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Abstract: Silanols are best known as unstable precursors of siloxane (silicone) polymers, substances
generally considered stable and inert, but have the potential to mimic a hydrated carbonyl and inhibit protease
enzymes. While previous testing of simple silanediol and silanetriol species as inhibitors of hydrolase
enzymes found them ineffective, this study reports polypeptide mimics with a central methylsilanol [SiMeOH]
or silanediol [Si(OH),] group and their assessment as effective transition state analogue inhibitors of the
well-studied metalloprotease angiotensin-converting enzyme (ACE). Central to the synthesis strategy,
phenylsilanes were employed as acid-hydrolyzable precursors of the silanol group. The N-benzoyl Leu-
[SiMeOH]-Gly benzyl amides proved to be stable and readily characterized. In contrast, the Leu-[Si(OH).]-
Gly structure was difficult to characterize, possibly because of self-association. Capping the silanediol with
chlorotrimethylsilane gave a well-defined trisiloxane, demonstrating that the silanediol was monomeric.
The Leu-[Si]-Gly structures were converted to Leu-[Si]-Ala analogues by enolate alkylation. Coupling of
the silanol precursors with proline tert-butyl ester gave N-benzoyl Leu-[Si]-Gly-Pro and N-benzoyl Leu-
[Si]-Ala-Pro tripeptide analogues. Treatment of these with triflic acid formed the corresponding methylsilanols
and silanediols, all of which were monomeric. The silanediol tripeptide mimics inhibited ACE with ICsg
values as low as 14 nM. Methylsilanols, in contrast, were poor inhibitors, with ICso values above 3000 nM.
These data, including comparisons with inhibition data from carbon analogues, are consistent with binding
of the silanediols by chelation of the ACE active site zinc, whereas the methylsilanols ligate poorly.

Introduction has the only naturally occurring silicertarbon bond. With
he discovery of the useful physical and chemical properties of
he organosilane polyme?$,particularly the silicone$and the
development of the direct process for their synthésiggano-
silanes have become cheap and readily available commodities.
Bioactive Organosilanes. Investigations of organosilane
properties over the last 40 years have identified an assortment
of bioactive substances. Rational searches for bioactive organo-
silanes have been conducted along two distinct paths, random
screening and molecular design. Random screening can discover
the biological activity of structures without carbon analogy, but
by its very nature it cannot be incorporated into target-directed
* To whom correspondence should be addressed. Phone: 215-204-7916d€Sign programs driven by receptor modeling or substrate-
E-mail: sieburth@astro.temple.edu. _ ' analogy. Alternatively, the systematic replacement of silicon
@ g?clfgl?,'fggréérriiitftgim.'\élﬁt.%hlbﬁsgiaﬁgh?saﬁieg?éf;'B%%wlgségﬁy for carbon in bioactive substances is an approach that can be

(2) Fessenden, R. J.; Fessenden, Ads. Drug Res1967, 4, 95-132. Tacke,
R.; Wannagat, UTop. Curr. Chem1979 84, 1-75. Fessenden, R. J.;

Silicon is the second most abundant element and the one mos{
similar to carbon. This close chemical analogy has been the
inspiration for many studies of silicon as a replacement for
carbon, particularly in biologically active moleculéShese
investigations were bolstered by the finding that organic
derivatives of silicon are devoid of the intrinsic toxicity found
with the heavier group 4 elements tin and |8abhe strong
silicon—carbon bond, and the correspondingly stable organic
derivatives, make bioactive organosilanes all the more curious
because of their absence from the natural wediicon carbide
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Figure 1. Biologically active organosilanes designed by analogy to carbon — g/N\:/U\OH + HZN/'\H/E
compounds. Pt o)
readily incorporated into design programs, and it has led to the 5 6
identification of many bioactive organosilanes. Compouhds HO, OH L HQ oH HO, OH
and 2, Figure 1, are organosilanes designed by analogy. PN Ph/\,(NvSi*OH /k/SlJ\
Flusilazole1® belongs to a class of antifungal sterol biosynthesis 7 0 g 9

inhibitors 19 most of which do not contain silicon. Silafluofen
211is a distant relative of the natural pyrethrin insecticides and
a direct analogue of the carbon-based MTI-80MDespite

decades of effort to discover organosilanes with useful bioac- species. This type of carbon substitution, however, has been an
tivity, these are the only organosilanes produced commercially ,n eajized design strategy. In principle, a silanediol can mimic
because of their biological activity. Ne\_/erth_eless, ongqing a hydrated carbonyl group. Tetrahedral, hydratéccapbonyls
rgsearch promises that new examples of bioactive organosilanes o energetically disfavored over their trigonal, unhydratéd sp
will .cont|.nue to emergé?’ ) ) ) ) counterpart3® Conversely, trigonal silicon species are highly
_Bioactive Organosilane DesignDesign of bioactive organo- hgiape relative to the tetrahedral alternativen the context
silanes, sta_lrtlng with a molecule_ of kn_o_wn biological activity hydrolytic enzyme substrates, replacement of a carbonyl
and replacing a carbon atom with a silicon atom, has a 10ng 6,5 with a silanol or silanediol would create a transition state
history and has taken several forfishe most straightforward  ;na0que and a potential enzyme inhibitor. In terms of binding
version of this approach involves replacement of a quaternary energetics, a tetrahedral silanediol would not require the

CanO”' to give a silicon surrounded bY _carbons (&.gnd2). energetically disfavored hydration needed by the equivalent
This takes advantage of the robust silieararbon bond and | ione inhibitor.

avg'?hs t?]e dmeltett_bqllc tl nts)_tlgbllltgy of t?e_? ";z""{dm%en bbon%j; Protease Inhibitors. Metallo (and aspartic) protease enzymes
andthe hydrolytic insta ||.ty 0 mo; S.I Icerneteroatom bonds. .__catalyze the addition of a molecule of water to an amid8,of
The consequences of this substitution, beyond the generation

f | and oft it truct btle i stabilizing the intermediatd through chelation of the active
ofanovel and oflen proprietary StUclure, are a subtie INCreasey;q 7jne (or hydrogen bonding with aspartic proteases) (Figure
in the molecular volume, a perturbation of the local electronics

. . . . ) ’ 2). Productive collapse dfleads to acid and amines. Central
and a_s_mall increase in the molecular lipophilicity relative to to the design of a protease inhibitor is the choice of a
the original carb_on structuré. nonhydrolyzable isostere (transition state analog) of the tetra-
. .As an alternative to the re.placement aftablecarbon atom, hedral hydrated carbonyl intermediate Transition state
silicon also has the potential to emulate amstablecarbon analogues are a cornerstone of enzyme inhibitor d&5amd
(9) Moberg, W. K.; Basarab, G. S.: Cuomo, J.; Liang, P. HPasticide Science  the basis of several successful pharmaceutical agents. Their uses

gnd ?_ifqtecgnotlogygsegnhalggé OR-. Roberts, T. R., Eds.; Blackwell in the treatment of hypertension and for control of the AIDS
cientiric: Boston, ;PP . 7 ,18
(10) Hoffman, H. L.; Ernst, E. J.; Klepser, M. Expert Opin. Inest. Drugs virus are most notabl¥’

Figure 2. Hydrolysis of peptide bonds by protease enzymes, and silanols
that could mimic intermediatd.
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Figure 3. Angiotensin-converting enzyme (ACE) generates angiotensin
11, raising blood pressure. Almquist’s ketone inhibif® (shown hydrated)
and silanediol analogugl.

etriols are notoriously unstable toward self-condensation. Indeed,
the organosilicon industry was founded largely on the production
of silanols, particularly dimethylsilanedidl, and their self-

carbonyl toward hydration and stabilizes the resulting tetrahedral
intermediate, leading to hydrolysis of the amide béhActive
site-directed metalloprotease inhibitors have a functional group
to bind the active site zinc ion. These groups can be zincophilic
(thiols), can use a combination of chelation and Coulombic
attraction to bind the metal (carboxylate and phosphinate), or
it can simply be a metal chelator. Metal chelators can be
hydroxamic acids or hydrated ketones (e30). The work
described here illustrates the first use of a silanedid) s a
transition state analogue, anticipated to emulate the hydrated
ketonelO.

Geminal diols, hydrated aldehydes and ketones, have been
known as enzyme inhibitors for some time, and they can be
effective metalloprotease inhibitors. Almquist’s ketone inhibitor
10,28 shown in Figure 3 as the energetically disfavored hydrate,
presumably acts by chelating the active site zinc. This compound
is an excellent ACE inhibitor, with an Kg value of 1.0 nM.

This ketone was also an ideal starting point for design of a
silanol protease inhibitor, because the steric environment of the

condensation to give silicone polymers, prized for their fluid Zinc-chelating group, flanked by substituents on two sides,
and thermal stability properti€Moreover, in the two instances ~ Would inhibit self-condensation. On the other hand, the influence
in which silanols were tested as hydrolase inhibitors, they proved Of the nearby amide groups on the silanediol could not be readily
to be completely ineffective. Galardy and Kortylewicz, in a Predicted because there are only scattered examples of silanols
survey of second and third row element-based tetrahedral With y-carbonyl groups. Amide carbonyls capable of intramo-

structures, tested an aqueous solution of dimethylsilané&diol
as an inhibitor of angiotensin-converting enzyme (ACEnd
found no evidence for inhibition. More recently, Curley and
Pratt prepared phenylacetamidomethylsilane8iahd evaluated

it as an inhibitor of ap-lactamase. Again, no evidence for
enzyme inhibition was observéy.

While the ability of silanediols to act as enzyme inhibitors
was unsubstantiated, examples of stable, difficult to polymerize
dialkylsilanediols are plentifid? Sterically hindering alkyl
groups inhibit oligomer formatio?? For example, while dimeth-
ylsilanediol7 is intrinsically unstable toward self-condensation,
diethylsilanediol can be isolated and stored in pure form, and
diisobutylsilanedioB is a liquid crystak* These, and the nearly
100 other characterized silanediols, suggested that silanol-base
peptidomimetics could be well-behaved chemical species.

Angiotensin-Converting Enzyme (ACE). Captopril?® the
first pharmaceutical product designed to inhibit a protease,
unequivocally demonstrated that protease inhibition could be
an effective approach to therapeutic intervention. Inhibition of
ACE by captopril prevents conversion of angiotensin | to
angiotensin Il (Figure 3), resulting in lower blood pressure.
Many other protease targets have been identified, and the
invention of protease inhibitors continues to be a prominent
avenue for drug desight$:26

ACE is a metalloprotease, with a zinc ion at the active site,

one of four major classes of protease enzymes categorized by

their active site functionality® This zinc ion activates the amide

(20) Galardy, R. E.; Kortylewicz, Z. PBBiochem. J1985 226, 447—454.

(21) Curley, K.; Pratt, R. FJ. Am. Chem. S0d.997, 119 1529-1538.

(22) Lickiss, P. D.Adv. Inorg. Chem.1995 42, 147-262.

(23) Lebrun, J. J.; Porte, H. I@omprehensie Polymer ScienceAllen, G.,
Bevington, J. C., Eds.; Pergamon: New York, 1991; Vol. 5, pp-58@0.

(24) Eaborn, C.; Hartshorne, N. H. Chem. Soc1955 549-555. Buttrus, N.
H.; Eaborn, C.; Hitchcock, P. B.; Saxena, A.X.Organomet. Cheni985
284, 291-297.

(25) Ondetti, M. A.; Rubin, B.; Cushman, D. V&cienceWashington, D.Q
1977, 196, 441-444. Rich, D. H. InComprehensie Medicinal Chemistry
Hansch, C., Sammes, P. G., Taylor, J. B., Eds.; Pergamon: New York,
1990; Vol. 2, pp 39%+441.

(26) Ripka, A. S.; Rich, D. HCurr. Opin. Chem. Biol1998 2, 441-452.

lecularly coordinating a silicon, to form a five-membered ring
and a pentavalent silicon, will do so when the silicon carries a
haloger?®3°For silanols (one OH), significant coordination of
a nearby carbonyl oxygen has only been found when the silanol
is protonated?32

Silanol Properties. The potential for silanols to function as
metalloprotease inhibitors hinges, in part, on the ability of the
oxygens to ligate or chelate metals. Silanol oxyanions are useful,
bulky monodentate ligands for metdfsbut we are aware of
only two crystal structures that show chelation by an$)-0O
group. The permethyl cycloheptasiloxatzwas serendipitously
found to bind potassiurdf, Figure 4. More relevant to the
metalloprotease is structurE3 in which tert-butyl silicates

(a27) Auld, D. S.Struct. Bondingl997, 89, 29—-50.

(28) Almquist, R. G.; Crase, J.; Jennings-White, C.; Meyer, R. F.; Hoefle, M.
L.; Smith, R. D.; Essenburg, A. D.; Kaplan, H. BR. Med. Chem1982
25, 1292-1299.
(29) Bassindale, A. R.; Borbaruah, M. Chem. Soc., Chem. Comma993
352-353.
(30) For examples of beta-silyl carbonyl compounds with crystal structures in
which the silicon has at least one heteroatom, see: Struchkov, Y. T.;
Ovchinnikov, Y. E.; Shipov, A. G.; Baukov, Y. Russ Chem Bull. 1995
44, 1705-1710. Otter, J. C.; Adamson, C. L.; Yoder, C. H.; Rheingold,
A. L. Organometallics199Q 9, 1557-1562. Onan, K. D.; McPhail, A. T.;
Yoder, C. H.; Hillyard, R. WJ. Chem. SagChem. Commurl978 209~
210.
For examples of silanols witprcarbonyl groups, see: Aldehydes, Shaw,
J. T.; Woerpel, K. A Tetrahedron1997, 53, 16597-16606. Nguyen, P.
T.; Palmer, W. S.; Woerpel, K. Al. Org. Chem1999 64, 1843-1848.
Ketones, Brueckmann, R.; Maas, Ghem. Ber.1987 120 635-641.
Polniaszek, R. P.; Dillard, L. WJ. Org. Chem.1992 57, 4103-4110.
Probert, G. D.; Harding, R.; Whitby, R. J.; Coote, SSynlett1997, 1371
1374. Franz, A. K.; Woerpel, K. Al. Am. Chem. S0d.999 121, 949-
957. Esters, Hale, M. R.; Hoveyda, A. Bl. Org. Chem1992 57, 1643~
1645. Fleming, I.; Winter, S. B. DI. Chem. Sa¢Perkin Trans 1 1998
2687—-2700. Amides, Barrett, A. G. M.; Head, J.; Smith, M. L.; Stock, N.
S.; White, A. J. P.; Williams, D. 1. Org. Chem1999 64, 6005-6018.
Two crystal structures of an amide carbonyl coordinated to a pentavalent
silicon carrying a protonated silanol have appeared: Pogozhikh, S. A.;
Zamyshlyaeva, O. A.; Kramarova, E. P.; Antipin, M. Y.; Ovchinnikov, Y.
E.; Baukov, Y. I.Russ. Chem. Bulll999 48, 1595-1596. Bassindale, A.
R.; Parker, D. J.; Taylor, P. G.; Auner, N.; Herrschaft,JBChem. Sa¢
Chem. Commur200Q 565-566.
LaPointe, R. E.; Wolczanski, P. T.; Van Duyne, G.@rganometallics
1985 4, 1810-1818. Miller, R. L.; Lawler, K. A.; Bennett, J. L.;
Wolczanski, P. TInorg. Chem.1996 35, 3242-3253.
(34) Churchill, M. R.; Lake, C. H.; Chao, S.-H. L.; Beachley, O. T.JJChem.
Soc., Chem. Commuf993 1577-1578.
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/ Scheme 1. The Phenyl—Silicon Bond Is Stable to TFA but
Si c[ o) Hydrolyzes Rapidly with TFOH
V-0 oodl ! Nt T
o. . SNPNPLE o HO Ph e EtO Ph & oo HQ OH
~d kT sl cznoczn o O ) | 25°,18 h 0, 0°, 10 min ) §
P |‘o\' Lo N ~0 (l)/ (IS)’ o—s{;o\ /k/s; - )\/&\)\ - si
5i-O~gj Sl 14 15 9
/\ , ~ cl) 6 o /
~
O—e = O—t-Bu and the two G-P—C angles are not identical (10@and 110).
12 13 The combination of €X—C bond angles and €X bond
K 7n lengths (longest for X= Si) results in a distance between the
203a/ \ sor ZZGVV\W carbons attached to X that is shortest for=XC and longest
for X = Si. The effect of these structural variations on the

1.50A~ g 68
~o

Figure 4. Crystal structures of metals chelated by a siloxane and by
silicates.
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Figure 5. Comparison of dicyclohexylmethanol, dicyclohexylsilanediol,
and dicyclohexylphosphinic acid crystal structures.

chelate zin@® The caveat with regard to this latter structure,
however, is that the chelating groups are silicate-based oxyan-
ions derived from silanols that are more acidic than the
dialkylsilanediols studied here because of the four electrone-
gative groups around silicon. Thus, the ability of a neutral
silanediol to act as a metal chelator remained to be tested.
Silicon is not only larger than carbon, but it also adopts

binding of an inhibitor to an active site will depend, naturally,
on the specific enzyme in question.

Results and Discussion

A Silanol Protecting Group. Synthesis of a silanol or
silanediol within a peptide backbone required the identification
of a suitable silanol protecting group. Among the available
options was the use of silyl ethers and readily oxidized silicon
substituents such as hydritfeThe correlation of silyl ether
stability and steric hindranégled us to reject this option as
too substrate dependent and potentially troublesome. Silicon
dihydrides were also rejected as being too air sensitive and
potentially reactive with nucleophiles. On the other hand, the
lability of unsaturated carbon substituents seemed to make them
a more appropriate choice. In the hierarchy of acid-sensitive
carbon appendages of silichhallyl, aryl, and vinyl groups
attached to silicon are readily cleaved by acid and other
electrophiles, with phenyl less acid sensitive than allyl and more
acid sensitive than vinyl groups. Moreover, diarylsilanes can
be commercially available, and the sensitivity of the asjlicon
bond to acid can be modulated by the use of electron-donating
and -withdrawing substituents.

In a preliminary study of phenylsilane as a silanol precursor,
we prepared ethoxy(diisobutyl)phenylsilatie(Scheme 1), with
the expectation that this would closely mirror tlsecond
phenylsilane cleavage of a dialkyldiphenylsilane. The ease of
acidic cleavage of unsaturated groups from silicon can be
dependent on the electronegativity of the silicon substituénts.

slightly different bond angles. The effect of a trialkylsilyl group 16 ideal reactivity level for the pheny! silane bond would be
on the preferred geometry of an attached oxygen has been noted,ijity under conditions used for removal of common peptide

by others3¢ The crystal structures in Figure 5, dicyclohexyl-
carbinol?’ dicyclohexylsilanediof® and dicyclohexylphosphinic
acid?® provide points of comparison for carbon, silicon, and

phosphorus structures. Phosphinic and related phosphorus-basey,

acids, notably based on a second row element like the silanols
described here, can be potent metalloprotease inhitfftors.
Comparing these three related structures, theX€C bond
angle decreases smoothly from=XC (117) to X = Si (113)

to X = P (109), while the O-X—C and the G-X—0 bond
angles are nearly identical for % C (110, 105’) and X= Si
(110, 106), but the G-P—0 bond angle is much larger (124

(35) Su, K.; Tilley, T. D.; Sailor, M. JJ. Am. Chem. S0d.996 118 3459-
3468

(36) Shambayati, S.; Blake, J. F.; Wierschke, S. G.; Jorgensen, W. L.; Schreiber,
S. L.J. Am. Chem. S0d.99Q 112 697-703.

(37) Sgarabotto, P.; Ugozzoli, Acta Crystallogr.1988 C44, 671-673.

(38) Bulttrus, N. H.; Eaborn, C.; Hitchcock, P. B.; Lickiss, P. D.; Taylor, A. D.
J. Organomet. Chen1.986 309 25-33.

(39) Aslanov, L. A.; Sotman, S. S.; Rybakov, V. B.; Elepina, L. G.; Nifantev,
E. E.J. Struct. Chem1979 20, 646—-647.

(40) Dive, V.; Lucet-Levannier, K.; Georgiadis, D.; Cotton, J.; Vassiliou, S.;
Cuniasse, P.; Yiotakis, ABiochem. Soc. Tran200Q 28, 455-460.
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protecting groups such as ttert-butoxycarbonyl (Boc) group,

that is, stable to trifluoroacetic acid (TFA) but labile under more
strongly acidic conditions used for peptide cleavage from a solid
pporti® so that the protected silanediol could participate in
polypeptide synthesis schemes. We were therefore pleased to
find that overnight treatment df5 with neat TFA at ambient
temperature led only to exchange of the ethoxy group, to give
14. In contrast, treatment with trifluoromethanesulfonic acid
(triflic acid, TfOH) in TFA at 0 °C for 10 min led to the
guantitative isolation of the liquid crystalline diisobutylsilanediol

(41) Adam, W.; Mitchell, C. M.; Saha-Moeller, C. R.; Weichold, @.Am.
Chem. Soc1999 121, 2097-2103.

(42) Greene, T. W.; Wuts, P. G. MProtective Groups in Organic Synthesis
3rd ed.; John Wiley & Sons: New York, 1999.

(43) Eaborn, E.J. Organomet. Chem1975 100, 43-57. Uhlig, W. J.
Organomet. Cheni.993 452 29-32. Fleming, |.; Dunogig J.; Smithers,
R. Org. React 1989 37, 57—575.

(44) Eaborn, CJ. Chem. Socl956 4858-4864. Eaborn, C.; Pande, K. @.
Chem. Soc196Q 1566-1571.

(45) Mayr, H.; Hagen, GJ. Chem. Soc., Chem. Commu®89 91-92.

(46) Bodanszky, M.Peptide Chemistry: A Practical TextbgolSpringer-
Verlag: New York, 1988.
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Scheme 2. Synthesis of Silanol and Silanediol Precursors 24a and 24b (Yields Shown Are for Diphenylsilane Series b)
s _u
Y i. HgCly
Ph R BrMg. _~~ Ph R S SPh\ R i. n-Buli sPh\ R ii. LIAIH,
N > S~ —/— TEA S~z —= s Sions —
83% 96% i gy 69%
16 x=Cl 18 19 o 20
17 X=F = HF 90% 92%
i. MsCl cat. OsO,
Ph R ii. NaN3 87% H Ph R Jones y Ph R BnNH, Ph R
HO.__Si ~ ———»  Ph _N_Si » — Ph _N_Si ——— BzHN.__Si NHBn
>N i LiaHg g N oo ~"COH HopT ~
iv. BzCl 88% 0 (o} DEC o}
21 22 o 23 80% 24
' a R=Me b R=Ph I
Scheme 3. Hydrolysis of One Diastereomer of 24a Gives the Silanol as an Inseparable Mixture of Diastereomers?
\ \/
i. TFOH Si— Si—
24a e g Ho\s/ NHBn % man 0‘5"7: NHB BzHN O"‘s'/ NHB
Z | n — Z ~ 1 n + Z ~ ! n
(one diastereomer) ii. NHsOH \/ﬁg EtsN : \/\(f)]/ : \/\[Or
81% 75% Y Y
25 26a 2:3 26b
N/ \/
i. TIOH —si  si—
CHoClp HO OH TMSCI 00
24b ——»  BzHN e BzHN
ii. NH4OH EtsN

\Si\/\n,NHBn
0
\g/ 27

58% (two steps)

Si\/\n,NHBn
0
1(28

a Capping the silanol25 and silanediol7 gave siloxane®6 and 28 (the diastereomeric identity &6a and26b is not known).

9.47 On the basis of these experimental results, dichlorodiphe-

nylsilane16b (Scheme 2) was chosen as starting material for
the silanediol synthesis.

Silanol Dipeptide Mimics. Before attempting to prepare the
silanediol tripeptide mimid.1, a dipeptide model system was
prepared in two forms, containing central methylsilanol and
silanediol groups. As a further simplifying step, Phe-[Si]-Gly
analoguesd5 and27, Scheme 3) were the first goals, instead
of Phe-[Si]-Ala systems. Elimination of the alanine methyl group

by asymmetric reduction of the ketone, precedented in the work
of Buynak? and Soderquist® Mesylation of the alcohol
followed by displacement of the mesylate with sodium azide
in DMF gave then-azido silane in 84% overall yield fro20a
Reduction of the azide with lithium aluminum hydride gave
the corresponding amine, which was coupled with benzoyl
chloride. Purification of the amide ga22ain 74% yield from

the azide. Oxidative cleavage of the terminal alkene using
Weinreb’s mixture of Jones reagent and catalytic osmium

would leave a single stereogenic center in the silanediol tetroxidé* was followed by coupling with benzylamine using

precursor24b and two diastereomers for the methylsilanol

DEC and HOBt. Purification gave diamid&tain 69% yield

precursoR4a Scheme 2. Nevertheless, these would be the mostsom alkene 22a The diastereomers of diamida4a were

complex silanediols ever prepared. The synthesBafbegan
with conversion of dichloro(methyl)phenylsiladéato the more
reactive and yet more easily handled difluorosildivs, by
stirring with aqueous HF following the method of Eabd#n.

This difluoride was treated with 4-bromomagnesium-1-butene

to give 184, followed by 2-lithio-1,3-dithiane, and the resulting
19awas isolated in 50% overall yield frott6a Deprotonation

of 19awith n-butyllithium and alkylation with isobutylbromide
gave 20a in quantitative yield”® Following the acylsilane
methodology of Broo® and Corey! the dithiane20a was
hydrolyzed with aqueous, unbuffered mercuric chloride. The
resulting ketone was reduced with lithium aluminum hydride
to give alcohol21laas a mixture of diastereomers. A potential

separated chromatographically and characterized individually.

Dichlorodiphenylsilanel6b was taken through an identical
sequence to give4b. The yields for each of these steps are
shown in Scheme 2.

The key hydrolysis reactions, takirfla to silanol 25 and
24bto silanediol27, were performed using an excess of triflic
acid in methylene chloride for 10 min at @, followed by
addition of ammonium hydroxide (Scheme 3). The diastereo-
mers of methylphenyR4a were subjected to the hydrolysis
individually. The resulting methylsiland5, isolated in 81%
yield, was homogeneous by TLC, but was clearly a 3:2 mixture
of diastereomers by NMR. Although the diastereomers of silanol

advantage of an acylsilane intermediate was the potential for 25 could not be separated chromatographically, treatment of

absolute stereocontrol of theaminosilane stereogenic center

(47) We thank Maria (Brito) Joshi for performing these experiments as an
undergraduate research project.
(48) Eaborn, CJ. Chem. Socl952 2846-2849.

(49) The use of benzyl bromide in this step led to the expected product, but it

could not be taken through to the final target and was abandoned.
(50) Brook, A. G.; Duff, J. M.; Jones, P. F.; Davis, N. R.Am. Chem. Soc.
1967, 89, 431-434.
(51) Corey, E. J.; Seebach, D.; Freedman]. -Am. Chem. S04967, 89, 434—
436.

25 with chlorotrimethylsilane and triethylamitfegave two
chromatographically separable disiloxa@&aand26bin a ratio

(52) Buynak, J. D.; Strickland, J. B.; Lamb, G. W.; Khasnis, D.; Modi, S.;
Williams, D.; Zhang, H. M.J. Org. Chem1991, 56, 7076-7083.

(53) Soderquist, J. A.; Anderson, C. L.; Miranda, E. I.; Rivera, |.; Kabalka, G.
W. Tetrahedron Lett199Q 31, 4677-4680.

(54) Henry, J. R.; Weinreb, S. M. Org. Chem1993 58, 4745.

(55) Brook, M. A.; Henry, C.; Jueschke, R.; Modi, Bynlett1993 97—104.
Henry, C.; Brook, M. A.Tetrahedron1994 50, 11379-11390.
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Scheme 4. Introduction of the Methyl Group by Alkylation of the Trianion of 23, Coupling with Proline, and Hydrolysis

_v Ph R : gLogl "
- DCG, HOBt . 2Cla /
BzHN Sl\/\n/OH o BzHN Sl\/\H/I\Q ‘ BzHN Sl\/\n/IQ
5 ProOtBu O COptBu i NH:OH 0 GO
23 58-78% 29 38-39% 30 R'=CH,
i. 3LDA o 31 R'=0OH
i CHf | a R=CH, bR:Ph]
71-89% :
Ph\ R Ph R i. TIOH HO\ R
BzHN Si\)ﬁrOH DCC, HOBt  BzhN._ i N ‘CHE?E BzHN.__Si N
\%/ o ProOt-Bu \(r O CO,tBu i. NH,0H \%/ O COxH
32 56-58% 33 21-46% 34 R'=CHs
35 R'=0OH
of 3:2 (note that the diastereomeric identity 2fa 26a and more difficult to characterize. The integration of aromatic and
26b has not been determined). aliphatic absorbances in the proton NMR spectrum indicated

Protolytic cleavage of a phenylsilane would be expected to that the two phenyl groups attached to silicon had been cleaved,
invert stereochemistry at silicon on the basis of Corriu’s studies but the resolution was poor, suggesting either intermolecular
with phenoxide nucleophile®;5” but the effect of a protonated ~ association of the silanediols or oligomerization to give a
carbon nucleofuge and the acidic reaction conditions were complex mixture of diastereomers. The identity of this species
difficult to asses$® Electrophilic reactions of Si-chiral allyl ~ was finalized by treatment with chlorotrimethylsilanef/triethyl-
silanes have been investigated, but the fate of the silicon chirality aminé® to give trisiloxane28. This trisiloxane was isolated in
appears to have gone undetermifi2ilVhile inseparable, the  58% yield from the diphenylsilan24b, nearly identical to the
diastereomers d?5 were otherwise well defined spectroscopi- two-step yield of disiloxane&6 from 24a
cally. Silanol Tripeptide Mimics. With the successful synthesis

The inseparability of the silan@5 isomers may be because and hydrolysis of the model syster®4, we turned our attention
of a facile epimerization of the silanol stereogenic center. In to tripeptide mimics suitable for enzyme inhibition studies
his seminal studies of silanol chirality, Tacke found that (Scheme 4). Beginning with aci@8aand23b, a DCC/HOBt-
enantiomerically pure silanols were stable in aprotic solvents, mediated coupling with théert-butyl ester ofL-proline pro-
but in an aqueous environment racemization occurred within ceeded without incident to giv@9a (58%) and29b (78%).
minutes®® and diastereomerically pure silanols were found to Silane29awas a mixture of four diastereomers, a2@b was
rapidly epimerize at silicon in an aqueous environnfért.is a mixture of two diastereomers. Each of these diastereomeric
intriguing to consider that the proximal amides2B may act mixtures was subjected to triflic-acid-mediated hydrolysis of
as internal nucleophiles and thereby participate in the epimer-the phenylsilane bonds anett-butyl ester cleavage: an excess
ization of the silanol. Solvents such as DMF are known to of triflic acid in methylene chloride at @C for 25 min, followed
racemize stereogenic silicon centers by coordination of the by dilution with ammonium hydroxide to a pH of-%, and
carbonyl oxygen to silicon followed by pseudorotation of the then addition 66 N HCI to give a final pH of 1. The ammonium
trigonal bipyramid intermediat€:58The rapid epimerization of ~ hydroxide treatment was to ensure that any internal nucleophiles,
silanols may provide some advantage in drug design, as controlsuch as the amides, were hydrolyzed from the silicon center.
of this stereogenic center could therefore be ignored. In The silanolB0and silanedioB1 solutions were then concentrated
bioassays of silanols, Tacke found that the stereochemistry ofand purified by HPLC.
the organosilanes had a lesser effect than that of the corre- Tg introduce a methyl group adjacent to the carboxylic acid,
sponding carbinol8? the trianion of23 was employed. Three equivalents of LDA

Triflic-acid-mediated hydrolysis of diphenylsilargtb also was expected to remove the acid proton, the amide proton, and
proceeded rapidly at @C. After 10 min, ammonium hydroxide  then generate the acid enolate. Addition of iodomethane
was added, and the products were extracted into organicgeneratedr-methyl32. Coupling of32 with proline tert-butyl
solvents. This gave a product that was, in compariso25o ester using DIC and HOBt produced est88 Hydrolysis of
the phenylsilane83a and 33b with triflic acid, in a manner

Eg% ggmﬂ R E: 8ﬂgf”¢?m(grr§gﬂ“’?‘3t: g‘cfp”_igtsezre%ﬁelégfgsv identical to that employed f@9aand29b, proceeded smoothly,
43-198. Holmes, R. RChem. Re. 1990 90, 17—-31. Holmes, R. RChem. and the product84 and35 were isolated by HPLC. NMR data

Rev. 1996 96, 927—950. . . ;
(58) Bassindale, A. R.; Taylor, P. G. fhe Chemistry of Organic Silicon for all of the proline amides were complicated by the presence

CompoundsRappoport, Z., Apeloig, Y., Eds.; John Wiley & Sons: New  of amide rotamers and diastereomeric mixtures.
York, 1998; Vol. 2, pp 495511.

(59) Daniels, R. G.; Paquette, L. Arganometallics1982 1, 1449-1453. The diastereomeric silanedid@4 (two isomers) an@5 (four
Hathaway, S. J.; Paquette, L. A. Org. Chem1983 48, 3351-3353. i i indivi

(60) Tacke. R. Linoh H: Emst L Moser Un Mutschler. E. Sarge, S.: isomers) could not be adequately separated into |nd|y|dual
Cammenga, H. K.; Lambrecht, @hem. Ber1987 120, 1229-1237. components, and so they were collected and tested as mixtures.

(61) Tacke, R.; Pikies, J.; Wiesenberger, F.; Ernst, L.; Schomburg, D.; i _ indi ; ;
Waelbroeck, M.; Christophe, J.; Lambrecht, G.; Gross, J.; Mutschlér, E. Analys_ls by MALDl TOF MS gave_ no |r_1d|cat|on of ollg_omer
Organomet. Chenll994 466, 15-27. formation, with the exception @5 in which a trace of dimer
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Figure 6. Enzyme inhibition of ACE by ketonel) and36 and four silicon
analogues, silanol80 and 34, and silanediol81 and 35.

could be detected. The more complex silar@gfour diaster-
eomers) an®4 (eight diastereomers) were separable by HPLC,
and were therefore collected and tested individually. MALDI-
TOF analysis of the methylsilano30 and 34 showed only
monomeric species.

Enzyme Assay.The inhibition of ACE was evaluated using
Holmquist’s modificatiof? of the spectrophotometric method
of Cushman and Cheurf§employing commercially available
angiotensin-converting enzyme (Sigma) aNe[3-(2-furyl)-
acryloyl]-L-phenylalanylglycylglycine (FAPGG, Sigma) as a

The 1G5 values for31 and 35 (different by a factor of 4)
roughly parallel the data fd6 and10 (different by a factor of
3). These pairs of inhibitors31/35 and 36/10, differ by the
absence or presence of a methyl group. The parallel of these
inhibitory responses suggests that the binding of the silanediols
to ACE is similar to that of the ketones.

Conclusions

These results are consistent with silanediols that chelate the
active site zinc ion of ACE, leading to tight binding of these
structures, whereas the methylsilanols contribute little to the
active site binding and may even sterically inhibit it. Silanediols
have been found here to be an effective functional group with
which to design metalloprotease inhibitors. Early synthetic
difficulties led to the synthesis of silanols with an isobutyl group
where Almquist’s inhibitors have a benzyl group. The enantio-
selective synthesis of analogues 38, with substitution that
will allow a direct comparison with Almquist’s inhibitors, will
be reported in due course. Ongoing investigations are also
anticipated to define the details of the binding mode of
silanediols to metalloprotease enzymes.

Silanediols can be potent inhibitors of aspartic proteases (the
HIV proteasé) and metalloproteases (this work), two of the
four classes of protease enzymes. Ongoing applications of this
new technology to other enzymes and other protease classes
are expected to shed additional light on the breadth of its
applicability.

Experimental Section

Difluoromethylphenylsilane (17a)% To a solution of dichlorom-

profluorescent substrate. The assays were conducted in duplicat&thylphenylsilanei6a (11.8 g, 61.5 mmol) in ethanol (200 mL) at 0

for those inhibitors with 1, values above 1000 nM, and in
triplicate for all others. A summary of the resulting data is shown
in Figure 6.

The methylsilanol80and34 proved to be modest inhibitors

°C was added dropwise over 10 min hydrofluoric acid (48 wt % in
water, 10 mL), and the mixture was allowed to warm to room
temperature. After being stirred overnight, the reaction mixture was
poured into water (500 mL), and the resulting mixture was extracted
twice with 100 mL portions of hexane. The combined organic extracts

at best, and data reported in Figure 6 are for the most active yere washed with saturated aqueous NaCl, dried oveB®a and

diastereomers. With 65 values of 3-4 uM, these silanols are
rather far from useful levels of activity. This is not terribly

concentrated. The colorless oil of crutiéawas dissolved in toluene
and concentrated under reduced pressure to remove any remaining

surprising, as carbinols have not been found to be good inhibitors moisture. This product was used in the next reaction without further

of metalloprotease’s. The methyl group on silicon may be a

purification. *H NMR (CDCly): ¢ 7.68 (d,J = 7.5 Hz, 2H), 7.66-

steric impediment to binding, and the lone silanol oxygen, as a 7-55 (m, 1H), 7.487.44 (m, 2H), 0.62 (tJur = 6.0 Hz, 3H).

single point of ligation for the zinc ion, would not be expected
to contribute significantly to the binding of the inhibitor.
Silanediols31 and35, capable of chelating a metal ion, were
substantially better inhibitors of ACE, with kgvalues of 57
and 14 nM, respectively. These two silanediols were mixtures
of two and four diastereomers, respectively. Almquist found
that high affinity binding of keton@0was critically dependent

3-Butenyl(fluoro)methylphenylsilane (18a).A solution of 1-bro-
momagnesium-3-butene in ether (100 mL, prepared from 9.13 g (67.7
mmol) of 1-bromo-3-butene) was addedlfta (9.72 g, 61.5 mmol) in
toluene (100 mL) at room temperature via cannula over 30 min. After
being stirred overnight at room temperature, the reaction mixture was
quenched with water (20 mL). The aqueous layer was extracted twice
with 30 mL portions of ethyl acetate. The combined organics were
washed with saturated NaCl solution and dried oves3@. Concen-

on the configuration of the steregenic centers. The same wastration in vacuo provided crude title compound as a colorless oil in

found for the diastereomers 80 and 34, with 1Csg values for
the least active diastereomers above [AM. It is likely,
therefore, that most of the enzyme inhibition of the silanediols

quantitative yield. This product was used in the next reaction without
further purification.Rs = 0.75 (hexane)*H NMR (CDCL): ¢ 7.60
(m, 2H), 7.40 (m, 3H), 5.88 (m, 1H), 5.04 (d= 17.0 Hz, 1H), 4.95

31 and35is because of a single diastereomer. If one assumes(d: J = 10.0 Hz, 1H), 2.19 (m, 2H), 1.05 (m, 2H), 0.52 (k- = 6.0

that the observed inhibition can be attributed to a single
diastereomer, the concentration required for 50% inhibition of
the enyzme could be as low as 29 nM f&i and 3.5 nM for

35.

(62) Holmquist, B.; Baning, P.; Riordan, J. FAnal. Biochem1979 95, 540~
548.

(63) Cushman, D. W.; Cheung, H. Biochem. Pharmacoll971 20, 1637
1648.

Hz, 3H).

3-Butenyl(1,3-dithian-2-yl)methylphenylsilane (19a)To a solution
of 1,3-dithiane (11.1 g, 91.9 mmol) in THF (150 mL)-a78 °C was
added dropwise over 10 mmbutyllithium (48 mL of a 1.6 M solution

(64) Chen, C.-A,; Sieburth, S. McN.; Glekas, A.; Hewitt, G. W.; Trainor, G.
L.; Erickson-Viitanen, S.; Garber, S. S.; Cordova, B.; Jeffrey, S.; Klabe,
R. M. Chem. Biol.2001, 8, 1161-1166.

(65) Marans, N. S.; Sommer, L. H.; Whitmore, F. £.Am. Chem. Sod.951,
73, 5127-5130.
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in hexane, 76.6 mmol), and the solution was stirred for 2 h. A solution
of 18a(11.9 g, 61.3 mmol) in THF (120 mL) was added dropwise
over 30 min, and the mixture was stirredrf8 h at —78 °C and

overnight at room temperature. The reaction mixture was diluted with
water (100 mL) and extracted with three 100 mL portions of ethyl

(m, 2H), 7.39-7.34 (m, 3H), 5.95-5.82 (m, 1H), 5.03-4.89 (m, 2H),

3.70 (dd,J = 12.0, 2.3 Hz, 1H), 2.152.07 (m, 2H), 1.86:1.76 (m,

1H), 1.59-1.49 (m, 2H), 1.23-1.12 (m, 1H), 1.03-0.84 (m, 7H), 0.33

and 0.34 (two singlets due to diastereomers, 3f).NMR (CDCh):

0 141.5,135.8, 135.6, 134.7, 134.6, 129.6, 129.5, 128.2, 128.1, 113.2,

acetate. The combined organics were washed with saturated aqueou$2.5, 62.1, 42.3, 42.2, 27.5, 24.2, 24.1, 23.6, 20.7, 20.8, 10.7, 10.5,

NaCl, dried over Ng5Q,, and concentrated. Flash chromatography over

silica gel (1:9 ethyl acetate/hexane) gd¥amixed with residual 1,3-

dithiane. The latter was removed by sublimation (&4 8.0 mmHg)

to provide purel9aas a yellow oil (9.0 g, 50% for three steps from

dichlorosilanel6g). Rr = 0.55 (1:9 ethyl acetate/hexanéld NMR

(CDCl): 6 7.63-7.61 (m, 2H), 7.427.38 (m, 3H), 5.975.84 (m,

1H), 5.06-4.90 (m, 2H), 3.95 (s, 1H), 2.932.83 (m, 2H), 2.722.67

(m, 2H), 2.21.97 (m, 4H), 1.181.09 (m, 2H), 0.49 (s, 3H)*C

NMR (CDCly): 6 141.0, 134.5, 134.1, 129.9, 127.9, 113.2, 32.9, 31.1,

31.0, 27.2, 25.8, 10.8;7.0. MS (FAB): m/e 293 (MH*, 23), 149 (58),

121 (100), 119 (37), 105 (34). Exact mass (FAB) calcd feHz:S,-

Si, 293.0854; found, 293.0861. Anal. Calcd fold,,S,Si: C, 61.16;

H, 7.53. Found: C, 61.31; H, 7.74.
3-Butenyl[2-(2-methylpropyl)-1,3-dithian-2-yllmethylphenylsi-

lane (20a).To a solution ofl19a (6.81 g, 23.1 mmol) in THF (150

mL) at —78 °C was added dropwise over 10 mirbutyllithium (14.4

mL of a 1.6 M solution in hexanes, 23.1 mmol). After 3 h, 1-bromo-

—7.9,—-8.0. IR (neat): 3434, 2954, 2913, 1111, 790, 736 €nvS
(Cl/CH,): m/e 263 (M* + 1, 2), 175 (69), 137 (100), 115 (41). Anal.
Calcd for GeH260Si: C, 73.22; H, 9.98. Found: C, 72.85; H, 10.24.

3-Butenyl(1-azido-3-methylbutyl)methylphenylsilane.To a solu-
tion of 21a(3.4 g, 13 mmol) in CHCI, (150 mL) and triethylamine (9
mL, 65 mmol) at CC was added dropwise over 5 min methanesulfonyl
chloride (7.4 g, 65 mmol), and the mixture was allowed to warm to
room temperature over 1 h. After being stirred overnight, the mixture
was cooled to 0C and diluted with water (50 mL). The aqueous layer
was extracted twice with 50 mL portions of @El,. The combined
organics were concentrated in vacuo, and the crude mesylate was
dissolved in DMF (150 mL). To this solution was added sodium azide
(4.2 g, 64.8 mmol), and, after being stirred overnight at room
temperature, the mixture was partitioned between water (200 mL) and
ethyl acetate (200 mL). The aqueous layer was extracted twice with
50 mL portions of ethyl acetate. The combined organics were washed
with saturated aqueous NaCl, dried over.8l@, and concentrated.

2-methylpropane (3.52 mL, 32.3 mmol) was added dropwise, and the Flash chromatography over silica gel (1:19 ethyl acetate/hexane) gave

mixture was stirred fo2 h at —78 °C and then overnight at room

3-butenyl(1-azido-3-methylbutyl)methylphenylsilane as a colorless all,

temperature. The reaction mixture was quenched with water (10 mL) as a mixture of diastereomers (3.11 g, 84%).= 0.80 (1:9 ethyl
and extracted with three 100 mL portions of ethyl acetate. The combined acetate/hexane)d NMR (CDCl): 6 7.53-7.47 (m, 2H), 7.387.32
organics were washed with saturated aqueous NaCl and dried oyer Na (m, 3H), 5.9%5.78 (m, 1H), 5.6-4.86 (m, 2H), 3.03 and 2.99 (two

SO,. Concentration gav0aas a yellow oil in quantitative yield and
was used in the next reaction without purificatidd.= 0.75 (1:19
ethyl acetate/hexanéHd NMR (CDCly): 6 7.69-7.66 (m, 2H), 7.46-
7.33 (m, 3H), 5.935.82 (m, 1H), 4.99 (ddJ = 17.0, 1.7 Hz, 1H),
4.88 (dd,J = 10.1, 1.7 Hz, 1H), 3.62.91 (m, 2H), 2.56-2.40 (m,
2H), 2.13-1.90 (m, 6H), 1.781.70 (m, 1H), 1.3%1.24 (m, 2H), 0.94
(d, J= 6.6 Hz, 3H), 0.84 (dJ = 6.6 Hz, 3H), 0.55 (s, 3H}:3C NMR
(CDClg): 6 141.2,135.1, 134.5, 129.5, 127.5, 112.9, 45.6, 39.5, 27.9,
27.0,24.7, 24.6, 24.2, 24.1, 1156.1. IR (neat): 2896, 1430, 1254,
1114, 910, 798, 739, 700 cth MS (CI/CHy): m/e 351 (MH", 19),
295 (100), 273 (71), 175 (36), 149 (74). Exact mass (FAB) calcd for
CioH30S:Si, 350.1558 (MH — 1); found, 350.1561.
3-Butenyl-(3-methyl-1-oxobutyl)methylphenylsilaneTo a solution
of 20a(6.19 g, 17.7 mmol) in acetonitrile (200 mL) were added water
(10 mL) and Hgd (24 g, 88 mmol). After being stirred overnight at

triplets due to diastereomerd= 2.7 Hz, 1H), 2.08 (qJ) = 7.8 Hz,
2H), 1.82-1.70 (m, 1H), 1.581.47 (m, 1H), 1.19-1.10 (m, 1H), 1.06-
0.94 (m, 2H), 0.89-0.83 (m, 6H), 0.38 and 0.36 (two singlets due to
diastereomers, 3H}3C NMR (CDCk): 6 140.8, 134.2, 134.1, 129.6,
128.0, 113.3, 50.4, 50.3, 38.6, 38.5, 27.5, 25.8, 23.3, 20.7, 11.4, 11.0,
—6.8,—7.3. IR (neat): 2956, 2099, 1259 cin MS (FAB): m/e 288
(MH*, 19), 260 (100), 258 (39), 244 (64), 204 (54). Exact mass (FAB)
calcd for GgH26N3Si, 288.1896; found, 288.1895.
N-[1-(3-Butenyl(methyl)phenylsilyl)-3-methylbutyl] Benzamide
(22a). A solution of 3-butenyl(1-azido-3-methylbutyl)methylphenylsi-
lane (2.75 g, 9.57 mmol) in ether (100 mL) at© was added dropwise
to lithium aluminum hydride (47.8 mLfa 1 M solution in ether, 47.8
mmol), and the mixture was then allowed to warm to room temperature
over 10 min. After being stirred for an additional 30 min, the mixture
was cooled to O°C and diluted with ether (100 mL). A saturated

room temperature, the mixture was concentrated in vacuo and thenaqueous N#&8Q, solution was added until evolution of hydrogen ceased,
partitioned between water (100 mL) and hexane (200 mL). The agueousthe mixture was dried with anhydrous 6, filtered, and the residue

layer was extracted twice with 50 mL portions of hexane, and the

was extracted with ether (50 mL). The combined organics were

combined organic extracts were washed with saturated aqueous NaCkoncentrated to give the amine as a colorless oil. This amine was taken

and dried over Ng&Q,. Concentration in vacuo at room temperature
gave the title compound as a yellow oil in quantitative yidRl.=
0.75 (1:19 ethyl acetate/hexan&). NMR (CDCly): ¢ 7.54-7.51 (m,
2H), 7.41-7.35 (m, 3H), 5.9%5.78 (m, 1H), 4.99 (ddJ = 17.0, 1.7
Hz, 1H), 4.90 (ddJ = 10.0, 1.7 Hz, 1H), 2.44 (d] = 6.7 Hz, 2H),
2.16-2.06 (m, 3H), 1.161.07 (m, 2H), 0.78 (pdJ = 6.7 Hz, 6H),
0.51 (s, 3H).
3-Butenyl-(1-hydroxy-3-methylbutyl)methylphenylsilane (21a).
To a solution of 3-butenyl-(3-methyl-1-oxobutyl)methylphenylsilane
(4.60 g, 17.7 mmol) in ethyl ether (150 mL) atO was added dropwise
lithium aluminum hydride (88.3 mLfoa 1 M solution in ether, 88.3
mmol). After being stirred for 15 min at 0C, the reaction mixture
was diluted with ethyl ether (200 mL), and saturate@3@, solution

up in CHCI, (60 mL) and triethylamine (5 mL), and the solution was
cooled to 0°C. To this solution was added dropwise benzoyl chloride
(1.34 g, 9.57 mmol), and the mixture was allowed to warm to room
temperature. After being stirred overnight, the reaction mixture was
diluted with saturated aqueous NaHC@O0 mL). The aqueous layer
was extracted twice with 50 mL portions of @El,, and the combined
organics were washed with saturated aqueous NaCl, dried over Na
SO, and concentrated. Flash chromatography over silica gel (1:9 ethyl
acetate/hexane) gav&2a a mixture of diastereomers, as a sticky
colorless solid (2.6 g, 74%) = 0.20 (1:9 ethyl acetate/hexanéj
NMR (CDCl): 6 7.69-7.60 (m, 2H), 7.56-7.54 (m, 2H), 7.487.37

(m, 6H), 5.95-5.80 (m, 1H), 5.57 (dJ = 9.9 Hz, 1H), 5.0 (dJ =

17.0 Hz, 1H), 4.90 (dJ = 8.6 Hz, 1H), 4.244.13 (m, 1H), 2.1#

was added until evolution of hydrogen had ceased. The mixture was 2.07 (m, 2H), 1.68-1.55 (m, 1H), 1.441.24 (m, 2H), 1.070.99 (m,

dried with anhydrous N&QO,, filtered, the residue was extracted with

2H), 0.93 (d,J = 6.4 Hz, 3H), 0.85 and 0.84 (two doublets due to

ether (50 mL), and the organics were combined. Concentration provided diastereomers) = 6.6 Hz, 3H), 0.40 and 0.39 (two singlets due to

2laas a yellow oil that was a mixture of diastereomers (3.6 g, 78%).
This product was used in the next reaction without further purification.
R: = 0.50 (1:9 ethyl acetate/hexan&)l NMR (CDCL): ¢ 7.58-7.53
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diastereomers, 3H}3C NMR (CDCk): ¢ 166.7, 140.9, 135.0, 134.7,
134.5, 134.34, 134.31, 131.1, 131.0, 130.5, 129.64, 129.61, 128.8,
128.54, 128.50, 128.0, 126.6, 113.3, 113.2, 40.5, 40.4, 37.2, 36.9, 27.5,
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25.1, 23.6,21.2, 11.3, 10.%#6.7,—7.4. IR (neat): 3279, 2954, 1628,
1536, 699 cm'. MS (FAB): m/e 366 (MH", 11), 310 (34), 288 (100).
Exact mass (FAB) calcd for£H3:NOSi, 365.2175 (MH — 1); found,
365.2172. Anal. Calcd for 8Hx:NOSI: C, 75.56; H, 8.55; N; 3.83.
Found: C, 75.18; H, 8.41; N, 3.72.
3-[[1-(Benzoylamino)-3-methylbutyl]methylphenylsilyl] Propionic
Acid (23a). To a solution of22a (0.7 g, 1.91 mmol) in acetone (22
mL) were added 0.23 mLfa 4 wt % solution of OsQ in water (2
mol %) and Jones reagent (2.43 mL, 6.49 mnmbhfter the mixture

CooH37N20,Si, 473.2624; found, 473.2621. Anal. Calcd fortssN,O-
Si-0.2H,0: C, 73.13; H, 7.70; N, 5.88. Found: C, 73.09; H, 7.49; N,
5.96.
N-[1-[Hydroxy(methyl)[3-ox0-3-[(phenylmethyl)amino]propyl]si-

lyl]-3-methylbutyl Benzamide (25). To a solution of24a-1(88 mg,
0.18 mmol) in CHCI, (30 mL) at 0°C was added trifluoromethane-
sulfonic acid (3 mL, 34 mmol). After the solution was stirred for 10
min, saturated aqueous WBH (30 mL) was added. The aqueous layer
was extracted twice with 5 mL portions of GEl,. The combined
was stirred for 24 h at room temperature, 2-propanol (0.5 mL) was organics were washed with saturated aqueous NaCl, dried over Na
added followed by NaHS£0.2 g). The mixture was diluted with water SQ;, and concentrated at room temperature. The crude product was
(50 mL) and stirred until a dark-green, homogeneous solution was passed thrpugh a _pad of silica gel using .ethyl acetate as eluant.
produced. This solution was diluted further with water (90 mL) and gontcentratlor_l prciyldeQS Zsta cc_)logess lfli/lllg (t61bm(i,_182%)._The
extracted with six 50 mL portions of ethyl acetate. The combined iastereomeric ratio was determined ty o be 1.16.R =
organics were washed with saturated aqueous NaCl and dried oxer Na 0.10 (1.1 ethyl acetate/hexane). mp-3% °C. 'H NMR (CDCL): o
SO,. Concentration gave a colorless solid of cr@&Baas a mixture of 7'72_7'67 (m, 2H), 7"157'13 (m, 8H), 6.73 and 6.60 (two doublets

; . . . ; due to diastereomerd,= 8.3 Hz, 1NH), 6.356.24 (m, 1NH), 4.39-
diastereomers. This product was used in the next reaction without further

Stere 4.24 (m, 3H), 3.673.55 (m, 1H), 2.42-2.30 (m, 2H), 1.73-1.60 (m,
purification. Rr = 0.20 (1:9 ethyl acetate/hexan&f NMR (CDCls): oH). 1.38-1.17 2H). 0.89 (dJ = 6.4 Hz. 6H). 0.14 and 0.05 (tw
o 7.67-7.62 (M, 2H), 7.547.52 (m, 2H), 7.487.37 (m, 6H), 5.79 ) 1.38-1.17 (m, 2H), 0.89 (d) = 6.4 Hz, 6H), 0.14 and 0.05 (two

; singlets due to diastereomers, 3HC NMR (CDCk): 6 174.7, 167.8,
and 5.73 (two doublets due to diastereomérs,10.0 Hz, 1H), 4.25 167.6, 164.2, 138.1, 138.0, 134.7, 134.6, 131.3, 131.2, 128.7, 128.6,
4.13 (m, 1H), 2.442.34 (m, 2H), 1.641.57 (m, 1H), 1.49-1.38 (m,

128.5,127.8,127.72,127.69, 127.50, 127.47, 127.4, 126.9, 43.7, 43.6,

to diastereomers] = 6.6 Hz, 6H), 0.40 (s, 3H). MS (FAB)me384 19 _31 33 IR (film): 3288, 2954, 2926, 1636, 1543, 1262, 888,
(MH", 62), 310 (100), 306 (88). Exact mass (FAB) calcd fosGo- 879, 804, 704 cmi. MS (FAB): m/e 435 (MNa', 100), 101 (92). Exact
NOsSi, 384.1995; found, 384.1995. mass (FAB) calcd for §HsN,0sSiNa, 435.2080; found, 435.2071.

N-[3-Methyl-1-[[3-0x0-3-[(phenylmethyl)amino]propyl]meth-
ylphenylsilyl]butyl] Benzamide (24a).To a solution of benzylamine
(0.25 g, 2.29 mmol) in DMF (25 mL) at 0C were added 4-methyl-

morpholine (0.21 mL, 1.91 mmol), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (0.55 g, 2.87 mmol), 1-hydroxyben- was stirred for 20 min. This mixture was concentrated in vacuo and

zotriazole (0.26 g, 1.91 mmol), and crude carboxylic &3 (1.91
mmol). After being stirred for 30 min at @ under argon, the mixture

N-[1-[Trimethylsilyloxy(methyl)[3-0x0-3-[(phenylmethyl)amino]-
propyl]silyl]-3-methylbutyl Benzamide (26). To a solution o33 (75

mg, 0.18 mmol) in THF (10 mL) at room temperature were added

triethylamine (1 mL) and chlorotrimethylsilane (1 mL), and the mixture

then partitioned between water (5 mL) and £ (5 mL). The aqueous
layer was extracted twice with 5 mL portions of &El,. The combined

was allowed to warm to room temperature and was stirred overnight. organics were washed with saturated aqueous NaCl, dried over Na

This mixture was partitioned between water (30 mL) and ethyl acetate SQs, and concentrated. Purification by preparative thin-layer chroma-

(30 mL). The aqueous layer was extracted twice with 30 mL portions tography (1:3 ethyl acetate/hexane) gave two diastereomers as viscous

of ethyl acetate. The combined organics were washed with saturatedsemisolids, in a ratio of 4:6.

aqueous NaHC€(20 mL) and saturated aqueous NaCl, dried over Na 26a.21 mg, 29%,R: = 0.25 (1:3 ethyl acetate/hexanéfl NMR

SQ, and concentrated. Flash chromatography over silica gel (1:1:3 ethyl (CDCh): 6 7.72 (d,J = 17.2 Hz, 2H), 7.49-7.22 (m, 8H), 6.58 (dJ

acetate/hexane/GBl,) gave two diastereomerg4a-1and24a-2 in = 9.7 Hz, 1H), 6.37 (tJ = 4.8 Hz, 1H), 4.38 (dJ = 5.6 Hz, 2H),

a ratio of 3:7 (69% fronR224a). 3.86 (m, 1H), 2.452.34 (m, 1H), 2.3+2.20 (m, 1H), 1.751.66 (m,
24a-1.0.18 g, 20%, colorless crystaR; = 0.50 (1:1 ethyl acetate/ 1H), 1.55 (dt,J = 14.1, 3.8 Hz, 1H), 1.381.29 (m, 1H), 1.260.86

nexane). mp 4244 °C. H NMR (CDCH): 0 760 (6.0 =73 Kz, (0B SRR S0, 0o 6 B ot 305, 38.3
2H), 7.53-7.25 (m, 13H), 6.56 (tJ = 5.3 Hz, 1H), 6.13 (dJ = 10.1 &y 9%, 2954, 2208, 2209, 2oL [, 2209, 1801, 9.8, 99.9, 963,
T 30.1, 25.2, 23.6, 21.3, 11.0, 1.92.9. IR (neat): 3277, 2955, 1635,
Hz, 1H), 4.40 (dJ = 5.7 Hz, 2H), 4.41 (m, 1H), 2.632.52 (m, 1H), _
o 1544, 1254, 1066, 848, 703 cfa MS (FAB): m/e 507 (MNa', 100),
2.37-2.27 (m, 1H), 1.651.55 (m, 1H), 145 (dt) = 14.1, 3.6 Hz, 395 (55), 294 (50). Exact mass (FAB) calcd foseksoNOsSi*Na
1H), 1.35-1.21 (m, 3H), 0.88 (dJ = 6.4 Hz, 3H), 0.85 (d,] = 6.6 ’ ' OfeflaoNobsokrNa,

Hz, 3H), 0.37 (s, 3H)C NMR (CDCl): 6 174.9,167.1, 138.5, 134.8, 0. 2475 found, 507.2473.
26b. 33 mg, 46%,R = 0.20 (1:3 ethyl acetate/hexanéji NMR
134.6, 134.4, 131.4, 129.9, 128.8, 128.7, 128.3, 128.0, 127.4, 126.8,
o (CDCL): 8 7.62 (d,J = 7.1 Hz, 2H), 7.44-7.18 (m, 8H), 6.38 (t] =
43.5, 39.4, 36.6, 30.6, 25.0, 23.3, 20.9, 7=&.1. IR (film): 3284, _ -
_ 5.5 Hz, 1H), 6.27 (dJ = 9.2 Hz, 1H), 4.34 (dJ = 5.4 Hz, 2H), 3.88-
1636, 1539, 698 crt. MS (FAB): m/e473 (MH*, 58), 395 (72), 282 o (. 1H). 2.47.2.37 (m. 1H). 226215 (m, 1H), 1.73.1.6 (m
(100), 157 (72), 91 (68). Exact mass (FAB) calcd fopHG/N,O,Si, ' ' ' ! ' ' .

) 1H), 1.49 (dt,J = 14.2, 4.0 Hz, 1H), 1.351.26 (m, 1H), 1.020.76
473.2624; found, 473.2625. Anal. Calcd fopg83eN.0,Si-H,O: C, (m, 8H), 0.09 (s, 3H), 0.04 (s, 9HC NMR (CDCh): & 174.5, 167.0
70.98: H, 7.81; N, 5.71. Found: C, 71.20; H, 7.49; N, 5.76. : g . o ! ' | . e

138.3,134.7,131.1, 128.6, 128.5, 127.8, 127.3, 126.6, 43.5, 39.4, 38.2,
24a-2.0.44 g, 49%, colorless powdd® = 0.45 (1:1 ethyl acetate/

30.2, 25.3, 23.6, 21.3, 11.2, 1.93.1. IR (film): 3278, 2954, 1633,
hexane). mp 196191 °C. *H NMR (CDCl): 6 7.66 (d,J = 7.4 Hz, 1547, 1259, 1074, 846, 704 ci MS (FAB): m/e 507 (MNa', 31),
2H), 7.54-7.21 (m, 13H), 6.166.06 (m, 2H), 4.37 (dJ = 5.6 Hz,

395 (100), 294 (35). Exact mass (FAB) calcd fosoN.OsSi*Na,
2H), 4.32-4.24 (m, 1H), 2.452.35 (m, 1H), 2.24-2.13 (m, 1H), 1.68

507.2475; found, 507.2478.
1.59 (m, 1H), 1.48 (dtJ = 14.4, 3.5 Hz, 1H), 1.331.15 (m, 3H), 3-Butenyl(fluoro)diphenylsilane (18b).In a two-neck flask equipped
0.91 (d,J = 6.5 Hz, 3H), 0.85 (dJ = 6.5 Hz, 3H), 0.37 (s, 3H):C

with a condenser were placed magnesium (3.46 g, 142 mmol) and a
NMR (CDCk): 6 174.5,167.4,138.6, 135.0, 134.6, 134.5, 131.5, 130.0, crystal of iodine. The flask was warmed with a heat gun until iodine
128.9, 128.8, 128.4, 128.1, 127.6, 126.9, 43.6, 40.0, 36.6, 30.7, 25.1,had sublimed. A solution of 4-bromo-1-butene (9.62 g, 71.3 mmol) in
23.5,21.0,8.7+-7.4. IR (Nujol): 3261, 2949, 2922, 2854, 1652, 1628, ether (100 mL) was added dropwise in 30 min, and the resulting mixture
1559, 699 cm®. MS (FAB): m/e 473 (MH", 32), 395 (47), 282 (58), was refluxed for 2 h. This Grignard solution was cooled to room
157 (100), 137 (48), 93 (42), 91 (46). Exact mass (FAB) calcd for temperature and added over 30 min via cannula to a second flask
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containing 17b (15.7 g, 71.3 mmol) in ether (100 mL) at room The combined organic extracts were washed with saturated aqueous
temperature. After being stirred overnight at room temperature under NaCl and dried over N&O,. Concentration to dryness in vacuo at
argon, the reaction mixture was quenched with water (20 mL), and the room temperature gave the crude title compound as a yellow oil (3.2
organic layer was isolated. The aqueous layer was extracted twice withg, 88%).R; = 0.80 (1:9 ethyl acetate/hexanéi NMR (CDCl): 6
50 mL portions of ether. The combined organic extracts were washed 7.58 (d,J = 6.4 Hz, 4H), 7.44 (m, 6H), 5.88 (m, 1H), 4.99 (di=
with saturated aqueous NacCl, dried over,8l@&, and concentrated. 17.1, 1.6 Hz, 1H), 4.91 (dd] = 10.2, 1.6 Hz, 1H), 2.50 (d] = 6.6
Distillation (134°C, 1.5 mmHg) provided pur&8b as a colorless oil Hz, 2H), 2.14 (m, 2H), 1.36 (m, 2H), 0.95 (m, 1H), 0.76 &= 6.7
(15.2 g, 83%)*H NMR (CDCL): ¢ 7.62 (d,J = 7.8 Hz, 4H), 7.56- Hz, 6H). IR (neat): 3068, 3046, 2956, 1641, 1431, 1113, 743, 702
7.39 (m, 6H), 5.975.83 (m, 1H), 5.02 (ddJ = 17.1, 1.7 Hz, 1H), cm . MS (FAB): nve (rel intensity) 323 (MH, 15), 321 (89), 236
4.94 (dd,J = 10.2, 1.7 Hz, 1H), 2.282.20 (m, 2H), 1.38-1.30 (m, (36), 182 (63), 169 (100). Exact mass (FAB) calcd farHGsOSi,
2H). 13C NMR (CDCk): ¢ 140.9, 135.9, 134.1, 129.7, 127.8, 113.1, 321.1675 (MH — 2); found, 321.1670.
26.9, 14.0. 3-Butenyl(1-hydroxy-3-methylbutyl)diphenylsilane (21b). To a
3-Butenyl(1,3-dithian-2-yl)diphenylsilane (19b).To a solution of solution of the 3-butenyl(3-methyl-1-oxobutyl)diphenylsilane (3.0 g,
1,3-dithiane (6.77 g, 56.3 mmol) in THF (120 mL) &f78 °C was 9.3 mmol) in ethyl ether (100 mL) at® was added lithium aluminum
added dropwise over 10 mmbutyllithium (1.6 M in hexane, 50 mmol), hydride (1.0 M in ethyl ether, 47 mmol). After being stirred for 15
and the solution was stirredf@ h under argon. A solution af8b min at 0°C under argon, the reaction mixture was diluted with ethyl
(11.1 g, 43.3 mmol) in THF (100 mL) was added, and the mixture ether (300 mL) and quenched with saturated aqueou$S®launtil
was stirred fo 3 h at—78 °C and overnight at room temperature. The evolution of hydrogen had ceased. The mixture was dried with solid
reaction mixture was quenched with water (100 mL), and the organic NaSO, and filtered, and the residue was extracted with ether (50 mL).
layer was isolated. The aqueous layer was extracted with two 100 mL The organic extracts were combined and concentrated in vacuo. Flash
portions of ethyl ether. The combined organic extracts were washed chromatography over silica gel (1:9 ethyl acetate/hexane) gave pure
with saturated aqueous NacCl, dried over.8@, and concentrated. 21bas a colorless oil (2.1 g, 69%% = 0.60 (1:9 ethyl acetate/hexane).
Flash chromatography over silica gel (1:9 ethyl acetate/hexane) gave'H NMR (CDCk): 6 7.57 (m, 4H), 7.37 (m, 6H), 5.87 (m, 1H), 4.97
19b contaminated with 1,3-dithiane. The latter was removed by (dd,J= 17.1, 1.7 Hz, 1H), 4.88 (dd} = 10.2, 1.7 Hz, 1H), 4.08 (d,
sublimation (54°C, 8.0 mmHg). Recrystallization from f& provided J=12.1 Hz, 1H), 2.12 (m, 2H), 1.85 (m, 1H), 1.58 (m, 1H), 1.26 (m,
pure 19b as a colorless solid (14.8 g, 96%% = 0.40 (1:49 ethyl 4H), 0.88 (d,J = 6.2 Hz, 6H).13C NMR (CDCk): 6 141.4, 135.7,
acetate/hexane). mp 449 °C. *H NMR (CDCly): 6 7.66 (d,J = 7.8 133.8, 129.8, 128.2, 113.3, 61.5, 42.4, 27.5, 24.2, 23.7, 20.7, 9.8. IR
Hz, 4H), 7.43 (m, 6H), 5.90 (m, 1H), 5.02 (d#i= 17.1, 1.7 Hz, 1H), (neat): 3565, 3452, 2955, 2910, 1642, 1434, 1116, 743, 708.cm
491 (dd,J = 10.2, 1.7 Hz, 1H), 4.26 (s, 1H), 2.92 {,= 11.8 Hz, MS (FAB): m/e (rel intensity) 323 (MH — 2, 5), 269 (21), 198 (57),
2H), 2.71 (m, 2H), 2.19 (m, 2H), 2.07 (m, 2H), 1.37 (m, 2HC NMR 183 (100), 159 (56). Exact mass (FAB) calcd fehld;,0Si, 323.1831
(CDClg): 6 141.1, 135.9, 132.4, 130.2, 128.0, 113.2, 32.3, 31.5, 27.5, (MH* — 2); found, 323.1824. Anal. Calcd for,,sSiO: C, 77.72;
25.8, 10.5. IR (film): 3068, 3047, 2897, 1639, 1429, 1112, 911, 744, H, 8.70. Found: C, 77.60; H, 8.67.
703 cn'. MS (FAB): mve (rel intensity) 357 (MH, 11), 237 (36), 3-Butenyl(1-azido-3-methylbutyl)diphenylsilane.To a solution of
211 (100). Exact mass (FAB) calcd fosdHl2sS,Si, 355.1010 (MH — 21b (1.68 g, 5.16 mmol) in methylene chloride (100 mL) and
2); found, 355.1020. Anal. Calcd for,124S,Si: C, 67.36; H, 6.78. triethylamine (3.6 mL) at (°C was added dropwise over 5 min
Found: C, 67.08; H, 6.78. methanesulfonyl chloride (2.96 g, 25.8 mmol), and the solution was
3-Butenyl[2-(2-methylpropyl)-1,3-dithan-2-yl]diphenylsilane (20b). allowed to warm to room temperature over 1 h. After being stirred
To a solution 0f19b (4.68 g, 13.1 mmol) in THF (100 mL) at78°C overnight under argon, the mixture was cooled ttC0and quenched
was added dropwise over 10 mimbutyllithium (1.6 M in hexanes, with water (50 mL). The organic layer was isolated, and the aqueous
18.4 mmol). After the mixture was stirredrf@ h under argon, 1-bromo- layer was extracted twice with 20 mL portions of methylene chloride.
2-methylpropane (2.14 mL, 19.7 mmol) was added dropwise over 5 The combined organic extracts were concentrated in vacuo at room
min, and the mixture was stirredrf@ h at—78 °C and overnight at temperature. The crude mesylate was dissolved in DMF (100 mL), and
room temperature. The reaction mixture was quenched with water (10 to this solution was added sodium azide (1.68 g, 25.8 mmol). After
mL), and the excess organic solvent was removed under reducedbeing stirred fo 8 h atroom temperature, the mixture was partitioned
pressure. The crude mixture was extracted with three 100 mL portions between water (200 mL) and ethyl acetate (200 mL). The organic layer
of ethyl acetate. The combined organic extracts were washed with was isolated, and the aqueous layer was extracted twice with 50 mL
saturated aqueous NacCl, dried over,8@;, and concentrated. Flash  portions of ethyl acetate. The combined organic extracts were washed
chromatography over silica gel (1:9 ethyl acetate/hexane) gave purewith saturated aqueous NacCl, dried over,8i@&, and concentrated.
20b as a colorless solid (5.0 g, 92%% = 0.75 (1:9 ethyl acetate/ Flash chromatography over silica gel (1:9 ethyl acetate/hexane) gave

hexane). mp 6769 °C. 'H NMR (CDCl): o 7.83 (d,J = 6.0 Hz,
4H), 7.41 (m, 6H), 5.88 (m, 1H), 4.97 (dd= 17.1, 1.7 Hz, 1H), 4.88
(dd,J = 10.1, 1.7 Hz, 1H), 3.04 (m, 2H), 2.49 @,= 4.3 Hz, 1H),
2.44 (t,J = 4.1 Hz, 1H), 2.08 (dJ = 5.1 Hz, 2H), 1.98 (m, 4H), 1.79
(m, 1H), 1.54 (m, 2H), 0.82 (d] = 6.7 Hz, 6H).13C NMR (CDCh):

the pure title compound as a colorless oil (1.57 g, 87R)= 0.90
(1:9 ethyl acetate/hexanéd NMR (CDCl): ¢ 7.57 (d,J = 6.7 Hz,
4H), 7.41 (m, 6H), 5.88 (m, 1H), 5.00 (dd= 17.0, 1.5 Hz, 1H), 4.92
(dd,J=10.2, 1.5 Hz, 1H), 3.44 (d] = 12.4 Hz, 1H), 2.12 (m, 2H),
1.84 (m, 1H), 1.60 (&) = 12.5 Hz, 1H), 1.30 (m, 3H), 0.92 (d,= 6.7

01415, 136.7,132.9, 129.9, 127.7, 113.0, 45.7, 39.9, 28.3, 27.2, 24.6,Hz, 3H), 0.89 (dJ = 6.7 Hz, 3H).1*C NMR (CDCk): ¢ 140.7, 135.3,

24.3,24.2,11.0. IR (film): 3068, 3043, 2951, 2912, 1432, 1113, 738,

705 cnt. MS (El): m/e (rel intensity) 289 (M — 123, 3), 183 (72),

175 (100), 159 (32), 105 (35). Exact mass (FAB) calcd fauHg,S,-

Si, 412.1715 (MH — 1); found, 412.1727. Anal. Calcd for,g3,S,-

Si: C, 69.84; H, 7.82. Found: C, 70.08; H, 8.07.
3-Butenyl(3-methyl-1-oxobutyl)diphenylsilane.To a solution of

20b (4.64 g, 11.2 mmol) in CECN (300 mL) were added water (10

mL) and HgC} (15.26 g, 56.21 mmol). After being stirred overnight

132.6, 129.9, 128.0, 113.3, 49.2, 38.8, 27.5, 25.9, 23.3, 20.7, 10.5. IR
(neat): 2957, 2102, 1432, 1116, 743, 701°énMS (FAB): m/e (rel
intensity) 350 (MH, 18), 322 (100), 315 (42), 306 (42), 236 (73).
Exact mass (FAB) calcd for £H,gNsSi, 350.2053; found, 350.2040.
Anal. Calcd for GiH2:NsSi: C, 72.16; H, 7.79; N, 12.02. Found: C,
71.99; H, 7.91; N, 11.60.

N-[1-(3-Butenyldiphenylsilyl)-3-methylbutyl] Benzamide (22b).
To a solution of 3-butenyl(1-azido-3-methylbutyl)diphenylsilane (1.3

at room temperature, the mixture was concentrated and partitionedg, 3.72 mmol) in ethyl ether (50 mL) at®@ was added dropwise over
between water (100 mL) and hexane (200 mL). The organic layer was 5 min lithium aluminum hydride (1 M in ether, 18.6 mmol), and the
isolated, and the aqueous layer was extracted with hexane (50 mL).mixture was allowed to warm to room temperature over 10 min. After
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being stirredfor 30 min under argon, the reaction mixture was cooled 1.45 (m, 4H), 0.98 (dJ = 6.5 Hz, 3H), 0.82 (dJ = 6.5 Hz, 3H).1%C

to 0 °C and quenched successively with water (0.7 mL), 15% NaOH NMR (CDCk): 6 174.8, 167.3, 138.4, 135.6, 135.4, 134.6, 132.4, 131.4,
in water (0.7 mL), and water (2.1 mL). The mixture was filtered, and 130.3, 130.2, 128.7, 128.4, 127.9, 127.4, 126.8, 43.4, 40.0, 34.9, 30.5,
the residue was extracted twice with 20 mL portions of ethyl ether. 25.0, 23.3, 20.9, 7.6. IR (film): 3280, 2951, 2925, 1636, 1541, 1114,

The combined organic extracts were washed with saturated aqueous’00 cnt®. MS (FAB): nve (rel intensity) 535 (MH, 30), 457 (87),

NaCl and dried over N&Q,. Concentration in vacuo gave quantitatively
the crude amine as a colorless oil. This amine was dissolved in
methylene chloride (30 mL) and triethylamine (5.0 mL), and the solution
was cooled to OC. To this solution was added dropwise over 5 min
benzoyl chloride (0.52 g, 3.72 mmol), and the mixture was allowed to
warm to room temperature. After being stirred overnight under argon,
the reaction mixture was quenched with 10% aqueo@d% (20 mL).

344 (100). Exact mass (FAB) calcd fog3sN20,Si, 534.7724 (MH

— 1); found, 534.7719. Anal. Calcd fors3sN,SiO: C, 76.36; H,

7.16; N, 5.24. Found: C, 76.21; H, 7.19; N, 5.23.
2-[1-(Benzoylamino)-3-methylbutyl]-1,1,1,5,5,5-hexamethyl-2-[3-

0x0-3-[(phenylmethyl)amino]propyl]silyl]trisiloxane (28). To a solu-

tion of 24b (20 mg, 0.037 mmol) in methylene chloride (4.6 mL) at O

°C was added triflic acid (0.44 mL, 5.0 mmol). After being stirred for

The organic layer was isolated, and the aqueous layer was extractedi0 min at 0°C under nitrogen, the reaction mixture was diluted with

twice with 50 mL portions of CkCl,. The combined organic extracts
were washed with saturated aqueous NaCl, dried oveBQa and

methylene chloride (20 mL) and transferred via cannula to a second
flask containing saturated aqueous NaCl (20 mL) and Nak©®@2

concentrated. Column chromatography over silica gel (1:9 ethyl acetate/g, 10.0 mmol) at CC. This mixture was stirred for 15 min atT,

hexane) gave pure ami@2b as a colorless crystalline solid (1.40 g,
88%).Ry = 0.25 (1:9 ethyl acetate/hexane). mp-a®1°C. *H NMR
(CDClg): 6 7.61 (m, 6H), 7.42 (m, 9H), 5.83 (m, 1H), 5.55 @~
10.3 Hz, 1H), 4.95 (dd) = 17.1, 1.6 Hz, 1H), 4.87 (dd, = 10.2, 1.6
Hz, 1H), 4.70 (dtJ = 11.3, 3.1 Hz, 1H), 2.08 (m, 2H), 1.64 (m, 1H),
1.39 (m, 2H), 1.30 (br tJ =7.3 Hz, 2H), 1.03 (d,J = 6.5 Hz, 3H),
0.74 (t,J = 6.5 Hz, 3H).*C NMR (CDCk): ¢ 167.1, 141.1, 135.8,

and the organic layer was isolated and dried with®@. The organic
solution was cooled to OC under nitrogen, and treated successively
with TMSCI (3 mL) and triethylamine (2 mL). After being stirred for

30 min at°C, the mixture was quenched with water (10 mL). The
organic layer was isolated and washed with saturated aqueous NaCl,
dried over NaSQy, and concentrated. Flash chromatography over silica
gel (1:2 ethyl acetate/hexane) gave trisilox@8eas a thick colorless

135.7, 135.2, 133.3, 132.5, 131.3, 130.1, 128.7, 128.4, 128.4, 126.8,0il (12 mg, 58%).R = 0.50 (1:3 ethyl acetate/hexanéd NMR

113.4, 40.9, 34.8, 27.2, 24.9, 23.6, 21.2, 10.6. IR (film): 3302, 2955,
2923, 1640, 1519, 1487, 1429, 1322, 1114, 744, 7061criMS
(FAB): nve (rel intensity) 428 (MH, 8), 372 (22), 351 (34), 350 (100).
Exact mass (FAB) calcd for £H3zNOSI, 428.2410; found, 428.2411.
Anal. Calcd for GgH33sNSIiO: C, 78.64; H, 7.77; N, 3.28. Found: C,
78.28; H, 7.96; N, 3.22.
3-[[1-(Benzoylamino)-1-(3-methylbutyl)]diphenylsilyl] Propanoic
Acid (23b). To a solution of olefir22b (0.63 g, 1.46 mmol) in acetone
(23 mL) were added 0.18 mL (2 mol %j a 4 wt % solution of OsQ
in water and Jones reagent (1.89 mL, 5.05 mmol). After the mixture
was stirred for 24 h at room temperature, 2-propanol (0.73 mL) was
added followed by NaHS£X0.22 g). The mixture was diluted with
water (45 mL) and stirred until a dark-green, homogeneous solution
was produced. This solution was diluted with water (90 mL) and
extracted with six 50 mL portions of ethyl acetate. The combined
organic extracts were dried over Mgg@oncentration in vacuo gave
crude carboxylic acid®23b as a colorless solid (0.62 g, 96%} =
0.40 (ethyl acetate}H NMR (CDCl): 6 7.50 (m, 6H), 7.35 (m, 9H),
5.61 (d,J = 10.2 Hz, 1H), 4.63 (dtJ = 10.8, 3.5 Hz, 1H), 2.40 (m,
1H), 2.21 (m, 1H), 1.55 (m, 1H), 1.36 (m, 4H), 0.94 (U= 6.4 Hz,
3H), 0.76 (d,J = 6.5 Hz, 3H). IR (film): 3320, 2957, 2925, 1713,
1630, 1536, 1430, 1114, 707 ctaMS (FAB): nve (rel intensity) 446
(MH™, 13), 372 (100), 368 (30), 199 (20). Exact mass (FAB) calcd for
Co7H3oNOsSI, 446.2151; found, 446.2159.
N-[3-Methyl-1-[[3-ox0-3[(phenylmethyl)amino]propylldiphenylsilyl]-
butyl] Benzamide (24b).To a solution of benzylamine (28 mg, 0.26
mmol) in DMF (5 mL) at 0°C were added 4-methylmorpholine (0.025
mL, 0.22 mmol), DEC (65 mg, 0.34 mmol), HOBT (30 mg, 0.22 mmol),
and crude carboxylic aci2i3b (100 mg, 0.22 mmol). After being stirred
for 30 min at 0°C under argon, the mixture was allowed to warm to

(CDCLy): ¢ 7.65 (d,J = 7.1 Hz, 2H), 7.45-7.19 (m, 8H), 6.36:6.33
(m, 2H), 4.35 (dJ = 5.7 Hz, 2H), 3.84-3.76 (m, 1H), 2.452.33 (m,
1H), 2.25-2.15 (m, 1H), 1.76-1.62 (m, 1H), 1.5%+1.41 (m, 1H), 1.3#
1.28 (m, 1H), 0.96-0.79 (m, 8H), 0.09 (s, 9H), 0.07 (s, IHIC NMR
(CDCly): 6 174.4, 166.8, 138.4, 134.8, 131.1, 128.6, 128.5, 127.8,
127.3, 126.7, 43.6, 39.4, 37.7, 30.1, 25.2, 23.7, 21.5, 10.5, 2.0, 1.9. IR
(neat): 3272, 2956, 1660, 1638, 1539, 1255, 1080, 845'ciiS
(FAB): m/e (rel intensity) 581 (MN4&, 48), 469 (99), 368 (100), 207
(51). Exact mass (FAB) calcd fora8146N-04Siz*Na, 581.2662; found,
581.2662.
1-[3-[[1-(Benzoylamino)-3-methylbutyllmethylphenylsilyl]-1-oxo-
propyl] L-Proline 1,1-Dimethylethyl Ester (29a).To a solution of
23a(52 mg, 0.136 mmol) in methylene chloride (1.5 mL) &®were
added DCC (42 mg, 0.204 mmol) and HOBt (28 mg, 0.204 mmol).
After 5 min, a solution of -prolinetert-butyl ester (-prolinetert-butyl
ester hydrochloride (42 mg, 0.204 mmol) and triethylamine 428
0.204 mmol) in 1.5 mL of methylene chloride) was added, and the
resulting mixture was stirred at @ for 1 h and then 23 h at room
temperature. The mixture was filtered, and the filtrate was washed with
0.2 N NaOH (3 mL). The aqueous phase was extracted with methylene
chloride (3x 2 mL), and the combined organics were washed with
water (3 mL), the water wash was extracted with methylene chloride
(3 x 2 mL), and the combined extracts were concentrated in vacuo
and purified by flash chromatography (1:4 ethyl acetate/methylene
chloride) to give 57 mg oR9aas a clear oil (78%, a mixture of four
diastereomers)R = 0.40 (1:9 ethyl acetate/methylene chlorid#).
NMR (CDCl;) (complex mixture of four diastereomers):7.91-7.73
(m), 7.55 (m), 7.457.34 (m), 7.07 (dJ = 10.4), 6.88 (dJ = 9.7),
6.71 (d,J = 11.0), 6.48 (dJ = 11.0), 6.37 (dJ = 9.8), 4.41-4.02
(m), 3.63-3.24 (m), 2.59-2.46 (m), 2.46-2.35 (m), 2.24-1.81 (m),

room temperature and stirred overnight. This mixture was concentrated 1.68-1.55 (m), 1.44 (m), 1.41 (m), 1.39 (s), 1:32.23 (m), 0.95
in vacuo and partitioned between water (8 mL) and ethyl acetate (8 0-79 (M), 0.38 (s), 0.36 (s), 0.33 (s), 0.28 (s), 0.26 (s), 0.25 (8). Exact
mL). The organic layer was isolated, and the aqueous layer was mass (FAB) calcd for 6HasN20,Si (MH™), 537.3149; found, 537.3146.

extracted twice with 8 mL portions of ethyl acetate. The combined

1-[3-[[1-(Benzoylamino)-3-methylbutyl]diphenylsilyl]-1-oxopro-

organic extracts were washed successively with saturated aqueousyl] L-Proline 1,1-Dimethylethyl Ester (29b).To a 0°C solution of

NaHCGQ; (8 mL) and saturated aqueous NacCl, dried oves3@, and

23b (29 mg, 0.065 mmol) in methylene chloride (1 mL) were added

concentrated. Flash chromatography over silica gel (2:3 ethyl acetate/DCC (20 mg, 0.098 mmol) and HOBt (13 mg, 0.098 mmol). After 5

hexane) and recrystallization from ethyl acetate gave pure dia2dide
as a colorless crystalline solid (96 mg, 80%).= 0.50 (2:3 ethyl
acetate/hexane). mp 13132°C.*H NMR (CDCl): 6 7.41 (m, 20H),
6.42 (t,J = 5.2 Hz, 1H), 5.98 (dJ = 10.1 Hz, 1H), 4.72 (m, 1H),
4.33 (d,J = 5.8 Hz, 2H), 2.54 (m, 1H), 2.10 (m, 1H), 1.65 (m, 1H),

min, a solution ofL-proline tert-butyl ester (-proline tert-butyl ester
hydrochloride (20 mg, 0.098 mmol) and triethylamine (il4 0.098
mmol) in 0.5 mL of methylene chloride) was added, and the resulting
mixture was stirred at OC for 1 h and then 10 h at room temperature.
The mixture was filtered and washed with 0.2 N NaOH. The aqueous
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phase was extracted with methylene chloridex® mL), and the

(0.5 mL) was added a solution of LDA, prepared from diisopropylamine

combined organics were washed with water (3 mL). The water wash (40 mL, 0.28 mmol), THF (1 mL), and-butyllithium (0.12 mL, 2.3

was extracted with methylene chloride ¥32 mL), and the combined

organics were concentrated in vacuo and purified by flash chromatog-

raphy (1:9 ethyl acetate/methylene chloride) to give 22.5 nzPbfas
a clear oil (58%, a mixture of two diastereomefR)= 0.40 (1:9 ethyl
acetate/methylene chloridedd NMR (CDCl;) (complex mixture of
two diastereomers with proline rotamers):7.80 (m), 7.70 (m), 7.64
7.49 (m), 7.45-7.31 (m), 7.05 (d) = 9.8), 6.86 (d,J = 9.8), 6.47 (d,
J=10.4), 4.68 (m), 4.4863.83 (m), 3.573.15 (M), 2.49-2.39 (m),
2.35-2.23 (m), 2.09-1.79 (m), 1.671.50 (M), 1.42 (m), 1.35 (s), 1.26
(m), 1.00-0.93 (m), 0.83-0.79. Exact mass (FAB) calcd fosglsN.Ox-
Si (MH"), 599.3305; found, 599.3313.
1-[3-[[1-(Benzoylamino)-3-methylbutyllhydroxymethylsilyl]-1-
oxopropyl] L-Proline (30). To a 0°C solution of29a (52 mg, 0.097
mmol) in methylene chloride (12 mL) was added trifluoromethane-
sulfonic acid (1.63 mL), and the resulting solution was stirred for 25
min. Concentrated N¥DH was added to give an aqueous phase (pH
5—6), and the pH was adjusted to 1 wis N HCI. The aqueous phase
was extracted with methylene chloride X32 mL), and the combined
extracts were concentrated in vacuo. Purification by RP-HPLC (250
x 22 mm Vydac Peptide and Protein C18, with a linear gradient of
40—-50% aqueous acetonitrile containing 1% trifluoroacetic acid,
monitoring at 215 nM) and lyophilyzing the collected fractions gave
15.5 mg of30as a colorless solid (38%H NMR (acetoneds) (mixture
of four diastereomers)s 10.67 (m), 10.44 (m), 8.08 (m), 7.92 (m),
7.73 (m), 7.58 (m), 7.43 (m), 4.90 (m), 4.77 (m), 4.71 (m), 4.62 (m),
3.83-3.74 (m), 3.52 (m), 3.283.18 (m), 2.99 (m), 2.77 (m), 2.60
2.53 (m), 2.42 (m), 2.16 (m), 1.91 (m), 1#1.62 (m), 1.28 (m), 0.98

M in hexanes, 0.28 mmol). The resulting solution was stirred & 0
for 1 h and then cooled te-78 °C. lodomethane (18L, 0.28 mmol)
was added, and stirring continued for 2 h. After the solution was warmed
to room temperature, water (2 mL) was added, and the aqueous phase
was acidified to pH 1 wh 6 N HCI, and extracted with 1:1 ethyl acetate:
hexanes (3x 2 mL). The combined organics were concentrated and
purified by flash chromatography (1:9 methanol/methylene chloride)
to give 36 mg of32b as a tan oil (89%)R: = 0.47 (1:9 methanol/
methylene chloride)H NMR (CDCl): ¢ 7.61-7.54 (m), 7.47-7.32
(m), 7.23 (m), 5.66 (dJ = 10.3), 4.70 (m), 2.542.47 (m), 2.3+2.23
(m), 1.65-1.55 (m), 1.48-1.36 (m), 1.26 (m), 1.05 (d} = 6.4), 1.02
(s,J = 6.8), 0.93 (m), 0.83 (m). Exact mass (FAB) calcd fogtG.-
NO;Si (MH™), 460.2308; found, 460.2303.
1-[3-[[1-(Benzoylamino)-3-methylbutyllmethylphenylsilyl]-2-methyl-
1-oxopropyl] L-Proline 1,1-Dimethylethyl Ester (33a).To a 0°C
solution 0f32a(94.4 mg, 0.238 mmol) in methylene chloride (1 mL)
were added DIC (56L, 0.357 mmol) and HOBt (48 mg, 0.357 mmol).
After 5 min, a solution of -prolinetert-butyl ester (-prolinetert-butyl
ester hydrochloride (74 mg, 0.357 mmol) and triethylamine 449
0.357 mmol) in 1.5 mL of methylene chloride) was added, and the
resulting mixture was stirred at @ for 1 h and then 11 h at room
temperature. The mixture was filtered and washed with 0.2 N NaOH
(3 mL). The aqueous phase was extracted with methylene chloride (3
x 2 mL), and the combined organics were washed with water (10 mL).
The water wash was extracted with methylene chloridex (3 mL),
and the combined organics were concentrated in vacuo and purified
by flash chromatography (1:4 ethyl acetate/methylene chloride) to give

0.88 (m), 0.43 (s), 0.42 (s), 0.38 (s), 0.32 (s), 0.31 (s), 0.28 (s), 0.14 131.1 mg of33aas a clear oil (58%)R = 0.36 (1:4 ethyl acetate/

(m). MS (FAB): nve (rel intensity) 403 (M— OH, 100), 230 (10),
109 (14). Exact mass (FAB) calcd forfEl3;N20,4Si, 403.2053; found,
403.2048.
1-[3-[[1-(Benzoylamino)-3-methylbutyl]dihydroxysilyl]-1-oxopro-
pyl] L-Proline (31). To a 0°C solution of29b (20 mg, 0.033 mmol)
in methylene chloride (2.5 mL) was added trifluoromethanesulfonic
acid (0.55 mL), and the resulting solution was stirred for 25 min.
Concentrated NJOH was added to give an aqueous phase (pt8)5
and then was adjusted to pH 1 i N HCI. The aqueous phase was
extracted with methylene chloride (8 2 mL), and the combined
extracts were concentrated in vacuo. Purification by RP-HPLC (250
x 4.6 mm Vydac Peptide and Protein C18, with a linear gradient of
20-50% aqueous acetonitrile containing 1% trifluoroacetic acid,
monitoring at 215 nM) and lyophilyzing the collected fractions gave
5.5 mg of31 as a colorless solid (39%3)H NMR (D20): 6 7.93 (s),
7.74 (s), 7.59 (s), 3.74 (s), 3.51 (s), 2.89 (m), 2.39 (m), 2.08 (m), 1.68
(m), 0.93 (m). MS (FAB): 405 (MH — H;0).
3-[[1-(Benzoylamino)-3-methylbutylJmethylphenylsilyl]-2-meth-
ylpropionic Acid (32a). To a solution of23a (128 mg, 0.334 mmol)
in THF (1 mL) was added a solution of LDA, prepared from
diisopropylamine (164L, 1.17 mmol), THF (1 mL), and-butyllithium
(0.5 mL, 2.3 M in hexanes, 1.16 mmol). The resulting solution was
stirred at 0°C for 1 h and then cooled te-78 °C. lodomethane (73
uL, 1.17 mmol) was added, and stirring continued for 2.5 h. After the

solution was warmed to room temperature, water (2 mL) was added,

methylene chloride)!H NMR (CDCL): ¢ 7.78 (m), 7.57 (m), 7.37
(m), 6.91 (m), 6.66-6.49 (m), 6.09-5.95 (m), 4.36-4.26 (M), 4.26-
4.08 (m), 3.56-3.26 (M), 2.70 (M), 2.59 (m), 2.56 (m), 1.82 (m), 1.60
(m), 1.47-1.35 (m), 1.25 (m), 1.13 (m), 1.68.81 (m), 0.47-0.36
(m), 0.22 (s). Exact mass (FAB) calcd forsA47N20,Si (MH™),
551.3305; found, 551.3329.
1-[3-[[1-(Benzoylamino)-3-methylbutyl]diphenylsilyl]-2-methyl-
1-oxopropyl] L-Proline 1,1-Dimethylethyl Ester (33b).To a 0°C
solution 0f32b (33 mg, 0.072 mmol) in methylene chloride (0.5 mL)
were added DIC (17L, 0.108 mmol) and HOBt (15 mg, 0.108 mmol).
After 5 min, a solution of -prolinetert-butyl ester (-prolinetert-butyl
ester hydrochloride (22 mg, 0.108 mmol) and triethylamine #4L5
0.108 mmol) in 0.5 mL of methylene chloride) was added, and the
resulting mixture was stirred at @ for 1 h and then 13 h at room
temperature. The mixture was washed with 0.2 N NaOH (3 mL). The
aqueous phase was extracted with methylene chloride @ mL),
and the combined organics were washed with water (10 mL). The water
wash was extracted with methylene chloride ¥22 mL), and the
combined organics were concentrated in vacuo and purified by flash
chromatography (1:4 ethyl acetate/methylene chloride) to give 24 mg
of 33b as a tan oil (56%)R: = 0.49 (1:4 ethyl acetate/methylene
chloride).*H NMR (CDCl): ¢ 7.81-7.76 (m), 7.72-7.70 (m), 7.63-
7.57 (m), 7.55-7.50 (m), 7.45-7.29 (m), 7.06 (dJ = 9.8), 6.86 (dJ
=10.7), 6.73 (dJ = 10.7), 6.47 (dJ = 9.8), 4.68 (m), 4.55 (m), 4.31
(m), 4.20 (m), 4.05 (m), 3.95 (m), 3.60 (m), 3.52 (m), 3.44 (m), 3.30

and the aqueous phase was washed with 1:3 ethyl acetate/hexangim), 3.20 (m), 2.43 (m), 2.071.80 (m), 1.65-1.45 (m), 1.42 (m), 1.35

acidified to pH 1 wih 6 N HCI, and extracted with methylene chloride
(3 x 2 mL). The combined organics were concentrated and purified
by flash chromatography (1:9 methanol/methylene chloride) to give
94.4 mg of32aas a tan oil (71%)R; = 0.54 (1:9 methanol/methylene
chloride).*H NMR (CDCl): 6 7.69-7.65 (m), 7.66-7.51 (m), 7.47
7.33 (m), 7.28-7.22 (m), 6.98-6.94 (m), 5.92 (dJ = 9.2), 5.76 (dJ
=11), 4.43 (m), 4.19 (m), 1.630.83 (m), 0.53-0.40 (m). Exact mass
(FAB) calcd for GaH3iNO3Si (MH™), 398.2151; found, 398.2156.
3-[[1-(Benzoylamino)-3-methylbutyl]diphenylsilyl]-2-methylpro-
pionic Acid (32b). To a solution 0f23b (36 mg, 0.081 mmol) in THF
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(m), 1.26 (m), 0.96 (m), 0.81 (m). Exact mass (FAB) calcd for
Cs7HagN204Si (MHT), 613.3462; found, 613.3470.
1-[3-[[1-(Benzoylamino)-3-methylbutyl]hydroxymethylsilyl]-2-
methyl-1-oxopropyl] I-Proline (34). To a 0°C solution of33a (58
mg, 0.105 mmol) in methylene chloride (9 mL) was added trifluo-
romethanesulfonic acid (1.77 mL), and the resulting solution was stirred
for 25 min. Concentrated N®H was added to give an aqueous phase
(pH 5-6), and then was adjusted to pH 1 wi# N HCI. The aqueous
phase was extracted with methylene chloridex(3 mL), and the
combined extracts were concentrated in vacuo. Purification by RP-
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HPLC (250 x 22 mm Vydac Peptide and Protein C18, with a linear
gradient of 35-50% aqueous acetonitrile containing 1% trifluoroacetic
acid, monitoring at 215 nM) and lyophilyzing the collected fractions
gave 21.1 mg o84 as a colorless solid (46%) NMR (CDsCN): ¢
9.14 (m), 7.92 (dJ = 6.9), 7.71 (tJ = 6.9), 7.57 (tJ = 7.8), 4.74
(m), 4.56 (m), 4.47 (m), 3.79 (m), 3.72 (m), 3.57 (m), 3.11 (m), 2.93
(m), 2.36-1.81 (m), 1.46 (m), 1.321.24 (m), 0.96 (m), 0.460.30
(m). MS (FAB): e (rel intensity) 417 (M— OH, 100), 403 (20).
Exact mass (FAB) calcd for &H33N204Si, 417.2210; found, 417.2221.
1-[3-[[1-(Benzoylamino)-3-methylbutyl]dihydroxysilyl]-1-oxopro-
pyl] L-Proline (35). To a 0°C solution 0f33b (24 mg, 0.039 mmol)
in methylene chloride (3.7 mL) was added trifluoromethanesulfonic
acid (0.66 mL), and the resulting solution was stirred for 25 min.
Concentrated NFDH was added to give an aqueous phase (pt8)5
and then was adjusted to pH 1 ti6 N HCI. Saturated NaCl (2 mL)

dissolved in deionized water buffered with 0.3 M NaCl and 0.05 M
Trizma (Sigma), to give a pH of 8.3 at 3T. A solution of porcine
ACE (Sigma) in a buffered human serum base (0.10 mL) was added
to 1.0 mL of a 0.5 mM solution oN-[3-(2-furyl)acryloyl]-L-phenyl-
alanylglycylglycine (FAPGG, Sigmania 1 cmdisposable cuvette.
The test compound solution was added, and the mixture was incubated
for 5 min. Enzymatic activity was followed by monitoring at 340 nm
over a period of 5 min, relative to an identical solution not containing
the inhibitor. The silanediol81 and35, the most active species, were
assayed in triplicate, and the less active methylsilaB0k&nd34 were
assayed in duplicate.
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Purification by RP-HPLC (250« 22 mm Vydac Peptide and Protein
C18, with a linear gradient of 2540% aqueous acetonitrile containing
1% trifluoroacetic acid, monitoring at 215 nM) and lyophilyzing the
collected fractions gave 3.6 mg 86 as a colorless solid (21%)H
NMR (D20): 6 7.97 (m), 7.78-7.69 (m), 7.63 (m), 4.56 (m), 3.77
(m), 3.57-3.19 (m), 2.91 (m), 2.42 (M), 2.11 (m), 1.75 (M), 2.10 (m),
1.75 (m), 1.44-1.18 (m), 0.99 (m). MS (MALDI-TOF): 420 (M-
16).

General Assay ProcedureFollowing the procedure of Cushman
and Cheund® as modified by Holmquis® test compounds were
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discussions.

Supporting Information Available: Proton NMR spectra for
19—-28 and plotted inhibition data for silane inhibitors (PDF).
This material is available free of charge via the Internet at
http://pubs.acs.org.
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