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Abstract: The palladium Pd(PPh;),-catalyzed coupling reaction of allenyl N-tosylcarbamates with hypervalent
iodonium salts afforded the cyclized trans-5-substituted oxazolidinones, 3-oxazin-2-ones, and higher membered

carbamates under mild conditions. © 1999 Elsevier Science Ltd. All rights reserved.

Introduction

The substituted 1,3-oxazolidin-2-ones, 3-oxazin-2-one, and other higher membered carbamates which have

ST T . SV, st are srencartant atmietiieal dimidce fas ina QlIoarge o - 13 ide co Y arn o
allylic amine moiety are important structura: units 10T amino Sugars anda rare amino acids. Rece Lﬂy, naru et
C

al. [1. 2] reported the paliadium-catalyzed allylamination and the silver(i)-catalyzed aminocyclization of O-
(2.3-butadienyl) N-tosylcarbamates to form 5-substitted AN-tosyl-4-vinyi-2-oxazolidinones [3]. The paliadium(il)-
catalyzed aminocarbonylative coupling of O-(2,3-butadienyl) N-tosylcarbamates to give 2-oxazolidinones was
also reported by Tamaru et al [4]. In connection with our projects utilizing hypervalent iodonium salts in
palladium-catalyzed cyclization reaction, we have studied coupling-cyclization of allenylamines, allenyl
alcohols. and allenylcarboxylic acid with hypervalent iodonium to form cyclized heterocyclic tetrahydrofurans,

tetrahydropyrans, pyrrolidines, piperidines, or lactones [5].
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Alternatively we have investigated the palladium O)-Caiai‘yzed Coupiing of hypervalent iodonium salts [6]
n-2

with allenyl N-tosyl carbamates to form oxazolidi
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H OCNHTs Pd(PPhs), (5 mol %)
“ +  Al'PhBFy > HI)\ N Ts
R —== CH;CN, 60 OC, 3h / '///
1 2 r
R=H, n-CsH;,, C¢Hy - Ar = Ph, p-CH;0CgH, 3
Scheme 2

Results and Discussion

The results of regio- and stereoselective coupling and cyclization to form allylic amines are summarized in Table 1. To

determine optimum reaction conditions, a series of experiments has been performed with the carbamate 1a with

diphenyliodonium tetrafluoroborate (2a). Of the calaysts tested Pd(OAc),/Ph;P, Pd,(dba),»CHCI,/Ph;P, and (Ph;P),Pd
(Ph,P),Pd was the best cholce As suitable solvent, CH,CN and DMF were effective even if THF was not
suitable. For the base, K2C03 or Cs,CO, was employed. The yields was improved when the reaction was run at
60 °C for 3 h than run the temperature for 18 h. The O423-butadienyl)carbamate (1a) reacted with 2a in the

presence of (Ph,P),Pd in CH,CN at 60 °C for 3 h to afford the oxazolidine 3a in 71% yieid (entry i mTable 1). Under
the same conditions treatment of la with p-methoxyphenyl(phenyl)iodonium tetrafluoroborate (2b) gave p-
methoxyphenyl- or phenyl-substituted oxazolidine 3b and 3a in 47 and 25% yields. which were casily scparable
by column chromatography (entry 2). When cyclohexyl-substituted allenyl carbamate Ib was coupled with
diphenyliodonium tetrafluoroborate 2a, trans-substituted oxazolidine 3¢ was obtained in 74% yield (entry 3).
The stereochemistry of the cyclized nroduct 3¢ was confirmed by comparison of the coupling constant (J = 2.7

o J=2.7Hz
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Scheme 3

Similarly, n-pentyl-substituted allenyl carbamate 1c reacted to provide the frans-3d in 71% yield (entry 4).
When O-(3,4-pentadienyl) carbamate 1d was coupled with 2a, the carbamate 3e was obtained in 63% yield
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Tabtlel. Palladium(0)-Catalyzed Coupling-Cyclization of Allenyl Carbamates with Hypervalent lodonium Salts
Entry Substrates lodonium Salts Product Yield(%)
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{entry 5). Treatment of 2-methyl-substituted carbamate le [8] with 2a under the same conditions afforded the
cis-isomer 3g [9] in 57% yield (entry 7).
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In considering plausible mechanism for the coupling and cyclization of alienyl carbamate 1b. it is presumed
that PhPd" BF, from Ph,I" BF, and Pd(0) via oxidative addition adds to the allene to form n—allylpalladium
complex and undergo intramolecular nucleophilic addition to afford the cyclized product [10]. The formation of

(rans-isomer 3¢ may be rationalized by a mechanism depicted below, where the transition state A leading to



tn

trans-product is preferred over B (Scheme 4).
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However, when this method was extended to 4,5 hexa- and 5,6-hepatadienyl carbamates 1f and 1g with 2a.

nine- and ten-membered compounds 3h and 3i were afforded in 65 and 44% yields, respectively. The structures

endo-cyclized products may be rationalized by endascychzatmn of intermediate n:allylpalladium complex
z ctand AL 5vn ~vinligating fontrice @ anAd Y TM11 191
(Scheme 35) instead of exo-cyclization (entries 8 and 9) [11,12]
O ,—w
NTs <
0 * 3hoor 3i
n Ph
n=12

In summary the palladiu catalyzed coupling of allene carbamate to form 1,3-oxazolidin-2-ones.

tetrahydro-1.3-oxazine-2-ones, and macrocyclic carbamates was achieved under mild conditi
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General. IR spectra were obtained on a Nicolet FT-IR 205 spectrometer. GC-MS spectra were measured on a
Hewlett-Packard 5880 GC system. '"H NMR spectra were obtained on a Bruker 400 (400 MHz). NMR spectra
were recorded in ppm (8) related to tetramethylsilane (8 = 0.00) as an internal standard unless stated otherwise
and are reported as follows; chemical shift, multiplicity (br = broad, s = singlet, t = triplet. q = quartet. m =
multiplet), coupling constants and integration.

All reactions involving organometallic reagents were carried out in an inert atmosphere of nitrogen. CH.CN

was freshly distilled from calcium hydride prior to use. Small and medium scale purification were performed by

] 1 T .

lash chromatography.
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mmol) in CH,CN (1 mL) was added Pd(PPh;), (47 mg, 5 mol%) followed by allenyl carbamate 1b (237 mg.
0.68 mmol) in CH,CN (I mL). The reaction mixture was stirred at 60 °C for 3h. cooled to room temperature,
and quenched with saturated NH,CI solution. The mixture was extracted with ether and the organic layer was
dried over anhydrous MgSO, and evaporated in vacuo. The crude product was separated by SiO, column
chromatography (EtOAc/hexanes 1:20) to afford the oxazolidine 3¢ (214 mg, 74%). TLC; SiO,, EtOAc/hexanes
1:1.R;= 0.44, '"H NMR (CDCl,, 400 MHz) 8 1.08-1.66 (m,11H), 2.43 (s, 3H), 3.92 (dd, 1H, J=2.7, 5.8 Hz).
5.10 (d, 1H. J=2.7 Hz), 5.14 (s, 1H), 5.34 (s, 1H), 7.26-7.37 (m, 7H), 7.93-7.95 (m, 2H). IR (neat) 2932, 1780,
1370. 1252, 1092 ecm™. MS (m/e) 425 (M"), 158, 155, 91 (base peak). HRMS calcd for C,,H,,;NO,S 425.1660.

,,,,,, A /1‘7( 1451
lUUHU"” LAVJd

3-[(4-Methyiphenyl)suifonyl]-4-(1-phenylvinyl)-1,3-0xazolidin-2-one (3a).

TLC: SiO,, EtOAc/hexanes 1 : 1, R;= 0.49. '"H NMR (CDCl,, 400 MHz) 8 2.45 (s, 3H), 4.03-4.06 (dd. 1H,J =
3.1.8.5 Hz). 4.46-4.50 (t, I1H,J = 8.5 Hz), 5.19 (d, IH, /= 0.6 Hz), 5.41(dd. IH, J=0.6. 5.4 Hz). 5.43 (d. I1H.J
= 4.9Hz), 7.26-7.37 (m, 7H), 7.94-7.96 (m, 2H). IR (neat) 2926, 1785, 1376. 1188 cm™'. MS (m/e) 343 (M").
176, 155, 108, 91 (base peak), 77, 65. HRMS caled for C jH,,NO,S 343.0878, found 343.0872.

. Hz), 4.46-4.50 (t, 8.5 1 .
540 (d, 1H, J = 4. 9Hz) 6.86-6.89 (m, zn), 7.22-7.26 (m, 2H), 7.32 (m, 2H), 7.94 (m, 2H). IR (neat) 2926,
1779, 1370, 1100 cm™. MS (m/e) 373 (M), 133 (base peak), 91. HRMS caled for C,,H,,NO.S 373.0983, found

373.0986.

3-[(4-Methylphenyl)suifonyl]-5-pentyl-4-(1-phenylvinyl)-1,3-oxazolidin-2-one (3d).

TLC: Si0,, EtOAc/hexanes 1 : 1, R; = 0.42. 'H NMR (CDCl,, 400 MHz) & 1.11-1.60 (m,11H). 2.43 (s. 3H).

4.14 (m, 1H), 4.98 (dd. 1H, /= 0.6, 2.8 Hz), 5.19 (d, 1H, J = 0.7 Hz), 5.40(s, 1H), 7.26-7.42 (m. TH). 7.92-7.94
k!

(m Y IR (neat)y 7960 1780 1371 1174 cm’' MS (m/e) 413 ”\/f*\ 203, 122. 77 Ihacp neak). 49 HRMS
Viki, &11). LI\ \IINAL) L 70U, 110V, 177 1y 11T Wil . VAW Qv T LV Ty L Ll FASL puan g, 7. LiiNivi
L1 1L LT NN O AVY 1 ELELN A A1 1£LK7T
CalCd 0T L, INU,D 413,100V, 10U $15.1007.

3-[(4-Methylphenyl)sulfonyl]-4-(1-phenylvinyl)-1,3-0xazinan-2-one (3e).

TLC: SiO,, EtOAc/hexanes 1 : 1, R, = 0.51. '"H NMR (CDCl,, 400 MHz) & 1.83 (dd,1H, J= 2.1, 14.3 Hz), 2.14
(m. 1H). 2.43 (s, 3H), 4.23 (ddd, 1H, J=1.3,2.9, 13.4 Hz), 436 (ddd, 1H,.J= 2.9, 12.9. 13.4 Hz)., 5.11 (s, 1H).
5.22 (s, 1H). 5.73 (d, 1H, J = 4.6Hz), 7.26-7.37 (m, 7H), 7.93-7.95 (m, 2H). IR (neat) 2950, 1725, 1355. 1256.
1090 cm’. MS (m/e) 357 (M"), 264, 189, 102, 91 (base peak), 82. HRMS caled for C,(H,,(NO,S [M+H]
358.1113. found 358.1111.

3-[(4—Methylphenyl)sulfonyl]-4—(1-(4—methoxyphenylvinyl)- ,3-oxazinan-2-one (3f).

LY WIR AT 7T nr\)..{r\o1 07 /1111

TLC: SiO., EtOAc/hexanes 1 : 1, Ry = 0.53. 'H NMR (CDCl;, 400 MHz) 6 1.83 (dd.1H. J =
1.3,2. I

(m. 1H). 2.43 (s, 3H), 3.38 (s, 3H), 4.23 (ddd, IH, J = 9, 13.4 Hz), 4.36 (ddd, 1H, /=
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S11 (s, THY 522 (s 1HY 5§73 (d 1 J=46H72Y §03(m 2HY. 720 (m 2N 753 (m 2HY 7066 (m M\ IR
s L1 0y 1REJy JeLh \y LRE)y 7T My 11, U ToSARL Jyg Vel \Aldy Lol B Jy e s \Ridy LALJy T.JT IRy &A1)y F.7U 0L, L1110 LIV
(aat)y FOEN 17798 1288 1784 1000 fmal AQ fima /o) 207 /MY 100 14N 171U hkacs macly O LIDMQ A 1.1 £
\at) L7059, 1740, 1370, 1200, 1UTVU LI VIO (LIVC) D07 {1Vl ), 107, 10U, 13J3(DadcC ), 71. IIRIVID C4iCa 101
C,H, NOS [M+H]" 388.1174, found 388.1171

3-[(4-Methylphenyl)sulfonyl]-5-methyl-4-(1-phenylvinyl)-1,3-0xazinan-2-one (3g).

TLC: SiO,, EtOAc/hexanes 1 : 1, R;=0.54 . '"H NMR (CDCl,, 400 MHz) 4 1.12 (d, 3H./=4.2 Hz), 1.98 (m.
1H). 2.43 (s, 3H), 3.90 (dd, 1H, J=6.0, 13.4 Hz), 4.43 (dd, 1H, J= 6.6, 13.4 Hz), 5.16 (s, 1H), 5.34 (d. IH.J =
6.0 Hz), 5.53 (s, 1H), 7.26-7.42 (m, 7H), 7.92-7.94 (m 2H). IR (neat) 2960, 1780, 1371. 1174 cm™. MS (m/e)

371 (M"). 216, 188, 174 (base peak), 118, 91, 71. HRMS caled for C,;H,,NO,S [M+H] 372.1261. found
372.1261.

3-[(4-Methyiphenyi)suifonyij-5-phenyi-2,3,4,7,8,9-he xahydr -1,3-oxazonin-2-one (3h).

TLC: SiO,, EtOAc/hexanes 1 : 1, R,=0.64 . HNMR( )Cl,, 400 MHz) § 1.97 (m, 2H), 1.98 (m, 1H), 2

s, 3H), 2.50 (m, 2H), 4.24 (t, 2H, J = ‘520H7) 4.97 (s, 2H), 5.73 (t, IH, .J= 6.7 Hz), 6.90 (m, 2H), 7.10-7.28
(m, 7H). IR (neat) 2958, 1773, 1357, 1168 cm™. MS (m/e) 371 (M"), 283, 216, 188, 174 (base peak), 118. 91.

3-[(4-Methylphenyl)sulfonyl]-5-phenyl-3,4,7,8,9,10-hexahydro-2H-1,3-0xazecin-2-one (3i)
TLC: Si0,, EtOAc/hexanes 1 : 1, R, = 0.56. '"H NMR (CDCl,, 400 MHz) § 1.55-1.62 (m. 4H). 1.80 (m. 2H).
T2V e 2HY D EA (e DI A Q2 (e 2N S50 /74 1T T=A2FTLIAN 90N vy DY TNA_T A (v TN IR fanane)
. A \3 Jll}, P o 4 \Lll, LIJ}, .70 \lll, Lll[, o ed S \l, 111, J V.. llL), YA \lll, All}. PR VAN L S by \lll'. Ill} 95N \ll dl)
2958, 1780. 1363, 1172 cm™. MS (m/e) 385 (M"), 188, 144 (base peak), 129, 91, 85
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