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Abstract

The synthesis and polymerization of 2,3-diazanorborn-5-enes are reported. Reaction of 2,3-diazanorborn-5-ene deriyatitles
molybdenum based initiators-3 leads, in most cases to ring opening metathesis polymerization. By contrast, moré@ease not
polymerized by ruthenium based initia#hrThe polymers were characterized by NMR, GPC and MALDI-TOF mass spectrometry and were
found to have narrow molecular weight distributions and to show a resonance attributable to a propagating alkylidefid KN
spectrum© 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction unhinderedexa or transconformation. In addition, the
replacement of two CH units by nitrogen atoms was
In recent years, there has been much interest in theexpected to result in the production of polymers with simpli-
preparation of polymers with well defined molecular archi- fied NMR spectra which would aid in tacticity assignments.
tectures by the ring opening metathesis polymerization Finally, there are no previous reports of the ROMP of diaza-
(ROMP) of norbornene derivatives [1]. The discovery that norbornene derivatives.
metal alkylidene complexes based on molybdenum [2] (e.g.

1-3), ruthenium [3,4] (e.g4) or other metals could initiate zr
suqh polymerization gnd a.IIov.v cqntrol over the molecular RO Mo CMesPh PCys 0
weight, molecular weight distribution armidl/transratio, as RG Y cl.d __ . H
well as permitting the synthesis of block copolymers and H ollg ICya\Ph LN
tolerating the presence of functional groups, have allowed Ar= 26-diisopropyl phenyl
much progress to be made in this area. In recent publica- 4 o_ MesC 4 5
tions, we have reported the synthesis and the ROMP of 2 R=Mex(CF3)C
norbornene derivatives of general struct@&revhere R is 3 R=Me(CF3)2C
derived from a biologically relevant amino acid [5-7],
peptide [8], or nucleic acid derivative [9].
Now we have investigated the ROMP of 2,3-diazanor- ZEN A
born-5-ene derivative§—9. These monomers are readily Lﬁ\/N\CozR N \E
prepared [10-14], and previous work has shown that N‘co R Y R
compounds$ and7 exist predominantly as an interconvert- 2 o]
ing mixture of the twdrans-conformations, whilst imide8 R Eu 8 R= Ph
and 9 exist as an equilibrium mixture oénde and exo 9 R=Me
isomers [15-18]. Thus it was anticipated that for each
monomer, polymerization could occur through a sterically
* Corresponding author. Tel.:+ 44-01248-382391; fax:+ 44-01248- 2. Results
382391.
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Table 1
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Characterization of polymers derived from monom@&rS

Monomer Initiator 51 M=CH (ppm) %trans M, M, PDI T, (°C) Yield (%)
6 1 Incomplete polymerization

6 2 11.05 31 42 500 53 600 1.26 70 82
6 3 11.65 16 26 300 33 100 1.26 72 93
7 1 10.55 86 10 300 11 300 1.10 97 100
7 2 11.04 34 33 000 39 400 1.19 117 100
7 3 11.57 16 18 900 25 900 1.37 87 100
8 1 No polymerization

8 2 Incomplete polymerization

8 3 12.38 11 2717 2934 1.08 209 91
9 1 No polymerization

9 2 Incomplete polymerization

9 3 12.37 13 Abnormal elution from GPC

columns19791

2 Determined by*H NMR.

® M, andM,, values for polymers derived from monomeérand7 were determined by GPC analysis of the polymers prepared using a monomer to initiator
ratio of between 30 and 100:1 and are referenced to polystyrene standards (372@dmu). GPC was conducted using a Viscotek T60 dual detector fitted
with a Viscotek DG-700 pump and two PSS SDVif linear columns. Chloroform was used as an eluent at a flow rate of 1 mMpamdM,, values for the
polymer derived from monom&uwere determined by MALDI-TOF mass spectrometry on the polymer prepared using a 10:1 monomer to initiator ratio as this
polymer eluted abnormally during GPC analysis. MALDI-TOF analyses were carried out using a matrix compogeih@db@ acrylic acid dissolved in 1:1
water/acetonitrile and a laser power of between 90 and 95. The polymer derived from m@uwalsweeluted abnormally during GPC analysis using GHEI
DMSO (at 80C using a PL GPC210 instrument fitted with two PLgel\iid mixed bed—B columns and a flow rate of 1 ml/min) as solvents and did not give
molecular ion peaks when analyzed by MALDI-TOF mass spectrometry.

r e et re I S — e

i V[VVV
16.0 8.0 10.0 8.0 0.0 8.0
PPM PPM PPM

Fig. 1. *H NMR spectra following the polymerization of mononiby initiator 1 showing the disappearance and reappearance of the propagating alkylidene
signal at 10.6 ppm. (The H&Mo resonance of occurs at 11.2 ppm, the H&/o resonance of the propagating alkylidene occurs at 10.6 ppm, the olefinic
hydrogens of compoundoccur at 6.7 ppm. A: 10 min after adding 3 equivalent3 af initiator 1. B: After 165 min. C: 5 min after the addition of a further 3
equivalents of to B. D: After a further 180 min. E: 5 min after the addition of a further 3 equivalen®tofD. F: After a further 150 min.)
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carried out using ca. 10 mol% of the initiatofis-4 in poly-7, the T, does not seem to be related to trens-alkene
CDCl,. In those cases where a propagating alkylidene signal content of the polymef.
was observed byH NMR spectroscopy, the polymeriza-
tions were repeated using a 100:1 monomer to initiator
ratio (using dichloromethane as solvent) and capping the
growing polymers with benzaldehydethe results are
collected in Table 1. Only the most reactive initiat@,
polymerized all of monomer6—9. The less reactive initia-
tor 2, polymerized only monomerg8 and 7, and the least
reactive molybdenum based initiatbrdid not polymerize
monomers8 and9, and only partly polymerized monomer
The ruthenium based initiater did not polymerize any of
the monomers.

In each case where complete polymerization occurred, aReferences
resonance attributable to the hydrogen of the propagating
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a_ldded tg the polymer_lzatlon reaction, the propagating alky- WG, Wiliams CM, Zagotto G, Zamuner D. Tetrahedron
lidene signal again disappeared and reappeared once poly-  1995:51:7247.
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explanation for this is that the rate of polymerization M. Polymer 1998;39:1007.
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approximately corresponds to the NMR time scale, causing Commun 1997-1097.

the alkylidene signal to be broadened until polymerization is [9] Gibson VC, Marshall EL, North M, Robson DA, Williams P. J Chem

complete. For monomesand?, no unreacted initiator was Commun 1997:1095.

detected by NMR provided that more than three equivalents [10] Cohen SG, Zand R, Steel C. J Am Chem Soc 1961;83:2895.

of monomer were used. This indicates that for these mono- [11] Carpino LA, Terry PH, Crowley PJ. J Org Chem 1961;26:4336.

mersK; is comparable m(p, whilst for monomers and9 [12] Cookson RC, G?Ian? SSH, Stevens IDR. Tetrahedron Lett 1962;615.

unreacted initiator was detected by NMR Suggesting Knat [13] Cookson RC, Gilani SSH, Stevens IDR. J C_hern Soc C 1967;1905.
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3. Conclusions

2,3-Diazanorborn-5-ene derived compoun6is9 are
suitable monomers for ROMP using the molybdenum
based initiator2—3. The monomers are polymerized by a
living process to give polymers with a narrow molecular
weight distribution. The ruthenium based initiatbrdoes
not polymerize these monomers.

the initiator is increased, an effect which has previously 1969;25:657. _

been observed for other monomers [1,2]. Thermo- 17 Tg;;‘grg?“ Masai N, Takeuchi Y. J Chem Soc Chem Commun
gravimetric analysis reveale@,s of approximately 7@ [18] Agmon I, Kaftory M, Nelsen SF, Blackstock SC. J Am Chem Soc
for poly-6 and 200C for the poly-imides poly8,9. For 1986:108:4477.

! Typical experimental procedure: Monomés9 (ca. 0.1 g) were first
dried by filtration through activated alumina, then dissolved in dichloro-
methane (2 ml) and a solution of initiatats3 (typically 5 mg) in dichlor-
omethane (1 ml) was added. The reaction mixture was stirred at room
temperature for a specified time before being terminated by the addition
of excess benzaldehyde (#0). The reaction mixture was stirred for a
further 10 min and then poured into hexane (100 ml) to give the polymer
as a fibrous solid precipitate. The polymers derived from monofreee
soluble in hexane, hence in these cases the terminated polymerization reac-
tion was passed through a column of silica gel, eluting with dichloro- 2 Full details of the spectroscopic, analytical, and physical properties of
methane. Solvents were then removed in vacuo to leave the polymer as apolymers derived from monome®-9 will be reported in a subsequent
brittle glass-like solid. paper.



