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ABSTRACT: By the formal extension of the Passerini reactiorthiocarbonyl derivatives, the straightforwarcearation of
thiophtalides is disclosed. This method involves thtermediate formation of a sulfanyl-phthalided antitanium tetrachloride-
mediated isocyanide insertion reaction. Wityl thiol is used, thanks to the deprotectiorthat-butyl group, a thiophthalide
resulting from a 1,5-Mumm rearrangement is isola@waing to the multi-faceted activity of Tiglall steps may conveniently be
performed in one pot, starting directly from 2-fgdbenzoic acidst-butyl thiol and various isocyanides.

Through the years, sulfur-based skeletons have ioleeri-
fied as leading constituents of numerous pharmamdsit
partly due to the fact that sulfur-lone pair int#i@ans may
serve as key conformational control eleméitdloticeably,
compared to their oxygen and nitrogen analogues, 1t/3-
dihydro-benzaf]thiophene derivatives as well as their 1-keto
analogs, thiophthalides, represent a relativelyiigd class of
sulfur-containing heterocycles in medicinal chenyistYet,
talsupram (Lu 5-003), one the most studied memibahio
family, has been identified as a very potent narepirine
reuptake inhibitor, while other 1,3-dihydro-
benzoE]thiophenes have similarly showed interesting psych
tropic activities (Figure 13° Thiophthalides, on the other
hand, are equally stimulating targets considerireg some of
them display antithrombotic, anticonvulsant and Igesic

properties.®
[o]
o g
s S
: j R
NR,

CsHiz
antithrombotic

Talsupram H

(Lu 5-003) N
S S

H
pr NS Ar
antidepressant anticonvulsant

antidepressant & analgesic

Figure 1: 1,3-Dihydro-benzdathiophene and thiophtalide con-
taining biologically-relevant molecules.

Whereas these compounds are typically synthesimedgh
multistep processes or by nucleophilic additiontoahioph-
thalic anhydride’;*"°the restricted available methods for their
preparation have most likely hampered their usmédicinal
chemistry. Accordingly, in order to allow a moreotbugh
evaluation of the pharmacological potential of tisfar over-

looked chemical space, the development of new syicth
methods is highly desirable.

In this context, as part of our continuing intergstsocya-
nide based multicomponent reactidhsye decided to study
the straightforward access to 1,3-dihydro-bedtiojophenone
(thiophthalide) derivatives by the mean of an uopdented
formal thio-Passerini reaction (Scheme™1’¥ Whereas the
formation of phthalides from isocyanides and 2-fgripen-
zoic acid was originally described by Passefitie develop-
ment of a thio-variant of this transformation hi@sthe best of
our knowledge, never been reported. Actually, thbieve-
ment of this goal was definitely not trivial consithg the lack
of any reliable access to stable thioaldehydd=or this rea-
son, we designed an original strategy in whichrtist from
2-formyl benzoic acid and the appropriate thioltper, thein
situ generation of a thiocarbenium speckesvould allow the
required isocyanide insertion reaction (SchemeBased on
this hypothesis and by the careful selection ofSipeotecting
group, we anticipated that the formation of thgeésed thioph-
thalide C could be achievedia a Mumm 1,5-acyl transfer
triggered by thein situ Sdeprotection of intermediat®
(Scheme 1).

Scheme 1: Our strategy for the construction of thiophtha-
liddes via a thio-Passerini type coupling.
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With this plan in mind, we initially surveyed theggticabil-
ity of the insertion reaction of isocyanides intoia situ gen-
erated thiocarbenium A.**'® For this purpose, 3-
phenylsulfanyl-phthalidéa’’ was prepared and submitted to a
stoichiometric amount of a variety of Lewis acidtire pres-
ence of a slight excess (1.2 equiv)teft-butylisocyanide2a
in dichloromethane at room temperature (Table toAg the
various Lewis acids testéﬁi,only two allowed to obtain the
desired insertion product, in the form of the tawoic thio-
isochromenon&aa (Table 1, entries 5 and 7). As observed by
Chatani and co-workers in the specific contexthef tsocya-
nide insertion into symmetrical thioketals, bestlgs were
achieved using titanium tetrachloride (Table 1ne) but, in
opposition to their study, Gaflgave no insertion product

(Table 1, entry 2J° Whereas other solvents were tested (Table

1, entries 8-13), none provided superior resulimpared to
that obtained with dichloromethane, in which the 0§ TiCl,
led to the formation o8aa in good 76% isolated yield (Table
1, entry 7). All attempts to perform the reactioithmcatalytic
amounts of Lewis acids failed to give better yieftls

Table 1: Optimization studies of the isocyanide insertion
into thiophthalides

0]

)
Z N
H

o] BUNC 2a (1.2 equiv)

Cilé Lewis Acid (1 equiv)
O —_—

1)
Solvent, 25 °C, time -Bu

1a S~ph 3aa S‘Ph
Entry Solvent Lewis Acid Time (h)  Yield (%)

1 CH,Cl, BF;.OE% 2 0
2 CHCl, GaCk 2 0
3 CH,Cl, In(OTf); 2 0
4 CH,Cl, Zn(OTf), 2 0
5 CHCl, AICI; 2 13
6 CHCl, TiCI(Qi-Pr) 2 0
7 CHCl, TiCl, 1 76
8 CHCL TiCl, 1 16
9 1,2-DCE TiCl, 1 41
10 EtO TiCl, 1 18
11 THF TiCl, 1 0
12 CHCN TiCl, 1

13 Toluene TiCl, 1 39

8solated yield? DCE: 1,2-dichloroethane.

With this optimized reaction conditions in handsjfa
nylphthalidesla and 1b were reacted with a set of several
isocyanides (Scheme 2). Remarkably, the 3-aminuet-t

isochromen-1-one8 were consistently obtained in good to
excellent yields and thereby demonstrated the ieffay of
this original isocyanide insertion process. Whhe treaction
of 3-phenylsulfanyl-phthalidela well tolerated the use of
either aliphatic or aromatic isocyanid2s-d, we were satis-
fied to witness that the desired isocyanide inserfprocess
could straightforwardly be extended to tBalkyl substituted
phthalide 1b. Notably, the reaction betweetb and tert-
butylisocyanide?a afforded the isochromenoraba in lower
50% vyield, as a result of the competitive cleavafjéhe tert-
butyl group leading to the corresponding free-amawom-
pound3ba’ (12% vyield).

Scheme 2: Scope of the TiCl,-promoted isocyanide inser-
tion into thiophthalides 1a-b.

o}
TiClg (1 equiv)
0 + RANC T 0
(1.2 equiv.) CH2Cl2, 25°C, 1h =z N/RQ
1ab SR'  2ad 3xx ggt M

1a: R' = Ph, 1b: R" = "Cy,Hos
2a: R2=Bu, 2b: R2= Cy, 2¢: R? = Bn, 2d: R2 = 2,6-(Me),CgHg

©¢/w©¢ ©¢

3ab S, 3ac S, 3ad Sp
94% 68% 86%
o] o]
_R _C
= N = N y
3baR=Bu 50% 5. abb S, |
- C4oH C 1oH
(3ba' R=H 12%) 12M25 93% 12M25

On the other hand, we were quite pleased to obskat¢he
S-cyclohexyl phthalidelc, in reaction with2b, conducted to
an approximately 2 to 1 mixture of the isochromen®cb and
the ultimately targeted thiophthalid4b (Scheme 3). This
result seemed to confirm that the involvement stibsequent
S-deprotection/Mumm rearrangement sequence wastain-at
able task?? and somehow endorsed our thio-Passerini ap-
proach to thiophthalides. Interestingly, we coulsbademon-
strate that TiCl is a suitable promoter of this subsequent
process. Indeed, the high yielding formationdbf from 3cb
could be achieved using one equivalent of this keadid in
dichloromethane at room temperature over a 24-ipewiod
(Scheme 3).

Scheme 3: Conversion of phthalide 1c into thiophathalide
4b viatheintermediary formation of isochromenone 3cb

o) CYNC 2b (1.2 equiv) Y
TiCls (1 equiv) (0] S
= .C
CHoCly, 25 °C, 2h Ny
1c ey 3cb S 4b NH
68% Cy 32% O  Cy

TiCly (1 equiv)

CH,Cly, 25 °C, 24h
91% yield

To optimize this thio-Passerini like process andapitalize
on the ability of TiC] to both promote the isocyanide insertion
step and the subsequent rearrangement of isochrroens,
variousS-protecting groups were then evaluated for thectlire
preparation of thiophthaliddb. For this purpose, sulfanylph-
thalides1b-d and cyclohexylisocyanideb were submitted to
two equivalents of TiGlin dichloromethane at room tempera-



ture (Table 2). After two hours, the reaction wasgistently
qguenched and, after purification, the yield of githalide4b
and that of the corresponding isochromenone weter-de
mined. As we could expect, the overall efficienéyhis trans-
formation was highly dependent of the capacity lné &
protecting group to stabilize the positive charggutting from
the carbon-sulfur bond rupture event. While phtalib,
which possesses a linear alkyl chain, failed toegls, its
cyclohexyl-substituted counterpatt only partially afforded
31% of the targeted thiophthalide. Conversely, the
methoxybenzyl-, the benzyl- or théutyl-substituted phtha-
lides 1d, 1e and 1f led straightforwardly talb in 65%, 82%
and 76% vyield respectivefy.However, due to an incomplete
conversion in the case of the benzyl mercaftgnlf was
selected for the rest of our studies.

Table 2: Optimization of the S-protecting group allowing
the direct synthesis of thiophthalides from phthalides.

1 P 1
R TiCly @ equiv) R
O +RNC @ —m
CH,Cly, 25 °C, 2h
MMR=H Stg, 2a-i 4a-| NH

1g: R = Me
[o]
S S
Bn
4 4c NHo 4d N
70% 76% O H
[o]

1h: R = OMe
72% 76%

@%

80% 77% O
o]
S
Cy
4i 4b' NH
44% O 74% Q 80%

o 0 o
TiCly (2 equiv) 0 s
Ciéo +Cy—NC W’ Qi;\,\rcy + % Cy
e SR 2 25°C,2h axx SR w4 NH
Entry Substrate, R 3xx, yield 4b (yield)
1 1b, "CyoHys 3bb, 93% -
2 1c, Cy 3ch, 69% 31%
3 1d, PMB? 3db, 0% 65%
4 1e, Bn 3eb, 10% 82%
5 1f, 'Bu 3fb, 0% 76%

2PMB = p-methoxybenzyl.

Pleasingly, this direct preparation of thiophthetid from
the S(t-butyl)-substituted phthalid&f could be efficaciously
be extended to the use of a wide range of isocyaritd-i
(Scheme 4). Indeed, independently of the aliptatiaromatic
nature of the isocyanide partner, the expectedbltti@mlides
were reliably obtained with satisfactory yields. @dte, this
method was also amenable to the functionalizatibrthe
aromatic moiety of the starting phthalides, considgthat1g
and 1h similarly afforded the desired thiophthalidéls’ and
4b' in good 74% and 80% vyield respectively.

Scheme 4: Scope of this formal thio-Passerini thiophtha-
lide synthesis.

To push forward the boundaries of this formal tResserini
process, we envisioned the development of an evere m
straightforward preparation of thiophthalidedy the mean of
a one-pot reaction sequence. After some optimizative
could demonstrate that the transiently requiredhaides1f,
1g or 1h could be easily generatéd situ, in dichloromethane
at room temperature, by submitting 2-formyl benzds5a-
¢ (1.1 equiv.) tdBuSH (1 equiv.) in the presence of 0.2 equiv-
alent of TiCl, and 4A molecular sieves. Upon the subsequent
addition of the desired isocyanide (1.5 equiv.) and extra
TiCl, (2 equiv.), the desired thiophthaliddswere reliably
obtained in respectable yields, for the most idehtio those
obtained starting directly fron$-(t-butyl)-substituted phtha-
lides (Table 2).

Table 3: Onepot sequential three-component thio-
passerini like preparation of carboxamide thiophthalides
4.

1) ‘BuSH (1 equiv) o

TiCl; (0.2 equiv), 4A MS, 1h  R1
S
R
NH

o]

1
R OH
.0

2) R?NC 2 (1.5 equiv)
TiCl4 (2 equiv), 2h

(1.15:;1(1:Jiv.) CHCla, ‘o
Entry Substrates R! R? 4x, yield
1 5a,2a H '‘Bu 4a, 69%
2 5a,2b H Cy 4b, 78%
3 5a,2c H Bn 4c, 58%
4 5a,2d H 2,6-(Me)-CeH3 ad, 75%
5 5a,2f H 2-Napthyl 4f, 64%
6 5a,2h H "Pent 4h, 79%
7 5a,2i H 1,1,3,3-(Me).Bu 4i, 45%
~(CHy)»-3,4- ,
8 5a, 2] (l\(/IeOZ))ZZ-CGH3 4j, 58%
9 5b,2b Me Cy 4ab’, 64%
10 5¢c,2a OMe '‘Bu 4a"", 72%

Considering the reaction mechanism which may tstedkie,
as other Lewis acid triggered Passerini couplfigse starting



or thein situ generated phthalide is likely activated by TiCl
to form a transient thiocarbeniuth which is attacked by the
isocyanide. The resulting nitriliuf is then trapped intramo-
lecularly by the carboxylate group leading to theyaarbe-
nium G. As witnessed by the typical dark blue-green color
the reaction mixture, a tautomeric equilibrium mpebbably
engenders pyriliunk, which relative stability entails the use a
stoichiometric amount of TiGl Depending on the starting
thiol which is used, 3-amino-4-thio-isochromen-ls®@ are
obtained or, upon higher loading of TjCind the use of
'‘BuSH, the subsequent thiol dealkylation followed hy
Mumm 1,5-acyl transfer promotes the formation abphtha-
lides4.*%

Scheme 6: M echanistic proposal
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To conclude, we developed two original procedurestie
preparation of a large variety of thiophthalideartshg from
easily accessible sulfanyl-phthalides or directlyni the cor-
responding 2-formyl benzoic acid derivatives. Thiwcess,
which was proven to implicate the intermediary fation of
valuable 4-suIfanyl-isochromeno?f‘efeatures a multi-faceted
activity of TiCl,. Formally, these new entries to thiophthalides
are based on the coupling between a thiocarbomgdgate, an
isocyanide and a carboxylic acid and, in so domnegresent
the first example of formal thio-Passerini reacsion
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