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Porphyrins are derivatives of porphins formed by replacement of hydrogen atoms of
the pyrrole rings, situated at the outer rim, with some other groups of atoms.

Iron can form six coordinate bonds. In haem, four pyrrole groups of protoporphyrin
form a square-planar complex with iron via nitrogen atoms. Two remaining coordination
positions of iron are perpendicular to this plane of porphyrin ring. The fifth position is
occupied by an imidazole ring of the histidine amino acid residue. It appears that iron is
bonded to histidine-87 in the a-chain and to histidine-92 in the B-chain. The sixth valency
is probably occupied by water and when haemoglobin combines with one molecule of
oxygen to form oxyhaemoglobin, it is the sixth valency, which coordinates with oxygen

molecule by replacing water molecule if present.

When the iron atom is in ferrous state, the complex is called protohaem or haem and
the molecule is neutral. When the iron atom is in ferric state, the molecule carries a unit

positive charge and is called haemin.

Some common porphyrins are given below.
Porphyrin Substituents (Fischer Numbering)

6

l

Aetioporphyrin I
Aetioporphyrin II
Aetioporphyrin III
Aetioporphyrin IV
Coproporphyrin I
Uroporphyrin I
Protoporphyrin IX
Deuteroporphyrin IX
Haematoporphyrin IX
Mesoporphyrin IX
Pyrroporphyrin IX .
Rhodoporphyrin TV .
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orphyrins

Haemin _Fe/AcOH
C34H210 qN
Fe(IIN)C]
1 CTOS/I'IZSOLI

, HscfﬁHzCHzCOOH
@) N 0
H
HsC~__C
g
O ™>N

Haematinjc acid
CgHgNO,
Ethylmethylmaleimide ,

Structures of haematinic acid and ethylmethy”

their synthesis. Formation of haematinic acid and
protoporphyrin suggests that the pyrrole nuclei ar}
(oxidation at a-carbon). Further, the presence- of mef
III, IV, VI, VII and VIII suggests that pyrrole nucle;

by means of one carbon atom only. v ool

ok 1§
Formation of two molecules of haematinic acid re

\ of ethylmethylmaleimide as an oxidation product of m
)the presence of two vinyl groups in the B-position of

oxidation). The presence of vinylic groups at B‘po;‘jiﬁ@” .
formation of reductive degradation products (I) to IV from haer
converts into ethyl groups during reduction process).

The above data when pooled together reveals that’ hs ~-e=~
nuclel Jinked at a-position via one carBoh atom.

(7) Position of substltuents 1p ff) nﬁ‘
gives aetioporphyrin w ‘ﬁ; |
e Aetloporphynn can exfst four dif
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,C2Hs

CH3

(D)
CzHs

ynthesised but unfortunately they resembled very much in
yrin obtained from haemin could not be identified. The

was obtained from the study of the precursor of

. Fifteen different positional isomers of mesoporphyrin

(methyl, CH=CH, —CH,—CH,—COOH) are possible.

n pattern in mesoporphyrin, all the fifteen isomers

d one of them was found to be identical with that

q@ tutio:

C2Hs

CH3

C2Hs

H;C

HsC2

HsC>

HsC

H;C CzHs

H5Cz CHS
(IT)

H3 C.Hs

HsC C2Hs
(Iv)

C2Hs

CH3

CzHs

CH3

~on the structure o

-y
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~ Porphyrins

mesoporphyrin X wliichﬁs btaine
- Since mesoporphyrin X is derived from plrza

2 3) and protoporphyrin is obtained from haem
protoporphyrin and haemin may be represented as fc

(8) Finally the structures of haemin and haemoglobin |
synthesis. : ’ N
6.3. SYNTHESIS OF HAEMOGLOBIN '-1
Synthesis of haemoglobin in-m_)flv,(a‘é."L T
1. Synthesis of Pyrrole derivatives.

2. Conversion of Pyrroles to Dipy:

)
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. Conversion of Dipyrrylmethenes to Porphyrins..
f Preparatlon of Haemoglobin from Porphyrin. -

¢ qu__ ynthesis of Pyrrole Derivatives

J are several methods available for the preparation of desir
t methods are given here.

ed pyrrole derivatives.

(1) Paal Knorr Synthesis

‘reatment of a 1, 4-dicarbonyl compound with primary amine (or ammonia) give

|- .R3 RZ R3 R2 ]R3
]+ RN — s |
Rl R] N R4

orr Pyrrole Synthesns
method involves condensation of o-aminoketone derivatives with carbonyl

R R o "R RN
—
R4 R! g R/ SNZ R
|
H H

tion are poor when R’ is an alkyl group but yield are very good

. .,Eﬁ'l:- or alkoxycarbonyl groups. OC-AInlnoketonee. are prepared in

R- lJO‘"L._‘,

F
NOH  Et0OC

7:: ')
‘ ‘lu'-f'h‘

4 !'!IU'
toester and a primary
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Porphyrins

| NH; ¢ H, C
H /L/L ._.—L,L“L”;? Bt i
5 OFt .

| e HsGC~T D

EtOOC ‘_ I [ HOOHE
X
HC" S\, 07 cH,  Hy

T
©:3:2. Conversion of Pyrroles to Dipyrryimethenes
H> S

Dipyrrylmethene may be obtained from

: (1) 2-Methylpyrrole deri
dipyrrylmethene by bromina

Ll

vative having unsubstituted 5-positi
tion, for example : ]

H;C. 4 3_FEt H,C
Wi
— II\T 2 CHz Br NN
H H
Hs3C Et G Et
) , ’ ‘ ) I Bro e T __,
Br ll\f ITI 7
H H
H,C = Et CEC Et
, © i ' \\ S
H H .BI‘ ~  HAL Br s

(2) Dipyrrylmethenes are also prepared from Syitolas ha ; -
»upling with formic acid in the presence of hydrobromic acid,ié,&%

FOOC GHiy 1109 of conkigmiyriyeiipns Sl
I ’ | wmooon+ L

CH; |
I , : , H wo1d-2 owd 10 zeble
EtOOC- [
i HBr
L CHj3”
|
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(3) Unsymmetrical dipyrrylmethenes, containing two pyrrole rings with differe;
substituents, are prepared by following methods.

Et CH; Et CHj;
(a) Il eemocna — | | + HCl
H3C T H;C N CH,0OCHj3;
H H
1.
N~ “CHS, Et CHj; CH3
|
h el o[ o
2. Brp H3C II\I / Ilq' @CHS
H P T
: Et CH, Et CHj
(b) | ] +HON+HO 2% -
H3C N FI3C II\[ CHO
a :
Et CH,4 @
, + , {\I HBr
H,;C C-H N~ “~CH;
l ll~> l
H O H
CH;
Et CHj3

0 o I 4 ’ NP OCHB

l
H HBr

6.3.3. Conversion of Dipyrrylmethenes to Porphyrins

There are several methods for the preparation of porphyrins from dipyrrylmethene

but most useful methods are :

(a) Condensation of hydrobromides of two 5-bromo-5'-methy |-dipyrrylmethenes and

(b) Condensation of hydrobromides of a 9 5'-dibromo- and a 5, 3

dimethyldipyrrylmethenes.

These condensations are carried out by heating with succinic acid at 22
methods give a single product in high yield.

0°C. Thes
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ridolpomeaaky
Aetioporphyrin I was prepared by Fischer in 1926 by conder

Fischer et. al. (1939) also synthegized hip;l(‘)trphin*ﬁ
formic acid. A later syntheesistvh:f1 &{)oand!pmm
formaldehyde in a mixture of me L aadp : iy

LIk
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U HCN/HCI
EtOOC CH Al

LA
o EtOOC/ N~

et

e OOH
= OOH CH= Cf-f—Cbe‘?
PYl'ldlne

EtOOC

(')
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Porphyrins

02  Co
Haem %/\,
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Oxidative cleavagg
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6.5. Chlorophyll

Chlorophyll is the gr
absorbs light which is us
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354
obtained chlorophyll from |

i t a mixture. Willstatter et. al. (1912) )
sy d that it was a mixture of two compounds. He isolated they

variety of sources and showe s Of chlorophyll-a an
and named these as chlorophyll-a and g E;lesgtfr;ecal groups of workers, mos

chlorophyll-b were established by chemical methods t
promixlljent of these are Willstatter and coworkers and Fischer and coworkers.

HsC

CH3

T-Hz C=0 0O

|

CH: OCH3

COOR?

Chlorophyll-a; R* = - CH,, R? = - C,, Hyg

‘Chlorophyll-b; R' = - CHO, R? = - C,, H,

An ethereal solution of chlorophyll undergoes various colour changes when shaker
with a solution of methanolic potassium hydroxide. This set of colour reactions is knowr
as phase test and any chlorophyll preparation that fails this test is said to be allomerized
The green colour of chlorophyll-a immediately changes to yellow, that of chlorophyll-t
changes from green to carmine red while the green colour of a mixture of two chlorophylls
changes to yellowish brown. The green colour reappears in the lower layer after a fev

moments.
6.5.1. Synthesis of Chlorophyll

Wood.ward and coworkers accomplished the total synthesis of chlorophyll in 1960
‘The I.<ey intermediate chosen for the synthesis was porphyrin (VII), which has desire!
substituents at the desired positions. The only exception was vinyl group, which wé
gener.ated at'a 'later stfxge from aminoethyl group. Porphyrin (VII) was then converted
Cllllllorm (chlorm.-e H‘lmt?thyl ester) (XVI), which had already been converted
chlorophyll-a prior to.this synthesis. Porphyrin (VII) was prepared by coupling of fo!

pyrrole derivatives.
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NC CN
HZN‘CHZ*CHZ |
@
HsC N _- e
\
é\\} *$(4) /)
CHO
T
/ A A \
HsC o2 “ 8
(I:HZ COORy
i
COOCH;,
N CN
CHj
= CzHs
4/
& sq
«a\ HyO-EtOH
81
N
N ~CH3

i. NaOH
ii. MeOH-HCI
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é‘bm‘CHz-CHz

I

1. NaOH
—
2. CH3N,
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