Unsaturated polyketones — a new type of functionalized rubbers PP-1-21
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Abstract Introduction IH NMR of ketonized CB35 samples
The so-called ketonization reaction of nitrous oxide (N,O) with butadiene rubbers Buna CB25 In the last decades, nitrous oxide (N,O) attracts much attention as a donor of active oxygen for
and Buna CB35 having different contents of 1,2-units was studied. The ketonization of rubbers selective catalytic oxidation, in particular, for the direct hydroxylation of benzene to phenol over CoHls —CH— =CH, —CH—
(5 g) by NZO (0.186 mol) was performed batchwise in a Parr reactor (100 ml) in a benzene FeZSM-5 zeolites [1]. Beside catalytic reactions, of great interest is non-catalytic oxidation with
solvent (60 ml) at 200—230°C and elevated pressure. The reaction products were characterized N,O of olefins to ketones and aldehydes (the so-called ketonization reaction). In the temperature
by gel-penetrating chromatography, 13C NMR, and IH NMR spectroscopy. A series of range of 150-280°C and at a pressure of 2-8 MPa, such oxidation proceeds in the liquid phase
functionalized polymers and oligomers of a new type, unsaturated polyketones, with varying with high selectivity often exceeding 90%. Thus, ketonization of olefins provides a promising way 1 - CB35 parent
molecular weights and contents of carbonyl, mainly ketone, groups was obtained. for the synthesis of various carbonyl compounds [1, 2]. A remarkable feature of NZO IS its ability 0
GPC measurements demonstrated that molecular weight of polymers decreases with to react solely with the olefinic C=C bonds, being inert toward other bonds. That is why the _C:H
increasing conversion of C=C bonds and amount of the oxygen introduced from N,O. According reaction products do not undergo further oxidation. The ketonization proceeds by a non-radical —_ 5 _ CB35.200.10
to NMR data’ upon ketonization of both rubbers’ main|y ketone groups rand0m|y distributed mechanism inVOIVing the 1,3-dip0|ar CyCIOaddition of NZO to the C=C bond via the formation of an
along the backbone are formed by the reaction of N,O with internal C=C bonds in 1,4-units. unstable 1,2,3-oxadiazoline intermediate:
N N\o o A% J 3 - CB35-230-6

e Butadiene rubbers [-CH,-CH=CH-CH,-], Ri7CH=CH-Rz + "N=N-O —iRléH —CH —Ry| — Ry~ CH ~C R, + N,

Another promising approach is the use of N,O for selective oxidation of C=C double bonds in

polymers. Earlier, we have shown that ketonization of diene rubbers by N,O opens a synthetic
+N,O O route for obtaining a new type of functionalized polymers and oligomers - unsaturated 100 90 80 70 60 50 40 30

JUCH=CHywv ————  vWWC-CHW + N, polyketones (UPKs) [1, 2]. This reaction is applicable to various types of diene rubbers and allows (Ppm)

obtaining UPKs with different structure of monomeric units, controllable molecular weight, and

specified concentration of carbonyl groups. In this work, we have studied the ketonization of

butadiene rubbers Buna CB25 and Buna CB35 with different contents of 1,2-units.

e Main route of ketonization by N,O = formation of ketone groups in the backbone:
4 - CB35-230-12

¢ Decrease in C=C bonds concentration
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Ketonization of Buna CB25 with N.O Quantitative NMR data for Buna CB25 samples Quantitative NMR data for Buna CB35 samples
2
Buna CB25: Mn = 180000 (Mw/Mn = 2.1), 0.4 % 1,2-units, 99.6 % 1,4-units #| Sample | C=C bonds Distribution of carbonyl products (%) Fraction of
97.2 % cis-1,4-units, 2.4 % trans-1,4-units conversion cleaved C=C - -
( ) (%) Ketones, Linear Branched | Ketones/ bonds # Sample C=C bond(so/c)onversmn a‘f;é?};ﬁi
. . . >C=0 | aldehydes, | aldehydes, |aldehydes ’ 0 ,
Effect of Reaction conditions on ketonization of Buna CB25 -CHZ-)éHO >CH_>C/:HO rat?/o Feteav (%) into ketone into aldehyde ratio
# Sample Reaction N,O C=C bonds | Oxygen Appearance 1 legos ) 5 0 0 0 1 | CB35—parent 0 0 B
conditions | conversion | conversion | content -paren B - 2 | CB35-200-5 2.8 0.8 3.5
(%) (%) (W. %) 2 |cB25-200-6 4.2 95.3 3.1 0.7 25.1 3.1 2 | eB35-200-10 6.7 15 44
1 | CB25-parent - 0 0 0 rubber 3 |CB25-215-6 95 95.9 3.4 0.7 23.4 3.4 4 | CB35-230-6 15.7 3.3 4.8
o 5 | CB35-230-12 23.7 4.7 5.1
2 | CB25-200-6 200°C, 6 h 1.9 4.2 1.2 soft polymer 4 |CB25-230-6 17.4 951 4.2 0.7 19.4 4.7
3 |CB25-215-6 | 215°C,6h 4.4 9.5 2.7 fluid polymer 5 [CB25-230-12 29.6 94.9 4.4 0.7 18.6 4.4
4 | CB25-230-6 | 230°C, 6 h 8.0 17.4 4.9 viscous liquid Average 95.3 4.0 0.7 4.0 ¢ Decrease in C=C bonds concentration
5 | cB25-230-12 | 230°C. 12 h 14.1 20 6 81 viscous liquid ¢ An equivalent increase in the concentration of >C=0 and -CHO groups
¢ Decrease in C=C bonds concentration ¢ Preferred formation of ketone >C=0 groups
ot : : PR : ¢ An equivalent increase in the concentration of >C=0 and -CHO groups
¢ Deep ketonization = functionalized liquid oligomers ¢ Higher concentration of aldehydes (lower ketones/aldehydes ratio) than for CB25
¢ Preferred formation of ketone >C=0 groups
¢ Ketonization of CB25rubber = unsaturated polyketones
3 8 14
13 i : - . . L .
C NMR of ketonlzed CBZ_5 samples Molecular weight distribution of ketonized CB25 samples Molecular weight distribution of ketonized CB35 samples
(olefinic carbons region)
# Sample C=C bonds Mn Mw Mz Mw/Mn # Sample C=C bonds Mn Mw | Mz | Mw/Mn
conversion (%) x 103 | x 103 conversion x 10-3| x 103
(%)
1 |CB25- 180000 7 7 2.1
CB25-parent 0 370|700 1| cB25-parent 0 105000 | 230 | 446 | 2.2
2 |CB25-200-6 4.2 32000 74 140 2.3
2 | CB25-200-6 3.6 8100 20 36 2.5
3 [CB25-215-6 9.5 15000 38 68 2.5
5 - CB25-230-12 3| CB25-215-6 8.2 3900 9.8 18 2.5
4 |CB25-230-6 17.4 6000 16 36 2.6
4|1 CB25-230-6 19.0 1550 3.3 | 6.0 2.1
4 — CB25-230-6 5 [CB25-230-12 29.6 3300 8.5 17 2.6
5| CB25-230-12 28.4 860 1.7 | 3.0 2.0
1.2 0%
3-CB25-215-6 Ko-c™ ¢ Ketonization of CB25 = MW decrease
— ¢ Deep ketonization = liquid polyketones o
2 — CB25-200-6 =2 081 ¢ Ketonization of CB35 = MW decrease
S ¢ Regulated amount of C=0 groups _ _
— . ¢ A more rapid decrease in MW
© and controllable molecular weight —
1— CB25 parent ; =, than for CB25 rubber
T T T T T T T T T T T T T T ‘ ‘ \ ‘ ‘ ‘ ‘ \ ‘ ‘ ‘ ‘ \ ‘ ‘ ‘ ‘ \ ‘ 0.4 4 o
145 140 135 130 125 120 115 © _% ¢ Formation of liquid polyketones
(ppm) =
;"‘ ¢ Regulated amount of C=0 groups
¢ Decrease in C=C bonds concentration 0.0 , = and controllable molecular weight
: : 2 3
¢ Formation of new vinyl end groups (-CH,—CH=CH,) 4 9 ! 15
13 - . .
C NMR of ketonlzed_CBZS samples Ketonization of Buna CB35 with N,O Schemes of butadiene rubbers ketonization
(>C=0 region)
Buna CB35: Mn = 105000 (Mw/Mn = 2.2), 9.6% 1,2-units, 90.4% 1,4-units Ketonization of internal C=C bonds in 1,4-units
$C,> (37.7% cis-1,4-units, 52.7% trans-1,4-units) (CB25 and CB35 rubbers):
/2N _QO N @)
/ S Effect of Reaction conditions on ketonization of Buna CB35 Scheme 1 o My O nlchmn
+ N,O \ /
5 — CB25-230-12 # Sample Reaction N,O C=C bonds Oxygen | Appearance SACH=CHAN  ———> | vWAUCH-CHAN N 2 0 @)
conditions | conversion | conversion content R1 M 2 mcf + CHyw —5 H,C=ny
- (%) (%) (wt. %)
4 — CB25-230-6
WJ 1 [CB35- parent ) 0 0 0 rubber
T 3-CB25-215-6 2 |CB35-200-5 [200°C, 5 h 2.4 3.6 1.3 |fluid polymer
/ 3 |CB35-200-10 |200°C, 10 h 4.8 8.2 26 liquid ¢ A certain fraction of reacting internal C=C bonds (~4% for CB25 and
2 - CB25-200-6 o ~16.8% for CB35) is cleaved (route 2)
4 |CB35-230-6 |230°C,6h 10.2 19.0 55 liquid _ _ _
¢ This leads to the decrease in the molecular weight
e e e 1-CB25 parent 5 |CB35-230-12 [230°C,12h 17.2 28.4 8.5 liquid
212 210 208 206 204 202 200 198 _ _ _
(ppm) - CB35 rubber contains mainly 1,4-units (99.6 mol. %)
- Therefore, unsaturated polyketones obtained by ketonization of this rubber contain mainly
¢ Formation of >C=0 and -CHO groups ¢ Ketonization = functionalized liquid oligomers ketone >C=0 groups in the main chain, as well as
end aldehyde —CHO groups and end vinyl —-CH=CH, groups:
Tt pe
/4
CH2=CH-(CH2-CH=CH-CHz)m-(CH2-CH2-C-CH2)n-CH2—C\H
S 10 16
. 13 .
'H NMR of ketonized CB25 samples C NMR OT ketonlzed C835 samples
(olefinic carbons region)
Ketonization of terminal C=C bonds in 1,2-units
_CH p— .
CeHs —HC=CH— 2 o R—gz—%:CHz —C=C— /QGHB R—22—C=QH2 /:K\ (C535 rubber).
0 : Cch, H H H C\\_Hy ) ) 0
—c _ /C Scheme 2 _N_ z
H L NZ YO , CH,-C7
b J R2 Com AT
CH'CH2 __N> v CHv v
1 - CB35-160-12 CH=CH, JW(I)HJ\I\; ? o)
* N0 am SC-CH;4
L | oo 0 e
5 — CB25-230-12 o N< N YW CHAN
2 - CB35-200-5 R3 .
CH-CH, N
e i i CH
- 4 — CB25-230-6 V LWL VUL CHAVL O A CHAR + CH,
l 3 - CB35-200-10 -
Jt l 4 - CB35-230-6
‘ 2 — CB25-200-6 l - CB35 rubber contains a significant fraction of 1,2-units (9.6 mol. %)
““““““““““ T gttt gttt g At 5 - CB35-230-12 : L : "
142 140 138 136 134 132 130 128 126 124 122 120 118 116 114 - There_fore,_unsaturated polyketones obtained by ketonization of this rubber additionally
e —— e . S S S e e — - 1-CB25 parent (ppm) contain side —-CHO, —CH,—CHO, and —CO(CHy,) groups (Scheme 2)
10 9 8 7 6 5 4 3 2 1 0
(ppm)
¢ Decrease in C=C bonds concentration ¢ Decreasein C=C bonds concentration
¢ Formation of -CHO groups ¢ Formation of new vinyl end groups (-CH,—~CH=CH,)
6 11 17
1 - _ :
- region = '
J (>C=0 region ) In this work, the selective oxidation of C=C bonds in butadiene rubbers Buna CB25 and Buna
CB35 with nitrous oxide (the so-called ketonization reaction) was studied. The reaction leads to
_CHZ_/O o / obtaining unsaturated polyketones (UPKs). According to NMR data, upon ketonization of both
H & —C rubbers, mainly ketone groups randomly distributed along the backbone are formed by the
=N H . . . . . . . . .
N o —— ' reaction of N,O with internal C=C bonds in 1,4-units. A certain fraction of reacting internal C=C
ANy 1 - CB35-160-12 bonds (~4% for CB25 rubber and ~16.8% for CB35 rubber) is cleaved, leading to the formation of
- shorter macromolecules containing aldehyde and end vinyl groups. As a result, the molecular
— . R . : h :
T weight of polymers decreases with increasing conversion of C=C bonds, and consistency of
°— CB25-230-12 2 - CB35-200-5 UPKs varies from a rubber-like form to a viscous liquid.
L Mwww In the case of CB25 rubber the products of the following structure were obtained:
4 — CB25-230-6 3 - CB35-200-10 O o)
/
I | CH2=CH-(CH2—CH=CH-CHz)m—(CH2-CH2-C-CH2)n—CH2-C:H
3 - CB25-215-6 4 - CB35-230-6 o | | o | |
Upon ketonization of CB35 rubber, which contains a significant fraction of 1,2-units (9.6 mol.
A %), the terminal C=C bonds in such units are additionally oxidized. As a result, the obtained UPKs
2 - CB25-200-6 5 - CB35-230-12 : : - . :
contain, along with ketone groups in the backbone, additional aldehyde and ketone side groups.
L CB25 parent " 216 214 212 210 208 206 204 202 200 198 196 194 192 190 188 Thu.s, the ketonjzatign with N,O is applicable to _vario_us types of diene rubbers an_d allows
(ppm) obtaining UPKs with different structure of monomeric units, controllable molecular weight, and
104 102 100 98 96 94 92 90 88 specified concentration of carbonyl groups. The method requires neither catalysts nor expensive
(ppm) - " ¢ >C=0 and -CHO reagents. Since N,O reacts solely with olefinic C=C bonds, the reaction proceeds with high
| ¢ Formation o =0 and - groups selectivity and does not yield any by-products. Due to their properties, oligomeric UPKs can be
¢ Formation -CHO groups used as components of polymeric materials and adhesives [3, 4].
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