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PNH: 
Paroxysmal 
Nocturnal 

Hemoglobinuria

Paroxysmal Nocturnal Hemoglobinuria (PNH) is a Paroxysmal Nocturnal Hemoglobinuria (PNH) is a 
rare disorder characterized by intravascular rare disorder characterized by intravascular 

hemolysis and hemoglobinuria.hemolysis and hemoglobinuria.

PNH is the only hemolytic anemia caused by an PNH is the only hemolytic anemia caused by an 
acquired genetic mutation resulting in a acquired genetic mutation resulting in a 
intrinsic defect in the cell membrane of  intrinsic defect in the cell membrane of  

hematopoietic stem cell.hematopoietic stem cell.
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Complement proteins 
function in innate immune 

system

Cell Cell 
lysislysis
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Complement regulation

Protein 
CD59

On cell membrane there are protein that inhibits the cytolytic action of complement

The complement‐inhibitory  function of CD59 derives  from  its capacity  to  interact 
with  the  C8  and  C9  components  of  the  cytolytic membrane  attack  complex  to 
prevent insertion of C9 into the membrane
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PNH: Paroxysmal nocturnal hemoglobinuria

GPI
anchor

Rosse W.F., Ware R.E., Blood, 86(9), 1995, 3277
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Biosynthesis of GPi
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Autoimmune 
process

Paroxysmal Nocturnal Hemoglobinuria Paroxysmal Nocturnal Hemoglobinuria 
(PNH) is characterized by (PNH) is characterized by a clonal a clonal 

expansionexpansion of one or more of one or more 
hematopoietic stem cellhematopoietic stem cell..

GPI +
GPI CD59

Autoimmune Autoimmune 
processprocess

GPI - EscapeEscape

Luzzatto L. et al., Blood, 109(11), 2007, 3277

HYPHOTESISHYPHOTESIS

The expansion of the GPi‐ red blood cell population in PNH is 
due to selective damage to normal hematopoiesis madiated by 
an autoimmune attack against a non peptide antigen that could 

be the GPi anchor itself
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Glycosyl Phosphatidylinositols o GPi
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Trypanosoma cruzi
A.V. Nikolaev, Angew. Chem. Int. Ed.
2006

Plasmodium falciparum
P.H. Seeberger, J.Am.Chem.Soc, 2005

Rat Brain Thy‐1
Schmidt, J.Org.Chem., 2003

55
STEPS

O

O

O

HO
HO

O
OH

HO
HO

O
OHO

HO

OH

O O
HO

OH

H2N O
HO OH OH

OHO

OH

PHO

O O

O
O

O

C17H35

O

C17H35

P
O

OH

O NH2

v

v

O

O

O

HO
HO

O
OH

HO
HO

O
OHO

HO

O

O O
HO

OH

H2N O
HO O OH

OHO
P

HO

O O

O
O(CH2)17CH3

O

C17H35

P
O

HO
O

H2N

OH

O

HO
HO OH

O

O
C15H31

P
O

OH

O NH2

O

O

O

HO
HO

O
OH

HO
HO

O
OHO

HO

OH

O O
HO

OH

H2N O
HO O OH

OHO
P

HO

O O

(R) O
O

O

C17H35

O

C17H35

P
O

HO
O

H2N

OH

O

HO
HO OH

O

O
C15H31

O

O

O

HO
HO

O
OH

HO
HO

O
OHO

HO

OH

O O
HO

O

H2N O
HO O OH

OHO
P

HO

O O

O(CH2)15CH3

P
O

HO
O

H2N

OH

O

HO
HO OH

O

O
C15H31

P
O

OH

O NH2

O

R= (CH2)7CH=CH(CH2)7CH3

O

R

Synthesis of Human Gpi Core Structure: MassSynthesis of Human Gpi Core Structure: Mass--Spectrometry as a Fundamental ToolSpectrometry as a Fundamental Tool



H P
O

OH

O
NHR

A

P
HO

O O

O
O

O

C17H35

O

C17H35

H C

Retrosynthesis

O

O

OR

RO
RO

O
OR

RO
RO

O
ORO

RO

OR

O O
RO

OR

N3O
RO OR OR

ORRO

OR

B

Man-3

Man-2

Man-1

GlcN

InosO

O

O

HO
HO

O
OH

HO
HO

O
OHO

HO

OH

O O
HO

OH

H2N O
HO OH OH

OHO

OH

P
HO

O
O

O
O

O

C17H35

O

C17H35

P
O

OH

O
NH2

Man-3

Man-2

Man-1

GlcN

Inos

P

Lip
Lip

P

NH2

Synthesis of Human Gpi Core Structure: MassSynthesis of Human Gpi Core Structure: Mass--Spectrometry as a Fundamental ToolSpectrometry as a Fundamental Tool



Retrosynthesis of building block B
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Seeberger P.H. et al., JACS, 128, 2006, 3638
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Retrosynthesis of glucosazide

Retrosynthesis of myo‐inositol



Synthesis of building block B
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1224.06

1223.06
1224.56

1225.06

1225.57
1223.79 1226.07

1224.79 1225.791225.37

Elemental composition search on mass 1223.06

m/z= 1218.06-1228.06
m/z Theo. Mass Delta 

(ppm)
RDB 

equiv.
Compositionm/z Theo. Mass Delta 

(ppm)
RDB 

equiv.
Composition

 1223.05902  1223.06429    -4.31    67.0 C147 H 165 O 25 N 3 Na 2 Si

M + 2Na+



Retrosynthesis

P
HO

O O

O
O

O

C17H35

O

C17H35

H C

Man-3

Man-2

Man-1

GlcN

Inos

H P
O

OH

O
NHR

A

O

O

OTIPS

BnO
BnO

O
OBn

BnO
BnO

O
OBnO

BnO

OBn

O O
BnO

OBn

N3O
BnO OBnOBn

OBnAllO

OBn

B
O

O

O

HO
HO

O
OH

HO
HO

O
OHO

HO

OH

O O
HO

OH

H2N O
HO OH OH

OHO

OH

P
HO

O
O

O
O

O

C17H35

O

C17H35

P
O

OH

O
NH2

Man-3

Man-2

Man-1

GlcN

Inos

P

Lip
Lip

P

NH2

Synthesis of Human Gpi Core Structure: MassSynthesis of Human Gpi Core Structure: Mass--Spectrometry as a Fundamental ToolSpectrometry as a Fundamental Tool



Nikolaev A.V., Ferguson W. A. J. Et. al, Angew. Che. Int. Ed.,45, 2006, 
468 

Synthesis of A and C

Seeberger P.H. Et al., JACS, 127, 2006, 5004
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Synthesis of GPi core structure
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z=2

1556.80387
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M + Na++ K+

Elemental composition search on mass 1554.30

m/z= 1549.30-1559.30
m/z Theo. Mass Delta 

(ppm)
RDB 

equiv.
Compositionm/z Theo. Mass Delta 

(ppm)
RDB 

equiv.
Composition

 1554.29705  1554.29679     0.17    63.5 C180 H 238 O 35 N 2 K Na P Si
 1554.29664     0.27    68.0 C184 H235O 35 N KNa Si
 1554.29813    -0.70    68.0 C183 H236O 32 N3 KNa P Si
 1554.29880    -1.13    67.5 C185 H238O 33 K Na P Si
 1554.29522     1.18    68.5 C184 H234O 34 N2 KNa P
 1554.30151    -2.87    68.0 C185 H236O 34 N KNa P
 1554.29252     2.92    68.0 C184 H236O 33 N KNa P Si
 1554.30225    -3.35    68.0 C183 H235O 34 N3 KNa Si
 1554.30292    -3.78    67.5 C185 H237O 35 K Na Si
 1554.30308    -3.88    63.0 C181 H240O 35 N KNa P Si



Synthesis of GPi core structure

1H‐NMR (400MHz)
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Elemental composition search on mass 2908.54

m/z= 2903.54-2913.54
m/z Theo. Mass Delta 

(ppm)
RDB 

equiv.
Compositionm/z Theo. Mass Delta 

(ppm)
RDB 

equiv.
Composition

 2908.53941  2908.54129    -0.65    67.5 C175 H 219 O 35 N 2

 2908.53707     0.80    71.5 C180 H220 O 31 P
 2908.53573     1.27    72.0 C178 H218 O 30 N3 P
 2908.54397    -1.57    72.0 C178 H217 O 32 N3

 2908.54428    -1.68    67.5 C174 H220 O 32 N4 P
 2908.53408     1.83    77.0 C180 H213 O 29 N5

 2908.54531    -2.03    71.5 C180 H219 O 33

 2908.54563    -2.14    67.0 C176 H222 O 33 N P
 2908.53305     2.19    67.5 C175 H220 O 33 N2 P
 2908.53274     2.29    72.0 C179 H217 O 33 N



Synthesis of GPi core structure
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Elemental composition search on mass 1604.75

m/z= 1599.75-1609.75
m/z Theo. Mass Delta 

(ppm)
RDB 

equiv.
Compositionm/z Theo. Mass Delta 

(ppm)
RDB 

equiv.
Composition

 1604.75175  1604.75273    -0.61    68.5 C181 H 230 O 40 N 3 K Na P 2

 1604.75047     0.80    77.0 C190 H228 O 36 K Na P2
 1604.74980     1.22    77.5 C188 H226 O 35 N3 K Na P2
 1604.75407    -1.45    73.0 C184 H228 O 37 N4 K Na P2
 1604.75474    -1.87    72.5 C186 H230 O 38 N K Na P2
 1604.74846     2.05    73.0 C185 H228 O 38 N2 K Na P2
 1604.75608    -2.70    77.0 C189 H228 O 35 N2 K Na P2
 1604.74644     3.31    69.0 C180 H228 O 40 N4 K Na P2
 1604.75902    -4.53    68.0 C182 H232 O 40 N2 K Na P2
 1604.74418     4.72    77.5 C189 H226 O 36 N K Na P2

M+ Na++K+



The last step.....
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1H‐NMR (600MHz)
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