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B-Hydroxyethylation of Thiols Catalyzed by Alkali Metal Inorganic Acid Salts
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(School of Chemical and Material Science, Liaoning Shihua University, Fushun, Liaoning 113001, China)

Abstract: For the B-hydroxyethylation of sulfur atoms in thiols, there should be a strong interaction between the
-SH group and the methylene carbon of ethylene carbonate (EC). However, the nucleophilicity of -SH group is
insufficient to interact with the methylene carbon of EC. Therefore, a catalyst should be required to activate -SH
group. Under the conditions of atmospheric pressure, solvent-free and 120 “C, 14 kinds of alkali metal mineral
acid salts (MA, M=Li*, Na* and K*) were investigated for the S-hydroxyethylation of n-octyl mercaptan with EC.
When A~ of MA are the same, the ionic radius and polarizability of Li*, Na*and K* increase sequentially, the
ability of MA to activate SH group also increase sequentially. The general rule is that the catalytic activity of the
potassium salt is higher than that of the corresponding sodium salt, while the lithium salt has no catalytic activity.
In various inorganic acid potassium salts, the catalytic activity of KA has a positive correlation with the pK, of its
corresponding conjugate acid HA. The catalytic activity of KA is lower when its conjugate acid HA is more
acidic. In order to explore the universality of the mechanism of potassium salt catalytic activation of -SH, K;PO,
was used as catalyst to investigate the catalytic activity of B-hydroxyethylation of six different structures of thiols
with EC at different reaction temperatures. Due to the acidic difference of mercaptan, the rule is that the stronger
the acidity of the mercaptan, the higher the reactivity, and the easier the S-H bond is to dissociate. The
advantages of the reaction are as follows: no solvent is involved, the molar ratio of mercaptan to EC is close to the
theoretical amount, the selectivity of the product B-hydroxyethyl sulfide is >99%, no halogen containing reactant

involved and therefore no halogen salt byproduct is formed in the final product.
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Table 1 Activity of alkali metal mineral acid salts (MA) catalyzed B-hydroxyethylation of n-octyl mercaptan with EC*

Entry MA pK,; of HA® Reaction time / min CO, volume / mL Con. / %* Sel. / %
1 None — 120 0 0 0
2 LisPO, 2.16 120 0 0 0
3 Na;PO, 86.3 1970 87.3 95.2
4 K5PO, 25 2130 97.4 100
5 Na;PO,- 12H,0 99 930 37.7 100
6 K;P0O,-3H,0 71.8 2 340 98.8 100
7 KH,PO, 120 0 0 0
8 K,HPO,-3H,0 120 0 0 0
9 K.P,0, 091 193 1570 66.7 100

10 Li,COs 6.38 180 0 0 0
11 Na,COs 204.45 1 640 68.7 100
12 K,CO;4 41.53 2 240 98.6 100
13 KHCO# 51.2 2170 95.5 100
14 Na,B40,+ 10H,0 4.00 188 830 34.0 100
15 K;B.0;-4H,0 74 2 160 90.5 98.7
16 Na,Mo0,-2H,0 2.54 126 1 850 93.4 99.3
17 K:MoO, 96 2 020 96.4 99.4
18 Na,Sn0;-3H,0 2.57 270 940 39.2 99.9
19 KsSn05+3H,0 84.1 2135 94.9 99.6
20 Na,SiOs 9.9 265.7 1 860 76.3 100
21 K5Si04 122.5 2 040 83.2 100
22 Na,S0, -3.0 120 0 0 0
23 K280, 101.5 800 34.2 100
24 NaF 3.15 120 0 — —
25 KF-2H,0 167 1 870 94.7 99.9
26 KF 162 2 090 95.4 98.2
27 NaCl -8.00 176.5 1770 89.1 97.3
28 KCl 126.38 2 100 92.4 97.6
29 NaBr -9.00 340.15 800 75.4 100
30 KBr 128.55 1 500 76.9 99.4

* Reactions were carried out with n-CsHzSH (110 mmol), molar ratio of MA to n-CsH;;SH is 1/100 and molar ratio of EC to n-

CgHpSH is 1.02 under atmospheric pressure at 120 °C; * Conjugated acid of MA, pK,, data are from reference™); © Determined by gas

chromatography (GC); * molar ratio of KHCO; to n-CgHSH is 1/50.



%4

JE - HEAE R B TC PR Fh A B BRI Y B0 & SR A B

639

B, -SH i &R F IR 2 2/ AR RAG gl
SE—FERR . M3PO, Al MLCO; I 0>, B 72112/
Atk R, Pk i —Fadag . ik Ko, i
K,CO; T 45 5 T AL IE 2 B B 4 (B 1(b)), 2E B RS-
K P v e 4 1 4 1) ¥ 8] 47 B B T Nat 5 -SH
BRI B VR PR X 5255 | LitJC k6 1k -SH

Lewis acidity

High Low R\
e
{ | == R—SM'+HA
o - & M A
@ ®)
BB I I T 5 TR () MA T A

R-SH MIHLEE (b)
Fig.1 Lewis acidity of alkali metal cations (a) and the
proposed activation mechanism of R-SH with

MA (b)

XF T B ER (KA &, AN B TE LR BT 25+~ A
XFHEAG T VEA BR BYSZ R, KA B HE AL I5 P 5 A
N B R HA 0 pK, FF7E — & B B b iy IEAH G
PE, 24 KA B93RBER2 HA 9 pK,, 7E 0.91~9.77 1 Hl
W, & KA B BB r s v, b s g
(Entry 4) % B2 #1 (Entry 12) ., P40 R #7 (Entry 15) %0
2 41 (Entry 17)F18) B2 41 (Entry 19) B 4 £k 15 1 55 &
(IEF BB AL 24 5 T 90%), T K,P,0, X5 I (4t
TR R YR A R R (pK ,,=0.91) , XL It K, P,0, 1Y 4 £k
TEPEAX RS, 7E3R 1 A28 B R K,S0, A fi
A3 1 B A (Entry 23), 19546 AN 34.29% , 3F H
Na,SO, LG (entry 21), X2 B oy H AL Hi iR

2 500
A
2000+
| L
= 1500
S
>, 1000+
o
@]
500
—#— Na,PO,15H,0
—®— Na,PO,
ol
1 L 1 L 1 L 1 1 1 L 1
0 20 40 60 80 100
Reaction time / min
& 2

CO, volum / mL

H,SO, H R K3 (pK,=—3.00) , KA I 14 350 2 1)
PR 55 KA BB | fe Z JR8R ARG IE 1
(b), AR BRI B RS D) 5 H 4 & A e A R B
B R, i R, 3R 1 KCL A KBr 79
ARG P 5 ALY /R pK, (439724 -8.00 F1-9.00)1Y
KBRS A Rl (23 AL G 1 L K.S0,
MR Z , X ATREIE T CIoF B s 172142
BN,

MR SRS T A Y, JE/K NasPO,(Entry
3) AL IE PR IE & T NasPO,- 12H,0 (Entry 5), JE/K
KsPO,(Entry 4)/ 50z 5[] e K3PO, - 3H,0(Entry 6) 1Y
S5 7 B[] AR 248 53X AT DA CO, RETICI 3l 7 2 i £k
(Bl 2y B g€ 3] thF H,0 20 F 1 i HO> Fil B
535 Na,PO, H'1 NatFil PO 4 B AE H (NasPO, -
12H,0 %544 ULIE S11, Supporting Information), M Tl
T3 NayPO, - 12H,0 17 A0 Bt 1) 375 1 9 553, 78 S0z Tk
JE(120 °C)F , Bl A K 53T 0B 25 i 85 B ok 1
Na*Fll PO 5 LATE AL n-CoH,SH 43 F T S S, X 4
TG ARG UESE T 1 i A LB

ME 2 T & RAETEK KPO, 1Y w0 34 b
N R BE E T KiPO,-3H,0, {B7E I 5 ] K4PO, -
3H,0 fEAL S0 B CO, PRFRIE =5 T JE7K KyPO,, iX
W] K,PO,-3H,0 TEAE AL S0 i F2 T g A T Ak
ARG A KPO, A BB AR 5 | T S o 2 R
Wr2E B CO,,CO, 2 5 IR PESMA , M UESE X — A,
WA AL SN S BOTR 5 W0 T PTRE ffL g B 2o 08 | 0
A AL R R 28 CHLCL, YRI5 2R HI XRD X [l
MR HEAT A 255 LI 3, ANIE 3 AT E

2500

®

2 000

—_

W

[=3

S
T

—

(=3

(=3

(=]
T

500 -

—=— K,PO,3H,0
——K,PO,

0+

PO (NS T N T ST NI ST
55 0 5 10 15 20 25 30 35 40
Reaction time / min

TR KA NasPO, (A)5 KiPO, (B)fE AL T2 B CO, 3l 127 il 2%

Fig.2 Kinetic curves of CO, release during the catalytic reaction by hydrous and anhydrous Na;PO, (A) 5 K;PO, (B)



640 Jd Hl fk

#o% 4R %36 &

A h n I N K,PO,:3H,0 (fresh)
AR B it

K,HPO,3H,0 (PDF No.25-640)

1 n 1 1 1 n 1 n 1 1 1 1
10 20 30 40 50 60 70
20/ ()

3 [ K3PO,- 3H,0 AL 58 fif K,PO,-3H,0
HEALFI ) XRD 14 52
Fig.3 Comparison of XRD patterns of the spent K;PO,*
3H,0 catalyst with fresh K;PO,-3H,0

K;PO, -3H,0 7 fi £k 52 i ik #2 o 2B i T K, HPO, -
3H,0(PDF No.25-640), FTIR X bt 43#r 25 5 38 | ol
W FTIR R K HPO, FRAEWESN A BT
KHCO; $#iEIE (& S12, Supporting Information), Hi T
SR R A B R PR SR CO,, TEIR K E R T,
K;PO, - 3H,0 TEAE AL [ 1 3 B 4% Eq (1) Eq.(2) &
A T AR, AR K, COs (R I 3E — 20 B AL
KHCO;, ik — Pk sE RS 4550 | DL K,CO, i
A, 45 B XA U Il i) fi AR R AT T 4 b
i AT, @i FTIR X H A Fr g Rl A (Bl S13,
Supporting Information), I K,CO, #1651 &8 43 F%
6 KHCO,, VW K,CO5 75 i Ak 52 1 3 2 4% Eq.
)& T 22284k, KPO,- 3H,0 M ik [ i J5 1 52 B

R ISR KHCO,, 2 1S54k
PR W KHCO, WAL G YE W AR & (Entry 13), 1M
K,HPO,-3H,0 JTCHEAb 1% P (Entry 8), B4 B2 41 5 Fl
% B R Y B8 EE 5 B2 LT R KSPO, (pK,=1.6)>K,CO;
(pK,, =3.75)>K,HPO, (pK,,=6.8) >KH,PO, (pK,,=11.9) "],
X5R 1 n-CHSH 15 /LR DL K CO, B
—5,

2K5P0,:3H,0+CO»+H,0 —

2K,HPO,-3H,0+K,CO; (1)

K,CO5+H,0+C0, — 2KHCO; )
22 AESFHEHTREEN RN EME

R T k25 R S A R b R AK-SH AL
DLTCK W 2 B A Ak 0] 7R ) SO B IR B, 548 T
6 BN [F] 43 25 R B B AL 5 W % B-4 & FE A S 1 1Y
SEMA (R 2), Horb R I i) SN o 3R e PR HL RN i
AL, 7E 70 CC T RV AT iK% 99.6% , 1F 4 fig I e o Pt
149 5 g 3% P e AV L 52 T A 151 (120 °C) , A o 1
() B NG Ve K T3k £ B o B R NG PR B
1E 4 B W i )lhﬁgﬁgfi@ﬁ‘fﬁﬁo

AN T3] 53 - 25 A A T2 1) 52 17 T 4 T 8 U PR i
MR VEZE 5 KRB 1 pK (K 25 CHAF T BUF
A)) A 6,612 ZR A 13 AH X 452 3 AY) 1R 1 G i 2 U1 IR
FIIRFON,, Horp CoHS B F B I 7 1) B F fif
B AT B KPO, T 1 CHSH A2 i CoHSS T s
1 AE 22 BA, PRI 7R B I Y B2 102 L B2 (70 °C) T B AT
R R S

P T e 3 B R H RO, I ) T U R A T ) TR

x2 KPO,EUNEMBELSYHB-RZENL
Table 2  B-hydroxyethylation of various thiol compounds with EC catalyzed by K;PO,

R Temperature / °C Time / min CO, volume / mL RSH Con. / % Sel. / %

n-CeH s 120 41.9 2 240 92.4 100
110 442 2 140 91.9 100
n-CsHyr- 120 249 2130 91.4 100
110 82.4 2 140 91.2 100
n-CioHos 120 55.5 2185 93.8 100
CeHs- 90 15.18 2 460 99.9 100
70 42.33 2 400 99.6 100

HOCH,CH.- 120 15.0 2 450 99.4 99.4

100 15.2 2270 92.9 99.6
Furfuryl- 100 28.5 2 455 99.7 100
80 61.2 2275 92.4 100

* Reactions were carried out with RSH (110 mmol), molar ratio of K;PO, to RSH is 1/100 and molar ratio of EC to RSH is 1.02

under atmospheric pressure.
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