st B0, a1 2

Ladgn/el -¢ ol pall ale /¥ cliifdd -Y 5 Koo/ slia dn i -Y)
(@ phall ple 2V ) pall ale-l @l jiall Hlefel -0

AU (A Jaall) ¥ YYLY LYY il al) aladl

dae |

Il S — el o




Content

Definition of Natural Product -Classification

Natural Products

Alkaloids Definition of alkaloids -Extraction of alkaloids -General Properties

Structure —elucidation of alkaloids

Classification of alkaloids ( Phenyl ethyl amine —Pyrrolidine — pyridine —(pyridine,
pyrrolidine group) —quinoline —isoquinoline- Tropine alkaloids

Phenanthrene Group)

Terpenoids Definition —Extraction -Structure elucidation -Classification —monoterpenoids — Cyclic
Monoterpenoids(Limonene-Menthol-Camphor)-Sesquiterpenoids-Diterpenoids-
Triterpenoid-tetraterpenoids —Polyterpenoids (rubber)

Steroids
Definition of steroids

Classification

Determination of ring A in cholesterol and cholic acid
Determination of the nucleus - Blanc Rule

1-Sterols (cholesterol )

2-Vitamin D(vitamin D2)

3-Bile Acids (cholic acid)

4- Steroidal Hormones or Sex Hormones(progesterone)
5- Adrenocortical hormones (cortisone)




hméﬂ\— daanila) Gj\jﬂ\ & y=i |
Definition of Natural Product -Classification

O

Natural products are organic compounds produced by living organisms, such as human organs, plants,
animal organs, sea organisms and micro-organisms, as a result of the metabolism.

According to their physiological influence and according to their structural composition, and
they are studied in groups as follows:

1. (@bl eldl) Gl sl Alkaloids
<L liTerpenes
Gl g uiuYISteroids

Gl $35Y) 5 <l 538080 Flavonoids and anthocyanins
<y jle SIICoumarins
<y el Phenanthrens
4 sl Glaladdl Antibiotics
GlualidliVitamins

And there are some interactions, for example, vitamin A, which is classified as diterpens
. As for the modern classification, it is as follows It is classified into a smaller number of sects,
namely :

1. <l o8l Alkaloids

2 <L il Terpenes

3. <l ,iud) Steroids

4.  4dsudl L 4l Phenolic compounds
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ALKALOIDS --- <y slill

-All organic bases isolated from plants, and it covers wide variety of compounds.
-(Konigs)suggested that alkaloids should be defined as [naturally occurring organic bases
which contain a pyridine ring ] ,this definition include a limited number of compounds.
-(Ladenburg definition): natural plant compounds having a basic character and containing at
least one nitrogen atom in heterocyclic ring .

Alkaloids have clear physiological effects, and are chemically related to pyrrole,
pyridine, quinoline and isoquinoline, which are different heterocyclic rings, some of
which are highly toxic, and some are used as medical drugs such as quinine used to
treat malaria, morphine to remove pain or cocaine as a local anesthetic and atropine

in surgery and ophthalmology.




Different heterocyclic rings related to alkaloids

O




Alkaloids are generally found in plants in the form of salts combined with some organic

acids such as malic or citric acid .

.Alkaloids are found mainly in fruits and seeds, as well as in tree bark.

We extract the alkaloids from the plants by carefully cutting the plants, then adding a
solution of hydrochloric or sulfuric acid to form their corresponding mineral salts.

In this process, the alkaloids (bases) are liberated from the organic acids, and then the
alkaloids are dissolved in the form of solutions of salts of hydrochloric or sulfuric acid
with sugars and some other compounds found in the tissues of plants.

As the alkaloids do not dissolve in water, they can be precipitated from chloride or
sulfuric salts by adding bases such as sodium or potassium hydroxide.

In the case of volatile alkaloids such as nicotine, the salt solution or the raw material is
treated with the addition of alkali (sodium hydroxide) and treated by steam distillation,
then the alkaloids are extracted by organic solvents such as, chloroform or other organic
solvents.

The mixture of alkaloids is separated by various methods into pure substances .



General Properties 4—lall (ol sAl

O

. Alkaloids are colorless, in crystalline form, and do not dissolve in water, but dissolve

in organic solvents, such as, chloroform, ethyl alcohol ... etc.

But there are liquid alkaloids that can be mixed with water, such as coniin and
nicotine, and some have a yellow color like piperine.

Most alkaloids have a bitter taste and optically active .

It generally contains one or two nitrogen atoms in a tertiary state in a ring.

Most alkaloids also contain an oxygen.
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Structure —elucidation of alkaloids

@,

1-The first step in determining the structure of a pure alkaloid consists in

ascertaining its molecular formula and optical rotatory power.

2- Functional nature of oxygen
The oxygen atom may be present in the form of alcoholic or phenolic hydroxyl
(-OH), methoxyl (-OCH,), acetoxyl OCOCH,), benzoxyl (- COC4H,), carboxyl

(-COOH) or carbonyl (C=0) group, various oxygen functional groups can be

characterized according to the following characteristics




(A) Phenolic hydroxyl group (=C-OH) : The phenolic hydroxyl group is characterized
by alkali solubility followed by reprecipitation by carbon dioxide, a colour reaction with ferric
chloride, acylation to an ester and alkylation to an ether. The number of phenolic hydroxyl
groups is estimated by acetylation.

(B) Alcoholic hydroxyl group (-C-OH) : The alcoholic hydroxyl group is generally
indicated by its acylation reaction along with the negative tests for phenolic group. It is further
confirmed by characteristics like dehydration, oxidation, and absorption spectrum in the
infrared. The three possible alcoholic groups are usually differentiated by their oxidation
reactions.

(C) Carboxyl group (-COOH) : The carboxyl group is indicated by its solubility in weak
bases, like NaHCO,, NH,, etc., esterification with alcohols, and specific absorption in the
infrared. The groups are generally estimated quantitatively either by acid-alkali titration or by

silver salt method.




(D) Alkoxyl group (-OR) : The alkoxyl groups, generally methoxy
(—OCH3) and sometimes ethoxy (—OC2H5) occur frequently in the alkaloids. It is detected as
well as estimated by Zeisel method which involves boiling of the alkaloid with concentrated
hydroiodic acid at its boiling point (126°C) when the alkoxy groups are converted into alkyl
halides which can be easily estimated as silver iodide by treatment with ethanolic silver

nitrate.

AgNO3

0
C
12 S ROH + cHy =55 Agl (ppt)

R%OCHg + HI

The number of moles of silver iodide is equivalent to the number of alkoxyl groups in the
alkaloid.

(E) The related group, methylene dioxy (-O-CH,-O-) is estimated on the basis that it
liberates formaldehyde when treated with hydrochloric or sulphuric acid; thus the quantitative
estimation of formaldehyde will give the number of methylene dioxy groups.

F)Oxo0 group the presence of an oxo group is readily determined by formation of an oxime

,semi carbazone and phenylhydrazone .



Alkalouwds

Determination of the structure - The nature of N

O

a)The general reaction of alkaloid with acetic anhydride,methyl iodide and
nitrous acid show the nature of the nitrogen
b)Distillation with aqu.pot.hydroxide gives information about the nature
and number of alkyl groups attached to nitrogen
c) The N-alkyl groups are frequently estimated by Herzig Meyer method

N\ HI \ AgNO
N—CH; —— > — s

S
N\ HI \ AgNO

N—C,H —
/ 2Hs 150-3000¢ /N H + CyHsl

3

Agl

d)Hydrolysis show the presence of an amide ,lactam ---in the alkaloid
structure .




Determination of the structure
Functional nature of nitrogen

O

e)Hofmann exhaustive methylation :

N |\|| /N\
H Me Me
¢Agzo
m i Mel | heat O
—_ -+ -
— 1. Ag20O N - HOH + _
OHM /N\MMe Me/ \Me /N\ OH
€ € Me Me
\

heat
- HOH\A
MesN + Il/\l\ iIsomerizn.




Functional nature of nitrogen

O




Functional nature of nitrogen

O




4-Detection of the unsaturation : by addition of bromine and halogen
acids or by reduction by means of sodium amalgam ,sodium and ethanol
and hydrochloric acid etc----- .

5- Oxidation:

a)Mild oxidation (hydrogen peroxide-ozone- iodine in ethanolic solution --- )
b)Moderate oxidation (acid or alkaline pot.permenganate-chromium trioxide in
acetic acid--) c)Vigorous oxidation (pot.dichromate in sulphuric acid—conc.n
itric acid -chromium trioxide in sulphuric acid --- )

6- Alkali fusion: fusion with solid potassium hydroxide and investigation of
the products .

7-Distillation with Zinc dust and investigation of the products .

8-Physical methods : (IR —-NMR-MS-UV- X ray)

9- Synthesis :

Finally, the structure proposed by degradative methods is confirmed by the
synthesis.



Classification of alkaloids

(1) Phenylethyl amine alkaloids

(2) Pyrrolidine alkaloids

(3) Pyridine or piperidine alkaloids
(4) Pyridine-pyrrolidine alkaloids
(5) Tropane alkaloids

(6) Quinoline alkaloids

(7) Isoquinoline alkaloids

(8) Phenanthrene alkaloids

Phenyl ethyl amine group

Many compounds of this group are known

some natural and other synthetic .The

physiological action is to increase the blood

pressure .They are referred to as the blood -
pressure drugs.

(9) Indole alkaloids

Synthesis of Beta phenyl ethyl amine

COOH
- C02
NH, >

phenylalanine B-phenylethyl amin

QCHZU + KCN —> @CHZCEN + KCI
NH,

AOH
@CHZ—CHZ— N H2




(C,H,,NO, ) Adrenaline sl 2!

N
HO TCH,

adrenaline
|

It is a non-steroid
hormone. Adrenaline was
the first hormone to be
isolated in a crystalline
form ,adrenaline is active
only when given by
injection , it raises blood
pressure ,is used locally to
stop hemorrhage.

catechol or its derivative
it has terminal
MN-CH, group

ﬂ positive test
{green colour)

methylamine odour

phenolic character

fl

ppt. as adrenaline

‘ acid

FeCl,
m
KOH (3) (2) F,E:E_ng_,J soluble compound
Adrenaline (1)
C.H,-NO
(4) T PhSO.Cl

. : (6)
alkali, fusion \
/ ®)

OH 1) methylation
2) KOH/ fusion
OH

Ohe

Ohe
+ (CH.):M

CO0OH

protocatecholic acid

(m

\U, CO,H

. - veratric acid
Adrenaline contains (

two OH'sat3 & 4
positions

benzene trisulfonyl
derivative

l (<]

ketonic compound

)

Adernaline has 2°ry
OH group




(C9H13N03 ) CJ.‘Au.‘.JSY‘

- HO
- H,O

catecho chloroacetic aci

- adrenaline




Ephedrine
)

Ephedrine FsCHN
COOH C1oHsNO o CH,
[0] hydramine fission
: : HCI, heat | CH, -
HNO; 0 DS propiophenone
nitroso compd. of CeH:COCI + CH3NH,

Y »
a product containing
an amide and an ester
functions

OH OH
H
N
Q)\r N ©)\/\NHCH3

ephedrine 1 ephedrine 2




Ephedrine

Hofmann exhaustive methylation : OH OH

+
N(CH
NHCHs {5 cpy, (_ 3)3
CHs ii. AGOH cH; O

. . C{'l‘/CH_CHg
Synthesis of ephedrine @ 0 + N(CHa)s
C
0 (0]
* HyNCH3 ——>
CHj CHg
OH + 1. n
NHCHj3

CHs




(Pyrrolidifie S$roup) Cual sl ds gass Tify it
(Hygrine) ¢z CgH, NO

()

Confirmation of the structure

D Opoaaedl S il JRall )

O\EH;I:DEHB

" - Dry distilation
‘ CgHysNO __OXidation - . No, > N—CH;
C

H. Hygrine

Hygrinic acid Methyl pyrrolidine

On oxidation of Hygrine ,Hygrinic acid is formed . Hygrinic acid was first believed to be a one
from piperidine carboxylic acids but comparison with the three acids show ed this was incorrect.

Al g S (o sl Galea) (e Glaea 4 Ay IS (Al el ymaed) e G S (g jaaed) 3

ol I 13 A aae i) 5 laall 250
CO.H 3 COOH
. oy O ®)
J 5~COOH  of 2
N Cof N N 'i' N
H H CH é
i Hs Il

piperidine carboxylic acids I Hygrinic acid




(Hygrine) ¢zl

O

Synthesis of Hygrinic acid( N-methylpyrrolidine carboxylic acid )

COOEt
Br _COOEt
+ Na'< 5 Br(CH,);CH(COOEt), _ Bra g
Br COOEt
1,3 dibromo propane Br Br COOEt
CH3;NH
O\COOH i) Hydrolys. COOEt 3NH,
| =~ COOEt 2HBr
CH, ii) HCI, iii) -CO, N
Hygrinic acid H,C




Synthesis of Hygrine ¢z jpaas

O




Confirmation of the structure (pe U <l JK&N @)

1-M.F CgH, N
2-Dry dist. with zinc dust coniine is converted into conyrine
3- Pyridine 2-carboxylic acid (a-picolinic acid )was obtained
CH3 via oxidation of conyrine

4- Coniine is may be piperidine with side chain with three
carbon atom

5- the side chain either n-propyl or iso propyl ,it may be n-
produces n- propyl (heating coniine with hydroiodic acid
octane not iso —octane,so Coniine is 2-n-propylpiperidine
which confirmed by synthesis .

Iz

Zn Oxidation =
> C8H1 1 N —mM» |
conyrine X,

N COOH
CoHuN 2 - carboxy pyridine n | KMnO, | b
_ - P _ o P
N" CH, 3h N~ “CH, [O] N” “COOH
/\/\/\/CH3 B ‘
P/300° HsC coniine conyrine pyridine - 2 - carboxyli
n - Octane acid

-NH,

X CH;
| . He oH — = H,C(CH,CH, + NH,

3
H CH,CH,CH, n- octane

iso- Octane

coniine






Confirmation of the structure

O..j).&..\ﬂ ‘ﬁ...\S)ﬂ‘ dS..ﬂ\ C'_m\_.u:'\ C47H4gNO+ R e CyqoH4pO04 +

Piprene Pipric acid H
C12H1004 KM"O4 T C8H603  — C8H604
Piperic acid Pipronal Pipronlic Acid
° HO COOH
CsHgO4 HCI / 200 C
+ HCHO
Pipronlic Acid HO
Protocatecoic Acid
o CHO

HO COOH
o COOH
NaOH
+ CH2|2 —_— > < O
HO Heat o

. . : Pipronal
Protocatecoic Acid Pipronlic Acid



cooH HO COOH

0] °
CyzH1004 - < .
Pipric acid o
Pipronlic Acid Ho~ CoOHH
Synthesis of piperine |
HO CHO
cHci, H° ° cHO
NaOH CHxCI;
HO HO P T <
o
o . ~._ __COOH

i)-CH3; CHO / NaOH

——
ii)- (CH3C0O),O / CH3;COONa

Pipric acid
i)- PCls
ii)- piperidine

v -




Nicotine(C, (H

(Pyrrolidine-pyridine group) St Gl g ol A gana u\uglﬁ

4N) O=Hissl

@

A/

- COH

Na,Cr,0O,

-

nicotine |
N/ H,SO,

nicotinic acid
nicotine has structural
formula

Xx—CsH N

—
N

AN

—
N

nicotine can be written as

Confirmation of the structure

sl Sl (S e

CH,l
(A) hicotine  (c)———— quaternary salt
®) K,F
,Fe(CN),
CH,COCI
mild conditions
No reaction N - methyl nicotine

i.e. nicotine is tertiary amine

Na,Cr,O,
H,SO,

N - methyl pyrrole
-2- carboxylic acid

e

pyrrole




Nicotine (C,,H,,N,) (sl

O

Confirmation of the structure

O Sl a1 IS

COOH
T

=
N,--"

nicotinic acid

D Na,Cr,0, K, Fe(CN),

HOOC hil H,S0,
CH

3

1- methylpyrrole-2- M- methyl nicotine
carboxylic acid



Synthesis of Nicotine Spath and Bretsvchneider
I g g Gl A b (1 SN yaudan

O
o CO,Et EtONa AN
| — + | =
N o" N N~ 07N
ethyl nicotinate CH, CH,

1- methyl- 2 - pyrrolidone

|
Zn | HCI O/m 1)H| O/U
2)base

nicotine




Confirmation of the structure

oS Sl I

OCH, i

RPN
e ;
= o}
N O > KOH o
——————
(@)
(1) COOH
Synthesis of cusparine S o\ o
3
RS jucaay cro, §
0\ OCH, ey o N~ “COOH

o
. N ﬂ, h (2)
= (o)

CHO

Pipronal

N~ “CHj
4-Methoxy-2-methyl-quinoline
OCH,
D§
—
A

Bass
(o]

H,/Pd-C
-

(3)



ISOQUINOLINE ALKALOIDS
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ISOQUINOLINE ALKALOIDS
(C20H21N04) Papaverine 0—)&5@#‘

The alkaloids of this group contain in their main composition an isoquinoline nucleus.
Most of the members of this group have a physiological toxic effect and cause many
diseases for many tissues of the body, especially cancer, and they also have a strong

destructive effect on the nervous system of the person.

H;CO ~
O N
H;CO =
OCH
C OCH

Papaverine is a solid with a melting point of 147 ° C).

Golds-chmiedt et al established the structure as follow:




Papaverine
Determination of the structure

1-1t has been proven that M.F C,,H,,;NO,
2-Papaverine is optically inactive , since it does not contain any chiral center (asymmetric carbon atom ).

3- Since papaverine adds one molecule of methyl iodide to form a quaternary iodide salt, this indicates the

presence of nitrogen in the tertiary state.

4- Papaverine contains four methoxy groups (Zeisel method).

CyoH21NOy4 + 4 HI »  C4gH3NOy + 4CH;I

(e 2uLPapaverine papaveroline {5 8LL




Determination of the structure

5-Oxidation by cold dilute permanganate papaverinol is obtained ,thus more vigorous
oxidation with hot dilute permanganate a ketone papaveraldine is obtained so
papaverinol is a sec. alcohol and papaverine must be contain a methylene group(-CH,-).

The prolonged action of permanganate oxidize the ketone to papaverinic acid .

(C1gHg0yCHy ——— 0, (CigHgOg)CH-OF —— 0] — (CygH4ghl04C=0

Papaverine papaverinol papaveraldine
Ol Jsbll Ol Bl

6-When oxidized with hot permanganate ,papaverine (or the oxidized product )is broken

down into small fragments:
1-Veratric acid
2- Meta hemipinic acid
3-Pyridine 2,3,4-tricarboxylic acid

4- 6,7-dimethoxyisoquinoline -1- carboxylic acid




Determination of the structure

Now, let us consider the evidence for the structure of these compounds :

1- Veratric acid

a) Veratric acid contains one carboxyl group and two methoxy group

b) Decarboxylation of veratric acid veratrol is obtained. Since this is dimethoxy

benzene ,so veratric acid is dimethoxy benzoic acid .

c) The position of the carboxyl with respect to methoxy groups established by the

following synthesis : COOH COOH COOH
H,SO, KOH
e T e
SO,H OH
H H H
COOH

CH5l / NaOH

—

OCH,
CH,
Veratric Acid

So veratric acid is 3,4 dimethoxy benzoic acid.




Determination of the structure

2-Metahemipinic acid:

a) This is dicarboxylic acid and decarboxylation with calcium oxide, veratrol is formed .
b) Meta hemipinic acid contains two methoxy group .

¢) The meta hemipinic acid is either (1) or (2)

H;CO
- COo
m - hemipinic acid — ;@
H;CO
COOH
H-CO OO H Hgﬂﬂj@:GGDH
H-C O cOoOOoOH

H-CO
L7] [2]




Determination of the structure

d)Heating the acid with acetic anhydride an anhydride is formed, so the
two carboxyl group must be in the ortho position .
e)Meta hemipinic acid forms only mono ester (2) permits the formation of

mono ester so the structure (2) is meta hemipinic acid.

COOH COOEt COOH

HaCO COOH HzCO COOH  HLCO COOEt
EtOH / H2504 _

HLCO H.CO H2CO
3
[1] :

HECD]@:EDDH EtOH / H2504 HgCD:Hj[:CDDEt
-
HaCO COOH HoCO COOH

[2]




Determination of the structure

3-pyridine 2,3,4-tricarboxylic acid
a) It contains three carboxylic groups .
b) Decarboxylation gives pyridine .

The position of three carboxyl group is established by the following

synthesis starting with lipidine(4-methyl quinoline ).

COOH

H
Oxidation X Coo

N~ "COOH




4- 6,7-dimethoxyisoquinoline -1- carboxylic acid

H
Oxidation ooc N
KMnO > N
4 HOOC =
COOH

KMnO, H;;COD[COOH
H,CO COOH




Elucidation of the structure

1-Separation of veratric acid indicates the presence of group [3] in papaverine.

2- The separation of the 6,7 dimethoxyi soquinoline - 1 - carboxylic acid indicates

the presence of group [4] in the molecule..

OCH3 H3CO S N
H3;CO
_—~N
H3CO
CY
[3] CX [4]

3- Given that the total number of carbon atoms in groups [3] and [4]

is 21 carbon atoms, and papaverine contains only 20 carbon atoms. So, there must be
a repeat carbon atom in each of the CX and CY groups. Given that the compound
contains a group of CH2 (methylene), then it is likely that it is the same as the

duplicated carbon atom.




If we assume that C-x and C-y are one and the same carbon atom of the (X-CH, -Y)

group, then the following structure of papaverine accounts for all the facts.

HoCO 120

[0]

H4CO 1,C0

Papaverme
OCH3 Papavermol

[0]

OCH-

Papaverild me

CH;




Fused pyrrolidine-pyridine group
Tropine alkaloids

LTl Sty s =Cpieted g pesl) Sty 58
[Om g Al iy 58]

H,c—N

Cras Al B o3
Tropine nucleus
8-methyl-8-azabicyclo[3.2.1]octane




Tropine alkaloids [8-methyl-8-azabicyclo[3.2.1]octane occur in (atropa belladonna).
The most important alkaloids that can be obtained from these sources are atropine
drugs, high amino acid, scopolamine, etc.

The heterocyclic tropic alkaloids as they consist of the fusion of the pyridine nucleus
with the pyrrole nucleus. It is also possible to attribute all of these alkaloids. To the
compound tropan.

Tropinone can be synthesized via heating succinaldehyde,methyl amine and alkyl

acetondicarboxylate in the presence of hydrochloric acid as follow (Robinson method )

COOR
/o

COOR

i) NaOH / H,0
ii) Heat

A

H,c—N 0

Oswbigs 48l Robinson’s method




M\MQQ}

i Y ) |
(atropa belladonna U3l g 51 ) (hyoscyamus &) Swd

nizer)

4 9) shual) 1 gilal)
Datura stramonium




Tropinone can be reduced to give tropanol (sec.alcohol) also
it can be add hydrogen cyanide to give the cyanohydrine
derivative which hydrolyzed into the corresponding
hydroxy acid,.In this way it has been possible to create many
of these compounds, which have such a structural structure

for the purpose of studying their physiological effect.

claiial) (B 4SBEAT V£V Jagdo e Gpmdig) Cipgy s
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Atropine ¢ O gAY

Atropine is occurs in (atropa belladonna) together with hyoscyamine,
atropine solid m.p118°C

-1t has been proven that molecular formula C,;H,;NO,

-Atropine is hydrolyzed to tropic acid and tropine(tropanol),thus atropine
Is the tropanoyl ester of tropic acid ,atropine can be synthesized by heating
of tropic acid with tropanol in the presence of hydrogen chloride. It is
known that it is used in ophthalmology, since its solution with a

concentration of 2 - 1% in oil causes an expansion in the eye (diffusive

effect).
HOH,C
N\&—CeHs
S
0/0
N
H;C— OH
3 HO/H e
Atropine tropanol tropic acid

(tropin)



Phenanthrene Group Crolaal) Sy olo

Morphine, Codeine and Thebaine those are the three
important opium alkaloids containing the Phenanthrene
nucleus.

Codeine

Morphine Thebaine

Ompd sS1) Ay ol8 O gal ) 2y o8 Ol 2y o8




Morphine (8, 34l

Morphine

Morphine is the chief alkaloid in opium and was the first alkaloid to be isolated
,the chemical structure was supported by:

1- It has been proven that molecular formula C,, H,,NO, (after purification,
Qualitative and quantitative analysis, determination of empirical
formula)

2- Routine tests confirmed that nitrogen in the tertiary state .

3- Acetylation of morphine gives morphine diacetate (Heroin),two
hydroxyl groups are present in the molecule.

4-Morphine gives the ferric chloride test for phenols and dissolves in
aqueous sodium hydroxide to form mono sodium salt ,and this is
reconverted into morphine by the action of carbon dioxide,thus one
of the hydroxyl groups is phenolic.




5--Morphine with halogen acids converted morphine into mono halogeno
derivative, one hydroxyl group being replaced by halogen atom thus the
second hydroxyl is secondary alcoholic hydroxyl group.

6-Morphine is methylated by heating with methyl iodide and aqueous
potassium hydroxide to give Codeine, therefore follow that it is only the
phenolic hydroxyl group in morphine has been methylated.

7- Oxidation of codeine by using chromic acid to give Codeinone ,(a
ketone).Thus the hydroxyl group in codeine(and this one in morphine) is
secondary alcoholic, and so codeine is the monomethyl (phenolic)ether of
morphine .

8-When morphine is distilled with zinc dust phenanthrene and other bases
are produced .This suggests that phenanthrene nucleus is present.




Natural Product
Terpenoids

The terpenoids form a group of compounds most of them occur in
the plant kingdom. The distinctive aroma of many flowers and
roses, as well as the colors of the fruits of some plants, such as
carrots, tomatoes, etc., are attributed to terpenoids (terpenes).
Terpenoids comprise most of the Kingdom's vegetable products
and are involved in the synthesis of many volatile oils. They are
also used to make perfumes, medicines and food flavors. This
family also belongs to the natural rubber that we obtain as a
white liquid from the rubber tree.




Classification of Terpenoids
M.F(C-H,),,

74

“

isoprene (2-methyl 1.3 butadiene

The thermal decomposition of almost all terpenoids gives isoprene as one of the
products ,this led to suggestion that:

The skeleton structures of all naturally occuring terpenoids can built up of
isoprene units this is known as the isoprene rule

Ingold pointed out that isoprene units in natural terpenoids were joined head to
tail .

Several exceptions occur ,e.g.the carotenoids joined tail to tail .

Y Yo

Monoterpenes CioHie Volatile oils
v Yo Sesquiterpenes CisHyy Volatile oils
¢ Y+ Diterpenens CyoH3, Gums and resins
© Yo Sesterterpenes CysHyo Gums and resins
i Y+ Triterpenes CyoHug Gums and resins

A ¢+ Tetraterpens CaoHes Carotenoids

>A >¢+  Polyterpenes (CsHg), Natural rubber



tail
head ) tail

( head

open chain monoterpenoid

tail

1
head \' ) i

‘ h
( head % __head

open chain sesquiterpenoids



@il )

head

( . »__ head . »_ head
head
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Separation and Extraction of Monoterpenoids
and Sesquiterpenoids

1-Expression

2- Steam distillation

3- Extraction by means of volatile organic solvents

4- Adsorption on fats.

Steam distillation or extraction with volatile organic solvents is one of
the most important multiple methods used to extract terpenes from
plants, and the method of steam distillation is the most commonly
used method, especially when extracting monoterpenes,
sesquiterpenes and some diterpenes.

The method of extracting is summarized in grinding the vegetable
parts well and then distilling them with steam. Volatile oils by
fractional distillation. One of the methods widely used to separate
terpenoids is the thin layer (TLC) or column method (CC) or HPLC,
and the column method (on silica gel) is one of the most suitable
methods of color separation for high terpenes such as di ,tri,and
tetraterpenoids.




Fractional distillation

Methods for
Separation of mixtures

s: Other methods

high pressure liquid chromatograp)

thin layer chromatography HPLC

TLC

Y
column chromatography

CC




If the compound is decomposes due to the high temperature,
it may be extract by means of several organic solvents, where
the petroleum ether is used for extraction at a low temperature
(50 ° C) and for a period sufficient to extract all types of
terpenes, or at least most of them, The ether is then distilled at
reduced pressure to maintain the terpenes without
decomposition . Then the volatile oil mixture is separated by
fractional distillation under reduced pressure or by column

.chromatography




General methods of determining structure of terpenoids
1-After extraction and separation then purification of sample ,the
molecular formula is ascertained by usual methods (qualitative and
qguantitative analysis — empirical formula-determination of M.Wt).
2-If the terpenoid is optically active ,its specific rotation is
measured.
3-The nature of functional oxygen atom if it is present ( hydroxyl-
carbonyl -carboxyl --------- etc).
4-The presence of unsaturation olefinic bonds is ascertained by
means of bromine and catalytic hydrogenation.
5-Conjugated and isolated double bonds are differentiated by Diel's
Alder reaction also by using UV spectroscopy.
6-Dehydrogenation by heating the terpene with S or Se converts the
terpene into aromatic derivative which is easily identified.

heat X
.
Se =

N




7- Ozonolysis is an example of oxidative degradation methods
(O;, KMNnO,, CrO; & 0s0,),this method produced two type of
products, acetone arising from the terminal isopropylidene
group( Me,C=) and formaldehyde arising from isopropenyl
group(CH,=CMe) or terminal methylene group(CH,=).

=z o (@) (@)
0) ”| - =8 » 2HCHO + /lk + /lk/\
CHO CHO
&

4 o 9 CHO 9
(il A —2» HcHo +/U\ e /lk
CHO CHO
-

(i) E % . HcHo ¢ Eé
O

methyl ketone




8-Grignard reagent useful for detecting the position of carbonyl
group in terpenoids.

OH
/O
CH3MgX heat

- > .

Se

9-Infrared spectroscopy (IR) is useful by detecting the presence
of hydroxyl group ,carbonyl group -------- etc , NMR (*H-NMR &
13C-NMR give information about the nature and the number of
hydrogen and carbon, Ultraviolet spectroscopy (UV),mass
spectrometry and X-Ray analysis are very useful for elucidating
structure and stereochemistry of terpenoids.

10- A final confirmation of the proposed structure is usually
achieved by synthesizing the compound and comparing the
spectral data with those of an authentic sample.




Monoterpenoids 4y ciliy ;i)
Monoterpenoids are classified into three groups
(acyclic,monocyclic,bicyclic )

Acyclic Monoterpenoids
The carbon skeleton being formed by the head to tail of

two isoprene units.

P-menthane

Citral Geraniol Ocimene Myrcene P-cymene

Monocyclic monoterpenoids contain a six membered ring and
most natural monocyclic monoterpenoids are derivatives of p-
cymene and the parent substance is named P-menthane.
Bicyclic monoterpenoids contain a six membered ring and a

three,four or five memberedring.




Monocyclic monoterpenoids

L

Limonene Menthol Menthone

occurs in lemon both occur in pepermint oil
and orange oils

Bicyclic monoterpenoids

. 6; /O

a-Pinene Camphor
carene occurs in turpentine oil occurs in camphor tr




(C,oHyc )Myrcene (—sw sl

Myrcene occurs In verbena and bay oils ,myrcene is optically
Inactive and highly unsaturated.

Structure of myrcene Is supported by :

1-Molecular formula is C;yH,¢

2-Catalytic hydrogenation of myrcene gave saturated
alkaneC,,H,, (isodecane) thus myrcene is an open chain and
contains three double bond .

3-Since myrcene forms adduct with maleic anhydride, thus
two of the double bond are conjugated .

4-Ozonolysis of myrcene produces acetone ,two molecule of
formaldehyde and ketodialdehyde which oxidized with
chromic acid to give succinic acid and carbon dioxide.




7-methyl-3-methylene-octa-1,6-diene




(C,,HygO) Linalool Js-—ill

OH

CH,OH Oﬂ%&ap—o l
NI
Geraniol %)

3,7-Dimethyl -octa-1,6-diene 3 -ol

Structure of Linalool : (C,, H;3O) b.p:198-199C
1- It is an optically active the (-)form occurs in rose oil and the (+) form in orange oil.

2- It adds on two molecule of hydrogen in catalytic hydrogenation ,and give negative with maleic
anhydride it must be contain two (non conjugated ) double bond .
3-It is converted into geranyl acetate by heating with acetic anhydride and converted into linalool by
heating with steam at 200C under pressure, also linalool isomerizes in the presence of acid to geraniol .
4-1t has a tertiary alcoholic group and the position confirmed as follow:

OH OH
g OH
H, / platinum -H20 o
| 2 — ————— oxidation CzHsMgl
|

C10H150 C4oH220

linalool tetrahydrolinalool alkene isohexyl methyl ketone tetrahydrolinalool



5-Oxidation of linalool by pot. Permenganate converted it
into levulinic acid ,acetone and formic acid .

6-Normant has synthesized linalool in one step by the action
of vinyl magnesium bromide with 6-methyl -5-heptene-2-
one(isohexenyl methyl keton).

oxidation (o) O
C10H180 > + )J\ + HCOOH

COOH

OH
o CH>=CHMgBr |
|

isohexenyl methyl ketone Linalool




Citral (C,,H,0)

O 3,7 dimethyl 2,6 -octadienal
Citral occurs to an extent 60-80 per cent in lemon grass oil
Structure of citral was supported by:
y 2 Br,
X A CHO = C,0Br,H,O
CHO A tetrabromo derivative
H,NOH
> an oxime
cis form trans form
citral b or neral citral a or geranial
. Na/ H
Citral g > C, H..0
C10H160 geraniol
Ag,O
nghl ‘t C:10H16C)2
or Fehling reagen geranic acid
KHSO,
dil H,SO, B

p- cymene



1-It has been proven by analysis that Molecular formula is C;yH,O .

2-1t added two molecule of bromine thus citral contains two double bond .

3-It forms oxime derivative with hydroxyl amine citral contains oxo group.
4-Citral can be reduced by sodium amalgam to an alcohol geraniol.

5-Citral oxidized with silver oxide to geranic acid since there is no loss of carbon
oxidation to acid ,the oxo group in citral is t here an aldehyde group .

6-On heating with potassium hydrogen sulphate citral forms p-cymene ,this
reaction was used to determine the position of methyl and isopropyl groups .
7-Oxidation of citral with alkaline permanganate,f ollowed by chromic acid ,gives
acetone, oxalic acid and levulinic acid.

8-Citral with agueous potassium carbonate gives acetaldehyde and
6-methylhept-5-en-2one .

i- EhInie, O OO 0
C1oHo00 — - + +
T — T, JH, SO,
Hm L FeEs COOH O

COoOH

K,CO5 / H,O H3C H ©
Ci10H 160 - \n/ ;

(@)
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Monocyclic Monoterpenoids

Monocyclic Monoterpenes is subdivided into two groups the larger group with
carbon skeleton which are related to P-cymene(4-isopropyl toluene), the smaller
group with carbon skeleton are related to m-cymene.

G PP O,

m-menthane m-cymene
P-menthane P-cymene
O
OH o ©
o — terpineol limonene carvone Menthol Menthone




Nomenclature

The fully saturated compound p- methyl isopropylcyclohexane,
hexahydro p-cymene or p- menthane C, H,, is used as parent
substance.

7 THB
1 /CH
AN
N TT
5 3 HQC\(H: /CH2
4 |
CH
9 10 H3C/ \CH3 P-menthene-2 P-meth-1,4(8)diene

P_menthane 2-P-menthene P'mentha' 1 (7) €ne
P-meth-2-ene




Limonene
C,oH ¢ Ot gamll

P-menth1,8(10)diene

Limonene
Colaliieal ) <A

Limonene is optically active, (+) form in lemon,orange oils (-)form
in peppermint oil and racemic mixture(dipentene) in turpentine
oil b.p 175-176°C




Structure of Limonene was supported by

tetrabromo derivative —> limonene contains
two double bonds

O
2 Br,
O
(2)
: . O Li Hy/ Ni
no cyclic adduct< (3) Limonene  (|y——— C H,

!

Diels- Alder reaction

(4) U

Se/ heat

the two double bonds are saturated compound with gener:
unconjugated formula CH, i.e. it is cycloalkane

So limonene has cyclic structure

limonene is p- menthane <<——— ||

derivative

p- cymene




Structure of Limonene

KHSO,/ -H,0

S

= or
dil. H,SO,
OH

o— terpineol | Il

gaall Sl S il S S i A dadies
L g L 40V (s sl Lisn Ll e

5-limonene may be prepared by dehydrating a- terpineol by using potassium
hydrogen sulphate (KHSO,) ,and on shaking with dilute sulphuric limonene may
be converted to a- terpineol .

6-The carbon skeleton and the position of double bond in limonene are known
,but the other double bond remains uncertain (may be C8-C10 or C4-C8).

7-Structure (1) contains a chiral center(C4)and hence can exhibit optical activating .

Structure (ll) is symmetric and so cannot be optically active. Therefore (I) must be
Limonene




Jstial
Menthol
C,oH,,0

oH

Menthol is optically active compound ,(-)form occurs in
peppermint oil.

Menthol has medical uses :as anti-inflammatory ,analgesic, used
in dental care as a topical antibacterial agent.

3-Hydroxy-4-Isopropyl-1-methyl cyclohexane , which is one of
the most important monocyclic alcohols and contains three
chiral carbon atoms (1,3,4), so that it can have eight
enantiomers.




Structure of Menthol was supported by

1-It has been proven that molecular formula is C,,H,,0 and menthol is saturated
compound .

2-The nature of oxygen atom is alcoholic (menthol forms ester).

3 -Oxidation of menthol gives menthone (a ketone)thus menthol is secondary alcohol.
4-Reduction using hydrogen iodide give p-menthane thus menthol contains this carbon
skeleton.

5-Pulegone gives menthol on reduction .

6-Menthol can be synthesized by catalytic hydrogenation of thymol(3-hydroxy p-cymene)

Menthone

H/cat,
cduction
Menthol
OH

Thymol

(@)
cduction
ox1dat10n
Puglegone

P-menthane
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Bicyclic monoterpenoids

brbooas

camphane Pinane Pinene carane Carene

bornan 6+3
cis 6+4 6+4 6+3
6+5

camphor



° Camphor _s\sl

Camphor occurs in the camphor tree of Japan . It is an optically active solid
with m.p 180 ° C the(-)and (+)forms occur naturally and racemic camphor is
the usual form of synthetic camphor.

Camphor used in manufacture of cellulose as well as has many medical uses,
including that it is used as a disinfectant and as a local anesthetic, and in the
laboratories it is used as a solvent in experiments determining the molecular
weight of organic compounds.

Structure of camphor was supported by :

1-The molecular formula of camphoris C,jH,,O ,and the general reactions
show that it is saturated .




Structure of Camphor

Camphor

* Br; » (-ve) does not contain double bond
NH,OH
- Camphor oxime ,
camphor contains carbonyl group
Fehling reagent

» -ve the carbonyl is ketonic

clemensen reduction

» camphaneC;,H;g

Camphor is bicyclic

monoterpenoid

dist.P,O5 or ZnCl,
» P-cymene,
one of the two rings is 6 membered ring

HNO,

- »  Camphoric acid C;jH;404
Oxid.

benzaldehyde phCHO

» monobenzylidene derivative
contains ( -CO-CH2-)




Structure of Camphor

0 o)
HNO; CO.H A9 >
- “H,0 O
CO,H
(1) ) 3 O
Camphor Camphoric acid Camph(fri)c anhydride
-H,0
co, H,/ (Na/ Hg)
CO,H H,O CO,H KCN
- -

Homocamphoric acid Homocamphoric nitrile Campholide
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Sesquiterpenoids l
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The sesquiterpenoids are naturally occuring compounds containing
fifteen carbon atoms, in general they form the higher boiling point
fraction of the essential oils and may be acyclic or cyclic hydrocarbons
,alcohols , ketones or lactones ,the sesquiterpenoids structure is built
up from three isoprene units but there are some exceptions.

The sesquiterpenoids are classified into four groups :

1-Acyclic sesquiterpenoids contain four double bonds (farnesene) .
2-Monocyclic sesquiterpenoids contain three double bonds
(zingiberene from ginger oil) .

3-Bicyclic sesquiterpenoids contain two double bonds (selinene occurs
in celery oil).

4-Tricyclic sesquiterpenoids contain one double bond (cedrol in sedar
wood oil) .
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AMBRETTE EED O v
4 (C,cH,cO)Farnesol J swsi\il
s and ﬂwpcy
Wl
NN NN NN OH
Farnesol

occurs In oill of ambrette seeds

Farnesol considered acyclic sesquiterpenoid contains 15 carbon
atom and the carbon skeleton can be formed by the union of

three isoprene units.
Farnesol is a primary alcohol ,it is used in perfume manufacture

and it occurs in ambrette seeds.




_ - —
el J s JWN(C,  H,,O)Farnesol
o, S Determination of structure

catalytic hydrogenation
» (tve) saturated alcohol Hexahydro -
A

3H, farnesol thus it contains 3 double bond

maleic anhydride (-ve ) the double bonds are unconjugated

»
Farnesol Analysis
» Molecular Formula C;;H,,O
Oxidation » Farnesal C;sH,,0 , farnesol is primary alcohol

chromic acid

Ozonolysis

» acetonet+2mole of Laevulaldehyde +glycolaldehyde




(C;sH,;O)Farnesol
Determination of structure

X
OHC.
CrO
C15H260 . C15H240 NROR | C45H2sNO
Farnesol Farnesal Farnesal Oxime
(1) (2) (3)
|
N (Ac)20 N
; (e
G
= ii) -H* C15H23N

Geranylacetone Farnesenic acid farnesal cyanide

(6) (35) (4)



C,:H,.O Farnesol
Determination of structure
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Diterpenoids

The diterpenoids are naturally occurring compounds containing
20 carbon atoms and four isoprene units ,which distributed in
plants kingdom. Diterpenoids are classified on the basis of the
number of carbon ring present into acyclic (phytol) monocyclic
(vitaminAland vitaminA2) , dicyclic, tricyclic and tetracyclic
diterpenoid .

PP P W NN o

Phytol

is produced from hydrolysis of chlorophyll . . .
Retinol ( Vitamin A, )



Phytol C,,H,,O

Phytol
IS produced from hydrolysis of chlorophyill

Phytol is an acyclic diterpenoid ,it is produced from hydrolysis of
chlorophyll , and it forms a part of the molecules of vitamins E
and K.

Determination of the structure

1-General reactions and analysis showed that molecular formula
is C,oH,,0 and it is a primary alcohol .

2-On catalytic hydrogenation it forms dihydrophytol C,,H,,0 so
phytol is acyclic diterpenoid and contains one double bond.




Phytol C,,H,,O
Determination of the structure

Phytol
is produced from hydrolysis of chlorophyll

3-Ozonolysis of phytol gives glycol aldehyde and a saturated
ketone C,gH;0 .
4-Phytol contains four isoprene units connected (head-tail ).

@)
N

Saturated ketone(C4gH350) Glycolaldehyde



Monocyclic Diterpenoids
Retinol VitaminA, (C20H300)

SN e O

Retinol ( Vitamin A, )

Retinol or Vitamin A, is a monocyclic diterpenoid occurs in many flowers and
carrots as a B-carotene which converted into vitamin A; by hydrolysis .

Retinol occurs free and as esters in fats in fish liver and in blood,it was
originally isolated as viscous yellow oil ,but later it was obtained as crystalline
solid .

Vitamin A, is estimated by the blue color reaction it gives with a solution of
antimony trichloride in chloroform .

Vitamin A; influences growth in animals and increased the resistance to
disease . Night blindness is due to Vitamin A; deficiency .




(C,,H3,0) Retinol VitaminA,

N X Y X OH
Retinol ( Vitamin A, )

Structure of Retinol was supported by

1-Routine tests confirmed that M. F C,,H;,0 and it is a primary
alcohol since mild oxidation it yields the corresponding
aldehyde retinal C,,H,g0 .

2-Catalytic hydrogenation converts it into perhydro vitamin A,

C,,H40,0 thus it contains five double bond and vitamin A; must
be monocyclic.

3-Ultra violet absorption measurements show the presence of
conjugation, so it is a conjugated polyene alcohol .




Retinol VitaminA, (C,,H,,0)

NN X"0H

Retinol ( Vitamin A, )

4-0zonolysis of retinol afforded one molecules of geronic acid which
was isolated also from oxidative degradation of B-ionone nucleus.

5-Application of isoprene rule led to confirmation of carbon skeleton

6- The structure of retinol also can be confirmed by using B-ionone
as a starting material in synthesis .

O3 _ CO.H O, O

CooH-qO
( C20H300) CO.CH:

Retinol ( Vitamin A, ) Geronic acid B - lonone




Triterpenoids
squalene @M\ Gl il

o N o 8 - - =
Triterpenoid compounds are widely distributed in nature mainly in plants where
they found in resins and plant saps in the free state and as esters . A few have
been found in animal sources as in the liver oils of certain fish .

Triterpenoids contain 30 carbon atom and most of them have carbon skeleton
which may be built up by the union of six isoprene units , they may be acyclic or
cyclic.

Squalene is acyclic triterpenoid occurs in the fraction of liver oil and also in

various plant sources and it is an intermediate in the biosynthesis of cholesterol
from acetic acid .

Lanosterol is a very important tetracyclic triterpenoid which contains the steroid
carbon skeleton.

' HO
Squalene Lanosterol
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Tetraterpenoids
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1- The tetraterpenoids more commonly referred to as the carotenoids , are
compounds containing eight isoprene units and 40 carbon atoms, constitute a
group of natural pigments which are widely distributed in plants and animals.

2- A characteristic reaction shown by carotenoids is the formation of deep blue
color with antimony trichloride in chloroform solution .

3- B-Carotene was isolated from carrots and M.F C,,H,, , and isolated by
extraction with light petroleum .

B - Carotene
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(Carotenoids) Tetraterpenoids

4- Lycopene is a carotenoid that is the red tomato pigment.

5-Lycopene is considered the acyclic isomer of B-Carotene and B-Carotene
shows vitamin A activity owing to the fact that it is converted into vitamin
A in animal blood .

6—Carotenoids are polyenes , most of them the central portion of the
molecules is composed of long conjugated chain comprised of 8 isoprene

unites, the center two of which are joined tail to tail .

2O NN

Lycopene CyoHsxg



Poly terpenes- 3231l Sy
Rubber

Poly terpenoids consist of several units of isoprene

connected together in large chains .

Natural rubber is the most important example ,rubber is
obtained from latex which is an emulsion of rubber particles
with water, it is obtained from the inner bark of many types

of trees which grow in the tropic and sub tropics .

Addition of acetic acid coagulate the rubber which is
separate from the liquor either pressed into blocks or rolled

into sheets finally dried in a current of warm air

Crude latex rubber contains in addition to the actual rubber
hydrocarbon , proteins, sugar, fatty acids and resins the

amount of these substance depends on the source .




Poly terpenes-Rubber

Structure of natural rubber

1-The destructive distillation of rubber gives isoprene as one of the
main products thus rubber is a polymer of isoprene and molecular
formula (C5Hg),, .

2-Rubber is unsaturated hydrocarbon , on catalytic hydrogenation at
high temperature and pressure ,the product is hydro rubber which
is an elastic solid which is fully saturated and resistant to oxidation.

3-Rubber reacts with hydrogen chloride or hydrogen bromide to give
rubber hydrochloride or rubber hydrobromide formed by the
addition of hydrogen halide to the double bonds (Markwnikoff) .




Natural Products
Steroids

Dr. Awatef Mohamed El-maghraby
Chemistry Department
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Definition of steroids

Ste ro i d S Saturated natural products possessing the

tetracyclic carbon skeleton ,ring A,B,C are

six membered ring while ring D is five

2
membered ring, the side chain R1, R2

0 and R3. R1 may be absent when ring Ais

1 aromatic ,R1 and R2 are generally methyl

groups . The side chain R3 may be absent

Perhydro-1,2-cyclopentanophenanthrene

Selenium
o
‘ heating
Steroid R;=Me (Diels hydrocarbon)

3’-methyl-1:2-cyclopentenophenanthrene
R;=H 1: 2-cyclopentenophenanthrene

A steroid could be defined, in another way, as any compound which gives Diel's
hydrocarbon(beside other products ) when distilled with selenium.




Classification of
Steroids

The carbon skeleton of the
hydrocarbon cholestane is given
which shows the correct
numbering of the system .

Cholestane

Classification of Steroids

1- Sterols (cholesterol )

2-Vitamin D(vitamin D2)

3-Bile Acids (cholic acid)

4- Steroidal Hormones or Sex Hormones(progesterone)
5- Adrenocortical hormones (cortisone)

6-Cardiotonic glycosides

7- Saponins and Sapogenins




Sterols

S\
Sterols are steroid alcohol containing an
aliphatic side chain they are crystalline,
CHs widely Distributed in nature .
cH, s Sterols may be classified on the basis of
occurrence as Zoo sterols(animal),
Phytosterol (plants), mycosterol (yeast
HO and fungi) and marine sterols(sponges).
Cholesterol
Zoo sterol

HO Stigmasterol
HO Ergosterol Phytosterol
mycosterol obtained from soya

occurs in yeast bean oil



Cholesterol

J il SCholesterol

HO

characteristic features :-

1- The nucleus of cholesterol is tetracyclic composed of three six-
membered rings (A, B and C) and one five-membered (D) ring.

2- There is a secondary OH group at C-3, and a double bond at C-
5 (between C-5 and C-6).

3- There are two angular methyl groups at C-10 and C-13, and a

saturated side-chain C,H,, at C-17.




Determination of the nucleus - Blanc Rule

All the steroids possess the same tetracyclic carbon skeleton
(cyclopentaneperhydrophenanthrene) ,it has been confirmed by heating steroid with
selenium which gives cyclopentenophenanthrene derivative.

The rings of the steroid nucleus were opened by oxidation to give dicarboxylic acid and
the relative position of the two carboxyl groups were determined by the application of
Blanc rule:

Heating with acetic anhydride,1,5-dicarboxylic acids forms cyclic anhydride and 1,6-
dicarboxylic acids form cyclopentanones with elimination of carbon dioxide

-H,0 lic anhvdri from
. . cyclic anhydride — 1,5dicarboxylic acid
. oxidation Acetic anhydride
Steriod _____5  Dicarboxylic acid »
from
( Cholesterol or : “n aoi
bile acid) cyclopentanone der, — 1,6dicarboxylic acid
+CO,
o o o o o ((CroBld g Haa yu U JISHw) ABla) e by (s )S JSua (e () oSE Sl g il IS
N P U 088 5 S B o il o 5 ] (s i 5 5 13
glutaric acid A0 GL:_J ilalal) m}).\.uﬂ 32SY) LS)A-’ il g il < dals (K aaxa LY
1,5 dicarboxylic acid cyclic anhydride er} d.\).l ciclﬁ - i - UA\AA\}“ DJA l MJMS} S S}.}JSM 4_1.1\_\.\ UALQA‘
(o]
HO -H,O0 -CO, Ii>:0 . ) é‘;
OH — o & il 22l sS85 S (510 160 Galea¥) 2y juedl il ae il vie
° dipi id cyclopentanone 'A:\'U"S‘ L_f.’u m C’“ U}Ju"e}ls.'}‘“' U)S"a Mﬁ)s L,E\J\ ¢ U'ALQA\}“ u‘ "’u .ASS
1.6 dicarboxylic acid elall sal daleaY ¢ 5 S




Determination of ring A in cholesterol and cholic acid

cholesterol and/ or cholic acids >
HO,C
. HO,C
(A)
Ac,O
>
O cyclopentanone deriv.

Cholesterol and cholic acid were converted into the dicarboxylic acid by oxidation
which gave a cyclopentanone derivative by heating with acetic anhydride
according to blanc rule and the acid 1,6 dicarboxylic acid and ring A is six
membered ring ( R is the appropriat side chain ).




Ergocalciferol | Conversion of Ergosterol
Vitamin bz into VitaminD,

Ergosterol

Vitamin D,

Vitamin D is anthracitic vitamin They are about
seven compounds (Vitamin D1 - D7) with the ring
B being opened. Vitamin D2 (or calciferol) is
formed from ergosterol by the sunlight irradiation




Bile acids

COOH

Cholanic acid

The natural bile acids are generally hydroxy derivatives of cholanic
acid .They are produced in the liver either synthetically or by
degradation of cholesterol and occur in bile as water soluble
sodium salts of peptide conjugate with glycine or taurine.




Bile acids

COOH

HO
3-Hyrdroxycholanic acid

Lithocholic acid

COOH

HO OH

3,7-Dihyrdroxycholanic acid
Chenodeoxycholic acid

OH COOH

HO
3,12-dihyrdroxycholanic acid
Deoxycholic acid
OH COOH
HO OH

3,7,12-Trihyrdroxycholanic acid

Cholic acid




Sex Hormones
1-Androgens (Male Hormones)( androsterone —testosterone )

o}

Androsterone
Testosterone

2-Oestrogens (Female Hormones)

OH (@)
OH
Q(Sj§ )
HO
HO HO Oestriol

) Oestrione
Oestradiol

Oestrogens (Female Hormones) all of them contain phenolic hydroxyl group at C3 and
may be prepared from dehydroepiandrosterone( D.E.A ) which can be synthesized from
cholesterol.




H, cat.

HO

Oestrone

Y

HO

Oestradiol

3- (Gestogens)
Progesterone

OH

O

(Oestrogens )

Oestrone may be reduced
to oestradiol by catalytic
hydrogenation or by lithium
aluminium hydride .

CO.CH,

Progesterone

These are essential hormones which responsible for pregnancy.
Progesterone is a,B-unsaturated ketone and synthesized from both D.E.A and Ergosterol .




Aldosterone

HO
CHs

Adrenocortical hormones

They are produced by the cortex of the adrenal glands ,their main functions are
the control of carbohydrate and protein metabolism and control of balance of
water and electrolytes.

Cortisone is also used in the treatment of allergies and immune diseases.

OH CHO CO.CH,OH OH CO.CH,OH
OH
O o]
Aldosterone Cortisol
o CO.CH,0OH
OH
(o)

Cortisone
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Chemotherapy

Chemotherapy

Paul ehrlich (1907 s) is the first scientist who introduced the term
" chemotherapy . The higher plants made the earliest druge discovered ,
herbal remedies have been important throughout human history , crude
plant product such as opium and belladonna have been valuable for

centuries.

This field has changed when the antibiotics were discovered and

change into drug biosynthesis.

In recent year the introduction of new synthesis pharmaceuticals has
outpaced that of natural product . furthermore ,the isolated and purified

active material superseded preparation of the parent crud drug.

These factors led to de-emphasis on chemotherapy in the pharmacy

curriculum and often to its combination with medicinal chemistry.

Classification of drug on the basis of their origin

1-Drug from natural origin: Herbal or plant or mineral origin, some

drug substances are of marine origin.

2-Drug from chemical as well as natural origin: Derived from partial

herbal and partial chemical synthesis Chemical, example steroidal drugs
3-Drug derived from chemical synthesis.

4-Drug derived from animal origin: For example, hormones, and

enzymes.

5-Drug derived from microbial origin: Antibiotics


https://en.wikipedia.org/wiki/Antibiotics

Chemotherapy

6-Drug derived by biotechnology genetic-engineering, hybridoma
technique for example

7-Drug derived from radioactive substances

A sampling of classes of medicine includes

1-Antipyretics: reducing fever (pyrexia/pyresis)
2-Analgesics: reducing pain (pain killers)
3-Antimalarial drugs: treating malaria
4-Antibiotics: inhibiting germ growth

5-Antiseptics : prevention of germ growth near burns, cuts

Definition of medicinal chemistry

Medicinal chemistry is the science which deals with the synthesis,

chemistry of mode of action, chemical assay of drug substance.


http://image.baidu.com/i?ct=503316480&z=643499902&tn=baiduimagedetail&word=药物化学&in=104
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Definition of drug

Drug is any substance presented for treating, curing or preventing disease
in human beings or in animals. It may also be used for making a medical

diagnosis or for restoring, correcting, or modifying physiological

functions.

Definition of receptor

Receptor: It is a membrane bound or intracellular macromolecular

protein which is capable of binding the specific functional groups of the

drug with body.
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Extracellular
fluid
Signaling
Plasma molecule
membrane
Cytoplasm

Intracellular receptor

LOCK & KEY” model of RECEPTORS




Chemotherapy

Four types of binding takes place between the receptor and

the drug molecule

1. Van der Waals forces
2. Hydrogen bonding

3. lonic interaction

4. Dipole- dipole bonding
5. Covalent bonding

1. Van der Waals Attraction

mweakest intermolecular force (0.5-1.0 kcal/mole)
melectrostatic

moccurs between nonpolar groups (e.g. hydrocarbons)
mhighly distance and temperature dependent

2. Dipole-Dipole Bonding

mstronger (1.0 to 10 kcal/mole)

moccurs electrostatically between electron deficient and electron

excessive /ric atoms (dipoles)

mhydrogen bonding is a specific example of this bonding and serves as a

prime contributor to hydrophilicity
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o— o+
\\. O0— o+ //O ___________ H\
—N-eeeeeeee H—O_ —C &+ _..---O—n
/ H O—HTTT 5

3.lonic Bonding

melectrostatic attraction between cations and anions
mcommon in inorganic compounds and salts of organic molecules

mrelatively strong (5 kcal/mole)

4.1on-Dipole Bonding

melectrostatic between a cation/anion and a dipole
mrelatively strong (1-5 kcal/mole)
mlow temperature and distance dependence

mimportant attraction between OMAs( organic medicinal agents) and
H20

« hydrophilic................... water loving
« lipophobic..................... lipid hating
« lipophilic...........c........... lipid loving
« hydrophobic.................. water hating
i
- O
| O§ /7 H\
i H _C\ 8+ @)
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Sulpha drugs

Sulfonamides:-

The sulfonamide are synthetic ,not of natural origin which called "
antimicrobials " and not antibiotics. They were the first antibacterial

drugs that were not overtly toxic to human.

N NH; CI
HZNOZSO—N

H,N

Prontosil which is 2,4-diamino-4-sulphamyl azobenzen hydrochloride
was the first sulpha drug to be used in medicine ,it is red dye and

metabolized in the body to p-aminobenzene sulphonamide.

N NHs Cl
HZNOZSO—N

HoN

metabolism

H2N025@NH2
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Synthesis of sulphanilamides derivative :-

Oxidation of p-toluenesulphonamide to p-sulphamidobenzoic acid

fallowed by Hoffmann degradation.

OXID.
H2N02$@CH3 — HzNost—COOH

Hofmann Degr.

HzNOzSONHz

Sulpha pyridine

Used to treatment the cocci pneumonia ,but it high toxicity in men ,it

is rarely used any longer.

SO,Cl NH2 SONHA\ N SONHA N
o N KOH
P
N
NHCOCHS NHCOCHS5 NH;
N= N=
SO,Cl SO,NH N\ / SO,NH \ /

—
N~ NH reduction
NO,

NO, NH;
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Sulpha thiazole

2-thiazolyl sulponilamide is more patent than sulphapyridine and less

toxic ,it most highly bacteriostatic drug which has a permanent place in

the pharma.
N N
SOCl SO,NHY ] SO,NH< ]
S
LN S KOH
( p—
s” NHp reduction
NO, NO, NH,

Sulphaisoxazole

Is soluble over a wide pH range ,which have highest bacteriostatic

activity and rapid excretion through the kidney.

HaC

CHg
SO,NH< |
N

o

NH,

Sulphathiadiazole :-

2-sulphanilamide-5-ethyl-1,3,4-thiadizole is highly soluble and
rapidly excretion from the kidney in urine so it consider the most suitable

for urinary tract infection.

N-N
SONH |
57  CyHs

NH,
V)
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Sulphaquinoxaline :-

It is widely used in the treatment of coccidiasis infection caused by

Eimeria tenella in chickens pheasants.

HN
SO,NH<
NH

NH,

Antipyretic and analgesics

Aniline and p-aminophenol derivative :-

They have analgesic activity comparable to that of aspirin but don't

have anti-inflammatory activity e.g. acetanilide , paracetamol and

phenacetin .
NHCOCH; NHCOCH; NHCOCH;
OC,Hs OH
acetanilide phenacetine paracetamol

Acetanilide was introduced into therapy in 1886 as antipyretic-

analgesic but it found later too toxic.

Phenacetin was introduced in the following year and it was widely

used but recently it found nephrotoxicity.

'Y
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Paracetamol is subseguently introduced in 1893 and it remains the

only popular agent for this group.

Synthesis of paracetamol

OC2H5 OC2H5 OC2H5
(C2Hs5)2S0,4 Fe/HCI AC,0 Phenacetin

oH NO, NH, NHCOCH;
NO,
(C2Hs5)2S04
OH OH
Fe/HCI © CH4COCI
NH;

CH3COONa
NHCOCH;

Paracetamol

Industrial method for phenacetine

OC,H5

5+5\10|—><‘%‘—>%
J Q0
le

OC,H; OC,H;
AC,0

Phenacetin

NHCOCH, NH,

'Y
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Salicylic acid derivatives

The major chemical classes of salicylates used in medicine are the

ester ,the most common one is aspirin .
0
COOH ch% CH3COOH COOH N
@ ; 5 —— @ Aspirin
OH Hscﬁ OCOCH;

3-pyrazolone derivatives

Antipyrine(phenazone) and propylphenazone have analgesic,
antipyretic and antirhumatic activities similar to those of aspirine and

used for the same purpose.

HsC R
HaC™ N0
Synthesis of antipyrine
H5C
CH3COCH2COOEt + PhNHNH2 . _— (C2oH5)2S04 H5;C
HN e pemm—
N o Hye-N. o
Ph N
Ph
acetone antipyrine
H,C
H3C CH, H3C
— H,C
N (CH3),80, 3 CH,
H3C’ N (o) - —
\ HN o
Ph N
Ph

Propylphenazone \¢
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Aryl and hetroarylacetic acid derivative

(aryl alkanoic acid derivative)

This class of compounds represents the largest group of NSAIDS
(Nonsteroidal anti-inflammatory drugs). They have the following general

chemical structure .
Ar-CH(R)-COOH
(R =H,CH3,alkyl ....)
(Ar = Aryl or heteroaryl )

The main type of NSAID include

ibuprofen.

naproxen.

diclofenac.

Ketoprofene (Propionic acid derivatives )
mefenamic acid.

etoricoxib.

indomethacin.

high-dose aspirin (low-dose aspirin is not normally considered to be an
NSAID)

NSAIDs

Non-steroidal anti-inflammatory drugs (NSAIDs) are medicines that are widely
used to relieve pain, reduce inflammation, and bring down a high temperature.

They're often used to relieve symptoms of headaches, painful periods, sprains and
strains, colds and flu, arthritis, and other causes of long-term pain.

Although NSAIDs are commonly used, they're not suitable for everyone and can
sometimes cause troublesome side effects.

Yo


https://www.nhs.uk/conditions/headaches/
https://www.nhs.uk/conditions/period-pain/
https://www.nhs.uk/conditions/sprains-and-strains/
https://www.nhs.uk/conditions/sprains-and-strains/
https://www.nhs.uk/conditions/common-cold/
https://www.nhs.uk/conditions/flu/
https://www.nhs.uk/conditions/arthritis/
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Indoleacetic acid derivative

1- indomethacin

Indemethacin is one of the most potent non-steroidal anti-

inflammatory agents.

Substitution of a methyl group on the carbon atom separating the acid
center from the aromatic ring tends to increase anti-inflammatory activity

groups .

Phenylacetic acid derivatives (diclofenac sodium )

Diclofenac is available in 120 different countries and the most widely
used NSAIDA in the world It is 6 time more potent than indomethacin

and 40 time more potent than aspirin as antipyretic.

Synthesis of diclofenac

\

oo Cl
COOH j@ KoCOg3 ©/ ;@
@ (cocl), @;Iﬁ

-HCI

O

0] O
©\ACOOH m LiAIH4 %
NH Cl Cl
Cl -
cl Cl Cl
\
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Ketoprofen

is one of the propionic acid class of nonsteroidal anti-

inflammatory drugs (NSAID)with analgesic and antipyretic effects It

acts by inhibiting the body's production of prostaglandin.

(The prostaglandins are a group of lipids made at sites of tissue damage
or infection that are involved in dealing with injury and illness. They

control processes such as inflammation, blood flow, the formation of blood

clots and the induction of labour )

Synthesis of ketoprofen

ARY


https://en.wikipedia.org/wiki/Propionic_acid
https://en.wikipedia.org/wiki/Nonsteroidal_anti-inflammatory_drug
https://en.wikipedia.org/wiki/Nonsteroidal_anti-inflammatory_drug
https://en.wikipedia.org/wiki/Analgesic
https://en.wikipedia.org/wiki/Antipyretic
https://en.wikipedia.org/wiki/Prostaglandin
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CH3 9
Br2
—_—
Br
kCN
Me
(0]
Mel
CN
D ——
CN
hydrolysis
NaHCO3
HCL
O Me
X COOH

\
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Hydrolysis of cyanide group to carboxylic group

H
[ RT oy
CHyC=N: —= CHyC=N: —— CHy O
N,
H
" |
| =/ /
CH3—(|3—N\: -— CHg_?_N\:
very slo:v/f S H v H
KoL H
ey N H H
| - ‘\H very fast N
— CH-—C RN
CH4 Q\\ 3 N H

14



Chemotherapy

Antihistamine

Histamine

Histamine is an organic nitrogenous compound involved in

local immune responses, histamine is produced by basophils and by mast

cells found in nearby connective tissues. Histamine increases

the permeability of the capillaries to white blood cells and some proteins,

to allow them to engage pathogens in the infected tissues.

The discovery of the Hland H2 antagonist burimamide in the early
1970 opened a new ear in the history of the attempt to explane histamine

related physiologic processes

Antihistamine

Antihistamines are drugs which treat allergic rhinitis, common
cold, influenza, and other allergies. Typically, people take antihistamines
as an inexpensive, not patented (generic), drug that can be bought without
a prescription and relieves from nasal congestion, sneezing,
or hives caused by pollen, dust mites, or animal allergy with few side

effects. Antihistamines are usually for short-term treatment.

Mechanism of action



https://en.wikipedia.org/wiki/Nitrogen
https://en.wikipedia.org/wiki/Immune_system
https://en.wikipedia.org/wiki/Basophil
https://en.wikipedia.org/wiki/Mast_cell
https://en.wikipedia.org/wiki/Mast_cell
https://en.wikipedia.org/wiki/Connective_tissue
https://en.wikipedia.org/wiki/Semipermeable_membrane
https://en.wikipedia.org/wiki/Capillaries
https://en.wikipedia.org/wiki/White_blood_cells
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Pathogen
https://en.wikipedia.org/wiki/Infection
https://en.wikipedia.org/wiki/Pharmaceutical_drug
https://en.wikipedia.org/wiki/Allergic_rhinitis
https://en.wikipedia.org/wiki/Common_cold
https://en.wikipedia.org/wiki/Common_cold
https://en.wikipedia.org/wiki/Influenza
https://en.wikipedia.org/wiki/Allergies
https://en.wikipedia.org/wiki/Generic_drug
https://en.wikipedia.org/wiki/Over-the-counter_drug
https://en.wikipedia.org/wiki/Over-the-counter_drug
https://en.wikipedia.org/wiki/Nasal_congestion
https://en.wikipedia.org/wiki/Sneezing
https://en.wikipedia.org/wiki/Hives
https://en.wikipedia.org/wiki/Pollen
https://en.wikipedia.org/wiki/Dust_mites
https://en.wikipedia.org/wiki/Animal_allergy
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1-Antihistamines are reversible blockers of histamine H1 receptor

(H, antagonists, also called H; blockers, are a class of medications that

block the action of histamine at the H; receptor, helping to relieve allergic

reactions.) on tissues, such as skin ,bronchi ,eye....etc.

2- Antihistamines are reversible blockers of histamine H2 receptor on

tissues, such as stomach ,intestine....etc.

3-Many of antihistamines also possess adrenaline-antagonism which

act as anesthetic

(The adrenal (suprarenal) glands are located at the top of both kidneys.

The produce hormones that requlate the immune system, blood pressure,

metabolism, and the stress response. In addition, also helps your body do

the followinag:

« Promoting proper cardiovascular function

« Helps in how we respond to stress

« Properly utilizing carbohydrates and fats

« Helps distribute stored fat

« Gives you body odor and pubic hair

« Promotes healthy gastrointestinal functions

4- many of the traditional antihistamines (first generation) possess

some sedative and antimuscarinic effects

AR


https://en.wikipedia.org/wiki/Pharmaceutical_drug
https://en.wikipedia.org/wiki/Histamine
https://en.wikipedia.org/wiki/Histamine_H1_receptor
https://en.wikipedia.org/wiki/Allergy
https://en.wikipedia.org/wiki/Allergy
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5-Now developed antihistamines (second generation) free from these
side effect which known as " non-sedating antihistamines "

6-some like cinnarazine (second generation ) act by inhibiting calcium

ions transfer from the outside to inside of the cell so it is value in motion
sickness and in vascular disorders

O cinnarazine
N
LN

7- Substituents in one of the aryls influence the antihistaminic potency

[CH; i CH;

N N

\ \
oo™ o -

Pheniramine chlorpheniramine
Usual dose is 20-40mg Usual dose is 2-4mg
Three times daily Three times daily

Yy
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8- antazoline is a weak antihistamine but potent local anesthetic

which used in the eye allergic condition.

General Synthesis of Antazoline derivatives

CH, CH,
HsC. N SOCl, .
Do+ NH — = HO" "CH; — cI” >  CH,
CH,

Ar{NH2

CH3 CI:H3

Ar lll AraX ~_N<
“r;l/\/ “CH, Ar,HN CH,

N N/j MeO s
A o /kw/ o [:j\/’ ji:Lv/ [)_/

Diuretic

A diuretic is any substance that promotes the production of urine.

In medicine, diuretics are used to treat heart failure, liver cirrhosis,

influenza, water poisoning, and certain kidney diseases.

CH,OH
HO——H o)
Osmotic diuretics HO——H
W HoN™ “NH,
H——OH
CH,OH

Yy
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Osmotic diuretics (e.g. mannitol and urea ) are substances that increase
osmotlality but have limited tubular epithelial cell permeability.

They work primarily by expanding extracellular fluid and plasma
volume, therefore increasing blood flow to the kidney.

EPITHELIAL CELL

Simple Squamous Epithelium
¥ Lines Blood Vessels and Sacs of Lung

# Permits Exchange of Nutrients,
Waste and Gases

Cilliated Colummar Epithelium

® sensitive Areas - Trachea, Bronchi
and Uterus

# Absorption and Secretion

Simple Cuboidal Epithelium
¥ Lines Kidney Tubules and Glands

¥ Secretes and Reabsorbs Water and
Small Molecules

Simple (Smooth) Colummar
Epithelium

R ¥ Lines most Digestive Organs
@ & ¥ Absorbs Nutrients and Produces Mucus

Mechanism of action

1-Diuretics they effectively reduce blood pressure
2- Diuretics are a diverse group of compounds that either stimulate or

inhibit various hormones that naturally occur in the body to regulate urine
production by the kidneys .

Y¢
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Carbonic anhydrase inhibitors: They increase the excretion of sodium,

potassium, bicarbonate, and water. Some types of carbonic anhydrase
inhibitors include:

Methazolamide .

acetazolamide

carbonic anhydride inhibitors (acetazolamide)

N-N  H2s04 N~-N | N~-N
7R 7 reduction R
<s) HNO3 <s)\NOz - 43)\NH2
CH3COCI
CH3COOH
NH3 CISO3H  N=N
N—N N-N 4\
/ )& - clos—{ I s~ NHCOCH
H2NOZS/<S NHCOCH, 2% "7 TNHCOCH, :
2-acetylamino-1,3,4-thiadiazole-5-sulfonamide
dichlorphenamide ( Daranide )
Cl cl Cl
HO CISO3H HO POCI3 cl
NH3
ClO,S SO,CI HoNO,S SO,NH;
4,5-Dichloro-benzene-1,3-disulfonic acid diamide
Lasix

is a drug choice for urine secretion

Yo
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(it reduce the body water content and the undesirable salts. )
o?
O._CH,NH HN
Cl Cl 2
CISO3H @/ COOH
Cl COOH Cl COOCH cl

H,oNO,S SO2NH;

L_ocal anesthesia

IS any technique to induce the absence of sensation in a specific part
of the body by block the generation and the conduction of impulses

analog a nerve fiber .
It uses :-

It allows patients to undergo surgical , spinal cord anesthesia and
dental procedures with reduced pain and distress Reduced pain caused by

minor burns, insect bites, allergic response .

Chemistry

1- ester derivatives e.g cocaine which dose not penetrate the skin ,but

absorbed from mucous membranes
2- amino benzoic acid derivative NH, HCI

a- procaine.HCI

,CoHs
.. i COOCH,CH,N’
Effective in contact skin or mucous membrane CoHs

b- Ethyl p-aminobenzoate NH

Y1
COOC,Hs
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It used in the form of ointment and cream

synthesis of procaine and it’s derivative

COOH COONa COOCH,CHsN(R),

K,Cr,0- 1-reduction CI(CH,),N(R),
“2-NaOH

NH, HCI

3-amide derivatives

lidocaine which used in injection, ointment, eye drop .

HCI
NH; NHCOCH,CI NHCOCH,N(R),
H3C CHg H3C CH3 NH(R), HsC CH3
+ CICOCHCI —
R:CZHS
Diabetes

Diabetes is a disease that occurs when your blood glucose, is too high.
Blood glucose is your main source of energy and comes from the food

you eat.

Insulin, a hormone made by the pancreas, helps glucose from food get

into your cells to be used for energy.

Sometimes your body doesn’t make enough—or any—insulin or
doesn’t use insulin well. Glucose then stays in your blood and doesn’t

reach your cells.

Yv


https://www.niddk.nih.gov/Dictionary/I/insulin
https://www.niddk.nih.gov/Dictionary/H/hormone
https://www.niddk.nih.gov/Dictionary/P/pancreas
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Antidiabetics

Drugs used in diabetes treat diabetes mellitus by lowering

glucose levels in the blood for example :-

1- Type 1 diabetes is a condition in which your immune
system destroys insulin-making cells in your pancreas. These
are called beta cells. The condition is usually diagnosed

in children and young people which treatment with insulin.

2- type 2 diabetes, in which your body doesn’t respond to

insulin which treatment with different kind of drug like
sulfonylurea (tolbutamide)

Synthesis of tolbutamide

CH, CH, CH, CH;3
bt _NAs .
5
S0,Cl SONH, ¢ )LNHR SO,NHCONH(CH,);CHs

YA


https://www.webmd.com/diabetes/type-1-diabetes
https://www.webmd.com/cold-and-flu/immune-system-function
https://www.webmd.com/cold-and-flu/immune-system-function
https://www.webmd.com/diabetes/diabetes-types-insulin
https://www.webmd.com/digestive-disorders/picture-of-the-pancreas
https://www.webmd.com/diabetes/diabetes-type-1-genetics
https://www.webmd.com/diabetes/type-2-diabetes
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Anti protozoa drugs

Protozoa Historically, the protozoa were regarded as "one-
celled animals", either free-living or parasitic, which feed on

organic matter such as other microorganisms or organic tissues

which considered a tropical disease

 Flagyl 500 mg
Treatment:-

1-Metronidazole (M)

N
/ / T HNO N
47” CH3 1 CICH,CH,OH —qu)\CHs B ozN/4/7N>L0H3

CH,CH,OH ,
CH,CH,OH


https://en.wikipedia.org/wiki/Parasitism
https://en.wikipedia.org/wiki/Microorganism
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Diloxanide furoate

HOONHZ + CICOCHCl, — HO@—NHCOCHCIZ

2,2-dichloroacetyl chloride

@COOH

CHsl

o]
< ;
o o—<i>—rgcocm|2 HOONCOCHCIZ
CH,4 CH;
furan-2-carboxylic acid
Dimercaptal
Br2 st
CHp=CHCH,0H ———  ¢HzGHOHOH - ———— GH,-CHCH,OH
Br Br SH SH

allyl alcohol

Antifungal agent

Fungi infect skin and lungs and cause diseases

Funqi treatment include:-
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1- polyenes :- is a molecule with multiple conjugated

double bonds
2- thiazole
3- unsaturated fatty acid derived from natural castor oil
4-Imidazoles
5- tolnaftate — a thiocarbamate antifungal

synthesis of tolnaftate

Tolnaftate is a synthetic thiocarbamate

i 0
R. _C. _R R. _C._ _R
O rlq S |“|~I
R R
1 2

S
OH 0CS,R OJLN/@CH
|
CS, OO -HSR CH,
—_—
—==
” ISR
|"30\N CH

H

3

3

Antibiotics

Antibiotics or antibacterials are a type of antimicrobial used
in the treatment and prevention of bacterial infection. They may
either kill or inhibit the growth of bacteria. Several antibiotics

are also effective against fungi and protozoans, and some are

)
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toxic to humans and animals, even when given in therapeutic
dosage. Antibiotics are not effective against viruses such as the
common cold or influenza, and may be harmful when taken

inappropriately

Penicillin (PCN or pen) is a group of antibiotics which
include penicillin G (intravenous use), penicillin V (oral use),
and benzathine penicillin (intramuscular use). They are derived

from Penicillium fungi.

Penicillin antibiotics were among the first medications to be
effective against many bacterial infections caused by

staphylococci and streptococci.

Penicillins are still widely used today, though many types of
bacteria have developed resistance following extensive use. All

penicillins are B-lactam antibiotics.
About 10% of people report that they are allergic to penicillin

Pencilline derivative

COOH

Yy
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Pencilline G
Benzylpenicillin

s CH;

—N
o)
COOH

As an antibiotic, Penicillin G is noted to possess effectiveness
mainly against Gram-positive organisms. Some Gram-negative

organisms

Pencilline v
Phenoxymethylpenicillin

(o)

N
>/ s CH;
o CH,

@ o/_N\>L
COOH

penicillin V, is an antibiotic useful for the treatment of a

number of bacterial infections. It is a penicillin that is orally

Yy



Chemotherapy

active. It is less active than benzylpenicillin (penicillin G)

against Gram-negative bacteria.

benzathine penicillin
Benzathine benzylpenicillin

P
H H
—_ D —_
S
O H..
O\/ﬁ\ %—N CHJ
mfﬂ\ﬂ “hs
L H H H A2

It is slowly absorbed into the circulation, after intramuscular
injection, and hydrolysed to benzylpenicillin in vivo. It is the
drug-of-choice when prolonged low concentrations of
benzylpenicillin are required and appropriate, allowing
prolonged antibiotic action over 2—4 weeks after a single IM

dose

Ye
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Medical uses for benzathine penicillin include: prevention of

rheumatic fever

Yo
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NMR Spectroscopy

e By far the most important and useful
technique to identify organic molecules.
Often the only technique necessary.

e NMR spectrum can be recorded for many

different nuclei (they need to have magnetic
properties) such as: 'H, 3H, '3C, °N, 'F, 3'P

e We will focus only on proton ('H) nmr here

40



Nuclear Spin

e A nucleus with an odd atomic number or
an odd mass number has a nuclear spin.

e The spinning charged nucleus generates a
magnetic field.

YA AS

/ \ / N
KRR B

NN~ \/\/ N

spinning proton loop of current bar magnet
Copyright © 2010 Pearson Prentice Hall, Inc.
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e An external magnetic field (By) applies a
force to a small bar magnet, twisting the

bar magnet to align it with the external
field.

e The arrangement of the bar magnet
aligned with the field is lower in energy

than the arrangement aligned against the
field.

/ S / S / S

A A A + A / A | A
iwist '\* N S
B, 15_N —> B, S B, N
~ | y

b

N N N

lower energy higher energy

more stable less stable
Copyright © 2010 Pearson Prentice Hall, Inc.
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e The lower energy state with the proton
aligned with the field is called the alpha-
spin state.

e The higher energy state with the proton
alighed against the external magnetic
field is called the beta-spin state.

B T By ‘
(externally
applied field) %} %
a-spin state [3-spin state

(lower energy) (higher energy)
Copyright © 2010 Pearson Prentice Hall, Inc.
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<DB spin [ state —
@1 @ higher energy
A[;‘{

i

®\ @ spin
® lower energy o State
Copyright ® 2010 Pearson Prentice Hall, Inc

By B, hv=AE

external field

Y

B, increa
No Field Magnetic Field
spins in all directions spins aligned with the field («)
no energy difference or against the field (3)

Copyright © 2010 Pearson Prentice Hall, Inc.

A nucleus is in resonance when it is irradiated
with radio-frequency photons having energy
equal to the energy difference between the spin
states.

Under these conditions, a proton in the alpha-spin
state can absorb a photon and flip to the beta-
spin state.
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Chemical shift (135-13.7)
e Is the position of a nmr absorption. It

depends on:

o Electron density in the vicinity of an
hydrogen atom:...this electron density is
affected by the molecular structure of the
molecule

o Chemical shifts are reported on the
horizontal axis of the spectrum (the 6

scale is in ppm) from the reference (TMS).
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Tetramethylsilane (TMS) is added to a CHs
solution and arbitrarily assigned a chemical |

shift of “0”. All other signals are reported H3C—Si—CHg

relative to that position. (|3H3

more deshielded more shielded
lower field (downfield) higher field (upfield) TMS

) |

increasing magnetic field strength (B;) ———>
Copyright © 2010 Pearson Prentice Hall, Inc.




e Since electron density is the
determining factor in the chemical
shifts observed, dipole in the molecule
will have an effect in donating or
removing electrons from the vicinity of
a given proton. This effect is described
as

o Shielding: more electron in the proton’s
vicinity (dipole effect minimum)

> Deshielding: less electron in the proton’s
vicinity
(dipole effect is increased)
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Shielding and Deshielding (13.3)

No dipole, therefore, maximum
electron density near the protons
in CH., Shielded

H
{more shielded, | .

H—C—O:;

absorb at a higher field |

\<\H less shielded,
H .
absorbs at a lower field

Copyright © 2010 Pearson Prentice Hall, Inc.
Strong dipole pulling electrons
Away from hydrogen atom,
Therefore, electron density is reduced
Near protons Deshielded

The conclusion is that shielded protons absorb
radiation at higher fields (frequency) while the
deshielded protons will absorb at lower fields
(frequency).
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e Therefore, protons affected by the proximity of
different functional groups will absorb at different
fields (because of the difference in dipole
moment). This can be used to identify the
structure of molecules.

e The chemical shift:

> Measured in parts per million.

o Ratio of shift downfield from TMS (Hz) to total
spectrometer frequency (MHz).

o The chemical shift has the same value regardless of the
machines (same value for 60, 100, or 300 MHz
machine).

o Called the delta scale.
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The Delta Scale

60 MHz

300 MHz

shift downfield from TMS (in Hz)

chemical shift, ppm 0 = -
spectrometer frequency (in MHz)

600Hz 480Hz 360Hz 240 Hz 120 Hz 0O Hz
10 9 8 7 6 5 4 3 2 ] 0
ppm & A T™MS
I I I | I I I I I I I
3000 Hz 2400 Hz 1800Hz 1200Hz 600 Hz 0O Hz

10 9 8 7 6 5 4 3 p 1 0

ppm & ‘I TMS

Copyright © 2010 Pearson Prentice Hall, Inc.
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e Different tables and graphs exist describing the
general effect of functional groups on NMR
absorptions. These represent only guidelines to
follow. Effects of more than one functional group

will normally be additive.

TABLE 13-3

Typical Values of Chemical Shifts

Type of Proton

Approximate &

Type of Proton

Approximate &

alkane (—CH,) 0.9
methyl '

alkane (—CH,—) 1.3
methylene

alkane (—(l,‘H—) 1.4
methine
(0]

=G HE 2l

methyl ketone

= C=C-—H 2]
acetylenic
R—CH,—X 34

(X = halogen, O)

s b
—c=c_ 5-6
vinyl H

~ -~
C=C\
allylic CH,
Ph—H

aromatic
Ph—CH,
benzylic -
(0]
R==C-=H
aldehyde
1
R—C—OH

acid

R—OH

alcohol

Ar—OH

phenol

R—NH,

amine

157

v

2.3

10-12

variable, about 2-5

variable, about 4-7

variable, about 1.5-4

TABLE 13-2

Chemical Shifts of the
Chloromethanes

Chemical
Compound  Shift Difference

Note: These values are approximate, as all chemical shifts are affected by neighboring substituents. The

numbers given here assume that alkyl groups are the only other substituents present. A more complete

table of chemical shifts appears in Appendix 1.

Copyright © 2010 Pearson Prentice Hall, Inc.

|
lI—Cl—H 502

H
I

|
ll—(IZ—CI 530

rd
H \
n—il—o 55 /
| Y
/

H
Cl

|
|1—C|—C1 572
Cl

Note: Each chlorine atom added changes
the chemical shift of the remaining methyl
protons by 2 to 3 ppm. These changes are
nearly additive.

Copyright © 2010 Pearson Prentice Hall, Inc.
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Magnetic Fields of Aromatics

e The induced magnetic field of the circulating
aromatic electrons opposes the applied
magnetic field along the axis of the ring.

e Protons in the region where the induced field
reinforces the applied field are deshielded and
will appear at lower fields in the spectrum
between 67-8.

circulation

of electrons

induced field
reinforces the
external field
(deshielding)

induced
B induced magnetic field

Copyright © 2010 Pearson Prentice Hall, Inc.
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Magnetic Field of Alkenes

e The pi electrons of the double bond generate a
magnetic field that opposes the applied
magnetic field in the middle of the molecule but
reinforces the applied field on the outside where
the vinylic protons are located.

e This reinforcement will deshield the vinylic
protons making them shift downfield in the
spectrum to the range of 55-6.

induced field
reinforces the
external field
(deshielding)

‘Jh -
'
N

- —

Copyright © 2010 Pearson Prentice Hall, Inc.
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Magnetic Field of Alkynes

e When the terminal triple bond is alignhed with
the magnetic field, the cylinder of electrons
circulates to create an induced magnetic field.

e The acetylenic proton lies along the axis of this
field, which opposed the external field.

e The acetylenic protons are shielded and will be
found at 02.5 (higher than vinylic protons).

induced shields
the proton
H

/7 N O\

.y

Binduccd\ R \ Amduccd
Copyright © 2010 Pearson Prentice Hall, Inc
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Deshielding of the Aldehyde Proton

e Like a vinyl proton, the aldehyde proton is
deshielded by the circulation of electrons in the
pi bond.

e Itis also deshielded by the electron-withdrawing
effect of the carbonyl (C=0) group, giving a
resonance between 69-10.

induced field

reinforces the

- = _, external field

* '——‘_ ‘ H (deshielding)

B \/ lnduged\/

Copyright © 2010 Pea e Hall, Inc
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O-H and N-H Signals

e The chemical shift of the acidic protons
depends on concentration.

e Hydrogen bonding in concentrated
solutions deshield the protons, so signal is

around 03.5 for N—H and 64.5 for
O—H.

e Proton exchanges between the molecules
broaden the peak.
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Carboxylic Acid Proton

 Because of the high polarity of the
carboxylic acid O—H bond, the signal for
the acidic proton will be at shifts greater

than o10.

| T e HO—C—CH i
Offset: 2.0ppm: | i1 | 0 THiE i it aaR e i ai i fi e B i

— . —— — ; I B
& (ppm)
Copyright © 2010 Pearson Prentice Hall, Inc.
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Practice Questions

e For each of the following compoundes,
which of the protons (in red and blue) has
the greater chemical shift?

CH3CHC|)HBr
Br Br

CH3CH,CHCH;
Cl

HaC™ O™
Hy
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Number of Signals (13.¢)

e Chemically different protons will have signals at
different positions.
P CH,CH,Br

e Chemically identical protons will have different
signals if they are environmentally different

L IHNMR +———

=i

5 (ppm)
Copyright © 2010 Pearson Prentice Hall, Inc.
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10.. ___9_ ”'g = 7 __6__ __5 = _4__ 5
8 (ppm)
Copyright © 2010 Pearson Prentice Hall, Inc.

60



Practice Question

e How many signals would you expect to
see in the 'H-NMR spectrum of the
following compounds?

Sy O
o O
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Area Under the Peaks (139

e Another line (looks like steps)
usually appears on a NMR
spectrum. It is the integral line.

e This line is used to determine the
number of hydrogen responsible
for a given absorption or signal. It
is a relative scale so if only one
signal appear in the spectrum, this
line is usually not present.
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e However when more than one signal is observed,
this integral line will appear and help determine
the structure of certain groups.

e The integration is relative between signals: ie

the more H’s of one kind (equivalent) the more
intense the corresponding absorption relative to
the other ones.

HNMR SRS IRR AR RN AR 1 A
q RESRNSNCCEeR IINME
[ P :
@—O—C— —6-5paces T
q nnn |
-~ FEa f L f
. . P spaces: ;
10 9 8 7 6 5 4 3 2 1 v

& (ppm)
Copyright © 2010 Pearson Prentice Hall, Inc.
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D HNMR oo e

. Pspaces

10' 9 T :8: | 7 6 | '5: T 4 ? | 2 T 1 :0:
5 (ppm)
Copyright © 2010 Pearson Prentice Hall, Inc.

1) Measure each steps botton to top in a measurable unit:
2) Divide each value by the smallest one recorded. This
will give the smallest signal a value of 1 proton

1111 =1 34/11=3

3) If the ratio obtained gives fractions, multiply until you get to a value
that is close to a whole number
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- 'HNMR ——

CH;

W cH,—C—cH; —Cc—cH] (R fint ;_5;1-5[5

OH

lospdees | A
L total

! Zd AR J

_losTp;

10 9 8 7 6 5 4 3 2 1
8 (ppm)
Copyright © 2010 Pearson Prentice Hall, Inc.

1) Ratios are: 0.5:1.0:1.5:3.0
2) Since it is not possible to have 0.5 proton, multiply by 2

3) Final ratiosare:1:2:3:6



Practice Question (Question| 3-6)

e Determine the ratios of the peak areas in the
following spectra.Then use this information,
together with the chemical shift, to pair up the
compounds with their spectra. Assign the peaks
in each spectrum to the protons they represent
in the molecular structure. Possible compounds:

QrOCHs C=CH

><CECH \/\ Br/><Br

OH Br
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(a)

10

o (ppm)
Copyright © 2010 Pearson Prentice Hall, Inc.
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]

10

— Se—
3 (ppm)
Copyright © 2010 Pearson Prentice Hall, Inc.
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(©

10

o (ppm)
Copyright © 2010 Pearson Prentice Hall, Inc.
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Spin-Spin Splitting (13.8)

e When 2 adjacent carbon atoms have
chemically or environmentally different H’s,
the signals for a given set of H’s on a carbon
will be coupled (split) into more than one line.

* For simple molecules, the observed pattern is
predictable following the n + | rule

# lines of a signal = n + |
where n = # neighbouring H’s
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Both H® are identical and have one neighbouring proton (H?), signal for
H® will be split: 1 + 1 = 2 lines (a doublet)

H2 has 2 neighbouring Hs (HP), signal for H? will be split: 2 + 1 = 3 lines
(a triplet)

Hz
1800 1500 1200
I l |
Br Br
\ / |

Br—C—C—H")|
/[ \ 1
__H® Hh

6.0 2D 5.0 4.5 4.0 3.9

o (ppm)
Copyright © 2010 Pearson Prentice Hall, Inc. 71



e Number of lines in a signal is called
multiplicity. Coupling between
protons is mutual.

 The coupling effect between protons
Is limited to the neighbouring
protons. Further away will usually
have no effect (except due to
conjugation). Nonequivalent
protons on the same carbon will be
coupled.
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General Splitting Rules

e Equivalent protons do not split each
other.

* Protons bonded to the same carbon will
split each other if they are nonequivalent.

 Protons on adjacent carbons normally
will split each other, unless they are
equivalent.

 Protons separated by four or more bonds
will not split each other.
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e The coupling effect between protons is limited to
the neighbouring protons. Further away will
usually have no effect (except due to conjugation).
Nonequivalent protons on the same carbon will be

cou pled, Bonded to nonadjacent carbons: four or more bonds between protons

S
—(JZ—C—(|3— spin-spin splitting is not normally observed

Copyright © 2010 Pearson Prentice Hall, Inc.

protons on these
2 carbons are not coupled
(4 bonds away)

protons on these
2 carbons are coupled
(3 bonds away)
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Multiplicity of Signals

e The shape and intensity of the line in a
signal can help determine the type of
groups present in a molecule.

Relative Peak Intensities of Symmetric Multiplets

Number of Equivalent Number of Peaks Area Ratios

Protons Causing Splitting (multiplicity) (Pascal’s triangle)
0 I (singlet) 1
1 2 (doublet) 1 1
2 3 (triplet) 1 2 1
3 4 (quartet) 1 3 3 1
4 5 (quintet) 1 4 6 4 1
5 6 (sextet) 1 5 10 10 5 1
6 7 (septet) 1 6 115 20 15 6 1

Copyright © 2010 Pearson Prentice Hall, Inc.
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e Doublets always have 2 lines almost of
eq Ual heights. chemical shift of HP

Br—iC—
Hil
opposes
field

UL

Copyright @ 2010 Pearson Prentice Hall, Inc

H? reinforces
field

P omz  soHz|| 2 a‘ bl ome  soHzf

- '"HNMR

2o
[ o I e SIERNREHRESELRE]
| CHTC—CH; Rl

=t

{275 268 126 118

- .9 .8. — 7.. — .6. 5... ...4 : - ] ...0
8 (ppm)
Copyright © 2010 Pearson Prentice Hall, Inc.



e Triplets: will always have a 1:2:1 ratio for
the lines in that signal

) Br Br
\Br—C—C—/HP
chemical N ,L\
shiftof H*  ~(Ha)(Hb

B,
HZ Copyright © 2010 Pearson Prentice Hall, Inc.
1800 1500 1200
[ [ [
Br Br
\ ¥ -
Br—C—C—H")
/ \. L&
_H* le
1 1 1 1 | 1 1 | | 1 1 | | | 1 | 1 | 1 1 1 I | | 1 | 1 |
6.0 5.5 5.0 4.5 4.0 3.5

8 (ppm)
Copyright © 2010 Pearson Prentice Hall, Inc.



e Quartets are easy to assign with their

|:3:3:] ratio.

L 'H NMR -

0 9

o (ppm)
Copyright © 2010 Pearson Prentice Hall, Inc.
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Second order coupling (13.13-13.14)

e Second order coupling will be observed when a
given proton has more than one non-equivalent
neighbours. In this case, the number of neighbours
does not add up, but must be taken separately.

a C
H\ /H
C:C\
Hb
5 6.6
chemical shift of H2
J./“hﬁ 17 HZJ
J. =11Hz | ‘ |

Copyright © 2010 Pearson Prentice Hall, Inc.

8 5.65
shift of HP

Copyright @ 2010 Pearson Prentice Hall, Inc



e Second order coupling usually give lines that do
not match the simple multiplicity found in the
Pascal’s triangle . Hence, while it is important to
look at the number of lines, the shape will also
give you clues.

e For example the signhal below is not a quartet
although it has 4 lines, it is a doublet of doublets
since all the lines are even. A quartet would have
the 1:3:3:1 ratio. 566

chemical shift of H?

J.ldh =17 Hz J
e e EEEE—

~

J..=11Hz «—»‘ ’«—» J,.=11Hz

L

Copyright © 2010 Pearson Prentice Hall, Inc
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e These kinds of patterns are often found in chiral
molecules where protons on a given carbon
appears identical, but because of the chiral
center, these may actually be diastereotopic.

diastereomers

A
Cl Cl Cl
€, e ~ He—H-Hp Z - H— 7
®y ok = mentally '
C—CHCI—CH, = i = . and )
H'{ Cl——H Cl——H Cl——H
H 3 3 3
diastereotopic : ; ;
AStETEGgpIe CH, CH, CH,
protons
replace H* replace HP
\ \ !
OHz 50Hz  100Hz ISOHz ~ 200Hz  250Hz ﬁ_\r;
T+ttt g
Lo | C|‘H; (|‘]
i CI_C_(|,_H : : i
B e H H ! /
----- M---Hulvvw‘r----rw-wi---Hi _' f ‘
435 425 4.15 405 395 385 375 365 3.56 Fr A _ _
- A ﬁ AT
10 9 8 7 6 5 4 3 2 1 0
o (ppm)

Copyright © 2006 Pearson Prentice Hall, Inc.
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Coupling constant (J) (13.12)

e The coupling constant is the distance found
between lines in a pattern due to splitting. It is
measured in Hertz.

e When two different protons are coupled, the
coupling constant for H_ will be the same as that
found for H,.

e This can help identify some groups.

SRR . o s T
- '"HNMR : ‘% | ~HEE , T
| CH} (||) [T | "
3\ ; | |
CH™C—CHj | | p
L - 1 276 2.68 [ - { 1.26 1.16 ‘
10 ) 8 7 6 5 4 3 | 0

Copyright © 2010 Pearson Prentice Hall, Inc. 82



e The coupling constant can also help
to identify specific groups

Approx. J Approx. J
| H @————
—C—C—  (freerotation) 7 Hz? 8 Hz
| H
H H (ortho)
N s
c=cC_ (cis) 10 Hz H
H H
2 Hz
H Y f
C—C (trans) 15 Hz
g My (meta)
H
o, T
8y P H N /C N
/C —C “« (geminal) 2 Hz /C = C\ H 6Hz
H H
(allylic)

4The value of 7 Hz in an alkyl group is averaged for rapid rotation about the carbon—carbon bond.
If rotation is hindered by a ring or bulky groups, other splitting constants may be observed.

Copyright © 2010 Pearson Prentice Hall, Inc.



Easily Identified patterns

Ethyl group, CH,-CH,- : its position on the
spectrum depends on the other groups in the
molecule

quartet/triplet pattern integrating for 2 and 3

R ]

CHy—CHy == bbb
: ! 5 = ! : L i : f—— P

O 9:' 8: 7:: | 6 i 4: | 3 2: 1 0:
& (ppm)
Copyright © 2010 Pearson Prentice Hall, Inc.
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Isopropyl group CH,;-CH-CH,

Septet/doublet pattern integrating for 1 and 6

2.76 2.68

OHz 50Hz

1

OHz

50Hz ||

Copyright © 2010 Pearson Prentice Hall, Inc.
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p-disubstituted aromatics

2 doublets integrating for 2 H each

f 0H7 SOH?‘Z“;;:; OHz S50Hz

816 806 EREEd 1 738

—
o (ppm)
Copyright © 2010 Pearson Prentice Hall, Inc.




Signals for proton on heteroatoms (NH, OH)
are often broad and difficult to see and may not
be split. This depends on the concentration and

purity of the sample.
RN

| (a) '"HNMR spectrumof | | i o P
' ultrapure ethanol BRSNS EEE AR —

1

[ et
3.58 346 1.36 1.286 IEN

OHz SOz | one 50Hz
————— !

onz  sor, — CH3—_ |— OHz OH
(b) common ethanol spectrum | | e i

(acidic or basic impurity) .

e W T Y O}
10 9 3 7 6 5 4 3 2 1 0
d (ppm)

Copyright © 2010 Pearson Prentice Hall, Inc.
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10

8 (ppm)
Copyright © 2010 Pearson Prentice Hall, Inc.
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e Usually these protons can be exchanged
with D, 0.

e To verify that a particular peak is due to
O—H or N—H, shake the sample with
D,0O too exchange the H for a D. The
deuterium is invisible in the proton NMR
so the original signal for the OH will
disappear.

R-O-H + D-O-D = R-0O-D + H-0O-D

R—ITI—H + 2 D-O-D = R—lTl—D + 2H-0-D
H D

89



Index of Unsaturation .1

e This is useful to help eroups unsaturation index
determine some — i
characteristics (ring, =0 |
double bonds, etc...) of
the structure of an Q 1
unknown compound. It — 5
represents the # of H, C=N )
molecules one would
have to add to a @ 4
structure to get a fully
saturated compound combination ~ adds up

(see CHEM201).
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Steps to determining structure

)
2)

3)
1)

5)

Determine unsaturation index from formula

If you have no formula, find M* in mass
spectrum and note the mass

From IR, determine possible functional groups

From NMR, determine portion of structure
from chemical shifts, splitting patterns, and
integration

Substrat the groups that you have already
found from the molecular formula as you go
until you have found all the pieces of the
puzzle. Then put pieces together.
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Unknown #1: C;H,O,

IR Spectrum
{liquid film)
i R I T e Yoo posgengeneg - 1 1 ] t ]
4000 3000 2000 1600 1200 8OO
VY {em')
triplet
axchanges
with 050
t
= quartet
A
{ . 1 !
12 11 A
|
L | L | : ] L | ] L | L 1 L ] L | L |
9 8 7 B 5 4 3 2 i 0 92



Unknown #1: C;H,O, Summary
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Unknown #2: C,H;O

——

IR Spectrum
(liquikd Tirm)}
1705
| L i - a ] M A L i 1 a 1 L I 1 ]
4000 3000 2000 1500 1200 800
3 {cm"}
, triple
singleit

quartet ™S

L 1
1 L 1 | X 1 t L —

1 QO
8 7 G 5 4 3 2 s



Unknown #2: C,H;O Summary

95



Unknown #3: C,H | ,O

(R Specirum
{ﬁqﬁzﬁm 1715
; v P | I - ] . ! £ ' p—
4000 3000 2000 : 1600 1260 800
vV (cm '}
multiplet
I r-*.-.r
TMS
g A :
1 ) ' g ] [ I L l 1 ! |
10 g 8 7 B h 4 3 2 1 0 o6



Unknown #3: CyH,,OSummary
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Unknown #4:C ,H, O,

"

IR Spectrum =
(wquid Fim)
- P L e I T | . l r £
4000 3000 2000 1600 1200 80D
Vv (em")
EXpAnSIoN
B.0 15 7.0 615 Ppm {
doublet— |
doublet LS
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Unknown #6: C,H,,O,Summary
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Lecture 1
Mass Spectra

Mass spectroscopy can be used can be used to:-

1) Measure relative molecular masses (molecular weights).

2) Detect the places in molecules at which it prefers to fragment.
The principle of the mass spectroscopy:-

The function of mass spectrometer may be divided into four sections sample

injection, ion generation, mass separation and ion detection.

[

Inlet on | | ton || 1on RCE

N , of 10t
system | ~ | source| ”|separation]” |colection” (i

A 4
A 4

¥

Fig. 1. Essential festures of a mass spectrometer in diagrmmatic

i from. ~ ‘
L_ ’ i

a- sample injection:-

There are two ways to inject the sample the spectrometer one is the gas inlet and

the other is the direct inlet.

gas inlet application:-

for liquid or gaseous sample, liquid can either be injected with micro syringe
and it can be heated ( max. temperature during continuous service is usually
1500°c). Gaseous sample can be introduced into the reservoir though a container
fitted with a break-seal, volatile substance via a gas chromatograph (GC) or
liquid chromatograph (LC, HPLC).

b- direct inlet application:- crystalline, lacquer-like or viscous liquid

samples. The sample is placed in a metal crucible, which is fixed on the tip of a
heat able probe and the probe is inserted into a lock-chamber. After evacuating
the chamber, the cold tip of the probe is brought into the ion source and slowly

heated until the sample vaporizes.

lon generation:- from one of the inlet system, a fine and constant beam of the

molecules streams into the ion source where it intersect with an electron beam,



where 60 to 100 eV can be used, although 70 eV is used for normally employed,
the interaction between the electrons and the neutral molecules generates
positively charged molecular ion according to:

[M] -e" — [M]**+ 2e-
The various positive ions generated by electron impact are then accelerated

through a second slit by a repelled potential applied between and (A) and (B)

Filament
< ‘
1
Stit I ‘
\ i To analyser
S Ty T
Vapour l -
|
g |
A } B C
n Electron bean
Fig-3 ' !
!

Finally, a large accelerator potential is applied between B and C, and the positive
ion travel with a high velocity according to equation (1).

Lo MV?= @V.cueeunnne €)

(m) is the mass of the ion, (e) the electronic charge, (v) the potential of the ion

accelerating plate, and (v) the velocity of the particle.

Mass separation:-

The accelerated ions then pass into the magnetic field (H) generated between the
two poles of an electromagnetic in the magnetic field the ions are deflected along
the circular path according to Eq. (2).

r=mv/eH ......... 2)

r is the radius of the path

From Eq. (1) and (2) we can deduce the Eq. (3)

m/e = H?r?[2V

From this we can conclude that, at given values of (H) and (V), only particles
with a particular mass-to-charge will arrive at the collector slit placed along the

fixed path (r) in recording mass spectra of organic compounds, most of the



particles are singly charged, the radial paths of allowed by in the magnetic field

are illustrated in Fig. (4)

D
Source
st ‘ =2
NI W— S
From irn
\ chamber

S s wn AN w il e g L. e



Lecture 2

Determination of molecular formula

The molecular weight of methyl bromide is 94.95 on chemical scale. But in mass
spectra we can find the following molecular ion peaks according to isotopes
occur. They called M, M+1, M+2, M+3,........

e ~
CH,3795" 8
cH3%Br
CH3793F
< ‘ and )
: 79
!
CHz °Br 4. 81
! s g
| 3cH 3808,
53 9% 95 S 97

Fig. 8: Mass spectrum oi methyl bromide in the
region of the moiecular ion.

NS -
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Mags vs. elemenial composition at mominal mass 43
-

Nass T Elementsl composition
43,0058 CHKO
43,0184 C,E50
43,0269 o 033!2
43,0421 | 5
3.0547 X3 |

Elemental composition at nominal mass 28

(Table 1)
Exect masses of some common isotopes and simple

molecular species,

Species| lm 16 4y €0  CH==Ci. X

2 2 2

'Hass 1.00782 15.9949 14.0031 27.9949 28.0313 28.0061

Fragmentation

Fragmentation are best interpreted based on the know stability of the carbonium

ions and free radical. A+ + B-

[A_B]+.
A + B

In the cases where both A+ and B+ contions are of similar stability, the positive
charge will reside with the highest-molecular weight cationic fragment. e.g. the
following table:-



ot | B |
+

["5“5"""2“3] : ,mjgnzc-.:-_ ol o0.64
s | ¥4

lomoxt 185 |

LRI

The C6H50*ion at mass (105) in the spectrum of propiophenone can be
characterized as (M-29) or the (M-C2H5) ion.

(i) The even-electron rule:-

Even-electron spices will not fragment to two odd-electron species.

+

A+%+ B. s c*

even odd odd

An ion will degrade to another ion and a neutral molecule.

'y .—-———)-,MB"' + C

even even even

Radical ion is odd-electron species so it will degrade to a radical ion and a

neutral molecule.
At — B+ + C

odd odd even

Also radical ion also degrades to ion radical and ion.



ion as coproduct
o +

.
A° —> B + C
(0dd) (0dd) (even)

Radicel ions can also degrade to a radical and an

ion - ~» gt 4+C°
’ ' At (even) (odd)
- odd B* ¢t

(odd) (even)

Lecture 3
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(11) Most of the important types of fragmentation
are sumarized in general form below. |

A Simple carbon-carbon bond cleavages

T

JR—%:—R] —+ R.+RE=0

d.R~€T=O — R*+C=0



B. Cleavages involving heteroé’toms"

X = halogen OR’, SR' NR; (R’ = H, Alkyl Aryl)

-?-X] — —ax

y » AN
R"‘?"—'—}\ —3> R+ a:___x
/

C. Concerteg cleavages:

I * N
| d
]

L3

Sl i /\

~ I DT
R DN

L '*_/C\_ SN

(i11) Factors influencing fragmentation

a) Functional groups:-

Some functional groups may direct the course of fragmentation, while other
functional groups may have little effect.

b) Thermal decomposition:-

Thermal decomposition of some compounds may occur before ionization leading
to difficulty in interpreting the mass spectra, alcohols may dehydrate before

ionization, loss of water in this case leads to a peak at M-18.



Whether the loss occurs before or after ionization, but thermal dehydration may
extensive enough to eliminate entirely the appearance of a molecular ion in the
spectrum.

If the thermal decomposition is suspected, the compound can be ionized in a
cooled ion source, so that electron bombardment of the whole molecule takes
place.

¢) Bombardment energies:-

=70 eV is used for ordinary spectra, molecular ions posses a maximum of = 6 eV
in excess of their ionization potentials, if this energy is reduced to = 20 eV it will
be sufficient for giving weaker spectra for the organic molecules.

d) Relative rates of competing fragmentation routes:-

The formation of B* and C:- or B*-and C from the molecular ion A*- depends on
the excitation energy possessed by A*- and the heats of formation of all the
products.

e) Stability of fragmentation products:-

An ion fragments when it possesses an excess internal energy sufficient to exceed

the activation energy for the reaction considered. (See the following figure)
enecot 4+ CHy 0 (1)

o+
CgHgCO-OCH3 =

S



Fig. 9: Energy diagram showing the relationship between
the activation energies(E¢, Er ) for the forward and
backward reactions in the decomposition of the lon

k (M1)to fragments (At,B"). The appearance potentail

for the process is marked (AP).

The activation energy for the reverse reaction (Er) is very small.

k ] 4 \
CHZ + CBOCO (#P 1)

—— CJH; + CB,0C0
——— CHiiCD + CHD

C.},C0-OCH,

Fig-10: Energy diagram showing relation between
competing fragmentation processes from one
state of the molecular ion of methyl benzoate.
The appearance potentiats (AP1, AP 2) relate to

¥ the two reactions. . ‘ I J




Lecture 4
V- Metastable peak

Metastable peaks are very important in the deduction of fragmentation

mechanisms because they indicate that the fragment of the mass (m2) is formed
in a one-step process from (mz1) will decompose into fragments while traveling
through the accelerating region of the instruments. Such ions will at first be
accelerated as (m1), decompose with loss of some kinetic energy to the neutral
fragment, and then continue to be accelerated and deflected as (m2). Which
appear as abroad peak of low intensity (m*).

m*= (m2)?/(mz)

=£9%, (c,H.O1
) m/e 104
”U(.)“/o) ,

[33‘%} ~ lor -C,0,)

(CHIT —ap— [GeHL
m/e 5O : mjc 76
(61%Yy ' ' (96%)

In the above example the metastable peak

(m*) at 55.5, this mean that the ion at m/e=76 (mz) formed from the m/e 104 (ma)
ion and not by concerted loss of carbon monoxide and carbon dioxide from the
molecular ion.

V-Rearrangements




There are fragment peaks in the mass spectra which can not be interpreted by
the simple methods of the normal cleavage. So there are some specific
rearrangements occur to molecules as follow:-

a- McL afferty rearrangement:-

This type of rearrangement involves migration of hydrogen to w-electron system

via a six-membered ring transition state.

r ™ | o By i
>Ry |0 N |5y T
Xd |- T+1

A AN

X, Y, and Z can be O, N, C, S, and any combinations thereof.

b- 1,3-migration in carbonium ions:-

This involves migration of hydrogen atom from C4 to C3 in the same molecule

with elimination of an alkane.

,Q,(u) ..Carbenium ions underge 1,3 migrations with
elemination of an alkene. |

H . o " H
Y4 |
—?&l’\ —  €=C | ;c\

C)- 1,2- shifts:-
This type of rearrangement is to formation more stable species.

e 0 It - 1+
L . O _l S



The most famous rearrangement of this type is the formation of tropoylium ion

before loss of hydrogen atom, thus tropoylium ion C7Hs* has equivalent

hydrogen, when it loses one hydrogen atom it converts to the most abundant ion
C7H7* of mass (91) according to the following:-

*

' H | +
O~ |-~

' . CH:-CH;
T (C,HY) (CqHy)

o

S



