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Quantitative determination of 2-amino-1,3-propanediol and its im- 
purities by capillary gas chromatography 
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(Received March 28th. 1988) 

2-Amino-1,3-propanediol (serinol) is an important intermediate in the synthesis 

of (S)-N,N’-bis[2-hydroxy- I -(hydroxymethyl)ethyl]-5-[(2-hydroxy- 1 -oxopropyl)- 
amino]-2,4,6-triiodo-1.3-bcnzenedicarboxamide (iopamidol)‘, a non-ionic water- 
soluble iodinated X-ray contrast medium2. The purity of serinol is an essential 
prerequisite for obtaining a contrast medium suitable for uro-angiographic and 
myelographic examinations, which require injection of highly concentrated solutions. 

Serinol, prepared on an industrial scale according to reported methods3-*. is 
often contamined by small amounts of amino alcohols as by-products that are difficult 
to separate from the main product prior to its quantitative determination. 

The separation of amino alcohols by gas chromatography (GC) after derivatiza- 
tion with trifluoroacetic anhydride (TFAA) is a well know technique’, but literature 
concerning serinol and related compounds is scarce. The most recent paper-r’ 
describing a GC method using such derivatization and a packed column was found to 
lack the ability to separate the amino alcohol impurities from serinol. 

This paper describes a CC method which. using a capillary column and stream 
splitting, allows the simultaneous quantitation of serinol and contaminants. 

EXPERIMENTAL 

Material.3 
All the reagents were analytical-reagent grade unless specified otherwise. 

Ethanolamine (ETH), 1 -amino-2,3_propanediol (ISO) and 2-aminopropanol (AP) 
were commercially available and were used as standards without further purification. 
Ultrapure serinol (SER), used as a standard, was prepared and purified as described in 
previous work”. 2,3-Diaminopropanol (DAP) and 2-aminomethyl-1,3-propanediol 
(NME) were obtained by lithium aluminium hydride reduction’ I of the corresponding 
methyl esters of 2,3-diaminopropionic acid and 2-aminomethyl-3-hydroxypropionic 
acid. respectively. 

I-Methoxy-2-aminopropanol (OME) was obtained by partial demethylation of 
the corresponding 1.3dimethoxy-2-aminopropane by hydrogen bromide. A I % (w!w) 
solution of methyl palmitate in chloroform was used as the internal standard in GC 
analyses. 
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Instruments 
GC analyses were performed using a Hewlett-Packard HP 5890 gas chro- 

matograph equipped with an HP 7393A atuomatic sampler and an HP 3393A 
integrator. A DB 1701 fused-silica capillary column (30 m x 0.25 mm I.D.; film 
thickness 0.25 pm), supplied by J & W Scientific, was used under the following 
operation conditions: injector temperature, 200 C; flame ionization detector temper- 
ature, 220,-C [hydrogen flow-rate, 33 ml/min; air flow-rate, 375 ml/min; helium 
flow-rate (auxiliary, 29 ml/min]; carrier gas, helium (column flow-rate, 1 ml/min; split 
flow-rate, 62 mljmin; purge flow-rate, 4 ml/min). 

The following temperature programme was used: an initial hold of 145°C for 6.5 
min followed by a ramp of 15 ‘Cimin to 10°C held for 1 min and then a second ramp of 
30”C/min to 205”C, held for 16 min. 

Injections of ~-AL] aliquots were performed automatically. Gas chromato- 
graphy-mass spectrometry (GC-MS) was carried out on a Finnigan-MAT 8222 mass 
spectrometer equipped with an INCOS data system and coupled to a Varian 3400 gas 
chromatograph working as described above. The column was directly connected to the 
electron-impact source (EI) and the spectra were taken at 70 eV; filament emission, 0.5 
mA; source temperature. 200°C; resolving power, 1250 (10% valley). 

The molecular weight was confirmed by performing GC-MS under chemical 
ionization (Cl) conditions using methane as reagent gas. Infrared (IR) spectra were 
recorded on a Perkin-Elmer Model 882 spectrophotometer. Nuclear magnetic 
resonance (NMR) spectra were recorded on a Bruker AC 200 FT spectometer 
equipped with an ASPECT 3000 computer. All the spectra were recorded in 
hexadeuterated dimethyl sulphoxide using tetramethylsilane as an internal standard; 
chemical shifts (6) are expressed in ppm. 

Analytical derivatization procedure 
Solutions of serinol (200 mg) in water (240 mg) spiked with various concentra- 

tions of a mixture of known impurities, each covering the range from 0.2 to 1.5% 
(w/w). were prepared. Each solution was derivatized in a standard screw-capped vial 
by adding trifluoroacetic anhydride (10 ml) cooled in a bath of solid carbon 
dioxide-acetone. The mixture was cautiously warmed to 40X, then held at this 
temperature for 30 min; subsequently, after cooling to room temperature. methyl 
palmitate internal standard (100 mg) was added. Standard solutions of serinol, spiked 
with 0.7% of each impurity individually, were similarly derivatized and used as 
calibrating solutions. 

Preparative derivatization procedure 
To a well stirred mixture of amino alcohcll (0.1 mol) and trifluoroacetic acid 

(0.25 mol), trifluoroacetic anhydride (0.6 mol) was added under nitrogen at 0°C. The 
reaction mixture was cautiously warmed to room temperature and then at 40°C for 1 h. 
The trifluoroacetyl derivative was recovered from the reaction mixture after evapora- 
tion of the solvent and purification either by distillation under vacuum or by 
crystallization from anhydrous diethyl ether. The products obtained (90 95% yield) 
were characterized as shown in Table I. 



434 NOTES 

i 
u 
T 



NOTES 435 



T
A

B
L

E
 

11
 

C
C

 
M

S
 (

E
l)

 
F

K
A

G
M

E
N

T
A

T
IO

N
 

O
F

 A
M

IN
O

 
A

L
C

O
H

O
L

 
T

R
T

F
I.

U
O

R
O

A
C

E
T

Y
L

 
D

E
R

IV
A

T
IV

E
S

 

R
el

at
iv

e 
ab

un
da

nc
es

 
(%

).
 

_ 

h 

A
 P

 
&

 
O

M
l?

 
M

M
E

 
_ 

26
7(

11
) 

25
3(

 <
 I

) 
20

7(
< 

I )
 

3Y
3(

4)
 

26
X

(<
 

1)
 

25
4(

 I
 ) 

2Y
8(

 I)
 

39
4(

 <
 

L
) 

25
3(

< 
1)

 
_ 

_ 
- 

27
8(

 <
 

I)
 

37
4(

5)
 

19
X

(5
) 

I X
4(

20
) 

22
8(

X
) 

32
4(

9)
 

_ 
26

h(
 I

 ) 
_ 

_ 
26

5(
< 

I)
 

- 
_ 

15
6(

l)
 

- 
29

6(
l)

 
15

4(
lh

) 
14

0(
50

) 
I8

4(
34

) 
2X

0(
32

) 

I S
(5

) 
1 X

(X
3)

 
18

3(
S

) 
27

Y
(2

 I
 ) 

l4
0(

 I
 0

0)
 

I2
h(

 10
0)

 
17

0(
41

) 
26

6(
Y

Y
) 

14
0(

 lo
o)

 
14

0(
7)

 
14

0(
Y

) 

12
fi

(7
) 

I2
6(

2)
 

I2
6(

3)
 

I X
(2

) 
11

3(
X

) 
I 1

3(
3)

 
1 

l3
(2

) 
11

3(
l)

 
_ 

16
6(

2X
) 

1.
53

(1
00

) 
_ 

21
0(

3)
 

18
21

1)
 

SE
R 

37
9(

< 
I)

 

38
0(

l)
 

36
0(

6)
 

31
0(

2)
 

2X
2(

 <
 

I)
 

26
6(

6X
) 

26
5(

 3
6)

 

25
2(

U
) 

14
0(

S)
 

12
6(

30
) 

11
3(

18
) 

15
2(

7Y
) 

13
8(

10
0)

 
10

6(
48

) 

I h
%

(9
) 

_ 
IS

0 
D

A
P

 

37
9(

 <
 1

) 
37

8(
 <

 I
) 

38
0(

l)
 

37
9(

 I
 ) 

_ 
38

0(
2)

 
35

9<
1)

 
31

0(
l)

 
30

9(
3)

 
_ _ 

_ 

28
2(

 <
 1

) 
28

1(
<1

) 
26

6(
24

) 
26

5(
41

) 

26
5(

S)
 

26
4(

33
) 

?5
2(

2)
 

25
1(

13
) 

14
0(

65
) 

I 4
0(

 5
0)

 

l2
6(

 1
00

) 
12

6(
59

) 
_ 

I 1
3(

4)
 

15
2(

45
) 

lS
l(

L
7)

 

13
X

(8
) 

l3
7(

10
0)

 
19

6(
9)

 
19

5(
14

) 
I b

X
(9

) 
16

70
) 



NOTES 437 

RESUL-fS 

The separation achieved by GC analysis of serinol containing other amino 
alcohols after derivatization is shown in Fig. 1. Material corresponding to each peak, 
analysed in conjunction with the mass spectrometer, showed, in addition to 
a molecular ion, the typical fragmentation pattern of N,O-trifluoroacetyl derivatives’. 
The same fragmentations were observed by GC-MS (El) analysis of the trifluoroacetyl 
derivatives obtained preparatively. Table II gives the results. 

The quantitation of serinol and amino alcohol contaminants was subsequently 
examined. The precision of the method was characterized by the standard deviation 
(S.D.) obtained from five replicate analyses and the accuracy was characterized as the 
percentage error (A%) in the analyses of six samples (A F) with different pre- 
determined compositions (Table I II). 

CONCLUSION 

The procedure described represents a simple, accurate and precise method that 
allows the quantitation of serinol and amino alcohol contaminants. There is no apriori 
reason why the method should not also be valid outside the composition range 
described. Further, to our knowledge, except with serinol, none of the trifluoroacetyl 
derivatives, which have been fully characterized here. have been reported previously. 

L i in” 

B 

0 5 10 15 (min) 20 

Fig. I. Gas chromatogram of a sample ofserinol and its rmpurities after derivatization. Peaks and retention 

times: I = 2-aminopropanol (5.003 min); 2 = 2-ethanolaminc (5.535 min): 3 : I -methoxy-2- 
aminopropanol (5.821 min); 4 = 2-aminomethyl-l.3-propanediol (7.776 min); 5 = serinol ( 10.404 min); 
6 = I-amino-2Jpropanediol (10.861 min): 7 = 2,3-diaminopropanol(l7.486 min); 8 = methyl palmitate 

(18.789 min). 



5 
T

A
B

L
E

 
II

I 

A
C

C
U

R
A

C
Y

 
A

N
D

 
PR

E
C

IS
IO

N
 

O
F 

A
N

A
L

Y
T

IC
A

L
 

PR
O

C
E

D
U

R
E

 

A
m

in
o 

ul
co

ho
l 

A
P 

P
ur

cr
m

el
er

 
Su

m
pk

 

A
 

B
 

(’
 

D
 

E
 

b 

C
on

te
nt

 
(m

g)
 

I.
15

5 
1.

99
1 

1.
99

1 
3.

27
0 

0.
20

9 
0.

85
2 

Fo
un

d 
+ 

S.
D

. 
(m

g)
 

1.
22

1 
* 

0.
00

4 
1.

46
.5

 
+ 

0.
01

0 
2.

12
8 

_t
 0

.0
05

 
3.

43
8 

+ 
0.

02
2 

0.
02

2 
+ 

0.
00

2 
0.

91
2 

&
 0

.0
07

 
A

 %
 

5.
74

 
4.

78
 

6.
88

 
5.

14
 

5.
26

 
7.

04
 

E
T

H
 

C
on

te
nl

 
(m

g)
 

2.
20

7 
3.

07
 I

 
0.

24
9 

0.
68

7 
1.

21
6 

I.
56

5 
Fo

un
d 

i 
S.

D
. 

(m
g)

 
2.

30
1 

i 
0.

01
6 

3.
25

9 
_t

 0
.0

26
 

0.
27

1 
* 

0.
00

1 
0.

72
3 

+ 
0.

01
0 

1.
31

4 
+ 

0.
04

7 
I.

67
6 

+ 
0.

01
2 

A
%

 
4.

26
 

6.
12

 
8.

84
 

5.
24

 
8.

06
 

7.
00

 

O
M

E
 

C
on

te
nt

 
(m

g)
 

I.
57

7 
2.

03
 I

 
3.

00
3 

0.
28

2 
0.

6 
I5

 
1.

01
7 

Fo
un

d 
+ 

S.
D

. 
(m

g)
 

1.
66

8 
f 

0.
00

6 
2.

14
7 

k 
0.

01
6 

3.
15

8 
i 

0.
02

3 
0.

30
7 

+ 
0.

00
4 

0.
67

2 
* 

0.
00

2 
1.

08
2 

+ 
0.

01
4 

A
 o

/u
 

5.
77

 
5.

71
 

5.
16

 
8.

87
 

9.
27

 
6.

29
 

N
M

E
 

C
on

te
nt

 
(m

g)
 

3.
26

3 
0.

25
5 

0.
64

1 
1.

11
5 

1.
53

1 
2.

23
3 

F
o

u
n

d
 

2 
SD

. 
(m

e)
 

3.
48

8 
1 

0.
01

1 
0.

27
8 

+ 
0.

00
3 

0.
69

5 
1 

0.
01

4 
I.

19
4 

* 
0.

00
8 

1.
64

1 
k 

0.
05

2 
2.

41
2 

&
 0

.0
21

5 
A

 %
 

6.
90

 
9.

02
 

8.
91

 
7.

09
 

7.
18

 
x.

02
 

SE
R

 
C

on
te

nl
 

(m
g)

 
20

0.
40

 
20

 I
 .4

0 
22

5.
70

 
21

4.
60

 
20

2.
10

 
19

7.
50

 
Fo

un
d 

k 
S.

D
. 

(m
g)

 
20

1.
90

 
i 

0.
00

4 
20

3.
73

 
+ 

0.
00

8 
21

6.
10

 
i 

0.
01

0 
21

6.
10

 
k 

0.
01

2 
20

3.
41

 
k 

0.
00

2 
19

8.
64

 
+ 

0.
00

6 
A

 %
 

0.
75

 
0.

66
 

0.
79

 
0.

70
 

0.
65

 
0.

58
 

IS
0 

C
on

te
nt

 
(m

g)
 

0.
25

5 
0.

71
1 

1.
13

4 
I .6

70
 

2.
34

2 
3.

45
4 

Fo
un

d 
+ 

S.
D

. 
(m

g)
 

0.
26

X
 

f 
0.

00
9 

0.
76

7 
? 

0.
00

3 
1.

18
9 +

 
0.

02
0 

1.
77

0 
* 

0.
02

2 
2.

48
4 

&
 

0.
03

2 
3.

63
6 

i 
0.

01
8 

A
 o

/o
 

5.
10

 
5.

06
 

4.
89

 
5.

99
 

6.
06

 
5.

27
 

D
A

P 
C

on
te

nt
 

(m
g)

 
0.

69
1 

0.
98

8 
1.

42
6 

2.
25

9 
3.

31
2 

0.
31

0 
Fo

un
d 

+ 
S.

D
. 

(m
g)

 
0.

72
7 

2 
0.

00
8 

1.
04

7 
* 

0.
03

9 
1.

49
7 

* 
0.

02
2 

2.
36

5 
f 

0.
03

1 
3.

46
2 

&
 0

.0
13

 
0.

32
7 

k 
0.

01
5 

A
%

 
5.

21
 

5.
97

 
4.

98
 

4.
47

 
4.

53
 

5.
48

 
5 



NOTES 439 

ACKNOWLEDGEMENTS 

We gratefully thank Dr. G. Mellerio for the GC-MS analyses and Prof. E. 
Felder for fruitful discussions. 

REFERENCES 

I E. Felder and D. Pitrk. CU.. 257 789 (1975); C.A., X5 (1976) 94 103r. 
2 M. Sovak, Handbook qf‘Experinzenta1 Pharmacolq,v, Vol. 73. Radiocontrast &ent.u, Springer-Verlag, 

Berlin. Heidelberg, New York, 1984. 
3 K. Kubota. H. Nakazawa, H. Enei and S. Okumura. Japan Kokai. 76 (1976) 67 788: C.A.. 85 (1976) 157 

9752. 
4 FI. Pferffer, Ger.. 2 742 981 (1979): C.A.. 91 (1979) 19 891s. 
5 E. Jacobi and H. Haertner. Ger., 2 829 916 (1980); C.A.. 92 (1980) 214 87Xr. 
6 E. Felder. S. Bianchi and H. Bollinger, I%. Pat.. EP 25 083 (1981); C’.A., 95 (1981) 80 122r. 

7 K. Thewalt, G. Bison and H. Egger. Eur. Pat., EP 71 037 (1983): (‘.A., 99 (1983) 5196x. 
8 E. Felder. M. Roemer. H. Bardonner. H. Haertner and W. Fruhstorfer, Gv. Of/&., DE 3 609 978 

(1986); C.A., IO7 (1987) 238 909f. 
9 K.Blau and G. S. King, Handbook of’Drrivatives/or Chromatograph.v, Heyden, London, 1978. 

IO D. Pitre and M. Grandi, J. Chromatogr.. 172 (1979) 441-445, and references cited therein. 
11 M. Hudheky, Redurtion in Organic Chemistry. Ellis Horwood, Chichester, 1984. p, 147. 


