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ABSTRACT

EXPLORATION OF THE CHEMISTRY OF ALKYNES AND
SELECTFLUOR. SEARCH FOR CYTOTOXIC AGENTS FROM THE
AMAZONIAN RAINFOREST

Zhuang Jin

March §, 2012

Vicinal dithioethers and alkenyl thioethers were synthesized under environmentally
friendly conditions using alkyne and thiol in water. Alkynes were also used to develop a
multibond-forming reaction that formed cyclic ketones or ketoesters through a gold-
catalyzed intramolecular oxygen transfer isomerization of 2-alkynyl-1,5-diketones or 2-

alkynyl-5-ketoesters.

The investigation of Selectfluor chemistry yielded a highly stereoselective synthesis of
fluoroalky (E)-a,B-unsaturated ketones from allenyl esters, through a gold-catalyzed
rearrangement that produced an intermediate dienyl ester. When Selectfluor was
combined with copper, it produced two oxidative systems, F-TEDA-BF4 and F-TEDA-
PFs, both of which efficiently converted amides into imides at room temperature in short
time, but whereas the former employed stoichiometric amounts of copper(l), the latter

only needed catalytic amounts.

The bioassay-directed fractionation of Physalis angulata L. afforded three new

antiproliferative withanolides: physangulidines A, B and C. Each has shown significant

vil



cytotoxic activity (Glso is less than 4ug/mL) on DU145 and RWPE-1 in vitro. In addition,
compared to positive drug S-fluorouracil, physangulidine A had significant cytotoxic
activity on different cells. The bioassay-guided fractionation of Cremastosperma
microcarpum led to the isolation and identification of dehydrodiisoeugenol as its main
cytotoxic agent. Lastly, selected fractions of Hyptis lantanaefolia have shown promising
cytotoxic activities; with one of semipurified chromatographic fraction (LHL15)

exhibiting very high bioactivity on various cell lines (ICs is lower than 50 ng/mL).
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1. OVERVIEW OF THIS DISSERTATION

1.1. Alkyne and Fluorine Chemistry

Alkyne is an important synthon in organic chemistry, as demonstrated by the many
examples of elegant synthetic work centered on alkynes.! The Hammond group has
dedicated much of their efforts to explore the chemistry of alkynes.” Of more relevance to
the work presented herein, members of the Hammond group have recently reported a

cationic gold-catalyzed functionalized hydration of alkynes (Scheme 1).?

/-—CI
R——R? + H,_ + R3B(OH) - —— :
= + Hpo o+ * y 1
2 éNJ 2BFs  CH;CN,rt. R gs R2
Selectfluor

Scheme 1. Gold Catalyzed Functionalized Hydration of Alkynes

Various types of alkynes were hydrated to give a-substituted a-fluorinated ketones using
boronic acid, Selectfluor and trace amount of water in the presence of a cationic gold
catalyst. The synthetic work contained in this dissertation is centered around alkynes and
Selectfluor. This work (Scheme 2) includes the synthesis of vicinal dithioesters and
alkenyl thioesters via a new environmentally friendly use of akynes and thiols in water;
the gold-catalyzed intramolecular oxygen transfer reaction of 2-alkynyl-1,5-diketones or

2-alkynyl-5-diketoesters; and the stereoselective synthesis of fluoroalkyl E-a,f-
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Sample: z]-3-41-2
Sample ID: ZhuangJ_20100610 02
File: /home/walkup/vnmrsys/data/auto 2010.06.08/ZhuangJd_20100610_ 02/data/Carbon 01.fia

Pulse Sequence: s2pul

Solvent: cdcl3
Temp. 25.0 C / 298.1 X
Operator: ZhuangJd

(@) (@]
File: Carbon 01
VNMRS-400 “ulnmr400°® 13c NMR Spectrum of WJ\ZM
5 T

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 1.300 sec 3-3-2-2¢
Width 24509.8 Bz

2000 repetitions
OBSERVE C13, 100.5222010 MHx
DRCOUPLE H1l, 399.7718181 MHz
Power 40 aB

continuously on

WALTZ-16 modulated
DATA PROCRSSING

Line broadening 0.5 Hz

FT size 65536

Total time 1 hr, 16 min, 41 secC
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gsample: zj-3-50-1
sample ID: ZhuangJd 20100730_03
Pile: /home/walkup/vnmrsys/data/auto_2010.07.19/zZhuangs 20100730 _03/data/Proton 01.fid

Pulse Sequence: s2pul

o ©°
olvent: cdc 1
e e 00t 2081 x H NMR Spectrum of /%B)Lﬁj\ﬂg

Operator: ZhuangJ
File: Proton_01
VNNRS-400 "ulnmr400* 3_3_2_2f

Relax. delay 1.000 sec
Pulse 45.0 degroas

Acq. time 2.049 seac

width 6410.3 H:

8 repetitions

OBSERVE H1, 399.7698350 MHz
DATA PROCESSING

Resol. enhancement -0.0 Hz
PT Bize 65536

Total time 0 min, 30 sec
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Sample: z3-3-53-2
Sample ID: ZhuangJs 20100807_05
File: /home/walkup/vnmreys/data/auto_2010!08.02/ZhuangJ_ 20100807 _05/data/proton_01.fid

Pulse Sequence: s2pul

Solvent: cdcl3 % 1%
Temp. 25.0 C / 298.1 K
Operator: ZhuangJ

Z
File: Proton 01 'H NMR Spectrum of I
VNMRS-400 “ulnmr400°* -
Relax. delay 1.000 sec 3-3-2-29

Pulse 45.0 dagrees

Acqg. time 2.049 sec

width 6410.3 Hz

8 repetitions
OBSERVE H1l, 399.7698193 MHx
DATA PROCESSING

Resol. enhancement -0.0 Hz
PT s£ixe 65536
Total time O min, 30 sec
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sample: zj-3-50-1
Sample ID: ZhuangJd 20100730 _04

File: /home/walkup/vnmrsys/data/auto_2010.07.19/Zhuangd 20100730 04/data/Carbon 0l1.fid

Pulse Sequence: s2pul

Solvent: cdcli

Temp. 25.0 C / 298.1 K
operator: zZhuangJ
Pile: carbon_01
VNMRS-400 "ulmnmr400*

Relax. delay 1.000 sec
Pulse 45.0 daegrees

Acg. time 1.300 gec

width 24%509.8 Hz

1000 ropetitions

OBSERVE C13, 100.5222010 NHz
DECOUPLE H1, 399.7718181 MHz
Powar 40 dB

continuously on

WALTZ-16 modulated

DATA PROCRSSING

Line broadening 0.5 Hz

FT size 65536

Total time 38 min, 21 sec

3C NMR Spectrum of

Z
X

3-3-2-2f

| L ELLEL AL AL LI AL A

160

T
140

L

lifll

120

T 1T

1

l]ﬁrl‘l

100

T 171

lf‘

40

T 1T



L1C

S8ample: z3j-3-53-2
sample ID: ZhuangJ 20100807_05

Pile: /homae/walkup/vomrsys/data/auto_2010}08.02/Zhuangd 20100807_05/data/rroton 01.fid

Pulse Sequence: s2pul

solvent: cdcl3

Temp. 25.0 ¢ / 298.1 K
Operatorx: zZhuangJ
File: Proton 01
VNMRS-400 ~ulnmr400"

Relax. delay 1.000 sec
Pulse 45.0 degreas

Acqg. time 2.049 sec

width 6410.3 Hz

8 repetictions

OBSERVE Hi, 399.7698193 MHz
DATA PROCESSING

Resol. enhancament -0.0 Hz
PT 8lze 65536

Total time 0 min, 30 sec

o O
{ Z
H NMR Spectrum of I
m

3-3-2-2g
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gsample: z3-3-53-2
sample ID: zhuangd 20100807 07

Plle: /home/walkup/vnmrsys/data/auto 2010.08.02/zhuangd 20100807_07/data/cCarbon 01.fid

O O
13 Z
C NMR Spectrum of /©/U\I/H\O
M

3-3-2-2g

Pulse Sequence: s2pul

solvent: cdcl3

Temp. 25.0 ¢ 7 298.1 K
Operator: ZhuangJ
File: carbon_01
VNMRS-400 “"ulnmr400*
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Pulse 45.0 dagrees

Acqg. time 1.300 seac

width 24505.8 Hx

5000 repetitions
OBSERVER C13, 100.5222010 MHz
DRCOUPLRE H1l, 399.7718181 MMz
Power 40 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

PT size 655136

Total time 3 hr, 11 min, 43 sec

179.37%
164,445

/-—-166. 901
N\ 164.363

130.477
30.388

ya

129.212
129.175

A%

—116.131

 \-115.908

- 77.318

999
76.5879

44 .512

,—28.901
/—25.320

- —-25.538

¥

FrT

T
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sample: zj-3-53-2
Sample ID: ZhuangJd_20100807_06
Pile: /home/walkup/vnmrsys/data/auto_2010.08.02/zZhuangJ 2

Pulse Bequence: s2pul

golvent: cdcl3

Temp. 25.0 C / 298.1 K
Operator: ZhuangJ

File: Fluorine_ 01
VNNRS-400 *"ulnmr400*

-105.113
-105.121

Relax. delay 1.000 sec

Pulse 30.0 degrees

Acg. time 1.000 sac

width 78125.0 Hz

16 repetitions
OBSERVE P19, 376.1594577 MHz
DATA PROCESSIRNG

Line broadening 0.9 Hxz

FT size 262144

Total time O min, 36 sec

/ -105.099

\

Rty

e
\\_

0100807_06/data/Fluorine 01.fid

-105.148
-105.156

-«105.170

\

A

19F NMR Spectrum of
-

HN

3-3-2-2g
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Sample: x3j-3-54-2
sample ID: ZhuangJ 20100810 02

File: /home/walkup/vnmrsys/data/auto _2010.08.09/zhuangsy 20100810 _02/data/Proton_ 01.fid

Pulse Sequence: s2pul

Solvent: cdcl3

Temp. 25.0 C /7 298.1 K
Operator: ZhuangJ
File: Proton_01
VNNRS-400 “ulnmr400*

Relax. delay 1.000 sec
Pulse 45.0 dagrees

Acqg. time 2.049 sec

width 6410.3 Hz

8 repetitions

OBSERVR 1, 399.7603207 MHz
DATA PROCRSSING

Resol. enhancement -0.0 Hz
FT size 65536

Total time 0 min, 30 sec

0c¢c

o O
1 A
H NMR Spectrum of I
|

3-3-2-2h
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Sample: zj-3-54-2

Sample ID: ZhuangJd 20100810_04

File: /homwe/walkup/vnmrsys/data/auto_2010.08.09/ZhuangJd 20100810 04/data/carbon 01.f1d

Pulse Seguenca: s2pul

Solvent: cdcli

Temp. 25.0 C /7 298.1 K
Operator: ZhuangJd

File: carbon 01
VNMRS-400 *"ulnmr400*

Relax. delay 1.000 sec
Pulse 45.0 degrees
AcqQ. time 1.300 sec
width 24509.8 Hx
192 repetitions
OBSERVE C13, 100.5198126 MHZ
DECOUPLR H1, 399.7623195 MHz
Powar 40 dB
continuously on
WALTZ-16 modulated
DATA PROCESSING
Line broadening 0.5 Hz
FT size 65536

Total time 9 min, 49 sec

/~3166.948
s~ 164.805
164.410

N

178.057

L NPRPIVS SN, PSP

- 130.5977
-130.888

/

o

\

\

13V. 540
130.523

128.961

128.923
—116.303

\

116.080

115.657
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Sample: zj-3-54-2

Sample ID: ZhuangJd 20100810 03
File: /home/walkup/vnmrsys/data/auto_2010.08.09/Zhuangd 20100810 _03/data/Fluorine 01.fid
Pulse Sequence: s2pul
golvent: cdcl3
Temp. 25.0 C / 298.1 K
Operator: ZhuangJ o ® 'k - (@]
File: Fluorine 01 N n e
VNMRS-400 *ulnmr400* w h 1 o 19 zZ
$S8%95 F NMR Spectrum of T
Relax. delay 1.000 sec
-
Pulse 30.0 degrees %)/J
Acq. time 1.000 gac 3-3-2-2h
width 78125.0 Hz
16 repetitions
OBSERVE P19, 376.1505201 MH2
DATA PROCESSING
Line broadening 0.9 Hz
FT size 262144
Total time 0 min, 36 sec
N
N
[\
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Sample: z3-3-52-2

Sample ID: ZhuangJ 20100805 01

File: /home/walkup/vnmrsys/data/auto_2010.08.02/zhuangd_20100805_01/data/Proton 01.fid

Pulse Seguence: s2pul

solvent: cdcl3

Temp. 25.0 ¢ / 298.1 K
Ooperator: zZhuangJd
File: Proton 01
VNMRS-400 ~ulnmr400-

Relax. delay 1.000 sec
Pulge 45.0 degreas
Acg. time 2.049 sac
width 6£410.3 Hx

8 repetitions

OBSERVE H1, 399.7698193 MHY
DATA PROCERSSIRNG

Regol. enhancement -0.0 Hz
FT size 6553¢

Total time 0 min, 30 sec

-2-2i

o © o
'H NMR Spect f Jﬁy\
pectrym o % , o
343
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Sample: z3)-3-52-2
sample ID: ZhuangJ 20100805 02

File: /home/walkup/vnmrsys/data/auto_2010.08.02/ZhuangJ 20100805_02/data/Carbon_ 01.fid

Pulse Seguence: s2pul

S8olvent: cdcll

Temp. 25.0 C / 298.1 K
Operator: ZhuangJ
Pile: carbon_01
VRMES-400 "ulrmr400*

Relax. delay 1.000 sec
Pulse 45.0 degreas
Acqg. time 1.300 sac
width 24509.8 Hz
64 repetitions
OBSERVE C13, 100.5222010 MHz
DECOUPLE H1, 399.7718181 NHz
fower 40 dB
continuously on
WALTZ-16 modulated
DATA PROCESSING
Line broadening 0.5 Hx
FT size £5536
Total time $ min, 49 sec

176.678
—166.625
T 165.852

-~ 132.821
132.747

-133.241

y

128.833
128.312
127.866

128.517

(@] O
13C NMR Spectrum of ©/”\z/u\®/\
T 4

3-3-2-2i
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