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How Is Chemotherapy Used to
Treat Cancer?

Chemotherapy is the use of any drug to treat any disease. But to most people, the word
chemotherapy means drugs used for cancer treatment. It’s often shortened to “chemo.”

Surgery and radiation therapy remove, kill, or damage cancer cells in a certain area, but
chemo can work throughout the whole bady. This means chemo can kill cancer cells that
have spread (metastasized) to parts of the body far away from the original (primary) tumor.

Goals of chemotherapy treatment

If your doctor has recommended chemotherapy to treat your cancer, it’s important to
understand the goals of treatment when making treatment decisions. There are three main
goals for chemotherapy (chemo) in cancer treatment:
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1. Cure

2. Control

Chemist/pharmacist/drugstore

3. Palliation

J
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TR Is it a good way to use chemical?
Kim Jong-nam Was Killed by VX Nerve Agent, Malaysians Say

By RICHARD C. PADDOCK and CHOE SANG-HUN FEB. 23, 2017

Nerve agents are a class of

phosphorus-containing organic
O chemicals (organophosphates) that
| | disrupt the mechanisms by which

N P-u, nerves transfer MesSages to organs.
\/\ S/ \ "y

O—\
VX (nerve agent)

10 mg i1s enough to kill a
person through skin contact
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Organic Chemistry

CHE 203
Lecture 9: Alkynes
Le Quoc Chon — Duy Tan University
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WELDING TORCH

2 pipes gas hoses

gas onfoff valves

oxygen blast trigger
3 pipes / gas hoses
| i S~ \
S—— — . @
| 4&_.‘=/ %
\ oxygen blast valve gas valves
The nozzle can be unscrewed.

CUTTING TORCH

The extra pipe is for the oxygen blast which helps to burn
and blast the melted metal out of the cut.

|
Nhiét d6 ngon lira acetylene/oxygen

~lame of Acetylene/oxygen: 3330 °C
Oxy-fuel welding and cutting
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Naming Alkynes

Doc tén alkyne

Numbering at the end
nearer to the triple

bond. (danh s6 sao (|3H3
Ch? he‘iket, ba oviin CH3CH,CHCH,C=CCHaCH;
thap nhat co the) 6 5 "4 32 "1

6-Methyl-3-octyne
(New: 6-Methyloct-3-yne)
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Naming Alkynes

CH3 Doc tén alkyne

|
HCECCHchCHz(:HzCH :CHCH3
1 23 4 5 6 7 8 9

4-Methyl-7-nonen-1-yne
(New: 4-Methylnon-7-en-1-yne)

HC=CCH,CH,CH,CH=—CH (g e
- 24 23 22 — 2 Il(?ld:)lVl
tri thap)

1-Hepten-6-yne
(New: Hept-1-en-6-yne)
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Naming Alkynes

PROBLEM 9-1 DOC tén alkyne

Name the following alkynes:

(@) CHg  ChHg (b) CHs
|
CH3CHC=CCHCH3 chm':{:Ha
CH3
{C] CHS

|
CHgﬁHgﬁJCECEHECHECHg

CHs

(d) r.le3 CH3
|
CH3CH2[|Z{IECCHCH3
CH5

(fl CH;CH=CHCH=CHC=CCH4
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Preparation of Alkynes
Piéu ché alkyne

1.2-Diphenylethylene 1,2-Dibromo-1,2-diphenylethane
(stilbene) (a vicinal dibromide)

2 K OH, ethanol

Tach hai lan HX

trong mo1 truong 2H,0 + 2KBr
base manh nhu E

KOH, NaNHZ Diphenylacetylene (85%)
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Phan trng cua alkyne
Reactions of Alkynes

Markovnikov’s rule

Cong HX
HBr addition
Br H Br H
CHaCH,CH,CH,C=CH — 2" CH4CH,CH,CH CIZ—(IIH HEr CH4CH,CH,CH CIZ—C|2H
3~z 2vtigb— CHCO,H 3w rigria 2-— CH3CO,H 32tz 2| i
Br H
1-Hexyne 2-Bromo-1-hexene 2,2-Dibromohexane
HCI addition
Cl CH,CH3 Cl H
- HCI \ / HCI |
CH3CH,C=CCH5,CH5 > C=C > CH3CH,C—CCH5CH34
CH3CO,H /N CH3CO4H |
CH3CH, H Cl H
3-Hexyne (Z)-3-Chloro-3-hexene 3.3-Dichlorohexane

(trans stereochemistry)
Le Quoc Chon - Duy Tan University 10



Reactions of Alkynes

. Phan ung cua alkyne
Cong X, & Y
Br, addition
Br H |Br Tlr
B \ / B
CH4CH,C=CH ——2 C=C  ——2 - CH3CH,C—CH
CH2C|2 / AN CH2C|2 | |
CHECHE Br Br Br
1-Butyne (E)-1,2-Dibromo-1-butene 1,1,2,2-Tetrabromobutane

(trans stereochemistry)

Remind (nho 1ai)

E, Z configuration?
Cis-trans configuration?
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Mechanism of addition reactions

(co ché ctia phan Ung cong)

+ Br
H Br H
\ //\H Qr \ /f’f \ /
/\ / 0\ / N\
) An alkene An alkyl An alkyl bromide
So sanh carbocation
alkene va )
alkyne * ;
Br
—C=cC 8 —+c=c/ — C=C
\ /N
H H
An alkyne A vinylic A vinylic bromide

carbocation
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Structure of carbocation
(cau truc cta carbocation)

Vacant p orbital i
_-R

+A~-7

H R C\ R’
&splhybridized

A 2° alkyl carbocation

Vacant p orbital

Vacant

p orbital sp-hybridized

A 2° vinylic carbocation
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Problem

Du doan san pham cua cac phan trng sau
PROBLEM 9-3

What products would you expect from the following reactions?

(a) CH3CH,CH,C=CH + 2Cl, — ?

(b)
C=CH + 1HBr — ?

(c) CH3CH,CH,CH,C=CCH; + 1HBr — ?

Le Quoc Chon - Duy Tan University 14



(hydrate hoa alkyne)
Hydration of alkynes

2 methods (hai phuong phap)

o~ ~N
Catalyzed by Mercury (1) ion Hydroboration-oxidation
=> Results in Markovnikov products  => Results in non-
Markovnikov products
H,0, HyS04
HgS0,4 1. BH3, THF

2. Hy0,

Le Quoc Chon - Duy Tan University 15



Hydration of Alkynes

OH O
e Lo
H»0, HoSO
CH3CHoCHoCH)C=CH —22224, | CHaCHoCHoCH;  SCHp| ——  CH3CHoCHoCH; >C~
HgS0O,4 / N\
, H H
(xdc tdc muoi thuy ngan)
1-Hexyne An enol 2-Hexanone (78%)
H
” ]
I
e C“}{:(H
Enol tautomer Keto tautomer
(less favored) (more favored)

(giai doan nay goi la keto-enol tautomerism)

Le Quoc Chon - Duy Tan University 16



R—C=C—H

H92+ 5 Dd.?_"—

v

Mechanism (co ché)

1/



Hydration of Alkynes
(tao hon hop hay don chat)
Tao hdn hop hay chi mot san pham tly thudc vao alkyne ban dau

An internal alkyne

i I
Ha0*
R—C=C—R — C + C
HgSO4 R “CH,R’ RCH; R’
Mixture
A terminal alkyne
I
H O+ 2 4 \
R—C=C—H - C Phan irng nay

HgSO4  R” “CH R x
3 khong tao ra hon

A methyl ketone hO’p

Le Quoc Chon - Duy Tan University 18



Problems

PROBLEM 9-4 (hydration cAc alkynes sau tao san pham nao)

What products would you obtain by hydration of the following alkynes?

(a) CH3CH,CH,C=CCH,CH,CH3 (b) {|3H3
CH3CHCH,C=CCH,CH,CH5

PROBLEM 9-5 (batdau tir alkyne ndo dé tao ra cac ketone sau)

What alkynes would you start with to prepare the following ketones?

(a) f|:|} (b) l|2|}
CH3CH,CH,CCHs CH3CH,CCH,CH5

Le Quoc Chon - Duy Tan University
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Hydroboration-oxidation of alkynes

n internal alkyne

BH

3 CH3CH,C=CCH,CH; ———

THF

CH»CH3
CH3CH2 \C’f"'c\
|
CH3CH2\CKB_EC/CH2CH3

il \\
CHaCH,—C  “—CHyCHz
H

A vinylic borane

Lién két ba nam ¢ gitra s¢
tao san pham la ketone

Le Quoc Chon - Duy Tan University

H,0, NaOH

y OH
/

\
3 c=C
/T N\
CH3CH,  CHyCH3

An enol

|

0
3 CH3CH,CH,CCH,CH5

3-Hexanone

Tao ketone

20



Hydroboration-oxidation of alkynes

_ BH3 | H,0, I
CH3CH,CH,CH,C=CH e CH3CHZCH20H20H2—(|3H m CH3;CH,CH,CH,CH»CH
1-Hexyne F{fB ~R Hexanal (70%)
Tao aldehyde

Lién két ba nam 6 cu61 mach sé
tao san pham la aldehyde.

Le Quoc Chon - Duy Tan University 21



Compare two reactions

O

H20, HoSOy4 (lJl
HgSO, N
9S04 R CHs

A methyl ketone

R—C=C—H
A terminal 0O
alkyne I
1. BHg, THF R““C”C‘“‘"H
2. H202 / \
H H
An aldehyde

Different conditions generate different products.
Thay do1 di€u ki€n phan ng s€ thay do1 san pham phan Ung.

Le Quoc Chon - Duy Tan University
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Problem

PROBLEM 9-6
What alkyne would you start with to prepare each of the following compounds

by a hydroboration—oxidation reaction?

(b) CHs O

. ﬁ I I
Q—CHQCH {:Hgv::H::H2:3{|:H::H3
CHg

Le Quoc Chon - Duy Tan University 23



Problem

PROBLEM 9-7

How would you prepare the following carbonyl compounds starting from an
alkyne (reddish brown = Br)?

(a) R ® (b)
. -
Br I
e ‘/..;
-
-

Le Quoc Chon - Duy Tan University 24



Reduction of alkynes
(phan rng khw)

(hai giai doan, khtr hoan toan)

__ Ho _ _
HC=CH Catalyst H,C—=—CH, ﬁHﬂhydr{}g = —176 kJ/mol (—42 kcal/mol)
o Ha _
H,C=CH, m’ CH3—CHj ﬁHDhydrog = —137 kdJ/mol (—33 kcal/mol)
(khtr ¢6 thé dung lai ¢ alkene) H
N/ H,
= C=C Oct
CH3CH2CH2C CCHQCH2CH3 Lindlar p, \ Pd/C ane

catalyst CH3CH,CH,  CHoCH2CH3 catalyst

4-Octyne cis-4-Octene

Le Quoc Chon - Duy Tan University 25



9% Pd-CaCO,

; Lindlar catalyst
Pb(OCOCH3),
+
~
\\N |
Quinoline Dung lai ¢ alkene
/ \ 1 atm H%-- H
_/  Lindar mH
catalyst

H

Le Quoc Chon - Duy Tan University 26



Example in Pharma

F. Hoffmann-La Roche AG is a
Swiss multinational healthcare
company that operates worldwide

under two divisions: ,
Pharmaceuticals and Diagnostics.

CH,OH
15

7-cis-Retinol
(7-cis-vitamin A; vitamin A has
a trans double bond at C7)

Trans at C7/

Le Quoc Chon - Duy Tan University 27



Alternative method: Na or Li in NHj,

liquid as reducing agent
(mét phwong phap khac sty dung kim loai Na, Li trong dung dich NH.,)

CHgCHQCHQC\l\'h ;"H
i
CH3CH,CH,CH,C=CCH>,CH,CH,CH3 ﬁ fC:C\
3
H CH,CH,CH,CH3

5-Decyne trans-5-Decene (78%)

Le Quoc Chon - Duy Tan University 28



R—C=C—R' ——

Mechanism

A trans alkene

R—C=C—R' + Li*
91 H—NH,
Rr
/
R—C=C_ + NHy"
H
e‘Li
HF
L /

‘c=C + Lt
</ \

R H

H R
\ / .
C:C\ + :NHQ_

/ 29
R H



Problem

sroBLem o.3  (Difuché cac chat sau tir alkyne)
Using any alkyne needed, how would you prepare the following alkenes?

(a) trans-2-Octene (b) cis-3-Heptene (c) 3-Methyl-1-pentene

Le Quoc Chon - Duy Tan University 30



Oxidation of alkynes
(oxy hoa alkyne)

An internal alkyne (Ilf)l ba & glfra)

0] O

KMnO, or O, g N |

R—C=C—R’

A terminal alkyne (Ilf)l ba o Cll@i)

O
KMnO4 or O3 |

R OH

R—C=C—H + 0=C=0

Le Quoc Chon - Duy Tan University

C
R~ TOH HO” TR’
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Acidity of alkyne

(tinh acid cua alkyne)

0
R—C=C—H + :NH,Nat —— R—C=C:~ Na* + :NHj

Acetylide anion

TABLE 9-1 _
Amonia pKa = 35

Family Example K, pK,
Alkyne HC=CH 10—25 25 Stronger
acid
Alkene  HyC=CH, 10~%4 44 '
Weaker
Alkane CHg4 1060 60 acid

Le Quoc Chon - Duy Tan University 32



Problem

SROBLEM s.¢ (chatnao cé thé deprotonate acetone)

The pKj; of acetone, CH3COCH3, is 19.3. Which of the following bases is strong
enough to deprotonate acetone?

(a) KOH (pK, of H,O = 15.7) (b) Nat ~C=CH (pK, of C;H, = 25)
(c) NaHCO; (pK, of H,CO3 = 6.4) (d) NaOCHj; (pK; of CH30H = 15.6)

Le Quoc Chon - Duy Tan University 33



Alkylation of acetylide anion

H H
: Wa |

H—C=C: Nat + H—(|3—Br — H—EEC—(|3—H + NaBr
Acetylide anion H H
Propyne

Le Quoc Chon - Duy Tan University
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Mechanism

@ The nucleophilic acetylide anion uses its REE=0 Ny H"]C—Br
electron lone pair to form a bond to the H
positively polarized, electrophilic carbon
atom of bromomethane. As the new C-C ol
bond begins to form, the C-Br bond
begins to break in the transition state. [ H 1#

H"CE&-"'(ll""g; + Na¥
Y
- H H -

Transition state

@) The new C-C bond is fully formed and
the old C-Br bond is fully broken at the L2}
end of the reaction.

/H
H—C=C—C.. + NaBr
\'H

H
Le Quoc Chon - Duy Tan University 35



Alkylation

(phan rng alkyl hoa)

1. NaNH,, NH5
2. CH BCHECHECH;_;ET
1-Hexyne 5-Decyne (76%)

CH3CH,CH,CHoC=CH CH3CH,CH,CH,C=CCH,CH,CH,CHx

(DUNng dé tao alkyl c6 mach dai hon, nhung chi ding véi alkyne bac 1)

NaNH — RCH,B
H—C=C—H ——2 [H—C=C{ Na*| 2 H—C=C—CH,R
Acetylene A terminal alkyne
NaNH — R'CH,B
R—C=C—H -——2 [R—C=C{ Na*] 2, R—C=C—CH,R’
A terminal alkyne An internal alkyne

Le Quoc Chon - Duy Tan University 36



Alkylation

(phan rng alkyl hoa)

(Doi voi alkyne bac
2, 3 s€ xay ra phan

H
ung tach lOai) O: + CH3C=CH + NabBr
H

H
Br Cyclohexene
+ CH3C=C:” Na*
H
cZ
Bromocyclohexane
(a secondary alkyl halide)

Not formed

Le Quoc Chon - Duy Tan University 37



Problem

PROBLEM 9-10

Show the terminal alkyne and alkyl halide from which the following products
can be obtained. If two routes look feasible, list both.

(a) CH3CH,CH,C=CCHj (b) (CH3),CHC=CCH,CH4 (c) : C=CCHj

Le Quoc Chon - Duy Tan University 38



Problem

PROBLEM 9-11

How would you prepare cis-2-butene starting from propyne, an alkyl halide,
and any other reagents needed? This problem can’t be worked in a single step.

You’ll have to carry out more than one reaction.

Le Quoc Chon - Duy Tan University 39



The Art of Organic

Synthesis

10 year to
synthesize this
with more than
100 graduate
students and
postdocs

CH,OH

Vitamin B2
Le Quoc Chon - Duy Tan University
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Taxol: well-known natural
source cancer drug

’N‘irst isolate 1971)

0

Paclitaxel (Taxol)

Pacific yew in North America (an anticancer: breast, Iung,
ovarian cancer)

To date, Taxol is the best-selling cancer drug
ever manufactured. Annual sales of the drug
peaked in 2000, reaching $1,6 billio

E‘m University

now synthesis and
manufactured by
cell culture

(good story) m



Introduction on Organic Synthesis

(gi®i thiéu ve tong hop hiru co)

retrosynthetic

(look at final product and work backward)

Example: (more than 1 step)
CchHQC\HZ KCH3

CH3CH,CH,C=CH + RX — ;C:C\
1-Pentyne Alkyl H H
halide

cis-2-Hexene

Le Quoc Chon - Duy Tan University 42



Work backward

CH3;CH5CH, CHjy
H, ) \C_C/
/ \

I H

CH-CH-CH,C=CCH ’
3LHaLH; 3 Lindlar catalyst
2-Hexyne

cis-2-Hexene

In NH —
CHaCH,CH,C=CH + NaNH, ——2> CHsCH,CH,C=C: Na*

1-Pentyne

- InTHF
CHaCH,CH,C=C: Na* + CHsl ———— CHzCH,CH,C=CCHjz

2-Hexyne

Le Quoc Chon - Duy Tan University 43



Answer

CH3CH,CH CH
3 2\2 / 3

1. NaNH-, NH H
~ 2 8 . CHsCH,CH,C=CCH; —2 , c=C
2. CH,al, THF Lindlar catalyst / \

1-Pentyne 2-Hexyne H H

CH3CH,CH,C=CH

cis-2-Hexene

Le Quoc Chon - Duy Tan University 44



Problem

Synthesize 2-bromopentane from acetylene and an alkyl halide. More than
one step is needed.

Br

I
HC=CH + RX ~——_. CH3CH,CH,CHCH,

Acetylene Alkyl 2-Bromopentane
halide

Le Quoc Chon - Duy Tan University 45



HC=CH

Acetylene

1. NaNH,, NHy

2. CH3CH,CH,Br, THF

-

Answer

H
CH3CH,CH,C=CH ——
Lindlar

1-Pentyne catalyst

Le Quoc Chon - Duy Tan University

CHacHchECH :CHZ

1-Pentene

lH Br, ether

CH3CH ECHE{I:H CHj
Br

2-Bromopentane

46



Problem

Synthesize 5-methyl-1-hexanol (5-methyl-1-hydroxyhexane) from acetylene
and an alkyl halide.

CHs
|
HC=CH + RX ~—_ CH3CHCH,CH,CH,CH,0OH

Acetylene Alkyl 5-Methyl-1-hexanol
halide

Le Quoc Chon - Duy Tan University 47



HC=CH

Acetylene

1. NHNHE

CH3

CH3CHCH,CH,Br

Answer

e
H
CH3CHCH,CH,C=CH ——2—
Lindlar
catalyst

5-Methyl-1-hexyne

Le Quoc Chon - Duy Tan University

0o
CH3CHCH,CH,CH=CH,

5-Methyl-1-hexene

1. BH3
2. H;0,, NaOH
CHs
|
CH;CHCH5CH»CH,CH,0H

5-Methyl-1-hexanol

48



Problems

PROBLEM 9-12

Beginning with 4-octyne as your only source of carbon, and using any inorganic
reagents necessary, how would you synthesize the following compounds?

(a) cis-4-Octene (b) Butanal (c) 4-Bromooctane
(d) 4-Octanol (e) 4,5-Dichlorooctane (f) Butanoic acid

PROBLEM 9-13

Beginning with acetylene and any alkyl halide needed, how would you syn-
thesize the following compounds?

(a) Decane (b) 2,2-Dimethylhexane (c) Hexanal (d) 2-Heptanone

Le Quoc Chon - Duy Tan University 49



