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Fig.1 Synthesis route diagram
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1.1 #Rb XIS NEE

CIIR-a-D-H & (98%, gk hr T AR
B HRATD HEES (99%, E 2% R
BIRAFD, 2, 6 ZEHIAR, 1-T H-3-FH IR 1L KRk
S5 1T E-3-H R R g L 1-T A3 R AL
RIS . 1-T JE-3-FJE-kme 2 iR 2k 1- 77 JE-3-F -
KIS 7S TRURAE IR R+ 1- T -3 F -k me DU GO R £ (3
7 99%, At HE REEHARARD, HREGHHh
srfral, EAEIMEAFIERAR . TEEM, #H
TR R O PR A A A A

i 4RI (AVANCEII600MHz, Hi+). &>
I (AB Sciex Triple TOF 6600, 35 ). WAL
( RM20H , 8 [® ). < AH & 3%/ 55 5 5 H X
(7890B-5977A, EKED. fHIEHIEM (KBF240, 1
), VESHINEAX (Cijector, fED. L& (3£
D)
1.2 7%
1.2.1  EFRMAEE RSP

R BRI 0.411 g (1 mmoD) A4 1. 0.219
g (I mmol) B§-Fififh (1-7] 3E-3-F ALK IS |
0.15g (1 mmoD) fbAEWI. 3 mL —&H % 2 mL 1
mol/L EAEMBIKIER, WP EERN, R
M ZE el S, RIFAA v CRE v (&
REE) =3:1. RMGEEE, FH G BRI
FEIKIERENE, HEVUEH KRR T 5, IR
JENEZRIRGE . IRGEYDIEATRERGHE E T, Beli 7N Vi
WE): V(LR CBR)=3:1, BE=WI10.264 g, W&
55.1%.
122 WHEMIVEIE R
0] BB 0.21 g (0.4 mmol) LA,
0.5 mL 0.2 mol/L CH;ONa/CH;OH %, 10 mL F/K

CH;OH 1R, =i FHHER Y 8 ho S Nt f i
FEEiE W, RITFN v R oV CREE) =5:1,
FERMSEA G, NG REERR AR Rk 4E, 1521+
R A R BERAEENT s, S v Chil
fit) ;v (LR HE) =3:1 e, FHe v (&) v (H
BE) =51 RAEFGENL, WEEEH BIs =,
WEWAR, e Taa H/ 0 HEEhE 3 i, 15060
HIREA 0.155 g, IR A 80.6%.

1.2.3 LA WIIATIV 45 R AE

435K H 'TH NMR #1 BCNMR (600MHz)- IR (5
B R S HRMS W =TIV @47 85 H R Ak H
t LA 41T "H NMR F1 CNMR i F %774 CDCLs,
&IV H NMR Fi1 *CNMR i FH %774 CD;0D.
124 &I MNVE TG-DTG 20 #

K FE BT A S 4 TEANIV E4T 3 23 A .
FREL 5~10 mg FEA SRR T . AN, HE 35
mL/min, FHEEZE: 20°C/min, EEEHE. FEE
700°C.

1.2.5 WEWIVH Py-GC-MS 73t

K FH RG-SO BB - B SO A S IV AT
AR HT . BOSE S BRSO A 85, BT
fRAC A LL s, 18 He RABLERET, 250
FEMEAT 3 MR T (300°C. 600°C. 900°C) F#
fR 3T o

IR IKAT: RURGELRMGTRSE 50°C; FHEHE 2
10°C/ms; HZEE 300°C. 600°C. 900°C, f#EF 20 s.

GC-MS %M. il N EMEH RXI-5SIL-MS

(30 mX250 pmXx0.25 pm), HEFECIREE 280°C; J+
RN 50°C (f£34%F 2 min), PA 10°C/min FI#ZE T}
% 240°C, LA 20°C/min I ZE T 22 280°C, - FF 15 min.
#AN He, ¥ 1 mL/min, 43REE 100:1; HLE 7
N EL IR, HEREE 70 eV, BRI N 280°C,
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VURRATIR BE D 150°C, BSFURIRE N 230°C, fH5E H
50~500 amu.
1.2.6 L&Y ATV I AREE RS 20 52
1.2.6.1 HWINE

SHHR, BRELEWIIZ) 0.05 g, (WEDIV
2701 g, NN 2.5 mL TAK OB, BSCEMENE
50 uL, thEWINMINERL 1| mg/, HWAEWIVL 2
mg/3Z .
1.2.6.2  FERMASKAH LR 2R

S35 SCHRY, 43 90 5 -1 48 h 2 N RS
&9 1T ARG A IV I 56 46 MR 7E 2 R SR AR )
HHFERE R, FRA 2.003 mg/mL 2, 6- 5 FH AV -

WA (1) HEAEY TSIV LES T
FRPASRAIY IR Y

Y= (My-My) /Mx100% (1)

L Y—FRMSRAREREE, % M—INEE
JHEHASRA E EEB IR (mg/30); Me—%
1 5% HE A 0 R SORE A B LA B 1D 5 R (mig/ 52
M— GRS B & A 0 RE A AR
R R EFB R (mg/30). EIE: (ARE
13 -B-D-58] % HREF T =/ B L A W -B-D- i 5 W B UK
) < H B Em R,
1.2.6.3  FERASRIAR R 2 B[] F1 25 40

B HCE 15 d 30 dv 60 d BIfk& 9 AL &
PIIVINERIG A, 1% 1.2.5.2 5 i 75347 R
SRAREERE M 2, 0 LL o BT TSCE AN [FI) TR] PRk &4
[T FEAE PV N 2 5 7% 2R ARG D
1.2.6.4 GC-MS FrifE 2822 i

FREUE AW 203.2 mg, A HIENERIERE
100 mL; 4 B EGZ AW 0.05+ 0.1, 0.3, 0.5, 1. 1.5,
2.3mL T 10 mL F&EM+, HMEEmHEIMA 0.5
mL 2, 6- S R WARIE R E A2 10 mL, FFECEH)
8 MR A A2 A 0.22 um BALBE RS L I8 )
1T GC-MS, Z:HHilkrifk ih £k

1.2.6.5 GC-MS 7 #r ik

ik fE: Btk Agilent 122-7062 DB-WAX(60
m % 250 um x 0.25 pm), HEFEE 1.0 pL, BEFE R
250°C, 43kt 10:1, i 1 mL/min; THEFERF A 50°C,
PL 5°C/min FHEZE 250°C, {#£F 10 min.

R %A 22 SR

&R E BT TR AR
TAEH R, KA NIST17 B EER 2R 45 A O 81 Fa Eoxt
i 7 vk 4T, IR TR Bt NIST ¥ b (webbook.
nist.gov) &ifl; EEZ/HTAHAH SIM TAET X, HHNFR
PR 2R AT E
2 GBR5DH

2.1 &Y N &R ERETT

BELF G B SRR AE T HE AL SN — 2, S mm
2 IRE 1) 3 TS R 2% 2 PR A P 3 438 AR A 2% A4 11
ik, HEMGERHREMEEIRZ, mxfhE. =S4t
TEERg SR A RARHE B A R 515, OV 2R
A, FEBR BB MERS, Bk, A3k
E 1 R AMATIL A TR L. 25 8 R 4H A
HPR AR SRV A O ) K 93 -2,3,4,6- DU -O- 2, T 3%
-B-D-HIE LR, ORI, FFH TR AR #5
FECR B, 1B A — PO PR A B SR
AT, T FE U, e AT H
N — 25 A B TR, SRR T B AL,

IR 121 THIRSER 5, EE n():n(11)=1:1,
n(D):n(i)=1:2, K,COs /K¥EM M NaOH 7KIFHIEIHA 1
mol/L, #REAF A FHEH LR B
211 AEPPSER BT Ak S PITITS ZR () 52

DA SRR, SR BN K BN AR ),
iR RN, ERNE 1. HEE 1 e, 127 H3-H
B IR RIE S5 A AR, e i, H 55.1%, B
IEIE B 1T -3 FH SR - JRARU IR I 45 5 S L [ A5 o

R 1 TREIMENE FRETH LSRRG
Tab.1 The Effect of different types of ionic liquids on the yield of compound III

LI n(D):n(ILS) NGRS B R BE/C MR R/ %
1 1:1 1-T2E-3-FSE- kM SR 2 —& W NaOH/K¥E W =iE 4h 40.6
2 1:1 1-7 28 -3-F -k 7, g 3 ZE W NaOH/KIE R =R 4h 422
3 1:1 1- T HE-3-F -Gk A kMg &St NaOHZKIE W =R 4h 52.0
4 1:1 1-T 2 -3-F - mkme Ul ER 2 —& . NaOH/KE W =R 4h 53.1
5 1:1 1-77 253 H BT b K e 4 THEHS NaOH/KE K EiR 4h 46.5
6 1:1 1-T 23 IR AL K e 4 THEHS NaOH/KE K EiR 4h 55.1

VE: ILS=& k.
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2,12 ETRAAR A T E AL A T AR 52
DA 1-T 5E-3- HJE-JRAL KB O (AL 77, — &0
B, BRI O SRR, iR T RN

i, WEAN 55.1%, Y4 n(D):n(ILS)=1:1.5 I, WEN
55.5%, HE—BHINE AR, BCRIEE T .
FEEIE TWAE 1 EINE 1.5 58, WeREnt

SERNAE 2. BEBETHAHERSEN, WEWIIK At WE, Iz & 7R e A E s, R A
e 2RISR NG & T R0E i, 2 n():n(ILS)=1:1  n(D):n(ILS)=1:1.
2 BT RANASL AR EMm
Tab.2 The effect of the dosage of ionic liquids on the yield of compound I1I
B a():n(ILS) ENGI-RREES el Al BEE/IC R e 2 /%

1 1:0.5 1T BE-3-FL R ARy &b NaOHZKVEWR R 4h 35.6

2 1:1 1-TE-3-F R ks &5 NaOH/KAER EiR 4h 55.1

3 1:1.5 1-T3E-3-F LRk ke & H ki NaOH/KEM R 4h 55.5

4 122 1T 3E-3-FL R ARy (b NaOHZKVEWR R 4h 54.3
2,13 GHERFIFIE A A P TTCZ  5 VEJREERRF, S9TCr WA, PT fe A Ji PR Bl K55

DL 1- T JE-3-FH LR AR S5 N AL, BT
B EN n(D):n(ILS)=1:1, Ei T M, 48R NE 3.
XPEERES 1~3, DABRIMERS SR KoCO; KIEW . oK
K,COs NAEF, YA PP K, (ISR T NaOH
IKIEBONER I IR (5256 1, R 55.1%). Xt
LbsSEEs 4~6, UDABRPEEISHM = O MEmE. BRiER A

ToIE ANy N BRI A T, A RE S A 1
RABAC B o W EESRE 7~12, 359 LA B AN 5007
A, ANFECHZRT, RISIRR RS,
(BRI T & P MR, NaOH /KN AR
FURF ISR (52560 1, WK 55.1%). Kk, L
SR, NaOH /KA ZE IR o

R 3 NEIRERLIAAFIRHL S4IIIIZE A2
Tab.3 The effect of different acid binding agents and solvents on the yield of compound III

S5 n(1):n(ILS) NG E gl R WBREE/C RS A] W2/ %
1 1:1 1-T 3E-3-F LR R e ss S/ ke NaOHZK % il 4h 55.1
2 1:1 1-T2-3-FR bk & FHE  KyCOKIEH Eil 4h 13.2
3 1:1 1-T 3 -3-F AR ey & b JE7KK,CO5 =i 4h 45.6
4 1:1 1-T3E-3-F LR bRk &k Et;N =R 4h NR
5 1:1 1T BE-3- R JRAL R s S e g =i 4h NR
6 1:1 1-T 3 -3-F AR ey & b NaHCO; =i 4h NR
7 1:1 1-T JE-3- F L IR AL R ek 545 P A NaOH/K & i 4h 12.1
8 1:1 1-T JE-3- F L IR AL IR R 545 P A K,CO3 /K i 4h 15.2
9 1:1 1-77 2 -3- FF - RAK K W 555 1] JE7KK,COs =i 4h 16.4
10 1:1 1-77 2 -3- R AL DR e 6 i NaOH/K ¥ i Eil 4h 48.7
11 1:1 1-77 2 -3- FF S RAK R W 555 0 K,CO37K I ) il 4h 10.1
12 1:1 1-77 2 -3- FF S RAL R W 555 0 JE7KK,COs =i 4h 46.5

¥E: NR BRI

2.1.4 ATV FE XL A TSR fr) 52
DL 1-T 3E-3- FH LR DRSS A AL TR, Bl
RN n(D):n(ILS)=1:1, —S Wk NiEH, K84k

POKIEBONEEIR ), GRWER 4. FR T RN, RN

BB, SO BLE R, SORE R I
[BIFEAEAE TN, SN, SSRE R, B
Z, BT B, SRR T RN,
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x4 NEIREXCEYIIIE RSN
Tab.4 The effect of different temperatures on the yield of compound Il

SEE6 n(1):n(ILS) AR B iR A AR WRE/C I NEE e /%
1 1:1 1-T -3 - Ak ke gy &P NaOH/K ¥4 i) =i 4h 55.1
2 1:1 1-T B3-SRk ks &R NaOH/K ¥4 EIM 3h 453

gi b, BTIARES B AT &4,
1- T 2-3- B JEL A DK R 855 9 P AL 71, 8 YR 1 2
N n(l):n(1-T 2E-3-H R K P E5)=1:1, S LENK
WIBCRBERRT, SNV, n():n(NaOH)=1:2,
n(:n(1D)=1:1, ZESN 4 h, LEWIICE 55.1%.
AT SR P HRGE 1

B2 CBL -7 28-3- A R AL IR s 0D Py LAY Iy
SETRARLER, (LA NaOH D ER T, kE—5
TIK, =07 NaBr, ZERGH R RDKMELS, DR EE
S5AEY 1 B, RN AR 17 JE-3- -
TR IR e B o AR S AL S B BEAT . B TRUATE L
Ji LA vy A2 DR g i T A IR s 56 1 5% A P LU I 9 2%

BT AL A ORI PTREI S LB AL R PR S o, T USRS By 04T, W3R

OH 0 o
+ 7—T> -
Br /—\ NaOH NaBr /\
NN~ N N~
e e OAc
i) o
AcO e}
'AcO AOS Y

R £
AcO Br AcO
|

Br //\
/NQ/N\/\/

2 FIRERY S RIH IR
Fig.2 Possible reaction mechanism
2.2 LEHIERAE B (PCNMRO | £141 6 3 (IR R 4398 B i (HRMES )
diE R (D A EAR=4 (V) AR CHNMR). HréE R R 5.

%= 5'HNMR. BCNMR. IR 1 HRMS SR
Tab.5 Analysis results of '"H NMR, *C NMR, IR and HRMS

&g 'HNMR BCNMR IR HRMS
7.11 (d, J=7.8 Hz, 1H),
6.85(d,J=7.8 Hz, 1H),  170.72, 169.73, 169.53,
6.80 (s, 1H), 5.30(m, 2H),  169.23, 154.38, 136.01,

one 525 (m, 1H), 5.03(d,J= 13443, 12513, 12273, 00 o0 o secc 1oer a0 1635,

o 7.2 Hz, 1H), 4.21 (m, 2H), 11622, 10091, 7681, (00 1500 1453, 1253, 1081, 1030, 4982333
Ao~ o 3.88 (m, 1H),3.17 (m, 1H), 76.53, 73.36, 70.42, 905, 893, 810. 757

ACO 2.30 (s, 3H), 2.04(s,6H), 61.37, 25.12, 22.03,
2.02(s, 3H), 2.00(s,3H),  21.73, 20.80, 20.72,
1.20 (d, J = 6.9 Hz, 3H), 20.68, 20.63, 19.80
1.18 (d, J= 6.9 Hz, 3H)
7.09 (d, J=7.8 Hz, 1H),
6.98 (s, 1H), 6.81(d,J=
7.8 Hz, 1H),4.89 (d, /=78
Hz, 1H), 3.90-3.93 (m, 154.68, 136.06, 134.78,

OH 1H), 3.70~3.72 (m,1H), ifﬁfﬁ’ 172726619’ 71;57;2 3416, 2955, 2920, 2866, 1649, 1610,
”Oﬁ/‘j 3.52 ~3.46 (m, 2H), 7 '74’ 70'12’ 61'25’ 1506, 1453, 1256, 1072, 1033, 893, 330.1912
S 3:44~3.45 (m, 2H), 2576, 2216, 2194, 810

3.39~3.41 (m, 1H), 2.30(s, """ 1'9'8;% o

3H), 1.21(d,J=6.9Hz,
3H), 1.19(d,J=6.9 Hz,
3H).
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4341 'THNMR A1 PCNMR ¥, (b &IV ()
XHITET, HEWTH 4 D OIHIEE(E T 1E[0=2.04 (s,
6 H), 2.02(s, 3H), 2.00(s, 3H)] % 4 N LB RS 514
( C=0, =170.72, 169.73, 169.53, 169.23 ; CHs,
6=20.80, 20.72, 20.68, 20.63), LAYV INBA AH N
AR50, IEHAE L.

SIMTELAMERERE, (L EPITITRIIV B X 3 e T,
WAEPILEA 1757, 1740 cm™ ) C=0 XUEAH 45 RS
Wty o AL GV, B AR ey, T
LT 3416 cm™ B4 AR MR GRS  3E—
WAEH, AV L.

53 HRMS £dz, AT EIIC,4H3,0,0, THE
498.2334 [M+NH,]", SZil 498.2333 [M+NH4]". XF
e EMIVC 6H006, TH5 330.1911 [M+NH4]", SZill
330.1912 [M+NH,] o £5 & BEAHRIESL T 4 &P TITRI
VA 454

XA RS A 8L, AT ABERL b i
FR T RREE W . LA W H b 5 724
% 0=5.03, J1,=72 Hz, WEY IV HumkE i1
Rik% 0=4.89, Ji,=718Hz, &M (BEF
Jia = 6~8Hz, D-HEIEFEF N A HED, Fiktb &4
AT TV #1285 B AL
23 HWAEYIMVERBRESE S

K IE A3 i 4 &4 1AL &PV i #da e
PEREAT THE, TG-DTG 2k WA 3.

AR -B-D- A Y

100

80 [~

=

‘g

~ 60 118
S .
S <
- @]

40 9

@)

0 100 200 300 400 500 600 700 800
R (C)

3 BEEMMAEED-4-D-EEEEMN TG-DTG
Fig.3 The TG-DTG curve of thymol and thymol-f-D-glucoside

2 AMFERRE R IR~700°C Z A pE & R B 1 TH e R A
PORE, JFHWAE AN FERENBE. AWK
PO E R ALE 61.1°C~204.1°C, fEIEAE 176.5°CH,
IRB KR E RS, BRE RN 89.28%. (LAWIIVI

PR EFER AL 194.9°C~396.3°C, FEIEMH 319.5C
i, APRAREEE, SREFRN 68.4%. HLAl
W, AE) TTRIIV A 5T B 400 2k 1 28 f KB B FE 23 31)
N 176.5°CHI 319.5°C, Kk S5EMIIAELL, L&D
IV #RE e M IE 365, 16 T2 T+ LA 0 b 1 8
R EA AR B E
2.4 LEWIIVHIIRES T

&P IVAEA AR BE T ARG = LR 6.
£ 300°C. 600°C. 900°C FLAWIV ) £ B R 1)
VI BE, 505 2EYE) 84.93%. 77.34%
A1 34.61%. 300°CHIZLfR =M HIFIE D, B R
BT, REF MRS 22 . 900°C I RE 1)
FRERZ, Rk T A REESR, LA RE. 4
Wy, 7-FRIERIEMRmE, 2, 3-HIBELERY . 2, 3-—4-2-
LR IR L 2, 3- &-2- A 2R IR IR 4L &4

#* 6 FELIREFZHTHEYIVHARESY
Tab.6 Pyrolysis products of compound IV under different

temperatures
. eged] AR T T 2R
S W et st =TT %%
5] . o o o
/min 300C 600°C 900°C
1 224 1,5-22#1, 5-hexanediyne 5.87
1, 5-BE4-3-Bu1,
2 29 5-Heptadien-3-yne 531
3 446 7K L. Jfi/Styrene 2.69
4 6.15 ZK 3 /Phenol 4.10
5 7.65 £ Hi13/Phenol 1.64 4.55
7-FBE R TR R g
6 7.7 /7-methylbenzofuran L.61 747
2, 3- T HIEER /2,
7 8.63 3-dimethylphenol 9.41 10.02
8 9.02 Z%/Naphthalene 1.71
5- (Q2-NHEE) -2-1BE
9 923 /5-(2-Propynyloxy)-2-pentanol 4.83
4, 7- = F BRI
10946 /4,7-dimethylbenzofuran 076
1-FHAR L -2-(N - 1M -2- ) 2%
11 9.54 /1-methoxy-2-(1-methylethenyl) 1.74  1.73
-benzene
12 9.84 2-LE-5-REHE) 193 252
/:6-ethyl-m-cresol
2, 3- A -2- AR IR
13 10.19 /2-Methyl-2,3-dihydro-1-benzof 4.12 11.09
uran
ELSS
141074 o inyla-Tsopropylphenol  $493 7734 3461
2, 3- A1 -2- AR PR IR
15 11.08 /2,3-dihydro-2-methylbenzofuran 1024 757
16 1119 3:3:0-=HA-1H-1-Ei A 221

/3,3,6-Trimethyl-1-indanone
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2.5 GC-MS tREZRILEHI R 71
251 brRAEMIZRE PR OC R AL

B8 AR BIFRHEMIE RN 1T GC-MS 44T,
AL S 115 A FE 2, 6- 5 A TR Z th(y, 109
X AR N AR A 15 AR 2, 6- G0 FF 2R IR 2 L (x,
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Tab.7 Retention time and selected ions of glycone / internal standard
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Fig.4 GC-SIM-MS chromatograms of standard solution of thymol(a) and mainstream smoke of blank control(b) and flavored cigarettes
with thymol(c) and thymol-4-D-glucoside(d)
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Tab.8 Release of aroma component during cigarette smoking
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Fig.5 Changes in transfer rate of thymol and thymol-f-D-glucoside
over time
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Synthesis and transfer rate of thymol-B-D-glucopyranoside

ZHANG Gaihong, SHI Dongdong , DU Shuai, XU Hang, XIA Jinhua, BAI Bing, MAO Duobin’
College of tobacco science and engineering, Zhengzhou University of Light Industry, Zhengzhou 450002, Henan, China

Abstract: [Background] This study aim to improve the thermal stability of thymol by conducting glycosylation research. [Methods]
Acetyl bromide-a-D-glucose (I) and thymol (II) were reacted under ionic liquid catalysis to synthesize thymol-2, 3, 4, 6-tetra-O-acetyl-
B-D-glucoside (III), and compound III was deacetylated to obtain thymol-B-D-glucoside (IV). The thermal stability of compound IV was
investigated through TG-DTG, its pyrolysis behavior was studied through Py-GC-MS, and the pyrolytic transfer rate of compounds II and
IV in the particulate phase of mainstream smoke, as well as the change in transfer rate over time, was researched through GC-MS. [Results]
The reaction conditions for the catalytic synthesis of compound III using ionic liquids were as follows: sodium hydroxide aqueous solution
as acid binding agent, 1-butyl-3-methyl-bromimidazolium as catalyst, dichloromethane as solvent, n (I): n (NaOH)=1:2, n (I): n
(1-butyl-3-methyl-bromimidazolium)=1:1, n (I): n (I)=1:1, reaction time 4 hours , with a yield of 55.1% for compound III. Under the
action of sodium methoxide, compound III was deacetylated to obtain the target glucoside IV, with a yield of 80.6%. The structure of the
product was confirmed by IHNMR, 13CNMR, IR, and HRMS. The thermal stability of compound IV was superior to that of compound II,
and the main pyrolysis products of compound IV at different temperatures were compound 1I, indicating that the fragrance stability of
compound IV was superior to that of compound II. [Conclusion] Thymol-f-D-glucoside can improve the drawbacks of thymol and can
be used as a thermally stable and fragrance-stable precursor for tobacco flavoring.

Keywords: glycosides; thymol-f-D-glucoside; thermal stability; pyrolysis; transfer rate
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