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Abstract—Ternary polyesteramides with alternating sequences of 4-aminobenzoyl. glycyl and hydroxyl-
or mercaptoacetyl residues were synthesized by thermal condensation polymerization of corresponding
isothiocyanatocarboxylic acids. These monomers were prepared in various ways by reaction of 4-isothio-
cyanatobenzoylchloride with suitable derivatives of glycine and hydroxy- or mercaptoacetic acid. The
polymerization conditions must be carefully controlled in order to avoid side-reactions which lead
to random sequences. '*C-NMR spectroscopy proved to be suitable for characterization of the

sequences.

INTRODUCTION

We have already described the synthesis of poly-
amides by thermal or base-catalysed condensation
polymerization of w-isothiocyanatocarboxylic acids
[1]. This method was especially useful for the syn-
thesis of copolyamides with an alternating sequence
of various w-amino acids [2-5). Furthermore, alter-
nating copolyamides containing w-amino acid resi-
dues together with w-amino sulphonic acids were syn-
thesized in this way [6]. Thus, we were interested
to test this method for synthesis of polyesteramides
or polydepsipeptides with an alternating sequence of
w-amino, w-hydroxy- and w-mercapto carboxylic
acids. In this paper we report the syntheses of four
ternary polyester amides with isomeric sequences.
Such copolymers are interesting model compounds
for an NMR investigation on sequence (neighbouring
residue) effects as well as for studies on the mechan-
ism of thermal degradation. This latter subject will
be reported in a later paper.

RESULTS AND DISCUSSION
Synthesis of monomers

Glycine, hydroxyacetic acid and mercaptoacetic
acid were chosen as building blocks of the ternary
polyesteramides for two reasons:

(1) The acids themselves and their precursors (bro-
moacetic acid and derivatives) are cheap and com-
mercially available; their derivatives, ie. the tert-
butylesters, are easily accessible [7, 8].

(2) Several homo- and copolyesters, -polypeptides
and -polyamides containing these building blocks
were prepared by us or by other investigators and
allow interesting comparisons of properties.

Since isothiocyanatocarboxylic acids and their
esters containing more than two monomer units can-
not be distilled without decomposition. 4-aminoben-
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zoic acid was chosen as the fourth building block,
in order to achieve well crystallizing monomers. Thus,
the polyesteramides Illa,b and IVa.b should be pre-
pared by thermal condensation of the monomers la,b
and Ila)b. These monomers must be prepared by
various routes, since no simple procedure was found
suitable for the synthesis of all four monomers. How-
ever, 4-isothiocyanatobenzoyl chloride, easily access-
ible from 4-aminobenzoic acid, thiophosgene and
thionyl chloride, servvved as starting materials for the
synthesis of all four monomers.

O-Glycyl hydroxyacetic acid VI, first described by
Stewart [9], was prepared from benzyloxycarbonyl
glycine and bromoacetic acid tert-butylester. The pro-
tected depsipeptide was treated with hydrogen bro-
mide in glacial acetic acid to remove both protecting
groups and the resulting free depsipeptide V was con-
verted to the monomer la in a onc flask procedure
following our previously described “silylester hydro-
chloride method™ [10] (2). However. this procedure
is not useful for the synthesis of monomer Ib, because
S-glycyl mercaptoacetic acid i1s not easily accessible.
In this case first 2-(4-isothiocyanatophenyl-)-oxazo-
lone-5 (VII) was prepared from the previously de-
scribed [2] 4-isothiocyanatohippuric acid and dicyc-
lohexyl carbodiimide (DCC), (3). The oxazolone VII
reacts smoothly with excess of anhydrous mercapto-
acetic acid to the well crystallizing monomer Ib (4).

The monomers Ila and b were synthesized by
parallel routes. First hydroxy- and mercaptoacetic
acid tert-butylester, for which an improved synthetic
procedure was described in a previous paper [7], were
acylated by 4-isothiocyanatobenzoyl chloride (5). The
resulting dimers VIIIa and b were converted to the
corresponding free acids IXa and b using anhydrous
trifluoroacetic acid. It turned out that the tert-butyles-
ter group is the only carboxyl protection besides silyl-
ester groups which can be removed without side
reactions of the isothiocyanato and the thiolester -
group. From the free acids IXa and the highly reac-
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tive 1-hydroxy-1,2,3-benzotriazole, esters Xa and b
were prepared by means of dicyclohexyl carbodiimide
(7). These activated esters proved to be so reactive
that their conversion with glycine tert-butylester (8)
was not accompanied by the formation of thioureas
from the aromatic isothiocyanato group. The trimeric
tert-butylesters thus obtained yielded the monomers
Ha and b by treatment with trifluoroacetic acid (9).

Condensation polymerization

It has been shown that a thermal condensation of
aliphatic w-isothiocyanatocarboxylic acids occurs at
temperatures above 150°. Above 180°, on the other
hand, side reactions like transamidation can occur.
Condensation below 150° is possible if an aprotic
strong base like triethylamine is used as catalyst [1].
In this case however, lower polymerization degrees
are expected [1, 5]. Since the melting points of the

—_—_—— -
—CH,=C(CH3),

monomers Iab and Hab are above 150°, condensa-
tion in a homogeneous melt would require tempera-
tures in the range 180-200°. Hence all condensations
were carried out in an inert, thermally stable solvent
at temperatures <175° in order to avoid disturbing
the sequences. Using N-methylacetamide which was
the best solvent for such condensations in our pre-
vious experiments [, 5], we were able to obtain the
polyesteramides la, Ila and IIb with the expected
alternating sequence (No. 1, 5 and 8, Table 1). Since
the reaction temperature of 175° was high enough
to allow a fast condensation, no catalyst was added
in these experiments. The more basic solvent N,N-
dimethylacetamide allowed a similar fast reaction at
lower temperatures (No. 3, 4 and 7, Table 1) however,
the resulting polyesteramides did not possess an alter-
nating sequence. The monomer Ib proved to be most
sensitive to side reactions. Therefore, the reaction
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Table 1. Condensation polymerization of the isothiocyanatocarboxylic acids—under various conditions
Temp  Time nsp/c*
No. Monomer Solvent Catalyst () (hr) (cm-g™ ") Sequencet

1 N(4-isothiocyanatohippuryl)- N-methyl 175 2 216 alternating
hydroxyacetic acid {Ia) acetamide

2 N-{4-isothiocyanatohippuryl)- hexamethyl triethylamine 50 18 20.7 alternating
mercaptoacetic acid (Ib) phosphoric

acid triamide

3 N-{4-isothiocyanatohippuryl)- N.N-dimethyl — 120 5 - random
mercaptoacetic acid (Ib) acetamide

4 N-[O-(4-isothiocyanato- N,N-dimethyl 120 1.5 15.7 random
benzoyl-thydroxyacetyl-] acetamide
glycine (Ha)

5 N-[O-(4-isothiocyanato- N-methyl- 175 2 14.9 alternating
benzoyl-)hvdroxyacetyl-] acctamide
glycine (Ha)

6 N-[O-(4-isothiocyanato- 1,2-dichloro- ZnCl, 140 4 random
benzoyl-)hydroxyacetyl-] benzene
glycine tert-butylester(Xla)

7 N-[S-(4-1sothiocyanato- N.N-dimethyl- — 120 1.5 random
benzoyl-imercaptoacetyl-] acetamide
glycine (1ib)

8  N-[S-(4-isothiocyanato- N-methyl- - 175 2 — alternating
benzoyl-)mercaptoacetyl-] acetamide
glycine (IIb)

9  N-[S-(4-isothiocyanato- 1,2-dichloro- ZnCl, 140 4 random

benzoyl-imercaptoacetyl-] benzene
glycine-tert-butylester

(X1b)

* Measured with ¢ = 10g/1 in dichloroacetic acid at 20"

+ Checked by '*C-NMR spectroscopy.
* Containing 10°, N,N-dimethylacetamide.

temperature must be lowered to 50 and triethylamine
was added as catalyst. In order to prevent a rapid
precipitation of oligomers and thereby a marked de-
crease of the reaction rate, hexamethyl phosphoric
triamide was used as solvent for this experiment (No.
2, Table 1).

Besides the isothiocyanatocarboxylic acids la and
b, the corresponding tert-butylesters IXa and b were
tested as monomers (No. 6 and 9. Table 1)
Tert-butylesters of carboxylic acids are known to split
off isobutylene at temperatures >200". In order to
lower the condensation temperature an acidic cata-
lyst. viz. zinc chloride was used, since in the case of
protic catalysts side-reactions with the isothiocyanato
group were expected. Although the reaction tempera-
ture was as low as 140°, only random sequences were
obtained.

From a comparison of the viscosity measurements
given in Table 1 with the viscosity-mole weight rela-
tionship reported for the polyester of lactic acid [11]
or y-benzyl glutamate [12], we can estimate the
weight average M, of the polyesteramides 11¥a,b and
IVab to be in the range 15000-25000. On the other
hand, we have measured viscosities of poly-L-leucine,
polysarcosine and poly-f$-alanine samples for which
the polymerization degree was determined by
"H-NMR spectroscopic end-group analysis [13-15].
From a comparison with these values, the number
average M, of the polyesteramides may be estimated
to be in the range of 4000-8000. It is clear that, under
reaction conditions required for alternating

sequences, high molecular weight polyesteramides
cannot be produced.

P3C-NMR spectroscopy

The synthesis of copolymers with a defined
sequence requires a suitable analytical tool for char-
acterization of the products if new synthetic methods
or monomers of a new class are used. For copoly-
amides as well as for copolypeptides. '*C-NMR spec-
tra are useful for the characterization and analysis
of alternating or random sequences. Thus, alternating
binary copolyamides can only show two carbonyl sig-
nals, while !3C-NMR spectra of binary random co-
polyamides may exhibit four signals [16]. A ternary
polyesteramide with a random sequence contains nine
different ester and amide groups, hence a maximum
of nine carbonyl signals is expected in its '*C-NMR
spectrum. Since only three carbonyl signals were
found in the spectra of Fig. 1(A),(B) and 2(A)(B), our
polyesteramides must possess the expected alternating
sequence. Figure 1(C) compared with 1(B) demon-
strates, on the other hand, that unfavourable reaction
conditions lead to transamidation and transesterifica-
tion, so that the resulting copolymers contain more
than three different carbony! groups.

One reason for the synthesis of the polyesteramides
[I1a,b and IVa,b was our interest in a spectroscopic
comparison of copolymers presenting “sequence iso-
merism of second order”. This expression was pre-
viously defined by us for comparison of sequences
which are built up from a group of identical monomer
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Fig. 1. '*C-NMR spectra (22.6 MHz) measured in trifluoroacetic acid with TMS as external standard

(solvent signals are eliminated: (A) Polyesteramide Ilfa obtained from experiment No. | (Table 1),

(B) polyestaramide IVa obtained from experiment No. 5 (Table 1), (C) polyesteramide (IVa) from
experiment No. 6 (Table 1).

units having different positions relative to one other
in the repeating sequence unit [6]. As shown by Figs.
1(A),(B) and 2(A),(B) (or by Table 3) most signals of
the isomeric pairs of polyesteramides possess different
shifts, so that the isomeric sequences can easily be
distinguished.

In the 'H-NMR spectra, however, the only sub-
stantial difference is a shift difference of 0.1-0.2 ppm
in the case of the glycine CH,-protons (Table 4).

The CH,-protons as well as the a-C-atoms could
easily be assigned, since both protons and sp* carbons
show a substantial downfield shift with increasing
electronegativity of the attached hetero atoms. The
assignment of the 4-aminobenzoyl residue has already
been described for solutions of polyamides in conc.
sulphuric acid and is based on a comparison with
various para substituted benzoic acid derivatives and
anilines [2,4]. Surprisingly, the quarternary C-1
turned out to be highly sensitive to the nature of the

hetero atom attached to the carbonyl group of the
aminobenzoyl residue. Contrary to what is expected
for sp® carbons, the quarternary C-1 shifts upfield
with increasing electronegativity of the hetero atoms
attached to the carbonyl-group. However, similar in-
verse relationships are known from other sp? and sp
carbons. Thus, for example, alkynes linked to an elec-
tropositive silicon show a downfield shift of both sp
carbons and the CO-signal of trifluoroacetic acid
appears highfield from that of trichloroacetic acid
which is highfield from that of acetic acid. In agree-
ment with such inverse shift/electronegativity rela-
tionships, the carbonyl signals of our polyesteramides
show two characteristic shift effects which contribute
much to their assignment:

(1) the carbonyl signals of the thiol ester groups
are shifted 25-30 ppm downfield of those of the nor-
mal ester groups.
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Fig. 2. "*C-NMR spectra (22.6 MHz) measured in trifluoroacetic acid with TMS as external standard
(solvent signals are eliminated): (A) polyesteramide b from experiment No. 2 (Table 1), (B) polyestera-
mide IVb from experiment No. 8 (Table 1).

(2) The carbonyl signals of mercaptoacetyl residues an N-aryl residue effects a highfield shift of the car-
shift downfield compared with those of hydroxyacetyl bonyl signal compared with an N-alkyl substituent.
residues in an identical environment. Hence the CO-signal of the hydroxyacetyl residue (i)

. in Hla should appear highfield from that in IVa and

The complete assignment of the carbonyl signals the CO-signal of the mercaptoacetyl residue in IIIb

made in Fig. 5. 1(A).(B) and 2(A)(B) is based, further- highfield from that in IVb.

more, on the following considerations: All four of these arguments lead to self-consistent

(3) The CO-signals of the 4-aminobenzoyl residues  assignments. Thus, we conclude that 13C-NMR spec-

(e) in 11la and IHb should exhibit nearly equal shifts, troscopy is useful not only for the characterization
since their close neighbourhood is identical. The same  of copolyamides but also for polyesteramides and
is true for the glycine CO-signals (g) in IVa and IVb.  probably copolyesters. Results concerning this latter

(4) It is known from carboxylic acid amides that subject will be presented in succeeding papers.

Table 3. '3C-NMR chemical shifts & (ppm. relative to external TMS) of the alternating polyesteramides Illab and

IVab as well as of polyglycine and polyglycolide in trifluoroacetic acid

Formula N"@m — NH—CH,—CO— —X—CH,—CO—
No. C4a) C-35b) C26() C-Id) CO) CHy)  COlg CHyh)  COG)
™ 1406 1220 1292 1287 1710 426 1725 640 1692
1b 1413 1219 1292 1286 1708 499 001 32 1726
IVa 1420 1219 1307 1251 1681 436 1704 636 1725
Vb 1423 1220 1292 1328 1949 445 1708 326 1741

Polyglycine
Polyglycolide

43.6

173.3

61.6

169.1
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Table 4. '"H-NMR chemical shifts § (ppm, relative to internal TMS) of the isothiocyanato carboxylic acids lab lab
and of the polyesteramides 1Ha,b, IVab in trifluoroacetic acid

Formuia ~NH—CH, -CO—  —X—CH, CO—
No. NH H-2.6 H-3.5 NH a-H X x2-H
la —  7.89(d.J = 8.5Hz) 7.32(d.J = 8.5 Hz) 790 447 (d.J = 5.0 Hz) O 5.00t
Ib — 7.87(d.J = 85Hz2) 7.30(d.J = 8.5Hz) 790 4.67(d.J = 55Hz) S 397+
11a — 8.16(d.J = 8.5Hz) 7.36(d.J = 8.5 Hz) 7.78 4.40(d.J = 5.0Hz) O 518+
11b —  8.00(d.J =8.5Hz) 7.35(d.J = 8.5Hz) 8.00 434(d.J = 50Hz2) S 4.081
Illa 9.07 7.90* 781* 8.07 4.63* O 5.14%
111b 9.14 7.89* 7.80* 8.09 4.66* S 4.10*
IVa 911 8.18* 7.79* 8.18 4.49* O S.14*
IVb 9.13 7.98* 7.78* 8.18 4.44% S 4.09*
* All signals: t broad.
EXPERIMENTAL tic acid for 30 min at room temperature and for 20 min

Solvents: dioxane, tetrahydrofurane, diethylether and
triethylamine were refluxed and distilled over sodium wire.
Aromatic solvents and dimethylformamide were refluxed
and distilled over P,O,,.

4-Isothiocyvanatobenzovl chloride (V)

137 g (1 mole) 4-Amino benzoic acid was dissolved in
a mixture of 400 ml conc. HC! and 21. warm water. 127 g
(1.1 mole) Thiophosgene was added dropwise over a period
of 1hr and the reaction mixture was stirred for an ad-
ditional 2hr at room temperature. The precipitated
4-isothiocyanatobenzoic acid was filtered off, washed with
100 ml ice water and dissolved in 21. tetrahydrofuran
(THF). This solution was dried over sodium sulphate and
concentrated in rvacuo. The crystallization of 4-isothio-
cyanatobenzoic acid was completed by addition of 400 ml
diethylether and 600 mi petrolether. The acid was dried
over P4P,, in vacuo and refuxed in 500 m! thionylchloride
until evolution of gas had almost ceased. The dark solution
was concentrated in vacuo and the remaining crystalline
product was distilled in an apparatus similar to that shown
in Fig. 33 of ref. [17], bath temperature 130-150", pressure
107 *mm, yield 79%, m.p. 68-70". For CgH,CINOS
(185.6): Calc C 4529 H 2.17 N 7.54: Found C 4541
H 246 N 743.

O-(4-Isothiocyanatobenzoyl) hydroxyacetic acid tert-butyl-
ester (VIIla)

An icecold solution of 26.4 g (0.2 mole) hydroxyacetic acid
tert-butylester and 28 ml (0.2 mole, triethylamine in 100 ml
dry THF was added dropwise with stirring to a solution
of 23.5g (0.2mole) 4-isothiocyanatobenzoyl chloride in
300 ml dry THF at — 10", The reaction mixture was stirred
for 4 hr without cooling and then refluxed 15min. The
reaction mixture was then filtered and the filtrate concen-
trated in vacuo. The residue was dissoived in 250 ml ethyl
acetate, washed twice with a 5% solution of citric acid
in water, dried over sodium sulphate and treated with
charcoal. The product crystallized {rom the concentrated
solution after successive addition of ligroin and cooling
with ice. Yield 48.7 g (83%), m.p. 62-63". For C,,H,NO,S
(293.35): Calc C 5732 H 5.15 N 4.78: Found C 57.35
H 513 N 443

S-(4-Isothiocyunatobenzoyl) mercapto-acetic acid tert-butyl-
ester (VIIb)

This was prepared from mercaptoacetic acid tert-butyl-
ester as described above. Yield 53.8 g (87%), m.p. 82-83".
For C,,H;sNO;S; (309.4): Calc C 54.35 H 489 N 4.55;
Found C 54.61 H 493 N 4.84.

0-(4-Isothiocyanatobenzovhhydroxy acetic acid (1Xa)

325g (0.1 mole) O-(4-Isothiocyanatobenzoyl)hydroxy
acetic acid tert-butylester was stirred in 60 ml trifluoroace-

at 40~50 . The reaction mixture was diluted with 100 ml
carbon tetrachloride, concentrated in vacuo. diluted with
carbon tetrachloride and concentrated again. The crystalli-
zation was completed by cooling with ice and the isolated
product was recrystallized from THF/ligroin (including
treatment with charcoal) without heating. Yield 23.5g
(99%), m.p. 165-166 (dec.). For C,,H,NO,S (237.2): Calc
C 5063 H 297 N 590: Found C 50.73 H 2.79 N 6.01.

S-(8-Isothiocyunatobenzoyhmercapto acetic ucid

This was prepared from the corresponding tert-butyl-
ester as described above. Yield 24.8 g (98%,). m.p. 150- 152
(dec). For C,,H,NO;S, (253.3): Calc C 4742 H 279
N 5.53; Found C 47.68 H 3.00 N 581,

N-[0-~(4-Isothiocyunatobenzoyl-)
tert-butylester (IXa)

hydroxvacetyl-]  glvcine

23.7 g (0.1 mole) 4-Isothiocyanatobenzoyl hydroxvacetic
acid and 20g (0.15mole} I-hydroxy-1.2.3-benzotriazole
were dissolved in 300 ml dry THF and mixed at —10 with
a cooled solution of 21.6 g (0.105 mole} dicyclohexyl carbo-
diimide in 50 ml dry THF. 10 min later a solution of 13.1 g
(0.1 mole) glycine tert-butylester [8] in 50 ml dry tetrahyd-
rofurane was added dropwise at —10 . The reaction mix-
ture was stirred for 2 hr without cooling, filtered and con-
centrated in vacuo. The residual oil was diluted with 300 ml
ethylacetate washed with a 10%, solution of citric acid and
with a saturated ammonium sulphate solution. After dry-
ing over sodium sulphate. the solution was concentrated
in vacuo and the product crystallized by successive addition
of ligroin under cooling. Recrystallization was achieved
from THF/ligroin without heating. Yield 21.2 g (61";), m.p.
164-165 . For C4H 4N,0,S (350.40): Calc C 54.84 H 5.18
N 8.00: Found C 55.04 H 5.25 N 8.0%.

N-[S-(4-Isathiocyanatobenzovl-y mercaptoacetyl] glycine

Tert-butylester {IXb) was prepared similarly from 253 ¢
(0.1 mole) S-(4-isothiocyanatobenzoyl)mercaptoacetic acid.
Yield 16.8 g (46°,). m.p. 154-155. For C, H 4N,0,S,
(366.47): Calc C 5244 H 496 N 9.64: Found C 52.56
H 5.03 N 7.83.

N-[-O-(4-Isothiocvanatobenzoyi-Yhydroxyvacetyl]glycine
(ITa)

17.5g (0.05mole) ol the corresponding tert-butylester
(XIa) was stirred in 60 m! trifluoroacetic acid for 30 min
at room temperature and 15min at 40 C, wherecby the
product precipitated from the initially clear solution. The
reaction mixture was diluted with 100 mi carbon tetra-
chloride, concentrated in tacuo. diluted again and concen-
trated. The crystalline product was filtered off. washed with
carbon tetrachloride and dried over P,O,, at 10~ % mm.
Yield 13.5 g(92%). m.p. 173175 (dec.). For C,,H,yN,O,S
(294.3): Calec C 4898 H 3.43 N 9.52: Found C 4895 H 3.46
N 9.46.
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N-[S-4-Isothiocyanatobenzoyl-Ymercaptoacetyl-]ylvcine
(Ilb)

This was prepared in the same way from 183¢g
(0.05 mole) of its tert-butylester (XIb). Yield 14.5g (94%),
m.p. 163-166" (dec.). For C,,H(N,0O,S, (310.3); Calc
C 46.44 H 3.25 N 9.03: Found C 46.56 H 3.30 N 9.03.

2-(4-Isothiocyanatobenzoyl-Yoxazol-5-one (V11

71 g (0.3 mole) 4-Isothiocyanato hippuric acid [1] was
dissolved in a mixture of 200ml dry THF and 100 mi dry
dimethylsulphoxide. cooled to — 10" and mixed with a cold
solution of 64¢g (0.31 mole) dicyclohexylcarbodiimide in
150 ml dry THF. The reaction mixture was kept Shr Q',
2h at 20-25 was filtered. The filtercake was washed with
ethylacetate and the filtrate concentrated in vacuo, until
the product began to crystallize. After filtration of the first
crop, the filtrate was diluted with 200 ml ethylacetate,
washed with ice water, dried over sodium sulphate and
concentrated again so that a second crop was obtained.
Yield 55.7g (87°,. m.p. 137-139. For C,,H¢N,0,S
(218.2): Calc C 5504 H 277 N 1284: Found C 55.06
H 2.60 N 13.03.

S-(4-1sothiocyanatohippurovl)mercapto acetic acid (Ib)

11.0g (0.05mole) 2-(4-isothiocyanatophenyl)oxazol-5-
one (VH) was dissolved in 50 ml mercaptoacetic acid at
room temperature. From the initially clear solution, the
product begins to precipitate within 10 min. After 45min
the product was filtered off and washed with diethylether.
The raw material was dissolved in THF and treated with
charcoal. The solution was concentrated in vacuo and the
product crystallized by addition of carbon tetrachloride
with cooling with ice. Yield 6.8 g (42%) m.p. 153-154
(dec)). For C,H ,N,0,8, (310.4): Calc C 46.44 H 3.25
N 9.03: Found C 46.61 H 3.36 N 8.96.

O-(4-Isothiocyunatohippurovhhydroxy acetic acid (1a)

20.0 g (0.15 mole) (O-glycyl-hydroxy acetic acid (VI) was
refluxed with stirring in a mixture of 200ml dry chloro-
form. 50 ml dry acetonitrile and 20 ml trimethylchlorosi-
lane for 1.5 hr. The reaction mixture was then cooled to
- 30" 29.7g (0.15 mole) 4-isothiocyanatobenzoyl chloride
dissolved in 60 ml dry chloroform was added at once and
42ml (0.3 mole) triethylamine were added dropwise. After
warming to room temperature, the reaction mixture was
washed with 200 ml water containing 5°, citric acid and
dried over sodium sulphate. After concentration in vacuo,
the product crystallized on cooling with ice and addition
of carbon tetrachloride. Recrystallization was achieved
without warming by successive addition of carbon tetra-
chloride to a concentrated solution in THF. Yield 333 ¢
(75°,). m.p. 165-167" (dec). For C,,H(N,O8 (294.3):
Calc C 4898 H 343 N 9.52: Found C 49.06 H 3.59
N 9.75.

Polycondensation (Table 1): 25 mmole of a monomer
(Ia,b or Ila.b) was suspended in 10 ml of dry N-methylace-
tamide or N.N-dimethylacetamide in a 50 ml glass flask
which was treated before with dimethy! dichlorosilane, in
order to avoid catalytic effects of the glass walls. The sus-
pension was heated under a slow stream of nitrogen where-
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by the monomers went into solution. After cooling, the
reaction mixture was poured into 400 ml methanol. Preci-
pitated polymer was filtered off, reprecipitated from 50 ml
dichloroacetic acid/500 ml  methanol and dried at
70°/0.01 mm. 1ml triethylamine was used as catalyst in
experiment No. 2.

The tert-butylesters Xla and b were condensed similarly
using a mixture of 9 ml dry 1,2-dichlorobenzene and 1 ml
N.N-dimethylacetamide as solvent and 100 mg water-free
zinc chloride as catalyst.

Measurements

The '*C-NMR spectra were measured on a Bruker
WH-90 FT-spectrometer at 30° in 10 mm diameter sample
tubes. A coaxial 4 mm capillary containing a 1:1 mixture
of dioxane-dg and TMS was used for both deuterium lock
and chemical shift reference. 500 mg polymer was dissolved
in 2ml trifluoroacetic acid. 8000-10000 Pulses were
acquired with 8 K data points on a spectral width of
5000 Hz using a pulse width of 9 usec (~60°).

The '"H-NMR spectra were measured on the same spec-
trometer in 5mm diameter sample tubes with TMS as
internal standard.
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