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A New Class of Antituberculosis Agents
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Long-chain lipid envelopes are characteristic of mycobacteria such as those that cause
tuberculosis and leprosy. Inhibition of fatty acid synthesis or elongation is a strategy
demonstrated to be clinically effective against M. tuberculosis. A new class of compounds
designed to inhibit the 5-ketoacyl synthase reaction of fatty acid synthesis has been developed.
Of >30 compounds described, the most active were acetamides containing alkylsulfonyl
substituents. Inhibitory activities were acutely sensitive to net charge, chain length, and degree
of unsaturation. The most active compound 5 (alkyl = C;p) contained a single methylene spacer
between the sulfone and carboxamide and exhibited an MIC of 0.75—1.5 ug/mL, comparable to
first-line antituberculosis drugs. These compounds are species-specific, exhibiting no significant
activity against bacterial species other than M. tuberculosis and closely related strains. The
synthesis, biological activity, and specificity of these compounds are described.

Introduction

Tuberculosis (TB) is the leading cause of death from
a single infectious agent in the world. Approximately
one-third of the world'’s population harbors latent TB,!
and 3 million will die from its effects this year. Despite
the fact that it is treatable and preventable, the disease
has been spreading at a steady rate over the past
decade.? Two developments make the resurgence in TB
especially alarming. The first is pathogenic synergy with
HIV. The overall incidence of TB in HIV-positive
patients is 50 times that of the rate for HIV-negative
individuals.® The second is the emergence of drug-
resistant and multi-drug-resistant TB (MDRTB). The
term MDRTB is used to describe strains that are
resistant to two or more of the five first-line anti-TB
drugs (isoniazid, rifampin, pyrizinamide, ethambutol,
and streptomycin).#~6 Little has changed in our arsenal
for TB treatment in more than 30 years when the last
anti-TB drug (rifampin) was introduced. There is a
pressing need for new chemotherapeutic agents to
combat the emergence of resistance and, ideally, shorten
the duration of therapy (currently =6 months).

Mycobacteria produce a wide array of complex fatty
acids, such as mycocerosic acid and mycolic acids, not
found in mammalian cells.”~° These long-chain acids
form a thick hydrophobic outer barrier and constitute
30% dry weight of the cell.1° Significantly, mycolic acid
biosynthesis is essential for mycobacterial survival as
evidenced by the bactericidal properties of drugs that
inhibit mycolic acid synthesis such as isoniazid and
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ethionamide.’*=13 Thus, while the synthesis of fatty
acids occurs in all living organisms, mycobacteria pos-
sess accessory fatty acid synthase (FAS) enzymes with
specialized substrate and product specificities that are
attractive targets for drug development.

Although the mechanism of fatty acid biosynthesis is
essentially the same in all organisms, FASs are orga-
nized into two types.314 In type | FAS the catalytic sites
are assembled into complexes of multidomain enzymes.
These large, polyfunctional type | synthases are most
commonly found in eukaryotes. In contrast, type 11 FASs
are comprised of smaller, monofunctional proteins that
carry out fatty acid synthesis in transient acyl carrier
protein (ACP)-dependent complexes. Type Il systems
are found primarily in bacteria and plants. Mycobacteria
possess both type | and type Il FASs, as well as
mycocerosic acid synthase, which synthesizes long-
chain, multi-methyl-branched fatty acids. These fatty
acids make up components of waxes and some acylated
trehaloses found in the outer cell wall of some slow-
growing mycobacteria.”®

It has been shown in Mycobacterium smegmatis that
the type | FAS is located in the cytosolic protein fraction
and synthesizes C16—Cig and Cy4—Cy fatty acyl-CoA
chains in a bimodal distribution. The ACP-dependent
type Il synthase functions primarily as an elongation
system, utilizing Ci¢ fatty acid primers to produce Cys—
C3 fatty acyl-ACPs. Although capable of producing fatty
acids with chain lengths of C3p, neither of these cytosolic
systems is capable of producing fatty acids of sufficient
length required for mycolic acids. This observation
suggests the presence of additional FASs.1516 While no
other FAS enzymes have been definitively identified,
several studies support their existence.l’-19 Further-
more, examination of the Mycobacterium tuberculosis
genome reveals that there are approximately 5 times
as many FAS-related enzymes as in E. coli.1®
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We chose to target f(-ketoacyl synthase (KAS) for
inhibitor design. This domain catalyzes the most mecha-
nistically complex of the sequence of FAS reactions yet
is definable with respect to geometry and charge. In
addition, this reaction, unlike the others involved in
fatty acid synthesis, is found only in FAS and polyketide
synthase (PKS)-type enzymes. Cerulenin and thiolac-
tomycin, two naturally occurring inhibitors of this chain
extension reaction, are known.20=25 Cerulenin irrevers-
ibly inactivates both type | and type Il FASs by
alkylating the strictly conserved active site cysteine thiol
of KAS. Thiolactomycin, on the other hand, while also
acting against KAS, reversibly inhibits only type Il FAS.
Both thiolactomycin® and cerulenin?® are active in vitro
against M. tuberculosis.

In the KAS-mediated step, malonyl-ACP homologates
an existing fatty acid by two carbons. Scheme 1 shows
how this is accomplished. Decarboxylation of malonyl-
ACP provides the enolate of acetyl-ACP, which is
positioned to undergo a Claisen reaction with the
cysteine-bound thioester of the growing fatty acyl chain.
This addition generates the classical tetrahedral inter-
mediate. The latter, in turn, collapses to give an
extended f-keto thioester and the resting state of KAS.
While loss of carbon dioxide drives this reaction ther-
modynamically, it is likely that the enzyme has evolved
an architecture that stabilizes formation of the tetra-
hedral intermediate. Our initial attempts to design an
inhibitor of mycobacterial growth were directed to
molecules that geometrically and electronically mimic
the presumed transition state of this reaction.

Central to realization of this goal are the five boxed
atoms in the structures depicted in Scheme 1. A
generalized inhibitor structure is shown beside the
putative transition state of the thio Claisen reaction. A
carboxylic acid, ester, amide, sulfone, or sulfonamide
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was planned to mimic the acetyl enolate formed after
decarboxylation of malonyl-ACP. This component of the
reaction must, at some point, add to the thioester of the
extending fatty acyl chain to form a tetrahedral inter-
mediate via a one-atom spacer. Structural mimics of this
key reactive intermediate could be visualized in a
phosphinate, sulfone, or sulfoxide, among others. Bear-
ing in mind, however, that charged, small molecules are
generally excluded by the highly lipophilic mycobacte-
rial cell wall,® neutral, albeit polar, analogues of the
tetrahedral and acetyl centers were sought in the design
of potential inhibitors. Using this structural model as
a guide, the family of compounds shown in Table 1 was
synthesized.

Synthesis. Most of the compounds shown in Table 1
were prepared in a straightforward manner (Scheme 2).
Alkylation of the appropriate thiol 32 was carried out
with 2-bromoacetate derivatives 33, followed by oxida-
tion of the resulting thioether 34 and conversion to the
desired acyl derivative. If necessary, the thiol could be
prepared by Mitsunobu reaction of the corresponding
alcohol 35 with thiolacetic acid to give the thioacetate
36, which was readily hydrolyzed. Alternatively, alkyl
bromides 37 could be reacted using methyl thioglycolate
(38) to thioether 39, which could be oxidized to the
sulfone 40 and substituted at the acyl center as neces-
sary.

Synthesis of the o,-unsaturated sulfones 10 and 11
was accomplished as shown in Scheme 3. Formation of
a thioacetal 42 from methyl thioglycolate 38 and nonyl
aldehyde 41 proceeded smoothly using boron trifluoride
as a catalyst. Oxidation of 42 to obtain the monosul-
foxide 43, as a mixture of diastereomers, was carried
out using m-CPBA in 61% yield. This sulfoxide could
be converted to the vinyl sulfide 44 in refluxing toluene
in the presence of sodium bicarbonate. The vinyl sulfide
44 was obtained as an inseparable mixture of E- and
Z-isomers in 75% yield. Ammonolysis of this ester
provided the primary amides 45E/Z, which could be
separated by preparative TLC. Oxidation to the sulfones
using m-CPBA was carried out in 87% and 91% vyield
for the E- and Z-isomers 10 and 11, respectively.

The phosphinate 15 was prepared by the method of
Regan.?’-29 Ammonium hypophosphonate was heated
under an inert atmosphere with a slight excess of
hexamethyldisilazane (HMDS) to give bis(trimethylsi-
lyl)phosphonite (46). Alkylation with 1-iododecane fol-
lowed by resilylation with HMDS and a second alkyla-
tion with methyl bromoacetate afforded ester 47 as the
ammonium salt in 30% overall yield. Ammonolysis of
the ester was readily achieved followed by conversion
to the potassium salt 15.

Synthesis of the sulfonamides 28—30 was carried out
in one step from commercially available octanesulfonyl
chloride and either urea, methanesulfonamide, or sulf-
amide.3® The anion was formed using sodium hydride
in DMF. These compounds were obtained in 70%, 82%,
and 69% yields, respectively.

Biological Results and Discussion

The compounds shown in Table 1 were tested for
activity against M. tuberculosis (H37Rv) using the
standard BACTEC radiometric growth assay.3! All but
a few of these compounds (1, 7, 15, and 27-31)
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Table 1. Anti-TB (H37Rv) Activity

Jones et al.

MIC pg/ml
isoniazid 0.1-0.4
ethambutol 2
rifampin 2
pyrizinamide 100
streptomycin 2

thiclactomycin 25
cerulenin 0.5-1.5
CGH13‘SO2 ~CONH, 1 >50
C7H15’802 -CONH, 2 25
CaH17'SOZ\/CONH2 3' 6.25
CgH1g’SOZ _-CONH; Y 3.0
SO, _CONH, * -
CioHoi o \/CONH 5 0.75-1.5
CaHas” 2.~ 2 6 12.5
CiH S0, _CONH, 5 > 50

(CHa)oCH(CHy) > CON 8 15

Y\/\I/\/SOZ \/CONHQ 9,, 6.05

/\/\/\/\JSOZ\/CONHZ 100 125

\/\/\/K/SOZ\/CONHZ 1 125

SO, _CONH
CioHar ZT 2 12 >25
C10H21/SOZ\/\CONH2 13 >25
S._CONH, 1, o5

PN
CioHzi

i
C10H21/||D\/CONH2 15 >50
O+

MIC pg/ml

Gt SOCONH: 16 6.5
rac | 25

o SOCONHz ' 47 55
oFhg s 25
rac >25

CoH SQ_CO:Me R 18 >25
oH1g s 258
oy~ 20-COMe g’ 125
08H17‘SOZ\/C02M9 20* > 95
Gy~ SQC0BN oy 6.25
gy o02~ 0B 99" 125
Gyt 502 COH 3 25

phe 802 CONHz a4 505

Ph _~_~_80: __CONH, 25 425-25
ph 802 _CONHz 26 125

SO 802 CONHz 27 525

CBHW'SOZ'H’CONHZ 28 >25
CSHﬂ’SOZ‘H’SOZCHG' 20 >25
CBHW'SOQ‘H’Soz'\u'l2 30 >25
Gt O CONH2 31 >25

displayed activity against M. tuberculosis. Minimum
inhibitory concentrations (MIC) ranged from less than
1 to 25 ug/mL for the active compounds. Compounds in
this family consist of four structural elements. These
are an acyl derivative, spacer, tetrahedral mimic, and
hydrophobic tail. The effects of each element on anti-
mycobacterial activity are discussed below.

Most of the compounds in Table 1 have a primary
amide as the acyl derivative. The exceptions are a
methyl ester (19, 20), benzyl ester (21, 22), carboxylic
acid (23), sulfone (29), or sulfamide (30). Both methyl
and benzyl esters were active against M. tuberculosis
but had decreased activity relative to the corresponding
amides. As the benzyl esters were slightly more active
than the corresponding methyl esters, it seems reason-
able to suggest that this segment of the molecule
occupies a large, flexible binding site or is protruding
into solution. The carboxylic acid 23, phosphinate 15,
and sulfonimide derivatives 28—30 are likely to be
ionized in the assay buffer (pH 7.2). As noted earlier, it
is likely these molecules are not able to enter the
mycobacterial cell.8

Most of the compounds shown in Table 1, and all
active compounds, have a single methylene spacer
between the tetrahedral mimic and acyl center. The
exceptions, 12, 13, and 28—30, are inactive against

H37Rv. Thus, a methyl branch at this site, extension
to two methylenes, or replacement by a readily ionized
N-H is strongly unfavorable. This finding is consistent
with the original design as any spacing greater than
one atom would alter both the geometrical and elec-
tronic similarity between a potential inhibitor and the
putative KAS transition state depicted in Scheme 1.

With two exceptions the tetrahedral mimic employed
by compounds in Table 1 is a sulfone or a sulfoxide. In
general, a sulfone appears to give superior activity
relative to the corresponding sulfoxide. For example, the
MICs for 5 (sulfone) and 16 (sulfoxide) are 0.75 and 6.25
ug/mL, respectively. However, in the case of compounds
having an ester as the acyl derivative, a sulfoxide is
slightly more active than the corresponding sulfone.
Comparison of 21 and 22, with MICs of 6.25 and 12.5
ug/mL, respectively, demonstrates this behavior. There
is no explanation apparent for this difference between
the amide and ester. In the case of the sulfoxides,
activity was unaffected by the stereochemistry of the
sulfur. Both the R- and S-enantiomers of 17 and 18 were
prepared using the method of Naso.32 Each enantiomer
showed the same level of activity against H37Rv as the
racemate.

It is not known whether these compounds undergo
oxidation to the sulfone under the conditions of the
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Scheme 22
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36b: R = tetrahydrogeranyl
36¢: R =Ph(CHy),
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36f:R= CH3CH2(OCHQCH2)2
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a2 33 14: R = CygHgy, X = NHp 1: R=CgHyz, X =NHp, n=2

34a: R = CgHqa, X = NHp 2:R=CHs, X=NHy n=2

34b: R=C7H15, X=NH, 3: R=03H17, X=NHp, n=2

34c: H=CBH17, X = OMe 4: R=C9H1g, X= NH2, n=2

34d: R = CgHyg, X = NH, 5:R=CygHay, X=NHp, n=2

34e: R = CgHyg, X =OMe 5a: R = CyoHay, X = OMe, n= 2

14:R=C10H21,X=NH2 6:R=C12H25,X=NH2,n=2

34f: R =C10H21, X =0Me 7:R= C18H27, X= NH2, n=2

34g: R = (CHz),CH(CHy)7, 8: R = (CHa),CH(CHy)7, X = NHp, n =2

= NH, 9: R = tetrahydrogeranyl, X = NHp, n =2

34h: R = tetrahydrogeranyl, 16: R=CygHzy, X=NHz, n=1
X=NH2 17:R=C9H19,X=NH2,n=1

34i: R = Ph(CHa)s, X = NH 18: R = CgHyg, X = OMe, n =1

34j: R = Ph(CHg)s, X = NH, 19: R = CgHyy X=OMe, n = 1

34k: R = Ph(CHa)g, X = NH 20: R = CgHy7, X = OMe. n =2

341: R = CHaCHo(OCH,CHa)o,  24: R = Ph(CHy)s, X = NHp, n=2
X = NHp 25: R = Ph(CHa)s, X = NHy, n = 2

26: R = Ph(CHa), X = NHp, n = 2
27:R= CH30H2(OCH2CH2)2, X= NH2, n=2

~ OMe
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37 38 3%a:R = C12H25 40a: R = C12H25
39b: R = C18H37 40b: R = C13H37
a (a) K,CO3, DMSO/acetone; (b) m-CPBA, CH,Cly; (c) PPhz, DIAD, CH3COSH, THF; (d) KoCO3, MeOH, BrCH>,CONHjy; (e) ag NHs,
MeOH.
Scheme 32 Scheme 42
CgH17 SCHchQMe TMSO. (0] o b 9 (0]
CgHy,CHO + 38 _2, b, oy 2 b . P
SCH,COzMe T™MSO' CioHar” \\)J\OMe CioHai” \VlLNH2
41 42 OH OH
46 47 15
CgHy7-_S(O)CH,COMe —» Ay ,rSCHCOMe ——» a(a) 1. HMDS, CyoHzl, THF, 2. HMDS, BrCH,CO;Me; (b) aq
¢ GCrhis de NHg, i-PrOH.
SCH2c02Me
43 44 anism of action of the compounds described in this

o SCH,CONH =\
ik 2+ j.d,  SCHCONH, ——»

C/Hq5
45-E 45-Z
. SO;,CH,CONH =\
CrHyy P02 e e+ 80,CH,CONH,
10 11

a (a) BF3*Et,0, CH2CI; 0 °C; (b) 0.9 equiv m-CPBA, CHCly; (c)
toluene, NaHCOg3, 110 °C; (d) ag NHs, MeOH; (e) PTLC; (f)
m-CPBA, CHCl..

assay. Possibly in keeping with this suggestion, the
simple thioether 14 displays low, but measurable,
activity against M. tuberculosis and may itself be
oxidized under the prolonged period of the assay. This
proposed background oxidation is supported by the
negative control that ether 31 displays extremely low
activity. The sharp decrease in activity for both 14 and
31, and for shorter- and longer-chain sulfones, argues
against inhibition of S-oxidation as one possible mech-

paper. That g-oxidation inhibition is not occurring was
also borne out in BACTEC assays of M. smegmatis,
which were still able to oxidize palmitate to carbon
dioxide (data not shown).

The most varied element in the set of compounds
studied was side chain length. The vast majority of the
compounds have a hydrocarbon tail, although one, 27,
has a glycol tail. This comparatively hydrophilic com-
pound, freely soluble in water, was completely inactive
against H37Rv. The most striking structural require-
ment for these compounds was the length of the side
chain. Compounds in Table 1 with a chain length
between 8 and 10 carbons were the most active. The
difference between a 7-carbon tail (2, MIC > 25 ug/mL)
and an 8-carbon tail (3, MIC = 6.25 ug/mL) was
dramatic. A less abrupt loss of activity was observed in
the transition from a 10-carbon tail (5, MIC = 0.75 ug/
mL) to a 12-carbon tail (6, MIC = 12.5 ug/mL). However,
7 with a longer, 18-carbon tail was completely inactive
against H37Ruv.
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Regardless of additional substitution, the requirement
for an 8—10-carbon side chain appears to hold. Two
compounds having alkyl branches (8, MIC = 1.5 ug/mL;
and 9, MIC = 6.25 ug/mL) inhibited H37Rv growth.
Three compounds have a w-phenyl substituent (24—26).
While none of these compounds was highly active
relative to the compounds lacking a phenyl group, the
most active of the three was 26, having a 10-carbon tail
(counting along the phenyl ring).

Two compounds were prepared that have an a,f3-
unsaturated sulfone, 10 and 11. Surprisingly, these two
isomers (E and Z, respectively) were approximately
equal in their activity against H37Rv. Although an
NMR sample of 11 in 1:1 DMSO-dg:50 mM K,HPO, (pH
8.0) did not show any isomerization in 5 days, the
addition of an equivalent of a thiol (38) led to loss of
the vinyl proton signals from the 'H NMR spectrum
within 30 min. This behavior suggests that, in vivo, an
addition—elimination reaction by nucleophiles in the cell
(such as glutathione, cysteine, etc.) could serve to
convert both 10 and 11 to the same equilibrium mixture,
which would then display similar MIC values. However,
these minimal experiments do not rule out the possibil-
ity that both 10 and 11 act as electrophiles and interfere
with some vital cell function with equivalent effective-
ness.

As the criteria for calculating MIC data using the
BACTEC assay system are rigid, compounds with equal
MICs may have different activity depending on the
conditions of the assay. For this reason, 14 compounds
(marked by asterisks, Table 1) were selected and as-
sayed against aliquots of a standard culture of H37Rv
at a concentration of 6.25 ug/mL. The results of these
assays are shown in Figure 1. With the exception of 20
and 22, all of these compounds effectively inhibited
mycobacterial growth for 10 days. However, for the most
active compounds even this assay did not adequately
distinguish which was the most active.

To make this distinction, four of the most active
compounds were tested against aliquots of a standard
H37Rv culture at a concentration of 3.0 ug/mL. The
growth curves generated in this assay are shown in
Figure 2. Compound 3, having an 8-carbon tail, was
clearly the least active of this group. The activity of 4
fell between 3 and the other two compounds. The two
remaining compounds, 5 and 8, were both highly active
against H37Rv, completely inhibiting mycobacterial
growth over 5 days.

The compounds marked with an asterisk in Table 1
were also tested against other bacterial strains includ-
ing Staphylococcus aureus (ATCC 29213), Enterococcus
faecalis (ATCC 29212), Escherichia coli (ATCC 25922),
and Pseudomonas aeruginosa (ATCC 27853). None
exhibited any activity against these bacteria at concen-
trations up to 50 xg/mL. In addition, 3 did not show
activity against M. smegmatis at concentrations as high
as 200 ug/mL.

Preliminary studies indicate that 3, but not cerulenin,
is active in the presence of serum.3® These studies also
demonstrated that 21 is a moderate inhibitor of myco-
bacterial type | FAS and that 3 inhibits the synthesis
of mycolic acids. The results of mechanistic and bio-

Jones et al.

1000

Growth Index

| —"— — -
clalal sl aloligl11l16 17 lig 119 20 121122

COMPOUND NUMBER

Figure 1. Activity of compounds as numbered in Table 1 at
6.25 ug/mL against M. tuberculosis strain H37Rv on day 10
posttreatment. Growth index in BACTEC units. Abbrevia-
tion: C, untreated control.
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Figure 2. Seven-day BACTEC growth curves of M. tubercu-
losis strain H37Rv in the presence of 3.0 mg/mL of the four
most potent compounds listed in Table 1. Abbreviation: C,
untreated control.

chemical experiments conducted using the compounds
described in this paper will soon be reported else-
where.34

Conclusion

A new class of readily synthesized compounds with
anti-TB activity has been prepared. The most active
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members of this group are amide derivatives of 3-sul-
fonyl fatty acids with an alkyl tail of between 8 and 10
carbons in length. The MICs for these compounds are
comparable to those of the first-line anti-TB drugs. The
efficacy of these compounds is very sensitive to varia-
tions in alkyl tail length, charge and relative position
of the sulfone to the amide. Designed to be transition-
state mimics of the KAS step of fatty acid biosynthesis,
these compounds are highly species-specific, showing no
activity against other bacteria including strains of
nonpathogenic mycobacteria, such as M. smegmatis.

Experimental Section

Melting points are uncorrected. Chemicals for which a
synthesis is not reported were purchased commercially. All
1H and *2C nuclear magnetic resonance (NMR) spectra were
recorded using a Varian Unity-400 spectrometer at 400 MHz
for H and 100 MHz for 3C, unless otherwise noted. Infrared
spectra were recorded using a Perkin-Elmer 1600 series FTIR
and a 0.1 mM NacCl solution cell or KBr disk. Elemental
analyses were performed by Atlantic Microlabs (Atlanta, GA).

Representative Alkylation Procedure: 3-Thiononan-
amide (34a). To a suspension of potassium carbonate (4.00
g, 30 mmol) in acetone/DMSO (30 mL/10 mL) was added
bromoacetamide (1.38 g, 10 mmol) followed by hexanethiol (1.4
mL, 1.18 g, 10 mmol). The resulting mixture stirred at ambient
temperature for 24 h. The contents were then partitioned
between EtOAc (100 mL) and 1 N HCI (200 mL). The aqueous
layer was extracted twice more with EtOAc (30 mL each) and
the combined organic layers were washed with 1 N HCI (5 x
50 mL), water (2 x 50 mL), brine (1 x 50 mL), and dried over
anhydrous MgSO,. Solvent was removed in vacuo to give a
white powder that was used without purification: *H NMR
(CDCls, ppm) 6.77 (bs, 1H), 6.46 (bs, 1H), 3.16 (s, 2H), 2.52 (t,
J = 7.2 Hz, 2H), 1.57 (m, 2H), 1.25 (m, 6H), 0.84 (t, J = 7.2
Hz, 3H); $C NMR (CDCls;, ppm) 172.31, 35.76, 33.00, 31.23,
28.97, 28.33, 22.41, 13.91.

3-Thiodecanamide (34b). Bromoacetamide (1.38 g, 10
mmol); heptanethiol (1.53 mL, 1.32 g, 10 mmol): 1.85 g, 9.8
mmol, 98%; mp 73—74 °C; 'H NMR (CDClIs, ppm) 6.79 (bs,
1H), 5.80 (bs, 1H), 3.20 (s, 2H), 2.56 (t, J = 7.2 Hz, 2H), 1.58
(m, 2H), 1.15 (m, 8H), 0.83 (t, J = 7.2 Hz, 3H); 3C NMR
(CDCls, ppm) 172.32, 35.76, 33.00, 31.59, 29.02, 28.73, 28.63,
22.49, 13.98. Anal. (CoH1sNOS) C, H, N, S.

Methyl 3-Thioundecanoate (34c). Octanethiol (2.50 mL,
14.4 mmol); methyl bromoacetate (1.36 mL, 14.4 mmol): 2.91
g, 13.3 mmol, 93%; 'H NMR (CDClz, ppm) 3.69 (s, 3H), 3.18
(s, 2H), 2.58 (t, J = 7.4 Hz, 2H), 1.56 (m, 2H), 1.33 (m, 2H),
1.25 (m, 8H), 0.84 (t, J = 6.8 Hz, 3H); 13C NMR (CDCl3, ppm)
170.98, 52.24, 38.39, 32.66, 31.71, 29.08, 29.06, 28.90, 28.67,
22.56, 14.00.

3-Thiododecanamide (34d). Bromoacetamide (860 mg,
6.23 mmol); nonanethiol (1.2 mL, 1 g, 6.23 mmol); used without
purification: *H NMR (CDCls, ppm) 6.78 (bs, 1H), 5.87 (bs,
1H), 3.20 (s, 2H), 2.56 (t, J = 7.2 Hz, 2H), 1.59 (m, 2H), 1.27
(m, 12H), 0.87 (t, J = 6.6 Hz, 3H); **C NMR (CDCl3, ppm)
173.03, 36.91, 34.20, 32.92, 30.53, 30.31, 30.24, 30.20, 29.85,
23.74, 15.19.

Methyl 3-Thiododecanoate (34e). Nonanethiol (15 g, 93.6
mmol); methyl bromoacetate (14.3 g, 93.6 mmol): 20.2 g, 89.4
mmol, 96%; *H NMR (CDCls, ppm) 3.72 (s, 3H), 3.21 (s, 2H),
2.61 (t, J = 7.2 Hz, 2H), 1.57 (m, 2H), 1.38 (m, 2H), 1.24 (m,
10H), 0.86 (t, J = 8.0 Hz, 3H); *C NMR (CDCl3, ppm) 171.06,
52.33, 33.46, 32.72, 31.84, 29.43, 29.23, 29.16, 28.95, 28.72,
22.64, 14.09.

3-Thiotridecanamide (14). Bromoacetamide (1.66 g, 12
mmol); n-decanethiol (1.74 g, 10 mmol); the product was
purified by recrystallization from hot hexane/EtOAc: 1.98 g,
9.12 mmol, 91%; mp 80—81 °C; *H NMR (CDCls, ppm) 6.76
(bs, 1H), 5.92 (bs, 1H), 3.19 (s, 2H), 2.54 (t, J = 7.5 Hz, 2H),
1.57 (m, 2H), 1.1-1.3 (m, 14H), 0.86 (t, J = 7.0 Hz, 3H); °C
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NMR (CDCls, ppm) 171.97, 35.80, 33.10, 31.85, 29.50, 29.46,
29.26, 29.13, 29.08, 28.74, 22.65, 14.09. Anal. (C1,H2sNOS) C,
H, N, S.

Methyl 3-Thiotridecanoate (34f). Methyl thioglycolate
(2.43 mL, 27.1 mmol); 1-bromodecane (5.0 g, 22.6 mmol); the
residue was chromatographed over silica gel (10% EtOAc in
hexane) to give a white solid: 5.4 g, 22.1 mmol, 99%; 'H NMR
(CDCls, ppm) 3.71 (s, 3H), 3.20 (s, 2H), 2.60 (t, J = 7.4 Hz,
2H), 1.57 (m, 2H), 1.36 (m, 2H), 1.25 (m, 12H), 0.85 (t, J = 6.8
Hz, 3H); ¥3C NMR (CDCls, ppm) 171.03, 33.45, 32.72, 31.85,
29.51 (2 signals), 29.46, 29.27, 29.15, 28.94 (2 signals), 22.64,
14.07.

Methyl 3-Thiopentadecanoate (39a). Methyl thioglyco-
late (1.79 mL, 20.1 mmol); 1-bromododecane (5.0 g, 20.1 mmol);
the residue was chromatographed over silica gel (9% EtOAc/
hexane) to give a white solid that was used without further
purification: 5.0 g, 18.3 mmol, 91%; *H NMR (CDCls, ppm)
3.68 (s, 3H), 3.16 (s, 2H), 2.57 (t, J = 7.4 Hz, 2H), 1.53 (m,
2H), 1.22 (m, 18H), 0.82 (t, J = 7.2 Hz, 3H); *C NMR (CDCls,
ppm) 170.88, 52.14, 33.31, 32.60, 31.80, 29.53, 29.51, 29.47,
29.39, 29.23, 29.07, 28.86, 28.63, 22.57, 13.98.

Methyl 3-Thioheneicosanoate (39b). Methyl thioglyco-
late (1.59 g, 15.0 mmol); 1-bromooctadecane (5.0 g, 15.0 mmol);
the residue was chromatographed over silica gel (7.5% EtOAc/
hexane) to give a white, waxy solid: 4.85 g, 13.5 mmol, 90%;
mp 33—35 °C; 'H NMR (CDCl3, ppm) 3.70 (s, 3H), 3.19 (s, 2H),
2.59 (t, J = 7.4 Hz, 2H), 1.56 (m, 2H), 1.34 (m, 2H), 1.22 (m,
28H), 0.85 (t, J = 7.2 Hz, 3H); *C NMR (CDCls, ppm) 170.99,
52.25, 33.41, 32.69, 31.88, 29.66 (multiple signals), 29.55,
29.46, 29.32, 29.14, 28.93, 28.70, 22.65, 14.06.

Ethyl 4-Thiotetradecanoate (48). n-Decanethiol (2.1 mL,
1.74 g, 10.0 mmol); ethyl 3-bromopropionate (1.3 mL, 1.81 g,
10.0 mmol): 2.56 g (oil), 9.3 mmol, 93%; *H NMR (CDCls;, ppm)
412 (g, J = 7.2 Hz, 2H), 2.73 (t, J = 7.2 Hz, 2H), 2.54 (t, J =
7.4 Hz, 2H), 2.48 (t, J = 7.4 Hz, 2H), 1.52 (m, 2H), 1.28 (m,
17H), 0.83 (t, J = 7.2 Hz, 3H); *3C NMR (CDCls, ppm) 171.91,
60.50, 34.89, 32.08, 31.80, 29.49, 29.47, 29.44, 29.22, 29.14,
28.79, 26.90, 22.59, 14.12, 14.02.

General Thioacetylation Procedure: S-Acetyl 5-Phen-
ylpentanethiol (36d). To a solution of triphenylphosphine
(5.25 g, 20 mmol) in THF (50 mL) cooled to 0 °C was added a
solution of diisopropyl azodicarboxylate (4.17 g, 20 mmol) in
THF (15 mL) dropwise. The resulting solution stirred for 30
min during which time a yellow precipitate formed. Thiolacetic
acid (1.5 g, 20 mmol), 5-phenylpentanol (1.64 g, 10 mmol) in
THF (25 mL) were then added dropwise. The solution became
green. After stirring for 30 min at 0 °C, the solution was
allowed to warm to ambient temperature over the course of 1
h. The solution was transferred to a separatory funnel and
washed with 0.5 M NaOH (2 x 100 mL), water (1 x 100 mL),
brine (1 x 100 mL), dried over sodium sulfate, and concen-
trated in vacuo. The residue was chromatographed over silica
(7.5% EtOAc in hexane) to give a yellow oil: 1.84 g, 8.3 mmol,
83%; *H NMR (CDCls, ppm) 7.28 (m, 2H), 7.18 (m, 3H), 2.87
(t, 3 = 7.3 Hz, 2H), 2.61 (t, J = 7.3 Hz, 2H), 2.32 (s, 3H), 1.63
(m, 4H). 1.42 (m, 2H); 3C NMR (CDCls, ppm) 195.84, 142.34,
128.30, 128.19, 125.60, 35.67, 30.86, 30.55, 29.33, 29.95, 28.34.

S-Acetyl 8-Methylnonanethiol (36a). 8-Methylnonanol®
(1.24 g, 7.85 mmol); silica chromatography (0—5% EtOAc in
hexane) gave the product as a colorless oil: 1.50 g, 6.94 mmol,
88%; 'H NMR (CDCls, ppm) 2.83 (t, J = 7.5 Hz, 2H), 2.29 (s,
3H), 1.52 (m, 3H), 1.08—1.40 (bm, 10H), 0.83 (d, J = 6.8 Hz,
6H); 13C NMR (CDCls, ppm) 195.98, 38.93, 30.58, 29.68, 29.46,
29.11 (2 signals), 28.78, 27.90, 27.26, 22.60.

S-Acetyl 3,7-Dimethyloctanethiol (36b). 3,7-Dimethyl-
octanol (1.58 g, 10 mmol); the product was isolated by
repetitive crystallization of the contaminant triphenylphos-
phine oxide; a yellow oil was obtained: 875 mg, 4.05 mmol,
41%; *H NMR (CDCl3, ppm) 2.82 (complex multiplet, 2H), 2.29
(s, 3H), 1.51 (m, 3H), 1.38 (m, 1H), 1.23 (m, 4H), 1.09 (m, 4H),
0.87 (d, J = 6.4 Hz, 3H), 0.84 (m, 6H); 3C NMR (CDCl3, ppm)
195.97, 39.17, 36.78, 36.51, 32.29, 30.58, 27.90, 27.06, 24.56,
22.65, 22.56, 19.21.
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S-Acetyl 4-Phenylbutanethiol (36c). 4-Phenylbutanol
(1.50 g, 10 mmol); silica chromatography (5—10% EtOAc in
hexane) gave the product as a yellow oil: 2.05 g, 9.86 mmol,
99%; *H NMR (CDCls, ppm) 7.27 (m, 2H), 7.18 (m, 3H), 2.90
(t, J = 7.4 Hz, 2H), 2.63 (t, J = 7.4 Hz, 2H), 2.32 (s, 3H), 1.65
(m, 4H); 13C NMR (CDCls, ppm) 195.77, 141.93, 128.28, 128.22,
125.69, 35.27, 30.52, 30.40, 29.02, 28.81.

S-Acetyl 6-Phenylhexanethiol (36e). 6-Phenylhexanol
(1.00 g, 5.62 mmol); silica chromatography (2% EtOAc in
hexane) gave the product as a yellow oil: 1.02 g, 4.31 mmol,
77%; *H NMR (CDCls, ppm) 7.27 (m, 2H), 7.18 (m, 3H), 2.85
(t, J = 7.4 Hz, 2H), 2.60 (t, J = 7.4 Hz, 2H), 2.31 (s, 3H), 1.60
(m, 4H). 1.36 (m, 4H); 13C NMR (CDCls, ppm) 196.01, 142.60,
128.32,128.19, 125.56, 35.80, 31.24, 30.59, 29.38, 29.06, 28.70,
28.60.

S-Acetyl 3,6-Dioxooctanethiol (36f). Ethylene glycol
ethyl ether (3.35 g, 25 mmol); silica chromatography (30%
EtOAc in hexane) gave the product as a yellow oil: 3.52 g,
18.3 mmol, 91%; 'H NMR (CDCls, ppm) 3.52 (m, 8H), 3.04 (t,
J = 6.4 Hz, 2H), 2.29 (s, 3H), 1.16 (t, J = 7.0 Hz, 3H); 3C
NMR (CDCls, ppm) 195.45, 72.21, 70.27, 69.67, 66.58, 30.47,
28.70, 15.06.

General in Situ Alkylation Procedure: 8-Methyl-3-
thiododecanamide (34g). S-Acetyl-8-methylnonanethiol (36a)
(910 mg, 4.2 mmol) was dissolved in methanol (20 mL) and
the solution degassed by bubbling argon for 1 h. Potassium
carbonate (2.17 g, 16 mmol) was added in one portion. The
suspension stirred for 6 h at ambient temperature. Bromo-
acetamide (830 mg, 6 mmol) was added in one portion and
the resulting mixture stirred for 18 h. The pinkish mixture
was partitioned between ethyl acetate and water. The organic
layer was washed with 4 x 125 mL water, 1 x 125 mL aqueous
NH4CI, 1 x 125 mL water, 1 x 125 mL brine, dried over
anhydrous MgSO,, and concentrated in vacuo to give a white
solid that was used without further purification: 'H NMR
(ppm, CDCl3) 6.80 (bs, 1H), 5.53 (bs, 1H), 3.28 (s, 2H), 2.46 (t,
J = 7.2 Hz, 2H), 1.2-1.6 (m, 13H), 0.92 (d, J = 7.8 Hz, 6H);
33C NMR (ppm, CDCl3) 171.89, 38.95, 35.79, 33.10, 29.71,
29.16, 29.09, 28.75, 27.93, 27.28, 22.62.

6,10-Dimethyl-3-thioundecanamide (34h). S-Acetyl 3,7-
dimethyloctanethiol (36b) (875 mg, 4.05 mmol); silica chro-
matography (0—20% EtOH in CH,CI,) afforded a viscous oil:
430 mg, 1.86 mmol, 46%; *H NMR (ppm, CDCI5;) 6.78 (bs, 1H),
6.10 (bs, 1H), 3.19 (s, 2H), 2.55 (m, 2H), 1.0—1.6 (m, 10H), 0.84
(m, 9H); 3C NMR (ppm, CDCl3) 172.09, 39.14, 36.83, 36.22,
35.83, 32.14, 30.95, 27.88, 24.58, 22.65, 22.55, 19.22.

7-Phenyl-3-thioheptamide (34i). S-Acetyl 4-phenylbu-
tanethiol (36¢) (1.08 g, 5.19 mmol); the product was isolated
crude and used without further purification: 747 mg, 3.35
mmol, 65%; 'H NMR (ppm, CDCl3) 7.29 (m, 2H), 7.16 (m, 3H),
6.70 (bs, 1H), 6.06 (bs, 1H), 3.17 (s, 2H), 2.59 (m, 4H), 1.67
(m, 4H); 13C NMR (ppm, CDCls) 171.96, 141.87, 128.32, 128.30,
125.80, 38.91, 35.33, 32.87, 30.37, 28.53.

8-Phenyl-3-thiooctanamide (34)). S-Acetyl 5-phenylpen-
tanethiol (36d) (588 mg, 2.61 mmol); the product was isolated
crude and used without further purification: 427 mg, 1.80
mmol, 69%; *H NMR (ppm, CDCl;) 7.28 (m, 2H), 7.16 (m, 3H),
6.72 (bs, 1H), 6.30 (bs, 1H), 3.17 (s, 2H), 2.60 (t, J = 7.6 Hz,
2H), 2.54 (t, J = 7.6 Hz, 2H), 1.62 (m, 4H), 1.42 (m, 2H); 1*C
NMR (ppm, CDCl3) 172.17, 142.25, 128.29, 128.20, 125.63,
38.87, 35.65, 32.87, 30.86, 28.87, 28.24.

9-Phenyl-3-thiononamide (34k). S-Acetyl 6-phenylpen-
tanethiol (36e) (464 mg, 1.85 mmol); the product was isolated
crude and used without further purification: 466 mg, 1.65
mmol, 89%; *H NMR (ppm, CDCl3) 7.26 (m, 2H), 7.16 (m, 3H),
6.75 (bs, 1H), 6.40 (bs, 1H), 3.18 (s, 2H), 2.59 (t, J = 7.7 Hz,
2H), 2.54 (t, J = 7.3 Hz, 2H), 1.61 (m, 4H), 1.38 (m, 4H); *3C
NMR (ppm, CDCls) 172.24, 142.47, 128.29, 128.16, 125.55,
35.72, 32.91, 29.00, 28.88, 28.64, 28.49, 28.24.

6,9-Ox0-3-thioundecanamide (34l). S-Acetyl-3,6-dioxo-
octanethiol (36f) (2.23 g, 11.6 mmol); a clear oil was obtained,
which was a hydrate of the desired compound and used
without further purification: *H NMR (ppm, CDClI3) 7.05 (bs,
1H), 5.77 (bs, 1H), 3.72 (t, 2H, J = 7.2 Hz), 3.59 (m, 4H), 3.52
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(9, J = 7.4 Hz, 2H), 3.22 (s, 2H), 2.75 (t, J = 7.2 Hz, 2H), 1.17
(t, J = 7.4 Hz, 3H); 3C NMR (ppm, CDCls) 175.50, 72.02, 71.25,
70.84, 67.58, 36.20, 32.91, 15.42.

Representative Oxidation (Sulfone) Procedure: 3-Sul-
fonylnonanamide (1). To a solution of 3-thiononamide (34a)
(1.69 g, 9.6 mmol) in 200 mL dichloromethane was added
m-CPBA (6.8 g, 40 mmol) slowly at ambient temperature. After
stirring for 12 h, the reaction mixture was concentrated in
vacuo. The white powdery residue was redissolved in EtOAc
(300 mL) and this solution washed with saturated potassium
carbonate (5 x 200 mL), water (1 x 100 mL), and brine (1 x
100 mL). The organic layer was dried over anhydrous sodium
sulfate and concentrated in vacuo to give the sulfone as a white
solid which was recrystallized from hot hexane to give white
flakes: 964 mg, 4.7 mmol, 49%; mp 133—134 °C; *H NMR (CD3-
OD, ppm) 3.96 (s, 2H), 3.28 (t, J = 8.0 Hz, 2H), 1.80 (m, 2H),
1.48 (m, 2H), 1.33 (m, 4H), 0.90 (t, J = 8.2 Hz, 3H); 3C NMR
(CDsOD, ppm) 166.80, 54.42, 49.80, 32.52, 29.26, 23.56, 22.88,
14.45. Anal. (CgH17NOsS) C, H, N, S.

3-Sulfonyldecanamide (2). 3-Thiodecanamide (34b) (500
mg, 2.64 mmol); a white solid was obtained which was
recrystallized from 100 mL boiling 3:1 EtOAc:hexane; white
needles were obtained: 490 mg, 2.21 mmol, 84%; mp 140—
140.5 °C; *H NMR (CDCls, ppm) 6.51 (bs, 1H), 5.60 (bs, 1H),
3.86 (s, 2H), 3.14 (t, J = 7.5 Hz, 2H), 1.88 (m, 2H), 1.35 (m,
8H), 0.88 (t, J = 7.2 Hz, 3H); 3C NMR (CDCls, ppm) 162.99,
58.50, 53.38, 31.38, 28.63, 28.25, 22.48, 21.88, 14.00. Anal.
(CgH19NOsS) C, H, N, S.

Methyl 3-Sulfonylundecanoate (20). Methyl 3-thioun-
decanoate (34c) (560 mg, 2.56 mmol): 626 mg (oil), 2.51 mmol,
98%; *H NMR (CDCls, ppm) 3.93 (s, 2H), 3.76 (s, 3H), 3.19 (t,
J =8.0 Hz, 2H), 1.80 (m, 2H), 1.41 (m, 2H), 1.25 (m, 8H), 0.82
(t, J = 6.8 Hz, 3H); 3C NMR (CDCls, ppm) 163.46, 56.98, 53.37,
53.18, 31.51, 28.80, 28.73, 28.15, 22.41, 21.65, 13.89. Anal.
(C11H2204S) C, H, S.

3-Sulfonyldodecanamide (4). 3-Thiododecanamide (34d)
(1.34 g, 6.18 mmol); a fluffy white solid was obtained after
recrystallization from hot hexane:EtOAc (150 mL, 2:1): 1.10
g, 4.64 mmol, 75%; mp 145—146 °C; 'H NMR (CDCls, ppm)
6.50 (bs, 1H), 5.58 (bs, 1H), 3.84 (s, 2H), 3.12 (t, J = 8.0 Hz,
2H), 1.85 (m, 2H), 1.42 (m, 2H), 1.25 (m, 10H), 0.86 (t, J = 6.8
Hz, 3H); 1*C NMR (CDClIs, ppm) 162.94, 58.49, 53.40, 31.76,
29.17, 29.12, 28.97, 28.30, 22.62, 21.89, 14.08. Anal. (C11H2s-
NOsS) C, H, N, S.

3-Sulfonyltridecanamide (5). 3-Thiotridecanamide (14)
(6.31 g, 27.3 mmol); a white solid was obtained which was
recrystallized from hot EtOAc to give shiny, white crystals:
4.37 g, 16.6 mmol, 61%; mp 141-142 °C; *H NMR (DMSO-ds,
ppm) 7.70 (bs, 1H), 7.40 (bs, 1H), 3.95 (s, 2H), 3.19 (t, 3 =8.0
Hz, 2H), 1.64 (m, 2H), 1.33 (m, 2H), 1.22 (m, 12H), 0.83 (t,
J = 7.0 Hz, 3H); C NMR (DMSO-ds, ppm) 163.84, 57.79,
52.54, 31.33, 28.96, 28.78, 28.72, 28.54, 27.73, 22.13, 21.08,
13.95. Anal. (C12H2sNO3sS) C, H, N, S.

Methyl 3-Sulfonyltridecanoate (5a). Methyl 3-thiotridec-
anoate (34f) (3.0 g, 12.2 mmol); a brown solid was obtained
that was recrystallized from hot hexane/EtOAc to give white,
shiny crystals: 2.66 g, 9.54 mmol, 78%; mp 45—47 °C; *H NMR
(CDCls, ppm) 3.94 (s, 2H), 3.80 (s, 3H), 3.22 (t, J = 8.0 Hz,
2H), 1.82 (m, 2H), 1.42 (m, 2H), 1.25 (m, 12H), 0.85 (t, J = 6.8
Hz, 3H); 1*C NMR (CDClIs, ppm) 163.55, 57.09, 53.48, 53.27,
31.78, 29.37, 29.17, 28.94 (2 signals), 28.26, 22.59, 21.80, 14.03.

Methyl 3-Sulfonylpentadecanoate (40a). Methyl 3-thio-
pentadecanoate (39a) (4.82 g, 17.6 mmol); a brown solid was
obtained and recrystallized from hot hexane to give white,
shiny crystals: 3.99 g, 13.1 mmol, 74%; mp 58—60 °C; *H NMR
(CDCls, ppm) 3.94 (s, 2H), 3.81 (s, 3H), 3.23 (t, J = 8.0 Hz,
2H), 1.84 (m, 2H), 1.44 (m, 2H), 1.23 (m, 16H), 0.86 (t, J = 6.8
Hz, 3H); ¥3C NMR (CDCl3, ppm) 163.58, 57.12, 53.52, 53.32,
31.87, 29.55 (2 signals), 29.45, 29.29, 29.20, 28.98, 28.30, 22.65,
21.85, 14.09.

Methyl 3-Sulfonylheneicosanoate (40b). Methyl 3-thio-
heneicosanoate (39b) (3.0 g, 8.4 mmol); a white solid was
obtained: 2.5 g, 6.4 mmol, 76%; mp 71—73 °C; *H NMR (CDCls,
ppm) 3.94 (s, 2H), 3.81 (s, 3H), 3.23 (t, J = 8.0 Hz, 2H), 1.85
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(m, 2H), 1.44 (m, 2H), 1.26 (m, 28H), 0.86 (t, J = 6.8 Hz, 3H);
3C NMR (CDCl;, ppm) 163.58, 57.14, 53.53, 31.91, 29.68
(multiple signals), 29.57, 29.47, 29.35, 29.22, 29.00, 28.32,
22.68, 21.87, 14.11.

8-Methyl-3-sulfonyldodecanamide (8). 8-Methyl-3-thio-
dodecanamide (34g) (0.960 g, 4.2 mmol); a white solid was
obtained which was recrystallized from hot EtOAc:hexane (1:
3) to give white crystals: 573 mg, 2.18 mmol, 52%; mp 136—
137 °C; 'H NMR (ppm, CDClg) 6.56 (bs, 1H), 5.68 (bs, 1H),
3.85 (s, 2H), 3.13 (t, J = 8.1 Hz, 2H), 1.84 (m, 2H), 1.2—1.6
(m, 9H), 0.83 (d, J = 6.8 Hz, 6H); 3C NMR (ppm, CDCly)
163.02, 58.49, 53.38, 38.88, 30.93, 29.46, 29.00, 28.30, 27.91,
27.20, 22.61. Anal. (C12H2sNO3S) C, H, N, S.

Ethyl 4-Sulfonyltetradecanoate (51). Ethyl 4-thiotet-
radecanoate (48) (2.56 g, 9.3 mmol); a white solid was obtained
and used without further purification: 2.48 g, 8.10 mmol, 87%;
IH NMR (CDCls, ppm) 4.15 (q, J = 7.2 Hz, 2H), 3.26 (t, J =
7.4 Hz, 2H), 2.95 (t, 3 = 7.8 Hz, 2H), 2.83 (t, J = 7.4 Hz, 2H),
1.82 (m, 2H), 1.40 (m, 2H), 1.23 (m, 15H), 0.84 (t, J = 7.2 Hz,
3H); 33C NMR (CDCls, ppm) 170.40, 61.39, 53.39, 47.82, 31.75,
29.36, 29.15 (2 signals), 28.94, 28.36, 26.80, 22.56, 21.86, 14.04,
14.01.

6,10-Dimethyl-3-sulfonylundecanamide (9). 6,10-Di-
methyl-3-thioundecanamide (34h) (430 mg, 1.86 mmol); the
product was purified by recrystallization from hot hexane
followed by recrystallization from water/MeOH (3:1): 341 mg,
1.3 mmol, 70%; mp 99.5—100 °C; *H NMR (DMSO-ds, ppm)
7.73 (bs, 1H), 7.43 (bs, 1H), 3.99 (s, 2H), 3.25 (m, 2H), 1.70
(m, 2H), 1.51 (m, 2H), 1.22 (m, 3H), 1.18 (m, 3H), 0.85 (m,
9H); 3C NMR (DMSO-ds, ppm) 163.83, 57.71, 50.63, 38.64,
36.07, 31.28, 27.57, 27.37, 23.97, 22.56, 22.48, 19.08. Anal.
(C12H25NO3S) C, H, N, S.

7-Phenyl-3-sulfonylheptamide (24). 7-Phenyl-3-thiohep-
tamide (34i) (747 mg, 3.35 mmol); the product was purified
by recrystallization from hot hexane: 399 mg, 1.56 mmol, 47%;
mp 112—-113 °C; *H NMR (ppm, CDClg) 7.29 (m, 2H), 7.16 (m,
3H), 6.51 (bs, 1H), 5.70 (bs, 1H), 3.85 (s, 2H), 3.17 (t, J = 8.2
Hz, 2H), 2.65 (t, J = 7.5 Hz, 2H), 1.91 (m, 2H), 1.69 (m, 2H);
13C NMR (ppm, CDCl;) 163.05, 141.04, 128.49, 128.34, 126.12,
58.54, 53.18, 35.23, 29.98, 21.49. Anal. (C12H17NO3sS) C, H, N,
S.

8-Phenyl-3-sulfonyloctanamide (25). 8-Phenyl-3-thio-
octamide (34)) (160 mg, 0.68 mmol); the product was purified
by recrystallization from hot hexane: 92 mg, 0.34 mmol, 50%;
mp 134-135 °C; *H NMR (ppm, CDClg) 7.28 (m, 2H), 7.18 (m,
3H), 6.52 (bs, 1H), 5.78 (bs, 1H), 3.88 (s, 2H), 3.14 (t, J = 8.2
Hz, 2H), 2.63 (t, J = 7.5 Hz, 2H), 1.90 (m, 2H), 1.67 (m, 2H),
1.49 (m, 2H); 3C NMR (ppm, CDCl3) 163.00, 141.83, 128.36
(2 signals), 125.87, 58.52, 53.23, 35.43, 30.73, 27.82, 21.76.
Anal. (C13H19NO3S), C, H, N, S.

9-Phenyl-3-sulfonylnonamide (26). 9-Phenyl-3-thionon-
amide (34k) (170 mg, 0.67 mmol); the product was purified
by recrystallization from hot hexane: 116 mg, 0.41 mmol, 61%;
mp 116—117 °C; *H NMR (ppm, CDClg) 7.26 (m, 2H), 7.14 (m,
3H), 6.52 (bs, 1H), 5.71 (bs, 1H), 3.86 (s, 2H), 3.12 (t, J = 8.1
Hz, 2H), 2.60 (t, J = 7.5 Hz, 2H), 1.87 (m, 2H), 1.62 (m, 2H),
1.49 (m, 2H), 1.44 (m, 2H); ¥*C NMR (ppm, CDCl3) 166.79,
143.92, 129.56, 129.43, 126.83, 54.38, 49.50, 36.88, 32.53,
29.84, 29.39, 22.90. Anal. (C14H21NO3S), C, H, N, S.

6,9-Ox0-3-sulfonylundecanamide (27). 6,9-Dioxo-3-thio-
undecanamide (341) (143 mg, 0.69 mmol); the product was
purified by flash chromatography (silica gel, 5% MeOH in
EtOAC) to give a clear oil: 61 mg, 0.26 mmol, 38%; *H NMR
(ppm, CD30OD) 4.13 (s, 2H), 3.93 (t, J = 5.0 Hz, 2H), 3.5—-3.7
(m, 8H), 1.17 (t, J = 7.0 Hz, 3H); *C NMR (ppm, CD3;OD)
166.73, 71.48, 70.71, 67.63, 65.91, 61.05, 54.67, 15.61. Anal.
(CsH17NOsS) H, N, S; calcd C, 40.16; found C, 39.38.

Methyl 2-Methyl-3-sulfonyltridecanoate (49). Methyl
3-sulfonyltridecanoate (5a) (278 mg, 1.0 mmol) was dissolved
in dry methanol (12 mL) and sodium (23 mg, 1 mmol) was
added. The solution stirred until homogeneous (approximately
one h) and the solution was yellow. Methyl iodide (142 mg, 62
uL, 1 mmol) was added via syringe. After 1 h a precipitate
had formed and the color had dissipated. The reaction was
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allowed to stir at ambient temperature for a further 12 h. The
mixture was partitioned between EtOAc (50 mL) and water
(50 mL). The aqueous layer was extracted with additional
EtOAc (3 x 50 mL). The combined organic layers were washed
with water (3 x 50 mL), brine (100 mL), dried over sodium
sulfate, and concentrated in vacuo to give a white solid: 231
mg, 0.79 mmol, 79%; *H NMR (CDCls, ppm) 3.91 (g, J = 7.0
Hz, 1H), 3.81 (s, 3H), 3.15 (m, 2H), 1.82 (m, 2H), 1.62 (d, J =
7.0 Hz, 3H), 1.41 (m, 2H), 1.21 (m, 12H), 0.86 (t, J = 6.8 Hz,
3H); *3C NMR (CDCls, ppm) 167.23, 62.62, 53.28, 51.08, 31.81,
29.41, 29.20 (2 signals), 29.02, 28.47, 22.62, 21.18, 14.06, 10.57.

General Ammonolysis Procedure: 3-Sulfonylundec-
anamide (3). Methyl 3-sulfonylundecanoate (20) (40 mg, 0.16
mmol) was dissolved in methanol (1 mL) and concentrated
agqueous ammonia (0.3 mL) was added causing the reaction to
turn yellow. The reaction was stirred at ambient temperature
for 18 h during which time an off-white precipitate formed.
The mixture was diluted with EtOAc (15 mL) and water (10
mL). The layers were separated and the aqueous layer was
extracted with additional EtOAc (3 x 15 mL). The combined
organic layers were dried over anhydrous sodium sulfate and
concentrated to an off-white solid: 22 mg, 0.94 mmol, 59%;
mp 140—142 °C; *H NMR (CDCls, ppm) 6.56 (bs, 1H), 5.69 (bs,
1H), 3.87 (s, 2H), 3.15 (t, J = 8.0 Hz, 2H), 1.87 (m, 2H), 1.46
(m, 2H), 1.35 (m, 8H), 0.88 (t, J = 6.8 Hz, 3H); *C NMR (CDs-
OD, ppm) 166.78, 54.40, 49.60, 33.05, 30.27, 30.10, 29.57,
23.82, 22.90, 14.55. Anal. (C10H2:NO3S) C, H, N, S.

3-Sulfonylpentadecanamide (6). Methyl 3-sulfonylpen-
tadecanoate (40a) (2.95 g, 9.67 mmol); a white solid was
obtained which was recrystallized from hot EtOAc (100 mL)
to give shiny, white crystals: 1.74 g, 6.0 mmol, 62%; mp 144—
145 °C; *H NMR (DMSO-ds, ppm) 7.70 (bs, 1H), 7.40 (bs, 1H),
3.95 (s, 2H), 3.21 (t, J = 8.0 Hz, 2H), 1.66 (m, 2H), 1.32 (m,
2H), 1.21 (m, 16H), 0.82 (t, J = 7.2 Hz, 3H); 33C NMR (DMSO-
ds, ppm) 163.80, 57.75, 52.47, 31.30, 29.01 (2 signals), 28.96,
28.72 (2 signals), 28.50, 27.69, 22.10, 21.06, 13.96. Anal.
(C14H29NO3S) C, H, N, S.

3-Sulfonylheneicosanamide (7). Methyl 3-sulfonylhene-
icosanoate (40b) (350 mg, 0.9 mmol); a white solid was
obtained which was recrystallized from hot EtOAc to give
shiny, white crystals: 236 mg, 0.63 mmol, 70%; mp 139—140
°C; *H NMR (DMSO-dg, ppm) 7.73 (bs, 1H), 7.44 (bs, 1H), 3.98
(s, 2H), 3.26 (t, J = 8.0 Hz, 2H), 1.68 (m, 2H), 1.38 (m, 2H),
1.24 (m, 28H), 0.85 (t, J = 7.2 Hz, 3H). Anal. (C20H41NOsS) C,
H, N, S.

3-Sulfenyldodecanamide (17). Methyl 3-sulfenyldodec-
anoate (18) (0.79 g, 2.86 mmol); a white solid was obtained
which was recrystallized from a hot hexane/EtOAc mixture:
336 mg, 1.44 mmol, 50%; mp 127—-128 °C; *H NMR (CDCls,
ppm) 6.98 (bs, 1H), 5.72 (bs, 1H), 3.66 (d, J = 14.4 Hz, 1H),
3.25(d, J = 14.4 Hz, 1H), 2.91 (m, 1H), 2.76 (m, 1H), 1.80 (m,
2H), 1.44 (m, 2H), 1.23 (m, 10H), 0.86 (t, J = 6.8 Hz, 3H); 13C
NMR (CDCls, ppm) 166.08, 53.06, 51.49, 31.76, 29.23, 29.13,
29.10, 28.67, 22.87, 22.60, 14.06. Anal. (C11H23NO3S) C, H, N,
S.

4-Sulfonyltetradecanamide (13). Ethyl 4-sulfonyltet-
radecanoate (51) (2.4 g, 7.84 mmol); the product was purified
by recrystallization from water/MeOH to give a white pow-
der: 1.16 g, 4.23 mmol, 54%; mp 138—139 °C; 'H NMR
(DMSO-ds, ppm) 7.46 (bs, 1H), 6.98 (bs, 1H), 3.22 (t, J = 8.0
Hz, 2H), 3.06 (t, J = 8.0 Hz, 2H), 2.48 (t, J = 8.0 Hz, 2H), 1.62
(m, 2H), 1.80 (m, 2H), 1.33 (m, 2H), 1.22 (m, 10H), 0.83 (t, J
= 6.8 Hz, 3H); 3C NMR (CDCl3, ppm) 170.89, 51.73, 47.79,
31.29, 28.91, 28.77, 28.67, 28.49, 27.73, 27.17, 22.10, 21.28,
13.96. Anal. (C13H27NO3S) C, H, N, S.

2-Methyl-3-sulfonyltridecanamide (12). Methyl 2-meth-
yl-3-sulfonyltridecanoate (49) (225 mg, 0.75 mmol); the product
was purified by recrystallization from hot hexane: 161 mg,
0.58 mmol, 77%; mp 115—-116 °C; *H NMR (DMSO-dg, ppm)
7.71 (bs, 1H), 7.42 (bs, 1H), 3.88 (q, J = 7.0 Hz, 1H), 3.05 (m,
2H), 2.48 (t, J = 8.0 Hz, 2H), 1.62 (m, 2H), 1.38 (d, 3 = 7.0
Hz, 3H), 1.36 (m, 2H), 1.21 (m, 10H), 0.82 (t, J = 6.8 Hz, 3H);
13C NMR (DMSO-dg, ppm) 167.26, 62.72, 48.96, 31.28, 28.90,
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28.75, 28.67, 28.53, 27.80, 22.09, 20.33, 13.96, 11.64. Anal.
(C13H27NO3S) C, H, N, S.

Representative Oxidation (Sulfoxide) Procedure:
Methyl 3-Sulfenylundecanaoate (19). Methyl 3-thiounde-
canoate (34c) (5.37 g, 24.8 mmol) was dissolved in CH,Cl, (150
mL) and cooled to O °C in an ice—water bath. m-CPBA (3.85
g, 0.9 equiv) was added slowly in several portions. The solution
stirred for 45 min and then the reaction was quenched by
addition of 0.5 N NaOH (200 mL). The layers were separated
and the organic layer was washed once more with 0.5 N NaOH,
once with brine (100 mL), dried over anhydrous MgSO, and
concentrated in vacuo. The white residue was recrystallized
from boiling hexane to give white crystals: 2.76 g, 13.1 mmol,
53%; mp 43—44 °C; *H NMR (ppm, CDCls) 3.79 (s, 3H), 3.68
(s, 2H), 3.25 (ABq, Jag = 15.4 Hz, 2H), 1.79 (m, 2H), 1.46 (m,
2H), 1.2—1.35 (m, 8H), 0.88 (t, J = 6.7 Hz, 3H); 13C NMR (ppm,
CDCl3) 165.54, 55.64, 52.96, 52.85, 31.68, 29.10, 28.96, 28.69,
22.57, 22.36, 14.04. Anal. (C11H2203S) C, H, S.

Methyl 3-Sulfenyldodecanoate (18). Methyl 3-thiododec-
anaoate (34e) (20.0 g, 88.5 mmol): 11.3 g, 46.7 mmol, 56%;
mp 124—125 °C; *H NMR (ppm, CDCls) 3.79 (s, 3H), 3.67 (ABg,
Jag = 14.2 Hz, 2H), 2.74 (dt, J = 14.3, 2.8 Hz, 2H), 1.78 (m,
2H), 1.45 (m, 2H), 1.2—1.35 (m, 10H), 0.86 (t, J = 6.7 Hz, 3H);
B3C NMR (ppm, CDClg) 165.57, 55.63, 52.94, 52.81, 31.73,
29.21, 29.10 (2 signals), 28.65, 22.57, 22.32, 14.03. Anal.
(C12H2403S) C, H, S.

3-Sulfenyltridecanamide (16). 3-thiotridecanamide (14)
(250 mg, 1.1 mmol); the sulfoxide was recrystallized from hot
hexane/EtOAc: 197 mg, 0.8 mmol, 80%; mp 127—-128 °C; 'H
NMR (CDCls, ppm) 7.60 (bs, 1H), 7.26 (bs, 1H), 3.52 (AB,,
Jag = 13.3 Hz, 2H), 2.76 (m, 2H), 1.61 (m, 2H), 1.38 (m, 2H),
1.24 (m, 12H), 0.83 (t, J = 7.1 Hz, 3H); *3C NMR (CDCls, ppm)
166.33, 57.08, 51.16, 31.30, 28.94, 28.83, 28.70, 28.70, 28.10,
22.11, 21.85, 13.97. Anal. (C12H2sNO2S) C, H, N, S.

General Hydrolysis Procedure: 3-Sulfenylundecanoic
Acid (50). Methyl 3-sulfenylundecanoate (19) (2.02 g, 8.70
mmol) was dissolved in 70 mL MeOH and 0.5 N NaOH(aq)
(100 mL) was added. The mixture was stirred at ambient
temperature for 2 h, extracted with ether (100 mL), acidified
(concentrated aqueous HCI), and extracted with EtOAc (3 x
100 mL). The combined EtOAC extracts were washed with
water (5 x 100 mL), brine (1 x 100 mL), dried over anhydrous
MgSO., and concentrated in vacuo to give the acid as a white
solid which was used without further purification: 1.74 g, 7.90
mmol, 91%; *H NMR (CDCls, ppm) 9.55 (bs, 1H), 3.62 (ABq,
Jag = 14.6 Hz, 2H), 3.05 (m, 1H), 2.85 (m, 1H), 1.78 (m, 2H),
1.46 (m, 2H), 1.2—1.4 (m, 8H), 0.88 (t, J = 6.9 Hz, 3H); 13C
NMR (CDCls;, ppm) 166.83, 54.40, 51.65, 31.59, 28.98, 28.87,
28.48, 22.47, 22.36, 13.95.

3-Sulfonylundecanoic Acid (23). Methyl 3-sulfonylun-
decanoate (20) (3.75 g, 15 mmol); the acid was recrystallized
from hot hexane: 1.78 g, 7.6 mmol, 51%; mp 92—94 °C; 'H
NMR (CDCls, ppm) 9.87 (bs, 1H), 4.01 (s, 2H), 3.27 (t, I =8.1
Hz, 2H), 1.87 (m, 2H), 1.46 (m, 2H), 1.2—1.4 (m, 8H), 0.88 (t,
J = 6.9 Hz, 3H); 13C NMR (CDCls;, ppm) 166.93, 56.99, 53.79,
31.64, 28.94, 28.86, 28.27, 22.56, 21.83, 14.04. Anal. (CioHz20-
S0O,) C,H,S.

General EDC Coupling Procedure: Benzyl 3-Sulfenyl-
undecaoate (21). To a stirring solution of 3-sulfenylundec-
anoic acid (50) (600 mg, 2.72 mmol) in chloroform (50 mL) were
added DMAP (33 mg, 0.27 mmol 10 mol %) and benzyl alcohol
(324 mg, 3 mmol). To this solution was added, in several
portions, EDC (574 mg, 3 mmol). The solution stirred at
ambient temperature for 18 h and then was diluted with
EtOAc (250 mL). The mixture was washed 3 x 100 mL
saturated aqueous sodium bicarbonate, 3 x 0.5 N aqueous HCI,
2 x 100 mL water, and 1 x 100 mL brine. The organic layer
was dried over anhydrous MgSO, and was concentrated in
vacuo. The residue was chromatographed over silica gel (30—
100% EtOAc in hexane) to give a white powder that was
recrystallized from boiling hexane: 428 mg, 1.38 mmol, 51%;
mp 44—45 °C; *H NMR (CDCls, ppm) 7.34 (m, 5H), 5.18 (s,
2H), 3.68 (s, 2H), 2.75 (m, 2H), 1.73 (m, 2H), 1.39 (m, 2H),
1.26 (m, 8H), 0.85 (t, J = 7.0 Hz, 3H); *C NMR (CDClz, ppm)
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164.85, 134.71, 128.56, 128.55, 128.41, 67.59, 55.74, 52.78,
31.58, 28.97, 28.86, 28.55, 22.48, 22.19, 13.96. Anal. (C17H2605S)
C, H,S.

Benzyl 3-Sulfonylundecanoate (22). 3-Sulfonylundec-
anoic acid (23) (236 mg, 1.0 mmol): 310 mg, 0.92 mmol, 92%;
mp 39—40 °C; *H NMR (CDCls, ppm) 7.36 (m, 5H), 5.21 (s,
2H), 3.96 (s, 2H), 3.17 (t, J = 8.1 Hz, 2H), 1.79 (m, 2H), 1.2—
1.4 (m, 10H), 0.87 (t, J = 7.2 Hz, 3H); *C NMR (CDCls, ppm)
162.88, 134.37, 128.77, 128.68, 128.51, 68.23, 57.28, 53.54,
31.61, 28.87, 28.83, 28.23, 22.53, 21.79, 14.01. Anal. (C17H260.S)
C,H,S.

n-Decyl Acetoxymethylphosphinic Acid (47). Dry am-
monium phosphinate (ammonium hypophosphonate; 1.64 g,
19.8 mmol) was heated to 100 °C for 20 h under argon with
hexamethyldisilazane (4.4 mL, 21 mmol). After cooling in an
ice—water bath, dichloromethane (20 mL) was added and the
reaction mixture was stirred for 10 min, at which time n-decyl
iodide (4.2 mL, 19.8 mmol) was added over 10 min and stirring
was continued for 2 days at ambient temperature. The reaction
was then cooled to 0 °C and additional hexamethyldisilazane
(4.4 mL, 19.8 mmol) was added. After 2 h at 0 °C, methyl
bromoacetate (1.87 mL, 19.8 mmol) was added slowly over 10
min. The reaction mixture was stirred for 2 h at 0 °C, brought
to room temperature and stirred for 2 days. The reaction was
quenched by the addition of methanol (2 mL), filtered through
Celite and concentrated in vacuo. The residue was purified
by silica gel chromatography (2:5:93 formic acid:methanol:
acetonitrile) to give a viscous white oil: 1.57 g 5.64 mmol, 29%;
1H NMR (CDCls, ppm) 10.00 (bs, 1H), 3.74 (s, 3H), 2.96 (d,
J = 16.8 Hz, 2H), 1.77 (m, 2H), 1.62 (m, 2H), 1.26 (m, 14H),
0.88 (t, J = 7.0 Hz, 3H); 13C NMR (CDCls, ppm) 167.84, 52.14,
37.13 (d, J = 78.6 Hz), 31.87, 30.82 (d, J = 16.8 Hz), 29.57,
29.46, 29.31, 29.28 (d, J = 98.4 Hz), 29.17, 22.65, 21.68 (d,
J = 3.1 Hz), 14.08.

n-Decyl Acetoamidophosphonic Acid (15). Methyl ester
47 (150 mg, 0.54 mmol) was dissolved in a 1:1 solution of
2-propanol and aqueous ammonia (3 mL) and sealed in a
pressure tube. After heating overnight at 75 °C, the solution
was transferred to a round-bottomed flask and cooled in an
ice—water bath. To this solution was added 0.5 N KOH (1.5
mL) and stirred for 2 h. After acidification to pH = 1 with 0.5
N HCI and cooling for 4 h at 4 °C, the precipitated product
was collected by vacuum filtration as white crystals: 116 mg,
0.44 mmol, 82%; mp 150—153 °C; *H NMR (D0, ppm) 2.63
(d, 3 = 16.3 Hz, 2H), 1.55 (m, 4H), 1.26 (m, 14H), 0.81 (t, J =
6.3 Hz, 3H); *C NMR (D0, ppm) 174.56, 40.44 (d, J = 73.2
Hz), 31.33, 30.44 (d, J = 16.0 Hz), 30.10 (d, J = 96.1 Hz), 28.87,
28.75, 28.62, 28.41, 22.19, 21.94 (d, J = 3.8 Hz), 13.56; exact
mass m/z 281.2001, C1,H2603NP requires 281.1994.

Potassium n-Decyl Acetoamidophosphonate (15). The
amide above was dissolved in 1 mL deionized water and
potassium hydroxide (1.0 equiv) was added. After stirring for
30 min, lyophilization yielded the potassium salt in quantita-
tive yield.

3-Oxotridecanamide (31). Sodium hydride (60% in min-
eral oil, 480 mg, 20 mmol) was suspended in dry DMF (15 mL).
Decyl alcohol (5 mL, 26.2 mmol) was added and the mixture
stirred at ambient temperature for 30 min as gas evolved. After
gas evolution ceased, chloroacetamide (2 g, 21.5 mmol) was
added in one portion. The reaction stirred at ambient temper-
ature for 12 h. The reaction mixture was then partitioned
between 0.1 N HCI (300 mL) and chloroform (100 mL). The
aqueous layer was extracted twice more with chloroform (100
mL each) and the combined organic layers were washed with
brine (150 mL), dried over anhydrous magnesium sulfate, and
concentrated in vacuo. The residue was dissolved in ether (20
mL) and toluene (20 mL) and cooled to —15 °C. White crystals
formed and were collected and dried in vacuo to give the
product: 3.96 g, 18.4 mmol, 92%; mp 83—-84 °C; 'H NMR
(CDCls, ppm) 6.52 (bs, 1H), 6.04 (bs, 1H), 3.90 (s, 2H), 3.48 (t,
J = 7.2 Hz, 2H), 1.56 (m, 2H), 1.22 (m, 14H), 0.83 (t, J = 7.4
Hz, 3H); 13C NMR (CDClIs, ppm) 173.03, 71.85, 69.97, 31.84,
29.52, 29.48, 29.36, 29.27, 26.00, 26.64, 22.64, 14.07. Anal.
(C12H25NO3) C, H, N.
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Nonyl Aldehyde Dimethylacetylthioacetal (42). Nonyl
aldehyde (41) (0.85 mL, 5 mmol) was dissolved in chloroform
(10 mL) and cooled to 0 °C. Boron trifluoride etherate (5.5
mmol) was added and the mixture stirred for 5 min. Methyl
thioglycolate (0.9 mL, 10 mmol) was added neat to the yellow
solution. The solution stirred for 1 h at 0 °C. The reaction was
guenched by addition of ice and partitioned between water and
chloroform. The organic layer was washed with 2 x 50 mL
aqueous sodium bicarbonate, 2 x 50 mL aqueous ammonium
chloride, 2 x 50 mL water, 1 x 50 mL brine, dried over
anhydrous MgSO,, and concentrated in vacuo to give pure
thioacetal: 1.48 g, 4.75 mmol, 95%; 'H NMR (ppm, CDClz) 4.06
(t, 3 = 6.0 Hz, 1H), 3.68 (s, 6H), 3.35 (ABg, Jag = 14.6 Hz,
4H), 1.75 (m, 2H), 1.47 (m, 2H), 1.23 (m, 10H), 0.84 (t, 3H,
J = 6.6 Hz); 3C NMR (ppm, CDCl3) 170.87, 53.05, 52.46, 35.24,
31.85, 31.82, 29.36, 29.20, 29.00, 27.32, 22.64, 14.09.

Methyl 3-Sulfenyl-3-(carbomethoxythiomethyl)dodec-
anoate (43). Thioacetal 42 (320 mg, 1.03 mmol) was dissolved
in methylene chloride (8 mL) and treated with m-CPBA (172
mg, 1 mmol) at ambient temperature. The resulting solution
stirred for 18 h. It was then partitioned between aqueous
sodium bicarbonate and chloroform. The organic layer was
washed 4 x 50 mL aqueous sodium bicarbonate, 1 x 50 mL
water, 1 x 50 mL brine, dried over anhydrous MgSO,, and
concentrated in vacuo. The residue was chromatographed over
silica (10—25% MeCN-—chloroform) to give the desired product
(a mixture of diastereomers) as a colorless oil: 199 mg, 0.62
mmol, 61%; *H NMR (ppm, CDClI3, mixture of diastereomers
with the following signals) 4.14 (dd, J = 3.6, 14.0 Hz, 0.5H),
4.01 (d, J = 14.0 Hz, 0.5H), 3.94 (dd, J = 7.2, 26.0 Hz, 0.5H),
3.85 (bs, 1.5H), 3.78 (s, 2H), 3.77 (s, 1H), 3.72 (s, 1H), 3.71 (s,
2H), 3.55—3.65 (m, 1H), 3.33 (dd, J = 15.6, 18.0 Hz, 1H), 2.20
(m, 0.4H), 1.98 (m, 0.6H), 1.2—1.8 (bm, 13H), 0.82 (t, J = 7.2
Hz, 3H).

(E,Z)-Methyl 3-Thiadodec-4-enoate (44). Monosulfoxide
43 (1.15 g, 3.5 mmol) was dissolved in toluene (120 mL) and
heated to reflux in the presence of sodium bicarbonate (1.4 g).
After 3.5 h, TLC indicated there was no starting material
remaining. The solution was washed 3 x 50 mL water, dried
over anhydrous MgSO., and concentrated in vacuo to give an
oil. The oil was chromatographed over silica (4% ethyl acetate/
hexane) to give the desired olefin (1:1 mixture of geometric
isomers) as a clear, colorless oil: 600 mg, 2.61 mmol, 75%; *H
NMR (ppm, CDCl3) 5.94 (m, 1H), 5.58—5.75 (m, 1H), 3.71 (2
singlets, 3H), 3.30 (s, 2H), 2.05 (m, 2H), 1.2—1.5 (m, 10H), 0.84
(t, J = 7.2 Hz, 3H).

(E,Z2)-3-Thiadodec-4-enamide (45). Methyl ester 44 (600
mg, 3.5 mmol) was dissolved in methanol (12 mL) and
ammonium hydroxide (5 mL) was added. The cloudy mixture
stirred at ambient temperature for 36 h. The mixture was
partitioned between ethyl acetate and water. The aqueous
layer was extracted 2 x 40 mL ethyl acetate and the combined
organic layers were washed 2 x aqueous sodium bicarbonate,
1 x 50 mL water, 1 x 50 mL brine, dried over anhydrous
MgSO,, and concentrated in vacuo to give a yellow-white solid,
which was the desired amide (487.4 mg, 2.27 mmol, 65%). The
geometric isomers were separated by preparative TLC (4 plates
of 200 um thickness). The plates were eluted in the following
manner: 1 x 60% hexane/ether, 2 x 50% hexane/ether, 1 x
40% hexanel/ether, 1 x 30% hexane/ether, 2 x 25% hexane/
ether. The compound was visualized with UV and the two
bands were cleanly separated. The lead band had an R; under
the above eluting conditions of 0.6 while the trailing band had
an Rf of 0.45.

(E)-3-Thiododec-4-enamide (45E). Leading band: 'H
NMR (ppm, CDCl3) 6.60 (bs, 1H), 5.96 (bs, 1H), 5.83 (d, J =
15.0 Hz, 1H), 5.71 (dt, J = 6.9, 15.0 Hz, 1H), 3.30 (s, 2H), 2.02
(m, 2H), 1.2—1.4 (m, 10H), 0.83 (t, J = 6.8 Hz, 3H).

(Z2)-3-Thiododec-4-enamide (45Z). Trailing band: 'H
NMR (ppm, CDCls) 6.52 (bs, 1H), 6.04 (bs, 1H), 5.80 (dt, J =
1.2, 9.3 Hz, 1H), 5.71 (dt, J = 7.1, 9.3 Hz, 1H), 3.33 (s, 2H),
2.10 (m, 2H), 1.2—1.4 (m, 10H), 0.83 (t, J = 6.8 Hz, 3H).

(E)-3-Sulfonyldodec-4-enamide (10). Amide 45E (154 mg,
0.62 mmol) was dissolved in CH,Cl, (10 mL) and treated with
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m-CPBA (1.8 mmol, 310 mg). The mixture stirred at ambient
temperature for 24 h. The solution was diluted with chloroform
and washed 3 x 150 mL aqueous sodium bicarbonate, 1 x 50
mL water, 1 x 50 mL brine, dried over anhydrous MgSQO,, and
concentrated in vacuo to give the desired sulfone as a white
solid: 134 mg, 0.54 mmol, 87%; mp 106—108 °C; 'H NMR
(ppm, CDClg) 6.97 (dt, J = 6.9, 15.1 Hz, 1H), 6.68 (bs, 1H),
6.37 (dt, J = 1.4, 15.1 Hz, 1H), 5.96 (bs, 1H), 3.87 (s, 2H), 2.28
(m, 2H), 1.47 (m, 2H), 1.2—1.4 (m, 8H), 0.84 (t, J = 7.3 Hz,
3H); **C NMR (ppm, CDCl3) 162.90, 151.89, 126.76, 60.46,
31.71, 31.61, 28.96, 28.91, 27.44, 22.57, 14.04. Anal. (C11H2-
NOsS) C, H, N, S.

(2)-3-Sulfonyldodec-4-enamide (11). Amide 45Z (134 mg,
0.54 mmol) was dissolved in CH,Cl, (10 mL) and treated with
m-CPBA (1.8 mmol, 310 mg). The mixture stirred at ambient
temperature for 24 h. The solution was diluted with chloroform
and washed 3 x 150 mL aqueous sodium bicarbonate, 1 x 50
mL water, 1 x 50 mL brine, dried over anhydrous MgSO,, and
concentrated in vacuo to give the desired sulfone as a white
solid: 121 mg, 0.49 mmol, 91%; mp 99—100 °C; 'H NMR (ppm,
CDCls) 6.58 (bs, 1H), 6.47 (dt, J = 7.1, 10.9 Hz, 1H), 6.26 (dt,
J =1.6,10.9 Hz, 1H), 5.60 (bs, 1H), 3.88 (s, 2H), 2.63 (qd, J =
1.6, 7.6 Hz, 2H), 1.47 (m, 2H), 1.2—1.4 (m, 8H), 0.85 (t, J =
7.3 Hz, 3H); C NMR (ppm, CDCl3) 162.85, 151.35, 126.51,
61.25, 31.65, 29.11, 28.94, 28.69, 28.12, 22.57, 14.08. Anal.
(C11H21NO3sS) C, H, N, S.

N-Octanesulfonyl Methanesulfonamide (29). Sodium
hydride (280 mg, 11.7 mmol) was suspended in dry DMF (10
mL). Methanesulfonamide (969 mg, 10.2 mmol, 4 equiv) was
added in one portion. Gas evolved and the gray solution turned
slightly yellow. After 90 min octanesulfonyl chloride was added
via syringe. Heat and gas were again generated. The reaction
stirred at ambient temperature for 20 h. The mixture was
diluted with water (10 mL) and concentrated HCI (10 drops)
was added. The mixture was poured into 1 N HCI and
extracted 3 x 50 mL EtOAc. The combined organic layers were
washed with 1 N HCI (3 x 50 mL), water (2 x 50 mL), brine
(1 x 50 mL), and dried over sodium sulfate. Solvent was
removed in vacuo to give a white solid which was recrystallized
from 50 mL boiling hexane: yield 570 mg, 2.10 mmol, 82%;
mp 80—81 °C; *H NMR (CDCls, ppm) 3.42 (t, J = 8.0 Hz, 2H),
3.33 (s, 3H), 1.87 (m, 2H), 1.44 (m, 2H), 1.28 (m, 8H), 0.87 (t,
J = 7.2 Hz, 3H); ¥C NMR (CDCls, ppm) 55.50, 43.53, 31.65,
28.89 (2 signals), 27.94, 23.15, 22.56, 14.04. Anal. (CoH21NO4S;)
C,H,N,S.

N-Octanesulfonylsulfamide (30). Sodium hydride (306
mg, 12.8 mmol) was suspended in dry DMF (10 mL). Sulfamide
(1.0 g, 10.4 mmol) was added in one portion. Gas evolved as
the reaction stirred at ambient temperature under an argon
atmosphere. After 45 min gas evolution had ceased and
octanesulfonyl chloride (0.5 mL, 2.55 mmol) was added via
syringe. Heat and gas were again evolved. After 2.5 h the
mixture was diluted with water (15 mL) and then 1 N HCI
(20 mL). The mixture was extracted with EtOAc (3 x 60 mL).
The combined organic layers were washed with 1 N HCI (6 x
50 mL), water (2 x 40 mL), brine (3 x 50 mL), and dried over
sodium sulfate. Solvent was removed in vacuo to give a white
solid. This solid was recrystallized from 50 mL boiling hexane:
EtOAc (25:1) to give white flakes: 480 mg, 1.76 mmol, 69%;
mp 121-122 °C; *H NMR (CDCls;, ppm) 5.40 (bs, 2H), 3.41 (t,
J = 8.0 Hz, 2H), 1.86 (m, 2H), 1.45 (m, 2H), 1.28 (m, 8H), 0.88
(t, 3 = 8.0 Hz, 3H); 3C NMR (CD3;OD, ppm) 54.45, 32.84, 30.06,
30.03, 29.04, 24.32, 23.62, 14.39. Anal. (CsH2N20.4S;) C, H,
N, S.

Susceptibility Testing. Susceptibility testing and MIC
determination for M. tuberculosis (H37Rv) were carried out
at least in duplicate using the standard BACTEC radiometric
growth system (Becton Dickinson, Sparks, MD). Initial stock
solutions (1 mg/mL) and subsequent dilutions of test com-
pounds were prepared in DMSO (Sigma). Stock concentrations
(0.1 mL) were then added to individual 4.0-mL BACTEC
bottles resulting in the following final concentrations (ug/
mL): 50, 25, 12.5, 6.25, 3.0, 1.5. A 1.0 McFarland suspension
of M. tuberculosis (H37Rv) was prepared and 0.1 mL was
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added to each of the following bottles: a direct control (bottle
containing diluent, DMSO, but no test compound), a control
containing a 1:100 organism dilution (also without test com-
pound), and each concentration with the test compound. All
bottles were incubated at 37 °C, and the growth index (GI) of
each bottle was recorded daily until the Gl of the 1:100 control
reached 30. The MIC of each isolate was determined using the
following criterion: once the Gl of the 1:100 control bottle had
reached 30, the Gl change (A) was calculated for a 1-day period
at each concentration tested. The MIC was defined as the
lowest inhibitor concentration that yielded a growth index
change less than that of the 1:100 control bottle.

Acknowledgment. We are grateful to the National
Institute of Health (NIH Al43846) which funded this
work in part.

Supporting Information Available: Elemental analyses
for compounds 1—31 and 34b. This material is available free
of charge via the Internet at http://pubs.acs.org.

References
(1) Parrish. N. M.: Dick.J. D.: Bishai. W. R. Mechanisms of Latency

in | 1905, 6, 107
112.

(2) Bishai, W. R.; Chaisson, R. E. Short-course Chemoprophylaxis
for Tuberculosis. gis . 1997, 18, 115—122.

(3) Smith, P.; Moss, A. In Epidemiology of Tuberculosis; Bloom, B.,
Ed.; ASM Press: Washington, D.C., 1994; pp 47—-59.

(4) Cole,S. T.: Phillip. W.: Hevm. B. Mechanisms of Drug Resistance
in NN 10, 215,
49—609.

(5) Barry, C. E. I. New Horizons in the Treatment of Tuberculosis.

. 1997, 54, 1165—-1172.

(6) Barry, C. E.; Slayden, R. A.; Sampson, A. E.; Lee, R. E. Use of
Genomics and Combinatorial Chemistry in the Development of
New Antimycobacterial Drugs. | NN 2000, 59,
221-231.

(7) Bloch, K. In Advances in Enzymology; Meister, A., Ed.; John
Wiley and Sons: New York, 1977; pp 1—84.

(8) Brennan, P. J.; Nikaido, H. The Envelope of Mycobacteria. Aoy,

i . 1995, 64, 29—63.

(9) Kolattukudy, P. E.; Fernandes, N. D.; Azad, A. K.; Fitzmaurice,
A. M.; Sirakova, T. D. Biochemistry and Molecular Genetics of
Cell-Wall Lipid Biosynthesis in Mycobacteria. ) )
1997, 24, 263—270.

(10) Winder, F. G. The Biology of the Mycobacteria; Academic Press:
San Diego, CA, 1982.

(11) Bannerjee, A.; Dubnau, E.; Quemard, A.; Balasubramanian, V.;
Um, S.; Wilson, T.; Collins, D.; DeLisle, G.; Jacobs, W. R. InhA,
a Gene Encoding a Target for Isoniazid and Ethionamide in
Mycobacterium tuberculosis. ggigngs 1994, 263, 227—230.

(12) Quemard, A.; Sacchetini, J. C.; Dessen, A.; Vilcheze, C.; Bittman,

R.; Jacobs, W. R.; Blanchard, J. S. Enzymatic Characterization

of the Target for Isoniazid in _
Riaeheitiaiiy 1995, 34, 8235—8241.

(13) Sacchettini, J. C.; Blanchard. J. S. The Structure and Function
of the Isoniazid Target in _ 1996,
147, 36—43.

(14) Volpe, J. J.; Vagelos, P. R. Saturated Fatty-Acid Biosynthesis
and its Regulation. . 1973, 42, 21-60.

(15) Lacave, C.; Laneelle, M. A.; Laneelle, G. Mycolic Acid Synthesis
by Mycobacterium-Aurum Cell-Free Extracts. [
Acta 1990, 1042, 315—323.

(16) Lacave, C.; Quemard, A.; Laneelle, G. Cell-Free Synthesis of
Myecolic Acids in Mycobacterium-Aurum — Radioactivity Distri-

bution in Newly Synthesized Acids and Presence of Cell-Wall
in the Systern. NS 1000 1045, 58—65.

Jones et al.

(17) Qureshi, N.; Sathyamoorthy, N.; Takayama, K. Biosynthesis of
C-30 to C-56 Fatty-Acids by an Extract of Mycobacterium
tuberculosis H37Rv. gasitiidigisad 1984, 157, 46—52.

(18) Slayden, R. A; Lee, R. E.; Armour, J. W.; Cooper, A. M.; Orme,
1. M.; Brennan, P. J.; Besra, G. S. Anti-Mycobacterial Action of
Thiolactomycin, an Inhibitor of Fatty Acid and Mycolic Acid
Synthesis. u 1996, 40, 2813—2819.

(19) Mduli, K; Slayden, R. A.; Zhu, Y.; Ramawamy, S.; Pan, X.; Mead,
D.; Crane, D.; Musser, J.; Barry, C. Inhibition of a Mycobacte-
rium Tuberculosis g-Ketoacyl ACP Synthase by Isoniazid. Sci-
ence 1998, 280, 1607—1610.

(20) Omura, S. The Antibiotic Cerulenin, a Novel Tool for Biochem-
istry as an Inhibitor of Fatty Acid Synthesis. nsiaialaite
1976, 40, 681—-697.

(21) D'Agnolo, G.; Rosenfeld, I.; Awaya, J.; Omura, S.; Vagelos, P.
Inhibition of Fatty-Acid Synthesis by Antibiotic Cerulenin —

Specific Inactivation of Beta-Keto-Acyl Carrier Protein Synthase.
_ 1973, 326, 155—166.

(22) Kuhajda, F. P.; Jenner, K.; Wood, F. D.; Hennigar, R. A.; Jacobs,
L. B.; Dick, J. D.; Pasternack, G. R. Fatty-Acid Synthesis — A
Potential Selective Target for Antineoplastic Therapy. kagmhias

i . 1994, 91, 6379—-6383.

(23) Jackowski, S.; Murphy, C.; Cronan, J. J.; Rock, C. Acetoacetyl-
Acyl Carrier Protein Synthase — A Target for the Antibiotic
Thiolactomycin. gkt 1989, 264, 7624—7629.

(24) Nishida, I.; Kawaguchi, A.; Yamada, M. Effect of Thiolactomycin
on the Individual Enzymes of the Fatty-Acid Synthase System
in Escherichia coli. 1986, 99, 1447—1454.

(25) Tsay, J. T.; Rock, C. O.; Jackowski, S. Overproduction of Beta-
Ketoacyl-Acyl Carrier Protein Synthase-I Imparts Thiolactomy-
cin Resistance to Escherichia coli K-12. geitagtaiiad. 1992, 174,
508—-514.

(26) Parrish, N. M.; Kuhadja, F. P.; Heine, H. S.; Bishai, W. R.; Dick,
J. D. Antimycobacterial Activity of Cerulenin and its Effects on
Lipid Biosynthesis. * 1999, 43, 219—
226.

(27) Boyd, E. A.; Corless, M.; James, K.; Regan, A. C. A Versatile
Route to Substituted Phosphinic Acids. s 1990,
31, 2933—-2936.

(28) Boyd, E. A,; Regan, A. C.; James, K. Synthesis of y-Keto-
Substituted Phosphinic Acids from Bis(trimethylsilyl)phospho-
nite and a,f-Unsaturated Ketones. . 1992, 33,
813—816.

(29) Boyd, E. A.; Regen, A. C.; James, K. Synthesis of Alkyl Phos-
phinic Acids from Silyl Phosphonites and Alkyl Halides. Letra.

. 1994, 35, 4223—4226.

(30) Casady, D. R.; Ainsworth, C.; Easton, N. R.; Livezey, M.; Sigal,
J. M. V,; Van Heyningen, E. Sulfonylureas and Related Com-
pounds. . 1958, 23, 923-927.

(31) Siddiqi, S. Clinical Microbiology Handbook; ASM Press: Wash-
ington, D.C., 1992; Vol. 1.

(32) Capozzi, M. A. M.; Cardellichio, C.; Fracchiolla, G.; Naso, F;
Tortorella, P. Enantioselective Catalytic Oxidation of (Arylthio)-
or (Alkylthio)methylphosphonates as a Route to Enantiomeric
Pure Aryl Alkyl or Dialkyl Sulfoxides. i 1999,
121, 4708—4709.

(33) Parrish, N. M. Characterization of Fatty Acid Biosynthesis in
Mycobacteria as an Approach to Elucidate Potential Targets for
Antimycobacterial Chemotherapeutic Agents. Ph.D. thesis, Johns
Hopkins University, 1999.

(34) Parrish, N. M.; Dick, J. D.; Houston, T. A.; Townsend, C. A.
Manuscript in preparation.

(35) Hassarajani, S. A.; Mithran, S.; Mamdapur, V. R. Synthesis of
8-Methylnonanol, A Common Intermediate for Dihydrocapsaicin
and Freshwater Mussel Component. Indian J. Chem., Sect. B
1995, 34, 429—431.

JMO000149L



