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Abstract: A convenient and easy procedureto synthesize estersand
thioesters from the corresponding carboxylic acid using TFFH as
the coupling reagent is described. The preparation of N-acyl-dithio-
carbamates from carboxylic acids and 1,3-thiazolidine-2-thione
with TFFH as the coupling reagent is also described.
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Coupling of carboxylic acidswith various nucleophilesto
produce esters, amides, thioesters etc. belongs to the most
important and most widely employed transformations in
organic chemistry.! Many procedures have been devel-
oped to mediate these transformations since the classical
Fischer esterification procedure using excess alcohol and
strong Lewis or Bransted acid catalysis.? Modern cou-
pling reagents utilize an equimolar amount of acid and nu-
cleophile. Besides being effective and easily handled, it is
crucial that the conditions employed are mild and compat-
iblewith awide variety of functional groupsincluding the
most common protecting groups.:3

Dicyclohexylcarbodiimide (DCC) is one of the most
widely used condensation agents in organic chemistry be-
cause it is inexpensive and can be used under mild reac-
tion conditions.* DCC was introduced by Sheehan and co-
workers® in 1955, and was crucia for the completion of
the first total synthesis of penicillin V.6 However, it has
the disadvantage of low reactivity, formation of N-acyl-
urea byproducts and high toxicity. The formation of N-
acylurea byproducts lead to lowered yields and difficult
purification, especially in polar aprotic solvents.”

The use of halo formamidinium salts such as the highly
reactive  2-chloro-1,3-dimethylimidazolium  chloride
(DMC) and N,N,N,N-tetramethylchloroformamidinium
chloride have only recently received attention as dehydra-
tion agentsin the formation of carboxylic acid derivatives
other than amides.® However, to the best of our know-
ledge fluoroformamidinium salts, generating in situ the
acid fluoride as the active acylating agent, have only been
described for amide and peptide synthesis.

Tetramethylfluoroformamidinium hexafluorophosphate,
TFFH (1), wasintroduced by Carpino and co-workers and
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was shown to be an excellent peptide coupling reagent.® It
is an easily handled crystalline compound, it has a long
shelf-life and it reacts fast with carboxylic acids to give
the corresponding acid fluorides or mixed anhydrides de-
pending on the conditions. TFFH has been shown to be
useful for coupling of highly hindered amino acids'® and
in the preparation of acid azides' and acid hydrazides.*?
TFFH has al so been shown to be effective in theformation
of isothiocyanates via the reaction between a primary
amine, TFFH and carbondisulfide, both in solution'? and
on solid phase.™®

0]
\TXT/

1) POCl3 cl
2) HPFs (aq)

NG A N/ PFg

F
KF \T\I/L N~ PFe
|

CH3CN

1

Schemel Convenient and low price synthesis of TFFH

Previously, we have described an inexpensive, convenient
non-phosgene procedure for the large scal e preparation of
TFFH from tetramethylurea in two steps (Scheme 1).1214
TFFH has one of the lowest molecular weights of the tet-
raal kylhal of ormamidinium salts, thus making it an attrac-
tive choice from an atom economical point of view.'®

Herein we report our results demonstrating the use of
TFFH in the synthesis of esters and thioesters viain situ
acid fluoride formation (Scheme 2a). We also show that
TFFH is effective in forming thioacids by reaction with a
carboxylic acid and Na,S, and the thioacids are easily re-
acted with bromides to produce thioesters (Scheme 2b).
Chemoselective acylation of dithiocarbamates from in
situ generated acid fluorides and thiazolidine-2-thione has
been accomplished using TFFH (Scheme 3). These deriv-
atives are useful for the preparation of aldehydes from the
corresponding carboxylic acid by reduction with DIBAL,
but the preparation of the acylated thiazolidine-2-thione
usually proceedsviaaTI(l) salt making the synthetic pro-
cedure less attractive.*6
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The acylation reactions proceed smoothly by addition of
triethylamine to a concentrated solution of a carboxylic
acid and one equivaent of TFFH in a variety of solvents
such as dichloromethane, chloroform, THF and DMF.
The reactions al proceed in high yields with little or no
side reactions, and are catalyzed by addition of DMAP
(typical 5-10 mol%). Inert atmosphere was only neces-
sary when the reactants/products are air sensitive.

In Table 1 a number of esters are depicted that were pre-
pared from the acid and the corresponding alcohol viathe
acid fluoride using TFFH as the fluorinating agent. The
examples in Table 1 indicate that a wide range of func-
tionalities are compatibl e with the mild esterification con-
ditions.
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Scheme2 Synthesis of esters and thioesters with TFFH

Entries 1-3 demonstrate that both linear and highly hin-
dered alcohols can be used. Entry 4 shows that even the
extremely acid-sensitive DMT group can be present,
which makes the esterification procedure useful in the
preparation of protected nucleotides for automated syn-
thesis of nucleosides. Entry 5 shows that a bromoal cohol
reacts selectively to give an ester. This compound has
been prepared conveniently on a 30 gram scale, demon-
strating that up-scaling was feasible. Entry 6 shows the
preparation of a useful orthoester precursor of picolinic
acid. Entries 7 and 8 utilize acrylic acid in the preparation
of esters containing either an aza or a biphenyl moiety.
The acrylic acid does not complicate the esterification
procedure and the procedure was superior to the coupling
between acrylic acid chloride and the corresponding al co-
hol in our hands. Entry 9 shows that the procedure works
well on the difficult ferrocene carboxylic acid, again with
a bromoalcohol as the coupling partner.

A variety of O-aryl esterswere also prepared using TFFH
as the dehydrating agent as shown in Table 2. Again, a
wide range of functionalities are compatible with the es-
terification procedure. Entry 10 shows that the procedure
works well on the difficult ferrocene carboxylic acid. We
are interested in aromatic building blocks for application
inliquid crystal displays and other disciplines within ma-
terials science. Our main focusis on biphenyl compounds
and aza compounds, and esterification using substrates
containing these functional groups worked without com-
plications. It is noteworthy that sensitive functional
groups such as the cinnamic acid and acrylate moiety do
not interfere with the esterification procedure (entries 11
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and 12). Entries 13 and 14 show that it is possible to
mono-esterify 4,4’-dihydroxy biphenyl with TFFH in
moderate yields.

Thioesters are useful compoundsin material s science, and
their preparation was demonstrated in two different ways.
The first route proceeded via coupling between the acid
fluoride, prepared from the corresponding carboxylic ac-
id, and the thiol as shown in Scheme 2a. Entries 15 and 16
in Table 2 are examples of thioesters prepared in thisway.
Reactions between a carboxylic acid, TFFH and Na,S
gave the sodium salt of the corresponding thioacid as out-
lined in Scheme 2b. This can be reacted easily with alkyl
halides to produce the thioesters shown in entries 17 and
18in Table 3.

Thiazolidine-2-thione can be chemoselectively N-acyl-
ated in high yields with acid fluorides, prepared from
carboxylic acids and TFFH (Scheme 3). Thiswas demon-
strated by the synthesis of two substrates as shown by en-
tries19and 20in Table 3.
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Scheme 3 Chemoselective synthesis of N-acyl dithiocarbamates
from thiazolidine-2-thione and the corresponding carboxylic acid

In conclusion, we have shown that TFFH isan easily han-
died and effective reagent for the preparation of esters,
thioesters, thioacids and acylated thiazolidine-2-thione.

Unless otherwise stated, all starting materials were obtained from
commercial suppliers and used as received. Solvents were HPLC
grade and were used as received. 'H NMR and °C NMR spectra
were recorded on a 300 MHz NMR (Varian) apparatus (300 MHz
for IH NMR and 75 MHz for 3C NMR) or on a 400 MHz NMR
(Bruker) apparatus (400 MHz for *H NMR and 100 MHz for 3C
NMR). Proton chemical shifts are reported in ppm downfield from
TMS and carbon chemical shifts in ppm downfield of TMS using
the resonance of the deuterated solvent asinterna standard. Melting
points were measured on a Buichi B-140 apparatus and are uncor-
rected. Elemental analyses were performed by Mrs Karin Linthoe.
Fast-atom bombardment (FAB) mass spectra were recorded on a
Jeol IMS-HX 110A Tandem mass spectrometer in the positive ion
mode using m-NBA as the matrix. HRM S were recorded on a Mi-
cromass Q-TOF apparatus using electrospray ionization (ESI) tech-
nique.

Esterification of Carboxylic Acids; General Procedurefor En-

tries1-14

To an ice cooled suspension of the carboxylic acid (2.5 mmol) and
TFFH (2.5 mmol, 0.66 g) in aminimum of solvent (ca. 10-20 mL)
was added Et;N (12.5 mmol, 1.26 g, 1.74 mL) resulting in a clear
solution and some heat evolution. After stirring for 30 minat r.t. the
acohol (2.5 mmol) and a catalytic amount of DMAP (10 mol %, 30
mg) were added and the reaction mixture was stirred at r.t. over
night. H,O (30 mL) was added and the mixture extracted with
CH,CI, (2x 30 mL). The combined organic extracts were dried
(MgS0,), filtered and concentrated in vacuo. The resulting crude
residue was purified by column chromatography (EtOAc—heptane)
or recrystallization to yield the desired esters.
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Tablel Synthesisof O-Alkyl Estersfrom the Corresponding Carboxylic Acid Using TFFH

Entry Carboxylic acid Product? Yield [%]°
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a0O-Alkyl ester viathe acid fluoride.
b |solated yields based on the carboxylic acid.
¢ Yields based on the acid and recovered alcohol.
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Table2 Synthesisof O-Aryl Esters from the Corresponding Carboxylic Acid Using TFFH
Entry  Carboxylic acid Product? Yield [%]°
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a0-Aryl ester viathe acid fluoride.
b |solated yields based on the carboxylic acid.
¢ Yields based on the carboxylic acid and phenolic species.

Butyl-2-furoate (Entry 1)Y
This compound was prepared from 2-furoic acid and 1-butanol us-
ing CH,CI, as the solvent.

Yield: 0.406 g, 97%,; colorless oil.

IH NMR (CDCl,): § = 0.96 (t, 3H, J = 7.4 Hz), 1.39-1.45 (m, 2 H),
1.67-1.78 (M, 2 H), 4.30 (t, 2 H, J = 6.6 Hz), 6.48-6.51 (m, 1 H),
7.20(d, 1H,J=12Hz), 757 (d, 1H, J= 6.2 Hz).

1¥C NMR (CDCl,): 5 = 13.6, 19.0, 30.6, 64.7, 111.6, 117.5, 144.8,
146.0, 158.6.

GC-MS: nm/z = 168.
sec-Butyl 2-Furoate (Entry 2)*®

This compound was prepared from 2-furoic acid and 2-butanol us-
ing CH,CI, as the solvent.

Yield: 0.386 g, 92%,; colorless ail.
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IHNMR (CDCl,): 8 =0.92(t, 3H,J = 7.5Hz), 1.32(d, 3H,J = 6.2
Hz), 1.54-1.68 (m, 2 H), 5.00-5.08 (m, 1 H), 6.44-6.47 (m, 1 H),
7.11(d, 1H, J=5.8Hz), 7.52-7.54 (m, 1 H).

13C NMR (CDCly): 6§ =9.5, 19.4, 28.7, 72.9, 111.5, 117.2, 145.0,
145.8, 158.3.

GC-MS: m/z= 168.

tert-Butyl 2-Furoate (Entry 3)*°
This compound was prepared from 2-furoic acid and tert-butanol
using CH,Cl, as the solvent.

Yield: 0.380 g, 90%,; colorless ail.

IH NMR (CDCly): 8 = 1.50 (s, 9 H), 6.38-6.39 (m, 1 H), 6.98 (d, 1
H), 7.45-7.46 (m, 1 H).

13C NMR (CDCly): =281, 817, 111.4, 116.8, 145.5, 14538,
157.9.

GC-MS: m/z=168.
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Table3 Thioesters and Dithiocarbamates from the Corresponding Carboxylic Acid Using TFFH

Entry Carboxylic acid

Product

Yield [%]¢
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aThioester via acid fluoride.

b Thioester viathioacid.

¢ Dithiocarbamate from 1,3-thiazolidine-2-thione.
9 |solated yields based on the carboxylic acid.

4-[Bis(4-methoxyphenyl)(phenyl)methoxy]butyl 4-Bromoben-
zoate (Entry 4)

This compound was prepared from 4-bromobenzoic acid and 4-
[ bis(4-methoxyphenyl) (phenyl)methoxy]butan-1-ol using CH,CI,
as the solvent.

Yield: 94%; colorless oil.

IH NMR (CDCly): § = 1.70-1.79 (m, 2 H), 1.81-1.87 (m, 2 H), 3.12
(t,2H,J=6.3Hz),3.77 (s 6 H), 428 (t, 2H, J= 6.5 Hz), 6.81 (d,
4H,J= 89Hz),7.25-7.34(m, 7H), 7.43(d, 2H, J = 8.6 Hz), 7.56
(d, 2H, J=86Hz),7.87 (d, 2H, J= 8.6 Hz).

13C NMR (CDCly): § =25.7, 26.6, 55.1, 62.7, 65.2, 85.7, 112.9,
113.1,126.5, 127.0, 127.6, 128.0, 129.0, 131.0, 131.6, 136.4, 139.4,
145.1, 158.3.

HRMS (FAB): m/z(M*) calcd for Cy,H4,BrOs: 574.1355; found:
574.1356.

10-Bromodecyl 3,4,5-Tris(dodecyloxy)benzoate (Entry 5)

This compound was prepared from 3,4,5-tris(dodecyloxy)benzoic
acid (40 mmol, 27.0 g) and 10-bromodecan-1-ol (40 mmol, 9.49 g)
using CH,Cl, as the solvent.

Yield: 32.2 g, 90%; white solid; mp 34-34 °C.

IH NMR (CDCl,): 5 = 0.88 (t, 9 H), 1.26-1.30 (m, 56 H), 1.45-1.50
(m, 10 H), 1.70-1.90 (m, 10 H), 3.40 (t, 2 H), 4.01 (t, 6 H), 4.28 ({,
2H), 7.24 (s, 2 H).

13C NMR (CDCl,): § = 14.0, 22.6, 25.9, 26.0, 28.0, 28.6, 29.1, 29.2,
29.3,29.4,29.5,29.6, 30.2, 31.8, 32.7, 33.9, 65.0, 69.1, 73.4, 107.9,
125.0, 142.3, 152.7, 166.4.

MS (DI): m/z = 893.5.

Anal. Calcd for Cs5Hg,BrOs: C, 71.19; H, 10.93. Found: C, 70.88;
H, 11.03.

(3-Methyloxetan-3-yl)methyl Pyridine-2-carboxylate (Entry 6)
This compound was prepared from pyridine-2-carboxylic acid and
(3-methyl oxetan-3-yl)methanol using CH,Cl, as the solvent.
Yield: 0.492 g, 95%,; colorless ail.

IH NMR (CDCly): 8 = 1.36 (s, 3H), 4.30 (d, 2 H, J = 5.9 Hz), 4.42
(s, 2 H), 449 (d, 2 H, J=5.9 Hz), 7.63-7.69 (m, 1 H), 7.98-8.10
(m, 2 H), 8.72-8.76 (m, 1 H).

13C NMR (CDCly): § =20.9, 45.9, 69.4, 78.5, 125.1, 127.5, 137.6,
147.5, 150.0, 164.8.
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HRMS (FAB): m/z (MH*) calcd for Cy;H,,NO5: 208.0974; found:
208.0975.

6-{4-[(4-Nitr ophenyl)diazenyl]phenoxy}hexyl Acrylate (Entry
7

This compound was prepared from acrylic acid and 6-{ 4-[ (4-nitro-
phenyl)diazenyl] phenoxy} hexan-1-ol using CH,CI, as the solvent.

Yield: 76% (<90 based on recovered alcohol component); colorless
solid; mp 101-103 °C.

IH NMR (CDCl5): = 1.38-1.47 (m, 4 H), 1.66 (quint, 2H, J=6.9
Hz), 1.78 (quint, 2 H, J = 5.7 Hz), 4.00 (t, 2 H, J = 5.6 Hz), 4.11 ,
2H,J=65Hz),5.76 (dd, 1 H), 6.05 (dd, 1 H), 6.34 (dd, 1 H), 6.94
(d, 2H, J= 9.0 Hz), 7.85-7.93 (m, 4 H), 8.26 (d, 2 H, J= 9.1 Hz).

13C NMR (CDCl.): § = 25.6, 28.4, 28.9, 64.3, 68.2, 114.8, 123.0,
124.6, 125.5, 128.4, 130.4, 146.7, 148.1, 155.9, 162.7, 166.2.
MS (FAB): m/z=398.31 (M + H").

Anal. Calcd for C,H3N5Os: C, 63.46; H, 5.83; N, 10.57. Found: C,
63.29; H, 5.76; N, 10.58.

6-[(4’-Cyanobiphenyl-4-yl)oxy]hexyl Acrylate (Entry 8)

This compound was prepared from acrylic acid and 4’-[(6-hydroxy-
hexyl)oxy]biphenyl-4-carbonitrile using CH,CI, as the solvent.
Yield: 72% (<90 based on recovered alcohol component); white
solid; mp 70-71 °C.

IHNMR (CDCl,): § = 1.38-1.45 (m, 4 H), 1.60-1.80 (m, 4 H), 3.94
(t,2H,J=6.4Hz), 4.10 (t, 2H, J= 6.6 Hz), 5.75 (dd, 1 H), 6.04
(dd, 1 H), 6.33 (dd, 1 H), 6.91 (d, 2 H, J=6.8 Hz), 7.45 (d, 2 H,
J=8.8Hz), 7.53-7.63 (m, 4 H).

13C NMR (CDCly): & = 25.6, 28.4, 29.0, 64.3, 67.8, 109.9, 114.9,
119.0,126.9, 128.2, 128.4, 130.4, 131.2, 132.4, 145.1, 159.6, 166.2.

MS (FAB): m/z = 349.14 (M*).

Anal. Calcd for C,,H,sNO;: C, 75.62; H, 6.63; N, 4.01. Found: C,
75.38; H, 6.62; N, 4.01.

Ferrocene Carboxylic Acid 11-Bromoundecyl Ester (Entry 9)
This compound was prepared from ferrocene carboxylic acid and
11-bromoundecan-1-ol using CH,CI, as the solvent.

Yield: 70%; orange solid; mp 51-52 °C (petroleum ether).

H NMR (CDCl,): § = 1.10-1.45 (m, 18 H), 1.55-1.85 (m, 4 H),
3.28-3.41 (m, 2 H), 4.10-4.40 (m, 5 H), 4.75-4.85 (m, 2 H).

13CNMR (CDCl,): 6 = 26.0, 26.8, 28.1, 28.6, 28.8, 29.2, 29.3, 32.7,
33.9,45.1, 64.2,69.9, 70.3, 71.5, 71.8, 171.7.

MS (FAB): m'z=463.9 (M + H*).

Anal. Calcd for C,,H4;BrFeO,: C, 57.04; H, 6.75. Found: C, 57.40;
H, 6.89.

Ferrocene Carboxylic Acid 4-Cyclohexylphenyl Ester (Entry
10)

This compound was prepared from ferrocene carboxylic acid and 4-
cyclohexylphenol using CH,ClI,, as the solvent.

Yield: 78% (<90 based on recovered alcohol component); orange
solid; mp 120-121 °C (petroleum ether).

IH NMR (CDCl,): & =1.30-1.40 (m, 5 H), 1.81-2.02 (m, 5 H),
2.45-2.54 (m, 1 H), 4.32-4.40 (m, 5 H), 4.40-4.52 (m, 2 H), 4.90—
5.10 (M, 2 H), 7.107.20 (m, 2 H), 7.30-7.40 (m, 2 H).

BCNMR (CDCly): § = 26.0, 26.8, 34.4, 43.9, 70.0, 70.3, 70.7, 71.9,
121.2, 127.6, 145.2, 148.7, 170.3.

GC-MS: m/z=388.

Anal. Calcd for Cy3H,,Fe0,: C, 71.15; H, 6.23. Found: C, 71.13; H,
6.23.
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4'-[(6-Bromohexyl)oxy]biphenyl-4-yl 3-(4-M ethoxyphe-
nyl)acrylate (Entry 11)

This compound was prepared from 3-(4-methoxyphenyl)acrylic
acid and 4'-[(6-bromohexyl)oxy]biphenyl-4-ol using a THF-
CH,CI, mixture as the solvent.

Yield: 76% (<90 based on recovered al cohol component); colorless
solid; mp 146-148 °C (EtOH).

IH NMR (CDCly): 8 =1.43-1.46 (m, 4 H), 1.73-1.76 (m, 2 H)
1.81-1.85 (m, 2 H), 3.35 (t, 2 H), 3.78 (s, 3 H), 3.92 (t, 2 H), 6.44
(dd, 1 H), 6.85-6.89 (m, 4 H), 7.12 (m, 2 H), 7.47—7.49 (m, 6 H),
7.76 (dd, 1 H).

13C NMR (CDCly): § =25.3, 27.9, 29.0, 32.6, 33.7, 55.3, 67.7,
114.4,114.6,114.7,121.8, 126.8, 127.6, 128.0, 129.9, 132.8, 138.4,
146.2, 149.7, 158.5, 161.6, 165.7.

MS (El): mz = 509.44.

Anal. Caled for C,gH,9BrO,: C, 66.01; H, 5.74. Found: C, 65.78; H,
5.68.

4’-Cyanobiphenyl-4-yl 4-{[6-(Acryloyloxy)hexyl]oxy}benzoate
(Entry 12)

This compound was prepared from 4-{[6-(acryloyloxy)hex-
ylloxy} benzoic acid and 4’-hydroxybiphenyl-4-carbonitrile using
CH,CI, as the solvent.

Yield: 64% (<90 based on recovered al cohol component); colorless
solid; mp 110-111 °C.

IH NMR (CDCly): 3 = 1.4-1.6 (m, 4 H), 1.69 (quint, 2H, J=7.5
Hz), 1.75 (quint, 2 H, J = 7.5 Hz), 3.99 (t, 2 H, J = 6.4 Hz), 4.11 ,
2H,J=6.6 Hz), 5.74 (dd, 1 H), 6.07 (dd, 1 H), 6.33 (dd, 1 H), 6.90
(d,2H,J=11.7Hz), 7.25 (d, 2H, J = 6.9 Hz), 7.53-7.68 (M, 6 H),
8.09 (d, 2 H, J = 11.6 Hz).

13C NMR (CDCl.): § = 25.6, 28.4, 28.9, 64.3, 68.0, 110.9, 114.2,

118.7,121.2,122.4,127.6, 128.2, 128.4, 130.4, 132.2, 132.5, 136.6,
144.8, 151.5, 163.5, 164.7, 166.2.

MS (FAB): m/z= 470.21 (M + H").

Anal. Calcd for C,gH,;NOs: C, 74.18; H, 5.80; N, 2.98. Found: C,
73.93; H, 5.75; N, 2.96.

4’-Hydr oxybiphenyl-4-yl 3-(4-Methoxyphenyl)acrylate (Entry
13)

This compound was prepared from 3-(4-methoxyphenyl)acrylic
acid and biphenyl-4,4’-diol using CH,Cl, as the solvent.

Yield: 42%; colorless crystals; mp 220-222 °C (EtOH).
H NMR (DM SO-dg): § =3.82 (s, 3 H), 6.73 (dd, 1 H), 6.85 (m 2

H), 7.05 (m, 2 H), 7.24 (m, 2 H), 7.48 (m, 2 H), 7.60 (m, 2 H), 7.79
(m, 2 H), 7.85 (dd, 1 H), 9.56 (s, 1 H).

13C NMR (DMSO-d,): & = 55.5, 114.4, 114.6, 115.8, 122.2, 126.6,
127.0, 127.8, 130.2, 130.6, 137.9, 146.4, 149.4, 157.2, 161.6.
MS (El): m/z = 346.38.

Anal. Cacd for C,,H,50,: C, 76.29; H, 5.24. Found: C, 76.15; H,
5.17.

4’-Hydr oxybiphenyl-4-yl 3-(1,3-Benzodioxol-5-yl)acrylate (En-
try 14)

This compound was prepared from 3-(1,3-benzodioxol-5-yl)acrylic
acid and biphenyl-4,4’-diol using THF as the solvent.

Yield: 38%; colorless crystals; mp 230-232 °C (EtOH).

IH NMR (DMSO-dg): 8 = 3.33 (s, 2 H), 6.75 (dd, 1 H), 6.86 (m, 1
H), 7.00 (m, 2 H), 7.25 (m, 2 H), 7.48 (m, 2 H), 7.58 (m, 2 H), 7.76
(m, 2 H), 7.81 (dd, 1 H), 9.55 (s, 1 H).
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13C NMR (DMSO-dg): § = 101.8, 166.7, 108.6, 115.0, 115.8, 122.2,
125.6,127.0, 127.8, 128.4, 130.2, 137.9, 146.4, 148.2, 149.3, 149.8,
157.2, 165.3.

MS (El): mvz = 360.2.

Anal. Cacd for C,,H,40s: C, 73.33; H, 4.48. Found: C, 72.81; H,
4.48.

Thioesterification of Carboxylic Acids, General Procedure for
Entries 15, 16

To an ice-cooled suspension of the carboxylic acid (2.5 mmol) and
TFFH (2.5 mmol, 0.66 g) in aminimum of solvent (ca. 10-20 mL)
was added Et;N (12.5 mmol, 1.26 g, 1.74 mL) resulting in a clear
solution and some heat evolution. After stirring for 30 minat r.t. the
thiol (2.5 mmal) and a catalytic amount of DMAP (10 mol%, 30
mg) were added and the reaction mixture was stirred at r.t. over
night. H,O (30 mL) was added and the mixture extracted with
CH,CI, (2x 30 mL). The combined organic extracts were dried
(MgS0,), filtered and concentrated in vacuo. The resulting crude
residue was purified by column chromatography (EtOA c—heptane)
or recrystallization to yield the desired thioesters.

S-2-Naphthyl 4-Nitr obenzenecarbothioate (Entry 15)%°
This compound was prepared from 4-nitrobenzoic acid and naph-
thalene-2-thiol using CH,Cl, as the solvent.

Yield: 0.70 g, 90%; yellow solid; mp 180-182 °C.

IH NMR (CDCly): = 7.45-7.52 (m, 3H), 7.78-7.86 (m, 2 H), 7.89
(s, 1 H), 7.98-7.99 (m, 1 H), 8.13 (d, 2 H), 8.28 (d, 2 H).

1¥C NMR (CDCly): § =123.3, 123.9, 126.7, 127.4, 127.8, 127.9,
128.4,129.1, 130.8, 131.1, 133.5, 134.9, 141.2, 150.6, 188.9.

GC-MS: mv/z = 309.

S-Benzyl 4-Bromobenzenecar bothioate (Entry 16)
This compound was prepared from 4-bromobenzoic acid and phe-
nylmethanethiol using CH,Cl, as the solvent.

Yield: 94%; white solid; mp 6768 °C.

IH NMR (CDCly): 8 = 4.32 (s, 2 H), 7.27-7.40 (m, 5 H), 7.58 (d, 2
H,J= 8.7Hz), 7.83(d, 2H, J= 8.7 Hz).

13C NMR (CDCly): 6 =33.7, 127.7, 128.7, 128.9, 129.0, 129.2,
132.1, 135.8, 137.4, 190.5.

GC-MS: m/z= 306.

Anal. Cacdfor C,,H,,BrOS: C, 54.74; H, 3.61. Found: C, 55.31; H,
3.47.

Thioesterification of Carboxylic Acidsviathe Thioacid; Gener-
al Procedurefor Entries 16-18

To an ice-cooled suspension of the carboxylic acid (10 mmol) and
TFFH (11 mmol, 2.91 g) inaminimum of dry DMF (ca. 5 mL) was
added Et;N (20 mmol, 2.02 g, 2.79 mL) resulting in aclear solution
and some heat evolution. After stirring for 30 min at r.t. dry Na,S
(200 mmol, 7.81 g) was added and the reaction mixture was stirred
at r.t. for 2 h. The reaction mixture was cooled to 0 °C and benzyl-
bromide (100 mmol, 17.1 g) was added in one portion and stirring
was continued over night. H,0O (50 mL) was added and the mixture
extracted with CH,ClI, (3 x 50 mL). The combined organic extracts
weredried (MgSO,), filtered and concentrated in vacuo. The result-
ing crude residue was purified by recrystallization from MeOH to
yield the desired thioesters. Alternatively the thioacids could beiso-
lated using column chromatography on silica (heptane—EtOAcC) re-
sulting in comparable yields.

S-Benzyl 4-(4-Methoxyphenyl)-4-oxobutanethioate (Entry 17)
This compound was prepared from 4-(4-methoxyphenyl)-4-oxobu-
tanoic acid and benzylbromide.

Yield: 60%; pale yellow solid; mp 6667 °C.

IHNMR (CDCl,): 3 =3.03(t, 2H, J=7.1Hz),3.32(t, 2H,J = 6.7
Hz), 3.89 (s, 3H), 4.15 (s, 2 H), 6.93 (d, 2H, J = 9.0 Hz), 7.28-7.31
(m, 5H), 7.95 (d, 2H, J= 9.0 Hz).

13C NMR (CDCl,): 8 = 33.2,37.6, 55.4, 113.7, 127.1, 128.5, 128.7,
129.4,130.2, 137.4, 163.5, 195.9, 197.9.

MS (FAB): m/z= 314.97 (M + H"*)

Anal. Calcd for C,gH,405S: C, 68.76; H, 5.77. Found: C, 68.74; H,
5.71.

S-Benzyl 4-Bromobenzenecar bothioate (Entry 18)
This compound was prepared from 4-bromobenzoic acid and ben-
zylbromide.

Yield: 76%; white solid.
For analytical data see compound 16.

Acylation of Thiazolidine-2-thione; General Procedurefor En-
tries 19, 20

To an ice-cooled suspension of the carboxylic acid (2.5 mmol) and
TFFH (2.5 mmol, 0.66 g) in aminimum of solvent (ca. 20 mL) was
added Et;N (12.5 mmol, 1.26 g, 1.74 mL) resulting in a clear solu-
tion and some heat evolution. After stirring for 30 min at r.t. the thi-
azolidine-2-thione (2.5 mmol, 298 mg) was added and the reaction
mixture was stirred at r.t. over night. H,O (30 mL) was added and
the mixture extracted with CH,Cl, (2 x 30 mL). The combined or-
ganic extracts were dried (MgSO,), filtered and concentrated in
vacuo. The resulting crude residue was purified by column chroma-
tography (EtOAc—heptane) to yield the desired amides.

3-(2-Furoyl)-1,3-thiazolidine-2-thione (Entry 19)%
This compound was prepared from 2-furoic acid and 1,3-thiazoli-
dine-2-thione using CH,Cl, as the solvent.

Yield: 0.501 g, 94%; yellow solid; mp 126-128 °C.

IHNMR (CDCl,): 8 =340 (t, 2H, J= 7.2 Hz), 440 (t, 2H, J = 7.2
Hz), 6.48-6.50 (M, 1 H), 7.20 (M, 1 H), 7.49-7.50 (m, 1 H).

13C NMR (CDCIly): 6 =30.0, 56.0, 112.6, 120.1, 146.1, 146.7,
160.0, 201.1.

GC-MS: m/z=213.

3-(4-Bromobenzoyl)-1,3-thiazolidine-2-thione (Entry 20)'6
This compound was prepared from 4-bromobenzoic acid and 1,3-
thiazolidine-2-thione using CH,CI, as the solvent.

Yield: 0.726 g, 96%; yellow solid; mp 119-120 °C.
For analytical data see reference.®®
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