
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Synthesis of Substituted Phenyl Esters of Amino Acids and
Polycondensation in Langmuirblodgett Films
Kenji Hanabusaa; Takekazu Oumia; Toshiki Koyamaa; Hirofusa Shiraia; Tadao Hayakawab; Akio
Kurosec

a Department of Functional, Polymer Science Shinshu University Ueda, Japan b Institute of High
Polymer Research Shinshu University Ueda, Japan c Konan Women's Junior College, Konan, Japan

To cite this Article Hanabusa, Kenji , Oumi, Takekazu , Koyama, Toshiki , Shirai, Hirofusa , Hayakawa, Tadao and Kurose,
Akio(1989) 'Synthesis of Substituted Phenyl Esters of Amino Acids and Polycondensation in Langmuirblodgett Films',
Journal of Macromolecular Science, Part A, 26: 10, 1397 — 1413
To link to this Article: DOI: 10.1080/00222338908052058
URL: http://dx.doi.org/10.1080/00222338908052058

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222338908052058
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROMOL. SCI.-CHEM., A26(10), 1397-1413 (1989) 

SYNTHESIS OF SUBSTITUTED PHENYL ESTERS OF 

BLODGETT FILMS 
AMINO ACIDS AND POLYCONDENSATION IN LANGMUIR- 

KENJI HANABUSA,* TAKEKAZU OUMI, TOSHIKI KOYAMA, and 
HIROFUSA SHIRAI 

Department of Functional Polymer Science 
Shinshu University 
Ueda, 386, Japan 

TADAO HAYAKAWA 

Institute of High Polymer Research 
Shinshu University 
Ueda, 386, Japan 

MI0 KUROSE 

Konan Women’s Junior College 
Konan, 483, Japan 

ABSTRACT 

Long-alkyl-chain phenyl esters of 0-alanine, glycine, and L-valine were 
prepared, and their monolayer properties were correlated with their 
molecular structures. These compounds formed stable monolayers on 
acidic subphases. In particular, the p-hexadecylphenyl esters of 0- 
alanine and glycine were remarkably stable, and their monolayers 
could be deposited on calcium fluoride plates as Y-type film by Blod- 
gett’s technique. The polycondensation of multilayers under an atmo- 
sphere saturated with triethylamine was investigated by changes in the 
IR spectra. It was determined that the polycondensation proceeded by 
a first-order reaction mechanism in the initial stage and that the rate in 
multilayers was faster than that in the bulk crystalline powder. These 
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1398 HANABUSA ET AL. 

results suggest that the polycondensation is accelerated by a regular 
arrangement of the monomer in the multilayers, where the active sites 
are concentrated and located better for the polycondensation. In the 
case of the polycondensation in multilayers of the glycine ester, two 
kinds of condensation proceeded to afford poly(glycine) and 2,5- 
piperazinedione. 

INTRODUCTION 

We have been studying the use of molecular assemblies for the synthesis 
of poly(amino acid), because we have been fascinated by the fact that bio- 
synthesis in vivo is carried out in specific environments provided by molecu- 
lar assemblies. By using molecular assemblies for polymer synthesis, the ef- 
fects of the molecular orientation on the reaction rates and on the conforma- 
tional structures of the polymers obtained can be determined. 

Artificial molecular assemblies, such as micelles, reversed micelles, vesicles, 
lamellae, Langmuir-Blodgett (LB) films, and liquid crystals, will be used in 
synthesis. We have already reported the synthesis of poly(amino acid)s by 
using the surface of functional reversed micelles [ 1-41 and functional 
lamellae [S, 61. 

With respect to LB films, Baniel et al. [7] first reported the synthesis of 
poly(g1ycine) and poly(D,L-alanine) by using long-chain alkyl esters of the 
amino acids, and recently Fukuda et al. [ 8 , 9 ]  studied this in detail. How- 
ever, so far the esters of amino acids utilized for polycondensation on LB 
films have been limited to alkyl esters. 

In this paper we report on the synthesis of long-alkyl-chain substituted 
phenyl esters of amino acids, which form stable monolayers and are more 
active than alkyl esters, and on the synthesis of poly(amino acid)s by poly- 
condensation in multilayers. 

EXPERIMENTAL 

Syntheses (see Scheme 1) 

p-Hexadecylphenol (1) 

A mixture of p-hexadecanoylphenol [ 13 (47 g, 0.14 mol), potassium 
hydroxide (56 g, 1.0 mol), and anhydrous hydrazine (35 mL, 1.1 mol) was 
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SUBSTITUTED PHENYL ESTERS OF AMINO ACIDS 1399 

DCC 
CH3- ( CH2) , O O H  - + Z-NHCH2CH2COOH ___) 

1 

HBr 
( CH2) 1 5-CH3 --.) H B r * N H 2 C H 2 C H 2 C O O o  (CH2) 1 ,-CH3 

3 

z-  = o C H 2 O C O -  

SCHEME 1 

dissolved in 600 mL diethylene glycol and refluxed for 24 h. Diethylene 
glycol and excess hydrazine were distilled off. After cooling to 25"C, the 
reaction mixture was added to crushed ice and acidified with 6 N hydro- 
chloric acid to obtain a precipitate. The precipitate was isolated by filtra- 
tion, washed thoroughly with water, and then dried in vacuo. The crude 
product was recrystallized from chloroform-hexane. The yield was 30 g 
(67%): mp 78579°C. 

Analysis. Calculated for C Z Z H 3 8 0 :  C, 89.93; H, 12.03. Found: C, 
90.05;H, 12.30. 
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1400 HANABUSA ET AL. 

o-Hexadecylphenol (2) 

o-Hexadecylphenol was prepared from o-hexadecanoylphenol [ 11 by the 
method described for 1. The crude product was purified by distillation, fol- 
lowed by recrystallization from hexane. The yield was 74%: mp 51.5-52OC. 

89.61;H, 11.88 
Analysis. Calculated for CzzH380: C, 89.93; H, 12.03. Found: C ,  

Hydrobromide of fl-Alaninep-Hexadecylphenyl Ester (3) 

N-benzyloxycarbonyl-0-alanine (2.23 g, 0.01 mol), N,N'-dicyclohexylcarbo- 
diimide (2.47 g, 0.012 mol) was added at 0°C. After stirring for 3 h at O"C, 
the mixture was left overnight at room temperature and filtered. The fil- 
trate, free of N,N'-dicyclohexylurea, was evaporated in vocuo. Recrys- 
tallization of the residue from a chloroform-hexane mixture gave 4.92 g 
(94%) of N-benzyloxycarbonyl-fl-alanine p-hexadecylphenyl ester. Then, dry 
hydrogen bromide gas was passed into 30 mL of acetic acid containing the 
above ester (4.92 g, 9.4 mmol) to obtain a crystalline precipitate. The preci- 
pitate was filtered off and washed with successive portions of acetic acid and 
diethyl ether. Recrystallization from acetic acid gave 3.81 g (81%) of 3: mp 
138-139°C; IR(KBr) 2920 (CH,), 2840 (CH,), 1760 cm-' (C=O, ester). 

Analysis. Calculated for C25H44NOZBr: C, 63.81; H, 9.43, N, 2.98; Br, 
16.98. Found: C,63.56;H,9.55;N,2.8l;Br, 17.31. 

To 50 mL of an ethyl acetate solution containing 1 (3.19 g, 0.01 mol) and 

Hydrobromide of 0-Alanine o-Hexadecylphenyl Ester (4) 

the procedure used for 3. The yield was 78%: mp 92-93°C; IR(KBr) 2920 
(CH,), 2850 (CH,), 1750 cm-' (C=O, ester). 

Analysis. Calculated for C15H44N02Br; C, 63.81; H, 9.43;N, 2.98, Br, 
16.98. Found: C,63.99;H,9.11;N,3.3O;Br, 16.58. 

Compound 4 was prepared from 2 and N-benzyloxycarbonyl-fl-alanine by 

Hydrobromide of 0-Alanine m-Pentadecylphenyl Ester (5) 

Compound 5 was prepared from m-pentadecylphenol (Kanto Chemicals 
Co.) and N-benzyloxycarbonyl-p-alanine by the procedure described above. 
The yield was 80%: mp 107-108°C; IR(KBr) 2920 (CH,), 2840 (CH,), 
1740 cm-' (C=O, ester). 

17.50. Found: C,63.54;H,9.58;N,2.8l;Br, 17.14. 
Analysis. Calculated for C24H42NOZBr: C, 63.14; H, 9.27; N, 3.07; Br, 
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SUBSTITUTED PHENYL ESTERS OF AMINO ACIDS 1401 

Hydrobromide of Glycinep-Hexadecylphenyl Ester (6) 

The glycine ester 6 was prepared from 1 and N-benzyloxyglycine by the 
method described for 3. The yield was 83%: mp 142-143"C;(IR(KBr) 2920 
(CH2), 2840 (CH2), 1760 cm-' (C=O, ester). 

Analysis. Calculated for C24H42NO~: C, 63.14; H, 9.27; N, 3.07; Br, 
17.50. Found: C,63.39;H,9.00;N,2.8l;Br. 17.65. 

Hydrobromide of L-Valinep-Hexadecylphenyl Ester (7) 

The L-valine ester 7 was prepared from 1 and N-benzyloxycarbonyl-L- 
valine by the method described for 3. The yield was 76%: mp 166-167°C; 
IR(KBr) 2920 (CH,), 2840 (CH,), 1760 cm-' (C=O, ester). 

Analysis. Calculated for C27H48NOZBr: C, 65.04; H, 9.70; N, 2.81; Br, 
16.03. Found: C, 64.72;H, 10.11;N,2.63;Br, 15.87. 

Procedures 

Monolayers of 3 to 6 were spread from benzene-NN'-dimethylformamide 
(4:l v/v) solutions onto aqueous subphases at pH 3. A film balance of the 
hngmuir-Adam type (Lauda) was used. Multilayers were prepared by the 
usual LB technique on calcium fluoride plates which had been precoated 
with a ferric stearate monolayer. 

Polycondensation of multilayers was carried out under an atmosphere 
saturated with triethylamine vapor. The polycondensation processes were 
followed by the changes of IR spectra, whch were measured by JASCO 
IRA-302. 

RESULTS AND DISCUSSION 

Synthesis of Compounds 3-7 

Compounds 3-7 were prepared by coupling of long-alkyl-substituted 
phenols and N-benzyloxycarbonyl amino acids in the presence of N,N'- 
dicyclohexylcarbodiide (DCC), followed by the removal of the nitrogen- 
protecting groups as described in Scheme 1. 

Monolayer Properties of Compounds 3-7 

Surface pressure-area isotherms of 3-7 depend markedly on their struc- 
tures, as shown in Fig. 1. These compounds can form stable monolayers on 
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FIG. 1. Surface pressure-area isotherms of Compounds 3-7 ( 10°C, pH 3). 

an acidic subphase, on a neutral subphase the monolayers are somewhat un- 
stable, and on an alkaline subphase they are even more unstable because of 
dehydrobromination by the base and subsequent polycondensation. The 
monolayers of 0-alanine and glycine p-substituted phenyl esters (3 and 6)  
are of a condensed type at pH 3, whereas those of o-substituted phenyl ester 
(4), m-substituted phenyl ester (S), and L-valine p-substituted phenyl ester 
(7) are more expanded; the transition from the expanded to the condensed 
films occurs at a molecular area of about 0.50 nm2. The limiting area A v o  
of p- (3), m- (5), and o-substituted phenyl ester (4), which is obtained by 
extrapolation of the linear part of the curve in the condensed area to zero 
pressure, increases in that order. It is believed that 5 (A,-to= 0.40 nm2 /mole- 
cule) and 4 (0.50 nm2/molecule) cannot be closely packed on an airlwater 
interface because of their bent molecular structures compared to 3 (0.23 
nm2/molecule) and 6 (0.20 nm2/molecule) which have linear molecular struc- 
tures. L-valine ester (7) also has a larger A v o  (0.43 nm2/molecule) than p 
alanine and glycine esters because of the bulky isopropyl group in the L- 
valine segment. These values of A , p o  are in good agreement with areas cal- 
culated by Corey-Pauling space-filling atomic models. 
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FIG. 2. Relationship between number of monolayers of 3 in multfiayers 
and increase of IR absorbance of V C H ~ ~ ~ ~ ~  (2920 cm-I), V C H ~ ~ ~ ~  (2850 
ern-'), and VC=O (1760 cm-l). 0, A, 0: 30 mN/m. 0,  A, a: 40 mN/m. 

Multilayer Properties of Compounds 3-7 

Though 4,5, and 7 form stable monolayers at a surface pressure below 30 
mN/m, the deposition of these compounds is not easy. On the other hand, it 
is possible to deposit monolayers of 3 and 6 at surface pressures above 30 
mN/m as alternating Y-type films in which the hydrophilic amino acid seg- 
ments are aligned head-to-head in adjacent layers. Accordingly, it is con- 
sidered that a linear molecular structure is a necessary condition for satisfac- 
tory deposition and that the presence of bulky head groups hinders the depo- 
sition 

The relationships in Fig. 2 between the number of deposited monolayers 
and the IR absorbances suggest that each deposition is performed with good 
reproducibility. The absorbances of multilayers deposited at 40 mN/m are 
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4 

(a) 

FIG. 3.  The angular dependence of IR absorbance for hydrocarbon chains 
of multilayers of 3 on CaFzplates: 4 and 0 are the angles of rotation with re- 
spect to the polarization plane and inclination against the incident beam, re- 
spectively. 

always higher than those at 30 mN/m, indicating that the molecular packing at 
40 mN/m is tighter than that of 30 mN/m. 

With polarized IR radiation, when film samples are rotated (angle $J) with 
respect to the plane of polarization or inclined at various angle (0) to the inci- 
dent beam, the intensity of each band changes characteristically [ 101. As seen 
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0 30 60 90 120 150 180' 
e 

0) 

FIG. 3 (continued) 

in Fig. 3(a), the CH2 asymmetric stretching band (2920 cm-' exhibits a mini. 
mum at about 75" from the direction of film compression, whereas the CH2 
symmetric stretching band (2850 cm-') exhibits a maximum at about 165", 
the complementary angle to the former. Furthermore, when 0 is varied with 
a fured 4 (4 = 75"), the CH2 stretching band shows a maximum at nearly 
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4 
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4 h  
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3200 2800 2400 " 1800 1600 1400 

Wavenumber (an-') 

FIG. 4. Changes of the IR spectra at various polycondensation times for 
multilayers of 3 (40'C). 

perpendicular incidence to the film plane, and its intensity decreases as the 
sample plate is tilted (Fig. 3b). These results confirm that -CH2- groups 
lie flat on the calcium fluoride plate, and the extended hydrocarbon chains 
are oriented close to perpendicular to the plate. 

Polycondenration in Multilayert of Compound 3 

The polycondensation of multilayers (200 layers) of 3 in a triethylamine- 
saturated atmosphere was studied. The major changes in the IR spectra (Fig. 
4) are the disappearance of the ester carbonyl stretching band at 1760 cm-' 
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SUBSTITUTED PHENYL ESTERS OF AMINO ACIDS 1407 

and the simultaneous appearance of bands at 1635 and 1545 cm-' , which 
can be assigned to the amide I and amide 11 bands of poly@-alanine), respec- 
tively. In the bottom spectrum in Fig. 4, obtained after dipping the poly- 
condensed film (40 h) into ether for 5 min, the characteristic bands at 2920 
and 2850 cm-' for hydrocarbon chains are markedly diminished. This sug- 
gests the elution of p-hexadecylphenol and unreacted monomer. These spec- 
tral changes indicate the progress of polycondensation with elimination of 
p-hexadecylphenol in the multilayers. 

IR spectroscopy was used for quantitative measurement of the polycon- 
densation. The percentage of polycondensation can be estimated by the func- 
tion 100(Ao -A t ) /& ,  where A,-, and A t  are the integrated intensities of the 
ester band (1760 cm-') at times zero and r, respectively. Rapid polyconden- 
sation is observed in the multilayer sample (Fig. 5a) at 40°C, whereas the rate 
of polycondensation in the bulk powder (Fig. 5b) is low. These results indi- 
cate that the polycondensation is accelerated by the regular arrangement of 
monomer molecules in the built-up multilayers, where the active reaction sites 
are concentrated and better aligned for the reaction. 

The reaction kinetics were studied by replotting the results semilogarith- 
mically in Fig. 6. Approximately straght lines are obtained up to 10 h for 
both the multilayers and the bulk powder. Thus, the polycondensation 
seems to proceed by a first-order reaction in the initial stages, and the rate 
constant k can be calculated from the slopes of these lines. 

Activation energies were estimated from the Arrhenius plots in Fig. 7 at 
9.2 kcal/mol for the polycondensation of the multilayers and 10.0 kcal/mol 
for the bulk powder, i.e., there is no significant difference between the activa- 
tion energies of these two systems. In other words, the acceleration of poly- 
condensation in multilayers is attributable mainly to the activation entropy. 
Moreover, a comparison of the activation energy for 3 (9.2 kcal/mol) with 
that for alkyl esters reported by Fukuda et al. [8] (14 kcal/mol) suggests 
that phenyl ester monomers are more active than alkyl ester ones. 

Polycondensation in Multilayers of Compound 6 

The polycondensation of multilayers (200 layers) of 6 in a triethylamine 
saturated atmosphere at 40°C was also studied, and the changes of IR spectra 
are shown in Fig. 8. The disappearance of the ester carbonyl stretching band 
at 1760 cm-' and the appearance of bands at 1690, 1630,1530, and 1470 
cm-' occur simultaneously. When compared to the spectra of authentic 
poly(g1ycine) and 2,5-piperazinedione, these new bands at 1630 and 1530 
cm-' can be assigned to the amide I and amide I1 bands of poly(glycine), and 
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FIG. 5 .  Comparison of the polycondensation conversion at various tempera- 
tures. (a) Multilayer (200 layers) of 3. (b) Bulk powder of 3. 
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FIG. 6 .  First-order plots for the polycondensation. (a) Multilayer (200 
layers) of 3. (b) Bulk powder of 3. 
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1 / T  ( x 10 3 ,  

FIG. 7 .  Arrhenius plots for the polycondensation. (0) Multilayer (200 
layers) of 3. (0) Bulk powder of 3. 

the other bands to 2,5-piperazinedione. From these results it is concluded 
that the reaction of 6 in Y-type multilayers goes via two kinds of conden- 
sation, as described in Scheme 2. Probably one proceeds in each monolayer 
to give poly(glycine) and the other proceeds between the adjacent mono- 
layers aligned head-to-head to give 2,5-piperazinedione. 

sively 2,5-piperazinedione; poly(g1ycine) was not obtained. 
On the other hand, the condensation of the bulk powder of 6 gave exclu- 
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FIG. 8. Changes in the IR spectra with reaction times for the multilayer 
of 6 (4OOC). 
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( C H 2 ) 1 5  

OH OH OH OH OH 

SCHEME 2. 
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