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Introduction Recently, we developed a method for the synthedis
spirooxindolyl oxazolines using 1,3-dipolar cycld#&gbn of

Oxazolidines are common structural units in  Manyearhonyl ylides with ketimines derived from isatimithout
biologically active natural products and designedeanules of  ha formation of side products.

pharmaceutical importanceln particular, 1,3-oxazolidines _ _ _ _ _
act as pro-drugs fop-blockers, Bs-adrenoreceptor agonists Following our interest on d|f_;120 chemlsvae herein report
and precursors fora-hydroxy$-amino esters which are the three component reaction of aryldiazoacetdtighgde

o

frequently found in a wide range of biologically tize
molecules and used as building blocks in naturaldpct

and imine to produce the highly functionalized ryia
oxazolidines, which could easily be converted uxoydroxy-

synthesi€:> On the other hand, spirooxindoles are often found-amino esters with a quaternary carbon centre lydtysis.

in medicinally important natural products and phaceutical
agents. As a result, a myriad of catalytic methioalge been
developed for their synthesisHowever, the development of
a three component strategy to generate the novissef
oxazolidines and spirooxindoles is highly desirabte they
offer rapid access to highly functionalized biokagly
relevant scaffolds with wide structural diversitydaexcellent
bond forming efficiency in a single step processtitermore,
transition metal catalyzed reactions of-diazocarbonyl
compounds have emerged as powerful synthetic tools
organic synthesis. They have been extensively useithe
synthesis of highly functionalized five-memberedehecyclic

compounds such as dihydrofurans, tetrahydrofutans, , & COMe

pyrrolidines® and dioxolane$.In particular, the synthesis of
1,3-oxazolidines using diazo chemistry is one of thost
useful protocols but less studied when comparddrams and
dioxolanes due to the competitive side reactionshsas
epoxidation and dioxolane formation, which diminigine
efficiency of three component reaction of diazo poomds,
aldehydes and imines. In 2005, Sométial. reported the
three component reaction of diazoester,
aldimine for the synthesis @n-a-hydroxyB-amino ester§.

aldehydd an

In general, the coupling of 2-diazo-2-arylacetatdthw
aldehyde generates the epoxide exclusively, wheraases
furnish the aziridines (Scheme 1)Hu et al. reported the
chemoselective synthesis of 2,4,5-triaryl-1,3-dilexe from
2-diazo-2-arylacetate and aryl aldehydes withoute th
formation of epoxidé? To the best of our knowledge, there
have been no reports on the synthesis of 2,4,BA153-
oxazolidines from 2-diazo-2-arylacetate and spinodalyl
oxazolidines from 3-diazooxindole.

In 2001, Doylest al
.Ph

Ph 1 i
Ph” H Ph N PhJ\H H_Q\ COaMe
- 2
{ on Rhy(OAC),  MeO,C Rhy(OAC), Ph pn
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This work A2
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Ar? = p-CHg-CgH4-SO,
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Scheme 1. Rh(ll) catalyzed reaction of aryl diazoacetatedeficient aldimine3d. To our delight, the formation of desired

with aldehyde and imine.

Results and Discussion

To find an efficient imine as a dipolarophile, weitially
performed the three component reaction (3CR) ofhgiet
phenyldiazoacetatks, benzaldehyd@a and aldiminega and
3b that are derived from benzyl amine and anilindries 1
and 2, Table 1) respectively.

S o o
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O)Eg\/ T\l( R = NHAc \\&R

Synoxoxazolidinone A, X = ClI Linezolid Horsfiline R = MeO
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Spirobrassinin This work

Spirobrassinin's analogs
for antipyretic activity

(Wang's work)

Figure 1. active  oxazolidinone and

spirooxindoles

Biologically

To our surprise, no desired 1,3-oxazolidine wasnémt
with these aldimines instead the formation of canpl
mixture was observed fromiH NMR analysis of crude
reaction mixture. Similar results were also obserweth
electron-deficient aldimingc derived from tosylamineand
ketimine 6 derived from aniline antl-methylisatin(entries 3
and 4, Table 1).

Table 1. Optimization of the reaction in the formation4#%*

r 1 mol% Arl Ar2 o ph
Rhy(OAc P!
CcoMe . /N 2( )a /\ A<
1 Ph Ph CO,Me
Ar CHZCIZ MeOZC O
4 5
: om\P : 04)\C
Entry  Arl Ar2 Imine Solvent Y'e|d4(/°) Y|eId5(/o) drd
1 Ph Bn 3a CH,Cl,
2 Ph Ph 3b CH,Cl,
3 Ph Ts 3c CH,Cl,
N-Methyl
4 el Ph 6 CH,Cl, - 60
5 pNOPh  Ts 3d CH,Cl, 68 10 >95:5
6 p-NOPh  Ts 3d CH,Chy 81 >95:5

All the reactions were performed using 1 mol%,®@#Ac), with imine (1 equiv),
aldehyde2a (1 equiv) and diazoestdra (1 equiv) in dry dichloromethane at 25 °C.
®Yield refers to pure products after column chrorgeaphy. “Mixture of epoxide and
imine (entries 1,2 and 3dr was determined byH NMR analysis of crude reaction
mixture. *Reaction was performed using 1 mol% @WnAc), with imine (1 equiv),
aldehyde2a (1.3 equiv) and diazoestéa (1.3 equiv) in dry dichloromethane at 25 °C.

Next we examined the electronic effect of substita¢hat are
present on aromatic ring of the aldehyde part ef ithine.

1,3-oxazolidindeta was observed froH NMR analysis of
the crude reaction mixture, which was then purifieg
column chromatography to afford the pure 1,3-oxdiude
4ain 68% yield along with epoxidgéa in 10% yield (entry 5,
Table 1). The results are summarized in Table 1.

With a suitable aldimine in hand, we were curioos t
further optimize the reaction conditions to imprahe yield
and diastereoselectivity. Interestingly, the yields increased
considerably to 81% when aldehyde and aryldiazeseet
were used in 1.3 equiv with slow addition of arglthacetate.
To optimize the catalyst loading, we further peried this
3CR reaction by varying the amount of catalyst frbmmol%
to 5 mol%. The reaction was quite successful evah W
mol% of the catalyst affording the desired prodinct81%
yield with excellent diastereoselectivity (entry Bable 1).
Further increase in catalyst loading did not imgrdive yield.
The structure ofdf was confirmed by NMR, IR and mass
spectrometry. The relative configuration off was
unambiguously confirmed by a single crystal X-ray
diffraction studieg?

Figure 2. ORTEP structure off

With optimized reaction conditions in hand, we Hfiet
studied the electronic effect of substituents amrreatic ring
of the diazoacetate. In all cases, the reactiomxegmded
smoothly at room temperature under mild conditiang no
significant change in vyield or diastereoselectivityas
observed with substituted aryldiazoacetates (enfrié, Table
2). Notably, halo substituted aryldiazoacetate$sagcbromo-
, chloro- and fluoro- gave the products in gooddggentries
2, 3 and 4, Table 2). In deed, fluoro substituted
aryldiazoacetate gave the product in higher yiakthtchloro
substituted aryldiazoacetate (entry 4, Table 2)tHeumore,
dichloro substitued aryldiazoacetate afforded thedpct in
higher yield than mono-chloro derivative (entryTable 2).
We have also studied the effect of electron refepgiroups
such as methyl- and methoxy- on the aromatic rifig o
aryldiazoacetate. Interestingly, these substratase gthe
expected product#f and 4g in 82% and 85% vyields

Accordingly, we performed the 3CR reaction of méthy respectively (entries 6 and 7, Table 2). Howevediron

phenyldiazoacetatela, benzaldehyde2a and electron-

subtituted aryldiazoacetate failed to undergo tlv@mponent



reaction under the identical reaction conditiongr§e8, Table
2). We further performed the 3CR reaction of agtdiacetate
with aryl aldehyde bearing electron releasing atetteon

withdrawing groups.

Interestingly, aryl aldehydes with electron relegsgroups
such ag-methyl- andp-methoxy- on aromatic ring gave the
product in 81% and 84% vyields respectively withthe loss
of diastereoselectivity (entries 9 and 10, Tablel)s worth
mentioning that di- and tri-methoxybenzaldehydeso ajave
the products in 84% and 86% yields respectiveihwgbod
diastereoselectivity (entries 11 and 12, TableAXhough no
product formation was  observed  with ortho-
chlorobenzaldehyde (entry 13, Table gra-bromo, chloro
and fluoro substituted aryl aldehydes participated in the
reaction (entries 14, 15 and 16, Table 2), In aaolalitp-
naphthaldehyde was also effective for this coneergentry
17, Table 2). It is noteworthy to mention that teaction also
proceeded effectively with heterocyclic aldehydechsias
furan-2-carboxaldehyde (entry 18, Table 2).

3

refers to pure products after column chromatograftiywas determined b{H NMR
analysis of crude reaction mixtufao data.

Furthermore, we examined the effectm€yano- andp-
trifluoromethyl- groups that are present on aromaing of
the aldehyde part of the imine. It is interestiagibte that the
cyano substituted aldimine underwent a smooth eytddion
with carbonyl ylide (entries 19 and 20, Table 2gfficient as
nitro substituted aldimine (entries 1-7, 9-12, 4dd18, Table
2), but trifluoromethyl substituted aldimine affedl the
product as a complex mixture (entry 21, Table 2). dur
surprize, no product formation was observed witlyl ar
aldehydes bearing electron-withdrawing groups sastp-
nitro- andp-cyano- on the aromatic ring (entries 22 and 23,
Table 2).

Due to the importance of spirooxindoles in drugcdiery,
we further extended this method to cyclic diazoam(d)
(Table 3). The reaction was successful only witbctbn-
deficient aldimine 3d. Accordingly, the coupling dfvith 3d
in the presence of 3 mol% KBAc), gave the expected

Table 2. Three component reaction of aryldiazoacetatd, aryspirocycle8a in 68% vyield with >95:5 diastereoselectivity.

aldehyde and\-tosyliminé

s 1 mol% AR Ts
),\J‘\Z N7~ Rhy(OAc), N
+ ArCHO + | — Ar X~
ArY” Sco,Me 3 Ar2
Ar dry Crrt—izCIz Meooc ©
la-h 2a-j 3d-f 4a-t

Entry  Art Ar? AP Yield (%)° dre
1 CeHs CeHs p-NO,CgHy 81 (4a) >955
2 p-BrCeH,4 CeHs p-NO,CgHy 78 (4b)  >95:5
3 p-CICgH,4 CeHs p-NO,CgHy 80 (4c)  >9555
4 p-FCgH, CeHs p-NO,CgHy 86 (4d)  >95:5
5 m,p-(Cl)2CeHz  CeHs p-NO2CeH4 84 (4e) >905:5
6 p-MeCgH,4 CeHs p-NO,CgHy 82 (4f) >95:5
7 p-MeOCgH4 CgHs p-NO2CgH4 85 (49) >05:5
8d p-NO,CgH,4 CgHs p-NO,CgH, -(4h) n.d
9 CeHs p-MeCgHy4 p-NO,CgHy 81 (4i) >95:5
10 CgHs p-MeOCgH, p-NO,CgHy 84 (4j) >95:5
11 CeHs m,p-(CH30)2CeH3 p-NO2CgH4 84 (4k) >05:5
12 CgHs 3,45-(CHg0)3CeHy  p-NO,CgHy 86 (4l) >95:5
139 CgHs 0-CICgH, p-NO,CgH, -(4m) n.d
14 CeHs p-BrCeHa p-NO2CeHa 80 (4n) >05:5
15  CgHg p-CICgH, p-NO,CgHy 81 (40)  >955
16 CgHs p-FCgHy4 p-NO,CgHy 80 (4p)  >955
17 CgHs 2-Napthyl p-NO,CgH, 82 (4q)  >955
18  CgHs 2-Furyl p-NO,CgH, 72 (4r) >95:5
19  CgHs CeHs p-CNCgH, 76 (4s)  >955
20 p-FCgH, CeHs p-CNCgH, 75 (4t) >95:5
219 CgHs CeHs p-CF3CeH4 -(4u) n.d
229 CgHs p-NO,CgHy p-NO,CgHy -(4v) n.d
239 CgHs p-CNCgH, p-NO,CgHy4 -(4w) n.d

All the reactions were performed using 1 mol%,®@Ac), with imine (1 equiv),
aldehyde (1.3 equiv) and diazoester (1.3 equiwjrindichloromethane at 25 °€Yield

The structure of the product was unambiguouslyiocmeid by
NMR, IR and mass spectrometry.

Table 3. Three-component reaction of diazooxindole, aryl

aldehyde and\-tosyliminé Al

)\N/TS

Na 'I's 3 mol% o)
Rhy(OAc)
N 2 4 -, 2
CEK/‘ZO + adcHo + [ Cﬁj\koAr
N A2 CHLClrt. N
Bn -
Ar2 = p-NO,CgHs Bn
7 3d 8
HaC
HaCO

yield = 68% (8a)
dr ratio = >95:5

Br R

yield = 74% (8b)
dr ratio = >95:5

yield = 75% (8c)
dr ratio = >95:5

BI
yield = 71% (8d)
dr ratio = >95:5

yield = 74% (8e)
dr ratio = >95:5

2All the reactions were performed using 3 mol%,®¥Ac), with imine 3d (1 equiv),
aldehyde (1.1 equiv) and diazoamidg1.1 equiv) in dry dichloromethane at 25 °C.
®Yield refers to pure products after column chrorgaaphy.’dr was determined bH
NMR analysis of crude reaction mixture.

Similar yield and selectivity were achieved everthw8
mol% of the catalyst. But further decrease in gataloading
drastically reduces the yield to 40%. This 3CR wiarsher
extended to various aryl aldehydes bearing eleatetgasing
and electronwithdrawing groups on aromatic ring. It was
observed that the aldehydes with electron releagitogips
such asp-methyl- and p-methoxy- afforded the desired
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spirooxazolidines8b and 8c in 74% and 75% yields
respectively with excellent diastereoselectivityovtever, the
aldehydes with electron withdrawing groups suclp-astro-
and p-cyano- failed to give the desired product. It ierth
mentioning that halo substituted aryl aldehydeshsas p-
bromo- ando-fluoro- gave the produc®d and8e in 71% and
74% vyields respectively without any significant nba in the
diastereoselectivity.

Mechanistically, the reaction was assumed to preeethe
Huisgen's cycloaddition of tosylimine with carbomide (A)
formedin situ from aryldiazoacetate and aromatic aldehyde.

As shown in scheme 3, the carbonyl ylidg €an undergo
[3+2] cycloaddition with tosyliminévia endo attack as shown
in concerted transition stat®) to give the expected
oxazolidine C). The presence of-n interaction between aryl
group of diazoester (Ar and aryl group of imine (Ay
attributes to the exclusive formation téns-4,5-oxazolidine

©.

Arl 9 Os Ar2
1 + Ar2CHO ——> e
Ar N
MeO™ o
Ts A
NI/ Meozc\/éD JA? Al Te
A
Ar3 Arl\lll\ \@ :,' H ’
- e;\:::N‘T —_— Arl ,
S s
endo attack Ar® Meooc O A

B C

Scheme 3. A plausible reaction mechanism

'I\'s

N
1 mol%
Ph O H ha(OAC)A,
—_— 4a
MeO,C Ph CH,Ch, 1t not observed
NO,
5 3d

Scheme 4. Reaction of epoxid® with imine 3d

To know the actual reaction pathway, a controlbeglegiment
was performed between epoxideand imine3d using 1

To study the diastereoselectivity of this reactiore have
carried out three component coupling of ethyl dacatate,
benzaldehyde and imir8gl (Scheme 6).

-I‘-S O,N
N 2!
N
1 mol% s
Rhy(0AC)4 N
N7 “CO,Et + Ph-CHO + - =
dry DCM Eto,c” O
9 =N " 10
8d yield 65%
dr ratio 75:25

Scheme 6. 3CC of ethyl diazoacetat® benzaldehyde and
imine 3d

In the above reaction, the desired oxazolidine el@ained in
65% yield with moderate dr ratio 75:25. It showsttlhe
presence of aryl ring in the diazoester enhances th
diastereoselectivity via-n interaction. Further, the reaction of
diazo compoundla with benzaldehyde and imingd was
carried out using 1 mol% of the catalyst with buligands
such as Rifcap), and Rh(esp) to address if ylidé\ is metal
associated. Preliminary result supports metal-frdiele
intermediate. Produeta was obtained in similar yield and dr
ratio with both catalysts. In addition, no enargiestivity
was observed with the chiral catalyst,f8DOSP), or Rhy(S-
TCPTTL),.

Conclusion

In summary, we have developed a highly efficierdtpeol

for the synthesis of a novel class of highly subsd 1,3-
oxazolidines via a 1,3-dipolar cycloaddition of carbonyl
ylides with N-tosylimines. This protocol was also extended to
cyclic diazoamide for the synthesis of spirooxindol
oxazolidines. Due to a broad range of biologicaivaes of
both oxazolidines and spirooxindolyl oxazolidinethis
method will find significant application in medi@h
chemistry.

Experimental
Procedurefor Synthesis of 4(a-u)

To a suspension oN-tosylimine 3a (200 mg, 0.66 mmol),
benzaldehydea (90 mg, 0.86 mmol) and RI®Ac), (3.8 mg,

mol% of RB(OAc), (Scheme 4). The reaction is expectltzd t00.0085 mmol) in dry DCM (10 mL) under argon atmosphat

proceed through the cycloaddition of epoxide withinie:
However, in the present case, no oxazolide formation
was observed by cycloaddition of epoxide with imimed
therefore unreacted starting materials were reealer
Alternatively, the reaction of methyl phenyldiazetate 1a

room temperature was added slowly a solution of nhePhy
diazo-2-phenylacetatéa (150 mg, 0.86 mmol) in dry DCM (5
mL) through a syringe pump for a period of 3 h. Attemplete
addition, the mixture was stirred for another 30 .mixfter
complete consumption of the diazo compound as mut by

we have excluded the formation of oxazolidingm the
epoxide or aziridiné®

N/TS TS
/‘fZMe | Rh,(OAC), ph N
+ .
P N, MeOzC?u\O\
O,N NO,
la 3d not observed

Scheme 5. Reaction of diazoestédn with imine 3d

Purification by flash column chromatography oncsiligel (4:1
hexane/EtOAc) afforded the oxazolidida (298 mg, 81%) as a
colourless solid. The above procedure was followed the
synthesis of remaining productbfu).

Procedurefor Synthesis of 8a-e

To a suspension oN-tosylimine 3a (200 mg, 0.66 mmol),
benzaldehyd@a (90 mg, 0.86 mmol) and RI©OAc), (9 mg, 0.02
mmol) in dry DCM (10 mL) under argon atmosphere anm
temperature was added slowly a solution Mfbenzyl-3-
diazooxindole7 (180 mg, 0.72 mmol) in dry DCM (5 mL)
through a syringe pump for a period of 4 h. Aftemptete
addition, the mixture was stirred for another 30 .mixfter



complete consumption of the diazo compound as mi@dt by

5
1252, 1160, 1092, 1025, 816, 665 LrHRMS (ESI) calcd for

TLC, the solvent was removed under reduced pressur€;H,:N,O,Cl,S, 627.0754 (M+H) Found, 627.0736.

Purification by flash column chromatography oncsiligel (4:1

hexane/EtOAc) afforded the produ8a (282 mg, 68%) as a
colourless solid. The above procedure was followed tfe

synthesis of compounds 8b-e

Methyl 4-(4-nitrophenyl)-2,5-diphenyl-3-tosyloxamihe-5-
carboxylate 4a): Colorless solid. mp: 168-169 °CH NMR
(300 MHz, CDC}) 4 7.90 (d,J = 8.7 Hz, 2H), 7.62 (A= 7.7
Hz, 2H), 7.48 — 7.37 (m, 5H), 7.32 @@= 8.7 Hz, 2H), 7.24 —
7.13 (m, 4H), 7.10 — 7.02 (m, 3H), 6.20 (s, 1H), 6(861H),
3.61 (s, 3H), 2.38 (s, 3HJ°C NMR (100 MHz, CDCJ) § 170.6,
146.9, 144.7, 144.3, 135.5, 134.3, 133.5, 129.8.712129.4,
128.4, 128.3, 128.1, 128.0, 127.8, 125.7, 122.8,99.7, 67.1,
53.4, 21.3. IR (neaty.x 2925, 2856, 1746, 1609, 1519, 1349,
1243, 1164, 728 cih ESI-MS m/z 559 (M+H); HRMS (ESI)
caled for GgH,7N,0;S, 559.15335 (M+H) Found, 559.15328.

Methyl 5-(4-bromophenyl)-4-(4-nitrophenyl)-2-pher8A
tosyloxazolidine-5-carboxylatedlf): Colorless solid. mp: 166—
167 °C;*"H NMR (300 MHz, CDC}) 6 7.95 (d,J = 8.8 Hz, 2H),
7.63 - 7.55 (m, 2H), 7.49 — 7.37 (m, 5H), 7.34 Jd&; 8.7 Hz,
2H), 7.24 — 7.15 (m, 4H), 7.09 (d= 8.7 Hz, 2H), 6.21 (s, 1H),
6.02 (s, 1H), 3.60 (s, 3H), 2.39 (s, 3HC NMR (126 MHz,
CDCly) 8 170.4, 147.2, 144.4, 135.4, 134.4, 132.8, 13129,9,
129.9, 129.5, 128.4, 128.1, 127.9, 127.6, 123.2,831.7, 89.4,
77.3, 67.1, 53.7, 21.5; IR (neat),,« 3073, 2954, 2841, 1744,
1610, 1517, 1355, 1345, 1293, 1252, 1092, 1025, 838, 665
cm®; HRMS (ESI) calcd for GH,0/N,BrS 637.06386 (M)
Found, 637.06212.

Methyl 5-(4-chlorophenyl)-4-(4-nitrophenyl)-2-phd+8¢
tosyloxazolidine-5-carboxylate4g): Colorless solid. mp: 176—
177 °C;*H NMR (300 MHz, CDC}) 6 7.95 (d,J = 8.7 Hz, 2H),
7.60 (dd,J = 7.5, 1.8 Hz, 2H), 7.49 — 7.38 (m, 5H), 7.33J¢c;
8.7 Hz, 2H), 7.23 — 7.11 (m, 4H), 7.05 (d= 8.7 Hz, 2H), 6.21
(s, 1H), 6.02 (s, 1H), 3.61 (s, 3H), 2.39 (s, 3HE NMR (126

Methyl 4-(4-nitrophenyl)-2-phenyl-5-(p-tolyl)-3-
tosyloxazolidine-5-carboxylate4f): Colorless solid. mp: 174—
175 °C;'H NMR (500 MHz, CDCJ) § 7.92 (d,J = 8.9 Hz, 2H),
7.64 — 7.59 (m, 2H), 7.48 — 7.38 (m, 5H), 7.33Jd; 8.9 Hz,
2H), 7.19 (dJ = 8.4 Hz, 1H), 7.07 (d] = 8.4 Hz, 2H), 6.86 (d]

= 8.3 Hz, 2H), 6.18 (s, 1H), 6.03 (s, 1H), 3.59 (s, 3H39 (s,
3H), 2.15 (s, 3H)*C NMR (101 MHz, CDG)) § 170.9, 147.1,
144.9, 144.3, 138.4, 135.7, 134.8, 130.7, 130.0,84 129.5,
128.9, 128.4, 128.3, 127.9, 125.8, 122.9, 91.7,887.2, 53.5,
21.5, 21.0; IR (neaty.x 2854, 2840, 1735, 1615, 1510, 1348,
1293, 1160, 1092, 1025, 831, 670 trRMS (ESI) calcd for
Ca1H,40/N,S 573.1690 (M+HY Found, 573.1691.

Methyl 5-(4-methoxyphenyl)-4-(4-nitrophenyl)-2-phys3-
tosyloxazolidine-5-carboxylatedq): Colorless solid. mp: 174—
175 °C;*H NMR (500 MHz, CDCJ) 6 7.91 (d,J = 8.7 Hz, 2H),
7.46 (d,J = 8.1 Hz, 2H), 7.38 — 7.29 (m, 3H), 7.24 — 7.15 (m,
5H), 7.12 — 7.03 (m, 4H), 7.00 — 6.94 (m, 1H), 6.18L{), 6.07
(s, 1H), 3.78 (s, 3H), 3.62 (s, 3H), 2.39 (s, 383 NMR (101
MHz, CDCL) & *C NMR (101 MHz, CDCI3)s 170.7, 159.5,
147.1, 144.8, 144.3, 137.0, 134.7, 133.6, 130.®.412128.5,
128.1, 127.9, 125.9, 122.9, 120.5, 115.4, 113.3,99.9, 67.2,
55.2, 53.5, 21.4; IR (neat),., 2858, 2842, 1734, 1618, 1515,
1354, 1342, 1290, 1252, 1092, 1021, 816, 665; ¢4RMS (ESI)
calcd for GyH,gN,05S, 589.16391 (M+H) Found, 589.16391.

Methyl 4-(4-nitrophenyl)-5-phenyl-2-(p-tolyl)-3-
tosyloxazolidine-5-carboxylatedi(: Colorless solid. mp: 158—
159 °C;'H NMR (300 MHz, CDCJ) & 7.90 (d,J = 8.8 Hz, 2H),
7.55 - 7.43 (m, 4H), 7.34 (d,= 8.8 Hz, 2H), 7.29 — 7.14 (m,
6H), 7.12 — 6.99 (m, 3H), 6.15 (s, 1H), 6.02 (s, 1FHBJs, 3H),
2.41 (s, 3H), 2.40 (s, 3H)'C NMR (125 MHz, CDCJ) § 170.9,
147.1, 144.9, 144.3, 139.9, 134.7, 133.7, 132.B,9,2129.46,
129.1, 128.5, 128.2, 128.1, 127.9, 125.9, 122.91\7, 89.8,
67.3, 53.5, 21.5, 21.3; IR (neat),,, 3074, 2949, 2921, 1745,

MHz, CDCL) & 170.4, 147.2, 144.4, 135.3, 134.4, 132.8, 131.31597, 1515, 1450, 1346, 1243, 1162, 1019, 1009, 634 cni;

129.9, 129.9, 129.5, 128.4, 128.1, 127.9, 127.63.1,2122.8,
91.7, 89.4, 77.2, 67.1, 53.7, 21.5; IR (neat), 2954, 2841,
1740, 1610, 1520, 1345, 1293, 1252, 1166, 10925 1806 cnt;
ESI-MS m/z 593 (M+H); HRMS (ESI) calcd for
CaoH2eCIN,O,S, 593.1143 (M+H) Found, 593.1123

Methyl 5-(4-fluorophenyl)-4-(4-nitrophenyl)-2-pheny-
tosyloxazolidine-5-carboxylatedq): Colorless solid. mp: 169—
170 °C;'H NMR (300 MHz, CDCJ) & 7.94 (d,J = 8.8 Hz, 2H),
7.64 — 7.58 (m, 2H), 7.48 — 7.40 (m, 5H), 7.34Jd 8.7 Hz,
2H), 7.24 — 7.15 (m, 4H), 6.76 @,= 8.6 Hz, 2H), 6.21 (s, 1H),
6.02 (s, 1H), 3.62 (s, 3H), 2.39 (s, 3HJC NMR (101 MHz,
CDCly) 6 170.7, 147.2, 144.6, 144.4, 135.5, 134.5, 1299,5],
128.5, 128.2, 127.9, 123.1, 115.4, 115.1, 91.74,887.3, 53.6,

21.5; IR (neatyn.x 3073, 2954, 2841, 1740, 1610, 1517, 1350,ESI-MS m/z

1292, 1250, 1166, 1092, 1025, 816, 665'CHRMS (ESI) calcd
for CyoH,60;N,FS, 577.14393 (M+H) Found, 577.14398.

Methyl 5-(3,4-dichlorophenyl)-4-(4-nitrophenyl)-Zyenyl-3-
tosyloxazolidine-5-carboxylate4€): Colorless solid. mp: 178—
179 °C;'H NMR (300 MHz, CDCJ) & 7.98 (d,J = 8.9 Hz, 2H),
7.62 - 7.56 (m, 2H), 7.48 — 7.31 (m, 8H), 7.22 — 710 3H),
7.04 — 6-98 (m, 1H), 6.22 (s, 1H), 5.99 (s, 1H), 3HBH), 2.39
(s, 3H); ®*C NMR (101 MHz, CDCJ)) & 170.1, 147.4, 144.5,
144.2, 135.2, 134.4, 133.9, 132.9, 132.6, 130.B.9,2129.9,
129.5, 128.5, 128.1, 128.0, 127.9, 125.4, 123.9,988.7, 67.2,
53.8, 21.5; IR (neaty.x 2954, 2941, 1736, 1517, 1350, 1342,

ESI-MS miz 595 (M+Naj; HRMS (ESIl) calcd for

CaH2gN,0,SNa, 595.1509 (M+N&) Found, 595.1511.

Methyl 2-(4-methoxyphenyl)-4-(4-nitrophenyl)-5-phé-3-
tosyloxazolidine-5-carboxylatedj(): Colorless solid. mp: 165—
166 °C;'"H NMR (300 MHz, CDC}) 6 7.91 (d,J = 8.8 Hz, 2H),
7.54 (d,J=8.7 Hz, 2H), 7.43 (d] = 8.3 Hz, 2H), 7.34 (d] = 8.8
Hz, 2H), 7.23 — 7.16 (m, 4H), 7.10 — 7.02 (m, 3H), 6&3] =
8.8 Hz, 2H), 6.13 (s, 1H), 6.04 (s, 1H), 3.86 (s, 3HH0Fs, 3H),
2.39 (s, 3H);°C NMR (100 MHz, CDG)) § 170.9, 160.8, 147.0,
144.9, 144.2, 134.8, 133.7, 129.9, 129.7, 129.4.5,2128.2,
127.9, 127.6, 125.9, 122.9, 113.8, 91.5, 89.7,,69523, 53.6,
21.5; IR (neatVv.x 3073, 2954, 2841, 1757, 1744, 1610, 1517,
1355, 1345, 1293, 1252, 1166, 1092, 1025, 831, 846,cnT;
611 (M+Naj; HRMS (ESI) calcd for
CaiH2gN,05SNa, 611.14586 (M+N%)Found, 611.14590.

Methyl 2-(3,4-dimethoxyphenyl)-4-(4-nitrophenyl)ghenyl-3-
tosyloxazolidine-5-carboxylatedf): Colorless solid. mp: 180—
181 °C;*"H NMR (500 MHz, CDC}) 6 7.91 (d,J = 8.7 Hz, 2H),
7.41 — 7.34 (m, 4H), 7.24 — 7.20 (m, 2H), 7.18 — {13 3H),
7.10 — 7.05 (m, 3H), 7.01 (d,= 2.0 Hz, 1H), 6.88 (d] = 8.3 Hz,
1H), 6.19 (s, 1H), 6.12 (s, 1H), 3.93 (s, 3H), 3.7B4), 3.65 (s,
3H), 2.37 (s, 3H)*C NMR (101 MHz, CDG)) § 170.7, 150.1,
148.7, 147.0, 144.9, 144.2, 134.9, 133.7, 130.0.3,2128.5,
128.1, 127.7, 125.8, 122.8, 121.2, 110.9, 110.6,%8D.7, 66.99,
55.9, 55.7, 53.5, 21.4; IR (neat),,, 3072, 2958, 2841, 1757,
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1744, 1610, 1517, 1345, 1293, 1252, 1167, 10925,1826,
665 cm’; HRMS (ESI) calcd for GHzN,OsNaS, 641.1564
(M+Na)"; Found, 641.1565.

Methyl
trimethoxyphenyl)oxazolidine-5-carboxylate 41}  Colorless
solid. mp: 188-189 °CH NMR (500 MHz, CDC}) & 7.92 (d,J
= 8.8 Hz, 2H), 7.44 — 7.35 (m, 4H), 7.25 — 7.21 (m,,ZH)5 (d,
J=8.0 Hz, 2H), 7.11 — 7.04 (m, 3H), 6.71 (s, 2H), 6201H),
6.17 (s, 1H), 3.88 (s, 3H), 3.75 (s, 6H), 3.68 (s, ZB6 (s, 3H);

Methyl 2-(furan-2-yl)-4-(4-nitrophenyl)-5-phenyl-3-
tosyloxazolidine-5-carboxylatedi): Colorless solid. mp: 137—
138 °C;'"H NMR (500 MHz, CDC}) 6 7.91 (d,J = 8.7 Hz, 2H),
7.54 — 7.44 (m, 3H), 7.32 — 7.19 (m, 5H), 7.14 — 1®4 5H),

4-(4-nitrophenyl)-5-phenyl-3-tosyl-2-(3,4,5- 6.7 (d,J = 3.2 Hz, 1H), 6.45 - 6.41 (m, 1H), 6.23 (s, 1H), 97

1H), 3.72 (s, 3H), 2.36 (s, 3H)YC NMR (125 MHz, CDG)) &
170.7, 147.9, 147.2, 144.7, 144.1, 144.0, 135.8.313129.9,
129.3, 128.6, 128.2, 127.5, 125.8, 122.8, 113.8,6,00.3, 84.4,
66.8, 53.7, 21.5; IR (Neat)y. 2954, 2841, 1757, 1742, 1518,
1345, 1290, 1160, 1092, 836, 670 GnHRMS (ESI) calcd for

%C NMR (125 MHz, CDG)) § 170.7, 153.0, 147.1, 144.8, 144.3, CxH,,N,OgNaS, 571.1145 (M+N&) Found, 571.1140.

139.0, 135.2, 133.7, 130.6, 130.2, 129.3, 128.8.212127.7,
125.9, 122.8, 105.4, 91.7, 89.8, 66.9, 60.8, 55306, 21.4; IR

Methyl  4-(4-cyanophenyl)-2,5-diphenyl-3-tosyloxadate-5-

(neat) via 3073, 2954, 2841, 1757, 1744, 1610, 1517, 1355¢carboxylate 4s): Colorless solid. mp: 172-173 °G4 NMR (300

1345, 1293, 1252, 1166, 1092, 1025, 831, 665 cHRMS
(ESI) caled for GgHsN,O0NaS, 671.1670 (M+N&) Found,
671.1673.

Methyl 2-(4-bromophenyl)-4-(4-nitrophenyl)-5-pher8A
tosyloxazolidine-5-carboxylatedd): Colorless solid. mp: 185—
186 °C;'"H NMR (500 MHz, CDC}) 6 7.91 (d,J = 8.8 Hz, 2H),

7.56 (d,J = 8.4 Hz, 2H), 7.51 - 7.46 (m, 4H), 7.30 — 7.25 (m, 1163,

MHz, CDCL) & 7.64-7.59 (m, 2H), 7.42 (dl = 8.1 Hz. 4H),
7.37-7.31 (m, 2H), 7.28-7.24 (m, 2H), 7.21-7.15 (iH),47.09-
7.04 (m, 2H), 6.18 (s, 1H), 5.99 (s, 1H), 3.60 (s, 3M39 (s,
3H); °C NMR (125 MHz, CDGCJ) 5 170.7, 144.2, 142.7, 135.6,
134.5, 133.6, 131.4, 129.7, 129.6, 129.4, 128.8.312128.2,
128.0, 127.8, 125.8, 118.4, 111.3, 91.5, 89.8,, &85, 21.4; IR
(neat) V. 3005, 2974, 2231, 1746, 1609, 1509, 1355, 1251,
1012, 754, 669 ¢ HRMS (ESI) calcd for

3H), 7.23 (d,J = 8.1 Hz, 2H), 7.20 — 7.16 (m, 2H), 7.09 — 7.05 C3H2eN,O:sNaS, 561.1454 (M+N&) Found, 561.1449.

(m, 3H), 6.16 (s, 1H), 6.01 (s, 1H), 3.59 (s, 3H), AZBH):°C

NMR (126 MHz, CDCJ) é 170.6, 147.2, 144.6, 144.6, 134.8, Methyl

134.5, 133.5, 131.7, 129.9, 129.8, 129.6, 128.8.2,2127.9,

125.9 124.1, 123.0, 91.0, 90.02, 67.3, 53.6, 2AR5neat)V ax

3070, 298, 1758, 1746, 1610, 1517, 1358, 1290, ,1168, 685
-1

cm-.

Methyl 2-(4-chlorophenyl)-4-(4-nitrophenyl)-5-phd+8¢
tosyloxazolidine-5-carboxylate4d): Colorless solid. mp: 172—
173 °C;*"H NMR (300 MHz, CDC}) 6 7.91 (d,J = 8.6 Hz, 2H),
7.57 (d,J=8.4 Hz, 2H), 7.48 (d] = 8.2 Hz, 2H), 7.40 (] = 8.4
Hz, 2H), 7.32 — 7.13 (m, 7H), 7.11 — 7.02 (m, 3H), §4,8LH),
6.01 (s, 1H), 3.59 (s, 3H), 2.41 (s, 3HIC NMR (126 MHz,
CDCly) & 170.6, 147.2, 144.6, 144.6, 135.9, 134.5, 13433,5,
129.9, 129.6, 129.6, 128.7, 128.6, 128.2, 127.%.9,2123.0,
90.9, 90.0, 67.3, 53.6, 21.5;
CsoH,:0/N,CIS, 593.1143 (M+H) Found, 593.1127.

Methyl 2-(4-fluorophenyl)-4-(4-nitrophenyl)-5-pheny-
tosyloxazolidine-5-carboxylatedyf): Colorless solid. mp: 161—
162 °C;'H NMR (300 MHz, CDCJ) § 7.92 (d,J = 8.7 Hz, 2H),
7.61 (ddJ = 8.5, 5.4 Hz, 2H), 7.45 (d,= 8.3 Hz, 2H), 7.31 (d]
=8.7 Hz, 2H), 7.25 - 7.15 (m, 4H), 7.15 — 7.03 (i),%.17 (s,
1H), 6.03 (s, 1H), 3.60 (s, 3H), 2.40 (s, 3KE NMR (126 MHz,
CDCly) 6 170.6, 164.5, 162.5, 147.1, 144.6, 144.5, 13433,5]
131.6, 130.2, 130.1, 129.9, 129.5, 128.6, 128.7,.9,2125.8,
122.9, 115.5, 115.4, 90.9, 89.9, 67.2, 53.6, 21ESI-MS m/z
594 (M+NH)"; HRMS (ESI) calcd for GH,sFN,O/SNH,,
594.1705 (M+NH)"; Found, 594.1705.

Methyl 2-(naphthalen-2-yl)-4-(4-nitrophenyl)-5-phé3-

4-(4-cyanophenyl)-5-(4-fluorophenyl)-2-phéidy
tosyloxazolidine-5-carboxylate4t): Colorless solid. mp: 158—
159 °C;'H NMR (300 MHz, CDCJ) § 7.67 — 7.58 (m, 2H), 7.46
(d,J = 8.3 Hz, 2H), 7.32 — 7.39 (m, 2H), 7.29 — 7.03 (iH},
6.18 (s, 1H), 5.98 (s, 1H), 3.59 (s, 3H), 2.41 (s, 3f).NMR
(75 MHz, CDC}) 6 170.7, 165.1, 161.8, 144.4, 142.6, 134.4,
133.6, 131.6, 131.6, 131.5, 130.2, 130.1, 129.8.5,2128.9,
128.5, 128.1, 127.8, 125.8, 118.4, 115.5, 115.2,.5,190.9,
89.8,67.5, 53.5, 21.4. IR (neab),« 3010, 2974, 2230, 1746,
1610, 1509, 1355, 1251, 1163, 1012, 836, 754, 664 EIRMS
(ESI) calcd for GH,:OsN,FNaS, 579.1360 (M+N&) Found,
579.1359.

1-Benzyl-4'-(4-nitrophenyl)-2'-phenyl-3'-tosylspirdoline-3,5'-

HRMS (ESI) calcd foroxazolidin]-2-one @a): Colorless solid. mp: 188-189 °CH

NMR (300 MHz, CDC}) & 8.05 (d,J = 7.1 Hz, 2H), 7.78 (dd] =
6.3, 2.9 Hz, 2H), 7.58 — 7.01 (m, 15H), 6.89 (s, 1HJ06- 6.51
(m, 2H), 6.13 (dJ = 7.4 Hz, 1H), 5.50 (s, 1H), 4.87 (s, 2H), 2.43
(s, 3H)."*C NMR (75 MHz, CDC)) 5 174.7, 147.4, 144.9, 144 4,
143.1, 136.3, 134.9, 134.6, 130.9, 130.0, 129.8.912128.5,
128.4,127.9, 127.2, 126.9, 123.2, 122.6, 122.9,5.®2.0, 84.7,
66.8, 43.7, 21.6. IR (neat),. 3062, 2917, 1725, 1609, 1524,
1470, 1358, 1170, 1029, 744, 668"; HRMS (ESI) calcd for
C36H2906N3Na8 = 654.1669 (M+Na) Found, 654.1660.

1-Benzyl-4'-(4-nitrophenyl)-2'-(p-tolyl)-3'-tosylgp[indoline-
3,5"-oxazolidin]-2-onegp): Colorless solid. mp: 182—183 °&4
NMR (300 MHz, CDC}) 6 7.94 (d,J = 7.0 Hz, 2H), 7.57 (d] =
8.1 Hz, 2H), 7.38 (dJ = 8.3 Hz, 2H), 7.31 — 7.10 (m, 10H), 7.01
—6.90 (m, 2H), 6.74 (s, 1H), 6.58 — 6.44 (m, 2H)26-15.98 (m,

tosyloxazolidine-5-carboxylate4q): Colorless solid. mp: 176— 1H), 5.37 (s, 1H), 4.82 — 4.70 (m, 2HYC NMR (75 MHz,
177 °C;'H NMR (300 MHz, CDC}) & 8.02 (s, 1H), 7.97- 7.80 CDCl,) & 174.8, 147.4, 145.1, 144.3, 143.1, 140.0, 1353@,5,
(m, 5H), 7.68 (ddJ = 8.5, 1.6 Hz, 1H), 7.61 — 7.51 (m, 2H), 7.47 133.3, 130.8, 129.4, 129.2, 128.9, 128.5, 128.8.012127.9,

—7.36 (M, 4H), 7.25 — 7.19 (m, 2H), 7.13 — 7.03%H), 6.37 (s,
1H), 6.14 (s, 1H), 3.65 (s, 3H), 2.31 (s, 3HE NMR (126 MHz,
CDCly) § 170.8, 147.1, 144.8, 144.3, 134.5, 133.9, 13328,
132.6, 130.0, 129.4, 128.6, 128.5, 128.4, 128.7.9,2127.6,
126.9, 126.4, 125.9, 124.6, 122.9, 91.9, 89.9, 76732, 53.5,

127.2, 126.9, 123.2, 122.6, 122.6, 109.4, 92.(5,886.8, 43.6,
21.6, 21.4. . IR (neat),,x 3061, 2920, 1716, 1613, 1523, 1368,
1171, 1104, 1034. 668m’; HRMS (ESI) calcd for
Cs7H3,06N;5NaS = 668.1825 (M+N&) Found, 668.1820.

21.3; IR (neaty s 3057, 2950, 1743, 1599, 1523, 1347, 1242 1-Benzyl-2'-(4-methoxyphenyl)-4'-(4-nitrophenyl)-3'

1167, 1133, 1011, 733, 674 ¢mHRMS (ESI) calcd for
CaH2gN,O;NaS, 631.1512 (M+N&)Found, 631.1509.

tosylspiro[indoline-3,5'-0xazolidin]-2-one8¢): Colorless solid.
mp: 201-202 °C*H NMR (300 MHz, CDCJ)  7.97 (d,J = 7.0
Hz, 2H), 7.60 (d) = 8.7 Hz, 2H), 7.42 — 6.83 (m, 14H), 6.74 (s,



1H), 6.52 (ddJ = 15.8, 7.9 Hz, 2H), 6.06 (d,= 6.9 Hz, 1H),
5.39 (s, 1H), 4.77 (d] = 1.5 Hz, 2H), 3.81 (s, 3H), 2.35 (s, 3H).
3C NMR (75 MHz, CDCJ) 5 174.8, 160.9, 147.4, 145.1, 144.3,
143.1, 134.9, 134.6, 130.8, 129.7, 129.4, 128.8.5,2128.1,
127.9, 127.9, 127.2, 126.9, 123.2, 122.6, 122.6.9,1109.5,
91.8, 84.3, 66.6, 55.4, 43.6, 21.6. IR (nea), 3059, 2900,
1719, 1611, 1515, 1347, 1251, 1170, 1101, 1023, G&Y;
HRMS (ESI) G/Hz:0;NsNaS Found, 684.1758 (M+Na)

1-Benzyl-2'-(4-bromophenyl)-4'-(4-nitrophenyl)-3'-
tosylspiro[indoline-3,5'-oxazolidin]-2-one8d): Colorless solid.
mp: 196-197 °C'H NMR (300 MHz, CDC}) § 7.94 (d,J = 7.1
Hz, 2H), 7.62 — 7.46 (m, 4H), 7.43 — 6.91 (m, 13H)4§S, 1H),
6.59 — 6.43 (m, 2H), 6.03 (d,= 7.6 Hz, 1H), 5.36 (s, 1H), 4.75
(d, J = 3.4 Hz, 2H), 2.34 (s, 3HJC NMR (75 MHz, CDCJ) &
174.6, 147.4, 144.7, 143.1, 135.4, 134.9, 134.2,7,3130.9,
129.9, 129.6, 128.9, 128.4, 128.0, 127.2, 126.8.2,2123.2,
122.7, 122.2, 109.6, 91.3, 84.7, 66.7, 43.7, 2IR6(neat)V .y
2927, 1724, 1523, 1346, 1162, 1103, 673'ctHRMS (ESI)
CseH,g06N3BrS Found, 734.0735 (M+2+Na)

1-Benzyl-2'-(4-fluorophenyl)-4'-(4-nitrophenyl)-3'-
tosylspiro[indoline-3,5'-oxazolidin]-2-one8€): Colorless solid.
mp: 178-179 °C'H NMR (300 MHz, CDCJ) § 7.94 (d,J = 7.0
Hz, 2H), 7.74 — 7.61 (m, 2H), 7.42 — 6.93 (m, 15H)84S, 1H),
6.63 — 6.45 (m, 2H), 6.04 (d,= 6.9 Hz, 1H), 5.39 (s, 1H), 4.77
(s, 2H), 2.35 (s, 3HY’C NMR (75 MHz, CDCJ) 5 174.6, 165.3,
161.9, 147., 144.8, 144.6, 143.2, 134.9, 134.4,.313232.2,
130.9, 130.4, 130.2, 129.5, 128.9, 128.4, 127.9,.2,2126.8,
123.2, 122.7, 122.3, 115.7, 115.4, 109.6, 91.%,886.7, 43.7,
21.6. IR (neatVma, 2927, 1725, 1610, 1519, 1347, 1162, 1036,
674 cm'; HRMS (ESI) calcd for GH,sOsN;FNaS = 672.1575
(M+Na)'; Found, 672.1568.
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