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ABSTRACT

0 07_.‘\é Oy, -OH
a LDA, THF % _ o H%H
770 N0 Xeox Ny HO™ Yo
5 1

3:*=Rat-78°C *=R
4:*=Sat-20°C 2:*=8

A means to induce dehydrodimerization of Seebach’s oxazolidinone (5), the stereochemical outcome of which is entirely temperature dependent,

is described. The resultant dimers 3 and 4 are precursors to (  R,R)-o,0-biproline (1) and meso-o,0'-biproline (2), respectively. An
organohypobromite and an iminium halide are proposed to serve as electrophiles in the reaction with the enolate of 5 to give 3 and 4,
respectively.

Oxidative dimerization of amino acids at theirpositions
can yield several useful derivatives of diamino succinic acid. Scheme 1. Dehydrodimerization Reaction &
The C,-symmetric diamino functionality of thinreoisomers

is especially interesting from the viewpoint of organocataly-

sis! To our knowledge, the enantioselective synthesis of 34 - % QN e
amino acid dimers other than glycine has not been achieved. oo
Herein, we wish to report the first synthesis &,R)-o,a'- N LDA, THF 6 (Trace)
biproline (1) andmeso-a,a'-biproline (2) via the biprolyl -0 ~78°C

oxazolidinones3 and 4, respectively, that in turn were 4\ BrCH,CH,Br 0 Oymé
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obtained from the diastereoselective dimerization of the 5
pivaloyl oxazolidin-5-one derivative of prolin&(Seebach’s

oxazolidinone&, Scheme 1). (Not Observed)
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that they undergo at their-carbons. The pivaloyl oxazoli-

1.*=R 3:*=R dinones of several amino acids undergo stereoselective
27=8 47=s alkylation at theiro-carbons, either directly or indirectly,
Derivatization of amino acids as their oxazolidin-5-ones due to the steric bulk of thtert-butyl group: Consequently,

with bulky, nonenolizable aldehydes such as pivalaldehyde 5 has been used extensively for the preparation of optically
pure a-substituted proline derivativées.
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In one of our uses db, our initial aim was the synthesis
of the C2-linked bioxazolidinon@ by alkylating the lithium
enolate of5 with dibromoethane (Scheme 1). However,
instead of obtaining7, we observed the formation of
dehydrodimers3 and 4, plus a trace of the monoalkylated
product6. Runs of the reaction at20 °C resulted primarily
in the formation of4 while subsequent runs at78 °C
yielded3 as the major diastereomer (Table 1). Although some

Table 1. Effects of Temperature, Counterion, and Halogen
Equivalent on the Ratio d8 and4

entry T (°C) HMPA (3 equiv) E¢ 3/4 yield (%)

1 —178 yes a 13:1 63

2 —-178 yes b 10:1 83

3 —78 no b 15:1 43 Figure 1. X-ray crystal structures a3 (left) and4 (right).

4 —-55 no b 8:1 74

5 —55 yes b 8:1 85

6 —40 no b 41 65 base enolates usingland the photochemical dimerization

7 —40 yes b 3:2 75 of pyroglutamic acid? In both cases, radical intermediates

5 730 1o b L2 % have been implicated

9 -30 yes b <1:20 70 . o o .
10 —20 yes b <1:20 56 To probe the role of the vicinal dihalide dibromoethane
11 —20 no b 1:9 46 in the dehydrodimerizaton reaction 6f we examined the
12 -78 no c 6:1 45 reaction mixture byH NMR and observed the presence of
13 —78 no d  <1:20 40 ethylene. For want of more tangible evidence of the apparent
aHalogen equivalents: a, dibromoethane: b, 1,2-dibromo-1-phenylethane; d€halogenation in the dimerization reaction, tiedihalide

¢, iodine; d, 1,2-dibromo-1-phenyletharesilver triflate (1 equiv). 1,2-dibromo-1-phenylethane was used in the reaction (Table

1, entry 2). Styrene was isolated as the byproduct in the
S _ . dehydrodimerization reaction, thereby indicating that.fice
facial bias is to be expected during the reaction due to the gihalides, dibromoethane and 1,2-dibromo-1-phenylethane,
asymmetric nature db, this neither explains the formation  essentially function as halogen equivalents in this reaction.
of 3 and 4 nor does it explain the highly intriguing \ve also were able to use iodine, albeit with lower yields
temperature-dependent “flip” in diastereoselectivity. (Table 1, entry 12).

Both biprolyl oxazolidinones were crystalline solids that ~ ap increase in temperature caused a gradual "flip” in the
were obtained pure from a fast crude crystallization followed gi3stereomeric ratio of3/4. At higher temperaturest

by a slow fractional crystallization from MeOH/I. The  ,reqominated, whil® predominated at lower temperatures

absolute stereochemistry of thex@toms 03 and4was jrespective of the mode of addition of reactants (normal
confirmed by X-ray crystallography to bR,Rand RS, yersus inverse addition). HMPA had a modest effect, wherein
respectively (Figure 1). it generally resulted in increased formation 4f Perhaps

Halog?ns @ Brz) and halogen equivalentsead-based e most intriguing effect was that seen with the addition of
oxidants’ and molecular oxygérare known to function as 1 equiv of silver triflate to the reaction employing 1,2-

oxidizing agents in the dimerization of enolates and other dibromo-1-phenylethane at78°C (Table 1, entry 13). This
carbanions. Specifically, dibromoethane is known to oxida- 4qgition resulted in a complete reversal of the diastereomeric
tively dimerize dithiane aniorfSWith respect to amino acids, 4o whereby4 now predominated.

the only known dimerizations are those with glycine Schiff- Since the captodative-carbon of5 seemed potentially

(4) (@) Beck, A. K.: Blank, S.. Job, K.: Seebach, D.; Sommerfeld, T susceptible to free-radical reactions, experiments were
Org. Synth1995,72, 62-73. (b) Isono, N.; Mori, MJ. Org. Chem1996, conducted to examine such a possible mechanism. In one

61, 7867—-7862. . case, benzophenone, a known inhibitor efrriediated
(5) The crystal structure o8 appears to be unique. The molecular . o & . N
symmetry of R,R)-biprolyl oxazolidinone is a 2-fold rotation. In the dimerization of enolates,was added to the dimerization

|Crystal(;ine form four molecullles are hf_ouznggl iIrCIi the unit cell, eggjhbof v]yhich is reaction of5 at a level of 5 mol %. Under these conditions,
ocated on an unique crystallographic 2-fold axis: space g as four ; ; ;

unique crystallographic 2-fold axes. Thus, the asymmetric unit contains four- 3 and 4lwere .Stlll formeC.I' This re_SUIt was nOF viewed as
half molecules. The Zorky notation for this structureP®, Z = 8(2%). No conclusive evidence against a radical mechanism, however,
molecular structure with similar attributes was found in the Cambridge gjnce benzophenone also functioned as an electrophile in the

Structural Database (Allen, F. Acta Crystallogr.2002,B58, 380—388). . .
(6) Alvarez-lbarra, C.; Csaky, A. G.; Colemenero, B.: Quiroga, MJ.L. reaction where it gave the alcohol adduct withStronger

Org. Chem.1997,62, 2478—2482. evidence against a radical mechanism was provided with the
(7) Chen. Y.; Yudin, A. K.Tetrahedron Lett2003,44, 4865—4868.

(8) Goetze, J.; Kampfer, HChem. Ber1966,99, 1851—1860.
(9) Saleur, D.; Bouillon, J. P.; Portella, Cetrahedron Lett2000,41, (10) Obata, N.; Niimura, KJ. Chem. SocChem. Commuri977, 238—
321—-324. 239.
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free radical inhibitom+-dinitrobenzene, which has been used
previously in examining the potential involvement of free
radicals in the dimerization of dithian@s:urthermore, we
found thatm-dinitrobenzene inhibits the-imediated dimer-

We postulate that of the possible intermediates formed in
the reaction o8 with avic-dihalide (Scheme 2) intermediates
9 and 11 would seem to be the most likely to function as
electrophiles in subsequent reactions with endg&cheme

ization of Schiff-base enolates of glycine, a process that has3). Alkylations of 8 have been shown to occur on the syn

been shown to involve free radic&lsm-Dinitrobenzene
concentrations of 5, 10, and 150 mol % with respecbto
failed to inhibit the dimerization reaction & Thus, the
dimerization of5 appears to involve a mechanism other than
one that involves radical intermediates.

In the reaction of the enolate &f intermediate8, with a
vic-dihalide, one can envision the possible formation of either
an O-brominated producdt, organohypobromit® (Scheme
2, pathway a), or £-brominated producgem-haloamine

Scheme 2. Formation of the Organohypobromite, Iminium,
andgem-Haloamine Intermediates
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10 (Scheme 2, pathway b). The latter is the result of attack

from the bottom face of the enolate as predicted by Seebach’s

concept of self-reproduction of chirality that is inherent in
82 This lithium—bromonium exchange is akin to that
proposed in the dimerization of dithiane anions with dibro-
moethané.

If 10 were formed, the elimination of bromide from this
haloamine would give iminium intermediaitéd, which could
exist in equilibrium with haloaminel?2? as a result of
bromide attack on the less sterically hindered sidel bf
One also can envision the organohypobronditbreaking
down to givell. Another possible route to iminiurhl
involves pathway c¢ and the formation efalkylated oxazo-
lidinone 13. A subsequent Grob-type fragmentatfdnvolv-
ing the elimination of alkene and bromide froh3 would
yield 11. However, this pathway seems unlikely given that
the reaction of the enolate Bfwith bromoethyl triflate yields
cleanly the 2-bromoethyl alkylated oxazolidino&s the
sole stable product.

(11) Pradhan, B. P.; Chakraborty, S.; Sinha, RInd. J. Chem1995,
34B, 178—-182.

(12) Mayr, H.; Armin, R. O.; Ernst-Ulrich, W.; Nicola, C. Al. Am.
Chem. Soc1997,119, 12727—-12733.

(13) Grob, C. A.Angew. Chemlnt. Ed. Engl.1969,8, 535—546.
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Scheme 3. Reaction of8 with 9 or 11

side of the pseudoequatorialt-butyl group because of the
steric hindrance provided by the axial hydrogéidso, we
have found that witl8 the stereoselectivity of alkylation does
not change with increasing temperature. The attadéfaim

its preferred bottom face on the analogous prefereddce

of 9 would give 3. In the case ofl1, the relatively flat
conformation of this species is structurally analogous to the
enolates of oxazolidinone derivatives of amino acids where
the nitrogen is acylated or carbamoylateth such enolates,
alkylation occursanti to thetert-butyl group because of its
pseudoaxial position. The pseudoaxial orientation oténie
butyl group of11, in an analogous fashion, makes tiee
face of the iminium species quite hindered, thus favoring
the approach 08 to thesi face to give4.

Electrophilic attack orl0is viewed as unlikely, since its
energy-minimized structure shows its top face to have a
concave nature that is heavily shielded by axial hydrogens.
An energy calculation (CVFF force field) di? showed the
trans-fusion geometry to be about 0.45 kcal more stable than
the cis-fused conformation. This may be due to steric
interactions between théert-butyl group and the axial
hydrogens of the pyrrolidine ring that exist in the latter
conformation. Therans-form, in a fashion analogous &
positions theert-butyl group in an equatorial position thereby
minimizing its steric effect. This could allow enolaeto
attack from the side opposite that of the bromo group thereby
giving 3. Such an attack would probably be much more
sterically demanding than the attack&dn 9, however, and
thus much less likely to be the mechanism behind the
formation of 3.

If 9 and11 are indeed the electrophiles that react wath
to form 3 and 4, respectively, then it appears that at low
temperature® is initially formed and that it is able to react
with 8 to give 3 before decomposing tdl. As the
temperature is increased the decomposition9ofo 11
increasingly competes with the reaction betwé&eand 8,
and thus, increasing levels éfare observed &&reacts with
11that is formed. The observed decrease in the rati@/sf
with the use of 4 may reflect the greater instability of the
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organohypoiodite intermediate versus the organohypobromite Acid stability of Co(R)-alkyl/aryl derivatives o0b is well
intermediate. The dramatic reversal in the diastereomericdocumented, and it is attributed to steric hindrance from

ratio with the addition of silver triflate likely comes about
because silver triflate facilitates the breakdown9ab 11
as a result of the formation of AgBr.

The bioxazolidinones3 and 4 were found to exhibit
different susceptibilities to hydrolysis. Dimé& proved to

diaxial interactions in forming the tetrahedral transition state.
Such steric hindrance is not as problematical in tlogS)-
oxazolidinone ring. Furthermore, once theuS)-oxazoli-
dinone ring is hydrolyzed the hydrolysis of the remaining
Ca(R)-oxazolidinone ring is enhanced, possibly through

be extremely resistant to hydrolysis. Previously, we showed intramolecular catalysis involving either the amino or car-
that alkylated products of Seebach’s oxazolidinone can bePOxyl functionalities of the newly formed amino acid.

successfully hydrolyzed with silica gel in a mixture of MeOH
and HO . This method proved ineffective f@both at room

In summary, the synthesis of the novielR-o.,a'-biproline
(1) andmeseo,o'-biproline ) via a temperature-dependent

temperature and under reflux conditions. Instead, heating atdiastereoselective dimerization of the pivaloyl oxazolidin-

reflux in 6 N HCI overnight was required to givie On the
other hand4 was found to be very susceptible to hydrolysis.
It broke down ta2 in plain water, albeit at a slow rate, while
it was quickly converted t@ with silica gel in methanol
and water.

We observed a difference in hydrolytic susceptibility
between the two oxazolidinone rings df when 4 was
subjected to hydrolysis with 1 N HCI. Exposure4fo 1 N
HCI for 20—30 s followed by neutralization with ¥CO;
yielded a mixture oR, 4, and14%in a ratio of 6:1:9 (Scheme
4). Exposure of the above mixture to 1 N HCI for an

Scheme 4. Hydrolysis of4in 1 N HCI
o]

1) 1N HClI - OH
20-30 sec rRI -
4 —» 2 + 4 + i\l“‘ S NH
2) K,CO, % N0

14

additional 1—2 min resulted in the complete hydrolysis of
14 to 2. Mono-oxazolidinonel4 also was found to break-
down to2 in D,O within 10—15 min.

(14) Genin, M. J.; Baures, P. W.; Johnson, RTetrahedron Lett1994
35, 4767—4968.
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5-one derivative of proline has been achieved. Since several
other amino acids form oxazolidinones with pivalaldehyde,
benzaldehyde, and other bulky nonenolizable aldehydes, this
dehydrodimerization reaction with its temperature-dependent
“flip” in diastereoselectivity may serve as a means of
dimerizing amino acids with a predictable stereochemical
outcome.
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