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Definitions & Abbreviations

Degassed conditions are where the reaction flask is evacuated with vacuum then N 2 flow
several consecutive times and finally N 2 flow for the duration of the reaction.

DMF - dimethylformamide

NMR abbreviations

THF - tetrahydrofuran

s - Singlet

EtOAc - ethylacetate

d - doublet

TEA - triethylamine

t - triplet

DiPEA - Dipropylethylamine

q - quartet

t-BuOK - potassium-tert-butoxide

ABq - AB quartet

Bt - benzothiazole

spl ABq - split AB quartet

An - anthracene

quin - quintet

AnS02CI - anthracenesulfonyl chloride

sex - sextet

BtS02CI - benzothiazolesulfonyl chloride
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Introduction
Sulfonamides are considered very good protecting groups for two main reasons.
First sulfonamides are stable under many varying conditions. Second they tend to form
crystalline products which are readily isolated from side products by simple
recrystallization.
The problem with the traditional sulfonamide protecting groups is that
deprotection has been difficult to achieve without using very harsh conditions which can
result in destruction of the desired product. Previously, Vedejs etal.' proposed a harshly
acidic, electron transfer deprotection method involving treating the benzothiazole
sulfonamide with a slow addition of 50% aqueous H 3P02 at 50°C. Alternatively,
ZnlHOAc-EtOH or Al-Hg/ether-H20 could also be used. The sulfonamide cleavage
process proposed in this paper (scheme 1) where the sulfonamide is reacted with
thiophenol which has been deprotonated by either potassium-tert-butoxide or Hunig's base
(DiPEA) under degassed conditions at room temperature proceeds by a mildly basic
addition elimination mechanism. Degassed conditions are required in order to keep
thiophenol from reacting with O 2 in the air and forming diphenyl disulfide.
scheme 1.
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This method increases the orthogonality of the protecting group because it allows
for the presence of functional groups which might have been altered by the harsh acidic
conditions previously used for this cleavage. Multiple methods for deprotection allow the
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sulfonamide protecting group to cover a broader scope of processes in which they can be
used. The differing conditions can be used in accordance with functional groups or
protecting groups which might otherwise be affected.
The reaction conditions presented in this paper were originally proposed to
facilitate the deprotection step in the synthesis oftaxol (scheme 2)2 and was also shown to
be applicable to the deprotection of sulfonamide iii (scheme 3)2.
scheme 2.
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The purpose of this paper is to show the synthesis of secondary amines by
alkylation of anthracene and benzothiazole sulfonamides 3,4,~ followed by thiolate induced
deprotection as illustrated below. This method was used because straight alkylation of
amines produces tertiary amines as a side product.
scheme 4.
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AnSOzCI is prepared from the sulfonate salt (V)6.7 with POCh and proceeds by the
following mechanism3 .
scheme 5
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BtS0 2Cl is prepared by oxidation of the thiol with Clz in aqueous acid and proceeds by the
following mechanism l .
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Both AnS0 2CI and BtS02CI are thennally unstable, with BtS02CI being the most unstable.
In the fonnation of both 9-anthracene and 2-Bt sulfonamides a primary amine was
added to the sulfonyl chloride resulting in the fonnation of a secondary sulfonamide
through a nucleophilic addition (scheme 7). This sulfonamide was either deprotected to
the original amine as in reaction (XIV) or reacted further with t-BuOK then an alkyl halide
in an SN2 reaction to fonn a tertiary sulfonamide (scheme 8) and deprotected to give the
secondary amine.
scheme 7.
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In the formation of 9-anthracenesulfonamides a secondary amine was added to AnS0 2CI
resulting in the formation of a tertiary sulfonamide (scheme 8) which was deprotected to
the original secondary amine.
scheme 9.
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Discussion
The yields for the synthesis of all sulfonamides were not optimized. The main
causes of the low yield, for some cases, were side reactions; incomplete isolation, and the
inherent losses due to recrystallization.
Anthracene compounds had a couple of main drawbacks. First some of the
anthracene compounds including N-(4 methoxybenzyl)-9-anthracenesulfonamide and N,
N-dicyclohexyl-9-anthracenesulfonamide have been found to decompose when exposed to
70°C for more than an hour. This causes a problem when trying to remove excess
solvents and do crystallizations. AnS02Cl decomposes at room temperature by
eliminating S02 resulting in impurities and a lower yield if decomposition has occurred as
shown in scheme 10.
scheme 10.
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Second, due to the size of anthracene, large bulky amines do not add readily. As a
result of this steric hindrance, anthracenesulfonic acid amine salts fonned in reactions (X&
XI). These salts were the main cause of the low product yield for
N;N-dibenzyl-9-anthracenesulfonamide (yield 6.3%) and
N;N-dicyclohexyl-9-anthracenesulfonamide (yield 29.9%). The addition of indoline, a
much less bulky amine resulted in a yield of 46.2%. In the cases of these reactions the
salts were soluble in the organic solvent along with the product making them difficult to
separate.
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The salt and the sulfonamide are structurally similar but can be distinguished by
their mass spectra which exhibit large mass peaks for both anthracene (from the
anthracenesulfonic acid) and NHRz. Sulfonamides are more electron withdrawing than the
sulfonate group which results in a less equal charge distribution on the anthracene
hydrogens causing the anthracene hydrogen shifts of the sulfonamides to be further apart.
The dibenzyl salt has a multiplet instead of the split AB quartet, and triplet seen in the
spectra of the sulfonamide. The two triplets which are seen in the spectra of dicyc10hexyl
sulfonamide 38.3 Hz apart are only 18.9 Hz apart in the spectra of the salt.
A solution to the problem of stene effects seems to be the addition of a primary
amine and then deprotonation with a base and

~2

substitution of an alkylhalide as in

reactions XII and xm (schemes 7&8) with respective yields of 50.4% and 65.1 %.
The addition of benzylamine to BtS02CI also resulted in a 66.5% yield (reaction
II) where as the addition of3-(2,5-dimethoxyphenyl)-I-methylpropylamine resulted in a

15.0% yield (reaction m). The isolation of the product from reaction m was more
difficult because it was a low melting solid (87.5-88.2 °C) and impurities resulted in the
formation of an oil.
The SN2 addition of an alkyl halide to secondary Bt sulfonamides was also very
successful with yields usually greater than 50%. In the case of reaction VI the low
melting product (69.5-70.5 °C) was difficult to isolate. The product was purified by flash
chromatography in the relatively low yield of 28. 7%.
Addition of I-bromo-2-propanylnitrile to N-benzyl-l,3-Bt-2-sulfonamide resulted
in acrylonitrile along with the initial sulfonamide because of competing E2 elimination
reaction at the double bond from the alkyl halide.
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It was thought that the anthracene cleavage reaction might be an electron transfer
between thiophenol and anthracenesulfonamide. This theory was proved to be false by
placing a deuterium in the 10 position and a methyl group on the 7 position. The side
product, 9-anthracene phenylthioether (isolated in reaction XIX) had the methyl group on
the 2 position and no deuterium6 . This shows that removal of the hydrogen (deuterium) in
the 10 position occurs and addition to the ten position resulting in the sulfonamide group
leaving (shown below) thus the mechanism is not an electron transfer mechanism.
scheme 10.
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Although the mechanism has not yet been proven for benzothiazolesulfonamides the
addition compound, Bt-2-phenylthioether, was isolated in reactions XV and XVI,
implying an addition-elimination mechanism (shown below).
scheme 11.
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A side reaction of this cleavage reaction is the formation of diphenyl disulfide which was
isolated in reactions XV and XVI. It is fonned by the presence of oxygen either during
the reaction or during the workup(scheme 12).
scheme 12.
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Potassium-tert-butoxide works well for the cleavage in the secondary amine
deprotection reactions and yields greater than 70% for the Bt sulfonamides and greater
than 60% (due to isolation difficulties) for anthracene sulfonamides result (table 1).
Because t-buOK is a fairly harsh base, it can result in product loss due to proton
abstraction. This is seen most clearly in the low yield of50.9% reaction(XIV) where the
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amine is secondary and acidic. This problem was solved by the use of Hunig's base. With
the Hunig's base a yield of90.5% was recovered but the isolation was more difficult and
the final product was not as pure.

Conclusion
Cleavage of anthracene and benzothiazole sulfonamides using either t-BuOK or
Huunig's base and thiophenol is a process which gives greater than 60% yields in reaction
conditions which are mild in comparison to any previously proposed. This process also
makes these sulfonamide protecting groups a more viable option when working with
amines in synthesis.
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experimental
Analytical instrumentation:
Melting points were determined on a Hachi melting point apparatus and are uncorrected.
Flash chromatography refers to the method described in reference 8 using Merck Kiesel
gel 60 A. Gas chromatographs were recorded on a lIP 5890A chromatograph ramped
from 100 - 240°C at a rate of 10°C/min. Samples were dissolved in EtOAc and injected
into a DB-5, 25 m column with 100 kPa head pressure. Thin-layer chromatography was
performed using either EM Science Kieselgel 60 A (plate type A) or EM Science Kieselgel
60 Fz,4(plate type B) with both being 250 J.1m layer plates visualized by UV and
phosphomolybdic acid / Ce(S04}:t or Ninhydrin stains. IR spectra of solid samples were
prepared in KBr and recorded on a Nicolet Impact 410 FT IR spectrometer. IR spectra
ofliquid samples were prepared on NaCI plates and recorded on a Perkin Elmer 1320 IR
spectrometer.
High Resolution mass spectroscopy was recorded on a ZAB-2F spectrometer using EI
ionization technique. Low Resolution spectroscopy were aquired on a Fisons Trio 2000
single quadrupole mass spectrometer operating in electron impact (EI) or chemical
ionization (CI) mode. The scam range was 110-600 amu for CI and 45-600 amu for EI,
the source temperature was 150°C.
Nuclear Magnetic Resonance were carried out on a 300 MHz Bruker AMX300
spectrometer operating at 300.15 MHz for the observation of lH and 75.74 MHz for the
observation of BC. NMR data are reported in ppm downfield relative to TMS, using
CDCb.
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Materials:
All chemicals were reagent grade and used without further purification unless otherwise
stated. Indoline required distillation at 175°C / 24 mmHg prior to use due to degradation
from exposure to O2 in the air. Color changed from red~orange to light yellow.

Reactions:

Benzotbiazolesulfonamides
I Benzotbiazole-2-sulfonylcbloride
BtsCl was prepared using the method detailed in reference 1 (scheme 6). 90 mL 33%
acetic acid in an ice salt bath was mechanically stirred and excess Ch g was bubbled in.
When a yellow precipitate began to form 15g, (89.66 mmol ) commercially available
2-mercaptobenzothiazole in 90 mL 33% acetic acid was added in 3 mL portions over 2
1/2 hours with a reaction temperature of I-5°C. After the last portion was added stirring
and reaction temperature were maintained for 15 min. The light yellow crystals were
filtered and washed with 150 mL cold H 20 and 75 mL NaHC03 . Because of the
instability of BtsCI it was immediatly reacted with a primary amine.

n N-Benzyl-l ,3-benzotbiazole-2-sulfonamide
Damp BtsCI from proceedure above (ca: 35.8 mmol) was immediatly reacted with
7.84 mL, 71.79 mmol, 2 equiv.) benzylamine in CH2Ch at 0° C for 16 hrs. The reaction
mixture was acidified with HCI to remove excess amine, extracted with CH2Ch, dried with
magnesium sulfate, suction filtered, and concentrated under diminished pressure. The
resulting white crystals were recrystallized from hot CH2Ch adding heptane until the
12

solution turned cloudy, suction filtered and dried under reduced pressure. A yield of
66.5% was recovered: mp. 129.5 °C;

IR 3442, 1425, 1349, 1163cm"t; tH NMR: 8(ppm) 8.01 (d, J = 7.9 Hz, 1 H), 7.98 (d, J =
8.1 Hz, 1 H), 7.62 (t, J
N, 1 H), 4.44 (d, J

= 7.1 Hz,

1 H), 7,57 (t, J

= 5.4 Hz, 2 H).

= 7.2 Hz, 1 H), 7.26 (m, 5 H), 5.41

(s,

BC NMR: 8(ppm) 166.11, 152.15, 136.30, 135.66,

128.62, 128.02, 127.57, 127.38, 124.92, 122.07,47.86; fIRMS: theoretical calcd for
CtJ-l12NzOzSz: 305.0418, measured 305.0417.

ill N-[2-(2,5- Dimethoxyphenyl)-l-methyl ethyl]-1,3-benzothiazole-2-sulfonamide
Damp BtsCI from reaction 1 above ca: 10 g (25.5 mrnol, 1/3 total yield) was
imrnediatly reacted with 10 g (42.5 mrnol, 1.8 equiv.)
3-(2,5-dimethoxyphenyl)-I-methylpropylamine in CHzCh at 0° C. The reaction mixture
was acidified with HCI to remove excess amine, extracted with CHzCh, dried with
magnesium sulfate, suction filtered, and consentrated under reduced pressure to a dark red
oil. White crystals formed in the red oil when toluene was added and were recrystallized
from hot toluene and heptane, suction filtered, and dried under high pressure. A yield of
15.0% was recovered: mp. 87.5-88.2 °C; IR 3228, 1501,1456,1351, 1171, 1128cm

o

tH NMR: 8(ppm) 8.03 (d, J
1 H), 7.50 (t, J

= 7.3 Hz,

= 7.9 Hz,

1 H), 7.86 (d, J

= 8.0 Hz,

1 H), 6.45 (d, 2 H), 6.22 (AB q,

~v

';

1 H), 7.55 (t, J

= 7.2 Hz,

= 8.9 Hz, J = 3.1

Hz, 1 H),

5.87 (d, J = 5.6 Hz, N, 1 H), 3.90 (sex, J = 5.0 Hz, 1 H), 3.73 (s, 3H), 3.49 (s, 3 H), 2.80
(AB q,

~v

= 13.7 Hz, J = 9.8 Hz,

1 H), 2.55 (AB q,

~v

= 13.7 Hz, J == 4.3 Hz,

1 H), 1.38

(d, J = 6.4 Hz, 3 H); BC NMR: 8(ppm) 165.67, 153.37, 152.38, 150.65, 136.46, 127.16,
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129.90, 126.60, 125.17, 121.83, 116.96, 111.73, 111.39,81.18,55.89,55.23, 53.26,
37.32,23,43; HRMS: theoretical calcd for CIsH20N204S2: 392.0865, measured 392.0861.

IV N, N-Dibenzyl-l,3-benzothiazole-2-sulfonamide
The reaction was run under N 2 at 0 °c in 10 ml DMF with magnetic stirring.
Potassium-t-butoxide (2.48 mL, 1.1 equiv.) was reacted with 1.36 g (4.47 mmol)
N-benzyl-1,3-Bt-2-sulfonamide. After 2-3 minutes, benzyl bromide (0.58 mL, 1.1 equiv.)
was added to this mixture. After 1 hour, 0.25 equiv. of both potassium-tert-butoxide and
benzylbromide were added and reacted for 2 hours. Excess
N-benzyl-1,3-Bt-2-sulfonamide was basified to a salt with .5 equiv. K 2C03 . The product
was extracted with EtOAc (0.422 g solid were filtered from the water and found to be
product), back extracted with H 20 to remove excess DMF, dried with magnesium sulfate,
suction filtered, and concentrated under diminished pressure. The resulting white crystals
were recrystalized from hot toluene adding heptane until solution turned cloudy then
allowed to cool, suction filtered, and dried under high pressure. A yield of 73.5% was
recovered: mp. 108.0-109.0°C; IR 1359, 1161cm- l

;

IH NMR: o(ppm) 8.16 (d, J = 7.5

Hz, 1 H), 7.95 (d, J = 7.8 Hz, 1 H), 7.60 (t, J = 6.9 Hz, 1 H), 7.54 (t, J = 7.8 Hz, 1 H),
7.18 (s, 10 H), 4.55 (s, 4 H); BC NMR: o(ppm) 166.27, 152.37, 136.20, 134.81, 128.74,
128.42, 127.87, 127.47, 127.30, 125.08, 122.03,51.41; HRMS: submitted
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V tert-Butyl-1,2-[(1 ,3-benzothiazole-2-ylsulfonyl)(benzyl)amino]acetate

The reaction was run under N 2 at 0 <lC in 3 mL DMF with magnetic stirring.

Potassium-tert-butoxide (l mL, 1.2 equiv.) was reacted with 500 mg (1.64 mmol)
N-benzyl-l,3-Bt-2-sulfonamide. After 2-3 minutes (0.29 mL, 1.2 equiv.) tert-butylacetic
bromide was added to this mixture. The reaction, monitored by TLC (plate type A,
1:4: 15, TEATHF:Heptane), went to completion in less than 112 hour. Excess
N-benzyl-l,3-Bt-2-sulfonamide was basified to a salt with .5 equiv. K 2C03 . The product
was extracted with EtOAc, back extracted with H20 to remove excess DMF, dried with
magnesium sulfate and consentrated under reduced pressure. The resulting white crystals
were recrystalized from hot toluene adding heptane until solution turned cloudy then
allowed to cool, suction filtered, and dried under reduced pressure. A yield of 73.3% was
recovered: mp. 89.0 °C IR 1745, 1352, 1234, 1152cm-\ IH NMR: 0 (ppm) 8.18 (m, 1
H), 7.98 (m, 1 H), 7.60 (m, 1 H), 7.55 (m, 1 H), 7.32 (s, 5 H), 4.76 (s, 2 H), 3.97 (s, 2

H), 1.25 (s, 9 H); BC NMR: o(ppm)166.85, 165.21, 152.50, 136.38, 134.44, 128.78,
128.29, 127.95, 127.42, 127.22, 125.17, 122.05,82.24,52.06,47.66,27.73; HRMS:
theoretical calcd for C2oH22N20 4 S2: 419.1099, measured 419.1078.

VI N-Benzyl-N-(4-methoxybenzyl)-1,3-benzotbiazole-2-sulfonamide

The reaction was run under N2 at 0 °C in 8 mL DMF with magnetic stirring.

Potassium-tert-butoxide (3.95 mL, 1.2 equiv.) was reacted with 2 g (6.57 mmol)
N-benzyl-l,3-Bt-2-sulfonamide. After 2-3 minutes (1.07mL, 1.2 equiv.)
p-methoxybenzyl chloride was added to this mixture. The reaction, monitored by TLC
(plate type A, 1:4: 15, TEATHF:heptane), went to completion in less than 1 hour. Excess
15

N-benzyl-l,3-Bt-2-sulfonamide was basified to a salt with .5 equiv. K2C03. The product
was extracted with EtOAc, back extracted with H 20 to remove excess DMF, dried with
magnesium sulfate, suction filtered, and condensed. The resulting oil was flash
chromatographed (3: 17 / MTBE:heptane). Fractions collected were concentrated under
diminished pressure, dried under 25 mmHg vaccum and low melting white crystals formed
overnight. A yield of 28.7% was recovered: mp. 69.5-70.5 DC; IR 1457, 1353, 1156cm-t;
'H NMR: 0 (ppm) 8.16 (d, J = 7.6 Hz, 1 H), 7.97 (d, J = 7.6 Hz, 1 H), 7.62 (t, J = 5.6

Hz, 1 H), 7.55 (t, J = 6.1 Hz, 1 H), 7.21 (m, 5 H), 7.08 (d, J - 8.6 Hz, 2 H), 6.71 (d, J =
8.6 Hz, 2 H) 3.73 (s, 3 H); BC NMR: o(ppm) 159.28, 152.36, 136.20, 135.00, 130.22,
128.64,128.42,127.81,127.40,127.25,126.66, 125.06, 122.00, 113.76,55.18,51.07,
50.78; HRMS: theoretical calcd for

C2~'6N203S2:

424.0915, measured: 424.0904.

VD N-benzyl-N-(3-methyl-2-butenyl)-1,3-benzothiazole-2-sulfonamide
The reaction was run under N 2 at 0 °C in 4 mL DMF with magnetic stirring.
potassium-tert-butoxide (1.99 mL, 1.2 equiv.) was reacted with 1 g (3.28 mmol)
N-benzyl-l,3-Bt-2-sulfonamide. After 2-3 minutes, (0.49 mL, 1.2 equiv.) prenyl chloride
was added to this mixture. The reaction, monitored by TLC (plate type A, 1:4: 15,
TEATHF:Heptane), went to completion in less than 2 hours. Excess
N-benzyl-l,3-Bt-2-sulfonamide was basified to a salt with .5 equiv. K 2C03. The product
was extracted with CH2Ch, back extracted with H 20 to remove excess DMF, dried with
magnesium sulfate, suction filtered, and concentrated under diminished pressure. The
resulting white crystals were recrystalized from MeOH, suction filtered, and dried under
reduced pressure. A yield of 55.9% was recovered: mp. 81.0-81.5 DC; IR 1349,
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1163cm-t; IH NMR: 8(ppm) 8.20 (d, J = 8.2 Hz, 1 H), 7.98 (d, J = 7.8 Hz 1 H), 7. 59(m,
2 H), 7.30 (m, 5 H), 4.998 (t, J = 7.5 Hz, 1 H), 4.585 (s, 2 H) 3.96 (d. J = 7.2 Hz, 2 H),
1.51 (s, 3 H), 1.43 (s, 3 H); 13C NMR: 8(ppm) 137.85, 135.67, 128.47, 128.34, 127.78,
127.34,127.21,125.06,121.98,117.74,51.18,45.43, 25.60,17.66; fIRMS: theoretical
calcd for C19H20N202S2: 373.1044, measured 373.1042.

Anthracene sulfonamides
VITI Anthracene-9-sulfonylchloride

AnS02Cl was prepared using the method detailed in reference 5(scheme 5).
Tetrabutylammonium anthracenesulfonate (10.37 g, 20.7 mmol) in CH3 CN (20 mL) and
10 mL sulfolane under N 2 with mechanical stirring, was reacted with POCh (7.7 mL, 82.6
mmol) added dropwise at room temperature. The mixture was stirred vigorously for ten
minutes, cooled in an ice bath, and treated with 100 m1 H 20 (added drop wise). The
product was filtered and washed with water and dried under reduced pressure. The
resulting yellow crystals were recrystalized from hot toluene. A yield of 96.3% was
recovered: DSC* Exothermic decomposition (17.7 J/g) following melting point with
pressure generated, onset range of decompostition 113-117, IR 1366, 1166cm-l; IH
NMR: 89.27 (d, J = 9.3 Hz, 2 H), 8.84 (s, 1 H), 8.11 (d, J = 8.4 Hz, 2 H), 7.81 (AB q,
Llv = 8.1 Hz, J = 6.9 Hz, 2 H), 7.61 (t, J = 7.2 Hz, 2 H). 13C NMR: 8 138.77, 130.88,
130.34, 129.71, 129.54, 125.91, 124.25; LRMS: theoretical calcd for
C IJ-I9CIOzS:276.74, measured (EI m+) 276.
* DSC -Digital Scanning Calorimeter: Scan range 30-300 °C, rate 10°C/min.
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IX l-(Anthrylsulfonyl)indolin
Indoline (0.27 rnL, 3.61 mmol) was reacted with AnS0 2Cl (1 g, 3.55 mmol) at 0 DC, under
N 2 at 0 DC in 10 mL pyridine with magnetic stirring. Upon completion of the reaction as
was indicated by TLC (plate type A, 1:25:74/TEAEtOAc:heptane) excess pyridine was
acidified to a salt with HCl. The product was extracted with EtOAc, dried with
magnesium sulfate, suction filtered, and consentrated under diminished pressure. The
resulting yellow crystals were recrystallized from hot toluene adding heptane until solution
turned dowdy, suction filtered and dried under high pressure. A yield of 46.2% was
recovered: mp. 126.5

DC~

IR: 1328,

1148cm-'~

'HNMR: o(ppm) 9.36 (d, J = 9.3 Hz, 2

H), 8.74 (s, 1 H), 8.05 (d, J = 8.1 Hz, 2 H), 7.60, (m, 2 H), 7.57 (t, J = 7.5 Hz, 2 H), 7.37
(d, J = 8.1 Hz, 1 H), 7.06 (q, J = 7.6 Hz, 2 H), 6.91 (t, J = 7.2 Hz, 1 H), 3.89 (t, J = 9.0
Hz, 2 H), 2.82 (t, J = 8.4 Hz, 2 H)~ BC NMR: o(ppm) 142.80, 136.38, 131.54, 131.20,
131.16, 129.30, 128.78, 128.05, 127.49, 125.38, 125.17, 124.97, 123.28, 114.89,49.64,
28.11~ HRMS:

theoretical caIcd for

C23HI~2N2S:

359.0980, measured 359.0984.

X N, N-Dibenzyl-9-anthracenesulfonamide
Dibenzylamine (l.43mL, 7.23 mmol) was reacted with AnS0 2Cl (2 g, 7.23 mmol) under
N 2 in 20 rnL pyridine with magnetic stirring. Upon completion of the reaction as was
indicated by TLC (plate type A, 1:25:74/TEAEtOAc:Heptane) excess pyridine was
acidified to a salt with HCl. The product was extracted with hot EtOAc, dried with
magnesium sulfate, suction filtered, and concentrated under diminished pressure. The
resulting yellow crystals were recrystallized from hot EtOAc suction filtered and dried
under high pressure. A yield of 6.3% was recovered: mp. 137.5
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DC~

IR 1317, 1142cm-';

IH NMR: o(ppm) 9.35 (d, J = 9.0 Hz, 2 H), 8.69 (s, 1 H), 8.03 (d, J = 7.9 Hz, 2 H), 7.66
(split ABq, Av = 9.3 Hz, J1 = 1.5 Hz, J2 := 5.1 Hz, J3 = 1.2 Hz, 2 H), 7.52 (m, 2 H), 712
(m, 6 H), 6.85 (ABq, Av = 7.5 Hz, J = 1.8 Hz) 4.392 (s, 4 H); 13C NMR: o(ppm) 136.20,
135.06, 131.38, 131.21, 129.42, 128.79, 128.27, 127.57, 125.38, 125.28,49.23; HRMS:
theoretical calcd for C21H1802N2S: 437.1452, measured 437.1449.
The anthracenesulfonate dibenzylamonium salt was also recovered and analyzed: IH
NMR: o(ppm) 9.55 (m, 2 H), 9.38 (s, N, 2 H), 8.53 (s, 1 H), 7.97 (m, 2 H), 7.43 (m, 4
H), 7.25 (d, J = 8.1 Hz, 4 H), 7.06 (m, 6 H), 3.84 (t, J = 5.1 Hz, 4 H); LRMS (two
peaks): calculated for anthracene C1.JI1O 178.23 and dibenzylamine

Cl.JII~N

198.28,

measured (CI m+ 1) 179 and 198.

XI N, N- Dicyclohexyl-9-anthracenesulfonamide
Dicyclohexylamine (1.44 mL, 7.23 mmol) was reacted with AnS0 2CI (2 g, 7.23 mmol)
under N 2 at 0 °c in 5 mL pyridine with magnetic stirring. Upon completion of the reaction
as was indicated by TLC (plate type A, 1:20:79/TEATHF:heptane) excess pyridine was
acidified to a salt with HCl. The product was extracted with CH2Ch, dried with
magnesium sulfate, suction filtered, and concentrated under diminished pressure. The
resulting yellow crystals were dissolved in excess hot MTBE and those crystals which
were insoluble were suction filtered, dried under reduced pressure and found to be the
anthracenesulfonate dicyclohexylamonium salt. The filtrate was concentrated to about 2

mL and the product crystallized, was suction filtered and dried under high pressure. A
yield of29.9% product was recovered: mp. 193.5-196°C; IR 1312, 1140cm-t; IH NMR:
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o(ppm) 9.43 (d, J = 9.3 Hz, 2 H), 8.69 (s, 1 H), 8.03 (d, J = 6.5 Hz, 2 H), 7.64 (t, J = 6.5
Hz, 2 H), 7.51 (t, J = 7.7 Hz, 2 H), 7.26 (s, 2 H), 3.29 (quin, J

= 6.4 Hz),

1.85 (s, 6 H),

1.72 (d, J = 9.5 Hz, 4 H), 1.52 (d, J = 9.8 Hz, 4 H), 1.06 (d, J = 7.7 Hz, 6 H); BC NMR:
o(ppm) 135.62, 131.32, 131.23, 129.14, 128.04, 125.66, 125.21,58.41,32.48,26.70,
25.38; HRMS: theoretical calcd for C ZJI31 0zNS 421.2076 , measured 421.2071.
A yield of62.4% salt was also recovered: IH NMR: o(ppm) 9.59 (d, J = 9.0 Hz, 2 H), 8.49
(s, 1 H), 8.04 (m, N, 2 H), 7.96 (d, J = 8.1,2 H), 7.51 (t, J = 8.9 Hz, 2 H), 7.42 (t, J = 8.8
Hz, 2 H), 7.26 (s, 1 H), 2.08 (m, 2 H), 1.87 (m, 6 H), 1.46 (m, 4 H), 1.35 (m, 4 H), 0.19
(m,6H); LRMS (two peaks): calculated for anthracene C1J-I1O 178.23 and
dicyclohexylamine C)(J!zzN 181.32, measured (EI m+) 178 and 181.

xn N-(4 Methoxybenzyl)-9-anthracenesulfonamide
p-Methoxybenzylamine (0.94 mL, 7.23 mmol) was reacted with AnSOzCl (1 g, 7.23
mmol) at 0 °c, under N z at 0 °C in 10 mL CHzCh and 3 mL pyridine with magnetic
stirring. The reaction, monitored by TLC (plate type B, 1:4: 15, TEATHF:heptane), went
to completion in less than 20 minutes. Water was added and the resulting salt was filtered
off. The product was extracted with CHzCh, dried with magnesium sulfate, suction
filtered, and concentrated under diminished pressure. The resulting yellow crystals were
recrystallized from hot EtOAc adding MTBE until solution turned clowdy, suction filtered
and dried under reduced pressure. A yield of 50.4% was recovered: mp. 139.5-143.5 °C;

IR 3270, 1511, 1443, 1322, 1179, 1141cm'\ IH NMR.: o(ppm) 9.28 (d, J = 9.3 Hz, 2 H),
8.66 (s, 1 H), 8.04 (d, J = 8.4 Hz, 1 H), 7.66 (ABq, .1v =9.3 Hz. J = 6.6 Hz, 2 H), 7.53(t,
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J = 8.0 Hz, 2 H), 7.26 (s, 1 H), 6.72 (d, J = 8.6 Hz, 2 H), 6.50 (d, J = 8.6 Hz, 2 H), 5.13
(s, N, 1 H), 3.93 (d, J = 6.1, 2 H) 3.68 (s, 3 H); 13C NMR o(ppm) 158.98, 135.45,
131.25, 130.41, 129.51, 129.22, 128.99, 128.87, 127.68, 125.34, 124.90, 113.65, 55.81,
46.87; HRMS: theoretical calcd for C21 H J70 3NS: 337.1086, measured 337.1085.

xm tert-Butyl[(9-anthracenesulfonyl)(4-methoxybenzyl)amino]acetate
t-Butylbromoacetate (0.23 mL, 1.2 equiv.) was reacted with N-(4
methoxybenzyl)-9-anthracenesulfonamide (500 mg, 1.33 mmol) under N2 in 2 mL DMF
with magnetic stirring initially at 0 DC then allowed to come to room temperature. The
reaction, monitored by TLC (plate type B, 1:4:15, TEATHF:heptane), went to
completion in less than 40 minutes. K 2C03 was added to remove excess 9-Anthracene
p-methoxybenzylamine to a salt. The product was extracted with CH2Clz, back extracted
with H20 to remove excess DMF, dried with magnesium sulfate, suction filtered, and
concentrated under diminished pressure. The resulting yellow crystals were recrystallized
from MTBE, suction filtered and dried under high pressure. A yield of 65.1% was
recovered: mp. 127.0 DC; IR 1719, 1455, 1305, 1249, 1142cm-1; IH NMR: o(ppm) 9.33
(d, J = 9.0 Hz, 2 H), 8.72 (s, 1 H), 8.06 (d, J = 9.0 Hz, 2 H), 7.67 (t, J = 9.0 Hz, 2 H),
7.54 (t, J = 9.0 Hz, 2 H), 6.84 (d, J = 9.0 Hz, 2 H), 6.66 (d, J = 9.0 Hz, 2 H), 4.52 (s, 2
H), 3.93 (s, 2 H), 3.72, (s, 3 H) 1.22 (s, 9 H); 13C NMR.: o(ppm) 167.54, 136.04, 131.27,
130.11, 129.36, 128.67, 126.51, 125.47, 125.24, 113.84,81.75,55.15,50.17,46.68,
27.70; HRMS: theoretical calcd for Cz7Hz"osNS: 491.1766, measured 491.1758.
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Benzothiazolsulfonamid cleavaee reactions
XIV 3-(2,5-Dimethoxyphenyl)-1-methylpropylamine
a. Thiophenol (1.2 equiv.) was added to 1.2 equiv. ofpotassium-tert-butoxide and allowed
to react under degassed conditions at room temperature in 2 mL DMF with magnetic
stirring. After 2 - 3 minutes N-[2-(2,5-dimethoxyphenyl)-I-methyl
ethyl]-1,3-Bt-2-sulfonamide (300 mg, 0.76 mmol) was added. The reaction, monitored by
TLC (plate type B. 1:6: 13, TEATHF:heptane), went to completion in less than 40
minutes. The amine was acidified to a salt with HCI, CH2Ch was added, and the amine
was extracted with H 20. The amine was free based with NaOH, extracted with CH2C12,
back extracted with H 20, dried with magnesium sulfate, suction filtered and concentrated
under diminished pressure. The recovered amine was 100.00.10 pure by GC with a yield of
59.0%.
b. This reaction was run a second time in the same manner as described above except the
base used was Hunig's base (DiPEA) and 500 mg (1.27 mmol)
N-[2-(2,5-dimethoxyphenyl)-1-methyl ethyl]-1 ,3-benzothiazole-2-sulfonamide were
reacted in 3 mL DMF.
The reaction went to completion in less than 5 minutes and the amine was 96.8% pure by

GC with a yield of90.5%: IR 3345,3270, 1490, 1455, 1215cm·t; IH NMR: o(ppm) 6.75
(m,3 H), 3.78 (s, 3 H), 3.76 (s, 3 H), 3.19 (sex, J = 6.1 Hz, 1 H), 2.71 (ABq,.1v = 13.0
Hz, J = 5.4 Hz, 1 H), 2.501 (ABq, .1v = 12.9 Hz, J = 7.9 Hz, 1 H) 1.350 (s, N, 2 H),
1.107 (d, J = 6.3 Hz, 3 H); BC NMR: O(ppm) 153.35, 152.07, 129.45, 117.36, 111.40,
111.33,55.88,55.68,47.17,41.34,23.70.
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XV Dibenzylamine
Thiophenol (2 equiv.) was added to 2 equiv. ofpotassium-tert-butoxide and allowed to
react under degassed conditions at room temperature in 5 mL DMF with magnetic
stirring. After 2 - 3 minutes N, N-dibenzyl-l,3-Bt-2-sulfonamide (lg, 2.53 mmol) was
added. The reaction was monitored by TLC (plate type A, 1:20:79, TEATHF:heptane).
The amine was acidified to a salt with HCI, EtOAc was added, and the amine was
extracted with HzO. The amine was free based with NaOH, extracted with EtOAc, back
extracted with HzO, dried with magnesium sulfate, suction filtered and condensed. The
recovered amine was 98.3% pure by GC with a yield of92.0%: IR 3328, 1450cm-i; IH
NMR: o(ppm) 7.29 (m, 10 H), 3.81 (s, 4 H), 1.62 (s, N, 1 H); BC NMR: o(ppm) 140.37,
128.40,128.28,128.16,126.95,53.19.

XVI ten-butyl 2-(benzylamino)acetate
Thiophenol (1.2 equiv.) was added to 1.2 equiv. of potassium-tert-butoxide and allowed
to react under degassed conditions at room temperature in 4 mL DMF with magnetic
stirring. After 2 - 3 minutes tert-butyl (1,3-Bt-2-ylsulfonyl)(benzyl)amino]acetate (459
mg, 1.09 mmol) was added. The reaction was monitored by TLC (plate type B, 1:4: 15,
TEATHF:heptane). The reaction did not go to completion therefore it was necessary to
add 1.2 equiv. prereacted thiophenol and base. The reaction went to completion within 5
minutes of the addition. The amine was acidified to a salt with HCI, EtOAc was added,
and the amine was extracted with HzO. The amine was free based with NaOH, extracted
with EtOAc, back extracted with HzO, dried with magnesium sulfate, suction filtered and
concentrated under diminished pressure. The recovered amine was 96.3% pure by GC
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with a yield of 82.4%: IR 3338, 1735, 1490, 1228, 1160cm'\ IH NMR.: o(ppm) 7.32 (d, J
== 4.5 Hz, 5 H), 3.79 (s, 2 H), 3.30 (s, 2 H), 1.98 (s, N, 1 H), 1.47 (s, 9 H); BC NMR:

o(ppm) 171.61, 139.61, 128.37, 128.24, 127.04,81.09,53.23,53,89,28.07.

xvn N-Benzyl(4-methoxybenzyl)amine
Thiophenol (1.2 equiv.) was added to 1.2 equiv. ofpotassium-tert-butoxide and allowed
to react under degassed conditions at room temperature in 2 mL DMF with magnetic
stirring. After 2 • 3 minutes N-benzyl-N-(4-methoxybenzy1)-1 ,3-Bt-2-sulfonamide (250
mg, 0.59 mmol) was added. The reaction, monitored by TLC (plate type B, 1:4: 15,
TEATHF:heptane), was complete in less than 20 minutes. The amine was acidified to a
salt with HCI, CH2Ch was added, and the amine was extracted with H 20. The amine was
free based with NaOH, extracted with CH2Ch and MTBE, back extracted with H 20, dried
with magnesium sulfate, suction filtered and concentrated under diminished pressure. The
recovered amine was 97.5% pure by GC with a yield of74.7%: IR 3318, 1502, 1442,
1172cm· l ; IH NMR: o(ppm) 7.29 (m, 7 H), 6.97 (d, J = 8.6 Hz, 2 H), 3.80 (s, 3 H), 1.59
(s, N, I H); BC NMR: o(ppm) 158.65, 140.43, 132.52, 129.32, 128.39, 128.15, 126.91,
113.80, 55.29, 53.10, 52.59.

XVllI Benzyl(3-methyl-2-butenyl)amine
Thiophenol (1.2 equiv.) was added to 1.2 equiv. ofpotassium-tert-butoxide and allowed
to react under degassed conditions at room temperature in 2 mL DMF with magnetic
stirring. After 2 - 3 minutes N-benzyl-N-(3-methyl-2-butenyl)-1 ,3-Bt-2-sulfonamide (300
mg, 0.81 mmol) was added. The reaction, monitored by TLC (plate type B, 1:6:65,
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TEATHF:heptane) was complete in less than 1Y2 hours. The amine was acidified to a salt
with HCI, CH2Ch was added, and the amine was extracted with H 20. The amine was free
based with NaOH, extracted with CH2Ch and MTBE, back extracted with H 20, dried with
magnesium sulfate, suction filtered and concentrated under diminished pressure. The
recovered amine was 100.0% pure by GC with a yield of70.8%: IR 3300, 1442cm-\ IH

NMR: O(ppm) 7.27 (m, 5 H), 5.29 (t, J = 6.8 Hz, 1 H), 3.78 (s, 2 H), 3.23 (d, J = 6.8 Hz,
2 H), 1.72 (s, 3 H), 1.62 (s, 3 H), 1.41 (s, N, 1 H); BC NMR: o(ppm) 140.52, 134.43,
128.35, 128.17, 126.85, 123.03, 53.53,46.73,25.75, 17.93.

Anthracenesulfonamide cleaVAge reactions
XIX indoline
Thiophenol (1.2 equiv.) was added to 1.2 equiv. ofpotassium-t-butoxide and allowed to
react under degassed conditions at room temperature in 2 mL DMF with magnetic
stirring. After 2 - 3 minutes l-(anthrylsulfonyl)indoline (250 mg, 0.55 mmol) was added.
The reaction, monitored by TLC (plate type B, 1:4: 15, TEA THF:heptane), went to
completion in less than 112 hour. The amine was acidified to a salt with HCI, CH2Ch was
added, and the amine was extracted with H 20. The amine was free based with NaOH,
extracted with MTBE and CH2Clz, back extracted with H 20, dried with magnesium
sulfate, suction filtered and concentrated under diminished pressure. Because of the low
boiling point of indoline no more than 30 mmHg pressure was pulled when removing
excess solvent. The recovered amine was 100% pure by GC with a yield of 71.0%: IR
3355, 1600, 1478cm-\ IH NMR: o(ppm) 7.11 (d, J = 7.2 Hz, 1 H), 7.00 (t, J = 7.5 Hz, 1
H), 6.69 (t, J = 7.3, 1 H), 6.63 (d, J = 7.8 Hz, 1 H), 3.74 (s, N, 1 H), 3.53 (t, J =8.3 Hz, 2
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H), 3.02 (t, J = 8.3 Hz, 2 H)~ 13C NMR: 3(ppm) 151.56, 129.26, 127.16, 124.58, 118.59,

109.38,86.96,47.28,29.80.

xx dibenzylamine
Thiophenol (2 equiv.) was added to 2 equiv. ofpotassium-tert-butoxide and allowed to
react under degassed conditions at room temperature in 5 mL DMF with magnetic
stirring. After 2 - 3 minutes N, N-dibenzyl-9-anthracenesulfonamide (320 mg, 0.73 romol)
was added. The reaction, monitored by TLC (plate type A, 1:4: 15, TEA: THF: heptane),
went to completion in less than 1;2 hour. The amine was acidified to a salt with HCI,
EtOAc was added, and the amine was extracted with H20. The amine was free based with
NaOH, extracted with EtOAc, back extracted with H20, dried with magnesium sulfate,
suction filtered and concentrated under diminished pressure. The recovered amine was
100.00.10 pure by GC with a yield of68.6%: For analytical data see reaction XV.

XXI ten· Butyl Z-{(4-methoxybenzyl)amino]aeetate

Thiophenol (1.2 equiv.) was added to 1.2 equiv. ofpotassium-tert-butoxide and allowed
to react under degassed conditions at room temperature in 2 mL DMF with magnetic
stirring. After 2 - 3 minutes
tert-butyl-2-[(9-anthracenesulfonyl)(4-methoxybenzyl)amino]acetate (270 mg, 0.55 romol)
was added. The reaction, monitored by TLC (plate type B, 1:4: 15, TEA:THF:heptane),
took less than 1;2 hour to go to completion. The amine was acidified to a salt with HCl,
CH2Ch was added, and the amine was extracted with H 20. The amine was free based
with NaOH, extracted with CH2Ch, back extracted with H20, dried with magnesium
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sulfate, suction filtered and concentrated under diminished pressure. The recovered amine
was 100.0% pure by GC with a yield of 65.2%: IR3317, 1720, 1602, 1503, 1237,

1150cm'\ IH NMR.: o(ppm) 7.25 (m, 2 H), 6.87 (m, 2 H), 3.80 (s, 3 H), 3.72 (5, 2 H),
3.29 (5, 2 H), 1.78 (s, N, 1 H), 1.50(5, 9 H)~ HC NMR: o(ppm) 171.76, 158.79, 131.85,
129.51, 113.84,81.15,55.29,52.72,50.89,28.15.

byproducts
Dipbenyl disulfide
The white needle crystals were isolated by flash chromatography (3: 17Itoluene: heptane) of
the first organic extraction of cleavage reaction XVI: mp. 58.0-60.0 °C~ IR 739, 687~ IH

NMR: o(ppm) 7.49 (m, 4 H), 7.25 (m, 6 H)~

13e NMR: o(ppm) 137.00, 129.02, 127.49,

127.11; LRMS: theoretical calOO for C 12 S2 : 218.34, measured (EI m.j) 218.

Benzothiazole-Z..phenylthioether
The yellow oil was isolated by flash chromatography (3: 17/toluene:heptane) of the first
organic extraction of cleavage reaction XVI: IR 1448, 1415, 1000, 742, 680; IH NMR.:
o(ppm) 7.87 (d, J = 8.1, 1 H), 7.72 (m, 2H), 7.62 (d, J = 8.0, 1 H), 7.58 (m, 4 H), 7.23
(m, 1 H) ~

13e NMR.: o(ppm) 169.61, 153.90, 135.52, 135.32, 130.42, 129.89, 126.12,

124.29, 121.93, 120.75.
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9-anthracene phenylthioether
The yellow solid was isolated by flash chromatography (3: 17/toluene:heptane) of the first
organic extraction of cleavage reaction XIX: mp. 95.5-97.0 DC; IR 1621, 728, 668; IH
NMR: o(ppm) 8.81 (m, 2 H), 8.60 (s, 1 H), 8.02 (m, 2 H), 7.52 (m, 4 H), 7.05 (m, 3 H),
6.92 (m, 2 H); BC NMR: o(ppm) 134.96, 131.94, 130.16, 128.86, 127.20, 126.81,
126.19, 125.53, 124.83,87.01; LRMS* theoretical calcd for C2oH14S 286.0816, measured
286.0816.
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