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First lactamimide monomers were synthesised by the bisimide—lactam ring contraction and polymerised by the
high-temperature transesterification in the melt to give lactamimide-containing polymers. The polymers were
amorphous with good film-forming properties, soluble in common organic solvents, and showed from low to
medium molecular weight. Lactamimide-containing polymers bearing aliphatic spacers showed strong
fluorescence with large Stokes shift (140—150 nm) peaking at 580—-585 nm while those with phenyl groups on
nitrogen atoms presented very weak fluorescence probably resulting from loose-bolt quenching, Peaking at 610—
615 nm. The polymers showed third-order non-linear optical susceptibility in the range 810" e.s.u.
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INTRODUCTION ties due to their electronic structure and show good
d environmental stability. Yet, the reduction in symmetry of
h lactamimide C4,) compared to bisimidell,,) is favourable

for the tractability of polymers and transparency of polymer
films which are of importance for optical applications. This
paper reports the first synthesis of lactamimide monomers,
their polymerisation, and the characterisation of the
obtained polymers.

Six-membered ring dicarboximides are commonly viewe
as chemically very inert. Strong hydrolysing reagents suc
as hot, concentrated sulphuric acid or KCQ#rt-butyl
alcohol are required for their saponificattod completely
different reaction pathway is observed, however, if under
much milder conditions, alkali metal hydroxides in alcohol
react with six-membered ring bisimides such as naphtha-
lene-1,8:4,5-tetracarboxylic bisimides to produce lactam-
imides’ with loss of a C1 fragment from one carboximide. EXPERIMENTAL
In all cases only one of the imide ring systems is .
transformed in lactam leaving the second one unchanged.Materials _ _
In agreement with this conclusion is the finding that  All reagents were used as received from Aldrich.
monoimide does not undergo ring contraction. .

Recently the mechanism of this rearrangement has beenM0del compound and monomer synthesis
proposed, which includes the addition of one equivalent of ~ N,N'-Bis(n-nonyl)-1,8,4,5-naphthalenetetracarboxylic
OH™ to one of the imide carbonyl. Subsequent ring bisimide @). 1,4:5,8-Naphthalenetetracarboxylic acid
contraction leads to the formation of a lactam followed by dianhydride {) (5.0 g, 18.6 mmol) anch-nonylamine
decarboxylation. This is a novel type of rearrangement and (5.4 9, 37.3 mmol) ana-dichlorobenzene (80 ml) were
appears to be a general reaction for other six-membered ring’€fluxed until the reaction mixture became clear (3 h).
bisimides. The hot solution was filtered and cooled. The solid

Several naphtha|ene_|actamimides, Starting from formed was filtered off and dried in vacuum. Yield
naphthalene—bisimides, have been prepared and charac86%, mp = 173-175C. *H n.m.r. (CDCkL) 8.73 (s,
terised. They show absorption in the visible region due to 4H, arom), 4.17 (t, 4HJ) = 7.5 Hz NCH,-), 1.77-1.67
intramolecular charge transfer from donor lactam to (M, 4H, NCHCH,), 1.40-1.2 (m, 24H, (Ch)e), 0.85
acceptor imide fragments and exhibit strong fluorescence(t, 6H, J = 6.9Hz CHy), **C n.m.r., 162.8 (€O,
(quantum vyields>80%). Their large Stokes shifts are imide), 130.9 (G—H, Cy), 126.7 C,—C=0), 41.0
remarkable, rendering them promising compounds for dye (NCH2), 31.8 (NCHCH,), 29.5 (NCHCH,CH,), 29.3
lasers. Yet, strong intramolecular charge transfer and (NCH:CH,CH,CHj), 29.2 (NCHCH,CH,CH,CH)),
conjugation make them candidates for third-order non- 28.1 (CHCH,CH,CH,), 27.1 (CHCH,CH,), 22.6
linear optics materials. (CH3CH)), 14.0 (CH).

The goal of this work is to apply bisimide—lactam ring
contraction for the synthesis of novel polymers containing N,N'-Bis(n-nonyl)-1-amino-4,5,8-naphthalenetricar-
lactamimide fragments in the main chain. These polymers boxylic acid-1,8-lactam-4,5-imide). A solution of KOH

should possess luminescent and non-linear optical proper<(6.0 g, 107 mmol), compoun® (2.0 g, 3.86 mmol) in
mixture of DMSO (25 ml) and MeOH (30 ml) was heated

*To whom correspondence should be addressed at 70C overnight. The reaction mixture was poured into
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diluted HCI and the precipitate formed was filtered off and successively with 5% NaOH, water, dried over MgSénd

refluxed with ethanol (100 ml) and conc. HCI (15 ml) for

distilled in vacuum to remove the excess of 1,5-dibromopen-

3 h. The solution was filtered and the precipitate was crys- tane and NMP. The residue was extracted with hot hexane to

tallised from ethanol. Yield 42%, mp- 105-106C *H
n.m.r., (CDC}), 8.55 (d,*H, J = 7.5 Hz, H), 8.40 (H, J
=7.5Hz, H),8.15 (d,'H, = 7.5 Hz, H), 7.05 (d,*H, I =
7.5 Hz H), 4.14 (t, 2H,J = 7.5 Hz, H®), 3.92 (t, 2H,J =
7.2 Hz, H%, 1.90-1.1 (m, 28H (Ch) aliph.) 0.90-0.80 (m,
6H, H'®, H') °C n.m.r., 167.5 (&), 163.4, 162.8 (&,
Cc19, 144.8 (&), 134.3, 131.4, 125.1 (C C’, C%), 130.0,
(€Y, 126.6, (C), 124.6, 124.1 (¢, C°), 116.6 (C), 105.8
(C?), 40.9, 40.5 (&% C'%, 31.8, 29.5, 29.4, 29.3, 28.6, 28.4,
28.1, 27.1, 26.9, 22.6 (CHaliph.), 14.1 (C® CY).

Formula 1
N,N’-Bis(6-hydroxyhexyl)-1,8,4,5-naphthalenetetracar-
boxylic bisimide4). Compound4 was prepared similar to
compound2 from anhydryde 1 (2.0 g, 7.46 mmol) and 6-
aminohexanol (1.75 g, 15.0 mmol) Yield 85%, mp205—

Formula 1

207C, 'H n.m.r. (DMSO-@) 8.47 (s, 4H, arom.), 4.20 (t,
2H, J = 5.1 Hz, —OH), 3.92 (t, 4H) = 6.9 Hz, N-CH),
3.40-3.20 (m, 4H, Ck-0), 1.60—1.00 (m, 16H, (CH).
¥C n.m.r., 162.3 (€0), 130.7 (G—H, C,), 126.0 C,—
C=0), 60.5 (CH—OH), 32.3, 27.3, 26.3, 25.1 (GHiliph).

N,N'-Bis(6-hydroxyhexyl)-1-amino-4,5,8-naphthalenetri-
carboxylic acid-1,8-lactam-4,5-imide5), A solution of
compound4 (2.0 g, 4.62 mmol), KOH (6.7 g, 120 mmol)
in the mixture of MeOH (40 ml) and DMSO (30 ml) was
heated at 7GC overnight. The reaction mixture was poured
into diluted HCI, the precipitate formed was filtered off and
refluxed for 3 h with 100 ml ethanol containing 15 ml conc.

give white crystals on cooling. Yield 60%, mp 3C°C. H
n.m.r. (CDCE), 'H n.m.r. (CDC}) 8.21 (d, 2H,J = 9.3 Hz,
ortho to NO,), 6.96 (d, 2H,J = 9.3 Hz, metato NO,),
4.09 (t, 2H,J = 6.3 Hz, G,—~0O—-CH,-), 3.44 (t, 2H,J =
6.6 Hz, H,,Br), 2.00-1.80 (m, 4H, Ar-O-
CH,CH,CH,CH,CH,Br)), 1.70-1.60 (m, 2H, Ar—O-—
(CH,),CH»-).” ®°C n.m.r., 164.0 (G-0), 141.3 (G~
NO,), 125.9 (G, ortho to NO,), 114.4 (G, metato NO,),
68.5 (O—CH), 33.4 (CHBr) 32.2, 28.7, 22.2 ((Ch)»).

1-(5-Hydroxypentyloxy)-4-nitrobenzer®.( A solution
of compound7 (10.5 g, 36 mmol) was stirred overnight in
hexamethylenephosphotriamide (HMTA) (20 ml) at 400
containing 10 ml of water and 3.6 g, 43 mmol sodium
hydrocarbonate. The reaction mixture poured into diluted
HCI, The solid formed on cooling was filtered off, dried
in vacuum and crystallised from carbon tetrachloride,
Yield 87%, mp= 25°C. *H n.m.r. (CDCk) 8.21 (d, 2H,J
= 9.0 Hz,ortho to NO,), 6.94 (d, 2H,J = 9.0 Hz, metato
NO,), 4.07 (t, 2HJ = 6.3 Hz, G,—O—-CH,—), 3.70 (t, 2HJ
= 6.3 Hz, (H,0H), 2.00-1.80 (m, 2H, ArO—CH,CH,),
1.70-1.50 (m, 4H, Ar—-O—(CBH2CH,CH,-). °C n.mr.,
164.1 (G,~0), 141.3 (G—NO,), 1258 (G, ortho to
NO,), 114.3 (G, metato NO,), 68.7 (O-CH), 62.6
(CH,0H), 32.2, 28.7, 22.2 ((CH3).

4-(5-Hydroxypentyloxy)anilinedf. A solution contain-
ing compound8 (6.2 g, 27.5 mmol), hydrazine hydrate
(3 ml) and Raney-Ni catalyst 1.5 g was refluxed for 8 h.
The catalyst was filtered off and the solvent was evaporated
in vacuum to give yellowish crystals. Yield 88%d n.m.r.
(CD;0D), 6.80-6.60 (m, 4H, arom.), 4.82 (s, 2H, NH
3.89 (t, 2H,J = 6.3 Hz, G,—O—-CH,-), 3.56 (t, 2HJ =
6.3 Hz, GH,0H), 1.80-1.60 (m, 2H, Ar—O-CJCH,)),
1.65-1.40 (m, 4H, Ar—O—(CH2CH,CH,-). **C n.m.r.,
154.3 (G,—0), 142.0 (G—NH,), 118.7, 117.1 (), 70.1

HCI. The hot solution was filtered and poured into water (O—CH,), 63.4 (CHOH), 33.9, 30.9, 24.0 ((CH>).

(500 ml). The precipitate formed was filtered off, dried in

vacuum and crystallised from ethyl acetate. Yield 57%, mp

= 118-120C. *H n.m.r. (DMSO-@), 8.24 (d,'H, J =
7.2 Hz, H), 8.14 (d,'H, J = 7.5 Hz, H), 8.03 (d,H, J
=7.2Hz, H), 7.25(d,’H, I = 7.5 Hz, H), 3.90 (t, 2HJ =
7.5 Hz H%), 4.20 (s, 2H, OH?, 3.80 (t, 2H, = 6.6 Hz, H),
1.70-1.10 (m, 20H, Ch. °C n.m.r., 166.7 (&Y, 162.5,
162.4 (C2, clj%, 144.0 (cci?), 134.1, 130.1, 125.0 & C°,
C"), 129.0 (C9, 125.9 (C), 123.5, 122.9 (¢ C°), 115.4
(C%), 106.7 (G), 60.6, 60.5 (C°, C'"), 32.4, 28.1, 27.8, 26.5,
26.1, 25.3, 25.1 (CHaliph.).

Formula 2
1-(5-Bromopentyloxy)-4-nitro-benzeng&).( A solution

of 4-nitrophenol (10 g, 72 mmol), and 1,5-dibromopentane

(50 g, 217 mmol) ilN-methylpyrrolidone (NMP) was heated

at 80C in the presence of potassium carbonate (10 g,

Formula 2

72 mmol) with stirring for 48 h. The solid was filtered off
and the liquid was diluted with C}l, (300 ml) and washed
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N,N’-Bis(4-(5-hydroxypentyl)phenyl(-1,8,4,5-naphthal-
enetetracarboxylic bisimidel(). Compoundl0was pre-
pared similar to bisimid® from 1 (2.8 g, 10.4 mmol) and
amine9 (4.5 g, 23 mmol) and 100 mb-dichlorobenzene.
Yield 85%, mp> 300°C. *H n.m.r. (DMSO-@), 8.69 (s,
4H, H?), 7.33 (d, 4H,J = 8.7 Hz, H), 7.08 (d, 4H,J =
8.7 Hz, H), 4.13 (s, 2H, OH), 4.05 (t, 4H] = 6.3 Hz, H),
3.42 (m, 4H, H?), 1.82—1.75 (m, 4H, &), 1.60-1.40 (m,
8H, H, H'3, *Cn.m.r., 163.1 (%158.5 (C), 130.4 (C),
130.0 (&), 127.8, 126.9, 126.6 (CC*, C*%) 114 (C°), 67.7
(C?), 60.6 (C3), 32.2, 28.8, 22.2 (&, Cc*, C*.

Formula 3
N,N’-Bis-(4-(5-hydroxypentyl)phenyl(-1-amino-4,5,8-
naphthalenetricarboxylic acid-1,8-lactam-4,5-imidd.1).

A solution of compoundlO (3.5 g, 5.6 mmol), and KOH

(10 g, 178 mmol) in a mixture of 60 ml methanol and

Formula 3

11 13
707870 12 Tow

60 ml DMSO was refluxed overnight. The reaction
mixture was poured into diluted HCI, the precipitate
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formed was filtered off, washed with water and dried in
vacuum. The solid was refluxed in a mixture of EtOH
(70 ml) and conc. HCI (15 ml) until the colour of the solid
turned from red to yellow. The reaction mixture was poured
into water washed with water, dried in vacuum and crystal-
lised from chlorobenzene. Yield 72%, mp205-207C. H
n.m.r. (DMSO-@) 8.45 (d,*H, J = 7.2 Hz, H), 8.27 (d,*H,
J=7.2 Hz, H), 8.26 (d,'H, J = 7.5 Hz, H), 7.50 (d, 2H,J
=9.0Hz, H%, 7.23 (d, 2H,J = 8.7 Hz, H), 7.14 (d,
2H,J = 9.0 Hz, H°), 7.13 (d,'H, J = 7.5 Hz, H"), 7.03 (d,
2H, J = 9.0 Hz H'), 4.40 (s, 2H, OH), 4.10-4.00 (m, 4H,
H'8 H%"), 3.50-3.40 (m, 4H, B, H%"), 1.90—1.70 (m, 4H,
H?8 H?Y), 1.60—1.40 (m, 8H, Bf, H?® H°, H?%. **C n.m.r.,
166.2 (C1), 163.1, 163.0 (& C%), 158.3, 158.2 (€, C*1),
144.7 (&), 134.2, 131.3, 125.5 (€ C°, C"), 128.8, 128.3,
126.2, 126.0, 124.3, 123.1 t&C° C* C™ 8 C*%, 130.1
(C*,127.4(C), 116.4 (C) 115.2 gdf'), 114.5 (C%), 107.0
(C?, 67.9,67.7 (868, C%), 60.6 (C, C?), 32.2, 28.6, 22.1
(Cl ’ CZO, C21, C2 , ng’ Cso).

Formula 4

Polymerisation. All polymers were prepared by high-
temperature transesterification in melt.

Poly-4m. A mixture of monomer 4 (0.500 g,

Formula 4

13)
3
HO/31\9§§2%} 26 231
2524 7

921
70718720722 0H

14 1
15 16

1.15mmol) and dimethylisophthalate 13} (0.223 g,
1.15 mmol) and titanium tetraisopropoxide (Ti(O(i—Br)
(0.001 g) was heated for 1.5h at 265under nitrogen
flow. Then the pressure was reduced to 0.1 mmHg and the
reaction mixture was heated for 1 h more. The polymer
formed was dissolved in CHgbn heating, purified by pre-
cipitation into methanol and dried in vacuum until constant
weight.

Poly-4p. The polymerisation was carried out similarly
to Poly-4m from monomer4 (0.500 g, 1.15 mmol) and
dimethylterephthalatel@) (0.223 g, 1.15 mmol). The poly-
mer formed was not soluble in common organic solvents
and was not purified by precipitation.

PolymersPoly-5m and Poly-5p were prepared similarly
to Poly-4m from monomer5 (0.500 g, 1.23 mmol) and
dimethylisophthalate 13) and dimethylterephthalatel %)
(0.239 g, 1.23 mmol), respectively.

Poly-11m and Poly-11p These were prepared from
monomer 11 (0.500 g, 0.841 mmol) and dimethyliso-
phthalate {3) and dimethylterephthalatel?) (0.163 g,
0.841 mmol), respectively, similarly t®oly-4m.

Poly-10m A mixture of monomer 10 (0.500 g,
0.803 mmol), dimethylisophthalate 13) (0.156 g,
0.803 mmol) and Ti(Oi—Pg) (0.001 g) was heated at
320°C for 30 min under nitrogen flow. Then pressure was
reduced to 0.1 mmHg and the reaction mixture was heated
until it solidified (15 min). The polymer formed was not
soluble in common organic solvents.

Measurements

The number average molecular weights of polymers were
determined by*H n.m.r. analysis of the end groups, d.s.c.,
and t.g.a., performed at a heating rate ofC/@nin under
nitrogen with a du Pont 2100 machine. Glass transitig (
temperatures were determined from d.s.c. curiidsi.m.r.
and *C n.m.r. spectra were taken using a Varian spectro-
meter at 300 and 75.5 MHz, respectively, in DMSg-d
CDCl; or CD;OD, with TMS as the internal standard.
Emission and excitation spectra were measured with a
Perkin-Elmer 630-10S fluorimeter using thin films spin-
coated onto a quartz slide. AY® data were obtained on
cast films using the picosecond laser consisting of a mode-
locked Quantel Nd:YAG laser with frequency doubled to
532 nm.

RESULTS AND DISCUSSION

Monomer and polymer synthesis

The synthetic route to model compouBdand lactam-
imide monomers5 and 11 is shown in Scheme 1
Dianhydridel was used as starting material in all cases.
The reaction at high temperature betweénand n-
nonylamine or 6-aminohexanol produced bisimideand
4, respectively. The obtained bisimides underwent
bisimide—lactam ring contraction to give model compound
3 and monomer5, respectively. As seen from Section
Section 2, significant decrease in melting points were
observed for compounddand5 compared to bisimide2
and 4 (68 and 87C, respectively) due to symmetry
reduction occurring during the ring contraction. Monomer
11 bearing phenyl substituents at nitrogen atoms was also
synthesised to study the effect of aromatic substituents on
polymer properties. The synthetic route includes aromatic
amine9 synthesis comprising of alkylation of 4-nitrophenol
(6) with 1,5-dibromopentane generating monosubstituted
intermediate 7 followed by the hydrolysis of bromine
atom and the reduction of NOgroup. The reaction
between dianhydridé and amined produced bisimidel0
which was isomerized to give lactamimide mononidr
Again, it is remarkable that a large melting point depression
of 11 compared tal0 is observed. CompountiO did not
melt below 300C while monomerll melted at 20%C.

As bifunctional hydroxy-terminated monomers, com-
pounds 5 and 11 were copolymerised with dimethyl
isophthalate and dimethyl terephthalate by transesterifica-
tion in melt to produce polyesteRoly-5m, Poly-5p, Poly-
11m and Poly-11p (Scheme 2 To study the effect of
bisimide—lactam ring contraction on polymer properties,
model polyesters containing bisimide units were prepared
from bisimides4 and 10 and dimethyl isophthalate and
dimethyl terephthalate to give bisimide-containing poly-
estersPoly-4m, Poly-4p and Poly-10m. It was impossible
to prepare model polymer frod0 and dimethyl terephtha-
late due to extremely low tractability of both0 and the
polymer. The structure of polymers was confirmed by
n.m.r. and**C n.m.r. spectroscopy. As an examgieure 1
presents'H n.m.r. spectra oPoly-5m and the respective
model polymerPoly-4m. The spectra oPoly-4m are easy
to assign. They consist of a singlet at 8.72 ppm, correspond-
ing to naphthalene H protons, and three signals of
isophthaloyl protons appearing at 8.61 (st)H8.17 (d,

H® J= 7.8 Hz) and 7.49 (t, i, J = 7.8 Hz). There are two
triplets at 4.33 and 4.19 ppm with= 6.6 Hz corresponding
to methylene protons of an aliphatic spacer connected to
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Model Compound and Monomer Synthesis

2

‘AOH, MeOH

DMSO

)/KOH, MeOH

DMSO

Br/\/\/\o—O'Noz
7

KoH, MeoH\ 19
DMSO

Scheme 1

oxygen and nitrogen atoms, respectively @d H'). Weak
signals of terminal methylene protons of —gbH and
COOMe groups are seen at 3.64)t 6.6 Hz) and 3.89 (s)
ppm. In the spectra d?oly-5m, naphthalene protons are no
longer equivalent due to symmetry reduction and are split
into four doublets with) = 7.2-7.5 Hz at 8.51, 8.35, 8.12
and 7.02 ppm. Isophthaloyl signals do not change compared
to Poly-4m. An additional multiplet corresponding to two
protons appeared at 3.94 ppm in the spectrdalfy-5m.

This signal is due to Cklconnected to a nitrogen atom of
the lactam ring. These protons are shielded compared to
CH, connected to imide nitrogen due to the absence of
additional carbonyl in lactam. Similarly ®oly-4m a weak
signal of terminal methylene protons of —@BH group is
seen at 3.64 ppm. Th&H n.m.r. spectrum oPoly-5p is
similar to that ofPoly-5m with the only difference being

that four protons of terephthaloyl units appeared as singlets 200 400 600 800
at 8.07 ppmFigure 2 Shows assignetH n.m.r. spectra of
Poly-11m and Poly-11p, derived from monomerll.
Similarly to the spectra of other polymers, the signals of Figure1 Absorption (1), emission (2) and excitation (3) spectrRaif-5p

ABSORPTION
)
RELATIVE INTENSITY

WAVELENGHT (nm)
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Polymer Synthesis

Scheme 2

Table 1 Some physico-chemical properties of synthesized polymers

Polymer T (°C) T, (°C) My (X 10%)  Apax (NM)? Nem (NM)P Nex (NM)° Solubility in ~ x© (10" e.s.u.§
CHCl,

Poly-4m 180 30 4.8 377 - - + (hot) -

Poly-5m - 60 34.1 434 581 466 + 2.2

Poly-4p 262 30 - 376" - - - -

Poly-5p - 50 33.1 435 582 467 + 4.1

Poly-10m 254 - - 380° - - - -

Poly-11m - 50 4.3 446 615 469 + 8.2

Poly-11p - 50 4.4 447 614 470 + 9.2

dLong-wave absorption maximum

PEmission maximum (measured at the excitation maximig) for the respective compound)
°Excitation maximum (measured at the emission maximig)(of the respective compound)
YMeasured for the respective bisimide in DMSO solution

Third-order non-linear optical susceptibility

terminal CHOH groups are seen at 3.64 ppm. The number polymers are of low molecular weight. This is due to the
average molecular weightsM() of polymers were fact that monomergl and 11 have high melting points
calculated from'H n.m.r. data and the results are listed (>200°C), and dimethylisophtalate or dimethylterephthalate
in the Table 1 As can be seerRoly-5p andPoly-5m show used as comonomers sublimate noticeably before the
reasonably high molecular weight while other soluble polymerisation started. This can be confirmed by the n.m.r.
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0.2 {42 o
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—~ot M °
2 Poly4 g
H y-4m g
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H o)
1 10 :N
H Q
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18 b 19 29
< > 4
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Poly11m
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H30 g
B
=
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1S 8,
g
L @)
9 8 7 6 5 4 3 2 1 ppm
Figure 3 'H n.m.r. spectra oPoly-11mandPoly-11p
spectra; while théH n.m.r. spectra oPoly-5p andPoly-5m Polymer properties

show two types of terminal groups (COOMe and —OHH),
in the spectra of other polymers only —@bH terminal As expected, the incorporation of lactamimide units into

groups are observed. This means that sublimation of the polymer chain changes drastically polymer properties
comonomer in the initial stage of polymerisation disturbs compared to their bisimide analogues. First of all with
the stoichiometry resulting in low-molecular weight hydroxy- regard to the tractability and crystallinity of polymers. As
terminated polymers. seen fromTable 1 all polymers containing lactonimide
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units are readily soluble in common solvents like chloro- the chromophore with that of the phenyl groups after
form. They are amorphous, as can be seen from their d.s.crotation about the N—§ bond. The absorption, emission
traces (showing no melting endotherm) and give transparentand excitation spectra d?oly-11p and Poly-11m are red
films on casting. On the other hand, bisimide-containing shifted compared to these Bfoly-5m and Poly-5p due to
model polymers show poor tractability. OnBoly-4m is the electronic coupling between chromophore and phenyl
soluble in hot chloroform, while the others are not soluble in rings; Figure 3 shows the absorption, emission and
common organic solvents. All bisimide-containing poly- excitation spectra oPoly-5p as an example.
mers show a crystalline phase, as indicated in the melting The third-order non-linear optical susceptibilitied®) of
endotherms in their d.s.c. traces. A loss of one carbonyl the synthesised polylactamimides were found to be in the
group during bisimide—lactam ring contraction reduces the range of 10'°~10 " e.s.u. Table 1), which is comparable
symmetry of monomer fronD,y, to Cy, producing mono- to those of polydiacetylenes, polyanilines and polythio-
mers5 and11. The polymerisation of the monomers gives phene$, which are known for their non-linear optical
polymers with randomly distributed head to head, head to properties.
tail, tail to head and tail to tail sequences which contribute to
the solubility and amorphous nature of the polymers. The
ring contraction does not affect the thermostability of the CONCLUSIONS
polymers. All polymers show 10% weight loss at 400— First, lactamimide monomers were synthesised by bisi-
415C. It is noteworthy thatT, values of lactamimide-  mide—lactam ring contraction and polymerised by high-
containing polymers are raised by 20°230compared to  temperature transesterification in the melt to give lactami-
their bisimide analogiesT@ble 1. This phenomenon may mide-containing polymers. The polymers were amorphous
be attributed to strong dipolar interaction between polar with good film-forming properties, soluble in common
lactamimide fragments. Bisimide—lactam ring contraction organic solvents, and showed from low to medium
causes a drastic change in electronic structure of aromaticmolecular weight. Lactamimide-containing polymers bear-
moieties, reflected in the significant bathochromic shift of ing aliphatic spacers showed strong fluorescence with large
long-wave absorption maximum (55-70 nm) of lactam- Stokes shift (140—150 nm) peaking at 580—-585 nm, while
imide-containing polymers compared to the bisimide those with phenyl groups on nitrogen atoms presented very
analogies Table 1. This bathochromic shift is due to weak fluorescence, probably caused by loose-bolt quench-
intramolecular charge transfer from donor lactam to ing, peaking at 610—615 nm. The polymers showed third-
acceptor imide moieties. The long-wave absorption order non-linear optical susceptibility in the range of 1%
maxima of Poly-11p and Poly-11m bearing phenyl 10 1e.s.u.
substituents on nitrogen atoms are 10 nm red-shifted
compared to those dPoly-5p and Poly-5m, where the
aliphatic spacer connected directly to the nitrogen. Most ACKNOWLEDGEMENTS
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