction joining ttvo fragments
and generating the desirdtlolefin stereochemistry. Finally, a
TEMPO/BAIB mediated oxidation-lactonization sequengas
utilized to complete the synthesis of mupirocin H.

3. Experimental Section
3.1. General Experimental Methods

All reactions were carried out under inert atmosploérargon or
nitrogen using standard syringe, septa, and caneglaniques
unless otherwise mentioned. Reactions were monitoyeasing
TLC with 0.25 mm E. Merck precoated silica gel ptaf€0 bs,).
Reaction progress was monitored by using TLC with al&ip,
ninhydrin, or p-anisaldehyde stain for detection purposes.
Commercially available reagents were used withouthéur
purification. All solvents were purified by using stard
techniques. Purification of products was carried bytusing
silica gel column chromatography using Kieselgel/@ 9385
(230—400 mesh). The purity of all compounds wasrdeted to

Grubbs’ 2% generation catalyst would be appropriate for thispa over 95% by using a Waters LCMS system (Wat&@82

reaction. In addition, screening of temperaturdyesd, reaction
time and reactant quantities led to the identiftoatof ideal
conditions for this reaction. Importantly, owing its volatility,

Photodiode Array Detector, Waters 3100 Mass Detettaters
SFO System Fluidics Organizer, Water 2545 Binary @radi
Module, Waters Reagent Manager, Waters 2767 Sample

FragmentA (17) was utilized in a seven-fold excess overpmanager) using SunFireTM C18 column (4.6 x 50 mnun®

FragmentB (14). Under the ideal conditions, CM reaction
betweenl4 and17 took place efficiently to fornrl8 ©5%,E.Z =
97:3 by using Grubbs’ Il catalyst in refluxing toluerer 24 h at

particle size): solvent gradient = 60% (or 95%)tAanin, 1% A
at 5 min. Solvent A = 0.035% TFA in,8; Solvent B = 0.035%
TFA in MeOH:; flow rate : 3.0 (or 2.5) mL/mifH and**C NMR

110°C. PureE-18 was then subjected to global deprotection byspectra were obtained using a Bruker 400 MHz FT-NMBO(

using PPTE*?in methanol to form pentadd (85%). Oxidation
followed by lactonization was then effectively cadrieut in one
step by treatingl9 with TEMPO/BAIB? This sequence
produced mupirocin H1j in 55% yield. The analytical dataH
NMR, **C NMR, IR, HRMS and optical rotation) collected for
syntheticl match those reported for the isolated natural prbdu
as well as those for the substance prepared inaslierestudy’.®

In the initial phase of biological studies, we alvee that
mupirocin H inhibits (43.7% inhibition at 100 uM)bBE, a
synthetase required for the biosynthesis of stapésin, a
carboxylate-type siderophore required for iron kefd
Therefore, mupirocin H has the potential of beingpael starting
point for identifying unique antibiotics that tatg8bnE. In this
context, the synthetic strategy devised in thioréfshould be
readily adaptable to the design of routes to peegarivatives of
mupirocin H that are needed to carry out biolog#tatiies aimed
at testing this proposal.

: oTBS oTBS

Z 7 N
T8SG OO
><C

14

Grubbs' II, toluene, reflux

OTIPS 24 h, 95%

EZ973

™6 OO

AN

OTIPS
17

OH = e} °
TEMPO/BAIB
——— -
CHCN:H,0
1, 5 h, 55%

PPTS, methanol
F Z
t,4h OH OH OH
85%

OH OH OH OH

19 Mupirocin H (1)

Scheme 4

In conclusion, the current effort led to the depetent of a
convergent pathway for the diastereoselective arfitiesft
synthesis of mupirocin H (17 steps in its longasedir sequence,
21 steps overall, and 2.5% overall yield from conuiz
sources). The route relies on the use of a StillH@gn
olefination, Pd-catalysed stereoselectii® epoxide substitution

MHz for *H, and 100 MHz for°C) spectrometer. Chemical shifts
are reported relative to CHQP = 7.26) for'H NMR and CHCJ

(0 = 77.0) for®*C NMR. Standard abbreviations are used for
denoting the signal multiplicities. Infrared spacivere measured
on FT-IR NicoletiS10 spectrometer. Samples were roszb
under neat or as KBr optics. High-resolution masscsp
(HRMS) were recorded on a QTOF mass spectrometercdpti
rotations were measured on a Rudolph Autopol Il polater at
the wavelength of sodium D-line (589 nm) at roomgenrature.

3.1.1. Methyl(S,2)-5-(benzyl oxy)-4-methyl pent-2-enoate (3):

To a solution of oxalyl chloride (7.3 mL, 8.37 mmoh
CH,Cl, (100 mL) was added DMSO (7 mL, 99 mmol)-a8 °C.
After stirring for 10 min at -78C, a solution of primary alcohal
(20.0 g, 55.5 mmol) in C}€l, (100 mL) was added dropwise to
the mixture. The solution was stirred for 15 mintla¢ same
temperature and then &t (47.2 mL, 332 mmol) was added
dropwise. The mixture was stirred at that same teatper for
45 min and then poured into the saturated,GlHsolution (60
mL). The organic layer was separated and washed wiitliaged
NaHCG; solution (50 mL), dried over MgSQand concentrated
under reduce pressure to give the crude aldehydehwhas
used in the next step without purification.

A solution of phosphonate (17.5 g, 55 mmol), 18-crévn
(26.5 gm, 100 mmol) in anhydrous THF (200 mL) wesled to
-78 °C and treated with 1 M KHMDS (55 mL, 55 mmol )
solutionfor 30 min. A solution of aldehyde (50 mmat) THF
was added slowly and the resulting mixture was stifoed. h at
-78°C. The reaction was quenched with saturategQ\idolution
(60 mL) and extracted with ether (3 x 50 mL). Thenbmed
ether extracts were washed with brine, dried over @lg&nd
concentrated under reduced pressure. The residuswigected
to silica gel column chromatography to afford commpa3 (9.7 g,



76% over two steps) as a yellow oil.; B 0.2 (10%
EtOAc/hexane); d1*p +56.2 € 2.67, CHC)); '"H NMR (400
MHz, CDCk): §7.36-7.26 (m, 5H), 6.14 (dd,= 11.5, 9.8 Hz,
1H), 5.81 (ddJ = 11.5, 1.0 Hz, 1H), 4.52 (d,= 1.8 Hz, 2H),
3.90-3.83 (m, 1H), 3.71 (s, 3H), 3.40 (dd= 5.7, 1.5 Hz, 2H),
1.08 (d,J = 6.8 Hz, 3H);®*C NMR (100 MHz, CDCJ): J 166.6,
153.0, 138.5, 128.3, 127.5, 127.4, 119.3, 74.57,721.0, 33.2,
16.8.

3.1.2. (S2)-5-(Benzyl oxy)-4-methyl pent-2-en-1-ol (4)

To a solution o3 (7 g, 29.9 mmol) in anhydrous GEl, (100
mL), DIBAL-H (53.7 mL, 75 mmol, 20% solution in taine)
was added slowly for 15 min at°’G. The mixture was stirred for

temperature. The organic layer was washed wi® KBO mL),
and extracted with C}I, (3 x 30 mL). The combined organic
layers were washed with brine, dried over MgS@nd
concentrated under reduced pressure. The residusuwigected
to silica gel column chromatography to afford conmpad6 (4.6 g,
75% over two steps) as a yellow oil.y R 0.2 (10%
EtOAc/hexane); d]*s +41.0 € 0.73, CHC)); IR (KBr): 2964,
2859, 1721, 1656, 1454, 1275, 699 criH NMR (400 MHz,
CDCly): §7.35-7.27 (m, 5H), 6.83 (dd, = 15.6, 6.5 Hz, 1H),
6.15 (dd,J = 15.6, 0.8 Hz, 1H), 4.55 (d,= 1.8 Hz, 2H), 3.75 (s,
3H), 3.60-3.50 (m, 3H), 3.11(dd,= 9.4, 4.4 Hz, 1H), 1.71-1.61
(m, 1H), 0.96 (dJ = 6.9 Hz, 3H);*C NMR (100 MHz, CDG):
0165.9, 141.9, 138.4, 128.3, 127.5, 127.5, 128%,7/2.9, 61.6,

1 h at 0°C before being quenched with methanol (10 mL) and4-5, 51.7, 33.1, 13.6. HRMS (ESI): calcd. fagh;:0,Na [M +

aqueous saturated sodium potassium tartarate @ol(B0 mL).

Na]" 299.1362; found 299.1361.
3.1.5.

The mixture was passed through a small pad of cafite then Methyl (4S,5R 6R E)-4, 7-bis(benzyl oxy)-5-hydroxy-6-
extracted with CBCl,(3 x 50 mL). The combined organic layers methylhept-2-enoate (7)

were dried over MgSg) concentrated under reduced pressure and
subjected to silica gel column chromatography teniéh cis
allylic alcohol 4 (5.31 g, 86%) as a colorless liquid; R 0.4
(30% EtOAc/hexane)o]*®, -1.2 € 0.76, CHCY); *H NMR (400
MHz, CDCk): 07.37-7.26 (m, 5H), 5.83-5.77 (m, 1H), 5.35Xt,
= 10.7 Hz, 1H), 4.51 (s, 2H), 4.20 (d#l= 12.1, 7.9 Hz, 1H),
3.99-3.93 (m, 1H), 3.38 (dd,= 8.8, 5.0 Hz, 1H), 3.17 (§,= 8.9
Hz, 1H), 2.94-2.83 (m, 1H), 2.39-2.38 (brs, 1H), 0.86](= 6.8
Hz, 3H); ®*C NMR (100 MHz, CDG)): J 137.9, 136.6, 129.4,
128.4,128.3, 127.7, 127.5, 74.7, 73.3, 58.0, 3Z.

3.13. ((2S,3R)-3-((R)-1-(Benzyl oxy)propan-2-yl)oxiran-2-
yl)methanol (5)

To a solution ofa,f-unsaturated,d-epoxy este6 (4 g, 14.5
mmol) in THF (40 mL) was added triphenyl borate (§,31.7
mmol), benzyl alcohol (6.78 mL, 65.2 mmol), and Pelig), (1.6
g, 10 mol%) at 0 °C and the resulting mixture wasest at 0 °C
for 10 min and then 4 h at room temperature, arssqrhthrough
a pad of celite. The filtrate was washed with water bride,
dried over MgSQ@and concentrated under reduced pressure. The
residue was subjected to silica gel column chromafig to
give compound/ (3.95 g, 71%) as a colorless liquid; R0.2
(30% EtOAc/hexane);o]’’s +20.5¢ 1.23, CHCY); IR (KB):
3455, 2068, 1644, 1454, 1072, 697 tn'H NMR (400 MHz,
CDCly): 07.36-7.28 (m, 10H), 7.01 (dd,= 15.9, 6.8 Hz, 1H),
6.08 (dd,J = 15.9, 1.1 Hz, 1H), 4.58 (d,= 11.6 Hz, 1H), 4.45 (d,

J = 5.4 Hz, 2H), 4.33 (dJ = 11.6 Hz, 1H), 3.98-3.95 (m, 1H),
3.76 (s, 3H), 3.72-3.67 (m, 1H), 3.56 (dd= 9.2, 4.5 Hz, 1H),
conversion. The reaction was quenched with satufsedCQ, ~ 3-48 (ddJ =9.0, 4.4 Hz, 1H), 3.22 (d,= 5.0 Hz, 1H), 2.01-1.92
solution and stir for another 15 min. The mixturesvextracted (M, 1H), 1.00 (dJ) = 7.1 Hz, 3H);"C NMR (100 MHz, CDG)):
with CH,Cl, (3 x 100 mL) and the combined organic layers wered 166.3, 145.0, 137.9, 137.6, 128.5, 128.4, 12729,8, 127.7,
washed with brine, dried over Mg$@nd concentrated under 127.7,123.3,79.7,76.5, 73.4, 73.1, 71.2, 5146;,34.5; HRMS
reduced pressure. The resulting residue was subijéotsilica  (ESI): calcd. for GH»O:Na [M + Na 407.1956; found
gel column chromatography to afford compotings.01 g, 93%) 407.1986.
as major isorlner. R= 0.3 (30% EtOAc/hexane)pfs +8.5 € 316 (4S5R 6RE)-4, 7-bis(Benzyl oxy)-5-((tert-
4.23, CHC}); "H NMR (400 MHz, CDCJ): 67.36-7.27 (m, 5H), butyldimethylsilyl)oxy)-6-methyl hept-2-en-1-ol (8)
4.55 (d,J = 0.9 Hz, 2H), 3.89(ddl = 12.1, 4.0 Hz, 1H), 3.68 (dd,
J=12.1, 6.9 Hz, 1H), 3.57 (dd,= 9.0, 4.9 Hz, 1H), 3.51 (dd,
= 9.0, 6.1 Hz, 1H), 3.18 (df, = 6.9, 4.1 Hz, 1H), 2.93 (dd,= mL), was added 2,6-lutidine (4.3 mL, 37.5 mmol) deled by
9.4, 4.4 Hz, 1H), 1.76-1.66 (m, 1H), 1.04 Jd; 6.9 Hz, 3H)*C  TBSOTf (3.4 mL, 18.7 mmol) slowly at fC. The mixture was
NMR (100 MHz, CDC)): J 138.4, 128.4, 128.3, 127.5, 73.3, stirred for 1 h at C and quenched with water (3 mL) and
73.2, 60.8, 59.3, 56.2, 33.5, 13.9. washed with saturated NaHG®olution (10 mL). Organic layer
was extracted with C}€l, (3 x 10 mL). The combined organic
3I.)16iiran-2- Il\;I:g:yllF(iltig-(:’g)((ZSSR)-S-((R)-l—(benzyloxy)propan-2— layers were dried over MgSQ concentrated under reduced
y y y pressure to give crude product, which was used &néxt step.

To a solution o4 (5 g, 24.3 mmol ) in CkCl, (50 mL) at C
was addednCPBA (10.7 g, 43.68 mmol; 70%) slowly portion
wise and allow to stir at that temperature for 30 rn full

To a solution of7 (3.6 g, 9.37 mmol) in anhydrous gEl, (30

To a solution of oxalyl chloride (2.89 mL, 33.8 minpa To a solution of crude product in anhydrous,CH (30 mL)

CH,Cl, (50 mL) was added DMSO (2.56 mL, 36 mmoly&8°C.  \ya5 added DIBAL-H (16.7 mL, 23.4 mmol, 20% solution in

After 10 min at -78C, a solution of primary alcohd (5.0 d,  toluene) slowly for 15 min at &C. The mixture was stirred for 1
22.5 mmol) in CHCl, (50 mL) was added dropwise to the i 5t 0°C and quenched with methanol (3 mL) and saturated
reaction mixture. The solution was stirred for 3Grat the same  ¢qium potassium tartarate solution (10 mL). Thetane was
temperature and then ot (18.8 mL, 135.6 mmol) was added passed through a small pad of celite and extragtdCH,Cl, (3
dropwise. The mixture was stirred at that same teatpee for 5 mL). The combined organic layers were driect gSQ,,

45 min and then poured into the saturated,@lFsolution (50 concentrated under reduced pressure to give aueesitht was
mL). The organic layer was washed with saturated NaHCOgpiected to silica gel column chromatography tenih the
solution (20 mL) and extracted with GBI, (3 x 50 mL). The  gyjic alcohol 8 (3.21 g, 73% over two steps) as a colorless
combined organic layers were dried over MgS@nd liquid. R = 0.6 (10% EtOAc/hexanefu]®, +7.4 € 0.46,
concentrated under vacuum to get the crude aldehytiech CHCL); 'H NMR (400 MHz, CDC)): 37.34-7.26 (m, 10H), 5.81
without purification was used in the next reaction. (dt, J = 15.7, 5.3 Hz, 1H), 5.68 (ddl,= 15.7, 8.0, 1.4 Hz, 1H),

A solution of crude aldehyde in GEl, was treated with C-2 4.53-4.29 (m, 4H), 4.17 (d,= 5.1 Hz, 2H), 3.82 (dd} = 7.9, 4.6
Wittig ylide (11.7 g, 33.7 mmol) and then stirret 6 h at room  Hz, 1H), 3.73 (ddJ = 5.6, 4.7 Hz, 1H), 3.59 (d,= 4.5 Hz, 1H),
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3.34 (dd,J = 9.0, 7.4 Hz, 1H), 2.04-1.95 (m, 1H), 0.96 {5 6.9  14.8, -4.0, -4.9; HRMS (ESI): calcd. fopd8l;0sSiNa [M + Na]
Hz, 3H), 0.85 (s, 9H), 0.03 (d,= 3.3 Hz, 6H);*C NMR (100  511.2856; found 511.2854.

MHz, CDCL): 01388, 1385, 1337, 1292, 1282, 1282, 12785 ) o ((155R 3R)-1.4- bis(Benzylowy)-1-((S-2.2-cimethyl-1.3-

1275, 127.4,81.05, 77.2, 76.5, 72.9, 72.6, 82, 37.3, 26.1, o o > i ; .
18.3, 14.5, -3.7, -4.6: HRMS (ESI): calcd. fo5,0,SiNa [M dioxan-4-yl)-3-methyl butan-2-yl oxy)(tert-butyl)dimethylsilane

+ NaJ" 493.2750; found 493.2749. @
317, (2R 39)-3-((1S,2R,3R)-1,4-bis(Benzyl oxy)-2-(tert- Toa solut_ion ofl0 (1.2 g, 2.45 mmol) in C¥Ll, (10 mL) was
butyldimethylsilyloxy)-3-methyibutyl)oxiran-2-yl)methanol (9) added 2,2-dimethoxy propane (1.3 mL, 10 mmol) foéld by

PTSA (cat) at 0°C. The mixture was warmed to room

To a solution of (-)-DIPT (0.5 mL, 2.63 mmol) inyd€H,Cl, temperature and stirred for 30 min and quenched wéter (10
(20 mL) containing 4A MS (1 g) were sequentially atide mL). The organic layer was extracted with 4 (3 x 10 mL)
Ti(O'Pr),(0.78 mL, 2.63 mmol) and 5 M TBHP in toluene (5.27 and the combined organic layers were washed with i§&imeL),
mL, 26.36 mmol) at -30C. The mixture was stirred for 3@in dried over MgS@and concentrated under reduced pressure. The
and treated with a solution of alcoh®I(3.1 g, 6.59 mmol) in residue was subjected to silica gel column chromafgy to
CH.Cl, (10 mL) and stirred for an additional 12 h at °80 The  afford 11 (1.2 g, 94%) as a colourless liquid; R 0.4 (5%
mixture was quenched with 15 mL water and 30% aqueoustOAc/hexane)a]s -10.6 € 0.3, CHCY); *H NMR (400 MHz,
NaOH solution, and diluted with saturated with brinen(5) and  CDCly): 0 7.34-7.26 (m, 10H), 4.74-4.63 (m, 2H), 4.42 (s, 2H),
stirred vigorously for 30 min at room temperatufeée mixture  4.19-4.15 (m, 1H), 3.95 (id,= 12.2, 2.8 Hz, 1H), 3.86 (dd,=
was filtered through a pad of celite and the filtmke was 11.7, 4.0 Hz, 1H), 3.77 (8, = 4.9 Hz, 1H), 3.63 (dd] = 9.2, 4.4
washed with CKCl, (20 mL). The filtrate was washed with water Hz, 1H), 3.49 (tJ = 4.9 Hz, 1H), 3.32 (dd] = 8.9, 8.0 Hz, 1H),
and brine, dried over MgSQand concentrated under reduced2.18-2.10 (m, 1H), 1.87-1.75 (m, 1H), 1.55-1.51 (i),11.39 (d,
pressure. The residue was subjected to silica géimeo J=17.0 Hz, 6H), 1.10(d] = 6.9 Hz, 3H), 0.88 (s, 9H), 0.04 @,
chromatography to give compoumd(2.1 g, 65%) as a viscous = 6.7 Hz, 6H);"*C NMR (100 MHz, CDGJ)): J 138.9, 138.7,
liquid. R = 0.3 (20% EtOAc/hexane]u]®™, +3.2 € 2.82, 128.4,128.3,128.2,128.0, 127.8, 127.6, 127.4,3,D8.2, 83.5,
CHCIly); IR (KBr): 3451, 2955, 2929, 2856, 1636, 1455522 73.9, 73.7, 73.0, 72.9, 69.5, 60.0, 37.4, 30.00,269.0, 18.2,
1093 cm; '"H NMR (400 MHz, CDCJ): §7.35-7.26 (m, 10H), 14.6, -4.0, -4.6.
4.55 (s, 2H), 4.44(q) = 12.1 Hz, 2H), 3.88 (1= 12.9 Hz, IH), 5115 (152R 3R)-2-(tert-Butyldimethylsilyloxy)-1-(S)-2,2-
3.85 (qJ = 3.4 Hz, 1H), 3.59-3.53 (m, 3H), 3.39 (dd5 9.0, 6.7 irmaihyi_1 3 dioxan-4-yl)-3-methylbutane-1,4-diol (12)
Hz, 1H), 3.24-3.20 (m, 1H), 3.18-3.14 (m, 1H), 2.1452(fn, ' '
1H), 0.99(dJ = 6.9 Hz, 3H), 0.88 (s, 9H), 0.04 (s, 6H)C NMR To a solution ofl1 (1 g, 1.89 mmol) in EtOAc (10 mL) under
(100 MHz, CDCY): 4 138.7, 138.3, 128.3, 128.2, 127.7, 127.6,H, was added Pd/C (10 mol%) and stirred for 4 h amroo
127.5, 127.4, 78.5, 75.4, 73.0, 72.9, 72.4, 61:48,%54.8, 37.4, temperature. The mixture was filtered through a phadelite,
26.0, 18.3, 14.4, -4.0, -4.8;, HRMS (ESI): calcd. forwashed with EtOAc and concentrated in vacuum. The uesid

CoiH420,SiNa [M + Na] 509.2699; found 509.2701. was subjected to silica gel column chromatographyafford
: d12 (473 mg, 72%) as a white solid¢ R 0.3 (30%

3.18. (354S,5R 6R)-4,7-bis(Benzyloxy)-5-(tert- ~ compoun f

butyldimethylsilyloxy)-6-methylheptane-1,3-diol (10) EtOAc/hexane)o]™ -20.6 € 0.3, CHCY; "H NMR (400 MHz,

CDCly): 04.12-4.04 (m, 1H), 3.99-3.92 (m, 1H), (m, 2H), 3.66

To a solution of epoxy alcoh@ (2.0 g, 4.11 mmol) in THF (dd,J = 11.4, 8.4 Hz, 1H), 3.59 (,= 6.6 Hz, 1H), 3.43(dd] =
(20 mL) was added Red-Al (1.46 g, 5.59 mmol) and thell.4, 3.4 Hz, 1H), 3.35 (brs, 2H), 2.05-1.95 (m, 1H}911.69
resulting mixture was stirred for 4 h at°0. The mixture was (m, 1H), 1.64-1.59 (m, 1H), 1.44 (s, 3H), 1.36 (s, 342 (d,J
quenched with saturated NaHg6plution (10 mL) and diluted = 7.2 Hz, 3H), 0.91 (s, 9H), 0.09 (@= 1.3 Hz, 6H);*C NMR
with EtOAc (30 mL). The organic layer was extracted with(100 MHz, CDC)): ¢ 98.1, 77.3, 76.9, 76.6, 75.5, 74.5, 68.9,
EtOAc (3 x 30 mL) and the combined organic extractewdgied  63.4, 59.5, 37.5, 29.7, 26.8, 25.8, 19.2, 18.15,144.4, -4.5;
over MgSQ, concentrated under reduced pressure to afford thdRMS (ESI): caled. for GHs0sSiNa [M + Na] 371.2230;
crude 1,3-diol as a colorless liquid which contaireecsmall  found 371.2240.
amount of the 1,2-diol. To a solution of the crudel in . " :
THF:H,0 (2:1) (15 mL) was added sodium meta-periodate at Irlrétlr]yl(iR?)B(lel’;z)n344y?)lsét%ﬁ;fgh?mhglls(ﬂfg)oxy)4((8)22
°Cand the mixture was stirred for 4 h at room tempeeatThe '
mixture was filtered through a pad of celite and dhganic layer To a solution ofL.2 (400 mg, 1.15 mmol) in anhydrous g,
was extracted with EtOAc (3 x 20 mL). The combined niga (5 mL) was added 2,6 lutidine (1.06 mL, 9.2 mmoljdeed by
layers were washed with brine, dried over MgS@nd TBSOTf (0.83 mL, 4.6 mmol) slowly (dropwise) at°G. The
concentrated under reduced pressure. The residusuiected  mixture was stirred for 1 h at @ and quenched with water (2
to silica gel column chromatography to give compb@0 (1.38  mL) and saturated NaHGGolution (5 mL), and extracted with
g, 69% over two steps) as a colourless liquid=R0.8 (10% CH,CI, (3 x 10 mL). The combined organic layers were dried
EtOAc/hexane){a]”s -14.4 € 1.9, CHCY); IR (KBr): 3442,  over MgSQ, concentrated under reduced pressure to give crude
2955, 2856, 1636, 1454, 1069, 835 ¢rMH NMR (400 MHz,  product, which was used for the next step withoutfjoation.
CDCly): 87.37-7.25 (m, 10H), 4.69-4.62 (m, 1H), 4.48-4.40 (m, , , .
3H), 4.05-3.97 (m, 1H), 3.93 (dd,= 6.7, 2.6 Hz, 1H), 3.83-3.77 To a solution of crude tr|os-TBS compound. in 2(01?(5 mL)
(m, 2H), 3.58 (ddJ = 9.2, 5.1 Hz, 1H), 3.42-3.34 (m, 2H), 2.17- Was added PPTS (cat.) at 0 and the resulting mixture was
2.11 (m, 1H), 1.97-1.89 (m, 1H), 1.78-1.69 (m, 1HP5L(d,J = stirred for 4-5 h, quenched vv_|th water (_2 mL) andaoted Wlth
6.8 Hz, 3H), 0.88 (s, 9H), 0.08 (d,= 17.2 Hz, 6H):“C NMR CH,CI, (3 x 5 mL). The combined organic layers were drn_zelro
(100 MHz, CDCJ): 5138.4, 138.1, 128.2, 128.2, 127.7, 127.5,MgSO4, concentrated under reduced pressure. The residse

127.4, 83.7, 75.8, 73.1, 72.9, 72.3, 61.8, 37.86,325.9, 18.1 subjected to silica gel column chromatography tbagenpound
’ ' 13(483 mg, 91% over two steps) as a colorless pit ®3 (20%

EtOAc/hexane)a]*, +3.4 € 2.4, CHCY); IR (KBr): 3443, 2957,



2930, 2885, 2857, 1636, 1472, 1253, 1099, 834;ciM NMR  3H), 1.96 (dJ = 6.3 Hz, 3H), 1.15 (d] = 7.2 Hz, 3H);*C NMR
(400 MHz, CDC}): 3.98-3.91 (m, 2H), 3.89-3.84 (m, 1H), 3.80 (100 MHz, CDC{): 6175.7, 69.2, 60.4, 46.8, 20.4, 14.0, 13.7;
(dd,J = 5.8, 2.4 Hz, 1H), 3.65-3.63 (m, 2H), 3.54 (dds 10.8, LCMS (ESI): 147 (M+H}.

4.0 Hz, 1H), 2.13-2.04 (m, 1H), 1.67-1.54 (m, 2H), 1(423H), N . . "

1.37 (s, 3H), 0.96 (d] = 7.1 Hz, 3H), 0.93 (s, 9';')’ 0.90 (s, 9H), 3.1.14. (2R,39)-2-Methyl-3-(triisopropyl silyl oxy)butan-1-ol (16)

0.15 (d,J = 2.2 Hz, 6H), 0.12 (d] = 1.8 Hz, 6H);*C NMR (100 To a solution off-hydroxy estetl5 (3 g, 20.5 mmol) in DMF
27.8, 26.0, 25.9, 19.1, 18.2, 18-.1’ 15.8, -3.58,-34.6, -4.9; (526 mL, 24.6 mmol) successively at°0. The mixture was
HRMS (ESI): calcd. for €HsOsSiNa [M + NaJ' 485.3095;  \armed and stirred at room temperature for 24 h. fbeure

found 485.3097. was diluted with EtOAc (50 mL) and water (10 mL) and

3.1.12. (5S,6R)-5-((S)-2,2-Dimethyl-1,3-dioxan-4-yl)- extractgd with EtOAc (3 x 15 mL). The combined orgdaiers

2,2,3,3,8,8,9,9-octamethyl-6-((R)-pent-4-en-2-y)-4, 7-dioxa-3,8- were dried over MgSgand concentrated under reduced pressure.

disiladecane (14) The residue was used directly for next reaction witho
purification.

To a solution of alcohol3 (400 mg, 0.86 mmol) in diethyl

ether (3 mL) was added successively triphenylphosp{270 mg, .
1.03 mmol) and imidazole (87 mg, 1.29 mmol) followby mL) was added DIBAL-H (36.6 mL, 51.2 mmol, 20% solatia

iodine (350 mg, 1.37 mmol) at°C. The mixture was stirred for toluene) at GC slowly for 15 min. The mixture was stirred for 1

6 h at 0°C, quenched with saturated J$z0; solution (2 mL) and h af[ 0°C and .quenched with mgthanol (5 mb) and. saturated
diluted with E$O (5 mL). The organic layer was extracted with SCdium potassium tartarate solution (1 mL). The tunex was

EtO (3 x 5 mL) and the combined extracts were driedr ovePassed through a small pad of celite and then @tiawith
MgSO, filtered and concentrated under reduced presture CH:Cl2(3 X 50 mL). The combined organic layers were dried

afford the crude iodo compound as a colorless diguiich was ~ ©V€r MgSQ, concentrated under reduced pressure and the

used for the next reaction without purification. resiqlue was subjected to silica gel column chromapdy to
furnish alcohol16 (3.94 g, 74% over two steps) as a colorless

To a suspension of Cul (165 mg, 0.86 mmol) in efBemL)  liquid. R = 0.3 (20% EtOAc/hexane)H NMR (400 MHz,
was added 1 M vinyl Grignard in THF (2.6 mL) slowty®’C. ~ CDCL): J4.02-3.96 (m, 1H), 3.68 (dd, = 10.8, 4.4 Hz, 1H),
The mixture was stirred for 30 min and treated with trude 3.53 (dd,J = 10.9, 6.1 Hz, 1H), 2.78 (s, 1H), 1.71-1.62 (m, 1H),
iodo compound in EO (5 mL) slowly at C. The mixture was 1.19 (d,J = 6.2 Hz, 3H), 1.05 (s, 18H), 0.94 (b 6.9 Hz, 3H);
stirred for 5 h at same temperature and quenchedsaiurated °C NMR (100 MHz, CDGCJ): 672.9, 65.7, 42.2, 21.2, 18.1, 18.0,
NH,CI solution (2 mL). The mixture was diluted with EtOf&D  17.6, 13.6, 12.7; LCMS (ESI): 261 (M+H)

mL) and extracted with EtOAc (3 x 10 mL). The combined . .
organic layers were washed with brine, dried over MgSO 3&'15' Triisopropyl((25:3R)-3-methyl pent-4-en-2-yloxy)silane
filtered and concentrated under reduced pressure. ré€sidue 1n

was subjected to silica gel column chromatographgftord 14 To a solution of oxalyl chloride (0.98 mL, 11.5 mindn
(263 mg, 65% over two steps) as a colorless lifBid: 0.8 (5%  cH,Cl, (5 mL) was added DMSO (0.9 mL, 12.3 mmol) at °Z8
EtOAc/hexane){a]™p -37.6 € 0.1, CHCY); IR (KBr): 2956,  ang stir for 10 min. A solution of primary alcohbs (2 g, 7.69
2927, 1639, 1257, 1099, 834 ¢miH NMR (400 MHz, CDC)):  mmol) in CHCI, (25 mL) was added dropwise to the mixture,
05.84-5.73 (m, 1H), 5.04-4.92 (m, 2H), 4.15-4.07 tH), 3.96  \yhich was then stirred for 30 min at the same tentpegaTo the

(t, J=12.1Hz, 1H), 3.80 (dd,= 11.6, 5.6 Hz, 1H), 3.73-3.66 (M, mixture was added BY (6.4 mL, 46.1 mmol) dropwise and
1H), 3.65-3.61 (m, 1H), 2.50-2.46 (m, 1H), 1.99-1.8@ (H),  stirring was continued for 45 min. The mixture wasieal into
1.88-1.75(m, 1H), 1.74-1.63 (m, 1H), 1.57-1.51 (M, 1H¥3 (S,  saturated NCI solution (20 mL) and then extracted with
6H), 0.94-0.91 (m, 21H), 0.16 (d,= 4.5 Hz, 6H), 0.12 (I = cH,Cl, (3 x 50 mL). The combined organic layers were dried

3.0 Hz, 6H);"°C NMR (100 MHz, CDGJ): §137.8, 115.0, 97.7, gyer MgSQ and concentrated under reduced pressure to get the
78.2,77.7,69.4,59.1, 36.5, 35.1, 25.3, 20-_03’]39-3’ 17.9,-4.2, crude aldehyde, which was used in the next step withou
-4.2; HRMS (ESI): calcd. for f£Hs,0,SbNa [M + Naf purification.

495.3302; found 495.3302.
To a suspension of C-1 salt (9.4 g, 23.07 mmolJhtF (25
3.1.13. Ethyl(2S,39)-3-hydroxy-2-methylbutanoate (15) mL) was added K®Bu (1.7 g, 15.38 mmol) at & portion wise

; - : . d the resulting mixture was stirred for 10 mins@ution of
To a solution of diisopropylamine (10.6 mL, 75.7 oinin an -

THF (100 mL) at -78C was added 2.5 MBuLi (30.3 mL, 75.7 crude aldehyde in anhydrous THF (10 mL) was addewdlglto
mmol) and warmed to €C. The r mixture was cooled t(; 98 the mixture and stirring was continued at the saeneperature
and after 30 min a solution of ethy){3-hydroxybutanoate (4.0 fqr 30 min. The mixdure was quenched with watgr (10 mid
g, 30.3 mmol) in dry THF (50 mL) was added slowlyirrBig diluted with EtOAc _(30 mL), aqd then extracted wittOBLC §3 x
was continued for 1 h at the same temperature. &arixture 30_ mL). The combined organic layers were washed wieb
was added HMPA (8.4 mL, 48.5 mmol) followed by methyl drle_d over MgSQ_and concen_trated under reduced pressure. The
iodide (5.66 mL, 90.9 mmol) in THF (15 mL). The mire was residue was subjected to silica gel column chromafig to
stirred at-78 °C’for 3 h and at 0 °C for 2 h. The mixture Wasafford 17(1.3 g, 72%1 over 2 steps) as a colorless liquics &8
guenched with saturated NEl solution (20 mL) and acidified (5% lEHtOécéZe;%nle),H THMR 4(2?30 dM—Hi’ 1C|3 Cj)l'HJ 5:'))893;557;’2
with dilute HCI, and then extracted with EtOAc (2 x 6D)nThe (m, 1H), 2.36-2.28 (m, 1H), 1.08 i 0;3 ) ZiH :)L : d:-6.9
combined organic layers were dried over MgS@nd &m, 3H)Z13C': N-M'R l(gg) MH), éD ey 51(4”1"3 11)zi 2'074:1.(6 45 3
concentrated under reduced pressure. The residusuwgescted z, 3H); ( Z ) o P
to column chromatography to afford compout&i(3.4 g, 78%) 19.3,18.2,18.1,13.7, 12.6; LCMS (ESI): 257 (M+H)
as a colorless liquid. {R= 0.3 (30% EtOAc/hexane}H NMR 3.1.16. (5S56R)-5-(2,2-Dimethyl-1,3-dioxan-4-y1)-2,2,3,3,8,8,9,9-
(400 MHz, CDC)): 04.14 (9, = 7.1 Hz, 2H), 3.88-3.82 (m, 1H), octamethyl-6-((2R,6R,7S,E)-6-methyl-7-(triisopropylsilyl)oct-4-
2.69 (d,J = 2.9 Hz, 1H), 2.45-2.37 (m, 1H), 1.25 tz 7.1 Hz,  en-2-yl)-4,7-dioxa-3,8-disiladecane (18)

To a solution of the crude product in anhydrous,Cik (50
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To a solution ofl7 (380 mg, 1.48 mmol) in toluene (1 mL) 3.2. Evaluation of the inhibitory activity of mupirocin H for Song
under N was added.4 (100 mg, 0.2 mmol) in toluene (1 mL). . .
Grubbs’ Il catalyst (50 mg) was added to the mixtwhéch was A modified malachite green assay was employed for
then heated at 11% for 24 h. The mixture was concentrated evalugtstlon of the inhibitory activity of mupirocifi against
under reduced pressure and the residue was subjectéita gel  SPNE,” @ NRPS-independent siderophore synthetase,. To an
column chromatography to afford compoutl (125 mg, 95%) EPpendorf tube containing 25 mM HEPES, 5 mM Mgdlo0
as a colourless liquid.R 0.8 (5% EtOAc/hexane)u[’; -6.3 ¢ KM ATP, 100 pM sodium citrate, 100 uM L-DAP, and 0.001
1.7, CHCY): IR (KBr): 2958, 2858, 1633, 1254, 1100 §mH  U/ML inorganic pyrophosphatase (IPP) was added meipi to
NMR (400 MHz, CDC)): J5.36-5.30 (m, 2H), 4.09-4.03 (m, & final concentration of 50 uM (total volume was 100).
1H), 3.94-3.81 (m, 2H), 3.67-3.57 (m, 2H), 3.41J)(t 5.4 Hz, DMSO vehicle was used as negative control. The reactias
1H), 2.37-2.23 (m, 1H), 2.01-1.91 (m, 1H), 1.85-1.65 @H), !nmated by addition of SbnE (2(.).nM) at 37 °C. Tnécture was
1.42 (s, 6H), 1.09-1.02 (m, 21H), 0.99 {ds 6.9 Hz, 3H), 0.91- incubated for 1 h before addition of 25 pL of a mgheng
0.87 (m, 27H), 0.09 (dl = 5.5 Hz, 6H), 0.06 (d] = 4.5 Hz, 6H); solution composed of 50 parts of malachite greduatisa, 12.5

3C NMR (100 MHz, CDC)): 5134.2, 128.9, 98.2, 78.8, 77.9 parts of 7.5% ammonium molybdate, and 1 part of Tfeen-
77.2. 69.6. 60.0 4412 35.9 30.1 2,9_7 2é26 2&)9_4 :,I.8.5 , 20 solution. After incubation at 37 °C for an aduitll5 min,

18.2, 16.8, 143, -35, -3.9; HRMS (ESI): calcd. for 100 pL aliquot of each mixture was loaded in a 96-widar
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