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SYNOPSIS 

The course of intramolecular cyclization of N,N-bis ( 2-hydroxy-3-chloropropyl) aniline 
(DCHA) was followed by HPLC. The rate constants (a t  70,85,100, and 115OC) and the 
Arrhenius parameters for individual reaction steps were determined. The resulting product 
was isolated by semipreparative HPLC and its structure was confirmed by NMR spec- 
troscopy. Attention was also paid to the different reactivity of DCHA diastereoisomers. 

I NTRODUCTI 0 N 

The intramolecular attack of 2-hydroxy-3-chloro- 
propyl group onto the ortho position of a benzene 
ring is an important side reaction during the syn- 
thesis of both N ,  N-diglycidylaniline (DGA) and 
N , N , N', N'-tetraglycidyl-4,4 '-diaminodiphenyl- 
methane (TGDDM) .' This reaction has been pre- 
viously mentioned in Ref 3. Intramolecular cycli- 
zation of DCHA proceeds in two steps according to 
the following scheme: 

A ~ B B H C ~  

B 2 c + H C ~  

where A is DCHA ( I ) ,  B is compound 11, and C is 
compound 111. The released hydrochloric acid then 
gives the corresponding hydrochlorides: 

* To whom correspondence should be addressed. 
Journal of Applied Polymer Science, Vol. 42, 791-794 (1991) 
0 1991 John Wiley & Sons, Inc. CCC 0021-8995/91/030791-04$04.00 

HO-CH CH-OH 

HzLl& I11 
IV 

Dehydrochlorination of compound I1 yields com- 
pound IV which represents one of several main im- 
purities in technical DGA.l Similar lY2,3,4-tetrahy- 
dro-3-hydroxyquinoline derivative has been iden- 
tified in TGDDM-based epoxy  resin^.^^^ 

The aim of this work is the determination of rate 
constants and Arrhenius parameters of individual 
reaction steps. 

EXPERIMENTAL 

The instrumental equipment for HPLC and NMR 
and the synthesis of DCHA were described in our 
previous work.' Reversed-phase HPLC with gra- 
dient elution was carried out using Separon SGX C 
18 columns (250 X 4 mm for analytical and 250 X 8 
mm for semipreparative HPLC ) . A methanol-water 
gradient (35% methanol from 0 to 10 min; 68% 
methanol a t  32 min; 100% methanol from 36 to 41 
min) was used for the analyses of samples. Samples 
were prepared as 1.1% solutions in methanol. 

The first derivatives of the experimental time- 
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concentration dependences were approximated by 
the first derivatives of the corresponding Lagrange 
interpolation polynomials. The system of differential 
equations ( 1 ) - ( 3  ) was solved by the Euler method. 

The cyclization reaction was carried out in bulk. 
The purity of the starting DCHA was 98.5% ac- 
cording to HPLC. 

RESULTS AND DISCUSSION 

Typical HPLC curve of reaction mixture is shown 
in Figure 1. The mixture of compounds I and I1 was 
isolated by semipreparative HPLC and analyzed by 
NMR. 13C-NMR spectroscopy has confirmed that 
peaks 1 and 2 belong to diastereoisomers of com- 
pound 111. The presence of a secondary hydroxyl 
group on a six-membered saturation ring is indicated 
by the signal a t  63.6 ppm. The signal of a carbon 
atom with a chemical shift of 119.2 ppm indicates 
the orthosubstitution of the benzene ring. Peaks 3 
and 4 belong to diastereoisomers of compound 11. 

Some oligomeric compounds were formed (mainly 
at  100 and 115OC) after long thermal treatment (Fig. 
2).  The structure of these oligomers has not yet been 
determined, but this reaction can be an important 
source of oligomeric compounds in DGA- and 
TGDDM-based epoxies. Experimental data where 
the content of these compounds exceeded 5% were 
not used for the calculation of rate constants. 

The detector response was calibrated by pure 
DCHA and compounds I1 and 111 isolated by semi- 
preparative HPLC. It was found that the response 
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Figure 1 
1oooc. 

HPLC chromatogram of DCHA after 8 h at  
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Figure 2 
115°C. 

HPLC chromatogram of DCHA after 15 h at  

factors (expressed in area units per milligram) of 
compounds DCHA : I1 : I11 are in the ratio 1 : 1.19 : 
2.56 (detection at  280 nm) . These values were used 
as conversion factors for area % to wt % conversion. 
The actual concentrations of DCHA and compounds 
I1 and 111 were obtained by correcting for the amount 
of HC1 formed. 

A very important finding is that the hydrochloride 
of DCHA does not undergo cyclization. Within the 
investigated temperature range the cyclization is not 
reversible, as confirmed by thermal treatment of 
compound I11 in excess of HC1. 

The reaction kinetics can be described by the fol- 
lowing equations: 

-- dCB - k,. m~ - k2- r n ~  
d t  

where c A ,  cB, and cc are the total concentrations of 
DCHA and of compounds I1 and I11 and mA and mB 

are the concentrations of free amines that undergo 
cyclization, and which govern the reaction rate. 

The obtained data were evaluated under the fol- 
lowing assumptions: ( a )  all released HC1 forms hy- 
drochlorides; ( b )  the basicity of all amines is the 
same and their hydrochlorides are formed in the ra- 
tio of their molar concentration. The concentration 
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Table I Rate Constants of Intramolecular Cyclization of DCHA 

t ("(3 

k ( s - l )  70 85 100 115 

kl 6.27 x 10-7 
k2 5.40 x 1 0 - ~  

3.86 X 
4.21 X 

1.31 x 10-5 
1.31 x 10-5 

of free amines can be then expressed by the equa- 
tions 

( 4 )  

The total concentrations c of individual amines 
were determined by HPLC. The experimental data 
obtained for the concentration-time dependences 
were differentiated and the rate constants for the 

individual points were calculated from eqs. ( 1 ) and 
( 3  ) . The values were then averaged (relative stan- 
dard deviations were 10-40% ) . The values of k2 de- 
termined from eq. ( 2 ) were approximately the same 
as those calculated from eq. ( 3 ) .  The results are 
summarized in Table I. As a check, the system of 
differential equations ( 1 ) , ( 2  ) , and ( 3 )  was solved 
with the determined values of rate constants; the 
calculated time dependences of concentration are 
plotted in Figures 3 and 4 together with experimental 
values. The agreement of calculated and experi- 
mental dependences is very good and confirms that 
there is no gross error in the obtained values of rate 
constants and the reaction obeys the proposed ki- 
netics scheme. 

100 2 0 0  
t f h r l  

a5 o c  

50 100 
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Figure 3 Kinetics of intramolecular cyclization of 
DCHA at 70 and 85°C: (-) calculated from eqs. (1 ) -  
( 3 ) .  Experimental points: (0) DCHA, (9) compounds 
II; (0) 111. 
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Figure 4 Kinetics of intramolecular cyclization of 
DCHA at 100 and 115OC: (-) calculated from eqs. (1 ) -  
( 3 ) .  Experimental points: (0) DCHA; ( 0 )  compounds 
II; (0) 111. 
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The temperature dependences of rate constants 
conform to the Arrhenius equation (Fig. 5). The 
Arrhenius parameters determined from these de- 
pendences are El = 118 kJ/mol, Al = 5.5 X 10l1 s-l, 
Ez = 120 kJ/mol, and A2 = 9.1 X 10l1 s-'. 

The ratio of DCHA diastereoisomers depends on 
conversion (Fig. 6).  It can be seen that diastereo- 
isomer DCHAl (RS configuration of asymmetric 
carbons l )  reacts more rapidly than diastereoisomer 
DCHA2 [ RR (SS) configuration of asymmetric car- 
b o n ~ ~ ] .  Beyond the conversion of about 0.35, the 
ratio of DCHA diastereoisomers remains constant 
because the lower reactivity of DCHA2 is compen- 
sated by its higher concentration. The ratio of rate 
constants kl,DCHA1/ kl,DCHAP = 1.2 was determined 
from the ratio of DCHA diastereoisomers beyond 
the conversion 0.35. The values of the rate constants 
kl and kz, shown in Table I, are averages for the 
diastereoisomers of compounds I (DCHA) and 11. 

CONCLUSIONS 

Intramolecular cyclization of 2-hydroxy-3-chloro- 
propyl groups takes place during thermal treatment 
of DCHA leading to compounds 11 and 111. The val- 
ues of rate constants kl and k2 are similar. The dias- 
tereoisomers of DCHA exhibit different reactivity, 
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Figure 5 Temperature dependences of rate constants. 
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Figure 6 
(0) DCHA1; ( 0 )  DCHAP. 

Mutual content of DCHA diastereoisomers: 

the diastereoisomer with RS configuration being the 
more reactive. 
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APPENDIX 

An ability of aromatic 2-hydroxy-3-chloropropyl 
ethers to undergo the intramolecular cyclization was 
proved by the HPLC following of the changes 
brought about during a thermal treatment of a model 
compound-2- hydroxy-3-chloropropyl phenyl ether. 
No peak of a cyclic product was found in chromato- 
grams of 2-hydroxy-3-chloropropyl phenyl ether af- 
ter 6 h a t  100°C and even after additional 6 h at 
130°C. Thus, the aromatic 2-hydroxy-3-chloropro- 
pyl ethers, unlike the aromatic 2-hydroxy-3-chlo- 
ropropyl amines, do not intramolecular cyclize 
within the investigated temperature range. 


