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Et;N<3HF (3.00 eq)
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F O
R——=——CO,Et ' ~
R1)\/U\OEt

4:1 MeCN:CH,Cl,, 24 h, rt

36 37, R = Anyl, Alkyl
AgF (3.00 eq)
o AgF (2.00 eq) F 0 2‘2‘B'p?_%”u°(')f_?'45 eq) 0
= ¢ > - Alkyl—=
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38 18 39
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R-—= L USS >
CH,Cl,, -20°C or 0 °C R X DMF, 0°C to rt ,:)%/U\
40, R1 = Ph, alkyl 32, 40-79%), 41, 68-78%
(E/IZ > 25:1) (E/Z = 2:1-25:1)
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44 )\ 47
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and metabol dcugndbdbht ey obheapursuit of stere
unexplored farRRhk sdrdesaspowa ttpheCr2t | dm| @ x arhmep er § ar
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FF 40 mol% NaOtBu F
48 THF, 16 h, 22 °C 43 toluene, 1-6 h, 60 °C '
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B Bu ] 73%
(3 steps)
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| R
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| L ==
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Me - O
“% —NH o) U
r —
iPrOzC
S W
HO MeF
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Gl LMOWeRt .deaelv e leonpaendt | olsep e@rciwadlv@mbe) /c(altlal )y scsenstruc
FTF @vobfalpuor funotfi eaitdlefMeasi met hod provides
tertiary, benzylic stemléecamntaece smibeearnn inng i FI
subsbasreaegi osell eaxdiing t ¥ & 3rceopnoprotuentid.”bryder t he
optimized re&elidtfst amcidt iacsy @ametrdmehdd a*h F A 0

VI framy | 5Sbioni, BEMPMF @mnd r eiageadf asomi deasdurc
Me CN e mp |tohyee ds cal svuecnlt e.ofdnhei | seu bR @ gHIRe & Ew ii DOHN
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MeO,C._O OYCOZMe
7Pr iPr
CO,Me 55
CF, oF 20 mol% E CF
Selectfluor 3 Selectfluor (1.50 eq) A 3
A F e A > A _nHeor
NHCOMe MeCN, 70 °C Ar DMPU-HF '
54 44 53
24 h
¢ ArIF, <29 A H.O
vl 55 2
Ar* *

®|—F @ F, CF3

FiC, | F R FFs R-CEN ®
y
> A A > \\
Ar |
E R
IX X XI
Schentonstruct benzTH cdwiicaapgi odi ne (1 )/ (lI11) cat a
The synthetic utility of thisstmepg hesyntwhaesidse

compoiumdarti H@gwhfim@dmy nt hesideeesdt ame @am dhi Tthieo
absolute configuratriaggny sveal. c®@if agmm@aFd oy oiX a
AMPA repgepittoirve al l,0sli®3420 mowhil @ah ELinks L dvev el o
and Company to tr éSacthePpefrk%i nsonds Disease

Me
CF 1
0 Frof A -SO2iPr P~ -SO2Pt
4
“¥ N Ph 1) deprotection O
2) sulfonylation
3) Suzuki coupling
— @
Br O

56 G NHMe O0” "NHMe

57 LY-503430
Schelme Synthesbhaabddt-5L&3 €£F0 from6compound

Gl LMO@R .adlso répodpt éeédl al) catalysis strategy t
i sopropwilt grwp pt i MOI% d/iired di nsepadal@éT ki de
structural amestiefr eocenaiens wi f£h anglasCFudpn e g aretr
in compd?ihdnet hod i s adhi ewvedndtyC Bsitegordelnteh e
througmlBig@erer ati on oﬂspachbk%d:d&Astt&lzbﬂF tox i dant
oxi di ze tahnei adert*Hl Fauso rai d e aBRONIT@ @, @wldic ¢ & svlaa
hypervalent [i%Dné&dRrestypemireashss yyt hesWztadc by
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ol efi n&autzumm ecaosu ptt ¢ agiTihema s al ys5sH rssecArels s i tbH e

correspewanrdacinmgo |

b e rgMin v a U NigBagasc (Bihdn elsite

f

r

i sopropyl

(0]

gro

t lBiteepmot i

MeO,C O OYCOZMe
I\=/Ie Me
59
CF4 CO,Me
p-iodotoluene (20 mol%)
Ar 6} Wittg-olefination SelecthL.Jor(1.5 eq) FoC, F
60 CF; amine:HF o
or <:| Ar& Ar” CH,F
cF. Suzuki a4 CHCl3, rt, 24 h 58
cross-coupling
Br’g
61
SchelM€onst r ucchtiiroanl opfent afl uorinated
To demonstrate the application of
synthesis of 6®é d¢hier dRPAA-BROOAGONT e MM HEEe
der i W6&@taisv ep erdcohreimped (
HN’@A

FsC, F
N 1) Deprotection
o (S'CH2F o) Amide Coupling o
y 0
N Med N
N

J\ |
07N N

O
62 Me
63, Chiral analogue of
HC-030031
Me
(0]
Me\N N o
J\ | »
07N N
Me
HC-030031

TRPA1 antagonist

Scheln2e Synt hesi s
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Lietlr@ porretccedde f Yy uor of umdtriadadoeadyd zednd ttittfreo U-grh-

Vi sl bbbt @©Fombhawceld wdt iponyfl uori rdlkeslieli enc mios a |
Si ngslgzg CIl emrvwdhgre-needoxal wiotnhd i 8 Halmeurs evad tf earr d s

di ver s eF TaF o ratyadstbraicrt ahmes me ¢ hvaonlivsens sitrl y t he gene
radaoexdini a . ABTer war-flshondegilCeay atgielelAd didi ic ah

of the64ad kirmsteer nXd i avthe c h fad |l loawgicitghzat i on t o
radK¥Ybhe photoredox ciyntdhe iraadXlVhd vt ialt o ofinsr mr
by t he hytdo oaXXiVdodr ditone&d stmj nahée on gi vésThene de
met tpodvi des accod agttamsa cambt tpi oduncghk MdNESS, a
synthetic((SER&ImgeyOni st

Ir(ppy)3 (1Mol %)
H,0 (10 eq) E

R F R
R1 CS2CO3 (2 eq) FSC 1
F3;C . /g > R, analogue of
NAr R N y-lactams
PhS 2 MeCN (0.05 M) 0"
rt, 24 h, blue LEDs Ar
45 64 65
SET Base T
-PhSH
Vi Ar R4
FsC HoL N
NAr R2
PhS PhS
Xi FCE X
Ar\
—_F N R
F i | 1 OHT
PhS " R,
R R
F FsC F XIV Ar"\l 1 Ar?\l 1
FsC= ——» pPhS—{ Ry —3 phs—¢ Ra
NAr cyclization SET
PhS FaC”L FaC”L
X XV XVI

Schelm€onstructol arc tafmsFi-Miklgehtv p#Fbmodedl €Eavage
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NovcCrt.relported a meahoFThBEtgboupdsngrting fro
gas -HE®MWFr?Reaction d6at|l L0 afnfdo B-dleldd ytbh el , 2

t et r azk lodoorpa 6ofp aanse t(he main regioi somer in 679
t hrough the fXMWldrbo all Kkyln ersa dyiacveel t he product s
scope. The riosloe foofr ml Medf&eéccterpatno rd ocnro mpl ex whi ct
formation of reactive 1 &dalclad wrstpheerioaiqrl d shidy e
reactions to f-oomt ainnianmg agyb BSfd hFedinkec o mpounds

photocatalysis

TMEDA
F Icl F Ar—— FsC F | cross-coupling Fs.C F R
|
—_— —>» (I Z —_—
(:l\)<CF " CIMAF
CFs 40°C, 4 h 3

46 67% 66 F 67 68
95:5 regioselectivity

Schelm8ynt heal k& DF cgfrroounp-1RF3A fndphot ochemi c.al appl i c:

Construction of FTF group at benzyl Bk sgosi ti
et [3%FIn. the presencetoffAgBAFmehkhse wHOB ary
gi vingulbgtFit dQepd taor e5n3e% i sol ated yield. The
general structur al monfilfammamosy downgs$ ervudh
i buprofen. Synthesis of their fl uoft3Ahatwed an
step synthesiaZzkofan-afrdlFogue of fdemdbdnptr od teenc
(Sc h elnke

F o}

iPr\';l,iPr FM y iPr\,}l/iPr
N OMe N~‘N
=N Foaz benzene TFA
F KOH/MeOH
R1—!\ L R1_!© CF3
Z solvent-free OMe
69 53% )
Fd F
Fj\l/u\OMe Flurbiprofen
Ag analogue of
Flurbiprofen
Schelme Construction of benzylic FTF grroadgi wala ©add pleirn

with arenes.
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1. Met-rad di Altley@l b€t iRe@tcit o mns
Pdcatalyzed allgadctci sudstitution r

Al lylic substitutioumffwartshofurtromelt@d swhafic &t § gt
chall enge i n Taraganitd osny meheadi s.aitsaal ogree do faltltyd
power ful met heCdsgtnad tc oanlss a ufcitnd>s applicati on:
prodiddhe uPsdeatodll y vtws costeokochemoshry and r
ThRdnedi akled!l i c subgstofswHlIRe@IT erac&a@aoinGnr st pi on
byfsumind feux paiegieastrhr ough aphloispati Nndbh Podlgands.

There are gleascsbheast!l g@appdbdedsanh r e astta bmksioz ¢ dc e
nucl edfghi okest heir cospobat e@d i abedie & tdbBdd € ,
uatabiokri hadd n(Wal ebphhees caonypigaraddryand tda [>[2
compounds of main gr oupNgeetnaelrsal ( Muyme hZm,n gBnt he
possi bl e r efyidissedbescttiitvutteyd sa ldleys|Sicch bdedP 5 tnr at e

R1 X R2
W L\Pd/L
Nu 73

Sn2'-product

or

Ry~ Ro
a R2
Nu 74 72
u Step A
Sn2-product
L
L L L s
L~pd” Pt ~Pd
, N
RN R RiN _R RN X
1\/\oﬁ/ Z or 1W 2 \/\r
Nu Nu XX Ra
XX XXIV
Step C Step B
Nu~ P —X
® L
L® L L
pg” _w Pd
R LR RiInA
\//.\\/ 2 72N
Rz
XXl XXI1

Schelmb&eneatal ¢xti c cycl e -coaft atl hyez eads yanhnheytlriicc sRudb st i t u
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Theatal yti c c¢gmpkbk ecandvriod ifkiedsi{sit Arpi oni zati on/ oxi
addi tsitoeBp) nucl eophi | i cf oaxidinlglnd&XnX| (st € pand
decompl/reexdhtt d toinv e, edl iivmy2niyayt pi boeny Bor@g2dScytp e prdoduct
(stBYThe regi cael bet avfegted by stericl%®hd el
oby ¢lhectr oniamdc Isa mdneilteie g/ad h'dEsklc € pstt ep D, each
provideggoanunity foHowaaeat , oddletac etmi &gt i on
(ogyanne x c h angseu bosft (XtkdeexXiXt),$ st ereoerosiomr mnght
t he r.k¥@c4?i*dh

Regarding to sterebpghemisany, ddshdckfeteachaamdd ab et
nucl edbphAll eephe Pd(0) catalyst coordinates to

site to theebabVvVing gnoupversion of the conf

directPjyaltloylt heompl ex, resulting in a double
stereocenter. Hard nucl eophile attacks at th
allylicemolietwg in a net [fhversion of the st

TsudTRosmeacti on with haB danddncRreagkint sy Ceoudd R

as ecroouspsl i ng reactions, as both type of react
“cal | yI XXV Y%hned nucl eophilic addition could be
Pecat akcyemedupl i ngTheacéedoasive el i mitneatmionnu sc a

to giveomegi o7 Iprt8 o b elsye* ]

R
=
R Rz
X 73
/\)\ PO Rise R RM R R +
1 2 —— R A Re——— >
R R, —— AN A
oxidative transmetallation | reductive R
72 addition [Pd*X Pd\R elimination R/%)\R
1 2
XXV XXVI 74

Sc helnmésudTRosme act ioorng awniotnhe t aclalni cb er ecargeesostidp laisng r eacti ol
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General-tgtalipwz®d allylic substitution2react:.
typeodiner e are several examples showing that
ofn2® yperoftiAucrteeported Seieammloevefdr alm§f esehecti v
ohard and s dffh enau colhedoepehesr| aetnH g2-t Y pe o d @chto u g h
nucl eophi | iUp oati.tnadlako neptR htZles@ ht ,a c k sa ti otp e iatl il o/n
angdubsecdaute kpldesgiion, for mi79@c h éldge pr oduct

® CH; CO,Et
CH, . NyC\OZEt Pd,(dba)s, dppe> " .
F\/\/OAC © CO,Et THF, 40 °C, 90% v oo 2
75 76 77
CH Pd,(dba)s, dppe CH3
F\/\B,OAC +  PhznCl e
THF, 40 °C, 50% oo
75 78 79
CHs,
via PhWA
Y
F
XXVII

Schelnme Regi os eplad d tadchitiany! odd al | yl isofdubhauiththuatpiddd eb et v
nucl ed@midl eori nated/5all ylic acetate
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Cumedi ated allylic substitution reactions

Ther egi osel ectmevdiitayt leogf|l iccopspuebrst i t uti ons di st
from allylic substitutions Tbat atflpay dh dwe ol e
actiapeplyfioed constructing a Fou a taesry@ameytdrn ¢caarebdo n
allgbubshivwotomanampr oaamebéousedi shepuf pses, one
primary al l80iinc combstoebi @al ionfcilguadnidng phosph
phosphorami.di Tseeclbing a nadpspeosptaichhalseaonidaey al |
SubsT2tahtee chiral ity ameamgadedidfrieotnhes ntauce | tehoa h i
|l eavingtgieupommonly anticipat eadn-St2Ha tr earcg a roa
with allylic carboxyl ates, i eliisddsan,t rpmesd ch astt
can be ownerfrawdowS2&f aadtdht o wgoh coordination to
reagenrteagamctact isngngaob@amé&iSecbenzot hi azdhe sgr ¢
serves as a gtuhadestiome paledn(8g thmladpetst 47!

[Cu]
chiral ligand R

NS
R1/\/\LG _— R =

80 81
R [Cu]
2 R—M R
N e
R1/\)*\LG R1)*\¢\R2
82 83

Sc helmMe Tomommampr oac hes cthogqoaahet nahy caebpd€at ed al | yl i«
substitution.

Since this work wuti Ifiodd smwtichhen hloastaise r & lapepatoact
By applying different organocopper reagents
regi ochemistry coul d be doeteracltli och tsheamt sc ¢
transmetal ation of the &WX Mared Lar, g aMgotmieZang . | iA
coordinabrganotopper r eagddrotr mgw otnpX Xdlolub | e |
Subsequidetrimat ioehal dfy ltcroeppe XKIiXEgv ardengs] € mpl e
can go through f astgenradrugthiyype ded@cit eanh atoinv e |
thodal |l yl coppeXKIl&dn icoampdéieaxizley It (ololplp)e pcXoXnp | e x
t hr duth@ERli someri zati om2t yepmedBA®E nemk’fle S
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RCu'X
RieZaRe 1°
Ry Rs ) 1\7Y 2 R1WR2 R1v/\/R2
m + RCUX o= — H _><_ H
U LG RCuX RCu""'X
82 7-complex XXIX XXX
XXV ¢
RM ¢
culx + R1\-}//§/R2 R1\/\?R2
M = Li, Mg, Zn R R
LG = Hal, OCOR, OP(O)(OR),, OSO,R 83 84
Sn2'-type Sn2-type
SchenmMmM&ener al reaction mechanism between.organocopp

Bot h catalyticcappedit at edhi @imley Ir i ¢ hsaausbesniiltaurt i
me c htaip@a ¢ hiw&g mparing with the stoichiometric
the | ast generated copper species will, take
dependi ngpuolne otphhei d ti cii ¢ hyi oanreRtM yr ecafgeftlug r ano @ o
Me Cu( Cfd) Isio namedckr asmuprdaitoer)g MrpOldplrsaad named a
homocupanat 6p,tfheer ndeidf f er ent cUWpomt egispel est il

(Sc h ez2nie

| R-M | . R-M
Cu'X =———» [RCU/(X)IM* ——— [R2Cu'TM"*
transmetalation transmetalation
E*l oxi. addition E*l oxi. addition
RCU"'(X)E R2CU”|E
Cu'X ¢red. elimination Rcu'l red. elimination
R-E R-E

Scheme Formati on of hetet bcapdgHtea eaart dosti lmwengdainoimeEets en y
reagent

The r ebaecttwitedermn al | y85a oMeCaudotidie €u ( CN) Li as sars how
exampghe. rdeesuo ntstt mvaetrety f f er entvinegiocfsemercodocupr
hetereoaum@ddtyd i ¢ s ubsWhiitheemoecmu praaet il emasls t o
t hUjpr odBu7@n@p r o dBuBchte f or matorp oo dBdEL tahlemoshy sel ec

applyi hnge o & &P dhlee2e
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Me Me Me
Q g © * @
OAc Me™ “"Me
85 86 87

Me,Culi 50.3:49.7
MeCu(CN)Li 96 : 4

Schenbi ffeeesinlh €gi o0s eoltehcet iavliltyyl i ¢ shudbvgttcdydernh toihex emeg d ¢ taice@
andhoanocuphebabeeeocuprate

To understand the fundament aNAKAMURestt saviu.diye o f
the molecul ar orbital interactions between t
Accordiogbamwmaltthleeeg e b e dtoioki tpl ace i n the oxid:
I n t hef cRG@Lle{the or bit abetiwd €ml3adedirebaam d |l ti gea n d

or bii ¢ obfutasmdt he tr atmsi t oledpensotratacoMéi gyoop t he
t he CNI ésit dp adhethseyent r | @ fa t3idmwer b.Asah resuobitathend:
side of Me is | aAget htehamme@homedef et &€dlel!l | vy
el ectr ogthbihlee nli exd'thagnidoyi h it chire a elsaurl gpebr tlheb d UMO o
t hosi.ddhereforbjtaheoverwiatph otfh eMeallul@Ngrea T8t et a
t han, TISadifnagv otroerdnatei omr owd@rcteh.ecoul d say t hat
di ssynniettfG@ENIRS t he maj oxr egawsae Pidat compgri so
the intfeomuead affebam Maed t hies eslyentmertorpihci laend wo

nomegi osel edSdheme eacti on

N
\\\Cs Me
[} o
]
Y
TS1 TS2
favored unfavored

Schemblol eculbiatmale roatchhtd othOMIOdO(rCoui t al P f a MleECMCGN( a mi x of
t heanddorbital of the allylic acetate)

18



I ntroducti on

Cumedi ated allylic subGmsItcGNARE a@antreacti ons usS,i

Copmgar al yzed all ydRieNAgmbhgent at caRzalned24§ t o b
typprofduciltbebasconcluded that the addition o
and influence [thAeeaebyoappkctavi og. was demon
the sex 9Pbéromenemal e butterfli’Flae ofeacheé oAf bie
3met hylemuyt magnes8Pamdortohme deal Igy8va s @datosilphad e
Cul, giving thh@ndédpverea pxcebttent regiosel ec
and deprotection of the benzyl ®@rifaopbegecel ds

Cul
1) 9-BBN
Y\/MgBr 2) H,0,-NaOH, 86%
OPO(OE), 89 3) Li, EtN, 75%

OBn —_— Z OBn bbb HO/\(\/Y'-VOH
Et,O

88 90, 91% 91, sex pheromone
y.a=955, E/Z=61:39 African Monarch

SchemMe An early apphteaebdtyzed afl g@GCpipeeverbadntuti on us

There are i ot etrelkgei wec hsatmipkoteeta| dbgyf GNARB act i ons wi
primary alphy#&@eneemleelbnosm wasB pkvapdsiétl by
Comparing with organolithium or @GRIJGENARIZ | N C
reagemetdsi, uishi ch all ows control of(RGeX) Mg*Xat,
or diorg@fo) Mpy)asteei chi ometry and the [$pleed ¢
| bhe ftiat at¢t ynolneo,c utpRr@utXe) fMgrXms pr ef-e o eepd XX Itlh e
and yi e2HdsprOdB®uebthe omommawBweithhot her equi,val ent
the dior d@&uw)cMgpX aden,imethobmedsducti ve sel i mi
sl ower, allowing Woe mpXtXexleVivhathowyi pp8dhbe S
(Sc h enre
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XXX

oxidative
AcO” addition

R'WOAC

c
R
XXXI

reductive
elimination

I ntroducti on

R'
CuX
Cu
R “Rr
reductive XXXV  -7-8
transmetalatio elimination isomerization R'
AN
'CU‘R XXXIV
OAc”
SN2I (RCUX)MQX SN2
R'\¢I\,OAC
(R2Cu)” xxxim
oxidative (MgXx)*

addition

(R2CUMGX R\ N _OAC
92
92 MgX;

SchemProposed mechand atma IBROGa dReea cct o ppnesmaalil ywyH i ¢ acet at

Ho we vtehre,

contr ol of t he regioselectivity f

chall enging. Although el ectronically or ster

to infl
factors

uence the regioselectivity,echutvitlye ¢

nclude the nature of the Cu (1) S

GRI GNARRagent with the Cu salt, thA&s riedledw on

exampl gabhbwsHh pgrhé@diucstt her modyuawwvadivealtloy t he
conjugation wiThle etalca i pme nyyile | rdisnSg.pljmo bicss el ect
a mi xZahBHfher eoil somassal sarfyourmes awinimeyd hamnt s

geneshBfwoyor r egiions eslueccht(Srvenayie? °d n s

o CuCN (1%) Ph
n-Bu—=MgBr + /\)\ A)\ +
Ph X OJL Ph n-Bu n-BuM

95

OtBu Et,0 B
2% 98%
96 97 98

Schenb€u GNat allylzyeldi ca bseutbwsetel@ii ®AMNRE a @xanntda r b @afaatveor s t he

formation the ther oxmpodbyBrcmi cally unfavored
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Anex ampl e rTeapmArRtteidnl b31E2nd n s tcraa tadaynstar ol | ed met |
unbi ased internadot @l Igelinie &2 tc @RtEtSe@rtiensu dii g h

regi osel eiestelve cttyiBwa nuisGNMN gor >@uc(aCTad ywydsitf f er en't
stoichiRMgeBtrrtyhefr egi oGulad atl iywietdy urleeda chtdi®frire v e r <
To understand the origin of the regioselecti
results suggestaltlhaedt hheaCuCNNn forms a heter
whi ch prcefmprisexati on with the allylic substr
from-admepl ex generating the Cu (I111) i nt er me
givess2Ehpri®dukch contrasataktnpee€u(©IE)i on for
specpCausMgBtr , whlLeewhas d-lmd snse @ompl ex with the all
of the formati-oomplfex heuantset abhe two el ectro
nucl eophilic attack of this anionic Cu(l)

intermedi ate. And finallynNn2 tphret @ @Bactoe&tfye ve el i

CuCN (5 mol%)

R
100

RMgBr (1.2 eq) R4 n-Bu
’ 7
W SN2 up to 99:1
CH,Cl,, -70 °C, 40 h
Ri 2 n-Bu Cu(OTf), (10 mol%)

RMgBr (1.2
OBoc g r(. : eq)
99 terpyridine

R, Ry = alkyl, aryl

> R1V/Yn_Bu SN2 upto98:2

Et,0,-70°C, 40 h R
101

SchenAa catcaolntstol | ed al ¢gil o sedsfRbiit vikeausedni nt er nal al |l
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Goal Setting

2 Goal Setting

The synthesubdstoft utceadnt Bl mongnecapaoni caud matrd r
enantioselective approach, hol ds considerabl
t his amor kiihrestpad dataal yane d al l ylicoffslubsrntiinatte c
carbd®@f&heul d be investigated. Organoborane 8
hard nuclsdaapmlyi Itdhe treegs ot b épertdatevedteygear dieng t h
nucl eopfihkeepr epalrlactdirnond WoXéa et hee gui ded by t he
c onduckoere th (gad h e2ngk! 6!

F R, O [Pd]

Ar F Ar
AN A TOATM a RTMRZ ! R1AV\R2

102 M =B, Zn 103 104
R4 = alkyl, Ph, Cy y - product a - product
R, = alkyl, Me, H

Sche2med-®at al yzed aldfyll uardsauwrdis@é@@suednigpaanobor on and
or ganroed qent

Seconadfdpecatal yzed al loytleifd asowls sntaid rpaitcoirsgpbh8abt e
shoul d bEhisd utdyemecd mpINnoGRIl BIgARE a geymti cal |y exhi
preferesnekedtoirvi ty. dbibe aldaasddmibg@ibdrdss icr ed
tesubstitutedOdaddbo peyait (heet htweanyaptupbosphate
shouddvbeéospadgtfd heitdnaywl | ¢t yitthg & n $Bfechiedrie

Qu oEt

£ R [Cu]

R F R
F
L. BN G N
. M\Ar FsC Ar FsC Ar

105 106 107
7 - product a - product

Schemeumedi ated al |l yl iocf sfulbugotra tigddOree slre@ragc it AR g € Nt

Finally, ¢onitidremrabsiodlutteo confi guration of th
This det eo ulietheartibfpimeady a.naAlytsearsnati vely, a par
t he chiral pool , i nvolving ozonol ysils0,8nd s

could be employed to compare (2aldeSenfirm t he

1) ozonolysis

R 2) reduction R
F. F. .
OH —~—— Chiral Pool
R1MR2 R1j’\/
108 109

Sche3me Det er mination of thel absdthearteseot ®eonf i gur at i
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Results and Discussion

3 Results and Discussion

3. Aroj ecaat AlGrBdad u pReiancgo iB-6lnucat | Golmpcound s

There are raPeasuohdineyd akosuwptl i ng reactions, p
involving fluorindtledtheél ptior cloeEmreuaceeduct e
enantiosel ect3fyamospnat hgbi s #awabcohol daenrdi vat.i
studied for twh @ ihr sroddc {( MWMESICANggsl hli yilei ¢ Ssubsti
reaclkh'!®otms s has | aid tkac tgitwigosmog &kn ofboorr on  a
organozinc reagent s, Suwlkic ¢ lacsosuipll li Negse seimrebfsesr r e d

coupling in this work.

The synt hfelsuesr ionffadtehde chrli@tyel a dd@ans i fsit st eopf s ,
stamtiitrhgt he pr @Wpauraimi dlel DeEpt beonat il dBi toH t he
LDAenabled the nucleophilic attacklldmsthe ¢
fl uortit@nlatnedler t he reported condi tsitoenp. iAsc csolrudgi
due to an identified side reaction forming f
of 41%. The reqgdwddBndnc awr borx dabcBH B/d mittieod i n e x
y i €3 cdh e3nle

CDI, CH3ONHCHj3-HCI LDA, alkyne112, THF

0 (0]
CH,Cly, 1t, 20 h, -78°Ctort, 20 h
HOJl\/Cy > MeO‘NJ\/ &Y —
83% I\l/Ie 80%
110 111
0 AgF, t-BuOH, 2,2-biphenol, DMF NaBH,, MeOH
Cy 70°C, 16 h FoQ 0°C,05h
= > Ph\WJ\,Cy _—
Ph z )
41% quant.

113 114

py, methyl chloroformate

£ OH CH,Cl,, 0°C tort, 20 h P QR
PhMK/Cy ol Ph\/\M
98% Cy
115 116, R = OCO,Et
117, R = OAc

Schednme Synthe$l soobat hglllBbodc akbabsabaclel yl i ¢ el ectrophi
coupling reactions
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Results and Discussion

3. 1Péat alGroesd upReiancgg | @ng avm ¢ Reocargoenn t s

SUZUKMI YAURA ecsosupl ing offers the ready avail abi
mild react iThre dypadictil ¢ gt i snpcel ceideesh Pd ) Pd( PP
Pd( daaj tBRHEX Al t erPdatlilVeslaypb ciass Pd ( ©Op@min)dC I
PdgIPHkan be r ediuscielduet ot yPpdi(cOa)l sol vents, used
DMFAnd al cohdbhCGE KCResmkds . NaOtHHommenl|l y empl oyed
andB 0% waatdedeesdi-ssod Vv ¥8ht .

Suzuwkioupl i ngwirtehalcytliiocchssuébd shotatleeasen eMotreenosvievre |l
t hcer ecsosupl i ng r e afcltuoorno beeltlweleinc 3el ect r oipdhi |l es
unknown i n.!t3%eaMuRdteralp.ameeteat icvact aPdy(@elg)l al |y

coupling witlfP%akehyt amolaeetilade ac®d okiyn atrioarm c
as sihsetcet oxy eUnidmeirn a&thieors ame, rtelae baurpchs sagndetrc
bet wekr@&nd phenyl Hdfonmindt agiicdl d t Yaer ydengi rtehde
tepner ature ohadienmehi onfliumece ®#hnhdéehpecdtt¢tbdmeg,
frdmel i mination reactromemeoud3 @) be observed

10 mol% Pd(OAc),

12 mol% L1
/\)oic/\ 10 mol% AgSbFe Ph
Me” X Ph + PhB(OH), > A~
DCE, 60 °C, 6 h Me™ >~ Ph
18 19 yla > 99:1, EIZ > 20:1 120 7 N\
0,
80% = \=
L1
Pd(OAC),,
L1 orL2
F OAc AgSbFg Ph
Ph NS + PhB(OH), ——ff— F
Ph Cy
z
Cy DCE L2
121 119 122

Sche3mdpplying the react SaovvaMUrRenn d&ldi 6o nmnepeproddchby

ZHANG t dals.c | cSszukMityherAa ecsosupl i ng reaction bet wee
carbag@nadr yl borbingi dhadied G lnvdeary.t he same react
e t Wenroxproduct could be obtaiAledo winhthihe @a
product réslel imhgati omSwhaeSmg@bser ved
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Results and Discussion

Pd(OAc),, PPhy
OCO,Et PhB(OH), 119 Ph

NS > NS
Ph/\)\Me THF/H,0, 50 °C, 24 h Ph/\)\Me
123 124, 86%
a:y>25:1

Pd(OAC)Z, PPhs

F 0CO,Me PhB(OH), 119 F  Ph
Ph NS // Ph \
\/\)\)\l v >
Cy THF/H,0 Cy
125 126

Sche3mde Appl ying the reacHinent Icald.di ¢ i oo pepducted |
Il t i s kbaHo wenl itnhi antachmpoens i He & eitBupuwkieact hnvabvi ng
al kyl daBst rtaht edrset e rsa tad recoRag Haplployritiicn gc omp |l e x i
t ®@H el i mi hagailékdy!| kSGTmpbegh coordination of b
| i gsmudd aasndg pibhi e a RdogRow@ul d be iocmlcaseearsi ng t h
overl ap between nt tenitshweonv argefdouucptsi.ve el i mi nat i
accel Eont egtahmep Icdad @ad xys#%) 6kl i eved to provi de a
of rate constants f obHeleidmicli®d ®ftele red i ani @ fadg x amp
usimdy( d pp fi)s $Cep2) SUZUKa O U Pt € agltbiMormrse.os era;f pa me d
complPdx dprgfa)nClb e u saeddd i wmigt heoxittraars il i ganhdbl e ca
comparing wi-tehr ndeé o©athatBwyla eslu@&hmparst sHeEteh
reassPa( dppfefdcCcdmmonl! y Pdeaptlaleydsgh airmma cierud u sctarl y
(Sc h e3rgk® 8]

| e
iy Pal
<A "
N
Py’ “Ph

Schedmde The biteamnmglReo upf itshe eRluced, as a res+ldt of th
P angl e.

As the probl em off Ituhoerplrnoadwsnd Ismoti it yedf the me
boronil2®aciBeFsladtas applied to increase the p
f owil oge a c tGiemreg .al | vy, allylic carbonates- are n
catalyzed reacti onst hoefr ealilsyl dxan@oepwione dtshe |
coupling reaction between blkbihelried orarbaomat e

was used as the standard substrate for t he t
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Resul ts

Aspresented i
Cs OAcabase

n

and Discuss

i on

Tabl ewdsarTrhiee d nd uti/aDy e&@iek G anien

and ®s (tdpepfUn@tecal yt ti O occomdietrisam,n o0

starting materials coul d Whermsba 6 hgeQ@waass € e K
usead,e starting materi al was fuatg cobnvbeeted
pr oduwdtasbse,r velder eas the primary prod@ucts r ¢
Chang¢gihleyF/OHr ati o to 10:1 did not have .notabl
The vwateer reaction in anhydrous DMF proceede
was obser vBBK (beowtawrdyesdi)db.sequefnoirt y bmgbhepddty
tolerance of [fflewdritomeall e ysr,0outplser e was no not
(endry
Tabll e ResulStmsukdifyaAtaeecsosupl i nden evaeatnh dBanie2 & 2.9
OMe
F
OMe Ph NS Cy
F 0OCO,Me Pd(dppf)Cl,, base 130
Ph \ +
solvent, T, t
Cy B(CH), OMe
128, M = B(OH)
127 129, M = BF3K ’
Ph F Y
131
# Mb Sol ven BaseT[ ]Jt[h Convef:Produ
1 B(OH THFOK5: CsOA 80 18 none -
2 B(OH THFZK 5: K.CQ 70 2 full trac
3 B(OHTHF/OK 10 KxXQ 70 2 full trac
4 B( OH DMF K2C Q 70 2 full trac
5 BEK THFJOH (5 KCQ 80 2 full trac
a) Al reactions were @Peqgf Bomedi &t s&il 80 ovieg BF awaslead. ilm) al 11 r e
by TLEF-NMMR of the reaction mixture.
Togain insight into the r eadtsiodra tcrédnahcrhaacrdiesrm,z e
Under al I( ecnothrylyitzZnenpr esencel8&nit3o08mjsu gleett eecc t ckic

whiweérme s uflrtoentb-H heel i mi naPtéalohy lof Meée mmjgh e k Sttiedal |y

oxidative addition

generlat etdh e

XXXloXXXIllwoud Idltohseyenl i mi nat i-ldheiarfigot h&dePd or mat i
presé®Hcel omi baseont(febeeada’®d! is

di el”P&n t he
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Results and Discussion

F Pd SN
— Ph DA
XXXV ¢y

f) i
Fjd/ Ph\/\)WCV

F OCO,Me Ph
132

[Pd]
Ph NS — XXXVIL ¢y >

Cy ” F
1 P Ph\/\/)\¢\/CY
q

H
z 133
Cy
XXXVIII ]

T Ph

Sche3mmPropmeedanibsimef omi nati on resulting in dien

Not awHhen water i s presepeodkmredathbBee s elatctéehieoihr, o m
addition of t heouardyd b €niurcmeedo pthhh 1 @ ugmchaNdMR an
spectrioFsNoiRpyanal ysi s reveahedcdmpbhuinsdi obhs éeown.
i nditclataiees t r anameval ay i boao &f p breecdey, c thiowee veelri, mi
the fluorila@nceerhoddetfod iywii kg kledtdosnet he f i nal p
(S ¢ h e3npe.

OMe OMe

F 0
Ph \ Cy Ph Cy

130 134

Sche3nfe Hydrol ysis ofil30bel desor @8udbeokdatbne

Anot her defluorinated product t hat could be
unsatur at 2@ Tkhetsone evident from the distinct
6. 05 ppm and 6.77 ppm. Additionall y,pptnhhe car
This transformatiomsubstiketiyoatofi buydedxtde
Af ter fluoride <cleavage 1B6afigoh me diperaosdrutwe r me
(Sc h e g;nk.

Hoe\F OCO,Me HO—, E (@] H
~D
Ph < — Ph\/\)v\/Cy — 3 Ph A__cy
Cy H
129 XXXIX 136

Sche3dnfe Proposed mechanism fi®86 the formul ati ol
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To assess

car be naanss e s tCiag ebtdeviblwnale i c lb-hlgyds ogen
carbaddcehi

Th e

room
car b dd dTchee
usiAmgg- i n

temmakatwr ei t

Results and

Di scussi on

fHheel 1 immdact td iodnff e r ,e nBuz@ku b a t t mobtehsewi t h

cbiH, | as kwel |

synt hesi s
a@GN/pHloe i1lBHAS €t b e3nge

onbiomlee sy Id e

as 1divenpatraymarnceads blostat &t
synt hesi s 1d3feaatth3eBvau bsar at ed

previous!| Nodaeblayheldéldilapi dl y

out using t

d eoc ot ninpeo sdeBdfhtp o u n d

i mMmpossi bter rtec paeryditmg s iba
ofl4hel powmdr &

shr,obnhy e

[e) AgF, DMF, biphenol, tBuOH, F o AgF, MeCN/H,O ]
70°C,16 h 80°C, 16 h
' N ,
/L R > pp R /L OMe

Ph Ph

137a, R = Me 138a, R = Me, 70% 137b

137c, R =Ph 138b. R = OMe, 93%

138¢c, R = Ph, 39%
L Method A or B
R =Ph o]
E 0CO,Me py, methyl chloroformate F OH ,
CH,Cl,,0°Ctort, 16 h ~ y

P R - Ph)\/kR EE— Ph)l\/\Ph
141a, R = Me, quant. 140a, R = Me, quant. 139

141b. R = H, 92%
141c. R = Ph, -

Sche3nBe Synt

Atf i rscqupl
a n d KB Ela2wta

and 57%

140b. R=H, 79%
140c. R = Ph, 0%

hesi s
C HC }, 0 AcC, 1
hien g

s conducted.

ofl4 8kt fbdcAc aveba@BHatlesAC, 1 h.

Met hoc

reacti on 1wilubsh meotr I lmoary o/n itcd 8aboind t
Aftedd4®o bl
yi el Ruyr trheeshpgeccrt e avcetliyo. n Ureexchii ds @Tdedcstoiny iyt

debeti ool ai @

tUhe@ ot yi ng

S
Ph)\/\@\
OMe

142

reacadmfni r med t he Sfzeiaasoi ubpitleiatgyt | fn
fluorinated @gScihnedfgey car bonat e
OMe .
F 5 mol% Pd(dppf)Cl,, K,CO
)M . o Pd(dppf)Cly, K2CO3
Ph OCOMe THF/H,0, 80 °C, 1 h
M
141b M = B(OH),, 128
M = BF3K, 129

SchedmMBuzukir ecsosupl i ng

reaction
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Results and Discussion

To compare tlhenezgbuttés| ubhenat4e4baeaecagdar yet
group is f uAd hpere aratmehde eidne nTRldd wipo®$ ) Che cat al
ankC®as t heBWM®aks® complete conversion of the
wi t hi onlgouusrt. From the array ofl1l4m8mxtedddepreoduc:
fluorinated, wiglhd els7pe catnidved% (entry 1). The
yielded simi2@anr ChRamnditsg (emérpgoronic acid to
have no i mpact on the outcome (teheearlpd@gyte Cor
(sctabl)e it i's cl eabH tdataafmsthhee naul nhisyél g rco fciacrabnotn

influences the reaction's outcome.

Tab2 e ResulStmsukdifraAtmaeecsosupl i ng r eacltdiloan of <car bona
OMe OMe
F 0CO,Me 5 mol% [cat.], K,COg4 F
+ > +
PhMMe THF/H,O (5:1), T, t F PhM
M P X" Me
141a M = B(OH),, 128 143 144
M = BF3K, 129
. T t Yi el Yi el
# M Cat al nga[ ][hConver 143 144
1 B(OH Pd(dpy - 80 1 full 17% 9%
2 B(OH Pd(dpy - 60 1 full 11% 6%
3 BEK Pd(dpy - 60 1 full 10% 5%
4 B(OH Pd( QA P Psh 50 24 full 0% 80%

Theeaction condcaisorm wsadradgeRhd @Widc hr enpaosr t e d
byHaNn@t .lalNas al sfhs tee smedelatds vokfs ttihteu t1i4mBnt pe od u
fluorinatdwas dyiesmleded atenh€ymghni pgottbber esul
coupling reacfli wonravrlayHeidch e @d & o o reStcleheelnBel n t
becomes efvliwa@anit ntéghleatal hyyd id pPwbBsttamnSuabkii nf | u
cresosupling reactions

To summauzwkeo W hhlei ndg nveddteindn uor i nat etdiadd ylI i
be assutmea hihggh el ec f I o paetgdawed ivii h -l t®dbE itrhienat i ¢
through the mo#tael leylle citniWbeprbsaea dei nagtexaenb b atehcee

transmedmd lredwat i ive fai méketled o mj €@ ivien sel vy
empl onya nlgas e or rae swd dkeedr @ na & aab ndhigl Emenaus e of
wat epromotes the formation of the ate compl e
it jladndbyas ol ysis of the desired product.
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Results and Discussion

3. 1Pg&gat alGroesdupReiancgwii Omgand®keagent s

Organm@ilnc reagent r'ealcltysl ppalmaadilum wia-nhp | e x
center. After Gceapltengembdet orgaaic | igand ce
system via rapid!*%°kdutctackke et hei mpatobbt e.m as
el imination and defNeEgGIlosHIl ecaosuipd n nign rtehaec trieoanc twia
Furthermore, the absence of water and base i
defl uorisnateipoimkascet . b3tlhe -adrlwll cross coupling
hal i dayl anidnaf fi oddae®e al |l yl benzeapesoviedd hiog hb ey

most efficient <catal yswas nan he fsf ercetaicvtei ocnat aall)

Tab3INEGI sHl ecsosupl i ng reacsiubss i betwede i lladolyai chat ed car |
p-OMe PhZ45

OMe
OMe OMe

[cat.] O
F  OCO,Me + e + Me
M THF, T, t F

Ph Me X
\
Znl Ph Me O

OMe
141a 145 143 146

i 1A4r[§Zhn cat el ey [T] [th] Yilfaé Yifaels o
1 1.01 Pd(dl 0.0 rt 16 tra: - :
2 009 PA(BF 0.1 rt 16 35% 10% 4:
3 200 PAd(BF 0.1 rt 3 35% 30% 1:
4 300 PAd(BF 0.1 rt 1.5 41% 35% 1:
5 300 Pd(BF 0.0 rt 3 44% 37% 1: 1
6 300 Pd(BF 0.0 O 3 n . i i
7 300 PA(BF 0.0 rt 72 30% 45% 1: ¢
8 3.00 - - rt 72 n. n. -

a)/<E£t ereoi s®m25% silsrodtaitoed yi el d.

As pr e sTearb8l eedP dp(ndtlllaa ) no f or mati on of product af
switching tPhde( Pl attahley sde stiod &#ds predbubated in 3
Moreover, 10PA&ouded pbreo diuscotl ated, | ikely ari s
of the nucleophile (entpOMePhZAB thwe guaisv anlge ntths
expedited the reaction, however, it 1lUde6d t O
(en3)ry By hewegiemngral ents of ArZnl, t beysr sleaaacdii o
to an overall i mprovement of the yield. Howe
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Results and Discussion

pr odludctent ry 4) . The highest achievable yiel
obt awmerd empl oyi ng shatmod o mft eedd PrPadht ur e wi t h
hours (entry 5). Lowering the reaction tempe
condition (entry 6). Extending the reaction
overall oumhgome, ames mictl érsce dr  dbu aneadl A48T mids i o

suggests thaff4d48dhet tompbéhsghodyrnwvamieada product
experi ment was conducted to compare the rea

reaction was observed (entry 8).

|t iI's not ewoNeEGIhseir eckhoautp,| iinmg alela dt4idowki ch hwadi
predominant SsZuweer ggoaplcihgi neactions, was onl
1ENMR. Thi s observation sugg®slt It meneatfiferc.t
pl ausi ble explanation is that, during the tr
transmetal ation to palladium®mastead,t hame od
Ssubstitutleldepamdu@at competing side product i
f or matli4dnt wd possi ble mecha®dlednilde pat hs ar e

After oxidative addition of the Pd catalyst

foll owed by reéaom@mhngrx mefar mioX otiXile.l i Thht eenr,metdhi ¢

organic group could transfer to the Xabt yl sy
143 I n the <casentodr nggadtisatfe, r gthley f or med as
regioselectivity. Subsequent | y,adaln ottoh etrh ee gnuei t
terminus of the allylic system, w tehx hiilbuiotrsi d

regioselectivity in the initfdd8lUproenactth eo ngd dyii
another equivalent of -ttelremi mwcl, e a phi#i6 bsea |dteo bper hoe
al so gkiTr ptreodr.e which path is more plausi bl e
compolUBe a starting material for the further
to proceed further wpOMePhAanl ongr @\vgiudiviad ealt e
path A is t(Se hfeesi bl e rout e
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Results and Discussion
OMe OMe
p-OMePhZnl 0 Me
F [Pd] ~
Ph” NZMe Ph O
XL OMe
146
¢ path A
R
R Pd—L
2
Ph)§1%§¢\Me XLl
F OCO,Me p-OI\SZthm
~ [Pd]
P77 N"a"Me —>
141 R
a F
Pd—L,
~ XLII
Ph)\/akMe
l path B
OMe OMe
p-OMePhZznl O
F Pd] Me
X
Ph Me-__eé_,.

143

™
Ph O

146

H a
no reaction OMe

Schedmbe Possible paths for the fadédpat ReacodofonleGgoddubl e
pOMe PhZ45% 5 mol % Pd{ PPh6 h

l n sum, the fluorinated secondary &k&diyHIi c cC:
cresosupling reactions, giving in total 81% vyi
expebHed| i mination and defluorination react.i
to the rSesudinesodupdbimng reactions. Nevertheles
as a challenge. The desired product and the
in a 1:1 ratio.

The unsatisfactory regioselectivity may be
benzylic position of the fluoride stabilizes
thereby promoting th&XLfronefm@adhed® amdi mesume d

oO-regioselectivity.
h i
regiosédlf%ctivity.

steric ndr ance

On

of

tXheawmtherf haodedt thee irt

t he met hyl groupp compa
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Results and Discussion

To tebBypaoathhessi s, the foll owsmnigs teixtpletr e aneoasb a
conducted f As sbdmbd ied dres udblsky It ut er4bgasaebonat
tot al | argely i mproved regioselectivity. It
has an i mpact on the regi osel e&betslgddglddcdlAt t h
ariesol ated in 4:1 ratio, with 56% and 13% yi e

was | owervedtthe @ehO®@ oselectivity was i mproveoc
was i ncreased .t oFudr2t% e(re ndtercyr easelgafvet hbecopte
regioselectivity among all cases, but the to

influence of theldWwayi algsgroept edcemncder t he
As a result, the reaction showed a sl ower r
(end)r.y

TabddNEGI sHI ecsosupl i ng re&yd ulntsi thett evch bfalt ¢ @&mtplen at e d
OMe PhZ4ab

OMe
OMe OMe
F  OR M] O
NN ! — : e
Cy Me THF, rt, t E RPN
Znl Cy X Me Y O
OMe
147a, R = CO,Me 145 148a 149
147b, R = Ac
Ar Znl c t Yi el Yi el Rat
4By A Catal [e® v 'h 148 149 0o
1 300 COMe Pd(Bs+L 0.(C0.124 56% 13% 4:
2 3.00 CQMe Pd(B#P 0. (0.1 24 69% 13% 5:
3 3.00 CGMe Pd(BsPIO. CO.C 24 65% 5% 13:
4 3.00 Ac Pd(BP O0.C0.C72 67% 6% 11:
a) No reaction PWdd polf 9.60ddsveglr evhiesmmed as the catalyst. b) The
materi al under this reaction condition gave the same yield.

When comparing theubssulttus Pdwamhbodraseylof t |
Ssubstitutk4ey7axiar bo@aadomes evident that the reg
for t hseubaltk ylut eldd 7@alrhbiosn aa ef i r ms our i niti a

regioselectivity is influenced by the benzyl
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Results and Discussion

Two ot herl4&ihk4 3vetr es synt hesi zed under the op
As shocwmeiniehe t wo subst roatgeasnmoes icrognpadiufnfde raenrdt

al kyl carbonate were yielded in 58% and 48%
Il i miaped i cability of this method, since both
Moreover, due to the instability of the zinc

a constant problem for thesgqg ercdgadtsi oanss.o A nhoet
determine the enantioselectivity, as the sca
col u(®ahb enle

OMe cl OMe
F F F
N N
Cy Me Cy Me O Ne
148a 148b 148¢
69% 58% 48%

Schednme Scope of the substrates @QenddreZn X ,mt0 i @meld%r eact
Pd( R r t .

RearrangB8imeadomal cohol s

In pphevioaubeaslilsyloifScalespaholwa@heaitsRiae ny |l gr our
t ha&l c owhaosl i n s tdelcloeampaseéd spont anlkelsl yatb, thi
rearr angthmeammp obubnsd hewaotr Tedoughbt ope | abgl |l ed e
it was r@wealzegd itchaed cgpdheod mol ecul ar nfucrimophi
t heyclic i Xtlelrbmbde gytHentel i nriensaulttbseoi mat i on o
compolusnddur pritshriisglryangement wiva i svRoday r @fohgee r v e d
correspondpirnogv ess ttachtblke oom t emper at ur Bhiummder
obserhvaygomwmhuecndwo s bt heegtuedid e snp 0lUS{&EIc h ednke

= F O
Ry =Ph, Cy, Me R, O,H HF
R, = Ph I ® — R; pn
Ph 151
F OH XL
JV\
Ri Rz
150
F  OH

R1 = CF3
R, = Ph Fsc)vkph

152a
stable

Schedn2Pl auexpl anation for théb50@efluorination
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Results and Discussion

3.Proj ecme Bi: AltCey8l b €t iotfH U onoBhlolsyplhiact e s

Coppemediila)t ed all ylic substitutions reaction
o-regi osdlf¥rmt ¢ ombwyncahtiiroanl al | ylsiece agh d omisa tcea,n
highly enantioselective products by transfer
alcohols derivatives, this method is freque

reacht’lons.

Despite i ntensi veopmeteiaatcehd reelglayldiicngsubst it
majority of them have focused!%%t updriiensaroyn osri
reactions involving fluori nakoerdetaldéhlplor ¢ eph o s
selective allylic substitutphoons pilesdicéth ownmar iusu

cyanocu’g¥amhzaseit daelmonstrated-cahay!| zzehde rCauddt)i
trifluoromethyl subS8a&lidatexdhialdrtyedgdi oof sadH @escat bi laei
Both methodol ogi es e nsaubblset itthuet e dn sctaarl bl odft i coenn toe
or -@kbCond as f i(Scahlednper oduct s

a) Konno et al., 2012

MgX
)\/\ CuCN
N — _
R OPO(OEY), A~
THE EtO,C
153 154

R, = CO,Et; R, = alkyl
R1 = Cy, n-CgH17; R2 = n-Bu

b) Yamazaki et al., 2014

MgX

CuCN

R TMSCI

R
—» 1 /
N
F3c)\r"'\opo<0Et)2 THE F30>|\/
155 156

R1 = CH2CH2Ph, n-CGH17, Ph, R2 = aIkyI

SchedmBe St udi es Koenmanib vezdeb yal .al | yl iod ub snaatlibgdh os ph a't
15uti IGweGM @GRnENARRBAagenNt .

l nspired bythithewer st aidme snjeod i sattueddy atlhlep FGu( Is)u
secondar yl8 @ahso snpgh &RaccGNAREBA g EmMé sdevel opment of

reaction is encouraged by several advant ages
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Results and Discussion

Firstl ygyr etghieosheilgeghct i vity of the reaction ena
ceni8&r i ncor por-&t an@ksllidbtshtad utelméde same car bon
synthetic methods of such fluorinated moti f s
ot her organometallic reagents, a WBRIdG/NARDA N Qg e
reagents are accessible. Addi tl8 &malll ldy ,b et heea s

diversified, which allows the sbcualdedrdef el ect

F OPO(OEt), R—MgBr 188
cull) FaC, F

FC\
T T %
183

186

Schedme | ntsd ruatfeydpr oj ect B.

To begin atleest stswdy,t rate shoul d -dtee ps yny rhtelsd &
Through reduction and phosld @doauwlld th eo hsryonaetahcet si i
theéefl uoro€Emenepdelmyt i tut ed fluoroenone shoul
regi osel ecti veN, Ndiueddtyhiaft limeoer tahs il benzyl ami ne |
158 of -dih@n5elTh3 s met hod w@siepd Mih.es hterdi fbdyu or o mi
b-di ketlditemabled synt hesO ziessEwinlleoas @t i, on hegaat ieoo
commeraval dulkel @ior tenf fi ci ent application in
strucnumpédsr maceuBcbeatibe’'dchemi stry

1) regioselective fluorination F

o O 2) racemic & asymmetric reduction F OPO(OEt), F
3) phosphorylation ~ Me
Fsc% » F;C « NEt,

157a 183a 158

Schendbe Synthetic plan for the prepl88ation of the
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Results and Discussion

3.2FLuori mdtkenomwmdés

b-Fl u-tl-wonsat ur at e d b-fkleutoornoke8n,o o @ 8 be synt hesi z
deoxyf | uobrdii rketRiGosd sog DRDBEM@BAhiIi s reagent i s comn
high regioselectivity. 7rolruodeioBatfidoumlirit dagegmt s

widely wused nucleophili on frlewmcrtib-thegk evbinotnhe ,e a g &
generally | ead t osl1®®8hfillueo rti ment febld U qaroiowatoibare
using electrophilic fI8&lopr iyniketlidiediok estt §.68% | i k

Besides HHdeketsendo,rgesdyinftihuecsriisdeosf from al dehy
effectively achlisd8cehdednief?ng DFMBA

100
© P\S:\oﬁ\uo‘ ® R1>UL R,
M 159
0 0 F O

158
A, s

2 2

25 18
S,
m 0O O
Yo, R )H)LR
1 2

70
F
160

Schednbe FI uor h-chiak é &@mseoshg di fferent fluorination reage

The synthesis of DFMBpA tc arne abcet iacl uSsviemilgl iaammiadoe
VI LSMEIHRRCK eacti on mechanism, the reactamn st a
the ykcxhdlori de, f or miXbhigV t htee i mégmaovneld raft et he C
driving force of the furthem @NeadensNAEE, Afhteer
first fluoride can attack the, cfaoghminyd ,i mwt &
XLV. I n thes:Nr s&ctvieen,asEta base to neutralize

gi ViahNgilCEt salt as a precipitate. Subsequent|y

i nt er XeMliyated ds t he DFMBA. 1t can be isol ated
Sever al details should be mentioned regardi.
have similar boiling point, making it diffioc
the chemical shiflH afebotbseompowalds, i nheref

yield from a mixture cobnpasaiblgeboAth Icasnp,oumn
is a colorless |iquid, It can be stored wunde
damaging the glasswar ea58Tlies yf aictef makdd ubDF M
(Sc h ednye
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Results and Discussion

osLCl o)
)j\n/m LI F
cl of
G AT (F o %% e O
-Cco
(_NEtz L» Me CNe, — @

€]
Cl XLV

+Et3N
—-Et3NHCI

©
R F (" F y S r
Me e
NEt, ———o Me ',\]'Etz A GEtz
®
158

XLVII XLVI

161 XLIV

Schednle Mechanism of thé5BoomadtbdrceafctDEOMBAo®d@E2t i on: ]
40 AC, ZibhD.i@EDAHF, eEiN34rt, 2. h in CH

There are several s-eodli e®qekbplithrinfulmgew fohmeat |
di kettsli@®élccording to these studies, in polar
preference for-bdifkketones!| temrod mdtoayre d t hhiasn i n
form. The equilibrium between enol A and eno
system. The form B is dominant when the sub
gr oup-§-NQ,-Me-OMe etc. Moreover, when the subst
graogemBl i s pref@cheddieas wel |

O O

J‘v”\

/ "N

OH of enol A: OH of enol B:
15-18 ppm \ 12-15 ppm
)\/k A )\/k
enol A enol B

Ar = Ph, F-Ph, NO,-Ph, Me-Ph, OMe-Ph, Naphtyl, Pyridyl

SchednBK e termoelqui | i B ihwemchfe mi cal <SHAINMR erxepfeerrismetnot tihne CD

Thaeeoxyf | uoeraicntaitoinonst arts with thelbdocl ebehil
DFMBA, which serves as an activation step fo
fluoride formél VhSuibsteaadeeadi @athelof the fl uori
of the amide givleSs Depeddshgednptbe@eudti fferen
fluorination of #f@diek ediroghbeut di f Bker pmatkeyht di

generating different fluorination product. T
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Results and Discussion

the desi 18d sphroowsuchi gh preference for this r
reaction genZr al)-bfyl(govesnoheéSc(haedmepr oduct s

Ar Ar Ar
Y ®
OH O Et2N7,\o o) EtzNJ\O o R S
DFMBA =9 ) EtNZ(0  0)
NS 8 ~
FsC Ar —— F3CMAr_» F3C( Ar—I— FsCF A
157 XLV -0 XLV
enol B XLIV ¢
0O 0 CF3; O F O
N NS
FaCJj\/u\Ar F)\/U\Ar Fsc)\/U\Ar
157 (E)-159 (2)-159

Schedm®e Mechani sm of t hbedidkeed Soyhdel ngr DREHBAON of

The react i onefpfreocane svsetl ofegFeNdMIREg ¥ vtehnel ear di sti nct
chemi cal shisfttas th entgweran ethffeas p amhleRypmbdo Kat bne
l15dppears asFNMMRB, ntgH ebfprucodudcBtocomeai ns a: set o
t hFe peak general l y1l1d@plée2adx sp pangp gtalaer a@RiFBab |l et |,
t 074 [gSParh esMe

A (d) B(q)

3(9.58) 1(9.52)

T T T T . T T T T T T T T T T
-60 55 70 75 -80 -85 -50 -35 -100 -105 -110 -115 -120 -125 -130
f1 (ppm)

Sc hesneENMR at 28 2)-bMHmoofh8aothhee F peak generidlBytappea
1120 ppmpetatke aGFIdBuild bbe pp mat
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Results and Discussion

Th& Estereoselectivity is an intriguing aspe
stereoi somers can be differenti @t edmdbry aft s

fluoroenone is genErabmgr | ewbi plol analblhasn t e
through chromatography. Mor el vietliN,MRt h s H é mihd
di fferent. Al so3zo0f/ZAe opmeddBldMRnfarke andstChct fro
they show generally charactegri At i3dcaosuipelnindyael
constanft D6 thaerHcteristic in tbroanmsZilseomers .

the coupling c@8mRstHaznt |linEitsheemecracts e bef H iasnd F
across the double bond, |l eading to20 Mgmal l er
an exandp-NMR sBpectrum contZ&i sbmgra mil8toampoof
presei®tc édddbnien

672 Z-isomer

)
A/[:; Bim) € (m)
1(8.03) 7.65 7.53 y

|

]
< <
T
0 7.9

B0
2B H

.

8‘.2 Bl.l SI. 7‘11 7'.7 7'.6 7‘.5 7“4 7'3 7'.2 7'.1 7‘.[) E‘.B ﬁ‘.B 6.7 GI‘E GI‘S ﬁ‘.‘i (E)_1 59a

1 (pom)

SchemMH-NMR at 300 3)MHREff I(aCDICd e no ne (B)oamt@@ri 10 megr .ot h
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Results and Discussion

HARAet raelp.o4 s ellstrates i,ncflmrda migia opdhyedma@Rh t hy |
di ket one for the fl uor iZrat iken omfe WRNEBA. el mea
i somédre. t wo heterodr@G@midhire s iSwshirebniene s

O O 2.0 eq DFMBA F o}

> acMAr

CH,Cl,, 20 °C, 24 h

157 159
F (o] F (0]
N N
FsC | O FsC S
/ |/
160, 91%, Z/E = 3.8:1 161, 89%, Z/E =2.4:1

Schebn2ZEl uor i rn avtw toenr ooaf r equaitkiedtﬁg(ml}iarleporIt-IAa?detbRaala.ct i on
condite®rRMBA, 020 AGGL 24 h in CH

Il n this study, the scopeMoosfit hoafeef s ubst nat esn
yield ometh80&asdaikfeXmpreod]l pyyB1% of LY e desi
was | sfooranmaetdi onrf |auforainphwméegluct waAss oab sreersvueldt. o
el ecdterfoinci ent nat ur eH offl uohrei npaytfifilmFncesa urbisricge, u u@
Ssubsisn@xédi bited a ,wowchi elod | dSvA2 e®cwietem | E o f
as a |l eaMongkebeoupve fUswdrsitn atuitcerd ichycclluidci nsgu |
tetradab@pea ndbmhdqme abtdnNrampbdton 1 59MmMserael saccessful
Additional |l YEr dtaisedofont hdéei sol ated product s.
phenyl rdlBsg eare otshed ect i vi Thye csowlls8tI9tbaepledsd mp ar e
1591595 9wchi ch EMNSarisnciCU-CERANYQ, -Fpyri dyl shown s
hi ghEesrt ereosel ectivity. WCHIL1S 9-®MBLSt9Hpaht eensy Is u b
159f ur almyt hi opheth ySlc hedmk @mposi ti on re<@&lted i
stereosel B h vt ittyutlddoept e it b BHE reaiteiao o f 1.6: 1,

among al l the substrates. It can be assumed
whi ch facilitates ZkEer odomes i z dthii sn ZEbfs et he
stereosel ectivitybfilsuosriomninloanré\gtnae ¢tphaet nsetduhdoyg ho ft
double bond iFGQEcomnmeautpe€ Bt dah edrge?! 2l
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Results and Discussion
1.50 eq DFMBA ~
% q A FiC /|
CH,Cly, rt, 17 h A
2v12, R1
F O
™

159

F (o]
NS
FsC)\)J:©\
Cl Cl

/'n
o
/'n
O

F3C
Cl

159a, 99%, Z/E = 5.2:1 159b, 89%, Z/E = 4.6:1 159c¢, 89%, Z/E = 5.0:1 159d, 82%, Z/E = 5.5:1

F O F 0 £ 0 F O

\ OM NS S
FSCA/U\@CF:; F3C)\/lk©/ e F3C)\)J\© Fsc)\/u\©/
Br
159¢, 70%, Z/E = 6.8:1 159f, 62%, Z/E = 5.0:1 1599, 88%, Z/E = 4.3:1 159h, 79%, Z/E = 5.8:1
F O F O
™ S

£ 9 F 0 FsC O F3C O

S
FsC \
3 *)k@\ F3C O 0

NO,

159i, 59%, Z/E > 25:1 159j, 91%, Z/E = 5.1:1 159K, quant, Z/E = 6.8:1 1591, 80%, Z/E = 4.6:1

F O F O F O F O

S ™ \
FiC FiC FaC @ FaC” Y

N
OMe F N
159m, 85%, Z/E =2.5:1 159n, 21%, Z/F = 5.6:1 1590, 31%, Z/E > 25:1 159p, 82%, Z/E = 1.6:1
0 0 F
FsC 0
= =L P

o 9@
159q, 48%, Z/E =2.6:1 159r, 58%, Z/E =3.9:1 159s, 62%, Z/E =14.5:1

Schenme Scope of t ki KdtLdwsinnag | DbDMMMBoA .

Overall, thedifkeb&udamiantgi oOnfF MBFA demonstrated go
tol erance and excel |l Binltuoyriokebndoinsepslhaey esdy nrt enmasri
stability, as they could be stored over mont

i someri zation of the doubl e bond.
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Results and Discussion

3.2RacemiAsyaméeRediucth-Ffb moofoenones

The newd fhepserleedcutcitwieb nlo,p2benones. Given the
of UBuensaturated carbonyl , a signitowmpati Ttd a
1, rdeduction of t he .Adodnijtuigoantaeld yd,o utbol e abcond t at
of the chiral phosphates, a highly enanti ose
the chiralit(chemde he mol ecul e

F OH
1,2 - reduction
F o FaC D
X S
FsC z | 152 )
\/\
Ri F 0
159 1,4 - reduction
F3C z |
160 Y
R1

Sc hebde Pos sri ébd wec tli, 2re daurcd i 1o,nBf rl euaocr t di @®no noef

Racemic reduvauatciromnomnes

|l n ouwusicsagded,um borni ein MpYydrvieddle t o be efficient
the standh® @&Tshuebrsetfroartee, t hi s was set as the s
ot her substrates. For most substrates, puri
necessary. The allylic alcohols could be dir

t otayi el d was co(Srcthefhheover two steps

F O F OH
NaBH
X 2 —4> FaC A Z 16 substrates
® A | MeOH, 1 h, rt S | no purification
R ;
159 152
H
Yl S
Cd ~ H
OoH ? H 159 Hel ©
- R1—|—Ar + B - SBJ
H” 1 ~Ar H H” " “H H™ 'H
R4
XLVI 152
R; = CF4CFC
159
R1 Ar R
A i 159 D A
— oL/ N
r r

Schebne Mechani sm of the rlabd®g miNaBHeducti on of Kk
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Results and Discussion

For cylh®ulcst r atleesd tNmBHo f or mati dsmihifgBAbei des
EiOati78 ®@WCoved to be moerseul @fifnectiin eeav eruangde 5 C
( Sc heene.

DIBAL
>
Et,0,-78 °C, 1 h
1529-152s

F

HO HO F4C OH
R R N\

O L &

152q 152r 152s

53% 50% 46%

Schebne Racemic reduct ilomldo¥y cPIcBAIC. substrates

Wi th boior NDdBFAL as a redutbd@agulirce alpee ndh s @ rhwee @&
product i n different amounts. I n a few case:
NMRd at®dlhi s is somewhat unexpewatcéed onsiwowué dat
reduction of the doubl e bonddditiecanobet hest
acted as a |l eaving greluphrbogmi ag suhecegomp o u
alcdb@ean be formed. The ratio of the side pr
peaks ! NMMR.heThe reasonl6é6f8havhsata tshien gayl ecoouhposrl o m
while the desired product shows two distinct
result edoupmec FegrEg
F O _ (Feo
FO7 X Arw FaC\jAr

159 XLIX

l defluorinaton
OH

1,2 - reduction /\)(L
S
FCTR Ar FaC77 Ar
162 161

Schebnfle Possi bl e mechani sm f dr6.2t he for mati on o
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Results and Discussion

Asymmetric bfeldwantoemoods

To t he r al transfer i n al |

fr @&ml
t he

chi ity t he
1 ®Racsh i e xad mian ecdo. T aAls| Np (5E€EHEN t e d |
combi nat. th pinacol bor3wae (EHBPeOd) 3
wa sb yleewre t ogaddd can r-eudlusteh-fthduloeydo enones

this eéacisi@dbns Hotfndl tye dgae/reo rBer 94

nexntt,r ya 1met hamdd udii entgh oCxuy( ndeAtch) \
t€&bitedmet hod i S

enabl e
uoroenone
on wi
met hod
exceéé elhawever,
[ %9 %

r e juiorrstH eat . bvyaasl

a yield of
( DEMS)
regiosel eet asint geda ad al efda \Cair s

Usubstituted ket eaméddw e rTevoc o nedsut c tre

known
t her adlyamtmedms c

unsatur ated

at T 250AC aind Htavee @ k&% paerd i /&%y 8¢lentry 2, 3)
Tabst eOptimization of the asymmetric redu
E O asym. reduction F OH
FscMAr FaC)Q/'\Ar
159 152
0
(l,o <OPA MOPA {\II\IH
N "2 e r2 (9] o]
N'\) o PAr, MeO PAr, Ph h:¢ j
L0 S
tBu O
L3 L4 L5 163
T t ee Yi e
# Ar Cat . L [e § ReageSoIv[AC[h[%][%]
1 Ph Ni (COD) L3 0.0 HBPi tolwui125 2 37 12
2 Ph Cu(OAocH L4 0.0 DEMS E# 125 3 27 54
3 Ph Cu(OAc@H L5 0.0 DEMS E# 125 2 64 70
4 P h (() DI r6 M4 - 1.03 - THF rt 17 70 58
5 Ph - - 1.00 BI NAI THF 1780. - ra
6 ph 0T OIBE 6 05 BHvMes 13017 80 54
7 ph RMECES 0 02BHes 1300. 87 72
(R-MeCB S ) catec - )
8 Ph 166 b 0.02 or an 130 17 ra
(Ospirob _
9 Ph estléB 0 01BHMeS THF rt 1 99 85
(Sspirob _
10 Nap estlén 0 01BHMeS THF rt 1 97 78
a) d@&wé the alcohols are determined by their correspo
HPLC col umn.
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Results and Discussion

As ed&was unsatisfactory, a more taBrpewedat edu
have extensively demonst rGhtleod 6f4bbee t Bmar kdbke
aryl al kwilt hk egroenceisct ald P TszumEecaelpemi sdr y he U
commerci al | yc halvaariil daeb | feb-unigPetdwircatnggd ketodnes ¢
group. This reaction was carried out tahte roonmn
al cdb®i 7B ®é¢ ent(Syg h &)yged+ 861

1) BHz*SMe,, THF

7@\ 2) HCI, 0 °C é.....
\

Cl
a-pinene (-)-DIP-CI
163 164

CI\ _lpc
7Bl favored OH
”H\\/o =
) ( 'hRL Rs” R,
Rs
less repulsion 152

L

Schesnde a) Synt-Qleéfirst}mifn#B&@ b) Transition state of the
favors forR&nhiaoni ofmerhe (

NovyoRIs Bl NALl éibsag@erctl assi c chiral hydride reac
of aryl trifl uor dédeanrhyble kperteopnaersad wWBohyNnpudsniindge | i
with equimolar amounts offhaBFNQOQlpandi ansbmpli
oxyge-hbhondnng orbital and the LUMO of the ary
enantioselective Treduahtdiidx B3af teReuket onecou
increasing the bulkiness wf trkReiudlsihgine gdomipn
as shown i n LlltSe hicsr@etM medi at e

H (S)-BINOL Oe H
HH Li@ EtOH O<pl”
1 © 0” © OEt
“ T e
Li

165
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Results and Discussion

(0]
[liilli! y J o<:D [(SY¥e)
O\AI/ Ar alkyl
0” @ OEt 159 > /A“"""H 7 alkyl
C@ Li® -78 °C, THF O"“'"L“'"“'O
disfavored
165 LI

Schesmen iemar ed Bl NAL through and trald8lition stat

Given that tlhee6sCBs deéygempl oyed as one of t |
reducing agent s for ket omeduyc tviaornsLoM#ss i ocgo n @ H
catechol borane were explSpoteodCyBIFT6hGaas r a a ctait an y
resul t eedé e mt r8Y YR)MeCBSiah glléyedit 1 30 A Q@ egiatvhe a8 7 %
72% yield, and the reaction wa&g . cChpngt end
catechol borane | ed to no f o(Smetemfen of t he de

H F>hF>h
S H Ph
N\g©O R) Ph
N, _O
Me I?’
Me
166a 166b
[_34? BnOCOCI H 1)MeOH, H* H bp
N (R) CO,H — l}l CO,H —_— 'il bh
NaOH Chbz 2) PhMgClI Cbz OH
H,0
167 168 169
HCI
NaOH
H pn
(R) Ph MeB(OH), H pp
N -
‘5-0 N Ph
ud OH
166d 170
Ph
Ph /1
q (S\®
—— /N OH
Ry Q_H\BB/H — R H
Mde I
RS RS
LIl 152

Scheme The hydri desiime mbelriedercgdad | vicata anslfi on state
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XXXXXIHI 152
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Results and Discussion

Determination of the absl®bl2ute configuration

As next, the absolut é5&2fotndrn gtulm & t nSesdpui @ tfoi bdortr eaut e
ester should be deter mi ned.s uCrsytsittau 1l®i 88 aat |i coonh
NOPh|l cdBi@aind naphtlh5@%e rad caothtod mpt ed, since the
among al l Hbwewerc,ohdéespite numer ous -raatyt e mpt

di ffraction analysis could not be obtained.

To increase the possibility of crystallizat
alcdbh@ljere cobdtot edntalhel Ppenzlory@dlasbrodomiadened
Vi scod¥msmAgudelssteri fication of the algolkRbdldewdit
only 47 %wlpe oegsatsetr,i f i cati on usi ng dacchy celveehde xay
hi gh®2% yi eledss.udTmenalurnBhs put i nto crystallizat
the only crwastdaing dd ctgail méhce xy|l ur ea, which was
hydrolyzation of tlkeyBC@pt & gSctimedrped ilr i ng t he

4-Bromobenzoylchlorid
DMAP, NEt;

'
CH,Cly, rt, overnight 8
2Ll 9 F3C)\/LNaph

87%
F  OH

\
F3C)\/L Naph 172

Method A:
152j 2,4,6-TCBC, DMAP,
NEt3, ferrocene carboxylic acid
DMF/toluene, rt, 16 h Fe
47%

Method B: N
F3CJ\/L Naph

DCC, DMAP,
ferrocene carboxylic acid
DCM, 1, 16 h 173
95%

Schebnze Further functionalli52gt ifoarc idfi zteh & heel lcyrlyisc ad |

Ascryst alplriozvetdi omhalt hendobnagRs it e r e & hwas s
consi dekreeyd .p rdifinectihplse met hod i sMdsHedrs telsae ear y Imp¢
an anisotropi c, magnetic shielding effect on
ar vyl ring. Twgidbvaseauer e obd tadl MigRlga n &- 3(, 3, 3

t ri f-Zmectrhédpxhyeny | propanvwIyPHEl t ARy oreil @16 %W¢gand 93 %
res pe ¢Stcihveenpey
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Results and Discussion

0 0
S)LCF RLCF
C')Lg( ’ CI)LS{ 3
FMSO'— Ph MeO Ph MeO Ph Mgf?
s I(R‘) (R)-174 (S)-174 FsChts)
F (o) (6] pyridine F OH pyridine F o 0
- >
\
F3CMNaph CHyCly, 1t, 1 h F3C)\/?'\Naph CHyCly, rt, 1 h F3CMNaph
93% 86%
175 152j 176

Schebme Synthesis ofl7,&8R®s idR-0T P-Elr eaSwdel rfsSl .
In tHMTHRA estogmoutphevhRch is closer to the phe
would shift to the upfi BIMd@ PAn et higmr ouph evrowirh.d
shift to the wupfield. Acsotlden@&HCECERBagNMRp,
napht hyl group, the absolute RconThpgsr ateisan t
accordance wi tORTtLA¥h powegh cttheo®ncdompari son of 1
signal s 13 aenstt3e®JErR( &) ] the absolute confi

stereocenter R(8shesieer mi ned as

(-)F.

1

=

D

O,
o

S-MTPA ester R-MTPA ester

R, more shielded—upfield R{ more shielded—upfield

R;:88-3R>0 R = CHCFCF3 -
> Configuration R
R,:8S -8R <0 j R, = NaPh onfiguration

|\|/ITPA
O

F

FsC +0.10

-0.13

Schebde Pr i nwvois piees t cefr aamthN MRsihd ft o fe sth&m M& PA
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Results and Discussion

3. 2PBosphor yH aitoir ol | @ dyhl @I cs

The next step involveoxsbthenehoaphygpt ytatail el
phosphatveesesasert see | eamedgagedupl i nl coppebsti
it solves t heanmd orbe geino soef-Oestt teirkiot gn Bleee@sily
the acidity of [¥er pihowipawore £ dacloioch.st r at ed

effectiveness of vari du8spheapyhagegesups der

comparing the perfor mance (Seihtedrthed et at e, chl o

RO\P/IO .
Y\/MQCI . Rd ~0 CuCN-LiCl Z Z Z O\Si\/
}/W\/O‘Si( THF I Bu
| “tBu
R = Et, iPr, CgH4, Ph, Me,N vl a>99:1, EIZ=96:4
177 178 179

Scheme Empl oyment of phdy@bateaeshgrgdeuvpsysatnveE€sg ()
substituti ovrmemamMoOmestpoalt.ed by

For cogptpelry z e d al | yl iz8s u bssutbisttuitteudt i @aihl yolfi c CFal
YAMAZARIt colul d demonstrate that phosphate este
of the deacetyl ated ¢€Slclhydmpet®lal cohol as si de

EtMgBr
CuCN

TMSCI Et CF3
EtZO 0°C

181, R = Ac, 73% 182, R = Ac, 23%
181, R = PO(OEt), , 98%

Schebnfe Empl oyment of phosphatsullesttietrueaed 4dlelawliing gu bt
YAMAZARIL al .

Il n this study, diethyl chl orophosphate was u
diethyl phosphate esters, as it is readily c¢
prepared by the chlorinaii &m oafrAT sERa{dioyl p h 0 s g
reaction. Di et hyl chl orophosphate acts as a

nucleophilic substitution occurring at the p
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I n the
of DMAP.
equi val
over two

t he

phosphoryl ati o+#.0

phosphyl ati on
The
ent s,
steps,
startings ardreiod atltijoenna oubl e
%N smagt i hags dxut ek@alVer edu

Results and Discussion

reacti on,
di et hyl

t he

pyridi
amount of
on react.

depending on

bond

suchsNamsBuBHti , as well as |l ess nucleophilic
of them |l ed to an i mproved yield. The
which is i kely due to the inW abilyitydsf of |
36%, -Cilsebditit utledla sdishbBhl srtditBte&gt reidbi t | ower
aver afre.cdul d be a side reactdiCobn &#Birdrc atnh eascet
|l eaving groups. THea 3hoognwhty ibeel da orfe ssuulbts torfatteh e
i n the pYScihdebniee r i ng.
"
EtO—P-CI
F OH 1.20-3.00eq St F  OPO(OEt),
FAC NS /'—R DMAP > FC D
QU py, 0°Ctort R
2-17h
152 183
F  OPO(OEt), F OPO(OEt)2 F oPO(oEt)2 F OPO(OEY),
FsC 3
o] Cl

183a, 71% over two steps

F  OPO(OEt),

CF
FsC 3

é

183e, 51% over two steps

F OPO(OEY),

é

NO,

183i, 54% over two steps

F OPO(OEt),

é

F

183n, not enough SM

Schenfe Scope of the

Cl

183b, 50% over two steps 183c, 52% over two steps 183d, 18% over two steps

F OPO(OEt), £ OPO(OEt) F

S

183f, 59% over two steps

OPO(OEt),

FsC

é
d

Br

1839, 36% over two steps 183h, 59% over two steps

F OPO(OEt), F
\§

OPO(OE),

OPO(OEt)2 FsC

183j, 62% over two steps

FsC

.;
a

Yat

183k, 55% over two steps 183i, 40% over two steps

F OPO(OEt),

S

1830, 12% over two steps
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Results and Discussion

Substlr8at8&s i arMseub st i t ue leacriwiltadrh ea o an drggdam d

Usubstdyaltiead pllBosE®Iat esnot succAssbduddiPyg obo a
NMR revealed absence of the phosphate esters
Notably, thepOMesubsetitatb88mhmspglhate ast t o t
synt hemOMe whhstitut eld8 3 hsousgpgheastt es t-rhiacch tshyes t eeln

contributes to the (Soeeb@®ebi | ity of the phosph
F  OPO(OEt), F  OPO(OEt), £ OPO(OEt), F OPO(OEt),
NS NS
Fol” X \O Fol” X S FsC F3C
/ | 4
OMe
184 185 183m 183p
F
(EtO ),0PQ (EtO ),OPQ FsC \ OPO(OEt),
183q 183r 183s

Schenme Substrate that were not obtained due t o

Aproposed mechani sm fsoev girhads pdhesiceosnspr B ebretdit. he o
p hos plh8a3taen d hlreet er oar omat i ¢ slugpds§ 5 tt thtee dp hsowstpshtar
instable as a resulRoroft hehec yedlaatt ripadhno sriprdad reanye
LIl Vwe-st abduezed t he Ipddjpgnteetnnyplgeamépids tmechani s

i s alepoesdmrhei eecompooit theewa !l iocf pthi&BBat es
(S c h ednpe

F OPO(OEt),

NS
F3C
183p
F
)
FaC™
LIv
F\(O'D’g(OEt)2 ¢ F ¢OPO(OE),
m
FsC —>» decompositon & F,;C X =
o &7
183m 184-185

SchebmMe Possible explanatisevefral phespdatmposit
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Results and Discussion

As commonPBNMRoOiwn,one of the frequesitiBe emp]l
al so processes a nuclttaalrfdMR wé¢ a4 uiPeNViRmt sa,d d i
was al so measured for these substrates. As a
fall s withiih. 2h2et02anpgpem,ofwhi ch corresponds t
phosphate diestSerheinieR hlread idrelryatoame fatur al |
i sotope, it prodeeceog nNMRbgieg sariad .| Mattabl vy,

exhibits a relatively high gyr ¥magmretéi cMHrzd tT
resulting in a resonance f HéSgcuheeimdBey°3babout 60 %

a)
OH OH OH
o
0=P-0-P-0-P=0
ono
OH O OH
oH oM i Ao |
[
0=P-0-P=0 Pyrophosphate
[
OH OH
OH
Phosphate dlester |
i_'R—O—P—O—R
OH n
I 0
HO-P=0 orthophosphate
I
OH OH |_?°
1 OoH
R-P=0 I
Ph h ter =
Gonia CI,H osphate monoces R.o.pl-.a 0
t { oH
L ] ] | | | | | | ] | ] |
30 25 20 15 10 5 0 -5 10 A5 -20 -25 -30
Chemical shift (ppm)
b)

140 145 150 -155 -160 -165 -170 -175 -180 -185 -190 -195 200 -205 210 215 220 225 230 235 240 245 250 255 260
1 (pom)

Schermde3®) chemical shif-tonhagei off tommbhnoRall®dgr adihes ba
chemical shift of +th®83eWBtealilnse dwipthhoidrp Btalk eeCoeasp peen,sofs a
singlet.
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Results and Discussion

3.2CHA(-Mgdi Altley@l b st iotfFHt U o n oRhlolsyplhiact e s

Thegr iynafrocus of this study 1 scotpemeedsitaatbeldi sahl |ay
SsubstitutionfbbobwalphipGeihae Bisd8 vryee logpdtiimailt y i |

reacti-onderl owganocuprates®hre commonly empl

To optimize the reactli8Bm sc awrscidt iaocsn ,t hteh emopdhed
acepgradt GriItGaldrRE ad8mtascshosen as the model nucl e
reasons: firstly, it allows further functior
t he pol arity fodcitlhietrgparpoatgacteéiavsd elrandi ng Tdhfi st he
increased polarity is advant@gadiussonfears tome t

col umn, particularly given the relatively no

Tabet eOpti mi zati ome difattende alolpyleird Iubstitutio

FsC F

{7/\)%[2
o o)
y-product, 186a
F OPO(OE), OJ\AMgBr 188a
~ cu(l)
F3C V (04 »
THF, T, t F
0 Z

183 <’ CF,
0

a-product, 187a

& Cul} [ed R[Mcgqu]r [TAC [th' F;autl \El%ﬁl
1 CuCN 207 2 02 140 2  3:1 76
2 CuCNL2L 2.0z 2 02 140 1 >25: 87
3 CuCNL2L 2.0z 2 02 130 2 14:° 85
4 CuCNL2L 2 .02 2 02 178 17 - i

5 CuCNL2L 1.01 1.01 140 1 15:° 86
6 CuCNL2L 0.0z 2 02 140 1 5:1 89
7 CuCNL2L 1.01 2 02 140 1 4:1 90
8 CullL2Li 2.0z 2 02 140 1 8:1 96
9 i i 2 02 140 1 i i

I niti@duwi,val.2nts of CuCN at 140 AC in THF w:
a ratiomamdprtohdeuctl ti m u3 nkedUandr @ diiadi stcheer s ar
inseparabl e. But the ratio of these two pro

correspogdbafmNgMR. The distingui shgyeFntofi st hpeo sFsTi
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Results and Discussion

oup has a characteil7Q ias & hppmhd&EMMR,s hwifitl & e
e ol efiUdgrFodubat id&0T1t4d (@Eemit)r.y

ver al sWAwAd smwafl fBdmiiNocHet [d49howed that util |
CNL2LiI CGdnhlasndc etdo regi osel ectivity. The CuCN
epared through drying CUuAGN atthde! Liit Clonun cie T}
so commer ci dnlderauadiel aslalme r eddhtei croppemdistoi
CuCNL2Li CI i mpr ov exd etgh eo syeil eelcd itva t87 % oa P
e reaction temB®Or dAfCyr ¢ hwa s ermaa& itfsSoaramatstdi mwe d f ¢
odeattry 3). Decreasingg8t A€ T eacbi oed) emper
ducing the or galeogc ssphpoeme dr eaa gneergta ttiov el .iIlmpac t
ntry 5) .apFuritchaetrinoonr eo,f catal ytic amounts of
pper r GRa gNeARTE atg@ n t | owered the regioselect
dicates the stoichiometric use of a cupr
Il L2Li ClI could i mprove the total yield to
gi oselnga®tyi. viAt o e nuslionng@sp e NARReangte Nt was con

d no formation of prodab6l ecould be observe

e results suggest that formation of the st
r t bree hiigshel ecti vity. Al so, Li ClI pl ays an
e effect of LiIiCl on organocuprate reagent
S a positive effect on the sioelsuliffream vl of
ovided evidence for t he f g'rniaattieonc oanfp | & x k

| Ufilon.

ilization of 1: 1GRraNtAR® agéntt heorCaNormalnyd t |
anocuprate RICl (AN) MghBern atthe temperature i s
rmation of t #fa Mg)iB&ll Lkvgihycpuep urremagge mt  woul d i n
en two equiGCraiNemm ag ecoft tahree present , the d
rmed, formation of higher order cyanocupur
e nature of the exaclt®Sleeacnal vetageesesuggm:
t ween the CudMgByl|l anpdr ahe Ri gh@uCN(F MMERBr )cyan
l uti on. BSdkwvaeaue salbwes mt hat | ower order and h

eferabl yorlegads ébedthievity, whilhegidoséekgttu

(Schernest 291
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Results and Discussion

CuCN + R-MgBr —3 RCu(CN)MgBr lower order cyanocupurate

CuCN  + 2R-MgBr —3 R,CuMgBr + Mg(CN)Br lower order dialkylcupurate

f

R,Cu(CN)(MgBr), higher order cyanocupurate

Schefme For mation of possible re&rRIIGNRXRR TQNtat e spec

To compare the effectiveness ofl8®mads ghatb® nad
19Were synthesized and test eMo ufnadrema tiboen soafmet
>product cou(Sd he’f@eobser ved

F  OAc FsQ F
F CMPh Cth
3 (O
o]
189 O)\/\MQBr 188a y-product, 186a
or CuCl;l'IZLiCI
77 >
Ph F
FsC Ph <’j/\)\/k0F3
o)

a-product, 187a
190

Schermbdo formation of desired product when using ac

Based on the expgeorlil noeencthagln irsens uclatns ,b et hpeost ul at
S\2-selective oxidative addition of the organ:ct
allylic substirttaliasd d mplveFu nsge ghhent Iny e rlfld i at e
f or medowedvaenr ,i s o mer i zael dctyhimpdlvidgho tihnet e iviteldli at e
Reductive el i minaAadarmBf oodfmst hehei rctogmrmegioantda n g

X is -tar amosnf er §om,ulpt He keel eCiNt r on wi t hdr awi ng ¢

reductive el i mi mdtsioane rd gaitn otn tbhled wreatne t he al
way, oprhoedlu8cbts preferably for med. When X i s
di alkyl cupurate, the rate of reductive el i mi

i somerize to the inalelryme diirattleer nBeedhitiartoeg ghot her
t hgpr o dluscA°Mor eover, when X wa sr ecghiaonsgeelde cttd vii
| ower ed, suggests that both intermediates Wwe
stochiometric amountstdfe tolpd i R@aU ( CN)gMpPBre | geicuw @
to drive the equil ild¥Whe nr e dsheel @ mttiewimeyd i aalt s

factor sr eactteumdpnenrgat ur e and sol vent. I n gener :
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Results and Discussion

and characterization of these i nterrmamiii antse ¢
contr oS eh &nia |

1 CF
LG CF; Ar 3
(EtO),0PO. CF3 [RCuX]
HA/Y [ ] \Ar/C{?\<F > \//QSF > AFWR
r F oxid. addition x° R X=CN, I X R red. elimination CFE
Intermediate A
183 n-complex LVI y-product
Lv 1} 186
CF
Ar 3
-allyl- Cu
m-allyl-complex x~USR
Lvii

Lx = alkyl

YY—»

R red. elimination R F

a-product

Intermediate B 187

Lvin

Sche/me Postul ated react i olda ndrcehguind ssel & cotri vihtey .di f

Subsequenmtolsy h adtiefsf ebreeanrti nsgubst i t uents on t he

phosphates were examined. I n t903t% Iw e rvee rayc hg cec
Ane x ciegwvia s f o utnhde wsiutbhs t r azger oiu8& r wmigc lma NI vy | ed
yi el d.solmeilmow ssur pri sing, &BIGNARB &g antk noavinl d

to an aromatic nitrBArRDaionudpo,l ea hs Yot eheegsvi@sr.,i sg d c
regioselectivities ranging from 13:1 to gre
subs tlBemtndds8hés h o we d 3droewgeiroesde | ect i vioUyr odbhet rwd s
deter mifaeMR.bylt i s al soEmsbeewoitshbhwmet hatveonal g
substrates, Eshtoewienogs etlheec thii@itthyermef t hi s react.i
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Results and Discussion

F OPO(OEt), 188a FiC F
FaC S Z I CuCN¢-2LiClI C NS I
R*/: THF, —40 °C, 1 h 0 R{\
183 186
FsC F FsC F FaCF FsC F
Y )V\G\ 7 y
cl cl Cl
186a, 87% (>25:1) 186b, 93% (20:1) 186¢, 86% (17:1) 186d, 80% (>25:1)
FiC F FsC F FsC, F FiG F
Br
186e, 76% (13:1) 186f, 89% (20:1) 1869, 92% (20:1) 186h, 91% (14:1)

FaC F FisC F F3C, F

22 T,

186i, 55% (>25:1) 186j, 80% (>25:1) 186k, 92% (20:1) 1861, 81% (>25:1)

............................

i c suL&3tlistodtaiteerd ws igd g sy artihcel

Scherme Scope of the allyl
MR ram ch eglr dsyent ed in parenthesi

product was

A r anGrRecNafRe a gleBwtass al so examined undero>the o]
regioselectivity proved t ole xoyel MgBc el | MenMg Ba «
Ph(LMgBr exhibited very good yield, reaching
demonstrates the excerledNArmagiPotMgBancesaftaldky

yield, |ikely attributed to the steric hinde
of IPh€@u( CN) MgBr . He x e myMgMBgrB rr easnud tBerdO(iGhH 35 % ¢
respectively, which is rather | ow in compari:

all yl MgCl wRef leunprl ioryaetdg oamupm fwa heollCFer ved whe
applied, dfeedninilnugo rtonesi de pP¥MMR can dlayssids .onThih:
Cub-F el i mi nage-«nff aoncasg kane@®p b ermpeld?!

59



Results and Discussion

R,—MgBr 188
F OPO(OEt), 27VIgET

~ CuCN-2LiCl
F3C
THF, -40 °C, 1 h

183
F.C F FsC, F FsC, F
M Hex)v\. v
189a, 93%(>25:1) 189b, 83%(>25:1) 189c¢, 59% (>25:1) 189d, 35%(>25:1)
FsC F FsC F FsC F FsC F
Bnow. Ph\/\)w th M
189, 41%(>25:1) 189f, 88%(>25:1) 189g, - 189h,-

......................

......................

Schermbe Scope of the all ylGrRicGNaRE®JIe st dulda toend uysiienlgd sv,a rti hoeu
aUproduct was ‘®@BMRram chemlr ddsyent ed in parenthes

One of the chG@GRIlceARpeas einst st hhauts tt hbee prepar ed f
use. The titration is performed aKNnocecweEt ng t o
all®?hi s mebtahsoedd iosn the rapid reaction betwee
iodine in THF saturated with LiCl. A sharp
solution at the end point of the titration
consiuompt of il odi ne. TIGRI coosmmEaedentati ® nd et ert rier
amount of consuGre dNAR®AIgreantand hteheTadldTeh s ar e
titration should be conducted carefully, as
ensure the GRIdNArBUOI b6hef CuCG&A2LI ClI in the rea

Tab?t eDeterminati on ofGRténarRPAgeahsrati on of t|

0.5 M soulution of LiCl

RMgX + I P RI + MgX,-LiCl
188 in THF
violet solution clear solution

# RMg X Determined Cadln
1 Me Mg Br 1.83
2 Hexyl Mg 1. 23
3 i-Pr Mg Br 1.18
4 NN gBr 0. 26
5 Ph(WMgBr 1.02
6 B n O(2ENHg B 0. 58
7 PhMgBr 1.00
8 A~ MgCl 1.53
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Results and Discussion

Chirality tcrhanrsafleralolfyltihce phosphate to FTF gt

Transferring chirality from enantiopure sub
met hods teonaghen eoreeatrda cakdy mol ecul es. The synt
center remains unexplored. Therefore, t he «cft

correspo-abl pbi ETEompouR-d8Waasstudalkdowsropt
anal ysis of the phb&@jmatcehi amd HPE&Cpr dhectsy
corresponding (®ABrfaodl | phweslp htahtee pr ocedur e wh
described. As the drbawetrieo nmeorts soefp atrlae f s&lt dah oH
chiral alcohol was not akbeleef ttoh eb ep hnoesapshuarteed .w a
by HPLC, ewis ht &7 %@ esul t. With ABe 8t lkedardgc
GRI GNARBagen®Degn@GueNR2ew@bk, ob8 i ned. When the
|l ower edACt,os865@8®0 | d be achieved. Rasing Ot he an
equivalents didnodét hage Aifgmittheranded mddsuena

not considered since the $eclae&mhe on does not p

(5/7—NH o
Ph ¥ QuOEt
O b R
PH

cI”y

F O 163 £ oH OEt
X . DMAP
BH3 Mezs
FaC OO -~ >
THF, rt, 1 h Py, rt
159 78% 68%

152j, (ee = 97%)
(0]

F  OPO(OEt), <o\)\/\

MgBr cyucN-2Licl FaC . F
~ 188a o 3
Fgc (R) ) /
~60°C, THF, 1h o

80%

(R)-183j, (ee = 97%) 186j, (ee = 85%)

Schelnbe Asymmetric synt A8$ihy oauufghFTthicampdwyi@3jansfer f

Et hGrl cNABD d GrRItGKAWRTIr e al so tested under Itrhe s
both cas®es,ulttreed 150 %.h eT hrea negxea cotf r Be&ndd9df t he
coul ddét ebmisniedce the two peaks of the enant
overl|l apped. The separation on HPLC coul dnot

c omp o (brc d €/nye
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Results and Discussion

2.20 eq R—MgBr
F  OP(OEt),

FsC, F
~ 2.20 eq CuCN-2LiCI N
F3C R o R™ =~ OO
-60 °C, THF, 1 h

(R)-183j, (ee = 97%) 186
FaCF FiCF FiCF
186j, (ee = 85%) 190, (ee = ~50%) 191, (ee = ~ 50%)

Schernrle Asymmetric synt hle&Aj9dmd9.1IFTF compounds

According toCorbenBOAZIdtyhd royyémmetry of the d o
simultaneous binding bBetowedn atlthe fd tdreb iCt=aCl ba
overl apping between d ontbidfa-OtbleendC t ilei sankt é & d
an&Pselectivity oflnheursteaso,c htetmé sdlrky | gro
shoul d att ac ka ntthoe talel ylhios pshyasteemgr oup, t he o0x
foll ows on the ,hbackisnget bé&l X meehéeasiiett en st a
conf orsmatmaindn B awéi pessoblL¥yr snamooerdBhea vioo elde s
al |l yisitaTali in8 phasichbeodre descrsitlee ¢ otcd eana tsth ir gyl oftf |
substrtbesasiily $ 8 itk isonf.eRulits, ain al kyl group,
center 9$Skowlfd e hhdnmd

RCuX
F\ OPO(OED, iy R S hr
e
F5;C (R)SAr _ F4C S LG
183 R = alkyl LIX
RCuX RCux
FsC R Fe ! — » R 4 Ar F.C R
A TN = s
PR Ar FsC LG F LG F7S) Ar
(R)-186 conformation B conformation A (S)-186
LXI LX
Sche/mBEavored f ®OfFlBdy eRphig@®nfdetr bi t al intdCacan@nC)bet weer
anld C{) .
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Results and Discussion

To explain the ster &aomdrloseiaany ioofn tmnheicsh arneiascn icoa
After the oxfidramiinvg taldei Cu{Gldll )y IsipcdAtXmp | dxh e
fornmMehnce i ntekXdedn ait o mer i ze itnhtreorufgd lrackthaet i on
two intermediates are similar in energy. The
account for the | B <gVARi cabn.druaclt e dniod tmegt isi novne. f
the | oss of c¢chi tcamlt ail yfzeerdmaatl il oy i.ich es@bEdii ntude d C
t hat ecdterfoinci entl edwabisolghatsess o f c hi,rawhiicnhf oir ama
accordandbdel emadtetioinci enc yf loufortimet edt rdd lsapr, i ¢ s L
el ecdtefoinci ent al | yl l igand on copper (1L11) i
el i miywailcowamds tequail dogreetr ifoor t he all vyl I nt er
greater | oss o$cledri@e®d1'°5/nf or mati on

RCuX
2 H FsC FsC
FaCu 2nG LG Al rotaton 3 Ar
A F\\‘\\(%/ X
F LG /CU\ = F/CU\
R X R X
conformation A LXI LXII
LX i
FiC, R FsC R
~ / 2 /
F>(S)\/\Ar FfR)k/\Ar
(S)-186 (R)-186

Sche/nme Possible egpbtanmaedonedf @si @ me
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Results and Discussion

Determination of the FTF stereocenter

To determine whether the FTF sdcdngaucant em, c
strategies were consi der ecd.y sStarfatda gy rAa citsi obna
|t begins with the deproteclt8ipgms ubfsetqgluenac et
amination sisouwmigd Bynpl¢lod echedBrami ne. I n the fi
be converted 11%2 suitabylke &d&dmrderystallizati on
the ebyttituted compd@thhdr auwg hc ha zrcad o layl sciosh od n d
can be synthesized from the chimcsat empl oy By
chiral chromatographic anal ysi s, iatb s wbout d

configur asteee e ndcehreBrfles

strategy A: 1) deprotection
E CF 2) reductive amination
3 3) sulfonation oy FsC F
0 « NZ Pph ——— Q ,NMA —> crystallation
o < §\ * Ph
0]
186j 192
strategy B: E CF 1) ozonolysis
3 2) reduction FiG F
_— - hiral |
OctylMPh Octyl)‘&/OH chiral poo

190 201

ScheBme Two strategies employed to determinate

The results of Bbeélawpgyoac tatrhee sahcoewtna | i n ac.¢
aldeh9ide 75% yiel d. Reducti v ®Era@SnhR@pgp aama tcws C
resulted in 80% yield-prohechikdbsagnegn aRd /oG gav
primar 2 9&mi oely 22%, along with a side produ
hydrogenat ed. Af t ecra nmspthi@fuol nf aot ni yal B¢c7hdosmid nygd a( +t) r a
prodludc8toul d be obtained, which was not poss

sequence was not scea$elbteetqd e eeSnigttrsat egy B
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Results and Discussion

F OPO(OEN),  4gg E CF
NS CuCN a2L|C| OW/\)(;\ p-TsOH<H,0 R CF3
: » . 0\/\)</\
F5;C <’ 7 Ph — A N Ph
THF, -60 °C, 1 h 0 a‘:?e;;”e
(R)-183a 87% 186a ° 194

1) BANH, p-TsOH

tolulene, 17 h R CFs Pd/C,H, R CF,
2)NaBH,, MeOH, 1 h \/\)Q/\
5  BnHN NS HaN * Ph
MeOH, 24 h
80% 22%
195 ° 196
CI\I/S/I
o)
o)
' 197
oO H R CF,
_— ‘\s’N\/\)&/\Ph
EtaN, CHzclz N \b
17 h
trace 198

ScheBmMe Strategy A to determinesteheoczlkesdleut e conf

Il n strategy B, the 109ftaysl cowmlvetrittewt e dh 2@dmpeu n
via ozonolysis and subsequent reductil®®. The
i f NaBHused isstaead hef qMenching step of t he
reasorp,ochierda l p ool Seaylnctdéhiedshiss rteop rtohdeu c(ed, t hi
repart®eltt arted fromlilyeéi 2@t abhéh i s c¢comme
avail abeé éScihne8npe8 %

Throagh enant [EpcHENeECERIVSENe a r r alnt§ @ imEdmt K Ao
reagentS-1%8aisdeo b(t ai ned i n 79% §ilkhdwnelrhteir mge an
allyli@o@bcbbiBmnaatur a®@dd®Waamihdieghl y 41 &ker ed
transi LXIlokS cd teSnperl?!

CF, FsC
HE
F —
EtzNi\/O”m/R 'E:tMR
)

R —> R
Faoi\w\/\/\ FSClm/\/\
Et,N” ~0ls) Et,N"N0

LX1 199

ScheBn2e Transiti omr exatrataen geefme@ltaivddaKliclhlai r transiti
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Resul

Hydrogenatfi®dwint omfPd/he
t h®alce®WdlCompari son

enanti omer resul ted

anal ysis and

R-al l yliclgll@es pshredrtdeirnog | |,

compound after chiral

Octyl—MgBr
CuCN-2LiCl

F  OP(OEt),

e

(R)-183], (ee = 97%)

85%

ts

from

measur ed

»  Octyl(S)>
—-60 °C, THF, 1 h

and Discussion

and subsegpa@adt Ng®&dacti o
based o0B8-a¢ktiQioa b

t he

GBepmave
ey MoewBrRs t eal |y
opead alabe radg awe lolIn. vian use

t he
transBe¢c hcedper espond

absolute conf i ¢

Ity

FsC, F
N 03, M628

~78°C, CH,Cly, 1 h

190

FsC, F
__OH
F3C :F o NaBH4 OCtylé/
Octyl R
H 0°C, MeOH, 1h (8)-201, (ee = 45%)
44% over 2 steps 25
[a] p2°: +2.1 (¢ 5.7, CHCI3)
200
. F NEt,
\H<F 203
OH CFs | Et;N FoC
T > s NEt
NN o
(S) 0 °C, CH,Cly, 48 h o
79%
202, (ee = 98%) 199
chiral pool
i. Pd/C, Hy, MeOH, 95%
ii. LiAIH4, —20 °C, 6 h, THF F3C}{/OH
then NaBHy, 0 °C, 2 h, MeOH, 69% Octyl(S)
(S)-201, (ee = 91%)

[a] p?®: +3.1 (¢ 5.7, CHCl3)

ScheBnde Strategy B t

6 6
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Experi ment al

4 Summary

| n pr otjheeect® dha,| y zceodu pcl ri onsguu tr ielaicziimgrsor ganozi nc
reagwintth fl uorinated allylic secoamcphyagsar bor
on atyly-coupésésng reactions employing aryl nuc
Th eNEGI seibupl ing gave overal/l hilgh@&ndiBvdednd of
compari 8guwiotulp! ibHe,l i ams nati on and defl uorina
| argel y ulkedtucwetdhe | i mited applicability of 1
determine the enanti osel ecNEGvV §di1y u pdffiomg htehepr
functionalization of fluorinamnga dloltyhl iccoupd
reactiopneduntdts could be isolated, although t
| eaditidpo u ot & iptricodht bl 4 (S c h eBrke.
OMe
p-OMePhB(OH),
£ ocome _ PdEPPICE, KoCOs o i
R XAR, THF/H,0, 80 °C RANAg,
127, R4y = Ph(CH,)3, R, = CH,Cy 130, trace
141a, R, = Ph, R, = Me 143, 17%
OMe

p-OMePhZnl Ry

F  OCO,Me Pd(PPh),

Me

S
A : .y ®
R1 e
THF, rt MeO OMe

NS
R1 Me

143
148a

141a, R, = Ph,
147a, R, = Cy

81% (143:146 = 1:1)
70% (148a:149 = 13:1)

ScheBme Summa rSyzueafnNEdIescHo up !l i ng

To adtdhess<hal ppaopect tBe was

reactions

146
149

using diff

i ni teinehtaemtth ewg t h

d>regioselectivity FRmtt@n easunbgs tgiethactreend Tsatr ashh i @

endhdeCumedi at ed al lylic

GRI GNARDE agent was studi8B&d.s

regi osfell eetiivwati on
reduction

Subsequent racemic

(S c h e8nke

67

and

substitutl®atiolfi zd en@o
Blyent i hostpdmEds ¢ nT he
us-dn § eDIFMBOA iodfe st htel & 9f3l uor

phodBRBoryl a



Experi ment al

1) NaBH4, MeOH, rt, 1 h

0
2) CI-P-OEt pmaP

DFMBA F 0 OEt F OPO(OEt),
o ~ CH,Cly, 1t, 17 h PPN 2 o 217h Fc S \/l
R‘{~ up to 99% R‘{ up to 71% Rf
157 159 183

Sche8me Synthesi §88lir oplhols pfrlaatceerneidcatt oon and phosphor

To investigate the potential for chirality ¢tr
enantioselective skyHfadrhdense sf lodloSowdaas aerixepd loc @ lol o |
asymmetaieduclt,i2on utilizing al 6 &Ixihn &li t esdpi tho

enanti odedrielcgl svadt g5 2Sjc h eBne

(s)
Ph 3’B'oj
ol

PH ©

F (0] 163 F OH

X BH3*Me,S N

Fgc 3*Mey FaC R) @
THF, rt, 1 h
159 152a, Ar = Ph, 85%, (ee = 99%)

152j, Ar = Naph, 78%, (ee = 97%)

Sche8mbe Enanti osel ectivelid®duction of fluor c

Compol&®Wlasynt hasi kedi2hgCCua@NibausNAR®R ageidhe
reaction demonstrated ar éogiomde |seuwchtsitvrBEdttye asncdc
Sstereosé€decdati @, ttyhi s i s the first method appl
FT-Br a@Ghpi ral ity transfer flri888Bm ¢mantcioopes@omido
prodiucdiscate the st eriemasteiTahdet iavbe op att en tcioanlf | @
det er mi mreidr asly nmotosls ng| ¢ & 1® (Blc h eBnye! ! 3]

—MgBr
OPO(OEY), CuCN-2LiCl F1C, F.C
X THF, -40°C, 1h — N
F,C ’ i N
3 (R) @ > Z @ — oaw%s)\/OH
up to 93% R = Octyl
183 186 Ar = Naph 2%1
OH
/\W
(S)
202

Sche8nfe Clmedi ated allylic §6868sdidateromi mndt iphhro spt att lee
subseqtuleaent rtad i.t y transfer
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Experi ment al

Zusammenfassung

Il n Proj ekt Ak amuarldyesni edritee nPdKr euzkupplungsreak
Organoadek Or-Reaxgpaémzi en misg k uh & &lolry leacarelmonat
untersucht . Der Schwe +Ap kKKyr ketu z k @ g p | duanbgesir e a kb f i
Ver wenduneluwkd re oprhyill en.

Di BEGI skuppl ung ergab SuazuvkdMep mllen g hi resuge s a mt €
Ausbeute der gewdndsrcdh4 @a d &brHekill @ kmiieni er ung un
Defl uorierungsreaktion weitgehend reduziert
Anwendbarkei't d eSc hSawi besrtihakteesi Emact desel ekt i vit
besti mmen, bl ei btNEdlis&iupyplr wegdiing der Funkt:
fluorierten Allylverbindungen eine Herausfor
keioheodukte isoliert werden, oibdwomtlwtsiidee eyl ts
die zu den Doppdldd @dnOitobchre8ngbu kt en

OMe
p-OMePhB(OH),
P f)Cl,, K
£ ocoMe _ Pa(dPpNCL KoCOg i
\§
R R THF/H,0, 80 °C N
1 2 2 R R,
127, Ry = Ph(CHy)3, Ry = CH,Cy 130, trace
141a, R, = Ph, R, = Me 143, 17%
p-OMePhZnl R1 Me
F  OCO,Me Pd(PPh3
AL SAA®
L THF, RT
MeO OMe
141a, R, = Ph, 143 81% (143:146 = 1:1) 146
147a, R, = Cy 148a 70% (148a:149 = 13:1) 149

ScheBmgusammenf &B3zsuxkan ghedsesliuppl ungsreakti onen unter Ver\y
Substrate.

Um das Probhl evmrade Idaseroj ekt oBegni ¢ se@leenk Zi el
verbessern -ualdt isgea bti eter@s kbstituierte Kohl en
Zweck wur-der mii et e€Clut e allylische Subs18Butior
unter Verm@ndusMRe@ adeantersucht . 1 ®O&uwsr dReh oismp hétt ¢
Schritten synthetisiert. -Dilel wmsto D&IMBIAL il v e f
das FIl ulctr9oPnenanschlieCende racemi sche Reduk
verschiedenenlA®thg&8paosphaten
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Experi ment al

1) NaBH4, MeOH, RT, 1 h

(0]
2) Cl—E"OEt , DMAP

0o o DFMBA F o Ot F OPO(OEY),
CH,Cl,, RT, 17 h S
FaC Z - FCT XS NF I PR.RT.2ATH o FiC 3
YA bis zu 99% S bis zu 71% K
R1 R1 R1
157 159 183

ScheBmM8ynt hese vio8B@BuRltcdhs FHatori erung, racemische Reduk

Um das Potenzi al fer den Chiralit2tstreae
Substitutionsreaktionen zu untersuchen, wur
Al kohéRBss dem FI1 8eorrfooernsocnht . Di eeRadylkntmed m i snt

Verwendung eines cHieBal ghe Spi nebboate £thamg i «
Subsibam@&5 2Sjc h Anpe.

% __NH
(s)
Ph 3’B’Oj
o}
PH o
F O 163 F OH
S BH3:Me,S NS
ey I N
THF, RT, 1 h
159 152a, Ar = Ph, 85%, (ee = 99%)

152j, Ar = Naph, 78%, (ee = 97%)

SchemMMEnanti osel ektive R&8@ktion von Fl uor o

Di e Verb8wuduwrg unt er Ver@@end€ungndowerICaNGRD eden
Reagenzien synthetisieerhaheDiTol Re akntzi ogne gzeeni¢d
Gruppen Sium tdreattlreoRegi osel ekdiimais § &z euledhnet e
Stereoselektivitat. Bislang ist dies die ers
zur | nstal | aGriuopnp e deeri ngefTsFet zt wer den. Der

enanti omerenr éBB8end®moespthapeeachenden skal emi

stereoselektive Potenzi al di esadr Meacthdhdael nBi
poe3y nt hese unter Ver2wéeddud iSporhdedngte Al kohol s
—MgBr
OPO(OEt), CUuCN-2LiCI FiC, e
X THF, -40°C, 1 h —_— N
F3C > — 0ctyl%s)\/OH
bis zu 93% R = Octyl
183 186 Ar = Naph 2?
OH
ANANANF
(S)
202
Schen€u vieyr mi ttelte allylisclh8eBnSuBetsitti mmuorng Wers Bhes g
dem Chiralit2atstransfer.
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Experi ment al

5 Experi ment al

5.eneMealhodMataenrd al s

Al |l -amare ous reactions were <carried -cbruitedund e
gl asrsev unl ess noted ot herwise. All solvents \
Solvent-agieousoneactions were dried prior to
KOH and subsequently distill edE dmbeanr smidti ruang
at mos CHEF Me CNer e drdiiesd idddkxnfdreamnCdiogen at
Me OH was dried and degassuadi bpgb)d(B&B8hdel atniid
at mos plloé uene was drie($ola1ﬁ(amalieg1atisr’sdeeelrd wiitthr og
at mosphéreommercially available reagents and

unl ess otherwise noted.

Thin Layer Chromatography (TLC)

Thin | ayer cdAlLECmatwagr pehmy or med MerRcmbDhi tar geek
60241 ates. Visualization was perfonmgedd 254l
365 nbmy) otraining the TLC plates .with potassi

FIl ash Column Chromatography

Chromatographic purification of produicts wa:
40Me s h) by application of positive pressure
performed by rotarand vi@prodxapgadsoinngatt o4 0hiAgth v

temperatur e.

Nucl ear Magne8SpectRreesonamye e( NMR)

NMR s pweecrter ar ecorded on AVBrddke&dD ABWOl IMH3Z0 0 AMH 4
or AVI I 600 MHz spectrometer by t-Uei WeéMRs iste?rt
Mar bur g. Unl ess noted other wi se, measur ement
300 K. The dihseniicsatleds hiinf tppm referended0Oagai
ppm) with the residual solvent signal as int
CDGIH:d= 7. 26 €mFEm;77. 16s ppoi)ffNéMiRmeas ur evme @t s
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Experi ment al

calibrated to tri gld¥ 00 ogpm)oragned htaenren gICFLtl an

abbreviated as follows: s = singlet, d = dou

Hi gesol uti on Mass Spectrometry (HRMS)

Mass owvweact mraecorded by the massUrmsiever siet dte pMa
HRE S| and APCI mass spectr-RT welrter aacmaus sr eslp en
(Thermo Fi scherThScireenstoilfuldbcD@hewasnmizah s @gs Y@ 0

in units (u).

Il nfrared Spectroscopy (I R)

| R speeater a ecorded on a Br ulkhenrapEd o220 aspeactan
wave numdénsefsimties are reported as foll ows
br = broad band.

Mel ting point

Mel ti ngepei deser mined on a Mettler Tol edo MP

Optical Rotati on

Optical rotations wer e-Dd emaesrethiemegd hat( 5B® AGn) |
P80-0D0pol ari meter.

X-Ray Crystallography

Single -taysdialfXacti on measurements were mea
for crystal struct-lWmievamsiltydst sMarfburhge WwWihtiH i
a Bruker AXS D8 Quest di ffract ometear .an@b ttahie

corresponding crystal structure resolved by

Room t e mprarsa 2@r é\ C.
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Experi ment al

Hi geher f or mance Liquid Chromatography (HPLC)

Chiral HPLC chromatography was pelr2f6dr nmeRIL Cwi
syst emhexiamg/ i sopropaAbl BbemHBLCecophdisei ons
the individual procedures. The type of the
specified in the individual procedures.

Ga€hromato@gG&€phy

GC analysis was performed ohi halanBbTABDA ceax C

col umn

73



Experi ment al

5. @enePratedures

Gener al Procedure |
(@]
Q EtOJLCF3 o o
NaH F C
{ R o R
S THF, reflux, 2 h S
203 157

To a suspeir $i0dns poefr sNaoHh 1i.n2 Omienge)r ailn oTTHFE (1 m
added ethyl trifluoroacetate (2.40 eq). Afte
0 AC and a s o0210u3t.i000n eogf) kient ofnkeF ((1 mL/ mmol ) w
reaction mixture was refluxed using-car doill b
MHCI nfL50, and diluted with EtOAc (30 mL). The

with Etm®Ax. (BR®e combined organic | ayexs wer
solution, >3Q@ainedd coovnecre nNar at ed undemwasegpwced i
by recrystallisation i n mppeentaage /adnt coll u ma gle
Gener al Procedure |1

F O
DFMBA ~
R
CHZCIZ rt. 17 h
159

N,N-Di e t-Gipdli f I-(orme b hy | b e n(zDyF M) BaAD) ie iy § wassol ved [
CHCH( 8L/ mmo ID)i .olnE7yB. 00 eq) was added and the r
The solution was pour edszonltwt iscant u(rAd@ edl )a gaired
EiO (20 mL). The aqueous pwhaeHEtR®ds meytr dahtee d C
organic phase was &G edi bveredanbpdrcosncbatr
pressure. The crude was puopemni @a@)e bdgrt csoilluintna c
yield flllbb®r oenone

74



Experi ment al

Gener al Procedure |11
F O F OH
NaBH
N 4 N
U MeOH,0°Ctort, 1 h
159 152

Fl uor dééf®Pdn®0 eq) was dissolved in anhydrous
was cooled 4(d. 2@0A6g)NawBHd added and the mixtu
reaction was Quaendhed]| Mi &dl OWintLh) . EtThe aqueol
extracted t hpsOe e 1t0Oi nmeLs) . wiTthhe Etombi ned organi c
saturated aqueous NaCl sol us@Qamd (ddneént r atr ¢
reduced pressure. ThBbRazrswdednioral ilyéi phast pl

further purification.

Gener al Procedure 1|V
F\ oH diethyl phosphorochloridate F OPO(OEt),
FsC /'_R DMAP » FiC -
[]
S py, 0°Ctort, 2-17 h
152 183

The all yl15@1.a0l0c cehgo)l was dimbiéhmbVvpd DNMAPY(OdIL e
di et hyl phospb8r06qgh| weredéaneded. a2t 0 AZB. The
1h at rt. The reaction wa€l gsehobhednbagndat
EiO (10 mL). The aqueous phase (was mLxXt, r a&dtee o
organic phase was 28®@ared oorecae mtnrhaytde d uussn dNear  r «
crude was purified Dbrypecnolapen ddahimsomatagrgedh yt
allyliclpBosphate
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Gener al Procedure V
F  OPO(OEt), CuCN-2LiCl, R"MgBr R CF3
\ > .
Fsc)\/K©'R THF,-40 °C, 1 h ® >V\©R
183 186

CuCNL2Li Cl vsol THFpnwé&d di ssolved in THF (2 m
GRI GNABD | ut i ©n wias RBtdded and the mMmi xThee alwhygl
phosdB#i ssol ved in THF (5 mL/ mmol) was adde:c
for 1 h at 140 AC, then g¢dermsoHadmbint (Méhat aga
phase was extract@d( 1tOhrmele) .t i Tnhees owi mbhi nEetd or g
over anhypd@r ousl| tNer ed and concentrated wunder

purified by col oopmant aW)e hoart osgirlaipchay glel t o obt :

Gener al Pirocedure V
Mg
R-Br ——— > R-MgBr
THF, 1h
204 188
Magnesium turnings (2.00 eqg) was <charged in
added, foll owed by the slow 20d1t00ne@)f itme
(inL/ mmol ). Hot water bath (~70 AC) was wused

stirred vigorously at room temperature for 1
with an iodine solution in THEorHscamnturatieadn w

GRI GNARP a  8.18t
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5.Bxperi mental & Characterization Dat a
1Cycl o-fi-ekghydi3-h 2ot & 1)8

©\/\/ /(l)j\/o " i
/ + Med s
= THF, 78 °Cto rt, 20 h =

\
OMe
112 111 113

Acet VillRpmé4. D295 1.0C13.9 2.00
WEI NRa®eni d1§1185. 27 1.0C13.9 2.57
nBulLi m( 2. Bexane)l. 1515.9 6. 38
Diisopropyl amkEngl. 3C18.0 2.53

THF 40. 0

Diisopropylamine (2.53 mL, 18. 0 mmol , 1.30 ¢
and coivl8e dACt mBaifLo rvef . Sh e x amLe,, dIg5l.59vas added a
solution was stirredi7T®rAd @andl@dDeATChgbéel vas
1.00 eq) was added. That780d ubdVoonremenis Hlslt i rr e
(2.mMm7 13.9 mmol , 1.00 eq) wag hadwdheid.e Twhaer nsionl
to rt. AgoakousoiBO( 2nL) was added and the aque
E#©O (3 I 50 mL). The combined organic lzayers
(50 mL) and satsoatuedoaq&OusL)NaCRQ@a nedd tohveer
sol vent was removed wunder reduced pressure.
chromatography ompesitlabpdEdevndi 2@ : 0th&s dasir e
colorless oil (2.97 g, 11.1 mmol, 80%).

TLC: Ri= Onpé&ntane/ Et OAc 20: 1) .

IH-NMR: (300 MHRU=7CB@I 27 ( Hur ) Hi77..€156 ( Huryd H, C
2. 74)J=7tHz, MY, Q@.%=7.Hx, HCO)C 2.37 (
J=7 .HDz, BH, ©L.086 (m, CHcjy&k &GGILEH) , il. 79
1.59 (CHgy ,5 HLL.3134 (Chgy ,3 HLD..0962 (Chigyp P Hh,

IE-NMR: (75 MHzg) 0=CDICA@02 , ( 1Gh A)m0 12 8Cab)m( 41C2 6. 3
Cardm CTBCEO)(, 81C=H)F L.CB.CELO), GHPM) ,( 34. 6
(Ccy , 33Cc2 ,( 2B) 4 TH).,3 A6Cc2 ,( 20Bz) 4pfm.
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HRMS: ESI ((@A2 cal clbORN&grM+Qta]291.1719; found 29

FT R: Fi lora,c'h 3026 (w) , 2921 ((m)),, IaeddD® ((sw)), I
1495 (w), 1449 (m), 1425 (w), 1401 (w)
(w), 1233 (w), 1211 (w), 1175 (w), 115:
(w), 964 (w), 934 (w), 910 (w) ,568246 (w
(w), 489 (w).

2-1Cycl oBeky-Bplenyi3-akpn & 1)d

(0] AgF, 2,2"-biphenol, tBuOH

=z DMF, 70 °C, 16 h

113 114

Ynoh®3268..1.0C7.45 2.00
2 ,-BEphenol 0. 453.35 0.62
AgF126.87] 3.0C22.4 2.84
tBu OH 1.50

DMF 15.0

Foll owing t heKopreotclddiluy @d@& om0 g, 7.45 mmol ,
di ssolved in anhydrous DMF (15 mL) ;bilperfemrod A
(0.62 g, 3.35 thm®H, (0. 59 ed) avede added. Th
heated até6h70 nAGbfsemce of | ight. The mixture
and the solvent was removed under reduced pr
chromatography ompesnitlaiOgea/ Fu®ivmng i 8bf | ulon¢g odesne
(0.87 g, 3.63ammellldowl )| a

TLC: Ri= Onpé&nf{ane/ Et OAc 10:1).

IH-NMR: (300 MHz{=7CT8OM, BH)m O77 .80 m, BH)m C
528d1=38.4 Hz,H) 1RRUEFZEz, MH, 3Qd8,
J=6.08 DHz0, BRM, 2@dIZ170,2=7 2Bz, BM, 12.0
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( m, BodndG)C, 0ill..B6 m, HH, 201..04 m, Bdy,, C
1.00s, HH)ppnt

IENMR: (282 MHZUl= CD&F) 1pp 0.

1&-NMR: (75 MHzn)U=CDEg€BJ=@ .HzCO) , 1762 & 3H(zEF ) ,
141C0ym( 128CaBYIm( 212, 8CaBYm( 21@u63m3 109. 1 (
J=7.5 CHy, 51=42 9(@ZpO), . 0 X4.,2 3I3. 4
(2C,)y, 32=55.(5CHYz,, 27T=B. q Gy, ZX&.,4 (
26. 3C(2 P,p m.

HRMS: ESI (m/)z cal ctbEFOErM+CHJ89. 1962, found 2809

FT R: Fi lojhc'Hh 2922 (s), 2850 (w), 1702 (w),
1403 (w), 1377 (wW)25713(3w3) ,( wl)2,1712(8wW) ,( W
(w), 1084 (w), 1029 (w), 972 (w), 91
(w), 541 (w), 491 (w).

(2D)-4-F1 u@-pben y3ebrra |1 1)5

NaBH,

>
MeOH, 0°C,0.5h

114 115

Fluorddmaas 1. 0C1.61 464

N a BsH 1.2C1.93 73.0
Me OH 8.0
Fl uor da@é6¢ mg, 1.61 mmol, 1.00 eq) was diss

the solution wasa4(c703.10edmg,0 10. 9A3C. mmbalBH 1. 20 e
mi xture was stirred for Q@ @ndatdiOl.@iCeTHavi lwimys &
were separated and the agoueo3usl olnle mia)s. eTxher

organi c |lvwaaysehed weirteh saturated agueous NaCl
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anhydr.8@andNat he sol vent was removedlWddbelr r e
mg, 1.56 mmol, 97%) was isolated as a yell ow

TLC: Ri= O0OnBpé&n{ane/ Et OAc 10:1).

IH-NMR: (30M6Blz ¢Dg)@=7. R2. 10 ( Mur)R? H7 . COHa( )mn, &BH78C
(=6 .Hz, HOH) C 4.J4F37H&EJ&E8 .Hz, 1H), CFC
2. 41=7.#4z, BARAh)Ci12.8030 ( Hy) , 2iH,.8563 ( m, 8H
CHcyandH) G 1. 35H.QHQH)2,H 11..G255 ( i) ,3 HL,. 0@
0.78 (hyppam, C

LEENMR: (28Mz, LODCIT 10BE). 8 p(nC

1&NMR: (7MHz, £DCI160J=@56d.LFHz, Cdm9 1(28. 7 ( 4
Car9m 1Qa63m3 1105193 . (AdcCHHZF), 63527 (Hz,
CHOH), CHEH®H] , CBh )2, C3)4,. 5T4..1 &T3).,5 (
31.5=2d.,3CHYz, 29=D. 4 6y, ZIJ).,0 ZHK).,8 (

26 .Cdypp.m
HRMS: APCl;mtcal cCibpfOoMiF1:271. 2056, found: 271
FT R: Filife;mM=3328 (w), 3027 (w), 2920 (s),

1495 (w), 1449 (m), 1329 (w), 1261 (w
(w), 1059 (w), 1017 (m), 98Bw|w)B81806¢
(w), 744 (m), 699 (s), 590 (w), 561 (

(2)-4-F 1 u@-p b e n y3-ebrryt | met hyl 1&8r bonate (

0
Py F OJLOMe

Cl OMe - PY
>

CH,Cly, 0°Ctort, 20 h

15 116

Allylidlpeeohs41. 0C1. 61 467
Met hyl chljeraf3.004.82 0.37
Pyrigs ne. 98] 3.0C4.82 0.38
CHC} 8.0
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Al lyli dl&lhédhampg, 1.61 mmol , 1,CH(08 .ey ) mw)a sa ndd
sol uwwaiscmm | ed on i cmlL, PAm8 @, eng) (&nd38met hyl chl
( 0.mid7 mmM8R, e®) O@Were added and the solution

reaction flask was cooled on i cevHOIdn{tlh0e r e a
The product wasgLieXtlr aktQ erdL) .ntToheCHcombi ned or ¢
with water (10 mL), washedS@i tan dbrcionnec e(nltOr anl
reduced pressure. The crclhde npart@dyur @tiplhiyz 2 @i in

(rpentane/ Et OAc )1 18683 9& amygl, orll. €l2s mamoll , 7 0 %) .

TLC: Re= Onp8nf{ane/ Et OAc 20: 1) .

H-N MR: (3Mbelz, GgO€A. 33. 27 (Hardk HT7T7QB4 ( m, 3H
CHardJm 5. 60 J=8t 8J=7 .Hz , 1HQ) , C 4.60 (d
J=35H8J=9. 2 Hz, H1H, 3 .CF6E)(,s , 2 B8, HCt |,

2 H, HoPGh ) , 2 J2D06 Hedt7 .H3z , 2HH2) ,CFXC. 84 (t

J=7 .WBzJ=7 .Wbz , BH, @TL.759 ( M) ,6 KL .4B35 ( m,
5H,Hey&n H) G 110..0827 ( ki) 2H,m.C

IENMR: (28RBz, WDCIT 10H. 6p p(nc

IE-NMR: (7MHz, D€ 162J926(2dz0CF), 186) 2 {(O1. 6
Cardm 128CHEIM(2C28CHIm(2CREHEIL QO05.3 (¢
J=12H9CH), 70=58.H¢ dCOH, GBHk.,7 £B) 4 B85. 0
(CHPh) , C34. 033.C3),(2XLJ=26HBCH) , 27.6 (d
J=1.HzCH) , ZT&).,6 2(6C3 . (2C,

HRMS: ESI;mfzal cCHfFdaNaM{NaB71. 1993, found: 3°

FTl R: Fi lofe;M)=3027 (w), 2922 (m), 2851 (w),
1603 (w), 1496 (w), 1443 (m), 1353 (w
(m), 1058 (w), 1029 (w),wyg5 70u) ,( w93 "
(w), 699 (m), 561 (w), 489 (w).

Subsequent attempts at an allylic substituti

81
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1 ,-B8i phenylyplroonpd 3cf

0
Z 1
Z " LDA _
o - 47 T
Sie THF, ~78 °C, 17 h @
205 206 137¢

Phenyl ac@®)by[lleh®0 (91.0C29. 4 3. 23
WEI NRasni 4d@E6165. 19] 1.0C29. 4 4.85
nBulLi M B. Bexane) 1.1833.8 13.5
Diisopropyl a=m0.n®2]1. 3038.2 5.37

THF 90. 0

Diisopropylamine (4.85 mL, 29.4 mmol, 1.30 e
i78 AC nBafLarvi . 5hhexane, 13.5 mL, 1.15 eq) wa
stirred for 1 hia8 ACA&nd| phRéadg( 2od3 grilenh e2 g. -
1.00 eqg) was added. Thig 8s AICuWEie d mams 064t Bbr e d

mL, 29.4 mmol , 1.00 eg) was added. The sol ut
Aqueouso HLCIM, o1 002 mL) was added and the aqueo
(3 T 100 mL). The combined organic |ladWM®d0s we

mL) and satur ad @ldutaiqure ous0 Nam@ll ) , .Sd@rainedd tochwee r
sol vent was removed wunder reduced pressure.
chromatography on spé¢mntcad)espernogv i4d0i:nlg tit@e7el O0d:els i
as a yellow oil (4.85 g, 23.5 mmol, 80%) .

TLC: Ri= Onp3en(t ane/ Et OAc 40: 1) .

IH-NMR: (300 MHRU= GRBANI113 ( Hur R Hi77.. @579 ( Hur )3 H, C
7.65B. 35 (har)dHpmMC

The analgoicaspdads [t the Iiterature.
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Experi ment al

(2-3FIl udr-d8i phen+-&gdoaopg 3B

0
AgF, 2,2"-biphenol, tBuOH FoQ

=Z O - S
O DMF, 70 °C, 18 h

137c 138c

Ynohe8{®06.1.0C9. 70 2.00
2, BEphgph86 0. 454.36 0.81
AgF126.9] 3.0C29.1 3.609
tBu OH 2.00

DMF 20. 0

Foll owi ng t hekopreadac éduyr@®ie2om0 g, 9.70 mmol ,
di ssolved in anhydrous DMF (20 mL) ;bilpérfemrod A
(0.81 nmmol4.e39 4BIn@H (2. 00 mL) rweearcet i achd end .x t Tulr
heated at 70 AC for 18 h in absence of 1ight
and the solvent was removed under reduced pr

chromatography ompesnitlaiOgea/ Fuo®ivmng i 8bf | ulo¢ odaesne

1380.84 g, 3.69 mmol, 38%) as a yellow oill

TLC Ri=0. 2pdgnt ane2/0Et1I0OAC

'H-NMR: (300 MH3uU= CBD @688 (Huwry®HY .6 7(Bd, 1.8
2H,HaQm 7T7687 (nmMar)eH,6.BO J4.,0 Hz, 1
CHCFp p m.

1ENMR: (282 MH2UU= @BCI5 ppm.
The analytical dataltdtresponds to the I|liter

Efforts to furthk38wmeadaltygl ibeabobbdolatwere u

alcohol s inherent instability.
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Experi ment al
3Cycl ofi-elx g hy {29 rloom € 0)0
Z Q Pd(PPhs),Cl,, Cul
74 3)2L12,
o o o
EtsN, rt, 20 h

207 208 209

Cyclohex y2Op[cle 8y.EBN81. 0C18.5 2. 42

Benzoyl (208 b40;¢®7, 21.0C18.5 2.15

Pd(B:RH 701. 9] 0.0118&m0l 130
Cul [190. 45] 0.0z37@nol 70. 4
EN [ 100E. D9,7 3] 1.1C20.3 2.84
THF 9.0

A solution of tBheFzy42 omexyla&ac®tmmeln, 1.00 e
a mixture of th@@B2b.eln5z oy, c1h8 .05 imdyEdil( 13 0D. hge q)
0.01 @é&mal ),85copper (1) iodhobdge @rd@. armgt h@l ami
1.10 eq, 20.3 mmol ) -biont tToH f(l9a sOk .mLT)h & nr eaa o toiuc
for 20 h at room temperature. The solvent wa

resi due was pur iofgiread htyy ofnl assirfp eamharacomeate g h vii0o : &

providing t heO@©OBe 8i2r gd WVmdomwe mmol , 85%) as a vy
TLC Rr= Onp3en(t ane/ Et OAc 40: 1)
'H-NMR: (300 MH2U=CB®CB.778 (MHardm HV7E®885 ( m, 1H

CHardm 77588 ( Mar)m HR2 8488 ( i), , 1ML, .18
(m, B, A.77H(Om, 12HD0OC( Hs) ,3 HL1 .4®1
( m, BH, p® m.

The analytical dataltidrresponds to the I|liter
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(2-3Cycl oBeky-bplwenyi2e rome 1)0

0

AgF, 2,2'-Biphenol, tBuOH 2
= > X
DMF, 70 °C, 17 h

209 210

Ynomre@212. 1.0C7.06 1.50
2, BEphenol 0.453.18 0.59
AgF126.87] 3.0C21.2 2.609
tBu OH 1.40

DMF 14.0

Foll owing t heKopreotclédlluy @e®d®& om0 g, 7.06 mmol ,
di ssolved in anhydrous DMF (14 mL) ;bilpérfemrod A
(0.59 g, 3.18 tHm®H, (.49 ed) avede added. Th
heated at7h70 nA@bfsemcke of | ight. The mixture
and the solvent was removed under reduced pr
chromatography opesi &b)e apEruosviindgi bfgd ulve(@ @ @S m & e «
(0.56 g, W4dBsmmolyel Bdw solid.

TLC Ri= OnpSen(t ane/ Et OAc 20: 1)

IH-NMR: (300 MHzU=CDC®B375 (rmar)@H,77639 (m, 3H
CHardm 6J813%d4 HEF) ,1H2,. 2CH) ( ni2l .ass0, (Gn,
5H,Hc)C, i11.4161 ( Me)p p M, C

IEENMR: (282 MHZU=i€DCE) (pCp m.

1E&-NMR: (75 MHz3)0=CDOQA&I9. 4 (COF, 289 46CFhHZLd131E. 6
Cargm 1Ga2)m8 (Qa8)nb6 (R8)d 101=75(8, Hz,
CHCF), 4%. 92 (@HCHz, 29=72( &, )Hz T§H.,8 (
25 .C{) (ppm.

Efforts to furth2it0a edlulcel itdhealsaudsdlr awver e u

alcohol s inherent instability.
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Met hZ)-Bf I(u-8plenyl at8yl at e (

O
F O

P oM AgF
N
z © OMe
MeCN/H,0, 80 °C, 16 h

137b 138b

Ynoh®87d60;=171,.1.0C6.24 1.00

AgF126. 9] 2.0C12.5 1.58
H-0 0.62
Me CN 12.0

Foll owing thelanebt®d wmmdbledoh0 g, 6.24 mmol ,
di ssolved in MeCN (12 mL), befoOe(Bgb2( tLb8w
addedr.edaditei on mi xture @®asi mealheanae @f0 IAICgHto.
filtered through a pad of silica and the sol
product was puri fied by f 1 ash ngéinrtoarad /oEtr @QAC

provi di ngbftlhueo rdde@ olreed 5 g, 5.80 mmol, 93%) as
TLC: Rr= Onp3en(t ane/ Et OAc 20: 1)
IH-N MR : (300 MHZU= CDOBIS= Bdd, 1 Ha)klzi77..5387 (Cm,

2H,HaQm 5J9133d5 HMQF) ,1H3. 78%) (mspm.3H, C
IENMR: (282 MH2U=i€®DCE) p(pCm.

The analytical datalt’dtresponds to the |liter
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-3 Fl udpbenyi2epAopl 40 b

F O F
DIBAH
S X
OMe —— > OH
CH,Cl,, 0°C,1h
138b 140b

Acrylx»§®80. 1. 0C3. 75 O0.68
DI BAHmMIOn he2.5C9.37 9.37

CHC#} 8.0

DIBAH (9. 3mi mLhel>.aMme, 2m610, egddemast o a solu
acr yll3a3thbe@. 68 mmol 3. 715 00 e HCH(M . @An hmLdr ocaunsd t he
mi xture was$ 9A4C.0rlend o gsucelolutsi, oHE I (02 mL) was add:é
aqueous |l ayer waGh(8xirdd®t ®d mki)th TG combi ne.
washed with saturated aqueous NaCcCl ssaehdti on
the solvent was removed wunder reduced press
chromatography nprenstiaec/pErtosi dgng: i heldebired

(0.29 g, 1.93 mmol, 52%) as a colorless oil
TLC Ri= (dnp3ent ane/ Et OAc 4: 1) .
'H-N MR (300 MH2p= CDIC6.148 ( tHar9m H, 7. C7 Har by 3 H,

5.66J dd6. 8, THCF)Hz ,4J®b7 (@l,d,2 H) ,Hz, 2
1.93 (H, plpHn. O

LE-NMR (282 MHU=ICDTIR p@m.

The analytical datalt’dtresponds to the I|liter
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2-3Fl udpbenyl al l yl médhpl carbonate (

N 0 pyridine F JOL
N NS
OH + )L ’ O OMe
Cl OMe CH,Cl,, 40 °C, 17 h
140b 141b

Al 'yl i d44dldc52h.01. 0C3. 27 500
Met hyl chljerdaf2.3C7.52 0.58
Pyri g3 ntke. 98] 8.2t27.0 2.17

CHC# 6.0

Foll owing t hedapmrwecteldddlial i yotidcQmO@ omg) 3.27 r
1.6) was di £9408 vmd) j nadH cool ed on ice. Pyr
8.25 eq) was added, foll owed by met hyl chl or

2.30 eqg). The ice bath was removed, and the
react iwas fdoslked on i ce and the wmd@ltidDh mbL X
The product wasCieXtlr atQ erdL)i .ntTohe&Hcombi ned or
with water (20 mL), washedS@i tahn dbrcionnec e(n2tOr anl
reduced pressure. The crude pr odmpoetntvadpe /pEUT i
as a colorless oil (632 mg, 3.01 mmol, 929%).
TLC Ri= OnpSen(t ane/ Et OAc 10: 1) .

'H-N MR (300 MH2uU=CDCBO049 (CHar)R H V7 433 ( m, 3 H

CHar)m 5.J6536d0, T7HCF)Hz 4J901B7 .(@d,1.9 Hz
CH) , 3. 81Hs)( sppnm8H, C

IEENMR: (282 MHZU=ICDEIR pp&.

The analytical dataltdrresponds to the I|liter
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2-1-(Fl udpbenyHanelt hiox y bedhZ ene (

KF3B
£ Q 12:©\0M Pd(dppf)Cl 1
e 2
N NN
OJLOMe >
THF/H,0, 80 °C, 1 h
OMe

141b 142

Car bdnrdat1 0 1. 0238 C€50. 0
BEK sla2[@214.1.1C262 (€56.0
Pd(dpp7BCL 70. 0E12.0 8.70
KXCQ[ 138.21]2.0Cc476 (C65. 8
THFH2O 0.70

H20 0.14

To a soluti @d12f0o. ®armyqgn &23e8) Oazkod sBIAE5600 mg,

26B@mol, 1.1L£Q€¢6%. 8ncgK 476 Omed(,5;20.P0Q dep)f )iCr
(8.70 ®mmol 120005 eq) was added and stirred :
the mixture waB €Xml)ld Blde widrmbiEned organic |
MgSs@nd the solvent was removed under reduceocd
by flash chromatogr anpheynt @@)e et 0 ciad iurs4n2gh e4 Op

(33ngq AmMBosl , 57%) as a colorless oil
TLC: Ri= OMnpéntane/ Et OAc 40: 1) .
'H-NMR: (500 MH2uU=CDCBS550 (MHar)k® HV7@2A29 ( m, 3 H

CHar)m 177 .2148 ( Mar)R HP6 8B4 ( Mar)R H5.68 (d
J= 37.0, 7THCF)Hz 3.BH) ,(G3.JBHT(d&J, 1.8 Hz
CH2) ppm.

IEENMR: (282 MHR2U=ICDCIRp (M.

1E&-NMR: (126 MHZ{i= CDIEO.CH3(), U56297CHA) Hz132. 7
(= 28.G GR),, 132.1.CoH), 1Q9im5 (
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128Ca7)m( 1238. @.Q2d Hz)Js 7L.2@% . }2z (1L d)ml (
105. 5= (1d7,.CMCH3 , CH)p, 429=75 (@ JHzp p G.H

HRMS: (FDm)gal c 1biffO] M4 2. 11069, found 242, 1]

| R Filimecn3o61 (wWw) ,3BIDO0 (w), 2933 (w),
1675 (w), 1610 (w), 1583 (w), 1510 (s
(w), 1242 (s), 1176 (m), 1108 (w), 10
(w), 856 (w), 820 (m), 7%®8 ((sW), , 78189 (
422 (w).

4-Pheny3ybrdrané& 3§ a

0
Z 0 LDA
/
M
©/ ¥ Me\,;IJLMe . > = Me
e THF, =78 °C, 18 h

205 210 137a

Phenyl a@gée)fyloeneds 91. 0C27.3 3.00
WEI NRamni 2d20103;. D2 971.0C27.3 2.90
nBulLi M B. Bexane) 1.1831.4 12.5
Diisopropyl amkne2]1. 3C35.5 5.00

THF 80.0

Diisopropylamine (5.0 mL, 35.5 mmol, 1.30 eq
cool &7 tAcC nBeefLom¢ 8. Bexane, 12.5 mL, 1.15 eq)
was stirred for 1 ii8aACOaAd@. phenwhacebypl edet
1.00 eg) was added. Thei780 IACt Weerk omBRE 21 I5Q | rr e
(2.mMmQ 27.3 mmol , 1.00 eq) was added. The sol
to rt. Agokeouwso#dOp2mL) was added and the aqu
EiO (80.0 mL). The combined organic |l ayers we.l
(1:m@) and sat ur adcldutaiqoure o(ulsO ONargll ) , -Sdaraineld o v e

the solvent was removed wunder reduced press
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chromatography owesiitla)edEucvindgi nd : LB@sdasir e

yell ow oil (3.79 g, 23.8 mmol , 87 %) .
TLC Ri= On-p6e n(t an el/OEt10OAC
H-NMR: (300 MH2uUu=CDCB345 (Mary HV7G631 ( m, 3 H

CHardm 2. 45H3)( sppm.H, C

The analytical dattaelktadturreesponds to the

(2D-4Fl ud-pbeny3ebiranéd 38 a

0
A AgF, 2,2"-Biphenol, tBuOH £ 9
\
/ e v Me
DMF, 70 °C, 18 h
137a 138a

Ynoh&7d44.1.0C9.10 1.31
2,-BEphenol 0.454.10 0.76
AgF125.9] 3.0C27.3 3.46
tBu OH 1.80

DMF 18. 0

Foll owing t heopreacédduyrmedmMelo®l g, 9.10 mmol ,
di ssolved in anhydrous DMF (18 mL) ;bilpérfemrod A
(0.76 g, 4. 10 tHBmoOH, (0. 489D ed) avede added. Th
heated at 70 AC for 18 h in absence of 1ight
and the solvent was removed under reduced pr
chromat ogrsaplhiyca onusnpregnt &e /1ptr(ovi di ng b-t he 0
fluoradasd8gdnd55 g, ®%)M4O0asnmolyel7l ow sol i d.

TLC Ri= Onp3en(tane/ Et OAc 20: 1) .
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IH-NMR: (300 MH2[l=CDCTO061 (rMHar)@ HV77G637 (m, 3H
CHardm 6J0D737.d2 WZF) ,1HJ=5A. ( dHz), pPHn. C

IENMR: (282 MH2U=1€BCB) (pCp m.

The analytical dataltdtresponds to the |liter

(2)-4-Fl ud-pbeny3ebrrall 4D a

F O NaBH, F  OH
N N
Me > Me
MeOH, 0°C, 1 h
138a 140a

Fl uor derfainée4 1. 0C5. 69 0. 93
N a BsH 1.2C6.83 0. 26

Me OH 28. 0

Fl uor de&meh.e93 g, 5.69 mmol , 1.00 eq) was di s
and the solution waé.26obed6t 8B830mMAG|l , NABRO ¢
mi xture walhh stti rOr AAdC.f drt @@ § 0 qaomedn cchieldu i ot hwiH
(20 .mlThe | ayers were separated ad 3tOhenlLdqgueo
The combined organic | ayers were washed witd.l
anhydr8®and&dNat he solvent was removed 1Wder r
(0.g94 5. 67 mmol , 9 9 %) was i sol ated als40a whi
undergoes rapid defluorination, to prevent ¢

subsequent step.
TLC: Ri= Onpénftane/ Et OAc 10: 1) .

H-NMR: (500 MH2NU=CD®%2 28, ImC 77 422 (#ar)B3H, C
5.51J=( d3d6,. 9, S8HCF)HZ &£.9®, (BCH)LH,1.®B6 (s
1H,H QO 1J896 (4, Hg, p3pHn. C

IENMR: (235 MHRU=iCDECF) ppm.
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1&NMR: (126 MH2li=CDEFJ® ZIHQ.CER) HzI1C3:Bm9 1(29. 4
(Cardm 123. 7.@d Mz, 12M. 5. @bz, 11X=. 3 (d,
14 . 8CHKCA,) , 62.&. §HIGIH),, CB3. 6 p M.

FT R Filimiec: 3437 (w), 3060 (w), 2969 (w),
1597 (w), 1579 (w), 1493 (w), 1447 (m
(w), 1216 (m), 1181 (w), 1121 (w), 1¢C

916 (w), 829 (w), 664 (w), 388 (w), &

HRMS (ElmHZal c .1bfFfo> [QM]166. 07986, 07 882 d

(2)-4Fl udpbenydebit! met hyl 1ddmabonate (

F  OH o y F Me O
pyridine
N N
Me t )L > OJLOMe
CI” “OMe  CH,Cly, 40 °C, 40 h
140a 141a

Al I ylidadldcéosh.ol. 0C3. 01 500

Methyl chljerdf3.0C9.03 0.70
Pyrigs ne. 48] 3.0C9.03 0.73
C HC } 15.0

Al l yl i d4d&ldc0c0horg, 3. 01 mmol, LCHAS5ed) mids adids
solution and cool emd, oAMOBee@PHOndi met Y. 78h |
(0.mLQ ®MmMOB,e@d) OWere added and the solution v
reaction flask was cooled on i cevHOld (tlhOe nmLe)a.
The product wasgLieXtlrazQ erdL)i .ntToheC Hcombi ned or ¢
with water (20 mL), washedS@i tahn dbrcionnec e(n2tOr anl
reduced pressure. The crude pr odnpetntve@pe /pEUT |
as a coléoei¥dag8s mgi, |l 1.84 mmol , 61%) .

TLC Ri= OMnpéntane/ Et OAc 20: 1) .
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H-NMR:

1E-NMR

1&-NMR:

HRMS:

Experi ment al

Filien2985 (w), 2957 (w), 1744 (s), !
1443 (nf)w) ,13173729 (w), 1261 (s), 1160 |
(m), 1004 (w), 941 (m), 921 (w), 867
(m), 652 (w), 633 (w), 544 (w), 511 (

(500 MH2U=CDCB947 (mMar)R2H77@37 (m, 3H
CHar)m 5.B=3 §(.d6g,, 6 .HEH)H,z ,5.1B4Q 3(6d.d2,, 8. 6
1HHCE), 3. 78&H3)(,s,1 JH#H6 (@G HzHs3) 1pp mCHC

(282 MHU=ICDCI 4 ppm.

(126 MHZU= CIDBCBI.=0 2(5d,CR) ,HzLOB, 11 P:. 4 (d,
28. 3CHEF), C2Pm 7108= 62 .(@ayblg, 123.7 (d
=7 HzCar)m 10XK. B A4(@CH3, 69.6l. GHGI ,

54. 8H3 O 20=91 (@Hx))Hzp p m.

(ESImfdzal c s HiffdNa C[ MR2NMa]. 0741, found 247

(2)-1-( 1 udpbenydebrst FH4met hoxy bkedHhIZ ene (

(HO),B
\©\0Me 128

F Me O F Me

Pd(dppf)Cl,
N NS
OJLOMe -
THF/H,0 (5:1),80 °C, 1 h OMe

141a 143

Car bdmraft@e24.1. 0223 €50.0
Boronil2[8daéil 1. 1c245 (€37.3
Pd(dpp7BCL 7 0.0511.0 8.20
K.CQ[ 138.20] 2.2C491 n67.8
H.0 0.14

THF 0.70
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Experi ment al

To a solutibaXasdD. 06ambon R GCamod ,blo2rB®Wi. 8 angi, d
246mol 1.10C&@@H7.a8ndmgk 491 OmoiO, (D..BH an)
Pd(dpmppB8)eC0O mg, 11.0 Omol, 0.05 eqg) was addeod
was added, the mixt0r €3 wh9 16xthrea ctoend i wietdh oE
were driediaomdert hdgS3S@I vent was removed under
product was purified by fl aspenoha@maEroagwiadihny
t he ptod@7ucyq Qo l3, 17%) as a colorless oill

TLC: Ri= OmnpBéGntane/ Et OAc 20: 1) .

H-NMR: (500 MH3u= CDCW3 (7dd, 1HaYyHKzi77..3183 (Cm,
5S5HHaQm 6J798 .(d,HzIm2Hp,.34C 36ddB,, 10.3 H
CHCF) , 13d8. 396 (MHMCH)LH,3.C71 Hfs, 13X3,6 7¢A@,
Hz, Bi#H, p@m.

IEENMR: (282 MHZU= GRALFA @6 m.

1€&NMR: (126 MH3U= OB 2CHY , 15)5. R46C€F) ,Hz,38. 0
(Cardm 132828 dGarbhz, 1Q8Ym7 1Q@83m>5 127. 9
(Cardm 1238=27 (Bay Bz, 1CQ4dml 111=817.dlL Hz,
CHCF), GHg).,4 4x 14 (@HCGH , ZH) Opp m.

HRMS: (FDmJezal c aHifFdOr [BH6. 12634, found 256. 1
FA R Filffocn2962 (m), 2928 (w), 2835 (w), 1
1511 (m), 1446 (w), 1413 (w), 1373 (w

(s), 864 (w), 798 (s), 76@w)YXw), 692 (
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Experi ment al

(2-1-( 1 udpbenydebrvt F4met hoxy bkedhIX ene (

1Zn
\©\ 145
OMe F M
- il Pd(PPha), - ©
0~ “OMe o
THF, 0°Ctort, 3 h
OMe

141a 143

Car badmMaltee2 4. 2 3] 1.0C0.17 38. 4

(Met hoxyphenylD)450mecSs@HF3. 0C0O. 51 1. 03

Pd(BPHL155. 59] 0.0£E9.00 9.90

To P&PP.h90 mg, 9.00 Omol, A.4058 8.04 nnger e0 .ald7d
1.66) anwdl HF 0.09 u4GBlon03o0fmL, O0.51 mmol, 3.0 eqg
10 min. The reaction was warmed up to rt ar

guenched by the addition of aqueous H&g (5 m
(3 ML)O The combined or gan® csdlawteiresn ,wed rei evh s
and the solvent was removed under reduced pr
chromatography ompesnitlafea Edu o v n di 214 @E12hegQpr odu
760Mmd| , #EH%25: 1) as a colorless oil

The analytic H4i3sa iode nctoingpaolunwdi t h t h8uzowimpoun

coupling.
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Experi ment al

4-Cy c | o h e3yy-conua& 1)@

0
= Q LDA
z
O/ . Me\l}lJLMe . > // Me
OMe THF, =78 °C, 18 h
211 210 212
Cyclohexy2lplcpipg8@n&1. 0C18.5 2. 42
WEI NRasni d2€0103;=D297]1.0C18.5 1.97
nBuLi mMm( B. Bexane) 1.1t821.3 8.50
Diisopropyl a0 .n®2][ 11. 3C24. 0 3.38
THF 55. 0
Diisopropylamine (3.38 mL, 35.5 mmol , 1.30 ¢
and coidgBedCtnBefLomvd 2. Bexanée,l. 8. nnbbwassg)d e d
and the solution was stiri7ed AfCoranld hcyatl obh ek
(2.42 mL, 18.5 mmol, 1.00 eq) waig8addced.ef Dhc¢
WE|I NRa®Bni d201. 97 mL, 18.5 mmol, 1.00 eq) was ac
h while warming spluoM otBlOf RwasoaddHEG|l and t he
was extragd ed3 wi tHo.EOt mL) . The combined org

saturated

anhydr8@andat he

was

purified

by

sol vent was
c h r repneant t oag@mea/gHtyo vo i 8 g |

fl ash

desire2dl&®snoaneyel |l ow oi

TLC:

H-N MR :

The

(2.38

Rr= Onpden(t ane/ Et OAc 20:

(300

anal ytical

MHz i= CDLCH 84n5, (1H),,
i1.65 ( hg), 4L . 621

removed

g,

1)

@ .

dataltldbtresponds

97

t

15.

az{ bbb u sa Na& HE®Ht u r astoeldu tai qoune o(ussO0 NwaLOl ,

under r

8

mmo |

32Hs)(,s, 1.3H2

( Fe) GH,m.C

0]

t

he

Il i ter

[
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Experi ment al

(2)-4Cycl oy bd r3eb2wtn  1)3

y AgF, 2,2"-biphenol, BuOH e
\
// e y o Me
DMF, 70 °C, 18 h
212 213

Ynoh&2150. 1.0C8.65 1.30

2, BEphenol 0.453.89 0.73

AgF126.87] 3.0C26.0 3.209
tBu OH 1.70
DMF 17.0

Foll owi ng t heKopreotclddlluy @d@& om0 g, 8.65 mmol ,
di ssolved in anhydrous DMF (17 mL) ;bilperfemrod A
(0.73 g, 3.89 tHAm®H, (0. 4D ed) avede added. Th
heated at 70 AC for 18 h in absence of 1ight
and the solvent was removed under reduced pr
chromatogrhpby openga@e/pitovi di bfigl thhedé@csne ec
(0.9454, mmdol , 64%) as a yellow solid.

IH-NMR: (300 MH2{y= CDCA7 39,2 HZF) ,1HJ=3C3.0dHz,
3H,H)GC 111.9662 ( hi) ,5 L .404 (Chi,) 6Hb,m.

IENMR: (28 Bz, HWDAB4. 2F3 0@ m.

I1&-NMR: (75 MHz)li=CDOCO)Q (17W5. 28@d CFHz, 1CA. 4 (
J= 8. CHGRER),, 4%.33(GHGHzZ, 3U=36( B,)Hz,
29. 859=(8a, ByHz ,H.,8 KH. 7p p(m.

HRMS : (ESImfal c 1bhffONaC [ M+N®]3. 0999, found 1
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Experi ment al

(2)-4Cycl oy bd r3e blytl met hyl 1dJabonate (

1) NaBH,4, MeOH, 0 °C, 30 min
2) Methyl chloroformate, py, F Me O

CH,Cly, 1, 17 h
X \
O -

213 147a

Fluor ®elf8@@®. 2231. 0C2.94 O0.50
NaBH37. 83] 1.2C3. o 0. 13
Me OH 15.0

Met hyl chljeraf3. 0C8.81 O0.68

Pyri g3 nk. 98] 3.0C8.81 0.71
CHC} 15.0
b-Fl uor ReliBOdn &0 g, 2.94 mmol , 1.00 eq) was di s

and stoheti on was ca@0et3tg, 03 AC3 MWNmdH, 1.20 ¢
mi xture was stirred for 2 h #®t abhdAd.i |04 e dr eva
The | ayers were separated andOth®& khg86oms) o
combined organic | ayers were washed with s
anhydr:8@andNat he sol vent was removed under re
alcg®Wol94 g, 5.67 mmol, 99%) wasttihgo ladted ods
di ssol v2€H( 1linsh ) CHnd the solution was <cooled t
mmol ,e@®) 0&8nd met hyl chl oroformate (0.68 mL,

solution waé atirgadtlTihen Wwads quenched with

solution (15 mL) and the OHDguUd8GusnLl)ay drhewa me
organic | ayers were washesksowiutth osat(drhatnmeld , a
MgSs@nd the solvent was removed under reducec
by flash chromatogr apdéiyt a@e /ghrtloivd ad i ingfi 4rf7dgael c:al
(0.56 g, 2.44 mmol, 83% over two steps) as a

TLC Ri=0 OBpent ane/ Et OAc 40: 1) .
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Experi ment al

IH-NMR: (500 MH2{= CDOAJE (8d§, 6 H@H)Hz, 4.188 (Qddd,
36.8, 8.7,HCF.)§ 1Bz ,7H: H,sRIC.B#9, (Gi,) ,1H, C
1.89=(6,5 GHz),, 24,8702 ( H) ,2HL..7€1 (m, 1H
CHey , 1J3856 (8, Hz,, 31H,311C (Chi,) Sphp,m.

IEENMR: (282 MHZU= GDGLF) @@ m.

1E&-NMR: (126 MH2ZUI=CD&HI=7 26d3 CQCHiz, 1GBOMe)
103. 4= (M2 CHCH), @6¢. 2. ECdCGHB 54. EH3)(,0
40. =(84.0%) Hz29J3=6 1(2d &,Cc)2,. 5THH79, 2(5. 7 ( d
J= 1. 68:)Hz ,ZH3) Opp m.

HRMS: (ESImfdal ¢ abiffdNa C[ M+ N2p3.1210, found 2

FT R Filffic™m2984 (w), 2930 (m), 2855 (w), 1
1377 (w), 1349 (w), 1331 (w), 1259 (s
(w), 1038 (m), 1000 (w), 945 (m), 89¢
(m), 717 (w), 694 (w), 537 (w), 475 (

2D-1-(L€ycl oBAkekyodr3ebytF4me t hoxy blehEae ne (

1Zn
\©\ 145
OMe

F Me O B Me

Pd(PPhj3),
O)V\OJLOMe > m
THF, 0°Ctort, 24 h
OMe
147a 148a
Car bamMat&e3 0. 28] 1. 0C0. 45 104

(Met hoxyphenyl(Qdbne{ BHF 3. 0C1. 35 2. 70

Pd(BHL155. 59] 0.0£22.0 26.0
THF 2.00
To P&¢(PPh. 0 mg, 22.0 Omol , Q.40{5 Oe4g)mow,e rCe. 4asd dr
1.69) anmnd HF &.093 w4G20n7 00 fmL, 1.35 mmol, 3.00 e
10 min. The reaction was warmed up to rt an
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Experi ment al

guenched by the addition of aqueous Hg (5 m
(3 ML)O The combined organd® csdlawteirsn ,wedrei evh s
and the solvent was removed under reduced pr
chromatography onpeqitlabDedEde v indi M@ gehdgdp r od uc
O. Mol , ZE® %1 0: 1) as a colorless oil.

TLC: Ri= OMnpentane/ Et OAc 40: 1) .

IH-N MR (500 MHZiU= CD.CIZ 8d4 HZ.)m2H5, J8AB (@, Hz,
2H,HaQm 4. 66 88dd8, 9. 4HCF0. 6 39879 16,q, C
7.1 HzHCHLH, 3C79 Hfs, 2BHHUI OCHo) ,1H, 90O
1.82 (M), ,2HL.7®0 ( M) ,2H,L.7®3 (i) ,1H, C
1.3U=(d, 1 Hg, 38,2182 ( ko) HH.m.C

IENMR: (282 MHZU= GRGLA p@m.

1E&-NMR (126 MHzU=CDE6RJ8 ZI%5.CB) HzI1C5:,9 1(38. 8
(Cqudrn 1027 m8 (1Ch3)m9 10J&. 15(GHCHY, CH)5, 4 (
40. 6=(85.06) Hz33=35(@y)yHz 30=13 (@ )Hz,
26.C2) ( T&).,0 ) 5ppm.

HRMS: (FDm)zal c abfFOr [M] + 262.17329, found 2

| R Filifiem2926 (s), 2854 (w), 1696 (m),
1450 (m), 1372 (w)1,78130 ,(w)1591245 , (4
(m), 997 (w), 931 (w), 894 (w), 869 (
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Experi ment al

N-( Di f Imetoorloy(l )-iet hyl ¢t (la5& mi ne

0]

cl
'
Q 1) 8 CHyCl, 40°C,2h y RS
e
Me N Me - NAMe
L 2) EtsN+3HF, CH,Cly, 1t, 2 h L
Me Me
158

162

Ami #16[2191;=27, 0(1.68 36mmol 6. M0
Oxalic [clh216p%9i30,c3. 6§ 38mmol 3. ma
ENL3HEG61.=210,. 990. 8§ 26miol 4. mb
EN[ 101=1®D,. 73] 1.34 48mmol 6. mlL

CHC} 35 m0

The product was prepar edprboyc éalfionoeeC #EHBSa tnilgon o
solution 66 . 8mi dé , 36.1 mmol ), waGi(aodeld) dr c
solution of oxalyl chloride (3.34 mL, 38.9 n
The mi xture was coiNL8HFadai rBnSiooh)Q ;MA@ 6NELMd Et
48. 3 mmol) were added. The mixture was stirr
separated by filtration over €£(2 tie.10Toh emlp)r,e
combined filtrate was concentrated under r ed
to the residue andt ¢ hea g efnielnafrestdi owyndd inpid f |
was concentrated under reduced pr els584gd. Di s
19mbhol, 53%) as a colorless oil. DFMBA shoul

decomposition.

IHNMR: (300 MHZ = CBICIanl (Hd:)mC 7. 25 (Hu ) H, C
2. 8WU=(q,, 1 HHy),6 48, 32K3)(,s,0.B&H87 (G , Hz, 61
2C3:) ppm.

1EENMR: (282 MH2 Ui=CDE&J32F) ppm.
B. p. 4555 AC/0.001 mbar.

Thanal ytical data codf¥®¢sponds to the literat
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Experi ment al

(2-3, 4-Tét daflphemgdebitan & 59 a

o 0O F O
DFMBA ~
CH2C|2, rt. 17 h
157a 159a

Dikelbh&@&16 1.0C4.63 1.00

DFMBA=[1.0¢(2.0C0.51 1.92

CHC#} 9.0
was obtai ngandrodll opvi odgedur e | |-duelnSefgd .t h® @.0r
4. ;mbkol ) . Purification by cohmenmt aObe /odfta too gdread

159 0. 99 g, 4.Z&8 mmel 1)9%9%, a yell ow solid.
TLC: Re= Onpé&ntane/ Et OAc 20: 1) .

IH-NMR: (300 MH2{i=CDCP887 (rMHar)RkH,77C@82 (m, 1H
CHar)m 7i.76 42 (R )R HF JE13Q d5 Huz)m ppm. C

IENMR : (282 MH2O=OBCl2=(®, 8FRHA16C9= (9.,8 Hz,
CF)pp m.

The analgoicaspdadsa [Pl the | iterature.
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Experi ment al

(2)-3, 4-Tét 4 afli(pt orl o/-R-¢ #i-a b & 509)
i i DFMBA i i
CH2C|2, rt. 17 h

157b 159b

Dikelt®H&2301.0C2.127 O0.50
DFMBA=[1.0{1.5C3.26 O0.638
CHC#} 2.0

was obftoalilnoewdi ng gener ahepcoceéespeln®d 6gsSang,
2. ol ) . Purification by cobhmenmt adbe /odftaf too gdread
159 0. 45 g, 1.ZE4 dmél. 1)8%a%, a yell ow oil

TLC: Ri= Onpén(ade2Etl) .

H-NMR: (300 MHZU= D@2 §.dQ Hz, J2H8,07H32 2Hd),
i6.61 (m, 1H), 2.44 (s, 3H) ppm.

IENMR : (282 MHZO=CBCl2J=(®, 7TFRHA17CI=(9.,9 Hz,
CF)pp m.

The analytical datalét®drresponds to the |liter
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Experi ment al

(D-1-( € hl or op3,edntyd 1)4 af F2e ollroonbdustP)

o O F O

DFMBA
> NS
F3C Fgc
CH2C|2, rt. 17 h
Cl Cl

157c¢ 159c¢

Diketrtd®df€501.0C2.00 0.50
DFMBA=[1.0:1.5C3.00 O0.62
CHC? 2.0

was o bftoalilnoewdi ng gener dheprocecsiponddd gSUnG
2. hthol ) . Purification by cobhmenmt adbe /odftaf too gdread
159 0. 45 g, 1.2 mdmdl: 1)8%a%, a yell ow solid.

TLC: Ri= O0npen(ane/0EtlOAC

IH-NMR: (500 MH2iU= D@6 Hamym 2HIS @ .(H, HzymlH, C
6.67W0=(82.3 Hz,pplml, C

IENMR : (282 MH3u=aTBClI22=(®, 7TRRMHA15C9= (¥.,7 Hz,
CF)pp m.

I1&-NMR: (126 MHZ{= CIDBGD.)5 (15d= 628(4d.q6,CF¥U 0. 14 Hz?2
Cqudrt 1G4drd KGPIm3 Y@ROYImS A13=92T78dAd8, 40.
HzCF3) , 10938 ZH) mppm.

HRMS: (ElmHzal c abs€Cy® [CM] 215. 9965, found 251.

| R: Fi Ilfoe™ = 3071 (w), 2037 (w), 1809 (w)
1489 (w), 1402 (w), 1376 (w), 1292 (n
(m), 1076 (w), 1026 (w), 1009 (m), 838
(w), 707 (w), 64877m{w)57844w) w)5338308

Mp:. 41146t. 0 AC.
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Experi ment al

(2)-1-( 2-Ddc hl or 8p Md mdyld4)a f F2ie ollroonbdu5to)

0o 0 F O
DFMBA ~
FsC —» .
CH,Cly, 1t. 17 h
cl cl cl cl
157d 159d

DikelbWe&€851.0C1. 75 0.50
DFMBA=[1.0{1.5C2.63 0.55
CHC#} 1.8

was obftoalilnoewdi ng gener aheprcoceespeln®dBldpsSang
1. mBkol ) . Purification by cohmenmt aOhe /odfta too gdread
15d9 0.g41 1. 44 dEol 5. B2%W as a white solid.

TLC: Ri= OnBé&nt{ane/OEtIOAC

IH-N MR : (500 MH2U= CD.CI3 8d3 HiZnymlH,JA®B1 (9, Hz,
1H,Ha:Qm 7.J3F8 8(Bd, 2HOYKHZ 6IBB3 Q@1 Hz, 1
CH) ppm.

LENMR: (282 MH2i=aBCISI=( @, 3FRHA14C9= (9.,4 Hz,
CF)pp m.

I&-NMR: (126 MHZU= CIDB@D)9 (L52= 32 88d.q0,CFU0. 13 %Hz5
Coudrt 1@ 6)r2 1B 32 B AY)m6 AR AY)m0 AR 8BYm2 (
118. U=(gd4. 1,CFRY0.B1MZ9 THY mp p m.

HRMS: (Elm/zal ¢ 1 bhif€dRO G*M] 285. 9575, found 285

| R: Fi e = 3090 (w), 1705 (m), 1671 (w)
1370 (m), 1(2w)8, (IM@Q6 1(26)6, 1158 (s), 1
(w), 871 (w), 825 (m), 776 (w), 708 (
465 (w).
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Experi ment al

2-3, 4-Tét dafld@drra fl uor ome t2de yllon@hbeOn y | ) but

O O F O

CF DFMBA [ CF
FsC 3 — 3
CH,Cly, rt. 17 h

157e 159e

Dike1®¢284 1. 0C3.52 1.00
DFMB[A= 1. 0:1.5C5.28 1.09
CHC#? 7.0

was o bftoalilnggwlinreg a l protkducert és pelntdjgeh gQ A, 3
3. kol ) . Purification by cohmenmt aOhe /odfta too gdread
159 0.9g71 2. 47 sl 6. §0W) as a colorl ess oil

TLC: Ri= Onpgé&ntane/O0EtlOAC

IH.NMR: (500 MHZU= CGBDCU7 Hors)m 18HIA OF (@ , Hzrn)m1 H, C
7 . 91]:( E, 6 HHzr,aml W,J:G(BS (0: ,HHZr,aml HS,JﬂQ ( d,
30.6 HH), pdmm. C

l1ENMR: (282 MH32Uy= @RCRI=( A, 9F3)HZ3 . ZJ=( d9d.,4, 3.1 |
CFR) ,1114. 6F)( np,p nC

I&-NMR: (126 MHZU= CIDBCGD)6G (L52= 42 86d.q6,CF¥ 0. 13 Hz 1
(Coudrt 1G2)m2 132= 233F.0Quidz,131= 13 .(&,Hz,
Cardm 1@0)m2 L2)5. B. @z, 12J2. 26B8CR) ,Hz,
117. @=(gd4.0, CF)l, 01BEH)4.CE

HRMS: (Elm/zal ¢ 1HFOr["}@8] 286. 0229, found 286.0
| R: Fi I'ch = 30187008 w)m), 1678 (w), 1612 (\
1371 (w), 1334 (m), 1292 (m), 1248 (w
(w), 1073 (w), 1039 (w), 1001 (w), 92

(w), 728 (w), 693 (m), PHp54LwW) (whb30 (
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(2)-3, 4-Tét A4 afld @eertdh o xy p hzendlrd n) 5iQ)

F
i i OMe DFMBA NS i OMe
CHyCly, rt. 17 h
157f 159f

Dikeltbp46 1.0C4.06 1.00
DFMB[A= 1.0 1.5C6.09 1.26
CHC? 8.0

was o bftoalilnoewdi ng gener alheprocecdsponEihgGdn §
4. ol ) . Purification by cohmenmt aObe /odfta too gdread
15590. 62 g, 2.ZEr rmmdl ,1)6edd%,oav loiidht

TLC: Ri= 0. 39peaodate./ Et

IH.NMR: (500 MH2{= CDiG3.134 (HMar)AH7.@®S Bdlid, 2.7
1.1 HzHardWH,6 27131 d1 Mz, 3L.H8 7HHL( spp m8.H, C

IENMR : (282 MH2(0= gBCI2J=( d0. F3) HIz1177 . A= (Y., 8 Hz,
CF)pp m.

1&NMR: (126 MHZU= CIDSTEO)4 (163 1(5TD=328490, 39.
HzCF) , L3uhdrt7 1@&PMIml IQA)m7 I@A)m2 X17.9 (q
J= 273.7CRA0. BLHar (a8 76H) ,( 6H). 7p p(m.

HRMS: (ElmfHzal c .1HFO1[  M]C 248. 0460, found: 248

| R: Fil'mcHh 3293 (w), 2987 (w), 2841 (w),
1459 (w), 1440 (w), 1394 (wim)l135028m
(w), 986 (s), 906 (w), 856 (w), 829 (
544 (w), 480 (w).
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(2)-1-( Br omo p h3e,ndytl 4t 4 a f F2te allroonbdu5y0)

o O F O

DFMBA
NS
F5;C —_— F3;C
CH,Cly, rt. 17 h
Br Br

157g 1599

Di kel5hm€@95 1.0C1.70 0.50
DFMBJA= 1.0:{1.5C2.54 0.53

CHC# 1.70

was obftaalilnorewli ng gener alheprocecsiponddgdghgsdn G
1. imthol ) . Purification by cohmenmt aObe /odfta too gdread
159 0. 44 g, 1.2ZES mmadl 1)8&%, a white solid.

TLC: Ri= Onpén( adedEtl) .

IH-NMR: (300 MH2l= CD@.274 (Har)R@H7JIJE78 (6, Hz, 2t
CHar)m 166..83%7 (H), plpHn. C

IENMR : (282 MHZO=CBCl2J=( ®, 7F)HA15C8= (9.,7 Hz,
CF)pp m.

I&NMR: (76 MHz)U=CRB®.)7 (151= 8288&.q4,CF13. 036Hz1
(Cquaht 1C3323.m6 :K@aﬁamf% ](C?q OA.r,O ]( 10=92 -( 3] d 8 s 4 0 .
HzCR) , 1Q077 £F )Y mp p m.

HRMS: (Elm/)zal ¢c 1sBos® [CM] 295. 9460, found 295.

| R: Fi l'pec 1=704 (s), 1654 (s), 1587 (s),
1144 (s), 1080 (s), 1006 (m), 890 ( m)
(w), 462 (s).

Mp . : 631.624. 9 AC.
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Experi ment al

(2)-3, 4-Tét 4 aflimitoa loy-P-¢ #i-a nh (@ 5h9)

i i DFMBA 0 i
> NS
F3C Fgc
CH2C|2, rt. 17 h
159h 159h

Di kelohge@ 30y.=19).1. 0C4. 34 0.80
DFMB[A= 1. 03] 1.5C6.51 1.35

CHC#} 9.0

was obtai ngaendrodll oprihoeg ecdaurrreesiploin#9 agoOQ@, §, 4.
mmo |l ) . Purification by conpuemt ather/cEmdtb®greap h
(0. 80 mmo |3 .ZEB % . 8: 1)yedd oav loiight

TLC: Ri= Ongén(adelVCEtl) .

H.NMR: (500 ®DBIQIi= 7iB972 (mar)R@H V7684 (m, 1H
CHardm 73507 (& ,Hznyml1lH,IBR3Ld]l Hz,, 2.H54 C
(s, H)H,p LCm.

IENMR:; (282 MHZ2) U= CDX.I2)=( d,. 8 F3H,A2,117iC217. 5 ( m,
CF)pp m.

1E&-NMR (126 MHZ2{y= CIDB@D.)§ (15d= 12 8(3d.q3, CFB9. B3 %z ]
Coudrt 1@ 6)rd B EIm4 AR 9Ym3 AR Ym0 1R 6)m2 (
118.0J= q2l73.7, CF4Q. 810Mz=,0 3( ACHHz, 21. 5

(CH3)p p m.
HRMS: (Elm/)zal c aHsFsOr[1@] 232. 0511, found 232.0
| R: Fil'thecth 3066 (w), 2926 (w), 1811 (w),

1585 (w), 1485 (w), 1431 (w), 1368 (n
(m), 1000 9w ,( w28 gomwmh ,(w), 794 (m), 7
578 (w), 519 (w), 470 (w), 420 (w).
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Experi ment al

(2)-3, 4-Tédt dafli sharta op h-2-a sl n@ &)

o O F O

DFMBA
NS
FSC _——— F3C
CH2C|2, rt. 17 h
NO, NO

157i 159i

2

Di ketb5phe61 1.0C1.07 O0.28
DFMBA= 1.0 1.5C1.60 O0.33
CHC#} 2.0

was o bftoalilnoewdi ng gener dheprocecsiponif hgz3&ngd
1. ol ). Puri fication by c opemnaG)é iaErhd&itdodgerda p
(0.16 g, 0.z mmoll) =2%%a yellow oil.

TLC: Ri= 0 npB6en{( ad2eld)EL

IH-NMR: (500 MHZi{= CD.CI8 8d9 Ha,)m2H, JOEB8 (6, Hz,
2H,HaiGQm 6J7328d7 Mz,ppln, C

IENMR : (282 MH3u= aBCl2=( ®, 3FRHALI3C2= (¥.,3 Hz,
CF)pp m.

1E-NMR: (126 MH2U= CIDBGD.)2 (152= 628(6d.q9, CF¥0. B5H=z1]
Cqudrt 1&O v A20OY)m9 Y@dAymd4d (1D0=72T74d2, 40.
HzCF3) , 1QD62&H) mpp m.

HRMS: (ElmHzal c 1bHsFN@[ ] 263.0206, found 263.

| R: Fi I'ehm = (3W)1,0 2962 (w), 2922 (w), 285
1604 (w), 1527 (s), 14120 (w), 1377 (w
(w), 11254 (s), 1130 (w), 1079 (w), 10
(s), 752 (w), 711 (w)5664w) (w), 574 (
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Experi ment al

2-3, 4-Tét dafli mapd t2yd ) DairA-o n@ 5 9)

o O F (0]

DFMBA
NS
FsC _— F3C
CH,Cl,, rt. 17 h

157j 159

Dikelbppe66 1. 0C1.88 O0.50
DFMB[A= 1.0 2.0C3.76 0.78

CHC? 4.0

was o bftoalilnoewdi ng gener dalheprocecsponIBihgSdng,
1.88 mmol ). Purification bgpemnt a0nNea/ aefttrh® naetdo g
(0.gd6 1. 70 @dEol 5. P1% as a white solid.

TLC: Ri= 0npéentane/0EtlOAC

IH-NMR: (300 MH2U= GBDGHO Hers)m 1ISH,181C ( Hu ) H7 . T4
i7.50 (Mar)@HBIB630QdT7 H)z,ppln, C

IENMR : (282 MH2O=OBCIWI=(®, 9FR)HA117Cl1= (9.,8 Hz,
CF)pp m.

The analytical datalt®rresponds to the |iter
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Experi ment al

2)-3, 4-Tét dafli mampd t2yd |) Dair-o n(@ 5k9)

o O F o}

\
FsC O DFMBA FsC O
—_— >

O CH,Cl,, 1t. 17 h O

157k 159k

DikelbWkR66 1. 0C2. 56 O0.68
DFMBA=[1.0{1.5C3.84 0.79
CHC#} 6.0

was obftoalilnoewdi ng gener aheprcoceespelndBlk p§ 8 n §
2. ol ) . Purification by cohmenmt aObe /odfta too gdread
159 0.g69 2. 56 mdo=l ,6.g8ualnNt as a colorl ess oil.

TLC: Ri= O0ng8n(ade2Etl) .

IH-NMR: (500 MHZl= CDCIH= (8d.d6,, 1.HR )kz,8.148, (@t ,
8.6, 1. HaBa, 7119,18Q 5¢ , 1 HL)Hz 7. BHE, (Addd,
8.5, 6.9, Hi)h Wz ,9el1H,dd@, 6. 8 Hardm 2 Hz,
7.55J)=dsd.,2, 7H2)Hz 6JIFH31@2 Hz,ppl, C

IENMR : (282 MH2i=0BClWI=(®, 8FR)HA1I7CI=(q.,9 Hz,
CF)pp m.

1&-NMR: (126 MHZU= CDB@D.)1l @A 5D= 928(3d.g4, CFB9. D3 Hz8
Cardm 1@ 4)rd 1@ B)rO® A3J. 3. @4 Hwz , 1@ 08 (
128C9Im( 1@8BIm8 @27 Iml K@BImdS K ZdImd5 X18. 0
(qgd= 273.8,CRMA0.BLUEHZZ. @H)Hzp p m.

HRMS: (ElmfHzal ¢ .iHFOr[:M]C 268. 0511, found: 2638

| R: Fil'mecHh 3056 (w), 1945 (w), 1809 (w),
(w), 1573 (w), 1509 (m), 1461 (w), 14
1233 (w), 1202 (w), 1151 (s)85910w) ,(w
844 (w), 804 (m), 776 (s), 736 (w), E€
(w), 499 (w), 455 (w), 417 (w).
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Experi ment al

(2D-1-( [ IBilp h edry\3)] 41 €1t 4 a f F2e alroonbdu5t Q)

NS
F,C O DFMBA F,C O
—_—
O CH,Cl,, t. 17 h O

1571 1591

Diket®5phB92 1.0C3.42 1.00
DFMBA= 1.0 1.5C5.13 1.06
CHC#? 12.0

was o bftoalilnoewdi ng gener alheprocecdsiponied hgGddndg,
3.42 mmol ). Purification bgpent aGne / aEfttrdd®ndaetdo g
(0.g80 2. 72 Ddmol 4. B0%) as a yellow oil.

TLC: Ri= Onpén{adelVlCEtl) .

IH-NMR: (500 MHZU= CD.CIH ¢d4 Hz)RH7I8412d5 Hz,
2H,Ha'Qm 7J8412d6 Haz)m 217, .5486 ( MardmR H, C
7.43=(d7.3 Haz)m 1BIJZE3IT A0 Hz,pplml, C

IENMR : (282 MH3u= TBClII=(®, 8FRHALI7CO0= (¥.,8 Hz,
CF)pp m.

1&-NMR: (126 MH2zp= CD&BO.)2 (151=2283.q3,CF8F, 8 Hz,
147C33k 1@9):6 1G@5)d A@29)m5 YR9)m2 X28. 8
Cardgm 1@vdm8 I&vymd X130=9278d7y, CF),7 Hz,
108. D= (3p.,CH)Hzp p m.

HRMS : (ElmHzal c.1Hifei[ MIC 294. 0668, found: 294

| R: Fi I'acin 100 (m), 1643 (m), 1601 (m),
1210 (s)10814em(m)1031 (w), 1003 (w),
771 (m), 734 (m), 678 (m), 622 (w), 5
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Experi ment al

(2)-3, 4-Tédt 4 afld dcert dh o x y p hZendrd n) (@ and)

o O F O

\§
— >
OMe CH,Cly, rt. 17 h OMe
157m 159m

Di keltbnhe46 1. 0C1.22 0.30
DFMBA= 1.031.5C1.83 0.38
CHC#} 1.20

was o bftoalilnoewdi ng generahepcoceddpelnSd/kmdg SODnN @ ,
1. thehol ) . Purification by cohmenmt aOhe /odfta too gdread
15M( 0. 26 g, 1. 24 dmbél 1)8m%, a yell ow oil.

TLC: Re= Ongénfane/ Et OAc 20: 1) .

IH-NMR: (500 MHZ{= CDCL375 (Mar)R HH.IE98 (@, Hz, 2t
CHardm 6J6532d1 Mz, 3L.H,OHX sp,p M8.H, C

IENMR : (282 MH2u= gBCIU=(4d0. F3) H=z118.@= (1d0. 1 Hz,
CF) ppm.

1E-NMR: (126 MH2ZU= CID&ZD.)9 (1C6 A7 1L(5@=4288d2, 39.
Hz, CRF 1@4).43 9Cq3)rf 113= 9273.g4, 41.1 Hz
Cardm 12848 ZH) ,m, 6Hz). 6p p(m.

HRMS: (ESImtyzal c ..HfFOMNa CM+N2F1.0353, found:

| R: Fi e = 3017 (w), 2941 (Ww),28809( w}
1575 (w), 1512 (w), 1464 (w), 1424 (w
(m), 1238 (w), 1201 (w), 1166 (s), 1:
835 (m), 782 (w), 693 (w), 636 (w), 6
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Experi ment al

(2-3, 4-Tét 4 afld po r-ayli )nbaidl-o n & 509

O O F (0]
DFMBA
NS
F3C z | —_— F,;C z |
\N CHyCly, rt. 17 h \N
1570 1590

Dikeltbhel1l17 1.0C4.61 1.00
DFMB[A= 1.0¢1.5C6.91 1. 43

CHC#} 15.0

was o bftoalilnoewdi nogr ogceerdeurréelh d | c aursri erggp olns¢qfdch g0 Q , &,
4. fMimmol ). Puri fication by crepleunminaiel/eEBtINB® dgdap
(0.g31 1. 43 @Bl 2 wiBiL),N-chieet3-mgt hyl benzami de as ¢

TLC: Ri= OnBé&ntane/ Et OAc 2:1) .

H-N MR : (300 MH2,i=Cc®CL1 (s,J=1H).,8 #Hz85 1&d9,, 8. .
8.0 Hz, 1.8 Hz,81B)Hz7. 485)=#d,0.18H)H,z, 6
1H) ppm.

LENMR: (282 MHz ,i=CbCI733 29 .("FHz ,17 CLIE4S4 92 5( H,z,
1F,F) Cppm.

1E-NMR: (126 MH2U= CIDSTED.)5 (1C54mb6 1(53=2286e 97, 40.
HzCFCH, 1&GOP)ml IXG&6Im0 I1&1d9 1&4)m0 X17. 7
(qd= 273.9, CR), 41BEZHAR)E M p m.

HRMS: (Elm/)zal ¢ .oHsFsM® : [[,]219. 0307, found: 219
| R: Fil'iech 1=7qsw), 1626 (w), 1586 (m), 14
(w), 1299 (w), 1194 (s), 1153 (w), 1

730 (w), 702 (w), 636 (w).
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Experi ment al

(2)-2-( Perfl uor e3et4h nly dd e n alp(h2t¢im &l 59

6 o F O
DFMBA ~
CH.Cl,, rt. 17 h
157p 159p

Di kelb5f®17 1.0C2.06 0.50
DFMBJA= 1.0:1.2C2.47 0.51

CHC# 6.0

was obftoalilnoewdi ng gener ahepcoceespend{m@gSang,
2. ol ) . Purification by cobhmenmt adbe /odftaf too gdread
159W. 41 g, 1.Z6% nmmél: 1)82a%, a yellow solid.

TLC: Re= Onpénfane/ Et OAc 20: 1) .

IH-NMR: (500 MHZl= CD.COD= (7d.d8,, 1 .Héykz,7.15H, (Cd,
7.5, 1.5HaMH#m, TEMB5C (Mar)d H77 82A7 (m, 1H
CHardm 3J=126.(3 ,Hz),, DBR,0BE ( MCCEMN, pf m.

1E-NMR: (282 MH2u= @BCIA=( 6, 7F3)H,2 119 C8= (6q.,8, Hz,
CF)pp m.

1E-NMR (126 MH2ZU= CD&41=9 9(.®O)Hz ,148= 127M.q5, 42.
HzCF), 143l 1Ga4ymd 132=84 (%qubize, 128. 9
(Cardm 1@28)ml AR7dm5 (2246 ZquCm), 118.4 (q
= 274.0,CF1. ROWD,2( dGHHz , 25J.=5 7(.d, Hz,

CH.C C Fp)p m.
HRMS : (ElmNzal c 1HsFOr[*18] 244 . 0511, found 244.0
| R: Fi e 2943 (w), 2261 (w), 1699 (w), !

1455 (w), 1436 (w), 1327 (s), 1296 (v
(w), 1023 (w), 1009 (w), 964 (w), 94:
(w), 773 (w), 736 (¥),48721((w), 4865

Mp. : 561.5M. 2 AC.
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Experi ment al

(2-3, 41 &1 4 ai-p wem plebAra I1 5(2 a

Fol |l owi

product

15as

TLC:

H-NMR:

1ENMR:

1E-NMR:

HRMS:

a

NaBH,
\§ \§
FsC —» FC
MeOH, 0°C, 1 h

159a 152a

Fluoreme@as 1. 0C1. 76 383
NaBH37.83] 1.2C2.11 79.7

Me OH 8.0

ng genasahbdplrvcrdagd@B8d] mg, )ih.e7 & rmrdel
was purified by ppémnutmad)e hgEtovnmantgo g rhaep hp
yell ow oi l (384 mg, 1.74 mmol, 99%).

Ri= 0nBéent{ ad ed :Elt) .

(300 MHZ[U=CDCB518 (rMHar)bshHB56887 (m, 1H
CHCF), ©5=68.6dHDH)1H2.GCB) (spm.l1H, O

(282 MH2u= gRCl&=(4d]1. F3) Hz313 .= (191,. 1 Hz,
FCR)ppm.

(76 MHzj)u=CDR@I5J8 28,5, FH.,7 143- 0CFka,
1. 7CHEmt 1@Q89Ym1 AR BYIm7 AR SBym9 LA18= 32 (HW.q§,

41.5 FBB),, Cl153~46(8qCHWCH) ,Hzg#. @. 0d Hz,
CHOHp p m.

(Elm/Nzal c aHsFsOr[7}@] 220. 05113, found 220.

Fi 'mcin 3852 (w), 1715 (w), 1454 (w), I
1146 (s), 1103 (w), 1075 (w), 1047 (w
701 (m).
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Experi ment al

(2-Di et hyl-t € t3r, &i-pMhyeimpdebrryt| ) phadsBgBhat e (

Q _oEt

CI” okt
F OH DMAP F  OPO(OEt),
FaC” —_— e
py, rt, 17 h
152a 183a
Al colh5o3l®2 20 . 17] 1.0C1. 74 38mg
DMAP122. 17] 0.1c176 O021mg

Di et hyl phosph®2jexZHh13. 0C5. 27 0. imB

Pyridine 1.8

was obtained f ol | owisnigngg etnheer ad o rprk @épBodnadr i emggl Va
1.76 mmol ). Purificati on bnyp ecnc!|adyer/ ac€th 88 thatd o g
(44, mmel5, 72%) as a yellow oil

TLC: Ri= 0 nRgOent{ adle) lEt

IH-NMR: (500 MHZi= CDIG4.532 (Ma:)5HBIL18. (% ,Hz, 1t
CHO) , 5.J%2 3(1d®, O9OHGF)Hzi,a.18H8, (GHy) ,4H, 2
1.26JedB@d, 4, 7.0H) 1ppmHz, 6H, 2C

1E-NMR: (282 MH2uUu= GRCIO9=(d]l. Fs3) H=z3]0.B= (190,. 9 Hz,
CF) ppm.

1E&-NMR: (126 MHZi= CDL8.J2 26§, 0,CFRp. 0IRHz6. &4d,
HzCqulrt 1@0)m3 1@0)iml 1QBlm4 118=127Q4d1,
40. 9CFHlz, 112=86 ( 2 QCGHC.F? ,HZIA . 45. GHIO®)z,,
64. 2=(8, TCHHz, 1B= 06 .(6CHNz p pan.

SPANMR: (122 MH2U f£D®lp m.
HRMS: (ESImfzal ¢ aHifr /P NG [ M+ Na79. 0695, found

| R: Fil'mehh = 2987 (w), 2912 (w), 1719 (w)
1272 (m), 1201 (m), 1148 (m), 1071 (w
818 (w), 734 (w), 700 (m), 619 (w), 5
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Experi ment al

(2)-3, 4-Tét 4 afliput orl oy-R-¢ Hi-a {1 52 b

Fol |l owi

product

F O F OH

~ NaBH, ~
FsC >  F.C
MeOH, 0 °C, 1 h

159b 152b

Fluorem®m®ae2 1.0C1.29 300
NaBH37.83] 1.2C1.55 58.7

Me OH 6.0

nNg gener alhbdplrvcredafBOd | mgus,thre§  rmmel )
was obtained as aplyed ploavr ywlidt iacmrd wdii tr

purification.

TLC:

H-NMR:

1ENMR:

1€ NMR:

HRMS:

Ri= Onpén(ade2Etl) .

(300 MHZu= CDh©HO08 (Huw P HS5.J88 3(1dHz,, 9. 4
1HHCE) , 15. 67 (RMOH)LH,2 .C3B3) (s2J3613 (&,
Hz , HH, p ©Om.

(282 MH2u= gRCl&=(4d]1. F3) Hz313 .= (191,. 1 Hz,
CF) ppm.

(126 MHZU= CIDACH J6 2615, 3,CFGH, 6 LABYm7 (
138Cab)m( 1@R9)m8 IAR5EYAR2 5CaBm( 118= 327 Nh.dsg,
41.5 B8R, CFL5=56(&qCBCR) , Hz86. 8. 8d Hz,
CHOH) , CR3 . 3 (

(ElmNHzal c aHiff®r[ M@ 234. 06 848,6 7f50/und 2
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Experi ment al

(2)-Di e t(By, |4 ,edt ,rda-l-(ptot p-P-gdl-vt ) phdsB@Bhat e (
Q

\;D,OEt
CI” Yokt
F OH F  OPO(OEt),
DMAP
FSC%\ > Fscm
py, rt, 17 h
152b 183b
Al colhsodil2 34 . 19] 1.0C1.29 303
DMAP122.17] 0.1Cc129 O15. 8

Di et hyl phoslph®ZjedHhl2. 0C2. hho 0. 37

Pyridine 1.3

was obtained f ol |l owishigngg etnheer ad o rprk éstBodmgd;i en gl Va
1. ol ). Purification by creplemnmma®iel/eEBiM@B8dgdap

(240 mg, 0.648 mmol, 50% over two Steps) as
TLC: Ri= O0ngén(adel :Ex) .
H-NMR: (500 MHzU=CDCBO028 (MHardmrHV7Q25 ( m, 2 H

CHar)m 6J=178.(6t HD), 16J8e30Qdd, 8HCF)Hz, 1
4.2D. 79 (i) ,4H,. 329G)(,s j10. 4815 Cniz) 6pH,m.2 C

IENMR : (282 MH2uUu= aRCI9=(4d]1l. &3 H=z311.A= (190,. 9 Hz,
CF) ppm.

1&NMR: (126 MH2u=CDE€6.J& (Q6é6d¢, 6 ,CF39. aC38z.:3 (
134.JF= (5d.,8ulz, 1@29).m8 1IR6)m3 X18=1272d0,
41. 0CFHiz, 113= 96 .(H,qCHX.F) , HG74L. .1BHOMm, 64 . 1
(d= 5. 7CHHz, TH;) 3 186= 16 .(9CHH z p pn.

SP-NMR: (202 MH2U= @DOI1L ppm.
HRMS : (ESIm¥zal c +khfF@OP N@ [ M+N=ag3. 0849, found

| R: Fi llfoec'th = 2987 (w), 1719 (w), 1515 (w)
1199 (m),110B47 w)m),1027 (w), 981 (s),
771 (w), 751 (w), 717 (w), 694 (w), 5
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Experi ment al

(2D-1-(€hl or op3h,edntyd 1)4 af F2eolrod b 6 P C

Fol |l owi

pr odvwacst

NaBH
\ 4 \
mAVLt:L > W)\*T:L
Cl MeOH, 0°C,1h cl

Fluorem®@b2 1.0C1.19 300
NaBJfH37.83] 1.2C1.43 53.9

Me OH 5.0

nNg gener atlhbéplr ocecdafBOO | mg u s, thre)  rmmeel )

obtained as a yellow oil and directl

purification.

TLC:

H-NMR:

1ENMR:

1&-NMR:

HRMS:

Ri= 0. 10pé&Ra0amde./ Et

(300 MH2U=CDC®499 ( Har)AHB5C@26 ( m, 2 H
CHOH amd@F)X, 2. 1HW) (psp,m.1H, O

(282 MH2u= QRCI&=(4d]1. F3) HIz3j2 .= (190,. 9 Hz,
CF) ppm.

(75 MHzj)u=CD@5J9 PHH, 9, CFP, 7 1&B),8CF
134CA)m( 1Q9)ml 1Q7)ml 118.=12(7q,0, 41.5
CFCF3) ,i 11UEHICH) , 6%6.42. CH®H), pp m.

(ElmHzal ¢ i €b® [ ®] 254.01216, found 25:¢
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Experi ment al

D-1-(€hl or op3h,edntyd )4 af F2weolryd b udti et hy Il 8g8hosphat e
Q

W _OEt
CI’P\
F OH OFt F OPO(OEt),
DMAP
py, rt, 17 h
cl cl
152¢ 183¢
Al colso2i@ 54 . 61] 1.0C1.19 303
DMAPL22] 17 0.1C119 O14.5

Di et hyl phosph®2jedHhl11. 2C1. 43 0. 21

Pyridine 1.2

was obtained fol |l owi snignggetntee ad o rpt ®EL@BdBd ien g Va
1. inthol ). Purification by cmnpleunntnage eEbtihn@B d g d ap

(2M9g, O0.61 mmol, 52% over two steps) as a ye
TLC: Ri= 0ngént{ adel :E2) .
IH-N MR : (500 MH2lUi=CDCBRO035 (mMar)@HV7783F1 (m, 2H

CHar)m 6J=188.(6t WD), 16,I8683(d#l, SBHCF)Hz, 1
4.13D.89 (ndp) ,4H,. 27C (7d.td,, 7. 1Hs) 1ppamHz,

1ENMR: (282 MH2U= QRCIO=( d0. &3) H=z3]0.A= (190,. 9 Hz,
CF) ppm.

I&NMR: (126 MH2lU= CD46.J3 26§, 6,CFu1p. 036z6. (d,
HzCqudrt 1G53l 1@0Bym2 IQVIm6 Y170=927Q4d22,
40. 8CFylz, 112=36(H9g.,CF)2 iHD, SEHOMm, 64 . 2
(d= 5. 7CHH z , 11165 .19 CKism, p 2 m.

SPANMR: (122 MH2U= @GDOI2 ppm.
HRMS: (ESImfzal c s Hif€EdBPCla [ M+ Ndall]3. 0304, found

| R: Fil'mehm = 2988 (w), 2912 (w), 1720 (w)
1368 (w), 1350 (w), 1273 (m), 1201 (r
(w), 904 (w), 838 (w), 818 (m), 757 (
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Experi ment al

(2)-1-( 2-Ddchl or 8p Meamyld)af FweolrodDd (R d

F 0 F  OH

NaBH,
X X
FsC ————> ¢
MeOH, 0 °C, 1 h
Cl o cl Cl

159d 152d

Fluoreh$® 87 1.0C696 (200
NaBH37.83] 1.2C835 (31.6

Me OH 3.5

Following generatlhbchbr ooeda g @0l Imgysiemd Omol ) ,
prodéoeas purified by col ummpemht amatdaigwianpdg yt |
product as a white solid (179 mg, 618 Omol

TLC: Ri= O0Onp8nt{ ad ed :Elt) .

H-NMR: (500 QOMHQ)Ii= 7d95 8.4 Han)mlH,J42 (W, Hz,
1H,HaQm 7.53 8(.dBd,Hz, Hi )k, He&. D=1 B B, Hz,
3.9 HzHardH,5.Qr=2 3(2ddl, Hz, HBE B, H273 1 H( d (
4.1 HzH) Iphp,m.O

1E-NMR: (282 MH3u= CGDCGl2= 81L. G3) Hz] @IF01®D.Oq Hz,
1F,F) Cppm.

1E-NMR: (125 MH3U= CDAGEJ6 Z@4., 8 CFGP, 6 1@BM.D (
135CQ3rg 1G 320 AR9)Im8 K @ZBImd K @R2BImO0 K20. 4
(qd, 272.8, Ch)l, OTHRE3 2CHCH),, 6=3.3.z§9 d,
CHOH) ppm.

HRMS: (ElmHzal c 1H€CFO EM:] 253.00433, found 2

| R Fi I'fpec™ 3363 (w), 1717 (w), 1590 (w),
(m), 1267 (w), 1200 (m), 1151 (s), 110
(m), 758 (w), 693 (w), 575 (w), 482 (
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Experi ment al

(2)-1-( 2-Ddchl or SpManmyld)af Fteolryd b udti et hy l1 838hosphat e

Q _oEt

CI” okt
F OH F OPO(OEt),
DMAP
Fng > Fscm
py, rt, 3 h
cl Cl cl Cl
152d 183d
Al colh50l®2 54 . 6 1] 1.0c552 0160
DMAPL22] 17 0.1Cc119 0O014.5

Di et hyl phosph®2je&ZHh13. 0C1. 66 0. 24

Pyridine 0.5

was obtained f ol | owisnign gg etnheer acl o rprr &sCpkodndri emggl Va
0.55 MMmoli Yication by col umpenhra®)rdétEdipedagedg u

(46ngl, 108 Omol, 20%) as a yellow oil
TLC: Ri= Ongént adel :Elt) .
IH.NMR: (500 MHZU= CD.CI2 8d4 HE,ImlH,J4Q2 (U, Hz,

1H,HaQm 7.3=3 8(.d4d,, 2 Hd )Hz 6 I#WB8 (T, Hz, 1t
CHO) , 5.JE5 3(1dd, O9H®OF)Hzi, .14, (GHy) ,4H, 2
1.29J¥t0dd0Q, 5. 8,H)l.popnHz, 6H, 2C

1E-NMR: (282 MH2uUu= GRCIO=( A0 . F3) HIz2j7 .= (190,. 8 Hz,
CF) ppm.

1&NMR: (126 QMHQII= 14739 268@., 7 CFCHEY, 81@ &) .7 (
134. U=(6d1, Clid HGBR2).0 1Z0O9Y)m9 LZBY)m8 (
128C0O0Jm( 118.=0 2(7Rkd ,5,CHRF., 8 1HEZ.92 9 ( m,
CHCF), &8 .42 3H)z,, 164 . 8CHym, 26= 16 .(d,Hz,
2CHs) ppm.

SPANMR: (202 MHRU= GDGI5 ppm.
HRMS: (ESImfal c s HifEdFROsPNa [ M+ Nda46. 9913, found
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Experi ment al

Fil'mecHh = 1475 (w), UB7TD ((m)), UBGD ((m))
1122 (w), 1103 (w), 1034 (s), 1009 (w

2-3, 4-Tédt dafld@drra fl uor ome t2de yllo) IpF(eny | ) but

F 0 F OH

X CF NaBh, X CF
FsC s > FC s
MeOH, 0 °C, 1 h

159e 152e

Fluoresednasee6 1. 0C738 (21rmg
NaBdfi37.83] 1.2C88@no 33m§

Me OH 4. 0 1

Foll owing gener atthbeh noe dag2elmiigl7 B8 u Hined cr ude

pr odvwacst obt ained as a colorless oil and direc

purification.

TLC:

H-NMR:

1ENMR:

1E-NMR:

HRMS:

Ri= O0nB8n(adelVlEtl) .

(300 MHZU=CDCT466 (Mar)d H77640 (m, 3H
CHar)m 65 .0662 ( RCF 24#HQHGC, 2. 37H) ( ppm. 1 H,

(282 MH3U= GRCIFE) (7TQi. 81=(dD. 9 Fzl 3IITFL
(g 11. 6CHz, C

(75 MHz)ili=CcnD@l6. 2 (dg, XTXFGCF 262&8).730.9
131.3= (32 .CGhr)Rz,1@0)md4 I1@P)ml L25= 33.(8,
HzGardm 1ZR) ,8912323=546. Qgyz , 1181=027(2q d,,
41.3 E€Fg),, QR 4= 74. GHJHRZ),, 6J&. 46 CH @H),

ppm.

(Elm/Hzal c sH/FOr[/@¢] 288. 03851, found 288.
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Experi ment al

(2)-Di et(By |4, ,edt,rda-l-( B orofl uor omet2eyilly)phenyl ) but
phosp(h&Be

Q _oEt

C1” okt
F OH F  OPO(OEt),

X CF DMAP X CF
FaC ® P FC s
py, rt, 17 h

152e 183e
Al c olh502l@ 8 8. 16 ] 1.0c738 0213
DMAPL22] 17 0.1C74.0 9.00
Di et hyl phoslph®ZedHh13. 0C2.21 0. 32
Pyridine 0.7

was obt
738mol ) .

(161 n@n
TLC:

H-NMR:

1ENMR:

1E-NMR:

SP-NMR:

ained f ol l owisnigngg etnhreea ad o rprt ®@gedlBd iergg Va
Purification by cnepleunninagel eE6ctin8eB d g d a p

01l378%1% over two steps) as a colorl es
Ri= O0ngeéen(adel :EL) .

(500 MH2){i=CDCVO064 (s )dHTZI661 (m, 1H
CHardm 177..5591 ( Hwrdm® HEJI=L 78 .(6t ,HHD) , 1BH, 9C ( d
J= 31.1, 8HCF)HZ . 4®, ( 6H) ,4HLL.3266 (m, 6H
2€ECs) ppm.

(282 MHZi= GRCIB) (7QT. V=( A0 . 7 Fyzl 21TFT
()= 10. & HgpmdcC

(126 MH2U= CIDIGIJB 2616, 2 CFU0. 13Bz5.(7dd,
1.7 CHZ2nt 13X B82( Qe , 129)m8 ARYm7 (
126.3d= (3., Carb, 12B= 82 7(2qCR) ,Hz1 2B= 13 .(8q,
HzCardm 1169272d4,CR@RA). 0 HB2. B. Ldqgq3. 2
CHCF) , J=0.48. @H(®)z,, 6. & . (7d Hz , 1BCH7 .(1t ,
Hz, 32 Cplp m.

(202 MH3Zug= @DGI3 ppm.

127



Experi ment al

HRMS: (ElmNzal c .Hiff@P CM]424. 0674, found 424.

| R: Fi l'lfpe®™ = 2989 (w), 2914 (w), 1719 (w)
1200 (w), 1154 (w), 112@&)(mBa8lOWE, (®&
804 (m), 766 (w), 703 (m), 662 (w), 6

(2)-3, 4-Tét dafld @ertcdh oxy p heendird 1L B(A £

F O F  OH

NaBH,
\S OMe \S OMe
F,C —_— FsC
MeOH, 0 °C, 1 h

159f 152f

Fluorksmpm4e8 1. 0C1. 35 340
NaBs37. 83] 1.2C1.63 60.0

Me OH 6. 5

Foll owing gener atlhbéprocedag9@®@Aa®8 1 Mgusilng5 mmol )
prodwacst obt ai neal lasw aoilli gsand directly wused i

furpberfication.
TLC: R=0. pepmt adhr e Eit1) .

IH-N MR (300 MHZ{y= CDC3IL q.6 Hi&,)mlHGE.083 (m, 3H
CHar)m 5.J4 3Qdd, S8HCF)HZ 5. H&®, (BOH)LH, C
3.83 (Hg), PBEHm. C

IENMR (282 MH2 U0 &2Cd8=(11. F3) Hz313 .= (191,. 0 Hz,
CF) ppm.
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Experi ment al

(2-Di et hyl-t € t3r, &fi-(48nelt boxy p hZendryl |))bugh dsBiBdhat e (

Q _oEt
C1” okt
F OH F OPO(OEt),
py, rt, 3 h
152f 183f
Al c olh5cI2 50. 1 9] 1.0C1. 32 330
DMAFPL22] 17 0.1C0.13 20.0

Di et hyl phoslph®2e&8Hh13. 0C3.96 0.57

Pyridine 1.3

was obtained foll owi snign gy etnteea ad o rpt ®E{2@1dd ierggd Va
1. 8ol ). Purification by cnepleunmina ncelrEot d2808) o garf & |x

(300 mg, O0.78 mmol, 59% over two steps) as a

TLC: Ri= Onpén(adel :EL) .

'H-NMR: (500 MHZu=CDC34 T({t9 HE.)mlH,. IF (dad,
1.5, 0. MHarBm, 61H0,42Q1% ,HZ,9gml H. 9@ @ d2d,
2.6, 0. %HaBz, 61J4,780 6 ,HO), 1H,.J¥0 30dda,,
9.6 HzHCF)H, 3CAY ( nH) ,4 H3 . 8&283)(,s,1.32H/, (At
J= 14.6, 7.1H) 1ppmHz, 6H, 2C

1E-NMR: (282 MH2uUu= GRCIO=(4d0. %3 HZz310.D®= (190,. 9 Hz,
CF) ppm.

1&NMR: (126 MH[i=CDEQu)¥,: (1461=4 26dg8,CF30.0 H
139. 3B (5d.,Cqubz, 1@ 0N)m5 ALBY)m7 X18=3273d4,
42.0 Fz, 1@Gd)m9 X13= 96 .( W, CHL.F) ,H&L2,. 1 (
71.6=(4.,8H®)z,, 6M. 5.@BHHNz, 55. 7J)= 176..04, ( d
5.3 GHa), pPp m.

SP-NMR: (202 MH2U= WDGI2 ppm.

HRMS : (ElmNzal ¢ 1biff®P[OF] 386.0906, found 386
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Experi ment al

Fi e 3393 (w), 2987 (w), 2841 (w),
1459 (w), 1440 (w2651 39 ,( wl)2,001 3(5n0) ,( n
(w), 986 (s), 906 (w), 856 (w), 829 (
544 (w)., 480 (w)

(2)-1-( Br omo p R3e,ndytl @t 4 af F2eolrodDd R g

Fol |l owi
prodvact
as a co

TLC

H-NMR:

1ENMR:

1&-NMR:

HRMS:

F o F  OH

~ NaBH,4 ~
F3C > F3C
MeOH, 0 °C, 1h
Br Br

159¢g 1529

Fluorkmh®goer]. 1. 00897 O 26rig
NaBJf37.83] 1.2C1.08 40.7

Me OH 4.5

ng gener atlhbepbr o c e d & ABJ6uRgl, | 8Ws7i "gmo | ) , t |
purified by col ummp ecnhtratjgalt&otgnrga pt hhye upsri¢
l orless oil (212 mg, 709 Omol, 79%).

Ri= 0 nB8n{( aded EL) .

(500 MHU= CTYGIE], (QCHL)m -7-.29 (WG ) H
5.80J<d3d2.1 Hz, HBF 9 B zJ=118H dbd Hbz,,, 12H 7
CHOH , 2.J223 (6@, HD, pplh.

(282 MH2U= CDCd2= 81X. G3) Hz] @F2 .1Hz 0q,
CF) ppm.

(125 MHzi=CDEHqlE @62.2,CF39. 8389x9 (
132Ca2)m( 1@7)m6 AR22)m6 A18= 22 71.d9 CF)d,1. 2 H:
1151L115. CHCM),, 66.3. gHGH), ppm.

(Elm/zal c .6l Bos® [CM] +, 297.96164, found

Filomchm=3352 (w), 1716 (w), 1487 (w),
(s), 1146 (s), 1094 (w), 1071 (w), 104
(m), 709 (m), 548 (w), 522 (w).
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Experi ment al

(2)-1-( Br omo p h3e,ndytl @t 4 af t2ealryd b udti et hy (1 8g8hosphat e

Al c olh5021@9 .10 6 1.0C6450mo0! 193
DMAPL22] 17 0.1C65.0 7.90
Di et hyl phoslph®2edxHh13. 0C1.94 0. 28

Pyridine 0.7

was obtained f ol | owisnigngg etnheer ad o rprir @Llebdhudrinem gl Va
645 YmoPurification by colmpmmtahed@tt &ggdaghy
(127 3@no!l2945%) as a yellow oil

TLC: Ri= Onpén(adel :EL) .

H-NMR : (500 MH2yU= CD.CI4 8 d5 HiZz,ym2H,J2B8 (4, Hz,
2H,HaQm 6J478.(6,HD),1H8,)8C 30dd, 9.5 Hz
CHCF) , i3.. 906 ( mip) ,4 H,. 228C1(7d.t2d,, 7. 1Hs) 1. 0 H

IENMR : (282 MH2u= QRCIOU=( 40 . F3) H=z3j0 .= (190,. 8 Hz,
CF) ppm.

1&NMR: (126 MHZlU=CIDLdJ5 268§, 6,CFXp. 03J6z%. 7d,
HzGqudrt 1@G2)¥m3 1@8)m0 12334 018=027Qd2,
40. 9CFlz, 11225 ZHCH),, J0.49. @H®)z,, 64. 4 ( «
J= 5.8 #Hz, RRTR0 (3m, 2CH

SP-NMR: (202 MHR2U= WDGI0O ppm.

HRMS : (ElmiHzal ¢ 1khfBosOPC[*M]433. 9906, found 433
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