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The achiral bis(trimethylsilyl)methyl group acts as an efficient stereochemical determinant of the o-alkylation reaction in  f-branched
o-phenyloxazolidinyl- or  a-diphenyloxazolidinyl- S-lactams and provides the first stereocontrolled access to syn-a-amino- a.S-dialkyl(aryl)- S-
lactams. These products are readily transformed into type Il -turn mimetic surrogates 2B.

During the last two decadeg;turn peptidomimeticshave p-turned conformations in DMSO, whereas tk@nbranched
been sought as promising candidates for drug discovery dueor anti-a,-dialkylateds-lactam peptides collapse to open
to their ability to agonize or antagonize important biological conformations.

processes. We recently have established a novel approach While the synthesis of dipeptide surroga® has been

to the design of type lI3-turn mimeticd based on the addressed for the first time in our laboratonysing the
separation of restriction and recognition elemepticiple a-alkylation of N-[bis(trimethylsilyl)methyl]5-lactams4 as
using the—(a-alkyl-a-amino-#lactam)—{glycine)— segment a key step (Figure 2), the extension of this methodology to
as the betagenid ¢+ 1)—(i + 2)— central core (Figure 1).
In the same report, we provided MD and NMR conforma-
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Figure 2. Stereochemical sense of thealkylation ofa-(4-phenyl-
1,3-oxazolidin-3-yl)-g-lactams.

the preparation ofyn-dialkyl dipeptide®B is not obvious.
Indeed, Ojima and otherhave established that the asym-
metric alkylation of enolates generated by the deprotonation
of pB-substituted monocycli@-lactams invariably leads to
anti-a,S-dialkyl derivatives (e.g5—6).
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22 R'= Ph; R?= CH,=CMeCH,
23 R'= Ph; R?= CH,=CHCH,
24 R'= Ph; R?= Me
R=Ph R=Ph
14R'= Me 25 R'= Me; R?= PhCH,
15R'='Bu 26 R'= Me; R°= CHp=CHCH,
16 R'=Ph 27 R'=Bu; R?= PhCH,

28 R'= Bu; R?= 2NaphthCH,
29 R'= 'Bu; R?= CH,=CHCH,
30R'= iBu; R?=nBu

31 R'=Bu; R?= Me

32 R'= Ph; R?= PhCH,

33 R'= Ph; R>= Me

Nevertheless, contrary to these general observations, we

have found that several structurally very simild-substi-
tutedN-[bis(trimethylsilyl)methyl]-#lactams can afford mainly
syn-a-alkylated products (e.gZ;—>8). Herein we report the
first general synthesis ofyn-a,3-dialkyl(aryl)-p-lactam
dipeptides2B as well as a mechanistic model and experi-

mental evidence that accounts for the stereochemistry
observed as a function of the substituents borne by the

nitrogen atom of thgs-lactam.

To study the scope and stereochemical outcome of the

o-alkylation reaction, a series gkbranched\-bis(trimeth-
ylsilyl)methyl-$-lactams were prepared from imin@sand
mono- or diphenyloxazolidinylacetic acid chlorides, accord-
ing to the described methods (Schemé 1).

As shown in Table 13-lactamsl1—16were completely
deprotonated within a few minutes with LDA in THF a8
°C, and the resulting enolates were cleanly alkylated in fair
to good vyields, either with activated benzyl and allyl
bromides or with primary normal alkyl iodidésSecondary
alkyl iodides failed to facilitate the reaction.

(3) (a) Palomo, C.; Aizpurua, J. M.; Galarza, R.; Benito, A.; Khamrai,
U.K.; Eikeseth, U.; Linden, ATetrahedron2000, 56, 5563—5570. (b)
Palomo, C.; Aizpurua, J. M.; Benito, A.; Galarza, R.; Khamrai, U.K;
Vazquez, J.; DePascual-Teresa, B.; Nieto, P. M.; Linded®yrigew. Chem.,
Int. Ed. 1999,38, 3056—3058.

(4) (a) Qjima, I.; Chen, H.-J. C.; Qiu, Xetrahedron1988,44, 5307—
5318. (b) Ojima, l.Acc. Chem. Red995,28, 383—389. (c) Ojima, I. In
The Organic Chemistry ¢f-Lactams Georg, G. |., Ed.; VCH: New York,
1992; p 197. (d) Hogberg, H.-E., Jr. IHouben-Weyl, Stereoseledi
Synthesis; Helmchen, G., Hoffmann, R. W., Mulzer, J.; Schaumann, E.;
Thieme: Stuttgart, 1996; E21 Vol. 2, p 791.

Inspection of the alkylation reaction ef-phenyloxazo-
lidinyl-g-lactams (11—13; R =H; entries 1—9) led to the
identification of the structural factors governing the syn/anti
stereoselectivity. For instance, increasing the bulkiness of
the R group in the alkylating agent was found to improve
the syn ratio. This effect was apparent from the good
stereoselection observed for benzyl bromide (entries 1 and
5) or a-branched allyl bromides (entry 6), compared with
the almost equimolar diastereomeric mixtures obtained from
simple orp-substituted allyl bromides (entries 2, 4, and 7).
Small reactive electrophiles like methyl iodide or methyl
triflate (entries 3, 8, and 9) gave the poorer syn stereo-
selectivities. On the other hand, the aliphatic or aromatic
nature of theS-substituent (R seemed to exert a limited
but appreciable effect on the diastereoselection, with the
aliphatic groups giving uniformly higher ratios of syn isomers

(5) In contrast to conventional imines that only affgtéryl-g-lactams
upon Staudinger [2+ 2] cycloaddition with aminoketenes, imin8sgive
either g-aryl-, s-alkyl-, or S-unsubstituteds-lactams in good yields and
excellent stereoselectivities; see: (a) Palomo, C.; Aizpurua, J. M.; Legido,
M.; Galarza, R.; Deya, P. M.; Dunogues, J.; Picard, J. P.; Ricci, A.; Seconi,
G. Angew. Chem., Int. Ed. Engl996, 35, 1239—1241. (b) Palomo, C.;
Aizpurua, J. M.; Legido, M.; Mielgo, A.; Galarza, Rhem. Eur. J1997,

3, 1432—1441.

(6) Although partial isomerization and decomposition was detected in
some instances for the lithium enolatesefliphenyloxazolidinyls-lactams
(14—16; R =Ph), this problem was solved by warming immediately the
mixtures of the enolates and alkyl halides fron¥8 to —30 °C. See
Supporting Information for details.



Table 1. a-Alkylation of S-Substituted3-Lactams11—16

entry R product R2-X yield (%)* syn:anti?
1 H 17 PhCHyBr 82 >98:2
2 H 18 CHy=CHCH3yBr 91 67:33
3 H 19 Mel 90 53:47
4 H 20 CMey=CHCH3yBr 80 60:40
5 H 21 PhCH2Br 84 90:10
6 H 22 CHy=CMeCHyBr 67 93:7
7 H 23 CHy=CHCH2Br 85 50:50
8 H 24 Mel 75 10:90
9 H 24 MeOTf c 30:70
10 Ph 25 PhCHyBr 67 >98:2
11 Ph 26 CHy=CHCH;Br 724 95:5
12 Ph 27 PhCH3Br 92 >98:2
13 Ph 28 2NaphthCHyBr 78 >98:2
14 Ph 29 CHy=CHCH3yBr 85 >98:2
15 Ph 30 "Bul 58 >98:2
16 Ph 31 Mel 70¢ 71:29
17 Ph 31 Mel 82d 95:5
18 Ph 32 PhCHyBr 81 >98:2
19 Ph 33 Mel 844 73:27

2Yield of the pure mixture of syn and anti productdetermined by

1H NMR (500 MHz) analysis of the reaction crude. Configurations were
assessed by NOE experiments and X-ray crystallography (comp@&nds

and 30; see Supporting InformatiorfYield not determinedd Enolate
trapping carried out at-30 °C for 16 h.4 Enolate trapping carried out at
—78°C for 16 h.

thantheir aromaticcounterpart§compareentriesl, 2, and
3 with entries5, 7, and 8, respectively).Our finding was
that incorporationof a secondphenylgroup in the oxazo-
lidinone ring (a-diphenyloxazolidinylg-lactams14—16; R
= Ph)significantlyenhancedhe syn stereoselectivityn all
instancesincludingthoseinvolving simge allyl andnormal
alkyl groups,and provideda convenientpreparativeentry
to the desireda-amino syn-a,3-dialkyl(aryl)g-lactams.

Transfomationof a-diphenyloxazolidinylg-lactamsinto
thedipeptidesurrogate®f type 2B wascarriedout unevent-
fully, Scheme2, by hydrogenolyticremovalof the diphen-
yloxazolidinonering andsimultaneas Boc protectionof the
o-amino-j-lactanmgroup, followed by the elaboratiaf the
N-bis(trimethylsilyl)methylmoiety to the N-carboxymethyl
group. For example ,Boc-(S-lactam)-(Gly)-Hfragments36
and 37 were obtainedin overall yields of 73 and 65%,
respectively.

To gaininsightinto the specificsyn stereodirectingffect
exerted by the bis(trimethylsilyl) methyl and dipheryl-
oxazolidinyl groupson the alkylation reactionsdisclosed
above,we (a) exploredthe behavior of N-trimethyisilyl-
methyl-/lactamsbearinglesshinderedgroupsatthenitrogen
atom and (b) conductedcomputationalmodeling of the
respectivantermediates-lactamlithium enolates.

We found(Schemes) thatreactionof N-bis-silyl-5-lactams
11 and 13 with cesiumfluoride or tetran-butylammonium
fluoride, respectivelyresultedin cleanmono-or didesilyl-
ation of the bis(trimethylsilyl)methylmoiety to providethe
pB-lactams38—41 in high yields. a-Berzylation of N-tri-
methylsilylmethylj-lactams 38 and 39 under conditions
identicalto thoseusedaboveaffordedexclusivelythe anti
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isomers42 and 43, whereas desilylation of bis-silyd; /-
dialkyl-g-lactams 17 or 21 gave the corresponding syn
isomers. These results were meaningful, not only because
they clearly stated the necessity osecondtrimethylsilyl
group to reach any syn selectivity but also because they
anticipated the obtention of either syn or anti isomers from
the samestarting N-bis(trimethylsilyl)ymethyl-5-lactam by
simply desilylating the N-substituent before the alkylation

step.

A preliminary RHF/PM3 conformational analysis of the
putative lithium enolates (Figure 3) arising from the depro-
tonation of twoS-methyl-3-lactam models (R H and R=
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were characterizedvith the S-lactam nitrogen pyramidal-
ized® As expectedfor the more stableconformationgll),

I;i_| 5 fﬁ AHD (g 5_R the bis(trimethylsilyl)methyl group and the g-substituent
d 'g 4 php (Me) were locatedat oppositefacesof the -lactamring.
i 148 Keaimd g::;?n N Moreover,in theseconformers,one of the SiMe; groups
M H shieldedthe backfaceof the enolate therebyinhibiting the

ﬁ o %/ formation of anti-o,3-dialkylated products. Finally, the

second5-phenylgroup borneby the oxazolidinonering in

enolatell (R = Ph)caused partialrotationof the4-phenyl
groupwith respectto Il (R = H), which is consistentwith

the greatersyn stereoselectivityobservedfor a-diphenyl-
oxazolidinyls-lactams with respectto the monophenyl
counterparts.

In summary the a-alkylation of 3-substitutedx-phenyl-
oxazdidinyl-N-bis(trimethylsily)methyl{3-lactamsepresents
thefirst methodfor preparingenantigure syno-amino-<,S-
dialkyl(aryl)-5-lactamswhich aresuitableintermediate$or
the synthesisof type Il f-turn dipeptidesurrogates.
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