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TITANIUM TETRACHLORIDE, AN EFFICTENT AND CONVENIENT
REAGENT FOR THIOACETALIZATION
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THIOACETALIZATION

Abstract

T1514 and anhy, FeCl3 were used as reagents for
thiocacetalization of carbonyl compounds. TiCl4 was shoun
to be an efficient reagent for this puroose, wheraas

anhy. FeCl3 was found to be inferior to‘TiCl4ﬁ
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INTRODUCTTIGON

The stability exhibited by dithiocacetals and 1,3-di-

thiolanes (1,3-dithianes) under usual acid or basic conditions?

has led to their wide synthetic utility as carbonyl protecting

groups1’2 and as synthons in a variety of synthetic operations,B
in addition these caerbonyl derivatives have served as inter-
mediates in tne éényersion of a cerbonyl function to a hydro-
‘cdrbon deriVativa.4 In genersl, these thiocacetals are obtained
by acid catalysed condensations of thiols with carbonyl
compoundsz’3 or by reactinn of carbonyl compounds with gortho-
thio-boric esters® or thiosilanes6 (and a Lewis acid) or by

7 A brief

exchange reaction of derived acetals with thiols,
survey of methods for preparation of thiocacetals are described

belouw,

Genaral methods aof preparation of thigacatals from carbonyl

comoounds and thiols,

1) Protic acid catalysed thioacetalization

H+

RR' C=0 + R"SH —y RR'C(SR")Z

For condensation of carbonyl compounds with thiols or dithiols,

1,2,8

acid catalysts used are concd, HCl ags. and p-tolusne

sulfonic acid,® Dry HCl gas has alsc been used.1’2’8

Concd, hydrochloric acid has been invariably used in carbohy-

drate thio~acetal 'preparations,10
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The thioacetalization of arganic carbonyl comnounds
is cansidered11 to orocesd by way of electronhylic addition
of ane thiol molscula, followed by bimolecular displacement
of watar from the protinatsd monathiohemiacatal intsrmediate,
and finally desratonation of the dithwionacetal thus frrmed; wsach

aten is nresumed to be ravarsible,

t R SR’
>x=o + R'sH —H \"/
R N /’ \\
1
R' H+ '
j> / R //
SR — i
3 2

t

The raaction bestusen a carbonyl compound and a thiol
in acidic mediun generally lsads tao the farmation of a thio-
acetal, although some scattered reports in the litsrature
indicata: that certain carbonyl comoounds yisld unsaturated
sulfides (enol thioetners) rather than the expected thioacetals,
Thus 1,3-cyclohexans diones12 Fofm 3-alkylthio-2-cyclohexanones

when trzated with a thiols in preseace of hydrogen chloride,

2) Leswis acid catalysed thipacsgtalization. For the thinaceta-

lization of carbonyl comoounds with thiols, more frequantly

1,2 2 , 1,2

usad lewis acids are ZnCl, y Znl,", BF3. stherate

14
and AlClg »
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A number of thioacetals are orepared by Lewis acid

catalysed thioacetalizations,., In thiscase yields are

generally good,

14

Recently anhydrous AlCl3 has been successfully

employed as a convenient reagent, and has been shoun to be
superior, especially for thioacetalization of less reactive

aromatic carbonyl comoocunds, The efficiency of AlCl, was

3

attributed to the strong affinity of Al1Cl, for oxygen,

3
thereby facilitating the breakdoun of the sterically hindered

tetrahedral hemiketal intermediate (1) to the mors accessible
trivalent carbonium ion dntermediate (2); the latter afforded

the thicacsetal (3), when reacted with second mole of the thiol,

0 -—Al= o
“ 4 RSH HOo--Al =.
PN —

c
Ar” ar ar” [ Sar g
RS

|

G RSH ¢

/S ~
Ar [ N Ar . AT l\
RS 3 RS

hu

In general, carbonyl comnounds having an &/-proton
reacted with menothiols to give only moderate yields of the

desired thioacetals, and in case of highly enolizable carbonyl



compounds, only the elimination products, i.e., vinylsulfidss
were formed. However, this competing reaction could be
effectively subdued by emoloying a dithiol instead of a
monothiol, Under these conditions, the desired thiocacetal was
observed to predominate to the virtual exclusion of ths

elimination reaction.

3) Thioacetals from ortho-thioboric esters., Ortho-thioboric

estérs (RS)SB, can be nrepared by the action of mercaptans on
boron sulfide. These esters react with aldehydss or ketones

to give the corresponding thioacetals5 and boric anhydride,
3 ¢ ' RS
= 2 {RS)313

R SR’
\G/
3 R”\\\SR'

3,03
This reaction seems to be general for alinhatic and

aromatic carbonyl compounds. VYields are good and it proceeds

without the undesirable side-reactions at room temperature

in neutral medium, This reaction show$ some analogy with the

interchange of oxygen for sulfur on the boron atoms of 8283;

81



when this sulfide is allowed to react with a carbonyl

caompound.,

The axchanée is much favoured, thermodynamically, by
the difference in the heats of formation of B-S and B-0
bonds., This should be, in fact, the driving factor of the
reaction, The reaction oroceeds in neutral medium and shouws
an inductive period, the initiation of the process being
indicated by the srecipitation of boronoxide. These rasults
were interpreted as indication of a free-radical mechanism

15

for this reaction, However, in some cases only moderate

yields of thioacetals were obtained by this method.

4) Zinc iodide catalysed carbonyl thicacetalizations with

thiosilanes. Monothiosilanes (2) or dithiosilanes (5) react

smoothly with both aldehydes and ketones in presence of zinc

iodide to give thiocacetals 3 and 6 respectively,

R SR’
RSSi(CH3)3 2 ) >C<
R R” “sr
\ 3
C=0
/
R
1
R s

(CH3)3SiS(CH2)35Si(CH3)3 ><
5 R

-



0 CHj
| |
CHyC——CHy—C —CHy 4 (R —S —Si—(CH3)3
OH
z l
RS SR CH3

l
EHy— C —— CHp— lc —CH3

0Si(CH3)5
-8- .
Since thiosilanes are sffective silylating agents,

3 equiv,., of thiosilane must be empioyad in such cases as

shown by the reaction of diacetone alcohal (7) with ethylthio-

trimethylsilane, which oroceeds uithout any evidencs of

dehydration, thus illustrating the mildly acidic nature of

these reactions., Furthermors, when anhydrous zinc iodide

was employed as an acid catalyst, the formation of vinyl
sulfides, which freguently arises from subsequent acid
catalysed elimination of the thiocacetal adducts of the mono-
thiosilanes has not been observed, 1In the selective mono-
thipacetalization of 4-androstsne-3,17-dione and presterons
with ethylenedithio-bis{trimethyl silane), the appropriate

3-.gthylenethioacetals have been obtained in good yields,

183
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The use of thiosilanes in these processes holds =a
great deal of promise as an exceptionally mild orocedure for

gffecting carbonyl derivatization,

5) Magnesium _and zinc-catalysed thicacetalization., 'ore
16

racently magnesium and zinc triflates have been used for
the thicacetalization of acid sensitive compounds. The thio

acetals onrepared by this method are:

! :

0Sit3ulCgHs) %
s” s
/. CH40

/N
S

wn

The«i—ﬁhunsaturated kaetone Ala—cholesten~3-one was thio-
acetalized in 98% yield to give a 4:1 mixture of 2% and o’

cholestenone thicacetals. HYowever, with zinc triflate as

catalyst the thicacetalization of piperitewmewith 1,2-ethanedithiol



gave mainly the Michasl adduct of the thioacetalj; Carvone

also showed similar tendency.,

PRESENT WORK

Our interest in this area lsd us %o investigate the

catalytic activity of two other Lewis acids, FeCl, and TiCl

3
While FeClg pToved to be inferior, the latter has shoun

4.

excellent activity and gave the thiocacetals from carbonyl-

compounds in almost quantitative yields,

fFerric chloride catalysed thinacetalization

Ferric chloride is a typical Lewis acid, used in a

17a-3 1t is a powarful dehydrating

179

variety of organic reactions
reagent, and has been used for the dehvdration of alcohols

Recently, it has been used for O-isonropylidenation of suqars.qa
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In view of its dehydrating ability, FeCl3 appearad to be a

nromising reagent for thioascetalization of carbonyl comoounds.

When organic carbonyl compounds were treated with thiol
in oresence of ferric chloride in dry chloroform at 25°,

“they resacted with thinl to yield thioacetals in good yields
{Tahle 1, entries 1,3,4,5,6,7),

Aromatic and aliphatic aldehydss when treated with
gthanethiol in nresence of ferric chloride in dry chloroform
furnished thioacetals in excellent yislds within 4 hr (Table 1,
entries, 1,3,4)., In cass of ketones (Table 1, entries 5,6,7),
even though yields were good, the reaction was very slow (24 hr).
In all the cases there was no side reaction, and products wers

clean and purified by simole distillation,

Although chlaroform was used in the thioacetalization
reactions, acetonitrile was also found to be a good solvent
far this reaction, Various concentrations of reagents uwers
tried, and 30F of ferric chloride with respsct to the carbonyl
compound was found to be most suitable, Sluggish reaction
rates were observed when the guantity of the ferriec chloride
used was less than 30% by weight of the carbonyl comoounds,
The rate of the reaction was not much influenced by using excess

of ferric chleride.



Table 1, Thi i |
ioacetals by FeCl, and TiCl, methods }87

Yietd (%) - - R
No Product ’ Reaction timg (hr) :
FeCly TiCtL FeCl 3 Tim: T
1 Me (CH C SEt o ~
2 Hgge % o i,
! 1.0

5 _SEt
@CH\SEt 9 9% 5.0 1.0
SEt
} 4 /
o e

| e ESSE!
e(CHy), C'Me 95 9% 200 .
R 5.0

6 SEt
SEt 9% 98 200 6.0

EtS SEt

10 - _
0”0 SR
Ets SEt

11| Me-CZCH,.COOEL _ o8 _ s

H N
Monitoring of the reaction was don@ by Glc and the reaction
durastion represent near 100% conversion of the carbonyl compound,.
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Even though the yislds of the thioacetals were good,
the rate of ths reaction was rather slow with ferric chloride

as a catalyst for thioacetalization of carbonyl compounds.

Titanium tetrachloride catalysed thivacetalization of

carbgnyl comnounds,

The thioacetalization with FeCl3 was time consuming,
hence we turned our attention to titanium tetrachloride for

this purpose.

Titanium tetrachloride is known to have a strong affinity

for oxygenated arganic compounds, and also possesses powsrful

dshydrating action.1® It has been ussd as a dehydrating
reagent in the formation of carbaxamates1g and in the transfor-
mation of primary amides intao nitriles.zD In view of these
characteristics, titanium tetrachloride sesms to be a promising

reagent for the purpose on hand.21

Indeed, when carbonyl compounds were treated wuith TiCl4
for a brief time, usual work up and isslation gave an excellent
yield of the thioacetals (Table 1)}, Aldehydes (Table 1,
gntries 1,3,4) reactea with thiols in the presence af Tiﬁla,
at room temp. in dry chloraoform to yield thiocacetals in excellent
yields, Ths reaction was fast (1 hr) and the products were
devoid of any side-products. Ketones, when subjected to this

catalysis, furnished thioacetals in attractive yields (Table 1,

entries, 5 to 8, 10, 171).
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Cyclic ethylene thivacetals were formed when a carbonyl
compound was allowed to react with 2thylene dithial in
presence of titanium tetrachloride, As expected, the reaction

rate was very fast (Table 1, entries 2, 9),

It is intersesting to note that, carbonyl compounds

having an £-praton gave excellent yields of thio-acetals with

ethanethiol in oresence of TiCl4 (Table 1, entries 1,5,6,7), in

14

contrast to the performance of A1213 catalysis, which gave

only moderate yilelds,

It may be mentioned that, enolizable carbonyl comoounds

14

have been noted to furnish only vinyl sulfides with thiols

under AlCl3 catalysis, In contrast, with TiCl4 even highly
enolizable ethyl acetoacetate gave a near quantitative yield

of the thinacetal with ethanethiol,

a EtS  oEt
\ \ /
€H3-€ — CH2-GO2Et 4- EtSH —3 EH3-C——CHC02EY

In all the cases, the product were clean and opurified

by simole distillation,
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This thiocacetalization is presumed to oroceed through
tﬁa initial cn-ordination of TiCl4 to the carbonyl oxygen (Fig. 1).
This is followed by the nucleophilic attack of the thiol which
gives the iﬁtermediate.(Z), which either go to thioacstal (4)
via direct nucleophilic displacement by another moleculs of
thiol or can proceesd via carbonium ion intermediate (3),

followad by its capture by another molscule of thiol.

In all the cases TiC14 was shown to be an excellent
catalyst for thigacetslization of carbonyl campounds with
thiols. Compared to this, FeCls Wwas inferior, which gave the
seme results with carbonyl compounds but the reaction rates

were slow., (Table 1).

Conc}usion: This reaction therefore, repnresents a simple, yet
ef ficient method for thioacetalization of carbonyl compounds
under very mild reaction conditions, It is gensral in scone
and does not rz2guire any specific reag»nt and therefore be

regarded as standard thicacetalization orodedure,
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EXPERIMENTAL

For gensral remarks, see Chapter-I1II, Part-I. Rsactions

weTe monitered hy Gle.

Procedure A (Ferric chloride method)

To a stirred soln of ‘the carbonyl compound (10 mmole)
and ethanethiol (25 mmole) in dry chloroform (5 ml) at -10 to
-15°C, anhydrous ferric chloride (0.3 g, 1.8 mmole) was added
and the reaction temp was allowed to attain room temo.(28-300)
during next few minutes, After stirring at this temn. for 3-4
hr (in case Dfﬁaldehydes) or 20-24 hr (for ketones), aq.
ootassium carbonate soln (10%, 5 ml) was added and the chloro-
form layer separated., The ag., nhase was extracted with
chloroform (5 ml x 3), washed with water, brine and dried
(NaZSUA)' After removal of the solvent, the product was

distilled,

Procedure B (Titanium tetrachloride method)

A saln of the carbonyl comoound (10 mmole) and the desired
monothiol (25 mmole) or dithiol (12.5 mmole) in dry chloraform
vas cooled to -10° to -15°, and Ticl, (n.25 g; 1.3 mmole)
was introduced with stirring and the reaction temperature was
allowed to attain room temperature'(ZB—SBO) during the next
few minutes. After stirring at this temp. for an hour (in
case of aldehydes) or 6-12 hr (for ketones) in the case of

monothiols or half thesse times for the dithisl, water (5 ml),
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was introduced and the chloroform layér separated, The agqg.
phase was extracted with chlaroform (5 ml x 3) and the combined
extracts washed with water (5 ml x 3), brins and dried (Nazsma).

After removal of the solvent, product was distilled.

Heptaldehyde diethyldithioacetal® 1

Heptaldehyde diethyldithioacetal (1) was prepared in
95% yield by both the methods A and 8 ( 98f nurity by glec
106 5E-30, 170°, Rt 8.0 min), b.p. 120-23°/5 mm (1it.%, b.p.
90°/0.02 mm).
PWR: C-C-CH, (34, bt, 0.92 opm), CH, S-CHy-CH,, (16, m,
1.35 pom), ~5-CH,, (4H, m, 2.62 ppm), S-CH, (14, t, 3.72

ppm, J = 7Hz).

2

Heptaldenyde ethylenedithicacetalz 2

Heptaldehyde ethylene-dithioacetal (g} was prepared in
95% yield by method A ( 98% purity by gle, 10% SE-30, 170°,

2

Rt 7 min), b.o. 115-118°/4mm (1it.%?, b.o. 100.5-101/1.1 mn).

PMR: C-C-CHy (34, bt, 0.89 opm), CH, (104, 2b, 1.32 and 1.75 opm),
5-CH, (44, s, 3.18 ppm), S-CH (1H, t, 4.4 ppm, I = 7 4z).
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Benzaldehyde diethyldithioacstal

Benzaldehyde diethyldithioacetal (3) was prepared in
95% yield by both the metho&s A and B. {( 99% purity by glc,’
190 se-30, 170°, Rt 10 min.}, b.p. 125-30°/5 mm (1it. %, b.p.
144-6/8 mm). |

PAR: CHy (6H, t, 1.22 opm 3 = 7.5 Hz), S-CH, (44, m, 2.5 ppm),

-5-CH (14, s, 4.89 opm); aromatic-4 (5H, m, 7.28 ppm).

Anisaldehyde diethyldithioacstalj ® 4

Anisaldehyds diethyldithioacstal (4) was prepared in
95 and 99% yield by the methods A and B resoectively. { 974

purity by Gle, 10% SE-30, 200° Rt 9 min.), b.o. 150-51°/6 mm.

PMR: C-CHy (6H, t, 1.25 pom; 3 = 7.5 Hz), 0-CH, (34, .5, 3.81 opm),
S-CH (14, s, 4.9 pom), aromatic-H (44, 2d 6.85 and 7.36 opm,
J = 8Hz).

13

Methylamyl ketone diethyldithioacetal > 5

o

Methylamylketone diethyldithioacetal {(5) was prepared in

95 and 98% yield by the methods A and B respectively., { 95%

purity by Gle, 10% SE-30, 20007 Rt 5~mih), bepa 135~360/7 mm o

PMR: C-C-CHe (34, bt, 0.96 ppm), CH.

29 S-C-—Cf_la (17H, m, 1.35 ppm),

S~C_1L_i_2 (44, g, 2.6 ppm, J = 7,5Hz).
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Cyclopentanone disthyldithioacetal® g

Cyclopentanone diethyldithioacetal (ED was orenared in
968% yield by methods A and B, ( 95% ourity by Glec, 107 SE-30,
199% Rt 3 min), b.p. 119-111°/6 mm.

PMR; CH,, (64, t, 1.25 ppm I = 7,5 Hz), ~5-CH, (44, 19, 2.6 opm,

J = 7,5 Hz), C4, (84, m, 1.85 oom).

Cyclanexananediethyldithioacetal6 7

Cyclohexananediethyldithioacetal (Z) was nreparad in
95 and 7°9% by methods A and B respectively (98% purity by Glc,
107 SE-30, 170°, Rt 7 min), b.p. 125-30°/6 mm (1it.", 35°/2mm).
PHR: Cd, (34, t, 1.20 ppm, 3 = 7.5 Hz), S-CH, (44, g, 2.67 ppm

‘3 = 7.5 Hz), CH, (104, @, 1.6 ppm).

Acetonhenone diethyldithioacetal,13 8

Rcetophenone diethyldithioacetal (8) was presared in
9% yield by methsd 8 ( 91% purity by ole, 10% SE-30, 200°,
Rt 5 min.), b.o. 145-50°/5 mm.
PMR: CHy (64, t, 1.3 ppm, 3 = 7.5 Hz), S-CH, (44, q, 2.60,
J = 7.5 dz), S-C-CH, (34, s, 2.10 pom), aromatic-4 (54, 2m, 7.28,
7.69 ppm). ’

Acetophsnone ethylenedithioacetal8 9

Acetophenone ethylenedithioacstal (9) was prepared by
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method B in 964 yield (purity 98% by Glec, 10% SE-30, 170°,

8

Rt 7 min.), b.o. 140-42°/5 mm, (1it.> 131°/3 mwm).

PRz CHy (34, s, 2.13 pom), CH, (44, m, 3,32 ppm), aromatic-H

(54, 2m, 7.25 and 7.75 ppm).

Benzaphenone diethyldithioa;etals, 10

Benzophenone diethyldithicacstal (10) was orepared
in 90% yield by method B. ( 98% purity by glec, 10% SE-33, 270°
I i
Rt 4 min), b.o., 185-90°/1 mm (1it,”, b.o. 165-70/0.7 mm).
PMR: CﬂS(GH, t, 1.5 opm; J'= 7.5 Hz), CH, (44, g, 2.3 oom,

1 = 7.5 Hz), aromatic-4 (54, 2m, 7.22 and 7.49 ppm).

Fthylacetoacetate distnyldithioacetal (11)

Ethylacetoacetate diethylditﬁimacetal (11) was orepared
by method 3 in 98%, (986 purity by Gle, 10% SE-30, 200°C,
Rt, 3 min.)s D.0. 130~350/1Dymm. <o ‘

PRy -CH, (94, m, 1.22 ppm), S:‘:—C—Cﬂ_3 {3H, s, 1.7 poa),
_g_gH?, Saﬁﬁa (6H, m, 2.62 npm), D~Cﬂ2 (2H, q, 4.1 ppm, 3 = 7HZ).

IR : 3420, 2979, 1230, 1440, 1365, 1320, 12560, 1185 and 1062 cm™ .

Faund: C, 50.423 4, 8,523 S, 26.3Q0, C1UH280282 requires:

50.79; H 8.53; 27.08%). .
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