Chapter 7

Ring-Opening Polymerization
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= Z ~ linking group like ether, ester, amide, --- Table 7.1 p170
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2 ring-opening driven by the relief of
0 angle strain ~ for 3-, 4-membered rings
0 steric repulsion ~ for 8- to 11-membered rings

o 5-, 6-, 7-membered rings ~ hard to polymerize

2 ROP typically by cationic or anionic chain polym’n.
2 some by radical or coordination
0 some by opening followed by condensation, eg, nylon 6

2 Some ROP steps are reversible; some are not.



Cationic ROP of cyclic ethers

2 cyclic ethers

2 strong C-O bond and Lewis-basic O: - cationic ROP

m except for epoxide ~ both possible < high ring strain
= epoxide [oxirane] = 3-membered cyclic ether

nCHy—CH, —  —— - - ——CH,—CH,—0-}-

\ y Fi
0
Ethylene oxide

FPoly(ethylene oxide)

= oxetane (4-), oxolane [THF] (5-), oxepane (7-)

0 Oxanes (6-) do not polymerize.

= except for trioxane (- polyacetal [POM])

= large exotherm due to crystallization/precipitation

0
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- Cationic ROP of epoxide

0 Initiated by protonic acid or Lewis acid/cocatalyst
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o termination

0 spontaneous ~ CT to counter-ion
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0 CT to polymer

0 Intermolecular CT
= breaking chain

2 intramolecular CT
= back-biting - ring formation
= compete with propagation
-> ring-chain equilibria
= usually, CT wins

m cationic ROP more useful
for crown ether synthesis
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0 cationic ROP of substituted EO

0 propylene oxide
= head-to-tail and head-to-head < regioselective not specific
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m Stereochemistry




Cationic ROP of lactones

0 lactone = cyclic ester

CHT Q
- ~{CHyj-0—C+

Polycaprolactone

Cdpl‘DMEIUHE

0 mechanism

+ ' Gt
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2 2nd mechanism? more probable due to R?

- T, R
a rzm— ___[11' o CHR—,
0= c—rCHj‘l ~ B C—rCHq—-'
7
B R -- / ::lj CHR—,
_ é < CHR— 0=C~CHy—
10 f!‘—lﬁl,_.ﬂ—
“o—cHr- o T— .. 9
Z§}=C—ECH24:|—~"' | R=0~CHR{CH,{ C—0—CHR—

0=C—CH, —
X

2 not useful
= termination and CT to polymer (similar to EO)
= only low MM polyester formed



Cationic ROP of lactams

0 lactam = cyclic amide

0
CH'.‘ ”
C - e Na-c-

NHJ
Polycaprolactam
(nvlon 6)
Capm]actam
N CCHg-)—c Q.
0 mechanism - o ) 1o 6\ S
NH—CHR NH CHR . CCHE-}TC:@:
CHR l:xi_i-l
) H-0—C{CHy
dcm%‘_—c:o: = " * )
T = NH—CHR
. CHR—N:
[CH,+—C=0! — 2y |
Clouts e on
CHR H*g—fcm};cm& NH, fNHZ—CHR
i
H
o—c—{CHQR*‘-x-. ~teHy—c=q; H—gf;:(':—é_CHﬁD
NH*CHR—J k‘-—lr:HR—N—c—{-CHI}-CHR NH, NH—CHR

0 not useful as it is, ---
= CRORP is the only route for NV-alkylated lactams, but not used.



Cationic ROP of cyclic siloxanes

/
T \ I CHq
nix ?]_DT\
CHs CH
3

X

-'f.'
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R,
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51—0 51—A
v=2or3

| |
R, R,
A = e.g. HSO,, ClO,. CF,80,. CH,SO,

J‘I

0O propagation ~ complex (mixed condens’n + addition) pl77

0 useful only for R that reacts with base




Anionic ROP of epoxides

0 Initiated by base

0 alkali metal, inorganic base, Mt-OR, Mt-R, e transfer cat

0 mechanism
Y

o= -—

M(B + CH—CHR B—CH,—CHR-0% Mt

N,
A,

TN

B—CH,~CHR—O——CH,—CHR-0: Mt' + CH,— CHR
=1 - 2

S

E*[—CHE—CHR—{}—]: CH,—CHR -0 M’

m pasic = Sy2 > regiospecific = head-to-tail only
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a living polym’n
0 no termination or CT

0 except for CT to monomer in propylene oxide

i

A "
mf:ﬂz—{ljﬂ—g: Mt + H-CH, EE—-’:HE
CH; . 0. : L
\ Isomerization - lower MM
A"CH,—CH—O-H + CH,=CH—cH,—0: m [T€INnitiate > polymer with =
CHy N Not too severe

CH,-CH=CHO- Mt*
o functionalization

HO + 7 CH,—CHR ——— HO-—CH,~CHR-0O——CH,— CHR—0

Tl
8]
dil. H,503,

HO-}CH,~ CHR ~O——CH, — CHR—OH

-1
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a functionalization (cont’'d)

rlzﬁg—::} 1Z|3H1—D—— EH;—CHR—D——ICHE—CHR—(}_
CH—0 CH—O0~CH,—CHR —0O~+—CH,—CHR —0O
| + 3nCHy;—CHR ——— I : e
(?HE}a \D/ {?Hl}s

CH,—O CH,—O0—CH,~CHR —O—+—CH,—CHR —O

=1
ldi[. H.50,
CHE—D~|—CHQ—CHF{MD—:ICHI—CHR ~OH
CH 0~ CH,~CHR —O—f—CH,—CHR ~ OH
(c,),
CHE—D—I—CHE—CHE—D—]—]CHE—CHR —OH

Ii—

= useful for multifunctional PU elastomer synthesis p45
= may need to change the end group to CH,OH




Anionic ROP of lactones

:0—CHR — :0—CHR
- +""!J]| F..* |::F
Mt Ei{]:t—{ﬂﬁi — '%}F%EHE;
0 \
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/s
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Anionic ROP of lactams

O initiation Mo TR ¢ iw
. Mt —~ ‘o=C—{cH 2
HITI_FCHR? / e 2 X
0=C~{cHy - RR:“_E-H_ M{ iN—CHR
MBS~ L +  BH
:p=c—{cnﬁ_—jx
o lactamate ion — not reactive due to o 3

= pbecome active by —C—N— =~ —C=N—

/ﬂﬂ—c:dl HN—CHR CHy1—C=0;
not active —-—CHR—_I*|~_I: M :t;-=t|:-fCHzp CCHR/—JP!*J:
\‘x.\_/z/‘ + :E_E:_ECHE ]
_F‘-'_'_'_'_'_._ M[ - ]? X

f_fﬂ” HN—CHR
clowhed ‘
CHR—N—C—~CH,}-CHR—NH Mt
0 | S
N-acyl lactam: HENTERR ™
. 0=C
more e deficient 0=CfeHy )~

due to C=0 ,@ﬁ?c}: . Mt _Ii;I—CHR—> activated
- reactive to CHR—H—E%Cﬂﬂgcﬂﬂ—ﬂﬂ—ﬂ + 0=c-fcH)—" monomer
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- e N
;‘": y —aw
= propagatlon 0= (|Z—FCH T Mt ZITJ—C.HR——\_‘
[NH CHR{CH, ,Il {l"T‘-—N—CHR -y .'fZ)—C'{CHzi—"J

F=1 .
[ \ 0= C-(-CH:-»

addition of | . ﬂ
i N —(CHR— _

activated monomer |
/,/ : Mt 0 c FCHy}—

/ HJ[NH CHRTCHH—C%N CHR- ) J

I'k‘ 'l
: '. emy)-
: , orls "CH, y

I-I NH (HR-!;(‘H -'—C T\ CHRkCHg) C N CHR—
21/
-\ (]

\“‘MH*—5\5—:;:14;«:--x\1 monomer to
\:§}=chCH2%gr’ \v activated monomer

0=c—{eH)—~ M{ :N—CHR—
H+NH CHR—ECHE&X—Q—E—CHR —~ 40 --C—':-(TH:—::-{—J
{} H -

2 Induction period observed < formation of A-acyl lactam
= removal of induction period ~ adding acylating agent pl81




Anionic ROP of cyclic siloxanes
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y=2ord Mt OH

R, R, =alkyl, aryl - llll 1\1 ]?I e -,
Mi=Li,Na, K,NH, PH, MU 0 ?i_ﬂjt?i_ﬂ: Mt + H,0
R R
2/ Ra

R, R,
\ “nlvEli =1
'R, | Ry
4 T | 1 aa "
MU 1Q—-Si—O[-$i—Qt Mt
R R,

T =]



Hydrolytic ROP

0 nylon 6 synthesis

Ch 7 5119

—~

TCHy T
(E -y + HO0 2 HOOC-(CH,)s-NH; - step polym'n or

0 ROP (cationic)

0 acid-catalyzed ROP

® primary amine is not a good initiator (compared to COOH)
= the major route (much faster)

0 step polym’n of aminocaproic acid
= only a few % contribution

= determines the final MM
= removing water at high conversion - high MM




Radical ROP

0 monomers with = and ring

Cch 7 Sl20

a ring-opening and ‘normal’ polym’n compete

0 /0 \ / \ |
yd ‘CH, [ | b 1
i CHEZC'\ | i {HI_C_G_{Cth 1 CH:_HC\"«. ,
‘“D__a--'CH:,u' { Y _.I"II., \ {?j ';_] J"Iq‘
Il'n .-'lll o
CHyCHy

®= composition dep on monomer and Temp
= ROP more favored at high Temp (o vS n)

O - 8]

/7 TCH, I
n CHy=C_ | ~CH,—C—NH-(CH,),—

™ -"CHE L ]

NH i

more ROP

O 0 amide > ester> thioester
it CH:ZF B - "= %CHE_E_S_[CH’_&JE%‘

\q,,,-i:u2
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0 2 types of monomers

‘,f——w x—CH X
+ ‘{;;\—ﬂc/ — EH Y Nomal__, gL CH,—C .
2 2 \ propagation e \Y’

b X I !
Ring CH
/pcning (_/ HE
X Z
+ I | I
—* R+ CH,—(C—%" CH
e R
. ‘_-\\_ ~ * “Normal”
R + CH,=CH CH, —C@ Z o—— R—+ CH,—CH .
\H\ J propagation T ;
CH--Y C,lj
Ring ‘\‘_/ Yz
opening
more ROP 5 %fg — E+CH?_CH f
when Z stabilize ¢ U %U+N
"
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0 ring-opening metathesis polym’n

n Y - —CH,—CH,—CH,—CH=CH—}

—f

]
o using olefin metathesis «\’_i . I I
= metathesis ~ exchange of bonds >=<
= olefin metathesis ~ redistribution of double bonds

2 with ‘Grubbs catalyst’ (2005 Nobel prize)
= Ru-based metal carbene [Mt=C], homogeneous

CysP PhyP ..
."il ECI H 3 _{'-C] H LL
Ru=C_ Cy = cyclohexyl Ru=C_ Mes = mesityl = —  )—CH,
a1’ hoy. P “ e / |
1 PCy; cr CH,

o
Mes— NH MN—Mes
III lll

.
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0 mechanism N z
H 7 H ° T
e PR Y
Mt . T PR, | MI_C'\ —— L. M{—'Lx L,.,_|Ml“"|:I:_H
Pol Pol Pol Pol
Z
L
L Mi=C H =— L,_,Mi=C H L, M|
A + PR, ™ o "' k
CHy~Z—CH,—CH=C CHy,—Z—CH,—CH=C C
. . PR
Pol Pal Pol H
0 a living polym’n
= block copolymer possible
m deactivation
H
CH,=C
R-’"T o H " be R-“f clLH _.
Ru=CE Ru=C\ + CH2=CHTCH1—Z—CH3—CH=CH1—R‘
a’l ICHE-Z—-CHE—CH=CH+R' a’|  om g
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0 chain transfer to polymer

)  Mt=CH{CH,~Z~CH,~CH=CH}CHy~Z~CHy~CH=CH+-CH,~Z~CH,~CH=CH}R
L Mi=CH{
2 Intermolecular ;
R{ CH=CH~CH,~Z—~CH,}CH=MiL,
= mp+q 2> mg+p
»//
n mp+q > m+pq LMt=CH{CH,~Z~CH, CH=CH-;:ICHE—Z—CHE—CH—CH{-CHQ—Z—CHg—CH=CH-:;R'
m broadening MMD R'CH=CH—CH,~Z 'Cnglf-JCH=MLL_l.

LMt=CH{CH,~Z~CH,~CH=CH } CH,~Z~CH,~CH=CH{-CH,Z~ CH,~CH=CH } R’
“nn : s
. Iy
J/J"
*

L Mt=CH{CH,~Z~CH,~CH=CH}CH,~Z~CH,~CH=MiL,

m

R'{-CH=CH—CH,~Z~CHyCH=CH+CH,~Z~CH,~CH=CH}R’
_ ) : _

Ky

0 intramOleCU|ar R'{CH:CH CHyZ CHE-::-CH:—CH—CHZ—?‘.—CHE —

L Mt=CH—CH,~Z~CH,~CH=CH—"

o

M,

‘ \ CHCHy 2 CHy s,
R'--CH=CH-CH,~Z—~CH,TCH=MIL, ; |

" CH-CH,—Z~CHy~CH=CH—~
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2 cycloalkene

O —=t~rt
2 radical polym’n? n

0 ZN catalyst?

= mixture of ROMP and = polym’n
2 Grubbs catalyst - exclusively ROMP
0 Isomers
0 cis, trans; ditacticity S NS

0 conducting polymers

I
: I :
O [(CF;);MeCO],W=CHCMe, _ V\/\/\/\]‘
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