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Effect of Hydrogen Bonding and Solvent on the Conformational
Preferences of Some 4-Hydroxythioxanthene S-Oxides
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For a series of 4-hydroxythioxanthene S-oxides, it is shown by 'H NMR spectroscopy that these molecules pref-
erentially exist in conformations in which the sulfinyl oxygen is pseudoequatorial (e¢’) in chloroform but pseudoaxial
(2) in dimethyl sulfoxide solutions. Intra- vs. intermolecular hydrogen bonding is used to explain these observa-
tions. This is the first observation where the equilibrium between two possible conformations of a thioxanthene S-
oxide type molecule has been altered such that either conformation can be preferred. The temperature dependence

in the 'H NMR spectrum was also examined.

The solution conformational preferences of thioxanthene
S-oxide and its various substituted derivatives have been the
subject of recent interest.'~* A number of conclusions have
‘been made concerning the conformational dispositions of
these molecules in solution.? The sulfinyl oxygen prefers to
be in a pseudoequatorial position (10¢’) (in a rapid confor-
mational equilibrium) in thioxanthene S-oxide? (II, R = H).
However, when a substituent (e.g., R = chloro, methyl) is
placed in the 4 position peri to the sulfinyl moiety, the sulfinyl
oxygen prefers the 10a’ position3 (I). This is a result of steric
repulsive interactions and demonstrates the larger steric re-
quirement of sulfinyl oxygen vs. the sulfur lone pair. Thus,
“the efficacy of peri substituents in altering the conformation
of these (and related) systems’3 was concluded.

Proton magnetic resonance ({H NMR) spectroscopy has
been the primary tool in making conformational assignments
in these systems and several 1H NMR parameters have be-
come definitive in assigning preferred conformations in the

thioxanthene S-oxide systems. When the 10e’ position (II) is
preferred, the 9-H,” absorption appears upfield and broad-
ened?? relative to the 9-H, absorption. It is broadened owing
to long-range coupling to the peri (1,8) protons®2 as sub-
stantiated by decoupling experiments. Alternatively, when
the 10a’ position (I) is preferred, the 9-H,’ absorption appears
downfield and broadened relative to the 9-H,” absorption. It
appears downfield owing to the large deshielding effect of the
10a’ sulfinyl group. In addition, these criteria and the con-
formational preferences do not appear to depend significantly
upon solvent, e.g., benzene, chloroform, or dimethyl sulfoxide
(MeoS0).24

In our search for new polymer additives, we began an in-
vestigation of some 4-hydroxythioxanthene S-oxide com-
pounds. In the course of characterizing these compounds, we
have shown (1) that a hydroxy group at C-4 does not neces-
sarily drive the sulfinyl oxygen into the 10a’ position, (2) that
solvent is sufficient for changing the conformational prefer-
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Table I. Chemical Shifts of the C-9 Methylene Protons in Some Thioxanthene S-Oxides
H HBR
ceel
b
Chemical shifte-¢
CDCl, Me,SO-d,
Compd R, R, R, H,' H,- Ad Hy' H,' Ad Ref
1 H H H 3.79 (b) 4.16 3.97 e
2 CH, H CH, 4.67 (b) 4.10 4.38 f
3 CH, H OH g g 4.28% 4.28 This work
4 CH, CH, OH 3.29 (b) 4.17 3.73 4.38 (b) 4.02 4.20 This work
5 Cl H OH 3.48 (b) 4.63 4.05 4.47h 4.47 This work

@ Chemical shifts are reported in parts per million downfield from internal tetramethylsilane. > This number represents the

center of the doublet, calculated from 64 — 8 =+/(v, —v,) (v, —»,). The coupling constants are of the order of 17—~18
Hz. ¢ The letter b indicates that that absorption is broadened compared to the other. ¢ This number represents the mathe-
matical center of the AB quartet pattern and is included in the table to show the downfield shift of the methylene protons
in the 10a’ conformer. € Reference 3. fJ. L. Herrmann, Ph.D. Dissertation, Case Western Reserve University, 1970. £ These
values could not be determined due to poor solubility. # This number represents a broad singlet resulting from accidental

-equivalence of the H,’ and H,' absorptions.

ences of these compounds, and (3) the first examples in which
the same thioxanthene S-oxide molecule can be caused to exist
preferentially in either of its two conformations.
Compounds 1 and 2 (Table I) are representative of the 10¢’
(II) and 10a’ (I) conformations, respectively. The H,” ab-

1 i i o
S S
=/ ,/ He' 0/ ’/ He'
Y =0
104 10e'
T I

sorption is upfield and broadened in 1 and downfield and
broadened in 2 compared to their respective H,’ absorptions
(vide infra). Compounds 4 and 5 (and presumably 3) follow
the same pattern in CDCls as 1, which establishes their con-
formations as 10e’ (II). Apparently, strong intramolecular
hydrogen bonding® hetween the sulfinyl and hydroxyl groups
overpowers a steric or dipolar repulsive interaction, stabilizing
the 10e’ conformer (III). However, in MeoSO-dg solutions 4

e Hq'
|
p/s AL He
Se
Oe'
I

exhibits a pattern similar to that of 2 (10a’) in CDCl;, indi-
cating that a conformational shift has occurred in changing
solvents. Indeed, while the C-9 proton absorptions of 3 and
5 are accidentally equivalent in MesSO-dg, there is a net
downfield shift in the absorptions (compare A values in Table
I). Thus, compounds 3, 4, and 5 exist in the 10a’ conformation
(I) in MesSO-dg. Presumably, the sulfinyl group of Me.SO
competes better for the hydroxyl group in 3, 4, and 5 than does
the sulfinyl group of the molecule itself, breaking the intra-

molecular hydrogen bond. When this occurs, the steric bulk
of the solvated hydroxyl group forces the 10e’ sulfinyl group
into the 10a’ position (IV). This results in a deshielding of the

e
S ]
N He
CD{
S=0MmHO
c3
10
i

H,.’ absorption.? Thus, solvent can be important in deter-
mining the conformations of these types of heterocycles.

To lend credence to these conclusions, the effect of solvent
on the hydroxyl proton absorptions in the sulfoxides and their
corresponding sulfides was examined. The exact position of*
hydroxyl protons is dependent upon temperature and con-
centration, as well as solvent.” The chemical shifts of the hy-
droxy! protons shown in Table II were determined at ap-
proximately the same temperature (35 °C) and concentration
(20% w/v) in each solvent. Therefore, any gross changes in
position (in a particular solvent) should reflect changes in
structure, i.e., hydrogen bonding. It is seen that the hydroxyl
proton absorptions of the sulfoxides are shifted downfield by
~3 ppm compared to their corresponding sulfides in CDCls.
This suggests that strong intramolecular hydrogen bonds exist
between the 10e’ sulfinyl oxygen and the hydroxyl proton in
the sulfoxides but at best only weak ones (between sulfur lone
pair and hydroxyl) in the sulfides. However, in MesS0-dg, all
the hydroxy protons are shifted into the 9.5-11-ppm region,
suggesting that all are bound strongly to solvent. This is cer-
tainly in tune with the deductions reached above.

Since the strength of hydrogen bonding is dependent upon
temperature,? an examination of the 1H NMR spectrum of the
C-9 protons of the sulfoxides vs. temperature might prove
revealing. An increase in temperature should weaken and
break the hydrogen bond between the sulfinyl and hydroxyl
groups (in a nonpolar solvent), resulting in a conformational
shift from II to I. We examined the 1H NMR spectrum of 4 in
o-dichlorobenzene from 60 to 170 °C. The only alteration in
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Table II. Chemical Shifts of the Hydroxyl Proton in Some 4-Hydroxythioxanthenes and Their S-Oxides

H

QLI

H R

R,
OH
Chemical shift (OH) 4
Compd Registry no. CDCl, Me,SO-d
R, R, X=8 X =80 X=8 X =S80 X=8 X =80
CH, H 59803-16-6 59803-19-9 5.17 b 9.74 10.42
CH, CH, 59803-17-7 59803-20-2 5.20 9.42 ¢ 9.47
Cl H 59803-18-8 59803-21-3 5.39 8.7d 10.38 11.06

a Chemical shifts are reported in parts per million downfield from internal Me,Si. ¥ Insoluble. ¢ Was not determined.

‘d Extremely broad absorption.

the C-9 proton absorptions was a continual downfield shift
of these absorptions (H¢’, 9 Hz; H,/, 14 Hz). The upfield ab-
sorption remained broadened while the downfield one re-
mained narrow indicating the H,' and H,' protons, respec-
tively. Thus, even at 170 °C, the hydrogen bond is sufficiently
strong to hold 4 in the 10" conformation.

In conclusion, these experiments have demonstrated the
first examples wherein the two limiting conformations (in a
rapid conformational equilibrium) of the same thioxanthene
S-oxide molecule have been observed and that hydrogen
bonding and solvent play the crucial role in establishing these
conformations.

Experimental Section

Melting points were determined on a Mel-T'emp apparatus and are
not corrected. The ir spectra were taken as KBr pellets (except where
indicated) on a Perkin-Elmer Model 467. All 'TH NMR spectra were
obtained on a Varian Model A-60 spectrometer. Microanalyses were
performed by Avon Lake Technical Center, B. F. Goodrich Co., Avon
Lake, Ohio, and Huffman Labs, Inc., Wheatridge, Colo. All TLC
analyses were performed on Analtech, Inc. precoated glass plates of
silica gel using benzene or chloroform as eluent and uv light or iodine
vapor for visualization. The silica gel used in column chromatography
was Woelm silica gel, 70-230 mesh.

1-Methyl-4-hydroxythioxanthene (6). Diborane (40 ml of a 1.0
M solution in THF, 0.04 mol) was added by syringe to a stirred solu-
tion of 1-methyl-4-hydroxythioxanthone® (5.0 g, 0.02 mol) in 100 ml
of THF at 0-5 °C under nitrogen. This mixture was stirred at 0-5 °C
for 2 h, at ambient temperature overnight, and at reflux for 2 h. Ice
and then water were added, the THF was evaporated, and the re-
sulting mixture was extracted with chloroform. The extracts were
dried (MgSO4) and evaporated to afford a dark oil. Column chro-
matography on silica gel (100 g) using chloroform as eluent yielded
2.92 g (62%) of an oil which slowly crystallized to a tan solid: mp
99-101 °C; ir (neat) 3430, 1475, 1205, 810, 750 cm~1; NMR (CDCls)
62.32(3H,s),3.77(2H,s),5.17(1 H,s),6.65 (1 H, d, J = 8 Hz), 6.95
(1H,d,J =8 Hz), 6.98-7.52 (4 H, m). Anal. Caled for C14H,,08: C,
73.64; H, 5.31; S, 14.04. Found: C, 73.61; H, 5.41; S, 14.186.

1-Methyl-4-hydroxythioxanthene S-Oxide (3). A solution of
m-chloroperbenzoic acid (6.68 g, 0.034 mol) in CH, Cl; (120 ml) was
added dropwise to a cold (0-5 °C) solution of 6 (7.72 g, 0.034 mol) in
CH,Cl; (35 ml). After stirring overnight, the mixture was warmed to
room temperature and washed with a saturated solution of NaHCOj3
(2 X 100 m]) and water (100 ml). Drying (MgSO,) and evaporation
of the solvent led to 6.2 g (75%) of a white solid, mp 192-196 °C. Re-
crystallization from ethanol afforded TLC pure 3: mp 205-206 °C dec;
ir 3040 (OH), 970 cm~! (S-0); NMR (MezSO-dg) 6 2.35 (3 H, 5), 4.28
(2H,s),6.86 (1 H,d,J =85Hz),7.22(1H,d, J = 8.5 Hz), 7.35-7.92
(4,H, m), 10.42 (1 H, s). Anal. Calcd for C14H120:8: C, 68.83; H, 4.95;
S, 18.12, Found: C, 68.79; H, 4.78; S, 12.98.

1-Chloro-4-hydroxythioxanthene (8). 1-Chloro-4-hydroxy-
thioxanthone!® was reduced as in the preparation of 6 to give a 92%
yield of an off-white solid, mp 122-124 °C. Recrystallization from
benzene afforded TLC pure 8: mp 125-126 °C; ir 3400, 800, 735 cm™1;
NMR (CDCl;) 63.99 (2H,s),5.39 (1 H,s),6.67 (1 H,d,J = 8.5 Hz),
7.10 (1 H,d, J = 8.5 Hz), 7.0-7.5 (4 H, m). Anal. Caled for C;3HsCIOS:

C, 62.78; H, 3.65; Cl, 14.25; S, 12.89. Found: C, 62.94; H, 3.40; Cl, 14.43;
S, 12.99.

1-Chloro-4-hydroxythioxanthene S-Oxide (5). 8 was oxidized
as in the preparation of 3 to afford an 893% yield of a light brown solid,
mp 161-174 °C. Recrystallization from ethyl acetate gave TLC pure
tan 5: mp 191-193 °C dec; ir ~3000 (OH), 1432, 1308, 970 (S-0), 818,
755 cm~1; NMR (CDCl) 6 3.48 (1 H,d,J = 17.6 Hz),4.63 (L H,d, J
=17.6Hz),6.78 (1H,d,J = 9 Hz),7.31 (1 H, d, J = 9 Hz), 7.49-7.97
(4 H, m), 8.67 (1 H, broad). Anal. Caled for C;3HyCl0,S: C, 58.98; H,
3.43; Cl, 13.39; S, 12.11. Found: C, 59.21; H, 3.26; Cl, 13.58; S, 11.79.

1,3-Dimethyl-4-hydroxythioxanthene (7). A. 1,3-Dimethyl-
4-hydroxythioxanthone. This compound was made from 2,4-di-
methylphenol and thiosalicyclic acid by a procedure similar to that
used to make 1-methyl-4-hydroxythioxanthone.® After recrystalli-
zation of the crude material from acetic acid, there was obtained a 32%
yield of green product:!! mp 252-255 °C; ir 3230, 1593, 1583, 1175, 860,
745 cm~Y; NMR (Me280-dg, 100 °C)13 5 2.35 (3 H, 5), 2.75 (3 H, 5), 7.03
(1H,s),7.3-7.7 (3 H,m), 8.2-8.5 (1 H, m).

B. 1,3-Dimethyl}-4-hydroxythioxanthene (7). The product from
A was reduced as in the preparation of 6 to give, after column chro-
matography (100 g of silica gel, CHCl; eluent), a 53% yield of amber
oil: ir (neat) 3490, 1468, 1195, 1075, 752 cm™1; NMR (CDCl3) § 2.20
(3H,s),2.32(3H,s),3.75 (2 H,s),5.20 (1 H, s),6.83 (1 H, s), 7.02-7.54
(4 H, m). This material was relatively unstable, turning green in light
and air. A good elemental analysis could not be obtained.

1,3-Dimethyl-4-hydroxythioxanthene S-Oxide (4). 7 was oxi-
dized as in the preparation of 3 to afford a 96% of yellow crude prod-
uct, mp 136-157 °C. T'wo recrystallizations from ethanol gave a white
solid: mp 158-163 °C; ir ~3020 (OH), 1278, 960 em™~! (S-0); NMR
(CDCl3)62.17(8H,s),2.31(3H,s),3.29 (1 H,d,J = 17Hz),4.17 (1
H,d,J =17 Hz),6.95 (1 H, s), 7.3-7.90 (4 H, m), 9.42 (1 H, broad).
Anal. Caled for C;5H1402S: C, 69.74; H, 5.46; S, 12.41. Found: C, 69.39;
H,5.24;S,12.44.
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Goodrich Co. for allowing this paper to be published. Special
gratitude goes to Mr. Timothy Pratt, who performed many
of the syntheses, and Dr. Jerry Westfahl, who obtained all the
1H NMR spectra.
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thone, 59803-22-4; 1,3-dimethyl-4-hydroxythioxanthone, 59803-
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The hydrolysis of certain arylmethylisothioureas in water was studied. Evidence is presented which indicates
that 9-anthrylmethylisothiourea (1), 10-methyl-9-anthrylmethylisothiourea (2), and 7(10)-benzanthrylmethyl-
isothiourea (3) hydrolyze under acidic conditions by an SN1 mechanism. Support for this mechanism arises from
a significant thiourea (“common ion”) effect and from differences in the reactivity of 1-3, which can only be ration-
alized on the basis of a carbonium ion mediated mechanism.

Recently there has been much interest in investigating
the mechanistic details of hydrolysis reactions in pure water.!
The development of sensitive conductance methods has al-
lowed the accurate determination of hydrolysis rates for or-
ganic halides and sulfonates in water, which otherwise would
have been difficult to study by conventional titrimetric
methods. Most hydrolytic investigations have been conducted
in mixed solvent systems, which avoided the analytical dif-
ficulties associated with the low aqueous solubilities of organic
nonelectrolytes and moderated the high reactivity of many
organic halides. Despite the development of more sensitive
analytical techniques, low solubility remains as a major barrier
to the systematic study of the hydrolysis of many compounds
in water. Thus, correlations of reactivity with structure have
been conducted in partially aqueous solvent systems, and
comparison of results from different investigators is difficult
because of the wide variety of solvent systems employed.

This report describes our investigations into the hydrolysis
of certain arylmethylisothioureas in water. The isothiouron-
ium moiety represents a new type of leaving group for an SN1
reaction. The proposed SN1 mechanism for these isothioureas
is shown in Scheme I.

The compounds studied as their hydrochloride salts are
9-anthrylmethylisothiourea (1), 10-methyl-9-anthryl-
methylisothiourea (2), and 7(10)-benzanthrylmethyl-
isothiourea (3). These isothioureas are moderately soluble in
water at a pH below their pK, where they exist in the cationic
/’NHZ ~
*\ + Cl
NH NH,

A 2
cuscls o
S IO
90® L

1 2
NH,
CHQSC< + CIT
NH,

OO%

3

CH,SC

Scheme 1
NH
RCHSC{+ == RCH,” + HNCNH,
\NHQ feoy
k

2 . +
o RCH,OH + H

2

isothiouronium form. Isothioureas normally decompose to
thiols in alkaline media,2 but no information is available on
their stability in acidic media.

Experimental Section

9-Anthrylmethylisothiourea Hydrochloride (1). 9-Anthral-
dehyde was synthesized by the Vilsmeier method.3 Reduction of 9-
anthraldehyde with sodium borohydride in refluxing methanol gave
9-hydroxymethylanthracene.* The 9-hydroxymethylanthracene was
dissolved in benzene and chlorinated by passing hydrogen chloride
gas into the solution. The 9-chloromethylanthracene was not isolated
because direct addition of excess thiourea in ethanol to this solution
with refluxing gave 1 as a yellow precipitate. The isolated solid 1 was
mixed with a small amount of water and ultrasonified to dissolve any
excess thiourea which may have contaminated the product. The slurry
was filtered and, after drying, 1 melted with decomposition at 213-215
°C. Anal. Caled for C16H17CIN2OS (monohydrate): C, 59.9; H, 5.34;
H,0, 5.61. Found: C, 60.13; H, 5.25; Hx0, 5.20.

10-Methyl-9-anthrylmethylisothiourea Hydrochloride (2).
10-Methyl-9-chloromethylanthracene was synthesized by chloro-
methylation of 9-methylanthracene.? The resulting chloromethyl
compound, after recrystallization, was refluxed with a slight excess
of thiourea in benzene. A yellow precipitate of 2 formed, which was
isolated and washed with water in a manner similar to 1. After drying,
2 melted with decomposition at 208-210 °C. Anal. Caled for
C17H7CINSS: C, 64.44; H, 5.41. Found: C, 64.31; H, 5.50.

7(10)-Benzanthrylmethylisothiourea Hydrochloride (3). The
procedure of Wood and Fieser® was followed in synthesizing 3.
Chloromethylation of benzanthracene produced 7(10)-chlorometh-
ylbenzanthracene,” which was reacted with thiourea to give 3, which
melted with decomposition at 212-215 °C (reported 213-214 °C).

Other Isothioureas. Benzylisothiourea hydrochloride (4) was
available commercially and was used as received. 1-Naphthylmeth-
ylisothiourea hydrochloride (5) was synthesized by reacting 1-chlo-
romethylnaphthalene with thiourea.® 9-Phenanthrylmethyliso-
thiourea hydrochloride (6) was obtained similarly by reacting 9-
chloromethylphenanthrene with thiourea.

Kinetic Methods. Two methods were used to follow the hydrolysis
of isothioureas. One method depended on hydrogen ion production,
while the other depended on a change in the uv-visible absorption
spectrum as hydrolysis proceeded.



