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Theoretical study on the effects of the substituent groups
on the homolysis of the ether bond in lignin trimer model compounds
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Abstract: The homolytic bond dissociation energies (BDEs) of C,-O and C,-O bonds in 27 lignin trimer
model compounds were calculated by employing density functional theory methods at M062X level with 6-31++
G(d,p) basis set; the effects of various substituent groups (CH,, CH,OH and OCH,) at different positions on
the BDEs of C,-0O and C;-O bonds were investigated. The results indicated that a single methoxyl group at R,
or R; has a minor influence on the BDE of C;-O bond, whereas two methoxyl groups at R, and R, lead to an
obvious decrease in the BDE of C;-O bond. The decrement in the BDE of C;-O bond from the methoxyl groups
at R, and R, can be enhanced by the methoxyl groups at R, and R;, but is hardly influenced by the substituent
groups at R;. Meanwhile, the BDE of C,—-O bond is gradually reduced when the H atoms at R, and R, are
successively substituted with methoxyl groups; the decrement in the BDE of C_,-O bond from the methoxyl
groups at R, and R, can be strengthened by the methoxyl groups at R, and R,. Furthermore, the methyl and
hydroxymethyl groups at R, can gradually increase the BDE of C_—O bond and this effect is weakened when the
H atoms at R, and R, are successively substituted with methoxyl groups. The methyl group at R, has little
influence on the BDE of C;-O bond, which is however dramatically increased by the hydroxymethyl group at
R,.

Key words: lignin trimer model compound; substituent group; homolysis; bond dissociation energy; density

functional theory
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Figure 1 Spatial structure and major homolytic cleavage
ways of lignin trimer model compound
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Table 1  Effects of methoxyl groups at R, and R; on the BDEs of the C;~O bond
Substituent group C,-0 E/(K] -mol™")
NO. Compound
R, R, R, R, R; BDE ABDE
Al H H H H H MC 1 294.3 -
H OCH, H H H MC 2 294.9 0.6
H OCH, OCH, H H MC 3 286.0 -8.9
A2 H H H OCH, H MC 4 308.6 -
H OCH, H OCH, H MC 8 291.7 -16.9
H OCH, OCH, OCH, H MC 10 271.7 -20.0
A3 H H H OCH, OCH, MC 5 304.6 -
H OCH, H OCH, OCH, MC 9 279.8 -24.8
H OCH, OCH, OCH, OCH, MC 11 260.3 -19.5
A4 CH, H H H H MC 6 294.9 -
CH, OCH, H H H MC 14 293.9 -1.0
CH, OCH, OCH, H H MC 15 286.8 -7.1
AS CH, H H OCH, H MC 18 307.6 -
CH, OCH, H OCH, H MC 20 291.6 -16.0
CH, OCH, OCH, OCH, H MC 22 268.3 -23.3
A6 CH, H H OCH, OCH, MC 19 311.0 -
CH, OCH, H OCH, OCH, MC 24 294.0 -17.0
CH, OCH, OCH, OCH, OCH, MC 26 270.5 -23.5
A7 CH,OH H H H H MC 7 302.3 -
CH,OH OCH, H H H MC 12 303.0 0.7
CH,OH OCH, OCH, H H MC 13 296.8 -6.2
A8 CH,OH H H OCH, H MC 16 313.7 -
CH,OH OCH, H OCH, H MC 21 298.6 -15.1
CH,OH OCH, OCH, OCH, H MC 23 288.4 -10.2
A9 CH,OH H H OCH, OCH, MC 17 320.3 -
CH,OH OCH, H OCH, OCH, MC 25 305.3 -15.0
CH,OH OCH, OCH, OCH, OCH, MC 27 284.6 -20.7

TE4 A4(R, =CH, R, =H) ' #AIL S PRy
C,-O HfHESBESM 10 294.9 293.9 286. 8 kI/mol,
fRESREZME N -1.0 F1-7.1 kJ/mol; 7E4H A7 (R, =
CH,OH R, s =H) 1, BB S Wi C,—O i 25 hE
433K 302. 3.303. 0,296. 8 kI/mol, i 85 e 22 185 N
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R OAH R RIS W o 4 IR H IR R,
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&R 7 B RS O B, €, - O i B RE
252.1 kI/mol [ {i% 6. 1 kJ/mol % 246. 0 kJ/mol
(MC4) , 4 Ry i & T g A L LR, €, -0
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PRAEPY ST T RS BRI a-0-4 BRI E —
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a

ffESHE22(E M -23. 6 F1-16.4 kI/mol ; 741 B3 (R, =

H R, , =OCH,) "I BHUL AW C,—O B 25 R 5>
W2 279.0 244.3 228.4 KI/mol , il B BEZE(E J-34.7
F1-15.9 kI/mol; 540 B1 MLk, 41 B2 .41 B3 #ifiifk
AP R, Ry AR B ERRALT C -0 H i B
g, Bl R, R, {7 A EE A5 fk R, (R, o7 H A BEXT C,
-O BT RERIPRARAR . IRl Lh 2 4H B4-Bo FlIZH
B7-B9 1 C,-O #fif B e 2548, KA LA 54 B1-
B3 AL, #E— P RAE T FiR%h e,
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Table 2  Effects of methoxyl groups at R, and R, on the BDEs of the C_,-O bond

Substituent group

C,-O E/(kJ-mol™)

NO. Compound

R, R, R, R, R; BDE ABDE

B1 H H H H H MC 1 252.1 -
H H H OCH, H MC 4 246.0 -6.1
H H H OCH, OCH, MC 5 237.6 -8.4

B2 H OCH, H H H MC 2 273.4 -
H OCH, H OCH, H MC 8 249.8 -23.6
H OCH, H OCH, OCH, MC 9 233.4 -16.4

B3 H OCH, OCH, H H MC 3 279.0 -
H OCH, OCH, OCH, H MC 10 244.3 -34.7
H OCH, OCH, OCH, OCH, MC 11 228.4 -15.9

B4 CH, H H H H MC 6 258.6 -
CH, H H OCH, H MC 18 251.2 -7.4
CH, H H OCH, OCH, MC 19 243.6 -7.6

B5 CH, OCH, H H H MC 14 273.2 -
CH, OCH, H OCH, H MC 20 250.9 -22.3
CH, OCH, H OCH, OCH, MC 24 242.2 -8.7

B6 CH, OCH, OCH, H H MC 15 276.4 -
CH, OCH, OCH, OCH, H MC 22 237.8 -38.6
CH, OCH, OCH, OCH, OCH, MC 26 229.0 -8.8

B7 CH,OH H H H H MC 7 268.2 -
CH,OH H H OCH3 H MC 16 258.2 -10.0
CH,OH H H OCH, OCH, MC 17 249.6 -8.6

B8 CH, OH OCH, H H H MC 12 279.5 -
CH,OH OCH, H OCH, H MC 21 253.6 -25.9
CH, OH OCH, H OCH, OCH, MC 25 245.2 -8.4

B9 CH,OH OCH, OCH, H H MC 13 266.6 -
CH,OH OCH, OCH, OCH, H MC 23 236.7 -29.9
CH, OH OCH, OCH, OCH, OCH, MC 27 217.7 -19.0

7E4H B4 (R, =CH, R, , =H) 1, BRI AL 3 Y
C,—OHHf# BIRE/T I h 258. 6 .251. 2 243. 6 kI/mol , fi#t
BIREZMH N -7. 4 F1-7. 6 kI/mol; 7E 41 B7 (R, =
CH,OH R, , =H) " BRI 5 W1 C,-O HEff 25 hiE
4351k 268. 2 258. 2 .249. 6 kJ/mol , fif B HE 2518 -
10.0 F1-8. 6 kl/mol ; H:Af B AE 2= 541 Bl =R
AN BRI R, 7 (e ek ) (8 R R T R SAAS SE i)
R, R, 1 EIEXT C, -0 # i B RER AR LAY

2.3 R, iR % (CH,.CH,0H) 3} C,-0.C,-0
B SR BRI

¥ R, MiARR BRI S W) o0 4], TF R R, =
H.R, =CH, R, = CH,OH Wy JF i E ¥ C, -0,
C,—Of A BIAES T2 3 v, [ 105 17 i i 70 Ao A
LAY C,~0 J Cy-O i BT REZEMH
2.3.1 R, fiEXRE (CH,.CH,0H) X} C, -0 #14
AR B LR
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Table 3  Effects of substituent groups at R, on the BDEs of the C,~O and C,;~O bonds

Substituent grou
NO. £rotp

Compound

C,-0 E/(kJ-mol™) C,—O E/(kJ-mol™")

R, R, R, R, R, BDE ABDE BDE ABDE
Cl H H H H H MC 1 252.1 - 294.3 -
CH, H H H H MC 6 258.6 6.5 294.9 0.6
CH,OH H H H H MC 7 268.2 9.6 302.3 7.4
C2 H OCH, H H H MC 2 273.4 - 294.9 -
CH, OCH, H H H MC 14 273.2 -0.2 293.9 -1.0
CH,0OH OCH, H H H MC 12 279.5 6.3 303.0 9.1
C3 H OCH, OCH, H H MC 3 279.0 - 286.0 -
CH, OCH, OCH, H H MC 15 276. 4 -2.6 286. 8 0.8
CH,0H OCH, OCH, H H MC 13 266.6 -9.8 296. 8 10.0
C4 H H H OCH, H MC 4 246.0 - 308.6 -
CH, H H OCH, H MC 18 251.2 5.2 307.6 -1.0
CH,OH H H OCH, H MC 16 258.2 7.0 313.7 6.1
C5 H H H OCH, OCH, MC 5 237.6 - 304.6 -
CH, H H OCH, OCH, MC 19 243.6 6.0 311.0 6.4
CH,OH H H OCH, OCH, MC 17 249.6 6.0 320.3 9.3
TE4] C2(R,=0CH,,R, s =H) i AL 5 IR,

fIC, ~OFEfR S AE /oM 273. 4 273.2 279. 5 KI/mol , fi#
BHEZME N -0.2.6.3kI/mol, 541 C1 ML, R, fii
FHIE S IEXT C - O SR 29 BE 1Y 52 i B B2 T B A
/N, 7EZH C3(R,,=0CH,,R, ;=H) 1 B RI{L 5 Y)
) C, - O HE fift B 68 43 7l b 279. 0, 276.4,
266. 6 kI/mol , i B RE 2 K -2.6 . -9. 8 kI/mol, 5
41 C1 WAL R S A R, B R, 7 i F 3L J 1
Bl C,-O Sl B RERRAR ., Z5 TR BHE 41 C1 #2
AL G YR R, R,y i E5 T AHAR B AU U, 4
C2 .41 C3 B AW R, 7 H 3 2 H 3% C -0
AR B AR A AR AL AT S AL C1L B R, (R, 7
AFELHIE R, ALHEE R T € -0 HEE I RE )
PARG T3

FE41 C4(R,=OCH, R, , ; =H) 1 AL A Y
M C, - O HEfift 55 fig 7 %l b 246.0, 251.2,
258.2 kI/mol, ff BSRE2ZfH R 5.2.7. 0 kJ/mol ; 7 41
C5(R, s=0CH,,R, ,=H) ", #AIL &Y C -0
BB RE S N 237. 6 .243. 6 .249. 6 kI/mol , fi#t B
AEZME M 6.0.6.0 kI/mol, 1 A& I C4.C5 fY
B REZEE S5 4] C1 AHZEAR/N, BB R, (R, 1 H 4
FEA g R, A H 3 X C -0 i B RE 1Y

2.3.2 R, ftBRRRE (CH, .CH,0H) Xf C,-0 #1§
AR BRI

T4 C1(R,s=H) P BRE G WY C,-O
R BSBESM M 294. 3 294, 9 302. 3 kJ/mol , i &5 fig
22{H 7 0.6.7.4 kI/mol ; X Ui W] R, A7 I FEA 2552 i)
C,—O Hff BIRE , M2 H SRR W F 1 = C,—O S 5
g, H 2R R SR R, R s g
AR T 5 B-O-4 Bk AR IRl 12, L4
FAJ B Ay A T M LA TR, e BH A R v 4 A
W3E S ST AR TR R BAL S F N E
SRER IR R s hE, 18 2 45 TRRE S MCI
MC6 Fe MCT B L2548 JFpmih 1T 2K

7E4H C2(R, =OCH, R, , =H) 1 #HI{L &4
i) C, - O G i B fig 4% B b 294.9. 293.9,
303.0 kI/mol, i B HE 2 (E A -1.0.9. 1 kI/mol ; 7EZH
C3(R,,=0CH,,R, s =H) 1, #HEL G Y C,-0
R B RES> 51l 286. 0,286. 8 ,296. 8 kI/mol , fift B
fiE2(H7 0.8 .10.0 kJ/mol, 7] A& ILL C2.C3 Y
fRERE2Z 54 C1 MHZER/N, Ui R, R, A H
AR R, AL R HTEEXT C,—O HEi% B e
(AR AR



340 wooR 4k

g,
¥

L
&

il 44 %

Eéﬂ C4( R, =OCH3 ,Rz-z,s :H) qj ,E“;ﬂ{ké’%
M) C; - O i fif B BE 4> % & 308.6. 307.6,
313.7 kI/mol , f# B fE22(H M -1.0.6. 1 kI/mol ; 7E4
CS(R4,5 =0CH, Ry 5 =H) ,*ﬁiﬂ%%%ﬂ’ﬂcﬂ—oﬁi
R ESHES BN 304. 6 .311.0,320. 3 kJ/mol, fif B fig 22

(@)

(®)

{7 6.4.9.3 kI/mol, FJLILBL, 41 C4 [ 25 HE

52 C1 AHZAR/N, W4 CS M RE 2 EM R T
40 C1, P AT R, (R, {7 [A] it B A S U R, A
SRR R, L PR BN C,-0 M B REM AR 1k

=

ﬂl&o

. 0.238 nm

(©)

K2 BREEY MCl(a) MC6(b) MCT7(c) KL 45 m 5
Figure 2 Spatial structures of lignin model compounds
(a): MC1; (b): MC6; (c): MC7
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