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ABSTRACT

P-Sultams, highly strained sulfonyl analogues of

derivatives.

P-lactams, were prepared enantio- and diastereoselectively by tertiary amine catalyzed
[2 + 2] cycloaddition reactions. The title compounds are practical precursors of highly enantioenriched biologically interesting

f-aminosulfonyl

Recently, we have started to address an unsolved problembiological and medicinal interest, since they can act as

in organic synthesis, namely the application of sulfehges
the sulfonyl equivalents of ketenki asymmetric catalysi.

irreversible active-site-directed inhibitors of elastases with
the active site serine being sulfonylated via anNsbond

In contrast to sulfenes, ketenes are widely used substrategission® Moreover,3-sultams serve as bofhlactamasgand

in asymmetric catalysis allowing the highly stereoselective

pb-peptidase inhibitor§ and are consequently appealing for

formation of numerous important compound classes such ashe development of new antibiotics. Title molecules of type

B-lactones of3-lactams? Although sulfenes are far less stable

2 can also be regarded as cyclic sulfonamide derivatives of

than ketenes, we succeeded in the catalytic asymmetricthe ubiquitousf-aminosulfonic acid taurine which plays

formation of 5-sultones via reactive sulfene intermediates.
Since chiral sulfonyl analogues of carbonyl derivatives are
gaining an increasingly important role in medicinal chem-
istry # partly because their structural and electronic properties
mimic the transition states leading to tetrahedral intermedi-
ates, the development of catalytic asymmetric methods
toward enantiomerically pure sulfonyl derivatives is of high
importance.

In addition to our previous work, we planned the catalytic
asymmetric formation ofi-sultams2, the highly reactive
sulfonyl analogues gf-lactams-Sultams are of significant
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numerous important physiological roles in the tissues of
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mammals’ As S-sultams are at least 2 orders of magnitude [ ||

more reactive tharp-lactams toward nucleophilic ring-
opening reaction%they also have the potential to act as
versatile synthetic building blocKs.

In analogy to our catalytic asymmetric synthesis of
B-sultones’, we hypothesized that a zwitterionic nucleophilic
intermediateb generated by the addition of an enantiomeri-
cally pure nucleophilet to the sulfene S-atom might be
capable of initiating an asymmetric [2 2] cycloaddition
with electron-poor imine$ to provide the title compounds
2 enantioselectively (Scheme ¥)The iminess would have
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to be non-nucleophilic to avoid a non-enantioselective
competitive reaction as a result of direct nucleophilic addition
of the imine to sulfend without involvement of the enan-
tiopure nucleophilet.!* In contrast, all previously reported
[2 + 2] cycloadditions of sulfenes and imines relied on the
use of nucleophilic imine%1°

To determine whether the formation@fsultams catalyzed
by a nucleophile would at all be feasible, a catalytic amount
of quinuclidine was employed as a simple achiral model
system for cinchona alkaloid derivatives (Scheme 2, Table

Scheme 2. Catalytic Formation ofs-Sultams UsinghnPrSQCI
3a

nPrsS0O,CI 0 T
catalyst (10 mol %), o=8-n""%
3a ProNEt, DCM, —80 °C
N 60-88% Et CCly
NT: 2
s dr=13:1-26:1 a
ee = 0-88%
H CCly + trans-2a
6a

1, entry 1). Propanesulfonylchlorid84) and the chloral-
derived iminesareacted in dichloromethane (DCMpat —80

Table 1. Catalyst Screening for the Model Reaction
(Scheme 2)

Ph

DHQ DHQ

I X
N._N
MeO.

Ph

R = DHQ: (DHQ),PYR (4f)
R = Q: Q,PYR (4g)

R = H: Q (4a) Et

R, OMe = H: Cd {4b) DHQ =

R'= Me: MeQ (4c) e

R = Bn: BnQ (4d) -

R =TMS: TMSQ (4¢) MeO

N
entry catalyst® yield® (%) dre eet (%)

1 quinuclidine 88 18:1
2 quinine (Q, 4a) 82 20:1 79
3 cinchonidine (4b) 78 19:1 81
4 MeQ 4c¢ 78 24:1 48
5 BnQ 4d 88 26:1 60
6 T™MSQ 4e 62 14:1 39
8 (DHQ)2PYR 4f 73 13:1 1
9 Q:PYR 4g 60 13:1 21

aMeQ = methylquinine, BnQ= benzylquinine, TMSQ= trimethyl-
silylquinine. ® Yield determined byH NMR using nitromethane as internal
standard¢ Determined byH NMR. 9 ee of the cis-diastereomer determined
by chiral column HPLC (Daicel OD-H).

°C in the presence oiPr,NEt (Hinig's base) as a non-
nucleophilic stoichiometric auxiliary base, giving the product
2ain high yield and with high cis-diastereoselectivity.

After proof of concept, various cinchona alkaloid deriva-
tives were investigated as chiral enantiopure catalysts
(catalyst loading: 10 mol %, Table 1).

The highest stereoselectivities were obtained with the
alkaloids quinine (4a) and cinchonidinell) with free
hydroxyl moieties (entries 2—3). The conditions used were
found to be optimal regarding yields and ee values for all
investigated sulfonylchloride3having R> Et (Table 2, ee
= 79—94%, dr= 11:1—-21:1), while the best result for
ethanesulfonylchloride (3f) was realized withRYR (49,
entry 6).

The (R,R)-configuration o2b was established by X-ray
crystal structure analysis (Figure 1). The ring system of the
cis-configured species is only slightly puckered (dihedral
angle: 6.5°), and the €5—N angle of 79.% explains the
high reactivity as a result of ring strath4
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Table 2. Reaction of Imine6a with Sulfonyl Chlorides3 Scheme 3. Proposed Mechanism for thSultam Formation
R._-SO,Cl o
o quinine (10 mol %), o} T NTs =§— /TS
3a-f iPr,NEt, DCM, -80 °C  0=8§-N"° cal
N 78-95% )—K ’ cCl
- 3
JNCS oe = 79.94% R cel 63 \g\
H™ CCly dr=11-21:1 2a0f i-ProNEt
6a *R3NYCCI3 RN ~CCls
entry R product yield* (%) dr® ee¢(%) © NTs >_/ 0,8 NTS
1 Et 2a 82 20:1 79 7 Q.0 I\R 8
2 nPr 2b 81 18:1 91 CI/S\/R1
3 (CHy)2Cl1 2¢c 78 11:1 94 3
4 CHyPh 2d 94 21:1 94
5 (CHg)20CgH4OMe 2e 95 13:1 87
64 Me 2f 80 17:1 80¢

The synthetic utility of the strained target compou2as
aYijeld determined byH NMR using nitromethane as internal standard. ; ; ;
b Determined byH NMR. ¢ ee of the cis-diastereomer determined by chiral was demonstrated by ring opening reactions (SCheme 4)'
column HPLC (Daicel OB-H). 94g was used instead of quinineThe
product was formed withg,S)-configuration, see Supporting Information.

The assumed base-promoted dehydrohalogenation of sul- Scheme 4. Ring Opening of-Sultam2a

fonylchlorides3 was examined by deuteration experiments EE%HE%TA Y O\\S//O YHrs
under the standard cycloaddition conditions, but in the O 15 [ es% Bn~ "O” \f'\CCla
. . NI ’ °
presence of BCOD instead oba. 3awas mainly recovered Osg-N 9 Et
unchanged and only tracesafdeuterated methylester were
. . . Et CCl3 O O NHTs
formed thus demonstrating that a sulfene is not generated in 2a HNR;, DCM ¥
significant amounts. In the case of the catalytic asymmetric RN Cxvel
formation of 5-sultones, we have unambiguously demon- Et
s . . 10: RyN = NHBh,
strated the generation of sulfenes-—t5 °C by deuteration X =Y=Cl 96%
experiment§. (@) BusSnH, THF, 11: RoN = pyrrolidine,
According to the fact that almost no sulfene is generated 60 °C (70%) or X=Y=Cl97%
—80 °C, our mechanistic hypothesis is as follows: we igl)uzﬁfg;‘;é'g‘i%) @12, X = CLY = H
assume that the quinuclidine N atom of the catalytically ' (b): 13, X =Y = H

active species forms a zwitterionic aminal intermediaby
nucleophilic addition to iminea and that the negatively

Charged N atom Subsequently attaCkS the Su|f0ny|Ch|0ride Using a|coh0|s or primary or Secondary amines as nuc'eo_
without prior sulfene formation (Scheme 3). The sulfonimide philic agents8-amino sulfonates lik® or sulfonamide<0

8 thus generated would then be deprotonated attdH,- and11 were formed Similar results were obtained if both
position of the S@group to form a zwitterionic carbanion  the cycloaddition step and the nucleophilic ring-opening
which subsequently undergoes an intramolecular nucleophilic experiments with alcohols or amines were performed in the
substitution reaction to release the catalyst for the next ggme pot without isolation oRa. Enantiomerically pure
turnover. B-aminosulfonyl derivative§ are valuable synthetic targets,
since they have been identified, for example, as MMP-13
inhibitors for the treatment of rheumatoid arthritisggMP-2

and -9 (gelatinase A and B) inhibitors for cancer treatnigent,
or as DNA alkylating anticancer compourfds.

The trichloromethyl group can be used, for example, for
a partial reduction by BisnH (Scheme 4). Depending upon
reaction conditions, either the di- or the monochloro deriva-
tives 12 or 13 were selectively obtained thus enhancing the
synthetic usefulness of the chloral derivedultams2.

(15) -Sultam2awas crystallized prior to use to obtain diastereomerically
pure starting material (ee 85%). The obtained-amino sulfonyl derivatives
were diastereomerically pure as V\_/e'{H(NI\_/IR). )

Figure 1. Ortep representation gf-sultam 2b in the crystal (16) Stoichiometric asymmetricf-aminosulfone formation: (a)

P . . : Velazquez, F.; Arasappan, A.; Chen, K.; Sannigrahi, M.; Venkatraman, S.;
0,
structure. The 50% probability ellipsoids have the following color McPhail, A. T.: Chan, T.-M.. Shih, N.--Y.: Njoroge, F. @rg. Lett. 2006,

code: C, black; Cl, green; O, red; N, blue; S, yellow. H atoms are g 7g9. (h) Enders, D.; Miiller, S. F.; Raabe, 8gew. Chem., Int. Ed.

omitted for clarity. 1999, 38, 195. (c) Ma, D.; Zhu, B.; Xu, HTetrahedron Lett2002,43,
8511.
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Thef-sultam methodology was extendedotéminoester
6b carrying a synthetically versatile ester group (Table 3).

Table 3. One-Pot Cycloaddition/Nucleophilic Ring Opening

entry R product yield (%) drb eec (%)
1 Et 14a 55 11:1 80
2 nPr 14b 51 11:1 86
3 CHyPh 14d 40 17:1 78

a|solated yield after column chromatograpByetermined byH NMR.
¢ee of the cis-diastereomer determined by chiral column HPLC (Daicel
OD-H).

The intermediate cycloaddition products were directly treated

in the same pot witm-octylamine giving3-aminosulfon-
amides14a—d in moderate yield and with synthetically
useful enantioselectivities.

In conclusion, we have developed an organocatalytic

enantioenricheg@-sultams starting from sulfonylchlorides and
non-nucleophilic imines. Our studies suggest that a zwitter-
ionic aminal is formed as a reactive intermediate and that
no sulfene formation is involved. Thsultams are valuable
precursors for the formation of enantioenriched biologically
interestings-aminosulfonyl derivatives possessing two vici-
nal stereocenters. Current efforts are being focused on the
use of imines bearing alternative electron withdrawing groups
on the nitrogen atom.
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