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2.2 UEYEMRIEERSH
2.2.1 o-EFZEBMEHRLELER 5P
FERk 1R K R (2a), MR & Gk & 9, 7= %
83%,"H NMR(600 MHz, CDCl,),8:7.37 ~7.32(m,
5H),5.58~5.52(m,1 H),5.47~5.42(m,1 H),
5.40(s,1 H),5.20~5.17(m,1 H),5.14(q, J =
12.1 Hz,2 H),2.07(d,J=9.4 Hz,1 H),1.98(s,
2H),1.53(dd,J=3.7,1.6 Hz,3 H),1.41(dd, J =
13.6,8.1 Hz,1 H),1.36(dd,J=6.5,2.4 Hz,3 H) ,
1.14(dd,J=13.2,4.9 Hz,1 H) ,0.86(d,J=4. 5 Hz,
3H),0.77(s,3 H) ,"*C NMR (150 MHz,CDCl,) , 3
153.43, 134.41, 133.91, 132.51, 129. 34, 127.53,
127.39, 127.29, 120.21, 74.63, 68.27, 52.89,
30.90,30. 25,26. 35,25. 88,21.99,21. 76,19. 58,
a5 L BERRIR S TG (2b) , R AR, 7%
87%.'"H NMR(600 MHz,CDCl,) ,8:5.58~5.52(m,
1H),5.49~5.44(m,1 H),5.40(s,1 H),5.20 ~
5.14(m,1 H),4.13~4.08(m,2 H),2.09(d, J =
9.2 Hz,1H),1.99(s,2 H),1.67~1.63(m,2 H),
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Table 1  Optimization of esterification reaction conditions
75 il iten R %
1 =% — <5
2 e — <5
3 =M DMAP (0. 1 fi5{A&f <5
4 Nk W DMAP (0. 1 fA&FR <5
5  DMAP (1 f5{A — 52
6  DMAP (2 ik — 83
7 DMAP (3 fHEfH — 84

1.43~1.39(m, 1 H),1.36(dd, J=6.4,2.5 Hz,
3H),1.31~1.25(m,14 H) ,1.18~1. 14(m,1 H) ,
0.89~0.87(m,6 H),0.80(d,/=5.1 Hz,3H),"C
NMR (150 MHz, CDCL, ) ,8:154. 63,134.71,133. 58,
130. 64,121.27,75.20,67.89,53.93,31.94,31. 88,
31.49,29.52,29.49,29.29, 29.23, 28.70, 27. 36,
26.92,25.70,23.02,22.78,22.67,20.61,14. 11,

— 50 2 WERRIR AT (2¢) , TTEEHY),
K 85%,'H NMR (600 MHz, CDCl;),8:5.58~5.52
(m,1 H),5.49~5.43(m,1 H),5.40(s,1 H) ,5.19~
5.16(m,1 H),4.13~4.08(m,2 H),2.09(d, J=
9.3 Hz,1H),1.99(s,1 H),1.67~1.64(m, 2H),
1.44~1.40(m,1 H),1.36(dd, J=6.4,2.5 Hz,
3H),1.30~1.25(m,18 H),1.18~1.14(m,1 H) ,
0.89~0.87(m,6 H),0.80(d,J=5.1 Hz,3 H),
“C NMR ( 150 MHz, CDCI, ), §: 154.64, 134.73,
133.59, 130.58, 121.28, 75.08, 67.90, 53.96,
31.97,31.93, 31.50, 29. 65, 29. 63, 29. 57, 29. 50,
29.35,29.25,28.72,27.34,26.93, 25.72, 23.03,
22.79,22.70,20.62,14. 13,

5B L EERRIR TSR (2d) , T EERY,
& 82%,'H NMR (600 MHz, CDCl,),8:5.59 ~5.52
(m,1H),549~5.43(m,1 H),5.40(s,1 H),5.19~
5.15(m,1 H),4.11~4.09(m,2 H),2.09(d, /=
9.3 Hz,1 H),1.99(s,2 H),1.67~1.63(m,2 H),
1.44~1.39(m,1 H),1.36(dd, J=6.5,2.6 Hz,
3H),1.31~1.25(m,26 H) ,1. 18~ 1. 18(m, 1 H),
0.89~0.87(m,6 H),0.80(d,/J=5.1 Hz,3 H),
“C NMR (150 MHz, CDCI, ), §: 154.63, 134.51,
133.58, 130.52, 121.21, 75.10, 67.90, 53.91,
31.94,31.60, 31.46, 29. 71, 29.70, 29. 67, 29. 65,
29.58,29.50, 29.38, 29.25, 28.70, 27. 36, 26.92,
25.71,23.02,22.82,22.71,20.62,14. 15,
2.2.2 3-ER-a-EF ZEKRREEHRMTLE R
34— 5% IR IR R TR (3a) , WICERY)
=% 65%,"H NMR (600 MHz, CDCL,), 8:7.41 ~
7.31(m,5H),5.90(s,1 H),5.67~5.58(m,2 H),
5.22~5.19(m,1 H),5.14(qd, J=12.1,2.2 Hz,
2H),2.51~2.50(m,1 H),2.28(dd, J =32.6,
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16.7 Hz,1H),2.06(dd, J=16.7,7.9 Hz, 1H),
1.84(dd, J=7.6,1.1 Hz,3 H),1.38(dd, J=6.5,
3.5 Hz,3H),1.01(d,/J=3.9 Hz,3 H),0.91(d,J=
2.9 Hz, 3 H),”C NMR (150 MHz, CDCl, ), §:
199.04, 161. 16, 154.37, 135.26, 133. 13, 130. 14,
128.76, 128.62, 128.41, 128.39, 126.13, 74.76,
69.52,55.40, 47. 53, 36.20, 27.90, 26.91, 23.47,
20. 48, HR-ESI-MS(m/z)11%H4E.C, H,,0,[ M+H]"
343.190 4, 5:N{H 343. 189 3,

3-SR a5 B BERTR SR (3b) , W B
9, 7= % 66% ,"H NMR (600 MHz,CDCL,) ,8:5.91
(s,1 H),5.65~5.63(m,2 H),5.18~5.20 (m,
1H),4.11(td,J=6.8,1.5 Hz,2 H) ,2.54 ~2.51
(m,1 H),2.35~2.29(m, 1 H),2.09(d, J=
16.6 Hz,1 H) ,1.88(s,3H),1.68~1.63(m,3 H),
1.39~1.26(m,16 H) ,1.03(s,3 H),0.95(s,3 H),
0.88(t,J=7.1Hz,3 H).,”C NMR (150 MHz,
CDCl,),5:199.06,161. 16,154. 56,133.31,130. 17,
126. 14,74.42, 68. 14,55.40, 47. 54, 36. 24, 31. 88,
29.49,29.29,29.23,28.68, 27.91, 26.96, 25.70,
23.47,22.68,20.45,14. 12, HR-ESI-MS (m/z) {15
{H:C,,H,,0,[ M+H]"393.299 9, s:iill{E 393.299 5,

35X R IR A R (3c) , A6
iAWY, 75 % 71%,"H NMR (600 MHz, CDCL,),3:
5.91(s,1 H),5.67~5.60(m,2 H),5.20~5. 18(m,
1H),4.11(1,J=6.8 Hz,2 H),2.54 ~2.52 (m,
1H),2.32(d,J=17.1 Hz, 1 H),2.09(d, J =
16.7 Hz,1 H) ,1.88(s,3H),1.68~1.63(m,3 H),
1.39~1.26(m,20 H) ,1.03(s,3 H),0.95(s,3 H),
0.88(t,/J=7.0 Hz,3 H)."”C NMR ( 150 MHz,
CDCl,),5:199.04,161. 15,154. 55,133.43,129. 93,
126. 14,74. 35, 68. 14, 55. 43, 47.54,36.24,31.92,
29.64,29.57,29.49, 29.35,29.24, 28. 68, 27.91,
26.91,25.70,23.49,22.69,20. 48 ,14. 13, HR-ESI-
MS(m/z) HAH . C, H, O, [ M4+H ] 7421. 331 2, 52
{H 421.331 9,

3 Mo ST A BERRIR T /N (3d) , Tt
IR, 77 % 67%,"H NMR (600 MHz, CDCL,) , 3.
5.91(s,1 H),5.67~5.61(m,2 H),5.20~5. 18(m,

1H),4.11(t,J=6.7 Hz,2 H),2.54 ~2.52 (m,
1H),2.32(d,J=17.3 Hz, 1 H),2.08 (d, J =
16.5 Hz,1 H) ,1.87(s,3 H),1.68~1.63(m,3 H),
1.39~1.25(m,28 H) ,1.02(s,3 H),0.95(s,3 H),
0.88 (t,J=7.0 Hz,3 H).,”C NMR (150 MHz,
CDCl,),5:198.98,161. 12,154. 55,133. 31,130. 17,
126. 13,74.35,68. 12, 55. 40, 47. 53, 36. 21, 31. 93,
29.70,29.67,29.67, 29.65, 29. 63, 29. 57, 29. 50,
29.37,29.24,28.68, 27.91, 26.97, 25.70, 23. 46,
22.70,20.45, 14. 13, HR-ESI-MS ( m/z) 8 {4 .
C,,H,,0,[ M+H]"477.393 8, SZil{E 477. 392 6,

T AT AL a— 5850 22 T I e A, ELAS — 25
WS A AT PR, PR R A5 206 B A5 )
Jg—xFZ AR, L3-S —a—- 8B 2L EER R
R R 8] ) PSR e %o G v — A S g A 6 A
T TR, B2 2 3-8 -a—- 5% 2 BEEK IR ' e
f)'H NMR % &, & 2 ol 368 2 418G,
MBS H S5 1:2:1:2:1:1:
1:3:3:3:3 Hd8h7.40~7.33 b L dElE,
Uk 5, A8 IR EERIT Y 5 4 CH ZE A5
5,8 24 5.90 by Hide  BR5xh 1, HE S 3-4AR -
a— KB L WA TTI R I o 7 007 XRS5 8
H5.65~5.58 by Z EE B4 2 A8 34
R—a—5% 2T PR 2 N2 S, Ht
AL A A DA 3-SR —a— 5 2L R
RELERIRTT, K3 R 34 —a— 50 B 22 BRI R I
fI°C NMR 35 E . B 3 Al A 20 ks,
Hor 8 2 199. 04 Ab i) R | Ay s (48 AL FTR itk 17
5,8 R 154, 37 Ab A BRLIG | Shy MUY ) sk TR I Pk R e
5%, 45461 2 FE 3 mT LA, & T 3-
A -5 % LRI R
2.3 TG-DTG R4S

DL 3440 —a— 2 % = i iR W g R ), 3L TG-
DTG HHZRULIE 4, M 4 AT%0, 3- A —a-5 % %
PSR T 1 TR P A 4y 2K EE VLB O 160 °C, 235 C 2k
HHRRE K, 350 CHF O AR E 2, Uiz &
YIAE A SR A 25 08 X R AT & A i e E . oAb )L
Tl R T 25 H 17 00 5 I 2 AR, 2R |4 [ 14 7 160 ~
350 °C Z ],
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Table 2 Relative contents of major pyrolysis products of 3-oxo-a-ionol benzyl carbonate
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Fig. 5 Pyrolysis mechanism of 3-oxo-a-ionol benzyl carbonates
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Table 3 The change rate of megastigmatrienones in cigarette smoke
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Synthesis of megastigmatrienone precursors and their pyrolysis characteristics

LIAO Fu',TIAN Yunong',LI Qingxiang', LI Shitou',XU Liping' , BAI Bing®,ZHAO Zhenjie' ,HE Wenmiao'
1. Technology Center ,China Tobacco Zhejiang Industrial Co.,Lid.,Hangzhou 310000, China
2. College of Tobacco Science and Engineering , Zhengzhou University of Light Industry , Zhengzhou 450001, China

Abstract; To solve the problems of difficult synthesis and poor stability of megastigmatrienone, four 3-oxo-a-ionol
carbonates were synthesized as precursors of megastigmatrienone with a-ionone as the starting material via a three-
step reaction of reduction, esterification, and allylic oxidation. The synthesis conditions were optimized, and the
thermal release patterns of the synthesized compounds were studied by thermogravimetric analysis, online pyrolysis-
gas chromatography-mass spectrometry, and cigarette flavor release analysis. The results showed that using Cu” as
the catalyst and TBHP as the oxidant, the target compounds were obtained in moderate to high yields. The weight
loss interval of 3-oxo-a-ionol carbonates was around from 160 °C to 350 C. At 300 °C, 600 °C , and 900 °C , these
compounds could pyrolyze to release megastigmatrienone and corresponding alcoholic flavor substances. At an
addition level of 0. 1%, the release amount of megastigmatrienone from the four 3-oxo-a-ionol carbonates was 6
times higher than that of blank cigarettes. It was found that upon heating, 3-oxo-a-ionol carbonates preferentially
cleaved the allylic alcohol ester bond, followed by dehydration to generate megastigmatrienone. This process can
enhance the sweetness and smoothness of cigarette smoke, effectively mask off-flavors, and thus improve the overall
quality of cigarettes.

Key words :3-oxo-a-ionol carbonate ; megastigmatrienone ; precursor ; cigarette flavoring ; pyrolysis
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