3-Methylene-2-Pyrrolidone(3M2P) and Related Monomer Chemistry
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“3M2P” are unique monomers that are not commercially available. I previously offered
proposals that illustrate my ideas that can be downloaded below and also from my web
page:

http://rloginconsulting.com/joomla/images/SiteFiles/Patents/RCM%20Metathesis
%20Polyfuranones%20and%20Polylactams%20and%20dendrimers%20combined.pdf
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Monomers MMBL and MBL are easily polymerized to very high MW by frustrated
Lewis pair techniques but no mention of 3M2P by these techniques?

These lactams do polymerize with free-radical initiation.

http://rloginconsulting.com/joomla/images/SiteFiles/Patents/combinedreport.3.pdf
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MBL and similar lactones are available from biomass and hence are renewable
monomers, but so 1s 3M2P. All the references concerning FLP (and other methods of
polymerization) show how MBL can readily be polymerized to very high MW narrow
polydipersity polymers suitable as tough plastics that could replace petroleum based
ones.
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So why my interest in 3M2P? Because it is an alternate way to present the chemistry of
PVP. Instead of the pyrrolidones lactam facing the polymer backbone, with P3M2P it
would be the opposite. Also the pyrrolidones would, depending on tacticity, face each
other resulting in unexpected complexation ability for iodine for example. Also tablet
binding might be improved, so would utility as drug carriers etc.. PVP was once used as
a blood plasma expander where an aqueous solution was used to prevent shock until
blood could be administered. PVP proved to be difficult to eliminate and hence to be too
toxic( this however was a function of MW with low MW being much better). P3M2P
might be superior? 3M2P and related monomers could be copolymerized with a wide
assortment of monomers.

I think the main issue holding back commercialization is a low cost synthesis route
for commercial manufacture of these monomers.

What follows is a brief review of the synthesis of 3M2P and related monomers. Note
this review is not claimed to be complete.

Lee, K.Y, Lee, Y. J., & Kim, J. N. (2007). Synthesis of B, y-Disubstituted a-Methylene-y-butyrolactams Starting from
the Baylis-Hillman Adducts.Bulletin of the Korean Chemical Society, 28(1), 143-146.
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Choudhury, P. K., Foubelo, F., & Yus, M. (1999). Indium-Promoted Preparation of a-Methylene-y-butyrolactams
from 2-(Bromomethyl) acrylic Acid and Aldimines. The Journal of organic chemistry, 64(9), 3376-3378.

Scheme 1

2
HQ, N 1) In, THE T1 . N
Br, O s+ >=NR2 ) - <
H 2} DCC, 4-PPY cat.
CH5Cls, f
1 2a: R'= Pr, R2= Ph 3a-i (18-49%)

2b: R'= Bu', R®= Ph

2c: R'= e-CgH44, R®=Ph

2d: R'= R®= Ph

2e: R'= Ph, R?= PhCHg

2f: R'= 2-furyl, R®= Ph

2g: R'= 4-CICzH4, R®= Ph

2h: R'= 3,4{0CH-0)CgHa, A%= Ph
2i: R'= (E)-PhCH=CH, R®= Ph

Umemura, S., McLaughlin, M., & Micalizio, G. C. (2009). Convergent Synthesis of Stereodefined exo-Alkylidene-y-
Lactams from -Halo Allylic Alcohols. Organic letters, 11(23), 5402-5405.

(@]
Bn.

MNH X Brn—
/I\A wEe =
Ph

Ph
3

reaction conditions: Fo yield 3:
Br p-Pd(PtBus)z (5 mol %), n-BusN, DMF, 100 °C 95
I ClzPd{PPh3)z (5 mol %), EtzN, PhiMle, 70 °C 93

1; X
2, X
“CO was introduced by a balloon.

Figure 4. Pd-catalyvzed carbonylative cyclization
2 CO was introduced by a balloon.

CITi(Oi-Pr)s, c-CsHgMgCl 0
N,.Bn OH then sodium alkoxide of 2

2 Bn~
SRR =
Ph H (=40 °C to rt), then H,O

Cl,Pd(PPhs), (1 mol %), Et;N, CO  Ph
4 2 69% 3

Ahmed, S., Baker, L. A, Grainger, R. S., Innocenti, P., & Quevedo, C. E. (2008). Thermal elimination of
diethyldithiocarbamates and application in the synthesis of (+)-Ferrugine. The Journal of organic chemistry, 73(20),
8116-8119.



TABLE 1. Thermal Elimination of Diethyldithiocarbamates®
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Scheme 1. Synthesis of o-methylene-y-lactam. Reagents and conditions: a) Boc:O,
DMAFP, EtsMN, DCM, r.t.; b) diethyl oxalate, NaH, Etz0, 35°C; ¢} paraformaldehyde, DMF,
100°C; d) trifluoroacetic acid, DCM.
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Scheme 6. Synthesis of N-substituted z-methylene-y-lactam. Reagents and conditions: a) alkyl/benzyl bromide, NaH, THF, 0°C to c.t.; b) LDA, diethyl chlorophosphate, THF, —5°C to
r.L; ¢) paraformaldehyde, NaH, THF, 0°C to rt.
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Scheme 1. Synthesis Routes for 3M2P“
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Table 3. Synthesis of a-methylene y-lactam derivatives 2a—g.[2]
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S-Methyl-3-methyilenepyrrolidone (A) and T-methyl-3-methylenepyrrolidone  (B)

Both these monomers hawve been shown to undergo radical polymerisation (Ueda et al. J. Polfyrm.
Soi. Polym.. Chem. Ed. 1983, 21, 1139 Wwan Beylen and Samyn, Adakromol. Chem. 1990, 191,
2485). Howewver, the polymer of compound (A) poly{A), is poorly characterized in terrmms of its
solubility properties and its physical properties. Poly(A) is more hyydrophilic than the polymer of
compound (B), poly(B), and fairly soluble in organic solvents. The glass transition temperature
{Tg} of poly(A) is estimated to be less than that of poly(B), which has a Tg of 169 =C (Ishizone et
al. AMacromol. Symp. 201 3, 323, 86). Poly(B) shows depolymerisation above 330 “C and is a
semi-crystalline material (Ueda et al. J. Polym. Sci., Part B Polym. Phys. 1983, 20, 1139). Poly(B)
is water-soluble and also soluble in methancl, dichloromethane (DCM) and polar aprotic solvents
at room temperature (similar solubility behawvior to that of poly(As-vinyipyrmolidone) (PWP).
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As you can see “3M2P” has been of significant interest for a very long time. I think the
above references gives one a good idea of its synthesis.

A problem with P3M2P itself is that it is very water soluble but it is insoluble in most
organic solvents. Obviously one could prepare derivatives that would solve this

problem.
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Scheme 2: Simple ideas that I think are feasible. R1-3 could be anything and hence this
chemistry seems very flexable. For example R1 could be ethylene dimethylamine or the
corresponding quat.. P3M2P produces a very stiff film, perfect for hair-care products. R3
could be an activating EWG. etc Copolymers can enhance adsorption of dyes and



pigments for example in propylene and ethylene copolymers. Copolymers because of the
great water solubility might be the basis of families of adhesives. Easy water removal
suggest various mask applications. I could go on.

One of the most important features of this chemistry is that NMP and 2-Py are readily

available commodity chemicals that could be converted to these valuable monomers by
chemists with limited resources and capital.
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Scheme 3: A few concelvable monomers besides B. I'm sure there are many more
possibilities.

Thank you for reading these proposals.
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