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Recent Progress in the Sulfur-Containing Perfume & Flavors
Construction
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(“ Shanghai Key Laboratory of Green Chemistry and Chemical Process, School of Chemistry and Molecular Engineering,
East China Normal University, Shanghai 200062)
(® State Key Laboratory of Elemento-organic Chemistry, Nankai University, Tianjin 300071)

Abstract Scientists have found more and more sulfur compounds in food with the development of science and technology,
high-precision analytical methods and equipment. In 2015, Flavor and Extract Manufactures Association of the United State
published 2816 safe flavors, and there are more than 388 sulfur-containing compounds, accounting for more than 13%. The
main smell of sulfur-containing flavors is food, especially the non-staple food and dishes. It is mainly used as food flavor,
flower flavor and fruity flavor. Due to the increase of sulfur-containing perfume and flavors demand, its production scale is
increasing, the research on synthesis methods is also deepening, and the green and efficient construction methods are also
constantly reported. In this review, the recent progress in the construction of sulfide, thiol, thioester and polysulfide perfume &

flavors is summarized.
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TE B & R R 0 A DA DL A 3, {2
HIEEYRER TR EFIEM, XY r AR KK
B A RHEOKF RIS, ok R A ik o
WIF R, BHEFER MR TR Z W& mA S
Y. 2015 4, S & RS I G & 1) 22 (FEMA,
Flavor and Extract Manufactures Association of the United
State) A ) 2816 FN N L FRY, SEALED
11388 20, dEHN 13%LL 1P JE Hig4 Ak, &6
T RH b A RS AE AN W 3 .

B AR S EER U & YRR R 2 E A E A
KA, WEMAE. i, AL EREFIRRHLE,
HEZEWHAFEERERAEENRERAHER. BT
it SRR RN, A ARk A AR 7 RIS LE AN IR R 5
HABOTER FABAEANBIRN. SR, Sy
AR ROE. 7hE EE 2007 4F CEERAERMEE)
— i, MEREER ST OA BEAL, AR
fifi b, XTEREE. BREE. GRlE K 2R ER AR I
KR I BT AL R T VR HEAT Rk

1 TBEEA

B S IE N SR AR B —5B5r, BT
HA i tEtemi i &, RS ER S, C8f
BT HINHER 1), ERFEE SO A PR B S IA

IR, ORI R BER & RT3, Wi
{7 B — PR SL AR AL R A VR L BRy WUl B DLAE
FRP IR BT BBEE A RS A, ARk fl 2 A

HRET — %ﬂﬁ%ﬁ@%%%ﬁ%
B-PRIEBBESR AN E Rl o) 7 A A W B S -

ﬁﬁi%%m%ﬁmﬁﬁfﬁﬁiﬁmmwmwl&F,
BT KR T BRI AN e I AR 3 p-FR Lk,
F AN p-RILRIBE(Scheme 1)) Btz 4k, i
AW 6 H] 4% IR BERERE 7, FR LA N a-F2 350 8,
R 2 J5, BB A 9 Mk, tar LA
& B-HRILIR IR R T 3b (Scheme 1¢)®. 1,3- ik
&) 10 FEBZEAT T, SidiisiE mEEt T LU p-
BRIETRBEZAL AP 11 (Scheme 1d)P). AR, itk &4 12
ATDAYERL. = REBN T, KIEHI S TR 13
ey p-BRIERR R A4 14 (Scheme 1e)!'.

V- S Tk (1 ) Sl FE Al L B BT o B- AN
il (1) Michael N AR IIEE. 1 Wk 17 & st &
m%%%ﬁmB%aﬁT@ﬁmmm&ﬁﬁ@qu

BRI EE R R B R T 1A RS p- PR ik 2
FREE R T2 M FEHWR L. —M ORI
BEF 19 158, A2 AR R AR B IR R R e 18 FF3A
183 p-FLFEWREF (Scheme 2a). 57 —Fh & LB 2Bl
22 WA, RHIEES Ak 20 FE>

R BRBESEENE R TR Ak

Table 1 Structure of thiol-containing flavors and their smell

e REEZ5 40 T S
o]
1/S\|)J\/R3
R 0
B-Hi L Tk R? 4x/&/k¢/ HE BREER
R = alkyl, aryl, heteroaryl;
R?, R3=H, alkyl
x NS
BTk % o s ek
- \
o]
2 H3C4\~./SR OH BE L
5 Tzl R = alkyl, aryl /\/S MAEE W~ THH
R
) e e Y I
y- R ST Tk HO N HO " e i
R = alkyl, aryl
o)
H:V>V,CHZSR | 0 » -
W et T Pk J [)/k/\/\ ZIRAE . AR WA LHEE
R = alkyl
S._R
14 LS () WL L K EN
R =H, alkyl
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SH 3 3
R1/ . CI%R base R1/S\)K/R (@)
1 2 R2
R ) 3
71% ~ 94%

R' = alkyl, aryl, heteroaryl; R%, R® = H, alkyl

OH o)
0 NaOH
H - R
RSP AR I8 1S S— R1,S\/U\/R (b)
1 4
5 3a
55% ~ 93%
cl COOOH
&l ?
oH MsCl - )\Hﬂ
S R
R/\H/\R TMSCl o R (mCPBA) R = . Q I ©
0 OTMS
o] CHy ap
6 7 8 / \
0~ “CHs, 75% ~ 82%
9
0o o o]
. Ar” s Cs,CO;, DMSO S q
AHJS(U\AH or T’ Ar! “Ar @
FR Ar—SH FR
10 11
R=HorF 44% ~ 98%
I, PPhg, H,O S’Ar
0 o 2, 3, M2 (0}
J R oo OO0 asoNe 7 o OALR )
R N R Ar o
12 13 R .-
14
43% ~ 89%
ER 1 p-EEmRER A

Scheme 1 Construction of S-carbonyl sulfide

Qﬂ M NaOH, H,0 (_7/\ M

17, 81%
HUAR, FFId J5 K4 2 (Scheme 2b)!'> 7,
0 _
NaOH _Ss (C)]
ri-SH s R TEon - Ry R

1 70% ~ 85%

R’I/ \)j\

NaBH, _
R EtOH Rt~

OH
SNEN)

22
~ 84%

R1/SH )J\/ NaOEt

EtOH

R, R' = alkyl, aryl 74%

ER 2 pIRIEHREE A
Scheme 2 Construction of f-hydroxyl sulfide
P-FRFETR MR PR B, RIMAAE TR &ifi
WHYP . %0 . GB/T20824-2007 Hkf 3-FR 3k P i 41
%%%Eﬁ%iﬂ FIB FRRRAE KR 5T, I R E e P 250 o
FR i 25 R P R B AR T 0.5 mg/L, I 000 o i
%?E%éﬁjiﬂ: 0.4 mg/L!"* (GB/T 20824-2007 Z &R A
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W, FEAREE R, dER, 2007). EES KT ERH
FHN RS S p-FR B e gk i 1e ) 23 18 SR A2 AR B
& A3 E(Scheme 3a)". AT DL HIAH R (O RRIE T a0, -
RS f) Michael Ji R & i (Scheme 3b)!').

R/S\/\/OH
24
72% ~

R/SH (a)

1

R = alkyl, aryl 99%

SMe

o~ CHo _MesH L _cHo

25 26, 87%
SMe

A~Aon

27, 92%

NaBH,4
catalyst, H,

(b)

B3 p-FR Ik i
Scheme 3 Construction of y-hydroxyl sulfide
MR B AL S VIFE S B R AL S BT
2, ERE B A LT LRIk, —F5E
R T 3G R, A& RV R, el & RO
(RIS 29, P 5AHRIFEE R 30 7534 5 AR T i S kg
BBk T 31 (Scheme 4a)'®. 57 &b —Fh J5 92 2 58 i ki
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2-HEE B &) 32 1EIE 5 24 T Ske i i b M iR
173 (Scheme 4b)!"\. WRIGHT i 241 A 43 T LLEE 3 m]
DL Ik R I RN, 2,18 2,158 S 8 3 .45 2R 97 (R Ik
§-2- 2 350 36, FHAITREMEAL . AR WAL RIS 2]
WG -2- CHE BT 37, #5J5 R IR -2- £ B I e A 15 2]
FA L PR R IR BB 38 (Scheme 4c)!'®.
1A4-ZWEGERAL B 41 SR SRR () I — 54k, @
WRIHIER . R G HERERE. B PAH o-5
I ()39 S AN se il & i a-SntkiE ()40,
—IR1BE 1,4- MRS (Eq. 2)1").

o { FOH

O_R H,O O
T + NaSH ———>

Cl
39 40
R =H, alkyl 59% 63%
2 WREE

IR TR SR AEAE R T R E R

z— ,Hﬂﬂﬁ BRAR 2 S TRAE R T A
JERE RUEBREE A TA S B A Rk, ERRK

FE OB A e R I B k. BN, o WL ReneE.
M RFR B REE RS AT LB R R R AR
W LR B R R A R AR A AR AT DL
2 PR GRE AL

T, AR RE R T E T L BRI &
VIEERAE 2. BlanEEy T 43 15 ROk 2 HAH R
(1) =241 42 75 Lawesson i 7fl 25 £F T #ift43 2 (Scheme
52) B2 T Lawesson il Al LAE NERAL IR Ab, i
WRAE R TE SLRIR, 0] LUK B Ak A A4 ) 45 T e

T 47 (Scheme 5b), L&Y 47 FHLH AL IR{E(0.014
ng/L), T H A MEF Rk R, v T K ] SRR R
P i 7 A A R 0

W g/ W0 PR e/ — P R s 2 218 248 LA R ) A
AR RN MER bR, JoFL 2 2-FJE-3-RRI AR E, il
EEW%EW%EMW%ﬁﬂAEWMnﬁﬁmmé%

Iy SR A E R 2- R - 3-IK I A E R AT AE A,
[%W@%%W:w%mﬁ%%%A%mAﬁmT%%
HIRA B 2 A1, = 7 3 e Tt e X U £k LA % i
MIBRALSR SEEE. 4D DY AR I B RE S R 7 50 &/
MAR RS A memghn /g2 49, FKMRE A& Y
SRR AL &4 50 (Scheme 6a)Y. H3 7] LUK HRR -2-
WA -EY) 51 @i BRARTRAL 15 BRI -2- 5 I 24k &4
52 (Scheme 6b)™2.

B-RREMBE AN R — BRI RERNERE
By T 2RI A O A R A
BERTAEDBIINAS B, 350 38-2- T BEAL 59 55 W LA
B 2,3- IS A AL 53 F1 = FIERESE R AR L 54
& A5 2)(Eq. 3)[23] YR ERE RS 54 B,
A DL R %2 p-FR AL & i,

P- IR R A Y F BRI AE SRR R, AE
%%ﬂ&ﬁé%,~%&%%w%%m@&%M$%
FBL ZMEY) 59 A BT LA R EE 56 Hk, A
% o, B-ANHLFIEE 57 2 )5, TR S ER XS H Michael JIA%,
13258, FRILJE I 2 LR BRI i y-F2 i B Ak
4 59 (Scheme 7)),

B-BRIEBR I AL A Wt 2 PO A Wk A R I B RV
RN RN Scheme 8 TR, a-FRJEHR 60 1) Jk

o / IR S 25 61 2 )5, T LM%
filtn, ¥ 44 SHRIKE IS P IEk 46 BT LA 545 2R
OMe NN SN o
O__CHO CH(OMe); @A N
"3, OMe (30) s (@)
@/ MeOH >/ InBrs, Et;SiH, PhMe M °
28 29 31, 34%
/\ AcONa, CO, Se 0 A~~~ (b)
o S s
M s VQ * Bf/\;\/ DMF/H,0 @/\
32 34, 90%
o]
|\)J\OEt (1) TsCl
[\ LiAIH, _ (2 KSAc n-BuLi, R—1_
Q H,0,, FeSO,4-H,0 O\)JO\OEt THF Q\/\ (3) LiAIH, Q\/\ O\/\
DMSO 35, 92% 36, 64% 37, 90% R = alkyl 38
32% ~ 87%
BRI 4 RAR B TE 1 4

Scheme 4 Construction of furanyl sulfide
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Table 2 The structure of thiol-containing flavors and their smell

SR FRAE LA 5T S5 IR
R2
AT . BA R, AEEEE
R', R? = alkyl, aryl
SH
R' SH SH
9/ D S — UK Y GEN (& 5 1 0R
R', R2, R3=H, alkyl ©
R? R®
N y
5‘%73%@7&@% HS OH MN BAhA . RAE
R', R? R3 R*=H, alkyl SH
SH OH
R’ R* HS
- FIETR K R T R PN G, . RS

R
R,R" R% R3 R*=H, alkyl

R? 7
BT RJKSVH W i

ulty

. RE EEE

R', R? = alkyl, aryl, heteroaryl SH
1SH (0]
RR2 Ré SH O
P-PRIETR LI R3 KEE. BE HER
R', R2, R* = H, alkyl, aryl, heteroaryl
R3 = H, alkyl
R? RS
R! R4
TR i FRE B mak
—HILeF HS SH HS\)\/ NG N TR =5
R' R2 R% R*=H, alkyl
S\\ /S\
MeO PLR OMe SAc SH
S \ AcSH AcOH
(Lawesson's reagent) —_— e (a)
Ve, 120 °C (a) o) piperidine, r.t. o rt. o
e,
OH SH 48 49 50, 87%
42 s 43,6%
/A (1) PPhg, NBS @\/
OH HZNJ\NHQ “ Q\/OH o o SgrsH (b)
45 st Br (1) p-TsOH (2) thiourea, Ki
I R Y ADptsOn 51 52, 35%
| HBr | HNTONH, (2) NaOH
B3R 6 R/ U Sk R/ — S I S A I ) ) 2
44 46 Scheme 6 Construction of furan/tetrahydrofuran/dihydrofuran
thiol derivatives
NsH
(b)
OH
| o s Bu,NF, THF
P S 3
47, 41% AN T™MST TS i acia, Hy0 SH ®)
53 54
55, 55%

B 5 iR E

Scheme 5 Construction of all-carbon thiol derivatives
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Dess-Martin J\/ AcSH
_Less-vVialun,
RJ\/\OH R xCHO ——

piperidine
56 57

R =H, alkyl 70% ~ 82%

ACS></ i HS></\
RNCHO 50T R OoH
58 59
75% ~ 85% 73% ~ 84%

BR 7 -SRI (KA
Scheme 7 Construction of B-hydroxyl thiol derivatives
IR EY) 62, Ja /KM 25 BRI &R -
PREL TR RS 6317,

0 0
\)J\/\ MsCl, Et;N \)J\/\ KSAc
—_— _—
DMF
OH Et,O OMs
60 61
o] 0
NaOH aq.
_—
SAc SH
62, 80% 63, 59%

MR8 pHALTROHE

Scheme 8 Construction of f-carbonyl thiol derivatives

y- PR EE R I 2R AL & AR 2 AR Y rh 3R By 2545 21,
AT — BRI ACRE . RSB ME & EE. Hlin -
PRIETRIT RGN 65 LR MALFTAR PR L) B 15 2
R, B RS AR, REFRRSEA R &
A DO = SRR LR XS o B-ANLANEE 64 1IN T
il 4%, W RBRAYIRR T RREE Z A, BT LU AL A
(Eq. 4.

)OJ\/\/\ Ph3SiSH, KF )OJ\/SC/\ .
_—
7 18-crown-6, BHT @
64 65, 14%

TR R E R R T AT R A ] AR R,
EATEA MR EREE S, FERI T E W
MER . WESE, WA TEAL M2 fha H &R R
DAAR BB & ORI, FRARGEATAEY 66 SimEIR
B AR BIBRAL = 67, TSR A A AR R A 3
A — R EEAL A9 68 (Scheme 9)17.

SH

0] 2 KSCN S 2 KSH 2
R! R > R! R = 1)\/R
st \&67 EtOH R L
1 2 =
R', R“=H, alkyl 60% ~ 70% 68

25% ~ 68%

B9 —miEFRE

Scheme 9 Construction of dithiol derivatives
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Tt Jig S A0 7 B (0 S R AR G B PR —, EE PO
(%) 75 2 e SR I AN e e SRR AR P 38 TR IR SR
K A A S o 30 A 2 Y 5 0 ) I S 4
M.

R EARMERH] T, WEARE R 70 A ACR A
FHEK, REM, JCHAEAERERE &R
BFEABCT M B AR, e U 2T 8
AR i AR T B A 8 B A U F B BT 69
5 2RS40 45 ] % T3 (Eq. 5)P

EtzN, CH,Cl,

¥ )J\ i (5)
Cl
69 70, 56%

Bribz A, BRI & IE AT DL R 3R IR A AR A AE
A MR T4 G532 H sl &4, Bl ansRms
71 5OEARATEY T LG &5 2B &Y 72 (Eq.
6)>1.

(0] Boc-Trp-OH
HS%J\ epcl,omap  AN(
Ph ———— ™ 0 ®)
] R DCM, 25 °C s
7 BocHN Ph
O RR

R =H, alkyl 72

85% ~ 97%

FAT/S LT FH TC AL I 1) 5w ] F ke 48 1 v AL
MR EE AR 54, /E Hiyama MNGRALH, FAT
TEARMEAL 26T, I ECAAR R 75, o] UGS %
& R 75 MRS 76 PISRALEY). AR T AESE
FH % SRR A A B P e, 340 W] DA ] vy 2k g P 28
EHiAL A Y)(Scheme 10)P2.

Pd(OAc), . PdCl,- d
SR CuF, 2H,0 Si(OEt); dpzpmppp
() g RSz0e + (] — 220
DMA, Nz, 100°C 2 DMA, CO 100 °C
75
47% ~ 97% R = alkyl, aryl o 74
R
S/
76
50% ~ 85%
R 10 BRESHRE Pk Bt f g

Scheme 10 Selective construction of thioester and sulfide de-
rivatives
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4 ZWHHE

ZMBUEY) ZAAE T HRER U EYH, H
TR Z KM Z 0 EWAAAE T B B E S8 fK
R, FIZEMEY — R EEG S5 &M MES.
WiEsdr WHES . FREE. ZmMREER AR
s 1IN, TR AR 3 s R & 4.

T AR Z AR AR T R W — 2K,
TR B A AT A R IR TR IR AR, 3o R (R P
LAY 77 AT LA S <A Y SRR TE 4,4-f8 %
NHERE 261 T A (Scheme 112)P%) RS =AM R 110
G 79 1T LA R FR IS SR AL S 78 L,

5t A AR LS 2 (Scheme 11b)P4,

A YE EAAAET SRy, Bl DUFER
A = EY). EE KRR =S e B h L
FEARE, HEALHERAENRIR, ERr%G TS5
i3k A Mok 52 Jli(Scheme  122)P%). DUBRAL &Yt 2 7
R R T EAE R — K&, DG EY) 83
HRONG, 2 81 HRMA = REF AR EY)
82 {EFEFR ST T AT AT (5453 2 DY BifL 54 83 (Scheme
126)5°, 4k, TR LAYt AT DL E RS A
T A A 2 (Scheme 12¢)P7).

R3 DHEENEE R THRHES A&k

Table 3 The structure of polysulfide-containing flavors and their smell

Sl REAE 2544 51T S R
RVS\S/R2 NS NF
e 1 B2 Z S K S AR
R', R = alkyl, aryl, heteroaryl
S-S
1 2 578
Btk B R R s AN e AR
R', R?=H, alkyl
S S
R1"° g °~R2 S__S
— YUSY B W
s R', R2 = alkyl, aryl, heteroaryl
55 _
- i3 o
PR = Hk R L d 1
R = H, alkyl s
~S.a-Se /R2 I)
ufes R™ S 'S )Srs\s/s\s L 7

R', R2 = alkyl, aryl, heteroary!

~Bry STS ()
HoN" "NH2 Na,CO,, CHACN, 80 °C J
77, 95%
SSee H,S, MeOH, 0 °C S-S
s AN ®

78
79

BR 11 sk

Scheme 11 Construction of disulfides

PRk, BATVNAPTFIH TR K T — R4
Ry AR R BRAL AP TT i, 2015 4F, BATNHIRIE
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Br KOH, H,0O S...S
Y + S —>2 \( S j/ (a)
60 °C
80, 82%
AcOH, DCM
B o - )
81 82 83, 86%
Me
SH Me Io)
U\ + SzClz —> S S\S/S\S / (C)
0" Me (o]
—_— 0,
84 85, 67%

B 12 ZHRAEmrmE

Scheme 12 Construction of polysulfides
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T AP A BN S A3 TE R “ EHHLE” BRACHR RN 2k
(R'S,0:Na) 1V R 44 £ (R*SO,Na, 86) 5k, @it
BRI IR 455 87 (Eq. 7). BRACEREREN L T
DA HR e 255 i A0 S AR B R BN 7 S5 AR 28 JER A A Bl

R2
R'X + Na;S;05 + R2SONa —> i-Svg” )
86 87
Low-valent High-valent 50% ~ 94%

2016 FERATREBMAP L& T R RLR. 2
SE I BAL T 90 (Scheme 13a). %R E& R T
ZHTATHE ) “THHALR” SEns: 5N T EReH 4
WAE, RERTHGMES s S—S #AFRE M, & nT R
& B EAE SRR R, EBHX A, B
PRI BCESE, Sin 5 &R EmBaRmE T« 5
pll S A3 % 2K 91 JEid BRI R AL . AR
REMF] SOIRRT CIEE NGRS ZREAGT, 77
i H i 3P — 20 5] AN (Scheme 13b). s 20 #E
LS BB T (R WA /3 2 ol b 45
¥ 92.

RX (X = Cl or Br) KSAc
TolS0,SNa —————>TolSO,SR —— RSSAc (gram scale) (a)

90

88 89 24% ~ 89%
- B(OH), CuS0y* 5H,0 (5 mol%), bipy (20 mol%)
R + RSSAc — .
P~ FeSO,° 7H,0 (20 mol%), LiOTf (40 mol%)
91 Na2CO3, EtOH, 02, r.t.

1(jﬁ%
R
=

92 31% ~ 88%

BX 13 AL E L i
Scheme 13  Oxidative cross-couplings reaction for the synthesis
of disulfides

S\S

93
35% ~ 99%

R"”
Arenes
B(CeFs)3

R'”

R

S.

Ho)\I S

0 R
94

44% ~ 98%

1,3-dicarbonyl
_R" derivatives

B(CsFs)3

2018 4, FRATHRBA TR L “TH EAN " B, )
18T — 2 AR U R R (RSSOMe), SEIL T 5 2 Ff
SEAZART M I iR A S R 3R L A B (OMe) 1 Ay T L
SEFH, WA A 0 ST W M I B (RSS ), I Hid
REZIE R RN AR R TR A, EEIRAMTR, LA
BN 4 JE B BRI (0.25 mol%) NAEAL T, SERK T 5% LR
AR ) 78 A S, LA O B 25 T B A
fitth, 38 FZART S R EAZ AR (e T 05 38 M| et g
FIRL 13- A BORARACERE . B, &
FETR RN R JE e 55 ) Bt S A% 70 1) 2 PR MR AR G, 2T
T FE LR AP E(Scheme 14)1*,

2018 4, HRBUR/NAK R T BEEESEE A 1 B Ak
EW 97T BRI RIE, SRR 1,3- A T et
FRIGE AL A 98 A1 99. FA4h, % BRIEIE v] L5
W (B ) SR =HAb &1 96. X — R KI5 stk
AN AT AR AN 262 R 5E 1(Scheme 15)1*!,

Hig

b FE RATFFF A K, NRAETFACTHARHR
i, B R AR G SRR A RN, SRR
AR AE AT YR, e O VR IR FT R A A T
MR SRJG, BRI BTV TR o T3R5 24
MEIARGS . BATBRRIOTREAE A TR, fEsR i A
5 ERFE R RIS R, SE0E B KRB ARG N
EIERERRAIUONEZE, CHAES AR AR L
WA, SRR R BRI BEAN R AL DA AR
IR, BRI, K Rartt o RICTs eI Tr ik 2 &
AR TR SRR RS, FR, &6
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