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ABSTRACT
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a-siloxy allylic silane

A stereoselective synthesis of

y-lactams. Oxidation of the silyl group afforded access to complex

y-lactams by the [3 +2] annulation of o.-siloxy allylic silanes with
developed. The use of these allylic silanes allowed for further diastereoselective substitution of the resultant
p-hydroxy- y-lactams.

one diastereomer

N-chlorosulfonyl isocyanate (CISO  ,NCO) was
N,O-acetal to give highly substituted

The y-lactam functionality represents an important core
structure in numerous biologically active compoufds.
Functionalized chiraly-lactams have also proven to be
valuable intermediates for the synthesisyedmino acids'.

substituted five-membered rin§gzor example, the [82]
annulation of allylic silanes with CISNCO’ provides the
key ring systems for the syntheses df){blastmycinon&
and (+)-peduncularingThese two syntheses illustrate the

In this letter, we report the stereoselective construction of two reaction pathways through which CIS@CO can

y-lactams by the [32] annulation reaction at-siloxy allylic
silanes withN-chlorosulfonyl isocyanate (CISRICO). The

proceed® Annulation across the €0 bond yields the
N-chlorosulfonyl iminolactone, which was utilized in the

resultanty-lactam could be elaborated by diastereoselective synthesis of {)-blastmycinoné. The more common annu-

nucleophilic substitution via aN-acyliminium iorf to afford
highly substitute¢s-hydroxy+-lactams after oxidation of the
carbon—silicon bond.

The [3+2] annulation reaction of allylic silanes has proven
to be a powerful transformation for the preparation of highly
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In our efforts to expand the scope off2] annulations,
we investigated annulation reactions afsiloxy allylic
silanes. Although the reactions afsiloxy allylic silanes
have been reportéd these silanes have not been utilized in

Table 1. Annulation Reactions ofi-Siloxy Allylic Silanes
with CISONCOP

a-siloxy allylic silane productc yieldd
[3+2] annulations. Application afi-siloxy allylic silanes in
[3+2] annulations was desired because of their expedient OTBDMS
synthesed! the facile preparation of asymmetric variafts, PhMezSi)\(\Me ﬁ 64%
and the functionality available in the annulation products. Me PhMe;,Si ‘OTBDMS
A preliminary investigation oé-siloxy allylic silanes with 1
CISO,NCO provided promising results. Allylic silarfewas
treated with CISGNCO to providey-lactam2, after reductive EMS ﬁ 59%
removal of the chlorosulfonyl moiety, as the only annulation PhMe,Si PhMe,Si OTBDMS
product (Scheme 1). Lactard was formed as a single 3
OTBDMS
| e ﬁ 53%
Scheme 1. [3+2] Annulation ofo-Siloxy Allylic Silanes 1 Me PhMe,Si‘y, OTBDMS
with CISO,NCO 12
Q OTBDMS
OTBDMS Me.,,
- . i. CISO,NCO Me"-/&/NH phMezs,)\/\ ﬁ 51%¢
Me i. Red-Al  pPhMe,Si”:  “OTBDMS PhMe,Si OTBDMS
64% Me
1 2 TBDMSO  Me
>97:3ds Potess: )\% \ﬁ/ 52%
Me PhMe,Si‘ 5y, OTBDMS
6 14
diastereomer as determined Bif NMR spectroscopic
analysis, and its relative stereochemistry, which is consistent TBDMSQ  Me . .
with other annulation$,® was proven by X-ray crystal- PhMe2Si)\%\Me 60%
lography. No formation of th&l-chlorosulfonyl iminolactone Me PhMe:Si ‘e “otBDMS
was observed, a marked difference from previous annulation 7 15
studies involving CISGNCO$ OTBDMS
T_he [3+2] annu!ation to fornfy—lactams was general for PhM ezsi/’\(\Me 57%9
a wide range oftt-siloxy allylic silanes (3—10). In all cases, Me SlMez(F)’rTBDMS
y-lactams were formed exclusively. The stereospecificity of (S)1 (#)2
this reaction was illustrated by the annulation reactions of >94% ee >94% ee
the isomeric allylic silane& and6, which provided diaster- OTBDMS
eomeric lactam® and 14 (Table 1). Compounds bearing R1M823i)\© & 0%
tetrasubstituted carbon stereocerifeaind bicyclic structures ““OTBDMS
were accessed through this methodology with the appropriate 8 R'MeSi o
allylic silanes (7and8). The annulation was also shown to o)
proceed with retention of stereochemical integrity. Enan- OTBDMS Me,,,
. . . . . NH
tioenriched allylic silanes3)-1 affordedy-lactam (-)-2 with RZMezsu)ﬁfMe ) 84%
no loss of optical purity, thus providing a route to chiral, R°Me,Si‘ye OTBDMS
nonracemicy-lactams'* 9 17
A study of various silyl moieties demonstrated that more OTBDMS £
electron-donatin§ and more sterically encumbering silyl R1Me28i)\"/ NH 80%
Me R'Me;Si e OTBOMS
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2551—-2552.
(11) Synthesis oft-siloxy allylic silanes was achieved by the protection
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R! = PhhCH. R2 = PhCMe. P All transformations were performed in
CH,Cl, at 0°C unless otherwise statetlAnalysis of unpurified mixtures
by H NMR spectroscopy revealed only lactam produétsolated yields.
e A 5:1 mixture of diastereomers was observedHyNMR spectroscopy
of the unpurified annulation productsAnnulation was performed at78
°C. 9 As determined by chiral HPLC.
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groups® led to improved yields for the [82] annulation.
Replacing the phenyl group of the silicon with benzhydryl
or cumyl functionalities (allylic silane8 and 10) resulted
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in improved yields of the desired product as compared to ||| | RN

analogous substratdsand 4. Scheme 2. Annulation ofa-Acetoxy Allylic Silane 19 with

The exclusive formation of-lactam products in the {82] CISONCO
annulation of a-siloxy allylic silanes with CISGNCO o N S02C
demonstrated that-siloxy allylic silanes do not behave like OAc ost Mo 5001 M.

other allylic silanes. The difference in behavior may be PhMEZSi)\/\Me
understood by analyzing the reactivities of the zwitterionic Me
intermediate$? These intermediates possess different char-
acteristics depending on the substitution at ¢hposition.

In previous studies, allylic silanes without arheteroatom
were used, resulting if-silyl stabilized carbocation inter-
mediatelA.1” These electrophiles would be attacked along
a trajectory of 99 from the carbon plane (Figure BAllylic

+
PhMe,Sifje OAc PhMe;SiTye OAc

19 20 21

nium ion character in this intermediate produces an inter-
mediate that behaves more lik& (Figure 1). The lower

Table 2. Substitution ofy-Lactams UsingN-Acyliminium lon

Chemistry
SiR3 b : gl
y-lactam? nucleophile product yield“
g \R8
] - H H O
R NH
il 16 Me,AICN / 33%
N | “CN
Clozs/ S (o] SOzc| SIM62R1
1A 1B 22
nN=Pc ny—- ‘.l'{*co (o]
SiMes Me,,

. . o ) ) . 17 Me ﬁ/NH 67%
Figure 1. Ring-closing intermediates in the 2] annulation R2Me.SiTe
mechanism. ?7 Me Me

23
0
. . . Me.,
S|Ianes' possessing anheteroatom Iegd to A-silyl oxo- 17 MesSiO_Ph “CONH 0 g0
carbenium ion intermediat® .'° The trajectory of approach T R2MeySi%e
for attack onto an oxocarbenium ion is likely to be closer to Me Ph
the Burgi—Dunitz angle (109%. The difference in trajec- 24
tories diminishes any steric interactions that disfavor cy- o
clization on the nitrogen (Figure %). Me.. ~““\H 4390
A [3+2] annulation with ana-acetoxy allylic silane 17 Meazn °
demonstrates how a small perturbation in the intermediate RMe;Siye  Me
affects product distribution. Treatment afacetoxy allylic 25
silane19 with CISO,NCO afforded a mixture oN-chloro- o)
sulfonyl y-lactam 20 and N-chlorosulfonyl iminolactone SiMe; NH
21 (Scheme 2). Utilizing am-acetoxy allylic silane would 18 HTMS -y //( 63%
generate an intermediate possessing caoxygen with R'MezSi‘e e
less electron-donating abiliff. The diminished oxocarbe- 26
(14) The stereochemistry of (S)wlas assigned by analogy. See ref 12a. )
The stereochemistry of the lactar)¢2 was assigned utilizing the accepted
[3+2] annulation mechanism. For the mechanism of theZBannulation, NH o
see ref 7a. 18 AlMe3 75%
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R'Me;Sige Me
27
aR! = PhCH. R = PhCMe. P For reaction conditions, see Supporting

Information.¢ All reactions afforded one diastereomer as determined by
1H NMR spectroscopy of the unpurified producidsolated yield.

selectivity of the [3+2] annulation of a-acetoxy allylic
silanes with CISGNCO, as compared withi-siloxy allylic
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silanes, suggests that the electron-donating ability of the ||| | N NIINNGQNE

heteroatom is critical for selective product formation. Scheme 3. Oxidation of the Silyl Group

The [3+2] annulation ofa-siloxy allylic silanes with o o
CISO,NCO providedy-lactams possessing ax,O-acetal n-BugNF
moiety, which is ideal for substitution vill-acyliminium NH ﬁ““
ion chemistry! Initial attempts to substitute/-lactams PhHCMe;Si Ty, Me Fo02 KHCOs, MOR o e
possessing the phenyldimethylsilyl group were unsuccessful. 27 (63%) 28

The products obtained from these experiments had undergone
desilylation. To suppress desilylation, the sterically encum-
bered benzhydryldimethylsilyl and cumyldimethylsilyl groups |y summary, the [3-2] annulation reaction of-siloxy
were utilized: , allylic silanes with chlorosulfonyl isocyanate provides an

'IAI series of y-lactams 16;_38t poss:sti|ntg dthelset larger  eficient stereoselective synthesisyefactams. Thesg-lac-
stiyl groups were converted tg-substitutedy-lactams tams can be further substituted at thgosition with high
via N-acyliminium ion intermediates. High diastereoselec- . o L

diastereoselectivity. Oxidative cleavage of the & bond

tivity was observed for a range of nucleophiles, including : .
allylic silanes, silyl enol ethers, and zinc and aluminum allowed access to highly substitutgehydroxy-y-lactams.

complexes (Table 28 The products were formed by .
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