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Abstract

Novel eight-membered ring unsaturated lactams were synthesized and tested as monomers for the ruthenium-catalyzed
ring-opening metathesis polymerization (ROMP). The reaction of a N-protected cyclic alkeneamine was also investigated. The
Grubbs’ benzylidene complexes RyGECHPh)(PCy). or RuCh(=CHPh)(PCy)(IMesH,) and selected ruthenium-arene
species bearing either phosphine or stable ArduengoMyipeterocyclic carbene ligands served as catalyst precursors. In most
cases, isomerization of the starting materials took place and only 1-benzyl-1-aza-2-ketocyclooct-5-ene afforded a polymeric
product. This polyamide was characterized by numerous analytical techniques.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction copolymers of known stoichiometries. These devel-
opments may largely be attributed to the discovery
Over the past few years olefin metathesis polymer- of well-defined ROMP initiators in which the ac-
ization has made an increasingly significant impact tive site is incorporated within a relatively robust
on the material arena. The ring-opening metathesis transition-metal complex and is shielded from outside
polymerization (ROMP) of cycloolefins, in particular, interactions by a protective array of ancillary ligands.
has emerged as a powerful tool for macromolecular These new, well-behaved, single-component catalysts
engineering, because it often allows a high degree of can be fine-tuned through ligand modification in or-
control over the molecular weight and polydispersity der to react in predictable and controlled w4ys3].
of the polymer chains. The living nature of ROMP  More importantly, the advent of low oxophilicity cat-
also permits the addition of a second monomer at alyst precursors based on ruthenium has extended the
the end of a growing chain, thus leading to block application field of ROMP to a large set of monomers
that encompasses a variety of organic functionalities,
resulting in (co)polymers with novel propertigs-7].
fax: +32-4-366-3497. Surpgsinély)pthé/ ROMP of unspatupratetjs_q]/clic
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polymerization of norbornene-5-amides or norbor- >_®_

nene-5,6-dicarboximides and their N-substituted deri- ,

vatives [8—11], thereby, confirming the tolerance of «RU R
. . - CIvy N

ruthenium-based catalysts toward amide and imide I »"

functional groups. Polymers containing both olefinic /N\/

bonds and amido groups in their backbones have been

used as membrand4?2], fibers[13,14] and resins 3a: R = Mes
[12]. They can be crosslinked through their olefinic 3b:R=Cy

bonds to afford heat-resistant resins. However, the
synthesis of unsaturated polyamide chains remains
a relatively unploughed field, and the rare examples
described in the literature usually consist in polycon-

densation reactions, involving either unsaturated di-
carboxylic acids or unsaturated diamirj&5—17] To

the best of our knowledge, no unsaturated polyamide g vents (E£0, THF, pentane) were freshly distilled
has ever been prepared by the ROMP of a lactam e | jalH,, acetonitrile was stored over molecular
monomer. . sieve 4A and was freshly distilled prior to use. Potas-
To investigate whether late transition-metal cata- gjym tert-butoxide and LiAlH, of 95% purity were
lysts could offer a new entry to unsaturated polyamide ,qeq without any further purification. All other chem-

materials, we have undertaken a study of the ROM jq55 \were reagent grade and used as received from
polymerization of unsaturated lactams and of related ., mercial suppliers.

monomers in the presence of various ruthenium-based  pqymerizations were carried out under inert at-
initiators. In this article, we report on the synthesis

Cy = cyclohexyl Mes = mesityl (2,4,6-trimethylphenyl)

2. Experimental

2.1. Materials and methods

- X mosphere using standard Schlenk techniques. Gel
and on the ROMP of new eight-membered ring unsat- hermeation chromatographic (GPC) analyses of the
urat_ed lactams. _Results obtaln_ed witiNgprotected polymers were performed in THF on a Hewlett-
cyclic alkeneamine are also discussed. The catalystpacrard HP 1090 instrument equipped with a HP
precursors are the first and second generation Grubbs’1 5374 refractive index detector and a battery of 4
benzylidene complexes1) [18,19] and selected p| ge| columns fitted in series (particle sizepf:

ruthenigm—grene complexes .associated either with pore sizes: 100000, 10000, 1000, and 100A). The
phosphine ligandsj [4,20] or with stable Arduengo-  5jecylar weights (not corrected) are reported versus

type N-heterocyclic carbene ligand$)([21,22] re-  monodisperse polystyrene standards used to calibrate

spectively. the instrument!H and 3C NMR spectra (400 and
AR 100 MHz, respectively) were recorded on a Bruker
PCys Q—N NQ DPX 400 spectrometer in CDglith TMS as inter-
Cl, | T nal standard. GC/MS analyses were performed on a
/'Ru:\ C"""Ru—_—\ HP 6890 chromatograph equipped with a fused silica
ci I'DCy Ph c’ ILCy Ph capillary column (30m, i.d. 0.25mm, 0.23n thick-
3 3

ness, 5% Ph Me siloxane) coupled to a HP 5973 mass
selective detector. Elemental analyses were carried

1a 1b out on a EuroVector EA3000 instrument at the Insti-
>_©__ tute of Industrial Chemistry, Technical University of
| Szczecin. Melting and boiling points are uncorrected.
.Ru
A\ .
ClCII “PR, 2.2. Synthesis of monomers
2a: PRy = PCy, 2.2.1. 4-Cycloheptenone (4)

This unsaturated ketone was prepared according to

2b: PR3 = P-i-Pry the literature[23—-25] bp 40-43C/2.5Torr (lit. bp
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60°C/12 Torr[25]). 13C NMR (5 ppm): 24.10, 42.46,
129.51, 213.72. MS (70 eV)'z (%) 110 (M*, 74),
92 (16), 82 (24), 81 (25), 68 (59), 67 (100), 54 (27),
53 (29), 41 (19), 39 (28).

2.2.2. 4-Cycloheptenone oxime (5)

The procedure of Wilson and Sawicki was followed
[26], mp 56-59C (lit. mp 56-58C [26]). 13C NMR
(6 ppm): 23.03, 27.92, 28.66, 31.35, 129.09, 129.77,
163.21.

2.2.3. 4-Cycloheptenone oxime tosylate (6)

The procedure of Wilson and Sawicki was followed
[26], mp 80-82C (lit. mp 83-84C [26]). 3C NMR
(8 ppm): 21.70, 22.74, 27.89, 29.48, 31.07, 127.05,
128.68, 128.72, 129.41, 129.53, 130.24, 172.06.

2.2.4. 1-Aza-2-ketocyclooct-5-ene (7a)

The procedure of Wilson and Sawicki was followed
[26], mp 89-9FC (lit. mp 88-89°C [26]). 13C NMR
(6 ppm): 24.62, 30.28, 34.53, 40.52, 126.91, 129.24,
176.90.

2.2.5. 1-Methyl-1-aza-2-ketocycl ooct-5-ene (7b)
Lactam7a (1.3 g, 10.4 mmol), potassiutert-buto-
xide (2.66g, 22.5mmol), and crown ether 18C6
(96 mg) were stirred in THF (30ml) for 15min at
room temperature. Methyl iodide (5.8 g, 40.9 mmol)
in THF (3ml) was added dropwise within 2h and
the resulting mixture was further stirred overnight.
GC/MS showed the total conversion @& The re-
action mixture was then diluted with £» (20 ml),
water (2 ml) was added, and the mixture was acidified
with 5% aqueous HCI. The organic layer was sepa-
rated and the aqueous phase was extracted wiB Et
(3ml x 20ml). The combined extracts were dried
over MgSQ and the solvents were removed under
reduced pressure (water pump). A vacuum distillation
afforded7b as a colorless liquid. Yield 0.79 g (84%);
bp 73-75C/1.5Torr.'H NMR (5§ ppm): 2.41-2.48
(m, 4H), 2.76 (t,J = 7.5Hz, 2H), 2.88 (s, 3H), 3.61
(t, J = 6.5Hz, 2H), 5.47-5.52 (m, 1H), 5.72-5.79 (m,
1H). 13C NMR (8 ppm): 26.43, 28.81, 35.40, 36.52,
49.86, 127.69, 131.02, 175.31. MS (70 eXtyz (%)
139 (MT, 60), 110 (47), 84 (18), 83 (12), 82 (17), 81
(8), 68 (36), 67 (23), 54 (59), 44 (100), 42 (31), 39
(20). Anal. Calc. for @H13NO (139.20): C, 69.03; H,
9.41; N, 10.06. Found: C, 68.94; H, 9.40; N, 9.93%.
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2.2.6. 1-Ethyl-I-aza-2-ketocyclooct-5-ene (7¢)

Lactam7a (1.0g, 7.99 mmol), potassiutert-buto-
xide (2.08g, 17.6mmol), and crown ether 18C6
(1126 mg) were stirred in THF (20ml) for 15min at
room temperature. Ethyl iodide (2.50g, 16.0 mmol)
in THF (3ml) was added dropwise within 2h and
the resulting mixture was further stirred overnight.
GC/MS indicated a ca. 60% conversion @& A
second portion of potassiurtert-butoxide (2.18g,
18.5mmol) was added to the flask before ethyl io-
dide (2.62g, 16.8 mmol) in THF (3ml) was added
dropwise, then stirred overnight as described imme-
diately above. Conversion afa reached ca. 90% at
this stage, as evidenced by GC/MS. To reach 100%
conversion, the addition-stirring step was repeated
once more with 2.20g of potassiumert-butoxide
(18.6 mmol) and 3.05¢g of ethyl iodide (19.6 mmol).
The reaction mixture was then diluted withoEx
(20 ml), water (2 ml) was added, and the mixture was
acidified with 5% aqueous HCI. The organic layer
was separated and the aqueous phase was extracted
with EtoO (3 x 20ml). The combined extracts were
dried over MgSQ and the solvents were removed
under reduced pressure (water pump). A vacuum
distillation afforded7c as a colorless liquid. Yield
0.91 g (74%); bp 80-8ZC/1 Torr.'H NMR (5 ppm):
1.12 (t,J = 7.2Hz, 3H), 2.25-2.52 (m, 4H), 2.78
(t, J = 7.5Hz, 2H), 3.36 (q, +7.2Hz, 2H), 3.59 (t,

J = 6.6Hz, 2H), 5.47-5.53 (m, 1H), 5.74-5.80 (m,

1H). 13C NMR (8 ppm): 13.00, 25.11, 27.95, 34.67,

41.61, 46.17, 126.42, 129.45, 173.68. MS (70eV):
m'z (%) 153 (M™, 51), 138 (26), 125 (9), 124 (16), 96

(9), 71 (8), 68 (26), 67 (16), 58 (100), 54 (36), 53 (9),
42 (21), 39 (13). Anal. Calc. for §415NO (153.22):

C, 70.55; H, 9.87; N, 9.14. Found: C, 70.50; H, 9.64;
N, 9.27%.

2.2.7. 1-tert-Butoxycarbonyl-1-aza-2-ketocyclooct-
5-ene (7d)

Lactam7a (1.259g, 10.0 mmol), diert-butyldicar-
bonate (3.45 g, 15.8 mmol), and 150 mg of 4-dimethyl-
aminopyridine (DMAP) in acetonitrile (3ml) were
stirred for 24 h at room temperature (GC/MS analysis
showed the presence of unreacted starting material af-
ter 3h). The solvent was then removed under reduced
pressure. Flash chromatography of the residue {SiO
Et,0) afforded an oil which slowly solidified. Crys-
tallization from pentane afforded colorless crystals
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of 7d. Yield 1.32g (59%); mp 60-61C. Concentra-
tion of the mother liquor afforded a further crop of
less pure material (0.27 g, 129 NMR (5 ppm):
1.52 (s, 9H), 2.25-2.36 (m, 4H), 2.94-2.97 (m, 2H),
3.52-3.55 (m, 2H), 5.72-5.83 (m, 2H}*C NMR

(5 ppm): 24.89, 26.50, 28.22, 41.55, 44.18, 82.02,
129.74, 131.03, 153.06, 182.46. MS (70 ez (%)
225 (Mt, 0.1), 170 (22), 125 (37), 124 (11), 109 (9),
96 (19), 69 (13), 68 (14), 67 (9), 57 (100), 56 (12),
54 (13), 41 (25), 39 (12). Anal. Calc. for,gH1903N
(225.29): C, 63.98; H, 8.50; N, 6.22. Found: C, 64.13;
H, 8.48; N, 6.04%.

2.2.8. 1-Trimethylsilyl-I-aza-2-ketocyclooct-5-ene
(7¢)

To lactam 7a (0.50g, 4.0mmol) dissolved in
THF (5ml), 2M lithium diisopropylamide in hep-
tane/THF/ethylbenzene (2ml, 4.0 mmol) was added

J. Baran et al./Journal of Molecular Catalysis A: Chemical 190 (2002) 109-116

(3 x 20ml). The combined extracts were dried over
MgSOy and the solvents were removed under reduced
pressure (water pump). The residue was crystallized
from ELO-pentane, affording colorless crystals7bf
Yield 1.859g (77%); mp 56-58C. Chromatography
of the concentrated mother liquors (Si@cetone) af-
forded an additional 0.34 g (14%) of produtii NMR

(6 ppm): 2.32—2.50 (m, 4H), 2.82 (, = 7.1 Hz, 2H),
3.52 (t,J = 7.1Hz, 2H), 4.54 (s, 2H), 5.39-5.45 (m,
1H), 5.74-5.81 (m, 1H), 7.24-7.32 (m, 5HJC NMR

(8 ppm): 25.02, 27.33, 34.89, 45.39, 49.02, 126.63,
127.33, 128.25, 128.41, 128.48, 129.37, 173.98. MS
(70eV):m'z (%) 215 (M", 64), 132 (8), 124 (7), 120
(48), 118 (7), 91 (100), 68 (8), 65 (11), 54 (10). Anal.
Calc. for G4H17NO (215.30): C, 78.10; H, 7.96; N,
6.51. Found: C, 78.10; H, 7.96; N, 6.51%.

2.2.10. 1-Benzyl-1-aza-4-cyclooctene (8)

with a syringe, and the resulting suspension was stirred  Lactam 7f (1.0g, 4.64 mmol) dissolved in THF

for 30 min. Solvents and diisopropylamine were re-

(10ml) was added dropwise to LiAIH (0.35g,

moved under vacuum and the flask was pressurized8.76 mmol) in THF (10 ml) under nitrogen. The reac-
with argon before THF (5ml) and chlorotrimethyl- tion mixture was then refluxed for 6 h. After cooling
silane (1.5ml, 11.8 mmol) were added. The reaction to room temperature, water (10 ml) was added drop-
mixture was stirred for 2h at room temperature. wise and the resulting mixture was extracted with
Solvents and other volatile components were then Et,O (3x 50 ml). The combined extracts were washed
removed under vacuum and the residue was extractedwith 10% aqueous HCI (2 20 ml). They were stirred
with pentane (2 10 ml). Evaporation of the solvent  with charcoal and filtered. A concentrated potas-
yielded 0.50 g of an oily product (63%3H NMR (5 sium hydroxide solution (from 5g of KOH in 5ml
ppm): 0.18 (s, 9H), 2.27-2.42 (m, 4H), 2.66—-2.72 (m, of water) was added to the filtrate and the resulting
2H), 3.44 (t,J = 6.5Hz, 2H), 5.42-5.49 (m, 1H), mixture was extracted with ED (3 x 50ml). The
5.70-5.80 (m, 1H)13C NMR (8 ppm): 0.03, 24.46,  ether solution was dried over KOH pellets and the
30.41, 36.21, 42.68, 126.68, 129.21, 180.98. Due to solvent was removed under vacuum. A bulb-to-bulb
its high reactivity toward water, no satisfactory mi- distillation afforded8 as a colorless oil. Yield 0.79¢g
croanalysis could be obtained f@e, but its purity (84%); bp 125-136C (bath temp.)/1 Torr*H NMR
was checked by GC analysis. (6 ppm): 1.44 (br s, 2H), 2.24 (br s, 4H), 2.66 (br s,
4H), 3.77 (s, 2H), 5.63-5.78 (m, 2H), 7.21-7.38 (m,
5H). 13C NMR (§ ppm): 24.39, 27.93, 29.01, 52.20,
56.07, 61.96, 126.78, 128.11, 128.75, 129.55, 130.18,
132.66. MS (70 eV)m/z (%) 201 (M*, 24), 200 (39),
173 (10), 172 (21), 146 (15), 134 (6), 110 (18), 91
(100), 81 (7), 65 (12), 42 (8), 41 (6). Anal. Calc. for
Ci4H19N (201.31): C, 83.53; H, 9.51; N 6.96. Found:
C, 83.40; H, 9.40; N, 6.82%.

2.2.9. 1-Benzyl-I-aza-2-ketocyclooct-5-ene (7f)
Lactam7a(1.4 g, 11.19 mmol), potassiutert-buto-
xide (3.49, 28.8mmol), and crown ether 18C6
(100 mg) were stirred in THF (12ml) for 15min
at room temperature. Benzyl chloride (2.05g¢,
16.2 mmol) in THF (2 ml) was added dropwise within
2h and the resulting mixture was stirred overnight.
GC/MS showed the total conversion @& The re-
action mixture was then diluted with £ (10 ml),
water (2 ml) was added, and the mixture was acidified
with 5% aqueous HCI. The organic layer was sepa-
rated and the aqueous phase was extracted wiB Et

2.3. Typical polymerization procedure

Complex2a (0.0059g, 102mmol) and a lactam
monomer (1 mmol) were placed in a flask under
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argon before dry chlorobenzene (1 ml) and tetrade-

cane (0.0080g, GC internal standard) were added.

The mixture was stirred for 5min at 6C, then
0.3ml of trimethylsilyldiazomethane (TMSD, 0.1 M
in chlorobenzene, % 10~°mmol) were added via a
syringe. The solution was stirred for 24 h at@Dand
conversion was monitored by gas chromatography.
After cooling to room temperature, the reaction mix-
ture was poured in a large volume wheptane. The
precipitated polymer was dried overnight under vac-
uum and analyzed by GPC and NMR spectroscopy.

3. Results and discussion
3.1. Synthesis of monomers

Lactam7a was synthesized from 4-cycloheptenone
(4) according to the literaturf26] (Scheme L The

key step was the facile Beckmann rearrangement of

the tosyl oximeb, leading to a 62% overall yield. The
starting unsaturated ketodaevas obtained from ethyl
acetoacetate ands-1,4-dichlorobutene according to
the indications of Descotes and co-workgz8], fur-
ther modified by Wilson and Wiesl&4], and by Mar-
shall and Royc¢25]. The3C NMR spectral data for
compounds4—7a are listed in the experimental part
of this report §ection 2.2, since they were not previ-
ously published.

The new N-protected lactam&—f were obtained
from 7a. The methyl, ethyl, and benzyl derivatives
(7b, 7c, and7f, respectively) were prepared by alky-
lation of lactam7a with a suitable halogeno com-
pound in the presence of potassitert-butoxide and
crown ether 18C6 Section 2.2 The trimethylsily-
lated lactam7e was synthesized from the lithium
salt of 7a and chlorotrimethylsilane, whereas the
tert-butoxycarbonyl substituted lactad was ob-
tained by reaction ofa with di-tert-butyldicarbonate

OH

113

Ru catalyst

O
N,R
n
O

in the presence of 4-DMAR7]. Reduction of7f with
lithium aluminum hydride afforded thH-benzylated
cycloalkeneamin®. All of these products were char-
acterized by NMR spectroscopy and by GC/MS. The
reaction yields were not optimized.

oA

PhCl, 60°C, 24 h

Scheme 2.

0
N’R 7aaR=H 7d: R = Boc
7b: R=Me 7e:R=SiMe;
N 7c:R=Et 7f R=CH,Ph
~CH,Ph

QN

3.2. Polymerization reactions

8

To assess the reactivity of monomera—f, ex-
ploratory polymerization experiments were per-
formed with two of the most active ruthenium-based
ROMP initiators currently available, vithe Grubbs’
benzylidene complexla (system A)[18] and the
[RuClx(p-cymene)}/PCy/TMSD catalytic system
developed in Liege (system B)] (Scheme P In both
cases, the reactions were carried out in chlorobenzene
at 60°C with a 100:1 monomer-to-ruthenium ratio.
The recourse to a mixture of the [Ry(-cymene)}
dimer with 2 (or more) eq. of tricyclohexylphos-
phine offers a convenient synthetic alternative to

OTs

o] N~ N~ 0O
i) NH,OH.HCI H
i) NaHCO3;, MeOH p-TsCl, pyridine K,COs, THF/H,0 N
————————————— D EE— ———————————
(88% yield) (77% yield) 91% yield) \\
4 5 6 7a

Scheme 1.
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performed complex2a. Previous work from our  Table 1
group has shown indeed that the 1:2 combination of ROMP of theN-benzyl lactam7d using various ruthenium-based
[RuClx(p-cymene)} and PCy was equivalent t®a catalytic systents

in the polymerization of cyclooctengl]. A major Catalyst Isolated polymer Isomerization
difference between the two systems is that complex Precursor (%)° products (%)
la contains a vinylidene carbene moiety and can pro- 1a 13 22
mote ROMP per se, whereas the 18-electron prec:ursorlbd 0 0
2a needs to be further activated in situ by TMSD to Szd 2(6) 1(7)
generate a highly reactive coordinatively unsaturated e 5 a1
ruthenium—carbene species that triggers the catalytic 3pe 0 4
Process. @Reaction conditions: lactarif (1 mmol), catalyst precursor
(102 mmol), PhCI (1 ml), 60C, 24h.

3.2.1. Reaction of 1-aza-2-ketocyclooct-5-ene (7a) b precipitated fronn-heptane.

The [RuCh(p-cymene)}/PCys/TMSD catalytic ¢ Determined by GC using tetradecane as an internal standard.

system A was poorly active for the polymerization of _icata'VSI prepared in situ from [Rugp-cymene)} (5 x
this monomer. Experimental observation showed that 20 MmoD and PCy (2 x 107" mmol). TMSD (3x 107 mol)

. .. . . was added to the reaction medium.
a brown solid precipitated right from the very begin- ¢Reaction carried out under intense visible light irradiation.
ning of the reaction. This phenomenon could be easily
explained either by the insolubility of polyamides in
organic media or by the formation of new poorly sol- 7f. The isomeric nature of these new products was con-
uble ruthenium species. The polymer yield remained firmed by GC/MS analysis«/z = 215). The two iso-
very low (<0.5%), and the polymerization process mers showed different fragmentation patterns that are
was progressively supplanted by an isomerization consistent with the structures proposedSicheme 3
process (ca. 10% of isomeric products after 5h at but were not further characterized nor isolated.
60°C and 40% after 18 h at 9C, as determined by Monomersrb—ealso went through a limited isomer-
GC). These results prompted us to consider the pro- ization process when exposed to ruthenium complexes
tection of the amide function in order to circumvent 1a and2a, but none of them afforded any polymeric

the solubility limitations. material. In the case of tHe-benzyl amine3, no reac-
tion occurred with either catalytic system A or B, and
3.2.2. Reaction of N-protected amides and amines the monomer remained unchanged after 24 h 4060

Various eight-membered ring lactams bearing This result did not come as a surprise. It is notori-
N-protecting groups have been tested as ROMP ously difficult to polymerize basic amines, even with
monomers using the catalytic systems A and B, respec- ruthenium-based catalysts, because of substantial cat-
tively. Under the experimental conditions adopted the alyst poisonind1]. The absence of any isomer peak in
N-benzyl lactan¥f was, however, the only functional- the GC chromatograms is more revealing and tends to
ized cycloolefin that effectively underwent a polymer- prove that the formation of conjugated double bonds is
ization (Table 1. A competing isomerization reaction the driving force of the lactam isomerization process.
also took place, as evidenced by the progressive Other ruthenium complexes were tested for the
emergence of two additional peaks in the GC chro- polymerization of theN-benzyl lactam7f. In a
matograms, whose retention times were close to that of variation on system B, the tricyclohexylphosphine

o] o] o]
O\I,CHZPh Ru catalyst G\I,CHZPh O\I,CHZPh
N\ PhCI, 60°C, 24 h * Y

7f major minor

Scheme 3.
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ligand in complex2a was substituted with another methylene units, and the benzyl groups indicated
strongly basic, sterically hindered phosphine that had that the amide functional groups were still fully pro-
led to highly active catalyst precursors for the ROMP tected.13C-NMR spectroscopy allowed to distinguish
of cyclooctend20]. Thus, performed comple2b con- between the various types of carbon atoms, each of
taining the triisopropylphosphine ligand was used as them giving rise to multiple peaks poorly resolved at
catalyst precursor for the ROMP of lactarfiin the 100 MHz. The FT—IR spectrum exhibited a strong ab-
presence of TMSD. The conversion remained, how- sorption at 1634 cmt, typical of the amide carbonyl
ever, very low (10%) and led essentially to isomers. group. A thermogravimetric analysis (TGA) showed
Two ruthenium—arene complexes bearing respectively that poly-d had a very high thermal stability until at
an aryl- and an alkyl-substituted imidazol-2-ylidene least 250C and that a 10% weight loss occurred at
ligand were also tested as catalyst precursors for theca. 340°C. Differential scanning calorimetry (DSC)

ROMP of monomer7f. Complex3a, which was an
active catalyst precursor for the ROMP of cyclooctene
in the presence of visible lighi28], did not afford any
significant yield of polyamide, but promoted rather
efficiently the isomerization of th&l-benzyl lactam.
Complex3b, which was mainly inactive toward cy-
clooctene, did not afford any better results with the
functionalized monomer. No polymer was isolated and

isomeric products did not represent more than 4% of

the starting material.

revealed a well-defined glass transition at°€1 No
other endothermal peak was observed within the tem-
perature range scannedf00 to+200°C), suggesting
that the polymer does not melt before decomposition.

3.3. Deprotection of the unsaturated polyamide
derived from 7f

We have tried to deprotect the pdNspenzyl
lactam) derived from7f in order to obtain and to

Success eventually came from the recourse to the characterize an unsaturated polyamide chain with

second generation Grubbs’ catalyst RyEICHPh)
(PCys)(IMesHy) (1b) [19]. This ruthenium—benzyli-
dene complex bearing a mesityl-substitudéthetero-

no substituents on the nitrogen atoms. The selective
cleavage of a&N-benzyl amide constitutes, however, a
much more difficult task than the deprotection of the

cyclic carbene with a saturated backbone is a much corresponding amin¢29]. Three different methods

more active ROMP catalyst than its diphosphine
analoguela [7]. It very efficiently promoted the
polymerization of monomerf into the correspond-
ing polyamide within the 24 h imparted to the reac-
tion. GC analysis indicated that the starting material
completely disappeared without concomitant isomer-
ization, resulting in an almost quantitative yield of
isolated polymer. GPC analysis in THF showed that
the sticky gum formed had a relatively low molec-
ular weight and a rather broad molecular weight
distribution (M, = 30000, M\,/Mn = 1.47 versus
monodisperse polystyrene standards).

NMR elucidation of the microstructure of the un-
saturated polyamide polyf was complicated by the
possible head-to-tail, head-to-head, or tail-to-tail rel-
ative orientations of the amido groups, in addition to
thecig/trans splitting of the olefinic double bonds. The
detailed interpretation of NMR spectra is beyond the

scope of this study. It can nevertheless be pointed out

that ITH-NMR spectroscopy confirmed the formation

described in the literature have been investigated but
did not lead to any conclusive results. The use of
pure trifluoroacetic acid at 2@ [30] did not afford
any reaction after 18 h and the starting polymer was
recovered unchanged. Recourse to cerium ammonium
nitrate (NH;)2Ce(NGs), in a THF/H,O mixture for

3h at 20°C [31] led to a partial decomposition of
poly-7f, but the benzyl groups were still present, as
evidenced by NMR spectroscopy. Under basic con-
ditions, bubbling dry air to introduce oxygen into
a DMSO/THF solution of poly# and potassium
tert-butoxide [32] for 3h at 20°C also proved un-
satisfactory, as only a minute amount Mfprotected
polymer was recovered after work-up.

4, Summary

1-Aza-2-ketocyclooct-5-en&’4) together with five
of its N-protected derivatives7p—f) were synthe-

of the expected polymer. Comparison of the integrals sized and submitted to ROMP conditions along with

for the olefinic protons (broad signal), the backbone

a related cyclic alkeneaming)(in the presence of
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various ruthenium-based catalyst precursors. These[10] D.A. Robson, V.C. Gibson, R.G. Davies, M. North, Macro-

reactions led mainly to the isomerization of the start-
ing materials and only thdl-benzyl unsaturated lac-
tam 7f afforded a polymeric product. This polyamide
was characterized by numerous analytical techniques.
Attempts to selectively cleave the benzyl groups of
poly-7f failed.
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