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                                  PREFACE

             '                            '                                                      '     The urork of thig thesis was done under the guidance by Professor
                                                                    'Kiichi Takeinoto and many other members of Takemoto Labora.tory at the

Department of Petroleum Chemistry, Faeulty of Engineering, Osaka '

University, and at the Departinent of Functional Po!ymer Science, Faculty

of Textile Science and Teehnology, Shinshu University, for six years

since 1975.

                                      '                                                                   '
. The eontent of this thesis is composed of the following papers:

(1)'SyRthesis oE poly(B-alanine) from B-alanine 4-acyl-2-nitropheny! esters

    Kenji Kanabusa, Koichi Kondo, and Kitchi Takemoto
    MakromoZ.Chem.. 180, 307 (1979). '
                                                 '                                       '
(2> Synthesis of polypeptides from dipeptide 4-acyl-2-nitrophenyl esters

    Kenji HaRabusa, Koichi Kondo, and Kiichi Takemoto

    MakpomoZ.C7zem., 181, 635 (1980). •
  '

(3) Synthesis of poly(B-alanine) form B-alanine, B-alanyl-6-alanine, and

    B-alanyl--B-alany!--B-alanine 4-dodeeaneyl-2-nitrophenyl Esters

    Kenji Hanabusa, Kuniko Ohno, Koichi Kondo, and Kiichi Takemoto
    Angew.hakTomoZ.Chem.. &4, 97 (1980).

(4) Synthesis oE poly(B-alanine) in the functional reversed micelle

    Kenji Hamabusa, Kotehi Kondo, and Kiichi Takemoto
    MakromoZ.Chem.. in press•
                                              '                                                                        '                                                                      '
(5) On the intramolecular reaction of glycine 4-aeyl-2-nitrophenyl esters

    Kenji Hanabusa, Yoshiyuki Miwa, Koichi Kondo, and Kiiehi Takemoto

    Mak?omoZ.Chem.,Ra.oidCotTunun. !, 433 (1980). . .

(6) Synthesis of poly(B-alanine) in the funetional reversed micelle

   ' l[i:.Jc'kHii::bernUg2s HirOfuSa Shirai, Nobu[nasa Hojo, Koichi Kondo, and

    Mak?omoZ.Chem.. submitted for publication.
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                           GENERAL !NTRODUCTION
                               '                                 '                                   tt t                           '                               tt                              ttt t                                           '                                         '              '                       '                    tt t     Recently, the new'aproach toward the reaetion control in the molecular
    '
assembly 'nas received much attentiort to organic ehemists, and been applied to

the reactions which are difficult to proceed in the conventional homogeneous

systems, yielding successful results [1]. From these performance, it is clear

that the reactior in the organized systems is also quite useful for the control

of regioselectivity and stereoselectivity. The typical molecular assemblies

Å}nclude micelles,liquiderystals, monelayers and vesicles. •' . .'
     Extensive studtes on the reaction in such rnolecular assembly have been
g.:r[,og";d..g:.2hgr.,Ie:,:r,2.:gy"eel.rgg:.a:z:l:Eall2";.::;:.i2ga;d.2gi9.:,::2.ill:#:Y••e'i

observed is related to a enzymatic reaction [2,3], although the direct re!evance

te biological systems stUl remains in question. The speeifie effects realized
in the organized systgm, however, will lead to the exeiting application to new

catalytic system and chemical reactions• ' •' ' '
                                                                              '     ln the fÅ}eld of polymer synthesis, the association oÅí the monomer such as

mieelles, liqutd erystals or Åëomplexes through pendant groups gives rise to

some specifie circumstances in the rate acceleration of polymerization and the

enhancement in the stereospecificity of the resulting polymer [4-6]. Typical

mice!le effect was observed for the polymerization of p-methacryloyZoxy benzoic

acid, in the presence of p-cetyloxy benzoic acid, accompanied by the tncreased '

rate together with htgh molecular weight of the polymers resulted [7]. Kljrnmerer
                                               'et al. [8], used the matrix polymerization technique to the polycondensation of

glycine bound phenol formaldehyde resin, and obtained the cyclic dimer .of . '

glyeine. Kinoshita et al. [9] also reported the synthesis of 2,S-piperazine--
dione derivatives frorn ct-amino acid S-dodeeyl esters on the mice!lar surfaee.

In coRneetion with polypeptide synthesis, Katehalsky et al.[10] performed the

polycondensation of ct-amino acid alkyl esters in which the leng alkyl group .

serves for the monolayer formation in vvater, and found that the product forrned
                                        '             'was positive to a biuret reaction. .However, studies on tthe synthesis of '
polypeptide in the reversed micelle appear hitherto not yet to be carried out.

     The present thesis is concerned with the synthesis of pelypeptide in the
organized ' re yersed micelle whic'h.would be favorable for the polyeondensation•
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     Char.tn.r T.. Hvea!s lp"itb- the synthesis of active B-alanine 4--aeyl•-2-nitro--

pheny! esters as functÅ}ona! reversed mieelle surfactant. The eonvenient ''
                                                                'preparation proeedure of new type active esters of B-alanin.e which can foria

functionai reversed micelie are described together with appayent rRean

aggregation numbers for model Åëompounds. •
     Chapter I! deals with the synthesÅ}s of poly(B-alanine) from 3-alanine .

4-acyl-2-nitrophenyl esters. ' The optÅ}mal condit!on for the synthesis of poly(

B-alanine) are discussed Å}n relation to the formation of reversed Tnicelles.

     Chapter IIr deals with the polycondensation of ct-amino acid 4•- acyl-2-

nitrophenyl esters. Thls chapter also describes the intramolecular rearrange-
ment reaction occuring in the polyeondensation of the actÅ}ve ct-amine aeid estei- s';

                                                                        t. t./..t. t/t tt. t t"                                                                            '                                                                          ttt.     Chapter IV deals with the synthesis of polypeptides from dipeptide 4-'acy!-

2--nitrephenyl esters, and clarifies how the hydrophilic portion of the amino
                                           'acid site in the active esters can eoittribute to the polycondensation in the
                                                            '                                                      tt                                '                                                              'reversed micelle. ' ' .                                '         '                                                            '                                               '                                                                          '                                                    '                                                                        '                        '                           '                                                             '  '                                                   '     '                                                     '                                                 ' '
                                                        '                                                                           '                                                                      '                                                                     '                                                      tt                                                         '                  tt           ' tt                        tt                     '                                                        '                                 '                      '                                                       '             ..t          '                                 '                              '                                           '         '                        '
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Chapte=, !. ''  S}iv.th-esi:s of B-Alar.iine 4-Acyl-2-nitrophenyl Esters
            '             '                                                    '         ' ' as Funetional Reversed Micelle •. '•• •                                                         '                                        '                                          tt                     tt                       tt                     -..     tt tt                    '                                                              '                   tt                                               tt                                       '          '                         '                                                   '                       tt t                                                  tt                 '            tt                                                '                                                        '         '             '       t tt                                 '                                       '                          tt               tt t                                                   '                    tt t tt tt tt       tt                                  'I-1. Introduction . '• . ' .' ..'  . ''                                                          '                                         '                                             '                                                  '                                                            '                         t tt                                                             tt.'' ' The reaetion in oriented organic molecular assemblies such as micelles,
                                         'liquid crystals, monolayers or vesicles has attraeted the interest of chemists.
                                                                          'In such assembltes, the control of regioselectivÅ}ty or stereoselectivity, the

pronounced rate acceleration, rate retardation and the ehange in the product

distribution arg, expected. .However, a few studies on the polyner synthesis
utilizing these ordered systems were carried out- [1-6], payticularly the ....i

investigation with respect. to reveFsed micellar aggregation has not beeR per-•

fortned. Therefore, the author tried to synthesize polypeptide on the reversed
                  'micellar surface. The first step to utilize the reversed micellar aggregate

Å}n the synthesis of polypeptide is to find out the favorable oriented oTganic
                               ttmoleeu!es which form the reversed micelle and are active esters enough to cause
                                                                          'the polycondensation. • . ' '•. ' ' ' '• ' .'                        '''  [Irhis chapter is concerned with the preparation of B-alanine 4-acyl-2-

nitrophenyl esters as functional reversed mieelle, and the measurement of the

apparent mean aggregation numbers of medel compounds; N-aeetyl-B-alanine 4-
                                    t tt                               'acyl-2-nitrophenyl esters. '  . .'  • • •• . . .                                                                '                                                                        '                                             '                                          '         '                ttt t      '                                                             '          ttt t t- ttt                                                        '                                                           'I-- 2. Resu!ts and Discussion '. •• .. • ''      '                                                              '                                                                 '  '                                                            '            '
     The author prepared aative B--alanine 4-acyl-2-nitrophenyl esters to make
 '
functional reversed mÅ}eelle. which can be served for the polyeondensatiQn•

This ester has both a hydrophobic aeyl group and a hydrophUiÅë B-alanine

                         tw'us--



     S.unthe"strs c)f,'; 4-`.7ct''Z-2-ntt?ophenoZ r2a-s)s A variety of 4-acyl-2-nitro-

phenols (-7a-s) were derived from Fries rearrangement of phenyl esters in the

pyesgnce o-f AIC13, whidh la-i' were prepared in carbon disulfide according to
                                                                    'the method of E.Miller et al.[71 with minor modification, ancl IJ'--s were '

obtained in nttrobenzene by the method of T.I.Briggs et al.[8]. 4-Aeyl-2-
                                                                   'nitrophenols (2a-s) were prepared by the nitration of 4--acylphenols (la--s).'

                                't tt t t t tt t ttt
     '            t tt                                    '                                                                   '''  BLcocl + HoO - ''Rlc6oo '$IC13 1 tioocoR
   '     tt                               '    '                                  '  Lg'lj92$io3':gNb,,R.'.• '.. .. .••ia-$

                                                            '                      '                              '           '    '' '' 2a-s. '' •                                                          '                                                 ' '                                                             '                                             '

     Synthesis of B-aZantne 4-aeyZ--2-nitrophenyZ esteTs (5a--s)s A serÅ}es of

active B-alanine 4-aey2-2-nitrophenyl esters (5ib--s) was prepared by the reaetion

ef 4-acyl-2-nitrophenol (2b-s) with N-benzyloxyearbony!-B-alanine (3b) in the

presence of dicyc!ohexylcarbodiimide (DCC), and further converted into their

hydrobromic acid salts (5h-s). N-teyt-Butoxyearbonyl-B-alanine 4-acetyl-2-

nitrophenyl ester (4a), was made to the hydroeh!oric acid salt (5a), since the.
                                        '                       '                                                              'N-benzoyloxycarbonyl ester was dtfficult to purify.
                                         '         '                         '                                      '    '                                          '                            '                                   tt    '                                       '                     '           '                                               '                             ' ' :gNbcoR + zFNHcH2cH2cooH egtC

     zi/:icH,i:,c,i,ilb:glicgRii'iSigii:iii31'iig,.,,,1,i,,,,i.g,s2,Nb,,.
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    P.-nu'p.rt..:ti.rt.t• ttc•n• o.fiVfodeZ, Coapounds (6a-d) and Measarement of Their Ap.oarent

Mean Aggregation N-ambe."ss The author prepared 6a-d as model compounds for

active esters (5), and determined their apparent mean aggregatten numbers by

a vapor pressure depression method.
                 '            tt

                cH3coNHcH2cggNb cocllH23

                                6a

                              '                cH3coNHcH2cggNb c' ocH2cH2o . ••

                                6b

                           '                                                          '                eH3coNHcH2cggNascocH2cH26H2cH2cH20

                                                      '                       tt                                          '                                6c• '
                                                     '                   02N 02N '                cH3oascocnH23 HobcociiH23

                          6d 2g
                '
                IlgNb coc'H2cHicH2cH2cii20 '

                                                     '                              2s

mean

near
these

other

The results

aggregat-on
unity over

 molecules

 hand, the

 are summarized in Table
 number of model eompounds

a concentration range of O

are mopodispersed in polar

apparent mean eggregatlon

I-1. AIZ
 measured

.OOI to O.

 solvents

number of

 the values of epparent
in methanol at 40eC were

OIM,which explains that
such as methanol. On the
6a-e, measured in cyclo-
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Table r-1
obtained

  Values of
by a vapor

 the apparent mean
pressure depression

        .aggregatzon
 measurement

number for model cornpounds (6a-d,2g,s)

Solvent ConcentratÅ}on
 ( m molell )

Apparent mean
    4ooc[i)

        .aggregatlon number (Z)
6oocb)

6a 6b 6e 6d 29 2s 6a 6h 6e

oo

Cyclohexane

1

2

5

 7
IO

.o

.o

.o

.5

.o

 5.4
10.1
21.1
26.2
37.4

 3.2
 4.4
 6.9
 9.8
10.!

9

le
l3
15
17

.

.

.

.

.

8
6

4
2
5

1.1
O.9
O.9
1.0
1.0

1
1

o
1

1

.

,

.

'

.

o
o

9
o
o

o
1

i

1
1

.

.

'

.

.

9

o
o
o
o

o
l

1
2

2

.

.

.

.

.

8

o
9

4
7

o
o
1

1
1

.

.

.

.

.

8
9

3

5

7

o
1

1

1

2

.

,

,

.

.

9
1

5

9

8

Methanol

1

2
5

7

IO

.o

.o

.o

.5

.o

L2
z.o
O.8
O,8
O.8

1.2
1.1
O.9
O.8
O.8

1.0,
1,O
O.9
O,8
O.8

 1.1
vl•1
 1.0
 1.0
 1.0

1
1

1

1

1

.

.

.

.

'

4
l

o
o
o

1.

L
1.

1.
1.

o
o
o
o
!

a) Exaet
b) Exaat

temperature
temperature

is 39.7ec in
is 60.20c.

cyclohexane, 39,60c in methanol.



hexane at 40eC, increased with increasing in the eoncentration. Obviously,
6a-c were made to aggregate, while 6d, 2g and 2s were monodispersed• In other

wards, it appears that' 6d, 2g and 2s having methoxy or hydroxy groups, cannot

form the micelles due to less hydrophilicity, while 6a-c having acetylglycinate

group in the hydrophilie region can forrn them.

     The apparent mean aggregatiott numbers depend also on the temperature.

The va!ue for 6a-e in cyclohexane at 600C wqs smaller than that obtained at

400C. This indieates that the aggregation was dÅ}sturbed by increasing
             'temperature, resulting the decrease in the apparent.mean aggregation numbers.
                 '

Z - 3. Experimental Part

MatepiaZs

     Prepctration of cavbo:yZic aeidss Reagent grade chemicals of acetic acid,

n-butyric acid, isobutyric acid, hexanoic acid, octanoic acid, decanoic acid,

dodecanoic aeid, hexadeeanoic acid, octadecanoic acid, benzoic acid, ct-phenyl-

acetÅ}c acid, B-phehylpropionic acid, cyclohexylcarboxylic acid, Y-cyelohexyi-

acetic aeid and tu-cyclohexylpropionic acid were purchased from Tokyo Kasei Ltd,

and used without further purification. y-Phenylbutyric acid and to-phenyl-

hexanoic aeid were prepared by the method of D.Papa et al.[9I. y-Cyclohexyl-

butyric acid and co-eyclohexylhexanoic acid were synthesized by the method of

T.L.Cairns et al.[10].

     PTeparation of the este?ss The acid chloride (1.0mole) [1!] was added

dropwise to pheRol (1.0rRole) at room temperature and gently refluxed for 4h.

To the cooled solution was added water and the separated ester was extraeted

with ether. After washing with S % aqueous sodium hydroxide solution and
water, the etheral solution was dried over sodium salfate and evaporated.

The residue was distilled under reduced pressure to give the pure ester in

80-90Zyield. ' ' ' '                       '
                                         '                                                             tt''  Preparation of 4-acyZphenoZs (la-s)s 4-Acylphenols (la,d-i) were prepared
according to the method of E.MÅ}11er et al.[7], and others were obtained by the

method described by T.!.Briggs et al.[8]. All the produ'cts were recrystal-
                                                                            '                                             '                                               '                                     '                                                                 '   '
                       '                           '                                                                  '                                               '                             '                               '            '                                                                  '          '                                            tt tt                     tt t                            '     t t -t tt tt t                   '                                                                   '
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lized from chioroform-petroleum ether, except 4--isobutyroylphenol (le) purified

by distillation. 4-Aeylpheneis which were prepared include; 4-acetyl-,
4-butyryl-, 4-isobutyryl-, 4-hexanoyl-, 4-octanoyl-, 4-decanoyl-, 4-dodecanoyl-

4-hexadeeanoyl--, 4-octadecanoyl-, 4-benzoyl-, 4-(or-phenylacetyl)-, 4-(B-phenyl-

propÅ}onyl)-, 4-(y-phenylbutyryl)-, 4-(co-phenylhexanoyl)-, 4-eyelohexylcarbonyl-,

4-(ct--cyclohexylaaetyl)-, 4-(B-Åëyclohexylpropionyl)-, 4-(y-cyclohexylbutyryl)-
                                                     '                                                             'and 4-(tLD-cyclohexy!hex. anoyl)-phenol. The proeedure used for the synthesis of
                  '4-acylphenols (la-s) are described in detail for 4-dodecanoylphettol (lg) and
4-(al-phe-t ylhexanoyl)phenol (ln).

     4-DodeeanoyZphenoZ (lgJs To 50ml of carboa disulfide solution, contatning

32g (O.24mole) of anhydrous aluminium chioride, 44g (O.20rnole) of phenyl

dodecanoate were added slovely. After refluxing for 5h, the solvent was
dist"led off and the residue was kept further at 80-90eC for 2h and 140-1500C

for lh. The residue was cooled, the aluminium eomp!ex was decornposed by
adding 6 M HCI (100ml) slowly, made to alkaline with NaOH and extracted twice

with 50ml of diethyl ether to remove phenyl dodecanoate. The alkaline solution

was acidified again with hydrochloric solution, the solidifÅ}ed prodvct was

filtered off, and recrystallized from ehloroform.-petroleugt ether to give 18g
       'of 4-dodeeanoylphenel in 42 Z yield. After evaporation of the filtrate and

recrystal!ization from methanol, 13g of 2-dodecanoylphenol was obtained in

33 Z yield.

     4-ree-PhenyZhexanoyZ)phenoZ rln]s 54g (O.20mole) of phenyl tu-phenylhexa--

noate was added in small portions at roorn temperature to 50ml of nitrobenzene

solution containing 35g (O.26mole) of anhydrous aluminium chloride. The
reaction mixture was kept to stand at 250C for 40h, and then the solution was

poured on to ice and hydrochloric acid. When the hydrolysis was completed,
the mixture was extracted with ether and the ethereal solution was evaporated

in vacuo. 4-(tu•--Phenylhex.anoyl)phenol was obtained in 60 % yield (33g) by

reerystallization from ehloroform -- petroleum ether•

     The analytieal data for la-s are given in Table I-2.
                       '                                          '                              '                                                                        '     PVeparation of 4-aeyl-2--niti;ophenoZs (2a-s)s The nitration of 4-acyl- .
                                                            '                    '                                                        '                   '                                                       '                                                '                                  '                                       .. .-                                                          '
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Table I-2 Analytical data of 4-aeylphenol (la-s)
,

4•-•Acyl--

phenol '
Yield
  7o

MeltÅ}ng Point

   oC
Lit.

 oC
Formula

r'-'-"--v---"'-"-r-----
        Calcd.

    CH
Analyses,

N

a!.

c
  Found
    HN

t

    la 51
    lb 80
    le 82
2,4-dinitrophenyl-
hydrazone of lc

ld

le

lf

19

lh

li

le'

lk

IZ

lm

ln

lo

lp

lq

1?

ls

55

52

44

42

43

46

54

66

53

19

60

66

65

69

54

51

Bp

  107-!08

  91-92
 130-135(O

 167--l68

  62-63
  63-64
 64.5-65.5

  71-72
  88-89
  89-90
 134-135

 148-149
107.5-I08.

 160-l61
 103-104
114.5-115.

 111-112
 ll2-113

 150-151
 l15-116

       106-108 [12]

          91 [13]
.5mm) Bp 133(O.5mm) [S]

         166 [8]
          62 [14]
       62.5-•63.5 [15l

        64-•65 [16]

        71-72 [l4]
       84.5-85 f14]

 87--89 [14], 90-90.5 [17]

       132-133.5 [l8]
 142 [19], 148-149 [20]

5 74 [14], I04 [21]

5

136-137 [n]

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

q

c

c

sHs02

loll1202

16Hl6Nt,Os

12H1602

14H2o02

16H2402

lsH2s02

22H3602

24H4o02

 HO13  10 2
i4Ha202

lsH1402

 HO  l616     2
 HO  20 218
l3H1602

14Hls02

 HO  2015     2
 HO  2216     2
lsH2602

70

73

55

74

76

77

78

79

79

78

79

79

79

80

76

77

77

78

78

•}

.

.

.

.

.

.

'

.

.

.

i

.

te

.

.

.

.

.

57

14

81

97

32

37

21

46,

94

77

22

62

97

56

44,

03

55

Ol

79

5,i92

7.37

 4.68

 8.39

 9.15

 9.74

10.21

10,92

ldl , 18

 5.09

 5.70

 6.24

 6.71

 7.51

 7.90

 8.31

 8,68

 9.00

 9.55

16 .27

70

73

55

75

76

77

78

79

80

78

79

79

79

80

76

77

77

78

78

.

.

.

.

.

`

.

,

.

.

'

.

.

.

.

.

.

,

.

so

31

57

10

51

45

37

53

11

75

15

61

87

55

30

11

53

23

86

5

7

4

8

9

9

10

10

11

5

5

6

6

7

7

8

8

8

9

.

.

.

.

.

.

.

.

.

•-

.

.

.

.

.

.

.

.

.

94

40

68

41

31

84

05

88

23

10

72

26

32

55

87

33

67

97

50

16 .37



phenols (la-s) were earried out by the two methods. ' One in procedure for the
preparation of 2a-i,o,4-s, using conc. sulfuric acid as solvent, the other is

that for the preparation of 2J'-n,F? using g2acial acetic acid. The procedure

used for the synthesis of 4-acyl-2-nitrophenol (2a-s) are described in detai!

for 4-dodecanoyl-2-nitrophenol (2g) and 4-(tu-pheny!hexanoyl)-2-nitrophenol (2n).

     4-DodeeanoyZ-2-ntt?ophenoZ (2gjs 55g of 4-dodecanoylphenol (20mmo!e) was

dissolved in 200ml of conc. su!furic acid at room temperature, and the solution
was cooled to OeC. To this solution an ice-cold mixture of conc. nitric acid

(20rfifrtole) and an equal volume of eone. sulfurÅ}c acid were added slowl,y for lh,

and stirred for l5min. After that, the solution was poured into 1000ml of

ice-cold water and kept for lh. The precipitate was filtered off and recry-
stallized frorn ethafiol; yellow odorless crystals; m.p.72-73; yield:59g(91%)•
  IH NMR (Cc14): 6=O.9(-CH3), l.3(T(CH2)s-), 1.7(t!l2tH2CO---), 2•9(<H2CE2CO-),

7.l, 8.l, 8•6(Ha, IIb, Hc in phenol), and 10.8(-oH).

                                               '                                                               '     4-rto-PhenyZhexanoyZ)-2-nit?ophenoZ (2n)s 54g of 4-(al-phenylhexanoyl)-

phenol (20minole) was dissolved in 80ml of glacial acetic acid at room tempera-

ture, and eooled to OOC. To this solution was added fuming nitrie acid (d=1.52

20mmole) slowly for lh, and then warmed at 400C for O.5h. After that, the

solution was evaporated in vaeuo. The residue was recrystallized and further
purified by column ehromatographic rnethod (solvent: benzene). By recrystal-
lization from methanol, 4•-(ut-phenylhexanoyl)-2-nitrophenol was obtained in

72% yield (45g); yellow crystals; m.p. 54.5-55.5eC

     The analytical data for 2a--s are given in Table I-3.
                            '               '                                                   '                               '                                                                        '                                                     '                                               '     P?eparation of B-aZanine active e$teps hydrogen bromicle saZts (5a-vjs The

procedures used for the synthesis of active esters are deseribed in detail for

B-alanine 4-dodecanoyl-2--nitrophenyl ester (5g) and B-alanÅ}ne 4-acetyl-2-

nitrophenyl ester (5a).

                                                 '     Hydrobronnde of B-aZanine 4--dodeeanoyl-2-nitveophenyl esteT (5E7)s To 50 fnl

of an ethyl acetate solution containing 7.2g (22mmole) of 4-dodecanoyl--2- '

nitrophenol and 5.0g (22mmole) of N-benzyloxycarbonyl-B-alanie were added 4.5g
                                                                 '(22mrnole) of N,N'-dicyclohexylcarbodiimide (DCC) at OeC. AfteF stirring for
3h at OOC, the rnixture was kept to stand overnight at room temperature and

N,N'-dtcyclohexylurea was filtered off. The fUtrate was evaporated in vacuo,

12
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Table I-3 Analytical data of 4--aeyl-2-nitropheno! (2a-s)

4-Acyl-2-
nitrophenol

Yield

  Z

Melting

    eC

PoÅ}nt Lit.

 oC
Formula           Calcd.

     CH
Analyses,

N

7o

c
 Found •'
        ''. H N

    2q 88
    2b 85
    2c 83
    2d 81
    2e 93
    2f 92
    2g 9!
              '    2h • 94
       '       '    2i •. 93        '     '         '    2g' ' 73
       '         '           '       '    '    2k ' .. 70
        '               '            '    2Z '' 71
          '      '              '    2m 70
2,4-dinitrophenyl-
hydrazone of 2m

    2n 72
    2o ' 77
       '    2p . 72
      '        '    2q 71
    2" 70
    2s 75

132.5-133.5

   48--49

 77,5-78.5

   37-38

   51-52

 63.5-64.5

   72--73

   85-86

 87.5-88.5

 94.5-95,5

   91-92

117.5-ll8.5

   liquid

 175-176

 54.5-55.5

 95.5-96.5

   56-57

 60.5-61.5

 69,5-7O.S

   76--77

 132-132

47.2-48,

37.2-37

.

2

5 [23]

 [23]

.6 [23]

94-94.5 [2k,F ]

c

c

c

C

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

sH

10

10

12

14

16

18

22

24

13

l4

15

22

18

13

14

i5

l6

18

7N04

HllN04

HllN04

H   NO 15     4
HlgN04

H23N04

H27N04

H3sN04

H3gN04

H NO 94
HllN04

H!3N04

HzgNs07

HlgN04

HlsN04
Hl' >N04

HlgN04

H21N04

H2sN04

53

57

57

60

63

65

67

69

71

64

65

66

56

68

62

63

64

65

67

.

.

.

.

.

.

.

.

-

;

.

.

04

41'

41

75

38

51

26

99

07

20

36

41

.

.

.

.

.

.

-•

77

99

64

86

96

95

69

3

5

5

6

7

7

8

9

9

3

4

4

4

6

6

6

6

7

7

.

•

.

.

.

.

.

.

.

.

,

.

,

.

.

.

.

.

.

90

30

30

37

22

90

47

35

69

73

31

83

12

!1

07

5!

91

27

89

7

6

6

5

5

4

4

3

3

5

5

5

15

4

5

5

5

 4

4

,

.

.

.

.

.

.

.

.

.

.

.

•

.

.

.

e

'

.

73

70

70

90

28

78

36

71

45

76

45

16

05

47

62

32

es

8!

39

53

S7

57

60

63

65

66

69

70

63

65

66

56

68

62

63

64

65

67

.

.

.

,

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

06

16

otl

54

58

26

93

78

87

91

Ol

14

62

87

32

60

66

75

60

3

5

5

6

7

7

8

9

9

3

4

5

4

6

6

6

6

7

7

.

.

.

.

.

.

.

'

.

.

.

.

,

.

.

.

.

,

.

83

40

36

34 .

25

98

62

48

85

87

4!

oo

16

28

14

64

88

39

98

7

6

6

5

5

4

4

3

3

5

5

4

14

4

5

5

5

4

4

.

.

.

.

.

.

.

'

.

.

.

.

.

.

.

•

.

.

.

95.

69

66

86

34

63

29

67

37

77

09

89

99

17

65

22

03

61
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the residue wa-s dried, and then, dry hydrogen bromide gas was passed at 800C

into the acetic acid solution containing the residue. The resulting hydro-
                                                     'broiaide was recrystallized from acetic actd, yieid 9.3g (887.).'  . .
' EydroehZo-"idpJ of B-aZanine 4-aeetyZ-2-nttrophenyZ este? r5a)s 'To 50rml .
    'of ethyl acetate solution containing 1.9g (10.6mrnole) of 4-acetyl-2-nitrophenol

and 2.0g(10.6mrrtoÅ}e) of N-tert-butoxycarbonyl-B-alanine added 2.2g (10.6mmole)

of DCC at OOC. ' AEter stirring for 3h at OeC, the rnixture was kept to stand
                                    'overnight at room temperature. The Åíiltrate from N,N'-dicyclohexylurea was1

evaporated in vacuo,-and the residue was dried. Dry hydrogen chloride gas was
then passed into the. ethyl acetate so!ution containing the residue at OeC.

The hydrochloride salt was recrysta!lized fro[r! ethanol, yield 2.5g (81a/.).

     The analytical data are given in Table 1--4.
                                 '
P?eparation of mocZeZ eompound9 (6a-cl)s The procedure used for the synthesis

of 6a-e is described in detail for N-aeetylglyeine 4-dodecanoyl-2-nitrophenyl
                                                                        'ester (6a). •' . . ' '' • ''•'                          '                                                     '                                                            '                               '
     IV-AeetyZgZyeine 4-dodecanoyZ-2-nitvophenyZ esteT (6a)s To 50ml of an ethyl

acetate solution containing 2.3 g (20rfifnole) of N-acetylglycine [26] and 6•4g

(20mmole) of 4-dodecanoyl-2-nÅ}trophenel were added 4.5g (22maole) of DCC at

OeC. After stlrring for 3h at OOC, the mixture was kept to stand overnight

at room temperature and N,N'-dicyclohexylurea was filtered off. The filtrate

was evaporated in vacuo. The residue was recrystallized from earbon tetra-
ehlQride. Co!orless crystal; m.p.88-89eC, yie!d 7.2g (86e!.).
                   '                                                   '        '                                           '      '     4-Dodecanoyl-2-nityomethoxybenzene r6d)s 5.8g (20mmole) of 4--dodecanoyl-

methoxybenzene [27] was dissolved in 200ml of eonc. sulÅíuric acidi at room ''

temperature, and the solution was cooled to Oec. To this solution were added

s2owly an ice-cold mixture of eonc. nitric acid (20m;no!e) and an equal volume

of aone. sulfuric acid for lh, and stirred for 15min. After that, the solution
                                                                  '                     '                                                '                                                                         'was poured into 1000mlL of ice-cold water and kept for lh. .The precipitate '•
lll2-Sslt:ie;eid.iOdfg.;Ed(g;/k;\Stai!ized from methanois coioriess arystai, ,n.p.

'Mel Guilljejllaiilt.ipCpa.!.,d.aia.,f.Oj gg]ii.ga.rtei.g.'";l)hln.;abie i-5' ...,'.''•/ '.'/•. ///

     The apparent mean aggregation number (Z) was measured by a vapor pressure

14
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Telble I-4 Analytical data of the B-alanine active esters (5a-v)

Ester
Yield

   '    ' '. e A

Melting Point

  Oc (dee,)
Formula        Calcd.

 C H N
Analyses,

   'B:(Cl)

"lo

c
   Found •''
   H N Br (Cl)

5a

5b

5e

5d

5e

5f

59

5h

5i

5g'

5k

5Z

5m

5n

5o

5p

5q

5r

5s

5t

5u
5v'

81

95

94

85

83

84

88

89

91

89

85

85

83

81

87

85

82

80

81

82

94

71

  130.5--131.5
  '   121--122

    99-100
   127--128

. I27-128
   127-128
   128-129
           '  133.5-134.5
 '
  132.5--133.5

   174-175
   168-169
   164-165
   16O-•16l

   140-14!
          '          '   176-177
   176-177
  l74.5-175.5

   l65-166
  !56.5-157.5
  l96.5-197.0a)

      '          '   178-179
  197.5--198.5

c

c

c

c

C

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

 H  Z311

 H  1713

 H  1713
 H  2115

 H  2517

 H  29i9

 H21  33
 H  4125

 H  4S27

 H16  15
 H  l717

 H18  19
 H  21l9

 H  2521

 H16  21
 N  2317

 H18  25
 H19  27
21H31

 HN9 11
 HN9 1!
 H21  34

N2

N2

N2

N2

N2

N2

N2

N2

N2

N2

N2

N2

N2

N2

N2

N2

N2

N2

N2

20

20

NO

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

4

4

3

sCl

sBr

sBr

sBr

sBr

sBr

sBr

sBr

sBr

sBr

sBr

sBr

sBr

sBr

sBr

sBr

sBr

sBr

sBr

Br

Br

Br

45.77

43.23

43.23

46.29

48.93

51.25

53.28

56.71

58.16

48.63

49,89

51.08

52.19

54.20

47.89

49.17

SO.36

51.48

53.51

37.13

37.13

58.88

4.54

4.74

4.74

5.44

6.04

6.56

7.03

7.81

s.14

3.83

4.19

4.52

4.84

5.42

5.28

5.58

5.87

6.14

6.63

3.81

3.81

8.00

9.70

7.76

7.76

7.20

6.7!

6.29

5,92

5.29

5.02

7.09

6.85

6.62

6.41

6.02

6.98

6,75

6.53

6.32

5.94

9,62

9.62

3.27

12.28

22.12

22.I2

20.53

19.15

!7.94

16.88
   '15.09
 '
14.33

20.22

19.53

18.88

18,27

17.17

19,91

l.9.24

18e61

18.02

16.95

27.45 .

27.' 45

18o66
   't

45.60

43.0!

42.99

46.22

48.87

51.I4

53.43

56.44

57.97

48.50

49.80

51.03

S2.03

53.91

48elO

48.99

50.43

51.50

53.64

37.00

37.13

58.86

4.37

4.70

4.76

5.32

5.85

6.51

7.11

7.97

8.16

3.70

4.18

4.49

4.81

5.33

5.32
   '
5.45

5.90

6.07

6,58

3.66

3.65

8,03

9.77

7.64

7.65

7.17

6.68

6.30

6.00

5.33

4.95

7.10

6.84

6.65

6.43

5.98

7.10

6.85

6.66

6.35

5.97

9.77

9.54

3.32

12.51

22.26

21.76
    '20.26

l9.10

l7.70

17.04

15.22

14.60

19.87

19.65

18.65

18.62

!7e43,

19.60

19.64

!9.00

18.14

16.91

27.57

27.78

28.94

a) Ref•[as] 206-2080c (dee.)



Table r--s Analytical data of model compounds (6a-d)

Model
Compound

Yield
  %

Melting
PoÅ}nt
  oC

Formula          Calcd.

    CH
Analyses, 7.

 NC
  Found .
        '    HN

-or 6a

6b

6e

6d

86

85

86

92

 88-89

 86-88

112-U3
 54-55

C22H32N

CIgH24N

C22H3oN

CH      N    29 19

206

206

206

206

62.84

60.62

63.14

68.03

7.67

6.43

7.23

8.71

6.66

7.44

6.69•

4.18

62.70

60.50

63.44

67.89

7.68

6.22

6.98

8.77

6.77

7.50

6.95

4.07-
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                                                                  '                                             '                                       '                '                                      '                                              '         'where c is the molar eoncentration of the sample, AR is the dial reading in

ohms and k is the proportional constant obtatned by using a standard ethyl .

stearate solution;..Z has been evaluated by involving both monomer and micelle,
since Z equals to )!!}{e ( M and Me are the apparent mean ;nicellar weight measuged

and the monomeric molecular weight of sample, respectively). • ' .
                                                                            '                                                            '                           '                                  '                                                     '                                                           '        tt        '                                             'I- 4. Summary '                               '                                                                     '                        '                                                            '                                            '                                                         '     A series of B-alanine 4-acyl-2-nitrophenyl esters having both a hydro-

phobic long acyl chain and a hydrophi!Å}c B-alanine region which are expeeted

to form such aggregate as reveresed micel!es in nonpelar solvents, were prepared

     In order to clarify the formation of reversed micelle, the m6del N-acetyi;

6-alantne 4-acyl-2-nitrophenyl esters corresponding to the B-alanine 4-acyl-2-

nitrophenyl esters were prepared and theÅ}r apparent mean aggregatton numbers

in methanol and eyclohexane were determined by a vapor pressure depression

method.
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Chapter !!. Synthesis of Poly(B-alanine) from B-Alanine

4-Acyl-2-nitrophenyl Esters
      '               ttt        t'                     '

  ZI - 1. .Introduction
    tt           '                              ttt                                              '      'The polymerization and pelycondensation carried out on the surfaee of the

  ordered mo!ecular aggregates such as mieelles [1,2], liquid crystals [3-13],

  and monolayers [14] have attracted the interest of polyrner chemists, because

  these surface forees are expected for the acceleration of the polyrnerization
                                                                  '  and pf.iycondensation. .,. . . . •
' With respect to the synthesis of polypeptides, in 1948, Katchalsky et al.

  [l4],reported on a modified technique for preparing polypeptides, starttng from
                                '  or-amino acid alkyl esters. ' From the results obtained at e!evated temperature

  in bulk, it has been suggested that the alkyl groups of the esters, having

  definite ehain length, serve to form a monolayer in which polycondensation

  proceeds readily, avoidiog some undesirable 2,5-piperazinedione formation.

       For the synthesis of poly(B-alanine), Kinoshita et al. [1] have found that

  the corresponding polymer could be obtained frem thio-6-a!anine S-alkyl' esters

  by refluxing it in aqueous pyridine solution, and emphasized that the micellar

  effeet due to the longer a!kyl groups might be important on the polycondensation

  reaction, although the degree of polycondensatÅ}Qn was stUl as low as about 20s

  However, very''little is known about the effects of reversed mtdelle on the
                              '                                                          '                                        ttt                           '  polymer synthesis. • . .                                                 '                                   t ttt       This chapter is coneerned with the synthesis of poly(B-alanine) froui new
    '  type of active B-alanine phenyl esters as functional reversed micelle surfactant,

  in order to realize reaetions at rather lower temperature, Å}mproving the

  conversien as well as the• degree of polycondensation. The effect of the ehain
                '  length of the acyl groups on the polycondensation was investigated, using

  various kinds of organic solvents for the reactions• • '' ' '
                                             '       tt                       '                      tt t                                          '             tt          tt tt                              '      '  !1 - 2. Results and Discussion ' '' ''' .' '
                                           '                                       '                                          '                                                    '                                  '      '                                              '                       '                                '            tt           '                 ttt                                                 ttt                       '    '       Vlhen hydrobromide salts of aetive esters ( 5a-v ) were treated with
                                                                          tt  triethylamine in so!ution at constant ternperature for 24 hr, poly(B-alanine) was

  formed, remaining still ester residues at the chain ends.' The terminal 4-acyl-

  2-nitrophenyl group was removed by alkali treatment as shQwn in the foilowing
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     The conversion for the polycondensation obtained at 300C in different

solvents are summarized in Table II-1. As ean be seen in Table !I-1, nonpolar

solvents were suitable for the polycondensation, while no polymer was formed in

protic and dipolar aprottc solvents. In eomparison with the esters (5a-d,
5t--u) having short linear acyl groups or no acyl groups, the esters (5f-h)

having long linear acyl group were reactive enough to give the poiymer in good
yield. !n contrast, the esters (5J'-m, 5o-re) contaÅ}ning phenyl or cyclohexyl
       'group were much more reactive and high in the conversion to the polymer even if

the short !inear acyZ chatn. The presGnce of phenyl or cyclohexyl group in

the hydrophobie regin of esters resulted in the high conversion, even if the

lineaT acyl chain is quite short as in the ease of 5J' , 5k, 5Z. 5o, 5p and 5q.

rhe phenyl and cyciohexyl group is similar in the hydrophobic character to the

long linear acyl groups. The esters such as 5tn and 56 were quite similar in
the less reactivity to 5g' , suggesting that these rnonomers would form the
;:g:g:ga.b:;  g::g':,r:;g;g;:o//.;:e};oe:p o ,r  ..f}f p 7.7il.nl.fl.1..a,YO?. 1. 1.ing ,il •t)/1



     The fact that no poZymer was obtained from 5v without nitro group sugges.ts

the presence of nitro g'roup in the phenyl ester to be required for the
                                                     '                                  '                                                                     '                                           '                                                             '                                     'polycondensation. ,'  . , ./ •.. /'  . •  . •./ '  •-  ..
         '  '' The effects of temperature on the polycondensation for 5a-bl in various
  tt                                   '                                           'so2vents are iZlustrated in Figure !!-1-21.. All the esters gave no polymer

in methanol, N,N-dimethylformamÅ}de and dimethylsulfoxide at any temperature.

The eompounds 5a-e,t resulted in a low conversion, which was independent of the

temperature (Figure II-1 - 3,20), whtle the conversion for 5d-J' increased until

the temperature reached 30eC (Figure rl-4-9). Ar[{ong them, 5f-g' showed

particularly a remarkable temperature dependence, which was the typical b.e.;l ..
                                                     sptshape curves. In the case of 5g'-n eontaining phenyl group as hydrophobic,•

region, the conversion from 5g' and 5k tncreased with the increasing temperature
                                          tt(Figure Il-10,11). •' . 5Z-m, however, showed the bell shape curves, indicating •

the decrease in conversion with the increasing tefaperature through the certain

optimal point (Figure Il-l2-l4). For the esters (5o-s) which have cyclohexyl

group, the bell shape curves were obtained (Figuer !1-15-19). For the esters
having eertain strong hydrophobÅ}e groups, the favorable temperature for the
polycondensation appears to be near 300C, and the higher the temperature over

300C, the less the conversion of the polycQndensatton. These results suggest

that the reversed mieel!ar aggregation would be thermally disturbed by the

movefnent of hydrophobic resion and appear to be in accord with the fact that

the aggregation number of reversed mieelles decreases with inereasing ifi the
                                         '                                                     'temperature [l5-17].'' '' . .                             '                                                      '                                                             '                        '     Figure II--22 shows schemattc representation of the ordered revevsed .

mice!les required for th'e polycondensation. The forrnation of the reversed
                                                                     '                                                                    'ruieelles wou!d lead to line up surfaetant molecules so that the B-alaninate
                 'groups can approaeh more closely each other in nonpolar aprotic solvents than

that in non--reversed mieellar solutions. Consequently, presence of weak • '
        '    'l:t:gg&t.iO.".2ib.getll:gnp.BI:.a".di:#g2tgig:"Pf.Sv.i:ag\ye."eighboripg moieeuies re?.uits
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Tab!e IT-1 Results of the polycondgnsation in different solvents at 30ec for
   a)
24h

Ester
Conversion in % for the water tnsoluble part

Cyelohexane cC14 Benzene Ether MeOH DMF DMSO

5a
5b
5c
5d
5e
5f
59
5h
5i

5g'

Sk
5Z
5m
5n

5o
5p
5q
5pm

5s

5t
5u
5v

20
62
58
75
76
94
91
51
23

90
90
91
93
75

93
91
92
93
76

6

14
o

  30
  48
  49
  62
  81
  97
  95
  93
  37
  92
  95
  86
  88
1 73
  84
  88
  90
  90
  71
   2
  57
  ,o

39
54
52
60
75
95
92
86
69

49
88
85
78
68

81
80
80
83
70

20
46

o

35
88
50
76
66
95
94
71
70

74
93
92
91
86

91
91
93
90
80

8
ti8

o

o
o
o
o
o
o
o
o
o

o
o
e
o
o

o
o
o
o
o

o
o

p

o
o
o

o
o
o
o

o
o

o
o
o
o
o

o
o
o
o
o

o
o
o

  o
  o
  o
  o
  o
  o
  o
  o
  o

  o
  o
  o
  o
  o

  o
  o
  o
•o
  o

  o
  o
  o

a) [Ester]= 20mmol/! ; [Trtethylarnine]= 20mmol/1



Figure !I-1, Effeet of temperature on
the polycondensation of 5a; relation-
ship between the conversÅ}on and the
temperature. (A):cyclohexane; (N):
earbon tetrachloride; (e):benzene;
(e):diethyl ether; (a):methaaol,
DMF, DMSO; [5a]=20mmole!1, [Triet.hyl•-
amine]=20mmo!e/1; reaction time 24h
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Figure H-2, Effect of temperature on
the polycondensation of Sh.; relation-
ship between the conversion and the
temperature. (A);cyclohexaRe; (za):
cerbon tetrachloride; (O):benzene;
(O):diethyl ether;• (M):methanol,
DMF, DMSO; [5bl=20mmolell, [Triethyl-
amine]=20mmolefl; Teaction time 24h
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Figure II-3, Effeet of temperature on
the polycondensation of 5e; relation--
ship between the eonversion and the
temperature. (A):cyclohexane; (M):
carbon tetrachloride; (e):benzene;
(O):diethyl ethers (M):methanol,
D"(F, DMSO; [5e]=20rnmole!1, [Triethyl-
amtne]=20rnmole/1; reactton time 24h
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Figure I!--', Effect of temperature on
the polycondensation of 5d; relatien-
ship between the conversion and the
temperature. (A):cyclehexane; (N):
carbon tetrachloride; (e):benzene;
(O):diethyl ether; (n):methanol,
DMF, DMSO; [5d]=20[tifitolell, [Triethy2-
amine]=20mmolell; reaction time 24h
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Figure I!-5, Effect of temperature on
the polycondensation of 5e; relatÅ}on-
ship between the conversion and the
temperature. (A):cyclohexane; (-):
carbon tetrachloride; (e):benzene;
(O):diethyl ether; (a):methanol,
DtyIF, DMSO; [5e]=20mmole/l, [Triethyl-
amine]==20mmolell; reaction time 24h
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Figure II-6, Effectt of temperature en
the polyeondensation of 5f; relation-
shÅ}p between the eonversion and the
temperature. (A):cyclohexane; (-):
carbon tetrach!oride; (e):benzene;
(O):diethyl ether; (n);methanol,
D"(F, DMSO; [5f]=20mrnole/1, [Triethyl-
amine]=20rnmolell; reactien time 24h
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Figure II-7, Effect of temperature on
the polycondensation of 5g; relation-
ship betweett the conversion and the
temperature. (A):cyclohexane; (N):
carbon tetraehloride; (e):benzene;
(O):diethyl ether; (U):methanol,
DMF, DMSO; [5g]=20mmo2ell, [Trl.ethyi-
amine]=20mmolell; reaction time 24h
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Figure II-8, Effect of temperature on
the polycondensation of 5h; relation-
ship between the conversion and the
temperature. (A):cyclohexane; (a):
carbon tetrachlovide; (e):benzene;
(O):diethyl ether; (U):methanol,
DMF, DMSO; [5h]--20rnmolell, [Triethyl-
amine]=20mmoleli; reaction time 24h
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Figure II-9, Effect of temperature on
the polyaondensation of 57;; relation•-
ship between the conversion and the
temperature. (A):cyÅëlohexane; (N):
earbon tetrachloride; (e):benzene;
(O):diethyl ether; (B):methano!,
DMF, DMSO;.•[5i]=20mrnole!1, [Triethyl--
amine]=20mmole!1; reaction time 24h
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Figure II-10, Effect of temperature on
the polycondensation of 5g' ; relation-
ship between the conversion and the
temperature. (A);cyclohexane; (N):
carbon tetrachloride; (e):benzene;
(O):diethyl ether; (M):methanol,
DMF, DMSO; [5g']=20mmole/l, [TrÅ}ethyl-
amine]=20mmole!!; reaction time 24h
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Figure II-ll, EEfeet of temperature on
the polycondensation of 5k; relation-
ship between the eonversion and the
temperature. (A):cyclohexane; (N):
carbop tetrachloride; (e):benzene;
(O):diethyl ether; (M):methanol,
DMF, DMSO; [5k]=20mmole!1, [Triethyl--
amine]=20utmole/1; reaction time 24h
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Figure Il-12, Effeet of temperature on
the polyeondensation of 5Z; relation-
ship between the eonversion and the
temperature. (A):eyelohexane; (M):
carbon tetrachloride; (e):benzene;
(O):diethyl ether; ("):methanol,
DMF, DMSO; [5Z]=20mmolell, [Triethyl-
amine]=20rnmolell; reaetion time 24h
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Figure II-13, Effect of temperature on
the polyeondensation of 5m; relation-
ship between the eonversion and the
temperature. (A):cyclohexane; (M):'
aarboA tetrachleride; (e);benzene;
(O):diethyl ether; (M):methanol,
DMF, DMSO; [5m]=20mmole!!, [Triethyl-
amine]=20mmolell; reaction time 24h
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Figure II-!4, Effect of temperature on
the polycondensation of 5n; relation-
$hip between the conversion and the
temperature. (A):eyclohexane; (N):
catbon tetrachloride; (e): benzene;
(O):diethyl ether; (U):methanol,
DMF, DMSO; [5n]=20mmolell, [Triethyl-
amine]=20mmolell; reaction time 24h
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FÅ}gure I!-15, Effect of temperature on
the polycondensation of 5o; relation-
ship between the conversion and the
temperature. (A):cyclohexane; (N):
carbon tetrachloride; (e):benzene;
(O):diethyl ether; (U):methanol,
DMF, DMSO; [5ol=20mmolell, [Triethyl-
amine]=20mmole/1; reaction time 24h
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Figuve II-l6, Effect of temperature on
the polycondensation of 5p; relation•-
ship between the conversion and the
temperature. (A):cyclohexane; (n):
carbon tetrachloride; (e):benzene;
(O):diethyl ether; (M):methanol,
DMF, DMSO; [5p]=20mmole/l, [Triethyl-
amine]=20rnmolell; reaetion tÅ}me 24h
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Figure Ir-l7, Effect of temperature on
the polycondensatÅ}on of 5q; relation-
ship between the conversion and the
temperature. (A):cyclohexane; (M):
carbon tetrachloride; (e):benzene;
(O):diethyl ether; (n):methanoli
DMF, DMSO; [5q]=2emmolell, [Triethyl-
amine]=20mrnolell; reaction time 24h
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Figure !I-18, Effect of temperature on
the polycondensation of 5r; relation-
ship between the eonversion and the
temperature. (A):cyclohexane; (ra):
carbon tetrachloride; (e):benzene;
(O):diethyl ether; (M):methanol,
D)fiT, DMSO; [5r]=20mmole/1, [Triethyl-
arnine]=20mmolell; reaction time 24h
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Figure II-19, Effeet of tempexature on
the polyeondensation of 5s; relation-
ship between the conversion and the
temperature. (A):cyclohexane; (S):
earbon tetrachloride; (e):benzene; ...
(O):diiethyl ether; (M):methanol,
DMF, PML SO; [5s]=20mmolell, [Triethyl-
arnine]=20rnmole/1; reaction time 24h
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FÅ}gure Il-20, Effect of temperature on
the pelycondensation of 5t; relation-
ship between the conversion and the
temperature. (A):cyclohexane; (N):
carbon tetrachloride; (e):benzene;
(O):diethyl ether; (U):methanol,
DMF, DMSO; [5t]=20mmole!1, [Triethyl-
amine]=20mmolell; reaetion time 24h
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 Figure II-21, Effqet of temperature on
 the polycondensation of 5u; relation-
 ship between the conversion and the
.temperature. (A):cyelohexane; (N):
 earbon tetrachloride; (e):benzene;
 (O):diethyl ether; (O):methanol,
.DMF, DMSO; f5u]=20mmolell, [Triethyl-
 amine]=20[arno!e/1; reaction time 24h
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   .. The degree (DP) and the conversion of polycondensation in diethyl ether

are surntTnarized in [Ea.b2e II-2. . The conversion calculated for B-alanine units.

yÅëas in general 100% for the ehloroform-insoluble polymer$ (7), which suggests'
..

the presence of the ester residue at the polymer ehatn end. The degree of
polyeondensation (DP) was calculated from the relative intensity of NMR absorp-

tion at 3-8 ppfn (B-CH2- in the iminoethylenecarbonyl unit) to that at 1.3 ppm

(-CH2- in 4 to (n-1) positions of the acyl group in the 4-acyl-2-nitrophenyl

residue; in the case of 5a 3.0 ppTn of the methyl group). Fxom Table II-2 it
                                                      tt2il[l lne :g:Et:h:.li t:: g::ll:giion as weii as the Dp increase with increasing acyi

                 '                '  '
          '        '      .t  '        '              '                tt                      '                          '                   '     '                                tt                                                                     '                  '                      tttt' ' Z.a?ke,ill2,,gSgYi,tg,gg.t2g,go,l.ggo:2eg:gszlo?g.oS,gBg 3--a}anine esters

Ester

     conversÅ}on in a!. for'theb) '••

tEfitii6iFi;IE63;El'IillFloroforrnin- waterinso--

               ' luble part soluble part

  b)c)
DP

5a
5d
5e
5f
59
5h
5t

110
!20
!27
114 (117)
!!O (113)
 89
 94

39 (37)
80 (77)
88 (81)
97 (95)
94 (93)
63 (64)
35 (33)'

12
16
16
33 (32)
7( (72)
96
39

a)
b)
c)

[Ester]=20mmolll;[Triethylamine]=20mmol!1.
VaZues in parentheses are those obtained from the second run.
Calculated from the NMR spectrum of the ehloroferm-insoluble part.

                       tt                                                                           '     Figure u-23 ''shows typical IH NMR speetra of water hnd chloroform insoluble

polymers obtained from 5g ((a) and (b), respeetively), together with that of

authentie poly-B-a!anine ((c)). .The spectral analysis revealed that the .,
2.Ed::gCg2:gi:-2:gr2:\g".gl.ixo:.g.g2 #l:s,:;;ikt,E::.e\2-;g t::,?o'ymer cha-
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a)

b)

c)

6

    1

k.-.l..L,t

a-

               '       -P--L-L--"r-                                                           '          9 •8. .4 3. 2 .1, O                                           '                '                      tt                                       '            tt t tt ttt tt tt          -. .          zn ppm. '• ' . .                                                              '                                      '                                                  '                        '                                           '                   t tt t                        '                       tt                         '         '       Figure rl-23. IH NlrfR speetra for poly(3-aZanine) from th'e

       polycondensation of 5g in diethyl ether at 30QC '. . •
       (rneasured in trifluoroaeetic acÅ}d).
       a) Water in soluble part after alkali treatment,
       b) Chloroform insoluble part before alkali treatment,
       c) Authentie po!y(B-alanine). . • . . .
                                                          '                                           '                                       '                                              '                                          '                                               tt      '                                                      '                                            '           '   . Solvent effeats of the polycondensetion for 5e are summarized in Table

 II-3• In a variety of ethers used here, the reactien proceeds in good
                                                                          '                                                                            'conversion on diethyl ether; vrhile the conversion was low in 1,2-dimethoxyethane

and no polymer was formed in diglyme solution. ' This seems to-Å}ndicate that
                           t the so2vents having over two ether bonds may interaet with the amino group of

 the aetive ester through hydrogen bonding, whieh dÅ}sturbs the formation of the .

aggregation. Othercyclic and aromatic ethers sueh as tetrahydrofuran, dioxane and

anisole appear not to be suitable solvents for the polycomdensation. .Aro[natic

hydrocarbons such as benzene, toluene and xylene were suitable, while • •
'chlorinated benzenes were not, probably due to their large polariFy. In the

case of aliphatic halÅ}des, nonpolar carbon tetrachloride was found to be more

.effective, but the other polar solvents were not. /As for nonpolar aliphatic

hydrocarbons, the polycondensation took place quite readily, and particularly
good yield was attained in cyalohexane or cyclooctane. ' In pelar solvents ..

 such as alcohols, dimethyl sulfoxÅ}de, N,N-dimethylformamide and pyriding, no

polymer formation was observed as well as in the case of ketone and esters•

,L,./t
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Table ll--3 Results of the
solveb-ts at 3oec "for 24ha)

polycondensation of 5g in di fferent

Solvent
conversion in "1.b)

Solvent Conversion in %

Diethyl Ether
                 '              '     tt1,2-Dimethoxyethane
       tttDig!yrne. . '.
               '               '                 'Tetrahydrofuran

l,4-Dioxane

Anisole'

Benzene

Toluene

o-Xylene

m-Xylene

P-Xylene
            c)
o, m, p-Xy!ene
       '        ' '    '         '            '          '
Chlorobenzene

o-Dichlorobenzene

o-Dichlorobenzene +                   d)  p-Dichlorobenzene
               '      '            tt
          '                 '    tt
Carbon Tetrachloride

Chloroform

Dichloromethane

1,2-Dichloroethane

Tetrachleroethane

94 (93)

53 (41)

 o (o)
19 (19)

 8 (15)

60 (54)

92 (91)

92 (90)

91 (93)

92 (90)
   '93 (91)

92 (93)

79 (75)

76 (75)

80 •(83)

95 96)

30 (37)

36 (25)

4S (41)

 8 (11)

n-Pentane

n-Hexane-

Cyclohexane

n-Heptane

n-Octane

Cyclooctane

Isooctane

n-Decane

n-Pentadecane

'MethaRol
         'Ethylene G!ycol

1- Dodecanol

Cyelohexanone

Acetone

Ethyl Aeetate

'Acetonitrile

Pyridine
                   '      'Dimethyl Sulfoxide

N,N-Dimethylforrnarnide

78

83

90

79

86

96

78

87

85

o

o

o

o

25

55

o

o

o

o

(81)

(85)

(91)

(84)

(88)

(93)

(81)

(85)

(87)

(o)
(o)
(o)

(o)
(2Å})

(46)

(o)
(o)
(o)
(o)

a)
b)

c)
d)

[5g]=20nimolll; [Triethylaminel=20mrnolll
Conversion in Z for the water insoluble
Values in parentheses are those obtained
The volume ratio of o-:m-- : p- is 1:1
The volurue ratto of o-:m- is l : 1.

part
 in the
 : 1.

second run.
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     The restJtts of the solvent effect appear to suggest that the less the

                            ttaffinity of the esters to the so!vent beeomes with decreesing in its dielectrlc
              '                                                      '                                            'constant, the more the'esters aggregate, which favors the polymer formation.
             '        '  '• Based on the result of high conyersions observed Å}n the aprotic solvents
                                                                    '                                                              '                                                             tt                                                                         '  '     'such as diethyl ether or earbon tetrachloride, the mixed solvent systems ' '

provided some insight on the properties of the aprotie solvent systems.

Table Il-4 shows the effect of adding methanol to earbon tetrachloride on the
                                                            '                                                                      'polycoRdensatien. Presence of O.5 Z of methanol in carbon tetrachloride '

redueed the conversion to 73 7g, and addition of methanol over 1 Z inhibited

comp!etely the polyconderLisatton. A similer tendency was observed also for
                                                                      '                                                             'diethyl ether-methanol system (Table 11-S). On the other hand, the polyeon-
         'densation stUl proeeeded smoothly in the mixed solveat system such as earbon
tetraehloride-diethyl ether, regardless of their mixing ratios (Table II-6).

Frofft these results it aan be well assumed that addition of a small amount of
              'methanol seems to be enough to disturb formÅ}ng the aggregatÅ}on of active ester
                                           'in nonpo!ar aprotic solvents. rt ean also be poÅ}nted out that the polyconden-
          'satiQn is liable to proceed at least in nonpolar aprotic solvents whiah avoid
                 '                                 '                                                          '                         '                 '                                  tt                                t ttthe solvation towards the esters. • . ' • . '•                                      tt

 Table Il-4 Results of the polycondensation of 5g in the mixed solvent
systern containi..ng carbon tetrachlotide and methano! at 30eC for 24ha)

   vaxed solvent
CCi4 (%) + MeOH (7e)

  Conversion in % for
the water insoluble part

100
 99.5
 99
 98
 95
 90

o
 o.s

1

2
5

10

 9S
 73
trace
  o
  o
  o

a) [5g]=20mmol/!; [Triethylarnine]=20mmol/l
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Table

system

rl-S Results of the
 containing diethyl

 polycondensation

ether and methano!

of 5g in

 at 3oec

the

for

mixed solvent
   a)
24h

    Mtxed
Ether (al.)

solvent

+ MeOH (Z) the

Conversion in %

 water insoluble

for,

 part

100
 99
 98
 97
 96
 95
 90

o
1

2
3
4
5

10

 94
 75
 38
  5
trace
  o
  o

a) [5g] =2OTtifno11! ; [Triethylamine] =20mmolll

Table

system

II-6 Results of the polycondensation

 contatning carbon tetraehloride and

 of 5g in the

diethyl ether

mixed solvent
               a)at 300C for 24h

  Mixed
CC14 (7e)

solvent

'+ Ether (%) the

Conversion in "1.

 water insoluble

for

 part

• 100
   75
   50
   25
    o

  o
 25
 50
 75
1OO

95
94
93
94
94

a) [5g] =20mmolll ; [Triethy!amine] =2Ommo1/1
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     Tho- n-ff, ect ef• a variety of amines on the polycondensation vifas next studied

                                               Table 11-7 shows that the .for the case of 5g in diethyl ether solution.
                                                                         '                                            '  '                      ,addÅ}tion of triethylamin.e leads to high eonversion as compared with that of
                                               '                         ';M.;g:g:;2.#:C,glM2:;l::gr,}?!ine• "here.as 7rridine was found to mhzbit th.

      :itbel:ylillheEr::C3to2g :[l;'n;2h:y the poiycondensation of sg iB

Amine Conversion iR
for the water

eA'

insoluble part

Triethylamine
rmidazole
N-Methylmorpholine
Pyridine

94
37

9
o

      a) [5g]=20mmolll; [Aminel=20mmol/1
                              '                           '                         '        ttt tt t                                        '                   '                                    '                            '
     A mole ratio 1:1 of triethylamine!5g

densation in a good yield (Figure II-24),

within 24h (Figure II-25). From Figure
conversion is reached at [5g]=l.Ommole/1.

 was enough to perform the polycon-

 which attains to eompletion almost

Il-26, it is clear that the highest

Figure II-24, Effect of triethylamine on
the polycondensation of 5g; relationship
between the eonversion and the amount of
2t 4r hiethYlemine; [5g]=20mmolell; 3oec for

e.ko

.E so

g
.t-l

e 6o
ge

g
u 40

20

o

/oXo
o os

                           '   tt t                 '                            '} 2 3 45  Mol ratio N(C2Hs)3/5g
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Figure Ii-25, Conversion of the water
insoluble part as a function of the'rdac-
tion time at 30eC; [5g]=20mmolell; [Tri-
ethylamina]=20ffrmolell

eR.
.E 80

c.9
e 6o
9
g
o40

20

  o.o

g
1
o

t

-Oto o o-

1 2    3•
Days

Figure II-26,
insoluble part
centratien of
ratio of 5g to

.

Conversion of the
 as a Åíunction of
5g; 300C for 24h;
 triethylamine is

water
the con-
( mole
l:1)

N
[•- 80

g
'6
L 60
ol
8  40

20

1 2

  2   •[5g]10

3

molll

.
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          ttI.I  r3...Experisnent gl Part .... .       tt tt '' •' The proce(lure used for the polycondesation of aetive esters is descrÅ}bed
  ' '                     t ttt                                                           'in detaÅ}1 for B-alanine 4-dodecanoyl--2-nitrophenyl ester (5g). • ' . .. .
                                                              '.' •PoLyeondensation of 5g: To 50ml of diethyl' ether solution containing 473mg '
                                                       '•(1mmole) of 5g were added O.14ml (lmmole) of triethylarnine. ' After stirring for '

                                                                         '24h at 25eC, the solvent was evaporated. The residue was then treated and '
                                                                        'SOrn! of.hot c.hloroform were added. .The chloroform-insoluble part was filtered
            'off an'd washed twice with hot chloroform to remove 4-dodecanoyl-2-nitrophenol''

and triethylamine hydrobromide. Conversion:78mg (llO%). The polymer was
                                                                       ..                                                              '                          '                         '                                                      'obtained as . colorless powder of m.p. 320-3250C. '
  '                                                           '                                                                         tt            '                                                                        '                                                      '  ELinnnation og' the 4--dodecanoyZ-2-ntt?ophenoZate gtoup: . The peiymer obtaÅ}ned

(78mg) was mixed vifith aqueous 4 M NaOH (20ml) and stirred for 10 min on a water

bath. After cooling, the mixture was neutralized by HCI, and chloroform .
(20ml) was added therein. The insoluble matter was filtered off and dried.
ColorÅ}ess powder; m.p. 330-335eC. Conversion; 94%.
                                               '                                     '                                                        '                 '

Il - 4. . Summary
            '                                                          '     The polycoRdensation of a series bf active B-alanine 4- dodecanoyl-2-nÅ}tro-
                                                                    '      '  '                 'phenyl esters with different structure and length of acyl groups was studÅ}ed

in various solvents. The polycondensation reaction of these esters
by triethylamine at a given temperature show that the cenversion and the
degree of polycondensation of the resulting poly(B-alanine) depend on the ehain
                                                'length and structure of the acyl groups. No polymer was obtained in both
                                                                      '                         ttprotic and dipolar aprotic solvents such as methanol, DMF and DD SO, whereas
                                      'nonpolar solvents sueh as diethyl ether, carbon tetrachloride, benzene or ' '.
                                                                        'cyclohexane were found to be suitable for the polycondensation which was
inhibited by the presence of a small amount of methanol. The effect of a
                                                       '                                                                       'variety of andnes on the polycondesation voas examined for B-alanine 4-dodecanoyl-
      '                                 '2-nitrophenyl ester in diethyl ether solution. The temperature affected also the
reaction which proceeded preferentially at near 30eC and was retarded over 30eC.

The resu!t appears to be explained by the aggregation of the active esters•.' .,

.lglY2g.gggg:[:..ed..that  the  aggregatlon 4;:ould play' an important role f the .'./ .'..
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'iiiPl19I.Ti.tllAi.ldOillle,l!llr'"Sat-O" Of a-Ar"mo acid 4-Acyi-2-nitroph..yi E,,.., ,

 In the previous ehapter, the author deseribed the synthesis of poly(B-alanine)

on the reversed micellar surface derived from B-alanine 4-acyl-2-nitrophenyl

epters. The results were inteTpreted in terms of the aggregation of the
:oCrtillfieXSotllEeSr cihna2.ilMgcyinE:oPOul:f SOIVentS, Whlch vfas g)fpeetgd particuiariy

                                                                    '     On the other hand, the synthesis of poly(a--amino acid) in oriented

organie aggregate were still unsuceessfu!, bee.ause of unfaverab2e formation
?,ioityh?or-e.Yalil.ilg adci:.deP),t,i:ie,L'i:5-P,iPeFa{ingdione" than that of iinear product

."..,:h.ig.:.gazs:E,lfi,E:i:.eg;:2.yit2,I2:,?rep#izt;'2"..::•g.pgi,y:,o:gz"z2yl•e2 2f,,...

b,::::.a,b.O.U.t,::e.:2;ga.::;2;U.i.:g.ggO.[Il9.IZ:.Y"c ieophiiic rearrarfemen.t rs weii a?

                                                                    '                                                                          'III -- 2. Results and Discussion • '
              '          '                                                  '                                             '    'A series of ct-amino acid esters (9a-v) were prepared by the reaction of 4-

acyl-2-nitrophenol, 2-nitrophenol or 4-Ritrophenol with N-benzyloxycarbonyl

a-amino acid ( glyclne, L-alanine or L-phenylalanine ) in the presence of DCC

illllii.1.l.illliiijllgllolllll//'SISO[il"'itL'W#-litl,,C,,..,,,,,i,g,2N.,,,i,
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HBr•NH2CH2
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,ggN

HBr•NH2CH2COo
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Symbo1 •- R
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e

d
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f

g

h
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g

k

z
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o

P

q
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s'

t

-- H

-H

-- H

-H

-H

-H

-H

-- H

-- H

-H

-CH

-- CH

-CH

-- CH

-CH

3

3

3

3

3

-- CH20
-CH20
-CH20
-CH2O
-CH20

-CH  3
-CsHll

-c   H    23  u
   H-C  l5    31

-- CH2CH20
-cH2CH2CH2CH2CH20

-•  CH2CH20
-CH2CH2CH2CH2CH20

LCIIH23

--  CH2CH20

-CH2CH20

-CnH23

-cH2CH20

-CH2CH20
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    All the p.elf"-ona-ensation were carried out in the concentration of 2.0 x
lo'2M. when the active esters (9a--v) were tveated with an equimolar amount

of triethyla[nine in various solvents at 30"C for 24h, poly(ct-amino acid) (12)

and N-(4-acyl-2-nitrophenyl)or--amino acid (11) were formed.

R
1     NHX/2  ?H
e- g,

iii[[iN9

      2  COR
 9a-t

'HBr

 N(C2Hs)3
•-----------

l; )

2

ONNc cH/Rl

' o/ '(i )NNH2

   7-. N02
   iN ")

    coR2

   10a-t

-W-ny-------- ll))

R
1     COOHÅ~/
  fi•:

 '

 7 l N02

"
      2  COR
 11a-t

     N (C2Hs) 3

        o
'ENH- ll/i?-C)'n

   12

     As described in the preeeding chapter, the polycondensation of B-alanine
4-acyl-2-nitrophenyl esters gave only poly(B-alanine) as the main product,'

 whereas ' ct-alaRine 4--acyl-2-nitrophenyl esters (9a-t) gave under the sarne
                                                                     '                                                            'condition a by-product in significant amount together withpoly(ct-amino '• '

aeid) (12), and this by-product was found to be N-(4-dodecanoyl-2-nitro-
phenyl)ct-amino acid (11a-t). .' ' ' ' .' • '''. ' - '. • • '' '
                                 '
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 . Interestingly, the by-product was observed only in the reactton of or-amtno

aeid 4-acyl-2-nitrophenyl esters but not in that of B-alanine active esters . ''
                                                                              '(cf. Chapter U). .It'was probably formed by an intramolecular nueleophilic '/ /.

rearrangernent reactton of 9a--t via its Meisenheimer complex (10a-t). 'Thg .1

                                                        t ttsiruUar reactions have been observed in the aromatic nucleophilic substttution

of nitro-aetivated aryl haltdes by amines, hydroxide ion or aikexide ion [3-9]..

.•
 ... The resu!ts of the polyeondensation of glycine active esters (9a--ti,u,v) ' .

                                                                          '                                          ttare summarized in rable III-1. The conversion of by-product was higl in polex
                     '                    'solvents such as methanol or diethyl ether, particularly in methanol the intra-
                                      'molecular rearrangement reactioit toek plade quantitativeiy. Nonpolar solvents
                                        tt t tl ttsuch as cyclohexane, carbon tetrachloride and benzene retard somewhat the .,,.
formation of by-product and give a certain amount of poly(glycine). The form-
                                                                         'ation of poly(glycine) (12) from glycine active esters (9a--j) seems to be' 1 .
                                                       '                                        '                                                                               'affected by the chain length or structure of the acyl group. In genera!, the
                                                                            'eonversion was found to be low in 9a, 9e and 9h as eompared with 9b, 9e, 9f,

9g, 9i and 9J' . due to the decrease of the reversed mlcellar associatÅ}on. On the
                             '                   'other hand, glycine 2-nÅ}trophenyl ester (9u).gave a small amount of the

rearrangement by-product and glycine 4-nitrophanyl ester (9v) gave no.by--product.

This iact indieates that the activation of esters for the arorrzatic nucleophilic

intram61ecular rearrangement reection inereases in the order of g!yeine 4-acyl-
2-nitrophenyl ester (9a-g') >glyeine 2-nitrophenyl ester (9u) >>glyeine

4-nitrophenyl ester (9v). ' '• . ' '• .'
                                                               '                          '                                '                                        '                                                    tt                              '                                       '     The resu!ts of the polycondensation of L-alanine and L-phe!iylalanine
                                                                            tt  '                                            '                    'aettve esters (9k-t) are summarized in Table Irl--2. .In the case of L-alanine
                                                              '                                                         'and L-phenylalanine 4-acyl-2-nitrophenyl esters (9k-t), the intramoleeular ''
                                                                               'reaetion appears to be more favorable than that of glycine 4-acyl-2-nitrophenyl
                                                  'ester (9a-g'). . This finding suggests that the presence of thG substituents at
                                                              'a-carbon atom seems to stabilize the intermediate Meisenheimer complex (10k-t),

leading to the N-(4-acyl-2-nitrophenyl)substituted aTnino aeids (11k-t)• •. '..

/
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Table rll-1

at 300C for

 Results of the
24h.a)

polycondensation    .of glycÅ}ne active esters (9a- J', bl, v)

Conversion Å}n 7. of 11 and 12

Ester Cyelohexane cC14 ,Benzene Ether MeOH
  b)       c)
11     12

  b)       c)
11     12

  b)       c)
     1211

  b)       c)
11     12 ub)12c)

9a
9b
9e
9d

9e
9f
99

9h
9i
9g'

,9u

9v

84
50
61
85

89
84
78

91
53
72

30
o

13(11)
40(37)
16(19)
14 (15)

 2(4)
 1(1)
 2(4)
 2(1)
34(35)
23(23)

35(33)
68 (67)

79
61
53
79

62
72
49

58
31
42

30
o

20(Z8)
30(29)
39(37)
16(19)

12(15)
25(18)
39(33)

13(l5)
62(67)
56(54)

60(57)
73(71)

84
80
82
80

83
77•

S8

70
51
76

25
o

11(8)
 7(10)
11(11)
17(15)

 5(8)
11(10)
21 (19),

 8(6)
 7(6)
16(11)

16(15)
27 (28)

82
65
82
91

88
91
78

95
89
95

23
o

11(10)
33(35)
13,(11)

 4(4)
 6(5)
 6(7)
 4(4)
 1(2)
 8(ll)
 3(5)
55(53)
55(52)

 99
 99-
100
100

100
100
 99

IOO
100
 99

 58
  o

o(o)
o(o)
o(o)
o(o)
o<o)
o(o)
o(o)
o(o)
o(o)
o(o)
o(o)
o(o)

a)
b)
c)

[Ester]m20mmole/l; [Triethylarnine]=20mmole/1
DetermÅ}ned by HPLC.
Conversion in "1. for the water insoluble part.
Values tn parentheses are those obtained from the seeond run.
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Table III-2 Results of the polycondensation of L-alantne
L-phenylalanine 4--acyl-2-nitrophenyl asters (9k--t) at 300C

and

for
   a)
24h

Ester
Conversion

in vl. of 11b)

Cyelohexane CCI   4 Benzene Ether MeOH

9k
9Z
9m
9n
9o

9p
9q
9r
9s
9t

56
70
97
96
86

83
85
87
68 -
90

42
61
84
83
80

70
53
47
43
79

70
78
96
84
83

73
81
78
77
89

92
92
99
90
98

96
95
90
95
99

 99
100
 99
 99
100

 99
100
100
100
100

a)
b)

[Ester]=20mmole!1;
Determined by HPLC

[Triethylamine]=
    '       ' /.
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HI - 3. Experimental Part
                      '                           'Matei.iaZs and Pol.ueondgnsation . .
 • The preparation and polycondensatton of ct-amino acid esters ( 9a-v ) were

carried out by the similar method described in the chapter I. The analytÅ}cal
data for ct-amino acid esters (9a--v) are given in Table III-3. 11a-t were

purified in the form of their methyl esters because oE its difficult isolation

from 4-acyl-2-nitrophenol. ' . • . .
                                                                      '                                                                             '                                                       '     N-r4-DodecanoyZ-2-nitrophenyZ)gZyeine methyZ esteTs 459mg (1mmole) ef 9e

was mixed with O.14ml (lrnmole) of triethylamine in 25m! of benzene. 'After '•
24h at 30eC, the mixture was evaperated, 50ml of 4M aqueous sodium hydroxide

solutien was added to the residue to hydrolyze the terminal ester bond of poly(-f'

glycine) (12). After neutralyzing by 4M aqueous hydrochloric acid followed

by the addition of iOml of methanol and water, 12 was filtered ofÅí, washed with

methanol and water, and dried in vacuo. The fi2trate which eontains 4-
                                                                           '                                                                          'dodeeanoyi-2-nitrophenol and 11e, was evaporated and the residue was treated
                       ttwlth 20ml of acetone. After the insoluble triethylamine hydrobromide salt was

removed by filtration, tha filtrate was evaporated in vaeuo and the residue

was dÅ}ssolved in 20ml of methanol, further treated with hydrogen chloride gas

at roorn temperature for 3h. The precipitate was filtered and reerystallized
from methanol. M.p., IH NISR and elemental amalysis are given in Table rll-4.

     In a similar way, the other methyl esters (11a, 11b, 11k and 11p) were

derived. . The analytical data are given in Table I!I-4. The eonversion of
9a-v into 11a-v was determined indireetly by HPLC analysis of 4-acyl-2-nitro-
                                                                            'phenol liberated in the polycondensation reaction. . A Varian Aerograph 4200

liquid chromatograph equipped with the column Miero PAK Si-IO (50cm in length,

2mm in diameter) was used for HPLC analysis which was carried out in benzene

mobile phase (flow rate; 80ml/h) monitored by a UV detector (350 nm).
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Table IIr-3 Anayltical data of the or-amino acid acttve esters (9a-v)

Ester
Yteld

   '    '  Z-

Melting Point

 ec (dec.) Formula
"'--""-----'-'-""N"--'"-'-------"'

c II

Caled.
N

•Analyses,%

Br C
'------"-------- 7--- T'-"-'-N
     Found
    H N Br

9a

9b

9e

9d

9e

9f

9g

9h

9i

9g'

9k

9Z

9m

9n

90

9p

9q

9r

9s

9t

9u

9v

85

85

86

85

81

86

87

83

84

82

76

71

78

77

77

92

93

86

90

85

81

87

 156-157
  156-157

  152--l53

  152-153

  171-172

  174-175
  l6l--l62

175.5--176.5

  170-171

163.5-164.5

155,5-156.5

156.5-157.5

  164-165
'l76.5L177,5

173.5-174

  127-129

  167-167o5

  153-154

  l61-l62

!50.5-151.5

  202-203

  210-211

    NO BrCH     25   ll 10
Cl4HzgN20sBr

    NO BrCH     25 20   31
C24H3gN20sBr

ClsH13N20sBr
         'C17H17N20sBr

C2oH23N20sBr

    NO BrCH     25   19 15
C17H23N20sBr

    NO BrCH     25 20   29
    NO BrCH     25 21   33
C16HlsN20sBr

ClsHlgN20sBr

C!6H21N20sBr

ClsH2sN20sBr

   .    NO BrCH     25 27   37
C22HlgN20sBr

C24H23N20sBr

C22H2sN20sBr

C24H2gN20sBr

CsHgN204Br

CHNO Br 8924

37.64

44.81

52.29

55.92

47.26

49.89

53.23

46e53

49.17

52.52

53,28

48.63

51,08

47.89

50.36

59.02

56.07

57.73

55.35

57e04

34.68

34.68

3.47

5.10

6.80

7.63

3.44

4.19

5.14

4.95

5.58

6.39

7.03

3.83

4.52

5.28

5.87

6.79

4.06

4,64

5,28

5.78

3.27

3.27

10

10, .11

8.78

7.47

6.10

5.43

7.35

6.85

6.21

7.23

6.75

6,13

5.92

7.09

6.62

6.98

6.53

5.10

5.94

5.61

5.87

5,54

 .ll

25,04

21,30

17.39

15.50

20.96

19.53

l7.70

20.63

19.24

l7.47

16.88

20.22

18.88

19,91

18.61

14.54

!6.95

l6.00

16.74

15.81

28.84

28.84

37.51

44.65

52.52

55.70

47.03

49.99

53,5Z

46.39

49.40

52.29
  ' '
53.12

48.62

51.37

47.78

50.44

58.99

55.89

58.01

S5.08

56.86

34.87

34.69

3.50

5.23

6.75

7,51

3.57

4.25

5.11

4.69

5.77

6.54

7.12

3.63

4.53

5.04

5•.70

6.58

4,.31

4.54

4.98

5.71

2.99

3.33

8,81

7,56

6.23

5,58.

7.32

6.65

6.38

7.5i

6.48

6.28

5.84

7.00

6.79

7,11

6,51

4.99

6.09

5.70

6.02

5.44'

10.IZ

10.40i

25,32

21,20

1.7,67

15.25

20.68

19.31

17.95

20.49

19.44

17.64

17.01

20,28

18.80

19.86

18.78

14.68

!7.18

l5.88

16.87

15,54
    '
29.05

28.79



Table IrI--4 Analytieal data of the methyl esters of 11a-e,k,p

Methyl
ester
of

M.p.

eC

F6rmula rAnalyses,
          c

7o----x            1

Acyl-H

NMR absorpttons 6

   •1  -COOCU.3 --•NHCUR-.

in p.p.m.

 -NH--

a) - pllg.ff;I:llffJT-nyl"Hb).

  6• 5- 3

s

11a

1lb

11c

11k

1lp

200

89

97-98

58--59

48-49

cnH12N20s

ClsH2oN20s

C21H32N20s

C22H34N20s

  H NOc 28    38 25

Calcd. 52.38
Found 52,11

Calcd. 58.43
Found 58.26

Calcd. 64.26
Found 63.91

Caled. 65.00
Found 64.53

Calcd. 69.68
Found 69.47

4.80
4.55

6.54
6.49

8.22
8.20

8.43
8.28

7.94
7.88

11.11
11.Z6

9.09
9.05

7.14
7.15

6.89
6.64

5.81
5.62

3.2

O.9-l

O.8-1

o
1

o
3

.6, 3.0

.6, 2.9

.8•-1.6, 2.9

.s (a-CU3)

.8-1.6, 2.9

.3 (C6HsC!l2-)

3.8

3.8

3.8

3.8

4.4

4.4

4.4

4.8

  3.8 5.1
7,2 (C6Us-)

8.7

8.7

8.7

8.6

8.5

7.0 8.0 8.6

7.3 8.0 8.6

7.0 8.0 8.6

7,1 8.1 8.7

7.1 8.0 8.6

a)

b)

In

The

[2H]6LDMsO'
•

       '     '        '         'nurnbers show the position of the protons in the phenyl residue: .-

:ftNb'coR2

    65



III - 4. Summary
          '                                                             '                                     '     The preparation and polycondensatlon of ct-amino acid 4-aeyl-2--nitrophenyl

esters was investigated. The reaction of ct--amine ac!d 4-acyl-2-nitrophenyl

esters gave a by-product derived from the intramolecular rearrangement via the

Meisenheimer complex, besides poly(a-amino acid). The ratio of intermolecular

reaetion to intramolecular that was determined by }IPLC technique. !n particular,

the intramolecular rearrangement reaction took place to a great extent in polr

solvent such as methanol compared with nonpolar solvents such as cyclohexane,

earbon tetrachloride and benzene. The by-product formed in the polyconden-
satÅ}on was isolated and identified to be N-(4-acyl-2-nitrophenyl)a-amino acid.

III -
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Chapter IV. Synthesis of Polypeptide from DipeptÅ}de 4-Aey!-2-nttrophenyl

Esters

IV - l. ' Introduction
               '    '          '                  '                                                           tt         '                   t tt                                                      '                  tt                                                        '             ' '                                                       ' ' 'In chapter rl, the author described the preparation and the polycondensation
   'of a series of B-alanine 4-acylT2-nitrophenyl esters having different chain
                                                                      '                                                '                           'length and structure of the acyl group, and found that both the conversion and

the degree of polycondensation to poly(B-alanine) depend on the chain length
                   'and structure of the acyl groups and solvents used. The results were inter--
preted in terins of the reversed micellar eggregation of the active esters
                                                                '       'in some nonpolar solvents, which was expected partieu!arly for the longer chain
      'acyl groups. In chapter rll, the author described the polycondensation of •'.
                                                                       '                              'ct-amino acid 4-acyl-2-nitrophenyl esters, and found that the formation of the

                         tt                                               'significant amount of by-product through the nucleophilie rearrangement reac-
                                '                              'tion besides poly(or-amino aeid). Due to this rearrangernent by-reaction, the
     'synthesis of poly(ct-amino aeid) from or-arnino acid 4-acyl-2-nitrophenyl esters
                                                                     'gave the unsuccessful results. '
                                        '                  '     This chapter is eoncerned with the preparation of'dipeptides (glycy!-

glycine, D,L-alanyl-D,L-alanine, glycyl-D,L-alanine and D,L-alanylglyeine)

4-acyl-2-nitrophenyl esters and the results of their polycondensation which

would be correlated to the effeet of sequential dipeptide ester groups. The
convenient method for the synthesis of poly(ct-amino acÅ}d) is described•

         'IV - 2. Results and Discussion
     '                '    '                              '                                                             '                                              tt                                           '     A series of active dipeptide esters was prepared from the coupling

reaction of N-benzyloxycarbonyl dipeptides (13a-d) with 4-acyl-2-nitrophenol
                                         'in the presence of N,N'-dieyclohexylcarbodiimide (DCC), and further converted

li]g;ellgd;??rOMide Sa2ts (17.e18,19a--d) which were ysed for. polyeondensation '

               '                                         '                                                                      '     By treating the hydrobrornide salt of the active dipeptide esters with
                                                              '                                                                          '       'triethylamine in ceTtain solvents at 30eC for 24h, poly(dipeptide) with ester

groups at the chain ends were formed together with 2,5-piperazinedione deriva-

tives rScheme 2). Xn the ease of 17, 18 and 19a, the C-terminal 4-acyl-2-..
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Seheme 1 •

z "- NHgi i:2N- Hd lli il cooH . +

   Rl . ,R2 02N .
    IIZ-NHCHCONHCHCOO
      14,15.16a-d

      Rl • R2 02N
      llHBr•NH2CHCONHCHCOO
      17,18,19a-d

             '

               1      No. -R
     13a -H
     13b -CH
     13e -H
     13d -CH

dy

dy

3

3

          'figNb'c66.H2.+i.$'C

                ' tt                         '                     '           HBr
COCnH2.+l -----'----l>
          CH3COOH

  COCnH2n+1

     •-R2

     -H
     -- CH       3
     -CH       3
     -•H

No. n  1-R  2
-- R

14s

15s

16a.'

16hs

16es

16ds

17

18

19a

19h

19e

19d

 !
 5
11
ll
11

11

-H

.- H
-H

-CH
-- H
-CH

3

3-

-H
-H
-H
-CH
-- CH

-H

3

3

t
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nitrophen:v'-1 gr•ou'p cf poly(glycylglycine) was removed by alkali treatment.

              .        '                    tt
          '
                                  '
                                             '
                                              '

             '
  (p+q)HBr•NH2ii-coyLHc"'icggNbcoc.H2..iTl/gllil-Iliili!ll[lifiits-Iiilgl:kC2.:il3Hs)3

              '                                '                                          '                              '        '  H(NH['lilcoNHE'ilco>pOo2Ndycoc.Ei2.+i +, lllHHII/(O:)Ne:.R2

                                   -l                                   o                         '  + (p+qLi) :gNbcoc.H2n+i

  .(,.g,ilg,,k:,:,,>;gNdy,,,..,..,es;:g2H

  H<NH:'kcoNH:'ftco>'poH + :gNOcoc.H2.+i ' .

                '                          '                              '   '

           '                            '     .t              '
                  '
                         '             t                          tt                    • 56 -             '



     Result$ of, pnli'condensation for 17, 18.and 19a are sumrnarized in Table

IV-l. The products obtained were ftrst treated with chloroform and the
                                                                          '                              '                                                                         tt         ttinsoluble polymer was isolated. The eonversion based upon glycylglycine was
                               '                                                                            'generally over 100 % for the chloroform insoluble po!ymer, suggesting the
                                                                         '                                                                          'exi,stence of ester residues at the polymer chain end. The chloroforrn Å}nsoluble
polyrner was further treated with alkali solution to give poly(glycylglycine). '.

The yield of water insoluble poly(glycylglycine) was very low when protic and
                                              '  '                                                                     '                                         'dipolar aprotte solvents such as methanol, aqueous methanol, chloroform and
                                                                       'dimethyi sulfoxide (DMSO) were used for the polycondensation. On the other
hand, n6npolar solvents such as diethyl ether, benzene, earbon tetrachloride,

hexane and eyclohexane were found to be favorable for the polycondesation, as
                                   'can be seen from the high yields in water insoluble polymers. Such difference
                                           'in the yield in various solvents was more prominent for 18 and 19a than for 17,
                                              'indicating that the aggregation of the monomer molecule having the long acyl
             'groups available for the polycondensation would be realized in nonpolar
                                                                    '           ttsolvents, but disturbed in polar solvents showing strong enough affintty to the
                                 i                 'ester monomers.• '. '' '. ' •'' ' '' '                 tt tt                      '                                                                              '               '                        '     Figure IV-! shows typical NMR spectra of water and ah!oroform insoluble
             'polymers obtained from 19a (a and b), together with that of authentic' 2,5-
                                                               'piperazinedione (c). The produet ratio of poly(g!ycylglycine) to cyc!odimer

a)

c)

b)

    8
6 in ppm

6 4 2 o

                 'Figur6 iv-1 'IH Nb6R spbctra of poly(

glycylglycine) obtained from 19a in
carbon tetraehloride at 30aC (meas-
ured in trifluoroacetie acid).
,a) Water insoluble part, .
b) Chloroform insolubZe part,' •.
c) Authentic 2,5-piperazinedione.
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Table

esters

IV-1

 17e

 Results of

18 and 19a

 the polyeondensatton

in dtfferent selvents

of

at

the

3oec

glycyiglycine
        a)
 for 24h

active

Ester Solvent Conversion
in % for the
chloroform
insoluble part

wt.-ratio
po!ymer :
cyclodimer

Conversiou
% [or the
insoluble

 in
water
part

12

18

19a

Hexane
Cyclohexane
Carbon tgtrachloride
        =t.rBenzene 'Diethyl ether
Chloroform
Methanol
Methanol + Water
          'DMSO • .            '      '      '             'Hexane
Cyclohexane
Carbon tetrachloride
Benzene
Diethyl ether
Chloroform
Methanol
Methanol + Watar
PMSO

Hexane
Cyclohexane .
Carbon tetrachloride
               'Benzene '. '
Diethyl ether
Chloroform
Methanol .
Nethanol + Water
               '         'DMSO

139
234
164
l60
130
107
107
I08
lll

ll3
120
126
121
l30
113
114
120
117

119
ll9
119
110
115
100
104
128
ll7

(l35)
(136)
(160)
(159)
(132)
(105)
(108)
(I05)
(109)

(llO)
(116)
(119)
(122)
(110)
(112)
(112)
(122)
(120)

(116)
(115)
(l18)
(lll)
(ll2)
(106)
(103)
(120)
(115)

b)
79:2!
73:27
81:19
73:27
76:24
44:56
48:52
49:51
80:20

93: 7
92: 8
97: 3
93: 7
93: 7
49:Sl
69:3!
45:55
76:24

94: 6
94: 6
90:10
89:11
94: 6
47:53
54:46
42:S8
80:20

68
45
39
37
5S
28
31

o
l5

92
88
93
93
94
56
l5

o
29

90
90
96
84
94
59
24

o
20

(6s)b)

(42)
(49)
(32)
(S9)
(31)
(33)
(o)
(i7)
  '
(88)
(87)-
(94)
(93)
(92)
(46)
(17)
(o)
(24)

(89)
(87)
(95)
(83)
(91)
(45)
(22)
(o)
(22)

a)
b)

[Ester]
Values

=20mmole/l; [TriethylamiRe]=20rnmolell.
in parentheses are those obtained in a second run.
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;g:,:Ei,i:'";ri.l:.S,ii.;'2ll,i;nt:.r:t:t,Å}xe, ge;e;;:t{,Rf,.NIII,l,ib,2.;gP.g;2.:.gi..:S l,Pl,::g in .

IV-1)... From the rati6s, itis clear that the formation of poiy(glyeylglycine)

compared to that of cyclodimer is preferred in nonpolar solvents and not in .

protic or dipolar aprotic solvents, and also dependent on the cha!n length
of acyl groups of .7-2, 18 and 19a. These results suggest that the monomer •
:il::egi#IriOamnoii:e:2::Oolnaer.SOIVentS PrOmotes the Å}ntermolecular reaction rather

   .' In order to get information how the structure of dtpeptides influences

the polycondensation behavior, the other type of dipeptide esters such as
19h--e were also studied (Table !V--2). The chloroform insoluble part, simi!ar-

ly  obtained .gs .in the .case of 17.I8 and 19a, was washed thoroFgh}y wÅ}th hot

                          tt                                      '::.?ig.:V.-t2,.\3g:llS.Otf3gece PfglY;::gg"sation of the active esters (igb-d) i.

                  s                                '                               'Ester Solvent Conversion
in Z for the
chloroform '
insoluble part

wt.-ratio
polymer :
cyclodimer

ConversÅ}on
Z for the
methanol
insoluble

 Å}n

part

19b

19c

19d

Hexane '
Cyelohexane '
Cascbon tetrachloride

Benzene •.Diethyl ether .•
Chloroform '              'Methanol ' '            tt                '           '              ' '                 '     '              '                '       '                   'Hexane ' '              'Cyclohexane ' '
       'gg::Oennetetrachloride

Diethyl ether .' .'
Chloroform
                '              'MethaRol ' • '
           tt             '          '        ttHexane • •'Cyclohexane , • • '
g2:20."..tetrachioride

:'gli:•:•if,;s?er•, .

102
104
 96
 84
 98
 53
 l9

122
lg8,

,gg

?2

g,6

103
 85
igl

 50

    b)(IOO)
(101)
( 95)
( 82)
( 96)
( 21)
( 20)

(l20)
(l21)
(105)
( 9S)
(103)
( 87)
( 12)

(!o!)
( 99)
(102)
( 88)
(IOO)
( 56)
( 45)

            '              '
=20mmole/1; [Triethylamine]=20mrnolell.
in  parentheses  are  those  obstgained in  a

68:32
 69:31
84:16

 6!:39
93: 7
52:48
43:57

 '

90:IO
98: 2
89:11
59:41
42:58
60:40
47:53

•95: 5
95: 5
90:10
85:15
97: 3
65:35
55:45

       b)66 (65)
67 (64)
70 (72)
44 (40)
60 (61)
17 (14)
trace

61 (66)
67 (65)
54 (58)
10 (9)
32 (34)
trace
.trace

      '
82 (77)
86 (83)
80 (81)
62 (58)
50 (43)
22 (19)
trace

a)
b)

[Ester]
Values second run.
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Figure Iv-2 IH NMR spectra'of poly(
alanylalanine) obtained from 19b in
carbon tetrachloride at 30eC (meas-
ured in tTifluoroacetie acid).
a) Methanol insoluble part,
b) Chloroform insoluble part,
c) Authentic 3,6-dimethyl-2,5-
   piperazÅ}nedione.
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a)

c)

t

b)

ft

l
s,

s

t

k

s
8

6 in ppm

6 4 2 o

            1•             H NMR speetra of poly(Figure IV-3
glycylalanine) obtained from 19c in
carbon tetrachloride qt 300C (meas-
ured in trifluoroaeetic acid).
a) Methanol insoluble part,
b) Chloroform insoluble part,
c) Authentic 3-rnethyl-2,5-piperazine-
   dioile.
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methanel to remove the eyclodimer. The N}IR spectra of the products of 19b-d

are analogous to that of the product of 19a (see Figure IV--2,3). The yield
was obtaiRed from the rnethanol insoluble poly(D,L-alanyl-D,L-a!anine), poly(

glycyl-D,L-alanine) arLd poly(D,L-alanylglycine), which are inherently soluble

in water. The reaction in protie and dipolar aprotic soivents such as metha-

nol and ehloroforrn gave no polymer, or at least polymers in very low yield.

Nonpolar solvents such as diethyl ether, carbon tetrachloride, hexane and

cyclohexane were fouttd to be suitable for polycondensation, while benzene was

unsuitable for the purpese. Solvent effeet on the product ratio of polymer

to cyclodimer was also observed in the case of 19b-d, and it was found that

the cyclodimer production was particularly predoninant in the case of 19b, Å}n
  'all solvents used exeept diethyl ether.' .This may be interpreted in terms of

solvent affinity, that is, the stronger the affinity of dipeptide esters'  •
towards a solvent, the less they are converted into pelyner. In fact, the

presenee of the ct-alanine moiety in the estgr moleaule tends toincrease
:ltSe..SOIUbtlitY SO that the polycondensation becomes more unfevoxa- .

'1 Subsequently, in order to c-larify how the hydrophilic parts in active .

esters can contribute to the polycondensation on the reversed mieellar surface,
                                                                            'the author prepared B-alanyl-B-alanine and B-alaayl-B-alany!-3-alanine 4-

dodecanoyl-2-nitvophenyl esters (22b.e) and investigated the polyeondensation

of their active esters, comparing to that of B-alantne 4-dodecanoy!-2-nitro-

phenyl ester (22a). A series of acttve eligopeptide esters (22a-e) were

prepared by coupZing reaction of the corresponding N-benzyloxycarbonyl peptides

[:gZ.;el,g;g:.2M2.Zgeg:22gi?gg:IXo:??"oi by Dcc met?od, and convgrted i.t. ••

                                     '                                          tt     When the hydrobromide salts of active oligopeptide esters (22a-e) were .
   '              'treated with triethylamtne in various so!vents at given temperatures for 24h,
:•:hÅí'11ii-e2asig,:.l:.eieW.lci-.iOgr:M2e.i.L,..i2-gg:'g:.:;,S;E:I,;g,S:g:;:glg' ll:::ai2:g.2g::e/
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.. Results of the polyeondensation for 22a-e qre summarized in Table IV--3.

In general, nonpolar solvents sueh as cyclohexane, earbon tetraehloride,

benzene anq dÅ}ethyl ether were found to be suttable for the polycondensation.

On the othe'L- hand, the yield oE polymer was low in earbon tetrachloride with
a little amount of methanol,'  and in fact, no polymer was obtained in metha-
nol solution. .These facts suggested that the aggregatÅ}on would oecur in .'..

nonpolar solvents, whereas itwas not the case in polar solvents such as metha-

IIII,l.ts''toinavaodxd.dZtiZ:ghtllEg;:$2ig:?reased with increasing number of B-aianine •

                            t tt Table IV-3 Resu!ts of the polycondeRsation of'22a-e at 30eC'for 24ha) ''

Solvent .t-     Conversion in Z for the water
                       b)          insoluble part

22a 22b 22e
Cyelohexane •
Carbon tetrachloride
Benzene
Diethyl ether
Carbon tetrachloride +
Methanol (9S:S)
Carbon tetrach!oride +
Methanol (90:10)
Methanol

90 (91)
95 (96)
92 (91)
94 (93)
 o (o)

 o (o)

 o (o)

56 (51)
76 (78)
76 <81)
7o (7e)
43 (39)

21 (22)

 4 (trace)

51 (41)
46 (44)•
43 (4S)
42 (48)
21 (19)

10 (l5)

 2 (trace)
                                     '                                        'a) [Ester]=20mfnole!1; [Triethylamine]=20mmolell.
b) Values in parentheses are those obtained in a second run•

 . The effect of temperature on the yield of polycondensation products was
studied with respect to 22a and 22h.. Results are summarized in Table IV-4

and IVr5. As can be seen from these tables, the temperaturd favorable
for polycondensation was near 30eC, and became less favorable over 30eC. .. .
                                                                '.:i;.2ill;•:11gigEpigl'#•:•:g•gi,lll:•zpifii:•i•l•ei)!rii::•g#•:l:•:•isiil":,:i:•:a:l:z,i•.Ie,Ii:led••

                              '                                                                             '                                          'insoluble polymers obtained from 22b in carbon tetrachloride solution at 300C
1.g f.1.).1.1 1..(?)i reSPeCtlVelY), together63wlth that of authentzc cyclo-dz-B-alanyl



Table IV-4 Effect of temperature on the polycondensation of 22a for
24ha)

SolveRt

IOOc

Conversien in Z

     insoluble
        3oec

for

part

the
b)

water

500c       e)reflux

CycloheXane
Carbon.tetrachloride
Benzene
Diethy! ether

26
72
70
S3

(28)
(70)
(71)
(57)

90
95
92
94

(91)
(96)
(91)
(93)
  =e

93
71
63

(93)
(73)
(62)

22
59
57
80

(30)
(56)
(56)
(82)

a)
b)
c)

[Ester]
'Values .
Gently

=20mmolell; [Triethylamine]=20mmole!1.
in parentheses are those obtained in a
refluxed.

second run.

Table IV-5 Effect of temperature on the polycondensatton of 22b for    a)24h

Solvent

loec

Conversion in Z

     inso!uble
        3oec

for

part

the
b)

water

soec       c)reflux

Cyclohexane
Carbon tetrachloride
Benzene
Diethyl ether

24
39
39
19

(10)
(38)
(34)
(9)

56
76
76
70

(51)
(78)
(81)
(70)

65
64
54

(67)
(63)
(53)

46
50
3e
66

(43)
(48)
(31)
(63)

a)
b)
c)

[Ester]
Values
Gently

=20mmole/1; [Triethylamine]=20rnmolell.
in parentheses are those obtained in a
refluxed.

second run.
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(c).

under

 From (b) and

the reaction

 (c), it was

conditions.

concluded that no cyclo-difB-alanyl was forrned

c)

b)

A

a)

YLvl

L

L

-Lrr-L-N---L-L"--L-   9•8 4 3• 2 l O                                               '                            '                        '                       '                                '                                         '                '                                    '                  ' 6in ppm '' ' .'                                                '              '                                      tt          'Figure Iv-4. IH NMR spe6tra for polY(B-alanine) from the
polycondensatton of 22b in carbon tetrachloride at 30eC
(measured in trifluoroacetie acid).
a) Water Å}nsolub!e part after alkali treatment,
b) Chloroform insoluble part before alkalt treatment,
.c) Authentic eyclo-di-3-alanyl. . .•' .
                                               tt

        '         'IV - 3. Experimental Part
       '    '                             '           '  t ttt         '                   '           tt t               '                    'Mate?aaZs .-' -' ' .' •
                    '                      '            '                  '     BenzyZotycarbonyZ dapeptidesr13a-djs Benzyloxycarbonylglycylglycine (13a)
                            '   'was obtained by the saponification of Penzyloxycarbonylglycylglycine ethyl ester
                     '                                                     'whieh was prepared fypm benzyloxycarbonylglycine and glycine ethyl ester hydro-
                                             '                          tt              'chloride, using the mixed anhydride method [1]. The ctude dtmeric''ester was'
                                                          '                                    '                                                                 'dissolved in methanoi and heated to 400C stirring. Sodium hydroxide was added
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.te the re.=.ction m.i]tu,re, stirred further at 40eC for 2h, and then the solution

was acid""ied to pH 2 with conc. hydrochloric acÅ}d. The solvent was removed
under reduced pressure, and the residue was recrystallized from ethanol; yield
                                                        '75 %, mp 277--178eC (ref.[2] l780C) . . ,'. •. '' . . .
 '                                                                   '    Benzyloxycarbonyl-D,L-alanyl-D,L-alanine (13b), -glycyl-D,L-alanine (13c)
and -D,L-alanylglycine (13d) were prepared in a simÅ}lar way to 13a. The'

solvent for recrystallization, yield and melting point of the products are as

follows•
       ,
13b: Ethyl acetate-petroleuTn ether, 65 a!., 147-149eC (ref.[2] l49eC)

13e: Ethanol, 78 Z, l76eC (ref.[31 1760C)

13d: Ethyl acetate, 71 Z, 126-127eC (ref.[3] 127eC, ref.[2] 1330C)

     GZyeyZgZycine 4-aaetyZ-2-nitpophenyZ ester hydrobrontde(17)s To 50ml of

ethyl acetate solution containing 3.6g (20mmole) of 4-aeetyl-2-nitrophenol and

5•3g(20rn!rtole) of benzyloxycarbonylglyeylglycine (13a) was added 4.lg (20mmole)

of DCC at OeC. After stirring for 3h at O"C, the mixture was kept overnight

at room temperature, and d;cyalohexylurea forrRed was then filtered off. The
filtrate was evaporated in vacuo and the res;due was recrystallized from ethyl
aeetaee-hexatte to afford 7.lg (83%) of benzyloxycarbonylglYcylgiycine 4-acetyl-

2-nitrophenyl ester (14). 30g of a glacial acetic acid solution saturated

with dry hydrogen bromide (36"!.) was added to 7.lg (!6.6mmole) of 14. After

stirring for 2h, the mixture was allowed to stand Qvernight at room tempera-

ture. The crystalline product precipitated was then filtered off and further
                     '                                                                          'recrystallized from forndc aeidi-diethyl ether to give 5.7g (15.3mmole) of '

colorless crystals in 92 % yie!d; mp (dec.) 188-l890C
       '      '                '                                             '                                        '                           '        '                                                                     '     c,2H,,N,06Br (376•2) •. , gg.ifig• . g :glgg .H ilgg : l81}g ' gi ;ll;S

     GZycyZgZyeine 4-hexanoyZ-2-nitrophenyZ esteT hydpobromider18)s Hydrogen
   'bromide salt of glycylglycine 4-hexaneyl-2-nitrophenyl ester was prepared from
                                                                            '4.8g (20mmole) of 4-hexanoyl-2-nitrophenol and 5.3g (20rmole) of benzyloxy-

earbonylglyeylglycine (13a) in a similar way to 17. 7.9g (817o) of benzyloxy-

carbonylglycylglyeine 4-hexanoyl-2-nitrophenyl ester (15) was obtained by

recrystaUizing from ethyl acetate-hexane. Treatment of 7.9g (l6.3mmo!e) of

15 with hydrogen bromide in acetic acid solution gave 18. The crude product
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was recrysta"2.11ized Åírom formic acid-diethyl ether to give 6.4g (14.8mrno!e) of'

colorless Åërystals of 18 in 9! 7. yield; mp (dec.) 176-177eC.

                .-  '            '    c,6H22N3o6Brf43?r3). sg.i:S•'':22:4,g ll2:}2 :g:gg gr.l8,:4,g

                           '                                   '                       tt                                                                 '                      '       '             '      '                 '        tt     CZyeyZgZycine 4-dodeeanoyZ-2--nitTophenyZ esteve hydrogenhromide(19a)s

HydrogeR bromide salt of glycylglycine 4-dodecanoyl-2-nitrophenyl ester was
prepared Ero[g 6.4g (20mmole) of 4-dodecanoyl-2-nttrophenol and 5.3g (20mmole)

Qf benzyloxycarbonylglycylglycine (13a) in a similar way to 17 and 28. 9.5g.
(83%) of benzyloxycarbonylglycylglycine 4-dodecanoyl-2-nitropheny! ester (16a)

was obtained after recrystallization from'ethyl aeetate-hexane. Treatment of--•

9.5g (16.7mmole) of 16a with hydrogen bromide in acetic aeid solution gave 19a.

The crude product was recrystallized from acetic aeid to give 8.2g (IS.9mmole)
                                                                             '                                                             '                                                     'of 19a in 95%yie!d; mp (dec.) 172-173eC . . .•
          '    c,,H,,N,06Br(5i.6•4) '.gg:gg• g5,blgg il2128 N,gli,Z :r.Iglg7,

                       '

     D.L-AZanyZ--D.L-aZanine 4-dodecanoyZ--2-nitrophenyZ esteT hydrobromide r19b)s

The coinpound was prepared in a simiiar way as described for 17, 18 and 19a.

Reaction was run on a 20 millimolar scale. Recrystallization from ethyl acetate

-hexane gave 9.4g (79al.) of benzyloxycarbonyl-D,L-alanyl-D,L-alanine 4-dodeea-

noyl-2-nitrophenyl ester (16b), which was eonverted to 6.9g (12.7mmole) of 19b.

Recrystallization was made from formic acid-diethyl ether in 81 "/. yield; inp

(dec.) 163-1640C, hygroscopic colorless crystals.

    c24H3sN3o6Br(544•5). ggtgg• Cc 5si:9243 HH g:Og42 N, 77:l: BBr. i!44:6s82

                                   '             '

     GZyeyZ-D.L-aZanine 4-dodeeanoyZ-2-nitpophenyZ ester hyd?ohromider19e)s

The cQrnpound was prepared using a similar procedure to 17. Reaction was run

in a 20 mUlimolar scale. Recrystallization from ethyl aeetate-hexane gave
9.2g. (15.8minole, 797.) of benzyloxycarbonylglycyl-D,L-alanine 4-dodecanoyl-2-

nitrophenyl ester (16c), whieh was converted to 7.2g (13.6mmole) of 19c. The
'produet was reetystallized from acetic acid in 86% yÅ}eld;mp(dec.) 160-161"C '
 '                            '          '                               '                     '                                                          '                                               '    tt ttt ttt t tt t tt tt         tt tt                    '                                                  '             tt        '
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    C,,H,6N,06Br(530•6) • Sg:fig• Eg;I8g ilglgg :;122,.gilglO,2
            '        '      '             '                 '              '                                                   '                       '                                                            '                                                                      '                                         '         '                                     '                 '                                                         '
     D.L-pt-Zan.orlgZyeine 4--dodeeanoyZ-2--nitrophenyZ esÅ}er hydrobromialer19d)s

The compound was prepared using a similar technique asdescribed for the synthe-

sis of 12. Reaction was run also on a 20 mil!imolar sea!e. Recrystallization
from ethyl acetate-hexane gave 9.5g (81%) of benzyloxycarbonyl-D,L-alanyl•-

g!ycine 4-dodeeanoyZ-2-nitrophenyl ester (16d), which was converted to 6.6g

(12.4mmole) of 19d. The product was recrystallized from formie aeid-diethyl

ether(77% yield); mp(dec.) 174-175eC. Hygroscopic colorless erystals•

           '                               '    C,,H,,N,06Br(530•6) . ;g.ifig• ggil99 llgl8,g :;lgi gr.l5,186,

     2.5-Eperazinedione deTivativess The authentic samples, 2,5-
piperazinedione (glycylglycine lactam) [4], 3,6-dimethyl-2,S-piperazinedione

(D,L-alanyl-D,L-alanÅ}ne !actam)[5], and 3-methyl-2,5-piperazinedione (D,L-

alanylglycine lactam)C6] were prepared accordtng to the referenees.

     BenzyZoeqycavbonyZ-B-aZanyZ-B-aZanine(20b)s The eompound was obtained

by the coupling reaetion of benzyloxyearbonyl-B-alanine with B-alanine ethyl

ester hydrochloride using the mixed anhydride method and the subsequent sapo-

nification as described by Anderson [1] and Goodman [71. The product was
recrystallized from water; mp. 144-145eC (ref.[s] 144-14SeC, ref.[g] 1450C)

     BenzyZocyeaT,bonyZ•-B-aZanyZ--B-aZanyZ-B-aZaniner20e)s This compound was

prepared from benzyloxycarbonyl-B-alanÅ}ne and B-elanyl-B--alanine ethyl ester

hydroehloride by the similar ritethod as described above. The product was
recrystallized from water; mp. 194-195eC (ref.[IO] 194-195eC, ref.[9] 1950C).

     B--AZanine 4-dodecanoyZ-2--nit?ophenyZ esteT hydrobronider22a)s The

preparation of this compound was described in detail in the chapter I.

     B-AZanyZ-B-aZanine 4-dodecanoyZ-2-nitropheny4 ester hydrob?onn der22b)s

To 50ml oÅí acetonitrile solution containing 6.4g (20rnrnole) of 4•-dodecanoyl-2-

nitrophenol and 5.9g (20mmole) of benzyloxycarbonyl-B-alany!-B-alanine (21b)

4•lg (20mmo!e) of DCC were added et OeC. After stirring for 3h at OeC, the
      '                                                'mixture was kapt to stand overnight at room tetnperature, and N,N'-dicyelohexyl

urea forrned was then filtered off. The filtrate was evaporated in vacuo, the

residue was dried. 30g of g!acial acetic acid solution saturated with
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hydrogen bromÅ}dn-. (36fC) was added to the residue. After stirring for 2h the

rnixture was allowed to sttand overnight at room temperature. The crystalline
product precipitated was then filtered off, which was furth' er recrystallized

l.llOII Sg.:t;ei.rX.d.ptO. 7gllg.l'i:7El2g2:[i.toie).of a coioriess crystanine substa...

    '

                 tt                                                               '    c,,H,,N,06Br(544•S) ''' Sgifig• g'ggl;g.'ll;lg3, 'itf;lgg gil21g8,

               '                            '            tt t ttt                                                                         '                              tt ttt t                                                      '                                                '                                                                              '    '     3-AZon.orZ-B-aZanyZ-B--aZanine 4-dodeeanoyZ-2-nitrophenyZ este" hydrobromide

r22eJs This cornpound was prepared in a similar way as in the case of 22b,

while 6.4g (20mmole) of 4-dodecanoy!-2-nitropheno! and 7.3g (20mtnole) of ben-

zyloxycarbonyl-B-alanyl-3-alanyl-B-alanine (20e) were treated in dimethyform-

a:ttide iRstead of acetonitr"e. ' The crude product was recrystallized from

formia acid-petroleum ether to give 10.8g (17.6mmole) of hygroscopic colorless

crystals of 22c in a 88a!. yie!d; mp. (dec.) 134-136eC.
                   '            tt ttt                                               '                                                               '    C,,H4,N40,Br(6i5•6) ggtfig• gg;lgg ll;l,Og :gl}9•gll2,19,?

     CyeZo-dt-B-aZanyZ (Pe"hyctr,o-1.5-daagoeine-2,6-dione]s This compound was

prepared from cyclohexane-Z,4-dione using the methed described by Y•Iwakura
                                                        'et al•[12]. mp. 298-299eC (reÅí[ll] 299.50C). . '
     PoZyeondesattons The polycondensation technique was deseribed in detail

in the chapter II.

          '        'IV - 4. .Su[nmary
 '                                              '                         '                '       '     The preparation and poiyeondensation o[ dipeptide 4-aeyl-2-nitrophenyl

esters was investigated, and it was Åíound that the conversion of the polypeptide

was high enough in nonpolar solvents, wh"e the reection in polar solvents was
accompanied by the cyclodimeric products, that is, 2,5-piperazinedione deriva-

tives. The product ratÅ}o of polypeptide to cyclodimer was estimated from the
relative intensity of NMR absorption, and wes correlated to the monomer aggre-

gation in solvents promoting the intermolecular reaction 'rather than the intra-

molecular one, . It was clarified how the hydrophilic region of the amino
    'acid site in the active esters can contribute to the polycondensation in the

reversed micelle. •                                                                       '                                                          '        tt         '                                          '                                               '                              tt     '             '                  t tt tt tt                             tt                                                                          ''. .'  ' •' 69 ••• •'' •• .                                   '
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                                Coneulsion
                                   tttt
                                    '                                         '                            tttt                             '                        '     The purpose of the present study was to synthesize polypeptides under mild .

condition utilizing the reversed micellar surface which is realized in the '••
                                                    '                                                            '         '                                                              'oriented organic molecule association. • '/• ' . '  '  , '''•
                                           '                                                             ' ' ' . Xu Chapter I, the preparation of active B-alanine 4-acyl-2-nitrophenyl...

esters as functional Teversed mÅ}celle surfactant was described. . The apparent
,.

mean aggregation numbers of model compounds prepared for B-alanine 4-acyl-2- ,•

nitrophenyl esters were measured and refered to the polypeptide formation. '

     ln Chapter II, the polyeondensation of B--alanine 4-acyl-2-nitrophenyl

esters was studied. It was found that the conversion and the degree of
polycondensation of the resulting poly(B-alanine) dependson the chain !ength aud

the structure of aey! groups. In relation to' solvents used, no po!ymer was

obtained in both protic and dipolar aprotic solvents, whereas nonpolar so!vents

were found to be suitable for the polycondensation, suggesting that the poly-

condensation proceeded on the reversed micellar surface. The reaction
                                                                '     'temperature affected a!so the polycondensation which generally proceeded

preferentially at near 30 OC and was retarded rather at higher temperature.
   ''In Chapter ZII, the preparation and polycendensation of ct-amino acld

4-aeyl-2-nitrophenyl esters was studied. The reaetion of ct-amino acid 4-acyl•-
                                                                                '
2-nitrophenyl esters gave a by-product derived from the intramolecular rearrange--

uient via the Meisenheimer complex together with poly(a-amino acid).Inparticular

the intramolecular rearrangement took place great extent in methanol as

eompared to nonpolar solvents such as cyclohexane, carbon tetrachloride and

benzene• The by-produet formed in the polycondensation was isolated and '
          'identified as N-(4-aeyl-2-nitropheny!)or--amino acid. •'  • '•'• 1 '
     ln Chapter IV, the preparation and polycondensation of dipeptide 4-acyl-
 '             tt2-nitrophenyl esters was investÅ}gated, and it was found that the eonversion of
                                    '                                                                           '                                                          'the polypeptide was high eneugh in nonpolar solvents, while the reaction in polar
solvents was accompanied by the cyelodimeric product, that is, 2,5-piperazine- '

dione dgrivatives•. .../. The product ratio of polypeptide to cyclodimer was'
estimated from the relative Å}ntensity ef mx spectra • and was correlated •'  .' .'

[getlfiti72:oOMieeeru!agairoenggYOn PrOMoting the intermoiecuiar reaction rather than .

'
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