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ABSTRACT

SYNTESIS OF ALLYL ALCOHOLS BY PALLADIUM-CATALYZED
1,3-SUBSTITUTION REACTIONS OF ALKENYL EPOXIDES WITH
ORGANOBORONS

1,3-Substitution reactions of allylic compounds having a good leaving group is a
prominent method in Organic Chemistry for the synthesis of new allylic reagents with an
exchanged functional group. These reactions usually require the use of metal catalysts
and one of the most challenging aspects for these applications is the regio- and stereo-
selectivity of the process for a wide range of substrate types. Other compounds such as
vinyl epoxides are also acceptable for substitution reactions.

An important advantage of using these reagents is that opening of the oxirane ring
during the substitution process lead to the generation of a hydroxyl group and as a result
affords allyl alcohols which are important intermediaries in organic syntheses.

An example of regio-selective metal-catalyzed reactions of vinyl epoxides having a
terminal alkenyl group with environmentally benign organoborons was reported in the
literature. However, no such success could be achieved with vinyl epoxides with an
internal alkenyl group. Therefore, within the context of this method internal vinyl
epoxides were successfully subjected to 1,3-substitution reactions with organoborons
which yielded arylated allyl alcohols in both a regio- and stereo-selective manner. The
method is applicable under quite mild conditions where a palladium-AsPhz combination

is used to activate the process.



OZET

ALKENIL EPOKSITLERIN ORGANOBORLAR ILE PALADYUM
KATALIZLI 1,3-SUBSTITUSYON TEPKIMELERI ARACILIGI iLE
ALLIL ALKOLLERIN SENTEZI

Kolay bir terkeden gruba sahip allilik bilesiklerin 1,3-stbstitlisyon tepkimeleri
farkli bir fonksiyonel gruba sahip yeni allilik bilesiklerin sentezi organik kimyada 6nemli
bir tepkime tipidir. Bu tip tepkimeler c¢ogunlukla bir metal katalizorii ile
gerceklestirilmektedir. Bu amagla uygulanan yontemlerin uygulamasinda en 6nemli
zorluk tepkimlerin yeterli mertebede regio ve stereo segimli olarak genis bir siibstrat
yelpazesini igerecek sekilde gergeklestirmektir.

Siibstitiisyon tepkimelerine uygun bir allilik bilesikte vinil epoksitlerdir. Bu
yapilarin kullaniminda 6nemli bir avantaj epoksit oksijenin tepkime sonunda yalnizca bir
baginin kopmasi sonucu hidroksil grubuna doniiserek organik sentezlerde 6nemli bir ara
yapt olan allil alkollerin olusmasidir.

Literattirde terminal alkenil gruba sahip vinil epoksitlerin ¢evre dostu organoborlar ile
metal katalizli tepkimelerinin regio- ve stereo se¢imli olarak gergeklestigi rapor
edilmistir. Ancak ayni basar1 i¢ alkenil gruba sahip yapilar i¢in saglanamamistir. Bu
nedenle bu tez ¢aligmasi kapsaminda i¢ alkenil gruplu vinil epoksitlerin organoboronlar
ile regio ve stereo secimli olarak 1,3-siibstitiisyon tarzinda arillenmesi basarilmistir.
Yontem bir paladyum Kkatalizéri ve AsPhz ligandinin kullanildigi 1liman kosullar

gerektirmektedir.
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CHAPTER 1

INTRODUCTION

The studies about transition-metal-catalyzed reactions with various
organometallic reagents have been an increasingly attractive method in recent years. The
alkenyl or aryl addition to unsaturated compounds which have at least one leaving group
is a well-known procedure. These compounds give generally Sn2 type reaction with a
nucleophile in the absence of transition metals. However, the transition metals can change
this orientation and the reactions may occur in the Sn2° manner.

The hard nucleophiles are used generally with copper- or nickel-catalyzed
reactions over unsaturated compounds in order to shift the selectivity toward Sn2’ type
reaction. However, the usage of these nucleophiles such as grignard reagents,
organolithium, and organozinc compounds have some restrictions, since they are highly
air and moisture sensitive.

On the other hand, the organoboron compounds are highly stable to moisture and
easy-to-handle without special precautions. These advantages have increased the
popularity of organoborons day by day. In 1979, the palladium catalyzed cross-coupling
reaction with derivatives of organoboronic acids known as the Suzuki reaction was
published by Suzuki and Miyaura (Miyaura, Yamada, and Suzuki 1979). In a short
interval, a variety of organoboron compounds began to be used on different types of
coupling and substitution reactions over transition metals. Generally, the 1,3- selective
substitution of propargylic compounds is performed to produce allenyl compounds
(Moriya, Miyaura and A. 1994). And also in 2011, the palladium catalyzed Sn2’’-
selective reaction with boronic acids was first performed on 2-en-4-yne carbonate
structures (Uglincii et al. 2011).

Inspired of these information, in contrast to large number of reports about allylic
alkylations, there are only a few allylic arylation reactions over the alkenyl compounds
in the literature. In these works, the hard reaction conditions were required because the
air sensitive compounds like grignard reagents and organozinc compounds were used as

the nucleophile. Therefore, we performed palladium(0)- catalyzed 1,3-selective allylic



arylation reaction on vinyl oxiranes to provide arylated allyl alcohols under mild

conditions.



CHAPTER 2

LITERATURE WORKS

2.1.Transition- Metal-Catalyzed Allylic Arylation Reaction of Allylic
Compounds

The alkenyl compounds play an important role in organic synthesis. 1,3
Substitution reaction is a useful method for the formation of allylic reagents with a variety
of functional groups. In literature, there are vast number of studies on highly efficient
allylic alkylation reactions on vinyl compounds. But there are a few works about the
allylic arylation reaction on alkenyl compounds and the regio selectivity of these reactions
were not effectiveness.

In 1994, Béackvall reported highly regio-selective Cu-catalyzed Sn2’-type
arylation with Grignard reagents. In the absence of the catalyst the selectivity shifted in
the favor of Sn2 pathway, the ratio of Sn2:Sn2” being 91:9 in this case (Figure
2.1).(Backvall, Persson, and Bombrun 1994)

0°C, THF

Ph
Cu(CI)-2LiCl cl < > OAc
PhMgBr ——— > "PhCu(C)MgB1" +
“Ph
OAc OAc

9% 91%

Figure 2.1.Cu(l)-catalyzed arylation reaction of an alkenyl chloride with a Grignard
Reagent ( Source: Backvall, Persson, and Bombrun 1994).

After this invention on cyclic alkenyl compounds, Kacprzynski reported the
copper catalyzed arylation on silyl substituted alkenyl phosphorous esters with arylzinc
reagents. To achieve the enantio- and regio-selective process, it was assisted from the use
of N-heterocyclic carbine (NHC) ligands (Figure 2.2).(Kacprzynski et al. 2007)



& 1 mol % chiral NHC-Ag Ph
MeRSI” " “OPO(Et), ~Tmol (CaOTD,-C ol N
R:Me or Ph 2 eqv. Ph,Zn, THF -15°C SiMe,;R

24h yield: Ph: 82 Me:91
SN2'/SN2 : 98:2

Figure 2.2.Copper-catalyzed arylation reaction of silyl substituted alkenyl phosphono
esters ( Source:Kacprzynski et al. 2007).

An assymmetric method on allylic arylation of non-cyclic allyl halide compounds
were introduced by Selim (Selim, Yamada, and Tomioka 2008). This work shows that
the copper-catalyzed stereo-selective arylation reaction can be applied the non-cyclic allyl
compounds with moderate regioselectivities. Interestingly, however, all the
improvements of the regio-selectivity always resulted in a reduced enantio-selectivity
(Figure 2.3).

PhMgBr
Cu salt/mol % Ph
Ligand 4.4 mol % /\f’\
=
05H11/\/\Br C5H11)\/ * Cshh Ph
DCM, -78°C

Yield: 100%

PPh,
Cu salt/mol %  SN2'/SN2 S/e OJ
(o]

N
CuTc/2 76:24 81 A(&O
CuCN/2 87:13 12 Ligand

Figure 2.3.Copper catalyzed reaction of a non-cyclic allyl bromide with phenyl grignard
reagent (Source:Selim, Yamada, and Tomioka 2008).

Selim also published another paper about stereo- and regio-selective reactions of
phenyl substituted allyl compounds after 1 year. They achieved the asymmetric arylation
with NHC based copper catalyst at high regio- and enantio-selectivities (Figure 2.4)
(Selim et al. 2009).
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DCM, -78°C
Ar: o-, p-, m-C1C6H4; p-CF3C6H4; O-MCC6H4; 0-M60C6H4 Ph \\Ph
Yield: 91-99%; Sx2'/Sx2: 90:10 -97:3 (ee:>92%) Y\ coHioMe

O-MeCGH4 N N

CgH 0-Me
o-MeCgH, cCucl ¢

NHC-copper(I)

Figure 2.4. NHC-Copper(l) catalyzed reaction of phenyl substituted alkenyl compound
(Source: Selim et al. 2009).

Enantio-selective iridium-catalyzed allylic arylation reaction was applied on the
aryl substituted allyl compounds having a carbonate group as a leaving group by Polet
(Polet et al. 2009). Though this method afforded the molecules in high ee percentages,
the regio-selectivities were exceedingly poor (Figure 2.5).

2 mol% [{IrCl(cod)},]
4.4 mol% Ligand
S PhMgBr
R X-"oco,Me :
ZnBr,, LiBr R
THF, RT

Ph
= + RMPh

R: 0-,m-,p-MeCgHy; yield: 100%, 67%, 78%; SN2'/Sn2: 42:58, 49:51, 33:67; ee: 78%, 90%, 91%.
R: Pr; yield: 100%; SN2'/S\2: 54:46; ee: 15%,

CL, e
0 y

Ligand

Figure 2.5.Iridium-catalyzed allylic arylation
(Source: Polet et al. 2009).



(a) Allylic Substitution via a (m-allyl)metal Intermediate
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Figure 2.6.Metal-Mediated Allylic Substitution
(Source: Ohmiya, Yokokawa, and Sawamura 2010)

Before the Ohmiya paper, there is three type of metal-mediated allylic
substitutions mechanisms (Figure 2.6). First one is the allylic substitution involving a (-
allyl) metal intermediate. However, in this mechanism, the regioselectivity is highly
dependent on the electronic and/or steric substituent effects of compounds (Trost and
Crawley 2003). In second example mechanism, the formal Sn2' attack of the
organometallic nucleophile which are generally monoalkyl heterocuprate reagents
produces a (c-allyl) metal species via oxitative addition the result of the reductive
elimination, the C-C bond at the y-position was formed. But in some examples of these
type mechanism, the significant Sn2 product was formed (Yoshikai, Zhang, and
Nakamura 2008). In the last example, (c-allyl) metal complexes was formed after

strongly nucleophilic translation metal complex attacked the allylic substrates. The



complex underwent a second allylic displacement with a carbon nucleophile. After
reductive elimination of metal complexes, the o or y selective substitution products were
occurred.

Hirohisa et al. reported Pd(ll)-catalyzed arylation of allylic acetates with
arylboronic acids in 2010 (Ohmiya et al. 2010). Their method was highly y-selective
(Figure 2.7), (Figure 2.8). They proposed a plausible mechanism to account for this high
selectivity as is outlined in Figure 2.8., The reaction starts with the formation of cationic
mono(acetoxo)-palladium(ll) complex A which is the product of the 1,10-phenthroline-
ligated Pd(OAc). and AgSbFe. The complex A involves with transmetallation with
arylboronic acid to afford the complex B. In next step, B interact with the allylic acetate
which is shown with C. Then, this interaction undergoes regio-selective C-C double bond
insertion into the aryl-Pd bond (carbopalladation) in order to form a metallacyclic
alkylpalladium (11) complex D. Finally, B-acetoxy elimination occur and the phenyl
substituted product is formed. They also noted that the attempts to use a pinacolato ester

instead of boronic acid resulted in no reaction.

10 mol%, Pd(OAc),

B(OH) 12 mol%, Phen Ph
2 10 mol%, AgSbF¢ /\/\)\
Ph

1.5 eqv. DCE, 60°C, 6 h

+ 80% (91% conversion)
— /o >99:1; E/Z >20:1
OAc ( /; 2/ N !
/\)\/\ =
Ph N N

1,10-phenanthroline (Phen)

Figure 2.7.Palladium-catalyzed reaction of allylic acetates with arylboronic acids
(Source: Ohmiya et al. 2010)

Pd(OAc),/1,10-phenanthoroline/AgSbFg
M OX

SFs ArB(OH),
N “OAc
M AcO-B(OH),
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Figure 2.8.Scenarios for new type of vy-selective allylic substitution & proposed
mechanism for the reaction (Source: Ohmiya et al. 2010)



In 2010, Whittaker report the copper-catalyzed 1,3-selective substitution of allylic
chlorides with arylboronic esters (Whittaker, Rucker, and Lalic 2010). The use of aryl
boronic acid pinacol ester in the copper(l)-catalyzed reaction provided higher regio-
selectivity as compared to those used hard nucleophiles, such as phenylmagnesium
halides and arylzinc compounds. This reaction was applied with NHC-ligand and the
regio-selectivity was well up to 99% for 18 examples (Figure 2.9).

1.25 eqv.

1,4-Dioxane, 45°C, 24 h

5 mol %, MesN_ NMes
0] Ar
/ CuOt-Bu
Ar—B :>L+ R1/\(\CI RJ\"/
O R 1 eqv. NaOR or KOR

R
up to 99% Sy2'

yield: 64- 94%

Figure 2.9.Copper catalyzed 1,3-selective substitution of allylic chlorides with aryl
boronic esters (Source: Whittaker, Rucker, and Lalic 2010).

Allyl phosphono esters could be arylated with arylboronic esters over
CuCl/asymmetric NHC ligand with excellent stereo- and region-selectivities (Figure

2.10) (Takeda et al. 2014).
J\/\O”(OEt
o]

HO PF6
(5.5 mol %) R? Ar
. CuCl (5 mol %) RES
/ g .
Ar—E :>L NaOMe (2 up to 97% yield
\O aOMe (2eqv.) up to 99/1 regio-selectivity

THE, 30°C

up to 92% ee

Figure 2.10.Copper-catalyzed asymmetric allylic substitution of allyl phosphates with
aryl boronates (Source: Takeda et al. 2014).



2.2.Metal-Catalyzed Reactions of Vinyl Oxiranes with Grignard
Reagents

In 2005, Ueki reported the reaction of gem-difluorianted vinyl oxiranes with mono
alkylcopper reagents (Ueki et al. 2005). In this report, they tried catalytic reaction on the
fluorinated vinyl oxiranes but only 43% of reactant was consumed and the regio
selectivity of reaction was poor. On the other hand, the non-catalytic trial on this substrate
provided good regio selectivity for the Sn2-product and yield (Figure 2.11). When they
used the non-fluorinated compound, the regio selectivity of reaction changed to Sn2’-

product.

CF, Me~ck, CF2
Cuprate /f\ Mer‘\
_— = +
O THF, 0°C, 2h
R R: 2-Phenylethyl R OH R OH
y—product o-product

cuprate:0.5 eqv.Cul, 2eqv.MeMgBr Yield y—product:16%, a-product:21%
cuprate: 2 eqv.Cul, 6eqv.MeMgBr Yield y—product:12%, a-product:77%

Me\
Cuprate
THF, O"C 2h
R: 2-Phenylethyl ph

cuprate:2eqv.CuCl, 2eqv.MeMgBr Yield y—product:79%

Figure 2.11.The Reaction of alkenyl oxiranes with grignard reagents
(Source: Ueki et al. 2005)

In 2007, the copper catalyzed Kkinetic resolution of 1,3-cyclohexadiene
monoepoxide with grignard reagents leading to good yields, excellent regio selectivity
and good enantiomeric excesses was published by Millet and Alexakis (Millet and
Alexakis 2007). But this chiral ferrocenyl-based diphosphine ligand performance
provided only 61% ee and moderate regio-selectivity for i-PrMgCl as used for derivative
of secondary grignard reagents (Figure 2.12).

After one year, Millet and Alexakis was published another method for copper
catalyzed the kinetic resolution of 1,3-cyclohexadiene monoepoxide with grignard
reagents(Millet and Alexakis 2008). This method show that SimplePhos ligand is able to
perform the kinetic resolution of racemic cyclic vinyloxirane with good regio- and stereo-

selectivities and from low to good yields. And also this reaction condition increased the



stereo-selectivity of secondary grignard reagents like i-PrMgCl on the Sn2’ product
(Figure 2.13).

CuBr (1%mol)

©: Ligand (1 %mol) BU/,,@\ @,BU
(0] +
OH "OH

BuMgCl (0.5 eqv.)
Et,0, -78°C Sn2' Product Sy2- Product

Conversion: 45%, SN2'/SN2: 99/1, SN2' ee: 90%

thp/@LfPRE

<

Ligand: (R,S), R': 3,5-Me,C¢H;

Figure 2.12.Copper catalyzed kinetic resolution of 1,3-Cyclohexadiene monoepoxide
with grignard reagents (Source: Millet and Alexakis 2007)

RMgCl1(0,51 eqv.) Bu Bu
CuTC/Ligand (3 %mol) @\ . @’
CH,Cly, -78°C SN2' Product Sn2- Product
ee SN2'
R '
Conv. SN2'/SN2 (%)
Et 48 95:5 82
Ph Ph
b, Bu 47 95:5 88
Ph”™ "N” 'Me
on /kMe CH,CH,Ph 42 >95:5 73
Ligand i-Bu 46 97:3 79
i-Pr 49 96:4 84
c-Hex 37 95:5 96

Figure 2.13.SimplePhos as efficient ligand for the copper-catalyzed kinetic resolution of
cyclic vinyloxiranes with grignard reagents (Source: Millet and Alexakis
2008)

In 2012, Dieter published the copper catalyzed reaction of silyllated-vinyloxirane
(Dieter, Huang, and Guo 2012). They showed that the cupper catalyzed reactions with
alkyl grignard reagents were Sn2’ product which were E isomers. These reactions also

are highly stereo-selective (Figure 2.14).



R OSi'BuMe, R OH
. Cuprate N ¥ NS +
OSi'BuMe
o 2 .78°C 12h R2 OH R2' OSi'BuMe,
X RCuLM
OSi'BuMe, "
. Et,0/THF R OH R OSi'BuMe,
10:1 > . F e
., OH
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CuCN (0.2 eqv.)

Figure 2.14.Copper-mediated reactions of trans-1-(tert-Butyldimethylsilyloxy)-2,3-
epoxy-4-hexene (Source: Dieter, Huang, and Guo 2012)

In 2010, the iron-catalyzed regio selective reaction of y,5-epoxy-a.,3-unsaturated
esters with grignard reagents was published by Hata (Hata et al. 2010). Result of the
reaction, only one regio isomer was occurred at good yield with alkyl grignard reagent
and at moderate yield with phenyl grignard and methoxy substituted phenyl grignard
reagent (Figure 2.15).

OH
RMgBr A CO,Et
FeCly  reld v
(Mol%
Ph 12 60
0-MeOCE 10 57
Me 11 81

Figure 2.15The iron-catalyzed reaction of vinyl oxirane
(Source: Hata et al. 2010)
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2.3.Metal-Catalyzed Reactions of Vinyl Oxiranes with Organoborons

The regio-and stereo-selective substitution reactions of vinyl oxiranes can be a
good strategy for the synthesis allyl alcohols.

In 2009, Tortosa reported that 1,4-diol compounds can be obtained via the copper-
catalyzed successive borylation and oxidation reactions of vinyl oxiranes (Figure 2.16)
(Tortosa 2011).

CuCl (10 mol%)/Xantphos (10 mol%)
R’ 0 NaO7Bu (30 mol%), bis(pinacolato)boron (1.2 eqv.)
R® 0 R? R® 4
R2 2 THEF,-20°C,3 h KR/\XR
R4 then KHCO3, H,0, 0°C, 2h HO OH
yield: 25- 80
PPh, PPh,
o 0 0
B—B
/ \
0] (@)
bis(pinacolato)boron Xantphos

Figure 2.16.A Cu-catalyzed borylation and oxidation sequence leading to 1,4-diol
compounds (Source: Tortosa 2011).

A Nickel-catalyzed borylative ring opening reaction of vinyl epoxides with was
published by Crotti ref. Accordingly, a regio-selective borylative ring opening takes place
catalytically (Figure 2.17) and this follows by addition onto an aldehyde to yield a diol

compound.
— = o

OH { OH

0 5% Ni(cod), } PhCHO Q—\\

—_—
© 7.5% BINAP /Q Ph
toluene/MeOH, rt Bpin yield: 65%
dr: 15:1

Figure 2.17. Nickel-catalyzed borylative ring opening reaction of vinyl epoxides
(Source: Crotti et al. 2009)

The pd-catalyzed reaction of vinyl oxiranes with alkenylborons is reported in

1982 by Miyaura. In their studies 3,4-epoxy-1-butane was the only vinyl epoxide

12



compound that was tested and no sufficient regio-selectivity could be provided with this
substrate (Figure 2.18).

CsHyy

W\ O  mol% catalyst CsHy” CeHqq = N
+ OH + “5MMINISNN"0H
:(B)i <] THF, 15h, rt. \/\Q\

1.1 eqv.

5%mol  Pd(PPh;), Pd(dba), Pd(OAc), Pd(acac), Pd(OAc),(PPh;) PdCly(PPh;),

yield % 27 92 52 58 12 17

Sn2/S52' 62:38 74:26 33:67 34:66 34:66 41:59

Figure 2.18.Pd-catalyzed reaction of (E)-hexenylbis(1,2-dimethylpropyl) borane with
3,4-epoxy-1-butene (Miyaura, Tanebe and Suginome 1982).

A Pd-pincer complex-catalyzed method on alkenylation and arylation of terminal
vinyl epoxides with organoborons was developed by Kjellgren. The linear allyl alcohols
were produced with high regio-selectivity (Figure 2.19). But, when this method was
applied on a cyclic structure epoxide, the regio-selectivity was decreased to 1,3-/1,2-ratio
of 2:1 (Kjellgren et al. 2005).

OH R
0] . HO =
R1M + RB(OH), 2.5 mol % Pd, Pd-pincer R1J\/\/R + W
THF/H,0 10:1 ' R!
R: Alkenyl, Aryl Cs.CO SN\2'/SN2 20:1
2003
0-20°C

Figure 2.19.Pincer complex catalyzed cross-coupling reaction of vinyl epoxides with
boronic acids (Source: Kjellgren et al. 2005).
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CHAPTER 3

EXPERIMENTAL STUDY

3.4. General

Tetrahydrofuran (THF), diethyl ether (Et.O) and 1,4 —dioxane solvents were
distilled from benzophenone-ketyl under argon prior to use. Dichloromethane (DCM) and
toluene were dried using molecular sieve 4A. Dimethylformamide (DMF) was purified
by reflux over calcium hydride (5 w/v) under inert gas overnight and stored on molecular
sieve 4A. Dimethoxyethane (DME) was dried by storing over the metallic sodium wire.
Acetonitrile stirred with P,Os (5% w/v) for 24h and then it was refluxed under inert gas
overnight, then it was distillated.

The palladium complexes of Pdz(dba)s:CHCIs (Ukai, et al. 1974), Pd>(dba)s
(Zalesskiy and Ananikov 2012), and [PdCI(CsHs)]2 (Dent, Long and Wilkinson 1964)

were synthesized in the laboratory.

3.5. Synthesis of Substrates

3.5.1. Synthesis of Vinyl Oxiranes

The syntheses of all compounds were performed under argon gas and the column
chromatography purification of the synthesized compounds was applied on the silica gel
60 (35—70 pum).

Triethyl phosphonoacetate (4.8mL, 24 mmol) was added drop by drop to the
solution of NaH (525 mg, 22 mmol) in 50 mL THF and the mixture was stirred for 1 hour
at room temperature. After that, the reaction mixture was cooled to —78°C and trans-
aldehyde (~20 mmol) was added slowly and stirred for 1 hour. The reaction was

terminated by the addition of saturated NH4Cl and extracted with Et,O. The organic layer
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was dried over MgSOyg, filtered, and concentrated under reduced pressure to obtain S2.

The residue was used in following step without any further purification.

(Et0),P(0)CH,CO,Et DIBAL-H
M Y VN
RMO R/\/\/CO2Et - R X OH
NaH,THF DCM,-78°C 3
S1 -78°C-R.T. o S2
e}I\%
S o]
0" >Ph
/\/<?)(
R X OH R=Pr; 1¢
R=Pr; 1g
m-CPBA,DCM 0 1) NaH, DMF o
/\v<l/\ -20° /\v<l/\ /Me
Na,CO5(aq), 25% R OH S R o
0°C R=Pr; 1a 2) Mel R=Pr; 1b
R=Ph; le -20°C
R=Me;1f }@D
s,
o,
IR
Ap TSN
DCM
e AL~ S
R o>
R=Pr; 1d

Figure 3.1. Synthesis of Alkenyl Oxiranes

At —78 °C, the DIBAL-H (~30 mmol, 1.0 M in DCM) solution was added
dropwise to the solution of S2 in DCM (80 mL). The reaction mixture was stirred for 3
hours and then the reaction was neutralized with 1 M HCl(aq) solution and extracted with
DCM. The combined extracts were dried over MgSOsa, filtered, and concentrated under
reduced pressure. Purification by column chromatography on silica gel 60 (hexane/ ethyl
acetate as the eluent) gave the diene compounds S3 (yield: R: Pr, 1.64 g, 65%; R, Ph, 1.92
g, 60%, R, Me, 1.08 g, 55%).

To a mixture of S3 (~3 mmol) in DCM (50 mL) and 16 mL solution of Na2COz3
(25%) was added 5.1 mmol (880 mg) of m-CPBA dropwise at 0 °C under Argon. The
mixture was controlled with TLC until the reactant was consumed completely. At the end
of the process, the mixture was extracted with DCM, dried over anhydrous MgSOa,
filtered, The crude mixture was

and concentrated under reduced pressure.

chromatographed on NEts-treated silica gel column (hexane/ ethyl acetate as the eluent)
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which afforded the vinyl oxiranes (yield: 1a, 234,2 mg, 55%; 1e, 306,2 mg, 58%, 1f, 110
mg 30%).

1mL of 2 M solution of vinyl epoxide alcohol (1a or 1b) in DMF was added on
the suspension of NaH (2.2 mmol) in DMF (1 mL) at -20 °C. The mixture was stirred
until all NaH solids were dissolved before the addition of methyl iodide (2.4 mmol) or
benzyl bromide (2.4 mmol). 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 MgSOQ, filtered, and
concentrated under reduced pressure. The crude mixture was subjected to column
chromatography over NEts-treated silica gel column (eluent: hexane-EtOAc) to produce
compound 1b or 1¢ or 1f (yield, 1b: 278 mg, 90% ,1e: 200 mg, 96%, 1¢: 334 mg, 77%).

A mixture of 1a (285 mg, 2 mmol), EtsN (0.36 mL, 2.6 mmol), t-
butyldimethylsilyl chloride (400 mg, 2.6 mmol), and 4-dimethylaminopyridine (DMAP)
(30 mg, 0.24 mmol) in DCM (30 mL) was stirred at room temperature for 1 h and then,
the mixture was extracted with water and the water phase washed with DCM. The organic
solution was dried with MgSOs, filtered, and evaporated. The residue was
chromatographed over NEtsz-treated silica gel column to afford silylated vinyl oxirane
compound 1d (hexane-EtOAc as an eluent, yield, 1d: 500 mg, 97%).

At -78°C, the 3.5 mL of 3 M MeMgBr in THF was added drop by drop to 5 mmol
of S2 solution in 15 mL THF. After the addition, the reaction mixture was heated slowly
to rt and then stirred for 30 min. The saturated NH4Cl(aq) solution (10 mL) was added in
the mixture and then extracted with Et,O. The organic layer was dried over MgSQa,
filtered, and concentrated under reduced pressure. The residue was used in following step
without any further purification. To the mixture of dienol obtained (~5 mmol) in DCM
(70 mL) and 25 mL solution of Na2COs (25%) was added 7 mmol (1.2 g) of m-CPBA
dropwise at 0 °C under Argon. The mixture was controlled with TLC until the reactant
was consumed completely. At the end of the process, the mixture was extracted with
DCM, dried over anhydrous MgSOys, filtered, and concentrated under reduced pressure.
The crude mixture was chromatographed on NEtsz-treated silica gel column (hexane/ ethyl
acetate as the eluent) which afforded the vinyl oxirane (yield: 1g, 485 mg ,57%) (Kus and
Artok 2015).
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Figure 3.2 Epoxidation of ethyl (2E,4E)-octa-2,4-dienoate to synthesis 1h

To the DCM solution (15 mL) of ethyl-(2E,4E)-octa-2,4-dienoate (840 mg,
5mmol) was added m-CPBA (1.7 g 6 mmol) in one portion at 0 °C and stirred for 2 h.
The crude solution was extracted with a saturated solution of Na,COz(aq) and DCM,
successively, and dried with MgSQOyg, filtered, and evaporated under reduced pressure. The
substrate was purified using silica gel column (hexane-EtOAc as an eluent, yield, 1h, 698
mg, 76%) (Dieter, Huang, and Guo 2012).

To a solution of 1j (920 mg, 5 mmol) in DCM (9.0 mL), was added DIBAL-H
(11.0 mL of a 1.0 M solution in DCM, 5.2 mmol) dropwise at-78 °C and stirred for 30
min. Then, MeOH (4.5 mL) was added and the mixture was warmed to ambient
temperature. Then, an aqueous sodium potassium tartrate (1.0 M) solution (Rochelle’s
salt, 15 mL) was added and the mixture was stirred at rt for 1 h. The aqueous phase was
extracted with EtOAc. The combined organic layers were dried over anhydrous Na>SOs,
filtered, and concentrated to provide allylic alcohol 1i. The substrate 1i was purified using
silica gel column (hexane-EtOAc as the eluent, yield, 1i, 575 mg, 80%) (Tortosa 2011).
The above-mentioned methylation process was applied for synthesis 1j with the level of
90% yield.

[CH(CH5),PPh,]I, BuLi “ m-CPBA <0
Pr/Mo Pr N . Pr
THF, 0°C to -780C DCM, -20 °C .
sS4

Figure 3.3 Synthesis of (E)-2,2-dimethyl-3-(pent-1-en-1-yl) oxirane 1k
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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 trans-2-hexenal (1.1 mL, 10 mmol) was added
slowly in the mixture at -78 °C. The reaction mixture was stirred until o, unsaturated
aldehyde was consumed as judged by TLC. After that, the reaction was neutralized and
extracted with saturated NH4ClI solution and Et20, successively. The combined extracts
were dried over MgSOs, filtered, and separated from the solvent by reduced pressure at 0
°C. After purification over the silica gel column the pure dialkyl substituted diene
compound S4 was obtained (hexane-EtOAc as the eluent, yield, 920 mg, 74%).

To the suspension of m-CPBA (7.5 mmol) in 30 mL DCM was added drop by
drop in to 0.1 M the diene compound (S4) solution in 50 mL DCM at -20 °C. After the
solution was stirred for 2 h, the extraction process was applied with water and DCM.
After that the organic layer was dried with MgSQO4, and concentrated under reduced
pressure at 25 °C. Using silica gel column (hexane-EtOAc as the eluent), the pure vinyl
oxirane 1k was obtained The regio-selectivity of the oxirane ((E)-2,2-dimethyl-3-(pent-
1-en-1-yl)oxirane/2-(2-methylprop-1-en-1-yl)-3-propyloxirane) was determined to be
9.6:1 (yield, 1k: 365 mg 52%) (Kus et al., 2015).

1,3-Cyclohexadiene (ImL, 10 mmol), 50mL DCM, and 16 mL 25% Na>COs3(aq)
was added into a flask in sequence. After this mixture was cooled to 0 °C, 2 g m-CPBA
was added and the reaction was controlled with help of TLC. After reactant was
consumed, the solution was extracted with DCM, dried with MgSQO4, and filtered over a
short silica gel column. The solvent was removed under reduced pressure at 0 °C and the

cyclic epoxide 11 was recovered in pure form (yield, 430 mg, 45%). (Ramesh, et al. 1992).

@ m-CPBA Q
50 mL DCM
16mL Na,CO3 (aq) 25%
0°C

11

Figure 3.4 The synthesis of 3,4-epoxycyclohexene 1l.

To a solution of hex-1-yne (2.05 g, 25.0 mmol) in hexanes (15 mL) at 0 °C was
added diisobutylaluminum hydride (1 M in DCM, 25 mL, 25.0 mmol). The solution was
warmed to 40 °C and stirred for 16 h. VVolatile components were then evaporated, and the
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residue was dissolved in THF (50 mL) and cooled to 0 °C. CuCl (2.25 g, 27.5 mmol) was
then added in portions over 10 min, and the suspension allowed to warm to room
temperature and stir for 4 h. The black suspension was then poured onto a stirred mixture
of H2S04 (5%, 100 mL) and Et,O (100 mL), the phases were separated, and the aqueous
layer further extracted with Et,O. The substrate (5E,7E)-dodeca-5,7-diene was purified
using silica gel column (hexane as the eluent, yield 1,6 g, 79%)(Farthing and Koc 1998).

After that, the epoxidation process was applied and the substrate 1m was obtained.

1)DIBAL, in Hexane

i -CPBA 0
N 40°C - 16h B m Bu
A ) u\/\/\Bu > BUM/
2 eqv 2)CuCl, in THF DCM, 25%, NaHCOj4 Im
' 0°C to R.T. 0°C
4h

Figure 3.5The synthesis of (E)-2-butyl-3-(hex-1-en-1-yl)oxirane

3.5.2.Characterization of Alkenyl Oxiranes

The synthesized reactants were analyzed by GC-MS and the NMR spectra were

recorded on a 400 MHz spectrometer.

O

pr Loy

Figure 3.6. (E)-(3-(pent-1-en-1-yl) oxiran-2-yl) methanol

1a: 'H NMR (400 MHz, CDCls) &: 5,96 (td, J = 6,7, 15,5 Hz, 1H), 5,20 (tdd, J =
1,4, 8,3, 15,5 Hz, 1H), 3,94 (d, J = 12,5 Hz, 1H), 3,73-3,63 (m, 1H), 3,38 (dd, J = 2,3,
8,2 Hz, 1H), 3,08 (td, J = 2,3, 3,9 Hz, 1H), 2,06 (q, J = 6,7 Hz, 2H), 1,42 (sex, J = 7,4 Hz,
2H), 0,91 (t, J = 7,4 Hz, 3H). 3C NMR (101 MHz, CDCls) : 137,7, 126,4, 61,3, 59,9,
55,9, 34,4, 22,0, 13,6. MS (El, m/z): 111(22), 99(24), 83(78), 69(98), 55(100).

O

pr N~

Figure 3.7. (E)-2-(methoxymethyl)-3-(pent-1-en-1-yl) oxirane
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1b: *H NMR (400 MHz, CDCls) &: 5,94 (td, J = 6,7, 15,5 Hz, 1H), 5,18 (dd, J =
8,2, 15,7 Hz, 1H), 3,66 (dd, J = 3,1, 11,3 Hz, 1H), 3,44-3,41 (m, 1H), 3,40 (s, 3H), 3,24
(dd,J=2,0, 8,2 Hz, 1H), 3,05 (td, J = 2,7, 5,5 Hz, 1H), 2,05 (q, J = 7,0 Hz, 1H), 1,41 (sxt,
J=7,4Hz, 2H), 0,91 (t, J = 7,4 Hz, 3H). 1*C NMR (101 MHz, CDCI3) §: 137,5, 126,7,
72,4, 59,2, 58,4, 56,1, 34,4, 22,0, 13,6. MS (El, m/z): 123(4), 113(34), 83(24), 81(38),
71(40), 58(80), 45(100).

)

pr N 0ph

Figure 3.8. (E)-2-(pent-1-en-1-yl)-3-(phenoxymethyl) oxirane

1c: 'H NMR (400 MHz, CDCls3) & = 7,40 — 7,26 (m, 5H), 5,93 (td, J = 6,9, 15,5
Hz, 1H), 5,17 (dd, J = 8,4, 15,5 Hz, 1H), 4,60 (d, Jas = 11,7, Hz 1H), 4,56 (dd, Jas = 11,7
Hz, 1H), 3,75 (dd, Jas = 11,3 Hz, Jax = 5,5 Hz, 1H), 3,51 (dd, Jas = 11,3 Hz, Jgx = 3,1
Hz, 1H), 3,25 (dd, J = 2,3, 8,2 Hz, 1H), 3,10 (td, J = 2,6, 5.4 Hz, 1H), 2,04 (9, J = 6,7 Hz,
2H), 1,41 (sxt, J = 7,4 Hz, 2H), 0,90 (t, J = 7,2 Hz, 3H). 3C NMR (101 MHz, CDCls)
= 137,8, 137,6, 128,4, 127,8, 127,8, 126,7, 73,3, 70,0, 58,7, 56,2, 34,4, 22,0, 13,7. MS
(El, m/z) 232 (1>, M¥), 126 (11), 111(2), 107 (8), 91 (100), 83 (41), 68 (5), 65 (12), 55
(25), 41 (15).

/v<l/\ S'J<

Figure 3.9. (E)-tert-butyldimethyl((3-(pent-1-en-1-yl) oxiran-2-yl) methoxy) silane

1d: 'H NMR (400 MHz, CDCls) § = 5,92 (td, J = 6,7, 15,5 Hz, 1H), 5,19 (tdd, J
=16, 8,3, 15,6 Hz, 1H), 3,85 (dd, Jas = 11,9 Hz, Jax = 4,5 Hz, 1H), 3,70 (dd, Jas = 11,9
Hz, Jex = 3,3 Hz, 1H), 2,99 (ddd, J = 1,6, 2,6, 3,6 Hz, 1H), 2,08 — 2,00 (m, J = 1,4, 8,0
Hz, 2H), 1,41 (sxt, J = 7,4 Hz, 2H), 0,89 (s, 9 H), 0,90 (t, J = 7,4 Hz, 3H), 0,07 (d, J = 3,1
Hz, 6H). °C NMR (101 MHz, CDCls) & = 137,1, 126,9, 63,2, 60,3, 56,3, 34,4, 25,9, 22,1,
13,6, -5,3. MS (El, m/z) 256 (1>, M+), 199 (24), 185 (2), 169 (8), 157 (9), 143 (23), 129
(13), 117 (14), 113 (22), 107 (16), 101 (33), 89 (18), 83 (22), 79 (15), 75 (99), 59 (38),
55 (100), 41 (33).
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Figure 3.10. (E)-(3-styryloxiran-2-yl) methanol

1e: tH NMR (400 MHz, CDCls) & = 7,42 — 7,36 (m, 2H), 7,35 — 7,30 (m, 2H),
7,29 — 7,26 (m, 1H), 6,81 (d, J = 16,0 Hz, 1H), 5,94 (dd, J = 8,0, 15,8 Hz, 1H), 4,06 —
3,97 (m, 1H), 3,81 — 3,70 (m, 1H), 3,60 (dd, J = 2,2, 8,0 Hz, 1H), 3,21 (td, J = 2,3, 3,9
Hz, 1H). 3C NMR (101 MHz, CDCls) § = 135,9, 135,0, 128,7, 128,2, 126,5, 125,7, 61,1,
60,4, 55,9. MS (EI, m/z) 176 (12, M+), 145 (22), 127 (16), 117 (100), 115 (60), 91 (31),
77 (10), 65 (12), 51 (12).

/\/<I/\OH

Figure 3.11. (E)-(3-(prop-1-en-1-yl) oxiran-2-yl) methanol

1f: 'H NMR (400 MHz, CDCls) § =5.96 (qd, J = 7.0, 14.9 Hz, 1 H), 5.22 (qdd, J
= 1.6, 8.2, 15.3 Hz, 1 H), 3.93 (dd, J = 2.2, 12.7 Hz, 1 H), 3.66 (dd, J = 3.7, 12.7 Hz, 1
H), 3.37 (dd, J = 2.2, 8.4 Hz, 1 H), 3.09 - 3.04 (m, 1 H), 1.74 (td, J = 1.6, 6.7 Hz, 3 H).
13C NMR (101 MHz, CDCls) & = 132.5, 127.6, 61.3, 59.9, 55.8, 17.9.

/\/\/d)(
OH

Figure 3.12.(E)-2-(3-(pent-1-en-1-yl) oxiran-2-yl) propan-2-ol

1g: 'H NMR (400 MHz, CDCls) 5 = 5.90 (td, J = 7.1, 15.2 Hz, 1 H), 5.33 (ddd, J
=1.6,7.8, 15.3 Hz, 1 H), 3.17 (d, J = 8.2 Hz, 1 H), 2.06 (q, J = 7.0 Hz, 2 H), 1.77 (d, J =
19.6 Hz, 1 H), 1.42 (qd, J = 7.4, 14.7 Hz, 2 H), 1.34 (s, 3 H), 1.28 (s, 3 H), 0.91 (t, J =
7.4 Hz, 3 H). 3C NMR (101 MHz, CDCl3) & = 137.5, 125.2, 110.0, 64.4, 60.0, 34.6, 24.6,
22.2,18.9, 13.6.

O

W
Pr o ™

Figure 3.13. Ethyl (E)-3-(3-propyloxiran-2-yl) acrylate
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1h: *H NMR (400 MHz , CDCls) & = 6.68 (dd, J = 7.0, 15.7 Hz, 1 H), 6.12 (d, J
= 15.7 Hz, 1 H), 4.20 (q, J = 7.0 Hz, 2 H), 3.20 (dd, J = 1.6, 7.0 Hz, 1 H), 2.89 (dt, J =
2.2,5.6 Hz, 1 H), 1.68 - 1.38 (m, 4 H), 1.29 (t, J = 7.2 Hz, 3 H), 1.00 - 0.94 (m, 3 H). 13C
NMR (101MHz , CDCls) § = 165.7, 144.8, 123.5, 61.3, 60.5, 56.3, 33.9, 19.1, 14.2, 13.8.

M‘/\/\OH

Figure 3.14.(E)-3-(3-propyloxiran-2-yl) prop-2-en-1-ol

1i: 'H NMR (400 MHz, CDCl3) § = 6.06 (td, J = 5.5, 15.7 Hz, 1 H), 5.48 (tdd, J
=19,7.8,15.5 Hz, 1 H), 4.17 (dd, J = 1.4, 5.3 Hz, 2 H), 3.12 (dd, J = 2.3, 7.8 Hz, 1 H),
2.84 (dt, J = 2.0, 5.5 Hz, 1 H), 1.63 - 1.41 (m, 4 H), 0.99-0.92 (m, 3 H). 3C NMR (101
MHz, CDCls) & = 133.9, 129.0, 62.7, 60.4, 57.9, 34.0, 19.2, 13.9.

ST~y

Figure 3.15. (E)-2-(3-methoxyprop-1-en-1-yl)-3-propyloxirane

1j: 'H NMR (400 MHz, CDCls) § = 5.96 (td, J = 5.6, 15.8 Hz, 1 H), 5.47 (tdd, J
=14,7.8,15.6 Hz, 1 H), 3.93 (dd, J = 1.6, 5.9 Hz, 2 H), 3.34 (s, 3 H), 3.11 (dd, J = 2.3,
7.8 Hz, 1 H), 2.83 (dt, J = 2.3, 5.5 Hz, 1 H), 1.60 - 1.41 (m, 4 H), 0.95 (t, J = 7.4 Hz, 3
H). 3C NMR (101 MHz, CDCls) & = 131.2, 130.5, 72.1, 60.3, 58.1, 57.9, 34.0, 19.2, 13.9.

Prw

Figure 3.16. (E)-2,2-dimethyl-3-(pent-1-en-1-yl) oxirane

1k: 'H NMR (400 MHz, CDCls) & = 5.90 (td, J = 7.0, 15.7 Hz, 1 H), 5.31 (dd, J
=7.8,15.7 Hz, 1 H), 3.17 (d, J = 7.8 Hz, 1 H), 2.07 (q, J = 7.0 Hz, 2 H), 1.42 (sxt, J = 7.4
Hz, 2 H), 1.34 (s, 3 H), 1.28 (s, 3 H), 0.91 (t, J = 7.0 Hz, 2 H). 3C NMR (101 MHz,
CDCls) & = 137.5, 125.2, 64.4, 60.0, 34.6, 24.6, 22.2, 18.9, 13.6.
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Figure 3.17. 7-Oxabicyclo [4.1.0] hept-2-ene

11: *H NMR (400 MHz, CDCls) & = 6.07 - 5.81 (m, 2 H), 3.51 (td, J = 1.4, 2.7 Hz,
1H),3.24 (dt, = 1.8, 4.0 Hz, 1 H), 2.31- 2.17 (m, 1 H), 2.13 - 1.99 (m, 2 H), 1.68 - 1.57
(m, 1 H).13C NMR (101 MHz, CDCls) & = 133.1, 123.1, 55.2, 47.1, 20.8, 20.6.

0]

BUM/BU

Figure 3.18(E)-2-butyl-3-(hex-1-en-1-yl)oxirane

Im: *H NMR (400 MHz, CDCls) & = 5.89 (td, J = 7.0, 14.5 Hz, 1 H), 5.16 (ddd,
J=1.2,80, 155 Hz, 1 H), 3.05 (d, J = 8.2 Hz, 1 H), 2.80 (t, J = 5.5 Hz, 1 H), 2.05 (q, J
= 6.9 Hz, 2 H), 1.59 - 1.23 (m, 10 H), 0.89 (g, J = 7.4 Hz, 6 H). 3C NMR (101 MHz,
CDCl3) & = 136.6, 127.5, 60.4, 58.8, 32.0, 31.7, 31.0, 28.0, 22.5, 22.2, 14.0, 13.9.
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3.5.3.Synthesis of Organoborons

Table 3.1.Synthesis of neopentyl glycol esters

OH % THF, MgSO, 0
— _— i
R-B, + 2T R-B, :>L

OH  OH OH 0

R (yield%)

Me
O+ <O O O
Me
2a(91%) 2D (89%) 2¢ (85%) 2d (87%) 2e (71%)
OO wo i o
" o OMe

2f (90%) 20 (82%) 2h (90%) 2i (92%) 2j (92%)
07 T O (I e
cl F
2k (87%) 21 (76%) 2m (75%) 2n (97%) 20 (90%)

T

2p (80%)

Under Ar gas and at rt, to the dry THF (15 mL) solution of organoboronic acid
(10 mmol) was added MgSO4 (14 mmol, 1.7 g). Then, 2,2 dimethyl propan-1,3-diol (11
mmol, 1.2 g) was added to the mixture and stirred overnight. The crude mixture was
concentrated under reduced pressure and boronic acid neopentyl glycol ester derivative

was purified on silica gel column (hexane-EtOAc as an eluent) (Matthew et al. 2014).

The yields are given in Table 3.1.
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Figure 3.19. Synthesis of phenyl boronic acid pinacol ester

Phenylboronic acid (610 mg, 5 mmol) and 2,3-dimethyl-2,3-butandiol (590 mg, 5
mmol) in 20 mL of diethyl ether were stirred overnight at rt. The crude mixture was
concentrated under reduced pressure and phenylboronic acid pinacol ester (2a’) was
obtained after chromatographed on silica gel column (hexane-EtOAc as an eluent).
(Morandi, et al. 2005).

3.5.4.Characterization of Organoborons

The synthesized boronic acid ester derivatives were analyzed by NMR spectra

recorded on a 400 MHz spectrometer.

Figure 3.20. 5,5-Dimethyl-2-phenyl-1,3,2-dioxaborinane

2a: 'H NMR (400MHz, CDCls) 6: 7.80 (d, J = 7.0 Hz,2H),7.46-7.39 (m, 1H),7.38-
7.32 (M, 2H),3.77 (d, J = 0.8 Hz, 4H),1.02 (s, 6H).

Qk

Figure 3.21. 5,5-Dimethyl-2-(p-tolyl)-1,3,2-dioxaborinane

2b: *H NMR (400 MHz, CDCls) &: 7.71 (d, J = 7.7 Hz, 2H), 7.19 (d, J = 7.6 Hz,
2H), 3.77 (s, 4H), 2.37 (s, 3H), 1.03 (s, 6H).
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Figure 3.22. 5,5-Dimethyl-2-(o-tolyl)-1,3,2-dioxaborinane

2¢: 1H NMR (400 MHz, CDCI3) §: 7.24-7.62 (4H, m), 3.77 (4H, 5), 2.35 (3H, 3),

1.02 (6H, ),
0
B
ok

Figure 3.23. 5,5-Dimethyl-2-(m-tolyl)-1,3,2-dioxaborinane

2d: 'H NMR (400 MHz, CDCls) § = 7.77 - 7.69 (m, 1 H), 7.31 - 7.25 (m, 1 H),
7.19 - 7.11 (m, 2 H), 3.78 (s, 4 H), 2.52 (s, 3 H), 1.04 (s, 6 H).

(e,

Figure 3.24. 2-(2,6-Dimethylphenyl)-5,5-dimethyl-1,3,2-dioxaborinane

2e: 'H NMR (400MHz, CDCI3) § = 7.10 (t, J = 7.0 Hz, 1 H), 6.94 (d, J = 7.4 Hz,
2 H), 3.89 - 3.70 (M, 4 H), 2.39 (s, 6 H), 1.22 - 1.00 (m, 6 H).

Figure 3.25. 5,5-Dimethyl-2-(naphthalen-2-yl)-1,3,2-dioxaborinane

2f: IH NMR (400 MHz, CDCls) §: 8.35 (s, 1 H), 7.80-7.89 (m, 4 H), 7.44-7.51
(m, 2 H), 3.84 (s, 4H), 1.06 (s, 6H).
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Figure 3.26. 5,5-Dimethyl-2-(naphthalen-1-yl)-1,3,2-dioxaborinane

2g: 'H NMR (400 MHz, CDCls) §: 8.0 (dd, J = 8.4, 1.2 Hz, 1H), 8.08 (dd, J = 6.9,
1.4 Hz, 1H), 7.93 (d, J = 8.2 Hz, 1H), 7.86 (dd, J = 8.1, 1.5 Hz, 1H), 7.59-7.42 (m, 3H),
3.91 (s, 4H), 1.11 (s, 6H).

Meo\©\

.0
B

@)

Figure 3.27. 2-(4-methoxyphenyl)-5,5-dimethyl-1,3,2-dioxaborinane

2h: *H NMR (400 MHz, CDCls) &: 7.76 (d, J = 8.5 Hz, 2H), 6.90 (d, J = 8.5 Hz,
2H), 3.83 (s, 3H), 3.76 (s, 4H), 1.02 (s, 6H).

_0
; B
OMe O

Figure 3.28. 2-(2-Methoxyphenyl)-5,5-dimethyl-1,3,2-dioxaborinane

2i: 'H NMR (400 MHz, CDCl3) § = 7.65 (d, J = 7.4 Hz, 1 H), 7.36 (t, J = 7.8 Hz,
1 H),6.94 (t,J=7.4Hz, 1 H), 6.86 (d, J = 8.2 Hz, 1 H), 3.84 (s, 3 H), 3.79 (5, 4 H), 1.04
(s, 6 H).

Figure 3.29. 2-(4-Chlorophenyl)-5,5-dimethyl-1,3,2-dioxaborinane

2j: 'H NMR (400 MHz, CDCls) §: 7.75 — 7.67 (m, 2 H), 7.35 — 7.29 (m, 2 H),
3.76 (s, 4H), 1.02 (s, 6H).
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Figure 3.30. 2-(3-Chlorophenyl)-5,5-dimethyl-1,3,2-dioxaborinane

2k: *H NMR (400 MHz, CDCls): & 7.77 (s, 1H), 7.66 (d, 1H), 7.39 (m, 1H), 7.27

(t, 1H), 3.78 (s, 4H), 1.03 (s, 6H).
e
B
F 0J<

Figure 3.31. 2-(2-Fluorophenyl)-5,5-dimethyl-1,3,2-dioxaborinane

21: 'H NMR (400 MHz, CDCls) § = 7.75 - 7.69 (m, 1 H), 7.43 - 7.35 (m, 1 H),
7.2 (t, J=7.4 Hz, 1 H), 7.00 (t, J = 8.6 Hz, 1 H), 3.80 (s, 4 H), 1.12 - 0.99 (m, 6 H).

F3C\©\
5
(e}

Figure 3.32. 5,5-Dimethyl-2-(4-(trifluoromethyl) phenyl)-1,3,2-dioxaborinane

2m: *H NMR (400 MHz, CDCl3) &: 7.91 (d, J = 7.7 Hz, 2H), 7.60 (d, J = 7.8 Hz,
2H), 3.79 (s, 4H), 1.03 (s, 6H).

s

Figure 3.33. (E)-5,5-Dimethyl-2-styryl-1,3,2-dioxaborinane

2n: 'H NMR (400 MHz, CDCls) §: 7.48 (d, J = 7.2 Hz, 2H), 7.40-7.16 (m, 4H),
6.11 (d, J = 18.3 Hz, 1H), 3.69 (s, 4H), 1.00 (s, 6H).
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Figure 3.34. (E)-5,5-Dimethyl-2-(pent-1-en-1-yl)-1,3,2-dioxaborinane

20: 'H NMR (400MHz, CDCl3) 6: 6.60 - 6.46 (m, 1 H), 5.34 (d, J = 17.6 Hz, 1
H), 3.63 (s, 4 H), 2.11 (dg, J = 1.6, 6.7 Hz, 2 H), 1.43 (sxt, J = 7.4 Hz, 2 H), 0.97 (s, 7 H),
0.90 (t, J = 7.2 Hz, 3 H).

S

Figure 3.35. 5,5-Dimethyl-2-(thiophen-3-yl)-1,3,2-dioxaborinane

2p: *H NMR (400 MHz, CDCls) 6: 7.84 (dd, J = 2.6, 0.8 Hz, 1H), 7.38 (dd, J =
4.8,0.9 Hz, 1H), 7.31 (dd, J = 4.8, 2.7 Hz, 1H), 3.75 (s, 4H), 1.02 (s, 6H).

L,

B
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Figure 3.36. 4,4,5,5-Tetramethyl-2-phenyl-1,3,2-dioxaborolane

2a’: 'H NMR (400 MHz, CDCls) 6: 7.77 — 7.86 (m, 2 H), 7.46 (tt, J = 7.40, 1,60
Hz, 1H) 7.37 (t. J = 7,80 Hz, 2H), 1.35 (s, 12H).

3.6.General Method for Palladium-Catalyzed Reactions of Vinyl
Oxiranes

Successively, catalyst, ligand, and dry solvent (half of the volume necessary for
the reaction) were added in to the schlenk flask which was dried in oven and cooled under
Ar gas. The mixture was stirred for 30 min. at 25 °C. After that successively, organoboron,

base, and the solution of epoxide compound in dry solvent (other half volume) and

29



prescribed amount of degassed water was added to the schlenk flask and the mixture was
stirred in water or oil bath. The reaction was controlled with help of TLC. When the
reaction process was judged to be complete, the mixture was concentrated under reduced
pressure. It must be noted based on our experience that the color of the reaction solution
usually turned from yellow to dark brown when the reaction cycle is halted. The residue
was purified using silica gel on column chromatography and the alcohol product was
obtained. In part of the optimization studies the crude was filtered through a short silica
gel column (height 10 cm and width 2 cm), washed with EtoO and evaporated under
reduced atmosphere. The residue was analyzed by *H NMR using p-anisaldehyde as the
internal standard.

The synthesized products were analyzed by GC and GC-MS. NMR spectra in

CDCl3s or CeDe were recorded on a 400 MHz spectrometer.

Pr OH
OH

Figure 3.37. (E)-5-Phenyloct-3-ene-1,2-diol

3aa: 'H NMR (400 MHz, CDCls) &: 7.31-7.26 (m, 2H), 7.22-7.13 (m, 3H), 5.91
(dd, J = 7.8, 15.7 Hz, 1H), 5.46 (dd, J = 6.5, 15.7 Hz, 1H), 4.20 (dt, J = 3.5, 6.5 Hz, 1H),
3.61(dd, J = 3.5, 11.3 Hz, 1H), 3.49 — 3.42 (m, 1H), 3.26 (q, J = 7.4 Hz, 1H), 2.16 (br, s,
2H), 1.68 (g, J = 7.4 Hz, 2H), 1.31-1.20 (m, 2H), 0.88 (t, J = 7.4 Hz, 3H), 13C NMR (101
MHz, CDCls) &: 144.3, 137.6, 128.5, 127.8, 127.5, 126.2, 73.0, 66.5, 48.3, 37.9, 20.6,
14.0, *H NMR (400 MHz, CsDCs) & 7.20-7.16 (m, 2 H), 7.12-7.02 (m, 3 H), 5.81 (ddd,
J=1.4,78, 155 Hz, 1H) (major), 5.78 (ddd, J = 1.4, 7.8, 15.5 Hz, 1H) (minor), 5.34
(ddd, J = 15.5, 6.6, 1.2 Hz, 1H) (major), 5.31 (ddd, J = 15.5, 6.6, 1.2 Hz, 1H) (minor),
3.99-3.93 (m, 1H), 3.36 (dd, Jag = 11.2 Hz, Jax = 7.7 Hz, 1H), 3.35 (dd, Jas = 11.2 Hz,
Jex = 3.6 Hz, 1H), 3.11 (g, J = 8.6 Hz, 1H), 2.27-1.92 (m, 2H), 1.57 (q, J = 7.7 Hz, 2H),
1.25-1.14 (m, 2H), 0.83 (t, J=7.2 Hz, 3H), 3C NMR (101 MHz, CsD¢) &: 144.5, 136.3,
128.4,128.4, 127.5, 126.1, 72.7, 66.5, 48.4, 37.9, 20.6, 13.8, MS (EIl, m/z): 220 (M*, 1),
202 (2), 189 (56), 171 (23), 134 (12), 129 (57), 115 (33), 91 (100), 77 (8). FTIR (Vmax/cm™
1Y: 3398, 2925, 1724, 1601, 1453, 1343, 1030, 879, 700.
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Figure 3.38. (E)-3-Phenyloct-4-ene-1,2-diol

4aa: *H NMR (400 MHz, CDCls) §: 7.35-7.28 (m, 2 H), 7.25-7.18 (m, 3 H), 5.72
(dd, JAB = 15.3 Hz, JAX = 8.0 Hz, 1H), 5.66 (dd, JAB = 15.3 Hz, JBX = 5.9 Hz, 1H),
3.84 (ddd, J = 2.9, 5.9, 8.6 Hz, 1H), 3.52 (dd, J = 2.9, 11.5 Hz, 1H), 3.39-3.31 (m, 2H),
2.05 (q, J = 7.2 Hz, 2H), 1.40 (sex, J = 7.2 Hz, 2H), 0.89 (t, J = 7.2 Hz, 3H), *C NMR
(101 MHz, CDCls) &: 134.8, 129.5, 128.8, 128.6, 127.8, 126.8, 74.3, 64.2, 52.7, 34.7,
22.4,13.7, 'H NMR (400 MHz, CsDCs) &: 7.15-6.94 (m, 5H), 5.68 (dd, J = 8.6, 15.5 Hz,
1H), 5.42 (td, J = 6.7, 15.5 Hz, 1H), 3.68 (ddd, J = 3.1, 6.7, 7.9 Hz, 1H), 3.40 (dd, J = 3.1,
11.3 Hz, 1H), 3.28 (dd, J = 6.5, 11.3 Hz, 2H), 1.85 (q, J = 7.2 Hz, 2H), 1.22 (sex, J = 7.2
Hz, 2H), 0.79 (t, J = 7.2 Hz, 3H), 13C NMR (101 MHz, CeDe) &: 141.8, 133.4, 130.1,
128.5, 128.0, 126.4, 74.4, 64.3, 52.4, 34.6, 22.4, 13.4, MS (EIl, m/z): 220 (M+, 29), 205
(100), 145 (11), 105 (9), 91 (5). FTIR (vmadcml): 3393, 2925, 1724, 1601, 1453, 1343,
1030, 879, 700.

Me

Pr OH
OH

Figure 3.39. (E)-5-(p-Tolyl) oct-3-ene-1,2-diol

3ab: 'H NMR (400 MHz, CDCls) § = 7.15 — 7.08 (m, 2H), 7.08 — 7.02 (m, 2H),
5.89 (ddd, J = 1.2, 7.8, 15.7 Hz, 1H), 5.43 (ddd, J = 1.0, 6.4, 15.4 Hz, 1H), 4.22 — 4.13
(m, 1H), 3.58 (dd, Jag = 11.3 Hz, Jax = 7.5 Hz, 1H), 3.43 (dd, Jag = 11.3 Hz, Jex = 3.5
Hz, 1H), 3.22 (g, J = 7.4 Hz, 1H), 2.60 (br, s., 2H), 2.32 (s, 3H), 1.66 (q, J = 7.7 Hz, 2H),
1.35 - 1.18 (m, 2H), 0.89 (t, J = 7.4 Hz, 3H), 3C NMR (101 MHz, CDCls) = 141.3,
137.7,135.7, 129.2, 127.6, 127.4, 73.0, 66.5, 47.9, 37.9, 21.0, 20.7, 14.0, *H NMR (400
MHz, CeDCs) &= 7.09 — 6.98 (m, 4H), 5.91 (ddd, J = 1.2, 7.7, 15.4 Hz, 1H), 5.43 (ddd,
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J=1.2,6.0, 15.6 Hz, 1H), 4.19 — 4.09 (m, 1H), 3.54 — 3.31 (br, s., 2H), 3.48 (dd, Jas =
11.1 Hz, Jax = 8.1 Hz, 1H), 3.39 (dd, Jag = 11.1 Hz, Jex = 2.8 Hz, 1H), 3.17 (q, J = 7.4
Hz, 1H), 2.15 (s, 3H), 1.64 (q, J = 7.6 Hz, 2H), 1.34 — 1.16 (m, 2H), 0.86 (t, J = 7.2 Hz,
3H), 3C NMR (101 MHz, CeDe) & = 141.5, 136.7, 135.2, 1291., 128.1, 127.5, 72.9, 66.7,
48.0, 38.1, 20.7, 20.6, 13.9, MS (El, m/z) 234 (4, M), 204 (3), 185 (39), 160 (5), 147
(14), 143 (100), 131 (38), 105 (98), 91 (25), 77 (10), 55 (15), 41 (18). FTIR (vmadcm):
3362, 2924, 2870 1513, 1457, 1378, 1075, 1021, 971, 874, 812, 721.

Me

Pr OH
OH

Figure 3.40. (E)-3-(p-Tolyl) oct-4-ene-1,2-diol

4ab: 'H NMR (400 MHz, CDCl3) & = 7.17 - 7.05 (m, 4 H), 5.75 - 5.60 (m, 2 H),
3.81 (ddd, J=3.1, 6.1, 8.8 Hz, 1 H), 3.50 (d, J = 3.1 Hz, 1 H), 3.36 (dd, J = 6.3, 11.3 Hz,
1 H), 3.30 (t, J = 8.2 Hz, 1 H), 2.32 (s, 3 H), 2.07 - 2.00 (m, 2 H), 1.65 - 1.51 (m, 2 H),
1.40 (qd, J = 7.1, 14.6 Hz, 2 H), 0.88 (t, J = 7.4 Hz, 3 H), MS (EIl, m/z) 234 (1>, M*),
174(45), 143 (6), 131 (100), 118 (14), 91 (23), 77 (58), 61 (79), 43 (58). FTIR (Vmax/cm’
1Y: 3385, 2924, 2856, 1514, 1457, 1378, 1261, 1075, 1022, 878, 721.

Me
OH

Pr

Figure 3.41.(E)-5-(m-Tolyl) oct-3-ene-1,2-diol

3ac: 'H NMR (400 MHz, CDCls) § = 7.17 (t, J = 8.6 Hz, 1H), 7.03 - 6.90 (m, 3
H), 5.88 (ddd, J = 1.2, 8.0, 15.5 Hz, 1H), 5.43 (ddd, J = 1.0, 6.3, 15.5 Hz, 1 H), 4.22 -
4.11 (m, 1 H), 3.57 (dd, J = 3.3, 11.2 Hz, 1H), 3.41 (dd, J = 7.6, 11.2 Hz, 1 H), 3.20 (g, J
= 7.4 Hz, 1 H), 2.67 (br. s., 2H), 2.32 (s, 3H), 1.65 (g, J = 7.6 Hz, 2H), 1.31 - 1.20 (m,
2H), 0.88 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz, CDCls) 5 = 144.4, 138.0, 137.6, 128.3,
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128.3, 127.7, 126.9, 124.5, 73.0, 66.5, 48.3, 38.0, 21.5, 20.7, 14.0. *H NMR (400MHz ,
CeDe) 6=7.14-7.11 (m, 2 H), 7.05 - 7.02 (m, 2 H), 5.74 (ddd, J = 1.6, 7.6, 15.5 Hz, 1
H), 5.29 (ddd, J = 1.2, 5.9, 15.7 Hz, 1 H), 3.96 - 3.90 (m, 1 H), 3.40 (q, J = 7.4 Hz, 1 H),
3.32 (dd, Jas = 11.0 Hz, Jax = 7.9 Hz, 1H), 3.21 (dd, Jas = 11.0 Hz, Jex = 3.5 Hz, 1H),
2.24 (s, 3H) (Minor) 2.17 (s, 3 H) (Major), 1.94 (br. s, 2 H), 1.59 (q, J = 7.7 Hz, 2 H),
1.28 - 1.13 (m, 2 H), 0.83 (t, J = 7.4 Hz, 3 H). ¥*C NMR (101MHz, CsDs) & = 142.4,
135.9,130.3,128.4, 126.4, 126.3, 125.9, 72.7, 66.5, 43.4, 37.5, 20.6, 19.4, 13.9.), MS (EI,
m/z) 234 (2, M"), 216(1), 203(44), 185(63), 173(5), 143 (100), 131 (40), 105 (95), 91
(29), 77 (10), 55 (10), 41 (10). FTIR (vmax/cm™): 3368, 2925, 2870, 1606, 1458, 1378,
1075, 1030, 971, 876, 704.

Me

~ OH

Pr OH

Figure 3.42. (E)-3-(m-Tolyl) oct-4-ene-1,2-diol

4ac: 'H NMR (400 MHz, CDCls) § = 7.23 - 7.17 (m, 1 H), 7.08 - 6.95 (m, 3 H),
5.78 - 5.60 (M, 2 H), 3.83 (ddd, J = 2.9, 6.1, 8.6 Hz, 1 H), 3.52 (dd, J = 3.1, 11.3 Hz, 1
H), 3.36 (dd, J = 6.3, 11.3 Hz, 1 H), 3.29 (t, J = 8.4 Hz, 1 H), 2.33 (s, 3 H), 2.23 (br. s., 0
H), 2.04 (g, J =5.9 Hz, 2 H), 1.94 (br. s., 1 H), 1.41 (sxt, J = 7.8 Hz, 2 H), 0.89 (t, J = 7.4
Hz, 3 H). C NMR (101 MHz, CDCls) & = 141.0, 134.7, 129.6, 128.6, 128.5, 127.5,
124.8, 74.3, 64.2, 52.7, 34.7, 29.7, 22.4, 21.5, 13.7. MS (El, m/z) 216(<1), 203(46),
159(7), 145(7), 115 (14), 105 (22), 91 (15), 77 (6), 55 (4), 43 (4). FTIR (vmad/cm-L): 3385,
2923, 2854, 1606, 1460, 1378, 1076, 1038, 970, 877, 783, 705.

Pr OH
OH

Figure 3.43. (E)-5-(o-Tolyl) oct-3-ene-1,2-diol
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3ad: *H NMR (400 MHz, CDCl3) & = 7.20 — 7.06 (m, 4H), 5.86 (ddd, J = 1.2, 7.5,
15.6 Hz, 1H), 5.42 (ddd, J = 1.2, 6.5, 15.5 Hz, 1H), 4.23 — 4.16 (m, 1H), 3.60 (dd, Jag =
11.2 Hz, Jax = 7.5 Hz, 1H), 3.52 (g, J = 7.6 Hz, 1H), 3.45 (dd, Jas = 11.2 Hz, Jsx = 3.5
Hz, 1H), 2.31 (s, 3H), 1.76 — 1.59 (m, 2H), 1.40 — 1.16 (m, 2H), 0.89 (t, J = 7.4 Hz, 3H),
13C NMR (101 MHz, CDCl3) & = 142.2, 137.2, 135.7, 130.4, 127.8, 126.3, 126.2, 125.9,
73.0, 66.5, 43.3, 37.5, 20.7, 19.6, 14.1, *H NMR (400 MHz, CeDe) & = 7.18 — 7.07 (m,
2H), 7.06 — 6.98 (m, 2H), 5.80 (ddd, J = 1.6, 7.6, 15.5 Hz, 1H), 5.34 (ddd, J = 1.2, 6.1,
15.5 Hz, 1H), 4.08 — 4.01 (m, 2H), 3.43 (g, J = 7.0, 1H), 3.41 (dd, Jas = 13.4 Hz, Jax =
6.9 Hz, 1H), 3.31 (dd, Jag = 13.4 Hz, Jax = 4.4 Hz, 1H), 2.92 (br, s, 2H), 2.18 (s, 3H),
1.61 (g, J = 7.6 Hz, 2H), 1.30 — 1.18 (m, 2H), 0.84 (t, J = 7.4 Hz, 3H), *C NMR (101
MHz, CsDs) & = 142.5, 136.0, 135.6, 130.4, 128.4, 126.5, 126.4, 125.9, 72.9, 66.7, 43.5,
37.6,20.7,19.5, 14.0, MS (El, m/z) 234 (4, M+), 203 (45), 191 (8), 185 (66), 143 (100),
173 (4), 147 (13), 143 (100), 105 (90), 91 (32), 77 (10), 55 (10), 41 (10). FTIR (vmad/cm®
1Y: 3364, 2926, 2870, 1460, 1378, 1074, 972, 874, 756, 726.

Me
OH

— OH

Pr

Figure 3.44. (E)-3-(o-Tolyl) oct-4-ene-1,2-diol

4ad: 'H NMR (400 MHz, CDCls) § = 7.21 - 7.08 (m, 4H), 5.70 - 5.58 (m, 2H),
3.96 - 3.85 (M, 1H), 3.64 - 3.58 (m, 1 H), 3.55 (d, J = 11.0 Hz, 1 H), 3.38 - 3.27 (m, 1H),
2.34 (s, 3 H), 2.08 - 1.99 (m, 2H), 1.39 (sxt, J = 7.3 Hz, 2 H), 0.88 (t, J = 7.4 Hz, 3H), 3C
NMR (101 MHz, CDCls) § = 139.4, 135.9, 134.8, 130.7, 129.8, 126.7, 126.3, 126.3, 74.1,
64.0, 47.6, 34.6, 22.4, 19.8, 13.7, MS (El, m/z) 234 (1>, M+), 174 (47), 159 (5), 145 (6),
131 (100), 119 (11), 115 (13), 105 (22), 91 (17), 77 (5), 65 (2), 55 (3), 43 (3). FTIR
(vma/cm™): 3364, 2922, 2853, 1660, 1463, 1377, 969, 755, 724.

34



Me Me

Pr OH
OH

Figure 3.45. (E)-5-(2,6-Dimethylphenyl) oct-3-ene-1,2-diol

3ae: 'H NMR (400 MHz, CDCls) & = 7.04 - 6.92 (m, 3H), 6.06 (dd, J = 5.1, 15.7
Hz, 1H), 5.35 (ddd, J = 2.0, 6.6, 15.7 Hz, 1H), 4.22 (dt, J = 3.7, 6.9 Hz, 1 H), 3.85 (g, J
= 7.4 Hz, 1H), 3.61 (dd, J = 3.5, 11.3 Hz, 1H), 3.45 (dd, J = 7.6, 11.2 Hz, 1 H), 2.35 -
2.26 (M, 6H), 1.88 - 1.73 (m, 2H), 1.33 (s, 1 H), 1.24 - 1.12 (m, 1H), 0.89 (t, J = 7.2 Hz,
3H). 'H NMR (400MHz ,CeDg) & = 7.03 - 6.91 (m, 3 H), 5.91 (ddd, J = 1.4, 5.1, 15.8 Hz,
1 H), 5.25 (ddd, J = 2.0, 6.2, 15.7 Hz, 1 H), 3.97 - 3.88 (m, 1 H), 3.75 (g, J = 6.3 Hz, 1
H), 3.29 (dd, J = 3.5, 11.0 Hz, 1 H), 3.16 (dd, J = 7.6, 10.8 Hz, 1 H), 2.22 (s, 6 H), 1.69
(0, J = 7.8 Hz, 3H), 1.27 - 1.07 (m, 2 H), 0.81 (t, J = 7.4 Hz, 3 H). MS (El, m/z) 248 (4,
M+), 247 (5), 220 (28), 205 (70), 177 (26), 170 (18), 161 (17),.133 (32), 105 (26), 91
(18), 57 (92), 41 (100). FTIR (vma/cmY): 3368, 2923, 2854, 1465, 1378, 1075, 973, 874,
767.

e N OH

OH

Figure 3.46. (E)-5-(Naphthalen-2-yl) oct-3-ene-1,2-diol

3af: 'H NMR (400 MHz, CDCls) & = 7.84 — 7.74 (m, 3H), 7.60 (s, 1H), 7.52 —
7.39 (m, 2H), 7.31 (dd, J = 1.8, 8.4 Hz, 1H), 5.98 (ddd, J = 1.2, 7.4, 15.7 Hz, 1H), 5.48
(ddd, J = 1.2, 6.3, 15.7 Hz, 1H), 4.23 — 4.14 (m, 1H), 3.58 (dd, Jas = 11.2 Hz, Jax = 7.5
Hz, 1H), 3.43 (dd, Jas = 11.2 Hz, Jex = 3.5 Hz, 1H), 3.42 (q, J = 7.4 Hz, 1H), 2.54 (d, J
= 8.6 Hz, 1 H), 1.78 (q, J = 7.6 Hz, 1H), 1.37 — 1.18 (m, 2H), 0.91 (g, J = 7.2 Hz, 2H),
13C NMR (101 MHz, CDCls) § = 141.7, 137.4, 133.6, 132.2, 128.1, 128.1, 127.6, 127.6,
126.1, 126.0, 125.9, 125.4, 73.0, 66.5, 48.4, 37.7, 20.7, 14.0, *H NMR (400 MHz, CsDs)
§=7.66 (dd, J = 8.2, 17.6 Hz, 3H), 7.56 (s, 1H), 7.31 — 7.22 (m, 3H), 5.95 (ddd, J = 1.2,

35



7.5,15.6 Hz, 1H), 5.44 (ddd, J = 1.0, 6.0, 15.4 Hz, 1H), 4.13 (m, 1H), 3.47 (dd, Jag = 11.3
Hz, Jax = 8.1 Hz, 1H), 3.38 (dd, Jas = 11.3 Hz, Jsx = 3.2 Hz, 1H), 3.29 (q, J = 7.3 Hz,
1H), 1.72 — 1.63 (m, 2H), 1.34 — 1.13 (m, 3H), 0.85 (t, J = 7.4 Hz, 3H), °C NMR (101
MHz, CeDs) 6 = 142.0, 136.2, 133.9, 132.5, 128.6, 128.1, 127.6, 126.2, 126.0, 125.8,
125.2, 72.9, 66.6, 48.5, 37.8, 20.7, 13.9, MS (EI, m/z) 270 (36, M"), 239 (18), 221 (42),
209 (10), 195 (10), 179 (100), 167 (54), 152 (20), 141 (56), 128 (19), 115 (10), 55 (4), 41
(4), 31 (4). FTIR (vmax/cm): 3365, 2927, 2870, 1600, 1457, 1377, 1260, 1024, 815, 746.

Pr N OH

OH

Figure 3.47. (E)-3-(Naphthalen-2-yl) oct-4-ene-1,2-diol

4af: 'H NMR (400 MHz, CDCls) § = 7.85 — 7.75 (m, 3H), 7.66 (d, J = 1.6 Hz,
1H), 7.51 — 7.42 (m, 3H), 7.35 (dd, J = 1.6, 8.6 Hz, 1 H), 5.82 (tdd, J = 1.2, 8.6, 15.3 Hz,
1H), 5.71 (td, J = 6.3, 15.3 Hz, 1H), 3.97 (ddd, J = 2.9, 6.0, 8.7 Hz, 1H), 3.55 (dd, Jag =
11.4 Hz, Jax = 6.3 Hz, 1H), 3.53 (t, J = 8.6 Hz, 1 H), 3.40 (dd, Jag = 11.4 Hz, Jsx = 3.1
Hz, 1H), 2.06 (q, J = 7.7 Hz, 2H), 1.41 (qd, J = 7.4, 14.7 Hz, 2H), 0.89 (t, J = 7.4 Hz,
3H), 3C NMR (101 MHz, CDCls) & = 138.6, 135.0, 133.6, 130.6, 129.4, 128.5, 127.6,
127.6, 126.4, 126.2, 126.1, 125.7, 74.3, 64.2, 52.7, 34.7, 22.4, 13.7, MS (EI, m/z) 270 (1,
M*), 253 (1), 236 (1), 210 (54), 193 (6), 178 (20), 167 (100), 152 (20), 141 (22), 128 (15),
115 (13), 81 (6), 44 (8), 32 (10). FTIR (vmax/cm™): 3385, 2924, 2854, 1724, 1600, 1463,
1377, 1260, 1075, 971, 816, 746.

Pr = OH

OH

Figure 3.48. (E)-5-(Naphthalen-1-yl) oct-3-ene-1,2-diol
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3ag: 'H NMR (400 MHz, CsDs) & = 8.08 (d, J = 8.6 Hz, 1H), 7.67 (dd, J = 1.0,
7.6 Hz, 1H), 7.59 — 7.52 (m, 1H), 7.40 — 7.22 (m, 3H), 7.16 (s, 1H), 5.96 (dd, J = 7.4,
15.3 Hz, 1H), 5.43 (dd, J = 5.7, 15.5 Hz, 1H), 4.07 (m, 1H), 4.02 (g, J = 7.8, 1H), 3.44 —
3.36 (M, 1H), 3.35 — 3.14 (m, 3H), 1.84 — 1.66 (M, 2H), 1.38 — 1.15 (m, 2H), 0.82 (t, J =
7.4 Hz, 3H), 3C NMR (101 MHz, CeDe) & = 140.7, 135.9, 134.3, 131.9, 129.0, 128.8,
126.7, 125.6, 125.6, 125.3, 124.1, 123.4, 72.9, 66.6, 42.7, 37.7, 20.9, 14.0, MS (El, m/z)
270 (25), 239 (13), 221 (35), 179 (100), 167 (88), 165 (96), 152 (53), 141 (78), 41 (56).
FTIR (vmadcm®): 3361, 2928, 2870, 1596, 1509, 1457, 1365, 1074, 1027, 972, 875, 777.

OMe

Pr OH
OH

Figure 3.49. (E)-5-(4-Methoxyphenyl) oct-3-ene-1,2-diol

3ah: 'H NMR (400 MHz, CDCl3) § = 7.12 — 7.03 (m, 2H), 6.88 — 6.79 (m, 2H),
5.88 (ddd, J = 1.2, 7.6, 15.5 Hz, 1H), 5.42 (ddd, J = 1.2, 6.4, 15.6 Hz, 1H), 4.23 — 4.15
(m, J = 3.5 Hz, 1H), 3.78 (s, 3H), 3.59 (dd, Jas = 11.3 Hz, Jax = 7.9 Hz, 1H), 3.36 (dd,
Jas = 11.3 Hz, Jax = 3.5 Hz, 1H), 3.21 (q, J = 7.4 Hz, 1H), 2.31 (br, s, 2H), 1.72 - 1.56
(m, 2H), 1.32 — 1.15 (m, 2H), 0.88 (t, J = 7.4 Hz, 3H), 3C NMR (101 MHz, CDCl3) § =
157.9, 137.9, 136.3, 128.4, 127.5, 113.8, 73.0, 66.5, 55.2, 47.4, 38.0, 20.6, 14.0, *H NMR
(400 MHz, CeDg) § = 7.06 — 6.99 (m, 2H), 6.86 — 6.79 (m, 2H), 5.86 (dd, J = 7.6, 15.5
Hz, 1H), 5.38 (dd, J = 6.1, 15.5 Hz, 1H), 4.08 — 4.01 (m, 1H), 3.42 (dd, Jas = 10.7 Hz,
Jax = 7.5 Hz, 1H), 3.35 (s, 3H), 3.32 (dd, Jas = 10.7 Hz, Jex = 3.5 Hz, 1H), 3.13 (q, J =
7.4 Hz, 1 H), 2.45 (br, s, 2 H), 1.60 (q, J = 7.6 Hz, 2H), 1.33 — 1.15 (m, 2H), 0.86 (t, J =
7.4 Hz, 3H), 3C NMR (101 MHz, CeDe) & = 158.3, 136.9, 136.4, 128.5, 128.0, 113.9,
72.8, 66.6, 54.4, 47.5, 38.1, 20.7, 13.9, MS (EI, m/z) 250 (16, M), 232 (3), 219 (5), 207
(35), 201 (24), 189 (10), 176 (6), 171 (8), 159 (100), 147 (38), 135 (10), 128 (7), 121 (54),
115 (17), 77 (10), 65 (5), 55 (7), 41 (7), 31 (7).
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Figure 3.50. (E)-3-(4-Methoxyphenyl) oct-4-ene-1,2-diol

4ah: 'H NMR (400 MHz, CDCls) & = 7.15 — 7.10 (m, 2H), 6.89 — 6.82 (m, 2H),
5.69 (dd, Jag = 15.3 Hz, Jax = 8.1 Hz, 1H), 5.64 (dd, Jag = 15.3 Hz, Jex = 5.2 Hz, 1H),
3.79 (s, 3H), 3.83 — 3.75 (m, 1H), 3.52 (dd, Jag = 11.4 Hz, Jax = 6.5 Hz, 1H), 3.36 (dd,
Jag = 11.4 Hz, Jax = 2.9 Hz, 1H), 3.30 (t, = 8.2 Hz, 1 H), 2.04 (q, J = 7.2, 2H), 1.40 (sxt,
J=6.7 Hz, 2H), 0.89 (t, J = 7.4 Hz, 3H). *H NMR (400 MHz, CsDe) & = 7.04 — 6.99 (m,
2H), 6.78 — 6.73 (M, 2H), 5.68 (tdd, J = 1.5, 8.8, 15.3 Hz, 1H), 5.44 (td, J = 7.0, 15.3 Hz,
1H), 3.71 — 3.65 (m, 1H), 3.46 (dd, J = 3.1, 11.3 Hz, 1H), 3.36 — 3.26 (m, 2H), 3.30 (s,
3H), 1.87 (q, J = 6.7 Hz, 2H), 1.24 (sxt, = 7.4 Hz, 2H), 0.80 (t, J = 7.0 Hz, 3H).

OMe

Pr OH
OH

Figure 3.51. (E)-5-(2-Methoxyphenyl) oct-3-ene-1,2-diol

3ai: H NMR (400 MHz, CDCl3) § = 7.20 - 7.10 (m, 2 H), 6.91 (dt, J = 1.2, 7.4
Hz, 1 H), 6.85 (dd, J = 0.8, 8.2 Hz, 1 H), 5.95 (ddd, J = 1.2, 7.8, 15.7 Hz, 1 H), 5.46 (ddd,
J=1.2,65,15.5 Hz, 1 H), 4.24 - 4.16 (m, 1 H), 3.81 (s, 3 H), 3.75 (¢, J = 7.8 Hz, 1 H),
3.65 - 3.55 (m, 1 H), 3.53 - 3.41 (m, 1 H), 1.97 (br. s., 1 H), 1.88 (br. s., 1 H), 1.67 (q, J
= 7.6 Hz, 2 H), 1.33 - 1.19 (m, 2 H), 0.88 (t, J = 7.4 Hz, 3 H). 'H NMR (400 MHz, C¢De)
§=7.20-7.13 (m, 1 H), 7.07 (dt, J = 2.0, 7.8 Hz, 1 H), 6.91 (t, J = 7.4 Hz, 1 H), 6.57 (d,
J=8.2Hz, 1H),593(dd,J=7.8, 15.7 Hz, 1 H), 5.44 (dd, J = 6.1, 15.5 Hz, 1 H), 3.98 -
3.89 (M, 2 H), 3.32 (s, 3 H), 3.32 (dd, Jas = 10.7 Hz, Jax = 7.3 Hz, 1H), 3.22 (dd, Jag =
10.7 Hz, Jsx = 3.3 Hz, 1H), 3.22 (dd, J = 7.0, 11.3 Hz, 1 H), 1.70 (qd, J = 6.6, 9.3 Hz, 2
H), 1.42 - 1.20 (m, 2 H), 0.88 (t, J = 7.2 Hz, 3 H). 3C NMR (101 MHz, C¢Ds) & = 157.0,
136.0, 132.9, 128.5, 126.9, 120.7, 110.6, 72.8, 66.5, 54.6, 54.6, 40.8, 37.2, 20.8, 13.9. MS
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(EI, m/z) 250 (5, M*), 219 (12), 201 (31), 159 (62), 121 (100), 91 (61), 77 (22), 43 (63),
41 (76). FTIR (vmadcm™): 3372, 2925, 1491, 1240, 1029, 874, 752.

Cl

Pr OH
OH

Figure 3.52. (E)-5-(4-Chlorophenyl) oct-3-ene-1,2-diol

3aj: 'H NMR (400 MHz, CDCls) § = 7.34 — 7.18 (m, 2H), 7.13 — 7.03 (m, 2H),
5.86 (ddd, J = 1.2, 7.6, 15.5 Hz, 1H), 5.42 (ddd, J = 1.2, 6.3, 15.7 Hz, 1H), 4.23 — 4.15
(m, 1H), 3.59 (dd, Jag = 11.3 Hz, Jax = 8.1 Hz, 1H), 3.43 (dd, Jas = 11.3 Hz, Jex = 3.3
Hz, 1H), 3.23 (q, J = 7.4 Hz, 1 H), 2.48 (br, s., 2H), 1.72 — 1.56 (m, 2H), 1.33 — 1.12 (m,
2H), 0.87 (t, J = 7.4 Hz, 3H), 3C NMR (101 MHz, CDCl3) & = 142.8, 136.9, 131.8, 128.9,
128.6, 128.2, 72.9, 66.5, 47.6, 37.8, 20.5, 13.9. *H NMR (400 MHz, CsDs) & = 7.19 —
7.11 (m, 2H), 6.86 — 6.77 (m, 2H), 5.77 (ddd, J = 1.2, 7.8, 15.7 Hz, 1H), 5.34 (ddd, J =
1.0,5.9, 15.5 Hz, 1H), 4.12 (M, 1H), 3.47 (dd, Jas = 11.2 Hz, Jax = 7.9 Hz, 1H), 3.36 (dd,
Jas = 11.2 Hz, Jex = 3.1 Hz, 1H), 3.01 (g, J = 7.4 Hz, 1H), 1.56 — 1.40 (m, 2H), 1.24 —
1.04 (m, 2H), 0.82 (t, J = 7.4 Hz, 3H), 3C NMR (101 MHz, CsDs) & = 142.9, 135.8,
131.8, 128.9, 128.5, 128.5, 72.8, 66.6, 47.6, 37.7, 20.5, 13.8. MS (El, m/z) 254 (4, M*),
236 (1), 223 (72), 218 (1), 205 (22), 193 (5), 179 (8), 163 (42), 151 (30), 139 (18), 125
(100), 115 (42), 103 (6), 89 (6), 77 (6), 57 (14), 41 (8), 31 (8). FTIR (vmadcm™): 3363,
2926, 2870, 1491, 1365, 1090, 1014, 821, 719.

Cl

Pr OH
OH

Figure 3.53. (E)-3-(4-Chlorophenyl) oct-4-ene-1,2-diol
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4aj: 'H NMR (400 MHz, CDCl3) § = 7.31 — 7.26 (m, 2H), 7.18 — 7.12 (m, 2H),
5.67 (dd, Jag = 15.6 Hz, Jax = 15.6 Hz, 1H), 5.64 (dd, Jag = 15.6 Hz, Jax = 6.9 Hz, 1H),
3.80 (ddd, J = 3.1, 6.0, 8.5 Hz, 1 H), 3.53 (dd, Jas = 11.4 Hz, Jax = 6.1Hz, 1H), 3.48 (q,
J=7.0Hz, 1 H),3.34 (dd, Jas = 11.4 Hz, Jex = 2.9 Hz, 1H), 3.37 — 3.31 (m, 2H), 2.08 —
2.00 (m, 2H), 1.40 (sxt, J = 7.4 Hz, 2H), 0.88 (t, J = 7.2 Hz, 3H). MS (El, m/z) 223 (1),
194 (54), 177 (1), 159 (16).151 (100), 138 (24), 125 (42), 115 (40), 99 (3), 91 (6), 77 (7),
61 (10), 55 (8), 43 (8). FTIR (vmadcm™): 3361, 2922, 2853, 1463, 1377, 1074, 774.

Cl

Pr OH
OH

Figure 3.54. (E)-5-(3-Chlorophenyl) oct-3-ene-1,2-diol

3ak: 'H NMR (400 MHz, CsDg) § = 7.23 - 7.12 (m, 2 H), 7.08 - 7.02 (m, 1 H),
6.91 - 6.79 (m, 2 H), 5.73 (tdd, J = 1.2, 7.8, 16.0 Hz, 1 H), 5.33 (ddd, J = 1.2, 5.9, 15.3
Hz, 1 H), 4.09 - 4.00 (m, 1 H), 3.42 (ddd, J = 0.8, 3.1, 11.0 Hz, 1 H), 3.31 (dt, J= 1.2, 9.6
Hz, 1 H), 3.19-3.66 (br. s, 2 H), 2.99 (q, J = 7.4 Hz, 1 H), 1.46 (q, J = 7.4 Hz, 2 H), 1.24
- 1.02 (m, 2 H), 0.79 (¢, J = 7.2 Hz, 3 H). 3C NMR (101 MHz, CeDe) & = 146.9, 135.4,
134.3,129.7, 128.9, 127.7, 126.3, 125.7, 72.7, 66.5, 48.1, 37.6, 20.5, 13.7. MS (El, m/z)
254 (1>, M%), 223 (23), 205 (7), 167 (20), 125 (70), 115 (100), 103 (19), 89 (6), 77 (36),
57 (58), 43 (60), 41 (90). FTIR (vmadcm™): 3354, 2926, 2871, 1595, 1571, 1077, 1028,
971, 874, 782, 696.

CF3

Pr OH
OH

Figure 3.55. (E)-5-(4-(Trifluoromethyl) phenyl) oct-3-ene-1,2-diol

3am: 'H NMR (400 MHz, CDCls) & = 7.54 (d, J = 7.8 Hz, 2H), 7.27 (d, J = 8.6
Hz, 2H), 5.89 (ddd, J = 1.4, 7.7, 15.6 Hz, 1H), 5.47 (ddd, J = 1.2, 6.3, 15.7 Hz, 1H), 4.24
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—4.17 (M, 1H), 3.61 (dd, Jas = 11.1 Hz, Jax = 7.7 Hz, 1H), 3.45 (dd, Jas = 11.1 Hz, Jex =
3.3 Hz, 1H), 3.33 (q, J = 7.6 Hz, 1 H), 2.28 (br, s, 2H), 1.76 — 1.61 (m, 2H), 1.35 — 1.12
(m, 2H), 0.88 (t, J = 7.8 Hz, 3H). 3C NMR (101 MHz, CDCls) § = 148.4, 148.4, 136.4,
128.6, 128.4, 127.9, 125.4, 72.8, 66.5, 48.2, 37.7, 20.6, 13.9.*H NMR (400 MHz, C¢Ds)
§=7.38(d, J = 8.2 Hz, 2H), 6.90 (d, J = 7.4 Hz, 2H), 5.78 — 5.67 (m, 1H), 5.36 — 5.26
(m, 1H), 4.10 — 3.98 (m, 1H), 3.46 — 3.36 (m, 1H), 3.34 — 3.25 (m, 1 H), 3.02 (¢, J = 7.4
Hz, 1H), 1.45 (td, J = 7.5, 15.5 Hz, 2H), 1.20 — 0.99 (m, 2H), 0.80 (t, J = 7.4 Hz, 3H), 2*C
NMR (101 MHz, CeDe) 5 = 148.6, 135.2, 129.0, 128.9, 127.8, 125.3, 123.4, 72.6, 66.5,
48.1,37.6, 20.5, 13.7. MS (El, m/z) 269 (11), 257 (100), 237 (11), 213 (7), 201 (43), 181
(18), 165 (10), 159 (71), 145 (12), 127 (12), 115 (12), 95 (1), 87 (10), 71 (5), 57 (30), 43
(10), 31 (8). FTIR (vmad/cm™): 3381, 2926, 1324, 1120, 1067, 972, 835.

CF3

Pr OH
OH

Figure 3.56. (E)-3-(4-(Trifluoromethyl) phenyl) oct-4-ene-1,2-diol

4am: *H NMR (400 MHz, C¢Ds) 5 =7.32 (d, J = 7.8 Hz, 2H), 6.93 (d, J = 8.2 Hz,
2H), 5.56 (tdd, J = 1.5, 8.8, 15.3 Hz, 1H), 5.35 (td, J = 6.7, 15.5 Hz, 1H), 3.51 (dt, J =
3.5, 6.8 Hz, 1H), 3.25 (dd, Jas = 10.8 Hz, Jax = 6.9 Hz, 1H), 3.18 (t, J = 8.2 Hz, 1H), 3.11
(dd, Jag = 10.8 Hz, Jex = 2.5 Hz, 1H), 1.85 (dg, J = 1.6, 6.7 Hz, 2H), 1.23 (g, J = 7.4 Hz,
2H), 0.80 (t, J = 7.4 Hz, 3H). MS (EI, m/z) 228 (70), 208 (65), 185 (100), 172 (93), 165
(35), 159 (54), 145 (11), 129 (20), 103 (4), 91 (6), 69 (12), 61 (54), 55 (18), 43 (20), 31
(6). FTIR (vma/cm™): 3388, 2925, 2854, 1464, 1326, 1125, 1068, 836.

Pr OH
OH

Figure 3.57. (E)-5-((E)-Styryl) oct-3-ene-1,2-diol
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3an: 'H NMR (400 MHz, CeDs) & = 7.33 — 7.24 (m, 2H), 7.20 — 7.11 (m, 2H),
7.09-7.01 (m, 1H), 6.45 (d, J = 16.0 Hz, 1H) (minor), 6.36 (d, J = 16.0 Hz, 1H) (major),
6.19 (dd, J = 7.8, 16.0 Hz, 1H) (minor), 6.05 (dd, J = 7.8, 16.0 Hz, 1H) (major), 5.75
(ddd, J=1.2, 7.4, 15.7 Hz, 1H), 5.48 (ddd, J = 1.2, 6.0, 15.6 Hz, 1H), 4.29 — 4.16 (m,
1H), 3.57 (dd, Jas = 11.3 Hz, Jax = 8.1 Hz, 1H), 3.46 (dd, Jas = 11.3 Hz, Jsx = 3.2 Hz,
1H), 2.78 (quin, J = 7.3 Hz, 1H), 1.45 — 1.36 (m, 2H), 1.36 — 1.24 (m, 2H), 0.89 (t, J =
6.7 Hz, 3H) (major), 0.86 (t, J = 6.7 Hz, 3H) (minor), 3C NMR (101 MHz, CsD¢) & =
135.2,132.9, 129.8, 128.6, 128.4, 127.0, 126.3, 126.2, 73.0, 66.7, 45.7, 37.1, 20.4, 13.9,
MS (EIl, m/z) 228 (2), 215 (6), 197 (10), 185 (78), 167 (18), 155 (30), 143 (65), 129 (60),
115 (50), 107 (20), 91 (100), 77 (15), 55 (10), 43 (10). FTIR (vma/cm™): 3378, 2924,
2852, 1464, 1260, 1092, 1025, 799.

Pr OH
OH

Figure 3.58. (E)-3-((E)-Styryl) oct-4-ene-1,2-diol

4an: *H NMR (400 MHz, CDCls) & = 7.39 — 7.28 (m, 4H), 7.26 — 7.20 (m, 1H),
6.47 (d, J = 16.0 Hz, 1H), 6.14 (dd, J = 8.2, 16.0 Hz, 1H), 5.66 (td, J = 6.7, 15.3 Hz, 1H),
5.50 (dd, J = 8.6, 15.3 Hz, 1H), 3.76 (d, J = 11.3 Hz, 1H), 3.67 (t, J = 8.6 Hz, 1H), 3.64
—3.57 (m, 1H), 3.04 (q, J = 7.8 Hz, 1H), 2.07 (g, J = 7.0 Hz, 2H), 1.43 (sxt, J = 7.4 Hz,
2H), 0.92 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, CDCls) & = 137.0, 134.6, 131.8, 128.6,
128.5,128.2, 127.4, 126.2, 110.0, 73.7, 64.5, 50.1, 34.8, 22.4, 13.7. MS (El, m/z) 246 (1,
M*), 215 (2), 185 (72), 165 (4), 155 (10), 143 (95), 129 (66), 115 (42), 105 (12), 91 (100),
77 (12), 65 (8), 55 (10), 43 (10), 31 (4).

Pr

Pr OH
OH

Figure 3.59. (3E,6E)-5-Propyldeca-3,6-diene-1,2-diol
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3a0: 'H NMR (400 MHz, CeDg) § =5.67 (ddd, J = 1.2, 7.4, 14.5 Hz, 1H), 5.43 (q,
J=6.3Hz, 1 H),5.39 (t,J = 6.3 Hz, 1H), 5.30 (dd, J = 7.8, 15.7 Hz, 1H), 4.15 — 4.06 (m,
1H), 3.48 (dd, Jag = 11.0 Hz, Jax = 7.9 Hz, 1H), 3.37 (dd, Jas = 11.0 Hz, Jgx = 3.5 Hz,
1H), 3.17 (q, J = 7.4 Hz, 1H), 2.65 (td, J = 6.8, 13.7 Hz, 1H), 2.55 (br, s, 2H), 1.96 (q, J
= 6.8 Hz, 2H), 1.42 — 1.25 (m, 6H), 0.98 — 0.81 (m, 6H), 3C NMR (101MHz, C¢Ds) & =
136.1, 133.1, 130.0, 128.1, 73.0, 66.7, 45.3, 37.3, 34.7, 22.7, 20.4, 13.9, 13.5. MS (El,
m/z) 195 (1), 181 (26), 151 (27), 107 (29), 95 (38), 91 (22), 81 (43), 67 (79), 55 (66), 43
(79), 41 (100). FTIR (vmax/cm™): 3368, 2926, 2871, 1458, 1378, 1074, 1029, 970, 874.

Pr OMe
OH

Figure 3.60. (E)-1-Methoxy-5-phenyloct-3-en-2-ol

3ba: 'H NMR (400 MHz, CDCls) 6: 7.32-7.26 (m, 2H), 7.22-7.14 (m, 3H), 5.92
(dd, J = 7.8, 15.7 Hz, 1H), 5.44 (dd, J = 6.3, 15.7 Hz, 1H), 4.32-4.24 (m, 1H), 3.41-3.36
(m, 1H), 3.38 (s, 3H), 3.29-3.21 (m, 2 H), 2.37 (br, s., 1H), 1.68 (q, J = 7.4 Hz, 2H), 1.31-
1.22 (m, 2H), 0.88 (t, J = 7.2 Hz, 3H), *C NMR (101 MHz, CDCls) ¢: 144.5, 137.2,
128.4, 127.6, 127.6, 126.1, 76.7, 71.1, 59.0, 48.3, 38.0, 20.6, 14.0. *H NMR (400 MHz,
CsDCs) 6: 7.21-7.16 (m, 2 H), 7.13-7.01 (m, 3 H), 5.93 (ddd, J = 1.4, 7.8, 15.5 Hz, 1H)
(major), 5.92 (ddd, J = 1.4, 7.8, 15.5 Hz, 1H) (minor), 5.45 (ddd, J = 0.8, 6.3, 15.3 Hz,
1H), 4.22 (m, 1H), 3.16 (q, J = 7.8 Hz, 1H), 3.08 (dd, Jas = 8.6 Hz, Jax = 6.2 Hz, 1H),
3.10 (dd, Jas = 8.6 Hz, Jex = 2.4 Hz, 1H), 3.00 (s, 3H) (minor), 2.99 (s, 3 H) (major), 2.29
(br, s., 1H), 1.60 (q, J = 7.5 Hz, 2H), 1.28-1.17 (m, 2H), 0.83 (t, J = 7.5 Hz, 3 H). 13C
NMR (101 MHz, C¢De) 6: 144.7, 136.1, 128.4, 128.4, 127.6, 126.0, 76.8, 70.7, 58.2, 48.5,
38.1, 20.6, 13.8. MS (El, m/z): 234 (M*, 1), 216 (1), 189 (54), 171 (29).145 (15), 134
(24), 129 (44), 115 (32), 105 (20), 101 (18), 91 (100), 77 (7), 69 (6), 57 (13), 45 (26).
FTIR (vmax/cm™): 3435, 2926,1601, 1452, 1120, 969, 699, 614.

Pr OMe
OH
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Figure 3.61. (E)-1-Methoxy-3-phenyloct-4-en-2-ol

4ba: 'H NMR (400 MHz, CDCls) 6: 7.34-7.28 (m, 3H), 7.25-7.19 (m, 2H), 5.76
(dd, J=9.8, 15.3 Hz, 1H), 5.61 (td, J = 6.6, 15.3 Hz, 1H), 3.98-3.91 (m, 1H), 3.36 (t, J =
8.2 Hz, 1H), 3.33-3.26 (m, 4 H), 3.14 (dd, J = 6.8, 9.6 Hz, 1H), 2.04 (q, J = 7.0 Hz, 2H),
1.39 (sex, J = 7.2 Hz, 2H), 0.88 (t, J = 7.1 Hz, 3H). **C NMR (101 MHz, CDCls) §: 141.8,
134.0, 129.4, 128.6, 127.9, 126.6, 74.5, 73.2, 59.0, 52.4, 34.7, 22.4, 13.7. *H NMR (400
MHz, Ce¢DCs) o: 7.22- 7.03 (m, 5H), 5.94 (dd, J = 8.4, 15.4 Hz, 1H) (major), 5.68 (dd, J
= 8.4, 15.4 Hz, 1H) (minor), 5.48 (td, J = 7.0, 15.4 Hz, 1H), 4.04 (m, 1H) (minor), 3.99
(m, 1H) (major), 3.43 (t, J = 7.6 Hz, 1H), 3.18 (dd, Jas = 9.4 Hz, Jax = 7.1 Hz, 1H), 3.10
(dd, Jag = 9.4 Hz, Jsx = 3.4 Hz, 1H), 3.03 (s, 3H) (minor), 2.97 (s, 3 H) (major), 2.25 (br,
s., 1H), 1.93 (q, J = 7.2 Hz, 2H), 1.28 (qd, J = 7.2, 14.6 Hz, 2H), 0.82 (t, J = 7.2 Hz, 3H).
13C NMR (101 MHz, CsDs) 8: 142.5, 132.7, 130.3, 128.4, 128.2, 126.3, 74.8, 73.2, 58.2,
52.2,34.7,22.4,13.4. MS (EIl, m/z): 217 (48), 199 (5), 185 (15), 173 (26), 159 (34), 119
(52), 113 (7), 104 (100), 91 (11), 81 (8), 67 (7), 53 (10), 45 (20). FTIR (vmax/cm™): 3447,
2923,2852, 1733, 1454, 1123, 971, 700.

pr N o0~ >Ph

OH

Figure 3.62. (E)-1-(Benzyloxy)-5-phenyloct-3-en-2-ol

3ca: *H NMR (400 MHz, CDCls) & = 7.42 — 7.27 (m, 7H), 7.25 — 7.16 (m, 3H),
5.94 (dd, J = 7.8, 15.7 Hz, 1H), 5.47 (dd, J = 6.5, 15.5 Hz, 1H), 4.57 (s, 2H), 4.38 — 4.30
(m, 1H), 3.51 (dd, Jag = 9.5 Hz, Jax = 8.2 Hz, 1H), 3.37 (dd, Jag = 9.5 Hz, Jex = 3.5 Hz,
1H), 3.28 (g, J = 7.2 Hz, 1H), 2.55 (br, s., 1H), 1.70 (q, J = 7.4 Hz, 2H), 1.40 — 1.17 (m,
2H), 0.91 (t, J = 7.4 Hz, 3H). 3C NMR (101MHz, CDCl3) & = 144.5, 137.9, 137.2, 128.5,
128.4,127.8, 127.8,127.7,127.6, 126.2, 74.3, 73.3, 71.3, 48.4, 38.0, 20.7, 14.1. 'H NMR
(400 MHz, CsDs) & = 7.21 — 7.12 (m, 6H), 7.12 — 7.03 (m, 4H), 5.93 (ddd, J = 1.2, 7.8,
15.7 Hz, 1H), 5.45 (ddd, J = 1.2, 5.9, 15.7 Hz, 1H), 4.29 — 4.24 (m, 1H), 4.22 (s, 2H),
3.23 (dd, Jas = 9.4 Hz, Jax = 8.1 Hz, 1H), 3.19 (dd, Jag = 9.4 Hz, Jex = 3.6 Hz, 1H), 3.15
(0, J = 7.4 Hz, 1 H), 2.39 (br, s., 1H), 1.59 (q, J = 7.6 Hz, 2H), 1.31 — 1.12 (m, 2H), 0.82
(t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, CsDe) & = 144.7, 138.3, 136.0, 128.5, 128.4,
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128.2, 127.6, 127.5, 126.0, 74.5, 72.8, 70.9, 48.5, 38.1, 20.7, 13.8, MS (EI, m/z) 310 (1>,
M*), 189 (14), 177 (15), 133 (22), 91 (100). FTIR (vmad/cml): 3436, 2925, 2857, 1453,
1103, 970, 698.

PN 0" Ph

OH

Figure 3.63. (E)-1-(Benzyloxy)-3-phenyloct-4-en-2-ol

4ca: *H NMR (400 MHz, CDCls) & = 7.38 — 7.27 (m, 8H), 7.25 — 7.17 (m, 2H),
5.77 (dd, J = 9.0, 15.3 Hz, 1H), 5.58 (td, J = 6.8, 15.3 Hz, 1H), 4.49 (d, Jas = 11.9 Hz, 1
H), 4.45 (d, Jag = 11.9 Hz, 1H), 4.04 — 3.96 (m, 1H), 3.45 — 3.37 (m, 2H), 3.27 (dd, J =
6.7,9.8 Hz, 1H), 2.03 (dg, J = 1.2, 7.0 Hz, 2H), 1.38 (qd, J = 7.4, 14.7 Hz, 2H), 0.88 (t, J
= 7.4 Hz, 3H).13C NMR (101 MHz, CDCl3) § =141.9, 138.0, 133.9, 129.5, 128.6, 128.4,
128.0, 127.7, 127.7, 126.6, 73.3, 73.3, 72.2, 52.3, 34.7, 22.5, 13.7, *H NMR (400MHz,
CsDg) 8= 7.22 — 7.12 (m, 8H), 7.11 — 7.02 (m, 2H), 5.92 (tdd, J = 1.4, 8.4, 15.4 Hz, 1H),
5.46 (dtd, J = 1.2, 6.7, 15.7 Hz, 1H), 4.21 (d, Jas = 11.7 Hz, 1H), 4.18 (d, Jas = 11.7 Hz,
1H), 4.01 (dt, J = 3.5, 6.7 Hz, 1H), 3.46 (t, J = 7.6 Hz, 1H), 3.33 (dd, Jas = 9.7 Hz, Jax =
6.5 Hz, 1H), 3.24 (dd, Jas = 9.7 Hz, Jex = 3.7 Hz, 1H), 2.22 (br, ., 1H), 1.92 (dq, J = 1.2,
7.0 Hz, 2H), 1.27 (qd, J = 7.2, 14.8 Hz, 2H), 0.81 (t, J = 7.4 Hz, 3H). 13C NMR (101
MHz, CeDe) 5 = 142.5, 138.5, 132.8, 130.2, 128.4, 128.3, 128.2, 126.3, 73.4, 72.9, 72.5,
52.2, 34.7, 22.4, 13.4. MS (El, m/z) 310 (1>, M*), 160 (60), 159 (53), 117 (100), 104
(27), 91 (99). FTIR (vmadem): 3453, 2924, 2857, 1453, 1364, 1260, 1099, 734, 698.

|k
pr 7 oS~
OH

Figure 3.64.(E)-1-((tert-Butyldimethylsilyl) oxy)-5-phenyloct-3-en-2-ol

3da: 'H NMR (400 MHz, CDCls) & = 7.33 — 7.27 (m, 2H), 7.23 — 7.15 (m, 3H),
5.91 (dd, J = 7.8, 15.7 Hz, 1H), 5.42 (dd, J = 6.5, 15.5 Hz, 1H), 4.18 — 4.09 (m, 1H), 3.60
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(dd, Jag = 9.9 Hz, Jax = 7.6 Hz, 1H), 3.41 (dd, Jas = 9.9 Hz, Jex = 3.7 Hz, 1H), 3.26 (, J
= 7.6 Hz, 1H), 1.69 (dg, J = 2.7, 6.7 Hz, 2H), 1.39 — 1.14 (m, 2H), 0.90 (s, 6H), 0.89 (t, J
= 7.4 Hz, 3H), 0.06 (s, 6H). 1*C NMR (101 MHz, CDCl3) § = 144.5, 137.2, 128.4, 127.8,
127.6,126.1, 72.7, 67.2, 48.4, 38.0, 25.9, 20.7, 18.3, 14.0, -5.3, -5.4. 'H NMR (400 MHz,
CsDs) 5=7.21—7.14 (m, 2H), 7.13 — 7.02 (m, 3H), 5.96 (ddd, J = 1.4, 7.8, 15.5 Hz, 1H),
5.48 (ddd, J = 1.2, 5.9, 15.3 Hz, 1H), 4.19 — 4.11 (m, 1H), 3.47 (dd, Jag = 10.0 Hz, Jax =
7.1 Hz, 1H), 3.38 (dd, Jags = 10.0 Hz, Jex = 3.8 Hz, 1H), 3.18 (q, J = 7.4 Hz, 1H), 2.39 —
2.29 (bs., 1H), 1.62 (g, J = 7.6 Hz, 2H), 1.23 (sptd, J = 7.0, 28.6 Hz, 2H), 0.89 (s, 9H),
0.83 (t, J = 7.4 Hz, 3H), -0.04 (d, J = 1.6 Hz, 6H). 3C NMR (101 MHz, CsDs) & = 136.2,
128.7, 128.4, 127.6, 126.0, 72.5, 67.5, 48.6, 38.1, 25.7, 20.7, 18.1, 13.8, -5.7, -5.7. MS
(E1, m/z) 275 (5), 186 (11), 185 (50), 159 (27), 143 (78), 129 (64), 117 (41), 91 (90), 75
(100), 73 (82). FTIR (vmad/cm™): 3453, 2926, 2855, 1463, 1108, 836, 777, 699.

P
Pr N oS~
OH

Figure 3.65. (E)-1-((tert-Butyldimethylsilyl) oxy)-3-phenyloct-4-en-2-ol

4da: 'H NMR (400 MHz, CDCls) § = 7.35 — 7.27 (m, 2H), 7.25 — 7.16 (m, 3H),
5.79 (dd, J = 8.6, 15.3 Hz, 1H), 5.53 (td, J = 6.7, 15.3 Hz, 1H), 3.85 (spt, J = 3.5 Hz, 1H),
3.48 (dd, J = 3.5, 10.2 Hz, 1H), 3.34 (dd, J = 7.0, 9.8 Hz, 2H), 2.02 (g, J = 7.3 Hz, 2H),
1.38 (sxt, J = 7.4 Hz, 2H), 0.97 — 0.76 (m, 12H), -0.01 (s, 6H), 13C NMR (101 MHz,
CDCls) 5 = 142.1, 133.2, 129.8, 128.5, 128.0, 126.5, 74.6, 65.0, 51.8, 34.8, 30.3, 25.9,
22.5,18.2,13.7, 1.0, -5.4, -5.4. 'H NMR (400 MHz, C¢De): 5 = 7.21 — 7.27 (m, 2H), 7.13
~7.20 (m, 2H), 7.07 (d, J = 7.4 Hz, 1H), 5.97 (ddt, J = 15.3, 8.3, 1.5 Hz, 1H), 5.51 (dt, J
=15.3, 6.8 Hz, 1H), 3.86 — 3.93 (M, 1H), 3.55 (dd, Jas = 10.1 Hz, Jax = 6.5 Hz, 1H), 3.48
(t, J = 7.6 Hz, 1H), 3.44 (dd, Jas = 10.1 Hz, Jsx = 3.7 Hz, 1H), 1.94 (g, J=6.7 Hz, 4H),
1.28 (sxt, J = 7.4 Hz, 4H), 0.92 (s, 9H), 0.82 (t, J = 7.4 Hz, 3H), -0.02 ppm (d, J = 1.6 Hz,
6H). 3C NMR (101 MHz, CsDe) & = 142.6, 132.7, 130.4, 128.4, 128.3, 126.3, 74.6, 65.3,
51.9,34.7, 25.7,22.5, 18.1, 13.5, 1.0, -5.7, -5.7, MS (El, m/z) 277 (5), 117 (72), 105 (70),
103 (32), 75 (100), 73 (62). FTIR (vmad/cm™): 3483, 2927, 2857, 1463, 1256, 1116, 835,
777, 700.
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MeWOH
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Figure 3.66. (E)-5-Phenylhex-3-ene-1,2-diol

3fa: 'H NMR (400MHz, CsDs) & = 7.21 - 7.14 (m, 2 H), 7.11 - 7.03 (m, 3 H), 5.79
(ddd, J = 1.6, 6.8, 15.5 Hz, 1 H), 5.31 (ddd, J = 1.4, 6.1, 15.7 Hz, 1 H), 3.95 - 3.87 (m, 1
H), 3.36 - 3.30 (M, 1 H), 3.29 - 3.17 (m, 2 H), 1.21 (d, J = 7.0 Hz, 4 H). 3C NMR
(101MHz, CsDs) & = 145.9, 137.6, 128.9, 127.6, 126.6, 73.1, 66.9, 42.5, 21.4. MS (EI,
m/z): 192 (M*, 1>), 174 (10), 161 (22), 143 (100), 128 (32), 115 (31), 105 (27), 91 (55),
77 (40), 55 (26), 43 (23).

Ph Me
_ Me
PrWOH
OH

Figure 3.67. (E)-2-Methyl-6-phenylnon-4-ene-2,3-diol

3ga: 'H NMR (400 MHz, CeDg) § = 7.22 - 7.15 (m, 2 H), 7.13 - 7.03 (m, 3 H),
5.80 (ddd, J = 1.2, 7.8, 15.7 Hz, 1 H), 5.51 (ddd, J = 1.2, 7.0, 15.7 Hz, 1 H), 3.77 (dd, J
=1.0,6.8 Hz, 1 H), 3.17 (q, J = 7.7 Hz, 1 H), 2.42 (br. s, 2 H), 1.61 (q, J = 7.6 Hz, 2 H),
1.32 - 1.16 (m, 2 H), 1.10 (d, J = 1.2 Hz, 6 H), 0.84 (t, J = 7.4 Hz, 3 H). 3C NMR (101
MHz, CéDs) & = 144.7, 137.0, 128.6, 128.4, 127.5, 126.0, 79.2, 72.5, 48.4, 37.9, 26.2,
23.5,20.7, 13.8. MS (El, m/z): 231 (1>), 214 (1>), 145 (2), 133 (6), 129 (6), 115 (19), 91
(20), 77 (2), 59 (100), 43 (17). FTIR (vma/cm™): 3401, 2928, 2871, 1453, 1164, 972, 699.

Ph M
eMe

OH
OH

Pr

Figure 3.68.(E)-2-methyl-4-phenylnon-5-ene-2,3-diol

4ga: 'H NMR (400MHz, CDCls) & = 7.34 - 7.24 (m, 4 H), 7.24 - 7.17 (m, 1 H),
5.81 (dd, J = 9.4, 15.3 Hz, 1 H), 5.62 (td, J = 6.7, 15.6 Hz, 1 H), 3.68 (d, J = 5.5 Hz, 1 H),
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3.49 (dd, J = 5.9, 9.4 Hz, 1 H), 2.30 (br. s., 1 H), 2.16 (br. s., 1 H), 2.03 (g, J = 6.9 Hz, 2
H), 1.39 (sxt, J = 7.4 Hz, 2 H), 1.22 - 1.19 (m, 3 H), 1.08 - 1.02 (m, 3 H), 0.88 (t, J = 7.2
Hz, 4 H). 3C NMR (101 MHz, CDCls) § = 143.2, 134.5, 130.0, 128.7, 127.9, 126.5, 79.7,
51.7,34.7,29.7,27.1, 25.3, 22.4, 13.7. MS (El, m/z): 248 (M*, 1>), 160 (36), 117 (41).104
(22), 91 (21), 77 (7), 71 (10), 59 (100), 43 (37). FTIR (vmadcm™): 3422, 2926, 2858,
1453, 1378, 1160, 973, 700.

OH

CO,Et
Pr)\(\/ 2

Ph

Figure 3.69. Ethyl-(E)-5-hydroxy-4-phenyloct-2-enoate

4ha: 'H NMR (400 MHz, CeDe) & = 7.55 (ddd, J = 1.4, 8.8, 15.7 Hz, 1 H), 7.12 -
6.95 (m, 5 H), 5.96 (d, J = 15.7 Hz, 1 H), 4.02 (q, J = 7.3 Hz, 2 H), 3.57 (br. s., 1 H), 3.21
-3.11(m, 1 H), 1.48 - 1.30 (m, 2 H), 1.24 - 1.13 (m, 3 H), 0.96 (t, J = 7.0 Hz, 3 H), 0.73
(t, J = 7.0 Hz, 3 H). 3C NMR (101MHz, CsDs) & = 148.4, 140.7, 128.6, 128.2, 126.7,
123.3, 73.7,59.8, 55.6, 37.1, 18.8, 13.9, 13.6. FTIR (vmadcmY): 3476, 2926, 2873, 1739,
1465, 1380, 1221, 1139, 701.

OH

PrWOMe

Ph

Figure 3.70.(E)-8-methoxy-7-phenyloct-5-en-4-ol

3ja: *H NMR (400 MHz, CeDg) § = 7.22 - 7.12 (m, 4 H), 7.11 - 7.02 (m, 1 H),
5.85 (ddd, J = 1.2, 7.4, 15.7 Hz, 1 H), 5.54 (ddd, J = 1.2, 6.7, 15.7 Hz, 1 H), 3.97 (q, J =
5.5 Hz, 2 H), 3.57 (q, J = 6.3 Hz, 2 H), 3.46 (dd, Jas = 9.2 Hz, Jax = 7.5 Hz, 1H), 3.42
(dd, Jas = 9.2 Hz, Jex = 6.6 Hz, 1H), 3.05 (s, 3 H), 1.53 - 1.26 (m, 4 H), 0.83 (t, J = 7.2
Hz, 3 H). *C NMR (101 MHz, CDCls) § = 142.2, 135.4, 131.0, 128.4, 128.1, 126.5, 76.5,
72.2,58.2, 48.5, 39.6, 18.8, 13.9. MS (El, m/z) 172 (6), 130 (31), 129 (16), 115 (10), 91
(17), 77 (6), 71 (44), 45 (100), 43 (57), 41 (34). FTIR (vmadcml): 3422, 2928, 2971,
1453, 1111, 968, 699.
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Figure 3.71. (E)-8-Methoxy-5-phenyloct-6-en-4-ol

4ja: *H NMR (400 MHz, CDCls) = 7.35 - 7.28 (m, 2 H), 7.25 - 7.17 (m, 3 H),
6.03 (ddd, J = 0.8, 9.0, 15.7 Hz, 1 H), 5.70 (td, J = 5.9, 15.3 Hz, 1 H), 3.93 (d, J = 5.9 Hz,
2 H), 3.81 (q, J = 7.0 Hz, 1 H), 3.36 - 3.24 (m, 1 H), 3.31 (5, 3 H), 1.54 - 1.47 (m, 1 H),
1.37 - 1.28 (m, 3 H), 0.85 (t, J = 6.8 Hz, 3 H). 3C NMR (101 MHz, CDCl3) § = 141.8,
133.1,129.7, 128.7, 128.0, 126.6, 74.0, 72.8, 57.9, 55.9, 36.7, 18.9, 14.0.

/\)\/\{/OH

Figure 3.72. (E)-2-Methyl-5-phenyloct-3-en-2-ol

3ka: 'H NMR (400 MHz, CDCls) & = 7.36 - 7.25 (m, 2 H), 7.22 - 7.13 (m, 3 H),
5.75 (dd, J = 7.4, 15.3 Hz, 1 H), 5.61 (d, J = 15.7 Hz, 1 H), 3.22 (g, J = 7.7 Hz, 1 H), 1.66
(q,J=7.6 Hz, 2 H), 1.35 - 1.14 (m, 2 H), 1.29 (d, J = 3.1 Hz, 6 H) 0.88 (t, J = 7.4 Hz, 3
H). 3C NMR (101 MHz, CDCls) 5 = 145.0, 137.5, 130.9, 128.4, 127.5, 126.0, 70.7, 48.1,
38.2, 29.9, 29.8, 20.7, 14.0. MS (El, m/z) 218 (1>, M*), 175 (4), 157 (6), 149 (12), 115
(10), 91 (14), 77 (7), 71 (8), 59 (19), 43 (100). FTIR (vmax/cm™): 3368, 2959, 2927, 2871,
1453, 1149, 970, 910, 760, 698.

B
Bu)\/\( u

OH

Figure 3.73(E)-8-phenyldodec-6-en-5-ol

3ma: *H NMR (400 MHz, C¢De) § = 7.23 - 7.11 (m, 5 H), 7.10 - 7.04 (m, 1 H),
5.72 (dd, J = 7.6, 15.5 Hz, 1 H), 5.45 (dd, J = 6.5, 15.5 Hz, 1 H), 3.88 (q, J = 5.9 Hz, 1
H), 3.16 (q, J = 7.4 Hz, 1 H), 1.66 (g, J = 7.3 Hz, 2 H), 1.49 - 1.13 (m, 10 H), 0.87 - 0.81
(m, 6 H). 23C NMR (101 MHz, CeDs) 5 = 144.9, 134.2, 133.3, 128.4, 127.5, 126.0, 72.2,
48.6, 37.2, 35.6, 29.8, 27.6, 22.7, 22.6, 13.9, 13.8. MS (El, m/z) 203 (2), 185 (3), 145 (6),
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118 (18), 91 (42), 85 (40), 57 (62), 41 (100). FTIR (vmad/cml): 3420, 2928, 2975, 1445,
1098, 967, 704.

B
Bu/\)\/ u

OH

Figure 3.74(E)-6-phenyldodec-7-en-5-ol

4ma: 'H NMR (400 MHz, CDCl3) § = 7.35 - 7.27 (m, 2 H), 7.24 - 7.16 (m, 3 H),
5.76 - 5.57 (m, 2 H), 3.78 - 3.67 (m, 1 H), 3.18 (t, J = 8.0 Hz, 1 H), 2.06 (q, J = 6.7 Hz, 2
H), 1.84 (br. s., 1 H), 1.49 - 1.17 (m, 10 H), 0.86 (td, J = 7.0, 15.7 Hz, 6 H). 3C NMR
(101MHz, CDCls) & = 142.4, 134.7, 129.5, 128.6, 127.9, 126.4, 74.0, 56.4, 34.0, 32.3,
31.5,27.9, 22.6, 22.2, 14.0, 13.9.
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CHAPTER 4

RESULTS AND DISCUSSION

In this study, the Pd-catalyzed 1,3-substitution reactions of alkenyl oxiranes with
organoborons were studied. For this purpose, the optimization conditions were

thoroughly examined

Pd,(dba)
i + > >
s H . o THF

H “
OMe R.T

Figure 4.1. A method for the synthesis of montabuphine
(Source: Guan et al. 2012)

It was recently disclosed that as one of the synthesis step that was applied in
synthesis of a biologically active compound, Pd-catalyzed coupling of an organoboronic
acid with a cyclic vinyl epoxide proceeded stereo- and regio-selectively to give a 1,3-
substituted major product (Figure 4.1). Hence, we have preferred to perform our first trial
over the conditions reported therein for an acyclic vinyl epoxide compound 1b, that is
with phenyl boronic acid, using Pd2(dba)s-CHCI3 as the Pd-complex, Cs2COs as a base,
in dried THF, and 25 °C. The result was rather disappointing in fact, proceeded with poor
regio- and diastereo-selectivity. (Table 4.1, No 1). However, it should be noted that the
regio-isomers could be isolated from each other by silica gel column chromatography. In
the same conditions, the usage of NaBPhs as a boron source decreased the regio-
selectivity further (Table 4.1, No 2). While the reaction with phenyl boroxine (PhBO)3
resulted in low yields, with KPhBF3 the reactant was recovered as unreacted (Table 4.1,
No 3 and 4). The use of phenyl boronic acid neopentyl glycol ester (Phneop) improved
the regio-selectivity of the products in favor of 1,3-substitution product, however,
diastereo-selectivity was significantly diminished. (Table 4.1, No 5). No significant

improvement for the selectivity was observed with the use of an organic base ((i-Pr)2NEt)

o1



(Table 4.1, No 6). It was intriguing to observe however that the existence of water in the
reaction mixture drastically improved the stereoselectivity and also caused the shift of
this selectivity in favor of other diastereomeric structure. However, this improvement was
accompanied by a decrease in regio-isomeric ratio (Table 4.1, No 7). With phenylboronic
acid, the reaction gave nearly a similar result (Table 4.1, No 8).

The presence of a bidentate phosphine ligand DPEPhos could not further improve
the process (Table 4.1, No 9-13).
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Table 4.1. The Effect of conditions on reaction of vinyl epoxide (1b) with phenylboron compounds?

€3

(0]

Pd,(dba)3; CHCl; %2.5
Ligand, %23.5 P

o NIy AV Poren HE e pr N7 oMe * prN OMe
1b 2 2500 3ba OH 4ba OH
. Aryl Boron Base b b
No Ligand (eqv.) THF/H20 (mL) (eqv.) t, hour(s) %3b (dr)° %4b (dr)
1 - PhB(OH): (2) 2.5:.0 Cs2C03(2) 0.83  55(1:4,7) 29(7:1)
2 - NaBPhs (2) 2.5:0 Cs2C03(2) 0.83 55(N.D.) 45(N.D.)
3 - (PhBO)3 (2) 2.5:.0 Cs2C03(2) ONN. 30(N.D.) (ND)
4 - PhBF:3K (2) 2.5:0 Cs2C03(2) O.N. - -
5 - PhBneop (2) 2.5:0 Cs2C03(2) 21 82 (3:1) 13 (3:1)
6 - PhBneop (2) 2.5:0 (i-Pr)2NEt (4) <1 65 (6,6:1) 16 (1,1:1)
7 - PhBneop (3) 2.0.5 (i-Pr)2NEt (4) 0.25 53 (1:20) 22 (35:1)
8 - PhB(OH)2 (3) 2.05 (i-Pr)2NEt (4) 0.33 53 (1:15) 31 (8:1)
9 DPEPhos PhBneop (3) 2.05 (i-Pr)2NEt (4) 8<>24  62(1:18) 26 (34:1)
10 DPEPhos PhB(OH): (3) 2.0.5 (i-Pr)2NEt (4) 7.5  58(1:29) 22(23:1)
11 DPEPhos PhBneop (3) 2.0:0 (i-Pr)2NEt (4) 24 - -
12 DPEPhos PhBneop (3) 2:0.5 Cs2C03 (2) O.N. 56 (1:30) 21 (>40:1)
13 DPEPhos PhBneop (3) 2:0.5 N(Et)3 (2) 7 61 (1:32) 20 (>40:1)

30.N.: Overnight. ® Determined by *H NMR using C¢Ds solvent and N.D.: Not determined.



It was suprising for us to find that the vinyl oxirane 1a with an unprotected
pendant hydroxyl group afforded much better regio-selectivity in the presence of
DPEphos ligand and organic base as compared to its unprotected form 1b, producing 3a
and 4a in 69% and 6% isolated yields, respectively. The compound containing oxygen
group might have affect the activity of the metal as a result of coordination of free
hydroxyl group with the palladium core.

In the next stage of the optimization studies, the ligand activity was surveyed. It
should be noted that since the tedious column isolation work-up is highly time consuming,
the *H NMR technique has been the usual preferred technique for the quantitative analysis
of the crude products for fast screening of the optimum conditions. However, this
technique allowed us only the determination of the 3aa product accurately and the
accurate analysis of the 4aa product has not been possible since its related proton signals
were overlapped with those of other reagents existing within the mixture

The variation of DPEPhos amount had no remarkable influence on the reaction
selectivity (Table 4.2, No 2 and 3) and therefore, the ratio of P/Pd was kept nearly 4:1 for
the next experiments.

However, it should be noted that no further improvements have been possible by
use of any of mono- or bidentate phosphine ligands tested for this study. The bidentate
ligands xantphos, dppb, and significant number of electron rich and poor ligands resulted
in intricate mixture. No conversion would be possible with the use of dppp and P(2-
MeOCsHs)3 ligands. On the other hand, among the other ligands tested only dppf ligand
afforded a comparable result with respect to that which was obtained with DPEphos.

At last part of optimization of ligands, several non-phosphorous ligands were
examined. The product 3a formation was lowered significantly with the use of 2,2’-
bipyridyl , whereas relatively moderate product formation has been possible with the use
of an N-heterocyclic carbene precursor (1,3-bis(2,6-di-i-propylphenyl)imidazol-2-
ylidene) (Table 4.2, No 25 and 26) On the other hand it has been delightful to find that
the best selectivity could be obtained with the presence of AsPhs within the reaction
medium, which produced 3aa and 4aa in 78% and 6% isolated yields, respectively in the
presence of NEts; base (Table 4.2, No 27). A comparative result was obtained with (i-
Pr)2NH base (No 33), with its use 3aa and 4aa formations being 79% and 10%,
respectively.

It is apparent that the method is quite component to the number of other organic

and inorganic bases. The variation of the base type had modest influence on the activity
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of the system. (Table 4.2, No 28-34). However, a relatively lower yield was obtained
without presence of any base and also without any ligands the reaction was obtained at
30% isolated yield. (Table 4.2, No 35 and No 36).

Table 4.2.Effect of the ligand on pd-catalyzed reaction of alkenyl epoxide (1a) with
PhBneop

Pd,(dba)s-CHCly, %2,5
»(dba); 3, /0 Ph

H o Ligand, %23,5 P or As Ph
PFWOH + PhBneop Base (2 eq.) Pr)\/Y\OH + PrWOH

H 2a 2mL THF/H,0

0‘111:“01 05 ol )5 o 3aa OH 4aa OH
No Ligand Base t, hour(s) %3a® (dr) %4a
1 DPEPhos N(Et)s 3 77-69° (30:1) 6°
2 DPEPhos® N(Et)s 1 66 N.D.
3 DPEPhos! N(Et)s 1 71 N.D.

4 Xanthphos N(Et)s 3 Complex

5 t-Bu-Xantphos N(Et)3 1 63 N.D.
6 dppe N(Et)s 5 days 44 N.D.
7 dppp N(Et)s 20 - -

8 dppb N(Et)s 1 Complex

9 dppf N(Et)s 2 77 N.D.
10 +BINAP N(Et)s 20 22 N.D.
11 PPh3 N(Et)s 1.5 Complex

12 Pd(PPhs)4 N(Et)s 2.5 Complex

13 P(4-MeOCgsH4)3 N(Et)s 2.5 Complex

14 P(2-MeOC¢Ha)3 N(Et)3 20 - -
15 P (4-CF3) CsHa N(Et)s 2.5 Complex

16 Ph(2-furyl)s N(Et)3 1.5 Complex

17 [(t-Bu)sPH]BF4 N(Et)s 45 56 N.D.
18 [CysPH]BF4 N(Et)s 8 69 N.D.
19 P(Bu)s N(Et)3 15 44 N.D.

(cont. on next page)



Table 4.2 (cont.)

19 P(Bu)s N(Et)s 1.5 44 N.D.
20 P(Ph2Bn)s N(Et)s 20 49 N.D.
21 P(Ph:Me)s N(Et)s 20 32 N.D.
22 Xphos N(Et)s 3 days 57 N.D.
23 P(OBu)s N(Et)s 1.75 62 N.D.
24 P(OPh)s N(Et)s 3 days 54 N.D.
25 2,2’-Bipyridyl N(Et)s 5 days 38 N.D.
26 SIPr N(Et)s 1 68 N.D.
27 PhsAs N(Et)3 2.5 84-78P 6

28 PhsAs K3sPO4 3 80 N.D.
29 PhsAs Cs2COs3 2.75 83 N.D.
30 PhsAs K>COs3 3.5 78 N.D.
31 PhsAs KF 3.5 80 N.D.
32 PhsAs KOH 1.5 82 N.D.
33 Ph3As (i-Pr2NH 2 84-79P 10°
34 PhsAs (i-Pr)2NEt 4 82 N.D.
35 PhsAs - 3 72 N.D.
36 - (i-Pr)2NEt 1.5 33-30° N.D.

aDetermined by internal standard using p-anisaldehyde by 'H-NMR. ®Isolated yield “%10 P. 9915 P

Reducing the reaction concentration to the half or doubling it caused a decrease
of the reaction yield (Table 4.3, No 1 and 2). While the ratio of water in the reaction
mixture directly affected the reaction time, the NMR vyield of these reactions were not
affected significantly (Table 4.3, No 3and 4). According to all results obtained so far, for
0.1 mmol reactant, the available solvent system was set to be 2 mL THF/0.5 mL H>0.

The various organic solvents were tested (Table 4.3, No 5-12) and among the
solvents tried, only was acetone that led to the formation of a comparable yield, albeit the
reaction rate was highly diminished and took 2 days for a complete conversion (Table
4.3, No 9). The lower yields were obtained with the use of other solvents, such as DMF,

isopropanol, DCM, dioxane, DME, toluene, and acetonitrile.
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At 50°C, the reaction rate was relatively accelerated, but the NMR vyield was
slightly lowered to 78% (Table 4.3, No 13). On the other hand, at 10°C the reaction rate
was reasonably decelerated though the reaction yield did not change (Table 4.3, No 14).
It is obvious that doubling the reaction scale was tolerated by the method (Table 4.3, No
15). The less usage of PhBneop than 3 eqv. caused a decrease of the yield (Table 4.3, No
16 and 17).

Table 4.3. Optimization of solvent system of pd-catalyzed reaction with PhBneop

Pd,(dba);-CHCl;, %2,5
H(dba)z 3 /0 Ph

H o AsPh;, %23,5 Ph
™ j- ™
PrWOH + PhBneop (i-Pr),NH (2 eq.) Pr)\/Y\OH + PVWOH

O.II:I‘ImOl " " SOlvzeglti\gater 3aa  OH 4aa OH
Solvent/H20 PhBneop
No Solvent ToC t, hour(s) %3aa® %4aa
(mL) (eqv.)
1 THF 4/1 3 25 5.5 66 N.D.
2 THF 1/0.25 3 25 2.5 58 N.D.
3 THF 2/0.25 3 25 5 80 N.D.
4 THF 2/1 3 25 2.25 82 N.D.
5 DCM 2/0.5 3 25 5.2 36 N.D.
6 Toluene 2/0.5 3 25 5.2 50 N.D.
7 DMF 2/0.5 3 25 O.N. 65 N.D.
8 Isopropanol 2/0.4 3 25 O.N. 74 N.D.
g° Acetone 2/0.4 3 25 2 days 82 N.D.
10° 1.4-Dioxane 2/0.5 3 25 5.5 73 N.D.
11  Acetonitrile 2/0.5 3 25 O.N. 48¢ N.D.
12 DMES? 2/0.5 3 25 O.N. 76 N.D.
13 THF 2/0.5 3 50 <1 78 N.D.
14 THF 2/0.5 3 10 O.N. 83 N.D.
15¢ THF 4/1 3 25 3 83-76"  12°
16¢ THF 4/1 2 25 3.5 70 N.D.
17¢ THF 4/1 1.5 25 5 51 N.D.

aDetermined by *H-NMR using p-anisaldehyde as the internal standard. ®Isolated yield. °Not dried solvents.

0.2 mmol reactant. °Reactant was not consumed completely. N. D.: Not determined. 9The base is NEts.



An another type of organoboron ester, the pinacol ester of phenylboronic acid was

also reacted with alkenyl oxirane 1a. The reaction kinetic was slowed by this change and

the desired product was obtained with lower yield as 71% (Figure 2.2).

Ph  Pdy(dba)s-CHCl3, %2,5
H 4 AsPh;, %23,5 As Ph
(0] O’B >3
. + \O (i-Pr),NH (2 eq.) —
1a H 2a" 4 mLTI-;I;/ZCmLHZO 3aa OH
0.2 mmol 0.3 mmol Overnight 1%

Figure 4.2.The reaction of alkenyl oxirane with pinacol ester of phenylboronic acid

In the arylation reactions, catalytic effects of some of pd complexes were also
examined and it was observed that palladium acetate and w-allyl palladium chloride dimer
which are Pd(I1)-complexes were not effective as compared to Pd (0)-complexes. These
catalysts slowed the reaction for a full conversion of the reactant and the lover yields were
gained (Table 4.4, No 1 and 2). Non-solvent coordinated Pdz(dba)s complex showed a
lower catalytic activity than Pdz(dba)s-CHCI3 (Table 4.4, No 3 and Table 4.2, No 27).

Table 4.4. Arylation reactions of the vinyl epoxide 1a with various Pd-catalysts

%S5 Pd, Pd-complex
AsPhj, %23,5 As

lPh
O—-B
H o \O
Prw +
H OH
la 2a

(i-Pr),NH (2 eq.) Pr = OH
2 mLTH;éOC;SC mLH,0 3aa  OH
0.1 mmol 0.3 mmol
No Pd T, hour(s) % 3aa®
1 Pd(OAcC)2 2 days 66
2 [PACI(C3Hs)]2 2 days 51
3 Pd2(dba)s O.N. 77

aDetermined by *H-NMR using p-anisaldehyde as the internal standard.

The table 4.5 includes the results of arylation reaction of the vinyl epoxide 1a with
various RBneop reagents. The method was effectively applicable to electron-rich
arylborons (Table 4.5, No 1-3 and 7-8) and 2-napthylboron reagent (Table 4.5, No 5 and
6). The desired product 3a was formed with these organoborons at high yields and
diastereomeric ratios. Although the ortho-substituted methyl, methoxy and 1-napthyl
organoborons substrates which are relatively sterically hindered reagents (Table 4.5, No
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2,6 and 8) slowed down the reaction rate, their performance from the point of allylic
substitution yield was more or less comparable to other isomers.

It was noticed that the organoborons having electron-withdrawing groups showed
a weak performance in the reaction. Longer reaction periods are required for complete
conversion of the vinyl epoxide with these reagents and moderate yields were recovered
with p- and m- substituted ones (Table 4.5, No 9, 10 and 12). A low yield was obtained
with a o-substituted electron poor organoboron reagent 2m (Table 4.5), No 11). This
reactivity difference might be resulted from in the less reactivity of the electron poor
organoborons toward transmetallation step with the intermediate of m-allyl palladium
complex.

The reaction with an alkenyl boron derivative containing a phenyl group resulted
in the formation of product at 80% yield and with relatively lower 10:1 diastereomeric
ratio (Table 4.5, No 13). On the other hand, alkenyl boron compound containing propyl
group showed lower activity and the product 3ap was formed at 30% vyield (Table 4.5,
No 14).

During a reaction with thiophenylboron ester 2r palladium black formation was
observed in first hour of the reaction and as a result the vinyl epoxide was recovered as it
is. (Table 4.5, No 15).

Table 4.5.Reaction of vinyl epoxide 1a with various neopentyl glycol esters

Pd,(dba);-CHCL;, %2,5
H o R.g-0 AsPhy, %23,5 As R R
PrWOH v 4 (i-Pr),NH (2 eq.) PrWOH N PrWOH
. H 4 mLTHF/1 mLH,0 OH
a 2 25°C 3 4 OH
0.2 mmol 0.6 mmol Overnight
No Boronester,2 Time, h Product, 3 3% (dn) Product, 4 4%
Me Me
Me
76
1 \@ 175 (>20) °
pr N OH Pr N OH
OH OH
2b 3ab 4ab
Me Me
75
2 J@\g 1.67 ’
(>20)
Me pr” N\ OH PN OH
OH OH
2¢ 3ac 4ac

(cont. on next page)
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Table 4.5 (cont.)
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12%
(>20)

74
(>20)
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(>20)
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(>20)
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(>20)
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Pr OH
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(cont. on next page)
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Table 4.5 (cont.)

F
F 23 F
11 @ 4 days
>
Pr/\%\OH (>20) PrA\%\OH
OH OH
2m 3am 4am
CF3 CFs
FaC 51
12 \©\g O.N. 20) 5
Pr 7 OH Pr N OH
OH OH
2n 3an 4an
Ph Ph
N2 = 80 AN
13 2 P (10:1) 7
Pr OH ' Pr N OH
OH OH
20 3ao0 4a0
Pr Pr
=
30 X
14 P 0. N. <1
e Pr/QY\OH (>20) Pr/\i\(\OH
OH OH
2p 3ap 4ap
S s
s N ) N \
15 Q—% O.N. ; -
Pr = OH Pr OH
OH OH
2r 3ar 4ar

0. N.: Overnight. N. D.: Not determined. Dr: Diastereomeric ratio.

Next, the substrate scope of the method was also surveyed over various alkenyl
oxiranes. The use of vinyl epoxide with phenyl group attached to the far alkenyl carbon
as the reactant in the reaction resulted in a complex mixture. Although the desired product
3ea compound could not be isolated, the simple substitution product 4ea was determined
to be 30% yield by NMR technique (Table 4.6, No 1). The reaction with DPEphos ligand
of 1e also did not alter the reaction fate at all (Table 4.6, No 2).

When the hydroxyl group was protected by methyl (1¢) and silyl (1d) groups, the
ratio of regio-selectivities of reactions were decreased (Table 4.6, No 3 and 4). It was
possible that the coordination of the oxygen containing group which was next to the
oxirane ring with the Pd-metal somehow influences the regio-selectivity on the reaction.
The reaction’s efficiency was not affected with by the presence of a methyl group at R:
and at Rs. Therefore, the yields of these reactions were obtained at high level (Table 4.6,
No 5 and 6).
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The reactant having an ester group at Ry led to only the formation of the simple
substitution product 4ha exclusively (Table 4.6, No 7). While the presence of a hydroxyl
group within R1 lowered the regio-selectivity of the process the methyl protection of this
group even further worsened the selectivity and lower total yields were obtained (Table
4.6, No 8 and 9).
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Table 4.6. The pd-catalyzed reaction of various alkenyl epoxides with PhBneop

Ph Pd,(dba);-CHCl;, %2,5
H o Rs II3 Ph3As, %23,5 As Ph R3R Ph R R
e R, o "0 (i-Pr),NH (2 eqv.) W 3 W 3
R1WR2 ’ 4 mL THF/1 mL H,0 R Rz ¥ Ry Rz
1 H 20 25°C 3 OH 4 OH
0.2 mmol 3 eqv.
No th Product 3 Product 4
' (yield%) (yield%)
Ph Ph
! ON PhWOH PhWOH
OH OH
3ea (N.D.) dea (30%)°
Ph Ph
2 ON Ph 7 OH Pr N OH
OH OH
3ea (3%) 4ea (12%)?
Ph Ph
3 ! pr N OBn PN OBn
OH OH
3ca (66%) 4ca (25%)
Ph Ph
4 53 pr N OTBDMS PN OTBDMS
OH OH
3da (65%) 4da (18%)
Ph Ph
5 15 MeWOH Me” N OH
OH OH
3fa (84%)* 4fa ()
Ph Ph
6 a7 pr N OH Pr N OH
OH OH
3ga (79%) 4ga (10%)
OH OH
7 2 days EtOZCN Pr EtOZC\/\)\ Pr
Ph Ph
3ha (-) 4ha (51%)
OH OH
8 6 HOWPr HOWPr
Ph Ph
3ia (51%)° dia (25%)?
OH OH
9 10 MeOWPr MeOWPr
Ph Ph
3ja (22%) 4ja (10%)

aDetermined by 'H-NMR using p-anisaldehyde as the internal standard.® The reaction was performed using
DPEPhos ligand (22.5 P).




In Figure 4.3, with the oxirane having fully alkyl groups, the reaction was resulted
in 65% isolated yield after overnight reaction period. And in figure 4.5, the reaction of
mono alkyl substituted oxiranes gave 44% isolated yield for 3ma and 16% isolated yield

for 4ma product.

Ph sz(dba)3-CHCl3, %2,5
| Ph;As, %23,5 As Ph

. X o ey B\O (i-Pr),NH (2 eqv.) I P
o KK 4 mL THF/I mL H,0 3ka
2a

25°
¢ yield: 65%

OH

3 eqv.

Figure 4.3. Syntesis of (E)-2-methyl-5-phenyloct-3-en-2-ol

The reaction also was tried on a cyclic structure. Conversely, the reaction with
3,4-epoxycyclohexene was complete in 1 hour, but a complex mixture was obtained

instead of the desired arylated product.

Pd,(dba);-CHCl;, %2,5
PhsAs, %23,5 As

0 Eh
+ 000 G-PoNH@eqv) | complex mixture
4 mL THF/1 mL H,0
11 2a

25°C

3 eqv.

Figure 4.4. The reaction of 3,4-epoxy cyclohexene

Ph Pd,(dba);-CHCl;, %2.5
o EI; Ph;As, %23.5 As Ph Ph
N i-Pr),NH (2 eqv. B Bu

N <LBu 070 (PONHQeqw) Bu)\/\(“ . BUA\)\(
1 4 mL THF/1 mL H,O 3ma 4ma OH

m 2a 25 OC . 0 OH . . 0

4h yield: 44% yield: 16%

3 eqv.

Figure 4.5 The reaction of (E)-2-butyl-3-(hex-1-en-1-yl)oxirane

64



CHAPTER 5

CONCLUSION

As a consequence, a new 1,3-substitution selective arylation reaction of vinyl
oxiranes was performed with aryl or alkenyl neopentyl glycol boron esters in the presence
of triphenyl arsine ligated tris(dibenzylideneacetone)dipalladium (0) chloroform adduct.
The products were obtained with highly diastereomeric ratios

The advantages of reaction are the applicability at room temperature, the use of

various stable boron esters in aqueous medium.

65



REFERENCES

Backvall, J.-E., E.S.M. Persson, and A. Bombrun. 1994. “Regiocontrol in Copper-
Catalyzed Cross Coupling of Allylic Chlorides with Aryl Grignard Reagents.” J.
Org. Chem. 59 (15): 4126-30.

Crotti, Stefano, Ferruccio Bertolini, Franco Macchia, and Mauro Pineschi. 2009. “Nickel-
Catalyzed Borylative Ring Opening of Vinyl Epoxides and Aziridines.” Organic
Letters 11 (16): 3762-65. d0i:10.1021/01901429g.

Dieter, R. Karl, Yaxin Huang, and Fenghai Guo. 2012. “Regio- and Stereoselectivity in
the Reactions of Organometallic Reagents with an Electron-Deficient and an
Electron-Rich Vinyloxirane: Applications for Sequential Bis-Allylic Substitution
Reactions in the Generation of Vicinal Stereogenic Centers.” Journal of Organic
Chemistry 77 (11): 4949-67. doi:10.1021/jo300304n.

Farthing, Christopher N, and Pavel Koc. 1998. “The Stereochemical Dichotomy in
Palladium ( 0 ) - and Nickel ( 0 ) -Catalyzed Allylic Substitution” 7863 (0): 6661—
72.

Guan, Yifu, Hongbin Zhang, Chengxue Pan, Jia Wang, Rong Huang, and Qilin Li. 2012.
“Flexible Synthesis of Montanine-like Alkaloids: Revisiting the Structure of
Montabuphine.” Organic & Biomolecular Chemistry 10 (19): 3812-14.
doi:10.1039/c20b25374g.

Hata, Takeshi, Rie Bannai, Mamoru Otsuki, and Hirokazu Urabe. 2010. “Iron-Catalyzed
Regio- and Stereoselective Substitution of I',6-Epoxy-A,B-Unsaturated Esters and
Amides with Grignard Reagents.” Organic Letters 12 (5): 1012-14.
doi:10.1021/01100022w.

Kacprzynski, Monica A., Tricia L. May, Stephanie A. Kazane, and Amir H. Hoveyda.
2007. “Enantioselective Synthesis of Allylsilanes Bearing Tertiary and Quaternary
Si-Substituted Carbons through Cu-Catalyzed Allylic Alkylations with Alkylzinc
and Arylzinc Reagents.” Angewandte Chemie - International Edition 46 (24): 4554—
58. d0i:10.1002/anie.200700841.

Kjellgren, Johan, Juhanes Aydin, Olov A. Wallner, Irina V. Saltanova, and Kalman J.
Szabo. 2005. “Palladium Pincer Complex Catalyzed Cross-Coupling of Vinyl
Epoxides and Aziridines with Organoboronic Acids.” Chemistry - A European
Journal 11 (18): 5260-68. doi:10.1002/chem.200500270.

Kus, Melih, and Levent Artok. 2015. “Palladium-Catalyzed Alkoxycarbonylation of
Conjugated Enyne Oxiranes: A Diastercoselective Method for the Synthesis of 7 -
Hydroxy-2,3,5-Trienoates.” doi:10.1021/acs.joc.5b00382.

Matthew, S C, B W Glasspoole, P Eisenberger, and C M Crudden. 2014. “Synthesis of

66



Enantiomerically Enriched Triarylmethanes by Enantiospecific Suzuki-Miyaura
Cross-Coupling Reactions.” J Am Chem Soc 136 (16): 5828-31.
d0i:10.1021/ja412159g.

Millet, Renaud, and Alexandre Alexakis. 2007. “Copper-Catalyzed Kinetic Resolution of
1,3-Cyclohexadiene Monoepoxide with Grignard Reagents.” Synlett, no. 3: 435-38.
doi:10.1055/s-2007-967945.

. 2008. “SimplePhos as Efficient Ligand for the Copper-Catalyzed Kinetic
Resolution of Cyclic Vinyloxiranes with Grignard Reagents.” Synlett 2008 (12):
1797-1800. doi:10.1055/s-2008-1077901.

Miyaura, Norio, Kinji Yamada, and Akira Suzuki. 1979. “A New Stereospecific Cross-
Coupling by the Palladium-Catalyzed Reaction of 1-Alkenylboranes with 1-Alkenyl
or 1-Alkynyl Halides.” Tetrahedron Letters 20 (36): 3437—40. do0i:10.1016/S0040-
4039(01)95429-2.

Ohmiya, Hirohisa, Natsumi Yokokawa, and Masaya Sawamura. 2010. “Copper-
Catalyzed ??-Selective and Stereospecific Allyl-Aryl Coupling between (Z)-Acyclic
and Cyclic Allylic Phosphates and Arylboronates.” Organic Letters 12 (10): 2438—
40. doi:10.1021/01100841y.

Polet, Damien, Xavier Rathgeb, Caroline A Falciola, Jean Baptiste Langlois, Samir El
Hajjaji, and Alexandre Alexakis. 2009. “Enantioselective Iridium-Catalyzed Allylic
Arylation.” Chemistry - A European Journal 15 (5): 1205-16.
d0i:10.1002/chem.200801879.

Selim, Khalid B, Yasumasa Matsumoto, Ken-ichi Yamada, and Kiyoshi Tomioka. 2009.
“Efficient Chiral N-Heterocyclic Carbene / Copper ( | ) -Catalyzed Asymmetric
Allylic Arylation with Aryl Grignard Reagents ** Zuschriften” 2 (I): 8889-91.
doi:10.1002/ange.200904676.

Selim, Khalid B, Ken-ichi Yamada, and Kiyoshi Tomioka. 2008. “Copper-Catalyzed
Asymmetric Allylic Substitution with Aryl and Ethyl Grignard Reagents.” Chemical
Communications (Cambridge, England), no. 41: 5140-42. doi:10.1039/b809140d.

Takeda, Momotaro, Keishi Takatsu, Ryo Shintani, and Tamio Hayashi. 2014. “Synthesis
of Quaternary Carbon Stereocenters by Copper-Catalyzed Asymmetric Allylic
Substitution of Allyl Phosphates with Arylboronates.”

Tortosa, Mariola. 2011. “Synthesis of Syn and Anti 1,4-Diols by Copper-Catalyzed
Boration of Allylic Epoxides.” Angewandte Chemie - International Edition 50 (17):
3950-53. d0i:10.1002/anie.201100613.

Trost, Barry M., and Matthew L. Crawley. 2003. “Asymmetric Transition-Metal-
Catalyzed Allylic Alkylations: Applications in Total Synthesis.” Chemical Reviews
103 (8): 2921-43. d0i:10.1021/cr020027w.

67



Ueki, Hisanori, Takashi Chiba, Takashi Yamazaki, and Tomoya Kitazume. 2005. “Highly
Regio- and Stereocontrolled SN2’ Reactions of Gem-Difluorinated Vinyloxiranes
with  Monoalkylcopper Reagents.” Tetrahedron 61 (47): 11141-47.
doi:10.1016/j.tet.2005.09.018.

Ucgiincii, Muhammed, Erman Karakus, Melih Kus, Giirkan Eray Akpinar, Ozge Aksin-
Artok, Norbert Krause, Sila Karaca, Nuran Elmaci, and Levent Artok. 2011.
“Rhodium- and Palladium-Catalyzed 1,5-Substitution Reactions of 2-En-4-Yne
Acetates and Carbonates with Organoboronic Acids.” Journal of Organic Chemistry
76 (15): 5959-71. doi:10.1021/j0200201r.

Whittaker, Aaron M, Richard P Rucker, and Gojko Lalic. 2010. “Catalytic SN2?7?7?-
Selective Substitution of Allylic Chlorides with Arylboronic Esters.” Organic
Letters 12 (14): 3216-18. d0i:10.1021/01101171v.

Yoshikai, Naohiko, Song Lin Zhang, and Eiichi Nakamura. 2008. “Origin of the Regio-
and Stereoselectivity of Allylic Substitution of Organocopper Reagents.” Journal of
the American Chemical Society 130 (39): 12862—-63. doi:10.1021/ja804682r.

68



APPENDIX A

'"H NMR AND BCNMR SPECTRUMS OF REACTANTS

69



0.

10.10.201503:02:50

Acquisition Time (sec) _2.5559 Camment ERM-STZ-PR-ENEPO-OH [ Date Sep 10 2015
Sep102015 File Name C:\Users\Erman\Desktop\ ERMAN\ERNM-STZ-PR-ENEPO-OH_20150910_01\PROTON_01 fidlfid
399.92 Nucleus 1H Number of Transients 32 Original Points Count __ 16334
Paints Count 16384 Pulse Sequence s2pul Receiver Gain 60.00 Salvent CHLOROFORM-d
Spectrum Offset (Hz) 24018408 Spectrum Type STANDARD Sweep Width (Hz) 6410.26 Temperature (degree C) 25.000
PROTON_01 VerticalScaleF actor = 1 &
1.0
0.9 4 - O
3 Pr
] OH
0.8 3
] 1a
07 4
. 06
- o
E o S
® 05 2
= ] o
E o
o0 4
< E
0.4 3
03 4
d &
1 o~
0.2 r~ -
] o
3 | oONo o~
] ey AN -
q fedi be [tele]}
0.1 3 2l e =
] q ¢ 7] 0
0 3
1.02 1.00 099 098 094 094 1.85 2.06 274
! ' L | i o g i ol
0% 0% 0Y 0RO (SN B AL SRR AU LTS RVTLTLTI LR LR BRIV TRUTRLITLAC N ERLERL JOSRLED EUIRUILER P A SO 8 I . B ) IR TR [ 0 I T R LT T T T T Y PR PSR O U TSR S LA AL U L R U G TR P ERUTLITLTLAT EUTL TR R ELTILIRU FIGTILILTY B ST
7.0 65 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0

Chemical Shift (ppm)
C:\Users\Erman\Desktop\ERMAN\ERM-STZ-PR-ENEPO-OH_20150910_01\PROTON_01



T.

10.10.201503:06:26

1.3107 Camment ERM-STZ-PR-EPO-OH l Date Aug122015
Aug12 2015 File Name C:\Users\Erman\Desktop\ERMAN\ERM-STZ-PR-EPO-OH_20150812_01\CARBON_01 fidfid
100.57 Nucleus 13C Number of Transients 256 Orignal Paints Count 32768
32768 Pulse Sequence s2pul Receiver Gain 30.00 Solvent CHLOROFORM-d
11061.5371 Spectrum Type STANDARD Sweep Width (Hz) 25000.00 Temperature (degree C) 25.000
CARBON_01 VerticalScaleFactor = 1 S §
o
r':. ~
1.0 oL
~
M~
E =
09 3 @)
TE Pr
1a OH
0.7 4
= 0.6
2
c =
s
=
o 05 4
E
o
] E
o
<
0.4
03 4 S
E Q 5 o =
@ o &
o 8 NG e
02 5 ST 8 &
3 @ S| 8 3
| |
0.1 4
0
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
144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)
C:\Users\Erman\Desktop\ERMAN\ERM-S TZ-PR-EP0O-0H_20150812_01\CARBON_01



¢l

12102015131801
b

i T ey S
| Froquency (M) 399.92 x
s g N o d I :
 SweepWadh () 641026 |
PROTON_01 VerticalScaleF actor = 1 it
1.0 4 0
3 /W\
i 3 FF OMe
B 1b
08 4
07 3
> 06 4
5 3
E
%:0.5- -
2 4 7
0.3 4
02 4
3 &e @ 83
T - 8858 o [e8rns8y Y
R r G §§-§:-Ee‘§si “LL"*"*’I "]"T—‘"‘" - /5
: ,
105 1.00 100 3820990.90 193
d d il o i g
e R b A R R R Y A VSR Y Sy Y R
Chemical Shit (ppm)

C:Wsers\Erman\Deskiop\ ERMANERM-STZ-ENEPO-OME_20150804_01\PROTON_D1



€L

1210.201513:21:26
1b

1.3107 Comment ERM-ENEPO-OME | Date Mar 162015
Mar 16 2015 Fike Name C-\Users\Erman\Desktop\E RMAN\ERM-ENEPO-OME_20150316_01\CARBON 01 fidfid
100.57 Nucless 13C Number of Transients 256 Original Points Count 32763
32768 Pulse Sequence s2pul Recaver Gain 3000 Solvent CHLOROFORM-d
11061.5371 Spectrum Type STANDARD Sweeap Width (Fz) 25000.00 Temperature (degree C) 75 000
CARBON_01 VerticalScaleF actor = 1 g o
~
1.0 4 ot
E /w\ k\
094 Pr OMe
i 1b
0.8 4
07 4
= 06
-
S 3
£ -
5 05 4 o
S 3 | -
t §

144 136 128 120 112 104 9% 8 80 72 e s 48 40 32 24 %6 8 0
Chemucal Shift (ppm)

C:\Wsers\Erman)Deskiop\ ERMANERM-ENEPO-OME_20150316_01\CARBON_01



17

ERM-STZ-PR-ENEP-OBN | Dste Jan 4 2016

CAUSERSERMANIGOOGLE DRIVE\ERMANERM-STZ-PR-ENEP-OBN 20160104 01PROTON 01 FIDEID
1H Number of Transients 32 Original Points Count 16384
200 Receiver Gain 50.00 Saivent CHLOROFORM-d
STANDARD Sweep Width (Hz) £410.26 Tempersture (degree C) 25000
PROTON 01 & VerticalScaleFactor = 1
1.00- o
e P’W
; o]
0.20- Ic ~—Ph
0,654
0.20-
0.75-
3 2
0.70; g
065+
0.604
b -
go.ss- 3
= £ S
3 0.504
-
0.45-
g E
0.40- 2
= o
0.35-
: &
0.30- s
0.25- i
- 82
0205 = R::g;“éa 882 o
"~ o o & -
0.15 8 A A P
] Tls S2es Tl et slS3 -
0.104 @ ? PP - o o g
- I~ J
0.054 p
o] Y
453 1.00 0.8 036 100 :.gzc-s:» 1.83 1.93 272
[ [ [ U O oWou 8] [t [
Vg Rk GE 6 4G & BE G SEEN S AL A URE 4 M S L@ET & @ Y 487 4 YER 4 DSF X D
Chemical Snift (ppm)



74

ERM-STZ-PR-ENEP-OBN | Date Jan 4 2016

CAISERSEERMANGOOGLE DRIVEEERMANERM-STZ-PR-ENEP-OBN 20160104 0T\CARBON 01.FIDFID

13C Number of Transients 255 Original Points Count 32768

<2ped Receiver Gain 3000 Solvent CHLOROFORM-d

STANDARD Swoep Width (Hz) 2500000 Tempersture (degree C) 25000

0.es

—1284
—_
[g)

0.80
075
0.70
0&S
0.60

0ss =

700

0.50
045

—137

040

Absaiute [rpansity
2

127 8

27

0.35

AS

0.30
0325

—1378

“1378

0.20 H

—73.3

0.15
0.10

0.0s

.05
0.10:

T T T TrrTTT T T LRAAREREEES mEzEs} T T YT T TrTeTT T T IRAARERERES T rrreTT

144 136 128 120 112 104 36 85 80 72 EA 56 43 0 32 24 16
Chemical Shift (ppm)



9/,

ERM-STZ-PR-OTDMBS | Date Dec 182015

CAUSERSEERMANGOOGLE DRIVEEERMANERM-STZ-PR-OTDMBS 20151218 OTWWROTON 01.FIDFID

iH Number of Transients 32 Ovigina! Points Count 16384

=
Pr'\A\/O /

1d

PROTON_O1 VerticalScaleFactor = 1

\—Si
N

=2l Receiver Gain £0.00 Sovent CHLOROFORM-d
STANDARD Swoep Width (Hz) 641026 | Temperature (degree C) 25000

084

%
07
f%(l?

1.03 1.00 1.101.10 101
e — d hd i

75 7.0 6.5

60 s 50 45 40 35
Chemical SR (ppm)



Ll

Abscute rsansity

0.75
070
065
0.60
o 55'
0.50
0.454

13107 Comment ERM-STZ-PR-OTDMBS | Date Dec 18 2015
Dec 18 2015 Flle Name CAUSERS\ERMAN'GOOGLE DRIVEERMANERM-STZ-PR-OTDMBS 20151218 O1'\CARBON 01.FID\FID
100.57 Nuclous 13C Number of Transients 512 Original Points Count 32768
32763 Puise Sequence 20l Receliver Gain 30.00 Solvent CHLOROFORM-d
11061.5371 | Spectrum Type STANDARD Sweap Width (Hz) 25000.00 Temperature (degree C) 25000
(CARGON_01 VerticalScaleFactor = 1
\ o
Pr
B o A A
\—Si”
1d b
o
b
o™~
-
o - §

T LEARA | T T
128 120 112 104

T T T T T T T T T T T T T T T T T T
& 72 64
Chemical Shift (ppm)

@
I
@
IS
(=}
i
(9
=
&
-
-
o



8.

Ansaiube Irtansity

1.00-;
D.55+
D.m:
D.ES-

D.ED-

075+

255G Commant ERM-PH-ENEP-OH [ Dta Jan 16 2016
Jan 18 2016 File Mame CAUSERSIERMANGOOGLE DRIVEERMANERM-PH-ENEP-OH 20180118 01WPROTON 02 FICWEID
i) 3092 Aictas 1 Mumnber of Translents 8 Ol Poinis Count 16384
16184 Puise Seguance 52l Raceiver Gain 60.00 Sofvent CHLOROFOR K-
2300 5020 Specrum Type STANDARD Swwep With (Fiz] £410.26 | Tamnarature fdagres C} 25000

Chemical STt {ppm)

" (=]
FROTCN_02 VerticalScaleFactor = 1 S
- O
E Ph‘\/ﬂ_
I le OH
&
bt - i
L) o Ll
4 i
b5 1 =]
iy o
b
0es 0a3
Ll Ld
6.5 6.0 55 50 45 40 35 3o 25 20 15 1.0 0E o




6.

Acguisifon Time fsec) 1.3107 Covrimenat ERM-PH-EMEP-CH | ety Jan 18 2016
Date Stamp Jan 18 2016 File Name CHUSERSERMANGOOGLE DRVEIERMARERM-PH-ENEP-OH 20160118 OTWCARBON O2.FICAAD
| Fresquancy (i) 100,57 Mot 130 Number of Transisnts 512 Oiriginal Points Coudt 32768
Poimis Count SITER Pulss Segusnce s2pul Receiver Gaim 3000 Solvens CHLOROF DR
Speciuvm Offeel (Flr)  11061.6371 Spectrum Tipe STANDARD Sweer W (Fir) 2500000 Temparature (degree C) 25,000
- P
CARDON_12 VerticalScaleFactor = 1
1.0 0
PH <
[1K-] le Lo
0.s
0.7
0.&
=
2
£ o0s
2
=)
2 o4
2 04 =
P
T -
0.3 ik b
B b = |
¥ i
0.z ' [
-]
s
a4 T
a
01
160 152 144 136 128 120 112 104 a6 a8 80 T2 -5} 55 45 40 32 24

Chemical Shitt {ppm)



08

Acguision Time (sec) 2 EG58

D

ERM-STZ-ME-EMEP-0H

[ Dt Wy 31 2016

Mawy 31 206

File Namer

FAUNTITLED FO

DERERM-STZ-ME-ENEP-CH_201&0531 O\PROTOMN 02 FICWFID

| Frequency (i) 335,92

MNuckaus

1

ANumber of Transients 8

Oiriginad Polnts Count 16384

Poimis Count 16354

FPulse Sequance

s2puil

Recaiver Gain 6000

Solvens CHLOROFOR M-

Speciuvm Offeel (Flr) 2800 (146
PROTON_D2

0,904 WOH
065 1f

DLE5

Ansaiube Irtansity
g
2

=]
W
T2T

Specium Type

STANDARD

Swean Width (Hr) G410 26

Tamparature (cegree ) 25,000

VerticalScaleF actor = 1

a0
| 594

| 598
5 o

o

"
3.

L

1M 104 099
b Ll

45 40 s
Chemical Shift jppm)

o
-

174

174

178

.00

0&2
L

25 20 1.5




18

Acguisifon Time fsec) 1.2107

Date Stamp
| Frequency (i)

ERM-STZ-ME-ENEP-OH

[ orare My 31 2016

FAUNTITLED FOr

DERERM-STZ-ME-ENEP-OH 20160851 01WCARBON 0. FIDWFID

15C

Poimis Count

2wl

Aumber of Transients 256

Origuinal Poivts Cowat 10768

Racaiver Gain 30.00

St CHLOROFORM-d

Spectum Offeel (Fe)  11061.5371

Spectrum Type

STANDARD

Sevean Width (H) 25000.00

Tevmparatune fdegree CF 25 (00

1.00-

CARSON_O1

o
e AP OH
1f

1325

136 123

VerticalScaleF actor = 1

1.3

50

80 72 ]
Chemical Shitt {ppm)

558

43 40

[
[£]
ra
I




8

Poimis Count

Spectrum Offeel (Fr)

Ansaiube Irtansity

DLE5

D.50+

D45+

D.40+

0.354

0.30+

D225+

2 BELS o

Ermi-Ske-pr-anepo-dime

[ Dt

Jun 1 20196

Jun 12016 File Mame

FAINTITLED FOLDERIERM-STZ-PR-ENEPCO-DIME 20180601 01WROTOMN 01.FIDWFID

F35.92 M uchrs

Numrber of Transients 8

16384 FPulse Sequence

S2pul

Fecaivar Gain B0.00

Oiriginal' Points Cowrt 16384

Solvens CHLOROFORM-

2350 B0

Spactrum Tiyoe

STANDHWARD

Swean Width (Hr) B410.25

PROTON_01 VerticalScaleFactor = 1

/\/\/d?/](
= OH

1g

7 o
581

118

318

i

| Tewmpearture (dagree C) 25,000

.34
128

143

r2a7
—208

Aan
—1.75
_~1.45

0]
04

75 7.4 E.5 &a.0 85

L&

45 40 s 30
Chemical Shift {ppm)

ra
et
Fa
1
b
g
Loy

25 21

=
n

151

_~182
]

[




€8

Acguisifon Time (Sec)

1.3107 Covirmeal

BT SLE-[r -y

[ Date

Jun 1201

Date Stamp

Jun 12016 Fiile Name

FAUNTITLED FO

DERERM-5TZ-PR-ENEPO-DIME 20160601 O1NCARBON 01 FICAFID

| Frequency (i)

Nuckeus

13C

Nember of Transisnts

256

Ol Poirwis Couatt 13768

Poimis Count

Puise Saguance

2y

Racwkar Gair

A0.00

Sl CHLOROFORM-d

Specivm Offeel (Fir)

11061.6371 Spectrum Tipe

STANDARD

Sweapy Wickh (Hz)

25000.00

Tempeature fdegres C) 25 000

CARSON_O1

1.00-;

Ansaiube Irtansity

5

)

VerticalScaleF actor = 1

ﬂMJ%H

1g

—1282

—110

] ED

A4

54

Chemical Shitt {ppm)

146

—248

189

138




1.00

085
030
0.8s
0.80
0.75
0.70
065
0.60

o o
a8 &

Absdute reansity
o
&

0.40
035
0.30
025
020
0.15
0.10
0.05

8

2 5559 | Coamment YB-30-reactant Date Aug 182016 | Date Stamp Augy 18 2016
DAYB-30-REACTANT 20160818 O1PROTON 01.FIDFID Froguency (MHz) 293,92 Nuclous 1H
18384 | Paints Count 16384 Pulse Sequence <2pul Rocaiver Gain 5400
Offset (Hz)  240003% | Spectrum Type STANDARD | Sweap Width (Hz) 6410.26
PROTON_C1 VerticalScaleFactor = 1 §
(o}
k/\?}\
~0 Pr
1h ©
o
<
® &8
& T )
S 5
X
-
o
3 o
3
3 ©
a8 5 &3 L)
et ! Re® 82 et &
& 77 T8 33 ?
| L B
1.0 1.0 21 1111 43 31 32
[ [ i ol et L
T T T T T T T T T T T T T T T T T T T T T T T T o] I T L I T I
2.0 75 70 65 6.0 55 50 45 40 s 30 25 20 15 1.0 05 [

Cnemical Shift {ppm)



G8

Acguisivon Time (sec) 1.3107

Numbar of Transisnis 256

| Cormman YE-030reacint

Diater

Ay

72018

Darter Stamy

A 17 2016

DA B-0G0-REACTHT 2060817 OWCARBON 01.FIDWFID

Frogusncy (&)

100,57

Auckaus

130

[ Original Points Couns 32758 | oimts Court 32768

Puise Seguence

S2pui

Recaiver Gai

CHLOFEOFORM- | Spacirum Offel (FHr) 11081.6371

AR SO | FRENARY

1.00-;

CARSON_O1 VerticalScaleFactor = 1

0
O
/“HG.-J'I\\-,"/"\L;‘H.F,F

1h

1235

—1857

230 =20 210 200 120 180 170 1E0 150 140 130 120 110 100
Chemical Shift {ppm)

1]

Spacium Tvpa

a0

STAMDARD

30.00

Swinay Width (Hz)

25000.00

13

—5.3

41

3.4

30

14.2

L1338




98

Acguision Time (sec) 2 E55% Sl
Date Stamp Jun 15 2016 File Namer
| Frequency (i) 335,92 Nuckws

Poimis Count 16354

Spectum Offeer (fr) 2399 5120 | Spectrum Tipe
PROTON_DIM VerticalScaleF actor = 1

Ansaiube Irtansity

DLE5

D.50+

D45+

D.40+

035+

0.30+

D25+

etz -ohohienepr-tne

[ st Jun 16 2016

CAISERSERMAN

\DESKTOPYWETERM-STZ-OHCHZENEFPR-TMZ 20160615 01WFROTON (. FICAFID

1H

Number of Transients 8

FPulse Seqoance

s2puil

Recaivar Gain B0.00

O Podmés Cownt 16584

St CHLOROFOR M-

STANDARD

o
Ho ™~y
1i

T M

Swvaep Width (Hr) B410. 26

Tevmparatune fdegree ©F 25,000

10 20

b [

55 50 45
Chemical Shift (ppm)

40

35

156

okl

e F]

)]

3D 25 20 1.5 1.0 a5 0




/8

Acguisifon Time fsec)  1.3107 St errrs i -chehlensnpr-tme | Omle Jun 156 208

Date Stamp Jun 15 2016 File N FEOWETERM-STZ-OHCH2ENEPPR-TMZ 20160615 0TWCARBON 01.FICKFID

| Fnsuenncy () 100.57 Mucious 13C Mumber of Transierts 256 Origina’ Podnts Cownt A2THE

Podmis Count SITER FPluilse Sequence s2pul Recaiver Gain 0.0 Solvent CHLOROFOR M-

Specium Offeer (Flr)  11061.6371 Spectrum Tipe STANDWAD Swoap Wiarh (Fr) Z5000.00 Tevmpevaiure fdegres C) 25000

1,00 FARSON_0 VerticalScaleFactor = 1

[eR-h 0
.20 f"‘mmﬂ“QH

D.ES- 1i

o
8
il 4

D45+

D.40+ =

Ansaiube Irtansity

0.35+

0.30+

D25+

— 20
—57 9

D204

—13a

015+

010

D05+

0.0

010

136 128 120 112 104 9 B3 EQ T2 54 56 43 41
Chemical Shitt {ppm)

£
k3

24

192

139




88

Acguisifon Time (Sec)

Covanmeat

ERM-STZ-MeDENEPFR

[ orate

Jun 17 2016

Date Stamp

File Name

FAWETVERM-STZ-MEQENEPPR 201680617 01WCARBON 0. FIDVFD

| Frequency (i)

Nucisus

13C

Negmebar of Transisats

256

Origing/ Pt Count

I27EE

Poimis Count

FPuise Seguance

S2pui

Recekar Gain

30.00

Solvamnt

CHLOROFORM-d

Specivm Offeel (Fir)

110616371

Specirum Tvpe

STANDARD

Snman Wil (Hr)

25000.00

Tompevatune (degres &} 26000

1.00-

D55+

Ansaiube Irtansity

CARSON_O1

VerticalScaleF actor = 1

PP
1]

112
0.5
i

-1

581

136 128 120 112 104 96 38 ED T2 £ =) 43 40

Chemical Shitt {ppm)

[=]

3

139

18.2




68

Acguision Time (sec) 2 EG58 Comment ERM-STZ-MeDENEFPR | Diater Jun 17 2096

Date Stamp Jun 17 2016 Fiile Mame FANWETERM-STZ-MEQENEPPR 2080617 J1'PROTOMN 03.FIDWFID

| Fnsuenncy () 092 Ml aH Nomber of Transionfs 8 Original Fodnts Courd 16384

Points Count 18384 Puiss Ssquence s2pul Recaiver Gair 60,00 Sofvant CHLORDFORM-d

Spectrum Offsel (Fiz) 2390 B0 Spectrum Tipe STANDARD | Sweep Width (hz) B410.26 | Temparsture fHegree £) 25.000

334

PROTON_03 VerticalScaleFactor = 1

B ng
E 1j

075+
0.704
D.ES-
D.ED-

0.55+

Ansaiube Intansity

(=]

g2
394
393
|asz
L8z

154
1.53
1.53

53
49
— &5

5 00
L]

.85

Lia7
Y45
AT
=193




06

Acguision Time (sec) 2 EG58

Comvmen

ERM-STZ-PR-EMEPO-DIME-2 [ ate

Jun 10 2016

Jun 10 2016

File Nawme

FWET\ERM-STZ-PR-ENEPO-DIME-2 2060610 (1P ROTON 01.FIDAWFID

| Frequency (i) 335,92

Poimis Count

Mucleus

iH Number of Transients 8

16354

Puise Sequence

sl Rocaivar Gain B0.00 St

O Piodngs Coumt

plex

CHLOROFORM-d

Spectum Offeel (Flx) 2350 G000

075+

D.70+

D.E5-

D.ED-

DLE5

Ansaiube Irtansity

PROTON_ M

Spectrum Tioe

Swoao Width (Hzj 5410.25

O

ff“\ufdkar”q1f’
1k

VerticalScaleF actor = 1

533
L585

raed

3

El

—318
R[]

Tampevaiiire (doagree &) 25 000

ooy 208

75

@

= R
&

n

o

—
La !’{
L-r‘.‘u 2
E

50 45 41 35 30 Z5
Chemical Shift {ppm)

128

3

—a

083

UL
[ .i"
2foz2m03ke aar
[ |
5 10 Ls 0




16

Acguisifon Time fsec) 1.2107 Gl

Date Stamp
| Frequency (i)

SLz-pr-eneno-clrme

[ Dt Jun 12016

File Name

FWETERM-STZ-PR-ENEPC-DIME 20160601 0TVCARBOM 01 FICKEID

Nucisus

13C

Newmber of Transieats 256

Ciriginal Points Count 13768

Poimis Count

FPuise Seguance

s2pnl

Recekar Gain 000

Solvent CHLOROFORM-d

Spectum Offeel (Fe)  11061.5371

Specirum Tvpe

STANDARD

Snman Wil (Hr)

2500000

Tamperaiure (degroe C)

25,000

1.00-;

Ansaiube Irtansity

CARSON_01 VerticalScaleFactor = 1

,/“m/\x/ﬁ'lf
1k

—i282

1375

124 135 128 120 112

&8

80 72
Chemical Shitt {ppm)

id4

54

40

o
I

48

222

24

—1a9

i

118




6

Absoiute Irtensity

ERM-STZ-CYCEPOQ | Date Feb 12016
CAUSERS\ERMAN\GOOGLE DRIVEERMANERM-STZ-CYCEPD 20160201 01\PROTON 01.FDFID
I Number of Transients 8 Original Points Court 16384
5200 Roceiver Gain 80.00 Solvent CHLOROFORM-¢
STANDARD Swoep Width (Hz) 841026 | Tempersture (degree C) 25000
1.005PROTON D1 VerticalScaleFactor = 1
0.857
i (0]
0.90: =
0.55- A
0.804
0.75- 1l
0.704
0.654
0.60- a8
: L7
0.55-
i ¥
0.50- T:ﬂ
0.454 8
; )
0.40- o
¥ ™|
0.35- 5 Ya &
z — ;z_‘?
0.304
0.254
0.204
0.15-
0.10-
0.054 L L
A M AR S PR LUP PR
o 3 e
100 D38
L
T T T T T T T L] 1 T T T T L L T U Ll T I 1)
80 75 79 65 s 4s 40 35 30 05 0

Chemical Shift {ppm)




Acguisifon Time (sec)

1.3107 Covmmenat

ERM-STZ-CYCEPD

[ st Feb 12018

Date Stamp

Faliy 12016 File Name

CALUSERSERMANGOOGLE DRIVEIERMARERM-STZ-CYCEPD 2060001 01WCARBOMN 01 FIDWFID

| Frequency (hifz]

100.57 Nuckeus

13C

Neumber of Transieats 258

Orfipine Pty Counf 52768

Poimis Count

SITER Purlss Seguesnce

s2puil

Receiver Gaim 3000

Sokvant CHLOROF OiRf-dl

Spectrum Offeel (Fr)

11061.6371 Spectrum Tioe

STANDARD

Seveey Wiokh (Fir) 2500000

Tampwature (degree &) 25000

1.00 JCAREION_01

085,

0.50+

Angaiube Irtansity

€6

VerticalScaleF actor = 1

0

i
1l

1331

1731

136 128 120 112

104 3E

38 ED T2 £4

Chemical Shitt {ppm)

—X 6

20

o




6

Absciute reansity

1.00

055
0.50
0.8s
0.80
0.75

P P P 0 0 0 0
& & 8 0 8 & a

035
0.30
025
0.20
0.15
0.10
0.05

25550 [ Comment ERM-STZBUENEPBU Date 14 152016 __| Date Stamo 14 192016
FAERM-STZ BUENEPBU 20160718 OTPROTON 01 FIDFID Froguency (M) 092 Nuclous 1H
18384 Points Count 16384 Puise Sequence s20ul Receiver Gain 60.00
Spectrum Offser (Hz) 240040680 | Spectrum Type STANDARD Width £410.26
EROTaN 01 VerticalScaleFactor = 1 a
= 9 Bu
BUW g
im
2
59
B
58 5
o 1]
© 8 = ® 2 i) 8
N (‘f‘ SR®Prvow I
~ lﬂﬁ o PR et =) 1
] L 1‘ s
~/ - ’ AR } K.
11 11 10 10 23 107 56
S sl e g b Rkt i
DS & Gzl ¥ RS N GeF A I8S M- 8O o C&ST P Mg % 38 30 25 20 15 10 05 0O

Chemical Snift {ppm)




G6

Acguisifon Time (Sec)

1.3107

ERM-STZ-BUEMEFPEL

[ Dae

Jul 19 2016

Date Stamp

Jul 18 2016

FAERM-STZ-BUENEPBL 20180718 0TCARBOMN 01 FIDWFID

| Frequency (i)

135

ANumber of Transiants 256

Origuine Poirts Cownt

Poimis Count

sdpal

Recaiver Gain 30.00

Sl

Specivm Offeel (Fir)

110616371

Spactrum Tipe

STANDARD

Swean Width (Hr)

Z5000.00

Tamparatine jdegres C

CARSON_O1

1.00-

VerticalScaleF actor = 1

; C
0854 BU““NL"{# Bu

050 1m

Ansaiube Irtansity

D.40+
0,35+
D.m:
025+

D20+

182 175

168 160

—1384

112

104

=] BS
Chemical Shitt {ppm)

&1

80 4

~atg

120

310

—28.0

222

14

Liaa




APPENDIX B

'"H NMR AND BCNMR SPECTRUMS OF PRODUCTS

96



L6

This report was created by ACD/NMR Processor Academic Edition. For more information go to www.acdlabs.com/nmrproc/
10.10.2015 04:47:06

25559 Camment ERM-ENEP-138-1 3 [ Dae Sep 42015
Sep 42015 File Name C:\Users\Erman\Desktop\ERMAN\ERM-ENEP-138-1_3_20150904_02\PROTON_01.fid\fid
399.92 Nucleus 1H Number of Transients 32 Original Points Count 16384
16384 Pulse Sequence s2pul Recaiver Gain 54.00 Solvent CHLOROFORM-d
2399.5020 Spectrum Type STANDARD Sweep Widh (Hsz) 6410.26 Temperature (degree C) 25.000
PROTON_01 VerticalScaleFactor = 1 %
1.0 3
0.9 H
E 3aa
08 4
0.7 4 P
] Pr OH
06 OH )
E 3 o
S 1
E
= P~
3 &
o o
2 /
z
o M~
3988 ¢33
) B o
W | —
E i
h.822.75 0.96 1.00 0.98 0.960.99 1.03 1.64 1.95 3.05 2.91
W [ ot [N I g i [ — [
W T 50 0 LR 0 0, O R0 50,0 R 00 A DL B B B SR [ P L (CERER LA AR T ] T T R L L L KV TR 0 B0 3 00 P D B P LB BT [ ) UL EELERSY [ LI Y T A R P 5 B T, TR FS P, .40 0 60 .50 B P [ B P (L SRS P N
6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0

Chemical Shift (ppm)
C:\Users\Erman\Desktop\ERMAN\ERM-ENEP-138-1_3_20150904_02\PROTON_01



86

This report was created by ACD/NMR Processor Academic Edition. For more information go to www.acdlabs.com/nmrproc/
10.10.201503:59:46

1.3107 Camment ERM-ENEP-138-1_3 [ Dae Sep 42015
Sep 42015 File Name C:\Users\Erman\Desktop\ERMAN\ERM-ENEP-138-1_3_20150904_02\CARBON_01.ficlfid
100.57 Nucleus 13C Number of Transients 256 Original Points Count 32768
32768 Pulse Sequence s2pul Receiver Gain 30.00 Salvent CHLOROFORM-d
11061.5371 Specirum Type STANDARD Sweep Widh (Hz) 25000.00 Temperature (degree C) 25.000
CARBON_01 genicaIScaleFactor =1
s
1.0 4 s
R
E 3aa
0.9
08 3 =
Pr OH
~
0.7 o OH
3 ol
.
= 08 =
B
c —
s
E w0
o 05 2 o
- [ o~
o
<
04
] & s
034 = © ©
5 o 8
4 x5 a |
o ™
0.2 0 $
0.1
0
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
144 136 128 120 112 104 9% 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)
C:\Users\Erman\Desktop\ERMAN\ERM-ENEP-138-1_3_20150904_02\CARBON_01



66

This report was created by ACD/NMR Processor Academic Ediion. For more information go to www.acdlabs.com/nmrproc/

10.10.20150443.12

ERMENEP-155-1 3

| Date Oct 62015

C\Users\ErmanDesktop\123ERM ENEP-155-1_3 20151006 02PROTON 01 fidid

1H Number of Transients 32 Orignal Paints Count 16334
s2pul Foecewver Gan 5800 Solvent BENZENE-d6
- STANDARD | Sweep Width (1) 6410.26 Temperature (dogree C) 25000
PROTONE01 VerticalScaleF actor = 1
1.0 3 &
o
3 |
09 -
-3 3aa
038
J >
07 3 Pr OH
.. 06 4
H
< B
£ 8 3
® 05 T i
s
[ x
< 5
04 4 2
i A
"~
034
024 @ o
3 seeeebb¥ions
gg? BBt isd
0.1
0 3 . e e =/
53831 1.06 1.15
bl bed [ et
rvry T T T LR | TrYTTT T T IAEAAS LELEE REEES BARES Y T T T TYTY YT TITTTY T vy T TYrTY T
70 65 6.0 55 50 45 40 3I5 30 25 20 15 1.0 05 0
Chemical Shift (ppm)

C:\WUsers\Erman\Deskiop\123\ERM ENEP-155-1_3_20151006_02PROTON_01



00T

This report was created by ACD/NMR Processor Academic Edition. For more information go to www.acdlabs.com/nmrproc/
10.10.2015 04:12:51

1.3107 Comment ERM-ENEP-155-1_3-C-BNZ [ Date Oct 62015
Oct 62015 File Name C:\Users\Erman)\Desktop\123\ERM-ENEP-155-1_3-C-BNZ_20151006_01\CARBON_01 fidfid
100.57 Nucleus 13C Number of Transients 512 Original Points Count 32768
32768 Pulse Sequence s2pul Receiver Gan 30.00 Salvent BENZENE-d6
11061.4873 Spectrum Type STANDARD Sweep Width () 25000.00 Temperature (degree C) 25.000
CARBON_01 VerticalSealeF actor = 1
SRin
~ N
1.0 3 =5
b CARBON_01 N © <
] & &
0.9 4 T =
] 3aa
0.8 4

0.7 4 Pr OH

=
= 06 4
3
£ 2
2 X
3 05 I
2
3
2 ]
0.4
0.3
E <
@©
0.2 3 i
H
3 . ) .
4 ‘g 5 © < o =) @
01 3 8 T N B g T -
| [ I P~ ©
S . — .
0 i
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 T
152 144 136 128 120 12 104 9% 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

C:\Users\Erman\Desktop\123\ERM-ENEP-155-1_3-C-BNZ_20151006_01\CARBON_01




10T

This report was created by ACD/NMR Processor Academic Edition. For more information go to www.acdlabs.com/nmrproc/
10.10.201504:37:25

2.5559 Comment ERM-ENEP-155-1_1 I Date Oct 52015
Oct 52015 File Name C:\Users\Erman\Desktop\123\ERM-ENEP-155-1_1_20151005_01\PROTON_01 fid\fid
399.92 Mucleus 1H Number of Transients 8 Original Points Count 16384
16384 Pulse Sequence s2pul Receiver Gain 60.00 Solvent CHLOROFORM-d
2399.5020 Spectrum Type STANDARD Sweep Width (Hz) 6410.26 Temperature (degree C) 25000
PROTON_01 VerticalScaleFactor = 1 §
1.0 4
094 o 8
~ o
4 ¥ 4aa
0.8
07 3 AN
Pr OH
O OH

~0.91

Absolute Intensity
o
o
|

~-0.87

w0888
L
T Al / L
0.99 1.001.90 3.85
) H -4 H
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
7.0 65 6.0 55 5.0 45 4.0 35 3.0 1.0 05 0

Chemical Shift (ppm)
C:\Users\Erman\Desktop\123\ERM-ENEP-155-1_1_20151005_01\PROTON_01



400

This report was created by ACD/NMR Processor Academic Edition. For more information go to www.acdlabs.com/nmrproc/

10.10201503.49:58
1.3107 Comment ERM-ENEP-155-1_1 | Date Oct 6 2015
Oct 62015 File Name C:\Users\Erman|\Deskiop| 123\ERM-ENEP- 155-1_1_20151006_O1ICARBON 01 fidfid
10057 MNudeus 13C Number of Transients 2500 Original Points Count 32768
32768 Pulse Sequence s2pul Recever Gan 3000 Salvent CHLOROFORM-d
11061.5371 Spectrum Type STANDARD Sweep Width () 2500000 Tempersture (degree C) 25000
CARBON_01 VerticalScaleF actor = 1 S
2le
1.0 =
pa iy
3 4aa
09
3 S
03 3 Pr OH
3 H
07 4
> 064
"
s ]
z
35 05
3
2 —
04 4
©
] §
1
0.3 -

C:\WUsers\Erman\Deskioph 123\ERM ENEP-155-1_1_20151006_01\CARBON_01



This report was created by ACD/NMR Processor Academic Edition. For more information go to www.acdlabs.com/nmrproc/

€0T

10.10.2015 04:27:23
Acauisition Time (sec) _2.5559 Camment ERM-ENEP-155-1 1 [ Date Oct 6 2015
Oct 62015 File Name C:\Users\Erman\Desktop\123\ERM-ENEP-155-1_1_20151006_02\PRO TON_01.fidfid
) 399.92 Nucleus 1H Number of Transients 32 Original Paints Count 16334
16384 Pulse Sequence s2pul Receiver Gain 60.00 Solvent BENZENE-d6
m Offset (Hz) 24151443 Spectrum Type STANDARD | Sweep Widh (Hz) 6410.26 Temperature (degree C) 25.000
PROTOS.“‘ VerticalScaleFactor = 1
1.0 3
0.9 4aa
0.8 4
4 \
Pr OH
T OH
. 06
B
= -
§ ]
E
e 0.5
= ]
o
s 3
o
< ]
04
034
=
c858939Sgy
$o P06 Vg
—_—— %Ix,:i_A
PR
092 1.05 0.96 1.001.64 1.90 2.09 274
[ i 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
7.0 65 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 05 0

Chemical Shift (ppm)
C:\Users\Erman\Desktop\123\ERM-ENEP-155-1_1_20151006_02PROTON_01



v0T

This report was created by ACD/NMR Processor Academic Edition. For more information go to www.acdlabs.com/nmrproc/
10.10.201503:42:22

1.3107 Comment ERM-ENEP-155-1_1-C [ Date Oct 62015
Oct 62015 File Name C:\Users\Erman\Desktop\123\ERM-ENEP-155-1_1-C_20151006_01\CARBON_01 fidfid
100.57 Nucleus 13C Number of Transients 5000 Original Points Count 327683
32768 Pulse Sequence s2pul Receiver Gain 30.00 Solvent BENZENE-d6
11061.4873 Spectrum Type STANDARD Sweep Width (Hz) 25000.00 Temperature (degree C) 25.000
CARBON_01 dicalScaleFactor = 1
oo
e~
0.16 3
0.15 3 4aa
0.14 3
0133 N
3 Pr OH
0.12 3
0.113
L
% 0.10 3
(=
5 3
=
5 0097
£ 3
2 0.08 3
= 3
0.07 4 o
E o
0.06 3
0.05 3
-
e}

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
144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

C:\Users\Erman\Desktop\123\ERM-ENEP-155-1_1-C_20151006_0 1\CARBON_01



G0T

o
8

Absciute reensity

Comment ERM-ENEP-207-1 3.-CDCL3 | Data Ao 52018

File Name DANMRYENIZERM ENEP-207-1 3-CDCL3 20160405 OTWROTON 01.FIDWFID

Nuclous 14 Number of Transients 8 Originel Points Count 16384

Puise Sequence s2pud Receiver Gsin 50.00 Solvent CHLOROFORM-d
Spectrum Type STANDARD | Sweep Width (#iz) 6410.26 | Tampersture (degree C) 25.000

PROTON 01 VerticalScaleFactor = 1 8
Pr N OH
OH 2
3ab 7
Ll 4
saagEE8iSsIas
EEL
155 13 1.02 1.03 1.05 1.050.98 0.99
[ — e L
COEm Y BEe S B ¢ B S BB 4 A& 4 Al Y S35 . % iaf

Chemical Snift (ppm)



90T

Acguisison Time (sech
Date Stamp
| Froquency i)

1.3107 Commenat

ERM-ENEF-207-1 3-CDCLY

[ Date

Apr 52016

Age 5 2018 Fiily Name

ConMRYENIRERM-ENEP-207-1 3-CDCLS

20160405 ONCARBCN O FICWFID

100.57 Necious

13C Number of Transients 256

Poirts Covnd

TR Pulss Sequence

i/ Podimis Cowl

JZTEE

pnl Racaivar Gain 30,00

Solvant

CHLOROFORM-d

Snecirym Ol (He)

11061.5371 Spacirum Tyos

STANDARD

Swaan Wiadh (r)

25000.00

Tampavatuns fdegree C} 26 000

Aldute | e nsity

1.00

085

080

DLES

0LED

(1E)

0.0

045

040

0.3s

030

152

caRsON_01

142

—141.3

VertigalSealeFactar =

J

4

g7

CARBOH

137.7

g T

—1

136 128 120

|

1

Pr N NoH
OH

3ab

o1

112 104 =13 ES

80 72
Chemical Shift {ppm)

J6S

479

4]

37.8

£
k3

24

0.7

210

140

a




0.457

Absoluse Inten sity
o
8

0.40-
0.357
0.304
0.25
0.20
0‘15:
0.10-

0.054

L0T

Time (sec) 25558

| commant

ERM-ENEP-207-1 3

Date

Ape 52016

Ao 52016

VerticalScaleFactor = 1

PROTON_D1

Pr

3a

7 08

703

?074‘ 16
7.01

N_01.FID\FID

Froquency (MHz)

File Name DNMRYENIZERM-ENEP-207-1 3 20160406 01WROTO
Number of Transients 8 2

Points Count 16384

359.92

Puise

Z OH
H
b

Spectrum Type STANDARD

uise Sequence  s2pul 0 |
Sweap Width (Hz) 8410.28

-
o

Receiver Gain 52.00

Tampersture (degree C) 25.000

0.8

A 40 . 38
Chemical SNt (ppm)

30 25

@
o
w
o



Absaiute Irtansity
o
&

1291

Comment ERM-ENEP-207-1 3 | Date Ao 52016
File Name DANMRYENIZERM-ENEP-207-1 3 20160405 01\CARBON 01.FIDFD

Nuclous 13C Number of Translents 256 Original Points Court 32763

Pulse Sequence S2pnd Receiver Gain 3000 Solvent BENZENE-d6
Spectrum Type STANDARD | Sweep Width (Hz) 2500000 | Temperature (degree C) 25.000

rticalScaleFactor = 1

CARBON_01

—129.1

——1281

80T

80

TrrTTT
7

Chemical Shift {ppm)

48 32



60T

ERM-ENEP-207-1 1

| Date A 52016

CAUSERS\ERMA

Nucleus M

WDESKTOP\EFE\ERM-ENEP-207-1 1 2016

0406 01\PROTON 01.FID'FID

Number of Transients 8

PROTON_D1

o
~
~

Receiver Gain 60.00

[ Original Points Count 16384

Saolvent CHLOROFORM-d

wiso Sequence s2pd |
Spectrum Type STANDARD
VerticalScaleFactor = 1

Pr

4ab

[ Swoap wicth (r4z) 641026 |

| Temporature (degree £) 25.000

232

088

0.00

45 40 = 35 30 25 20 15

Chemical Shift {ppm)

o




ERM-ENEP-2121 3.CDCL3 | Date May 32016
FAUNTITLED FOLDERERM-ENEP-212.1 3-CDCL3 20160603 0TWROTON 01.FIDFID
1 Number of Transients 8 Oriiginal Points Count 16384

<2l Roceiver Gain 50.00 Solvent CHLOROFORM-d
STANDARD Sweep Wickh (Hz) = 647026 | Tempersiure (degree C) 25000

VerticalScaleFactor = 1 3

PROTON_D1

0388

¥ OH
0.90+ / OH

pr 3ac

o
s
—G.96

07T

—717

7o
a4

IT24

s
589
587
587
tSGS
585
r546
45
a4
42
40
540

o3

? -

e & & TL Ldz ‘
L s

356
319

s ™
- P

oy
i 5
1.0

Chemical Shift {ppm)

As: o Sa 3. 35 30




Iy

y

Absdute Irpansd

o
5]

o o o
o & &

o o o
8 B 8

1.3107 Comment ERM-ENEP-212-1 3-CDCL3 | paee May 32016
May 3 2016 File Name FAUNTITLED FOLDER\ERM-ENEP-212-1 3-COCL3 20160603 01\CARBON 01.FIDFID
100.57 Nucleus 13C Number of Transients 256 Ovigirsl Poirtts Court 32768
32768 Puise Sequence Sorud Recelver Gain 30.00 Salvent CHLOROFORM-t
11061.5371 Spectrum Type STANDARD Sweap Width (Hz) 25000.00 Temperature (degree C) 25.000
CARSON_01 VerticalScaleFactor = 1
8z @
Bx S
2 & & @
a
8 [ _OH
® ,:\ r
- /
Q," [ oH
Pr 3ac 5
. i
3
T X
2 &
5 L
2
B e
s
2 8
o
| 3 r
L
-
y

83

80 72
Chemical Shift (ppm)




4%

ERM-ENEP-212-1-3.BNZ | Date May 32018

CAUSERSERMANDESKTOPUNTITLED FOLDERERM-ENEP-212-1-3-BNZ 20160603 0TWWROTON 01.FID\VFID

1M Number of Transients 8 Original Points Court 16384

Recelver Gain 50.00 Solvent BENZENE-5

BN
STANDARD Sweap Width (Hz) 6410.28 Tomperature (degree C) 25.000
PROTON_O1 VerticalScaleFactor = 1 3

1.001 Me

o™

{88

—0.00

96 85 680 75 7D 65 60 55 ' SO 45 40 35 30 25 20 s 10
Chemical Snift (ppm)

]



€TT

This report was created by ACD/NMR Processor Academic Edition. For more information go to www.acdlabs.com/nmrproc/

1.3107 Comment ERM-ENEP-212-1-3-BNZ | Date May 32016
May 32016 File Name CAUSERSERMANIDESKTOPWNTITLED FOLDER\ERM-ENEP-212-1-3-BNZ 20160503 ON\CARBON 01 FIDFID
100.57 Nuclous 13C Number of Transients 256 Original Points Court 32768
32768 Puise Sequence s2pul Receiver Gain 30.00 Solvent BENZENE-06
11061.5371 | Spectrum Type STANDARD Wideh (Hz, 25000.00 Tempersture (degree C) 25.000
CARSON 01 VerticalScaleF dtgyis 1
3 5 carsogpr®
10 Me ~ %2
: g Lo
0.85- g Sl m -
3 Y o <
0.50+ o o
; OH ! !
o B> )| .
k OH
dio] 3ac
0.754
704
0.65
> 080
é 2
£ 0.551
2 0s0
3 ¢
2 0454
0.40-
0.35-

80 72 64 S6 4 40 32 24 15 8
Chemical Shift {ppm)

168 160 152 144 136 128 120 112 104 9% 88



v1T

ERM-ENEP-2121 1-CDCL3 | Date May 32016

FAUNTITLED FOLDERERM-ENEP-212-1 1-CDCL3 20160603 01WROTON 01.FIDFID
1H Number of Transionts 8 Oriiginal Points Count 16384
<2puil Rocolver Gain 60.00 Solvent CHLOROFORM-d
STANDARD | Sweap Width (Hz) 541026 | Tampersture (degree ) 25000
PROTON_D1 VerticalScaleFactor = 1 3
1.00
0.95:
0.90:
n_ss: ” WOH
o 4ac M 2
0.75 T
0.70:
0465:

8
"
o
2|7 2
! i
g 2 »838
o - rq
i | m
N . L = )
L’|
16 09 0e0s07
) e
T ' I T I o I T T T T T T T T T T
6.5 6.0 S5 S0 45 40 35 30 o
Chemical {ppm)



GTT

0.30

Absciute |reansity
o
8

0.05

ion Time (sec)  1.3107 Comment ERM-ENEP-212-1 1-CDCL3 | paee May 3 2016

May 3 2016 File Name EAUNTITLED FOLDER\ERM-ENEP-212-1_1.COCL3 20160603 01\CARBON 01 FIDFID
100.57 Nucleus 13C Number of Transients 512 Ovigirsl Poirtts Court 2768

32768 Pulse Seguernce <2rud Recelver Gain 30.00 Salvernt CHLOROFORM-4

11061.5371 Spectrum Type STANDARD Sweep Width (Hz) 25000.00 Tempersture (degree C) 25000
CARSON_01 VerticalScaleFactor = 1

—13488

—141 04

83
—1363

—21.4

—7432
—84 2

11t 0 O o i o] R o bbbl
k') 123 120 112 04 =) EsS Cnemlgnsnm "ppm?:? 64 56 48 40 32 24 1%

8



91T

0.155
0.10+
0.054

ERM-ENEP-18G-1 3-CDCL3

[ Date

Mar 30 2016

DAYENI NMRERM-ENEP-163-1 3-CDCL3 20160330 01WROTON 01.FID\FID

iH

Number of Transients

PROTON_D1

3ad

728

18

OH

OH

ulse Sequance <Dpd 00 |
Spoctrum Type STANDARD
VerticalScaleFactor = 1

Receiver Gain

B
6000

Original Points Court 18384

Solvent

CHLOROFORM-d

Sweep Width (Hz) 6410.26

| Tempevature (degree C) 25000

@
o~

Q.89

9
&

T T
45 40

Chemical Saim (ppm)

=




1.3107 Comment ERM-ENEP-193-1 3-COCL3 | pate Mar 30 2018

Mar 30 2016 File Name DAYENI NMRIERM-ENEP-193-1 3-COCL3 20160330 O1\CARBON 01.FIDWFID

100.57 Nuclous 13C Number of Transients 258 Ovrigirasl Points Count 32768

32768 Pulse Sequence s20u Receiver Gain 3000 Saivent CHLOROFORM-d
11061.5371 Spectrum Type STANDARD Wikith (H) 25000.00 | Tompersture {degree C) 25000

VerticalScaleFactor = 1

CARBON_(}

LTT

y

Absaute irpansd

0.58

o o o o
6 &5 & 8

B B3

e
o

0.10
0.05

-0.05;

—1422

137.

—135 7

—1263

1304

1259

112

SRR e
—1258

104

83

w

—730

&0 72
Chemical Shift (ppm)

Pr
3ad

&

56

—433

37.5

141




8TT

Comment ERM-ENEP-133-1 3 | pate Feb 112016
Feb 112016 File Name CAUSERSERMAN\GOOGLE DRIVE\ERMANIERM-ENEP-183-1 3 20160211 O1\PROTON 01.FDFID
390.92 Nucleus 1H Number of Transients B Originai Points Count 16384
16384 Puise Sequence Ewil] Receiver Gein 5000 Solvent BENZENE-E
23807119 | Spectrum Type STANDARD Swoep Width (Hz) 641026 =~ | Tempevature (degree C) 25.000
PROTON_D1 VerticalScaleFactor = 1 =

T
?
©
?
o~
o
?
D o0 % ,,@ 8;8
gg;;B'\hE” 8385 o P ® o2
= W9
1.00 1.0} 1.01 xgrnkﬁe 212 285
] e Ll 18] T u
L 7B, 4 &8 4 @D N &% so as 40 35 4 I 25 o2g




61T

0.454

Absdute |rsansity

0.40-

0.354

0.304

1.3107

ERM-ENEP-193-1 3

| pate Feb 122016

Feb 12 2016

CISERS\IERMANGOOGLE DRIVENERMANERM-ENEP-15G-1 3 20160211 O1'CARBON 01.FID\FID

100.57

13C

Number of Transietts 258

VerticalScaleFactor = 1

CAREON_D

——1204

s20ud

Recelver Gain 3000

Ovriginsl Points Count 32768

Soivent BENZENE-0f

STANDARD

Witth ) 25000.00

Tamparature (degree C) 25000

| 1265

Y——1264

p——125.9

Pr OH

3ad OH

—376

—435

—07

~195

—140

Chemical Shift {ppm)

@]

-




0¢T

2 5650 Comment

ERM-ENEP-193-1 1

| Date Feb 12 2018

Feb 12 2016 File Name

390.92 Nuclous

IH

CAUSERS\ERMANGOOGLE DRIVEERMANERM-ENEP-153-1 1 20160212 02PROTON 01 FIDWID

Number of Transients 32

18384 Pulse

PRATON_O1
[

718

2360 5020

2pul

Receiver Gain 60.00

Original Points Count 16384

Solvent CHLOROFORM-d

wise Sequence
| Spectrum Type STANDARD

Sweap Width (Hz) 6410.26

VerticalScaleFactor = 1

Pr

4ad H

OH

—5 64
863

59

| Temperature (degree £) 25000

58 50

45




1¢T

13107 Comment ERM-ENEP-193-1 1 | pate Feb 12 2016
Feb 12 2016 File Name CAUSERSERMANGOOGLE DRIVEERMANERM-ENEP-153-1 1 20160212 (2CARBON 01 FIDFID
100.57 Nucleus 13C Number of Transients 5000 Origine! Points Count 32768
Puilso Seguence s2pd Rocelver Gain 30.00 Solvent CHLOROFORM-d
| Spectrum Type STANDARD Sweep Width (Hz) 2600000 | Temperature (degree C) 25000
(CARBON_01 VerticalScaleFactor = 1
0.45 CARBON_01 S
o~
g
S
| ©
0.40 ;_v
=
Pr
- 4ad
0.30
F ol
4
£ 025
2
3
2
020
0.15
~
0.10 8 <
| = S ~
3 |28 - 3 i 2
- o7 m.. 1 2 g =
oy g8 [TYF [ 3 i g
T3 = ¥ |
g
e M N B . T
136 128 120 112 104 £ 88 &0 72 64 3 48 40 32 24 8 0

Chemical Shift {ppm)



¢l

Comment ERM-ENEP-200-1 3-CDCL3 | Date Mar 30 2016

File Narme DAYENI NMRAERM-ENEP-200-1 3-CDCL3 201680330 O1WROTON 01.FIDVFID
Nuclaus 1H Number of Transients 8 | Origirsal Points Count 18384
Pulse Seguance 2ved Receiver Gain 5400 Solvent CHLOROFORM-d
Spectrum Type STANDARD Swoep Width (Hz) 6410.26 | Tempevature (degree C) 25.000
PROTON_01 VerticalScaleFactor = 1 %
1.00-
A 0
-
0.855
; Z
0:£0 Pr OH
0753 3af ©OH
0.704
0.65-
0.604
F -
# p.ss @
g !
@ 0.504
- 2
3 pas- 2
- Bl o 7
0.40-
-ao
5 ~r 800 9 -
3583897 TLIIE] 258
8§ T2
i L ¥
1.00 1.01 0.83
L] T v T L T L] 1 L] 1 v 1 U 1
65 60 55 50 45 40 35 30 25 20 15 1.0 0s Q

Chemical Shift {ppm)



ectT

o
8

o
o

0.50-
0.451

Absaiute Ireansity

0.40

1.3107 Comment ERM-ENEP-200-1 3-CDCL3 | Date Mar 30 2018
Mar 30 2016 File Name DAYENI NMRVERM-ENEP-200-1 3-COCL3 20160330 O1\CARBON O01.FIDWFID
100.57 Nuclous 13C Number of Transients 256 Ovigirasl Points Count 32768
2768 Pulse Sequence s20u Receiver Gain 3000 Saolvent CHLOROFORM-d
11061.5371 | Spectrum Type STANDARD Sweep Width (Hz) 25000.00 | Tomperature {degree C) 25000
CARSON_01 VerticalScaleFactor = 1
o
-
=
o
o
: O
- - =
S = T
o |7 Pr OH
-8 3af OH
2 Y o
.- )
-
&
~
]
|
~
¥ CARBON 1
<" o~ T
o7 o
- 2] @ 2
g_& & 7
- )
g |8 3
e -~ o
! |
o
<
92
|
144 136 128 120 112 104 9% 88 30 72 54 5 43 4 32 22 15

Chemical Shift {ppm)




144"

o
&

Absciute reensity
e
8

[ Date

Chemical Shift (ppm)

Comment ERM-ENEP-200-1 3
Fie Name CAUSERS\ERMAN'GOOGLE DRIVE\ERMANERM-ENEP-200-1 3 20160224 0TWROTON (2 FIDVRD
Nucieus 1iH Number of Translents 64 Ovrigins/ Points Count 16384
Pulse Seguence 2yl Receiver Gain 52.00 Sovent
| Spectrum Type STANDARD Width 6410.26 | Temperature (degree C) 25000
®
<
~
L
B g
~ 5
| Lo
8 ~
b T
8
3 5r
Iy
=H | 83
o B L
e Y 4 oago?
~ ;3 oo BISHIT 99;;
T we D 50
[
L +
3fooks 298 123 1.00
S gy —1 (=]
T T T I T T T T L] 1 v T L 1 ' I T 1 1 v L)
75 85 €0 S35 S0 45 40 35 3.0 25 0s 4]



GZt1

Absaute Irtansity

1.3107 Comment ERM-ENEP-200-1 3 | Date Fey 24 2016
Fet 24 2016 File Name CAUSERS\ERMANGOOGLE DRIVEERMANERM-ENEP-200-1 3 20160224 C1'CARBON 01.FIDFID
100.57 Nucleus 13C Number of Transients 256 Original Points Count 32768
2768 Pulse Sequence <2pud Receiver Gain 30.00 Soivent BENZENE-§
11061.4873 | Spectrum Type STANDARD S Wideh (Hz, 25000.00 | Temparaiture (degree C) 25.000
1,00 JCARBON 01 VerticalScaleFactor = 1
0.96: CARBON _{ ‘
; Lo
- ™~
0,854 a8 Son o
E © T2 o
o 88 ¢ =
0.804 ] by | Pr OH
075 l | U L J 3af ©H
0.70-
0.65-
0.60-
0.55-
0.503
0.45
0.40-
0.35-
- o
-
"~
© @
o
-
[
TR s et g 4
T T T T T T T T T 1 L] ) L I Ll T L) 1 I
88 72 B4 43 40 2 16 £ 0

Chemical Shift {ppm)




9¢T

o
5

Absciute reensity
[
8

ERM-ENEP-200-1 1-DOGRU | Date Feb 24 2018
CAUSERS\ERMAN'GOOGLE DRIVEERMANERM ENEP-200-1 1-DOGRU 20160224 01\PROTON 02 FIDFID
1M Number of Transients 32 Original Points Count 16384

2o Receiver Gain 60.00 Salvent CHLOROFORM-d
STANDARD Sweep Width (Hz) 5410.28 Temperature (degree C) 25.000

Pr OH 8
OH T
4af
>
&
Y Y
2R
. 9lue
3o 2
y da e
i ’ %
o E-Jé 1ho
hed  Led
T T T T T T T T T T T
7.0 6.5 6.0 55 S0 05 ls)




LlT

Acguisivon Time (sec)  1.3107
Date Stamp Fuy 24 2016
| Froguency (i) 100.57

Poiris

Commenat ERM-EMEP-200-1_1-DIOGHL

[ Dt

Fals 24 2016

File Neame CALUSERSERMANGOOGLE DRNVEERMANERM-ENEP-200-1

1-DOGRLU 20160224 0TWCARBCHN On FIDAFID

Necisus 130 Mumber of Transients 500

Origine Points Courralt  2TEE

Ciovnt EITER

Fuilss Sogiimios S2pul Racaver Gain 30,00

Salvant

CHLOROFORM-d

Spacirmm OfSer (Hr) 11061 53

Spactrum Tine STAMDARD Swigan Wiath fir) Z5000.00

1.00

0.ses

0.=0.

045

Alsaiute | e nsity

040

0.3s

CARBOMN D1

—1388
—135.0
294 12585
1204
132
L1257

136 123 120 112 104

CARSON_O7 VerticalScaleFactor = 1

du bt .

—743
—a42
—5

a0 72 &4 5
Chemical Shift {ppm)

]
o
m
i

43

Tamparalors (degres C) 26 000

—=

i
|

[=]




8¢T

Comment ERM-ENEP-20G1 3 | Date Feb 20 2016
File Name CAUSERS\ERMAN'GOOGLE DRIVEEERMANERM-ENEP-203-1 3 20160229 CTPPROTON (2 FIDIRD
Nucious 1H Number of Translents 32 Ovrigins/ Points Count 16384
Pulse Seguence 2yl Receiver Gain 52.00 Sovent BENZENE-d8
| Spectrum Type STANDARD Width 6410.26 | Temperature (degree C) 25000
VerticalScaleFactor = 1 g
1.00-
0.5
0.50+ o
5 -
0.854
0.804 525
i Pr L. OH
0,704 Sag
D.654
0.604
= -
g 0.554
= i 8
g 0.50- )'\
E o
g 0.4 %
0.40-
0.35- .c':
1 >
0.304 -
025: 2 S - @ 2 3 38 ?
. Teany |
L w
0.20- I £y -
015: i &l “ g3 » f"j’ 3 o
¥ - s
; 3833 .Juz = L Y
- ©
0.10; 5 L ¥ B g 22 il
0.05-
0] A ; = s, '
085 088093 3.42 1.00 0.90 176 !.«gt 3\#
halic.. Nl b sl [ Lok
B5 o: SBOY & F5F ¢ @ 0 6§ ¥ 6l - KSE VW 48 40, -~ 35 ¢ M - 2§




6¢T

Acguisiton Time fsec) 13107 Cormmant ERM-ENEP-203-1 3 | Dater Fesy 29 2016
Date Stamp Fehy 25 2016 File Same CAUSERS\ERMANGOOGLE DRWVEERMANERM-ENEP-203-1 3 26020 0TWCARBOM 01.FIDWFID
| Frouency i) 100,57 [ 1ac Number of Transisnts 256 Original Points Courn 32768
Points Coont wI76A Pufss Sequence azpud Racaiver Gain 30,00 Sofvant BENZENE-
Spectrum Ofser (Hr) 11061 4375 Specirun Type STANDARD Swoeyy Width (Hz) 2500000 Temparsture (degres C) 25000
CARBON_O1 frticalScaleFactor = 1

120 112

] =] 72

54
Chemical Shift {ppm)




0€T

0.30
0.254
0.20-
DJS:
0.104
ODS:

25550 Comment ermenep191-1 3 | Date Feb 10 2016
Fet 10 2016 File Name CAUSERSIERMAN\GOOGLE DRIVEERMANERM-ENEP-191.1 3 20160210 01\PROTON 02 FIDFID
35582 Nuclous M Number of Transients 8 Original Points Courrt 16384
16384 Pulse Sequence s Receiver Gain 5400 Solvent CHLOROFORM-d
20006020 | Spectrum Type STANDARD | Sweep Width (Hz) 641026 | Tempersture (degree C) 25.000
PROTON_02 VerticalScaleFactor = 1 =
OMe
/
Pr OH
3ah
g B
8'r s
"
[
BBEZ8RYYICCTY
B uﬁi' RREEE DL
182 185 1.00 1.00 1.00 279120101 1.02 230 218 282
fol il s L [} TR W O Y Ramond [
LA R S B L/ s 500 o AT b Al Gt JAER S S3E N 28k @0 A g5 o 0

Chemical Shift (ppm)



Acguisigon Time (sec] 1.3107 Covmmeat erm-ensp-191-1 3 [ ate Feh 10 2016
Date Stamp Fed 10 2016 Fily Name CAUSERSERMANGOOGLE DRNVEERMANERM-ENEP-181-1 3 20160210 0NWCARBON O FIDAFID
| Froguency (i) 100.57 Niiciaus 130 Nprmber of Transients 256 Crigina/ Points Count 12768
Points Coginl TR Fuilss Saguence S2pui Recaiver Gain 30.00 Sokvant CHLOROFORM-o
Spacirnm OfSer (Hr) 11061 53 Spactrum Tine STANDARD Swaar Widh (FHx) 2500000 Tamparature (dagres ) 25 000
CARDON_D1 Yerbeals v e EITT
- vemcalacalgac.or 1 OMe
1.0 l
ﬂ L\-\-\q—
_,f
as
o e
Pr “’ﬁ}l_; OH
0.8
3ah H
@
o m
ar ,"! i
(3]
-] @ & =
06 o " kS
=
-} = -
2 05 § = 7
=
< 04
03 T
0z
a4
a
0.1
160 152 144 136 128 120 112 104 6 ES 20 T2 a4 =1 45 0 a2 24 18 o

T€T

Chemical Shift (ppm)




49

ERM-ENEP-191-1 3

| Date Feb 22016

CUISERSIERMANIGOOGLE DRIVEEERMANERM-ENEP-161-1_3 20160202 O1\PROTON C1.FID¥ID
1M Number of Transients 8 Original Poirsts Count 16384
204 Receiver Gain £6.00 Sovent BENZENE-d8
STANDARD | Sweep Width (Hz) 641028 | Temperature (degree C) 25000
PROTON_ 01 VerticalScaleFactor = 1 3
OMe
/
Pr OH
3ah OH
-
gEE8 I0B8
1.00 1.00
L d
T ' I ] T I T T 1 T T
7.0 85 €0 55 S0 45




€eT

0.35

0.30

e e
8 o

Absaute Irtansity

o
-
o

0.05

ERM-ENEP-161-1 3

Feb 22016

CAUSERSERMAN

MGOOGLE DRIVE\ERMANERM-ENEP-191-1 3 20160202 OT\CARBON 01.FIDWFID

Original Points Court

32768

BENZENE-6

1285

—153.3

13C Number of Transients 256
“2pul Receiver Gain 30.00
STANDARD Sweep Width (Hz) 25000.00
OMe
R
Pr OH
3ah H
(=]
e
T
-
T
112 104 o5 38 g0 72

Chemical Snift {ppm)

Tompersture (degree C) 25000

4TS5

—05 6

—54 4

—139




14

25550 Comment ermenep191-1 1 | Date Feb 10 2016

Fess 10 2016 File Name CAUSERSERMAN\GOOGLE DRIVEEERMANERM-ENEP-191.1 1 20160210 01\PROTON 04.FIDIFID

330.92 Nucious H Number of Transients 8 Original Points Courrt 18384

16384 Pulse Receiver Gain 60.00 Solvent CHLOROFORM-d

wise Sequence s
2350 5020 | Spectrumn Type STANDARD Sweep Width (Hz) 841026 | Tempersture (degree C) 25.000

100 gPROTON_0¢ VerticalScaleFactor = 1

; OMe

OH
- 4ah H

o
a

o
=)

0.454

Abscute Irmansity
—379

0.40-
035
0.30
0.254
0.20-

0.155

0.10

™

1

i 9 .

0.05- ]| -
~ = N

Chemical Snift {ppm)

©]



GET

ERM-ENEP-191-1 1 | Date Feb 22016

CAUSERS\ERMANIGOOGLE DRIVEERMANERM-ENEP-191-1 1 20160202 DTPROTON 01 FIDEFID
1H Number of Transients 32 Origins! Poirts Count 16384
o Recewer Gain 80.00 Soivent BENZENE-06
STANDARD | Sweep Witth (z) 641026 | Temperature {degree C) 25,000
0.85-
0.50
0.55 OMe
0.80+
= -
D.75- p
0.70-
; N
0.65 Pr OH
0603 4ah H
= 0554
8 E
# p.s0
% s
- G
2 a0
0.35-
0.30-
0.25
0.20
i oo 1
0.15- Sr’ Te
= r-
0.104 b ¥ < y akﬁ
nos] 8 R EE“"B;";W‘::W: SBEIILES 20T T
' “
: k. L_W? & o e
0 e A
155 1.58 100 1.11 105 103465 1.74 240 23
u Lol ek el e i [ ]
F5 o qm v B Y G Y RS A BES V&l % Al GE YaBw e Sal  ve 28 & B8 4 A& 4 s o DSt & 0
Chemical Snift (ppm)



9T

Acguision Time (sec) 2 5555

Commenat

ERM-EMEP-210-1 3-CDOCLY

[ Daee i 2 2076

Agw 2 2016

Fils Name

FALUNTITLED FOL

DEMERM-EMEP-290-1_3-CDC13 20160427 0TROTON 01.FIDWFID

355,92

Nuscdms

iH

Mumber of Transionts 8

Poirts Covnt

16384

Puise Sequence

&2l

Racaver Gain 60.00

Origuinal Poimts Cowat 16384

Soiant CHLOROFORM-d

Spaciyr OfSel (Wr) 2300 BOCD

Ayt | i nsity

1.00

0ss

0.so

DES:

0.ED

06D

0ES

0.0

A4S

0.an
0.3s

020

726

Specirom Tyos

STAMNDARD

Swoep Width (z) 541056

Tamparature fdagres C) 26 000

PROTON_01

Vertical3caleFactor =1

552
5.91

549

548
547

.

[-547

Lhas

@
2]

[= -{r’

:[._;

a0

.83




LET

This report was created by ACD/NMR Processor Academic Edition. For more information go to www.acdlabs.com/nmrproc!

Acguision Time (sec) 2 5555

Comymenti

ERM-ENEFP-210-1 5-BNZ

[ Dmee Apr 25 016

Dty Stamp Agw 25 2016

Fily Nawre

COLISERS\ERMAN

| Fraquency (i) 53852 Mo

iH

DESKTOPLUNTITLED FOLDERERM-ENEP-210-1 5-BNZ 206025 [(WPROTOMN O3.FIDWEID

Number of Transkants

Poirts Covnt 163584

Puiise Soquence

Sdpnl

Racaiver Gak

[+
60.00

Orighns’ Points Cownr 16384

St BEMZEME-

PROTON_03 2

b
1.00
nos
ns0 CMe

DES Pr
0ED 3ai OH

070
DLES
060
(1R
0.0

045

Absaiute |ntansity

040

035

030

025

020

0is

oo
0.os

Speciyr OfSel (Wr) 2476 3853 | Soectum Tiine

Vertical3caleFactor =1

STANDARD

Swrenap Pt fir)

B470 26

Tamparafurs fdegree C) 26 000

306, 4
Lags

rir2
170
L ~1.70
183
138
148
1%
132
1130

19
[T

gt [o]
a7

.83

[X]
w

Ch

758 7.0 ES

5.0

45 40

35

Chemical Shift {ppm)

25 20 1.5 1.0

0.5 o



8T

Acguisison Time (sec)
Dty Stamp

1.3107

ermrenep-2 101 3-bne

[ Dot Apr 27 2016

Age 27 2016

COUSERS\ERMAMDESKTOPUNTTLED FOLDER\ERM-ENER-210-1 3-BNZ 20160426 01 ARBOMN 02 FIDWEID

| Fraquency (i)
Pos ot

Snecirpvm Ol (Hr)

100.57

1530

Mumber of Transiants 12000

Ohriguiney/ Poirits Cownf 32768

a7

58

Puilse Soquence

2wl

St BENZEME-06

11

D61 4873

Specirum Type

STANDARD

Swaan Width (el 25000.00

Tevrnaature fdagree C} 26000

Ayt | i nsity

0.7

OLDEE

0L0E0

DOSE

DSk

0045

D040

0035

0030

0.0zs

0020

0o

0o

00O

CARBON_0Z

=
Pr -

L
E

3ai

155 88

Vertical3caleFaftor =1

OMle

:g’““ OH
H

—1Zadd

— 36 .03
—{33 52

—1328

VLt e e | bl s e bl b e e

160

152

144

135 128

12071

120

—110.80

it ot s i et s, L L

112

104

o5 38 ED T2
Chemical Shift (ppm)

—i648

7.20

—40.79

20

1381

o




6ET

Absciute reensity

0.155
0.10

0.05

2 5550

Comment ERM-ENEP-1051 3 | Date Feb 15 2018

Fedy 15 2016 File Name

CAUSERS\ERMANGOOGLE DRIVEERMANERM-ENEP-195-1 3 20160215 01\PROTON 02 FIDVFID

358.92 Nuclous M Number of Transients 32 Original Points Cowrt 16384
16384 Pulse Sequence s2pul Receiver Gain 5200 Solverst CHLOROFORM-d
2350 5020 | Spectrum Type STANDARD Swoap With (Hz) 8410.28 Tempersture (degree C) 25 000
PROTON_02 VerticalScaleFactor = 1 =
Cl
-
Pr OH
3aj H
-
o~
R
g 8 %
T
§
t 7
o K
8w 9 59
33 ™ g
o ® ?
& ‘??gfmt,
= =
1.761.79 1.00 0.3 0.88 1.000.32 0.35 202
e sl [ e b Rt
75: % 78 4 &5: & B0 A &5 A 80: & &5 ‘» 40 % X6 A 30 0 2E5C A 20 4 48° A #0% 5 OB 0

Chemical Snift (ppm)




ovT

32768

Pulse Sequence w20

Receiver Gain 3000

1.3107 Comment ERM-ENEP-195-1 3 | pate Feb 15 2016
Feds 15 2016 Filo Neme CWSERSIEERMANGOOGLE DRIVE\ERMANERM-ENEP-166-1 3 20160215 O1\CARBON 01.FIDFID
100.57 Nucleus 13C Number of Transiets 258 Ovriginsl Points Count 32768

Solvent CHLOROFORM-d

Swoep Width (Hz) 25000.00

Temparature (degree C) 25000

| Spectrum Type STANDARD
CARBON_01 :-"NenicaIScaleFactor =1
o~
7  CARBON_D1 g
o
P |
&
|

128§

Cl

Pr
33j

OH

—205

139

£0 72
Chemical Shift (ppm)

&
&
3
©
a
o -
-



4’

2 5550 Comment ERM-ENEP-195-1 3 | Date Feb 12 2016
Feb 12 2016 File Narse CAUSERS\ERMANVGOOGLE DRIVEIERMANERM-ENEP-195-1 3 20160212 01\PROTON 02 FIDFID
Nuclous 1H Number of Transients 8 Origiral Points Count 16384
Puiso Sequance EET) Recolver Gain 50.00 Soivent BENZENE
Spectrum Type STANDARD Sweap Width (Hz) 6410.28 | Temmperature (degree CJ 25000

VerticalScaleFactor = 1

3
9
2
5]

2

3 Ci

OH

—716

3aj H

nd
8
~714

Ireansity
o
&
=581 o9

084

015! 3 geelexBtag.,
0.10. o U et i i

0.054

Q - L o

1.00 1.23 1%6 0.97
b d L =3

30 25 20

N
2
w
o
o
a
a
i
9

[,
iC

70 &5 &0 3 50 A 40 = 35
Chemical Shift (ppm)



44

13107 Comment ERM-ENEP-185-1 3 [ Date Feb 12 2016
Fet 12 2016 Filo Name CAUSERS\ERMANIGOOGLE DRIVEERMANERM-ENEP-195-1 3 20160212 02CARBON 01.FIDFID
100.57 Nucleus 13C Number of Transients 256 Original Points Count 32768
2768 Pulse Sequence «2pul Recaiver Gain 30.00 Sovent BENZENE-6
11061.4873 | Speceum Type STANDARD Sweep Width (Hz) 2500000 | Tempersture (degree C) 25.000
1,00 JCARBON_01 VpriicalScaleFactor = 1
: CARBON_01 @
o.ss. = 8 Cl
0.50 > |
; g 9
0.85- | N
0.€0 A ,k =
- Pr OH
075 3aj OH
0.70-
0.65-
ne J
g 0ss il
g -
2 0.50
$
3 o4s
2 E
0.40<
0.35-

T
128

I
120

T T

T T T T T T T

16

g0 72 &4 56 43 20 2

Chemical Shift {ppm)




eVl

2 5550 Comment ERM-ENEP-195-1-1 | Dste Feb 16 2016

Feb 16 2016 File Name C:SERSIERMANIGOOGLE DRIVEERMANERM-ENEP-186-1-1 20160216 01\PROTON 01 RDIFID
39092 Nocleus 1H Number of Transients 8 Original Points Count 16384

16384 Pulse 20 Receiver Gain 60.00 Solvent CHLOROFORM-t
2300 5020 Spectrum Type STANDARD Sweap Width (Hz) 6410.28 | Tempersture (degree C) 25.000

PROTON_D1

VerticalScaleFactor = 1

i &
075 *~

Y id

o
&
2%

716

714

Pr

4aj

Ci

OH

088

0980
~038

<0 45 &0 35 30
Chemical Shift (ppm)

-
o
©
w
]



144"

Arguisison Time (sec
Date Stamp

ERM-ENEFP-2153-1 5-BNZ

[ oraee My 4 2016

COUSERS\ERMAMDESKTOPUNTITLED FOLDER\ERM-ENER-213-1 3-BNF 2060604 IFROTOMN 02 FIDWID

| Fraquency (i)

Poirts Covnt

Number of Transisnts 52

Sdpnl

Racaivar Gain

5200

Ovripinal Poits Cowat 16384

St BENZEME-0F

Specirm OfSer (Hr)

2476 3181

Spacirum Tyoe

STANDARD

Swiaan Width (M)

B470 26

Tamparature fdegree ) 2% 000

Ayt | i nsity

1.00

0ss

0.s0

OLES

0LED

070

DLES

D.ED:

055

050

045

040

035

030

025

020

PROTON_D2

=
¢
Pr

Vertical3caleFactor =1

Cl
il
L
3am\0H

20

b

a5

B0

75

45

Chemical Snift {ppm)

{478

0.3

.76

—0.00

10 s




14}

This report was created by ACD/NMR Processor Academic Edition. For more information go to www.acdlabs com/nmrproc!
Acguisiton Time (sec) 13107 Comment ERM-ENEP-213-1 S-BNZ | Date May 420706
Dty Stamp May 4 2016 File Mame CAUSERSERMANIDESKTOMUNTITLED FOLDERERM-ENEP-213-1 3-BNT 20160504 OWCARBOM 01.FIDWFEID
| Frmguency (i) 100,57 Mook iac Nomber of Transiants 256 Original Points Coury 37768
Points Count 2768 Pulse Ssquence 52wl Receiver Gain 3000 Sohvent BEMZENE~%
Specirwm Offeel (Hr) 11061 4873 Spactrum Type STANDARD Swean Width () 25000 00 Tavmparsture (degree C) 26,000

CARBON_O1 ‘u’er‘iﬂa@calﬁac:or =1

100 Tr CAREON_D1

—12749
—1277

055 o |

0.50 U 2
0.ES

—1277

0.6 Pr ~h“'ﬁ\\\]/\(:”'l
n7s 3ak oA ! 'L U1.r|
) Jpfrusr arsia i’ W e

0ES

e —128.9

0LED

05

0.0

Ayt | i nsity

0.4s

040

0.3s

0.30

025

030

— {4l G
1354
—1343
1287
205

g
£
€

152 124 136 128 120 112 102 o5 ] a0 72 £2 56 4z 4] 32 24 16 a b
Chemical Shift {ppm)



ovT

0.155
0.10-
0.054

ermenep 1921 3

| Date Feb 10 2016

Feb 10 2016 File Name

CAUSERSEERMANGOOGLE DRIVEERMANERM-ENEP-182-

330.92 Nucious

I

3 20160210 C2PROTON 01.FIDWID

Number of Transients 8

16384 Pulse

£158 759

728

2360 5020

520
STANDARD

Original Points Courrt 18384

Sweep Width (Hz) 641028

VerticalScaleFactor = 1

CF,

Pr OH

3am OH

—726

(=]

C

| Tamparature (degree C) 25.000

Solvent CHLOROFORM-d

o
o

S0

Chemical Saift {ppm)

Q89

090

o



YT

Acguisison Time (sec
Date Stamp
| Froquency i)

1.3107

Covmmeat

erm-ensp-192-1 5

[ Date Feh 10 2016

Fay 10 2016

File Name

CMSERSERMAMNGOOGLE DRIVENERMANERM-ENER-182-1 3 20160210 CACARBON O FIDAFID

100.57

N

130

Neymbar of Transisats

Poirts Covnd

Snecirym Ol (He)

EITER

Puilse Sogueice

S2pui

Recaiver Gain

256
30.00

Ol Pivdots Cownd  I2768

Sokvant CHLOROFORM-d

11061 53

Snacirum Tyoe

STANDARD

Swoay Width (He)

2500000

Tamparature fdagres ) 25 000

Aldhute | e nsity

050

DLES

0.0

070

OLES

0LED

0ES

0.0

045

040

0.3s

030

—148 4

caRsON_01

Vertical3caleFactor =1

130.4

o
-
]

—~1288

128

—1254

CARBOMN_D1

rid4a 4
—-—1484

F1238
—137 8

—i138 4

112

CF,

0
-

—1254

Pr

af?\\‘l/*‘\ OH

3am OH

88 )

J28

T2 54

Chemical Shift {ppm)

139




8vT

ERM-ENEP-182.1 3 | Date Feb 22016

CAUSERS\ERMANVGOOGLE DRIVE\ERMANERM-ENEP-192-1 3 20160202 01\PROTON 02 FIDFID

1H Number of Transients 16 Origins! Points Count 16384

Rocelver Gain 54.00 Soivent BENZENE-d5

EET)
STANDARD Sweep Width (Hz) 6410.28 | Temperature (degree C) 25000

PROTON_C2 VerticalScaleFactor = 1

080

0.85 CF3

OH
3am

o
8
716

Q00

o

&

738
L 737

~n

0.155
0.10+4
0.054

1.88 1.63 100 1.08 1.08 1.03 1.159 1.23 1.86 184 237
[ |S— [ |y

75 70 3 &0 55 50 &5 40 35 20 25 20 15 10 05
Chemical Shift (ppm)

o



67T

045

0.40

035

0.30

Absaute Irransity
o
0

e
15

0.15

0.10:

0.05

Chemical Shift (ppm)

1.3107 Cormment ERM-ENEP-182-1 3 | Date Feb 22016
Feb 22018 File Name CAUSERSERMANGOOGLE DRIVEIERMANIERM-ENEP-162-1 3 20160202 0T\CARBON 01.FIDVFID
100.57 Nucleus 13C Number of Transients 256 Original Points Count 32768
32768 Puise Seguence <2pul Receiver Gain 30.00 Sovent BENZENE-6
11061.4873 | Spectrum Type STANDARD Swoep Width (Hz) 25000.00 Temparsture (degree C) 25000
CARSON_01 VerticgScaleFactor = 1
CARBT o
q 'g | ‘ l CF3
] |
h
9 ' ‘
| ‘1 | l | Pr OH
4 (W 3am
w
o
o™
@ ~
r o ”
B T
|
L]
o @
o o
& o] | @
© A g
-4 T o =
x | |
|
152 144 138 123 120 112 104 %5 €8 £0 72 64 56 48 40 24 16




0ST

ERM-ENEP-192-1 1 | Date Feb 22016
CAUSERS\ERMANVGOOGLE DRIVEERMANIERM-ENEP-182-1 1 20160202 01\PROTON 01 FIDFID
1H Number of Transients 32 Origins! Points Count 16384
2 Recelver Gain 60.00 Saivent BENZENE OB
STANDARD Sweap Width (Hz) 6410.28 | Temmperature (degree C) 25000

1.00gPROTON 01 VerticalScaleFactor = 1

i CF;

OH
K 4am OH

0.157

92

pes (=]
L8
4
F-.\-—:Qd
59
57
5 56
55
553
53
3
538
¥
Ls34

0104 ®ao
~

101 1.08 1hoofeoks 1] 2 2,
i [ iy [y ¥ [
&5 5.0 55 50 A an, > cass, ¢ 3@ ot 28 & B8 4 A& 4 s o s o
Chemical SAif (ppm)

5
"
B

I



19T

Comment ERM-ENEP-202-1 3

| Date Feb 26 2016

Fie Name

Nucleus iH

CAUSERSERMAN'GOOGLE DRIVEERMANERM-ENEP-202-

3 20160226 0TWROTON 03.FIDVAD

Number of Translents 32

=2yl

PROTON_03

15

el

o

Lo 8
LIX 128
717 718

o
G
—7087 13

.0

0.15

704

0.10+

0.05+

Receiver Gain 50.00

Pulse Seguence
| Spectrum Type STANDARD

Ovrigins/ Points Count 16384

Solvent BENZENE-d5

VerticalScaleFactor = 1

OH

—423

Swoep Width (Hz) 641026 | Temperature (degree ) 25000

089

081

139

139
—132

1.30

a2
a6

~128

A%
n

000

T T T T
45 40 3.5 3.0

Chemical Saift (ppm)

n] [-’
iC:
i

)
n
"
o
-

©-



4]

ERM-ENEP-202-1 3

| Date Feb 26 2016

1.3107 Comment
CAUSERS\ERMANGOOGLE DRIVEERMAN\ERM-ENEP-202-1

3 20160226 01'CARBON 01.FIDFID

Feb 26 2016

100.57 Nucleus 13C Number of Transients 256

Rocalver Gain 30.00

Original Points Count 32768

Solvent BENZENE-15

32768 Pulse Sequence s2pul

o o
8 0

045

Absciute rmensity

Si Width (Hz) 265000.00

11061.4873
\{erticalScaleFactor = 1

CARBON%I Ph
T =

~298

—1238

—127.0
1263 —%

o

]

o

I

i
\ s

—730

— 7

| Temparsture (degree C) 25.000

204

—139

Chemical Shift {ppm)

120 112 104 o 88 50 72 54 36 45 40 32




€aT

0.20
0.85
0.80+
O.?S:
0.704

0.65+

o
5

ERM-ENEP-202-1 1

| pate Fe 26 2016

CAUSERSERMANVGOOGLE DRNVE\ERMANERM-ENEP. 202-1

1 20160228 ONPROTON 02 FIDWFID

iH Number of Transients B Original Points Court 16384
2pd Receiver Gain 60,00 Solvent CHLOROFORM-A
STANDARD | Sweep Width (z) ___ 6410.26 [ Temperature (degree €1 25.000
PROTON_02 VerticalScaleFactor = 1 %
P Ph
o
=
Prx OH
4an OH
8
s Yz
S s
<
)
3
J
(O B 94
= A
T, . 'T” g
T [eiTeu & A
el T £ -
g _J [ s
v - F i
101 109 vl 245 278
L. .. A Heerfrian — u
Y g& o neD) W 15§ -4 ‘BB 4S: i 40 ¥ 15 10 0.s )
Chemical Shif (ppm)




121}

Acguisigon Time (sec
Date Stamp

1.3107

Coerumaant ERM-ENEP-202-1 1 [ Date Fesh 26 2016

Faly 265 2016

File Mame CAISERSERMANIGDOGLE DRIVENERMANERM-ENEF-202-1 1 2060226 0WCARBOMN 01.FIDAFID

| Froquency i)
Pois ot

100.57

Aol 130 Alumber of Transimts 400 Origpnd Poimts Cownt 32768

EITER

Prilss Sequence S20wl Raceivar (Fain 20,00 St CHLOROFORM-o

Snscirpym Ol (Hr)

11061 53

Specirum Tyos STANDART Swsap Width (Hr) 2600000 Tamparaturs (degree C) 2% 000

Ayt | e nsity

1.00

0.ses

0.0

OLES

0ES

0.E0

055

0.0

D45

040

0.3s

030

025

020

caRsoN_01

GARE:)H_-J-
T

—1346
—1318

—137

Vertical3caleFactor =1

128 5
128.2

A6
- =282

—1282

Ph

L

-~

Pr "~ "0H
dan OH

—2 4

37

—50.1
34 8
—137

—110.0

—845

112 104 96 a5 ED T2 &4 56 4z 41 n 24 1&
Chemical Shift {ppm)
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Comment ERM-ENEP-202-1 3 | Feb 26 2016

File Name CAUSERSEERMAN'GOOGLE DRIVE\ERMANERM-ENEP-202.1 3 20160228 0TWROTON 03 FIDVRD

Nucieus iH Number of Transients 32 Ovrigine! Points Count 16384

<2ped Receiver Gain 50.00 Sovent BENZENE-d8

Pulse Seguence
| Spectrum Type STANDARD Sweep Width (Hz) 641026 Temperature {degree C) 25000

PROTON_C3 VerticalScaleFactor = 1

189

1.00+

0.85+ Ph
0.50- =
0.85-

Z
080, Pr

E 3an
0.754
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0.70-

0.65-
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f e
a
Pallll
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o
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o
a
—7087-13
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139
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0.05-

1
%6 254 1) 1.05 0.81 023 ; 135 2
PN e U et L ok e —
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75 70 5.5 50 55 50 45 40 3s 30 25 20 15 1.0 05
Chemical Shift {ppm)
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o
&

0.554

0.50-

Absciute Irntansity
o
&

0403
0.354
0.304
0.254
0205
0.15-

0.10-

0.053

1.3107

ERM-ENEP-202-1 3 | Date

Fety 26 2016

Feby 26 2016

CAUSERS\ERMANGOOGLE DRIVEERMANERM-ENEP-202-1 3 20160226 01'CARBON 01.FIDWWID

100.57

313C

Number of Transients 256 Original Points Count 32768

32763

142

—352

— 29

1298

11061.4873
\{erticalScaleFactor = 1

‘.ad

1262

128

120

CARBON'§1

~298

112

s2pud

Rocalver Galn 30.00 Sovent BENZENE-06

STANDARD

—1286

1270
63

12

Sweep Width (Hz) 25000.00 Tempersture (degree C) 25.000

Ph
=

204

—730
1

—85.7
—37

30 72 84 58 48 40 32 22
Chemical Shift {ppm)
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0.20
0.85
0.80+
O.?S:
0.704

0.65+

o
5

ERM-ENEP-202-1 1

| pate Fe 26 2016

CAUSERSERMANVGOOGLE DRNVE\ERMANERM-ENEP. 202-1

1 20160228 ONPROTON 02 FIDWFID

iH Number of Transients B Original Points Court 16384
2pd Receiver Gain 60,00 Solvent CHLOROFORM-A
STANDARD | Sweep Width (z) ___ 6410.26 [ Temperature (degree €1 25.000
PROTON_02 VerticalScaleFactor = 1 %
P Ph
o
=
Prx OH
4an OH
8
s Yz
S s
<
)
3
J
(O B 94
= A
T, . 'T” g
T [eiTeu & A
el T £ -
g _J [ s
v - F i
101 109 vl 245 278
L. .. A Heerfrian — u
Y g& o neD) W 15§ -4 ‘BB 4S: i 40 ¥ 15 10 0.s )
Chemical Shif (ppm)
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Acguisigon Time (sec
Date Stamp

1.3107

Coerumaant ERM-ENEP-202-1 1 [ Date Fesh 26 2016

Faly 265 2016

File Mame CAISERSERMANIGDOGLE DRIVENERMANERM-ENEF-202-1 1 2060226 0WCARBOMN 01.FIDAFID

| Froquency i)
Pois ot

100.57

Aol 130 Alumber of Transimts 400 Origpnd Poimts Cownt 32768

EITER

Prilss Sequence S20wl Raceivar (Fain 20,00 St CHLOROFORM-o

Snscirpym Ol (Hr)

11061 53

Specirum Tyos STANDART Swsap Width (Hr) 2600000 Tamparaturs (degree C) 2% 000

Ayt | e nsity

1.00

0.ses

0.0

OLES

0ES

0.E0

055

0.0

D45

040

0.3s

030

025

020

caRsoN_01

GARE:)H_-J-
T

—1346
—1318

—137

Vertical3caleFactor =1

128 5
128.2

A6
- =282

—1282

Ph

L

-~

Pr "~ "0H
dan OH

—2 4

37

—50.1
34 8
—137

—110.0

—845

112 104 96 a5 ED T2 &4 56 4z 41 n 24 1&
Chemical Shift {ppm)
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Comment

ERM-ENEP-204- TKR-1-3

[ Date Apr 52018

File Name

DANMRYENI2E

Nucleus

iH

RM-ENEP-204- TKR-1.3 201680406 O01\PROTON 01.FIDFID

Number of Transients 8

Pulse

PROTON_D1

3ao

ulso Sequence sl 0 |
Spectrum Type STANDARD
VerticalScaleFactor = 1

OH

Recelver Gain 58.00

Oviginal Poirts Count 16384

Solvent BENZENE 08

Swoep Width (Hz) 841028

1.00
—

| Temperature (degree C) 25 000

188

080

45 40 = 35 30 25 20 15

Chemical Shift (ppm)

]
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1.3107 Commant ERM-EMEF-204- TKR-1-3 [ Date Ape 62018
Age 6 2016 Fillr Name CAISERSERMANDESKT OFEFEVERM-ENEF-204-TKR-1-3 2060405 (I'CARBOMN 01.FIDVFID
100.57 Nuichous 13C Number of Transiants 400 Orriginal Points Count 37768

I7ER Puies Sequence £l Receivar Gain 30.00 Saivant BENZEME-
11061 4873 Spactrum Type STANDARD Swaap Wittt Hz) 2500000 Tamparatire (degres ©) 25000

Vprtical3caleFactor = 1

CARBON D1 Pr

0.ses

0.0 =

oss By~ e

0ED (— 2ao OH
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144 136 128 120 112 104 %5 B a0 72 64 3 28 40 2 24 18 a
Chemical Shift {ppm)
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1210.20152042:37
3ba

559 Comment ERMENEP-114-1_3 | Date_ Oct 62015
Oct 62015 Filo Name C\Users\Erman\Deskioph123ERM ENEP-114-1_3 20151006_01PROTON 01 fidfid
Nudleus 1H Number of Transients 32 Original Paints Caunt 16384
Putse Sequence s2pdl Recever Gain 5600 Solvent CHLOROFORM-d
L _Spectrum Type STANDARD | Sweep Width (Hz) 6410.26 Tempersture (dogree C) 25.000
PROTON_01 VerticalScaleF actor = 1 ﬁ
1.0 4
09
08
P
i1 Pr OMe
07 3
3ba OH
> 06 4
g 3
=
§o 05 4 8
: ?
< 0.4
03 4
o
i R
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~
B |
= 58 5903 88
P 8RB ; 8
. : N ©oey pf;r B8
0 P
165262 1.00 0.99 1.03
bed  d D bd bl
75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0
Chemical Shift (ppm)

C:\Wsers\Erman\Deskiop\123\ERM ENEP-114-1_3_20151006_01\PROTON_01
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121020152032:45
3ba

1.3107 Camment ERM ENEP-114-C-CDCL3 | Date Oct 72015
Oct 72015 File Name C:Wsers\ErmaniDesktop\123\ERM ENEP-114-C-CDCL3_20151007_01\CARBON 01 fidfid
100.57 Nucleus 13C Number of Transients 512 Origingl Paints Count 32765
32768 Putse Sequence L2pul Recever Gain 30,00 Solvent CHLOROFORM d
11061.5371 Spectrumn Type STANDARD Sweap Width (Hz) 25000 00 Tamperature (dbgree C) 25 000
CARBON_01 VerticalScaleF actor = 1 § CARBON_01 g
| =2 &
10 4 8 g |
3 | 5
09 3
o
- R /
08 ! Pr OMe - 2
E S
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7 4 ) =
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|
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0
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Chemical Shift (ppm)
C:\Wsers\Erman\Deskiop\ 123\ERM ENEP-114-C-CDCL3_20151007_01\CARBON_01
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1210.201520:38:54
3ba

ERMENEP-81-1 3 | Date Apx 28 2015
C\Users\ErmaniDeskiop\ERMANERM-ENEP-81-1_3 20150428 01\PROTON_01 fidifid
H Number of Transients 32 Original Points Count 16334
2pul Receiver Gain 5600 Salvent
L STANDARD | Sweep Width (Hz) 641026 Tamperature (degree C) 25000
PROTON_01 VerticalScaleF actor = 1 §
1.0 4
0.9 4
0.8 - /’
i Pr OMe
07 3 3ba  OH

Absolute Intensity
o
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L
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Chemical Shift (ppm)

C:\Wsers\Erman\Deskiop\ERMANERM-ENEP-81-1_3_20150428_01\PROTON_01
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12.10.20152045:39
3ba

1.3107 Carmment ERM-ENEP-75-1_3-CABONE | Date Ape 21 2015
Age 212015 Fie Name C:\Users\Erman\Desktop ERMANIERM-ENEP-75-1_3-CABONE_20150421_01\CARBON _01.fickfid
100.57 Nudleus 13C Number of Transients 256 Original Points Count 32763
32768 Putse Sequence s2pul Recever Gan 30,00 Salvent BENZENE- &6
11061.4873 Spectrum Type STANDARD Sweep Widh () 25000.00 Temperature (degree C) 25000
CARBON_01 St =
] gggcaIScaleFador 1
o ~
CARBON_01 2 8 E
3 | I %
0.55
0.50 3
Z vé ©
E Pr OMe 87 ]
0.45 4 |
3ba
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2 035
E E
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72 e S 48 4 32 24 1® 8 0
Chemical Shift (ppm)
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C:\Wsers\Erman\Deskiop\ ERMANERM-ENEP-75-1_3-CABONE_20150421_01'CARBON_01
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1210201516:18:39
4ba

558 Comment__ ERM-ENEP-54-1_Tsub | Date. Mar 212015
Mar 212015 File Name C:Wsers\E rman\Desktop\E RMANERM ENEP-54-1_1sub_20150321_01\PROTON_01 fidfid
Nucleus 1H Number of Transients 32 Original Points Count 16334
Pulse Sequence 2pul Recaver Gain 5800 Salvent CHL OROFORM-d
) | Spectum Type STANDARD Sweep Width (1) 641026 Temperature (degree C) 25000
PROTON_01 VerticalScaleF actor = 1 §
1.0 4
09
08 -
E N
o Pr OMe
B 3ba OH
> 06
-
¥ 3
e 05
s
g -3
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S
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1.001.05
b b
65 60 55 50 45 10 35 30

Chemical Shift (ppm)
C:\Users\ErmaniDeskiop ERMANIERM-ENEP-54-1_1sub_20150321_01\PROTON_01
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12.10.2015 16:53:00
4ba

1.3107 Comment ERM-ENEP-114-1_1-C | Date Oqt 62015
Oct 62015 File Name C-\WUsers\Erman\Desklop\123\ERM-ENEP-114-1_1-C_20151006_01(CARBON 01 fidfid
100.57 Nucleus 13C Nunber of Transients 1500 Original Points Count 32768
32768 Pulse Sequence L2pul Recover Gain 3000 Salvent CHLOROFORM-d
11061.5371 Spectum Type STANDARD Sweep Width (1) 25000.00 Temperature (degree C) 25000
CARBON_01 VerticalScaleF actor = 1 g ; E
RN
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E N
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3 n 4ba OH
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Chemical Shift (ppm)

C:\Wsers\Erman)Deskiop\ 123\ERM ENEP- 114-1_1-C_20151006_01\CARBON_01
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12102015 16:12.57
4ba

5559 Camment ERM-ENEP-54-1_15ubC606 | Date Mar 24 2015
Mar 24 2015 Filo Name C-\WUsers\Erman| Desktop\E RMANERNE ENEP-54-1_1subC6D6_20150324_01\PRO TON_01 fidfid
399.92 Nucleus H Number of Transients 32 Original Points Caunt 16384
16384 Pulse Sequence s2pul Recever Gain 5600 Solvent
) 24171677 Spectrumn Type STANDARD Sweep Widh () 6410.26 Temparature (dogree €) 25 000
PROTON_01 VerticalScaleF actor = 1 &
1.0 3
0.9 -
038 A
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©w
0.7 = 4ba OH
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Chemical Shift (ppm)

C:\Wsers\Erman)\Deskiop\ ERMANERM-ENEP-54-1_1subC6D6_20150324_01\PROTON_01
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121020151657.03
4ba

13107 Canment ERM-ENEP-114-1_1-BNZ [ Date Oct 82015
Oct 82015 Fie Name C\Users\ErmanDeskiop|123\ERNF ENEP-114-1_1-BNZ_20151008_03\CARBON_01 fidfid
10057 ANucleus 13C Number of Transients 2000 Original Paints Caunt_ 32763
32768 Puise Sequence 2pul Receiver Gan 3000 Solvent BENZENE -6
11061 4873 Spectrum Type STANDARD Sweep Wicth () 25000.00 Temperature (dogree C) 25 000
CARBON_01 Qﬁs:(fal&:alel:ador =1
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- CARBON 01 @& ©
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Chemical Shift (ppm)
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25550 Comment ERM-ENEP-185-1 3 | Date Jan 192016

Jan 19 2016 Fils Name CAUSERSIERMAN\GOOGLE DRIVE\ERMANERM-ENEP-185-1 3 20160119 O1\PROTON 01 FIDFID

39082 Nucleus 1H Number of Transients 8 Ovriginal Points Count 16384

16384 Puise Seguerce o Recalver Gain 4600 Solvent CHLOROFORM-d

2300 5020 Spectrum Type STANDARD Sweep Width (Hz) 841028 | Temperature (degree C) 25000

PROTON_D1 VerticalScaleFactor = 1 %
1.004
o Ph
0501 g
L = 4
E = AN
i ero Ph
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3ca
™
€
l=
T
o— 3%
5895 L3
el
1.00 035
T T T T T T T T T T T T T T L] T A
65 5.0 55 50 45 40 35 30

Chemical Shift (ppm)



0.7

0.854

00
075
0.70
0654

» 060

H] 055!

3 045
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0.354
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0.15-
0.103

1.3107 Comment ERM-ENEP-185-1 3

| pate Jan 19 2016

Jan 19 2016

Number of Transients 256

Receiver Gain 30.00

File Name CAUSERS\ERMANGOOGLE DRIVEERMANERM-ENEP-185-1 3 20160118 OTVCARBON 01.FID\VFID

Original Points Court 32768
Solvent CHLORDFORM-¢

Sweep Width (Hz) 26000.00

Nucleus 13C
Pulse Sequance sEpd
Spectrum Type STANDARD
cARBON_O1 ot =
Vemca!iégaleFaclor 1
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& &
17 I
-
&
|

—1217

Temperature (degree C) 25.000
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Chemical Sift (ppm)
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ERM-ENEP-185-1

3 | Date Jan B2016

CAJSERSIERMAN\GOOGLE DRIVEEERMANERM-ENEP-185-

M

3 20160108 O01\PROTON 01.FID'FID

Number of Transients 32

PROTON_D1

Pr

715

il

Receiver Gain 5200

Original Points Court 16384

Solvent BENZENE-06

STANDARD

Sweap Width (Hz) 5410.28

VerticalScaleFactor = 1

3ca
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X
27

{39

| Temparature (degree C) 25000

k=

154 1}k7 0831
u u

Cin
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55

50

&5 4D ' 35
Chemical Stif (ppm)
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0.75

0.70

1.3107

ERM-ENEP-185-1 3

| Date Jan 112016

Jan11 2016

CAUSERS\ERMANGOOGLE DRIVEERMANERM-ENEP-185-1 3 20160108 01'\CARBON 01.FIDWID

Number of Transients 256

Original Points Count 32763

Rocelver Gain 30.00 Solvent BENZENE 96
Sweep Width (Hz) 26000.00 | Tamperature (degree C) 25.000
Ph
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PrJ\/Y\O Ph
OH
3ca
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T
s
1 1 T 1 T 1 T 1 Ll 1 L) ) o T v ) L] J v ) T 1 T T T 1 T T T T
144 136 128 120 112 102 96 38 30 72 &4 6 43 40 32 24 15 8 0

Chemical Shift (ppm)
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25550 Comment ERM-ENEP1853 1 [ Dete 3o 192016
Jan 192016 Fils Name CAUSERSERMAN\GOOGLE DRNVEERMANERN-ENEP- 1851 1 20160119 01PROTON 01 DD
396.92 Nucleus 1H Number of Transients 8 Ovriginal Points Count 16384
16384 Puiso Sequence 20 Recaiver Gain 5600 Solvent CHLOROFORM-d
2359 5020 Spectum Type STANDARD __| Sweep Width (Hz) 841028 [ Temperature (degree €} 25000
PROTON_D1 VerticalScaleFactor = 1 $
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0.50- g N
AN
; Pr 0~ “Ph
0.85-
; H
0.0
: 4ca
0.75-
0.70
0.65-
0o o
% pss Sl
- s
@ 0.50- r~
_§I - I
045
T
0.40-
03s
0.30-
0.25-
0.20- 2
- -
0.15- s '?0 5
: g2l |2g
0.10 <
0.05-
% ;
1.000.38
e
EI 2UBS 6D % B&F N ‘e, % %S 40 35 20 25 20 15 10 s 0
Chemical Shift (ppm)
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ERM-ENEP-185-1 1 | Dsto Jan 19 2016
CAUSERS\ERMANGOOGLE DRIVEERMANERM-ENEP-185-1 1 20160118 OT\CARBON O01.FIDVVID

13C Numbar of Transients 256 Original Points Count 32768

s2pu Receiver Gain 30.00 Solvent CHLORDFORM-¢
STANDARD Sweep Width (Hz) 26000.00 Temperature (degree C) 25.000

CARBON_01 @VerticalScaleFactor = 1
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Chemical Shift {ppm)
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ERM-ENEP-1851 1 | Date Jan B2016

CSERSIERMANIGOOGLE DRIVEEERMANERM-ENEP-185-1 1 20160108 01\PROTON 01.FID'FID
1 Number of Transients 32 Original Points Court 16384
204 Receiver Gain 5800 Solvent BENZENE-06
STANDARD Sweap Wickth (Hz) 641028 | Tempersture (degree C) 25.000
PROTON_01 VerticalScaleFactor = 1 =
1.00-
0.25- Ph
0.504 SN AN
: pr/\/l\(\o Ph
OH
4ca
3
2
oo 7
N5
i
8 2829 _ <
tod 1135, ale g
o v
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(] [=] =1 bd (=]
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
75 7.0 6.5 6.0 55 50 45 40 35 30 25 20 15 10 as a

Chemical Shift (ppm)



9.1

0.854
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0.754
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0.50

045

Absaute Irtansity

1.3107

ERM-ENEP-185-1 1 | Date Jan 11 2016

Jan11 2016

CAUSERS\ERMANGOOGLE DRIVEERMANERM-ENEP-185-1_1_ 20160108 01'\CARBON 02 FIDWID

File Name
Nuclous 13C Number of Transients 512 Original Points Count 32763
Puise Sequence s2pul Recelver Gain 30.00 Solvent BENZENE 96
| Spectrum Type STANDARD Sweep Width (Hz) 2600000 | Tempeature (degres C) 25.000
VerticalScaleFactor = 1
CARBON_02
2 - ’\ Ph
S
. |l Pr\/k(\OAPh
5 %8 o OH
s &1 |\ [} |
[

u ! 4ca

104 % & &0 72 84 % a5 a0 32 24 16 8
Chemical SNt (ppm)




ERM-ENEP-184-1 3

| Date J8n 21 2016

LT

CAUSERSERMAN\GOOGLE DRIVE\ERMANERNM-ENEP-184-1 3 20160121 O1\PROTON 01 FIDFID
1H Number of Transients 8 Ovriginal Points Count 16384
i Recelver Gain 4800 Solvent CHLOROFORM-d
STANDARD Swoep Width (Hz) 841026 | Temperature (degree C) 25000
PROTON_D1 VerticalScaleFactor = 1 %
1.00-
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0.504
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Chemical Shift {ppm)
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ERM-ENEP-184-1

3 | Date

Jan 21 2016

CWISERSERMAN

\GOOGLE DRVEVERMANERM-ENEP-184-1

3-13C 20160121 ON\CARBON 01.FIDFID

13C Nutrber of Transients 160 Original Points Court 32768
=20 Receiver Gain 30.00 Solvent CHLOROFORM-d
STANDARD Sweep Width (Hz) 25000.00 Tampevature (degree C) 25 000
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Chemical Shift {ppm)
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25559 Comnment ERM-ENEP-184-1 3 | Date Jan 18 2018
Jan 18 2016 Fils Name CUSERSIERMANIGOOGLE DRIVEERMANERMENEP-184-1 3 20160118 01\PROTON 01.FIDFID
Nucleus 1 Number of Transients 8 Oviginal Points Court 16384
Pulse Seguence 204 Receiver Gain 4800 Solvent BENZENE-06
| Spectrum Type STANDARD Sweap Wickth (Hz) = 641028 | Tempersture (degree C) 25.000
PROTON_D1 VerticalScaleFactor = 1 %
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