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Mechanism for the formation of hydroxyacetaldehyde
by the pyrolysis of xylopyranose and O-acetyl-xylopyranose
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( National Engineering Laboratory for Biomass Power
Generation Equipment, North China Electric Power University, Beijing 102206, China)

Abstract: Xylopyranose and O-acetyl-xylopyranose, the two monomers of xylan, were employed as the model
compounds to study the mechanism for the formation of hydroxyacetaldehyde (HAA) from xylan by pyrolysis.
Six possible pathways from xylopyranose and three from O-acetyl-xylopyranose were proposed by employing the
density functional theory ( DFT) at B3LYP/6-31+G(d,p) level; the energetically favored pathways for HAA
formation were revealed. Xylopyranose may undergo ring-opening, dehydration, rearrangement and retro-aldol
reactions sequentially, to form HAA that contains C4/C5; the rate-determining step is the dehydration reaction,
with an energy barrier of 253. 3 kJ/mol. From O-acetyl-xylopyranose, the side chain is cleaved in the first place,
forming acetic acid ( AA) and a cyclic intermediate; the ring-opening and H-shift reactions happen afterwards
from the cyclic intermediate to generate HAA containing C4/C5 ; the rate-determining step is the H-shif reaction,
with an energy barrier of 317. 6 kJ/mol.
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for the formation of HAA from direct pyran ring scission of xylopyranose
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Figure 2 Pathways for the formation of the dehydrated acyclic intermediates from xylopyranose

2.2.1 EiF1

HI Pl 2 T, B8 AR 1 Rtk i AR Y C2 SR 3L A
C3 A RAEMKI R, AR T C2 F1 C3 [a] WL i)
(A 1-i1, FEEEAR 1-1 o, LI ABE 15 5 1 28 1m0 s
K, HR R RE 42 K 314. 1 kI/mol; f&4% 12 1 fik
U N = Bl [ (T =2 S O = N VA |
293.1 kJ/mol,, F B A] 0, 8% i K Hh e A 1-i1 5
AlRE AR 12 ORI B, ik — 2l AR AR
HAA T BEi&EA 3 Fh, HARULE 3 (42 13 .14
1-5) s Ho s 34 Re B 5 s i 45 A 1R DL I 4

PRAZ 13 v FrfalA 1401 19 C4 (iR E RS 2
C3 I+, [AlAf C3-C4 HEWi3 A i & C4/C5 1Y) HAA
R ARG ) o B8AR 14 1-i1 &l
SO VERS 1-ts5 B AE BRI N i & CO, b I
2275 (A BH 2 M, BB 22 5535 349. 0 kJ/mol , ¥ #§1%
1-5 101 5 ph A e e HEAS 20 R = P ()R 1445,
P FOCER TS 1-ts8 KA BRI, i Tzt
T S R JE T BRI X 1-ts5 822 | 2 [a) (o7 FHLFR ARG, I
I fE &2 K& N 163. 2 KI/mol ([t 1-i5 fE & 1%
185.8 kl/mol) , 4% 14 5 1-5 HPiFd s Fic ) v #

RE| AR 1-i4, 88 5 4 S5 R I N 15 B4 7% C4/
C5 ) HAA % RNV g4 K 345. 8 kI/mol , B g &
THAE 13 hEEB RN AES, AT W CO S
SEFERFFLEAREB RN MR, B 13,14,
1-5 W REZR 331 297. 4 349.0 .345. 8 kI/mol , #%
213 MR 1-i1 A HAA Wik iz, %
1o IR AR S8 5 28 D0 B84 1-2 R 1-3 (14 S g )
S HAE L HAA W R B AR 3 R B O AR 7l HAA
)20 B8 Ry iz i AR 0 e D 3RO RE &2
297.4 kJ/mol
2.2.2 EEFE2
MEmEABE ) C2 1 C3 (A0 F2 3k, B T 42 1
FrR MoK J7 2040 T Re & A C3 FRIEA C2 &Y
WK SN, FEA3E] C2 A C3 [a] B 6 Hh [a] 44 2-i1
AR 2-1 T R AW S JS 8 1 IR R K R S
MHEZ K 253.3 kI/mol, 42 22 ﬂttﬂwwﬁw
Je a4 Ui WK R JF BRI R, SN RE &2 R
288.9 kJ/mol ; F I AT %A% 2-1 E’J%‘EQ@E&, )i
FEAWEK A 2-i1 BEATBE R AR 2-1 Ak, HE
b HAA AT REEE AR A — 2%, R B ae Kl 5



188 P S RS S O %543 %
KR R ZE R I LI 5, iR 2-i1 5 HEAS 320 R =X MR, 25 0 B5AE 2 v I IR A B 28 ) (A 2-1
HrEMA 2413, SR 5 38 O 30 B I 40 A R b AR N (SN 3 A S AR B HAA B e AT %A% 5 7K R g A
C4/C5 ) HAA; Hifth iy 2-i1 A2 HAA MIEEIRRER: XA IR IV fE 220 253. 3 kJ/mol,

HO_
Its4 5 No(HAA)
et |
path1-3 2 {
e
N
OH & (1-3)
OH co
2 ¥ HO
HO \5)4\3/\1 _Jitss OH S (HAA)
OH & [Pathi-4 HO\S)\3(CH,1-156 Y
0o 42T CH
1-il OH HO_GH,
1-i4 3 (ethenol)
OH CcO
1-ts7 HOM] 1-ts8 HO_ 4
— 4(,) (')—,Ho s 13 o 16 ST\O(HAA)
; ‘T2 CH
1-i5 OH HO\72
1-i4 3~ (ethenol)
OH OH OH O HO_ 4
5 a1 2 Hos A3 1 2455 5T (HAA)
HOS | 2 24 Dy 2 7 L0
. path2 OH
i 243 3&1
HCON (2-i4)
0
HO_ | HO,
_— EG 3-ts5
3-ts4 2 \054 ) Y,
. + HAA
path3-3 4
4 OH 5.2 I3 '
HO\/%I on o3
5 |
OH 0 OH HO_CH,
il 3-s6 5 4 3 1 3-ts7 5 (ethenol)
I |—
path3—4 0 OH O OH 318 CcO
343 03ALO0 —>  +
2 | HO, 3155 HO
(3-14) N o S H\O
EG HAA
HO_ | 3455 HO
4-ts2 2 OH \O
— " - i (EG) HAA
pathd-1 OH
OH OH
5 3
5 3 1 H,C%t\” .
HC Y 23 — RS CE D
OH O Sc "
4-il - CH,
‘ I S LTV ' (AH)
path4-2 y Cc7y 2 2 |1 BH co
’ -ts8
OH O ol o 2,
4-3 W(3-i4) HO, 3455 HO
R N
EG OH HAA O

B3 4GB K R R R A B HAA (W] RE A2

Figure 3 Possible pathways for the formation of HAA from the dehydrated acyclic intermediates
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Figure 4 Energy profiles and structures of important compounds for path 1
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