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The photoswitchabl&-terminal diazo and triazene-dipeptide aldehy8asd, 10ab, and17ab present

predominantly as theE)-isomer, which purportedly bi

nds deep in the®cket of calpain. All compounds

are potent inhibitors of m-calpain, witBb being the most active (i of 35 nM). The diazo-containing

inhibitors 8a, 8c, and 10a were irradiated at 340 nm

to give a photostationary state enriched irZthe (

isomer, and in all cases, these were less active. The most water soluble td&agh@s, of 90 nM) retards

calpain-induced cataract formation in lens culture.

Introduction

Calpains are Cd-dependent cysteine proteases that are found
in many types of organisms, including mammals, plants, and
protozoat The most common isoformg- and m-calpain,
requireumol and mmol concentrations of calcium, respectively,
for activation in vitro? Both isoforms are heterodimers, consist-
ing of a large 80 kDa catalytically active subunit and a smaller
28 kDa regulatory subunt.

The over-activation of calpain is central to a number of
medical conditions associated with cellular damage, including
traumatic brain injury, stroke, and cataradn the case of
cataract, calpain catalyzes the breakdown of the major lens
proteins (crystallins), resulting in clouding of the lens and
ultimately blindness$. Specific calpain inhibitors are thus
attractive therapeutic agerfisjowever, their design has been
somewhat restricted by the, until recent, lack of available X-ray
data’ Calpains are known to cleave a large number of
substrate§,and something of their specificity is known. This
helps in inhibitor design. Calpains recognize unordered se-
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Figure 1. Calpain inhibitors SJA6017, leupeptin2, and SNJ1713
for which X-ray structures of each bound pcalpain have been
determined.

inhibitors most likely bind in an extendgtistrand conformation
that spans approx 15 A of the complementary active site cleft,
but little work has been done to confirm this and, in particular,

guences located between globular domains of proteins, and theto understand interactions in the Binding pocket.
preferred amino acids that neighbor the cleavage sites are An X-ray structure of leupepti, with engineereg-calpain,

known$®

The S, S, and S binding sites of calpain that bind these
preferred sequences are located deep within a canyon-like
groove defined by the steep surfaces of domain | on one side,
and domain Il on the othérThis groove is tightest around the
S, site (<7 A across, approx 15 A deep), with the Ste being
much deeper and generally being occupied by branched
hydrophobic residues. The groove ends in a wider opentrid (
A) at the S site, which is thought to be accommodated by an
N-terminal aryl grouf® within dipeptide-based inhibitors, such
as SJA6017 (Figure 1), and a range of hydrophobic or basic
groups in the cases of tri- and larger sequerég$ese calpain
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shows this conformation to be defined by two key hydrogen
bonds between the NH and carbonyl groups of Ley) énd
Gly,0s and also an additional hydrogen bond between the NH
of the R—P, amide bond and Gy, (Figure 2)72 More recent
crystal structures, for example, calpain bound prod@umpnfirm

the importance of the same series of hydrogen bébds.

In this paper we report the preparation of a seriesEf (
diazodipeptide aldehydes (amid&—d and sulfonamides
10ab) that contain amN-terminal diazo group designed to extend
deep into the $binding pocket and a C-terminal aldehyde for
attachment to the active site cysteine. Tkig¢erminal diazo
groups of E)-8a,c and E)-10awere photochemically isomerized
to give an alternative photostationary state in which tBe (
isomer predominates. These mixtures, enriched in eitheB)e (
or (2)-isomer, were assayed against m-calpain to further explore
and define the £binding pocket. This new class dFterminal
group was extended to more water soluble triazene-dipeptide

© 2007 American Chemical Society

Published on Web 05/12/2007



Brief Articles Journal of Medicinal Chemistry, 2007, Vol. 50, No. 2817

Glyags Table 1. Inhibition of m-Calpain by Different Photostationary States of
o h the Diazo and Triazene-dipeptide Aldehydizs-d, 10ab, and17ab
X =
o H s LN H O Ry
3/ Py H O Py Y : N” "CHO
- : H
\ ﬁN’!j(N\;_)I\rIJ’LCHo PN
. H 0 \ F"z P |.-I
S/ 'C ICso
s, 9 n compound E/Z sulp X Y R (nM)
SN 8a 4.8:1 4 Ph Cco Leu 45
Glyarq 8a (irradiated) 1:4.3 4 Ph CO Leu 175
Figure 2. Depiction of noncovalent interactions between calpain and gg 45131 ‘31' EE gg Egﬁ ?g
aldehyde-based inhibitors bound in an antiparalistrand conforma- 8c (irradiated) 14 3 Ph co Leu 105
tion.® Hydrogen bonds from the carbonyl group of @lythe NH group 8d 5.4:1 3 Ph co Phe 170
of Glyzs and the carbonyl group of Gy are labeled A, B, and C, 10a 3.3:1 4 Ph S@ Leu 40
respectively. 10a(irradiated) 1:3.7 4 Ph SO Phe 100
. 10b 71 4 Ph S@ Phe 90
Scheme 1.Synthesis oBa—d and10ab? 17a 23:1 4 pip SG  Leu 90
o R 17b 23:1 4 morp S@ Leu 420
BocHN.__CO,H BocHNQkN/'\/OH a2 The major isomer before irradiation is assigned as the thermodynami-
H a : H cally more stableH)-isomer, based on literature precedekcé Substitution
PN - AN position.
4 5a: R' = iBu (Leu)
5b: R" = Bn (Phe) Scheme 2. Synthesis of the Triazendsab?
Ph~N = =~ o R' b R
“N-L | H
Q\WN%N&OH o & HN.__COMe \©\ H 2
o A M o LA on : g M 008
N PN N PN 0, :=
7a: 4-Phdiazo, R' = iBu (L :_H
7:- 4 Phdl'azo R —IBu (P:U) R = 11 —%—= 1R =NO,R’=Me %
+4-Phdiazo, R =t n (Phe) c 6a: R' = Bu (Leu) 13: R" = NH,, R? = Me <—
7c: 3-Phdiazo, R = /Bu (Leu) 6b: R' = Bn (Phe) X
7d: 3-Phdiazo, R' = Bn (Phe) l ¢
Ph., N N=N
e Ny o \©\ N coR?
LR T o o<
H Ly = 2_ z
PhM’N\\ /\‘ H o) R1 02 /:\ H 14a: X = CH2, R® = Me 02 P
N | 1 d| 14b:X=0,R?>=Me
= N~ “N"cHo 9a:R' = Bu (Leu) )
& i H 9b: R' = Bn (Phe) #153: X=CHy R7=H |d
T ' 15b: X = O, R2=H
8a: 4-Phdiazo, R1 = /Bu (Leu) e X/\
8b: 4-Phdiazo, R" = Bn (Phe)

N
8¢: 3-Phdiazo, R' = /Bu (Leu) Ph. N . b “N=N
§7 7 N7 CHo ST ONTR?
02/:\ H

0, : H
2
10a: R' = /Bu (Leu) 16a: X = CHy, R® = CH,0OH
10b: R' = Bn (Phe) 16b: X = O, R® = CH,OH f
a2Reagents and conditions: (a) leucinol or phenylalaninol, HATU, 17a: X = CH,, R® = CHO

DIPEA, DMF; (b 4_M H_CI/dloxane;_ (c) HATU, DIPEA, DMF, 3_— or 17b: X = 0, R® = CHO f
4-phenyldiazobenzoic acid, respectively; (d) DMF3NEt 4-phenyldiaz- a N . .
obenzenesulfonyl chloride; (€) $®yr, DMSO, DCM, DIPEA. Reagents and conditions: (a) 4-nitrobenzene sulfonyl chloride, DMF,

Et:N; (b) Pt&, H,, MeOH/DCM; (c) NaNQ, 6 M HCI/MeOH, then
. . . morpholine or piperidine; (d) NaOH, 4@/THF; (e) leucinol, HATU,
aldehydesl7ab, with 17a being assayed in lens culture to  pjpEA, DMF; (f) SO-Pyr, DMSO, DCM, DIPEA.

determine its ability to arrest the development of calpain-induced

cataract. The major isomer in each case is assigned the thermodynami-
cally more stableE)-isomer based on literature precedettce.
Results and Discussion The sulfonamideslOab were synthesized (Scheme 1) by

separately treatina and6b with 4-phenyldiazobenzenesulfonyl

Boc-valine4 to leucinol and phenylalaninol to givéa and5b, chioride to give9a and9b in 60 and 50% yield, respectively.
respectively. Deprotection &b with 4 M HCl/dioxane gave ~ ©Xidation with SQ-pyridine gave aldehydeab, each in 70%
6ab, which were separately coupled to 3- and 4-phenylazoben- Yi€ld- Both the E)- and )-isomers were observed f@a and
zoic acid to give7a—d in 29-67% vield. Subsequent oxidation ~ 10ab, with ratios €/Z) of 6.5:1, 3.3:1, and 7:1, respectively.
with SOs-pyridine gave the desired aldehydzs-d (52—89%). Hoyvever, little of the Z)-isomer was observed f@b, with a
The azobenzenega—d and 8a—d had E/Z) ratios of 3.7:1,  ratio (/2) of >20:1.

3.5:1,13:1,and 9.2:1 fafa—d and 4.8:1, 5.4:1, 4.9:1, and 5.4:1 For the synthesis of triazend§ab (Scheme 2) the valine
for 8a—d, respectively, as determined Bt NMR (Table 1). methyl estel 1 was treated with 4-nitrobenzenesulfonyl chloride

CompoundsBa—d were prepared (Scheme 1) by coupling
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to give12in 73% yield. Reduction of the nitro group with P£O

in a hydrogen atmosphere at 120 3svith a mixture of
dichloromethane and methanol (1:1) as solvent, d&ia 81%
yield. A lower hydrogen pressure (20 psi), even with an
extended reaction time, resulted in a decreased yield3of
(63%). The reduction was also carried out in ethyl acetate (20
psi), but this solvent resulted in an even lower yield 8{30%).
The amin€el3, converted to its diazonium salt on treatment with
NaNG; in a 1:1 mixture 66 M aqueous HCI and methanol,
was treated with piperidine or morpholine to give the triazenes
14ab in 49% and 65% vyield, respectively. The methyl esters
of 14ab were separately hydrolyzed with sodium hydroxide in
THF/water (1:1) to givelb5ab in 82% and 86% yields,
respectively!H NMR showed the E/Z) ratios to be 25:1 and
18:1 for the piperidine seriet4a—15aand 10.7:1 and 9.7:1
for the morpholine serieb4b—15b. The carboxylic acidé5ab
were coupled to leucinol to givé6ab in 58% and 49%, with

an E/2) ratio of 25:1 and 24:1. A final oxidation gave the
desired aldehydet7ab in 55% and 59% yield, with ang{Z)
ratio of 23:1 in each case (Table 1).

Samples of the dipeptidic aldehydgs—d, 10ab, and17ab,
consisting of predominantly th&)-isomer, were assayed against
m-calpain using a fluorescence-based aSstydetermine in
vitro potency, and the results are summarized in Table 1. The
initial (E)/(Z)-isomer mixtures for8a, 8c, and 10a were
irradiated with ultraviolet light (500 W mercury arc lamp
through a UV filter with a narrow wavelength band centered at
340 nm) to give samples enriched in tt®-{somer [1:4.3, 1:4,
and 1:3.7 mixture ofE)- and @)-isomers, respectively, Table
1]. These new photostationary states8ef 8c, and10a(Table
1) were also assayed against m-calpain to further assess th
available space in thezSinding pocket, to which the diaz-
obenzene groups purportedly bind as revealed by molecular
modeling!4

The most active dipeptidic aldehyde mixt8ke had an 1Go
value of 35 nM, which is significantly more potent than the
calpain inhibitor SJA6017 (ICsp = 80 nM in our assay)®
The inhibitor mixturesBa (45 nM), 8c (75 nM), 10a (40 nM),
and17a(40 nM) are also particularly potent. Of all the sample
mixtures, only8d (170 nM) and17b (420 nM) are less potent
thanl (Table 1).

The § pocket can accommodate both Leu and Phejat P
however, there does seem to be some preference for Leu at thi
position; compare assay results &b, 8c,d, and10ab (Table
1). With regard to potency, there does not seem to be any
consistent preference for an amide or sulfonamide linker;
compare the activity of8a—10a and 8b—10b (Table 1).
Inhibitors with 4-substitution of thil-terminal aryl group&a,b)
are more potent than those with 3-substituti8n,d).

The triazened 7ab are less potent than the diazo compounds
8a—d and 10ab. The planar and extended aromatic nature of
the E)-diazo group oBab and10ab appears to allow for better
interaction with this flat $binding pocket, when compared to
the corresponding triazend3ab. This is consistent with the
lower potency of the triazends’ab (see Table 1). The lesser
potency of17b may reflect the presence of an electronegative
oxygen at theN-terminus, which would be expected to disfavor
binding in the hydrophobic 3pocket.

Induced fit modelingf shows eacl-calpain docked inhibitor
adopts g3-strand conformatio®’ The poses ofE)-8a, (E)-8b,
(E)-8c, (2)-8c, (E)-10a (E)-17a and E)-17b docked with a

a Abbreviations: DIPEA, N,N-diisopropylethylamine; HATU,O-(7-
azabenzotriazole-1-yl;N,N',N'-tetramethyluronium hexafluorophosphate;
psi, pounds of force per square inch.

?
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Figure 3. (a)3-Strand backbone conformations &){8a, (E)-8b, (E)-
8¢, (2)-8¢, (E)-10a, (E)-17a and E)-17b, resulting from the induced-
fit modeling. (b) Induced-fit overlay of thesSubsite of calpain with
docked E)-10a (blue) and Z)-10a (red).

u-calpain construct are shown in Figure 3a. This is consistent
with published crystal structures ef-calpain with inhibitor
bound? The docked poses foZ)-8a, (E)-8d, (2)-10a and E)-
10b (not shown in Figure 3a) also revealed fstrand
conformation of the inhibitor but with only two of the three
hydrogen bonds apparent. The model also predicts the aldehyde
group in all cases to be in close proximity to the active site
cysteine, as required for mechanism-based inhibition.

The inhibitory activity of the isomeric mixtures @&a, 8c,
and 10adecreased, on irradiation, by a factor of 3.9, 1.4, and
2.5, respectively. For example, the inhibitory activity &
decreased from 45 nM for a sample containing 88)sigomer
to 175 nM for a mixture containing 4-fold less of tHe){isomer
(i.e., 19% E)-isomer with 81% Z)-isomer), see Table 1. The

éE)—isomers are significantly more active in each ckse,

reflecting a better fit in the $Sbinding pocket associated with
their geometry and dipole moment. In fact, modeling suggests
that the diazo group ofZ}-10a, unlike (E)-10a appears not to
bind in the $ binding pocket, but rather interacts with a
hydrophobic patch on the mobile loop that defines the calpain
active site (Figure 3b). This is consistent with the observed
higher potency of the photostationary state enriched infpe (
isomer (see Table 1 and previous discussion). A photoisomer-
izable N-terminal diazobenzene of this type provides both a
useful probe for mapping the size and geometry of thieirgling
domain and evidence for enhancing interactions between this
ocket and a Paryl group of an inhibitor. An empirical
reference for the interaction of an aryl group withhas been
previously suggestef,and our study supports this observation.

The in vivo potential of these highly potent inhibitors was
next determined by assessing their ability to retard calpain-
induced cell damage in sheep lenses cultured in Eagle’s minimal
essential medium. Inhibitat7awas chosen for study because
of its superior water solubility, as compared3a—d and10ab,
and also its high in vitro potency, as compared to the other
triazenel7b. The triazene moiety oi7ais also amenable to
salt formation that makes it attractive as a potential drug
candidate.

Inhibitor 17a(0.8uM) was added to one lens from each pair
of sheep lenses in culture media. Two hours later calcium was
added to all lenses to activate the constituent calpains and hence
induce cataract formation. After 24 h, all lenses were photo-
graphed and the opacity graded; see Figure 4 for representative
examples. Lenses treated with calcium only (e.g., lens 1 in
Figure 4) clearly showed the opacity associated with cataract
formation; however, lenses treated with calcium in the presence
of 17a(e.g., lens 2) remained essentially clear, as revealed by
the reference grid placed behind each lens. The loss of
transparency was significantly reduced bya (p < 0.005) in
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lens 1 [ lens 2

Mean opacification grading
score (+ sd)
36.8+1.3 | 13.8+20

Journal of Medicinal Chemistry, 2007, Vol. 50, No. 2819

CDCl3) 0.87 (3H, d,J = 6.7 Hz, (H3), 0.95 (3H, d,J = 6.8 Hz,
CHs), 1.73 (6H, mc, 3x CH,), 2.02-2.04 (1H, m, Gi(CHs),),
3.45 (3H, s, OEly), 3.73 (1H, ddJ = 9.9 Hz andJ = 5.1 Hz,
CHCH(CHg),), 3.85 (4H, mc, 2x CHy), 5.06 (1H, d,J = 9.9 Hz,
NH), 7.48 (2H, app d, B4/), 7.75 (2H, app d, 8,,). Selected
data for minor g)-isomer from mixture: 'H NMR (500 MHz,
(CD3)2SO) 7.55 (2H, app d, Ba), 7.82 (2H, app d, 8,,). Data
from mixture: 13C NMR (75 MHz, (CD,),S0O) 18.3 CHs), 18.8
(CHg), 23.6 CH.pip), 30.5 CH(CHz),), 51.6 (CCH3), 61.5 CHCH-
(CHa)2), 120.0 CHa,), 127.8 CHar), 136.6 CSOy), 153.3 CN=N),
171.3 CO,Me); Anal. Calcd for G/H.6N4O,4S: C, 53.38; H, 6.85;

Figure 4. Calcium-induced cataract in sheep lenses. The scores N, 14.65%. Found: C, 53.66; H, 6.86; N, 14.52%. _
represent the average result using three lens pairs. Opacification scores (S)-3-Methyl-2-[4-(piperidin-1-ylazo)-benzenesulfonylamino]-

of 100 = full opacity, whereas a score of= clear and transparent.

a paired t-test. It would thus appear that this class of inhibitor,
with an N-terminal group capable of binding deep into the S
binding pocket, is active in vitro and in vivo (lens assay) and is

thus of interest as a potential drug candidate.

Conclusion

A series of diazo- and triazene-dipeptide aldehy8asd,
10ab, and17ab have been prepared predominantly as e (

isomers. All of the inhibitor mixtures are highly potent against

m-calpain, with the most poteBb [5.4(E)/1(2)] having an 1Go
value of 35 nM. Photoisomerism of the diazo inhibit@as—c
and 10a gave samples enriched in th&){isomer that proved
to be significantly less active.

SAR data is presented, which suggests thatNeterminal
diazo group 8a—d) is favored over a triazenelT7ab).
Furthermore 4-substitution of titerminal diazo group8a,b)
is favored over 3-substitutio®¢,d). The triazene oL 7aimparts

butyric Acid (15a). To a solution of estet4ain THF/H,O ([3:1],

1 mL/10 mg) was added NaOH (2.5 equiv), and the solution was
heated to 65°C with stirring overnight. Concentration in vacuo
gave a crude orange solid that was partitioned between ethyl acetate
(100 mL) and water (100 mL). The aqueous layer was acidified to
pH 2 with 1 M HCI and extracted with ethyl acetatex(R The
combined ethyl acetate layers were washed with water and brine
and dried (MgS@). Concentration in vacuo gavdédaas an orange
solid [inseparable mixture of isomers, E}{1(2); 1.61 g, 82%]:

mp 117-119°C; HRMS (ES) calcd for GgHzsN4O4S ([M + H] 1),
369.1596; found, 369.1618;,. (KBr) 3312 (CQH), 1701 (CQH),
1355 and 1153 (SH). Data for major E)-isomer from mix-
ture: *H NMR (500 MHz, (CD),SO) 0.77 (3H, dJ = 6.9 Hz,
CHs), 0.80 (3H, d,J = 6.9 Hz, H3), 1.65 (6H, mc, 3x CHy),
1.91-1.93 (1H, m, G1(CHy),), 3.47 (1H, ddJ = 8.8 Hz and] =

5.9 Hz, GHCH(CH),), 3.80 (4H, mc, 2x CHy), 7.42 (2H, app d,
CHa), 7.69 (2H, app d, 64, 7.89 (1H, d,J = 9.3 Hz, NH),
12.45 (1H, br s, CeH). Selected data for minoZj-isomer from
mixture: IH NMR (500 MHz, (CD,),SO) 7.59 (2H, app d, Ba),
7.75 (2H, app d, €,), 8.00 (1H, d,J = 7.8 Hz, NH). Data from
mixture: 13C NMR (75 MHz, (CD;),SO) 17.9 CHs), 19.1 CHy),

improved water solubility for in vivo studies and was shown to  23.6 (CHzpip), 30.4 CH(CHz)z), 61.3 CHCH(CHs)z), 120.0
arrest the development of calpain-induced cataract formation (CHar), 127.8 CHar), 137.0 €S0y, 153.2 CN=N), 171.3 COH);

in sheep lens culture.

Molecular modeling predicts that these compounds all bind
in an extendeg@-strand conformation, as defined by three key

hydrogen bonds to Ghys and Gly7:. This is consistent with
published crystal structures of-calpain with the inhibitor

Anal. Calcd for GgH24N4O4S: C, 52.16; H, 6.57; N, 15.21%.

Found: C, 52.34; H, 6.61; N, 14.92%.
(S)-N-((S)-1-Hydroxymethyl-3-methyl-butyl)-3-methyl-2-[4-

(piperidin-1-ylazo)benzenesulfonylamino]-butyramide (16a)To

a stirred solution ofl5ain dry DMF (1 mL/60 mmol) was added

leucinol (1.1 equiv), DIPEA (4 equiv), and HATU (1.1 equiv). The

bound’ The reactive carbonyl in each case is located in close solution was stirred at rt overnight, diluted with ethyl acetate (5:
proximity to the active site cysteine, as would be required for 1), washed with water (2) and brine, and dried over MgSO

mechanism-based inhibition. As a consequenceNtterminal
group of the E)-diazo dipeptide aldehyde®&a—d and 10ab
extends deep into the; ®inding pocket.

Finally, we suggest that a calpain inhibitor, the activity of
which can be influenced by irradiation, offers some potentia
as a means to control cataracts. The work presented here is

first step toward this goal.

Experimental Section

(S)-3-Methyl-2-[4-(piperidin-1-ylazo)-benzenesulfonylamino]-
butyric Acid Methyl Ester (14a). To a salt-ice-cooled solution of

13in 6 M HCI/MeOH (50 mL, [5:1]) was added dropwise a solution

Concentration in vacuo gave a pale orange solid that was purified
by column chromatography to givicsaas a yellow solid [insepa-
rable mixture of isomers, 2Bj/1(2); 1.13 g, 58%]: mp 178

180 °C; R = 0.51 (ethyl acetate/petroleum ether [1:1]); HRMS

| (ES") calcd for GoHzeNsO,S ([M + H]1), 468.2644; found,

468.2656Vmax (KBr) 1643 (G=ONH), 1320 and 1157 (SO,NH),

4026 (C—OH). Data for major E)-isomer from mixture:'H NMR

(500 MHz, (C[x),S0) 0.61 (3H, dJ = 5.9 Hz, GHs), 0.70 (3H, d,
J = 5.8 Hz, Gs), 0.76 (3H, d,J = 6.8 Hz, GH3), 0.82 (3H, d.J
= 6.8 Hz, Hy), 0.96-0.98 (1H, m, GIHCH(CHy),), 1.12-1.14
(2H, m, CHCH(CHs); and CHHCH(CHg)2), 1.66 (6H, mc, 3x
CH,), 1.77-1.79 (1H, m, G1(CHs),), 3.03-3.06 (1H, m, G,0H),
3.14-3.19 (1H, m, ®1,0H), 3.46-3.49 (1H, m, GICH,OH), 3.80

of 2.5 M NaNG (1.0 equiv) so that the temperature did not exceed (4H, mc, 2x CHy), 4.50-4.53 (1H, m, GICH(CHg),), 7.39 (2H,

5 °C. The crude orange diazonium salt was cooled t8CQ a
solution of piperidine (1.0 equivhil M HCI (1.0 equiv) was added,

app d, Har), 7.47 (1H, dJ = 8.3 Hz, NH), 7.68 (2H, app d, Bx).
Selected data for minoZj-isomer from mixture:*H NMR (500

and the mixture was stirred for 30 min. To the resulting homoge- MHz, (CD;),SO) 7.57 (1H, d,JJ = 7.1 Hz, NH), 7.79 (2H, app d,
neous solution was added solid 845 (caution!) to give a bright CHa,). Data from mixture: 33C NMR (75 MHz, (CD),SO) 17.9
orange precipitate. The precipitate was collected by filtration, (CHs), 19.2 (CH3), 21.8 (CHCH(CHzs),), 23.2 (CH), 23.6 (CH-
dissolved in ethyl acetate (50 mL), washed with water and brine, pip), 23.8 (CH), 31.4 (CH(CHs),), 38.3 CH>CH(CHs),), 48.6
and dried (MgSG@). Concentration in vacuo gave a bright orange (CHCH,OH), 61.3 CHCH(CHs),), 63.6 CH,OH), 119.9 CHa/),

oil that was purified by column chromatography to gil4a as a
pale yellow solid [inseparable mixture of isomers,2B{(2); 2.05

g, 49%]: mp 125-127°C; R = 0.65 (ethyl acetate/petroleum ether

[2:1]); HRMS (ES) caled for G/H2:N404S ([M + H]*), 383.1771;
found, 383.1753pmax (KBr) 1738 (CGQMe), 1346 and 1142 (SO
NH). Data for major E)-isomer from mixture:'H NMR (500 MHz,

127.7 CHar), 137.1 CSO,), 153.0 CN=N), 169.5 CONH); Anal.
Calcd for GoH3/NsOsS'HCI: C, 52.42; H, 7.60; N, 13.89%.
Found: C, 52.26; H, 7.48; N, 14.05%.
(9)-N-((9)-1-Formyl-3-methyl-butyl)-3-methyl-2-[4-(piperidin-
1-ylazo)benzenesulfonylamino]-butyramide (17a)To a stirred
ice-cooled solution of alcohdl6aand 4 equiv of DIPEA in DCM/
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DMSO (1:1, 1 mL/30 mmol) was added dropwise a solution of 4
equiv of sulfur trioxide pyridine complex in DMSO (1 mL/60
mmol). Stirring was continued in ice f@ h atwhich time the

mixture was diluted with ethyl acetate (10:1), washed with aqueous

1 M HCI (2x), saturated aqueous NaHE@x), and brine (10
mL), and dried over MgS© Concentration in vacuo gave an orange
oil that was purified by column chromatography to giligaas a
yellow solid [inseparable mixture of isomers, E}(1(2); 0.62 g,
55%]: mp 75-77 °C; Ry = 0.51 (ethyl acetate/petroleum ether
[1:1]); HRMS (ES") calcd for GoH3eNsO4S ([M + H] 1), 466.2488;
found, 466.2484ymay (KBr) 1734 (CHO), 1659 (CONH), 1345
and 1110 (SdeNH). Data for major E)-isomer from mixture:*H
NMR (500 MHz, (CD),S0O) 0.69 (3H, dJ = 5.9 Hz, H3), 0.79
(3H, d,J = 6.3 Hz, CH3), 0.82 (3H, d,J = 6.8 Hz, CH3), 0.85
(3H, d, J = 6.8 Hz, (H3), 1.13-1.18 (1H, m, CHCH(CHy),),
1.32-1.37 (2H, m, ®,CH(CHg),), 1.66 (6H, mc, 3x CH,), 1.82-
1.86 (1H, m, G1(CHy),), 3.54-3.57 (1H, m, GZICHO), 3.81 (5H,
mc, 2 x CH, and GHCH(CHa),), 7.40 (2H, app d, Ba), 7.70
(3H, mc, GHar and SGNH), 8.23 (1H, d,J = 6.9 Hz, NH), 9.13
(1H, s, HO). Selected data for minoZ)-isomer from mixture:
1H NMR (500 MHz, (CD;),S0O) 7.52 (2H, app d, By/), 7.80 (2H,
mc, (Hp,), 7.92 (1H, dJ = 5.2 Hz, SQNH), 8.25 (1H, dJ=6.9
Hz, NH). Data from mixture:13C NMR (75 MHz, (CD,),SO) 18.1
(CHs), 19.1 CH3), 21.4 (CHCH(CHg),), 22.9 CHs), 23.6 CH2-
pip), 23.8 CH3), 31.1 CH(CHs),), 36.3 CH,CH(CHs),), 56.6
(CHCHO), 61.1 CHCH(CHg)), 119.9 CHar), 127.8 CHar), 137.0
(CSQy), 153.1 CN=N), 170.6 CONH), 200.9 CHO); Anal. Calcd
for CoH3sNs04S: C, 56.75; H, 7.58; N, 15.04%. Found: C, 56.40;
H, 7.73; N, 15.44%
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