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Dithioacetals as Zwitterion Synthons
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This microreview highlights recent advances in the synthetic
applications of dithioacetal functionality. Propargylic di-
thioacetals and related compounds have been shown to be
useful, with the aid of thiophilic organolithium or organocop-
per reagents, for the synthesis of polysubstituted allenes, tri-
substituted furans, and pyrroles. An extension of this annu-
lation reaction to the bidirectional iterative synthesis of fu-
ran-containing oligoaryls and to cyclophane synthesis is de-
scribed. Alternatively, the convergent synthesis of such oli-

goaryls from propargylic dithioacetals is briefly discussed.
Not only can the carbon-sulfur bonds in dithioacetals be
readily displaced by carbon-carbon and/or carbon-hetero-
atom bonds, but in addition a range of reactions involving
polarity inversion in neighboring carbon atoms can also take
place.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

Introduction

Carbon (2.50) and sulfur (2.44) atoms have similar elec-
tronegativities. This characteristic may be reflected in the
ambiphilic reactivity of the carbon—sulfur bond. The sulfur
moiety in a thioether can thus serve as a sulfide leaving
group.['l In this case, the thioether group is occasionally ac-
tivated by an electrophile so that the displacement reaction
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can readily occur [Equation (1)].1 Nickel-catalyzed cross
coupling reactions of sp>-hybridized carbon—sulfur bonds
furnish an alternative route resulting in carbon-carbon
bond formation [Equation (2)], the thioether moiety here
being interpretable as a carbocation synthon.> 4
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Alternatively, the sulfur end can be regarded as an elec-
trophile, the most prominent example being the reactions
between thiocarbonyl groups and Grignard reagents or al-
kyllithiums [Equation (3)].! The nucleophile adds onto the
sulfur end, resulting in the formation of a carbanion, which
can further react with an electrophile to give the corre-
sponding product. In general, the carbanion is stabilized by
the presence of another conjugated moiety or hetero-
atom(s).

Ph RL  Ph Nac=cH PN Ph
HH—SR ~—— § —— §———5 3)
P?_ Ph>: Ph% 4<Ph

Similarly, the reaction between a thioether bond and an
organometallic reagent will generate a carbanionic leaving
group. The driving force for such a reaction may arise from
release of steric or ring strain,>”) or the anionic species may
be stabilized by other substituents [Equation (4), Equa-
tion (5)].1%% Treatment of sulfur-containing heteroaromatics
[Equation (6), Equation (7)]'*'4 or alkynyl thioethers!'!
with organolithium reagents results in the cleavage of the
C-S bond.
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A dithioacetal has two geminal carbon-sulfur bonds.
The most frequent usage of this functional group has been
restricted to its serving as a latent carbonyl!!®! or methylene
group.l'”l Although the well known use of 2-lithio-1,3-dithi-
ane as a carbonyl anion synthon is fascinating,!'®! dithiace-
tal chemistry is still quite limited. Selective displacements
of these two bonds by carbon—carbon bonds can be useful
in organic synthesis. Earlier works on the reactions involv-
ing conversion of the two carbon-sulfur bonds into car-
bon—carbon bonds have been reviewed.['"23 In these cases,
the dithioacetal moiety can be regarded as a dication syn-
thon or a carbene synthon (Scheme 1).
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The dithioacetal functionality can be viewed as a special
kind of thioether. Several sites in the dithioacetal group are
known to react with alkyllithiums. Other than the genera-
tion of 2-lithio-1,3-dithiane just mentioned,!'®! the reaction
behavior of five-membered 1,3-dithiolanes is much more
complicated. Deprotonation at C, or C4 has been shown to
result in fragmentation of five-membered heterocycles.?42!
Nevertheless, benzylic dithioacetals react chemoselectively
with organolithium, resulting in the formation of the corre-
sponding sulfur- and aryl-stabilized carbanions, which are
quenched with an electrophile to afford the corresponding
thioethers [Equation (8)].[?%] Organocopper reagents behave
similarly [Equation (9)].27! More recently, an extension of
this reaction to allylic and propargylic dithioacetals has re-
sulted in the discovery of several useful transformations.
This review summarizes recent advances in the synthetic ap-
plications of dithioacetals, with particular emphasis focused
on the use of dithioacetals as zwitterion synthetic equiva-
lents.

SR BuLi
Ph—-SR —
Me
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Ph+E ®)
Me

s 5 . S/\/S\tBu
tBuoCulLi
R — R ©

R = Ph 95%; R = Me, 90%

1. Allylic Dithioacetal as a Propene 1,3-
Zwitterion Equivalent

Regioselective replacement of a carbon-heteroatom
bond in an unsymmetrical allylic system by a carbon-—car-
bon bond is important in organic synthesis. The a- or y-
selectivity depends on the natures of the substrates, reagents
(or catalysts), stoichiometry, and reaction conditions.?®! Al-
lylic dithioacetal has been shown to be unique in under-
going regioselective geminal dimethylation upon treatment
with MeMgl in the presence of NiCl,(dppe) [Equa-
tion (10)].12%3% 1t is noteworthy that bidentate ligands such
as dppe are essential in these reactions, to facilitate the re-
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ductive elimination process.*!l Quaternary carbon can thus
be obtained in good yield.

)
¢ Me Me
S S B
MeMgl
Ry e, R (10)
| NiCly(dppe) |
R R2 R!”R2

n=1or2;R", RZ R®=H, alkyl, aryl

When 1 is allowed to react with Bu,CuLi [Equation (11)],
allyl anion 2 is expected. Treatment of 2 with a range of
electrophiles gives the corresponding E/Z mixtures of vinyl
sulfides 3 in good yields. Through the use of the Wenkert—
Takei procedure,l? the vinylic carbon—sulfur bond is dis-
placed by the corresponding carbon—carbon bond, giving 4
[Equation (11)]. In general, a Grignard reagent possessing
the same alkyl group as the R? group in 2 is used, so that
the stereochemical problem in 4 is circumvented. Represen-
tative examples are shown in Table 1. The reaction can be
regarded as the use of allylic dithioacetal as a propene-1,3
zwitterion synthon.B?

S/—F\S)n s/\&)nssu ,
Bu,Culi R°X
| R242> ( R2 —_—
R R’
1 2
SMSBU R2
n
s R2MgX
Aogz ——— 9 g g2 an
NiClx(dppe)
R“ R3 R1 R3
3 4

Table 1. Treatment of 2 with Bu,CuLi and R3X, followed by
NiCl,(dppe)-catalyzed cross coupling with R?MgX.

R! R? R3X Yield (%) of 3 Yield (%)
(EIZ) of 4
Ph Me Mel 79 (1:1) 83
Ph Me TMSCH,CI 74 (E only) 84
2-Naph  Me BuBr 80(1:1) 85
2-Naph  Me BnBr 70 (4:3) 76
2-Naph  Et TMSCH,CI 85 (1:3) 85
2-Naph  Bu TMSCH,CI 88 (1:3) 87

The reaction can also proceed in one-pot fashion. Treat-
ment of 5 with BuLi at —78 °C, followed by (iPrO)Me,-
SiCH,Cl, for example, gave the corresponding alkylation

1. BuLi
2. (iPrO)Me;SiCH,CI

3. MeMgl, NiCly(dppe)

S
0

5
(Pro)Me,Si HO
(12)
N HyOp, KF -~
OO KHCO3 OO
6 7
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product, which was allowed to react with MeMgl in the
presence of NiCl,(dppe) to yield the organosilicon product
6 [Equation (12)]. Without further purification, the crude 6
was oxidized under Tamao conditions to afford the corre-
sponding alcohol 7 in 44% overall yield.

2. Treatment of Propargylic Dithioacetals with
BuLi and Electrophiles

Like allylic dithioacetals 1, propargylic dithioacetals 8
can serve as allene-1,3-dication synthons 10 upon treatment
with Grignard reagents in the presence of a nickel catalyst
to give 9 [Equation (13)].133

A 3 3
S_S R°MgX R R3
. =C=
1/ R NiCh(dppe)  Rr! =~ R (13
R
8 9
+_C_+
rRi - R?
10

2.1. Proton as the Electrophile

Alternatively, treatment of 8 with an organocopper or
lithium reagent at —78 °C yields the corresponding allenyl
11 or propargyl metallic compound 12 (Scheme 2). When
the mixture is quenched with MeOH at —78 °C the corre-
sponding allenyl thioether 13 is obtained in excellent yield.
Representative examples are shown in Table 2.127-34 Other
hard electrophiles such as TMSCI or BusSnCl also afford
the corresponding allenes 13 in good to excellent yield.

Table 2. Treatment of 8 with R3,CulLi, followed by protonation.

R! R? R3 Electrophile  Yield (%) of 13
Ph Me tBu MeOH 88

Ph Ph tBu MeOH 95

Ph Ph nBu MeOH 93
nBu Me tBu MeOH 82

H Ph nBu MeOH 82

Ph Ph nBu TMSCI 94lal

Ph Ph nBu nBusSnCl 811bl

[a] TMS(Ph)C=C=CPh(SCH,CH,SBu) is obtained. [b] Bu;Sn(Ph)
C=C=CPh(SCH,CH,SBu) is obtained.

2.2 Reaction with Soft Electrophiles

On the other hand, when soft electrophiles such as alkyl
halides are employed, alkynes 14 are obtained exclusively
(Scheme 2).127-3% Representative examples are summarized
in Table 3.

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 3877
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Scheme 2.

Table 3. Treatment of 8 with R3,CulLi, followed by alkyl halides.

R! R? R3 R*X Yield (%) of 14
Ph Me tBu Mel 81
Ph Me tBu H,C=CHCH,Br 80
Ph Ph nBu nBuBr 89

2.3 Reaction with C(sp?) Carbon Electrophiles

As can be seen in Table 3, the reaction proceeds success-
fully with carbon electrophiles with C(sp*) hybridization.
The reaction would be more versatile if C(sp?) carbon elec-
trophiles could also be used. Thus, transmetallation of the
organocopper intermediate with ZnBr,, followed by the
palladium-catalyzed coupling reaction, gave the corre-
sponding allenes 15 in good yield [Equation (14)]. Typical
examples are tabulated in Table 4.134

s 1. R3,CuLi

S
/Rz 2. ZnBry
8

S/\/S\Rs

R4
S—c=33o (14
1

R’ 3. R*X, Pd(PPha)s

15

Table 4. Treatment of 8 with R3,CuLi followed by ZnBr, and sub-
sequent coupling with electrophiles in the presence of Pd(PPhs),.

R! R? R3 R4X Yield (%) of 15
Ph Ph nBu 4-MGC6H4I 69
Ph Ph nBu tBuCOCl 65
nBu Me nBu 4-MeCgHyl 78

When allyl bromide is employed, the corresponding tri-
ene 17 is obtained exclusively [Equation (15)]. Presumably,
the expected product allylallene 18 undergoes double bond
migration under the reaction conditions.?4

s. s 1. R3,Culi Ph Ph
/Ph 2. ZnBr, NI g SBU s
Ph 46 3. Pd(PPhg)y
H2C=CHCHzBr 17
\
ASena
R R
C==pn
Ph
18
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2.4 Synthesis of Cumulenes

It is known that a propargylic ether can readily undergo
an Sy\2' reaction with an organocopper reagent to give the
corresponding allene.® It is highly intriguing to compare
the reactivities of a propargylic ether and a propargylic di-
thioacetal upon treatment with an organocopper reagent.
Thus, treatment of 19 with nBu,CulLi, followed by the usual
workup, gives 20 in 91% yield [Equation (16)].34 Attempts
to synthesize the higher cumulenes from 21 or 22 were un-
successful, mixtures of unidentified products being ob-
tained.[34

/nBu
MeO /ﬁ S
_S S nBu,Culi <:>: S—/_
- C:C_T/ (16)
CHs  THF,—78°C
19 20
S/w MeQ s
Ph———=— S Ph — S
Ph Ph Ph
21 22

3. Propargylic Dithioacetals as 3,3-Propyne
Zwitterion Equivalents

Direct coupling of a 1,1-zwitterion synthon with another
kind of 1,1-zwitterion equivalent appears to be an attractive
route for the synthesis of carbon—carbon double bonds. As
described in Scheme 1, dithioacetals can be olefinated
through treatment with Grignard reagents in the presence
of catalytic amounts of NiCly(PPhs),.['%223] The major
limitation of this reaction is the use of Grignard reagents:
substrates containing carbonyl or cyano groups, terminal
alkynes, etc. cannot be used under the reaction conditions.

o-Bromoacetates and related compounds are known to
serve as 1,1-zwitterion equivalents in, for example, Darzens
reactions to form epoxides with carbonyl compounds.?”! It
is envisaged that the thioether moiety in 14 may serve as a
leaving group such that functionalized olefins 24 might be
obtained when such functionalized alkyl halides are used in
the reaction shown in Equation (17).38! It is interesting to
note that ester group in 23 is stable under the reaction con-
ditions.

www.eurjoc.org Eur. J. Org. Chem. 2005, 3875-3885



Dithioacetals as Zwitterion Synthons

MICROREVIEW

S/ﬁ 1. BuLi Y
XQ%H T = (17)
R 2. BrCH,COEt R
3.AlO3
23 24

X=H,R=Ph71%
X = CO.Et, R = Bu 63%

Dithioacetals of benzophenone 25 and fluorenone 26
yield similar olefination products 27 and 28, respectively,
when functionalized methyl halides are employed.

ﬁoo&o*oo&

27 R =COPh or NO, 28 R=COPhorCN

4. Propargylic Dithioacetals as 1,3-Propyne
Zwitterion Equivalents

As shown in Scheme 2, the regioselectivity of the reac-
tions of sulfur-substituted allenyl 11 or propargyl anion 12
strongly depends on the nature of the electrophiles. As can
be seen from Tables 2-4, a number of allenyl thioethers 13
and propargylic thioethers 14 can easily be obtained by
treatment of 8 with organocopper reagents. Subsequent
treatment of these thioethers with Grignard reagents in the
presence of 5 mol-% of NiCl,(dppf) resulted in a convenient
synthesis of substituted allenes 29 or 30 [Equation (18) and
Equation (19)]. Table 5 summarizes representative exam-
ples. The overall reaction can be regarded as the use of pro-
pargylic dithioacetals as allene-1,3-zwitterion equivalents
31 or 32.27:34]

~~_-SBu 4
>=c—~3 — RMgX_ >=C—~ (18)
NiCl,L R
13 29
SBu
S/\a/ RéMGX R‘g:
R C—= (19)
1%2 NiClL R
R
14 30
_ + + —
o o
R1/* 4\R2 R']/* 4\R2
31 32
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Table 5. NiCl,L-catalyzed cross coupling reactions of 13 or 14 with
Grignard reagents.

Sub- R!' R? R3 R* L Product
strate (yield %)
13 Ph Me H Me  dppf 28 (81)
13 nBu Me H Ph dppf 28 (87)
13 Ph  Ph H iPr  dppe 28 (50
14 Ph Me Me TMSCH,dppe 29 (72)
14 Ph  Me H,C=CHCH,nBu dppe 29 (62)
14 Ph  Ph nBu Ph dppe 29 (67)
15 nBu Me 4-MeC¢H,y Ph dppe 28 (55)

[a] The corresponding reduction product is obtained.*!

5. Annulation of Propargylic Dithioacetals —
Synthesis of Furans and Pyrroles

As shown in Scheme 2, treatment of propargylic di-
thioacetals with butyllithium or the corresponding copper
reagent may result either in allene or in alkyne products,
depending on the nature of the electrophiles. The selectivity
of the reaction has been carefully examined with benzalde-
hyde as the electrophile. It is interesting to note that the
selectivity is very highly dependent on the reaction condi-
tions. When the reaction is carried out in THF in the pres-
ence of HMPA at —65 °C, allene 33 is obtained almost ex-
clusively. On the other hand, when the solvent is changed
to ether at —100 °C in the absence of HMPA, propargylic
carbinol 34 becomes the major product [Equation (20)].
Representative results are shown in Table 6.[40]

™\ OH S Bu

_tnBuli Ph—(

= “2.phcHo
X
\ 3. MeCH
/

_/—S Bu
(20)

A

Table 6. Selectivity in the reaction of 16 (R' = R? = Ph) with nBuLi

and then with benzaldehyde.

Solvent HMPA T[°C] 33/34
(equiv.)
THF 0 65 83:17
THF 10 -65 99:1
Ether 10 —65 95:5
Ether 0 —65 20:80
Ether 0 —-100 3:97

Treatment of 35 with TFA at room temperature furnishes
the corresponding trisubstituted furans 36 [Equation (21)].
The overall reaction can also proceed in one-pot fashion
from propargylic dithioacetals without isolation of interme-
diate 33; representative examples are shown in Table 7. A
range of substituents can survive under the reaction condi-
tions.1]

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 3879
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OH S—Bu
R3 3_/_ R? O R2
c— TFA U
R R? R3=Ph 90% R

3= 0,
35 R? = Me 92% 36

@2n

Table 7. One-pot synthesis of trisubstituted furans 36 (R> = Ph)
from 8.

R! R3 Yield (%)

Ph Ph 60
nBu Et 40

Ph Ph 73
nBu H,C=CHC¢H, 42

Ph F;CC¢H, 42

Ph MeO,C C¢H, 45

Ph NCC¢H, 37

Ph MeOC¢H, 62

Ph 2-furyl 66

Pyrroles 37 are also obtained in a similar manner when
imines are used in place of aldehydes [Equation (22)]. It is
noteworthy that BF;:OEt, appeared to be a better Lewis
catalyst for the cyclization in pyrrole synthesis.*!1 Typical
examples are outlined in Table 8.

s s Ph
= 1. nBuyCuLi /ﬂ\
2. R2CH=NR' L
3. BF3ELO R
16 37

Table 8. Synthesis of substituted pyrroles 37.

R! R? Yield (%)
nBu Ph 62
Me Ph 64

Ph Ph 73
nBu 2-thienyl 63
nBu 2-furyl 71

As shown in Tables 7 and 8, the strategy provides a useful
route for the synthesis of teraryls with furan or pyrrole
rings in the middle. In addition, the reaction is particularly
promising for the introduction of substituents at Cs in fu-
rans or pyrroles. More importantly, this substituent can be
a long-chain aliphatic moiety, as it is a common strategy
to include such alkyl groups to increase the solubility for
convenience of processing, to provide devices for optoelec-
tronic investigations. Accordingly, this procedure indeed
furnishes a very convenient approach for the synthesis of
oligoaryls containing these heterocycles.

Oligoaryls 41 with two furan or pyrrole moieties can be
obtained in one-pot fashion from 38 by starting from dial-

3880 © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

dehyde 39 or diimine 40 [Equation (23), Table 9]. The use
of these materials as efficient non-amine-based hole-trans-
porting materials in electroluminescent devices has been re-
ported.[*?]

I\ R
S_ S 3
1. R%,Culi R2 B
R 7 2.x X \X/ ANy 2(23)
RZ N p R
38 39X=0 !

40 X = NBu 41X =0or NBu

3. acid

Table 9. Synthesis of penta- and hexaaryls 41.

“Ar- R! R2 X Yield (%)
*C6H4f nBu H O 40
~CeHy nBu H,C=CH- 0 51
*C(,H4C(,H4f nBu H (0] 59
*C(,H4C6H4f nBu HzC:CH* O 72
_CH,CH,  nBu  TMSC=C- 0 56

“CeHa Ph H NrBu 28

6. Bidirectional Iterative Synthesis of Furan-
Containing Oligoaryls

As described in the previous section, the annulation pro-
cedure furnishes a convenient synthesis of 2,3,5-trisubsti-
tuted furans from the corresponding dithioacetals. Ther-
mally and photochemically stable pentaaryls containing
alternating benzene and furan moieties can also be ob-
tained by this approach. It is important to note that the
presence of an alkyl substituent at the C-3 position of the
furan heterocycle may increase the solubility of these oli-
goaryls in organic solvents. In addition, as shown in
Table 7, a variety of functional groups, including the ester
moiety, are stable under the reaction conditions. Thus, dies-
ter 42 is obtained in 45% yield by the same procedure as
described in Equation (23). Dialdehyde 43, obtained by
functional group transformation, is employed for the next
annulation reaction with 44 to afford the corresponding
nonaaryl 45 in 38% yield. In a similar manner, 13-mer 47
is obtained in 329% yield from dialdehyde 46 and 44
(Scheme 3). Because of the presence of the butyl groups,
the solubility of 47 in organic solvents is very good. These
oligomers can also easily be precipitated by adding meth-
anol to the organic solutions. Since 47 contains two ester
groups on the terminal phenyl rings, further transformation
by repeating the same procedures would provide higher
homologues of alternating benzene—furan molecular
wires.[43]

A pyrrole moiety can also be introduced into the oli-
goaryl system if an imine is employed as an electrophile.
Thus, treatment of diimine 49 with propargylic dithioacetal
48, followed by treatment with BF;-OEt,, afforded 50 in
47% yield [Equation (24)].143!

The general criterion for the synthesis of conjugated oli-
goaryls requires the use of a dialdehyde or a diimine for the

www.eurjoc.org Eur. J. Org. Chem. 2005, 3875-3885
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Bu Bu
45 X = CO,Me
46 X =CHO
44 1. nBulLi
2.46
3. TFA

Scheme 3.
ENg 1. BuLi
/<© 2. 49
Ph 3. BF; OEly
48

ok
OHC Mé Me

annulation step. Thus, both silole- and phosphole-contain-
ing dialdehydes 51 and 52 are used for the synthesis of 53

and 54 in satisfactory yields.[*443]

7. Combinations of Heck and Sonogashira
Reactions with Annulation

As described in the previous section, the key to success
in the bidirectional iterative synthesis of furan-containing

Eur. J. Org. Chem. 2005, 3875-3885 WWW.eurjoc.org

oligoaryls requires the use of a dialdehyde moiety as an
electrophile. As shown in Tables 7 and 9, double and triple
bonds are stable under the reaction conditions. Accord-
ingly, elongation of conjugation lengths can be achieved by
means of Heck or Sonogashira reactions. The presence of
an aldehyde group in aryl halides can convert these olefinic
or alkynyl substituents into the corresponding electrophiles,

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 3881
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Pd(OAG),
PPha, K,CO3

CHO 58/Buli

Scheme 4.

Scheme 5.

which can then undergo further annulation procedures to
generate furan moieties. Thus, treatment of 55 with 4-bro-
mobenzaldehyde (56) under Heck conditions yields 57,
which is annulated with 58 to give 59 in 45% overall yield
(Scheme 4).141-40]

Similarly, the PdCl,(PPh;),-Cul-catalyzed reaction be-
tween 60 and 56 affords 61, which proceeds in a reaction
with propargylic dithioacetals 58 and butyllithium to pro-
duce 62 in 40% yield (Scheme 5).[43:41

8. Convergent Synthesis

Since an ester group is stable under the annulation condi-
tions, allenyllithium intermediate 44, generated from the

3882 © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

58

PdCI,(PPhs),
o —————
Cul, EtzN

sS.__S 1. BuLi
X
/©>\Bu 2. OHC BU
MeO,C e
=
44 OS/
63 37 g
_/
3. TFA
Bu
7\
Bu
MeOoC O 0 O y (25)
s7 s
64 \/
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65 R = CH,OH
66 R = CHO

HyCOH,C

corresponding propargylic dithioacetal bearing an ester
substituent, reacts with another molecule of aldehyde 63,
also bearing a propargylic dithioacetal moiety as the sub-
stituent, to afford 64 [Equation (25)].147]

Since the ester group can easily be converted into an al-
dehyde, this procedure can be used in the convergent syn-
thesis of alternating benzene—furan oligoaryls. Thus, treat-
ment of 65 with 66 under typical annulation conditions
gives the corresponding heptaaryls 67 in 73% yield. It is
interesting to note that free hydroxy groups can be used
without protection (extra equivalents of BuLi are required,
of course). Further treatment of the methyl ether 68 with
aldehyde 69 affords 15-mer 70 in 73 % yield.

9. Furan-Containing Oligoaryl Cyclophanenes

Cyclophanes have provided useful models for the investi-
gation of through-space interactions between chromo-
phores.*® The presence of five-membered heteroaromatic
ring(s) in cyclophanes may produce unique structural fea-
tures, because the stereochemistries of these molecules are
very different from those of cyclophanes made up only of

70

67 R = CH,0H
68 R = CH,0Me
69 R = CHO

para-substituted benzene derivatives.*’! Furan-containing
oligoaryl cyclophane 71 and cyclophanene 72 are synthe-
sized from propargylic dithioacetal 44. Treatment of 44
with BuLi, and then with dialdehyde 73 followed by tri-
fluoroacetic acid, afforded 74 in 65% yield. Reduction of
74 with iBu,AIH then gave the alcohol, which was further
converted into bromide 75 in 93% yield. Cyclophane 71
was obtained in 76% yield by treatment of 75 with PhLi
(Scheme 6).1

Cyclization of 75 with Na,S-9H,0 gave 76 in 61 % yield.
Exposure of 76 to iPr,NLi at 0 °C, followed by trapping of
the intermediate with Mel, afforded 77 in 94% yield. The
formation of the double bond was achieved by treatment of
77 with Meerwein reagent followed by tBuOK, to give 72
in 51% yield (Scheme 7).5%

10. Miscellaneous Reactions

A ketone can also be used as an electrophile to facilitate
the annulation of the propargylic dithioacetal. Since the
ketone lacks the hydrogen at the carbonyl carbon, dihy-
drofuran derivative with an exocyclic double bond 65 is ob-
tained in satisfactory yield [Equation (26)].01

Bu
S__S : 7\
_fBui o 1. DIBAL
S 2 S r——
Bu — MeO,C 2.PBrg
e ) O i
44 74
onc T3 CHO
3. TFA
Bu Bu
7\

{2
2

71

Scheme 6.
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Bu
/A
NayS O o Q
75 g
0L
\
Bu
76
Scheme 7.
S/ s 1. BuLi Ph fe)
2. Me,C=0 \ 2%
= Ph 3 7R N (26)
Bu 52%
48 78

Butenolides represent core units in many natural prod-
ucts and exhibit a wide range of biological activities.’?] An-
nulation of 2,3-allenecarboxylic acid derivatives to form bu-
tenolides are catalyzed by Lewis acids or transition met-
als.’3 Accordingly, propargylic dithioacetal is sequentially
treated with BuLi, carbon dioxide gas, and then TFA to
give the corresponding butenolides 79 in moderate yield
[Equation (27)].551->4

7\ R2 o) o
S._S  1.nBuli/HMPA S><_<\¢ @
2 - " —
. / R 2 co, /) R
3. TFA BU"S
8 50-60% 79

If the TFA is replaced by methyl iodide, the correspond-
ing methyl ester 80 is obtained in satisfactory yield [Equa-
tion (28)].134

S—Bu
NGRS 1. nBuLi / HMPA MeO,C S
, T, 2 3 (28)
= R® 2co, =c=
1 R! R2
R 3. Mel
8 50-60% 80

Polymeric organomercury compound 81 (as revealed by
its X-ray structure) is obtained in 70% yield when 80 is
treated with HgCl,/HgO [Equation (29)].°* Compound 81
readily undergoes a variety of cross-coupling reactions to
give, for example, 82 stereoselectively and in good yield

3884 © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Bu

1. LDA MeS

[ -
2. Mel
2 I
Bu
77
J 1. MgzO"
2. BuOK

(Lo <
(A

upon treatment with methyl vinyl ketone in the presence of
PdCl,.53 The overall reaction can be regarded as the use
of propargylic dithioacetals as the enone dianion synthetic
equivalent 83.

HgCl, / HgO

(29)

acetone / H,O

Conclusions

In their reactions with thiophilic organolithium or orga-
nocopper reagents, propargylic dithioacetals and related
compounds clearly demonstrate new types of synthetic
transformations. Not only can the carbon-sulfur bonds in
dithioacetals be readily displaced by carbon—carbon and/or
carbon-heteroatom bonds, but a range of reactions involv-
ing polarity inversion in neighboring carbon atoms can also
take place. These reactions represent useful new synthetic
applications of the dithioacetal functionality. Mechanistic
insight into these reactions may pave the way to allow pre-
dictions of other opportunities for new reactions. Such
prospects in the rich field of organosulfur chemistry provide
major incentives for continuing investigation of new meth-
odologies starting from dithioacetals. The scope for new
discoveries emanating from this research is considerable.
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