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The present paper describes the chloroformate activation of pullulan by reaction with 4-nitrophenyl 
chloroformate. N.m.r. analysis indicated that the ester formation takes place preferentially at the C6 hydroxy 
groups of pullulan. It was further demonstrated that activation gives linear carbonates, aliphatic carbonates 
including cyclic five-membered carbonates, and non-strained aliphatic carbonates. All of these carbonates 
react with amines to yield the corresponding urethane derivatives. The 4-nitrophenyl chloroformate 
activation of pullulan is an easy method for obtaining amine-containing pullulan derivatives. 
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I N T R O D U C T I O N  by volume) thermostatted at 0°C. To this solution 
Several polysaceharides are being used as carrier was added 4,4-dimethylaminopyridine (DMAP)(3.4mg, 
molecules in the preparation of polymeric drugs 1. For  0.276mmol). The reaction mixture was stirred for 4 h  at 
the preparation of polymer-drug conjugates, conversion 0°C and subsequently added to an excess of dry 
of the polysaccharide into a suitable reactive derivative ethanol/ether (1/1 by volume). The white precipitate was 
is usually required. A large number of methods are collected and washed with an excess of ethanol and finally 
available to activate polysaccharides 2. The activation of dried under vacuum. A degree of activation of 25 mol% 
polysaccharides with chloroformates has been described was obtained. 
before in the literature 3-1s. The present paper describes 
the chloroformate activation of pullulan and the 4-Nitrophenyl chloroformate activation ofpullulan 
preparation of an amine-containing pullulan derivative, as a function of time. To a solution of dry pullulan 

(2g, 12.35mmol) in 120ml dry DMSO/Py  (1/1 by 
volume) thermostatted at 0°C were added 4-nitrophenyl 

MATERIALS AND M E T H O D S  chloroformate (1.8g, 9.2mmol) and DMAP (0.12g, 
Materials and instruments 0.92 mmol). The mixture was kept at 0°C and stirred at 

Pullulan was obtained from the Sigma Chemical regular time intervals. Then, 10 ml of the solution were 
Company (St Louis, MO, USA) and was dried over withdrawn and added to a 50ml ethanol/50ml ether 
phosphorus pentoxide before use. 4-Nitrophenyl chloro- mixture. The precipitate was collected and washed with 
formate (Aldrich, Bornem, Belgium) and 4,4-dimethyl- an excess of ethanol and dried under vacuum. 
aminopyridine (Janssen Chimica, Beerse, Belgium) were 
used without further purification. Dimethylsulfoxide and Determination of the aromatic carbonate content. 
pyridine (Janssen Chimica) were dried and distilled before Activated pullulan (5-10 mg) was dissolved in 10 ml of 
use. 1H n.m.r, spectra were run on a Bruker WH 360 0.1 N NaOH. The concentration of phenolate was 
spectrometer, determined spectrophotometrically. The 4-nitrophenolate 
Methods moiety has a 2m,x=402nm and a molar extinction 

coefficient e M = 18 4001 mol-  ~ cm-  1. 
4-Nitrophenyl chloroformate activation of pullulan. 4- 

Nitrophenyl chloroformate activated pullulan derivatives Determination of the total carbonate content. Activated 
with different degrees of activation were prepared by pullulan (5-10mg) was dissolved in 10ml of 0.1 N 
reacting the parent polymer with varying amounts of the Ba(OH) 2 solution. The mixture was boiled for 0.5 h under 
chloroformate. The reaction time in each case was 4 h. a nitrogen atmosphere. After cooling, the reflux condenser 
As an example, the preparation of a derivative with a was rinsed with 10 ml of CO2-free water and the solution 
degree of substitution of 30% is described in the following, was titrated with 0.1 N HC1 using phenolphthalein as 

4-Nitrophenyl chloroformate (0.92 g, 4.6 mmol) was indicator. 
added to a solution of pullulan (1 g, 6.17 meq anhydro- 
glucoside units) in 60 ml of a dry DMSO/Py  mixture (1/1 Coupling of the activated pullulan derivative with 

2-hydroxypropylamine. Activated pullulan (0.5 g, 3.2 mmol; 
* T o  whom correspondence should be addressed degree of activation 25 mol%) was dissolved in DMSO/Py 
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and a two-fold excess of 2-hydroxypropylamine was (Pullularia pullulans) 16 18. It consists of ct-l,6-1inked 
added. After 48 h at room temperature the reaction maltotriose units (Figure 1). 
product was precipitated in ethanol/ether (1/1 by volume), Chloroformates are interesting reagents for the 
filtered and washed with ethanol and ether. For further activation of polymers with hydroxy functions. The 
purification, the product was dissolved in water and the carbonate groups introduced react with amines to form 
solution was injected onto a preparative g.p.c, column the corresponding urethane derivatives (Figure 2). 
(G-25 Sephadex). The product was then freeze dried. The This method is also of interest for the preparation of 
degree of substitution was determined by IH n.m.r, derivatives of pullulan. 
spectroscopy. 

4-Nitrophenyl chloroformate activation of pullulan 
Coupling of the activated pullulan carbonate with The activation of dextran with 4-nitrophenyl chloro- 

ethylenediamine. Pullulan (1 g, 6.2 mmol)was dissolved formate was introduced by Vasil'ev a and was studied 
in 60ml DMSO/Py and 4-nitrophenyl chloroformate in our laboratory by Vandoorne 19. It was shown 
(0.92 g, 4.6 mmol) was added. To this solution DMAP by the latter that during activation different types of 
(3.4 mg, 0.276 mmol) was added. The reaction mixture carbonate esters are formed. The aromatic 4-nitrophenyl 
was stirred for 4 h at 0°C. After 4 h, the activated polymer carbonate esters can react with neighbouring hydroxy 
was added to a 50-fold excess of ethylenediamine and groups to give five-membered cyclic carbonates. Similar 
stirred for 48 h at room temperature. After 48 h, the reactions are anticipated subsequent to the chloroformate 
polymer was precipitated in ethanol/ether (1/1 by activation of pullulan (Figure 3). 
volume), filtered and washed with ethanol and ether. For 
further purification, the product was dissolved in H20 Characterization of the carbonate esters in 4-nitrophenyl 
and dialysed against double-distilled water. After two chloroformate activated pullulan 
days, the product was freeze dried. The degree of The 4-nitrophenyl chloroformate activated pullulan 
substitution was determined by 1H n.m.r, spectroscopy was characterized by u.v. spectrophotometry 2°. The 
and the o-phthaldialdehyde (OPA) method, amount of 4-nitrophenolate after hydrolysis with sodium 

hydroxide was determined. The u.v. spectrum of 4- 
Determination of the amine content in pullulan N-(2- nitrophenolate shows an absorption maximum at 

aminoethyl)carbamate. First, 0.25 ml of sample solution, ~'max = 402 nm with a molar extinction coefficient 
0.75ml of double-distilled water, 1.5ml of reagent eM=184001mol-~cm -~. 
solution A (borate buffer at pH 10+0.05vo1% 2- The degrees of substitution of pullulan for different 
mercaptoethanol) and 0.5 ml of reagent solution B (10 ml ratios of chloroformate to pullulan (reaction time 4 h) are 
ethanol + 40 ml water + 20 mg o-phthaldialdehyde) were summarized in Table 1. 
mixed thoroughly. After 10 min at room temperature, the The total carbonate content can be determined 
absorption at 2=334.5nm was measured against a quantitatively by hydrolysis with Ba(OH)2 and back- 
reagent blank. The amine content was calculated from a titration of the excess Ba(OH)2 with HC16'7. The results 
calibration curve obtained from glycine standards, are in Table 1. 

In a preliminary study, the chloroformate activation 
RESULTS AND DISCUSSION was followed as a function of time. The maximum degree 

of substitution was reached after 4 h. 
Introduction 

Pullulan is a linear polysaccharide which is produced Coupling of the 4-nitrophenyl chloroformate activated 
by the yeast-like fungus Aureobasidium pullulans pullulan with amines 

Reaction with a model amine, e.g. 2-hydroxypropylamine. 
- -  -- Reaction of pullulan with 4-nitrophenyl chloroformate 

] leads to the formation of the pullulan (4-nitro- 
CH2 HOCH2 HOCH20 phenyl)carbonate derivative which readily reacts with 

~,oH-O~ I ? O H ' O ~  . O ~ H ~ O  2-hydroxypropylamine to form the corresponding 
carbamate derivative (Figure 4). 

HO'~..~Jf k,.---0---J'~..~c[,,.. . .O...J '%....~O The coupled pullulan derivatives were characterized 
OH OH OH I by ~H n.m.r, spectroscopy. In the ~H n.m.r, spectrum 

of the reaction product, the methyl protons of the 
--  -- n 2-hydroxypropyl moiety show up as a doublet at 

Figure 1 Structure of pullulan ~ = 1.1 ppm. From the integration of the n.m.r, signals 

0 0 
"-0- " - 0  P-OH + C I - C - O  NO 2 ~ P - O - C - O  NO 2 

I R_NH 2 

o II 
P - O - C - N H - R  

Figure 2 Reaction of a polysaccharide with 4-nitrophenyl chloroformate and an amine 
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u ~ NO 2 OH + Cl -C-O NO 2 

OH p OH 

I O ~ C ~  0 

0 / 

Figure 3 Formation of five-membered cyclic carbonates 

Table 1 Degree of substitution of activated pullulan, percentage of linear carbonates and percentage of carbonates in total 

Chloroformate (g)/pullulan (g) Degree of substitution (%)° Linear carbonates (%) Total carbonates (%) 

0.13 5 0.25 3.3 
0.28 10 1 10.6 
0.43 15 2 14 
0.58 20 2.5 19.1 
0.74 25 3.4 23 
0.92 30 4.7 27 

"Degree of substitution (%) is defined as the amount of substitution per 100 anhydroglucoside units 

0 30 " _ @  P - O - C - O  NO 2 + CHs-CH-CH2-NH 2 

I 25 o o 
OH 

o= 2o 

,...= 

{ 15 
o "s 

P -0 -C-NH-CH2-CH-CH3 ~ 10 

OH 
Figure 4 Reaction of pullulan (4-nitropbenyl)carbonate with 2- 5 
hydroxypropylamine 

the degree of  modi f i ca t ion  can be easily calculated.  The  0 
results  are shown in Figure 5. 0 0.2 0.4 0.6 0.8 

In the region be tween 5% and  30% ac t iva t ion  there 
is a l inear  re la t ionsh ip  between the a m o u n t  of 4- g chloroformate/gpuUulan 
n i t ropheny l  ch lo ro fo rma te  used, the degree of  ac t iva t ion  Figure 5 4-Nitrophenyl carbonate substitution (11) and 2-hydroxy- 
and the degree of subs t i tu t ion  after reac t ion  with the propylamine content (O) as functions of the amount of 4-nitrophenyl 

chloroformate used for the activation 
amine.  The  results  are shown in Figure 5. 

resulted in a pu l lu lan  der ivat ive  conta in ing  p r imary  
Preparation of aminated pullulan. As shown in amines  (Figure 6). 

Figure 5, 4-n i t ropheny l  c a r b o n a t e  ac t iva ted  pu l lu lan  can The  degree of subs t i tu t ion  was de te rmined  by 1H n.m.r. 
be used as an in te rmedia te  in the p r e p a r a t i o n  of spec t roscopy  a n d b y m e a n s o f o - p h t h a l d i a l d e h y d e ( O P A ) .  
aminopul lu lan .  Slow a d d i t i o n  of  the ac t iva ted  pu l lu lan  The  degree of subs t i tu t ion  was found to be 16.6% by 
ca rbona t e  to a large excess of mul t i func t iona l  amine  n.m.r, and  17.2% by OPA.  
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f f - k  non-strained aliphatic carbonates. Since the molecular 
P - ° - c - ° ~ x  N02 + H2N--CH2--CH2--NH2 weight of the activated pullulan is not markedly 

increased (data not shown), and since no insolubilization 
is observed, these carbonates are most likely the 
result of intramolecular reactions, presumably between 
neighbouring units. 

o 
p_O_~_NH_CH 2_ CH 2_ NH 2 Conclusion. The 4-nitrophenyl chloroformate acti- 

vation of pullulan is an easy method for obtaining reactive 
Figure 6 Reaction of pullulan (4-nitrophenyl)carbonate with ethylene- derivatives. 
diamine 

N.m.r. study of 4-nitrophenyl chloroformate activated 
pullulan 

' ~ B  The objective of this study was to ascertain the 
°/oT sites of the pullulan molecule at which 4-nitrophenyl 

~ ~  chloroformate reacts. N.m.r. was the preferred technique 
for this study. 

It was anticipated that, as long as exchange phenomena 
were excluded and the solutions were kept very dry, the 
identification of the OH proton resonances in DMSO 
solution and the differences in the integrations of the OH k 

A ~ proton resonances before and after the reaction might 
provide statistical information on the substitution site. 
The region of the OH proton resonances is less crowded 
and is complete ly  isolated from the resonances  for the 
other ring protons. The n.m.r, techniques used were 

HO CH 2 0 

° 0  1~3 1"~00 1600crn -1 - -  - -  + C I - C - O  NO 2 

OH 
Figure 7 I.r. spectra of4-nitrophenyl chloroformate activated pullulan 1 
prepared in DMSO/Py with DMAP (curve A) and triethylamine (curve 
B) as catalyst. In curve A there is an absorption maximum at 1765 cm- 1 
from the aromatic carbonates. In curve B there is an absorption 
maximum at 1805 cm- 1 from the five-membered ring carbonates and 
another at 1740 cm-1 from the non-strained aliphatic carbonates 

Side-reaction during the 4-nitrophenyl chloroformate - - O ~ O - -  
activation: formation of aliphatic carbonates o 

The data gained from total carbonate analysis as well 
as the analysis of the product of the reaction with c - - 0  I 
2-hydroxypropylamine indicate that the total degree of o 
modification is larger than could be ascertained from u.v. | 
analysis of the activated pullulan. An explanation for Q these reactive groups is that they are aliphatic carbonates, 
The i.r. spectrum of activated puUulan is shown in NO 2 
Figure 7. 

From hydrolysis with N a O H  and u.v. analysis of the Figure 8 Formation of aromatic carbonates 
amount of 4-nitrophenolate and a separate hydrolysis 
with Ba(OH)2 and back-titration, the amounts of 
aromatic carbonates and aliphatic carbonates can b e  HOCH20 HOCH20 
determined. The total amount  of carbonate can thus be , ~ : - o  A - - : ' q  
calculated. 

We can conclude that the 4-nitrophenyl chloroformate - -  - -  -----"- - -  
activation of pullulan results in different reactive o 
derivatives. First of all, we have the formation of aromatic i 

C=O O=C 0 
carbonates as shown in Figure 8. I 

As is observed for dextran, reaction of the 4-nitrophenyl o 
carbonate with a neighbouring OH group leads to a 
five-membered ring carbonate (Figure 9). 

The other type of carbonate observed in the i.r. NO2 
spectrum is most likely formed by reaction of 4- 
nitrophenyl chloroformate with other OH groups to give Figure 9 Formation of five-membered ring carbonates 
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C O S Y  45 (cor re la ted  spec t roscopy)  a n d  H O H A H A  R E F E R E N C E S  
( H o m o n u c l e a r  H a r t m a n n - H a h n )  21. 
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Materials', University of Ghent, Belgium, 1988 

DMSO, the signals for the OH6 protons are found at  3 Doane, W. M., Shasha, B. S., Stout, E. I., Russell, C. R. and 
6 = 4 . 7  a n d  6 = 4 . 5  p p m .  In  the  1H n.m.r,  s p e c t r u m  of  a Rist, C. E. Carbohydr. Res. 1968, 8, 266 
partially activated pullulan, we observe a decrease in 4 Koltsova, G. N., Krylova, N. K., Vasirev, A. E., Ovsepyan, A. M., 
integration of the two OH6 signals only. Shlimak, V. M. and Rozenberg, G. Ya. Zh. Obshch. Khim. 

I t  m u s t  be  p o i n t e d  o u t  tha t  the i n t e g r a t i o n  of  the  H1 1971, 47 (5), 1177 
protons is used as a reference. In comparison with the 5 Barker, S. A., Tun, H. C., Doss, S. H., Gray, C. J. and 

Kennedy, J. F. Carbohydr. Res. 1971, 17, 471 
integration of the H 1 r e s o n a n c e  we see n o  changes in the 6 Kennedy, J. F. and Tun, H. C. Carbohydr. Res. 1973, 26 (2), 401 
integrations of the other protons except those for the two 7 Kennedy, J. F., Barker, S. A. and Rosevear, A. J. Chem. Soc., 
OH6 resonances .  Perkin Trans. 1 1973, 2293 

For carbohydrates, it is known that the secondary 8 Vasil'ev, A. E., Koltsova, G. N., Krylova, N. K., Ovsepyan, A. M., 
Schlimak, V. N. and Rozenberg, G. Ya. Zh. Obshch. Khim. 

a lcoho l  h y d r o x y  g r o u p s  at  C2 are  m o r e  react ive  t h a n  the 1977, 47 (7), 1641 
h y d r o x y  g r o u p s  at  C3 a n d  C4. P u l l u l a n  has  two p r i m a r y  9 Glozman, O. M., Zhmurenko, L. A., Shavykine, V. V., 
alcohol hydroxy groups and seven secondary alcohol Sterligov, P. O., Tsybina, N. M. and Vasil'ev, A. E. Zh. Obshch. 
h y d r o x y  g r o u p s  per  m a l t o t r i o s e  uni t .  I t  is also k n o w n  Khim. 1980, 50 (7), 1640 
that primary alcohol hydroxy groups  are  m o r e  reactive 10 Barker, S. A., Disney, H. M. and Somers, P. J. Carbohydr. Res. 

1972, 25, 237 
than secondary alcohol hydroxy groups. The n.m.r, study 11 Wilchek, M. and Miron, T. Biochem. lnt. 1982, 4 (6), 629 
shows tha t  d u r i n g  ac t iva t ion ,  the  h y d r o x y  g r o u p s  at  C6 12 Wilchek, M. Angew. Makromol. Chem. 1984, 123/124, 175 
react first. 13 Sanchez-Chaves, M. and Arranz, F. Makromol. Chem. 1985, 186, 

The  c o n c l u s i o n  is tha t  it is poss ib le  to d e t e r m i n e  the 17 
site of substitution in pullulan by reaction with 4- 14 Vandoorne, F., Vercauteren, R., Permentier, D. and Schacht, E. 

Makromol. Chem. 1985, 186, 2455 
nitrophenylchloroformateand subsequent n.m.r, analysis 15 Arranz, F., Sanchez-Chaves, M. and Moliniva, A. Angew. 
of the product. Makromol. Chem. 1983, 112, 205 

16 Bender, H., Lehmann, J. and Wallenfels, K. Biochem. Biophys. 
Acta 1959, 36, 309 

17 Catley, B. J. and Whelan, W. J. Arch. Biochem. Biophys. 1971, 
143, 135 

ACKNOWLEDGEMENT 18 Kawahara, K., Ohta, K., Miyamoto, M. and Nakurama, S. 
Carbohydr. Polym. 1984, 4, 335 

The  a u t h o r s  wish to express  their  g r a t i t ude  to the  Be lg ian  19 Vandoorne, F. PhD Thesis, University of Ghent, Belgium, 1989 
Institution for the Encouragement of Research in 20 Emmerling, W. N. and Pfannemfiller, B. Makromol. Chem. 1983, 

184, 1441 
Industry and Agriculture (IWONL) for providing a 21 Bruneel, D., Schacht, E. and De Bruyn, A. J. Carbohydr. Chem. 
research  fe l lowship  for D. Bruneel .  submitted 

POLYMER, 1993, Volume 34, Number 12 2637 


