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Abstract: The reactions ofti-bromo oxazolidinone imides of acetic and propionic acid and terminal and internal
alkenes were investigated in the presence of Lewis acids. Thus, the primary bromide, bromoacetyl-2-
oxazolidinone amidel(, undegoes clean atom-transfer addition to 1-hexene as weib-asr trans-3-hexene

at room temperature or below. The best Lewis acids for this conversion are S&(@tfyb(Otf}. Quantitative

yields are obtained with Yb(O#)for addtion of the bromide to both 1-hexene arigt3-hexene, while the

yield with trans-3-hexene is 63%. Yields obtained with Sc(@tye somewhat lower. The effects of solvent,
temperature, and Lewis acid loading have been investigated. The secondary broinideoproprionyl-2-
oxazolidinone amide7), was also investigated in atom-transfer addition to 1-hexene. Yields are comparable
to those in the reaction of with 1-hexene, but internal alkenes fail to react with this substrate. Tertiary
bromides do not react with any of the alkenes studied. Control of stereochemistry in the atom-transfer addition
is possible by the use of chiral auxiliary oxazolidinones. Thus, the benzyl oxazolidinone and isopropyl analogue
give excellent control of configuration in the new stereogenic center generated in the addition of the propionate
to 1-hexene. Attempts to achieve enantioselective atom-transfer addition fail to give product in high yield or
stereoselectivity.

Atom-transfer addition, sometimes called the Kharasch reac- required in order to obtain moderate yields in analogous
tion, has been the focus of extensive investigation in recent transformations. Often the halogenated compound is the more
years. This transformation, shown in egs 1 and 2, results in theexpensive or difficult to obtain of the starting materials.
addition of R-X to a carbor-carbon double bon#:> Although There are additional limitations in the existing atom-transfer
respectable yields are possible with certain)Ralkene com- methodology. The higher reactivity of iodides can be a drawback
binations, recent studies have provided insight into some of the as the products are more liable to decompose and are sometimes
limitations of intermolecular atom-transfer reactions and how difficult to isolate. Only terminal alkenes give good yields, even
these limitations might be overcome. in reactions with iodo ester derivatives. This limits the scope

. of intermolecular atom-transfer reactions in synthesis. Finally,
R+ S ——— Bomp ) halo precusors are preferred that have two electron-withdrawing
groups on the carbon bearing halide. Thus, bromo and iodo
R\/)|(\ . eR @ malonates and malononitriles are much better substrates than
R simplea-halo esters or nitriles, and this may limit the scope of
applications.

The use of Lewis acids in free radical reactiori$ offers
ghe possibility to improve the reactivity of sluggish atom-transfer
reactions ofa-halo esters, nitriles, or amides. This can be

The classical Kharasch reaction, where Ris a polyhalo-
methane such as carbon tetrachlofidgpically requires high
reaction temperatures, long reaction times, and large excesse
of the halogenated starting material to ensure efficient propaga-
tion and good yields. On the other hand, choosirgstarting (6) Guindon, Y.; Yoakim, C.; Lemieux, R.; Boisvert, L.; Delorme, D.;
materials which are both electrophilic and with=XI leads to Lavallee, J.-FTetrahedron Lett199Q 31, 2845. (b) Guindon, Y.; Lavallee,

i i vi i i iti J.-F.; Llinas-Brunet, M.; Horner, G.; RancourtJJAm. Chem. Sod.991,
an |mpr0vement inyield .and a moderation of reaction conditions 113 9701 () Brunner, H.: Bluechel C.. Doyle. M. Organomet, Chemn.
required for the conversion. These features presumably enhancggg7 541 89.
the rate of both propagation steps, addition and atom transfer. (7) (a) Guindon, Y.; Guerin, B.; Chabot, C.; Ogilvie, \W. Am. Chem.
Atom-transfer additions are generally favored as Br > Cl 200-1993 118h12528- (bl) Guindon, Y. Gueriln,CBH; Ran%%urtéJé; CFa)lbot,
v ERVER e T .; Mackintosh, N.; Ogilvie, W. WPure Appl. Chem1996 68 89. (c
= Xin R—Xsince t_h!s is the order of r_eact|V|_ty in ecf2ndeed, Guindon, Y.: Jung, G.. Guerin, B.: Ogilvie, W. VBynlett1998 213.
atom-transfer additions occur readily foriodo esters and (8) (a) Sibi, M. P.; Ji, JJ. Org. Chem1996 61, 6090. (b) Sibi, M. P_;

malonates, while large excessesoebromo compounds are  Ji, J.Angew. Cheml996 35, 190. (c) Sibi, M. P.; Ji, J. GAngew. Chem.
1997, 36, 274. (d) Sibi, M. P.; Shay, J. J.; Ji, J. Getrahedron Lett1997,
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Scheme 1.Atom-Transfer Reactions with Primary Bromide  Table 2. Effect of Lewis Acid on Conversion with Primary
Bromide*

o] o
Lewis acid i ith conversion with conversion with
Br\)k /\/Y\/lL conversion wi
N NN o
’ //\:2 + 7 0.5eq Et3B/0, s B 3:2 Lewis acid NN _ TN ‘/:ﬁ
o o
none 25% <10% <10%
Table 1. Products from Atom-Transfer Reactions with AMASEO”T” 2‘;; :;3% :g;
> A A A
alkene bromide products reduced products 52((8122 j;:f’ ;(1)(;% <:g:i°
3 /o o <10%
0 o] Eu(OTf)5 54% 19% 1%
e~ A Sc(OTf); 86% 47% 23%
N N
N ng ):2 Yb(OTH), 100% 100% 63%
o 2(H O
2 - - - - -
a All reactions were carried out with 5 equiv of alkene, 1 equiv of
= Lewis acid, 25°C, 1,2-dichloroethane solvent, 0.5 equiv of;EEt
o /\j\j\ Conversion was determined by NMR of crude product with 1 equiv of
or p 9 CH,CI, standard added.
e Br o 0 . . .
= 3 O s © Scheme 2.Competition between Terminal and Cis Alkenes

Br — 25°C, 1,2-DCE
F 1 eq Lewis acid

[e] and o O
4 4(H) /\/\‘/\)L )(O
(10 eq of each) 8 N /
r
o (0]
gil/\)LN/} /j/\)\N/} With Yb(OTf)3 With Sc(OTf);
5 O}—O %O alkene Direct® Reduced® alkene Direct® Reduced®
and
o

o O
SRS R ~A AL
/_/:/_/ N/w N/w HJ\N o . and 1hr, 0.5 eq Et3B I )
o)‘O

/T 5(H) O
and ° AV 79% 81% AN 73% 75%
WQ N):z TN 2% 19% NN 2% 25%
6 o 6(H) O Reaction went to completion Reaction consumed 64% of starting material.

The remainder was unreacted.

aPercent conversion determined by NMR analysis of bromide
) ) ) ) ) products? Percent conversion determined by GC analysis of reducted
achieved by increasing the electron-withdrawing nature of the products.

group attached to the carbon bearing halogen via complexation

with a Lewis acid. This should increase both the rate of the the starting alkene with 1 equiv of Sc(O3fpr 40 min at room
addition of thea-carbonyl radical to the alkene and perhaps temperature is sufficient to convert over 80% of 2-ethyl-1-butene
also the halogen abstraction by the resulting nucleophilic carboninto 3-methyl-2-pentene.

radical. Indeed, Guindon and collaborators have shown that A series of Lewis acids was surveyed with three of the alkenes
allyl-transfer reactions from allyltrimethylsilane to radicals to determine which were most effective at promoting atom-
to carbonyls proceed through an atom-transfer addition promotedtransfer reactions (Table 2). In the absence of a Lewis acid,
by Lewis acids. We report here experiments that explore a set poor conversion was seen. Several common Lewis acids (e.g.,
of Lewis acid-promoted atom-transfer reactions. These experi- MgBr, Zn(OTf), and La(OTf}), which are effective promoters
ments lead to the conclusion that Lewis acids provide an of free radical allyl-transfer reactidh® failed to improve
opportunity to expand the scope of atom-transfer addition conversion significantly. Sc(OTf)performed moderately well

reactions. with the primary bromide, while Yb(OT$)gave the best results
_ _ for the systems studied. The reactions utilizing Yb(QVfgre,
Results and Discussion in general, rapid and efficient; complete conversion was seen
The first system chosen for study was the reaction of the Within 15 min at room temperature. _
primary bromide, bromoacetyl 2-oxazolidinone amitlg'¢ with Conversion also varied depending on the degree of substitu-

arange of simple alkenes (Scheme 1 and Table 1). The reactiond!On on the alkene. To provide direct comparisons of reactivity,
generally proceed cleanly, giving only the desired product and COMPetition experiments were performed. In the first example,
unreacted starting material. The product bromides are stable? terminal alkene, 1-hexene, andigdisubstituted alkenejs-
enough to be chromatographed on silica, to be isolated, and to3-he€xene, were compared by reacting 10 equiv of each in the
be stored. All of the bromide products could be reduced S@me potwithl (Scheme 2). Analysis of the product mixtures
quantitatively by treatment with (TM$SiH at 75°C in benzene was determined both by integration of NMR sgnals unigue to
with AIBN initiation to give product2—6 (H) that could be each product and by gas chromatography analysis of the reduced
analyzed by gas chromatography. products. Agreement between the two methods was good. In
In reactions with 2-ethyl-1-butene, two addition produts, ~ '€actions with Yb(OTH and Sc(OTf, there is a strong
and 6, were observed. Compoursl results from the atom- preference for reaction with 1-hexene owis-3-hexene. This
transfer reaction of with 3-methyl-2-pentene, formed by Lewis 1S not surprising, given the usual prefe_rence for_radical addition
acid-catalyzed rearrangement of the starting alkene. This rear-t0 the less substituted end of an olefin for steric readens.

rangement is favored thermodynamically and does not require  (15) (a) Tedder, J. MAngew. Chem., Int. Ed. Engl982, 21, 401. For

the presence of initiator or bromide to occur; simply stirring a discussion of acyclic diastereoselection in radical reactions, see: (b)

Curran, D. P.; Porter, N. A.; Giese, Btereochemistry of Radical Reactipns
(14) Bromidel was synthesized via a procedure given in the following: VCH: Weinheim, 1995. (c) Porter, N. A.; Giese, B.; Curran, DAEx.

Narasaka, K.; Shimada, S.; Yamadalsi. J. Chem1991 31, 261. Chem. Resl199], 24, 296. (d) Smadja, WSynlett1994 1.
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Table 3. Alkene and Lewis Acid Concentration Effects with Scheme 3. Atom-Transfer Reactions of Secondary and
Primary Bromidé Tertiary Bromides
conversion with conversion with  conversion with o o
t Sc(OTf) Ik O TN J=/_ Br Lewis acid
en C alkene
v s Z N B v N
0.5eq Et3B/0,
1 1.0 eq. 1eq. 76% 41% 18% 0)_0 Br 5 0
2 1.0 eq. 2eq. 74% 45% 22% 7 9
3 1.0 eq. 5 eq. 86% 47% 23%
4 0.50 eq. 5eq. 71% 46% 21%
5 0.25 eq. 5eq. 53% 26% 17% 5 o Lewis acid
6 0.10 eq. 5eq. 43% <10% <10% '%LN o~ no reaction
7 none 5eq. 25% <10% <10% Q * 0.5eq Et3B/0;
o

aAll reactions were carried out at 2%, 1 h, 0.5 equiv of BEB/O, 8

initiation, 1,2-dichloroethane solvent. Table 4. Alkene and Lewis Acid Concentration and Temperature

To compare the reactivities of cis vs trans alkenes, a compe- ETeCts With Secondary Bromide

tition experiment witrcis-3-hexene anttans-4-octene was per- ~ entry  Sc(OTf} (equiv) T(°C) 1-hexene (equiv) conversion (%)

formed. Direct NMR analysis of the bromide products proved 1 1.0 25 1 74
impossible as the signals for both products overlapped. Gas chro- 2 1.0 25 2 100
matography analysis of the reduced products, however, shows 3 10 25 5 100
a 2:1 preference for reaction with the cis alkene as opposed to 4 0.50 25 5 95

. . o . . 5 0.25 25 5 90
the trans alkene. It is possible that this difference in reactivity g 0.10 25 5 73
could lie in part with the relative stabilities of cis vs trans al- 7 none 25 5 32
kenes. In both cases, an identieabond is formed, but with 8 1.0 0 5 100
the cis alkene, a weakarbond is being broken in the process. 9 1.0 —40 5 60

The difference in reactivity could also be explained by the ease " a a|| reactions were carried out with 0.5 equiv 0f:BIO initiation,
with which each alkene can approach the radical center. The cis1,2-dichloroethane solvent.
alkene may provide a less sterically demanding transition state.
In addition to studying the effects of different Lewis acids described for the reactions of the primary bromidéScheme
on conversion, both alkene and Lewis acid concentrations were3). The secondary bromide reacts with 1-hexene to give product
varied to determine the effects on the yields (Table 3). Varying 9 in good to excellent yields if scandium or yterbium Lewis
the amount of alkene from 5 to 1 equiv (entries3) only acids are used to promote the reaction.
slightly decreased the yields. Lowering the amount of Lewis  While 7 reacts efficiently with terminal alkenes in the
acid present to substoichiometric amounts (entrieg)3lid have presence of a Lewis acid, reaction of this bromide with any
a negative effect on conversion. Both starting material and internal alkene (cis or trans) gives very little conversion. Instead,
product are capable of complexing the Lewis acid, and the 7is recovered almost quantitatively. The tertiary bron8dtoes
product would be expected to be a slightly better substrate, asnot react with either terminal or internal alkenes under any of
the electronegative bromine is now remote from the oxazoli- the conditions studied.
dinone auxiliary. A series of Lewis acids was surveyed to determine their effect
The effect of temperature on the transformation was also on the reactivity of the secondary bromide with 1-hexene. Again,
studied. Not surprisingly, lowering the temperature lowered the both Yb(OTfs and Sc(OTf} proved to be effective promoters
yields. At lower temperatures, the radical chains become more of the atom-transfer reaction. Complete conversion is possible
difficult to sustain, and conversions drop accordingly.-A40 with 7 in the presence of Sc(OTf)in contrast to the reaction
°C, conversion of 1-hexene promoted by scandium triflate drops with primary bromidel. Varying the alkene concentration, Sc-
to 55% from 86% at 28C under conditions that are otherwise (OTf); concentration, and temperature had much the same
the same. Finally, the reaction was surveyed in a series of effects as in the experiments with(Table 4). The reaction
solvents. The best solvent studied was 1,2-dichloroethane, withwas tolerant of lowering alkene concentration (entries31L
ether being a close second. Dichloromethane gave generallyLowering the amount of Sc(OTf)present (entries-37) does
poorer conversion than dichloroethane and ether, while THF, not have as great an impact as in the reactioh @fonversions
ethyl acetate, benzene, and acetonitrile gave little or no as high as 90% are possible with as little as 0.25 equiv of Lewis
conversion. acid. Lowering the temperature also has less of an impact
The solubility of the starting bromide and Lewis acid appeared (entries 3, 8, and 9), although the yields still suffer-at0 °C.
to have a significant effect on conversion. Solvents which Sc(OTfy appears to be an ideal choice of Lewis acid for this
completely solubilized both the starting material and Sc(@Tf) particular substrate. The effects of different solvents on conver-
(tetrahydrofuran, ethyl acetate, acetonitrile) gave poor results. sion mirrored those found with reactions of the primary bromide
Presumably, the scandium complexes with the solvent rather(data not shown).
than the starting bromidé&, and no rate enhancement is possible.  The reduction in reactivity of botli and8 compared tdl in
Benzene solubilized neither starting bromide nor Sc(@Tf) the reaction with internal alkenes is likely a result of both
Again, with little complexation between the starting material electronic effects and steric effects. The attached methyl groups
and scandium, poor conversion was seen. Although ScgOTf) should both render the-carbonyl radical more electron rich
was not soluble by itself in 1,2-dichloroethane or ether, addition than is the case for primary radicals and make the approach to
of the bromide starting material did partially solubilize some the transition state more sterically crowded. The electronic effect
(but not all) of the Lewis acid. Similar solubility characteristics is significant enough that Curran has shown, in the atom-transfer

were seen in reactions with Yb(OEf) reaction of tertiary iodoesters with alkynes, that the radical
Lewis Acid-Promoted Atom-Transfer Reactions of Sec- behaves in a nucleophilic rather than an electrophilic fashion,
ondary and Tertiary Bromides. The secondary bromidéand adding cleanly to ester-substituted alkynes but poorly with alkyl-

the tertiary bromide8 were studied under the conditions substituted alkyne$!6.17
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Table 5. Diastereoselectivities in Atom-Transfer Reaction

entry  bromide solvent T(°C) conversion (%) R:S
1 12b 1,2-DCE 25 100 82:18
2 12b 1,2-DCE 25 na 84:16
3 12b ether 25 85 92:8
4 11b 1,2-DCE 25 85 937
5 11b ether 25 >90 95:5
6 1lla ether 25 >90 96:4
7 11b ether 0 44 96:4

a All reactions were carried out with 1 equiv of Sc(OFfp equiv
of 1-hexene, 0.5 equiv of EB/O..

Diastereoselective and Enantioselective Atom-Transfer
Reactions.Diastereoselectivity was studied by employing chiral
oxazolidinone auxiliaries in atom-transfer reactions with 1-hex-
ene. Bromided.0a,band11a,bwere synthesized and reacted
with 1-hexené In both cases, the diastereomerslofand 11

e R 2 R IR

10a

10b 11a
(1st eluting) (2nd eluting) (1st eluting) (2nd eluting)

Mero and Porter

Diastereoselectivities were excellent in all cases, although the
benzyl-substituted oxazolidinone appears to be a better auxiliary
than the isopropyl compound. Ether as solvent gave slightly
higher diastereoselectivities (entries 1 and 2 vs 3 and entry 4
vs 5-7) than 1,2-dichloroethane. Lowering the temperature to
0 °C did not enhance the selectivity greatly (entry 6 vs 7), while
the yield dropped dramatically. Also, as expected, using the first-
eluting diastereomer as opposed to the second-eluting one did
not affect either the conversion or selectivity.

Enantioselective atom-transfer reactions were attempted by
reactingl5with 1-octene in the presence of either Zn(QTd}
Sc(OTfi and ligandl6 under conditions that proved successful
in the diastereoselective atom-transfer reactions. In each case,

15 O Pho 16 PR

1.1 equiv of Lewis acid and 1.0 equiv df6 were used.
Unfortunately, with Zn(OTf)y/16, conversion was very poor
(<15%), and no attempt was made to determine stereoselec-
tivity.

With Sc(OTf), conversion was better (64%), but chiral GC
analysis of the methyl ester derivative showed no enantiose-
lectivity. This result is not entirely surprising, given Sc(Osls)

could be separated by column chromatography, and the absolutéoor performance in enantioselective allyl-transfer reactions

stereochemistry c10aand10b has been established by X-ray
crystallography®

To determine diastereoselectivity in the atom-transfer reac-

(10% ee)f® Sc(OTfk has an appreciable affinity fat6, as
shown by the fact that addition df6 to a suspension of Sc-
(OTf)3, Sc(OTf) quickly solubilizes all of the scandium. Once

tions, the products were reduced, hydrolyzed, and converted tocomplexed tal6, the scandium may no longer be electrophilic
the methyl esters (Scheme 4). Analysis was performed by chiralenough to bind strongly to the carbonyl oxygens of the

Scheme 4.Diastereoselective Atom-Transfer Reaction

o R o R
\)J\ 1 eq. Sc(OTf) )}
r r
o 5 equiv. 0.5 eq Et3B/O, d
10bor 11b 12 (R = benzyl)
13 (R = i-propyl)
o R o R
(TMS)3SiH
N AIBN, 75°C N
Br o ' 0
(e) O)k
12 (H) (R =benzyl)
13 (H) (R =i-propyl)
o R o)
1) LIOOH
N YT OCHj
}—O 2) CH,N,
e} 14

gas chromatography. The absolute stereochemistry of the methyl

using Evans’s enolate chemist¥The results of the diaste-

oxazolidinone auxiliary. Any scandium that remains unbound
to 16, though, is capable of promoting atom-transfer reactions
as usual, leading to racemic products.

The zinc triflatel6 combination was explored further given
its success in allyl-transfer reactions and in enantioselective
copolymerizationg! To improve yields,15 was converted to
the corresponding iodid&7, and the iodide was reacted with
1-octene in the presence of Zn(OJ&nd16. The iodide product
18 was reduced in situ with Zn dust/acetic acid, and isolated
yields of the reduced products were determined after column
chromatography (Scheme 5). The two enantiomer§®ére

Scheme 5. Enantioselective Atom-Transfer Reaction
o]

|
\HLN)iQ Lewis acid,16 Q
17 o 0.5 eq Et3B/0, /\WQ

+

=

¢} (¢}

esters was assigned by co-injection with methyl esters prepared /\MN ~ Zn/HOAc MN ~
| )—-o 19 />—o

reoselective atom-transfer reactions are summarized in Table o o}

5. Conversions were determined by NMR analysis of the crude

bromide products. In all cases, the expeckRdonfiguration

was observed as the major product formed. This expected
configuration is based upon the chelation model of Lewis acid

and oxazolidinone in which the carbonyl-imide-® bond is
fixed in theZ orientation by the Lewis acid. ThéRbsubstituent

of the oxazolidinone then shields one face of the radical, and

this leads to a selective result.

(16) Curran, D. P.; Kim, D.; Ziegler, CTetrahedron1991, 47, 6189.

(17) Curran, D. P.; Kim, DTetrahedron1991 47, 6171.

(18) Reed, A., Duke University, 1997, unpublished work.

(19) Evans, D. A.; Ennis, M. D.; Mathre, D. J. Am. Chem. S0d.982
104, 1737.

separable by chiral gas chromatography, so no derivatization
was required. Again, absolute stereochemistry was assigned by
comparison to materials synthesized by Evans’s enolate chem-
istry.

The results of the atom-transfer reactiond 8fn the presence
of Zn(OTf), and16 are disappointing. Despite the use of iodide
precursors, yields of the reduced products were still quite low,
5—15%. The expecte8enantiomer was formed preferentially,
but selectivities were unimpressive, the best enantiomer ratio
obtained being about 70/30.

(20) Chatgilialoglu, CAcc. Chem. Res.992 25, 188.
(21) Mero, C. L.; Porter, N. A., to be published.
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The difficulty in all of the enantioselective atom-transfer products were dissolved in 5 mL of degassed benzene. Approximately
reactions is in forming a 1:1:1 complex of substrate/Lewis acid/ 1.3 equiv of tris(trimethylsilyl)silane was added and the mixture warmed
chiral ligand that both is formed preferentially to a 1:1 complex 0 75 °C. Approximately 15 mg of AIBN dissolved in 250L of
of substrate and Lewis acid and is capable of promoting the benzene was added and the mixture heated for 2 h. The reaction was

: N .~ quenched with 100 mL of ammonium chloride solution and extracted
g?;r:ﬁiﬂr:? %fg;g:ﬁ:;: ?:tgnte?(\(l:zr”::ty Lbea\;\c/:ilég;z? dn?O:e:;(C;f;' with 100 mL of ether, dried with anhydrous magnesium sulfate, filtered,

- o . and concentrated. Analysis of reduced products was performed by gas
lidinone auxiliaries as long as there are no species present (e.g.chromatography.

ligand 16) capable of competing for complexation. Zinc triflate, 4-Bromooctanoyl 2-Oxazolidinone Amide (2):H NMR 6 4.4 (t,
although not as effective a Lewis acid in the diastereoselective 2H), 4.1 (m, 1H), 4.0 (t, 2H), 3.1 (t, 2H), 2.2 (m, 1H), 2.1 (m, 1H), 1.8
reactions, appears to strike the necessary balance of affinity for(m, 2H), 1.5 (m, 1H), 1.4 (m, 1H), 1.3 (m, 2H), 0.8 (t, 3H}C NMR
oxazolidinone carbonyls and the ligand nitrogens so that 1:1:1 6 172.4, 153.4, 62.1, 57.1, 42.4, 38.9, 33.3, 33.2, 29.6, 22.0, 13.8;
complexes are formed. Additionally, solubility factors work in  HRMS calcd for (MH") C1iH1e"BrNO; 292.0548, found 292.0546.
favor of 1:1:1 complex formation, as only the combination of ~ Octanoyl 2-Oxazolidinone Amide (2H):*H NMR 6 4.3 (t, 2H),

all three elements can solubilize the majority of the zinc present; 3-9 (t 2H), 2.8 (m, 2H), 1.6 (m. 2H), 1.3 (m, 10H), 0.8 (t, 3H)C

zinc triflate and 16 alone are insufficient (compare to the 'I'A':’Ig &sﬂfxlﬁr 15’1345* 61.9, 42.4, 35.0, 31.6, 29.0, 28.9, 24.1, 22.5,
solubility of Sc(OTfy and 16). Unfortunately, the resulting o (MH") .

_ 4-Bromo-3-ethylhexanoyl 2-Oxazolidinone Amide (3) (Mixture
complex does not render the substrate electron-deficient enoughy Diastereomers):IH NMR & 4.4 (t, 2H), 4.2 (m, 1H), 4.0 (t, 2H),

to substantially alter its reactivity compared to the uncomplexed 3 g (m, 2H), 2.2 (m, 1H), 1.8 (m, 2H), 1.5 (m, 2H), 1.0 (t, 3H), 0.9 (m,

substrate in the reactions studied. 3H); 3C NMR 6 172.61, 172.58, 153.37, 64.94, 63.86, 62.03, 61.98,
. 42.64, 42,54, 41.83, 41.56, 37.35, 36.8, 30.04, 29.46, 25.92, 23.09,
Conclusions 13.09, 12.91, 11.86, 11.38; HRMS calcd for (MHC1:1H19"°BrNO3

The use of Lewis acids in free radical chemistry shows 2920548, found 292.0548. )
3-Ethylhexanoyl 2-Oxazolidinone Amide (3H):*H NMR 6 4.4 (t,

tremendous. promisg: the examples reported here of atom-zH)v 4.0 (t, 2H), 2.8 (d, 2H), 1.9 (m, 1H), 1.3 (M, 6H), 0.8 (M, 6H);
transfer addition to simple alkenes opens the door for construc-1sc NMR § 173.4, 153.5, 61.9, 42.6, 39.2, 35.6, 35.3, 26.2, 19.7, 14.3,
tion of complex structures by the use of simple and efficient 10.8: HRMS calcd for (MH) CpiH20NO; 214.1443, found 214.1453.
transformations. The advantages of Lewis acid-promoted atom-  4-Bromo-3-propylheptanoyl 2-Oxazolidinone Amide (4) (Mixture
transfer reactions are several: of Diastereomers):'*H NMR 6 4.4 (t, 2H), 4.2 (m, 1H), 4.0 (m, 2H),

(i) Atom-transfer reactions with both monosubstituted and 3.0 (m, 2H), 2.2 (m, 1H), 1.9 (m, 1H), 1.7 (m, 1H), 1.6 (m, 1H), 1.3
1,2-disubstituted alkenes are possible. Atom-transfer additions(m. 4H), 0.9 (m, 6H);**C NMR 6 172.5, 174.4, 153.4, 153.3, 62.9,
with internal (and perhaps cyclic) alkenes, typically difficult to 2.0, 61.9, 61.8, 42.6, 42.5, 39.7, 39.7, 38.7, 38.2, 37.7, 36.9, 35.2,
achieve except with Curran’s iodomalononitrile systems, are 323 213, 21.2, 20.3, 19.9, 14.1, 13.9, 13.3; HRMS calcd for (MH
possible with Lewis acid-promoted reactions. In effect, Lewis Cuatzs"BrNO; 322.0840, found 322.0842.

; . . . o T 3-Propylheptanoyl 2-Oxazolidinone Amide (4H):*H NMR ¢ 4.4
acn_js activate rathals monosubsutt_jtgd with an amide such that(t’ 2H), 4.0 (t, 2H), 2.8 (d, 2H), 2.0 (m, 1H), 1.3 (m, 10H), 0.8 (t, 6H):
their react|V|ty mirrors the malononitriles of Currart 13C NMR 6 173.3, 153.5, 61.8, 42.5, 39.6, 36.1, 33.8, 33.4, 28.7, 22.9,

(i) Mild reaction conditions and short reaction times are 19.7, 14.3, 14.0; HRMS calcd for (MBI CysH24NO; 242.1756, found
possible with Lewis acid-promoted atom-transfer reactions.  242.1759.

(iii) Bromine atom-transfer reactions are possible rather than  4-Bromo-4-ethylhexanoyl 2-Oxazolidinone Amide (5)!H NMR
just iodine atom transfers. The often necessary step of reducingd 4.4 (t, 2H), 4.0 (t, 2H), 3.1 (m, 2H), 2.1 (m, 2H), 1.8 (m, 4H), 0.9 (t,
or functionalizing the halogenated product is no longer required, 6H); **C NMR 6 172.6, 1534, 78.2, 62.0, 42.5, 356, 35.0, 31.6, 9.6;
given the added stability of brominated products vs iodinated HRMS calcd for (MH) C11H1s™BrNO; 294.0536, found 294.0514.

; ; i »  4-Ethylhexanoyl 2-Oxazolidinone Amide (5H):*H NMR ¢ 4.4 (t,
?Orlefs&r;l;]k;er ?:LoeTr;?setr?/lso provides an excellent synthetic “handle 2H). 4.0 (t, 2H), 2.8 (m. 2H), 1.5 (m. 2H). 1.3 (m. 5H), 0.8 (t, 6HC

. L . . NMR ¢ 173.8, 153.4, 61.9, 42.5, 39.8, 32.6, 27.1, 25.0, 10.7; HRMS
(iv) Excellent stereoselectivities can be achieved with com- o1 for (MH") C11H20NO; 214.1444, found 214.1452.
mer_c_ial_ly available and easily removable and recyclable chiral 4-Bromo-3,4-dimethylhexanoyl 2-Oxazolidinone Amide (6) (Mix-
auxiliaries. ture of Diastereomers):*H NMR 6 4.4 (t, 2H), 4.0 (t, 2G), 3.3 (m,
The work presented here lays the foundation for further 1H), 3.0 (m, 1H), 2.4 (m, 1H), 2.0 (m, 1H), 1.8 (m, 1H), 1.7 (s, 1.5H),
studies and provides an excellent starting point for continued 1.6 (s, 1.5H), 1.1 (t, 3H), 1.0 (d, 3H}}C NMR 6 172.5, 172.4, 153.4,
expansion into the subject of Lewis acid-promoted atom-transfer 62.0, 42.6, 40.2, 39.6, 39.5, 39.2, 36.6, 35.6, 28.7, 27.5, 16.5, 15.9,
reactions. 10.1, 10.0; GCMS for (MH) 292, 294.
3,4-Dimethylhexanoyl 2-Oxazolidinone Amide (6H) (Mixture of
Diastereomers):*H NMR 6 4.4 (t, 2H), 4.0 (t, 2H), 2.9 (m, 1H), 2.7
(m, 1H), 2.1 (m, 1H), 1.4 (m, 2H), 1.1 (m, 1H}C NMR ¢ 173.5,
Typical Atom-Transfer Reaction. In a 10-mL round-bottom flask, 173.3, 61.9, 42.6, 42.5, 40.1, 39.4, 38.7, 38.4, 33.8, 33.0, 27.2, 25.7,
0.225 mmol of thex-bromo oxazolidinone amide and 5 mL of solvent  16.8, 15.7, 14.4, 14.2, 12.1, 12.0; HRMS calcd for (MK11H20NOs
were mixed. Lewis acid was added and the mixture stirred for 15 min. 214.1444, found 214.1442.
The mixture was brought to temperature for 15 min, and alkene and  4-Bromo-2-methyl-octanoyl 2-Oxazolidinone Amide (9) (Mixture
0.5 equiv of E4B (1 N in hexanes) were added sequentially. The flask of Diastereomers): HRMS calcd for MH™ (Ci2H21"°BrNOz + HT)
was capped with a drying tube and stirred for 1 h. The mixture was 306.0704, found 306.0707. After separation by HPLC (33% ethyl
diluted with 100 mL of ether, washed with 75 mL of saturated acetate in hexanes), first-eluting diastereoni&t:NMR 6 4.4 (t, 2H),
ammonium chloride solution, dried with anhydrous magnesium sulfate, 4.1 (m, 1H), 4.0 (m, 2H), 3.9 (m, 1H), 2.3 (m, 1H), 1.8 (m, 3H), 1.5
and filtered, and volatiles were removed by rotary evaporation. (m, 1H), 1.3 (m, 3H), 1.2 (d, 3H), 0.9 (t, 3H¥FC NMR ¢ 176.3, 152.8,
Determinations of yield were made by NMR analysis of crude product 61.9, 55.9, 42.7, 42.3, 39.3, 36.6, 29.6, 22.1, 18.3, 13.9. Second-eluting
mixture with 1 equiv of dichloromethane standard added to the NMR diastereomer:'H NMR 6 4.4 (t, 2H), 4.0 (m, 4H), 2.3 (m, 1H), 1.9
sample. (m, 1H), 1.8 (m, 2H), 1.5 (m, 1H), 1.3 (m, 3H), 1.2 (d, 3H), 0.9 (t,
Typical Tris(trimethylsilyl)silane Reduction of Bromide Prod- 3H); 1%C NMR 6 176.7, 153.0, 61.8, 55.2, 42.8, 42.0, 39.1, 36.3, 29.5,
ucts? In a 25-mL round-bottom flask under argon, the bromide 22.0, 17.2, 13.9.

Experimental Section
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4-Bromo-2-methyloctanoyl (58)-Benzyl-2-oxazolidone) Amide
(12) (Mixture of Major Diastereomers): *H NMR 6 7.2 (m, 5H), 4.6
(m, 1H), 4.2 (m, 2H), 4.0 (m, 2H), 3.3 (m, 1H), 2.7 (m, 1H), 2.4 (m,
1H), 1.9 (m, 3H), 1.5 (m, 1H), 1.3 (m, 3H), 1.2 (2 d, 3H), 0.9 (t, 3H);
13C NMR 0 176.7, 176.3, 152.9, 152.7, 153.4, 153.2, 129.4, 129.3,

Mero and Porter

with anhydrous magnesium sulfate, filtered, and concentrated. An
ethereal solution of 28)-methyloctanoic acid was prepared and

esterified with excess diazomethane generated from Diazald with
Diazald kit. Excess diazomethane was removed by blowing a stream
of argon over the ethereal solution until it was colorless. The solution

129.0, 128.9, 127.4, 127.3, 66.0, 65.9, 55.8, 55.5, 55.3, 55.1, 42.5, 42.0,was dried with anhydrous magnesium sulfate, filtered, and concentrated.
39.2, 39.1, 37.0, 36.7, 29.7, 29.6, 22.2, 22.1, 18.2, 17.3, 13.9; HRMS No further purification was requiredH and*3C NMR spectra were

calcd for (MH") CigH,7"°BrNO; 396.1174, found 398.1181.
4-Bromo-2-methyloctanoyl (58)-Isopropyl-2-oxazolidone) Amide
(13) (Mixture of Major Diastereomers): 'H NMR 6 4.4 (m, 1H), 4.3
(m, 1H), 4.2 (m, 1H), 4.1 (m, 1H), 3.9 (m, 1H), 2.3 (m, 2H), 1.8 (m,
3H), 1.5 (m, 1H), 1.3 (m, 2H), 1.2 (d, 1.5H), 1.1 (d, 1.5H), 0.9 (m,
9H); 1°C NMR 6 176.5, 176.2, 153.5, 153.3, 63.0, 62.9, 58.6, 58.5,

compared to literature values for racenit¢ Chiral GC analysis was
performed at 65C isothermal with 5 psi head pressure of helium.
2-lodopropionyl 2-Oxazolidone Amide (17).A mixture of 1.29 g
(5.8 mmol) of15, 75 mL of acetone, and 2.0 g (13.3 mmol) of Nal
was refluxed overnight in a 100-mL round-bottom flask. The solution
was washed with 75 mL of water and extracted with two 50-mL

55.6, 55.0, 42.6, 42.1, 39.2, 38.9, 36.9, 36.6, 29.7, 29.6, 28.3, 28.2, portions of dichloromethane. The organic extracts were washed with

22.1,18.1,18.0, 17.9, 17.1, 14.6, 14.5, 13.9; HRMS calcd for {(MH
CisH2'BrNO; 350.1174, found 350.1160.

2-Methyloctanoy! (5(S)-Benzyl-2-oxazolidone) Amide (12H)Syn-
thesis of §,3 diastereomer: In a 100-mL round-bottom flask under
argon, 943 mg (3.1 mmol, 1 equiv) b was dissolved in 25 mL of
tetrahydrofuran and cooled t678 °C. Once at temperature, 3.4 mL
(3.4 mmol, 1.1 equiv) of NaHMDS (1 M solution in tetrahydrofuran)
was added and the mixture stirred for 30 min. Methyl iodide (1.0 mL,

50 mL of saturated sodium thiosulfate solution, dried with anhydrous
magnesium sulfate, filtered, and concentrated. The material was
chromatographed on silica with 33% ethyl acetate/hexanes to give 1.1
g (4.12 mmol, 71% yield) of a pale yellow crystalline solithi NMR
0 5.8 (m, 1H), 4.4 (m, 2H), 4.0 (m, 2H), 2.0 (d, 3HFC NMR o
171.5, 152.5, 62.0, 42.8, 22.3, 12.6; HRMS Fhlcd 269.9627, found
269.9628.

Typical Zn/HOAc Dehalogenation Procedure (19. To the crude

15.5 mmol, 5 equiv) was added and stirred for 3 h. The reaction was atom-transfer product mixture, 1.0 mL (17 mmol) of acetic acid was
guenched with 75 mL of saturated ammonium chloride solution and added, followed by 1.0 g (15 mmol) of zinc powder. The mixture was

extracted with 100 mL of ether, dried with anhydrous magnesium

stirred overnight. Workup consisted of diluting with 50 mL of®

sulfate, filtered, concentrated, and chromatographed on silica with 10% and extracting with two 50-mL portions of dichloromethane. The
ethyl acetate in hexanes. Upon concentration, 748 mg (2.4 mmol, 76% organic extracts were washed with 50 mL of sodium bicarbonate

yield) of a colorless oil was obtainedH NMR 6 7.3 (m, 5H), 4.6 (m,
1H), 4.1 (m, 2H), 3.7 (m, 1H), 3.2 (d of d, 1H), 2.7 (d of d, 1H), 1.7
(m, 1H), 1.4 (m, 1H), 1.3 (m, 8H), 1.2 (d, 3H), 0.8 (t, 3HJC NMR

solution, dried with anhydrous magnesium sulfate, filtered, concentrated,
and chromatographed on silica with 33% ethyl acetate/hexanes. Chiral
GC analysis ofl9 was performed at 145C isothermal at 5 psi head

0177.3,153.0, 135.3, 129.4, 128.9, 127.3, 65.9, 55.3, 37.9, 37.7, 33.4,pressure.

31.7,29.3,27.2,22.5,17.3, 14.0; HRMS calcd festG;NO3 317.1991,
found 317.1985.

2-(S)-Methyloctanoyl Methyl Ester ((S)-14). In a 50-mL round-
bottom flask, 640 mg (2.02 mmol) ofS(§-42 and 11 mL of 4:1
tetrahydrofuran/BHO were mixed and cooled to9C. To this solution,
915 uL of 30% H,O, was added and the mixture stirred for 5 min,
followed by addition of a solution of 136 mg of LIOHA® in 7.5 mL
of H,O. The mixture was stirred for 30 min at°C and 1 h aroom
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