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Lewis acid catalyzed asymmetric bromoazidation of chiral
o,B-unsaturated carboxylic acid derivatives was performed
using N-bromosuccinimide (NBS) and trimethylsilyl azide
(TMSNs) as the bromine and azide sources. Among the
Lewis acids, Yb(OTf) was found to be the best catalyst.
Regio- andanti-selectivity of 100% and moderate to good
diastereoselectivity (up to 89:11) with good yields were
obtained when Oppolzer's bornane sultam chiral auxilairy
was used. Diastereoselectivity 95:05 was observed when
(25,59-2,5-diphenylpyrrolidine was used as the chiral aux-
iliary.

1,2-Haloazidation of alkenes is an important oxidative reac-

tion in organic chemistry. These vicinal haloazides are versatile
chemical intermediates for the synthesis of numerous function-

alized compounds such as vinyl azidesnines? heterocycles,
and particularly aziridine$The study of catalytic highly regio-
and stereoselective haloazidation of alkenes, espedigfly

NaNs'? mostly under noncatalytic conditions. The above
methods except IBBFJ/TMSN;!! have not been utilized for
the haloazidation of,S-unsaturated carbonyl compounds.
o,f-Unsaturated carbonyl compounds represent a syntheti-
cally useful class of substrate for various alkene oxidative
reactions. In particular, haloazidation afs-unsaturated car-
bonyl compounds would provide the functionalized azidohalo-
genated compounds, which can be transformed to various useful
organic compounds by replacing the halogen atom with a series
of nucleophiles, where the azido functionality would serve as a
protected amino group. However, little attention has been paid
to haloazidation oft,-unsaturated carbonyl compounds. Asym-
metric haloazidation reaction has also not been explored. Herein,
we report a Lewis acid catalyzed asymmetric bromoazidation
of chiral a,8-unsaturated carboxylic acid derivatives using
N-bromosuccinimide (NBS) and trimethylsilyl azide (TMgN
as the bromine and azide sources, in which 100% regioselectivity
and high diastereoselectivity-05:5) of theanti-a-bromos-
azido carbonyl compounds are demonstrated with good yields.
A current interest in our laboratory is to develop asymmetric
1,2-halofunctionalization of alkenes, especiallg-unsaturated
carbonyl compound® A reliable possibility for exerting
stereochemical control in the stereogenic centers is the use of
the chiral auxiliary methodology. Recently we have found
that Lewis acid activates NBS to facilitate the formation of
bromonium ion intermediate from alken®8 Accordingly, we
anticipated that a suitable Lewis acid might catalyze the
bromoazidation of chirad,3-unsaturated carboxylic acid deriva-
tives containing a suitable chiral auxiliary with NBS and
TMSNG. Initially, asymmetric bromoazidation was investigated
on cinnamic acid derivatives containing two well-known chiral
auxiliaries such as Evans oxazolidinéheand Oppolzer's
sultam?®® N-Cinnamoyl-2-oxazolidinonda was selected as a
model substrate for the screening of the Lewis acids as catalysts
for bromoazidation with NBS and TMS{Table 1). The metal
halides and acetates, such as GUCb(OAc), Cu(OAc), Mn-
(OACc),, and Ni(OAC), showed poor to moderate catalytic effect
for the bromoazidation ofa (entries 2-6). The metal triflates
Zn(OTf),, La(OTf), Y(OTf)s, Sm(OTfy, and Yb(OTf} as
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TABLE 1. Screening of Lewis Acids as Catalysts for the TABLE 2. Yb(OTf)s-Catalyzed Bromoazidation of
Bromoazidation of 1 with NBS and TMSN; (2R)-N-Enoylbornanesultams 5
ML, (10 mol%), Yb(OTf)3 (10 mol%)
< o NBS (1.2 equiv) 0 NBS (1.2 equiv)
z . J\/\A TMSN; (1.5 equiv) NJV\A; TMSNS3 (1.5 equiv) .
_—
(\,g ' . o CH,Cl,, T
0y CH,Cl,, 25 °C g0
! s O N O N
1a: Ar = CgHs N3 3
1b: Ar = 4-MeOCgH, géN)H/\Ar + gé/NJ\./'\Ar
/ H
S Br S/O Br
\__/ O Nj \_/ o Ns \_/ o Br o ) 1] .
(\,'f\\ A OO A ,'L Ar t T de el
Br yie
e 0o Br 0% Br entry  substrate Ar (nhy (¢c) (67 (%)
2 i-4/4'
3 anti-4/4 1 5a  CHs 24 m NR  NR
sub- T cony ratic® drof vyield? 2 5a CeHs 4 45 70:30 86
entry strate MLn (h) (%) (@+3):(4+4) (232 (%) 3 5b 4-MeOGsH4 2 rt 86:14 85
1 1a_ none Y =5 ND ND 4 5b 4-MeOGH4 4 =20 60:40 87
5 5c 3,4-MeOGH3 1 8911 88
2 la CuCh 24 60 71:29 57:43 70 _ }
: : 6 5c 3,4-MeOGHj3 2 20 6535 84
3 la Cu(OAcyr 24 75 88:12 55:45 47
: : 7 5d 2-CICsH4 24 45 NR NR
4 la Co(OAcy 24 66 72:28 57:43 54
" : 8 5e 2-NOCeH4 24 45 NR NR
5 la Mn(OAc), 12 100 77:23 57:43 62 .
. : : 9 5f 4-ClICgH4 36 45 7525 85
6 la Ni(OAc), 10 100 87:13 57:43 65 10 5 4-NO,CeH 36 45 73:97 89
7 la Mg(OTf), 24 16 85:15 53:47 44 9 e :
8 la Cu(OTfp 24 78 87:13 53:47 33 aDetermined by HPLC. NR: no reactionCombined isolated yields
9 la Zn(OTf), 5.5 100 >95:5 56:44 77 of 6 and 7 after column chromatography. NR: no reactiéombined
10 la La(OTf)3 12 100 >95:5 57:43 59 isolated yield of6f and 7f along with 17% of undesired compounds.
11 la Y(OTf)s 3.5 100 >95:5 57:43 53 d Combined isolated yield o6g and 7g along with 24% of undesired

12 la Sm(OTfy 6 100 >95:5 55:45 52 compounds.
13 la Yb(OTflz 4 100 >95:5 59:41 90 (87)
14 1b  Yb(OTf); 2 100 >95:5 55:45 97 (93)
a ) . . . diastereomet§ (entries 9 and 10). The bromoazidation 5ff
Determined byH NMR spectrum analysis of the crude reaction mixture . .
with succinic anhydride as an internal standard. Yields in the parenthesesanng r_equwed an excess of rgagents (0.15 equiv of Yb(QTf)
refer to the isolated yields. ND: not determined. 1.8 equiv of NBS, and 2.0 equiv of TM§Nand longer reaction
time for 100% of conversion. Steric effect along with electronic

catalysts showed good results (entriesi8). Among these, Yb-  effect might be responsible for substratéd and 5e not
(OTf); was found to be the best catalyst. It should be noted undergoing the bromoazidation reaction. Stereochemistry of the

that in the absence of Lewis acid the substratedid not brom?fzideﬁ and7 were assigned by analogy with our earlier
undergo the bromoazidation reaction (entry 1). Wherwas work.- . _ B .
treated with TMSN (1.5 equiv) and NBS (1.2 equiv) in GH It was found that oxazolidinone chiral auxiliary provided poor

Cl, in the presence of the Yb(OEfEatalyst (10 mol %) and diastert_eoselectivity (‘_I'a_lble 1) and sultam showed moderate to
MS 4A at room temperature (25C), within 4 h it gave the good d|a_ster'eoselect|V|ty (Table_2) for the Yb(Og'l_’é)ataIy_zed
desired bromoazideZa and3ain good yield (entry 13). Without ~ Promoazidation of and5, respectively. We further investigated
MS 44, 10-15% of halohydroxylated produétwas observed. the_bro_moazidation reaction utﬁ-unsgturated _carboxylic ac_id
The electron-rich cinnamoyl substraté also underwent the ~ derivatives possessin@-symmetry with 2,5-diphenylpyrroli-
clean bromoazidation under the same reaction conditions.din€"’ as a chiral auxiliary. When cinnamidza was treated
However, the diastereoselectivities of the above bromoazidationWith Yb(OTf)3 (0.10 equiv), TMSN (1.5 equiv), and NBS (1.2

reactions were rather low. equiv) in CHCl, at —20 °C, it providedanti-a-bromo43-azido
Yb(OTf)s-catalyzed bromoazidation of Rp-N-cinnamoyl- carbonyl_compoun@awith high diastereoselectivity (dr 95: _

bornanesultansa did not occur at room temperature (Table 2; 05) and in good yield (Table 3; entry 1). However, bromoazi-

entry 1), but at 45C it provided the clean bromoazidéa and dation of 8a at room temperature or at @ showed poor

7awith moderate diastereoselectivity in good yield (entry 2). diastereoselectivity of 50:50 and 62:38, respectively.

This Yb(OTf)-catalyzed bromoazidation reaction was further This bromoazidation reaction was further studied using other
studied with other cinnamoyl substrates. Electron-rich cinnamoyl ¢innamoyl  substrates containing electron-donating and
substrate$b and 5¢ smoothly underwent the bromoazidation -Withdrawing substituents on the aromatic ring as well as
reaction at room temperature and afforded the bromoazides with@/kenoyl substrates. It was found that fi2-naphthyl)-enoyl
good diastereoselectivity and yields (entries 3 and 5). Substratessubstrate3b smoothly underwent bromoazidation (entry 2) with
5b and5c also responded to the bromoazidation reaction even high diastereoselectivity (94:06) &20°C. The more electron-

at lower temperature such as20 °C; however, diastereose- 'ich cinnamoyl substrat@c also efficiently underwent bro-
lectivity went down (entries 4 and 6). Thartho-substituted moazidation reaction with sllg_ht_ly Iowerdlastereoselectlwty (85:
electron-deficient cinnamoyl substratésl and 5e did not 15; entry 3). The electron-deficient cinnamoyl substr8gand
undergo the bromoazidation reaction even at@5However,

substrate$f and5g containing the same electron-withdrawing Cor%’gd’r‘] ddition, a minar amount (£724%) of nonseparable undesired

groups at thepara position_ underwent the bromoa_Zidation (17) Aldous, D. J.; Dutton, W. M.; Steel, P. Getrahedron: Asymmetry
reaction at 45°C and provided a nonseparable mixture of 200Q 11, 2455-2462.
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TABLE 3. Yb(OTf)s-Catalyzed Bromoazidation of 8 In summary, we have developed a Lewis acid catalyzed
Yb(OTf); (0.10 equiv), asymmetric bromoazidation reaction of chivg-unsaturated
o Ph NBS (1.2 equiv) N, O Ph carbonyl compounds with NBS and TMgBs the bromine and
R/\)LN ’ TMSN; (1.5 equiv) R/'\_/”\N ; azide sources. The metal halides and acetates showed poor to
)3 CH,Clp, T Br )j moderate catalytic effect for the bromoazidation reaction, but
g Ph 0 Ph metal triflates were found to be good catalysts. Among the metal
triflates, Yb(OTfy was found to be the best catalyst. Regio-
t T yield® and anti-selectivity of 100% and moderate to good diastereo-
entry  substrate R (h) (Q) dr (%) selectivity (up to 89:11) with good yields were observed when
1 8a CeHs 10 -20 >95:05 80 bornanesultam was used as the chiral auxiliary. Use of the
2 8b 2-naphthy! 8 —20 94:06 91 (2S59-2,5-diphenylpyrolidine as a chiral auxiliary provided
ic gg gi‘a’\&e'_'océ"b 231 _22% ?\?&15 Zj}q very high diastereoselectivity>©05:05) depending upon the
5 8e 2-Nozc§44 2 25 NR NR reaction conditions. Alkenoyl, cinnamoyl, and electron-rich
6 sf 4-CICsH. 30 35  60:40 90 cinnamoyl substrates smoothly underwent the Yb(@Tf)
7 8g 4-NO,CgH4 30 35 5050 8% catalyzed bromoazidation reactions with NBS and TN SThe
8 8h CHs 6 —20 >95:05 87 cinnamoyl substrates possessing electron-withdrawing substit-
9 8i CeH13 24 25 >95:05 75

uents at thgparaposition also responded to the reaction at higher
2 Determined from théH NMR spectrum of the crude reaction mixture.  temperature, but the cinnamoyl substrates containing electron-
NR: no reaction® Isolated yields of puré after column chromatography. withdrawing substituents at thertho position did not. This

NR: no reaction® Combined isolated yield d¥f diastereomers along with thodol ff fficient thod for th thesis of
15% of undesired compound$Determined by HPLC® Combined isolated methodology otlers an emcient method lor he synthesis o

yield of 9g diastereomers along with 24% of undesired compounds. chiral anti-a-bromog-azido carboxylic acid derivatives using
commercially available NBS and TMSMs the bromine and
SCHEME 1 azide sources.
LiOH (1.5 equiv), o N o
. 30% H,0, (10 equiv) Ho’\(-\3©\ . Ho)‘\/\@ Experimental Section
THF:H,0 (10:1), 4°C Br OMe OMe General Procedure for the Bromoazidation of Compounds
10b 11b 1, 5, and 8.To a well-stirred suspended solution of substrgts,
61% 25% or 8 (0.50 mmol) and MS 4A (0.100 g) in dry GBI, (2.5 mL; for

the substrate8, 20% of THF was used when the reaction was

8e similar to 5f and5g, did not undergo any bromoazidation performed at-20 °C) was added Yb(OT£(0.031 g, 0.05 mmol)

reaction under the same reaction conditions, even with the use ; /
under argon atmosphere. The temperature of the reaction mixture

of excess reagents at room .temperature ‘Gpand at 45°C was maintaied as specified in Tables 1, 2, and 3. TWI@ENL mL,
gave mixture of uncharacterized products. However, the sub-g 75 mmol) and NBS (0.107 g, 0.60 mmol) were successively
strates8f and 8g containing the same electron-withdrawing added. Reaction was monitored by TLC, quenched with saturated
groups at thepara position yielded the bromoazidé<9f and NaHCG;, and extracted with C¥Cl, (3 x 30 mL). The combined

9g at 35°C (entries 6 and 7). It is to be noted that bromoazi- organic layers were washed with water, dried ovep$@, and
dation of substrate&f and8g also required, similar to substrates concentrated under vacuum. Flash column chromatography of the
5f and5g, an excess of reagents (0.15 equiv of Yb(QT1).8 crude mixturg using petroleum etheEtOAC as an elgent gave pure
equiv of NBS, and 2.0 equiv of TMS{)land longer reaction ~ @-bromog-azido carbonyl compound3, 6, and9. Minor isomers
time for 100% of conversion. The crotonyl substra8a 7 and of9 could not be isolated in pure form.

underwent bromoazidation reaction-a20 °C and yielded the an_ti-(2R,2'R,3'R)-N-[3’-Azido-2’-brc_)mo—3’j(4-methoxyphenyl)-
o P : . propionyl]-bornanesultam (6b). White solid, mp 144146 °C;
anti-o-bromo-azido carbonyl compoun®h with >95:05 25, = —116.57 ¢ 0.29, CHCH). IR (KBr, cm-Y): 500, 532,

diastereoselectivity and 100% regioselectivity (entry 8). How- 50“17 668. 831 1026 1116. 1136. 1177. 1215. 1255. 1294. 1314 -
ever, alkenoyl substra® showed the reactivity only at room 1359 1384,1459, 1515, 1613, 1693 (CO), 2104 (8342, 2361,
temperature (25C) and provided the bromoazide compound 2961.1H NMR (200 MHz, CDC4): 6 0.99 (s, 3H), 1.17 (s, 3H),
9i with high diastereoselectivity and moderate yield (entry 9). 1.20-1.55 (m, 3H), 1.852.05 (m, 2H), 2.16-2.25 (m, 2H), 3.55
The stereochemistry &was confirmed from the single-crystal (s, 2H), 3.82 (s, 3H), 4.04 (m, 1H), 4.96.10 (m, 2H), 6 94 (dJ
X-ray analysis of major compourft (see Supporting Informa- = 8.6 Hz, 2H), 7.31 (dJ = 8.6 Hz, 2H).:*C NMR (50 MHz,
tion). CDCly): 619.8, 20.6, 26.4, 32.7, 37.5, 44.5,45.2, 47.9, 48.8, 52.9,
Removal of the chiral auxiliary of the bromoazides would 55-2, 65.0, 65.9, 114.2 (2C), 127.1, 129.4 (2C), 160.3, 166.3. Anal.
proide crantomercaly pun . bromop acocanonic | SH o GHEENGS, © taze b 807 N 1126, Pt
acids. As example, an aqueous THF (1.0'1) solution of com- b),/ HPLC’ [ZlORBA’\X éclipse XBD-C18 column, acetonitrile/water
pound6b was treated with LiOH (1.5 equiv) and 30% o$®}

) . s . . (80/20 v/v), 1 mL/min, 250 nm].
(10 equiv) at—4 °C. Within 6 h, it produced thanti-a-bromo- anti-(2 R 3R,25,59)-1-[3 -Azido-2 -bromo-3-phenyl-propionyl-

p-azido carboxylic amdLOp in 61% yield along with a minor 5 5_dinhenyl-pyrrolidine (9a). White solid, mp 167-169°C: [a]2%
amount (25%) of parent cinnamic acddb (Scheme 1), which = —248.30 ¢ 0.94, CHC}). IR (KBr, cm1): 466, 536, 570, 604,
might have been produced by retro-bromoazidation reaction 612, 668, 702, 755, 767, 802, 900, 1002, 1028, 1077, 1168, 1205,
under the alkaline condition. Sultam chiral auxiliary was 1308, 1359, 1418, 1452, 1493, 1583, 1660 (CO), 21L), 2842,
recovered in 88% yield, and its optical purity was the same as 2361, 2961, 3028, 3057H NMR (200 MHz, CDC}): ¢ 1.60-
that of the parent sultam. 2.05 (m, 2H), 2.352.75 (m, 2H), 4.12 (dJ = 10.5 Hz, 1H), 4.94
(d,J = 10.5 Hz, 1H), 5.36 (dJ = 7.7 Hz, 1H), 5.60 (d,) = 7.7

(18) In addition, a minor amount (£324%) of nonseparable undesired ~ Hz, 1H), 6.75-6.90 (m, 2H), 7.08-7.65 (m, 13H).X*C NMR (50
compounds was obtained. MHz, CDCL): 6 30.6, 32.9, 45.5, 62.4 (2C), 66.2, 125.1 (2C),
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10b; H, 13C, and DEPT-135 NMR spectra of bromoazide®,
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