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Summary

The biphasic reaction of benzylic mercaptans with triiron dodecacarbonyl, 48-50%
tetrafluoroboric acid, and benzene affords desulfurized products in good to excellent
yields. This reaction is superior to that effected in the presence of sodium dodecyl-
benzenesulfonate, a phase transfer agent for acidic processes.

The desulfurization of benzylic mercaptans by means of basic phase transfer
catalysis has been reported recently [1]. Hydrocarbons (2) were obtained as the
principal or only products by the reaction of a mercaptan (1) with triiron dodeca-

5 N NaOH, C H,. 60°

R'R*R3*CSH+ Fe,(CO),, 5 R'R?R}*CH

(1) (C4Hy) N HSO, (2)
carbonyl, tetrabutylammonium hydrogen sulfate as the phase transfer agent, and
benzene/5 N NaOH as the two-phase system.

Acidic phase transfer catalysis has been little investigated up to the present time
[2-6). In 1983, one of us described the first examples of organometallic phase
transfer catalysis under acidic conditions [5]. Diarylethylenes and other activated
olefins are hydrogenated in high yields on reaction with cobalt carbonyl, using
sodium 4-dodecylbenzenesulfonate as the phase transfer catalyst, with benzene and
48-50% aqueous tetrafluoroboric acid as the two phases. This reaction, which is also
applicable to styrenes and arylbutadienes (e.g., 3), may occur via the intermediacy of
hydridotetracarbonylcobalt [6].

48-50% HBF, , CgHg

P"W . Ph\/\ + PhWCHS

Co,(CO)g,  SO,Na CaHs

(3)

n-CHag
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There have been no reports on acidic phase transfer catalyzed reactions involving
iron carbonyls as reagents. This publication is concerned with the interesting results
obtained on attempted desulfurization of benzylic mercaptans by triiron dodeca-
carbonyl under acidic phase transfer conditions.

Results and discussion

When p-chlorobenzyl mercaptan (1, R' = p-CIC,H,, R? = R> = H) was treated
with an equimolar amount of triiron dodecacarbonyl in benzene, 48-50% tetrafluo-
roboric acid, sodium dodecylbenzenesulfonate as the phase transfer catalyst, at 60°C

R'RPRPCSH  +  Fey(CO)y,

CgHg + 60 C 48-50% HBF,

R'R°R°CH + (R'R®R’C),S + (R'R®R%s), + R'RRc—CR'R%R?
(2) (4) (%) (6)

and 1 atmosphere, p-chlorotoluene (2) was obtained in only 6% yield, the main
product (40% yield) being the disulfide (5, R! = p-CIC;H,, R? = R®> = H). However,
if the reaction is conducted in an identical manner, except without the phase transfer
agent, the amount of p-chlorotoluene formed increased significantly (44% yield). No
reaction occurs in the absence of Fe,;(CO),,. Additional evidence that the desulfuri-
zation reaction is a biphasic and not a phase transfer process comes from the results
obtained with p-methoxybenzyl mercaptan and o-methylbenzyl mercaptan where the
yields of 2 are considerably higher when the reaction is effected in the absence than
in the presence of sodium dodecylbenzenesulfonate (reaction products and yields are
listed in Table 1). While no products of desulfurization were obtained when
p-methylbenzyl mercaptan was employed as the reactant under phase transfer
conditions (except for 2% p-tolualdehyde), a combined yield of 64% for 2 and 6
resulted in the absence of the phase transfer agent. One case was found, that of
2,4-dichlorobenzyl mercaptan, where the presence of the phase transfer catalyst did
not have a detrimental effect on the desulfurization reaction.

The desulfurization reaction is not catalytic with respect to Fe,(CO),,; however,
sulfides are formed in good yields by use of a catalytic amount of the metal
carbonyl. The use of lower concentrations of tetrafluoroboric acid results in reduced
product yields, e.g., 2,4-dichlorotoluene was obtained in 41% yield when the biphasic
reaction was run using 25% HBF, as the aqueous phase (compared with a yield of
74% for 48-50% HBF, ). No desulfurization occurred when the mercaptan Fe,(CO),,
reaction was effected under homogeneous conditions (i.e., HBF,/ether in place of
48-50% HBE,); rather, o-methylbenzyl ethyl thioether was formed from o-methyl-
benzyl mercaptan. Use of a carbon monoxide instead of a nitrogen atmosphere for
the acidic-biphasic reaction has little influence on the product yield (e.g., 1, R = R?



TABLE 1

PRODUCTS OBTAINED FROM THE BIPHASIC AND PHASE TRANSFER CATALYZED REAC-
TIONS OF MERCAPTANS WITH Fe;(CO);, AND 48-50% HBF,

1 Products ¢ Yield (%)
R! R? R} Phase transfer Biphasic
p-CICiH, H H p-CIC;H,CH, 6 4
(»-CIC4H,CH,),S 1 19
(p-CIC(H,CH,S), 40 6
p-CH,0C,H, H H p-CH,0C¢H ,CH, 10 72
(p-CH,0C,H,CH,),S 7 4
o-CH,CsH, H H o-xylene 20 36
p-CH,CiH, H H p-xylene 0 15¢
(p-CH,C,H,CH,), 0 49
(p-CH;C,H,CH;),S 2 28
(p-CH,C,H,CH,S), 90 0
p-CH,C,H,CHO 2 3
2,4-Cl,CH, H H 2,4C1,C,H,CH, 73 74°
(2,4-C1,C,H,CH,), 5 10
(2,4-Cl1,C,H,CH,),S 2 2
2,4-C1,C,H,CHO 3 3
p-CH,CGH, p-CH;CGH, H (p-CH,CH,),CH, - 94°
Ph Ph H Ph,CH, - 84
(Ph,CH),S 8

4 Products were identified by comparison of data (IR, NMR('H,'*C), MS, GC) with those for authentic
materials.  Use of a catalytic quantity of Fe;(CO),, (i.e., 10/1:1/Fey(CO),,) gave p-xylene (3%),
(p-CH,C,H,CH,), (15%), (p-CH;C;H,CH,),S (70%), and p-CH,C;H,CHO (1%). € Use of 25%
HBF, as the aqueous phase resulted in 41% 2,4-dichlorotoluene, 32% (2,4-C1,C,H,CH,),S and 3%
2,4-Cl1,C,H,CHO. ¢ Not done. ¢ The yield was 90% when a carbon monoxide atmosphere was used.

= p-CH,C,H,, R® = H gave 90% hydrocarbon under carbon monoxide; 94% under
nitrogen). .

The desulfurization reaction may possibly proceed via the binuclear complexes,
[R'R?R?*CSFe(CO);], [7]. However, only traces of toluene were formed on at-
tempted reaction of [PhCH,SFe(CO),], [8] with 48-50% HBF,. It is also known
that exposure of [R'RZR*CSFe(CO),], to concentrated nitric acid gives a sulfonic
acid rather than the hydrocarbon {8].

Another pathway (Scheme 1) may involve .the generation of a cationic iron
hydride 7 by reaction of the metal carbonyl with 48—-50% HBF,. Several neutral iron

+ -
Fe,(CO),, + HBF, —— = H_Fe,(CO), BF,

7

R'RPRPCSH
m
HBF, -
hd R'R?R3CS(H)y, , 4 Fe, (COLY BF,

(Hy,, JSFey(co) 2t 28F,  + R'RPRcH

(2) (8)

m+1

SCHEME 1
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cluster hydrides are known [9]. Reaction of 7 with 1 may give 8 which is convertible
to the desulfurized product by exposure to additional HBF,. We have been unsuc-
cessful in attempting to isolate an organometallic by-product in these reactions.

It is believed that H,0"-p-C,,H,sC¢H,SO, ™ is transferred to the organic phase
in acidic phase transfer reactions involving sodium dodecylbenzenesulfonate [6]. The
sulfonate anion may induce disproportionation of triiron dodecacarbonyl to a
mixture of carbonylferrates [10]. The latter reaction would account for the particu-
larly significant differences in behaviour usually observed when one compares the
biphasic and phase transfer processes.

In conclusion, mercaptans undergo desulfurization in good to excellent yields by
reaction with Fe;(CO),, in an acidic biphasic but not a phase transfer system. While
several useful acidic biphasic reactions have been observed in organic chemistry [11],
the above system is, to our knowledge, the first example of such a reaction using
organometallic reagents.

Experimental

The following instrumentation was used to record spectra of products: IR:
Perkin—Elmer 783; NMR: Varian EM-360 or T-60('H), FT-80(*>C); MS: VG
Micromass 7070E. Gas chromatographic analysis was carried out using a Varian
Vista 6000 chromatograph.

Tetrafluoroboric acid and most of the mercaptans were commercially available,
and used as received. Compound 1, Rl =R?>=Ph, R®=H and 1, R' =R?=p-
CH,C¢H,, R®=H were prepared by sodium borohydride reduction of the corre-
sponding thioketones [12]. Triiron dodecacarbonyl, a commercial material contain-
ing 5-10% methanol, was thoroughly dried prior to use. The sulfur-iron complex
[PhCH,SFe(CO),], was prepared from benzyl disulfide according to literature
procedures {8,13].

General procedure for the desulfurization of mercaptans under acidic and biphasic
conditions

Nitrogen gas was bubbled for 30 minutes through a mixture of benzene and
48-50% HBF, (25 ml each). Triiron dodecacarbonyl (2.0 mmol) was added and the
reaction mixture was stirred under nitrogen for 4 h at room temperature. The
mercaptan (2.0 mmol) was then added and the mixture was stirred overnight at 60°C
(N,). The reaction mixture was cooled to room temperature, the phases were
separated, and the organic' phase was washed with aqueous sodium hydroxide,
followed by water (2-3 times). After drying (MgS0O,) and concentration by rotary
evaporation, the residue was dissolved in hexane and purification was achieved by
chromatography with silica gel using hexane as eluant.

General procedure for the phase transfer catalyzed reaction of mercaptans with triiron
dodecacarbonyl

The reaction and work-up procedure used was identical to the previous one,
except that 1.0 mmol of sodium dodecylbenzenesulfonate was added just prior to
addition of triiron dodecacarbonyl.



229

Reaction of [PhCH,SFe(CO),] , with 48-50% HBF, under biphasic conditions

Treatment of [PhCH,SFe(CO),], with 48-50% HBF, and benzene (25 ml. each)
at 60°C, as described above for the biphasic reaction, afforded only trace quantities
of toluene as determined by gas chromatographic analysis.
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