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ABSTRACT

TRANSITION METAL CATALYZED 1,5-SUBSTITUTION
REACTIONS OF CONJUGATED ENYNE OXIRANES LEADING TO
ALLYLIC HYDROXY SUBSTITUTED VINYLALLENES

Transition metal-catalyzed reactions are atom economical and environmentally
benign processes, which make them superior to traditional stoichiometric reactions.
Transition metal-catalyzed carbonylation reactions of unsaturated systems has become an
important methodology for the synthesis of carbonyl containing synthetically valuable
compounds.

One of these types of reactions is the alkoxycarbonylation of unsaturated systems
over transition metals in the presence of alcohol and under CO atmosphere (Scrivanti, et.
al. 1998).

Pionering works on palladium-catalyzed alkoxycarbonylation of allylic and
propargylic systems with a leaving group at an apropriate positions leading to f,y-
unsaturated and allene esters, respectively have been established by several research
groups (Tsuji, et al. 2004).

Recently, Artok and co-workers developed new methods for the construction of
functionalized vinylallene esters via palladium-catalyzed alkoxycarbonylation of 2,4-
enyne carbonates (Akpinar, et al. 2011). After tuning the reaction conditions precisely,
the methodology could be improved to allow a high degree of center-to-axial chirality
transfer (Karagoz, et al. 2014).

Within the context of this study, palladium-catalyzed alkoxycarbonylative 1,5-
substitution of conjugated enyne oxiranes was also found to provide a diastereoselective
route to (E)-configured 7-hydroxy-2,3,5-trienoates. The reactions proceeded in a highly
stereoselective manner, possibly through sequential formation of w-allylpalladium and o-
vinylallenyl palladium complexes. The major diastereomeric form of the product was

determined by the configuration of the alkenyl moiety of the substrate.



OZET

ALLILIK HIDROKSI SUBSTITUE VINILALLENLERIN
OLUSUMUNA NEDEN OLAN GECIS METAL KATALIiZLI KONJUGE
ENINOKSIRANLARIN 1,5-SUBSTITUSYON TEPKIMELERI

Gegis metal Katalizli reaksiyon yontemleri atom-ekonomik ve gevre dostu
olmalarindan dolay1 klasik stokiyometrik reaksiyon yontemlerine kiyasla giin gectikce
daha Onemli hale gelmektedirler. Doymamis sistemlerin gecis metal katalizli
karbonilasyon tepkimeleri nitelikli kimyasallarin sentezinde siklikla kullanilan bir metot
haline gelmistir. Bu baglamda gergeklestirilen tepkimelerin bir alt dali olan
alkoksikarbonilasyon tepkimeleri ise karbonil grubu igeren doymamis sistemlerin
sentezine, bir metal katalizori esliginde, alkol ve CO gaz1 altinda olanak saglar (Scrivanti,
et. al. 1998).

Propargilik ve allilik pozisyonlarinda bir ayrilan grup tasiyan yapilarin
alkoksikarbonilasyon tepkimeleri ile sirasiyla f,y-doymamis ve allen ester olusturan
calismalar1 git gide 6onem kazanmis ve c¢esitli arastirma gruplar tarafindan basariyla
gerceklestirilmistir (Tsuji, et al. 2004).

Yakin bir siire 6nce ¢alisma grubumuz tarafindan 2,4-enin karbonat yapilarinin
paladyum-katalizli alkoksikarbonilasyon tepkimeleri basariyla gergeklestirilmis ve
fonksiyonlandirilmis vinilallen ester igeren yapilar yiiksek verimler ile elde edilmistir
(Akpnar, et al. 2011). Daha sonra titizlik ile yapilan optimizasyon ¢aligmalart ile metod
daha da gelistirilmis ve enantiyomerik olarak zenginlestirilmis 2,4-enin karbonat
yapilarina uygulandiginda metodun merkezden eksene kiralite transferine olanak
sagladigi saptanmistir (Karagoz, et al. 2014).

Bu calisma kapsaminda, 2,4-enin oksiran yapilarinin alkoksikarbonilasyon
tepkimeleri arastirilmistir. Gelistirilen metod yliksek verim ve diastereo segimlilik ile (E)-
konfigiirasyonuna sahip  7-hidroksi-2,3,5-trienoat yapilarinin  sentezine olanak

saglamistir.
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CHAPTER 1

INTRODUCTION

Allenes are of an important class of organic compounds, which are characterized
by two cumulated carbon—carbon double bonds. Biological activity, axially chiral
backbone and their presence in many natural products make the allenes crucial materials
for organic synthesis.

After the pioneering works in the area of carbonylation type reactions by Roelen
and Reppe in 1939 and 1953, respectively, transition metal-catalyzed carbonylation
reactions involving the use of carbon monoxide as a reactant have became popular method
for building carbonyl containing molecules.

After the first palladium-catalyzed carbonylation reaction of propargylic
compounds, bearing a leaving group, reported in 1966 (Tsuiji, et al. 1995), the palladium-
catalyzed alkoxycarbonylation reaction of propargylic derivatives under mild conditions
has become an important method for the synthesis of functionalized allene derivatives.

Vinyl-substituted allenes are reactive compounds toward various cycloaddition
and cyclization reactions. They exhibit particularly a higher activity and selectivity with
Diels-Alder reactions, because their configurational equilibrium is more on the side of s-
cis conformer—a prerequisite for a [4+2] cycloaddition reaction to occur effectively—
than for 1, 3-dienes (Bond, et al. 1990). In spite of their synthetic utility in organic
reactions, there are only a few methods that can generate vinylallene structures.

Propargylic carbonates, phosphates, and mesylates having a vinyl functionality
can undergo palladium-catalyzed transformations in the presence of a hard or soft
nucleophile as a coupling partner to afford vinylallene derivatives (Molander, et al. 2006,
Ma, et al. 2003, Chen, et al. 2011).

Also, Artok’s research group showed that the palladium-catalyzed
alkoxycarbonylation reactions of 2,4-enyne carbonates lead to the formation of 2,3,5-
trienoates in high yields (Akpinar, et al. 2011, Karagdz, et al. 2014).

In this study, we have developed a mild, simple and atom economical method for
the diastereoselective synthesis of (E)-configured 7-hydroxy-2,3,5-trionates via

palladium-catalyzed alkoxycarbonylative 1,5-substitution reactions of conjugated enyne



oxiranes. The reactions proceeded in a highly stereoselective manner, possibly through
sequential formation of r-allylpalladium and o-vinylallenyl palladium complexes. The
major diastereomeric form of the product is determined by the configuration of the

alkenyl moiety of the substrate.



CHAPTER 2

LITERATURE WORKS

2.1. Palladium(0)-Catalyzed Reactions of Propargyl Compounds

The Pd(0)-catalyzed reactions of propargylic compounds proceed through the
formation of two intermediates; the o-allenylpalladiums 1 or the propargylpalladiums 2
(Figure 2.1), (Elsevier, et al. 1986).

-

R R! R2 R!
R3 I — R? Pd(0) 3>=C=< = R3 I — R?
X R Pd Pd
X X
1 2

Figure 2.1. Formation of s-allenylpalladium 1 and propargylpalladium 2.

In consideration of the literature, depending on co-reactant types o-

allenylpalladium complexes 1 can undergo three types of transformations.

RS
R4 PdX
3
R R! R? R—=—R R R?
R3 — gz PdO) < R7
— _— e
X RS PdX R® —
1 RS PdX
4
co R‘I R2
N )
R3 :§—de
¢

Figure 2.2. Insertion reactions of c-allenylpalladium 1 intermediate.
(Source: Meijere, et al. 2004)



The first one is the insertion of intermediate 1 into unsaturated bonds of alkenes,
alkynes, and carbon monoxide to generate the alkyl-, alkenyl- and acyl palladium
intermediates 3, 4, and 5, respectively. These intermediates undergo further
transformations to afford synthetically valuable compounds (Figure 2.2), (Meijere, et al.
2004).

The second type of transformation proceed through the transmetallation of
intermediate 1 with hard nucleophiles such as metal hydride, Grignard, organozinc,
organosilane and organoboron reagents to afford the allene derivatives after subsequent
reductive elimination (Figure 2.3), (Tsuji, et al. 2004).

R! R? M-R R! R?

R! R?
:}:a/ _— >::< e >::< + Pd(O)
R PdX —\ RS Pd R3 R
1 MX 6 R 7
transmetallation
M = Mg, Zn, B, Si, Cu R = aryl, alkenyl, alkynyl, H

Figure 2.3. Transmetallation reaction of o-allenylpalladium 1 intermediate.

And the last type of transformation is the nucleophilic attack of the nitrogen and
oxygen containing nucleophiles and soft nucleophiles to the central allenic carbon atom.
This nucleophilic attack results in the formation of intermediate A, which can be
protonated to form alkene derivatives or add a second nucleophile through the formation
of m-allylpalladium intermediate, resulting in the formation of alkene derivatives B
(Figure 2.4).



1 3
Rl R? Pd0) R R

Vo= g3 | —
X R? PdX
Nu Nu Nu
1 3 1 3
NUH R\' R R%/R3 R\%YR
- =~ — _ =
R PdX R? PdX R?2 Pd
NUH Nu Nu
H R R R L RS NUH g R3
- . — —_—
PdX R2PdX -HX R Nu
A B

Figure 2.4. Reaction of c-allenylpalladium which involves nucleophilic attack.
(Source: Meijere, et al. 2004)

In case of propargylpalladium 2 intermediate (Figure 2.5), in the literature two
common types of transformations are encountered; hydrogenolysis and S-H elimination
(Tsuji, et al. 1995).

Hydrogenolysis ~ R—\ _ .
R%Fﬁ Pd(0) — R ———R— "
MeO,CO Xpd Helminatin R— A

Figure 2.5. Reaction of o-prop-2-ynylpalladium intermediate (2).

Pd(0)-catalyzed reactions of propargyl derivatives exhibit different reactivities
depending on the substituents on the propargylic positions. Propargyl alcohols are easily
available substrates but they are the least reactive species. However, their esters such as
acetates, carbonates, and phosphates are very reactive. The main factor of this reactivity
difference is the leaving ability of the propargylic substituents. Acetates, carbonates, and
phosphates are good leaving groups compared to alcohols.

Propargyl carbonates 8 undergo Pd(0)-catalyzed reactions under mild conditions.
The key step of this transformation is the generation of o-allenyl(methoxy)palladiums 9.
Also alkynyl oxiranes 10 behave like ester derivatives and undergo facile reactions under
mild conditions by forming the complex 11 as an intermediate (Figure 2.6).



R? /\‘R2 R R2
RI==—]-R" + Pd() RT=—R® — =
OCO,Me ( OCOMe by, Pd R3
8 MeO 9
Pd(0)
R? 1 2
R N
RS — _
(o Pd :&o
3
10 11 R

Figure 2.6. Reaction of propargyl carbonates and oxiranes.

2.2 Carbonylation Reactions of Propargylic Compounds Containing a
Leaving Group

In Pd(0)-catalyzed alkoxycarbonylation reactions, alkynes substituted with a
leaving group at the propargylic positions are frequently used. As discussed in the
previous section, the key step of these transformation is the formation of o-
allenylpalladium 1 or 11 intermediates (Tsuji, et al. 1987). Carbon monoxide, (CO), can
easily insert into this intermediate to form acyl palladium(ll) species which then
undergoes nucleophilic addition of alcohol to form ester derivatives. Depending on the
reaction conditions mono- and dicarbonylations can take place (Figure 2.7), (Tsuji, et al.
1993).

R R! R? R! R?
, ., Pd(0) >::< co >:
R — R2 — _—
3 R4OH 3 4
X R PdX R OR
o}

X: OCOOR, OCOR, PO(OR), Br, Ms

Figure 2.7. Pd(0)-catalyzed alkoxycarbonylation of propargyl compounds.

As an example from the literature, in 1986, Tsuji and co-workers reported the first
alkoxycarbonylation reaction of propargyl carbonates in Pd>(dba)z-CHCI3/PPh3 catalytic
system. Secondary and tertiary carbonates having internal or terminal alkyne moieties,
yielded desired 2,3-dienyl carboxylate products in good yields (Figure 2.8), (Tsuji, et al.
1986).



~ sz(dba)3CHC|3/ PPh3

=
CO, MeOH,
OCO,Me 40 °C, 10 atm COMe

50%

C7H15\2\ Pd,(dba)s.CHCI3 / PPhs \(‘\/COZMe

CO, MeOH, C-H
OCO,Me 50 °C, 12 atm s
85%
——  Pdy(dba);.CHCl3 / PPhg
C6H13\%/ C H Cone
0OCO,Me CO, MeCH, 67113
40 °C, 5 atm

99%

Figure 2.8. Alkoxycarbonylation of propargyl carbonates with Pd(OAc)2/phosphine
ligand system. (Source: Tsuji, et al. 1986)

Also, they reported that 2,4-dienyl carboxylate was formed instead of allenyl
esters if the reaction was performed in ether, and an alcohol was used as a reactant (Figure
2.9), (Tsuji, et al. 1986).

R2 R’I R2 R3
Ry——=—1— Pd(0), 50 °C =R1WK002R4
OCO,Me Et,O/ R*OH
15 Atm CO

Figure 2.9. Alkoxycarbonylation of propargyl carbonates to form 2, 4-dienyl
carboxylate. (Source: Tsuiji, et al. 1986)

The carbonylation of chiral propargyl mesylates in the presence of Pd(PPhz)s and
under CO and in the presence of water, yielded allenic acids in good yields which were
then converted stereospecifically to butenolides by treatment with AgNOs. A good
transfer of chirality was observed, although racemization occurred by the carbonylation

of the corresponding propargyl carbonate derivative (Figure 2.10), (Marshall, et al. 1997).



OMs  pg(PPh,) { CH
—  |wMe 3/ C7H1is | AgNO 7H1s
CrHis——N Me. . ° =

Va R —
H co H :S:o Me™ N\ Ao
THF-H,0 HO

95% ee 62%, 90% ee

Figure 2.10. Carbonylation reaction of propargylic mesylate to give optically active
allenes. (Source: Marshall, et al. 1997)

In addition, a good transfer of chirality was observed in the carbonylation reaction
of propargyl phosphates in the Pd(OAc)2/1,6-bis(diphenylphosphino)hexane catalytic
system and thus optically active 2,3-dienoates could be obtained with high enantiomeric
excesses (Figure 2.11), (Tsuji, et al. 1995).

== CsHi1_ Pd(OAc), / dpph _ H «CsHqq
6PO(OEt)2 CO (20 atm) CO,Me
MeOH
€O 91 % ee

Figure 2.11. Carbonylation reaction of optically active propargylic phosphates.
(Source: Tsuji, et al. 1995)

Propargyl alcohols are less reactive than their esters. Carbonylation of the tertiary
propargyl alcohol at relatively harsh reaction conditions such as high CO pressures and
temperatures was able to provide the formation of 2(5H)-furanones (Figure 2.12), (Alper,
et al. 1997).

l Pd,(dba)g, dppb, CH,Cl, 0

CXT
OH -
CO (40 atm) =

H, (14 atm)
95 °C, 92%

Figure 2.12. Alkoxycarbonylation of propargyl alcohol.
(Source: Alper, et al. 1997)



The Pd(0)-catalyzed reaction of propargylic oxirane substrates with alcohols
under CO atmosphere also generates hydroxy-functionalized allenic esters in good yields
(Figure 2.13).

CO,R*
1 3 1 2
R R pdo) R ,
4
0 e R*OH, CO 1

Figure 2.13. Alkoxycarbonylation of propargyl oxirane.
(Source Tsuji, et al. 2004)

2.3 Palladium(0)-Catalyzed Reactions of Allylic Compounds

Allylic compounds substituted with leaving groups such as acetates, carbonates,
phosphates etc. play significantly important role in synthetic organic chemistry due to
formation of mw-allyl palladium complexes with palladium catalysts. Further
transformation of this complex with various types of coupling partners offer many
synthetically useful methods for the synthesis of valuable chemicals.

In 1965, Tsiju, et al. reported the first formation of z-allyl palladium complex
from allylic compounds. They described the electrophilic property of w-allyl palladium
complex and regeneration of the Pd(0) after coupled with pronucleophiles which offers

the possibility of a catalytic process (Figure 2.14).



C,O,N

o R/\/\/NU
nucleophile
MR AR
R/\/\ R/\/\/X > R
transmetallation
‘ ’ M'Ar - R/\/\/Ar
transmetallation
lPd(O)
R A~A_M _ _
- R/\/\/\/\R'
transmetallation
RN | —
Pd CO.ROH | A~ A COR
carbonylation
R'M'M'R' B
> R/\/\/MR
metallation
o R/\/\
H /
hydrogenolysis \R/\/\
p-Elimination g XX

Figure 2.14. Palladium-catalyzed reactions of allylic compounds.
(Source: Tsuji, et al. 2004)

2.4 Carbonylation Reactions of Propargylic Compounds Containing a
Leaving Group

In 1964, Tsuji, et al. showed that B,y-unsaturated esters can be prepared by
carbonylation of allylic compounds. According to researchers, z-allylpalladium chloride
can be converted to f,y-ester derivatives under CO pressures in alcohols with PdCl; as
the catalyst (Figure 2.15).
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_~_C PdCl ~ -~ COsEt

CO, EtOH, 120 °C

Figure 2.15. Palladium-catalyzed carbonylation reaction of 3-chloroprop-1-ene.
(Source: Tsuji, et al. 1964)

In 1984, Tsuji, et al. described the synthesis of f,y-unsaturated ester derivatives

by the reaction of allylic carbonates and alcohol in Pd(OAc)./PPhs catalytic system under
mild reaction conditions (Figure 2.16).

Pd(OAc), / PPh;

50 °C
Balloon Pressure of CO
EtOH

_~_OCOEt

_~_COEt

75%

Pd(OAc), / PPh3
50 °C

Balloon Pressure of CO

EtOH 1%

PhN-"N0C0,Et

PhN-"Co,Et

50 °C
OCO,Et Balloon Pressure of CO  2g9,
EtOH
Ph Ph
0CoEt PAUOACKR/PPhs | co et
50 °C, CO (5atm)
EtOH

80%

Figure 2.16. Palladium-catalyzed alkoxycarbonylation of allyl carbonates.
(Source: Tsuji, et al. 1984)

According to the proposed reaction mechanism, z-allylpalladium alkoxide
intermediate can be formed from the the oxidative addition of palladium catalyst to an
allyl carbonate and subsequent decarboxylation. The following carbon monoxide

insertion reductive elimination steps lead to formation of 5, y-unsaturated ester derivatives
and regeneration of the Pd(0) species (Figure 2.17).
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Pd(0)L . OCO,R - . JOR
_~_OCOR _Pd(O)Ln <‘Pd/ R_CO, <‘;_pd/
, OR
CO qp(jf / pd/COZR . /\/COQR + Pd(0)Ln

)

Figure 2.17. Alkoxycarbonylation mechanism of allyl carbonates.

In 1993, Murahashi, et al. showed that allyl phosphate derivatives are suitable

reagents for Pd(0)-catalyzed carbonylation reactions, although harsh reaction conditions

were required. The reaction was carried out over the Pdx(dba)s-CHCIs/PPhs catalytic

system at high CO pressures and temperatures to obtain the f,y-unsaturated esters with

high yields. It was noted that isomerization of the double bond was occurred depending

on the substituents on the allyl phosphate derivatives (Figure 2.18).

R2 2 mol% Pd,(dba);CHCl, R2

2 mol% PPh
N 3
R1/\)\OP(O)(OEt)Q RV\)\COZR

1 equiv i-PrNEt
30 atm CO

R'=Ph, R?= H 50 °C, 1 mL ROH 90% (E/Z : 100/0) R'= Ph, R2= H
R'= C3Hy R?=H 88% (E/Z : 84/16) R'= C3H; R2=H
R'=H, R%= CsHy4 91% (E/Z : 85/15) R'= CsHy4 R2=H

Figure 2.18. Palladium-catalyzed alkoxycarbonylation of allyl phosphates.
(Source: Murahashi, et al. 1993)

They also showed that ,y-unsaturated esters could be synthesized by the reaction

of allyl acetates at high CO pressures and temperatures. The reaction was carried out

over the Pd(dba)s-CHCIz/PPhs catalytic system, and NaBr was used as a co-catalyst

(Figure 2.19). NaBr accelerates the reaction because, after the generation of z-

allylpalladium acetate complex ligand exchange of acetate with bromide took place, this

making the CO insertion more facile (Figure 2.19), (Murahashi, et al. 1993).
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2 mol % Pd,(dba);CHCl,

8 mol% PPh
1N 3
R OCOEt . R1/\/\COZR
1 1 equiv i-PrNEt, 0.2 equiv. NaBr .
R'=Ph 30 atm CO 84% (E/Z : 100/ 0)
R'=C3H, 50 °C, 1 mL ROH 68% (E/Z : 80 / 20)

R!= TMS 76% (E/Z:100/0)

Figure 2.19. Palladium-catalyzed alkoxycarbonylation of allyl acetates..
(Source: Murahashi, et al. 1993)

Harsh reaction conditions were needed for less reactive allylic alcohols. However,
carbonylation of allylic alcohols proceeds smoothly in the presence of phenol as a
nucleophile. 4-Phenyl-3-butenoate was obtained in a good yield from cinnamyl alcohol
under 5 atm of CO at 100 °C with Pd2(OAc)./PPhs catalytic system (Satoh, et al. 1997).

Pd(OAc), / PPhy
Ph __~~_OH

Ph._~_ CO,Ph
PhOH, CO (5 atm)

100 °C, benzene 80%

Figure 2.20. Palladium-catalyzed alkoxycarbonylation of allyl alcohol.
(Source: Satoh, et al. 1997)

Allyl alcohol was carbonylated under a high pressure of CO2 (50 atm) and CO (50
atm) mixture at 110 °C in dioxane to provide 2-butenoic acid as the major product and 3-

butenoic acid as the minor product (Sakamoto, et al. 1996).

Pd(PPh3),

/\/OH /\/COZH + /\/C02H
CO (50 atm)
CO, (50 atm) 8% 92%

dioxane, 110 °C

Figure 2.21. Palladium-catalyzed alkoxycarbonylation of allyl alcohol.
(Source: Sakamoto, et al. 1996)

Pd(0)-catalyzed reactions of alkenyloxiranes afford either 1,4-adducts or 1,2-
adducts. 1,4-Adducts are mainly obtained under usual conditions due to the electronic

effect of the epoxide oxygen atom (Figure 2.22), (Tsuji, et al.1981, Trost, et al. 1981).
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OH

1,4-addition RNRZ
RS>, PO N
2 ———

HNu OH

1,2-additi 1
,2-addition R\/\H\RZ

Nu

Figure 2.22. Palladium-catalyzed nucleophilic reactions of allylic oxiranes.

f,y-Unsaturated 6-hydroxyesters are obtained by regioselective carbonylation of
isoprene oxide in EtOH using a ligand-free Pd catalyst at room temperature under high
CO pressure (30 atm). (Figure 2.23), (Shimizu, et al. 1993).

Me n-allyl-PdCl CO,Et
o@v + co + EtoH AWPACOD: - HO TN
I'PerEt Me
30 atm RT

Figure 2.23. Palladium-catalyzed alkoxycarbonylation reactions of allylic oxiranes.
(Source: Shimizu, et al. 1993)

2.5 Synthesis of Vinylallenes

Vinylallenes are reactive compounds toward various cycloaddition and
cyclization reactions. They exhibit particularly higher activity and selectivity with Diels-
Alder reactions, because their configurational equilibrium is more on the side of s-cis
conformer -a prerequisite for a [4+2] cycloaddition reaction to occur effectively-than for
1, 3-dienes (Bond, et al. 1990).

2.5.1 Synthesis of Vinylallenes with Grignard Reagent

In 1972, Gore, et al. developed a method for the synthesis of vinyl substituted
allenes by the reactions of 1-chloro-2-en-4-ynes with methylmagnesium iodide and
trimethylsilylmagnesium chloride in moderate to good yields (Figure 2.24). The method
was just limited to methylmagnesium iodide and trimethylsilylmagnesium chloride, other

Grignard reagents completely failed to yield desired vinylallene derivatives.
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Me &
MeMgl Me;SiCl ™S
= 48% Me Mg/HMPA —
Me

Cl 50% Me
Rt R Rt R
- Cl MeMgl / H
2R EtOH, reflux ~ Me R2
H
1a: R'=R%=H, R%= Me 2a:50%
1b : R'=Me, R%=R%= H 2b: 52%
1c:R'=R2=Me, R®=H 2¢:75%
1d : R'=R?=R%=Me 2d: 78%

Figure 2.24. Reaction of chloro-enynes with Grignard reagents.
(Source: Gore, et al. 1972)

2.5.2 Synthesis of Vinylallenes with Organocopper Reagents

In 1999, Krause, et al. developed a regioselective 1,5-(Sn2’’)-type reaction of (E)-
2, 4-enyne acetates with various lithium dialkylcuprates affording the vinylallenes
exclusively. However, this method afforded the desired vinylallene structures as a
mixture of E- and Z- isomers. Moreover, the method was not suitable for aryl- or alkenyl
lithium cuprates.

OAc . o,
X , RsCuli RS R
7 RE——~

R’ R'
R'=R?=Me, R3*=Bu 90% (E:Z = 67:33)
R'=R?=Me, R3=t-Bu 93% (E:Z = 25:75)
R'=Me,Si, R?=t-Bu, R3=Me 96% (E:Z = 40:60)
R'=Bu, R?=t-Bu, R3=Me 92% (E:Z > 99:1)

Figure 2.25. 1, 5-(Sn2””)-type Substitution reaction of enyne acetates with dialkyl
cuprates. (Source: Krause, et al. 1999)

They also applied their methodology to (E)-2,4enyne oxirane substrates, which
were treated with Me>CuLi-Lil or t-Bu,CuLi'LiCN. The substrate reacted cleanly with the
tert-butylcuprate to afford the alkylated vinylallene with a primary hydroxyl group,
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whereas its reaction with the lithium dimethylcuprate reagent proceeded without coupling
and led to exclusive reduction to a vinylallene.

Bu
t-Bu,CulLi - LICN \
uyCuli - Li _ . Me
Me 0 H+ t-Bu <\:4LL
—OH
= Me,CuLi - Lil Bu

By - %'ﬁ—{”e
y _
H —OH

Figure 2.26. 1, 5-(Sn2”’)-type Substitution reaction of enyne oxiranes with dialkyl
cuprates. (Source: Krause, et al. 1999)

2.5.3 Palladium(0)-Catalyzed Synthesis of Vinylallene with Organozinc
Reagent

In 2003, Ma, et al. showed that vinyl allene structures can be formed by the
palladium-catalyzed  coupling  reaction  of  propargyl  mesylates  with
alkoxycarbonylethenyl zinc complexes with excellent yields in the presence of [{PdCI(z
-C3Hs)}2]/2-diphenylphosphino-2’-hydroxy-1,1’-binaphthalene (L) catalytic system
under mild conditions (Figure 2.27).

2
R2 [PACI (m-C3Hs)]p(2mol %) R
=\ L (10mol%) 1/\/\
/ OMs + 1z Okt R COEt
R THF, RT

R'= TBS, R?= n-C4Hg(1a) OO OH

97%
R'= TMS, R?= n-CgH17

PPh; 95%
R'= TMS, R?= Bn OO 97%

R'= t-Bu, R?= n-C4H; 100%
R'=n-CsHqq, R%=H L 100%

Figure 2.27. Synthesis of vinylallenes by organozinc reagents. (Source: Ma, et al. 2003)
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2.5.4 Palladium(0)-Catalyzed Synthesis of Vinylallenes by N-
Tosylhydrazone Salts

In 2011, Chen, et al. reported that diazo compounds generated in-situ from N-
tosylhydrazone salts in the presence of a base, behave as a nucleophile and react with the
propargylic carbonates to form vinylallene structures in the presence of [Pd2(dba)s]
(Figure 2.28).

@

R'I ) © Na AI'1
R + N’N‘Ts 10mol % [Pdy(dba)s;] RW
=~ ~OCO;Me J|\ - A
Ar' Ar2 BnEt;NCI (1eq) R
Cs,CO3 (2.2eq)
Dioxane, 80 °C
1a : Ar'=CgHs, R'=i-Pr, R?=H Ar?=CHs 3a=64%
1b : Ar'=CgHs, R'=n-Pr, R?>=H 3b=51%
1c : Ar'=p-MeOCgHs, R'=Et, R%=H 3¢c=70%
1d : Ar'=CgHs, R'=i-Pr, R%=H 3d=44%
1e : Ar'=CgHs, R'=Me, R2=Me 3e=40%

Figure 2.28. Synthesis of vinylallene by N-tosylhydrazone salt.
(Source: Chen, et al. 2011)

2.5.5 Palladium(0)-Catalyzed Synthesis of Vinylallene by Alkenyl
Trifluoroborates

In 2006, Molender, et al. reported Pd(0)-catalyzed cross-coupling reaction of
enantio-enriched propargylic carbonates and phosphates with alkenyltrifluoroborates.
The method allowed center-to-axial chirality transfer and the desired vinylallene

structures were synthesized in good enantiomeric excesses (Figure 2.29).
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Pd(PPh3),
3eq. NaHCO4 GF
THF/H,0(25:1),RT H Z R,

—=—FG
R1 . R1
PH R, j\BFsK

Ph

Figure 2.29. Synthesis of vinylallene by alkenyltrifluoroborates.
(Source: Molander, et al. 2006)

2.5.6 Rhodium(l)-Catalyzed Reaction of the (Z)-Enyne Acetate with
Organoboronic Acids

In 2011, Ugiincii, et al. reported that Rh(l)-catalyzed reaction of (Z)-2,4-enyne
acetates with organoboronic acids afforded vinylallenes. The reaction is suitable for

arylboronic acids having both electron-withdrawing or -donating groups (Figure 2.30).

R']
1 2
N\ [RhOH(cod)l,, (6% Rh) R
+  ArB(OH), .
MeOCO R2 THF:water (2:0.1) mL Ar —
/ CsF (0.45 mmol) =3
RS RT, 16 h %83

Figure 2.30. Rh(I)-catalyzed reaction of the (Z)-enyne acetate with organoboronic acids.
(Source: Ugiinci, et al. 2011)

2.5.7 Palladium(0)-Catalyzed Reaction of 2,4-Enyne Carbonates with
Organoboronic Acids

Uciincii, et al. also (2011), showed that arylboronic acids having different electron
deficient or electron donating substituents are good coupling partner for Pd(0)-catalyzed
reaction of both (E)- and (Z)-2,4-enyne carbonates, yielding exclusively the (E)-

configured vinylallene derivatives (Figure 2.31).
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R1

\ Pd,(dba)s.CHCl5 ,(3% Pd) R! R?
+  ArB(OH), - N
MeO,CO R? PPh3 (4 eq.) Ar —
) THF:Water (5:0.4) mL R3
RS 65°C, 1h 77%-92%

Figure 2.31. Palladium-catalyzed reaction of 2, 4-enyne carbonates with organoboronic
acids. (Source: Uciincii, et al. 2011)

2.5.8 Palladium(0)-Catalyzed Alkoxycarbonylation Reaction of 2,4-
Enyne Carbonates

In 2011, Akpinar, et al. showed for the first time that conjugated (Z)-2,4-enyne
derivatives bearing a carbonate as a leaving group at the allylic moiety underwent Pd(0)-

catalyzed reaction to lead 2,3,5-trienoate products in high yields (Figure 2.32).

R2 R2
Pd,(dba);.CHCI; (1% Pd) _
1// N + CHzOH + CO R! R3
R
MeO,CO R3 PPhS (2eq) COOCH
50 °C, 4-5h S

49%-91%

Figure 2.32. Palladium-catalyzed alkoxycarbonylation reaction of (Z)-2, 4-enyne
carbonates. (Source: Akpinar, et al. 2011)

The reaction conditions were also applied to an enantio-enriched (2)-2, 4-enyne
carbonates. It was found that the reaction proceeded with complete racemization. But
after tuning the reaction parameters, moderate to good transfer of chirality was observed
depending on the olefin geometry and substituents on the alkyne moiety (Figure 2.32),
(Karagoz, et al. 2014).
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Me Pd,(dba)s.CHCI3, (2% Pd), Me

=——Bu  DPEphos (2 eq.
% phos (2 eq.) . e
mOCO,Me MeOH, CO MeOZC""//
M€ 10°C, 36 h Bu
94% yield
>99% ee 79% ee
Pd,(dba)s.CHCls, (2% Pd), Me
M 2 3 3
i QCOMe  oF ohos (2 eq.) _)\/\Me
“Z Me MeOH, CO Me oHé/
10°C, 22 h 2 o
96% ee 90% yield
44% ee
Me OCO,Me Pdy(dba)s.CHCls, (10% Pd), Me
A DPEphos (2 eq.) )\/\
Z Me tBury” Me
t-Bu MeOH, CO MeO,C
10°C, 60 h
96% ee 89% yield
95% ee

Figure 2.33. Palladium-catalyzed alkoxycarbonylation reaction of (E and Z)-2, 4-enyne
carbonates leading to enantio-enriched vinylallene derivatives. (Source:
Karagoz, et al. 2014)

2.5.9 Vinylallenes in Synthesis

Vinylallenes are valuable dienophiles in Diels-Alder reactions. As an example
from the literature, Krause, et al. showed that vinylallenes reacted with maleic anhydride

in refluxing toluene within 30 h to provide cycloadduct exclusively (Krause, et al. 1996).

t-Bu . CO,Et
Met 2

H maleic anhydride - tBu.
o
CO,Et

toluene, reflux
30 h, 57% Me 5 °

Figure 2.34. Diels-Alder reactions of vinyallenes. (Source: Krause, et al. 1996)
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Vinylallenes are also good reactants for varios cycloisomerization reactions. In
2006, Toste, et al. developed a gold(l)-catalyzed cycloisomerization of vinyl allenes for
the synthesis of cyclopentadienes. The mild reaction conditions of this gold(l)-catalyzed
carbon-carbon bond-forming reaction provide a regiospecific method for the synthesis of

highly functionalized cyclopentadienes.

Me
Me .:/Ph [PhsPAuCI] / AngF5= Ci}
DCM, 0°C bh
5 min., 97%

Figure 2.35. Gold-catalyzed cycloisomerization reactions of vinylallenes.
(Source: Toste, et al. 2006)

Also, lwasawa, et al. developed a PtCl,-catalyzed preparation of highly
substituted cyclopentadiene derivatives from 1,2,4-trienes. This reaction proceeds under
mild conditions to afford a variety of well-defined, highly substituted cyclopentadienes

effectively.

Et
— PtCl, Ph Et

ph/j 4A moleculer sieve
DCE, RT, 86%

Figure 2.36. Platinium-catalyzed cycloisomerization reactions of vinylallenes.
(Source: Iwasawa, et al. 2006)
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CHAPTER 3

EXPERIMENTAL STUDY

3.1. General Procedures for Drying the Solvents

THF, DMF, and DCM solvents were all purified by a solvent purification system.
Et:O was distilled from benzophenone-ketyl under argon prior to use. Methanol and
ethanol were dried over Mg turnings in the presence of iodine and stored on molecular
sieve 3A under Ar. 1-Propanol and 2-propanol were dried first by stirring over anhydrous
CaO followed by refluxing over Mg turnings in the presence of iodine. 1-Butanol was
dried first by stirring over anhydrous MgSOa4 and then refluxed over Mg turnings in the
presence of iodine. tert-BuOH was stirred over CaH. (5% wi/v), distilled, and stored on

molecular sieve 3A under Ar.

3.2. Synthesis of Substrates

Syntheses of all enyne oxirane starting materials (1) were performed under Ar gas
and purification of all synthesized molecules was performed by column chromatography
on silica gel. Silica gel material used for the purification of enyne oxirane substrates had
a particle size range of 60-200 mesh and treated by NEtz before use. It must be noted that
the column chromatography of the substrate 1 on an untreated silica gel always resulted
in decomposition. All other column purifications were performed on silica gel 60 (35-70
um). All substrates appeared either colorless or pale yellow oils. The Pd2(dba)s-CHCIs

complex was synthesized in the laboratory (Ukai, et al. 1974).
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3.2.1. Synthesis of (2)-1a

n-Bu
3,4-Dihydropyran,
\\ p-CH3CgH,SO3H \\ 1. BuLi, -78 °C,and 0°C, 1 h \\
/ Me > / Me > / Me
RT, 45 min 2.BuBr
HO s1 THPO 2 THPO
S3
n-Bu n-Bu
1. MeOH, p-MeCgH,SO3H, AN MnOy, Etz0 AN
45-60 min, RT _ RT, overnight
> / Me ——— / Me
2. NEt3 Y
HO 0]
S4 S5

To the mixture of commercially available, (Z)-pent-2-en-4-yn-1-ol (S1) (1.92 g,
20 mmol) and 3,4-dihydropyran (2.2 mL, 24 mmol) was added p-toluenesulfonic acid (44
mg, 0.02 mmol) and then stirred for 45 min at room temperature (RT). Then, the mixture
was diluted with 40 mL of dry THF under Ar and cooled to -78 °C. At that temperature,
24 mmol of BuLi (1.6 M in hexane, 15 mL) was added dropwise via a syringe. After
stirring the reaction mixture for 1 h at 0 °C, butyl bromide (4.3 mL, 40 mmol) was added
and the mixture was stirred for 5 days at reflux. The reaction was quenched by the addition
of saturated NH4Cl(aq) solution and the reaction solution was extracted with Et20. The
organic phase was washed with water, dried over MgSQOyg, filtered, and concentrated under
reduced pressure. The residue was used in the following step without any other
purification (Betzer, et al. 1997).

To a solution of the preceding crude compound (S3) in methanol (60 mL) p-
toluenesulfonic acid (1.2 g, 6 mmol) was added and the resulting solution was stirred at
RT for 45-60 min. Then, triethylamine was added (1.8 mL), and the solution was
concentrated under reduced pressure. The mixture was taken into DCM and washed with
water. The combined extracts were washed with brine, dried over MgSQsa, filtered, and
concentrated under reduced pressure. Purification by column chromatography on silica
gel gave the enynol S4 (hexane-EtOAc, yield: 2.43 g, 80%), (Ukai, et al. 1974).

To the solution of S4 (=17 mmol) in 60 mL of dry diethyl ether, activated MnO-
(30 g, 0.3 mol) was added, and the mixture was stirred overnight at RT. After filtration
through Celite, the solution was concentrated under reduced pressure. The crude aldehyde
(S5) was used in the next step (Betzer, et al. 1997).
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M
(2)1a

Bu Bu Bu
\\ 1. [CH(CH3),PPh;]I \\ m-CPBA, %25 Na,CO3(aq) \\
/ Me / Me / Me
2. BuLi, -78 °C, and 0 (0]
, andy,. 0°C, DCM

s 0°C, 1h, THF Me
Me e
S6

S5

A hexane solution of BuLi (4.8 mL, 12 mmol, 2.5 M) was added dropwise to a solution
of isopropyl(triphenyl)phosphonium iodide (4.32 g, 10 mmol) in THF (30 mL) at 0 °C,
and stirred for further 1 h. The enyne aldehyde S5 (1.8 g, 12 mmol), was added dropwise
to the resulting mixture and stirred for 1 h at RT. The reaction was quenched by the
addition of saturated NH4Cl(aq) solution, and the organic layer was extracted with diethyl
ether. The combined extracts were dried over MgSO4, and chromatographed on a silica
gel column to obtain pure S3a (hexane/EtOAc, yield: 1.65 g, 78%), (Ming-Yuan, et al.
2004).

To asolution of S6 (352 mg, 2 mmol) in DCM (30 mL) was added 12 mL solution
of Na2COz(aq) (25%) followed by 3.4 mmol (587 mg) m-chloroperbenzoic acid dropwise
at 0 °C. The mixture was stirred at same temperature and monitored with TLC until the
reactant was consumed completely. At the end of the epoxidation process, the mixture
was extracted with DCM, dried over anhydrous MgSOyg, filtered, and concentrated under
reduced pressure. The crude mixture was chromatographed on NEts-pretreated short
silica gel column which afforded the enyne oxirane (Z)-1a as a colorless oil (hexane-
EtOAc, yield: 269 mg, 70%).

3.2.2. Synthesis of (Z)-1d

Bu Bu Bu
\ \\ DIBALH \
A (EtO),P(O)CH,CO,Et o \
/ Me / Me / Me
y NaH, THF J DCM
3 .78 °C-RT Et0,C 78°C 2
HO
S5 s7 S8
Bu
m-CPBA, %25 Na,COs(aq) \\
Me
DCM, 0 °C o/
HO
(2)1d
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To a solution of NaH (525 g, 22 mmol) in THF (50 mL) was added triethyl
phosphonoacetate (4.8 mL, 24 mmol) at 0 °C, and the mixture stirred 1 h at RT.
Subsequently, to the reaction mixture was added S5 (3 g, 20 mmol) dropwise at -78 °C
and stirred for 1 h at RT. The reaction was terminated by the addition of aqueous
NH4Cl(aqg) solution and extracted with Et2O. The organic layer was dried over MgSQg,
filtered and concentrated under reduced pressure to give E/Z isomer 95:5 isomeric ratio.
The crude mixture was purified on silica gel column to obtain S7 in pure isomeric form
(hexane-EtOAc, yield: 3.17 g, 72%), (Urabe, et al. 1997).

A DIBALH (44 mL, 44 mmol, 1.0 M in cyclohexane) solution was added
dropwise to the solution of S7 (3.85 g, 17.5 mmol) in DCM (120 mL) at —78 °C. After
the reaction mixture was stirred for 4 h at the same temperature, 1 M HCI(aq) solution
was added before extracting with DCM. The organic layers were combined, washed with
brine, dried over MgSQyg, filtered, and concentrated under reduced pressure. The crude
mixture was subjected to silica gel column chromatography to purify the corresponding
S8 compound (hexane-EtOAc, yield: 2.65 g, 85%), (Kajikawa, et al. 2009).

The epoxidation of S8 (356 mg, 2 mmol) and isolation of the product (Z)-1d was
performed as specified for (Z)-1a (hexane-EtOAc, yield: 233 mg, 60%).

3.2.3. Synthesis of (Z)-1i and (2)-1i’

Bu
BBrs, DCM Br PdCl,(PPha),, THF, 0 °C Bu. =
Bu— > BU‘Q_ _ > |
-78°C,and0°C,1h Bpin Bu—=—=—2nClI 8pin
S9 s10
Bu Bu
I C\— / Bu
—~/ o]
Pd,(dba)s, AsPhs YA Bu m-CPBA 7 .
Bu THE, 0 °C BU s11 25% Na,CO3(aq) Bu (2)-1i
S10 Bu 0°C,DCM Bu Bu
— Bu —
BU I Vi / o}
Bu st Bu 2)-1i
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1-Hexyne (2.3 mL, 20 mmol) was added dropwise to a solution of BBr3z (22 mL,
22 mmol, 1 M) in dry DCM at -78 °C. The mixture was allowed to warm to ambient
temperature, and stirred for 1 h. The reaction mixture was re-cooled to -78 °C and a
solution of 2, 3-dimethylbutan-2,3-diol (2.84g, 24 mmol) in dry DCM (20 mL) was added
dropwise. Following this addition, the mixture was warmed to ambient temperature and
stirred for 1 h. Then, the mixture was quenched by brine and extracted with DCM. The
combined organic layers were dried over MgSOsa, filtered and evaporated. The residue
was purified on silica gel column to afford S9 as a colorless oil (hexane-EtOAc, yield:
3.57 g, 62%), (Wang, et all. 2009).

To a stirred solution of S9 (4.64 g, 16 mmol) and PdCI>(PPhs)2 (1 mol%, 112 mg,
0.16 mmol) in dry THF (20 mL) was added a solution of 1-hexynylzinc chloride, which
was generated by treatment of 1-hexyne (1.6 g, 19.2 mmol) with BuLi (8.5 mL, 20.7
mmol, 2.5 M in hexane) in dry THF (20 mL) for 30 min at -78°C and following treatment
with ZnCl; (2.72 g, 19.2 mmol) for 30 min at 0°C. The resultant reaction mixture was
stirred at RT for 1 h before quenching by 0.5 M HCI(aq). The content of the reaction
medium was extracted with ether, washed with saturated NaHCOz(aq) and brine, dried
over MgSOq, filtered, and concentrated under reduced pressure. The residue was purified
on silica gel column to afford S10 as a colorless oil (hexane-EtOAc, yield: 3.9 g, 84%),
(Wang, et all. 2009).

A mixture of Pdz(dba)s (137 mg, 0.15 mmol, 3 mol % of Pd), AsPhs (184 mg, 0.6
mmol, 6 mol % of As), and 15 mL of 1 M KOH(aq) in 50 mL of THF was cooled to 0 °C
before the addition of the compound S10 (2.9 g, 10 mmol). Then, a THF solution (10 mL)
of trans- (Stille, et al. 1987) or cis-1-iodo-1-hexene (Denmark, et al. 2005) (2.52 g, 12
mmol), which were synthesized according to the literature procedures, was added
dropwise and the reaction stirred for 30 min at RT. After the completion of the reaction,
water was added to the resulting mixture before extracting with ether. The combined
extracts were dried over MgSOsg, filtered and concentrated under reduced pressure. The
residue was purified on silica gel column to afford S11 or S11” as yellowish oil products
(hexane-EtOAc, yield of S11: 1.89 g, 77%; yield of S11°: 1.25 g, 51%), (Fang, et al.
2010).

To a solution of S11 or S11° (492 mg, 2 mmol) in DCM (30 mL) was added 12
mL solution of Na2COz(aq) (25%) followed by 587 mg of m-CPBA (3.4 mmol) at 0 °C.
The mixture was stirred at the same temperature and monitored with TLC until the

reactant was consumed completely. At the end of the epoxidation process, the mixture
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was extracted with DCM, dried over anhydrous MgSQsa, filtered, and concentrated under
reduced pressure. The crude mixture was chromatographed on NEts-pretreated short
silica gel column which afforded the enyne oxirane (Z)-1i or (Z)-1i’ in about 85% purities
as pale yellow oil products (hexane-EtOAc, yield of (Z2)-1i: 300 mg, 57%; yield of (2)-
1i’: 158 mg, 30%).

3.2.4. Synthesis of (Z)-1m

pMe MO2EWO A e (EIOLPOICH,COEL pum
HO RT, overnight O/ NaH, THF EO,C /

S1 -78 °C-RT
1. NaH, DMF
DIBALH m-CPBA, %25 Na,COs(aq) 20°C
Me 5
/ Me 1) / e o / Me
DCM DCM, 0 °C 2. Mel
-78°C HO HO -20°C  Me-g

(Z)1m

To the mixture of commercially available, (Z)-pent-2-en-4-yn-1-ol (S1) (1.92 g,
20 mmol) in 80 mL of dry diethyl ether, 37 g of activated MnO> (0.4 mol) was added,
and the mixture was stirred overnight at RT. After filtration through Celite, the solution
was concentrated under reduced pressure. The crude aldehyde was used in the next step
(Betzer, et al. 1997).

To a solution of NaH (525 g, 22 mmol) in THF (50 mL) was added triethyl
phosphonoacetate (4.8 mL, 24 mmol) at 0 °C, and the mixture stirred 1 h at RT.
Subsequently, to the reaction mixture was added S12 (1.88 g, 20 mmol) dropwise at -78
°C and stirred for 1 h at RT. The reaction was terminated by the addition of aqueous
NH4Cl(aq) solution and extracted with EtO. The organic layer was dried over MgSOs,
filtered and concentrated under reduced pressure to give E/Z isomer 95:5 isomeric ratio.
The crude mixture was purified on silica gel column to obtain S13 in pure isomeric form
(hexane-EtOAc, yield: 2.3 g, 70%), (Urabe, et al. 1997).

A DIBALH (44 mL, 44 mmol, 1.0 M in cyclohexane) solution was added
dropwise to the solution of S13 (2.87 g, 17.5 mmol) in DCM (120 mL) at —78 °C. After
the reaction mixture was stirred for 4 h at the same temperature, 1 M HCl(aq) solution

was added before extracting with DCM. The organic layers were combined, washed with
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brine, dried over MgSQyg, filtered, and concentrated under reduced pressure. The crude
mixture was subjected to silica gel column chromatography to purify the corresponding
S14 compound (hexane-EtOAc, yield: 1.81g, 85%), (Kajikawa, et al. 2009).

The epoxidation of S14 (244 mg, 2 mmol), isolation of the product S15,
methylation of the pendant hydroxyl group of S15 (166 mg, 1.2 mmol), and isolation of
the product (Z)-1m were performed as specified for (Z)-1a and (Z)-1d, respectively,
(hexane-EtOAc, yield of S15: 166 mg, 60%; yield of (Z)-1m: 144 mg, 87%).

3.2.5. Synthesis of (Z)-1q and hydroxyl tethered (2)-2,4-enyne oxiranes

R1
CO,Et ) AN
R =
% HOAc, Nal \%\COZEt R'——, NEt; )
R? / R
3h, 115°C | Pd(PPh:;)ZCIz, Cul EtO,C
3h, RT
$16 s17 s18
R! R!
DIBAL, DCM MnO,, Et,0
-78 °C \\
p R2 RT, overnight p R2 (EtO),P(O)CH,CO,Et p R2
NaH, THF J
78 °C-RT EtOC
S21
DIBALH , MCPBA, %25 Na,COs(aq)
DCM DCM, 0 °C
-78°C HO

To a solution of alkynoic ester S16 (40 mmol) and acetic acid (240 mmol, 13.8
mL or 512 mmol, 20.8 mL when S16 is ethyl 4, 4-dimethylpent-2-ynoate and ethyl 3-
cyclohexylpropiolate) was added sodium iodide (9.6 g, 64 mmol or 19.2 g, 128 mmol
when S23 is ethyl 4, 4-dimethylpent-2-ynoate and ethyl 3-cyclohexylpropiolate) and
stirred for 3 h at 115 °C. After completion of the reaction, the brown mixture was
transferred while hot to a separatory funnel containing water (10 mL/mmol of the ester
substrate). The reaction flask was washed with a mixture of water (5 mL) and diethyl
ether (30 mL/mmol of the ester substrate). The washings were combined in a separatory

funnel. The phases were separated and the aqueous phase was extracted with diethyl ether.
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The combined organic phases were treated sequentially with saturated aqueous
NaHCOs3(aq), Na2S203(aq) (1 M), and brine and then dried over MgSOs, filtered, and
concentrated under reduced pressure. The product was purified by column
chromatography on silica gel (hexane-EtOAc, yields; R?= H, 7.6 g, 84%; R>= Me, 8.4 g,
87%; R?=t-Bu, 9.6 g, 85%; R?= Cy, 10.6 g, 86%), (Piers, et al. 1994).

A mixture of S17 (30 mmol), PdCI>(PPhz)2 (210.6 mg, 0.3 mmol, 1% mol of Pd),
and Cul (29 mg, 0.15 mmol, 0.5% mol of Cu) in 140 mL of EtsN was stirred for 10 min
at RT under Ar, and then, to this mixture was added a terminal alkyne (36 mmol). The
mixture was stirred at RT for 3h. At the end of the reaction, water was added to the
resulting mixture and then extracted with Et.O. The combined organic layers were dried
over MgSOas. The solvent was evaporated in vacuo and the product S18 was purified by
column chromatography on silica gel (hexane-EtOAc, vyields: R'= Bu, R?>= H, 4.97 g,
92%; R= Ph, R?>= Me, 5.97 g, 93%; R!= Cy, R?*= Me, 5.94 g, 90%; R'= t-Bu, R?>= Me,
4.95 g, 85%; R'= Bu, R?>=t-Bu 6.23 g, 88%, R'= Bu, R?>= Cy, 6.21 g, 79%).

A DIBALH (~3 eqg, 1.0 M in cyclohexane) solution was added dropwise to the
solution of S18 in DCM (~6 mL/mmol S18) at —78 °C. After the reaction mixture was
stirred for 4 h at the same temperature, 1 M HCI(aq) solution was added before extracting
with DCM. The organic layers were combined, washed with brine, dried over MgSOzg,
filtered, and concentrated under reduced pressure. The crude mixture was subjected to
silica gel column chromatography to purify the corresponding S19 compound (hexane-
EtOAcC; yields of S19: R'= Bu, R?= H, 3.14 g, 91%; R!= Bu, R?>= Cy, 4.89 g, 89%;R!=
Cy, R?=Me, 3.60 g, 81%; R!=t-Bu, R?>= Me, 3.57 g, 94%; R'= Bu, R>=t-Bu, 4.2 g, 88%;
R!= Ph, R%= Me, 3.87 g, 90%), (Kajikawa, et al. 2009).

To the solution of S19 (=20 mmol) in 70 mL of dry diethyl ether, activated MnO-
(35.1 g, 0.35 mol) was added, and the mixture was stirred overnight at RT. After filtration
through Celite, the solution was concentrated under reduced pressure. The crude aldehyde
(S20) was used in the next step (Betzer, et al. 1997).

To a solution of NaH (1.1 eq) in THF (2.5 mL/mmol S20) was added triethyl
phosphonoacetate (1.2 eq) at 0 °C and the mixture stirred for 1 h at RT. Subsequently, to
the reaction mixture was added S20 (6.5-10 mmol) dropwise at -78 °C, and stirred for 1
h at RT. The reaction was terminated by the addition of saturated NH4Cl(aqg) and extracted
with Et2O. The organic layer was dried over MgSQsa, filtered, and concentrated under
reduced pressure to obtain S21 with E/Z isomeric ratios varying in the range of 97:3 to

95:5 (Urabe, et al. 1997). The crude mixture was purified on silica gel column (hexane-
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EtOAC) to obtain S21 in pure isomeric form (yields of S21 R!= Bu, R?>= H, 1.48 g, 72%;
R!= Bu, R?= Cy, 1.4 g, 68%; R'= Cy, R?>= Me, 1.97 g, 80%; R!=t-Bu, R?>= Me, 1.80 g,
82%; R!= Bu, R?>=t-Bu, 2.12 g, 81%; R'= Ph, R?>= Me, 2.04 g, 85%).

A DIBALH (~3 eq, 1.0 M in cyclohexane) solution was added dropwise to the
solution of S21 in DCM (~6 mL/mmol S21) at —78 °C. After the reaction mixture was
stirred for 4 h at the same temperature, 1 M HCl(aq) solution was added before extracting
with DCM. The organic layers were combined, washed with brine, dried over MgSQOa,
filtered, and concentrated under reduced pressure. The crude mixture was subjected to
silica gel column chromatography to purify the corresponding S22 compound (hexane-
EtOAcC; yields of S22: R!= Bu, R?>= H, 1.12 g, 95%; R'= Bu, R?>=Cy, 1.1 g, 94%;R!= Cy,
R?= Me, 1.55 g, 95%; R'= t-Bu, R?>= Me, 1.39 g, 95%; R!= Bu, R?= t-Bu, 1.6 g, 90%;
R!=Ph, R?= Me, 1.6 g, 92%), (Kajikawa, et al. 2009).

The epoxidation of S22 (2 mmol) and isolation of the corresponding S23 products
were performed as specified for (Z)-1a (yields of S23: R!= Bu, R?= H, 0.19 g, 55%; R!=
Bu, R?= Cy, 0.26 g, 49%; R!= Cy, R?= Mg, 0.25 g, 57%; R!= t-Bu, R?>= Me, (2)-1q, 0.25
g, 65%; R!= Bu, R?>=t-Bu, 0.24 g, 50%; R'= Ph, R?>= Me, 0.26 g, 60%).

3.2.6. Synthesis of (Z)-1b, c, h, k, I, n,0,p, s

R! R! R
1. NaH, DMF
\\ ) _20 OC \\ ) \\
B —
o /) R o / R or p R2
2. Mel or BnBr (@]
HO -20°C Me-qg Bn-g
S23

As for the alkylation of the pendant hydroxyl group of S23, a suspension of
sodium hydride (1.1 eq) in DMF (1 mL) was added to a solution of S23 (1 mmol) in DMF
(L mL/mmol S23) at -20 °C. The mixture was stirred for further 30 min before the addition
of methyl iodide (1.2 eq) or benzyl bromide (1.2 eq). The mixture was stirred for 4 h at
the same temperature and then the reaction was terminated by the addition of MeOH (5
mL) and brine (5 mL), and extracted with DCM. The combined extracts were dried over
MgSOs, filtered, and concentrated under reduced pressure. The crude mixture was
subjected to column chromatography over NEts-pretreated short silica gel column to
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afford the corresponding alkoxy-substituted enyne oxirane products as colorless oil
(hexane-EtOAc, yields: (2)-1b, 0.18 g, 87%; (Z)-1c, 0.22 g, 77%; (Z)-1h, 0.17 g, 90%;
(2)-1k, 0.24 g, 87%; (2)-1l, 0.21 g, 83%; (Z)-1n, 0.19 g; 84%; (Z)-1o, 0.19 g, 90%; (2)-
1p, 0.24 g, 85%; (Z)-1s, 0.20 g, 87%), (Caldentey, et al. 2011).

3.2.7. Synthesis of (Z)-1e and (2)-1r

R! R!

AN TBDMSCI, NEt; A\
DMAP 2
Ve > o7 i
0
DCM

HO rt TBS\O

S24
(2)-1d; R'=Bu, R?= Me (Z2)-1e; R'= Bu, R?>= Me
(Z2)-19; R'= t-Bu, R?= Me (Z)-1r; R'= t-Bu, R?>= Me

A mixture of (2)-1d (194, mg, 1 mmol) or (Z)-1q (227 mg, 1.17 mmol), EtzN
(0.18 mL, 1.3 mmol), t-butyldimethylsilyl chloride (0.2 g, 1.3 mmol), and 4-
dimethylaminopyridine (DMAP) (15 mg, 0.12 mmol) in CH2Cl; (12 mL) was stirred at
RT for 24 h. Then, the reaction was terminated by water and the content of the reaction
flask was extracted with DCM. The organic solution was dried with MgSQg, filtered, and
evaporated. The residue was chromatographed over NEts-pretreated short silica gel
column to afford silylated enyne oxiranes as a colorless oil (hexane-EtOAc, yields: (2)-
le, 0.28 g, 79%; (2)-1r, 0.25 g, 81%), (Schmidt, et al. 2002).
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3.2.8. Synthesis of (Z2)-1f and (2)-1g

Bu Bu B

u
N\ CH;Mgl AN m-CPBA, %25 Na;COs(aq)  \\
Me —— =~ Me M
/ THE an  Me / DCM, 0°C o/ °
Et0,c—/ ’ J Me
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HOme HO'We
s7 S25 (2)1f
Bu
1. NaH, DMF \
-20 °C
- > / Me
Me O
2. Mel
-20°C Me~-0ye
(2)-1g

To the dry Et20O (15 mL) solution of S7 (1.1 g, 5 mmol) was added an ethereal (15
mL) solution of 2.1 eq. MeMgl (5.25 mL, 10.5 mmol, 2 M) dropwise at -50 °C, and then
the mixture stirred for 6 h at the same temperature. The mixture was allowed to warm to
0 °C and quenched by the addition of 30 mL of saturated NH4Cl(aq) solution before
extracting with Et2O. The combined extracts were dried over MgSOs, filtered, and
evaporated. The resulting residue was purified on a silica gel column to afford S25
(hexane-EtOAC, yield: 0.49 g, 80%).

The epoxidation of S25 (412 mg, 2 mmol), and isolation of the product (Z)-1f was
performed as specified for (Z)-1i (hexane-EtOAc, yield: 0.27 g, 60%).

The hydroxyl group of (Z)-1f (222 mg, 1.0 mmol) was methylated as described
above furnishing the enyne oxirane (Z)-1g in 90% vyield (0.21 g).

3.2.9. Synthesis of (E)-1b

Synthesis of (E)-1b was performed starting from (E)-configured S1 following the
same method employed for the synthesis of (Z)-1b. Yields: (R'= Bu, R*= Me): (E)-S7,
1.12 g, 79%; (E)-1d, 0.83 g, 91%; (produced from 4.6 mmol of (E)-S8), 0.43 g, 47%; (E)-
1b (produced from 2.2 mmol of (E)-1d), 0.40 g, 88%.
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3.2.10. Synthesis of (Z)-1t

ij PBr; | o Bu——==, NEt; | S0 (EtO),P(O)CH,CO,Et
DMF, CHCl Br PA(PPRa)s, Cul S NaH, THF
Bu -78 °C-RT
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DCM
DCM, 0 °C X
-78°C Y
$30
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-20°C | (o
[ — .
2. Mel A
-20°C Bu

(2)-1t

PBr3 (1.4 mL, 13.8 mmol) was added dropwise to a mixture of DMF (1.2 mL,
15.3 mmol) and chloroform (10 mL) at 0 °C and then the resulting mixture was stirred
for 1 h. Subsequently, 0.5 g of cyclohexanone (6 mmol) was added dropwise and stirred
for 8 h at RT. The reaction was terminated with water, neutralized with the addition of
solid NaHCOs3, and extracted with DCM. The extract was washed with brine, dried over
MgSOs, filtered, and concentrated under reduced pressure. The purification on short silica
gel column provided the compound S26 (hexane-EtOAc, 0.92 g, 81%), (Lian, et al. 2006).

A mixture of S26 (945 mg, 5 mmol), Pd(PPhz)4 (123 mg, 0.1 mmol, 2 mol % of
Pd), and Cul (21 mg, 0.1 mmol, 2 mmol % of Cu) in 10 mL of EtsN was stirred for 10
min at RT followed by the addition of 1-hexyne (0.5 g, 6 mmol). After being stirred for
3 hat RT, water was added and extracted with Et,O. The combined organic phases were
dried over MgSOs, filtered, and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel to obtain endocyclic enyne aldehyde
S27 (hexane-EtOAc, 0.84 g, 90%), (Lian, et al. 2006).

The conversion of S27 (840 mg, 4.42 mmol) to dienyne ester S28 was performed
by HWE reaction as described above (hexane-EtOAc, 0.96 g, 84%). Further successive
synthetic procedures; which involved the reduction of the ester S28 (960 mg, 3.7 mmol)
to the enyne alcohol S29 (730 mg, 91% yield), the epoxidation of S29 (436 mg, 2 mmol)
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to S30 (260 mg, 55% vyield), and finally methyl derivatization of hydroxyl group of S30
(260 mg, 1.1 mmol) to obtain (Z)-1r (0.22 g, 90%) were all conducted as described above.

3.2.11. Synthesis of (Z)-1j

Me Me e
Ph,P(O)E, BuLi NaBH /§
/\ - - N 0. — & BT %M
Bu CO,Et -78°C By E-Ph MeoH Me§(< OH
S18 o] rt H P<
s31 Me saz Ph 0

Me m-CPBA Me
NaH, DMF 25% Na,COs(aq)
= =
rt = =z
Bu x DCM, 0 °C Bu
$33 . O
Me (2)-1j Me

To a stirred solution of diphenylethylphosphine oxide (4.6 g, 20 mmol) in dry
THF (70 mL) was added BuLi (2.5 M in hexane, 8.8 mL, 22 mmol) dropwise at 0 °C and

stirred for a further 30 min. The solution was cooled to -78 °C and then the dienyne ester
S18’ (3.88 g, 20 mmol) was added dropwise. The solution was allowed to warm to
ambient temperature and subsequently stirred overnight. Saturated NH4Cl(aq) solution
was added and subsequently its THF content was removed under reduced pressure. The
aqueous residue was diluted with brine (20 mL) and extracted with DCM. The combined
organic phases were dried over MgSQs, filtered, and concentrated under reduced
pressure. The product S31 was purified by column chromatography on silica gel (hexane-
EtOAc, yield: 1.9 g, 25%), (Buss, et al. 1985).

To astirred solution of S31 (1.9 g, 5 mmol) in ethanol (50 mL) was added NaBH4
(189 mg, 5 mmol) in one portion and stirred for a further 8h at ambient temperature. The
reaction afforded S32 enriched in threo form. Saturated NH4Cl(aq) (15 mL) was added
and subsequently its ethanol content was removed under reduced pressure. The aqueous
mixture was diluted with brine (20 mL), extracted with DCM. The combined organic
layers were dried over MgSQg, filtered, and concentrated under reduced pressure. The
product S32 was isolated in pure threo form by column chromatography on silica gel
(hexane-EtOAc, yield: 1.31 g, 69%), (Buss, et al. 1985).

To a stirred solution of S32 (1.31 g, 3.45 mmol) in DMF (50 ml) was added NaH

(60% dispersion in oil; 138 mg, 3.45 mmol) in one portion at ambient temperature and
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stirred for a further 3 h. The reaction was quenched by the addition 25 mL of water and
15 mL of brine and subsequently extracted with Et2O. The combined extracts were
washed with water, dried over MgSOs, filtered, and concentrated under reduced pressure.
The product S33 was purified by column chromatography on silica gel (hexane, yield:
330 mg, 59%), (Buss, et al. 1985).

The epoxidation of S33 (162 mg, 1 mmol) and isolation of the product (Z)-1j was
performed as specified for (Z)-1i (Hexane-EtOAc, yield: 35.6 mg, 20%).

3.2.12. Carbamate derivatization of 2ba and crystal growth for X-ray

analysis
Me
MeO,C,,
" u=" PhNCO MeO,C, . Me
— OMe > Bu™ — L
A pyridine, toluene OMe
) rt, 5d
"o PhHNCO,
2ba 4ba

The mixture of vinylallene ester (45.2 mg, 0.2 mmol), phenyl isocyanate (31 mg,
0.26 mmol), and dry pyridine (15.8 mg, 0.2 mmol) in 2 mL of toluene was stirred at RT
for 5 days. The mixture was taken into Et.O and washed with brine, dried over MgSQg,
and filtered. The solvent was removed in vacuum, and the crude residue was purified by
column chromatography on silica gel (hexane-EtOAc; 5:1, yield: 0.62 g, 80%). The pure
white solid material was dissolved in a boiled hexane and gradually cooled down to 30

°C all through overnight.

35



3.3. Characterization of Reactants

NMR spectra were recorded on a 400 MHz spectrometer. Chemical shifts are

reported in ppm downfield from MesSi.

Me
4 X
Bu Me
0]
Me
(2)-1a

(2)-1a: *H NMR (400 MHz , CDCls) 5: 5.38 (dq, J= 8.9, 1.5 Hz, 1H), 3.65 (d, J=
8.9 Hz, 1H), 2.34 (t, J= 6.8 Hz, 2H), 1.87 (s, 3H), 1.56-1.36 (m, 4H), 1.35 (s, 3H), 1.27
(s, 3H), 0.9 (t, J= 7.2 Hz, 3H); 3C{1H} NMR (100 MHz, CDCls) §: 130.7, 125.5, 95.9,
79.1, 62.6, 60.5, 30.9, 24.9, 24.2, 22.1, 19.6, 19.3, 13.7.

Me
g X
=
Bu O
H H
(Z)-1b  ~OMe

(2)-1b: 'H NMR (400 MHz, CDCls) §: 5.23 (dd, J=8.9, 1.2 Hz, 1H), 3.74 (dd, J=
8.9, 2.4 Hz, 1H), 3.71 (dd, J= 11.6, 3.2 Hz, 1H), 3.40 (dd, J= 11.6, 5.7 Hz, 1H), 3.40 (s,
3H), 3.08 (ddd, J=5.7, 3.2, 2.4 Hz, 1H), 2.35 (t, J= 7.2 Hz, 2H), 1.87 (d, J= 1.2 Hz, 3H),
1.55-1.40 (m, 4H), 0.92 (t, J= 7.2 Hz, 3H); *C{1H} NMR (100 MHz, CDCls) §: 131.5,
125.7, 95.9, 78.7, 72.5, 59.2, 58.3, 54.2, 30.7, 23.8, 21.9, 19.1, 13.6.

C; OMe
(E)-1b

(E)-1b: (400 MHz, CDCls) 3: 5.35 (dd, J= 9.0, 1.0 Hz, 1H), 3.67 (dd, J= 11.3,
3.0 Hz, 1H), 3.48 (dd, J= 9.0, 2.2 Hz, 1H), 3.44 (dd, J= 11.3, 5.1 Hz, 1H), 3.38 (s, 3H),
3.06 (ddd, J=5.1, 3.0, 2.2 Hz, 1H), 2.28 (t, J= 6.8 Hz, 2H), 1.93 (d, J= 1.0 Hz, 3H), 1.54-
1.37 (m, 4H), 0.90 (t, J= 7.6 Hz, 3H); *C{1H} NMR (100 MHz, CDCls) §: 131.3, 125.2,
90.3, 82.4, 80.0, 59.2, 58.6, 51.9, 30.7, 21.9, 18.9, 18.2, 13.6.
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AN
= o
Bu
H H
(Z-1c  ~0Bn

(2)-1c: *H NMR (400 MHz, CDs) &: 7.24-7.22 (m, 2H), 7.14-7.10 (m, 2H), 7.05
(dt, J= 7.2, 1.6 Hz, 1H), 5.14 (dd, J= 8.9, 1.6 Hz, 1H), 4.35 (d, A of AB, Jas=12.1 Hz,
1H), 4.31 (d, B of AB, Jas=12.1 Hz, 1H), 4.01 (dd, J= 8.9, 2.2 Hz, 1H), 3.45 (dd, J=11.4,
3.0 Hz, 1H), 3.25 (dd, J= 11.4, 5.5 Hz, 1H), 2.95 (ddd, J= 5.5, 3.0, 2.2 Hz, 1H), 2.06 (t,
J= 6.8 Hz, 2H), 1.71 (d, J= 1.6 Hz, 3H), 1.29-1.16 (m, 4H), 0.7 (t, J= 7.2 Hz, 3H);
13C{1H} NMR (100 MHz, CsDs) 8: 138.5, 132.8, 128.2, 127.4, 127.3, 124.8, 95.5, 79.1,
72.8,70.0, 58.2, 53.8, 30.6, 23.5, 21.8, 18.9, 13.3.

Me
= X
/
Bu o
H H
(Z-1d  “~oH

(2)-1d: *H NMR (400 MHz, CDCls) 8: 5.25 (dd, J= 9.0, 1.4 Hz, 1H), 3.96 (dd, J=
12.6, 2.3 Hz, 1H), 3.87 (dd, J= 9.0, 2.3 Hz, 1H), 3.68 (dd, J= 12.6, 4.1 Hz, 1H), 3.11-3.09
(m, 1H), 2.36 (t, J= 7.0 Hz, 2H), 1.88 (d, J= 1.4 Hz, 3H), 1.56-1.39 (m, 4H), 0.92 (t, J=
7.2 Hz, 3H); BC{1H} NMR (100 MHz, CsDe) &: 132.5, 124.8, 95.7, 79.1, 61.1, 59.5,
53.7, 30.6, 23.5, 21.8, 19.0, 13.3.

(2)-1e OTBDMS

(2)-1e: *H NMR (400 MHz, CDCl3) §: 5.22 (dd, J= 9.1, 1.5 Hz, 1H), 3.86 (dd, J=
12.1, 3.2 Hz, 1H), 3.76 (dd, J= 9.1, 2.4 Hz, 1H), 3.71 (dd, J= 12.1, 4.8 Hz, 1H), 3.00 (ddd,
J= 4.8, 3.2, 2.4 Hz, 1H), 2.33 (t, J= 7.2 Hz, 2H), 1.86 (d, J= 1.5 Hz, 3H), 1.56-1.37 (m,
4H), 0.91 (t, J= 6.8 Hz, 3H), 0.89 (s, 9H), 0.07 (s, 3H), 0.06 (s, 3H). 3C{1H} NMR (100
MHz, CDCls) &: 131.9, 125.3, 95.7, 78.7, 63.0, 60.1, 54.3, 30.8, 25.8, 23.8, 22.0, 19.1,
18.3,13.6, -5.3, -5.4.
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OH
Z)-1f
( ) M Me

(2)-1f: 'H NMR (400 MHz, CDCls) 8: 5.26 (dd, J= 8.8, 1.6 Hz, 1H), 3.89 (dd, J=
8.8, 2.3 Hz, 1H), 2.88 (d, J= 2.3 Hz, 1H), 2.36 (t, J= 7.0 Hz, 2H), 1.87 (d, J= 1.6 Hz, 3H),
1.78 (d, J= 0.8 Hz, 1H), 1.57-1.40 (m, 4H), 1.31 (s, 3H), 1.25 (s, 3H), 0.92 (t, J= 6.8 Hz,
3H); 3C{1H} NMR (100 MHz, CDCls) 5: 132.0, 125.1, 78.8, 73.8, 64.7, 53.3, 50.7, 30.7,
23.7,22.2,21.9,21.0,19.1, 13.5.

OMe
(219
Mé Me

(2)-1g: *H NMR (400 MHz, CDCls) 5: 5.24 (dd, J= 8.9, 1.5 Hz, 1H), 3.69 (dd, J=
8.9, 2.3 Hz, 1H), 3.29 (s, 3H), 2.87 (d, J= 2.3 Hz, 1H), 2.36 (t, J= 6.7 Hz, 2H), 1.87 (d,
J= 1.5 Hz, 3H), 1.56-1.39 (m, 4H), 1.18 (s, 3H), 1.15 (s, 3H), 0.92 (t, J= 7.2 Hz, 3H);
13C{1H} NMR (100 MHz, CDCls) 5: 132.2, 125.3,95.8, 79.0, 74.0, 64.9, 53.4, 50.9, 30.9,
23.9,22.4,22.0,21.1,19.2, 13.7.

H
P X
/
Bu O
H H
(Z2)-1h OMe

(2)-1h: 'H NMR (400 MHz, CDCls) §: 5.75 (dtd, J= 10.8, 2.4, 0.8 Hz, 1H), 5.44
(dd, J= 10.8, 8.8 Hz, 1H), 3.80 (dd, J= 8.8, 2.2 Hz, 1H), 3.74 (dd, J= 11.2, 2.8 Hz, 1H),
3.44-3.38 (m, 1H), 3.41 (s, 3H), 3.11 (dt, J= 5.4, 2.6 Hz, 1H), 2.36 (td, J= 6.8, 2.3 Hz,
2H), 1.58-1.41 (m, 4H), 0.92 (t, J= 7.2 Hz, 3H); 3C{1H} NMR (100 MHz, CDCls) &:
137.2,115.4, 97.1, 72.3, 59.2, 58.2, 53.3, 50.4, 30.6, 21.9, 19.2, 13.5.
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= X
/
Bu o
H H
(Z)—1i Bu

(2)-1i: *H NMR (400 MHz, CsDg) &: 5.32 (d, J= 8.7 Hz, 1H), 3.90 (dd, J=8.7, 2.3
Hz, 1H), 2.71 (td, J= 5.5, 2.3 Hz, 1H), 2.11 (t, J= 6.8 Hz, 2H), 2.10 (t, J= 6.4 Hz, 2H),
1.54-1.15 (m, 14H), 0.84-0.70 (m, 9H); *C{1H} NMR (100 MHz, CeDe) 5: 137.5, 133.3,
95.7, 78.6, 59.6, 56.4, 37.4, 31.8, 30.7, 30.3, 28.0, 22.4, 22.0, 21.8, 19.0, 13.7, 13.6, 13.3.

Me

= X
/
Bu o
H Bu

(2)-1i+ H

(2)-1’: *H NMR (400 MHz, CDCls) 5: 5.38 (d, J= 9.0, 1H), 3.90 (dd, J=9.0, 4.8
Hz, 1H), 3.11 (g, J= 4.8 Hz, 1H), 2.37 (t, J= 6.8 Hz, 2H), 2.15 (td, J= 7.6, 0.8 Hz, 2H),
1.60-1.25 (m, 14H), 0.95-0.88 (m, 9H); C{1H} NMR (100 MHz, CDCls) &: 130.8,
128.9, 96.4, 78.1, 59.1, 55.4, 37.5, 30.8, 30.2, 28.5, 28.2, 22.5, 21.9, 21.9, 19.2, 14.0,
13.9, 13.8.

(2)-1j Me

(2)-1j: 'H NMR (400 MHz, CsDs) 8: 5.16 (dd, J= 8.9, 1.4 Hz, 1H), 3.75 (dd, J=
8.9, 2.1 Hz, 1H), 2.64 (qd, J= 5.4, 2.1 Hz, 1H), 2.08 (t, J= 6.8 Hz, 2H), 1.73 (d, J= 1.4
Hz, 3H), 1.31-1.20 (m, 4H), 1.04 (d, J= 5.2 Hz, 3H), 0.72 (t, J= 7.2 Hz, 3H); 8C{1H}
NMR (100 MHz, CsDs) 5: 133.7, 123.9, 95.2, 79.3, 57.4, 55.2, 30.6, 23.4, 21.8, 19.0,
17.3,13.2.

Cy
= X
7
Bu 0
H H
(2)-1k OMe

(2)-1k: 'H NMR (400 MHz, CDCls) 5: 5.21 (d, J= 8.7 Hz, 1H), 3.77 (dd, J= 8.7,
2.4 Hz, 1H), 3.72 (dd, J= 11.5, 3.1 Hz, 1H), 3.38 (dd, J= 11.5, 5.7 Hz, 1H), 3.40 (s, 3H),
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3.07 (dt, J= 5.7, 2.4 Hz, 1H), 2.37 (t, J= 7.2 Hz, 2H), 2.02-1.97 (m, 1H), 1.76-1.20 (m,
14H), 0.92 (t, J= 7.2 Hz, 3H); 3C{1H} NMR (100 MHz, CDCls) &: 136.3, 129.1, 97.0,
76.7,72.6,59.2, 58.5, 54.3, 45.4, 31.7, 31.6, 30.8, 29.7, 26.2, 26.0, 22.0, 19.2, 13,6.

t-Bu
P X
/
Bu O
H H
()11 OMe

(2)-11: *H NMR (400 MHz, CDCls) &: 5.24 (d, J= 8.9 Hz, 1H), 3.81 (dd, J= 8.9,
2.4 Hz, 1H), 3.74 (dd, J= 11.2, 3.1 Hz, 1H), 3.42-3.38 (m, 1H), 3.41 (s, 3H), 3.10 (ddd,
J=5.6,3.1, 2.4 Hz, 1H), 2.39 (t, J= 7.2 Hz, 2H), 1.59-1.41 (m, 4H), 1.11 (s, 9H), 0.93 (t,
J=7.6 Hz, 3H); BC{1H} NMR (100 MHz, CDCls) &: 140.2, 127.4,97.4,72.7, 59.2, 58.5,
54.7, 36.1, 30.8, 28.9, 21.9, 19.2, 13.6.

(Z)-1m “~oMe

(2)-1m: *H NMR (400 MHz, CsDs) &: 5.10 (dq, J= 8.9, 1.0 Hz, 1H), 3.84 (dd, J=
8.9, 2.0 Hz, 1H), 3.25 (dd, J= 11.5, 3.0 Hz, 1H), 3.06-2.99 (m, 1H), 3.05 (s, 3H), 2.83
(ddd, J=5.5, 3.0, 2.0 Hz, 1H), 2.74 (s, 1H), 1.57 (d, J= 1.0 Hz, 3H); C{1H} NMR (100
MHz, CeDe) 5: 136.0, 122.9, 82.4, 81.5, 72.2, 58.4, 58.0, 53.2, 22.7.

Me

= X
= 0

H H
(Z-1n  ~oMe

Cy

(2)-1n: 'H NMR (400 MHz, CsDs) &: 5.14 (dq, J= 9.0, 1.4 Hz, 1H), 4.01 (dd, J=
9.0, 2.0 Hz, 1H), 3.35 (dd, J= 11.3, 3.2 Hz, 1H), 3.16 (dd, J= 11.3, 5.5 Hz, 1H), 3.09 (s,
3H), 2.91 (ddd, J=5.5, 3.2, 2.0 Hz, 1H), 2.34 (m, 1H), 1.71 (d, J= 1.4 Hz, 3H), 1.66-1.03
(m, 10H); 3C{1H} NMR (100 MHz, CsDe) 5: 132.7, 124.7, 99.5, 79.2, 72.4, 58.5, 58.1,
53.7,32.5, 32.4, 29.6, 25.7, 24.6, 23.5.
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(Z2)-10 OMe

(2)-10: 'H NMR (400 MHz, CsDs) 8: 5.12 (dd, J= 8.5, 1.3 Hz, 1H), 3.95 (dd, J=
8.5, 2.3 Hz, 1H), 3.34 (dd, J= 11.5, 3.1 Hz, 1H), 3.16 (dd, J= 11.5, 5.5 Hz, 1H), 3.09 (s,
3H), 2.90 (ddd, J= 5.5, 3.1, 2.3 Hz, 1H), 1.68 (d, J= 1.3 Hz, 3H), 1.12 (s, 9H); 3C{1H}
NMR (100 MHz, CsDs) 5: 132.8, 124.5, 103.4, 77.7, 72.4, 58.5, 58.0, 53.7, 30.6, 27.9,
23.4.

Me
= X
/
t-Bu o
H H
2)-1p OBn

(2)-1p: *H NMR (400 MHz, CDCls) &: 7.35-7.28 (m, 5H), 5.22 (dg, J= 8.9, 1.4
Hz, 1H), 4.61 (d, A of AB, Jas=12.0 Hz, 1H), 4.57 (d, B of AB, Jas=12.0 Hz, 1H), 3.81
(dd, J= 11.3, 3.0 Hz, 1H), 3.76 (dd, J= 8.9, 2.2 Hz, 1H), 3.53 (dd, J= 11.3, 5.5 Hz, 1H),
3.13 (ddd, J= 5.5, 3.0, 2.2 Hz, 1H), 1.86 (d, J= 1.4 Hz, 3H), 1.24 (s, 9H); *C{1H} NMR
(100 MHz, CDCls) &: 140.0, 137.9, 131.3, 128.4, 127.7, 125.7, 104.0, 77.1, 73.3, 70.1,
58.6, 54.3, 31.0, 28.1, 23.8.

Me
= X
/
t-Bu O
H H
(219 —OH

(2)-1q: *H NMR (400 MHz, CsDs) 8: 5.17 (dd, J= 8.9, 1.1 Hz, 1H), 4.1 (dd, J=
8.9, 2.3 Hz, 1H), 3.54-3.48 (m, 1H), 3.34-3.30 (m, 1H), 2.75-2.73 (m, 1H), 1.73 (d, J=
1.1 Hz, 3H), 1.17 (s, 9H); *C{1H} NMR (100 MHz, CsDs) &: 132.5, 124.6, 103.7, 77.6,
61.0, 59.4, 53.6, 30.6, 27.9, 23.4.

41



Me

X
= o
t-Bu
H H

(2)-1r OTBDMS

(2)-1r: *H NMR (400 MHz, CDCls) 5: 5.21 (d, J= 9.0 Hz, 1H), 3.87 (dd, J= 12.0,
3.2 Hz, 1H), 3.74 (m, 2H), 3.01 (m, 1H), 1.86 (s, 3H), 1.26 (s, 9H), 0.90 (s, 9H), 0.08 (s,
6H); 3C{1H} NMR: (100 MHz, CDCls) &: 131.6, 125.3, 103.8, 77.1, 62.9, 60.2, 54.3,
31.0, 28.1,25.9, 23.9, 18.3, -5,3.

(Z)-1s  “~OMe

(2)-1s: *H NMR (400 MHz, CDCls) 5: 7.46-7.44 (m, 2H), 7.34-7.32 (m, 3H), 5.38
(dg, J= 9.0, 1.5 Hz, 1H), 3.84 (dd, J= 9.0, 2.4 Hz, 1H), 3.74 (dd, J= 11.7, 3.2 Hz, 1H),
3.43 (dd, J= 11.7, 6.0 Hz, 1H), 3.42 (s, 3H) 3.14 (ddd, J= 6.0, 3.2, 2.4 Hz, 1H), 2.00 (d,
J= 1.5 Hz, 3H); 3C{1H} NMR (100 MHz, CDCls) &: 133.1, 131.5, 128.5, 128.3,
124.9,122.9, 94.5, 87.3, 72.5, 59.2, 58.5, 54.1, 23.4.

(2)-1t: 'H NMR (400 MHz, CDCl3) §: 4.00-3.97 (m, 1H), 3.73 (dt, J= 11.2, 2.8
Hz, 1H), 3.45-3.30 (m, 4H), 3.20 (sext, J= 2.8 Hz, 1H), 2.34 (t, J= 6.8 Hz, 2H), 2.21-2.10
(m, 2H), 2.02-1.91 (m, 2H), 1.79-1.32 (m, 6H), 0.98-0.79 (m, 5H); *C{1H} NMR (100
MHz, CDCls) &: 137.3, 121.7, 94.2, 79.5, 73.1, 59.2, 56.2, 55.2, 30.9, 30.8, 22.4, 22.2,
21.9,21.7,19.2, 13.6.
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AN
o Z E,Ph
o) “Ph
s31 Me

S$31: H NMR (400 MHz, CDCls) 5: 7.86-7.74 (m, 4H), 7.55-7.43 (m, 6H), 6.34
(d, J= 1.2 Hz, 1H), 3.9 (dg, J= 13.5, 7.0 Hz, 1H), 2.42 (t, J= 7.0 Hz, 2H), 1.89 (d, J= 1.2
Hz, 3H), 1.60-1.51 (m, 2H), 1.47-1.38 (m, 5H), 0.92 (t, J= 7.0 Hz, 3H).

$32: 'H NMR (400 MHz, CDCls) &: 7.83-7.71 (m, 4H), 7.56-7.43 (m, 6H), 5.53
(dd, J=8.3, 1.2 Hz, 1H), 4.80 (dt, J= 13.8, 8.3 Hz, 1H), 2.82-2.71 (m, 1H), 2.15 (t, J=7.2
Hz, 2H), 1.65 (d, J= 1.2 Hz, 3H), 1.40-1.28 (m, 4H), 1.04 (dd, J= 17.2, 7.4 Hz, 3H), 0.78
(t, J= 7.2 Hz, 3H).
Me
é X
Bu N
S33 Me

$33: 'H NMR (400 MHz, CDCls) 8: 6.48 (ddq, J= 15.4, 10.8, 1.6 Hz, 1H), 6.11
(d, J= 10.8 Hz, 1H), 4.80 (dq, J= 15.4, 7.0 Hz, 1H), 2.39 (t, J= 6.8 Hz, 2H), 1.86 (s, 3H),
1.79 (d, J= 7.0 Hz, 3H), 1.60-1.52 (m, 2H), 1.51-1.44 (m, 2H), 0.94 (t, J= 6.8 Hz, 3H).

3.4. General Procedure for Carbonylation Reactions

A palladium complex, phosphine ligand and 1 mL of alcohol were added
successively to a Schlenck apparatus that is attached to an Ar line and stirred 1 h at 25 °C
before the addition of the substrate. A CO full balloon was then fixed to the reaction
vessel and 1 mL alcohol solution of the substrate was added. When the reaction was
complete as judged by TLC analysis the solvent content was evaporated and the residue
was purified by column chromatography on silica gel to afford 2 as a pale yellow oil.
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3.5. Characterization of Products

The synthesized carbonylation products were analyzed by GC and GC-MS. NMR
spectra were recorded on a 400 MHz spectrometer. Chemical shifts are reported in ppm
downfield from Me4Si. Infrared spectra were obtained by ATR method with neat samples.
High-resolution mass spectral analyses of new compounds were performed using EI-High
Resolution Double Focusing Magnetic Sector (ionization mode: 70 eV, emission current:
1 mA, source temperature: 160 °C, resolution: 10,000 (10% valley definition)) and ESI-
LTQ Orbitrap (source voltage: +3.8 kV, capillary voltage: 41 V, capillary temperature:
275 °C, tube lens voltage: 140 V, system resolution: 60,000 (10% valley definition)). The
coupling constants of olefinic protons and NOE studies confirmed (E)-configured
structures. *H NMR analyses of vinylallene products, except that of 2ia’, were performed
in Ce¢Ds. With this solvent, the 'H NMR signals of diastereomers were resolved
adequately, allowing to determine diastereomeric ratios smoothly. In contrast, when using

CDCls solvent, diastereomeric signals were all overlapped.

Me
MeO,C .
BU\’:
—\ Me
Me
HO
2

aa

2aa: Yield: 24.9 mg (99%); *H NMR (400 MHz, CDCls) §: 6.13 (d, J= 16.0 Hz,
1H), 5.76 (d, J= 16.0 Hz, 1H), 3.67 (s, 3H), 2.22 (t, J= 7.6 Hz, 2H), 1.85 (s, 3H), 1.37-
1.27 (m, 10H), 0.86 (t, J= 7.0 Hz, 3H); *C{1H} NMR (100 MHz, CDCls) §: 213.4, 167.7,
137.8,122.9, 103.1, 99.7, 70.9, 52.0, 30.1, 29.8, 28.6, 22.1, 14.8, 13.8; FTIR (Vmax/Ccm™):
3409, 2957, 2930, 2871, 1940, 1714, 1436, 1378, 1264, 1133, 1083, 1019, 966, 912, 723,
696; MS (El, m/z): 252 (1, M*), 234 (2), 205 (7), 194 (7), 179 (5), 151 (23), 135 (35),
121 (15), 107 (32), 91 (43), 77 (25), 65 (15), 59 (46), 43 (100); HRMS (ESI) C15H2503
(MH)*, 253.1798 (calculated); 253.1799 (found).
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MeO2C/,,,_.

Bu*™

— OMe

2ba

2ba: Yield: 25.2 mg (94%); *H NMR (400 MHz, C¢Ds) &: 6.43 (dd, J= 15.7, 1.6
Hz, 1H, major), 6.41 (dd, J= 15.7, 1.6 Hz, 1H, minor), 5.51 (dd, J= 15.7, 5.5 Hz, 1H,
major), 5.51 (dd, J= 15.7, 5.5 Hz, 1H, minor), 4.23-4.19 (m, 1H), 3.36 (s, 3H, major),
3.35 (s, 3H, minor), 3.03 (dd, A of ABX, Jag=9.2 Hz, Jax=4.0 Hz, 1H), 2.98 (dd, B of
ABX, Jag=9.2 Hz, Jex=7.2 Hz, 1H), 2.95 (s, 3H), 2.39 (td, J= 7.5, 2.2 Hz, 2H), 2.23 (bs,
1H), 1.69 (s, 3H), 1.47-1.39 (m, 2H), 1.23 (sext, J= 7.6 Hz, 2H), 0.78 (t, J= 7.2 Hz, 3H,
major), 0.78 (t, J= 7.2 Hz, 3H, minor); 3C{1H} NMR: (100 MHz, CsD¢) &: 213.5, 166.9,
129.2,127.3,103.1, 76.5, 70.6, 58.2, 51.3, 30.3, 28.9, 22.2, 14.5, 13.7; FTIR (Vmax/cm™):
3419, 2955, 2928, 2870, 1943, 1715, 1456, 1436, 1379, 1266, 1241, 1193, 1129, 1016,
966; MS (EI, m/z): 268 (1, M*), 236 (1), 223 (4), 205 (1), 191 (6), 151 (2), 135 (7), 121
(6), 93 (8), 91 (14), 77 (10), 59 (6), 45 (100); HRMS (ESI): C1sH2504 (MH)*, 269.1747
(calculated); 269.1747 (found).

Bu, Me

MeO,C™=—
— OMe

HO
2ba’

2ba’: Yield: 23.3 mg, (87%); *H NMR (400 MHz, CsDg) &: 6.42 (dd, J=15.7, 1.6
Hz, 1H, major), 6.40 (dd, J= 15.7, 1.6 Hz, 1H, minor), 5.52 (dd, J= 15.7, 5.7 Hz, 1H),
4.22-4.20 (m, 1H), 3.37 (s, 3H, major), 3.35 (s, 3H, minor), 3.03 (dd, A of ABX, Jas=9.6
Hz, Jax=4.0 Hz, 1H), 2.99 (dd, B of ABX, Jas=9.6 Hz, Jgx=8.0 Hz, 1H), 2.96 (s, 3H),
2.38 (td, J=7.6 Hz, 1.8 Hz, 2H), 2.29 (bs, 1H), 1.70 (s, 3H), 1.48-1.40 (m, 2H), 1.25 (sext,
J=17.6 Hz, 2H), 0.79 (t, J= 7.6 Hz, 3H); 3 C{1H} NMR (100 MHz, CsDs) &: 213.5, 166.9,
129.2, 103.1, 100.0, 76.5, 70.6, 58.2, 51.3, 30.3, 28.9, 22.2, 14.5, 13.7; FTIR (Vmax/cm™):
3419, 2955, 2928, 2870, 1943, 1715, 1456, 1436, 1379, 1266, 1241, 1193, 1129, 1016,
966; MS (EI, m/z): 268 (1, M"), 236 (1), 223 (4), 205 (1), 191 (6), 151 (2), 135 (7), 121
(6), 93 (8), 91 (14), 77 (10), 59 (6), 45 (100); HRMS (ESI): C15H2504 (MH)*, 269.1747
(calculated); 269.1747 (found).
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Et0,C, . Me

Bu™
— OMe

2bb

2bb: Yield: 23.7 mg (84%); *H NMR (400 MHz, CeDs) &: 6.44 (dd, J= 15.4, 1.6
Hz, 1H, major), 6.43 (dd, J= 15.4, 1.6 Hz, 1H, minor), 5.54 (dd, J= 15.4, 5.6 Hz, 1H),
4.24-4.18 (m, 1H), 3.99 (q, J=7.1 Hz, 2H), 3.03 (dd, A of ABX, Jag=9.6 Hz, Jax=4.0 Hz,
1H), 2.98 (dd, B of ABX, Jag=9.6 Hz, Jex=7.6 Hz, 1H), 2.95 (s, 3H), 2.41 (td, J= 7.2, 2.4
Hz, 2H) 2.28 (bs, 1H), 1.71 (s, 3H), 1.49-1.41 (m, 2H), 1.25 (sext, J=7.2 Hz, 2H), 0.92 (t,
J=7.1Hz, 3H, major), 0.91 (t, J= 7.1 Hz, 3H, minor) 0.79 (t, J= 7.2 Hz, 3H, major), 0.79
(t, J= 7.2 Hz, 3H, minor); *C{1H} NMR: (100 MHz, CDCls) &: 213.5, 167.1, 128.7,
127.8, 103.1, 100.3, 76.4, 71.1, 60.8, 59.1, 30.2, 28.6, 22.2, 14.7, 14.3, 13.9; FTIR
(vma/cm™): 3418, 2956, 2926, 2858, 1940, 1708, 1458, 1367, 1322, 1261, 1240, 1172,
1118, 1062, 1023, 965, 864, 713. MS (EIl, m/z) : 282 (1, M), 238 (1), 237 (4), 209 (2),
191 (5), 135 (3), 121 (5), 107 (6), 93 (8), 91 (12), 77 (7), 65 (5), 55 (7), 45 (100); HRMS
(ESI): C16H2604 (MH)*, 283.1904 (calculated); 283.1909 (found).

Pro,c, . Me

Bu™ —
— OMe

2bc

2bc: Yield: 25.8 mg (87%); *H NMR (400 MHz, C¢De) &: 6.44 (dd, J= 15.8, 1.6
Hz, 1H, major), 6.43 (dd, J= 15.8, 1.6 Hz, 1H, minor), 5.53 (dd, J= 15.8, 5.6 Hz, 1H),
4.23-4.19 (m, 1H), 4.02-3.92 (m, 2H), 3.03 (dd, A of ABX, Jas= 9.6 Hz, Jax= 4.4 Hz,
1H), 2.98 (dd, B of ABX, Jag= 9.6 Hz, Jex= 7.2 Hz, 1H), 2.94 (s, 3H), 2.41 (td, J=7.3,
1.6 Hz, 2H), 2.22 (bs, 1H), 1.72 (s, 3H), 1.49-1.33 (m, 4H), 1.25 (sext, J= 7.4 Hz, 2H),
0.79 (t, J= 7.4 Hz, 3H, major), 0.80 (t, J= 7.4 Hz, 3H, minor), 0.66 (t, J= 7.3 Hz, 3H,
major), 0.65 (t, J= 7.3 Hz, 3H, minor); BC{1H} NMR (100 MHz, CDCls) §: 213.6, 167.2,
128.6, 127.9, 103.1, 100.3, 76.5, 71.1, 66.3, 59.1, 30.2, 28.5, 22.2, 22.0, 14.7, 13.9, 10.3;
FTIR (vmax/cm™): 3406, 2958, 2928, 1941, 1709, 1458, 1397, 1322, 1263, 1172, 1132,
1062, 1015, 965, 713; MS (El, m/z): 296 (1, M™), 278 (1), 251 (3), 236 (1), 209 (3), 191
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(5), 135 (4), 121 (5), 91 (10), 79 (6), 65 (3), 45 (100); HRMS (ESI): C17H2804 (MH),
297.2060 (calculated), 297.2065 (found).

BuO,C, . Me

Bu™

— OMe

2bd

2bd: Yield: 25.7 mg (83%); 'H NMR (400 MHz, CsDs) &: 6.45 (dd, J= 16.0, 1.2
Hz, 1H, major), 6.43 (dd, J= 16.0, 1.2 Hz, 1H, minor), 5.53 (dd, J= 16.0, 5.6 Hz, 1H,
major), 5.53 (dd, J= 16, 5.6 Hz, 1H, minor), 4.24-4.19 (m, 1H), 4.09-3.99 (m, 2H), 3.04
(dd, A of ABX, Jas= 9.6 Hz, Jax= 4.0 Hz, 1H), 2.99 (dd, B of ABX, Jas= 9.6 Hz, Jgx=
7.6 Hz, 1H), 2.95 (s, 3H), 2.41 (td, J= 7.4, 2.4 Hz, 2H) 2.26 (bs, 1H), 1.75 (s, 3H, minor),
1.73 (s, 3H, major), 1.46 (quint, J= 7.2 Hz, 2H), 1.36 (quint, J= 7.4 Hz, 2H), 1.25 (sext,
J=7.2 Hz, 2H), 1.12 (sext, J= 7.4 Hz, 2H), 0.80 (t, J= 7.2 Hz, 3H, minor), 0.79 (t, J= 7.2
Hz, 3H, major), 0.68 (t, J= 7.4 Hz, 3H, major), 0.67 (t, J= 7.4 Hz, 3H, minor); *C{1H}
NMR (100 MHz, CDCls) 6: 213.6, 167.2, 128.6, 127.8, 103.1, 100.3, 76.4, 71.1, 64.7,
59.1, 30.6, 30.2, 28.5, 22.2, 19.2, 14.7, 13.9, 13.7; FTIR (vmax/cm™): 3428, 2958, 2929,
2873, 1940, 1710, 1458, 1379, 1322, 1261, 1131, 1062, 1016, 965, 713; MS (El, m/z):
310 (1, M"), 293 (1), 265 (1), 235 (2), 207 (4), 191 (4), 161 (3), 121 (3), 105 (5), 91 (10),
79 (5), 57 (15), 45 (100); HRMS (ESI): CigH3104 (MH)*, 311.2217 (calculated),
311.2219 (found).

i-Pro,c, . Me

Bu™

— OMe

2be

2be: Yield: 26.1 mg (88%); *H NMR (400 MHz, C¢Ds) &: 6.43 (dd, J= 16.0, 1.6
Hz, 1H), 5.51 (dd, J=16.0, 5.6 Hz, 1H), 5.05 (sept, J= 6.4 Hz, 1H, major), 5.05 (sept, J=
6.4 Hz, 1H, minor), 4.23-4.16 (m, 1H), 3.02 (dd, A of ABX, Jag= 9.2 Hz, Jax= 4.0 Hz,
1H), 2.97 (dd, B of ABX, Jag= 9.2 Hz, Jex= 7.6 Hz, 1H), 2.94 (s, 3H), 2.42 (td, J= 7.6,
2.0 Hz, 2H), 2.21 (bs, 1H), 1.71 (s, 3H), 1.45 (quint, J= 7.6 Hz, 2H), 1.25 (sext, J= 7.6
Hz, 2H), 1.02 (d, J= 6.4 Hz, 3H), 1.01 (d, J= 6.4 Hz, 3H), 0.79 (t, J= 7.6 Hz, 3H, major),
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0.79 (t, J= 7.6 Hz, 3H, minor); 3C{1H} NMR (100 MHz, CDCls) 8: 213.5, 166.7, 128.9,
127.6, 103.0, 100.7, 76.5, 71.1, 68.1, 59.1, 30.2, 28.6, 22.2, 21.9, 21.8, 14.7, 13.9; FTIR
(vmax/cm™) §: 3442, 2957, 2927, 1942, 1706, 1457, 1373, 1322, 1264, 1107, 1062, 1014,
966,831,713; MS (EI, m/z): 296 (1, M*), 282 (1), 251 (2), 209 (3), 191 (4), 180 (1), 121
(6), 107 (4), 91 (7), 77 (6), 55 (4), 45 (100); HRMS (ESI): C17H2904 (MH)*, 297.2060
(calculated), 297.2060 (found).

Alylo,C, . Me

Bu™

— OMe

HO
2bg

2bg: Yield: 26.8 mg (91%); *H NMR (400 MHz, C¢Ds) &: 6.43 (dd, J= 15.6, 0.8
Hz, 1H), 5.72-5.62 (m, 1H), 5.52 (dd, J= 15.6, 5.6 Hz, 1H), 5.08 (dq, J= 18.8, 1.6 Hz,
1H), 4.89 (dq, J= 6.4, 1.6 Hz, 1H), 4.53-4.41 (m, 2H), 4.23-4.19 (m, 1H), 3.04 (dd, A of
ABX, Jag= 9.6 Hz, Jax= 4.0 Hz, 1H), 2.99 (dd, B of ABX, Jag= 9.6 Hz, Jex= 7.2 Hz,
1H), 2.95 (s, 3H), 2.39 (td, J= 7.2, 2.0 Hz, 2H), 2.31 (bs, 1H), 1.70 (s, 3H), 1.44 (quint,
J=7.2 Hz, 2H), 1.24 (sext, J= 7.2 Hz, 2H), 0.79 (t, J= 7.2 Hz, 3H, minor), 0.78 (t, J= 7.2
Hz, 3H, major); *C{1H} NMR (100 MHz, CDCl3) &: 213.7, 166.8, 132.4, 128.5, 128.1,
117.4,103.2,100.0, 76.4, 71.1, 65.2, 59.1, 30.1, 28.5, 22.2, 14.7, 13.9; FTIR (Vmax/cm™):
3417, 2956, 2928, 2873, 1939, 1710, 1647, 1456, 1379, 1322, 1259, 1236, 1172, 1129,
1062, 1015, 965, 928, 837, 713. MS (El, m/z): 294 (1, M*), 261 (1), 249 (2), 221 (1), 191
(5), 165 (3), 121 (6), 91 (11), 77 (9), 65 (4), 55 (7), 45 (100); HRMS (ESI): C17H2704
(MH)*, 295.1904 (calculated), 295.1910 (found).

MeO,C, . Me

Bu™

— OBn

2ca

2ca: Yield: 31.0 mg (90%); *H NMR (400 MHz, CsDs) &: 7.24-7.01 (m, 5H), 6.44
(dd, J=15.8, 1.6 Hz, 1H, major), 6.42 (dd, J=15.8, 1.6 Hz, 1H, minor), 5.49 (dd, J=15.8,
5.7 Hz, 1H), 4.29-4.23 (m, 1H), 4.21 (d, A of AB, Jag=12.0 Hz, 1H), 4.19 (d, B of AB,
Ja=12.0 Hz, 1H), 3.36 (s, 3H, major) 3.34 (s, 3H, minor), 3.18 (dd, A of ABX, Jag=9.2
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Hz, Jax= 3.6 Hz, 1H), 3.11 (dd, B of ABX, Jag= 9.2 Hz, Jsx= 7.6 Hz, 1H), 2.38 (td, J=
7.6,2.8 Hz, 2H), 1.69 (s, 3H), 1.42 (quint, J= 7.6 Hz, 2H), 1.23 (sext, J=7.6 Hz, 2H), 0.78
(t, J=7.6 Hz, 3H); *C{1H} NMR (100 MHz, CDCls3) 5: 213.6, 167.6, 137.7, 128.5, 128.4,
128.0,127.9,127.8,103.2,99.9, 74.0, 73.4,71.2,52.1, 30.1, 28.6, 22.2, 14.7, 13.9; FTIR
(vmax/cm™): 3416, 2954, 2928, 2869, 1943, 1714, 1454, 1435, 1379, 1322, 1266, 1134,
1016, 965, 738, 698. MS (El, m/z): 344 (1, M™), 312 (1), 279 (3), 253 (2), 191 (2), 167
(20), 149 (77), 113 (10), 104 (12), 91 (65), 70 (35), 57 (42), 57 (54), 43 (80), 41 (100);
HRMS (ESI): C21H29004 (MH)*, 345.2060 (calculated); 345.2065 (found).

MeO,C, . Me

Bu™

— OH

HO'
2da

2da: Yield: 21.3 mg (84%); *H NMR (400 MHz, CsDs): &: 6.35 (d, J= 16.0 Hz,
1H, major), 6.34 (d, J= 16.0 Hz, 1H, minor), 5.48 (dd, J= 16.0, 5.9 Hz, 1H), 4.10-4.04
(m, 1H), 3.44-3.24 (m, 2H), 3.37 (s, 3H), 2.39 (td, J=7.6, 3.2 Hz, 2H), 1.70 (s, 3H), 1.44
(quint, J=7.6 Hz, 2H), 1.25 (sext, J=7.6 Hz, 2H), 0.80 (t, J= 7.6 Hz, 3H, major), 0.80 (t,
J= 7.2 Hz, 3H, minor); C{1H} NMR: (100 MHz, CsDs) &: 213.6, 167.0, 129.2, 128.0,
103.2,100.1, 72.8, 66.3, 51.4, 30.3, 28.9, 22.2, 14.5, 13.7; FTIR (vmax/cm™): 3384, 2954,
2928, 2871, 1940, 1715, 1436, 1379, 1265, 1240, 1131, 1076, 1017, 965, 875; LC-
MS/MS: 255 (100, MH™), 237 (20), 227 (8), 225 (20), 223 (42), 207 (12), 205 (50), 195
(12), 193 (15), 177 (18), 175 (18), 163 (15), 149 (8); HRMS (ESI): C1sH2304 (MH)*,
255.1596 (calculated); 255.1591 (found).

MeO,C, . Me

Bu™

— OTBDMS

HO
2ea

2ea: Yield: 30.2 mg (82%); *H NMR (400 MHz, CsDg) &: 6.45 (dd, J= 15.8, 1.6
Hz, 1H, major), 6.34 (dd, J= 15.8, 1.6 Hz, 1H, minor) 5.54 (dd, J= 15.8, 5.6 Hz, 1H,
major), 5.50 (dd, J= 15.8, 5.6 Hz, 1H, minor), 4.19-4.10 (m, 1H), 3.42 (dd, A of ABX,
Jas= 9.6 Hz, Jax= 4.4 Hz, 1H), 3.37 (s, 3H), 3.31 (dd, B of ABX, Jag= 9.6 Hz, Jex=7.2
Hz, 1H), 2.39 (td, J= 7.2, 1.6 Hz, 2H), 2.24 (d, J= 3.6 Hz, 1H), 1.72 (s, 3H, major), 1.69
(s, 3H, minor), 1.44 (quint, J= 7.2 Hz, 2H), 1.24 (sext, J=7.2 Hz, 2H), 0.89 (s, 9H, minor),
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0.85 (s, 9H, major), 0.79 (t, J= 7.2 Hz, 3H), -0.06 (s, 6H); 3C{1H} NMR (100 MHz,
CeDe) 6: 213.5,166.9, 129.2, 127.5, 103.1, 100.0, 72.4, 67.2, 51.3, 30.3, 28.9, 25.6, 22.2,
18.1, 14.5, 13.7, -5.6, -5.7; FTIR (vmax/cm™): 3465, 2954, 2928, 2858, 1940, 1716, 1463,
1435, 1361, 1258, 1118, 963, 837, 777; MS (EI, m/z): 368 (1, M™), 339 (1), 311 (2), 279
(1), 249 (3), 219 (2), 191 (4), 175 (5), 159 (6), 145 (3), 121 (5), 117 (15), 105 (30), 91
(20), 77 (20), 75 (100), 73 (50), 57 (85), 41 (60); HRMS (ESI): C20H3704Si (MH)",
369.2456 (calculated), 369.2470 (found).

MeO,C, . Me
Bu™ —
— OH
P Me
HO  Me
2fa

2fa: Yield: 25.4 mg (90%); *H NMR (400 MHz, CsDs) &: 6.29 (dd, J= 15.7, 1.2
Hz, 1H, minor), 6.28 (dd, J= 15.7, 1.2 Hz, 1H, major), 5.63 (dd, J= 15.7, 6.6 Hz, 1H,
minor), 5.62 (dd, J=15.7, 6.6 Hz, 1H, major), 3.73 (d, J= 6.6 Hz, 1H), 3.36 (s, 3H, major),
3.34 (s, 3H, minor), 2.38 (td, J= 7.2, 1.6 Hz, 2H), 2.15 (bs, 1H), 2.00 (bs, 1H), 1.71 (s,
3H, minor), 1.71 (s, 3H, major), 1.43 (quint, J= 7.2 Hz, 2H), 1.23 (sext, J= 7.2 Hz, 2H),
1.06 (s, 3H, major), 1.05 (s, 3H, minor), 1.03 (s, 3H, minor), 1.02 (s, 3H, major), 0.78 (t,
J=7.2 Hz, 3H); *C{1H} NMR (100 MHz, CsDs) &: 213.5, 166.9, 129.3, 128.4, 103.2,
100.0, 79.2, 72.3, 51.3, 30.3, 28.8, 26.1, 23.8, 22.1, 14.5, 13.6; FTIR (vmax/cm™): 3407,
2956, 2929, 2860, 1940, 1714, 1436, 1377, 1265, 1242, 1133, 1015, 965, 898; MS (El,
m/z): 282 (2, M*), 250 (2), 222 (1), 191 (3), 164 (4), 134 (4), 121 (20), 91 (7), 77 (16),
65 (5), 59 (100), 43 (37); HRMS (ESI): Ci6H270s (MH)*: 283.1904 (calculated),
283.1908 (found).

MeOZC/,,,_. Me
Bu™ —
— OMe
< Me
HO  Me

2ga

2ga: Yield: 26.3 mg (89%); 'H NMR (400 MHz, CeDe) 5: 6.45 (dd, J= 15.8, 1.6
Hz, 1H), 5.68 (dd, J= 15.8, 6.2 Hz, 1H), 3.96 (d, J= 6.2 Hz, 1H), 3.36 (s, 3H, major), 3.33
(s, 3H, minor), 2.86 (s, 3H), 2.44 (bs, 1H), 2.38 (td, J= 7.6, 1.6 Hz, 2H), 1.72 (s, 3H), 1.43
(quint, J= 7.6 Hz, 2H), 1.23 (sext, J= 7.6 Hz, 2H), 0.93 (s, 3H), 0.88 (s, 3H), 0.78 (t, J=
7.6 Hz, 3H); 8C{1H} NMR (100 MHz, CeD¢) 5: 213.4, 166.9, 129.1, 103.2, 99.9, 77.6,
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77.1, 51.3, 48.6, 30.3, 28.9, 22.1, 20.2, 19.2, 14.6, 13.7; FTIR (vma/cm™): 3446, 2953,
2928, 2859, 1939, 1712, 1459, 1435, 1380, 1321, 1264, 1241, 1118, 1062, 1015, 965,
861, 833, 740, 713; MS (El, m/z): 296 (1, M*), 265 (1), 233 (1), 221 (1), 191 (1), 121 (3),
91 (5), 74 (4), 73 (100), 59 (5), 43 (20); HRMS (ESI): C17H2004 (MH)*: 297.2060
(calculated), 297.2063 (found).

MeO,C, . M

Bu™

— OMe

HO'
2ha

2ha: Yield: 22.1 mg (87%): *H NMR (400 MHz, C¢Dg) &: 6.24 (ddd, J= 15.2,
10.6, 1.6 Hz, 1H), 5.98 (dt, J= 10.6, 2.7 Hz, 1H), 5.46 (ddd, J= 15.2, 4.8, 0.8 Hz, 1H),
4.16-4.08 (m, 1H), 3.36 (s, 3H, major), 3.35 (s, 3H, minor), 2.99 (dd, A of ABX, Jas=
9.6 Hz, Jax= 4.0 Hz, 1H), 2.93 (dd, B of ABX, Jag= 9.6 Hz, Jex= 7.6 Hz, 1H), 2.93 (s,
3H), 2.41-2.29 (m, 2H), 2.20 (bs, 1H), 1.42 (quint, J=7.2 Hz, 2H), 1.23 (sext, J= 7.2 Hz,
2H), 0.79 (t, J= 7.2 Hz, 3H, minor), 0.78 (t, J= 7.2 Hz, 3H, major); *C{1H} NMR (100
MHz, CsDs) 8: 213.8, 166.6, 132.7, 124.1, 101.9, 97.0, 76.3, 70.3, 58.2, 51.3, 30.2, 28.6,
22.1, 13.6. FTIR (vma/cm™): 3423, 2955, 2930, 2872, 1941, 1716, 1436, 1322, 1268,
1133, 1062, 967, 853, 713; MS (El, m/z): 254 (1, M), 223 (1), 209 (2), 177 (4), 149 (3),
135 (4), 125 (6), 107 (8), 91 (7), 77 (10), 65 (5), 59 (10), 45 (100); HRMS (ESI): C14H2304
(M)*: 255.1591 (calculated), 255.1593 (found).

MeO,C, . AU

Bu™

Bu

N

HO
2ia

2ia: Yield: 26.4 mg (82%); 'H NMR (400 MHz, CDCls) §: 6.08 (d, J= 15.8 Hz,
1H), 5.72 (dd, J= 15.8, 6.8 Hz, 1H), 4.16 (q, J= 6.8 Hz, 1H), 3.70 (s, 3H), 2.31-2.15 (m,
4H), 1.62-1.28 (m, 16H), 0.93 (m, 9H); BC{1H} NMR: (100 MHz, CDCls) &: 213.1,
167.8,132.8, 126.2, 108.2, 101.4, 73.1, 52.0, 37.0, 30.3, 29.6, 28.7, 28.3, 27.6, 22.6, 22.4,
22.3,14.0,13.9,13.8; FTIR (vmax/cm™t): 3418, 2956, 2929, 2860, 1937, 1716, 1465, 1435,
1378, 1265, 1133, 1072, 964; MS (El, m/z): 322 (1, M*), 236 (3), 194 (5), 163 (5), 119
(5), 105 (6), 91 (17), 85 (12), 69 (30), 57 (50), 41 (100); HRMS (ESI): C20H3503 (MH)*:
323.2581 (calculated), 323.2584 (found).
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MeOZC/,II_.

Bu™

Bu
HO

2ia’

2ia’: Yield: 25.5 mg (80%); *H NMR (400 MHz, CDCls) &: 6.08 (d, J= 15.7 Hz,
1H), 5.72 (dd, J= 15.7, 6.7 Hz, 1H), 4.17 (g, J= 6.7 Hz, 1H), 3.71 (s, 3H), 2.30-2.14 (m,
4H), 1.71-1.18 (m, 15H), 0.97-0.82 (m, 9H); 3C{1H} NMR (100 MHz, CDCl3) &: 213.1,
167.8,132.8,126.1, 108.2, 101.4, 73.0, 52.0, 37.1, 30.4, 29.6, 28.7, 28.4, 27.6, 22.6, 22.4,
22.3, 14.0, 13.9; FTIR (vmax/cm™): 3422, 2956, 2928, 2859, 1937, 1716, 1465, 1435,
1379, 1264, 1132, 1074, 963; MS (El, m/z): 322 (1, M*), 236 (20), 231 (21), 205 (20),
195 (36), 194 (90), 179 (35), 177 (42), 165 (39), 163 (50), 152 (38), 135 (55), 121
(61),107 (68), 105 (60), 93(72), 91 (74), 85 (69), 79 (62), 57 (100), 55 (41); HRMS (ESI)
CooH3503 (MH)™: 323.2581 (calculated), 323.2584 (found).

MeO,C, . Me

Bu™

Me
HO

2ja

2ja: Yield: 20.7 mg (87%); *H NMR (400 MHz, C¢Ds) &: 6.16 (dd, J= 15.6, 1.2
Hz, 1H), 5.50 (dd, J= 15.6, 6.2 Hz, 1H, minor), 5.49 (dd, J= 15.6, 6.2 Hz, 1H, major),
4.03 (quint, J=6.2 Hz, 1H), 3.38 (s, 3H, major), 3.37 (s, 3H, minor), 2.39 (td, J=7.4, 1.2
Hz, 2H), 1.70 (s, 3H), 1.49-1.41 (m, 2H), 1.25 (sext, J= 7.4 Hz, 2H), 1.04 (d, J= 6.2 Hz,
3H), 0.80 (t, J= 7.4 Hz, 3H, minor), 0.80 (t, J= 7.4 Hz, 3H, major); **C{1H} NMR (100
MHz, CeDs) 6: 213.3, 166.9, 134.7, 125.2, 103.1, 99.9, 68.0, 51.2, 30.3, 28.9, 23.1, 22.1,
14.5, 13.6; FTIR (vmax/cm™): 3410, 2956, 2928, 1941, 1715, 1436, 1322, 1266, 1135,
1062, 1016, 965, 714; MS (El, m/z): 238 (3, M™), 205 (5), 194,(15), 181 (15), 164 (13),
151 (55), 135 (45), 121 (100), 107 (30), 93 (90), 77 (45), 65 (10), 55 (14), 43 (92); HRMS
(ESI): C14H2303 (MH)™: 239.1648 (calculated), 239.1652 (found).
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2ka

2ka: Yield: 29.9 mg (89%): *H NMR (400 MHz, C¢Ds) &: 6.27 (dd, J= 15.8, 1.4
Hz, 1H, major), 6.26 (dd, J= 15.8, 1.4 Hz, 1H, minor), 5.78 (dd, J= 15.8, 5.5 Hz, 1H),
4.27-4.23 (m, 1H), 3.38 (s, 3H, major), 3.37 (s, 3H, minor), 3.05 (dd, A of ABX, Jag=
9.6 Hz, Jax= 4.0 Hz, 1H), 3.02 (dd, B of ABX, Jas= 9.6 Hz, Jex= 7.2 Hz, 1H), 2.94 (s,
3H), 2.46-2.41 (m, 2H), 2.34 (bs, 1H), 2.16-2.09 (m, 1H), 2.03-1.99 (m, 1H), 1.92-1.87
(m, 1H), 1.66-1.60 (m, 2H), 1.54-1.45 (m, 3H), 1.33-1.01 (m, 7H), 0.81 (t, J= 7.2 Hz,
3H, major), 0.81 (t, J= 7.2 Hz, 3H, minor); *C NMR (100 MHz, CsDg) &: 212.3, 167.1,
129.0, 125.9, 113.8, 102.7, 76.5, 70.8, 58.2, 51.3, 38.0, 32.8, 32.4, 30.6, 29.0, 26.4, 26.4,
26.2, 22.4, 13.7; FTIR (vmax/cm™): 3426, 2925, 2853, 1924, 1713, 1435, 1322, 1263,
1240, 1195, 1173, 1119, 1062, 1016, 964, 890, 841, 713; MS (El, m/z): 336 (2, M¥), 291
(60), 273 (8), 259 (100), 241 (20), 231 (30), 213 (27), 203 (30), 189 (19), 175 (21), 161
(22), 145 (21), 133 (21), 119 (19), 105 (25), 91(47), 79 (33), 67 (21), 55 (45), 45 (65);
HRMS (ESI): C20H3304 (MH)*: 337.2380 (calculated), 337.2384 (found).

MeO,C, . BU

Bu™—
— OMe

HO
2la

2la: Yield: 21.1 mg (68%); *H NMR (400 MHz, C¢Ds) &: 6.22 (dd, J= 15.6, 1.6
Hz, 1H, major), 6.21 (dd, J= 15.6, 1.6 Hz, 1H, minor), 5.92 (dd, J= 15.6, 5.2 Hz, 1H),
4.23-4.15 (m, 1H), 3.38 (s, 3H), 3.01 (dd, A of ABX, Jag=9.2 Hz, Jax= 3.6 Hz, 1H), 2.95
(dd, B of ABX, Jag= 9.2 Hz, Jex= 7.6 Hz, 1H), 2.92 (s, 3H), 2.44-2.37 (m, 2H), 2.29 (bs,
1H), 1.51-1.46 (m, 2H), 1.26 (sext, J=7.2 Hz, 2H), 1.07 (s, 9H), 0.81 (t, J= 7.2 Hz, 3H);
B3C{1H} NMR (100 MHz, CsDs) &: 208.6, 167.4, 132.0, 123.6, 117.1, 102.7, 76.4, 70.6,
58.2, 51.3, 33.8, 30.5, 30.1, 28.9, 22.4, 13.7; FTIR (vmax/cm™): 3455, 2957, 2929, 2871,
1940, 1713, 1459, 1435, 1395, 1363, 1322, 1264, 1239, 1195, 1172, 1132, 1062, 1017,
963, 713; LC-MS/MS: 311 (67, MH"), 292 (19), 279 (80), 261 (27), 255 (10), 251 (5),
247 (10), 237 (9), 229 (60), 223 (100), 219 (8), 205 (8), 201 (9), 191 (8), 179 (26), 177
(8), 169 (10); HRMS (ESI): C1gH3104 (MH)™: 311.2223 (calculated), 311.2220 (found).

53



Me

MeOZC/,,h_.
Hﬁ
:Q_\_/OMe

HO
2ma

2ma: Yield: 17.2 mg (81%); *H NMR (400 MHz, CsDs) &: 6.29 (d, J= 16.0 Hz,
1H, major), 6.26 (d, J= 15.9 Hz, 1H, minor), 5.69-5.66 (m, 1H), 5.47 (ddd, J= 15.9, 5.2,
1.2 Hz, 1H), 4.17-4.12 (m, 1H), 3.32 (s, 3H, major), 3.31 (s, 3H, minor), 3.00 (dd, A of
ABX, Jag= 9.6 Hz, Jax= 4.0 Hz, 1H), 2.95 (dd, B of ABX, Jag= 9.6 Hz, Jex= 7.2 Hz,
1H), 2.95 (s, 3H), 2.08 (bs, 1H), 1.55 (d, J= 2.7 Hz, 3H); 3C{1H} NMR (100 MHz, CsDs)
3:216.1, 165.0, 130.2, 126.0, 103.5, 87.5, 76.3, 70.5, 58.2, 51.1, 14.0; FTIR (Vmadcm™):
3429, 2925, 1944, 1721, 1438, 1395, 1260, 1196, 1153, 1126, 1028, 966, 840; MS (El,
m/z): 212 (2, M¥), 193 (1), 167 (3), 135 (6), 110 (6), 107 (11), 81 (5), 77 (20), 67 (6), 59
(11), 45 (100); HRMS (ESI): C11H1704 (MH™): 213.1121 (calculated), 213.1120 (found).

MeO,C, . Me

Cy™

— OMe

HO
2na

2na: Yield: 27.0 mg (92%); *H NMR (400 MHz, CeDs) &: 6.46 (dd, J= 15.7, 1.6
Hz, 1H), 5.53 (dd, J= 15.7, 5.5 Hz, 1H), 4.27-4.20 (m, 1H), 3.36 (s, 3H, major), 3.35 (s,
3H, minor), 3.05 (dd, A of ABX, Jag= 9.6 Hz, Jax= 4.0 Hz, 1H), 3.00 (dd, B of ABX,
Jas= 9.6 Hz, Jex= 7.2 Hz, 1H), 2.96 (s, 3H), 2.64 (tt, J= 11.4, 3.4 Hz, 1H), 2.33 (bs, 1H),
1.95 (d, J= 11.4 Hz, 2H), 1.71 (s, 3H), 1.64-1.55 (m, 2H), 1.53-1.45 (m, 1H), 1.30-0.94
(m, 5H); 3C NMR (100 MHz, CsDe) &: 213.2, 166.6, 129.1, 105.9, 104.3, 76.5, 70.6,
58.2, 51.2,37.6, 32.8, 26.4, 26.3, 26.0, 14.6; FTIR (vmax/cm™): 3420, 2924, 2851, 1936,
1712, 1435, 1369, 1322, 1254, 1228, 1192, 1128, 1093, 1071, 1026, 997, 965, 891, 872,
780; MS (El, m/z): 294 (2, M), 262 (1), 249 (2), 217 (3), 189 (1), 171 (4), 135 (2), 119
(3), 105 (5), 91 (6), 77 (6), 67 (4), 55 (8), 45 (100); HRMS (ESI): C17H2704 (MH)*:
295.1904 (calculated), 295.1908 (found).
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MeO,C, . Me

t-Bu™

— OMe

20a

20a: Yield: 23.9 mg (89%); *H NMR (400 MHz, C¢Ds) &: 6.43 (dd, J= 15.8, 1.6
Hz, 1H), 5.51 (dd, J=15.8, 5.6 Hz, 1H), 4.25-4.20 (m, 1H), 3.32 (s, 3H, major), 3.30 (s,
3H, minor), 3.04 (dd, A of ABX, Jag= 9.6 Hz, Jax= 4.4 Hz, 1H), 2.99 (dd, B of ABX,
Jag= 9.6 Hz, Jex= 7.2 Hz, 1H), 2.96 (s, 3H), 2.34 (bs, 1H), 1.68 (s, 3H), 1.29 (s, 9H);
13C{1H} NMR (100 MHz, Cg¢Ds) 6: 212.4, 165.9, 128.9, 108.8, 103.2, 76.5, 70.7, 58.2,
50.9,34.2,29.3, 14.6; FTIR (vmad/cm®): 3419, 2955, 2870, 1934, 1717, 1435, 1362, 1322,
1258, 1226, 1132, 1062, 965; MS (EIl, m/z): 268 (1, M"), 236 (1), 223 (2), 191 (3), 163
(5), 145 (5), 135 (15), 119 (5), 105 (6), 91 (12), 79 (15), 65 (5), 59 (7), 57 (25), 45 (100);
HRMS (ESI): C1sH2504 (MH)*: 269.1747 (calculated), 269.1748 (found).

Me

— OMe

20b

20b: Yield: 25.7 mg (91%): *H NMR (400 MHz, C¢Ds) &: 6.44 (dd, J= 15.5, 1.6
Hz, 1H, major), 6.42 (dd, J= 15.5, 1.6 Hz, 1H, minor), 5.52 (dd, J= 15.5, 6.0 Hz, 1H),
4.23-4.19 (m, 1H), 3.95 (qd, J= 7.2 Hz, 1.2 Hz, 2H), 3.03 (dd, A of ABX, Jag= 9.6 Hz,
Jax=4.0 Hz, 1H), 2.99 (dd, B of ABX, Jas= 9.6 Hz, Jex= 7.2 Hz, 1H), 2.95 (s, 3H), 2.32
(bs, 1H), 1.70 (s, 3H), 1.31 (s, 9H), 0.89 (t, J= 7.2 Hz, 3H); *C{1H} NMR (100 MHz,
CDCls) 6: 212.1, 166.2, 129.0, 127.4, 109.2, 103.1, 76.5, 71.1, 60.3, 59.1, 34.2, 29.5,
14.8, 14.2; FTIR (vmax/cm™): 3420, 2959, 1939, 1713, 1459, 1366, 1322, 1255, 1223,
1112, 1060, 965; MS (EI, m/z): 282 (2, M*), 249 (1), 237 (3), 208 (2), 191 (4), 163 (6),
135 (15), 105 (7), 91 (11), 77 (16), 65 (4), 57 (18), 45 (100); HRMS (ESI): C16H2704
(MH)*; 283.1904 (calculated), 283.1908 (found).
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I'-PFO2C,,,,__

t-Bu™

— OMe

20e

20e: Yield: 26.0 mg (88%) 'H NMR (400 MHz, CsDg) &: 6.43 (dd, J= 15.6, 1.6
Hz, 1H), 5.53 (dd, J= 15.6, 5.6 Hz, 1H), 5.01 (sept, J= 6.4 Hz, 1H), 4.22-4.19 (m, 1H),
3.03 (dd, A of ABX, Jag= 9.6 Hz, Jax= 4.4 Hz, 1H), 2.99 (dd, B of ABX, Jag= 9.6 Hz,
Jex= 7.6 Hz, 1H), 2.95 (s, 3H, major), 2.94 (s, 3H, minor), 2.26 (bs, 1H), 1.71 (s, 3H),
1.31 (s, 9H), 1.00 (d, J= 6.4 Hz, 3H), 0.99 (d, J= 6.4 Hz, 3H); *C{1H} NMR (100 MHz,
CDCls) &: 211.8, 165.9, 129.1, 127.3, 109.7, 103.1, 76.5, 71.1, 67.8, 59.0, 34.1, 29.5,
21.8, 21.8, 14.7; FTIR (vmax/cm™): 3410, 2960, 2926, 2896, 2825, 1935, 1708, 1458,
1373, 1322, 1255, 1226, 1049, 1021, 964, 833, 783, 713; MS (El, m/z): 296 (1, M"), 278
(1), 251 (2), 236 (2), 191 (6), 163 (7), 135 (15), 105 (14), 91 (17), 77 (16), 65 (5), 57 (40),
45 (100); HRMS (ESI): C17H2904 (MH)*: 297.2060 (calculated); 297.2064 (found).

Alylo,C, . Me

t-Bu™

— OMe

HO
209

20g: Yield: 25.9 mg (88%); *H NMR (400 MHz, C¢De) &: 6.42 (dd, J= 15.6, 1.6
Hz, 1H, major), 6.40 (dd, J= 15.6, 1.6 Hz, 1H, minor), 5.64 (ddt, J=17.2, 10.8, 4.8 Hz,
1H,), 5.53 (dd, J= 15.6, 5.6 Hz, 1H), 5.08 (dq, J= 17.2, 1.6 Hz, 1H), 4.87 (dg, J= 10.8,
1.6 Hz, 1H), 4.48-4.37 (m, 2H), 4.24-4.19 (m, 1H), 3.03 (dd, A of ABX, Jag= 9.6 Hz,
Jax=4.0 Hz, 1H), 2.99 (dd, B of ABX, Jag= 9.6 Hz, Jex= 7.2 Hz, 1H), 2.95 (s, 3H, major),
2.94 (s, 3H, minor), 2.28 (bs, 1H), 1.69 (s, 3H), 1.30 (s, 9H); *C{1H} NMR (100 MHz,
CDCl) 6: 212.4, 165.7, 132.5, 128.7, 127.7, 117.1, 108.9, 103.2, 76.5, 71.1, 64.7, 59.1,
34.2, 29.4, 14.8; FTIR (vma/cm™): 3410, 2957, 2927, 1935, 1713, 1647, 1457, 1398,
1362, 1321, 1252, 1217, 1172, 1131, 1061, 1027, 1016, 964, 928, 836, 781, 713; MS (EI,
m/z): 294 (1, M™), 249 (3), 236 (2), 191 (4), 163 (5), 135 (6), 105 (5), 91 (10), 77 (9), 65
(3), 57 (16), 45 (100); HRMS (EI): C17H2704 (MH)": 295.1904 (calculated), 295.1907
(found).
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MeOZC//,,_.

t-Bu™

— OBn

2pa

2pa: Yield: 29.6 mg (86%); *H NMR (400 MHz, CsDg) &: 7.17-7.05 (m, 5H), 6.43
(dd, J=15.8, 1.6 Hz, 1H), 5.49 (dd, J= 15.8, 5.6 Hz, 1H), 4.28-4.24 (m, 1H), 4.20 (s, 2H,
major), 4.17 (s, 2H, minor), 3.31 (s, 3H), 3.19 (dd, A of ABX, Jag=9.2 Hz, Jax= 3.6 Hz,
1H), 3.12 (dd, B of ABX, Jag= 9.2 Hz, Jex= 7.2 Hz, 1H), 2.32 (bs, 1H), 1.67 (s, 3H), 1.34
(s, 9H, minor), 1.29 (s, 9H, major); *C{1H} NMR: (100 MHz, CDCls) &: 212.4, 166.5,
137.8, 128.8, 128.5, 127.9, 127.8, 127.7, 108.8, 103.1, 74.0, 73.4, 71.2, 51.6, 34.2, 29.4,
14.8; FTIR (vma/cm™): 3422, 2954, 2865, 1934, 1715, 1496, 1479, 1454, 1434, 1391,
1362, 1257, 1225, 1104, 1060, 1029, 965, 781, 737, 698; MS (El, m/z): 344 (2, M), 311
(2), 296 (2), 223 (2), 191 (3), 168 (4), 135 (11), 107 (7), 91 (100), 57 (50), 41 (25); HRMS
(ESI): C21H2904 (MH)*: 345.2060 (calculated), 345.2068 (found).

Me

2ga

2qa: Yield: 22.1 mg (87%); *H NMR (400 MHz, C¢Ds) &: 6.32 (dd, J= 15.8, 1.6
Hz, 1H, major), 6.09 (dd, J= 15.8, 6.0 Hz, 1H, minor), 5.74 (dd, J= 15.8, 1.6 Hz, 1H,
minor), 5.43 (dd, J=15.8, 6.0 Hz, 1H, major), 4.03-3.99 (m, 1H), 3.35 (dd, A of ABX,
Jag= 11.2 Hz, Jax= 3.6 Hz, 1H), 3.32 (s, 3H), 3.23 (dd, B of ABX, Jag= 11.2 Hz, Jgx=
7.2 Hz, 1H), 2.44 (bs, 1H), 2.22 (bs, 1H), 1.67 (s, 3H, major), 1.57 (s, 3H, minor), 1.34
(s, 9H, minor), 1.29 (s, 9H, major); 3C NMR (100 MHz, C¢Ds) &: 212.4, 165.9, 128.9,
108.9, 103.2, 72.8, 66.3, 50.9, 34.1, 29.3, 14.6; NMR (100 MHz, CDCls) 6: 212.4, 166.5,
129.2, 127.9, 108.9, 103.1, 73.0, 66.4, 51.7, 34.2, 29.4, 14.8; FTIR (vmad/cm™): 3368,
2955, 2926, 2865, 1934, 1717, 1641, 1458, 1434, 1363, 1257, 1225, 1060, 1029, 965,
925, 862, 781; MS (El, m/z): 254 (3, M*): 207 (7), 194 (11), 179 (10), 148 (13), 119 (15),
105 (20), 91 (35), 73 (20), 59 (20), 57 (100), 41 (50); HRMS (EI): C14H2304 (MH):
255.1591 (calculated), 255.1590 (found).
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MeOZC/,,,_.

t-Bu™

— OTBDMS

HO
2ra

2ra: Yield: 30.9 mg, (84%): 'H NMR (400 MHz, C¢Ds) 6: 6.43 (dd, J= 15.6, 1.6
Hz, 1H, major), 6.41 (dd, J= 15.6, 1.6 Hz, 1H, minor), 5.53 (dd, J= 15.6, 5.6 Hz, 1H),
4.17-4.12 (m, 1H), 3.42 (dd, A of ABX, Jas= 10.0 Hz, Jax= 4.0 Hz, 1H), 3.32 (dd, B of
ABX, Jag= 10.0 Hz, Jgx= 7.6 Hz, 1H), 3.32 (s, 3H), 2.23 (bs, 1H), 1.71 (s, 3H), 1.29 (s,
9H), 0.85 (s, 9H), -0.06 (s, 6H); 3C{1H} NMR (100 MHz, CsDg) 5: 212.4, 165.9, 129.1,
108.8, 103.2, 72.5, 67.2, 50.9, 34.1, 29.3, 25.6, 18.1, 14.6, -5.6, -5.7; FTIR (vmax/cm™):
3467, 2954, 2927, 2857, 1935, 1718, 1462, 1434, 1362, 1256, 1225, 1111, 1062, 1005,
963, 837, 777; MS (EIl, m/z): 368 (1, M*), 351 (1), 311 (3), 279 (2), 237 (10), 223 (8),
191 (10), 177 (15), 163 (20), 159 (43), 145 (20), 135 (25), 105 (30), 89 (45), 75 (85), 73
(100), 57 (55), 41 (38); HRMS (ESI): Cz0H3704Si (MH)*: 369.2456 (calculated),
369.2463 (found).

MeO,C, . Me

Ph=——

— OMe

2sa

2sa: Yield: 25.1 mg (87%); *H NMR (400 MHz, CsDe) &: 7.71-7.67 (m, 2H), 7.14-
7.11 (m, 2H), 7.03-6.99 (m, 1H), 6.41 (dd, J= 15.8, 1.2 Hz, 1H, major), 6.38 (dd, J= 15.8,
1.2 Hz, 1H, minor), 5.56 (dd, J=15.8, 5.6 Hz, 1H), 4.21-4.16 (m, 1H), 3.38 (s, 3H, major),
3.36 (s, 3H, minor), 3.03-2.96 (m, 2H), 2.96 (s, 3H), 2.30 (bs, 1H), 1.68 (s, 3H); 3C{1H}
NMR (100 MHz, CeDg) 8: 215.9, 165.8, 133.2, 130.5, 128.7, 128.2, 127.5, 126.2, 104.4,
102.7,76.4,70.6,58.2,51.5,14.2; FTIR (vma/cm™): 3419, 2922, 2851, 1926, 1716, 1492,
1434, 1369, 1321, 1273, 1195, 1171, 1123, 1062, 1039, 964, 918, 898, 781, 694; MS (EI,
m/z): 288 (2, M*), 256 (3), 211 (5), 183(5), 155 (17), 115 (8), 89 (4), 77 (9), 51 (5), 45
(100); HRMS (ESI): C17H2104 (MH)*: 289.1434 (calculated), 289.1439 (found).
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NOE

e

MeOZBS H OMe

2ta

2ta: Yield: 25.4 mg (82%); *H NMR (400 MHz, C¢Ds) &: 5.80 (d, J=8.2, 1.6 Hz,
1H, minor), 5.75 (dt, J= 8.2, 1.6 Hz, 1H, major), 4.55-4.50 (m, 1H), 3.36 (s, 3H), 3.08-
3.03 (m, 2H), 2.96 (s, 3H), 2.40 (td, J= 7.6, 2.8 Hz, 2H), 2.25-2.11 (m, 4H), 1.60-1.20 (m,
4H), 0.86-0.78 (m, 5H); 3C{1H} NMR (100 MHz, C¢Dg) &: 207.1, 167.4, 137.2, 125.6,
109.3, 99.6, 76.3, 66.9, 58.3, 51.4, 30.7, 30.5, 28.9, 28.5, 25.6, 25.5, 22.2, 13.9; FTIR
(vmax/cm™): 3456, 2928, 2857, 2859, 1946, 1713, 1436, 1436, 1266, 1241, 1128, 1063,
957: MS (El, m/z): 308 (1, M*), 276 (25), 231 (65), 201 (35), 175 (40), 161 (50), 117
(55), 91 (95), 77 (40), 55 (30), 45 (100); HRMS (ESI): CigH20s (MH)": 310.2067
(calculated), 310.2067 (found).

MeO,C, . Me

Bu™

— OMe

PhHNCO,
4ba

4ba: M.P.: 67-69 °C; 'H NMR (400 MHz, CDCls) 5: 7.38 (d, J=7.6 Hz, 2H), 7.32-
7.28 (m, 2H), 7.06 (tt, J=7.6, 1.2 Hz, 1H), 6.72 (bs, 1H), 6.33 (dd, J=15.8, 1.2 Hz, 1H),
5.70 (dd, J= 15.8 Hz, 6.4 Hz, 1H), 5.53 (qd, J= 5.6, 1.2 Hz, 1H), 3.70 (s, 3H), 3.60 (d,
J=2.4 Hz, 1H), 3.59 (d, J=0.8 Hz, 1H), 3.42 (s, 3H), 2.25 (t, J= 7.6 Hz, 2H), 1.89 (s, 3H),
1.40-1.28 (m, 4H), 0.88 (t, J= 7.6 Hz, 3H); 3C{1H} NMR (100 MHz, CDCl3) 5: 213.8,
167.5, 152.6, 137.7, 130.0, 129.1, 124.8, 123.5, 118.6, 103.0, 100.0, 74.1, 73.5, 59.3,
52.1, 30.1, 28.6, 22.1, 14.7, 13.9.
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CHAPTER 4

RESULTS AND DISCUSSION

We initiated our study using the enyne oxirane (Z)-1a whose oxirane terminus is
dimethyl substituted. We were pleased to observe that, with just our first attempt, the
substrate (Z)-la was converted to the desired 2,3,5-trienoate product 2aa, which is
exclusively in (E)-configuration, and carries a hydroxyl group on the allylic position,
almost quantitatively under very mild reaction conditions; the conversion was complete
within just 1 h, when the reaction was performed in the presence of a Pdz(dba)s-CHClI3
(0.5 mol % Pd) and PPhs (2 mol %) combination in MeOH, and under balloon pressure
of CO at 25 °C (Table 4.1, entry 1). The catalyst loading could even be reduced by half
(0.25% Pd, 1% PPhs) without compromising the product yield (entry 2). The optimum
PPhs/Pd ratio appears to be 4:1, because any deviation from this ratio resulted in a
decrease in the reaction rate (entries 1-4). Finally, the controlled experiments proved that
no conversion for the substrate would be possible in the absence of a phosphine ligand or
a palladium source (entries 5 and 6).

Table 4.1. Methoxycarbonylation of Enyne Oxirane (Z£)-1a.?

Me Me
Me
y A Pd,(dba);-CHCl3, PPhy Bu\]%.)\/\f/Me
Bu Me OH
S y MeOH, CO CO,Me
(2)-1a © 2aa
entry Pd % PPhs% t(h) yield%o®
1 0.5 2 1 >99¢
2 0.25 1 2 >99
3 0.5 3 3 >99
4 0.25 0.5 5 >99
5 1 0 16 0
6 0 4 16 0

aReaction conditions: 0.3 mmol of (Z)-1a, 2 mL of MeOH, under CO filled balloon, 25 °C. "Determined by 'H NMR

analysis using benzaldehyde as the internal standard. ®Isolated yield.
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Having determined that the enyne oxirane (Z)-1a is a perfectly amenable reagent
toward palladium catalysis as a means to synthesize vinylallene structures, we next
probed the diastereoselectivity—directly associated with the level of center-to-axial
chirality transfer—of the method over the substrate (Z)-1b, using a variety of mono- and
bidentate ligands. The corresponding vinylallene product 2ba was in 96% yield with a
good diastereomeric ratio (92:8) when PPhs was used as the ligand (Table 4.2, entry 1).
The relative configuration of its major diastereomer was determined by X-ray

crystallography of its phenylcarbamate derivative (Figure 4.1), (Kus, et al. 2015).
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Figure 4.1. X-ray crystallographic structure of the phenylcarbamate derivative of 2ba.

Typically, comparable yields are obtained with a variety of monodentate
phosphine ligands tested herein, with varying reaction times required for a full
conversion. However, it has been found that the level of the chirality transfer is strongly
dependent on the ligand type that is used. The reactions in the presence of a prepared
catalyst Pd(PPhs)s or P(2-MeCgHa)3 ligand proceeded with similar selectivities when
compared with PPhs (entries 2 and 3), whereas electron rich phosphines and a heteroaryl
substituted phosphine all showed inferior stereoselectivities (entries 4-7). The best
diastereoselectivity was obtained with the use of an electron poor phosphine ligand, P(4-
CF3CeHa)s, which afforded 2ba with 94% yield and 94:6 diastereoselective ratio (dr)
within just 30 min (entry 8). Finally, the use of bidentate ligands brought about dismal

selectivities or low activities in some cases (entries 9-14).
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Table 4.2. The Effect of Ligand on Methoxycarbonylation of (Z)-1ba.

Me H Me
—\ ,0 Pd,(dba);-CHCI3, Ligand NV\
% H " MeOH, CO - MeOZCB""// OH o
Bu 211b OMe u 2ba
entry ligand t (h) yield%® dr¢
1 PPh; 1 96 92:8
2 PPhg¢ 4 89 92:8
3 P(2-MeCsHa)3 0.5 92 92:8
4 P(2-OMeCgHa)3 0.5 97 87:13
5 P(4-OMeCgHa)3 1 95 86:14
6 PPh:Me 25 81 80:20
7 Tris(2-furyl)phosphine 1 94 83:17
8 P(4-CF3CsHa)3 0.5 94¢ 94:6
9 dppf 1 72 90:10
10 dppe 3 96 86:14
11 dppb 15 89 86:14
12 Xantphos 15 92 86:14
13 (+)-BINAP 9.5 44f 85:15
14 BIPHEP 10 0 -

3Reaction conditions: 0.1 mmol of (Z)-1b, 2 mL of MeOH, 1 mol % of Pd, P/Pd ratio is 4:1, under CO filled balloon,
25 °C. dppf: 1,1-bis(diphenylphosphino)ferrocene; dppe: 1,2-bis(diphenylphosphino)ethane; dppb: 1,4-
bis(diphenylphosphino)butane;  Xanthphos:  4,5-bis(diphenylphosphino)-9,9-dimethylxanthene; BINAP: 2,2'-
bis(diphenylphosphino)-1,1'-binaphthalene; BIPHEP: 2,2"-bis(diphenylphosphino)-1,1’-biphenyl. ®Determined by 'H
NMR analysis using benzaldehyde as the internal standard. °Diastereomeric ratio (dr) was determined by *H NMR.
dPd(PPhs)s was the catalyst of this reaction. élsolated yield. "The conversion of (Z)-1b was 49%.111

Having determined P(4-CF3CeHa)s as the optimal ligand, next we explored the
suitability of a number of alcohol reagents for their reactions with (Z)-1b. Except those
with t-BuOH (Table 4.3, entry 5), the vinylallene products could be obtained at yields
within the range of 83-91% with all alcohol reagents tested herein. Surprisingly, however,
the reactions performed with alkyl alcohols, including EtOH, PrOH, BuOH, and i-PrOH,;
all proceeded with relatively lower stereoselectivities (entries 1-5). Nevertheless,
gratifyingly an additional functionality could be introduced to a 7-hydroxy-2,3,5-
trienoate structure with the use of allyl alcohol, which yielded the corresponding product
2bg in 91% vyield and with 93:7 dr, albeit with higher Pd loading to complete the reaction
(entries 6-7).
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Table 4.3. Alkoxycarbonylation of Enyne Oxirane (Z)-1a.¢

Me  H Me
y = 0 Pd,(dba);-CHCls, P(4-CF3CeHa)s . )\/\/\OM
H |||./ E e
a ROH, CO ROLC 7 &
OMe Bu
(2)-1b 2b
entry ROH product t (h) yield % dr®
1 EtOH 2bb 1 84 80:20
2 ProH 2bc 3 87 88:12
3 BuOH 2bd 4 83 86:14
4 i-PrOH 2be 2 88 86:14
5 t-BuOH 2bf 10 0 -
6° Allyl 6 25 93:7
2bg
7¢ alcohol 1 91 93:7

aperformed under the conditions of Table 4.2. "Determined by *H NMR. ¢Conversion of (Z)-1b was 75%. YReaction

was performed with 3 mol % of Pd and 12 mol % of ligand.

It seems that the method is also suitable for enyne oxiranes containing an (E)-
configured alkenyl moiety; a carbonylation reaction of (E)-1b in MeOH under the
standard conditions (conditions denoted in Table 4.2) required remarkably longer reaction
period for complete conversion, and resulted in a diastereomer of 2ba (2ba’) with a high
yield, but slightly decreased selectivity of 92:8 dr (Figure 4.2). This result also proves
that the configuration of alkenyl moiety of substrate regulates the stereomeric outcome
of the product. Nonetheless, because of some difficulties encountered during the synthesis
of enyne oxiranes with (E)-alkenyl group, such as partial isomerization of the alkenyl

group, further studies were continued using only (Z)-configured reagents.

Me
\H o Conditions for Table 4.2 Bu, . Me
F MeO,C™— —\__
Bu” y OMe  MeOH,CO,35h OMe

HO

(E)-1b
2ba’
87% yield
92:8 dr

Figure 4.2. Methoxycarbonylation of (E)-1b
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Next we explored the scope of the protocol over a variety of substrates containing
(2)-alkenyl and (E)-oxirane moieties. Except in one case, alkoxycarbonylation reactions
proceeded rather smoothly and provided the expected products at yields within the range
of 81-92%.

It was interesting to observe that the form of pendant oxygen functionality within
R3 group is an important factor for the stereoselectivity of the process. Substituting the
methoxymethyl group in R® position with a benzyloxymethyl group ((Z)-1c) had no
detectable effect on both the reactivity and stereoselectivity (Table 4.4, entry 1).
However, when R® was a carbinol group ((Z)-1d) or its hydroxyl group was silyl protected
((Z)-1e), the corresponding methoxycarbonylated products 2da and 2ea were obtained
with 90:10 and 89:11 dr, respectively (entries 2 and 3).

The same trend was also obvious for the reactions of (2)-1f and (Z)-1g, where R®
is dimethylcarbinol and dimethylmethoxy methyl, respectively. Though comparably
good yields could be achieved with both reagents, the products 2fa and 2ga were obtained
with significantly different level of stereoselectivities, 85:15 and 95:5 dr, respectively
(entries 4 and 5).

It seems that for an effective stereoselectivity, the alkenyl carbon that is proximal
to the alkynyl moiety is required to be fully substituted, because the carbonylative
reaction of the enyne oxirane containing a disubstituted alkenyl moiety ((Z)-1h) with
MeOH proceeded with an inferior stereoselectivity (entry 6). As a model for substrates
with all alkyl substituents, the enyne oxirane (Z)-1i, where all R!, R?, and R® positions
were occupied by butyl groups, also gave rise to the expected product 2ia with a high
selectivity of 93:7 dr (entry 7). However, (Z)-1j possessing a methyl group in the R®
interestingly afforded the lowest dr (82:18) as compared to other enyne oxiranes tested
herein (entry 8). While the method tolerated a larger cyclohexyl group in the R? (entry 9)
under the reaction conditions, the presence of the tert-butyl group at this position ((2)-11)
brought about the formation of an allylic esterified byproduct (3la) along with the desired
product 2la with a high dr (entry 10).

It was also intriguing to find that there appears to be a direct relation between the
diastereoselectivity and the size of R* (entries 11-13). For instance, when (Z)-1m, which
contains a terminal alkynyl moiety, was subjected to the methoxycarbonylation, the
product 2ma was obtained with only 88:12 dr Nevertheless, the substrate (Z)-10 (R!= t-

Bu) afforded the expected product 20a in an excellent level of selectivity (97:3 dr).
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The remarkable improvement on the stereoselectivity of the process that was
gained with the presence of the tert-butyl group on the alkynyl moiety appears enduring;
in contrast to the results obtained with (Z)-1b, when R!= tert-butyl, the replacement of
the methoxy group with benzyloxy ((Z)-1p), hydroxyl ((Z)-1q), or silyl protected ((2)-1r)
groups within R only slightly impacted the dr of the corresponding products (entries 14-
16).

Table 4.4. Alkoxycarbonylation of Enyne Oxiranes.“

R2 H R2
= ,0 Pd,(dba)s-CHCl3 P(4-CF3CgH4)s ,)\/\/R3
VA H . R402Crm/./ H
H L, R*OH, CO ) OH
R’ R R )
(2)1
Time Yield
Entry Reactant _ Product dr®
(min) (%)
Me MeO,C, . Me
Bu™
Z A :QZ\JOBn
1 Bu o) 30 90  94/6
H H HO
(Z2)-1c OBn 2ca
Me MeO,C, . Me
Bu™
Z —_  OH
2 Bu 0 100 84  90/10
H H HO
(2)-1d OH 2da

Me

Me MeO,C, .
Bu™
& X :QZ\_/OTBDMS
3 Bu ) 50 82 89/11
H H HO
(2)-1e OTBDMS

2ea
Me MeO,C, . Me
X Bu _
Z OH
4 Bu ’ OH 60 Me 90  85/15
211 OH HO Me
(2)- vl Me 2fa

Me

Me

MeOzC,,,,_.

Bu™
é S o ! — OMe

5 Bu” P, 45 L Me 89  95/5
HO Me
OMe
@19 Swe 2ga

(cont. on next page)
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Table 4.4. (cont.)

10

11

12

13

H
=
=
Bu 0
H H
(2)-1h OMe
Bu
P
=
Bu 0o
H H
(2)1i Bu
Me
=
=
Bu O
H H
(2)-1j Me
Cy
P
=
Bu 0
H H
(2)-1k OMe
t-Bu
A
7
Bu O
H H
(2)-1 OMe
Me
=
W %
H H
(Z)-1m OMe
Me
=
7
Cy 0
H H
(Z)-1n OMe
Me
=
7
t-Bu O
H H
(210 OMe

45

90

70

50

110

300

90

90

MeO,C, . N
Bu™ —
— OMe
3 87
HO
2ha
MeO,C, . Y
Bu™ .
—Bu 82
HO
2ia
Meo,C, . Me
Bu'b:a:L
Me 87
HO
2ja
MeO,C, . Y
Bu™
— OMe
89
HO
2ka
MeO,C, . ,BU
Bu™ -
OMe 68
HO
2la
+
t-Bu
X
. é 14
Y Meo,c 7\, -OMe
3la OH
Meo,C, . Me
H™
ROMe
) 81
HO
2ma
MeO,C, . Me
Cy™
— OMe
\ 92
HO
2na
MeO,C, . Me
t-Bu™
— OMe
) 89
HO
20a

85/15

93/7

82/18

94/6

95/5

ND°¢

88/12

94/6

97/3

(cont. on next page)
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Table 4.4. (cont.)

Me MeOZC/,,,_. Me
t-Bu™
// X ! — OBn
t-Bu o 45 \ 86 96/4
14 H N HO
(2)1p OBn 2pa
Me MeOZC/,,,__. Me
t-Bu™
= ! —_  OH
t-Bu 9] 30 \ 87 94/6
15 H H HO
(2)1q OH 2qa
Me M602C//,,_, Me
t-Bu™
Z S 1\_/0TBDMS
t-Bu o) 45 84 96/4
16 H H HO
(2)-1r OTBDMS 2ra
Me M602C//,,_, Me
Ph™™—
Z ROMG
Ph 0 45 ) 87 88/12
17 H H Ho
(2)1s OMe 2sa

aperformed under the conditions of Table 4.2. PDetermined by *H NMR. °Not determined.

The enyne oxirane (Z)-1s with a phenyl substituent at alkynyl terminus yielded
the product 2sa with 88:12 dr (entry 20), and the substrate 1t having an endocyclic double
bond also successfully underwent methoxycarbonylation to generate an exocyclic
conjugated vinylallene structure 2ta with a relatively lower but synthetically still useful
dr (Figure 4.3).

// o Conditions for Table 4.2 1 on
H .
H /
OMe MeOH, CO, 3 h MeozC“V/ H OMe
Bu Bu
(2)-1t 2ta
82% yield
89:11 dr

Figure 4.3. Methoxycarbonylation of (Z)-1t
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Moreover, the carbonylative reaction of (Z)-1o0 with other alcohols also provided
the corresponding vinylallenes with high dr values (Table 4.5).

Table 4.5. Alkoxycarbonylation of Enyne Oxirane (£)-10.¢

Me Me
ROZC//,,_.
= A o Conditions for Table 4.2 Bu—— — OMe
t-Bu H N
H ROH, CO HOS
(2)10 OMe 20
entry ROH product t (h) yield % dr®
1 EtOH 20b 2 91 95:5
2 i-PrOH 20e 3 88 94:6
3¢ Ally alcohol 209 1 88 95:5

aperformed under the conditions of Table 4.2. PDetermined by *H NMR. °Reaction was performed with 3 mol % of Pd
and 12 mol % of ligand.

The mechanisms illustrated in Figure 4 are proposed to account for the
stereoselective formation of 2 and 2°. The reaction cycle should begin with ring-opening
by the attack of a palladium complex to both (Z)-1 and (E)-1 in anti-mode, leading to the
formation of w-allylpalladium complexes A and A’, respectively, given the formation of
vinylallenes exclusively in (E)-configuration for both intermediates (A and A’), the
alkanolate group (CHR30") on the planar allyl ligand should be oriented syn with respect
to the middle allylic C-H. These intermediates additionally undergo a palladium shift to
the far alkynyl carbon proceeding mainly with retention to form vinylallenyl palladium
complexes B and B’, respectively. The relative position of the R? group and alkynyl
moiety on A and A’ may also be inverted via the n-c-mt interconversion into C and C’,
respectively, before undergoing such a Pd shift. The favored configuration of this side of
the complex should be regulated by the inherent structure of R2. For instance when R is
hydrogen the thermodynamically more stable w-allyl complexes should bear alkynyl and
CHR30" moieties in syn, syn positions (A’ and C).
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R2
\ CO, R*OH
- .

-Pd(0)

R
= Pd(0 7N R3 -
/\gqo/H 0) Tﬁ;-n/L . ,)\\\\<O = v .MRs
H =

3 e
R! R L,Pd"
(21 R" A "R
R H o Re R? pdL, R?
Pd(0
P A © &) R® . _)\/\‘/F\’3
R' (EF1 R o ""Pd"y// 0
A _ R i
CO, R*OH
l B '
-Pd(0)
R’ N R
. LnPd\;\\ R?
c |l pdL, ——— \ /
R3 (6]
) )
" H O R?

Figure 4.4. The Mechanism of Alkoxycarbonylation of Conjugated Enyne Oxiranes.

However, such configurational transitions cannot alter the outcome of the
reaction, because both isomeric intermediates C and C’ would also lead to B and B’,
respectively. These c-allenylpalladium complexes undergo successive CO insertion and
reductive elimination, as verified previously, to yield 2 and 2’ stereoselectively.

The loss of stereochemical integrity of the resulting products should take place
during the course of the reaction cycle because subjecting the purified 2ba again to the
standard conditions for 4 h had no influence on its original diastereomeric ratio. Though
we cannot completely disregard the occurrence of the r-allylpalladium isomerization or
its formation through syn-attack of the palladium, the back side migration of the
palladium over the alkynyl side (by inversion of configuration) could be the primary basis
for the formation of the minor diastereomeric form in each case, and particularly
increased sizes of R and R? might have limited the occurrence of such transitions in an
inverted manner. However, the presence of a highly encumbered group, such as tert-butyl,
at R? also retards the effective migration of the m-allyl coordinated palladium, and as a

result (Z2)-11 partly underwent allylic alkoxycarbonylation to form the byproduct 3la.
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Finally, the enyne oxirane (Z)-1i’ containing a (Z)-configured oxirane moiety was
also the subjected to the standard reaction conditions. The reaction proceeded smoothly
in accordance to the proposed mechanism, and thus yielded the vinylallene product 2ia’,
which is the diastereomer of 2ia (see entry 7 of Table 4.4), with a high level of dr (Figure
4.5).

Me
MeO,C, . Me
= Conditions for Table 4.2 Bu —
Bu % Bu
H Bu MeOH, CO, 2.5 h "
(2)-1i+ H 2ia’
80% yield
94:6 dr

Figure 4.5. Methoxycarbonylation of (Z)-1i.
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CHAPTER 5

CONCLUSION

In summary, we have developed a mild, simple and atom economical method for
the synthesize of anti-substituted (E)-configured vinylallenes bearing a hydroxyl group
on the allylic position via palladium-catalyzed alkoxycarbonylative 1,5-substitution
reactions of conjugated enyne oxiranes.

The optimization studies showed that the reactions can be performed in the
presence of Pdz(dba)s-CHCIs catalyst, an electron poor phosphine ligand, P(4-CF3CsHa)s,
and balloon pressure of carbon monoxide, which afforded the desired vinyallene
structures with good yields and diastereoselectivities.

The reactions proceeded in a highly stereoselective manner, possibly through
sequential formation of w-allylpalladium and o-vinylallenyl palladium complexes and the
major diastereomeric form of the product is determined by the configuration of the

alkenyl moiety of the substrate.

71



REFERENCES

Akpinar, G. E.; Kus, M.; Uciincii, M.; Karakus, E.; Artok, L. Org. Lett. 2011, 13, 748-
751.

Alper, H.,; Yu, W. Y. J. Org. Chem. 1997, 62, 5684-5687.

Betzer, J. F.; Delaloge, F.; Muller, B.; Pancrazi, A.; Prunet, J. J. Org. Chem. 1997, 62,
7768-7780.

Bond, D. J. Org. Chem. 1990, 55, 661-665.
Buss, A. D.; Warren, S. J. Chem. Soc. Perkin Trans. | 1985, 2307-2325.
Caldentey, X. C.; Cambeiro, X. C.; Pericas, M. Tetrahedron 2011, 67, 4161-4168.

Chen, Z.; Duan, X.; Wu, L.; Ali, S.; Ji, K.; Zhou, P.; Liu, X.; Liang, Y. Chem. Eur. J.
2001, 17, 6918-6921.

Denmark, S. E.; Wang, Z. Org. Synth. 2005, 81, 42-52
Elsevier, C.J.; Kleijin, H.; Boersma, J.; Vermeer, P. Organometallics 1986, 5, 716-720.

Fang, Z.; Liao, P. C.; Yang, Y. L.; Yang, F. L; Chen, Y. L.; Lam, Y.; Hua, Y. F.; Wu, S.
H. J. Med. Chem. 2010, 53, 7967-7978.

Gore, J.; Dulcere, J.P. J. Chem. Soc. Chem. Comm. 1972, 867.

Kajikawa, T.; Aoki, K.; Singh, R. S.; Iwashita, T.; Kusumoto, T.; Frank, H.A,
Hashimoto, H.; Katsumura, S. Org. Biomol. Chem. 2009, 7, 3723-3733.

Krause, N.; Purpura, M. Eur. J. Org. Chem. 1999, 1, 265-275.

Kus, M.; Artok, L.; Aygiin, M. J. Org. Chem. 2015, 80, 5494-5506. (CCDC 1019595
contains the supplementary crystallographic data of phenylcarbamate
derivative of 2ba. This data can be obtained free of charge from The
Cambridge Crytallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif)

Lian, J. J.; Chiang, P. C.; Lin, Y. P.; Ting, H. C.; Liu, R. S. J. Am. Chem. Soc. 2006, 128,
11372-11373.

72



Ma, S.; Wang, G. Angew. Chem. Int. Ed. 2003, 42, 4215-4217.
Marshall, J. A.; Wolf, M. A.; Wallace, E. M J. Org. Chem. 1997, 62, 367-371.

Meijere, A.; Diederich de F. Metal-Catalyzed Cross-Coupling Reactions. Volume 1:
WILEY-VCH Verlag GmbH & Co. KgaA, 2004.

Ming-Yuan, L.; Madhushaw, R. J.; Liu, R. S. J. Org. Chem. 2004, 69, 7700-7704.
Molander, G. A.; Sommers, E.M.; Baker, S. R. J. Org. Chem. 2004, 71, 1563-1568.

Murahashi, S. I.; Imoda, Y.; Taniguchi, Y.; Higashiura, S. J. Org. Chem. 1993, 58, 1538-
1545.

Piers, E.; Wong, T.; Coish, P.; Rogers, C. Can. J. Chem. 1994, 72, 1816-1819.
Sakamoto, M.; Shimizu, I.; Yamamoto, A. Bull. Chem. Soc. Jpn. 1996, 69, 1065-1078.

Satoh, T.; Ikeda, M.; Kushino, Y.; Miura M.; Nomura, M. J. Org. Chem., 1997, 62, 2662-
2664.

Schmidt, B.; Pohler, M.; Costisella, B. Tetrahedron 2002, 58, 7951-7958.

Shimizu, I.; Maruyama, T.; Makuta, T.; Yamamoto, A. Tetrahedron Lett. 1993, 34, 2135-
2142,

Stille, J. K., Simpson, J. H. J. Am. Chem. Soc. 1987, 109, 2138-2152

Trost, B. M.; Molander, G. A. J. Am. Chem. Soc. 1981, 103, 5969.

Tsuji, J;, Kataoka, H.; Kobayashi, Y. Tetrahedron Lett. 1981, 22, 2575.

Tsuji, J.; Sato, K.; Okumoto, H. J. Org. Chem. 1984, 49, 1341-1344.

Tsuji, J.; Watanabe, H.; Minami, I.; Schmizu, 1. J. Am. Chem. Soc. 1985, 107, 2196-2198.
Tsuji, J.; Sugiura, T.; Minami, I. Tetrahedron Lett. 1986, 27, 731-734.

Tsuji, J.; Suqiura, T.; Yuhara, M.; Minami, I. J. Chem. Soc. Chem. Comm. 1986, 922-
924.

73



Tsuji, J.; Mandai, T. J. Organomet. Chem. 1993, 451, 1-15.
Tsuji, J.; Mandai T. Angew. Chem. Int. Ed. 1995, 34, 2589-2612.

Tsuji, J. Palladium Reagents in Organic Synthesis; John Wiley and Sons: New York,
1995: 453-471.

Tsuji, J., Palladium Reagents and Catalysts-New Perspectives for the 21st Century:
WILEY-VCH Verlag GmbH & Co. KgaA, 2004.

Ukai, T.; Kawazura, H.; Ishii, Y.; Bonnet, J. J.; Ibers, J. A. J. Organomet. Chem. 1974,
65, 253-266.

Urabe, H.; Suzuki, K.; Sato, F. J. Am. Chem. Soc. 1997, 119, 10014-10027.

Ucgiincii, M.; Karakus, E.; Kus, M.; Akpmar, G.E.; Aksin-Artok, O.; Krause, N.; Karaca,
S.; Elmaci, N.; Artok, L. J. Org. Chem. 2011, 76, 5959-5971.

Wang, C.; Tobrman, T.; Xu, Z.; Negishi, E. Org. Lett. 2009, 11, 4092-4095

74



APPENDIX A

1H NMR and 13C NMR SPECTRUMS OF REACTANTS
AND PRODUCTS
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Poins Courr 16384 Puise Sequence sdpul Recsiver Gain 48.00 Sohent BEMFEME-d8
| Specoum Offser (Hr) 2380 5100 Specrum Tipe STAMDARD Sweep Wi (Hz) 6410.28 Temperswre {degree C) 25000
&
PROTON_D1 VerticalScaleFactor = 1
i rT- ME o
10 A =
E - = |
E _____.-"}" H E
024 Bu K - -0Bn i
E L
E AV
05 (£)-1c
07 3 :[“,
#0563
g E
H E
E E
g 053
E 3 = i
0.4 i =
E y
3 @
3 o
0.3 T
023 :
] P e
3 gE : 7 5
o 2 518 i
z l b
1.12 224
[} L
6.5 6.0 55 50 45




€8

ME - 0EN-EPC-TEE

Fampla Hame:
ME-OBN-EFD-TEE
Data Collacted on:
vozrsd10-voars400
Archive directory:
S boma/vomrl fvomroysfdata
Eampla directory: =
ME-0BN-EPO-TEE_ 20130225 0 5

FidFila: CARBON M
b

132.781

rulse Saguanca: CAREOH -:n2|_:|'.'|1'F'--._._

Eclwent: co&dE
Data collacted on: Feb 25 20132

Temp. 25.0 ¢ / I190.1 E
Operator: vmmrl

Eslax. dalay 1.000 sec
Fulsa 45.0 degresso

ARog. tima 1.311 sec

widch 25000.0 Bz

1218 repatitions
CEEERVE C13, 100.G5B0041 mEx
DECOUPLE H1, 359.51081425 Maz
Fower 45 dB

continnously on

WALTZ-15 modulated

DATA PROCESSING

Line broadening 0.5 EHz

FT oiza £553&

Total tima 1 br, 17 min

128,171
—127.913

127.791
127.870
—137.541

127,442

127 .427

T9.138

71.816

T0. 055

—58.21%

E3.818

30.817

~=313.508

Agilent Technologies

—18. 987
13.196

—11.816




FI-FXOTT M e

sazple Hame: 4% Agilent Technologies

FZ-FEOTT o
Data Collacted on: Bll/f}x
vimred{0-vomrsd 00
Archiva dirsctory:
fboma/vmmrl fvomreys//data
samplf directory: {.Z]-1 d
FE-¥X0TT_20140521 01
FidFifla: PEOTON

5.1560
5. 1586
5.238 L
5.134
3.978
3.972
3.548
3.5941
3.880
3. 874
3.857
3.852
3.698
3.6886
J.685
3.655
3.114
3.107
3.102
3.087
3.0%0
2.371
2. 3558
2.337
1.878
1.875
1.551
1.543
1.5833
1.531
1.525
1.513
1.508
1.458
1.452
1.43%
1.433
1.420
1.413
\ 1.395
0.%35
0.917
0.911
0.%05
0.85%
"."—-l:l ong

/-
-
4{:

sguence: PROTON (s2pal)
: adeld
llacted om: May 21 2014

N NN

280 0 f I%B.1 E
r: womrl

dalay L.000 mec
Fulss| 45.0 degress

ima I.ECE mec

£410.3 Bz

B repptitions

HL, 395.9161069 MH=
S2IHGE

32T7cR

ima O min 10 sec

{_.
1
:

8

I T T T
7 € 5 g 3 2 1 pom
o Py o S e e e o
: i< : : i K



G8

Me
ME-05-11-1Z-3AF-T
s
cxpdl CRESON - H
Bu —
SANFLE FRESATURATIOH D \/ DH
data Hov 5§ 2012 satmoda o -
solvant cbtdé wat o :Z|_1 o
fila /homa/vomerlfv- SPECIAL o m oo Hw i o - = % m n m W
O - - -1 w Mmoo = W
meroys/data/LEVENT~ tamp oot usad S e = = = W wow @ o w
u'n::l»:.-'mrg.-'mxzu gain j; SERHES S a = o o m = morhom o
JHE-0L5-11-12-3AF-T~ opin - - i
_20121105_02/CARBC- hat 0.008 lL_ IKF/ L "J J "J "J
N 01.f1d pwid 11.700

ROQUISITION alfa 10.000
o 25000.0 FLAGE
at 1.311 41 o
op 5538 im o
fh 17000 dp ¥
ba £4 ha on
d1 1.000 FROCE3IING
nt 1000 1b 0.50
ct 1000 £ao oot uoad

TRANSNITTER DISPLAY
tn €1 ap -1437.7
sfrg 100. 570 wp 249989.32
tof 1531.2 rfl 1438.5
tpwWE B4 cip ]
= C.850 rp -1T76.5

DECOUPLER lp o
dn H1 PLOT
dof 0 weo 28
dm ¥¥Y oc ]
daowava W va 155204
dowr 48 th 10
dmf 10101 a1 codoc ph

U N R R R R R N N N RN R N R N N N LR N R R RN R RN R
220 200 180 160 140 120 100 a0 60 40 20 0 ppm
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ME-0TE3-RERCT

Zazple Hame:
ME-JTE3-EEACT

Daka Collaected on:
viersd({-vomrsd 0

Archiva directory:
fhoma/userl/vomroys/data

gampla directory: oom
ME-0TS3-REACT 20140930 '1]1:

FidFila: DPROTON 01

Fulse Ssquence: PROTON (slpal)
Bolvent: odell
Data collacted om: Sep 30 2014

Temp. 25.0 ¢ f 1%0.1 K
Opsrator: userl

Relax. dalay 1.000 sec
Fulsa 45.0 degrees

Aog. tima 1.EEE sec

width &410.3 Hz

B repatiticns
OESERVE HL, 199.09161069 mMaEx
DATA PROCESSINC
FT piza 32TEER
Total tima 0 min I8 sec

5.218
5.3212
3.883

3.BTE
3.853
3.845
3.THD

3.7T4
3.758
3.752
3.726

Me

\

Bu

=
T

3.010 ¢
3.008
1.008
3.003
2.094949

—

3.016

3.T15
3.696
3.884

OTEDMS

2.5998
2.992
2.35812
2.334
2. 317
1.888
1.85%
1.855

ﬁ\j\“

1.542
1.540
1.524
1.53112

1.515
1.505
1.503

Ll . 487

N

1.442
1.424
1.417

p o
1.404
1.388
0.928
0.911
0.900
0.892
0.885
0.080
0.0732
0.085
0.057

Apilent Technologies
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ME-OTES-RERCT

Eampla MHame:
ME-OTE3-EEACT

Data Collacted om:
vomrad0l-vomred 00

Arckiva dirsctory:
/homa/userl/vomrsys/data

Eampla dirsctory:
ME-OTE3-REACT _I01405%30_D1

FidFila: CAREON 01

Pulse Saquance: CAREON (sZpul)
Solvent: odell
Data collacted om: Sep 30 2014

Temp. 25.0 C F I5%8.1 K
Operator: usarl

Ealax. delay 1.000 sec
Pulsa 45.0 degrees

Rog: tima 1.311 sec

width ZE000.0 Ex

360 rapatiticos

CBEERVE 13, 100.CGESEC1 mME:
DECOUPLE HL, 199.9101065 MEz
Fowsr 45 dB

continaoasly oo

WALTZ-1% modulated

DATA DPROCESEINC

Line broadening 0.5 Ez

FT siza ELL1E

Total tima 18 min

131. 866

B

115.281

M
/ -I{
/f; Wx
I - H

= [

: ‘E- Agilent Technologies
—OTBDOMS

0=

(Z)-1e H

B3.022
60,108

L3200
30,782
23.797

—311.984
12.304
13.562

=5.,337
=5.352
=5.3867

95.66%

TH.&9T
TT.346
Sdi

{,: |
\__ .
_‘,—25 g38

TT.027
Th.TO9

—19.139

N
/_
X
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Acquisiton Time jse)  2.5550 | Commem Gradient Shimming | Dame Jul 122012 | DaE Samp Jul 122013

File Name CALSERSFIRATDESKTOPMEPOXIDE 21 0TOE2-FIMAL RAPORUNNME FIDSMELIHIME-1107E_20130712 01PROTON _01.FIDVFID
| Frequency (MHz) 30092 Nucieus iH Numberof Tensiens & Original Poins Coue 16384
Paints Cout 16384 Pinlse Sequence sdpul Receiver Gain 60.00 Sohenr CHLOROFORM-d
| Specoum Offser(Hz) 23005020 Specrum Type STAMDARD Sweeep Wi (Hz) £410.26 Temperawre (degree C] 25000
PROTON_01 VerticalScaleFactor = 1 Me =
103 Jﬁ
= = H
3 Bu
08 g Me o
E Ho e !
08 E CH Eo
E s @
(£)-1f = &
073
= 069 .
E ] 2
E E - =
E &
B 053 -
E 043 5 2
3] o ; Q
E 5B ol
E ‘5 '
033
E o
- 3
- vel
023 R 1
3 - BEE5 %
3 Y1 LT
i uy U U
3 & u
. I B |
1 100 1.01 03 214
L 4] ]
75 70 i 1] 8.0 L] A0 45 41 3.5 30 2.5

Chemical Shift [ppm)
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ME-110TE

Eampls Hame:
ME-110TE
Data Collacted on:
vozrsdl-voars400
Archive dirsctory:
{boma /vmmrl f~omroys/data
Eampla directory:
ME-1107E_20130712_02
FidFila: CAREON

Fulos Seguance: CAREON (oZpul)
Bolwent: odoll
Data collacted om: Jul 12 2013

Temp. 25.0 C f 198.1 E
operator: vomrl

BEelax. dalay 1.000 sec
Fulsa 45.0 degrees

Acg. tima 1.311 sec

widech 25000.0 Bz

512 repatitions
CBEEEVE C13, 100.5E5BSBE1 MEz
DECOUPLE HI, 3595.51B1065 M=z
Powsr 45 dB

continuouonly oo

WALTZ-1£& modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT oiza &£5L3E

Total tima 1% min

i da di b, ol allo Bl Lo il

180 1610

131 .44%

135.508

120

96.10%

100

oy . .
A Agilent Technologies
Me
IME
CIH
m m i~ o o - w - W B o o WD ™
- = [;h = - T I T O T O
u:-m'!u:- mCl: = hhmmmﬂ m
2efee £ - S-S 5L W

o] b b el ki o ik e II.L...IH.‘I

L s dd j.a. ol il ] B L ke e bl

8o &0 40

[N TR (e

20

 alid

ppm



ME-1g
Sazple Wama: = = H 45 Agilent Technologies
ME-1g Bu

Data Collacted om: ME}
voersd0-voars400 D

Archiva directory: H Me
Jhoms fasarl fvomreys fdata

gampla directory: R
ME—1g 20141020 01 (£) 19

5.258
5.253~
3.713
3.706
3.68%
3.883
3.300
1.0874
Z.858
2.381
1.365
3. 347
1.871
1.8588
1.5813
1. 548
1.434
1.430
1.418
1.412
1.305
1.188
1.15%
0.938
0.%21
0,902
=0, 005

ra i
oo
-
L |

1.438

[
¢
I

Tulse | daquance: PROTON (a2pal)
t: odeld
ollacted om: Oct 20 2014

2.0 c F 2901 E
O USETL

. dalay 1L.000 oec

45.0 degrean

. |tima I.EEE mec

£410.3 Bz

atitions

HL, 355.9161069 mMEZ

tima O min I8 mec

!
1

06

12 -:-.r~|:
3.85
8 z:-[
12 55~|: 1 F
17 1'.r~|:
24,55
12 94{
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ME-1g

Eample Mame:
ME-1g
Data Collacted om:
vimred(0-vomrsd00
Archiva directory:
{bomafaserl/vomroys/data
amplas dirsctory:
ME-1g 20141020 _01
FidFila: CAFEBOH

Fulss Saguence: CAREON (oZpual
Eolvent: odcoll
Data collacted om: Gok 20 203

Temp. 25.0 C f 298.1 K
Operator: usarl

Eelax. dalay 1.000 sec
rulsa 45.0 degross
Aog. tima 1.311 sec
width ZE000.0 Ez

431 rapatitions
OBEERVE C13, 100.5589851 MH=
DECOTPLE HL, 355.59101065 Mz
rower 45 dB

contimnously oo

WALTZ-15 modulated

DATA PROCEZSEIHG

Ling broadening 2.5 Hz

FT siza SLE3E

Toktal timae & hr, 15 min

132.010

[

115.1%0

F5.6T8

TE.B10
T7T.331
TT.012
Th.694
T3.871

y

A\

6. TE2

E3.2&65
50,754

30.738

23.736
22,2658
21.508
20,987
159.108
13.570

L

45 Agilent Technologies




c6

Acquisition Time (sec)

2.5550

| Comment

Gradient Shimming | Dame

Jul 31 2013

| Dam S=mp

Jul 31 2012

File Name

CAUSERSWFIRATDESKTOMEPOXIDER 1 ITE2-FINAL RAPORUANME FIDSMELIHIME-3107OME_20130731_01'\PROTON_01.FIDWID

| Frequency (MHz)

30082

Hucleus

iH Number of Transiens

8

Oviging | Points Cownr

16334

Painis Cournt

16384

Puise Sequence

s2pul Recehser Gain

56.00

Sohem

CHLOROFORMd

| Specmum Offser (He)

2300 5000

Specium Type

STANDARD Sweep Width (Hz)

6410.29

Tempersore (degres C) 25,000

PROTOM_D1

1.003
0.05°
0.903
0.85°
0.805
075
0.703
0.85°
0.60-
0,551
0.50-
0.45-

Hormmalizad |mensity

040+
IZI:]E
IZIEI-[I
III.EE:
III.E[I:
III.15:
III.1IZI:
III.I]-E:

50

“erticalScaleFactor = 1

75

6.5

T8

I1'5?5-!'!-

33
8

e ]
(8727
A5 45
| 5443
A1

Le

578

6.0

5.5 5.0

—341

A
2342353
L2335

F

—0.820

0838
) S02




€6

ME-310TOME

Eampla MHame:
ME-310ToME
Data Collected on:
vimrsd00-voars400
Archiva directory:
fhoma/vmmrl /~omroys/data
Eampla directory:
ME-210TaME_20130731_02
FidFila: CAREON

Fulse Saqueance: CAREON (sZpal)
Eclvent: cdecll
Data collacted om: Jul 31 2013

Temp. 25.0 ¢ f 188.1 E
operator: vomrl

BEalawx. dalay 1.000 sec
Fulsa 45.0 degrees

Aog. timae 1.311 sec

wWideh 25000.0 BEx

B0 repatitions

CBEEERVE C131, 100.G5B98501 Mz
DECOUPLE HL, 359.591081065 Mz
power 45 dB

continnously oo

WALTZ-15 modulated

DATA PROCESEING

Line broadening 0.5 Hz

FT miza SEE31E

Total tima 15 min

137.1512

124.165

115. 380

TE.6T8

16907
Ly
-

T&. 0594
T2.324

77,316

55.175

F

—E5Q. 250

£3.280
50,

410

30.541

Agilent Technologies

21.538
19.21212

13.555

bl B e ol o i 11 e ot b o st 1k L3 e s 0] LHJJ:.]L il L ot vl A s v il ﬂh B il ol i o i

180 160

140

120

100

80

&0

40

20

pom



¥6

Acquisition Time {sec

2.5550

| Comment

mik-bu-y

| Dare

Jun 20 2013

Dae Samp Jun 20 2013

Fike Name

CAUSERSFIRATDESKTOPEPOXIDEZ 1 0T02-FINAL RAFORUNNME FIDSMELIHME-BU-Y 20130628 _I2FPROTON_D1.FIDNFID

| Frequency (MiHz)
Pains Count

| Specrum Ofser (He)

hormaliped Imensity

30082

MNucleus

iH

Number of Transiens

B

Oiriginal Pioines Ciounr 16384

16354

Puise Sequence  sloul

Receiver Gain

45,00

Soheent BENFEME-df

2300 5100

Specrum Tiype STAMDARD

Sweep Widd (Hz)

G410.29

Temperawre (degres ) 25.000

1.00-
IZI!;‘E
IZI.QEI:
IZI'-E‘.E
IZI.EEI:
IZI.?E:
IZI.?I:I:
IJE'.E
IZI.EEI:
IZIEE
Dﬁ[l
D.AE:
IJ.¢EI:
IZI35
IZI3EI
D.EE:
EI.EEI:
IZI.15:
IZI.1I:I:
IJ.I]-E:

PROTOM_01

=
|

= VerticalScaleFactor = 1

i
A Ex]
o g

" e

Bu

raais
3511
1,054

=3 808

1

B0

7.5

7.0

En
n

G0

on
e

5.0

ra T
Tid
2

2 08

-2 6

0808
—0.7a

0,733

—2.111

2128

7
=2 705




G6

mk-bu-y

Eample Hame:
mk-ba-y
Data Collacted om:
vimrod (- vomrs400
Archkiva directory:
{boma/vimrl /vomreysfdata
Eampla directory:
mk-buo-y_ 10130815 03
FidFila: CARBOH

133,345
128.514
127.8%0
127.786l

Fulse Saguance: CAREON (sZpual)
Eolvent: o&dE
Data collacted om: Jun 28 2013

Temp. 25.0 C f 388.1 E
Operator: wvomrl

Eelax. dalay L1L.000 sec
Fulsa 45.0 degrees

Aog. tima 1.311 scC

width ZEQDD.0 Ex

£121 raepatitions

OEEEEVE C13, 100.55855941 ME=z
DECOTPLE HL, 3155%.9108143F MEz
rower 45 dm

continacasly oo

WALTZ-18 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT oiza SL55IE

Total tima 15 min

/

127.526
127.412

-

53,554

55,443

37.362
31.809
30.731
30,337
28.007
22.431
22.008
21.80%

SS

-:i:i'

/
r
I

~—15%.032

Agilent Technologies

13.744
13,714
13.583
13.274

r
o




mk-monomatilreac Me

Sampla Mama:

zk-monomatilreac //
Data Collected om: M

varianddl-mercuryd00 Bu (0] e
Archiva dirsctory: (Z)-1j

S homa/vmmrl f~omroys/data

(=)

a}nplq directory: E E & & E
rmk-monomatilrazc Ellllij_lﬁ,l . O
[ — - @ m
FldFila: DPEOTON_ 01

5% Saquance: PEOTON (olp
want: obde
a collacted co: Jan 29 2015
. 3W.0c S IWE1E
rator: vomrl
lax. dalay 1.000 sec
loa 45.0 degraas \\

qg. tima I.561 mec

dth £398.0 Hz

repatitions

HL, 395.8803139 mHE=
‘A PROCESEING

siza I2TEER

al tima 0 min 31 sec

3.755
3.733
.65
1.685
2,646
2 .540
2.632
.67
2.81%9
2.614
2.152
2.100
2.083
1.740
1.739
1.735
M Q]
1.338
1.338
1.311
1.302
1.30d
1.1299
1.287
1.181
1,172
1. 285
1.2&82
1.153
1.151
1.241
1.138
1.233
1.233
1.115
1.200
1.155
1.182
1.17%
1.083
1.085
1.0458
1.031
0.734
0,718
0.698

R\

R

L

-
s
:
i

96

7
_ ) NL .

7 6 L 4 3 2 1 Ppm
! o - = e
4.18 3.98 16.53 16.54

3.7 10.66 27 .85 15.48



zk-mooomatilrezc-cll

Eampla Mama:
mk-monomstilresc-cl3
Data Collacted on:
variand{l-marcuryd 00
Archiva dirsctory:
Jhoma /vimrl,/vomroys/data
Eampla directory:
mk-monometilrezc-cll 20150125 01
FidFila: CARBON_ 01

Pulse Saquance: CAREON (sZpul)
Bolvent: o&dE
Data collacted om: Jan 29 2015

Temp. 30.0 © J 2031 E
‘\DPEII.E'UI: vomErl

REelax. dalay 2.000 sec
Fulsa 45.0 degrees

Aog. tima 1.304 sec

width 2512E.€ Ez

872 repatiticns
CBEERVE 13, 100.5485849 mEz
CECOUPLE HI, 155 80235080 mE:z
Fowsr 44 dB

continuously on

WALTZ-18 modulated
DATA PROCEZESING

Line broadsmimg 0.5 EHz

FT siza &LELIE
Tokal tima 0 min 0 sec

133.686

‘II,-—ll'.l' . BET

N

127.387
95,183
T9.314

— 55201
30.6456
21.7T0
18,963

W 17.288
13.131

—57,358
—23.4312

"‘-—123.53@3




ME-CHOME

Eampla Name:
ME-CHOME //
Data Collacted om:
vomrad{0-voars400
Archiwve dirsctory: (Z)-1k
Jhoma/userl /voareys/data
saffpla directory:
Sk-cHOME 20141230 01
1la: PROTON

~ H 4,5 Agilent Technologies
H OMe

5.222
5.301
3.781
3.77&
3.7&0
3.7E54
3.73T
3.729
3.708
3.701
3.398
3.390
3.378
1.447
1.434
1.427
1.408
1.296
1.278
1.346
1.332
1.326
1.158
0,340
0,821
0,904
0.870
=0.011

& Jaquence: FROTON (sZpual)
ent: odell
collacted oo: Dec 30 2014

4
|
\\\‘“:

. 25.0cCc f 188.1 K
ator: userl

ax. dalay 1.000 sec

pa 45.0 degrees

« tima 1.556 sec

th £410.3 Hz

spatiticons

HL, 199.9161069 MH=
DATN PROCEIZING

FT giza 32TER

Totdl tima 0 min I8 sec

86

I
7 6 5 4 3

|||||
2 1
o e e T e B e
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ME-THOME

Eample Name:

ME-CHINE (:y
Data Collacted on:

= H

vnersd 1 0-vomrsd 00 /
Archiva directory: / H

fhoma/userl fvomreys/data Bu o) OMe
Eampla directory: & b b TS5 B5 28 o . s =na R

ME-CHOME 10141330 01 o = (2)-1k o m Mmoo R o= = EES0 A
FidFila: CARBON - - o -4 CEERER 4 - gl B~

— —
L] LJ

,::
\

Fulse Saguance: CAREON (oZpal
Bolvent: odell
Data collacted om: Dec 30 2014

Temp. 25.0 ¢ f I50.1 K
fperator: userl

Eelax. delay 1.000 sec
Pulsa 45.0 degroaes
Acg. tima 1.311 sec
wideh 25000.0 Bz

152 rapatitions

OBSERVE C13, 100.5G89851 MEz
DECOTPLE H1, 195.9181065 MEz
rower 45 dB

continnonsly oo

WALTZ-15 modulated

DATA PROCESEING

Line broadening 0.5 Hz

FT siza &5L31E

Toktal time 38 mio

25.8539
21.8961
15.192
13,585

3133

4 Agilent Technologies




00T

Sradiant shimming

Eampla

ME-1211-ERD
Data Collacted om:
vnzrsd0-voars400
Archive directory:
JShoma fvimrl fvomreys fdata
samplafdirectory:
ME-1T11-Epo 20231112 01
F1dFilY: FROTON

rulss 34
Eolvent
Data oo

Texzp. 3
operatos

REelax.
Tulma 4
Rog. t
Width

B repa
OEEERVE
DATA PRY
FT oiza

quance: PROTON (sZpal)
odelld
lacted om: Mow 12 20132

EDc /181 K
: womrl

dalay 1.000 sec
.0 degroan
lma I.EEE sec
410.3 Bz
itioos
HL, 3155.9161069 MEz
JCESSIHG
32TER

Tokal t

lma O min I8 sec

t-Bu

Bu

—5.254
—g. 231

3.821
3.816

3.800
3.794
3.783

3.T45

3.T23

e

3.424
3,417
3.408

.

/7

3.395
3.380
3.103
2.407
2.38%
2.3T71
1.578
1.570

1.553
1.551
1.533
1.461

1.45%9
1.43%
1.152
1.168
1.120
1.110
1.108
1.101

-

(G

Agilent Technologies

1.018
1.011
0. 947
0.928
0.911

5555

3.3

.3
3.78

13,26 T

j.a—LT

1.84—F
13.60-F



ME-1211-ED0 t-Bu
ok . 1

Eample Name: S H 44 Agilent Technologies
ME-12Z11-EPO //

Data Collected om: H
vomradl0-voars400 Bu (0]

Archiva diresctory: _
/boma/vimrl f~omrays/data (Z) 11

Eampla directory:

ME-1211-EP0_20131112 02
FidFila: CAREOH

OMe

140. 235
. 422
TZ.665
E3.1&8
.Ta2

g, E1E
54
29,652

127,367
77323
Y r
N TE . 5BE
i
,‘"":f 15, 158
\\_
\\_25.535
21,584
19,169

a7
—36.172
30,838

| —28. 941
13,588

Pulsc Saquance: CAREON (sipal)
Eolwent: odeoll
Data collacted om: Mow 12 2013

Temp. 25.0 Cc f 188.1 K
Operator: vomrl

REalax. delay 1.000 oec
Fuloa 45.0 degrees

Rog. tima 1.311 sec

wWidth 25000.0 Ex

264 repatiticns

OESERVE ©13, 100.5GBSRE1 M=z
CECOUPLE =1, 355.9181065 M=z
Fowsr 45 dB

continnously on

WALTZ-1f modulated

DATA PROCESEING

Line broadening 0.5 Hz

FT oiza EEE51E

Total tima 318 min

T0T

1840 1640 140 120 100 80 &0 40 20 ppm



¢0T

Acguisiton Time (sec) 25550 Comment Gradient Shimming | Dam Jun 122013
Dame S@Emp Jun 12 2013 Fiie Hame CAUSERSFRATIDESKTOPEPOXIDED 10T -FINAL RAPORLUINMR FIDS\MELIHME- 1206E_20130812_0APROTON_01.FIDVFID
| Frequency (M Hz) 30082 Nucleus iH Number of Tensiens B Crvigingl Poins Cours 18384
Points Cout 16384 Pulse Sequence S2pu Recedver Gain 48.00 Sobvent BEMZEME-di
| Specoum Offser (He) 23005100 Specrum Tiype STAMDARD Sweep Width (Hz) B410.28 Temperamre {degree C 25000
FROTON_01 VerticalScaleFactor = 1 -4
i
103 Me I
E =~ H
0.8 // H OMe
3 (@)
E (Z)-1m
08
073
z 02 3
I g7
- . I T
B 053 ol
043 -
033
3 E;
E ! @
023 § T =
] P E & T
3 & ﬂ Mo -
E Egmgﬁﬁfﬂ =
0y =2Cg% e B [l -k
E e T [ s | H 3
E "—"—T' u 5 o T
N . : y
E - AL
1.00 0.6 121 4.451.000.87 345
[ [ ™ ="
TTTTrrrrirrrryrrrrrrrrr[rrrrrrrrryrrrryrrrrrrrrryrrrryrrrrrrrrrrrrrrrrrrrrrryTrrr I rrIrryrr T T r T T T T I T T T T T T T T T T T I T T IT T I T I T I ITTT
7.0 50 45 40 35 30 25 20 1.5 1

Chemical Shis (ppm)



€0t

ME-120EE Me

by . .
Pazpls Name: — H 45 Agilent Technologies
ME-120E6E
Data Collacted om: //
virad 10 -vomrsd 00 H O OMe
Archive diractory:
/boma/vemrl /vomreys/data (Z)—1 m

Eaxpla dirsctory:
ME-1206E_10130£12 03
FidFila: CARBON

135,553
127 _££3
122.898
B1.3591
—g1.541
T2.224
53.2137
21,874

127.533
127 . 420
57,968

;—508.431

—127.858

Y

Pulsc Saquanca: CARECN (s2pal)
Bclveat: co&dE
Data collacted om: Jun 12 2012

Temp. 25.0 C f 158.1 K
Operator: vomrl

Eelax. dalay 1.000 sec
Fulsas 45.0 degrocs

Rog. tima 1.311 sec

wWidth 25000.0 Hz

128 raepatitions

OBEERVE C131, 100.5589541 mMEz
DECOUPLE H1, 3195.9181435 MHEz
Power 45 dB

continuously on

WALTZ-156 modulated

DATA PROCEZSEING

Ling broadening 0.5 Ez

FT giza SLL3E

Total tima 5 min 521 sec

180 160 1440 120 100 8o 60 40 20 ppm



¥0T

Acouisivon Time jsec)  2.5550 | Comment Gradient Shimming | Dae Jun 25 2013 | Date Smmp Jun 25 2013
File Name CWSERSFIRATIDESKTOMEPQXIDE210TOE2-FINAL RAPORUNNMR FIDS\MELIHME-2508E0ME_20130625_D1PROTON_D1.FIDWFID
| Frequency (M Hz) 300.82 Nuncdeuss 1H Number of Transiens B Chriging | Floints Cowns 15384
Painis Court 16384 Fulse Seguence sZpul Recsiver Gain 58.00 Sobverm BEMZEME-dd
| Specmum Offser(Hr) 2300 5100 Specirum Type STAMDARD Sweep Widhth (Hz) 6410.39 Temperamnre {degree C) 25 000
FROTON 01 VertiGalScaleFactor = 1 Me s
P o
| ~  H |
E 7 H OMe
0.457 Cy 0
3 (Z)-1n
I:I.-‘-[I—E
.
0353 =
3 ~
; i
& 0.30
& ]
[ E
E E
& 0259
I:I.i'ﬂ—f
E p
0.153
3 r";
] !
D”:'—_ e Iy
E oo ? pue el e /
= @ @ SHEE oo Ny [y B ! .
e tyyo CEf B|ESEE oo lrgSE8eder
I o . T gEES F‘F‘!f S i
3 1*'_1__:':- I I DRSS T L[ﬂ ﬂ' =
E N il 1
|:| ; _L_Jl A " " - r_,] '-IJ > i i s e A.—J
1.00 .02 1.001.05247 0.81 1.05 20e 1272
[ L U u o ] — |
80 7.5 70 6.5 .0 55 5.0 4.5 4.0 s 3.0 25 20 1.5 1] 0.5 1]



G0T

mk-250Saoma =~ H "
il s . .

caxple Wame: // 45 Agilent Technologies

mk-2505ecma H OMe
pata collacted om: Cy (@]

vozrs40{-vomrs400 (Z)_1n
Archiva directory:

fhoma /vmmarl f~mmreys/data
sampla directory: 3%353@253 = E =1 2SR aﬁﬂﬁgf

mk-2505eome_10230625 03 R I = R wo I
FidFila: CARBON MNnRNlN:RN - [ : in o m Mmoo

I B | i | L | | I-. _/_J
- -

Fulse Sagquance: CAREON (sZpul)
EBolvent: obdE
Data collacted om: Jun 25 2012

Temp. 25.0 C f 150.1 E
Operator: wvomrl

REalax. dalay 1.000 mec
Pulsa 45.0 degrees

Acg. tima 1.311 sec

wWidch 25000.0 Bz

S000 rapatitions

OBEERVE C13, 100.0G5R9041 MEz
DECOUPLE H1, 355.9181435 MEz
Power 45 dB

continnously oo

WALTZ-15 modulated

DATA PROCE3EIRG

Line broadening 0.5 Hz

FT siza &EE3E

Total tima 3 bhr, 12 min

180 160 140 120 100 &80 &0 40 20 prm



90T

Acquisivon Time (sec) 25550 [ Commen: Gradient Shimming | Dare Jun 28 2013 | Dawe Samp Jun 28 2013
File Name CAUSERS\IFIRATDESKTOMEPQXIDEZ 1 OTHE2-FIMAL RAPORLUANMR FIDSWWELIHIME-2B0S0OME_20130628 01WPROTON _01.FIDWFID
| Frequency (MHz] 300.82 Nudieus iH Numberof Tensiens 8 Oniginal Poings Count 18384
Points Count 16384 Puise Sequence S2pA Receiver Gain 54.00 Solvert BEMFEME-di
| Specrum Offser (He) 2300 5100 Specrum Type STANDARD Sweap Width (Hz) 3410.28 Temperanwe fdegres C) 25000
FROTON_01 VerticalScaleFactor = 1 E
T
E Me
0.553 y = H
] & 7 H OMe
0.50 - t-Bu 0]
E (2)-10
0.453
0.403
= 3
& 0355
- = ™
E 7
£ 030
E 0.253
3 o
E 5
0.203 =
0.153
0.0
_E - o ﬂrl".‘lli-"::‘_ﬁﬂﬁ ?:E
0.053 aHg2 BEIR88S05 8283
_; e = ,:_:: 'rJr_J:l Lk "__-;'i L o R ,;4
1] ; . 'I" l; u" (i ”
089 0 1.331.24 2 38 0.6
Ll ] -  uu
&5 B.O 75 7.0 85 6.0 55 a0 45 40 35 ao 25 20 s




L0T

ME-2B050ME

Sampla MHame:
ME-ZBlSoME
Data Collacted om:
vimrad{l-vomrsd 0
Archkive directory:
{bome/voarlvoarays/data
Eampla dirsctory:
ME-ZB0S0ME_ 20130628 02
FidFila: CAEBOH

Fulse Sagquence: CARBIN (sZpual)
Bolwvent: co&dE
Data collacted om: Jun 28 2012

Tomp. 25.0 C f 18B.1 K
Operator: vomrl

REelax. dalay 1.000 sec
rulsa 45.0 degroes

hAog. tima 1.311 sec

width ZE000.0 BEx

E12 rapatitions

OBEERVE (13, 100.558595941 MEz
DECOUPLE HL, 15%.910143F MEz
rower 46 dB

continnously oo

WALTE-15 modulated
DATA PROCESEINC

Line broadening 0.5 Exz

FT siza SEL3E
Total tima 15 min

132.76%9

137.8058
127 .5682

127,420
124. 468

r
A
\~

103 . 453

TT.T03

—_——72.351

—58.452
5. 008

"

3.6RT

,
5

30,617
27 .863

Agilent Technologies

23.410




80T

Acquisiton Time {sec) 25550 | Commen Gradient Shimming | Daz Jul 18 2013 | Dare Samp Jul 18 2013
File Name CAUSERSFIRATDESKTORERPCXIDEZ 1 0TOO2- FINAL RAPORUNMA FIDS\MELIHWE-1B07EZ 20130718 01PROTON_D1.AIDVFID
| Frequency (MHz) 300.82 Nuclaus 1H Number of Transients g Original Poins Count 16384
Points Court 16384 Pulse Sequence s2pu Receiver Gain £0.00 Sohvenr CHLOROFORM-d
| Specoum Offset (He) 2300 5020 Specrum Type STANDARD Sweap Width (Hz) 2410.26 Tempersre (deqres C]  25.000
PROTON_01 VerticalScaleFactor = 1 E
Me T
0163 i
3 — H =
il 15_E // H 3
153 OBn l
3 t-Bu (o] g
R (2)-1p T
0133 2
0.123 r
0113
Z 0,103
£ 3 =
E poeg v
& poe3 R,
n.074 .' -
5 | ® &
0.063 { i
0053 ;
3 o
0.043 4
0w ofs
] uz_E ! b
— o .
023 y Ny
b |
0 ; " " " i
T 442 200 2.7
[ [ [
20 75 7.0 &5 &0 45 25 20 1.5 1.0 5
Ch




60T

ME-1807E2 Me

i o )

Bamrls Wame: = H A Agilent Technologies

ME-180TE2 ///
Data Collacted om: / H OBn

vimrsd 00-vomrsd 00 t-Bu e}
Archive directory:

/boma/vomrl fvomrsys/data (Z)-1 p
Sampla dirsctory: . Soon 2 - [RS8 2 = 32 T

ME-180782_20130718_02 B i = moegmn oS o o ac @
Fidrila: CARBON - E nagkEn z o - A = a8 4a

= e T e = L I #!!J
LU P

Fuloe Saquance: CAREON (sZpul)
Eclvent: odoll
Data collacted om: Jul 18 2013

Texmp. 25.0 C / 3188.1 E
Operator: vomrl

Eelax. dalay 1.000 sec

Fulsa 4L5.0 degroas

Aog. tima 1.311 sec

width 25000.0 Ex

E12 ropatitions

OBEERVE 13, 100.5GR59B51 ME:z
DECOUPLE HL, 395.918106%5 MEz
Fower 4E& dB

continnonnly oo

WALTZ-15 modulated

DATA PROCESEIHG

Line broadening 0.5 Hz

FT siza EEEIE

Total tima 1% min

ol ot o L s e ok i, -L.MIJN i b i it b, A il 0L o ol ki
180 160 140 120 100 B0 E0 40 20 ppm



oTT

Acquisivon Time (sec)  2.5550 Comment Gradient Shimming [ Dam Jun 14 2013
DarE S@mp Jun 14 2013 File Hame CAUSERS\FRATDESKTOPEPOXIDE 2 10TOE2-FINAL RAPORUNMR FIDSIMELIHME-1410E_20130614_0T\PROTON_D1_FIDWFID
| Frequency {MHz) 300.82 Nucdeus iH Numberof Tensiems B Original Poins Count 18384
Poins Count 16384 Pulse Sequence S2pu Receiver Gain 54.00 Solvert BEMNZEME-d8
| Specrum Offser (He) 22185740 Specrum Type STANDARD Sweep Widdh (Hz) 6410228 Tempermamre (degree C]  25.000
PROTON_01 VerticalScaleFactor = 1 2
Me T
E =~ H
0.553 g // H OH
E = t-Bu 0
0.503 (219
045
0.403
- 3
g 0.35]
& E
E 7
£ 0303
E 0.263 =
E L
E =T
0203 T
0.153 4
3 i
0.0
E wi e e P ] =5 e
3 - L= o A = R ~ T g
0.054 sEO B Lo 3 o re . It = e R -
; T RS Svrnan Na & =R =
= i
I:l ; n i L . "
1.00 108 1.311.13 0.89 an 984
L L — [N [N} [N}
80 75 70 5 60 55 5.0 45 40 35 30 25 20 15 10 0.5 0



11T

ME-1410E Me a
-fi:E- Agilent Technologies

ME-1410E //

Data Collacted om:
vazrsd {0 -vomrs400 t-B
Arckiwva diractory:
Jhoma /vemrl /vomreys/data (Z)—1q
Eampla directory:
ME-1410E_20130514_03
FidFila: CARBON

Eampla Mame: = H
H

c
o

-
AZD
658
103,665
53,821
30, 555
Y 17,878
23,410

-

127

124

TT.641
—G0. 986

~— 132,518
. 433
J,—EIJ.EI'I

-"I:.- 127.8%8

!f__1:1 gE2
‘l\_-l. ']
\

Fulss Sagquance: CARBON (s2pal)
Eolwent: obdE
Data collacted om: Jun 14 20132

Teap. 25.0 ¢ / 15%8.1 E
Operator: vmmrl

Eelax. dalay 1.000 oec

Fulosa 45.0 degrean

Arog. tima 1.311 Bor

wWidch 25000.0 Hx

1592 rapatitions

OEEERVE C13, 100.G550595941 mEz
DECOUPLE HL, 3155.910142%5 mEz
rower 45 4B

continaonsly oo

WALTZ-15 modulated

DATA PROCE3SINGC

Linc broadening 0.5 H=

FT siza &LEGIE

Total tima % min E2 mec

J T T g ey I A FUNRYTE VY NITY B AT T A [ h.ﬂ b e, oot b Lokl bk o kil | ] b it | ullhhldllu.llli.Hhahululhlhi.il‘u il o) bl o i

180 1&0 140 120 100 a0 &0 40 20 ppm



AN

Acquisition Time jsec) 25550 | Comment Mk-1807E1 | Daze Jul 18 2013 | Dare Smmp Jul 18 2013
File Name CWSERSFIRATIDESKTOPEPTXIDEZ 1 0TIE2-FINAL RAPORUNMR FIDS\MELIHIMEK-1B07E 1_20130718_IZPROTON_D1.ADFID
| Frequency (M Hz) 30082 Nucleis 1H Number of Transiens & Oiriginal Poines Court 16384
Paints Count 16384 Pulse Sequence s2pui Receiver Gain £0.00 Sohent CHLOROFORM-d
| Specrum Offser (He) 23005000 Specrum Type STANDARD Sweep Width (Hz) 5410.26 Temperswre (degree C) 25.000
. W - r.'. [: _\_'\-:
PROTON_01 ‘erticalScaleFactor = 1 =8 - & =
Me FF T
n.ﬁn—; / S5 H
E 7 OTBDMS
035 t-Bu o)
i (2)-1r
0.305 =
3 Ll
E T
& 0259
g 7
5= 4
E 4
b .
8o 20
o
] T4
0.15 B
n.m—; 2 ¢
3 o m
E T oG t-¥ C e
] & F S8E, JE g
0.053 ikl TisE “ bl =
- W el —
: = K
] l .!;_ . e J'n.._..__- ML' | [T . .
p Jeeree — ? o s / / / /
01 0.97 277 g.13 879 5,50
[ [y [
75 7.0 6.5 1] 55 50 45 3D 25 20 15 1.0 0.5 0




erT

ME-1B0TE1

Sample MHame:
ME-180TEL
Data Collacted om:
vomrad(0-voarsd 00
Archive dirsctory:
/homa /vomrl fvomresys /data
Sampla dirsctory:
ME-1807EL_20130718_01
FidFila: CAEEOH

fulse Sequence: CARBON (s2pal)
Eolwent: odoll
Data collacted om: Jul 18 2013

Temp. 25.0 C 7 188.1 E
operator: vemrl

Emlax. dalay 1.000 mec
Pulsa 45.0 degroan

Arg. tima 1.311 serC

wWidth 25000.0 Bz

512 repatitions
OBEEEEVE C13, 100.5589851 MHz
DECOUPLE HL, 3559.9101065 MEZ
Fowsr 45 dB

contioncasly oo

WALTZ-1& modul ated
DATA PROCE3EIHG

Line broadening 0.5 E:

FT siza SLLIE
Total tima 1% min

180 160

140

131,835

t

w
c

125.296

120

103.825

=, H
H

100

OTBDMS

T7.308
T7.141

/.

a0

—TE.ETL

W —T6.880

62 .508
60,1859

&0

Ed.335

o Lol vom ol cmrebdih . s bk i k) o, s L, bt D i) 0 L ldﬂ““ull._hlllnLdl.Lllll..unlJIL vl v i i Ll

40

ZB.081
16554
13,941
18.342

—30.582

&

Sl

Agilent Technologies

=5.3299

N H.d.l.l.l.lli.lll.l. A0 il L e il

20

0

PPm
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Acquisition Time jseq) 25550 | Comment Gradient Shimming | Dam Jul 3020132 | Dam S=mp Jul 30 2012

File Name CAUSERSFIRATDESKTOREPOXIDE 21 0TI02-FINAL RAPORUWNMER FIDSWMELIHME-20070ME_201307230_01'PROTOM_01.FIDVFID

| Frequency (MHz) 30092 Hucleus iH Numberof Tensierms & Crrigging [ Pioines Cowrer 16384

Points Count 16384 Puise Sequence s2pul Receiver Gain 60.00 Sohven CHLOROFORM-d

| Specrum Offser (He) 2300 5000 Specoum Type STAMDARD Sweap Widh (Hz) 641024 Temperanre (degree C) 25.000

FROTON_01 VerticalScaleFactor = 1

—3.418

1.00-

D.90-
D.35- /
. 7
075, (2)-1s
D.70-
[IEE

v
3

0.55-
0.50
0257

2 002
1, 568

Normmalized Intensi

IZI.-’-[I:
IJZ]E
IZIE[I
EI.EE:
IZI.Q[I:

[

7.3
30

015

anq | 7329

7454
7,445

7 A48

7 439

37 |

(7483

0.10+
0.05-

7.
L7

||f

J
5 2m
I 5385

(=]
unlunly
|
'
2
o~

80 7h 7.0 1] 6.0 55 25 20




GTT

ME-250ToME Me

Ly . .
samrls Name: = H .5 Agilent Technologies
ME-2307oME //
Data Collacted om: H OMe
vimrod{0-vomrs 400 Ph (o)
Azchive directory:
/boma/vmmrl /~omroys/data e .. (Z)—1S . L )
Eampls directory: = b oo = - g o o " =
ME-2907cME_20130730_02 R s e i 2 5 -
FidFila: CARBON Momom oMM -2 & tE R R n o o
L I T e B | L LFJ J
|'_. | LJ .-J,.-‘ - - 5

Pulse S3agquanca: CAREDN (sZpal)
Bolwvent: adeoll
Data collacted om: Jul 30 2013

Temp. 25.0 ¢ f 190.1 E
Operator: vomrl

Ealax. dalay L.000 sec

Pulss 4%5.0 degress

Aog. tima 1.311 Bec

wWideh 25000.0 Hz

Ed rapatitions
OEEERVE 13, 100.5CB9A51 Mz
DECOUPLE HL, 359.91B106% MEz
rower 4& dB

continnously oo

WALTZ-15 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT oiza EEE3E

Total time 5 min 52 sec

s el o it 3 g i b i bl Lt b Ll it Lh.hlllil.l.hlnll.-.Hll:.lJ.Jl.l.:nll..L.uJ A e ol i 1 e with i Wi o

160 140 120 100 80 60 40 20 ppm
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L L 22014 1408 20

Ac quisition Tinme fsec] 25580

Coiinmed Gradient Shimming

[ Czte

Oct 24 2012

Cizte Stamn Oct 25 013

e M CAUSERSW I RATOES ETOP W BLIH%k-25101 20131005 O1PROTOM 01.FICWEID

Ere e i =) 299.9¢

Meiole s 1H

Muiber of T@nsients 8

Original Podnts Covnd

16384

Points Cowit 16354

Puise S guemze sipu

HereierGain A000

Shent

CHLOROFORMA

Spechrany Offset fHx] 23005020

Spectrunt Tipe STANDARD

Sweeen Wik (R Gid 10 . 2%

Tenmeate (degres C] 25 000

PROTOMN_ M WerticalSoaleFadar = 1

¥
{——?.m
LY

OMe

—2093
FaT6 I
=il

M

an a5 ]

Th 7.0 (i .0 A5

Ay
103113
U u

50 45 40
Cheerrical Shift (pprm)

24 an 25

—3408

3R

2254

g W
S8

L3108

o -i\
4001 02 2
ou




LTT

EF-2E101
@)

Sampla sares:

- 2E101 | OMe
Inka Collechbed on:c

TTnT £+ 00 - unane =400 \
hrohive directory: \

 hamey el umanr s s dmka
Fampla direckory:

EC-2E101_201=1028 02
FidFile: CREEROM

12T 23%

Ful o Sequefos: CRERON (s2pull
Solvenk: odols
Imta colleckedl on: Ook 25 2012

Tamp- XE_0 o 23z 1l K
Operator: wmml

Relas. dalayf 1000 s
Fulse 450 doqross

hog. bime 1.311 sea

Widkh 2E000.0 Hx

11% repetitions

OBESERVE Tl 100 _EE253E1 bBHx
IECOVFLE H1l, Z33_31%#1065 BHx
Fower +¢ 4B

conkinucusly on

TRLTEZ-1¢ modulabead

DARTR FEOCESS MG

Line broadening 0.5 Hs

FT iz EEEZE

Tobal kime 3 min 52 sec

MWMHMWNMMM&EHWM.MJMM

220 200 18a 160 140

121.T22

120

100

3% 2%

T3.531
TT. 333
S TT_ 020

/=
WTe Tl

g0

Tz 0Ed

FEAL1Ex

G0

—EE_ 28T

h—Eg_ 132

40

—=0_ a2l

,-"'_3 [T

23632
—22 %01

-

P 3
21,323
21.68%

13_1€3
1 _E0%

-

20

Q

Agilent Technologies

EEm



HE-FLCOL

Eampla Hamo:

Archiva diractary:
/homa fwal kopl fvnmesys fdata
Eampla diractory:
ME-FDCOL_12.Jan2012
TidFila; FROTON

Fulsa Soquanca; FROTON (a2pal)
Selwant; £doll
Data gollacted om; Jam 12 2012

opazater; walkupl

Ralax, dalay 1.000 sag
Fulsa 43.0 dogreasn

heg, tims 2,334 oo

Width 410,30 Hz

§ sepatiticons

CEELRVE  HL, 235, MLVOTH MHI
DATA FROCLISING

FT piza 22748

Tomal mima 0 min 1% sac

CO,Me

WE-FDCOL ':fe L Me M
Data Collactad on: B g -
nmrdo0-wrme 400 u \Fé \/\'lﬂH

Zaa

—3. 6T

=1.850

VARIAN

)

?[

ﬁ

81T



MNE-FDCOL

Sampla Nama:
ME-PDCO1

Data Collacted on:
nard00-vrmrs400

Archiva directory:
/homa /walkupl/vnarsys/data

gampla directory:

T

6TT

MX-FDCOL_187an2012
Fidrile: CARECH

Pulsa Saquoncd
Solvant; cdcll
Data collected

oporator; walX

Rolax, delay
Puloe 43,0 o
Aog. time 1.7
wiath 23310.3
312 ropotiti
CBSIRVE <),
DEQOTPLE BRI,
Power 44 o3
centinwvovely
WALTI-1¢ modn
DATA PROCTSSI)
Line broadent
FT s120 €333¢
Total timo 19

): CARBOM (s2puol)

| oa: Jan 12 2012

31

1.000 sec
grecs

93 sec

Rz

ing

100.370421) iz
399.9637072 wiz

o

jlazed

d

ng 0.5 Mz

=in

167.725
137,837
122,995
103.137
99.639
77.016
76,699
52,044
29.782
28.612

22129

y—~14. 818
13,866

—30.0%

11334
NG
70, 9%
Ny
NS

)
VARIAN ¢

220

200



Cradiant himming

sampla Hame: Me - Agilent Technologies
Mx-15020018AF 'MD Me

Data Collacted om: i
vanrod{0-vomrsd 00 I EDEC " 5H

Archive dirsctory: Bu
jhmuf\mlfm:u}::}iat‘: . ?I:]'H

1

gample diFectory: w i -
II-lE{IEI’_SIIEI.!_II}IiEIf-E T

W W

FidFila: OTON L\ f_J
L
fpul)

Data colladted om: Feb 153|203

5.535
5.822
3.380
3,348

32.044
3.035
3.021
3.011
d.9939
1.981
2.978
2.957
Z.945
2.408
2.402
1.38%
2.382
2.389
Z.385
1.693
1.451
1.447
1.431
1.425%
1.426

Ralax. dalay 1.000 sac
Fulsoa 45.0 degress
hog. tima I.556 mec
wWidth £410.31 Bz

2 repatit =

CBSERVE » 359.9161479 | MEx
OATR F IHG

PT siza 32TEE

Total tima P min 18 sec

THRLY
EE ia
g Hm
g8
n bE
/
h

| =
=
>
——
=
-f \
Pév

0cT

3.78 11.32 T.E4 11.58 11.21



T¢T

Mx-1502Cc028aF-o Me
gample Mama: :'NMDME i Agilent Technologies
ME-1502C01EAF - e E
Data Collacted om: MEOEC’“ OH
vamrad00-vomrsd 00 Bu
Archiva directory: Zba
/homa /vomrl fvomreys,/data
gampla dirfbtory: - Edaspnas g E o on a 0= g v
Mx-1502cfiear- 20130215 02 o R . = Moo I
FidFila: CARBON 8 aassp A5 z & G & = mARAER 33
™ - E I B BT e B ] - L_J’,—J‘,LJ
Fulss Sa @: CABEON {slpul] \\l\%f{_’)ﬁ/’/
8olwvant: &
Data collacted om: Feb 15 Z013
Tamp. 25.0 [ / 158.1 E
oparator: 1
Ralax. dalafy 1.000 sec
Pulsa 45.0 Hegreas
Rog. tima 1311 sac
wWidth Z5000.0 Ez
C12 repetitions
OE3ERVE <13, 100.5585541 MHz
DECOUPLE 1959.9181425 mHz
Powar 48
coatinacusly oo
WALTZ-15 lated
ODATR PROCES
Lina bro ing 0.5 Hz
PT siza SLL3
Total tims amin
||||||II||||||I|III|||||||III|||||I||||||I|||||IIII||||||II||||||||III|||||||II||||||||||I|||||III|||||I|||||II|||||IIIIII|II
220 200 180 1460 140 120 100 g0 &0 40 20 0 ppm



Ao pisition Tinme (sec] 25650 ot Gradent Shimming | Date Dec 24 2013
Dafe Stamg D 34 2013 Fi'e Mamwe CAUSERS'W RATOESETOPWEL IH B IHWK-Z412C 0 20131334 O1WPRAOTON 01 FICWFIO
Ere guenm Nz 30903 Ieclas 1H MWevrberaf Transkents 8 Origiral Points Coevrd 16354
Proints Coernit 16334 Puise Do gueroe sdpul Receiver Gair 52 00 Sobent BENEME-&
Spectrnn OfFfset fHx] 33095100 Specttint T e STANDARD Sween Widh (He) 0. 26 Tenmerstne degree S 35 000
PROTON 01 VerticalSoaleFactor = 1 2
(]
1.00 4 I
0.9 Me
I QCI- L = %
AU ~ Eea e
- 27T oMe 7 5
D&S: r'|'1[:(];[.l""' DH T
0.5 Bu
I:I.?E: 2ba’
0.703
0853
E‘ 0060
& E
E 0.5
T om0
Eos
= pa-
0,25
0.20
1 o
ELS =
0y | g _
e
0.15 4 et = e = il o o g @
0.10° g T eXr MLAEHSS 1 ESL I TETT T
o | N g O
o : ] B ¥ — L A L W n!";.,._ _|_|.|L __,-"..
100 10 1.0 2.7 471 184 283 207 2A2
- [ [ [  E— [ [y Ty
70 B.5 £ 55 50 45 40 15 20 75 20 15 10

ccl

Chermical Shift(pprm)




ecl

mk- 241220

Sumple fume:
mk- 241220 “
mats collected ane  MEL0
ATTT 54 00 - UmanT £ 00 Bu
Frohive dirsstory:
Shamey’ wserlf e sysfdaka
sample dirdhtory:
mk- 24120 20131224 02
FidFila: s r

166310

Fulzo Segquanee: CRREEOIN (sdpul)
Solwenks ofde
Imbs aollaeahled on: Dea 24 201

Tanp. 2.0 = 2331 K
OpeTabor: usgarl

Felas. delapr 1.000 52
Fulso 45,0 Poqroos

Fog. bime )Y 311 sec

fidkh 250000 Hx

224 repakbidions

ORESERVE Cl3, 100.EEFad4l bHx
DECCOUFLE HY. 33.31%142F bHs
Fower 42 4H
conkbinucuslr on
TRLTE-1¢ mjdulaked
DRTA FROCEZADND

Line Iroaddning 0.5 Hx
FT sis@ GEE3E

Tokal bime 13 min

—123. 157

/e

12T %30
12T_EEE

12T Exx
12T.%12
12T Z23

-

102, 15T
aaaaz

TE_ %

T, T

EE_2x%

El. 5%

0. 2ad

2 FET

i

22.1€E

Agilent Technologies

—1% 33T
1. €53

220 200 iza 1&0)

140

120

100

20

&0

40

20

0 ppm



1£4"

Cradiant Shimming

Sampla Hama:
ME-25040C0

Data Collacted on:
vamrad{d-vomrsd 00

Archiva dirsctory:
Jhoma /vmmrl fvomreys/data

Sampla dizecfork: o 3
II.-EE{IJ.-'_’E_@:EDEE_M g

PidFila: !EiI?iL#J

T.113
5.52%
5.504
5.450
d.218

Falsa Saquanca
golvant: o&dE

Data collacted |gom: Apr 2& 2013

Tamp. 25.0 ¢ J|1%2.1 E

oparator: vomr])

000 sac
11
11

Ralax. dalay 3
Fuloa 45.0 dag
Rog. tima I.E34
width &£410.3
B rapetitions
CBSERVE H1, J95.51£1425% ME:z
ODATR FROCESSING
PT smiza 3I2TEE
Total tima O miq

12 sac

Bu

e

FROTON Juip-ul\.\xl\\«\

EtO,Crf

4.214
4.208

Me
MDME

ri

{jhw

Zbb

ooz
585

W

4.205
01
ooz

i.¥ed

3.566

3.045

3.036

j.ozz

j.o1z

3

2

2.%81

2.59861

2.548

2.432

2.4286

2.413

4
4
2
2
2

407
354
289

7

1.711
1.487
1.464
1.448
1.446

1.427
1.422
1.40%
1.338
1377
1.158
1.239
1.2121

Agilent Technologies

0.%38
0.528
0.591%
0.50%
0.500
0.891
0.810
0.B02
0.791
0.785
0.774
0.7&88

11.50

10.599 5.88 13.23



GZt

ME-M1T3-Coond
Me N
Eampla Hama: el
ME-M178-CDCL1 e N
Data Collected om: F’__,.___-.’: e ‘“_ﬂDME
vamrad{i-vomrsall EtOZC:“-f OH
Archiva directory: Bu
/boma/aserl/voareys//data 2bb
Eampla dir%tnr}r:
¥E_M173-Chond_10140827_01
FidFila: CRREON_01

Agilent Technologies

=
=]
a
E
167.138
—128.710
"—127. 845
103,089
100. 266
77.31&
J"IIr=T'I' el I
\t:r:r.nns
| 76686
\_?s.ua
T1.084
—G0. 822
-, T
—30.170
28,562
21,166
14.700
14.283
""~—13.E:Eu
1.0086

N

Texp. 25.0
Operator:

Relax. deal
Fuloa 45.0
Aog. time

CEEERVE 13, 100.5589851 ME:z
1595.9181065 MEZ

continnously oo
WALTZ-1& modulated
DATA PROCE3SING

Line broadening 0.5 Hz
FT siza SLE31E

Total tima 11 br, L0 min

220 200 180 160 140 120 100 80 &0 40 20 0 ppm



9C1

Gradiant Shimming ME

Sampla Mame:
mk-propanol-co
Data Collacted on: m
vamrad{)-vomrsd 00 PrGEC
hrchiva directory: Bu ;

/homa fvemrl fvearsys /data Zbe
Sampla dﬂﬁ&n‘%}rg o
nk-p:uE:mEl.'En 0130507_02"
Fidrila: EROTGR | "
M“"'H-\

Fulsa Saguanicy
golvant: o&dE
Data collacted

A\,

H

T .114
5.515
5.501
3.s88
3.580
3.5971
3.583
3.554
3.047
3.049
3.033

—5.540

\\_

FROTON {slpul}

on: May 7 2013

258.1 X

Tamp. 25.0 C
Operator: vomg

wWidth £410.3
# ropatitiong
ORIERVE  H1,
ODATR FROCESE
FT smiza 3IZTEE
Total tima 0 o

95.9181425 MEx

18 mac

MDME

ey

3.028
3.015

3.005
2.587
2.5982
2.963
2.942
2.434

2.430
2.412
2.397
2.393
1.711
1.474
1.471

1.458
1.451

1.438
1.435
1.418
1.355
~—1.378

1.360
1.343

1.282
1.264
1.244

1.337
0.808
0.795

0.788

0.770

0.8T78
0.&657

Agilent Technologies

0.652
0.83%




LZT

ME-M1932 -coCL]

Eampla Mama:
ME-M1932.-CDCL3
Data Collactad om:

vimrad{{-vomrs400
Archiva directory:

/homa/usarl/vomrsys/data
Eampla dirgttory:

¥E-M1032°CDonl 20140827 01
FidFila: cﬁh.am_t-l

Bu

Fulse Saquarce: CAREON (sZpul)
Eolwvent: oddll
Data collacted om: Eep 27 2014

Temp. 25.0|c 7 258.1 K
Operator: agerl

Ealax. dalay L.000 sec
rulsa 45.0 [degreas

Rog. tima N.311 sec

width 25000.0 Ex

3040 repatiticos

OESERVE 13, 100.55859851 M=z
CECOTPLE HY, 159.9101065 M=z
rowsr 45 d§
continoouslly oo
WALTZ-15 mgdulated
DATA PROCESHING

Line broadqning 0.5 Hz
FT siza S553E
Total time Y2 br, 50 min

ProO.C f

Me
- -%m;?fﬂm\;f"’“-{} Me
OH

s

b

167 . 206

—128. 648

“—137.868

103.066
100. 266

TT.323
—

LY L]
TE . E8E

LT 6.458
\:
N,

T1.087
&8&.330
E3.08%

f——30.135

28,505

J,-—E].l'.‘l

e

'—22.014
~—14 685

",

Agilent Technologies

13.881
1.013

“—10.338

220 200 180

160 140

120

100

80

&0

40

20

0 ppm



Cradiant Shimming Me

. ~3'%- Agilent Technologies
Sample Hams: 'WDN1E s Aﬂ' n noiogi

ME -BTTANOL-CO
Data collected om: BUGZC“%’

i
T

vamrsd 0 -vomrsd 00 BU

Archive directory: 7hd
fhmnfvmlfvm:wu_.’data

:h oG M ow b W pow w o A D Mm@ BB N W ow WO WD ® oom W W N O Mg Mo ® B WD 0o mow D W H W
Amn feokn R E R R R R R I B T T O T e R e I - T = e 1]

= a2 2 oo;m m M == % - m ™ m ™M ™ s - ~ - = = W
‘:l'.‘li‘ ir.c zﬂl;‘ﬂ;&ﬁr EZD oo o =N -B= + + - ¥ M Mo @ ® e WOl Wow
= w w w w oM™ Mmoo NN e A A A A A A A A A A A A A A A AD D DO D e T T R =}

/.

1 k \%
Data cuiluctnd o=
Tamp. 25.0 © J[|}58.1 E
mrator: vomrl

Ralax. dalay 1800 sac
Fulsa 45.0 degyses
hog. tima I.554 |sac
width £410.1 B
# repatitions
ERVE HL, 3%3.91£141% MHz
TA PROCE3SEIHCD
¥T oiza 3I2TEE
Jotal tima 0 mig|lf sec

1

R
H
\

8¢1

(S L R E L L (SN ) A
3.00 1.28 16.49 10.11 7.38 T.27 9.87
i.02 £.73 £.88 7.14 B.E3 10.38



6¢1

ME-M2{03-CDCLl rll.|'1 e

Sample Name: i *L'- Agilent Technologies
ME-M203-CDeLd -

Data Collacted om: BUOEE- o é‘H
vimrad ) -vomrsd 00 Bu

Archive directory: 7hd
/boma/aserl fvomreys/data

Eampla directory:
ME-M202-CDeLd 10140827 _01

FidFila: CARBON 01

T7.3186
7 302
Th. 39T

T2l

c
\

103.074
100,289
TE.878
TE. 458
T1.078
64
52.08%
28.50%
J.-—!!.l'.‘l
—19.154
13.881
13.712

—14.693

\C

167. 206
—30. 641

—118. 648
—127.845
.-"_,-30.155

Puloc Saquance: CAREON (slpul)
Eolwvent: aodeoll
Data collacted on: ESep 217 2014

Temp. 25.0 ¢ / 180.1 E
‘DPFIIE'UI: userl

Eelax. dalay 1.000 mec

Fulsa 45.0 degrees

Rog. tima 1.311 sec

wWidth 25000.0 Hz

8736 rapatiticns

OESERVE ©C13, 100.5589051 MEz
DECOUPLE HL, 355.9181065 MEz
Powsr 45 dB

continnounsly on

WALTZ-15 modulated

DATA DPROCESEIHG

Line broadening 0.5 Hz

FT oiza &5531E

Total tima € br, 10 min

|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII'|IIII|IIIIIIIII|IIII|IIII|II

220 200 180 1&0 140 120 100 a0 &0 40 20 0 ppm



ME-2504c00 Me

- A o

Agilent Technologies

0€T

ME 2504001 . A
Data Collected on: _|-F"[C|2I: L 5H
vinrsd i) -vomrsd 00 EU
Archive directory: Jhe
]:I.ICIIIGI\"I:IIIL"I:IIII dat -
JII "ll qru_.l'a [ o T e T T W e W W WY A m O 4w A BE™M B0 Mme MO T 0me @ W WM A D omm W W W0 W R
:I.ad.i::m:tn = O @ W Wom meood o ® B BN ® w Mmoo D R B oA B R oW W NN mm Mm@ w WA A D m oM oA D G 0 B W
ﬂnzgﬂlcﬁirﬁ-ﬁlzﬁﬁz mmlﬂiDDlD Dnunmmmmm---11r'1.-|h---11#--mnnmr~1qqqq=\:m_m_m_r:rthrt
o B nowmn I L L I T T T T T e e i B B e R e T - -
TF1drilas E:‘H _.I
L IR\ZaNe SEZ2
Hulos Sequance:|FREOTON (slpul)
Holvant: c&de
Hata collacted ph: Apr I& 1013
Tamp. 25.0 C f|fg%8.1 E
Jparator: vomrl
Ralax. dalay 1{ P00 sac
Fulsa 45.0 degppes
hog. tima I.E5E mec
width £410.31 B
# repatitions
CE3ERVE HL, IpP.59161415 MHz
OATAR FROCE3SING
HT miza I2TEE
Total tima 0 mipd 18 sec
b
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
T 1 5 4 3 2 1 ppm
- [ — [ [ e e e e e L
2.89 1.81 14.81 1.04 £.95 19.12
.08 3.12 E.10 5.41 13.7E 14.52



TET

ME-M183

ol . .

sample Wame: he 4 Agilent Technologies

ME-M1E3 ',ﬁW
Daka Collacted omo: . o p OMe

-PrO,C 7 i

yomrad0)-vomrsd00 ! 2 OH
Archive directory: Bu ]

Jhoma/userl /fvomreys//data Zbe
ampla dirfhtory: o el 0 S8E v aad R~

uE-w1da_ T0140825 01 “ = o 2w male = a s Ao om=wa
FidFila: CREBON 01 & 5 A = 2 s R A s s i

™ - - - = o~ | ,J I\\_\L | .I
L] ) ey

rulse Zaq e: CAEREON (aZpal)
Bolwent: odefll
Data collacted om: Eep 26 2014

Temp. 250 / 1981 K
‘DPFIIEGI: L Tl

Eelax. dalaly 1.000 mec

Pulsa 45.0 degraes

Rog. time 1.311 sec

Width 25000.0 Bz

4232 repetitions

OBEERVE (13, 100.55B9B851 M=z
DECOTPLE HL, 35%9.91B1065 M=z
Powar 45

continaous oo

WALTZ-1& ulated

DATA TROCES =

Line broadeping 0.5 Hz

FT siza £553

Total tima 3 br, 12 min

220 200 180 160 140 120 100 1] &l 40 20 0 ppm



Gradiant Shimming M @

fampla Hame: -4 Agilent Technolegies
> collects H,CHCH,CO,C = |
Data Collacted om: [ =
vinred i) -vomrsd 00 z 2 = BU DH
Archive directory:
Jhoma /vmarl fvoarsys//dats
pemcte diftcEedp. 2 E R OB TR ECZ 2 Z
E:I. nfisdedeoo

- hkﬂ;s-ﬁ&zﬁ_m %‘pegej:lz:

e I :

Solvant: ab
Data collacted om:

g
g

5.080
5.058
4.901
4.208
4.2058
3.054
3.044
3.031
3.021
3.01z2
2.994
2.%90
2.270
2.951
2.412
2.408
2.393
2.388
2.373
2.388
2.308
1.697
1.435
1.418
1.397
1.18%9
1.250
1.332
1.213
0.799

—1.455

\:

1.453
o.788
o.782
0.7T71
0.783

J

Tamp. 25.0 C /R%22.1 E

Oparator: wvomrl

Ralax. dalay 1000 sac

Pulsa 45.0 O]
hog. tima I.556 mec
Width £410.3

8 repatitions
OEAEEVE HL, I99.5161415 MEz
DATAR PROCE3SING
FT siza 3ZTEE
|Total tima 0 mip I8 sec

cel



€eT

ME-MI3-cDCLd Me .
. i b . .

fazpla Name: ..;Jx, F 0 Me A Agilent Technologies
ME-M33- DL : = i }

Data Collacted om: HZEHCHE{:D:C ' OH
vomrsd 00 -vomrsd00 Bu .

Archiva dirsctory: Zbg
fhoma fuserl /~omroys/data

Eampla dirfptory:
ME-MI3-choLl 10140928 021

FidFila: I:Eh.ama_t-l

T7.318
TT 22
Th. 987

418

c
X"

TE.&588
78,

T1.056
B5. 245
52.077
30.147

132,380
y —19, 652

156,751
—128.475
117.398
~—103.240
100,046
2@, 531
22,168
—14.700
13,873

I
128,073

Pulse Saquaros: CAREON (sZpul)
Eolvent: oddll
Dakta collacted om: Eep 218 2014

Temp. 25.00c / I%0.1 E
{lp:-:atm:: ugarl

Eslax. daldy 1.000 oec

Fulss 45.0 |degrass

Aog. time Y.311 sec

width 25009.0 Ex

5280 repatitions
OBEERVE C13, 100.55850851 MH=
DECOUPLE HY, 359.910106%5 M=z
Powsr 45 d
continuouslly on
WALTZ-15 mddulated
DATA PROCESHING

Line broaddning 0.5 Ez
FT oiza S553E

Total tima Y2 br, B0 min

220 200 180 160 140 120 100 8o &0 410 20 0 ppm



vET

cradiant shimming

Sampla Nama:
ME-03H-CO-BAF M\
Data Collacted om: . - CBn

- Agilent Technologies

vamrad 00 -vomresd 00 M & Dﬂ C- "f/ =
Archiwve directory: £ DH
Shoms /vimrl /vomrsys,/data BU -
st anlgiiiiizazzrg  2ca
hrhhhmiﬂ’.'@ih—m‘m@wtw ‘LJ m<..;awaﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬁ;ﬁqg,@;;j;g;;dan
d‘l:h £410.3 Bz
mpatitimn
:llw'n m, 188151415 HE=
{-1-T=
- —
LN U I . A J ML A
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
I I I I I I I I
7 & 5 4 3 2 1 ppm
L - - R S (- S R [ -
25.13 2.78 E.40 E.7T1 B.90 10.98
2.66 2.97 B.c4 772 7.03 12.08



GET

ME-M103-CDCLL3

Me -
- . .
: & Agilent Technologies
Eampla Hama: ,-’»'J‘\ s MR i [

ME-M103-CD0L3 L = T "OBn
Data Collacted om: = E

MEDEC'J' OH

vomrsd(l-vomrsd00 =th
Archiva directory: 2

/homa/userl/vomroys/data ca
Eampla dirgbtory:

ME-w10a-Cbonl 20140828 01
Fidrila: CAEEOH 01

™

T7.331
TT.012

—ThE.TO1

-

167 .615
137.746
128,505
118,482
128,042
117.898
127 .822
103,155

55,502
73.985
73.408
71.153
52.051

—30.125

28,585

12.158
—14.746
13.873

Fulse Saequadce: CAREON (sZpual)
Bolwvent: addll
Data collactjed onm: Eep 28 2014

F
U
=

Temp. 25.0[c / 180.1 E
Operator: agerl

Eelax. dalgdy 1.000 sac
Fulsa 45.0 |degrees

Rog. tima N.311 sec

width 2500Q.0 Ez

£12 rapatificns

OEEEREVE C13, 100.5589B51 MHEz
DECOUPLE HY, 355.91B1065 M=z
Fowsr 45 d
continnouslly om
WALTZI-16 mgdulated
DATA PROCESHING

Lina broaddning 0.5 Ez
FT siza SLE3E

Total tima N2 br, 50 min

220 200 180 150 140 120 100 a0 &0 40 20 0 prm



Ccradiant Shimming

Sampla Hame:
ME-0H-O0
Data Collacted om:
varrsd)-voarsd 00
krchiva directory:
Jhoma /vmmrl fvomreys/data
asmpla dirsctory: @ g
'i:-un-m_zu-uu-zﬂ_"éz

PIF.Pﬂq: PROTON T.,_l

Fulsa Saquance: FROWONW (slpul)
Salvant: obde
Data collacted om: Heb 12 2013

Tafpp. 25.0 C f I58J1 E
Opapator: vemrl

Raflax. dalay 1.000 |sac
ma 45.0 degrecs
hcoly. tima I1.5EE sad
Width £410.3 Bz
? fpapatitions
CBSERVE H1, 195.535141% MEH:z
OATR FPROCESSING
PT piza I2TEE
Tothl tims 0 mio I8 [sec

MeO,CvF”
Bu

/-
o

i

4088
4,072

f

3.392
3.371
3.382
3.308
3.28%
j.ig0
3.i82
2.408
4.39%
2.387
2,379
2.388
2.382
1.5898
1.458
1.452

.

|~

1.280
1.241
1.433
0.822
0.816
0.803
0.787T
0.788
.77

Agilent Technologies

2 N '-"“'Lu«, —
T I T T T T I T T T I T T T I T T T I T T T T T T T
7 [ 5 4 3 2 1 pom
L L L — L L L L L
4.38 4.3% 10.34 11.23 14.04
4.62 23.58 14.87 121.56

9eT



LET

NE-0F-C0

dampla Name :
NE-08H-C0

Data Collacted on:
vomro4d 1 0-vomrsd 00

krochiva directory:
/homa /vimrl fvomreys/data

gample dirftory:
ME-o=-co 20130227 _0d

Fidrila: cihaw

1592 rapati
CESERVE C1
DECOTPLE

Fowar 45

continoously oo

WALTZ-1f{ mgdulated
DATR PROCESHIHG

Lina broaddning 0.5 Hz
PT smiza E5L3E
Total tima 32 min

lons
. 100.558954)1 MHz
; 199.91814325 MHz

MeQ,Cw

Bu

,f-'#L

Me

2da

157.001

é

Fi

~F~"0H

—115. 156
h127.427

103. 240
100.078

T2.80%9

66 . 307

El1.383

— 30,251

Z8.834

22.173

—14.480

—13.683

- Agilent Technologies

220 200

180

160

140

120

100

g0

60

40

20

0

Frm



8ET

ME-0-TB3-C0-T-11

Sampla Hama:
ME -3-TE3-C0-T7-13
Data Collacted oo:
varrad-voarsd 00
Archive directory:

Jhoma fvimrl fvomrsys/data

E-:n:q_:la dirgete

= 3 5
ME-0-TEATCOLT- 3;:1-}13t:-115_ni: :

h_1_d_?_1.1:|: Pq‘b‘l\w '-J/-“J

S8 SeTaencs:
aglwvant: atde

ta collacted

FROTON (slpul)

ph: Fab 1& 2013

amp. 25.0 C f|B%8.1 E

arator: vomrl

lax. dalay L{p00 sac

oa 45.0 degltpes
hog. tima I.55f] mec
Width £410.3 BE
8 repatitions

CE3ERVE HL; 31PF-91614159 MHx

ODATR PROCEIEING
FT siza 3ZTEE

Tytal tima 0 mip 18 sac

MeQ,Cw
Bu

F

5.552
5.517

/-

Me

.WDTBDME

/ :
" 2ea

in

-

=

H

L L e |
- o WM - -
- W M Mmomom
m m ™M M omom

E;—'
\\_

2.418
2.412
2.398
2.393
2.378
2,375
2.242
2.233

\

—1.7186

1.43%

A
—1.339

1.418

1.274
1.254
1.238
1.3217
0.B&2
0.858
0.854
o.84d8
0.BOG
o.788
0.770
0.571

\\_
\§

Agilent Technologies

=0,053
=0.080

13.90

2 1

N S R R A

.52 B.71 E.68 8.3
2.71 C.EE 25.13

1E.07



6T

ME-0-TE3-C0-T7-13 Me

| - . .
sample wame: VP O TBOMS £
ME-0-TE3-00-7-13 ..J'{f" {é:lH

Data Collactad on: MEO“C“{ -
2

varrsdd)-voarsd 00 BU

Archive directory: 2
Jhoma /vmarl f~oarsys/dats

gampla dirdktory:
ME-o-TE8To-7-13_210030226 04

Fidrila: c'.ir:qimw

)

Agilent Technologies

166,510 (P
j+%]

127 .858
117.655
137,544
1217.480

117 .420
103,145

~—100.031
T2 .480
6T .232
51.2%2
30.278
ZB.857
25.833
21.173
1B.078
14.548

/-
Ll! BTH

129,271

=5 B
\— 5,686

Fulos Saq
Solvant: ob
Data collac

@: CARBON (sdpul)]

/e
\

d on: Feb I£ 2011

f 298.1 K

Tamp. 25.0
Oparator:

Ralax. dal
Fulsa 45.0
hog. tima

1.000 sec

OEIERVE  C13
DECOUFLE
Fowar 45
continnounslly oo
WALTZ-15 modulated
OATR PROCESSING

Lina broadeping 0.5 Hx
FT siza S553E
Total time L9 min

100.C5259541 MEz
, 355.5181415 MEx

220 200 180 160 140 120 100 g0 &0 40 20 0 ppm



or1

Cradient Shimming

Sample Name:

1% Agilent Technologies

Mx-1207c02 Me Me Me
Data Collected om:
varrs4d00-vomrs400 -WOH
Archive directory: eO C\‘y/ H
fhmrmrlfmxtylfdlM 2 OH
sample dirsctory: Bu @ s 2 A >
-1207002_20130712_02 2fa " = °e =
- - - o~ o
Fidrile: PROTON I
Fulgs Sequance: PROTON (slpul)
8ol t: cédé
Daty collacted om: Jul 12 2011
T . 25,0 c / 198.1 K
Opefator: vomrl
Rolax. delay 1.000 sec
Pulse 45.0 degrees
Acg. timse 2.55€ sec
width £410.3 Ez
£ yepstitions
OBSERVE H1, 199.9161429 ME=z
DATA PROCE3SSING
FT §ize 32768
Totdl time 0 min 18 sec
tal e i s s ../ /
|/
S . .u M R A __MJL__JJ | S
T T T T T T T T T T T T T T T T T T T T T T T T T T
7 6 5 2 1 PPm
A e R R e e
2SS 8 = 5 R S5 8 ® 2 2 gpe 3
erO- - - o ~ " -_- o o oiu::' 2



114"

ME-1207Co2 Te MefME
i,

Sampla Name: __f'r:: T H"‘;'JF-’ H-DH
ME-120Tc0oZ \ Ly =

Data Collacted om: MEO‘%U C}H
vamrsd))-voarsd 00 zfa

Archive directory:
Jfhoms /vmmrl fvomreys /dats

Sampla di::ﬂ:'tor:lr:
Mx-1207cl2 20130712 03

Fidrila: Ei:&.ﬂmﬂ'

v Agilent Technologies

427
103.210
~—100 . 045

166,548
125.324
TH.204
71.185
51.337
30,308
f/-zza.ar.r
—16.058
23.827
Y h—22.150
22.105
14455
13,645

118.
117.8%0

LT . 855

137 526
—127.412

Pulsa Saq
golwant: ob

Data collac

@: CARBON ({slpul)

[
4

d om: Jul 11 2013

hog. tima 1311 sac

DECOUFPLE
Fowar 45
cantinnouslly oo
WALTZ-15 mopdulated

DATR FROCESSING
Lina broadepinmg 0.5 Hx

PT siza S553E

Total time 18 min

3155_.5181415 MEx

220 200 180 160 140 120 1400 80 60 40 20 0 ppm



ME-130TCo

L)

Zampla Hama: Me Me Me - Agilent Technologies
ux-1307co

Data Collacted om: = DME

N
Z\v

-
vomrad00-vomrsd 00 —
Archiva dirsctory: M EDEC !
- /homa /vomrl/vomreys/data Bu
ndampls dirsctory: zga
- Mx-130Tco 20130713_032
FidFila: FROTON

i
T
3.356
2.B53
1.713
—0.923
0.8TT

s

¥ulse Sequance: FROTON (slpul)
golvant: o&dE
Fata collacted om: Jul 13 2013

Tamp. 25.0 C J 158.1 E
jparator: vomrl

Ralax. dalay 5.000 sec
Pulsa 45.0 degreas

Aog. time I.5EE mac

wWidth £410.3 Ez

128 rapatitions

OESERVE  HL, 355.51£141% MEz
DATR FROCESSINGC

PT miza 32TEE

Total time LE min

474"

3 2 1 Ppm

3.45 L

3.7

348 L% T
T

.15 C
.50 €
3.15
7 .06
10.24 -C
11.21
11.28



evt

ME-130TCo

Sampla Name:
ME-130Tco
Data Collacted oms T'AEC'EC"‘(
vimrad00-voarsd 00 Bu
Archiwva dirsctory:
/homa /vimrl fvomrsysSdata
gampla dirdktory:
ME-1307oF 2013071303
Fidrila: d}aw

a: CARBON (slpul]

Data collacted om: Ful 13 2013

J 2881 K

Tamp. 25.0
oparator:

Ralax. dal
Falsa 45.0
Acg. tima

1.000 sec

124 rapati
GBSERVE (13
ODECOTFLE

Fowar 45

continnously oo

WALTZ-1& mopdulated
DATR FPROCESS[ING

Lina broadeping 0.5 Hx
PT siza SLL3E
Total tima 1% min

. 100.5589341 MEz
. 3159.918143E MEz

Me

[

155,533

ﬁj:ﬂ;J‘méjﬁ}“H%,flé
-

ga

Me ___r'|'1|3
"OMe

OH

129 081

127 . 647

127.528
117.405

103.248
9%9.932

—T7 604

e 77.118

B1.182
48.838

30.314
28.872
23,112

{ —a0.223

15,153

L

14.563

"""—13.553

Agilent Technologies

220 200 180

160

140

120

100

80

60

40

20

0

Frm



cradiant Zhimming

gampla Hame: . W -.:‘ Agilent Technologies
mk-210Too . H
Data Collacted om:= il []C};(,"' f}H
vimrod0-vomrsd 00 Bu
Archiva diresctory:
Fhoma f\mlé'wwﬂmfﬂztam zha
rhampla directo o *
.

R o

-

i i R e
W W

: nk-gm?cn_il'g
-
1dFila: FROT L.. I\\L.\_:-I/I/
o% Seguance: FR |ulp.11|\
olvant: c&dE
Data collacted om: J¢) 31 2013

489

487

478

451
5.448
5.437
5.438
3.381
3.3s2
3.o03
2.994
4. 8980
2.970
2.853
2.934
2SR
2.910
2.387
2.358
2.351
2.348
2.341
2.330
2.187
1.438
1.418
1.413
1.398
1.338
1.353
1.239
1.2358
1.221
1.215
1.197
0.796
0.785
0.778
0.780

&
&
5
5

/
-
7
\-

Tamp. 25.0 C f 1928 1|E
Oparator: wvomrl

lax. dalay 1.000 o
oa 45.0 degrees

g. tima I.55E sac

1dth £410.3 Ex

rapatitions

SERVE H1, 195.518142% ME:z

Th FROCESEING
Hr siza 3ZTEE
Total tima 0 min I8 oo

[=}

"---.hII
\
L.w
—
\-.‘I
.

P
Jo | [ e Y o

124"

g.62-
a.20-L
9.5-:-—[
10 55—[
13,37 L



14"

mk-210Tco - ’
" ’_:"""‘-,_:;'-ﬁ""\-,_\_,.-"'#\.

. OMe
8ampla Nama: M [:{};,-E,“?’
Bu

Agilent Technologies

Duu
XL

mk-210Tco
Data Collacted om:
vinrsd{]-vomrsd 00 zha
Archive diresctory:
Jhoms /vimrl f~omrsys/data
gampla dirgctory:
mk-3107<E 20230731 02
Pidrile: CAEBON

155 . 584
127 s8¢8
127 .412
101, 543

57.028
Th.268
—70.3158
58.188
51.330
—30,177
“— 28 645
22.143
13.623

—131.708
127 890
ST T T

i
B
g
;II:
\

ll"‘- 1314.127

wWidth 25004.0 Bz
120 rapati
OB9ERVE C1
DECOUFLE
Powar 48
continnously oo
WALTZ-15 mddulated
DATR PROCESHING

Lina broaddoing 0.5 Hz
FT siza £LEE3E

Total tima 13 min

1oms
; 100.5589541 MHx
« 3199.9181415 MHz

220 200 180 160 140 120 100 80 &0 40 20 0 ppm



Iv1

Gradiant Shimming

Bu
-N\/BU
MeO,C 7 ’

Bu

Sampla Hame:
mk-batco-9-10
Data Collacted oo:
vinrsdi)-vomrsd 00
Archive directory:
Jhoma fvmarl fvoarsys/ dats
Elﬂ:gluinnd.iznctn-ry:
nl'.-hEt-:-:-S‘-lI}_ZI}:I.J-I}EZE‘_I}I
FidFilg: FREOTON

5. 701 N
e

—6.098
" g.088
5 .74
5.723
WTER"

/-
\t_

Fulsa Sgquance: FEOTON (slpul)
Solwvant} odoll
Data collacted om: Jum I% 2013

Tamp. PS.0 C / 1981 E

Oparatof: vomrl

Ralax. |dalay 1.000 sec
Fulsa $5.0 degress

hog. tima I.55E sac

wWidth £410.3 Bz

# repafitions

CBSERVE| H1, 195.591E£1065 MEz
OATR FRI<CESZSING

FT siza|32T7ER

Total tima 0 min 18 sac

4.171
4.154
3.704
2.178
2.373
2.160
2.239

2.234
2.227
2.218
2.208

f

L

Agilent Technologies

1.32%
1.316
0.922
0.909
0.%205
0.891
o.287
0.874

\

25.07



LyT

mk-batoog-9-10

Sampla Hame

mk-baotog-5-10

Data Collacted om:
vamrsd ) -voarsd 00

Archiva directory:
/homs fvimrl fvomreys /dats
gampla dirdtory:
mk-butoo-5-10_ 201310629 03
Fidrila: cij.aou

Fulsa Saqoan
golvant: odo
Data collact

Tamp. 25.0
Oparator: W

Ralax. dala
Falsa 45.0
Acg. time 1
wWidth 25000
198 rapatit
OEIERVE C13
DECOUFLE HL
Fowar 45 4B
continnousl
WALTZ-15 mo
DATR FROCESE
Lina broads]
FT siza 5553
Total tima 1

Pa: CARBON {slpul)
L3
bd om: Jum 1% 21013

P f 1881 E

prl

y 1.000 sac
Hegreaas

1311 sac

L0 Bz

Foos

100.CEE98E1 MEx
3159.9181065 MEx

P oo
fulataed

G

himg 0.5 Hx
E

F min

157 .TSL

131,784

116.214

108.172

101.351

-—T77 .005

III,.—'.".‘.JJJ
="

Th.68A
T3.0589

o

51.008

3T.021
30.330
25 .578
2B.558
21B.334
27.5808

L

—21.598

- Agilent Technologies

21.432
21.165
14.018
13.504
13.881

X

220

200

180

160

140

120

100

80

60

40

20

0 ppm



8r1

mk-moanomatilco

Eampla Mama:

mk-monomatilCO
Data Collacted om:
variand if-mercuryd 00
Archive directory:
fhoma /vmmrl fvomroysfdata
ESinpla directory:& E E =1
uk-monometiloo_Z015032d01
= o wr
Fidrila: ns:-:-m_i:-l : /J
[Puloe Sequance: W (aZpual)
|Eolvent: c&dE

Data collacted om: Jan 29 2015

Tamp. 30.0 ¢ f 303.1 [
joperator: wvomrl

Ealax. dalay 1.000 =gg
Pulsa 45.0 degroes
Rog. time I.561 sec
width £398.0 Hz

B repatitions
CEEERVE  HL, I99.0803139 mME:z
IDATA PROCEIZSING
[FT oiza I2TEE
Potal tima @ min 31 odd

£.521

Olln
T

4.010
3.3Mm
3.385
2.413
2.4
2,355
2.391
b B s
2.37
1.681
1.488
1.48
1.458
1.4ds
1,437
1.407
1.340
1.333
1.300
1.29
1.281
1.272
1. 283
1.253
a

a3

1.235
1.225
1. 047
1.031
0.817
0,80
— 0,75
0.750
0,778

N

7

-
B

LA

0.772

2 1
o e
10.05 13.594

13.4%8 1E.13 13.20

PP



mk-monomatilco-oll

Sampla Mama:

mk-monomatilCo-c13
Data Collactad om:

variand i0-marcuryd 00
Archiva directory:

S homa /vmmrl f~omreys/data
fampla dirddtory:

zk-monome¥2lc0-c13 20150129 01
FidFila: I'_'krg‘.ﬁl:lll_lz'l

MeOZC“
B

‘//

u

99 . 949
&2.012
51. 251
= .854
13,150

517

166,549
—127.875
J 117,631
—
—127.394
N _125.2371
103,114
—30.328
—3231.118
14
—13.618

X
-

JII.—IJI.'I!I:I

Fulse Saguan
Bolwent: abd
Data collact

ta: CAREON (sZpal)

td om: Jan 29 2015

6vT

Temp. 30.0
Operator: voo

Relax. dalay
Pulsa 45.0
Acg. tima 1
Width 25125
EED rapatit
OEEERVE (<13
LECOTPLE HL
Power 44 dB
continnonnly
WALTZT-15 mo
DATA PROCE3SS
Line broades
FT siza S553
Total tima O

o Ll N T 4
prl

r 1.000 sec
lagraan

104 sec

E Hz

lons

100 .CA55049 MEZ
3155.80823509 MEE

F oo
ful atad

THG

hing 0.5 Hz

min 0 mec

220 200 180 160 140 120 100 g0 &0 40 20 0 ppm



E

D o @ W O 4 w W@t
F Mo D D oom W
L o T T T T o |
ﬁ

| B B
Lt Agilent Technologies
!

m = m th = =W o ¥ = @
- M A @ B WFomo O m
faddeedsasar
1(( %

Cy

ME-301ZC0

OMe

=

wm ™
=
- -
- -

O spE°

2ka

7
u

= R
= = O

MeOZC“
B

vimrsd0{-vomrsd 10
Archive directory:
adiEe oy
232250 T203alla

ME-3012c0
Data Collacted om:

Eaxple MName:

Daka collacted

Temp. 25.0 © f I59QL1 E

Operator: usarl

Belax. dalay 1.000| sec
Puloa 45.0 degrocp

hog. tima I.55E sE
Width £410.3 Ez

B repatiticns

OEEERVE H1,

1595.BpE1429

DATA PROCEZEEING

FT oiza JZTEE

Toktal tima 0 min If| sec

W
A

- ESTEF

— ™ |-T8°6

L Tae

“_Im._...H

150



16T

ME-3012C0

Sazple Name: /'WOMe 45 Agilent Technologies
ME-3012c0 MeOZC\\y/ 6

Data Collacted om: Bu 2ka

vimrad{{-vomrsd 00
Archiva diresctory:

/homa/userl/vomroys/data
sampla direfitory:

ME-201Zc0 20141230 1
Fidrils: cabbow

FPulse daquande: CAREON (s2pal) L\\I:_h

Eolwent: ofdg
Data collactdd cm: Dec 30 2014

167.130
12%.013
127.805
127 .682
127.54%
127 .427
125.510
113.81%5
102.70%
Th.534
T0.828
58,2256
51.337
38.037
31.818
32,3585
30.571
28,008

i

s

\:
\

Temp. 25.0 Q4 f I58.1 K
Operator: usdrl

BEelax. dalay 1.000 sec
Fulsa 45.0 dagrecs

ARog. tima 1J311 sec

wideh 250000 Ex

2106 rapatitions

OBEERVE 13, 100.55@855941 mME=
DECOTPLE H1,| 395.9101425 mMEz
rowsr 45 4B
continnously om
WALTZ-18 modulated
DATA PROCESESIHC

Line broadeding 0.5 Hz
FT siza &5534
Total tima % mino 51 sec

'-MM

220 200 180 1&0 140 120 100 B0 &0 40 20 0 ppm




Sradisant Shimming

Samplas Mams:
ME-1211C0

Data Collactad omn:
vomrs400-voarsd00

Arckive dirsctory:

fboma /vmmrl fvomroys/data

rRBoth dighcleddS 5 3 3

o

Data collactad

emp. 25.0 ¢ f 258.1
Grator: vomrl

slax. dalay 1.000 o
loa 45.0 degrees
cg. tima I.556 sec
idch £410.3 Hz
repatitions

HL, 155.91§
DATA PROCESEING

FT oiza 3I2TER

Ttal time O min I8 o

= Weifiash B3l
af Hho T

F

MeO,C'F

d.205
3.384
3.377
3.369
3.3588
3.280
3.030
3.023
3.008
2.999
1.976
2. 956
2.5583
2.533
2.92%

1429 MHEE

. S

+

'N\/\OMe

2.420
2.395
2.392
2.374
2.18%9
2.0839
1.511
1.504
1.502
1.4591
1.488
1.330
1.314
1.295
1.27T7
1,357
1,233
L1 154

)

-

-

fot

1.094
1.072
1.061
1.058
0.831
0.813
0.7594
0.771

Agilent Technologies

0.782
0.735

[4°1)

0. 47 T

8.61
1.53 T
11.3u—|:"""' ]
1.z0 -

%]

5.56
2.07

o



€aT

BF-121100

Emple laame:
b-121100
Inta Colleched

MeO,C'F

= 5

IS4 00 - umane =400
frehive directory:

i hamey e 1 v sy dmka
sample dirsckcfy:

p-121100 20831112 w2

FidFile:

kT

Ful o S@quemnoe:
Solwenk: cede
Inta oolleckbsd

Tanp. 25.0 2 f
Operaktor: ol

Felasw. delay 2
Fulse $5.0 e
Fhog. bime 1.31
Widkh ZE0d0.d
2000 repetiticg

OESERVE Cl=, 1

DECOVFLE Hl1, =
Fower +¢ 4B
oonkinuwows1y of
TRLTE-1% modul

DRTR FEOCESS TN
Linge broadening

FT srixe EEEZE

Tokal kime 1 hr

CRERONN (s2pul)

ph: Iloar 12 2013

2331 K

DECRURE 1=

[

L sec

iz

L

0. EEE334]l MHs
PA_31&1425 bHHE

L
abad

g 0.F Hx

E0 min

Bu

172 33E

1eT. 350

—132.23%

132142

131,372
12T 8386
127230

12T.TE1

1"—1 2T 64T

12T.E26
127.&0E

uy]
C

Y 11E_%EE

A\

t-Bu

/

<
D
o
N
O

12672

3la

102 EES

11T 0%

OMe

—T1_851
\ To_£EE
55233
f—es 202

E1.Z220
El. 233

‘—co.0ln

ZE_8%3
3. %11
0. %1E
Z0.E2E
0. 0T3
20338
23,003

/-

/_

\‘—

Agilent Technologies

21. %62

13714

1Z.30%

220

200

180

150

141

120

100

gqa

(]

40

20

Q

EEIm



gradint Shimming Me

Sanglle Nama: N\/\ . Agilent Technologies
=] 141000 MeO2C///,,/. OMe

H

a
-
=
=
]
.
=
=
O [

Archiva diresctory: Zma

ganglla directory: 3 : o oo
o 1410c0 20130824 02 : : : :
Fidffila: PROTON

Oparafor: vomrl

Ralak. dalay 1.000 sec
Fulap 45.0 degrees

&4 rppatitions

ORIERNE =51, 3155 5181435 mEz
ODATR FROCE3EING

FT siga 3IZTEE

Totall tima 1 min 48 sec

121"

£.15 E.73 15.85 33.70
L.cg E.EE 2.37 23.04



GST

Me

ME-1410C0 M
= OMe

Sampla Hama: MeOZC///,/.
ME-1410c0 -
Data Collacted om:
vamrad 1 0-voarsd 00
Archiva dirsctory:
Jhoma /vimrl fvomreys /data
gampla dffwctory:
Mx-1410%0 20130614 03
FidFila: rihsr.al:-n

- Agilent Technologies

N

3

Q
C)Hm
T

165,044
137 .TT76
127.533
11&.00%9
103 .536
BT 527
Th.291
T0.517
58.228
51.140
13.5954

—130.242

n

ay L.000 sec
degraaes

1.311 sec

0.0 Bx

itions

3, 100.5C25541 MHz

159.918141C MEz

Rog. tima

Total tims| 3 br, 1I min

220 200 180 160 140 120 100 80 6l 40 20 0 ppm



Gradiasnt Shimming

Sampla Name:
ME-2E0500L
Data Collacted om:
vamrs400-voarsd00
krchiva diresctory:
J/homs /vmmrl fvmmreys/data
A Sampla d.'l.:EncED e
- n-zsnsﬁa;hazgﬂs_m

fl Fidrila: ﬁmﬂ-"lj

FROTON (slpul)

M602C“‘
Cy

\\

5.580
5.548
5.511
5.507
4.240
3.3s2
3.350
3.063
3.053
3.040
3.030
j.o2o
j.ooL
2.997
2.978
2.855
2.643
2.835

s
\

Fulsa Sagoance
Solwant: obdE

Data collacted|¢m: Jum IE 2011

Tamp. 25.0 ¢ f|232.1 £

Pparator: wvomr

000 sac
Faas
-

Ralax. dalay
Fulsa 45.0 ded
&cg. tima 2.5
wWidth &410.3 Nk
# repatitions
bESERVE  HI1,

DATR FROCEZSEINY
FT miza 12TEE
rotal tima 0 mip I2 sec

P59 .91E1415 MHEz

I

1.841
1.837

-k Agilent Technologies

1.932
1.717
1.818
1.80%9
1.59%
1.5%0
1.580
1.571
1395
1.237
1.224
1.215
1.204
—1.112
1.103
1.083
1.083
1.072
1.083
1.041
1.00%
0.577

-

-

/s

94T

P

Frm

B 11.36 4.08

7.78 8.32 21.11



LST

ME-2E0E001 M\
: OMe oy
= . L H 3
Sample Hame: MeO C\V/ z i Agilent Technologies
Mm-2606001 2 OH
Data Collacted om: Cy 2na
vamradl)-voarsd 00
Archiva dirsctory:
Jhoma fvimr 1 fvomreys/data
Ela.upladi:*tory: E E:EEEE o3 EE E 5 EEQEE: E
i y ] o o ofs 0 o= mom { Fomom oo
n_z=n=c¢r}_zc_3cszs_cz . K i oo oo >0 cEnome f
nd.nl-::cﬁ.aw 0 mon oo s = O n wn ""'MMTHH L]
_ Ly ] LG
Fulsa SaquanPbe: CAREON (slpul] - f/_,-f" 1
golvant: ob&d 1
Data collactpd om: Jun I& 2013
Tamp. 2C.0 p F 1581 E
Oparator: 1
Falax. dal 1.000 sac
Fuloa 45.0 fQegreas
Rog. time 1) 311 sac
Width 2500010 Ez
128 rapatitfons
OB3ERVE C13] 100.55E59541 HME=z
DECOUFLE HL{ 355_ 5181415 HEz
Powar 45 4B
continuously oo
WALTZ-15 mofulatad
ODATR PROCE3E
Lina bro ng 0.5 Hx
PT smiza EGE3
Total tima 5| min 51 sec
II|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIII|IIII|IIIIIIIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIIII|IIIIIIIII|IIII|IIII|II
220 200 180 160 140 120 100 g0 &0 40 20 0 ppm



84T

Gradiant Shimming

gampla Nama:
ME-ZR0ECD
Data Collacted om:
vamrad{{-vomrsd 00
Archive directory:
- J"hmf\'ﬂ-gl.-":nﬁtrnxu.-’data
o} la dirsot H =
qﬁ-znnsm"amﬂtﬂ_m

W w w W

'-:Pid'_ﬂ'ila: PRto\ﬁ'J

5.540
5.517

I
\C

¥ulse Sagoanca:
golvant: o&dE
Fata collacted of

OTOH {slpul)

Tun 1% 2013

Tamp. 25.0 C f
fparator: wvomrl

Ralax. dalay 1.0 sec
Fulsa 45.0 degrees
hog. tima 1.5EE bac
wWidth £410.3 Eg
8 repatitions
ERVE H1, 1995151429 MEz
Th PROCE3EING
siza 3ZTEE
Total tima 0 mind @8 sac

MeO,C

5.501
5.488

<

3.315
3.031
3.020

013
2.925
1.5955

1

1.584

T

“- Agilent Technologies




69T

ME-2B05Co

Sampla Name:
ME-280&8C0

Data Collacted om:
vamrsd)0-voarsd 00

Archive directory:
/homs /vimrl fvomreys /data

gampla direfjtory:
ME-280500™20130629 03

Fidrila: r_':l.ih-:m

Fulse Saquande: CAFEON (slpul)
golvant: o&dy
Data collactgd om: Jun 25 2013

Tamp. 25.0 S 258.1 K
Oparator: wvomrl

Ralax. dalay 1.000 sac
Falsa 45.0 degress

Rog. tima 1{311 sec

wWidth 25000)0 Bz

192 rapatitions

CEZERVE C131)] 100.55E5%41 MEx
DECOUPLE HL| 159.9181415 MEz
Powar 45 dB
continmously oo
WALTZ-16 mogulated
OATAR FROCE3SIHGC

Lina broadeging 0.5 Ex
FT siza 55534
Total tima % |min B2 sec

MeO,Cu
t-Bu

Me

'N\/\OMG

7

Qi

H
20a

165.939

—118.552
{—127 898

137 655
~—127.533
127

420

108.788

103,232

T6E.526

TO.554

58.21%

50.520

34.153

—18.305

'* Agilent Technologies

5594

14

220 200

180

160 140

120

100

80

&0

40

20 0 ppm



097

Ccradiant Zhimming

Sampla Name:
mk-2908c0
Data Collacted om:
vamrod)-voarsd 00
Archiva directory:
/homa Svmmrl fvomrsys//data
dampla directory:
mk-2906co_ 20130629 _01
FidFila: FROTON

Pulsa Saquance: PROTON (slpul]
golwant: c&dE
Data collacted om: Jun 2% 2013

Tamp. 25.0 C J 158.1 E
oparator: vomrl

Ralax. dalay 1.000 sac
Faloa 45.0 degrees

hog. tima I.55E sac

width £410.31 Bx

# repatitions

CEZERVE HL, 399.91£1419% MEz
DATR FPROCE3SESING

FT siza 32TEE

Total tima 0 minm I8 mac

Me

'WOMG

Et0,Crf”
t-Bu

O ([0

H
20b

205

.
55

4.5 Agilent Technologies

Fpm



ME-M133-280DCLd

Eampla Mama:
ME-M133-18CDCLl

Data Collacted om:
viersd{l.vomrsd00

Archiva directory:
/boma/userl/vomrsys/data

Fampla diredtory:
ME-M132-218Cpond 20140928 01

Fidrila: n:a.ﬁr.:hox_t-l

Fulose 3aquand
Eolvent: odel
Data collactq

Temp. 25.0 g
Operator: usg

Eslax. dalay
Fulsa 45.0 d
Acg. tima 1
wideh 25000
31296 rapatit
OBEERVE (13
DECOTPLE HL,
rower 4E dB
continnously
WALTZ-18 mod
DATA PROCESE

FT oiza E553
Total tima 1

: CAREON (s2pal}
3
d on: Eep 28 2014

J I88.1 K

rl

1.000 mec
eoTees
111 seC
0 Hz

Loms

100.CCAGACL M=:x
195 9101065 M=z

oo
ulated
14

Et0,Cv”
t-Bu

165,208
—128,. 551
127, 435

109,181

103. 086

L
- iy
m
F
o

N

.
o
o
~

J

TE.578

TE

11

T1.110

\—60. 359

55 . 081

34.1532

Agilent Technologies

14.781
“—14.238

ra

19T

220 200 180 160 140 120 100 1) &0 40 20 0 ppm



91

Gradiasnt Shimming

Sampla NHame: N\/\
mk-300&-co
s OMe

Data Collacted om: M
-PrO,Cr” 5H

vamrs400-voarsd 0
krchiwva diresctory:

/homs fvmmrl /vomrsys/data t BU 209
dampla dirsctory:

mk-3008&-co0_20130830_032
FidFila: FROTON

Pulsa Saquance: PROTON (slpul)
Solwant: c&dE
Data collacted om: Fum 30 2013

Tamp. 25.0 C / I58.1 E
Operator: vomrl

Ralax. dalay 1.000 sec

Fulsa 45.0 degrocs

hog. tima I.EEE mec

width £410.3 Bz

! ropatitions

OBSERVE H1, 199.51£1421% MHz
DATR FROCESEING

PT miza I2TEE

Total tima 0 min 218 sac

2.9439

1.713

b

-~3% Agilent Technologies

33 l:l'.l'—[
21.485 —I:H —



€97

ME-M143

Me b
oy . u
sazpls Mame: N\/\ 4% Agilent Technologies
ME-M143 /' Y OMe
Data Collacted ono: i'PrOZCHV/ (E)H
A.*:Lt\':*;.:;;ct::':lim t-Bu Zoe
fhoma /userl fvomrays/data
EEJIPIGI d.i:l:mﬂ:nr:lr- v Ly oW - = ™ g ﬁ Ll | E o ﬂ L b g L
B P - P~ w ™ ™Mo - s — —
ME-w1da 20140926 01 : o : = " : : r : : : : - ek
Fidrila: CAsBON v il - & 2 EEFEESEHdG R mom o oAaa 3
™ — - — — | J | J
L J . ~
Fulse Sequanclk: CAREON (sipual)

Eolveat: codo

Data collacted om: Sep 26 2014

Temp. 25.0

f 180.1 K
tperator: uaserl

Ealax. dalay 1.000 sec
Fulsa 45.0 degrees
Acg. time 1.011 sec
width 25000.0 Hz

C28 rapatitifms

OEEERVE 11,
DECOTPLE HL,
rower 48 dB
continnousl
WALTZ-1& mo
DATA PROCESE
Line broa
FT oiza £553
Total tima 3

100.5509851 MEx
155.9101065 MEz

220 200 180 160 140 120 100 80 &0 410 20 0 ppm



Gradient Shimming

Sampls Name:
Mx-2307cC0
Data Cecllected om:

varrs400-vomrsd00

Archive directory:

AllylO,C

/home /vimrl/vomrsys/data

Zpampte ditechory-5
- ﬁ;.zsé?é:cmfo:io?}s:o

r?l let PROTON

8olvent: of
Data cocllected

Tamp. 25.0 C /
Operator: vomrl

Relax. dalay 1

Acg. time 258
width £410.3 E
8 repetitions

OBSERVE EH1, 3

DATA FROCESSINC

PT size 327ce

Total time 0 mi

[
-

n

-
o
w
n

-91€142% ME=z

t-Bu

N\

5.048
4.85%0
4.888
4.882
4.863
4.859
4.442
4.435
4.435
4.430
4.428
4.422
4.417
4.413
4.405

%
\

4.221
4.218
4.2108
4.203
3,083
3.044
3.030

3.020
3.012
2.994
2.598%
2.970
2.953

¥ Pgilent Technologies

1.691
1.314
1.310
1.297
1.283
1.157

&
-

121"

3.52.7

] 1.67 .88



Q91

ME -M23 - CDCLY Ml:"

Fampls Nama: ,_ﬁi\gﬁ:&\xfﬁom -4 Agilent Technologies
ME-M23-DCLI s : =
Data Collected on: All}rl{jjc “?, lf:'H
vimrad (- vomrsd 00 -Bu zng
Archiva diractory:
/homa fasarl/vomrays/data
sampla diroftory:
ME-BZ3-CDOL]_ 20140928 01
FidFila: cag?nm_ﬁ1

T7.318
e e - W
TT. 005

€
\

165.704
—132, 450
— 128725
127,878
117 . 08T
108 . 538
103,228
76.686
75,481
71.072
S—6d.Tdd
55,081
34,185

29, 4439
14.7649

rulse Saquanda: CAREON (oZpal)
Eolvent: ode]3
Data collactyd om: Sep 28 2014

Temp. 25.0 ¢ / 190.1 E
Operator: usgrl

Eelax. dalay 1.000 mec

Fulsa 45.10 Jegrees

Reg. tima 1]311 sec

width 250000 Ex

1056 rapatitions

OEEERVE ©13) 100.5585851 MEz
DECOUPLE HL| 3159.9101065 MEz
Powsr 45 dB
continnonaly om
WALTZ-1% modulated
DATA PROCESEIHG

Line broadening 0.5 Ez
FT siza EELE34
Total time 11 hr, 50 min

220 200 180 160 140 120 100 1] &l 40 20 0 ppm



997

ME-1590TCc02

Me
Eampla Hame: W
ME-1907c02 /’ Z OBn

Data Collacted om: MeOZC \\y/
vimrsd{{-vomrsd 00 t-Bu

Archiva directory:
Jfhoma/vimrl,/vomroys/data
Eampla dircctofy:5 S B
ME-1007c02_2dia0hid fa
FidFila: DRO woeTE

N

©

1Y
o [[{I0
I

T.102
T.0T1
T . 054
&.451
&. 447
6.411
G.408
5.517
5.503

478

4&3

5
s

\
i

Fuloe daquance: F
Bolvent: co&dE
Daka collacted om: Jul 1%

Temp. 25.0 C F 198.1 K
Operator: vomrl

Eelax. dalay 1.000 mec
Fuloa 45.0 degreas

Aog. time I.55E sec
wideh £410.3 Bz

B repatitions

CBEERVE HL, 3595.9161429
DATA PROCESEING

FT oiza 3I2TEE

Total time 0 mio I8 sec

4.203

3. 312
3.304
3.195

£ .
s am
\=

2180

3.141
3.1232
3.118
3.08%

AgiIeLt Technologies

L1885

-

—1.338
T




L9T

ME-M-2

Sazmpla Mama:
ME-M-3
Data Collacted om:
vimrsd00-vomrsd 00
Archive directory:
/boma/userl fvomraysdata
Eample dirsftory:
ME-M-3_ 2040525 11
FidFila: uj‘hm_l}l

Fulse Saquen
Eolvent: odc)
Data collactg

: CAREON (sZpul}

on: Eep 25 2014

Temp. 25.0 @ F 180.1 E
Operator: usgrl

REelax. dalay L.000 oec
Ffulsa 45.0 degraas
Aog. tima 1311 sec
width 2Z5000)0 Hz

728 repatitions

OBEERVE (13
DECOUPLE HL
rower 45 dB
continuouasly
WALTZ-15 modg
DATA PROCESE]
Line broadeyg
FT siza 55534
Total tima 1

100.55085851 MEZ
155.9181065 MHE=

oo
ulated

fHG

jing 0.5 Hz

hr, 17 min

MeO,Cr?”

t-Bu

185,546

o€§§L\\g§§§~\\\///A\\c)EB”

N
©
Q
C)Hm
I

128,758

1Z8. 508
127.891

13T7.763
127.815
12T .&8T1

F
\

108.771

103,142

TT.33%
TT.020
~—T76.T01

Td4.038
73.408

71,2186

E1.£511

—34.161
f—30.322

25 _E93

19.442

X

am,

- Agilent Technologies

14.8259

WMW

220

200

180

160

140 120

100

8o

&0

40

20 0 ppm



Cradiant Shimming

Sampla Nama:
Mx-1707co

Data Collacted om:
vamrad0-voars4d00

Archive directory:

Fhoma fvmlfm:ny:fgnta

gamplaidirsctory: = =
sx_THoToo 201307 1'&_[:-&

ridrilp: PROTON Q

Fulss Shquance: FROTOH (f
Zolvant): o&de
Data cofllacted om: Jul 17

.0 C f 298.1 K
: womrl

wWidth F410.3 Ex

# repatitions

CESERVE HL, 199.91£141%
DATR PROCESSINHG

FT siza 32TEE

Total tima 0 minm 18 sac

MeO,Crig”
t-Bu 2qa

5.458
5.444
5.420
5.405
3.3458
3.338
3.319
3.297
3.155
3.238

/-
=
/I
-

1.5864

1.29%
1.294
1.119

L33
A
A

- Agilent Technologies

89T



697

ME-1707c0 W
* = OH

a la Mama:

“=-170700 MeO,Cw
Data Collacted on: -

vamrad 0 0-vomrsd 00 t BU 2qa
archive directory:

/homa /vimrl /fvomreys/data
g=mpla diraftory:

ME-1T70Toco™20130727_02
FidFila: i:;j‘lhlm

: " Agilent Technologies

<

T2.788
66 .307
50.581
3d4.160
14.563

155.969

108.8%2
103 .210

Fulse Saquande: CARBOH (slpul)
Solvant: o&dd
Data collactdd om: Jul 17 2013

Tamp. 25.0 £ 198.1 K

Operator: vogrl

Ralax. dalay 1.000 sac
Fulsa 45.0 degroes

Rog. tima 1)311 sac

wWidth 25000)0 Bz

128 rapatitions

CESERVE 13 100.5EE5541 mEz
DECOUPLE HL| 315%.518141F5 MEz
Fowar 45 dB
cantinnously oo
WALTZ-1{ mogulated
DATA PROCE3SING

Linae broadeging 0.5 Hz
FT siza £5534
Total tima 19 min

220 200 180 160 140 120 100 g0 60 40 20 0 ppm



mk-mlk
Agilent Technologies

o) i

Eampla Hama: .N\/\OH '-{r:'-'

mk-m15
Data Collacted om:

versd00-voars400
Archiva directory:

fhoma fasarl f~omroysfdata
Eampla direBtory:

mk-m15 20340525 01
FidFila: c;E?nm_Dl

166,508
108.916
103.081

77,323
77,008
Th.GB6
73,022
51,564
14,151
—31.073

I"-—EE.II.EE

i

—329.442
14 .822

m

—115.165
"— 127,875

.

0LT

Fulss Sagoan
Eolvent: cdol
Data collactd

Tamp. 25.0
Operator: usd

REelax. dalay
Pulsa 45.0 d
Acg. tima 1
Wideh 2E000
1000 rapatidy
OEEEEVE (13
DECOTPLE HL
rowsr 45 4B
oontimaoonly
WALTZ-15 mog
DATA PROCESEX

Line broadam

FT oiza &5534

: CAREON (sZpul}

on: Bep 25 2014

S 2%8.1 K
rl

1.000 mec
SOTEED

311 ser

0 Ex

Lons

100 .EEESAGL ME=
159 0101065 ME=

on
ulated

(6

ing 0.5 Hx

Total tima 3

220

200

180

160

140

120

100

BO

&0

40

20

0

PEm



TLT

Mx-130TC01 Me

I/~ "0TBDMS
pata Collacted om:

\\/ H
vomrod00-voarsd 00 MeOZC“/

Archiva directory: t-Bu 2I'a
/homa fvimrl fvomrsys /data

dampla E‘L:nctnr}r: 3 E
u-19§bm1_zu13u?1§ug

FidFila:| FROTON LJ

ce: FROTON fslpul)

Sampla Name:
ME-190Tco1

e

Ov

Pulsa 3a
Solwant:

Data collacted om: Jul % Z013

e SISk E
i| vomrl

lay 1.000 sac

# rapat
OBSERVE HL, 359.51514F% HEz
DATAR PROCE3SING
FT siza IZTER
Total tima O min IE sac

3.418
3.407

3.348
3.329
3.316

e
)

1.707

—0.858
0,851

~ Agilent Technologies

=0.056
)
=0.070




¢LT

Me

=-3507c0d /~"OTBDMS _
e

. = - -

sampls Wame: Z OH ~ii- Agilent Technologies

ME-1907c02 MeO C\“/
Data Collacted om: Zt-BU 2

vamrsd 0 0-voarsd 00 ra
Archiva directory:

/homa /vimrl f~omreys//data
Zampla direfitory: = R R 2 A = oo i = 2 =

ME-190TcoT 20130718 03 i I i “ o i i = 1N “
sarile: o EEEE CENE I 135 : FE3

| -

Pfulsa Saquands: CARBON (slpul) L\ l\\l:-"J

golvant: o&dd
Data collactdd ocm: Jul 15 013

Tamp. 25.0 ¢ / I98.1 E

oparator: wvogrl

Ralax. delay 1.000 sac
Fuloa 45.0 degrecs

hog. time 1)311 sac

Width 2500010 Ex

18 repatitigos

CESERVE C13) 100.5585541 MHz
DECOUPLE HL| 3155.518142C mE:z
Fowar 45 dB
continnously oo
WALTZ-1{ mogulated
DATR PROCESSING

Lina broadenimg 0.5 Hx
PT smiza £5534

Total tima 312 min

220 200 180 160 140 120 100 80 60 40 20 0 ppm



€LT

Mx-3007-co Me

Sampls Name: .N\/\
Mx-3007-co =
Data Collected on: MeOzC“y/
varrsd 00-vomrsd 00 Ph 2sa
Archive directory:
/home /vmmrl /vomrsys/data
Sampls ditoctory:
Mx-3007-co 20130730 01
Pidrils: PROTON]

Pulss Sequence: OTON (s2pul)
8olvent: cfdé
Data collected om: Jul 30 2013

Temp. 25.0 Cc / 298.1 K
Operator: vomrl

Relax. delay 2.%0 sec
Pulse 45.0 degreps
Acq. time 2.55€ pec
width 6410.3 E:z
1§ repetitions
OBSERVE H1, 359.51€1425 ME:z

DATA PROCEZSINC
PT size 32768

Total time 1 min B3I sec

3336

>

D\t

a oLk
955

<86
586

3

Agilent Technologies

>

11.26
1.56

12.99C



VLT

ME-200T7-o0

Sampla Hama: -

e -3007-co MeCQ-C v
Data Collacted om: Ph
vanrad00.-vomrsd 00
Archive diresctory:
Jhoms /vimrl fvomrsys /data
Sampla difectory:
wx 30070 2013073002
FidFile: ARBON

Fulos Sequence: CAFRBON (slpul)
Solwant: cfde
Data collafted om: Jul 30 I023

Tamp. 25.0 © f 158.1 E
Oparator: jmmrl

Ralax. dajay 1.000 sec
Pulsa 45.) degress

hog. tima|1.311 sec

Width Z5000.0 Ex

144 rapatitions

QHIERVE C)3, 100.5525541 MEx
DECOUPLE H1, 31599.918142C MEx
Powar 45

Total tima|1% min

e

2sa

185,754

M
,-*;J“Hfj;’“w”“‘on.ﬂe
OH

133.208
130 . 454
128.87%
128.231
127.85%8
137 .8558
127.518

137 .412

lc
\&

S

h1a6.am

104 .431
—101.57%

Iy
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bE-251000-5RF

NOE Agilent Technologies

Sample Msme:
b - 23 10005 RF

Taka Collecbed on: > \ OH
UTATT 54 00 —UTITT =400 /
. : Bu
Frohive dirsstory:
Shomef vl S sysfaee MeQ,C
Sample dirscktoli: 2 2ta OMe

bﬂ{-i*lﬂm-&ﬂﬂiﬂl3lﬂ3ﬂ_ﬂi

Fiarile: crreok
-~

3

k]

L

o
IR
woH
= o =
I""ll""l"‘l‘:-

23 33ZE
FE
2F_EEE
22227

103333
29 EE3
TE_ 320

RTT
£5. 381
£1.353

“—1z.%E1

16T_3E5%
137.1
12T 882

128 0T

AT
25

{\ 127 508

r
-

Fulse Sequencs: CRAEBON (s3pul]
Folwenk: odols
Dmts collecked ofi: Ook 30 2013

Tanp. 25,0 2 pazl K
Opsrakor: Il

REelaci. dAclay 1_pon zqo
Fulse 450 Aegriss

Fog. bime 1.311| sec

Widkh 2Eo0d_0 HE
#% repetitions
OEEEVE ©C1%, lop_55#3551 bHx
DECCUVFLE H1, Z3p.31#106E bHx
Fowsr & dAB

oonk inwows1y on
TRLTE-1¢ modulape-d
DARTR FROCE:SS TS
Line broadening| 0.5 Hx
FT zisa FEE3E
Tokal bime 2% mifh
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ME-kristal

Eampla Hama:
ME-kristal

Data Collacted on:
vmmrad (0 -vomrsd00

Archiva directory:
/homa/userl /vomroys/data

sampla directory: & & &
ME-kristal 20141031

FidFila: DROTOH

32
T7.3085
T.284

T

T a7

F=

/.
7

Puloe Saguance: PROTON |
Eolvent: odell
Data collacted om: Oct 2

Temp. 25.0 C F 188.1 K
Operator: wsarl

Eelax. dalay 1.000 mec
Fuloa 45.0 degreass

Rog. tima 1.55E sec
width £410.3 Ex

B repatitions

CBEERVE HL, 31%9.916106
DATA PROCEZEING

FT oiza 32TcE

Tokal time 0 min I8 sec

014

\

.263

T.081
T.063
6.738
6.348
§.310

]
E= S

\-

=

5.715
5.708

/-
-

"'h.,l

3.708
3.607
3.601

.

3.583
3. 420

2.2T0
2.253
2.333
1.885
1.616

I

1.392
1.379
1.373
1.364

LY

1.3558
1.348
1.334
1.328

S,

Agilent Technologies
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n.853
0.878
0.857
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ME-kristal

Eamples Hame: o T -
ME-kristal MchCWf 0 5
e

Data Collactad on:
vomrsd{0-voars400 Bu
4ba

Archkiwva dirsctory:
/oma/userl f~omroys/data -
Eampla d_'l.:l:ﬁ:tnry: Eph
ME_krist3l 20141021 01 “
FidFila: L'N“‘_El:ﬂﬁ

1&7.

152,578
137.731
130.312

A

rulose Saguardca: CAREDN
Eolwent: oddl3

Data collacted on:

(aZpual}

oot 21 2014

Texp. 25.0|Cc f I88.1 E
operator: ugerl

Eclax. dally 1.000 sec
rulsa 45.0 |degrecs

Aog. tima §.311 sec

wideh 25004.0 Ex

1576 rapatitions

OBEERVE C13, 100.G5B9EG1 ME:x
DECOTPLE HY, 3155.91081065 M=z
Fower 45 df
continaoasly oo

WALTZ -15 mddulated
DATA PROCE3HING

Line broaddming 0.5 H=z
FT oiza SEE3E

Total tima 1

hr, 17 min

130,018
—129. 08T

.B10

134

113 .513

!

I“‘—113.539

103 .051
~

—103.020

N 100 .008

TT.339
T7.020

CrECTe

Td.182
J1dd

Td
T3.477

"

59,166

1.087

30.153
30.110
19.651
18.630
28,592
22.174
311.113

14.

I

.:{;;;_.

"
\-
\

Td&
s723
13.851

14

40
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MK-M24 #2847 RT- 1568 AV- 1 NL 3 13E8
T- {0,0} + c El Full ms [40.00-500.00]

Relative Abundance
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|'||I||L|' Loy |
|
20

100 150 0 2350
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T
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1
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MK-MT7 #3407 RT: 17.58 AV: 1 NL: 2.44E6
T: {00} + ¢ El Full ms [40.00-500.00]

1004 20

[{e]
[

[{s]
=]

[=2]
[

MGOQC/,,,_
Bu™

[==]
=]

— OMe

)
[ ]

~
=]
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[ ]

2ba

Relative Abundance
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w
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1911 2232
I.I.‘ul. .I.J.h I.I.‘mI .1|.ﬁ||[?'§.].lm.1.—6’?.'§.i ||"' | 2&}5'3|| ?36-‘2

[ 4]
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MK-MT7 #3407 RT: 17.58 AV: 1 NL: 2 44E6
T: {00} + ¢ El Full ms [40.00-500.00]
450

_;
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T
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Relative Abundance
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s
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4212 1352

[ 4]
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T T T 1 T
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MK-M17 #3499 RT: 17.90 AV: 1 NL: 4.01E6
T- 10,0} + c El Full ms [40.00-500.00]

1004 B

1]
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[Le]
=]

o]
(%]
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EtOZC/,,’,_
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o]
=]

— OMe
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2
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MK-M19#3726 RT: 18.67 AV: 1 NL: 2.64E6
T: {0,0} +c El Full ms [40.00-500.00]

Relative Abundance
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(4] =) (4] ] [#)] ] (] =] (%] ] (] (=) o ] (4] (=) (] ] (%]
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MK-M20 #4009 RT: 1963 AV: 1 NL: 1.12E6
T: 10,0} + ¢ EI Full ms [40.00-500.00]

Relative Abundance

100

- - [\] [\%] [ 45 ] [#%) o I ()] )] ()] s3] =] = [ss] [ss] [{] [{s]
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||1I|I.|||||I.J.|.|II Ay iJ.J I|]I||II||J|||hJI .I“IJn.I.III.IIl.uI|u|||.| I|.I| . M '||' I |I.I ; . |.-I I QIGIfi? ; 2?3'4' 3;1;]'? . :'):45';? " |3??'0| I 4}16_'6 T‘§~2'IO |46Qf-4 :
50 100 150 200 250 300 350 400 450



981

MK-M18 #3480 RT: 17.83 AV: 1
T: {0,0} + ¢ El Full ms [40.00-500.00]
452
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MK-M9 #3715

RT: 18.63 AV: 1

NL: 5.12E6

T: {0,0} + c El Full ms [40.00-500.00]
2.2

Relative Abundance
- - [\%) M [4%) [o%) Jo I ()] )] ()] ()] =] = [s2] [s2] [{s] [{a] 5
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MK-M10 #5146 RT: 2350 AV: 1 NL: 9.51E5
T-{0,0 +c El Full ms [40.00-500 00]

Relative Abundance
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MK-M23 #4272 RT: 20.52 AV: 1 NL: 3.46E6
T: {0,0} + ¢ El Full ms [40.00-500.00]
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MK-M4 #3661

T: {0,0} + c EI Full ms [40.00-500.00]

Relative Abundance

-
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MK-M6 #3705 RT: 18.60 AV: 1 NL: 9.65E7
T-{0,0} + c El Full ms [40.00-500.00]
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MK-M11 #3437
T: {0,0} + ¢ El Full ms [40.00-500.00]

Relative Abundance
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MK-M21 #4127 RT: 20.03 AV: 1 NL: 1.09E7
T- 10,0} + c El Full ms [40.00-500.00]
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MK-M21 #4127 RT: 2003 AV 1

NL: 1.09E7

T: {0,0} + c El Full ms [40.00-500.00]

Relative Abundance
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ea-m26#165:211 RT. 2.14-2.74 AV: 47 SB: 40 1.16-1.67 NL. 1.22E4
T: + ¢ ESI [ 50.00-1000.00]
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MK-M8 #2811 RT: 1556 AV: 1 NL: 2.37E5
T: {0,0} + ¢ El Full ms [40.00-500.00]

Relative Abundance
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MK-MS5 #4113 RT: 19.98 AV- 1 NL: 1.03E7
T: {0,0} + ¢ El Full ms [40.00-500.00]
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MK-M12 #2991 RT: 16.17 AV: 1 NL. 1.17E8
T: {00} +c El Full ms [40.00-500.00]
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MK-M13 #3079 RT: 16.47 AV. 1 NL: 6.83E7
T- {00} + c El Full ms [40.00-500.00]

1004 20

s}
o

(e]
o

o
o

o
]

-
w

-
o

)]
4]

[a7]
=]

o
o

o
o

o
=]

%]
4]

%]
]

%]
o

]
]

572

-
o

772 912 135.2

-
]

1052
652 163.2

o

Relative Abundance
o
o
pec e berea b bevee bvve b v B b bevne b b b b v bevne e bann L

]

Et0,C,

t-Bu™

20b

Me

— OMe

2371
L2491
T T T

2822 2922 3188

3521 3799 3943 4109 4264

458

4
T

| ||IH|
I
50 100 150

250

300

T
350

T
400

T
450



¢0¢

MK-M14 #3064 RT: 16.42 AV: 1 NL: 2.05E8
T: {0,0} + c EI Full ms [40.00-500.00]
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MK-M2 #3318 RT: 17.28 AV: 1 NL: 5.89E7
T: 10,0} + ¢ El Full ms [40.00-500.00]
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MK-M3 #4919 RT: 2273 AV- 1 NL: 2.01E6
T: {0,0} + c EI Full ms [40.00-500.00]
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MK-M15 #4478 RT: 21.23 AV: 1 NL: 1.73E5
T: {0,0} + ¢ El Full ms [40.00-500.00]
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MK-M16 #3973 RT: 1951 AV-1 NL 3.05E8
T- [0.0} + ¢ EI Full ms [40.00-500.00]

1005 131
751

[ L]
—

MeO,C, . Me

t-Bu™

(=]
—

= OTBDMS

—J
=

HO

(=]
—

1 2ra

| 69.1 150

403411
] 1052

Relative Abundance
wn
T

1632
1772

191.0 2231 2371
512 2792 O

10

m ‘.. I, 336.3 3512 3682 3971 4313 4432
I RN RN AR

!U:l |I=|=L
a0 100 130 200 230 300 350 400 450




L0¢

MK-M1 #4394 RT: 20.94 AV: 1 ML 9.29E5
T: {0,0} + c El Full ms [40.00-500.00]
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MK-M25-2 #4293 RT: 20.60 AV: 1 NL: 9.16E7
T: {0,0} + c EI Full ms [40.00-500.00]
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