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by a five-step synthesis. The key step in the synthesis is the desymmetrization of endo-norborn-
5-ene-2,3-dicarboxylic anhydride 4 by reaction with 7-butyl (S)-prolinate. © 1998 Elsevier Science Lud. All

rights reserved.
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Introduction

Angiotensin converting enzyme (ACE, EC 3.1.15.1) i1s a zinc metalloprotease, a biological
n 2(‘

(hlqtldme and leucine) from the

nction of which is to cleave the two C-terminal ami
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vasoconstrictor, so increased levels of this octapeptide in vivo results in an increase in blood
pressure which can cause hypertension, heart disease, haemorrhage and renal failure. In
addition to being involved in the biosynthesis of angiotensin I, a second biological function of
ACE is the degradation of bradykinin, a peptide that exhibits vasodepressing properties. The
removal of bradykinin from the human body thus further increases biood pressure.'
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In view of the biological properties of ACE, there has been much interest in the synthesis of

of Captopril 1, the first orally active ACE-inhibitor to be used clinically.'* Subsequently, a
large number of other highly potent ACE-inhibitors have been reported, including Idrapril 2
which has been shown to have a similar potency to Captopril both in vitro and in vivo.” Wlthm
Idrapril, the hydroxamic acid unit binds to the zinc atom at the active site of ACE,* the
carboxylic acid mimics the C-terminus of angiotensin-I, and the rest of the molecule occupies
the space that would be occupied by the sidechains of the (-terminal histidine and leucine

residues of angiotensin-1. Idrapril is a conformatlonally ﬂex1ble molecule and has been shown
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about the tertiary amide bond.” Conformationally constrained analogues of Idrapril might
therefore be expected to show enhanced biological activity provided that the molecule is
constrained to the correct conformation to fit into the active site of ACE.
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proline esters, producin enantiomerically pure amido acids.® This me thodology has been used

to prepare peptldc analogues which preferentially adopt B-sheet and B-turn conformations,’ and
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this manuscript, the use of this desymmetrization methodology in the synthesis of a
conformationally constrained analogue 3 of Idrapril is reported. Within compound 3, the
cyclohexane ring of Idrapril has been constrained to a boat conformation by incorporation
within a conformationally rigid norbomane ring. The effect of this is to force the two

i n44 R 7S PSS
DSTItucn bdldbllcu lU LUIC Hg L

<
[¢’]
(2]
——
ey
o
w
()
o
—t
[¢]
o]

ring will be in a chair conformation, one substituent will be cquatorial and the other axial.”
Modification of the N-methyl glycine residue within Idrapril to an (S)-proline unit within
analogue 3 prevents rotation around the CH,-N bond and thus further reduces the
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Results

Initially, it was anticipated that Idrapril analogue 3 could be prepared in just two steps by the
desymmetrization of endo-norborn-5-ene-2,3-dicarboxylic anhydride 4 by a derivative of (S)-
proline hydroxamate followed by hydrogenation of the resulting norbornene derivative.
However, whilst the asymmetric ring-opening of anhydride 4 is known to occur cleanly and
diastereoselectively with both z-butyl and methyl (S)-prolinate,®”’ reaction of anhydride 4 with

{SV-nraline hvdroxamate’ ar ()-henzvl ( S-nrolin
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compound 3 by reaction of the known amido acid® derived from anhydride 4 and methyl (S)-
prolinate with hydroxylamine. Hence, a less convergent synthesis of compound 3 was

rlf-velnn d as shown in Scheme 1.

Desymmetrization of anhydride 4 by #-butyl {S)-prolinate as previously 1
acid 5. Esterification of amido acid 5 with dimethyl sulphate gave methyl ester 6a, whilst
esterification with benzyl alcohol in the presence of DCC and a catalytic amount of DMAP
gave benzyl ester 6b. Acidolysis of the 7-butyl esters from compounds 6a,b using trifluoroacetic
acid gave the corresponding acids 7a,b, which were used without purification. Conversion of
acids 7a,b to the corresponding O-benzyl hydroxamates 8a,b was achieved (in 38 and 52%
yield from esters 6a,b) by reaction with O-benzyl hydroxylamine hydrochloride in the presence
of DCC, HOBt and triethylamine. In an attempt to 1mpr0ve the chemical yleld for the formation
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investigated. However, conversion of acid 7a to the corresponding para-nitrophenyl ester (with
DCC and para-nitrophenol) followed by reaction of the para-nitrophenyl ester with (O-benzyl
hydroxylamine gave the desired adduct 8a in improved chemical yield (57%) but as a 1:1

ixture of epimers at the proline stercocentre which could be separated by flash

ARzainine i j9 8454 AR VR RALL N 12i8a1 N~ (el S

Treatment of compound 8a with hydrogen in the presence of a charcoal supported palladium
catalyst resulted in hydrogenolysis of the benzyl protecting group and hydrogenation of the

orbornene alkene unit to form compound 9 which is the methyl ester of the desired Idrapril
analogue 3. Similar hydrogcnatmn of compound 8b resulted in the hydrogenolysis of both
benzyl protecting groups and reduction of the alkene to give the desired compound 3 as a white
powder. Attempts to saponify the methyl ester of compound 9 resulted only in decomposition,
however compound 9 is a potent1al prodrug of ldraprll analogue 3 since enzymatic hydroly51s
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groups of compound 8b without hydrogenatmg the alkene bond, thus aliowing access to
derivatives of compound 3. However, catalytic transfer hydrogenation' = of ester 8b using
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groups, to give norbornane 10 as the isolated product.
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Scheme 1: Reagents; i) Me;SO4 / K,COs3; i) BnOH / DCC / DMAP; iii) TFA, iv) DCC / HOBt /

Compound 3 exhibited two sets of peaks in its 'H NMR spectrum which hav



endo-proline derived amide and an endo-carboxvlic acid functionality on positions two and
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corresponding compound derived from methyl (S)-prolinate.® Conversion of the acid into an
ester as in compounds 6a,b and 9 increases the rate of rotation around this amide bond so that
onlv a single set of peaks are observed in the NMR spectra of the compounds. To prove the

expected exhibited a single set of peaks in both its 'H and *C NMR spectra.

Compounds 3, 9, and 11 were screened for activity as inhibitors of five proteases.
Disappointingly, all three compounds were completely inactive against ACE, which probably
indicates that the eclipsed conformation imposed by the norbornane ring is not appropriate for
the active site of this enzyme. All three compounds did however show low levels of inhibition
(20, 10, and 10% especuvely ata 100 pmol concentratlon) of fibroblast collagenase (MMP-1),
(MMP-2), and compound 3 showed 10% inhibition (at
enkephalinase and stromelysin-1 (MMP-3).

Conclusions

A concise synthetic approach to conformationally constrained
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as inhibitors of ACE, but showed no inhibition of this enzyme, and were most active against
fibroblast collagenase (MMP-1). These results suggest that the eclipsed conformation of the C-
terminal acid and metal binding site 1s not appropriate for the active site of ACE, but that this
conformation is compatible with the active site of other proteases.

Experimentai

'H NMR spectra were recorded at 250MHz on a Bruker AM250 spectrometer fitted with a
'H-"C dual probe, and were recorded at 293K in CDCls. Spectra were internally referenced
either to TMS or to the residual solvent peak, and peaks are reported in ppm downfield of TMS.
Multiplicities are reported as singlet (s), doublet (d), triplet (1), quartet (q), some combination of
these, broad (br), or multiplet (m). >C NMR spectra were recorded at 62.5MHz on the same

spectrometer as 'H NMR spectra, at 293K and in CDCl;. Spectra were referenced to the solvent
nfield of TMS. Peak assignments for both 'H and "C NMR

and ar
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spectra are made using the numbering scheme illustrated below for compound 6a.
Superscripted letters indicate that assignments may be interchanged.
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Infra red spectra were recorded on a Perkin Elmer 1600 series FTIR spectrometer, only
characteristic absorptions are rcported; Low resolution mass spectra were recorded usin
quadrupole spectrometer. Only significant fragment ions are reported, and only molecular ions
are assigned. High resolution mass spectra were recorded using chemical ionization with
ammonia as the reagent gas on a VG ZAB-E spectrometer. Optical rotations were recorded on

concentration in g/100ml. Melting points are uncorrected. Elemental analyses were performed
within the Chemistry department on a Carlo Erba Model 1106 or Model 1108 analyser.

Amido ester 6a

To a solution of amido acid § (5.4 g, 16.1 mmol) in acetone (160 ml) was added Me,SO, (2.3
ml, 24.0 mmol), and K,COs; (5.6 g, 40.3 mmol), and the resulting solution was heated at reflux

for 6 hours. On cooling to room temperature, the inorganic salts were filtered and the acetone
cicrevimmamrnd A 1n ssremmsn The ol S Te Ao S TTANA A SAINND N s N E R
Cvdaporalca st Vdcuo. 1HC 1 aue was reaissoived in cituUAC \1VV IIl) 'dﬂ(l U.Jo IVl 'd(,lllGUllS

ammonia (100 ml) was added. The mixture was stirred at room temperature for 1 hour, after
which the separated organic layer was washed with water (3 x 50 ml), dried (MgSQ,), and

evaporated in vacuo to leave amido ester 6a (5.1 g, 91%) as a white solid. M.p 108-112 °C;

(rouna L ()DU l"l 25U N 4.4, L19H27NU5 reqmresL 03.5 H /25 N 4U"}’0) [a iv 044(0 i. U
CHCL); vaay (CHCL)Yem™ 2980 (m), 1734 (s), 1717 (m), 1652 (s) and 1558 (m); & 1.30 (1H,
d, J 8.5 Hz, 7-CHa), 1.44 (9H, s, C(CHs)3), 1.4-1.5 (1H, m, 7-CHs), 1.8-2.2 (4H, m, Pro p-CH,
and Pro v-CH,), 3.1-3.2 (3H, m, 1-CH, 4-CH and 2-CIT"), 3.39 (1H, dd, J 9.5, 3.0 Hz, 3-CH®),

3.45-3.65 (2H, m, Pro 8-CH,), 3.56 (3H, s, OCHs), 4.33 (1H, dd, J 8.0, 4.0 Hz, Pro o-CH),
6.15-6.25 (2H, m, 2 x =CH); ¢ 24.58 (Pro y-CHy), 27.90 (C(CHs)3), 29.11 (Pro B-CH,), 46.42
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(1-CH®), 46.62 (4-CH"), 46.85 (Pro 5-CIL,"), 47.98 (2-CH"), 48.35 (7-CH,"), 48.71 (3-CHY),
Sll 34 FOYOLT N\ SO 27 (M . ML ON TA (Y OTT N\ N 122 QA /—-LIN 128 A1 /__(1ITN 17N A1

. W aiyy, 27.0170 \'1 1V =L Iri), ov./74 \&!\\,l—l‘z}} 100.74 \ \,n), 1220.41 \ \,'1_1), L/uU.41,
171.67 and 172.86 (2 x CO, and CON); m/z (CL, NH;) 350 (MH", 100), 294 (5) [Found: (CI,

NH;) MH", 350.1967. C;4H,sNOs requires A, 350.1967].
Amido ester 6b

A solution of amido acid 5 (6.0 g, 17.9 mmol), DCC (4.1 g, 19.6 mmol), benzyl alcohol (1.9
ml, 18.8 mmol) and DMAP (0.2 g, 1.8 mmol) in CH,Cl (80 ml) was allowed to stir at room

temnerature for 12 hours. The dicvelohexviurea

o T n was removed by filtrat
lllll ‘Jvlu AN ulvjv AL \-/ J AL WL J y U AW 7 iz
o~ Y

and the
\ Yy FWES ¥ Wil lIJ 1 CAiivl Uil

-

lf\
LIVL
filtrate was washed with water (3 x 50 ml), 1 M HC1 (3 x 50 ml), saturated aqueous Na,COs (3

"

x 50 ml), and water (2 x 50 ml) and dried (MgSQ;). The solvent was evaporated in vacuo and
the residue subjected to flash chromatography using 80% Petrol / 20% EtOAc as eluent to give
(R,=0.20) amido ester 6b (5.5 g, 72%) as a white solid. M P 61-65 °C; (Found: C, 70.6; H, 7.0;

Y/ Q> & Willle ok & Ve

N, 3.6. C;sH3NOs requm:b C, 70.6; H, 7.3; N, 3.3%); l“Ju -64.4 (¢ 1.0, CHCI;); vpax
(CHClg)/cm'1 2978 (s), 1736 (s), and 1648 (s); §;; 1.32 (1H, d, ./ 8.5 Hz, 7-CH,), 1.4-1.5 (1H, m,

7-CHy), 1.44 (9H, s, C(CHz3)3), 1.7-2.1 (4H, m, Pro 8-CH; and Pro y-CH;), 3.15-3.25 (2H, m, 1-
CH and 4-CH), 3.26 (1H, dd, J 10.0, 3.0 Hz, 2-CH"), 3.39 (1H, dd, / 10.0, 3.0 Hz, 3-CH®

LS W 3 auu b o\ \111 U\, o V.V, JUV 114, LT 3 I .7 \ll.l J ’ 3 B § ]’

3.55-3.7 (2H, Pro 3-CH,), 4.24 (1H, dd, J 7.5, 4.5 Hz, Pro «-CH), 495 (1H, d, J 12.0 Hgz,
PhCHy), 5.0 (1H, d, J 12.0 Hz, PhCH), 6.25-6.3 (2H, m, 2 x =CH), 7.3-7.4 (SH, m, ArH): sc
24.50 (Pro y-CH>), 28.01 (C(CHjs)3), 29.02 (Pro p-CH,), 46.24 (1-CH®), 46.42 (4-CH"), 47.53
(7-CH,"), 48.47 (2-CH®), 48.66 (Pro 6CH,"), 48.87 (3-CH?), 59.34 (Pro «-CH), 66.16 (PhCH,),
80.81 (C(CHj;);), 128.02, 128.35 and 128.50 (3 x ArCH), 133.94 (=CH), 135.53 (=CH), 136.31

(ipso aromatic), 170.37, 171.73 and 172.26 (2 x CO, and CON); m/z (CI, NH;) 426 (MH',
100), 370 (3) [Found: (CI, NH3) MH", 426.2280. C,sH3,NOs requires M, 426.2280].
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Amido ester 6a (2.1 g, 6.0 mmol) was dissolved in a solution of CH,Cl, (10 ml) and
trifluoroacetic acid (10 ml), and allowed to stir at room temperature overnight. The solvent was

asya arid Ta agc a valla A1l which wag naea A wnthna 11 1-ﬁnnf|f\n T
vave daviuid /a6 ad a y\/IIUW U]l Wlll\/ll wad ud\Al Wlllluul Pu 11IvAQlivViL, )

cooled (0 °C) suspension of the acid in CH,Cl, (80 ml), DCC (1.6 g, 7.8 mmol), HOBt
hydroxybenzotriazole) (1.1 g, 7.8 mmol) and O-benzyl hydroxylamine hydrochloride (1.2 g, 7.8

oa
(1-

mmol) were added, followed by Et;N (2.5 ml, 18.0 mmol). The mixture was stirred at room
temperature for 16 hours, after which the dicyclohexylurea by-product was removed by

AA TT

filtration. The solution was washed with 1 M HCI (2 x 50 ml), saturated aqueous Na,COs (2 x
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50 m). and water (2 « 50 mD). The oreanic nhase was separated. dried (MsSO.) and evanorated
AV 17, GaIle WGl (& SV L)L 1 av VIgGiuy puasy GO SV GI GV, MLIVG iVigad gy Giliu vYapuiawnu
to drvn The crude product was purified by flash chromatoerahy using 50% Petrol
1O AIyT¥ 1€SS 111 VAcCuo. € Cruge proauct wds puriicd vy l1iasil Caroimatograpny using ouve rFeirol

/ 50% EtOAc as eluent to give (Ry= 0.12) hydroxamate 8a (0.91 g, 38%) as a white
64-66 °C; L@l -80.5 (¢ 1.0, CHCL); vima( CHCl3)/em™ 3221

(m
1600 ¢ and 1A (V- 8 170241 A 78S He 7.0H.Y 1 AN
1OV (S5}, alll 1032 (5), 0 1.4 111, G, v 0.0 N4, /~Cri3), 1.4V

(4H, m, Pro g-CH, and Pro y-CH,), 2.95 (1H, br s, 1-CH"), 3.20 (1H, br s, 4-CH"), 3.25-3.3 (2H,
m, 2-CH and 3-CH), 3.4-3.6 (2H, m, Pro §-CH,), 3.58 (3H, s, OCH3;), 4.30 (1H, d,./ 7.5, Pro a-
CH), 4.77 (1H, d, J 11.0 Hz, PhCH,), 4.86 (1H, d, ./ 11.0 Hz, PhCH>), 6.5-6.2 2H, m, 2
=CH), 7.3-7.5 (5H, m, ArH), 9.85 (1H, s, CONHO); 8¢ 25.18 (Pro y-CH,"), 26.52 (Pro B-CH,")
42.30 (1-CH®), 46.56 (4- CH) 4723 (7-CH;"), 47.57 (/-C'n'b) 48.58 (Pro §-CH;"), 48.73 (3-
CHP), 51.52 (OCHjs), 57.52 (Pro a-CH), 77.99 (PhCHs), 128.39, 128.46 and 129.07 (3 x ArCH),
133.89 (=CH), 135.45 (ipso aromatic), 137.77 (=CH), 169.40, 172.69 and 173.21 (2 x CON and
CO): m/z (PT NH; \ 399 (MH" 6?\ 293 (IQ\ 250 (’ﬂ\ [Found: (CI. NH; \ MW 399 1920.

u 2 &7 LIV A . Y hrd, AN1R3; AVALZ
N

W

=

Q..

=
e}

3

SOAAYERES
10 200 1090
L]Lllle Vi, DT 174U

|
1-

5
)
)
o
]
]
=
£
(o)
Q! ‘
-
G)

O-Benzyl hydroxamate 8a (Method B) and its diastereomer at C,

Amido ester 6a (0.20 g, 0.57 mmol) was dissolved in CH,Cl, (1 ml) and trifluoroacetic acid
(1 ml), and allowed to stir at room temperature overnight. The solvent was evaporated in vacuo
to leave acid 7a as a vellow oil, which was used without purification. To a cooled (0 °C)
suspension of the acid in CH,Cl, (5 ml), DCC (0.25 g, 1.1 mmol), para-nitrophenol (0.15g, 1.1

ezl and L+ N /N NK m] 19Q mm n A R £or 1L e 4}

iinoG1j ana ciziy (V.20 1T, 1.0 O1) WCIT added. After S‘ii.i‘i";i‘lg of 10 nours, uic
dlcyclohexyiurea by-product was removed by fiitration. The fiitrate was washed with saturated

aqueous Na,COs (5 x 10 ml), and the organic layer dried (MgSQ,) and evaporated to dryness in

vacuo yielding the crude para-nitrophenol active ester. The ester was then redissolved in

CH.C1, (10 m]) an )h (014 o 085 mmolD) and E«:N
pAS § L/l l’l v
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(0.25 mi, 1.7 mmol) were added at 0 °C. The soiution was stirred at room temperature for 14
hours, then washed sequentially with 1 M HCI (2 x 5 ml), saturated aqueous Na,CO; (2 x 5 ml),
and water (2 x 5 ml). The organic phase was dried (MgSO,) and evaporated to dryness in vacuo
affording a yellow oil. Column chromatography using 50% Petrol / 50% EtOAc as eluent
afforded (R, = 0.49; EtOAc) 8a (0.08 g, 35%) and (R, = 0.42; EtOAc) the diastereomer at C,
(0.05 g, 22%) as white solids. Analytical data for 8a is reported in Method A. Analytical data
for the diastereomer of 8a: M.p. 130-133 °C; [aly +79.8 (c 1.0, CHCL3); viax(CHCL:)/em™ 3292

50(s): 6 125(1H.d. 785 Hz T (1 J
03U (S), oy 1. Un d,.J 8.5 Hz, 7-CH,), 1.40 \11‘1 d,J

- — < R —~ T3

8.5 Hz, 7-CH;), 1.8-2.35 (4H, m, Pro B-CH; and Pro y-CH,), 3.05 (1H, br s, 1-CH"), 3.16 (1H,
-3.3 (2H, m, 2-CH and 3-CH), 3.35-3.5 (2H, m, Pro $-CH;), 3.46 (3H, s,
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OCHz;), 4.43 (1H, d, ./ 7.5 Hz, Pro «-CH), 4.74 (1H, d, J 11.0 Hz, PhCH,), 4.89 (1H, d, J 11.0

Hz Ph(CHY 00(1H dd /55 258 H> =CHY A (1 44 788 30Hy =CH\ 792.74¢(5§

Oz, riexin), 00 (i, GG, J 2.0, £.0 NZ, =Ui), 0.01 (i1, GG, J 3.0, 3.V NiZ, =on), /.4-7.4 {(O11,
¥ 2 7 SN Pree ~rT Ty PP A o~ ra -

m, ArH), 9.96 (1H, s, CONHO); 8¢ 24.64 (Pro y-CH,), 28.06 (Pro B-CH,), 46.49 (1-CH"), 46.67
(4-CH%), 46.80 (7-CH,® ), 47.78 (2-CH"), 48.38 (Pro §-CH,"), 48.60 (3-CH%), 51.93 (OCHj,),

58.94 (Pro o-CH), 77.92 (PhCH,), 128.27 and 129.14 (2 x ArCH), 133.38 (=CH), 135.73 (ipso
nrnmnhp\ 136 50 {__(‘I_I\ 168 88 171 84 and 173 .44 (7 x CON and (‘ﬁn\ H}/” IPT NH-) 416

AV SS1si8 L LIRS AV e 24 g, VOO0, SOV duarna 1IN QaIive s A‘A.l.,l

(M + NH;', 12), 399 (MH", 100), 293 (40), 250 (92), 248 (96) [Found: (CI, NH;) MH",
399.1920. C»Hy7N,0s requires M, 399.1920].

O-Benzyl hydroxamate 8b

Amido ester 6b (4.0 g, 9.4 mmol) was dissolved in a solution of CH,Cl; (20 ml) and

trifluoroacetic acid (10 ml), and allowed to stir at room temperature overnight. The solvent was
r'l ithant nurifiecatinn T

1Q A, o
UdowAl lllULll yux ll.l\./a
~n

s
cooled (0 °C) suspension of the acid in CH,Cl, (90 mi), DCC (2.9

>
)

T~

g, 14.1 mmoi), HOBt (1.9 g,
14.1 mmol), and (J-benzyl hydroxylamine hydrochloride (2.25 g, 14.1 mmol) were added,
followed by Et;N (3.9 ml, 28.2 mmol). The mixture was stirred at room temperature for 16

hours, after which the dicyc
2

1% 3\ bv-nroduct was removed bv filtration
J ANSR L4 UJ AiliLi e
N

A Ls a J yl A A A !AO.IA. A AX “Li a
i \
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washed with 1 M HCl (2 x 50 ml), saturated aqueous Na,CO; ( 2 x 50 ml), and water (2 x 50
ml). The organic phase was separated, dried (MgS0O,) and evaporated to dryness in vacuo. The

crude product was purified by flash chromatography using 50% Petrol / 50% EtOAc as eluent
to give (R, = 0.15) O-benzyl hydroxamate 8b (2.3 g, 52%) as a white solid. M p 97-100 °C;

(Found: C, 70.9; H, 6.3; N, 6.0. C,sH;,N,0Os requires C, 70.9; H, 6.4, N, 5.9%); [al; -84.5 (c
1.0, CHCI3); vina(CHCL)em™' 3213 (m), 3012 (m), 1731 (m), 1696 (m), and 1632 (s); 6y 1.35
(1H, d, J 8.5 Hz, 7-CH,), 1.47 (1H, d, J 8.5 Hz, 7-CH;), 1.5-2.5 (4H, m, Pro B-CH, and Pro y-
CH,), 3.02 (1H, br s, 1-CH"), 3.24 (IH, br s, 4-CH"), 3.3-3.55 (4H, m, 2-CH, 3-CH and Pro $-
CH;), 4.2-4.25 (1H, m, Pro «-CH), 4.83 (1H, d, J 11.0 Hz, PhCH,), 4.93 (iH, d, J 11.0 Hz,
PhCH,), 5.0 (2H, s, PhCH,), 6.2-6.3 (2H, m, 2 x =CH), 7.3-7.5 (10H, m, ArH), 9.91 (1H, s,

NHO); &¢ 25.09 (Pro y-CH,%), 26.29 (Pro p-CI,"), 46.37 (1-CH®), 46.63 (4-CH®), 47.14 (7-

CH ;) 4755 (2-CHy), 48.64 (Pro 8-CH,"), 4887 (3-CH®)., 57.42 (Pro «-CH), 66.26
Y DL 13 f\"‘? N I‘ NMYY “'I\ 170 AL 170 £1 10 ™11 A AT TY 177 OL
2& l’[l), 4.7 UINMTUC T r ), 1£0.40, 1£0.00, 1£0./1 dllu lL‘I U",' (4 x /'\I\./H}, 1255.00
H), 135.46 (ipso aromatic), 135.75 (=CH), 135.99 (ipso aromatic), 169.36, 172.07 and

r-—| ;__./'\ /"\

C
73.07 (2 x CON and CO,); m/z (CI NH;) 475 (MH", 26), 369 (24), 326 (58), 324 (100)
Found: (CI, NH3) MH", 475.2233. CysH3;N,0s requires M, 475.2233].
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Hydroxamic acid 9

To a solution of O-benzyl hydroxamate 8a (0.28g, 0.70 mmol) dissolved in MeOH (15 ml)
was added 10% Pd / C (0.015 g). The resulting suspension was stirred at room temperature
under an atmosphere of H,, until adsorption of H, gas had ceased. The mixture was then filtered
through Celite, the latter being washed with MeOH (10 ml). The combined organic layers were
evaporated in vacuo and the residue subjected to flash chromatography using EtOAc as eluent
to give (R,=0.18) hydroxamic acid 9 (0.16 g, 73%) as a white powder. M.p 85 °C (dec.); lal; -
64.0 (¢ 1.0, CHCL); vma(CHCl3)em™ 3249 (br), 2954 (s), 2878 (m), 1734 (s), 1680 (s), and

TLIA 0. g /1NT LY PRV I T "DC’\'I/QTI e
1624 (s); 8y 1.2-2.5 (10H, m, 5-CH,, 6-CH,, 7-CH,, Pro $-CH; and Pro y-CH,), 2.5-2.7 (2H, m,

1-CH and 4-CH), 2.77 (1H, d, J 10.0 Hz, 2-CH"), 3.18 (1H, dd, / 11.5, 4.0 Hz, 3-CH"), 3.4-3.6
(2H, m, Pro 5-CH,), 3.61 (3H, s, OCH;) 445 4.5 (1H, m, Pro a~-CH), 7.50 (1H, br s, NHOH),
10.08 (1H, br s, NHOH): 8¢ 23.31 (5-CH 66 (6-CH,?), 25.15 (Pro y-CH,"), 28.16 (Pro p-

""" - I 4 72

= = 3
976 (1 I 200
b ] 7

T8 = P! - 1 /7 _CHN A AS QA (MDCLHYY A7 21 2 FUC\ A7 AS (Drn &
Cild), I Oii-uri j, 37751 (/-uriy), & 3 , I FA LU J, T L\ I0Tl J, a0 010 0
-CH,), 51.0 (OCHj3), 57.47 (Pro a-CH), 169.75, ‘72 50 and 173.39 (2 x CON and CO,); m/z
(CI, NH3) 311 (MH", 47), 295 (55), 252 (75), 250 (100) [Found: (CI, NH;) MH", 311.1607.
C15H23N205 requires M, 311 1607]
Hydroxamic acid 3
a solution of O-benzyl hydroxamate 8b (0.5 g, 1.0 mmol) dissolved in MeOH (20 ml)
was a “duef‘ 10% Pd/C (02 0) The resulting suspension was stirred at room temperature under
an atmosphere of H,, until adsorption of H, had ceased. The mixture was then filtered through

Celite, the latter being washed with MeOH (20 ml). The combined organic layers were
evaporated in vacuo and the residue subjected to flash chromatography using 90% EtOAc /
10% MeOH as eluent to give (Ry,= 0.09) hydroxamic acid 3 (0.16 g, 51%) as a white powder.

G LI IV AV L2k J et VAR QIR & AV 2V B LTS I 24

- T TN T Y I ~

M.p 53-55 °C; [l 442 (¢ 1.0, CHCL); vinax(CHCl3)/cm™ 3500-2500 (br), 3400 (m), 3216 (s),
2903 (s), 1700 (s), and 1653 (s); 84 0.8-2.0 (10H, m, 5-CH,, 6-CH,, 7-CH,, Pro p-CH; and Pro v
-CH>), 2.35-2.45 (1H, m, 1-CH?), 2.5-2.6 (1H, m, 4-CH"), 2.65-2.8 (1H, m, 2-CH"), 3.15-3.25
I]I—I m .CH® 3537(2H. m. Pro 3-CH). 4243 (1H. m. Pro «-CH). 7.02 {’)LJ’ brs. COH

LI, i, JTd g, SO eddy My LAV UTGCA L) Jy T LT (118, Mkly 11U W5 Cad), /.VL (L1 Dy W NFTLL

and NHOH); ¢ 23.28 (5-CH,%), 24.50 (6-CH,"), 24.91 (Pro y-CH,"), 29.43 (Pro p-CH,), 40.10
(1-CH®), 40.32 (4-CH), 42.28 (7-CH,"), 46.07 (2-CH"), 47.86 (Pro 8-CH,"), 49.82 (3-CHY),
57.81 (Pro o-CH), 170.24, 172.49 and 177.05 (2 » CON and CO,); m/z (CI, NHz) 297 (MH',
88), 281 (62), 279 (41) [Found: (CI) MH", 297.1450. C,4H,;N,Os requires M, 297.1450].
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O-Benzyl hydroxamate 10

To a solution of ()-benzyl hydroxamate 8b (0.20 g, 0.42 mmol) dissolved in MeOH (30 ml)
was added Lindlar catalyst (0.3 g). The resulting suspension was stirred at room temperature
under an atmosphere of H,, until adsorption of H, had ceased (ca. 30 minutes). The mixture
was subsequently filtered through Celite, the latter being washed with MeOH (20 ml). The
combined organic layers were evaporated in vacuo and the residue subjected to flash
chromatography using 40% EtOAc / 60% Petrol as eluent to give (R, = 0.3) O-benzyl
hydroxamate 10 (0.14 g, 70%) as a vellow oil. laly -75.4 (¢ 1.0, CHCI»); vmx(f'llm‘)/cm'l 3227

) ﬂ£1 e DQTQ /Y 1728 /o TAQN /¢ and TADS
l} 4701 1D5), 2070 \lll} a0 s), TUZUV > } 11U 1L

CH,, Pro g-CH, and Pro y-CH,), 2 .4- 26( H, m, 1-CH and 4-CH), 2.8-2.9 (1H, m, 2-CH?"), 3.16
(1H, dd, J 11.5, 4.5 Hz, 3-CH®), 3.3-3.5 (2H, m, Pro §-CH;), 4.2-4.25 (1H, m, Pro «-CH), 4.84
(1H, d, J 11.0 Hz, PhCH,), 491 (1H, d, J 11.0 Hz, PhCH,), 4.99 (1H, d, ./ 11.0 Hz, PhCHy,),

SOR(TH d.J 11 0Hz PhCH). 72-75 (10H. m. ArH). 9946 {1H. s. NHO: &~ 23.15 (5- (“‘U"\

PR VAN | \‘111’ U, o 11.V 114, 1 ll\/ll)} I LA \1\/11 11i, f\lll}, VAN, \lll’ 9, Y1 l\_l] UL FATe e kJ 11}

24 88 (6-CH,?), 25.23 (Pro B-CH,"), 26.46 (Pro y-CH,"), 39.52 (1-CH®), 40.00 (7-CH,), 40.50
(4-CH", 4575 (2-CHY), 47.22 (Pro 5-CH,), 47.27 (3-CHS), 57.20 (Pro «-CH), 65.74
(PhCH,OCO), 78.02 (PhCH,ONH), 128.02, 128.24, 128.35, 128.82 and 129.07 (5 x ArCH),
135.36 (ipso aromatic), 136.30 (ipso aromatic), 169.24, 172.58 and 172.65 (2 x CON and CO,);

ans f LT XTEY Y\ A™M™T /AATT A
m/Z (L 1, NIi3) 47/ U\’Jl"l 3) 36/ (J) l[‘OllIl(] [L,l l‘l[‘13) 1VL[‘1 s 477 AJG‘I L23H331‘42U3 reqmrcs
M, 477.2389].

{c 12924010 v & O A . 7
) }, oy 1.2-2.4 (1011, m, 5-Ch, 6-Ch,, /-

Amido ester 11

To a solution of hydroxamic acid 3 (0.095 g, 0.32 mmol) in acetone (2 ml) was added
Me;SO4 (0.10 ml, 0.96 mmol), and K;CO; (0.11 g, 0.80 mmol) and the resultmg solution was

heat ed a refliv for 4 hanre O conhing to room temn
lluul\lu AWIIWA AL VU 1INJUL D, LR VUVIIIIE AV N G VAV L\./lll}) IRARESY » LAl
1

1 ey

and the acetone evaporated /n vacuo. The residue was redissoived in EtOAc (2 ml) and 0.
aqueous ammonia (2 ml) was added. The mixture was stirred at room temperature for 1 hour,
after which the separated organic layer was washed with water (3 x 2 ml), dried (MgSO,), and

evaporated in vacuo to leave ester 11 (0.056 g, 52%) as a clear oil. [aly -35.0 (c 1.0, CHClL;); v
max (FilmYem™ 2956 (s), 2877 (s), 1734 (s), 1672 (s), and 1645 (s); 6y 1.3-2.3 (10H, m, 7-CH,,
6-CH,, 5-CH,, Pro $-CH, and Pro y-CH,), 2.5-2.55 (1H, m, 1-CH"), 2.65-2.7 (1H, m, 4-CH?),

2.7-2.8 (1H, m, 2-CH"), 3.18 (3H, s, NCH3), 3.15-3.25 (1H, m, 3-CH"), 3.5-3.7 (2H, m, Pro &-

CLL\ QA4 (TH < P(\A(‘II Y ’2 ’70 A < T\T(‘\FH A | III—J AA / Q ( A0 Hz ~CHY R
llz}’ o JTT \Jll., D NS } Jll D PR AVAYS 9! } .U \ 15 o/ T. lJL) 4 I W \_/11", U
23.24 (5-CH,%), 24.57 (6-CH,), 24.57 (Pro v-CH,"), 28.64 (Pro B-CH,), 39.72 (1-CH), 39.97
(7-CH,), 40.25 (4-CH"), 46.24 (2-CH®), 47.06 (Pro 5-CHy), 47.11 (3-CH®), 51.01 (CO,CHs),



90 I G Tonev et al / Tetrahodron §5 (1000 270_70f)
ioLJones el i/ 1eiranearon 2o (i 757, ¢ /5=a >0
56.53 (NOCH;), 61.23 (Pro «-CH), 170.37, 173,56 and 173.69 (2 x CON and CO,); m/z (CI,
AL Y 2120 /\‘LI+ 1NN 2N0 F£NN 0 Jor o BRIV 4 AN AN 11N T A A YT ATLT \ RALTH 220 10N
INI'13) 227 UViI1l , 1UU)}, JUYT (\UU), /7 (0), £IoU (11) |[Founua. (1, INri3) iviri , J337.172U.
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