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Preparation and thermal properties of two novel carbonyl
furan spice precursors

LI Xinyan, ZHANG Xiaoyu, ZHAO Qiaoyue, CUI Bing, LAI Hongtao,
SHAO Zhihui", ZHAO Mingqin"
( College of Tobacco Science, Henan Agricultural University, Zhengzhou 450002, Henan, China )

Abstract: In order to develop carbonyl furan spice precursors, 3-(furan-2-yl)-1-(pyridin-2-yl)propan-1-one
(Ila) and 3-(furan-2-yl)-1-(thiophen-2-yl)propan-1-one (ll[b) were synthesized, under the catalysis of
P'PNP pincer manganese, respectively via one step dehydrogenative coupling reaction of 2-acetylpyridine,
2-acetylthiophene and furfuryl alcohol. The compounds obtained were then characterized by 'HNMR,
BCNMR and HRMS, followed by analysis on their thermal properties. The results showed that compound
Il a started degrading at 99.9 °C with the main weight loss interval ranging at 99.9~875.0 °C, and reached
the maximum weight loss rate at 256.0 °C with a total weight loss rate of 97.31%, while compound b
began to degrade at 116.2 °C with the main weight loss interval of 116.2~875.0 °C, and reached the
maximum weight loss rate at 269.0 °C with a total weight loss rate of 98.42%. The aerobic cracking
products of compound Illa from 300~900 °C were mainly composed of alkenyl furans, alkyl pyridines,
2-acetylpyridine and other characteristic fragrance substances, while those of compound IIb mainly
included 2-propylfuran, thiophene and its derivatives, alkenyl furans as well as other characteristic fragrance
substances. Based on the evaluation of incense effect, the most suitable amount of compound I'b added in a
single cigarette was 3 mg/kg.

Key words: carbonyl furan spice precursors; furfuryl alcohol; 3-(furan-2-yl)-1-(pyridin-2-yl)propan-1-one;
3-(furan-2-yl)-1-(thiophen-2-yl)propan-1-one; thermal properties; thermal cracking; incense effect;
perfumes and essences
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WA ML G T2 A TR AR, R
MRS E A RHE M EE RSN —. 5445
TR, kR EREAEREL . Hh) . &
L BEAL . FAROLS, KR B MR
R BRI, 1R R Yok, 1t dh .
HH L AEAT AV N )92 o (E g 2 7 B AE AR S
ARG, HWES, Bl iZ A 8" .
PRI, FF & 1 SR R A 78k e 2 5 ) - 4 b 20

HHRE R P & &S e sy, LAk
WL TLERE . R . R MR AR, A R I
RGP TG M EWEES . BAE . &
R . ESE, e LA WAt FE S b &2
BIbarEE, R A o S 1 63 A
324 FhnmERIC AW, 3T A0 AR R A 5
Wi, MERRANA, MRl MRS R A
B R — R AR, AEEEM
FRUFIE, A IR 35 7 WE 15 SR 2 ) 1 B 6 1k T
HAUA TN A W SR R 1 B S e 2R L A
X A A R N, BRIEEIR IR AL G i A
PR LAWK Ry Rt . R I sl ek Ak o AR, A
% 2 Wi A F R AT ek FEfk ( Friedel-Crafts )
SR T A i Ak s I R4S TE Tk Ak b 35 B
A BRI Y B E AR L R
VElE2E . OV SRR 2 S bR . TAEOR, A/ A
B (BH/HA ) R B |32 fift F G 4 s 101
VT DARTE R ] AR B oA R 4R ROk, 7Rt I 4
o E A P AT e T P %) 0 S A B I P B Ak
Y, 5 CH—mRMAEYEm G, fnlda Bt
W a-KE AL FE Y AR X A0, LSRG JE MR 4
JE& AR U 4 B AR, W Pt. Pd. Ir. Ru.
Fe. Co il Mn Z5EL 458 i WFge 1, i LABERSE
JrURHA U SRR I 2 A0 5 0 R A b AR R B A 0
HRT, 3-(Weig-2-38)-1-(MEnE-2-F8) - 1-F ( Ma),
3-(WK IR -2-35)-1-(BEWY -2-FE) N - 1-fi ( TTb ) A %
PR BEBIF ST o LR IE o PSR i/ 0T 1 16 A
( Py-GC/MS ) JE AT 46 10 7= it R i Tk £ o 7 e A
PG # AR, o] A AR S R bt A
Xof W M S A b i PR e = st A T i g 70,

e, ARSI E—FEal . ZEam gk, 5L
PB4 I i A AL AR AR S - Y 174 S 11
A B AR Lk G 2Rk B o 2- L WESEIEnE | 2-
T JEE W Wy R A A A AL R0V T R i S I —
AARE Ma AT, X HE5 8 K g e eI sl fig 7=
YA TRAERN T, 0T H i A2 EA 7400 A5 HE W
WX Bk & Mo /& MmO irss , e
FCIE ELEN I, DAY A RS 0k g 2 A Rk 1 T 22 R )
S,

1 SCIGERSY

11 R_F 5N

FUORHE AR 22 V7 B A i 3 O C3F (1B
1 87 ); PPNP Y Pincer ffi fi AL 72 BESCHR 211 A
LKA A AL ; Cs,CO5( SP ), JiAR&)5 (CDCls, GR ).
FHHILHALEL (AR). #iEE ( Ta, AR). 2-Z %
mewE (( Ma, AR), 2-ZHEEHEMENy ( Ib, AR), L
B AR ABRAR; FR . AW, O
LT, AR, REWTREAALFNARAR; KL
. WIS (THE ), GR, b etk
B A A PR T 5 R[2-( 57 9 L 3 ) £ FE B
(FRESEN 10%), Ll B A A A .

SHZ-D(INJEF KX H 2 5, T Fg 44 L ST T4
IS A PR ZAT /A T 3 RCT B S025 #4 1idEas, 72 [
IKA /A #); N-1300V-W BeFE 78 %40, H AR L
etk a4, AvancelTHD 400 MHz /&8 4%
s AR e %Y, i+ Bruker 2] ; Triple TOF 5600+
AR (035 - BT E HAX, 32[E AB Sciex /A H] ; Pyrobe
5250T BU#IL, 2£E CDS AH]; 7890A/5975C <,
BB AL, € Agilent 23] ; LRH-1008S i 7 85 12
OO RREAGR A RA T, Fasmas, e
JOYO A7) 10 pL e, Bl TRAR
SIS
12 Ak
1.2.1 "™PNP & Pincer 4614t [ [Mn]- T ) #54-mk%

RS, 34 2 cm #4709 50 mL 1Y
Schlenk Jfirh, A FRIERLE (85 mg, 0.31
mmol ), B [2-(Z 5 PRI £ FE e (150 mg, 0.49
mmol ), fJEAMT THF 10 mL, ¥ IREY
TERE It RERS RNz 70 °C, i 20 h )5, #E
ZER, RN VA mES) V(LR HE ) =10 ¢
1, HEMT B AFE K 80 mg, ™PNP AU
TR =30 94% . Ho At B = AR iR o

B

T
\’/ H A ‘_\>’_
THF, 70 °C ,

N.., P
MnBr(CO)s+ —_—
I'( )5 \rP\/\N/\/P\( 20h ( /]\’/[n\co
CO

H \(P
1.2.2 B ARLA M8 A%,
Hirfb &% M a ()6 s BT s .

(0] (0]
& .~ [Mn]L, Cs,CO; -
= OH | 2K, 140 °C, J |
N 16h N~
Ia Ta Mla

ERITFERT, HKRM2EA BT 25 mL i
EEPIMAMn]-1 (2.5mg, 0.005mmol ), Cs,COs;
(4.0 mg, 0.0125mmol), la (43 uL, 0.5 mmol).

[Mn]- I
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Mla (121 mg, 1.0 mmol ), HJFMA 0.5 mL H K,
SR A IAERE I RS Th AR 140 °C, [
16 h 5, #E2EWR, RASEIE™ Y3175
B, VA VA TNEE) - M(CFROER)=4 - 1, 155
PR R AR 90.5 mg, 3-(WRME-2-3E)-1-(MHBE-2-
FYH-1-F ( Ma) A 7= K 90%. 'HNMR (400 MHz,
CDCls), d: 8.61 (d, J=4.5 Hz, 1H), 7.98 (d, /= 7.8 Hz,
1H), 7.76 (t, J=7.7 Hz, 1H), 7.40 (dd, J = 7.4 . 4.9 Hz,
1H), 7.22 (s, 1H), 6.20 (s, 1H), 5.98 (d, J = 2.9 Hz,
1H), 3.52 (t,J = 7.5 Hz, 2H), 3.02 (t, J = 7.5 Hz, 2H).
BCNMR (101 MHz, CDCls), d: 200.46 (s), 155.02 (s),
153.16 (s), 149.01 (s), 141.01 (s), 136.93 (s), 127.23
(s), 121.82 (s), 110.18 (s), 105.14 (s), 36.18 (s), 22.33
(s)o HRMS (EI), m/Z: [C;H,NO,Jit 8144 201.0790;
MiE 201.0784,
Hin b Mo 144 B S BT R

0

@)\/ N [Mn]-I , Cs,CO; o ~
A~ OH | M2, 140 °C, | l

N 16h N”

Ta TMa MMa

ERIFEM T, KRG 25 mL fif
FEEFIMA[MN]-1 (2.5mg, 0.005 mmol ), Cs,CO;
(4mg, 0.0125mmol ). Ia (43 puL, 0.5 mmol),
2-ZFEwEW; (Ib) (108 pL, 1.0 mmol ), HJFAMA
0.5 mL HZE, Mg NIR A YIFewd P bEas rhon iz
140 °C, & 16 h 5, #EZRER, HOE"YH
HEARA 24.7 mgl VAT © M(CTREOTR)=4 1 1),
3-(WR IR -2-3)-1-(HEMY -2-F) - 1-Fl ( b ) B)7F=5% N
64%. 'HNMR (400 MHz, CDCl3), &: 7.64 (dd, J =
3.8. 1.0 Hz, 1H), 7.56 (dd, J=4.9. 1.0 Hz, 1H), 7.23
(d, J = 1.2 Hz, 1H), 7.05 (dd, J = 4.9, 3.8 Hz, 1H),
6.20 (dd, J=3.0. 1.9 Hz, 1H), 5.97 (dd, J=3.1. 0.6
Hz, 1H), 3.19 (dd, J = 8.5, 6.7 Hz, 2H), 3.04~2.98 (m,
2H), CNMR (101 MHz, CDCls), 6: 191.62 (s),
154.44 (s), 144.02 (s), 141.19 (s), 133.67 (s), 131.91
(s), 128.13 (s), 110.28 (s), 105.48 (s), 37.61 (s), 22.73
(s)o HRMS (EI), m/Z: [CH;0,S]iTE1H 206.0402;
MRAE 206.0409,
1.2.2  HsemaX

TG-DTG Ml Py-GC/MS Rl 2 B8 SCRik[20]3F
7o
123 AWmEL5RERNFE

HF GRS 2 TR 0.7 g/ 32 brifE
HHSZ T o FREL 35 mg fb A9 b, A EJ0/K 28
WG ERE S0mL, RSB N 0.7 g/L 1#5
FHEEWE , /0 5IEC 1. 3 15 mL AR E A ZE 10 mL,
PRSI S Ja a5 M o TR T S i A () Jo o Wk B A
FEMLA 10 pL/32 B s ¥ 50 AR S, A3 28
AN 1. 3 F1 5 me/kg FUESAA (F8 e & LA 22

JR e, FRD), Mo e AR o6 48 h
PLE CIREE N (2242) °C. FXHRE R 60%+£2% ),
AT TOK CEERIAS 225 O BE S PRI /N AR B
TR R Tl A BR AT 2N W) ) BB PR vk
B R R T PR 2

2 HR5WE

21 B EUHHRELSH
B 1 K EREE Y Ma i) TG-DTG 4k,

g
L2
X410
S =
S B
Tl
= i)
£ X
® 4-20
0> 1 1 1 1 1 1 1 1
100 200 300 400 500 600 700 80!
WHE/C
K1 Hisfb& a4 TG-DTG ik
Fig. 1 TG-DTG curve of target compound Illa

F LA BRsfb a4 a 7656 1 B BeR R E
TE 99.9 CULLNREE MR, MIMFEME, T—H
BRI R BE, AE 99.9~875.0 °C2Z[a] Hi BLHA )
REIG, IRIE R 256.0 CHk ElFRE K, Hirk
B 2 R R T = = ST SR BRI R
HEHRKREIFE R, KEREHK 97.31%.

& 2 B & Mo B TG-DTG i<k,

100J; v -40 ﬁ’; 40
® |
80 172
. BEREE |5 G
% 60 oL 1™ £
s o REHE S
& 10~ 176 5
% 49 g KB
]IH B 1-8 ‘}{]gHJ
=S “15& W
20f 2 1-10
=
of 20 {712

100 200 300 400 500 600 700 800
1BRE/C
K2 HisfbAE ML TG-DTG Hhk
Fig.2 TG-DTG curve of target compound Illb

HE 2 AL, HEmfE &b 78 116.2 °CLITF A
RS, RIESE M B, HAE 116.2~875.0 °CZ[H]
KA BRATEME, 78 269.0 CREHFR A, H
R AR LT REAC, AERR R A
RN 98.42%,
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LU, 2 B EPEERTRE, A
T 2ok v W) 25 3 o
22 HIRUAUHMARBOWN

TE 300~900 °CAE AR T A, it g
T AU — IRk & AT AT, BARb &
R L R NER 1 A1k 2 Frs.

# 1 Hirfea W Ma 09 ARH 4

Table 1  Pyrolysis products of target compound Illa
BN s 45t TRIE AR
= [A)/min 15/%

1 3442 2.7 B EO)_/ — 0.462
I W,

2 3.656 itmE X Atk B4R 3.109

_N LR

3 4502 o HIE | x P,  1.834
W _N i A
45269 2 M iNIE EO)_/: — 0.084
Ik J
5 6016 273 & | HAE . A 0357
i - [24-26]
N

6  6.656 2.7, J%H: @/ — 0.433
l]r‘v
NHERE SN Pz

79236 2-7, [t % BEKAER . & 3.667

M E = i R .
SN IR

8 9499 o.migmEH ] ~o J 2T 0.169
[ N

9 29311  3-(kMR-2- — 89.884
HE)-1-( it
BE 2- %)
518

e =" RoRZMAEWEA CIRBEWAHCHE, FH,

& 1 T, BAfbs Y Ma 24906 54 0 IG5
WEI . ERE | GESEMLNE | IR ENEIE | 2- L IESENLIE |
3-(WR M -2-3)-1-(ME BE-2-F8) N -1-F . 76 SR S 4
FEL R ARG 55 i d e S 3-(PA R -2-3)-1-(MHEBE-2-3)
PI-1-fii (1 89.884% ), 4G LS T, s AT
RERAL AW PR K, SRAM THEL
PELCESR, KEB ook & A SN B K . Ak
AP EAT B FUE MR A e (3.109% ).
6L 1 P AR Wk L B 498 8 < R Y 2- PR kg )
(1.834% ). 7 & K&t & M 2- & 3 i mg P20
(0.357%), HATIKAER . BRFE . fEF . KRE
[ 2-Z Bk H kY (3.667% ) LA K% B b 2-N i
BT (0.169% ).

& 2 AT, HEEAY b 246 5 0 32

53 R EY K HAT A= ) 2- PR IR IR R 1k R A1 3- (1w
M -2- 3 )- 1-(WEWY -2-F) N - 1-F o 3-(W MR -2- 4 )-1-(WE
Wy-2-F) 5 - 1B B AR 5 e i, R 64.292%, JRUA
Al g R AT F RN, MR, A /NS
Gy RS . B ) e ELA 2 PR R TR X A Y
Wr8(2.030% ), 48 57 R 25 A A A 2- FT Sk gy )
(13.820% ). & UF MR A BR B 2- 8wy H O
(4.322% ) WMHER 11 2- 2 B LM O30 16.193% ),
2-FISLWEWY RN 2- 2L BRI WEW) S R AL & W REHIGE 5
SR AR FIIZ R, JER s AN F 5, X &M
IR R T HE S

%2 HEMESW b 2L
Table 2 Pyrolysis products of target compound Ill'b

IETT TN t

Frs il /min EY 4t TR A A o
1 3.094 mgEmy S AR KE 2.030
E/) IET e
2 3442 2.7 M EO)_// - 0.276
T /
3 3.968 - H me S HEE 3820
w [Q>_' He LY
4 4238 -5 Houk W _ 0.160
i Y
5 4708 g A A Eo)_/: - 0.240
wkiig /
6 5326 2.7 FougE ES)_/ 2 RS 0.542
Wy Y
75824 2.z f ES)—// — 1.174
I /
8  8.468 -mEw |s O HmiIFk. B 4322
9 8952 oy S — — 0.286
) Ly
10 11.319 2.7 it & ES)_/<0 Wi 16.193
WEW) Y/ FR031
11 14205 2-p9meme —S 0 — 6.283
Ve
12 21.164 Be—wEMy /S — 0.381
S/
13 30.008 3-(mkmg-2-  Z g — 64.292
-l =
Wy-2-3) N
-1-Hd o
]

23 BRLEWHREIE

Hir b & 7E =R T M SRR E Y, Hh
WFFEHRAR B , AR 2 7 M) 9 GC/MS 3Bt
SERO H AL AT HEWT, A 3 AIE 4 R
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Fig. 3 Possible cleavage mechanism of target compound 1lla
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Fig. 4 Possible cleavage mechanism of target compound 1llb

(0]
Osniae s,
CIRAT)

mE 3 L, Hisfb & Ma 245 & 2460
RBi: (1) 8 a W5, B0 w3k ntk e b a) (4 dfi
A AN 2- eIk ne , B4 b AR 238 J5
NEER 2-ZFEMENE; (2) C—C 8 b Wizd, FeAERk
FEn e Rl % b ) A e A AR S AR A 2-il
WS, AR Sk kmg rh R TE R R — N R A
FEJGTE AL 2-Z 56wk 5 (3) C—C ¢ Wigds, Bl
) I B e ] A3 3o Al A — A~ S A g . A
4 AL, HbrbE Y Mo B 2% =P ER R (1)
C—C # a Wr 2315 2 P4 M 3L ey b (B) 44, 3 s Ak &
BFA R 2-IEEHEERY s (2) C—C b W5,
133 2 W I e wy rp [RIA,  Hb e A A SRR 2-24
BEIEMEWS ; (3) C—C 4 ¢ WiZd )5 15 2] 1Y 2 He g v
(A E o Ak — AN S A 2-2 5k, FEAER
ik 35 W9 Wy H (i) 4 3 2o 978 1 2 S TR o ) SRS B
2-BEMy S ; (4) C—C 8 d Wi )m, TRk G2 NUEE
o] B A& A SR AR T Y, A5 14 T 0k Mg v [ A R g
W v TR A A0 A AR A B A A 2- PR S e R
24 BiEAEwIb HERMmEREEN

%3 N ARRMEA Y b BN PEIR 45 A

MWK 3 TUEH, S AxTBAMEL, b n
NJa BRI W & A TR T, A SR
PR ORE R B s, 20 H bk & 9 24 7= AE 1)

K IR S R BE S A IR B 7= A T AR, A AU
A, AT M. PPIRZIR R, HdsinE
N 1 mg/kg B, XM IE A —E B BGEAENT, (HAL
R . B FAURYEE b 738
I B3 A B Y Wk, (HY b Wiy 5
mg/kg BF, fNAFEREGE, S THEAT, REH
BN R, Ak, Hi, Hisfksw o BL3
mg/kg AN A SR, W SR A fE, bR
G E R REA  PETELE . iZIRBLE,

#3 AL E W Mo 58BN AT 45

Table 3 Cigarette flavor evaluation results of target compound 1llb

& /(mg/kg) BRSEES

0" HFREMITE, BT, BRI A
KR, AWM ETIE

1 TR, FRERA R, SRR EA

3 TR, HREEWH, WA, 5HED
W, ZeSORE A A s, RWRERE, A5 I
it

5 FARN, FRERE, SMINE RS T M

A, ANUME, BB, AR AR
OHz AN IR, KRB TINASFRETK LR,

3 #Hit

(1) WRB—FEsk, o6, FWRf—E6 M
2, ABILL 2- L RIEMLNE | 2- £ TBE I E Wy R I H
JEORE, 28 SR B R A s SE R Ak A ) T a
Ab, @it 'HNMR. CNMR F1 HRMS %t /5 4%
FHEAT T RAE

(2) Abpfea®Ma Al ¥ —E G E
P, BFrba® Ma e 99.9 CHUESM R, FELE
X i) 4 99.9~875.0 °C,1E 256.0 °CHA H Rk,
BREFLRF] 97.31%; HIsMEAW ML 7 116.2 °C
FEE A%, E R T XA K 116.2~875.0 °C,7E 269.0
CHR MR AK, MRFEREF] 98.42%,

(3) fEHAHRZESAET, Birfb&Wlla 2
fife Az LA RIBR ABLE KRR A e e oL B AR R e
SR AR A 2-F e DL R A R AR
IRRE | GHE . KEEFEN - B NESE s Hirfk
G Mo 46 Re = A 05 B Y ey, HA
IR R A Y 2-FSEHENy | ZHRBR . AR Y 2-MEmy I
P MR RR Y 2- L WESRLHEMY S 2 R EARME A Y
S S5 B 2R WY, I X R iR
RIATHI AL HEWT

(4) 2 FhHEREA P34 68 FIAE L v i 2 5 k)
HifR, HEEEY M ARG GEHE 0 ik
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