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Abstract

The design of two different types of new chiral-biglrazone$ (bidentateN,N ligands, type A
and pyridine bis-hydrazonés('pincer'N,N,Nligands, type Bis discussed. Preliminary results
on the copper(ll)-catalyzed Diels-Alder reaction Nf(E)-crotyloxazolidin-2-one &) with
cyclopentadiene9) revealed that the §69)-2,6-diphenylpiperidinéC,-symmetric substructure
in pyridine bis-hydrazone ligand7c is the key design element leading to good
enantioselectivities.
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Introduction

The design and synthesis of new families of cHigainds has been the starting task for the many
particular pieces of research that have contributedhe spectacular growth of asymmetric
catalysis during the last 30 year€urrently, there is a growing interest in nitrogeased
ligands? which offer several distinct advantages compaoetthé widespread phosphorous-based
ligands. Thus, nitrogen compounds offer an extiaarg structural variability, with many
compounds available from cheap natural sources ascmminoacids, alkaloids, etc (the ‘chiral
pool’). Moreover, they are in general easy to sgite and manipulate, and possess fair
stability, for instance against the oxidation tleata common problem in phosphines, and this
stability also provides recycling opportunities different methods. In particular, the chiral
N(spf)-based privileged bipyridinel * bis-imine (1),* bis-oxazoline I{l ),> or pyridine bis-
oxazoline [V )° ligands (Figure 1) have enabled the developmeatfst number of asymmetric
reactions.
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Figure 1. Privileged chiral ligands based orf sjitrogens.

During the last few years we have accumulated s@nmvledge about the synthesis,
reactivity and structural aspects of the chemisfril,N-dialkylhydrazoneg.These compounds,
viewed as N-dialkylamino-substituted imines, exhibit a high#rermal stability thanN-
alkyl(aryl) derivatives as a result of time->rm conjugation. The behaviour of the C=N bond is
strongly dependent on the structure of the dialkyteo moiety, which in turn controls the
efficiency of the conjugation. This group may aisoorporate structural elements to modulate
the steric crowding around the coordination sited agventually incorporate additional
coordination positions. In addition, a variety diral, sterically tunable hydrazines are available
from inexpensive starting materials such as amiidsa(particularly proline§,carbohydrate$,
diketones” and others® In summary, the electronic characteristics andcstral variability of
hydrazones make these compounds to appear as ealiagpclass of potentially useful ligands.
Despite these peculiarities, a literature survexeated very few examples on the use of chiral
hydrazones as ligands in asymmetric cataff/siherefore, we decided to explore new nitrogen
ligands based on chiral glyoxal bis-hydrazokes/Ne initially reported on the development of
[Cu(OTf)/V] catalysts, in which the introduction Gb-symmetric dialkylamino groups, making
rotations around N-N bonds inconsequential, praeelde key design strategy to achieve high
enantioselectivities in asymmetric Diels-Alder mémws? (Figure 2). Moreover, we have
recently shown that [Pd&V] complexes, designed on the basis of a similatesyy, are highly
active and selective precatalysts in Suzuki-Miyaarass—couplings for the enantioselective
synthesis of biaryl&®
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Figure 2. C,-symmetric glyoxal bis-hydrazones design.
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The proposed ligand¥/ possess several interesting features: (a) avijabn both
enantiomeric forms, (b) bidentate coordinationighil{c) C,-symmetry, simplifying the analysis
of the stereochemical outcome, (d) limited flextlgiaround N—N bonds, providing an adequate
chiral environment for square-planar complexes arabnsiderable steric crowding, (e) a high
electronic density at N provided lmy—>n conjugation in the bis-hydrazone ligand comparét w
the 1,4-diazabutadiene ligantfsDespite the success achieved in the Diels Alder Suzuki-
Miyaura reactions mentioned above, the bis-hydrazomsed have limitations related to the
thermal and chemical stability of some of their aiebmplexes, on one hand, and the absence of
a modular design, on the other, that in principlevige few tools for the modification of their
structures. In continuation of our research onriggdesign for asymmetric catalysis, herein we
present the synthesis of new chiral bis-hydrazomigls distinct properties complementary to
those of the glyoxal bis-hydrazones previously ssse.

Results and Discussion

Design of new bis-hydrazones (type A) and pyridinbis-hydrazones (type B)

As an extension of our work in this field, we aimexpand the structural diversity of the ligands
previously developed by introducing different spacbetween the azomethine carbons. In
addition to glyoxal bis-hydrazones (no spacer), timew designs comprise 1,1-
diformylcyclopentane—derived bis-hydrazones (cyeldplidene spacer, typé) and 2,6-
diformylpyridine derived bis-hydrazones (pyridinpaser, typeB) (Figure 3). We envisioned
that the presence of a carbon atom spacer betwedh goups, leading to six-membered
chelates, should result in a closer chiral envirentras the dialkylamino group NRpproaches
the metal center in the active [typge ligand/M] complexes. Moreover, the corresponding
complexes might have electronic properties thaedinh the independence of the hydrazane
systems, interrupted here by a quaternary carlmn.at

A H H | X
" I | I " N " N | "
NN {4 RN \. / NR — N | N
RN NR, [M] RN Y o~ NonR)
i M 2
Type B
Type A Original design
= Six membered chelate = Tridenta‘Fe "_pincgr" ligand
= Shorter M-NR, distances = Larger binding site

Figure 3. Novel bidentate bis-hydrazones (tydgand 'pincer' pyridine bis-hydrazones (tyge
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On the other hand, typB ligands consist of a pyridine ring flanked by t@momethine
carbons. In this design, the hydrazone groupsthi@yole of the oxazolidine moieties in the well
established Pybox 'pincer' ligands, offering akirres concerning structure variability. From
these pyridine bis-hydrazones acting in tridentaterdination mode, more stable and rigid [type
B ligand/M] complexes are expected. Moreover, thadioig site should be suitable to host
lanthanide cations, which have revealed extraorgimativity in many reactions of intere'st.
The availability of numerous families of chiral mgdines allows the direct synthesis of a wide
range of hydrazones. For example, proline derieativearing 'hemilabile’ coordination positions
(such as methoxy groups) might be beneficial f&r é¢ffectiveness of the catalyst, helping to
generate and temporarily stabilize coordinationamates on the metal center, whi@®—
symmetric hydrazines essentially create stableatkinvironments® Importantly, it is possible
to access both enantiomers of the ligands objestuafy.

Synthesis of chiral hydrazines

The synthesis of the required enantiomerically gw@razines was accomplished by following
different methods. Thus,Sf-2-(methoxymethyl)pyrrolidin-1-amineSAMP, 1a) and related
chiral auxiliary §-2-(methoxydiphenylmethyl)pyrrolidin-1-amin&APPR 1b) were synthesized
following known procedures described by Enders@naorker§ Figure 4).

Ph
N N Ph
| |

NH, OMe NH, OMe
la 1b

Figure 4. Proline-derived hydrazines.

On the other hand;,—symmetric hydrazine3a,b were prepared on a multigram scale from
known diols2a,b (synthesized from diketones by oxazaborolidinelgaed reduction, Scheme
1)* after mesylation and reaction with hydrazine htelas described previousf/(2R,5R)-2,5-
Dimethylpyrrolidin-1-amine3c was obtained from commercially available 1,4-doffollowing
a similar procedur&®

(6] OH 0), 0 (/m Ph
R Cat. Y R , C . _
R)J\(\/)ﬁ\”/ — » R/w — T RY SN R Cat. = N Ph

o 2 OH NH, B0
MeO
n=12R=Ph 2a:R=Ph,n=1 3a:R=Ph, n =1 (91%)
2b:R=Ph,n=2 3b: R =Ph, n=2 (90%)
2c:R=Me,n=1 3c: R=Me, n=1 (>90%)
ee > 98%

Reagents and conditions: a) BBMe,; b) MsCI, EtN; ¢) NH,NH,¢H,O, i-PrOH.
Scheme 1Synthesis oC,—symmetric hydrazine3.
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Synthesis of bis-hydrazones 5 (N,N ligands, type A)

Type A bis-hydrazone®a-c were readily synthesized by simple condensatiohydfazineslb
and3a,b with cyclopentane-1,1-dicarbaldehyden MeOH at room temperature, as outlined in
Scheme 2. For the synthesis of dialdehyidea procedure described by Kirchner and co-

workerg® was followed.
Ph
£ OMe “,
{ 1b, MeOH H. A H 3a,b, MeOH

pn H ph
_N N. N N R
oo A
- 95% c O /
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5¢c; n =2 (52%)

Scheme 2Synthesis of bis-hydrazongs

Synthesis of pyridine bis-hydrazones 7 (N,N,N ligais, type B)

For typeB pyridine bis-hydrazonega-d, a similar condensation protocol involving hydrees

la, 3a-cand pyridine-2,6-dicarbaldehy@eafforded the desired products in good yields (8ahe
3). In this system, slow addition of dialdehyde okgdrazine solutions was required to increase
the formation of bis—hydrazones, while alternatteaditions afforded lower yields and mixtures
containing mono—hydrazones.

X
| X
H A _H |
N H —~ H
N N 1a, MeOH | 3a-c, MeOH R N R
= —_—
N N N N.
C/ 76% N N N
O .
6 n R R Uh
HsCO OCHs
7a 7b: R = Ph, n = 1 (74%)

7c: R =Ph, n=2(60%)
7d: R = Me, n=1 (80%)

Scheme 3Synthesis of pyridine bis-hydrazonés

Application in the asymmetric Diels-Alder reaction

The enantioselective Diels-Alder reacti®mas chosen as the platform to evaluate the efigie
of the new ligands, enabling a direct comparisotwben glyoxal bis-hydrazones and the new
bis-hydrazones synthesized. It should be notedusiag [Cu(OTf)/V] catalyst V derived from
(2559)-2,5-diphenylpyrrolidine], it was possible to parh the highly enantioselective (ee >
90%) Diels-Alder reaction betweeN-acryloyloxazolidin-2-one and a wide range of dene
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(flexible and even acyclic diene¥)Despite these excellent results, a major drawksttkat the
[Cu(OTf)/V] complexes are thermally unstable above -30 °C #ratefore, the extension to
more substituted dienophiles was not possible.nigaktis limitation into account, we decided to
use the reaction dfl-crotonyloxazolidin-2-one8 with cyclopentadien® as the model system.
The preliminary results of the model reaction weodlected using [M(bis-hydrazone)(OT)
generatedn situ by stirring a solution of the corresponding liga@dor 7; 11 mol%) with the
desired metal triflate [Sc(OT£) Mg(OTf),, Zn(OTfyp, Cu(OTfy;, 10 mol%l], in dry toluene at
room temperature (Table 1). Under these conditibisshydrazone$ afforded disappointing
results. Among the screened metal salts, only Sp¢Q&sulted in complete reactions in some
cases, the reaction giving the endo cycloaddd€ although without measurable
enantioselectivities (entries 1,3). Use of Mgzn?*, and Ca" complexes afforded partial
conversions. In contrast, ligandsin combination with Cu(OT§$) (entries 4,5,7 and 9) or
Zn(OTf), (entries 6, 8 and 10) showed better catalytic ggathnce. Thus, employing
[Cu(OTf)/7] catalyst containing pyrrolidine baseédlN-dialkylamino groups {a,7b and 7d),

Table 1.Screening of catalysts for the asymmetric Dieldeklof8 with 9°

o}

o)
: . Go0r
/\)L 1 ) @ |\/|(0Tf)x(10mo|/o)> l\ll\ O .0

NP L (11 mol%) N * N( * exo
Toluene, 4A MS \fo
8 9 Y J

(1R,2R,35,45)-10 (1S,25,3R,4R)-10

c

Entry Ligand M(OTf)y Conversiof endo:ex6 e.r.

(%)
1 5a Sc(OTfy >95 84:16 rac
2 5b Sc(OTfy 50 84:16 rac
3 5c Sc(OTfy >95 85:15 rac
4 7a Cu(OTfy >95 75:25 rac
5 7b Cu(OTfy >95 94.:6 rac
6 7b Zn(OTf), 40 97:3 55:45
7 7c Cu(OTfy 50 78:22 68:32
8 7c Zn(OTf), 50 90:10 80:20
9 7d Cu(OTf), >95 85:15 rac
10 7d Zn(OT), 60 87:13 rac

% Reactions were carried out in dry toluene usth¢0.2 mmol), ligand5 or 7 (11 mol%),
M(OTf)x (10 mol%), andd (0.8 mmol) in the presence of 4A molecular sief@s90 h."
Determined byH NMR. ¢ Determined by HPLC on chiral stationary phases.
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cycloadduct 10 was obtained with excellent conversions (>95%,riemt4, 5 and 9),
diastereoselectivities from moderatngo:exo 75:25 for7a) to good éndo:exo 94:6 for7b),
albeit in racemic form in all cases. Thado:exoratio was slightly superior using Zn(OT1fn
combination with7b and7d (entries 6 and 10), although lower conversionsaceémic-enddtO
were observed. Interestingly, employing piperidossed [Cu(OT§7c], the reaction proceeds
with lower conversion (50%, entry 7), moderate tHesoselectivity €ndo:exo 78:22) and
increased enantioselectivity (68:82.), while [Zn(OTf)/7c] afforded the desired cycloadduct
(1R 2R,3549-10 with a similar conversion (50%, entry 8), bettastiereoselectivityendo:exo
90:10) and promising yet moderate enantioselegt(uip to 80:2C.r.).

Having confirmed pyridine bis-hydrazoffe in combination with Cu(OT$)or Zn(OTf) as
the best catalytic system in terms of enantioswiggt we started optimizing the reaction
conditions. First, we screened several solventsui;ied in Table 2. Conducting the reaction in
halogenated solvents like GEl, or CHCE had a detrimental effect on the reactivity of the
reaction. Thus, in C¥Cl, only trace amounts of cycloadduct were detectedriés 3 and 4),
while use of CHQ afforded the product in 20% vyield (entries 5 afj. In toluene, the better
solvent for the Zn(ll)-catalyzed reaction, the teaty was moderate (entries 1 and 2), but use of
Bu,O as a coordinating solvent (entries 6 and 7) ecgtathe catalytic activity and selectivity of
the [Cu(OTf/7¢ catalyst, givingl0 in 90% vyield, 91:9endo:exoratio and 83:17.r. Next,
experiments were performed in non-dried toluentrigs8 and 9) or BXD (entries 11 and 12).

Table 2. Optimization for the asymmetric Diels-Alder ®fvith 9 catalyzed by ¢

Entry M(OTf), Solvent Yield (%) endoiexbd e.r®

1 Cu(OTfy Toluene 40 78:22 68:32
2 Zn(OTf, Toluene 40 90:10  80:20
3 Cu(OTfy CH.Cl, nr - -

4 Zn(OTfy,  CHXCI, nr - -

5  Cu(OTfp CHCls 20 85:15  83:17
6 Cu(OTfy  Bu,O 90 91:9 83:17
7 Zn(OTf), Bu,O 30 81:19 77:13
8!  Cu(OTf, Toluene 95 92:8 87:13
o7  Zn(OTf, Toluene 40 84:16 80:20
10  Cu(OTfp, CHCls 20 88:12  71:29
11  Cu(OTfr,  BuO 60 93:7 86:14
12 Zn(OTf, BwO nr - -

% Reactions were performed in dry solvent usn@.2 mmol), ligand7c (11 mol%), M(OTf}
(10 mol%), and (0.8 mmol) in the presence of 4A molecular sigfiee90 h.” Isolated yield®
Determined by HPLC on chiral stationary phase&eactions were performed in non-dried
solvents.
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Interestingly, the eventual presence of water gledidifferent results. Thus, employing
[Zn(OTf),/7c] complex in non-dried toluene (entry 9) afforddigitstly worse results, whereas,
non-dried ByO (entry 12) provoked a dramatic lost of catalyfictivity. Remarkably,
[Cu(OTf)/7¢] in non-dried ByO (entry 11) provided slightly better diastereo-dan
enantioselectivity, albeit with moderate yield (60%loteworthy, [Cu(OTH/7c] in non-dried
toluene (entry 8) gave endo RPR,35495-10 with excellent yield (95%), and good
diastereoselectivityefido:exp 92:8) and enantioselectivity (87:E3r), suggesting that water
might play an important role on the reactive cataubstrate species. In order to shed light over
these experimental results we decided to studerdifit hydrated copper (1) salts [Cu@H,0,
Cu(OAcy-H,O, Cu(BR):6H,0, CuGO4 1/2H0, Cu(ClQ),-6H0] in dry toluene.
Unfortunately, only Cu(CIlg),-6H0O allowed us to obtain the cycloaddition endo podiD
with good vyield (90%) and diastereoselectivitgndo:exo 92:8), although with lower
enantiomeric ratio (62:38) than that obtained V@ti{OTf), in undried toluene.

Conclusions

In summary, we have reported the synthesis of nawvalcbis-hydrazone$ and pyridine bis-
hydrazones7. Preliminary results on the copper(ll)-catalyzedel® Alder reaction ofN-
crotonyloxazolidin-2-oneB with cyclopentadien® revealed thalC,-symmetric dialkylamino
substructures in pyridine bis-hydrazonéss the key combination. In contrast to the results
previously collected with related cataly$tSor auxiliaries* the piperidine-based bis-hydrazone
7c provides better chiral environment than the pydiok-basedrb, a fact that can be partly
attributed to the higher conformational flexibilitgfforded by piperidine rings. Further
applications of these nitrogen ligands, especiatipa-complexes, in metal-catalyzed organic
reactions are currently being explored in our labanies.

Experimental Section

General.'H NMR spectra were recorded at 300 MHz, 400 MH5@0 MHz;*C NMR spectra
were recorded at 75 MHz, 100 MHz or 125 MHz, witle tsolvent peak used as the internal
standard. Analytical thin layer chromatography (Jlwas performed on 0.25 mm silica gel 60-F
plates and visualized by ultraviolet irradiationdalMnQ;,, anisaldehyde or phosphomolybdic
acid stains. Optical rotations were measured onekkif®Elmer 341 MC polarimeter. The
enantiomeric ratiose(r) of the products were determined by chiral staigrphase HPLC
(Daicel Chiralpak OD column). Unless otherwise dptenalytical grade solvents and
commercially available reagents, or catalysts, wesed without further purification. Solvents
were purified and dried by standard proceduresflash chromatography (FC) silica gel (0.040-
0.063 mm) was used.
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The following compounds were prepared followingeritture procedures:SEt2-(methoxy-
methyl)pyrrolidin-1-amine 13),%® (9-2-(methoxydiphenylmethyl)pyrrolidin-1-amine 11f),%°
(2S59)-2,5-diphenylpyrrolidin-1-amine 3@),"* (2S,69)-2,6-diphenylpiperidin-1-amine 3b),*
(2R 5R)-2,5-dimethylpyrrolidin-1-amine 3¢),'® cyclopentane-1,1-dicarbaldehydd),t® (E)-3-
(but-2-enoyl)oxazolidin-2-oned).2

General procedure for the synthesis of bis-hydrazaes (5)

A solution of cyclopentane-1,1-dicarbaldehyde 378 mg, 3 mmol) in MeOH (0.5 mL) was
added to a solution of hydrazine (8 mmol) in MeQHnN(L) at room temperature. After two
hours stirring, the solvent was removed under redyressure, and the residue was purified by
FC on silica gel (Hexane/g) affording the pure bis-hydrazone.

Bis-hydrazone 5a.Following the general procedure, column chromatoigya(10:1 Hexane-
Et,0) afforded5a (1.8 g, 95%) as a white solidx]f% —190.5 ¢ 1.0, CHCY). IR (Vmax CM2):
2372, 2319'H NMR (300 MHz, CDC}): & 7.30-7.04 (20H, m), 6.20 (2H, s), 4.57 (2H,Jd.5
Hz), 2.86 (6H, s), 2.70-2.65 (2H, m), 2.45-2.36 (2h), 1.82-1.63 (6H, m), 1.24-1.08 (8H, m),
0.10-0.06 (2H, m)**C NMR (75 MHz, CDCJ)): § 142.5, 141.5, 139.6, 130.3, 129.7, 127.2,
126.9, 85.9, 67.3, 53.3, 51.5, 50.8, 35.5, 26.23,222.3. HRMS: calculated for jgHs0N40;]"
654.3934; found: 654.3941.

Bis-hydrazone 5b. Following the general procedure, column chromatoigya(30:1 Hexane-
Et,0) afforded5b (1.3 g, 77%) as a yellow oilo]*’s =161.6 ¢ 1.1, CHC4). IR (Vmax cnmi):
2944, 1087'H NMR (300 MHz, CDC}): § 7.28-6.30 (20H, m), 5.92 (2H, s), 4.76-4.70 (48, m
2.40-2.31 (4H, m), 1.76-1.59 (4H, m), 1.35-1.09 (8#). *C NMR (75 MHz, CDCJ)): § 144.2,
140.0, 128.1, 126.5, 126.3, 65.0, 52.9, 35.0, 32356. HRMS: calculated for EgHsNsNa]"
589.3307; found: 589.3323.

Bis-hydrazone 5c.Following the general procedure, column chromatoigya(30:1 Hexane-
Et,0) afforded5c (926 mg, 52%) as a yellow oilo]*’s —95.6 € 1.1, CHCY). IR (Vmax CM):
2937, 1087 H NMR (300 MHz, CDCJ): 6 7.32-7.16 (20H, m), 6.51 (2H, s), 4.62 (2H] 6.7
Hz), 1.99-1.94 (8H, m), 1.64-1.57 (4H, m), 1.3471(8H, m)."*C NMR (75 MHz, CDC}): &
144.0, 142.8, 128.2, 128.0, 127.8, 126.1, 60.6,581.8, 29.7, 23.8, 19.4. HRMS: calculated for
[Ca1HeNsNa]" 617.3620; found: 617.3640.

General procedure for the synthesis of pyridine bidydrazones (7)
Pyridine-2,6-dicarbaldehydé,(575 mg, 4.2 mmol) was added, in portions over looar, to a
solution of hydrazine (8.4 mmol) in MeOH (10 mL) @tom temperature. After two hours
stirring, the solvent was removed under reducedsoire, and the residue was purified by FC on
silica gel (Hexane/E0O) affording the pure pyridine bis-hydrazone.

Pyridine bis-hydrazone 7a Following the general procedure, column chromiaplyy (4:1
Hexane-EfO + 1% EN) afforded7a (1.1 g, 76%) as an orange oit]f’ —245.2 ¢ 1.1,
CHCls). 'H NMR (500 MHz, CDCJ): 6 7.60 (d, 2HJ 7.7 Hz), 7.52 (t, 1HJ 7.7 Hz), 7.25 (s,
2H), 3.79-3.76 (m, 2H), 3.68 (dd, 2B19.4, 3.7 Hz), 3.51 (dd, 2H,9.4, 7.1 Hz), 3.48-3.42 (m,
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2H), 3.40 (s, 6H), 3.16-3.12 (m, 2H), 2.06-1.89 @H). °*C NMR (75 MHz, CDCJ): & 155.5,
136.0, 132.0, 115.8, 74.4, 62.8, 59.3, 48.6, 2B8203. HRMS: calculated for jgH3oNs0]"
360.2400; found: 360.2401.

Pyridine bis-hydrazone 7b.Following the general procedure, column chromatoigya(3:1:1
Hexane-E{O-CH,Cl, + 1% EgN) afforded7b (1.7 g, 74%) as a yellow solid. mp 172-173 °C.
[a]®% —354.2 € 1.2, CHC}). *H NMR (300 MHz, CDCY)): § 7.35-7.19 (m, 23H), 6.90 (s, 2H),
5.19 (d, 4H,J 6.5 Hz), 2.62-2.45 (m, 4H), 1.93-1.71 (m, 4HC NMR (75 MHz, CDCJ): 5
155.4, 143.0, 135.7, 131.8, 128.5, 126.8, 126.5/.9,165.1, 31.4. HRMS: calculated for
[CagH3gNs] " 576.3127; found: 576.3151.

Pyridine bis-hydrazone 7c.Following the general procedure, column chromatolgya(3:1
Hexane-EfO + 1% E$N) afforded7c (1.5 g, 60%) as a yellow solid. mp 171-172 °)*{,
-212.5 € 1.0, CHC}). *H NMR (300 MHz, CDCJ): 6 7.35-7.15 (m, 23H), 6.94 (s, 2H), 5.05 (t,
4H, J 5.7 Hz), 2.11-2.06 (m, 8H), 1.61-1.56 (m, 4KC NMR (75 MHz, CDC}): & 157.6,
141.3, 135.7, 131.3, 128.2, 127.8, 126.6, 116.09,681.3, 18.7. HRMS: calculated for
[Ca1H42Ns] " 604.3440; found: 604.3449.

Pyridine bis-hydrazone 7d. Following the general procedure, column chromatolgya(3:1
Hexane-E4O + 1% E$N) afforded7d (1.1 g, 80%) as a yellow oila]*% +20.6 € 1.0, CHC}).
'H NMR (300 MHz, CDC}J): & 7.60-7.47 (m, 3H), 7.25 (s, 2H), 3.91-3.85 (m, 4M20-2.16 (m,
4H), 1.57-1.55 (m, 4H), 1.22 (d, 128,6.3 Hz).**C NMR (75 MHz, CDCJ): & 156.0, 135.8,
130.4, 114.8, 55.4, 29.5, 18.4. M8/z (%) 350 (GoH29NsNa, 100), 328 (@H29Ns + H, 50),
HRMS: calculated for [@H2oNs] " 327.2423; found: 327.2405.

General procedure for the Lewis acid-catalyzed DistAlder reaction of (E)-3-(but-2-
enoyl)oxazolidin-2-one(8) with cyclopenta-1,3-dieng(9)

A mixture of M(OTf) (0.02 mmol, 10 mol%) and activated 4A molecul@ves (15 mg) was
heatedn vacuoat 50 °C for 30 min. The mixture was cooled to ra@mperature, a solution of
ligand (0.022 mmol, 11 mol%) in solvent (0.5 mL) svadded under Argon. After 30 min.
stirring, a solution of E)-3-(but-2-enoyl)oxazolidin-2-one3( 31 mg, 0.2 mmol) in solvent (0.5
mL) was added. After 30 min. stirring, freshly distl cyclopenta-1,3-diened( 52 uL, 0.8
mmol) was added and the mixture was stirred foh@0rs. Column chromatography (Hexane-
EtOAc) afforded cycloadductO. Diastereomeric and enantiomeric ratios were detexd by
HPLC analysis Chiralcel OD, 2-propanol:hexane 1:99, 1.0 mL/min, 25 #C(exg 31.2 min,
tr (endglS2S3R4R) 37.1 mint, (endq 1R 2R,3S54S) 40.8 min].
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