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Abstract: 2,4,6-Trimethoxybenzyl mercaptan (4) was developed as
an odorless substitute of hydrogen sulfide to afford b-mercapto
carbonyl compounds in a Michael addition and to convert alkyl
bromides into alkanethiols. Detrimethoxybenzylation of the
Michael adducts prepared from 4 and a,b-unsaturated esters or
ketones was facilely carried out by treatment with a solvent mixture
of trifluoroacetic acid and toluene to give b-mercapto carbonyl
compounds. Successive alkaline hydrolysis of 2,4,6-trimethoxy-
benzyl isothiouronium salt, which was obtained as a side product,
regenerated 4 accompanying disulfide 8 in good yield. The disulfide
8 was also converted into 4 by reduction with LiAlH4. A similar
protocol was applicable to the synthesis of alkanethiols using the
SN2 reaction of alkyl bromides. Our method could be complemen-
tary to the classical method of using malodorous benzyl mercaptan
as a nucleophile and Birch reduction for debenzylation.

Key words: odorless thiol, Michael addition, b-mercapto carbonyl
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We have developed three types of odorless benzyl
mercaptans, namely p-heptylphenylmethanethiol (1a),
p-octyloxyphenylmethanethiol (1b), and p-trimethylsil-
ylphenylmethanethiol (1c), useful as a source of the mer-
capto group, as a reagent for the synthesis of thiosugars,
and as a synthetic equivalent of the benzylthio group,
respectively (Figure 1).1–3

Figure 1 Reported odorless benzyl mercaptans 1a–c

The reagents 1a–c showed high nucleophilicity in the
Michael addition as well as in the SN2 reaction, and were
found to be useful for carrying out sulfur-involving reac-
tions under completely odorless conditions. However, a
high molecular weight, essential in making a reagent
odorless by suppressing volatility, reduced their value in
terms of atom economy. Actually, by employing the thiols
1a–c as a substitute of hydrogen sulfide, p-substituted

benzyl groups should be cleaved by Birch reduction re-
quiring the tedious task of handling liquid ammonia.
Therefore, we next embarked on the development of a
novel benzyl mercaptan that could be regenerated by
facile treatment of Michael adducts or SN2 substitutes to
afford b-mercapto carbonyl compounds and alkanethiols.

Benzyl mercaptans are often employed as nucleophiles in
a Michael addition to afford b-mercapto carbonyl com-
pounds, formal Michael adducts of hydrogen sulfide, by
successive debenzylation reactions. Birch reduction has
been the first choice for the debenzylation; however, the
benzyl moieties cleaved by this method were not easily
recycled to the original benzyl mercaptans. In order to
regenerate an odorless benzyl mercaptan (A) from the
Michael adducts (B), we designed a recycle pathway
treating the Michael adducts with an odorless sulfur
source, e.g., thiourea, under acidic condition followed by
alkaline hydrolysis of isothiouronium salts (C),4 which
would be obtained as a product accompanying the desired
b-mercapto carbonyl compounds (D) in the previous reac-
tion (Scheme 1). The stability of the benzyl cation (E)
generated as an intermediate in the SN1 reaction should be
significant enough to run the recycle pathway smoothly.
We found the introduction of a few methoxy groups into
the phenyl ring to be effective in making benzyl mercap-
tans odorless and stabilizing the benzyl cation. Thus,
Michael addition of ethyl p-bromocinnamate with three
methoxybenzyl mercaptans 2–45 was attempted (Table 1).
Interestingly, while the Michael addition3 resulted in ex-
cellent yields (94–99%), debenzylation of the Michael ad-
ducts 5a and 5b with thiourea and trifluoroacetic acid in
acetonitrile did not give the b-mercapto ester 6a at all
(Table 1, entries 1 and 2).6 Only the debenzylation of 5c7

under the same conditions yielded the desired product 6a8

in a good yield (Table 1, entry 3). This result could be at-
tributed to the presence of more ortho- and para-methoxy
groups that can stabilize the benzyl cation intermediate
derived from 5c, as compared with the case of 5a and 5b.

Next, the conditions for the detrimethoxybenzylation of
5c were optimized by changing the solvent and the
amount of trifluoroacetic acid (Table 2). Toluene gave the
best result among the employed solvents (Table 2, entries
1–3) and the suitable amount of trifluoroacetic acid was
one-fifth of the solvent in volume (Table 2, entries 4 and
6). Moreover, the amount of thiourea could be reduced to
two equivalents in the debenzylation reaction of 5c
(Table 2, entry 6).
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Other a,b-unsaturated esters as well as ketones were
applied to the Michael addition where 4 was used as the
nucleophile (Table 3). When a catalytic amount of n-tet-
rabutylammonium fluoride and sodium hydroxide was
added to the reaction of a,b-unsaturated esters (Table 3,

entries 2–5) and ketones (Table 3, entries 6 and 7), respec-
tively, the reaction provided an excellent yield.

Herein, the practicability of regenerating an odorless ben-
zyl mercaptan 4 from Michael adducts 5 was scrutinized
(Table 4).

Scheme 1 Strategy for designing a new odorless benzyl mercaptan
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Table 1 Comparison of Utility of New Odorless Benzyl Mercaptans 2–4 as Substitute of H2S in Michael Addition

Entry ArCH2SH Michael adduct Yield of 5 (%) Yield of 6 (%)

1

2

5a 99 0

2

3
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OEt

O

OEt

O SH

Br Br

SAr

OEt

O

Br
H H

TFA–MeCN
      (1:1)

thiourea
(10 equiv)

r.t, 5 h

TBAF (0.2 equiv)

THF, r.t., 4 h

5 6a

ArCH2SH
(1.2 equiv)

OMe

OMe

SH

MeO

OMe

MeO
SH

OMeMeO

OMe

SH



1932 M. Matoba et al. LETTER

Synlett 2007, No. 12, 1930–1934 © Thieme Stuttgart · New York

As mentioned above, the Michael adducts 5 were treated
with thiourea in a solvent mixture comprised of trifluoro-
acetic acid and toluene to afford b-mercapto carbonyl
compounds 6 and isothiouronium salt 7,9 which was next
hydrolyzed in an alkaline solution. In general, 2,4,6-tri-
methoxybenzyl mercaptan (4) could be regenerated ac-
companying the disulfide 8 in satisfactory yields (Table 4,
entries 1–5) by this protocol. The disulfide 8 was facilely
reduced to 4 with lithium aluminum hydride. Finally, the
usefulness of 4 and of 1a were compared in the formal
reductive Michael addition of hydrogen sulfide where
(+)-pregone (9) was chosen as an acceptor substrate
(Scheme 2).10,11 In the reaction using 1a as an odorless
thiol, the Michael adduct 10a was obtained in excellent

yield (95%). Successive reduction of 10a with sodium
borohydride followed by debenzylation with sodium
metal in liquid ammonia afforded the b-mercapto alcohol
11 in 61% overall yield. Meanwhile, the nucleophilic at-
tack of 4 on 9 gave the Michael adduct 10b in good yield
(84%), and the successive reduction with sodium boro-
hydride and the debenzylation developed in the present
paper yielded 11 in 84% overall yield. Although the total
yield from 9 to 11 in the latter reaction route (70%) was as
high as that in the former route (61%), the latter route
evaded the dangerous and perplexing task of handling
sodium metal and liquid ammonia, which was required for
debenzylation in the former reaction. In addition, 4 was
applicable as a source of the mercapto group in the synthe-
sis of alkanethiols 12 by using the SN2 reaction of alkyl
bromides 13 and successive treatment of the substitutes 14
with thiourea under acidic conditions (Table 5).

In conclusion, we have succeeded in the development of a
novel odorless benzyl mercaptan 4, which is an excellent
nucleophile not only in the Michael addition but also in
the SN2 reaction, and behaves as a useful odorless substi-
tute of hydrogen sulfide by treating the products 5 and 14
with thiourea under acidic condition.12 Furthermore, after
the treatment, 4 could be facilely regenerated by alkaline
hydrolysis of the isothiouronium salt 7 generated along
with the desired b-mercapto carbonyl compounds 6,
namely the formal Michael adducts of hydrogen sulfide,
or alkanethiols 12. The disulfide 8 generated as a by-prod-
uct in the alkaline hydrolysis was also converted into 4 by
reduction with LiAlH4.

Our method is complementary to the classical Michael
addition of benzyl mercaptans, either odorless or odorous,
followed by debenzylation using Birch reduction that re-
quires a tedious procedure involving treatment with liquid
ammonia.

Table 2 Optimization of Condition in Debenzylation of 5c with Thiourea

Entry Solvent Ratio TFA–Solvent SC(NH2)2 (equiv) Time (h) Yield of 6 (%)

1 MeCN 1:1 10 5 75

2 THF 1:1 10 5 75

3 Toluene 1:1 10 4 95

4 Toluene 1:5 10 4 95

5 Toluene 1:10 10 12 86

6 Toluene 1:5 2 4 95

7 Toluene 1:5 1 12 72
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Table 3 Michael Addition of a,b-Unsaturated Carbonyl Com-
pounds with 4

Entry R R¢ (equiv) Basea Yield (%)

1 4-BrC6H4 OEt 1.2 none 0

2 4-BrC6H4 OEt 1.2 TBAF 99

3 4-BrC6H4 OBn 1.2 TBAF 97

4 Ph OBn 1.2 TBAF 91

5 4-MeOC6H4 OBn 1.2 TBAF 100

6 Ph Ph 1.3 NaOH 90

7 Ph Me 1.3 NaOH 99

a TBAF (0.2 equiv) or NaOH (0.1 equiv) was added.
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