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Abstract

End-capped oligomerks, 24 and8 of nylon 6 (having 10, 12 and 33 amide bonds, respectiv8yand38 of nylon 4 6 (having 9 and 13
amide bonds, respectively), aA8 of nylon 6 6 having 3 amide bonds, have been synthesised Nsprgtectedsecondarnamides and the

reactions of polypeptide chemistr. 2000 Elsevier Science Ltd. All
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rights reserved.

1. Introduction

amino acid-containing oligomer; the reactions involved
are shown in Scheme 1.

In earlier papers, the syntheses of oligomers related to  The fully protectedN-boc ester 16-met [1] was depro-

nylon 6 [1], nylon 4 6 [2], and nylon 6 6 [2] were described,
compounds of high purity able to provide physical data not
blunted by inhomogeneity, the serious short-coming which
is present in the study of commercial polymers. We now
describe extensions to this work which demonstrate the
facility to provide chains containing essentiallgny
prescribed number of amide linkages.

2. Synthetic work

The original work on nylon 6 derivatives allowed the
sythesis of a series of end-capped oligomers by a proces
of chain-doubling reactions giving compounds containing 1,

2, 4, 8 and 16 of the 6-aminohexanoic acid residues in the

chain [1]. The strategic feature of this work was that in
addition to using the chain-end protecting groups found in
peptide chemistry, the maintainance of the solubility at
room temperature in organic solvents of all intermediates
was ensured usingecondary amides-NR(CO)— (where

R =4-MeOGH4CH,-) to avoid the effects of inter-chain

hydrogen-bonding, thereby allowing purifications by solid—
liquid chromatography to be carried out. We have now
performed one further doubling reaction to give a 32
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tected by hot aqueous alkali to give the carboxylic aid
and by trifluoroacetic acid (TFA) at room temperature to
give the secondary amiri[1]; coupling of 2 and 3 using
dicyclohexylcarbodiimide and 1-hydroxybenzotriazole
produced the fully protected boc estewhich was tailored

to the end-capped 33-amide mater@&in four steps: (i)
deprotection of theN-terminus as before to5; (i)
propanoylation of the nitrogen t6; (iii) amide formation

at the ester-protected carboxylic acid terminus with
propylamine catalysed by KCN to giv& and finally (iv)
removal of the 4-methoxybenzyl-protecting group from the
secondary amide functionality with TFA at reflux tempera-
ture to give 8, the longest chain nylon 6 oligomer (231
atoms) which has been produced to date.

Close collaboration with the physicists using these oligo-
mers for crystallisation studies showed the urgent require-
ment for end-capped oligomers having specifically 10 and
12 amides in the chain—i.e. derivativé§ and24 having 9
and 11 of the 6-aminohexanoic acid residues, respectively,
incorporated. The former was prepared starting from
carboxylic acid10 [1] prepared by deprotection of the 8-
mer boc esteB, which was then coupled to the monomer
amine unitll [1]; the productl2 was subjected to the four
steps described above to give in turn the secondary ab3ne
followed by theN-propanoylated derivativi4, theC-termi-
nus protected amide ai-propylaminel5 and finally the
target moleculel 6.

0032-3861/00/$ - see front matt€r 2000 Elsevier Science Ltd. All rights reserved.
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Ar = 4-MeOC gHy- Bocf N(CH,)5CO - OEt

) CHoAr n (ii)
/ 1 n=16 \
Bocj[ N(CHy5CO J{ OH H‘f N(CHy)5CO ]loat
CHZAr n /— CHzAI' n
\ 3 n=16
2 n=16 l(iii)
Boc Il\I(CHz) 5CO T OEt
CH2AI‘ 2n
. 4 2n=32
(i) @ 9 2n=8
18 2n,+2=10
H N(CHy) 5co~}0Et Boc-{~ N(CHp)sCO - OH HT N(CHy) 5co~]~0Et
CH,Ar 2n CH,Ar 2n CHAr m
5 2n=32 10 2n=8 11 m=1
. 19 2n=10 17 m=2
i(“’) (i)
CoHsCO T N(CHy) 5co~}01at Boc-[~ N(CH,)sCO T OEt
CHAr 2n CHaAr 2n+m
. 12 2n+m=9
6 2n=32 )y 18 2n+m=10
l(v) : 20 2n+m=11
H- N(CH,)5sCO = OEt (v)  C,HsCO (CH,) sCO T OEt
C,HsCO—+ N(CH,)sCO - NHC3Hj ‘[_I'\I e N
! CHAr 2n+m CH,Ar 2n+m
CHoAr 2n 13 2n+m=9 14 2n+m=9
7 2n=32 21 2n+m=11 W) | 22 2n+m=11
l(vi)
C,HsCO II\I(CH2)5CO<]~NHC3H7
CZHSCO‘{ N(CHp)sCO *]»NHC3H7 CHAr -
H 2n
15 2n+m=9
8 2n=32 (vi) | 232n+m=11

C,HsCO CH,)sCO +NHC;H
Reagents: (i) NaOH; H*; (ii) CF3CO,H, 25°; (iii) DCC / 1-hydroxybenzotriazole; s ‘['1?1( 2)s S

(iv) C,H5COCI; (v) n-C3H7NH, / KCN; (vi) CF3CO5H, boil. H 2n+m
16 2n+m=9
24 2n+m=11
Scheme 1.

The end-capped 11-mer derivati?d synthesis started 23 and finally 24 as before. The integrity of all the
again from the 8-mer derivativ&0 which was coupled to  materials was determined by th#l nmr spectroscopy,

the 2-mer secondary amine derivatil/g[1] to form the 10- the data for the different classes of compounds being
mer boc estell 8, compoundl8 was hydrolysed to the acid presented in Tables 1-6.
19 which was coupled with the 1-mer amitié. The result- The earlier work with nylon 4 6 oligomers protected at

ing 11-mer boc esté?0was then converted in turn 1, 22, both ends as-propylamine derivatives af,w-dicarboxylic



Table 1

OCH,CH; (in CDCly): chemical shifts at 500 MHz refer to protons in italics

2n+m

—CeHa—

NCHy)CO
CH,
CgH,OMe

IH nmr of Boc<[~

—NCH(CHy)sCH,CO—

—CH,CO-

—CH,CON(CHAr)CH,—
BocN(CHATr)CH,—

—CO,CH,CH; —OCH;

—CHCONCH,Ar
BocNCH,Ar

(CH3);0CO—-—CQCH,CH;

1.15-1.7
205.6 (199 + 3)

2.27 (m)
63.8 (64)

3.12 (bs)

3.29 (bs)
63.3 (62+ 2)
3.74-3.8 (overlapping s)

3.7-3.8 (overlapping s)
27.000 (27)

96.000 (96)

4.10 (overlapping q)

2.0 (2)

4.25-4.55

6.75-7.2

32 m=0)
Integrations (required)

4(2n+m

62.9 (62)

126.8 (128)

1.16-1.7
67.2 (59 + 3)

2.27 (m)
18.1 (18)

3.12 (bs)

3.29 (bs)
18.1 (16+ 2)

4.10 (overlapping q)

2.0 (2)

6.78-7.17 4.26-4.52

9
Integrations (required)

12(2n+m

18.1 (362)

35.8 (36)
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1.15-1.7
72.0 (6® + 3)

2.27 (m)

19.9 (20)

3.12 (bs)

3.30 (bs)
19.8 (18+ 2)

3.7-3.8 (overlapping s)

30.000 (30)

4.10 (overlapping q)

2.0 (2)

4.25-4.55

6.75-7.2

10)

18(2n+ m

19.7 (382)

39.3 (40)

Integrations (required)

1.15-1.7
78.7 (68 + 3)

2.27 (m)

22.0 (22)

3.12 (bs)

3.30 (bs)
21.9 (20+ 2)

3.7-3.8 (overlapping s)

33.000 (33)

4.10 (overlapping q)

1.9 (2)

4.25-4.55

6.75-7.2

12)

202n+m

21.9 (202)

43.3 (44)

Integrations (required)

acids produced chains containing 4, 8, 12 and 16 amide
bonds [2]. Two further requirements were for materials
with 9 and 13 amide bonds. The strategy for syn-
thesising these two compounds followed closely that
employed in the nylon 6 series in that the products have
end-capped amino and carboxylic acid groups, and is
shown in Scheme 2. The starting material was fiboc
ester 25 the 2-mer of the tetramethylenediamine-
dicarboxylic acid unit [2]. Hydrolysis by alkali gave the
acid 26 and removal of the boc group with TFA gave the
secondary amin@7. Coupling of26 with 27 with DCC/1-
hydroxybenzotriazole produced the 4-n2&which in turn
was treated consecutively with the four reagents as before
starting with TFA to yield29, 30, 31and finally the 9-amide
molecule32.

Deprotection of the ester terminus &f8 gave 33
which was coupled with the 2-mer amine u2f using
DCC/1-hydroxybenzotriazole to form the fully protected
6-mer boc esteB4. Again, four stage reaction sequence
progressed vi&5, 36, 37 to the 13-amide target molecule
38.

Finally, we report the synthesis of a 3 amide derivative of
nylon 6 6,43, shown in Scheme 3; some of the physics has
been reported already [3]. The fully protected boc ester of
the 1-mer of the hexamethylenediamine-dicarboxylic acid
unit 39[2] was subjected to the four stage series of reactions
described above to givi0[2], 41, 42 and the desired 1-mer
derivative43.

The supportingH nmr data for all the nylon 4 6 and the
nylon 6 6 compounds are presented in Tables 7-12. The
most significant feature of all thBH nmr data was that the
length of the chains could be monitored accurately from the
ratio of the integrals of the —CHgroup in compounds
containing a terminal —C{&@H,CH; function and the 4—
CH30-substituent on the protecting groups on the secondary
amide in the repeating unit.

3. Experimental

NMR spectra were recorded on a Bruker AMX 580
(500.139 MHz). Absorption multiplicities have been abbre-
viated as follows: s (singlet), d (doublet), t (triplet), m
(multiplet), b (broad). All chemical shifts are given in
ppm with respect to TMS, present in CDClsed as
solvent unless stated otherwise. Elemental analyses were
performed on an Exeter Analytical Inc CE440 elemental
analyser. Melting points were determined on a Gallenkamp
melting point apparatus. In the majority of reactions,
the products were viscous oils or gums from which
last traces of solvents were removed by heating the sample
at 80—100 under high vacuum; however, this treatment
could not be applied to any of the secondary amines
which were prepared as polymerisation was induced.
Consequently, no chemical analyses are reported for these
compounds.
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Table 2
*H nmr of Boc T(cﬂz)sco OH (in CDCl): chemical shifts at 500 MHz refer to protons in italics

CH,

C6H40Me k

—-GHs—  —CHCONCHAr —OCH; —CH,CON(CHAr)CH,— —CH,CO-— —NCH(CH,);CH,CO-
BocNCH,Ar BocN(CHAr)CH,— (CH53);0CO-

2(k=16 6.7-7.2 4.3-46 3.7-3.8 (overlapping s) 3.1 (bs) 3.3 (bs) 2.27 (m) 1.1-1.7
Integrations (required) 63.0 (64) 31.6 (302) 48.000 (48) 31.5 (36 2) 31.3(32) 104.5(96-9)
19 (k=10 6.8-7.2 4.3-46 3.7-3.8 (overlapping s) 3.1 (bs) 3.3 (bs) 2.28 (m) 1.1-1.7
Integrations (required) 39.6 (40) 19.8 (3R) 30.000 (30) 19.9 (18 2) 19.8 (20) 70.2 (66- 9)

4. Preparative chromatography and HPLC analysis

After each reaction, the product was purified by prepara-
tive chromatography on Merck silica gel F60 (230—400
mesh) and in many cases the effectiveness of the separation
was assessed by HPLC on a Varian Star 5065 instrument

fitted with Hypersil 5 ODS 25 crx 4.6 mm Gg reverse
phase column.

4.1. Three stage process for formation of fully protected
oligomeric derivatives of nylon 6

A(i) Selective hydrolysis of the ethyl ester in the hexade-
camerl. Compoundl (1.26 g) in hot ethanol (1.2 m) was
added to NaOH (33 mg) in water (0.6 ml) and the mixture
boiled under reflux for 2 h, cooled, diluted with dichlor-
omethane (30 ml) and shaken with a mixture of hydro-
chloric acid (1 M, 50 ml) and saturated brine (50 ml). The
organic layer was separated, washed again with brine and
dried (NaSQ,). Evaporation of the solvent in vacuo and
chromatography of the residue on silica using dichloro-
methane—methanol (95:5v/v) gave-tert-butoxy-w-
carboxyhexadeca[carbongimethoxybenzylimino)pen-
tamethylene]2.(1.10 g, 88%) as a clear viscous resin
(found: C, 71.01; H, 8.33; N, 5.84. 56H31/03:N16
requires, C, 71.42; H, 8.22; N, 5.82%4 nmr data are
given in Table 2.

(i) Selective removal of the Boc group from the hexade-
camerl to give 3 was described in an earlier paper [1].
(iii) Chain-doubling reaction to form the dotriacontamer
4. The carboxylic acid®? (2.77 g, 72x 10 *mol) in a
mixture of acetonitrile (14 ml) and dichloromethane
(6 ml) was stirred in an ice bath for 0.5 h and dicyclohex-
ylcarbodiimide (164 mg, B5x 10 * mol) followed by
1-hydroxybenzotriazole (109 mg,(®x 10 * mol) were
added. After a further 1 h afG, the secondary amir@
(2.88 g, 762x10 *mol) in a mixture of the same
solvents (12 and 6 ml, respectively) was added, the solu-
tion stirred at room temperature for 92 h, and the
precipitated dicyclohexylurea filtered off. The filtrate
was washed in turn with brine (200 ml, 10% satu-
rated), hydrochloric acid (1 M, R 30 ml), saturated

sodium hydrogen carbonate (30 ml) and saturated
brine (50 ml) and dried (N&O,). The solvent was
evaporated in vacuo, the residue dissolved in dichlor-
omethane—methanol (98:2 v/v) and passed through a
column of Merck Alumina 90 (60 g) using the same
solvent mixture (150 ml). Evaporation of the solvent
and chromatography of the residue on silica using ethyl
acetate—methanol (95:580:20v/v) gave a-tert-
butoxy-w-(ethoxycarbonyl)-dotriacontama[carboryH
methoxybenzylimino)pentamethylend] a clear resin
(4.26 g, 78%) (found: C, 71.99; H, 8.31; N, 5.90.
CaseHe2oN3:067 requires C, 71.79; H, 8.24; N, 5.89%);
4 nmr data are given in Table 1.

B(i) Selective hydrolysis of the ethyl ester in the octamer
9 to give the carboxylic acidlO was described in an
earlier paper [1].

(i) Selective formation of the amirdd was described in
an earlier paper [1].

(iii) Chain-coupling ofl0 with 11 to form the nonamer
12. The carboxylic acid0[1] (6.82 g, 344 x 103 mol)0

in acetonitrile (60 ml) was treated with dicyclohexylcar-
bodiimide (0.78 g, ¥8x 10 3 mol) and 1-hydroxyben-
zotriazole (0.51g, 37x10 3mol) in acetonitrile
(10 ml) at O for 1 h. The aminell [1] (1.05 g, 376X
103 mol) in acetonitrile (10 ml) was added and the
mixture allowed to warm to room temperature, with stir-
ring, over 18 h. The crude product was isolated as in
A(iii)y and purified by chromatography on silica using
ethyl acetate—methanal95: 5= 85:15vv) to give
a-tert-butoxy-w-(ethoxycarbonyl)-nonaf[carbonyl¢
methoxybenzylimino)pentamethyleng®, a viscous oll
(5.8 9, 75%) (found: C,70.95; H, 8.30; N, 5.68.
C133H185NgO5 requires C, 71.13; H, 8.30; N, 561%),
H nmr data are given in Table 1.

C(i) Selective hydrolysis of the ethyl ester in the octamer
9 to give the carboxylic acidlO was described in an
earlier paper [1].

(ii) Selective formation of the amii& was described in
an earlier paper [1].

(iif) Chain-coupling oflOwith 17to form the decamet8.



Table 3
'H nmr ofH Il‘J(CHz)sCO OCH,CH; (in CDCL): chemical shifts at 500 MHz refer to protons in italics
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e
CeHOMe |, .
—CeHy— —CHCONCH,Ar  —CO,CH,CH;z —OCH; + —NHCHAr —CON(CHArCH,— HN(CHArCH,— —CH,CO- —NCH(CH,);CH,CO-
CO,CH,CH;
5@2n+m=32 m=0) 6.7-7.3 4.4-45 4.10 (overlapping q) 3.7-3.8 (overlapping q) 3.12 (bs) 2.6 (m) 2.27 (m) 1.15-1.75
3.29 (bs) 2.65 (m)
Integrations (required) 133.3(128) 61.4(62) 1.8(2) 98.0004% 65.0 (62) 1.8(2) 64.6 (64) 211.8 (1923)
13(2n+ m=9) 6.78-7.32 4.38-4.52 (m) 4.10 (overlapping q) 3.73—3.84 (overlapping s) 3.12 (bs) 2.66 (m) 2.29 (m) 117-1.71
3.29 (bs) 2.71 (m)
Integrations (required) 35.6 (36) 15.8 (16) 1.9 (2) 29.000+2) 16.3 (16) 2.1(2) 18.1 (18) 57.8 (543)
21(2n+ m=11) 6.74-7.34 4.4-45 4.10 (overlapping q) 3.7-3.8 (overlapping singlets)  3.12 (bs) 2.67 (m) 2.28 (m) 1.15-1.75
3.30 (bs) 2.73 (m)
Integrations (required) 44.0 (44) 19.7 (20) 1.9(2) 35.000¢33 19.6 (20) 1.8 (2) 22.0 (22) 69.3 (663)
Table 4
™ nmr spectra 0tH3CHzﬁ Ir(c}{z)sco OCH,CHj (in CDCl): chemical shifts at 500 MHz refer to protons in italics
o (|:H2
CeHOMe Joiim
—CeHy— —CHCONCH,Ar  —CO,CH,CH; —OCH; —CH,CON(CHAr)CH,— —CH,CON(CH,Ar)— —NCH,(CH,)sCH,CO
CH3CH,CON— CH3CH,CON—
CH,COOCHCH; CO,CH,CHj;
6(2n+m=32 m=0) 6.7-7.2 4.35-4.6 4.10 (overlapping q)  3.65-3.9 (overlapping s) 3.12 (bs) 2.28 (m) 1.1-1.75
3.30 (bs)
Integrations (required) 118.7 (128) 56.7 (64) 2.0 (2) 96.000 (96) 60.4 (64) 59.8 162 2) 190.3 (192+ 3 + 3)
142n+m=9) 6.76-7.18 4.36-4.56 4.09 (overlapping q) 3.70-3.84 (overlapping s) 3.11 (bs) 2.29 (m) 1.06-1.72
3.29 (bs)
Integrations (required) 35.9 (36) 17.9 (18) 1.9 (2) 27.000 (27) 18.1 (18) 20.1 A6 2) 61.2 (54+ 3 + 3)
22(2n+ m=11) 6.7-7.2 4.35-4.55 4.10 (overlapping q)  3.7-3.85 (overlapping s) 3.12 (bs) 2.28 (m) 1.06-1.72
3.30 (bs)
Integrations (required) 43.4 (44) 21.8 (22) 1.9(2) 33.000 (33) 21.8 (22) 24.6 @26 2) 72.3 (66+ 3 + 3)

T9Y9



Table 5
H nmr spectra oCH;CHzﬁ T(CHZ),CO NHCH,CH,CH; (in CDCly): chemical shifts at 500 MHz refer to protons in italics
Ol cn,
CsH,OMe 2n
—CeHy— —CONH- —CH,CONCH,Ar —OCH; —CON(CHArCH; —CH,CO- CHCH,CO-  —NCH(CH,);CH,CO-, —NCH,CH,CH;
+ —CONH,_ CH3CH,CO-
HNCH,CH,CHs
7@2n+m=32 m=0) 6.7-7.2 5.7 (b) 4.35-4.6 (m) 3.65-3.95 3.13 (bs) 2.28 (m) 2.11 (m) 1.05-1.75 (m) 0.89
(overlapping s) 3.30 (bs) (overlapping t)
Integrations (required)  120.4 (128) 1.1 (1) 57.7 (64) 96.000 (96) 61.8-(BY 62.7 (overlapping signals) (64 2) 190.0 (192+ 2 + 3) 273
15@2n+m=9) 6.77-7.18 5.77 (b) 4.37-4.55 (m) 3.73-3.8  3.13 (bs) 2.28 (m) 2.11 (m) 1.07-1.72 (m) 0.89
(overlapping s) 3.29 (bs) (overlapping t)
Integrations (required)  35.9 (36) 1.0(1) 18.1 (18) 27.000 (27) 20.1+(28 18.2 (18) 2.1(2) 60.1 (54 2 + 3) 3.0 (3)
23(2n+m=11) 6.75-7.20 5.7 (b) 4.35-4.55 (m) 3.70-3.85 3.14 (bs) 2.28 (m) 2.11 (m) 1.07-1.72 (m) 0.89
(overlapping s) 3.30 (bs) (overlapping t)
Integrations (required)  43.2 (44) 0.9 (1) 21.7 (22) 33.000 (33) 23.7(22 21.9 (22) 2.0(2) 71.5 (66 2+ 3) 2.9(3)
Table 6
4 nmr of CH3CH2‘;~: I‘IJCHz(CH 3CH,CO - NHCH,CH,CH, (in CRCO,D): chemical shifts at 500 MHz refer to protons in italics
OlH
2n+m
—CONHM,— —CH,CONH- —CH,CH,CONH- —NHCHCH,— —NH(CH,),CH,(CH,),CO— CH3;CH,CONH- —NHCHCH,CH;
8(2n+m=32 m=0) 3.60 (m) 2.78 (m) 1.87 (m) 1.80 (m) 1.56 (m) 1.41 (1) 1.06 (t)
Integrations (required) 63.3 (642) 60.6 (64+ 2) 120.9 (some overlapping signals) (6464 + 2) 62.9 (overlapping signals) (64 3) 3.000 (3)
16(2n+m=9) 3.61 (m) 2.78 (m) 1.88 (m) 1.81 (m) 1.56 (m) 1.41 (1) 1.06 (t)
Integrations (required) 20.3 (182) 20.3 (18+ 2) 18.1 (18) 20.6 (18 2) 18.2 (18) 3.21 (3) 3.000 (3)
24(2n+ m=11) 3.61 (m) 2.78 (m) 1.89 (m) 1.80 (m) 1.56 (m) 1.42 (t) 1.06 (t)

Integrations (required) 24.1 (222) 23.8 (22+ 2) 70.5 (some overlapping signal®2 + 22 + 2 + 22 + 3) 3.000 (3)

2919
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R = 4-MeO-C¢H4CH - ] Boc[NR(CH)4sNROC(CH,)4CO],OEt
@) 25 N
Boc[NR(CH);NROC(CH,);,CO],0H H[NR(CH ,);NROC(CH,)4CO],OEt

26 \/ .

J (iii)

Boc[NR(CH »)4NROC(CH,);CO]4OEt

0) 28 &

Boc[NR(CH,)4NROC(CH,)4CO]4OH H[NR(CH ,)4NROC(CH,)4CO]4OEt
33 l + 27+(ii) 29 (iv)
Boc[NR(CH,)4NROC(CH,)4CO]¢OEt C,HsCO[NR(CH3) 4NROC(CH,)4CO]4OEt
34 j (i) 30 ™)
H[NR(CH,)4NROC(CH,)4CO]¢OEt C,H5CO[NR(CH,) 4NROC(CH,)4CO]4NHC3H7
35 . 31 .
l (@iv) (vi)
C,H5CO[NR(CH3) 4NROC(CH,)4CO]¢OEt C,HsCO[NH(CH )4NHOC(CH ,)4CO]4NHC3H7
36 \ W) 32
C,H5CO[NR(CH,) 4NROC(CH,)4COJ¢NHC3H; Reagents: (i) NaOH; H*; (i) CF3CO-H, 25
37 J (vi) (iii) DCC / 1-hydroxybenzotriazole; (iv) C;H5COCI;
(v) n-C3H7NH, / KCN; (vi) CF3CO,H, boil.

C,H5CO[NH(CH )4NHOC(CH ,)4CO]cNHC3H~

38
Scheme 2.
The carboxylic acidL0 [1] (3.08 g, 155% 102 mol) in 103 mol) at @ for 1 h. The aminel7[1] (0.80 g, 156 X
acetonitrile (20 ml) and dichloromethane (10 ml) was 10 2mol) in acetonitrile (6 ml) was added and the
treated with dicyclohexylcarbodiimide (0.35g,71X mixture allowed to warm to room temperature, with stir-
103 mol), and 1-hydroxybenzotriazole (0.23 g,71x ring, over 117 h. The crude product was isolated as in

BocNR(CH,)gNRCO(CH,)4CO,Et HNR(CH,) gNRCO(CH,)4CO,Et

R =4-MeOC ¢H4CH »-
eOCgH4CH 39 40

C,HsCONR(CH,)sNROC(CHy) 4CO,Et
41

C,Hs;CONH(CH,) {NHOC(CH,) ;CONHC3Hs C,H5sCONR(CH,)sNROC(CH,) ;CONHC3H;
43 42

Reagents: (i) CF3CO,H, 25% (ii) C,HsCOCI; (iii) n-C3H7NHy; (iv) CF3CO,H, boilJ

Scheme 3.
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_ A(iii) and purified by filtration through Merck Alumina
£ E T 90 (72g) with dichloromethane—methanol (500 ml,
Q N N 99:1 v/v) evaporation of the solvent in vacuo and chro-
T ~N
% - 8- & matography of the residue on silica using dichloro-
o o 2 methane—methangB7: 3= 95: 5 v/v) to give a-tert-
butoxy-w-(ethoxycarbonyl)-deca[carbonp{methoxy-
| benzylimino)pentamethylene]8, a viscous oil (3.23 g,
8 % 84%) (fOUnd: C, 7121, H, 842, N, 5.63.14942041\]10023
3 E 52 & requires C, 71.20; H, 8.29; N, 5.65%}4 nmr data are
354 @ é = i given in Table 1.
00 Q| i
= =0 & &
8 5 Q 3 an g D(i) Selective hydrolysis of the ethyl ester in the decamer
—~ - o
S 5“’ @ © 18. CompoundL8(3.10 g) was hydrolysed in a mixture of
g ¥ ethanol (40 ml), water (2 ml) and NaOH (97 mg) by the
o method described in A(i) and the crude product was
¥ @ —_ chromatographed on silica using dichloromethane—
$9 § YE methanol(97: 3 = 94: 6 v/v) to give a-tert-butoxy-w-
8 8& a e 3 § N carboxydeca[carbonmeg]ethoxyb.enzylimin'o)penta—.
g 55 2 2 methylene]19.(2.53 g, 83/0) (found: C, 70.78; H, 8.25;
£ [ - N N, 5.70.G4H00N10023 requires C, 71.05; H, 8.22; N,
g L 5.71%);1H nmr data are given in Table 2.
g § L, (i) Selective formation of the amirdd was described in
o < T an earlier paper [1].
2 8]
8 g = T g ] (iii) Chain-coupling ofL9 with 11 to form the undecamer
~ o] [%2]
e 55 |~zilad 20. The carboxylic acid9 (2.49 g, 102x 10 ° mol) in a
< RZ | fg 8. i’% mixture of acetonitrile (18 ml) and dichloromethane
= Ca o g (9ml) was treated with dicyclohexylcarbodiimide
re} n _3 .
= o (0.23 g, 112x10 °mol) and 1-hydroxybenzotriazole
o = (0.15¢g, 111x 10 3mol) at @ for 1 h. The aminell
= Q.
= 2 [1] (0.32g, 112x10 3 mol) in acetonitrile (1.5 ml)
3 3 was added and the mixture allowed to warm to room
£ L Jo 9 temperature, with stirring, over 137 h. The crude product
S - e was isolated as in A(iii) and purified by chromatography
.. | |
8 g o § o § firstty on alumina using dichloromethane—methanol
a T N ™ (100: 0= 99: 1 v/v) and then on silica usipg dichloro-
= P methane—methangB7: 3= 96: 4 v/v) to give a-tert-
s % € € butoxy-w-(ethoxycarbonyl)-undeca[carbongmethox-
= 3 s gg &« ybenzylimino)pentamethylen&p, a viscous oil (2.52 g,
8 O T o o 92%) (found: C, 71.43; H, 8.47; N, 5.804¢H,,aN 1105
| — — . Ty
= N requires C, 71.29; H, 8.29; N, 5.68%}1 nmr data are
5‘“ -~ given in Table 1.
by <
& 5" 9 ) Lél’ oS % 4.2. Four stage process leading to the formation of ‘end-
r=°N :?:. Tz L Wy 9 capped’ oligomers of nylon 6
265 |78 |~ %
5 & ~ @ E(i) Selective removal of Boc group from dotriacontamer
Gl ~ R Y 4. Compound4 (1.90 g, 25x 10 *mol) in dichloro-
g2 S i Fa'g S methane (4.3 ml) was stirred in an ice bath for 20 m
:L::'; 8, = = and treated dropwise with trifluoroacetic acid (4.3 ml)
1 E % = £ over 30m, and after a further 30 m was allowed to
‘—r—' g g warm to room temperature over 6 h. The solution was
: ‘g’ ‘g’ diluted with dichloromethane (100 ml), poured into
O < % © % water (200 ml) and the organic phase washed with
o E g > g > saturated sodium hydrogen carbonate (100 ml) and satu-
ST X EF E rated brine (180 ml), dried (N&Q,) and the solvent
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Table 8
H nmr of B IiI—Cl-lzCHzCH,CH,b'I - ﬁcﬂz(cﬂz)zcﬂz oH (in CDCl): chemical shifts at 500 MHz refer to protons in italics
]
H, 2 O o
CsH,OCH, C¢H,0OCH, n
—GHy— —CHCON(CHAr)— —OCH; —CH,CON(CHAr)CH,; —CH,CON(CHAT) —COCH(CH,),CH,CO-
BocN(CH,Ar) BocN(CHAr)CH,— —CH,COOH NRCH,(CH,),CH,NR—
(CH3);COCO-
26(n=2) 6.76—-7.2 4.25-4.52 3.7-3.84 3.14 (bs) 2.33 (m) 1.3-1.8
(overlapping s) 3.30 (bs)
Integrations 15.9 (16) 8.0 (6+ 2) 12.000 (12) 8.1 (6-2) 8.1 (6+2) 25.4 (8+8+9)
(required)
33(n=14) 6.7-7.2 4.25-4.55 3.7-3.9 3.14 (bs) 2.34 (m) 1.35-1.8
(overlapping s) 3.28 (bs)
Integrations 31.5(32) 15.9 (14+ 2) 24 000 (24) 16.0 (14 2) 16.3 (14+ 2) 41.1 (16+ 16+ 9)
(required)

evaporated in vacuo. The residue was chromatographed
on silica using ethyl acetate—methan8b6: 14= 75:

25 vlv) to give w-ethoxydotriacontaff—methoxybenzy-
l)imino(6—oxohexamethylene§ (1.24 g, 66%):*H nmr
data are given in Table 3.

(ii) Propanoylation of terminal NH of dotriacontamér
Compound5 (1.32 g, 25x 10 % mol) in a mixture of
dichloromethane (20 ml) and triethylamine (0.2 nal,
0.726, 144 % 102 mol) was treated dropwise at Qith
propanoy! chloride (0.16 mkl 1.065, 184x 10 2 mol),

and after stirring for 3 h, the solvent was removed in
vacuo and the residue dissolved in dichloromethane
(65 ml). The solution was washed with hydrochloric
acid (1 M, 2x25ml and saturated brine (30 ml), and
dried (NaSQ,). The solvent was removed in vacuo and
the crude residue purified by chromatography on silica
using dichloromethane—methari@l7 : 3 = 93: 7 v/v) to
give a-ethyl-w-(ethoxycarbonyl)dotriaconta[carbong
methoxybenzyl)iminopentamethylené] (1.23 g, 93%)
(fOUnd: C, 71.68; H, 8.28; N, 5.87. s6He1dN30s6
requires C, 71.89; H, 8.23; N, 5.92%}4 nmr data are
given in Table 4.

(i) n-Propylamide formation from dotriacontames.
Compound6 (1.13 g) in methanol (6 ml) was heated
under reflux withn-propylamine (12 ml) and potassium
cyanide (12 mg) for 96 h and the all volatile components
evaporated in vacuo. The residue was dissolved in
dichloromethane (40 ml) and the solution washed with
hydrochloric acid (1M, 25ml) and saturated brine
(25 ml) and dried (Ng50Oy). The solvent was removed
in vacuo and the crude residue purified by chromatogra-
phy on silica using dichloromethane—methanol (96:4 v/v)
to give a-ethyl-w-(N-n-propylcarbamoyl)dotriacontal-
carbonylp—methoxybenzyl)iminopentamethylend] a
glass (0.69 g, 61%) (found: C, 71.67; H, 8.33; N, 6.03.
CasaHs21N33065 requires C, 71.93; H, 8.26; N, 6.10%)

nmr data are given in Table 5.

(iv) Final deprotection of secondary amidesyito give8,

an end-capped dotriacontamer of nyldh The end-
capped dotriacontame¥ (0.68 g) and trifluoroacetic
acid (3 ml) were heated under reflux for 1 h and the
excess reagent removed in vacuo. The treacly residue
was triturated with saturated sodium hydrogen carbonate
(5 ml) and the resulting solid was washed with water
(4x 4 ml) and tolueng5x 3 ml) and dried under high
vacuum. Recrystallisation from acetic acid with filtra-
tion of the hot solution through Hyflo gave-ethyl-w-
(N-n-propylcarbamoyl)dotriaconta(carbonyliminipenta-
methylene)8 (0.29 g, 87%) m.p. 188—19Xfound: C,
63.35; H, 9.80; N, 12.08. {ggH3s5N33053 requires C,
63.65; H, 9.85; N, 12.37%)'H nmr data are given in
Table 6.

F(i) Selective removal of Boc group from nonamex
Compoundl2 (4.2 g) was stirred at 0-=5with trifluoroa-
cetic acid (6 ml) and allowed to warm to room tempera-
ture over 5 h. after which the mixture was diluted with
dichloromethane (ca. 40 ml). The solution was washed
with saturated sodium bicarbonate solutiB1x 20 ml)
and water (50 ml), the organic phase dried {8@,)
and the solvent evaporated. Chromatography of the
residue on silica using dichloromethane—methanol
(95:5vlv) gave w-ethoxynonaj—methoxybenzyl-
imino)(6—oxohexamethylenel13 (3.2 g, 80%), a clear
oil; *H nmr data are given in Table 3.

(i) Propanoylation of terminal NH of nonamet3.
Compound13 (2.9 g, 135x 10 mol) in a mixture of
acetonitrile (20 ml) and triethylamine (0.37 ndl,0.726,

2.7 % 102 mol) was treated dropwise at 02ith propa-
noyl chloride (0.23 ml,d 1.065, 26 x 103 mol), and
after stirring for 2 h, the solvent removed in vacuo and
the residue dissolved in dichloromethane (100 ml). The
solution was washed in turn with HCI (1 M, 30 ml), water
(30 ml) and saturated brine (30 ml), and dried {81@,).
The solvent was removed in vacuo and the crude residue
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Table 9
H nmr of H T-CH;CHZCHZCHZI\II — ECHZ(CHZ)ZC}-{z OCH,CH, (in CDCly): chemical shifts at 500 MHz refer to the protons in italics

CH, CH, O 0

C¢H,OCH, C¢H,OCH, n

—CeHs— —CHCON(CH,Ar)— —CO,CH,CH; —OCH; + HN(CH,Ar)— —CON(CHArCH,— HN(CHAr)CH,— —CH,CON(CHAr)—— —COCH(CH,),CH,CO— —CO,CH,CH3

CH,COOCHCH; —NRCH,(CH,),CH,NR—
29(n=4) 6.75-7.25 4.34-4.52 4.09 (m) 3.66-3.84 3.13 (bs) 2.58 (m) 2.31 (m) 1.34-1.78 122
(overlapping s) 3.28 (bs) 2.63 (m) (overlapping t)
Integrations 31.8 (32) 13.9 (14) 1.9(2) 26.000 (242) 14.0 (14) 1.9 (2) 17.0 (14 2) 32.5(32) 3.2(3)
(required)
35(n=6) 6.75-7.25 4.3-455 4.09 (m) 3.65-3.85 3.13 (bs) 2.55-2.65 (m) 2.30 (m) 1.35-1.8 1.22
(overlapping s) 3.28 (bs) (overlapping t)
Integrations 47.4 (48) 21.8 (22) 1.9(2) 38.000 (38) 22.0 (22) 2.0(2) 24.622 49.7 (48) 3.4 (3)
(required)
Table 10
H nmr spectra OCH:‘CH’ﬁ I;XCHZCHz(CHZ)xCH,CHZDII - (fcnz(cﬂz)zcﬂzﬁ OCH,CH, (In CDCl): chemical shifts at 500 MHz (or at 400 MHz)* refer to the protons in italics
o Fﬂz ?HQ !) o
C¢H,OCH, C¢H,OCH, R
—CH,—  —CHCON(CHAr)— —COOQH,CH; —OCH; —CH,CON(CHArCH,— —CH,CON(CHAT)- —COCH(CH,),—CH,CO—; —(CHy)y—;CH;CH,CO—
CH;CH,CO- —NRCH,CH,(CH2),CH,CH,NR ~ —CO,CH,CH3
30x=0,n=4 6.75-7.2 4.3-455 4.09 (m) 3.65-3.85 3.14 (bs) 2.32 (m) 1.35-1.8 1.08-1.27 (m)
(overlapping s) 3.29 (bs)
Integrations 32.0(32) 15.5(16) 1.8(2) (24) 15.7 (16) 17.7 @@) 31.1 (32) 5.7 (6)
(required)
36x=0,n=6 6.75-7.2 4.3-455 4.09 (m) 3.65-3.85 3.12 (bs) 2.32 (m) 1.35-1.8 1.07-1.27 (m)
(overlapping s) 3.28 (bs)

Integrations 47.3 (48) 23.4 (24) 1.7 (2) 36.000 (36) 24.0 (24) 26.2 {22) 48.4 (48) 6.2 (6)
(required)
41* x=0,n= 6.75-7.2 4.35-4.58 4.10 (m) 3.65-3.85 3.12 (bs) 2.35(m) 1.35-1.8 1.07-1.30 (m)
1 (overlapping s) 3.29 (bs)
Integrations 8.1(8) 4.0 (4) 1.9(2) 6.000 (6) 4.0 (4) 5.8 #42) 7.6 (8) 8.5 (4+3+3)

(required)




Table 11

' nmr of CH,CHzﬁ E‘ICH2CH2(CH2)‘CH2CH2IEI——ﬁcﬂz(cﬂi)zcﬂzﬁ NHCH,CH,CH, (in CDCly): chemical shifts at 500 MHz (or at 400 MHBzrefer to the protons in italics
o H, H, O (o]
C¢H,OCH, C¢H,OCH, a
-GHs—  —CHCON(CH,Ar)— —OCH; —CH,CON(CHAr)CH,— —CH,CONH- —COCH,(CH,),CH,CO—- —(CH,)«—;CH;CH,CO—- —NHCHCH,CH;
—CONH,CH,CH; CH,CON(CHAr)— —NRCH, (CH,),CH,NR—
CH;CH,CO- NHCH,CH,CH;
31x=0,n=4 6.75-7.2 4.35-4.55 3.7-3.85 3.13 (overlapping bs) 2.31 (m) 1.35-1.8 1.07-1.20 0.90 (t)
(overlapping s) 3.28 (bs) (overlapping q)
Integrations 32.1(32) 15.9(16) 24.000 (24) 18.2 (#62) 18.2 (16+ 2) 33.9 (16+ 16 + 2) 3.0(3) 3.0(3)
(required)
37x=0,n=6 6.75-7.2 4.35-4.55 3.7-3.9 3.12 (overlapping bs) 2.16 (m); 2.21 (m); 1.35-1.78 1.07-1.20 0.90 ()
(overlapping s) 3.28 (bs) 2.32 (m) (overlapping q)
Integrations 47.4 (48) 23.8 (24) 36.000 (36) 25.8 (242) 26.0 (24+ 2) 50.5 (24+ 24+ 2) 3.0(3) 3.0(3)
(required)
42°x=2,n=1 6.75-7.2 4.35-4.55 3.7-3.9 3.11 (m); 3.19 (m); 2.16 (t); 2.21 (m); 1.35-1.78 1.07-1.28 0.90 (1)
(overlapping s) 3.30 (m) 2.34 (m)
Integrations 7.9 (8) 4.0 (4) 6.000 (6) 6.0 (4 2) 5.8 (4+2) 8.8 (4+4+2) 5.9 (4+3) 23(3)
(required)
Table 12
H nmr spectra 0lCH,;CH, NHCH,CH/CH,),CH,CH,;NH —ﬁCHz(CHz)zCHzﬁ‘]’NHCHzCﬂzCﬂg (in CRCO,D/TMS or CD,CO,D"); chemical shifts at 500 MHz refer to the protons in italics
(0] ol,
—NHCH,(CHy), —CH,CH,CONH- —COCHy(CH,),CH,CO- —NHCH(CH,),CH,NH— —(CH2)x— CH3CH,CO—- —NHCHCH,CH,3
CH,NH- CH3;CH,CONH- NHCH,CH,CH;
—NHCH,CH,CH;
32x=0,n=4 3.6 (overlapping m) 2.76 (overlapping bs) 1.93 (bs) 1.70-1.88 (overlapping bs) 1.41 () 1.05 (t)
Integrations (required) 18.4 (162) 18.6 (16+ 2) 16.5 (16) 18.4 (16- 2) 3.0(3) 3.000 (3)
38x=0,n=6 3.60 (overlapping m) 2.77 (bs) 1.93 (bs) 1.70-1.88 (overlapping bs) 1.41 () 1.05 (1)
Integrations (required) 25.2 (242) 24.7 (24+ 2) 23.2 (24) 25.2 (24 2) 3.1(3) 3.000 (3)
43’ x=2,n=1 3.21 (overlapping m) 2.37 (m) 2.28 (m) 1.63 (m) 1.51 (m) 1.33 (bs) 1.12 (1) 0.90 (t)
Integrations (required) 6.3 (% 2) 0.25+ 6.07 (4+ 2) 4.3 (4) 6.2 (4+ 2) 4.1 (4) 3.1(3) 3.000 (3)
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purified by chromatography on silica using ethyl acetate—
methanol (92:8 v/v) to give-ethyl-w-(ethoxycarbonyl)-
nona[carbonyl§—methoxybenzyl)iminopentamethylene]
14 (2.71 9, 91% (found: C, 71.21; H, 8.26; N, 5.86.
C131H181NgOxg requires C, 71.46; H, 8.29; N, 572H
nmr data are given in Table 4.

(i) n-Propylamide formation from nonamerl4.
Compoundl4 (2.12 g), methanol (10 mij-propylamine

(20 ml) and potassium cyanide (20 mg) were heated
together under reflux for 4 d and the solvents evaporated
in vacuo. The residue was dissolved in dichloromethane
(100 ml), the solution washed with water (30 ml), satu-
rated brine (30 ml) and dried (M&Q,). Removal of the
solvent in vacuo and chromatography of the residue on
silica using dichloromethane—methanol (95:5 v/v) gave
a-ethyl-o-(N-n-propylcarbamoyl)nona[carbonyd{¢
methoxybenzyl)iminopentamethylenép a viscous
liquid (1.84 g, 86%) (found: C, 71.48; H, 8.39; N, 6.33.
Ci3H18N10O016 requires C, 71.58; H, 8.37; N, 6.329%H

nmr data are given in Table 5.

(iv) Final deprotection of secondary amides 1% to
give 16, an end-capped nonomer of nylén The end-
capped nonamed5 (1.84 g) and trifluoroacetic acid
(6 ml) were heated under reflux for 40 m and the
excess reagent removed in vacuo. The residue was
dissolved in dichloromethane (100 ml), saturated sodium
bicarbonate (10 ml) added and the mixture stirred
for 10 min during which a white solid was precipi-
tated: this was filtered off, washed with waté2 x

10 ml) and dichloromethane (8100 ml), and dried in
vacuo. Recrystallisation from butan-1,4-diol gawe
ethyl-w-(N-n-propylcarbomoyl)nona(carbonyliminipenta-
methylene)16 (0.796 g, 84%) mp 204—20%found: C,
63.37; H, 10.11; N, 12.32. gH11N;¢010 requires C,
63.57; H, 9.96; N, 12.36%)'H nmr data are given in
Table 6.

G(i) Selective removal of Boc group from undecai2@r
Compound20 (2.23 g) in dichloromethane (7 ml) was

G.M. Brooke et al. / Polymer 41 (2000) 6457-6471

(N&SQy). The solvent was removed in vacuo and the
crude residue purified by chromatography on silica
using dichloromethane—methan®7: 3 = 96: 4 v/v)

to give a-ethyl-w-(ethoxycarbonyl)undeca[carbong
methoxybenzylimino)pentamethylen2? (1.47 g, 92%)
(found: C, 71.28; H, 8.26; N, 5.87. 16H,1N1104
requires C, 71.57; H, 8.27; N, 5.78%} nmr data are
given in Table 4.

(i) n-Propylamide formation from undecame22.
Compound22 (1.44 g), methanol (8 mly-propylamine

(16 ml) and potassium cyanide (20 mg) were heated
together under reflux for 89 d and the solvents evaporated
in vacuo. The crude product was isolated as in F(iii) and
chromatographed on silica using dichloromethane—
methanol(97: 3= 96: 4 v/v) to give a-ethyl-w-(N-n-
propylcarbamoyl)undeca[carbongimethoxybenzyli-
mino)pentamethylened3 a viscous liquid (1.24 g, 86%)
(found: C, 71.53; H, 8.46; N, 6.40. 16H>25N1,0,3
requires C, 71.67; H, 8.34; N, 6.27%} nmr data are
given in Table 5.

(iv) Final deprotection of secondary amides28to give

24, an end-capped undecamer of nylén The end-
capped noname23 (1.20 g) in trifluoroacetic acid
was kept at room temperature for 2 h, then heated
under reflux for 2 h and the excess reagent removed
in vacuo. The pink treacly residue was triturated with
saturated sodium hydrogen carbonate solution and the
resulting solid was washed with the same reag@nt

3 ml), water (4 x5 ml) and tolueng4 x5 ml) to leave

a white powder which was dissolved in boiling acetic
acid (12 ml) and filtered hot. The gelatinous solid
which had separated after 23 h at room temperature
was collected on a No. 3 glass sinter, and washed with
toluene followed by water to givec-ethyl-w-(N-n-
propylcarbamoyl)undeca(carbonyliminipentamethylene)
24(0.46 g, 76%) m.p. 198—20@found: C, 62.85 H, 9.86;

N, 12.23. G,H134N1,0:2.H,0 requires C, 62.76; H, 9.95;

N, 12.20%):'H nmr data are given in Table 6.

treated dropwise with trifluoroacetic acid (2.2 ml), stirred 4.3. Three stage process for the formation of oligomers of
at room temperature for 5.5 h and worked up as in F(i). nylon 4 6 from fully protected derivatives

Chromatography of the crude product on silica using
dichloromethane—methan@b5: 5= 85: 15 v/v) gave
w-ethoxyundecaff—methoxybenzylimino)(6—oxohexa-
methylene)]21 (1.98 g, 89%);'H nmr data are given in
Table 3.

(ii) Propanoylation of terminal NH of undecamed.
Compound21 (1.56 g, 607 x 10" * mol) in a mixture of
dichloromethane (25 ml) and triethylamine (0.25 ml,
0.726, 256 10 > mol) was treated dropwise af @ith
propanoyl chloride (0.20 ml, d 1.065,3x 102 mol),
and after stirring for 4 h, the solvent was removed in
vacuo and the residue dissolved in dichloromethane
(75 ml). The solution was washed in turn with HCI
(1 M, 2x 25 ml) and saturated brine (30 ml), and dried

H(i) Selective hydrolysis of the ethyl ester in compound
25. Compound®5[2] (5.652 g, 552 x 102 mol), ethanol

(5 ml), sodium hydroxide (0.24 g, %10 2 mol) and
water (20 ml) were heated together under reflux for 1 h.
The ethanol was evaporated from the solution in vacuo,
the mixture acidified with sulphuric acid (2 M) and
extracted with dichloromethane(4 x50 ml). The
combined organic extracts were dried ¢(N€)), the
solvent evaporated and the residue purified by chromato-
graphy on silica using dichloromethane—metha(9 :
5=090:10vv) to give a-(tert-butoxycarbonyk-
hydroxydi[(p—methoxybenzyl)iminotetramethyleme(
methoxybenzyl)iminoadipoylP6, (4.8 g, 87%) a clear
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oil; (found: C, 67.60; H, 7.98; N, 5.65.5¢H,gN40;1.1H,0
requires C, 67.56; H, 7.96; N, 5.53%}4 nmr data are
given in Table 8.

(ii) Selective removal of the Boc group fr@®to give27
was described in an earlier paper [2].

(iii) Chain-doubling reaction to forr@8. The carboxylic
acid 26 (4.3 g, 432x 103 mol) in acetonitrile (50 ml)
was treated with dicyclohexylcarbodiimide (0.93 g,
451x 10 3 mol) and 1-hydroxybenzotriazole (0.61 g,
451x 102 mol) in acetonitrile (5 ml) at 0 to-5° and
the mixture stirred for 1 h. The secondary ami2g
(4.18 g, 453x 10 3 mol) in acetonitrile (15 ml) was
added and the mixture stirred for 2 d at room temperature.
The crude product was isolated by filtering off the DCU
which was washed with acetonitrile (60 ml) and the
combined filtrate washed with saturated NaHCO
followed by saturated brine. The organic phase was
dried (NaSQ,), the solvent evaporated and the residue
purified by chromatography on silica using THF/diethyl
ether(50: 50= 100: 0 v/v) to give a-(tert-butoxycar-
bonyl)-w-ethoxytetral(p—methoxybenzyl)—iminotetra-
methylene—methoxybenzyl)iminoadipoy28 (6.138 g,
75%) a clear oil (found: C, 70.25; H, 8.01; N, 5.96.
C111H150NgO19 requires C, 70.15; H, 7.96; N, 5.90%);
'H nmr data are given in Table 7.

I(i) Selective hydrolysis of the ethyl ester in compo2@d
Compound 28 (1.89 g, 995X 10 * mol) was hydro-
lysed in a mixture of ethanol (2 ml), water (1 ml)
and NaOH (49 mg) by the method described in A(i)
and the crude product was chromatographed on silica
using dichloromethane—methanol (95:5 v/v) to give
(tert-butoxycarbonyle-hydroxytetra(p-methoxybenzy-
lJiminotetramethylengt-methoxynenzyl)iminoadipoly]
33, (1.60 g, 86%) a colourless resin (found: C, 69.69; H,
8.03; N,.6.11. GyoH146NgO1o requires C, 69.92; H, 7.86;
N, 5.99%);1H nmr data are given in Table 8.

(i) Selective removal of the Boc group fr@®to give27
was described in a previous paper [2].

(iii) Chain-coupling oB3with 27to form the hexame34.
The carboxylic acid 33 (1.50 g,®x 10 % mol) in acet-
onitrile (12 ml) and dichloromethane (6 ml) was treated
at ¢ with dicyclohexylcarbodiimide (0.186 g,.®x
10 *mol) and 1-hydroxybenzotriazole (0.121 g0
10™* mol) for 1 h and the amine 27 (0.942 g containing
16% dichloromethane,.Bx 10 % mol) in acetonitrile

(5 ml) was added. The mixture was stirred at room
temperature for 89 h, and the precipitated DCU filtered
off and washed with dichloromethane (50 ml) and the
combined filtrate washed successively with a mixture of
water (85 ml) and brine (15 ml), hydrochloric acid (1 M,
2 X% 50 ml), saturated sodium hydrogen carbonate (30 ml)
and brine (45 ml). The organic phase was dried,8)
and the solvent evaporated in vacuo. The residue was
passed through a column of alumina (Merck 90, 26 g)
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using dichloromethane—methanol (98:2 v/v) and then
chromatographed on silica usin@7: 3 = 94: 6 v/v)

to give a-(tert-butoxycarbonyl)e-ethoxyhexd(p—
methoxybenzyl)—iminotetramethylepe(methoxybenzyl)
iminoadipoly] 34 (1.83 g, 82%) a clear resin (found:
C, 70.41; H, 7.82; N, 6.08. {gH,18N1,057 requires C,
70.47; H, 7.91; N, 6.08%)H nmr data are given in
Table 7.

4.4. Four stage process leading to the formation of ‘end-
capped’ oligomers of nylon 4 6

J(i) Selective removal of Boc group from tetanis.
Compound28 (1.52 g) in dichloromethane (0.8 ml) was
treated dropwise with trifluoroacetic acid (1.2 ml) &t 0
and stirred for 5 h at room temperature. The mixture was
worked up as in E(i) and the crude product chromato-
graphed on silica using dichloromethane—meth&@6l:

4= 80: 20 vv) to give w-ethoxytetrap—methoxyben-
zyl)—iminotetramethylen@-methoxybenzyl)iminoadi-
poyl] 29 (1.00 g, 62%) a clear oitH nmr data are given

in Table 9.

(ii) Propanoylation of terminal NH of tetrame29.
Compound29 (0.95 g, 53x 10 * mol) in as mixture

of dichloromethane (15 ml) and triethylamine (0.15 ml,
d 0.726, 15x 10 2 mol) was treated with propanoyl
chloride (0.22 ml,d 1.065, 25x 103 mol) at ¢ and
after stirring at room temperature for 2.75 h, the
solvent was removed in vacuo and worked up as
E(ii). The crude product chromatographed on silica
using dichloromethane—methan@8: 2 = 94: 6 v/v)

to give a-N-propanoyle-ethoxytetral(p—methoxy-
benzyl)iminotetramethylenpEmethoxybenzyl)—
iminoadipoyl] 30 a colourless gum (0.95 g, 98%) (found:
C, 70.17; H, 8.04; N, 6.24. {goH14eNgO1g requires C,
70.52; H, 7.93; N, 6.04*H nmr data are given in Table
10.

(iii) n-Propylamide formation from tetrame30.
Compound30 (0.89 g) in methanol (5 ml) was heated
under reflux withn-(propylamine (10 ml) and potassium
cyanide (10 mg) for 96 h and worked up as in E(iii). The
crude product was chromatographed on silica using 5—
20% methanol in a mixture of ethyl acetate and dichlor-
omethane (2:1 v/v) to give-N-propanoyle-n-propyla-
minotetral p—methoxybenzyl)iminotetramethylernpe(
methoxybenzyl)—iminoadipoyl] 31 a hard resin (0.79 g,
88%) (found: C, 70.11; H, 8.10; N, 6.82.,{H140NgO17
requires C, 70.67; H, 8.03; N, 6.79%}4 nmr data are
given in Table 11.

(iv) Final deprotection of secondary amides3hto give

32, an endcapped tetramer of nylon 4 6. The end-capped
tetramer 31 (0.74 g) and trifluoroacetic acid (3 ml) were
heated under reflux for 55 m and the excess reagent
removed in vacuo. The crude product was worked up as
in E(iv) without a hot filtration, and the solid which
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separated after 4 d was washed with dichloromethane t04.5. Four stage process for formation of end-capped

give a-N-propanoyle-n-propylaminaetraliminotetra-
methylene—iminoadipoyl] 32 (0.31 g, 86%) mp 234—
236 (found: C, 60.38; H, 9.66; N, 13.62.,6g5NgOq
requires C, 60.84; H, 9.43; N, 13.88%H nmr data are
given in Table 12.

K(i) Selective removal of Boc group from hexan3dr
Compound34 (1.80 g) in dichloromethane (5 ml) was
treated dropwise with trifluoroacetic acid (1.8 ml) &t 0
and stirred for 6 h at room temperature. The mixture was
worked up as in E(i) and the crude product chromato-
graphed on silica using dichloromethane—meth&86l:

4 = 78: 22 vv) to give w-ethoxyhexd(p—methoxyben-
zyl)iminotetramethyleng—methoxybenzyl)—iminoadi-
poyl] 35 (1.63 g, 94%) a sticky resitH nmr data are
given in Table 9.

(ii) Propanoylation of terminal NH of the hexamab.
Compound35 (1.56 g, 58 10 * mol) in a mixture of
dichloromethane (25 ml) and triethylamine (0.25 ml,
0.726, 256x 10 ®mol) was treated with propanoyl
chloride (0.20 ml,d 1.065, 23x 10 > mol) at @ and
after stirring at room temperature for 3.5 h, the solvent
was removed in vacuo and worked up as E(ii). The crude
product chromatographed on silica using dichloro-
methane—methanol97: 3= 94: 6 v/v) to give a-N-
propanoyle-ethoxyhexd(p—methoxybenzyl)iminotetra-
methyleneff—methoxybenzyl)—iminoadipoyl] 36
(2.459g, 90%) (found: C, 70.13; H, 7.97; N, 6.10.
CieiH214N1,056 requires C, 70.74; H, 7.89; N, 6.16%;
'H nmr data are given in Table 10.

(i) n-Propylamide formation from hexamei36.
Compound36 (1.41 g) in methanol (8 ml) was heated
under reflux withn-propylamine (16 ml) and potassium
cyanide (24 mg) for 74 h and worked up as in E(iii). The
crude product was chromatographed on silica using
dichloromethane—methan®7: 3 = 94: 6 v/v) to give
a-N-propanoyle-n-propylamindexd(p—methoxyben-
zyl)iminotetramethyleng—methoxybenzyl)—iminoadi-
poyl] 37 a clear glass (1.38 g, 97%) (found: C, 70.84; H,
8.08; N, 6.63. GeHo1AN130.5 requires C, 70.84; H, 7.96;
N, 6.63%):*H nmr data are given in Table 11.

(iv) Final deprotection of secondary amides3mto give

38, an end-capped hexamer of nylon 4 6. The end-
capped tetramer 37 (1.38 g) and trifluoroacetic acid
(6 ml) were heated under reflux for 1 h and the excess
reagent removed in vacuo. The crude product was
worked up as in E(iv) and the solid which separated
after 48 h was washed with ethanol to giveN-
propanoyle-n-propylamindexdiminotetramethylene—
iminoadipoyl] 38 (0.48 g, 73%) mp 248—25@ound: C,
60.44; H, 9.23; N, 13.88. £&H1,1N130:3 requires C,
60.76; H, 9.35; N, 13.96%)'H nmr data are given in
Table 12.

monomer of nylon 6 6

L(i) Selective removal of Boc group from monor@8ito
give 40 was described in a previous paper [2].

(i) Propanoylation of terminal NH of the monom#®.
Compound40. (9.5g, 186X 10 2) in a mixture of
dichloromethane (100 ml) and triethylamine (3.8 rl,
0.726, 273x 10 2mol) was treated dropwise at5°
with propanoyl chloride (3.8 ml, d 1.065, .78X
102 mol), and after stirring for 45 m the solvent was
removed in vacuo and the residue dissolved in dichloro-
methane (80 ml). The solution was washed with water,
hydrochloric acid (1 M, 30ml), saturated NaHgO
(30 ml) and saturated brine (30 ml). The organic phase
was dried (NaSQ,) the solvent removed in vacuo and
the crude residue purified by chromatography on
silica using diethyl ether to give ethiN-[6—(p—meth-
oxybenzyl)-6—(propaoyl)aminohexyl]N’-(p-
methoxybenzyl)adipamate 41 an oil (9.422 g, 89%)
(found: C, 69.36; H, 8.46; N, 5.09. 56H;sN»O¢
requires C, 69.42; H, 8.48; N, 5.08%JH nmr data
are given in Table 10.

(iii) n-Propylamide formation from monme4l.
Compound41 (8.866 g), methanol (10 ml)n-pro-
pylamine (15 ml) and potassium cyanide (20 mg)
were heated together under reflux for 48 h, and
the solvents removed in vacuo. The residue was
dissolved in dichloromethane (50 ml) and the solution
washed with water, then with saturated brine and
dried (NaS0O,). Removal of the solvent in vacuo
gave the crude product which was purified by
chromatography on silica using ethyl acetate: metha-
nol (96:4 v/v) to give unchanged1(1.22 g) anda-
propanoyle-n-propylamino[p—methoxybenzyl)imi-
nohexamethylen@-methoxybenzyl)iminoadipoyl]
42 (7.312 g, 93%) a viscous liquid (found: C, 69.90;
H, 8.89; N, 7.29. G4Hs5:N30s requires C, 70.19;
H, 8.84; N, 7.22%);'H nmr data are given in Table
11.

(iv) Final deprotection of secondary amides to gi4@

an end-capped monomer of nylon 6 6. The end-capped
monomer42 (7.312 g) and trifluoroacetic acid (3 ml)
were heated under reflux for 1 h and the excess
reagent was removed in vacuo. The residue was
treated with ethanol and the resulting solid was
filtered off and dissolved by washing with hot ethanol
(4x50ml). Evaporation of the filtrate and recrys-
tallisation from ethanol gavex-propanoyle-n-
propylamino[iminohexamethyleneiminoadipoyl] 43
(1.811 g, 42%) m.p. 177[3] (found: C, 63.25; H,
10.43; N, 12.32. GH3sN3O; requires C, 63.31; H,
10.33; N, 12.30%):'H nmr data are given in Table
12.
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