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Ac acetyl

AD Alzheimer's disease

Ad adamantyl

(+)-AMMP (+)-cis-4-(N-adamantylN-methylamino)-2,3-methano-2-phenylbutan-1-ol
aq. aqueous

Ar aryl

br broad singlet (spectral)

°C degrees Celsius

cat. catalytic

d doublet (spectral)

DIBAL-H diisobutylaluminium hydride
DMF N,N-dimethiformamide

DMSO dimethylsulfoxide

eq. equivalent

E entgegen

ee enantiomeric excess

ESI electronspray ionization

Et ethyl

FBS fluorous biphase system

FSPE fluorous solid-phase extraction
g gram(s)

h hour(s)

HPLC high performance liquid chromatography
IBX 2-iodoxybenzoic acid

HRMS high resolution mass spectrometry
Hz hertz

IR infrared

J coupling constant (in NMR)

L liter(s)

M moles per liter

m milli, multiplet(spectral)

m/z mass to change ratio (in mass spectrometry)



Me methyl

mol mole(s)

Ms methanesulfonyl (mesyl)
NMR nuclear magnetic resonance
NOESY NOE correlated Spectroscopy
PB phosphate buffer (1/15 M, pH 7.0)
Ph phenyl

PPL porcine pancreatic lipase

Pr n-propyl

q quartet (spectral)

rt room temperature

S singlet (spectral)

t triplet (spectral)

t-Bu tert-butyl

THF tetrahydrofuran

TLC thin-layer chromatography
TMS tetramethylsilane

TOF time-of-flight

Tr trityl

Ts p-toluenesulfonyl

4 zusammen

o chemical shift in parts per million downfield frotramethylsilane

n micro



H1E ERNREEE VD 2 o0O% ke R oS o EEIRe
T T BT LS D BRFE
1fi 2-Alkylidenepropane-1,3-didh > (E)-monoacetateD fifi i & ik B 5
%5 24 2-Alkylidenepropane-1,3-digh 3(Z)-monoacetate fifi & 5l 12 B %
% 360 (2)-2-Alkylbut-2-ene-1,4-diok Az & ¥R monoacetateD fifi {55 p 2B 6

% 2% (+)-cis-4-(N-adamantyN-methylamino)-2,3-methano-2-phenylbutan-1-ol
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# 3% SimmonsSmith 52 AW 2 f{EIC B ATHEZ: o— 7 2/ R Sk
L7 AT ARFENL T D BHRE

s

235 3CHK



FF ]

BRIZEBWNT, Y274 F 70 (Fifievlie7r) txidb o & b EERRE TH 5. 19874
IZEBSHEA O TEREE & BRRICBET 2 R B2 (WCED)) 23T S L7z #ds35 “Our Common
Future®CiX, A7 A4 F 7%, NEkoMRO=— %W hEH%75 2 &<, 4
AOHARD =— %473 & O 2B%) Ll S, £oFniesiia s UC@EMIT bh
TW5. Y 4H, ZOMERITHEL 2B PFEICRE L TR Y, AT ONEIZIBNT
HHIZTIE7Ze <, 19904 | K EEELE (EPA)L W “Green Chemistry Prografh@’ #28 S,
Z D%, 20004E(2 1% Anastast KO Warneric L W 7Y — 7 2 A R U —O#EE % 12 7N
F & ®7=, “GreenChemistry: Theory and Practic& i sz, 2 27 UV —2 7 I AR
—® 12FHANZIE, WIFEICER T 2 U A7 OERBZ R L7252 GG TR 0 24
FOGGMEZ: B, BREAN O AE R L2 72 a6l (7 ha=a 19 B X
OfIEROS ORI 72 EDBEV IAEN TR Y, BUEOHEEEMALFIIZEORES L 5> Thi
BTV, BT, ML IIEE LSRBE L TR Y, RO /3 B2 T, 2001
FEIZEFR 4, Sharplessks L O Knowles 3 Z DIWFEIZ L VD /) —~ VU LR EEZE T 57 L, i
EORFMBALZORBIZATE L. LLAaNs, MESLH L. B, BEIEZILD
LT DRRA 23 EP T, RN R 0 F D =— AR EE Y, ZHITHED, FRx e AR
MLFABHFE SN TE 2. 8 JEFETIE, EERROEATR KO B D KL D272, ZHZ
P> THEA SN D RFEN FITEWAFSEOBE L W BLENS, L0 RERSTIZHER
SNTEZ, LLRenb, 20X REMFIIEMTH Y, N OEBRIHEHT 2 EEG T
IR E < 2R DMl B 5.

— T, A3 L7==AT I =2 MRERE L, 5 TR THEBINDZ P ALERCT
I MAFEALFZBREL, ¥ T v a— Vi E S R SimmonsSmith 742~
1 7 a N ARSI BT, B 86% ee’tF H AL TV 5 (Scheme 1) 7

ARENLFIIRRICE S AFET Da-T X VBN ORS, D ORZMCAR SN TEY, i
BEIZHPPDLT, MW T U FABRRER R STV S, & HICARF SimmonsSmith
FOSIZRW S D ARFENL T 1E Co MEE THLON N 8 THHN, ZDa-7 X /%
H SR DO ARFENL 1T CoIEREDOEUL - & L THID TORITH Y, TORFHOMEE, K
IS DIBRIRRE & 5 O RUWICBLR SR 7= 5.

Ph_HO 5 steps
HoN OH l
L-Phenylalanine Ph
(cat.)
MsHN NHTs i,
R~ OH - RIA_OH

Et,Zn, CH,I
240, L2 up to quant. yield

up to 86% ee

Scheme 1Catalytic asymmetric cyclopropanations using ldyderived from L-phenylalanine.



FFNL, ARBOSICBRE A f X, RIS % 8t & 3 5 (+)-cis-4-(N-adamantyN-methylamino)-
2,3-methano-2-phenylbutan-1-ol ((+)-AMMPYFTELE L OREST A I L=, (+)-AMMP |3,
MarrazzoblZ K> THIO THM S NTZol ZBRT =AM TH Y, T VY A~ —JFia
B LE LTI CTE A0+ ThH D, ° ZOWERENT % Scheme 227”77

Me
| H o
Ph , NQ Ph .. _N Amidation .
\ED e Ad - /g \Ad Ph\-D ,EOH
~ : = . /:
HO P-0O Third key step P-0O
(+)-AMMP

Catalytic enantioselective

Ph\!>',,//OH Simmons-Smith reaction Ph j/\/OH

p-0~ Second key step P-O

P = protecting group

Ph j/\/OAC Regioselective acetylation Ph j/\/OH

HO First key step HO

Scheme 2Retrosynthetic analysis of (€)s-4-(N-adamantylN-methylamino)-2,3-methano-2-
phenylbutan-1-ol ((+)-AMMP).

AA AT, AR SimmonsSmith SR DL 2 SOERIGNH 5. O & DI,
SREEDORE IR LT X~ BT I OB ANE, b O O L O, MR A7 Simmons
Smith SIS DEVENTEL 7oth, 2 DDH—#h b R o S HOAE R L RED LI L 72 5.
ZITES, AR T INTa—vEREZA L, 2008 ke o BnimEL
T\ 5% 2-alkylidenepropane-1,3-diolt 4 —#k b K 2 3 FeDAr @SR 1 720 (il 2 Wit L 7.
ZORER, BEERARNAE (#35R) T 2K Y S—E (PPL) 50 ww%eef77E T, NEE
oA 10 Y EEHSES 2 LT, FrEO(E)-monoacetatér FLAF 72 L AUNER, i O EE
RMETHED Z Ik L7=(Scheme 3) ZHUZHOWTC, §13E—4 1 HIlCF O M & 5o
%) . 10

F7-, ZOMENS PPLOSNAKEGZN Y T IAT L a—FEOe FaxI hThd

OAc PPL (100 w/w2%) OR! Vinyl acetate (10 eq.), OH
PPL (50 w/w%)
Rz\/)/\/OH Rz\/)/\/OR1 - Rz\/)/\/OAc
DMSO-PB (1:1)
(Z)-monoacetates > 2 (E)-monoacetates
13 examples R=Ac R°=H 13 examples
up to 98% up to 97%

Scheme 3Preparation of monoacetates of 2-alkylideneprogdaBeliols.



ZEDNRBEINTToD, PPL ZHWERIGDE e D545 L, 2-alkylidenepropane-1,3-
diyl diacetateD(\ZE BRI 2K RSO Z Miat LTz, £ ORER, 100 wiwdeE D PPLAFELE
T, YAFNARFT R (DMSO)— U Rk (PB) @ L1 IRAGEEAZ WS Z LT,
(2)-monoacetater E 4t 7oL LRI L OV EEIUE THE O D 2 & & R L7=(Scheme
3. THIZHOVWTIE, FL1E-F2HICZOFEMETLHT L. 1

1R 1 HiR XU 2 H#i T b Vo RIESRT 2 (+)-AMMP. O HFEIFEL & 72 % (2)-2-
phenylbut-2-ene-1,4-diok X Y% 0 diacetatedZ )G L, WFNICBWTH BAF 2k R 2157
(Scheme 4)7 725, (2)-2-phenylbut-2-ene-1,4-didl> & |, 4-monoacetatd>, (Z)-2-phenylbut-
2-ene-1,4-diyl diacetaté> 5%, 1-monoacetatdy, E4f7a{b PN RIS KOS WL E B IRME T
b, ZHICOWT, FL1E—FIMICZOEMETHT 5. 2

WIS 1 %3 — 45 3 THiHl L 72 (2)-4-hydroxy-3-phenylbut-2-en-1-yl acetagefit A & L,

4 PPL (100 w/w% 4 3 Vinyl acylate (10 eq.), 4 _
Rj/\/OH (100 w/w%) Rj/\/OR PPL (50 w/w?%) ijo acyl
acyl—O DMSO-PB (1:1) R%0 HO
1-monoacylates R3= acyl RP=H 4-monoacylates
16 examples 15 examples
up to 98% up to 95%

Scheme 4Preparation of monoacetates @f-@-phenylbut-2-ene-1,4-diols.

Phj/\/OH Vinyl acetate, PPL - Phj/\/OAc - . Ph _~ OH
1,4-dioxane

HO HO t-BuPh,SiO
91%
Ph}_\
MsH HTs Ph >, OH Ph >, OH
Et,Zn, CH,l,, CH,CI s g : g/
200 H T M t-BuPh,Si0” t-BuPh,Si0”
quant. 71% ee
I\Ille
H
1) CICO,Et, EtsN, acetone Ph\Dw,/ N\Ad Ph\[>""/N\Ad
2) 1-Ad-NH, 1/2H,S0,. > g/ ~
. HO
1.0 M ag. NaOH t-BuPh,SiO (+)-AMMP
88% 82% ee 35% overall yield,
86% ee

Scheme 5Synthesis of (+)-AMMP.



(H)-AMMP OARFEARKICET Lz, 2hRMARAFGKREZBIEL, 22H O#RIETH 2 il
AIARFT SimmonsSmith S s DIE & 72 5 v F I VTV a— )VHHOR#E L A2 f < gt L7z,
ZOFER, AREERSIZEB VT, t-butyldiphenylsilylJE 2B A5 Z & T, 71% eeD T F 2 F
FEPNEE R L2, 72, 3OHOEEIGNERD 1T X~ X T 2 U OEAIEIZBWT
X, SRTREE 2B R UERE 7 na RiEFOLCIEML L, k027 17 A~y
BT X Uk S, RS LT LOMOKER LT b Y U LKA 204 BIFF S5 2
& T, 88%INR THTLD amideN AR CTE, KV ZMNONENR 1T X~ XTI D
MBI LTz, KR, # IR 9 T, #INER 359 AFILE 86% eeT, (+)-AMMP
DARF AR ZER L, Marrazzob OBEFIGAE ® &g L, FEH 1N 72 (+)-AMMP &A%
5% TS LT-(Scheme 5) Z DFEfl 255 2 5l #+ 5. 18

IHIT, SHOPRERE LI AVR O ARFEN T2 RBE ST L, T A T ARFAR
M Zixat Lc. 5 A ORFEMNFOEMRITHHETH L 2 L3%<, Fma XA THDHIT
L LT, ISEZICEI LEFHT 2 2 &3, 2 2 CERIE, B o722
WBLOZOHEMMEZRANE L, 7ML TRAEZEANLEHRS AVE LT 2 FARFEN T
DR X O OEUL % V2 it i) A7 SimmonsSmith L Z&Em Lz, 7v4 7 A
ARFBNLAIE L-TF B —Ahnb 7 TR, B 65%Tam L, AREAMFAET, o)
VT v a—/VEH% SimmonsSmith SOSISAT T2 & T, e 85% eel iV ) L T AN
P % B L7=(Scheme 6) F 7= AR F13 7 /v A4 F ZEARRIH (FSPE) 742 L 0 fii{# (2 [m]i0Y
TX, FRA L THIEFRNEB LORFREMET LN L2 L. U220\ Ti,
%3RS AT 5. 1

4'HOC6H4_>_\ 7 steps, 65% overall yield

H,N  OH
4-RfOCGH
OCeH, (cat.)
5 *
Rif¢\\/OH MsHN  NHTs R>F>\\/OH
6 Et,Zn, CH,1 6
R taZn, CHyLy up & quant. yield
Rf= F17C8(CH2)3 up to 85% ee

Scheme 6Catalytic enantioselective cyclopropanations using

fluorous ligand derived from L- tyrosinol.



FLIE AFENMEEZRAVD 2508 ke Fax &0
MERREE /) 78 F VARG DBE%E

RIRDOWEFR PRI 2 AR S USRI T 2 AEOS OBIFE X, LART X W K722 05803 72 &
TS, 19604EAX, Cornforth HIZEMIATIRD X 7 v Y — Ll 5y 2 HWT, 77 /b3 ib
v'r U O = B bHIRE G RN E AL FRICATV, A7 T LU DARERREICE T DK
JDNTARALEEZFEB] L7=. 15 CornforthiZ Z ODhfgiz L v, 1975412 ) — AL E 2% B
LCEY, BIETIE, AEERNAEE @%F) ISR X O E SRR 22 GG s b Fik
DOEDELTEZLNTND. iU delin O A C & FER AN R #E 72 H R E O
7225 T, i 72 B ECRd CRIVSIASSEIPER G L, FEFICHERAERE WD TH 5.
S I, BREASOLEMNGEREFRMSOSE L THHIRF S R E .

T AT IVIIKSIREESZ L L Tmbns V —81E, RO ATV RESRE THDHT A
TI7—RBELITRRY, BKEOIRER EKRORECEFEETHD, © ZOBKE (FH)
It L CORTEMEND, ARE UL FE~OICHDBEA THND . AL FIZBIT 5 Y R—
EOISHIE, Hx ORRISIAGRFERREO & S D, BT AT VAW TOIEFEN
FIHESETCE. V7 BTy ax I N7/ a—), TAT)V, F3hVR gl Eokk
B3, IS T d D mesolK DB, BER 2RI L CORFEMEMRIZE < k% “mesdrick!®”
LW (Scheme 7) A DM 20 38 RIZ LTV D b DD, ARl G D = o F A 34R
PEICIZE LA TV L, 19

Pro-(:S)
PO OH_, Asymmetric OAc
SR d - g
mlirror <, —OH desymmetrization ~—OH
plane Pro-(R) S product

R” = alkyl, aryl

Scheme 7Asymmetric desymmetrization afesepropane-1,3-diofs.

— 5T, BEEFAT2IEPMEEEZGET DR A= VO T AT LA RN e A
TIUE (ECT BT L) KOG, B Res T Eof@ERRman#Es L TRREL, %£<
DWENRRSTWD. LOLRRS, TOEEL LUL, AV IFEEAIBLIOX 7 LAV R
H2RHhLTHhY, 2 50% ke Fofx o @ERm 72 R ows 1mimic 72 <,
2-alkylidenepropane-1,3-didl 3 J 1U(2)-2-alkylbut-2-ene-1,4-diob D7 ERIN72E /7 F
JARDEFIEIZEI O N HE L CHD DR THSH. 2 &l s, 2-alkylidenepropane-1,3-diol
1%, METHD AK FF1ETF, it =% 1.0 Y EMEH SE5Z LT, (E)-monoacetat®
%, F7- 2-alkylidenepropane-1,3-diyl diacetate’, AK 7E7EF, MKDHET D Z & T, (2)-
monoacetat8 &\ & BRI TUV D (Scheme8) L L2l b, T _XTOFNZEBWNT, i
RIS T % diacetatel 7213 diol 108 9 — T ORMEAR 3L 2 8EIERM & LTHLNT
BY, MAKZEEISZES T, s 52WINR EWFEORMAKL TWD. SHIZETD
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OH OAc OAc

OH AK (10 w/w%)
Vinyl acetate (1.0 eq.)
Ph._~~_OH Pho\_OAc * Ph \_OH * Ph A _ OAc

la (E)-monoacetate 2a (Z)-monoacetate 3a diacetate 4a
2a+ 3a=90% yield 49,
22 : 3a=96:4

OAc AK (10 w/w%) OH OAc OH
Ph\/)/\/OAC Buffer Ph\/)/\/OAC ¥ Ph\/)/\/OH * Ph\/)/\/OH

4a (E)-monoacetate 2a (Z)-monoacetate 3a diol 1a
2a+ 3a=152% yield 7%
2a : 3a =4:96

Scheme 8Synthesis of monoacetates of 2-alkylidenepropaBeadibls reported by Takalet al..

Lipase PS-D (10 w/w%)

Me j/\/OH Vinyl acetate Me j/\/OAC Me j/\/OH Me j/\/OH
+ +

HO HO AcO AcO
5m 4-monoacetate 6m 1-monoacetate 7m diacetate 8m
6m + Tm =27% 32%

6m : 7m =>99:<]

Scheme 9Synthesis of monoacetates dj-@-alkylbut-2-ene-1,4-diols reported by Takadiel..

%, (2)-2-alkylbut-2-ene-1,4-didb (2 & i H LT 523, diol 5 7>5 monoacetaté -~ ZE 42
MERREDRD DN E OFERFERZ R L TEY, TOWEL 27%E @il b O Kk
=Ry F- DA RA~SHT 5 2 L IXIREEE <7z (Scheme 9)

N, AHLICR VRSN L7 2= T T =00 h, B TRTHRE SRS U ALR
U7 2 RARFEANLFZ R Ui R~ 7 SimmonsSmith B 7 o 7 oAb 7 1Bl
WAa &, KKIGZ#ELE T 25 (+)cis4-(N-adamantyN-methylamino)-2,3-methano-2-
phenylbutan-1-ol ((+)-AMMPD FHLARF A EIEOMNLZ BEE L=, £ O/ BGBRRICB VT,

2 ODF ke Fa Xk ON BRI R#EL VI L L (Scheme 10) 5—&TlL,

1 HibH 3 filchizy, UV A—8IZ, X0 LMaKuEY) ~—+¥ (PPL) Z#IRL, 2-

alkylidenepropane-1,3-diaks X UY(2)-2-alkylbut-2-ene-1,4-diolD (i &3 IR 72/ 7 & F Ak
Simmons-Smith reaction

B £ ONIR RS & fified 5. 1042
Regioselective
acetylation
v/ Me

Sl Ph OH Ph OAc Ph OH
Phdi>""\)f\N\Ad — j/y — j/v — j/v

HO™ N P-O HO HO
Amidation and
(+)-AMMP reduction

Scheme 10Retrosynthetic analysis of (+)-AMMP.

Catalytic enantioselective
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% 1#. 2-Alkylidenepropane-1,3-diol i 3(E)-monoacetated) fili A 5 #: Bl 7§

Kz 72 ) 8—¥ & /- 2-alkylidenepropane-1,3-didl DAL EEIRAY 72 7 & FIALBIG A
FE DI s THRESN TS, B LoLans, 3 XToOMNCEWT, @EINIGTH S
diacetate4 <°(Z)-monoacetat@ 2 E|Ak & LTHEOLNTREY, @RS E#ET 2 HITT
TN ERTH HEE E =L 2 B ICH LT, 1L0%EE LTEY, WEORMAZKL T
W5 KEITIE, K0 2R Y S—F (PPLYA filfit & 3+ %, 2-alkylidenepropane-1,3-diol
1125 U CONEEIRA 7 & FALBOSIZ DWW TRtk 5. 10

T, ARUSOHEWE & 735 2-alkylidenepropane-1,3-didl O F{% % <3 (Scheme 11)
BT LT e K9 L~ iY== I/L(10)D Knoevenageli &Sz LV 2-7 %) 5o~
RUBYEFLILANEEE, XBONE 2T AR FUvRUBYEFL AT AT

0 . CO,Et . OH

Knoevenagel condensation 5 Reduction
RZJJ\H + EtO,C._ CO,Et rRz_A coEt sz;OH
92-9m 10 11a-11m la-1m

Scheme 11Preparation of 2-alkylidenepropane-1,3-dibls

Table 1.Preparation of 2-alkylidenepropane-1,3-diblsom diethyl 2-alkylidenedicarboxylatd4?

, CO,Et DIBALH (4.5 eq.) OH
R\/\COZE'[ toluene, -30 °C Rz\/)/\/OH
11 1
Entry R Time (h) Productl Yield (%)
1 Ph 2 la 62
2 4-MeOGH4 3 1b 48
3 4-RCCeH4 3 1c 34
4 4-ClGH4 3 1d 53
5 4-MeGH4 3 le 57
6 3-MeGH4 2 1f 55
7 2-MeGHa 3 1g 57
8 2,4,6-MeCeH:> 3 1lh 58
9 PhCHCH: 3 Li 20
10 2-Naphthyl 3 1 47
11 2-Furyl 3 1k 44
12 2-Thienyl 3 1l 51
13 3-Thienyl 2 im 47

a All reactions were carried out with 1.0 equiv afttlyl 2-alkylidene-dicarboxylat&l and 4.5 equiv
of DIBAL-H in toluene at -30C.
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KT, b UEEEF, -30°CIZ2 T diisobutylaluminium hydride (DIBAL-H) % {Ef S ®iE
T 5 Z &I XY ki3 % 2-alkylidenepropane-1,3-didl z 34 L 7~ (Table 1) 25

WIZHRBL L 7= 2-alkylidenepropane-1,3-didl % HIEWE & § D ALESERIR 72T 2 72T L
b % Table 212779, £, 2-benzylidenepropane-1,3-didld) % 50 w/w%g: D PPLAFTE
T, Bt =L 104 &% 7 F bR E LT, L4-UA4 o umiii, =RIE T 23R
5 Z Lick v, FrEo(E)-2-hydroxymethyl-3-phenyl-2-propenyl aceta?a)( % 95% IV =
TH7z(entryl) & 512, HARYZ HNMR TN L7-fE5E, BEIK)GTH 5 diacetatela
X°(2)-monoacetat@a 75 E@E'JEEE% JER S E 72D oz, 22T, ABERKS O E R
PEZRMEICT D720, NUBURICE LG E 2 I3E KRG EEF T 5 1,3-diol 1b-1h ¥
XOT7 = xFVE, T 7F L, %’E?%f““ Z4H9 % 1,3-diol 1i-1m %S:@ad L7- (Table 2) EX
BN B A MR 5 72012, 2-benzylidenepropane-1,3-diol < ¥ U B ICE it GpEHL & LT,
A MFUEBIUA ?/V%%@Tﬁb BRGIERE LT, N7 A e A FAEBl0
oA EIR L. 44 MXF U7 2= B4 MV EEFET 5 1,3-diol b B LM lelcds
WTIE, ENEI 94%E LT 97%L, WTFRIZEW T, FrEo(E)-monoacetat@b ¥ LT
2e & B2 LR, VO E R T3 72 (entries 2 and 5)4-h U 7 LA B AF LT =
=ABIN4-rne 7 2= VAR T S 1,3-diollc B LN 1d icBW T, B E2ET 5 ¢
D, FIEI 90%635 X TN 94%DI =R TxfIi~ 9 % (E)-monoacetat@c 35 L U 2d #1572 (entries
34). ZDOZEND, AMERISICENT, RUPUBOBLRAIFIIRE S HBELRW
EWREBEENT. Fin, ERRR ARG 57012, NUBUVBRO SMB IR 2T AT
NIEHT S 1,3-diollf BL U 1g ZE L7 (entries 6-7) WTRUZBWNTH, ATEO (B)-
monoacetatef ¥ L 29 & B4 L FIE, @V LEERIMETHZ. L Lanb,
mesitylidenepropane-1,3-diollff) # X & & 4 5 € / 7 & F AL KIS T B W TIE, (B)-
monoacetat@h 7% 30%fF H i1, 61%DJFEEHEIU Th~7- (entry8) Z DI &b jﬁ? BT
LB EINT. SOIENECHD 7 =2 FEEZFT S 1,3-diolli TIE, xHitd
% (E)-monoacetat®i 7% 80%DILR TH L1525, (Z)-monoacetat8i 35 & U diacetatedi 78 %
NZH 4.6%8 L O 5.6%5 S, MEBEREOIEKTARLON-(entry 9) ZEBTHDL T 7 F
WIS, BRETHL 7 VN, FooVEERRET LICRER, 7 FAEEOSRIIZ N S @
diol 1j # Wiz &t &, RO TROLNDLDODEK & ﬁ‘%.’)(E)—monoacetatéj—Zm DIE ML
S RE T D Av7= (entries 10-13) L - T, AAEERGSITERBIZIR KV & AR &
DEIECTHD I ENRBEINT.

NOESY

Figure 1. Determination of the Structure @b.
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KT F AL BN T, 155405 (E)-monoacetatd |3 =[E# 7 V7> Th 5729, H
NMR I 7E O — R ICIET O F 3 b O SEARREER E XN TH 5. £ 2 THENIL(E)-
monoacetat® % NOE correlated Spectroscopy (NOESYE (2 & V) & D7 {AMEE 2 e L7z
(Figure 1)

Table 2.E-acetylation of 2-alkylidenepropane-1,3-dioin the presence of PPL

OH Vinyl acetate (10 eq.), PPL (50 w/w%) OH
Rz\)/\/OH 1,4-dioxane, rt ~ Rz\/)/\/OAC
1 2
Entry R Time (h) Product2 Yield (%)

1 Ph 23 2a 95

2 4-MeOGH4 23 2b 94

3 4-RCCsH4 47 2c 90

4 4-ClGsH4 48 2d 94

5 4-MeGHg4 31 2e 97

6 3-MeGHg4 20 2f 92

7 2-MeGHa 26 29 95

8 2,4,6-MaCgH:> 72 2h 3¢

9 PhCHCH; 28 2i 8(r
10 2-Naphthyl 24 2j 3g
11 2-Furyl 24 2k 65°
12 2-Thienyl 24 2l 82
13 3-Thienyl 24 2m 97

aAll reactions were carried out with 2-alkylidenepane-1,3-diol, 10 equiv of vinyl acetate, and 50
w/w% of PPL in 3 mL of 1,4-dioxane at PtThe starting materialh was recovered in 61% yieldl.
The starting materiali was recovered in 3.7% vyield, and tfiésomer3i and the diacetaté were
obtained in 4.6% and 5.6% yields, respectivERhe starting materidlj was recovered in 37% vyield.

€ The starting materidlk was recovered in 14% yield.

#F 2 2-Alkylidenepropane-1,3-diol B 3(Z)-monoacetated i {8 & 5L H: B %

ATERIC BT, 2-alkylidenepropane-1,3-didl ® 2 >®D bt Ko %3 PPLIC K » T Ej#
RWcBE s, MERBRMICT 2F b Shz (Scheme 12) D 7= 8, 2-
alkylidenepropane-1,3-diyl diacetater PPLAFE(E FIZ3 T, MK MEROG AT Z21E, E 38R
BN T B F VIR SRS, (2)-monoacetat8 23 E S D Z LN TSN (Scheme
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13). = Z TAEITIX, (2-monoacetated O i & pkikz 45 L7 PPL Z 5 2-
alkylidenepropane-1,3-diyl diacetateD (i & &R i) 72 MK 3R SO DWW TRtk 95 . 1

Acetylation

Scheme 13Regioselective hydrolysis.

F PR E & 72 5 2-alkylidenepropane-1,3-diyl diacetade (%, bV ¥ iR A, 2-
alkylidenepropane-1,3-didl |[ZHEKFFEAZEH S5 Z LI2 XD 82%~EREMICHI T 72
(Scheme 14)

2 2
R OH pyridine, rt, 10 h RiA OAc

1 4

Scheme 14Preparation of 2-Alkylidenepropane-1,3-diyl diateth

Table 3. Solvent effect forE-hydrolysis of 2-benzylidenepropane-1,3-diyl diatet@a) in the
presence of PPL.

OAc PPL (100 w/w%) OAc OH
Ph \/)/\/OAC Solvent, rt Ph \/)/\/OH * Ph \/)/\/OH
4a 3a la

Entry Solvent Reaction time Yield 3a (%) VYield 1a (%) Recoveryla (%)

1 MeOH 5 days Trace N.D. 99

2 EtOH 5 days 35 N.D. 55

3 i-PrOH 5 days 24 N.D. 67

4 PE 23 h 59 19 13

5 DMSO-PB (1:4) 21h 61 16 16

6 DMSO-PB (1:1) 25h 98 Trace N.D.

7 Acetone-PB(1:1) 25h 75 N.D. 22

8 MeCN-PB (1:1) 25h 4.3 N.D. 93

9 THF-PP(1:1) 25h N.D. N.D. 98

a All reactions were carried out with 2-benzylidermggane-1,3-diyl diacetatdd) and 100 w/w% of
PPL in 3 mL of solvent at r£.1/15M Phosphate buffer (pH 7.0)Not detected.
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Table 4. Amount effect of PPL foE-hydrolysis of 2-benzylidenepropane-1,3-diyl diatetéda).2

\)/\O/AC PPL (amount) \)/\O/AC \)/\.iH
Ph._~ OAc DMSO-PB (1:1), rt Ph._~ OH * Ph_~ OH
6a 7a 4a
Entry Amount (w/w%) Reaction time (h) Yield 7a(%) Yield 4a(%) Recovery6a (%)

1 10 25 65 N.D. 31

2 20 25 81 N.D. 15
3 50 25 92 N.D. 5.8
4 100 25 98 Trace N.D.

a All reactions were carried out with 2-benzylidersggane-1,3-diyl diacetatd#) and PPL in 3 mL of
a 1:1 mixure of DMSO-P8at rt.” Not detectedS 1/15M Phosphate buffer (pH 7.0).

FHL L 7= 2-benzylidenepropane-1,3-diyl diacetate)( % €7 /L HE & L, 100 wiwdes D PPL
FAET, 7TEFNNZEERE R DEEORKE &1T -7 (Table 3) 100 ww%E D PPLAFE T,
2-benzylidenepropane-1,3-diyl diacetad@)( & A % / — /ViEEEH, =EiEC 5 H B L7223,
H 1) (Z)-monoacetat8a (14 < 15 5, 99%D JFEHAYL & 72~ 7= (entry 1) RiEE =% /
—)VETFA Y T e =L E LT, BIOD(Z)-monoacetat8ald % i1 Z41 35%1 L Y 24%
ThY, TIVa— VA T BT VSRR & T D IEEES OGS T, e DO < KEF AT
SN T2 (entries 2-3) ZDOFERMND, TV a— VIEBIZ X5 PPLOBERIEIED JE N
B5 L CWbEEZ, WIEIZ 1/15M Phosphate buffer (PB, pH 720)ER L, 100 w/iw%eE D
PPLT#{E T, 2-benzylidenepropane-1,3-diyl diacetate)( % =i, 23 RiEHE#R L7=. Z OF5 R,
AT d(Z)-monoacetat8a # I (59%) T H i, IROWEN R LN (entryd). =5
|Z 2-benzylidenepropane-1,3-diyl diacetate)( Z AR L, SR XSS ELHIIT, Y AF
JLZLARF LR (DMSO) & st & U TRt L7252k, DMSO-PB @ 1:1 IRG T4 W
7z & &, FrEd(2)-monoacetat8a z 98%& ELATF 2RI I L UVE ML ERIUE TR72 (entries
56). £7- DMSO #7 k% hv, TER=FIABEIOTF Tt Kr7J 2 (THROK LR
A LT WIS E L TG L7228, DMSO 1 & B WIS 2~ 7= (entries 7-9)

RIZ PPLOfiliE &% 10, 20, 50, 100 wiw% Z L2 vkt L2 /6%, 100 wiwdesd & & (2
25 BEE CRUG52RE$ 2 Z L2V L 7= (Table 4) DL EDOFK RS, DMSO-PBD 1:11EA
VI, 100 wiwdes D PPL % et ff & L.

13 O AT B it S 1 CAMAK G5 i B 0 FEE e B 2 1t L 72 (Table 5) iﬁ“*”ﬁ’]x)ﬁ'ﬁ
%a’:ﬁﬁﬁﬂﬁ‘é 7212, 2-benzylidenepropane-1,3-diyl diacetata)( DX Y v BB G5
LT, ARMKFUVEBIOATVRZBIRL, E1RGMEE LT, N7 dm 2AFLE
BIOZ oo EARIRN L, 42 NV 7 2= 0B X004 NUEE AT 5 diacetatedb 35 &
WM 4elZB W TE, ZNE 95%8 LY 92%L, WTHUZB W T, FT2o(2)-monoacetate
3b B LW e BAFAL P, mVMLE SR T 72 (entries2and 5)4-~ Y 7141 A
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FNT7 2=V BL04-7 na 7 =)VEEHT 5 diacetatetc 35 L O 4d 1235 T, IR
THROGHEIT L, 24124 90%is KL OF 84%D I Txflix 9 % (2)-monoacetatdc ¥ L Uf 3d %
37= (entries 3-4) ZDOZ D, ARIGICBW S, NUBUEOBLRINRITRE < BB
L2RWZ LR Sz, 7z, MARRRIREZBRTT 272012, N BUBRO 3k L2
P2 A F IV EH T 5 diacetatedf 35 L O 4g Z it L7= (entries 6-7) W HUZHB W TH,
T2 (2)-monoacetatdf 35 LU 3g & BAF b PG, @V LEEIRPE TR, Lo Ly
o, mesitylidenepropane-1,3-diattf) % ILE & 3 DMK RS IZ IV T (Z)—monoacetate
3h 28 17%5 54, 66%DIFEHAI THh Y, E /7 & F ARG FEREICSTARRE (2 L 5 s
RS L7z (entry 8) S BIZHENIE T D 7 = X FLEETIT, xﬁﬁ&ﬁ“é(Z)—monoacetatel
S 6TYWDILR T B LS AN, 1,3-diolli 36 K OFES Z £ 13%ks LU 8.1%f5F H i, fE
BIRMEOIR TR A G (entry9) ZETHL T 7T NE, HERTOHL 7 I NLVE, F=
NIRRT LTS R, Wk W T BRY &9 5 (E)-monoacetat8j-3m 2335 L < S 51,
O E R IRPE 2 1572 (entries 10-13)

Table 5.E-Hydrolysis of 2-alkylidenepropane-1,3-diyl diadetda-4m in the presence of PPL.

J/\.io‘c PPL (100 w/w%) ﬂ ¢ ﬂ
RZ _~ OAc DMSO-PB (1:1), 1t RZ _~ OH * RZ _~ OH
4 3 1
Entry 4 R? Reaction time  Yield 3a Yield 1a Recoveryda
(h) (%) (%) (%)
1 4a  Ph 25 98 Trace N.D.
2 4b  4-MeOGH4 20 95 N.D. 1.7
3 4c  4-RCGCsH4 24 92 N.D. 1.7
4 4d  4-CICeHa 4 84 N.D. 3.7
5 de  4-MeGHa 18 85 N.D. 1.6
6 4f 3-MeGsH4 27 95 N.D. 2.3
7 4g  2-MeGHa 21 92 N.D. 0.4
8 4h  2,4,6-MeCsH> 48 17 N.D. 66
9 4i PhCHCH; 19 67 13 8.1
10 4j 2-Naphthyl 24 89 1.9 7.1
11 4k 2-Furyl 22 67 N.D. 15
12 4 2-Thienyl 18 85 1.7 Trace
13 4m  3-Thienyl 18 90 N.D. 0.9

aAll reactions were carried out with 2-alkylidenepane-1,3-diyl diacetatesand 100 w/w% of PPL
in 3 mL of a 1 : 1 mixure of DMSO-PB at PtNot detected.
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MeO H

HH OAC
3b

NOESY
Figure 2. Determination of the structure 8b.

AN SRR IBNT, 15541077 (2)-monoacetat® o 37 (&KL NOESY HIE 217\,
%5 1 HiCHARK L7=(E)-monoacetat® & 425 = & THEEDE L7 (Figure 2)

F3fi (2)-2-alkylbut-2-ene-1,4-diol H AL ERINAY monoacetatedd il {5 ER B R

B LENSE 2H1c =0, 2-alkyldenepropane-1,3-didl DN EEIRH)E /) 7 F b
& O 2-alkyldenepropane-1,3-diyl diacetat@> {7 & RN 53 i SO 7 FERL L 7=, % 2T,
ARETHE, ZhoBoNRERIFICESE, (#)-AMMP OHXER & Bk Y 2 5 (2)-2-
alkylbut-2-ene-1,4-diob DONLEEIRAIE /7 & F AL E L U(2)-2-alkylbut-2-ene-1,4-diyl
diacetate8 OALERIRFIMAK RSN L D/ T2 F UKD A& G L 72 (Scheme 15)

4 PPL (100 w/w% 4 3 vinyl acylate (10 eq.), 4 _
R j/VOH (100 whw2) R j/VOR PPL (50 Wiw%) RJ/VO acyl

acyl—0 DMSO-PB (1:1) R30 HO

1-monoacylate R3= acyl R3=H 4-monoacylate

Scheme 15Preparation of monoacetates 8f-2-phenylbut-2-ene-1,4-dioks

% 7°(2)-2-alkylbut-2-ene-1,4-didb 3 L. "% @ diacetats Of#5: % Table 6127~7". 2- But-
2-yne-1,4-diyl diacetatel@) & ff % @ alkylboronic acidl3 % Pdfitii-fife F, Mia sS85 Z &
T, diacetat8aa-8ja % fifFIZFHEL L7-. 26 (2)-2-alkylbut-2-ene-1,4-diyl diacetaf@a-5fats -
U 5hald 21211 49-67%8 L TN 76%E HFREE DIV T3/ (entries 1-6, 8)Alkylboronic acid
13g 13,8 L N 13] ORISITZE N 14% 31%,5 & 08 389K L KINE Tlxd 528, il
AHE CTd o 7-(entries 7,9-10) LxL722h b, NGWIET V3 VT % (2)-2-(2-phenylethyl)but-
2-ene-1,4-diyl diacetateBka) F5 L UME FE B & A ¥ % (2)-2-thienylbut-2-ene-1,4-diyl diacetate
(8la) DFBLIZIE, WU E, PDERIXSG O o7, F7- diacetatBaa-8ja D FEFRIZ I\
T, YUBTNATAIav NTTT 4 —D%IZ, UIXLIFMEOHFEE 1 RLE) R IE
MLCLEDI Z B DH. ZOHE, diacetate8 (2 sodium methoxide: /EFH S 2 = Ll2 &
VT B F Ak L, AT 5 (2)-2-alkylbut-2-ene-1,4-didb Z SBERRL L, iz ey v,
/KRR 2 AFJH S, 7 diacetate8 i dd L 7z.
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Table 6. Preparation ofZ)-2-alkylbut-2-ene-1,4-diyl diacetat@3and 1,4-diol&"

R
AcO \/\ OAc  R*B(OH), 13, Pd(PPh;),, AcOH

4

j/\/

OAc

NaOMe (cat.)

4
Rj/\/

. toluene or 1,4-dioxane ACO” 8 ELO-MeOH, . 5h g s
Entry 13 R4 Reaction conditions Diacetate3 (%) Diol 4 (%)
1 13a  Ph 80°C, 16 h 67 93
2 13b  4-MeOGH. 80°C, 17 h 49 Quant.
3 13c  4-MeGH4 80°C, 7 h 66 97
4 13d  4-FCGH4 80°C, 7 h 49 98
5 13e  4-CICeH4 80°C, 7 h 54 97
6 13f 3-MeGsH4 80°C, 24 h 65 97
7 13g 2-MeGHa4 80°C, 22 h 14 99
8 13h  2-Naphthyl 70C, 2.5h 76 67
9 13i PhCH=CH 60C, 3 h 3t 90
10 13j CeH1s:CH=CH 80°C, 6 h 38 84
11 13k  PhCHCH: 60°C, 3 h Trace --
12 13l Thienyl 80°C,6 h Trace -

a All reactions were carried out with but-2-yne-tgt diacetatel2, 1.5 equiv of alkylboronic acid
13, 0.03 equiv of Pd(PRh, and 0.1 equiv of AcOH in toluene under an argmoaphere® All
reactions were carried out witl)¢2-alkylbut-2-ene-1,4-diyl diacetat and a catalytic amount (6
drops) of 28% methanol solution of MeONa in 1:1 tuie of E;O-MeOH at rt for 5 h¢ 1,4-Dioxane

was used instead of toluene.

WAZFHEL L 7= (2)-2-alkylbut-2-ene-1,4-diob DAL EIEIRATE ) 7 & F L% Table 7i2
K9, (2)-2-phenylbut-2-ene-1,4-diob&) (2, 50 ww%E D PPLFAE T, EEfRE =/L% 104
BHWT, EiR, 24 FERICSEDZ L1280, FrEO2)-4-hydroxy-3-phenylbut-2-en-1-yl
acetate §aa) % 91%& BAf bR, (rE SR CHE7-(entry 1) [RIRF IS RIS ORIl A
) CTé % diacetateBaans 3% AR S L7y, YRR TH 5 (2)-4-hydroxy-2-phenylbut-2-en-
1—y| acetatelaa) TGO hoTc. S OICEEIZREE R RMEL BT 2720, NvEBr

b5 L OVEF RG22 A5 diol 5b-5g9 £7=F 7 F L&A T 5 diol 5h Dfr.

E?RE’J%/ T F MG R AT BTG L L T4 A MV EB L4 2 F LI,
FBEFRELE L T4 ABLN 47 00 m2_0P U BICHET 5 diol 5b-5g 2 A
ST L7 fE SR, xfIs 3 5 (2)-3-aryl-4-hydroxybut-2-en-1-yl acetatéba-6gas’ 86-93%C45 5
W, WTNOREFIZENTY, Eﬁ?iﬁﬂ:%ﬂlﬁz, NLEEINME 2 5 2 7~ (entries 2-5) L7=723 -

T, NUBUBROBLRWINRITEIT BN EDURE S T2, IRICARBUG O SR
REMR T D7D, 3 ATFABIN2-2AF VA HT % diol 5f B L UNSg xR Lz & 2 A,

monoacetatéfa 35 L O 6ga % £ iL-E 41 90%ks S U 889 = T157- (entries 6-7) 727 F
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Table 7.Acetylation of ¢)-2-alkylbut-2-ene-1,4-diolS in the presence of PPL

R4 OH Vinyl acetate (10 eq.), R4 OAc R4 OAc
j/\/ PPL (50 w/w%) j/\/ N j/\/
i HO AcO
6 8

HO 5 1,4-dioxane, rt
Entry 5 R4 Yield of 6 (%)  Yield of8 (%) Recovenpb (%)
1 5a Ph 91 3 N.D:
2 5b 4-MeOGsH4 89 Trace 3
3 5¢c 4-MeGeH4 91 N.D. N.D.
4 5d 4-FCeH4 93 4 N.D.
5 5e 4-CICgH4 86 3 N.D.
6 5f 3-MeGsH4 90 3 N.D.
7 5¢g 2-MeGsH4 88 Trace 4
8 5h 2-Naphthyl 42 (998) Trace (2) 57 (Traced
9 5i PhCH=CH 22 N.D. 24
10 5] CsH13CH=CH 20 N.D. N.D.

a All reactions were carried out witl)2-alkylbut-2-ene-1,4-didb, 10 equiv of vinyl acetate, and 50
w/w% of PPL in 3 mL of 1,4-dioxane at rt for 24°iNot detected® This reaction was stirred for 19

days.

NWIEEAHT % diol 5h (28 Tlid, monoacetatéha 7 42%I0 3K & i WMLEIRIRMEN S B D
HOD, STWNDJFEHAIL & 72> 7=(entry 8) Z AT 7 F VIO SRR EOREIZ LV Kk
HWEMET LebDEEZ DL 21, OGKHZ 19 B & 352 & T, 98%& T E EMIZHET
2 monoacetatéha 235 H 7. £y A H TS 5i-5) ITBWTIE, T 22%
BLO20%TH Y, BUSHEHEAL L= (entries 9-10) L7=23> T, ARIGSMEICBW T
Ty T o EML, B E G TRIBUSH R S 272D, KROSIZITE S 20 2
EH LTz,

PPLIZT B F VO Z A+ 2 Z L nmbnTnbd. 27 dnbh, 7hEF kbR
T%é%%t%wﬁET??w%%xTW@ FOTETFNZRIKTHLIIEEDOE FrX
ZATPETHE 2 PPLAYHE - TV 5 (Scheme 16) Z O R DEMI 22 & 22135 k4

ST . Acyl transfer 77T Acyl transfer g4 S =L OH
e o N BT
207 “CHy | PP

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

Scheme 16Proposed reaction pathway of acyl transfer.

22 THEE, T TG EOSRIEE L O TR A VLT 5 7ol Fi 4
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Table 8.Acylation of 2)-2-phenylbut-2-ene-1,4-diol&4) in the presence of PPL

Ph OH Vinyl acylate, Ph O—acyl -
j/\/ PPL j/\/ Yy Ph j/\/OH Phj/\/o acyl
+ +

HO 1,4-dioxane HO acyl—0 acyl—0
5a 6a 7a 8a
Entry acyl 6a 6a(%) Yield of 7a(%) Yield of 8a (%) Recov.5a (%)
1 CHCO 6aa 91 N.DP 3 N.DP
2 CHsCO 6ab 82 1 10 N.DP
3 CGH1sCO 6ac 82 3 6 N.DP
4 CiH25CO 6ad 92 N.DP 1 N.DP
5 PhCO 6ae 2 N.DP N.D® 95
6 CICH.CO 6af 50 4 N.DP 42
trans-
7 6ag 45 N.DP N.D® 54
CHsCH=CHCO

2 All reactions were carried out witZ)-2-phenylbut-2-ene-1,4-diobgé), 10 equiv of vinyl acylate,
and 50 w/w% of PPL in 3 mL of 1,4-dioxane at rt 28 h.® Not detected.

@ vinyl acylatez VT, KIS OMRG 21T > 7-(Table 8) F£ 37 2 /Lt 5{KIZ vinyl propan
-oate% 10 ¥ &M T, 50 WWWFIE T, (2)-2-phenylbut-2-ene-1,4-diobg) %€/ 7 F /L
{EEIGIZAT 2 & T, BT monopropionatéab % 82%[W 3 T157-(entry2) L2 L7225,
B4R & L C isomer7ab % 1%35 X O dipropionate8ab % 1094k X4, #IRPEDK T A
Ronf. SBIZ7 V% octanoy) laury & RFEHEZ RS TH2 &1L 0, BROOILE
(82%F LT 92%) 5 K O & SRMED 1] B3 2 Ak SR A 157- (entyies 3-4) F£ 77 Pk G(R
(2 vinyl benzoatex iV 7= & &, monoacetat®ae N T3 535 D DD (2%), 95%D J5E
[E & 72 o7z (entry 5) ZiuiE, SAKEEOZE TII72<, vinyl benzoateDZ LW S EIZ
E2aboeEZ TS, BFREIEKAE AT 5 vinyl chloroacetater v\ 72 & &,
mono(chloroacetatéaf % 50%& FFEEE DILRTH- 2, R & LT isomer7af & 4%
TIFOA, Fo 42%DJFEEHEI & 720, BOSEHEE DR T 36 K OV T O E @RI DR T 23
Rz (entry6) =/ > T % Crotonyl 27 2L 3E &3 2 KOG T, , T2 monocrotonate
6ag % 45%INE TH z, BAUDFEHAIL & 22~ 7=(entry 7) Z OFNZBWTIE, RISHEED
KTIERBOLND OO, D TEWALEERRENS i,

& Z (2)-2-Alkylbut-2-ene-1,4-diyl diacetat® o {if. & & R i J1 7K 5 i S 12 K 5 (2)-4-
hydroxy-2-alkylbut-2-en-1-yl acetate O %% % 77 (Table 9) (Z)-2-Phenylbut-2-ene-1,4-diyl
diacetate§aad %, 100 w/wY%E® PPLIF(E I, DMSO-PB® L1IEAEEH T, =ik, 480
MG S D Z L2 LY, T o (2)-4-hydroxy-2-phenylbut-2-en-1-yl aceta®af) % 89%&

I LSRR TS 2. AR IS B C B 5 (2)-4-hydroxy-3-phenylbut-2-en-1-yl aceta®a) s
F ONEFNZ IR R S 7z diol Saan’ 1% KON 1% B S U723, ARD T VOO E BRI
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Table 9.Hydrolysis of Z)—2—a|ky|but—2—ene-1 4-diyl diacetat@dn the presence of PPL

gy JN J”

(1:1)  AcO
Entry 8 R Yield of 7 (%)  Yield of5 (%) RecovenB(%)
1 8aa Ph 89 1 1
2 8ba 4-MeOGH4 78 (90y 7 (2F 2 (N.D.y
3 8ca 4-MeGH4 77 (88} 13 (3} 7 (6}
4 8da 4-FCeH4 94 N.DP 5
5 8ea 4-CICgH4 68 (86) 22 (Tracé) 7(7¥
6 8fa 3-MeGsHa 80 Trace 4
7 8ga 2-MeGsHa 95 N.D. N.D.
8 8ha 2-Naphthyl 78 10 2
9 8ia PhCH=CH 30 2 Trace
10 8ja CeH1sCH=CH 26 Trace 25

aAll reactions were carried out wit)-2-alkylbut-2-ene-1,4-diyl diaceta8and 100 w/w % of PPL
in 6 mL of a 1:1 mixture of DMSO-PB at rt for 484\ ot detected® This reaction was stirred for 3

days.? This reaction was stirred for 1 week.

S7-(entry 1) & OIZFEMZRIVERFRMEZ G T 5720, XUBUVRICE FHitERB LW
E@%Ek%l%%:ﬁﬁ‘é diacetate8ba-8ga® 7= 7 F /L E A H 7 5 diacetateoha D7 i S RAIN
KRG EG ik dz. Bt G e LT 4-2 FX VB IO 42 F L, F-E K5I
HLLTaA70AnBIN4-7 nua 0B UBRICAT S diacetate8ba-8ga & AN il A
L7-fER, %9 % (2)-3-aryl-4-hydroxybut-3-en-1-yl acetatéba-7gan’ 68-94%C 1% 541, U
THOREIZEBW TS, BARbFINER, (rEER M2 5 2 /- (entries 2-5) L2L7geA 5,
4-7 v F v < diacetatBba, 8cais L) 8eald, 48K IV TE, TLCIZ LD
BB & SOSDITERE L TN EDRIB S22, S HIZNEDM EAHE L,
FOSE M ZIER L1z, ZOfR, WO T HIERR W LT D RER 21572, RICK
RS DOSIARRN R 2 RS B 12012, 3-AF LB LV 2-4F L& HT 5 diacetatdfa 15 L O
8ga st L7 & Z %, monoacetat&fa 35 LY 7ga % 1E4 80%k L 1Y 95%W = CT15:7=
(entries 6-7) £7-F 7 F L&A 5 diacetat8ha (2351 TlE, monoacetatgha 7 78%& #f
WENF LD OO, WBREIEIGDERY) T % diol 5h H 10%5- % 7= (entriy 8) F 71k
VU EATH 8ia8ja IZBWNTIE, FAEI 30%EB LN 26%TH Y, IS LT
(entries 9-10) PPLZHW\%E / 72 F /LIS & [RERIS, AMKSEEIGSSMEICE N TE

oo 2 /T HEAWITE S RN EAURE S T,
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Table 10.Preparation of various diacylates dj--phenylbut-2-ene-1,4-diob§)2

Phj/\/OH Acyl chloride Phj/\/o—acyl
pyridine

HO 5a acyl—0O 8a

Entry acyl 8a 8a (%)

1 GHsCO 8ab 96

2 C/H15CO 8ac 59

3 Ci11H23:CO 8ad 60

4 PhCO 8ae 73

5 CICH,CO 8af 0 (88
6 trans-CHsCH=CHCO 8ag 0 (Op

2 The reactions were carried out witf)-2-phenylbut-2-ene-1,4-diob§), 2.2 equiv of acyl chloride

in pyridine.? The reactions were carried out with){2-phenylbut-2-ene-1,4-diob§), 3.2 equiv of

acyl chloride, and 3.5 equiv of triethylamine in FH

IR FREOSZ 31T 5, T I VEORGET&21T 9 12, fi 4 D(Z)-2-phenylbut-2-ene-1,4-
diyl diacylate8a % # il L 7-(Table 10) (2)-2-Phenylbut-2-ene-1,4-diob§) (Z pyridine &1,
R T, 2.2 450 propionyl chloride? )i S H 755, AT d(2)-2-phenylbut-2-ene-1,4-diyl
dipropionate(8ab) % 96%IX =% C15%7=(entry 1) F 7=[Fl£kIZ diol 5aZ octanoyl chloride lauryl
chloride s & Ot benzoyl chloridez {Ef =, diacylate8ac 8ad 35 L 1f 8ae%x #1141 59%,
60965 L OV 73%IN R CHHL L 7= (entries 2-3) L2>L 72235, pyridine ¥+, diol 5a &
chloroacetyl chloridels X OF crotonyl chlorided O &L, UGB EMML L, HMM 2 KR
% Z LIEHk 720~ o 72 (entries 5-6) & Z TRUS ST A2 H L, tetrahydrofuran (THF)E I,
EtsN 77{E T, diol 5a & chloroacetyl chlorides 2 U crotonyl chloride? )i S /72, & DR,
diacylateBaf |d 88%¢& B 72N CTH: H L7243, crotonyl chloridel D JSIZ BV TIE, Bk
KT & % (2)-2-phenylbut-2-ene-1,4-diyl bis(but-3-enoagh 7% 68%fF HAL 5 DA Th - 7=
(Scheme 17) Z @B & LT, EtN HEEMEZRAF T, crotonyl chloriden~ & 27 7 B3R L,
CHUNEMERE S 720, ROSDIMELT L7728 L HEHI L CTu % (Scheme 18)

Ph__~_OH Crotony! chloride, EGN - OPh 0 =
H oj/: THF, 0°Ctort, 7h Nj\oj/;: \g/\/
Scheme 17Preparation of4)-2-phenylbut-2-ene-1,4-diyl bis(but-3-enoadah

(N(O) £ 0 9
A )

Qe — o~ e A

B:

©) o .

Scheme 18Proposed reaction pathway of isomerization ofargitchloride.
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Table 11.Hydrolysis of £)-2-phenylbut-2-ene-1,4-diyl diacylat8a in the presence of PPL

Ph j/\/O—acyl PPL Ph _~ OH Ph_~ O—acyl Ph _~ OH
DMSO-PB * +

acyl—0O % (1:1) acyl—0O v HO “ HO .
Entry 8a acyl 7a(%) Yield of 6a(%) Yield of 5a (%) RecovenBa (%)
1 8aa CHsCO 89 N.DP 1 1
2 8ab CzHsCO 74 N.DP 3 15
3 8ac C7H1sCO 10 1 10 38
4 8ad CuH23CO 4 1 12 56
5 8ae PhCO 0 N.D 0 Quant.

6 8af CICHCO 4 1 26 66

a All reactions were carried out witlZ)-2-phenylbut-2-ene-1,4-diyl diacyla8a and 100 w/w% of
PPL in 6 mL of a 1:1 mixture of DMSO-PB at rt fd A.° Not detected.

FiEd L 7= diacylateBab-8af (22T, AMIK I/ if S Z 1t L 72 (Table 11) (2)-2-Phenylbut-
2-ene-1,4-diyl dipropionat@ab) %, 100 w/w%& D PPLTF/E T, DMSO-PB® 1:1 iR AVAMEH
T, =i, 48RS S ¥ D Z LI L0, AT D (2)-4-hydroxy-2-phenylbut-2-en-1-yl propionate
(7ab) % 74%& 41U TR 7= (entry 2) Dioctanoate8acs & O dilaurate8ad & JRFZH N E < 7
DHIZOH, IERFS K OMZE SR O T 23 L 5 417z (entries 3-4) Diol 5a DDk KX
VERT IMMEEINT VD20, REBEPRELS RDITON, ZONEEELEHET L. 20
72 DIZ PPL DIEVESRAL~OEEE N NEIZ /2 0, RS KO EERRENME T LB 26
% . £7z, dibenzoat@aelZ 35\ Tida < BUSEITE T, FEHEN O 7T - 7 (entry 5)
Bis(chloroacetateBaf (235 CTl, ArEERMEXIZE A ER LT, diol 5a7’ 26%ERK L,
66%D JFEHEUY & 72 - 7= (entry 6)

4 12(2)-2-phenylbut-2-ene-1,4-diob&) DN EEFIRIE / 7 F MELISICE T 5 PPL
DR IS O ks A £ %24 %5 (Scheme 19) 7 PPLIZ, Yoy 7—PBL= 255 —
BIZROLNDT I 8 3RO SN OIEERN 2GS 5. 22 T74bb, 163%&HD
B U L (Serl53) 177/ H DT AT X UEEFRIL (Aspl77) BN 264FHDE ATF Y
VKL (His264) DR SN DK IIIRT & —v FafFT 5. 9 Aspl77DAFEM
WAL LTlE, His264D 7' 1 h D5 & k& 243 5 Serls3DTEMEALAE Z 5. Fiil v T,
KEEMED A U7z Serl530 b Fu L EERER e = L 2K L, T 57 & F L —EEHR
AR 15 ZIERET 5. Wi L7- vinyl alkoxide I%(2)-2-phenylbut-2-ene-1,4-diob&) 7> 5 7' 11

k> % 5| % k%, (2)-4-hydroxy-3-phenylbut-2-en-1-olatd’) 35 L O acetaldehydeé- A=k 3 5.
K12 (2)-4-hydroxy-3-phenylbut-2-en-1-olatéd’) N7 & F L—EEESIK 15O T B F LK%
WE LT, (2)-4-hydroxy-3-phenylbut-2-en-1-yl acetaéa@) 7345k L, Serl53-Aspl77-His264
BERBTHEIND. 20L&, TEFL—FEREEIK 1555 (2)-4-hydroxy-3-phenylbut-2-
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en-1-olatefa’) O 7 & F VIR IL, AN EFmON IO R ikl 3R
ZENTWD 4 DOk FaX TR bDLHISND. £/ 7 ARG S RERD K
JICHE L Z 2 CTRBY, FLT B REZ ATV E L, T I IVZEERPIKTHIVUIINAK S
FREOSEITT D5 HD LHEEL TN D.

T V@
H;C CO) /

/ x CH,
[ 0:|
OJH:/\—\ ”

0 0
v o E— AL o
) AN—H----O—( THaNSN-pe--04
Ser153 Asp177 Ser153 >:/ Asp177
H|$264 14 His264 15
E x E N /
H3C o
03‘ Y © 0
H-N"SN-H----0
Ser153 \—/® Asp177
His264 16

Scheme 19Proposed reaction pathway of the acetylation uBiRb.
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F2E (+)-(2R, 39)-4-(N-adamantyl-N-methylamino)-2,3-methano-2-
phenylbutan-1-ol ((+)-AMMP) O i {8 & Bk D REST

TV A~ — IR (AD) IR AIBRRE A R 2 T ORI TH Y, b o &b —ikie
RHPE L LTHbBI TS, 2 R &EREAET L, AD Z & DA MR B ORI
RERBBEE 22> T 5. HERRERRE (WHO) 12X % &, AD 2 & e e B 5 g,
20124F|Z 3560 /7 A, 20304EIZ1Efi5 D 65707 A, 20504-121%, L{EANZHT ARz R L C
W5, O XD RIEEOF, ADJREERE L, BlIE, 7TEFral EHICES xR
RN, UNRAF T I VBT T X I AIMA, ZVH I AMGRIZHEES S A<= F 0N
HMOHNTNDN, WO AD IRIFERICBWTHETEE L IXWEIETH Y, TD72®D
AR 72 AD TRIESE D BT 70 H N H 278 AD OFRERFIAN R HEN TV S.

I, o RN, AD TEREEDFT-FHA E LTHER SN TWD. oZBIRIE, o1
EB IO EOBA Dol £62 OO0V T HA TREESINTND. FFllol TR
KX, /&4 25kDa 22307 X/ BN DR A T AMESETH Y, AR FEEOH)
Mmbra—r=r 7T D, 0 FiRRICZ <HBLL TH Y, /MR ER) KL
WCHFEL, B har R T EOEEAMICBEL TVD. ol SREOMREE LTiE, U
v RSy Xn L LTRIESNTEY, TAXSEOIY 707230 N 53 fiF,
INERER LB A LA, BROD T2 v e UIEEE I Lo MR A TR EE IS B 5 LT D
WENRINTND, 3 I HITHFE SRRV TT 2 2 A1 FBasas(AB2san 2> b
FHEINDLFMEICH L THEA ol SRET A= MR EE2 2 21280, g
RISV RS TERY, 32 fZh, ABsssaMENITEAS NI Y XX LT, ol
BERT A=A eF&k5T52 LT, v~V AOREEEREFFEA A RESNALTWS. 8 L
Mo T, ol ZRMWOFHEE L 713G, AD OFRIERZ s L, B3 2 i FL 2
BALSBE S AREMEDS RIE S5 . FEERIC, ANAVEX t23B% Licol ZR/IKT I =A h T
& % tetrahydroN,N-dimethyl-2,2-diphenyl-3-furanmethanamine hydrocide (ANAVEX2-73) 73,
2011 4F 3 A7 /v A <= —JRiREIK & LT Phase |OEKREERZTHOILTNS, 3
ANAVEX2-73 1Z7 WA ~—IRICBE 535 £ B 2 DL D8k & 7o B i 22 ik L
BAF7efi R 252 CH 0, Frlomg ) by v 2 o7 EOBRERMEER N #E S
TW5.

—J5C, Marrazzob 13, (+)-cis-4-(N-adamantyN-methylamino)-2,3-methano-2-phenylbutan-1-
ol (1)-AMMP)% &% L, (+)-pentazocine’ FEE & 3 % o1 BRIT kT L CORE G50 5 4
TV, HEREWEBAMERH D Z L2 ME L TEBY, ° HasBHEiHaRo Gt L%
DolZHERT =2 FOEH & L THBERF -5, LUy s, Marrazzo b O Rkifk
HTIE, (H)-AMMP Zia T 4 TR EDRNE OO, HRIEE Q%L SREIENR W EITE 2
72V (Scheme 20) Ko 7 AL T LRIk L CAREEDO RE R T XA~ 207 I v
Z SN2 BUSTEAL TWD A, IWEEA TR S, FEERICIERICHER D 5. F 72 MR
ELTWBH Y7 a7 R EAT Hylacton2l TR SN TE LT, Zh b (S-epichlo
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_______________________________________________

| Lo, Oy PR CN Ph\[>"/,/OH Ph\[>~,,/OH . |
E (S)-Epichlorohydrin CN /:% E

Ph\[>~,, _Br 1-Ad-NH,, NaHCO,

Z N 0 :\
O//‘O 87% Meo/\o 2 DMEF, 70°C, 6 h M O/\O 23
21 18%
H Me
., Ph Y N
- Ph\_D ’//N\Ad e \_D 1~ Ad
z 0 z
76% HO/ 75% HO/
24 (+)-AMMP

9% overall yield

Scheme 20First synthesis of (+)-AMMP reported by Marrazzgaal.

-rohydrin 17 & phenylacetonitrilel8 7> &

FHEL TV D H D EE 2 B (Scheme 165 53—M).

B2 (9-epichlorohydrinl7 i@ fli Cd v, ZOMEH ST 28§ ik ic
T L1 XE 27, (H)-AMMP O&RkEE LT, EORME RNZEL TN D.

EHX, SHOBHEBLIE L7227 72000 5 TRTHE SN VALK LT R
R AR BN % 2 il iR SimmonsSmith s 7 o 7 U AVESS T Z#RI+ 5 2 & T,
(+)-AMMP Bf{EICARTE DD TIERWNEE 2T, T72bb, (+)-AMMP Y7 n~7n
INUERED 2 DORFRERFINC LY —ZBITHEES 2 2 LT, Zili>2hEr7e 6k
L b, EOMERENT % Scheme 217777

HO™

l\llle
Phl>, N,

(+)-AMMP

—

HO

P-O

Catalytic enantioselective

Ph \[>.,///o|-| Simmons—Smith reaction

4 Second key step

ph\[>,,, H\ Amidation Ph\[>o, OH
: g A — : g
P—o/_ Third key step p—o/_

Phj/\/OH SN

P-0

P = protecting group

Regioselective acetylation

First key step HO

Phj/\/OH

Scheme 21Retrosynthetic analysis of (+)-AMMP via the thiesy reactions.
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AERGETIE, EERAFE SimmonsSmith SIS DOMIZ 2 SOEENH 5. & DI,
SRBEEORE R LT X~ #0T IUEBOEANE, § 9 O & DU, il AR5 Simmons
Smith SIS D FEENTE L 728D, 2 DOF kb Ko VIO ERIRN e (R#EN NI L 72 5.
ZO1OHOEMIETH D 2 dDOF ke Kok Eon @RI 2R H#I35 1 559 3
THIR L. 3RS THD 1T X~ T I U BHROB NI VR B E OfE
Bt (72 b)) IC X 2 AEAFE L-. AR gL 7 oo RioFAnbHHilsnsg
IRABRIKMDS, Mo A1 VR UEETEMELIR & e, K —BRIRATREE P Tl L E TH
HIENHMEINTEY, b7 v E=U LZHWEE KT I FOAK, 7=V VEHE
W7 = ROGR, BEORTF ROBEMNERL SN TWD. 3% KiEE, ZiiThY,
FIK-AHEAREZHEHCTEL 200, MVRWES e 17X~ 207 VKRR
B (T~ 20 FRR 1T X T I URBE AR CE D B 2. Lk, 39
DOEOG (DPPLZ W DL ESRIREY 22 /) 72 F UL ROE, @L-phenylalaningdi 3 % Lk
VT 2 REARFENF LT 5 AT SimmonsSmith FUii, @/K—AEIR SR %
ERIRG TR 2 PR E 527 I MUBOR) 28t 2 272 (+)-AMMP. ®
HFRAFARIEOHSLZBIE LT,

£, 1OHORKETH D 2 O0DOFH —fkt Fr Xk OB T & F RIS
1EE 3R E .

WAk A9 A FF Simmons-Smith SIS FHVY % cinnamyl alcohol 0 f i 72 i ik & faist4
L7280, £OHH—FHDOe FuXx v iEh ki /- 4-O-protected Z)-3-phenylbut-2-en-1-ols
26a-26eD 5 %IZ & T L7 (Scheme 22) %5 1 &5 3 fHi T 5 417z 4-hydroxy-3-phenylbut-2-en-
1-ly acetate @ag) (ZFH~ @ silyl chloride % 7= (% trityl chloride Z{Ef =+, T UL E7iT Y
F LR S 7= acetate25a-25e % IR 86-97%C137=. W T, sodium methoxidéZ J % fiit
7 F A& A TZ. tert-Butyldiphenylsilyl tert-butyldimethylsilyl 35 O trityl {R# 44
9% acetate25a 25b 5 KX TN 25e (2B TiE, FrE® cinnamyl alcohol6a, 26b 35 L OF 26e
23 68%~ F BN E THELINLIL. LL 72D 6, tert-butoxydiphenylsilyl,
tris(trimethylsilyl)silyl J&% 4% acetate25¢ 25d (2B Tix, Bl Vb #ITL T L%
WV, IROBHERE T AL/, DIBAL-H EILIC L 207 F bz Rat L, b
4% cinnamyl alcohoR6c 3 L Y 26d % B i 72U =R CTHASL L 7=,

P-Cl, pyridine, MeONa, MeOH,

Ph j/\/OAC 1t,24hor 90 h Ph j/\/OAC 1t,3h Ph j/\/OH
HO or PO or PO
(Me;Si);SiCl, DIBAL-H, THF,
6aa Et;N, DMAP 25a (P = -BuPh,Si): 97% 78°C. 24 h 26a (P = 1-BuPh,Si): quant.
THF, 11,24 h 25b (P = -BuMe,Si): 96% 26b (P = -BuMe,Si): 90%
25¢ (P = (-BuO)Ph,Si): 91% 26¢ (P = (1-BuO)Ph,Si): quant.
25d (P = (Me;Si);Si ): 86% 26d (P = (Me;Si);Si): 83%
25¢ (P = Ph;C): 94% 26e (P = Ph;C): 68%

Scheme 22Preparation of ©-protected Z)-3-phenylbut-2-en-1-ol8a-3e
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Table 12.SimmonsSmith reaction of £3-protected Z)-3-phenylbut-2-en-1-ol286a-26é

Ph
27
Ph j/\/OH MSI:I}_\lHTS Ph\[>'~,/OH

P-o” EtyZn, CH,l,, CH,Cl,, p-0” 2
0°C,3h
Entry Product P Yield (%) ee (%)
1 28a t-BuPhSi quant. 71
2 28b t-BuMe:Si 93 48
3 28c t-BuOPRSI 66 21
4 28d (MesSi)sSi 90 68
5 28e PhC 89 19

aAll reactions were carried out with@-protected Z)-3-phenylbut-2-en-1-d26, 0.1 equiv of ligand
27, 2.0 equiv of EZn, and 3.0 equiv of CHb in anhydrous CkCl. P Determined by HPLC analysis

with a 95 : 5 mixture of hexane and 2-propanolraslaent using Chiralcel OD (1.0 mL/min).

% 5 417= cinnamyl alcohoR6a-26e% VT, 2 D H OHE)EL T & 2 A~ 7 Simmons
Smith 5t % fit L 7= (Table 12) #%L L 7= cinnamyl alcohoR6a (Zxf L T, VALKV T
RARFBNL T 27 (0.1 equiv) 777E T, EtZn (2.0 equiv) F L T8 CH2l2 (3.0 equiv) %, 0°C, 3Hf
ML EED Z EI2XD, Aro 2,3-methanopropan@8a % & &HIIC 71% eel B o J
F A EIRVETEHR L 72 (entry 1). tert-Butyldiphenylsilyl L 0 37 K[ % o/ & 72 tert-
butyldimethylsilyl Z 43~ % cinnamyl alcohoR6b (235 TlE, 93% 48% eek =) > F AR
PO TR L 7-(entry 2) %7z, tert-butoxydiphenylsilylZ A3 % cinnamyl alcohoR6c C
%, = FARRMEOBEE MK TR biz(entry 3) Z OHH & LCidy U LV EEERSR
JRF~DRERDENLA, FUSDEBIREEZ RE S BLSETNDL T ENZEZLND. SHIC
SEARHIIZ 2> S tris(trimethylsilyl)silyl 22 459 % cinnamyl alcohoR6d (235 Tid, *Fiiad
% 2,3-methanopropan@Bd 7% 90% 68% eeT15 541, tert-butyldiphenylsilyl s & SEARRIIZ 2
SELLTHIFEAEERITRWI EXARBINT(entry 4) FToRARETH D trityl
EROWIESE, WEOWS = F U FARREIIS DR o Tz (entry 5) TR D, KEEH
REIFEXICH ZDOBRIFR 1OV A AEEM LR T S 20BN R I, L)
-C, tert-butyldiphenylsilyl &2 {RF#ERL & L THEALZ L X, T1%eel b o & b RWFR L

%0
o}
P> OH  (px) © P> B acion im0, Ph~!>-~g0H
+-BuPh,Si0”  28a DMSO. -BuPh,Si0” 595 NaH,PO, MeCN-H,0, +-BuPh,Si0” e
it,3h .3h a
94% 98%

Scheme 23Preparation of the 2,3-methano-3-phenylbutandit 2@a
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5. %2 7= (Tablel, entryl)

T, 3OHOERINE 72D T X MERISDIEE DA TH 573, Simmons-Smith it
T3 B A7z 2,3-methano-3-phenylbutan-128aiZ 2-iodoxybenzoic acid (IBX)% &4 L, DMSO
W, iR, 3G SH S Z LIk D, I 94%T aldehyde29a ~ L, Zhuic
NaClQ; # & OV H20, % NaHPOu f77E T, acetonitrile (MeCNAKIREAVALET, =ik, 3 KFHIK
JEERDH LT, %S T 5 2,3-methano-3-phenylbutanoic ad@a % 98%IL K TARL L 7-
(Scheme 23)

WIZ 3 DHDERIGE 7257 X MG TH 525, £7 3-phenylpropanoic aci8Q’) # &
FAEBELEL, 174~ Z T 2 (1-Ad-NHy) & OFEA RGBT 5 & mat 217 - 72
(Table 13) 3-phenylpropanoic aci®’) % EtN 777t I, 0°C, 3043f#, CICOEt ZEH =+,
TR CEEMLIR CTH DIRGIE K~ LB X, X 5T 1-Ad-NHz - HCI # /%, 0°C, 6
RFISS /5 2 & C, 27T%E BIETIEH 503, FTEO amide31' %137 (entry 1) 1-Ad-
NH2 - HCI(T v Z P 0) 13 R—F Y AL LAbn TRy, milicho7o720, =
ML, &0 Zffi7e 1-Ad-NH; + 1/2H,SQy & 3REZH| & L TR L7z (entries 2-9) £ 2T, 1F
ERERZRSIET T, 1-Ad-NHz - 1/2HSOu & SREZAIN & L TINZ 7278, Az e< B o,

Table 13.Amidation of 3-phenylpropionic acid() for optimaization of the reaction conditiéns

o) CICO,Et, EsN e 1-Ad-NH, 1/2H,SO0, 0]
Ph/\)J\OH acetone, [ Ph/\)LOJ\OEt 1.0 M aq. base Ph/\)LN—Ad
30’ 0°C. 30 min 31
Entry Base Equiv of base Time (h) Yield @o)
1° Free - 6 27
2 Free - 8 0
3 NaHCQ 2.0 20 16
4 NaOH 2.0 1 42
5 NaOH 2.0 6 58
6 NaOH 2.0 24 84
7 NaOH 2.0 48 82
8 NaOH 11 24 46
9 NaOH 3.0 24 65

aAll reactions were carried out with 3-phenylpropmacid @0’), 1.1 equiv of 1-adamantanamine
sulfate (Ad-NH 1/2HSQy), 1.1 equiv of CICGEt, and 1.1 equiv of BNl in 10 mL of acetone’.1-
Adamantanamine hydrochloride (1-Ad-WHCI) was used instead of 1-adamantanamine sylfate
Ad-NH; 1/2HSQy) in a mixture of 10 mL of MeCN and 0.5 mL of wat& mixture of 10 mL of
MeCN and 1.0 mL of water was used instead of aeetdsolated yield
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JEUEHENY & 72 > 7= (entries 2) Z Ui, 1-Ad-NH, « HCI X HRESIVESR L9 o lzxt L, 1-Ad-
NH2 « 1/2H,SQu 1T AR HKIC BIEME LICK WEEDIZKIG LR o2 b D EE 2 B
%. £ 2T, 1-Ad-NH; * 1/2H,SOy D H G IEA~ DR 2R3 2 BT, 1.0 M NaHCQ/K
iR, F7213 1.0MNaOHKEKR Z 2.0 Y= L=, ZOFEE, FhEih 16%k KO 42%
DR & HIRETIEdH 573, amide3l’ 231% B 4L7- (entries 3-4) 1.0 M NaOH/KIEIK D RIZFH
W, OS2 6 RFfE], 24 e, 48 IRffH] & Feat L7/, £ € 58% 84% 82%T
amide31'% 5 %, 240G SH 5 & X, b o & b BAREE %2157~ (entries 5-7) 7=, /K
FtT ~ U U LI K DIREEEE KW ORI fER S 72729, 1.0 M NaOHKIEHR D4
B bZilmmE (1.1 equiv) B X OVEEIE (3.0 equiv) ZRat L7225, Wb 2048 LD
H B WER A 5 2 fe s o 72 (entries 8-9) L7-728- T, i stk & sSRiEiERIC 1-Ad-NH; -
12H,SOu & VY, 2,04 58D 1.0 M NaOHAKIRIE, SOSHERZ 24 B & e L7z,

155 N 7= i iE 4 E 12 2,3-methano-3-phenylbutanoic ad®a % 1 L 7-#& %, AT o 2,3-
methano-3-phenylbutanamid@da % 88%& BA4f72INE TR LI, MK HES @ 1-7 ¥~
VHUT I UEIEFICHEREE AT S Z LI L= (Scheme 24) & HIZARK LT 3la
Z, TN T L&AV HPLC T ) o FAMRIRZ R LR R, 82%e8Th Y, fil
BERIARFF SimmonsSmith fUG 25 3 BEFEIC W T - U F A MRS T L2V 2 & &5
BLTe. LnLaens, 2o F rF AR 11% eeb EL TR, £0 L5 200%
FOEE 2] B S/ DEAEII T TRV, 61, [AEROSEMET, 3laziEAR L, [
BRIZ 10% eef E L7, 72, 2o FAREIEOEOER ZHt 5= <, cinnamyl
alcohol @6”) # [AIKED 12T, amide 31% Ak L7223, =) > FAHBFIROEBILITRD 5
72702 72 (Scheme 25) Z OZERIIBUE S HIB L T 723, 2,3-methanopropan@Ba %

. 1) CICO,Et, Et;N, acetone, 0 °C, 30 min
Ph\P.,gOH ) CICO,EL, Ety PhJ> g “Ad
+BuPh,Si0” 2) 1-Ad-NH, 1/2H,80, , (-BuPh,Si0”
0a 1.0 M aq. NaOH, 0 °C, 24 h

38% 82% ee
(1]

Scheme 24Preparation of the 2,3-methano-3-phenylbutana®ide

Ph
_’}—\‘ 27
MsH HTs IBX

Ph. _~_OH Phl>., OH ———  pPh >, H
Et,Zn, CH,l,, CH,Cl,, DMSO, g
0 rt,3h
26" 0°C.3h 28" "
99% 93%
NaClO,, H,0, Ph [: ., OH 1) CICO,Et, Et;N, acetone, 0 °C, 30 min Ph\[> H ‘g
NaH,PO,, MeCN-H,0, 2) 1-Ad-NH, 1/2H,S0,,
i, 3h 30" 1.0 M aq. NaOH, 0 °C, 24 h
97% 0 31"
88%

Scheme 25Preparation of the 2,3-methano-3-phenylbutanandde)
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HPLC TOMT T 288, ~A4 T —E—2IZh T LERTCE o= RinER>TLE -T2
EEZTVD., LLERRL, ZOXH 2R s THNMR Tl s B 5T, =F v

FAHFIR O LA DO ERRIT AR OFE & L7zv,

%215 57z 2,3-methano-3-phenylbutanami@éa % LIAIH 412 K 2 e G L, 7
I FOEILE X U VEORIR#E L —28 12T S+, 2,3-methano-2-phenylbutan-126 ~
& 2% TE W, fii T, NaHCOAFE T, Mel Z{EHI E&¥ 5 2 & T, L% 9 T,
IR 35% 86% e€’ T, IER/y 1T 5 (+)-AMMP % A EKIZAE) L 7= (Scheme 26)

Me
H |
>, Mel, NaHCO; )
Ph : ”/N‘Ad s Ph‘£>"’/N‘Ad

H
Ph\P"'gN‘Ad LiAlH,
1-BuPh,Si0” toluene, HO™ DMF, 5
3la 70°C to 100 °C, 18 h 863/“ 80°C,2h HO
72% oce 68% (+)-AMMP

Scheme 26Synthesis of (+)-AMMP via reduction and methylation
from the 2,3-methano-3-phenylbutanan8dea
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#3E Simmons—Smith K2 AV 5 {8 12 =X 7Tk 742
o—7 I ) BHRFHRI NG T ARFERMF DR

I, TNAT A I A MY =0, AEEREY:, RSB L ORI N T, I
HEHINTWA. 747 & (fluorous) & i3, fluorine & T~MED | 73 K O E B A £ “-ous’
EHBADOEIEETHY, RISV T A Fa~FH R EOEEIC T v#ELSNTR
NINFa =R AT 2O X RIEEWEET, KETITARERIC IR LIZ L,
FREZRE R 7 v B SN2 7 VA T ARBICIR T R0 WIE 2 F55. Horvath & Rébail s,
(TN AT7AEEE, ZRBRICBWTCEICZvAah—Ry (v 7t h—Ry, ©—
T, BT IV) MORDETHDL] LERL, TN T AEEEGRBREHNS Z &
TINF T 2EW & AC G & EIZ 08T 2 2 &L A3 T& % Fluorous Biphase System
(FBS) &9 K@ Z WVl B OR—IRHEE R A FEBR Sz, 8 § bbb, ~Lr7n
FuaRAF LT a~FHh s (TAFTARE) & MV U BEEEE L, 74T ANEA X
Niz (INVATAZT) RAT 4 VEENAET D0 Y0 LR (T4 T Afililk) % filli
ICHWDF L7 D Frfd I ERISEE L L, SR T IO L Th 528, I
D2 LTIV TRABEE MV U NRL, B Fuedn I UbsZ2 #1738, Kk
BTH, GHITHAZLETHOBIZOEL, 2oL, 74T AT 7 V4T AEIZ,
AT MV U BICER L CTWD D, 7 ETAEE Mo U BE NS 571700 T,
L fil it & A % B RIT D FETH D, Lo L s, FBSIZ—%iZ, 74T A
IEEMENRNC T N AT AEA~GE S DT DIITEREL T 609 L7 v FEE RS
ZTHY, 60%AM TlE, 7NVA T ZMEEMP AR b L T LEY, k0BT
DORERUINEECTH D . = 2T, & HIT Curranl, 60%KiiED 7 v FERTH D 7 V4 T A4k
AW TRE/: 7 VA T A BRI (FSPE)IEZBRE L=, 3 +/hbb, 7147 2k
SELEOBM N AR L TRE OFRILEW & 7 VAT 2L EW Z DRI CE D
PWEEROTZNVATZ AV DSV ERIEL, ZNEFHAT 52 LT, BEEEOMAE DT
WZR o TX A0%REED 7 v BE BT NA T ZMEEW B IERP R L IRoTc. TNAF T R
IA MY —IE, 2O FBS B LW FSPEIEIZ L % 7 VA4 T AbE WO fEE 72 81X F K OVFF
RARERBEND, ZV =TI A M) —D—2D5H L LT, HELLEBRELTND. 4

ZOX DR FORD, FEEHIL, (+)-AMMP REGBIEOSEREE L THIH Loy ALk
UARFBNLF O EREIS LOHAHEZER L, XCBVRICTIAFTAEZEALRLY
AWK T I RAFEN T 2B L OANKE T I RELIZ T VAT AEBEAN LTV ALK
T X RARFBNL T 33 kit L(Figure 3) ABLZ 1% IV 2 RIS SimmonsSmith 5
JSE R Lz, BUF, sEMARaT 5.

F9, R TNAT ARFEN T & L TR LIV ALK T 2 K 32 O&%E Scheme
27 (Z~¥. L-tyrosinol Z HZgFEE & L, 1.0 MDOKER{LT b U 7 ATEET, (BockO & 1EH

S, 72 0% Boctri L7oAbEW 35 & 98UINR T, T Ko.COsfF/E , fluorous
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: C3F17WOC6H4 CeHs s Fluorous tag

_______

_______

Fluoroustagj CH3SO,HN  NHSO,R® CH3SO,HN NHSd2C8F17E

_______

32a (R® = C¢H,-4-CH;) 33
32b (R® = C4Hs)

32¢ (R® = C4H,4-4-NO,)

32d (R® = C4H,-2.4,6-(CHz)3)

32e (R® = CH;)

Figure 3. Novel chiral ligands containing fluorous tag.

4-HO-CgH, (Boc),0,NaOH  4-HO-CgHy REO-Ts36  4-RfO-CgH, 1) HCl in AcOEt

B —_— _—
H,N  OH 1,4-dioxane BocHN OH K;CO; MeCN BocHN OH  2)MsCL EiN,
t,5h 0
34 35 70°C,24h 37 THF, 1t, 12 h
98% 94% 81% (2 steps)

Rf=F;C4(CHy)s-

4-RfO-CgHy4 NaN, 4-RfO-CgHy 1) H,, Pd-C in 1,4-dioxane 4-RfO-CgHy4
—_— >
CH3SO,HN  0SO,CHg DMF CHaSOHN N3 2) R*SO,CI, pyridine, rt, 3 h CH3SO,HN  NHSO,R®
80°C,5h
38 39 32a (R®=C4H,-4-CHy): 93% 32

94% .
32b (R® = C¢Hs): 92%

32¢ (R® = C4H,4-NO,): 91%
32d (R® = C¢H,-2.4.6-(CHs)5): 92%
32e (R® = CH;): 78%

Scheme 27Preparations of the fluorous disulfonami@@s

tosylate36 # 7 = / —/LPEE Fed UL ISSED 2 I K VIR 94% T T VAT AR
A X7z alcohol 37 ~E -, ZDt%, 4.0 M Hb/KFE HilETF VAT, Boc % lifk
EL, W TSRS NTET 2 B L Ko U2 mesyl chlorider — 282 /EH &,
methanesulfonamidis J U mesylatel L 721547 38 4 81% (2 steps) T L7-. Mesylate
WXL, NaNs Z1EH S H 25 Z LIC XV azide39 % 94%TH %, ZHUCHKFE(LEZITL,
TV RET I AZET L, KW T4 @ sulfonyl chlorideZ {E ] & & 78-93% (2 steps)T, &
D =HDANKY T I REME LT, /R, 7 TR, #IE 55-65% IEHIZZhE L < 5 fE
YD 7 VAT ARKEN T 32a-32e L LT-.

FTANKR T I RELIC T NA T ABEN LTV 20k o7 2 RAFERN T 331%, 4
HOEDVANKR T I RAFEN OGP HAETH L amined0 |2 EtN F7ETF,
perfluorooctanesulfonyl fluoridg CH.Cl, #, =il TS SH 2D Z £I2 XKD, 55%E FFREEED
R TIEH DD, LD 7 VAT ARARNT 33 2137z (Scheme 28)

CsHs F'802C8F17, Et3N CGH5
CH3SO,HN  NH, CHyCly, 1t. 3 h CH3SO,HN  NHSO,CgF 4,
40 55% 33

Scheme 28Preparation of the fluorous disulfonamigig
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WA LT 7 VAT ARFEANL T 32 B L33 2T, MRy AF SimmonsSmith
B D BS et % ii5t L7z (Table 14) £ 3743 b OUERO ST EE-SV T, cinnamyl alcohol
Ala%ET NHEE L, 74T ARFEN T 32a (0.1 equiv) i77E T, EtZn (2.0 equiv) s
L OV CH2l2 (3.0 equiv) Z -23°C, 23WFH G S5 Z &1LV, FrEo® 2,3-methanopropanol
42a % 88% 63%eel £ ET DO T U FAERMET/Z(entry 1) & HIZIRE A-10°C, -
5°C, 0°C, 5°C, 10°C & 5°C #|Z Tt L7ohE R, £iL€4 69% ee 68% ee 74% ee
66% ee 66% eeD T F T AEIRMENRHFHIL, 0°CIZH o & b BWRER %L 5 2 72 (entries 2-
6). 7/NAT ARFENF 32aDfiffitE A 0.1 4 ENS 02 Y BB L N03YRICAET L
R, TNTN 78% ee 79% eek B\ T > F A BRIENTE S 17z (entries 7-8) 7 V4 F
ARFFENL T 32a Ot ElE 0.2 Y& 0.3 ¥mTIE, RERENRBD LR ST2T2D,
AT NG T ARFBNL A% VB AR AT SimmonsSmith FUSZIBWT, 74T AR
FEAL T 0.2 Y& L ONREE 0°C i st & Lz, £ 70 AT ARFEUL T 33 2 HEkK
DB LA S - B S ff L7228, E®ANIC 2,3-methanopropanal2a 7342 /%
ENDHHLOD, ZIZEI 9% eeks LN 31% eel il /e D = > F A BRI S 2 m
- 7-(enties 9-10) ZE, ALK T I NS B FREIMEETH L~ VT AT
NI o B BN UTRER, ANVR T I ROBWEN B LItz tERAbND. T72bb,
fEEMERE & B 2 HILD VAR T I R—Hghei RO B L, & OftEERs
L OEEERIE RSB 00, KIKOY 2R T 2 R—HsE RO ZEMENMET L, fil

Table 14.Optimization of reaction conditions

4-RfO-CgH, CeHs

32a or _x_\ 33

Ph \/\/OH CH3802HN NH802C6H4-4-CH3 CH3802HN NH802C3F17 ‘ Ph \EJ/}\/OH

41a Etzzn, CHzlz, CHzclz 42a
Rf'=F7Cs(CH,);-

Entry Ligand Temp.°C) equiv. Time (h) Yield (%) ee (%)
1 32a -23 0.1 23 88 63
2 32a -10 0.1 3 95 69
3 32a -5 0.1 3 95 68
4 32a 0 0.1 25 97 74
5 32a 5 0.1 25 97 66
6 32a 10 0.1 25 95 66
7 32a 0 0.2 25 93 78
8 32a 0 0.3 25 97 79
9 33 -23 0.1 23 Quant. 9
10 33 0 0.2 25 Quant. 31

aAll reactions were carried out with cinnamyl alobA1a, 2.0 equiv of E&Zn, and 3.0 equiv of Cib

in anhydrous CbkCl,. ® Determined by HPLC analysis using Chiralcel OD.
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CeHs CeHs

CH3SO2N,  + NSO,CgF1 D— CH3302N\ 5302C8F17
Zn . Zn
FAY /\

v

Scheme 29Proposed reaction mechanism of equilibrium state of

the fluorous ligan®@3 — zinc complex.

Table 15.Optimization of chiral ligands

4-RfO-CgH, 32

Ph_~_OH CH3SO,HN NHSOZRS“ Ph 2% _OH
ta Et,Zn, CH,1,, CH,Cl, 122
0°C.3h
Rf=F;Cs(CHy)3-

Entry Ligand R Yield (%) ee (%)
1 32a CeHs-4-CHs 93 78
2 32b CeHs 96 79
3 32c CeHs-4-NO, 98 65
4 32d CeH2-2,4,6-(CH)3 94 35
5 32e CHs 92 73

aAll reactions were carried out with cinnamyl alobA1a, 2.0 equiv of E&Zn, and 3.0 equiv of Cib

in anhydrous CbkCl,. ° Determined by HPLC analysis using Chiralcel OD.

BETEVERE O E DS HERF T & TV 0 & HEHI L Tu 5 (Scheme 29)

SO TNF T ARFERNL A DANVKR T I RO X OEFHIZR E Mt L7z
(Table 15) Cinnamyl alcohottla # €7 /LVIE & L, EtkzZn (2.0 equiv)$ L O CHal2 (3.0 equiv)
7 )VAE T ARFENLF 32a(0.2 equiv) FE T, 0°C, 3WFEIFUGSED Z LITky, ¥
@ 2,3-methanopropanaei2a %= 93%, 78% ee & B\ =) o F @R A7 (entry 1)
BenzenesulfonylsZ 4 2% 7 VA4 T ZARFEANLF 32b I KLU 4-nitrobenzenesulfonyks % 4
T T NA T ARFKENL T 32¢ B V2 & &, ZREI96% 79% eels LN 98%
65% eel 32bid, 32a & b L K& Z2ERIIGON Lo 7273, 320 T, N[ LTS
OO, TF U F A IEPNEITE T 7203 AR D85 R 2 15 7= (entries 2-3) & B I AKIEE O
K& 72 mesitylsulfonylJ& 2 92 7 VA4 T ARFENLT- 32d TiX, 94% 35%eer =) F
A RPEDTEZE RN T RRD bz, KR E O/ X 72 methanesulfonybk % H 3% 7
AT ARFENLT- 32¢ TIE, 92% 73%een’tsbHil, 32at O ) o F A RO
THRALNT. LEER-> T, mesitylsulfonylJ&iE & O REEDKE ALK T 2 RIEA
Bt DT v F A RPN R & 2B % 525 Z E PRS-, LLEDORERNG, R
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Lo L bEGMOLMTH D azxfikid/s 7 NVA T ARFEA & LTERA L.

O N T B RS KON VA T ARFENFIZBWT, FexoT VL7 va—L
FIZHONWT, RSO IE —WMEA BiEt L7 (Table 16) E 1t 5XTHD 4-2 M EE
X 4-2AF VA3 5 cinnamyl alcoholb 5 LW 41c ZAKIGNIAHT Z & T, FTED 2,3-
methanopropandi2b 35 L TN 42¢ 723, ZiLZE4 94% 77% eels L0 96% 70% ees B >
T ARPNE TR G/ (entries 2-3) £72, BT RGIETHL 4- N 7t w A FVE, 4-
sumn, 4-70%¥EZA3 5 cinnamyl alcoholdlf, 41g, ¥ XL 41) TiE, x5 2,3-
methanopropandl2f, 42g & KT 42j 3T <11 93% 83% ee 89% 72% ee F5 LU 96%

Table 16.Cyclopropanation of various allylic alcoh@léa-41pin the presence &2&

4-RfO-CgH
e 32a
RV\/OH CHgsOQHN NHSOQC6H4-4-CH3 _ RS\P*\/OH
*
R 41 Et,Zn, CH,l,, CH,Cl, R6 42

0°C,3h
Rf=TF7Cg(CHy)s-

Entry 41 R® RO Yield (%) ee (%)
1 41a Ph H 93 78
2 41b 4-MeOGHs  H 94 77
3 41c 4-MeCGsH4 H 96 70°
4 41d 3-MeGsHa H 99 7>
5 41e 2-MeGsHas H 99 75
6 41f 4-CRCeH4 H 90 8%
7 419 4-CICeH4 H 89 s
8 41h 3-ClCsH4 H Quant. 7P
9 41i 2-CICsHa4 H 99 85
10 41j 4-BrCeH4 H 96 7r
11 41k 2,4,6-MeCGHs H Quant. 54
12 41| PhMesSi H 95 74
13 41m PhCHCH> H 95 67
14 41n TrOCH; H 91 700
15 410 H TrOCH;, 69 49
16 41p Ph Ph 88 7h

a All reactions were carried out with allylic alcdhtd, 0.2 equiv 0f32a 2.0 equiv of EZn, and 3.0
equiv of CHI, in anhydrous CkCl, ® Determined by HPLC analysis using Chiralcel OD.
Determined by HPLC analysis using Chiralcel AD mfteetylationd Determined by HPLC analysis
using Chiralcel AD.
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7T7%eel, WTIIZBWTH BV o F A 8RN % 5 % 7 (entries 6-7, 10) £ 7= 3-A F /L
EBLO2-AFNHE, £721X3-7unk il 2-7 auf$ 5 cinnamyl alcohokld 5 L
41le F7213 41h BLO4L TIEZENZEN 72% eels L O 77% ee 77% eels L1 85% eel,
BRI AN, 30L, 200 L3O, =T U F AR BT 55 R A 157 (entries
4-5and 8-9) L2xL72aA 5, YLIKFEED KX 72 mesityl k% A4 % cinnamyl alcoho#t1k (235
WX, EEMIC 2,3-methanopropandl2k 7315 H 315 73, 54% eed K\ @ F > F AR
LR DREFNTF B L7z (entry 11) &7z, transallylic alcohol41-41n 123\ Tk, xtsd 2 2,3-
methanopropanet2l-42n 73 B 4f 72 b 22U RS KUY 67-74% eed =7 o F AR PE S D A,
AT FINT a— ) VEHE T TR, TV ATV a— VHEIZ b T X 72 (entries
12-14) cis-allylic alcohol41o Ci, 49% eel transallylic alcohol & [t#kd2 & = F 4%
FRYEDIK TR S 7-(entry 15) Z U3, cisallylic alcohol & 7 V4 7 ARFKEUL T & DAL
R EERICE 2D EEZ TS, &S5 3,3-diphenyl-2-propen-1-c41p (2B W T b,
71% eel R\ = o F AR ME % 5% 72 (see entry 16)

AENLT- 32aD 7 v FREEIFEEIL T 37.6%CH 5. TDw, FSPELICL D 74T
ABNLA DAL K OFFH %2 52 7= (Table 17) 7 V4T AU h 7% iz FSPEEIC
L0, FISREWNS 7 VAT AL 32a DA% 92% TR L, & HICHRT 5 Z &7
<, 4la® SimmonsSmith &S Z1T>7-. —EEH OFFIHTIL 93% 78% ee L H DA
FTlX 94%, 77% eeCTATE® 2,3-methanopropandl2az 5-%7-. AR L= 7 14T A
Bz 32ald FSPEIEIZ K Y fifEIZ[EIN A vIRE T v, BN L 72 AR+ 2 HAH LT Hik
ZINRB L ORFINREZE R - Z < BOFEO 2,3-methanopropandl2a #5351 %
xR L.

Table 17.Recycling and reuse of the fluorous lige88&a

Ph \/\/OH Fluorous ligand 32a _ Ph \E_%\/OH
41a Et,Zn, CH,l,, CH,Cl, £2a
0°C,3h
Entry Yield (%) ce (%)
Initial 93 -
First reuse 93 o
Second reuse 94 -

a All reactions were carried out with cinnamyl alobk41a), the recovere@2a (ca. 0.2 equiv), 2.0
equiv of EtZn, and 3.0 equiv of C#t in anhydrous CLCl, at the first and second reusés.
Determined by HPLC analysis using Chiralcel OD.

Charettet [ i) Simmons Smith &S D& x5 ZfiliE 1 7 VAR L Th Y, il
DX ARG OfRBEY 1 7 V&2 E 42 L T=(Scheme 30t £ 77, EbZn & CHal2 7> carbenoid
DAL <41, allyl alcohol41l & s L, iodomethylzinc alkoxidet3 23 Bk S5 . 2 O
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AR 43 13— XA LA ARR7: LIZ methylene transfaitdk & L Tl i< W2 &3 mbn
TW5. 7A T ARKFEN T 32a &AM HARSND 7 VAT AR F— A SH S5 AR
A AL LC 43 ORI TICENTH I ET 44 L0 0, ZHURARKIGOIENERE &% %
SID. v aFas AR EAT LT, TF T AR F— RSN SE R AMREE L, 46 23V
L, ZNAT ARMLA—AEEE AT LA AR L CHASNA LD EEZ TN,

Et,Zn + 2CH,1, ‘l\'
2B

R® 41 i RC 43
CHsl
R3[>X_0
*\E\/ znl
R° 46 LA
\

A7 A7
R[>¢_0O R® o}
’h%\/ @zl T ¥ @ ZnCH,l
R° 45 R° 44

Scheme 30Proposed reaction pathwaytbg cyclopropanation.

E BT IVA T ARFENLA 32a DIFAE T, cinnamyl alcoholla & DERIRRE & & 524
% (Figure 4) /LX) A K)x5 O cinnamyl alcohoBla~@® methylene transfek A /L7 > 7
I FOBEFRFIZE > TEIHITIMES LTS EHERIL T\ 5. F7= cinnamyl alcohokla
ISR E 2 BT 57201, L-Fa sy OB UBRORHINALE TS L E 2TV 5.
T A RO cinnamyl alcoho#tla~D7 7' v —F X, 4- bVt ALK =)V ARET, fE
£, (2539-2,3-methano-3-phenylpropan-1-db@ 73T 2O EHEHI L TV 5. LavL7e
Mo, BRUCEBIREL ST 2 E RN 2ERITI R, SHBOBEE Lo,

(0) N ‘
H o$
At
CH

Figure.4. Possible transition state of the cyclopropanation.
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e EL

B—E AANMEZRNDS 2 OBkt FeX U EOMBRIRKE ) 7 F RS
DBAZE

AERWNAEE cH D5 PPL # W5 Z & ©, 2-alkylidenepropane-1,3-diolis & U 2-
alkylidenepropane-1,3-diyl diacetat® (i & SRE / 7 & F /b I L ORI fRGIZ 60
T, WO TRV MrE SR Z R L=, 3725, 2-alkylidenepropane-1,3-diob 7 & 7 /11t
\Z & U (E)-monoacetaté~, F 7z, 2-alkylidenepropane-1,3-diyl diacetateill/k 3 fi# 2 &LV (2)-
monoacetaté i VM BRI TE T 5 2 L ITHkE) L 72 (Scheme 31) 101

OAc OR! vinyl acetate (10 eq.) OH
PPL (100 w/w% ’
, (100 w/w%) PPL (50 w/w%)
R:_\_OH RZ_~\_ OR - RZ_\_OAc
DMSO-PB (1:1)
(Z)-monoacetates 1_ | _ (E)-monoacetates
13 examples R'=Ac R =H 13 examples
up to 98% up to 97%

Scheme 31Preparation of monoacetates of 2-alkylideneprodaBediols.

X 51T, ARiEIX(2)-2-phenylbut-2-ene-1,4-dicks . OV @ diacetatel &I FHAA[RETH Y,
7 F AL LUK EDO NT IS EB O T HAERIRICKHET 5F /) T TF ka6
T 5 Z & AVHIA L 7= (Scheme 32) 14, PPLIZELEZRIZM CTd v, HAENEE, S0E0NE
MTHLZENLLREFAEHTHS. 2

4 PPL (100 w/w% 4 3 vinyl acylate (10 eq.), 4 _
R j/\/OH (100 w/w%) R j/\/OR PPL (50 w/w2%) RJ/VO acyl
acyl—O DMSO-PB (1:1) R%0 HO
1-monoacylates R3= acyl RP=H 4-monoacylates
16 examples 15 examples
up to 98% up to 95%

Scheme 32Preparation of monoacetates &f-2-phenylbut-2-ene-1,4-diols.

H
PTG, = e =
% I D j/\/ /g
(o) N~ °F HO Et;N® "0
Me

Milnacipran derivatives
Anti-depression medicine

. . Serotonin-noradrenaline
Dual antagonist of the orexin OX; and OXj receptors reuptake inhibitor (SNRI)

Lemborexant derivatives
Treatment of insomnia

Scheme 33Challenging synthesis using my synthetic intermtedia
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ST UT-F ) T2 T, ARAR L, fRRARRREIE LR 2557 Th 5.
52 ECTHM LI (+)-AMMP Ofthls, #F4E, FEHICEH STV 5 4 L3 & U R IRREHTE
(MERRE AAI) Td 5 lemborexantif ik 4205 23EL THILND UV 7TV FHERITIG
MAEETHY, 51, ZNODOA LRI 72\ (Scheme 33)

H2E (+)-cis-4-(N-adamantyl-N-methylamino)-2,3-methano-2-phenylbutan-1-ol ((+)-
AMMP) DO {EA BRI DORESL

B1E—F IEHTHE LT, 7T R EHREERE L, LR SimmonsSmith
O Fs FOMEEZR T X UG D 3 SOHIS 25 Te 9 T, #UNEE 36% Tol Z KT =
=AML LTHMLID(H)-AMMP DA 232320 72 R 75 Al & K L 72 (Scheme 34) 13
ol ZHRMIIT, THE L MPAPEATESEKTHY, JIT7 VYA ~—RIRRIEE S
M OF T RER A E LCIHEFITHER SN TWEN, RERA—7 7 b TE LT, 3K
WY FOERLEANFZND. D XD R FmoH, REMIEICES S, Hx 722(+)-AMMP
a2 Gl T 52 1L, ol ZFROEIMEHOE R DIBRBICKELS FETELHHDLE
ZTWD. I HITHA 72 (+)-AMMP xR 2 AR L, JL7 /vy g ~—Jiiadk & L TR
(ZHEA T D ANAVEX2-73 & DHRFEBR 21T 9 2 & T, BT VYA ~—RlaHRIE L
LIRS EV.

Ph._~_OH Vinyl acctate, PPL Ph o~ OAC . Buph,sicl Phj/\/OAC MeONa
j/\/ 1,4-dioxane, rt, 24 h  HO pyridine, rt, 24 h  #-BuPh,SiO MeOH,
HO : .3 h
91% 97% Quant_
Ph
Ph H h .
0 MsH HTs Phl>-,_OH Bx Ph~£> 'g"'
+-BuPh,SiO EtyZn, CHyly, CHyCl, 1 3uph,Si0” DMSO,  -BuPh,Si0”
0°C,3h 1,3h
’ 71% ee 949
Quant. 0
NaClO,, H,0, Ph ~[>-~gOH 1) CICO,Et, EN, acetone, 0 °C, 30 min
NaH,PO,, MeCN-H,0,  1-BuPh,SiO” 2) 1-Ad-NH, 1/2H,S0,,
rt, 3 h 1.0 M aq. NaOH, 0°C, 24 h
98% 88%
A
Ph >, N.
Ph>, H\Ad LiAIH, Ph \D-',,/H\Ad Mel, NaHCO, T 7 Ad
= z —— /
BuPh,SiO” . t°'”°“‘f; HO™ DMF. HO
70 °C to 100 C, 18 h 80 OC,Zh (+)-AMMP
82% ee 72% 86% ee 68%
35% overall yield

Scheme 34Convenient enantioselective total synthesis ofAMMP.
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#3E  Simmons—Smith KISV 2 @B a— 7 I/ BBEARFRINV AT R
AEBALTDOBRAR

IO LIZ P AR T 2 RENL O 2 RINB L OZoFfHEZ BN E L,
T NA T ARFEATERE LTz, ¥ Fhbb, JVFTRAEZEALTHH Y ALK
72 RRFENL % L-Fuy ) —Anb 7 T, IR 65%TAaK L, ABNLT-1E7E T,
IV v a— V% SimmonsSmith S IZAT3 2 & T, fivim 85% eek BAfa S
FARIRVE % B U 7= (Scheme 35) AENL 713, $EROENL T & TR a7 LIRS
FORFINENE SN TEY, RO T OMBIEIEZIRR 5 2 LR 7 F T 20
ANIZEREY LTz, F£7=, 747 ZA[EFRh (FSPE) #kic CREICEIILS AIRETH Y, [T L
T BN 1% BRI L CHBEEMENME T L2 Z E 2 6 L.

4'HOC6H4_>_\ 7 steps, 65% overall yield

H,N  OH
4-RFOCGH
OCsHs (cat.)
5 *
RET¢¢\V/OH MsHN  NHTs R;$>>\V/OH
6 Et,Zn, CH,1 6
R taZn, CHyLy up & quant. yield
Rf= F17C8(CH2)3 up to 85% ee

Scheme 35Catalytic enantioselective cyclopropanations usimgrous ligand
derived from L- tyrosinol.
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BAE RO

4-1. General

WAL A F UL, WA Aok THREL, koo ATTAM, Pk, KEED
T DFET, 24 FEEIIENER L, WEAE LI b2 Lz, ool L,
ALTborEZOFEEMEH L7 (Aldrich, Wako, TCI, Nacalai)

Mg a~ 7T 74— (TLC) IZ¥ VB FNAT AT L— b (60Rkss Art5715) % fii
L7= (Merck). FEHICIE, VEY 77 8 (PMA) ZEH L7 (Wako) VU #7117,
7 =—3/L C-200 (64-210 mm ER) i L= (Wako)

1H NMR (400 MHz) 33 X 0% 13C NMR (100 MHz) I Bruker AV-400 CHlIlE L7=. 4 I B L
7 NS ORISR — L OEHNER (ppm) TEEL, 5 kT AF LT L (TMS, 5= 0.00
ppm) & 721% CDCls (5 = 7.26 ppm fotH NMR ands = 77.0 ppm fot3C NMR) % PNFBFEHE & L
7o, FT7—FIFUTOMETER R L : Iy 7 hOZEM (br = broad singlet, s =
singlet, d = doublet, t = triplet, m = multiplety& /3 fi#iE'E &5 Hr#s (HRMS) (%, LCT Premier
(ESI-TOF-MS) Zffi [ L7z (Waters) 774453 6% (IR) (X HORIBA FT-IR 24 L7z, mndk
Wik7a~ 2777 ¢— (HPLC)X, Waters 2996 (photodiode array detectds)l: U8 Waters
1525 F 7= 1% Waters 2487 (dual absorbance detectos)s J. O Waters 1515 {# ] L 7= (Waters)

BEXFEHE P-1030CHIE L7= (B ARZ).
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H1E EERNMEEZHWD 2 OOkt Rax  ROMEERKTE ) 7 F bR
DER%E

F 11 2-Alkylidenepropane-1,3-diol H 3(E)-monoacetated fli & R H: B 7&
4-2. A typical procedure for preparation of 2-(4-m¢hoxybenzylidene)propane-1,3-diol (1b)

jszt DIBALH (4.5 eq.) OH
L
CO,Et toluene, -30 °C R A\ OH

11b-11m 20-62% 1b-1m

To a colorless solution of 544 g (22.0 mmol, 1.0qui¢) of diethyl 2-(4-
methoxybenzylidene)dicarboxylatd? in 10 mL of dry toluene was added dropwise at°Ga00
mL (99.0 mmol, 4.5 equiv) of a 0.99M solution ofBAL-H in toluene under an argon atmosphere.
The mixture was stirred at -3Q for 3 h, and quenched at -BDwith 10 mL of MeOH. To the reaction
mixture was added a solution of 126 g of potassodium tartarate in 350 mL water. After stirring
at rt for 1 h, the reaction mixture was extractecté times with ACOEt. The AcOEt layers were
combined, washed with brine, dried over anhydrogS8, and evaporated. The crude product was
chromatographed on silica gel with a 2:1 mixturdo©Et and hexane to afford 2.04 g (48% yield)
of 1b.

4.2.1. 2-(4-Methoxybenzylidene)propane-1,3-diol}1b
MeO OH Colorless powder; mp 69-7C; 'H NMR (400 MHz, CDCJ): 62.14
\O\L (t, J = 5.7 Hz, 1H, OH), 2.21 (t] = 5.4 Hz, 1H, OH), 3.82 (s, 3H,
ASOH 0chy), 4.39 (dJ = 5.4 Hz, 2H, CH), 4.47 (dJ = 5.7Hz, 2H, CH),
1b 6.60 (s, 1H, =CH), 6.89, 7.22 (d, dl= 8.8 Hz, 2H, 2H, @4); 13C

NMR (100 MHz, CDCJ): 6 55.3, 60.9, 68.0, 113.8, 128.7, 129.8, 130.2,68,3158.9; HRMS (ESI-
TOF): Calcd for GH1403Na (M+Na): 217.0835, Found: 217.0820.

4.2.2. 2-(4-Trifluoromethylbenzylidene)propane-1gssl (1c).
Colorless powder; mp 97-9€; 'H NMR (400 MHz, CDGJ): §3.35

Xe OH
\Q\L (br, 2H, OH X2), 4.36 (s, 2H, G} 4.38 (s, 2H, Cb), 6.64 (s, 1H, =CH),

AN 234 756 (d, dJ = 8.4 Hz, 2H, 2H, @Hs); 15C NMR (100 MHz,

le CDCl): §60.4, 67.3, 124.1 (&Jc.r = 272 Hz), 125.3 (§Jo.r = 3.8 H2),

128.2, 129.1, 129.3 (4Jc-r = 32.5 Hz), 139.7, 141.2; HRMS (ESI-TOF): Calcd @1H1,F0-Na
(M+Na)*: 255.0603, Found: 255.0646.
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4.2.3. 2-(4-Chlorobenzylidene)propane-1,3-diol (1d)
Cl OH Colorless cotton crystal; mp 103-195; *H NMR (400 MHz, CDGY): 6
\Q\L 2.24 (br, 2H, OH x 2), 4.40 (s, 2H, @H4.42 (s, 2H, Ch), 6.60 (s, 1H,
A\ O =CH), 7.21, 7.32 (d, d] = 8.5 Hz, 2H, 2H, @.); 13C NMR (100 MHz,
1d CDCL): & 60.6, 67.6, 128.5, 128.6, 130.2, 133.3, 134.6,839RMS
(ESI-TOF): Calcd for gH1:CIO2Na (M+Na): 221.0340, Found: 221.0321.

4.2.4. 2-(4-Methylbenzylidene)propane-1,3-diol (1e)
Me OH Colorless plate crystal; mp 107-188; *H NMR (400 MHz, CDCJ):
52.08 (t,J = 4.8 Hz, 1H, OH), 2.11 (§,= 4.8 Hz, 1H, OH), 2.36 (s, 3H,
mOH CHs), 4.41 (dJ = 4.8 Hz, 2H, CH), 4.48 (dJ = 4.8 Hz, 2H, Ch), 6.63
le (s, 1H, =CH), 7.17 (s, 4H,¢8ls); 13C NMR (100 MHz, CROD): §21.2,

59.2, 65.5, 129.2, 129.9, 135.2, 137.9, 141.0; HRESI-TOF): Calcd for @H140.Na (M+NaJ:
201.0886, Found: 201.0888.

4.2.5. 2-(3-Methylbenzylidene)propane-1,3-diol (1f)
OH Colorless oil;H NMR (400 MHz, CDCJ): 6 2.30 (s, 3H, Ch), 3.50
@\L (br, 1H, OH), 3.63 (br, 1H, OH), 4.31 (s, 2H, §H4.37 (s, 2H, Cbh),
Me Z OH 6.55 (s, 1H, =CH), 7.03, 7.18 (mJt= 8.0 Hz, 3H, 1H, €Ha4); °C NMR
(100 MHz, CDC¥): 621.4, 60.1, 66.9, 125.9, 128.0, 128.2, 129.5,71.29.
136.1, 137.8, 139.1; HRMS (ESI-TOF): Calcd faitd;4O.Na (M+Na): 201.0886, Found: 201.0888.

4.2.6. 2-(2-Methylbenzylidene)propane-1,3-diol (29)

Colorless powder; mp 61-82;H NMR (400 MHz, CDCJ): 62.23 (s, 3H,
CHg), 3.05 (br, 1H, OH), 3.15 (br, 1H, OH), 4.29 (81, H), 4.39 (s, 2H,
CHy), 6.62 (s, 1H, =CH), 7.15 (m, 4H¢ld4); 13C NMR (100 MHz, CDGJ):

6 19.9, 60.5, 66.9, 125.6, 127.6, 128.6, 129.1,9,2835.3, 136.4, 139.2;
HRMS (ESI-TOF): Calcd for GH1402Na (M+Na): 201.0886, Found: 201.0888.

Me OH
OH

B §\

4.2.7. 2-(2,4,6-Trimethylbenzylidene)propane-1,8dRh).

Colorless powder; mp 88-8€; *H NMR (400 MHz, CDCJ): 6 2.11
(s, 6H, CHx2),2.25 (s, 3H, CkJ, 2.93 (br, 1H, OH), 3.27 (br, 1H, OH),
4.01 (s, 2H, Ch), 4.38 (s, 2H, Ch), 6.37 (s, 1H, =CH), 6.83 (s, 2H,
CsH2); *C NMR (100 MHz, CDGJ): § 20.3, 20.9, 60.8, 66.1, 127.3,
128.0, 132.2, 135.9, 136.5, 139.8; HRMS (ESI-TCF3lcd for GsH1s0:Na (M+Na): 229.1199,
Found: 229.1197.

Me Me OH

\é
:

Me 1h
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4.2.8. 3-Phenyl-2-propylidenepropane-1,3-diol (1i).

Colorless oil;*H NMR (400 MHz, CDCJ): 6 2.39 (q,J = 7.6 Hz, 2H,
v\)/\/ CH>CH=), 2.59 (br, 1H, OH), 2.67 @,= 7.6 Hz, 2H, Ph8>), 3.01 (br, 1H,
Ph = OH OH), 4.11 (s, 4H, Ckk 2), 5.56 (tJ = 7.6 Hz, 1H, =CH), 7.16, 7.27 (m, m,
3H, 2H, GHs); *3C NMR (100 MHz, CDGJ): 629.3, 35.6, 59.4, 66.9, 126.0,

128.4, 128.5, 129.5, 137.9, 141.4; HRMS (ESI-TQFalcd for G2H1602Na (M+Na): 215.1043,
Found: 215.1061.

4.2.9. 2-(2-Naphthylidene)propane-1,3-diol (1j).
OH Colorless powder; mp 107-108; *H NMR (400 MHz, CDGJ): 62.21
(br, 2H, OH x 2), 4.47 (s, 2H, GH 4.55 (s, 2H, Ch), 6.81 (s, 1H, =CH),
= OH 7.40, 7.48, 7.72, 7.82 (dd, m, s, th= 1.6, 8.4 Hz, 1H, 2H, 1H,
1j 3H,CioH-); 3C NMR (100 MHz, CDGJ): & 60.9, 67.7, 126.1, 126.3,

126.9, 127.6, 127.8, 127.9, 128.1, 129.8, 132.8,21.3133.6, 139.6; HRMS (ESI-TOF): Calcd for
C14H140:Na (M+Na): 237.0886, Found: 237.0865.

4.2.10. 2-(2-Furylidene)propane-1,3-diol (1k).
OH Pale yellow oil;'H NMR (400 MHz, CDCJ): 6 2.04 (br, 1H, OH), 2.22 (br,
7S 1H, OH), 4.37 (s, 2H, CH), 4.65 (s, 2H, Ch), 6.32 (dJ = 3.3 Hz, 1H, furan),
AN 635 (s, 1H, =CH), 6.42 (dd,= 1.8, 3.3 Hz, 1H, furan), 7.42 @= 1.8 Hz,
1k 1H, furan);*C NMR (100 MHz, CDGJ): & 60.8, 66.6, 110.8, 111.5, 116.1,
137.8, 142.5, 151.7; HRMS (ESI-TOF): Calcd faHwOz:Na (M+Na): 177.0522, Found: 177.0517.

&

4.2.11. 2-(2-Thienylidene)propane-1,3-diol (11).
OH Colorless powder; mp 51-3Z; *H NMR (400 MHz, CDCJ): 62.17 (t,J =
j—S 5.2 Hz, 1H, OH), 2.24 (] = 4.8 Hz, 1H, OH), 4.40 (d,= 5.2 Hz, 2H, CHj),
AN 465 (d,J = 4.8Hz, 2H, CH), 6.69 (s, 1H, =CH), 7.03, 7.31 (m, m, 2H, 1H,
1 thiophene)3C NMR (100 MHz, CDCJ): & 61.2, 67.4, 121.5, 126.3, 127.3,
128.3, 137.9, 138.6; HRMS (ESI-TOF): Calcd feHwO2SNa (M+Na): 193.0294, Found: 193.0312.

&

4.2.12. 2-(3-Thienylidene)propane-1,3-diol (1m).

Colorless powder; mp 82-8%; '*H NMR (400 MHz, CDC{): §1.98 (t,J =
5.8 Hz, 1H, OH), 2.07 (] = 5.4 Hz, 1H, OH), 4.39 (d,= 5.8 Hz, 2H, CH),
4.52 (d,J=5.4 Hz, 2H, CH), 6.58 (s, 1H, =CH), 7.09, 7.24, 7.31(dd, m, dd,

Im = 1.2, 5.0 HzJ = 3.0, 5.0 Hz, 1H, 1H, 1H, thiophenéJC NMR (100 MHz,
CDCkL): § 61.1, 67.7, 123.8, 124.0, 125.6, 128.5, 137.1,.6:3BRMS (ESI-TOF): Calcd for
CeH1002SNa (M+Naj: 193.0294, Found: 193.0273.

S OH
\\ __ _OH
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4.3. A typical procedure for acetylation using PPL

OH Vinyl acetate (10 eq.), PPL (50 w/w%) OH
Rz\/)/\/OH 1,4-dioxane, rt Rz\/)/\/OAC
la-1m 30-97% 22-2m

A pale yellow suspension of 194 mg (1.00 mmol, dgQiv) of 2-(4-methoxybenzylidene)propane-
1,3-diol1b, 0.92 mL (10.0 mmol, 10 equiv) of vinyl acetated®7 mg (50 w/w%) of PPL in 3 mL of
1,4-dioxane was stirred at rt for 23 h. The reactospension was diluted with 10 mL of AcOEt and
dried over anhydrous MgSOThe mixture was filtered, and the filtrate wagporated. The crude
product was chromatographed on silica gel with3an@ixture of ACOEt and hexane to afford 222 mg
(94% yield) of2b.

4.3.1. (E)-2-Hydroxymethyl-3-phenyl-2-propeny| aatd (2a).
OH Colorless oil!H NMR (400 MHz, CDCJ): §2.12 (s, 3H, COCE}, 2.53 (br,
@\L 1H, OH), 4.31 (s, 2H, BoOH), 4.82 (s, 2H, B:0Ac), 6.71 (s, 1H, =CH),
= Ohc 7.31 (m, 5H, GHs); 13C NMR (100 MHz, CDGJ): 621.1, 59.3, 67.2, 127.6,
2a 128.3, 128.9, 132.5, 135.5, 135.7, 171.4; HRMS {E3F): Calcd for
C12H140sNa (M+Na): 229.0835, Found: 229.0831.

4.3.2. (E)-2-Hydroxymethyl-3-(4-methoxyphenyl)-2gmenyl acetate (2b).

Colorless oillH NMR (400 MHz, CDCJ): 6 2.13 (s, 3H, COCH),
2.23 (br, 1H, OH), 3.82 (s, 3H, OGK14.33 (s, 2H, E,0H), 4.80 (s,
2H, CH>0OAc), 6.67 (s, 1H, =CH), 6.89, 7.26 (d Jd& 8.7 Hz, 2H, 2H,
CeHa); 3C NMR (100 MHz, CDG)): 6 21.1, 55.3, 59.4, 67.8, 113.8,
128.2, 130.3, 132.8, 133.8, 159.2, 171.4; HRMS {ESF): Calcd for GHis0sNa (M+Nay:
259.0941, Found: 259.0958.

MeO OH

7 OAc
2b

4.3.3. (E)-2-Hydroxymethyl-3-(4-trifluoromethylphet)-2-propenyl acetate (2c).
FsC OH Colorless oillH NMR (400 MHz, CDCJ): 6 2.15 (s, 3H, COCH),
\O\L 2.49 (br, 1H, OH), 4.28 (s, 2HHZOH), 4.84 (s, 2H, 6,0Ac), 6.73
= OAc (s, 1H, =CH), 7.41, 7.60 (d, d,= 8.2 Hz, 2H, 2H, €H,); 13C NMR
2c (100 MHz, CDC}): 621.0, 58.9, 66.8, 124.1 (fc-r= 272 Hz), 125.3

(9, %Jcr = 3.8 Hz), 129.2, 129.6 (§Jcr = 32.5 Hz), 130.7, 137.6, 139.4, 171.4; HRMS (ESF):
Calcd for G3HisF03Na (M+Na): 297.0709, Found: 297.0739.
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4.3.4. (E)-2-Hydroxymethyl-3-(4-chlorophenyl)-2-ppenyl acetate (2d).

Colorless oil;H NMR (400 MHz, CDCJ): 6 2.14 (s, 3H, COCBH),
2.23 (br, 1H, OH), 4.28 (s, 2HHGOH), 4.81 (s, 2H, B20Ac), 6.67 (s,
1H, =CH), 7.24, 7.33 (d, d,= 8.4 Hz, 2H, 2H, @14); 3C NMR (100

2d MHz, CDCk): & 21.0, 59.1, 67.1, 128.5, 130.3, 131.3, 133.6, 1134.
136.1, 171.3; HRMS (ESI-TOF): Calcd foi1:ClOsNa (M+Na): 263.0445, Found: 263.0488.

Cl OH

:

OAc

4.3.5. (E)-2-Hydroxymethyl-3-(4-methylphenyl)-2-grenyl acetate (2e).

Colorless oil;H NMR (400 MHz, CDCJ): 6 2.13 (s, 3H, COCH),
2.21 (tJ=5.2 Hz, 1H, OH), 2.35 (s, 3H, GH4.33 (d,J = 5.2 Hz, 2H,
CH20H), 4.81 (s, 2H, 820Ac), 6.70 (s, 1H, =CH), 7.16, 7.19 (d,XH,

Ze = 8.2 Hz, 2H, 2H, €4); 3C NMR (100 MHz, CDG)): 5 21.1, 21.2,
59.2,67.4, 128.9, 129.0, 132.6, 132.8, 134.8,5.37.1.4; HRMS (ESI-TOF): Calcd fori§1160sNa
(M+Na)*: 243.0992, Found: 243.1003.

Me OH

§

OAc

4.3.6. (E)-2-Hydroxymethyl-3-(3-methylphenyl)-2-gyenyl acetate (2f).

Colorless oil;'H NMR (400 MHz, CDCJ): 6 2.12 (s, 3H, COCBH),
2.35 (s, 3H, Ch), 2.40 (br, 1H, OH), 4.32 (s, 2HHZOH), 4.81 (s, 2H,
CH20AC), 6.69 (s, 1H, =CH), 7.09, 7.23 (m,2t= 7.8 Hz, 3H, 1H,

2 CsHa); 13C NMR (100 MHz, CDGJ): 6 21.1, 21.4, 59.2, 67.3, 126.0,
128.2, 128.4, 129.6, 132.7, 135.3, 135.7, 137.9,4™HRMS (ESI-TOF): Calcd for gH160sNa
(M+Na)*: 243.0992, Found: 243.1003.

OH

:

Me OAc

4.3.7. (E)-2-Hydroxymethyl-3-(2-methylphenyl)-2-grenyl acetate (2g).

Colorless oil'H NMR (400 MHz, CDCY): §2.13 (s, 3H, COCH), 2.24 (s,
3H, CHs), 2.40 (br, 1H, OH), 4.20 (s, 2HH30H), 4.85 (s, 2H, 8,0Ac),
6.71 (s, 1H, =CH), 7.17 (m, 4HgB,); 13C NMR (100 MHz, CDGJ): §19.9,

2g 21.1,59.1,66.7,125.6,127.8,129.1, 129.9, 13B2.9, 135.6, 136.4, 171.4;
HRMS (ESI-TOF): Calcd for GH1603Na (M+Na): 243.0992, Found: 243.1003.

Me _OH
OAc

8

4.3.8. (E)-2-Hydroxymethyl-3-(2,4,6-trimethylphei2-propenyl acetate (2h).

Colorless powder; mp 36-3T; '*H NMR (400 MHz, CDCY): §2.12
(s, 6H, CHx 2), 2.13 (s, 3H, COCH), 2.27 (s, 3H, CH), 3.92 (s, 2H,
CHz0H), 4.86 (s, 2H, B,0Ac), 6.48 (s, 1H, =CH), 6.85 (s, 2HgHB);

Me  2h 13C NMR (100 MHz, CDGJ): § 20.2, 20.96, 21.00, 59.4, 65.9, 128.0,
129.8, 131.8, 135.8, 136.5, 136.7, 171.4; HRMS {E3F): Calcd for GsH20OsNa (M+Na):
271.1305, Found: 271.1321.

Me Me _OH
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4.3.9. (E)-2-Hydroxymethyl-5-phenyl-2-pentenyl aat (2i).
OH Colorless oillH NMR (400 MHz, CDCJ): 6 1.67 (br, 1H, OH), 2.06 (s,
V\L 3H, COCHy), 2.44 (q,J = 7.5 Hz, 2H, ®,CH=), 2.69 (tJ = 7.5 Hz, 2H,
Ph ANOAC by, 4.00 (s, 2H, B2OH), 4.59 (s, 2H, B,0AC), 5.67 (tJ = 7.5 Hz,
2i 1H, =CH), 7.19, 7.26 (m, m, 3H, 2H4ld); 13C NMR (100 MHz, CDGJ):

6 20.9, 29.3, 35.4, 58.1, 66.8, 126.0, 128.3, 12832,4, 134.4, 141.1, 171.2; HRMS (ESI-TOF):
Calcd for G4H1s0sNa (M+Na): 257.1148, Found: 257.1150.

4.3.10. (E)-2-Hydroxymethyl-3-(2-naphthyl)-2-propgracetate (2)).
OH Colorless powder; mp 92-98; 'H NMR (400 MHz, CDCJ): 52.16
(s, 3H, COCH), 2.18 (br, 1H, OH), 4.41 (s, 2HH30H), 4.88 (s, 2H,
A\ OAC CHz0AC), 6.89 (s, 1H, =CH), 7.42, 7.48, 7.76, 7.83, [ds, mJ =
2 1.7, 8.5 Hz, 1H, 2H, 1H, 3H,:647); *C NMR (100 MHz, CDGJ): &

21.1,59.4, 67.4, 126.28, 126.34, 126.9, 127.6,9827128.05, 128.13, 132.6, 132.8, 133.17, 133.19,
135.8, 171.4; HRMS (ESI-TOF): Calcd foigH160sNa (M+Na): 279.0992, Found: 279.1013.

4.3.11. (E)-2-Hydroxymethyl-3-(2-furyl)-2-propengketate (2k).
OH Colorless oil!H NMR (400 MHz, CDCJ): §2.12 (s, 3H, COCE}, 2.30 (br,
@L 1H, OH), 4.55 (s, 2H, B,OH), 4.78 (s, 2H, 8,0Ac), 6.38 (d,J = 3.4 Hz,
NSRS 1 furan), 6.40 (s, 1H, =CH), 6.43 (dil= 1.8, 3.4 Hz, 1H, furan), 7.44 (d,
2k J=1.8 Hz, 1H, furan}3C NMR (100 MHz, CDG): 521.0, 60.0, 67.1, 111.6,

111.8, 119.2, 133.5, 142.9, 151.3, 171.2; HRMSI{E3F): Calcd for GoH1204Na (M+Nay:
219.0628, Found: 219.0602.

4.3.12. (E)-2-Hydroxymethyl-3-(2-thienyl)-2-propergcetate (21).
OH Colorless oil*H NMR (400 MHz, CDCJ): §2.11 (t,J = 6.0 Hz, 1H, OH),
@L 2.13 (s, 3H, COCH), 4.52 (d,) = 6.0 Hz, 2H, €,0H), 4.81 (s, 2H, E,0Ac),
INFNOAC 627 (s, 1H, =CH), 7.04, 7.08, 7.34 (dd, d, 8,3.6, 5.1 HzJ = 3.6 Hz,J =
2l 1.1, 5.1 Hz, 1H, 1H, 1H, thiophené}C NMR (100 MHz, CDGJ): 6 21.1,
59.9, 67.3,125.0, 126.9, 127.3, 129.1, 133.9,11391.3; HRMS (ESI-TOF): Calcd forg11,0sSNa
(M+Na)*: 235.0399, Found: 235.0360.

4.3.13. (E)-2-Hydroxymethyl-3-(3-thienyl)-2-propelrgcetate (2m).

Colorless oil!H NMR (400 MHz, CDCJ): §2.09 (s, 3H, COC}J, 3.11 (brs,
1H, OH), 4.34 (s, 2H, BoOH), 4.76 (s, 2H, B:0Ac), 6.60 (s, 1H, =CH),
7.09, 7.27 (m, m, 1H, 2H, thiophen&C NMR (100 MHz, CDG): 6 21.0,
Zm 59.3, 67.3, 124.5, 125.5, 126.4, 128.5, 134.6,7.3671.4; HRMS (ESI-

S OH
N\ \ — OAc
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TOF): Calcd for GoH120sSNa (M+Naj: 235.0399, Found: 235.0399.

F 2 2-Alkylidenepropane-1,3-diol B 3(Z)-monoacetate i {8 & 5L H: B %

4.4. A typical procedure for preparation of 2-alkyidenepropane-1,3-diyl diacetate (4a)

\)/\O/H Ac,O (4.0 eq.) \)/\.zﬁc

2 2

RO pyridine, rt, 10 h R __OAc
la-Im 82%-quant. 4a-4m

To a colorless solution of 301 mg (1.84 mmol, j0ie) of 2-benzylidenepropane-1,3-didin 1.0
mL of pyridine was added at rt 0.70 mL (7.34 mmdoQ) equiv) of acetic anhydride. The mixture was
stirred at rt for 10 h, and quenched with 3 mL c#@®H at 0°C. To the reaction mixture was added
toluene, and evaporated. The crude product wasraiographed on silica gel with a 1:7 mixture of
AcOEt and hexane to afford 452 mg (99% yield}af

4.4.1. 2-(4-Methoxybenzylidene)propane-1,3-diylatate (4b).
MeO OA Colorless oil;H NMR (400 MHz, CDCJ): 6§ 2.10 (s, 3H, COCH),
\Q\L 2.11 (s, 3H, COCH), 3.82 (s, 3H, OCH, 4.73 (s, 2H, 6,0Ac), 4.80
ANOAC (5 9H, G1,0AC), 6.79 (s, 1H, =CH), 6.89, 7.20 (d.I 8.8 Hz, 2H,
4b 2H, GsH.); 13C NMR (100 MHz, CDGJ): §20.9, 21.0, 55.3, 60.8, 66.8,
113.9, 127.8, 129.3, 130.2, 134.5, 159.3, 170.8,%HRMS (ESI-TOF): Calcd for £H:60:Na
(M+Na)*: 301.1046, Found: 301.1066.

4.4.2. 2-(4-Trifluoromethylbenzylidene)propane-1d8y diacetate (4c).
FiC OAG Colorless oillH NMR (400 MHz, CDCJ): 6 2.09 (s, 3H, COCH),
\Q\L 2.13 (s, 3H, COCH), 4.75 (s, 2H, €,0Ac), 4.77 (s, 2H, B,0Ac),
ANOAC g g5 (s, 1H, =CH), 7.37, 7.62 (d, 8= 8.1 Hz, 2H, 2H, €Ha); 1°C
dc NMR (100 MHz, CDCY): §20.8, 20.9, 60.4, 65.8, 124.0 {4 = 272
Hz), 125.4 (q3Jc-r = 3.7 Hz), 129.1, 129.8 ()¢ = 32.7 Hz), 132.3, 133.2, 139.0, 170.6, 170.7;
HRMS (ESI-TOF): Calcd for GH1sF04Na (M+Na): 339.0815, Found: 339.0838.

4.4.3. 2-(4-Chlorobenzylidene)propane-1,3-diyl ditate (4e).
Colorless oil;H NMR (400 MHz, CDCJ): 6 2.09 (s, 3H, COCH),

Cl OA
\Q\L 2.12 (s, 3H, COCH), 4.74 (s, 2H, €,0Ac), 4.75 (s, 2H, B20Ac),
A O 6 78 (s, 1H, =CH), 7.19, 7.33 (.3 8.4 Hz, 2H, 2H, €Ha): 13C NMR
(100 MHz, CDCY): §20.9, 20.9, 60.5, 66.1, 128.7, 130.1, 131.8, 132.9
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133.7,133.8, 170.6, 170.7; HRMS (ESI-TOF): CalmdG14H15ClOsNa (M+Na): 305.0551, Found:
305.0544.

4.4.4. 2-(4-Methylbenzylidene)propane-1,3-diyl ditate (4e).

Colorless oil;H NMR (400 MHz, CDCJ): 6 2.09 (s, 3H, COCH),
2.11 (s, 3H, COC¥, 2.35 (s, 3H, Ch), 4.74 (s, 2H, E0AC), 4.79 (s,
2H, CH,OACc), 6.81 (s, 1H, =CH), 7.14, 7.17 (d,X 8.4 Hz, 2H, 2H,
CsHa); 13C NMR (100 MHz, CDGJ): 6 20.9, 21.0, 21.2, 60.8, 66.5,
128.7, 129.2, 130.2, 132.4, 134.5, 137.8, 170.0,8& HRMS (ESI-TOF): Calcd for £H1s0sNa
(M+Na)*: 285.1097, Found: 285.1073.

Me OAc

§

OAc
4e

4.4.5. 2-(3-Methylbenzylidene)propane-1,3-diyl ditate (4f).

Colorless oil;'H NMR (400 MHz, CDCJ): 6 2.09 (s, 3H, COCH),
2.11 (s, 3H, COC4, 2.35 (s, 3H, Ch), 4.75 (s, 2H, E20ACc), 4.79 (s,
2H, CH>0ACc), 6.82 (s, 1H, =CH), 7.05, 7.11, 7.25 (m, d,%,7.8 Hz,J
=7.8 Hz, 2H, 1H, 1H, gH4); ¥*C NMR (100 MHz, CDGJ): §20.9, 21.0,
21.4, 60.7, 66.4, 125.8, 128.3, 128.6, 129.5, 13188.5, 135.3, 138.0, 170.7, 170.8; HRMS (ESI-
TOF): Calcd for GsHig0sNa (M+Na): 285.1097, Found: 285.1112.

OAc
OAc

:

Me
4f

4.4.6. 2-(2-Methylbenzylidene)propane-1,3-diyl ditate (49).

Colorless oil'H NMR (400 MHz, CDCJ): 6 2.06 (s, 3H, COCH), 2.12
(s, 3H, COCH), 2.25 (s, 3H, Ch), 4.67 (s, 2H, B,0Ac), 4.77 (s, 2H,
OAc CH-OACc), 6.84 (s, 1H, =CH), 7.09-7.23 (m, 4HHG); *C NMR (100 MHz,

CDCl): 6 19.9, 20.9, 21.0, 60.8, 65.9, 125.7, 128.0, 12839,0, 131.3,
133.4, 134.5, 136.5, 170.70, 170.74; HRMS (ESI-T@®)cd for GsH1s0sNa (M+Na): 285.1097,

Found: 285.1073.

Me _OAc

B g\

4.4.7. 2-(2,4,6-Trimethylbenzylidene)propane-1,$idliacetate (4h).

Colorless oil;'H NMR (400 MHz, CDCJ): 6 1.99 (s, 3H, COCH),
2.11 (s, 6H, CHIx 2), 2.12 (s, 3H, COCH)j, 2.27 (s, 3H, Ch), 4.40 (s,
2H, CH;0Ac), 4.78 (s, 2H, 8,0Ac), 6.62 (s, 1H, =CH), 6.85 (s, 2H,
CsH2); 13C NMR (100 MHz, CDGQJ): ¢ 20.1, 20.7, 21.0, 61.0, 65.3,
128.1, 131.4, 132.2, 132.3, 135.7, 136.9, 170.8VISRESI-TOF): Calcd for GH2204Na (M+Nay):
313.1410, Found: 313.1383.

Me Me _OAc
OAc

f

Me 4h
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4.4.8. 3-Phenyl-2-propylidenepropane-1,3-diyl ditate (4i).

OAc Colorless oillH NMR (400 MHz, CDCJ): 6 2.03 (s, 3H, COC}, 2.06
\/\L (s, 3H, COCH), 2.48 (m, 2H, G,CH=), 2.70 (tJ = 7.3 Hz, 2H, E.Ph),
Ph ANOAC 55 (s, 4H, E,0Ac X 2), 5.81 (t) = 7.5 Hz, 1H, =CH), 7.18, 7.28 (m, m,

4i 3H, 2H, GHs); 1*C NMR (100 MHz, CDGJ): §20.9, 21.0, 29.6, 35.4, 59.7,

66.5,126.1, 128.4, 128.5, 129.8, 135.2, 141.0,71200.8; HRMS (ESI-TOF): Calcd forié1200sNa
(M+Na)*: 299.1254, Found: 299.1215.

4.4.9. 2-(2-Naphthylidene)propane-1,3-diyl diacetdt)).
OAc Colorless powder; mp 33-3€; 'H NMR (400 MHz, CDGY): 62.11
(s, 3H, COCH), 2.14 (s, 3H, COCH), 4.81 (s, 2H, €,0Ac), 4.88 (s,
ANOAC oH H,0AC), 7.00 (s, 1H, =CH), 7.37, 7.49, 7.71, 7.82, [@ds, m,
4 J=1.7,8.5 Hz, 1H, 2H,1H, 3H167); 13C NMR (100 MHz, CDGJ):
0 20.9, 21.0, 60.8, 66.4, 126.40, 126.42, 126.6,721228.05, 128.09, 128.14, 131.3, 132.7, 132.8,

133.1, 134.4, 170.7, 170.8; HRMS (ESI-TOF): Calod @sH1s0sNa (M+Na): 321.1097, Found:
321.1100.

4.4.10. 2-(2-Furylidene)propane-1,3-diyl diacetqk).
OAc Pale yellow oil;'H NMR (400 MHz, CDCJ): 6 2.09 (s, 3H, COCH), 2.10
@L (s, 3H, COCH), 4.73 (s, 2H, €,0Ac), 5.10 (s, 2H, B,0Ac), 6.40 (d,J =
INASOAC 34 1z, 1H, furan), 6.42 (dd,= 1.8, 3.4 Hz, 1H, furan), 6.49 (s, 1H, =CH),
4k 7.45 (d,J = 1.8 Hz, 1H, furan):*C NMR (100 MHz, CDGJ): §20.9, 21.0,
61.4, 66.4, 111.5, 112.4, 120.9, 128.0, 143.2,85070.7, 171.0; HRMS (ESI-TOF): Calcd for
C1H140sNa (M+Na): 261.0733, Found: 261.0727.

4.4.11. 2-(2-Thienylidene)propane-1,3-diyl diacetd4l).
OAc Colorless oillH NMR (400 MHz, CDCJ): 62.10 (s, 3H, COC}), 2.11 (s,
@\L 3H, COCH), 4.75(s, 2H, €,0Ac), 4.95 (s, 2H, 8;0Ac), 6.88 (s, 1H, =CH),
ANASOAC 704 (ddJ = 3.6, 5.0 Hz, 1H, thiophene), 7.08 c 3.6 Hz, 1H, thiophene),
4 7.35 (d,J = 5.0 Hz, 1H, thiophene}2C NMR (100 MHz, CDGJ): & 20.9,
21.0, 61.1, 66.8, 126.9, 127.2, 127.3, 128.9, 12%83.7, 170.7, 170.9; HRMS (ESI-TOF): Calcd for
C1H1404SNa (M+Naj: 277.0505, Found: 277.0532.

4.4.12. 2-(3-Thienylidene)propane-1,3-diyl diacetgdm).

S OAc Colorless oil2H NMR (400 MHz, CDCJ): §2.11 (s, 6H, COCkix 2), 4.74
MOAC (s, 2H, G1,0Ac), 4.85 (s, 2H, B,0Ac), 6.76 (s, 1H, =CH), 7.08 (dd= 1.2,
5.0 Hz, 1H, thiophene), 7.26 (m, 1H, thiophene327dd,J = 3.0, 5.0 Hz,

4m
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1H, thiophene)’3C NMR (100 MHz, CDGJ): 5 20.9, 21.0, 61.0, 66.7, 124.8, 125.9, 128.3, 128/7
130.1, 136.3, 170.7, 170.9; HRMS (ESI-TOF): Calod@2H140,SNa (M+NaJ: 277.0505, Found:
277.0500.

4.5. A typical procedure for hydrolysis using PPL

J/:./AC PPL (100 w/w2%) J/:./AC

2 > 2

RIA N OAC DMSO-PB (1:1), 1t RIANOH
4a-4m 17-98% 3a-3m

To a pale yellow suspension of 124 mg (0.50 mmdl,euiv) of 2-benzylidenepropane-1,3-diyl
diacetatela and 124 mg (100 w/w%) of PPL in 3 mL of a 1:1 mn&t of DMSO-1/15 M phosphate
buffer (pH 7.0) was stirred at rt for 25 h. Theatgan mixture was filtered on Celite, and washethwi
AcOEt. The filtrate was added to water, and theinaeted three times with AcCOEt. The combined
AcOEt layers were washed with brine, and dried @rdrydrous MgS® The mixture was filtered,
and the filtrate was evaporated. The crude produas chromatographed on silica gel with a 2:3
mixture of ACOEt and hexane to afford 101 mg (98etdy of 3a.

4.5.1. (2)-2-Hydroxymethyl-3-phenyl-2-propenyl aatd (3a).

Colorless oil!H NMR (400 MHz, CDCJ): §2.08 (s, 3H, COCEH}, 2.64 (br,
1H, OH), 4.28 (s, 2H, BoOH), 4.82 (s, 2H, B:0Ac), 6.81 (s, 1H, =CH),
7.23-7.36 (m, 5H, Hs); ¥*C NMR (100 MHz, CDGJ): §20.9, 60.9, 65.3,

3a 127.5,128.4,128.8, 131.5, 135.6, 135.8, 171.9YIBRESI-TOF): Calcd for
C12H140sNa (M+Na): 229.0835, Found: 229.0806.

OAc
= OH

4.5.2. (2)-2-Hydroxymethyl-3-(4-methoxyphenyl)-2gmenyl acetate (3b).

Colorless oillH NMR (400 MHz, CDCJ): 6 2.10 (s, 3H, COC}),
2.57 (br, 1H, OH), 3.80 (s, 3H, OGH4.26 (s, 2H, E,0H), 4.83 (s,
2H, CH20AC), 6.74 (s, 1H, =CH), 6.88, 7.19 (d Jd; 8.8 Hz, 2H, 2H,

3b CeHa); 3C NMR (100 MHz, CDGJ): §21.0, 55.3, 61.1, 65.7, 113.9,
128.3, 130.1, 131.5, 134.0, 159.1, 171.5; HRMS {E3F): Calcd for GHis04sNa (M+Na):
259.0941, Found: 259.0913.

MeO OAc
P OH

4.5.3. (2)-2-Hydroxymethyl-3-(4-trifluoromethylphet)-2-propenyl acetate (3c).
Colorless oil;H NMR (400 MHz, CDCJ): 6 2.10 (s, 3H, COCH),

FsC OA
\Q\L 2.33 (br, 1H, OH), 4.31 (s, 2HHBOH), 4.78 (s, 2H, B,0Ac), 6.84 (s,
SO 1H =cH), 7.37, 7.61 (d, d,= 8.4 Hz, 2H, 2H, @1s); C NMR (100
3c MHz, CDCE): 520.9, 60.5, 65.1, 124.1 (s = 272 Hz), 125.4 (G
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r= 3.7 Hz), 129.0, 129.5 (§)c-r = 32.6 Hz), 129.8, 137.7, 139.5, 171.3; HRMS (ESF): Calcd
for CisHi1sF03Na (M+Na): 297.0709, Found: 297.0679.

4.5.4. (2)-2-Hydroxymethyl-3-(4-chlorophenyl)-2-pgoenyl acetate (3d).
Cl OA Colorless oilH NMR (400 MHz, CDCJ): 62.11 (s, 3H, COCH), 2.22
\O\L (br, 1H, OH), 4.28 (s, 2H, IG:0H), 4.79 (s, 2H, B0Ac), 6.76 (s, 1H,
A\ O =CH), 7.19, 7.33 (d, d] = 8.4 Hz, 2H, 2H, @.); 13C NMR (100 MHz,
3d CDCL): & 20.9, 60.6, 65.3, 128.6, 130.1, 130.3, 133.5, 2,3136.3,
171.3; HRMS (ESI-TOF): Calcd forieH130sCINa (M+Na): 263.0445, Found: 263.0441.

4.5.5. (2)-2-Hydroxymethyl-3-(4-methylphenyl)-2-grenyl acetate (3e).
Me OA Colorless oil;'H NMR (400 MHz, CDCJ): 6 2.10 (s, 3H, COCH),
\Q\L 2.23 (br, 1H, OH), 2.35 (s, 3H, GK4.28 (s, 2H, E,0H), 4.84 (s, 2H,
Z OH CH20AC), 6.78 (s, 1H, =CH), 7.15 (s, 4H¢k); 13C NMR (100 MHz,
3e CDCl): §21.0,21.2,61.0,65.7,128.7,129.1, 131,9, 1389.9, 137.5,
171.5; HRMS (ESI-TOF): Calcd for:€H160sNa (M+Na): 243.0992, Found: 243.0969.

4.5.6. (2)-2-Hydroxymethyl-3-(3-methylphenyl)-2-grenyl acetate (3f).

OA Colorless oil;H NMR (400 MHz, CDCJ): 6 2.10 (s, 3H, COCH),
/@\L 2.27 (tJ=5.9 Hz, 1H, OH), 2.35 (s, 3H, GH4.28 (d,J = 5.9 Hz, 2H,
Me ANOH cH,0H), 4.83 (s, 2H, B,0AC), 6.78 (s, 1H, =CH), 7.05, 7.10, 7.24 (m,

3f d, t,d=7.7 Hz,J = 7.7 Hz, 2H, 1H, 1H, &1s); 13C NMR (100 MHz,

CDCh): 6 21.0, 21.4, 61.0, 65.5, 125.8, 128.30, 128.33,5,2881.9, 135.4, 135.7, 138.0, 171.4;
HRMS (ESI-TOF): Calcd for GH170s (M+H)*: 221.1172, Found: 221.1139.

4.5.7. (2)-2-Hydroxymethyl-3-(2-methylphenyl)-2-grenyl acetate (3Qg).

Colorless oillH NMR (400 MHz, CDCY): §2.05 (s, 3H, COCH), 2.24 (s,
3H, CHs), 2.73 (br, 1H, OH), 4.29 (s, 2HH30H), 4.70 (s, 2H, 8,0Ac),
6.80 (s, 1H, =CH), 7.09-7.21 (m, 4HgHL:); 3C NMR (100 MHz, CDGJ): &

3g 19.9, 20.9, 61.1, 64.9, 125.7, 127.7, 129.0, 1280,5, 135.1, 135.8, 136.5,
171.5; HRMS (ESI-TOF): Calcd for:€H:160sNa (M+Na): 243.0992, Found: 243.0969.

Me _OAc
OH

3

4.5.8. (2)-2-Hydroxymethyl-3-(2,4,6-trimethylphem2-propenyl acetate (3h).

Colorless oil;'H NMR (400 MHz, CDCJ): 6 2.01 (s, 3H, COCH),
2.13(s, 6H, CHIx 2), 2.22 (br, 1H, OH), 2.27 (s, 3H, ©H4.30 (s, 2H,
CH20H), 4.47 (s, 2H, B,0Ac), 6.57 (s, 1H, =CH), 6.85 (s, 2HgHB);

Me  3n 13C NMR (100 MHz, CDGJ): 620.3, 20.8, 21.0, 61.3, 64.5, 128.1, 129.7,

Me Me _OAc
OH

f
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131.9, 135.8, 136.67, 136.71, 171.4; HRMS (ESI-T@g)cd for GsH200sNa (M+Na): 271.1305,
Found: 271.1293.

4.5.9. (2)-2-Hydroxymethyl-5-phenyl-2-penteny| aat (3i).
OAc Colorless oillH NMR (400 MHz, CDCJ): 6 2.04 (s, 3H, COC}, 2.19
v\)/\/ (br, 1H, OH), 2.46 (qJ = 7.4 Hz, 2H, ©;CH=), 2.69 (tJ = 7.4 Hz, 2H,
Ph ASNOH hphy, 4.07 (s, 2H, BLOH), 4.61 (s, 2H, B:0Ac), 5.74 (1] = 7.4 Hz,
3 1H, =CH), 7.18, 7.28 (m, m, 3H, 2Hls); 3C NMR (100 MHz, CDGJ):

620.9, 29.5, 35.6, 60.1, 65.6, 126.0, 128.38, W8132.2, 134.3, 141.3, 171.3; HRMS (ESI-TOF):
Calcd for G4H1s03Na (M+Na): 257.1148, Found: 257.1107.

4.5.10. (2)-2-Hydroxymethyl-3-(2-naphthyl)-2-propgracetate (3j).
OAc Colorless powder; mp 65-6€; *H NMR (400 MHz, CDCJ): 6 2.11
(s, 3H, COCH), 2.42 (br, 1H, OH), 4.33 (s, 2HH30H), 4.91 (s, 2H,
A~ -OH CH20AC), 6.95 (s, 1H, =CH), 7.37, 7.47, 7.70, 7.81, (dds, m) = 1.7,
3 8.5 Hz, 1H, 2H, 1H, 3H, GH-); 23C NMR (100 MHz, CDG)): §21.0,

61.0, 65.5, 126.2, 126.3, 126.7, 127.6, 127.9,0,228,1, 131.6, 132.6, 133.2, 133.3, 136.0, 171.4;
HRMS (ESI-TOF): Calcd for ¢H160sNa (M+Na): 279.0992, Found: 279.1013.

4.5.11. (2)-2-Hydroxymethyl-3-(2-furyl)-2-propengketate (3k).
OAc Colorless 0il*H NMR (400 MHz, CDCJ): 6 2.09 (s, 3H, COC}J, 2.60 (br,
G\L 1H, OH), 4.26 (s, 2H, B20H), 5.10 (s, 2H, 8;0Ac), 6.37 (d,) = 3.3 Hz, 1H,
NS OH furan), 6.41 (ddJ = 1.8, 3.3 Hz, 1H, furan), 6.48 (s, 1H, =CH), 7(d3) = 1.8
3k Hz, 1H, furan)23C NMR (100 MHz, CDG): §21.0, 61.7, 65.4, 111.39, 111.44,

118.3, 133.0, 142.8, 151.3, 171.5; HRMS (ESI-TQFlcd for GoH1204Na (M+Na): 219.0628,
Found: 219.0602.

4.5.12. (2)-2-Hydroxymethyl-3-(2-thienyl)-2-propergcetate (3l).
OAc Colorless 0il*H NMR (400 MHz, CDCJ): §2.11 (s, 3H, COCH, 2.27 (br,
@L 1H, OH), 4.29 (s, 2H, B,OH), 4.96 (s, 2H, B,0Ac), 6.85 (s, 1H, =CH), 7.03,
ANANOH 205, 7.32 (dd, m, ddi = 3.6, 5.0 HzJ = 1.2, 5.0 Hz,1H, 1H, 1H, thiophene);
3 13C NMR (100 MHz, CDG)): 6 20.9, 61.3, 65.9, 124.1, 126.7, 127.3, 128.6,
133.8, 138.2, 171.4; HRMS (ESI-TOF): Calcd foioi,0sSNa (M+Naj: 235.0399, Found:
235.0360.

55



4.5.13. (2)-2-Hydroxymethyl-3-(3-thienyl)-2-propergcetate (3m).

Colorless 0il*H NMR (400 MHz, CDCJ): §2.11 (s, 3H, COCH, 2.37 (br,
1H, OH), 4.27 (s, 2H, BOH), 4.87 (s, 2H, B,0Ac), 6.72 (s, 1H, =CH), 7.08,
7.25,7.31 (d, m, dd} = 5.0 Hz,J = 2.9, 5.0 Hz, 1H, 1H, 1H, thiophenéiC

3m NMR (100 MHz, CDCd): 621.0, 61.2, 65.8, 124.2, 125.7, 126.0, 128.4,8,34.
136.7,171.5; HRMS (ESI-TOF): Calcd foid120sSNa (M+Naj: 235.0399, Found: 235.0399.

S OAc
\\ ___OH

# 3 (2)-2-alkylbut-2-ene-1,4-diol DAL ERINA monoacetateD i fHA R D BA%E

4.6. A typical procedure for preparation of )-2-alkylbut-2-ene-1,4-diyl diacetate 8a from but-
2-yn-1,4-yl diacetate 12

Payn R*B(OH), 13, Pd(PPh;),, AcOH R4 _~_OAc
AcO. _“~ .
toluene or 1,4-dioxane
12 14-76% AcO 8aa-8la

To a mixture of 1.00 g (5.88 mmol, 1.0 equiv) of-Beyn-1,4-diyl diacetaté?2, 1.07 g (8.82 mmol,
1.5 equiv) of phenylboronic acitBa and 204 mg (0.18 mmol, 0.03 equiv) of Pd(®Pim 20 mL of
anhydrous toluene was added at@33.6 uL (0.59 mmol, 0.1 equiv) of AcOH under an argon
atmosphere. The mixture was stirred af@Gor 16 h, quenched with 30 mL of water, and eted
with 50 mL x 3 of AcOEt. The organic layers werentbned, washed with 50 mL of brine, dried over
anhydrous MgSQ) filtered, and evaporated. The residue was chregnaphed on silica gel with a 1:5
mixture of ACOEt and hexane to afford 975 mg (67&bdy of 8aa

4.6.1. (2)-2-phenylbut-2-ene-1,4-diyl diacetate &3a
Colorless oil'H NMR (400 MHz, CDCJ): 62.01 (s, 3H, COCHJ, 2.09 (s,
3H, COCH), 4.87 (d,J=6.8 Hz, 2H, EGi20Ac), 5.05 (s, 2H, 8:0Ac), 6.07
(t,J=6.8 Hz, 1H, =CH), 7.30-7.37, 7.40-7.42 (m, m, 2H, GsHs); 13C NMR
AcO 8aa (100 MHz, CDC¥): 620.9, 20.9, 60.9, 61.0, 126.4, 127.4, 128.0, 1288.7,
139.4, 170.8, 170.8; HRMS (ESI-TOF): calcd foricOsNa (M+Nay:
271.0941, found: 271.0944.

OAc

4.6.2. (2)-2-(4-methoxyphenyl)but-2-ene-1,4-diyhdetate (8ba).
Pale yellow oillH NMR (400 MHz, CDCJ): §2.01 (s, 3H, COCH),
2.08 (s, 3H, COCH), 3.81 (s, 3H, OCH, 4.85 (d,J=6.8 Hz, 2H,
AN Ohe CH20Ac), 5.03 (s, 2H, B:0Ac), 6.02 (tJ=6.8 Hz, 1H, =CH), 6.88,
AcO 8ba 7.36 (d, dJ=9.0 Hz, 2H, 2H, €H4); 13C NMR (100 MHz, CDG)): &
20.9, 21.0, 55.3, 60.9, 113.9, 125.6, 127.5, 13138,2, 159.5, 170.8,

MeO
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170.9; HRMS (ESI-TOF): calcd fori€H1g0sNa (M+Na): 301.1046, found: 301.1035.

4.6.3. (2)-2-(4-methylphenyl)but-2-ene-1,4-diyl detate (8ca).

Pale yellow oil;'H NMR (400 MHz, CDCJ): 6 2.01 (s, 3H, COCEH),
2.08 (s, 3H, COCEH, 2.35 (s, 3H, ArCh), 4.86 (d,J=6.8 Hz, 2H,
CH20Ac), 5.03 (s, 2H, 8,0Ac), 6.05 (t,J=6.8 Hz, 1H, =CH), 7.15,

ACO”  Sca 7.31 (d, dJ= 7.8 Hz, 2H, 2H, €Ha4); *°C NMR (100 MHz, CDQJ): §
20.9, 21.0, 21.1, 60.9, 61.0, 126.2, 126.5, 1283B.4, 137.9, 138.5,
170.8, 170.8; HRMS (ESI-TOF): calcd fois8:s04Na (M+Nay): 285.1097, found: 285.1107.

Me
OAc

{

4.6.4. (2)-2-(4-fluorophenyl)but-2-ene-1,4-diyl diatate (8da).

Colorless oil;*H NMR (400 MHz, CDCJ): 62.01 (s, 3H, COC}}, 2.09
(s, 3H, COCH), 4.86 (dJ=7.2 Hz, 2H, ®.0Ac), 5.02 (s, 2H, B20Ac),
6.02 (t,J=7.2 Hz, 1H, =CH), 7.01-7.05, 7.36-7.39 (m, m, 2H, GsHa);

AcO 8da 13C NMR (100 MHz, CDGJ): §20.8, 20.9, 60.8, 60.9, 115.4 {d;-—=21.5
Hz), 127.3, 128.1 (Jc+=8.0 Hz), 135.4 (dJc+=3.3 Hz), 137.8, 162.6
(d, Ye..=245 Hz), 170.7, 170.8; HRMS (ESI-TOF): calcd forHGisFOsNa (M+Na): 289.0847,
found: 289.0836.

F
OAc

{

4.6.5. (2)-2-(4-chlorophenyl)but-2-ene-1,4-diyl dietate (8ea).
Colorless oil;'H NMR (400 MHz, CDCJ): 6§ 2.01 (s, 3H, COCH),

cl
one 20 (s, 3H, COCH), 4.86 (d,J=6.8 Hz, 2H, G1,0Ac), 5.02 (s, 2H,
C
= CH.,OAC), 6.05 (tJ=6.8 Hz, 1H, =CH), 7.31, 7.35 (d, & 9.0 Hz, 2H,
ACO”  Sea 2H, GsH.); 13C NMR (100 MHz, CDGJ): 620.8, 20.9, 52.1, 60.7, 127.7,

127.8, 128.7, 134.0, 137.7, 137.8, 170.7, 170.8M8BRESI-TOF):
calcd for G4H1sClOsNa (M+Na): 305.0551, found: 305.0578.

4.6.6. (2)-2-(3-methylphenyl)but-2-ene-1,4-diyl detate (8fa).

Colorless oil;*H NMR (400 MHz, CDCJ): § 2.02 (s, 3H, COCH),
2.09 (s, 3H, COCEH), 2.36 (s, 3H, ArCh), 4.86 (d,J=6.9 Hz, 2H,
CH2OACc), 5.03 (s, 2H, 8:0Ac), 6.06 (t,J=6.9 Hz, 1H, =CH), 7.11-

AcO 8fa 7.26,7.22 (m, s, 3H, 1H,¢84); 3C NMR (100 MHz, CDQ): 6 20.9,
21.0, 21.5, 60.9, 61.1, 123.5, 127.1, 127.2, 12”8,8, 138.1, 138.7,
139.4,170.8, 170.8; HRMS (ESI-TOF): calcd fagiigO4Na (M+Na): 285.1097, found: 285.1096.

OA
Me ¢

i:
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4.6.7. (2)-2-(2-methylphenyl)but-2-ene-1,4-diyl detate (8ga).
Pale yellow oil;}H NMR (400 MHz, CDCJ): 6 1.96 (s, 3H, COC}J, 2.08

Me
OA (s, 3H, COCH), 2.26 (s, 3H, ArCHh), 4.84 (dJ=6.8 Hz, 2H, E-0Ac), 4.89
c
= (s, 2H, GH,0Ac), 5.67 (tJ=6.8 Hz, 1H, =CH), 7.08-7.22 (m, 4H¢lds); 13C
AcO 8ga NMR (100 MHz, CDC4): 6 19.8, 20.8, 20.9, 60.6, 62.5, 125.5, 127.6, 128.4,

128.8, 130.1, 135.4, 139.5, 140.9, 170.6, 170.8/ISRESI-TOF): calcd for
Ci1sH1g0sNa (M+Na): 285.1097, found: 285.1107.

4.6.8. (2)-2-Naphthylbut-2-ene-1,4-diyl diacetathg).
Colorless oil;H NMR (400 MHz, CDCJ): § 2.01 (s, 3H, COCH),
OO OAG 2.11 (s, 3H, COCHj, 4.93 (d,J=6.8 Hz, 2H, E1:0Ac), 5.16 (s, 2H,
~ CH>0Ac), 6.21 (tJ=6.8 Hz, 1H, =CH), 7.46-7.49, 7.54, 7.80-7.85 (m,
AcO”  8ha d, m,J=8.8 Hz, 2H, 1H, 4H, GH-); 3C NMR (100 MHz, CDG)): &
20.9, 21.0, 61.0, 61.0, 124.3, 125.5, 126.3, 12¥®%,6, 127.8, 128.1,
128.3, 133.0, 133.3, 136.6, 138.7, 170.8, 170.8/IBRESI-TOF): calcd for GH1s0sNa (M+Nay)':
321.1097, found: 321.1070.

4.6.9. (2Z,1’E)-2-(2-phenylethenyl)but-2-ene-1,4¢tdiacetate (8ia).
Colorless oil'H NMR (400 MHz, CDCJ): §2.07 (s, 3H, COC}), 2.08
(s, 3H, COCH), 4.85 (d,J=7.2 Hz, 2H, ®1.0Ac), 4.94 (s, 2H, 8,0Ac),
AcO 8ia 5.94 (t,J=7.2 Hz, 1H, =CH), 6.71 (s, 2H, CH=CH), 7.22-7.2730-7.35,
7.40-7.43 (m, m, m, 1H, 2H, 2Hg@s); **C NMR (100 MHz, CDGJ): §20.9, 58.6, 60.7, 126.6, 127.9,
128.7, 129.1, 130.0, 130.0, 136.5, 136.9, 170.0,8 HRMS (ESI-TOF): calcd for 6H1s0sNa
(M+Na)*: 297.1097, found: 297.1078.

Ph N OAc

4.6.10. (2Z,1’E)-2-(oct-1-enyl)but-2-ene-1,4-diyibdetate (8ja).
Pale yellow oil;'H NMR (400 MHz, CDCJ): §0.88 (t,J=6.8 Hz, 3H,
CHs), 1.25-1.41 (m, 8H, CHix 4), 2.04-2.13 (m, 2H, =CH1&), 2.06
AcO 8ja (s, 6H, COCHx 2), 4.77 (d,J=7.2 Hz, 2H, Ei:0Ac), 4.80 (s, 2H,
CH20Ac), 5.71 (tJ=7.2 Hz, 1H, =CH), 5.83 (df=15.8, 6.8 Hz, 1H, =CH), 6.00 (&:15.8 Hz, 1H,
=CH); 13C NMR (100 MHz, CDQJ): §14.1, 20.9, 20.9, 22.6, 28.8, 29.2, 31.7, 33.(8,538.6, 127.1,
130.2,132.9, 136.7, 170.8 (2C); HRMS (ESI-TOF)cd#or CieH2604Na (M+Na): 305.1723, found:
305.1763.

C6H13 = = OAc
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4.7. A typical procedure for preparation of ¢)-2-phenylbut-2-ene-1,4-diyl diacylate 3 from2)-
2-phenylbut-2-ene-1,4-diol 4a

Ph j/\/OH Acyl chloride (2.2 eq.) Ph _ O—acyl
pyridine, 0 °Ctort, 3 h

HO™ o, 0-96% acyl=0"  gap-8ae

To a colorless solution of 100 mg (0.61 mmol, 1g0ie) of (2)-2-phenylbut-2-ene-1,4-di&ain 5
mL of pyridine was added dropwise &f@117uL (1.34 mmol, 2.2 equiv) of propionyl chloride umde
an argon atmosphere. After stirring &®for 2 h and at rt for 1 h, the reaction mixturasvguenched
with 10 mL of water and extracted with 10 mL x 3AOEt. The organic layers were combined,
washed with 5 mL of brine, dried over anhydrous @gSiltered, and evaporated. The residue was
chromatographed on silica gel with a 1:6 mixturdo®Et and hexane to afford 161 mg (96 % yield)
of 8ab

4.7.1. (2)-2-phenylbut-2-ene-1,4-diyl dipropionai@ab).
Ph Reaction temperature and time’@ 2 h to rt, 1 h; Colorless oil;

O j/vo\[fczHS 1H NMR (400 MHz, CDCY): §1.07 (t,J=7.6 Hz, 3H, GlsCHy),
Csz)J\o Sab © 1.16 (t,J=7.6 Hz, 3H, GlsCH,), 2.28 (q,)=7.6 Hz, 2H, CHCH>),
2.37 (q,J=7.6 Hz, 2H, CHCH,), 4.89 (d,J=6.9 Hz, 2H,
CH,OCO), 5.07 (s, 2H, C¥DCO), 6.07 (t)=6.9 Hz, 1H, =CH), 7.30-7.36, 7.40-7.42 (m, m, 2H,
CeHs); 13C NMR (100 MHz, CDGJ): 5 9.0, 9.1, 27.5, 27.5, 60.8, 60.9, 126.4, 127.8,0,2128.5,
138.4, 139.4, 174.2, 174.2; HRMS (ESI-TOF): calod GeHo00sNa (M+Na): 299.1254, found:

299.1263.

4.7.2. (2)-2-phenylbut-2-ene-1,4-diyl dioctanoa&ac).
Reaction temperature and time: rt, 1 h t¢G01 h; Colorless

Ophj/vo\lfcﬁw oil: 3H NMR (400 MHz, CDGJ): & 0.85-0.89 (m, 6H, Chi x
C7H15)J\O e © 2), 1.22-1.31 (m, 16H, CCHaz)s x 2), 1.49-1.56 (m, 2H,
CH,CHCO), 1.60-1.67 (m, 2H, I8,CH,CO), 2.24 (tJ=7.5 Hz,
oH, CHCO), 2.33 (t,J=7.5 Hz, 2H, CHCO), 4.88 (d,J=6.9 Hz, 2H, CHOCO), 5.06 (s, 2H,
CH,0CO), 6.06 (1J=6.9 Hz, 1H, =CH), 7.27-7.36, 7.38-7.41 (m, m, 2H, GHs); °C NMR (100
MHz, CDCE): 514.1, 22.6, 22.6, 24.9, 25.0, 28.9, 28.9, 29.0,2%1.6, 31.7, 34.2, 34.3, 60.7, 60.8,
126.4, 127.3, 127.9, 128.4, 138.8, 139.4, 173.8,61HRMS (ESI-TOF): calcd for HaO:Na

(M+Na)*: 439.2824, found: 439.2806.
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4.7.3. (2)-2-phenylbut-2-ene-1,4-diyl dilaurate @ga

Reaction temperature and time@ 2 h to rt, 16 h; Colorless

Q j/v g oil: IH NMR (400 MHz, CDGJ): 5 0.88 (d,J=6.6 Hz, 6H,

0
CyiHog~ O CHs, X 2), 1.21-1.29 (m, 32H, GKCHo)s X 2), 1.51-1.54 (m,

d 2H, CH,CH,CO), 1.59-1.67 (m, 2H, :CH.CO), 2.24 (t,
J=7.5 Hz, 2H, CHCO), 2.33 (tJ=7.6 Hz, 2H, CHCO), 4.88 (d,J=6.9 Hz, 2H, CHOCO), 5.06 (s,
2H, CHOCO), 6.07 (tJ=6.9 Hz, 1H, =CH), 7.29-7.36, 7.38-7.41 (m, m, 2H, GHs); °C NMR
(100 MHz, CDCY): 6 14.1, 22.7, 24.9, 25.0, 29.0, 29.2, 29.2, 29.33,220.4, 29.5, 29.6, 31.9, 34.2,
34.3, 60.7, 60.8, 126.4, 127.3, 127.9, 128.4, 1388.4, 173.6, 173.6; HRMS (ESI-TOF): calcd for
CaHscOsNa (M+Na): 551.4071, found: 551.4053.

4.7.4. (2)-2-phenylbut-2-ene-1,4-diyl dibenzoatag®
Ph Reaction temperature and time: rt, 1 h t&Gp1 h; Colorless oitH
j/v M NMR (400 MHz, CDCY): 55.20 (d,J=6.9 Hz, 2H, CHOCO), 5.39 (s,
Ph Sae 2H, CH0CO), 6.30 (tJ=6.9 Hz, 1H, =CH), 7.28-7.44, 7.50-7.57,
7.94-7.97, 8.03-8.06 (m, m, m, m, 7H, 4H, 2H, 2BHECX 3); °C
NMR (100 MHz, CDCY): § 61.4, 61.7, 126.5, 127.5, 128.1, 128.4 (2C), 12829.7 (2C), 129.9,
130.0, 133.1 (2C), 139.1, 139.5, 166.3, 166.4; HRESI-TOF): calcd for @H>004Na (M+Nay:
395.1259, found: 395.1246.

4.8. A procedure for preparation of ¢)-2-phenylbut-2-ene-1,4-diyl bis(chloroacetate) (3afrom
(2)-2-phenylbut-2-ene-1,4-diol 4a

o}
Ph j/\/OH C'QJ\C, (3.2 eq.), EtsN (3.5) oh j/\/ojhm
THF, -40 °C tort, 13 h myl\o o)
8af

HO S5a 88%

To a colorless solution of 100 mg (0.61 mmol, 1g0ie) of (Z)-2-phenylbut-2-ene-1,4-di&ain 5
mL of anhydrous THF were added dropwise at°@@08pL (1.34 mmol, 2.2 equiv) of chloroacetyl
chloride and 213iL (1.52 mmol, 2.5 equiv) of triethylamine under amgon atmosphere. After the
mixture was stirred at -4 for 3 h and at rt for 10 h, & (0.61 mmol, 1.0 equiv) of an additional
chloroacetyl chloride and 84 (0.61 mmol, 1.0 equiv) of an additional triethylene were added to
the mixture. After stirring at rt for 3 h, the réiao mixture was quenched with 10 mL of water, and
extracted with 10 mL x 3 of AcOEt. The organic lesyezere combined, washed with 5 mL of brine,
dried over anhydrous MgS(Qfiltered, and evaporated. The residue was chrognaphed on silica
gel with a 1:4 mixture of AcOEt and hexane to affé69 mg (88 % yield) ddaf. 8af: Colorless oil;
IH NMR (400 MHz, CDCJ): § 4.00 (s, 2H, CLLCI), 4.10 (s, 2H, CkCl), 5.01 (d,J=7.1 Hz, 2H,
CH-0OCO), 5.20 (s, 2H, C¥DCO), 6.10 (tJ=7.1 Hz, 1H, =CH), 7.30-7.42 (m, 5H¢ls); 13C NMR
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(100 MHz, CDC¥): 6 40.7, 40.8, 62.3, 62.5, 126.4, 126.7, 128.4, 12838.7, 139.0, 167.1, 167.1;
HRMS (ESI-TOF): calcd for GH14Cl>2OsNa (M+Na): 339.0161, found: 339.0168.

4.9. A typical Procedure for Preparation of Z)-2-alkylbut-2-ene-1,4-diol 4

R j/\/OAC NaOMe (cat.) R j/\/OH
Et,0-MeOH, rt, S h
AcO 8aa 84%-quant. HO Sa

To a colorless solution of 1.84 g (7.41 mmol, 1g0ie) of (Z)-2-phenylbut-2-ene-1,4-diyl diacetate
8aain 200 ml of 1:1 mixture of E®-MeOHwas added a catalytic amount (6 drops) of 28% metha
solution of MeONa. The mixture was stirred at rt3c and quenched with 5 mL of saturated aqueous
NH4Cl. The organic layer was separated and the aquagersvas extracted with 10 mL x 2 of AcOEt.
The organic layers were combined, washed with 10oimbrine, and dried over anhydrous MgSO

The residue was chromatographed on silica gel AGtDEt to afford 1.13 g (93% yield) &&a.

4.9.1. (2)-2-phenylbut-2-ene-1,4-diol (5a).

Colorless oilH NMR (400 MHz, CDCJ): §2.51 (br, 2H, OH x 2), 4.37 (d,
J=6.8 Hz, 2H, €1:0H), 4.56 (s, 2H, 820H), 6.10 (tJ=6.8 Hz, 1H, =CH),
7.26-7.30, 7.32-7.36, 7.42-7.45 (m, m, m, 1H, 2H, @Hs); 3C NMR (100
HO 52 MHz, CDCk): 658.9, 60.3, 126.4, 127.7, 128.6, 129.8, 140.5,842RMS

(ESI-TOF): calcd for @H120-Na (M+Na): 187.0730, found: 187.0731.

OH

4.9.2. (2)-2-(4-Methoxyphenyl)but-2-ene-1,4-diob(s
Pale yellow oil;'H NMR (400 MHz, CDCJ): 6 2.51 (br, 2H, OH x
2), 3.80 (s, 3H, OC¥H), 4.34 (d,J=7.2 Hz, 2H, E,0H), 4.53 (s, 2H,
= O CH.OH), 6.03 (tJ=7.2 Hz, 1H, =CH), 6.87, 7.38 (d, 8.8 Hz, 2H,
HO™  sp 2H, GsHa); 13C NMR (100 MHz, CDGJ): 6 55.3, 58.9, 60.1, 113.9,
127.5, 128.1, 132.7, 142.2, 159.3; HRMS (ESI-TO&3lcd for
Ci11H140sNa (M+Na): 217.0835, found: 217.0824.

MeO

4.9.3. (2)-2-(4-Methylphenyl)but-2-ene-1,4-diol (5c
Colorless oil;'H NMR (400 MHz, CDCJ): 6 2.23 (br, 2H, OH x 2),
2.35 (s, 3H, ArCH), 4.38 (d,J=6.8 Hz, 2H, Ei,0OH), 4.58 (s, 2H,
= CH20H), 6.09 (t,J=6.8 Hz, 1H, =CH), 7.16, 7.35 (d, 8.4 Hz, 2H,
HO 5¢ 2H, GHa); *C NMR (100 MHz, CDGJ): 6 21.1, 59.0, 60.4, 126.3,
128.9, 129.3, 137.4, 137.6, 142.7; HRMS (ESI-TOEylcd for
Ci11H140,Na (M+Na): 201.0886, found: 201.0892.

Me
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4.9.4. (2)-2-(4-Fluorophenyl)but-2-ene-1,4-diol (hd
E Colorless oilH NMR (400 MHz, CDCJ): §2.32 (br, 1H, OH), 2.42 (br,
1H, OH), 4.37 (d,)=6.8 Hz, 2H, E1,0H), 4.54 (s, 2H, B,0H), 6.06 (t,
\QYVOH J=6.8 Hz, 1H, =CH), 7.00-7.06, 7.39-7.44 (m, m, 2, GsHa); 13C
HO™ s4q NMR (100 MHz, CDCY): 558.9, 60.3, 115.4 (&Jc.+=21.2 Hz), 128.0 (d,

3Jcr=7.8 Hz), 129.6, 136.5, 141.9, 162.5%@.~=246 Hz); HRMS (ESI-
TOF): calcd for GoH11FO:Na (M+Na): 205.0635, found: 205.0632.

4.9.5. (2)-2-(4-Chlorophenyl)but-2-ene-1,4-diol (5e
cl Colorless oilH NMR (400 MHz, CDCJ): 62.59 (br, 2H, OH x 2), 4.36
(d, J=6.8 Hz, 2H, @1-0H), 4.52 (s, 2H, B,0H), 6.08 (t,J=6.8 Hz, 1H,
\Qj/\/OH =CH), 7.30, 7.37 (d, d}=8.6 Hz, 2H, 2H, GH.); *3C NMR (100 MHz,
HO 5e CDCl): 6 58.8, 60.1, 127.7, 128.7, 130.1, 133.6, 138.9,844RMS

(ESI-TOF): calcd for @H1:.ClIONa (M+Na): 221.0340, found:
221.0329.

4.9.6. (2)-2-(3-Methylphenyl)but-2-ene-1,4-diol §5f
Colorless oillH NMR (400 MHz, CDCJ) 62.35 (s, 3H, ArCh), 2.51
/@j/\/OH (br, 2H, OH x 2), 4.36 (d}=6.8 Hz, 2H, ¢1,0H), 4.55 (s, 2H, 6,0H),
Me = 6.08 (t,J=6.8 Hz, 1H, =CH), 7.09-7.12, 7.22-7.26 (m, m, BH, GsHJ);
HO™ of 13C NMR (100 MHz, CDGJ): 5 21.5, 58.9, 60.3, 123.5, 127.1, 128.5,

128.5, 129.5, 138.2, 140.4, 142.9; HRMS (ESI-TOEjicd for
CuH1402Na (M+Na): 201.0886, found: 201.0909.

4.9.7. (2)-2-(2-Methylphenyl)but-2-ene-1,4-diol (bg
Me Colorless oillH NMR (400 MHz, CDCJ): 62.19 (br, 2H, OH x 2), 2.30 (s,
3H, ArCHg), 4.39 (d,J=6.8 Hz, 2H, Gi.0H), 4.43 (s, 2H, 6.0H), 5.75 {t,
©/j/\/OH J=6.8 Hz, 1H, =CH), 7.12-7.21 (m, 4Hel); 13C NMR (100 MHz, CDGJ):
HO 5g 6 20.0, 58.9, 61.9, 125.7, 127.5, 128.9, 130.3,8,3035.4, 141.0, 143.8;

HRMS (ESI-TOF): calcd for GH140:Na (M+Na): 201.0886, found:
201.09009.

4.9.8. (2)-2-Naphthylbut-2-ene-1,4-diol (5h).
Colorless solid*H NMR (400 MHz, CDCJ): 62.34 (br, 1H, OH), 2.46
OO OH (br s, 1H, OH), 4.44 (d1=6.8 Hz, 2H, EG-0H), 4.67 (s, 2H, 8,0H),
~ 6.25 (t,J=6.8 Hz, 1H, =CH), 7.43-7.49, 7.57, 7.79-7.83, {190dd, m,
HO 5h d, J=1.6, 8.4 HzJ=1.6 Hz, 2H, 1H, 3H, 1H, GH7); 3C NMR (100
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MHz, CDCk): 659.1, 60.4, 124.5,125.3, 126.1, 126.3, 127.6,2.228.2, 130.3, 132.9, 133.4, 137.7,
142.7; HRMS (ESI-TOF): calcd forigH140.Na (M+Na): 237.0886, found: 237.0887.

4.9.9. (2)-2-(2-Phenylethenyl)but-2-ene-1,4-diol)5
Colorless solid*H NMR (400 MHz, CDCJ): §2.61 (br, 2H, OH x 2), 4.35
(d, J=6.8 Hz, 2H, ©1,0H), 4.47 (s, 2H, E,0H), 5.98 (t,J=6.8 Hz, 1H,
HO 5i =CH), 6.72 (d,J=16.4 Hz, 1H, ArCH=El), 6.79 (d,J=16.4 Hz, 1H,
ArCH=CH), 7.21-7.26, 7.30-7.33, 7.41-7.43 (m, m, m, PH, 2H, GHs); 13C NMR (100 MHz,
CDCl): 657.4,58.7, 126.5, 127.7, 128.7, 129.0, 129.9,9.387.1, 140.4; HRMS (ESI-TOF): calcd
for CioH140-Na (M+Na): 213.0886, found: 213.0908.

Ph N OH

4.9.10. (2)-2-(1-Octenyl)but-2-ene-1,4-diol (5j).
Colorless oil;'H NMR (400 MHz, CDCJ): 6 0.88 (t,J=6.8 Hz, 3H,
CHs), 1.25-1.32 (m, 6H, Ci 3), 1.38-1.42 (m, 2H, C# 1.99 (br, 1H,
HO™ 5§ OH), 2.04 (br, 1H, OH), 2.12 (¢)=6.8 Hz, 2H, =CH-Ei2), 4.30 (d,
J=6.8 Hz, 2H, &1,0H), 4.36 (s, 2H, B,0H), 5.76 (tJ=6.8 Hz, 1H, =CH), 5.89 (dfi=16.0, 6.4 Hz,
1H, CHCH=CH), 6.00 (d,J=16.0 Hz, 1H, CHCH=CH); 13C NMR (100 MHz, CDG)): 514.1, 22.6,
28.9,29.3,31.7,33.0,57.7,58.8, 129.9, 13(@892,d, 140.7; HRMS (ESI-TOF): calcd foi£2:0-Na
(M+Na)*: 221.1512, found: 213.1539.

CeH1zn_~_~_-OH

4.10. A typical procedure of acetylation with Z)-2-alkylbut-2-ene-1,4-diol using PPL

4

R‘j/\/OH Vinyl acylate (10 eq.), PPL (50 w/w%) R j/\/o_ac)"
1,4-di
,4-dioxane, rt H

H
© 5a-5j 2.93% © 6aa-6ja, 6ab-6ag

To a pale yellow suspension of 164 mg (1.00 mm@lefjuiv) of £)-2-phenylbut-2-ene-1,4-diéla,
0.92 mL (10.0 mmol, 10 equiv) of vinyl acetate, &2dmg (50 w/w%) of PPL in 3 mL of 1,4-dioxane
was stirred at rt for 24 h. The reaction suspensias diluted with 10 mL of AcOEt, dried over
anhydrous MgS@ and filtered. The residue was chromatographesilma gel with a 1:2 mixture of
AcOEt and hexane to afford 187 mg (91% yieldpah

4.10.1. (2)-4-Hydroxy-3-phenylbut-2-en-1-yl acetdtaa).
Colorless oilH NMR (400 MHz, CDCJ): 62.08 (s, 3H, COCE), 2.45 (br,
1H, OH), 4.60 (s, 2H, B.OH), 4.88 (dJ = 7.2 Hz, 2H, E-0Ac), 5.92 (tJ
= 7.2 Hz, 1H, =CH), 7.28-7.38, 7.48-7.50 (m, m, 2H, GHs); 13C NMR
HO 6aa (100 MHz, CDC4): 6 21.1, 60.1, 61.2, 124.3, 126.4, 128.0, 128.6, 1140.
143.9, 171.5; HRMS (ESI-TOF): calcd foi#140sNa (M+Na): 229.0835,

OAc
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found: 229.0815.

4.10.2. (2)-4-Hydroxy-3-(4-methoxyphenyl)but-2-eryllacetate (6ba).
Colorless oil;H NMR (400 MHz, CDCJ): 6§ 2.08 (s, 3H, COCH),

MeO
oA 2.43 (t,J=6.1 Hz, 1H, OH), 3.81 (s, 3H, OG}14.58 (dJ=6.1 Hz, 2H,
c
= CH>0H), 4.85 (d,J=7.4 Hz, 2H, E1.0Ac), 5.86 (t,J=7.4 Hz, 1H,
HO 6ba =CH), 6.91, 7.14 (d, d)=8.8 Hz, 2H, 2H, @H,); 3*C NMR (100 MHz,

CDCh): 6 21.1, 55.3, 60.0, 61.3, 113.9, 122.5, 127.6, 13P48.4,
159.5, 171.5; HRMS (ESI-TOF): calcd foi#H1604Na (M+Na): 259.0941, found: 259.0915.

4.10.3. (2)-4-Hydroxy-3-(4-methylphenyl)but-2-enyl acetate (6ca).
Colorless oil;'H NMR (400 MHz, CDCJ): 6 2.08 (s, 3H, COCH),

Me
oA 2.35(s, 4H, ArChH, OH), 4.59 (dJ=5.4 Hz, 2H, ¢1,0H), 4.87 (dJ)=7.4
c
= Hz, 2H, H,OAc), 5.90 (tJ=7.4 Hz, 1H, =CH), 7.16, 7.39 (d, 8.2
HO 6ca Hz, 2H, 2H, GH4); 13C NMR (100 MHz, CDGJ): 6 21.0, 21.1, 60.0,

61.2, 123.4, 126.3, 129.3, 137.1, 137.9, 143.8, 4 MRMS (ESI-
TOF): calcd for GH1603Na (M+Na): 243.0992, found: 243.1007.

4.10.4. (2)-4-Hydroxy-3-(4-fluorophenyl)but-2-enll-acetate (6da).
Colorless oil'H NMR (400 MHz, CDCJ): 62.08 (s, 3H, COC}J, 2.51

F
on (br, 1H, OH), 4.57 (s, 2H,16:0H), 4.86 (d,)=7.2 Hz, 2H, G1;0Ac), 5.87
C
Z (t, J=7.2 Hz, 1H, =CH), 7.01-7.06, 7.45-7.50 (m, m, 2H, CsHa); 13C
HO™  6da NMR (100 MHz, CDCY): & 21.1, 60.0, 61.1, 115.4 (8Jc..=21.2 Hz),

124.1, 128.1 (d®Jc.~=7.9 Hz), 136.2 (d{Jc..=3.3 Hz), 142.9, 162.6 (d,
Jc..=245 Hz), 171.5; HRMS (ESI-TOF): calcd foriH13FOsNa (M+Na): 247.0741, found:
247.0726.

4.10.5. (2)-4-Hydroxy-3-(4-chlorophenyl)but-2-enyl-acetate (6ea).
Colorless oil;'H NMR (400 MHz, CDCJ): 6 2.08 (s, 3H, COCH),

cl
on 2.49-2.54 (m, 1H, OH), 4.56 (3=6.0 Hz, 2H, G1,0H), 4.86 (dJ)=7.2
(¢}
= Hz, 2H, H,0Ac), 5.90 (tJ=7.2 Hz, 1H, =CH), 7.31, 7.44 (d, #8.6
HO™  6ea Hz, 2H, 2H, GHJ); *C NMR (100 MHz, CDGJ): 5 21.1, 59.9, 61.1,

124.7, 127.8, 128.7, 133.9, 138.6, 142.8, 171.5M8BRESI-TOF):
calcd for GoH13ClOsNa (M+Na): 263.0445, found: 263.0425.
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4.10.6. (2)-4-Hydroxy-3-(3-methylphenyl)but-2-enyl-acetate (6fa).

Colorless oil;'H NMR (400 MHz, CDCJ): 6 2.08 (s, 3H, COCH),
2.36 (s, 3H, ArCh), 2.42 (tJ=6.4 Hz, 1H, OH), 4.59 (d=6.4 Hz, 2H,
CH20H), 4.87 (d,J=7.2 Hz, 2H, Gi,0Ac), 5.90 (tJ=7.2 Hz, 1H, =CH),

HO 6fa 7.11-7.13, 7.22-7.31 (m, m, 1H, 3HgHG); *C NMR (100 MHz,
CDCl): 621.1,21.5,60.1,61.2,123.5,124.0, 127.2, 1228.8, 138.2,
140.1, 144.0, 171.5; HRMS (ESI-TOF): calcd fagiieOsNa (M+Na): 243.0992, found: 243.0993.

OAc

5
\

4.10.7. (2)-4-Hydroxy-3-(2-methylphenyl)but-2-enyl-acetate (6ga).

Colorless oil;*H NMR (400 MHz, CDCJ): §2.09 (s, 3H, COCH, 2.21 {(t,
J=6.0 Hz, 1H, OH), 2.28 (s, 3H, ArGH 4.45 (d,J=6.0 Hz, 2H, ¢1.0H),
4.86 (d,J=7.2 Hz, 2H, ®120Ac), 5.54 (tJ=7.2 Hz, 1H, =CH), 7.11-7.20 (m,

HO™  6ga 4H, GHa); 13C NMR (100 MHz, CDGJ): 6 19.9, 21.1, 60.8, 61.7, 125.5,
125.7, 127.6, 128.8, 130.3, 135.4, 140.5, 144.8, 4 ™HRMS (ESI-TOF):
calcd for GsHi60sNa (M+Na): 243.0992, found: 243.0993.

OAc

%\5

4.10.8. (2)-4-Hydroxy-3-naphthylbut-2-en-1-yl acéta(6ha).
Colorless oil;'H NMR (400 MHz, CDCJ): 6§ 2.10 (s, 3H, COCH),
OO OAc 2.45 (t,J=6.0 Hz, 1H, OH), 4.71 (dI=6.0 Hz, 2H, E&1,0H), 4.93 (d,
= J=7.6 Hz, 2H, ®1,0Ac), 6.07 (tJ=7.6 Hz, 1H, =CH), 7.45-7.50, 7.62,
HO 6ha 7.80-7.85, 7.96 (m, dd, m, 2.0, 8.4 Hz,)=1.6 Hz, 2H, 1H, 3H, 1H,
CioH7); 3C NMR (100 MHz, CDGJ): 521.1, 60.1, 61.3, 124.4, 124.8,

1255, 126.2, 126.3, 127.6, 128.2, 128.3, 133.8,4,1337.4, 143.8, 171.5; HRMS (ESI-TOF): calcd
for CieH1603Na (M+Na): 279.0992, found: 279.0988.

4.10.9. (2Z,4E)-3-Hydroxymethyl-5-phenylpent-2,4edyl acetate (6ia).
Pale yellow oil;'H NMR (400 MHz, CDCJ): 62.07 (s, 3H, COC}), 2.32
Ph N OAc
\/j/\/ (br, 1H, OH), 4.51 (dJ=4.8 Hz, 2H, ¢,0H), 4.84 (d,J=7.6 Hz, 2H,
HO 6ia CH2OACc), 5.78 (tJ=7.6 Hz, 1H, =CH), 6.71 (d=16.4 Hz, 1H, ArCH=@&),
6.88 (d,J=16.4 Hz, 1H, Ar®I=CH), 7.22-7.26, 7.30-7.34, 7.42-7.44 (m, m, m, 2H, 2H, GHs);
13C NMR (100 MHz, CDGJ): 621.1,57.3,60.9, 126.6, 126.9, 127.9, 128.7,4,2%0.2, 137.0, 141.8,
171.4; HRMS (ESI-TOF): calcd forigH160sNa (M+Na): 255.0992, found: 255.0988.

4.10.10. (2Z,4E)-3-Hydroxymethylundec-2,4-dienyktate (6ja).
Colorless oil;'H NMR (400 MHz, CDCJ): 6 0.88 (t,J=6.8 Hz, 3H,

C6H13 = = OAc
\/j/\/ CHy), 1.23-1.44 (m, 8H, Ck 4), 2.05 (s, 3H, COCH), 2.09-2.14 (m,
HO™  6ja 2H, =CH-CH>), 2.20 (br, 1H, OH), 4.36 (s, 2HH30H), 4.77 (dJ=7.6
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Hz, 2H, H,0Ac), 5.54 (t,J=7.6 Hz, 1H, =CH), 5.97-5.99 (m, 2H, CH=CHJC NMR (100 MHz,
CDChk): 614.1,21.1, 22.6, 28.9, 29.2, 31.7, 33.1, 57.4,604.2, 130.5, 132.9, 141.9, 171.4; HRMS
(ESI-TOF): calcd for @H240sNa (M+Na): 263.1618, found: 263.1596.

4.10.11. (2)-4-Hydroxy-3-phenylbut-2-en-1-yl propiate (6ab).
Colorless oil;*H NMR (400 MHz, CDCJ): 6 1.15 (t,J=7.6 Hz, 3H,

Ph_~ O.__CyHs

j/\/ \ﬂ/ CH3CHy), 2.36 (qJ=7.6 Hz, 2H, CHCH>), 2.53 (br, 1H, OH), 4.61 (s, 2H,

@)

HO 6ab CH>0OH), 5.09 (dJ=7.4 Hz, 2H, CHOCO), 5.92 (tJ=7.4 Hz, 1H, =CH),
7.28-7.38, 7.48-7.51 (m, m, 3H, 2HgHG); *C NMR (100 MHz, CDGJ): 6 9.0, 27.7, 60.1, 61.1,
124.4,126.4, 127.9, 128.5, 140.2, 143.8, 174.9M3RESI-TOF): calcd for @H1603Na (M+Nay)':
243.0992, found: 243.0984.

4.10.12. (Z2)-4-Hydroxy-3-phenylbut-2-en-1-y| octeate (6ac).
Colorless oil;'H NMR (400 MHz, CDCJ): 6§ 0.87 (t,J=7.0 Hz, 3H,

Ph O _CyHy3
j/\/ h CHsCH,), 1.25-1.32 (m, 8H, CHCHo)s), 1.58-1.66 (m, 2H,

0
HO”™  6ac CH.CH,CO), 2.32 (br, 1H, OH), 2.32 (#=7.4 Hz, 2H, CHCO), 4.60

(s, 2H, G1,0H), 4.88 (d,J=7.4 Hz, 2H, CHOCO), 5.91 (tJ=7.4 Hz, 1H, =CH)), 7.27-7.37, 7.47-
7.50 (m, m, 3H, 2H, @s); 3C NMR (100 MHz, CDCJ): § 14.1, 22.6, 24.9, 28.9, 29.1, 31.6, 34.4,
60.1, 61.0, 124.4, 126.4, 127.9, 128.5, 140.2,8,434.3; HRMS (ESI-TOF): calcd fori260sNa
(M+Na)": 313.1774, found: 313.1776.

4.10.13. (2)-4-Hydroxy-3-phenylbut-2-en-1-yl laue{6ad).
Pho_ O _CriHas Colorless oil;'H NMR (400 MHz, CDCJ): 5§ 0.88 (t,J = 6.9 Hz, 3H,
j/\/ \ﬂ/ CHg), 1.25-1.28 (m, 16H, C#ICH>)s), 1.60-1.64 (m, 2H, COCIEH,),
HO 6ad ° 2.32 (tJ=7.4Hz, 2H, COCb), 2.34 (br, 1H, OH), 4.61 (s, 2HH30H),
4.88 (d,J = 7.4 Hz, 2H, €1,0CO), 5.91 (tJ = 7.4 Hz, 1H, =CH), 7.28-7.37, 7.47-7.50 (m, m, 3H
2H, GsHs); 13C NMR (100 MHz, CDGJ): 6 14.1, 22.7, 24.9, 29.1, 29.2, 29.3, 29.5, 29.6),334.4,
60.1, 61.0, 124.4, 126.4, 127.9, 128.5, 140.2,814%4.3; HRMS (ESI-TOF): calcd forf340sNa
(M+Na)*: 369.2406, found: 369.2414.

4.10.14. (2)-4-Hydroxy-3-phenylbut-2-en-1-yl bented6ae).
Colorless oil;H NMR (400 MHz, CDCJ): 6 2.58 (br, 1H, OH), 4.69 (s,

Ph O._Ph
j/\/ M 2H, CH:0H), 5.14 (d,] = 7.4 Hz, 2H, ©,0CO), 6.04 (t] = 7.4 Hz, 1H,

o
HO 6ae =CH), 7.28-7.38, 7.42-7.47, 7.50-7.53, 7.55-7.5058m, m, m, m, d) =

8.4 Hz, 3H, 2H, 2H, 1H, 2H, ¢Els x 2); 13C NMR (100 MHz, CDGJ): 6§ 60.1, 61.7, 124.3, 126.5,
128.0, 128.4, 128.6, 129.7, 130.0, 133.2, 140.4.114166.9; HRMS (ESI-TOF): calcd for
Ci17H160sNa (M+Na): 291.0992, found: 291.0986.
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4.10.15. (Z2)-4-Hydroxy-3-phenylbut-2-en-1-yl chlaoetate (6af).
Colorless oil'H NMR (400 MHz, CDCJ): §2.26 (br, 1H, OH), 4.09 (s,

Ph_~ ) cl

j/\/ jﬁ 2H, COCHCI) 4.62 (s, 2H, €,0H), 5.00 (dJ = 7.3 Hz, 2H, E1,0CO),

]

HO 6af 5.93 (tJ= 7.3 Hz, 1H, =CH), 7.29-7.38, 7.46-7.49 (m, m, 2H, GHs);
13C NMR (100 MHz, CDGJ): § 40.9, 60.0, 62.7, 123.2, 126.5, 128.2, 128.6,7,344.8, 167.6;
HRMS (ESI-TOF): calcd for GH1:ClOsNa (M+Na): 263.0445, found: 263.0474.

4.10.16. (2)-4-Hydroxy-3-phenylbut-2-en-1-yl crotate (6ag).
Phj/\/om/\/“"e |_|Co|orless, oiI;1I:| NMR (400 MHz, CDCJ): 61.89 (dd,J=1.7, 6.9
z, 3H, tH3CH=), 2.70 (br, 1H, OH), 4.61 (s, 2HHZ0OH), 4.93 (d,
HO 6ag ° J=7.4Hz, 2H, E1,0CO), 5.86 (dgJ = 15.5, 1.7 Hz, 1H, =CHCOO),
5.94 (t,J = 7.4 Hz, 1H, =CH), 7.02 (dd,= 15.5, 6.9 Hz, 1H, C¥H=), 7.27-7.34, 7.48-7.51 (m, m,
3H, 2H, GHs); *3C NMR (100 MHz, CDGJ): 6§ 18.1, 60.1, 61.0, 122.3, 124.4, 126.4, 127.9,5,28.
140.2, 143.8, 145.8, 166.8; HRMS (ESI-TOF): calod €14H160sNa (M+Na): 255.0992, found:
255.0998.

4.11. A typical procedure for hydrolysis with g)-2-alkyllbut-2-ene-1,4-diyl diacylate using PPL

R ]/\/O—acyl PPL (100 w/w%) R _ OH
DMSO-PB (1:1), 1t, 48 h
acyl—0 acyl—0
8aa-8ja, 8ab-8af 20-95% 7aa-Tja, 7Tab-7ag

To a pale yellow suspension of 248 mg (1.00 mmdl,equiv) of Z)-2-phenylbut-2-ene-1,4-diyl
diacetaté8aaand 248 mg (100 w/w %) of PPL in 6 mL of a 1:1 taie of DMSO-1/15 M phosphate
buffer (pH 7.0) was stirred at rt for 48 h. Theaté&an mixture was filtered througBelite, and washed
with 10 mL of AcOEt. The filtrate was diluted witD mL of water and extracted with 10 mL x 3 of
AcOEt. The organic layers were combined, washetl @@ mL of brine, and dried over anhydrous
MgSQu. The residue was chromatographed on silica gél ait:2 mixture of AcCOEt and hexane to
afford 183 mg (89% vyield) ofaa

4.11.1. (2)-4-Hydroxy-2-phenylbut-2-en-1-yl acetd#®aa).

Colorless oil;'H NMR (400 MHz, CDCJ): 6 2.00 (s, 3H, COC}), 2.07-
2.13 (m, 1H, OH), 4.43 (dI=6.4 Hz, 2H, ®&,0H), 5.07 (s, 2H, B,0Ac),
6.21 (t,J=6.4 Hz, 1H, =CH), 7.27-7.37, 7.40-7.43 (m, m, 2H, GsHs); 1°C

AcO 7aa NMR (100 MHz, CDCJ): 6 21.0, 59.0, 61.1, 126.3, 127.8, 128.5, 132.2,
136.7, 139.6, 171.2; HRMS (ESI-TOF): calcd forii4OsNa (M+Na):
229.0835, found: 229.0830.

= OH
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4.11.2. (2)-4-Hydroxy-2-(4-methoxyphenyl)but-2-eryllacetate (7ba).

Colorless oil;H NMR (400 MHz, CDCJ): 6§ 2.00 (s, 3H, COCH),

MeO
oH 2.09 (br, 1H, OH), 3.82 (s, 3H, OGKl4.41 (d J=7.2 Hz, 2H, Ei,0OH),
= 5.05 (s, 2H, G,0Ac), 6.15 (t,J=7.2 Hz, 1H, =CH), 6.88, 7.37 (d, d,
AcO 7ba J=8.8 Hz, 2H, 2H, GH4); 13C NMR (100 MHz, CDGJ): §21.0, 55.3,

59.0, 61.0, 113.9, 127.5, 130.5, 131.9, 136.1,4,5971.3; HRMS

(ESI-TOF): calcd for @zH1604Na (M+Na): 259.0941, found: 259.0951.

4.11.3. (2)-4-Hydroxy-2-(4-methylphenyl)but-2-enyl acetate (7ca).

Me
AcO Tca

Colorless oil;'H NMR (400 MHz, CDCJ): § 2.00 (s, 3H, COCH),
2.10 (br, 1H, OH), 2.35 (s, 3H, ArGH 4.41 (d J=7.2 Hz, 2H, €1.0H),
5.06 (s, 2H, E,0Ac), 6.19 (1,J=7.2 Hz, 1H, =CH), 7.16, 7.32 (d, d,
J=8.4 Hz, 2H, 2H, €H1); 13C NMR (100 MHz, CDGJ): §21.0, 21.1,
59.0, 61.0, 126.2,129.2, 131.4, 136.4, 136.6,8,371.3; HRMS (ESI-

TOF): calcd for GH1603Na (M+Na): 243.0992, found: 243.0987.

4.11.4. (2)-4-Hydroxy-2-(4-fluorophenyl)but-2-enll-acetate (7da).

E
AcO 7da

Colorless oil'H NMR (400 MHz, CDCJ): 62.00 (s, 3H, COC}), 2.12
(br, 1H, OH), 4.42 (dJ=6.8 Hz, 2H, ¢1.0OH), 5.04 (s, 2H, 620AC),
6.15 (t,J=6.8 Hz, 1H, =CH), 7.01-7.05, 7.37-7.40 (m, m, 2H, GHa);
13C NMR (100 MHz, CDGJ): 621.0, 58.9, 61.0, 115.4 @ =21.5 Hz),
128.0 (d,3Jc¢=8.0 Hz), 132.1, 135.6 (d)c-~=3.0 Hz), 135.7, 162.5 (d,

Jcp=245 Hz), 171.2; HRMS (ESI-TOF): calcd forii3FOsNa (M+Na): 247.0741, found:

247.0725.

4.11.5. (2)-4-Hydroxy-2-(4-chlorophenyl)but-2-enyl-acetate (7ea).

Cl
AcO 7ea

Colorless oil'H NMR (400 MHz, CDCJ): 62.00 (s, 3H, COC}J, 2.12
(br, 1H, OH), 4.43 (d)=6.8 Hz, 2H, €Gi-0OH), 5.04 (s, 2H, B20Ac), 6.19
(t, J=6.8 Hz, 1H, =CH), 7.32, 7.36 (d, 88.8 Hz, 2H, 2H, @Ha); 13C
NMR (100 MHz, CDC¥): §21.0, 58.9, 60.8, 127.7, 128.7, 132.6, 133.7,
135.5, 138.0, 171.2; HRMS (ESI-TOF): calcd forHisClOsNa

(M+Na)*: 263.0445, found: 263.0433.
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4.11.6. (2)-4-Hydroxy-2-(3-methylphenyl)but-2-enyl acetate (7fa).

Colorless oil;'H NMR (400 MHz, CDCJ): 6 2.00 (s, 3H, COCEH),
2.11 (t,J=5.6 Hz, 1H, OH), 2.36 (s, 3H, ArGH 4.40-4.43 (m, 2H,
CH>0OH), 5.05 (s, 2H, 8,0Ac), 6.19 (tJ=6.8 Hz, 1H, =CH), 7.11-7.13,

AcO 7fa 7.20-7.24 (m, m, 1H, 3H,dEl4); °C NMR (100 MHz, CDQ): 6 21.0,
21.5,59.0, 61.1, 123.4, 127.1, 128.4, 128.6, 13B6.7, 138.1, 139.6
171.3; HRMS (ESI-TOF): calcd forigH160sNa (M+Na): 243.0992, found: 243.0993.

OH

5
\

4.11.7. (2)-4-Hydroxy-2-(2-methylphenyl)but-2-enyl acetate (7ga).
Me Colorless oilH NMR (400 MHz, CDCJ): §1.96 (s, 3H, COCE), 2.15 (br,
1H, OH), 2.27 (s, 3H, ArCkJ, 4.40 (ddJ=6.8, 6.8 Hz, 2H, B,0H), 4.91 (s,
©/j/\/OH 2H, CH>0OAC), 5.80 (tJ=6.8 Hz, 1H, =CH), 7.05-7.07, 7.13-7.21 (m, m, 1H,
AcO 7ga 3H, GHa); 13C NMR (100 MHz, CDQJ): 6 19.7, 20.9, 58.7, 62.6, 125.6,

127.5, 128.9, 130.2, 133.5, 135.4, 137.4, 140.3,2HRMS (ESI-TOF):
calcd for GsHi60sNa (M+Na): 243.0992, found: 243.0993.

4.11.8. (2)-4-Hydroxy-2-naphthylbut-2-en-1-yl acéta(7ha).
Colorless oil;'H NMR (400 MHz, CDCJ): § 1.98 (s, 3H, COCH),
OO OH 2.25 (br, 1H, OH), 4.47-4.48 (m, 2HHZOH), 5.18 (s, 2H, 820Ac),
~ 6.35 (t,J=6.8 Hz, 1H, =CH), 7.44-7.50, 7.56, 7.80-7.86 (th,rd,J=1.6,
AcO”  7ha 8.4 Hz, 2H, 1H, 4H, GH7); 13C NMR (100 MHz, CDGJ): §21.0, 59.1,
61.0,124.4,125.4,126.1,126.3, 127.6, 128.1,21282.7, 132.9, 133.3,
136.5, 136.8, 171.3; HRMS (ESI-TOF): calcd fagiieOsNa (M+Na): 279.0992, found: 279.0986.

4.11.9. (2Z,3E)-2-(2-Hydroxyethylidene)-4-phenylb@ien-1-yl acetate (7ia).
Pale yellow oil;*H NMR (400 MHz, CDCJ): 62.06 (s, 3H, COCH, 2.26
(br, 1H, OH), 4.39-4.40 (m, 2H,HzOH), 4.96 (s, 2H, 820Ac), 6.06 (t,
AcO 7ia J=7.2 Hz, 1H, =CH), 6.71 (s, 2H, ArCH=CH), 7.22-7,.2631-7.35, 7.41-
7.43 (m, m, m, 1H, 2H, 2H,8s); 13C NMR (100 MHz, CDGJ): § 21.0, 58.7, 58.8, 126.5, 127.8,
128.7, 129.5, 129.5, 134.6, 135.1, 137.0, 171.3VIBRESI-TOF): calcd for GH160sNa (M+Nay)':
255.0992, found: 255.0988.

Ph OH

= N~

:

4.11.10. (2Z,3E)-2-(2-Hydroxyethylidene)dec-3-emlacetate (7ja).
Colorless oil;'H NMR (400 MHz, CDCJ): 6 0.88 (t,J=6.8 Hz, 3H,
CHs), 1.27-1.40 (m, 8H, Ckix 4), 2.04 (s, 3H, COC#), 2.08-2.13 (m,
AcO 7ja 3H, OH, CH=CH-C), 4.30 (d,J=6.8 Hz, 2H, E1-OH), 4.83 (s, 2H,
CH>0Ac), 5.80-5.85 (m, 2H, §11:CH=CH, =CHCH,0H), 5.97 (d J=15.6 Hz, 1H, G@H13:CH=CH);

CeHz_~ ~_OH
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13C NMR (100 MHz, CDGJ): §14.1, 21.0, 22.6, 28.8, 29.2, 31.7, 33.0, 58.6,,5%80.5, 132.2, 132.3,
134.7,171.3; HRMS (ESI-TOF): calcd foi#2403Na (M+Na): 263.1618, found: 263.1596.

4.11.11. (2)-4-Hydroxy-2-phenylbut-2-en-1-yl propiate (7ab).
Ph OH Colorless oil;'H NMR (400 MHz, CDCJ): 6 1.05 (t,J=7.6 Hz, 3H,
j\ ~ CH3CHy), 2.21 (br, 1H, OH), 2.26 (§=7.6 Hz, 2H, CHCH>), 4.44 (d,
CoHs™ O 7ab J=7.0 Hz, 2H, ®,0H), 5.09 (s, 2H, B8-0CO), 6.21 (tJ=7.0 Hz, 1H,
=CH), 7.27-7.37, 7.41-7.44 (m, m, 3H, 2HHE); 3C NMR (100 MHz, CDGJ): 5 9.0, 27.6, 59.0,
61.0, 126.4, 127.8, 128.5, 132.0, 136.7, 139.6, 74 7TMRMS (ESI-TOF): calcd for GH160sNa
(M+Na)*: 243.0992, found: 243.0997.

4.11.12. (2)-4-Hydroxy-2-phenylbut-2-en-1-yl octaate (7ac).
Ph OH Colorless oil;*H NMR (400 MHz, CDCJ): 6 0.86 (t,J=7.1 Hz, 3H,

i ~ CHsCHyp), 1.17-1.23 (m, 8H, CHKCH2)4), 1.49-1.52 (m, 2H,
C-Hys~ O 7ac CH2CH2CO), 1.57 (br, 1H, OH), 2.23 #=7.4 Hz, 2H, CHCO), 4.43
(d,J=7.0 Hz, 2H, ®,0H), 5.09 (s, 2H, B,0CO), 6.21 (tJ=7.0 Hz, 1H, =CH), 7.29-7.37, 7.40-7.44
(m, m, 3H, 2H, GHs); **C NMR (100 MHz, CDGJ): 5 14.1, 22.6, 24.9, 28.9, 28.9, 31.6, 34.3, 59.0,
60.8, 126.4, 127.8, 128.5, 131.9, 136.8, 139.6,117TMRMS (ESI-TOF): calcd for fgH260sNa
(M+Na)*: 313.1774, found: 313.1773.

4.11.13. (2)-4-Hydroxy-2-phenylbut-2-en-1-yl lauea{7ad).

Colorless oil;'H NMR (400 MHz, CDCJ): § 0.88 (t,J=6.7 Hz, 3H,
CH3CHy), 1.20-1.30 (m, 16H, C¥CH)s), 1.48-1.53 (m, 2H,
CqyHyy~ O 7ad CH2CH2CO), 1.57 (br, 1H, OH), 2.22 #=7.4 Hz, 2H, CHCO), 4.43
(d,J=7.0 Hz, 2H, ®,0H), 5.09 (s, 2H, B,0CO), 6.21 (t)=7.0 Hz, 1H, =CH), 7.28-7.36, 7.41-7.43
(m, m, 3H, 2H, GHs); **C NMR (100 MHz, CDGJ): 6§ 14.1, 22.7, 24.7, 24.9, 29.1, 29.2, 29.3, 29.4,
29.6, 31.9, 34.3,59.0, 60.8, 126.4, 127.8, 1284%,8, 136.8, 139.6, 174.1; HRMS (ESI-TOF): calcd
for CooHz40sNa (M+Na): 369.2406, found: 369.2414.

OPh = OH

4.11.14. (2)-4-Hydroxy-2-phenylbut-2-en-1-yl chl@oetate (7af).
Ph OH Colorless oil'H NMR (400 MHz, CDCJ): §1.94 (br, 1H, OH), 3.99 (s,
0 ~ 2H, CHCI), 4.46 (d,J= 6.9 Hz, 2H, €I20H), 5.19 (s, 2H, 6:0CO),
CI\)J\O 7af 6.23 (t,J=6.9 Hz, 1H, =CH), 7.29-7.43 (m, 5Hlf5); °C NMR (100
MHz, CDCk): §40.8,59.1, 62.7, 126.3, 128.0, 128.6, 133.1,71,.389.2, 167.4; HRMS (ESI-TOF):
calcd for GoH13ClOsNa (M+Na): 263.0451, found: 263.0424.
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% 2 #  (+)-cis-4-(N-adamantylN-methylamino)-2,3-methano-2-phenylbutan-1-ol ((YHNP) D
fE {55 BT DTN

4.12. A typical procedure for preparation of g)-1-(tert-butyldiphenylsiloxy)-2-phenylbut-2-en-
4-yl acetate (25a)
Ph j/\/OAC P-Cl, pyridine Ph j/\/OAC
rt,24hor90h
HO™  6aa 01%.97% PO™  25a-25¢

To a colorless solution of 206 mg (1.00 mmol, &quiv) of ¢)-4-hydroxy-3-phenylbut-2-en-1-yl
acetate§aa) in 5 mL of pyridine was added 330 mg (1.20 mm@l dquiv) oft-BuPhSiCl under an
argon atmosphere. After stirring at rt for 24 te thaction mixture was quenched with 10 mL of water
and extracted with 10 mL x 3 of AcOEt. The orgalaigers were combined, washed with 5 mL of
brine, dried over anhydrous Mg®Qiltered, and evaporated. The residue was chrognaphed on
silica gel with a 1:8 mixture of AcOEt and hexaaeafford 431 mg (97 % yield) &b5a.

4.12.1. (2)-1-(tert-Butyldiphenylsiloxy)-2-phenylb2-en-4-yl| acetate (25a).

Pale yellow oil;*H NMR (400 MHz, CDGJ): 60.97 (s, 9H, (CH3C),
2.03 (s, 3H, CHCO), 4.60 (s, 2H, CHDSI), 4.65 (dJ= 6.8 Hz, 2H,
tBuPh,SIO” 55, CH20Ac), 5.84 (tJ= 6.8 Hz, 1H, =CH), 7.25-7.31, 7.34-7.44, 7.62-7.65

(m, m, m, 3H, 8H, 4H, s x 3);3C NMR (100 MHz, CDGJ): §19.1,
20.8, 26.6, 61.0, 61.3, 124.2, 126.8, 127.3, 121/28,0, 129.7, 133.1, 135.5, 140.3, 142.8, 170.5;
HRMS (ESI-TOF): calcd for gH303sSiNa (M+Nay): 467.2013, found: 467.2010.

Ph OAc

=

4.12.2. (2)-1-(tert-Butyldimethylsiloxy)-2-phenylix2-en-4-yl acetate (25b).

Colorless oil;'H NMR (400 MHz, CDG): 6 0.00 (s, 6H, (CH-Si)
0.80 (s, 9H, (CH)3C), 2.04 (s, 3H, CECO), 4.54 (s, 2H, CHDSI), 4.83
t-BuMe,Si0”  osy, (d, J= 6.8 Hz, 2H, Ei-.0Ac), 5.83 (t,J= 6.8 Hz, 1H, =CH), 7.20-7.29,

7.33-7.36 (m, m, 3H, 2H, §Bls); *C NMR (100 MHz, CDQ): §-5.4,
18.2, 21.0, 25.8, 61.0, 61.3, 124.3, 126.7, 12I228,1, 140.7, 143.2, 171.0; HRMS (ESI-TOF): calcd
for CigH2603sSiNa (M+Na): 343.1700, found: 343.1694.

Ph Y OAc

4.12.3. (2)-1-(tert-Butoxydiphenylsiloxy)-2-phenylb2-en-4-yl acetate (25c).
Ph OAc Colorless oil;*H NMR (400 MHz, CDGJ): 6 1.26 (s, 9H, (CH3C),
]/\/ 2.04 (s, 3H, CHCO), 4.67 (dJ= 6.9 Hz, 2H, E120Ac) 4.69 (s, 2H,
t+BUOPh,SI0” s, CH»0Si), 5.85 (t,J= 6.9 Hz, 1H, =CH), 7.26-7.32, 7.36-7.40, 7.55-
7.58 (m, m, m, 7H, 4H, 4H,¢8ls x 3);13C NMR (100 MHz, CDGJ): 6
21.0,31.9,60.1,61.1, 74.0, 124.5, 126.8, 1223,6, 128.2, 129.9, 134.6, 135.0, 140.4, 1426.87
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HRMS (ESI-TOF): calcd for g8H304SiNa (M+Nay): 483.1962, found: 483.1963.

4.12.4. (2)-2-Phenyl-1-{tris(trimethylsilyl)siloxyut-2-en-4-yl acetate (25d).
Colorless oil;*H NMR (400 MHz, CDCJ): §0.19 (s, 27H, (CH)sSi
x 3), 2.08 (s, 3H, CECO), 4.42 (s, 2H, CkDSI), 4.86 (dJ= 6.7 Hz,
(Me3Si);SiO 25d 2H, CH20Ac), 5.82 (tJ= 6.7 Hz, 1H, =CH), 7.23-7.37 (m, 5H¢lds);
13C NMR (100 MHz, CDQJ): 6 0.3, 21.0, 61.4, 66.2, 124.4, 126.7,
127.4, 128.1, 140.9, 143.2, 170.9; HRMS (ESI-T@&)cd for GiH100sSiuNa (M+Na): 475.1947,
found: 475.1951.

Ph OAc

=

4.12.5. (2)-2-Phenyl-1-(triphenylmethoxy)but-2-eny acetate (25e€).
Ph OA Colorless oil;'H NMR (400 MHz, CDCJ): 62.05 (s, 3H, CECO), 4.02 (s,
]/\/ 2H, CH>OCPh), 4.67 (d,J= 6.9 Hz, 2H, E,0Ac), 5.96 (t,J= 6.9 Hz, 1H,
PhsCO™ 55, =CH), 7.21-7.33, 7.41-7.44 (m, m, 14H, 6HHe x 4);3C NMR (100 MHz,
CDCl): 6 21.0, 61.0, 61.4, 87.1, 125.5, 126.7, 127.1, 12¥25.8, 128.1,
128.7, 140.5, 141.2, 143.8, 170.8; HRMS (ESI-TQfalcd for GiH2¢0sNa (M+Na): 471.1931,
found: 471.1919.

4.13. A typical procedure for preparation of g)-4-(tert-butyldiphenylsiloxy)-3-phenylbut-2-en-

1-ol (26a)
Ph j/\/OAC NaOMe (cat.) - Ph j/\/OH
Et,0-MeOH, t, 5 h

PO™  252-25b, 25¢ 68%-quant, PO™  26a-26b, 26e

To a colorless solution of 907 mg (2.03 mmol) Dk 1 -(tert-butyldiphenylsiloxy)-2-phenylbut-2-
en-4-yl acetate26a) in 58 ml of 1:1 mixture of EO-MeOH was added a catalytic amount (3 drops)
of 28% methanol solution of MeONa. The mixture \stiged at rt for 5 h and quenched with 5 mL
of saturated aqueous MEIl. The organic layer was separated and the aquages was extracted
with 10 mL x 2 of AcOEt. The organic layers werentbned, washed with 10 mL of brine, and dried
over anhydrous MgSOThe residue was chromatographed on silica gél avit:5 mixture of ACOEt

and hexane to afford 821 mg (quantitative yield2@d.

4.13.1. (2)-4-(tert-Butyldiphenylsiloxy)-3-phenylb2-en-1-ol (26a).
Ph OH Cololess oil;'H NMR (400 MHz, CDC): 5§ 0.98 (s, 9H, (CHsC),
]/\/ 1.64 (br, 1H, OH), 4.16 (t like, 2H,HzOH), 4.59 (s, 2H, CKDSI), 5.97
tBuPh,SI0” 56 (t, J= 6.7 Hz, 1H, =CH), 7.23-7.46, 7.64-7.66 (m, m, 18H, GHs X
3); 13C NMR (100 MHz, CDQJ): §19.1, 26.7, 59.3, 61.6, 126.8, 127.3,
127.7,128.1, 129.7, 129.8, 133.2, 135.7, 140.8,3t4HRMS (ESI-TOF): calcd for £H3002SiNa

a
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(M+Na)*: 425.1907, found: 425.1915.

4.13.2. (2)-4-(tert-Butyldimethylsiloxy)-3-phenylix2-en-1-ol (26b).
Ph OH Colorless oil;'H NMR (400 MHz, CDGJ): 6 0.08 (s, 6H, (CH)Si)
]/\/ 0.88 (s, 9H, (CH)sC), 2.25 (t,J= 6.0 Hz, 1H, OH), 4.37 (t like, 2H,
tBuMe,Si0” 44 CH20H), 4.59 (s, 2H, CbkDSI), 6.07 (tJ= 6.8 Hz, 1H, =CH), 7.25-7.39
(m, 5H, GHs); 3C NMR (100 MHz, CDG)): § -5.3, 18.2, 25.8, 59.3,
61.7, 126.5, 127.3, 128.3, 130.2, 141.4, 142.2; I3RESI-TOF): calcd for GH»60-SiNa (M+Na):
301.1594, found: 301.1585.

4.14. Atypical procedure for preparation of g)-4-(tert-butoxydiphenylsiloxy)-3-phenylbut-2-en-

1-ol (26¢)
Phj/\/OAC DIBALH (2.1 eq.) Ph# OH
THF, -78°C,24 h

PO™ 25c25d 83%-quant. PO™ 26c-26d

To a colorless solution of 187 mg (0.41 mmol) Df-4-(tert-butoxydiphenylsiloxy)-3-phenylbut-
2-en-4-yl acetate26¢) in 3 mL of dry THF was added dropwise at ¥€80.84 mL (0.86 mmol, 2.1
equiv) of a 1.02 M solution of DIBAL-H in hexane der an argon atmosphere. The mixture was
stirred at -7&C for 24 h, and quenched at -%8 with 2 mL of MeOH. To the reaction mixture was
added a solution of 7.20 g of potassium sodiurartare in 20 mL water. After stirring at rt for 3the
reaction mixture was extracted 20 mL x 3 of withO&t. The AcOEt layers were combined, washed
with brine, dried over anhydrous Mga@nd evaporated. The crude product was chromatbgda
on silica gel with a 5:1 mixture of AcOEt and hegda afford 170 mg (quantitative yield) 26c

4.14.1. (2)-4-(tert-Butoxydiphenylsiloxy)-3-phenylb2-en-1-ol (26c).
Ph OH Colorless oil;*H NMR (400 MHz, CDGJ): 6 1.27 (s, 9H, (CH3C),
]/\/ 1.51 (t,J= 6.1 Hz, 1H, OH), 4.16 (t like, 2H,HZ0OH), 4.69 (s, 2H,
t-BuOPh,SiO 26¢ CH.0Si), 5.97 (tJ= 6.8 Hz, 1H, =CH), 7.24-7.42, 7.56-7.59 (m, m,
11H, 4H, GHs x 3);*C NMR (100 MHz, CDGJ): 6 31.9, 59.2, 60.2,
74.1, 126.7, 127.3, 127.7, 128.2, 129.8, 130.0,6.385.0, 140.7, 140.8; HRMS (ESI-TOF): calcd
for CaeH300sSiNa (M+Na): 441.1856, found: 441.1872.

4.14.2. (Z2)-3-Phenyl-4-{tris(trimethylsilyl)siloxut-2-en-1-ol (26d).
Colorless oil;'H NMR (400 MHz, CDCJ): 60.21 (s, 27H, (CH)sSi x
3), 2.48 (br, 1H, OH), 4.31 (d= 6.8 Hz, 2H, E20H), 4.44 (s, 2H,
(Me3Si);SI0” 464 CH,0Si), 6.08 (tJ= 6.8 Hz, 1H, =CH), 7.24-7.34 (m, 5HgH); 1°C
NMR (100 MHz, CDCJ): 6 0.4, 59.2, 67.1, 126.5, 127.3, 128.2, 130.4,

Ph OH

=
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141.6, 142.7, HRMS (ESI-TOF): calcd foidE3g02SisNa (M+Na): 433.1841, found: 433.1854.

4.14.3. (2)-3-Phenyl-4-(triphenylmethoxy)but-2-enel (26€).
Ph OH Colorless oilH NMR (400 MHz, CDCJ): §1.71 (br, 1H, OH), 4.03 (s, 2H,
]/\/ CH.OCPh), 4.16 (t like, 2H, €,0H), 6.10 (tJ= 6.8 Hz, 1H, =CH), 7.21-
PhsCO™ 56 7.34, 7.41-7.44 (m, m, 14H, 6Hgld5 x 4); 13C NMR (100 MHz, CDGJ): §
59.4,61.3,87.2,126.7,127.1,127.4, 127.7, 1228.1, 128.2, 128.7, 131.0,
139.7, 141.0, 143.7; HRMS (ESI-TOF): calcd fosiz¢02Na (M+Na): 429.1825, found: 429.1830.

(4

4.15. Atypical procedure for cyclopropanation of Ba in the presence of a catalytic amount of 27
Ph

Phj/\/OH MsHN  NHTs 27(0.1eq) Ph\!> 0.~ OH

Et,Zn (2.0 eq.), CH1, (3.0 eq.), PO~
CH,Cl,, 0°C,3 h
66%-quant.

PO 16a-26¢ 282-28¢

19-71% ee

To a colorless solution of 201 mg (0.50 mmol, 1g0ie) of 26aand 19 mg (0.05 mmol, 0.1 equiv)
of the disulfonamid@7in 7.5 mL of anhydrous Ci€l, were added dropwise at -4D under an argon
atmosphere 1.0 mL (1.00 mmol, 2.0 equiv) of 1.0tWZE solution in hexane and 121 (1.50 mmol,
3.0 equiv) of CHIl,. After stirring at 0°C for 3 h, the reaction mixture was quenched wighrL of
EtN and extracted with 20 mL x 3 of ACOEt. The orgalalyers were combined, washed with 5 mL
of brine, dried over MgS§) filtered, and evaporated. The crude produas purified by column
chromatography on silica gel with a 8:1 mixturehekane and AcOEt to afford 208 mg (quantitative

yield) of the corresponding 2,3-methano-3-phenyhtt-ol28a

4.15.1. (2S, 3R)-4-(tert-Butyldiphenylsiloxy)-2,3etihano-3-phenylbutan-1-ol (28a).
Ph\[>',,//OH CoIorIes§ oil; 71% eeq]?8; +51.2 € 1.02, CHCY); *H NMR (CDCBh):
B 6 0.74 (t like, 1H, CH of cyclopropane), 0.81 (s, 9H, C(g)), 1.03
t—BuPhZSiO/_ 282 (dd, J = 5.0, 8.5 Hz, 1H, CH of cyclopropane), 1.69-1.75 (m, 1H,
CHCHyOH), 3.37-3.43 (m, 1H, OH), 3.58-3.64 (m, 2H, (BS6i,
CHAOH), 4.06-4.14 (m, 2H, C&DSi, CHgOH), 7.05-7.07, 7.11-7.15, 7.28-7.45, 7.56-7.59rtmm,
m, 2H, 2H, 9H, 2H, €Hs x 3); **C NMR (100 MHz, CDGJ): §16.0, 19.0, 25.8, 26.7, 32.5, 63.7, 69.2,
126.8,127.5,127.9, 128.2, 129.5, 129.8, 130.6,71332.7, 135.4, 135.5, 143.9; HRMS (ESI-TOF):
Calcd for G/H3:0-SiNa (M+Nay): 439.2064, Found: 439.2069.
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4.15.2. (2S, 3R)-4-(tert-Butyldimethylsiloxy)-2,3etihano-3-phenylbutan-1-ol (28b).
Ph\[>',,,/OH Colorless oil; 48% (.aeoq]25D +4.04 (:0.15,.MeOH);1H NMR (CDCk):

H 6-0.28 (s, 3H, CHEBi), -0.16 (s, 3H, CESi), 0.69 (t,J = 5.3 Hz, 1H,

t-BuMeQSiO/_ 28b CHa of cyclopropane), 0.96 (s, 9H, C(6)s), 0.96-0.99 (m, 1H, Cglof
cyclopropane), 1.81-1.89 (m, 1H,HCH,OH), 3.45-3.59 (m, 2H,

CHAOH, OH), 3.55 (dJ = 11.2 Hz, 1H, CHOSI), 4.06 (dJ = 11.2 Hz, 1H, CHOSI), 4.12-4.19 (m,
1H, CHgOH), 7.05-7.07, 7.11-7.15, 7.28-7.45, 7.56-7.59r(mm, m, 2H, 2H, 9H, 2H, €Bis x 3);1°C
NMR (100 MHz, CDC4): 6 -6.0, -5.9, 16.1, 18.1, 25.7, 25.8, 32.5, 63.786826.6, 128.0, 130.1,
144.1; HRMS (ESI-TOF): Calcd fori@H260,.SiNa (M+Na): 315.1751, Found: 315.1725.

4.15.3. (2S, 3R)-4-(tert-Butoxydiphenylsiloxy)-2n3ethano-3-phenylbutan-1-ol (28c).
Ph\[>',,,/OH Colorless oil; 21% ee;o*> +2.30 € 0.19, MeOH);'H NMR
H (CDCl): §0.71 (t like, 1H, CH of cyclopropane), 1.00 (dd,= 5.0,
t-BuOPhQSiO/_ 28¢ 8.6 Hz, 1H, CH of cyclopropane), 1.13 (s, 9H, C(&}), 1.79-1.86
(m, 1H, GHCH,OH), 3.38-3.44 (m, 2H, BAOH, OH), 3.59 (dJ =
11.2 Hz, 1H, CHOSI), 4.07-4.14 (m, 1H, idsOH), 4.28 (dJ = 11.2 Hz, 1H, CBOSI), 7.19-7.43,
7.50-7.53 (m, m, 13H, 2H,¢8s x 3); *C NMR (100 MHz, CDGJ): 6 16.2, 25.9, 31.7, 32.3, 63.6,
68.2, 74.0, 126.7, 127.7, 127.8, 128.2, 129.9,0,3B0.2, 133.6, 134.2, 134.7, 144.0; HRMS (ESI-
TOF): Calcd for G7H30sSiNa (M+Na): 455.2013, Found: 455.2033.

4.15.4. (2S, 3R)-2,3-Methano-3-phenyl-4-{tris(trithglsilyl)siloxy}butan-1-ol (28d).
Colorless oil; 68% eeq]? +35.0 € 0.98, CHCY); *H NMR (CDCb):
Ph\!>""/OH 6 0.09 (s, 27H, (CHsSi x 3), 0.72 (t like, 1H, CK of cyclopropane),
(Me3Si)3SiO/_ 28d 1.05 (dd,J = 5.0, 8.5 Hz, 1H, CKlof cyclopropane), 1.63-1.70 (m, 1H,
CHCHx0H), 3.27-3.33 (m, 1H, OH), 3.52 (@= 10.5 Hz, 1H, CHOSI),
3.65 (dd,J = 1.2, 11.8 Hz, 1H, BAOH), 3.87 (dJ = 10.5 Hz, 1H, CHOSI), 4.08 (dtJ = 12.0, 5.2
Hz, 1H, HgOH), 7.18-7.22, 7.25-7.29, 7.34-7.37 (m, m, m, 2H, 2H, GHs); 13C NMR (100 MHz,
CDCk): 60.1, 16.2, 26.3, 32.9, 63.7, 73.4, 126.6, 1280, 1, 144.3; HRMS (ESI-TOF): Calcd for
CooH00-SisNa (M+Na): 447.1998, Found: 447.1974.

4.15.5. (2S, 3R)-2,3-methano-3-phenyl-4-(triphengiioxy)butan-1-ol (28e).
Colorless oil; 19% eep]*>> +16.0 € 0.17, MeOH);*H NMR (CDCEk): §
Ph\!>""/OH 0.50 (t like, 1H, CH of cyclopropane), 0.94 (dd= 4.9, 8.6 Hz, 1H, Cklof
phsoo/_ 28e cyclopropane), 1.81-1.88 (m, IHHCH-OH), 2.49 (d,J = 10.0 Hz, 1H,
CHAOC), 2.81-2.88 (m, 1H, OH), 3.45 (d#i= 1.7 11.8 Hz, 1H, BaOH),
3.85 (d,J = 10.0 Hz, 1H, CBOC), 3.91 (dtJ = 12.0, 5.0 Hz, 1H, BgOH), 7.17-7.22 (m, 15H, €Eis
x 3), 7.35-7.39, 7.43-7.47, 7.60-7.62 (m, m, m, 2H, 2H, GHs); **C NMR (100 MHz, CDGJ): &
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16.2, 25.4, 30.7, 63.1, 69.5, 87.1, 127.0, 1288,2, 128.4, 130.6, 143.4, 144.3; HRMS (ESI-TOF):
Calcd for GoH2s0-Na (M+Na): 443.1982, Found: 443.1961.

4.16. A typical procedure for oxidation of the alchol 28a into the aldehyde 29a.

A 0
I\

ol
Ph\!>.,,//OH 1B L @Se) Ph\!>',,/| ]/H
put L = O
tBUPh,SIO” g, DMSO. 1, 31 t-BUPh,SI0” 59,
()

To a solution of 204 mg (0.46 mmol, 1.0 equiv) ko alcohol28ain 5 mL of dimethylsulfoxide
(DMSO) was added 320 mg (1.14 mmol, 2.5 equiv) a#bddbxybenzoic acid (IBX) at room
temperature. After the mixture was stirred for & moom temperature, ACOEt (10 mL) was added to
the reaction mixture. The suspension was filtenedalite. To the filtrate was added 10 mL of half
brine, extracted with 10 mL x 3 of AcCOEt. The condxd AcOEt layers were washed with brine, dried
over anhydrous MgSQand evaporated. The crude product was chromatbgdeon silica gel with a
5:1 mixture of hexane and AcOEt to afford 191 mg ¥8 yield) of the aldehyd29a

4.16.1. (2S, 3R)-4-(tert-Butyldiphenylsiloxy)-2,3etihano-3-phenylbutanal (29a).
Colorless oil; 71% ee from5a [a]?®p +57.4 € 1.00, CHCY); 'H NMR
Ph\£>"”|(H (CDCk): 60.96 (s, 9H, C(CH)3), 1.49 (dd,J = 4.9, 8.1 Hz, 1H, CK of
t—BuPhZSiO/ 292? cyclopropane), 1.79 (t like, 1H, GHbf cyclopropane), 2.30 (dt likd= 8.0,
5.4 Hz 1H, GICHO), 3.76 (dJ = 11.0 Hz, 1H, CWOSI), 4.04 (dJ =11.0
Hz, 1H, CHOSi), 7.19-7.43, 7.49-7.52 (m, m, 13H, 2HHE x 3), 9.63 (dJ = 5.2 Hz, 1H, CHO);
13C NMR (100 MHz, CDGJ): §18.6, 19.1, 26.6, 34.3, 41.1, 66.5, 127.4, 12123,7, 128.4, 129.5,
129.7, 129.8, 132.8, 132.9, 135.4, 135.5, 142.0,220HRMS (ESI-TOF): Calcd for £H3002SiNa
(M+Na)*: 437.1907, Found: 437.1900.

4.17. A typical procedure for oxidation of the aldayde 29a into the carboxylic acid 30a.

Ph\[>w,”/H NaClO, (1.5 eq.), HyO, (1.2 eq.) Ph \[>| ]/OH
>0 NaH,PO, (0.3 eq.), MeCN-H,O, rt, 3 h - 0
tBUPh,SI0” 5, T e tBuPh,SI0” 39,

To a colorless solution of 187 mg (0.45 mmol, 1jQie) of the aldehyd29aand 16 mg (0.14 mmol,
0.3 equiv) of NabPQy in 5 mL of MeCN and 0.5 mL of ¥D was added 6{iL (0.54 mmol, 1.2 equiv)
of 35% HO; and a solution of 76 mg (0.68 mmol, 1.5 equivNafCIO; in 2 mL of HO at OC. After
the mixture was stirred for 3 h at room temperatsegdurated aq. N8O; (1 mL) was added to the

reaction mixture. Next, 1.0 M aq. HCI was added] #re reaction mixture was adjusted to pH 3. The
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reaction mixture was extracted 10 mL x 3 of AcOHte combined AcOEt layers were washed with
brine, dried over anhydrous Mg&Cand evaporated. The crude product was chromatbgdaon
silica gel with a 5:1 mixture of hexane and AcO&ttford 190 mg (98 % vyield) of carboxylic acid
30a

4.17.1. (2S, 3R)-4-(tert-Butyldiphenylsiloxy)-2,3etinano-3-phenylbutanoic acid (30a).
Ph\[>',, oH Colorless solid; 71% ee frodba [o]?% +57.4 € 1.00, CHCY); mp
H ’n/ 143-145°C; *H NMR (CDCk): 6 0.92 (s, 9H, C(CH)s), 1.38 (ddJ =
t—BuPhQSiO/ 303 4.7, 8.0 Hz, 1H, CHK of cyclopropane), 1.55 (dd,= 4.9, 5.6 Hz, 1H,
CHg of cyclopropane), 2.18 (dd,= 5.8, 8.0 Hz 1H, BCO:H), 3.98 (s,
2H, CH:0Si), 7.15-7.23, 7.28-7.38, 7.43-7.46, 7.50-7.52fmm, m, 4H, 7H, 2H, 2H, 4Bis x 3),
11.59 (br, 1H, CeH); 13C NMR (100 MHz, CDGJ): 619.2, 24.5, 26.5, 39.6, 66.4, 127.2, 127.4, 127.6,
128.2, 129.3, 129.5, 130.1, 133.2, 133.4, 135.8,5,3142.7, 178.2; HRMS (ESI-TOF): Calcd for
Co7H300sSiNa (M+Na): 453.1856, Found: 453.1852.

4.18. A typical procedure for the amidation of 30avith 1-adamantanamine sulfate.

Ph> ]/OH 1) CICO,Et, E;N, acetone, 0 °C, 30 min P> H
> 4 . '// \Ad
U (|) 2) 1-Ad-NH, 1/2H,S0,, 1.0 M aq. NaOH, /- (l)r
t—BUthSIO 30a 0 OC, 24 h t—BUthSIO 31a
88% 82% ee

To a solution of 124 mg (0.29 mmol, 1.0 equiv) loé tacid30ain 6 mL of acetone were added
dropwise at @C 30uL (0.32 mmol, 1.1 equiv) of CIC&&t and 44uL (0.32 mmol, 1.1 equiv) of El.
After stirring for 30 min at OC, 63 mg (0.32 mmol, 1.1 equiv) of 1-adamantanarsuiite and 0.58
mL (0.58 mmol, 2.0 equiv) of 1.0 M ag. NaOH soluatizere added at? to the colorless suspension.
The mixture was stirred for 24 h aPO, diluted with 30 mL of AcOEt, washed with 5 mL mfine,
and dried over anhydrous Mg&he crude product was chromatographed on siktavgh a 6:1
mixture of hexane and AcOEt to afford 143 mg (88#d) of the corresponding 2,3-methano-3-
phenylbutanamid81la.

4.18.1. (2S, 3R)-N-Adamantyl-4-(tert-butyldiphenidsy)-2,3-methano-3-phenylbutanamide (31a).
H Colorless oil; 82% ee;o]?®r +43.4 € 1.00, CHCY); 'H NMR
Ph\[>"’/|(N\Ad (CDCh): §0.92 (s, 9H, C(CH)s), 1.14 (ddJ = 4.7, 8.1 Hz, 1H, CH
S 0 of cyclopropane), 1.43 (dd=4.7, 5.7 Hz, 1H, Cklof cyclopropane),
tBUPhSIO™ 314 1.67 (br, 6H, CH x 3 of adamantane), 1.82 (di= 5.7, 8.1 Hz, 1H,
CHCON), 2.04 (br, 9H, Ckix 3, CH x 3 of adamantane), 3.89 Jd; 10.5 Hz, 1H, CHO), 4.05 (dJ
=10.5 Hz, 1H, CHO), 5.51 (br, 1H, NH), 7.16-7.50 (m, 15H5HG x 3);23C NMR (100 MHz, CDG):
016.1, 19.2, 26.8, 28.3, 29.5, 36.4, 36.8, 41.81,525.9, 126.8, 127.3, 127.5, 127.7, 128.0, 129.2,
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129.3, 130.1, 133.4, 133.7, 135.6, 143.6, 169.2MBR(ESI-TOF): Calcd for &HisNO.SiNa
(M+Na)*: 586.3112, Found: 586.3122.

4.19. A typical procedure of the reduction of 31a.

H : H
LiAIH
Ph -, N 4 Ph o N
g S S
= toluene, =z
£BUPN,SIO” 5,0 0 0 -
-BUF NI 31a 70 °C to 100 °C, 18 h HO 24
72 % 86% ee

A solution of 96 mg (0.17 mmol, 1.0 equiv) of thmide 31ain 1 mL of anhydrous C¥Cl> was
added at OC to a suspension of 32 mg (0.85 mmol, 5.0 equil)AH 4 in 5 mL of anhydrous toluene
under an argon atmosphere. After stirring 8tG@r 5 h and 10€C for 13 h, the colorless suspension
was treated with 109 mg (2.55 mmol, 15 equiv) oFN#luted with 15 mL of AcOEt, quenched with
61 uL (3.40 mmol, 20 equiv) of water, and filtered aglite. The filtrate was evaporated. The crude
product was chromatographed on silica gel withlarSixture of hexane and AcOEt containing 2%
EtN to afford 38 mg (72% vyield) of the correspondidgl-adamantylamino)-2,3-methano-2-
phenylbutan-1-olZ4).

4.19.1. (2R, 3S)-4-(1-adamantylamino)-2,3-methangt&nylbutan-1-ol (24).
Colorless solid; 86% eeq]*>> +16.6 € 1.00, CHCY); mp 89-90°C; *H NMR

Ph\[>~,,/N\Ad (CDCl): §0.77 (t like, 1H, CH of cyclopropane), 1.14 (dd,= 4.9, 8.5 Hz,
HO/ ’ 1H, CHs of cycloproPane), 1.27-1.34 (m, 2HHCH,NH), 1.60-1.74 (m, 13_H,

CH> x 6 of adamantine, OH), 2.08 (br, 3H, CH x 3 chmdntane), 2.28 @,=
11.5 Hz, 1H, CHN), 3.39 (ddJ = 5.0, 11.9 Hz, 1H, C§N), 3.51 (d,J = 12.2 Hz, 1H, CKHO), 4.15
(d,J=12.2 Hz, 1H, CBO), 7.17-7.21, 7.27-7.33, 7.37-7.39 (m, m, m, 1H, 2H, GHs); 1°C NMR
(100 MHz, CDC4): §19.5, 25.3, 29.5, 31.9, 36.6, 40.8, 42.4, 50.7,6126.0, 128.1, 128.2, 145.2;
IR (NaCl, cmt): 3269, 2906, 2846; HRMS (ESI-TOF): Calcd fosilsoNO (M+H)*: 312.2327,
Found: 312.2304.

4.20. A typical procedure of the methylation of 24.

Me
H |
Mel, NaHCO
Ph\[> Nspg >> Ph\[> Nspg
H DMF, H
HO™ 24 80°C,2h HO™ (+)-AMMP
68%

To a colorless solution of 30 mg (0.10 mmol, 1.0iegof the amino alcohdt4 and 13 mg (0.15
mmol, 1.5 equiv) of NaHC®in 3 mL of anhydrous DMF was added at rt}il2(0.19 mmol, 2.0
equiv) of Mel. After stirring at rt for 1.5 h, 4C for 1 h, and 86C for 1 h, the reaction mixture was
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diluted with 15 mL of AcOEt and 5 ml of hexane, Wwad with 10 mL of water and 5 mL of half brine,
and dried over anhydrous Mg&( he crude product was chromatographed on siktavgh a 9:1
mixture of hexane and AcOEt containing 1%MNEto afford 22 mg (68% vyield) of (+)-AMMP.

4.20.1. (+)-(2R, 3S)-4-(N-adamantyl-N-methylamin®)3-methano-2-phenylbutan-1-ol ((+)-
AMMP).
Me Colorless oil; 86% ee from9; [a]?% +42.8 € 0.90, CHCY); 'H NMR

Ph\[>,,,//[l]\Ad (CDCLk): §0.76, 1.21-1.25 (t, m] = 5.1 Hz, 1H, 1H, CHof cyclopropane),

/i 1.39-1.47 (m, 1H, BCH2N), 1.60-1.68 (m, 6H, Cki 3 of adamantane), 1.76
HO™ ()-AMMP (3= 28 Hz, 6H, CH x 3 of adamantane), 2.10 (br s, 3H, CH x 3 of
adamantane), 2.36 (s, 3H, gH2.66 (ddJ = 10.4, 12.7 Hz, 1H, CkN), 2.81 (ddJ = 5.6, 12.7 Hz,
1H, CHsN), 3.41 (d,J = 12.3 Hz, 1H, CHO), 4.12 (d,J = 12.3 Hz, 1H, CHO), 6.73 (br, 1H, OH),
7.17-7.21, 7.27-7.31, 7.40-7.43 (m, m, m, 1H, 2H, @Hs); 13C NMR (100 MHz, CDGJ): 5 20.8,
24.1, 29.6, 32.2, 32.3, 36.7, 37.9, 48.8, 54.74,6I125.9, 127.8, 128.2, 145.4; IR (NaCl, §m904,
2850, 2366, 2322; HRMS (ESI-TOF): Calcd fanl@s2NO (M+H)*: 326.2484, Found: 326.2498.
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4.21. Preparation of the fluorous alcohol 37

4-HO-CgHg F;,C4(CH,)3-OTs 36 4-CgF17(H2C)30-CeHag
BocHN OH K5CO3, MeCN, 70°C, 24 h BocHN OH
35 94% 37

A colorless suspension 86 (328 mg, 1.23 mmol, 1.0 equiv), the fluorous tas86 (834 mg, 1.35
mmol, 1.1 equiv), and ¥CO; (356 mg, 2.57 mmol, 2.1 equiv) in 10 ml of MeCNswgdirred for 24 h
at 70°C. The reaction mixture was diluted with 20 mL af@Et, washed with 10 mL of water, dried
over anhydrous MgSQfiltered, and evaporated. The residue was pdrfigcolumn chromatography
on silica gel with a 3:2 mixture of hexane and A¢@Eafford the pur87 (839 mg, 94%) as a colorless

solid.

4.21.1. (S)-2-(tert-butoxycarbonylamino)-3-[4-(4%45,6,6,7,7,8,8,9,9,10,10,11,11,11heptadecafluor
oundecoxy) phenyl]-1-propanol (37).
Colorless solid; mp 106-10C; *H NMR (400 MHz, CDGJ):
61.42 (s, 9H(CHs)sC), 2.05-2.13 (m, 2H,:FCsCH.CH>), 2.19
BocHN  OH  (pr, 1H, OH), 2.24-2.38 (m, 2H1fCsCHy), 2.78 (d,J = 7.2 Hz,
37 2H, ArCHy), 2.52-3.57 (m, 1H, BAOH), 3.64-3.69 (m, 1H,
CHgOH), 3.82 (br, 1H, NH@E), 4.02 (tJ = 5.9 Hz, 2H, ArOEl>), 4.69 (br, 1H, NH), 6.83, 7.13 (d, d,
J=8.6 Hz, 2H, 2H, €H4); *C NMR (100 MHz, CDGJ): 6 20.6 (br), 28.0 (£Jc.r = 22.3 Hz), 28.3,
36.6, 64.4, 66.3, 79.7, 114.6, 130.2, 130.3, 15?EBNMR (376 MHz, CDGJ): §-126.1, -123.4, -
122.7,-121.9, -121.7, -114.3, -80.7; IR (KBr, ®n8768, 3369, 2979, 2945, 2873, 2322, 1693, 1614,
1531, 1479, 1448, 1394, 1371, 1315, 1248, 121%,1182, 1113, 1057, 1030, 1007, 974, 822, 704;
HRMS (ESI-TOF): Calcd for &H26F17NOsNa (M+Na): 750.1483, Found: 750.1478.

4-CgF 17(H2C)30-CgHg4

4.22. Preparation of the mesylate 38

4-CgF47(HyC)30-CgHy 1) HCI in AcOEt 4-CgF417(H,C)30-CeHy
2) CH;3SO,Cl, Et3N,
BocHN OH in THF CH3SO,HN  OSO,CH3
37 81% (2 steps) 38

To a colorless solution &7 (387 mg, 0.53 mmol, 1.0 equiv) in 4 mL of AcOEtsaadded dropwise
at rt a 4.0 M HCI solution (4.00 mL, 16.0 mmol)AFOEt. After stirring for 3 h at rt, the mixture wa
evaporated. To the solution of the resulted cadsrkolid in 10 mL of THF were added at rt under an
argon atmosphere 48t (371 pul, 2.66 mmol, 5.0 equiv) and the MsCI (A, 1.17 mmol, 2.2 equiv).
The mixture was stirred for 12h at rt, diluted wiih mL of AcOEt, washed with 10 mL of half brine.
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The aqueous layer was extracted with 10 mL x 2agBt. The organic layers were combined, washed
with 5 mL of brine, dried over anhydrous Mg&@ltered, and evaporated. The residue was pdrifie
by column chromatography on silica gel with a 1liktare of hexane and AcOEt to afford the pure

38 (337 mg, 81%) as a colorless solid.

4.22.1. (S)-3-[4-(4,4,5,5,6,6,7,7,8,8,9,9,10,10,1111-heptadecafluoroundecoxy)phenyl]-2-(meth
anesulfonylamino)propyl methanesulfonate (38).
Colorless solid; mp 96-99C; 'H NMR (400 MHz,
CDCl): 6 2.06-2.14 (m, 2H, FCsCH.CH>), 2.24-2.41
CH3SOHN - OSO2CH3  (m, 2H, R7CsCHy), 2.59 (s, 3H, NHSECH3), 2.79 (dd,
38 J=28.6,14.0 Hz, 1H, ArB84), 2.93 (ddJ = 6.0, 14.0 Hz,
1H, ArCHg), 3.09 (s, 3H, OSEHs), 3.80-3.88 (m, 1H, NHB), 4.01 (t,J = 5.9 Hz, 2H, ArOEly),
4.22 (ddJ = 4.6, 10.3 Hz, 1H, MsOd,), 4.28 (ddJ = 4.4, 10.3 Hz, 1H, MsOdz), 4.98 (d,J=8.7
Hz, 1H, NH), 6.87, 7.16 (d, d,= 8.6 Hz, 2H, 2H, €H,); 13C NMR (100 MHz, CDGJ): § 20.5 (br),
27.9 (t,2Jc.kr = 22.2 Hz), 37.4, 37.4,41.2,54.9, 66.4, 71.@,.9,1128.7, 130.6, 157.8F NMR (376
MHz, CDCk): 6§ -126.3, -123.5, -122.9, -122.0, -121.8, -114.9,88IR (KBr, cm): 3658, 3359,
2952, 2875, 2382, 1736, 1616, 1585, 1516, 14776,14360, 1317, 1248, 1207, 1147, 1101, 1032,
1007, 974, 843, 818, 785, 756, 704; HRMS (ESI-TGFalcd for GoH2F17NOsSNa (M+Nay:
806.0509, Found: 806.0490.

4-CgF17(H2C)30-CeH4

4.23. Preparation of the azide 39
4-CgF17(HQC)30-CGH4 NaN3 (1.5 eq.) 4-C8F17(H2C)30-CGH4

O,
CH;SOHN 0sO,cH, ~ PMF80°C.5h CHiSOHN N
94%
38 39
A colorless suspension 88 (264 mg, 0.34 mmol, 1.0 equiv) and sodium azidenig, 0.51 mmol,

1.5 equiv) in 5 mL of DMF was stirring for 5h at 80 under an argon atmosphere, diluted with 50
mL of AcOEt, and washed with 25 mL of water. Thei@ous layer was extracted with 10 mL x 2 of
AcOEt. The organic layers were combined, washeld WitmL of brine, dried over anhydrous Mg50
filtered, and evaporated. The residue was purliigdolumn chromatography on silica gel with a 5:2

mixture of hexane and AcOEt to afford the pB89232 mg, 94%) as a colorless solid.

4.23.1. (S)-N-{1-azido-3-[4-(4,4,5,5,6,6,7,7,8,8,90,10, 11,11,11-heptadecafluoroundecyloxy)ph

enyl]prop-2-ylimethanesulfonamide (39).

Colorless solid; mp 76-7%C; 'H NMR (400 MHz, CDCJ): 6

2.07-2.14 (m, 2H, FCsCH2CHy), 2.25-2.38 (M, 2H, FCsCH>),

CH3SOHN - N3 2,65 (s, 3H, SECHy), 2.77 (ddJ = 7.8, 13.9 Hz, 1H, Ar8p),
39 2.86 (dd,J = 6.4, 13.9 Hz, 1H, Ar8g), 3.43 (ddJ = 4.8, 12.3

4-CgF17(H2C)30-CgHy
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Hz, 1H, NCHa), 3.52 (dd,J = 4.8, 12.3 Hz, 1H, CHg), 3.63-3.74 (M, 1H, NHB), 4.02 (tJ = 5.9
Hz, 2H, ArOGH,), 4.39 (d,J = 8.8 Hz, 1H, NH), 6.87, 7.13 (d, 8)= 8.6 Hz, 2H, 2H, gH.); 1°C NMR
(100 MHz, CDCH): § 20.6 (br), 27.8 (Jc.r = 23.5 Hz), 38.5, 41.3, 54.9, 55.3, 66.4, 11428.9,
130.6, 157.819F NMR (376 MHz, CDCJ): §-126.1, -123.4, -122.7, -121.9, -121.6, -121.14-4, -
80.7; IR (KBr, cmi): 3730, 3658, 3294, 2933, 2873, 2386, 2108, 16383, 1514, 1473, 1450, 1373,
1331, 1309, 1250, 1213, 1147, 1113, 1059, 1030, 838, 748, 704; HRMS (ESI-TOF): Calcd for
CaiH1F17N40sSNa (M+Naj: 753.0799, Found: 753.0815.

4.24. Preparation of the disulfonamide 32
4-C8F17(HQC)30-CBH4 1) Hz, Pd-C in 1,4-di0xane 4-CSF17(H2C)30-06H4
2) R8380,Cl in pyridine 8
CH3SO§9HN N3 78-93% (2 steps) CH3SO§2HN NHSO,R

A black suspension &9 (750 mg, 1.03 mmol, 1.0 equiv) and 10% Pd on aafb0 mg) in 14 mL

of 1,4-dioxane was stirred for 17 h at rt underhgidrogen atmosphere. The reaction mixture was

filtered, washed with 10 mL of MeOH, evaporated] aoncentrated in vaccuo. To the solution of the
resulted colorless solid in 10 mL of pyridine wakled at rt TsCl (393 mg, 2.06 mmol, 2.0 equiv).
After stirring for 3 h at rt under an argon atontos@, the mixture was diluted with 30 mL of AcOEt
and washed with 15 mL of half brine. The aqueowyerlavas extracted with 15 mL x 2 of AcCOEt. The
organic layers were combined, washed with 10 mhbrofe, dried over anhydrous Mg&Qiltered,
and evaporated. The residue was purified by coldnmomatography on silica gel with a 1:1 mixture
of hexane and AcOEt to afford the pd2a (824 mg, 93%) as a colorless solid.

4.24.1. (S)-N-{3-[4-(4,4,5,5,6,6,7,7,8,8,9,9,1011011,11-heptadecafluoroundecoxy)phenyl]-2-
(methanesulfonylamino)propyl}-4-toluenesulfonamiqd2a).
Colorless amorphous solid; mp 128 [c]%%
-16.6 € 1.00, CHCY); H NMR (400 MHz,

CH3SO,HN  NHSO,CeH4-4-CHs  cDCLy): 6 2.05-2.13 (m, 2H, £CsCH.CH>),

32a 2.24-2.38 (M, 2H, FCsCHy), 2.43 (s, 3H,

ArCHa), 2.50 (s, 3H, SECH3), 2.70 (dd,) = 8.9, 14.0 Hz, 1H, ArBa), 2.89 (dd,) = 5.5, 14.0 Hz, 1H,
ArCHg), 2.96-3.03 (m, 1H, TsNHE,), 3.10-3.18 (m, 1H, TsNH@s), 3.55- 3.65 (m, 1H, NHB),
3.98 (t,J = 5.9 Hz, 2H, ArOGl,), 5.22 (d,J = 8.4 Hz, 1H, CHM), 5.70 (t,J = 6.4 Hz, 1H, CENH),
6.81, 7.11 (d, dJ = 8.6 Hz, 2H, 2H, O¢Ha), 7.28, 7.73 (d, dJ = 8.3 Hz, 2H, 2H, CkCsH4); 13C
NMR (100 MHz, CDCY): & 20.6 (br), 21.5, 28.0 (Bcr = 22.3 Hz), 38.4, 40.8, 47.4, 56.3, 66.4,
105.6-121.8 (complex signals of —&Ffnd —CEk), 114.8, 127.2, 129.9, 129.9, 130.8, 136.7, 143.7,
157.8;*°F NMR (376 MHz, CDGJ): §-126.1, -123.4, -122.7,-121.9, -121.7, -114.8,78IR (KB,
cnrl): 3903, 3751, 3676, 3649, 3618, 3587, 3566, 32822, 1869, 1749, 1647, 1616, 1541, 1516,
1458, 1396, 1369, 1327, 1248, 1201, 1149, 1022, @®4; HRMS (ESI-TOF): Calcd for

4-CgF17(H2C)30-CgHy4
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CogH27F17N20s5,Na (M+Nay: 881.0982, Found: 881.0981.

4.24.2. (S)-N-{3-[4-(4,4,5,5,6,6,7,7,8,8,9,9,1011011,11-heptadecafluoroundecoxy)phenyl]-2-
(methanesulfonylamino)propyltbenzenesulfonamide 32
Colorless solid; mp 107-108; [o]*% —10.5 ¢ 1.00,
CHsOH); *H NMR (400 MHz, CDCY): §2.06-2.15 (m,
CH3SO,HN  NHSO,CeHs  2H, R/CsCH,CH,), 2.24-2.37 (m, 2H, £CsCHy),
32b 2.49 (s, 3H, SECH3), 2.69 (ddJ = 8.9, 14.1 Hz, 1H,
ArCHp), 2.89 (dd,J = 5.4, 14.1 Hz, 1H, ArBg), 2.98-3.05 (m, 1H, NHB,), 3.13-3.19 (m, 1H,
NHCHg), 3.55-3.63 (m, 1H, NHB), 4.00 (t,J = 6.0 Hz, 2H, ArO€l,), 4.59 (d,J = 7.6 Hz, 1H,
CHNH), 5.18 (tJ = 5.6 Hz, 1H, CkNH), 6.84, 7.10 (d, d] = 8.6 Hz, 2H, 2H, O¢H,), 7.50-7.87 (m,
5H, GsHs); 13C NMR (100 MHz, CDGJ): §20.6 (br), 27.9, 38.5, 40.5, 47.4, 56.0, 66.4,0,1527.1,
129.1, 129.3, 130.5, 133.0, 139.6, 157%; NMR (376 MHz, CDGJ): 6 -126.1, -123.4, -122.7, -
121.9,-121.7, -114.3, -80.7; IR (KBr, ¢n 3649, 3566, 3325, 2360, 2332, 1514, 1479, 14805,
1373, 1333, 1250, 1200, 1151, 1092, 1051, 985, 888, 756; HRMS (ESI-TOF): Calcd for
CorHasF17N20s5Na (M+Na): 867.0826, Found: 867.0838.

4-CgF 17(H2C)30-CgHg4

4.24.3. (S)-N-{3-[4-(4,4,5,5,6,6,7,7,8,8,9,9,1011011,11-heptadecafluoroundecoxy)phenyl]-2-
(methanesulfonylamino)propyl}-4-nitrobenzenesulfoméde (32c).
Pale yellow solid; mp 134-13%; [a]*% —
18.5 € 0.99, CHCY); H NMR (400 MHz,
CH3SO2HN  NHSO02CeH4-4-NO2  cDCL): §2.05-2.13 (m, 2H, £CsCHoCH),
32 2.24-2.38 (M, 2H, FCsCHy), 2.41 (s, 3H,
SO,CHz), 2.64 (ddJ = 9.5, 14.1 Hz, 1H, ArB,), 2.89 (dd,J = 5.0, 14.1 Hz, 1H, Ar8g), 3.01-3.08
(m, 1H, NHH,), 3.20-3.26 (m, 1H, NHBg), 3.55- 3.64 (m, 1H, NHB), 4.01 (t,J = 5.9 Hz, 2H,
ArOCH,), 4.78 (dJ = 8.2 Hz, 1H, CHMI), 5.76 (t.J = 6.0 Hz, 1H, CkNH), 6.85, 7.11 (d, d] = 8.6
Hz, 2H, 2H, OGH.), 8.04, 8.34 (d, d] = 8.9 Hz, 2H, 2H, N@CsH4); 13C NMR (100 MHz, CDG):
520.5 (br), 27.9 (t2Jcr = 22.6 Hz), 29.7, 38.3, 40.4, 47.7, 56.3, 66.4.0,1124.5, 128.4, 130.5,
145.4, 150.1, 157.8%F NMR (376 MHz, CDGJ): 6-126.1, -123.4, -122.7, -121.9, -121.7, -114.4, -
80.7; IR (KBr, cm?): 3903, 3751, 3676, 3649, 3620, 3568, 2359, 282@9, 1749, 1647, 1616, 1541,
1508, 1458, 1340, 1313, 1250, 1209, 1151, 10923,1989, 856, 739; HRMS (ESI-TOF): Calcd for
Co7H24F17N307S:Na (M+Na): 912.0676, Found: 912.0681.

4-CgF17(H2C)30-CgHy
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4.24.4, (S)-N-{3-[4-(4,4,5,5,6,6,7,7,8,8,9,9,1011011,11-heptadecafluoroundecoxy)phenyl]-2-
(methanesulfonylamino)propyl}-2,4,6-trimethylbenzesulfonamide (32d).
Colorless solid; mp 112-11F; [a]*%
—-15.0 ¢ 1.00, CHOH); *H NMR (400
CH3SO,HN  NHSO,CeH2-2,4,6-(CH3)s  MHz, CDCE): & 2.06-2.12 (m, 2H,
32 F17CsCHoCHy), 2.24-2.37 (m, 2H,
F17CsCH2), 2.30 (s, 3H, ArCh), 2.52 (s, 3H, S&CH3), 2.61 (s, 6H, ArChix 2), 2.67 (dd,] = 8.6,
14.2 Hz, 1H, ArC®la), 2.86 (ddJ = 4.6, 14.2 Hz, 1H, Ar8g), 2.89-2.96 (m, 1H, NHB,), 3.02-3.12
(m, 1H, NHHg), 3.56- 3.66 (m, 1H, NHB), 4.00 (tJ = 5.8 Hz, 2H, ArOEl>), 4.70 (br, 1H, CHM),
5.28 (br, 1H, CHNH), 6.83, 7.09 (d, dJ = 8.4 Hz, 2H, 2H, O¢Ha), 6.96 (s, 2H, €H2); 13C NMR
(100 MHz, CDC¥): 6 20.6 (br), 20.9, 22.9, 27.9 #lcr = 23.0 Hz), 38.7, 40.6, 46.6, 56.0, 66.4,
114.9, 129.2, 130.6, 132.1, 133.3 139.1, 142.5,81%F NMR (376 MHz, CDGJ): §-126.1, -123.4,
-122.7,-121.9,-121.7,-114.3, -80.7; IR (KBr, ®nB903, 3801, 3751, 3676, 3649, 3620, 3587, 3566,
3527, 2359, 2322, 1869, 1844, 1792, 1749, 16471,18808, 1458, 1423, 1396, 1369, 1338, 1313,
1149; HRMS (ESI-TOF): Calcd foragHsiF17N20sS,Na (M+Na): 909.1295, Found: 909.1302.

4-CgF17(H2C)30-CgHy4

4,245, (S)-N-{3-[4-(4,4,5,5,6,6,7,7,8,8,9,9,1011011,11-heptadecafluoroundecoxy)phenyl]-2-
(methanesulfonylamino)propyl}methanesulfonamide €2
Colorless amorphous solid; mp 122; [«]*» —13.3
(c 1.00, CHOH); *H NMR (400 MHz, CDCJ): §2.05-
CH3SOHN  NHSO,CH3 212 (m, 2H, ECgCH,CH), 2.25-2.38 (m, 2H,
32 F17CsCHy), 2.53 (s, 3H, SEHs), 2.71 (dd,J = 8.9,
14.2 Hz, 1H, ArGip), 2.93 (ddJ = 5.5, 14.2 Hz, 1H, Ar8g), 3.00 (s, 3H, SECHs), 3.16-3.22 (M,
1H, NHCH,), 3.37-3.43 (m, 1H, NHBg), 3.60- 3.70 (m, 1H, NHB), 4.02 (t,J = 6.0 Hz, 2H,
ArOCHy), 4.46 (dJ = 7.6 Hz, 1H, CHM), 4.83 (tJ = 6.2 Hz, 1H, CkNH), 6.87, 7.27 (d, d] = 8.6
Hz, 2H, 2H, OGHJ); °F NMR (376 MHz, CDGJ): §-126.2, -123.5, -122.8, -122.0, -121.8, -114.5, -
80.9; IR (KBr, cm'): 3903, 3801, 3751, 3676, 3649, 3618, 3566, 23522, 1869, 1792, 1749, 1647,
1541, 1516, 1458, 1423, 1396, 1369, 1338, 13134122, 1034, 991; HRMS (ESI-TOF): Calcd
for CooH23F17N20sSNa (M+Na): 805.0669, Found: 805.0658.

4-CgF17(H2C)30-CgHy

4.25. Preparation of the disulfonamide 33

CeHs Fy,CsSO,F (4.0 eq.), EtN (10 eq.) CeHs

CHSOHN  NH, CHzCSIE,O/rt, 28h CH3SO,HN  NHSO,CqF 17
0
40 33

To a colorless solution @ (80 mg, 0.35 mmol, 1.0 equiv) in 2 mL of &E, were added dropwise
at rt under an argon atmosphereN=(0.49 mL, 3.50 mmol, 10 equiv) and §€R);SOF (0.39 mL,
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1.40 mmol, 4.0 equiv). After stirring for 28h attfte mixture was diluted with 10 mL of GEl> and
washed with 5 mL of half brine. The aqueous layaswxtracted with 10 mL x 2 of GEl,. The
organic layers were combined, dried over anhydiMgSOQs, filtered, and evaporated. The residue
was purified by column chromatography on silica wéh a 2:1 mixture of hexane and AcOEt to

afford the pure83 (138 mg, 55%) as a colorless solid.

4.25.1. (S)-N-[3-phenyl-2-(methanesulfonylamino)myd]heptadecafluoro-1-octanesulfonamide
(33).

Colorless amorphous solid; mp 165-1€8 [«]*°> —14.1 ¢ 1.00,
CHsOH); 'H NMR (400 MHz, CROD): 6 2.32 (s, 3H, SECHz),
CH3SO,HN  NHSO,CsF17 264 (dd,J = 9.6, 13.6 Hz, 1H, ArBy), 2.98 (ddJ = 5.2, 13.6 Hz,

33 1H, ArCHg), 3.35 (d,J = 6.4 Hz, 2H, NHE,), 3.60-3.67 (m, 1H,
NHCH), 7.22-7.90 (m, 5H, &s); 13C NMR (100 MHz, CBOD): §39.8, 411, 50.1, 58.0, 128.0, 129.8,
130.8, 139.4; 1% NMR (376 MHz, CROD): §-127.3, -123.7,-122.9, -122.7, -122.6, -121.43:9,
-82.3; IR (KBr, cmt): 3780, 3722, 3656, 3467, 3431, 3369, 3338, 39885, 2916, 2372, 1473, 1419,
1379, 1309, 1248, 1217, 1142, 1092, 995, 910, 886, 748, 704; HRMS (ESI-TOF): Calcd for
CigH1sF17N20:5Na (M+Na): 733.0099, Found: 733.0128.

CeHs

4.26. A typical procedure of cyclopropanation of 41n the presence of a catalytic amount of 32a
4-CgF 17(H2C)30-CeHy

32a (0.2 eq.)
R%OH CH3SO.HN  NHSO,CgHs-4-CHs R5>‘>*\/OH
R6 Et,Zn (2.0 eq.), CH, I, (3.0 eq.), R®
41a-41p CH,Cl,,0°C,3 h 42a-42p
69%-quant. 49-85% ee

To a colorless solution @fla(67.0 mg, 0.50 mmol, 1.0 equiv) and the fluoroissilionamide32a
(85.9 mg, 0.10 mmol, 0.2 equiv) in 7.5 mL of anlouls CHCI, were added dropwise at -40 under
an argon atmosphere of a 1.0 M solution @Z&#1.0 mL, 1.00 mmol, 2.0 equiv) in hexane andgH
(121 pL, 1.50 mmol, 3.0 equiv). After stirring at°C for 2.5 h, the reaction mixture was quenched
with 0.3 mL of EtN and extracted with 20 mL x 3 of AcOEt. The orgalsiyers were combined,
washed with 5 mL of brine, dried over anhydrous @gSiltered, and evaporated. The residue was
chromatographed on fluorous silica gel with 70% MO afford 71.0 mg of a crude product. Then,
the fluorous silica gel was eluted with a 1:1 migtwf MeOH and AcOEt, and the fraction was
evaporated to recover the fluorous lig&8ai81.7 mg, 95%). The crude prodd@awas purified by
column chromatography on silica gel with a 2:1 mnigtof hexane and AcOEt to afford the pdga

(68.9 mg, 93%) as a colorless ail.
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4.26.1. (2S, 3S)-3-Phenyl-2,3-methanopropan-1-@qé°
Colorless oil; §t]>o +67.2 € 1.17, CHCY) for 79% ee.*H NMR (400 MHz,
©\?>\/OH CDClk): ¢ 0.90-0.99 (m, 2H, CHof cyclopropane), 1.41-1.49 (m, 1H,
CHCHy0H), 1.64 (br, 1H, OH), 1.79-1.84 (m, 1H, R#)C3.57-3.65 (m, 2H,
42a CH20H), 7.05-7.08, 7.13-7.17, 7.24-7.27 (m, m, m, 2H, 2H, GHs).

4.26.2. (2S, 3S)-3-(4-Methoxyphenyl)-2,3-methanggao-1-ol (42b)’2 82
MeO Colorless solid; mp 45-4%C; [a]?b +54.8 € 1.06, CHCY) for 77%
\©\J/v ee:'H NMR (400 MHz, CDCJ): & 0.86-0.91 (m, 2H, Chiof
- OH cyclopropane), 1.35-1.43 (m, 2HHCH-OH, OH), 1.77-1.81 (m, 1H,
42b ArCH), 3.56-3.67 (m, 2H, B,OH), 3.78 (s, 3H, CkD), 6.81, 7.01 (d,

d,J=8.6 Hz, 2H, 2H, €H,); *C NMR (100 MHz, CDGJ): §13.3, 20.6, 24.8, 55.3, 66.7, 113.8, 127.0,
134.3, 157.8; HRMS (ESI-TOF): Calcd foti81402Na (M+Na): 201.0886, Found: 201.0866.

4.26.3. 3-(4-Methyphenyl)-2,3-methanopropan-1-o2¢3.”
Me Colorless oil; {]?’o +56.7 € 1.00, CHCY) for 70% ee.*H NMR (400
\©\{>*\/ MHz, CDCh): 50.87-0.95 (m, 2H, Ckof cyclopropane), 1.38-1.46 (m,
. OH 1H, CHCH,OH), 1.47 (br, 1H, OH), 1.77-1.82 (m, 1H, A4 2.30 (s,
42c 3H, CHs), 3.56-3.65 (m, 2H, B,OH), 6.97, 7.07 (d, d] = 8.1 Hz, 2H,
2H, GsHa); 3C NMR (100 MHz, CDGJ): §13.6, 21.0, 25.1, 66.7, 125.8, 129.0, 135.2, 139R8MS
(ESI-TOF): Calcd for gH14ONa (M+Naj: 185.0937, Found: 185.0950.

4.26.4. 3-(3-Methyphenyl)-2,3-methanopropan-1-o2¢H.”2
Me Colorless oil; ft]>o +56.4 € 0.98, CHCY) for 73% ee.!H NMR (400 MHz,
CDCl): ¢ 0.89-0.98 (m, 2H, CH of cyclopropane), 1.41-1.48 (m, 2H,
©\]>*\/OH CHCHx0OH, OH), 1.77-1.81 (m, 1H, Arg), 2.31 (s, 3H, Ch), 3.57-3.65 (m,
2H, CH,0OH), 6.87, 6.89, 6.97, 7.15 (d, s, dJ & 7.6 HzJ=7.5HzJ= 7.6
Hz, 1H, 1H, 1H, 1H, 6Ha); 23C NMR (100 MHz, CDG)): §13.7, 21.2, 21.4,

25.2, 66.6, 122.8, 126.4, 126.7, 128.3, 137.9 14BBMS (ESI-TOF): Calcd for GHi4ONa
(M+Na)*: 185.0937, Found: 185.0950.

42d

4.26.5. 3-(2-Methyphenyl)-2,3-methanopropan-1-oR2¢}./2
Me Colorless oil; {]?"o +47.0 € 1.04, CHCJ) for 75% ee.!H NMR (400 MHz,
@D*\/ CDCl): ¢ 0.86-0.96 (m, 2H, CH of cyclopropane), 1.35-1.43 (m, 1H,
. OH CHCHx0H), 1.56 (br, 1H, OH), 1.80-1.84 (m, 1H, A{; 2.41 (s, 3H, Ch
42e 3.62 (dd,J = 6.9, 11.2 Hz, 1H, BAOH), 3.73 (ddJ = 6.6, 11.2 Hz, 1H,
CHgOH), 6.97-7.01, 7.08-7.16 (m, m, 1H, 3HHG); 3C NMR (100 MHz, CDGJ): §11.6, 19.4, 19.7,
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23.3, 66.8, 125.7, 125.9, 126.0, 129.7, 137.6, 83BIRMS (ESI-TOF): Calcd for {fH14ONa
(M+Na)*: 185.0937, Found: 185.0950.

4.26.6. 3-(4-Trifluoromethyphenyl)-2,3-methanoprapd -ol (42f).2
F\C Colorless oil; §£]?’o +54.0 € 0.99, CHCY) for 83% ee.H NMR (400
\©\l>*\/ MHz, CDCk): §0.99-1.06 (m, 2H, Cklof cyclopropane), 1.46-1.54 (m,
; OH 2H, CHCH;OH, OH), 1.87-1.91 (m, 1H, And), 3.61-3.69 (m, 2H,
21 CH,OH), 7.16, 7.50 (d, d] = 8.1 Hz, 2H, 2H, €H.); 13C NMR (100
MHz, CDCk): § 14.4, 21.2, 26.0, 66.1, 124.3 {dc.r = 270 Hz), 125.3 (BJcr = 3.8 Hz), 126.0,

127.9 (9,2Jcr = 31.8 Hz), 146.8; HRMS (ESI-TOF): Calcd foriB11FsONa (M+Na): 239.0654,
Found: 239.0680.

4.26.7. (2S, 3S)-3-(4-Chlorophenyl)-2,3-methanopaopl-ol (42g)’® 82
ol Colorless oil; §1]?"o +60.0 € 1.02, CHCY) for 72% ee.!H NMR (400
\©\:,/\/ MHz, CDCk): §0.91-0.98 (m, 2H, CHof cyclopropane), 1.38-1.46 (m,
: OH o, aHCHOH, OH), 1.78-1.83 (m, 1H, Aig), 3.63 (dJ = 6.0 Hz, 2H,
42g CH.OH), 7.00, 7.22 (d, d} = 8.4 Hz, 2H, 2H, §2); 3C NMR (100 MHz,

CDChk): 6 13.8, 20.8, 25.4, 66.3, 127.2, 128.4, 131.3, 14HBMS (ESI-TOF): Calcd for
C10H11CIONa (M+Nayj: 205.0391, Found: 205.0384.

4.26.8. 3-(3-Chlorophenyl)-2,3-methanopropan-1-dbf).”
Colorless oil; {t]>o +57.5 € 1.02, CHCY) for 77% ee.'H NMR (400 MHz,
CDClk): ¢ 0.93-1.00 (m, 2H, CH of cyclopropane), 1.41-1.49 (m, 1H,
" OH CHCHx0H), 1.50 (br, 1H, OH), 1.79-1.83 (m, 1H, Ay, 3.58-3.66 (m, 2H,
CH20OH), 6.95, 7.04, 7.11-7.20 (d, s, thx 7.5 Hz, 1H, 1H, 2H, §Ha); 13C
NMR (100 MHz, CDCJ): §13.9, 21.0, 25.5, 66.2, 124.1, 125.8, 126.0, 129.5
134.2 144.7; HRMS (ESI-TOF): Calcd foigE1:CIONa (M+Na): 205.0391, Found: 205.0384.

Cl
42h

4.26.9. 3-(2-Chlorophenyl)-2,3-methanopropan-1-dp{).’2

cl Colorless oil; ft]>> +1.88 € 1.00, CHCY) for 85% ee.!H NMR (400 MHz,
@D*\/ CDCl): 6 0.95 (dt,J = 5.4, 8.8 Hz, 1H, CKof cyclopropane), 1.06 (di,=

. OH 5.4, 8.5 Hz, 1H, CH of cyclopropane), 1.31-1.38 (m, 1HHCH>OH), 1.66

42i (br, 1H, OH), 2.05-2.10 (m, 1H, AK), 3.63 (dd,J = 7.2, 11.3 Hz, 1H,
CHAOH), 3.72 (ddJ = 6.4, 11.3 Hz, 1H, BsOH), 6.99, 7.10-7.20, 7.35 (dd, m, dds 1.8, 7.5 =
1.4,7.7, 1H, 2H, 1H, 4); *C NMR (100 MHz, CDGJ): 611.5, 19.5, 24.5, 66.7,126.8, 126.9, 127.1,

129.2, 135.2, 139.2; HRMS (ESI-TOF): Calcd foioii:CIONa (M+Na): 205.0391, Found:
205.0384.
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4.26.10. 3-(4-Bromophenyl)-2,3-methanopropan-1-42).’2
Br Colorless oil; §1]?’o +55.0 € 1.00, CHCY) for 77% ee.!H NMR (400
\©\l>*\/ MHz, CDCk): §0.91-0.98 (m, 2H, CHof cyclopropane), 1.38-1.46 (m,
. OH 2H, CHCH,OH, OH), 1.77-1.82 (m, 1H, Adg), 3.61-3.64 (m, 2H,
42j CH>0H), 6.94, 7.37 (d, d} = 8.4 Hz, 2H, 2H, €H.); 13C NMR (100 MHz,
CDCkL): § 13.8, 20.8, 25.4, 66.3, 119.2, 127.6, 131.3, 14HBMS (ESI-TOF): Calcd for
Ci0H1:BrONa (M+Na): 248.9885, Found: 248.9668.

4.26.11. 3-(2,4,6-Trimethyphenyl)-2,3-methanopropasol (42k)/2
Colorless solid; mp 46-47C; [a]?>"p +43.9 € 1.10, CHCY) for 54% ee.;

Me Me
*  oH 'H NMR (400 MHz, CDGY): 60.73-0.77 (m, 1H, CKof cyclopropane),
X 0.93-0.98 (m, 1H, CKlof cyclopropane), 1.27-1.35 (m, 1HHCH,OH),
Me 42k 1.49 (br, 1H, OH), 1.56-1.61 (m, 1H, A}, 2.24, 2.37 (s, s, 3H, 6H,

CHs x 3), 3.48 (dd,] = 7.8, 11.2 Hz, 1H, BAOH), 4.01 (dd,) = 5.5, 11.2 Hz, 1H, BsOH), 6.82 (s,
2H, GH>); 13C NMR (100 MHz, CDGJ)): & 13.4, 17.5, 20.6, 20.8, 23.4, 66.9, 128.8, 13435,8,
138.6; HRMS (ESI-TOF): Calcd for,@4160Na (M+Naj: 213.1250, Found: 213.1229.

4.26.12. 3-(Dimethylphenylsilyl)-2,3-methanopropdrel (421).2
Me Colorless oil; §#]?o +10.9 ¢ 1.00, CHCY) for 74% ee.!H NMR (400 MHz,
Ph—\si\D*\/oH CDCb): §-0.30 - -0.24 (m, 1H, SiCH), 0.21, 0.22 (s, s, 3H, CH; x2), 0.50-
Me{ ZZI 0.58 (m, 2H, CH of cyclopropane), 1.04-1.12 (m, 1HHCH,OH), 1.32 (br,
1H, OH), 3.44-3.54 (m, 2H, ;:0H), 7.34-7.38, 7.53-7.57 (m, m, 3H, 2H,
CeHs); °C NMR (100 MHz, CDG)): 6 -3.9, -3.9, 1.4, 7.2, 18.2, 68.5, 127.8, 129.(3.13138.7,
HRMS (ESI-TOF): Calcd for GH1g0SiNa (M+Naj: 229.1019, Found: 229.1030.

4.26.13. (2S, 3S)-5-Phenyl-2,3-methanopentan-14rf) 8P

Bh _, oH Colorless oil; {]?’> +16.5 (¢ 1.00, CHG) for 67% ee.H NMR (400
NN
MHz, CDCk): 60.31-0.40 (m, 2H, Cklof cyclopropane), 0.59-0.67 (m, 1H,
42m PhCHCH,CH), 0.80-0.88 (m, 1H, BCH,OH), 1.16 (br, 1H, OH), 1.48-

1.70 (m, 2H, PhCKCH>), 2.67-2.78 (m, 2H, PHd3), 3.30-3.46 (m, 2H, B;0H), 7.17-7.31 (m, 5H,
CeHs).

4.26.14. (2S, 3S)-trans-4-Trityloxy-2,3-methanobuita-ol (42n)°
Colorless solid; mp 89-9%C; [a]?>’p +6.65 € 1.14, CHCY) for 70% ee.!H
NMR (400 MHz, CDCJ): 6 0.42-0.49 (m, 2H, CHof cyclopropane), 0.94-
42n 1.02 (m, 2H, CH of cyclopropane), 1.39 (br, 1H, OR{B8 (ddJ = 6.5, 9.6
Hz, 1H, GHAOTT), 3.05 (dd)) = 5.7, 9.6 Hz, 1H, BsOT), 3.40-3.45 (M, 1H, BAOH), 3.49-3.55 (m,

Tro N OH
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1H, CHgOH), 7.21-7.31, 7.43-7.45 (m, m, 9H, 6HHz X 3).

4.26.15. (2S, 3R)-cis-4-Trityloxy-2,3-methanobutaroel (420)%°

-, H Colorless solid; mp 82-8%C; [a]?’> +73.4 € 1.11, CHCY) for 49% ee.;'H
NMR (400 MHz, CDCY): § -0.02 (dd,J = 5.3, 10.6 Hz, 1H, CH of

TrO 420 cyclopropane), 0.71 (di=5.1, 8.2 Hz, 1H, Cklof cyclopropane), 1.31-1.45 (m,

2H, CH of cyclopropane x 2), 2.37 {t= 10.5 Hz, 1H, OH), 2.84 (t likg, = 10.7 Hz, 1H, EAOTr),

3.20 (d like,d = 10.6 Hz, 1H, €gOTr), 3.78-3.85 (m, 2H, B>0OH), 7.21-7.26, 7.29-7.33, 7.45-7.48

(m, m, m, 3H, 6H, 6H, 45X 3).

4.26.16. 3,3-Diphenyl-2,3-methanopropan-1-ol (42p).

Pale yellow oil; {]?"o +111.3 ¢ 1.02, CHCJ) for 71% ee.lH NMR (400
MHz, CDCk): 61.27 (ddJ = 5.0, 8.8 Hz, 1H, CKlof cyclopropane), 1.34 (br,
1H, OH), 1.38 (ddJ = 5.0, 5.6 Hz, 1H, CKlof cyclopropane), 1.96-2.04 (m,
1H, CHCH;0H), 3.36 (dd,) = 7.9, 11.5 Hz, 1H, BaOH), 3.48 (dd,J = 6.3,
11.5 Hz, 1H, EgOH), 7.12-7.18, 7.19-7.26, 7.29-7.32, 7.37-7.40 ffimm,
m, 1H, 5H, 2H, 2H, €Hs x 2); 13C NMR (100 MHz, CDGJ): §17.9, 27.8, 35.6, 63.8, 126.0, 126.7,
127.9, 128.3, 128.6, 130.1, 141.1, 146.3; HRMS {E3F): Calcd for GHisONa (M+Na):
247.1093, Found: 247.1077.
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