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ABSTRACT

Both, cis- and trans-3,4-disubstituted thiadiazolidines 5 and 6 can enantioselectively be obtained from thiadiazoles 2 which, in turn, are efficiently
prepared from the respective 1,2-diketone by an improved protocol. An asymmetric ruthenium-catalyzed transfer hydrogenation followed by a
diastereoselective hydride addition furnishes exclusively the cis-isomers 5 which, under acidic conditions, undergo a novel isomerization into the
trans-isomers 6. These cyclic sulfamides can be transformed into 1,2-diamines as well as 2,3-diamino acids.

The sulfamide moiety belongs to the most important
pharmacophores in medicinal chemistry and is found in
many pharmaceutical agents.1 Cyclic sulfamides are espe-
cially interesting due to their conformational rigidity, and
the 5-ring derivatives, i.e. 1,2,5-thiadiazolidine-1,1-dioxides,
can be modified to selectively interact with various biologi-
cal receptors. Among others this comprises inhibitors
of R-mannosidase,2a the TNF-R converting enzyme,2c

γ-secretase involved in Alzheimer’s disease,2d serine
proteases,2e and HIV protease,2f as well as antibiotics2b

and agonists at serotonin receptors.2g Moreover, 1,2,5-
thiadiazolidines are used as chiral auxiliaries,3 building
blocks in supramolecular chemistry,4 and intermediates
for the preparation of chiral 1,2-diamines.5

Their synthesis typically starts from acyclic 1,2-difunctio-
nalized precursors such as 1,2-diamines, 1,2-aminoalcohols,
or 2-chloroalkylamines, and enantioselective preparations
thus critically depend on the availability of the respective
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enantiopure startingmaterial.6 These traditional approaches
have been supplemented in recent years by inter- and intra-
molecular 1,2-diaminations of alkenes7 and oxidative cycli-
zations of allylic sulfamides.8 Being very promising due to
their atom efficiency, these methods, however, still suffer
from a limited substrate scope and only furnished racemic
1,2,5-thiadiazolidines so far.9

In contrast, the utilization of cyclic starting materials has
rarely been reported,10 including racemic syntheses from
thiadiazole-1,1-dioxides.10b,c These unsaturated analogs con-
taining two C,N-double bonds also have interesting biologi-
cal properties as histamine H2-receptor antagonists11a,b as
well as antihypertensive and vasodilating agents11c and are
often described in patent literature.12 Thiadiazole-1,1-diox-
ides with organic substituents at the C-atoms are obtained
from 1,2-diketones by condensation with sulfamide, SO2-
(NH2)2, and 3,4-diaryl substituted compounds can be
prepared under mild conditions using Et3N.10c However,
alkyl-substituted derivatives are so far only obtainable under
harsh conditions, i.e. refluxing with HCl in alcoholic
medium, which results in a limited functional group
tolerance.10c,13 Herein, we report on an improved protocol
for the preparation of 4-alkyl-3-aryl-1,2,5-thiadiazole-1,
1-dioxides and on their transformation into enantiopure
cis- and trans-thiadiazolidine-1,1-dioxides.
The inherent problem of the previous syntheses of

thiadiazole-1,1-dioxides is the poor solubility of SO2(NH2)2
in aprotic solvents, thus requiring the use of alcoholic media
and strong Brønsted acids. To overcome this limitation we
devised the use ofN,N0-bis(trimethylsilyl)sulfamide as a less

polar reagent which is readily prepared from SO2Cl2 and
NH(SiMe3)2.

14 Stirring of 1,2-diketones 1 with an excess of
this reagent and stoichiometric amounts of BF3 3OEt2

15

resulted in smooth formation of the desired condensa-
tion products in considerably increased yields of 70�90%
(Table 1). Thus, major improvements can be achieved espe-
cially in thecaseofmore sensitive compounds (entries2, 7). In
the case of longer n-alkyl chains at C4, the thiadiazoles 2were
formed as mixtures with the respective 4-alkylidenethiadia-
zolines 3 in varying percentages. Similar observations have
been made before16 and might stem from reduced ecliptic
interactions when going from thiadiazoles 2 with a planar
ring to the tautomers 3.17

TheC,N-doublebonds in thiadiazole-1,1-dioxidesarequite
reactive toward nucleophilic additions,18 yet, asymmetric
reductions are unprecedented.19 A screening of various
protocols for such reactions20 including Ru(II)/binap-

Table 1. Improved Synthesis of Thiadiazole-1,1-dioxides

entry product Ar R yield (%)a

1 2a Ph Ph 87 [58]c

2 2b Ph Me 78 [29]c

3 2cb Ph Et 85 [56]c

4 2db p-MeOC6H4 Et 90 [58]c

5 2e p-MeOC6H4 iPr 81 [65]c

6 2fb p-ClC6H4 Et 72 [58]c

7 2gb furan-2-yl Et 70 [30]c

8 2hb thiophen-3-yl Et 75

a Isolated yield. bObtained as mixture with tautomer 3 in varying
percentages. cNumbers in brackets indicate isolated yield from prepara-
tion according to Wright and Ziegler et al. (refs 10c and 13) with
sulfamide and HCl.
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catalyzed hydrogenations revealed that the best results can be
achieved with the transfer hydrogenation catalyst RuCl-
(TsDPEN)A, introduced byNoyori et al. (Table 2).21Under
these conditions, theC4,N5-doublebond is substantiallymore
reactive than the C3,N2-double bond, enabling a selective
formation of thiadiazolines 4. While the Ph,Ph derivative 2a
only furnished racemic product 4a even when stopping the
reactionat lowconversions (entry1), thearyl,alkylderivatives
underwent regio- and enantioselective reductions of the alkyl-
substitutedC4,N5-doublebonds.Thisbehavior shouldbedue
to the fact that the aryl rings in thiadiazoles 2 are twisted out
of plane to avoid ecliptic interactions.17c In thiadiazolines 4,
however, the aryl rings are almost coplanar with the C3,N2-
double bonds, thus stabilizing them against further reduc-
tion.17a Only in the case of prolonged reaction times, 2-fold
reductionwas observedwhich, however, occurredwith lower
stereoselectivity. Therefore, the reaction was stopped at the
stage of thiadiazolines 4, which were obtained in high yields
and excellent enantiopurities in most cases (Table 2). The
yield of the Ph,Me derivative 4bwas moderate due to partial
dimerization of the starting material (entry 2),16 and trans-
formation of substrates 2c, 2d, and 2f revealed an electronic
effect: Better results were generally obtained in the case of
electron-rich aryl substituents. Thus, the electron-poor
p-ClC6H4-derivative 2f furnished a mixture of the desired 4f

and its regioisomer formedbyreductionof thearyl-substitued
C3,N2-double bond.22 Notably, the reaction also tolerates
secondary alkyl groups at C4 (entry 5) as well as heteroaro-
matic substituents at C3 (entries 7,8), and complete conver-
sions were detected even when starting from mixtures of
tautomers 2 and 3which points to a fast isomerization under
the reaction conditions.
This transfer hydrogenation is not suitable for a selective

reduction of the second C,N-double bond, yet literature
precedence suggested NaBH4 for this purpose.10b The
corresponding reaction of thiadiazolines 4 in EtOH led
to diastereoselective formation of cis-thiadiazolidines 5,23

albeit it was accompanied by a serious drop in enantio-
purity. This partial racemization is caused by the alkaline,
protic reaction medium: stirring compound 4d in EtOH at
50 �C for 24 h led to a drop from 96% ee to 83% ee, and
complete racemization occurred upon stirring 4d with 1.2
equiv ofDBU inEtOHat rt for 24 h. In contrast, stirring of

4d in THF led to no changes, and among various tested
boranes and borohydrides, LiBH4 arose as the reagent of
choice. Thus, all transformations occurred in almost
quantitative yields (Table 3), and only the Ph,Me deriva-
tive 5b still showed a slightly reduced ee (entry 1). All
sulfamides 5 are colorless solids, and an X-ray crystal-
lographic analysis of compound 5e allowed for the deter-
mination of its absolute configuration as (3R,4S).24

Having achieved an enantioselective synthesis of cis-
thiadiazolidines 5, cleavage of the sulfamide moiety was
intended to obtain anti-1,2-diamines. Accordingly, cis-
thiadiazolidine 5cwas stirred in H2SO4,

25 but instead of ring
opening, a smooth isomerization was observed to give the
corresponding trans-thiadiazolidine 6c under preservation of
the high ee (Table 4, entry 1). Examination of this novel

Table 2. Asymmetric Transfer Hydrogenation

entry product Ar R

time

(h)

yield

(%)a
ee

(%)b

1 4a Ph Ph 5 71 0

2 4b Ph Me 30 55 98

3 4cc Ph Et 30 73 97

4 4dc p-MeOC6H4 Et 40 97 96

5 4e p-MeOC6H4 iPr 48 94 96

6 4fc p-ClC6H4 Et 41 70d 66

7 4gc furan-2-yl Et 50e 85 96

8 4hc thiophen-3-yl Et 55e 72 96

a Isolated yield. bDetermined byHPLC on a chiral stationary phase.
cPrepared from a mixture of compounds 2 and 3. dYield determined by
1H NMR from a mixture of 4f and a regioisomer. eReaction performed
at �20 �C.

Table 3. Diastereoselective Reduction with LiBH4

entry product Ar R yield (%)a ee (%)b

1 5b Ph Me 91 92

2 5c Ph Et 93 95

3 5d p-MeOC6H4 Et 93 96

4 5e p-MeOC6H4 iPr 95 95

5 5g furan-2-yl Et 97 95

6 5h thiophen-3-yl Et 96 94

a Isolated yield. bDetermined byHPLC on a chiral stationary phase.
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reactionmode disclosed that, in the case of electron-rich aryl
groups, the isomerization already proceeded in the presence
of the milder trifluoroacetic acid (entries 2�4). Thus, the
isomerization presumably takes place through protonation
at the oxygen of the SO2moiety.26 Subsequent scission of the
C3,N2-bond leads to a benzyl cation B which occurs more
readily in the case of the p-MeOC6H4-substituted com-
pounds.27 Recyclization then furnishes the trans-isomers 6
due to reduced torsional strain. Thus, each of the four stereo-
isomers of 3-aryl-4-alkyl-substituted thiadiazolidine-1,1-di-
oxides can efficiently be obtained from the respective 1,2-
diketone in 3�4 straightforward steps, and in a gram scale
process, 3.27 g of 6d with 96% ee were obtained from 1d in
75% overall yield.
Besides being interesting on their own, the prepared

thiadiazolidines 5 and 6 are precursors for chiral 1,2-
diamines, a substance class of utmost importance.28More-
over, the aryl substituent atC3 canbe regardedas amasked
carboxy group, thus opening an access to 2,3-diamino
acids.29 For exemplification, both the cis- and the trans-
thiadiazolidines 5e and 6e were separately transformed
into the anti- and syn-diamino acids 11 and 12, respec-
tively; the latter has been reported as a substructure of
peptidomimetics (Scheme 1).30 The cleavage of sulfon-
amides and sulfamides is rather difficult, and harsh condi-

tions are frequently required. Preliminary experiments for
the ring opening of thiadiazolidines 5 by refluxing in pyr-
idine/water (95:5) according to Davis et al.31 or refluxing in
HBr with added phenol according to Pansare et al.5 led to
moderate yields (∼50%) of the free diamines, yet especially
the lattermethod is not compatible with sensitive substrates.
Better results were obtainedwhen performing a nucleophilic
opening of the thiadiazolidine ring by refluxing in hydrazine
monohydrate, a rather cheap reagent. Thus, the free
diamines 7e and 8e were obtained in yields exceeding
90%. To avoid formation of zwitterionic free diamino
acids, these compounds were transformed into the bis-
trifluoroacetamides 9e and 10e prior to oxidative cleavage
of the aryl rings which was achieved using a protocol by
Boger et al.32 As can be seen from the ee’s of 9e�11, the
synthesis of the1,2-diaminesand2,3-diaminoacidsoccurred
without any isomerization.
In conclusion,wehavedeveloped an improvedmethod for

the preparation of thiadiazole-1,1-dioxides from enolizable
1,2-diketones. Moreover, the first enantioselective transfor-
mation of these compounds into both cis- and trans-thiadia-
zolidines was achieved, featuring an asymmetric transfer
hydrogenation, a diastereoselective hydride addition, and
an unprecedented cis/trans-isomerization under acidic con-
ditions. The possibility of using these cyclic sulfamides as
precursors for 1,2-diamines and 2,3-diamino acids and to
prepare all four stereoisomers of these compounds from a
common starting material adds to the synthetic value of this
approach. Work is now in progress to further enlarge the
utilization of thiadiazoles in organic synthesis especially
toward the formation of quaternary stereogenic centers.

Supporting Information Available. Experimental pro-
cedures, characterization data, and NMR spectra of all
compounds; ORTEP drawing and crystallographic data
of compound 5e. This material is available free of charge
via the Internet at http://pubs.acs.org.

Table 4. Cis/Trans-Isomerization of 1,2,5-Thiadiazolidines

entry product Ar R acid

yield

(%)a
ee

(%)b

1 6c Ph Et H2SO4 96 96

2 6d p-MeOC6H4 Et CF3CO2H 93 96

3 6e p-MeOC6H4 iPr CF3CO2H 94 95

4 6h thiophen-3-yl Et CF3CO2H 94 94

a Isolated yield. bDetermined byHPLC on a chiral stationary phase.

Scheme 1. Transformation into Chiral 2,3-Diamino Acids
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(27) No isomerization occurred in the case of the methyl,methyl
derivative; see Supporting Information for details.
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