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FEE: AT RHBINETTZEEEL, B 5ELl DA Rk, A a TR 2 B4 pE (), FLLS-FR g ( 1)
RIER, SRR T S-SR (1), (kAW 15 M i bR, 40 #2R ] Koenigs-Knorr i FIAH ;5
A, AT 5-FIERE-2, 3, 4, 6-DU-O-Z it 3k-p-D- AT (IV); e, B IVKER, S8 B
5-F S 0-D- A AT (V). AR Y454 '"HNMR ., BCNMR., IR, HRMS HiiF, FEXBETR VA
ZURMERESEAT T IE o 5 R W « AU AL 7 iR e AS B0 P= 5 R IV, Koenigs-Knorr 15 {1 . Koenigs-Knorr
B ERAE RN AR n(S-HIEBRAE) « n(RAR YD Z BRI HIHD=1 1 1.6, n(5-F HLBERE) : n(Ag,CO5)=1: 1.5, [Hlii
KN 4h, (EEWIVIT=ER 42.9%. HIRHTT VAZRE GRS R0 S-FF S00mE | 5-F SR s ikl sy, vl
FTFE . WEETI,

KR WAL S-HISMRIE-A-D-AIERE L PR, BRSEN
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Synthesis and Pyrolysis of S-Methyl Furfuryl Alcohol-#-D-Glucopyranoside

ZHANG Gai-hong, BAI Bing*, YANG Jing, CHENG Chuan-ling, ZHANG Yue-li, MAO Duo-bin
( School of Food and Bioengineering, Zhengzhou University of Light Industry, Zhengzhou 450002, Henan, China )

Abstract: To develop a new type of glycoside flavor, firstly, 2, 3, 4, 6-tetra-O-acetyl-a-D-glucopyranosyl
bromide (Ill) was synthesized from D-glucose. Then, 5-methyl furfuryl alcohol (II') was prepared by a
reduction reaction of 5-methylfurfural ( I ). Subsequently, a glycosylation reaction between compounds I
and II led to 5-methyl furfuryl alcohol-2, 3, 4, 6-tetra-O-acetyl-B-D-glucoside (IV) by Koenigs-Knorr
method and phase transfer catalysis method, respectively. Finally, the target compound 5-methyl furfuryl
alcohol--D-glucoside (V) was obtained by hydrolysis of compound IV. These compounds were
confirmed by "THNMR, "CNMR, IR and HRMS. The thermal pyrolysis of glucoside (V) was also studied.
The results indicated that the compound IV synthesized by the two above-mentioned methods was target
product, the Koenigs-Knorr method was better than phase transfer catalysis method. The optimal conditions
for the preparation of compound IV by Koenigs-Knorr method were as follows : n(5-methyl furfuryl
alcohol) :n (2, 3, 4, 6-tetra-O-acetyl-a-D-glucopyranosyl bromide)=1:1.6, n(5-methyl furfuryl
alcohol) : n(silver carbonate)=1 : 1.5, refluxing time for 4 h. Under these optimal conditions, the yield of
compound IV reached 42.9%. The synthesized 5-methyl furfuryl alcohol-B-D-glucoside after pyrolysis
could release 5-methyl furfural, 5-methyl furfuryl alcohol and other aromatic components, which could be
used in food, tobacco and other industries.

Key words:glycosylation;5-methyl furfuryl alcohol-$-D-glucoside;pyrolysis;perfumes and essences
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WA R AN AT nkm R A R — 2k
HE A EFERMAAED ), KRR THZ M
FRMS U HEFRSAER S . BEIL . H=
A OMERCRLE, AW TR . FERAFEA
R T AR E S ), R R AR . An Sk
VTR AT A AN 5 ¥ R P I, D ELA v
FE Y I g A A

HHT, 28087 5 kg 2 A AT AR Al A vk i
PRl R RS2 PIVRA A AR L ok e A
b, 38 kSR Ak 9 2 N A — 3R 51 K e R
KA G, TAMRR . AL, 5. ra sk
ARSI B YPE TR | RBIE ™ 252 AR i) £ i
FRWAERER, JEHBERRRA . TR kge
SV S SRR 3 ok 0Tk S N o] R PR R
B 22 RBP4 T B N7 UK T 1 25 1 6 i e
Pk SR 0 A U BEER R AL A 1 . BRIR IR IS 2 2 be
P MAEAY, MEREmG B R KRR, 2S5 hik, A
ORIV MR P 1) F 9 6 DL ARG . S- P L e — ol
RARFARI R B R, R T4 FAS
g, SERAENEE, £—CfE LIRS T A
FHRCR, 2 A AL i A B a4, 5 S Ao
AR

ARSCUL S-FEARERE (1) AJEORE, Zab Rk R
S-HUERMERE (1), 05BN omt%nE (1) i
TR AL SO, 43 2438 T Koenigs-Knorr 2 FlAH%%
B, Hnias) s-HILeREE-2, 3, 4, 6-14-0-&
Pk 3L -p-D-H AT (IV ), SR B IV B 2 mE
3] S-F LB -B-D- AT (V). Wik &
Y4545 NMR (IR I HRMS #iiE i@ i+ Py-GC/MS
XEEBR =YV ASGRAT TR 5E, R B
SR R RIS & R AR PR

/@\ CHO @’/Q\/OH =z,
| I
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1 SEIEEY

1.1 RKF 5 S
S-FHLMERE , A 99%, dba i R Rk

AR D-H A S S5 B TSR], 4
Brat, EZERLEARARAR; TKFE., —
AWle. Wi, AMEE. LRI, Arad,
FEE T I Al R0 BN 5 ek e PH 2 A AR S
R, AHIPT 4A 3T, KERRIR I A R
YNGR

Vertex 70 FUAE B mq A8 e 27 AP B 154, € [
Bruker /A#]; R-1001VN JEF%78 %L . DHIF-4002
IR TERBEFE SN v, IR T3 A IR A
AVANCE I 600 MHz # S A% i PRI ( TMS
JNFR ), it Bruker 25 5250T-7890A-5975C
S H SR, 25E Agilent A F]; AB Sciex
Triple TOF 6600 /& ROBAH (1% -5 73 P B i 15 H]
X, [ Sciex A .
1.2 GRTE
121 5-FaAmeE (1) ek

S CHk[26], K5 11 g (8 mmol ) 5-FF FLREmE i
PN =HUH A, FMA 170 mL HEE, #5850 TR RN
IRAPIAHIZ] 10 °CEA, 43212 H 5.7 g( 12 mmol )
N s A | NG DAY SN € X (i N ERT K 12 3 A IV
W, BN, RN TLC W, RIFFN
VA ) © V(R ZHE)=2 - 1, TLC Wil = r=4uk
JEAFASAREE, 45210 Ry, B AN N5 A 24 30 mins
Z IR R ZE BRI R, A5 30 0% A, T 200~300
H AR AL ZNT, VR : (CRROTR)=9 1 1 1)
RAWRIVERL, MBI TaERRIAK8.676 g, ™R A
77.5%. 'HNMR (600 MHz, CDCl;), d: 6.14 (d, 1H, J =
6 Hz), 5.90 (m, 1H), 4.51 (s, 2H), 2.27 (s, 3H).
BCNMR(125 MHz, CDCly), d: 152.57, 151.77, 108.40,
106.11, 56.59, 13.17,

122 BRwWZEH HHE () 46

Z 7% CHR[27] 5 A ORI 2 1 6 2 R
(), HBEAEAME, mp. 86~88 °C. i ET
VKA IR AT
123 5-WHAMEEE-2, 3, 4, 6-19-0-TE I -4-D-#] &

BH (V) 86k

1.2.3.1 Koenigs-Knorr 7

] 250 mL —HEH T RIANA 1.12 g (10 mmol )
5-FJLMERE . 6.57 g (16 mmol ) VA DY 2 B 2 b
4 g 4A 3T . 60 mL TR A e, =R T
FEIL B R ERHE A 392), A 4.13 g (15 mmol )
B Ag,COs (SiO, #HER ), Z 5 il 181 3t S5 1
4h, ROWVEEH, Mg, WEREEZERER, IR
R, RERAEZ T8, VAl : (e
LER)=3 - LIRGW AU, B ek 1.90 g,
FERH 42.9%
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1.2.3.2  HMHEBAMEE

] B i A 1.12 g (10 mmol) 5- 1 e |
3.2 g (23 mmol JJL/KFRIRER .30 mL 7K, iN#k % 60 °C,
SRIGHEHE FARYKIMA 0.64 g (2 mmol ) PUT HiRAk
B, SMREINGA 6.57 g (16 mmol ) JRAY U Z it
R 30 mL =S eiA i, RIZUEHE 10h JE, 41
)2, KIZREAGZER (20 mLx3), FIFAHL
M, RIGHIEK Na,SO, T4, Lug, WEWRYE,
WAL ZMT S, VOAThER) : M(CFRTER)=3 : 1 IRA&
R UERL, Rk 1.09 g, 773H 24.6%.
124 5-WAWBE-D-HAHAEF (V) 696 %

1 0.88 g (2 mmol ) 5-H FLMEEE-B-D-PU £, Bk
TV ART 15 mL JC/KF D, eI 1 4 e S i
w2 0°C, SRS 5 mL (0.5 mol/L) HIfE
BN R A, DGR R BERE 3 h, RIESHE,
SN LR TR AR R 2, AR A W A T RE AT 2 AT
OYES, SEM v (B - M(CTRRCTR)=3 1 e,
FH VEEA7) - VOPEE)=8 : 1 YeBE, A3 @k 0.49 g,
FERA 89.3%
1.3 #%H (V) 8 Py-GC/MS ## %

(1) R BOE AN, BAZmR L
AP, IR T ARSIz, AETCECIRAS
T (He 54, 43552547 300, 600, 900 °C
HIFAZR T o PRELRIRIRIR 2 50 °C, 5 °C/ms
B THEE R, & THE 300, 600 F1 900 °C, 43 B
20 s,

(2) GC/MS FFF A5 N BHMEH: HP-5MS

(30 mx250 umx0.25 pm ), FEFETIEE 280 °C 5 T
IEFRF R 50 °CA#4F 2 min, LA 5 °C/min (R T2
280 °C, fR%F 7 min, M He, ¥i# 1 mL/min, 43
bt 100 : 1 LBy 0 BI B, RS HERE 70 eV,
TR 2R EE Sy 280 °C, B TR 230 °C, UK
FRRJE R 150 °C, HHEER 50~550 m/Z; rife i
JEh WILEY . NIST %)%,

2 #ERETTR

2.1 FHIMEHRIE

ik (V) FER™ (V) ME5HE IR,
'HNMR . "CNMR #l HRMS i,

HRE R IV O)RYZE R R AE A0 . '"HNMR(600 MHz,
CDCls), d: 6.22 (d, J=3.0 Hz, 1H, H-3), 5.93 (dd, J =
3.0. 0.6 Hz, 1H, H-4), 5.19 (t, J = 9.6 Hz, 1H, H-1),
5.10 (t, J = 9.6 Hz, 1H, H-1), 5.00 (d, J = 7.8 Hz, 1H,
H-1"), 4.69 (d, J = 13.2 Hz, 1H, H-6"), 4.56 (t, J = 10.2
Hz, 2H, H-6'+H-5"), 4.27 (dd, J = 12.0. 4.8 Hz, 1H,

H-4"), 4.18~4.10 (m, 1H, H-3"), 3.69 (ddd, J = 10.2,
4.8, 2.4 Hz, 1H, H-2'), 2.29 (s, 3H, H-6), 2.10 (s, 3H,
H-Ac), 2.02 (s, 3H, H-Ac), 2.00 (s, 3H, H-Ac), 1.98 (s,
3H, H-Ac), “CNMR (125 MHz, CDCl;), d: 170.70
(C=0), 170.30 (C=0), 169.40 (C=0), 169.37 (C=0),
153.08 (5-C), 148.33 (2-C), 111.42 (3-C), 106.39 (4-C),
98.74 (Glu-1"), 72.81 (Glu-2"), 71.79 (Glu-3'), 71.12
(Glu-5"), 68.39 (Glu-4"), 62.84 (1-C), 61.92 (Glu-6"),
20.75 (CH,), 20.61 (CH;), 20.59 (CH3), 20.56 (CH3),
13.62 (6-C). IR (KBr), v/em™': 2945, 1753, 1737, 1567,
1437, 1363, 1245, 1207, 1164, 1129, 1084, 1040, 997,
969, 906, 788, 697, HR-ESI/MS (m/Z): CaHzO11,
caled, [M+NH4]"=460.1813, found 460.1814,

Hirr=# (V) ME5HFMEIT . "THNMR(600
MHz, CDCly), 6: 6.30 (d, J = 3.0 Hz, 1H, H-3), 5.97
(dd, J = 3.0, 0.6 Hz, 1H, H-4), 4.77 (d, J = 12.6 Hz,
1H, H-1), 4.60 (d, J = 12.6 Hz, 1H, H-1), 4.37 (d, J =
7.8 Hz, 1H, H-1'), 3.91 (dd, J = 12.0. 2.4 Hz, 1H,
H-6"),3.71 (dd, J=12.0. 5.4 Hz, 1H, H-6"), 3.43~3.36
(m, 1H, H-5"), 3.34 (d, J = 8.4 Hz, 1H, H-4"), 3.30 (dd,
J=15.4. 2.4 Hz, 1H, H-3), 3.27~3.22 (m, 1H, H-2'),
2.27 (s, 3H, H-6), "CNMR (125 MHz, CDCly), &:
152.50 (5-C), 149.28 (2-C), 110.80 (3-C), 106.03 (4-C),
101.27 (Glu-1'), 76.51 (Glu-2"), 73.54 (Glu-3"), 70.19
(Glu-5"), 62.27 (2C,Glu-4', 1-C), 61.41 (Glu-6"), 12.28
(6-C). IR (KBr), v/em™': 3537, 3323, 3187, 2921, 2864,
1567, 1355, 1221, 1164, 1073, 1016, 999, 896, 794,
766, 597 . HR-ESIUMS (m/Z): CH;50; caled ,
[M+NH,] "= 292.1391, found 292.1389,

B "THNMR 3%8c88nT %0, wrial AV A H AR =9
Vb H g | e B S e s i H——XF
N, BT HB =YV E THNMR 3 Fr % 57 2
CD;0D, WA B 4 A~—OH A5 5 #ehtlk, 1
R EEA BR, LEWNMVE "THNMR 3 )
L [RVRRAE A0 5 A A B I SR S i s, By
AR ERF 1, 2, 3, 4, 5, RIEE A S-
HIEOR IR IR Z5 R BT, BT F 1. 3. 4. 6, X
P A Y B & N IX 37T "THNMR 3% L, Hifa)
WIVEA 4 DSCBERMTRE, 1 HRA=Y VA
SR OBEMRRR . JFH, PRENVE 4 L8
R PRI B A M 2R, Xl R H
T H T e R B B A X PR M i Y, BEER BT S
AFE, 4 A OB R E A
AFl. £ PCNMR 3% b, JREEIVE 4 ERIER L
SENERE AT 169.75, 169.32, 168.42(2C), HAR™
YV AN 35 30 sk

LEAMEE E, REMARIVAY 1753, 1737 em™ Ak
B C=0 IR E RSNt , Bism V ik
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A C=0 AR, £ 1 3537, 3323,
3187 em™' FEILLE AORAS BUAR 4 PR S s . AT L
HAn=9 VARXS iRV AT s, 2 733,
HRMS B3R 22705 PO N . kI, Bkl
o ARSIV Y

Hr R IV AT BR =9 VR4 70 ] AR 4 0% P o
I UL 20 T A A 8 BOR FIWE S e A b
I PR, Cyoy TRZAE T o, Y Cooyg A0 T oA
Wi Z [ A H 5 J = 7~10 Hz, BLRPHHTEE A B 14
B4 Con b T e BERT, B Z M A A F A J=2 ~
6 Hz, IR o AL, i A AR IV A E bR
Vi) THNMR A1, FEEN o Cpy A B A (E 2
5.00, J=7.8 Hz; HEn™¥ Vb Cry b iz
4.37, J=1.8 Hz, HiLn] B8 m A IV AT E AR V
Bk p R RIREH
2.2 HEER RS4RI R

BEH IS B AL — 2P R O AD IR, e vy
B, RS B B — R R PR R A O R R R
HHBEEHE AR 2 Okl . — A W RZ R B |
RBP4 SRR A SRS, T
ERe 185 , N F v A 2 Ad ] Lewis /i /Brensted
FRAVE AL, SO I B, P A BN B —
W R A (T (SR R N A Y iR i e
By p AL, (HRN AEETZ] GRS TE-78 °C R i
TN ), If H = e e Bebs v s U, e 4%
R, &R A N—O EHE g IHER; %
RWEVE RSB, ROR 2R AN, 5 T4
A AR B3 Sy 2R B — g AR RO R
ARSCRIVRARTY 2 Tt o) A WV AR, 4R
T Koenigs-Knorr % FIAHH #A#E1k 7% , Koenigs-Knorr
DRV . SRPEIRAT . B TS BURRE
(42.9% )o A FE A HE AL ik S N I ) 4L 7 IR
(24.6% ). A, Koenigs-Knorr AL T AL #1k
1, WO Koenigs-Knorr 32 8 S v 25 (4647 T WF5% o

& JH Koenigs-Knorr 7%, LA Si0, 12k A9 Ag,COs
R, TR 4A SRR, HAAAT
WAL FR S B S PR IR, B TR . i
FUFH AR SO B )%t 7= B iy s, AR Ak T S g 451
2.2.1 AT R H

FEFCA N A5 F ] 1.2.3.1 &AM, H5 5-
FH A Pt N YSLA D 2 1k 70 25 W 70 JEE O LU X6 s g 7 8
M, A5 R ILER 1.

HER 1 AT, Bl VLA DY T i A A L 15 Y 3
K, P IV 77 BT, 24 n(5-HEBERE) © n(1R
R0 ZBER A =12 1.6 B, PRIV Y= 3Rk 5|
42.9%; ZJ5, FHIEAAY OB AR R, )

IV B F= 8 A 10 B IL, 2 8F n(5-F M) - n(TR
R 2 mE 2w HE)=1 - 1.6 Nffh.

SRR, BB N R, ARSI
N, VAR DY 2P A A RN S-FR AR R N, SO
AR, TRV AR TR IV ) R 2 Tt 25 4 (R
TR DY 2 Tk 3 A A TR R SRR 7= ) S T 5
UE FRZES, FER N R PO 5-F MR, o
SN FAFANAS R IR 53 1A 7Y 2 1k 1 A W e A
BT VU AW, RIS U 2 Pk 25 5 R K & AR
TN F, RNARRERATGEICAK, Wbl
YIRS, ik, RFIEICKAL B, TRl E AT
PRI 4A 50t E R IR AR

R BB IV 7 A
Effects of mole ratio of 5-methyl furfuryl alcohol
to 2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl bromide

Table 1

on the yield of compound IV
n (5-F FERERE) - n(IRAR I 2 15 8 2 4
1:1.0 1:12 1:14 1:16 1:138
T % 28.6 32.7 38.9 42.9 41.8

222 EAH A EXFEGHA

AR TR X B N7 7 S5 1) 5 W A S T, — A
RGP s IR AR = Bl Sio, $H2k
Ag,CO; fEALTE M TR 25 1Y AgoCOs FIRT ALY
Ag,CO; . AT BERY S R 3 il 45 1Y Ag,COs KT
Si0, I, ATLIARIE Ag,CO, Ay LL R AL, HEifi
g AT E . L, SRADE R &R Sio, 3
Ag:COs VENHEAT . 78 F A S R 45 1R AN A5 1 15 1
T, ST X SN =SB, 45 LR
2. R 2 AT, BB ML F AR AE, PV
PRGN, 4 n(5-FSEHERE) © n(Ag,CO5)=1: 1.5 i,
ATV B2 2RI E] 42.9%., ARS8 hn Ak 4
JCRE P EIE A W, R, IR Z AR,
B 5 A AL R AR SR I e A FH il n(S-FH M) -
n(Ag,COs)=1: 1.5,

22 LRI HEX =PIV =S
Table 2 Effects of catalyst dosage on the yield of compound IV

n (5-FF 2B © n(Ag,CO3)
1:05 1:1.0 1:1.5 1:20 1:25
FEH /% 22.1 31.8 42.9 43.2 43.8

223 R A A E R R

HoAt s 07 25 AR TR] 1.2.3 715, 2588 SRy B[R] Js2 i
FERMEE, S5 3, R 3 AT, BERN AT
[ SELS, P IV P 3-8, MBI EA 4 h
W, PERGRRIRK, N 42.9%, GREEGEK N ],
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WZE A TLC BoR MR R E A, 7R TR,
B RO R AT R, BB —E RS, R
ARSI, SRR 4 ho

3 IRV AR

Table 3  Effects of reaction time on the yield of compound IV

B8 15 6] /h
1 2 3 4 5
FER Y% 16.4 24.3 34.8 42.9 40.7

224 VW& RFiE

PR (V) KA 2 2B v 153 B Ar b
T (V), MBS IRAMREF, & HrA
W-HEERR . —OME-FEE. NH-FERRE, 75
ARSI, R RN - R R L O, R

ik 89.3%,
2.3 S-REBE-A-D-BBEERRBEEYIN

5- FH MR 2 - B- D -5 26 W 11 AL 7= ) 43 B 24
R 4, R 4 PrfIAE W, 5-H JAER-p-D-4
EPREEETE 300, 600, 900 °CF My 2L r= 1) = E A wk
WAEA Y, a0 5-FLHMEmE . S-F ROMRmE . BRI
BERESE, Horp 5-FPRERMRERE | 5- P MRS A X 5 i A
o BRILZAN, A N TuMImIR R G . ik
WREMRZEAMMNEE . AYEH. KRE, &
SRR, MLl & 9 BA WAL ) R FIH S Ik
AL DA i R S, S INE R 5 A . XA
I L ) 4 P A T A e B, 3 MR R 3
ff F= A AR — B, AEE =Y R, 5-H
FEAE B - B-D- 1) % Wi 1T 32 PRRE 08 2L 7 AR 1 2 RRIE
FREAY o

# 4 5-HIEHERE-B-D-H AW 1Y Py-GC/MS 43 B4k
Table 4 Pyrolysis-GC/MS results for 5-methyl furfuryl alcohol-f-D-glucopyranoside

, ‘ AEXT W TR %
A £ 4 i) (8] /min eSS na] k= VEC B 2 /% . . -
300 ° 600 ° 900 °
o)
1 2.97 Wk IR @ 90 — — 1.84
(o}
2 4.44 2- 1 Lz g @/ 91 — — 6.69
0
3 5.58 2,5- " 1 SL 1k i \@/ 96 — 1.57 3.45
O/
4 7.82 FF S T \0/ 91 3.33 — 0.24
o}
5 8.40 Bl @JAH 96 16.08 8.99 5.65
0
6 9.18 e @/\OH 98 13.30 11.94 15.50
, I N\ 0
7 11.84 5-FH JpE o 95 26.37 20.20 24.37
H
8 18.12 5- P A /@\/OH 94 15.41 14.63 17.01
o)
9 21.24 2-( 21K g I FFY 5 )- 5 - FFY 56 ok g Q| o// 97 — 6.24 5.13
0.
10 22.75 2-F -3, 5- — FR - DU S N R -4 Al HO/E"J\/OH 90 — 0.10 —
0
11 28.93 5-3% YL pfE HOVQ\&O 89 — 13.51 —

. —FRE A EIEUE .
3 it

WX 5-F R - p- DA AR A RO B
3¢, i€ T Koenigs-Knorr AL FAHFE AL 1,
Koenigs-Knorr 7 i85 £ SN 25180 0 n(5-H JEH
B - n(BRAR VU BRI A =1 : 1.6, n(5-H HH

) 1 n (Ag,COs5)=1: 1.5, [N 4 h, AWV
PR 42.9%., FIF Py-GC-MS F AR HFri ik
TPAT R HT, S5 RRE, 5-H ILMRERE-B-D-H % b
T Z LR RENE = S-FF SRR | S-F LAl S £
PR AL o %ML G W0 I AR 1 B A Aok Akt
g N A FREE— 2B 5T
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